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Abstract

Background. Diabetic cardiomyopathy (DCM) is one of the most harmful diseases with high morbidity
and mortality rates. However, the underlying pathological mechanism of the disorder still remains unclear.

Objectives. The purpose of our study was to identify differentially expressed proteins associated with DCM.

Material and methods. C57BLKS/) db/db (diabetes mellitus group — DM group) and db/m mice (normal
control group — NC group) were acclimated in cages for 15 weeks. The general state was recorded. After
15 weeks, the heart tissues were used for histological examination. In addition, quantitative mass spectrometry
using isobaric tags for relative and absolute quantitation (iTRAQ) was used to identify differentially expressed
proteins in the heart tissues. SEQUEST software was used to identify proteins with data derived from liquid
chromatography-tandem mass spectrometry (L-MS/MS) spectra by searching ipi. MOUSE.v3.72.REVERSED.
fasta database. Expert Protein Analysis System (ExPASy) was used to calculate the theoretical parameters.
One uprequlated protein (sorbin and SH3 domain containing 2 — Sorbs2) and 1 downrequlated protein
(myosin-3) was measured by western blot to validate the iTRAQ data.

Results. The mice in the NC group were active and grew well, while the mice in the DM group presented
with obvious polydipsia, polyphagia and polyuria. The results of histological examination revealed that,
compared to the NC group, the DM group showed significant myocardial hypertrophy and myofiber disarray
accompanied by damaged nuclei. A total of 73 differentially expressed proteins were identified, including 44
upregulated and 29 downregulated proteins. Western blot analysis confirmed that the expression of Sorbs2
was significantly increased (p < 0.01), while the expression of myosin-3 was statistically decreased in the
DM group compared to the NC group (p < 0.05).

Conclusions. These results suggest that DCM shows differences in its proteomics compared to normal con-
trols. Our quantitative proteomic analysis may provide a new insightinto the distinct molecular profile of DCM.

Key words: proteomics, diabetic cardiomyopathy, isobaric tag for relative and absolute quantitation



1470

Introduction

The number of patients with diabetes mellitus (DM)
has been increasing worldwide at an alarming pace for
the past 2 decades. These patients are predisposed to seri-
ous cardiovascular complications, including heart failure
(HF), causing mortality and morbidity.! The development
of diabetic cardiomyopathy (DCM) is a prominent contrib-
uting factor to HF.2 The term DCM was first introduced
by Rubler et al., and it is characterized by adverse struc-
tural and functional changes in the myocardium and coro-
nary vasculature in the absence of coronary artery disease
(CAD) and hypertension.2~* Among the diabetic population,
the prevalence of DCM has been estimated between 30%
and 60%.>°¢ Although remarkable progress has been made
in recent years in the diagnosis and treatment of DCM, at
present, there is no specific therapy for myocardial damage
induced by DCM due to the unclear molecular etiologies.
Therefore, it is urgent to understand the underlying patho-
logical mechanism of DCM and then further improve the
treatment strategy.

Many potential mechanisms have been proposed and
studied, and the development and progression of DCM
is involved in cellular and molecular perturbations.” It has
been reported that fibrosis, inflammation, apoptotic and
necrotic cell death, the activation of renin-angiotensin-
-aldosterone system (RAAS), increased fatty acid (FA)
utilization, lipotoxicity, autophagy, and oxidative stress
are the most important contributors to the onset and
progression of DCM.815 To gain new insights into the
molecular mechanisms involved in the development and
progression of DCM, we have performed proteomic pro-
filing analysis of heart tissue samples from diabetic mice
and normal mice to identify the differentially expressed
proteins altered in diabetic hearts. Our proteomic profiling
study suggests that heart tissue samples from diabetic mice
exhibit significant differences in proteomics compared
to normal controls. Our study might provide a new insight
into the distinct molecular profile of DCM.

Material and methods
Animal testing

Seven-week-old male C57BLKS/] db/db mice (n = 8) and
nondiabetic db/m littermates (n = 8) were purchased from
the Model Animal Research Center of Nanjing University
(China). All mice were housed in independent plastic cages
in an air-conditioned room (room temperature 22-24°C,
room humidity 50—60%) under a 12-hour light/12-hour dark
cycle. They all received laboratory pellet chow and tap
water ad libitum. All animal experimental protocols were
performed according to the Principles of Laboratory Ani-
mal Care provided by the National Institutes of Health
(NIH; Bethesda, USA) and approved by the Animal Ethics
Committee at our University.

M. Shao, J. Chen, S. Zheng. Proteomics of myocardium in DCM

All animals were acclimated in the cages for 15 weeks be-
fore being euthanized. C57BLKS/] db/db mice were used as
a DM group, while db/m mice were used as a normal con-
trol (NC) group. All the animals were weighed each week
and the general state was recorded. Following 15 weeks
of feeding, all mice were sacrificed and their hearts were
immediately dissected. Heart tissue samples were fixed
with 10% formalin for histological examination, or washed
with normal saline (NS), and then they were kept at —80°C
until further analysis.

Histological examination

For the histological examination, the tissue samples from
both the DM and NC group were fixed with 10% formalin
and embedded in paraffin, and 4-millimeter-thick sec-
tions were prepared. The sections were then stained with
hematoxylin-eosin (H&E) and examined by light micros-
copy (Axioskop 40; Zeiss, Oberkochen, Germany).

Isobaric tags for relative and absolute
quantitation proteomic analysis

The tissue samples (50 mg) from both the DM and NC
group were prepared, homogenized in liquid nitrogen and
lysed with 500 pL buffer containing 4% sodium dodecyl
sulfonate (SDS), 100 mM dithiothreitol (DTT) and 150 mM
Tris HCI. Then, the tissues were ultrasonically agitated and
centrifuged. Total protein was extracted from the myocar-
dium. Thereafter, the proteins were digested with trypsin,
using the filter aided proteome preparation (FASP) proto-
col.1* DNA concentration was measured using a NanoDrop
2000 spectrophotometer (Thermo Scientific, Waltham,
USA). A total of 100 ug of peptides from each group were
labeled with isobaric tags for relative and absolute quan-
titation (iITRAQ) reagents (Applied Biosystems, Foster
City, USA) according to the manufacturer’s instructions.
Extracts from the NC group were labeled with reagent 114
and the ones from the DM group with reagent 117. After-
wards, the labeled samples were centrifuged at 1000 rpm
for 30 s and incubated at room temperature for 1 h. Then,
the samples were separated into 10 fractions, using Poly-
Sulfoethyl A strong cation-exchange (SCX) columns (Poly
LC, Murietta, USA).

Database search and bioinformatics
analysis of differentially expressed proteins

Mass spectrometric analysis was carried out using a liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
(Agilent Technologies, Palo Alto, USA) and an LTQ-Velos
ion trap mass spectrometer (Thermo Finnigan Corp., San
Jose, USA).Y Protein searching was performed in the data-
base of ipi. MOUSEv3.72. REVERSED .fasta. and the filtra-
tion parameter in SEQUEST-HT (Proteome Discoverer
1.4 package; Thermo Scientific, Rockford, USA) was false
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discovery rate (FDR) <0.01. Expert Protein Analysis System
(ExPASy) (http://www.expasy.org) was used to calculate
the molecular weight and isoelectric point (PI).

Western blotting analysis

After the protein concentrations had been determined,
equal amounts of total protein were separated by SDS—
polyacrylamide gel electrophoresis (PAGE) and transferred
onto polyvinylidene difluoride membranes (PVDF; Bio-Rad,
Chicago, USA). The membranes were then blocked with 5%
nonfat dry milk in Tris-buffered saline-Tween (TBST) and
probed with antibodies against sorbin and SH3 domain con-
taining 2 (Sorbs2) (ab213616; Abcam Inc., Cambridge, USA),
myosin-3 (Sigma-Aldrich, St. Louis, USA) or glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) (ab8245; Abcam
Inc.) overnight at 4°C. Subsequently, the membranes were
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibodies (Abcam Inc.) for 2 h and visualized
by enhanced chemiluminescence (ECL; Thermo Scientific).

Statistical analysis

The data is presented as the mean + standard devia-
tion (SD). Student’s t-test or one-way analysis of variance
(ANOVA) was used to compare differences between the
groups. Statistical analyses were performed using SPSS
v. 19.0 (SPSS Inc., Chicago, USA). A p-value <0.05 was
considered statistically significant.

Results
General observations

During the observation period, mice in the NC group
were active, grew well, presented good mental condition,
and had bright and smooth hair coat. On the other hand,
mice in the DM group showed dull and shaggy hair coat,
were less active, presented obvious polydipsia, polyphagia
and polyuria, and gained substantially more weight than
mice in the control group.

Histological observations

After the observation period, mice from both groups
were sacrificed and their hearts were collected for histo-
logical examination. As indicated in Fig. 1A and 1B, we
found that, compared to the NC group, the DM group
showed significant myocardial hypertrophy and myofiber
disarray accompanied by damaged nuclei.

iTRAQ proteomics profiling
We analyzed the myocardial protein profile of db/db and

db/m mice using the iTRAQ approach. The myocardial
protein from the NC group was labeled with reagent 114,
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Fig. 1. Histological observation in 2 groups. After 10 weeks of feeding,
heart tissue samples were obtained for histological examination.
Compared to the NC group (A), the DM group (B) showed significant
myocardial hypertrophy and myofiber disarray accompanied by damaged
nuclei

NC - normal control; DM — diabetes mellitus.
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Fig. 2. Frequency distribution histogram of iTRAQ proteomics profiling.
Frequency distribution histogram was constructed to analyze iTRAQ
quantitative data. We found that the ratio was close to 1, indicating that
the data was reliable

iTRAQ - isobaric tags for relative and absolute quantitation.

which was considered as a control. The myocardial protein
from the DM group was labeled with reagent 117. Fre-
quency distribution histogram was constructed to analyze
iTRAQ quantitative data. The ratio of each label was built
by evaluating the logarithm (Log2). The group distance
was set at 0.6, and the distribution ranged from —4.5 to 4.5.
As shown in Fig. 2, we observed that the ratio was close
to 1. This data was in line with the normal distribution,
indicating the data was reliable.

Mass spectrometric analysis

A total of 427 proteins were quantified by performing
the iTRAQ-based experiments. Of these, 73 proteins were
differentially expressed proteins (44 upregulated and 29
downregulated) in the DM group compared to the NC
group (Fig. 3). After searching the ipi. MOUSE.v3.72.



1472

2011-7-17 80422 P111Z7_3F1

M. Shao, J. Chen, S. Zheng. Proteomics of myocardium in DCM

RT: 000- 12001
33.50 NL:
100; 19.44 4130 55368
3 Base Peak F.
95 ITMS < cESI
2 Fultms
00 {300.00-1800.07]
; NS P11127_3F1
857
80
: 1963
757
70
65
0]
g o a5
3 & 3044
£ i B
-
] 3052 223 526
35
m.
b 6489 TC6&4
25°
204
157
10}
5
Taas 1031,26 112.68
| A M } Llat e Diat unt ther O MM |
0 110 120

Time {min)

Fig. 3. Mass spectrometric analysis. A total of 73 differentially expressed proteins were identified (44 upregulated and 29 downregulated) in the DM group

compared to the NC group

NC - normal control; DM — diabetes mellitus.

Table 1. Some of the differentially expressed proteins in 2 studied groups

Accession No. Protein name

Protein expression rate

IP100956780 sorbin and SH3 domain containing 2
IP100880521 solute carrier family 13

IP100128152 multidrug resistance protein
IP100885610 secretory carrier-associated membrane protein 3
IPI00131334 canon channel sperm-associated protein
IP100380895 myosin-3

IPI00323035 fibulin-5

IP100130102 desmin

IPI04775849 alpha-actinin

1P100116668 integrin-linked protein kinase

Molecular weight [Da] ‘ Pl ‘

(DM/NC)
78,155.37 942 19.67
14,485.73 6.62 15.33
140,993.72 8.51 745
38,458.31 7.55 578
78,705.89 6.80 553
223,791.03 5.62 0.19
50,193.55 4.55 0.29
53,49799 5.21 0.30
59,897.83 5.69 0.35
51,373.15 8.30 0.18

NC - normal control; DM — diabetes mellitus.

REVERSED.fasta. database and analyzing by SEQUEST-
HT the information about proteins was identified. The top-
-ranked 5 most obviously increased and decreased expres-
sion rates were summarized in Table 1.

Validation of iTRAQ data

To validate the differentially expressed proteins identi-
fied by iTRAQ data, we selected 2 proteins for western
blot analysis. We chose the highest protein expression rate
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Fig. 4. Validation of iTRAQ data. We selected 2 proteins, Sorbs2 and myosin-3, to validate the differentially expressed proteins identified by iTRAQ data,
using western blot analysis. Representative pictures of western blot (A) and quantitative analysis (B) showed that Sorbs2 was significantly increased in the
DM group (p = 0.003), whereas myosin-3 was statistically decreased in the DM group compared to the NC group (p = 0.026). Data was shown as mean +SD

iTRAQ - isobaric tags for relative and absolute quantitation; NC — normal control; DM - diabetes mellitus; Sorbs2 — sorbin and SH3 domain containing 2;

GAPDH - glyceraldehyde 3-phosphate dehydrogenase; SD - standard deviation.

of upregulated and downregulated proteins, Sorbs2 and
myosin-3. As shown in Fig. 4A, Sorbs2 was found to be sig-
nificantly increased in the DM group (p = 0.003), whereas
myosin-3 was statistically decreased in the DM group com-
pared to the NC group (p = 0.026). Quantitative analysis
showed the same results, which indicates that the results
of iTRAQ data were reliable (Fig. 4B).

Discussion

In the present study, we used iTRAQ, a recently de-
veloped protein quantitation technique, combined with
LC-MS/MS, to identify the protein profiles of the myocar-
dium from both DM and normal heart tissues. We found
that DCM shows different proteomics compared to normal
individuals. Also, a total of 73 differentially expressed pro-
teins (44 upregulated and 29 downregulated) were identi-
fied. In addition, we performed western blot to validate the
results by measuring 2 reprehensive proteins.

Diabetic cardiomyopathy is a well-known specific
cardiomyopathy which develops in patients with diabe-
tes without coronary atherosclerosis and hypertension.
It induces changes in cardiac structure/function, leading
to significant clinical consequences, such as progressive
HF and even cardiovascular death.!® A prominent charac-
teristic of the DCM is cardiac hypertrophy, which shows
increased left ventricular (LV) mass and wall thickness
accompanied by compromised systolic and diastolic func-
tion.!2° Numerous molecular mechanisms have been pro-
posed to be responsible for the development of DCM.2!
For example, elevated FA utilization and lipotoxicity may
contribute to mitochondrial dysfunction. Mitochondrial
dysfunction and endoplasmic reticulum (ER) stress may
promote apoptosis. In addition, oxidative stress, altered
myocardial insulin signaling, increased advanced glycation
end products (AGESs) signaling, impaired Ca?* handling,

and inflammation may accelerate increased pro-fibrotic
genes expression or promote apoptosis. It is well-known
that accurate and absolute protein quantification plays
a critical role in better understanding the basic biological
responses as well as revealing valuable biomarkers for the
diagnosis, treatment and predicting the prognosis of di-
verse diseases.?? In the last decades, protein quantifica-
tion has become an important and significant component
of modern MS-based proteomic research.?>?* A number
of quantification strategies have been developed and suc-
cessfully applied. However, most of them are dependent
on the incorporation of stable isotopes for the following
MS sorting and quantification.?>2¢ The recently estab-
lished iTRAQ technique has been widely used as a com-
prehensive and efficient MS-based proteomic research
tool for multiplexed protein quantification.?”28 Isobaric
tags for relative and absolute quantitation could compare
the protein abundance by measuring the peak intensities
of reporter ions released from iTRAQ-tagged peptides.?’
Hence, iTRAQ could be a potential method for studying
quantitative proteomics.

In the present study, we used C57BLKS/J db/db mice and
nondiabetic db/m littermates. Db/db mice are a well-char-
acterized and widely used type 2 diabetic mouse model,
which can show diabetic symptoms, such as hyperglyce-
mia, obesity, insulin resistance (IR), and renal damage,
occurring after 10—-20 weeks of sustained hyperglycemia.3
During the 15 weeks of feeding, we found that db/db mice
gradually increased their water and food intake, indicative
of developing diabetes. After 15 weeks of observation, the
heart tissues were harvested to confirm the pathologic
changes by using histological examination. As expected,
significant myocardial hypertrophy and myofiber disarray
accompanied by damaged nuclei were observed in db/db
mice compared to the db/m mice, confirming myocardial
damage. Thereafter, the proteomics of the myocardium
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was quantitatively analyzed in both db/db mice and db/m
mice, using the iTRAQ technique, to reveal differentially
expressed proteins in the 2 groups. As a result, a total of 73
differentially expressed proteins — 44 upregulated and 29
downregulated — were identified. Some of the up- and
downregulated proteins were shown in Table 1. Among
them, we determined the expression of Sorbs2 and my-
osin-3 to confirm the reliability of iTRAQ. Sorbs2, also
known as ArgBP2, is a protein encoded by the Sorbs2 gene
in humans.?! It belongs to a small family of adaptor pro-
teins having sorbin homology domains; Sorbs2 is highly
expressed in cardiac muscle cells at sarcomeric Z-disc
structures, as well as in other cells at actin stress fibers
and the nucleus.?"32 Sorbs2 is considered an adapter pro-
tein that plays a significant role in cytoskeletal organiza-
tion, cell adhesion and signaling pathways.3 A proteomic
analysis of cardiac tissues from patients has suggested
that Sorbs2 is released from injured cardiac tissue into
the bloodstream upon lethal acute myocardial infarction
(AMI).3* An animal experiment also revealed that Sorbs2
was increased in the damaged heart tissues.?® Similarly,
our study found that Sorbs2 was highly expressed in the
myocardium of db/db mice, implying a destroyed structure
of the myocardium. Myosin is a ubiquitous eukaryotic
contractile protein which converts chemical energy into
mechanical energy by means of hydrolysis of adenosine tri-
phosphate (ATP). Cardiac myosin has been reported to be
changed in DM.3¢*” Myosin-3 is a protein that is encoded
by the MYH3 gene in humans.3® Myosin-3 is a component
of the signaling complex, which is required for the adapta-
tion response, and functions as a plus-end directed motor.3%40
However, no information is available on myosin-3 tissue ex-
pression. We first observed that myosin-3 is downregulated
in DM compared to normal individuals. Thus, Sorbs2 and
myosin-3 might serve as potential protein therapeutic targets
for DCM. Still, the functions of other identified candidates,
such as the solute carrier family 13 and integrin-linked pro-
tein kinase, remain to be further elucidated.

The novelty of this study lies in revealing a new insight
into the molecular profile of DCM by using iTRAQ; part
of the results was also confirmed by western blot. However,
there are limitations of this study, which needs further
development. Firstly, although we performed western blot
to confirm our results, other experiments such as immuno-
histochemistry (IHC) or polymerase chain reaction (PCR)
should be performed. Secondly, we only selected Sorbs2
and myosin-3 as testing factors in our study. Moreover,
the potential mechanisms should be explored. Thirdly, the
mouse model of DCM was used in the current study; hu-
man studies should also be conducted to verify the results
of animal experiments.

In conclusion, the present study suggests that DCM
shows protein differences in proteomics by the applica-
tion of iTRAQ. The quantitative proteomic analysis might
provide a new insight into the distinct molecular profile
of DCM.

M. Shao, J. Chen, S. Zheng. Proteomics of myocardium in DCM
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Abstract

Background. Conjugated linoleic acid (CLA), which is an octadecadienoic acid isomer, is believed to play
different positive physiological roles, such as lowering body fat. Due to some reported side effects of CLA,
like lipodystrophy and impaired glucose metabolism, it is important to establish its safety by understanding
detailed molecular mechanisms. One of these mechanisms may be the role of this dietary agent in modifying
the function and activity of microRNAS (miRNA).

Objectives. The aim of the study was to investigate how adipocyte miR-27a and miR-143 expression may
be influenced by CLA in obese rats.

Material and methods. In this study, 24 male Wistar rats were randomly divided into normal-fat diet
(NFD) and high-fat diet (HFD) groups. After 8 weeks, the rats were weighed and half of the diet-induced
obese rats were randomly selected to receive 500 mg CLA per 1kg body weight for 4 weeks. At the end of this
period, epididymal fat was isolated to investigate the expression level of miRNAs by real-time polymerase
chain reaction (RT-P(R).

Results. After 12 weeks, the obese rats in the HFD group, compared with rats in the NFD group, demonstrated
a significant decrease in the expression of miR-27a (p < 0.05) and a significant increase in the expression
of miR-143 (p < 0.05). In the group which had received CLA for a 4-week period, these events were reversed.
Moreover, the rats in this group gained less weight than other rats in HFD groups, although the difference
was not statistically significant.

Conclusions. In conclusion, this study demonstrated that CLA, as an anti-obesity agent, may minimize
abnormal changes in miRNA expression in obesity. This suggests a new pathway for weight loss; however,
further studies are needed.

Key words: obesity, microRNA, high-fat diet, conjugated linoleic acid
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The growing global prevalence of obesity, which is rec-
ognized as a disease by the American Medical Associa-
tion, has had damaging effects on various aspects of life
and has even increased mortality and morbidity rates as
a result of cardiovascular diseases, cancers and metabolic
syndrome.>? On the one hand, various approaches such
as increasing physical activity, diet therapy, surgery, and
medication have demonstrated only partial success. On the
other hand, several anti-obesity drugs have been withdrawn
from the market because of their proven adverse effects.?
Hence, an increasing demand for safe and effective anti-
obesity drugs has arisen.

In this regard, it is necessary to consider regulatory mech-
anisms in order to find effective agents for obesity control.
Recently, microRNAs (miRNAs) as epigenetic regulators
in obesity have attracted considerable attention from re-
searchers. The miRNAs are short-length, noncoding RNAs
which, by pairing with the 3-untranslated region (UTR)
of their target mRNAs, control gene expression.

Besides the important roles of miRNAs in different
processes such as proliferation, differentiation, apoptosis,
growth, and development, it seems that several miRNAs are
deregulated in animals and humans with obesity. However,
there is insufficient evidence regarding the role of these
small molecules in the metabolism of adipose tissue.*>
Among the numerous miRNAs existing in adipose tissue,
afew of them are differentially expressed in obesity or dem-
onstrate regional variance in their expression.®

Recently, some studies have shown that miRNA expres-
sion in adipose tissue may possibly affect the pathogenesis
of diseases related to high-fat diets. Some miRNAs can be
modified by epigenetic mechanisms when the diet composi-
tion is changed.”® Thus, understanding the mechanisms
by which miRNAs exert their potential roles in adipose
tissue metabolism may possibly lead to the discovery of new
paths in the development and treatment of obesity.® How-
ever, very few studies have addressed this issue and have
considered the effect of different kinds of diet or dietary
agents on miRNA variations.}!2

Therefore, a hypothesis can be put forward that inves-
tigating the use of pharmacological agents such as fat
burners in obesity management can elucidate the probable
mechanisms for their anti-obesity action.!® One agent that
is considered an anti-obesity drug is conjugated linoleic
acid (CLA), which contains a linoleic acid isomer (C18:2,
n-6).1* A large proportion of the obese population is in-
terested in CLA supplements, claiming body fat-lowering
effects. Conjugated linoleic acid is considered a "natu-
ral” compound without dangerous side effects.’> How-
ever, this fatty acid inhibits the entry of glucose into
the adipocytes, and may lead to hyperinsulinemia and
increases in inflammatory markers. Consequently, there
are doubts regarding the exact mechanisms of action
of CLA in adipocytes that result in the reduction of body
fat, and regarding the safety of using this compound as
a dietary supplement.!*

M. Nazari, et al. MicroRNA changes induced by conjugated linoleic acid

From among numerous adipocyte miRNAs, miR-143 and
miR-27, which are up- and downregulated (respectively)
during adipocyte differentiation, were selected for further
investigation.16-18

The expression of miR-143 was reported to be increased
in mice fed a high-fat diet, which in turn caused hyperinsu-
linemia and impaired glucose tolerance. On the other hand,
in mice with reduced miR-143 level or activity, undesirable
blood glucose changes were modified, and consequently,
this microRNA was regarded as a potential candidate to be
targeted in type 2 diabetes as well as obesity treatment.”
Furthermore, a high-fat diet was found to lead to reduced
expression of miR-27a in concordance with amplified per-
oxisome proliferator-activated receptor y (PPARY) activity,
which is a well-known transcription factor in adipocyte dif-
ferentiation.®!® Therefore, recommendation of dietary agents
that induce miR-27a or inhibit miR-143 seems to be logical
to decelerate adipogenesis. Consequently, the aim of this
study was to determine the variations in expression of these
2 miRNAs in adipose depots in the epididymis of rats fed
a high-fat diet before and after CLA supplementation.

Material and methods
Animals and diet

Twenty-four 8-week-old male albino Wistar rats were ob-
tained from the Animal Laboratory Unit of Ahvaz Jundis-
hapur University of Medical Sciences (Iran). The rats,
which weighed 150-200 g, were housed in groups of 2 per
cage and maintained on a 12-hour light/dark cycle at 22°C
with a relative humidity at 50 +5%, and were fed a stan-
dard chow diet and tap water ad libitum. After a 1-week
acclimation period, they were randomly allocated into 2
different diet groups: a normal-fat diet (NFD) for the entire
experimental procedure (a semi-purified NFD), (n = 8) as
the control group; and a high-fat diet (HFD) for the entire
experimental procedure (a semi-purified HFD to induce
obesity) (n = 16).

The basic diet in this study was a semi-purified form
of the American Institute of Nutrition (AIN)-93M diet.
The proportional compositions of the 2 diets are presented
in Table 1.° Fresh portions were prepared twice a week and
stored at 4°C. After the 8" week, the HFD group was ran-
domly subdivided into 2 categories (n = 8 in each): a control
group, which received HED + 1 mL of corn oil per day for
4 weeks by oral gavage; and a CLA group, which received
HFD + 500 mg per kg body weight of CLA (Tonalin® CLA;
Natural Factors, Coquitlam, Canada, composed of a 75%
mixture of ¢9, t11 and t10, c12 isomers in a 50:50 ratio)
dissolved in 0.5 mL of corn oil (1 mL total) per day for
4 weeks by oral gavage.

During the course of the experiment, body weights were
recorded weekly to verify the obesogenic effects of the HFD.
At the 12th week, the animals were fasted for 10 h before
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Table 1. Modified* American Institute of Nutrition diet composition

Ingredients in 1 kg of diet

Normal-fat diet [g] | High-fat diet [g]

Corn starch 465.6 237
Casein (>85% protein) 140 140
Dextrinized corn starch 155 78
Sucrose 100 50
Soybean oil 40 185
Margarine 0 185
Fiber 50 50
Mineral mix (AIN-93M-MX) 35 35
Vitamin mix (AIN-93-VX) 10 10
-Cystine 1.8 3
Choline bitartrate 25 25
Tert-butylhydroquinone 0.008 0.01
Total energy [kcal] 3600 5350

*AIN-93M Purified Diet for Laboratory Rodents was modified."” Fiber was
replaced by wheat bran in the formulation.

being sacrificed and then white adipose tissue (WAT) from
epididymal fat was isolated and directly submerged in RNA
later solution (RNA Stabilization Reagent; Qiagen, Hilden,
Germany) to stabilize and keep cellular RNA in situ, and
was kept at —80°C until analysis.

All the procedures carried out in this study involving
animals were approved by the ethical committee for ex-
perimental animal care at Ahvaz Jundishapur University
of Medical Sciences (NRC9204).

MicroRNA extraction from adipose tissue

To extract total miRNA from WAT taken from NFD- or
HEFD-fed rats, approx. 100 mg of tissue was homogenized
in 1-2 mL of Qiazol (Qiagen) using a digital homogenizer
(WiseTis Homogenizer HG-15D, Grafstal, Germany).
Thereafter, miRNA isolation was carried out utilizing the
RNeasy Mini Kit (Qiagen) according to the manufacturer’s
instructions. The concentration of extracted miRNA was
measured using the NanoDrop Spectrophotometer 2000c
(Thermo Fisher Scientific, Inc., Waltham, USA) and its in-
tegrity was confirmed by 2% agarose gel electrophoresis.
The RNA samples were directly frozen and stored at —80°C.

MicroRNA quantification was initiated by reverse
transcription of the RNA samples and then amplification
by Power SYBR Green PCR Master Mix (Applied Bio-
systems, Foster City, USA) and specific primers. Reverse
transcription and real-time polymerase chain reaction

Table 2. Effects of NFD and HFD on rats’ weight gain over 8 weeks
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(RT-PCR) were carried out using a miScript Reverse Tran-
scription Kit (Qiagen), miScript SYBR Green PCR Kit (Qia-
gen) and miScript Primer Assay (Qiagen) in accordance
with the manufacturer’s instructions. All the primers
were manufactured by Qiagen (Hs_RNU6-2_11 Cat. No.
MS00033740, RN_miR-143_1 Cat. No. MS00000420 and
RN_miR-27a_1 Cat. No. MS00000147) and their sequences
were not revealed.

MiR-27a and miR-143 levels were normalized to RNA
U6. Real-time PCR was performed on a StepOne Real Time
PCR System (Applied Biosystems). The RT-PCR thermal
cycling included 15 min incubation at 95°C, followed by
40 cycles of a 3-stage temperature profile of 94°C for 15 s,
55°C for 30 s and finally 70°C for 30 s. All the samples
were run in triplicate and the fold changes in the miRNA
level were calculated by the comparative cycle threshold
(Ct) method 2-24¢, where ACt = Ct miRNA — Ct U6 and
AACt = ACt treated samples — ACt untreated controls.

Statistical analysis

The statistical analysis was performed using the Statisti-
cal Package for Social Sciences v. 18.0 (SPSS Inc., Chicago,
USA) The results were expressed as means + standard er-
ror of the mean (SEM). The normality and homogeneity
of variances were tested with the Kolmogorov-Smirnov
test. Student’s t-test and a 1-way analysis of variance
(ANOVA) followed by Fisher’s least significant difference
(LSD) test were employed to compare the mean differ-
ences between the groups. A p-value <0.05 was considered
statistically significant.

Results

Effects of high-fat diet and normal-fat diet
on weight gain

Body weights at the beginning were not different be-
tween the 2 groups (p-value >0.05). At the 8" week, the

HFD-fed rats gained significantly more weight than the
controls and developed the obese phenotype (Table 2).

Effects of conjugated linoleic acid
on weight gain
Four-week treatment with CLA reduced the animals’

weight gain throughout the treatment period; however, this
effect was not statistically significant (Table 3).

Baseline weight [g]

169.66 £8.91
173.00 £4.02

8-week weight [g]

246.38 £948

b
29643 +5.36 0009

Values are expressed as means + standard error of the mean (SEM). NFD — normal-fat diet; HFD — high-fat diet;
2 insignificant weight difference between NFD and HFD at baseline; ° significant weight difference between NFD and HFD at the 8" week.
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Table 3. Effect of CLA on weight gain rate over 4 weeks in obese rats

M. Nazari, et al. MicroRNA changes induced by conjugated linoleic acid

n 8-week weight [g]
NFD 8 246.38 +6.48
HFD 8 300.50 £13.16
CLA 8 288.38 £7.60

12-week weight [g]

264.62 £8.03
33643 £15.10
312.68 £9.60

Weight gain [g]

18 (7.3%)
35.9 (11.9%)

a
24 (8.3%) 008

Values are expressed as means + standard error of the mean (SEM). NFD — normal-fat diet; HFD - high-fat diet; CLA — conjugated linoleic acid; 2 significant

difference between CLA and control HFD in weight gain over 4 weeks.

Effects of high-fat diet on adipose tissue
miR-143 and miR-27a expression levels

Parallel to the weight gain in HFD-fed rats, the expres-
sion levels of the miR-27a and miR-143 were altered in the
adipose tissue of the obese rats compared to the NFD-fed
rats. The HFD reduced miR-27a expression to 0.021-fold
and increased miR-143 expression to 2.3-fold compared
to the NFD-fed rats (Fig. 1).

Effects of conjugated linoleic acid
on adipose tissue miR-143 and miR-27a
expression levels

After 4 weeks, RT-PCR results showed that overexpres-
sion of miR-143 and downregulation of miR-27a in the
adipose tissue induced by the HFD were weakened in the
rats in the CLA group compared to the obese rats fed only
a HFD. An increase in miR-27a expression to 2.26-fold was
accompanied by a decrease in miR-143 to 0.42-fold follow-
ing daily doses of 500 mg of CLA/kg of body weight (Fig. 1).

#miR-27a EmiR-143
25

EEd

A

relative expression levels

n

g

groups

Fig. 1. Relative expression levels of miR-143 and miR-27a in the adipose tissue
of rats fed a NFD or HFD in comparison with the CLA group. MicroRNA levels
were normalized to U6 small nuclear RNA. The means + standard error of the
mean (SEM) of 8 rats in each group is shown.

*values with significant changes relative to the NFD group (* p < 0.05);
**values with significant changes relative to the HFD group (** p < 0.05);
NFD - normal-fat diet; HFD — high-fat diet; CLA — conjugated linoleic acid.

Discussion

Although CLA supplementation (in both animals and
humans) has been found to bring about changes in body
weight and some other beneficial effects in previous studies,
the current results are very conflicting.

One of the main results of this study was the deceleration
of the weight-gain trend in the CLA group in comparison
with the HFD group. As shown in Table 3, the weight-gain
rate in the HFD+CLA group was close to that of the NFD
group (8.3% vs 7.3%); however, the final weight difference
between the HFD group and the HFD+CLA group was
not statistically significant. It seems that CLA does not
diminish food intake in rodents (we did not measure food
intake) and its effects are independent of the amount of fat
in the diet, while some protein sources may change the ef-
fects of CLA on adipocyte fat content and the production
of adipocytokine.’ Despite the reduction in the fat content
of CLA-fed animals reported in various studies, there was
not much difference between the total body weights of the
treated animals and the controls. As suggested by a few
investigators, this happens mainly because of hepatomeg-
aly and splenomegaly, which have been attributed to CLA
supplementation.?°

Furthermore, the weight changes in this study were
judged only by body weight, while fat mass is a more sen-
sitive index for evaluating obesity in animals. Woods et al.
reported that rats fed a HFD for 10 weeks demonstrated
a 10% increase in body weight. However, a 35-40% in-
crease in body fat was detected compared with animals fed
a NFD.?! Another study has verified that a decrease in adi-
pose mass was evident as early as after 1 week of feeding
the animals CLA.??

It should be noted that regional differences in responsive-
ness to CLA have been reported. To determine cell prolif-
eration response to CLA supplementation, it seems logical
to expose animals to CLA during fetal growth, when most
pre-adipocyte hyperplasia occurs.?

On the other hand, a few adverse effects of CLA have
been reported, mainly due to the 10-trans, 12-cis isomer.
For example, increased production of eicosanoids, pro-car-
cinogenic effects and negative alterations in glucose and
lipoprotein metabolism have been attributed to CLA.*23 Its
pro-oxidant effect enhances lipid hydroperoxide and lessens
total antioxidant defenses, which leads to adverse effects
on the lipid profile.?* Thus, understanding the mechanism
of action of CLA is vital for establishing an anti-obesity
drug such as CLA.

In addition to determining the real impact of CLA on adi-
posity, it is necessary to ascertain the extent of the posi-
tive alterations obtained. Furthermore, it will be necessary
to consider reciprocal interactions between dietary CLA
and hormones such as leptin and insulin.?
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As in most studies, a mixture of 2 major isomers (9-cis,
11-trans and 10-trans, 12-cis in equal proportions) was
utilized in this study. In addition, a synthetic NFD was
utilized to adjust the confounding effects of the control diet.
In most other studies, a chow diet is used, although its basic
composition is totally different from the experimental HFD
and this is a noteworthy point.?® Therefore, in this research,
find the AIN-93 M diet was used as the basic diet and was
formulated with different fat contents.

Since CLA has been reported to diminish fat deposition
in animals, Parra et al. carried out a study to determine
whether or not CLA administration affects the expression
of miRNAs in the adipose tissue of mice. They found that
miR-143 was downregulated in animals fed a standard-
fat diet and treated with CLA,% which is in line with our
results.

The association between abnormal miRNA expression
and anomalies in adipogenesis alongside obesity may be
areason to target these molecules in obesity management.
On the other hand, because the targets of miR-143 and
miR-27a have not been identified, the association between
the alterations in miRNAs brought about by CLA adminis-
tration and fat accumulation needs further investigation.?’

Supplementation with CLA in obese rats led to significant
modifications in miR-27a and miR-143 expression in adi-
pose tissue, suggesting probable pathways through which
CLA mediates its biological effects in weight changes.

Esau et al. studied miRNA expression arrays in pre-adi-
pocytes and demonstrated that miR-143 normally induces
adipocyte differentiation and is overexpressed in obesity.?
We obtained similar results. As in the present study, Taka-
nabe et al. reported a 3.3-fold greater expression of adipose
tissue miR-143 in obese mice; this was associated with over-
expressions of PPARy and activator-protein 2 (AP2), which
are adipocyte differentiation markers.!” Transcriptional
factors (TF) such as C/EBP (a, B, ), fatty acid synthase
and fatty acid binding proteins genes can control adipo-
cyte differentiation.?” Similarly, miR-143, which mainly
acts through ERKS (extracellular signal-regulated kinase
5) and MAPK?7, can modulate the aforementioned TFs and
control adipogenesis.®2%30

In contrast, miR-27a in mature adipocytes of the obese
mice was downregulated in comparison with lean mice.!®
A diet inducing non-alcoholic fatty liver disease (NAFLD)
(high fat or high carbohydrate content) has been shown
to decrease the expression of miR-27, -122, and -451, while
upregulating miR-429, -200a and -200b expression in rat liv-
ers, which is consistent with our results in the HFD group.”

Investigating the protein and mRNA levels of key mol-
ecules and the expression levels of some genes related to adi-
pogenesis or lipolysis, such as PPARy, CEBPs and FAS, could
be important and interesting. Since every single miRNA
is able to control hundreds of target mRNAs, exploration
of miRNA profile alteration is suggested; it was not possible
for the researchers in the present study.
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Conclusions

Complementary studies regarding the modification roles
played by dietary agents or supplements in miRNA expres-
sion and other related genes are needed, not only to confirm
the potential of miRNAs as novel prognostic metabolic
biomarkers, but also to find new and more specific goals
in obesity management, as well as the treatment of other
metabolic disorders. However, we must bear in mind that
studies evaluating the effects of nutrients on miRNA levels
have mainly focused on the oncologic aspects and there are
limited studies in line with ours.*?
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Abstract

Background. A correlation between the level of asymmetric dimethylarginine (ADMA) — the inhibitor of the
nitric oxide (NO) synthesis —and the liver function and survival after a liver transplantation has been reported.

Objectives. The aim of this study was to evaluate the effect of sitagliptin — the inhibitor of dipeptidyl
peptidase-4 (DPP-4) — on the NO-ADMA-dimethylarginine dimethylaminohydrolase (DDAH) pathway in rat
livers subjected to ischemia/reperfusion (IR).

Material and methods. The rats received sitagliptin (5> mg/kg, per os — p.0.) (groups: S — livers not
subjected to IR procedure, and SIR — livers subjected to IR procedure) or a saline solution (groups: C — livers
not subjected to IR procedure, and CIR — livers subjected to IR procedure) for 14 days; following this, livers
in the SIR and CIR groups were subjected to ischemia (60 min) and reperfusion (24 h). Aminotransferases
were measured before the surgery; additionally, the arginine (ARG), ADMA and symmetric dimethylarginine
(SDMA) levels were estimated just before ischemia and during reperfusion (at 0.5 h, 4 h and 24 h). After
IR, citrulline, the DDAH activity, mRNA for type 1 DDAH (DDAHT), and arginine methyltransferase type 1
(PRMTT) were determined.

Results. The increase in the initial level of ARG/ADMAO (A/A) ratio in group S compared to group C verged
on statistical significance. At 0.5 h and 4 h of reperfusion, the highest concentration of ADMA was found
in group CIR. At those time points, the ARG level and the A/A ratio were decreased in groups CIR and SIR as
compared to groups Cand S, respectively. The alanine transaminase (ALT) activity was lower in the sitagliptin-
treated group than in the non-treated one. The DDAH and citrulline levels were reduced in group CR as
compared to group C, but were greater in group SIR as compared to group S. The PRMTT mRNA expression
was higher in groups CIR and SIR, compared to groups Cand S, respectively.

Conclusions. The increased A/A ratio suggests a protective effect of sitagliptin on livers not subjected
to IR. Changes in the DDAH activity and the PRMTT mRNA expression also imply the protective activity
of sitagliptin during IR.

Key words: liver, rat, ischemia/reperfusion, asymmetric dimethylarginine, sitagliptin
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Introduction

Nitric oxide (NO), synthetized from arginine (ARG),
is an essential factor regulating relaxation and dilatation
of hepatic stellate cells, and hence, sinusoid blood flow.!
Endothelial NO synthase (eNOS) is responsible for both the
basal production of NO and, when larger amounts of NO are
required, the production for its inducible form — iNOS. At
a higher concentration, NO reacts with superoxide, form-
ing peroxinitrite, which augments cell injury.?* Numer-
ous individual factors influence the NO concentration,
including the levels of eNOS cofactors — the reduced form
of nicotinamide adenine dinucleotide phosphate (NADPH)
and tetrahydropterin, oxygen support, the ARG level, the
argininase activity, and the concentration of methylated
derivatives of ARG, including asymmetric and symmetric
dimethylarginine (ADMA, SDMA) and N-monomethyl-
L-arginine (L-NMMA), known as endogenous inhibitors
of NOS. The regulation of the ADMA synthesis by ar-
ginine methyltransferases (PRMTs), and its degradation
by dimethylarginine dimethylaminohydrolase (DDAH)
to dimethylamine and citrulline are also highly important.®

Liver injury during a partial hepatectomy or a transplan-
tation is initially caused by ischemia and aggravated by re-
perfusion of hepatic parenchyma. Generally, reperfusion
can be divided into 2 phases. During the first 3-6 h of re-
newed blood flow, the generation of reactive oxygen species
(ROS) and NO, and the activation of T cells and Kupffer
cells can be observed; following this, the neutrophil in-
filtration, leading to the cytokine, chemokine and ROS
production, is seen within the next 18—24 h.%” Asymmet-
ric dimethylarginine, released during reperfusion, is one
of the factors inhibiting the synthesis of NO. Vasoconstric-
tion, considered a consequence of the imbalance between
NO and endothelin, has been postulated to form the basis
of disturbed liver function in ischemia/reperfusion (IR).%°
Notwithstanding the upregulated protein degradation with
the relaxation of free methylarginines, impaired degradation
of the latter has also been observed in such conditions.Fur-
thermore, as the correlation between the level of ADMA and
the liver function and survival after a liver transplantation
has been reported, the identification of substances decreas-
ing the ADMA level and the elucidation of the mechanism
of their influence on the NO level appears crucial.®

Sitagliptin is an oral hypoglycemic drug proficient in in-
hibiting dipeptidyl peptidase-4 (DPP-4) — an enzyme in-
volved in the metabolism of incretins, such as glucagon-
like peptide-1 (GLP-1).1° Although sitagliptin is a relatively
new drug, introduced to European Pharmacopeia in 2007,
individual cases of its antioxidative and anti-inflammatory
action have been reported, including the inhibition of the
DPP-4 activity, which reduced IR injury in mice after a lung
transplantation.!!-13

The aim of the current work was to investigate the ef-
fect of sitagliptin on ARG and its derivatives as well as the
activity of DDAH, DDAHI and PRMTI mRNA — enzymes
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involved in the production and degradation of ADMA, in
rat livers subjected and not subjected to IR. The experi-
ment was carried out on healthy rodents to eliminate the
influence of harmful factors, extraneous to IR, on the liver
function.

Material and methods
Animals

Thirty-six Wistar male rats were included in this
study. Animals were housed in individual chambers with
a12:12 hlight-dark cycle. The temperature was maintained
at 21-23°C. The experiment protocol was approved by the
Local Ethics Commission for Experiments on Animals
(No. 80/2012 of December 5, 2012).

Chemicals

Sitagliptin (Januvia — tablets, 100 mg; MSD sp. z o.0.,
Warszawa, Poland), heparin (Heparinum WZF — am-
poules, 25,000 U/5 mL; Polfa Warszawa S.A., Warszawa,
Poland), ketamine hydrochloride (Bioketan; Vetoquinol
Biowet, Gorzéw Wielkopolski, Poland), medetomidine
hydrochloride (Domitor — ampoules, 1 mg/mL; Orion
Pharma, Espoo, Finland), 0.9% sodium chloride solution
(Polpharma S.A., Starogard Gdarnski, Poland), and Ring-
er’s solution (Polfa Lublin S.A., Lublin, Poland) were used
in the study.

Experimental design

Following acclimatization, animals were divided ran-
domly into 4 groups: groups C (n = 9) and S (n = 8) — the
livers were not subjected to IR procedure, and groups CIR
(n =9) and SIR (n = 10) — the livers undergoing IR proce-
dure. Rat livers from groups S and SIR received sitagliptin
intragastrically (5 mg/kg) once a day for 14 days, prior
to the surgical procedure. To determine the initial levels
of ARG derivatives and activities of aminotransferases
—alanine transaminase (ALT) and aspartate transaminase
(AST) - blood samples were obtained from the tail vein
after the drug treatment.

Preparation of the liver
ischemia/reperfusion injury model

Following the administration of medetomidine (0.1 mg/
kg intramuscularly — i.m.) and ketamine (7 mg/kg i.m.)
anesthesia, the animals underwent a midline laparotomy.
In the CIR and SIR groups, the ischemia of median and left
lateral liver lobes was achieved by occluding the branches
of the portal vein and hepatic artery with a microvascu-
lar clip. After ischemia (60 min), the clip was removed
and reperfusion was started (24 h). At 0.5 h, 4 hand 24 h
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of reperfusion, samples of blood were collected to mark
the ADMA, SDMA and ARG levels. The citrulline con-
centration was measured at 24 h of reperfusion. Once the
experiment was terminated, the livers were weighted and
ischemic lobes were isolated. In the C and S groups, the
animals underwent the same surgical procedure as in the
ischemic groups, but after a laparotomy, the branches
of the portal vein and hepatic artery were not occluded.

