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Abstract

Background. Physiological pregnancy is associated with volume overload. Unlike cardiac pathologies linked
with volume overload, such as mitral or aortic regurgitation, pregnancy is thought to be unrelated to fibrosis
of the heart. However, changes in the cardiac extracellular matrix during pregnancy remain poorly understood.

Objectives. The aim of the study was to examine the expression of 11 microRNAs associated with cardiac
fibrosis (miR-21, miR-26a, miR-26b-5p, miR-29b-3p, miR-29¢-3p, miR-101a, miR-146a, miR-208a, miR-223
and miR-328) during pregnancy and to compare them with a healthy control group.

Material and methods. Six women in singleton pregnancy (30—36 weeks) and 6 non-pregnant women
asacontrol group were included in the study. Each woman underwent an echocardiographic examination, and
had blood pressure on both arms measured and a blood sample taken. MicroRNAs expression was analyzed
using Custom TagMan® Array MicroRNA Cards (Applied Biosystems, Foster City, USA).

Results. Median age of the pregnant women was 34 years (range 2539 years) and of the control
group 32 years (range 29-43 years). Median week of pregnancy was 34 years (range 31-36 years). Most
of the examined microRNAs had a lower expression in the pregnancy group (fold change 1.0).

Conclusions. In the 3 trimester of physiological pregnancy, there is a 244% increase in expression
of miR-101a and a decrease by 73% in expression of miR-328. Both of these changes can protect against
fibrosis during volume overload occurring in physiological pregnancy.

Key words: pregnancy, microRNA, cardiac remodeling, cardiac fibrosis, volume overload
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Introduction

Extracellular matrix (ECM) plays a pivotal role
in the proper systolic and diastolic function of the heart
as well as in transduction of electrical and chemical signals.
It provides structural support for the cardiomyocytes, al-
lowing them to perform their mechanical function. It also
ensures communication between cardiomyocytes and fi-
broblasts. Collagen types [ and III are the main types of fi-
brillar collagens in the cardiac muscle. They are produced
by cardiac fibroblasts. The secretion profile of cardiac fi-
broblasts is influenced by several factors, such as neuro-
hormonal activation, inflammation, age, injury and over-
load."? In reaction to different stress stimuli, the action
of cardiac fibroblasts changes in order to maintain ECM
homeostasis.

Volume overload results in chamber dilation, eccentric
cardiac myocyte hypertrophy and changes in ECM remod-
eling. Increased preload causes augmentation in mechani-
cal stress and rise in neurohormonal activation. Mitral and
aortic valve regurgitation are the primary pathological
causes of volume overload.? This remodeling is different
from the reaction to pressure overload. Volume overload
is characterized by thinning of the wall and chamber
dilatation, which changes the ratio of left ventricle end-
diastolic diameter to wall thickness and increases me-
chanical stress on the wall of the heart. This may be due
to expression of anti-fibrotic factors by cardiac myocytes
in response to acute volume overload, leading to changes
in the proportion between cardiac-specific metalloprotein-
ases and tissue inhibitors of metalloproteinase. As a result,
degradation of ECM appears and a structure of changed ge-
ometry and shifted proportions between collagen I and III
is produced. During end-stage heart failure, which de-
velops as a consequence of prolonged volume overload,
an increase of collagen is noted.?

Pregnancy is a state which results in progressive con-
tinuous volume overload of the heart due to a rise in blood
volume with a decrease of peripheral vascular resistance.*
In this situation, volume overload causes mild eccentric
hypertrophy to develop, thought to be physiological. Cru-
cially, the increase in chamber dimension coexists with
a proportional increase in wall thickness as well as a pro-
portional increase in myocyte length and width. The mass
of the left and right ventricle enlarges.” The hemodynamic
changes develop throughout the pregnancy and reach their
peak in the 3" trimester, around 30-34 weeks of the preg-
nancy. It is thought that pregnancy-related cardiac remod-
eling is not related to fibrosis, but changes in the ECM
remain poorly understood.

The aim of this study was to examine the expression
of microRNAs associated with fibrosis in pregnant wom-
en in the 3 trimester of pregnancy in order to identify
the potential mechanism of ECM remodeling during preg-
nancy. The hypothesis was that, in pregnant women, an in-
crease in activity of antifibrotic microRNAs or a decrease
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in profibrotic microRNAs will be observed. This could
be a protective mechanism to prevent fibrosis in a state
of cardiac overload.

Material and methods
Study population

Six women in singleton pregnancy and 6 non-pregnant
women as a control group were included in the study.
The recruitment took place in the Cardiology Depart-
ment of the Institute of Mother and Child in Warszawa,
Poland, from October 2013 to October 2014. The study
was approved by the Bioethics Committee of the Insti-
tute, in accordance with the principles of Good Clini-
cal Practice and the Declaration of Helsinki. All patients
gave written informed consent. Inclusion criteria were age
>18 years old and singleton pregnancy between 30 and 36
weeks of gestation. Exclusion criteria included known prior
cardiovascular disease such as congenital heart disease,
myocardial infarction, heart failure, prior myocarditis,
clinically relevant arrhythmia, hypertension, and hyper-
tension associated with pregnancy. Each woman under-
went an echocardiographic examination, and had blood
pressure on both arms measured and a blood sample taken.

Sample preparation and RNA isolation

Blood was collected and subjected to centrifugation. Ob-
tained serum samples were stored in —80°C until the extrac-
tion of RNA. Total RNA containing a fraction of miRNA
was isolated from 350 pL of each serum sample with
a mirVana PARIS Kit (Ambion: Thermo Fisher Scientific,
Waltham, USA), according to the manufacturer’s protocol.

MicroRNA measurement

Expression of microRNA was analyzed using Custom
TagMan® Array MicroRNA Cards (Applied Biosystems,
Foster City, USA). The selected miRNAs were reverse-
transcribed using a TagMan® MicroRNA Reverse Tran-
scription Kit (Applied Biosystems Foster City, USA),
according to the manufacturer’s instruction. Briefly,
3 pL of sample containing 18 ng of total RNA was added
to a prepared reverse-transcription (RT) reaction mix
consisting of 6 puL of custom RT primer pool, 0.3 pL
of deoxynucleotides (ANTPs) with deoxythymidine tri-
phosphate (dTTP) (100 mM), 3 puL of MultiScribe Reverse
Transcriptase (50 U/pL), 1.5 uL of 10 x RT buffer, 0.19 puL
of RNase inhibitor (20 U/uL)and 1.01 pL of nuclease-free
water (Ambion; Thermo Fisher Scientific, Waltham,
USA). A reverse transcription reaction was carried out
under the following thermal conditions: 16°C for 30 min,
42°C for 30 min, 85°C for 5 min and then the RT mixture
was held at 4°C. Next, the preamplification reaction was
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performed using TagMan® PreAmp Master Mix, x2 and
Custom PreAmp Primer pool (Applied Biosystems, Foster
City, USA), according to the protocol of the manufac-
turer. In brief, 22.5 pL of the preamplification reaction
mix was combined with 2.5 pL of each RT product and
the reaction was run with thermal-cycling conditions
specified by the manufacturer. The preamplification reac-
tion products were diluted 8-fold with x0.1 TE buffer, pH
8.0 (Ambion; Thermo Fisher Scientific, Waltham, USA)
to a final volume of 200 pL. To prepare the quantitative
polymerase chain reaction (QPCR), 1.13 pL of diluted
PreAmp product was combined with 56.25 pL of Taq-
Man® Universal Master Mix I, No AmpErase UNG (x2)
(Applied Biosystems, Foster City, USA) and 55.12 puL
of nuclease-free water (Ambion; Thermo Fisher Scien-
tific, Waltham, USA), and then mixed. Finally, 100 pL
of the qPCR reaction mix was dispensed into each port
of the TagMan® MicroRNA Array Card (Applied Bio-
systems, Foster City, USA), subjected to centrifugation
(2 x 1 min, 1200 rpm) and mechanically sealed. Quan-
titative reverse-transcription polymerase chain reac-
tions (QRT-PCRs) were performed in triplicate for each
sample and carried out on ViiA7 Real-Time PCR System
(Applied Biosystems, Foster City, USA) with thermal
cycling conditions recommended by the manufacturer.
Automatic baseline and manual cycle threshold (Ct)
were set to 0.2 for all samples. The relative expression
level of each miRNA was calculated using the delta delta
cycle threshold (AACt) method. For analysis, we selected
11 microRNAs associated with fibrosis: miR-21 (Assay ID
000397), miR-26a (Assay ID 000405), miR-26b-5p(Assay
ID 000407), miR-29a-3p (Assay ID 002112), miR-29b-
3p (Assay ID 000413), miR-29¢-3p (Assay ID 000587),
miR-101a (Assay ID 002253), miR-146a (Assay ID 000468),
miR-208a (Assay ID 000511), miR-223 (Assay ID 002295)
and miR-328 (Assay ID 000543). Five small RNAs (HY3
(Assay ID 001214), U6 (Assay ID 001973), RNU44 (As-
say ID 001094), RNU48 (Assay ID 001006) and miR-103
(Assay ID 000439) were chosen and tested as candidates
for endogenous controls. Finally, miRNAs levels were
normalized to a U6 snRNA molecule.

Statistical analysis

Due to the small number of participants, variables
were not tested for a normal distribution and in all sta-
tistical analyses nonparametric tests were used. Con-
tinuous variables are represented as median and range
of collected values. Categorical variables are presented
as number (percentage). In comparisons of nonparametric
variables between 2 studied groups, the Mann-Whitney
U test was used. To compare nominal variables, a x* test
was performed. ACt and AACt were calculated. Descrip-
tions regarding microRNA findings were presented in 2
forms — as frequency of expression, defined as the number
of subjects in whom microRNA expression was found/

869

sample size, and as fold change in microRNA expression
between the pregnancy group and the control group. Fold
change was defined as the amount of times microRNA
expression was changed between the control group and
pregnancy. A difference in fold change between the groups
larger than 2 or less than 0.5 was considered relevant;
p-value <0.05 was regarded as statistically significant.
SPSS Statistics v. 21 (IBM Corp., Armonk, USA) was used
for statistical analysis.

Results
Study group characteristics

The median age of the pregnant women was 34 years
(range 25-39 years) and of the control group was 32
years (29-43 years). The median week of pregnancy was
34 (range 31-36 weeks). Upon echocardiographic ex-
amination, we did not find any abnormalities to exclude
any participant from further analysis. The median left
ventricle ejection fraction in the pregnancy group was
60.5% (range 57—62%) and in the control group was 64.5%
(range 59-72%) (Mann-Whitney U test = 23.5; p = 0.394).
The walls of the heart were thicker in the pregnancy
group: for the intraventricular septum the median thick-
ness was 9.5 mm in the pregnancy group (8—11 mm) and
8 mm for the control group (6—11 mm) in diastole (Mann-
-Whitney U test = 6.5; p = 0.065). For the posterior wall,
the median thickness was 8 mm in the pregnancy group
(7-10 mm) and 7.5 mm for the control group (7-8 mm)
in diastole (Mann-Whitney U test = 9; p = 0.18). The medi-
an systolic left ventricle diameter was 32 mm (25-40 mm)
in the pregnancy group and 30 mm in the control group
(28-37 mm) (Mann-Whitney U test = 16; p = 0.818) and
for diastolic the left ventricle diameter was 44.5 mm
(39-50 mm) in the pregnancy group and 49 in the control
group (40—51 mm) (Mann-Whitney U test = 25; p = 0.310).
Upon examination of mitral inflow, the E/A ratio was
lower in the pregnancy group (1.19 vs 1.35; Mann-Whit-
ney U test = 25; p = 0.310). A higher dimension of the left
atrium (34.5 vs 30.5 mm; Mann-Whitney U test = §;
p = 0.132) and right ventricle (23.5 vs 20.5 mm; Mann-
Whitney U test = 7.5; p = 0.093) were observed in the preg-
nancy group.

Frequency of expression
of selected microRNAs

Firstly, we assessed whether the selected microR-
NAs were expressed in participants from both study
groups by calculating expression frequency. Full results
are shown in Table 1. In brief, most of the selected mi-
croRNAs (miR-21, miR-26a, miR-29a-3p, miR-146a
and miR-223) were found in all of the participants, re-
gardless of the study group. There was no presence
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Table 1. Frequency of expression of selected microRNAs — number of subjects in whom microRNA expression was found/sample size

Group | miR-21 | miR-26a | miR-26b-5p [ miR-29a-3p | miR-29b-3p | MiR-29¢-3p | miR-101a | miR-146a | miR-208a | miR-223 | miR-328

Control 6/6 6/6 6/6 6/6 0/6
Pregnancy 6/6 6/6 5/6 6/6 0/6

5/6 3/6 6/6 0/6 6/6 6/6
6/6 4/6 6/6 0/6 6/6 5/6

Table 2. Fold change and interquartile range (IQR) for selected microRNAs in pregnant women in comparison to healthy controls. Difference in fold change

between the group larger than 2 or less than 0.5 is considered relevant

Pregnancy miR-21 miR-26a

IQR (25-75%) 0.23-2.64 0.40-1.25 043-2.22

miR-26b-5p | miR-29a-3p
Fold change 0.57 0.60 0.66 1.30

0.72-1.86

miR-29¢-3p miR-101a miR-146a miR-223 miR-328
0.95 244 0.72 091 0.27
0.61-1.96 0-6.42 0.56-141 0.72-1.65 0.11-1.29

of miR-29b-3p or miR-208a detected in any of the se-
rum samples. Both miR-26b-5p and miR-328 were found
in all of the participants from the control group and 5
in the pregnancy group (83.3%). Expression of miR-29¢-3p
was detected in 5 samples from the control group and
6 samples from the pregnancy group. As for expression
of miR-101a, it was identified in 3 subjects from the control
group and 4 from the pregnancy group.

Fold change for selected microRNAs

Further analysis to establish fold change for selected
microRNAs in pregnant women in comparison to healthy
controls was performed (Table 2). Most of the examined
microRNAs had a lower expression in the pregnancy group
expressed by a fold change <1.0. The lowest fold change was
observed for miR-328, miR-21 and miR-26a. Fold change
for miR-29a-3p and miR-101a was >1.0. For miR-101a, fold
change between pregnant participants and control group
was 2.44 and for miR-29a-3p it was 1.30.

Discussion

Our results show that expression of miR-101a and
miR-328 are changed in pregnancy compared to non-
pregnant women. Expression of miR-101a increases and
miR-328 decreases.

MicroRNA-101a

The data regarding the role of miR-101a indicates
that it might play a pivotal role in protecting against fi-
brosis modulated by transforming growth factor beta
signaling (TGEF). In an animal model of myocardial in-
farction, it was observed that administration of miR-101a
significantly suppressed the expression of TGEp receptor
type 1 (IGEBRI), cardiac fibroblast differentiation and
collagen content of cardiac ECM. Moreover, overexpres-
sion of miR-101a lowered the migration and proliferation
of cardiac fibroblasts in response to hypoxia.® It was also
observed that miR-101a inhibited the hypoxia-induced

up-regulation of TGESRI but not TGEp itself in cardiac
fibroblasts. Additionally, it reversed the hypoxia-induced
proapoptotic intracellular changes and reduced calcium
overload.® These indicate the possible role of miR-101a
in protecting against hypoxia-induced apoptosis.

MicroRNA-328

Among many others, microRNA miR-328 was tested
as a marker of myocardial infarction. He et al. proved
that miR-328 and miR-134 are elevated in patients with
myocardial infarction.” It was also proved that miR-328
was a predictor of mortality and development of heart
failure in a 6-month observation. This remained signifi-
cant after including values of troponin, NT-proBNP, age,
gender and smoking status into the multivariable analysis
model. It was also proven to be a good biomarker for dif-
ferentiation of heart failure with reduced or preserved ejec-
tion fraction.® Interestingly, an up-regulation of miR-328
suppresses matrix metalloproteinase-2 in human osteo-
sarcoma, influencing negatively the metastatic ability
of the cancerous cells.? This shows its role on the extra-
cellular matrix in different organs and pathological states.
High levels of miR-328 seem to have a profibrotic influence
on cardiac tissue, resulting in worse prognosis in patients
after myocardial infarction. A possible mechanism might
be connected to the suppression of metalloproteinases,
as in osteosarcoma cells.

Other microRNAs

In our study, there were no differences between
the groups in fold change of miR-21, miR-26a, miR-26b-5p,
miR-29a-3p, miR-29¢-3p, miR-146a and miR-223.

Both miR-146a and miR-21 were assessed in ischemic
heart disease. The data suggests that those miRs are related
to left ventricle remodeling after myocardial infarction.!
Itis suggested that miR-21 is an important factor of cardiac
fibrosis mediated by angiotensin II, through the osteo-
pontin pathway and by increasing fibroblast survival.!!
Other studies suggest, however, that angiotensin II does
not influence the level of miR-21 in cardiac fibroblasts.!?
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On the other hand, miR-26a seems to be an antifibrot-
ic agent whose expression level depends on the activity
of NF-kB. A rise in the level of miR-26a attenuates colla-
gen I and connective tissue growth factor gene expression
in the presence of angiotensin I1.!> Moreover, miR-26 has
been linked with stopping cardiac hypertrophy through
attenuating glycogen synthase kinase 3f expression.!

Other highly examined microRNAs in the context of fibro-
sis are those of the miR-29 family. They seem to be involved
in fibrosis processes in many different organs.!* The miR-29
family suppresses the expression of several collagens and ECM
proteins. Also, miR-29b is downregulated after myocardial
infarction, probably influencing scar formation.!® In in vitro
studies, pre-miR-29b reduced collagen and matrix metallo-
proteinase-2 secretion by cardiac fibroblasts. MiR-29b seems
to reduce the profibrotic influence of transforming growth
factor beta.!” Others point to its involvement in apoptosis and
angiogenesis after myocardial infarction.!8

Most mechanisms of action of the miRs described above,
in which we did not notice any differences between the 2 ex-
amined groups, are related to angiotensin II and its nega-
tive influence on cardiac muscle. Very little data is available
on the renin—angiotensin—aldosterone system in physi-
ological pregnancy. The data on its comparison between
pregnant and non-pregnant women is also scarce. However,
this problem has been studied in the context of pregnancy-
induced hypertension and preeclampsia. Most available
data compares the activity of angiotensin II and angioten-
sin-converting enzyme between normal pregnancy and
the preeclampsia state. Some observations show that, from
the renin—angiotensin—aldosterone system, only plasma lev-
els of angiotensin Il are elevated in preeclampsia compared
to healthy pregnant women. Serum levels of angiotensin 1-7,
known for its hypotensive role, were reduced in preeclamp-
sia when compared to normal pregnancy.!®?® According
to other researchers, the levels of angiotensin II is compa-
rable between normal pregnancy and severe preeclampsia
in the last weeks of pregnancy.?! It is suggested that although
angiotensin II levels are comparable between normal preg-
nancy and preeclampsia, there is a lower response to the va-
soconstrictive action of angiotensin II. There seems to a be
an increase of angiotensin Il inactivation by angiotensinase
in the serum and placenta with advancing gestation in nor-
mal pregnancy.!*2%22 Therefore, the data on the function and
role of the angiotensin—aldosterone system is conflicting
and is based on a small amount of data. These observations
should be a topic for further studies in order to establish
whether the heart of a pregnant woman in a normal preg-
nancy remains immune to the negative influence of the an-
giotensin—aldosterone system and what are the possible
underlying mechanisms.

It is worthy of note that the data regarding microRNA
associated with fibrosis mainly concentrates on patients
with myocardial infarction. Data concerning microRNA
expression in volume overload is available mostly for ani-
mal models and on a small number of subjects.?*2*
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One study compares microRNA expression in patients
with bicuspid aortic valve with either stenosis or insuf-
ficiency requiring surgical treatment. In this study, mi-
croarrays containing 1421 miRNAs were used. The au-
thors describe a 65% reduction in miR-26a, 59% reduction
in miR-195 and a 62% reduction in miR-30b in patients
with aortic stenosis in comparison with aortic insuffi-
ciency. The authors comment that, additionally in in vitro
testing, these miRNAs may modulate the genes responsible
for the calcification process.?®

Conclusions

The results of our study show that in physiological
pregnancy in the 3 trimester, there is a 244% increase
in the level of miR-101a and a decrease by 73% in the lev-
els of miR-328. Both of these changes can be protective
of fibrosis during the volume overload occurring in physi-
ological pregnancy.
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Abstract

Background. Mesenchymal stem cells (MSCs) are of increased importance because of their capacity to coun-
teract inflammation and suppress host immune responses.

Objectives. The aim of the study was to compare the effectiveness of MSCs and hematopoietic stem cells
(HSCs) in the treatment of rheumatoid arthritis (RA).

Material and methods. Paw swelling was assessed by measuring the thickness of the hind paws using
a caliper. Cytokines —interleukin (IL)-6, tumor necrosis factor-alpha (TNF-a), transforming growth factor-beta
(TGF-p), and IL-10 — and rheumatoid factor (RF) were measured using enzyme-linked immunosorbent assay
(ELISA) kits. Oxidative stress biomarkers — malondialdehyde (MDA) and reduced glutathione (GSH) were
assessed. Nuclear factor-kappaB (NF-kB) was detected by the western blot technique. Toll-like receptor-2
(TLR-2), matrix metalloproteinase-3 (MMP-3) and cartilage oligomeric matrix protein-1 ((OMP-T) gene
expression were assessed by the real-time quantitative analysis. Mesenchymal stem cells were isolated from
the bone marrow (BM) of rats and HSCs were isolated from human umbilical cord blood (UCB).

Results. Paw edema, RA score, RF, cytokine assay, antioxidant state, NF-kB, TLR-2, MMP3, and COMP-1
showed improvement in the group that received MSCs compared to the group that received HSCs and the
group that received methotrexate.

Conclusions. Mesenchymal stem cells are very effective in reducing RA inflammation; they are superior
to HSCand methotrexate treatment. Mesenchymal stem cells could become a better therapeutic opportunity
for the treatment of RA.

Key words: methotrexate, rheumatoid arthritis, mesenchymal stem cells, hematopoietic stem cells
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune
disease that basically affects the joints and is influenced
by hereditary and environmental factors.! Patients with
RA have short lifespans due to comorbidities. Inflamma-
tion plays a vital role in the development of cardiovascular
disease; however, little is known about its association with
other comorbidities.? In the pathophysiology of RA, there
is interaction between T cells, B cells and some cytokines.
Pro-inflammatory cytokines have not only articular ef-
fects, but also systemic effects, like acute-phase protein
production, cardiovascular disease, osteoporosis, and
anemia.?

Tumor necrosis factor-alpha (TNF-a) plays an important
role in the regulation of the production of other pro-in-
flammatory cytokines in rheumatic synovial tissue.* Inter-
leukin (IL)-4, IL-10 and IL-13 are anti-inflammatory cyto-
kines that compensate for the action of pro-inflammatory
cytokines in the synovial membrane in RA. Transforming
growth factor-beta (TGF-p) is a pleiotropic cytokine that
has different functions in angiogenesis, hematopoiesis, cell
proliferation, differentiation, migration, and apoptosis. As
Gonzalo-Gil and Galindo-Izquierdo wrote: ,,Although its
role in rheumatoid arthritis is not well defined, the TGF-8
activation leads to functional immunomodulatory effects
according to environmental conditions.”

In the synovial cells of RA patients, the stimulation of the
nuclear factor-kappaB (NF-kB) pathway leads to the trans-
activation of a lot of responsive genes that result in the
inflammatory phenotype, including matrix metallopro-
teinases (MMPs) from synovial fibroblasts, TNF-a from
macrophages and chemokines that deliver immune cells
to the inflamed pannus.°

Toll-like receptors (TLRs) are expressed by the cells in-
side the RA joint, and there is a group of endogenous TLR
ligands in the inflamed joints of RA patients. The activa-
tion by these ligands may result in the continuous expres-
sion of pro-inflammatory cytokines by macrophages and
the joint damage that takes place in RA. This supports
a possible role for the TLR signalling suppression as a new
curative line in RA7

Measurement of biological markers for cartilage degra-
dation and repair would be a useful approach in RA moni-
toring. Cartilage oligomeric matrix protein (COMP) is one
of the arthritis markers that is released into the synovial
fluid and other body fluids, like blood. In several stud-
ies, COMP has been used as a diagnostic and prognostic
marker of disease severity and the effect of treatment.®
Cartilage oligomeric matrix protein binds to many extra-
cellular matrix proteins, and other proteins, like MMPs,
are known to regulate the levels of COMP under different
conditions.’

Methotrexate is the most frequently used treatment
in RA. For most RA patients, it is suggested as the first
disease-modifying anti-rheumatic drug (DMARD),
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and its co-prescription is recommended with biologic
DMARDs.1% Due to the side effects and high cost of these
medications, it is important to develop a new and more
effective therapy for RA.

Mesenchymal stem cells (MSCs) exist in all tissues as
multipotent adult stem cells that can differentiate into
various tissues, arising from mesoderm-like cartilage,
bone and cardiac muscle. Mesenchymal stem cells are
very effective in cell therapy because of their easy access,
straightforward isolation and their bio-preservation with
minimal loss of potency. Therefore, MSCs are being exam-
ined to regenerate injured tissue and cure inflammation.'

Mesenchymal stem cells can be used to adjust autoim-
mune responses and in autoimmune disease treatment,
because they cause immunosuppression by modulating
T and B cell proliferation and differentiation, dendritic
cell growth and the activity of natural killer cells.!3 Mes-
enchymal stem cells can differentiate to several cell lineag-
es, such as osteoblasts and chondrocytes.!* Furthermore,
MSCs show high migration and motility, and can secrete
cytokines to enhance the repair of damaged tissues; ac-
cordingly, MSCs have been used to treat many diseases
in clinical trials.!®> Mesenchymal stem cells are thought
to be able to treat several congenital and acquired bone
degenerative diseases, and to fix and regenerate injured
bone tissues, contributing to better clinical results in skel-
etal tissue repair and regeneration. Mesenchymal stem
cells can be transplanted by blending with autogenous
plasma/serum or by packing onto repair/induction sup-
portive resorbable structures.'

This study aimed to compare the effectiveness of MSCs
and hematopoietic stem cells (HSCs) in the treatment of RA.

Material and methods
Preparation of the animal model

The study was carried out on 40 male Wistar rats (aver-
age weight: 150-200 g). All the ethical protocols for animal
treatment were followed and supervised by the animal
facilities at the Faculty of Medicine of Cairo University
(Egypt). The rats were divided into 5 groups of 8 animals
each. Group 1 was the negative control (NC) group, and
received 1 mL saline by intravenous injection. Group 2 was
the positive control (PC), in which arthritis was induced
by injecting each rat with 0.1 mL of complete Freund’s
adjuvant (CFA) (Sigma-Aldrich, St. Louis, USA), produc-
ing definite edema within 24 h, with progressive arthritis
by day 9 after inoculation.”” Treatments were initiated from
day 10 and continued through day 37. Group 3 (MTX)
comprised arthritis rats that received 2 mg/kg of metho-
trexate (MTX) once a week for 4 weeks.'® Group 4 (MSC)
comprised arthritis rats that received MSCs in a single in-
travenous dose in the form of a cell suspension containing
10 allogeneic MSCs derived from the bone marrow (BM)
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of rats. Group 5 (HSC) was composed of arthritis rats that
received HSCs in a single intravenous dose in the form
of a cell suspension containing 10° allogeneic HSCs derived
from human umbilical cord blood (UCB)."’

Isolation and culture of bone marrow
mesenchymal stem cells

Bone marrow was harvested by flushing the tibiae and
femurs of rats with Dulbecco’s modified Eagle’s medium
(DMEM) (Lonza Bioscience, Verviers, Belgium) supple-
mented with 10% fetal bovine serum. Nucleated cells were
isolated with a density gradient (Ficoll-Paque; Gibco-In-
vitrogen, Grand Island, USA). This mononuclear layer
was aspirated, washed twice in phosphate-buffered saline
(PBS) containing 2 mM of ethylenediaminetetraacetic acid
(EDTA) and centrifuged for 10 min at 200 x g at 10°C, and
re-suspended in complete culture medium supplemented
with 1% penicillin-streptomycin. The cells were incubated
at 37°Cin 5% CO, for 14 days. When large colonies developed
(80—90% confluence), the cultures were washed twice with
PBS and the cells were trypsinized with 0.25% trypsin in
1 mM EDTA for 5 min at 37°C. After centrifugation, the
cells were re-suspended in serum-supplemented medium
and incubated in Falcon® tissue culture flasks. The cul-
tured MSCs were confirmed by morphology and fluores-
cent analysis cell sorting (FACS), by detecting CD29+ve
and CD34-ve specific to MSCs (Fig. 1).2°

Collection of human umbilical cord blood
and isolation of hematopoietic stem cells

Human umbilical cord blood was withdrawn immediate-
ly after normal vaginal delivery within 24 h of the rupture
of the membranes and before the separation of the pla-
centa. Written informed consent was obtained from each
woman after a full explanation of the study. The umbilical
cord was sterilized with 70% alcohol followed by betadine
at the needle insertion site. As much bloodflow as possible
was collected. Anti-coagulated UCB was diluted 1:4 with
PBS containing 2 mM EDTA. Cord blood mononuclear
cells (MNCs) were separated by centrifugation over Ficoll-
Paque (Gibco-Invitrogen) at 400 x g for 35 min at 10°C.
The MNC fraction was washed first in PBS, then with
magnetic cell sorting buffer (MACS: PBS supplemented
with 0.5% bovine serum albumin and 2 mM EDTA, pH
7.2). CD34+ cells were isolated from MNCs using a CD34+
positive cell selection kit (Mini-Macs; Miltenyi Biotec,
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Bergisch Gladbach, Germany) according to the manufac-
turer’s instructions. The percentage of isolated CD34+
cells was characterized by flow cytometry (Fig. 1).2!

Clinical scoring of paw edema

Paw swelling was assessed by measuring the thickness
of the hind paws using a caliper. Joint swelling was scored
using an arthritis index. Briefly, a score of 0—4 was assigned,
where 0 means there was no evidence of hyperemia and/or
inflammation; 1 indicates hyperemia with little or no paw
swelling; 2 represents swelling confined predominantly to the
ankle region, with modest hyperemia; 3 indicates increased
paw swelling and hyperemia of the ankle and metatarsal re-
gions; and 4 indicates maximal paw swelling and hyperemia
involving the ankle, metatarsal and tarsal regions.

Biochemical measurement of rheumatoid
factor, IL-6, IL-10, TNF- a, and TGF-f

Serum rheumatoid factor (RF) was determined using
a QUANTA Lite enzyme-linked immunosorbent assay
(ELISA) kit (Inova Diagnostics, San Diego, USA) accord-
ing to the manufacturer’s instructions. Serum IL-6, IL-10,
TNEF-a, and TGF-f were measured using Quantikine ELI-
SA kits (R&D Systems Inc., Minneapolis, USA) according
to the manufacturer’s instructions.

Measurement of malondialdehyde

Joint tissue was homogenized in 1 mL PBS, pH 7.0, with
a micropestle in a microtube. Then 20% trichloroacetic
acid (TCA) was added to the tissue homogenate to pre-
cipitate the protein, and the mixture was centrifuged.
Supernatants were collected and the thiobarbituric acid
(TBA) solution was added to them. After boiling for 10 min
in a water bath, the absorbance of the clear supernatant
was determined at 535 nm. The concentration of malondi-
aldehyde (MDA) was calculated using a series of standard
solutions (0, 0.625, 1.25, 2.5, 5.0, and 10 nmol/mL).??

Measurement of reduced glutathione

Joint tissue was homogenized in PBS, pH 8.0, and then
5% TCA was added to the homogenate to precipitate the
protein. After centrifugation, the dithiobisnitrobenzoate
(DTNB) solution was added to the supernatants of the
tissue homogenate, and they were incubated for 1 h.

CD34+ve Fig. 1. Characterization of BM-
MSCs by CD 29+ve and CD 34-ve
) and characterization of HSCs
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The absorbance was measured at 412 nm. The concen-
tration of reduced glutathione (GSH) was calculated using
the standard curve with the following concentrations: 0,
10, 20, 40, 50, and 100 mmol/mL.23

Real-time quantitative analysis for MMP-3,
COMP-1 and TLR2 gene expression

Total RNA was extracted from the joint tissue homog-
enate using the SV Total RNA Isolation System (Promega,
Madison, USA) according to the manufacturer’s instruc-
tions. Complementary DNA (cDNA) was synthesized from
1 pg RNA using the SuperScript III First-Strand Synthe-
sis System as described in the manufacturer’s protocol
(No. K1621, Fermentas, Waltham, USA). The real-time
quantitative polymerase chain reaction (PCR) amplifica-
tion and analysis were performed using a StepOne™ real-
time quantitative PCR system with software v. 3.1 (Ap-
plied Biosystems, Thermo-Fisher Scientific Inc., Waltham,
USA). The reaction contained a SYBR Green Master Mix
(Applied Biosystems), gene-specific primer pairs designed
with Gene Runner Software (Hasting Software Inc., Hast-
ing, USA) from RNA sequences from GenBank. The data
from the real-time assays were calculated using Sequence
Detection Software v. 1.7 (PE Biosystems, Foster City,
USA). The relative quantification (RQ) of the studied gene
mRNA was calculated using the comparative Ct method.
All values were normalized to -actin, which was used as
the control housekeeping gene, and were reported as fold
changes over background levels detected in the disease
groups.

Detection of NF-kB by western
blot technique

Nuclear factor-kappaB was detected using a V3 West-
ern Workflow™ Complete System (Bio-Rad Laboratories
Inc., Hercules, USA). The protein was extracted from the
tissue homogenates using the ice-cold radioimmunopre-
cipitation assay (RIPA). The lysis buffer PLO05 (Bio BASIC
Inc., Markham, Canada) consisting of 50 mM Tris hy-
drochloride (Tris HCL), 150 mM sodium chloride (NaCl),
1% Triton X-100, 1% sodium deoxycholate, and 0.1% so-
dium dodecyl sulfate (SDS) was supplemented with phos-
phatase and protease inhibitors, and then centrifuged at
12,000 rpm for 20 min at 4°C. The protein concentration
for each sample was determined using the Bradford assay.
Equal amounts of protein (20-30 pg of total protein) and
the 2X Laemmli buffer were heated at 70°C for 5-10 min
and separated by SDS/polyacrylamide gel electrophoresis
(SDS-PAGE) using a Mini-Protein II system (Bio-Rad Lab-
oratories Inc.). The protein was transferred to polyvinyli-
dene difluoride (PVDF) membranes (Pierce Biotechnology
Inc., Rockford, USA) with a TGX Stain-Free™ FastCast™
Acrylamide Kit (Bio-Rad Laboratories Inc.). After the
transfer, the membranes were washed with Tris-buffered
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saline (TBS) and blocked for 1 h at room temperature with
5% (w/v) skimmed milk powder in TBS. The manufac-
turer’s instructions were followed for the primary antibody
reactions. Following the blocking, the blots were developed
using antibodies for NF-xB and S-actin (Thermo Fisher
Scientific, Rockford, USA), incubated overnight at pH 7.6 at
4°C with gentle shaking. After washing, peroxidase-labeled
secondary antibodies were added, and the membranes were
incubated at 37°C for 1 h, then washed with TBS 5 times for
5 min. Clarity Western ECL chemiluminescent substrate
(Bio-Rad Laboratories Inc.) was applied to the blot accord-
ing to the manufacturer’s recommendations. Band inten-
sity was analyzed using a ChemiDoc™ imaging system
with Image Lab™ software v. 5.1 (Bio-Rad Laboratories
Inc.). The results were expressed as arbitrary units after
normalization for S-actin protein expression.

Statistical analysis

The normality of data distribution was tested using the
Shapiro-Wilk normality test. The analysis of normally distrib-
uted data was done by one-way analysis of variance (ANOVA),
followed by Tukey’s multiple comparison test (the data is ex-
pressed as mean with standard deviation — SD). For non-
normally distributed data, the Kruskal-Wallis test was used
to compare the median of each group, followed by Dunn’s
multiple comparison test using Prism v. 5.03 software (Graph-
Pad Software, La Jolla, USA). Statistical significance was set
atp <0.05.

Results

Paw edema was lower in the MTX group (3.37 £0.65 mm),
the MSC group (2.73 +0.52 mm) and the HSC group
(3.32 £0.57 mm) than in the PC group (4.88 +1.17 mm),
with p-values <0.001, <0.0001 and <0.001, respectively
(Fig. 2A). The evaluation of the RA score indicated that
the PC group showed the top score (median: 4, range:
3—4), which was significantly higher than that observed
in the MTX group (median: 2, range: 1-2) with p-val-
ue <0.05 and in the MSC group (median: 1, range: 1-2)
with p-value <0.0001 (Fig. 2B). There was no significant
difference between the PC group and the HSC group
(median: 2, range: 1-3). There was also no significant
difference between the MTX group and both the MSC
and HSC groups, nor between the MSC and HSC groups.
Serum RF was lower in the MTX (29.1 8.3 IU/mL), MSC
(18.36 +2.72 TU/mL) and HSC (33.3 +4.13 IU/mL) groups
compared to the PC group (45.49 +8.95 IU/mL) with
p-values <0.0001, <0.0001 and <0.001, respectively.
The decrease in RF in the MSC group was significantly
greater than in the MTX or HSC groups (p < 0.001 and
p < 0.0001, respectively) (Fig. 2C).

Serum levels of IL-6, TNF-a and TGF- were de-
creased in the MTX group (88.36 £13.04, 99.43 +£16.01
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Fig. 3. The effects of different treatments on IL-6, TNF-a, TGF-3 and IL-10

Parameters are presented on the charts as means £5D; NC - negative
control group; PC - positive control group; MTX — methotrexate group;
MSC - mesenchymal stem cells group; HSC — hematopoietic stem cells
group; IL-6 — interleukin-6; TNF-a — tumor necrosis factor-alpha;

TGF-B - transforming growth factor-beta; IL-10 - interleukin-10;

a - significantly different from NG; b - significantly different from PC;

¢ - significantly different from MTX; d - significantly different from MSC.

and 89.53 +17.34 Pg/mL, respectively), the MSC group
(46.38 £11.63, 72 £19.19 and 69.19 +12.38 Pg/mL, respec-
tively) and the HSC group (66.83 +11.24, 90.75 +12.73 and
89.4 +9.2 Pg/mL, respectively) compared to the PC group
(156.6 +28.74, 203.3 +11.73 and 146.8 +18.38 Pg/mL, re-
spectively) (p < 0.0001). In the MSC group, IL-6 and TNF-«
were significantly lower than in the MTX group (p < 0.0001
and p < 0.001, respectively); there was no significant differ-
ence in IL-6 compared to the NC group (34.93 +5.1 Pg/mL)
(p > 0.05). Furthermore, TGF-f} was lower in the MSC
group than in the MTX and HSC groups (p < 0.05). The
3treated groups (MTX, MSCand HSC) showed elevated IL-10
levels in comparison to the PC group (59.49 +17.67 Pg/mL)
(p<0.05,p<0.0001 and p < 0.001, respectively). Interleukin-10
was also elevated in the MSC group (112.3 +13.33 Pg/mL)
compared with the MTX (91.44 +15.83 Pg/mL) and HSC

Fig. 4. The effects of different treatments on MDA and GSH

Parameters are presented on the charts as means +SD; NC — negative
control group; PC - positive control group; MTX — methotrexate group;
MSC — mesenchymal stem cells group; HSC — hematopoietic stem cells
group; MDA — malondialdehyde; GSH - reduced glutathione;

a - significantly different from NC; b — significantly different from PC;

c - significantly different from MTX; d — significantly different from MSC.

(97.23 +16.36 Pg/mL) groups, but this elevation was not
significant (Fig. 3).

Malondialdehyde was significantly lower in the MTX
(9.33 +£2.96 nmol/mL), MSC (3.53 +1.17 nmol/mL) and
HSC (6.33 +2.16 nmol/mL) groups than in the PC group
(14.76 +4.62 nmol/mL) (p < 0.001, p < 0.0001 and p < 0.0001,
respectively); it was also significantly lower in the MSC
group than in the MTX group (p < 0.001). Glutathione was
significantly higher in the MTX (37.83 +4.86 nmol/mL),
MSC (48.13 +4.76 nmol/mL) and HSC (42.51 +7.45 nmol/
mL) groups than in the PC group (23.54 +8.24 nmol/mL)
(p <0.0001), and in the MSC group than in the MTX group
(p < 0.05). There was no significant difference between the
MSC group and the NC group (1.45 £0.49 nmol/mL) with
respect to MDA (Fig. 4).

The MSC group showed lower TLR-2, MMP-3 and
COMP-1 (relative quantification) (2.47 +0.39, 2.72 +1.04
and 2.73 +0.64, respectively) than the PC (13.35 +1.65,
13.34 +£3.7 and 13.25 +1.94, respectively) and MTX
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Fig. 5. The effects of different treatments on TLR-2, MMP-3, COMP-1 and NF-kB (A) and NF-kB protein blotting (B)

Parameters are presented on the charts as means +SD; NC — negative control group; PC — positive control group; MTX — methotrexate group;
MSC — mesenchymal stem cells group; HSC — hematopoietic stem cells group; TLR-2 - toll-like receptor-2; MMP-3 — matrix metalloproteinase-3;
COMP-1 - cartilage oligomeric matrix protein-1; NF-kB — nuclear factor-kappaB; b - significantly different from PC; ¢ - significantly different from MTX;

d - significantly different from MSC.

(713 £1.6, 7.11 +1.28 and 6.65 +1.26, respectively) groups
(p < 0.0001). Toll-like receptor-2 and COMP-1 were also
significantly lower in the MSC group than in the HSC
group (4.33 £1.35 and 5.55 £1.26, respectively), with p-
values <0.05 and <0.0001, respectively. Toll-like receptor-2
was significantly decreased in the HSC group in compari-
son to both the PC and MTX groups (p < 0.0001), while
MMP-3 and COMP-1 were only lower in the HSC group
(5.3 £0.99 and 5.55 +1.26, respectively) compared to the
PC group (p < 0.0001) (Fig. 5A). Nuclear factor-kappaB
was significantly decreased in the 3 treated groups (MTX:
7.78 +1.55, MSC: 3.02 +1.06 and HSC: 4.88 +1.15), with the
lowest value in the MSC group compared to the PC group
(1.04 +0.07) (p < 0.0001). Nuclear factor-kappaB was lower
in the MSC and HSC groups than in the MTX group, with
p-values <0.0001 and <0.001, respectively (Fig. 5A, 5B).

Discussion

In the last 10 years, MSCs have drawn attention in the
field of regenerative medicine because of their capacity
to differentiate into specific cell types, their substantial
production of soluble growth factors and cytokines and
their hematopoiesis-supporting properties. Moreover,
MSCs can move to areas of inflammation and exert po-
tent immunomodulatory and anti-inflammatory actions
by cell-to-cell interactions between MSCs and lympho-
cytes or by soluble factor production. Thus, it should be
possible to use MSCs for future clinical treatment of sev-
eral diseases.?*

Mesenchymal stem cells are suggested by many studies
to be highly immunosuppressive both in vivo and in vitro.
They intensely inhibit the proliferation of many immune
cells, such as T cells, B cells, dendritic cells and natural
killer cells. Furthermore, some soluble factors such as
TGF-pB and human growth factor (HGF) have been shown

to play a role in the immunosuppressive actions of MSCs.
This suggests that MSCs have the ability to treat immune
disorders, prevent organ transplantation rejection and heal
injured tissue.?

Various studies have been performed on MSCs originat-
ing from BM. Their transplantation from BM is assumed
to be safe, and the results of their effects on neurological,
cardiovascular and immunological diseases are hopeful.
Mesenchymal stem cells have been found to enhance an-
giogenesis and have been used in the treatment of kid-
ney, lung and muscle injuries as well as of chronic skin
wounds.?

In RA, joint inflammation is caused by the infiltration
of immune cells, synovial hyperproliferation, and the over-
production of proinflammatory cytokines, such as TNFa,
IL-1B, IL-6, IL-17 and IFNy, finally causing cartilage and
bone damage.? The therapeutic effect of MSCs in collagen-
induced arthritis (CIA) might be related to the induction
of regulatory T cells (Treg) by MSCs.?

In the current study, BM-derived MSCs were isolated,
grown and characterized by CD29+ve, one of the surface
markers of MSCs, and were used to investigate the role
of MSCs, compared to HSCs (CD34+ve) and methotrex-
ate, in the amelioration of arthritis in an experimental rat
model, and to assess whether MSCs and HSCs could im-
prove arthritis. We found that injecting MSCs into RA rats
resulted in a rapid reversal of tissue inflammation. This
drastic effect was accompanied by a diminished tissue level
of IL-6, TNF-a, TGF-B, NF-xB, TLR-2, MMP-3, COMP-1,
and RF, a better antioxidant state and an elevated produc-
tion of anti-inflammatory cytokine IL-10 in RA/MSC rats.

This concurs with the results published by Ganesan
et al., who showed the ability of MSCs to suppress the
immune system.?® A study by Augello et al. demonstrated
that MSC injection stopped bone and cartilage damage
and induced T cell hyporesponsiveness in the form of re-
duced proliferation and modified inflammatory cytokine
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expression; serum TNEF-a levels in particular were signifi-
cantly lowered.?

The ability of MSCs to inhibit the proliferation of stim-
ulated T cells as well as TNF-a secretion was observed
by Liu et al.?° The valuable effect of MSCs was proven
by their attenuation of systemic inflammation, the reduc-
tion of proinflammatory cytokines (IL-6 and TNF-a) and
an increased production of the anti-inflammatory cyto-
kine IL-10 in CIA mice. After injecting CIA mice with
MSC:s, the severity of arthritis was significantly reduced.
Moreover, MSC injection caused complete disappearance
of paw swelling.3!

Little is known about the mechanisms of the immuno-
regulatory activities of MSCs, but both direct and indi-
rect effects have been proposed, through either cell-to-cell
interaction or soluble factors. The immunosuppression
of MSCs needs the MSCs to be activated first by immune
cells via the secretion of some proinflammatory cytokines,
such as IFN-y, TNF-q, IL-1a or IL-1B.32 Various studies
done on BM MSCs have revealed that the immunomodu-
lation effect mediated by MSCs depends on IFN-y, and
is primarily mediated by soluble factors, like indolamine
2,3-dioxygenase or prostaglandin E2 (PGE2), which in-
hibit the proliferation and function of both T and B cells.
Prostaglandin E2 potentially suppresses the immune sys-
tem through the inhibition of T cell mitogenesis and IL-2
production, and helps stimulate the activity of Th type 2
lymphocytes. The stimulation of TNF-a or IEN-y enhances
the production of PGE2 by MSCs, which stimulates IL-10
production from the macrophages and blocks the differ-
entiation of monocytes to dendritic cells.??

It has been reported that IL-6, another factor derived
from MSCs, could inhibit monocyte differentiation to den-
dritic cells, decreasing their ability to stimulate T cells.
Activated MSCs have been found to produce hepatocyte
growth factor, heme oxygenase-1, leukemia inhibitory fac-
tor, and TGF-B1. The cell-to-cell contact between MSCs
and activated T cells prompts the production of IL-10,
which participates in human leukocyte antigen (HLA)-
G5 release. The immunoregulation mediated by MSCs
is therefore considered a sum of the collective activities
of various molecules.3*

Greish et al. reported that injecting stem cells (MSCs and
HSCs) obtained from human UCB into CFA rats signifi-
cantly decreased arthritis severity.3* They found that paw
swelling had totally disappeared 21-34 days after stem cell
administration. Moreover, they found a significant down-
regulation of TNF-a, IL-1 and IFN-y, and the upregulation
of IL-10 after the injection of HSCs and MSCs.?> Park et al.
also found that MSCs significantly increased the levels
of IL-10 and TGEF-B, and decreased serum IL-1p, TNF-a,
IL-6, and I[FN-y.%

Mesenchymal stem cell licensing is related to the activa-
tion of TLRs expressed on the MSC surface. Mesenchymal
stem cells are polarized toward either an inflammatory or
an anti-inflammatory direction, depending on the TLR
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type. Toll-like receptor-4 (TLR-4) stimulation produces
pro-inflammatory cytokines, such as IL-6, IL-8 and TGE-p,
developing the MSC1 phenotype. Conversely, when certain
ligands bind to TLR-3, immunosuppressive MSC2 cells
are stimulated to release indolamine 2,3-dioxygenase.3¢:3

El-denshary etal. reported that the expression of MMP-3,
COMP and TNF-a genes was significantly reduced, while
IL-10 gene expression was significantly increased in the
MSC group compared to the CIA group.®® Their results
indicated that MSCs were better than betamethasone
in treating CIA, probably by modifying cytokine expres-
sion. Mesenchymal stem cells caused complete improve-
ment in the oxidative stress environment in the form
of lowered MDA and increased GSH.

In conclusion, MSCs are very effective in reducing RA
inflammation and could become a better therapeutic op-
portunity for the treatment of RA.
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Abstract

Background. Epilepsy is a serious neurological disease affecting about 1% of people worldwide (65 million).
Seizures are controllable with antiepileptic drugs (AEDs) in about 70% of epilepsy patients, however, there
remains about 30% of patients inadequately medicated with these AEDs, who need a satisfactory control
of their seizure attacks. For these patients, one of the treatment options is administration of 2 or 3 AEDs
in combination.

Objectives. Todetermine the anticonvulsant effects of a combination of 3 selected AEDs (i.e., lacosamide — LCM,
lamotrigine — LTG and phenobarbital — PB) at the fixed-ratio of 1:1:1 in a mouse maximal electroshock-induced
(tonic-clonic) seizure model by using isobolographic analysis.

Material and methods. Seizure activity was evoked in adult male albino Swiss mice by a current (sine-
wave, 25mA, 500V, 50 Hz, 0.2 s stimulus duration) delivered via auricular electrodes. Type lisobolographic
analysis was used to detect interaction for the 3-drug combination.

Results. With type lisobolographic analysis, the combination of LCM, LTG and PB (at the fixed-ratio of 1:1:1)
exerted additive interaction in the mouse maximal electroshock-induced (tonic-clonic) seizure model.

Conclusions. The combination of LCM with LTG and PB produced additive interaction in the mouse tonic-
clonic seizure model, despite various molecular mechanisms of action of the tested AEDs.

Key words: antiepileptic drugs, isobolographic analysis, maximal electroshock, 3-drug combination
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Introduction

Pharmacotherapy in epilepsy is still a challenge for clini-
cians and epileptologists because about one third of patients
with epilepsy are not sufficiently treated with licensed an-
tiepileptic drugs (AEDs) in monotherapy.! To reduce both
seizure frequency and seizure activity in patients with re-
fractory epilepsy, some combinations of 2 or 3 various AEDs
should be considered as the most appropriate treatment
regimen.?~> Nowadays, some combinations of AEDs are
recommended to refractory patients in 3 consecutive mono-
therapies with the established first-line AEDs.?? Generally,
the combined application of AEDs possessing different an-
ticonvulsant modes of action is clinically recommended
to potentiate the anticonvulsive properties of AEDs.>®

Direct clinical assessment of the interactions among
3 drugs in epilepsy patients is extremely difficult due
to ethical restrictions and methodological limitations.
However, preclinical studies in animal in vivo models
of epilepsy provide us with plausible proof on the accu-
rate type of interactions occurring among the selected
3 AEDs. There is no doubt that in preclinical in vivo ex-
periments based on isobolographic analysis of interaction,
it is easily to confirm whether the theoretically selected
AED combinations are beneficial or not.” This is the reason
to conduct experiments on animals with isobolography
and subsequently translate the most favorable combina-
tions into clinical settings.

Lacosamide (LCM) belongs to the 3" generation of AEDs.
Its unique molecular mechanisms of anticonvulsant ac-
tion rely mainly on the enhancement of slow inactivation
in voltage-gated sodium channels, preventing the sodium
channels from opening and terminating the action po-
tentials in hyperactive (epileptically changed) neurons for
an extended time.® Thus, LCM inhibits repetitive neu-
ronal firing and stabilizes hyperexcitable neuronal mem-
branes without affecting the physiological functions of the
neurons.®? At present, LCM is licensed as an added drug
prescribed to adult patients with partial-onset seizures
that undergo generalization.'%!

The combined administration of LCM with lamotrigine
(LTG) and phenobarbital (PB), 2 commonly prescribed
AEDs for patients suffering from tonic-clonic and partial
onset seizures,'? should produce a favorable 3-drug com-
bination, offering protection from tonic-clonic seizures
in patients with epilepsy who are resistant to monothera-
peutic use of these AEDs.!3 Furthermore, the combined
treatment with LCM, LTG and PB theoretically fulfils the
general principles of a perfect AED combination, giving
a maximum of therapeutic effect and a minimum of side
effects, due to diverse molecular mechanisms of action.®
However, this hypothetically ideal combination requires
experimental confirmation in a maximal electroshock-
induced seizure (MES) test in mice. Of note, the MES test
is considered an animal test reflecting generalized tonic-
clonic seizures and partial convulsions in humans.'*

M. Kondrat-Wrdbel, J. tuszczki. Interaction of 3-drug in combination

This study was aimed at characterizing the interactions
among LCM, LTG and PB in the MES test in mice. We used
type I isobolographic analysis to evaluate the interaction
among the fully effective drugs (i.e.,, LCM, LTG and PB)
because this method is designed to investigate interaction
in preclinical experiments.'®

Material and methods

In all experimental tests, we used 4-month-old male
albino Swiss mice. The local Ethics Committee (Univer-
sity of Life Sciences, Lublin, Poland) approved all of the
described protocols and procedures (License No. 45/2014).

LCM (UCB Pharmaceuticals, Brussels, Belgium), LTG
(GlaxoSmithKline, Brentford, UK) and PB (Polfa, Warszawa,
Poland) were dispersed in an aqueous solution of Tween 80
(Sigma-Aldrich, St. Louis, USA). The AEDs were inject-
ed intraperitoneally (i.p.) to animals at the pretreatment
times as follows: LCM — 30 min, LTG and PB — 60 min,
respectively.

Alternating current (25 mA, 0.2 s stimulus duration) gen-
erated by rodent shocker (Hugo Sachs Elektronik, March,
Germany) was used to evoke maximal electroconvulsions
(seizure activity) in mice, as described earlier.'®!” The ani-
mals, after receiving different drug doses, were subjected
to the MES test and protection from maximal electrocon-
vulsions was noted so as to construct dose-effect func-
tions for the investigated AEDs (LCM, LTG and PB) when
injected separately, as described earlier.'*!® The anticonvul-
sant properties of LCM, LTG and PB, when injected alone
and combined at a fixed-ratio of 1:1:1, were presented in the
form of median effective doses (i.e., EDs and EDs .y, values).

Type I isobolographic analysis assessed the nature
of the interactions among the 3 AEDs in combination.!>"?
Of note, isobolography is a mathematical method that
makes it possible to precisely determine the kind of in-
teractions occurring when drugs are combined together.
Isobolographic analysis distinguishes 5 classes of drug
interactions: synergy (supra-additivity), additivity, indif-
ference, relative antagonism (sub-additivity), and absolute
antagonism (infra-additivity).2?! Subsequently, a linear
regression analysis based on logarithms and probits made
it possible to construct dose-effect functions for the stud-
ied AEDs (LCM, LTG and PB).22 To establish the proper
class of interactions, the investigated AEDs are usually
administered together in fixed drug dose ratio combina-
tions. However, to properly select the fixed-ratio combi-
nations, one should verify whether the dose-effect func-
tions of the studied AEDs if used alone are collateral.
If the drugs have their dose-response effect curves paral-
lel to each other, at least 3 fixed-ratios (i.e., 3:1, 1:1 and
1:3) are experimentally investigated with isobolography.??
Of note, many more fixed-ratio combinations are some-
times required to establish the exact types of interactions
for particular drug mixtures.?! On the other hand, for drugs
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Fig. 1. Dose-effect functions of lacosamide, lamotrigine and
phenobarbital injected separately and in combination (1:1:1) against
maximal electroconvulsions in mice

Equations for the anticonvulsant effects of LCM, LTG, PB and their
combination are presented graphically; R - coefficient of determination.

having their dose-effect functions mutually nonparallel,
only a fixed-ratio of 1:1 is analyzed with isobolography.?*
To the best of our knowledge, calculations of doses for
particular drugs with their nonparallel dose-effect func-
tions, applied in fixed-ratio combinations more diverse
than 1:1 (i.e., 1:3 and 3:1), are not precise because the effects
produced by the drug doses may be either over- or un-
derestimated, ultimately providing improper information
on the interaction among the drugs.!>?* The isobolographic
rule, concerning parallelism of dose-response effect curves
for the tested AEDs when they are used alone, is obliga-
tory not only for 2-drug combinations, but also for 3- and
4-drug combinations.?* After verifying the parallelism
of dose-effect functions of LCM, LTG and PB, the median
additive dose of the mixture of these 3 AEDs (EDs aq4)
at a fixed-ratio combination of 1:1:1 was calculated accord-
ing to the methods described earlier.'®” Admittedly, LCM
displayed parallelism to PB and LTG. However, these latter
2 AEDs, when compared to each other, had their dose-
effect functions nonparallel. Therefore, only 1 fixed-ratio
(1:1:1) underwent investigation in this study because, as
mentioned earlier, other tested fixed-ratios (i.e., 1:1:3, 1:3:1,
3:1:1, 3:3:1, 3:1:3 or 1:3:3) could provide false classification
of interaction.!>?4-26 The anticonvulsant protection offered
by the 3 AEDs in mixture 1:1:1 was presented in the form
of EDs ey value, reflecting a dose of 3 drugs in mixture that
protected 50% of the mice from MES-induced seizures.'®!”
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The unpaired Student’s t-test was used to statistically
compare the EDsg exp and EDgg 44 values.