A portion of the obtained liver lobes was placed in the
RNAlater RNA Stabilization Reagent (Qiagen, Hilden, Ger-
many) and used for the real-time polymerase chain reac-
tion (PCR); the remaining liver tissues were homogenized
and the supernatant was collected.!*

Blood enzymes, arginine
and its derivatives, and citrulline

The activity of DDAH was determined spectrophoto-
metrically (Marcel S350 PRO; Marcel sp. z 0.0., Zielonka,
Poland), using the method based on the L-citrulline pro-
duction rate, described in our previous study.'® Briefly,
1 mM of ADMA was added to each sample of the homog-
enate with a phosphate buffer (pH 6.5), and then incubated
for 45 min at 37°C. The reaction was stopped with 4% sul-
fosalicylic acid and the samples were centrifuged. Follow-
ing this, diacetic monooxime in 5% acetic acid mixed with
antipyrine in 50% sulfuric acid was added to the samples.
L-citrulline was determined following the incubation at
60°C and cooling on ice. The DDAH activity was presented
as pm of L-citrulline/gram of protein/min at 37°C.

The concentrations of amide derivative ARG, citrulline,
ADMA, and SDM A were measured simultaneously by high-
performance liquid chromatography (HPLC) with mass
spectrometry detection.!® All the separations were per-
formed with the HPLC system Agilent Technologies 1260
Infinity (Agilent Technologies, Santa Clara, USA). The Ac-
quity UPLC HSS T3 50 x 1.0 mm, 1.8 um column from Wa-
ters (Milliford, USA) was used throughout the chromato-
graphic separation. A 0.22-micrometer membrane inline
filter from Waters was installed to protect the analytical
column. The volume of injection was 2 pL. Gradient elution
was performed using 0.1% formic acid in water (A) and 0.1%
formic acid in methanol (B) at a flow rate of 0.2 mL/min.
The overall time of the method was 14.5 min and consisted
of 7 steps: from 0 min to 1 min, 10% B; from 1 min to 6 min,
10-35% B; from 6 min to 7 min, 35-60% B; from 7 min
to 7.5 min, 60-90% B; from 8 min to 8.5 min, 90-100% B.
All the separations were conducted at 60°C.

The level of protein in liver homogenates and the activity
of aminotransferases in serum were determined in a certi-
fied laboratory.

Real-time polymerase chain reaction

Total RNA was extracted from the studied tissues using
the RNeasy Mini Kit (Qiagen) as described in the protocol.
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Reverse transcription of mRNA to cDNA was performed
using the QuantiTect Reverse Transcription Kit (Qiagen).
The expression of DDAH1 and PRMTI mRNA was evalu-
ated by the real-time PCR in the 7900HT Fast Real-Time
PCR System (Applied Biosystems, Carlsbad, USA). Glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) was used
as a reference gene. The real-time PCR was performed
using the TagMan Gene Expression Master Mix, and spe-
cific primers and TagMan probes: Rn 00574200_m1 for
DDAHI, Rn 00821202_g1 for PRMTI and Rn 99999916 _
ml for GAPDH (Applied Biosystems). All the reactions
were performed in triplicates in standardized thermal
cycling conditions, including the polymerase activation
at 50°C for 2 min, denaturation at 94°C for 10 min and
40 cycles of denaturation at 94°C for 15 s, followed by an-
nealing and synthesis at 60°C for 1 min. Relative quantity
(RQ) of DDAH1 and PRMT1 mRNA was calculated using
the 2-AACt method.

Statistical analysis

Data was expressed as mean + standard deviation (SD).
The two-way analysis of variance (ANOVA) was used
to analyze the impact of sitagliptin and IR on the activ-
ity of DDAH and the mRNA expression for DDAH and
PRMT. The one-way ANOVA was used to determine the
effect of the sitagliptin administration on the initial values
of aminotransferases. The analysis of variance with repeats
was used for the statistical analysis of the influence of the
drug and the time of reperfusion on the ARG, ADMA and
SDMA levels, and the ARG/ADMA (A/A) ratio. Specific
comparisons were made with the contrast analysis. Hy-
potheses were considered positively verified at p < 0.05.

Results

Asymmetric dimethylarginine, symmetric
dimethylarginine, arginine, and the arginine/
/asymmetric dimethylarginine ratio

After the sitagliptin administration, no significant dif-
ferences between all the groups in the ADMAO, ARGO and
SDMAO levels were found (Fig. 1). The observed increase
in the A/AQ ratio in group S, as compared to group C, was
not statistically significant, but it was close to the signifi-
cance threshold (S vs C; p = 0.07).

At 0.5 hand 4 h of reperfusion, the highest ADMA con-
centration was found in group CIR and the lowest in group
S (after 0.5 h: CIR0.5 vs S0.5; p < 0.05, and after 4 h: CIR4 vs
S4; p < 0.01). Similar differences were noted in the SDMA
levels after 0.5 h of reperfusion (CIR0.5 vs S0.5; p < 0.05).
After 4 h of reperfusion, the ADMA level was also sig-
nificantly higher in groups that underwent IR (CIR4 vs C4
and SIR4 v. S4; p < 0.05 in both comparisons) (Fig. 1A,1B).

At 0.5 h and 4 h of reperfusion, both the level of ARG
and the A/A ratio were the highest in group S and the
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Fig. 1. The influence of IR and the sitagliptin treatment on the levels of ADMA (A), SDMA (B), ARG (C), and the A/A ratio (D)

Values are presented as mean + standard deviation (SD); ADMA — asymmetric dimethylarginine; SDMA — symmetric dimethylarginine; A/A — arginine/
asymmetric dimethylarginine; group C — non-treated and not subjected to IR; group CIR — non-treated and subjected to IR; group S - sitagliptin-treated
and not subjected to IR; group SIR — sitagliptin-treated and subjected to IR; IR — ischemia/reperfusion; specific comparisons: * p < 0.05 and *** p < 0.005
(compared to C); # p < 0.05 and ## p < 0.005 (compared to S); * p < 0.05 (compared to CIR).

lowest in group SIR. Furthermore, at those reperfusion
time points, in groups CIR and SIR, the concentration
of ARG was significantly lower as compared to groups
C and S, respectively (CIR0.5 vs C0.5 and SIR0.5 vs S0.5,
as well as CIR4 vs C4 and SIR4 vs S4; p < 0.005 in all com-
parisons). Similarly, the level of the A/A ratio was also
significantly lower in groups that underwent IR (CIR0.5
vs C0.5 and SIRO0.5 vs S0.5, as well as CIR4 vs C4 and
SIR4 vs S4; p < 0.005 in all comparisons). At 0.5 h of re-
perfusion, the concentration of ARG was significantly
lower in group SIR than in group CIR (SIR0.5 vs CIRO0.5;
p < 0.05). The level of the A/A ratio did not reach sig-
nificance, but it was close to the significance threshold
(SIR0.5 vs CIRO0.5; p = 0.05). Similarly, at 4 h of reperfu-
sion, the difference in the concentration of ARG was near
the threshold of statistical significance (SIR4 vs CIR4;
p = 0.08) (Fig. 1C,1D)

At 24 h of reperfusion, the levels of the 3 examined pa-
rameters (ADMA, ARG and the A/A ratio) were restored
to baseline values. At this time, SDMA was significant-
ly higher in group CIR than in group C (CIR24 vs C24;
p < 0.05) (Fig. 1).

Biochemical analyses

The activity of dimethylarginine
dimethylaminohydrolase

The activity of DDAH in liver homogenates was lower
in group S as compared to group C (S vs C; p < 0.005).
In IR conditions, the DDAH activity decreased in group CIR
as compared to group C (CIR vs C; p < 0.01); in contrast,
in drug-treated groups, it was significantly increased in group
SIR compared to group S (SIR vs S; p < 0.05) (Fig. 2A).
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Values are presented as mean =+ standard deviation (SD); DDAH — dimethylarginine dimethylaminohydrolase; group C — non-treated and not subjected
to IR; group CIR — non-treated and subjected to IR; group S - sitagliptin-treated and not subjected to IR; group SIR - sitagliptin-treated and subjected to IR;
IR — ischemia/reperfusion; specific comparisons: * p < 0.05, ** p < 0.01, *** p < 0.005 (compared to C);  p < 0.05 and #* p < 0.005 (compared to S);

A 5 < 0.005 (compared to CIR).

Citrulline

After 24 h of reperfusion, the concentration of citrulline
decreased in group CIR compared to group C (CIR vs C;
p < 0.05); however, in drug-treated groups, it was signifi-
cantly increased in group SIR as compared to groups S and
CIR (SIR vs S and SIR vs CIR; p < 0.005) (Fig. 2B).

Aminotransferases

After 2 weeks of the sitagliptin administration, the activ-
ity of ALT was significantly lower in group S than in group
C (S vs C; p < 0.05). No significant changes in the AST
activity were observed in all the examined groups (Table 1).

The dimethylarginine dimethylaminohydrolase
and arginine methyltransferase mRNA expression

The DDAHI1 mRNA expression was observed to be the
lowest in group S and the highest in group C, but the differ-
ences were not statistically significant. The PRMTI mRNA
expression was higher in groups CIR and SIR as compared
to groups C and S, respectively (CIR vs C and SIR vs S;
p < 0.005) (Fig. 3A,3B).

A mRNA for DDAH type 1

1.03

C CIR S SIR

Table 1. The values of the ALT and AST activity after 2 weeks of treatment
with sitagliptin at a dose of 5 mg/kg intragastrically (groups S and SIR) or
with a saline solution (groups C and CIR)

ALT [U/L] AST [U/L]

mean £SD mean +SD
Cih=9) 66.89 £20.14 17511 £104.08
CR(h=9 88.67 £55.14 178.78 £93.88
S(h=9) 46.00% +£8.09 206.75 £51.87
SIR (n = 10) 62.80 £10.61 186.90 £26.54

IR — ischemia/reperfusion; ALT — alanine transaminase; AST — aspartate
transaminase; SD — standard deviation; * p < 0.05 (compared to C).

Discussion

Despite significant progress in available therapies, an
organ transplantation often remains the only option
of treatment for many patients. An important limitation
of this method is the damage suffered by the transplanted
organs following ischemia, and particularly during the

B mRNA for PRMT type 1
o AAA
Pl r sy
[ 1.469117 /
[ [ 7%
1.015691 TITTT T
’ 0.975493
c CIR S SIR

Fig. 3. The influence of IR and the sitagliptin treatment on the relative expression of PRMTT (A) and DDAHT (B) mRNA

Data is expressed as a percentage of control values and as mean + standard deviation (SD); PRMTT — arginine methyltransferase type 1;
DDAH1 - dimethylarginine dimethylaminohydrolase type 1; group C — non-treated and not subjected to IR; group CIR — non-treated and subjected to IR;
group S - sitagliptin-treated and not subjected to IR; group SIR - sitagliptin-treated and subjected to IR; IR — ischemia/reperfusion; specific comparisons:

*** 5 < 0.005 (compared to C); 24 p < 0.005 (compared to S).
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subsequent reperfusion. Consequently, numerous stud-
ies have focused on the elucidation of novel substances
with a protective activity under these conditions, or novel,
advantageous properties of already known, chronically
administrated substances. For that reason, the present
study set out to clarify the activity of hypoglycemic drug
— sitagliptin — in a liver undergoing IR. The key conclu-
sions are as follows:

— in the group treated with sitagliptin, not subjected
to IR, an increase in the level of the A/A ratio measured just
before the surgery, as compared to the untreated group,
verged on statistical significance, the DDAH activity
was significantly lowered and the mRNA expression for
DDAH]1 was slightly lowered as compared to the untreated
group, while the ALT activity was significantly lower in the
drug-treated group than in the untreated group;

— in the drug-treated and subjected to IR group, the
ARG level and the A/A ratio were significantly decreased
compared to the group non-subjected to IR and also
to the untreated group subjected to IR, the ADMA level
was higher as compared to the treated group without IR,
while the levels of DDAH and citrulline were higher than
in the drug-treated non-IR group;

— in the untreated groups subjected to IR, the ADMA
and SDMA concentrations measured during reperfusion
were the highest among all the groups, the ARG level and
the A/A ratio were significantly decreased as compared
to the group non-subjected to IR, the levels of DDAH and
citrulline were increased and the PRMTI mRNA expres-
sion was increased as compared to the group without IR.

Asymmetric dimethylarginine inhibits the activity
of all isoforms of NOS. Symmetric dimethylarginine does
not have a direct impact on NO synthases, but may also
downregulate their activity, acting as a competitor of the
ARG transport through the cell membrane by the cat-
ionic amino acid transporter (CAT) y+ system.!” In various
pathological conditions (e.g., hypercholesterolemia, hyper-
glycemia, hyperhomocysteinemia, arterial hypertension,
diabetes, and cardiac failure), the ADMA and SDMA levels
increase, causing a reduction in the NO production and the
dysfunction of endothelium.*!® Increased ADMA levels are
also associated with liver damage during IR.® In patients
with severely impaired liver function after a major hepatic
resection, an increased level of ADMA was observed dur-
ing the postoperative period.’ In our work, the ADMA
level during reperfusion was the highest in the untreated
group subjected to IR, and was significantly higher than
in the non-IR group. At 0.5 h of reperfusion, the SDMA
level was the highest, which may be an additional rea-
son for the inhibition of the NO production. Following
24 h of reperfusion, the concentrations of both methyl-
arginines were similar in all the groups, which indicated
that the observed changes were relatively reversible and
that monitoring changes in those parameters during the
experiment was more valuable than a single measurement
at the end of reperfusion.
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The level of ARG, being the main substrate for NOS,
may also influence the bioavailability of NO.2° In the case
of ARG deficiency, eNOS assumes the uncoupled form
and catalyzes a reaction with molecular oxygen instead
of ARG, leading to the production of peroxide instead
of NO.2! The balance between the ADMA and ARG level
is crucial and the ARG activity depends on the initial level
of ADMA. In the case of hypercholesterolemia, the nor-
malization of the endothelium-dependent relaxation after
the ARG administration was observed only in patients
with increased ADMA levels.?>23 As reported by other
researchers, and in accordance with our previous experi-
ments, in both ischemic groups, the ARG level and the A/A
ratio decreased during reperfusion.?*-26

Asymmetric dimethylarginine is metabolized to citrul-
line and dimethylamine in a reaction catalyzed by DDAH.*
Therefore, the reduced DDAH activity in the untreated
group subjected to IR may be at least partially responsible
for increased ADMA levels in our experiment. The citrul-
line concentration was significantly lowered, in line with
the lowered DDAH activity. In pathological conditions,
such as stress, ischemic heart disease, diabetes, fasting, or
infections, an increased concentration of ADMA may also
be a result of increased protein degradation.?”?® Under IR
injury, the protein methylation is upregulated to remove
altered proteins.?” The dimethylation of ARG in an asym-
metric and symmetric configuration is a reaction catalyzed
by PRMTs.? It has been reported that under conditions
of hypertension or diabetes, the expression of PRMT1I
mRNA increases.?® We also observed an increased mRNA
expression for PRMT1 in ischemic livers, which suggests
extensive protein degradation under IR. In order to deep-
en this knowledge, our work should be complemented
by a determination of the PRMT activity and its enzymatic
protein level.

In rats not subjected to IR, the protective effect of si-
tagliptin could be seen in terms of the A/A ratio; when
measured just before the surgery, it was higher in the
treated group. The protective effect of sitagliptin may be,
as in other studies, more evident in rats with diabetes than
in healthy animals.!12 The ADMA level measured during
the surgery was lower in the drug-treated non-ischemic
group than in the untreated one. Similarly to the response
to a decreased ADMA level, the DDAH activity after the
surgery was lower in the drug-treated group compared
to the untreated one, which was confirmed by a slightly
lowered expression of DDAHI mRNA. This observation
may suggest that sitagliptin is able to protect livers sub-
jected to some degree of gentle manipulation during the
surgery.

Based on previous experiments, in which the inhibition
of the DPP-4 activity significantly reduced IR injury,3%-32
and also on literature data suggesting that sitagliptin
protects the kidneys from IR injury mainly by inhibit-
ing oxidative stress and the inflammatory reaction, we
expected evident effects of sitagliptin on rat livers in IR
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conditions.!1? The DDAH activity and the citrulline con-
centration significantly increased and were higher as com-
pared to the non-ischemic group, probably as a response
to a higher concentration of ADMA. The ARG level and
the A/A ratio were significantly lower than in the non-
ischemic group. The latter parameters were also lower
than in untreated rats subjected to IR. This unexpected
effect may question the protective effect of sitagliptin in IR
conditions. The phenomenon may be explained by a need
to reduce the concentration of NO, produced in large quan-
tities under IR, and to augment cell injury.? In other works,
sitagliptin or exenatide lowered an increased level of NO
in diabetic rats undergoing renal IR.1*3* Certainly, this
issue needs to be clarified in further studies.

Only a few cases of hepatotoxicity of sitagliptin have been
reported so far.3>3¢ Conversely, reports on the beneficial ef-
fects of this drug on the liver, reflected by a slight decrease
in transaminases, have also been published.?”8 Sitagliptin
or exenatide exerted a protective effect on the livers also
in animals with IR renal injury.!*3* In our research, no
harmful effects of sitagliptin on the liver function were
observed. Although the period of drug administration
was rather short and the drug was given in small doses,
the results suggest that rat livers were rather improved
after the treatment, which was reflected by the lower ALT
activity in the group receiving sitagliptin than in the un-
treated one.

The use of a partial liver ischemia model is one of the
limitations of this work. The principal disadvantage is in-
creased blood flow in non-ischemic part of the liver during
induced ischemia of the median and left lateral lobe. Due
to the collateral blood supply, the exchange of oxygen from
the perfused to the ischemic part of the liver may take
place. Therefore, differences in the examined parameters
were not so evident. It is also worth noting that the liv-
ers used in this experiment were derived from healthy
animals, and to our knowledge, the effect of sitagliptin
in healthy animals is different from that in hypoglyce-
mic ones. However, hyperglycemia is an additional factor
contributing to the NO system and the results attained
in the work on rats with induced diabetes are more evi-
dent. It is also difficult to compare the results obtained
in healthy animals to those in diabetic ones.

In conclusion, a slight protective effect of sitagliptin
on the ADMA-DDAH-NO pathway in rat livers not sub-
jected to IR was shown in our study. A more evident impact
was seen under IR conditions. Probably, the protective ef-
fect of sitagliptin is at least partly independent of the main
hypoglycemic action of the drug — a fact that we also tried
to demonstrate in this work. The results of the present
work should be confirmed in future studies, involving
other key factors taking part in the development of IR
injury. The mechanism of action of sitagliptin during IR
may be more complex and may be also associated with
anti-inflammatory and antioxidant properties of the
drug 1134
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Abstract

Background. Rheumatoid arthritis (RA) is a chronic autoimmune disease leading to destructive changes
in peripheral joints and their irreversible deformity. The influx of chemoattractant-mediated inflammatory
cells to the joints is one of the main features of RA.

Objectives. The aim of this study was to investigate the effect of a knockdown of caveolin-1 (CAV7), a known
requlator of multiple cell signaling pathways, on chemokine ((-C motif) ligand 2/monocyte chemoattractant
protein-1 ((CL2/MCP-1) expression in synovial fluid-derived fibroblast-like synoviocytes (sfd-FLSs) obtained
from patients with RA.

Material and methods. Primary cell cultures of sfd-FLSs were established from RA synovial fluids. Cells
were transiently transfected with small interfering RNA (SiIRNA) specific for CAV7, and then incubated with
interleukin (IL)-1p to induce (CL2 expression. The expression levels of CAVT and ((12 were assessed at
transcript level, using quantitative polymerase chain reaction (GPCR) and at protein level by enzyme-linked
immunosorbent assay (ELISA) and western blotting analysis.

Results. A transient CAVT knockdown in sfd-FLSs resulted in a decrease in the IL-1B-induced (C12 mRNA
expression level vs non-transfected cells and cells transfected with non-targeting siRNA. The concentration
of secreted (CL2 was not affected significantly.

Conclusions. Qur study demonstrates that ((12 expression in sfd-FLSs is CAV1-dependent, but only at
transcript level. As the function of CAVT has not been unequivocally determined, more studies are needed
to confirm the role of CAV7 in inflammatory processes related to RA.

Key words: rheumatoid arthritis, caveolin-1, -C chemokine ligand 2/monocyte chemoattractant protein-1,
synoviocytes
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune dis-
ease resulting in destructive changes in peripheral joints,
and subsequently in their irreversible deformity. Rheu-
matoid arthritis pathogenesis is extremely complex and,
despite the identification of many compelling contributory
factors, it has not been fully explained.!

In RA, cells constituting the intimal lining layer of the
synovium proliferate in an uncontrolled manner and form
pannus tissue.? There are 2 predominant cell types par-
ticipating in synovial hyperplasia. Type A synoviocytes are
terminally differentiated cells with little capacity to prolif-
erate and uneven distribution in the synovial membrane;
they activate synoviocytes type B, also called fibroblast-like
synoviocytes (FLSs), by producing pro-inflammatory cy-
tokines, chemokines and growth factors.?? Fibroblast-like
synoviocytes represent a specialized type of cells and their
implication in RA pathogenesis is considered in terms of 2
aspects: destructive changes in joints and chronic inflam-
mation.?~¢ Fibroblast-like synoviocytes present in pannus
tissue secrete matrix metalloproteinases, cathepsins and
aggrecanases, destroying cartilage which, in consequence,
leads to bone resorption.® Fibroblast-like synoviocytes pro-
mote the influx of chemoattractant-mediated inflammatory
cells into the joint cavity in response to the joint milieu,
factors such as interleukin (IL)-1B or tumor necrosis factor
alpha (TNFa), which is one of the main features of RA.+¢-8
Secreted C-C chemokine ligand 2 (CCL2) chiefly induces
monocytes migrating into the joints, where they differenti-
ate into exudate macrophages, but it can also affect T cells,
natural killer cells and basophils.”> Activated monocytes/
macrophages play an important role in the maintenance
of inflammation in RA by producing pro-inflammatory
cytokines and mediators responsible for the development
of synovitis. Therefore, the inhibition of their multi-step
migration, driven by a chemoattractant gradient toward the
sites of inflammation, is of therapeutic value.?”

Together, the processes in joints perpetuate RA devel-
opment by recruiting and retaining inflammatory cells,
pannus hyperplasia and bone damage. It is believed that
effective therapy to restore the balance between pro- and
anti-inflammatory cytokines should aim not only at indi-
vidual cytokines but also at signaling molecules responsible
for their production.!® Thus, the key issue is to find a cru-
cial molecular process which would enable us to control
the course of RA. Caveolin-1 (CAV1), expressed in 2 iso-
forms (o and P), is one of the major structural components
of caveolae and has a number of signaling functions.!"12
This protein contains a scaffolding domain in the position
82-101, which, by binding to signaling molecules (e.g.,
Src kinases, endothelial nitric oxide synthase 3, G protein
a subunits, or protein kinase C), is able to negatively regu-
late cell signaling 11315 On the other hand, CAV1a has the
ability to positively regulate signal transduction intracel-
lularly through phosphorylation on tyrosine-14 (Tyrl4),
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which can happen in response to cellular stress, growth
factors or stimulation with hormones.1¢1

Regarding inflammatory disorders, CAVI could either
prevent or induce inflammation, depending on cellular
context.!18-2 In this study, we decided to investigate the
impact of CAVI on CCL2 expression in synovial fluid-
derived fibroblast-like synoviocytes (sfd-FLSs) obtained
from patients with RA.

Material and methods
Patients

The protocol for this study was approved by the Bioeth-
ics Committee of Poznan University of Medical Sciences
(Poland). Synovial fluids were aspirated for therapeutic
reasons from inflammatory knee joint effusions from
3 RA patients (2 women/1 man; age: 48—52 years, disease
duration: 1.5-20.5 years) fulfilling both the 1987 American
College of Rheumatology (ACR)*? and the 2010 American
College of Rheumatology/European League Against Rheu-
matism (ACR/EULAR) classification criteria.?? Written
informed consent was obtained from every patient before
any study procedure was carried out.

Cell culture

Primary cell cultures of sfd-FLSs, which could be an al-
ternative to FLSs derived from tissues after surgery,?*
were established from RA synovial fluids based on the
procedure described by Scanu et al.?® To summarize
briefly, fluids were collected in tubes containing ethyl-
enediaminetetraacetic acid (EDTA), diluted twice with
sterile phosphate-buffered saline (PBS) and centrifuged
at 1500 rpm for 10 min at room temperature. Pellets were
suspended in a complete Dulbecco’s Modified Eagle’s
medium (DMEM) (Sigma, St. Louis, USA) with 10% fe-
tal bovine serum (Biochrom AG, Berlin, Germany) and
antibiotic-antimycotic containing 10000 units/mL of peni-
cillin G, 10 mg/mL of streptomycin sulfate and 25 pg/mL
of amphotericin B (ABAM; Sigma). The cells were placed
into T-25 flasks and incubated under standard conditions
(37°C, 5% CO, in a humidified atmosphere). After 24 h,
non-adherent cells were washed out and fresh DMEM was
added to the cells. The medium was changed twice a week.
Cells from passages 3—10 were used for the study. Synovial
fluid-derived fibroblast-like synoviocytes were checked for
the presence of macrophages by flow cytometry. The cells
were stained with the following antibodies: phycoerythrin-
conjugated CD14 (clone M¢P9, 345785; BD, Franklin Lakes,
USA), allophycocyanin/Cy7-conjugated CD45 (clone 2D-1,
348815; BD) and allophycocyanin-conjugated CD163 (clone
215927, FAB1607A; R&D Systems, Minneapolis, USA) for
20 min. Next, 500 pL of fluorescence-activated cell sort-
ing (FACS)-lysing solution (BD) was added in a proportion
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of 1:10 and incubated for 10 min, protected from light and
at room temperature. The cells were washed twice with
PBS by centrifugation at 1200 g for 4 min, suspended
in 500 pL of PBS, and then subjected to flow cytometry
on FACSCanto II (BD). A total of 30,000 events per sample
were acquired. The results were analyzed with FACSDiva
software (BD Biosciences, Franklin Lakes, USA). Cultured
cells did not show markers characteristic for macrophages.

A dose-response study of IL-13 on CCL2
expression in sfd-FLSs

As FLSs lose their primary phenotype with increasing
passage number and become quiescent by passage 3, they
require exposure to IL-1f to restore their ability to produce
chemokines.? To determine the most effective IL-1p dose
inducing CCL2 expression, FLSs were seeded on 6-well
plates (1 x 10° cells/well) and serum starved for 24 h.
After that, the cells were washed with PBS and treated
with different doses of IL-1p (Sigma) (0.1 ng/mL, 1 ng/mL,
5ng/mL, and 10 ng/mL) diluted in serum-free Opti-Mini-
mal Essential Medium (MEM) (Gibco; Life Technologies,
Carlsbad, USA) or left untreated. The conditioned media
were collected and frozen immediately after a 2-hour incu-
bation. The cells were washed with PBS, lysed with TRIzol
(Sigma) and stored at —70°C for further RNA extraction.

Optimization of transfection conditions

Transfection conditions were optimized for 1 x 10° cells/
well with 0.2% and 0.4% v/v concentrations of Lipo-
fectamine2000 (Life Technologies) by using BLOCK-iT™
Fluorescent Oligo (Life Technologies, Carlsbad, USA) and
Opti-MEM. Small interfering RNA (siRNA) uptake was
assessed under a fluorescent microscope. Intensive fluo-
rescence was visible at a minimal final concentration of la-
beled siRNA (10 nM) and 0.2% v/v Lipofectamine2000,
which indicated high transfection efficiency (not shown).
Such conditions were tested for CAVI-siRNA and con-
trol siRNA at final concentrations of 10 nM, 50 nM and
100 nM. All the transfections were performed according
to the protocols provided by the manufacturer. Cell viabil-
ity was assesses by the trypan blue exclusion test (Sigma).

Table 1. Primers used for real-time PCR
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Experiment protocol

The cells were seeded on 6-well plates (1 x 10° cells/well)
in antibiotic- and serum-free DMEM 24 h before transfec-
tion. Next, they were washed with Opti-MEM and tran-
siently transfected with siRNA specific for CAV1 or control
siRNA (at a final concentration of 50 nM) (sc-29241 and
sc-37007; Santa Cruz Biotechnology, Dallas, USA) in 2.5 mL
of Opti-MEM by using 0.2% v/v Lipofecta-mine2000, or left
untreated. Additionally, to check transfection efficiency,
each time the cells were transfected with fluorescein la-
beled siRNAs BLOCK-iT™ and the uptake of siRNA was
assessed under a fluorescent microscope. Based on informa-
tion from the previous report and preliminary stages of this
study, the cells were re-transfected after 48 h to counteract
excessive CAVI expression under the influence of IL-1p
activity.?® Next, they were stimulated for 2 h with 1 ng/mL
IL-1P diluted in Opti-MEM to induce CCL2 expression.
Simultaneously, control incubations with non-transfected
cells and without IL-1p induction were conducted. After
incubation, supernatants were collected and frozen im-
mediately at =70°C. The cells were washed with cold PBS
and lysed using TRIzol for RNA extraction or an radioim-
munoprecipitation assay (RIPA) buffer (Sigma) for protein
isolation. Three independent experiments were conducted
on cells obtained from 3 RA synovial fluids.

Total RNA extraction and cDNA synthesis

Total cellular RNA extraction was performed using
TRIzol. The concentration and purity of RNA were mea-
sured using a NanoDropl000 spectrophotometer (Thermo
Scientific, Waltham, USA). Total RNA in a dose of 0.5 ug
was reverse-transcribed into complementary DNA (cDNA)
using a QuantiTect® Reverse Transcription Kit (Qiagen,
Hilden, Germany) in accordance with the protocol pro-
vided by the manufacturer.

Quantitative real-time polymerase chain
reaction

The primers used in this study (Table 1) were synthe-
sized by DNA Sequencing and Oligonucleotides Synthe-
sis Laboratory (Institute of Biochemistry and Biophys-
ics, the Polish Academy of Sciences, Warszawa, Poland;
www.oligo.pl). Quantitative polymerase chain reactions

Sequences of primers 5'>3’
(exon numbers)

GCCAAGGACCAGGACATC (11)

Gene name (symbol)

Accession No. (NCBI) Product length [bp]

Porphobilinogen deaminase

(PBGD) R TCAGGTACAGTTGCCCATC (12/13) Lisd
Chemokine (C-C motif) ligand 2 AGAAGAATCACCAGCAGCAAGT ()

cL2) NM_002982 GGAATCCTGAACCCACTTC (3) 102
Caveolin-1 (CAVT) NM_001753 GACCETAAACACETCAACI(D) 134

AACCAGTATTTCGTCACAG (3)

PCR - polymerase chain reaction; NCBI — National Center for Biotechnology.
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(qPCRs) were carried out on a Corbett Rotor-Gene 6000
with Rotor-Gene 6000 Series Software 1.7 (Corbett Life
Science, Sydney, Australia), employing a QuantiFast SYBR®
Green PCR Kit (Qiagen). To determine the relative mRNA
levels of the genes studied, standard curves were gener-
ated using a mix of randomly pooled cDNA samples in six
0.6-fold dilution series of cDNA. The thermal cycling condi-
tionswereasfollows: denaturationat 95°Cfor 5 min, followed by
45 cycles of 95°C for 5 s and 60°C for 30 s and melting curve
creation: 65-97°C. The levels of CCL2 and CAVI mRNA
were normalized to porphobilinogen deaminase (PBGD)
mRNA levels. The results are expressed in arbitrary units
as a ratio of the studied gene level to reference gene level.
The reactions were done in triplicate.

Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis
and western blotting analysis

Equal amounts of protein (20 pg) were boiled for 10 min
in Laemmli buffer, and then separated in 12% sodium do-
decyl sulfate (SDS) polyacrylamide gel. Proteins from gel
were transferred onto a polyvinylidene difluoride (PVDF)
membrane using the Mini Semi-dry Blotting System
(EPS-BIO, Chennai, India). The blots were cut into 2 pieces
so as to identify CAV1 (~22 kDa) and B-actin (~43 kDa),
and blocked with 5% w/v skimmed milk dissolved in Tris-
buffered saline with Tween 20 (TBS-T). Pieces with lower-
-molecular-weight proteins were probed with a prima-
ry antibody for CAV1 (AP16383PU-N; Acris Antibod-
ies, Herford, Germany) diluted 1:5,000 in 2% skimmed
milk in TBS-T for 2 h. Afterwards, this was washed with
TBS-T and incubated for 1 h with a horseradish peroxidase
(HRP)-conjugated secondary donkey anti-goat antibody
(sc-2033; Santa Cruz Biotechnology) diluted 1:20,000 in 2%
skimmed milk in TBS-T. The second piece of membrane was
incubated with a HRP-conjugated polyclonal anti-B-actin
antibody (sc-1616; Santa Cruz Biotechnology). The proteins
were visualized as bands using the SuperSignal West Femto
Maximum Sensitivity Substrate (Thermo Scientific, Rock-
ford, USA) by exposing the membrane to X-ray film. The
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proteins fold change was quantified using Image]J software
v. 1.47 (NIH, Bethesda, USA). The band intensities for CAV1
were normalized to B-actin as a loading control. The CAV/
[-actin ratio for the control siRNA was assumed to be 1.

Enzyme-linked immunosorbent assay

Concentrations of secreted CCL2 were determined using
a commercially available enzyme-linked immunosorbent
assay (ELISA) kit for recombinant human CCL2/monocyte
chemoattractant protein-1 (MCP-1) (R&D) in accordance
with the manufacturer’s protocol. The absorbance was
measured with an ELISA plate reader ELx800 (Bio-Tek In-
struments, Inc., Winooski, USA) using KC Junior analysis
software (Bio-Tek Instruments, Inc.). The mean minimum
detectable dose of CCL2 was 1.7 pg/mL.

Statistical analysis

The calculations were carried out with Microsoft Ex-
cel 2010 and GraphPad Prism v. 6.0 (GraphPad Software,
LaJolla, USA). The data was analyzed by a two-way analy-
sis of variance (ANOVA) followed by Sidak's test, a one-
way ANOVA followed by Tukey’s honest significant dif-
ference (HSD) test or, when compared to a single control,
by Dunnett’s test. The results are expressed as means
+ standard deviation (SD). The differences were considered
to be statistically significant at p < 0.05.

Results

IL-1B induces CCL2 expression
in sfd-FLSs, but not in a concentration-
-dependent manner

A statistically significant increase in CCL2 expression
both at transcript and protein level was seen after a 2-h
incubation. Interleukin-1p at a concentration of 1 ng/mL
was used for further incubations. The data revealed a non-
linear relationship between an increasing IL-1p concentra-
tion and CCL2 expression in sfd-FLSs (Fig. 1).

Fig. 1. The effect of IL-13 on the expression and
production of CCL2 in sfd-FLSs

Twenty-four hours before the experiment 1 x 10° cells/
well were seeded on 6-well plates in DMEM without
serum. The next day, the cells were incubated for

concentrations in conditioned medium were measured
using ELISA. B) The graph bars show data as means +SD
from 3 individual experiments; the differences between
the means were analyzed by the one-way ANOVA
followed by Dunnett’s test; * p < 0.05; ** p < 0.01;
#5152 0,001,

Fokk
|
2 h with indicated concentrations of IL-13. The relative
1 CCL2 transcript levels were measured using gPCR
with PBGD as an internal reference gene. A) The CCL2
0o 01 1 5 10

I3 — interleukin-1(3; CCL2 — chemokine (G-C motif) ligand 2; sfd-FLSs — synovial fluid-derived fibroblast-like synoviocytes; DMEM — Dulbecco's Modified
Eagle's Medium; gPCR — quantitative polymerase chain reaction; PBGD - porphobilinogen deaminase; ELISA — enzyme-linked immunosorbent assay.
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Fig. 2. Small interfering RNA (siRNA)-mediated knockdown of CAV1 expression in sfd-FLSs

Synovial fluid-derived fibroblast-like synoviocytes were transfected with CAVI-siRNA and control siRNA with indicated final concentrations. A — the relative
CAVT transcript level was assessed by gPCR with PBGD as an internal reference gene. The results are presented as a fold decrease of CAV1 expression
compared with non-targeting siRNA at 48 h after transfection. The graph bars show data as means +5D from 3 individual experiments; the differences
between the means were analyzed by the two-way ANOVA followed by Sidak’s test; *** p < 0.001. B - The CAV1 knockdown was assessed by western
blotting analysis (both isoforms were visible after longer exposure to X-ray film). Cell lysates were prepared as described in the “Material and methods”
section. Equal amounts of proteins were subjected to SDS-PAGE, blotted into a PYDF membrane and incubated with anti-CAV1 and anti-f-actin
antibodies. The band intensities for CAV1 were normalized to 3-actin as a loading control. The CAV1/B-actin ratio for the control siRNA was assumed to be 1.

CAVT - caveolin-1; sfd-FLSs — synovial fluid-derived fibroblast-like synoviocytes; gPCR — quantitative polymerase chain reaction; PBGD - porphobilinogen
deaminase; SDS-PAGE - sodium dodecyl sulfate—polyacrylamide gel electrophoresis; PVDF — polyvinylidene difluoride.
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Fig. 3. CAV1 knockdown efficacy and effect on CCL2 expression in sfd-FLSs
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Twenty-four hour before the experiment, 1 x 10° cells/well were seeded on 6-well plates in DMEM without serum. The following day, the cells were transfected
with CAVI-siRNA, control siRNA or non-transfected. After 48 h, the cells were re-transfected and incubated with IL-13 to induce CCL2 expression. The CCL2 and
CAV1 transcript levels were measured using gPCR with PBGD as an internal reference gene (A and C). The CAVT knockdown was assessed by western blotting
analysis (both isoforms were visible after longer exposure with predominant {3 isoform). The band intensities for CAV1 were normalized to 3-actin as a loading
control. The CAV1/B-actin ratio for the control siRNA was assumed to be 1 (B). The concentrations of CCL2 in conditioned media were measured using ELISA (D).
The graph bars show data as means +SD from 3 independent experiments conducted on sfd-FLSs obtained from each patient; the differences were tested

by the one-way ANOVA followed by Tukey's HSD test; ** p > 0.01; *** p < 0.001.

CAV1 - caveolin-1; CCL2 - chemokine (G-C motif) ligand 2; sfd-FLSs — synovial fluid-derived fibroblast-like synoviocytes; DMEM — Dulbecco's Modified Eagle's
Medium; IL- — interleukin-13; gPCR — quantitative polymerase chain reaction; PBGD — porphobilinogen deaminase; ELISA — enzyme-linked immunosorbent assay.

further transfections, 50 nM siRNA was chosen (Fig. 2).
A longer exposure (for 1 min) of the PVDF membrane blot
to X-ray film revealed both CAV1I isoforms with predomi-

CAV1 knockdown in sfd-FLSs impairs
CCL2 transcription

Transfection with siRNA did not affect sfd-FLSs viabil-
ity. As CAV1 is a long-lived protein, transcript level did
not correspond with protein level after transfections.?” For

nant P isoform.
The CAV1 level was transiently knocked down by about
70% in comparison with cells transfected with control
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siRNA or non-transfected cells. Incubation with IL-1p
caused an increase in CAVI expression, which is in line
with the previous report (Fig. 3A,3B).2° Transcription
of CCL2 in cells transfected with CAVI-siRNA was sig-
nificantly suppressed (approx. 2-fold) in comparison with
non-transfected cells and cells transfected with control
siRNA (Fig. 3C). The CAVI knockdown caused no sig-
nificant change in the concentration of secreted CCL2
in comparison with cells transfected with control siRNA
and non-transfected cells (Fig. 3D).

Discussion

Many chemoattractants overproduced by cells residing
in the synovium enhance leukocyte migration into the
joints, which is the main characteristic of RA. The acti-
vation of FLSs is believed to be the key process promot-
ing inflammation and joint damage in RA.® In this study,
we checked whether the knockdown of CAV1, a regulator
of intracellular signal transduction, affects CCL2 expres-
sion in sfd-FLSs obtained from RA synovial fluid."* Our
results showed that under the study conditions, the CAV1
knockdown significantly impaired IL-1B-induced CCL2
expression, but only at transcript level. To date, there have
been no similar reports on associations between CAVI and
chemoattractants in cells important for RA development.

Majkova et al. showed that the CAVI knockdown al-
most completely prevented CCL2 expression induced
by 3,3’,4,4’-tetrachlorobiphenyl (PCB77) in endothelial
cells.?® These results were also confirmed in vivo on
LDL-R-/Cavl~~ mice. A similar expression pattern was
observed at both the transcript and protein level for IL-6
— another important molecule stimulating immune re-
sponses. Their results suggested that CAVI can be a com-
mon regulator of inflammatory responses caused by toxic
properties of PCB77. It was also presented that PCB77-in-
duced CCL2 expression depends on p38 mitogen-activated
protein kinases (MAPK) and c-Jun amino-terminal kinase
(JNK). They suggested that functional caveolae are essen-
tial in order to regulate CCL2 expression.?®

Lietal. reported that CAVI expression may enhance in-
flammation by an increased leukocyte influx. In their study
on retinitis in Cavl~~mice, the levels of CCL2, CXCL1, IL-6,
and IL-1P, which are downstream effectors of the Toll-
like receptor (TLR)-4 signaling pathway, were reduced.?
It is highly possible that CAV1I could also be responsible for
the expression of pro-inflammatory molecules also in FLSs.
TLR-2, -3 and -4 are predominant and the most functional
TLRs in this cell type.” An inflamed joint and its milieu are
the source of different potential TLR ligands and CAV1 may
be one of these proteins which efficiently enhance TLR4
signaling, followed by the production of pro-inflammatory
cytokines.?® Another point of importance is that CAV1
phosphorylation on Tyrl4 induces its interaction with TLR4
and leads to nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) activation.3!

D. Trzybulska, et al. Caveolin-1 in synoviocytes from RA patients

Lv et al. reported that the overexpression of CAV1
in mouse lung alveolar type-1 cells enhances the phosphor-
ylation and expression of p38 MAPK and NF-«B, which
induce the expression of inflammatory cytokines such as
IL-6 and TNF-a. Thereby, it was additionally proven that
CAV1 could be an important activator of inflammation.3?

Based on molecular studies on the promoter region
of CCL2, some cis-regulatory elements and trans-acting
factors involved in CCL2 expression were identified. It was
shown that 2 NF-kB-binding sites located 2.6 kb from the
transcription initiation site are pivotal to CCL2 expression
in response to stimuli such as IL-1p and TNF-a.333* This
fact together with the study by Garrean et al. and studies
mentioned above point to the importance of CAV1 in NF-kB
activation, which could partially explain the inhibition
of CCL2 expression at transcript level in sfd-FLSs with
diminished CAV1 expression.?®

Studies showing the pro-inflammatory character
of CAV1 are not consistent with the results presented
by Gardner et al.3¢ In a study on the hepatotoxic activ-
ity of paracetamol, they revealed an elevated expression
of CCL2 in the liver obtained from Cavl™~ mice. In this
case, this was linked to the “positive” effect of monocyte
influx, leading to repairing processes mediated by macro-
phages with an anti-inflammatory phenotype.3¢

Looking at all the research conducted on animal mod-
els, it can be concluded that CCL2 expression is CAVI-
dependent, but only to a certain extent. Our results sug-
gest that CCL2 secretion by sfd-FLSs obtained from RA
patients could be regulated at the posttranslational level.
It would be worth seeing if the disproportions between
CCL2 transcript and protein levels could be a result of the
activity of some regulators controlled by the particular
CAV1 isoform. This is due to the fact that only « isoform
has a complete sequence and undergoes phosphorylation
on Tyrl4, which facilitates binding both inductors and
effector proteins in signaling pathways.?” Kogo et al. sug-
gested that the ratio of the 2 isoforms may vary depend-
ing on the cell type.3® We found that CAV1f (lacking N-
terminal 31 amino acids) is predominant in sfd-FLSs.%
Therefore, it seems that the functional diversity of both
isoforms should be considered when interpreting the role
of CAV1 in a specific molecular context.

As some stimuli may act differently on various cell types,
CCL2 expression could also vary among different cells and
for different kinds of stimuli, and, as was shown in our study;,
the secreted CCL2 level does not always correspond with its
transcript level, especially in cells with an impaired CAV1I ex-
pression.?® Here, it should be also noted that in vivo, the final
level of a particular cytokine is very often an effect of complex,
reciprocal synergistic and antagonistic associations between
other cytokines. Additionally, understanding epigenetic
mechanisms (DNA methylation and histone modifications as
well as regulation by small non-coding RNAs) can be helpful
in current studies on the pathogenesis of RA. A recent study
by Li et al. presented that targeting CAV1 by restoring the
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microRNA-192 levels in FLSs led to their apoptosis and the in-
hibition of cell proliferation,** and possibly by regulating the ex-
pression of other relevant genes in a direct (chemokine (C-X-C
motif) ligand 2; source: miRDB-an online database (http://
www.mirdb.org/cgi-bin/search.cgi?searchType=miRNA&se
archBox=hsa-miR-192-5p&full=1) or indirect way. To sum-
marize, the normalization of pathological processes in RA,
preferably by aiming at one pivotal factor, is highly desirable
but, so far, unattainable.

Conclusions

Our results show a significant role of CAV1 in CCL2

transcription induction in RA sfd-FLSs under the influ-
ence of IL-1B. However, processes involving CAV1I still
require more profound research into a broader spectrum
of cytokines in auto-inflammatory disorders.
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Abstract

Background. Postoperative nausea and vomiting (PONV) is a common complication after anesthesia and
surgery. Ondansetron is one of the most widely used drugs in the prophylaxis of PONV and is extensively
metabolized in humans. In vitro metabolism studies have shown that ondansetron is a substrate for human
hepatic cytochrome P450 enzymes. The cytochrome P450 (human hepatic cytochrome (CYP)) 2D6 inhibi-
tor quinidine reduced in vitro hydroxylation of ondansetron, which indicates the important role of CYP2D6
in ondansetron metabolism. Genotyping these alleles allows the prediction of the extensive metabolizer
(EM) and poor metabolizer (PM) phenotypes with approx. 90-96% accuracy.

Objectives. The aim of our study was to evaluate whether the pharmacological prevention of PONV with on-
dansetron depends on the most common CYP2D6 alleles (CYP2D6*1,*3, *4, *5, and NxN (multiplication gene)).

Material and methods. Genotyping for the defective (YP2D6™3, (YP2D64 and (YP2D6*5 alleles among
93 surgical female patients was performed by polymerase chain reaction amplification and restriction frag-
ment length polymorphism (PCR-RFLP).

Results. The genetically defined EMs and ultrarapid metabolizers (UMs) of CYP2D6 had a statistically sig-
nificant (p < 0.02) higher frequency of nausea and vomiting after strumectomy (33.3%) than intermediate
metabolizers (IMs) (10.3%) and PMs (09%). The relative risk (odds ratio (OR)) of PONV occurrence was 5 times
higher for EMs/UMs than IMs/PMs.

Conclusions. Qur results suggest that PONV treatment with ondansetron could be improved by basic, widely
available and inexpensive PCR-RFLP genetic tests.

Key words: CYP2D6, ondansetron, postoperative nausea and vomiting
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Introduction

Postoperative nausea and vomiting (PONV) is a com-
mon complication after anesthesia and surgery. Pain, nau-
sea and vomiting are frequently listed by patients as their
most pressing perioperative concerns. With the change
in emphasis from inpatient hospitals to outpatient hos-
pitals and office-based medical/surgical settings, there
has been an increased interest in the problem of PONV.
The etiology and consequences of PONV are complex
and multifactorial, with patient-, medicine-, and surgery-
related factors; the important predictors are female gen-
der, a history of PONV and a history of motion sickness.
The vomiting center can be triggered by the activation
of dopamine, serotonin (type 3), histamine (type 1), and
muscarinic cholinergic receptors in the chemoreceptor
trigger zone and the nucleus tractus solitarius, as well as
acetylcholine receptors in the vestibular apparatus, vagal
afferents from the periphery and the endocrine environ-
ment. Currently, the overall incidence of PONV is esti-
mated to be 25-30%.-3

Ondansetron is one of the most widely used drugs
in the prophylaxis of PONV.* While its mechanism of ac-
tion has not been fully characterized, ondansetron is not
a dopamine-receptor antagonist. Serotonin receptors
of 5-HT3 type are present both peripherally on vagal nerve
terminals and centrally in the chemoreceptor trigger zone
of the area postrema. It is not certain whether ondanse-
tron’s antiemetic action is mediated centrally, peripherally
or in both sites. Approximately 95% of ondansetron is ex-
tensively metabolized in humans: only 5% of a radiolabeled
dose is recovered from the urine in the form of the parent
compound. The primary metabolic pathway is hydroxyl-
ation on the indole ring, followed by subsequent glucuro-
nide or sulfate conjugation. Although some non-conjugat-
ed metabolites have pharmacological activity, these are not
found in plasma at concentrations likely to significantly
contribute to the biological activity of ondansetron.>®

In vitro metabolism studies have shown that ondanse-
tron is a substrate for human hepatic cytochrome (CYP)
P450 enzymes, including CYP1A2, CYP2D6, CYP3A4,
and CYP2EL. According to Fisher et al. as well as Janicki
and Sugino, the CYP2D6 inhibitor quinidine reduced the
in vitro hydroxylation of ondansetron, which indicates the
important role of CYP2D6 in ondansetron metabolism.>”?
The in vitro study by Sanwald et al. confirmed that ondan-
setron is both CYP2D6- and CYP2E1-dependent.?

The enzymes belonging to the cytochrome P450 family,
especially CYP2D6, have an important role in the metabo-
lism of over 25% of drugs.”!? Tricyclic antidepressants, neu-
roleptics, cardiologic drugs, and opioids in particular show
wide interindividual and interethnic variability in both ther-
apeutic efficacy and adverse effects.!'* The polymorphism
of CYP2D6 is relatively well-known and more than 20 muta-
tions of the CYP2D6 gene have been described. CYP2D6*3
(formerly A-mutation), CYP2D6*4 (formerly B-mutation)
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and CYP2D6*5 (gene deletion, formerly D-mutation) are the
most common non-functional CYP2D6 alleles.!> Therefore,
the genotyping of these alleles allows the prediction of the
extensive metabolizer (EM) and poor metabolizer (PM) phe-
notypes with about 90-96% accuracy.'*!

Objectives

The aim of our study was to evaluate whether the efficacy
of antiemetic treatment with ondansetron is influenced
by mutations of the most common CYP2D6 genotype, hy-
pothesizing that extensive metabolizers of this drug are
at risk of being undertreated. This study sought to inves-
tigate whether the efficacy of antiemetic treatment with
ondansetron could be improved by adjusting for the most
common CYP2D6 genotype, using basic, widely available
and inexpensive (less than $100) polymerase chain reaction
(PCR), and polymerase chain reaction amplification and re-
striction fragment length polymorphism (PCR-RFLP) tests.

Material and methods
Subjects

The study was performed on a group of 93 women with
thyroid diseases (neutral struma nodosa and struma nodosa
toxica), hospitalized for thyroid gland surgery (strumec-
tomy). They were patients of the 15 Department of Surgery,
Wroclaw Medical University, Poland. Their ages ranged
from 18 to 84 years, with a mean of 49.85 years (standard
deviation (SD): 14.41). None had significant renal, hepatic
or cardiovascular disease, insulin-dependent diabetes,
chronic obstructive pulmonary disease, or cerebral vas-
cular accident. Patients were excluded if any potential CY-
P2D6 inhibitor, such as other agents metabolized by iso-
enzyme CYP2D6, i.e., beta-adrenergic blocking agents,
tricyclic antidepressants, antiarrhythmic Ic class drugs,
debrisoquine, codeine, or dextromethorphan, had been
administered 14 days prior to surgery.

Informed consent was obtained in every case. The proto-
col for the study was approved by the Bioethics Committee
of the Wroclaw Medical University, Poland.

Study design

Ondansetron was administered to patients orally in dos-
es of 8 mg before surgery, for the prevention of PONV.

Genotyping methods

DNA was arranged from leukocytes extracted from pe-
ripheral blood. Genotyping for the defective CYP2D6*3,
CYP2D6*4 and CYP2D6*5 alleles (a single base-pair dele-
tion in exon 5 for CYP2D6*3, G1934 to A point mutation
for CYP2D6%*4, and a gene deletion for CYP2D6*5) was
performed by PCR-RFLP method, based on the method
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described by Smith et al.!® For the CYP2D6*3 mutation,
PCR was performed using the primers E — GATGAGCT-
GCTAACTGAGCCC and F — CCGAGAGCATACTC-
GGGAC. For the CYP2D6*4 mutation, PCR was performed
using the primers C —-GCCTTCGCCAACCACTCCG and
D - AAATCCTGCTCTTCCGAGGC.

The PCR amplification product (after verification
by electrophoresis in 2% agarose gel) was identified by the
RFLP method. The restriction enzymes BstNI (for CY-
P2D6*4 mutation) and Hpall (for CYP2D6*3 mutation)
were used. The separation of restriction products was
performed by electrophoresis in 3% agarose gel with the
addition of ethidium bromide. The results were observed
under UV light and recorded in a graphic form.

A lack of CYP2D6 amplification, suggesting CYP2D6
gene deletion, was confirmed by an external laboratory
(Research Institute of Medicinal Plants, Poznan, Poland).

Alleles not carrying CYP2D6*3, CYP2D6*4 or CYP2D6*5
were classified as CYP2D6*1 (wild-type) alleles using this
method. Dominant homozygotes with 2 wild-type alleles
(wt/wt — CYP2D6*l/CYP2D6%1) were classified as CYP2D6
EM:s. Heterozygotes with 1 wild-type allele (wt — CYP2D6*1)
and 1 CYP2D6*3, CYP2D6*4 or CYP2D6*5 allele were
classified as CYP2D6 intermediate metabolizers (IMs).
Recessive homozygotes, carrying 2 alleles with a mutation
(CYP2D6*3 or CYP2D6*4) were classified as CYP2D6 PMs.

To identify individuals carrying multiple CYP2D6 genes
(CYP2D6*NxN), CYP2D6 multiplication assays were per-
formed according to the method of Lovlie et al., modified
by Steijns and van der Weide.'*?° Expand Long-PCR was
carried out using an Expand Long Template PCR Sys-
tem kit (Hoffmann-La Roche, Basel, Switzerland). With
the primer combination of CYP-17f (5-TCCCCCACT-
GACCCAACTCT-3") and CYP-32r (5-CACGTG-
CAGGGCACCTAGAT-3'), a 3.6-kb PCR fragment am-
plified from the CYP2D6-CYP2D6 region was observed
in subjects having multiple alleles of the CYP2D6 gene.

The number of nausea and vomiting episodes was count-
ed, and PONV intensity was evaluated with the Postopera-
tive Nausea and Emetic Scale (PNES) (Table 1) during the
first 5 h after surgery.

The PNES results were calculated immediately after
surgery (0 h), during the 15t hour (1 h) and during the next
4h (5h).

Table 1. The Postoperative Nausea and Emetic Scale (PNES)

Postoperative Nausea
and Emetic Scale (PNES)

absent

Value [points]

slight
Nausea )
medium

1 episode

Vomiting

0
1
2
heavy 3
4
2-3 episodes 5

6

4 or more episodes
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Statistical analysis

The statistical analysis of the results was performed us-
ing the x? test, with or without Yates’s correction, and the
Fisher’s exact test. For the statistical analysis of the anti-
emetic efficacy of ondansetron among different CYP2D6
genotype groups, the relative risk (odds ratio (OR)) was
calculated. The pharmacoeconomic value of genotyp-
ing was determined by calculating the Number Needed
to Diagnose (NND): the number of people who should be
screened in order to prevent 1 adverse end point.

Statistical software used included STATISTICA v.10and 12
(StatSoft Inc., Tulsa, USA) and RelRisk v. 0.8 (author's own
software, Wroctaw, Poland).

Results

The frequency of the CYP2D6*1, CYP2D6*3, CYP2D6*4,
and CYP2D6*NxN alleles among the 93 genotyped patients
was 79.0%, 1.1%, 18.8%, and 1.1%, respectively. Fifty-nine
patients (63.4%) were homozygous for the wild-type CY-
P2D6 allele (CYP2D6%1/%1) and were classified as EMs.
One woman (1.1%) was a carrier of CYP2D6 multiplica-
tion (CYP2D6*1/NxN) and was classified as an ultrarapid
metabolizer (UM). Among 29 heterozygous women (31.2%)
predicted to be IMs, 27 individuals (29.0%) carried the
CYP2D6*1/*4 genotype (B-mutation), while 2 (2.2%) car-
ried the CYP2D6*1/*3 genotype (A-mutation). A group
of 4 carriers of CYP2D6-deficient genes (4.3%) were ho-
mozygous individuals carrying 2 nonfunctional B alleles
(CYP2D6*4/*4 genotype).

Out of all 93 patients, 23 (24.7%) experienced nausea and
vomiting. Sixty subjects genetically defined as EMs and UMs
of CYP2D6 had statistically significant higher frequency
of nausea and vomiting (Yates corrected x*= 5.48, p < 0.02,
Fisher’s exact test p < 0.011) than IMs and PMs. As many
as 20 of the 60 EMs and UMs (33.3%) experienced PONYV,
while only 3 of the 29 IMs (10.3%) and none of the 4 PMs
(0%) reported this condition (Fig. 1).

Moreover, PONV intensity (measured by the PNES) was
higher among EMs and UMs (mean PNES value = 3.97) than
among IMs and PMs (mean PNES value = 0.19). Detailed
information regarding the frequency and intensity of PONV
immediately after surgery (0 h), during the 1%t hour (1 h)
and during the next 4 h (5 h) is shown in Table 2.

The relative risk (OR) of PONV occurrence was 5 times high-
er (confidence interval (CI) = 1.36-18.39, p < 0.02) for EMs and
UMs than for IMs and PMs. The relative risk was especially
higher immediately after surgery (OR = 4.18, CI = 1.02-10.47,
p < 0.04), compared with the 1% hour (OR = 2.29, CI = 0.60—
8.77, non-significant (NS)) or the period of 1-5 h after surgical
treatment (OR = 3.30, CI = 0.382-28.59, NS).

The NND - the number of people who should be
screened in order to prevent 1 episode of PONV — was 3.35
(CI'=2.35-20.85), which suggests a relatively high pharma-
coeconomic value for CYP2D6 genotyping.
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Table 2. Postoperative nausea and vomiting (PONV) frequency and intensity (measured by the Postoperative Nausea and Emetic Scale [PNES]) in patients

during the 155 h after surgical treatment

0 h after surgery

1 h after surgery 5 h after surgery

Genotype ”““."be' e mean PNES points ””’T‘ber i mean PNES points ““’T‘be’ i mean PNES points
episodes episodes episodes
UMs and EMs (n = 60) 17 5.10 4.70 5 21
IMs (n = 29) 3 0.26 0.20 1 0.1
PMs (n=4) 0 0 0 0 0

UMs — ultrarapid metabolizers; EMs — extensive metabolizers; IMs — intermediate metabolizers; PMs — poor metabolizers.

35+

30+

25+

20

151

10

Frequency of PONV (%)

PM - 0% IM —10.3%

EM —33.3%

Fig. 1. Percentage of postoperative nausea and vomiting (PONV) episodes
among poor metabolizers (PMs), intermediate metabolizers (IMs) and
extensive metabolizers (EMs) treated with ondansetron

Discussion

The evaluation of the metabolic polymorphism of CY-
P2D6 and the frequency of PONV among surgical patients
treated with ondansetron has rarely been reported until
now. The antiemetic efficacy of ondansetron has only been
studied during cancer chemotherapy. Our results are par-
allel to the results of Kaiser et al., who analyzed the effects
of antiemetic treatment with ondansetron and tropisetron
during cancer chemotherapy and revealed that genetically
defined UMs of CYP2D6 had a higher frequency of vomit-
ing within the first 4 h (p < 0.001) and within the period
of 5-24 h (p < 0.03) after treatment than all the other pa-
tients; the tendency for nausea was similar.?! The results
of both studies confirm conclusions of Fisher et al. and
Dixon et al. from in vitro studies, endorsing the key role
of CYP2D6 in the metabolism of ondansetron, despite the
doubts of Ashforth et al.>?22% The latter questioned the im-
portance of CYP2D6 phenotype in the in vivo metabolism
of ondansetron by showing that there was no significant
difference in area under curve (AUC), maximal concentra-
tion (Cpay), clearance (CL), or half-life time (t;,,) between
the 6 PMs and the 6 EMs.23

The involvement of the CYP2D6 system in the sensitiv-
ity to PONV was further confirmed by Wesmiller et al.

and Dong et al.?*-2® Patients who were classified as PMs
had fewer PONYV episodes and higher pain scores. These
findings suggest variability in CYP2D6’s impact on sus-
ceptibility to PONV.?

Janicki and Sugino suggested that genotyping for
CYP2D6 UM polymorphisms (gene multiplications) for
PONYV or other medications “currently may be prohibi-
tively costly and inconvenient” because “only a small pro-
portion of Caucasians carry the CYP2D6 allele duplica-
tion and hence are at risk for PONV treatment failure”. 2%
The frequency of the UM genotype varies by population,
ranging from 1% to 8% among Caucasians.*?° Basic, in-
expensive genotyping for CYP2D6*NxN, CYP2D6*3,
CYP2D6*4, and CYP2D6*5, definitely the most common
mutations among Caucasians, could be useful for divid-
ing patients into 2 subpopulations. The combined group
of EMs and the rare UMs (66% of the Caucasian popula-
tion) requires higher doses of ondansetron. The com-
bined group of IMs and PMs (34%) could be treated with
standard doses. The NND is low (3.35), which suggests
a relatively high (in comparison with other tests) phar-
macoeconomic value for basic CYP2D6 analysis.?° We
suggest that this approach is quite affordable and could
be clinically useful.

Our results, and those of other studies, strongly sug-
gest that antiemetic treatment with ondansetron could be
improved by adjusting the drug dosage according to the
patient’s CYP2D6 genotype, by using a basic, inexpensive
and widely available PCR-RFLP test.

Conclusions

The antiemetic efficacy of ondansetron in PONV af-
ter strumectomy is associated with CYP2D6 metabolism,
determined by genotyping for the CYP2D6*1, CYP2D6*3,
CYP2D6%*4, CYP2D6*5, and CYP2D6*NxN alleles.

Genetically defined CYP2D6 EMs and UMs present a sta-
tistically significant higher risk of PONV than IMs and PMs.

Postoperative nausea and vomiting treatment with on-
dansetron could be improved by adjusting the drug dosage
based on CYP2D6 genotyping, using simple, inexpensive
and widely available PCR and PCR-RFLP tests.
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Abstract

Background. Cornelian cherry (Cornus mas L) is a plant growing in southeast Europe, in the past used
in folk medicine. There are many previous publications showing the preventive effects of (poly)phenolic
compounds, especially anthocyanins, on cardiovascular diseases, but there is a lack of studies comparing
the effects of (poly)phenolics and other constituents of fruits.

Objectives. We have attempted to determine ifiridoids and anthocyanins from cornelian cherry fruits may
affect the formation of atherosclerotic plaques in the aorta as well as lipid peroxidation and oxidative stress
in the livers of cholesterol-fed rabbits.

Material and methods. Fractions of iridoids and anthocyanins were analyzed using the high-performance
liquid chromatography (HPLC) and liquid chromatography-mass spectrometry (L-MS) methods. Loganic acid
(20 mg/kg bw.) and a mixture of anthocyanins (10 mg/kg bw.) were administered orally for 60 days to rabbits
fed with 19% cholesterol. Histopathological samples of the aortas and the livers were stained with hematoxylin
and eosin. Lipid peroxidation (malondialdehyde — MDA) and redox status (glutathione — GSH, glutathione
peroxidase — Gpx and superoxide dismutase — SOD) were analyzed using spectrophotometrical methods.

Results. Both loganic acid (an iridoid) and a mixture of anthocyanins diminished the formation of athero-
sclerotic plagues in the aorta. Both substances also diminished lipid peroxidation, measured as a decrease
of MDA, and attenuated oxidative stress, measured as an increase of GSH in the livers depleted by cholesterol
feeding. Unexpectedly, cholesterol feeding decreased the Gpx activity in the liver, which was reversed by both
investigated substances.

Conclusions. We have shown that both iridoids and anthocyanins help prevent fed-induced atherosclerosis,
and the consumption of fruits rich in these substances may elicit beneficial effects on the cardiovascular
system.

Key words: atherosclerosis, glutathione, anthocyanins, comelian cherry, loganic acid
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Introduction

Cardiovascular diseases are the leading causes of mor-
bidity and mortality in both developing and developed
countries.! Oxidative stress and subsequent lipid peroxi-
dation contribute to the development and progression
of atherogenesis and other tissue damage.® They also in-
teract with other factors, like proinflammatory cytokines
or substances the affecting nitric oxide (NO) synthesis,
contributing to vascular pathologies from endothelial dys-
function to clinical symptoms of cardiovascular diseases.*

It is also widely accepted that diet, especially a diet con-
sisting of large amounts of fruits and vegetables, may pre-
vent the development and progression of cardiovascular
diseases.>® There are many studies on both humans and
animals showing the preventive effects of (poly)phenolic
compounds — flavonoids, and especially their subclass
— anthocyanins, on atherosclerosis and cardiovascular
diseases.”” In contrast, we have not found any surveys
comparing the effects and interactions of different con-
stituents of plants, particularly fruits, on the risk factors
and symptoms of cardiovascular diseases. Moreover, there
are only a few studies comparing the potency of various
flavonoids on high-fat diet-induced changes.'® In recent
decades there has been increasing interest in iridoids,
a wide group of plant constituents with possible pleio-
tropic effects on human metabolism.!! Although both an-
thocyanins or iridoids are common constituents of plants,
only a few edible fruits contain pronounced amounts
of iridoids or both substances. In the present study,
we focused on cornelian cherry (Cornus mas L.), a plant
growing or cultivated in Europe and southwest Asia, and
cultivated in North America; widely consumed in some
countries and, in the past, used in folk medicine. In our
previous studies we proved that the European cultivar
of cornelian cherry contains large amounts of iridoids —
mainly loganic acid — and anthocyanins. We also showed
the preventive effects of whole fruits on diet-induced ath-
erosclerosis in animals, through the activation of peroxi-
some proliferator-activated receptors alpha (PPARa).!213
In another study, using the same model of diet-induced
atherosclerosis we showed that isolated loganic acid and
anthocyanins decreased dyslipidemia, increased the ex-
pression of both PPARa and peroxisome proliferator-
activated receptors gamma (PPARY) in the liver, and de-
creased the intima thickness and the intima/media ratio
in the thoracic aortas.!

Table 1. Schedule of animal feeding and administering test substances

Control group P |
‘ Experimental group CHOL
‘ Experimental group CHOL+LA
‘ Experimental group CHOL+ANT

T. Sozaniski, et al. Loganic acid diminishes atherosclerosis

The aim of the present investigation was to compare
the effects of loganic acid and anthocyanins isolated
from cornelian cherry on the formation of atherosclerosis
in the thoracic and abdominal aorta, measured by histo-
pathological examination, as well as on lipid peroxidation
and redox state in the liver, measured as the malondialde-
hyde (MDA), glutathione (GSH), glutathione peroxidase
(Gpx), and superoxide dismutase (SOD) levels.

Material and methods

Plant material and the preparation
of samples of loganic acid
and anthocyanins

Cornelian cherry fruits were harvested in the Arbore-
tum and Institute of Physiography in Bolestraszyce, Poland.
The plant material was verified by Prof. Jakub Dolatowski,
the voucher specimen (BDPA 3 967) is stored at the Her-
barium of the Arboretum and Institute of Physiography
in Bolestraszyce. Loganic acid and a mixture of anthocya-
nins were prepared in the Department of Fruit, Vegetable
and Plant Nutraceutical Technology at Wroctaw Univer-
sity of Environmental and Life Science (Poland), according
to Kucharska et al’s instructions with minor modifications.!?

Juice from cornelian cherry fruits was purified using
an Amberlite XAD-16 resin column (Rohm and Haas,
Chauny Cedex, France). Iridoid and anthocyanin com-
pounds present in the juice were eluted with ethanol/
water/acetic acid (80:19.9:0.1, v/v/v). Purified compounds
were concentrated, using a Rotavapor rotary evaporator
(Biichi, Flawil, Switzerland) in a water bath at 40°C, and
then dried in an SPT-200 vacuum dryer (ZUT Colector,
Krakéw, Poland) (40°C, 00.094 MPa). Dried compounds
were fractionated by polyamide column chromatogra-
phy (150 mm x 30 mm) (Macherey-Nagel-CC 6.6, Diiren,
Germany), using ethanol/water/acetic acid (50:49.5:0.5,
v/v/v) as the eluent. As a result of separation, we obtained
loganic acid and anthocyanins. The former was moni-
tored at 254 nm, while the latter — at 520 nm (Fig. 1).
Next, the resulting fractions were concentrated with
a Rotavapor rotary evaporator, and then dried in an SPT-
200 vacuum dryer (40°C, 0.094 MPa). The fractions were
analyzed using the high-performance liquid chromatog-
raphy (HPLC) (Fig.1) and liquid chromatography-mass
spectrometry (LC-MS) methods.

Regular feed + saline p.o.

regular feed with the addition of 1% cholesterol + saline p.o. ‘
regular feed with the addition of 1% cholesterol + loganic acid 20 mg/kg bw. p.o ‘

regular feed with the addition of 1% cholesterol + anthocyanins 10 mg/kg bw. p.o. ‘

p.o. — taken orally.
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The in vivo study

This research was conducted in accordance with the Na-
tional Institutes of Health (NIH) Guide for the Care and
Use of Laboratory Animals and Directive 2010/63/EU, and
was approved by the Local Ethical Committee on Animal
Research at the Institute of Immunology and Experimental
Therapy, Polish Academy of Sciences in Wroctaw (Poland).

Chemicals

Loganic acid and anthocyanins were prepared as de-
scribed above. Cholesterol was purchased from POCH
(Gliwice, Poland).

Animals and treatment

Forty mature New Zealand rabbits aged 8—12 months
were used in the study. The animals were housed in indi-
vidual chambers with a temperature maintained at 21—
—23°Cunder a 12:12 h light-dark cycle. During the experi-
ment, the rabbits had free access to water and received
the same daily portion of feed (40 g/kg bw.). After 4 weeks
of acclimatization, the animals were divided by block ran-
domization into 4 groups of 10 animals each. For 60 con-
secutive days of the experiment, the animals in group P
ingested standard feed. The other groups — CHOL,

Table 2. Histopathological changes in the thoracic and abdominal aorta in rabbits
in experimental groups — hematoxylin and eosin (HE) staining
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CHOL+LA and CHOL+ANT - received the same feed + 1%
cholesterol. Once daily, in the morning, the following test
substances were administered orally to the rabbits: groups
P and CHOL - normal saline solution (negative and posi-
tive control), group CHOL+LA - loganic acid at a dose
of 20 mg/kg bw. and group CHOL+ANT — a mixture of an-
thocyanins at a dose of 10 mg/kg bw. (Table 1).

On the 0" and 60" days of study, blood samples were col-
lected from each animal from the marginal vein of the ear,
or the saphenous vein. On the 60" day, the animals were
euthanized with terminal anesthesia, using morbital
(1 mL containing 133.3 mg of sodium pentobarbital and
26.7 mg of pentobarbital), administered intraperitoneally
(ip.) at a dose of 2 mL/kg bw. The organs were collected
— the livers for the measurements of lipid peroxidation
and oxido-redox state parameters, and the aortas for his-
topathological assessment.

Biomarkers associated with oxido-redox
state in the liver

All parameters in the liver were assessed spectrophoto-
metrically. The MDA level was assayed using the BIOXY-
TECH-MDA-586 kit (OxisResearch, Portland, USA) and
expressed as {M/g of tissue. The GSH concentration was as-
sayed using the BIOXYTECH GSH-400 kit (OxisResearch)
and expressed as mM/mg of tissue. The SOD activity was
measured using the Ransod kit (Randox Labo-
ratories, Crumlin, UK) and expressed as U/mg
of protein. The GPx activity was measured us-
ing the GPx-340 kit (Randox Laboratories) and
expressed as U/mg of protein.

Histopathological evaluations

Postmortem thoracic and abdominal aorta and
liver samples were collected for histological ex-
aminations. Tissue sections were fixed in a 7%
buffered formalin solution, embedded in paraffin,
cut into 4 pm thick slices, and stained by means
of the hematoxylin and eosin method. The sam-
ples were blindly examined by an experienced
pathomorphologist.

Statistical analysis

Histopathological results were expressed

Thoracic
aorta CHOL+LA* CHOL+ANT*
n=10 n=10
0 (100.0%) 1(10.0%) 8 (80.0%) 9 (90.0%)
0 (0.0%) 5 (50.0%) 2 (20.0%) 1 (10.0%)
0(0.0%) 2 (20.0%) 0 (0.0%) 0(0.0%)
0 (0.0%) 1(10.0%) 0 (0.0%) 0 (0.0%)
0 (0.0%) 1(10.0%) 0 (0.0%) 0 (0.0%)
Abdominal "
aorta (@ [0] CHOL+LA™ CHOL+ANT
n=10 n=10 n=10
- 0(100.0%) 1(10.0%) 5 (50.0%) 8 (80.0%)
+ 0 (0.0%) 5 (50.0%) 5 (50.0%) 0 (0.0%)
++ 0 (0.0%) 3(30.0%) 0 (0.0%) 2 (20.0%)
++++ 0 (0.0%) 1(10.0%) 0 (0.0%) 0 (0.0%)
Scoring: / —/ no visible endothelium damage; / + / a few assembled foam cells

occupying no more than 10% of the artery circumference; / ++ /2 or more
collections of atheromatous plaques; / +++ / atheromatous plaques occupying

more than 2/3 of the artery circumference and of thickness accounting for

50% of the artery wall thickness; / ++++ / massive atheromatous plaques occupying
all the artery circumference and of thickness exceeding 50% of the artery thickness.

P — standard feed and vehicle-treated rabbits; CHOL - cholesterol-treated rabbits,
rabbits treated with cholesterol + loganic acid 20 mg/kg bw.; CHOL+ANT
- rabbits treated with cholesterol + anthocyanins 10 mg/kg bw. Values are presented

CHOL+LA -

as number and percentiles. Specific comparisons (the x> test): * p < 0.05 vs

about

p;

**p <001 vsP;**p <0001 vsP;*p<0.05vs CHOL; % p < 0.05 vs CHOL+ANT.

as the number (percentage) of animals presenting
the same degree of changes. The x? test of inde-
pendence was used to study the qualitative data.
The results of all the other data were expressed
as mean *standard deviation (mean +SD). The nor-
mality of all continuous variables was verified
by the Shapiro-Wilk test. Statistical comparisons
of histopathological data were performed using
the Kruskall-Wallis test, followed by the Dunn test
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Fig. 1. High-performance liquid chromatography-diode-array detection (HPLG-DAD) chromatograms of iridoid (254 nm) and anthocyanins (520 nm)

fractions from cornelian cherry (Cornus mas L)) fruits

LA - loganic acid; Dp-gal - delphinidin 3-O-galactoside; Cy-gal — cyanidin 3-O-galactoside; Cy-rob — cyanidin 3-O-robinobioside; Pg-gal - pelargonidin
3-O-galactoside; Pg-rob — pelargonidin 3-O-robinobioside; Cy — cyanidin; Pg — pelargonidin; mAU — milli absorbance units.

for multiple comparisons. Other data was analyzed using
the analysis of variance (ANOVA), followed by a post-hoc
least significant difference (LSD) test. The p-values <0.05
were considered statistically significant.

Results

We compared the impact of orally administered corne-
lian cherry constituents, an iridoid — loganic acid and an-
thocyanins, on dietary-induced hyperlipidemia in rabbits.

Both the thoracic and abdominal aortas in the control
P group presented no atheromatous changes, whereas
cholesterol-fed rabbits developed characteristic athero-
matous lesions. There were plaques of different thick-
ness, comprising lipid-loaded foam cells, lymphocytes,
fibrin, and disintegrated cells with debris in the extracel-
lular matrix. There were also visible mild proliferations
of myocytes and the exudation in the subendothelial layer
consisting of amorphous proteins and glycosaminogly-
cans. In a few cases, there were microclots on the tunica
intima, composed of red blood cells and thrombocytes,
occasionally incorporated into the arterial walls when sur-
rounded by endothelium. Both loganic acid and anthocya-
nins prevented or significantly decreased the development
of atheromatous changes (Table 2). In the thoracic aorta,
in the CHOL+LA and CHOL+ANT groups, no lesions
were noted in 80% and 90% of the rabbits, respectively.
The remaining animals developed only mild changes
with a few collections of assembled foam cells. The length

of those changes did not exceed 10% of the circumference
of the artery. In the abdominal aorta, in the CHOL+LA
and CHOL+ANT groups, no lesions were noted in 50%
and 80% of the rabbits, respectively. In the remaining 50%
of the animals in the CHOL+LA group, only mild changes
were observed, as described above. In only 20% of the rab-
bits in the CHOL+ANT group, some atheromatous changes
were noted, although they were moderate, with 2 or more
plaques. Representative pictures showing histological
cross-sections of the thoracic and abdominal aortas are
presented in Fig. 2.

The cholesterol-enriched diet induced moderate fatty
degeneration in the livers compared to the control group.
Neither anthocyanins nor loganic acid significantly de-
creased those changes (data not presented).

Lipid peroxidation in the livers was measured by the MDA
concentrations, and redox status by both enzymatic and
non-enzymatic oxidative markers.

The MDA concentration in the CHOL group in-
creased significantly in comparison to the control group.
The addition of either anthocyanins or loganic acid sig-
nificantly decreased lipid peroxidation. The MDA levels
inthe CHOL+ANT and CHOL+LA groups were comparable
to each other and lower compared to the CHOL group, al-
though they were still higher than in the group P. Simvas-
tatin treatment completely reversed the increased MDA
level caused by administering cholesterol (Fig. 3A).

Cholesterol-rich feeding significantly depleted the con-
centration of GSH. Both anthocyanins and loganic acid
significantly increased the GSH level in comparison
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Fig. 2. Representative photos showing histological cross-sections of the aortas with hematoxylin and eosin (HE) staining

A - control group (rabbit No. 7). Normal endothelium and media of the thoracic aorta; changes classified as (-); HE staining, magnification x100. B - CHOL
group (rabbit No. 18). A few assembled foam cells (thin arrow) on the endothelium of the abdominal aorta (thick arrow); changes classified as (+);

HE staining, magnification x200. C - CHOL group (rabbit No. 19). A layer of atheromatous plaque (arrow) located on the endothelium of the thoracic
aorta, composed of foam cells, a few lymphocytes and disintegrated cell debris; changes classified as (++); HE staining, magnification x100. D - CHOL
group (rabbit No. 17). A thick layer of atheromatous plague on the thoracic aorta endothelium, composed of numerous foam cells, a few lymphocytes and
disintegrated cell debris; arrows indicate the thickness of the atheromatous plaque and the vessel; changes classified as (+++); HE staining, magnification
%x100. E - group CHOL (rabbit No. 14). A very thick layer of atheromatous plaque (thick arrow) on the abdominal aorta endothelium (thin arrow), composed
of numerous foam cells, a few lymphocytes, myocytes, and disintegrated cell debris; changes classified as (++++); HE staining, magnification x100;

* the border between the vessel and the plaque. F - CHOL+LA group (rabbit No. 21). Normal endothelium and media of the thoracic aorta; changes
classified as (—); HE staining, magnification x100. G — CHOL+LA group (rabbit No. 26). Slightly detached endothelium (arrow) of the abdominal aorta;
changes classified as (+); HE staining, magnification x200. H - CHOL+ANT group (rabbit No. 31). Normal endothelium and media of the thoracic aorta;
changes classified as (-); HE staining, magnification x100. | - CHOL+ANT group (rabbit No. 39) Slightly detached endothelium (arrows) of the thoracic aorta;
changes classified as (+); HE staining, magnification x200; * the border between the vessel and the plaque.

to the CHOL group; anthocyanins completely and signifi-
cantly reversed the GSH depletion caused by cholesterol,
although the loganic acid effect was weaker. The GSH level
in the CHOL+LA group was lower than in the CHOL group,
but still higher than in the P group. Simvastatin completely
prevented a decrease in the GSH concentration (Fig. 3B).

The GPx concentration in the CHOL group decreased
compared to the control group, while the addition of ei-
ther anthocyanins or loganic acid increased GPx activities
to levels comparable to the control group (Fig. 3C).

SOD activities in the cholesterol-treated group in-
creased significantly as compared to the control group.

The addition of neither anthocyanins nor loganic acid
modulated these cholesterol-evoked changes. SOD ac-
tivities in the CHOL+ANT and CHOL+LA groups were
significantly higher compared to the control group, and
comparable to the CHOL group (Fig. 3D).

Discussion

The most important finding of our study is that both
iridoids and anthocyanins from the same plant may pre-
vent atherosclerosis and redox stress. The key results are



1510
A 120- % %k ok
HHH HHH
100
)
=1
2 80
-
(=]
[=)] il
2 60
~
=
= 40 -
<<
[a)
= 20/
0
P CHOL CHOL+LA  CHOL+ANT
Cc 204 %k %k
# #
T 15
wv
-2
Z
ha
o
o 1
2 10
~
2
&
O 5-
0 | :
P CHOL CHOL+LA  CHOL+ANT

T. Sozaniski, et al. Loganic acid diminishes atherosclerosis

B 15 k ok ok *
HH

< 12
=1
2
5 9
[=)]
£
£
= 6
£
&
U 3

0 -

CHOL CHOL+LA CHOL+ANT

D 1500 % E
— 1200
()
2
]
& 900
o
[=)]
£
S 600 -
I
]

300 -

0
CHOL CHOL+LA CHOL+ANT

Fig. 3. The malondialdehyde (MDA) concentrations (A), glutathione (GSH) concentrations (B), glutathione peroxidase (GPx) activities (C), and superoxide

dismutase (SOD) activities (D) in the liver

P — standard feed and vehicle-treated rabbits; CHOL — cholesterol-treated rabbits; CHOL+LA —
CHOL+ANT - rabbits treated with cholesterol + anthocyanins 10 mg/kg bw.; values are presented as mean +SD. Specific comparisons:

rabbits treated with cholesterol + loganic acid 20 mg/kg bw.;
*p<0.05vsP;

**p <0.01vsP;***p <0.001vsP; #p <0.05vs CHOL; ## p < 0.01 vs CHOL; ### p < 0.001 vs CHOL; A p < 0.05 vs CHOL+ANT.

that both loganic acid, which belongs to a class of iridoids,
and anthocyanins isolated from cornelian cherry fruits
decreased the formation of atherosclerosis in the thoracic
and, to a lesser extent, in the abdominal aorta of choles-
terol-fed animals, while both substances decreased lipid
peroxidation and oxidative stress in the liver.

Our finding that anthocyanins prevent atherosclerosis
is consistent with numerous previous observations. Most
of the available data attributes the cardiovascular benefits
of fruits mainly to their (poly)phenolic fractions. A sub-
class of those, anthocyanins, abounds in cornelian cherry
fruits.!> They are regarded as potent substances prevent-
ing atherosclerosis and cardiovascular diseases.® Previ-
ous studies have found a higher content of anthocyanins
in cornelian cherry fruits compared to other native or cul-
tivated small fruits, such as raspberries, blackberries, red
currants, and gooseberries,!>1¢ although the total content
of anthocyanins may differ significantly among cultivars.'

Atherosclerosis is a complex pathological condition
that engages various pathways, such as lipid oxidation and
accumulation in the arteries, inflammation, redox stress, and
NO depletion. Drugs and natural products used nowadays
in the treatment of dyslipidemia, like 3-hydroxy-3-methyl
glutaryl coenzyme A (HMG-CoA) reductase inhibitors

(statins), fibric acid derivatives, bile acid-binding resins, and
phytosterols, have quite different mechanisms of action.
We hypothesize that fruits may also affect lipid metabolism
and atherogenesis through their different constituents and
through different mechanisms. Beyond the (poly)phenolic
fraction, other constituents of plants generally regarded
as contributing to the prevention of dyslipidemia and ath-
erosclerosis are mono- and polyunsaturated fatty acids,
soluble fiber, vegetable proteins, and phytosterols.!® Never-
theless, they are not found in substantial amounts in fruits.

As described in the Introduction, cornelian cherry
fruits contain large amounts of anthocyanins, but are
also abundant in iridoids. To the best of our knowledge,
there is inadequate data comparing the biological effects
and possible interactions between anthocyanins and iri-
doids, though those substances are present in the daily diet
of western populations. In our previous studies, we de-
tailed the constituents of cornelian cherry and proved
that administering whole lyophilisated fruits diminished
atherosclerosis through the same cholesterol-fed rabbit
model we used in the present study.!>*! Subsequent-
ly, we found that both isolated loganic acid and antho-
cyanins contributed to the prevention of atherosclerosis,
decreasing dislipidemia as well as decreasing the intima
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thickness and the intima/media ratio in the thoracic aorta
of cholesterol-fed rabbits. We also revealed that both sub-
stances, especially anthocyanins, increased the expression
of PPARs, while only iridoids possessed anti-inflammatory
effects.!® At present, we completed a detailed evaluation
of the formation of atherosclerosis in both the thoracic
and abdominal aorta as well as the assessment of redox
status in the livers, and proved that loganic acid contributes
to the benefits we observed previously.

Iridoids that we investigated, including loganic acid, are
awide group of cyclopentan[c]pyran monoterpenoids, me-
tabolites found in plants and animals. Previous studies
have shown their potent biological effects, mainly their
anti-inflammatory qualities.!! However, their preventive
effects on diet-induced atherosclerosis, especially the pos-
sible mechanisms of action contributing to those effects,
are not fully understood. This may be important, because
some fruits, like those described in our studies — corne-
lian cherry, but also other members of the Cornus genus,
especially the Asiatic Cornus officinalis L., and a few other
fruits, contain large amounts of both anthocyanins and
iridoids, although their qualitative and qualitative com-
position is different.'*2° The beneficial effects of iridoids
on lipid metabolism and diabetes, with the modulation
of PPARa and sterol regulatory-element binding protein
expression, were described regarding Cornus officinalis L.,
which grows mainly in Asia and has been used for years
in traditional Chinese and Japanese medicine.?"2®> How-
ever, Cornus officinalis L. contains different iridoids than
the European cornelian cherry we investigated, mainly
loganin and morroniside. The positive effects on lipids and
atherosclerosis were also proven for other iridoids isolated
from various plants.?4-26 Nevertheless, knowledge about
the effects of loganic acid we found in cornelian cherry
on living systems, especially on atherogenesis, is poor.

In addition to the impact of loganic acid and anthocya-
nins on atherosclerosis, we also investigated their effects
on lipid peroxidation and redox parameters in the liver.
As we mentioned in the Introduction, there is a general
conviction that oxidative stress plays a significant role
in the pathogenesis of atherosclerotic vascular disease,
proven by several in vitro and animal studies.>*%” Oxida-
tive stress causes direct damage to molecules, lipid peroxi-
dation, and affects inflammation (e.g., by the stimulation
of inflammatory genes transcription), at the same time
causing vascular dysfunction through the endothelial ni-
tric oxide synthase (eNOS) depletion.*28

We found that both loganic acid and anthocyanins ex-
erted a preventive effect on lipid peroxidation through
an impact on the MDA level, and that both substances
restored depleted GSH levels in the liver. The effects of an-
thocyanins shown in the present study are consistent with
previous in vitro and in vivo studies, in which both corne-
lian cherry and isolated anthocyanins showed antioxidant
capacities.!”?>30 That observation seems to be supported
by human studies that showed direct correlations between
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single anthocyanins intake and postprandial increases
in serum antioxidant capacity.? However, that increase
was only temporary and probably cannot explain the im-
pact of anthocyanins on atherosclerosis development.

There are also publications attributing antioxidant ef-
fects to iridoids.?! As we also described above, iridoids are
a large group of substances that exert several effects on liv-
ing systems, including substantial anti-inflammatory ef-
fects that may influence oxidative stress.!! Loganic acid and
other iridoids also showed antiglycation activity, decreasing
the production of advanced glycation end products (AGE),
the elevation of which may be triggered by oxidative stress.3?
However, we did not find any previous studies examining
the direct effects of loganic acid on redox status.

Taking into account the doses of substances used in our
experiment, human equivalent doses (HEDs) may be deter-
mined. According to the Food and Drug Administration,
Center for Drug Evaluation and Research guidelines,33:3*
HEDs of loganic acid and anthocyanins are 6.48 mg/kg bw.
per day and 3.24 mg/kg bw. per day, respectively. For the hu-
man body weighing 100kg, HED ofloganicacid is 648 mg/day
and of anthocyanins — 324 mg/day. Estimated HEDs en-
able the creation of phytopharmaceuticals in solid dosage
forms, such as capsules or tablets, as well as in liquid forms
(both substances are soluble in water and in alcohol solu-
tions). Moreover, taking into consideration the amount
of loganic acid and anthocyanins in lyophilisated fruits,
cornelian cherries may be used as a functional food. Daily
HEDs of loganic acid and anthocyanins found in whole
lyophilisated fruits (without a pit) are approx. 79 g and
137.4 g, respectively (for a 100 kg man).

Based on our present and previous studies, possible in-
dications for cornelian cherry and its isolated constitu-
ents include dyslipidemia and atherosclerosis.'>*1° Whole
dried or lyophilisated fruits may be used as a functional
food in patients treated with a diet and lifestyle modifica-
tions alone. Isolated components or extracts may be used
as phytopharmaceuticals in patients treated with statins.
In our previous studies, we proved that both whole fruits
and isolated constituents of cornelian cherry upregulated
the expression of PPAR« in the liver. PPAR« is a tran-
scriptional factor responsible for fatty acid catabolism via
the activation of their beta-oxidation.!>!* We may speculate
that due to a possibly different mechanism of pharmaco-
logical actions of cornelian cherry and its components and
of statins, they may exert additive or synergistic effects.

Anthocyanins and iridoids are regarded as generally safe.
Moreover, cornelian cherry fruits containing high amounts
of those substances are considered edible and have been
used in cuisine for hundreds of years. In our present and
previous experiments, we have observed no adverse effects
of 2-month-long oral administration of loganic acid, antho-
cyanins or whole lyophilisated fruits. Substances isolated
from cornelian cherry used in our study, were not modified
and, as stated above, their amounts may be consumed daily
in dried or lyophilisated form by the general population.
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Here, the limitations of our study should be noted.
Although we showed the preventive effects of the inves-
tigated substances on both atherosclerosis and oxidative
stress, the assessment of a direct correlation is difficult,
because there are many other factors influencing athero-
genesis that we did not investigate. Moreover, although
many in vitro and in vivo studies support the importance
of redox modulation in tissues, their effects on clinical out-
comes are unclear. Results of many human clinical trials
involving the use of antioxidant vitamins are highly ambig-
uous.? Analyzing the changes in redox status, we should
ask if the observed changes in lipid peroxidation and redox
state are the direct results of the treatment and contrib-
ute to the positive effects on lipids and atherosclerosis.
Alternatively, the antioxidant effects of the investigated
substances may only be secondary changes related to other
mechanisms — like the PPAR pathway or anti-inflamma-
tory effects — subsequently diminishing redox triggering
factors. This possibility remains a puzzle in several risk
factors contributing to the development of atherosclerosis.

Conclusions

In conclusion, we have shown that different constituents
—anthocyanins and iridoid loganic acid — of the same cor-
nelian cherry plant showed the similar beneficial effects on
holesterol-fed induced atherosclerosis. Anthocyanins and
loganic acid diminished the formation of atherosclerotic
plaques in the thoracic and, to a lesser extent, in the ab-
dominal aorta, as well as diminished lipid peroxidation and
reversed cholesterol-induced depletion of GSH in the liver.
The results of our study indicate some potential benefits
of consuming fruits containing both anthocyanins and
iridoids that prevent cardiovascular diseases. Those results
may also be applied in future attempts to produce phyto-
pharmaceuticals containing those substances.
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Abstract

Background. Obesity mediates a series of operations in the body by increasing the production of proinflam-
matory cytokines. Cytokines play an important role in the development of non-thyroidal illness syndrome
(NTIS).

Objectives. The aim of this study was to investigate the association between obesity and NTIS.

Material and methods. A total of 423 subjects were included. The study group was comprised of 219
obese patients without any comorbid disease and the control group was comprised of 204 healthy subjects.
Body mass index (BMI), thyroid hormone levels, high-sensitivity C-reactive protein (hs-CRP) levels, eryth-
rocyte sedimentation rate (ESR), complete blood count, and other biochemical parameters were measured.
Frequencies of NTIS were calculated. Med(alc v. 12.5 software program (MedCalc, Ostend, Belgium) was
used for statistical analysis.