Results

LCM, LTG and PB injected separately protected the
mice from maximal electroconvulsions. From log-probit
equations of dose-effect functions, the EDs, values for
LCM, LTG and PB were calculated (Fig. 1), amounting
to 7.27 £0.77 mg/kg (LCM), 6.50 +£0.80 mg/kg (LTG) and
31.21 +2.04 mg/kg (PB), respectively (Table 1).

Parallelism of dose-effect functions was observed be-
tween LCM and LTG, as well as between LCM and PB
(Table 1, Fig. 1). In contrast, dose-effect functions between
LTG and PB were non-collateral (Table 1).

LCM, PB and LTG combined together at a fixed-ratio
of 1:1:1 produced an anti-electroshock effect and the
EDsp exp value was 15.99 +1.80 mg/kg. With type I isobo-
lographic analysis, the mixture of LCM, LTG and PB at
afixed-ratio of 1:1:1 produced additivity in mice subjected
to the MES test (Fig. 2 A—C). The EDs ¢y, value for the
mixture of LCM, LTG and PB was 15.99 +1.80 mg/kg and
displayed no significant difference from the EDs .44 value,
which amounted to 14.99 +0.71 mg/kg.

Neither LCM, LTG and PB administered singly (in doses
reflecting their EDs values from the maximal electrocon-
vulsions), nor the combination of LCM, LTG and PB (1:1:1)
disturbed memory processes in mice challenged with the
passive avoidance task, changed skeletal muscular strength
in mice in the grip-strength test, and impaired motor co-
ordination in mice subjected to the chimney test (Table 2).

Discussion

It was found experimentally that the combination of LCM,
LTG and PB (1:1:1) produced additivity in the mouse MES-
induced seizure test. The illustrated additivity for the com-
bination of the 3 AEDs (LCM, LTG and PB) can be com-
pared to the effects reported from experiments conducted
for the combinations of 2 AEDs (i.e., PB + LTG,LCM + LTG,
and LCM + PB) in the same seizure test. Previously, we
have reported supra-additivity (synergy) for the com-
bination of PB with LTG at a fixed-ratio of 1:1 against

Table 1. Anticonvulsant properties of lamotrigine, lacosamide and phenobarbital when administered separately in the MES-induced seizure test in mice

LTG 6.50 £0.80
LCM 727 £0.77
PB 31.21 £2.04

Combination #Parallelism
LCM vs LTG parallel
LCMvs PB parallel
LTG vs PB nonparallel

Results are median effective doses (EDs, values [mg/kg] +£SEM, where SEM is standard error of the mean) of LCM, LTG and PB administered separately in the
MES-induced seizure test in mice. The drugs were administered systemically (i.p.), as follows: LCM - 30 min, LTG and PB — 60 min before the MES-induced
seizures; n - total number of animals used at doses whose expected anticonvulsant effects ranged between the 4™ and 6™ probit; * test for parallelism was

performed according to Litchfield and Wilcoxon.?> For more details see Fig. 1.
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Table 2. Effects of lamotrigine, lacosamide and phenobarbital, administered alone and in mixture at a fixed-ratio of 1:1:1 on long-term memory in the
passive avoidance task, muscular strength in the grip-strength test and motor performance in the chimney test in mice

Retention time [s]

Treatment [mg/kg]

Muscular strength [N] Motor coordination impairment [%]

Vehicle + vehicle 180 (180; 180)
LTG (6.50) + vehicle 180 (180; 180)
LCM (7.27) + vehicle 180 (180; 180)
PB (31.21) + vehicle 180 (180; 180)
LCM (2.58) + LTG (2.31) + PB (11.09) 180 (180; 180)

0.987 +0.067 0
0.948 £0.062 0
0.949 +0.065 0
0.962 +0.072 0
0.952 +0.071 0

Results are median retention times (with 25" and 75" percentiles in parentheses) from the passive avoidance task, mean muscular strengths +SEM from the
grip-strength test and percentage of animals with impairment of motor coordination from the chimney test. Each experimental group consisted of 8 mice.
Doses of particular drugs (in parentheses) correspond to their EDs, values from the MES test.

8 1:1:1 8 1:1:1 35 1:1:1
— 6 — 6 25 -
2 5 D5 e,
= 4 , = 4 2 20
£ 3 M. 23 M 2 15 1 3_4
o 2 & 0 2 & =109 A
B 14 A FE14 A g 54
0 +— T T T T 0 T T 0 - T T T T T T
0 5 101520 25 30 35 0123456789 0123456789
PB [mg/kg] LTG [mg/kg] LTG [mg/kg]

Fig. 2 A-C.Isobolograms illustrating additivity among lacosamide, lamotrigine and phenobarbital in mice subjected to maximal electroconvulsions

The EDs exp and EDsg aqq Values +SEM for the mixture of LCM, LTG and PB (1:1:1) were plotted graphically as points M and A. A — additive interaction of PB
with LTG; B — additive interaction of LCM with LTG; C - additive interaction of LCM with PB.

maximal electroconvulsions in mice.?” Unfortunately, no
information is available on the type of interactions for the
combinations of LCM with PB and LTG against maximal
electroconvulsions in mice. Nevertheless, in another ex-
perimental model of electrically-induced seizures, a 6 Hz
psychomotor seizure test, the combination of LCM with
LTG also produced supra-additivity (synergy) in mice.?8

The interaction among the 3 AEDs (LCM, LTG and PB)
from this study can also be compared to the interac-
tions observed previously for the combinations of LCM,
carbamazepine (CBZ) and PB,' or topiramate (TPM),
CBZ and PB, against maximal electroconvulsions
in mice."” More specifically, a supra-additivity (synergy)
for the combination of TPM, CBZ and PB was found
in the MES test in mice.l” In contrast, the replacement
of TPM with LCM in the mixture of LCM, CBZ and PB
resulted in additivity with a trend to sub-additivity in the
MES test in mice.!® On the other hand, the replacement
of CBZ with LTG produced additivity without any trend
to sub-additivity (antagonism) in the MES test, as docu-
mented in this study for LCM, LTG and PB. Thus, it can be
concluded that the mixture of LCM, LTG and PB is more
favorable than that of LCM, CBZ and PB and, simultane-
ously, less beneficial than that of CBZ, PB and TPM in the
MES-induced seizure test.

From a theoretical viewpoint, the mixture of LCM, LTG
and PB should be favorable and of particular relevance for

epileptic patients because of the diverse mechanisms of ac-
tion of the component drugs.® Of note, the conjunction
of LCM, LTG and PB complies with theoretical presump-
tions related to combining drugs with diverse mechanisms
of anticonvulsant action. As is widely known, LTG attaches
to inactive voltage-dependent sodium channels and thus,
it reduces the sustained repetitive firing in neurons.?? LTG
also blocks voltage-activated N- and P/Q-type calcium
channels.?® LCM selectively enhances slow inactivation
of sodium channels and makes hyperexcitable neurons
stable.®3! Additionally, LCM allosterically blocks NMDA
receptors containing the NR2B subunit.®®! As regards PB,
the drug enhances the effects of GABA 4 receptors by at-
taching to an allosteric regulatory site within the complex
of GABA ,-receptor and chloride ionophore.?*-3* Further-
more, PB inhibits AMPA receptors.? Thus, taking into ac-
count the mentioned mechanisms of action of LCM, LTG
and PB, the mixture of these AEDs should supra-additively
inhibit generalized tonic-clonic seizures in mice challenged
with maximal electroconvulsions because their mechanisms
of anticonvulsant action complement each other. Unfortu-
nately, in this study we barely found additivity among LCM,
LTG and PB against maximal electroconvulsions in mice.
Much more attention should be paid to the doses of par-
ticular AEDs used — we combined LCM, LTG and PB
in doses 3 times lower than their respective EDs values as
denoted singly in the MES test in mice. This is the reason
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we obtained results reflecting monotherapy with one ef-
fective AED, as regards the inhibition of maximal electro-
convulsions in mice. Of note, any decrease in drug doses
is beneficial due to the limitation of acute adverse effects
exerted by AEDs used separately that would occur if the
AEDs could be injected in higher doses into the mice.

Here we also determined the potential of acute adverse ef-
fects evoked by LCM, LTG and PB in a mixture with respect
to their influence on motor performance, memory pro-
cesses and skeletal muscular strength in the animals sub-
jected to the chimney, passive avoidance and grip-strength
tests, respectively. Generally, drugs or their mixtures that
significantly affect motor performance in animals dis-
turb coordination or make the animals unable to climb
backward up the plastic Plexiglas tube within 60 s.3637
Similarly, in the passive avoidance test, drugs or their mix-
tures that significantly affect the animals’ long-term mem-
ory may impair memory acquisition and/or remembering
in experimental animals, which manifests by the entrance
of the mice into the dark box of the passive avoidance ap-
paratus without a period of staying in the light compart-
ment for up to 180 s.333% In the grip-strength test, drugs or
their mixtures that significantly alleviate skeletal muscular
strength induce flaccidity of the animal’s bodies or reduce
muscle tension in the mice that manifest in a low force
in grasping and pulling the squared stainless steel wire
mesh connected to the electronic dynamometer.*%4! Of
note, the mixture of LCM, LTG and PB was administered
to animals in doses corresponding to the EDs o, value
obtained in the MES-induced seizure test. In this study,
the mixture of LCM, LTG and PB had no significant impact
on motor performance in mice since all of the tested ani-
mals climbed backward up the tube within 1 min (Table 2).
Similarly, the AEDs in combination had no significant ef-
fect on memory processes in the animals tested — the mice
remained in the light compartment of the apparatus for up
to 3 min (Table 2). The combination of LCM, LTG and PB
had no significant impact on the animals’ skeletal muscular
strength because no significant changes in grasping and
pulling the wire mesh connected to the dynamometer were
observed in the mice (Table 2). Considering the results
from these 3 behavioral tests, it can be concluded that
LCM, LTG and PB in combination (1:1:1) exerted no acute
side effects as compared to the animals from the control
group, suggesting that the AEDs in mixture, at doses re-
flecting the EDs ey, from the MES test, were safe enough
to be recommended for application in further clinical set-
tings, especially in epileptic patients treated with these
AEDs in monotherapy.

Summing up, it can be concluded that the combined ap-
plication of LCM, LTG and PB exerted additivity against
maximal electroconvulsions in mice. Finally, LCM com-
bined with LTG and PB can modify the interaction among
drugs from synergistic to additive, despite their various
anticonvulsant modes of action.

885

References

1. Kwan P, Schachter SC, Brodie MJ. Drug-resistant epilepsy. N Engl
JMed. 2011;365:919-926.

2. StephenLJ, Brodie MJ. Seizure freedom with more than one antiep-
ileptic drug. Seizure. 2002;11:349-351.

3. Stephen LJ, Forsyth M, Kelly K, Brodie MJ. Antiepileptic drug com-
binations - Have newer agents altered clinical outcomes? Epilepsy
Res. 2012;98:194-198.

4. Barker-Haliski M, Sills GJ, White HS. What are the arguments forand against
rational therapy for epilepsy? Adv Exp Med Biol. 2014;813: 295-308.

5. PeruccaE. Pharmacological principles as a basis for polytherapy. Acta
Neurol Scand Suppl. 1995;162:31-34.

6. Deckers CL, Czuczwar SJ, Hekster YA, et al. Selection of antiepilep-
tic drug polytherapy based on mechanisms of action: The evidence
reviewed. Epilepsia. 2000;41:1364-1374.

7. LuszczkiJJ, Czuczwar SJ. Preclinical profile of combinations of some
second-generation antiepileptic drugs: An isobolographic analysis.
Epilepsia. 2004;45:895-907.

8. Errington AC, Stohr T, Heers C, Lees G. The investigational anticonvul-
sant lacosamide selectively enhances slow inactivation of voltage-
gated sodium channels. Mol Pharmacol. 2008;73:157-169.

9. Rogawski MA, Tofighy A, White HS, Matagne A, Wolff C. Current
understanding of the mechanism of action of the antiepileptic drug
lacosamide. Epilepsy Res. 2015;110:189-205.

10. BitonV, Gil-Nagel A, Isojarvi J, Doty P, Hebert D, Fountain NB. Safety
and tolerability of lacosamide as adjunctive therapy for adults with
partial-onset seizures: Analysis of data pooled from three random-
ized, double-blind, placebo-controlled clinical trials. Epilepsy Behav.
2015;52:119-127.

11. Zadeh WW, Escartin A, Byrnes W, et al. Efficacy and safety of lacosamide
as first add-on or later adjunctive treatment for uncontrolled partial-
onset seizures: A multicentre open-label trial. Seizure. 2015;31: 72-79.

12. Glauser T, Ben-Menachem E, Bourgeois B, et al. Updated ILAE evi-
dence review of antiepileptic drug efficacy and effectiveness as ini-
tial monotherapy for epileptic seizures and syndromes. Epilepsia.
2013;54:551-563.

13. Loscher W.Single versus combinatorial therapies in status epilepticus:
Novel data from preclinical models. Epilepsy Behav. 2015;49: 20-25.

14. Loscher W, Fassbender CP, Nolting B. The role of technical, biologi-
cal and pharmacological factors in the laboratory evaluation of anti-
convulsant drugs. Il. Maximal electroshock seizure models. Epilepsy
Res. 1991;8:79-94.

15. Tallarida RJ. Revisiting the isobole and related quantitative methods
for assessing drug synergism. J Pharmacol Exp Ther. 2012;342:2-8.

16. Kondrat-Wrébel MW, Luszczki JJ. Interaction of three-drug combina-
tion of lacosamide, carbamazepine and phenobarbital in the mouse
maximal electroshock-induced seizure model — An isobolographic
analysis. Health Prob Civil. 2016;10(1):55-61.

17. Luszczki JJ. Isobolographic analysis of interaction for three-drug
combination of carbamazepine, phenobarbital and topiramate in the
mouse maximal electroshock-induced seizure model. Pharmacology.
2016;97:259-264.

18. Zotkowska D, Zagaja M, Miziak B, et al. Isobolographic assessment
of interactions between retigabine and phenytoin in the mouse max-
imal electroshock-induced seizure model and chimney test. Health
Prob Civil. 2016;10(4):54-59.

19. Loewe S. The problem of synergism and antagonism of combined
drugs. Arzneimittelforschung. 1953;3:285-290.

20. Luszczki JJ, Borowicz KK, Swiader M, Czuczwar SJ. Interactions
between oxcarbazepine and conventional antiepileptic drugs
in the maximal electroshock testin mice: Anisobolographic analysis.
Epilepsia. 2003;44:489-499.

21. Luszczki JJ, Czuczwar SJ. Isobolographic and subthreshold methods
in the detection of interactions between oxcarbazepine and conven-
tional antiepileptics — A comparative study. Epilepsy Res. 2003;56: 27-42.

22. Litchfield JT, Wilcoxon F. A simplified method of evaluating dose-
effect experiments. J Pharmacol Exp Ther. 1949;96:99-113.

23. Luszczki JJ, Wu JZ, Raszewski G, Czuczwar SJ. Isobolographic char-
acterization of interactions of retigabine with carbamazepine,
lamotrigine, and valproate in the mouse maximal electroshock-
induced seizure model. Naunyn Schmiedebergs Arch Pharmacol.
2009;379:163-179.



886

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

Luszczki JJ. Isobolographic analysis of interaction between drugs
with nonparallel dose-response relationship curves: A practical appli-
cation. Naunyn Schmiedebergs Arch Pharmacol. 2007;375:105-114.
Tallarida RJ. Quantitative methods for assessing drug synergism.
Genes Cancer. 2011;2:1003-1008.

Luszczki JJ, Czuczwar SJ. Biphasic characteristic of interactions
between stiripentol and carbamazepine in the mouse maximal elec-
troshock-induced seizure model: A three-dimensional isobolograph-
ic analysis. Naunyn Schmiedebergs Arch Pharmacol. 2006;374:51-64.
Luszczki JJ, Czuczwar M, Kis J, et al. Interactions of lamotrigine with
topiramate and first-generation antiepileptic drugs in the maxi-
mal electroshock test in mice: An isobolographic analysis. Epilepsia.
2003;44:1003-1013.

Shandra A, Shandra P, Kaschenko O, Matagne A, Stohr T. Synergism
of lacosamide with established antiepileptic drugs in the 6-Hz sei-
zure model in mice. Epilepsia. 2013;54:1167-1175.

Nakatani Y, Masuko H, Amano T. Effect of lamotrigine on Na(v)1.4
voltage-gated sodium channels. J Pharmacol Sci. 2013;123:203-206.
Pisani A, Bonsi P, Martella G, et al. Intracellular calcium increase in epi-
leptiform activity: Modulation by levetiracetam and lamotrigine.
Epilepsia. 2004;45:719-728.

Stohr T, Kupferberg HJ, Stables JP, et al. Lacosamide, a novel anti-
convulsantdrug, shows efficacy with a wide safety margin in rodent
models for epilepsy. Epilepsy Res. 2007;74:147-154.

Mathers DA, Wan X, Puil E. Barbiturate activation and modulation
of GABA(A) receptors in neocortex. Neuropharmacology. 2007;52:
1160-1168.

Twyman RE, Rogers CJ, Macdonald RL. Differential regulation of gam-
ma-aminobutyric acid receptor channels by diazepam and pheno-
barbital. Ann Neurol. 1989;25:213-220.

34.

35.

36.

37.

38.

39.

40.

41.

M. Kondrat-Wrdbel, J. tuszczki. Interaction of 3-drug in combination

Rho JM, Donevan SD, Rogawski MA. Direct activation of GABA, recep-
tors by barbiturates in cultured rat hippocampal neurons. J Physiol.
1996;497(2):509-522.

Ko GY, Brown-Croyts LM, Teyler TJ. The effects of anticonvulsant
drugs on NMDA-EPSP, AMPA-EPSP, and GABA-IPSP in the rat hippo-
campus. Brain Res Bull. 1997;42:297-302.

Boissier JR, Tardy J, Diverres JC. A new simple method to explore
the “tranquillizing” action: The chimney test [in French]. Pharma-
cology. 1960;3:81-84.

Luszczki JJ, Czernecki R, Wojtal K, Borowicz KK, Czuczwar SJ. Agma-
tine enhances the anticonvulsant action of phenobarbital and val-
proate in the mouse maximal electroshock seizure model. J Neural
Transm. 2008;115:1485-1494.

Venault P, Chapouthier G, de Carvalho LP, et al. Benzodiazepine
impairs and beta-carboline enhances performance in learning and
memory tasks. Nature. 1986;321:864-866.

Luszczki JJ, Wojcik-Cwikla J, Andres MM, Czuczwar SJ. Pharmacologi-
cal and behavioral characteristics of interactions between vigabatrin
and conventional antiepileptic drugs in pentylenetetrazole-induced
seizures in mice: An isobolographic analysis. Neuropsychopharma-
cology. 2005;30:958-973.

Meyer OA, Tilson HA, Byrd WC, Riley MT. A method for the routine
assessment of fore- and hindlimb grip strength of rats and mice.
Neurobehav Toxicol. 1979;1;233-236.

Nieoczym D, Luszczki JJ, Czuczwar SJ, Wlaz P. Effect of sildenafil
on the anticonvulsant action of classical and second-generation anti-
epileptic drugs in maximal electroshock-induced seizures in mice.
Epilepsia. 2010;51:1552-1559.



Original papers

Calreticulin promotes proliferation and extracellular matrix expression
through Notch pathway in cardiac fibroblasts

Xiaoying Fan*®2F, Yuan Yao*“f, Yao Zhang™?-*

Department of Cardiovascular Medicine, 2" Affiliated Hospital of Harbin Medical University, China

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2018;27(7):887—892

Address for correspondence
Yao Zhang
E-mail: zhangyao159@126.com

Funding sources
None declared

Conflict of interest
None declared

*The first 2 authors contributed equally
to the work.

Received on April 20, 2017
Reviewed on May 17,2017
Accepted on June 5, 2017

DOI
10.17219/acem/74430

Copyright

© 2018 by Wroclaw Medical University

Thisis an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Background. Cardiac fibrosis is one of the most important underlying causes of several cardiac diseases.
The role of calreticulin (CRT) in cardiac diseases has already been established. The over- or under-expression
of CRT can lead to cardiac diseases.

Objectives. This study was aimed to explore the effect of CRT on cardiac fibrosis and also to investigate the
possible underlying molecular mechanism.

Material and methods. Human cardiac fibroblast cells (HCF) were used in the experiment. The cells were
transfected with the CRT expression vector constructed by sub-cloning the full-length wild-type CRT coding
sequence into pcDNA3.T (p-CRT group), empty construct pcDNA3.T (pcDNA3.1 group), CRT-specific SIRNA
(si-CRT), and si-NC (negative control). The Cell Counting Kit-8 (CCK-8) assay, apoptosis assay and invasion
assay were performed. Quantitative real time polymerase chain reaction (qRT PCR) and western blot analysis
were performed to measure the expressions of different mRNAs and proteins.

Results. The CRT expression was significantly increased (p < 0.01) and decreased (p < 0.01) in the pc-CRT
and si-CRT groups, respectively. The CRT over-expression led to increased cell viability and invasiveness
(p < 0.05) and a decreased percentage of apoptotic cells. The over-expression of CRT led to a significant
increase in the expressions of collagen (I and I1l) (p < 0.07) and matrix metalloproteinases (MMP-2 and 9)
(p < 0.05). The Notch pathway was also significantly activated (p < 0.05) by the over-expression of (RT
and vice versa when suppressed.

Conclusions. The results showed that the CRT over-expression was associated with increased cell viability
and invasiveness and decreased apoptosis, and the activation of the Notch pathway in HCF, which suggests
its possible implication in CRT-induced cardiac fibrosis.

Key words: calreticulin, Notch pathway, cardiac fibroblasts, extracellular matrix, proliferation



888

Introduction

Cardiac fibrosis is a pathophysiological condition charac-
terized by the accumulation of extracellular matrix in the
myocardium and is considered one of the most important
factors implicated in various cardiac diseases."? The regen-
erative capacity of the adult mammalian heart is negligible,
and therefore fibrosis occurs in cardiac diseases associated
with acute death of cardiomyocytes.!~*In acute myocardial
infarction (AMI), sudden death of a large number of cardio-
myocytes leads to the triggering of inflammatory pathways
and dead cell replacement with collagen-based scar tissue
formation.>® Other than the acute onset of cardiac diseases
like AMI, several other chronic cardiac diseases are associ-
ated with insidious accumulation of collagen in the intersti-
tial and perivascular regions.® Aging is another factor that
leads to the development of cardiac fibrosis and ultimately
to diastolic failure.! Several long-standing cardiac diseases,
like chronic hypertension and aortic stenosis, might also
lead to widespread cardiac fibrosis, associated with loss
of cardiac contractility and diastolic dysfunction, which
ultimately leads to both systolic and diastolic heart failure
because of persistent pressure overload.* Besides pressure
overload, volume overload, as in the valvular regurgitant
type of cardiac lesions, can also lead to cardiac fibrosis
due to the deposit of a large amount of non-collagenous
matrix.* Other common causes of cardiac fibrosis include
alcoholism, anthracycline use, metabolic disturbances like
diabetes, obesity, etc.””?

Calreticulin (CRT) is a Ca2+ binding protein which acts
as a chaperone in the storage of Ca2+ and the maintenance
of Ca2+ homeostasis.! Calreticulin is widely expressed
in the embryonic heart; however, its expression is down-
regulated following birth.!! Kypreou et al. have explored
the role of altered expression of CRT in the fibrosis of sev-
eral organs, such as the lung, heart and renal epithelial
cells. Although the over-expression of CRT could be im-
plicated in lung and renal epithelial cell fibrosis, there were
no changes in the expression of CRT in the cardiac model.!?
Only a few studies have been conducted to explore the
implications of the CRT over-expression in certain cardiac
conditions, namely diastolic dysfunction, ventricular dila-
tion, cardiac arrhythmia, and sudden cardiac arrest.10-14

In this study, we have explored the effect of CRT on the
proliferation and extracellular matrix expression in cardiac
fibroblasts and also investigated the possible underlying
mechanisms.

Material and methods
Cell culture
Human cardiac fibroblasts (HCF) were purchased

from the Cell Bank of Tongpai Biotechnology Co., Ltd.
(Shanghai, China). The base medium for the HCF cell

X. Fan, Y. Yao, Y. Zhang. Effect of calreticulin on cardiac fibroblasts

line was formulated Dulbecco’s Modified Eagle’s Medi-
um (DMEM; Gibco Inc., Thermo Fisher, Waltham, USA).
To make the complete growth medium, we added the fol-
lowing components to the base medium: 4.5 g/L glucose
and fetal bovine serum to a final concentration of 10%.
Exponentially growing cultures were maintained in a hu-
midified atmosphere of 5% carbon dioxide (CO,) at 37°C.

Plasmids and siRNA transfection

The CRT expression vector (pcDNA3.1-CRT) was con-
structed by sub-cloning the full-length wild-type CRT cod-
ing sequence into pcDNA3.1, and was then confirmed by se-
quencing. The empty construct pcDNA3.1 was transfected
as a control. The target sequence for CRT-specific siRNA
was 5-GGAGCAGUUUCUGGACGGA-3', synthesized
by GenePharma Co. (Shanghai, China). Cell transfections
were conducted using Lipofectamine 3000 reagent (Invitro-
gen, Carlsbad, USA), following the manufacturer’s protocol.

Cell Counting Kit-8 assay

Human cardiac fibroblasts were seeded in a 96-well plate
with 5000 cells/well, and then transfected by the plasmids
or siRNAs for 48 h. Cell proliferation was assessed by CCK-8
(Dojindo Molecular Technologies, Gaithersburg, USA).
Briefly, after stimulation, the CCK-8 solution was added
to the culture medium, and the cultures were incubated for
1 hat 37°C in humidified 95% air and 5% CO,. The absor-
bance was measured at 450 nm, using a Microplate Reader
(Bio-Rad, Hercules, USA).

Apoptosis assay

Cell apoptosis analysis was performed using propidium
iodide (PI) and fluorescein isothiocynate (FITC)-conjugat-
ed Annexin V staining (Invitrogen, Grand Island, USA).
Briefly, the cells were washed in phosphate buffered saline
(PBS) and fixed in 70% ethanol. The fixed cells were then
washed twice in PBS and stained in PI/FITC-Annexin
V in the presence of 50 ug/mL RNase A (Sigma-Aldrich,
St. Louis, USA), and then incubated for 1 h at room tem-
perature in the dark. Flow cytometry analysis was done
by using a FACScan (Beckman Coulter, Fullerton, USA).
The data was analyzed using Flow]Jo software (Ashland,
USA).

Invasion assay

The invasion behavior of HCF was determined us-
ing 24-well Millicell Hanging Cell Culture inserts with
8 mm PET membranes (Millipore, Bedford, USA). Briefly,
after the cells were treated for the indicated condition,
5.0 x 10* HCF in 200 pL serum-free DMEM were plated
onto BD BioCoat™ Matrigel™ invasion chambers (8 uM
pore size polycarbonate filters; BD Biosciences, San Jose,
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USA), while the complete medium, containing 10% FBS
was added to the lower chamber. After processing the inva-
sion chambers for 48 h (37°C, 5% CQO,) in accordance with
the manufacturer’s protocol, the non-invading cells were
removed with a cotton swab; the invading cells were fixed
in 100% methanol, and then stained with crystal violet so-
lution and counted microscopically. The data is presented
as the average number of cells attached to the bottom sur-
face from 5 randomly chosen fields.

Quantitative real time polymerase
chain reaction

Total RNA was isolated from transfected cells by using
TRIzol reagent (Invitrogen) and treated with DNasel (Pro-
mega, Madison, USA). Reverse transcription was performed
by using the Multiscribe RT kit (Applied Biosystems, Foster
City, USA) and random hexamers or oligo(dT). The reverse
transcription conditions were 10 min at 25°C, 30 min at
48°C, and a final step of 5 min at 95°C. The sequences of the
primers were as follows: CRT-forward, 5-CGGGGTACCC-
GCCACCATGGCGATGCTGCTATCCGTGCCG-3’; re-
verse, 5-CCGGAATTCCAGCTCGTCCTTGGCCTG-3,
GAPDH-forward, 5-GCACCGTCAAGGCTGAGAAC’-3;
reverse, 5-TGGTGAAGACGCCAGTGGA-3.

Western blot

The protein used for western blotting was extracted us-
ing RIPA lysis buffer (Beyotime Biotechnology, Shanghai,
China) supplemented with protease inhibitors (Roche,
Guangzhou, China). The proteins were quantified using the
BCA™ Protein Assay Kit (Pierce, Appleton, USA). The west-
ern blot system was established using the Bio-Rad Bis-Tris
Gel system according to the manufacturer’s instructions.
Rabbit-anti-mouse CRT antibody was purchased from Bio-
technology, Inc. (Santa Cruz, USA). Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) antibody was purchased from
Sigma-Aldrich. The primary antibodies were prepared in 5%
blocking buffer at a dilution of 1:1,000. The primary antibody
was incubated with the membrane at 4°C overnight, followed
by washing and incubation with a secondary antibody marked
by horseradish peroxidase for 1 h at room temperature. Af-
ter rinsing, the polyvinylidene difluoride (PVDF) membrane
carrying blots and antibodies was transferred into the Bio-
Rad ChemiDoc™ XRS system, and then 200 pL Immobilon
Western Chemiluminescent HRP Substrate (Millipore) was
added to cover the membrane surface. The signals were
captured and the intensity of the bands was quantified using
Image Lab™ Software (Bio-Rad).

Statistical analysis
All experiments were repeated 3 times. The results

of multiple experiments are presented as mean + stan-
dard deviation (SD). Statistical analyses were performed
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using SPSS 19.0 statistical software (IBM, Armonk, USA).
P-values were calculated using one-way analysis of vari-
ance (ANOVA). A p-value of <0.05 was considered to in-
dicate a statistically significant result.

Results

Expression of calreticulin in different
groups of human cardiac fibroblasts

The expression of CRT was measured in different groups
of HCF cells by qRT-PCR. Human cardiac fibroblasts were
transfected with a vector constructed by sub-cloning the
full-length wild-type CRT coding sequence into pcD-
NA3.1. The pc-CRT cells showed a significant increase
(p <0.01) in the expression of CRT compared to the control
group (pcDNA3.1 group) transfected with empty construct
(Fig. 1A). Western blot analysis also revealed increased
expression of CRT in the pc-CRT group (Fig. 1B). Similarly,
mRNA expression of CRT in HCF transfected with CRT-
specific siRNA, as in the si-CRT group, was significantly
suppressed (p < 0.01) compared to the control group (si-NC
group) (Fig. 1C). Western blot analysis also supported the
above finding (Fig. 1D).

Effects of calreticulin expression
on cell viability

The assessment of cell viability in different groups
of HCF for 4 days revealed that the over-expression of CRT,
as in the pc-CRT group, promoted cell viability, where-
as the silencing of CRT expression in the si-CRT group
of HCF suppressed it (Fig. 2).
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Fig. 1. Expression of CRT in different groups of HCF measured by gRT-PCR
analysis (A,C) and western blot analysis (B,D)

CRT - calreticulin; GAPDH — glyceraldehyde 3-phosphate dehydrogenase;
gRT-PCR - quantitative real time polymerase chain reaction; ** p < 0.01.
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Effect of calreticulin expression
on apoptosis

The apoptosis assay revealed that although the over-ex-
pression of CRT, as in the pc-CRT group, showed no signifi-
cant change in apoptotic cells as compared to the control
group (pcDNA3.1 group), the down-regulation of CRT, as
in the si-CRT group, revealed a significant increase in cell
apoptosis compared to the si-NC group (Fig. 3).
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Fig. 3. Effects of CRT expression (both over- and under-expression) on the
percentage of apoptotic cells

CRT - calreticulin; ** p < 0.01.

Effect of calreticulin expression
on cellular invasiveness

The over-expression of CRT, as in the pc-CRT group,
revealed a significant increase (p < 0.05) in cellular inva-
siveness compared to the control group (pcDNA3.1 group),
whereas the suppression of the CRT expression, as in the
si-CRT group, revealed a significant decrease (p < 0.05)
in cellular invasiveness compared to the control group,
si-NC (Fig. 4).

Effects of calreticulin expression on the
expression of collagen and matrix
metalloproteinases

Quantitative real time polymerase chain reaction re-
vealed that collagen I, collagen III, metalloproteinases
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Fig. 4. Effects of CRT expression (both over- and under-expression) on cell
invasiveness

CRT = calreticulin; * p < 0.05.

(MMPs) MMP-2 and MMP-9 mRNAs were significantly
expressed (p < 0.01, p <0.01, p < 0.05, and p < 0.05, respec-
tively) in HCF overexpressing CRT, as in the pc-CRT group
compared to the control group (Fig. 5A). Similarly, silenc-
ing of CRT expressions, as in the si-CRT group, led to de-
creased, although not significantly, expressions of collagen I,
collagen III, MMP-2, and MMP-9 mRNAs compared
to the control group (Fig. 5A). Western blot analysis
also revealed that the expression levels of collagen I, col-
lagen I1I, MMP-2, and MMP-9 proteins were decreased
in the si-CRT group and increased in the pc-CRT group
(Fig. 5B).
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Fig. 5. Effects of CRT expression (both over- and under-expression) on
the expression of collagen (I and Ill) and metalloproteinases (MMP-2 and
MMP-9) measured by gRT-PCR analysis (A) and western blot analysis (B)

CRT - calreticulin; GAPDH - glyceraldehyde 3-phosphate dehydrogenase;
gRT-PCR - quantitative real time polymerase chain reaction; * p < 0.05;
**p <001
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Effect of calreticulin expression
on the Notch pathway

The over-expression of CRT, as in the pc-CRT group,
revealed a significant increase (p < 0.05) in the expression
levels of Notch 1, 2 and 3 receptors (Fig. 6A). Again, HCF
with the silencing of the CRT expression, as in the si-CRT
group, revealed decreased expression levels of the 3 above-
mentioned Notch receptors with a significant suppression
(p < 0.05) of the expression of Notch 2 in the si-CRT group
(Fig. 6A). Western blot analysis also revealed the same
results; the expression levels of Notch 1, 2 and 3 receptors
were increased and decreased in the pc-CRT and si-CRT
groups, respectively (Fig. 6B).
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Fig. 6. Effect of CRT expression (both over- and under-expression) on
the Notch pathway measured by gRT-PCR analysis (A) and western blot
analysis (B)

CRT - calreticulin; GAPDH - glyceraldehyde 3-phosphate dehydrogenase;
gRT-PCR — quantitative real time polymerase chain reaction; * p < 0.05.

Discussion

Cardiovascular diseases are one of the leading causes
of mortality worldwide.!® Like in the healing process of any
other part of the body, cardiac injury is also healed by scar
tissue formation. Scar tissue formation is mediated mainly
by activating fibroblasts, which secrete collagen and ulti-
mately produce myocardial fibrosis.!® Fibrosis is very im-
portant in enhancing the mechanical stability of the car-
diac wall to prevent its rupture following injury. However,
it can, unfortunately, disrupt electrical coupling among the
surrounding myocytes."”
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In a healthy heart, fibroblasts play an important role
in maintaining the integrity of the myocardial structure.
These are one of the predominant cell types in the heart
besides myocytes, which in turn exceed the myocytes
in number but not in volume.'® Fibroblasts act as the sen-
tinel cells, which in turn maintain the balance between the
synthesis and degradation of collagen and other compo-
nents of the extracellular matrix. Myocardial injury trig-
gers differentiation of these fibroblasts into myofibroblasts,
thus facilitating the process of wound healing.!®

Several studies have already established the role of CRT
in the pathogenesis of different diseases, like cancer and
cardiovascular disease.’®-20 Although it has already been
established that CRT is critical for cardiac development,
its role in cardiac disease remains elusive. In spite of dem-
onstrating the deleterious effects on the heart, following
the exposure to the over-expression of CRT, it has also
been established that CRT is essential for the develop-
ment of a normal heart.!® Hence, it is said that balanced
expression of CRT is essential for proper development and
adequate functioning of the heart, and both the over- and
under-expression of CRT can be deleterious to the heart.!

In this study, we have explored the effect of CRT on HCF
and also its possible underlying mechanism.

Following the transfection of HCEF, the expressions of CRT
mRNA and protein were measured. The CRT expression was
significantly increased (p < 0.01) both in terms of mRNA and
protein expression in the pc-CRT group compared to con-
trols (pcDNA3.1 group) (Fig. 1A,1B). Similarly, the CRT
expression was significantly suppressed (p < 0.01) in the
si-CRT group (Fig. 1C,1D).

Similar to our findings, several studies have established
that the over-expression of CRT was associated with high
prevalence of cardiac fibrosis.!*2°

We also found out that the over-expression of CRT, as in the
pc-CRT group, was associated with increased cell viability
(Fig. 2) and invasiveness (p < 0.05) (Fig. 4), and the suppres-
sion of apoptosis (Fig. 3), whereas the knockdown of the CRT
expression, as in the si-CRT group, showed just the opposite re-
sults (Fig. 2—4). Again, both qRT-PCR and western blot analysis
demonstrated that the over-expression of CRT was associated
with a significant increase in the expression levels of collagen
and MMPs (p < 0.01 and p < 0.05), respectively (Fig. 5A,5B).

Similar to our findings, Groenendyk et al. also demon-
strated that the over-expression of CRT was associated
with increased cardiac fibrosis.*

Studies have already implicated the over-expression
of the Notch pathway in cardiac fibrosis.?? In this study, we
demonstrated that the over-expression of CRT was associ-
ated with the activation of the Notch pathway (Fig. 6A, 6B).

It can be concluded that the over-expression of CRT
is associated with increased expression of collagen and
MMPs, and also the activation of the Notch pathway
in HCEF, which suggests its possible implication in cardiac
fibrosis. Hence, CRT can be considered as a novel target
for the treatment of cardiac fibrosis.
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Ivabradine inhibits carbachol-induced contractions
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Abstract

Background. Overactive bladder (OAB), a symptom syndrome defined as urgency, is a common clinical
condition, which sometimes cannot be satisfactorily treated with current medications in every subject;
therefore, alternatives are needed.

Objectives. The aim of this in vitro study was to investigate the effects of ivabradine, a selective pacemaker
If current inhibitor, on agonist-induced isometric contractions of the bladder smooth muscles.

Material and methods. Urinary bladder strips were isolated from adult male Wistar rats and suspended
in a tissue bath containing physiological solution. The strips were contracted by bath applications of carbachol
(CCh, 1 uM). Ivabradine (30 uM, 60 uM or 90 M) was added to the tissue bath either prior to or after the
application of the agonist, and the resulting contractile activity was compared to the preceding contractile
activity. The amplitude and area under force-time curves (AUFC) of the isometric contractions were evaluated.

Results. The addition of (Ch caused a marked stimulation of contractile force inisolated urinary bladder strips,
which was significantly inhibited by ivabradine, both in terms of peak amplitude (29% 3%, 20% +6%
and 18% 6% by 30 uM, 60 uM and 90 UM ivabradine, respectively) and AUFC (47% +-5.5%, 35% +8%
and 35% +6% by 30 uM, 60 uM and 90 UM ivabradine, respectively; n = 7 for each). Pre-treatment with
ivabradine (10 uM) significantly attenuated the contractile response to CCh (1 uM; mean peak amplitude
from 1493 216 mq to 680 +95 mg; p < 0.003;n =7).

Conclusions. The results of this in vitro study demonstrated that ivabradine inhibits cholinergic agonist-
induced bladder contractions, which means that in the future ivabradine may be used in OAB treatment.

Key words: urinary bladder, overactive bladder, ivabradine
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Introduction

The urinary bladder is a distensible, membranous, hol-
low organ, made of a thin layer of smooth muscle that pro-
vides its unique properties of relaxing to accommodate and
contracting to empty out urine, one of the body’s continu-
ously produced fluid waste products. The smooth muscle
wall of the bladder, also known as the detrusor, and the in-
ternal sphincter, the internal continuation of the detrusor,
are under autonomic control, while the external urethral
sphincter is under somatic control from higher centers.!
The bladder temporarily stores urine until the person finds
appropriate time and place to eliminate it from the body
by coordinated actions of autonomic and somatic muscles
that encircle the bladder neck.?

Thus, the process of physiological control of urination,
notably the reflex contraction of the detrusor muscle, in-
volves highly complex coordination between the central,
autonomic and somatic nervous systems, and has been
reviewed extensively elsewhere.>* As the bladder fills up
with urine and its volume reaches about 200 mL or more
(bladder functional capacity is 300—600 mL), the stretch
receptors in the bladder excite and send signals to high-
er centers, and the voluntary voiding is usually initiated.
However, the detrusor can become too active and contract
involuntarily, making the individual feel the urge to void
inappropriately, even when the bladder has little urine. This
clinical symptom is referred to as overactive bladder (OAB),
typically caused by spasms of the bladder muscles with or
without incontinence.” Overactive bladder is a very com-
mon chronic condition that affects the daily lives of a huge
number of men, women and children worldwide.>® Urinary
urgency, frequent urination and nocturia are a common
set of OAB symptoms that can be caused by a wide range
of conditions, including detrusor hyperreflexia, urinary
tract infections and obstructive prostatic hypertrophy.>®
Whatever the underlying cause, intense and involuntary
bladder muscle contractions are present. Although symp-
toms can range in severity from mild to very severe, OAB
is a condition that often requires treatment. And, despite
a range of available treatment options, just as the etiology
of OAB is often multifactorial, the treatment approaches
and available tools are far from satisfactory.

Basic research studies of isolated bladder smooth muscle
tissue have made important contributions to our current
understanding of the physiology of the bladder, as well as the
development of new and improved approaches for the con-
trol of clinically relevant detrusor contractility impairments,
ranging from underactivity to overactivity, including OAB.

The “funny” (If) current (or funny channel or pace-
maker current), originally described in the sinoatrial (SA)
node and Purkinje fibers, is currently being investigated
for its potential role(s) in smooth muscles with the capac-
ity of generating spontaneous phasic activity.”!%! Evi-
dence is being accumulated that interstitial cells of Cajal
(ICCs) and ICC-like cells possess the general and specific

H. Aydin, et al. Ivabradine inhibits rat bladder contractions

properties of pacemaker cells. Although less studied than
those in cardiac tissue, they are ubiquitously expressed
in smooth muscle tissues of many organs, including the
gastrointestinal tract, uterine, lymph ducts, urinary blad-
der, and urethra.®® The pacemaker structures have been
suggested to contribute to spontaneous contractions
of these smooth muscle tissues by funny currents (If cur-
rents) through hyperpolarization-activated cyclic nucleo-
tide-gated (HCN) channels.”'? Indeed, the self-contract-
ibility of the urinary bladder through myogenic excitation
implicates a potential bladder pacemaker, possible through
the signals from ICCs. Interstitial cells of Cajal, a group
of cells present in the wall of the bladder, are suggested
to play a role in OAB, although there is no clear evidence
of signal transmission. Still, the results of a clinical study
have implied that the use of ivabradine, a selective blocker
of pacemaker If current, could possibly be used in the treat-
ment of OAB.!> However, studies involving the possible
effects of ivabradine on smooth muscle contractility have
never been carried out.

Hence, the aim of this in vitro study was to investigate
the possible effects of ivabradine on agonist-stimulated
contractions of isolated rat bladder smooth muscles.

Material and methods
Tissue preparation

The protocol of this study was reviewed and approved
by the local Ethics Committee.

Adult male Wistar rats (250-300 g), obtained from the
Karadeniz Technical University Surgical Research Center,
Trabzon, Turkey, were sacrificed by cervical dislocation,
and the urinary bladder was exposed by a midline inci-
sion of the abdomen. The urinary bladder was removed
by cutting at the bladder neck and placed in a physi-
ological saline solution (PSS) containing: 120 mM NaCl,
5.9 mM KCl, 2.5 mM CaCl,, 1.1 mM MgCl,, 15 mM
NaHCO;, 1.2 mM NaH,PO,, 11 mM C¢H;,04 (glucose),
and 10 mM CgH;gN,O,S (HEPES). The bladder was cut
open from the base to the dome and strips were prepared
(~15 mm x 3 mm x 2 mm).

Recording of isometric tension

Bladder strips were mounted in 10 mL organ baths
filled with PSS at 37°C and pH 7.4, constantly bubbled
with 95% oxygen-5% carbon dioxide, and the isometric
contractions were recorded. The lower end of the strip
was fixed to a metal hook and the upper end was attached
to an isometric force-displacement transducer (FTD 10A;
Commat Ltd., Ankara, Turkey), and the signals were am-
plified and recorded through a data acquisition system
(MP100 Data Acquisition System; Biopac Systems Inc.,
Goleta, USA).
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The strips were allowed to equilibrate under a passive
resting tension of 1 g for 45 min, and then the strips were
contracted by bath applications of carbachol (CCh, 1 uM).
Ivabradine (30 uM, 60 uM and 90 uM) was added to the
tissue bath either prior to or after application of the ago-
nist, and the resulting contractile activity was compared
with the preceding contractile activity. The amplitude
and area under force-time curves (AUFC) of the isometric
contractions were evaluated and compared, averaged over
10-minute intervals.

Chemicals

Ivabradine, CCh and all constituents of the PSS were
purchased from Sigma (Deisenhofen, Germany) and were
of research grade. Ivabradine and CCh were dissolved
in the PSS, and were added to the tissue bath at the indi-
cated concentrations.

Statistical analysis

All statistical analyses and graphics were performed
using the Microcal Origin v. 5.00 computer program
(Microcal Software Inc., Northampton, USA). The data
is expressed as the arithmetic mean of the ,n” number
of experiments and the standard error of mean (SEM). Sta-
tistical significance was analyzed by Student's t-test. The
probability value of p < 0.05 was considered significant.

Results

In 3 out of the 22 strips studied, the bath application
of CCh caused a marked stimulation of contractile force
in isolated bladder strips. The remaining non-responding
3 strips were not further utilized for the study.

The application of ivabradine attenuated the peak am-
plitude of the CCh-induced contractions in a concentra-
tion-dependent manner. The peak amplitude of the con-
tractions was reduced to 29% +3% (p < 0.001), 20% +6%
(p < 0.001) and 18% +6% (p < 0.001) of the CCh-induced
period (100%) after the application of 30 uM, 60 uM and
90 uM ivabradine, respectively (Fig. 1-3). Ivabradine
caused a similar attenuation in the AUFC values for CCh-
evoked contractile responses. On the average, the nor-
malized AUFC values of CCh-induced contractions was
reduced to 47% +5.5% (p < 0.01), 35% +8% (p < 0.01) and
35% +6% (p < 0.01) (n = 7 for each) of the CCh-induced
period (100%) after the application of 30 uM, 60 uM and
90 uM ivabradine, respectively (Fig. 1-3).

In additional experiments, the strips of bladder were
pre-treated with ivabradine. Pre-treatment with ivabradine
significantly inhibited the contractile response to CCh
without significantly effecting the resting tension (Fig. 4).
Accordingly, ivabradine (10 uM) was applied before CCh-
stimulation (1 pM), and the mean peak amplitude of these
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Fig. 1. Effect of 30 uM ivabradine on the carbachol (CCh, 1 uM)-induced
contractions of rat bladder strips; normalized amplitude of CCh-evoked
contractions and area under force-time curve (AUFC)

Results are expressed as mean +SE; * p < 0.01 compared to the CCh-induced
response period prior to ivabradine application (n = 7); ** p < 0.001 compared
to the CCh-induced response period prior to ivabradine application (n = 7).

A representative tracing illustrating the contractile activity of bladder
strip preparations in response to carbachol (CCh, 1 uM) and the inhibition
of the contractile activity by ivabradine. Bladder strips developed

a sustained tension in response to CCh, and ivabradine was applied

at the indicated point and was continuously present afterwards.

contractions were significantly weaker when compared
to the contractile response to CCh alone (680 +95 mg,
n ="7vs 1493 +216 mg; n = 7; p < 0.003) (Fig. 4).

Discussion

The results of the present in vitro study demonstrated,
for the first time, that ivabradine inhibits cholinergic ago-
nist-induced contraction of the rat bladder. This is the first
evidence that the If channel inhibitor — ivabradine directly
blocks bladder muscle contractility, implying that it might
be useful in the treatment of OAB.
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Fig. 2. Effect of 60 uM ivabradine on the carbachol (CCh, 1 uM)-induced
contractions of rat bladder strips; normalized amplitude of CCh-evoked
contractions and area under force-time curve (AUFC)

Results are expressed as mean +SE; * p < 0.01 compared to the
CCh-induced response period prior to ivabradine application (n=7);
**p < 0.001 compared to the CCh-induced response period prior

to ivabradine application (n = 7).

Interstitial cells of Cajal play an important role in the
regulation of the bladder excitation-contraction process,
probably by providing the link between the neurogenic
and myogenic mechanisms. The finding that normally
single in nature ICCs predominantly appear as closely
joined in unstable bladders, and the presence of a strong
correlation between the density of ICCs and detrusor
excitability further indicates this possibility.'* Further-
more, following spinal cord injury, which typically leads
to a neurogenic bladder exhibiting urinary retention,
there is a significantly lower number of ICCs in the rat
urinary bladder.!>¢ The HCN channels, which generate
pacemaking currents, are present on the cell membranes
of ICCs. Considering all these facts, it could be postu-
lated that pacemaker current inhibitors might be useful
in the treatment of OAB. In the present in vitro study,
the amplitude of CCh-induced contractions of rat bladder
strips was inhibited by ivabradine in a concentration-
dependent manner.

Fig. 3. Effect of 90 uM ivabradine on the carbachol (CCh, 1 uM)-induced
contractions of rat bladder strips; normalized amplitude of CCh-evoked
contractions and area under force-time curve (AUFC)

Results are expressed as mean +SE; * p < 0.01 compared to the CCh-
induced response period prior to ivabradine application (n = 7);
**p < 0.001 compared to the CCh-induced response period prior
to ivabradine application (n = 7).

A representative tracing illustrating the contractile activity of bladder
strip preparations in response to carbachol (CCh, 1 uM) and the inhibition
of the contractile activity by ivabradine. Bladder strips developed

a sustained tension in response to CCh, and ivabradine was applied at
the indicated point and was continuously present afterwards.

Similar to previous the in vitro studies using detrusor
smooth muscles, the application of muscarinic receptor
agonist CCh (1 uM) evoked strong sustained tonic con-
tractions.”!® In cultured ICCs, the in vitro application
of CCh was shown to cause an increase in intracellular
calcium, intracellular signaling essential for the generation
of pacemaker potentials and contraction, suggesting that
bladder ICCs might play a role in the regulation of cho-
linergic stimulation-mediated bladder contraction.!®-2°
Although this information can help in the interpretation
of the ivabradine effect on bladder contractility, we do not
know whether the inhibitory effect of ivabradine obtained
in the current study is mediated through ICCs. Although
we have no direct evidence, the inhibitory actions of iv-
abradine on the rat detrusors might involve the modulation
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Fig. 4. Effect of 10 uM ivabradine pre-treatment on the carbachol
(CCh, T uM)-induced contractions of rat bladder strips

*p < 0.003 compared to the CCh-induced response period prior
to ivabradine application (n = 7).

of calcium release from the sarcoplasmic reticulum (SR).
This is plausible, considering the role of Ca?* released from
the SR in regulating If in SA node preparations.?!

In bladder overactivity, developed in a rat model following
partial bladder outlet obstruction, it was shown that the
physiological functioning of ICCs changes and the expres-
sion of the HCN channels in bladder ICCs significantly in-
creases.??2* These findings suggest that the HCN channels
and ICCs might play an important role in the pathogenesis
of detrusor overactivity. Thus, the involvement of the HCN
channels is another possible mechanism mediating the
inhibition of cholinergic agonist-induced bladder contrac-
tion by ivabradine. Considering this structural evidence,
our findings of the inhibitory effect of ivabradine on CCh-
induced bladder contractility would be of importance in the
management of OAB.

The concentrations of ivabradine tested in the present
study are higher (about 100-fold) than its achieved max
plasma concentration, following the recommended dose
of 5 mg twice daily. This concentration is well-below the
toxic dose reported in animal studies, although there is not
enough clinical data revealing special hazards for hu-
mans.?” In a case of a purposeful intoxication attempt with
280 mg of ivabradine, no serious complication, other than
mild bradycardia, which was no more severe than the one
observed with a therapeutic dosage, was reported.?® In any
case, lower doses of ivabradine could be used in combina-
tion with available drugs (i.e., anticholinergics) that would
provide efficacy and minimize the risk of unwanted effects.

Conclusions

In conclusion, the results of this in vitro study demonstrate
that ivabradine inhibits cholinergic agonist-induced bladder
contractions. It shows that ivabradine could be potentially
used in the future, alone or in combination with currently
used agents (i.e., anticholinergic) in OAB treatment.
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Introduction

Retinoblastoma (Rb) is the most common eye tumor
which arises in the retina and represents 2.5—4% of pediat-
ric cancers.! The etiology of Rb is the mutation of the Rb tu-
mor-suppressor gene.? As a cancer that occurs most often
in children before the age of 5 years, Rb affects 2—5 per mil-
lion children in the USA and Europe.® The most frequent
clinical manifestations of Rb are leukocoria (white reflec-
tion in the pupil) and strabismus (macular involvement).*
Substantial therapies have been reported to control Rb,
such as enucleation, focal therapy, gene therapy, cryo-
therapy, transpupillary thermotherapy, chemotherapy, and
radiotherapy.>-8 The therapies vary depending on the size
of the tumor. Despite the good prognosis of Rb, mortal-
ity induced by development of a 2"! tumor remains high.
Therefore, novel therapy should be further investigated.

Berberine is an isoquinoline alkaloid (Fig. 1A) isolated
from the traditional Chinese medicine Coptis.” Extensive
research within the past decade proposes that berberine
possesses a wide range of pharmacological activities, in-
cluding anti-diabetic, anti-inflammatory, and anti-tumoral
activity.1°!3 Moreover, berberine has been reported to in-
hibit human colon cancer cell migration via down-regula-
tion of integrin.!* Chou et al. have implied that berberine
could induce cytotoxicity in breast cancer cells.’® Yip et al.
illustrated that berberine induced apoptosis in liver cancer
cells.!® A recent study suggests that berberine is a promis-
ing safe anti-cancer agent through affecting the mitochon-
dria.’” To our knowledge, there is little study focus on the
effect of berberine on Rb. Thus, we are interested to know
whether berberine can play an efficient role against Rb.

The cell migration and invasion of cancer cells allow
them to change position and make the neoplastic cells
enter lymphatic and blood vessels for dissemination.
After that, metastatic growth occurs in distant organs.!®
As a consequence, the control of cancer cell migration
and invasion is a substantial focus of cancer treatment.
The present study was designed to investigate the effects
of berberine on cell migration, invasion and epithelial-
mesenchymal transition (EMT) in human Rb Y-79 cells,
which would make a contribution for the discovery of novel
therapeutic methods. A previous study has demonstrated
that phosphatidylinositol 3-kinase (PI3K)/Akt and p38 are
involved in cell migration and invasion, thus we employed
specific PI3K inhibitor 2-(4-morpholinyl)-8-phenyl-chro-
mone (LY294002) and p38 inhibitor SB203580 to thor-
oughly investigate the underlying mechanism."

Material and methods
Cell culture
The human Rb Y-79 cellline was purchased from American

Type Culture Collection (ATCC, Manassas, USA). Cells were
cultured in RPMI-1640 medium (Gbico, Grand Island, USA)
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supplemented with 10% fetal bovine serum (FBS), 2 mM
L-glutamine, 1 mM sodium pyruvate, 100 U/mL penicillin,
and 100 U/mL streptomycin (Gbico, Rockville, USA). Cell
cultures were maintained in an incubator with a humidi-
fied atmosphere of 5% CO, at 37°C.

Berberine preparation

Berberine (purity >95%, Sigma, St. Louis, USA) was dis-
solved in dimethyl sulfoxide (DMSO) and filtrated by 0.2 um
disc filters (Millipore, Billerica, USA), resulting in ap-
propriate amounts of stock solution (100 mM in DMSO).
The stock solution of berberine was diluted with cultured
medium to achieve the indicated concentrations. The final
concentration of DMSO was less than 0.2%.

Cell viability assay

To estimate the cytotoxicity of berberine, the cell vi-
ability of Rb cells was performed using the 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay in line with the standard method described above.?°
Briefly, Rb cells were seeded onto a 96-well plate (Corning,
Corning, USA) with a density of 4 x 10% cells/mL for 24 h.
After that, the cells were treated with berberine under
various concentrations (0, 5, 10, 20, 40, 80 and 160 uM)
for 24 h or 48 h. Following removal of the medium and
cell washing by phosphate buffer solution (PBS), 10 pL
of MTT solution (5 mg/mL, Sigma, St. Louis, USA) was
added to each well accompanied by incubation at 37°C
for 4 h. Then, 200 pL of DMSO was added to solubilize
the formazan. After measurement by a microplate reader
(Bio-Rad, Hercules, USA) at 570 nm, the cell viability was
calculated by comparison with untreated cells.