Results. Groups were statistically different according to BMI (p < 0.001). The mean BMIs of the study and
the control group were 34.6 +5.0kg/m? and 22.6 1.8 kg/m?, respectively. Obese patients had higher serum
hs-CRP levels, ESR and white blood cells (WBC) levels (0.99 +:3.17 mg/L vs 0.39 £1.09 mg/L; 17.2£10.6 mm/h
vs 12,6 £8.0mm/h; 78 £2.1 10°/uL vs 6.9 1.5 10°/uL, respectively; p < 0.001). There were 21 (9.5%) obese
patients with NTIS, while there were none NTIS cases in the control group. The difference was statistically
significant (p < 0.001). There was a strong association between obesity and NTIS (odds ratio (OR) = 44.2,
95% confidence interval (Cl) = 2.66—736.3; p = 0.0082).

Conclusions. Inflammation, which is strongly associated with adipose tissue, may lead to NTIS in obese
patients without any comorbid disease.

Key words: obesity, high-sensitivity (-reactive protein, erythrocyte sedimentation rate, white blood cell,
non-thyroidal illness syndrome
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Introduction

Obesity has a high prevalence throughout the world.
The World Health Organization (WHO) reported that
more than 1.9 billion adults were overweight in 2014.
Obesity has become an important public health problem
because of its related complications. It can lead to diabetes
mellitus, hypertension, cardiovascular disease, and other
chronic disorders.!-® Multiple etiological factors have been
connected to the genesis of obesity, of which genetic sus-
ceptibility, high calorie intake, lifestyle, and psychiatric
illness are important.!~*

The production of cytokines, chemokines and coagu-
lation proteins increase in the case of obesity due to the
increased adipose tissue, which is an endocrine organ. This
condition brings about several reactions in the body.>®
These pathophysiological reactions can stimulate endo-
plasmic reticulum stress and inflammation in various cells.
Inflammation and lipotoxicity play an important role in the
progression of chronic diseases associated with obesity.”

Abnormalities in thyroid hormone levels in the absence
of underlying thyroid disease can be found in the case
of acute or severe disease. Illness results in profound
changes in thyroid hormone metabolism called the sick
euthyroid syndrome or non-thyroidal illness syndrome
(NTIS). Although the etiologic mechanism of NTIS is not
well-known, there are several theories regarding the dis-
ease. The 1% theory concerns the difference between the
effects of type I and type II deiodinase, which are medi-
ated by inflammatory cytokines; the 2" theory focuses on
decreased hypothalamus and pituitary response to thyroid
hormones; the 3" theory concerns lower levels of T4 bind-
ing protein and cellular uptake.?

According to the previous studies, obesity is an inflam-
matory disease and inflammation has negative effects
on thyroid metabolism.>”7 The aim of the current study
was to investigate the association between obesity and
NTIS in obese patients without any comorbid disease.

Material and methods

This cross-sectional cohort study was carried out in Nu-
mune Training and Research Hospital, Adana, Turkey,
from December 2013 to May 2015. Approval for the study
protocol was granted by the hospital institutional review
board (approval No: ANEAH.EK 2013/60) and the study
was conducted in accordance with the Declaration of Hel-
sinki, as revised in 2008. Informed consent was obtained
from all participants before enrollment. All applica-
tions were concordant with the Good Clinical Practice
standards.

A total of 423 subjects of both genders were enrolled.
The study group comprised 219 obese patients without
any comorbid disease and the control group comprised
204 healthy subjects. Patients with a diagnosis of any acute
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or chronic disease, and patients with a history of thyroid
diseases (primary, secondary or autoimmune) were exclud-
ed. Pregnant or breastfeeding women were also excluded.

Biochemical tests were performed, and body mass index
(BMI) and blood pressure were measured. Blood pressure
of patients was measured after 10 min of rest with cali-
brated sphygmomanometers (Erka, Bad T6lz, Germany)
atleast 2 times. Body mass index was calculated by weight
[kg]/height [m?].

A venous blood sample for biochemical tests was col-
lected in the morning following overnight fasting. Fasting
glucose, serum lipids, creatinine, aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), insulin, insu-
lin resistance, thyrotropin (thyroid stimulating hormone
— TSH), free triiodothyronine (FT3), free thyroxine (FT4),
erythrocyte sedimentation rate (ESR), and high-sensitivity
C-reactive protein (hs-CRP) levels were measured. A com-
plete blood count was performed. The levels of TSH, FT3,
FT4, and insulin were measured by the Abbott Architect
i2000 SR analyzer system (Abbott Laboratories, Abbot
Park, USA). Fasting glucose, triglyceride, low-density lipo-
protein (LDL) and high-density lipoprotein (HDL) levels
were analyzed with an automatic analyzer (Roche C-501;
Roche, Tokyo, Japan) by using the hexokinase method
(glucose) and the homogeneous colorimetric enzyme test
(triglyceride, LDL and HDL). Other biochemical values
(creatinine, AST and ALT) were analyzed with Beckman
Coulter Synchron LX 20 (Beckman Coulter, Brea, USA),
using commercially available kits (original Beckman Coul-
ter reagents). Complete blood counts were measured with
Sysmex XE 2100i (Sysmex, Kobe, Japan) by fluorescence
flow cytometry. Erythrocyte sedimentation rates were
measured using the Westergren method with Sed Rate
Screener 100 (Greiner Bio-One GmbH, Kremsmiinster,
Austria). The level of hs-CRP was analyzed using the
immunoturbidimetric method with Roche Integra 400
(Roche). Insulin resistance (homeostasis model assessment
of insulin resistance — HOMA-IR) was calculated accord-
ing to the fasting insulin x fasting glucose/405 formulas.

Patients with a BMI higher than 30 kg/m? were defined
as obese. Non-thyroidal illness syndrome was diagnosed
when free FT3 levels were below the normal range, and/or
FT4 levels were within the normal or low values, and TSH
levels were within the normal or low values.’

Statistical analyses were performed using the MedCalc
v. 12.5 software program (MedCalc, Ostend, Belgium).
Categorical measurements were reported as number and
percentage. Quantitative measurements were reported as
mean * standard deviation (SD). The Kolmogorov-Smirnov
test was used to show normal distribution of quantita-
tive measurements. The x? test was used to compare
categorical (gender) measures and frequency of thyroid
dysfunction between the groups. The t-test or the Mann-
-Whitney U test were used for comparison of biochemi-
cal tests and thyroid hormone concentrations between
the 2 groups. Pearson's correlation coefficient was used
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to analyze the degree of association between 2 variables.
A log transformation was used for the variables that were
not normally distributed. The odds ratio (OR) was used
to analyze the degree of association between NTIS and
obesity. An overall p-value <0.05 was considered a statisti-
cally significant result.

Results

The mean age of the study group (obese patients) and
control group (healthy patients) was 38.6 +10.9 years and
37.2 +12.1 years, respectively. There were 163 (74.4%)
women and 56 (25.6%) men in the study group, and 139
(68.1%) women and 65 (31.9%) men in the control group.
There was no statistically significant difference in the age
and gender distribution in the 2 groups (p = 0.065 and
p = 0.153, respectively) (Table 1). The mean BMI of the obese
patients was 34.6 +5.0 kg/m?, while it was 22.6 +1.8 kg/m?
in healthy subjects. The groups were statistically different
regarding BMI (p < 0.001) (Table 1).

The groups were comparable in terms of blood glucose,
triglyceride, HDL, LDL, AST, ALT, and creatinine levels,

Table 1. Demographic and clinical properties of the groups

Variables O'C:Sf g{;))up Hez:tiyzgr“c))up p-value
Age [years] 38.6 109 37.2 £12.1 0.065
Female 163 (74.4) 139 (68.1) 0.153
BMI [kg/m?] 346450 226+1.8 <0.001
Glucose [mg/dL] 91.6 £6.5 90.7 +6.4 0.145
Insulin [uU/mL] 16.3 £14.4 109 £7.5 <0.001
HOMA-IR 34420 24417 <0.001
Triglyceride [mg/dL] 133.1 £47.5 126.9 +57.8 0.082
HDL [mg/dL] 449 +14.6 473 £121 0.064
LDL [mg/dL] 124.5 £34.0 117.3 £26.0 0.144
SBP [mm Hg] 118.0 £10.1 17674 0.654
DBP [mm Hg] 723457 719 £5.1 0.520
ALT [IU/L] 19.2 £9.6 18.5+89 0.095
AST [IU/L] 20.2 +£11.3 18.6 £10.6 0.115
Creatinine [mg/dL] 0.76 £0.22 0.74 £0.24 0.660

Data is presented as mean + standard deviation (SD) or as n (%).

BMI — body mass index; HOMA-IR — homeostasis model assessment
of insulin resistance; LDL — low-density lipoprotein, HDL — high-
density lipoprotein, AST — aspartate aminotransferase, ALT —alanine
aminotransferase; SBP — systolic blood pressure; DBP — diastolic blood
pressure.

Table 2. WBC, ESR and hs-CRP levels of the groups

Variables Okzﬁs:e 291F;J)Up He?':tzyzgr‘:;up p-value
WBC [10%/uL] 7.8 £2.1 69 +£1.5 <0.001
ESR [mm/h] 17.2 £10.6 12.6 £8.0 <0.001
hs-CRP [mg/L] 099 +3.17 0.39 £1.09 <0.001
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as well as systolic blood pressure (SBP) and diastolic blood
pressure (DBP) (p > 0.05, for each) (Table 1). The mean se-
rum insulin level (16.3 +14.4 pU/mL vs 10.9 7.5 pU/mL;
p < 0.001) and HOMA-IR (3.4 £2.0 vs 2.4 +1.7; p < 0.001)
were high in obese patients (Table 1).

The mean serum hs-CRP levels of the study and con-
trol groups were 0.99 +3.17 mg/L and 0.39 +1.09 mg/L,
respectively. There was a statistically significant dif-
ference between the groups regarding the hs-CRP level
(p <0.001) (Table 2). The levels of ESR and white blood cells
(WBC) were higher in obese patients. The mean ESR level
was 17.2 £+10.6 mm/h in obese patients, while it was
12.6 +8.0 mm/h in healthy subjects (p < 0.001). The mean
level of WBC was 7.8 2.1 10%/uL in obese patients, while
it was 6.9 +1.5 10%/uL in healthy subjects (p < 0.001) (Table 2).

The groups were comparable regarding the thyroid hor-
mone levels (TSH, FT3 and FT4) (p > 0.05, for each). There
were 21 (9.5%) obese patients with NTIS, while there were
none NTIS cases in the control group. The difference was
statistically significant (p < 0.001) (Table 3).

Obese patients with NTIS (n = 21) had higher hs-CRP
levels and ESR compared to obese patients without NTIS
(n =198). The level of hs-CRP and ESR in obese subjects with
NTIS were 2.58 £8.3 mg/L and 23.3 £16.2 mm/h, respec-
tively, while they were 0.81 1.9 mg/L and 16.6 +9.7 mm/h,
respectively, in obese subjects without NTIS (p = 0.015 and
p = 0.005, respectively) (Table 4).

Table 3. Thyroid hormone levels and frequency of NTIS of the groups

: Obese group | Healthy group .
Variables (n = 219) (n = 204) p-value
FT3 [pg/mL] 314058 324035 0.090
FT4 [ng/dL] 117 +£0.3 1.11 £0.21 0.095
TSH [mclU/mL] 1.96 £1.0 1.78 £0.88 0.127
Frequency
of NTIS 21(9.5) 0(0) <0.001

Data is presented as mean + standard deviation (SD) or as n (%).
NTIS — non-thyroidal illness syndrome; FT3 - free triiodothyronine;
FT4 - free thyroxine; TSH — thyroid-stimulating hormone.

Table 4. Comparison of obese patients according to NTIS

Variables ObeNs%za(:f)ents Obe’\iilps)it_i)ents p-value
WBC [10°/uL] 77 £2.2 78£2.0 0483
ESR [mm/h] 233 £16.2 16.6 £9.7 0.005
hs-CRP [mg/L] 2.58+8.3 0.81 +1.9 0.015

Data is presented as mean + standard deviation (SD). NTIS — non-
thyroidal illness syndrome; WBC — white blood cells; ESR — erythrocyte
sedimentation rate; hs-CRP — high-sensitivity Greactive protein.

Table 5. Correlations of hs-CRP with BMI, FT3 and HOMA-IR

Variables

r=0416
p <001

r=-0176
p=0.009

r=0.170

hs-CRP =]

Data is presented as mean + standard deviation (SD). WBC — white blood
cells; ESR — erythrocyte sedimentation rate; hs-CRP — high-sensitivity
Creactive protein.

hs-CRP — high-sensitivity Creactive protein; BMI — body mass index;
FT3 - free triiodothyronine; HOMA-IR — homeostasis model assessment
of insulin resistance.
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100 Fig. 1. Correlation between hs-CRP and BMI
In a scatter diagram, the correlation between hs-CRP and BMI
has been shown graphically. The horizontal axis defines hs-
CRP and the vertical axis defines BMI.
BMI — body mass index; hs-CRP — high-sensitivity Greactive
g8 protein.
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A positive correlation was found between hs-CRP level
and BMI (r = 0.416; p < 0.01) (Table 5, Fig. 1), and be-
tween hs-CRP level and HOMA-IR (r = 0.170; p = 0.011)
(Table 5, Fig. 2) in the study group, according to Pearson's
correlation analyses. Additionally, a negative correlation
was found between hs-CRP and FT3 levels (r = —0.176;
p = 0.009) (Table 5, Fig. 3). There was a strong association
between obesity and NTIS (OR = 44.2; confidence interval
(CI) = 95% 2.66-736.3; p = 0.0082).

Discussion

A high frequency of NTIS in obese patients was found
in this study. Moreover, a potent association between NTIS
and obesity was also shown. Non-thyroidal illness syn-
drome is an abnormality of thyroid hormone concentra-
tion observed in a wide variety of acute or severe diseases
without underlying thyroid illness. Inhibition of hepatic
enzyme and deiodinases mediated by inflammatory cyto-
kines strongly contributes to the development of NTIS.!%1!

Obesity degenerates tissue functions and increases the
development of a number of diseases, such as high blood
pressure, atherosclerosis, diabetes, and non-alcoholic fatty
liver disease.*!2 On the other hand, obesity is also an in-
flammatory disease. Expression and secretion of proin-
flammatory cytokines, such as tumor necrosis factor alpha
(TNF-a), monocyte chemoattractant protein 1 (MCP1), in-
terleukin 6 (IL-6), CRP, and plasminogen activator inhibitor
type 1 (PAI-1) are increased by the adipose tissue of obese
individuals.’3-1> As evidence of inflammation, we found
high levels of hs-CRP, ESR and WBC in obese individuals.
We also showed a significant correlation between hs-CRP
and BML In accordance with this link, Ramirez Alvarado
and Sanchez Roitz reported that serum levels of CRP, and
therefore subclinical inflammation, seemed to be associated
with high rates of anthropometric measures in the South
American population.'®

Genes involved in the production and release of T4 and
T3 are severely affected by high concentrations of pro-in-
flammatory cytokines.” Therefore, cytokines play an im-
portant role in the development of NTIS. Interleukin 6 was
found to be negatively correlated with serum T3 concentra-
tions in hospitalized patients.!® Davies et al. reported an as-
sociation between elevated serum IL-6 concentrations
and changes in circulating thyroid hormones in NTIS,
secondary to several medical conditions.”” Tumor necrosis
factor alpha was found to be a mediator of several disorders
leading to hypothalamic-pituitary dysfunction. Research
of the effects of administering TNF-a and IL-1p to animals
and humans showed their possible role in the pathogenesis
of NTIS, with each cytokine stimulating critical illness and
changes of low serum T3.20-23 Further reinforcing this link,
Tognini et al. reported an inverse correlation between FT3
and hs-CRP levels in 301 critically ill patients.?* In the cur-
rent study, we found higher levels of hs-CRP in obese patients
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with NTIS. Additionally, we showed an inverse correlation
between hs-CRP and serum FT3.

Chronic inflammation plays a significant role in the
pathophysiologic mechanism of insulin resistance. In-
creased secretion of TNF-a from the adipose tissue
of obese individuals has been reported previously.>2>2°
Additionally, insulin resistance was found to be associ-
ated with TNF-a levels.>?> Tumor necrosis factor alpha
promotes inflammation and suppresses insulin sensitivity
in insulin target cells. Elevated plasma TNF-a level may
be an important mediator of insulin resistance by im-
pairing insulin signaling.>2%>2¢ Furthermore, CRP, which
is an acute phase reactant and an inflammatory signal,
is commonly elevated in the case of insulin resistant disor-
ders.? In this study, high serum insulin levels and HOMA-
IR index were shown in obese subjects. Moreover, a sig-
nificant positive correlation was shown between hs-CRP
level and HOMA-IR. Low levels of anti-inflammatory and
antidiabetic adiponectins have also been shown in obese
subjects previously.?® In accordance with this link, Menon
et al. examined the effects of surgically removing visceral
adipose tissue in Ames dwarf mice. They concluded that
the altered profile of adipokines secreted by visceral fat
might play a key role in increased insulin sensitivity.?’
Similarly, Masternak et al. investigated the effects of vis-
ceral fat removal in normal and growth hormone receptor-
resistant mice. They reported that visceral fat removal had
a beneficial effect on insulin sensitivity in normal mice.3°
The results of the current study are supported by studies
carried out by both Menon et al. and Masternak et al.2*3°

Our study had also some limitations. Firstly, it could
have been beneficial if reverse triiodothyronine (rT3) had
been measured in obese patients with NTIS. Secondly,
well-balanced diets and regular exercise are important
components of the overall approach to treating obesity.
We suggested well-balanced diets and regular exercise for
all patients. However, we did not check the patients after
weight loss for NTIS.

On the other hand, we have some powerful points.
Firstly, according to the power analyses (80%), the sample
size of the current study was sufficient for clear results.
Secondly, the extensive exclusion criteria is another strong
point. The obese individuals in this study had no disease
other than obesity. According to our best knowledge, this
is the first study that investigates NTIS in obese patients
without any comorbid disease.

Conclusions

In conclusion, NTIS can be found in obese patients
without any comorbid disease. Obesity can degenerate
tissue functions due to the increased expression and se-
cretion of proinflammatory cytokines. Abnormalities
in thyroid hormone levels in the absence of underlying
thyroid disease can be found in the case of severe diseases.
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Inflammation, which is strongly associated with obesity,
can lead to N'TIS in these patients. Finally, obese patients
without any comorbidity should be evaluated for NTIS
before treating thyroid dysfunctions.
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Introduction

Interactions between the temporomandibular joints and
the spine, pelvis or the lower limbs have been investigated
and the values confirmed in numerous studies.!~® This
leads to an interdisciplinary treatment of diseases and
to a holistic approach to health disorders or diseases.

This has been particularly shown in studies concerning
the correlation of dental findings with body posture. Ko-
rbmacher et al. proved a correlation between asymmetrical
posture in the cervical spine and jaw asymmetry as well as
shoulder and pelvis asymmetry (leg length discrepancy)
in children.” Similarly, Saccucci et al. described the as-
sociation of scoliosis with lateral crossbite or a midline
shift.® The relationship between a drooping posture and
prognathism was already presented by Wachsman in 1960.°
Also, Lippold et al. demonstrated significant correlations,
but they pointed out that the changes did not follow any
systematics with respect to orthopedic findings and dental
occlusion in the sagittal plane (Angle's classes).!

In patients without subjective cervical, spine and pel-
vic complaints, Fink et al. indicated an altered passive
range of motion and functional limitations of the shoul-
der, compared to subjects with temporomandibular dis-
orders (TMD).}12 The latter also described increasing
joint disc changes and muscle tension in the shoulder,
back and pelvic area. Saito et al. also related the posture
(plantar arch, lower extremities, pelvis, shoulder and head
posture) and temporomandibular joint changes.> When
patients with the anterior displacement of the articular
disc were compared to a control group without disc dis-
placement, changes were observed in the pelvic, thoracic,
lumbar spine, and head position. The authors emphasized
that no conclusions could be drawn in terms of cause and
effect, but rather the analysis of posture should include
more than 1 component in the prevention and manage-
ment of temporomandibular joint changes. In all studies,
correlations were made between body posture and dental
findings by comparing different patient groups or by pre—
post intervention comparison.

Up to now, there have been no standard or reference
values for patients in particular; reference values could in-
dicate changes in the posture before treatment and validate
changes associated with any dental treatments. Also, clas-
sifications, e.g., of the severity of posture deviations, are
only possible with standard or reference values. The com-
parison between the current posture and standard values
could provide a description of preexisting changes. These
“deviations” could be quantified, e.g., in the form of (para-
metric or non-parametric) percentiles, similar to the Z- or
T-scores of bone density.!3

The optimal physiological posture is the result of the
functional interaction of all body segments, including the
head, thorax, spine, and pelvis. When standing or mov-
ing, all muscles are used to balance the body. Ideally, the
perpendicular line of the body’s center of gravity crosses
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the center of the support surface between the feet, also
termed “center of pressure” (CoP). Both feet carry the body
weight equally.!* Seen from the lateral plane, this vector
optimally crosses the external auditory canal, the dens,
the anatomical-functional spine transitions, the gravity
center at the 2" sacral vertebra, and then through the hip
and knee to the ankle. Any deviation from this optimum
leads to disbalance of the weight-bearing structures with
a local overload of the musculoskeletal system.!*!*> This
change of the body posture can be measured, e.g., by a 3-di-
mensional back scan.

Since standard values for the posture of healthy persons
are lacking, this study tries to define reference values
for the upper body posture in healthy men. These values
can be used to categorize the results of other studies and
to define tolerance ranges. The back of male subjects
in a prone posture was measured by a 3-dimensional back
scanner (video scanning stereography); it measured the
back geometry between the 7" cervical vertebra and the
gluteal cleft. Additional measurements, e.g., of the dis-
tance between selected points or angle measurements,
are possible. This back scanner has been used in sev-
eral studies to correlate the upper body static and dental
findings.!6-1°

Material and methods
Subjects

A total of 102 male volunteers 18-35 years old (mean
age 25.4 +3.6 years) were included in the study. Their body
weight ranged from 57 to 108 kg (mean 77.2 +10.0 kg), their
height from 1.54 to 2.02 m (mean 1.81 +0.07 m) and the
body mass index (BMI) from 18.8 to 30.5 kg/m*® (mean
23.6 +2.3 kg/m?). According to the WHO weight clas-
sification,?® 77.4% of the participants had a normal BMI
(18.5-24.9 kg/m?), 20.6% were pre-obese (BMI: 25-29.9 kg/m?)
and 2% of subjects had obesity I’ (BMI: 30-34.9 kg/m?).

All subjects were healthy and free of complaints regard-
ing the musculoskeletal system. Subjects with disorder
symptoms in the temporomandibular system were ex-
cluded using a questionnaire.?!

Briefly, 91.2% of the subjects reported to be right-handed
and 8.8% were left-handed. 72.4% of the participants were
students, 27.6% were employees in different occupations
(dentist, military musicians, professional athletes, office
workers).

All subjects volunteered to participate in the investiga-
tions. They were informed about the study design before
giving written informed consent. The study was in ac-
cordance with the 1964 Helsinki Declaration and its later
amendments, and was approved by the local medical eth-
ics committee of the Faculty of Medical Science, Goethe
University Frankfurt, Germany (approval No. 307/12).



Adv Clin Exp Med. 2018;27(11):1521-1528

Marked positions

VP Vertebra prominens

(7™ cervical vertebra) |
AISR Angulus inferior scapulae right

Lower scapular angle right
AISL Angulusinferior scapulae left

Lower scapular angle left
SIPSR Spinaliaca posterior superior right
SP Sacrum point
SIPS L Spinailiacap

ior superior left

Calculated positions

SIPSM  Middle point between SIPSL and SIPS R

SM Middle point between the scapular angle AlSL and AISR
AM Middle point between the arms
(if arm position indicators were used)
KA Kyposis apex
(dorsal apex with a vertical tangent, approx. Th6)
P Point with the highest negative surface deflection)
under KA (approx. Th12)
LA Lordosis apex

(ventral apex at the bottom of a vertical tangent, approx. L2)
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Fig. 1. Back scanner MiniRot
Kombi (ABW GmbH,
Frickenhausen, Germany);
3-dimensional phase picture
of the back and marker
position on the back

A — vertebra prominens

(7t cervical vertebra);

B — lower scapular angle left;
C — lower scapular angle
right; D — spina iliaca posterior
superior (SIPS) left; E — spina
iliaca posterior superior (SIPS)
right; F — sacrum-point (cranial
beginning of the gluteal cleft).

Fig. 2. Marked and calculated
positions of the back scan

Measurement system

A 3-dimensional back scan was performed to quan-
tify the upper back posture of a subject standing (Fig. 1).
The scan was taken with the MiniRot Kombi system (ABW
GmbH, Frickenhausen, Germany), using a projector that
projects a zebra pattern on the back, which was video-
graphed. This system represented the back surface in 3
dimensions.

Rotation movements in the shoulder and pelvic area, but
also the shape of the spine (lordotic or kyphotic posture
as well as a sense of a scoliosis posture), were calculated.

An LCD camera captured the stripe pattern from a de-
fined angle (this angle is determined by the permanent

installation of the camera and the projector in the unit).
Thus, the back surface was represented as a phase picture,
which was analyzed by an integrated software program.
To calibrate the phase picture, all test persons were marked
at 6 defined anatomical locations as indicated in Fig. 2.
Thus, always 2 markers allowed a direct detection of an an-
gle for the spine, the shoulder and the pelvic area (Fig. 2).

A back scan of 2 s identified and measured the 6 sur-
face markers, including the calculation and representation
of the 3-dimensional coordinates in a phase picture. Dur-
ing a movement sequence, 15 photos were shot. The maxi-
mal picture frequency of the MiniRot Kombi system
is more than 50 fps with a spatial resolution of 1/100 mm.
The calculation of the 3-dimensional coordinates of the
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back surface is possible with triangulation techniques.
The system error is specified as <1 mm (manufacturer's
information), while the reproducibility is limited by the
calculations of the upper body posture being made from
the markers directly on the skin (<0.5 mm). Artifacts may
occur due to different patient placements in front of the
scanner and have to be avoided, i.e., for each scan the
marker location has to be standardized.

Body scans

The subjects stood barefoot in habitual body and jaw pos-
ture, about 90 cm in front of the back scanner. Their arms
were hanging loosely; the subjects looked horizontally at
the opposite wall. To measure this position, 3 repeated
measurements were taken within 2 min.

Table 1. Detailed list and explanation of the spine parameters

D. Ohlendorf, et al. Standard values of the upper body posture

Evaluation of parameters

To quantify the parameters from the back scan, the 3-di-
mensional phase picture of the back was split into 3 com-
ponents: spine with markers on the 7% cervical vertebra
(C7) and the 3¢ lumbar vertebra (L3), shoulder with mark-
ers at the top of the scapula, and pelvis with the markers
on the left and right spina iliaca posterior superior (SIPS).
The marker position is shown in Fig. 2. A list and explana-
tion of the spine parameters are shown in Table 1, those
of the pelvis parameters in Table 2, and Table 3 contains
the shoulder parameters.

Statistical evaluation
With the initial Kolmogorov-Smirnov test, the normal

distribution can only partly be rejected, so that either para-
metrical tolerance regions or non-parametrical tolerance

Spine parameter

Trunk length D [mm]
Trunk length S [mm]

Sagittal trunk decline [°]

Frontal trunk decline [°]

Axis decline [°]

Thoracic bending angle [°]
Lumbar bending angle [°]

SD of lateral deviation [mm]

Maximal lateral deviation [mm]

SD of rotation [°] of the spine)

Maximal rotation [°]

Kyphosis angle [] IPatVP

Lordosis angle [°]

spatial distance between the markers VP and DM
spatial distance between the markers VP and SP

inclination of the trunk length D marked line from the perpendicular to the sagittal plane
tilt anteriorly, flexion (negative values)
tilt dorsally, extension (positive values)

inclination of the trunk length D marked line from the perpendicular to the frontal plane
tilt anteriorly (negative values) = possible lordosis
tilt dorsally (positive values) = possible kyphosis

deviation of the line of the area marked by the trunk length D line of the 90° rotated distance DL.—DR
— decline between the upper body and the pelvis

deviation of the distance VP—KA from the perpendicular
deviation of the distance KA—LA from the perpendicular
root mean square deviation of the median line of the distance VP—DM

maximum deviation of the median line of the distance VP—DM
negative values = deviation to the left
positive values = deviation to the right

root mean square deviation of surface rotation of the median line (torsion of the spinous processes

maximum positive or negative surface rotation of the median line

angle measured in the sagittal plane between the upper IP of the spine at the thoracolumbar and the

angle between the inflection point at DM and the thoracolumbar inflection point IP

SIPS — spina iliaca posterior superior; VP — vertebra prominens; DM — middle between dimple (= SIPS) left and dimple (= SIPS) right; SP — sacrum point;
DL-DR = distance between dimple (= SIPS) left and dimple (= SIPS) right; KA — kyphosis apex; LA — lordosis apex; IP — inflection point (point of the greatest

negative surface decline); SD — standard deviation.

Table 2. Detailed list and explanation of the pelvis parameters

Pelvis parameter

Pelvis distance [mm] spatial distance between SIPS L and SIPS R

Pelvis height [*] and [mm]

Pelvis torsion [°]

Pelvis rotation (°)

decline of the connecting line between SIPS L and SIPS R to the horizontal in the frontal plane

angle between the surface normal at the 2 dimples SIPS L and SIPS R
negative differential angle = normal at point SIPS L is stronger upward as at point SIPS R
positive difference angle = normal at point SIPS L is stronger downward as at point SIPS R

rotation of the distance SIPS L-SIPS R in the transversal plane

SIPS L — spina iliaca posterior superior left; SIPS R — spina iliaca posterior superior right.
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regions were calculated, defined by the upper and lower
limit for 95% of all values (= +20 values). These values
are results that are found in about 95% of the examined
subjects. Within this tolerance range, all values have to be
considered normal, so that the tolerance ranges estimate
the central part of 95% of the measured subject population.

Furthermore, the two-sided 95% confidence interval (CI)
was calculated; it indicates the possible range for the mean
or median value depending on the distribution quality and
shows the accuracy of these values. For testing group dif-
ferences, the t-test or the Wilcoxon-Mann-Whitney U test
was used. The evaluation of the data was carried out using
Bias v. 11.0 (Epsilon Verlag, Darmstadt, Germany).

Results

The constitutional parameters of body height, body
weight and BMI were not normally distributed. The me-
dian of body weight was 76.0 kg (tolerance range:
59.4-98.9 kg; CI = 74-78 kg). For the body height, a median
of 1.82 m was calculated with a tolerance range between
1.64 and 2.00 m and a CI of 1.80-1.83 m. For the BMI,

Table 3. Detailed list and explanation of the shoulder parameters
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amedian of 23.1 kg/m” was calculated, with a correspond-
ing tolerance range from 19.4 to 29.6 kg/m” and a CI from
22.6 to 23.8 kg/m>

To exclude the influence of handedness on all spine pa-
rameters, they were tested in advance using the t-test or
the Wilcoxon-Mann-Whitney U test. Not all parameters
were significant (p > 0.05).

The posture of an average healthy male was calculated
based on the back scan readings. In Table 4 the spine pa-
rameters are listed as mean or median values, including
tolerance range and CIs. On average, the subjects were
slightly inclined in anterior line of 3.66° (tolerance range:
from 8.35° ventrally to 1.05° dorsally; CI from 4.12° to the
right to 3.20° to the left).

Laterally, a minimal deviation of 0.33° to the right of the
frontal trunk decline was observed. The CI (0.00-0.67°)
includes the perpendicular position, the tolerance range
ranged from -1,79° to the left to 2.33° to the right. Com-
pensatory, the axial deviation (as the inclination between
the upper body and the pelvis) was in the mean value
slightly tilted to the left (-0.34°), with a tolerance range
of +4° and a CI <1° (-0.78° and 0.11°, respectively). This

Shoulder parameter

Scapular distance [mm]

Scapular height []

Scapular rotation [°]

Scapular angle left [°]/scapula angle right [°]

distance between lower scapular angle left (AISL) and lower scapular angle right (AISR)

height difference between the points AISL and AISR
positive value = AISR higher than AISL
negative value = AISR deeper than AISL

rotation of the distance DL-DR in the transversal plane

best fit straight line on the shoulders to the horizontal; the center point of the regression line is set
vertically above AISL/AISR
the greater the angle, the more caudally located the shoulder

AISL — angulus inferior scapulae left; AISR — angulus inferior scapulae right; SIPS — spina iliaca posterior superior; DL-DR — distance between dimple (= SIPS)

left and dimple (= SIPS) right.

Table 4. Spine parameters: mean value, median, tolerance ranges (upper and lower limit), confidence intervals (Cls) (left and right limit)

‘ Mean value/

Tolerance range

Tolerance range

Spine parameter median lower limit veser i Cl left limit Cl right limit

Trunk length D [mm] 47842 423.19 533.66 473.03 483.82
Trunk length S [mm] 52844 470.63 586.25 522.80 534.08
Sagittal trunk decline [°] —3.66 —8.35 1.05 —4.12 -3.20
Frontal trunk decline [°] 0.33* —1.79% 2.33% 0.00* 0.67*
Axis decline [°] -0.34 —4.87 4.20 -0.78 0n
Thoracic bending angle [°] 16.34 9.62 23.07 15.69 17.00
Lumbar bending angle [°] 10.10 3.63 16.58 947 10.74
SD of the lateral deviation [mm] 3.83* 1.33% 10.12% 3.33* 4.00%
Maximal lateral deviation [mm] -3.16* —15.92* 13.31% —5.00% 0.67*
SD rotation [°] 3.67*% 1.54% 9.71% 3.00% 4.00*
Maximal rotation [°] —4.17 -16.46* 12.58* —6.00* 1.67*
Kyphosis angle [°] 45.85 27.24 64.46 44.03 4767
Lordosis angle [°] 30.67% 9.83% 47.75% 29.33* 32.00%

SD — standard deviation; * non-parametrical values.
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implied that there were no obvious differences in the in-
clination between the upper and lower body (Tables 1-3).

The thoracic bending angle was calculated from the dis-
tance between the vertebra prominens and the kyphosis
apex, and indicated the deviation from the perpendicular
line. The median angle was 16.24°, confirming the expect-
ed thoracic kyphosis. Here, wider variations were indicated
by a tolerance range varying by 7° and a CI varying by 0.6°.
Similar variations of the tolerance range and the Cls were
seen in the lumbar region with a flection angle on aver-
age 10.10° (tolerance range: 3.63-16.58° CI = 9.47-10.74°).
The lumbar bending angle describes the deviation of the
distance between the lordosis- and kyphosis apex.

Measurement of the standard deviation (SD) of the
lateral deviation showed a right-sided inclination of the
median line by 3.83° when connecting the points vertebra
prominens (VP) and the center of the pelvic markers.
Both the tolerance range (1.33-10.12°) as well as the CI
(3.33-4") indicated a right-sided deviation.

The SD of the rotation of the spinal column is a marker
of the spinal torsion, considering the direction of the spi-
nous processes of vertebrae. A negative value describes
a rotation to the left and a positive value to the right.
The median rotation was 3.67°, with a tolerance range
between 1.54 and 9.71°, and a CI between 3 and 4°. Conse-
quently, on average a right-sided spinal rotation was found.

The next 2 parameters, the kyphosis and lordosis angle,
had a mean or a median of 45.85° and 30.67°, respectively,
with a substantial tolerance range of approx. £19°and a CI
of about +1.5".

Shoulder parameters are good indicators for upper
body posture; in Table 5 parameters for shoulder position
are compiled, including values for the tolerance ranges
and the Cls.
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The lower spine parameters of the scapula were addition-
ally measured from the fixed markers; the scapula distance
value as an indicator of the variability of the upper body was
179.23 mm, with a tolerance range of 130.24-228.22 mm
and a CI = 174.45-184.01 mm. The scapular height (de-
viation from the horizontal line) refers to a slightly lower
left shoulder blade (3°), whereas the upper and lower limit
of the tolerance range were 22.67° and 15.29°, respectively.
In contrast, the limit of the tolerance range was the data
of the CI in the negative range, so the left shoulder blade
was always located more caudally.

The rotation of the shoulder markers illustrated a mini-
mally more dorsally located right shoulder (0.52°), with
a tolerance range of -5.90-6.94° and a CI of -0.10-1.15".
Only minor differences between the left and right shoulder
blade angle show that the right shoulder was located 3°
(median) more caudally.

The pelvic position anchors the body and is also influ-
enced by the feet length (differences). Table 6 compiles the
parameters found for the pelvis, measured by the back scan-
ner. The distance for the fixed markers on the SIPS refers
to the pelvic width, which is on average 93.68 mm (tolerance
range: 71.34-116.01 mm; CI = 91.50-95.86 mm).

The deviation of the pelvic height (in degrees) identifies
the horizontal plane and deviations from it. Both differ-
ences in pelvic height (in mm) and deviations from the
horizontal line (in degrees) indicate a slightly higher posi-
tion of the left pelvic side (Tables 1-3).

The same applies to the pelvis torsion and rotation, so
that the iliac left is further rotated posteriorly and simul-
taneously tilted further ventrally (mean pelvis torsion:
-0.43° mean pelvic rotation: —0.86°).

Table 5. Shoulder parameters: mean value, median, tolerance ranges (upper and lower limit), confidence intervals (Cls) (left and right limit)

Mean value/median

Shoulder parameter

Tolerance range

Tolerance range

lower limit
Scapular distance [mm] 179.23 130.24
Scapular height [°] -3.00* -22.67
Scapular rotation [°] 0.52 -590
Scapular angle left [°] 26.00* —29.75
Scapula angle right [°] 29.00% -31.12

upper limit Cl left limit Cl right limit
22822 17445 184.01
15.29 -4.33 _067
6.94 —-0.10 115
44.92 24.67 2700
48.79 2767 2967

* non-parametrical values.

Table 6. Pelvis parameters: mean value, median, tolerance ranges (upper and lower limit), confidence intervals (Cls) (left and right limit)

Mean value/median

Pelvis parameter

Tolerance range

Tolerance range

lower limit
Pelvis distance [mm] 93.68 71.34
Pelvis height [°] -0.77 —5.27
Pelvis height [mm] —1.24 —8.61
Pelvis torsion [°] -043 -10.83
Pelvis rotation [°] -0.86 -8.06

Up perlinmit Cl left limit Cl right limit
116.01 91.50 95.86
3.73 -1.21 -0.33
6.13 -1.96 —-0.52
997 —145 0.58
6.33 —-1.56 -0.16

* non-parametrical values.
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Discussion

This paper presents normal values (tolerance range and
CI) for body posture of healthy young males. All participants
were young, healthy men, both students and employees.

Height, weight and BMI of the participants are compara-
ble to those of the average young German males.?? Mensink
et al. measured over 700 adults from the general German
population, who were 1.02 cm smaller, 2.4 kg heavier, and
thus also had by 0.9 kg/m?* higher BMI, within the CI of the
presented values.?? Similar findings were reported by the
German Federal Statistical Office in 2011 for the survey
year of 2009.2

Standard values from a homogeneous group of subjects
eliminate constitutional, habitual and degenerative chang-
es that increase both the tolerance range and C1.24-%” This
prevents comparisons of studies in which such factors may
have an influence on the habitual posture. A similar ap-
proach, using a homogenous group of healthy individuals
for comparison purposes, was used in the definition of os-
teoporosis by bone density, where healthy, 30-year-old
males were selected.?®?° Sex and age differences are
known factors in bone density, as well as other factors,
like TMD and temporomandibular dysfunctions. Possible
reasons have been postulated in hormone levels,?* pain
perception®>?” and connective tissue properties.2

Among the participants of this study, 77% had a nor-
mal BMI, about 15% higher than Mensink et al. found for
18-29-year-old men.?? Since these authors investigated
the relation of overweight with social status, this selection
may have been a confounder in their results. The German
Federal Statistical Office did not collect such data. The dif-
ferences in BMI may also be explained with the selection
of the participants from the school of dentistry, which
indicates a higher social status.

The values of the back scan indicated a characteristic
posture. Only small deviations from an ideal perpendicu-
lar position were noted; the lateral deviation and rota-
tion of the spine were very small; the ventral trunk tilted
marginally to the right side, with a compensatory lumbar
left tilt. All values included exact perpendicular position
in the CI. The spinous processes of the spinal column were
marginally twisted to the right (SD of the rotation), too
(Table 4). The spinal curves, defined by the thoracic or
lumbar flexion angle, and the kyphosis and lordosis angle,
indicated that the angle in the thoracic spine area is larger
than that in the lumbar region (Table 4) and, consequently,
a more kyphotic posture in the sagittal plane could be
observed. The posture was slightly scoliotic, with rotation
component (scapular depression left, right scapula mar-
ginally located more dorsally, high state of pelvic left, iliac
left further rotated posteriorly and simultaneously tilted
further ventrally). The influence of handedness could be
excluded in the parameters. However, it must be considered
that no balance between left- and right-handed subjects could
be seen, since the majority of the study participants reported
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to be right-handed (91.2%). Whether there is an influence
of the dominating leg or of one's preferred chewing side on the
posture of the present investigation, cannot be answered.30-33
An appropriate test method for determining these compo-
nents should be used in further studies on the same topic.

The 3-dimensional back scan is a fast, non-contact meth-
od to calculate body posture and movement. This method
is suitable for measuring pathological body postures, like
attitude pathologies, scoliosis, kyphosis, leg length differ-
ences, and functional movement disorders. Sensitivity and
specificity of the video raster stereographic survey is 98%
and 84%, respectively. The data proportion of false-positive
values is 13.9%.3* Furthermore, Drerup and Hierholzer
showed a strong correlation between the system of raster
stereography and radiological angles with a correlation
coefficient of 0.8-0.93.3>3¢ Hiibner found a highly variable
perpendicular deflection as well as kyphosis and lordosis
angles; however, that study used a system from a different
manufacturer.’” The data differences indicate the need
for calibrating values when comparing kinematic values
obtained with different technical systems.

All participants were encouraged to assume the same pos-
ture to prevent differences in position, which could influence
vertebral and surface rotations.*® To reduce motion artifacts,
multiple measurements were carried out, and the average
values from 2-minute measurements were used for the analy-
sis. Another possible influence factor is the accuracy of the
anatomical marker fixation. Drerup and Hierholzer found
a 1-millimeter variation of the lumbar spine dimple.*

Measuring exactly the back surface in overweight sub-
jects is described by Asamoah et al.>* They observed a sig-
nificantly lower correlation between video raster stereogra-
phy and X-ray measurements with a correlation coefficient
of 0.56. Furthermore, they mentioned that the constitution
had an impact on the accuracy of the data, but without
quantifiable factors. Since in the present study 77% of the
participants were of normal weight, this artifact was less
relevant. It cannot be conclusively confirmed whether the
back geometry of the remaining volunteers with an in-
creased BMI was detected accurately with the system.

The system used in the present study allows for correc-
tion with manually placed markers. Correcting the measure-
ments in this way after scanning resulted in deviations of
up to +5 mm, as quantified in a study with a different back
scanner.?’ In order to quantify the precision of the markers
on a subject, the back side anatomical landmarks were posi-
tioned 12 times on the back of 1 individual under the same
conditions (unpublished results). The markers could be placed
with a standard deviation of 0.91%. Thus, a maximal error from
marking and data evaluation of 2% can be safely assumed.

Video raster stereography is a suitable method to mea-
sure the 3-dimensional back surface. Using this method for
healthy young men ensures that they have an almost ideally
balanced posture, with minimal ventral body inclination
and a marginal scoliotic deviation. The normal values al-
low a comparison of other control and patient data.
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Abstract

Background. Cathepsin B (CatB) belongs to a family of lysosomal cysteine proteases and plays an important
role in intracellular proteolysis.

Objectives. The concentration of CatB and 205 proteasome was evaluated in the serum of children with
appendicitis, before and after surgery, on a basis of an innovative method for determining biomolecules
concentration — surface plasmon resonance imaging (SPRI) biosensor.

Material and methods. Forty-two children with acute appendicitis, who were treated at the Depart-
ment of Pediatric Surgery (Medical University of Bialystok, Poland), were randomly included into the study
(age: 5—17 years, mean age: 11.5 +1 year). There were 15 girls and 27 boys in the study group. Eighteen
healthy, age-matched subjects, admitted for planned surgeries, served as controls. Exclusion criteria were
the following: severe preexisting infections, immunological or cardiovascular diseases that required long-
term medication, and complicated cases of appendicitis with perforation of the appendix and/or peritonitis.

Results. The (atB concentrations in the blood plasma of patients with acute appendicitis were elevated
before surgery, they were the highest 24 h after surgery, and were above the range of concentrations mea-
sured in controls; the difference was statistically significant. The CatB concentration measured 72 h after the
operation was decreased, but still did not reach the normal range when compared with the concentration
measured in controls (p < 0.05).

Conclusions. Cathepsin B concentration may reflect the metabolic response to acute state of inflamma-
tion, surgical intervention in the abdominal cavity and the process of gradual ebbing of the inflammation.
The method of operation — classic open appendectomy or laparoscopic appendectomy — does not influence
the general trend in the CatB concentration in children with appendicitis. There s a strong positive correlation
between the (atB and 205 proteasome concentrations 24 h after surgery. The SPRImethod can be successfully
used for determining the concentration of active forms of enzymes presented in lysosomes in the diagnosis
of inflammatory conditions in the abdominal cavity.

Key words: appendicitis, inflammation, proteasomes, cathepsin B, surface plasmon resonance imaging
biosensor
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Introduction

Cathepsins are a family of acidic endopeptidases, the
activity of which is restricted to the lysosomal compart-
ment under physiological conditions.! Cathepsins take
part in protein turnover by degrading unneeded proteins
into amino acids.! Various pathologic stresses, such as
global cerebral ischemia, induce the release of cathepsins
into the cytoplasm, where they perform their proteolytic
function and can promote direct cell degradation.!-® Cathep-
sin B (CatB) directly activates caspase-11 and/or caspase-1
pathways, e.g., in focal cerebral ischemia, and confirms that
apoptosis, necrosis and autophagia are interrelated mecha-
nisms that can act in synergy and lead to cell death in acute
pathologic conditions.! Cathepsin B is also responsible for
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB) activation through autophagy degradation
of inhibitor of kBa (IkBa) in microglia and macrophages.*
The inhibition of CatB can rescue cells from tumor necrosis
factor (TNF)-induced apoptosis.® The inhibition of cathepsins
leads to significant neuroprotection, because treatment with
aspecific CatB inhibitor significantly reduces infarct volumes.!

Elevated levels of CatB in fibroblasts are typically observed
in many chronic inflammatory diseases, including rheuma-
toid arthritis as well as periodontitis, because CatB promotes
inflammation involved in the production of mature interleu-
kin 1f (IL-1p).+¢-8 Interleukin 1 is a potent pro-inflammatory
cytokine that is crucial for host-defense responses to infection
and injury.’ Lysosomal membrane rupture and CatB activity
are important for the activation of the NLRP3 inflammasome
in response to some stimuli, where the inhibition of CatB at-
tenuates IL-1P release. 1! Cathepsin B also degrades collagens
in fibroblasts and leads to tissue destruction.*!2

Proteasome is generally considered a dominating
component in protein degradation pathway.!®* Through
degrading regulatory proteins or their inhibitors, pro-
teasome regulates many cellular transduction pathways.
The ubiquitin-proteasome pathway also offers extremely
high substrate specificity and the ability to quickly al-
ter the rate of proteolysis.!* Extracellular proteasomes
have been found to circulate in the plasma of patients
suffering from a variety of inflammatory, autoimmune
and neoplastic diseases.*"2! In various pathologic con-
ditions, the concentration of circulating proteasomes
correlates with disease activity.1*-2! The release of pro-
teasome in the serum may be a result of membrane dis-
ruption. Endothelial cells, vascular smooth muscle cells
and tubular epithelial cells all release proteasome-active
vesicles when injured in vitro.'* A study by Ito et al. dem-
onstrated that extracellular 20S proteasome not only
is released from cells, but also plays a functional role
in physiological processes.’

Using the surface plasmon resonance imaging (SPRI) bi-
osensor, we wanted to determine the concentration of CatB
in the diagnostics of inflammatory condition located in the
abdominal cavity and its correlation with 20S proteasome.

E. Matuszczak, et al. Cathepsin B in children with appendicitis

Material and methods

Forty-two children with acute appendicitis, who were
treated at the Department of Pediatric Surgery of Medical
University of Bialystok, Poland, between 2013 and 2014,
were randomly included into the study (age 5-17 years,
mean age 11.5 +1 year). There were 15 girls and 27 boys
in the study group. Twenty-six children were subjected
to laparoscopic appendectomy, while 16 children were sub-
jected to classic open appendectomy. Eighteen healthy, age-
matched subjects, admitted for planned surgeries, served
as controls. Exclusion criteria were: severe preexisting in-
fections, immunological or cardiovascular diseases that
required long-term medication, and complicated cases
of appendicitis with perforation of the appendix and/or
peritonitis. All parents of our patients gave written in-
formed consent for both a clinical and biochemical follow-
up. We did not note any postoperative complications in our
patients after appendectomy. All patients were discharged
home on the 3" day after surgery in good general state.

Venous blood samples (1-2 mL) were drawn on admis-
sion, 24 h after the appendectomy and 72 h after the ap-
pendectomy. Blood samples were collected in ethylene-
diaminetetraacetic acid (EDTA) tubes; the plasma was
prepared according to standard protocols and was stored at
-80°C. After all blood samples were collected and patient
data recorded, the CatB and 20S proteasome concentra-
tions were assessed using SPRI by the investigators blinded
to other data.?

Procedure of cathepsin B
and 20S proteasome determination

The CatB and 20S proteasome concentration was deter-
mined using the SPRI biosensor. The exact description of the
methodology of measurements and biosensor design was set
out in previous papers.?? Gold chips were manufactured as
described in other papers.23-% The gold surface of the chip
was covered with photopolymer and hydrophobic paint.

Biosensor preparation

Chips were rinsed with ethanol and water, and then dried
under a stream of nitrogen. They were then immersed
in 20 mM of cysteamine ethanolic solutions for 2 h and,
after rinsing with ethanol and water, dried again under
a stream of nitrogen.

Surface plasmon resonance
imaging measurements

Surface plasmon resonance imaging for the protein
biosensor array was performed as described in another
study.?®

Plasma samples from healthy children admitted for
planned surgeries (n = 18) and from our patients after
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appendectomy (n = 42) were diluted 2-fold with phosphate-
buffered saline (PBS) (Biomed-Lublin, Lublin, Poland) and
transferred onto the sensor surface for 10 min. The vol-
ume of the sample applied on each measuring field was
2 uL. The SPRI technique allows sensitive determination
of proteins using highly specific enzyme-inhibitor interac-
tions. An immobilized cystatin C (potent inhibitor of ly-
sosomal proteinases) was purchased from Sigma-Aldrich
(St. Louis, USA) and used for the CatB entrapment on the
biosensor surface. The biosensor construction and opti-
mization of measurement conditions used were previously
described.? Briefly, plasma samples were placed directly
on the prepared biosensor for ~10 min to allow interaction
with the inhibitor (cystatin C). The biosensor was washed
with water and HBS-ES buffer solution, pH = 7.4 (0.01 M
4-(2-hydroxyethyl)piperazine-1-ethanesulfonicacid, 0.15M
sodium chloride, 0.005% Tween 20, 3 mM EDTA) (all
Biomed-Lublin, Lublin, Poland) to remove unbound
molecules from the surface. The SPRI signal was mea-
sured twice on the basis of registered images, following
the immobilization of cystatin C, and then following
the interaction with CatB from the samples. The signal,
which is proportional to coupled biomolecules, was ob-
tained by calculating the difference between the signal
prior to and following the interaction with biomolecules.
The concentration was determined using the calibration
curves of the SPRI signal depending on the concentration
of CatB (Calbiochem; Merck, Warszawa, Poland).

Statistics

The Mann-Whitney U test and the Kruskal-Wallis H test
with Dunn’s post hoc correction to control for multiple test-
ing were used to compare differences between groups. Sta-
tistical analyses were calculated with the STATISTICA PL

1531

(StatSoft Inc., Tulsa, USA) v. 10.0 program. A two-tailed
p < 0.05 was considered significant. Correlations were ex-
amined by linear regression (r) using the Spearman's test.
We presented median concentrations of CatB and 20S
proteasome in children with appendicitis before surgery,
as well as 24 h and 72 h after the appendectomy.

Results

The CatB concentrations in the blood plasma of patients
with acute appendicitis were elevated before surgery, they
were the highest 24 h after surgery, and were above the
range of concentrations measured in controls, with the
difference being statistically significant. The CatB concen-
trations measured 72 h after the operation were low, but
still did not reach the normal range when compared with
the concentrations measured in controls (p < 0.05) (Fig. 1).

The 20S proteasome concentrations in the blood plasma
of patients with acute appendicitis were the highest be-
fore surgery, and were above the range of concentrations
measured in controls, with the difference being statisti-
cally significant. The 20S proteasome concentrations mea-
sured 24 h and 72 h after the operation slowly decreased
over time, and still did not reach the normal range when
compared with the concentrations measured in controls
(p < 0.05) (Fig. 2). There was no statistical difference
between the CatB and 20S proteasome concentrations
in children operated on laparoscopically and in children
after classic appendectomy (data not shown). There was
a strong positive correlation between the CatB and 20S
proteasome concentrations 24 h after the surgical inter-
vention (r = 0.5871; p = 0.00004) (Fig. 3). Both proteasomal
and lysosomal systems are responsible for proteolysis,
which is more intensive under pathologic conditions, and,

30
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BvsCgp<0.05

20

15 =

10

cathepsin B concentration [ng/mL]

CvsCgp <0.05

Fig. 1. Cathepsin B concentration in the plasma

of children with acute appendicitis before (A), 24 h
after (B) and 72 h after (C) appendicitis surgery, and
in control group (Cg)
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in this case, was induced by inflammation and enhanced
by surgical intervention. There were no such correlations
before and 72 h after the surgery (p > 0.05).

Discussion

Appendicitis is caused by a blockage of the hollow por-
tion of the appendix, most commonly by a calcified “stone”
made of feces, but also by inflamed lymphoid tissue from
a viral infection, parasites or tumors. This blockage leads
to increased pressure in the lumen of the appendix, de-
creased blood flow in the appendiceal wall and bacte-
rial growth inside the appendix, causing inflammation.
The combination of inflammation, reduced blood flow
to the appendix and distention of the appendix causes
tissue injury and tissue death.

36 38

Protein degradation occurs in response to the activation
of intracellular signaling pathways that increase the activ-
ity of the ubiquitin-proteasome, calcium-induced calpains
and apoptotic regulators, such as caspase-3.22% Various
pathologic stresses induce the release of cathepsins — acidic
endopeptidases, the activity of which is restricted to the
lysosomal compartment — into the cytoplasm, where they
perform their proteolytic function and can promote direct
cell degradation.!

Cathepsin B is released from lysosomes after the activa-
tion of specific apoptotic inducers, such as death recep-
tors of the TNF family, transforming growth factor-beta 1
(TGE-B1), p53, and sphingosine, as well as during oxidative
stress and starvation. Sphingosine induces lysosomal per-
meabilization in a CatB-dependent manner.l">

In our study, we found that the CatB concentrations
in the blood plasma of patients with acute appendicitis were
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elevated before surgery, they were the highest 24 h after
surgery, and 72 h after the surgical intervention they were
still above the range of concentrations measured in con-
trols. This reflects the metabolic response to acute state
of inflammation, surgical intervention and the process
of gradual ebbing of the inflammation. We can conclude
that lysosomal proteolysis connected with CatB activity
was induced by inflammation and exacerbated by surgical
intervention. Positive correlation between the CatB and
proteasome concentrations 24 h after surgical intervention
indicates higher destruction of cells and higher release of
their content into the blood.

Apparently, the method of operation — classic open ap-
pendectomy or laparoscopic appendectomy — did not in-
fluence the general trend in the CatB and 20S proteasome
concentrations in the blood of children with appendicitis.
We may hypothesize that the resection of the appendix
itself, regardless of the method of the operation, is the most
influential factor in the process of reducing the inflamma-
tion resulting from acute appendicitis.

Cathepsin B regulates collagen expression by fibroblasts
via prolonging toll-like receptor 2 (TLR2)/NF-kB activa-
tion during chronic inflammation and oxidative stress.* It
isinvolved in degrading the intracellular and extracellular
collagen produced by fibroblasts, thereby influencing the
mechanisms of delayed tissue repair during chronic in-
flammation. Collagen type III and type IV in fibroblasts
are important in wound healing and tissue remodeling.*
Considering the role of CatB in collagen expression, CatB-
specific inhibitors may be a useful approach for improving
inflammation-delayed connective tissue repair, such as
that found in dermatitis and periodontitis.*

Cathepsin B was also hypothesized to be involved in the
generation of chronic pain.? It was demonstrated to be
involved in the production of IL-1p, which is a key pain-
related molecule.? The role of CatB in inflammatory pain
suggests that CatB-specific inhibitors may represent a use-
ful new strategy for treating inflammation-associated pain,
such as arthritic pain and postoperative pain.?’

Cathepsin B expression is greatly upregulated in trau-
matic brain injury (TBI) animal models, as well as in trau-
ma patients. Knockout of the CatB gene in TBI mice results
in substantial improvements of TBI-caused deficits in be-
havior, pathology and biomarkers, as well as improvements
in related injury models.?° During the process of TBI-in-
duced injury, CatB likely escapes the lysosome, its normal
subcellular location, into the cytoplasm or extracellular
space. Cathepsin B in the extracellular space can induce
neuronal cell apoptotic death. Non-brain polytrauma
patients show increases in plasma CatB activity dur-
ing the 1% day after trauma, which subsequently falls
to moderately elevated levels by the 3" day and remains
roughly at that level for up to 2 weeks.3° Importantly, the
increase in plasma CatB activity correlates with the sever-
ity of injury.3-32 Deleting or inhibiting CatB improves
outcomes in injury models related to TBI, including
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epilepsy, aneurysm, ischemia, pain, surgical trauma, spinal
cord trauma, infectious disease, and neurodegeneration.°

Cathepsin B is also a candidate target for inhibiting he-
patocyte apoptosis in liver diseases.®> Both genetic and
pharmacologic inactivation of CatB reduces liver injury,
inflammation and hepatic fibrogenesis during cholesta-
sis.2* Cathepsin B-mediated liver injury not only causes
apoptosis, but also stimulates the production of proin-
flammatory chemokines.? Furthermore, inhibiting CatB
catalytic activity with selective protease inhibitors, such as
R-3032, might be a potential therapeutic option for chole-
static liver injury, inflammation and fibrosis.

Cathepsin B is a potential drug target for several dis-
eases, including various cancers, pancreatitis, liver fibrosis,
rheumatoid arthritis, viral Ebola, bacterial Streptococcus
prneumoniae meningitis, TBI, and parasitic Trypanosoma
cruzi infections.*3034-43 We strongly believe that further
studies on CatB and its relation with inflammation located
in the abdominal cavity and surgical interventions may
bring future clinical implications.

Conclusions

Cathepsin B concentration may reflect the metabolic re-
sponse to acute state of inflammation, surgical intervention
in the abdominal cavity and the process of gradual ebbing
of inflammation. The method of operation — classic open ap-
pendectomy or laparoscopic appendectomy — does not influ-
ence the general trend in the CatB concentration in children
with appendicitis. There is a strong positive correlation be-
tween the CatB and 20S proteasome concentrations 24 h after
surgery. Biosensors with SPRI as a detecting method can be
successfully used for determining the concentration of active
forms of enzymes presented in lysosomes in the diagnostics
of inflammatory condition in the abdominal cavity.
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Abstract

Background. Both positive and negative associations between developmental enamel defects (DED) and
dental caries have been reported in the literature.

Objectives. The aim of this study was to assess the prevalence of DED of permanent dentition and its as-
sociation with dental caries in schoolchildren living in Poznar (Wielkopolskie Voivodeship, Poland).

Material and methods. A total of 2,522 6™ grade children and 3,112 1 grade children were examined.
Developmental enamel defects were described using the modified Developmental Defects of Enamel Index.
Dental caries experience was assessed in accordance with the number of decayed, missing and filled teeth
(DMFT).

Results. The study revealed 475 children (9.6%) to have at least T enamel defect of permanent dentition.
In 61-graders, statistical analysis confirmed significant differences between DMFT, DT (decayed teeth) and
FT (filled teeth) numbers of various DED groups with subjects affected by diffuse opacities having generally
the lowest caries indices and subjects with enamel hypoplasia and/or demarcated opacities having the
highest caries indices. In both age groups, dental caries prevalence was statistically significantly higher
in subjects with hypoplasia and/or demarcated opacities as compared to subjects without DED or with
diffuse opacities (p < 0.05).

Conclusions. The prevalence of DED in the examined population was low and comparable to those reported
in regions without fluoridated water. The study confirmed that children affected by diffuse enamel opaci-
ties were less susceptible to dental caries, while demarcated opacities and hypoplasia should be considered
important dental caries risk factors.

Key words: dental caries, tooth abnormalities, enamel hypoplasia, dental fluorosis
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Introduction

Scientific research has demonstrated that ameloblasts,
which are secretory cells that produce tooth enamel, are
highly sensitive to changes in their environment. Since
enamel is formed only during a certain period of tooth
development, dysfunction of ameloblasts may lead to per-
manent morphological consequences, namely, develop-
mental enamel defects (DED). Defective formation of the
enamel matrix results in hypoplasia, a quantitative defect,
presented as a reduced thickness of enamel. Defective cal-
cification of an otherwise normal fully developed organic
enamel matrix produces qualitatively defective enamel
(hypomineralization). Clinically, enamel with hypominer-
alization has normal thickness, but changed translucency,
which is presented as white, yellow, or brown diffuse, or
demarcated opacities. Diffuse opacities spread over the
enamel surface without a clearly defined margin, while
demarcated opacities have distinct boundaries with the
adjacent normal enamel.1**

A very wide spectrum of etiological factors, including
genetic, systemic, local, and environmental factors, may
lead to the development of DED. Defects caused by genetic
factors form a separate entity, usually affecting both the
primary and permanent teeth. They are less common than
those resulting from acquired causes. As far as environ-
mental factors are concerned, fluoride exposure has been
reported to be the main determinant of the prevalence
of DED in the given population.'* Several studies have also
shown that teeth are very sensitive to the effects of dioxins,
which arrest the degradation and removal of enamel matrix
proteins.>® Other etiological factors of DED include vari-
ous metabolic disturbances, prematurity, irradiation, fever,
infections, nutritional deficiencies, and direct traumas
to cells, which lead to unfavorable changes in the environ-
ment of enamel-forming cells.-*°

Developmental enamel defects with a similar appear-
ance are not necessarily caused by similar agents and the
same insult can produce different defects depending on the
stage of tooth development.! However, some types of DED
are usually linked to specific etiological factors. The eti-
ology of the diffuse opacities is generally thought to be
associated with excessive fluoride exposure during tooth
development.?’ Demarcated opacities and hypoplasia are
related to systemic conditions influencing teeth develop-
ment, such as infections, antibiotic therapy, nutritional de-
ficiencies, low birth weight, and exposure to dioxins.>*%?°
Also, the common causes of localized hypomineralization
or hypoplasia in permanent dentition are chronic periapi-
cal infections and traumatic injuries within deciduous
predecessors.!%11

Developmental enamel defects have a significant im-
pact on oral health, compromising esthetics, increasing
tooth sensitivity and altering occlusal functions. In ad-
dition, many studies have highlighted the possibility
of some types of DED being important risk factors for
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caries and erosions of the hard dental tissues.!>1® Enamel
hypoplasia and demarcated opacities have been frequently
reported to increase dental caries experience, due to the
irregular, retentive surfaces leading to plaque accumu-
lation and higher acid solubility of the affected enamel,
respectively.12:1316

Data concerning prevalence of enamel defects in Poland
is sparse, since children are not routinely screened for DED
in Polish national epidemiological surveys.

The aim of the present study was to assess the prevalence
of various types of DED in permanent dentition and its
association with dental caries in the population of Pol-
ish children living in the city of Poznan (Wielkopolskie
Voivodeship, Poland).

Material and methods

The Ethical Committee of Poznan University of Medi-
cal Sciences granted its approval for this study (Resolu-
tion No. 466/10). The study involved the assessment
of DED prevalence and dental caries experience in the
city of Poznan (Wielkopolskie Voivodeship, Poland) and
was a part of dental screening financed from the Poznan
City Council’s budget. Prior to the study, the parents of all
children had received a letter about the examination and
had been asked to give consent for their children participa-
tion in the investigation.

Schoolchildren of grades 1 and 6 (5-8-year-olds and
11-15-year-olds) were examined for DED and dental caries.
Of the overall number of 8,165 1%- and 6‘"-grade children
attending 81 public primary schools in Poznar, Poland,
5,634 children from 75 schools could enter the study.
The remaining pupils were either not present on the day
of the examination, or the school director or parents had
not signed the consent for examination.

A total of 2,522 6™-grade children (1,343 girls and
1,179 boys) and 3,112 1%t-grade children (1,572 girls and
1,540 boys) were examined, with 705 excluded, as they did
not have permanent 1% molars fully erupted, leading to the
final sample size of 4,929 children.

The mean age of the younger subjects was 6.9 +0.4 years
(+ standard deviation (SD); range 5-8 years), while the
mean age of the older subjects was 12.02 +0.22 years (+ SD;
range 11-15 years).

According to the information from the Sanitary Inspec-
tion, the natural level of fluoride in the tap water in Poznan
in 1995-2005, measured at various points of the water
mains, ranged from 0.3 to 0.9 mg/L.

In Poland, parents and their children are subject to com-
pulsory national health insurance. Professional oral health
care for children is covered by this insurance. Since 2003
all primary schoolchildren have been included in the
school program of supervised brushing with 1.25% fluo-
ride gel (6 times per year).

Dental examinations were conducted in classrooms at
the beginning of 2010 by 7 calibrated dentists from the
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Department of Pediatric Dentistry of Poznan University
of Medical Sciences. Subjects were examined under the
following conditions: the child was seated in a chair, and
an examiner stood in front of the chair with a headlamp,
a mouth mirror and a WHO probe.

Developmental enamel defects were examined using
the modified Developmental Defects of Enamel Index for
screening surveys, recording the categories of demarcated
and diffuse opacities and hypoplasia.? Teeth were inspect-
ed wet without previous professional cleaning. The status
of the subject was defined according to the most severe
defect seen in the subject. If a subject showed teeth with
diffuse and demarcated opacities, they were designated as
having demarcated opacities. Having teeth with opacities
and teeth with hypoplasia was designated as having enamel
hypoplasia. The prevalence of DED was determined by the
inclusion of any individual who has been found to have at
least 1 tooth affected by the condition.

The dental caries experience was assessed in accordance
with the number of decayed (DT), missing (MT) and filled
teeth (FT) calculated for all permanent teeth as the number
decayed, missing and filled teeth (DMFT). Caries prevalence
was calculated as a percentage of individuals with DMFT >0.

Caries diagnosis was carried out by visual and tactile
examination, using an artificial light, a mouth mirror and
a blunt dental probe. Active caries was recorded as present
when the respective lesion showed an unmistakable cavity,
undermined enamel or a detectably softened area. A probe
was used to confirm the visual evidence of caries. Areas
with visual evidence of demineralization, presenting no
soft surface, were considered sound. A dental explorer was
used for detecting the cavities on the proximal surfaces.
Apart from that, if caries in dentine was visualized as a loss
of translucency producing a shadow in a calculus-free and
stain-free proximal surface, it was recorded as proximal
decay, too. A tooth filled due to decay was recorded when
a tooth had at least 1 permanent restoration placed to treat
caries. Fissure sealants were not included in the FT com-
ponent of the DMFT. The MT component was recorded
when a tooth had been extracted due to caries complica-
tions (verified by interview).

Prior to the examination, a calibration exercise was
conducted between examiners on a group of 30 patients,
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apart from the main study. The inter- and intra-examiner
concordances assessed with Cohen’s kappa coefficient were
all above 0.75.

Data analysis was performed with STATISTICA v. 12
(StatSoft Inc., Tulsa, USA) for Windows 10, assuming
p < 0.05 as the level of statistical significance.

Statistical significance for differences between propor-
tions was assessed using the x? test.

After performing the Shapiro-Wilk normality test, a non-
parametric Kruskal-Wallis analysis of variance (ANOVA)
was used to assess any differences in the mean DMFT, and
its DT, MT and FT components of different DED groups.
If a statistical difference was detected, post hoc non-para-
metric multiple comparisons of mean ranks procedures
were used to compare individual pairs of means. In order
to compare the risk of having caries between different DED
groups, the odds ratio (OR) was calculated.

Results

Table 1 shows the prevalence of various types of DED
as well as the effects of gender and age on the prevalence
of enamel defects.

Out of the 4,929 children in the study, 475 children (9.6%)
had at least 1 enamel defect of permanent dentition. Over-
all, the prevalence of DED in the older group was statisti-
cally significantly higher as compared to prevalence of DED
in younger children (p = 0.0000). The presence of DED was
not significantly associated with gender (p > 0.05).

No cases of generalized enamel defects, suggestive of ge-
netically determined amelogenesis imperfecta, were de-
tected in this study.

The prevalence of enamel hypoplasia was statistically
significantly lower as compared to the prevalence of both
types of opacities (p < 0.001). The percentage of subjects hav-
ing diffuse and demarcated opacity was similar (3.7 vs 4.0,
respectively).

Table 2 summarizes dental caries indices in 2 age groups
according to different DED variables. Statistically signifi-
cant differences were detected in both age groups. In the
younger group, Kruskall-Wallis ANOVA detected statisti-
cally significant differences between DMFT, DT and FT

Table 1. Number of subjects (n) with hypoplasia, demarcated opacities and diffuse opacities in both age groups and both genders

Diffuse opacity

x? test (subjects with DED

e vs subjects without DED)

Type of DED Hypoplasia Demarcated opacity
Subjects
1--graders 46 19 64 2.7
6th-graders 48 19 135 54 1
Females 48 19 110 43 1
Males 46 20 89 3.8
Total 942 19 199 4.0 1

73
09
02
80
82

30 2,224 924

0.0000
43 2,230 88.4
4.0 2,318 89.9

0.2639
34 2,136 90.9
3.7 4,454 90.4

DED — developmental enamel defects;?p = 0.0000 as compared to subjects with demarcated opacity or diffuse opacity.
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numbers in groups affected by different types of DED
(p < 0.0001; p = 0.0001; p = 0.0181, respectively). Post hoc
non-parametric multiple comparisons of mean ranks
confirmed this statistically significant difference only
for DMFT of subjects affected by demarcated opacities
and/or hypoplasia, as compared to subjects without DED.
In 6"-graders, post hoc tests confirmed statistically sig-
nificant differences between DMFT, DT and FT numbers
of various DED groups with subjects affected by diffuse
opacities having generally the lowest caries indices and
subjects with enamel hypoplasia and/or demarcated opac-
ity having the highest caries indices.

In both age groups, dental caries prevalence was statisti-
cally significantly higher in subjects with hypoplasia and/
or demarcated opacity as compared to subjects without
DED or with diffuse opacities (p < 0.05).

Estimation of the OR showed that children with de-
marcated or hypoplastic defects had several folds higher
risk of having caries compared with those without DED
(OR = 2.83 for 1*t-graders, OR = 2.51 for 6"-graders) or
those who had diffuse opacities (OR = 2.31 for 1-graders
and OR = 4.24 for 6''-graders). Older subjects without DED
had a higher risk of having caries as compared to those
with diffuse opacities (OR = 1.69).

Discussion

The overall prevalence of DED in permanent dentition
(9.6% of the affected subjects) is at the lower end of the
findings from other studies carried out in areas with and

J. Opydo-Szymaczek, et al. Enamel defects and dental caries in children

without fluoridated drinking water. Similar rates of preva-
lence were observed in children residing in low fluoride
area of Naples (Italy) and Campeche (Mexico) (9.8% and
7.5%, respectively), while much higher figures were report-
ed during a multicenter epidemiological study (from 43%
in Greece to 70% in the Netherlands) and in a population
of 14-year-old boys in Saudi Arabia (75%).17-2°
Examinations of 1*-grade and 6'"-grade children in the
Srem Commune (Wielkopolskie Voivodeship, Poland),
where the level of fluoride in the drinking water ranges
from 0.1 to 0.4 mg/L, revealed 25.7% of the subjects to have
at least 1 permanent 1*t molar or incisor affected by DED.2!
Prevalence rates of DED in areas with water fluoridation
ranged from 26.1% for residents of the city of Araraquara,
Brazil, up to 92.1% for children in Hong Kong.??-23
Researchers examining fluoridated communities report-
ed a higher prevalence of diffuse defects, which should
be attributed to the higher fluoride exposure of children
during critical periods of enamel formation. In the study
by Arrow et al. (2008), 47% of 7-year-old schoolchildren
from the fluoridated region of Western Australia had per-
manent 1% molars affected by white diffuse opacities and
in the study by Milsom et al. (1996), 40% of 8—9-year-olds
from fluoridated Cheshire (UK) had diffuse defects on the
permanent incisors.?*-2>
In Poland, drinking water is not artificially fluoridated.
In most of the country, fluoride concentration in drink-
ing water is below 0.3 mg/L, although in some localities
it exceeds 1.0 mg/L.2° Fluoride content in the water of the
city of Poznan in 1995-2005 ranged from 0.3 to 0.9 mg/L,

Table 2. Dental caries prevalence (%) of permanent dentition, DMFT numbers in various DED groups of younger and older subjects

Subjects without DED

Subjects with demarcated

Subjects with diffuse p-value (non-parametric

opacities or hypoplasia

opacities Kruskal-Wallis ANOVA)

1*t-grade children

N 2,224 110 73

DMFT 0.17 £0.59 0.38 +£0.80° 0.18 £0.51 0.0000
DT 0.11 £0.45 0.28 £0.73 0.03 £0.16 0.0001
MT 0.00 £0.00 0.00 +£0.00 0.00 £0.00 NA
FT 0.06 £0.35 0.10 £0.41 0.15 +0.49 0.0181
Caries prevalence 10.30 24.55bP 12.33 NA

6'"-grade children

N 2,230 183 109

DMFT 1.50 £1.78 2.5 +£1.88¢ 1.04 £1474 0.0000
DT 0.56 £1.17 0.67 £1.25 0.14 £0.37¢ 0.0002
MT 0.02 £0.16 0.03 +£0.21 0.02 +£0.19 04352
FT 091 £1.36 1.45 +1.65 0.88 £1.43 0.0000
Caries prevalence 57940 77.609 44.95 NA

ANOVA — analysis of variance; OR — odds ratio; DED — developmental enamel defects; N — number of subjects; DMFT — number of decayed, missing and
filled teeth; DT — number of decayed teeth; MT — number of missing teeth; FT — number of filled teeth; 2p = 0.0371 as compared to subjects without
DED;?p = 0.0000 as compared to subjects without DED (OR = 2.83), p = 0.0418 as compared to subjects with diffuse opacities (OR = 2.31); “p = 0.0000
as compared to subjects without DED and subjects with diffuse opacities; ¢ p = 0.0216 as compared to subjects without DED, p = 0.0000 as compared
to subjects with demarcated opacities or hypoplasia; ¢ p = 0.0087 as compared to subjects without DED, p = 0.0048 as compared to subjects with
demarcated opacities or hypoplasia; ‘p = 0.0000 as compared to subjects without DED, p = 0.0015 as compared to subjects with diffuse opacities;

9p =0.0000 as compared to subjects without DED (OR = 2.51) and subjects with diffuse opacities (OR = 4.24); " p = 0.0075 (OR = 1.69) as compared

to subjects with diffuse opacities; NA — not applicable; OR — odds ratio.
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which is close to WHO recommendations on the optimal
fluoride level in the drinking water (0.5-1.0 mg/L).?” Apart
from drinking water, the most common source of fluoride
in Poland is toothpaste with an age-related concentrations
between 250 and 1500 mg/L. Dietary fluoride supplements
are available only on prescription and intended for use
by children living in nonfluoridated areas.

In the present study, the prevalence of diffuse opacities
(3.7%) was lower as compared to those reported in the
drinking water of other communities with similar fluo-
ride content, which suggests that total fluoride exposure
of most examined children did not exceed limits above
which fluorosis may develop. However, children in this
study were examined at schools, under headlamp lighting
and without previous cleaning of the teeth, which could
significantly affect the number of detected anomalies.
It must be remembered that wide variations of report-
ed values of DED prevalence in the literature might be
attributed to the differences in the study conditions, as
well as the use of various terminologies and diagnostic
criteria to describe the enamel defects. The diagnosis of
DED can be influenced by the type of light source used
for the examination, brushing or drying of teeth before
the examination, additional photographs taken, as well
as examination of only a particular group of teeth or the
whole dentition.!>18

As far as the environmental risk factors of demarcated
opacities are concerned, studies of Alaluusua et al. have
shown that polychlorinated dibenzo-p-dioxins and diben-
zofurans in mother’s milk may cause hypomineralization
defects in the child’s permanent 15t molar teeth, while other
studies did not confirm this association.>2® Nevertheless,
Jaraczewska et al. proved that the levels of dioxin-like com-
pounds in the human milk samples from Wielkopolskie
Voivodeship are lower than those reported in other Euro-
pean countries.?’

Regarding gender, studies are in conflict as to whether
boys or girls are more affected by DED.2"%03! Qur pres-
ent study failed to demonstrate any significant difference
in the prevalence of DED between girls and boys.

Differences in the prevalence of DED in both age groups
could be explained from the biological point of view: given
that as age increases, more permanent teeth erupt, the
probability of finding teeth with DED also increases.
On the other hand, in the older group, some enamel defects
might be masked by dental caries and large restorations.!8!

As far as dental caries risk factors are concerned, the
results of the majority of studies have so far been con-
sistent in showing a positive relationship between caries
and hypoplasia and/or demarcated enamel opacities, and
results of the present study concur with these previous
findings.1316:30:32 With regard to diffuse opacities, epide-
miological surveys revealed controversial results on their
association with dental caries. According to many stud-
ies, caries prevalence tends to be reduced with increas-
ing fluoride exposure during dentition development and
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fluoride-opacities are accompanied by lower dental caries
prevalence.!”33-36 However, an opposite trend was also
reported.?” The results of the current study revealed that
in an older group of the subjects, diffuse opacities were
associated with significantly lower dental caries preva-
lence and intensity.

The limitations of the study include: involvement of all
children who had permission for examination (not only
lifetime residents of Poznan), examination of teeth without
previous cleaning (which might have affected examiners'
ability to detect abnormalities), and assigning subjects
to particular group of DED on the basis of the most severe
defect seen in the permanent dentition of the subject (lack
of information about teeth and surfaces affected by DED).

However, the results clearly indicate that fluoride expo-
sure of the majority of examined children did not exceed
limits above which visible enamel fluorosis may develop.
Moreover, children affected by diffuse enamel opacities
turned out to be less susceptible to dental caries, while de-
marcated opacities and hypoplasia significantly increased
the risk of caries.

It must be remembered that the determination of risk
and protective factors for dental caries development in Pol-
ish children is important, since dental caries indices in the
Polish children are at the high end of those reported for
other European countries.33

Conclusions

The prevalence of DED in examined population was
comparable to those reported in regions without fluori-
dated water. The study confirmed that children affected
by diffuse enamel opacities were less susceptible to den-
tal caries, while demarcated opacities and hypoplasia
should be considered important dental caries risk factors.
The findings emphasize the need for continuous promo-
tion of the proper use of fluorides, as well as intensification
of dental caries prevention in patients affected by caries-
prone enamel defects.
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Abstract

Background. The goal of treating exposed pulp with an appropriate pulp capping material is to promote
the dentinogenic potential of the pulpal cells. There have been recent attempts to develop more effective
pulp-capping materials.

Objectives. The aim of this study was to evaluate the effect of newly developed calcium silicate-based
material on odontogenic differentiation of primary human dental pulp cells (HDPCs), in comparison with
a contemporary calcium silicate-based material.

Material and methods. Human dental pulp cells isolated from dental pulps were cultured in standard
culture conditions in Dulbecco’s Modified Eagle’s Medium (DMEM) and then the effects of Micro-Mega mineral
trioxide aggregate (MM-MTA) (Micro-Mega, Besangon, France) and ProRoot MTA (MTA) (Dentsply Sirona,
Tulsa, USA) (positive control) were evaluated on HDPCs at 1, 7 and 14 days. Untreated cells were used as
a negative control. Odontoblastic differentiation was assessed by alkaline phosphatase (ALP) activity. Runt-
related transcription factor 2 (RUNX2), alkaline phosphatase liver/bone/kidney (ALPL), bone morphogenetic
protein 2 (BMP2), dentin sialophosphoprotein (DSPP), and Distal-less homeobox 3 (DLX3), as odontoblastic/
osteoblastic expression markers, were evaluated by semi-quantitative real-time polymerase chain reaction
(RT-PCR) analysis. Calcium levels of culture media were also determined.

Results. The MM-MTA group significantly increased the expression of BMP2 compared with that of the
MTA group at 3 different time periods (p < 0.05). The up-requlation of ALPL between day Tand 14 and the
up-regulation of DSPP between day 7 and 14 were significant in both groups (p < 0.05). Micro-Mega MTA
and MTA exhibited similar messenger RNA (mRNA) expression levels of ALPL, DSPP, RUNX2, DLX3, and ALP
activities, as well as calcium levels.

Conclusions. Based on the cell responses observed in this study, MM-MTA might be used efficiently in dental
pulp therapy as a potential alternative to MTA.

Key words: alkaline phosphatase, calcium silicate, dentinogenesis, mineral trioxide aggreqgate, transcription
factors
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Introduction

Mineral trioxide aggregate (MTA) was introduced in the
early 1990s and has been the material of choice for endodontic
therapies due to its high mineralization capacity and rela-
tively few inflammatory reactions in clinical use.*? A num-
ber of in vivo and in vitro studies concerning cell and tissue
interactions with MTA have shown its favorable biological
characteristics. Some in vivo studies showed that MTA al-
lowed cemental regeneration over the root-end filling when
used in dogs and monkeys, whereas in vitro studies reported
osteoblasts, periodontal ligament cells, bone marrow stro-
mal cells, and dental pulp cells attached to MTA, inducing
proliferation.?-1> Moreover, the placement of MTA on pulp
tissue leads to the proliferation, migration and differentiation
of odontoblast-like cells, which produce a collagen matrix.!

Despite many positive characteristics, MTA has a couple
of disadvantages, such as its extended setting time, dif-
ficulty in handling due to its sandy consistency and high
porosity, poor dispersion, and high cost.!>

After the development of MTA, many types of end-
odontic cements were developed, with Micro-Mega MTA
(MM-MTA; Micro-Mega, Besancon, France) being one
of those materials. It has a similar content as MTA, which
is composed of tricalcium silicate, dicalcium silicate, trical-
cium aluminate, calcium sulfate dehydrate, bismuth oxide,
magnesium oxide, calcium carbonate (CaCO3), and chlo-
ride accelerator.!>1¢ The shorter setting time of MM-MTA
is thought to be a result of the addition of CaCO; and
chloride accelerator to the formula.'® The material has also
shown to be safe with respect to acceptable levels of arse-
nic, lead and metal oxides.'> Additionally, the evaluation
of different physical properties of the material that mainly
focused on the radiopacity and push-out bond strength has
yielded favorable results.!”’® The MM-MTA is pre-dosed
and the activated capsule is mechanically mixed, thus en-
suring correct proportioning and homogenous mixing.

A number of studies have reported that the dentin bridge
formation ability, biocompatibility, odontogenic differen-
tiation, inflammatory response, and angiogenic potential
of MM-MTA were all similar to those of MTA.*-2 How-
ever, the exact mechanism of dentin regeneration/dentino-
genesis after exposure to MTA and MM-MTA has not yet
been completely explicated. Thus, the aim of this study
was to evaluate and compare the biologic effects of newly
developed MM-MTA and MTA on odontogenic differ-
entiation of primary human dental pulp cells (HDPCs).
The null hypothesis was that MTA and MM-MTA have
similar effects in promoting odontogenic differentiation.

Material and methods

Six human impacted 3" molars without any pathology
extracted for orthodontic and impacted reasons were
collected from 6 donors aged 18-25 years with informed
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consent, under a protocol approved by the Institutional
Review Board and Ethics Committee of Baskent University,
Ankara, Turkey (Project No. D-KA13/06). All 3 female and
3 male donors were healthy, without any known disease,
were not taking any medications, and were non-smokers
and non-alcohol consumers. Immediately after extraction,
the extracted molars were cut horizontally at 1 mm below
the cementoenamel junction. The carefully extracted pulp
tissue was transferred to the laboratory in Dulbecco’s Mod-
ified Eagle’s Medium (DMEM)-F12 (Biochrom AG, Berlin,
Germany) containing 1 drop of 1% streptomycin, neomy-
cin and penicillin mixture (Biological Industries, Kibbutz
Beit-Haemek, Israel). Physical dissection of the specimens
was carried out by a scalpel. Under sterile conditions,
the specimens were enzymatically digested with type I
collagenase and dispase (Biochrom AG). After centrifuga-
tion at 500 g for 9 min, the supernatant was removed and
the cells were placed in cell-culture medium (DMEM-F12
containing 10% heat-inactivated fetal bovine serum
[EBS]; Biochrom AG), 2% L-glutamine (Biochrom AG),
and 1% penicillin-streptomycin mixture (Biological In-
dustries). The cells were cultured at 37°C in a humidified
incubator supplemented with 5% CO, (Heraeus, Hanau,
Germany). The cell culture medium was changed every
2-3 days and cells were subcultured when confluence
reached 80%. Fourth to 7t subculture of cells was used
for experimental procedure. Viability of cells was evaluated
using the trypan blue exclusion test and up to 95% viable
cells containing cultures were included in the experiments.

Material preparation and application

Teflon tubes (10 mm internal diameter, 2 mm height)
were sterilized with ethylene oxide gas. White MTA (Pro-
Root MTA; Dentsply Sirona, Tulsa, USA, Lot No. 12002493)
(positive control) and MM-MTA (Lot No. 7302238) were
prepared according to the manufacturer’s instructions,
put into the tubes and stored in an incubator at 95% +5%
relative humidity at 37°C for 1 day.

Dental pulp cells and the tubes were incubated in 9 cm?
Petri dishes. To prevent direct contact of materials with
cells, the tubes were placed in a permeable transwell in-
serts with a pore size of 0.4 pm (Greiner Bio-One GmbH,
Frickenhausen, Germany). At the end of the 1, 7 and 14-day
time periods, the cells were harvested for gene expression
and alkaline phosphates (ALP) activity, and also cell culture
media were collected for calcium levels. Untreated cells
were used as a negative control. All cell culture experiments
were repeated in triplicate.

Determination
of alkaline phosphatase activity

Intracellular ALP activities were determined according
to the manufacturer’s protocol by a commercially available
colorimetric kit (Abcam, Cambridge, UK). Briefly, the total
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cell number was determined by using a Thoma cell count-
ing chamber (Paul Marienfeld GmbH & Co. KG, Lauda-
Kénigshofen, Germany) and subsequently 1 x 10° cells
were used. Cells washed in phosphate buffered saline (PBS)
were homogenized in an assay buffer and para-nitrophenyl
phosphate (pNPP) solution was added on cells in a 96-well
microplate. After 60 min of incubation at room tempera-
ture under dark conditions, the stop solution was added.
Optical densities were measured at 405 nm in a microplate
spectrophotometer (Epoch; BioTek, Swindon, UK). Data
analyses were carried out according to the manufacturer’s
instruction and ALP activity was expressed as U/mL.

Determination of calcium levels

Calcium levels were determined according to the manu-
facturer’s protocol by a commercially available colorimet-
ric kit (Abcam). Then, a chromogenic reagent and an assay
buffer were added on 20 pL of culture medium in a 96-well
microplate. After incubating for 5-10 min at room tem-
perature under dark conditions, optical densities were
measured at 575 nm in a microplate spectrophotometer
(Epoch). Optical density of normal medium was used as
blank and subtracted from optical density of all samples.
Calcium concentrations were calculated according to the
manufacturer’s instruction and expressed as mg/dL.

Real-time polymerase chain
reaction analysis

Total RNA was isolated from MTA and MM-MTA ap-
plied cells of 6 patients with TriPure isolation reagent ac-
cording to the manufacturer’s instructions (Roche Diag-
nostics GmbH, Mannheim, Germany). One microgram
of total RNA was reverse transcribed using Transcriptor
High Fidelity cDNA Synthesis Kit (Roche Diagnostics
GmbH). Real-time ready catalog assays, which are short
FAM-labeled hydrolysis probes containing locked nucleic
acid, were used for real-time polymerase chain reactions
(RT-PCR) (Roche Diagnostics GmbH). Expression of runt-
related transcription factor 2 (RUNX2; Assay ID: 113380),
alkaline phosphatase liver/bone/kidney (ALPL; Assay ID:
103448), bone morphogenetic protein 2 (BMP2; Assay
ID: 104558), dentin sialophosphoprotein (DSPP; Assay
ID: 139816), and distal-less homeobox 3 (DLX3; Assay ID:
140745) were determined using semi-quantitative RT-PCR
by Light Cycler 480 II system (Roche Diagnostics GmbH)
according to the manufacturer’s instructions with a pre-
incubation step at 95°C for 10 min, followed by 45 cycles
at 95°C for 10 s, 60°C for 30 s, and 72°C for 1 s. Semi-
quantitative PCR reactions were run in duplicate, and the
relative expression levels of RUNX2, ALPL, BMP2, DSPP
and DLX3 transcripts’ were calculated by the threshold
cycle (Ct) and the 2-44“ method.?2 Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) (Assay ID: 141139) were
used for normalization of the expression data.
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Statistical analysis

The Shapiro-Wilk test was used to assess the normal-
ity of distributions of the variables, and Levene’s test was
used to assess the homogeneity of variances among groups.
Parametric test assumptions were not available for some
variables. Data transformation methods were applied
to these variables and then the analysis was performed.
Comparisons of group means were performed with the
repeated measures analysis of variance (ANOVA).

Data analyses were performed using the Statistical Pack-
age for the Social Sciences, v. 17.0 (SPSS Inc., Chicago, USA).
A p-value < 0.05 was considered statistically signifi-
cant. The results of statistical analysis were expressed as
number of observations (n), mean * standard deviation
(mean * SD, median and minimum-maximum values
(min-max)).

Results
Alkaline phosphatase activity

Alkaline phosphatase activities levels were increased
with MTA and MM-MTA. The most intense ALP activity
was exhibited by the MM-MTA group at day 14. However,
there was no significant difference in ALP activity among
the negative control, MTA-, and MM-MTA-treated groups
for all time periods (p > 0.05) (Fig. 1).

ALP activity (U/ml)
0.9

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
Day1 Day7 Day14 Day1 Day7 Day14 Day1 Day7 Day14

Control MTA MM-MTA

Fig. 1. The effects of MTA and MM-MTA on ALP activity in HDPCs (p > 0.05)

MTA —mineral trioxide aggregate; MM-MTA — Micro Mega MTA;
ALP — alkaline phosphatase; HDPCs — human dental pulp cells.

Calcium levels

Observation from spectrophotometric analysis at day 7 re-
vealed higher calcium level in HDPCs exposed of MTA and
MM-MTA, whereas the calcium levels were not significantly
different in negative control, MTA- and MM-MTA-treated
groups for all time periods (p > 0.05) (Fig. 2).
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Fig. 2. The calcium levels of MTA and MM-MTA determined by spectro-
photometric analysis at different time points (day 1, 7 and 14) (p > 0.05)

MTA — mineral trioxide aggregate; MM-MTA - Micro Mega MTA.

Real-time polymerase chain reaction
gene expression analysis

The MM-MTA group significantly increased the expres-
sion of BMP2 compared with that of the MTA group at
3 different time periods (day 1, 7 and 14) (p < 0.05) (Fig. 3).
The up-regulation of ALPL between day 1 and 14 (Fig. 4), and
the up-regulation of DSPP between day 7 and 14 (Fig. 5) were
significant in both groups (p < 0.05). A down-regulation
of DSPP between day 1 and day 7, and also between day
1 and day 14, were significant in both groups (p < 0.01)
(Fig. 5). The MM-MTA and MTA groups exhibited similar
messenger RNA (mRNA) expression levels of ALPL (Fig. 4),
DSPP (Fig. 5), RUNX2 (Fig. 6), and DLX3 (Fig. 7) (p > 0.05).