Migration and invasion assays

Cell migration and invasion assays were both performed
with Hanging Cell Culture-inserts (BD Biosciences, San
Jose, USA) with pores of 8.0 um in 24-well plates (Corning,
Corning, USA). Retinoblastoma cells were firstly stimu-
lated with berberine under various concentrations and
maintained for 24 h. After that, cells were treated with
trypsin and resuspended with a density of 1 x 10°/mL
in serum-free medium. When the lower chamber was filled
with medium containing 10% FBS, the cells were placed
in the upper chamber. After culturing for 24 h, the non-
migrated cells which stayed at the surface of the membrane
were gently removed with a cotton-tipped swab. Cells that
migrated across the filter as well as attached to the under-
side of the membrane were fixed with methanol and stained
with 0.1% crystal violet. Finally, the stained cells were col-
lected and counted under a light microscope (Olympus
Optical Co. Ltd., Tokyo, Japan). Whether the inserted
filter was pre-coated or not was the difference between
the migration assay and invasion assay. In terms of the
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invasion assay, the filter was pre-coated with 200 ug/mL
Matrigel (BD Biosciences, San Jose, USA). As for the migra-
tion assay, the filter was not coated with Matrigel.

Quantitative reverse transcription
of polymerase chain reaction

According to the corresponding manufacturer’s in-
structions, isolation of total RNA, reverse transcription
of RNA and PCR reactions were performed with TRIzol
(Invitrogen, Carlsbad, USA), GoScript™ Reverse Tran-
scription System (Promega, Madison, USA) and Power
SYBR Green PCR master mix (Applied Biosystems, Foster
City, USA), respectively. Primers were designed and syn-
thetized as shown in Table 1 (Sangon Biotech, Shanghai,
China). The results were estimated with 222t method and
normalized to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) for mRNAs.?!

Table 1. Primers used in this study

Gene | Primer sequence
E-cadherin forward 5- TTCTGCTGCTCTTGCTGTTT -3
reverse 5- TGGCTCAAGTCAAAGTCCTG -3’
Vimentin forward 5- GCCCTTAAAGGAACCAATGA -3’
< reverse 5- AGCTTCAACGGCAAAGTTCT -3
ASMA forward 5- AGGTAACGAGTCAGAGCTTTGGC -3’
reverse 5~ CTCTCTGTCCACCTTCCAGCAG -3
GAPDH forward 5- CATCAATGGAAATCCCATCA -3
reverse 5- TTCTCCATGGTGGTGAAGAC -3

a-SMA - a-smooth muscle actin; GAPDH - glyceraldehyde 3-phosphate
dehydrogenase.

Western blot analysis

After lysing by RIPA buffer (Beyotime, Shanghai, China)
and centrifuged at 4°C, the protein in lysate was quantified
using bicinchoninic acid (BCA) assay kit (Pierce, Rockford,
USA). Fifty micrograms of protein was loaded and sepa-
rated by sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE). Then, the protein was transferred
to polyvinylidene fluoride (PVDF) membranes (Millipore,
Billerica, USA) and blocked with 5% skim milk (Nestlé,
Shuangcheng, China) in Tris-buffered saline with Tween 20
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(TBST). Subsequently, the membranes carrying blots
were incubated with primary antibodies against E-cad-
herin (ab1416), vimentin (ab8978), a-smooth muscle actin
(a-SMA, ab5694), B-actin (ab8226) (all from Abcam, Cam-
bridge, UK), phosphorylated Akt (p-Akt, Ser473, 4060)
and phosphorylated p38 (p-p38, 4511) (both from Cell Sig-
naling, Beverly, USA) at 4°C overnight. After rinsing with
TBST, the PVDF membranes were incubated with horse-
radish peroxidase (HRP)-conjugated secondary antibodies
at 37°C for 1 h. Protein bands were visualized utilizing the
EasyBlot enhanced chemiluminescence (ECL) kit (Sangon,
Shanghai, China) and LAS-3000 (Fuji Photo Film, Tokyo,
Japan). The housekeeping gene was B-actin.

Statistical analysis

All experiments were repeated 3 times. The results
were presented as the mean tstandard deviation (SD) or
the mean + SD. Statistical analysis was performed using
GraphPad Prism 5 software (GraphPad, San Diego, USA).
The p-values were calculated using the one-way analysis
of variance (ANOVA) or Student’s t-test. Significant dif-
ferences were distinguished with p < 0.05.

Results

Cytotoxicity of berberine
on retinoblastoma cells

Berberine is one kind of natural isoquinolyl-alkaloid
which exist in a large number of medicinal materi-
als. The molecular structure of berberine is shown
in Fig. 1A. In order to examine the effect of berberine
on cell viability of Rb cells, we employed MTT assay to an-
alyze the cytotoxicity of berberine to Rb cells. In terms
of berberine stimulation for 24 h or 48 h, concentrations
ranging from 0 to 100 uM were suitable for further inves-
tigation (Fig. 1B). When the concentration of berberine
was higher than 100 pM, the cell viability was too low
to conduct other experiments. Thus, the concentrations
of berberine for further studies were controlled in a range
of 0 to 100 puM.

A B ~ 120+ Fig. 1. The effect of berberine on the cell
o0\ o —e- 24h viability in human Rb cells
e} T 1004 —= 48h ) .
8 L. A — chemical structure of berberine;
O %5 80 B - retinobladtoma cells were
AN ~° treated with berberine under various
O < 601 concentrations (0, 20, 40, 60, 80, 100,
H,CO N 2 120, 140 and 160 M) for 24 h or 48 h.
cl- 3 407 Thereafter, cell viability was determined
OCHs 2 by 3-(4,5-dimethylthiazol-2-y1)-2,5-
3 20 diphenyltetrazolium bromide (MTT)
Chemical structure of berberine O o : : : : : : : , assay. The data presented was the mean
0 20 40 60 80 100 120 140 160 of 3independent experiments. Error bars

(molecular weight = 371.8)

Berberine (uM)

indicate standard deviation (SD).
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Fig. 2. The suppressive effect of berberine on cell migration and invasion in human Rb cells

Retinoblastoma cells were stimulated by berberine under 0, 10, 50 or 100 uM. After stimulation for 24 h, the cell migration (A) and invasion (B) were both
measured by transwell analysis. The data presented was the mean of 3 independent experiments. Error bars indicate standard deviation (SD). * p < 0.05;
**p < 0.01;*** p < 0.001. The significance marked at the top of the columns refers to comparisons with the group treated with 0 uM berberine.
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Fig. 3. The inhibitory effect of berberine on epithelial-mesenchymal transition (EMT) in human Rb cells

Retinoblastoma cells were stimulated with or without berberine (100 uM). Cells treated without berberine acted as the control. After stimulation for 24 h,
the mRNA (A) and protein (B) levels of EMT markers were respectively estimated by quantitative reverse transcription PCR (qRT-PCR) and western blot
analysis. The data presented was the mean of 3 independent experiments. Error bars indicate SD. ** p < 0.01; *** p < 0.001; a-SMA — a-smooth muscle actin.

Berberine suppressed cell migration
and invasion of retinoblastoma cells
in a dose-dependent manner

The cell migration and invasion assays were performed
with berberine stimulation under various concentrations
(0, 10, 50 and 100 uM). The cells without berberine treat-
ment acted as a control group. In Fig. 2A, 2B, the cell
migration and invasion of Rb cells were both suppressed
by berberine under 10, 50 and 100 uM in comparison with
controls (p < 0.05 or p < 0.001). Further comparison be-
tween the cells treated with 50 pM of berberine and 10 uM
of berberine (p < 0.01) as well as 50 uM of berberine and
100 uM of berberine (p < 0.05 or p < 0.01) implied that ber-
berine suppressed cell migration and invasion in a dose-
dependent manner.

Berberine inhibited epithelial
to mesenchymal transition
in retinoblastoma cells

In view of the great importance of epithelial to mesen-
chymal transition (EMT) in the development of invasive
cancer cells, we assessed the effect of berberine on EMT
markers in Rb cells. The mRNA and protein levels of EMT
markers were respectively estimated by qRT-PCR and
western blot analysis. Retinoblastoma cells were treated
with or without berberine (100 M) and cells treated with-
out berberine acted as the control. As shown in Fig. 3A,
berberine treatment significantly decreased E-cadherin
mRNA levels and increased vimentin and a-SMA mRNA
levels compared to controls (p < 0.01 or p < 0.001). The ef-
fect of berberine on protein levels of E-cadherin, vimentin
and a-SM A was in accordance with mRNA levels (Fig. 3B).
Thus, we drew the conclusion that berberine inhibited
EMT in Rb cells.
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Berberine suppressed cell migration
and invasion via inactivation of PI3K/Akt
and p38 in retinoblastoma cells

The protein levels of p-Akt and p-p38 were evaluated
by western blot analysis. Retinoblastoma cells were treated
with or without berberine (100 M) and the cells treated
without berberine acted as the control. In Fig. 4A, the protein
levels of p-Akt and p-p38 were both down-regulated by ber-
berine stimulation. Furthermore, Rb cells were stimulated
with berberine (100 M) alone or accompanied with PI3K
inhibitor LY294002 (10 uM, Sigma, San Francisco, USA)
or p38 inhibitor SB203580 (10 uM, Sigma, St. Louis, USA).
Cells treated without berberine acted as the control.
In Fig. 4B, 4C, cell migration and invasion were remarkably
inhibited by the addition of berberine compared to controls
(p < 0.01 or p < 0.001). Reasonably, co-stimulation of ber-
berine with LY294002 or SB203580 markedly suppressed
cell migration and invasion in comparison with stimula-
tion with berberine alone (p < 0.05). Taken together, we
inferred that berberine suppressed cell migration and inva-
sion through inactivation of PI3K/Akt and p38 in Rb cells.

Discussion

The prognosis of Rb alone is excellent in patients, with
a cure rate of 95% in developed countries. Nonetheless,
the existing therapies may enhance the risk of occurrence
of secondary neoplasms. Hence, the development of novel
non-mutagenic therapy is urgent for avoiding a 2" tumor.
In the present study, we found that berberine significantly
suppressed cell migration, invasion and EMT. Addition-
ally, the phosphorylation level of Akt and p38 were both
down-regulated by stimulation of berberine. Further stud-
ies on co-stimulation of berberine with a specific inhibi-
tor of PI3K or p38 implied that berberine suppressed cell
migration and invasion via suppression of PI3K/Akt and
p38 phosphorylation.

High cell migration and invasion are two substantial
characteristics for cancer cells. Numerous reports have
illustrated the suppressive effect of berberine on cancer
cells. Berberine suppressed migration and invasion of hu-
man SCC-4 tongue squamous cancer cells via inhibition
of focal adhesion kinase (FAK), nuclear factor-kB (NF-kB),
IkB kinase (IKK), urokinase-type plasminogen activator
(u-PA), matrix metalloproteinase 2 (MMP-2), and MMP-
9.22 Berberine has also been reported to inhibit the mi-
gration and invasion of T24 bladder cancer cells through
reducing the expression of heparanase.?> Moreover, ber-
berine exerted suppressive effect on migration and inva-
sion of hepatocellular carcinoma cells via altering the
expression of plasminogen activator inhibitor-1 (PAI-1)
and u-PA.?* The effect of berberine on the cell migration
and invasion of Rb cells was consistent with the studies
described above.
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Fig. 4. The relationship between the suppressive effect of berberine
on cell migration and invasion and inactivation of PI3K/Akt and p38

Cells were stimulated with or without berberine (100 uM). After
stimulation for 24 h, the protein levels of p-Akt and p-p38 were estimated
by western blot analysis (A). Furthermore, the cells were stimulated

with berberine (100 puM) alone or respectively co-stimulated with
2-(4-morpholinyl)-8-phenyl-chromone (LY294002, 10 uM) or SB203580
(10 uM). After stimulation for 24 h, the cell migration (B) and invasion (C)
were evaluated by transwell analysis. Cells treated without berberine
acted as the control. The data presented was the mean of 3 independent
experiments. Error bars indicate SD. * p < 0.05; ** p < 0.01; *** p < 0.007;
LY — LY294002; SB — SB203580.

The complex metastasis of cancer consists of 5 continu-
ous steps — proliferation, migration, invasion, adhesion,
and angiogenesis.?® Epithelial to mesenchymal transition
is characterized by the loss of cell-cell adhesion, which
makes cells gain mesenchymal features and stem-like
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properties. The obvious effect of EMT on cells is improved
migratory capacity and invasiveness, and reduced cell ad-
hesion as well as resistance to cancer treatment.?® A previ-
ous study claimed that inhibition of the mTOR pathway
attenuated the migration and invasion of gallbladder can-
cer via EMT inhibition.?” Recently, microRNA-133a was
reported to suppress the migration and invasion of esopha-
geal cancer cells by targeting the EMT regulator SOX4.28
In the present study, the results relevant to EMT markers
suggested that berberine markedly inhibited EMT, which
might be one reason for the suppressive effect of berberine
on cell migration and invasion of Rb cells.

Protein Kinase B is a kind of serine-threonine kinase
which acts as the primary downstream mediator of PI3K
and participates in a large numbers of bioprocesses.?’ P38
is one of the mitogen activated protein kinases (MAPKs),
which also has been reported to be involved in various
cell processes.® A previous study has claimed that a basic
helix-loop-helix (- HLH) transcription factor (Twist), could
increase migration and invasion of breast cancer cells via
transcriptionally up-regulating Akt2.3! Heparanase has
been reported to promote human gastric cancer cells mi-
gration and invasion by increasing phosphorylation level
of p38.3% Specifically, Liu et al. have illustrated that inac-
tivation of Akt or p38 induced down-regulation of both
matrix metalloproteinase 2 (MMP-2) and MMP-9, leading
to suppressive migration and invasion of human glioblas-
toma cells.® In the present study, berberine stimulation
significantly decreased protein expression levels of p-Akt
and p-p38, implying that the inactivation of Akt and p38
might be another reason for the suppressive migration and
invasion of Rb cells. Additionally, the comparison between
cells treated with berberine alone and cells treated with
berberine accompanied by the extra addition of PI3K inhib-
itor LY294002 or p38 inhibitor SB203580 seems to verify
the inference. Furthermore, extensive investigations have
suggested that EMT was induced by Akt or p38 signaling
pathway.3*-3¢ In a word, berberine suppressed cell migration
and invasion through inactivation of PI3K/Akt and p38.

In summary, we are providing the first report for the sup-
pressive effect of berberine on cell migration and invasion
of human Rb cells in a dose-dependent manner. Further-
more, EMT was markedly inhibited by berberine. In ad-
dition, the suppressive effect of berberine on cell migra-
tion and invasion was due to the inactivation of PI3K/Akt
and p38. Therefore, berberine may represent a new anti-
cancer drug that can prevent metastasis of Rb and become
a potential therapeutic agent.
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Introduction

During the last decade, the number of women seeking
infertility evaluation has increased significantly. Despite
the development of other diagnostic procedures, such as
magnetic resonance imaging, hysteroscopy and laparos-
copy, hysterosalpingography (HSG) remains as the most
valuable and commonly used gynecoradiological technique
for the diagnosis of fallopian tube obstruction and uterine
cavity abnormalities.!

In HSG studies that are performed under fluoroscopic
control, various radioscopic exposures are effectuated
to visualize the fallopian tubes and the uterine cavity, fol-
lowing the gradual introduction of the contrast medium.?
As HSG involves radiation exposure of the gonadal region
in women of reproductive capacity and the possibility for
repeated examinations, concerns over radiation doses
and the associated radiation risks have become an issue.’
People are constantly exposed to low levels of radiation
because of the common use of certain electronic devices,
air travel and medical diagnostic exams. Scientific and
technological advancements have further increased the
radiation burden in humans.*

Ionizing radiation consists of energetic particles and
electromagnetic radiation, which can easily penetrate the
living tissues or cells. The absorbed energy of ionizing ra-
diation can break chemical bonds and cause the ionization
of water and different biologically important macromol-
ecules, such as nucleic acids, membrane lipids and pro-
teins.> Unstable and reactive free radicals, such as hydroxyl
radical, superoxide anion and hydrogen peroxide, are pro-
duced more rapidly in ionized biological materials.® These
free radicals cause the peroxidation of membrane lipids,
inactivation of enzymes, depolymerization of polysaccha-
rides, and degradation of nucleic acids. Free radicals can
cause severe irreversible damage to the cell membrane.”
Cells are well equipped to defend themselves against free
radicals, with antioxidant enzymes and molecules.® These
antioxidant systems consist of low-molecular-weight anti-
oxidants, like glutathione and melatonin, and antioxidant
enzymes, such as superoxide dismutase, catalase and glu-
tathione peroxidase.’

The function of melatonin as an antioxidant and a free
radical scavenger was first defined by lanas et al. in 1991.1
Melatonin, a derivative of amino acid tryptophan, is a neu-
rohormone secreted from the pineal glands. However, oth-
er organs, such as the retina, ovaries, gastrointestinal tract,
and lenses, are also capable of synthesizing melatonin.!!
Melatonin is considered a quite exceptional antioxidant,
because it can easily cross the blood—brain barrier. Studies
have shown that it neutralizes hydroxyl radicals, inhibits
superoxide radicals through stimulating the mRNA levels
for superoxide dismutase, increases glutathione reductase,
glutathione peroxidase and glucose-6-phosphate dehydro-
genase activities, and decreases the intracellular concen-
tration of hydrogen peroxide.!? Lipiodol is iodized ethyl

E. Sayqili Yilmaz, et al. Antioxidant effects of melatonin on X-ray

esters of poppy-seed oil fatty acids and has been in use
as an iodinated contrast agent since 1926.13 It is a liquid,
fiducial marker for image-guided radiation therapy (IGRT)
used to mark the tumor beds.!*

There is no study of whether the dysplastic changes
in the ovarian surface epithelium of X-ray-exposed rats
during HSG decrease or not with the use of Lipiodol and
melatonin given both intraperitoneally and into the sus-
pensorium ovarii. Therefore, the aim of this study was
to histologically investigate the restorative effects of mela-
tonin and Lipiodol administration during the HSG pro-
cedure on the dysplastic changes of the ovarian surface
epithelium of rats.

Material and methods

Following the approval of the Ethics Committee of Firat
University (Elazig, Turkey), all surgical procedures and
care protocols used were planned and conducted in ac-
cordance with the “Guide for the Care and Use of Labora-
tory Animals”. The experiments were performed on 50 fe-
male albino Wistar rats at the animal laboratory of Firat
University. The rats were 5 months old, weighed approx.
200-230 g and had regular ovulation cycles. They were
kept at 21-23°C, with 55-60% relative humidity, under
controlled photo-periods (12:12 h light:dark) and were fed
with a standard rodent chow and tap water. Feeding of the
rats stopped 18 h prior to the experiment, only water was
allowed. The rats that were detected to be in the estrus
phase via vaginal cytology were anesthetized with chloral
hydrate (400 mg/kg, intraperitoneally — i.p.). Each rat was
placed on the operating table in a supine position, and the
abdomen was opened through a midline incision. The rats
were randomized into 5 groups of 10 rats each:

— group 1 (G1): the group in which the abdomen was
opened and closed without any X-ray irradiation;

— group 2 (G2): the group in which the abdomen was
opened and closed, and X-ray was applied;

— group 3 (G3): the group in which the abdomen was
opened and 0.1 mL Lipiodol® amp. (Guerbet Lab, Aulnay-
sous-bois, France) was applied to each uterine horn;

— group 4 (G4): the group in which the abdomen was
opened and 20 mg/kg melatonin (Melatonin®, N-acetyl-
5-metoksitriptamin; Sigma Chemicals, Deisenhofen, Ger-
many) was administered i.p., followed by 0.1 mL Lipiodol®
application to each uterine horn after 15 min;

— group 5 (G5): the group in which the abdomen was
opened and 20 mg/kg melatonin (Melatonin®, N-acetyl-
5-metoksitriptamin; Sigma Chemicals) was administered
to the ligamentum suspensorium ovarii, followed by 0.1 mL
Lipiodol® application to each uterine horn after 15 min.

After their abdomens were closed, the rats in G2, G3, G4,
and G5 were exposed to whole body irradiation 3 times, leav-
ing 2-minute intervals in between (total dose: 15—20 milirad,
Villa-Genius HF-80 X-ray Generator; double table, double
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Table 1. Examined parameters of all groups with respect to the changes in the ovarian surface epithelium

Parameter | G1 |
Stratification 0.0°
Tufting 0.0°
Chromatin irregularity 0.0°
Nuclear contour irregularity 0.0°
Increase in nucleus size 0.02
Increase in nucleus/cytoplasm ratio 0.0°
Pleomorphism 0.0°
Hyperchromasia 0.2 £04°
Presence of nucleoli 0.0
Presence of mitosis 0.0
Total 0.2 +04°

G2 | G3 | G4 | G5
14 +0,55% 0.0° 0.0° 0.0°
1.0 £0.45 0.0° 0.0° 0.0°
11 030 0.0° 0.0° 0.0°
142055 04 £0.5° 0.0° 0.0°
19+0.3b% 04 +0.5° 02+04° 01 4032
26 +0.5 04 +0.5° 02+04° 01 403?
1.0 £0.00% 0.0° 0.0° 0.0°
23408 1.0 £0.0 02+04° 0.2 £04°

00 00 00 00

00 00 00 00
127 +1.70% 23 417 0.6 +1.2% 04 +09°

Values shown are means + standard deviation (SD). The letters a—c indicate statistical differences among the groups (p < 0.005, Mann-Whitney U test);

* groups with parameters significantly different from control (G1).

tube) (Del Medical, Milan, Italy). During the experiment,
the blood pressure, heart rate and body temperature of the
rats were monitored. After 3 h, the abdomens of all rats
were reopened and left oophorectomy was performed.
Samples from the left ovaries were embedded into paraf-
fin blocks after fixing in 10% formaldehyde for histologic
examination, and then sliced into 4-micrometer thick
sections.

After the preparations were stained with hematoxylin-
eosin, changes in the ovarian surface epithelium were
examined according to the endometrium ablation scale.!®
According to the scale, 1. stratification; 2. tufting; 3. chro-
matin irregularity; 4. nuclear contour irregularity; 5. in-
crease in nucleus size; 6. increase in nucleus/cytoplasm ratio;
7. pleomorphism; 8. presence of nucleoli; 9. mitosis; and 10.
hyperchromasia changes in the ovarian surface epithelium
were examined. For each parameter, a scale (none = 0 points,
present = 1 point, considerably present = 2 points) was ap-
plied, and the total score was obtained based on the values
of all the parameters in a preparation.

The Kruskal-Wallis variance test from the SPSS Package
Software (IBM, Armonk, USA) was used in the statistical
analysis of data. The Mann-Whitney U test with Bonferroni
correction was applied for parameters with p < 0.05. A prob-
ability value of p < 0.005 was considered statistically significant.

Results

The presence of nucleoli and mitosis values were found
similar in all groups (p > 0.05, Kruskal-Wallis variance test).

All parameters except nucleoli and mitosis values in-
creased significantly in the X-ray exposed group compared
to other groups (p < 0.005, Mann-Whitney U test).

The detrimental effects of X-ray application diminished
with Lipiodol use and were further reduced by the use
of melatonin in combination with Lipiodol.

The presence of hyperchromasia and the total score were
found to be the highest in group 2, followed by group 3,
compared to other groups (p < 0.005, Mann-Whitney
U test). All examined parameters are listed in Table 1.

Discussion

The ovaries are a part of the female reproductive system
that is very sensitive to radiation. Ovarian damage is a ma-
jor complication observed in patients who receive long-
term radiotherapy. High doses of radiotherapy damage the
ovarian function of all ages, causing a decline in fertility.'®
Therefore, researchers’ interest in rat estrus cycle studies
has increased in order to prevent ovarian damage caused
by radiation, to discuss the effects of radiotherapy and
to evaluate normal ovarian function.

The total number of follicles is regarded as one of the
most important parameters reflecting ovarian function.”
Lee et al. investigated the damage in primordial and pri-
mary follicles by collecting the ovaries of female prepu-
bertal mice exposed to 8.3 Gy gamma radiation after 3,
6 and 12 h after irradiation.!® They reported that the most
damage occurred after 3 h of irradiation, and the damage
decreased as exposure time progressed. For this reason,
in order to determine the dysplastic changes in the rat
ovarian surface epithelium, the ovarian tissues were col-
lected after 3 h of exposure and histologically evaluated
for each group. Our study demonstrated that the radiation
received during HSG treatment significantly increased
stratification, tufting, chromatin irregularity, nuclear
contour irregularity, nucleus size, nucleus/cytoplasm rate,
pleomorphism, and hyperchromasia in the rat ovarian sur-
face epithelium. Similarly, Pala et al. reported that mark-
edly increased epithelial degeneration and obstruction
was observed in the endometrial glands of rats that were
exposed to X-ray irradiation with Lipiodol, as compared
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to other groups.! Said et al. reported degeneration of the
mucosal lining epithelial cell layers of the uteri in rats that
were exposed to gamma radiation.?’ Radiation triggers car-
cinogenic changes in the ovarian surface epithelium. Our
results were similar to the histological changes observed
in radiation-exposed normal cells.?!"??

Our study confirmed that the detrimental effects of X-ray
application in the rat ovarian surface epithelium were sig-
nificantly diminished with Lipiodol application. This may
be due to the fact that linoleic acid, an antioxidant con-
stituent of Lipiodol, has a cytotoxic effect on macrophages,
reducing the production of reactive oxygen species (ROS)
in the ovaries and having antiproliferative activity. Sapmaz
and Akpolat reported that Lipiodol use significantly di-
minished the dysplastic changes in luminal epithelial cells
of rats that were exposed to X-ray irradiation.? In previ-
ous studies, Lipiodol uptake by the cancer cells and by the
endothelial cells was demonstrated on light and electron
microscopy as early as 3 h after I-lipiodol application. Lipi-
odol is rapidly taken up and retained in the cells in the
form of cytoplasmic bound vesicles.?* It also has a role as
a vehicle to carry other agents inside the cells.?> Sapmaz
et al. examined the effects of Lipiodol and Lipiodol com-
bined with tetracycline against X-ray exposure during HSG
treatment, and reported that Lipiodol use diminished the
carcinogenic effects of radiation on ovarian surface epithe-
lium, and were further reduced by the use of tetracycline
in combination with Lipiodol.!®

The protective effects of melatonin against oxidative stress
have been established in in vitro and in vivo studies.26-28
During antioxidant defense, melatonin not only neutral-
izes hydroxyl radicals, but also scavenges peroxyl radicals
and singlet oxygen throughout peroxidation.?® This implies
that melatonin, which is lipophilic and hydrophilic, has ef-
fects not only at the cellular level, but also in the subcellular
compartments.? Melatonin stimulates the activity of the
detoxifying enzyme glutathione peroxidase and strengthens
the antioxidant defense of the cells against oxidative stress.?!
That is how melatonin stimulates antioxidant defense or
exhibits strengthening actions against ionizing radiation
which causes genetic damage by increasing the production
of free radicals.?? In our study, changes in ovarian surface
epithelium in rats treated with Lipiodol and melatonin were
found to be similar to the control group. Sapmaz and Akpo-
lat reported that the use of melatonin in combination with
Lipiodol has a decreasing effect on congestion, endometrial
ablation, fibrosis, and dysplastic changes to the control levels
in X-ray-treated rats.?® It is thought that this decreasing effect
is due to the stimulation of the antioxidant defense system
of the cells against the damage caused by ionizing radiation
by elevated intracellular concentrations of melatonin with
Lipiodol’s action. Radiation causes arteritis in large vessels
such as coronary, pulmonary, thoracic aorta, brachial, renal,
and ilio-femoral vessels, and causes hypoxia and ischemia
in the perfused organs.3*3* In our study, the rats in the X-ray
group may have developed a more severe radiation-associated

E. Sayqili Yilmaz, et al. Antioxidant effects of melatonin on X-ray

ilio-femoral or uterine arteritis than the rats in the groups
G3, G4 and G5. This may have led to a severe hypoxic effect
and an increase in ROS production in G2, leading to the
onset of carcinogenic changes in the ovarian surface epi-
thelium. Even though other groups developed radiation-as-
sociated ilio-femoral or uterine arteritis of similar severity,
itis thought that the combined use of Lipiodol and melatonin,
which have antioxidant properties, was effective in reducing
the detrimental effects of radiation. The study conducted
by Badr et al. on rats confirmed that melatonin treatment
1 h before the X-ray irradiation prevented chromosomal
damage, but no significant effect was observed when mela-
tonin was given 1/2 h after the exposure.?’ Undeger et al.
demonstrated that intraperitoneal pretreatment of rats with
100 mg/kg melatonin provided a significant decrease in the
DNA strand breakage and lipid peroxidation in the brain
tissue.* Canyilmaz et al. reported that 100 mg/kg intraperi-
toneal melatonin administration 1/2 h prior to a single dose
of 6-Gy-gamma irradiation decreased the tubular atrophy
and lipid peroxidation in the rat kidney tissues.*® Sato et al.
conducted a study in order to reduce the risk for postopera-
tive acute liver failure, in which prostaglandin was admin-
istered either from the hepatic artery or superior mesenteric
artery to patients who were undergoing major hepatic re-
sections, and found that prostaglandin applied through the
hepatic artery was infused more rapidly.®” In our study, mela-
tonin was administered in 2 different ways prior to irradia-
tion, intraperitoneally (G4) and into the suspensorium ovarii
(G5). Although both groups were at the control level, it was
determined that the values of G5 were better than those
of G4. This suggests that antioxidants may increase their
protective effects if administered closer to the target organs.
Pala et al. reported that there was no significant difference
in epithelial degeneration and congestion in rats adminis-
tered with Lipiodol combined with vitamin C and Lipiodol
combined with vitamin E i.p. prior to irradiation, indicating
that both groups were at the control level.!” Sapmaz et al.
reported that melatonin was more effective than oxytet-
racycline in their comparative study of the antioxidant
effects of melatonin and oxytetracycline in autologous in-
traperitoneal ovary transplantation.®® Histoenzymological
and morphological studies suggested that melatonin was
shown to act synergistically with chemotherapeutic agents
or radiotherapy in order to increase the antitumor effects
by promoting disease stabilization.? Therefore, it is believed
that melatonin and Lipiodol administration to patients prior
or during the HSG procedure can reduce the harmful effects
of radiation. Based on the results of our work, it is thought
that melatonin and Lipiodol administration may prevent the
carcinogenic changes exerted by radiation on the ovarian
surface epithelium.
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Abstract

Background. Osteoarthritis (OA) is one of degenerative and chronic diseases of articular joints. Articular
cartilage s an avascular tissue, and its primary cellular component are chondrocytes. The main characteristic
of OA is non-classic inflammation and cartilage degeneration. Ginkgolide B (GB) is a component of Ginkgo
biloba which has diverse bioactivities.

Objectives. The present study uses an in vitro experimental model to detect the underlying anti-inflamma-
tory and chondroprotective effects of GB and provides a new way for future clinical therapy of OA.

Material and methods. Rat chondrocytes were isolated, cultured and treated with 1 pg/mL lipopolysac-
charide (LPS) and/or different concentrations of GB. Cell Counting Kit-8 (CCK-8) was used to test the cell
viability of chondrocytes, and chondrocytes apoptosis was detected using a cell apoptosis kit. Collagen-II and
aggrecan expression were detected by immunohistochemistry. Relative expression of genes was detected
by real-time PCR and western blot.

Results. Ginkolide B did not inhibit chondrocyte proliferation, and ginkgolide B inhibited LPS induced matrix-
degradation in chondrocytes. Ginkgolide B also reversed LPS-induced collagen-Il and aggrecan decreased
in chondrocytes via uprequlated synthesis-related gene expression and downrequlated matrix-degrading
enzyme gene expression. Furthermore, we found that ginkgolide B significantly inhibited LPS-induced MAPK
pathway activation.

Conclusions. The results of our study suggest that ginkgolide B exerted anti-inflammatory and chondro-
protective effects in LPS-induced chondrocytes, and might be an underlying therapy for OA afterwards.

Key words: osteoarthritis, anti-inflammatory, chondrocyte, ginkgolide B
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Introduction

Osteoarthritis (OA) is a chronic and degenerative dis-
ease of the articular joints. It is thought to cause pain and
functional disability in the adult population.! According
to a report, in America alone, 13% of women and 10%
of men over the age of 60 have suffered from knee OA.?

Articular cartilage is an avascular tissue, and its primary
cellular component is chondrocytes. Under normal physi-
ological conditions, chondrocytes produce adequate ex-
tracellular matrix (ECM) for maintaining cartilage struc-
ture and function.? However, OA cartilage is characterized
by alack of proteoglycans and collagen, which are the main
components of ECM. Aggrecan and collagen is degraded
by aggrecanases or matrix metalloproteinases (MMPs)
in OA cartilage.* Furthermore, in degenerative cartilage,
there is evidence of cell death in chondrocytes, which will
enhance the degenerative course.’

Due to the limited regenerative ability of articular car-
tilage, OA is one of the most challenging joint diseases.
Current pharmacologic treatments include analgesics and
nonsteroidal anti-inflammatory drugs (NSAIDs). These
treatments provide symptomatic relief, however, they have
no effect on OA disease prevention or modification, and
substantial side effects of these treatments such as gas-
trointestinal, renal, and cardiovascular diseases are cause
for concern, especially in long-term use.® Therefore, alter-
native strategies, including traditional Chinese medicine
therapy, are becoming prevalent for their clinical curative
effect without toxic side effects.

Ginkgolide B (GB) is a component of the ginkgo leaf,
which has diverse bioactivities.” As a traditional Chinese
drug, ginkgo leaf has commonly been used for treating
asthma, cough and enuresis for a long time.® Previous
studies have reported that GB has beneficial biological
effects on the protection of endothelial cells.? In vitro and
in vivo experiments have also shown that GB exerts an an-
ti-inflammatory effect on different cells.-'2 However, the
effects and underlying mechanism of GB in OA have not
yet been reported. To elucidate this question, the present
study uses an in vitro experimental model to investigate
the underlying chondroprotective and anti-inflammatory
efficacy of GB and provides a new way for future clinical
therapy of OA.

Material and methods
Reagents

GB was purchased from Sigma-Aldrich (St. Louis,
USA) and was dissolved in dimethyl sulfoxide (DMSO)
to 100 mM. The working concentration of GB is 50 and
100 pM.

H. Hu, et al. Effect of ginkgolide B on chondrocytes

Chondrocyte isolation and cell culture

Cell collection was approved by the Zhejiang Univer-
sity Animal Experimental Ethics Committee. Ten Sprague
Dawley rats (6 weeks old) were euthanized by abdominally
injecting a lethal dose of pentobarbital sodium, and then
the hip cartilage was isolated. The cartilage was digested at
37°C with 0.2% collagenase for 4 h. After filtration, chon-
drocytes were cultured in a-MEM (Hyclone, Tauranga,
New Zealand) medium, mixed with 10% fetal bovine se-
rum (FBS) (Gibco, Thermo-Fisher Scientific, Waltham,
USA) and antibiotics (100 U/mL penicillin, 100 pg/mL
streptomycin) (Sigma). Chondrocytes were used within
3 passages.

Measurement of cell viability

Cell viability was measured using a Cell Counting Kit-8
(CCK-8) (Dojindo, Japan). 1 x 10*/mL cells were seeded
onto 96-well plates and cultured with various concentra-
tions of GB for 24 h after adherence. At the specified time
point, the culture medium was discarded and phosphate
buffered saline (PBS) was used to wash the cells. After in-
cubation with CCK-8 solution at 37°C for 2.5 h, the optical
density (OD) of the wells at 450 nm was measured using
a microplate reader (Thermo Electron Corp., Waltham,
USA). The cell viability to control was calculated using
the following equation:

cell viability to control (%) = ODgyg-treated group/ OD control group-

Apoptosis analysis

Chondrocyte apoptosis was detected using a Cell Apop-
tosis Kit (Becton Dickinson, Franklin Lakes, USA). Chon-
drocytes were cultured with various concentrations of GB
and/or 1 pg/mL lipopolysaccharide (LPS) for 24 h. Then
the cells were washed with cold PBS and resuspended with
x1 annexin-binding buffer. After that, all cells were stained
with propidium iodide and fluorescein isothiocyanate
(FITC). The apoptosis rate was measured by flow cytom-
etry (FCM). Apoptotic events were indicated as FITC+/
PI- (Q2 quadrant in flow cytometry (FCM) figure.

Gene expression

Chondrocytes were incubated with different doses of GB
and 1 pg/mL LPS for 24 h. Total RNA was isolated by the
Total RNA Miniprepkit (Axygen Scientific, Corning Inc.,
Corning, USA). A reverse transcription kit (iScript cDNA
Synthesis Kit, Bio-Rad, Hercules, USA) was used to syn-
thesize cDNA using the reverse transcriptional method.
mRNA expression levels were evaluated by real-time PCR
(Reagent Kit: SYBR® Premix ex TagTM, TliRNase H Plus,
Takara, Tokyo, Japan) according to the manufacturer’s
instructions. The PCR setting was as follows: 40 cycles at
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Table 1. Sequences of primers used in real-time PCR

915

Gene Primer sequences (5-3')

forward

Collagen Il
reverse
Aggrecan forward
99 reverse
MMP3 forward
reverse
MMP13 forward
reverse
ADAMTS-4 forward
reverse
ADAMTS-5 forward
reverse
L1 forward
reverse
-6 forward
reverse
TNF-a forward
reverse
GAPDH forward
reverse

GGCCAGGATGCCCGAAAATTA
ACCCCTCTCTCCCTTGTCAC

CAGATGGCACCCTCCGATAC
GACACACCTCGGAAGCAGAA

TTTGGCCGTCTCTTCCATCC GCATCGATCTTCTGGACGGT

ACCATCCTGTGACTCTTGCG TTCACCCACATCAGGCACTC

ACCGATTACCAGCCTTTGGG CCGACTCCGGATCTCCATTG
CCGAACGAGTTTACGGGGAT
TGTGCGTCGCCTAGAACTAC

ATCAGCACCTCACAGCTTCC
TCTCCTCCCGATGAGTAGGC

CACTTCACAAGTCGGAGGCT
TCTGACAGTGCATCATCGCT

GGCTTTCGGAACTCACTGGA
GGGAACAGTCTGGGAAGCTC

TGCCACTCAGAAGACTGTGG
TTCAGCTCTGGGATGACCTT

MMP3 — matrix metalloproteinase 3; MMP13 — matrix metalloproteinase 13; IL-1 — interleukin 1; IL-6 — interleukin 6; TNF-a — tumor necrosis factor alpha;

GAPDH - glyceraldehyde 3-phosphate dehydrogenase.

95°C for 5 s and 60°C for 34 s. The primers were designed
and selected using BLAST. The primer sequences are listed
in Table 1 and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) was used as the internal control.

Western blot analysis

For aggrecan and collagen II protein assay, the cells
were treated with different doses of GB and/or 1 pg/mL
LPS for 5 or 8 days. For mitogen-activated protein kinase
(MAPK) pathway protein assay, the cells were treated
with different doses of GB and/or 1 pg/mL LPS for 24 h.
At specific time points, the cells were washed with
x1 PBS, then total protein was extracted using radioim-
munoprecipitation assay (RIPA) lysis buffer. The protein
concentration was quantified using a bicinchoninic acid
(BCA) Protein Assay Kit, 20 ug protein (each sample)
was loaded into gel, and separated by 10% SDS-PAGE
(sodium dodecyl sulfate polyacrylamide gel electropho-
resis), then transferred to 0.22-um PVDF (polyvinylidene
difluoride) membranes (Millipore, Merck, Billerica, USA).
The membranes were blocked for 1 h in Tris-buffered
saline (TBS) containing 0.05% Tween 20 (TBST) and 5%
nonfat milk powder and then incubated overnight with
MAPK pathway-related antibodies, such as p-ERK, total-
ERK, p-JNK, total-JNK, p-p38 and total-p38, and GAPDH
overnight at 4°C (1:1000 dilution, Cell Signaling Tech-
nology, Danvers, USA). After 3 washes with TBST, the
membranes were incubated with anti-rabbit IgG (1:5000
dilution, Cell Signaling Technology) at room tempera-
ture for 1 h. After 3 washes with TBST, the membranes
were incubated in enhanced chemiluminescence (ECL)

solution (Amersham Life Science, GE Healthcare Life
Sciences, Little Chalfont, United Kingdom). GAPDH was
used as the house-keeping gene.

Immunohistochemistry staining

Three 10*/mL cells were seeded in 24-well plates and
cultured with different doses of GB and/or 1 ug/mL LPS for
5 or 8 days. Cells were fixed with 4% paraformaldehyde be-
fore making cell slides. After fixation, the cells were treated
with 0.1% Triton X-100 for 10 min, and blocked with 2%
bovine serum albumin (Sigma-Aldrich, St. Louis, USA)
for 1 h. Then, cells slides were incubated with an anti-
collagen II antibody (1:200 dilution, Abcam, Cambridge,
UK) and anti-aggrecan antibody (1:200 dilution, Abcam,
Cambridge, UK) overnight at 4°C. For immunohistochem-
istry, cell slides were incubated with secondary antibody
(1:200 dilution, Dako, Agilent Technologies, Santa Clara,
USA), followed by color development with diaminobenzi-
dine tetrahydrochloride (DAB, Dako). We used an inverted
microscope microscopy (Olympus Life Science, Shinjuku,
Tokyo, Japan) for observation and imaging. The integral
optical density (IOD) of each picture was measured us-
ing the Image-Pro Plus 6.0 software (Media Cybernetics,
Rockville, USA).

Statistical analysis

SPSS 19.0 (IBM Corp., Armonk, USA) was used for the
statistical analysis. The data is expressed as mean +SD.
The significance of differences was assessed with one-way
analysis of variance (ANOVA), followed by Duncan’s post
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hoc test. P < 0.05 was considered to indicate a statistically
significant difference.

Results
Cell viability assay

To study the potential cytotoxicity of GB, we measured
chondrocyte viability. After incubating with different con-
centrations of GB for 24 h, we used CCK-8 to assay the cell
viability of chondrocytes. As shown in Fig. 1, GB did not
inhibit chondrocyte proliferation at concentrations of 50
and 100 pM.

_ cell viabilit
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Fig. 1. Cell viability assay of chondrocytes

10000/mL cells were seeded onto 96-well plates and cultured with
various concentrations of ginkgolide B for 24 h after adherence. Then,
we used a CCK-8 to test the cell viability of the chondrocytes.
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Fig. 2. Apoptosis assay of chondrocytes
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Ginkgolide B protected chondrocytes
from inflammation-induced apoptosis

We examined the apoptosis rate of chondrocytes af-
ter treating with 1 ug/mL LPS for 24 h. Figure 2A shows
LPS-induced chondrocyte apoptosis, while GB protected
chondrocytes from inflammation-induced apoptosis at
concentrations of 50 and 100 uM (p < 0.05) (Fig. 2B).

Ginkgolide B inhibited LPS-induced
matrix-degradation in chondrocytes

Chondrocytes were incubated with 1 pg/mL LPS with or
without GB (50 or 100 uM) for 5 or 8 days. After that, we
detected extracellular matrix content by cell immunohisto-
chemistry. Our results indicate that the expression of collagen-
II and aggrecan increased over time in chondrocytes, while
LPS strikingly reduced the aggrecan and collagen-II content
(p < 0.05) (Fig. 3A). Immunohistochemistry staining showed
GB significantly suppressed the degradation of aggrecan and
collagen-II compared to the LPS group (p < 0.05) (Fig. 3A).
The quantification of IOD also indicated that the GB groups
gained more aggrecan and collagen-II staining (Fig. 3B,C).

After being incubated with LPS and various concen-
trations of GB for 5 or 8 days, we also used western blot
to measure the collagen-II and aggrecan protein content.
The result was similar to the immunohistochemistry
staining. As shown in Fig. 4, LPS-induced collagen-II and
aggrecan protein down-expression, and GB significantly
attenuated the collagen-II and aggrecan loss. This effect
was more obvious on day 8 (p < 0.01) (Fig. 4).

B apoptosis assay
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A — after stimulation with or without 1 ug/mL LPS and different doses of ginkgolide B for 24 h, cells were stained with annexin V-FITC and propidium iodide
and the apoptosis rate was measured via flow cytometry; B — the apoptosis rate (Q2) was calculated and compared; data is presented as the mean + SD;
***indicates p < 0.007; ** indicates p < 0.01; * indicates p < 0.05 compared to the control group.
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Fig. 3. Immunohistochemistry staining of chondrocytes

A —30000/mL cells were seeded in 24-well plates and cultured with different doses of ginkgolide B and/or 1 g/mL LPS for 5 or 8 days, then cells were fixed
with 4% paraformaldehyde and immunohistochemistry staining of aggrecan and collagen-Il was performed; B, C - results of immunohistochemistry
staining were quantified by integrated optical density (I0D); data is presented as the mean + SD; *** indicates p < 0.001; ** indicates p < 0.01 compared

to the control group.
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Fig. 4. Matrix-related protein expression
of chondrocytes

We used western blot to measure aggrecan
and collagen-Il protein expression

of chondrocytes. Cells were cultured with
different doses of ginkgolide B and/or

1 1g/mL LPS for 5 or 8 days, then the total
protein of cells was extracted using RIPA lysis
buffer and western blot was performed.

A, C - expression of collagen-Il and aggrecan
at 5and 8 days; B, D — GAPDH was used as
the house-keeping gene; data is presented
as the mean + SD; *** indicates p < 0.007;
**indicates p < 0.01; * indicates p < 0.05
compared to the control group.
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Fig. 5. Gene expression changes in chondrocytes

A-I - chondrocytes were treated with or without 1 ug/mL LPS and various concentrations of ginkgolide B for 24 h; total RNA was isolated, then the gene
expression of collagen-Il, aggrecan, MMP-13, MMP-3, ADAMTS-5, ADAMTS-4, IL-1, IL-6 and TNF-a were measured by real-time PCR; GAPDH was used as the
internal control; data is presented as the mean + SD; ™ indicates p < 0.001; " indicates p < 0.01; " indicates p < 0.05 compared to the control group.

Ginkgolide B reversed LPS-induced
gene expression changes in chondrocytes

Chondrocytes were stimulated with 1 ug/mL LPS and 0,
50 or 100 pM GB, followed by real-time PCR assay. PCR
results showed that LPS significantly up-regulated the
gene expression of proinflammatory cytokines (IL-1, IL-6
and TNF-a). LPS also down-regulated the gene expres-
sion of collagen-II and aggrecan in chondrocytes, which
was reversed by GB (p < 0.01) (Fig. 5A,B), and GB also
inhibited multiple matrix-degrading enzyme (MMP-13,
MMP-3, ADAMTS-5 and ADAMTS-4) gene over-expres-
sion induced by LPS in chondrocytes (p < 0.05) (Fig. 5C-F).

IL-6, TNF-a and IL-1 were downregulated by GB (p < 0.001)
(Fig. 5G-I), so GB has an anti-inflammatory effect in LPS-
induced chondrocytes.

Ginkgolide B inhibited LPS-induced
activation of MAPK pathway
in chondrocytes

We measured the activation of MAPK pathway-related
proteins by western blot to evaluate the potential mecha-
nisms of the effects of GB on LPS-induced chondrocytes.
Cells were pretreated with different doses of GB for 2 h,
then treated with or without 1 pg/mL LPS for 30 min.
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Fig. 6. Effect of ginkgolide B on LPS-induced activation of the MAPK pathway in chondrocytes

A - chondrocytes were pretreated with various concentrations of ginkgolide B for 2 h, then treated with or without 1 ug/mL LPS for 30 min; the expression
of MAPK pathway proteins was measured by western blot; B — results were densitometrically quantified as the ratio of p-ERK to total-ERK, p-JNK to total-JNK and
p-p38 to total-p38; data is presented as the mean + SD; *** indicates p < 0.001; ** indicates p < 0.01; * indicates p < 0.05 compared to the control group.

The results showed that 1 pg/mL LPS significantly activat-
ed the MAPK pathways by promoting JNK, ERK and P38
protein phosphorylation (Fig. 6), and GB could inhibit the
phosphorylation of JNK, ERK and P38 in a dose-dependent
manner (Fig. 6). This result indicates the MAPK path-
way was involved while GB exerted an anti-inflammatory
effect in chondrocytes.

Discussion

Our study indicated that GB exhibited anti-inflamma-
tory effects in chondrocytes for the first time.

Chondrocyte apoptosis plays a key role in the pathogen-
esis of OA.131* Chondrocytes from normal donors did not
show any apoptosis signs, while chondrocytes isolated from
human OA cartilage exhibited multiple morphological evi-
dence of apoptosis.!>!® A proper balance between cell death
and regeneration is essential for a healthy joint, and apop-
tosis excess is one of the reasons for tipping this balance.”
Aspreviously reported, treating chondrocytes with IL-1f3 could
reduce chondrocyte viability and upregulate apoptotic-relat-
ed proteins, and several anti-inflammatory agents had been
believed to exert anti-apoptosis effects in chondrocytes. 318
The dose of GB used in different cells varies from 25-1000
uM, and in our study, we demonstrated that GB exerted an-
ti-inflammation and anti-apoptosis effects in chondrocytes
at doses of 50-100 pM.”10.12

Previous studies have suggested that LPS markedly in-
duces upregulation of genes and the generation of various
matrix-degrading enzymes and proinflammatory cyto-
kines, including IL-6, Cox-2, ADAMTS-5, ADAMTS-4,
MMP-13 and MMP-3, in chondrocytes.!? The expression
of ADAMTSs and MMPs has been extensively detected
in the process of OA. In the expression of MMP-13 as-
sociated with OA, as shown in recent studies, osteoar-
thritis progression was inhibited in MMP-13 knockout
mice.2’ MMP-3 is a superior indicator of joint destruction

that cleaves aggrecan, and the cartilage degradation is re-
lated to the activity of MMP-3 enzymes.?* Besides MMPs,
ADAMTSs are also believed to be involved in the OA pro-
cess.?* ADAMTS-4 and ADAMTS-5 are the most impor-
tant aggrecanases among the 20 different ADAMTSs.?
ADAMTS-5 was responsible for driving aggrecan loss
in mice, which would result in cartilage damage, and
an animal experiment also showed mouse with a knockin
aggrecan mutated to have aggrecanase resistance success-
fully suppressed both meniscectomy-induced and antigen-
induced arthritis.2®?” The gene expression of both enzymes
was upregulated by inflammatory stimuli such as TNF-«
and oncostatin M in both human and mouse chondro-
cytes.?$? Moreover, inflammatory stimuli lead to matrix
breakdown in chondrocytes.?° The matrix of chondrocytes,
which includes pericellular matrix (PCM) and ECM, con-
ferred mechanical properties of cartilage. Loss of collagen
II and proteoglycan significantly reduced chondron’s me-
chanical properties.3' Progressive breakdown of cartilage
in OA involves proteolysis of both aggrecan and collagen
11.32 In our study, we demonstrated that GB could reverse
the gene over-expression of MMP-13, MMP-3, ADAMTS-5
and ADAMTS-4 induced by LPS in chondrocytes, and GB
also efficiently inhibited the collagen II and aggrecan loss
of chondrocytes after stimulation with LPS.

Ginkolide B is a component of the ginkgo leaf, and
EGb761, a commercial product of Ginkgo biloba extract, has
been used in various diseases such as cardiovascular dis-
ease, hearing loss, and Alzheimer’s disease.?? Ginkolide B
was proved to be an effective anti-inflammatory agent
in different diseases.1®13* MAPK is an important pathway
that is involved in chondrocyte mechanical stress and in-
flammation.?® The effect of inhibiting p38 in cartilage was
tested in a previous study.®® The results indicated that inhi-
bition of p38 suppressed IL-1-induced MMP-1 and MMP-3
expression and collagen breakdown in cartilage. The role
of the ERK pathway had also been investigated in a rabbit
osteoarthritis model, and treatment with an EKR inhibitor
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reduced cartilage lesion size and histological damage.?”
The JNK inhibitor SP600125 inhibited collagenase mRNA
accumulation in synoviocytes after stimulation with IL-1,
and JNK is a critical MAPK pathway for joint arthritis.?
Our western blot results showed that GB inhibited the
activation of the MAPK pathway in chondrocytes, thus
exerting an anti-inflammation effect, which is consistent

with previous reports.
In conclusion, our results show that GB exerted anti-

34,39

inflammatory and anti-apoptosis effects in chondrocytes.
Ginkolide B may be a potential agent for treatment of OA.
However, more research should be done in the future
to further study the efficacy and mechanism of GB.

References

1.

Lawrence RC, Felson DT, Helmick CG, et al. Estimates of the preva-
lence of arthritis and other rheumatic conditions in the United States.
Part Il. Arthritis Rheum. 2008;58:26-35.

. Zhang, Jordan JM. Epidemiology of osteoarthritis. Clin Geriatr Med.

2010;26:355-369.

. Caron MM, Emans PJ, Coolsen MM, et al. Redifferentiation of dedif-

ferentiated human articular chondrocytes: Comparison of 2D and
3D cultures. Osteoarthr Cartil. 2012;20:1170-1178.

. Stanton H, Melrose J, Little CB, Fosang AJ. Proteoglycan degrada-

tion by the ADAMTS family of proteinases. Biochim Biophys Acta.
2011;1812:1616-1629.

. Musumeci G, Castrogiovanni P, Trovato FM, et al. Biomarkers of chon-

drocyte apoptosis and autophagy in osteoarthritis. Int JMol Sci. 2015;
16:20560-20575.

. Le Graverand-Gastineau MP. Disease modifying osteoarthritis drugs:

Facing development challenges and choosing molecular targets.
Curr Drug Targets. 2010;11:528-535.

. Jiang W, Cong Q, Wang Y, Ye B, Xu C. Ginkgo may sensitize ovarian

cancer cells to cisplatin: Antiproliferative and apoptosis-inducing
effects of ginkgolide B on ovarian cancer cells. Integr Cancer Ther.
2012;13:NP10-NP17.

. Chu X, Ci X, He J, et al. A novel anti-inflammatory role for gink-

golide B in asthma via inhibition of the ERK/MAPK signaling pathway.
Molecules. 2011;16:7634-7648.

. Zhou T, You WT, Ma ZC, et al. Ginkgolide B protects human umbili-

cal vein endothelial cells against xenobiotic injuries via PXR activa-
tion. Acta Pharmacol Sin. 2016;37:177-186.

. Gu JH, Ge JB, Li M, Wu F, Zhang W, Qin ZH. Inhibition of NF-kappaB

activation is associated with anti-inflammatory and anti-apoptotic
effects of Ginkgolide B in a mouse model of cerebral ischemia/reper-
fusion injury. Eur J Pharm Sci. 2012;47:652-660.

. WuF, ShiW, Zhou G, et al. Ginkgolide B functions as a determinant

constituent of ginkgolides in alleviating lipopolysaccharide-induced
lung injury. Biomed Pharmacother. 2016;81:71-78.

. Liu X, Zhao G, Yan Y, Bao L, Chen B, Qi R. Ginkgolide B reduces ath-

erogenesis and vascular inflammation in ApoE(-/-) mice. PLoS One.
2012;7:e36237. doi: 10.1371/journal.pone.0036237

. Zhang X, Xu X, XuT,QinS. B-ecdysterone suppresses interleukin-1 beta-

induced apoptosis and inflammation in rat chondrocytes via inhibition
of NF-kappaB signaling pathway. Drug Dev Res. 2014;75: 195-201.

. Musumeci G, Aiello FC, Szychlinska MA, Di Rosa M, Castrogiovanni P,

Mobasheri A. Osteoarthritis in the XXI*t century: Risk factors and
behaviours that influence disease onset and progression. IntJ Mol Sci.
2015;16:6093-6112.

. Musumeci G, Loreto C, Carnazza ML, Martinez G. Characterization

of apoptosisinarticular cartilage derived from the knee joints of patients
with osteoarthritis. Knee Surg Sports Traumatol Arthrosc.2011;19:307-313.

. Musumeci G, Loreto C, Carnazza ML, Strehin |, Elisseeff J. OA cartilage

derived chondrocytes encapsulated in poly(ethylene glycol) diacry-
late (PEGDA) for the evaluation of cartilage restoration and apopto-
sisin an in vitro model. Histol Histopathol. 2011;26:1265-1278.

Zhou PH, Liu SQ, Peng H. The effect of hyaluronic acid on IL-1beta-
induced chondrocyte apoptosis in a rat model of osteoarthritis.
J Orthop Res. 2008;26:1643-1648.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

H. Hu, et al. Effect of ginkgolide B on chondrocytes

. Zhang XH, Xu XX, Xu T. Ginsenoside Ro suppresses interleukin-1beta-

induced apoptosis and inflammation in rat chondrocytes by inhib-
iting NF-kappaB. Chin J Nat Med. 2015;13:283-289.

. Goldring MB, Otero M. Inflammation in osteoarthritis. Curr Opin Rheu-

matol. 2011;23:471-478.

Little CB, Fosang AJ. Is cartilage matrix breakdown an appropriate
therapeutic target in osteoarthritis-insights from studies of aggre-
can and collagen proteolysis? Curr Drug Targets. 2010;11:561-575.
Hiura K, Iwaki-Egawa S, Kawashima T, et al. The diagnostic utility
of matrix metalloproteinase-3 and high-sensitivity C-reactive pro-
tein for predicting rheumatoid arthritis in anti-cyclic citrullinated
peptide antibody-negative patients with recent-onset undifferen-
tiated arthritis. Rheumatol Int. 2013;33:2309-2314.

Haller JM, Swearingen CA, Partridge D, McFadden M, Thirunavukkara-
suK, Higgins TF. Intraarticular matrix metalloproteinases and aggrecan
degradation are elevated after articular fracture. Clin Orthop Relat Res.
2015;473:3280-3288.