BMP2
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0.05

0.04

0.02

0.01

0 |

Day 1 Day 7 Day 14 Dal 1 Day 7 Day 14
-0.01 MTA MM-MTA

Fig. 3. The effects of MTA and MM-MTA on BMP2 mRNA levels in HDPCs
were determined by semi-quantitative RT-PCR at different time points
(day 1,7 and 14). Significant differences between test materials are
indicated by asterisk and s (* p < 0.05)

MTA — mineral trioxide aggregate; MM-MTA — Micro Mega MTA;
HDPCs — human dental pulp cells; BMP2 — bone morphogenetic protein 2;
RT-PCR - real-time polymerase chain reaction.
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Fig. 4. The effects of MTA and MM-MTA on ALPL mRNA levels in HDPCs
were determined by semi-quantitative RT-PCR at different time points
(day 1,7 and 14). Significant differences between test materials are
indicated by asterisks (* p < 0.05)

MTA — mineral trioxide aggregate; MM-MTA — Micro Mega MTA;
HDPCs — human dental pulp cells; ALPL — alkaline phosphatase liver/bone/
kidney; RT-PCR - real-time polymerase chain reaction.
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Fig. 5. The effects of MTA and MM-MTA on DSPP mRNA levels in HDPCs
were determined by semi-quantitative RT-PCR at different time points
(day 1, 7 and 14). Significant differences between test materials are
indicated by asterisks (* p < 0.05) and number sign (# p < 0.01)

MTA — mineral trioxide aggregate; MM-MTA — Micro Mega MTA;
HDPCs — human dental pulp cells; DSPP — dentin sialophosphoprotein;
RT-PCR - real-time polymerase chain reaction.

Discussion

Dentinogenesis is the dentin formation process in which
odontoblasts are responsible for the organic matrix synthe-
sis and posterior mineral crystal deposition in this matrix.
This pattern of formation is similar to that of bone, another
mineralized connective tissue.?? For both mineralized tis-
sues, it is of fundamental importance to understand how
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Fig. 6. The effects of MTA and MM-MTA on RUNX2 mRNA levels in HDPCs
were determined by semi-quantitative RT-PCR at different time points
(day 1,7 and 14). There were no significant differences (p > 0.05)

MTA — mineral trioxide aggregate; MM-MTA — Micro Mega MTA;
HDPCs — human dental pulp cells; RUNX2 — runt-related transcription
factor 2; RT-PCR - real-time polymerase chain reaction.
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Fig. 7. The effects of MTA and MM-MTA on DLX3 mRNA levels in HDPCs
were determined by semi-quantitative RT-PCR at different time points
(day 1,7 and 14). There were no significant differences (p > 0.05)

MTA — mineral trioxide aggregate; MM-MTA — Micro Mega MTA;
HDPCs — human dental pulp cells; DLX3 — distal-less homeobox 3;
RT-PCR - real-time polymerase chain reaction.

the different biomaterials are capable of promoting odon-
togenic differentiation.

In this study, the effect of MTA and MM-MTA on odon-
togenic differentiation of HDPCs is evaluated by measur-
ing the mRNA levels of various differentiation markers
genes and ALP activity. One of these specific markers
is DSPP, which is believed to play a regulatory role in the
mineralization of reparative dentin; it also serves as a spe-
cific marker for the odontoblastic phenotype.?* Bone mor-
phogenetic proteins are a group of cytokines that play
an important role in stem cells’ activity, adjusting the
proliferation and differentiation of cells (e.g., osteoblast),
and bone formation.?> The up-regulation of ALPL (also
known as tissue-nonspecific) has been associated with
the onset of osteogenesis in vitro and its transcription
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can be up-regulated by BMPs.2° Runt-related transcription
factor 2 is a transcription factor that plays an essential
role in bone and tooth development. The up-regulation
of RUNX2 in early odontoblasts followed by the down-
regulation in differentiated and functional odontoblasts
suggests that it is important for RUNX2 to maintain the
developmental stage-specific expression during odonto-
genic differentiation.”’ Homeodomain gene DLX3 has been
recently demonstrated as a potent regulator for prolifera-
tion and odontoblastic differentiation of HDPCs.?® Alka-
line phosphatase activity is frequently used for the evalu-
ation of biologic mineralization.?” This enzyme is crucial
for the initiation (but not for the progression/maintenance)
of the matrix mineralization process.?°

In the present study, we aimed to reflect the clinical
conditions of direct pulp capping in which the contact
between pulp cells and biomaterials occurred indirectly
through blood clots and physiologic fluids, which might
not accurately model clinical setting. Seo et al. stated
that the use of an interposed membrane only allows for
the assessment of the effect of the diffusible components
of MTA.12 The results of the present study showed that
ALP activity, calcium levels and mRNA expression levels
of the dental pulp cells after treatment with elutes of MTA
and MM-MTA were not significantly different compared
with those of the untreated cells in the negative control
group. This situation may be attributed to the permeable
transwell inserts, which could act as a barrier and possibly
decrease activation of the dental pulp cells.3! Developing
a model that would allow studying the effect of direct in-
teraction between materials and dental pulp cells would
be important for future studies.

In previous studies, MM-MTA has demonstrated simi-
lar characteristics to MTA when considering its ability
to form a dentinal bridge, biocompatibility, osteo-/odon-
togenic differentiation capability, inflammatory response,
and angiogenic potential.l®-2! The results of the present
study agree with previous descriptions of these biomateri-
als in terms of odontogenic activity.2! Our results were also
consistent with the study carried out by Chang et al., who
reported similar ALP activity and up-regulation of odon-
toblastic markers such as ALP and DSPP between MTA
and MM-MTA at 7 and 14 days.*? In the present study,
DSPP gene was significantly down-regulated after day 1
and again significantly up-regulated after day 7 by both
biomaterials. This could be attributed to a 14-day culture
period, which might be the reason for unexpected dif-
ferentiation results for both biomaterials.3® Higher gene
expression levels might be obtained in a longer period.

Extracellular proteins, particularly family of the trans-
forming growth factor (IT'GF) proteins, including BMPs,
have been explained in stem cell research as potent mol-
ecules to induce odontogenic differentiation. Micro-Mega
MTA exhibited higher BMP2 expression than MTA at
all time periods of the present study. Despite similar cal-
cium levels, the different effects of MM-MTA and MTA
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on BMP2 expression may be related to the differences
in the speed of ion release in 2 biomaterials during the
culture period. A study by Setbon et al., which, which in-
vestigated the composition of different tricalcium silicate
cements, revealed that MM-MTA possessed a higher con-
centration of magnesium and sodium than MTA.3¢ It has
been demonstrated that these elements may represent
an interest in terms of stimulation of osteodifferentia-
tion.?® Further pharmacokinetic studies on MM-MTA and
MTA are, therefore, required to characterize and compare
the ions released from these 2 biomaterials.

Expression patterns of homeobox genes of DLX family
have been investigated during early stages of mouse odon-
togenesis. From that data, DLX genes have been proposed
to contribute to odontogenic patterning.®® It is also shown
that DLX3 supports the osteogenic differentiation in dental
follicle cells via a BMP2 positive feedback loop.?” More-
over, Li et al. stated that DLX3 expression progressively
increased during odontoblast differentiation.?® In contrast
with those studies, the present study showed no significant
up-regulation of DLX3 marker at all time periods of the
study. Further studies are required to reveal more details
about the relationship between DLX transcription fac-
tors and the regulation of the odontogenic differentiation.
These studies will also be available to disclose new infor-
mation about the regulation of the BMP2/DLX3 pathway.

Conclusions

Within the parameters of this study, MM-MTA exhib-
ited higher BMP2 expression than MTA at all time periods
of the present study. Overall, MTA and MM-MTA showed
similar osteo-/odontogenic-like phenotype differentiation
of HDPCs with the mechanisms of up-regulation of the
majority of osteo-/dentinogenesis-related genes. In this
respect, our results suggest that MM-MTA is a potential
alternative to MTA for use as an effective pulp capping
material. More clinical studies are needed to assess if the
expressions of these markers are clinically relevant.
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Abstract

Background. Obstructive sleep apnea/hypopnea syndrome (OSAHS) is a common disorder in the general
population.

Objectives. The aim of this study was to investigate the homocysteine (Hcy) level in the patients with OSAHS
of varying degrees and the effect of continuous positive airway pressure (CPAP) treatment on OSAHS patients.

Material and methods. A total of 117 OSAHS patients were recruited and divided into 3 groups (mild
OSAHS, moderate OSAHS and severe OSAHS), while 33 non-0SAHS people were selected as control group.
For all cases, polysomnography (PSG) variables and the concentrations of Hcy, methane dicarboxylic aldehyde
(MDA) and glutathione (GSH) were recorded. Serum Hcy was measured by cyclophorase. The values of MDA
and GSH were measured by a spectrophotometer. In the severe OSAHS group, a total of 30 patients received
(PAP for more than 4 h every night and were re-examined 6 months later.

Results. The serum levels of Hcy, MDA and GSH showed a significant difference in OSAHS patients and
controls. The Hcy and GSH concentrations of 0SAHS patients with CPAP treatment showed no apparent
change compared with the prior treatment, but the MDA level was obviously lower after CPAP treatment.
In controls and the mild/moderate OSAHS groups, multi-element linear regression analysis results indicated
that there was a statistically significant relationship between the Hcy concentration and various independent
variables (age, MDA, GSH, and the apnea-hypopnea index — AHI).

Conclusions. The change of the Hcy level was not proportional to the severity of the disease in different
groups of 0SAHS patients, and CPAP did not affect the Hcy levels.

Key words: continuous positive airway pressure, obstructive sleep apnea/hypopnea syndrome, homocysteine
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Introduction

Obstructive sleep apnea/hypopnea syndrome (OSAHS)
is a common disorder in the general population, but often
underestimated and underdiagnosed.! Accumulating evi-
dence reveals that OSAHS is a significant risk factor for acute
myocardial infarction and sudden cardiac death in patients
with coronary heart disease.>® The treatment of OSAHS
includes continuous positive airway pressure (CPAP), orth-
odontic devices, weight loss in obese subjects, and positional
therapy in episodes of obstructive apnea sleeping supine pa-
tients.* McDaid et al. reported that CPAP improved daytime
and nighttime blood pressure in patients with moderate and
severe OSAHS, highlighting the importance of the manage-
ment and adherence to CPAP therapy, in particular to nor-
malize the oxygen concentration.® Murri et al., Dorkova et al.
and Herndndez et al. all reported that treatment with CPAP
could attenuate lipid peroxidation in OSAHS patients.®~8

Elevated plasma homocysteine (Hcy) levels have been
considered an independent risk factor for cerebrocardiac
vascular disease.’ Niu et al. reported that the plasma Hcy
levels were higher in obstructive sleep apnea (OSA) pa-
tients compared to control subjects.!® Our previous study
showed that the concentrations of Hcy were increased
in elderly patients with OSAHS, but the levels of Hcy in pa-
tients with varying degrees of OSAHS remained disputed.!!
Therefore, this study aims to investigate the relationship
between the Hcy levels and the severity of OSAHS, before
and after 6 months of CPAP treatment.

Material and methods
Participants

Patients who submitted a full polysomnography (PSG)
were selected from the Sleep Disorders Center patients
in the 1%t Affiliated Hospital of Soochow University
(Suzhou, China) between June 2008 and December 2015.
The participants (patients and controls) suffering from
chronic disease, such as chronic obstructive pulmonary
disease, liver cirrhosis, thyroid dysfunction, rheumatoid
arthritis, chronic renal failure, and/or psychiatric disor-
ders, were excluded from the study. The subjects who took
drugs affecting the serum Hcy levels, such as vitamin By,
vitamin B, and folic acid, were not included, either. Before
examination, information was collected about the general
state of the participants, such as age, gender, body height
and weight, as well as smoking history and hypertension,
based on the final clinical diagnosis (Table 1).

The disease severity was assessed by the apnea-hypop-
nea index (AHI). For the purpose of analysis, the study
population was classified into 4 groups: non-OSAHS (con-
trols, n = 33) with AHI < 5; mild OSAHS (n = 41) with
5 < AHI <15; moderate OSAHS (n = 40) with 15 < AHI < 30;
and severe OSAHS (n = 36) with AHI > 30.

J. Li, etal. Hcy level in OSAHS patients with CPAP

A total of 30 patients with severe OSAHS received CPAP
for more than 4 h every night, and the Hcy levels and oxida-
tive stress in patients with OSAHS under CPAP therapy,
before and after 6 months of the therapy, were compared.
The study was approved by the Ethics Committee of the 1°*
Affiliated Hospital of Soochow University. All the subjects
gave their informed consent.

Polysomnography

A Respironics Alice 4 polysomnographer (Philips Res-
pironics Inc., Murrysville, USA) was used to measure
and record overnight PSG parameters, such as electro-
encephalogram (EEG), electrocardiogram (ECG), elec-
trooculogram (EOG), chin and bilateral anterior tibials
electromyogram (EMG), as well as chest and abdominal
movements by strain gauges, nose air current, and pulse
oxygen saturation (SaO,). All the monitoring results ana-
lyzed by a computer were assessed by a specially assigned
person. Apnea was defined as the cessation in airflow for
atleast 10 s, and hypopnea was defined as a decrease in the
amplitude of the respiratory flow signal of at least 50% for
a minimum of 10 s, followed by either a decrease in SaO,
of 3% or signs of physiological arousal.

Biochemical analysis

Peripheral venous blood samples were obtained at 6 a.m.
in the fasting state, after the diagnostic study night. Blood
was centrifuged and serum was immediately separated
in aliquots and stored at —80°C until assayed. The serum
cholesterol, low-density lipoprotein cholesterol (LDL-C),
total cholesterol (TC), triglyceride (TG), serum creatinine
(SCr), and fasting plasma glucose (FPG) concentrations
were tested by a full-automatic analyzer (AUS400 Olym-
pus, First Chemical Ltd., Tokyo, Japan) on the same day.
Creatinine clearance (CCr) was calculated according to
the formula for SCr. The serum levels of Hcy were mea-
sured by cyclophorase (Jiugiang Biological Technology Co.,
Ltd., Shanghai, China). The concentrations of methane
dicarboxylic aldehyde (MDA) and glutathione (GSH) were
measured by a spectrophotometer (Jiancheng Bioengineer-
ing Institute, Nanjing, China).

Statistical analysis

Data was expressed as mean * standard deviation (SD)
for continuous variables. The one-way analysis of vari-
ance (ANOVA) was used for the whole difference and the
Student-Newman-Keuls test was used for differences be-
tween the groups. Correlation was calculated with Pear-
son’s correlation coefficients. We used the ¥ test to test
the distributions of smoking history, hypertension and
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gender among the 4 groups of patients. The multiple linear
regression analysis was employed to determine variables
that affected the Hcy levels. All statistical analyses were
carried out using SPSS statistical software, v. 18.0 (IBM
Corp., Armonk, USA). Differences were considered sig-
nificant at p < 0.05.

Results

The survey data and basic parameters
of all the cases

As shown in Table 1, there were no significant differ-
ences among OSAHS patients and controls, concerning
gender, age, body mass index (BMI), smoking history,
hypertension, and biochemical parameters, such as
TC, TG, LDL-C, fasting blood glucose and CCr. The
severity of OSAHS was graded according to AHI score,
and the higher score indicated the more severe symp-
toms.!?2 The change trend of the oxygen desaturation
index (ODI) was consistent with AHI. In addition, the
minimal and mean SaO, were both decreasing along
with the increasing severity of the disease (Table 1).

The homocysteine, methane dicarboxylic
aldehyde and glutathione levels

The Hcy, MDA and GSH levels in serum showed a sig-
nificant difference in the OSAHS patients and controls
(p < 0.05). Figure 1A shows that the serum concentrations
of Hcy were significantly higher in mild and moderate
OSAHS patients than in those from the control group,

Table 1. The survey data and basic parameters of all the cases

Variable
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while they did not differ between severe OSAHS patients
and the control group. Similar results were observed in the
GSH levels; the serum concentrations of GSH rose notice-
ably in mild and moderate OSAHS patients, but did not
differ between severe OSAHS patients and the control
group (Fig. 1B). It is worth noting that the serum concen-
trations of MDA were higher in severe OSAHS patients
than in other groups, and the MDA levels increased with
the severity of the disease (Fig. 1C).

The relationship between the
homocysteine levels and various
independent variables

In the 3 OSASH groups and control group, the Pear-
son’s correlation analysis identified that the serum Hcy
level and age were correlated (r: 0.22, p = 0.009), and there
was also a correlation between Hcy and MDA (r: 0.32,
p < 0.01) and GSH (r: 0.74, p < 0.01), but no correlation
between Hcy and AHI (r: 0.13, p = 0.12, data not shown).
After the severe OSAHS group was removed, the Pearson’s
correlation analysis identified that the serum Hcy level
was positively correlated with AHI (r: 0.81, p < 0.01) in the
other 3 groups (mild/moderate OSAHS patients and the
control group). Furthermore, the multiple linear regres-
sion analysis was performed with the changes of Hcy as
the dependent variable and the abovementioned related
parameters (age, MDA, GSH, and AHI) as the independent
variables. There was a significant relation between the
Hcy levels and the 4 variables — age, MDA, GSH, and AHI
(Table 2) in the 3 groups (mild OSAHS, moderate OSAHS
and non-OSAHS).

controls mild OSAHS moderate OSAHS severe OSAHS

(n=33) (n=41) (n=40) (n=36)
Age [years] 447 +£10.1 42.6£89 40.5+12.3 419489
Sex (males/females) 29/4 37/4 33/3 35/5
BMI [kg/m?] 25.08 £3.35 24.36 +£3.61 2649 £2.78 2734 £2.82
Smokers [%)] 21.21 26.83 22.50 22.22
Hypertension [%] 9.09 14.63 12.50 nn
TC [mM/L] 434 +1.17 491 +0.69 448 £1.24 4.55 £1.81
TG [mM/L] 1.83 £0.96 2.26 £1.37 2.23 +1.36 2.51 +£1.61
FBG [mM/L] 5.5 +1.67 540 £1.52 5.60 £1.08 53 1.3
CCr [mL/min] 105.8 £2.3 108.8 +4.4 1094 £3.2 110.1 £3.1
LDL-C [mM/L] 246 £045 2.50 £0.62 2.28 £0.38 248 +£0.53
AHI [events/h] 3.57 +£0.55 10.63 £2.19% 2290 +3.82%° 42.22 +8.24%b¢
Minimal Sa0; [%] 91.0 £4.0 87.0 £5.0° 86.0 £6.0° 69.0 +12.00¢
ODlI [events/h] 3.6+£2.2 9.7 £2.5° 20.3 +4.8%° 56.7 +15.43¢
Mean Sa0, [%] 94.5 £14 93.0 £1.6° 93.1 £1.82 894 +5.2%b¢

BMI — body mass index; TC - total cholesterol; TG - triglyceride; FPG - fasting blood glucose; CCr - creatinine clearance; LDL-C - low-density lipoprotein
cholesterol; AHI - the apnea-hypopnea index; ODI - oxygen desaturation index; # p < 0.05 compared to controls; ® p < 0.05 compared to the mild OSAHS
group; ¢ p < 0.05 compared to the moderate OSAHS group; OSAHS - obstructive sleep apnea/hypopnea syndrome, SaO, — oxygen saturation.
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Fig. 1. The Hcy, GSH and MDA levels of all the cases

Hcy — homocysteine; GSH — glutathione; MDA — methane dicarboxylic
aldehyde; OSAHS - obstructive sleep apnea/hypopnea syndrome;

A —Hcy level; B— GSH level; C — MDA level; data are presented

as mean =+ standard deviation (SD); a — p < 0.05 compared to controls;

b —p < 0.05 compared to the mild OSAHS group; ¢ —p < 0.05 compared
to the moderate OSAHS group.

J. Li, etal. Hcy level in OSAHS patients with CPAP

Table 2. Multiple regression analysis of the relationship between the Hcy
levels and various independent variables

Variables | B | p-value
Age 0.121 0.01 ‘
AHI 0.402 0.001 ‘
MDA 0357 0005 |
‘ GSH 0.222 0.008 ‘

Hcy — homocysteine; B — standardized regression coefficient;
AHI - the apnea-hyponea index; MDA — methane dicarboxylic aldehyde;
GSH - glutathione.

The effects of continuous positive airway
pressure treatment on severe obstructive
sleep apnea/hypopnea syndrome patients

Continuous positive airway pressure therapy has become
areliable treatment procedure for OSAHS, which improves
apnea-hypopnea during sleep as well as the sleep structure.
A total of 30 patients with severe OSAHS received CPAP
for 4 h every night, and the other 6 patients were not willing
to participate in the treatment. During CPAP treatment,
4 patients dropped out due to the intolerance of CPAP. After
6 months of treatment, the Hcy, MDA and GSH levels were
detected again in the remaining 26 patients. The Student-
Newman-Keuls test results showed that only the MDA lev-
els were significantly lower in severe OSAHS patients with
CPAP treatment, while the Hcy and GSH levels were not
significantly changed (Fig. 2). Decreased MDA levels were
consistent with the reports showing that treatment with
CPAP could reduce oxidative stress in OSAHS patients.6~#
Thus, MDA may become an effective marker in OSAHS
patients who received the CPAP treatment prognosis.

Discussion

This study evaluated the concentration of Hcy, MDA
and GSH in patients with OSAHS, and the effect of CPAP
on severe OSAHS patients. The Hcy level was higher in the
plasma of the patients with OSAHS than in the control
subjects, but not proportionally to the severity of OSAHS.
Moreover, there was no obvious change in the Hcy plasma
level of the patients with CPAP therapy.

Homocysteine is a well-studied marker of cardiovascular
disease. Schnyder et al. evaluated the relationship between
the Hcy plasma levels on admission and after a successful
percutaneous coronary intervention, demonstrating that
Hcy was an important independent predictor of future
cardiovascular events and cerebrovascular disease.!* How-
ever, the mechanisms of OSAHS related to cardiovascular
disease remain to be investigated despite a vast amount
of studies.

The relation between OSAHS and serum Hcy are still
under debate. Accumulating evidence has revealed that
in all OSAHS patients at different stages of the disease,
the Hcy levels were elevated regardless of the presence
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Fig. 2. The effects of CPAP treatment on the Hcy, GSH and MDA levels
in severe OSAHS patients

Hcy — homocysteine; GSH — glutathione; MDA — methane dicarboxylic
aldehyde; CPAP — continuous positive airway pressure; A — Hcy level;

B — GSH level; C - MDA level; data are presented as mean =+ standard
deviation (SD); n = 26; a — p < 0.05: post-CPAP vs pre-CPAP.

of cardiovascular disease, and its levels were independently
associated with the severity of OSAHS.14-1¢ Meanwhile,
Monneret et al. demonstrated that the serum Hcy levels
were higher in OSAHS with metabolic syndrome com-
pared to metabolic syndrome patients, and proportional
to the severity of OSAHS.!” However, Cintra et al. observed
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that the Hcy plasma levels did not differ between OSAHS
patients and the control subjects that were matched for age
and sex.!® The results of those studies were consistent with
part of our data showing that the Hcy levels did not differ
between severe OSAHS patients and the control group, but
were significantly higher in mild and moderate OSAHS
patients than in those from the control group. Due to the
increased generation of oxygen free radicals in OSAHS
patients, GSH, as one of antioxidant defenses, correspond-
ingly increased in order to resist the injury coming from
oxidative stress. Furthermore, Hcy serves as an important
producer for GSH, and the high levels of GSH will inhibit
Hcy degradation in vivo. Hence, the accumulation of Hcy
in vivo results in hyperhomocysteinemia (HHcy). Lipid
peroxidation is more pronounced in severe OSAHS pa-
tients than in mild/moderate OSAHS patients; however,
the ability of antioxidants is not enhanced accordingly.!!
Thereby, the Hcy level does not further increase in se-
vere OSAHS patients. This mechanism provides further
support for the present results and also offers a new clue
to explain the conclusion that there was a clear association
between slightly elevated blood Hcy levels and early-onset
coronary artery disease, peripheral artery disease, cerebro-
vascular disease, stroke, etc.!” Also, we noted that the Hey
level was positively correlated with age; this conclusion was
similar to previous results.?’

Recent studies have shown that oxidative stress exists
in OSA patients.??> As one of the cellular antioxidant de-
fense systems, the amount of GSH is an important indica-
tor of the anti-oxidation ability. Our results showed that
the GSH levels rose noticeably in mild/moderate OSAHS
patients. Ntalapascha et al. investigated whether systemic
oxidative stress was increased in obstructive sleep apnea
syndrome (OSAS) patients, and discovered that OSAS
might be associated with an increased oxidative burden,
possibly via the glutathione/oxidized glutathione (GSH/
GSSG) pathway.?® Being the main product of peroxidation
in vivo, MDA is a biomarker of lipid peroxidation injury
degree. Our results indicated that the MDA levels increased
with the severity of OSAHS. Kilic et al. recently reported
that the serum MDA levels are significantly higher in pa-
tients with OSAS than in control subjects, and both oxida-
tive imbalance and vascular endothelial dysfunction lead
to early development of atherosclerosis, which may cause
health-threatening complications of OSAS.?* Therefore,
vascular endothelial dysfunction caused by oxidative stress
is a predictive factor for the complications of OSAS. In ad-
dition, Mancuso et al. compared 3 well-known markers
of oxidative stress — advanced oxidation protein products
(AOPP), ferric reducing antioxidant power (FRAP) and total
GSH - in a cohort of 41 untreated patients with OSAS,
indicating that such oxidative stress markers may be use-
ful to detect and monitor redox imbalance in OSAS.?
The present study hinted that there were significant
changes in oxidative stress marker levels, and the change
of the MDA levels instead of the GSH levels was entirely
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consistent with the antioxidant levels in OSAHS patients
at different stages of the disease.

For patients with moderate or severe OSAHS, CPAP
therapy can obviously alleviate excessive daytime sleepi-
ness and improve the sleep quality, as well as patients’
life quality and general well-being.?® Continuous positive
airway pressure therapy may decrease the risk of mortality
and cardiovascular events in patients with OSA.?” Chen
et al. found that the Hcy levels were significantly reduced
by CPAP therapy in patients with OSAHS and that the Hcy
levels may be clinically recognized as a valuable indicator
for the treatment of OSAHS.?® However, we found that the
Hcy levels were not noticeably changed in patients undergo-
ing CPAP therapy, which was consistent with the research
by Kumor et al., which showed that the Hcy levels did not
decline after CPAP therapy for 3 months.?’ We also found
that the MDA levels were significantly decreased after CPAP
therapy, which was similar to a recent study that determined
the effectiveness of CPAP therapy in reducing the MDA levels
in OSA patients, proving that CPAP therapy yields clinical
benefits by reducing oxidative stress in OSA patients.>

In conclusion, the Hcy levels were elevated in mild and
moderate OSAHS patients, but not proportionally to the
severity of OSAHS. The change of the Hcy level was not
proportional to the severity of the disease in different
OSAHS groups, and the reason was the increased lipid
peroxidation without the accordingly enhanced ability
of antioxidants in severe OSAHS patients. Although the
CPAP did not affect the Hcy levels, the MDA level was sig-
nificantly decreased after CPAP in severe OSAHS patients.
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Abstract

Background. The evidence highlights the importance of improving vitamin D levels in the general population
for the prevention of adverse long-term health risks, including cardiovascular events, metabolic syndrome,
cancer, anxiety and depression, and overall mortality, although controversies in the research are common.

Objectives. The purpose of this study was to investigate the relationship between vitamin D and vascular
and bone health among postmenopausal metabolic women, controlling for traditional cardiovascular factors,
and thus seeking to explore their plausible relation. The secondary aim was to look specifically for the relation
between artery stiffness and bone health.

Material and methods. Thisis a cross-sectional study designed to evaluate the relation between vitamin D
level and vascular and bone health among women with metabolic syndrome. Two hundred and ten women
visiting a cardiologist were recruited consecutively into the study. The study variables included clinical
examination, laboratory findings, measurements of vascular stiffness, and bone turnover markers.

Results. We found 126 (60%) metabolic women with a vitamin D deficiency (50 nmol/L) among the study
group. We discovered no statistically significant correlation between vitamin D and vascular stiffness. Vitamin D
was not associated neither with femoral neck bone mineral density (BMD) and T score, nor with lumbar
spine BMD and T score. Nevertheless, there was an indirect weak correlation between vascular stiffness,
in particular the augmentation index (Alx), and all bone health markers, including BMD and T score in both
the femur head and lumbar spine.

Conclusions. We showed a high proportion of postmenopausal metabolic women with a vitamin D de-
ficiency, but there was no relation between vitamin D and vascular health or vitamin D and bone health.
Nevertheless, the relation between vascular health and bone health exists, although the role of vitamin D
in this link has not yet been established.

Key words: metabolic syndrome, vitamin D, bone mineral density, vascular stiffness
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Introduction

There is sufficient evidence that vitamin D is related
to bone health in children and the elderly, while the
benefit for middle-aged people still needs to be proven.!
The emerging evidence highlights the importance of nor-
malizing vitamin D levels in the general population, as
it may prevent long-term health problems, including car-
diovascular events, metabolic syndrome, cancer, overall
health, anxiety and depression, and overall mortality, al-
though controversies in the literature are common and the
data is inconclusive.> QOur own previous experience from
a cross-sectional study with 100 postmenopausal metabolic
women revealed a favorable correlation between vitamin D
concentrations and mean blood pressure and high den-
sity lipoproteins.* We showed that normalizing vitamin D
level may lower the mean blood pressure. Similar evidence
has mostly been based on cross-sectional studies, less
in observational longitudinal studies, while randomized
controlled studies in general have denied the beneficial ef-
fect of vitamin D.® In addition, studies with higher sample
sizes, which is often the case in cross-sectional studies, are
more powerful in proving the relation, while randomized
controlled trials with small groups mostly fail. The aim
of this cross-sectional analytic study was to investigate
if there is a relationship between vitamin D (25(0OH)D) and
vascular health and bone health among postmenopausal
metabolic women, taking into consideration traditional
cardiovascular factors, and thus to explore their plausible
relation. The secondary aim was to look specifically for the
relation between artery stiffness and bone health.

Material and methods
Study design

A total of 210 women attending Vilnius University Hos-
pital Santariskiu Klinikos, Lithuania, according to the
Lithuanian high cardiovascular risk primary prevention
program, signed the informed consent form and were
enrolled into the study consecutively, after meeting the
following inclusion criteria: age between 50 and 65 years,
diagnosis of metabolic syndrome and being in menopausal
period.® Metabolic syndrome was diagnosed if at least 3
out of 5 symptoms were present: waist circumflex >88 cm;
systolic blood pressure (SBP) 2130 mm Hg and/or dia-
stolic blood pressure (DBP) >85 mm Hg; fasting glyce-
mia >5.6 mmol/L or type 2 diabetes mellitus; triacylglyc-
eride (TG) concentration >1.7 mmol/L or special treatment
prescribed to reduce the TG concentration; high-density
lipoprotein cholesterol (HDL-C) <1.2 mmol/L.” The exclu-
sion criteria were: vitamin D supplements currently or at
least half a year before the study, diagnosed coronary heart
disease, malignant disease currently, kidney or liver failure,
other advanced somatic or mental disease. The approval

J. Dadoniene, et al. Vitamin D and metabolic syndrome

was obtained from the Lithuanian Bioethics Committee
(158200-14-724-240). The enrollment period lasted 2 years,
from March 2014 until March 2016.

Study variables

The clinical, laboratory and instrumental measurements
were obtained during the 2" visit to a cardiologist. These
included clinical examination and measurements of labo-
ratory markers: fasting cholesterol, glucose, C-reactive
protein (CRP), creatinine, albumin, 25(OH) vitamin D, and
ionized calcium. Vitamin D level was considered deficient
when it was <50 nmol/L.% The physical activity index was
obtained from the questionnaires containing information
on intensity, duration and frequency of current exercise
program, which was then entered into the equation (in-
tensity x duration x frequency = total score).

Vascular health measurements

We applied 3 non-invasive techniques to examine the
vascular health of 210 women enrolled in the study: pulse
wave velocity (PWYV), flow-mediated dilatation (FMD)
and carotid artery intima-media thickness (IMT) mea-
surements. All 3 measurements were carried out in the
early morning hours and the participants were asked to re-
frain from drinking and eating for at least 12 h before the
examination.

Pulse wave velocity was obtained by measuring the ca-
rotid-to-radial (PW Vcr) and carotid-to-femoral (PW Vcf)
pulse wave flow. Mainly, the transit time of the wave from
the sternal notch to the radial or femoral artery was used
to estimate the path length between the carotid and ra-
dial or femoral arteries, using applanation tonometry with
a high-fidelity micromanometer (SphygmoCor, Sydney,
Australia). The augmentation index (Alx) adjusted for
75 beats/min was calculated from PW Vcr, using an inte-
grated software program. This technique was described
by Kelly et al. in 1989 and later elaborated by Wilkinson
et al. and O’Rourke and Gallagher.®~!! A detailed descrip-
tion of the arterial stiffness measuring technique, as it was
performed in a local clinical setting, was described in de-
tail in the publication by our group.'?

The endothelium-dependent FMD test in a brachial ar-
tery was measured on B-mode imaging by an ultrasound
system (Logiq 7; GE Healthcare, Waukesha, USA) based
on the recommendations by Celermajer et al.!* Scans were
taken twice, before the inflation and after deflation, and
were carried out in the longitudinal plane, 1-8 cm above
the antecubital fossa. The inflation of a pneumatic tourni-
quet to a suprasystolic pressure of 100 mm Hg was kept for
5 min, and the 2" scan was taken within the first 15 s after
the cuff release.

The intima-media thickness was measured in the com-
mon carotid artery, 1-2 cm from the bifurcation on the
bottom wall, in a live 2-dimensional view, which comprised
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4 cm automatic recognition, using a high-resolution ALOKA
ultrasound system (Hitachi, Tokyo, Japan). The mean ca-
rotid IMT was calculated as the average from the means
of the left and right common carotid artery IMT.

Bone health measurements

Bone mineral density (BMD) of the femoral neck and
lumbar spine in region L1-L4 was measured by the dual-
photon energy absorptiometry method (Hologic, Massa-
chusetts, USA). T scores were calculated for each anatomi-
cal site. Osteopenia was defined when T score was below
-1 but above -2.5, and osteoporosis was defined when
T score was <-2.5.

Statistical analysis

Quantitative variables were presented as means and
standard deviation (SD) or median and min—max, depend-
ing on normality. Qualitative variables were expressed
as numbers and percentages. Quantitative comparisons
were computed with an independent Student’s t-test if they
were normally distributed or the Mann-Whitney test if the
normal distribution was violated. Pearson’s or Spearman’s
correlation analyses were used for establishing the rela-
tions between the variables. Multivariate linear regression
analysis (stepwise model) was performed separately for
vitamin D (dependent variable) and vascular health mea-
surements, and for vitamin D (dependent variable) and
bone health measurements. The traditional cardiovascu-
lar factors were included into the multivariate analysis as
important covariates: age, body mass index (BMI), waist
circumflex, smoking, total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), HDL-C, TG, fasting glu-
cose, CRP, and the albumin/creatinine ratio. The p-values
<0.05 were considered statistically significant.

Results

Differences of health characteristics
between women with and without
a vitamin D deficiency

The average level of vitamin D was 48.01 nmol (+16.95)
in the whole cohort (Table 1). We found 126 (60%) women
with metabolic syndrome with a vitamin D deficiency
and a minor proportion of them — 84 (40%) — had nor-
mal vitamin D levels. On average, the women were obese
(BMI = 32.42 kg/m?) with a low index of physical activity
around 18. No clinically significant differences were ob-
served when comparing the laboratory data between the 2
groups. Differences in early markers of atherosclerosis were
unremarkable, except for PW Vcr being higher in the group
with normal vitamin D concentration. Almost a quarter
of the women had osteoporosis or osteopenia. Bone health

1557

status, including BMD in the lumbar and femur area, was
quite similar in different vitamin D level groups.

The relation between vitamin D and
vascular health

We did not find a significant relation between vita-
min D concentration and early atherosclerosis markers
in a simple Spearman’s correlation. However, after adjust-
ment for age, mean blood pressure, BMI, waist circumflex,
physical activity index, smoking, TC, LDL-C, HDL-C, TG,
fasting glucose, CRP, and the albumin/creatinine ratio, the
association between vitamin D levels and PW Vcf became
significant (p = 0.049) (Table 2). We consider it coinciden-
tal and it is doubtful whether it is clinically important.

The relation between vitamin D and bone
health

In this study we failed to show an association between vi-
tamin D and femoral neck BMD or its T score or with lum-
bar spine BMD and T score in a simple linear regression
(Table 2). No association was found between vitamin D
and bone health markers in multiple linear regression after
adjusting for traditional markers for atherosclerosis.

Early atherosclerosis markers and bone
health

Though an association between vitamin D and vascular
health or bone health was not proven, we found an impor-
tant link between Alx and bone health. There was an in-
direct weak correlation between Alx (adjusted for heart
rate) and all bone health markers, including BMD and
T score in both the femur head and lumbar spine (Table 3).
We presume that when BMD decreases, the stiffening
of the arteries becomes more pronounced. Therefore,
keeping the bone structure healthy may prevent vascular
stiffening. In other words, what is good for bone health
is also good for blood vessels, though it is not that straight-
forward. We did not find vitamin D being somehow inter-
related with this.

Discussion

We found 126 (60%) women with metabolic syndrome
who had vitamin D deficiency (<50 nmol/L) and a mi-
nor proportion of 84 (40%) had normal vitamin D levels
(>50 nmol/L). This cut-off was chosen following the recom-
mendations developed by a consensus agreement of a Pol-
ish multidisciplinary group and it targeted the Central
European population.? In this cross-sectional study, when
applying multiple linear regression, we found no statisti-
cally significant relation between vitamin D and arterial
stiffness. Furthermore, vitamin D was not associated with
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Table 1. The characteristics of 210 metabolic women according to vitamin D levels

25 (OH) vitamin

25 (OH) vitamin D

Characteristics INGEPAL)]
Age [years] 57.89 £3.91
Current smokers, n (%) 33(15.7)
BMI [kg/m?] 3242 +4.12
Waist circumflex [cm] 103.83 £9.39
Physical activity index (1-100; 100 - the highest) 18 (1-100)
TC [mmol/L] 6.54 +1.37
LDL-C [mmol/L] 4.33£1.19
HDL-C [mmol/L] 1.31+0.30
TG [mmol/L] 1.75 (0.57-6.98)
Fasting glycemia [mmol/L] 591 (4.68-15.20)
CRP [mmol/L] 2.20 (0.30-23.80)
The albumin/creatinine ratio 0.58 (0.17-86.39)
FMD [%] 3.08 £2.15
PWVer [m/s] 8.80 (6-108)
PWVcf [m/s] 8.86 £1.48
Alx (adjusted for 75 heart rate) 2791 £897
Mean arterial pressure [mm Hg] 105.59 £12.61
IMF [um] 685.64 £95.82
25(0H) vitamin D [nmol/L] 48.01 £16.95
lonized calcium [mmol/L] 1170 £0.083
Total femur BMD [g/cm?] 1.06 £0.13
Total femur T score 0.48 £1.07
Total lumbar spine BMD [g/cm?] 1.14 £0.16
Total lumbar spine T score —0.28 £1.35
Normal bone status, n (%) 152 (72.3)
Osteopenia, n (%) 52 (24.8)
Osteoporosis, n (%) 6(2.9)

D (<50 nmol/L) (>50 nmol/L) p-value
(n=126) (n=284)
5794 +3.84 57.82 £4.01 0.835
20(15.9) 13 (15.5) 0.938
32.58 £4.37 32.19 3.74) 0.498
104.08 +9.25 103.46 £9.66 0.645
16 (1-100) 20 (1-80) 0.348
6.58 £1.37 6.49 +£1.36 0.619
4.37 £1.16 4.28 £1.27 0.576
1.2940.30 1.35+0.29 0.146
1.8 (0.61-6.98) 1.78 (0.57-6.85) 0.777
5.75 (4.68-13.43) 5.97 (5.02-15.20) 0.064
2.55 (0.40-15.50) 1.85 (0.30-23.80) 0.035
0.60 (0.17-86.39) 0.56 (0.18-11.61) 041
3.23£2.19 2.83 £2.07 0.219
8.65 (6-13) 8.95 (7-14) 0.049
8.89 4143 8.82 +1.55 0.737
2744 £7.37 28.53 £10.74 0474
106.74 +£13.70 103.88 £10.64 0.109
673.70 £83.41 703.98 £110.30 0.026
3772 £8.70 63.81 £14.13 =
1160 £0.093 1180 £0.063 0.123
1.06 +£0.14 1.06 +£0.11 0.895
049 +1.16 047 £0.94 0.866
114 £0.17 116 £0.15 0475
—0.32 £1.44 -0.21 £1.21 0.574
87 (69.0) 81 (774)
34 (27.0) 18 (214) 0.290
5(4.0) 1(1.2)

BMI - body mass index; TC — total cholesterol; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol;
TG - triacylglycerides; CRP — G-reactive protein; FMD - flow-mediated dilatation; PWVcr — pulse wave velocity (carotid-to-radial); PWVcf - pulse wave
velocity (carotid-to-femoral); Alx — the augmentation index; IMF — intima-media thickness; BMD — bone mineral density.

femoral neck BMD and T score, nor with lumbar spine
BMD and T score. In both models, the adjustment for age,
mean blood pressure, BMI, waist circumflex, physical ac-
tivity index, smoking, TC, LDL-C, HDL-C, TG, fasting
glucose, CRP, and the albumin/creatinine ratio was made.
This led to the conclusion that the association in simple or
more sophisticated models between an independent factor
—vitamin D — and vascular health markers or bone health
markers cannot be proven.

It is known that vitamin D is predominantly synthetized
in the skin or obtained with food or supplements, and these
physiological functions go far beyond the regulation of cal-
cium and phosphorus uptake, and extend to immunomod-
ulatory effects, effects on the renin-angiotensin system,
insulin secretion, and the apoptosis of malignant cell prolif-
eration. Vitamin D deficiency (<50 nmol/L) is a worldwide
epidemic with multiple implications on human health, due

to its role in various physiological systems.'* It is generally
considered that vitamin D plays an important role in over-
all health and it is important to have adequate vitamin D.?
The overall enthusiasm to search and to find links between
disease and vitamin D deficiency has changed with the
evolving paradox: the optimistic findings from observa-
tional studies were not supported by interventional stud-
ies.>1° This may be explained by the study duration, design
and sample size, as it may take a longer time for the cardio-
vascular outcome to occur than the duration of a clinical
trial. The classical observational Framingham Offspring
Study showed an increase in the number of cardiovascular
events when vitamin D was deficient.!® A Norwegian study
showed that all-cause mortality, as well as cardiovascular
mortality, may be higher with vitamin D deficiency,and
itis also applicable to a non-Caucasian population.”!8 Clin-
ical trials usually take under consideration the endothelial
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Table 2. The relation between vitamin D, vascular health and bone health
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Dependent variables (adjug';:ihrfodel)
Vascular health variables
Alx (adjusted for 75 heart rate) 0.013 0.875 0.143 0.251
PWVcr [m/s] 0.087 0314 —-0.029 0.825
PWVcf [m/s] —0.005 0.948 0.233 0.049
IMF [um] 0.080 0.252 0.144 0.232
FMD [%] -0.054 0471 0.008 0.947
Bone health variables
Total femur BMD [g/cm?] —0.024 0.746 -0.033 0972
Total femur T score —-0.027 0.721 —0.005 0.956
Total lumbar spine BMD [g/cm?] 096 0.195 0.035 0.716
Total lumbar spine T score 0.107 0.151 0.036 0.713
lonized calcium [mmol/L] 0.130 0.062 0.124 0.199

Model adjusted for age, mean blood pressure, body mass index (BMI), waist circumflex, smoking, total cholesterol (TC), low-density lipoproteins, high-
density lipoproteins, triacylglycerides (TG), fasting glucose, Greactive protein, the albumin/creatinine ratio, and physical activity index; Alx — augmentation
index; PWVcr — pulse wave velocity (carotid to radial); PWVcf — pulse wave velocity (carotid to femoral); IMF — intima-media thickness; FMD — flow-mediated

dilatation; BMD - bone mineral density.

Table 3. The relation between the augmentation index (Alx) and bone
health

Augmentation index/

bone health
Total femur BMD [g/cm?] -0.229 0.010
Total femur T score -0.222 0.013
Total lumbar spine BMD [g/cm?] —0.287 0.001
Total lumbar spine T score —-0.301 0.001

*adjusted for 75 heart rate; BMD — bone mineral density.

functioning parameters as the main outcome rather than
cardiovascular events, and it is due to the accepted agree-
ment that the endothelial function itself may serve as
an independent predictor of future cardiovascular events.!?
Several controlled clinical trials have shown that vitamin D
supplementation improves the endothelial function,
while others have not.1?~22 Therefore, there is not enough
evidence to decide whether the substitution of low vitamin D
would prevent cardiovascular events in the future. Our cross-
sectional observational study did not show meaningful results
concerning the endothelial functioning and vitamin D.
There is considerable evidence regarding the benefit
of vitamin D in the prevention of rickets in children and
osteomalacia in the senior population, but the benefit for
the middle-aged population remains unclear and con-
trolled clinical trials are needed in this setting of patients.?®
In a meta-analysis by Reid et al., 23 studies were included,
and no evidence was gained suggesting that taking vitamin D
prevents osteoporosis developing in the middle-aged popu-
lation, with only a small effect on increasing BMD in the
femoral neck.?* These findings are in line with the system-
atic review by Cohrane collaboration, which came to the
conclusion that vitamin D alone is unlikely to prevent

fractures in older people when taken in the recommended
daily dose. However, in combination with calcium, it may
be helpful in preventing hip or any type of fracture in post-
menopausal women or older men.?* Our study did not show
any link between vitamin D and BMD or T score, likewise
other, more powerful studies.

On the other hand, by carrying out the main aim of this
study, we examined the link between arterial stiffness
and bone health in a simple linear regression model and
it was obvious that there was an indirect weak correla-
tion between Alx and bone health markers, including
BMD and T score in the femur head and even more in the
lumbar spine. Our data shows that higher arterial stiff-
ness may be associated with a higher risk of osteopenia
in postmenopausal women with metabolic syndrome, but
it is not necessarily associated with vitamin D deficiency.
A very recent study by Ye et al. looked into 25 studies and
pooled data on 10,299 patients. The calcification of ca-
rotid arteries, the incidence of cardiovascular disease and
coronary artery disease were taken into account and were
significantly higher in numbers in low BMD patients com-
pared to normal BMD patients. The same trend for BMD
being related to arterial stiffness was observed in differ-
ent settings of the population, including postmenopausal
women, and persisted after the adjustments for gender,
age, weight, and other vascular risk factors. In the quoted
study, BMD was proven to be an independent risk factor
that may increase the risk of arterial stiffness and athero-
sclerosis.?® The results of our study are in line with the
findings of this meta-analysis; however, the limitations
of our study should be pointed out: cross-sectional study
design and relatively small sample size. Both of them make
this study less compelling when compared to other obser-
vational study designs.
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Conclusions

In this cross-sectional study, we showed a high propor-

tion of postmenopausal women with metabolic syndrome
with vitamin D deficiency, but there was no relation be-
tween vitamin D and vascular health or vitamin D and
bone health. Nevertheless, the relation between vascular
health and bone health exists, but it is unlikely due to vi-
tamin D.
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Abstract

Background. Colorectal cancer (CRC) is one of the most common cancers in the world. Despite improve-
ments in screening for early diagnosis, CRCis one of the leading causes of cancer deaths.

Objectives. The aim of the study was to determine a potential association between the frequency of GSTM1
and GSTT1 null genotypes and the risk of CRC in the Polish population. Moreover, we analyzed the clinical
parameters with the glutathione S-transferase (GST) gene polymorphisms in patients with CRC.

Material and methods. The study was conducted on 512 Caucasians, including 279 patients (105 women
and 174 men) with CRC. DNA from peripheral blood was extracted and the multiplex polymerase chain reac-
tion (PCR) technique was used for glutathione S-transferase theta (GSTT7) and mu (GSTMT) gene deletion
genotyping.

Results. We found no statistically significant differences in the frequency of the GST gene polymorphisms
in patients with CRCand controls. The prevalence of the GSTM1*0 variantin the test subjects was higher than
in controls (45.9% vs 42.9%; p > 0.05). The frequency of the GSTT1*0 variant was also higher in patients
with CRC compared to the control population (21.1% vs 18.9%; p > 0.05). In addition, the effect of the
GSTMT and GSTT1 polymorphisms on the incidence of CRC was also analyzed. There was a slight, but not
statistically significant, increase of the risk of colon cancer for the GSTM1*0 and GSTT1*0 variants. Moreover,
we examined the GST genotype due to the cancer TNM classification and the location of the primary tumor.
Statistically significant differences in the distribution of the GSTT1*0 and GSTT1*1 genotypes in both the
stage and the location of the primary tumor were observed.

Conclusions. It is suggested that the GSTTT polymorphism may have an impact on the severity of the
tumor and its location.

Key words: colon cancer, gene polymorphism, GSTM1, GSTT1, multiplex polymerase chain reaction
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Introduction

Colorectal cancer (CRC) occurs most commonly in de-
veloped countries and it is the second most frequent tumor
in Poland. The dynamic increase in the number of CRC
cases makes Poland a leader among EU countries in the
incidence of this disease entity. Europe shows the highest
incidence of sporadic CRC worldwide.!

Colorectal tumors are often caused by many factors,
both genetic and environmental. Several studies present
the attempt to use the genotypes of phase II detoxifica-
tion enzymes — glutathione S-transferase (GST), UDP-
glucuronosyltransferase (UGT), sulfotransferase (SULT),
and N-acetyltransferase (NAT) — as molecular markers
of cancer risk. Due to its function, GST was the subject
of a number of studies as a potential susceptibility gene
for colon cancer.>? Glutathione S-transferases (GSTs)
are a superfamily of multifunctional proteins that play
an important role in cellular detoxification. Cytosolic
GSTs catalyze the coupling reactions between the nu-
cleophilic reduced glutathione (GSH) and electrophilic
forms of drugs, including chemotherapeutic agents (such
as platin derivates), environmental pollution and a wide
spectrum of xenobiotics. Moreover, GST enzymes are also
involved in the detoxification of active metabolites gener-
ated during oxidative stress and provide protection against
reactive oxygen species (ROS). On the other hand, it has
been shown that the activity of GST in tumor cells may
be associated with their resistance to chemotherapeutic
drugs, because the level of the GST activity in cancer cells
is probably significantly increased and may influence the
outcome of the treated patients. Due to the limited effica-
cy of chemotherapy, including the case of gastrointestinal
tract cancer, there is a high interest in the individualiza-
tion of treatment. The GST polymorphisms primarily lead
to the reduction of enzymatic activity compared to the
wild-type homozygotes.* The glutathione S-transferase
theta (GSTTI) and mu (GSTM1I) polymorphisms are
manifested by the absence of these genes, and the fre-
quency of these variants in the population is dependent
on the geographic location. Further, GST isoenzymes are
present in most epithelial tissues of the gastrointestinal
tract. In addition, clinical studies have shown that the
loss of the GSTM1 expression increases the risk of the
digestive tract, bladder, lung and skin cancers. According
to the European Prospective Investigation into Cancer
and Nutrition, studies on the association between the
level of polycyclic aromatic hydrocarbon-DNA adduct and
dietary antioxidants may be important among GSTM1-
null individuals.>-#

The aim of our study was to evaluate the prevalence
of the GSTT1 and GSTM1 genes polymorphisms in pa-
tients with CRC and in the control group. Moreover, the
clinical value of these findings for cancer therapy was also
analyzed.

J. Was, et al. Colorectal cancer and GST polymorphisms

Material and methods

The study was conducted on a group of 512 Caucasians,
including 279 patients (105 women, 174 men; mean age:
62.49 +10.6 years) with CRC who were diagnosed and
treated in the Clinic Hospital of the Pomeranian Medical
University in Szczecin, Poland. In each case, histological
studies were the basis for the diagnosis of cancer. The con-
trol group consisted of 233 cancer-free subjects (80 women,
153 men; mean age: 58.49 +10.6 years) recruited from the
same hospital. All patients were informed about the pur-
pose of the study and submitted written informed consent.
The research was conducted with the approval of the Po-
meranian Medical University in Szczecin, Poland.

Genetic studies were conducted in the Department
of Stem Cells and Regenerative Medicine at the Institute
of Natural Fibers and Medicinal Plants in Poznan, Po-
land. Genomic DNA was obtained from 5 mL of whole
blood using a Qiagen DNA isolation kit according to the
manufacturer’s protocol (Qiagen, Valencia, USA). DNA
concentration was measured with the DeNovix DS-11
Spectrophotometer (DeNovix Inc., Wilmington, USA).
Genotyping of the GSTM1 and GSTT1 variants was per-
formed using the polymerase chain reaction (PCR) mul-
tiplex technique. For the detection of the GSTMI and
GSTTI1 gene deletion, the amplification of CYPIAI was
used as a positive reaction control. A 215 bp fragment
for the GSTM 1 gene was amplified with the forward and
reverse primers as follows: 55GAACTCCCTGAAAAGC-
TAAAG-3" and 5’GTTGGGCTCAAATATACGGTG-3"
Forward and reverse primers for the GSTTI gene am-
plification were 5’TTCCTTACTGGTCCTCACATC-3’
and 5" TCACCGGATCATGGCCAGCA-3/, and the size
of the PCR product was 480 bp. For the CYPIAI product
amplification (312 bp), the forward primer 5GAACTGC-
CACTTCAGCTGTCT-3’ and reverse primer 5’CAGCT-
GCATTTGGAAGTGCTC-3’ were used. All primers were
synthesized at the Institute of Biochemistry and Biophys-
ics, Polish Academy of Sciences, Warszawa, Poland. Poly-
merase chain reaction was performed in 20 pL reaction
mixture containing 100 ng genomic DNA, 2 pmol each
primer, 0.25 mM deoxynucleotides (ANTPs), 1x concen-
trate PCR buffer, 2mM MgCI2 and 1U Taq polymerase (No-
vazym, Poznan, Poland). Polymerase chain reaction was
performed in a thermocycler PTC-200 (M] Research, Inc.,
Waltham, USA) under the following conditions: initial
denaturation at 94°C for 4 min and 35 cycles as follows
— denaturation at 94°C for 30 s, annealing at 60°C for 30's,
elongation for 1 min at 72°C, and the final elongation step
of 5 min at 72°C.

The PCR products were visualized on 3% agarose gel
stained with ethidium bromide for 40 min at 100 V.
The products of electrophoresis were evaluated using the
system of documentation and computer analysis of the
UVIimage (KS 4000/Image PC; Syngen Biotech Molecular



Adv Clin Exp Med. 2018;27(11):1561-1566

Biology Instruments, Cromwell, USA). GSTT1*0 (null ho-
mozygous) and GSTM1*0 (null homozygous) were defined
as the absence of the 480 bp or 215 bp PCR product, re-
spectively. At the same time, the presence of the 312 bp
fragment for CYPIAI indicated a successful PCR reaction.
Then, SPSS Statistics 17.0 for Windows was utilized for
statistical analysis (Chicago, USA). We used the Hardy-
Weinberg equation to calculate the expected genotype
frequencies for each polymorphism, which were compared
with the observed values using the x? test. The expected re-
sults are presented with 95% confidence intervals (CI). Ad-
ditionally, the correlation analysis between the genotypes
and clinical parameters was performed using one-way
analysis of variance (ANOVA) test. The values of p < 0.05
were considered statistically significant.

Results

The following cases were observed based on the loca-
tion of the tumor: sigmoid colon — 96 patients (34.4%),
cecum and ascending colon — 78 patients (28%), rectum
— 52 patients (18.6%), transverse colon — 39 patients (14%),
and descending colon — 14 patients (5%). On the basis
of histopathological examination, the following types
of cancer were diagnosed: adenocarcinoma G2 in 73.4%
of cases (205 patients), adenocarcinoma G1 in 14.3%
of cases (40 patients), adenocarcinoma G3 in 5.7% of in-
dividuals (16 patients), carcinoma mucinosum in 4.3%
of cases (12 patients), and carcinoma gelatinosum in 2.1%
(6 patients). Moreover, according to the pathological TNM
classification (pTNM), we identified preinvasive carcinoma
(Tis) in 7 cases (2.5%), the tumor invading the muscula-
ris propria (T2) in 40 patients (14.3%), while in 153 cases
(54.8%), we found the features of T3, with the tumor in-
vading through the muscularis propria into pericolorectal
tissues. The infiltration of the tumor to the peritoneum
(T4a) occurred in 68 cases (24.4%) and in 11 cases (3.9%),
the cancer directly invaded or was adherent to other organs
or structures (T4b). A total of 132 patients (47.3%) had no
metastases in regional lymph nodes (NO) and in 89 cases
(31.9%), we observed metastases in 1-3 lymph nodes (N1).
Moreover, 58 cases (20.8%) had metastases in 4 or more re-
gional lymph nodes (N2). At the time of diagnosis, metasta-
ses (M1) were found in 219 patients (78.5%), and 61 patients

1563

(21.9%) had no metastasis (MO0). Moreover, in 44 cases,
the tumor caused intestinal obstruction. In 35 patients,
weight loss was a noticeable symptom of the disease, while
in the majority (n = 244), weight loss was not observed.
The control group consisted of 233 subjects (80 women
and 153 men, mean age: 58.49 +10.6 years) without CRC
(symptom-free) and presented with no anemia.

Furthermore, the frequency of the GSTM1I gene poly-
morphism in CRC patients and the control group was in-
vestigated. The analysis of the GSTM1*0 and GSTM1*1
variations was conducted among 279 patients with histo-
logically diagnosed CRC and in 233 control cases. The x>
test showed no statistically significant differences between
the values in the study group and in controls (p = 0.22).
The prevalence of the GSTMI null genotype variant
in both groups was similar, and amounted to 45.9% in the
study group and 42.9% in the control group. The frequency
of GSTM1*1 was 54.1% in the study group and 57.1% in the
control group (Table 1). Furthermore, we determined a risk
of colon cancer depending on genotypes. In the case of the
GSTMLI null variant, the odds ratio (OR) was slightly el-
evated (OR = 1.13, 95% CI = 0.78-1.63; p = 0.28). How-
ever, there was no significant impact of this polymorphism
on the risk of developing colon cancer.

Additionally, the clinical data of patients diagnosed with
CRC were compared with the GSTM 1 gene genotypes. We
selected the clinical stage according to the TNM classifica-
tion and the primary tumor location. The results are shown
in Table 2. In the same group of patients and controls, the
GSTTI gene polymorphism was determined. The x? test
showed no statistically significant difference between the
study group and controls (p = 0.30) (Table 3).

The frequency of the GSTT1*0 variant was 21.1%
compared to the control group (18.9%). The frequency
of GSTT1*1 was 78.9% in the study group and 81.1% in con-
trols. The effect of the GSTT1 polymorphism on the in-
cidence of CRC was also analyzed. There was a slightly
increased risk of CRC in the case of the GSTT1 null geno-
type (OR = 1.15, 95% CI = 0.73-1.83; p = 0.30), but not
statistically significantly.

Additionally, the clinical data of patients diagnosed with
CRC was compared with the GSTTI gene genotypes. We
examined the cancer stage according to the TNM classifi-
cation and the location of the primary tumor. Statistically
significant differences in the distribution of the genotypes

Table 1. The frequency of the GSTM1 genotypes in patients with CRC and controls

Patients Controls
Genotype
observed value n (%) | observed value n (%)
GSTMT*0 128 (45.9) 100 (42.9)
GSTM1*1 151 (54.1) 133 (57.1)
Total 279 (100) 233 (100)

95% Cl
113 0.78-1.63 0.28
0.89 0.62-1.28 0.28

CRC - colorectal cancer; OR - odds ratio; Cl — confidence interval.
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Table 2. Selected clinical parameters of patients with CRC and the GSTM1
genotype

Genotype n (%)
Clinical parameters p-value
GSTM1*0 | GSTM1*1

pl
Tis 3(1.08) 4(143)
T1 - -
2 1968) 21(75) 006
T3 68 (24.4) 85 (30.5)
T4 38 (13.6) 41 (14.7)

pN
NO 60 (21.5) 72 (25.8) 012
N1 40 (14.3) 49 (17.6) ’
N2 28 (10) 30(10.8)

M
MO 23(8.2) 38(13.6) 0.15
M1 105 (37.6) 113 (40.5)

Tumor location
sigmoid colon 39 (14.0) 57 (20.4)
cecum and ascending colon 34(12.2) 44 (15.7) 064
rectum 30(10.8) 22(79) ’
transverse colon 21 (7.5) 18 (6.5)
descending colon 4(14) 10 (3.6)

CRC - colorectal cancer; pT, pN, M — pathological TNM classification

of the tumor; Tis — carcinoma in situ; T1- tumor invades the submucosa;
T2 - tumor invades the muscularis propria; T3 — tumor invades through
the muscularis propria into pericolorectal tissues; T4 — tumor penetrates
to the surface of the visceral peritoneum; NO - no regional lymph node
metastasis; N1 — metastasis in 1-3 regional lymph nodes; N2 — metastasis
in 4 or more regional lymph nodes; MO - no distant metastasis;

M1 — metastasis to distant organs.

in both the stage and the location of the primary tumor
were observed. There is a possibility that the GSTT1*0
and GSTT1*1 genotypes may have an impact on the sever-
ity of the tumor and its location. The results are shown
in Table 4.

Discussion

It is well-known that GST isoenzymes are responsible
for the detoxification of some mutagenic and carcinogenic
chemical compounds. For this reason, it is possible that the
deletion of the GST gene may be a risk factor in carcino-
genesis. Some speculate that the GSTM1 null genotype can
be associated with a predisposition to certain cancers, but
these reports are inconclusive. On the other hand, predic-
tive markers for the treatment of gastrointestinal cancer
are needed. In our study, we assessed the possible role
of the GSTM I and GSTT1 polymorphisms in the develop-
ment of CRC in the Polish population. We investigated the
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frequency of the GSTM1 and GSTT1 genotypes and their
potential influence on the risk of CRC. Moreover, we also
examined the GST genotype with regard to the cancer
TNM classification and the location of the primary tumor.

The available data on the frequency of the GSTM1 and
GSTTI gene polymorphisms are quite diverse and depend
on the ethnic origin of the analyzed population. Neverthe-
less, the frequencies of the GSTM1 and GSTT1 genotypes
observed in our study are in accordance with those from
other European Caucasian populations and consistent
with previous studies.? Depending on the author, a lack
of the GSTM1 enzymatic activity was observed in 40—
60% of Caucasians, while the GSTT1 null genotype is less
frequent and is present in 10-20% of this population.’
In our study, the prevalence of the GSTM1*0 variant in the
test subjects was 45.9% compared to 42.9% in controls.
The frequency of the GSTT1*0 variant was 21.1% in total
cancer cases compared to 18.9% in the control population.
According to Arruda et al.,, the frequency of the GSTM 1
and GSTTI1 genes homozygous deletion is quite high
among Caucasians and amounts to 55% for GSTM1 (al-
lele frequency: 0.74) and 18.5% for GSTT1 (allele frequen-
cy: 0.43).1° For comparison, in dark-skinned Brazilians,
these values were 33% for the GSTM1 (allele frequency:
0.57) and 19% for the GSTT1 gene (allele frequency: 0.43),
whereas in the Amazonian group these values were 20%
for GSTMI1 (allele frequency: 0.45) and 11% for GSTT1
(allele frequency: 0.34). Moreover, the frequency of the
GSTM1 and GSTT1 both null genotypes in white- and
dark-skinned patients was 11% (frequency of both alleles:
0.33) and 5% (allele frequency: 0.22), respectively. Impor-
tantly, Garte et al. suggest that the highest frequency of the
GSTM1*0 homozygotes is in the Caucasian population
(0.53), lower in Asians (0.52) and the lowest in Africans
(0.26), depending on the origin of the study population.!

On the basis of the OR calculation, we found no statisti-
cally significant effect of the GSTM1 null (OR = 1.13, 95%
CI=0.78-1.63; p = 0.28) and GSTT1 null (OR = 1.15, 95%
CI = 0.73-1.83, p = 0.30) genotypes on the risk of CRC
development. Our findings are consistent with the results
obtained by Hezova et al. and Chenevix-Trench et al.,
where neither of the GSTMI and GSTT1 polymorphisms
showed any associations with CRC.?12 Similarly, no in-
creased risk of developing CRC for both the null variants
in a British population study was found.!> Most reports
indicate that the increased risk is at a low level, approx.
OR < 2.1%15 Stjll, there are also those who suggest a much

Table 3. The frequency of the GSTT1 genotypes in patients with CRC and the controls

Patients Controls
Genotype
observed value n (%) observed value n (%)
GSTT1*0 59 (21.1) 44 (18.9)
GSTT1*1 220 (78.9) 189 (81.1)
Total 279 (100) 233 (100)

95% Cl
1.15 0.73-1.83 0.30
0.87 0.55-1.37 0.30

CRC - colorectal cancer; OD odds ratio; Cl — confidence interval.
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Table 4. Selected clinical parameters of patients with CRC and the GSTT1
genotype

Genotype n (%)
Clinical parameters p-value
GSTT1*0 | GSTT1*1

pl
Tis 2(0.7) 5(1.8)
T1 - -
T 7(25) 13 | 00
T3 35(12.5) 118 (42.3)
T4 15 (54) 64 (229)

pN
NO 27 (9.7) 105 (37.6) 004
N1 12 (4.3) 77 (27.6) ’
N2 20(7.2) 38 (13.6)

M
MO 16 (5.7) 45 (16.1) 0.03
M1 43 (15.4) 175 (62.7)

Tumor location
sigmoid colon 16 (5.7) 80 (28.7)
cecum and ascending colon 10 (3.6) 68 (24.4) 004
rectum 11 (3.9) 41 (14.7) ’
transverse colon 18 (6.5) 21 (7.5)
descending colon 4(14) 10 (3.6)

CRC - colorectal cancer; pT, pN, M — pathological TNM classification

of the tumor; Tis — carcinoma in situ; T1- tumor invades the submucosa;
T2 —tumor invades the muscularis propria; T3 — tumor invades through
the muscularis propria into pericolorectal tissues; T4 — tumor penetrates
to the surface of the visceral peritoneum; NO - no regional lymph node
metastasis; N1 — metastasis in 1-3 regional lymph nodes; N2 — metastasis
in 4 or more regional lymph nodes; MO - no distant metastasis;

M1 — metastasis to distant organs.

larger relationship between the GSTM1/GSTT1 double-
null haplotype and the risk of gastrointestinal cancers.'®
Furthermore, in our research, no impact of the GSTM1
gene polymorphism on the location and stage of the tumor
was noted. Similar results were presented by Gertig et al.,
Abdel-Rahman et al., Loktionov et al., and Zhu et al.1’-2°
In contrast, Zhong et al. demonstrated an increased fre-
quency of the GSTM1 null genotype in a population of 196
cases with CRC (56.1%) compared with the control group
of 225 individuals (41.8%).% In their study, the increased
evidence of proximal colon tumor in patients with the
GSTM1 null genotype was noted. On the other hand, Ka-
toh et al. suggested that the GSTM1 null genotype is a risk
factor (OR = 2.03, 95% CI = 1.06—3.90) among patients
with distal colorectal adenocarcinoma, while Wang et al.
observed an increased rectal cancer risk (OR = 1.55, 95%
CI = 1.05-2.30).1%22 Furthermore, Katoh et al. indicated
that the combined GSTM1 null and GSTT1 null geno-
types frequency was similar in adenocarcinoma cases and
in controls.?2 However, they observed a significant increase
of the GSTM1 homozygous null genotype in patients with
gastric adenocarcinoma (56.8%) compared to the control
group (43.6%) (OR = 1.70, 95% CI = 1.05-2.76).
Moreover, in our study we investigated the effect of the
GSTTI gene variants in relation to the tumor location and
the pTNM characteristics. Statistically significant differ-
ences in the distribution of the GSTT1*0 and GSTT1*1
genotypes in both the stage and the location of the tumor
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were observed. We noted a high incidence of the GSTM1*1
genotype, especially in patients diagnosed as T3, M1 and
NO. The highest percentage was reported in patients with
sigmoid colon, cecum and ascending colon and rectum
cancers. These relationships were not observed in the
British population.!® Other suggestions are derived from
ameta-analysis where a statistically significant association
between the GSTT1 null variant and rectal cancer was
observed (OR = 1.28,95% CI = 1.01-1.64).2* There were no
differences in the distribution of genotypes and the clas-
sification according to Duke’s staging or histological dif-
ferentiation, but a strong correlation between the increased
risk of CRC and the combined GSTT1 and GSTM1 null
genotypes was observed. Similar findings were obtained
by Wan et al. for the correlation of the CRC sites and the
GSTTI gene deletion in rectal tumors (OR = 1.50, 95%
CI = 1.09-2.07; p < 0.0001), but in a lower level in CRC
patients (OR = 1.33, 95% CI = 0.94-1.88).2* Apart from
that, no connection was found between the GSTT1 poly-
morphism and age, gender, tumor stage and differentiation.
Otherwise, the results reported by Zhang et al. indicated
that the prevalence of the GSTT1*0 variant was also higher
in poorly differentiated cancers than in others.?*> According
to them, the GSTM1*0 genotype was related to the cancer
sites, and increased gradually from the right (37%) to the
left colon (44%) and to the rectum (60%) (p = 0.049). More-
over, some authors indicated that the deletion of the GSTT1
gene was more frequent among distal sporadic colorectal
adenocarcinoma (SCRAC) cases compared to proximal
ones (66.2% vs 44.4%; x* = 3.97; p < 0.05), and among the
elderly compared to younger patients.2’ Moreover, there
are some papers showing that the presence of the GSTT1
null genotype may increase the risk of tumor progression
in patients below 70 years of age.!> However, other authors
do not agree with these proposals.}”2¢ Furthermore, there
was no evidence concerning the impact of smoking on the
risk of CRC in patients with the GSTM1 null genotype
(OR =1.2,95% CI = 0.3—4.2) and for GSTT1 null patients
(OR = 1.1,95% CI = 0.3-4.7).7

A review of the literature shows that the activity of phase I1
detoxification enzymes is generally important in the study
of cancer epidemiology. Hence, it is worth noting that the
polymorphisms of GST enzymes have been widely studied
in other cancer cases. For example, a significant increase
of the chronic myelogenous leukemia (CML) incidence
in patients with the GSTT1 null genotype was observed.?”
Moreover, the increased toxicity of chemotherapy and
reduced survival in children with acute lymphoblastic
leukemia (ALL) and the GSTT1 gene deletion was ana-
lyzed. There is also a thesis that the GST genes may be
associated with the risk of an ALL relapse in childhood,
the development of prostate cancer, bladder cancer, and
skin malignances.?® Moreover, based on meta-analyzes
by Wang et al., there is some effect of the GSTT1 null
variant on an increasing risk of lung cancer.?
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Conclusions

In conclusion, it should be considered that the GST
polymorphisms leading to reduced activity of the enzyme
may be beneficial in the chemotherapy of patients with
CRC. However, in our study we did not prove that the
GST polymorphisms alone predispose to CRC. Overall,
the homozygous GSTM1 null and GSTT1 null genotypes
generate slight changes in the risk of developing colon
cancer. However, the scale of the risk is greater when the
genotype interactions with other factors are considered
(e.g., diet, tobacco smoke exposure). It has been known that
studies on the effect of the GST polymorphisms are lim-
ited by the insufficient amount of data on the phenotypic
consequences of this gene deletion in the aspect of CRC.
On the other hand, the combined incidence of multiple
gene polymorphisms appeared to be important for CRC
predispositions and survival. However, we observed dif-
ferences in the location and stage of the tumor, depending
on the GSTT1 genotype in randomly included patients.
Due to different reports, there is a question whether the
GST polymorphism may be of diagnostic use, and have
an impact on the survival of patients and chemotherapy
effectiveness.
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Abstract

Background. The HELLP syndrome (Hemolysis, Elevated Liver enzymes and Low Platelets) is a complication
of severe pre-eclampsia, a condition characterized by oxidative stress elevation caused by disequilibrium
between lipid peroxidation and antioxidant defense mechanisms, which, in turn, results in endothelial
compromise and free radical-mediated cell damage. While several studies have examined the relationship
between pre-eclampsia and oxidative stress, research investigating oxidative and hypoxic status in HELLP
syndrome is limited.

Objectives. The aim of this study was to compare the levels of oxidative stress markers — total oxidant status
(T0S), total antioxidant status (TAS), oxidative stress index (OS1), and malondialdehyde (MDA) —and a hypoxia
marker — carbonic anhydrase IX (CA1X) —in patients with HELLP syndrome and in healthy pregnant women.

Material and methods. A total of 23 women with HELLP syndrome and 30 healthy pregnant women were
included in the study. Serum levels of oxidative stress markers were determined using colorimetric methods,
while serum levels of CA IX were measured using an enzyme-linked immunosorbent assay (ELISA) kit.

Results. The TOS, 051, MDA, and CAIX levels were significantly higher in women with HELLP syndrome than
in the controls (p = 0.0001, p = 0.0001, p = 0.0001, and p = 0.008, respectively).

Conclusions. Increased levels of oxidative stress and hypoxia markers in women with HELLP syndrome
suggest that oxidative stress and hypoxia may be significantly involved in the pathophysiology of the disease.
Further follow-up studies are now needed to investigate the prognostic roles of these parameters in patients
with HELLP syndrome.
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Introduction

The HELLP (Hemolysis, Elevated Liver enzymes and
Low Platelets) syndrome is a multi-systemic disease with
a poor prognosis arising from endothelial dysfunction.
Itis characterized by multiple organ failure and widespread
pregnancy symptoms, such as proteinuria, hypertension
and generalized edema, as well as laboratory findings, such
as microangiopathic hemolysis, increases in liver func-
tion tests and thrombocytopenia.l=* The condition occurs
in 0.2-0.6% of all women during pregnancy and in 10-20%
of cases of eclampsia or pre-eclampsia. The exact mecha-
nism involved in HELLP syndrome, regarded as an ex-
treme form of pre-eclampsia, is uncertain.” The disease
occurs as a result of abnormal placental development or
function and ischemia, as in severe pre-eclampsia. The 1%
stage of the disease is characterized by defective placenta-
tion, in which trophoblasts in the decidua prevent complete
conversion of the spiral arteries.® This leads to uneven
blood perfusion, hypoxia and oxidative stress. Clinical
symptoms, such as hypertension, proteinuria and edema,
associated with maternal endothelial injury and systemic
inflammation, subsequently appear.”

Oxidative stress is related to the deterioration of the pro-
oxidant and antioxidant balance.® This results from both
excessive reactive oxygen species (ROS) and/or inadequate
antioxidant mechanisms.” Oxidative stress increases dur-
ing uncomplicated pregnancy, due to increased metabo-
lism and a rise in basal oxygen and energy consumption.
The placenta, a highly vascular organ, rich in mitochondria
and macrophages, is particularly responsible for the pro-
duction of free radicals. These cell organelles manufacture
significant quantities of oxidants, capable of causing injury
to the placenta. However, at the same time, antioxidant
levels also rise to protect against this injury. Under nor-
mal conditions, high levels of oxidants in pregnancy are
compensated by antioxidant level elevation, thus averting
significant oxidative damage. In contrast to normal preg-
nancy, when pre-eclampsia occurs, the existing antioxidant
levels are incapable of preventing oxidative damage result-
ing from high levels of free radicals. Additionally, decreases
in the levels and activities of a number of antioxidants
are observed, including vitamin E, glutathione peroxidase
(GPx) and superoxide dismutase (SOD). The combined im-
pact of these factors results in increased lipid peroxidation,
endothelial cell dysfunction and vasospasm.!” However, the
number of studies examining the relationship between oxi-
dative stress and HELLP syndrome is limited. Decreased
ferric reducing ability of plasma (FRAP) and increased
protein carbonyl levels are reported in women with HELLP
syndrome.!! Increased levels of oxidative stress markers,
such as malondialdehyde (MDA) and proinflammatory
cytokines (interleukin-6 and -8) were also shown in in-
fants of pre-eclamptic mothers with HELLP syndrome.!?
This prospective study of women with HELLP syndrome
and normal pregnant women was intended to observe the
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relative changes in oxidative stress markers (MDA, total
oxidant status [TOS], total antioxidant status [TAS], and
oxidative stress index [OSI]) and a hypoxia marker (car-
bonic anhydrase IX [CA IX]).

Material and methods
Study design and patient settings

Once the approval had been received from the Karad-
eniz Technical University Medical Faculty Ethical Com-
mittee, Trabzon, Turkey, informed consent was obtained
from all subjects. Pregnant women with HELLP syndrome
(n = 23) and healthy pregnant women (n = 30) were en-
rolled as the study and control groups, respectively. Blood
samples of the study and control groups were collected
during the period January—June 2016. All women in the
study group met all the criteria required for the diagnosis
of HELLP syndrome: microangiopathic hemolytic anemia
with characteristic schistocytes (helmet cells) on blood
smear, platelet count (PLT) <100,000/mL, serum lactate
dehydrogenase (LDH) >600 IU/L, and elevated liver en-
zymes (=70 [U/L) — serum alanine aminotransferase (ALT)
and aspartate aminotransferase (AST).!® The control
group consisted of healthy pregnant women attending the
gynecology unit for a routine examination. The exclusion
criteria were: a known history of deep vein thrombosis or
pulmonary embolism, diabetes mellitus, antiphospholipid
syndrome, chronic or acute renal disease, systemic lupus
erythematosus, recurrent miscarriage, or thrombophilia;
active smoker status; multi-fetal pregnancy; and the use
of anticoagulant, non-steroidal anti-inflammatory, cor-
ticosteroid, or antiplatelet therapies. The study subjects
were not receiving fetal lung maturation or HELLP syn-
drome treatment steroids at the time of the research.

Ethical approval

All procedures involving human participants were per-
formed in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments,
or comparable ethical standards.

Blood samples and laboratory methods

Five-milliliter blood samples from each subject were col-
lected in separator gel containing Vacutainer tubes. After
clotting, these were centrifuged at 1800 x g for 10 min.
Serum samples were stored at —80°C until the analysis
of all parameters. All routine biochemical parameter levels
were determined using a Beckman Coulter autoanalyzer
(Beckman Coulter, Brea, USA).

The concentrations of CA IX were measured using
an enzyme-linked immunosorbent assay (ELISA) kit (R&D
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Systems, Minneapolis, USA) according to the manufac-
turer’s instructions. The absorbance of samples was mea-
sured at 450 nm, using a microplate reader (Molecular
Devices, San Jose, USA). The results were expressed as
pg/mL. The minimum detectable level of human CA IX
is typically <2.3 pg/mL.

The MDA concentrations were determined using the meth-
od described by Yagi.l* Tetramethoxypropane was used as
a standard and the MDA levels were expressed as nmol/mL.

The levels of serum TOS and TAS were determined using
acommercial colorimetric kit (Rel Assay Diagnostics, Gazian-
tep, Turkey) according to the manufacturer’s instructions.
The TOS results were expressed as pmol H,O, equivalent/L
and the TAS results as mmol trolox equivalent/L.

The TOS/TAS ratio was used as OSI. The units of TAS,
expressed as mmol trolox equivalent/L, were converted
into pmol trolox equivalent/L and OSI was calculated us-
ing the formula'®:

OSI = [(TOS, umol H,0O, equivalent/L)/
/(TAS, pmol trolox equivalent/L) x 10].

Statistical analysis

Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS) software v. 23 (SPSS,
Inc., Chicago, USA). The results are expressed as medians

Table 1. Demographic, clinical and laboratory characteristics of the groups

Normal values

Clinical characteristics
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within the 25% and 75" percentile interquartile range
(IQR). All variables were subjected to descriptive statisti-
cal analysis. Normal distribution of the concentrations
of all parameters in the 2 groups was investigated using the
Kolmogorov-Smirnov test. Differences between the groups
were analyzed using the Mann-Whitney U test. The area
beneath the receiver operating characteristic (ROC) curves
was employed in order to calculate the discriminative pow-
er of all parameters in terms of the diagnosis or exclusion
of HELLP. These ROC curves were used in the calculation
of sensitivity, specificity, negative predictive values (NPV),
and positive predictive values (PPV) for HELLP. Statistical
significance was set at p < 0.05.

Results

The clinical characteristics of the 2 groups are presented
in Table 1. The sociodemographic features of the patients
were comparable, and no significant differences were ob-
served between the clinical features in the HELLP and
control groups.

Median (IQR) serum CA IX, MDA, TAS, TOS, and OSI
levels in the groups are summarized in Table 2. Serum CA
IX (p = 0.008), MDA, TOS, and OSI levels (p = 0.0001 for
all) were significantly higher in women with HELLP syn-
drome compared to control subjects. However, although

Age [years] -
Gravida -
Parity =
Gestational day -
Hemoglobin [g/dL] 12-17

PLT [number pf cells/mL] 150-400 x 10°
LDH [Iu/L] <248

ALT [IU/L] <40

AST [IU/L] <40

Control group Study group
(n=30) (n=23)

28 (24-32) 30 (25-34) 0.301
2.00 (1.00-3.00) 2.00 (1.00-3.00) 0.244
1.00 (0.00-1.00) 1.00 (0.00-2.00) 0491

238 (219-258) 222 (198-245) 0.123
11.75 (11.0-12.0) 11.7 (10.4-13.0) 0.732
3 3
(181,§15(())i<215(i)3,250) (42,?)1(51(5)592)?000) 00001
92.0 (69.0-111.0) 1,009 (789-1,642) 0.0001%
18.0 (15.8-25.0) 125 (64-209) 0.0001%
23.0(17.8-32.5) 159 (87-234) 0.0001*

PLT - platelet count; LDH - lactate dehydrogenase, ALT — alanine aminotransferase; AST — aspartate aminotransferase; * represents significant results

(p < 0.05) compared to control group.

Table 2. Median values of oxidative stress and hypoxia markers in the groups

Parameters Controlgroup study group
CAIX [pg/mL] 1.10 (0.78-1.39) 1.590 (0.948-4.530) 0.008*
MDA [nmol/mL] 0.111 (0.082-0.196) 0.622 (0.351-1.30) 0.0001*
TAS [mmol trolox equivalent/L] 2.38(2.22-2.60) 2.55(2.30-2.87) 0.062
TOS [umol H,0, equivalent/L] 10.10 (8.89-12.10) 24.10 (13.20-28.10) 0.0001*
oSl 0.440 (0.365-0.505) 0.854 (0.580-1.940) 0.0001*

CA IX - carbonic anhydrase IX; MDA — malondialdehyde; TAS - total antioxidant status; TOS - total oxidant status; OSI — oxidative stress index; * represents
significant results (p < 0.05) compared to control group.
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Table 3. The ROC curve analysis of all parameters and their sensitivity, specificity, PPV, and NPV values

Cut-off

Parameters i ‘ AUC (95% Cl) p-value
CAIX >1.53 0.724 (0.585-0.837) 0.003
MDA >0.21 0.924 (0.819-0.979) 0.0001
TAS >2.71 0.658 (0.516-0.782) 0.051
TOS >16.81 0.878 (0.760-0.951) 0.0001
osl >0.62 0.820 (0.691-0.911) 0.0001
ALT >35 0.982 (0.900-0.997) 0.0001
AST >36 0.987 (0.909-0.996) 0.0001
PLT <162,000 1.000 (0.932-1.000) 0.0001
LDH >156 0.970 (0.881-0.996) 0.0001

Sensitivity (%) Specificity (%) PPV NPV
(95% CI) (95% CI) (95% Cl) (95% CI)
61 (32-77) 80 (66-93) 70 (45-89) 73 (55-86)
96 (75-100) 77 (59-90) 70 (49-87) 96 (81-100)
40 (19-64) 94 (80-99) 80 (44-998) 73 (57-85)
70 (46-88) 97 (85-100) 93 (68-100) 85 (70-94)
65 (42-83) 97 (83-99) 93 (69-99) 78 (62-94)
91 (72-99) 93 (78-99) 91 (72-99) 93 (78-99)
96 (78-99) 97 (83-99) 96 (78-99) 97 (83-99)
100 (85-100) 100 (88-100) 100 (85-100) 100 (88-100)
96 (78-99) 97 (83-99) 96 (78-99) 97 (83-99)

AUC - area under the curve; Cl - confidence interval; PPV — positive predictive value; NPV — negative predictive value; ROC - receiver operating
characteristic; CA IX - carbonic anhydrase IX; MDA — malondialdehyde; TAS - total antioxidant status; TOS - total oxidant status; OSI — oxidative stress index;
ALT - alanine aminotransferase; AST — aspartate aminotransferase; PLT - platelet count; LDH - lactate dehydrogenase.
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Fig. 1. The ROC curve analyses for all parameters

ROC - receiver operating characteristic; CA IX - carbonic anhydrase

IX; MDA — malondialdehyde; OSI - oxidative stress index; ALT — alanine
aminotransferase; AST — aspartate aminotransferase; PLT — platelet count;
LDH - lactate dehydrogenase.

serum TAS levels were also higher in the study group com-
pared to the control group, the difference was not statisti-
cally significant (p > 0.05).

The ROC curve analysis was also used to quantify serum
PLT, ALT, AST, and LDH, and oxidative stress and hypoxia
marker levels (Fig. 1). Values for cut-off points, the area un-
der the curve (AUC), sensitivity, specificity, PPV, and NPV
for individual parameters are shown in Table 3. In terms
of measured oxidative stress and hypoxia parameters, the
highest sensitivity was observed in MDA, while the highest
specificity was observed in OSI and TOS.

Discussion

The HELLP syndrome constitutes a group of symptoms
observed in pregnant women with either pre-eclampsia
or eclampsia, who also exhibit signs of hepatic damage
and coagulation anomalies. The disease originates in the
placenta, although the pathogenesis is not clearly under-
stood.1® Oxidative stress is described as an excess of ROS
compared to the buffering capacity of the existing anti-
oxidants. The condition has been implicated in a range
of diseases, including atherosclerosis, cancers and pre-
eclampsia.'” Good placental oxygenation is essential during
pregnancy for cell replication, proliferation and matura-
tion, embryo development, and pregnancy maintenance.
In addition, the rises in oxygen concentrations lead to the
emergence of oxidative stress markers. As all vascular
diseases, pre-eclampsia is characterized by an inflamma-
tory response following ischemia and reperfusion. In the
case of pre-eclampsia, placental reperfusion injury leads
to a pernicious inflammatory response, implicated in in-
flammation and oxidative damage mediated by oxidative
stress.’® Although numerous studies have examined the
relationship between pre-eclampsia and oxidative stress,
there are only limited studies of oxidative and hypoxic
status in HELLP syndrome as an extreme form of pre-ec-
lampsia 112171922 The purpose of this study was, therefore,
to assess the status of hypoxia and oxidative stress markers
in HELLP syndrome. In this study, serum MDA, TOS and
OSl levels were significantly higher in patients with HELLP
syndrome compared to control groups (p = 0.0001 for all).
In agreement with our results, Zusterzeel et al. reported
decreased levels of FRAP and increased levels of protein
carbonyl in women with HELLP syndrome compared
to healthy pregnant women.!! Mohanty et al. reported
higher serum MDA levels in women with pre-eclampsia
compared to healthy women. The increase in oxidative
stress is further supported by the observation of a negative



Adv Clin Exp Med. 2018;27(11):1567-1572

correlation between MDA and antioxidants — vitamin
E and vitamin C.2° Sharma et al. reported increased lev-
els of oxidative stress markers (GPx, SOD and MDA) and
decreased levels of antioxidants (vitamin C and lycopene)
in pre-eclamptic women compared to healthy controls."”
Chamy et al. reported significantly decreased antioxidant
enzyme activity and increased lipid peroxidation in pre-
eclamptic groups compared to healthy pregnant women."’
Vanitha Gowda et al. reported that lipid peroxidation and
ceruloplasmin oxidase activity were significantly increased
in pre-eclampsia compared to normotensive pregnant
women.?! Additionally, higher MDA and lower SOD levels
were reported in women with pre-eclampsia women com-
pared to the control group.?? In our study, serum TAS levels
were higher in the study group compared to the control
group, but this was not statistically significant. We think
that this may be attributed to the severity of the disease,
the timing of sampling and methodological limitations,
such as a relatively small study population.

Carbonic anhydrase IX is a membrane-associated gly-
coprotein and a member of the a-carbonic anhydrase
family, responsible for catalyzing the reversible hydration
of carbon dioxide to bicarbonate ions and protons. There
are 16 known isoforms of CA in humans.?* More than 50
genes can be induced by hypoxia, by means of hypoxia
inducible factor 1 alpha (HIF-1a). Carbonic anhydrase IX
is a particularly highly inducible and uniformly induced
gene. Due to its stability and membrane location, it consti-
tutes a reliable histochemical marker of hypoxia.2* There
is significant evidence that proves the existence of hypox-
ia in pre-eclampsia.?® We, therefore, determined the CA
IX levels as hypoxia markers in this study and observed
significantly higher serum CA IX levels in patients with
HELLP syndrome compared to healthy controls. Recent
studies have shown the importance of pH in cell death
under hypoxia, and the mechanisms of pH regulation are,
therefore, likely to constitute vital pathways for survival.
Northern blot analysis has revealed the CA IX expression
in tissues, including the heart, liver, hair follicles, articular
cartilage, placenta, choroid plexus, and salivary glands.
The basal and lateral location of CA IX may similarly imply
a role in the transport of bicarbonate or hydrogen ions.
Bicarbonate or hydrogen ions in these areas are typically
released into the luminal space and these cells may be
exposed to extreme pH values.?* Hence, there is a high
probability that the activity of this membrane-associated
carbonic anhydrase is involved in the preservation of in-
tracellular pH in HELLP syndrome.

The exact pathobiology of HELLP syndrome is unclear,
and no clinical gold standard biomarker for the evaluation
of oxidative stress is yet available.>!! Similarly, effective and
economical biochemical markers are needed for the early
diagnosis of HELLP syndrome. We, therefore, prepared
ROC curves for both studied parameters, and gold stan-
dards of HELLP syndrome. The results of this analysis are
shown in Table 3 and Fig. 1. Although the sensitivity and
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specificity of the investigated markers were not comparable
with those of ALT, AST, PLT, or LDH, we, nevertheless,
think that these oxidative stress and hypoxia markers may
assist physicians with the diagnosis of HELLP syndrome.
One limitation of our study was its low power. How-
ever, to the best of our knowledge, this study is the first
to examine CA IX, TAS, TOS, and OSI as biochemical
parameters in HELLP syndrome. Further follow-up studies
are now needed to investigate the prognostic roles of these
parameters in patients with HELLP syndrome.
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Abstract

Background. The Global Registry of Acute Coronary Events (GRACE) study produced a scale for risk stratifica-
tion in acute coronary syndromes (ACSs). Pregnancy-associated plasma protein A (PAPP-A) serum concentra-
tion was implicated as a marker of unstable atherosclerotic plaques.

Objectives. We hypothesized that the measurement of the concentration of PAPP-A on admission may
improve the stratification of cardiovascular risk in suspected ACS patients.

Material and methods. We studied 70 patients with chest pain suggesting ACS diagnosis on admission.
Serum cardiac biomarkers and PAPP-A were measured on top of the standard biochemical panel, and the
GRACE risk score was calculated. A 12-month follow-up was completed to major adverse cardiac events
(MACE): death, myocardial infarction (M), need for percutaneous coronary intervention (PCl)/coronary artery
bypass grafting (CABG), unplanned cardiovascular hospitalization.

Results. In hospital/6-month GRACE, low risk was found in 35 patients (50%)/37 patients (53%), intermedi-
ate risk in 23 patients (33%)/21 patients (30%) and high risk in 12 patients (17%)/12 patients (17%). Mean
PAPP-A was 39.64 mIU/L (standard deviation — SD = 24.2), and median PAPP-A values for in hospital /6-
month GRACE were 21.49 mIU/L (quartile 1%; 3¢ — 13.41; 32.65) and 22.61 mlU/L (14.03; 34.1) for low
risk patients, 51.76 mIU/L (35.18; 59.99) and 51.76 mIU/L (28.9; 62.1) for intermediate risk patients, and
68.82 mlU/L (58.54; 83.76) for high risk patients. The PAAP-A concentration with specific cut-off points had
66.7% positive predictive value (PPV) and 95.5% negative predictive value (NPV) for death, 33.3% PPV and
80.6% NPV for M, and 71.4% PPV and 57.1% NPV for any event. Intermediate and high in hospital/6-months
GRACE had 14.3%/15.2% PPV and 100%/100% NPV for death, 34.3%/33.3% PPV and 94.3%/91.9% NPV
for MI, 74.3%/72.7% PPV and 65.7%/62.2% NPV for any event.

Conclusions. The PAPP-A serum concentration represents a promising prognostic biomarker with signifi-
cantly improved PPV. The GRACE score s superior to stratification based on PAPP-A with regard to combined
cut-off point for 1-year mortality.