Voigt H, Lemke AK, Mentlein R, Schiinke M, Kurz B. Tumor necrosis
factor alpha-dependent aggrecan cleavage and release of glycos-
aminoglycans in the meniscus is mediated by nitrous oxide-inde-
pendent aggrecanase activity in vitro. Arthritis Res Ther.2009;11:R141.
Rosenthal AK. Crystals, inflammation, and osteoarthritis. Curr Opin
Rheumatol. 2011;23:170-173.

Gendron C, Kashiwagi M, Lim NH, et al. Proteolytic activities of human
ADAMTS-5: Comparative studies with ADAMTS-4. J Biol Chem. 2007;
282:18294-18306.

Echtermeyer F, Bertrand J, Dreier R, et al. Syndecan-4 regulates
ADAMTS-5 activation and cartilage breakdown in osteoarthritis.
Nat Med. 2009;15:1072-1076.

Little CB, Meeker CT, Golub SB, et al. Blocking aggrecanase cleavage
in the aggrecan interglobular domain abrogates cartilage erosion
and promotes cartilage repair. J Clin Invest. 2007;117:1627-1636.
Song RH, Tortorella MD, Malfait AM, et al. Aggrecan degradation
in human articular cartilage explants is mediated by both ADAMTS-4
and ADAMTS-5. Arthritis Rheum. 2007;56:575-585.

Rogerson FM, Chung YM, Deutscher ME, Last K, Fosang AJ. Cytokine-
induced increases in ADAMTS-4 messenger RNA expression do not
lead to increased aggrecanase activity in ADAMTS-5-deficient mice.
Arthritis Rheum. 2010;62:3365-3373.

Rainbow RS, Kwon H, Foote AT, Preda RC, Kaplan DL, Zeng L. Muscle cell-
derived factors inhibit inflammatory stimuli-induced damage in h(MSC-
derived chondrocytes. Osteoarthritis Cartilage. 2013;21:990-998.
Guilak F, Alexopoulos LG, Upton ML, et al. The pericellular matrix as
a transducer of biomechanical and biochemical signals in articular
cartilage. Ann N Y Acad Sci. 2006;1068:498-512.

Little CB, Fosang AJ. Is cartilage matrix breakdown an appropriate
therapeutic target in osteoarthritis-insights from studies of aggre-
can and collagen proteolysis? Curr Drug Targets. 2010;11:561-575.
Nash KM, Shah ZA. Current perspectives on the beneficial role of
Ginkgo bilobain neurological and cerebrovascular disorders. Integr
Med Insights. 2015;10:1-9.

ChuX, CiX, He J, etal. A novel anti-inflammatory role for ginkgolide B
in asthma via inhibition of the ERK/MAPK signaling pathway. Mole-
cules. 2011;16:7634-7648.

Goldring MB, Otero M, Plumb DA, et al. Roles of inflammatory and
anabolic cytokines in cartilage metabolism: Signals and multi-
ple effectors converge upon MMP-13 regulation in osteoarthritis.
Eur Cell Mater. 2011;21:202-220.

Phitak T, Pothacharoen P, Settakorn J, Poompimol W, Caterson B,
Kongtawelert P. Chondroprotective and anti-inflammatory effects
of sesamin. Phytochemistry. 2012;80:77-88.

Prasadam I, Mao X, Shi W, Crawford R, Xiao Y. Combination of MEK-
ERK inhibitor and hyaluronic acid has a synergistic effect on anti-
hypertrophicand pro-chondrogenic activities in osteoarthritis treat-
ment. J Mol Med. 2013;91:369-380.

Schepetkin IA, Kirpotina LN, Hammaker D, et al. Anti-inflammatory
effects and joint protection in collagen-induced arthritis after treat-
ment with IQ-1S, a selective c-Jun N-terminal kinase inhibitor. J Phar-
macol Exp Ther. 2015;353:505-516.

LiuX,YanY,BaoL, ChenB, ZhaoY, Qi R. Ginkgolide B inhibits platelet
release by blocking Syk and p38 MAPK phosphorylation in throm-
bin-stimulated platelets. Thromb Res. 2014;134:1066-1073.



Original papers

PIK3RT1 gene polymorphisms are associated with type 2 diabetes
and related features in the Turkish population

Abdullah Hakan Karadogan'*-C, Hilal Arikoglu"*<, Fatma Goktiirk®, Funda Isciogjlu, Siileyman Hilmi ipekgi*®

T Department of Medical Biology, Faculty of Medicine, Selguk University, Konya, Turkey
2 Department of Statistics, Faculty of Science, Ege University, lzmir, Turkey
3 Department of Endocrinology, Faculty of Medicine, Selcuk University, Konya, Turkey

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Hilal Arikoglu
E-mail: harikoglu@selcuk.edu.tr

Funding sources
This study was supported by the Selcuk University
Research Foundation (13202033).

Conflict of interest
None declared

Acknowledgements
We would like to thank Dr. Sevim Karakas
for her assistance in this study.

Received on February 22, 2016
Reviewed on July 22, 2016
Accepted on February 14,2017

DOI
10.17219/acem/68985

Copyright

© 2018 by Wroclaw Medical University

Thisis an article distributed under the terms of the
Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Adv Clin Exp Med. 2018;27(7):921-927

Abstract

Background. The phosphatidylinositol 3-kinase p85 alpha requlatory subunit 1 gene (PIK3R7) encodes
the PIK3R1 protein, which plays a direct role in insulin signaling. PIK3R1 (p85 requlatory subunit) connects
firmly with the p110 catalytic subunit, and together these proteins form the phosphatidylinositol 3-kinase
(PI3K) protein. PI3K is a key protein in the Akt signaling pathway, which requlates cell survival, growth, dif-
ferentiation, glucose trafficking, and utilization. Defects in the insulin signaling cascade play an important
role in the development of insulin resistance, which shares a common genetic basis for metabolic diseases
such as type 2 diabetes (T2D), obesity and cardiovascular diseases.

Objectives. In our study, we investigated the effect of single nucleotide polymorphisms (SNPs) rs3756668
in 3'UTR region, rs706713 and rs3730089 in exons 1and 6, respectively, rs7713645 and rs7709243 inintron 1,
and rs1550805 in intron 6 of PIK3RT gene on T2D.

Material and methods. This study enrolled a total of 840 individuals, including 427 diabetic individuals
(206 obese and 221 non-obese) and 413 nondiabetic individuals (138 obese and 275 non-obese). The target
SNPs were analyzed using real-time polymerase chain reaction (RT-PCR). Statistical analysis was performed
using SPSS18.0 (IBM Corp., Armonk, USA). The p-values <0.05 were considered statistically significant.

Results. The SNPs rs706713 (Tyr73Tyr) and rs3730089 (Met326lle) located in exons, and rs/713645,
rs7709243 and rs1550805 located in introns were determined to be significantly associated with T2D and
phenotypic features such as obesity, insulin resistance and the lipid parameters. The association with SNP
1$3756668, which is located in the 3'UTR, was not significant.

Conclusions. Our study supports the role of PIK3R7, an important candidate gene due to its critical role
ininsulin signal transduction, in T2D development.

Key words: type 2 diabetes, single nucleotide polymorphisms, PIK3RT gene
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Introduction

Insulin is a major hormone that regulates processes such
as cellular growth, differentiation and apoptosis, in addi-
tion to glucose metabolism. Insulin acts on target tissues,
mainly liver, muscle and adipose tissues, by binding to its
receptor on the cell surface, leading to the autoactiva-
tion of tyrosine residues. Once activated, receptor phos-
phorylates the downstream signaling proteins known as
the insulin receptor substrate (IRS) family, which has Src
Homology 2 (SH2) domain-containing proteins. Then,
phosphorylated IRS proteins activate other SH2 domain-
containing proteins, including the regulatory subunits
of phosphatidylinositol 3-kinase (PI3K). PI3K catalyzes
the conversion of phosphatidylinositol phosphate (PIP) 2
to PIP3, which activate Akt signaling, which itself regulates
cell survival, growth, differentiation, glucose transporter
type 4 (GLUT-4) trafficking, and glucose utilization.!

Impaired activation of the insulin signaling pathway
results in the decreased responsiveness of target tissues
to normal circulating levels of insulin, a condition known
as insulin resistance. Insulin resistance is a common
pathogenesis in several metabolic diseases, such as type 2
diabetes (T2D), obesity and cardiovascular diseases.

Insulin resistance generally occurs as a result of post-
receptor defects.? Especially, it is suggested that reductions
in both IRS-I phosphorylation and insulin-stimulated PI3K
activation leads to impaired insulin signal transduction.
Additionally, other signaling molecules in this transduc-
tion, insulin signaling inhibitors such as ENPP1, PTP1B,
and INPPL], lipid accumulation in target tissues, and ab-
normal lipid metabolism can also contribute to insulin
resistance.>*

The PI3K enzyme is composed of 2 subunits, the p110
catalytic subunit and regulatory p85a subunit.’ The p85a
subunit stabilizes the p110 catalytic subunit and deter-
mines the level of activity.> Polymorphisms in the PIK3R1
gene, which encodes the p85 regulatory subunit of the PI3K
enzyme, are associated with the development of diseases
such as insulin resistance, obesity, T2D, and cancer.®~8
In this study, we investigated the effects of single nucle-
otide polymorphisms (SNPs) rs3756668A—G (located
in the 3'UTR region), rs706713C~T and rs3730089A-G
(located in exons 1 and 6, respectively), rs7713645A—~C and
1rs7709243C~T (both located in intron 1), and rs1550805C~T
(located in intron 6) of the PIK3RI gene on T2D.

Material and methods
Clinical samples

This study enrolled a total of 840 individuals, including
427 diabetic individuals (206 obese and 221 non-obese) and

413 nondiabetic individuals (138 obese and 275 non-obese).
These individuals were selected from patients admitted

A. Karadogan, et al. PIK3R7 SNPs in Turkish with type 2 diabetes

to the Selcuk University Hospital, Department of Endo-
crinology (Konya, Turkey). The individuals in the diabetic
group, who were diagnosed according to the guidelines
of the American Diabetes Association (ADA), were over
30 years old and did not use insulin. Other types of diabe-
tes (type 1 diabetes, maturity onset diabetes of the young
— MODY, latent autoimmune diabetes of adults — LADA,
drug-related and other types) were excluded. Obesity crite-
ria was considered as body mass index (BMI) >30. The con-
trol group in this study included age- and BMI-matched
nondiabetic individuals with no family history of diabetes.
Written informed consent was obtained from each indi-
vidual before participation in the study. The study was
approved by the Ethics Committee of the Selcuk University
Medical Faculty (Konya, Turkey). An oral glucose tolerance
test (OGTT) was performed on the individuals considered
as pre-diabetic. Individuals with impaired glucose toler-
ance or insulin resistance were excluded from the study.

Clinical analyses

Fasting plasma glucose, fasting insulin, HbA1C, c-pept-
ide, cholesterol, low density lipoprotein (LDL), high density
lipoprotein (HDL), and triglyceride values were measured
for both diabetic and control groups. Insulin resistance
was determined using the homeostasis model assessment
of insulin resistance (HOMA-IR) and was calculated as
fasting plasma glucose (mmol/L) multiplied by fasting se-
rum insulin (pmol/L) and divided by 22.5. An individual
with a HOMA-IR value higher than 2.5 was considered
resistant to insulin.

Genotyping

Genomic DNA was isolated from peripheral blood leu-
kocytes using a standard proteinase K and sodium dodecyl
sulphate (SDS) procedure. Target SNPs were analyzed
using the real-time polymerase chain reaction (RT-PCR)
technique and a TIB MolBiol LightSNiP kit (Roche, Basel,
Switzerland). Six SNPs in the PIK3R1 gene were previ-
ously reported to be associated with the disease in the
literature. Information about these target SNPs is shown
in Table 1.

Statistical analysis

Descriptive statistics were obtained for clinical and bio-
chemical characteristics. Normally distributed param-
eters were compared using one-way analysis of variance
(ANOVA), while parameters that did not show normal
distributions were compared by Kruskal-Wallis test after
transformation.

The differences between the patient and control groups
in terms of genotype distribution or allele frequency were
analyzed using Pearson’s y2 test. A 2 goodness of fit test
was used to evaluate Hardy-Weinberg equilibrium (HWE)
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Table 1. Clinical and biochemical characteristics of study subjects

Non-obese

Variable

control
(2)

Number (840) 206 138 221
Age [years] 55.6 +8.8 489 +11.3 56.5 +9.3
Gender (M/F) 154/52 120/18 86/135
BMI [kg/m?] 3514 +423 3457 +392 26.74 +2.74
. 11.89 10.85 790
1
Insulin’ (WlU/mt] (2.04-40.79) (4.31-3998) (1.00-3730)
. 3.07 251 200
_ 1
Slpepiele! g/l (0.74-9.40) (1.49-6.30) (0.50-16.10)
140 94 134
1
FG! [mo/dU] (64-377) (76-113) (59-363)
71 56 71
1 (0,
AIE G (5.2-12.5) (5.3-6.4) (5.1-195)
171 126 128
1
TG Img/dL] (59-674) (52-380) (41-457)
Chol [mg/dL] 203 +45 211 +39 197 +47
122 130 124
1
LDL Img/dL] (52-276) (78-239) (35-271)
HDL [mg/dU) 43410 47 411 44413
442 261 2.80
_IRT
HOMA-IR (079-1800) | (083-990) | (042-17.00)

control
(4)

275 NA NA NA NA
439 +104 <0.001* 0.792 <0.001* <0.001*
182/93 NA NA NA NA

26.08 +3.01 0445 NA NA 0162
P 05139 o) 0.270 <0.001* <0.001* 0297
213 5
(0.70-15.70) 0.292 <0.001 0.013 0.067
2 § ) )
(58114 <0.001 0.548 0.001 <0.001
55 . )
(5.0-64) <0.001 0915 0.212 <0.001
16
(40-478) <0.001* 0.002* 0029 0055
202 +42 0415 0.632 0332 0.817
125 .
(39-294) 0.006 0.929 0.169 0.257
47 £12 0.003* 0.786 0.991 0.055
167 . i ) )
(0.40-12.00) <0.001 <0.001 <0.001 <0.001

"Non-normally distributed parameters are shown as median (min-max); * statistically significant differences were found; NA - this data could not be
evaluated for statistical significance because it was not found to be clinically significant. In post-hoc test, p-value = 0.008 was considered statistically
significant for comparing 4 groups; DM — diabetes mellitus; FG - fasting glucose; TG - triglyceride; Chol — cholesterol; LDL - low-density lipoprotein;
HDL - high-density lipoprotein; HOMA-IR — homeostasis model assessment of insulin resistance.

in the patient and control groups. Analyses were performed
using dominant, additive and recessive models. Dominance
was defined in terms of allele 2 effects. In dominant allele
2 models, homozygous individuals for allele 1 were com-
pared with carriers of allele 2. In recessive allele 2 models,
homozygous individuals for allele 2 were compared with
carriers of allele 1. Association between genotypes and
T2D was tested by conducting a case-control study. Allele
frequencies of SNPs in the patient and control groups were
evaluated using odds ratio (OR). We performed logistic
regression analysis by considering not only dominant, ad-
ditive and recessive models of SNP genotypes, but also
sex and age.

We also investigated if there was any association be-
tween genotypes and biochemical characteristics of T2D.
Therefore, we performed tests to determine the normality
of the biochemical characteristics. Fasting plasma insulin
and triglyceride variables were normalized by log trans-
formation, and cholesterol was normalized by square root
transformation, before ANOVA analysis. For the other
characteristics (BMI, fasting glucose, c-peptide, HbA1C,
LDL, HDL, and HOMA-IR), the Kruskal-Wallis test was
performed. The SNP genotypes were coded as 11, 12 and 22.
Then, a single point (single SNP) regression analysis model
was fitted. Linkage disequilibrium (LD) analysis was per-
formed with MIDAS software.’

All analyses were carried out using SPSS 18.0 (IBM
Corp., Armonk, USA). In all analyses, p-value <0.05 was
considered statistically significant.

Results
Characteristics of study subjects

A total of 840 individuals, including 427 diabetic indi-
viduals (206 obese and 221 non-obese) and 413 nondiabetic
individuals (138 obese and 275 non-obese), were enrolled
in this study. The clinical and biochemical characteristics
of the individuals studied are shown in Table 2.

Association study

The genotype distribution and association analy-
ses of SNPs are summarized in Table 3. The silent SNP
rs706713 in exon 1 of the PIK3R1 gene showed a significant
association with T2D (OR 1.7 (95% confidence interval —
CI:1.09-2.40), p = 0.016 and OR 1.5 (95% CI: 1.054-2.233),
p = 0.025, additive and dominant models, respectively)
when individuals were considered as patient and con-
trol groups. When the obese and non-obese groups were
evaluated separately, a strong relationship between SNP
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Table 2. Genotype distribution of studied SNPs in the PIK3RT gene and their association analysis results in diabetics and controls

Diabetic Control Dominant Additive Recessive
Genotype ") ") OR (Cl %) OR (Cl %) OR (Cl %)
p-value p-value p-value
G/G 162 187
rs3756668 G/A 196 160 13 (0_'9g 1’3'58) 08 (%%21’ i; %) 1.2 (%703;;'29 R
A/A 69 66 p=0 p=0 p=0
c/C 219 254 1.5 (1.05-2.23) 1.7 (1.09-2.40) 0.9 (0.43-1.98)
rs706713 /T 176 135 Py 0016 08e
il 32 24 p=b p=b p=b
A/A 137 135
rs7713645 A/C 202 192 L (Pg 76;1;’ 3) o2 (%5792;1 48) 1 (OZOO‘ 23';53)
c/C 74 86 p=5 : p=5
c/C 131 138
1577092243 2) 226 190 W (0;7 %’;5“;5> o ((1602554) v (()44()6 1711409)
T 70 85 p="b p="5 p="5
G/G 316 318
rs3730089 G/A 103 80 09 (%603’;;;‘0) e (%5043‘ 2'325) = “_'0561:%76)
A/A 8 15 p=5 p=5 p=2
1550805 g? ?ég 38099 1(0.72-1.55) 1(0.68-1.49) 0.5 (0.12-1.92)
T . 0 p=0.770 p=0968 p=0303

SNPs - single nucleotide polymorphisms; OR — odds ratio; Cl — confidence interval.

Table 3. Genotype distribution of studied SNPs in the PIK3R1 gene and their association analysis results in obese and non-obese diabetics and controls

Non-obese Non-obese

additive
OR (Cl %)
p-value

recessive
OR (Cl %)
p-value

dominant
OR (Cl %)
p-value

additive
OR (Cl %)
p-value

recessive
OR (Cl %)
p-value

dominant
OR (Cl %)
p-value

control

control
n n

/G 1 8257 180 1130 gg054140) | 1(058-160) | 16(080-335) | 15(087-245) | 09(044-203) | 08(041-174)
3756668 | G/A | 91| 60 1105 100 ~0540 0876 -0179 - 0157 ~ 0875 — 0649
A/A 33 21 36 45 p=0. p=0. p=0. p=0. p=0. b=0.
oers | o Do S 00 08 14058-160) | 07(038-1149) 14(053-358)  18(101-313) | 06(016-209) | 14(038-490)
T 19 13 13 1 p=0.244 p=0.139 p=0513 p =0.047 p=0398 p=0627
WAL ad 8 O 5(072-199) | 2(108-377) | 2(110-351) | 14(0.85-231) | 2(1081-3906) | 19 (1.079-3.235)
57713645 | A/C 195 57 1107 135 =057 =0028* =0022* =0191 003" = 003"
cC |37 3 51| 49 p=0 p=0 p=0. p=0. p=0. p=0.
Cc B8 95 13080008 | 25(124-489) | 24(131-442) | 08(044-131) | 08(044-138) | 122(064-239)
77092243 | C/T | 99\ 581127 132 -0257 —001* ~ 005" 0320 - 0395 - 0537
T 32 37 38 48 p=0 p=0 p=0 p=0. p=0. p=0.
rsose | om | DR 1S 20 07050-158) | 20049-883) | 22(052-925) | 09(052-164) | 08(044-146) | 01(012-138)
an el & 151 % p=08%2 | p=0320 | p=0288 | p=0798 p=0476 p=090
soses | o el LS I N 14079249 | 07042-129) 0 16(092-274) | 15(087-273)  19(0.38-964
AR I R I p=0261 p=0280 p=1 p=0097 p=0138 p=0433

SNP - single nucleotide polymorphism; DM — diabetes mellitus; OR — odds ratio; Cl — confidence interval; * statistically significant.

rs706713 and T2D was also identified in the non-obese
group (OR 1.8 (95% CI: 1.006—3.128), p = 0.05, dominant
model). The groups were in HWE for this SNP when con-
sidered either together or separately (p > 0.05).

The SNP rs3730089 in exon 6 causes an amino acid sub-
stitution in the protein, and was significantly associated with
T2D (OR 3.5 (95% CI: 1.015-11.762), p = 0.047, recessive
model). The genotype distribution for this SNP was found
to deviate from HWE in the control groups (p < 0.05).

While the intronic SNP rs7709243 was associated with
T2D in the obese group (OR 2.5 (95% CI: 1.239-4.891),

p = 0.01 and OR 2.4 (95% CI: 1.309-4.418), p = 0.005, ad-
ditive and recessive models, respectively), the rs7713645
SNP was associated with the disease in both the obese
group (OR 2 (95% CI: 1.081-3.773), p = 0.03 and OR 2 (95%
CI: 1.101-3.514), p = 0.022, additive and recessive mod-
els, respectively) and the non-obese group (OR 2 (95% CI:
1.081-3.906), p = 0.03 and OR 1.9 (95% CI: 1.079-3.235),
p = 0.03, additive and recessive models, respectively).
With the exception of the genotype distribution of SNP
rs7709243 in the non-obese diabetic group, both of the
SNPs located in intron 1 were in HWE.
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Neither the SNP rs1550805 in intron 6 nor the SNP
rs3756668 in the 3'UTR of the PIK3R1 gene were associ-
ated with T2D (p > 0.05) when the groups were assessed
together or separately. The genotype distributions of both
SNPs showed deviation from HWE in the control groups.

Additionally, linkage disequilibrium was calculated for
the 6 SNPs and r? values were used to provide evidence
of pairwise LD between the SNPs. Only the rs7709243
and rs7713645 SNPs located in intron 1 were found to be
in strong LD (D’ = 0.85; r*=0.7). The LD between the other
variants was weak.

Genotype-phenotype relationship

The effects of the SNPs on phenotypic characteristics
such as fasting glucose, insulin, c-peptide, hemoglobin
A1Cllevels, triglycerides, cholesterol, LDL and HDL levels,
BMI, and HOMA-IR value as an insulin resistance marker
were analyzed in this study. The SNP rs706713 in exon 1
had a strong effect on HOMA-IR (p = 0.018). The intronic
SNP rs7709243 showed an effect on LDL level (p = 0.028)
and cholesterol (p = 0.008), while the other intronic SNP,
rs1550805, had a strong effect on c-peptide level (p = 0.023)
and BMI (p = 0.007).

Discussion

Insulin has both metabolic and growth-stimulating
effects, and its metabolic effect occurs through the PI3KK/Akt
pathway.! Although other growth factors also activate
PI3K via distinct receptor tyrosine kinases, PI3K activa-
tion, which occurs only through insulin effect, has been
found to regulate metabolic homeostasis.!! In adipocyte
cell cultures, it was revealed that both insulin and plate-
let-derived growth factor (PDGF) activate PI3K, and that
insulin stimulates GLUT4 translocation to the plasma
membrane, while PDGF does not.!?

Insulin resistance develops as a result of the reduced
responsiveness of target tissues to insulin due to decreased
receptor and/or downstream signaling protein activity,
rather than a reduced circulating insulin level !4

PI3K/Akt plays a central role in several pathway-related
energy homeostases, including leptin, pro-opiomelanocor-
tin (POMC), TNF-a, adiponectin, and cytokine stimula-
tion.!>~18 PI3K consists of a catalytic subunit (p110) and
aregulatory subunit (p85a).> The p85a subunit provides sta-
bility and maintains the activity of the p85a/p110 complex.!>

In addition, the monomer p85a is in competition with
the p85a/pl110 complex for binding to IRS1 or allosteric
interaction with p110, provide negative regulation of the
p85a/p110 complex.!® The overexpression of p85a by hor-
monal or experimental induction weakens signal transmis-
sion and causes insulin resistance by disrupting the activity
of the p85a/p110 complex and the connection between
PI3K and IRS1.20-2L
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This study found that the SNPs localized in the PIK3R1
gene, encoding p85a regulatory subunit of PI3K which
plays a critical role in signal transduction, are associated
with T2D, obesity and related phenotypic characteristics.
Reports have indicated that SNPs rs706713 (Tyr73Tyr) and
rs3730089 (Met326lle) in exons 1 and 6, respectively, have
reduced protein activity and are associated with T2D.?223
Additionally, we also detected a significant association
between rs706713 and T2D (p < 0.05). When the patients
were divided into obese and non-obese groups, rs706713
was associated with the disease in the non-obese group
(p = 0.05). The patient and control groups were in HWE for
the SNP rs706713. We also found that this SNP had an ef-
fect on HOMA-IR (p = 0.018) and c-peptide (p = 0.007)
levels, although no effect was found on obesity, glucose
or insulin levels, a finding that is consistent with a report
from Jamshidi et al.® This silent substitution might be
interacting with other known and unknown variants.

Many studies have reported conflicting results regard-
ing the association between the Met326lle (rs3730089)
variant in exon 6 of the PIK3R1 gene and insulin resistance
and T2D. While this SNP was not found to be a risk factor
for diabetes in a Danish population, it was associated with
the disease in a Chinese population.?*?> This inconsistency
in results may be due to differences in sample size and the
studied populations. There is evidence that European and
Asian populations have different allele frequencies, risk
allele profiles, risk genes, and so on.?¢

We also observed a strong association between Met326Ile
and the disease (p < 0.05). This missense variation is locat-
ed between the N-terminal-Src homology region (N-SH2)
and the BH region which has homology with GTPase acti-
vating protein (GAP). The SH2 domains include tyrosine
residues and mediate binding to phosphotyrosine residues
in the YXXM motif in receptor and adaptor molecules.?”
Therefore, the Met326lle variation may alter protein activ-
ity by affecting binding to its receptor and adaptor mole-
cules. In our study, the genotype distributions of Met326]le
deviated from HWE in the control groups (p < 0.05). This
deviation should be taken into account while assessing the
results for Met326Ile. Future studies are needed to reana-
lyze the results after increasing the sample size to reach
equilibrium.

Jamshidi et al. investigated intronic SNPs in the PIK3R1
gene, specifically rs7713645 and rs7709243 in intron 1
and rs1550805 in intron 6, showing that SNPs rs7713645
and rs7709243 were associated with BMI, fasting glucose
level and glucose level during the 2" hour of oral glucose
application and that rs1550805 was significantly associ-
ated with BMI, body weight and central adiposity.?® These
results indicate the existence of a strong link between these
intronic SNPs, especially rs1550805, and obesity.

In our study, we observed strong associations between
the SNPs rs7709243 and rs7713645, and T2Din obese pa-
tients (p < 0.05) and between the SNP rs7713645 and T2D
in non-obese patients (p < 0.05). In addition, the rs7709243
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variant was determined to have an effect on cholesterol
(p =0.008) and LDL (p = 0.028) levels.

On the other hand, we did not detect any association
between the intronic SNP rs1550805 and T2D. However,
this SNP had an effect on c-peptide (p = 0.023) and BMI
(p = 0.007). These results support the hypothesis that the
intronic SNPs in the PIK3RI gene have significant ef-
fects on BMI and lipid parameters. Because this signifi-
cant association with T2D was especially observed in the
obese group, one could suggest that the rs7709243 and
rs7713645 substitutions play a role in the development
of T2D through the development of obesity. Addition-
ally, the genotype distributions of these T2D-associated
intronic SNPs were in HWE in all groups. Moreover, ac-
cording to LD analysis, we detected significant linkage
only between SNPs rs7709243 and rs7713645 (D’ = 0.85;
r? = 0.7). Localization at the same intron of both variants
might explain this linkage.

Since 2007, more than 60 variants have been shown to be
associated with T2D by genome wide association (GWA)
analysis, which was performed in numerous populations
with large samples. It is noteworthy that the vast majority
of these variants are intronic variants. These SNPs do not
cause any changes in protein structure but show a strong
association with type 2 diabetes, suggesting that they are
intronic enhancers.?® Additionally, it has been proposed
that these variants can be haplotyped with other functional
variants.?’

It has been reported that the SNPs in the noncoding UTR
sequence of the PIK3RI gene, especially SNP rs3756668
in the 3’'UTR region, are associated with a high risk of dia-
betes and elevated BMI as well as increased risk for in-
sulin resistance.?® Additionally, the same study revealed
that this SNP also has an effect on fasting glucose and
fasting insulin levels.?® However, our study did not iden-
tify a relationship between SNP rs3756668 and T2D or
its phenotypes in obese and non-obese individuals in the
Turkish population. We suspect that the deviation from
HWE in the control group may have influenced our results.
Reassessing these results after increasing the population
size to reach equilibrium will increase reliability.

Jamshidi et al. investigated the association between
the tag SNPs including rs706713, rs7713645, rs7709243,
rs251406, rs40318, rs1550805, rs831125 and rs3730089
of the PIK3R1 gene, and BMI, serum leptin level, and glu-
cose/insulin homeostasis in a large population of female
twins.?3 According to their report, rs1550805 in particular
was determined to have a strong relationship with serum
leptin level and BMI (p < 0.05). Consistently, in our study,
only rs1550805 was associated with BMI, supporting the
findings of Jamshidi et al.?

Our study is the 15t to show that SNPs rs706713 (Tyr73Tyr)
and rs3730089 (Met326lle), which are located in exons,
and SNPs rs7713645, rs7709243 and rs1550805, which are
located in introns, are significantly associated with T2D
and have effects on phenotypic features such as obesity,

A. Karadogan, et al. PIK3R7 SNPs in Turkish with type 2 diabetes

insulin resistance and lipid parameters in a Turkish pop-
ulation. The only exception was SNP rs3756668, which
islocated in the 3'UTR. Our research findings support the
idea that SNPs located in the PIK3RI gene can affect insu-
lin signaling transduction and thus may play a role in the
development of T2D through the development of insulin
resistance.
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Abstract

Background. Body region-dependent hair follicle (HF) characteristics are concerned with follicular size
and distribution, and have been demonstrated to have characteristics for each region of the body.

Objectives. The aim of the present study was to investigate the expression patterns of the markers called
cytokeratin 15 (K15), cytokeratin 6 (K6) and monoclonal antibody Ki-67, and also apoptosis in HFs, which
can be observed in different parts of the human body.

Material and methods. In this study, healthy human HFs were taken by biopsy from 5 various donor
sites of the human body: the scalp, the leg, the abdomen, the back and waist. HF-containing skin specimens
taken using cryosection were stained with hematoxylin & eosin (H&E) and K15, K6, Ki-67 and terminal
deoxynucleotidyl transferase-mediated digoxigenin-dNTP nick end-labelling (TUNEL) immunofluorescence
staining protocol was performed.

Results. Different skin regions from the human body were examined histologically. While the HFs of scalp
tissue showed anatomically obvious hair layers, some hair sections from other regions, like the leg, the abdo-
men, back and waist, were not as distinct as in the scalp region. According to our findings, K15 expression
was highest in the scalp. In addition, the immunoreactivity (IR) intensity of K15 was significantly decreased
in the HFs on the waist and abdominal regions, compared to the scalp and back regions (p < 0.001). How-
ever, the IR intensity of K6 in the scalp region was statistically significantly higher than the IR intensity
of K6 in the abdomen region (p < 0.05). Moreover, we showed intraepithelial apoptosis and proliferation
of keratinocytes in the bulge of HF. In the study, Ki-67-positive and TUNEL-positive cell numbers were not
statistically significant (p > 0.05).

Conclusions. Our findings are important for further investigation of molecular aspects of the human hair
follicle stem cells compartments in health and disease, which might be a promising model for comparative
studies with different human diseases.

Key words: monoclonal antibody Ki-67, terminal deoxynucleotidyl transferase-mediated digoxigenin-dNTP
nick end-labelling, hair follicle, cytokeratin 15, cytokeratin 6
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Introduction

Hair follicles (HFs) as a functional mini-organ, form
a very complex structure which consists of mesenchyme-
derived dermal papilla and 3 distinct epithelial layers:
the outer root sheath (ORS) (the outer layer), the inner
root sheath (IRS) (the middle layer) and the hair shaft
(the central layer).! The mammalian hair follicle contains
a heterogeneous cell population, including hair follicle
stem cells (HFSCs) and epithelial cells, such as keratino-
cytes.? The diversity of the morphologic differentiation
pathway of the hair follicle is partly reflected by the respec-
tive keratin protein patterns. The HF keratin patterns are
mainly composed of the epithelial keratins.? These keratins
belong to a heterogeneous family of intermediate filaments
that are essential to the epidermis, where they are ex-
pressed in a cell-type and differentiation-specific manner
during epithelial development and differentiation.*® In hu-
mans, keratins generally present in epithelial cells as ke-
ratinocytes.® The main function of keratins is the mainte-
nance of cell and tissue structure.>” Expression of specific
keratins and changes in the expression profile temporally
and spatially reflect the differentiation status of epidermal
cells both in development and in mature epidermal tissue.®

The expression of cytokeratin 15 (K15) is thought to have
stem cell characteristics”'® and enrichment has been ob-
served in the HF bulge region where multipotential epider-
mal stem cells are located.!*!2 The HFSCs sustain growth
and cycling of the HF and they are known to play a major
role in maintaining skin homeostasis.!® Actually, human
HF bulge is an important niche for HFSCs and several
authors have described K15 as a putative epidermal stem
cell marker.!>!*1®> In humans, cytokeratin 6 (K6), which
is expressed in epithelial appendages, has distinct tissue
expression patterns, and it is the dominant form in epi-
thelial tissue. K6 is expressed in the inner bulge layer and
is implicated in maintaining HFSC quiescence, whereas
strong K6 expression was observed in the interfollicular
epidermis but not in the bulge region.!® The expression
of the human Ki-67 protein is properly associated with
cell proliferation and this makes it an excellent marker
for determining the growth fraction of a given cell popu-
lation.'” Indeed, Ki-67 immunoreactivity (IR) is a useful
tool for cell proliferation in HF matrix keratinocytes below
the widest part of the dermal papilla and bulge. The on-
set of catagen is characterized by a noticeable reduction
in the percentage of Ki-67-positive matrix keratinocytes,
with virtually no Ki-67-positive HF keratinocytes present
in late catagen.!®

Over the years, both human and mouse disorders have
shown additional complex functional roles for cytoskeleton
keratins, which are involved in the modulation of apopto-
sis, cell growth, tissue polarity, wound response and tissue
remodeling.>”! The HF is an established tissue source
for cell-based therapy. The skin stem cells of HF are in clin-
ical set up for a long period of time and many cell-based
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applications are there for the management of disorders.
Thus, some investigators have used HFSCs for cell-based
clinical needs such as vitiligo.?° In this context, the results
of many studies have suggested that an abnormal stem cell
marker, such as K15 expression, potentially plays a role
in the pathogenesis.?!

Previous studies have shown body region-dependent
HF characteristics concerning follicular size and fol-
licular distribution, and demonstrated that each region
of the body disposes of its own hair follicle characteristics.
In these studies, the hair follicle density on the forehead,
cheek, chest and back of the human body has been de-
termined.?? Nevertheless, the expression patterns of use-
ful markers used in HF studies in different skin regions
are poorly understood. However, the determination
of these markers in different skin regions and a comparison
of expression intensities can be an important contribution
to treatments for skin injury, cancers and hair loss. Hence,
we aimed in this preliminary study to evaluate the expres-
sion intensities of markers such as K15 and K6 identified
in hair follicle cells found in different skin regions. More-
over, to the best of our knowledge, this is the 1% study
to evaluate apoptosis and proliferation of keratinocytes
in the HF bulge of different skin regions.

Material and methods

The study was approved by the clinical research eth-
ics committee of Faculty of Medicine, Erciyes University,
Kayseri, Turkey (number: 197). All volunteers gave written
informed consent and the protocol was approved by the in-
stitutional review board.

Specimens

Human healthy hair skin biopsy specimens were tak-
en from each routine surgery from 5 various donor sites
(scalp, leg, abdomen, back and waist). This process was
conducted with written consent, under the same condi-
tions, i.e., at the same room temperature and humidity.
The voluntary donors were all patients from the Neuro-
surgery Department and the Plastic and Reconstructive
Surgery Department at the Erciyes University, Kayseri,
Turkey. All experiments were carried out according
to the Helsinki guidelines, in compliance with national
regulations for the experimental use of human material.
We examined 38 samples of healthy skin from various
donor sites and their description is shown in Table 1. None
of the volunteers suffered from any kind of skin disease,
hormonal dysregulation or adiposity. Also, they did not
have any diseases such as cancer or autoimmune diseases.
The excised hair skin biopsies were transported in Wil-
liams E medium (Biochrom, Cambridge, UK) on ice and
transferred to the laboratory of histology and embryology
immediately.
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Table 1. Classifications of healthy skin specimens gathered from various
donor sites of the body according to individual’s gender and age range

Body Female Male ‘ Total Age range

region [n] [n] [n] [years]
Scalp 6 5 " 22-60
Leg 3 10 13 24-72
Back 6 4 10 30-75
Abdomen 5 3 8 31-69
Waist 5 4 9 29-58

n — number of examined healthy individuals.

Tissue preparation
and histochemistry analysis

Normal hair skin tissue specimens were first shaved
using a scalpel and dissected into approx. 0.5 cm? pieces
before being washed 1-3 times with phosphate-buffered
saline (PBS) to remove cell debris. The skin biopsies were
embedded in Shandon Cryomatrix (Thermo Fisher Scien-
tific, Waltham, USA), snap-frozen in liquid nitrogen, and
stored at —80°C until use. All specimens were covered with
poly-L-lysine and the sections were placed on slides for ex-
amination. Cryosections (7 pm thick) were first air-dried
for 10 min, fixed in acetone at —20°C for 10 min, and then
air-dried again for 10 min. Longitudinally cut hair skin
specimens were stained by hematoxylin & eosin (H&E).
The hair skin sections were studied using light microscopy
(Olympus BX51 fluorescent microscope; Olympus, Tokyo,
Japan). Photos were taken using a Olympus DP71 (Olympus,
Tokyo, Japan) digital camera.

Immunofluorescence staining

Immunofluorescence staining was used to detect K15,
K6, Ki-67 and terminal deoxynucleotidyl transferase-me-
diated digoxigenin-dNTP nick end-labelling (TUNEL) IRs
in the HFs.

K15 immunofluorescence staining

To identify the IR of K15 in the bulge region of the HFs
in human skin via immunofluorescence staining, we used
the tyramide signal amplification method, according
to Kloepper et al.?® After fixation, the cryosections were
washed 3 times by using a TNT (Tris-HCl NaCl Tween)
buffer for 5 min. Next, horseradish peroxidase was blocked
by washing with 3% H,O, in PBS for 15 min. The sections
were incubated with avidin and biotin for 15 min. Prein-
cubation was performed in 5% goat normal serum in TNT
for 30 min. Primary antibodies (K15) diluted in TN'T (1:400
dilution Chemicon CBL; Merck, Billerica, USA) were in-
cubated overnight at 4°C, followed by a biotinylated sec-
ondary antibody goat anti-mouse (1:200 dilution in TNT)
for 45 min at room temperature (RT). For the next steps,
a tyramide signal amplification kit (TSA kit; Perkin-Elmer,
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Boston, USA) was administered (1:100 dilution in TNT)
for 30 min at RT. The reaction was amplified by tetramethyl-
rhodamine-tyramide amplification reagent at RT for 5 min.
The cryosections were counterstained with 4;6-diamidino-
2-phenylindole (DAPI) (Sigma, St. Louis, USA) for nucle-
ar staining for 1 min and mounted with Fluoromount-G
(Southern Biotechnologies, Birmingham, USA).

K6 immunofluorescence staining

Cryosections (7 um) stored at —80°C were first air-dried
for 10 min, fixed in acetone at —20°C for 10 min and then
air-dried again for 10 min at RT. After the slides were
washed 3 times for 5 min with tris-buffered saline (TBS),
they were preincubated with normal goat serum (10% in tris-
buffered saline) for 20 min. Primary antibody K6 (1:400
in TBS) (Progen, Heidelberg, Germany) was applied di-
rectly on the sections and the slides were incubated over-
night at 4°C in a humidity chamber. After washing 3 times
for 5 min in TBS, the sections were stained with goat anti-
mouse secondary antibody and conjugated with fluores-
cein isothiocyanate (FITCH) (1:200 dilution in TBS; Jackson
ImmunoResearch, Cambridgeshire, UK) for 45 min at RT.
The slides were again washed 3 times for 5 min in TBS.
Following each step, the cryosections were counterstained
with DAPI (Sigma, St. Louis, USA) for 1 min. The slides
were mounted by using Fluoromount-G (Southern Biotech-
nologies, Birmingham, USA). For immunostaining assays,
primary antibodies were omitted as a negative control.

Ki-67 and TUNEL double staining assay

To compare proliferation and apoptosis of human
HFs in the various hair cycles of different body regions,
Ki-67 and in situ terminal deoxynucleotidyl transferase-
mediated digoxigenin-dNTP nick end-labelling (TUNEL)
double staining method were used. The TUNEL method
was utilized to show the apoptotic cells of human HF,
while the Ki-67 marker was used for detecting proliferating
cells. For double immunofluorescence staining of TUNEL-
positive cells and Ki-67 IR, the protocol for the TUNEL
technique was combined with the manufacturer’s protocol
for Ki-67 immunofluorescence.?* The TUNEL apoptosis
detection kit (ApopTag Fluorescein in Situ Apoptosis de-
tection kit; Millipore, Berlin, Germany) was used accord-
ing to the manufacturer’s protocol. TUNEL staining was
performed using standard protocols. Briefly, 7 um frozen
tissue sections were air-dried for 15 min and postfixed
in ethanol-acetic acid (-20°C) for 5 min, followed by in-
cubation with digoxigenin-dUTP in the presence of TdT
(terminal deoxynucleotidyl transferase) for 1 h at 37°C.
TUNEL-positive cells were visualized by anti-digoxigenin
fluorescence unconjugated antibody. Subsequently, the sec-
tions were pre-saturated with normal goat serum and in-
cubated with the primary Ki-67 antibody (mouse anti-hu-
man 1:100 in PBS) (DAKO, Carpinteria, USA) overnight
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at 4°C. The cryosections were incubated with a secondary
rhodamine-labelled goat anti-mouse antibody (1:200 dilu-
tion in PBS; Jackson ImmunoResearch, Newmarket, UK)
for 45 min at RT after a washing step. Nuclear counter
staining was performed with DAPI (Sigma, St. Louis, USA)
to stain the cell nuclei and mounted with Fluoromount-G
(Southern Biotechnologies, Birmingham, USA). Negative
controls were performed by omitting TdT and the Ki-67
antibody. Images were visualized under an Olympus BX51
fluorescence microscope (Olympus, Tokyo, Japan).

Histomorphometry and statistical analysis

The immunostaining intensity levels for the selected exam-
ined antigens were compared by quantitative immunohisto-
chemistry using Image J software (Image], National Institute
of Health, USA). The IR intensities of K15 and K6 of at least
3 HFs randomly defined for 5 different groups were evalu-
ated from each individual. The mean of the IR intensities
for K15 and K6 was calculated by using Image ] software
at high power fields (x400 magnification). To obtain numbers
for Ki-67 and TUNEL-positive cells, 3—7 hair follicles per each
region were analyzed. The numbers of the Ki-67 and TUNEL-
positive cells in the bulge regions of each HF were counted
by Image ] software, irrespective of the follicular cycle.

For evaluating statistical significance, these measure-
ments were pooled and the mean + standard deviation
values were calculated. All statistical procedures were per-
formed by statistical analysis software SPSS v. 15.0 (SPSS
Inc,, Chicago, USA). One-way analysis of variance (ANOVA)
compared the staining intensity values between groups.
When the p-value from one-way ANOVA test statistics was
statistically significant, a post hoc Tukey HSD nonparamet-
ric multiple comparison test was used to determine which
group differed from which others. The results were consid-
ered significant if the p-value was <0.05.

Results
Histological findings
A comparison of HF samples originating from differ-

ent donor sites showed the same features as those known
from the histologic examination. In the study, primarily
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the histological structures of HFs were examined in hairy
skin specimens taken from different regions of the human
body, and the HFs were evaluated histologically. Stain-
ing the HF sections with H&E allows a clear visualization
of the different follicular compartments. Histological im-
ages from HFs of different skin regions are shown in Fig. 1.
From the histological examination, it was observed
that HFs from scalp tissue showed a complete histological
stratification, whereas HFs from other regions (leg, abdo-
men, back and waist) did not show complete stratification.

Immunofluorescence findings

In this part of the study, K15, K6, Ki-67 and TUNEL im-
munofluorescence staining used in HF hair follicle studies
were selected and expression intensities in the HFs from
different skin regions of these antibodies were calculat-
ed. K15-positive IR was observed in the outermost layer
of the outer root sheath in the bulge of HFs, corresponding
to the human bulge region in all regions of HFs. When
the HFSCs with K15 IR intensities were compared with
other regions, it was observed that the highest expres-
sion was in the HFSCs taken from the scalp tissue. Inter-
estingly, when K15 expression was evaluated, the HFSCs
in the back and leg region showed almost as much
as the HFSCs in the scalp (Table 2). In our study, the de-
crease in IR intensity of K15 was statistically significant
in the HFs on the waist and abdominal regions, compared
to the scalp and back regions (p < 0.001). Additionally,
there were no significant differences between in the HFs
taken from the scalp region and the back or leg regions
in terms of K15 IR intensity (p > 0.05) (Fig. 2).

Moreover, K6 expression was present in the keratinocyte
cells of all HFs when the HFs in different skin regions
were evaluated in terms of K6 expression levels. However,
it was determined that the IR intensity of K6 differed ac-
cording to the region of the HF. The HFs with the most
intensive K6 expression was observed in the scalp tissue.
Immunoreactivity intensity of K6 was higher in the scalp
region than the abdomen region, and this difference was
statistically significant (p < 0.05). According to our results,
while the HFs in the back region showed similar K6 ex-
pression to the scalp HFs, K6 levels were not statistically
significantly different between the scalp and back regions,
as shown in Table 2 (p > 0.05) (Fig. 3).

Table 2. Immunoreactivity intensity of K15, K6 and Ki-67 terminal deoxynucleotidyl transferase-mediated digoxigenin-dNTP nick end-labelling
(TUNEL)-positive cell number in HFs of different skin regions

Markers Abdomen
K6 74.67 +£13.35 70.90 £11.12 68.63 £16.99 7335 £13.33 70.34 £11.01 0.020
Ki-67 17.85 £6.92 1547 £5.77 14.67 £5.08 14.67 £5.08 14.61 £5.04 0.354
K15 38.58 £9.80™ 33.17 £843 30.88 +£8.52 35.27 £8.57" 32.73 £791 <0.001
TUNEL 6.93 +3.50 6.31 £3.35 6.33 £3.55 6.23 £4.00 6.17 £3.95 0.984

’

Data is expressed as mean + standard deviation. Comparisons: ~ scalp region vs abdomen region (p < 0.05); ** scalp region vs abdomen and waist regions (p
< 0.001). One-way analysis of variance (ANOVA) and post hoc Tukey test statistical analyses were used.
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Fig. 1. Hematoxylin and eosin histochemistry: the overview of bulb and bulge regions of a HF of scalp tissue and the section of HFs taken from other skin regions

* melanocytes; DP — dermal papilla; HS — hair shaft; IRS — inner root sheath; ORS — outer root sheath; original magnification (x400).

The cell apoptosis in the outer root sheath is most fre- to simultaneously show both proliferative and apop-
quently assessed by the addition of synthetic, detectable totic cells by this method. Therefore, TUNEL and Ki-
nucleotides (AUTP) at DNA breaks by terminal transferase 67 documented massive intraepithelial apoptosis and
activity, that is TUNEL immunofluorescence, properly proliferation of keratinocytes in the bulge. In the Ki-67
in conjunction with Ki-67 IR. It provides information and TUNEL double-staining, whereas TUNEL-positive
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Fig. 2. The HF stem cells in the bulge region of the HFs from all different skin regions showing K15 IR. K15 immunofluorescence staining

Original magnification (x400); DAPI - 4;6-diamidino-2-phenylindole.
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Fig. 3. Immunoreactivity intensity of K6 in the HFs of different body regions. K6 immunofluorescence staining

Original magnification (x400); DAPI - 4;6-diamidino-2-phenylindole.
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cells seemed bright green, Ki-67-positive cells had bright
red nuclei. The number of Ki-67-positive cells was
highest in HFs of the scalp region, whereas the lowest
Ki-67-positive cell number was observed in HFs of the abdo-
men region. However, this difference was not statistically sig-
nificant (p > 0.05). The number of TUNEL-positive cells was
the highest in the HFs of scalp tissue, compared to the bulge
regions of HFs obtained from other regions. There were
TUNEL-positive cells in the bulge of HFs from differ-
ent skin regions, but no significant difference between
the scalp region and other regions in terms of the TUNEL-
positive cell numbers (p > 0.05) (Table 2, Fig. 4).

Discussion

Cytokeratins play a critical role in differentiation and
tissue specialization, and function to maintain the over-
all structural integrity of epithelial cells. They are useful
markers of tissue differentiation and also define the ana-
tomical location of the niche, especially K15. Previous stud-
ies of the IR pattern of human HFSCs indicate that K15 IR
is upregulated in the scalp human bulge compared with
other regions of the ORS. The HFSCs were shown by im-
munostaining and microarray analyses, which demonstrat-
ed K15 upregulation in mice and human HF bulge cells.!*
Under normal conditions, the epithelial compartments
of the HF and interfollicular epidermis remain discrete,
with K15-positive and bulge stem cells contributing proge-
ny for HF reconstruction during the hair cycle. Garcin et al.
have suggested that bulge cells only respond to epider-
mal wounding during later stages of repair.?® In our study,
we investigated the outer root sheath of human HFs taken
from 5 different skin regions, the head, leg, abdomen, back
and waist, by using the K15 marker. We demonstrated
that the highest expression was in the HFSCs taken from
the scalp tissue. Furthermore, the HFSCs in the back and
leg region showed nearly the same HFSCs as in the scalp,
as opposed to in the waist and abdominal regions. This
finding suggests that these regions may be as suitable
as HFs taken from scalp tissue for stem cell isolation.

Additionally, suprabasal expression of K15 has also been
reported in both normal and diseased tissues, which is in-
compatible with its role as a stem cell marker.?® Many
disorders of the skin, such as cancer, chronic wounds, skin
atrophy and fragility, hirsutism, and alopecia, can be in-
vestigated as disorders of adult stem cells. Because stem
cells in the epidermis and HF serve as an excellent source
of cells, understanding the control of their proliferation
and differentiation is crucial to fully understand the dis-
orders associated with the disruption in these processes.?”
K15 has been indicated to be expressed in variants of hu-
man basal cell carcinoma and other neoplasms of skin
appendages such as sebaceous neoplasms and trichoepi-
thelioma.?® A study by Quist et al. showed that expres-
sion of potential stem cell markers of the epidermis and
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HF was observed in the skin tumors of appendages and
human basal cell carcinomas.? Also, they demonstrated
that many of these markers appeared to be downregulated
during tumor progression. These studies have expressed
the importance of general HF markers in that it can change
expression levels in some pathological conditions. There-
fore, it is important to determine the expression levels
of specific markers in HFs taken from different skin
regions. Although there are numerous immunohisto-
chemical and immunofluorescence studies of HF specific
markers on both normal and pathologic skin, expression
patterns in the HFs of the different skin regions has been
not been addressed. Our study is the 15 one to investigate
this hypothesis. We investigated the expression patterns
of K15, K6 and proliferative cell number with Ki-67 in dif-
ferent skin regions. In the present study, the HFSCs showed
K15-positive expression in all of the HFs taken from dif-
ferent skin regions in the ORS of the follicle. According
to our results, K15 IR intensity was higher in the HFSCs
of the scalp tissue than in other tissues.

It may be considered that the role of constitutive K6
expression is one reinforcement needed only to withstand
increased mechanical stress. It is a marker for the prolif-
erating epithelial layer and is exudative in keratinocytes
in the specialized epithelium of the HF. In the current
study, the HF keratinocytes taken from different skin re-
gions were determined by K6 immunofluorescent staining
method and K6 IR was present in all HFs taken from differ-
ent skin regions, especially the innermost cells surround-
ing the hair shaft as is supported by other studies.?® Some
lesions reflect a loss of the structural support function
shared by K6, other keratins or intermediate filament pro-
teins. In our study, most of the K6 expression was observed
in the HFs belonging to the scalp tissue, whereas the HFs
of the back region showed a K6 expression density close
to scalp tissue. Additionally, in the HF sections of the other
regions (leg, abdomen, and waist) there was less expression
intensity of K6 than the densities of expression in the back
and scalp region, but these results were not statistically
significantly different.

The proliferative and apoptotic cell numbers of the HFSCs
in different skin regions are also important, considering
the studies on HFSCs. Ki-67, a cell proliferation marker,
is a useful component for gaining information on cell
proliferation in cryosections and is commonly used
in HF studies. During anagen, Ki-67 IR is most promi-
nent in hair matrix keratinocytes below the widest part
of the dermal papilla. The onset of catagen is described
by a marked reduction in the percentage of Ki-67-posi-
tive matrix keratinocytes, with virtually no Ki-67-pos-
itive HF keratinocytes present in late catagen.!® Con-
trary to conventional information, even in telogen HFs,
some keratinocytes still enter into the cell cycle.?® In our
study, we performed Ki-67 and TUNEL double stain-
ing to show cell proliferation and apoptosis. The num-
ber of Ki-67-positive cells was observed in keratinocytes
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Abdomen

937

Fig. 4. While apoptotic cells were labeled with TUNEL, proliferative cells were determined with Ki-67 in ORS keratinocytes of HF bulges from different skin
regions. TUNEL-positive cells reflect green immunofluorescence, whereas Ki-67-positive cells reflect red immunofluorescence

TUNEL - terminal deoxynucleotidyl transferase-mediated digoxigenin-dNTP nick end-labelling; ORS - outer root sheath; DAPI - 4,6-diamidino-2-phenylindole.

in the bulge of all HFs taken from different skin regions.
Additionally, apoptosis was also viewed in some cells
that form the HF bulge of different skin regions. In this
study, there was no significant difference in the Ki-67
and TUNEL-positive cell numbers in the keratinocytes
of the HF bulge regions taken from different skin regions.

In recent years, cell-based therapies, particularly those
using stem cells, for improving survival, have emerged

as a promising approach for the treatment of severe dis-
eases. The conversion of stem cells to other cells has also
increased the interest in these cells. The ease of tissue
harvesting and multipotent nature of the resident stem
cells in the HF has encouraged basic and clinical research
in this area. As a novel cell source, mesenchymal stem cells
separated from human HFs are appropriate to obtain, have
no age limit, and are easily accessible.?! These results have
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increased the interest especially in working on HFSCs.
However, it may also be important to know which skin
regions the HF should be taken from in such studies.

There have been many studies on the size and diam-
eter of the HF and also the volume of the dermal papil-
lae in different body regions.??3%33 Otberg et al. showed
the diversity of HF sizes in different body regions in their
study, which emphasizes the importance of understanding
and calculating the follicular penetration and permeabil-
ity processes of HF density and size.?? Only a few studies
have been performed for the determination of vellus HF
density on the human body.!*?* A study by Blume et al.
determined the HF density on the forehead, cheek, chest,
and back.?? In this study, an average density of 423 fol-
licles per cm? was identified on the forehead and a mean
density of 92 follicles on the back. Additionally, Pagnoni
et al. found a density of 455 HFs on the lateral forehead
and the highest density on the nasal wing, with 1220 fol-
licles per cm?.33 However, because of the relatively lower
growth of the head in comparison to the extremities,
the HFs are much more numerous on the face and scalp
than on the legs and arms.®® On the other hand, Otberg
et al. stated that the highest HF density and percentage
of follicular orifices on the skin and infundibular surfaces
were observed on the forehead, whereas the highest aver-
age size of the follicular orifices was measured in the calf
region.?? In their study, the highest infundibular volume,
and therefore a potential follicular reservoir, was calcu-
lated for the forehead and the calf region, although the calf
region showed the lowest HF density.

Studies on the functions, molecular mechanisms and
hormonal controls of HFSCs continue. In the research
literature, there were no studies on the expression of HF
specific markers in vellus type HFs in different regions
of the human body as well as terminal HFs. Therefore,
the knowledge of IR intensity of specific markers in the HFs
obtained from different areas can be important for under-
standing the characteristics of the isolated HF. This was
a preliminary study that investigated the IR of specific
markers in the HFs according to different skin regions.
Here, we have shown that the IR of HF specific markers
can vary according to different skin regions. These find-
ings might play a crucial role for tissue sample diagnosis
and prognosis of being both biologically and clinically im-
portant in the future, and could be exploited for research
and therapeutic purposes. Further studies are required
to address whether the differences in the expression pat-
terns of molecular markers is a result of an age-related
dissociation or a site-specific differentiation at the tissue
and cellular levels in humans.
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Abstract

Background. MicroRNAs (miRNAs) are small non-coding RNAs which have been considered as major players
in the process of carcinogenesis and drug responsiveness of breast cancer.

Objectives. In this study, we aimed to investigate the expression pattern of let-7a and miR-205 tumor-
suppressor miRNAs in breast cancer cell lines under treatment with paclitaxel.

Material and methods. The half maximal inhibitory concentration (ICso) of paclitaxel was determined for
4breast cancer cell lines, including MCF-7, MDA-MB-231, SKBR-3, and BT-474 by an MTT assay. The expression
level of let-7a and miR-205, and their targets, K-RAS and HER3, was determined before and after treatment
with paclitaxel, using quantitative reverse transcriptase real-time polymerase chain reaction (qRT-PCR).

Results. After treatment, the expression level of both let-7a and miR-205 was significantly increased in HER2-
overexpressing cell line BI-474 (26.4- and 7.2-fold, respectively). In contrast, the HER2-neqative cell lines
MCF-7 and MDA-MB-231 showed a significantly decreased expression of both let-7a (30.3- and 13.5-fold,
respectively) and miR-205 (20- and 18.1-fold, respectively). Controversially, SKBR-3 revealed a significantly
decreased expression of both let-7a (1.3-fold) and miR-205 (1.3-fold). The expression level of K-RAS as a target
of let-7a decreased in all cell lines significantly, but the pattern of alteration in the expression level of HER3
as a target of miR-205 in all cell lines was the reverse of the pattern of alteration in the expression level
of miR-205.

Conclusions. Our results confirmed a better response of HER2-overexpressing breast cancer to paclitaxel
at the miRNA level. One putative reason could be the uprequlation of tumor-suppressor miRNAs after treat-
ment with paclitaxel. On the other hand, HER2-neqative breast cancer cell lines showed a significantly
decreased expression of tumor-suppressor miRNAS, a putative mechanism of resisting the therapy.

Key words: breast cancer, microRNA, tumor-suppressor, Taxol
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Introduction

During the past decades, breast cancer has been the
most frequent type of carcinoma and the second most fa-
tal cancer among women worldwide. Importantly, both the
prevalence and mortality of breast cancer is increasing’;
it has been estimated that 249,260 new cases and 40,890
deaths due to breast cancer will occur in the United States
in 2016.> Breast cancer occurs as a result of a collection
of genetic alterations and environmental factors.> Among
the well-known genetic loci related to breast cancer are:
breast cancer susceptibility gene 1 (BRCAI) and breast
cancer susceptibility gene 2 (BRCA2), human epidermal
growth factor receptor-2 (HER-2) and tumor protein p53
(TP53).47% Dietary habits like consuming fat-rich foods,
presence of chemical substances in food, long exposure
to estrogen, e.g., excessive use of steroids, and use of alco-
hol are examples of environmental risk factors.>’ Breast
cancer is a heterogenic disease which includes molecular
subtypes, characterized by immunohistochemical expres-
sion of estrogen receptor (ER), progesterone receptor (PR)
and HER-2. These molecular subtypes differ in response
to treatment, progression and preferential organs to me-
tastasis.®® The treatment approaches for breast cancer are
surgery, radiation and chemotherapy with different agents,
such as taxanes, anthracyclines, hormone-based drugs,
and also targeted therapy with monoclonal antibodies.!

Taxol (paclitaxel) is a member of the taxane family with
a plant origin that is among the effective chemotherapy
agents in the treatment of breast cancer. The mechanism
of its action is the induction of dimerization and the pre-
vention of depolymerization of tubulins. Cells lose their
flexibility and cannot divide, thus, the tumor progression
is stopped. Paclitaxel can be used alone or in combination
with other chemotherapy or immunological agents as first-
line and also salvage therapy in advanced tumors. Particu-
larly, the use of paclitaxel in a regimen including anthra-
cycline significantly improves the chance of survival.l!

MicroRNAs (miRNAs) are a group of conserved non-
coding RNAs which regulate gene expression through the
regulation of targeted mRNAs or the prevention of their
translation. They play an essential role in cellular process-
es, and subsequently various physiological and pathologi-
cal conditions, such as cancer.!?!3 The first study related
to the importance of miRNAs in breast cancer was done
in 2005, and it demonstrated a significant deregulation
of 5 miRNAs in breast cancer.* Since then, studies have
been improved in this context and shown the importance
of miRNAs in the prognosis, metastasis and drug resistance
of different subtypes of breast cancer. As a general rule,
the miRNAs involved in breast cancer include 2 groups:
oncomirs with oncogenic nature (which are upregulated
during carcinogenesis) and tumor-suppressor ones with
the ability to prevent breast cancer initiation, progres-
sion and metastasis (downregulated in malignancy). Sev-
eral miRNAs have been introduced in breast cancer as
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tumor-suppressors which target the mRNAs of oncogenes.
Among the best-known tumor suppressor miRNAs are
the let-7 family and miR-205.1> Let-7 is the second identi-
fied miRNA in Caenorhabditis elegans and the first one
in humans. The let-7 family contains 13 members encod-
ed from different loci. The role of this family of miRNAs
is promoting differentiation, and their expression is low
in embryonic and cancerous cells because of poor differ-
entiation.!® As the let-7 family of miRNAs target mRNAs
of some important oncogenes, such as RAS and HMGA?2,
several studies have introduced this family of miRNAs as
tumor-suppressor miRNAs in breast cancer.!”-*' MiR-205
is located in 1g32.2 and plays a role in the evolution of 3
organs: the breast, prostate and thymus.?? Studies on the
relation of this miRNA to breast cancer have demonstrated
the tumor-suppressing nature of miR-205.1 Among the
oncogenes targeted by miR-205 are HER-3 and vascular
endothelial growth factor-A (VEGF-A), with roles in pro-
moting cell proliferation, angiogenesis and metastasis.?3

Because of the role of tumor-suppressor miRNAs in pre-
venting breast cancer progression and the usefulness
of them in predicting the outcome and response of cancer
to treatment, the aim of this study was to investigate the
effect of the anticancer drug paclitaxel on the expression
levels of let-7a and miR-205 and their targets in different
subtypes of breast cancer cell lines.

Material and methods
Cell culture

The human breast cancer cell lines MCF-7, MDA-MB-231,
SKBR3, and BT-474 were purchased from the national cell
bank of Iran (Pasteur Institute, Tehran, Iran) and cultured
in RPMI1640 (Gibco; Thermo Fisher, Waltham, USA) me-
dium supplemented with 10% fetal bovine serum (FBS)
(Gibco), penicillin (100 IU/mL) and streptomycin (100 mg/
mL) at 37°C with 5% CO, and humidified air.

MTT assay

The inhibitory concentration 50% (ICs) of paclitaxel was
determined for each cell line with an MTT assay. Brief-
ly, 15 x 102 cells of each cell line were seeded in 96-well
plates. After reaching 70-80% confluency, the cells were
treated with different concentrations of paclitaxel. After
24 h of treatment, MTT dye (Sigma-Aldrich, St. Louis,
USA), and subsequently its dissolvers, dimethyl sulfox-
ide (DMSO) and Sorenson’s buffer, were added. The opti-
cal density (OD) of each concentration was measured at
570 nm and IC5, was calculated using Prism v. 6.0 software
(Graphpad Software, La Jolla, USA). The MTT assay was
performed in 2 steps. First, all cell lines were treated with
concentrations of 0.1 nM, 1 nM, 10 nM, 100 nM, 1 uM,
10 uM, and 100 uM. According to the data from step 1 and
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determining the narrower range of paclitaxel concentration,
the cells were treated with limited concentration ranges
(for MCE-7: 125 nM, 250 nM, 500 nM, 1000 nM, 2000 nM,
4000 nM, and 8000 nM; for MDA-MB-231: 153 nM,
306nM, 612nM, 1225nM, 2450 nM, 4900 nM, and 9800 nM;
for SKBR3:100nM, 1000 nM, 10,000 nM, 25,000 nM, 50,000
nM, 100,000 nM, and 250,000 nM; for BT-474: 0.1 nM,
1 nM, 10 nM, 25 nM, 50 nM, 100 nM, and 250 nM). All
assays were done in triplicate.

RNA extraction
and complementary DNA synthesis

In the study, 10° cells were seeded in a 6-well plate
overnight, and paclitaxel was added to the wells in ICs
concentrations determined by the MTT assay. After 24 h,
total RNA was extracted from both untreated (as a control
group) and treated cells by RNX-PLUS reagent (SinaClon;
Vivantis, Tehran, Iran) according to the manufacturer’s in-
structions. The quality and quantity of the extracted RNAs
were evaluated using spectrophotometry and agarose gel
electrophoresis. For miRNA detection, complementary
DNA (cDNA) samples were prepared by Universal cDNA
Synthesis Kit I (Exiqon A/S, Vedbeek, Denmark) according
to kit instructions.

The cDNA synthesis for the quantification of the expres-
sion level of target mRNAs was performed as described
elsewhere.?*

Quantitative real-time polymerase
chain reaction

The expression levels of all miRNAs and mRNAs in each
cell line before and after treatment with paclitaxel were
assessed using SYBR green-based quantitative reverse tran-
scriptase real-time polymerase chain reaction (QRT-PCR)
(Yekta Tajhiz Azma, Tehran, Iran). We used U6 as an inter-
nal control to normalize the miRNAs level expression and
[-actin (for cell lines MCF-7, MDA-MB-231 and SKBR3) and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (for
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BT-474) to normalize real-time PCR data for the expression
level of the mRNAs of target genes. The sequences of prim-
ers used and annealing temperatures are listed in Table 1.

Statistical analysis

Statistical analysis was performed with Prism v. 6.0
software (Graphpad Software). We used a multiple t-test
to compare the data of the 2 groups (treated and untreated);
p-values <0.05 were considered statistically significant.

Results

Inhibitory concentration 50% of paclitaxel
for breast cancer cell lines

To determine ICs, concentration of paclitaxel for each
cell line, the MTT assay was run in 2 steps, first with
a larger range, and then with a limited range. Our results
showed specific IC5, concentrations of paclitaxel for each
cell line: 3.5 uM for MCF-7, 0.3 uM for MDA-MB-231,
4 uM for SKBR3, and 19 nM for BT-474.

The effect of paclitaxel
on the expression levels of let-7a
and miR-205, and their targets

The results from quantitative real-time PCR and subse-
quent statistical analysis showed differential effects of pa-
clitaxel on the expression levels of let-7a and miR-205,
and their targets, K-RAS and HER-3. HER-2 overexpress-
ing BT-474 cell line showed a different pattern of al-
tered expression of both miRNAs, i.e., paclitaxel caused
asignificant overexpression of let-7a (26.4-fold) and miR-205
(7.2-fold) (Fig. 1A,1C). Inversely, SKBR-3, MCF-7 and MDA-
MB-231 showed a significant downregulation of both miR-
NAs. It is important to note that this effect is much less
pronounced in the HER-2 positive SKBR-3 cell line (1.3-fold
for both miRNAs, let-7a and miR-205) in comparison to the

Table 1. Sequences of primers and annealing temperatures used for quantitative real-time PCR

Target gene

Annealing temperature

B-actin

GAPDH

Primer sequence

R: 5-GGCCTTGCAACCTTGGTCTCTTCGS
HER-3 F: 5“TCTACTCTACCATTGCCCAACGC3' R: 5-GGAACCATCGGGAACTGACC3! 59

F: 5-TCCCTGGAGAAGAGCTACG-3'
R: 5-GTAGTTTCGTGGATGCCACA-3'

F: 5-CAAGATCATCACCAATGCCT-3'
R: 5~ CCCATCACGCCACAGTTTCC3!

[°q
Let-7a* 5-UGAGGUAGUAGGUUGUAUAGUU-3' 60
miR-205* 5-UCCUUCAUUCCACCGGAGUCUG-3' 60
ue* 5-GGG CAG GAA GAG GGC CTAT-3' 60
K-RAS F: 5-CTCCCTGTGTCAGACTGCTCTTT-3 60

59

59

PCR - polymerase chain reaction; * sequence for target gene.
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HER-2 negative MCF-7 (30.3-fold for let-7a and 20-fold for
miR-205) and MDA-MB-231 (13.5-fold for let-7a and 38.4-
fold for miR-205) cell lines (Fig. 1A,1C).

Altered expression of K-RAS and HER-3 as targets for
let-7a and miR-205, respectively, was found controver-
sial. K-RAS showed a significantly reduced expression
in BT-474 (1.2-fold), SKBR-3 (7.4-fold), MCF-7 (1.96-fold),
and MDA-MB-231 (1.76-fold) (Fig. 1B). On the other
hand, HER-3 showed an altered expression level related to
miR-205. HER-3 was downregulated in BT-474 (1.58-fold),
but upregulated in SKBR-3 (5.9-fold), MCE-7 (1.4-fold) and
MDA-MB-231 (8.03-fold) (Fig. 1D).

Discussion

Ithasbeen proposed that the altered expression of miRNAs
participates in various aspects of cancer, including ini-
tiation, progression, metastasis, and drug responsiveness/
resistance.'>?>2¢ It has been demonstrated that the pat-
tern of miRNA expression can be changed in response
to treatment with doxorubicin, 5-fluorouracil and trastu-
zumab, and this alteration can be useful for predicting
the outcome of the therapy.2°-2® However, there is no
clear knowledge of the molecular mechanism of pacli-
taxel with regards to its effect on miRNAs expression.
For that reason, we aimed in this study to evaluate the
expression level of 2 tumor-suppressor miRNAs, let-7a and
miR-205, before and after treatment with paclitaxel. Our
results showed that the expression of the miRNAs were
significantly altered in response to paclitaxel, but these
alterations were different in each subtype of breast cancer.

F. Asghari, et al. The effect of Taxol on miRNAs expression

Fig. 1. Alterations in the
expression level of miRNAs

and targeted mRNAs
@ untreated

@ treated The expression level of let-7a (A)

and its target, K-RAS (B),
miR-205 (C) and its target,
HER-3 (D) was quantitatively
evaluated before and after
treatment of the MCF-7,
MDA-MB-231, SKBR3,

and BT-474 cell lines with
paclitaxel, using quantitative
real-time PCR. The expression
levels of the 2 miRNAs were
significantly decreased

in 3 cell lines — MCF-7,
MDA-MB-231 and SKBR3 -
and significantly increased
in BT-474. K-RAS showed
significantly decreased levels
in all cell lines, but HER-3 was
upregulated except for

in the BT-474 cell line.

* < 0.05;** p < 0.005;

%% 15 £ 0,0005.

» HER-3

@B untreated
@ treated

In our study, the expression level of both tumor-sup-
pressor miRNAs, let-7a and miR-205, showed a significant
decrease in 2 HER-2 negative cell lines, MCF-7 and MDA-
MB-231, which was in opposition to the anticancer feature
of the drug. Rossi et al. demonstrated that the expression
level of miR-21, as an oncomir in various types of can-
cer, is increased after the administration of 5-fluoroura-
cil in resistant cells of colon cancer. They described this
observation as a defense mechanism to resist the chemo-
therapy.?® According to the studies done by Konecny et al.
and Hayes et al., HER-2 negative breast tumors show more
resistance in response to paclitaxel in comparison to HER-
2 positive ones.?*3! Our study showed that one of the prob-
able molecular mechanisms of the resistance and a poor
response to paclitaxel in HER-2 negative tumors could
be a decreased expression of tumor-suppressor miRNAs
let-7a and miR-205.

In contrast, we observed a significant increase in the
expression level of both miRNAs in the BT-474 cell line,
with the overexpression of the HER-2 receptor. Accord-
ing to the studies mentioned above, breast cancers with
a high expression level of the HER-2 receptor respond bet-
ter to paclitaxel therapy, and one molecular mechanism
could be the overexpression of tumor-suppressor miRNAs,
as we showed 3032

In our study, SKBR-3, which also expresses the HER-2
receptor, showed a decreased expression of both miR-205
and let-7a after treatment with paclitaxel. According
to Ichikawa et al., the genome amplification of the HER-2
receptor is high, but the expression of this receptor is poor
in SKBR-3 in comparison to BT-474.%” This could justify
our results that showed a decreased expression of let-7a and
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miR-205 in contrast to BT-474, and much less underexpres-
sion than the HER-2 negative MCF-7 and MDA-MB-231
cell lines. Collectively, our results showed a depen-
dence of the altered expression of let-7a and miR-205
and HER2-positivity.

For more evaluation of the molecular aspects of treat-
ment with paclitaxel, we also determined the alterations
of expression of K-RAS as the target of let-7a and HER-3 as
the target of miR-205."23 Treatment with paclitaxel caused
a significant underexpression of K-RAS in 4 studied cell
lines. It has been previously shown that the downregula-
tion of K-RAS is one of the molecular mechanisms of the
effect of paclitaxel, and our results confirmed this find-
ing.3* However, except for in BT-474, the underexpression
of let-7a was not in agreement with a decreased expression
of K-RAS (Fig. 1A,1B). One possible explanation could be
multiple regulatory mechanisms for controlling the ex-
pression of K-RAS, one of the best-known and important
oncogenes in most types of cancer.

HER-3, on the other hand, showed a consistent altered
expression with the expression of miR-205 in all cell lines
(Fig. 1C,1D), albeit with a little inconsistency in the fold
change.

Conclusions

Conclusively, treatment of breast cancer cells causes
alterations in the expression level of let-7a and miR-205,
and also in their targets, K-RAS and HER-3. The pattern
of such alterations is different, depending on the molecular
subtype of breast cancer. Such findings could be a mo-
lecular reason for the different responsiveness of different
subtypes of breast cancer. However, more extensive studies
are needed to find the exact and detailed molecular mark-
ers for predicting response to therapy.
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Abstract

Background. Myeloid-derived suppressor cells (MDSC) play an important role in tumor-mediated immune
evasion. Levels of MDSC in peripheral blood are increased in patients with cancer, correlating with cancer
stage and outcome. Studies have confirmed the associations between MDSC and various cytokines in the
peripheral blood of murine and human cancer hosts. However, little is known about the association between
parenchymal MDSC subsets and cytokines, or the mechanism drawing MDSC into tumor parenchyma.

Objectives. The aim of this study was to analyze the correlation between MDSC subsets and tumor grade as
well as stage in renal cell carcinoma (RCC) patients. The expression of chemokine (C-C motif) ligand 2 (CCL2),
interleukin 17 (IL-17) and interleukin 18 (IL-18) in the peripheral blood and parenchyma of RCC patients was
also detected to explore its correlation with MDSC accumulation.

Material and methods. Total MDSC, granulocytic MDSC (G-MDSC), monocytic MDSC (M-MDSC), and
immature MDSC (I-MDSC) from the blood and parenchyma were isolated and analyzed by flow cytometry.
(ytokines were detected by the enzyme-linked immunosorbent assay (ELISA), real-time polymerase chain
reaction (PCR) and western blot in blood and tumors.

Results. Parenchymal levels of MDSC had a positive correlation with levels of CCL2, IL-17, and IL-18, suggest-
ing these cytokines may attract MDSC into the parenchyma. Moreover, peripheral total MDSC, G-MDSC and
I-MDSC were shown to correlate with tumor grade and stage. Gene and protein expression of (CL2, IL-17,
and IL-18 was significantly increased in blood and tumors of RCC patients.

Conclusions. Ourstudy has provided potential new targets for the risk stratification of patients with limited
stages of renal carcinoma, in addition to elucidating a possible association between MDSC subsets and
cytokine-induced migration into the tumor tissue.

Key words: chemokine (C-C motif) ligand 2, renal cell carcinoma, interleukin 17, interleukin 18, myeloid-
derived suppressor cells
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Introduction

Renal cell carcinoma (RCC) is a kidney cancer originating
in the lining of the proximal convoluted tubule and is the
most common type of kidney cancer in adults, responsible
for approx. 90-95% of cases. It accounts for approx. 3%
of adult malignancies, with close to 64,000 new cases di-
agnosed every year and with a consistent increase in the
incidence rate.! It is well-known that tumor-mediated im-
munosuppression of the microenvironment and immune
evasion contribute to decreased clinical efficacy of immune
and targeted therapy.>? Various cell types are involved
in tumor-mediated immune suppression, such as regulatory
T cells (Tyeq), tumor-associated macrophages (TAMs), and
myeloid-derived suppressor cells (MDSC).*® In particular,
as a heterogeneous cell population, MDSC have become
the focus of intense study in recent years because of their
important role in tumor-associated immune suppression.®

Arising from myeloid progenitor cells, MDSC fail to dif-
ferentiate into mature dendritic cells, granulocytes or macro-
phages, with the capacity to suppress T cell and natural killer
(NK) cell function.” These mechanisms to suppress anti-
tumor immunity by MDSC include depletion of L-arginine
toarrest T cells in mitosis, cystine sequestration to decrease
proliferation, induction of FOXP3* T, cells, down-regula-
tion of CD4 and CD8 T cell homing to lymph nodes, etc.®?

Levels of MDSC in peripheral blood are significantly
increased in patients with cancer, and correlate with met-
astatic burden and clinical cancer stage.!® Granulocytic
MDSC (G-MDSC) additionally express CD15 with CD14
negative, whereas monocytic MDSC (M-MDSC) express
CD14 with CD15 negative, and immature MDSC (I-MDSC)
express neither CD14 nor CD15.1

Granulocytic MDSC are the dominant population in pe-
ripheral blood in RCC, and have been associated with de-
creased overall survival (OS) time. Monocytic MDSC levels
have also been shown to inversely correlate with OS, and
have been described as an independent risk factor for re-
currence in hepatocellular carcinoma.!?"* However, all
of these studies pertained only to peripheral MDSC, and
to our knowledge, no correlation has been made between
intratumoral MDSC levels.

While associations have been confirmed between
MDSC and various cytokines in the peripheral blood
of murine and human cancer hosts, little is known about
the mechanism drawing MDSC directly into the tumor
parenchyma.!® Studies have shown that inflammatory
cytokines such as interleukin-17 (IL-17), interleukin-18
(IL-18) and chemokine (C-C motif) ligand 2 (CCL2) are
related to stimulation of myeloid cells including tumor-
promoting MDSC, inducing the accumulation of MDSC
and enhancing their suppression of T cells.’*-2! However,
the association of cytokine production and accumulation
of MDSC in RCC has not been fully investigated.

Here, we analyzed the relationship between circulating
or intratumoral levels of MDSCs and tumor grade and
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stage in patients with RCC. In addition, we determined the
correlation between MDSC subsets and levels of IL-17, IL-
18, and CCL2 expression in the parenchyma and peripheral
blood in patients with primary RCC tumors. This study
elucidates some of the factors that might promote MDSC
accumulation and lead to tumor immunosuppression.

Material and methods
Renal cell carcinoma tumor lysates

Primary RCC tumor samples were collected from
55 patients prior to nephrectomy according to the IRB
(institutional review board)-approved protocol. A portion
of the tumor sample was flash frozen to make lysates using
FastPrep-24 (MP Biomedicals, Santa Ana, USA) according
to the manufacturer’s manual. Briefly, tumor tissue was
placed in lysing matrix D tubes with RIPA buffer (Ther-
mo Fisher Scientific, Waltham, USA), protease inhibitor
(Sigma-Aldrich, St. Louis, USA) and Halt phosphatase in-
hibitors (Thermo Fisher), incubated and processed in the
FastPrep-24. The lysates were then aliquoted and frozen
at —80°C.

Phenotype analysis of myeloid-derived
suppressor cells subsets from tumor

Phenotyping of MDSC was performed on fresh tumor
samples. Granulocytic MDSC, M-MDSC and I-MDSC
from the parenchyma of 55 RCC nephrectomy samples
were phenotyped using flow cytometry. The tumor was cut
into small fragments followed by digestion for 15 min with
enzyme cocktail (collagenase 1 mg/mL, DNase 0.1 mg/mL,
and hyaluronidase 2.5 U/mL; Sigma-Aldrich), and then
filtered using 70 pm cell strainers (BD Falcon; BD, Frank-
lin Lakes, USA). The single cell suspension was subjected
to 30% percoll gradient over 70% percoll gradient to en-
rich for mononuclear cells, followed by staining cells
with anti-CD33 APC, anti-HLA-DR FITC, anti-CD15
PE and anti-CD14 PerCP antibodies, along with appro-
priate isotype controls (all from BD) for flow cytometry
analysis (BD FACSCalibur; BD) and computer analysis
(CellQuest Pro; BD). Total MDSC were defined as CD33*
HLA-DR""~; G-MDSC were defined as CD33* HLA-
DR*¥/~ CD14-CD15% M-MDSC were defined as CD33*
HLA-DR"Y~ CD14* CD15", and I-MDSC were defined as
CD33* HLA-DR¥- CD14- CD15".

Phenotype analysis of myeloid-derived
suppressor cells subsets from peripheral
blood

Peripheral blood was obtained prior to surgery from
55 patients with tumors, and 15 controls from healthy do-
nors, in accordance with the IRB protocol. The blood was
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subjected to Ficoll-Hypaque density centrifugation and the
buffy layer containing peripheral blood mononuclear cells
(PBMC), including MDSC, was stained with the same anti-
bodies as the tumor for flow cytometry analysis. The flow
data was presented as the percentage of MDSC subsets
in the PBMC buffy layer.

Cytokine levels from tumor
and peripheral blood

The enzyme-linked immunosorbent assay (ELISA) (R&D
Systems, Minneapolis, USA) was used to quantitate levels
of IL-17, IL-18 and CCL2 in tumor lysates and plasma ac-
cording to the manufacturer’s instructions. Protein was
quantitated by the bicinhoninic acid assay (BCA) (Thermo
Fisher) on both parenchymal and peripheral blood samples
to ensure that equal amounts of protein were aliquoted
in each well. Myeloid-derived suppressor cells subsets were
screened with corresponding beads from the tumor lysates.

Quantitative real-time reverse
transcription polymerase chain reaction

Samples from the patients and healthy donors were col-
lected and placed in 100 pL of TRIzol reagent (Thermo
Fisher) to extract the total RNA. Total RNA from samples
was pooled together. Complementary DNA was generated
by adding 1 pg of the total RNA to SuperScript master
mix (Thermo Fisher) and performing reverse transcrip-
tion. Quantitative polymerase chain reaction (PCR) and
melt-curve analyses were performed using iQ SYBR
Green Supermix (Bio-Rad Laboratories, Hercules, USA).
The comparative C; value method was used to quantify
the expression of genes of interest in different samples.
The mRNA levels were normalized to that of a housekeep-
ing gene, Rp/19 mRNA.

Western blot

Total cellular protein from the samples of the patients
and healthy donors was pooled together and quanti-
fied with the BCA protein assay kit. After boiling, equal
amounts of protein (50 pg) from each sample were sub-
jected to electrophoresis on a 10% (v/v) sodium dodecyl
sulfate (SDS)-polyacrylamide gel. The protein was then
electroblotted from gel to a polyvinylidene difluoride
(PVDF) membrane. The membrane was blocked with
phosphate buffered saline-Tween 20 (PBS-T), containing
5% non-fat milk at room temperature for 1 h, and incubated
with the indicated primary antibodies (anti-CCL2 rabbit
pAb ab9669, 1:2000; anti-IL-17 rabbit pAb ab79056, 1:1000;
anti-IL-18 rabbit pAb ab68435, 1:1000; anti-glyceraldehyde
3-phosphate dehydrogenase (anti-GAPDH) rabbit pAb SC-
25778, 1:2000) at 4°C overnight, followed by incubating
with the goat-anti-rabbit horseradish peroxidase-conju-
gated secondary antibody for 1 h. After incubation, the
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membrane was washed 3 times, and the antigen—-antibody
complexes were visualized using the enhanced chemilu-
minescence system.

Statistical analysis

Categorical variables were summarized as frequency
counts and percentages. The Wilcoxon rank-sum and Jonck-
heere-Terpstra tests were used for the comparison of MDSC
between patient groups. Spearman rank correlations were
used to assess the association between MDSC and inflam-
matory factors in tumor samples and blood. A p-value <0.05
was considered as significant difference. SAS v. 9.1 software
(SAS Institute, Cary, USA) was used for all analyses.

Ethics

The present study was approved by the institutional Hu-
man Investigations and Ethics Committee in Shandong
Provincial Hospital Affiliated to Shandong University and
was conducted in accordance with the Helsinki Declara-
tion. Written informed consent was obtained from patients
and healthy donors.

Results
Patient characteristics

The present cohort included 55 patients with RCC prior
to nephrectomy. Median age was 62 (range: 43-68), and
42 patients (76%) were male. 52 patients (94%) had clear cell
carcinoma, and 3 patients had papillary carcinoma. 13 pa-
tients (24%) had grade 2 histology, 25 (45%) had grade 3, and
17 (31%) had grade 4 histology. 28 patients (51%) had stage

Table 1. Patient characteristics

Factor | N (%) or median (range)
Age (range) at diagnosis [years] 62 (43-68)
Gender
Male 42 (76%)
Female 13 (24%)
Histology
Clear cell 52 (95%)
Papillary carcinoma 3 (5%)
Grade
2 13 (24%)
3 25 (45%)
4 17 (31%)
Stage
1 25 (45%)
2 3 (6%)
3 18 (33%)
4 9 (16%)
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I-11, 18 (33%) had stage III, and 9 patients (16%) had meta-
static (stage IV) disease at the time of nephrectomy (Table 1).
Ofthe 9 patients with metastases, 5 had lung, lymph node or
adrenal involvement, 3 had liver metastasis, and 1 had bone
metastasis. No patient had received any systemic anti-cancer
treatment prior to nephrectomy. The peripheral blood analy-
sis of MDSC subsets in RCC patients was compared to the
same populations in the PBMC fraction from healthy donors.

18 7 % Total MDSC

15 | mG-MDSC -
(0]
*%012 NI-MDSC s %/**
o =
: =M-MDSC %** %
2 9 - o
2 6 4
a
=R

0 - RCC tumor
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Fig. 1. Percentage of MDSC subsets from normal individuals, RCC patients’
PBMC and tumors. Compared to healthy donors, the percentage of MDSC,
particularly the G-MDSC and I-MDSC subsets, is significantly increased

in the peripheral blood of RCC patients

The data was expressed as mean +SEM; ™ p < 0.01 vs normal PBMC;
PBMC — peripheral blood mononuclear cells; RCC — renal cell carcinoma;
MDSC — myeloid-derived suppressor cells; G-MDSC — granulocytic
myeloid-derived suppressor cells; M-MDSC — monocytic myeloid-derived
suppressor cells; I-MDSC - immature myeloid-derived suppressor cells.

Myeloid-derived suppressor cells
subset levels were increased in renal cell
carcinoma patients

Gates were set up for analysis of MDSC subsets based
on staining for CD33, HLA-DR, CD15 and CD14. Com-
pared to healthy donor PBMC (n = 15), the number of total
MDSC, G-MDSC and I-MDSC was significantly increased
in RCC patients (Fig. 1).

Peripheral blood was available from 55 patients with
tumors, and 15 normal controls (Table 2). Comparing
MDSC subset levels in each cohort, we found that total
MDSC were 5.6% (median) in patients vs 2.3% in controls
(a 2.43-fold increase, p < 0.001). In addition, G-MDSC were
23.75-fold elevated in RCC patients compared to controls
(1.9% vs 0.08%, respectively; p < 0.001). Immature MDSC
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Fig. 2. Peripheral blood MDSC vs grade and stage in RCC patients

RCC — renal cell carcinoma; MDSC — myeloid-derived suppressor cells;
G-MDSC — granulocytic myeloid-derived suppressor cells; M-MDSC

— monocytic myeloid-derived suppressor cells; I-MDSC — immature
myeloid-derived suppressor cells.

were also elevated in patients compared to controls (2.7%
vs 1.14%, a 2.37-fold increase; p < 0.001). There was no
significant difference in the levels of M-MDSC between
the 2 cohorts.

Myeloid-derived suppressor cells levels
correlate with tumor grade

Increasing peripheral levels of MDSC correlated with
higher tumor grade. Specifically, total MDSC, G-MDSC
and I-MDSC in the periphery of RCC patients correlat-
ed with increasing tumor grade (p < 0.05, p < 0.01 and
p < 0.05, respectively) (Fig. 2 A-C). There was no correla-
tion between peripheral M-MDSC level and tumor grade.
Moreover, the peripheral level of G-MDSC correlated with
higher tumor stage (p < 0.05) (Fig. 2 D).

Cytokines were increased
in renal cell carcinoma patients

Gene and protein expression of CCL2, IL-17 and IL-18
in PBMC and tumors was detected by real-time PCR and
western blot. The results showed that both gene and pro-
tein expression was significantly increased in the RCC
patients comparing to the healthy donors (Fig. 3-4).

Table 2. Comparison of MDSC subsets in peripheral blood between patients with cancer and healthy donors

Factor Controls (n = 15)
Total MDSC 2.3(0.53,6.8)
G-MDSC 0.08 (0.02,0.35)
M-MDSC 041 (0.05,34)
[-MDSC 1.14(0.36, 4.9)

Patients (n = 55)

5.6 (2.6,36.8) <0.001
1.9(0.06, 25.7) <0.001
0.48(0.12, 2.8) 0.55

2.7(0.73,7.8) <0.001

“Wilcoxon rank-sum test; MDSC — myeloid-derived suppressor cells; G-MDSC — granulocytic myeloid-derived suppressor cells; M-MDSC — monocytic
myeloid-derived suppressor cells; I-MDSC — immature myeloid-derived suppressor cells; results expressed as medians.
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Table 3. Correlation between MDSC and IL-17, IL-18 and CCL2 expression in tumor samples from patients with RCC

Tumor lysate

Cytokines

Total MDSC 0.71 <0.01
G-MDSC 0.68 <0.01
M-MDSC -0.21 0.22
I-MDSC 0.39 <0.05

0.62 <0.01 0.49 <0.01
0.66 <0.01 0.56 <0.01
-0.28 0.15 -0.17 046
0.12 0.32 0.65 <0.01

COF — coefficient; MDSC — myeloid-derived suppressor cells; G-MDSC — granulocytic myeloid-derived suppressor cells; M-MDSC — monocytic myeloid-
derived suppressor cells; I-MDSC — immature myeloid-derived suppressor cells; IL-17 — interleukin-17; I.-18 — interleukin-18; CCL2 — chemokine (G-C motif)

ligand 2.
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Fig. 3. Cytokine gene expression was increased in the PBMC and tumor
lysate of RCC patients

"p <005 p<0.01 vs normal PBMC; PBMC — peripheral blood
mononuclear cells; RCC — renal cell carcinoma; IL-17 — interleukin-17;
IL-18 — interleukin-18; CCL2 — chemokine (G-C motif) ligand 2.
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Fig. 4. Cytokine protein expression was increased in the PBMC and tumor
lysate of RCC patients

"p <0057 p<0.01 vs normal PBMC; PBMC — peripheral blood
mononuclear cells; RCC — renal cell carcinoma; IL-17 — interleukin-17;
IL-18 — interleukin-18; CCL2 — chemokine (G-C motif) ligand 2;
GAPDH — glyceraldehyde 3-phosphate dehydrogenase.

Myeloid-derived suppressor cells subsets
correlate with cytokines

Renal cell carcinoma tumor tissue was examined for
expression of cytokines known to promote the trafficking
of MDSC and neutrophils. The results showed that paren-
chymal levels of total MDSC and G-MDSC had a positive
correlation with IL-17 (p < 0.01), IL-18 (p < 0.01) and CCL2
(p < 0.01) (Table 3). In addition, levels of -MDSC correlated
positively with IL-17 (p < 0.05) and CCL2 (p < 0.01), but
not IL-18 (Table 3).

Discussion

Myeloid-derived suppressor cells have emerged as key
effectors in the tumor microenvironment in many solid
tumors, and the factors that influence MDSC recruitment
and function continue to expand. In this study, MDSC
subset levels in the peripheral blood of RCC patients vs
healthy donors were compared and the results showed that
total MDSC, as well as G-MDSC and I-MDSC, are elevated
in patients, which is consistent with several other stud-
ies.?> The levels of M-MDSC did not change significantly,
probably due to its lowest subset proportion or its potential
differentiation into G-MDSC or TAMs.2425 Total MDSC,
G-MDSC and I-MDSC in the peripheral blood of RCC
patients correlated with increasing tumor grade. Moreover,
peripheral levels of G-MDSC correlated with higher tumor
stage (p < 0.05). Although several other studies have shown
a correlation between peripheral MDSC levels and patient
outcomes, to the best of our knowledge, this is the first
time a correlation has been shown between MDSC subset
levels and tumor grade in RCC patients.

Granulocytic MDSC derived from the peripheral blood
have been shown to suppress T cell production of inter-
feron gamma (IFN-y) and T cell proliferation, whose
mechanism of suppression is partly dependent on the
arginase pathway.®122° These findings support the idea
that G-MDSC have the potential to block the develop-
ment of an effective antitumor immunity, thereby pro-
moting tumor progression. Another study showed that
G-MDSC promoted immune suppression and reduced the
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effectiveness of anti-PD-1 antibody therapy in tumor bear-
ing mice. The reduction of G-MDSC with anti-CXCR2
antibody treatment decreased tumor growth and signifi-
cantly improved in vivo activity of anti-PD-1 treatment.?’
Tumor-associated inflammation contributes to cancer
growth and spread, and intratumoral immune cells in-
fluence patient prognosis and survival. Various immuno-
modulatory factors have been linked to increased cancer
metastatic potential.?®

By recruiting monocytes, memory T cells and dendritic
cells to the sites of inflammation, CCL2 has been shown
to be a chemoattractant for MDSC and functions as a neo-
plastic factor that regulates MDSC accumulation and func-
tion and fosters a tumor permissive microenvironment
that influences early-stage carcinogenesis. Chemokine
(C-C motif) ligand 2 contributes intratumoral MDSC ac-
cumulation and influences MDSC-mediated suppression
of CD4* and CD8* T cells via distinct pathways. Con-
stitutive deletion or antibody-mediated neutralization
of CCL2 halts neoplastic progression in an inflammation-
associated tumor model.?*?°

Interleukin-17 is a pro-inflammatory cytokine that
is thought to promote neutrophil chemotaxis and de-
granulation, and increased expression of IL-17 has been
shown in cancer cells and TAMs, suggesting it may play
an important role in the regulation of the tumor micro-
environment. Previous studies have suggested a causal
relationship between IL-17 production and the level of cir-
culating MDSC. Indeed, in addition to IL-6 and tumor
necrosis factor alpha (TNF-a), IL-17 has been shown to be
significantly increased in RCC tissue, and its expression
is dependent on the degree of malignancy.’®30-32Here, we
showed that parenchymal levels of IL-17 correlate with
increased total MDSC (p < 0.01), G-MDSC (p < 0.01) and
I-MDSC (p < 0.05). While this data is associative, it again
suggests that IL-17 plays an important role in immune
modulation of the tumor microenvironment.

Interleukin-18 has been reported to stimulate expression
of hematopoietic cytokines and growth factors such as IL-
3, IL-6, G-CSF and GM-CSEF, which regulate the develop-
ment of neutrophils and differentiation of hematopoietic
cells. Many studies have demonstrated the pivotal role
of IL-18 in immune cell activation and tumor progression.
Interleukin-18 supplementation significantly enhances the
immunosuppressive activity of MDSC.*33 As MDSC have
a wide range of effects in cancer progression and metas-
tasis, we hypothesized that IL-18 may have certain effects
on MDSC biology in RCC.

Although MDSC accumulation correlated with cyto-
kine expression in this study, our sample size was small,
which may have led to type II error, such as the inability
to discern the difference between chemokine levels in the
patients and healthy donors. Moreover, one PBMC sample
from a healthy donor and 2 PBMC samples from patients
with RCC used for chemokine analysis had been re-thawed
one time, which may have led to inter-sample variability.
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However, based on our experience and results, the differ-
ence of chemokine analysis between fresh samples and
re-thawed samples is negligible and it does not under-
mine the reliability of our results. Despite these limita-
tions, our results showed that total MDSC, G-MDSC and
[-MDSC were significantly increased in the blood and
tumors of RCC patients, and total MDSC, G-MDSC and
[-MDSC in peripheral blood correlated with tumor grade.
Myeloid-derived suppressor cells were found to correlated
with intratumoral levels of IL-17, IL-18 and CCL2, suggest-
ing that these cytokines promote accumulation of MDSC
in the parenchyma of the RCC host and MDSC were drawn
into the RCC tumor parenchyma by these factors in the
tumor milieu. Blocking these cytokines may inhibit MDSC
recruitment and delay tumor progression.

Conclusions

Our study has provided potential new targets for the
risk stratification of patients with limited stage renal car-
cinoma, in addition to elucidating a possible association
between MDSC subsets and cytokine-induced migration
into the tumor tissue. Targeting these cytokines may re-
duce MDSC number and function, which could enhance
the efficacy of immunotherapy and targeted therapy ap-
proaches, including immune checkpoint blockade in RCC
patients.
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Abstract

Background. Hemolytic-uremic syndrome (HUS) is a form of thrombotic microangiopathy, in the course
of which some patients may develop chronic kidney disease (CKD). From a clinical point of view, itis important
to search for markers that allow for early identification of patients at risk of a poor prognosis.

Objectives. The study evaluated the serum and urine levels of liver-type fatty acid binding protein (L-FABP)
and interleukin 6 (IL-6).

Material and methods. The study was conducted in 29 children with a history of HUS. The relationship
between [-FABP and IL-6 and anthropometric measurements, the value of estimated glomerular filtration
rate (eGFR) and albuminuria were additionally evaluated.

Results. In children after HUS, L-FABP and IL-6 concentration in both serum and urine was significantly
higher in comparison to the control group. No differences in -FABP and IL-6 concentration in serum and
urine depending on the type of HUS and gender were noted. Correlation between [-FABP and IL-6 in serum
and urine with eGFR and urine albumin-creatinine ratio (ACR) in the total group of patients after HUS was
not detected. In the group of children after 6 month observation after HUS, a negative correlation of [-FABP
concentration with eGFR was found.

Conclusions. The results indicate that the higher concentration of L-FABP in serum and urine of children
with a history of HUS can be the result of protracted injury initiated during the acute phase of the disease.
Lack of correlation of L-FABP concentration with the ACR may be associated with a short (less than 6 months)
observation after acute renal failure or merely temporary renal tubular damage in the acute phase of the
disease. In contrast, higher levels of IL-6 in serum and urine in children after HUS compared to healthy children
and the negative correlation of L-FABP concentration and eGFR in children after 6 month observation after
HUS may confirm their participation in CKD. Thus, L-FABP and IL-6 seem to be good biomarkers of chronic
kidney damage in survivors of the acute phase of HUS.

Key words: children, interleukin 6, chronic kidney disease, hemolytic-uremic syndrome, liver-type fatty
acid binding protein
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Introduction

Hemolytic uremic syndrome (HUS) is the leading cause
of acute kidney injury in previously healthy infants and
younger children. It is characterized by a triad of symp-
toms — hemolytic anemia, thrombocytopenia, and acute
kidney injury.! The most common form of HUS is a typi-
cal form, which traditionally is expected to represent up
to 90% of cases of the disease.!3 A factor responsible for
its occurrence is a bacterial toxin called verotoxin (VTEC)
or Shiga-like toxin, produced by enterohemorrhagic Esch-
erichia coli strains (STEC).24-¢

Atypical hemolytic-uremic syndrome (aHUS) is a mixed
group of disorders related to disturbances in the coagula-
tion cascade and immune system.? aHUS in most cases
is characterized by abnormal activation of the complement
system (the alternative pathway), caused by, among other
factors, the mutation of genes encoding protein compo-
nents of the complement system (C3 protein, factor H, I,
and B, membrane cofactor protein — MCP, thrombo-
modulin) and the presence of antibodies against factor H.
There are also mutations in other genes, e.g. mutations
of the gene encoding diacylglycerol kinase (DGKE).” Some
patients may have more than one causative mutation in dif-
ferent genes.® aHUS is characterized by a poor long-term
prognosis, is burdened with significant mortality, reaching
25%, and 50% of the patients require chronic renal replace-
ment therapy.!”?

Prognosis in the typical form of HUS is much better since
renal replacement therapy had become widely available and
mortality does not exceed 10%. In the majority of patients,
the recovery of renal function with normal glomerular fil-
tration rate is observed. However, in some patients the dis-
ease has consequences which may lead to developing chron-
ic kidney disease (CKD) and even end-stage renal failure
(ESRF).!? Children with a history of HUS require continuous
monitoring, since the features of reduced renal function
may appear many years after the outbreak of the illness.
Commonly used diagnostic tools such as serum creatinine
measurement (with calculation of estimated glomerular
filtration rate — eGFR), albuminuria assessment (including
the urine albumin/creatinine ratio — ACR) or ultrasound
examination of the kidneys do not give the opportunity for
early detection of chronic kidney injury. There is a need
to look for sensitive and specific markers that would be suf-
ficient to identify initial stages of kidney damage. It seems
that liver-type fatty acid binding protein (L-FABP) and in-
terleukin 6 (IL-6) may be among those markers.

The first marker chosen by us for testing in the HUS
group, whose predictive value in renal diseases has re-
cently attracted considerable attention, was L-FABP.
It is a cytoplasmic protein belonging to the family of fat-
ty acid binding proteins (FABPs).!112 Fatty acid binding
proteins are responsible for binding to an excess of ac-
cumulated free long-chain fatty acids and directing
them to appropriate intracellular sites of utilization.®
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L-FABP facilitates fatty-acid metabolism via -oxidation
and causes the excretion of lipid peroxidation products,
which result in attenuating the release of inflammatory
factors and inhibiting damage of tubulointerstitial tissue.
L-FABP belongs to effective endogenous antioxidants.
This protein, due to its low molecular weight (14 kDa),
high tissue specificity, abundance in the tissue and rate
of release into the blood stream, can serve as a specific
marker of kidney damage.!* The L-FABP gene is located
on chromosome 2 and encodes 127 amino acids.!® L-FABP
is present in proximal tubule cells of the kidney.!® The cir-
culating fraction of L-FABP is filtered by the glomeruli
and afterwards reabsorbed in the proximal renal tubules,
which explains the increase of its concentration in the
urine when proximal tubule cell injury occurs.!”!® The in-
crease in the concentration of L-FABP excreted in the urine
in the course of kidney disease was confirmed in numerous
clinical trials in adult patients.!*~2!

The second of the markers analyzed by us was IL-6, one
of the main factors regulating the body’s defense mecha-
nisms via multidirectional action.'” The most important
role of IL-6 function covers its involvement in the immune
response, hematopoiesis, and inflammatory processes.'”?2
Many clinical trials carried out in adults and children have
confirmed the association of elevated levels of IL-6 with
kidney disease severity, especially chronic kidney disease
progression.2>~%> The cause of this phenomenon is believed
to be ongoing chronic inflammation within the kidney tis-
sue, which is a characteristic feature of kidney damage due
to different reasons.?® Interleukin 6, one of the major pro-
inflammatory human cytokines, is also involved in such
processes, which may explain the increase in serum level
of this cytokine in the course of chronic kidney damage.

Objectives

The aim of the study was to evaluate the concentration
of L-FABP and IL-6 in serum and urine in children with
a past history of HUS and to compare the obtained results
to a control group of healthy age-matched children. The re-
lationship between the 2 selected markers and anthropo-
metric measurements, the value of estimated glomerular
filtration rate (eGFR) and albuminuria (expressed as ACR
and daily urinary albumin excretion) were also evaluated.

Material and methods

The study group (HUS) consisted of 29 patients (9 girls
and 20 boys) aged 1 to 15 years with a past history
of HUS treated at the Department and Clinic of Pediat-
rics in Zabrze, Medical University of Silesia in Katowice.
The children were also divided into 2 groups regarding the
cause of HUS: typical HUS — 14, and atypical HUS — 15 chil-
dren. In the group of children with a history of HUS,
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86% required renal replacement therapy in the acute phase
of the disease; 62% — were treated with peritoneal dialy-
sis, 14% — hemodialysis, 10% — both peritoneal dialysis
and hemodialysis and 14% of the children did not require
dialysis. The mean anuria period observed in 12 children
lasted for 4.6 +4.0 days. Mean acute kidney injury (AKI)
duration was 28.6 £15.0 days (range 2—60 days) with final
mean eGFR 71.9 +23.6 mL/min/1.73 m2. Mean duration
of renal recovery was 37.2 +21.4 days with mean eGFR at
renal recovery of 95.0 +34.3 mL/min/1.73 m2. Two children
progressed to CKD. All the children from the study group
were treated pharmacologically: diuretics (4 children), cal-
cium channel blocking agents (21 children), angiotensin
converting enzyme inhibitors (ACEI) (14 children), supple-
mentation of alkali (4 children), iron formulas (1 child), and
folic acid (8 children). On admission, weight, height and
blood pressure were taken and routine biochemical tests
were performed. Body mass index (BMI) was calculated
using the formula BMI = body weight (kg)/height (m?).
Estimated glomerular filtration rate (¢GFR) was calculated
according to the Schwartz formula (mL/min/1.73 m?).>”
Additionally, albuminuria (mg/day) using 24 h urine col-
lection was evaluated.

The control group consisted of 21 healthy children
(11 girls and 10 boys) aged 1-15 years with monosymp-
tomatic nocturnal enuresis or presented with surgical
procedures of one-day surgery, without any signs of kid-
ney diseases. All children participating in the study were
in good clinical condition, without signs of acute infection.
The study was approved by the Bioethics Committee of the
Medical University of Silesia in Katowice (resolution No.
CDF/0022/KB1/111/13 0f 10.22.2013) and written consent
from parents or legal guardians, and/or the patients was
obtained.

Anthropometric measurements and the age of the study
subjects and controls are presented in Table 1. The aver-
age age, weight, height and BMI in the study group and
the control group did not differ significantly. The average
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age of children in the study group at HUS onset was
3.42 £3.49 years, while the average time from the HUS
outbreak and acute kidney injury until the current exami-
nations was 4.94 +3.94 years (range 1 month-13.9 years),
including 24 from 29 patients more than 6 months after
the onset of acute phase of the disease..

Laboratory tests

Blood samples (3—5 mL) for laboratory tests were drawn
in Eppendorf tubes in the morning (8:00-9:00) during
examination related to periodic control in the outpatient
clinic. After centrifugation 1000 x for 15 min at 4°C, the
serum was stored at —20°C until assayed. Urine samples
(50-100 mL) were collected at the same time as the blood
samples, and also kept at —20°C until evaluated. Deter-
mination of concentrations of L-FABP and IL-6 was per-
formed in the Chair and Department of Medical and Mo-
lecular Biology, SMDZ in Zabrze, SUM in Katowice.

The concentration of IL-6 in serum and urine was
performed by ELISA using a Diaclone (Besancon Cedex,
France) set according to the manufacturer’s protocol. De-
termination of concentrations of L-FABP was carried out
using a kit from BioVendor (Brno, Czech Republic) accord-
ing to the manufacturer’s protocol.

Statistical analysis

A database was prepared in a Microsoft Excel spread-
sheet. For statistical calculations, licensed v. 10.0 STA-
TISTICA software (StatSoft Inc., Tulsa, USA) was used.
In the statistical analysis, the level of significance at
p < 0.05 was assumed. As the parameters of descriptive
statistics, the arithmetic mean, median, minimum and
maximum value, lower and upper quartile and standard
deviation were chosen. For all parameters, the compat-
ibility of their distributions with a normal distribution
were checked with a Shapiro-Wilk test. For variables with

Table 1. Clinical characteristics of children evaluated after HUS and from control group

HUS group Control group
Parameter total group atypical HUS typical HUS total group
(n=29) (n=15) (n=14) (n=21)

Age [years] 84 +43 10.0 4.3 76 +4.2 7.7 £5.1 90+34 84 +4.1
Height [cm] 1287 £25.5 142.5 £237 122.5 £24.3* 125.8 £29.7 1314 £21.6 128.2 £25.2
Height SDS 045 +£0.93 0.92 +£0.73 0.35+1.30 047 £1.14 043 +0.75 -0.06 £1.10
Body weight [kg] 30.3 £171 42.5+£19.8 247 £12.7* 29.5 £19.0 309 £15.7 319 £16.5
Weight SDS 0.15 +0.82 0.85+0.68 -0.17 £0.68* 0.25+0.92 0.07 £0.74 011413
BMI [kg/m?] 16.7 £3.6 19.6 £4.7 154 +2.0* 16.7 £3.6 16.8 £3.8 154 £2.08
BMI SDS -0.20 £1.00 045 +0.86 -0.52 £0.92% 0.04 £0.86 -0.42 +0.09 0.32 £1.02
Age at HUS onset [years] 34435 50+4.7 2.7+26 34+£39 34431 =
Time after HUS [years] 49 +4.0 5.0+50 49+35 43+43 5.6 +3.7 -

Data is presented as mean + standard deviation; HUS — hemolytic-uremic syndrome; BMI — body mass index; SDS — standard deviation score; p > 0.05 HUS
vs control group; * p < 0.05 girls after HUS vs boys after HUS.
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normal distribution, parametric tests were used (t-test for
independent variables in comparative analyses and Pear-
son’s test for analyses of correlation). For other variables,
nonparametric tests were applied (Mann-Whitney U-test
for comparisons and Spearman’s rank correlation test for
analyses of correlation).

Results

The results of laboratory tests and mean arterial pres-
sure values in the group of children after HUS are reported
in Table 2. In children with a history of HUS, daily urine
albumin excretion of 52.69 +108.4 mg/24 h and expressed
as ACR 122.0 +378.7 mg/g were noted. The average value
of eGFRin the study group was 96.5 £19.8 mL/min/1.73 m?,
and in the majority of children remained within the normal
range. Girls after HUS had higher mean arterial pressure
than boys after HUS. Children with atypical HUS showed
higher values of serum urea as compared to children with
typical HUS.

Table 2. Biochemical parameters and mean arterial pressure in children after HUS

Serum and urine concentrations of L-FABP and IL-6,
as the CKD markers in the group of children after HUS,
are shown in Table 3. A significantly higher concentra-
tion of L-FABP in serum and urine was found as com-
pared to healthy children. IL-6 level was also significantly
higher in serum and urine in the study group in contrast
to the control group. In the whole HUS group, no cor-
relation between the studied markers in serum and urine
and eGFR or albuminuria expressed as ACR was found,
except the value of eGFR at the end of AKI, which posi-
tively correlated with serum IL-6 concentration (Table 4).
For additional analyses, the subgroup of children after
HUS limited to subjects with a minimal time period since
resolution of the disease onset until sample collection
established at 6 months was extracted. In this subgroup
(n = 24), a negative correlation between the concentration
of L-FABP in the serum and eGFR, as well as between the
concentration of L-FABP in urine and eGFR were docu-
mented (Fig. 1, 2). The concentration of L-FABP in serum
and urine positively correlated with standard deviation
score (SDS) for growth in children with a history of HUS,

Parameter HUS(tnot:alzg)roup HUS girls I-I(l:S:bZ%))/s Tyz]iczaIS)US
Serum albumin [g/L] 451 +4.34 44,08 £4.52 45.56 +4.3 441 £3.87 46.32 £4.7
Total proteins [g/L] 68.87 £5.45 70.54 £3.76 68.88 £5.39 69.35 £6.05 69.44 £3.86
Total cholesterol [mmol/L] 4.18 +0.88 4.02+0.8 4.25 £0.92 3.98 +£0.87 4.37 £0.88
Triglycerides [mmol/L] 112 +£0.59 1+032 1.17 £0.68 1.18 £0.78 1.05+0.33
Creatinine [mmol/L] 50.27 £11.95 53.44 £12.02 48.85 £11.95 53.1 £14.2 47.67 £9.14
Uric acid [mmol/L] 251 +61.7 260.89 £74.0 24785 £56.9 259.36 £74.9 2449 +48.4
Urea [mmol/L] 4.3 +197 3.63 £1.12 4.61 £2.21 512 +2.41 3.54 +£1.03*
Daily urine albumin excretion [mg/24 h] 52.69 £108.4 26.99 £25.99 62.97 £127.0 8145 £161.6 35+58.72
Albuminuria [mg/L] 56.46 +£157.3 174 £19.35 7111 £183.5 10647 £25446 27.89 £51.63
ACR [mg/q] 12204437869 4043 +33.77 152.6 +443.5 257.6 £624.1 44.6 £64.83
eGFR [mL/min/1.73 m?] 96.53 £9.84 99.29 £14.38 95.28 £2.08 9043 £2.44 102.2 £15.75
Mean arterial pressure [mm Hg] 76.93 £8.94 82.4 +10.15 7447 £7.35% 78.83 £8.33 7516 £941

Data is presented as mean + standard deviation (min—max); HUS — hemolytic-uremic syndrome; ACR — urine albumin/creatinine ratio; eGFR — estimated
glomerular filtration rate; * p < 0.05 girls after HUS vs boys after HUS; ¥ p < 0.05 aHUS vs typical HUS.

Table 3. Mean concentration of examined markers in children after HUS and in control group

Children after HUS Girls after HUS Boys after HUS . Control group

Parameter (n=29) (n=29) (h=29) Typical HUS ‘ (n=21)
Serum 79.96 £26.68 65.7 £22.51 86.39 £26.38 82.18 £30.44 77.89 £23.55 7.34 £1.43*
IL-6 [ng/mL] (32.9-161.3) (32.9-93.9) (39.6-161.3) (32.9-161.3) (39.6-101.6) (4.77-9.61)
Urine 97.64 £15.46 97.62 £16.96 97.65 £15.2 102.3 £13.53 93.27 £16.29 36.87 £12.01*
I-6 [ng/mL] (73.8-121.5) (73.8-117.6) (39.6-161.3) (759-121.5) (73.8-118.9) (18.6-55.7)
Serum 7249 £18.53 75.61 £16.75 71.08 £19.52 74.66 £18.33 7047 £19.11 2.65 £0.75*
-FABP [ng/mL] (44.3-100.1) (49.9-93.8) (44.3-100.1) (48.5-96.6) (44.3-100.1) (1.1-3.75)
Urine 11.54 £4.32 11.80 £3.51 1142 £4.72 11.62 £3.74 11.46 £4.93 2.76 +0.63*
[-FABP [ng/mL] (4.9-7.6) (5.8-15.7) (4.7-19.6) (5.9-16.7) (4.7-19.6) (1.9-4.7)

Data is presented as mean + standard deviation (min-max); HUS — hemolytic-uremic syndrome; L-FABP - liver-type fatty acid binding protein;

*p < 0.05 children after HUS vs control group.
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Table 4. Correlation between studied markers of chronic kidney disease and results of anthropometric measurements and biochemical parameters

Examined children with HUS n = 29 (HUS)

Parameter

IL-6 serum
Body weight [kg] rp::_gjgg 19
Height [cm] ;1%08314;
poelyeas o= 04s
Age at HUS onset [years] przg%é
Time from HUS onset [years] ;:z%?zé
MAP [mm Hg] oo
GPT [U/4 r;3::_(()):‘27037
Serum albumin [g/L] ;2%212?3
Total proteins [g/L] ;::6022711
Total cholesterol [mmol/L] r;;gfg;
Triglycerides [mmol/L] r;;gié?
Creatinine [mmol/L] ;;::%%3558
Uric acid [mmol/L] rp::_g,g]?
Urea [mmol/L] rpz oo
ACR [mg/g] rp::_g.;:f
eGFR r=0.01
[mL/min/1.73 m?] o= 0557
AKI time [days] rpz _ 8‘,1@33
eGFR at the end of AKI [mL/min/1.73 m?] rpioégﬂ:
Renal recovery time [days] r ;;%21?2
eGFR renal recovery [mL/min/1.73 m?] rpzzob%:fg

IL-6 urine L-FABP serum L-FABP urine
r=-0.04 r=-0.05 r=0.0006
p=0782 p=0.752 p=0997
r=0.009 r=-0.029 r=-0.004
p=0948 p=0.843 p=0979
r=0.073 r=0.022 r=-0.079
p=0.615 p =0.882 p=0.584
r=0.168 r=0.029 r=0.189
p=0.385 p=0493 p=0327
r=-017 r=-0133 r=-012
p=0376 p =0.493 p=0535
r=-0.157 r=0.088 r=-0.029
p=0416 p =0.65 p=0.882
r=-0.036 r=-0.103 r=-0.057
p=0.852 p =0597 p=0.768
r=-0.08 r=-0.132 r=-0.0007
p =0.695 p=0519 p=0997
r=0.147 r=-0.011 r=0.219
p =0446 p=0953 p=0.254
r=-0.367 r=-0.119 r=-0.0005
p=0.05 p =054 p =0.998
r=-021 r=0.215 r=0.205
p=0.280 p=0.270 p =0.295
r=-0.264 r=0.055 r=0.103
p=0.166 p=0.777 p=0593
r=-0.134 r=0.058 r=0.057
p =0487 p=0.763 p=0.770
r=-0.115 r=0.168 r=0.069
p =0.553 p=0385 p=0.720
r=0.156 r=-0.084 r=-0.119
p =0487 p=0712 p=0.598
r=0.187 r=-0.245 r=-0.261
p=0332 p=02 p=0171
r=-02717 r=-0.0975 r=-0.1604
p=0154 p=0.615 p=0406
r=0.242 r=-0.3496 r=-0.2419
p =0.206 p =0.063 p =0.206
r=0.0012 r=-0.0344 r=-0.043
p =0.995 p =0.865 p=0.831
r=0.3642 r=0.2384 r=0.3503
p =0.062 p=0.231 p=0.073

*significant correlation coefficients p < 0.05; AKI — acute kidney injury; HUS — hemolytic-uremic syndrome; L-FABP - liver-type fatty acid binding protein;
MAP — mean arterial pressure; GPT — glutamic pyruvic transaminase; ACR — urine albumin/creatinine ratio; eGFR — estimated glomerular filtration rate.

in which the time since the disease resolution was longer
than 6 months (r = 0.5534; p < 0.005 and r = 0.5194; p <
0.01, respectively).

Discussion

A large number of reports published in recent years has
proved that the concentration of L-FABP in urine could
serve as a useful marker for the diagnosis of early stage

kidney damage, especially acute kidney injury (AKI).2"28
L-FABP is a protein found in the cytoplasm of the proxi-
mal tubule cells in the kidney, both healthy and injured.!®
Various pathological conditions such as proteinuria, hy-
perglycemia, hypertension and toxin-induced injury to the
proximal tubule cells may result (directly or through the
regulation of gene expression) in the increase of the ex-
cretion of urine derived L-FABP.I'1> Recent studies have
demonstrated that L-FABP can play an important role
in injury and repair processes in the kidneys, and that
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Fig. 1. Analysis of correlation results in examined children (> 6 months
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HUS - hemolytic-uremic syndrome; L-FABP - liver-type fatty acid binding
protein; eGFR — estimated glomerular filtration rate.
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Fig. 2. Analysis of correlation results in examined children (> 6 months
after HUS)

HUS — hemolytic-uremic syndrome; L-FABP - liver-type fatty acid
binding protein; ACR - urine aloumin/creatinine ratio; eGFR - estimated
glomerular filtration rate.

the monitoring of urine L-FABP concentration may make
it possible to predict the occurrence and severity of various
renal diseases.??* In the literature there is no data on the
urine/serum concentration of L-FABP in children with
HUS. In our retrospective study, we assessed in a single
evaluation the concentration of L-FABP after the acute
phase of HUS, and a significant increase in both plasma
(30-fold) and urine (5-fold) concentrations was record-
ed. A negative correlation of L-FABP concentration and
eGEFR in the group of children with more than 6 month
observation after HUS may confirm L-FABP participa-
tion in CKD. Single evaluation is a limitation of our study.
Further studies are needed, with prospective assessment
of the parameters in a few time intervals to confirm that
patients with the highest concentration of L-FABP shortly
after HUS should present decreasing eGFR in the longer
follow-up. We also did not find a relationship between
AKI or renal recovery time duration and FABP serum and
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urine concentration, which also could be the result of only
single measurement.

Parr et al. in their study evaluated biomarkers for early
detection of AKI in 152 adult patients with known baseline
serum creatinine concentration.?! They considered that,
in the case of only a slight increase in serum creatinine,
L-FABP concentration can help in determination of out-
come, and could even predict the progression of kidney
damage in patients at risk of AKIL.?! The role of the concen-
tration of L-FABP in urine was also examined as potentially
useful for the assessment of prognosis in renal transplant
recipients.!>2° Pajek et al., in a group of 71 adult patients
after kidney transplantation, confirmed that the determi-
nation of L-FABP in urine may be helpful for the predic-
tion of graft function within the 1° week, and especially
after 48 h from transplantation surgery.?’ Acute kidney
injury is a common and serious postoperative complication
of cardiac surgery. In studies carried out in adult patients
after cardiac surgery, the usefulness of L-FABP as a marker
of AKI in the postoperative period was also assessed.!*3°
Kokot et al. demonstrated that increased L-FABP levels may
lead to the detection of very early stages of AKI, and thereby
identify patients in imminent danger of complications after
abdominal aortic aneurysm surgery.!® In a study carried out
by Hwang et al. in 26 children after cardiac catheterization,
the authors proved that urine concentration of L-FABP
was useful in the diagnosis of a subclinical form of con-
trast induced nephropathy.! In patients with CKD, some
studies confirm that the concentration of L-FABP in urine
accurately reflects the degree of kidney damage and is cor-
related with the rate of progression of renal disease.3?
Xie et al. demonstrated this relationship in a group
of 90 patients with obstructive nephropathy.?® They also
showed that the concentration of L-FABP in urine is more
sensitive than albuminuria in predicting the progression
of CKD.?* However, in our study the relationship of urine
L-FABP and albuminuria has not been proved. The inter-
esting finding was that the concentration of L-FABP in se-
rum and urine positively correlated with SDS for growth
in children with a history of HUS. The girls in our study
tended to be older and thus grew better than the younger
boys, however without significant difference in SDSs, while
renal function expressed as eGFR was similar.

In terms of CKD, data from the literature has docu-
mented the usefulness of L-FABP as a marker for diabetic
kidney disease. Kamijo-Ikemori et al., in animal experi-
ments, showed that expression of L-FABP increased signifi-
cantly in the group of diabetic mice compared to control
mice group.®® Also, in studies in humans it was shown that
L-FABP is an indicator of development of diabetic kidney
disease, regardless of its stage.3® Mou et al. confirmed the
correlation between the level of L-FABP in urine and devel-
opment of renal impairment in patients with chronic glo-
merulonephritis, and showed that L-FABP excreted in the
urine may be a good marker of progression of chronic glo-
merulonephritis.?” In Japan, the determination of L-FABP
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in urine has been recognized as a novel biomarker for re-
nal damage and in that country the use of a rapid kit for
measuring the concentration of L-FABP in urine has been
introduced for clinical use.®

The second marker investigated in our study was IL-6,
which is considered as one of the major pro-inflammatory
cytokines.'” We have confirmed high serum and urine lev-
els of IL-6 in the group of children after HUS. As already
mentioned above, CKD is accompanied by local inflam-
mation, regardless of CKD cause and the stage, as well
as the age of the patient. The intensity of the inflamma-
tion negatively correlates with current kidney function.?
A fundamental role in the development and progression
of chronic nephropathy is attributed to inflammation
mediators (including cytokines), which are released as
a result of the action of kidney-damaging agents. Pro-in-
flammatory cytokines potentiate the activity of adhesion
molecules in endothelial cells of capillaries. In turn, adhe-
sion molecules bind to the receptors of activated T cells,
which lead to the formation of inflammatory infiltrates
in the interstitium of the kidneys and stimulation of fi-
broblasts, fibrosis development and progression of CKD.%’
Research studies in recent years have confirmed the el-
evated IL-6 levels in serum of CKD patients compared
to healthy controls and a strong correlation with reduced
eGFR.2-% [n a population-based study with 4926 Cauca-
sian adults enrolled and followed over 15 years, Shankar
et al. found that IL-6 levels were positively related to the
presence of CKD in both the baseline and long term obser-
vation.?* Gupta et al. in a group of 3939 adult patients with
CKD showed higher levels of IL-6 in the serum of patients
with lower eGFR.23 We have also confirmed higher serum
IL-6 levels in children after HUS with positive correlation
with final eGFR at the end of AKI. Repeated examina-
tions of serum IL-6 concentration in these patients during
follow-up would be needed to validate this finding. Sikor-
ska et al., in a cross-sectional study involving 96 patients
diagnosed with CKD stages 1-5 of various etiology, found
that an increased proportion of patients with elevated IL-6
levels was observed from the earliest stages of CKD, which
highlighted the role of severity of inflammation.? Perlman
et al. evaluated diabetic patients at different stages of de-
velopment of diabetic kidney disease and found that IL-6
concentration in the serum increased with the progression
of CKD.*® Rodriquez et al., in a study of 32 children, have
shown that patients who have developed renal scarring
after suffering from urinary tract infection (UTI) in child-
hood have a higher concentration of pro-inflammatory
IL-6 in the blood during a recurrence of an acute episode
of UTI. Moreover, it can be concluded that children with
a high concentration of IL-6 coexisting with high CRP
level during infection are at higher risk of kidney scarring,
and consequently the development of CKD.* There are
also many studies demonstrating the role of IL-6 in the
pathogenesis of AKIL*>%3 Greenberg et al., in a group
of 106 children undergoing cardiac surgery, demonstrated
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that children with high levels of IL-6 in the serum before
surgery have a higher risk of postoperative AKL.** Zhang
et al,, in studies involving 960 adult patients after cardiac
surgery, have shown that the concentration of serum IL-6
preoperative was not significantly associated with an in-
creased risk of AKI, in contrast to the 15 postoperative
concentrations of the interleukins.** The role of IL-6 in the
development of acute renal failure and its predictive value
in the diagnosis of AKI is not fully understood. Most of the
studies assume IL-6 as a good, but imperfect marker for
AKI development.*

Conclusions

The results indicate that the higher concentration
of L-FABP in the serum and urine of children with a his-
tory of HUS can be the result of protracted injury initiated
during the acute phase of the disease. Lack of correlation
of L-FABP concentration with ACR may be associated with
a short (less than 6 months) observation after acute renal
failure or merely temporary renal tubular damage in the
acute phase of the disease. In contrast, higher levels of IL-6
in the serum and urine in children after HUS compared
to healthy children, and the negative correlation of L-FABP
concentration and eGFR in the group of children after
6-month observation after HUS may confirm their partici-
pation in CKD. Thus, L-FABP and IL-6 seem to be good
biomarkers of chronic kidney damage in survivors of the
acute phase of HUS.
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Abstract

Background. A better understanding of molecular gastric cancer (GC) entities may help in tailored treatments
of that neaplasm. The PIK3CA mutation is one of the most important in many cancers.

Objectives. We performed a comparison of clinical and pathological data of the PIK3CA mutation in GC
patients.

Material and methods. The analysis was done on 472 patients operated onin 1 center. Polymerase chain
reaction (PCR) was used for the screening of PIK3CA (exon 9 and 20). For microsatellite instability (MSI) we
used 5 quasi-monomorphic mononucleotide repeats — BAT-26, BAT-25, NR-24, NR-21, and NR-27. The clinical
and pathological data was analyzed.

Results. PIK3CA mutation was observed in 10 out of 472 GC patients (2.1%). Nine out of 10 were MS|
(9 of 117 MSI patients — 8.19%). Half of the 10 patients had mutations in exon 9 and the other halfin exon 20.
A majority of patients with the PIK3CA mutation had MSI (p < 0.001). The 5-year survival of MSI patients
with the PIK3CA mutation was 40% and without the mutation, 704% (p = 0.309). For patients with the
mutationin exon 9, the 5-year survival was 0%, and for those with the mutation in exon 20, 80% (p = 0.031).
The Cox proportional hazards regression analysis did not show that PIK3CA is statistically correlated with
aworse overall survival.

Conclusions. PIK3CA mutation in GC s a rare finding. It is strongly associated with the MSI molecular
subgroup, presenting a worse outcome than other MSI patients. A completely different outcome is associated
with the mutation in exon 9 compared to the mutation in exon 20, with the latter being more favorable.

Key words: gastric cancer, PIK3CA, mutation, microsatellite instability, exon
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Introduction

Gastric cancer (GC) is a disease that is characterized
by multiple molecular, genetic, and epigenetic events.! Mu-
tation in a signaling pathway is one such event and the
phosphoinositide 3-kinase (PI3K)/AKT/mammalian target
of the rapamycin pathway (PI3K/AKT/mTOR pathway)
is one example of the mutation mechanism.? A fundamen-
tal step in this pathway is the creation of phosphatidylino-
sitol-3,4,5-triphosphatate (PIP3), catalyzed by PI3K. This
pathway is important in the cancer-related functions of cell
proliferation, catabolism, cell adhesion, apoptosis, and au-
tophagy.? It also plays an important role in motility and
glucose homeostasis.* The mutations of this pathway have
frequently been seen in cancers such as ovarian, breast,
thyroid, and cervical. Many studies have revealed that
this pathway is not of highest importance in GC patients.
The PIK3CA gene is located on chromosome 3p26.3.°
The most common mutations are seen in exon 9 and 20,
representing different hotspots of mutations.*

In the current literature, PIK3CA mutations in colorectal
cancer (CRC) are associated with female gender, proximal
position, well-differentiated tumors, and mucinous histol-
ogy, but these findings are not consistent.® Some studies
have shown a significant coexistence of PIK3CA and KRAS
mutations, while other studies have failed to show such
a coexistence. Other contradictory data presented a link
between the PIK3CA mutation and MSI or CpG island
methylator phenotype (CIMP).® Another inconclusive
study showed worse outcome for early stage resectable
disease, but other studies did not prove this finding.® Such
conflicting findings can be explained by important differ-
ences between cancers that have the mutation in exon 9 vs
those with the mutation in exon 20.%” Exon 20 has a mutual
relationship with BRAF mutation, CIMP high/low and
MSI-H, and exon 9 is linked with KRAS mutations.” In the
study by Mao et al., authors showed that mutations in exon
20 are associated with resistance to anti-EGFR antibody
therapy. This was not seen for mutations in exon 9.8 Tapia
etal. reported that PI3K and AKT are overexpressed in GC
with lymph node spread.’

New molecular classifications of gastric cancer have
recently been proposed.'*® We are witnessing huge ad-
vances in our understanding of cancer from a molecu-
lar, immunological, diagnostic and even bioinformatical
standpoint, all contributing to better tailored treatments
for patients.°-1> In both classifications, microsatellite
instability (MSI) is a distinct molecular subgroup of GC.
In the available studies, MSI is associated with older age,
female gender, intestinal histotype, non-cardia tumors,
lower number of metastatic lymph nodes, and better sur-
vival.16-18 It seems that the MSI subgroup is not homog-
enous and other genetic and molecular factors may play
an important role for these particular patients.

The aim of the study was to compare the clinical and
pathological data of PIK3CA mutation in GC patients.

K. Polom, et al. Gastric cancer PIK3CA mutation MSI

We divided PIK3CA mutations into 2 categories based
on the hotspot mutation sites at exon 9 and exon 20. In ad-
dition, we investigated the coexistence of this mutation
with MSI status and KRAS mutations.

Material and methods
Patients

The analysis was performed on a group of 472 GC pa-
tients treated in the General Surgery and Surgical Oncol-
ogy Department, University of Siena, Italy. We used tissue
material stored in our biobank collected from patients
who were operated on between 1990-2011. None of these
patients received neoadjuvant treatment. We used tumoral
and healthy tissues for comparative analysis. All samples
were collected just after resection in the operating theatre.

PIK3CA sample preparation

Genomic DNA was extracted by tumoral and constitu-
tional fresh frozen sample tissues using a standard protocol
(Gentra Systems, Minneapolis, USA). The DNA concentra-
tion was calculated by spectrophotometry.

Polymerase chain reaction (PCR) is used for the screen-
ing of PIK3CA (exon 9 and 20).

To search for somatic alterations of the PIK3CA gene,
exons 9 and 20 were sequenced according to the protocol
described in detail by Velho et al.’ PCR reactions were
carried out in a volume of 20 pL containing 100 ng/uL ge-
nomic DNA template, 1X Reaction Buffer, 0.5 uM of each
PCR primer, MgCl, 1.25 mM, 0.15 mM of each dNTPs, Tag
polymerase 0.5 U/uL (Euroclone, Pero, Italy). The reactions
were performed in programmable thermocyclers according
to the standard protocol.

A 5 pL aliquot of each PCR reaction was run on a 2% aga-
rose gel to confirm the size, quantity, and purity of each PCR
product. The remaining 15 puL of PCR amplified bands were
extracted from the gel with the Invisorb® Spin DNA Extrac-
tion Kit (Invitek, Stratec Biomedical Systems, Birkenfeld,
Germany). Samples were then purified and 2 pL aliquot
of purified PCR product was cycle sequenced using a Big-
Dye Terminator Kit (Applied Biosystems, Foster City, USA)
in a total volume of 20 pL. Samples were then purified and
sequenced using an automated DNA sequencer ABI PRISM
310 Genetic Analyzer (Applied Biosystems, Milan, Italy) ac-
cording to the protocol of the manufacturer. Sequencing was
performed in both strands. All sequence alterations in these
genes were validated with a second independent PCR.

Pentaplex polymerase chain reaction
and microsatellite analysis

A detailed description of MSI analysis was described in our
previous paper.'® In short, we used 5 quasi-monomorphic
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mononucleotide repeats, namely, BAT-26, BAT-25, NR-24,
NR-21, and NR-27. Following the definition of the National
Cancer Institute workshop on MSI for cancer, we con-
sidered a tumor as MSI when 2 or more markers showed
instability on 5 loci (MSI-H).2°

A detailed description of the pathological, clinical, sur-
gical and follow-up data was also given in our previous
publication.!®

Statistical analysis

Statistical analysis was performed with the x? test
or Fisher exact test to compare categorical variables.
The Mann-Whitney U test was used to compare continu-
ous variables not normally distributed. Cumulative sur-
vival was calculated by the life table method of Kaplan
and Meier, and the log-rank test was used to distinguish
significant differences. Statistical significance was deter-
mined at p-value < 0.05.

Survival curves estimated using the Kaplan-Meier meth-
od were compared using a log-rank test, considering death
from cancer as the end-point (cancer-related survival).

The Kaplan-Meier estimation was used to plot survival
curves, and log-rank tests were used to calculate the dif-
ference of overall survival (OS) between groups.

Multivariate Cox proportional hazard regression analy-
sis was used to investigate independent prognostic factors
for overall survival between groups. The variables includ-
ing PIK3CA status, age, sex, tumor location, MSI status,
Lauren histotype, type of resection, T, N, M status, and ad-
juvant therapy were used as covariates. Statistical analysis
was done using commercially available statistical software
(SPSS 20.0 for Windows SPSS Inc., Chicago, USA).

Results

PIK3CA mutation was observed in 10 of 472 GC patients
(2.1%). Half of the 10 patients had mutations in exon 9 and
the other half in exon 20. For exon 9 mutations, we found
2 mutations of E542K, 1 mutation of E545K, 1 of N515S,
and 1 of E545G. All 5 patients with a mutation in exon
20 had mutation of H1047R.

Interestingly, 9 of 10 patients were also MSI positive.
In 2 patients (20%), we observed KRAS mutation and
PIK3CA mutation in exon 20. Both patient showed KRAS
mutation -12D and were associated with better prognosis.

A clinicopathological comparison of PIK3CA patients
and wild-type (wt) PIK3CA patients is presented in Table 1.
The only statistically significant factor associated with
PIK3CA mutations was MSI status. We also performed
an analysis of PIK3CA mutation on the MSI positive
subgroup. The clinicopathological analysis is presented
in Table 2. Here, the only statistically significant factor
was tumor position.
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Table 1. PIK3CA wild type vs mutations in all GC group

Clinico-pathological

BN PIK3CA wt PIK3CA mut
Patient (n) 462 10 =
Age (years, median) 70 75 0.058
Sex (male, female) 280:182 (60.6:39.4) 3:7 (30:70) 0.051
pT 0.657
1 42 9.1% 0 0% -
2 74 16% 1 10% -
3 95 20.6% 3 30% =
4 251 54.3% 6 60% -
pN 0471
0 130 28.1% 3 30% -
1 75 16.2% 2 20% -
2 100 21.6% 4 40% -
3a 74 16% 0 0% =
3b 83 18% 1 10% -
Tumor site 0.256
Non cardia 386 83.5% 7 70% -
Cardia 76 16.5% 3 30% -
MSI status <0.001
MSS 360 779% 1 10% =
MSI-H 102 22.1% 9 90% -
Lauren 0.078
Diffuse/mixed 153 33.1% 0 0% -
Intestinal 305 66% 10 100% -
Unclassified 4 0.9% 0 0% -
UICGR 0.345
RO 339 734% 6 60% -
R+ 123 26.6% 4 40% -
Stage 0.389
I 74 16% 1 10% -
Il 108 23.4% 3 30% -
M1l 194 42% 6 60% =
Y 86 18.6% 0 0% -
M 0.131
MO 376 81.4% 10 100% -
M1 86 18.6% 0 0% -
WHO histological type* 0.132
Papillary 15 3.2% 0 0% =
Poorly differentiated 146 31.6% 5 50% -
signetring cell & 138 209% 0 0% -
mucinous
Lff%”ar well/mod, 153 | 331% 4 40% -
Adjuvant 0.406
No 216 46.8% 6 60% -
Yes 246 53.2% 4 40% =

*11 cases with unclassified WHO histotype are excluded ; MSS -
microsatellite stable; MSI-H — microsatellite instable; M — metastases;
pl - pathological tumor status; pN — pathological lymph node status.
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Table 2. MSI status patients and PIK3CA mutations

Clinico-
pathological PIK3CA wt PIK3CA mut
characteristic

Patient (n) 102 9 =
Age (years, median) 75 76 0.559
Sex (male, female) 44:58 (43.1: 56.9) 2:7(22.2:77.8) 0.222
pT 0.744

1 5 4.9% 0 0% -

2 20 19.6% 1 11.1% -

3 36 35.3% 3 33.3% =

4 41 40.2% 5 55.6% -
pN 0.309

0 44 43.1% 3 33.3% -

1 18 17.6% 2 22.2% -

2 19 18.6% 4 44.4% -

3a 10 9.8% 0 0% =

3b 11 10.8% 0 0% -
Tumor site 0.008

Non-cardia 99 97.1% 7 77.8% -

Cardia 3 29% 2 22.2% -
Lauren 0.069

Diffuse/mixed 28 27.5% 0 0% =

Intestinal 74 72.5% 9 100% -
UICGR 0.289

RO 83 81.4% 6 66.7% -

R+ 19 18.6% 3 33.3% -
Stage 0.584

I 17 16.7% 1 11.1% =

I 40 39.2% 3 33.3% -

M1l 36 35.3% 5 55.6% -

vV 9 8.8% 0 0% -
M 0.353

MO 93 91.2% 9 100% -

M1 9 8.8% 0 0% =
WHO histological type* 0.287

Papillary 1 1% 0 0% -

Z(i)f?erlimiate g 2 #2% 4 | 444% -

,f/'\%';frf&”sg el 23 225% 0 0% -

gff?)u‘ar (well/mod 34| 333% | 4 | 444% | -
Adjuvant 0.756

No 73 71.6% 6 66.7% -

Yes 29 284% 3 33.3% -

* 3 cases with unclassified WHO histotype are excluded ;

MSS — microsatellite stable; MSI-H — microsatellite instability;

pT — pathological tumor status; pN — pathological lymph node status;
UICGR - Union Internationale Contre le Cancer Resection margin.
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Fig. 2. Cancer-related survival of patients with MSI status with or without
PIK3CA mutation

Interestingly all ten patients showed Lauren intestinal
histotype.

We also analyzed cancer-related survivals. The first
comparison was performed between all patients with
or without PIK3CA mutation (Fig. 1). 5-year survival for
PIK3CA wt patients was 43.2% and for PIK3CA mutation,
36% (p = 0.856). Secondly, we analyzed the group of MSI
GC patients (Fig. 2). The 5-year survival of the MSI pa-
tients presenting with PIK3CA mutation was 40% and
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Table 3. Cox proportional hazards regression analysis

Clinico-pathological
characteristic

Exp (B) 95% Cl| ‘ p-value

PIK3CA —-0.113 0.893 0.440-1.815 0.755
MSI status -0.592 0.553 0.405-0.7554 | <0.001
Age 0.032 1.032 1.018-1.047 <0.001
Gender 0.363 1437 1.130-1.829 0.003
Lauren histotype 0.064 1.066 0.823-1.381 0.629
Tumor location 0.027 1.028 0.758-1.394 0.860
“T" parameter 0.602 1.826 1.322-2.522 <0.001
“N” parameter 0.675 1.965 1.354-2.850 <0.001
“M" parameter 0.060 1.062 0.770-1.463 0.715
Radicality of resection 1.098 2999 2.264-3972 | <0.001
Adjuvant therapy —-0.033 0.967 0.683-1.370 0.851

PIK3CA status expressed as PIK3CA wt = 0 and PIK3CA mutation = 1;

MS status expressed as MSS = 0 and MSI = 1; gender expressed as

F=0an M =1, Lauren histotype expressed as intestinal = 0 and non-
intestinal = 1; tumor location expressed as non-cardias = 0 and cardias = 1;
“T" parameter expressed as T1-T2 = 0 and T3-T4 = 1; “N" parameter
expressed as N— =0 and N+ = 1, “M" parameter expressed as negative = 0
and positive = 1; radicality of resection expressed as RO = 0 and R1-R2 = 1;
adjuvant therapy expressed as yes = 1 and no = 0;

MSI status — microsatellite instability; T parameter — pathological tumor
status; N parameter — pathological lymph node status; M parameter —
metastases status.

without the mutation, 70.4% (p = 0.309). We also checked
the difference in survival of patients with the PIK3CA mu-
tation in different exons (Fig. 3). For mutation in exon 9,
the 5-year survival was 0% and for mutation in exon 20
— 80% (p = 0.031). For better visualization of these dif-
ferences between the 2 mutation locations, we added
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a survival curve for MSI patients without PIK3CA muta-
tion (p = 0.026) — Fig. 3.

The Cox proportional hazards regression analysis
showed that age, sex, MSI status, “T” parameter, “N” pa-
rameter and type of “R” resection were the only prognostic
factors statistically correlated with a worse overall survival
(Table 3).

Discussion

In previous reports, the frequency of GC PIK3CA muta-
tions varies from 4% to 13.2%.2?? In our paper, PIK3CA
mutation occurred in 8.1% of the MSI group. In total, only
a frequency of 2.1% was observed, lower in comparison
with previous studies. The debate about PIK3CA muta-
tion and its prognosis for different cancers is unresolved.
Some authors suggest PIK3CA mutation is associated with
a better prognosis in the case of breast cancer, while other
authors showed worse prognosis in cancers like colorec-
tal, endometrial, and lung cancers.®?3-2> Warneke et al.
presented interesting data for gastric cancer, showing
worse survival in PIK3CA exon 20 mutation with intes-
tinal histotype and better survival for the same mutation
with diffuse histotype.?® These results were statistically
significant. In our study, it was impossible to analyze this
factor because we did not observe diffuse/mixed histotype
in our sample. PIK3CA mutation in exon 20 was found
to be an independent prognostic factor of survival for in-
testinal pathology. Also, our results show that mutation
in exon 20 presented improved patient survival.

In the paper by Fang et al., they found PIK3CA mutation
in 57/432 of patients (13.2%).2? They analyzed PIK3/AKT
mutations together and found that in the intestinal his-
totype, patients presenting mutation in that gene showed
tumors located mostly in the lower third of the stomach.
In diffuse histotype, the location of the tumor was in the
upper third of the stomach and patients showed a higher
rate of hematogenous metastases. The authors did not find
any difference in survival between patients presenting or
not presenting PIK3/AKT mutation.

The authors also searched for a link between the PIK3CA
mutation and Epstein-Barr virus (EBV) infection. The rate
of EBV infection was higher only in the situation where
the tumor was situated in the middle part of the stomach
for GC patients with PIK3CA mutation.?

In a paper by Barbie et al., the authors also analyzed
PIK3CA mutation in GC and its association with GC and
MSL% Only 8 of 39 MSI GC cases harbored the H1047R
mutation. They found that this finding did not correlate
with survival or any other clinical or pathological features
linked with MSI GC. This is similar to our results on the
exon 20 mutation in MSI patients, in which similar survival
results were observed. A worse outcome was only observed
in the case of exon 9 mutation, which was not observed
in the above-mentioned study.?®
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In our study, we observed that PIK3CA patients were older
and showed intestinal histotype more often but without sta-
tistical significance. Analyzing the subgroup of MSI GC pa-
tients, the only differences were tumor position (p = 0.008)
and Lauren histotype (p = 0.069) — PIK3CA mutations were
more commonly seen in the upper third of the stomach and
also showed only intestinal histology. We did not observe
any difference in survival between wild-type and mutated
PIK3CA GC patients; however, in the MSI GC subgroup
of patients, those with PIK3CA mutation had a worse 5-year
survival rate (40%) than those without the mutation (70.4%).

PIK3CA mutations are also observed in head and neck
squamous cell carcinoma (HNSCC) for 6-21% of patients.*
Interestingly, this mutation was absent across German,
Vietnamese, and Greek patients.?82° Likely, some ethnic,
environmental, and/or other unknown factors are associ-
ated with this finding. A paper by Seiwert et al. pointed
out that PIK3CA mutations are more commonly associated
with human papillomavirus (HPV) positive HNSCC can-
cers.’® This finding did not reach statistical significance
but can be an example of a factor that may play an im-
portant role in developing this mutation. In our study, we
observed one of the smallest incidences of PIK3CA muta-
tion in GC patients — 2.1%.

In a CRC study by Day et al., it was found that PIK3CA
exon 20 mutations were associated with proximal tumors
and a sessile-serrated pathway (MSI-H/CIMP high/BRAF
mutations), and PIK3CA exon 9 mutations were linked
with the traditional serrated pathway of tumorigenesis
(CIMP-low/KRAS mutations).® PIK3CA mutations were
significantly associated with older age, proximal tumor
site and mucinous histology, and KRAS mutation.® Com-
parison between wt PIK3CA and either exon 9 or 20 muta-
tions showed some significant results. Mucinous histology
was associated with exon 20, and for exon 9, factors like
older age and KRAS mutations were associated. The direct
comparison of exon 9 and 20 mutations did not reach sta-
tistical significance. In a study by Sukawa et al., MSI status
was observed in 50% of PIK3CA GC patients.?! Similarly,
our results show a statistically significant link between
PIK3CA mutation and MSI status. In fact, almost all of our
GC patients presenting with a PIK3CA mutation were also
MSI positive. KRAS mutation was observed only in the
exon 20 mutation group (2 of 5 patients — 40%).

In breast cancer, PIK3CA mutations are seen in 40%
of cases.* The presence of this mutation is associated with
better prognosis in this cancer. Also, clinicopathological
factors show higher rates of small tumor size, low grade,
and positive estrogen receptor much more frequently
in this group of patients.?* Importantly, these patients also
showed better survival.* In other cancers like colorectal,
endometrial, or lung cancer, PIK3CA mutation is associat-
ed with worse prognosis.?*?> We did not find any difference
in survival between patients with and without PIK3CA
mutations. The difference was observed when we analyzed
subgroups according to the type of exon mutation.

K. Polom, et al. Gastric cancer PIK3CA mutation MSI

Our study was limited by the small number of patients
with PIK3CA mutations in our GC patient pool. We pre-
sented a link between different PIK3CA exon mutations
and MSI GC that present completely different prognoses
depending on the type of mutation. The MSI subtype of GC
is a relatively new molecular subgroup and requires further
analysis of different mutations that may have a positive or
negative impact on patient outcome.

Our research leads to some important conclusions about
PIK3CA mutations. Firstly, PIK3CA mutations in GC
is rare. It is strongly associated with the MSI molecular
subgroup, presenting a worse outcome than wt PIK3CA
MSI GC patients. A completely different outcome is asso-
ciated with mutation in exon 9 vs exon 20, with the latter
being more favorable. The role of this mutation must be
further studied with larger groups of patients.
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Abstract

Background. Co-culture has been applied in cell therapy, including stem cells, and has been reported
to give enhanced functionality.

Objectives. Inthis study, stem-cell spheroids were formed in concave micromolds at different ratios of stem
cells to osteoprecursor cells, and the amount of secretion of vascular endothelial growth factor (VEGF) was
evaluated.

Material and methods. Gingiva-derived stem cells and osteoprecursor cells in the amount of 6 X 105
were seeded on a 24-well culture plate or concave micromolds. The ratios of stem cells to osteoprecursor
cells included: 0:4 (group 1), 1:3 (group 2), 2:2 (group 3), 3:1 (group 4), and 4:0 (group 5).

Results. The morphology of cells in a 2-dimensional culture (groups 1-5) showed a fibroblast-like appear-
ance. The secretion of VEGF increased with the increase in stem cells, and a statistically significant increase
was noted in groups 3, 4 and 5 when compared with the media-only group (p < 0.05). Osteoprecursor
cells formed spheroids in concave microwells, and no noticeable change in the morphology was noted with
the increase in stem cells. Spheroids containing stem cells were positive for the stem-cell markers SSEA-4.
The secretion of VEGF from cell spheroids increased with the increase in stem cells.

Conclusions. This study showed that cell spheroids formed with stem cells and osteoprecursor cells with
different ratios, using microwells, had paracrine effects on the stem cells. The secretion of VEGF increased
with the increase in stem cells. This stem-cell spheroid may be applied for tissue-engineering purposes.

Key words: vascular endothelial growth factor, osteoblast, co-culture techniques, cellular spheroids, stem
cell research
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Introduction

Co-culture has been applied in cell therapy, including
stem cells, and has been reported to give enhanced func-
tionality. Spheroids formed with primary hepatocytes and
hepatic stellate cells showed a higher secretion of albumin
than mono-culture hepatospheres.! Additionally, the en-
zymatic activity of co-cultured heterospheres was higher
than the activity of a mono-culture.! Primary pancreatic
islets and hepatocytes were applied as spheroids for the
3-dimensional co-culture model.? It was shown that the
2 different types of cells supported each other’s functional-
ity when compared with a mono-culture.

Our group isolated and characterized human mesen-
chymal stem cells from the gingiva.? Gingiva-derived stem
cells have been suggested as candidates in the tissue-en-
gineering field.* In this study, stem-cell spheroids were
formed in concave micromolds at different ratios of stem
cells to osteoprecursor cells, and the amount of secretion
of vascular endothelial growth factor (VEGF) was evalu-
ated. To the best of the authors’ knowledge, this report
is the first to evaluate the secretion of VEGF from cell
spheroids formed with human gingiva-derived stem cells
and osteoprecursor cells.

Material and methods

Isolation and culturing
of gingiva-derived stem cells

Gingiva-derived stem cells were obtained using a previ-
ously reported method.* The Institutional Review Board
of Seoul St. Mary’s Hospital, College of Medicine, Catholic
University of Korea approved this study (KC11SISI0348).
All participants signed informed consent.

Gingival tissues were de-epithelialized, minced into
1-2 mm? fragments and digested in an alpha-modified,
minimal essential medium (a-MEM; Gibco, Grand Is-
land, USA) containing dispase (1 mg/mL; Sigma-Aldrich,
St. Louis, USA) and collagenase IV (2 mg/mL; Sigma-
Aldrich). The cells were incubated in a humidified incu-
bator at 37°C. The non-adherent cells were washed with
phosphate-buffered saline (PBS) (Welgene, Daegu, South
Korea) and replaced with a fresh medium every 2—3 days.

Co-culture of gingiva-derived stem cells
and osteoprecursor cells

Gingiva-derived stem cells and murine calvarial os-
teoprecursor cells (MC3T3-E1) (ATCC, Manassas, USA)
in the amount of 6 x 10° were seeded on a 24-well culture
plate and grown with a growth medium a-MEM. The ra-
tios of stem cells to osteoprecursor cells included: 0:4
(group 1), 1:3 (group 2), 2:2 (group 3), 3:1 (group 4), and
4:0 (group 5).

H. Lee, et al. Stem cells and VEGF

Formation of cell spheroids
with human gingiva-derived stem cells
and osteoprecursor cells

Stem-cell spheroids were formed in polydimethylsilox-
ane-based concave micromolds (Prosys® StemFit 3D; Prodi-
zen Inc., Seoul, South Korea) of a diameter of 600 pum (Fig. 1).
Gingiva-derived stem cells and MC3T3-E1 cells in the
amount of 6 x 10° were at the ratios of 0:4 (group 1),
1:3 (group 2), 2:2 (group 3), 3:1 (group 4), and 4:0 (group 5).
Cell aggregation and cell-spheroid formation were ob-
served under an inverted microscope (Leica DM IRM;
Leica Microsystems, Wetzlar, Germany).
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Fig. 1. Schematic illustration of the study using gingival-derived stem cells

Determination of cell viability

The viability of the cell spheroids was analyzed qualita-
tively by a Live/Dead Kit assay (Molecular Probes, Eugene,
USA) on day 3. The cell spheroids were washed twice with
PBS, followed by suspension in 1 mL of a-MEM, contain-
ing 2 pL of 50 mM calcein acetoxymethyl ester working
solution and 4 pL of 2 mM ethidium homodimer-1, for
15 min at room temperature. The spheroids stained with
calcein acetoxymethyl ester and ethidium homodimer-1
were observed under a confocal laser microscope (LSM800
with Airyscan; Carl Zeiss, Jena, Germany). The viable cells
produced intense, uniform, green fluorescence; dead cells
showed red fluorescence with this assay.

Evaluation of maintenance of expression
of stem cell markers

The spheroids were retrieved on day 3 to evaluate the
expression of stem cell markers. The spheroids were incu-
bated with human SSEA-4 (Clone MC-813-70) conjugated
to NHL493 (green) and human TRA-1-60(R) (Clone TRA-
1-60) conjugated to NL557 (red) (R&D Systems, Minne-
apolis, USA) after dilution to 1 x concentration. The spher-
oids were visualized under a confocal laser microscope
(LSM800 with Airyscan; Carl Zeiss). These antibodies were
used as positive markers of human stem cells.
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Evaluation of secretion of human vascular
endothelial growth factor

The determination of human VEGF from 2- and 3-di-
mensional systems was performed using a commercially
available kit (Quantikine® ELISA; R&D Systems). All re-
agents and samples were prepared according to the manu-
facturer’s recommendations. A media group served as the
control.

Statistical analysis

A test of normality was performed with the Shapiro-Wilk
test, and a one-way analysis of variance with Tukey’s post
hoc test was performed to analyze the differences between
the groups, using a commercially available program (SPSS
12 for Windows; SPSS, Chicago, USA), with the level of sig-
nificance set at 0.05.

Results
Evaluation of 2-dimensional culture

The morphology of the osteoprecursor cells showed
a fibroblast-like appearance on day 3 (Fig. 2A). No sig-
nificant difference in the morphology was noted when the
culture with gingiva-derived stem cells was at different
ratios of stem cells to osteoprecursor cells: 1:3 (group 2),
2:2 (group 3), 3:1 (group 4), and 4:0 (group 5) (Fig. 2B, 2C,
2D, and 2E, respectively).

Secretion of human vascular endothelial
growth factor from 2-dimensional culture

The secretion of VEGF was noted in groups 2, 3, 4, and
5 (Fig. 3), and it increased with the increase in stem cells.
A statistically significant increase was noted in groups 3,
4 and 5 when compared with the media-only group
(p < 0.05).

Fig. 2. Morphology of 2-dimensional
stem cells cultured with osteoprecursor
cellson day 3

A —group 1; B - group 2; C - group 3;
D —group 4; E—group 5.

0.800
0.700
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g 0s00
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=
Q 0.400 Dgroup 2
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< mgroup 4
0.300 m group 5
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Fig. 3. Secretion of VEGF from 2-dimensional culture

One-way analysis of variance with Tukey’s post hoc test was performed
to determine the differences between the groups; * statistically significant
differences were noted when compared with the media-only group.

Evaluation of spheroid morphology

The morphology of the spheroids on day 3 is shown
in Fig. 4. Osteoprecursor cells formed spheroids in con-
cave microwells (Fig. 4A). Gingiva-derived stem cells and
osteoprecursor cells also formed spheroids (Fig. 4B—E).
No significant change in the morphology was noted with the
increase in stem cells, at different ratios of stem cells to os-
teoprecursor cells: 1:3 (group 2), 2:2 (group 3), 3:1 (group 4),
and 4:0 (group 5) (Fig. 4B, 4C, 4D, and 4E, respectively).

Determination of cell viability
and maintenance of expression
of stem cell markers
Most of the cells in the spheroids emitted green fluores-

cence; a small portion of red fluorescence was also noted
(Fig. 5). Spheroids containing stem cells were positive for
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Fig. 4. Morphology of 3-dimensional
stem cells cultured with osteoprecursor
cells on day 3 (osteoprecursor cells
formed spheroids in concave microwells)

A —group 1;B-group 2; C—group 3;

D - group 4; E - group 5; no significant
change in the morphology was

noted with the increase in stem cells,

at different ratios of stem cells to
osteoprecursor cells: 0:4, 1:3, 2.2, and 3:1.

200 ym

Fig. 5. Determination of cell viability of cell spheroids

A-D —group 1; E-H — group 2; I-L — group 3;
M-P — group 4; Q-T — group 5.
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the stem-cell markers SSEA-4 and TRA-1-60(R) (Fig. 6).
The green fluorescence showed a more intense assay with
a higher number of stem cells.

Secretion of human vascular endothelial
growth factor from spheroids

The secretion of VEGF from the spheroids was noted
in groups 2, 3, 4, and 5 (Fig. 7), and it increased with the
increase in the number of stem cells. A statistically sig-
nificant increase in the secretion of VEGF was noted
in groups 2, 3, 4 and 5 when compared with the media-
only group (p < 0.05).

SSEA-4 (green)
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Fig. 6. Evaluation of maintenance
of expression of stem cell markers
of cell spheroids (spheroids
containing stem cells were positive
for the stem-cell markers SSEA-4)

TRA-1-60 (red)

A-C—group 1; D-F — group 2;
G-I -group 3; J-L —group 4;
M-O - group 5.

Discussion

In this report, stem cell spheroids were fabricated using
microwells, and the paracrine effects of the stem cell spher-
oids were evaluated. This study showed that cell spheroids
formed with stem cells and osteoprecursor cells with dif-
ferent ratios, using microwells, had different paracrine
effects on the stem cells. It also proved that the secretion
of VEGF increased with the increase in stem cells.

More recently, it has been shown that the beneficial ef-
fects of stem cells were reported to come from both cell
restoration and paracrine effects.®> Mesenchymal stem cells
were reported to secrete a vast array of proteins, including
growth factors, cytokines, chemokines, and extracellular
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Fig. 7. Secretion of VEGF from cell spheroids

VEGF - vascular endothelial growth factor; differences between the
groups were evaluated using a one-way analysis of variance with Tukey's
post hoc test; * statistically significant differences were noted when
compared with the media-only group; ** significant differences were
seen when compared with group 2.

matrix metalloproteinases.® Various growth factors, e.g.,
vascular endothelial, fibroblast and hepatocyte growth
factors, were secreted from mesenchymal stem cells, and
previous reports showed that the growth of endothelial
cells was stimulated by a conditioned medium of mesen-
chymal stem cells in a dose-dependent manner.”®

Vascular endothelial growth factor is reported to be
an important angiogenesis factor that mesenchymal stem
cells release.® It also regulates endothelial cell survival,
differentiation and angiogenesis.!” The release of VEGF
was demonstrated by the analysis of the mesenchymal
stem cell-conditioned media.!* This study showed that
mesenchymal stem cell-conditioned media enhanced
the proliferation of endothelial stem cells in a dose-de-
pendent manner, and anti-vascular endothelial growth
factor antibodies partly attenuated this effect. This
study clearly proved that the secretion of VEGF from
3-dimensional stem cell spheroids increased with the
increase in stem cells. However, it should be noted that
the different method of culturing mesenchymal stem
cells and the variety of the paracrine factors may produce
different results.

The paracrine effects of stem cells may be applied for the
treatment of various diseases. Stem cells from the vertebral
body were reported to enhance the regeneration of the
intervertebral disc by paracrine interaction.!? In a previ-
ous report, the transplanted stem cells released soluble
factors that — acting in a paracrine fashion — contribut-
ed to cardiac repair and regeneration.!*> Another report
showed that adult neural stem cells exerted neuroprotec-
tive effects on cortical neurons following neurotoxic insult
by paracrine effects.* Adipose tissue-derived stem cells
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were applied for the treatment of erectile dysfunction due
to the paracrine effect on surrounding tissues.!® The im-
provements of glucose intolerance were achieved from the
factors secreted from dental pulp stem cells by increas-
ing pancreatic B-cell function in streptozotocin-induced
diabetic mice.!

This study applied a 3-dimensional culture system.
In a previous study, 3-dimensional stem cell spheroids were
generated from gingiva-derived stem cells with concave mi-
crowells.!” Recently, a 3-dimensional human stem cell con-
struct has been built by applying bioprinting.'® A 3-dimen-
sional stem cell system may extend the knowledge about the
structure—function relationship.!” It was suggested that the
3-dimensional system simulates reality more closely when
compared to the 2-dimensional one.?° Additionally, it was
suggested that 3-dimensional spheroids of mesenchymal
stem cells showed enhanced survival effects.?!

Stem cells may be obtained from bone marrow, periph-
eral blood, adipose tissue, and umbilical cord blood.?2-2°
Stem cells from bone marrow are widely applied, but this
may have limitations due to the low number of stem cells,
pain of extraction and morbidity.2%*” Umbilical cord blood
may be a good source, but the supply is very limited.?® Stem
cells can be also obtained from the oral and maxillofacial
area, including the maxilla and mandible.?” The gingiva
can be considered a favorable source of stem cells, because
the tissue can be obtained from daily dental procedures
under local anesthesia.?

This study showed that cell spheroids formed with stem
cells and osteoprecursor cells with different ratios, us-
ing microwells, had paracrine effects on the stem cells.
The secretion of VEGF increased with the increase in stem
cells. This stem cell spheroid may be applied for tissue
engineering purposes.
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Abstract

Background. Splenectomized patients are more prone to bacterial infections due to theirimmunocompro-
mised status. Little is known about the role of T helper 17 (Th17) and T requlatory cells (Treg) in the immune
system of patients after the removal of the spleen.

Objectives. The aim of the present study was to analyze possible changes in CD4+ lymphocyte T subsets,
especially Treg and Th17, in patients who had undergone splenectomy.

Material and methods. The study included a group of 67 male patients (41.74 16.22 years). All patients
had undergone splenectomy because of spleen injury. Mean time elapsed from splenectomy to analysis
was 9.1 +4.6 years. Control samples were obtained from 20 male healthy volunteers. The percentages and
absolute counts of Th17 and Treg were measured using the flow cytometry method.

Results. The analysis of the antibody titer against 23 serotypes of Streptococcus pneumoniae (S. pneu-
moniae) in the splenectomized patients revealed its elevated values compared to controls (p = 0.0016).
Higher percentages and absolute counts of Treg cells were found in the splenectomized group vs controls
(p < 0.000007). Lower percentages and absolute counts of the Th17 subset were found in the study group
vs controls (p < 0.000002 and p < 0.00006, respectively). The Treg cell percentage was positively correlated
with the antibody titer against . pneumoniae (p < 0.02). Th17 cells were reversely correlated with the antibody
titer (p < 0.004 and p < 0.001 for absolute counts and percentage values, respectively). The Th17 subset
values were significantly lower in the splenectomized patients who reported a higher frequency of upper
respiratory tract infections (URTI) (p < 0.0001). No correlations were found between the time elapsed since
splenectomy and the Treg or Th17 cell values in the study group.

Conclusions. Splenectomy results in an important deterioration of the Treg/Th17 cell balance with a pre-
dominance of immunoregulatory Tregs, which can contribute to insufficient immune response to infection.

Key words: immune response, T helper 17 cells, T requlatory cells, splenectomy
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Introduction

In 1919, Morris and Bullock reported on a preliminary
study indicating the importance of the spleen in resis-
tance to infection.! Further studies on animal models have
shown significant relationships between splenectomy and
the peripheral leukocyte count.?

After splenectomy, mechanisms that play important
roles in bacterial clearance are impaired, which leads
to an increased risk of severe infections. The absence of the
phagocytic function of the spleen and the long-term im-
pairment of humoral response to encapsulated bacteria are
the main reasons for the overwhelming postsplenectomy
infection (OPSI) syndrome. This severe infection occurs
at an estimated incidence of 0.23-0.42% per year, with
a lifetime risk of 5%.3* The course of OPSI can be life-
threatening, with a mortality rate of 38—69%.3>¢ Early
diagnosis and aggressive therapy can decrease the number
of fatal outcomes to 10-40%.” The highest risk of infection
occurs during the first 3 years after splenectomy, particu-
larly in children younger than 5 years.®° OPSI is most com-
monly induced by encapsulated bacteria and Streptococcus
pneumoniae (S. pneumoniae) is responsible for 50-90%
of all cases of OPSI.3” This has been attributed to the ab-
sence of marginal zone B cells in these patients.!® Each
patient should be vaccinated for S. pneumoniae both before
and after splenectomy to minimize the risk of infection.
According to the guidelines from the Centers for Disease
Control and Prevention (CDCs), it is recommended to vac-
cinate for S. pneumoniae and Haemophilus influenzae
type b (H. influenzae) at least 14 days before surgery, and
to vaccinate for S. pneumoniae, H. influenzae and Neis-
seria meningitidis after splenectomy. Vaccination for in-
fluenza is also recommended once a year in this group
of patients.!! In cases of urgent splenectomy, vaccination
before surgery is not applicable. In these cases, it is im-
portant to follow the guidelines for vaccination after sur-
gery. However, post-splenectomy vaccinations, especially
in urgent cases, seem to be less effective.® The lack of the
spleen causes significant disorders in humoral immune
response.!? Despite a significant amount of evidence on
B-lymphocyte function impairment, little is known about
the distribution of separate populations of T-lymphocytes
in splenectomized patients. CD4+ T cells are essential for
directing immune responses during host defense and for
the pathogenesis of inflammatory diseases. Recently, more
attention has been paid to T regulatory cells (Treg cells)
and the positive effects they exert by regulating immune
response to self-antigens. Treg cells are a subset of pheno-
typically and functionally specific T lymphocytes which
play an important role in the maintenance of immune
tolerance. Foxp3, a member of the forkhead/winged-helix
family of the transcription factor, has been identified as
the best marker of Treg cells.!* The dysfunction of Treg
cells is observed in a variety of autoimmune diseases such
as systemic lupus erythematosus (SLE) and rheumatoid
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arthritis.!*!> T helper 17 (Th17) IL-17A+CD3+CD4+ cells
represent a subset of T helper cells that can play an active
role in several inflammatory and autoimmune diseases.®
It has been demonstrated that human Th17 cells express
IL-17A, IL-17F, IL-22, IL-26, IEN-y, the chemokine CCL20,
the transcription factor ROR-yt, and IL-23R.”” It has been
shown that the balance of Treg/Th17 controls immune
response as an important factor in regulating the Th cell
function relating to the Th1/Th2 shift in the graft vs host
disease.’® The Treg/Th17 imbalance contributes to the de-
velopment of autoimmune diseases, such as SLE,!? primary
nephrotic syndrome? and idiopathic thrombocytopenic
purpura.?!

The aim of the present study was to analyze possible
changes in the CD4+ lymphocyte T subsets, especially
Treg and Th17, in patients who had undergone splenec-
tomy, and to assess the relationships between increased
susceptibility to infections and the Treg/Th17 status
in this group.

Material and methods
Study and control groups

Between 2012 and 2013, a group of 67 male patients,
with an average age of 41.74 £16.22 years, was recruit-
ed. All patients enrolled were splenectomized because
of an abdominal trauma with spleen injury. Mean time
elapsed from splenectomy to analysis was 9.1 +4.6 years.
Control samples of peripheral blood were obtained from
20 healthy male volunteers (aged 42.95 +15.3 years). None
of the patients or controls had been receiving drugs affect-
ing the immune system; none showed any signs of infec-
tion (within the last 2 months before the study) or any
signs of autoimmune or allergic diseases, and none had
received blood transfusions. None had been receiving im-
munosuppressive or immunomodulative treatment within
the previous 3 months. To avoid hormonal changes during
menstrual cycles, only male patients and controls were
enrolled for the study. Fifty-nine patients (88.05%) reported
more frequent upper respiratory tract infections (URTI)
after splenectomy (4 or more cases of infection treated
with antibiotics per year) and 8 patients (11.94%) did not
observe any change in the prevalence of URTI. The periph-
eral blood (PB) samples were drawn from the basilic vein
for the following tests: 1. serum specific pneumococcal an-
tibody titers before vaccination (3 mL of peripheral blood
collected to tubes with a clotting activator); 2. frequencies
of selected lymphocyte subsets (5 mL of peripheral blood
collected to tubes with the anticoagulant ethylenediami-
netetraacetic acid — EDTA). Serum samples were stored
at -70°C until the time of specific pneumococcal anti-
body titer analysis. The percentages of lymphocyte subsets
were assessed on fresh peripheral blood samples from pa-
tients and healthy volunteers. This study was carried out
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in accordance with the Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki) for experiments
involving humans. The Local Ethics Committee approved
the research and patients gave their prior written consent.

The isolation of peripheral blood
mononuclear cells and the detection
of Th17 and Treg cells

The isolation of peripheral blood mononuclear cells
(PBMCs) and the detection of Th17 and Treg cells were
performed as described previously.??

The peripheral blood was diluted 1:1 with a 0.9% phos-
phate-buffered saline (PBS) without calcium (Ca?*) or
magnesium (Mg?*) ions (Biochrome AG, Berlin, Germany).
The diluted material was then overlaid on 3 mL of Gradisol
L preparation (Aqua Medic, £.6dZ, Poland) with a specific
gravity of 1.077 g/mL and subjected to density gradient
centrifugation at 700 x g for 20 min. The obtained fraction
of PBMCs was collected with a Pasteur pipette and washed
twice in PBS without Ca? and Mg?* ions for 5 min. Next,
the cells were suspended in 1 mL of PBS without Ca?* and
Mg?*, and counted in the Neubauer chamber, and their vi-
ability was determined by a trypan blue dye exclusion assay
(0.4% Trypan Blue Solution; Sigma-Aldrich, St. Louis, USA).

For the detection of Th17 cells, PBMCs were resuspended
in RPMI-1640 culture medium (Sigma-Aldrich) containing
10% heat-inactivated fetal calf serum (FCS, Sigma-Aldrich),
2mM l-glutamine, 100 U/mL penicillin (Sigma-Aldrich),
and 100 pg/mL streptomycin (Sigma-Aldrich). Mononu-
clear cells were stimulated for 5h at 37°C in 5% CO, with
25ng/mL of phorbol 12-myristate 13-acetate (PMA, Sigma
Chemical, St. Louis, USA) and 1 pg/mL of ionomycin (Sig-
ma Aldrich) in the presence of 10 pg/mL of brefeldin A (Sig-
ma-Aldrich), which blocks the intracellular transport pro-
cesses resulting in the accumulation of cytokine proteins
on the Golgi complex. Next, PBMCs were collected, washed
with PBS solution and prepared at a final concentration
of 106 cells/mL. The number of viable leukocytes was de-
termined using a 1% trypan blue dye exclusion assay. Later,
the mononuclear cells were stained with anti-CD3 Cy-
Chrome and anti-CD4 fluorescein-isothiocyanate (FITC)
conjugated monoclonal antibodies (Becton Dickinson, San
Diego, USA). The permeabilization of cell membranes was
achieved with a Cytofix/Cytoperm Kit (BD Pharmingen,
San Jose, USA), which was added for 15min at a tempera-
ture of 4°C. Next, the cells were washed twice with PBS.
The permeabilized cells were stained with a phycoerythrin
(PE)-conjugated anti-human IL-17A monoclonal antibody
(eBioscience, San Diego, USA). Then, cells were washed
twice with PBS again.

For the detection of Treg CD4+CD25+Foxp3+ cells, the
cell surface and intracellular antigens were determined
on fresh cells at the time of sample submission by cell
staining according to the manufacturer’s protocols.
A total of 500 pL of cell suspensions were added to 5uL
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of an appropriate solution of anti-human CD25 PE and an-
ti-human CD4 PE-Cy5-conjugated antibodies (BioLegend,
San Diego, USA). Next, the mixture of cells and antibodies
was incubated for 30 min at 4°C in the dark, centrifuged,
washed twice by adding 1 mL of cold PBS to each tube
with 1% sodium azide and 1% FCS, and centrifuged again
at 400 x g for 10 min. After the standard incubation with
antibodies directed against surface markers, the incuba-
tion by fixation and permeabilization with FoxP3 Fix/Perm
Buffer and FoxP3 Perm Buffer (BioLegend) was performed.
Then, the incubation with antibodies directed against the
intracellular protein FoxP3 — anti-human FoxP3 (Pacific
Blue) monoclonal antibody (BioLegend) was carried out.
Later, the supernatant was separated and, after washing,
each sample was suspended in 200 pL of PBS.

The cells were immediately analyzed with a Becton
Dickinson Canto II flow cytometer and analyzed by us-
ing FACSDiva™ software (Becton Dickinson). The results
were presented as the percentage of CD45+ cells stained
with the antibody. The percentage of positive cells was
calculated via a comparison with the control. Background
fluorescence was determined using isotype-matched, di-
rectly conjugated mouse anti IgG1/IgG2a monoclonal an-
tibodies. The samples were gated on forward scatter vs side
scatter to exclude debris and cell aggregates.??> An example
of a cytometric analysis is presented in Fig. 1.

The assessment of basic
lymphocyte subsets

Three-color immunofluorescence analyzes were per-
formed using a FACS Calibur flow cytometer (Becton
Dickinson) equipped with a 488 nm argon laser. A mini-
mum of 10,000 events were acquired and analyzed using
CellQuest software (Becton Dickinson). The percentage
of cells expressing surface markers was analyzed. The cells
were phenotypically characterized by incubation (20 min
in the dark at room temperature) with a combination of rel-
evant FITC- PE- and CyChrome-labeled monoclonal anti-
bodies. Immunofluorescence studies were performed using
a combination of the following mAbs: CD3 FITC/CD19 PE
and CD8 FITC/CD4 PE (Becton Dickinson).??

Serum pneumococcal antibody
assessment

The serum pneumococcal antibody assessment was
performed on all subjects. The amount of anti-capsular
polysaccharide antibody specific to 23 pneumococcal se-
rotypes (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,
15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, 33F) was determined
using a commercial ELISA test (ELIZEN Pneumococcus
IgG Assay; Zentech, Liege, Belgium). Each of the serum
samples was pre-adsorbed with 10 pg/mL polysaccharide C
(C-PS; Statens Serum Institut, Copenhagen, Denmark) for
1 h at 37°C before quantification to increase the specificity
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Fig. 1. An example of a 3-color flow cytometry analysis of lymphocytes from a splenectomized patient

The upper dot-plot shows the forward scatter/side scatter (FSC/SSC) distribution and the gate used to select lymphocytes for analysis. The lower left flow
cytometry dot-plot shows the analysis of the percentage of Treg cells; the analysis was based on gating a subpopulation of FoxP3-positive Treg cells among
T CD4-positive lymphocytes. The lower right flow cytometry dot-plot shows the analysis of the percentage of Th17 cells; the analysis was based on gating

a subpopulation of Th17 cells among T CD4-positive lymphocytes. The number in the upper right quadrant in the dot-plots represents the percentage

of Treg cells (bottom left dot-plot) and the percentage of Th17 cells (bottom right dot-plot).

of the test. The evaluation procedure was followed accord-
ing to the manufacturer’s instructions and an automatic
VICTORS3 reader (Perkin Elmer, San Diego, USA) was used
for result interpretation.?*

Statistical analysis

The normal distribution of continuous variables was veri-
fied with the Shapiro-Wilk test. Categorical variables were
presented as percentages and were compared using the ¥ test.
Continuous variables were presented as means and standard
deviations (SD). The U Mann-Whitney test and the Student’s
t-test were applied for intergroup comparisons of the vari-
ables, according to the distribution. Pearson’s linear correla-
tion coefficient (r) was calculated to disclose relationships
between the variables. All calculations were conducted using
STATISTICA v. 10 software (StatSoft, Tulsa, USA). A p-value
<0.05 was considered statistically significant.

Results

The analysis of the blood samples taken from the sple-
nectomized patients revealed elevated antibody titer
against S. pneumoniae compared to the healthy control
group (833.68 +535.98 vs 284.6 £182.02; p = 0.0016) (Fig. 2).
In the study group, a lower percentage of CD4+ cells
was noted compared to the controls (median 37.89% vs
44.43%; p < 0.00128) and a higher percentage and quantity
of CD19+ cells compared to the controls (median 11.6% vs
8.79%, p < 0.00001 and mean 0.328 +0.156 vs 0.274 +0.241,
p < 0.006, respectively). In the Treg subset, a significantly
higher percentage (median 9.85%) and total amount (mean
0.285 x 103/mm?®+0.133) were noted in the study group vs
controls (5.22%, p < 0.000001 and 0.128 x 103/mm? +0.057,
p < 0.000007, respectively) (Fig. 3). In the Th17 subset,
a significantly lower percentage (median 0.85%) and to-
tal amount (mean 0.027 x 103/mm? +0.021) were found
in the study group vs controls (2.64%, p < 0.000002 and
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0.072 x 103/mm?+0.058, p < 0.00006, respectively) (Fig. 4).
Mean percentage values and mean quantity values of lym-
phocyte subsets in the study (splenectomized) population
and the control group are presented in Table 1.

In the study group, the Treg cell percentage was positively
correlated with antibody titer (r = 0.467595, p < 0.02) (Fig.5 A).
Conversely, there was a negative correlation between Th17
cells and antibody titer (r = —0.628008, p < 0.001 and
r =-0.580325, p < 0.004 for percentage and total quantity
values, respectively) (Fig. 5 B,C).

In the study group, among patients who reported
a higher incidence of URTT, in the Th17 subset, the quan-
tity (mean 0.019 x 103/mm?® +0.0099) and percentage val-
ues (median 0.69%) were significantly lower compared
to those of the patients who did not report a higher URTI
frequency (0.064 x 103/mm? +0.021, p < 0.000001 and
1.81%, p < 0.00005, respectively) (Fig. 6). The patients with
a higher incidence of URTT also had a significantly higher
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Fig. 3. The differences in the percentage of the Treg subset between splenectomized patients (study group) and controls (*** p < 0.000001) (A);
the differences in the total amount of the Treg subset between splenectomized patients (study group) and controls (*** p < 0.000007) (B)
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antibody titer

antibody titer (955.94 +514.13 vs 235.85 +49.94; p < 0.0007)
(Fig. 7). No statistically significant correlation was found
between the time elapsed since splenectomy and the Treg
or Th17 cell values in the study group.
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URTI frequency

Discussion

The aim of the present study was to assess the relationship
between the lack of the spleen and the quantity of separate
subpopulations of T lymphocytes as well as the number
of specific antibodies against S. pneumoniae. Our study
facilitates an understanding of the mechanisms which are
behind weakened immune response in patients after sple-
nectomy. The higher levels of specific antibodies against
S. pneumoniae and values of CD19+ cells in the splenecto-
mized patients compared to the control group suggest an in-
creased exposure to antigens in bacterial capsules. It can
be assumed that these patients reveal a higher exposure
to bacterial antigens; thus, they are more susceptible to in-
fections induced by this pathogen. This is in accordance with
the results of previous studies indicating higher morbidity
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Table 1. Mean percentage and quantity values of lymphocyte subsets in the study population (splenectomized) and healthy control group

Study group Control group
n=67 n=20

Lymphocyte subsets
standard deviation standard deviation
T CD3+ [%] 66.18727 8482736 65.74850 13.25141 ns.
T CD3+ [10/mm?] 1.70540 0.610206 1.60591 0.52374 n.s.
B CD19+ [%] 12.74493 3589680 1133450 8.94963 0.00001
B CD19+ [103/mm?] 0.32872 0.156565 0.27496 0.24151 0.006
T CD4+ [%] 3705227 9.676037 44.04050 3.40697 0.00128
T CD4+ [10¥/mm?] 093664 0360878 1.07664 0.27880 ns.
Treg [%] 9.817632 3.006509 5.230500 1.692536 0.000001
Treg [10%/mm?] 0.285388 0.133895 0.128761 0.057754 0.00026
Th17 [%] 1018684 0656494 2833500 1836078 0.000001
Th17 [103/mm?] 0.027888 0.021533 0.072838 0.058360 0.00006
T CD8+ [%)] 26.08621 9.130860 3043050 718799 n.s.
T CD8+ [10%/mm?] 0.68469 0381220 073060 021428 ns.
n.s. — non-significant.
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[0 mean +SD this is one of the causes of autoimmune diseases or chronic
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,:q_f 1200 ance of the body.? Therefore, the balance between regulato-
2 1000 ry T-lymphocytes and Th17 lymphocytes plays a significant
9 500 . role in the development of an effective inflammatory re-
= sponse.?” Changes observed in this relation in patients after
© 600 splenectomy may suggest that inflammatory response to the
400 antigens contained in the S. pneumoniae capsula is sup-
200 @ pressed, and thus ineffective. Therefore, despite the evidence
0 of antigen stimulation, there is no effective immunological
200 response from the immune system. These conclusions seem
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frequency of URTI after splenectomy

Fig. 7. The difference in antibody titer against S. pneumoniae between
splenectomized patients who reported a higher incidence of upper
respiratory tract infections (URTI) and those who did not report a higher
URTI frequency (***p < 0.0007)

in splenectomized patients for S. pneumoniae-related in-
fections.” In unvaccinated patients, the increase in the per-
centage of Treg lymphocytes, which also correlates with
high levels of specific antibodies, seems to be distressing.
The association with low levels of pro-inflammatory Th17
lymphocytes and higher antibody titer in splenectomized
patients suggests that inflammatory response to S. pneu-
moniae capsule antigens is suppressed, and thus ineffective
in this group.?>2¢ In healthy, immunocompetent patients, the
preservation of an appropriate balance between Th17 and
Treg cells is one of the conditions for the best inflammatory

to be confirmed by the results of the quantity and percent-
age assessment of Th17 cells in the group of splenectomized
patients reporting a higher incidence of URTI. Previous
observations have demonstrated a positive correlation be-
tween the time elapsed since splenectomy and the percent-
age of peripheral blood CD4+ cells in the group of patients
splenectomized because of an abdominal trauma.? Findings
observed in the present study show that CD4+ cells com-
prise a smaller subset of lymphocytes compared to controls,
but there is a tendency to rebuild this population over time.
In the present research, we only enrolled patients splenecto-
mized due to spleen injury. Elective splenectomy is generally
performed on patients with idiopathic thrombocytopenic
purpura; however, these patients are referred to pre-surgery
vaccination that may influence the status of lymphocyte
subsets. This study group is homogenous and vaccination-
naive, and the results are free of any possible impact from
the vaccine. Future studies are needed to assess the possible
effects of vaccination on CD4+ cell frequency in splenec-
tomized patients.
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Conclusions

This research shows for the first time that substantial

changes are occurring in the immunological system after
splenectomy. Splenectomy has a significant effect on the
quantitative distribution of lymphocyte subsets. Patients
who undergo splenectomy reveal a strong reverse balance
between Treg and Th17 lymphocytes. Certainly, this is one
of the factors leading to a deterioration in the immunity
response of the body against bacterial antigens. The high
level of specific antibodies in these patients does not cor-
relate with effective immunity.
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Abstract

Background. Chronic lymphocytic leukemia (CLL) is a condition characterized by the accumulation of mor-
phologically mature monoclonal lymphocytes B with the CD19+/CD5+/CD23+ phenotype in lymphoid
tissue, peripheral blood and bone marrow. The clinical course of patients with CLLis heterogeneous, ranging
from indolent to aggressive. The role of lymphocyte activation in the natural history of CLL is still a matter
of discussion.

Objectives. The aim of this study was to determine the percentages and absolute numbers of lymphocytes
Band Tin peripheral blood and bone marrow of CLL patients. Moreover, we analyzed the relationship between
the number of (D25-positive and CD69-positive lymphocytes and the established prognostic factorsin CLL.

Material and methods. The study included 80 untreated patients with CLL and 20 healthy subjects.
The immunophenotype of peripheral blood mononuclear cells (in both groups) and bone marrow cells (solely
in the CLL group) was determined by means of flow cytometry.

Results. Patients with CLL showed a higher absolute number of activated lymphocytes B with phenotypes
(D19+(D25+ and (D19+CD69+, as well as a higher absolute number of (D3+(D25+ lymphocytes T than
the controls. The enhanced activation of peripheral blood and bone marrow lymphocytes was associated
with higher Rai stages, an increased concentration of lactate dehydrogenase and beta-2 microglobulin and
the progression of the disease. The number of lymphocytes B (D19+ZAP-70+- correlated positively with the
number of (D19+(D25+ B cells and (D3+CD69+ T cells.

Conclusions. The study confirmed the association between an unfavorable prognosis and a high expres-
sion of activation markers in CLL patients. The determination of (D25+ and CD69+ lymphocytes T and
B constitutes a valuable diagnostic tool, completing the cytometric evaluation of CLL.

Key words: flow cytometry, chronic lymphocytic leukemia, prognostic marker, lymphocyte count
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Introduction

Chronic lymphocytic leukemia (CLL) is a condition char-
acterized by the accumulation of morphologically mature
monoclonal lymphocytes B with the CD19+/CD5+/CD23+
phenotype in lymphoid tissue, peripheral blood and bone
marrow. It is estimated that CLL constitutes 25—-30% of all
diagnosed leukemia cases, making it the most frequent ma-
lignancy of this type amongst adults from North America
and Europe.!

The course of CLL is chronic by default. Of note, how-
ever, is its heterogeneity. Only 30% of the patients sur-
vive 10-20 years following the diagnosis. The remain-
ing patients enter the terminal phase within the initial
5-10 years, despite an indolent onset of the condition.
Individuals with the aggressive form of CLL survive only
2-3 years upon establishing the diagnosis. Spontaneous
regression of CLL is of rare evidence.? Treatment with
various combinations of cytostatics and biological agents
can induce remission, but a relapse occurs in most of the
patients, making CLL an incurable condition.

Criteria allowing for distinguishing between low and
high risk groups of CLL patients did not exist prior to the
mid-1970s; subsequently, Rai et al., followed by Binet et al.,
proposed independent classification systems that are used
to the present.>* According to Rai et al., patients are clas-
sified into 1 of 4 clinical stages?; in contrast, the classifica-
tion by Binet et al. is comprised of 3 stages.*

The survival time of CLL patients differs across age
categories. The younger the age at diagnosis, the more
aggressive is the course of the leukemia. The proportion
of CLL patients with Rai stage 2 or higher is larger in pa-
tients younger than 65 years and the loss of life expectancy
in younger patients is more than twice as high as in older
individuals.®

Amongst other prognostic factors, lymphocyte doubling
time (LDT) in untreated patients deserves special atten-
tion. Lymphocyte doubling time longer than 12 months
is usually associated with a mild course of CLL; however,
the shorter the LDT, the more aggressive is the phenotype
of the disease.® The concentration of beta-2 microglobu-
lin is another established prognostic factor: the higher the
value of this parameter, the worse is the prognosis.'°

Chronic lymphocytic leukemia cells differ in terms
of the mutational status of genes encoding immunoglobu-
lin heavy chain variable (IgVH), which is correlated with
the intracellular expression of {-associated protein-70
(ZAP-70), the presence of the CD38 antigen and the de-
gree of activation and susceptibility to apoptosis.!! Some
of these cellular markers are the established prognostic
factors in CLL. The prognosis is better in patients with mu-
tated IgVH genes than in those without the mutation.1213
A high expression of CD38 and ZAP-70 constitute a nega-
tive prognostic factor.***> Disorders of apoptosis are also
postulated to play an important role in CLL, and the in-
duction of programmed cell death by some medications
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is a determinant of successful therapy.'®-!® However, the
role of lymphocyte activation in the natural history of CLL
is still a matter of discussion.

Most CLL patients develop hypogammaglobulinemia
along with the disease progression.!*?° The detectable defi-
cit can refer to both immunoglobulin G class, and to M and
A classes. The deficiency develops irrespectively of the
status of the established prognostic factors, such as the
mutational status of [gVH.?!

The role of chronic immunological stimulation and the
resultant activation of lymphocytes B in the pathogenesis
of CLL has not been explained thus far. The in vivo ac-
tivation of the lymphocytes is known to result from the
presence of various antigens, including pathogens.

In a study of more than 77,000 initially healthy indi-
viduals, 129 participants developed CLL during an aver-
age period of 9.8 years. The authors studied the presence
of monoclonal protein and immunoglobulin light chains
in the blood samples of these patients, obtained prior to es-
tablishing the diagnosis.?® Amongst 61 individuals with
a normal ratio of free light chains (FLC) k/\ and with-
out monoclonal protein, 17 individuals showed elevated
levels of FLC «/\, which suggests a polyclonal activation
of lymphocytes B. These findings support the hypothesis
involving chronic immunological stimulation in the patho-
genesis of CLL.

De Fanis et al. analyzed the expression of CD95, the best-
described cell surface antigen associated with apoptotic
pathways, on lymphocyte B before and after the in vitro
induction of leukemia with phorbol-12-myristate 13-ace-
tate (PMA), ionomycin, phytohemagglutinin, or myogen.??
The degree of activation was monitored on the basis of the
early activation marker (CD69) expression. Chronic lym-
phocytic leukemia cells were revealed to be characterized
by a markedly lower expression of CD95 than normal lym-
phocytes. Additionally, the leukemia cells were incapable
of enhancing the expression of this molecule upon activa-
tion; although, it must be mentioned that such phenom-
enon was documented in the case of normal lymphocytes.
Both CLL cells and normal lymphocytes showed a higher
expression of CD69 after stimulation. Consequently, these
findings suggest that CLL cells express the early activa-
tion marker to a similar extent as normal cells, but their
activation-induced apoptosis is impaired.??

Compared to CD25-negative cells, lymphocytes
B CD25+ release larger amounts of interleukin (IL)-6, IL-10
and interferon gamma (IFNY) in response to the agonists
of Toll-like receptors, are superior at presenting antigens
to CD4+ cells, and are capable of a spontaneous synthesis
of immunoglobulin classes A, G and M. Therefore, this
subpopulation of lymphocytes B is postulated to corre-
spond to mature, activated memory cells.® Furthermore,
Hassanein et al. revealed that the proportion of CLL cells
expressing CD25, a marker of lymphocyte activation, was
significantly higher in the ZAP70+ group compared with
the ZAP70- group.?
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The activation of lymphocytes B results from the syn-
thesis of cytokines by activated T cells. Rossmann et al.
analyzed the lymphocyte synthesis of cytokines, both
spontaneous and induced by polyclonal activation.?* They
observed that patients with the progressive form of CLL
had significantly higher counts of T cells that spontane-
ously released IL-2, IL-4 and granulocyte-macrophage col-
ony-stimulating factor (GM-CSF) as compared to healthy
subjects and individuals with mild-course CLL. Also,
an in vitro polyclonal activation of peripheral blood T lym-
phocytes was reflected by an increased fraction of the cells
releasing the aforementioned cytokines, as well as tumor
necrosis factor (TNF) and IFN-y, both in patients with any
form of CLL and in the controls. These findings suggest
that lymphocytes T of individuals with CLL show rela-
tively high functional efficiency. Therefore, the enhanced
synthesis of cytokines in vivo is likely to result from the
stimulation of lymphocytes T, especially in the progressive
form of the disease. In turn, the abovementioned cytokines
are involved in processes of maintaining the growth of leu-
kemic lymphocytes B.>

The aim of this study was to determine the percent-
ages and absolute numbers of lymphocytes B and T in the

Table 1. Characteristics of the study participants

Parameter
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peripheral blood and bone marrow of untreated CLL pa-
tients. We analyzed the relationship between the number
of CD25- and CD69-positive lymphocytes and the estab-
lished prognostic factors in CLL.

Material and methods
Participants

The study included 80 untreated patients with CLL
diagnosed on the basis of clinical examination, morpho-
logical evaluation and immunophenotyping of peripheral
blood and bone marrow lymphocytes. The control group
comprised 20 healthy subjects (13 women and 7 men)
in whom the immunophenotype of lymphocytes was de-
termined in 10 mL samples of peripheral blood. The char-
acteristics of the study participants are summarized
in Table 1.

None of the participants used immunomodulating
agents, showed signs of infection within 1 month prior
to the study, underwent blood transfusion, or was diag-
nosed with an autoimmune condition or allergy.

Controls
(n=20)

Study group

(n=80)

Gender women, n (%) 38 (47.5%) 13 (65%) B
men, n (%) 42 (52.5%) 7 (35%)
0 29 (36.25%)
| 20 (25%)
Rai stage, n (%) I 20 (25%) - -
Il 7 (8.75%)
\% 4 (5%)
Early stage Rai stage 0-1, n (%) 49 (61.25%) - -
Late stage Rai stage -1V, n (%) 31 (38.75%) - -
Age [years] median (range) 65 (32-85) 62.5 (34-73) NS*
Leukocytes [1 x 10%L] median (range) 32.2 (12-110) 702 (4.23-9.63) 0.0000000001
Lymphocytes [1 X 10%L] median (range) 26.13 (6.71-98.49) 2.62 (1.39-4.96) 0.0000000001
: yes, n (%) 19 (23.75%) - -
Doubled lymphocyte count on follow-up no, 1 (%) 61 (76.25%) B B
Lymphocyte doubling time [months] median (range) 10 (1-20) - -
) ) yes, n (% of those with doubling) 15 (78.95%) - -
Lymphocyte doubling time <12 months no, n (% of those without doubling) 4 (21.05%) - -
Hemoglobin concentration [g/dL] median (range) 12.90 (7.80-15.40) 14.35 (12.5-16.9) 0.00064
Thrombocytes [1 x 10%/L] median (range) 188 (62.67-447) 281.5 (186-403) 0.00051
Beta-2-microglobulin [mg/dL] median (range) 2.72 (0.19-11.60) 1.58 (0.13-2.12) 0.00037
Lactate dehydrogenase [IU/L] median (range) 368 (228-938) 147 (83-198) 0.000026
) ) yes, n (%) 33 (41.25%) - -
Implementation of treatment on follow-up no, n (%) 47 (58.75%) B B
Time between diagnosis and treatment [months] median (range) 3(0-73) - -
complete/partial remission 12 (36.36%) - -
Response, n (% of the treated patients) progression/death 15 (45.45%) - -
ongoing treatment 6 (18.18%) - -

* not statistically significant (NS).
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The protocol of the study was approved by the Local
Bioethics Committee of the Medical University in Lublin.
All participants gave their written informed consent prior
to the start of any procedures.

Blood and bone marrow samples

Samples of peripheral blood (20 mL) were obtained from
the basilic vein of all the CLL patients. Moreover, a bone
marrow aspirate (5 mL) was obtained from the iliac crest
during routine diagnostic procedures. Additionally, pe-
ripheral blood samples (10 mL) of the controls were ex-
amined. The material was collected into ethylenediami-
netetraacetic acid (EDTA) tubes (aspiration and vacuum
systems, Sarstedt AG & Co. KG, Niimbrecht, Germany)
and analyzed shortly thereafter.

Isolation of mononuclear cells

Peripheral blood and a bone marrow aspirate were dilut-
ed with 0.9% phosphate-buffered saline (PBS) without cal-
cium (Ca?*) or magnesium (Mg?*) (Biochrom AG, Berlin,
Germany) at a 1:1 and 1:2 ratio, respectively. The diluted
material was built up with 3 mL of Gradisol L (specific
gravity 1.077 g/mL; Aqua Medica, Bialystok, Poland) and
centrifuged in a density gradient at 700 x g for 20 min.
The obtained fraction of mononuclear cells of peripheral
blood and bone marrow was collected with Pasteur pi-
pettes and washed twice in PBS without Ca?* or Mg?* for
5 min. Subsequently, the cells were suspended in 1 mL
of PBS without calcium or magnesium, and counted in the
Neubauer chamber or tested for viability in trypan blue
solution (0.4% Trypan Blue Solution, Sigma Pharmaceuti-
cals, Croydon, UK).

Flow cytometry

FACSCalibur flow cytometer (Becton Dickinson, Frank-
lin Lakes, USA) equipped with an argon laser emitting at
488 nm was used to determine the immunophenotype
of the mononuclear cells of peripheral blood and bone mar-
row. The results were analyzed with CellQuest software
(Becton Dickinson) and a CaliBRITE calibration set (Bec-
ton Dickinson) was used to optimize the flow cytometer
settings. A total of 10,000 cells were acquired from each
sample based on the lymphocytic gate forward-scattered
light (FSC)/side-scattered light (SSC). “Purity” of the lym-
phocytic gate was verified on the basis of the cellular dis-
tribution in a CD45/CD14 coordinate system.

Preparation of cells for cytometry

Peripheral blood mononuclear cells were suspended
in PBS at a concentration equal to 2 x 107 cells per mL,
and 50 pL of the solution were placed in 5 mL Falcon tubes
(Becton Dickinson). Subsequently, the cells were subjected

E. Grywalska, et al. Prognosis in CLL and activation markers

Table 2. Characteristics of fluorochrome-conjugated monoclonal
antibodies used in the study

Specificity | Fluorochrome | Manufacturer

. BD Biosciences,
anti-CD3 FITC/PE/PE-Cy5 G L VS
anti-CD19 FITC/PE/PE-Cy5 BD Biosciences, USA
anti-CD25 PE/PE-Cy5 BD Biosciences, USA
anti-CD38 FITC BD Biosciences, USA
anti-CD69 PE/PE-Cy5 BD Biosciences, USA
anti-CD5/CD19 FITC/PE BD Biosciences, USA
anti-CD45/CD14 FITC/PE BD Biosciences, USA
anti-CD3/CD19 FITC/PE BD Biosciences, USA

to 2- or 3-chrome labeling with monoclonal antibodies,
according to the manufacturer’s protocols (Table 2).

Following 30-min incubation with monoclonal antibod-
ies at 4°C, the cells were washed with PBS containing 0.1%
sodium azide and 1% fetal bovine serum, centrifuged at
700 x g for 5 min, and fixed in 0.5 mL of 1% paraformal-
dehyde solution (Sigma Pharmaceuticals).

The results of the cytometric analysis were presented as
a fraction of cells labeled with fluorochrome-conjugated
monoclonal antibodies or as a mean fluorescence intensity
(MFTI), corresponding to the expression of a given antigen
on a cellular surface.

Intracellular ZAP-70 kinase detection

The BD Perm/Wash buffer (Becton-Dickinson) and anti-
ZAP-70 PE (Becton Dickinson) were added to the appropri-
ate tubes and incubated for 15 min at room temperature
in darkness. Finally, the cells were washed and analyzed
by flow cytometry. For each analysis, 20,000 events were
acquired and analyzed using CellQuest software (Becton
Dickinson).

Statistical analysis

Normal distribution of continuous variables was tested
using the Shapiro-Wilk test, and the homogeneity of their
variances was verified with Levene’s test and the F-test.
Depending on their distribution, the statistical charac-
teristics of continuous variables were presented as arith-
metic means and standard deviations (SD), or as medians
and ranges (min-max). The Mann-Whitney U-test or the
Kruskal-Wallis test were used for intergroup comparisons
of continuous variables. The power and direction of rela-
tionships between 2 continuous variables was determined
using Pearson’s coefficient of linear correlation (r). All cal-
culations were carried out with STATISTICA v. 9 (StatSoft,
Tulsa, USA) package, with the level of significance set at
p < 0.05. To present the survival function, the Kaplan-
Meier estimator (survival curve) was used.
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Results
Number of activated lymphocytes T and B

The immunophenotypes of basic subpopulations of pe-
ripheral blood lymphocytes in patients and healthy controls
are presented in Table 3. Compared to healthy individuals,
patients with CLL showed a higher absolute number of lym-
phocytes B with phenotypes CD19+CD25+ (p = 0.000016)
and CD19+CD69+ (p = 0.0003). Moreover, they had a high-
er absolute number of CD3+CD25+ (p = 0.00047) as well
as CD3+CD69+ lymphocytes T (p = 0.07), although this
latter difference lacked statistical significance.

Relationship between the fraction

of activated cells in peripheral blood
and bone marrow and the established
prognostic factors in CLL

We revealed that higher Rai stages of CLL were associ-
ated with the enhanced activation of B cells in peripheral
blood (p = 0.018). Specifically, patients with stage 0 CLL
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showed a significantly lower percentage of CD19+CD25+
lymphocytes B in peripheral blood than those in Rai stage 3
(31.24% vs 78.67%, p = 0.003), and patients with stage 2 CLL
showed a significantly lower percentage of CD19+CD25+
lymphocytes B in peripheral blood than those in Rai stage 3
(50.24% vs 78.67%, p = 0.021) (Fig. 1A). Moreover, there was
asignificant association between the percentage of CD19+ B
cells in peripheral blood and the expression of the early
marker of activation, CD69 (p = 0.005). Specifically, patients
with Rai stage 3 showed a significantly higher percentage
of CD19+CD69+ B cells (47.16%) than those with CLL stages
0 (18.13%, p = 0.009) and 2 (19.09%, p = 0.019) (Fig. 1B).

Furthermore, the number of CD19+CD69+ lymphocytes B
in bone marrow was significantly associated with the CLL
stage (p = 0.023). Specifically, patients with Rai stage 3 showed
a higher fraction of activated lymphocytes in bone marrow
than those with Rai stage 0 (51.07% vs 19.34%, p = 0.018) and 2
(51.07% vs 19.74%, p = 0.006) (Fig. 1C). Finally, there was a sig-
nificant association between the fraction of CD3+CD25+ T
cells and the stage of the disease (p = 0.029). The difference
was particularly evident in the case of Rai stages 3 and 1
(36.78% vs 13.01%, p = 0.003) (Fig. 1D).
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Fig. 1. Assessment of the frequencies of CD19+CD25+ cells in the peripheral blood of CLL patients with stage 0—-4 according to Rai et al.s classification (A);
assessment of the frequencies of CD19+CD69+ cells in the peripheral blood of CLL patients with stage 0—4 according to Rai et al.'s classification (B);
assessment of the frequencies of CD19+CD69+ cells in the bone marrow of CLL patients with stage 0-4 according to Rai et al.s classification (C);
assessment of the frequencies of CD3+CD25+ cells in the peripheral blood of CLL patients with stage 0-4 according to Rai et al.'s classification (D)
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Table 3. The immunophenotype of peripheral blood lymphocytes in the CLL patients and the controls;

data presented as an absolute number of cells (103/mm?3)

Parameter

Controls

CD19+/ZAP-70+ [103/mm?]
ZAP-70+ (patients with >20% or <20% of ZAP-70+ B cells)
CD19+/CD38+ [103/mm?]

CD38+ (patients with >20% or <20% of CD38+ B cells)

median (min-max)

>20% of B cells
<20% of B cells

median (min—max)

>20% of B cells
<20% of B cells

CLL patients
12.28 (0.91-64.19)

22 (27.5%)
58 (72.5%)

4.61 (0.06-91.00)

27 (33.75%)
53 (66.25%)

CD3+ [10°/mm?3] median (min-max) 2.25(0.16-17.31) 1.69 (0.96-3.27) NS*
CD19+ [10°/mm?] median (min—-max) 21.84 (4.90-90.68) 0.33 (0.11-0.50) 0.000000003
CD5+/CD19+ [10°%/mm?] median (min—max) 20.80 (1.67-89.56) 0.10 (0.03-0.25) 0.0000000001
CD19+/CD25+ [10°/mm?] median (min-max) 11.50 (0.05-63.84) 0.08 (0.01-0.20) 0.000016
CD19+/CD69+ [103/mm?] median (min—max) 6.09 (0.04-64.81) 0.02 (0.01-0.08) 0.0003
CD3+/CD25+ [103/mm?] median (min—-max) 5.12(0.10-45.53) 0.18 (0.04-0.48) 0.00047
CD3+/CD69+ [103/mm?] median (min—-max) 0.70 (0.03-25.28) 0.05 (0.01-0.10) NS*
* not statistically significant (NS).
40
A 240 Py B
. p=0.005 ] p=0.044
o
2 210 _
B 30 T
o
s T S 180 -
5 =
22 §
H T 150
2 20 2
£ g 120
R 15 =
— o
?:’3 E 90
% 10 [ % o
5 o © 60
& 5 S o
) o 3
0 _1 Y
s
5 . 0 "
omedian ] d
0 1 [J25-75% 0 L O 25-75%
LDT shorter than 12 months (no - 0; yes - 1) T min-max LDT shorter than 12 months (no - 0; yes - 1) Imin—max
400 c 200 Z D
p=0.017 p=0.021
2 a5 N | 180 R |
8 3
s - ke -1
3 2 160
2 300 5
Q <
g £ 140 -1
g 3
£ 250 o
c £ 120
= <
? 200 8 100
® &
[a] [a]
© 150 Q &
9 o
A S 60 o
S_ 100 T ?3
§ § 40 a _1
15 —— ] g
LEL o E 20
0 . 0 .
O median d
0 ! []25-75% 0 ! E| 25-75%
LDT shorter than 12 months (no - 0; yes - 1) T min-max LDT shorter than 12 months (no - 0; yes - 1) T min-max
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Fig. 3. Assessment of the CD25 MFI values on CD3+ cells in the bone marrow of CLL patients in correlation with LDT (A); assessment of the frequencies

of CD19+CD25+ cells in the peripheral blood among 2 groups of CLL patients: those who received a treatment or the untreated individuals (B); assessment
of the frequencies of CD19+CD69+ cells in the peripheral blood among 2 groups of CLL patients: those who received a treatment or the untreated
individuals (C); assessment of the CD69 MFI values on CD3+ cells in the peripheral blood among the 2 groups of CLL patients: those who received

a treatment or the untreated individuals (D)

The concentration of lactate dehydrogenase (LDH)
correlated positively with the percentage of lymphocyte
B CD19+CD25+ (r = 0.248; p = 0.035) and CD19+CD69+
(r = 0.243; p = 0.033), and lymphocyte T CD3+CD69+
(r = 0.308; p = 0.008) of peripheral blood, as well as with
lymphocyte B CD19+CD69+ of bone marrow (r=0.298;
p = 0.011). Moreover, the concentration of LDH was cor-
related positively with MFI of CD69 on lymphocyte B
(r = 0.391; p = 0.0004), and MFI of CD25 (r = 0.537;
p = 0.0001) and CD69 (r = 0.349; p = 0.002) on lympho-
cyte T in peripheral blood, as well as with MIF of CD25
on lymphocyte T in bone marrow (r = 0.382; p = 0.001).

The concentration of beta-2 microglobulin showed
a positive correlation with MFI of CD25 and CD69 on lym-
phocyte T in peripheral blood (r = 0.289; p = 0.014 and
r = 0.286; p = 0.015, respectively), as well as with MFI
of CD25 on lymphocyte T in bone marrow (r = 0.393;
p = 0.001).

We observed a significant negative correlation between
the fraction of CD3+CD69+ lymphocyte T in peripheral
blood and LDT (r = —0.558; p = 0.016). The mean fluores-
cence intensity of CD69 on CD19+ cells of peripheral blood
was inversely correlated with LDT (r = -0.494; p = 0.032).
Additionally, LDT correlated inversely with MFI of CD25
onlymphocytes B (r = -0.654; p = 0.002) and T (r = -0.680;
p = 0.002) in peripheral blood, as well as on lymphocyte T
in bone marrow (r = -0.636; p = 0.005). Patients who expe-
rienced lymphocyte doubling in less than 12 months had
a higher percentage of CD3+CD69+ lymphocyte T than
those who did not (7.31% vs 2.49%, p = 0.005) (Fig. 2A),
a higher MFI value of CD69 on the surface of B CD19+
lymphocytes (79.35 vs 54.17, p = 0.044) (Fig. 2B), a higher
MFI value of CD25 on the surface of B CD19+ lympho-
cytes (52.02 vs 39.91, p = 0.017) (Fig. 2C), and a higher
MFI value of CD25 on the surface of T CD3+ lymphocytes
(61.47 vs 43.16, p = 0.021) (Fig. 2D) in peripheral blood.
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Fig. 4. Assessment of the frequencies of CD19+CD25+ cells in the peripheral blood of CLL patients with disease progression or remission reflected by the
treatment (A); assessment of the CD25 MFl values on CD19+ cells in the peripheral blood of CLL patients with disease progression or remission reflected
by the treatment (B); assessment of the frequencies of CD19+CD25+ cells in the peripheral blood of CLL patients with ZAP-70 positive or negative
immunophenotype (C); assessment of the frequencies of CD19+CD25+ cells in the bone marrow of CLL patients with ZAP-70 positive or negative

immunophenotype (D)

Patients who experienced lymphocyte doubling in less than
12 months had a higher MFI value of CD25 on the surface
of T CD3+ lymphocytes in bone marrow than those who
did not (60.04 vs 41.83, p = 0.004) (Fig. 3A).

We observed that patients who started therapy due
to rapid progression of the disease had a significantly
higher percentage of CD19+CD25+ B cells in periph-
eral blood compared to untreated individuals (67.46%
vs 33.91%, p = 0.014) (Fig. 3B). Moreover, these patients
showed a higher percentage of lymphocyte B CD19+CD69+
(34.03% vs 20.15%, p = 0.03) (Fig. 3C) and a higher MFI
of CD25 on lymphocyte T (51.46 vs 38.97, p = 0.021) in pe-
ripheral blood (Fig. 3D).

Individuals in whom treatment was reflected by remis-
sion were characterized by a lower percentage of lympho-
cyte B CD19+CD25+ in peripheral blood than those who
experienced progression and/or died (34.18% vs 75.03%,
p = 0.00013) (Fig. 4A). The mean fluorescence intensity
of CD25 on the surface of lymphocyte B of peripheral blood

was significantly higher in patients in whom treatment
was reflected by progression and/or death than in those
who showed remission (52.19 vs 32.07, p = 0.001) (Fig. 4B).
The individuals whose lymphocyte B showed the expres-
sion of ZAP-70+ had higher frequencies of CD19+CD25+
B cells in peripheral blood (71.12% vs 36.98%, p = 0.013)
(Fig. 4C) and bone marrow (53.24% vs 32.16%, p = 0.046)
compared to ZAP-70- individuals (Fig. 4D).

The number of lymphocytes B CD19+ZAP-70+ corre-
lated positively with the number of CD19+CD25+ B cells
(r =0.386; p = 0.001) and CD3+CD69+ T cells (r = 0.323;
p = 0.005) in peripheral blood, as well as with the num-
ber of CD19+CD25+ B cells in bone marrow (r = 0.307;
p = 0.007).

The mean fluorescence intensity of CD25 on lymphocyte
T of peripheral blood (r = 0.314; p = 0.006) and bone mar-
row (r = 0.298; p = 0.012), and MFI of CD25 on the surface
of lymphocyte B of bone marrow (r = 0.244; p = 0.036)
increased proportionally to the fraction of CD19+ZAP-70+
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Fig. 5. Assessment of the CD25 MFI values on CD3+ cells in the peripheral blood of CLL patients with ZAP-70 positive or negative immunophenotype (A);
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B cells. The mean fluorescence intensity of CD25 on the
surface of lymphocyte T in peripheral blood (71.01 vs 42.14,
p = 0.005) (Fig. 5A) and lymphocyte T in bone marrow
(56.11 vs 41.63, p = 0.00012) (Fig. 5B), and on the surface
of B cells in bone marrow (44.17 vs 32.81, p = 0.009) was
higher in patients with ZAP-70+ lymphocyte B (Fig. 5C).

Relationship between the fraction
of activated cells in peripheral blood
and the probability of survival

after the diagnosis of CLL

We revealed factors that significantly increase the prob-
ability of survival after the diagnosis of the disease in the
study group. The patients with the percentage of CD19+/
CD25+ lymphocytes <56% (p = 0.0002) (Fig. 6A) and the ab-
solute number of CD19+/CD25+ lymphocytes <12.5 x 10
cells/uL (p = 0.0295) (Fig. 6B), as well as the absolute num-
ber of CD19+/CD69+ lymphocytes <7.7 x 10% cells/pL

(p =0.0047) (Fig. 6C) and the percentage of CD19+/CD69+
lymphocytes <29.65% (p = 0.0001) (Fig. 6D) demonstrated
increased survival.

Additionally, an absolute count of CD3+/CD69+ lym-
phocytes <0.65 x 10? cells/uL (p = 0.0205) constituted
a positive survival factor (Fig. 7A).

A major factor that increased the probability of dou-
bling the lymphocyte count was a percentage of CD19+/
CD25+ cells >29.65% (p = 0.0191) (Fig. 7B). An absolute
count of CD19+/CD25+ lymphocytes >12.5 x 10? cells/uL
was also a factor that increased the likelihood of doubling
of the lymphocytosis (p = 0.0246) (Fig. 7C).

Discussion

Chronic lymphocytic leukemia results from the expan-
sion of mature lymphocytes B CD5+. Probably, these cells
proliferate in bone marrow and in the lymph nodes, while
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the leukemic lymphocytes of peripheral blood remain at
the GO/G1 phase. The expression of genes in leukemic cells
resembles that of memory B lymphocytes; moreover, they
express cell surface antigens specific to lymphocyte B
which had contact with an antigen (CD23, CD27, IgM,
and IgD).2>=?” The aim of the research, which has already
continued for a significant number of years, is to identify
subgroups of CLL patients with a similar clinical course
of the disease.?® A high expression of ZAP-70 and CD38
was revealed to be associated with a more aggressive course
of CLL.%

CD25, i.e., the alpha chain of the IL-2 receptor, is pres-
ent on the surface of leukemic cells in 30-50% of CLL
patients. The density of the expression of this molecule
on leukemic cells is higher than on normal lymphocyte B,
as well as on lymphocyte B during the so-called mono-
clonal B-cell lymphocytosis of undetermined significance
(B-MLUS).20-34 CD25 is postulated to be associated with
the activation status of cells expressing this antigen.

Probably, it also serves as a growth factor receptor and
regulates the proliferation of lymphocyte B.3%3¢ Aside
from CLL, a high expression of this molecule was also
detected on the surface of B cells in promyelocytic and
hair-cell leukemia.?”3® The expression of CD25 on the
surface of lymphocytes and an elevated serum concen-
tration of soluble CD25 are associated with a negative
prognosis in acute lymphoblastic leukemia and diffuse
large B-cell lymphoma.?*4° The data on the role of CD25
as a prognostic factor in CLL is inconclusive. Although ac-
cording to some authors, the prognosis is worse in patients
showing a high expression of CD25, other researchers
observed that the CD25+ phenotype is associated with
a milder course of CLL.3"33 The most recently published
data from a retrospective study of 281 individuals with
CLL followed-up for 8 years did not confirm a relationship
between the expression of CD25 and the survival time or
the time elapsed between diagnosis and the implementa-
tion of treatment.?® This study revealed that the expression



Adv Clin Exp Med. 2018;27(7):987-999 997
Kaplan-Meier survival probability A Kaplan-Meier survival probability B
o complete + cut ocomplete +eut
1.0 1.0 1
0.9
0.9 a
0.8} 96~
' e
208 ot e e — ;‘ 0.7 S
2 3 y
2 3 L
o 07 g 0.6 e
= = $r- - - -
2 o6 % !
H g §
2 s 0.4 |
“ e e e 1
0.5 '
0.3 1
e T
0.4 0.2
9'3 0.1
0 20 40 60 80 100 120 140 0.0
time from diagnosis of CLL to progression or death after —— >0.65 x 103 cells/uL 0 20 40 60_ 8_0 . 100 120 140 __ >29.65%
treatment [months] -~ <0.65x 10 cells/uL lymphocytosis doubling time [months] - . 229.65%
Kaplan-Mgigr 7srurvivralrp|jqbqbility
o complete + cut c
1.0
0.9
0.8
2
= 07
8
<
€ 06
=
S 0.5
z
2 04
0.3
0.2
0.1
0.0

0 20 40 60 80 100 120 140

lymphocytosis doubling time [months]

——>12.5 x 10%cells/uL
~-<12.5% 10° cells/uL

Fig. 7. Assessment of the survival probability with the time from diagnosis of CLL to progression or death after treatment in correlation with the absolute
number of CD3+/CD69+ cells (A); assessment of the survival probability with LDT in correlation with the percentage of CD19+/CD25+ cells (B); assessment
of the survival probability with LDT in correlation with the absolute number of CD19+/CD25+ cells (C)

of CD-25 on lymphocyte B of leukemia patients is many
times higher than in the controls. Moreover, an associa-
tion between the established prognostic factors in CLL
and the CD25 expression was analyzed. The previously
mentioned studies revealed a relationship between the
number of lymphocytes B with the CD19+CD25+ phe-
notype and Rai clinical stage. The percentage of lym-
phocyte B CD19+CD25+ was higher in more advanced
stages. Moreover, there was an inverse correlation be-
tween LDT and MFI of CD25 on lymphocyte B in pe-
ripheral blood, and a positive correlation between the
concentration of LDH and the percentage of lymphocyte
B CD19+CD25+ in peripheral blood. We revealed that the
number CD19+CD25+ B cells in the peripheral blood of in-
dividuals who required treatment due to rapid progression
of the disease was significantly higher than in untreated
patients, which is contradictory to findings reported
by Shvidel et al.2® Moreover, the patients who showed re-
mission after the treatment were characterized by a higher

percentage of lymphocyte B CD19+CD25+ in peripheral
blood than individuals who experienced progression and/
or died. The mean fluorescence intensity of CD25 on the
surface of lymphocyte B of peripheral blood was higher
in individuals who showed progression and/or died after
the treatment than in those with remission. Our analysis
of the relationship between documented prognostic fac-
tors and the markers of activation revealed that the num-
ber of lymphocytes B CD19+ZAP-70+ correlated positively
with the number of CD19+CD25+ B cells in peripheral
blood and bone marrow. Moreover, MFI of CD25 on the
surface of lymphocyte B in bone marrow also increased
proportionally to the number of CD19+ZAP-70+ cells.
Individuals in whom the phenotype of lymphocytes B was
determined as ZAP-70+ had more CD19+CD25+ B cells
in peripheral blood and bone marrow than patients whose
lymphocytes did not show the expression of this marker.
Also, MFI of CD25 on the surface of lymphocyte B in bone
marrow was higher in individuals whose lymphocytes were
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classified as ZAP-70+. Similarly to Shvidel et al., our study
did not reveal significant differences in the prevalence
of anemia, thrombocytopenia and an elevated concentra-
tion of beta-2 microglobulin between patients with a high
and low number of CD25+ lymphocytes.?® Although our
studied group was smaller than that analyzed by previ-
ously mentioned authors, the number of studied param-
eters was markedly higher. Plausibly, further extensive
studies are needed to eventually verify the significance
of the CD25 expression on leukemic lymphocytes in CLL.

Furthermore, our study also revealed that the expres-
sion of CD25 on lymphocyte T is higher in patients with
CLL than in healthy individuals. Activated lymphocytes
T of patients with CLL are known to stimulate the prolif-
eration and promote the survival of leukemic cell clones,
despite qualitative and quantitative disorders of their pop-
ulation.! However, we did not find any literature evidence
of the relationship between the lymphocyte T expression
of CD25 and the prognostic factors in CLL. We revealed
that a higher prevalence of CD3+CD25+ T cells was associ-
ated with higher Rai stages of CLL. Moreover, we observed
an inverse correlation between LDT and MFI of CD25
on lymphocyte T of peripheral blood and bone marrow.
Furthermore, the concentration of LDH and beta-2 mi-
croglobulin also correlated positively with MFI of CD25
on lymphocyte T of peripheral blood and bone marrow.
The mean fluorescence intensity of CD25 on lymphocyte
T of peripheral blood and bone marrow increased pro-
portionally to the percentage of CD19+ZAP-70+ B cells.
We revealed that ZAP-70+ patients showed a significantly
higher MFI of CD25 on lymphocyte T of peripheral blood
and bone marrow. Moreover, MFI of CD25 was also signifi-
cantly higher in individuals who required the implementa-
tion of treatment than in those who did not.

The expression of CD69 on activated cells can be ob-
served early; namely, within 4 h of stimulation. As early as
in 2002, Damle et al. revealed a significantly higher frac-
tion of CD19+CD69+ lymphocytes in individuals without
amutation in IgVH genes and with the CD38+ phenotype
of B cells.?® Similarly to normal lymphocytes, CLL cells
can undergo activation, which can be determined on the
basis of the CD69 expression.?? Our study of the expression
of CD69 on leukemic cells revealed that higher Rai stages
are associated with a higher prevalence of CD19+CD69+
lymphocyte B, both in peripheral blood and in bone mar-
row. The mean intensity of fluorescence of CD69 on lym-
phocyte B of peripheral blood was inversely correlated
with LDT. Moreover, we observed a positive correlation
between the concentration of LDH and the percentage
of CD19+CD69+ lymphocyte B of peripheral blood and
bone marrow. Additionally, the concentration of LDH cor-
related positively with MFI of CD69 on lymphocyte B.
Individuals in whom rapid progression of the disease
required the implementation of treatment had a higher
fraction of CD19+CD69+ lymphocyte B than untreated
individuals. Aside from the expression of CD69 on B cells,
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we analyzed the relationship between the expression
of this molecule on lymphocyte T and the established
prognostic factors in CLL. We revealed an inverse corre-
lation between the fraction of CD3+CD69+ lymphocyte T
in peripheral blood and LDT. The density of the CD69
expression on lymphocyte T of peripheral blood was also
inversely correlated with LDT. Moreover, we observed
a positive correlation between the serum concentration
of LDH and the percentage of CD3+CD69+ lymphocyte
T in peripheral blood. A higher fraction of CD3+CD69+
lymphocytes was documented in patients with lympho-
cyte doubling. Also, the serum concentration of LDH
and beta-2 microglobulin correlated positively with MFI
of CD69 on lymphocyte T of peripheral blood. The number
of CD19+ZAP-70+ lymphocytes B was associated with the
number of CD3+CD69+ T cells in peripheral blood.

In conclusion, this study confirmed earlier findings
on the association between a negative prognosis and
a high expression of activation markers in CLL patients.
The determination of CD25+ and CD69+ lymphocytes
T and B constitutes a valuable diagnostic tool, complet-
ing the cytometric evaluation of CLL. Perhaps, aside from
the established markers, such as CD38 and ZAP-70, the
number of activated lymphocytes should also be deter-
mined in CLL patients, as this parameter supplements
their prognosis. Further research is required in order
to identify antigen(s) causing the activation of leukemic
cells and normal lymphocytes T.
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Abstract

Background. Validation of three-dimensional (3D) reconstructions of full dental arches with crowns and
roots based on cone beam computed tomography (CBCT) imaging represents a key issue in 3D digital dentistry.

Objectives. The aim of the study was to search for the most accurate in vivo windowing-based manual tooth
segmentation using (BCT. The null hypothesis was that all applied windowing protocols were equivalent
in terms of in vivo tooth volume measurement using CBCT.

Material and methods. This retrospective study was based on preoperative CBCT images from patients
who underwent further tooth extractions for reasons independent of this study. Written informed consent
was obtained from all the participants, and the study was approved by the Ethics Committee of Cliniques
Universitaires Saint-Luc (Brussels, Belgium). The radiological protocol was I-CAT (BCT, 0.3 mm slice thick-
ness, 8 cm x 16 cm field of view, 120 kVp, and 18 mAs. A total of 36 teeth were extracted from 14 patients
between the ages of 18 and 68 years. Using 3D Slicer software, segmentations were performed twice by
2 independent observers, with a 1-month time period between the 2 segmentations to study intra- and
inter-observer repeatability and reproducibility. Four windowing protocols (level/window) were applied:
1. 113171858, 2. 222474095, 3. 1131/4095, and 4. AUTO, an automatic protocol provided by default by the
software. A total of 576 segmentations were performed. Tooth volumes were automatically calculated using
the software. To compare the volumes obtained from CBCT segmentations with a gold-standard method,
we laser-scanned the extracted teeth.

Results. Excellent intra- and inter-observer intraclass correlations were found for all of the protocols used.
The best windowing protocol was 1131/1858 for both observers. Tooth volumes were obtained by manual
segmentation of the CBCT images and using windowing protocol 1131/1858. No significantly different tooth
volumes were found by laser scanning.

Conclusions. Our null hypothesis was rejected. Only windowing protocol 1131/1858 allowed for significantly
closer 3D in vivo segmentation of a tooth compared to [-CAT CBCT, with excellent intra-observer repeatability
and inter-observer reproducibility.

Key words: cone-beam computed tomography, grey levels, segmentation, 3-dimensional
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Validation of 3-dimensional (3D) reconstruction of full
dental arches with crowns and roots based on cone beam
computed tomography (CBCT) imaging represents a key
issue for 3D digital dentistry. Accurate 3D tooth recon-
struction allows the construction of individual virtual
orthodontic set-ups, roots resorption analysis, virtual
planning for mini-implants, and mini-screw insertion.!™*
Accurate 3D tooth reconstruction is important when us-
ing 3D printed tooth replicas during autotransplantation
procedures, and in custom-made anatomic implantology.>~8
Moreover, in forensic odontology accurate tooth volume
measurements are important for calculating the tooth/pulp
volume ratio, which is strongly correlated with age estima-
tion.” A few studies have already tried to determine and
validate in vivo tooth volumes from available 3D CBCT
using manual segmentation, which still represents the gold
standard for obtaining volume measurements from medical
images 101113716 The first was a 2010 article by Liu et al., who
described a feasibility study of in vivo tooth volume deter-
mination from CBCT imaging. However, that article had
various methodological issues. The authors compared the
volume of teeth before extraction (on CBCT), and after ex-
traction (with water displacement as the reference method)
on 24 premolars (which represented limited complexity
of root anatomy) from 9 patients, using 2 different CBCT
devices and 4 different radiological protocols.!’ Two inde-
pendent observers manually segmented the 24 premolars
twice with Amira 3D software (FEI Visualization Sciences
Group, Hillsboro, USA), applying subjective modifications
of the windowing of CBCT images during the segmenta-
tion process. The reference method was based on water
displacement: A subjective visual assessment of the lower
level of meniscus (0.1 mL gradation) was performed when
the tooth was placed in a graduated cylinder.!® Liu et al. con-
cluded that there was a significant difference between the
physical volume measurements of the extracted teeth and
the CBCT measurements (—4% to +7%; p < 0.05). The au-
thors also stated that surface smoothing reduced the vol-
ume by 3-12%, and that no specifications could be given
at that time regarding how to accurately segment teeth
from CBCT." In a 2011 study by Wang et al., 27 premolars
from 15 patients were CBCT-scanned before extraction and
micro-CT-scanned after extraction as a comparative refer-
ence system.!! A unique threshold (1673 to 2000 HU) was
employed using Mimics software (Materialise NV, Leuven,
Belgium) for tooth segmentation. Intra-observer repeat-
ability was high for both observers (intraclass correlation
coefficient [ICC] = 0.999 and 0.998), while inter-observer
reproducibility was less impressive (ICC = 0.740).1! The ICC
is used for quantitative measurements of units organized
into groups. It describes how strongly units in the same
group resemble each other.!? The effect of the threshold
on segmentation was not the purpose of that study.!! Forst
et al. proposed to test the intra-and inter-observer repro-
ducibility of 3 types of in vivo segmentation on 10 maxillary
upper molars from CBCT: 1. manual human segmentation
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on a repeated 2-dimensional (2D) basis, 2. automated seg-
mentation without human refinement, and 3. automated
segmentation with manual human refinement on a repeat-
ed 2D basis.!® The results of automated segmentation with
human refinement corresponded to the results of manual
segmentation by Liu et al.'® However, because the teeth
were not extracted after CBCT in that study, it was impos-
sible to determine the true tooth volume using any of the
existing reference methods (micro-CT scan, laser scan-
ning, water displacement method, etc.).!* The segmentation
method proposed by Forst et al. still needs to be validated.
The windowing protocol for manual segmentation was
not described or tested in that article.!* Moreover, some
windowing protocols (center level/band width) have been
cited in the literature as providing the best tooth visual-
ization in CBCT. Spin-Neto et al. suggested a 1131/1858
protocol for the best tooth visualization.!” Lee et al. used
a2224/4095 protocol to generate 3D virtual surface models
of the maxillary and mandibular dental arches that include
whole with the roots.'® However, the protocols by Spin-Neto
et al. and Lee et al. have not been validated. Therefore, we
proposed to search for the potentially most accurate in vivo
windowing-based tooth segmentation protocol from CBCT.
We wanted to compare the 2 protocols found in the litera-
ture with 2 proposed by our research team: 1. automatic
adjustment of the windowing by the 3D Slicer software
AUTO protocol, and 2. a mixed approach based on the
protocols found in the literature: 1131/4095.1”!® The null
hypothesis was that all 4 windowing protocols were equiva-
lent for in vivo tooth volume measurement from CBCT.

Material and methods

This retrospective study was conducted between 2010
and 2014, on the basis of preoperative CBCT examina-
tions of patients who underwent further tooth extractions
for reasons independent of the present study. Preopera-
tive CBCTs were also performed independently of this
study. Written informed consent was obtained from all
the participants in the study, which was approved by the
Ethics Committee of Cliniques Universitaires Saint-Luc
(Brussels, Belgium; no. B40320096961). The radiologi-
cal protocol was I-CAT (Imaging Sciences International
Inc., Hatfield, USA), with 0.3 mm slice thickness, field
of view 8 cm in height x 16 cm in diameter, 120 kVp and
18 mAs. The main reasons for performing CBCT were:
1. to evaluate the distance between the roots of the wis-
dom teeth and the inferior alveolar nerve when a close
relationship was seen on previously obtained panoramic
X-rays; 2. to evaluate the positioning of supranumerary
teeth when 2D X-rays failed to provide a final diagnosis;
and 3. to evaluate cystic involvement in the maxillary sinus
region associated with maxillary tooth extraction. For the
purpose of our study, we used all the extracted teeth that
were fully present in the CBCT field of view. For example,
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if CBCT was performed to evaluate the distance between
the lower wisdom teeth roots and the inferior alveolar
nerve, and simultaneously, the upper wisdom teeth were
present in the same CBCT field of view, and were extracted
at the same time as the lower wisdom teeth, then the upper
wisdom teeth were also used in our study. The inclusion
criteria were: adult patients, teeth without demineraliza-
tion (without decay and without immature roots), teeth
without metallic fillings or crowns, and teeth that were not
sectioned or damaged during oral surgery. The 36 teeth
included were extracted from 14 patients, aged between
18-68 years old. Ten females and 4 males participated
in this study. Out of the 36 teeth, 23 were wisdom teeth.
Each extracted tooth was first cleaned of blood, soft tissue
and bone fragments, and brushed under running water.
Next, each tooth was separately conserved in a closed stor-
age box, fully immersed in 0.1% chloramine.

To study intra- and inter-observer reproducibility, man-
ual segmentations were performed twice for each of the 36
teeth from CBCT imaging by 2 independent observers, with
a 1-month time period between the 2 segmentations. Both
observers were dentists, and a calibration session was pro-
vided by the senior researcher prior to the start of the study
to explain how the software worked, how to save the data,
how to use different segmentation tools and how to modify
the windowing protocols. Prior to the start of the study,
the two observers had trained with manual segmentation
on 10 other teeth that were then excluded from the main
study. The segmentations were performed using 3D Slicer
3.6.1 open source software (SPL, Harvard Medical School,
Boston, USA).!? Each segmentation consisted of a contour
of the tooth image (enamel, dentin, crown and roots), slice-
by-slice, by looking at the slices on the computer screen,
using a mouse, and using the Editor module of the 3D Slicer
software tools, with such functions as: 1. “paint”, 2. “level
tracing” and 3. “draw”. The segmentations were mainly
performed on axial slices, and some adjustments were then
performed on sagittal and coronal views (Fig. 1). Four dif-
ferent windowing protocols (level/window) were applied:
1. 1131/1858,1¢ 2. 2224/4095,'® 3. a mixed protocol based
on protocols 1 and 2: 1131/4095, and 4. AUTO, an automatic
protocol provided by default by the software (Fig. 2). In to-
tal, 576 segmentations were performed. Three-dimensional
reconstruction of each tooth was automatically performed
using 3D Slicer software, and the tooth volume was auto-
matically calculated by the software. No smoothing func-
tion was used, as smoothing may modify the entire volume
of the tooth.!° The volume was also automatically measured
in mm?3 using the Statistics module of the 3D Slicer soft-
ware. To compare the volumes obtained from CBCT seg-
mentations with a gold-standard method, we used the laser
scanning method (Ceramill Map300, Amann Girrbach AG,
Koblach, Austria), which is based on structural light. The 36
teeth were laser-scanned according to the manufacturer’s
instructions, within an error of 20 pm (Tables 1-4). Prior
to the start of the measurements with the laser scanner,
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Fig. 1. Manual segmentation of tooth number 11 with 3D Slicer software

A - segmentation on axial slice; B — segmentation on sagittal slice;
C - three-dimensional reconstruction and automatic volume
measurement.

Fig. 2. Four windowing
protocols applied to the
same single axial slice from
|-CAT cone beam computed
tomography

A - AUTO; B - 1131/1858;
C-1131/4095; D - 2224/4095.

the device was calibrated using a 3D model provided by the
manufacturer. A plaster custom-made support was created
for each tooth. The tooth was attached to the support using
dental wax. All the surfaces of the tooth were covered with
a very thin layer of talc used in the spray for laser scan-
ning purposes (Lava™, 3M ESPE AG, Seefeld, Germany).
The volume was automatically measured by the software
included with the laser scanner, and was rechecked with
Netfabb basic software (Netfabb GmbH, Parsburg, Ger-
many). Laser scanning one tooth took approx. 40—80 min.

Statistical analysis

To compare the 1%t and 2"! measurements for each win-
dowing protocol, we used multiple paired Student’s t-tests
with the Bonferroni correction; the level of significance
was set at p < 0.00625 for intra-observer correlations
(p < 0.05/8, because there were 8 tests) and p < 0.0125
for inter-observer correlations (p < 0.05/4, because there
were 4 tests). To determine the reproducibility of measure-
ments, we used the intraclass correlation coefficient ICC2.1
(single measurement, absolute agreement, 2-way random
effect analysis of variance model). To compare manually
segmented volumes from CBCT and the true volume ob-
tained by laser scanner, we again used multiple paired
Student’s t-tests with the Bonferroni correction; the level
of significance was again set at p < 0.00625. The correlation
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Table 1. Comparisons between the true volumes of teeth measured
by laser scanner and the volumes obtained by 2 observers using the
AUTO windowing protocol twice. The measurements are in mm?

True

volume

Table 2. Comparisons between the true volumes of teeth measured
by laser scanner and the volumes obtained by 2 observers using the
1131/1858 windowing protocol twice. The measurements are in mm?

1131/1858
Typeof | True

Wit tooth | volume

1 18 830 876.71 888.20 = 964.83 76743 1 18 830 812.84 821.35 781.71 861.07
2 18 490 520.83 539.17 524.61 513.65 2 18 490 49580 49239 | 44075 474.01
3 28 770 | 80637 | 79806 | 85810 | 85021 3 28 770 | 70314 | 75656 | 72661 | 86306
4 18 630 639.32 645.30 659.11 63840 4 18 630 639.32 645.30 659.11 63840
5 28 580 | 59107 | 621.53 | 63805 | 649.50 5 28 580 | 56507 | 59651 | 45957 | 57792
6 18 590 612.21 618.81 643.48 647.39 6 18 590 57413 56744 526.16 591.53
7 28 710 767.08 751.30 803.21 807.74 7 28 710 668.17 698.85 654.44 742.38
8 28 910 908.09 915.27 910.61 920.92 8 28 910 91244 868.10 828.26 926.59
9 18 820 | 74422 | 91488 | 83974 | 84657 9 18 820 | 78881 | 80879 | 77418 | 83733
10 18 560 579.78 599.07 610.78 612.10 10 18 560 519.74 524.69 558.18 550.14
il 46 860 | 87249 | 87536 | 98675 | 102474 1 46 860 | 72998 | 77371 | 74040 | 81246
12 28 850 960.04 932.26 973.20 980.92 12 28 850 875.04 886.71 865.41 848.32
13 18 150 | 120730 | 118700 | 121436 | 1194.70 13 18 1150 | 110330 | 113206 | 113068 | 116284
14 18 510 | 54926 53261 | 54865 & 53672 14 18 510 | 51496 52146 = 48755 = 53937
15 12 320 | 34691 | 37251 | 39503 | 412.20 15 12 320 | 32527 | 32359 | 35067 | 288.00
16 13 590 600.49 714.89 64242 719.89 16 13 590 579.35 558.31 561.12 487.28
17 14 420 | 44481 | 50192 | 45321 | 49762 17 14 40 | 41970 | 40573 | 38947 | 33141
18 34 350 380.96 401.26 411.98 41344 18 34 350 356.47 356.85 37964 | 304.25
19 44 350 37294 396.94 395.59 374.23 19 44 350 358.53 342.88 359.34 294.78
20 45 300 297.59 293.46 303.31 320.64 20 45 300 279.74 26746 29636 | 203.36
21 18 500 | 66271 | 62304 | 69510 | 68576 21 18 500 | 59067 | 58795 | 58284 | 60357
22 28 680 762.59 75648 803.96 765.38 22 28 680 702.10 673.09 | 66894 @ 669.21
23 11 490 | 65584 | 606.86 | 65907 | 65499 23 1 490 | 56034 | 54617 | 48559 | 55995
24 12 350 458.88 37492 452.74 430.08 24 12 350 381.72 345.23 313.66 378.75
25 13 460 | 59674 | 52892 | 65659 | 626.83 25 13 460 | 44054 | 47665 | 44771 | 52920
26 21 530 625.24 580.27 629.51 623.97 26 21 530 53249 556.71 503.87 57448
27 by) 270 | 30621 | 29736 | 31053 | 29384 27 2 270 | 26344 | 26786 | 23606 | 28949
28 23 630 750.39 703.54 747.25 744.55 28 23 630 671.54 642.07 568.92 689.99
29 28 790 | 83556 | 76292 | 83876 | 79707 29 28 790 | 67078 | 66375 | 74817 | 67541
30 38 900 1045.50 = 839.63 997.55 975.00 30 38 900 933.11 781.05 76445 787.67
31 38 930 101450 | 1050.50 | 1032.22 | 1013.61 31 38 930 97714 | 104890 = 948.00 963.12
32 28 750 826.42 847.08 895.81 872.49 32 28 750 77410 741.15 684.84  756.60
33 28 710 | 79970 | 81223 | 83033 | 84254 33 28 710 | 62250 | 64784 | 60942 | 78492
34 38 830 87843 903.59 901.48 890.90 34 38 830 77491 783.32 753.76 819.21
35 48 720 | 77917 | 78413 | 79002 | 80571 35 48 720 | 68124 | 70402 | 64425 | 76308
36 18 560 579.01 584.98 583.19 570.20 36 18 560 54597 502.08 51941 593.07
was calculated between the volume obtained by manual Results

segmentation according to the type of windowing protocol
and the true volume measured by the laser scan. A correla-
tion was described as strong if the ICC was greater than
0.8. All the tests were performed using SPSS® for Windows,
v. 16.0 (SPSS Inc., Chicago, USA).

Table 5 shows the intra-observer correlations for the
2 observers in relation to the 4 different windowing proto-
cols. There were no significant differences between the 1°*
and 2"! measurements. There was a good intraclass correla-
tion for all of the protocols used. The means of the 1%t and
2"d measurements were then used for further tests.
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Table 3. Comparisons between the true volumes of teeth measured
by laser scanner and the volumes obtained by 2 observers using the
2224/4095 windowing protocol twice. The measurements are in mm?

2224/4095

Typeof | True

T tooth | volume

1 18 830 781.02 815.64 76743 821.67
2 18 490 47770 | 46026 | 39660 | 43057
3 28 770 701.50 716.47 703.66 752.53
4 18 630 596.34 = 58047 579.27 595.71
5 28 580 559.58 52992 545.74 565.42
6 18 590 55645 54312 52317 54447
7 28 710 662.02 661.58 681.73 679.55
8 28 910 846.81 787.04 788.13 828.42
9 18 820 778.60 | 776.70 766.54 74518
10 18 560 507.03 519.70 521.79 51917
1 46 860 786.28 776.82 768.61 720.64
12 28 850 876.79 835.67 859.63 79440
13 18 1150 108780 | 1096.10 | 112550 | 1071.26
14 18 510 47858 | 49405 | 479.80 467.87
15 12 320 31444 302.51 28549 | 258.89
16 13 590 58247 54513 501.67 464.14
17 14 420 406.77 | 388.00 | 354.66 336.11
18 34 350 313.70 32941 315.64 253.12
19 44 350 336.86 33132 33549 263.86
20 45 300 260.19 254.73 23949 190.75
21 18 590 58050 | 57066 | 56577 | 564.80
22 28 680 648.11 652.61 652.68 632.51
23 n 490 58223 | 493.28 | 470.77 502.55
24 12 350 35487 | 32298 = 309.80 331.83
25 13 460 43618 | 48834 | 461.86 | 464.29
26 21 530 500.24 52738 499.61 526.88
27 22 270 236.80 | 262.04 231.31 262.33
28 23 630 595.12 593.16 54473 | 60099
29 28 790 690.23 | 700.29 | 67649 675.87
30 38 900 851.05 73093 793.53 754.25
31 38 930 991.08 974.34 91773 838.27
32 28 750 750.85 74715 672.99 742.86
33 28 710 612.83 633.57 | 60529 | 661.20
34 38 830 745.58 74893 736.21 75147
35 48 720 652.53 674.17 654.16 674.65
36 18 560 513.32 461.85 501.89 53143

Table 4. Comparisons between the true volumes of teeth measured
by laser scanner and the volumes obtained by 2 observers using the
1131/4095 windowing protocol twice. The measurements are in mm?

1131/4095
Typeof | True

T tooth | volume

1 18 830 76940 | 824.60 753.72 868.49
2 18 490 485.01 473.10 44156 | 43535
3 28 770 709.14 751.61 70544 | 835.79
4 18 630 59290 @ 596.51 570.28 58140
5 28 580 563.01 545.85 538.99 559.99
6 18 590 551.58 553.29 51893 600.36
7 28 710 68346 | 68694 | 64286 | 762.87
8 28 910 87742 82092 816.70 889.79
9 18 820 770.56 788.76 742.89 815.90
10 18 560 484.13 516.45 52886 | 529.86
il 46 860 748.23 74390 | 665.04 | 823.15
12 28 850 86741 846.44 | 86512 855.07
13 18 1150 112470 | 1116.50 | 110298 | 112248
14 18 510 497.86 512.51 463.71 553.51
15 12 320 315.35 332.07 34539 | 25385
16 13 590 53599 | 530.88 | 536.24 @ 44462
17 14 420 404.35 387.22 37414 33212
18 34 350 336.04 377.02 341.26 275.77
19 44 350 337.06 23299 | 35647 | 256.38
20 45 300 253.50 26799 269.34 183.59
21 18 590 58579 | 566.60 | 565.69 | 564.61
22 28 680 671.81 65848 | 642.02 703.36
23 1 490 57148 519.61 467.67 537.27
24 12 350 375.25 327.25 291.17 34811
25 13 460 431.31 47240 | 43937 | 499.80
26 21 530 541.04 541.26 467.75 546.89
27 22 270 24997 256.29 | 246.75 295.24
28 23 630 642.55 61597 62448 | 64279
29 28 790 644.69 | 690.69 667.52 612.60
30 38 900 894.85 761.80 77849 771.69
31 38 930 964.89 | 997.30 951.00 953.70
32 28 750 786.99 747.79 677.68 738.14
33 28 710 587.19 672.03 589.65 745.66
34 38 830 761.49 762.65 7197 786.27
35 48 720 670.95 689.62 | 64922 | 693.04
36 18 560 53338 517.29 49746 57117

Table 6 shows the inter-observer correlations for the
2 observers in relation to the 4 different windowing pro-
tocols. The inter-observer correlation was excellent for all
4 windowing protocols. There was a significant difference
between the 2 observers for the AUTO and 2224/4095
protocols. However, this error is small compared to the
measured volume (excellent ICC).

Table 7 shows the measurements of the correlation coef-
ficient between the measurement of volume obtained from
the different windowing protocols and the true volume.
The best windowing protocol was 1131/1858 for both ob-
servers. Tooth volumes obtained with manual segmenta-
tion of CBCT images and using the 1131/1858 windowing
protocol were not significantly different from tooth vol-
umes obtained by laser scan.
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Table 5. Intra-observer correlations for the 2 observers, in relation to the 4
different types of windowing protocols

Windowing p-value (paired Student’s
Observer protocol ICC t-test between first and
(level/width) second measurements)
AUTO 0964 0.56
1131/1858 0.983 0.53
Observer 1
2224/4095 0.985 0.15
1131/4095 0979 0.37
AUTO 0.983 0.23
1131/1858 0934 0.0073
Observer 2
2224/4095 0.981 0.82
1131/4095 0936 0.015

ICC — two-way random, absolute agreement; p-value is significant
if p < 0.05/8 (because there were 8 tests) = p < 0.00625.

Table 6. Inter-observer correlations for the 2 observers, in relation to the
4 different types of windowing protocols

Windowing p-value (paired Student’s t-test between
ICC
protocol measurements by observers 1 and 2)
AUTO 0.986 <0.0001*
1131/1858 0.986 0.24
2224/4095 0.986 0.0004*
1131/4095 0.991 0.04

* p-value is significant if p < 0.05/4 (because there were 4 tests)
=p < 00125.

Table 7. Measurements of correlation coefficients between the
measurements of volume obtained using different windowing protocols
and the true volume from the laser scanner

Correlation of

Windowing Mean

OISEERES protocol difference PRI coefficient r
AUTO -50.7 <0.0001 0.988
1131/1858 13.3 0.048 0.983
Observer 1
2224/4095 35.85 <0.0001 0.986
1131/4095 28.29 <0.0001 0.983
AUTO —74.491 <0.001 0.979
1131/1858 19.95 0.0012 0.987
Observer 2
2224/4095 54.23 <0.0001 0.989
1131/4095 37.694 <0.0001 0.982
Discussion

Pauwels et al. stated in 2015 that the quantitative use
of grey values should be avoided in CBCT imaging, as grey
values are unreliable.?’ Grey values measured on CBCT
are dependent on the type of CBCT device, the exposure
parameters, the position of the measurement inside the
field of view, and the amount of mass inside and outside
the field of view.2° The lack of consistent grey values means
that a threshold value for bone and other tissues cannot be
established for CBCT images.?’ However, a modified grey-
value approach has also been investigated, with positive
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results in vitro and in vivo in terms of bone quality mea-
surements and implant planning.?-2* In this study we did
not measure grey values in CBCT; we only tested different
windowing protocols for CBCT images to find the best
contrast between teeth and the surrounding structures.
We found that a protocol proposed (but not validated)
by Spin-Neto for I-CAT (1131/1858) was significantly the
best for obtaining accurate tooth volumes from in vivo
[-CAT CBCT images (Fig. 2).!” Moreover, during manual
segmentation, we encountered various parameters that
may directly affect the qualitative and quantitative as-
pects of manual segmentation. These parameters may
explain why the measurements were different between
the 2 observers, and why the measurements were different
when using different windowing protocols. These param-
eters could be categorized as: 1. parameters specific to the
volume to be segmented, 2. parameters specific to the
observer, and 3. parameters associated with the segmenta-
tion software. Parameters that were specific to the volume
to be segmented were 1. the anatomy of the tooth and
of adjacent periodontal structures, 2. the position of the
tooth in the surrounding bone, 3. the level of mineral-
ization of the tooth, 4. the presence of metallic artifacts,
and 5. contact between adjacent teeth. The anatomy and
density of a tooth is heterogeneous from the crown to the
apex. A tooth crown is easier to segment due to its min-
eralized enamel and because the enamel presents a clear
contrast with the adjacent air. The root and especially
the apex are areas that are more complex to delineate
by segmentation, due to the less clear difference between
root tissue and the surrounding alveolar bone. Moreover,
a disease-free periodontal ligament (lamina dura) cannot
be distinguished on CBCT images with the field of view
we used in our study, and may be mistaken for the tooth,
in which case the final volume would be overestimated
(Fig. 3). When we consider the position of the tooth in re-
lation to the surrounding bone, segmentation between the
tooth and bone becomes more difficult when the roots
are closer to the cortical bone. This occurs more often
on the mandible, where the teeth are positioned between
the thin internal and external cortical bone, compared
to the maxilla (Fig. 4).

Problems inherent to the mineralization of the tooth,
such as the presence of decay and immature roots, may
also complicate segmentation. For this reason, one of the
initial exclusion criteria was the presence of major decay

Fig. 3. The impossibility of discerning
between the periodontal ligament
and tooth (arrow). Windowing protocol
2224/4095
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Fig. 4. AUTO
windowing protocol.
Fusion of the image
of the tooth with
the adjacent cortical
bone (arrows)

Fig. 5. Manual segmentation (green) of tooth number 18. Level tracing
tool errors in selecting surrounding bony structures independent of the
tooth (arrows)

that was clinically diagnosed prior the tooth removal. Im-
mature roots present with low density in the apex region,
and the limits of the apex in relation to the surrounding
bone become difficult to determine.?” Metallic crowns and
dental fillings create major artifacts in 3D tooth recon-
struction and prevent accurate segmentation of crowns
(Fig. 1). For this reason, we also excluded all teeth with
crowns and metallic fillings from our study. Inter-dental
contact makes segmentation and the interpretation of the
external limits of dental crowns difficult. The teeth appear
to be merged together on 2D slices.

Parameters specific to the observer that may affect the
results of segmentation include: 1. the observer’s experi-
ence using segmentation software; 2. his/her knowledge
of dental anatomy, which is important when the observer
needs to contour the apex region with complex root anat-
omy; and 3. any tiredness on the observer’s part during
the manual segmentation process, which may decrease the
accuracy of segmentation, particularly with complex root
anatomy, and when the time spent on one segmentation
is excessively long.

Parameters specific to the software used (3D Slicer)
are 1. the tools used for manual segmentation, and 2. the
contrast/windowing control. We mainly used the “paint”,
“draw” and “level tracing” tools in the 3D Slicer software.
The “level tracing” tool is well suited for tooth segmenta-
tion with clear limits, but if the limits are not precise or
if there is a structure with a density close to that of the
tooth, the “level tracing” tool is not the best option (Fig. 5).
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Other parameters that may modify the results of manual
segmentation are related to the CBCT radiological protocol,
such as mAs, kVp, slice thickness, field of view and voxel size,
and also due to movement artifacts in the CBCT device.26%

The limitations of this study are related to the CBCT
radiological protocol. We tested the windowing proto-
cols in only one type of radiological protocol, without
modification of the type of CBCT device, mAs, kVp, slice
thickness, field of view or voxel size. We also did not com-
pare windowing protocol results between different types
of CBCT devices. Therefore, our findings are strictly lim-
ited to the use of 3D Slicer software and to I-CAT CBCT,
with a 0.3 mm slice thickness, 8 cm x 16 cm field of view,
120 kVp and 18 mAs. Also, we used only manual segmen-
tation, as this technique still represents a gold standard.
However, other in vitro teeth segmentation methods that
have already been tested, provide much faster segmenta-
tion and are useful in clinical practice.?8-30

In conclusion, the null hypothesis was rejected. Com-
pared with the other windowing protocols we investigated,
the 1131/1858 windowing protocol allows for significant-
ly closer 3D in vivo segmentation of a tooth from I-CAT
CBCT, with excellent intra-observer repeatability and
inter-observer reproducibility.
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Abstract

Resulting in a high economic and biological cost, the traditional therapeutic approach to carious lesion
management is still largely restorative. Minimally invasive (MI) treatment offers an attractive alternative
to managing carious lesions in a more conservative and effective manner, resulting in enhanced preservation
of tooth structure. The aim of this review was to summarize the evidence behind several Ml alternatives for
carious lesion management, including the use of sealants, infiltration, atraumatic restorative treatment (ART),
and selective carious tissue removal (e.g., indirect pulp capping, stepwise removal, or selective removal to soft
dentine). Relevant literature was screened, and articles reporting randomized controlled trials or systematic
reviews of strategies to manage non-cavitated or cavitated carious lesions in adults and children were in-
cluded. Fifty six articles met the inclusion criteria. For non-cavitated lesions, the use of sealants is supported
by strong evidence, while the evidence for infiltration of proximal lesions is moderate. For deep cavitated
lesions, selective removal to soft dentin and/or stepwise excavation is supported by strong evidence. The use
of the ART technique to restore cavitated lesions is also supported by strong evidence as a suitable strategy
that has been used extensively in the literature concerning non-dental settings. Preservation of tooth structure
through the use of Ml treatment for both non-cavitated and cavitated lesions is supported by moderate-
strong evidence, which supports the paradigm shift towards routine use of more conservative strategies
in the treatment of carious lesions.

Key words: dental caries, minimally invasive treatment, partial caries removal, stepwise technique, atrau-
matic restorative treatment
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Introduction

Dental caries is a sugar and biofilm dependent disease,
where frequent sugars exposure leads to an ecologic imbal-
ance in the environment of the dental biofilm. The eco-
logical shift turns the otherwise commensal bacteria
to a cariogenic condition with increased production of de-
mineralizing acids and the subsequent carious lesion for-
mation on the dental hard tissues. Minimally invasive (MI)
treatment of dental caries is an approach that considers
handling carious lesions with conservative techniques
to preserve maximum tooth structure.! The MI treatment
is also a conceptual framework that ranges from primary
prevention and management of the caries disease pro-
cess, to the management of carious lesions by surgical and
non-surgical means. Besides considering the type of lesion,
the selection of a treatment technique based on the MI
philosophy must be the result of a personalized risk analy-
sis of each patient.? Personalized medicine is being in-
creasingly used in medicine and is expected to be included
within the dental field, as well. In fact, caries risk-based
care is an essential component of targeted health care de-
livery and is of paramount importance within the context
of high healthcare costs and resource constraints.?

Successful caries management for an individual patient
must include strategies to manage the caries disease pro-
cess at the patient level, as well as strategies to manage the
existing lesions at the tooth level.** Yet, there is a tendency
in many places, either private practice or public oral care
services, to prioritize caries treatment primarily by means
of traditional operative dentistry. In many countries, finan-
cial and/or reimbursement models for caries management,
either in the private or public domain, are built primarily
around traditional “restorative” procedures for the man-
agement of cavitated caries lesions. Reimbursement for
more conservative strategies, either at the patient or tooth
level, is much more difficult and varied, which hinders
implementation. New studies show that when appropri-
ately trained in MI techniques, dentists and patients have
a favorable opinion, and in many instances they prefer
more conservative therapies for caries management.®

Many strategies for the MI management of caries le-
sions have been developed and evaluated in the literature
throughout the last 50 years. For example, in the early 1970s
silver diamine fluoride was developed in Japan as a conser-
vative alternative for the management of cavitated lesions
without the need of tissue removal or subsequent resto-
ration.” This topic is not reviewed here, as this is a non-
invasive approach, but the reader is referred to an updated
review.® The development of dental sealants opened the
door to prevention and conservative management of non-
cavitated lesions.’ Over time, other techniques have been
developed having the same MI-based philosophy. For ex-
ample, the idea of a “Preventive Resin Restoration” was first
reported in 1977 as a way to call attention to a shift in phi-
losophy, away from the traditional GV Black’s “extension
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for prevention”, to a more conservative approach, made
possible with the use of resin-composite materials for the
management of cavitated carious lesions.*> Atraumatic
restorative treatment (ART) was developed as an alterna-
tive treatment for the management of cavitated lesions,
in which demineralized tissue is removed with hand instru-
ments only, and thus pain is kept to a minimum. Originally,
ART was developed for use in rural developing countries,
because it does not require local anesthesia or electricity,
but more recently, ART has become increasingly accepted
in developed countries because of its “atraumatic” approach
in relation to stress and pain, and because it conserves tooth
structure.!” More recently, infiltration was developed as an al-
ternative to the management of interproximal non-cavitated
carious lesions.!! Furthermore, regarding caries removal
prior to restorative procedures, current recommendations
focus on preserving the tooth structure, and guidelines have
evolved to currently include, for example, that in deep cavi-
tated carious lesions, selective removal to soft dentine and/
or stepwise removal should be performed to maintain the
health of the pulp.®

The aim of this review is to examine the scientific evi-
dence behind some of the most commonly MI alterna-
tives for caries lesion management used today, including
sealants, infiltration, ART and selective and/or stepwise
removal for the management of deep carious lesions.

Methods

Relevant literature was retrieved by searching several
databases, including MEDLINE (EBSCO), ProQuest, Co-
chrane Library (Wiley), and PubMed. The following search
terms were used either alone or in combination: “minimally
invasive treatment”, “caries management”, “partial caries
removal”, “stepwise technique”, “incomplete caries removal”,

“atraumatic restorative treatment”, “indirect pulp treatment”,
“resin infiltration”, “proximal sealing” and “caries arrest”.
Only studies published between 1966 and 2016 in English
language were considered.

To be included, studies must be conducted in human sub-
jects, including randomized controlled trials (RCT), sys-
tematic reviews, and meta-analyses. References used in the
cited systematic reviews were included by means of a manual
search. Studies that considered surrogate outcomes, such
as bacterial counts or marginal staining, were not included,
leaving only those that reported carious lesion progression,
restoration survival, pulp exposure, or symptoms derived
from caries activity. A total of 297 articles dealing with the
subject were found, but only 56 articles fulfilled the inclu-
sion criteria and were finally included in this revision of the
literature. All the articles were searched by one of the authors
(CMS) and then revised by a second researcher to confirm
the pertinence of the selection criteria (RAG). When there
were discrepancies in article selection, discussions were un-
dertaken until an agreement was reached.
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Results and discussion

Despite a reported decrease in prevalence, dental car-
ies remains a major public health problem worldwide, as
it remains the leading cause of tooth loss and the most
common human condition, affecting 35% of the world
population at all ages.!? Unfortunately, the disease is not
being treated in most developing countries due to the high
economic and social costs associated with its treatment
by conventional restorative-focused methods.!> New cost-
effective strategies to treat the disease and its resulting
caries lesions are, therefore, required. In this context,
MI treatment allows increased access with reduced cost
and complexity. By using targeted disease prevention and
management, based on the best available evidence, and
using simpler techniques in the management of carious
lesions, a better distribution of resources may be imple-
mented directing them to the population groups with the
highest caries needs.

Carious lesion diagnosis
and minimally invasive therapies

Before discussing the use of MI strategies for caries
management, a brief mention about lesion detection and
monitoring is needed. Despite the undeniable usefulness
of WHO criteria in portraying the epidemiological burden
of the disease worldwide for many years, more inclusive
methods for caries detection and diagnosis have been es-
tablished during the last few decades.!* The WHO criteria
count caries only when there is a cavitation in dentine, but
they disregard less extensive lesions. Thus, treatment deci-
sions based primarily on WHO criteria are mostly restor-
ative. Hence, the need for improved diagnostic accuracy
has resulted in the development of further refined caries
detection systems. Currently, perhaps the most interna-
tionally recognized and used visual caries detection sys-
tem, including clinical research, is the International Caries
Detection and Assessment System (ICDAS).!> The main
aim of the ICDAS methodology is to detect and classify
the small variations in visual signs that occur at the tooth
level throughout the progression of caries disease. Besides
the extent of the disease, the activity status of the lesions
must also be taken into account, as different clinical be-
havior is expected for 2 lesions of the same ICDAS code,
but different activity status. Nyvad’s activity criteria are
a reasonable way to assess lesion activity, which permits
the implementation of MI therapies.!®

Non-invasive management
of non-cavitated lesions

The treatment of choice for non-cavitated lesions
should be based on the diagnosis of the lesions, both its
extension and the status of active or inactive, the caries
risk at the patient level, and the best evidence available
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to support the treatment decision. In the case of active
non-cavitated lesions (ICDAS codes 1 and 2), it is essen-
tial to ensure that any selected treatment arrests pro-
gression, thus preventing cavitation. Since these lesions
maintain tooth surface integrity, at least at the clinical
level, it is possible to induce remineralization to revert the
process.? Although this review focuses on sealants and
infiltration, this approach must be taken in the context
of proper exposure to fluoride and dietary counselling.
The effect of non-invasive treatment relies on an eco-
logical change in the oral environment that will favor
remineralization.l” With vast evidence available, fluoride
is the most effective caries preventive measure.’® Topical
fluorides in the form of toothpastes, mouthwashes, gels,
and varnishes are effective interventions in preventing
dental caries in children and adolescents.’® Although
most of the available evidence derives from fluoride-based
products, other substances have also been proposed as
remineralizing agents, such as casein phosphopeptide-
amorphous calcium phosphate (CPP-ACP), but clinical
evidence is still limited and prevents us from drawing
definitive conclusions.?®

Sealing and infiltration;
minimally invasive treatment
of non-cavitated carious lesions

Along with the strong evidence on the use of sealants
to prevent dental caries in children at different risk levels,
this simple dental procedure is also effective in halting
lesion progression.'%?! Sealant-treated teeth show a mean
annual progression of non-cavitated lesions of 2.6% com-
pared to 12.6% for unsealed lesions.?? Robust evidence
indicates that caries lesions do not progress under well
retained sealants.?® In a further step, a recent study
in a high-caries population in the US showed that even
caries lesions without frank cavitation (ICDAS codes 1-4)
showed very small progression rate at a follow-up of
44 months.?* Sealants impair nutrient acquisition from
the oral environment by invading bacteria, which results
in a reduction in the number and viability of microor-
ganisms under the material over time, thus arresting the
lesion.?® In the case of non-cavitated proximal lesions,
the use of resin sealants has shown to be more effective
in reducing progression than the use of dental floss.?® Re-
cently, a new system of lesion infiltration has been devel-
oped to seal proximal lesions in a tri-dimensional fashion
using a low-viscosity light-curing resin.!! A clinical study
of non-cavitated interproximal lesions radiographically
extending into the inner half of the enamel (E2) or in the
outer third of the dentine (D1) showed a progression rate
of 7% in the infiltrated lesions compared to 37% in un-
treated lesions.?” Another randomized controlled clinical
trial showed a progression rate of 4% in infiltrated lesions
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compared to 42% in untreated lesions at a 3-year follow-up.!!
Unlike occlusal lesions, it is not possible to conclude that
sealing or infiltrating proximal lesions is superior to con-
trolling lesions by stabilizing the oral ecosystem with good
hygiene, dietary control and appropriate fluoride use.?®

Caries lesions may be treated using resin or glass iono-
mer (GI) sealants. It is uncertain whether one type of seal-
ant performs better than the other. It has been suggested
that conventional GI sealants used as therapy for non-
cavitated occlusal lesions may be not effective enough
to prevent lesion progression.?’ In contrast, one clinical
trial showed that non-cavitated occlusal carious lesions
sealed with a high-viscosity GI sealant in a non-clinical
setting was effective in avoiding lesion progression over
a period of 6 years.3® It has been claimed that resin-based
sealants are highly sensitive technique, requiring strict
moisture control during placement with the use of rub-
ber dam. This technical requirement is not always easy
to achieve in children. Under those conditions, the hydro-
philic properties of GI make them an attractive alternative
material, but still with limited evidence.

In summary, there is consistent and strong good quality
evidence to support non-invasive or MI treatment of non-
cavitated lesions using sealants. Infiltration of proximal
lesions shows consistent positive results for management
of non-cavitated caries lesions, but the amount of good
quality studies is still limited (moderate evidence). Individ-
ual risk assessment and a comprehensive clinical judgment
should be considered when choosing the most appropriate
therapeutic procedure for these caries lesions.

Minimally invasive therapy
for cavitated carious lesions

The management of deep dentine carious lesions im-
poses several challenges for the clinician. Besides the
technical complexity in removing compromised tissues
in more extensive lesions, these procedures may result
in pulp exposure and loss of vitality, which implies the
need for even more complex restorative treatments.
In an effort to preserve tooth structure as much as pos-
sible and prevent irreversible pulp damage, conserva-
tive techniques have been proposed for carious dentine
removal.*~>3! Unlike the traditional and, unfortunately,
still more popular complete excavation method or non-
selective removal to hard dentine, techniques for carious
dentine removal based on the MI philosophy are similar
in that they are conservative and aimed at removing only
a portion of the compromised tissues.*32 There are several
techniques for the MI approach to deep dentine caries
treatment (selective removal of carious tissue, stepwise
removal or nonselective removal to hard dentine),*> but
only techniques with broader support of external evidence
will be discussed; atraumatic restorative treatment (ART),
stepwise removal (SW), and selective removal to soft den-
tine (also known as partial caries removal) (Table 1).
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Atraumatic restorative treatment

Atraumatic restorative treatment (ART) is the MI treat-
ment technique aimed at arresting caries progression of ex-
tensive cavitated lesions through the partial removal of the
involved tissues with hand instruments and their subse-
quent restoration with high viscosity GL.!° Several stud-
ies with ART suggest that this therapy has a comparable
success rate than traditional complete removal technique
and the subsequent restoration with composite resin or
amalgam.3*3* A meta-analysis on the survival of ART res-
torations found survival rates on one surface and multiple
surfaces in primary teeth for more than 2 years of 93% and
62%, respectively.®* In permanent teeth, ART restorations
on one surface exhibited survival at 3 and 5 years of 85%
and 80%, respectively. Similarly, another systematic re-
view showed a survival of ART restorations on one surface
of 95% and 86% at 1 and 3 years, respectively and of 72% at
6 years after placement.3¢ The available evidence suggests
that ART is a scientifically-supported MI treatment. Since
this technique allows treatment in non-clinical settings
at low cost, it may enhance access to care for the com-
munity, especially in developing countries. Importantly,
ART restorations on multiple surfaces appear to be less
successful and would require more complex restorations
to ensure greater longevity.>”

Stepwise removal

Besides ART, other MI therapies have been devised for
deep dentine caries, such as indirect pulp capping (IPC),
excavation in 2 stages, or SW excavation or removal, and
more recently, the partial caries removal technique, or
selective removal to soft or to firm dentine (Table 1).3839404
IPC is a form of selective caries removal which involves
leaving a thin layer of demineralized tissue over the pulp
which is covered by a protective liner. Final restoration
is made in the same session. The material used for pulp
protection does not appear to influence treatment suc-
cess, according to a Cochrane review.*! Lesion arrest was
reported in primary teeth with a success rate of 78% at
4 years, with no difference between an adhesive system
and calcium hydroxide used as liners.*?

The main disadvantage of IPC is that it involves proce-
dures that are quite close to the pulp, thereby increasing
the chances of pulp exposure. A less invasive approach
for lesion removal without reaching the proximity of the
pulp, is the SW technique, which involves lesion removal in
2 stages.*34* Stepwise removal technique consists of a first
step involving partial carious tissue removal, leaving soft
carious tissue on the pulpal cavity floor of a deep carious
lesion, in a vital tooth. Teeth are temporarily restored for
a period of up to 12 months. A re-entry is then neces-
sary to remove the carious tissue to firm dentine, followed
by a permanent final restoration.?! During the temporary
sealing, the soft carious dentine, which was intentionally
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Table 1. Evaluation of the effectiveness of the removal of cavitated carious lesions with minimally invasive techniques; stepwise (SW) and selective removal

to soft dentine (SRSD) or partial caries removal

Age Follow-up

Source Technique Control Number of evaluated teeth Main results
[years] [years]
(Magnusson and ) nonselectn{e o 110 primary teeth (55 SW no follow- pulp exposure: stepwise 11%
= stepwise hard dentine 5-10
Sundell, 1977) (complete removal) and 55 complete removal) up vs complete removal 53%

o . ) pulp exposure: stepwise 15%
;Hna %;’Z};Telst stepwise mﬁ;:sljggtviieto 125 primary teeth (52 SW 67 13 vs complete removal 31%;
19914 ' P (complete removal) and 52 complete removal) ' pulp symptoms: stepwise 8%

P vs complete removal 18%
nonselective to
5 @y 0,
(LEkSSLI ciel, stepwise hard dentine 134 permanent teeth 6-16 3 plpexpestissispilse: 17559
1996) L —— vs complete removal 40%
6—7 months: 31 of 32 without
symptoms: 97%;
14-18 months: 22 of 22 without
. /-
(Maltz et al., symptoms: 100%; )
2007)5 SRSD _— 32 permanent teeth 12-23 3.75 36-45 months: 24 of 24 without
symptoms: 100%;
between 14-18 36-45 months:
2 patients restoration and
endodontics
(Bjgrndal et al,, stepwise nﬁ;sdeljé::;;ieto 314 permanent teeth 518 . pulp exposure: stepwise 17.5%
2010)* P feeriplein vl (156 SW and 158 control) vs complete removal 28.9%
(Alves et al., 92.3% no change or decrease in depth;
2010)>° SRSD o 32 permanent teeth 12-13 10 76.9% tertiary dentin formation
(Orhan, Oz, and |ndl|Jr|ect nonselective to 154 pulp exposure: indirect pulp capping:
Orhan ’201’0)49 cap iFrjw hard dentine (94 primary and 60 4-15 1 8%;
! SpRpSDg, (complete removal) permanent) SRSD: 6%; complete removal: 22%
(Maltz et al 299 permanent teeth (152
2012)% N SRSD stepwise partial caries removal and 6-53 3 pulp vitality: SRSD 91% vs SW 69%
147 SW)
(Maltz et al 299 permanent teeth (153
20122 ! SRSD stepwise partial caries removal and 6-53 1.5 pulp vitality: SRSD 99% vs 89% SW
146 SW)
a0 ! )
(Franzon et al nonselective to 120 primary teeth (66 partial renaﬂvpa(\eés(;g‘;cch)mpi:ettlz‘rg:rr\lgxs/al'
2014 ! SRSD hard dentine caries removal and 54 3-8 2 ul vitalit' . ;20/ Srtial caries '
(complete removal) complete removal) pulp Y. 2270 P
removal vs 96% complete removal
(Oliveira et al,, partial caries 100% no clinical symptoms and
2006)% removal - 32 permanent teeth 12723 15 positive cold test

left remaining, becomes harder and drier, both characteris-
tics of inactive lesions, exhibiting a low level of bacterial in-
fection.?! The objective of this procedure is to facilitate the
physiological reaction of the pulp-dentine complex, includ-
ing dentinal sclerosis and tertiary dentine formation. Thus,
a 2-step process ensures pulp protection by minimizing the
risk of exposure. Several studies have indicated that SW
is a highly successful procedure.*>® A recent meta-analysis
has revealed a 56% reduction in the incidence of pulp ex-
posure in SW excavation compared to complete caries
removal or non-selective to hard dentine, as it is the most
recently agreed term.** The main problems of the SW
technique are the risk of pulp exposure during re-entry, the
failure of the temporary restoration, and increased costs
resulting from the 2 sessions that are required to complete

treatment. Furthermore, it has been observed that one
of the causes of failure is that some patients do not return
for the final restoration due to the absence of symptoms.*$

Selective removal to soft dentine
or partial caries removal

As a way to improve the effectiveness of the SW and
IPC techniques, it has been proposed that selective re-
moval of the carious tissue to soft dentine in deep cavi-
tated lesions, with vital teeth, be performed.**° A recently
published consensus paper has named this procedure as
selective removal to soft dentine, formerly known as par-
tial caries removal.? In this strategy the final restoration
should be performed during the same session, completing
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the procedure in a single appointment.>">? In fact, it has
been suggested that re-entering the cavity after partial or
selective removal in the SW technique is unnecessary.>®
In the selective removal of soft dentine technique, selective
removal to firm dentine from the lateral walls of the lesion
is necessary, removing gently and without pressure only
the most outer layer of softened dentine from the pulp wall
with manual or rotary instrumentation, and placing the fi-
nal restoration in the same session.”* A study that followed
a cohort of patients treated with selective removal to soft
dentine showed that 12 of 13 teeth with lesions remained
unchanged for 10 years.>® Radiographic analysis showed
tertiary dentine in 77% of cases. Likewise, another study
checked the arrest of selective removal to soft dentine-
treated lesions by radiographic follow-up with subtraction
imaging techniques.*® The number of microorganisms was
also reduced after sealing the cavity, reaching similar re-
covery levels to those found in nonselective to hard dentine
or complete removal.>” Considering that selective removal
to soft dentine is even more MI and conservative than IPC
or SW, the risk of pulp exposure was expected to be even
lower. Recently, a multicenter clinical study has evaluated
the efficacy of selective removal to soft dentine and resto-
ration in a single session compared to SW for the treatment
of deep caries lesions.® The results showed a success rate
of 91% with selective removal to soft dentine compared
with 69% for the SW technique. The accumulated evidence
from clinical trials confirms that this is an appropriate and
helpful MI approach to treat lesions in close proximity
to the pulp (strong evidence), reducing the risk of exposure
and postoperative symptoms compared with non-selective
to hard dentine or complete removal.* Additionally, this
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technique has a lower economic cost and lower long-term
risk of pulp complications.*® The evidence supporting
these MI procedures is still limited. Thus, further re-
search is needed before more definitive conclusions can
be drawn.” In fact, a recently published meta-analysis
states that the evidence remains insufficient to determine
which technique is most effective for the management
of deep dentine lesions and emphasizes the need for more
studies to generate evidence.®®

Conclusions

Minimally invasive techniques for carious lesion treat-
ment reviewed here offer an attractive alternative for im-
proving dental care coverage at the individual and the com-
munity level. It is important to remark that before making
decisions on the therapies for the lesions, clinicians must
evaluate caries risk at the patient level and also assess the
lesions. Preventive measures must always be considered
and implemented to control the onset of new lesions on un-
affected tissues. After treating current lesions, a perma-
nent follow-up regime must be implemented to reinforce
prevention and to monitor lesions over time (Fig. 1).

The use of sealants as MI treatment for active non-
cavitated lesions is supported by strong evidence and
it is, therefore, a reasonable strategy for the management
of non-cavitated lesions at a very low cost. Sealants and
infiltration appear to be effective alternatives for manage-
ment on interproximal active carious lesions. The abil-
ity to treat non-cavitated lesions with even less expensive
methods, such as tooth brushing with fluorides, remains

Fig. 1. Article content
overview. Minimally
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caries lesion treatment
requires different
steps before making

a therapeutic decision.
Preventive strategies
must be included

in order to control the
disease and to avoid
the onset of new
lesions. Depending
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non- or cavitated,
clinicians must choose
among the different
Ml techniques. As
important as the
treatment itself,
patients must be
incorporated into

a systematic follow-up
plan, with a preventive
focus and lesions
monitored over time
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a potential solution, but the studies in occlusal surfaces
are still insufficient for their recommendation compared
to sealants. Selective removal to soft dentine in cavitated
deep dentine lesions allows fast and inexpensive proce-
dures that generate very little discomfort to the patient,
greatly reducing the possibility of pulp exposure and,
consequently, the need for complex treatments. Evidence
appears to support the idea that selective removal to soft
dentine is a safe technique, although the need for further
studies is suggested. Similarly, ART is a good alternative
in situations where there is a need to provide care in com-
munities lacking a traditional dental clinic. Minimally
invasive treatment of both cavitated and non-cavitated
carious lesions constitutes a rational strategy for the man-
agement of dental caries and should be encouraged at the
public, private, and educational level in universities. Despite
the obvious advantages of these techniques compared with
the more traditional approaches, there is a natural resistance
to change in many professionals. It is, therefore, necessary
to confront the clinicians with the available evidence to en-
gage them into a more MI treatment philosophy.
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Among all malignant gynecological tumors, ovarian can-
cer represents the leading cause of death. The majority
of patients are diagnosed with advanced stages. Standard
treatment for ovarian cancer is primary maximum cyto-
reductive surgery followed by chemotherapy with carbo-
platin and paclitaxel. After initial debulking and first line
chemotherapy, around 50-70% of patients reach full clini-
cal response. However, in 80% of patients this is followed
by a relapse of the disease, the cause of therapeutic failure.?

According to numerous studies, the principal cause
of the cancer relapse and metastases stems from a small
cell population resistant to chemo- and radiotherapy,
comprising less than 2—5% of tumor mass and involving
cancer stem cells (CSCs). Most probably, this specific cell
subpopulation is also linked to the initiation of the tumor
(cancer initiating cells — CICs).13-¢

Cancer stem cells manifest the capacity of self-renewal,
DNA repair, persisting in the G1 or GO cell cycle phases
as inactive dormant cells and asymmetric cell division.
They do not undergo apoptosis and they manifest overex-
pression of ABC genes, which is linked to their resistance
to cytostatic drugs. Control of their self-replacement is as-
sociated in principle with numerous signaling pathways,
including Notch, Sonic hedgehog (Shh) and Wnt.>”8

Cancer stem cells can be identified and isolated due
to their specific markers, such as CD44, CD133 (prom-
inin-1), CD117 (c-Kit), ALDH1 (aldehyde dehydrogenase),
and OCT3/4 (POU5F1), the transcription factor of the POU
family.>1!

In 2010, CSCs were isolated and identified in ovarian
cancer.’’ In 2014, in in vivo and in vitro conditions, cis-
platin was demonstrated to inhibit both the formation
of metastases and the invasion of CICs manifesting the
marker of CD/44+/CD117, but only those with overexpres-
sion of CXCR4. Thus, cisplatin inhibited the activity of the
SDF-1/CXCR4 axis (the factor originating from stromal
cells and its ligand).!?

Using an animal model, Abubaker et al. demonstrated
that short-term application of chemotherapy (cisplatin
and paclitaxel) enriched the cell population with high ex-
pression of Oct-4 and CD117.'2 Similar experiments were
performed by Zhou et al.!* Following the administration
of cisplatin, the dormant cells of human ovarian cancer
manifested an augmented expression of cells with Oct-4,
nestin, CD-117, and CD44 markers, proving the resistance
of this stem cell fraction to cisplatin.

A. Markowska, et al. Ovarian cancer stem cells

Both the CSC population with its typical markers and
the signaling pathways that CSCs take advantage of are
thought to provide potential targets for therapy.”313

According to Massard et al., there are 2 options for
eradicating CSCs: one involves the induction of their dif-
ferentiation, upon which they lose their capacity of self-
replacement (retinoic acid demonstrated such an ability);
the other one involves the elimination of CSCs by targeted
inhibitors of signaling pathways.>

Below, we outline the manners of CSC eradication us-
ing salinomycin, metformin and enterotoxin of Clostrid-
ium perfringens, and we discuss the controversial effects
of anti-angiogenic factors.

Salinomycin

Isolated in Japan in 1974 from Streptomyces albus, sali-
nomycin represents a carboxylic polyether ionophore an-
tibiotic, leading to disturbances in Na*/K* ion equilibrium
in biological membranes and, due to reduced K* concen-
tration, in mitochondria and cytoplasm, resulting in cell
apoptosis.'>!® Salinomycin is also active through several
other mechanisms in tumors of various locations. It inhib-
its the conserved Wnt pathway, providing CSCs with the
ability to self-replace and resist radiotherapy. Salinomycin
also reduces the resistance of CSCs to chemotherapy as
it affects the activity of ABC transporters. It seems that
several mechanisms of salinomycin action are currently
discussed.>~1

Studies by Zhang et al. in in vivo and in vitro condi-
tions demonstrated that salinomycin induces apoptosis
in the cells of ovarian cancer resistant to cisplatin, apop-
tosis linked to the pathway of mitogen-activated protein
kinase (MAPK).?° Studies by Kaplan and Teksen on the
stable ovarian cancer cell line (OVCAR-3) demonstrated
the activity of salinomycin: 40% of cells underwent apopto-
sis within 24 h of exposure.?! A decrease was noted in the
expression of the anti-apoptotic gene Bc/2.

Chung etal., using the OVCAR-3 ovarian cancer cell line,
isolated stem cells of markers CD44* and CD117+, linked
to chemoresistance.?? They used paclitaxel + salinomycin.
Supplementation with salinomycin significantly inhibited
the growth of the cells. Another mechanism of salinomy-
cin activity is linked to the activity of death receptor 5
(DR5) and the activation of apoptosis-initiating caspase 8.

Fig. 1. The structure of salinomycin and
metformin

CHj3

metformin
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Binding of DR5 to its ligand leads to alterations in death
domain (DD, part of the caspase), mobilizing the enzymatic
cascade which results in the death of the cell.?

Another mechanism of apoptosis in the ovarian cancer
cells resistant to cisplatin involves the inhibitory effect
of salinomycin on the nuclear transcription factor NF-kB,
which affects the control of several other genes.?*

In practice, salinomycin is also being used by prof. Cord
Naujokat in Heidelberg, Germany, obtaining good results
among invasive carcinoma in screening studies. The ad-
ministration of salinomycin has resulted in the inhibi-
tion of disease progress over an extended period of time.
It is worth noting that acute side effects were rare and
serious long-term adverse side effects were not observed.!”

It has also been demonstrated that salinomycin is able
to kill CSCs, regular tumor cells and highly indolent tumor
cells displaying resistance to cytotoxic drugs, radiation and
the induction of apoptosis.'®

Up to now, the results obtained from in vivo studies
on human xenograft mice and also clinical studies have
revealed that salinomycin is able to effectively eliminate
CSCs and to induce partial clinical regression in therapy-
resistant cancers.'”

Metformin

Metformin represents a drug of the biguanide group,
used orally in patients with diabetes type II, particularly
in overweight/obese patients. Population studies have
proved that metformin-treated patients manifested a low-
ered risk of malignant tumors in several locations, includ-
ing the preventive effect of the drug in ovarian cancer.
In comparison to patients not using metformin, women
who develop ovarian cancer and being treated with this
drug are older and diagnosed more frequently at earlier
International Federation of Gynecology and Obstetrics
(FIGO) clinical stages. In the course of the disease, these
women manifest longer duration to progression and dis-
play a higher 5-year survival percentage.?>2

Numerous studies have shown that the favorable effect
of metformin in the development and course of malignant
tumors, including ovarian cancer, may be linked to its in-
hibitory effect on CSCs.2?-3!

Studies on the SKOV3 and A2780 cell lines of ovarian
cancers conducted by Zhang et al. demonstrated that low
doses of metformin selectively inhibit CSCs with markers
CD44+ and CD117+, and inhibit epithelial mesenchymal
transition (EMT).3? Epithelial mesenchymal transition
is linked to the activity of transcription factors and the
activation of several genes, resulting in the inhibition
of apoptosis and an increased mobility of cells, linked
to metastases.

Shank et al. confirmed better prognosis in ovarian
cancer patients treated with metformin.?® The authors
expressed the opinion that the mechanism of its action
involved a reduction in the CSC population with ALDH1+
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marker, reduced cell proliferation and inhibited angio-
genesis. They argued that the results provided rationale
for the application of metformin in patients treated due
to ovarian cancer.

Clostridium perfringens
enterotoxin

Natural receptors for Clostridium perfringens entero-
toxin (CPE) involve claudins 3 and 4. Claudins 3 and 4
represent the family of tight junction proteins responsible
for the integrity of the cell membrane and for its func-
tions. In ovarian cancer, overexpression of claudins 3 and 4
is noted; they play a critical role in invasion and metastases
as well as in resistance to chemotherapy. They may provide
an attractive target in the treatment of cancer resistant
to platins.3?

Casagrande et al. described the mechanism through
which CPE becomes activated in ovarian cancer.?* They
examined a small number of ovarian CSCs in vitro and
in vivo, carrying the marker of CD44+. They exhibited
a high expression of claudin 4. Following the exposure
to CPE, the cells underwent apoptosis. Following a sub-
lethal dose of CPE, ovarian cancer xenografts to mice re-
gressed, resulting in a long survival of the animals. Simi-
lar results were described by other authors conducting
research on ovarian CSCs, CD44+, resistant to paclitaxel
and carboplatin. Clostridium perfringens enterotoxin may
represent an unconventional therapy eradicating ovarian
cancer CSCs.?®

How about an anti-angiogenic
therapy?

Bevacizumab, an anti-angiogenic humanized mono-
clonal antibody, is used in first line therapy in advanced
ovarian cancer. According to Rauh-Hain et al., relapses
of ovarian cancer in patients treated with bevacizumab
were located in other body parts than in patients not treat-
ed with the antibody.3® Those receiving bevacizumab more
frequently developed relapses in the pleura, lungs, brain,
liver, and lymph nodes than patients on the anti-angiogenic
treatment.

Since relapses, as presented above, were linked to CSC
metastases, one can speculate on a link between anti-an-
giogenic therapy and CSC activity. Kaplan et al. found that
CSCs with expression of VEGFR1+ promote chemotaxis
and adherence of circulating tumor cells.?” VEGFR1+ cells
establish specific “premetastatic” niches, forming cellular
clusters there before the inflow of tumor cells. The applica-
tion of the antibody specific to VEGFR1+ or the removal
of the cells prevents metastases. In addition, VEGFR1+
cells manifest expression of VLA4 (known as integrin o),
the ligand of which involves fibronectin taking part in cell
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interaction with the matrix. According to Chau et al., the
identification of factors targeted at CSCs and associating
them with angiogenesis inhibitors might warrant their
better clinical efficacy.?® The authors also suggest that anti-
angiogenic therapy leads to tumor hypoxia, resulting in the
growth of the CSC population. In their study, Conley etal. pre-
sented a similar hypothesis.?* The problem of anti-angiogenic
therapy in ovarian cancer and, in particular, its relationship
with CSCs, is extremely intriguing. Anti-angiogenic ac-
tion based on immunotherapy (vaccine) might uncover
another relationship with CSCs.*? Regarding future direc-
tions in the treatment of ovarian cancer, it would seem
that combined therapy — cytostatics, anti-angiogenics and
anti-CSCs — is a very promising option.
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