Key words: biomarkers, acute coronary syndrome, pregnancy-associated plasma protein A,
Global Registry of Acute Coronary Events risk score
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Introduction

Acute coronary syndromes (ACSs), which include myo-
cardial infarction (MI), with or without ST elevation and
unstable angina amongst others, are a substantial cause
of morbidity and mortality. Presently, diagnosis of ACS
is made on the basis of patient history, clinical examina-
tion, electrocardiographic findings, biochemical mark-
ers, and changes noted on cardiac imaging. Confirmation
of diagnosis is often made using plasma biomarkers, such
as troponins and myocardial fraction of creatine kinase.
A critical clinical point is the effective prediction of ACS
risk, which may help prevent these events and optimize
pharmacologic therapy. Such a prognostication may in-
volve novel biomarkers or imaging, preferably performed
in an outpatient setting.

Global Registry of Acute Coronary Events
risk score

The Global Registry of Acute Coronary Events (GRACE)
risk score is the current standard for risk assessment
in ACS. Global Registry of Acute Coronary Events cre-
ated a risk stratification tool that may be useful in everyday
cardiology practice.! It is used for evaluating risk of death
during hospitalization and within 6 months from discharge
in patients admitted to hospital with a diagnosis of ACS.?
This kind of evaluation is important in order to imple-
ment adequate inpatient therapy and to sustain the best
long-term treatment. The tool was created to make this
evaluation quick and easy. The GRACE risk score calcula-
tor is an online calculator with free access, which analyzes
8 factors: age, pulse rate, systolic blood pressure, renal
function, congestive heart failure, ST-segment deviation,
cardiac arrest, and elevated biomarkers. The score is a per-
centage risk of death during hospitalization and within
6-months after discharge — such score was calculated for
all subjects in the following study.

Management, accessibility and expeditious obtaining
results of laboratory testing strongly facilitate ongoing
research on biomarkers in cardiology, especially on those
that may be utilized in acute situations. The overall aim
is to identify a biomarker that conclusively has better
sensitivity and specificity as compared to those that are
currently in use. In lieu of investigating and determin-
ing novel biomarkers, some biomarkers commonly used
in other specialties may be transposed and considered for
new purposes. However, their clinical utility is yet to be
determined, pending further studies.

Pregnancy-associated plasma protein A

Pregnancy-associated plasma protein A (PAPP-A)
is a biomarker that is routinely, used in the field of obstet-
rics. Itis often part of a screening test used to estimate the
risk of congenital abnormalities such as Down (sensitivity
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90%),®> Edwards, and Patau syndromes. It may also help
in assessing complications with the placenta or intra-
uterine growth restriction. The test is composed of blood
sample analysis in conjugate with ultrasound examina-
tion to determine fetal measurements and parameters.*
A positive test result warrants a subsequent amniocente-
sis to definitely exclude or confirm a diagnosis. The use
of PAPP-A in the field of cardiology has been observed
in a few small studies.>® These studies have shown that
elevated levels of PAPP-A correlate with the occurrence
of ACSs. Due to the abovementioned findings, PAPP-A
has become synonymous with a biomarker of vulnerable
atheromatous plaque.®”

It has been proven that PAPP-A is involved in the patho-
genesis of atherosclerotic plaques and its blood concentra-
tion is elevated in the setting of MI or unstable angina.?
However, there is no evidence that PAPP-A can provide
any diagnostic utility in a group of patients with suspected
ACS.10

The aim of this study was to evaluate whether the mea-
surement of the serum concentration of PAPP-A on ad-
mission may improve the stratification of cardiovascular
mortality risk (early and delayed) in patients with sus-
pected ACS.

Material and methods

We studied 70 consecutive patients admitted to tertiary
cardiology center due to a suspicion of ACS. Definition
of ACS was typical, anginal chest pain lasting for a maxi-
mum of 12 h with electrocardiography (ECG) abnormali-
ties characteristic of myocardial ischemia in accordance
with European Society of Cardiology. All patients under-
went coronary angiography and confirmation of coronary
artery disease; including 59 patients who required percu-
taneous coronary intervention (PCI) or coronary artery
bypass graft surgery (CABG). The demographic and clini-
cal characteristics based on the interviews and hospital
records are summarized in Table 1.

Cardiac biomarkers and PAPP-A were added to the
standard biochemical panel on admission. Measurements
of PAPP-A were made using Cobas Elecsys 2010 analyzer
manufactured by Roche Diagnostics Ltd. (Basel, Switzer-
land) and with reagent PAPP-A manufactured by Roche
Diagnostics Polska sp. z 0.0. (Warszawa, Poland). The
GRACE risk score was calculated using online tool avail-
able at www.gracecsore.org.

The follow-up consisted of outpatient office visit
4-8 weeks after discharge, phone interviews conducted
at 6 months and another office visit after 12 months. Vis-
its included a detailed medical interview focused on car-
diovascular events (death, MI, need for PCI/CABG, and
unplanned hospitalization from cardiovascular events),
laboratory tests, cardiac stress testing, and echocardiog-
raphy. The study endpoint was the occurrence of major
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Table 1. Demographic and clinical characteristics of study subjects

Parameter | Value
Age [years], mean +SD 60.90 +9.4
Sex (male/female), n (%) 58 (82.9)/12 (17.1)
TnT [ng/mL], mean £SD 0.148 £0.139
Hypertension, n (%)* 29 (41.4)
Diabetes, n (%)** 12 (17.1)
Obesity (BMI >30), n (%) 24 (34.3)
Current smokers, n (%)*** 49 (70.0)
Past smokers, n (%)**** 12.(17.1)
Pain onset to open artery (average time) [min] 3809
Admission to open artery (average time) [min] 389

Pharmacotherapy on admission/at discharge, n (%)

Acetylsalicylic acid 20 (28.6)/70 (100)

Short-acting nitrates 8 (11.4)/61 (87.1)
Long-acting nitrates 2(29)/0
[-adrenolytics 18 (25.7)/70 (100)
Converting enzyme inhibitor 19 (27.1)/70 (100)
Other antihypertensives 11 (15.7)/0
Statins 24 (34.3)/70 (100)
Oral antidiabetic medications 16 (22.9)/11 (15.7)
Insulin 2(29)/6 (8.6)

TnT — troponin T; BMI — body mass index; * systolic blood

pressure =140 mm Hg or diastolic blood pressure >90 mm Hg, or
hypotensive therapy; ** by history/active treatment; *** patients who
used any kind of tobacco within 1 year; **** patients who did not use any
kind of tobacco for at least 1 year.

adverse cardiovascular events (MACE) defined as at least
one of the following:

— cardiac death;

— (another) non-fatal MI;

— necessity of (another) revascularization (PCI in an
ACS-related artery or CABG over 30 days from index
hospitalization);

— necessity of CABG;

— (another) hospitalization from unstable angina/non-ST
elevation MI (NSTEMI) or ST elevation MI (STEMI);

— non-fatal cardiac arrest.

Statistical analysis

Quantitative data was compared to the standardized bell
curve with the Lilliefors test (based on the Kolmogorov-
Smirnov test). When the data was compatible to normal
distribution, a mean and standard deviation (SD) were used
(mean +SD). In other cases, we used a median with the pre-
sentation of the 1%t and 3™ quartile (Me (Qas; Q75)). In most
cases, a variance analysis was made with the ANOVA test
in the Kruskal-Wallis modification because of the inequal-
ity of groups and absence of normal distribution. Verifi-
cation of the hypothesis and the evaluation of predictive
values were made with contingency tables. The hypothesis
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was analyzed with Fisher’s exact test, necessary because
of significant differences in quantity of some groups. Cut-
off points for serum concentration of biomarkers were as-
signed. The calculations were made with MedCalc V.9.5.2.0
(MedCalc Software, Ostend, Belgium). Institutional Re-
view Board approval was obtained for this study.

Results

A follow-up period that lasted 12 months was completed
by 100% of patients — 38 (54.3%) of them required anoth-
er hospitalization for cardiovascular reasons (ACS/PCI),
14 (20%) were diagnosed with MI and 5 (7.1%) died (all from
cardiovascular reasons, including sudden cardiac death).

The occurrence of the events is specified in Table 2.

Table 2. Occurrence of events in specified time periods

Occurence
of the event Death (n=5) | MI(n=14) | MACE (n=38)
During hospitalization 3 0 6
From discharge
to 6 months W 6 20
6-12 months 1 8 12

MI - myocardial infarction; MACE — major adverse cardiovascular event.

Pregnancy-associated plasma protein A
concentration

The normal range of PAPP-A concentration
is <715 mlU/L.!'! Mean PAPP-A concentration in our
study group was 39.64 mlU/L and there was a significant
difference of this parameter in subgroups of patients di-
vided according to the hospital and 6-month GRACE score
(p < 0.001). The median values were as follows: 21.49 mIU/L
(quartile 1% 3 — 13.41; 32.65) and 22.61 mIU/L (14.03;34.1)
among patients with low risk in GRACE score, 51.76 mlU/L
(35.18;59.99) and 51.76 mIU/L (28.9; 62.1) among those with
intermediate risk, and 68.82 mlU/L (58.54; 83.76) among
those with high risk according to GRACE score. When
the PAPP-A concentration was assessed in subgroups with
12-month events, the highest mean value was in the group
of patients who died (Table 3).

The statistical analysis of PAPP-A concentrations in sub-
groups specified according to the occurrence of events with
receiver operating characteristic (ROC) curve gave cut-off
points: 88.63 mIU/L for death (risk of death: 4.5%, 66.7%
for patients below and above the threshold, respectively),
88.63 mIU/L for MI (risk of MI: 19.4%, 33.3% for pa-
tients below and above the threshold, respectively) and
47.15 mlU/L for MACE (risk of MACE: 42.9%, 71.4% for
patients below and above the threshold, respectively).
A quantitative analysis of study subjects that exceeded
the cut-off PAPP-A concentration and the division into
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Table 3. Mean PAPP-A concentration in subgroups with 12-month events (death, infarction, combined endpoint)

NGERE)]

Parameter Dead (n=5) Alive (n = 65)
PAPP-A [mIU/L], mean +£SD 6947 £24.48 3734 +£22.78
p-value (ANOVA K-W) 0.018

493 £22.26

No Ml (n = 56) MACE (n =38) No MACE (n = 32)
3761 £24.29 43.58 £26.52 34.95 +£20.54
NS (0.073) NS (0.234)

MI = myocardial infarction; MACE — major adverse cardiovascular event; PAPP-A — pregnancy-associated plasma protein A; ANOVA K-W - Kruskal-Wallis

ANOVA analysis; NS — not significant.

Table 4. Prognostic value of specific PAPP-A cut-off values for 12-month events (death, infarction, combined endpoint)

Ml (n=14)

Dead (n=5) Alive (n = 65)
>PAPP-A cut-off 2 1
PAPP-A cut-off [mIU/L] 88.63
p-value (Fisher's exact test) 0.01
PPV [%] 66.7
NPV [%] 95.5
Accuracy [%)] 943

No Ml (n =56) MACE (n =38) No MACE (n = 32)
1 2 20 8
88.63 4715
NS (0.49) 0.03
333 714
80.6 571
78.6 62.9

MI - myocardial infarction; MACE — major adverse cardiovascular event; PAPP-A — pregnancy-associated plasma protein A; >PAPP-A cut-off — number
of patients that exceeded cut-off PAPP-A concentration; PPV - positive predictive value; NPV — negative predictive value; NS — not significant.

subgroups specified according to the occurrence of events
are presented in Table 4. Additionally, predictive values
have been shown.

The median values of troponin T (TnT) serum con-
centration tested on admission in subgroups with this
uniform cut-off of PAPP-A serum concentration were
specifically different (p = 0.01) — 0.15 ng/mL (0.1; 0.25)
for PAPP-A 240 mlU/L and 0.09 ng/mL (0.06; 0.10) for
PAPP-A <40 mlU/L.

We also tested the prognostic value of PAPP-A concen-
tration 40 mlU/L (close to the mean value of PAPP-A serum
concentration in our study group) as a universal prognostic
threshold (Table 5).

Global Registry of Acute Coronary Events
risk score

The median value of the estimated mortality risk dur-
ing hospitalization in a whole study group according
to GRACE scale was 1.15 (0.6; 2.0) and 3.5 (2.0; 5.8) in
6 months from discharge. The median values for catego-
rized GRACE risk score are shown in Table 6.

The median values of the estimated mortality risk
during hospitalization and in 6 months from discharge

according to GRACE scale in subgroups are shown in Ta-
ble 7. The highest calculated risks were found in a group
of patients that died.

We combined patients with intermediate and high
GRACE risk score in one group and compared them with
patients with low GRACE risk score. The risk of death was
14.3% in the first group and 0% in the other one. The risk
of MI was 34.3% and 5.7% and the risk of MACE was 74.3%
and 34.3%, respectively. A quantitative analysis of study
subjects with intermediate and high risk on GRACE scale
in subgroups is shown in Table 8. Additionally, predictive
values have been shown and they revealed a high NPV for
death and ML

Combined analysis of PAPP-A
concentration and GRACE score

Based on the prognostic analysis of PAPP-A and GRACE
score, we decided to test the composite approach to post-
-ACS risk stratification. A combined analysis of PAPP-A
concentration with cut-off points for subgroups and
GRACE score showed significant relations with the occur-
rence of death and MACE. In MACE group, PPV was 74.1%
for in hospital GRACE risk score and 73.1% for 6-month

Table 5. Prognostic value of simplified, uniform PAPP-A cut-off value 40 mIU/L for death, infarction, combined endpoint

Dead (n =5) Alive (n = 65)
PAPP-A =40 mlU/L 5 27
p-value (Fisher's exact test) 0.017
PPV [%] 15.6
NPV [%] 100.0
Accuracy [%] 614

Ml (n = 14) No MI (n = 56) MACE (n =38) No MACE (n = 32)
10 22 21 N
0.039 NS (0.096)
313 65.6
89.5 553
62.9 60.0

MI = myocardial infarction; MACE — major adverse cardiovascular event; PAPP-A — pregnancy-associated plasma protein A; PAPP-A > 40 mlU/L — number of
patients with PAPP-A serum concentration >40 mlU/L; PPV - positive predictive value; NPV — negative predictive value; NS — not significant.
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Table 6. Categorized probability of death during hospitalization and in 6 months from discharge according to GRACE scale

Parameter Low (n =35)
Medians of categorized mortality risk during 0.6
hospitalization (Q,s; Q;s) (0.5;0.7)
p-value

Parameter Low (n=37)
Medians of categorized mortality risk in 6 months 2.1
from discharge (Qys; Qss) (14;2.6)
p-value

Intermediate (n = 23) High (n=12)
1.6 49
(1.5;2.0) (4.6;5.7)
<0.001
Intermediate (n = 21) High (n=12)
53 12.0
(44;5.8) (9.7,14.3)
<0.001

GRACE - Global Registry of Acute Coronary Events.

Table 7. Probability of death during hospitalization and in 6 months from discharge according to GRACE scale in patients subgroups according to follow up

events

Dead (n=5)
Probability of death during 4.7 1.0

Alive (n = 65)

hospitalization, median (Q,s; Q;s) (0.6;1.6)
p-value (ANOVA K-W) 0.001

Probability of death in 6 months from 12.0 26
discharge, median (Q,s; Q;s) (9.7: 14.0) (2.0;5.3)

p-value (ANOVA K-W) <0.001

(4.6;5.0)

Ml (n = 14) No MI (n = 56) MACE (n =38) No MACE (n = 32)
1.7 1.0 1.6 0.7
(1.43;2.73) (0.6; 1.63) (0.85; 2.98) (0.5;0.33)
NS (0.052) 0.003
53 2.6 44 2.6
(4.4;6.75) (1.9;5.35) (2.6; 7.0) (1.55;3.73)
0.046 0.004

GRACE - Global Registry of Acute Coronary Events; Ml - myocardial infarction; MACE — major adverse cardiovascular event; ANOVA K-W — Kruskal-Wallis

ANOVA analysis; NS — not significant.

Table 8. Predictive value of intermediate/high GRACE score event probability for actual mortality, Ml and MACE occurrence at 12-month follow-up

Dead (hn=5) | Alive(n=65) | MlI(n=14) | NoMI(n=56) | MACE (n=38) | No MACE (n=32)
5k of decth during hosprazation GACH | S 30 E = z ?
p-value (Fisher's exact test) NS (0.054) 0.006 0.002
PPV [%)] 14.3 343 743
NPV [%)] 100 94.3 05.7
Accuracy [%] 51.1 64.3 70
e g remedite aanon g x v @ 2 :
p-value (Fisher's exact test) 0.019 0.014 0.004
PPV [%] 15.2 333 727
NPV [%] 100 919 62.2
Accuracy [%] 60 64.3 67.1

GRACE - Global Registry of Acute Coronary Events; MI - myocardial infarction; MACE — major adverse cardiovascular event; PPV — positive predictive value;

NPV - negative predictive value; NS — not significant.

GRACE risk score. In a group of patients who died, NPV
was 95.5% for both GRACE scores.

A combined analysis of PAPP-A concentration with
a cut-off point >40 mIU/L for subgroups and GRACE score
showed significant relations with the occurrence of death,
MI and MACE. In a group of patients that died, NPV was
100% for both GRACE scores. In MI group, NPV was 90.2%
for in hospital GRACE risk score and 88.4% for 6-month
GRACE risk score. In MACE group, PPV was 72.4% for
in hospital GRACE risk score and 70.4% for 6-month
GRACE risk score.

The analysis of study subjects that exceeded cut-off
PAPP-A concentration as well as those with intermediate

and high GRACE risk scores with division into subgroups
specified according to the occurrence of events are pre-
sented in Table 9 for variable cut-offs and in Table 10
for proposed unified cut-off.

Discussion

The assessment of the complications in ACS patients
can strongly influence the therapeutic course and post-
hospital management. To our knowledge, this is the first
study that shows the correlation of plasma levels of PAPP-A
and the risk of ACSs, complicated by cardiac death and/
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Table 9. Prognostic value of specific PAPP-A cut-off values and intermediate/high GRACE score for 12-month events (death, infarction, combined endpoint)

Dead (n=5) Alive (n = 65)

GRACE in hospital (intermediate and 5 1
high risk) + >PAPP-A cut-off

PAPP-A cut-off [mIU/L] 88.63
p-value (Fisher's exact test) 0.012

PPV [%)] 66.7

NPV [%] 95.5
Accuracy [%] 94.3
GRACE 6 months (intermediate and 5 1
high risk) + >PAPP-A cut-off

PAPP-A cut-off [mIU/L] 88.63
p-value (Fisher's exact test) 0.012

PPV [%)] 66.7

NPV [%] 95.5
Accuracy [%] 94.3

Ml (n = 14) No Ml (n = 56) MACE (n = 38) No MACE (n = 32)
1 2 20 7
88.63 4715
NS (0.494) 0.013
333 741
80.6 58.1
78.6 64.3
1 2 19 7
88.63 4715
NS (0.494) 0.025
333 73.1
78.6 629
78.6 629

MI = myocardial infarction; MACE — major adverse cardiovascular event; GRACE — Global Registry of Acute Coronary Events; GRACE in hospital — patients with
intermediate and high risk of death during hospitalization according to GRACE scale; PAPP-A — pregnancy-associated plasma protein A; >PAPP-A cut-off

- number of patients that exceeded cut-off PAPP-A concentration; PPV - positive predictive value; NPV — negative predictive value; GRACE 6 months

— patients with intermediate and high risk of death in 6 months from hospitalization according to GRACE scale; NS — not significant.

Table 10. Prognostic value of simplified, uniform PAPP-A cut-off value 40 mIU/L and intermediate/high GRACE score for death, infarction
and combined endpoint

Dead (n=5) Alive (n = 65)
G‘RAC-E in hospital (intermediate and 5 2
high risk) + PAPP-A >40 mIU/L
p-value (Fisher's exact test) 0.001
PPV [%] 17.2
NPV [9)] 100
Accuracy [%] 65.7
GRACE 6 months (intermediate 5 2
and high risk) + PAPP-A >40 mIU/L
p-value (Fisher's exact test) 0.007
PPV [%] 18.5
NPV [%] 100
Accuracy [%] 68.6

INGERE)) No Ml (n =56) MACE (n =38) No MACE (n = 32)
10 19 21 8
0.016 0.015
345 724
90.2 58.5
67.1 64.3
9 18 19 8
0.035 0.048
333 704
884 55.8
67.1 614

MI — myocardial infarction; MACE — major adverse cardiovascular event; GRACE — Global Registry of Acute Coronary Events; GRACE in hospital — patients
with intermediate and high risk of death during hospitalization according to GRACE scale; PAPP-A — pregnancy-associated plasma protein A;

PAPP-A =40 mlU/L — number of patients with PAPP-A serum concentration >40 mIU/L; PPV — positive predictive value; NPV — negative predictive value;
GRACE 6 months - patients with intermediate and high risk of death in 6 months from hospitalization according to GRACE scale.

or subsequent cardiac events, which can be treated as
complementary to current GRACE risk score.

Pregnancy-associated plasma protein A
serum concentration

Our study analyzed the relationship of PAPP-A and
GRACE score. We were assessing PAPP-A blood concen-
tration within the first 6 h from admission to hospital
in a group of patients with symptoms of ACS. The con-
centration was compared to the risk of death in hospital

and 6 months after ACS calculated with GRACE risk score,
and to the concentrations of myocardial necrosis biomark-
ers. A comparison of these calculations to follow-up results
helped to estimate predictive values of PAPP-A blood con-
centration, GRACE risk score and a combination of them.
The necessity of identifying a prognostic biomarker that
would help to estimate the probability of cardiac events
has been postulated over the years.!? Pregnancy-associated
plasma protein A has promising attributes to fulfill the
criteria of a new biomarker in the field of cardiology. It was
observed that mean PAPP-A serum concentration was the
highest in a subgroup of patients that died throughout
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the duration of the study (Table 3). Assigning specific
cut-off points for PAPP-A concentration (ROC analysis)
in subgroups showed that it can provide a strong NPV for
the occurrence of death (Table 4). Unified cut-off point
(40 mlU/L) resulted in the loss of specificity of PAPP-A
concentration for events in single and combined (with
GRACE) analysis. However, exceeding this cut-off was
tied in with elevated TnT serum concentration tested
on admission. In opposite to our findings, some studies
have shown that serum concentration of TnT can be in the
normal range when PAPP-A serum concentration is in-
creased,” but still correlates with cardiovascular risk and
with absolute TnT serum concentration.!?

Global Registry of Acute Coronary Events
risk score

The GRACE study involved 250 sites in 30 countries
and more than 100,000 patients were recruited. Nine in-
dependent risk factors have been identified* as those that
help to assess the risk of death during hospitalization and
in 6 months after discharge.!> Management and modifi-
cation in the calculation algorithm reduced the number
of statistically significant risk factors to 8, and helped to
create a widely available online calculator. It makes risk
calculation very accessible and easily assigns risk catego-
ries: low, intermediate and high. The risk factors are: age,
heart rate, Killip class, initial serum creatinine concen-
tration, elevated initial cardiac markers, cardiac arrest
on admission, and ST segment deviation.!* Risk factors
that have the strongest influence in the risk stratification
are cardiac arrest on admission and age. Apart from that,
the calculator widens a time spectrum of a potential
endpoint occurrence to 1 and 3 years from the episode
of ACS. In addition, it lets to assess the risk of death and
MI 1 year from the episode. Several studies and registries
confirmed the utility of GRACE risk score in the last few
years, as it showed its dominance over other risk scores
and proved that it could be a valid tool in assessing the
risk of death even 5 years after discharge from hospi-
tal.’®-18 The assessment of GRACE score can help doc-
tors decide the kind and urgency of medical intervention,
intensity of chronic treatment and further medical care.
All patients with a score >140 (>3% risk of death) should
be subjected to coronary angiography within 24 h.!° In the
current analysis, the GRACE risk score showed its ef-
ficacy as a negative predictor of death, MI and MACE
when divided into categories: low, intermediate and high
(Table 8). The PPV of GRACE score was significant for
the occurrence of MACE (Table 8).

When we analyzed the combined strategy for vari-
able cut-offs, it resulted in highly specific criteria which
might improve the risk stratification in selected popula-
tions. The NPV for the occurrence of death was also high.
The use of unified cut-off for PAPP-A resulted in the loss
of specificity.
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Limitations

A relatively small number of hard events (5 deaths,
14 MIs, 32 composite events) was recorded in our small-
sized group of 70 patients, which affected the strength
of our statistical analysis. Stronger conclusions require
a larger size study.

Conclusions

Our analysis revealed that in patients with suspected
ACS, GRACE scale has modest accuracy due to low PPV.
The PAPP-A serum concentration represents a promis-
ing prognostic biomarker with a significantly improved
PPV. The GRACE score is superior to stratification based
on PAPP-A with regard to combined cut-off point for
1-year mortality, and combining PAPP-A concentration
with GRACE score does not improve overall prognostic
value.
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Abstract

Background. Accumulating evidence indicates the potential involvement of the F70 gene polymorphisms
in the etiology of metabolic syndrome (MetS) and related disorders.

Objectives. In this study, we aimed to investigate whether the FT0 gene polymorphisms are associated
with the risk of MetS and its simple components in a homogeneous sample of males.

Material and methods. Anthropometric and biochemical parameters were assessed in 192 males. A total
of 100 males met the National Cholesterol Education Program Adult Treatment Panel lll (NCEP-ATPIII) criteria
for a diagnosis of MetS. The following £70 gene polymorphisms were genotyped: rs1421085, rs17817449,
151558902, and rs9939609.

Results. There were significant differences between participants with distinct rs9939609 genotypes with
respect to waist-to-hip ratio (WHR) and the levels of total cholesterol. Individuals with the rs1421085 (C geno-
type had significantly higher levels of triglycerides compared to those with other corresponding genotypes.
Participants with the rs1558902 AA genotype had significantly higher body mass index (BMI), WHR, as well
asthe levels of total cholesterol and triglycerides. There were no significant differences in genotype distribu-
tion allelic frequencies of all tested polymorphisms between individuals with MetS and control subjects.

Conclusions. Our results indicate that the genetic variation in the £0 gene might be related to single
metabolic disturbances. However, the FT0 gene polymorphisms are not associated with the risk of MetS.

Key words: metabolic syndrome, obesity, polymorphism, F70 gene
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Introduction

Obesity is increasingly being recognized as one of the
major health problems and social burdens with a poten-
tial impact on future generations.! In 2014, the World
Health Organization (WHO) revealed that more than
1.9 billion adults are overweight worldwide. Overweight
and obesity can lead to a number of metabolic and car-
diovascular adversities, such as dyslipidemia, insulin re-
sistance and hypertension, which have been clustered
into the condition called metabolic syndrome (MetS).
It has been reported that MetS serves as the predictor
of severe cardiovascular outcomes and type 2 diabetes.
Indeed, it has been estimated that 2.8 million of deaths
worldwide can be attributed to the consequences of being
overweight or obese.

Several lines of evidence indicate the involvement
of genetic and environmental factors, including cultural
patterns of dietary habits and feeding behaviors, in the
development of obesity and related conditions. In recent
years, a special emphasis has been placed on the role of the
FTO gene in the development of obesity. Indeed, a num-
ber of genome-wide association studies (GWASs) have
revealed that single nucleotide polymorphisms (SNPs)
located in intron 1 of the FTO gene confer the risk of obe-
sity in European populations. On the basis of meta-anal-
ysis, Wang et al. also revealed that certain FTO SNPs
(rs9939609, rs8050136 and rs1421085) were associated
with the risk of MetS.2 The majority of more recent stud-
ies confirmed these findings.>~® However, mechanisms
mediating the impact of the FTO gene on the development
of obesity and related phenotypes remain unclear. Given
that these polymorphic variants are intronic, it has been
postulated that the FTO SNPs act via interactions with
genes located in their close proximity.!® Other potential
mechanisms linking the FTO gene function with obesity
include interactions with dopaminergic neurotransmis-
sion within the brain reward circuitry and ghrelin-medi-
ated signaling, as well as the possible role of the FTO gene
in the regulation of epigenetic processes.!!

Interestingly, some studies have reported gender effects
in the association between the FTO gene SNPs and obesity-
related phenotypes. For instance, in the study by Saldana-
Alvarez et al., the rs1121980 polymorphism was associated
with obesity in females only.!? Another study revealed
that the effects of the rs17817449 polymorphism on body
weight might be limited to males and postmenopausal
women.!® Therefore, it might be hypothesized that stud-
ies investigating the relationship between the FTO SNPs
and MetS indices should take into account possible gen-
der effects. Thus, the aim of this study was to examine
the effects of the FTO gene polymorphisms (rs1421085,
rs17817449, rs1558902, and rs9939609) on the risk of MetS
and its single components in a homogenous sample of male
individuals.

R. Slezak, et al. F70 gene and metabolic syndrome risk

Material and methods
Subjects

We recruited 192 males aged 39.7 +10.2 years. A diagnosis
of MetS was established in 100 males based on the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP-ATPIII) criteria. Other participants, with body mass
index (BMI) <25 kg/m?, were included in the control group.
Fasting levels of total cholesterol, low-density lipoproteins
(LDL) and high-density lipoproteins (HDL), triglycerides,
and glucose were determined using standard procedures.
The following anthropometric parameters were measured:
weight, height, BMI, waist circumference, hip circumfer-
ence, and waist-to-hip ratio (WHR).

Genotyping

A multiplex polymerase chain reaction (PCR) assay was
designed to amplify 4 fragments of FTO containing investi-
gated SNPs (rs1421085, rs17817449, rs1558902, rs9939609).
Multiplex PCR was performed with the Phire Hot Start II
DNA Polymerase (Thermo Scientific, Waltham, USA).
Briefly, the reaction mixture contained: 2 uL of x5 reac-
tion buffer (provides 1.5 mM MgCl, in the final x1 con-
centration) (Thermo Scientific), 0.7 uL of deoxynucleo-
tides (ANTPs) (40 mM) (Fermentas, Burlington, Canada),
0.5 pL of each primer (10 mM) (Generi Biotech s.r.o., Hra-
dec Kralové, Czech Republic), 0.2 puL of Phire Hot Start II
DNA Polymerase, 1 pL DNA, in a total volume of 10 pL.

Table 1. Genotype distributions and allelic frequencies of the FTO gene
polymorphisms

FTO gene Patients Controls 2 e
polymorphism | with MetS
rs 1421085 n=100 n=91
@ 27 (27.0) 33(36.3) 191 0.386
cT 46 (46.0) 37 (40.6)
TT 27 (27.0) 21 (23.1)
Callele 100 (50.0) 103 (56.6) 1.35 0.240
T-allele 100 (50.0) 79 (43.4)
rs17817449 n=100 n=92
GG 27 (27.0) 32(34.8) 1.52 0467
GT 52 (52.0) 40 (43.5)
T 21 (21.0) 20 (21.7)
G-allele 106 (53.0) 104 (56.5) 0.28 0.590
T-allele 94 (47.0) 80 (43.5)
rs1558902 n =100 n=90
TT 29 (29.0) 36 (40.0) 2.69 0.261
TA 45 (45.0) 36 (40.0)
AA 26 (26.0) 18 (20.0)
T-allele 103 (51.5) 108 (60.0) 2.20 0.140
A-allele 97 (48.5) 72 (40.0)
rs9939609 n=100 n=288
T 34 (34.0) 38 (43.2) 1.67 0434
TA 45 (45.0) 34 (38.6)
AA 21 (21.0) 16 (18.2)
T-allele 113 (56.5) 110 (62.5) 0.89 0.350
A-allele 87 (43.5) 66 (37.5)

Data expressed as the number of subjects (%); MetS — metabolic syndrome.
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The reaction was performed in a PTC-200 thermal cycler
(MJ Research Inc., St. Bruno, Canada) with the follow-
ing reaction parameters: 95°C for 1 min 30 s, 35 cycles
at 95°C for 20 s, 60°C for 20 s, 72°C for 15 s, and 72°C
for 1 min 30 s final extension. Multiplex PCR products
were checked for quality and yield by running 5 pL in 2%
agarose—Tris-borate-EDTA gel, stained Sybr Green and
visualized on a UV light transilluminator. Multiplex PCR
products were purified using enzymatic digestion. In the
study, 1 pL of multiplex PCR was treated with 1.5 pL
of Clean-up enzyme mix (1 U of fast alkaline phosphatase
and 10 U of Exol) at 37°C for 15 min. SNaPshot analysis
was performed using the SNaPshot Multiplex kit (Applied
Biosystems, Woolston, Warrington, UK). Reactions were
performed in a final volume of 5.5 pL, containing 2.5 puL
of purified multiplex PCR product, 2.5 pL of SNaPshot
Ready Multiplex Reaction Mix and 0.5 pL of equimolar
probe mix (each probe at 2 mol/L final concentration).
Multiplex single base extensions were carried out for 25
cycles with the following reaction parameters: 10 s at 96°C,
5sat50°C and 30 s at 60°C. SNaPshot products were then
treated at 37°C for 1 h with 1 uL of fast alkaline phospha-
tase (1 U/pL) (Fermentas International Inc., Burlington,
Canada). Fast alkaline phosphatase was inactivated for
15 min at 75°C. The labeled products were mixed with
9.5 pL of Hi-Di Formamide and 0.5 pL of Genescan-120LIZ
size standard (Applied Biosystems). They were then sepa-
rated using a 15-minute run on an ABI 310 DNA sequencer
with POP-4 matrix (Applied Biosystems) and 10-second
injection time. Fragment analyzes were performed on the
Gene Marker software v. 1.85 (SoftGenetics, Centre Coun-
ty, State College, USA).

Statistical analysis

The Hardy-Weinberg (HWE) equilibrium was evaluated
by comparing observed and expected genotype distribu-
tions using the x? test. The x? test was also used to com-
pare the distribution of genotypes and allelic frequencies
between patients with MetS and control subjects. Effects
of distinct FTO genotypes on biochemical and anthropo-
metric parameters were tested using the Kruskal-Wallis
test. Adjustment for multiple testing was performed using
Bonferroni correction, taking into account the number
of tested polymorphisms. All tests were two-tailed with
a 0.05 level of significance. Statistical analysis was per-
formed using the STATISTICA software v. 12.5 (SPSS Inc.,
Chicago, USA).

Results

Genotype distributions for all polymorphisms geno-
typed in this study were in agreement with the HWE.
There were no significant differences in genotype dis-
tributions and allelic frequencies between patients with

1583

MetS and healthy controls (Table 1). The analysis of the
FTO gene polymorphisms with respect to anthropometric
and biochemical parameters in both groups (patients with
MetS and healthy controls) is presented in Table 2. In both
groups, the rs9939609 AA genotype was associated with
a significantly higher WHR and total cholesterol levels
compared to other corresponding genotypes. Additionally,
this genotype was related to higher BMI at the trend level
significance. The level of triglycerides was significantly
higher in individuals with the rs1421085 CC genotype
in comparison with those with other rs1421085 genotypes.
Finally, the rs1558902 A A homozygotes had significantly
higher BMI, WHR, total cholesterol, and triglycerides than
subjects with other corresponding genotypes. However,
none of these differences were significant after Bonferroni
correction (p > 0.0125). The FTO rs17817449 polymor-
phism was not significantly associated with biochemical
and anthropometric parameters.

Discussion

The FTO gene is located on chromosome 16 and it con-
sists of 9 exons; however, SNPs analyzed in our study are
located in intron 1. The expression of the FTO gene has
been described in the brain and adrenal glands. It has been
demonstrated that the FTO gene exerts biological activity
via the effects on DNA methylation of genes encoding tran-
scription factors.!* Upregulated FTO gene expression has
been reported mainly within hypothalamic nuclei, which ac-
counts for energy expenditure.’® In addition, the expression
of the FTO gene might be regulated by starvation and satiety
signals. The FTO gene might also be involved in the regula-
tion of hypothalamic-pituitary-adrenal axis functioning and
lipolysis.’® It also has been found that it might impact the
sympathetic nervous system regulating the cardiovascular
system and blood pressure.!® Interestingly, the FTO gene
expression might be regulated by estrogens, pointing to the
widely-reported sex differences in obesity phenotypes.'”

In this study, we found that neither of the tested FTO
gene polymorphisms was associated with the risk of MetS
development. However, we demonstrated that the FTO
gene polymorphisms, except for the rs17817449 polymor-
phic variant, might impact certain metabolic parameters,
including BMI and WHR, as well as the levels of total cho-
lesterol and triglycerides. Although recent meta-analyses
revealed that the FTO gene polymorphisms (rs9939609,
rs8050136 and rs1421085) might be associated with the risk
of MetS, authors indicated that ethnic differences and the
use of various MetS criteria might impact effect sizes.>?
Therefore, the association of the FTO gene polymorphisms
might hold true only in certain populations, depending
also on MetS conceptualization.

Our findings are in agreement with previous GWASs,
showing that the FTO gene polymorphisms might confer
the risk of MetS. Importantly, in the majority of previous
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Table 2. Effects of the FTO gene polymorphisms on metabolic parameters in the whole group of participants

rs1558902
meanzSD

(o))
(o))
3
~
X
(<]
~
S

wv

v

rs 1421085

rs99396099
mean +SD

mean +SD

mean +SD

Parameter

177 £6.22 = 0212 179+ 653 | 1777£615 177+£568 0520 | 179+596 178+6.29 | 1774610 @ 0222  179+£579 177+£651 177+587 0.061
0291 0408

177 £6.18

179 +6.18

Height [cm]

0.184
0.046*

824 +£122 857135 96.7 £15.0

258 +4.14 | 274 £448 277 +4.87

82.7£10.7  859+140 849+£156

26 +347

8214106 858+146 86.4+14.5
259+0.86 274+473 | 275472

0.238

825+11.2 8574126 88.0+£184

2594399 274 +4.21

Weight [kg]

0.210

2734476 | 272513

0.139

0.077

28.1 £5.66

BMI [kg/m?]

0.109

919488 9504104 96.2+114

0.127

952 £104 | 94.8 £12.0

92.1 £8.1

0.223

1.1

95.0£10.8 = 95.6 %1

92.14£8.2

0.148

Waist circumference

[em]

947 £9.8 971 £13.0

924 £8.7

104+6.75  0.862
0.89£0.05 091 +0.07 0.93 +£0.06

3.04 +0.71

103 £7.18 0486 | 103 +£5.27 104 £6.05
090 £0.05 = 0.92 £0.07 | 0.92 £0.06

313408

104+642 | 0716 103 £5.04 ' 104 +5.90

09+0.08 091+0.07 092 +0.06
3114079 | 3.25+094 | 3.29£0.88

104 £8.0 0918 103 +4.62 | 104+648

0.90+0.06 091 +0.07 0.93 £0.06

103 +5.61
3.05+0.77 1 3.31 £091

103 £5.11

Hip circumference [cm]

WHR

0.013*

0.067

0.08

0.607

0.032*
0122
0.393

0173
0.887

3.27 £097 | 3.36 £0.87

0475

3.29+092 | 317 +0.89

3.38+094

LDL [mmol/L]

0.549  144+039 144+043 144+0.30

1.50 £0.42

04

143

14 +0.33

0.275

143 +041 151 £04

1.39 £0.28 1.39+£0.33

147 +0.44

14033

HDL [mmol/L]

0.026*

541 £1.04 559 +093

51+0.82

0.259

544 +0.88

54010

5.17 £0.99

0.065

5094087 541 £1.05 | 5.55+0.90

0.035*

Total cholesterol
[mmol/L]

547 £092

5.5+097

5.12£094

2.1 +£148 0.067  140£093 1.76+£1.19 1.85+1.21 0.034* 144+094 170+113 1614132 009 @ 136+0.76 1.77+£1.22 196+1.31 0.019*
571+063  0.870 579+0.6 5.87 £0.71

1.67 £1.09

148 £0.91

Triglycerides [mmol/L]

0953

0.760 5.85+1.02 578 £0.65

576 +0.75 | 5.85 +0.98

5.83+0.76 | 5.88£1.01

0.632

574 £069  5.86+£1.03 | 584 +0.61

Glucose [mmol/L]

SD - standard deviation; BMI - body mass index; WHR — waist-to-hip ratio; LDL — low-density lipoproteins; HDL — high-density lipoproteins; * significant differences (p < 0.05).
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studies, the FTO gene polymorphisms were related to sin-
gle metabolic parameters, including anthropometric
measures and the levels of glucose, HDL or triglycerides,
highlighting the potential involvement of this gene in the
etiology of obesity.!¥-2° In agreement with our results,
previous studies have repeatedly reported the association
between the FTO rs9939609 polymorphism and BML.19-2!
More specifically, the A allele within this polymorphic
site has been related to higher BMI. Similar results were
also obtained by Al-Attar et al., who found the associa-
tion between the FTO rs9939609 A A genotype and higher
BMI (at the trend level significance) and WHR (significant
association).?? In addition, there are studies showing the
impact of this polymorphism on the risk of cardiovascu-
lar diseases and type 2 diabetes.!#2324 Finally, in a study
by Freathy et al., this polymorphism was associated with
higher levels of glucose and triglycerides as well as lower
levels of HDL that appeared due to the effect on BM1.2°

Similar results have been reported with respect to other
SNPs analyzed in this study. Regarding rs1558902, no
significant effects on MetS risk have been demonstrated.
However, this SNP has been related to higher BMI and
fasting levels of glucose.®?° Other SNPs tested in our study
(rs1421085 and rs17817449) have been found to impact
BMI and WHR. Interestingly, in the study by Harbron
et al,, risk alleles of the rs1421085 and rs17817449 SNPs
predicted poor eating behaviors (higher hunger, internal
locus of hunger and emotional disinhibition) and a higher
intake of high fat foods and refined starches.?”

Our study has some limitations that should be taken
into account. Firstly, our sample size was relatively low
and thus it cannot be excluded that negative results with
respect to the impact of the FTO gene SNPs on MetS risk or
other metabolic parameters are simply due to a lack of sta-
tistical power. Another point is that a number of variables
connected to lifestyle factors and eating behaviors have
not been included in this study. Therefore, more precise
conclusions on causality cannot be established. Another
point is that our analysis was confined to the assessment
of a limited number of metabolic parameters, restricting
the conclusions regarding the biological mechanisms that
might mediate the effects of the FTO gene SNPs on obesity
and related outcomes. Finally, caution should be taken
in interpreting the association between the FTO SNPs and
anthropometric or biochemical parameters in the whole
group of participants, since significant results of the sta-
tistical analysis that was unadjusted for multiple testing
were not significant after Bonferroni correction.

In conclusion, the results of our study indicate that the
FTO gene might impact single metabolic parameters, rather
than a clustering of cardio-metabolic disturbances con-
ceptualized as MetS. Future studies should investigate the
effects of the FTO SNPs on obesity and related conditions
in bigger samples with comprehensive assessment of cardio-
metabolic parameters, environmental factors and eating
behaviors.
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Abstract

Background. The pathogenesis of secondary Raynaud’s phenomenon (SRP) associated with connective
tissue diseases (CTD) is not entirely understood. Nervous system dysfunction and microangiopathy are
considered to be causes of this pathology.

Objectives. Peripheral and autonomic nervous system function, the stage of microangiopathy, and the
relationships between these in patients with SRP were analyzed.

Material and methods. In the study, 20 patients with CTD-related SRP and 30 healthy controls were
subject to capillaroscopy, standard conduction velocity tests and conduction velocity distribution (CVD)
tests in ulnar and peroneal nerves, heart rate variability (HRV), and sympathetic skin response (SSR) tests.

Results. There were no significant differences in the standard motor and sensory conduction velocity tests,
or in CVD tests in the ulnar and peroneal nerves in SRP patients compared with the controls. The patients
with SRP had a significantly lower SSR amplitude and longer latency in hands and feet. The patients with
(TD-related SRP had a significantly lower mean HRV with higher low frequency (LF) values in the spectral
analysis and expiration/inspiration ratio (E/I) during deep breathing. There was no correlation between the
stage of microangiopathy and neurophysiological test results.

Conclusions. Correct standard conduction velocity and CVD testing in patients with SPR suggest that
vasomotor disturbances may occur in CTD reqgardless of peripheral neuropathy. The lack of relationship be-
tween SSR and microangiopathy could confirm that these 2 processes occur independently in patients with
(TD-related SRP. Autonomic nervous system impairment together with normal peripheral nerve function
suggest the central origin of CTD-related SRP.

Key words: microangiopathy, connective tissue diseases, secondary Raynaud’s syndrome, peripheral nerves,
autonomic nervous system
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Introduction

Raynaud’s phenomenon (RP) occurs as recurrent epi-
sodes of the discoloration of fingers and/or toes in the
course of reversible vasospasm in response to cold or
to emotional stress.! Primary Raynaud’s phenomenon (PRP)
is diagnosed if the symptoms are idiopathic. Secondary
Raynaud’s phenomenon (SRP) is associated with different
underlying diseases. SRP is a characteristic — although not
specific — symptom of connective tissue diseases (CTD).
SRP can overtake the development of the underlying dis-
ease by as much as several years, and, therefore, requires
special observation. SRP occurs in 80% of patients with
scleroderma, 10-35% of those with systemic lupus ery-
thematosus, and 30% of dermatomyositis patients; it is the
1%t symptom of the disease in about 33% of systemic con-
nective tissue diseases (CTD).>®

Microangiopathy and nervous system dysfunctions are
considered to be the causes of SRP in patients with CTD.
Clinical symptoms in PRP are only a consequence of va-
somotor disturbances without anatomical changes of the
microcirculation; thus, in capillaroscopy the correct shape
and number of loops arranged in parallel series are seen.
SRP in the course of CTD, after periods of vasomotor dis-
turbances of varying length, appears as organic micro-
vascular changes, which lead to skin ulceration and/or
necrosis of the fingers. Microangiopathy observed in nail-
fold capillaroscopy is a harbinger of digital necrosis and
ulcers.? The Maricq’s et al. classification assesses the de-
gree of microvascular damage, including morphological
evaluation of the loops and their environment, and can be
used in predicting the severity of vascular lesions.®

Peripheral nerve damage is observed in the course
of CTD. The presence of specific antibodies, the depo-
sition of immune complexes in peripheral nerves, and
ischemic nerve injury secondary to vasculitis (vasa peri-
neurium and vasa nervorum) are thought to be the main
causes of neuropathy.”~1° In systemic lupus erythematosus
(SLE), nervous system dysfunction is present in 19-38%
of cases, and the most common forms are multiple mono-
neuropathy, subacute or chronic axonal polyneuropathy,
predominantly sensory, cranial neuropathy, and autonomic
dysfunction.! Mixed axonal polyneuropathy, multiple
mononeuropathy, cranial neuropathy (nerves V and VIII
with sudden bilateral hearing loss, and mild paroxysmal
positional vertigo), compression syndromes, and myosi-
tis might occur in about 36% of patients with systemic
scleroderma. Multiple mononeuropathies are particularly
common in CREST syndrome — calcinosis, Raynaud’s syn-
drome, esophageal dysmotility, sclerodactyly, teleangiec-
tasia.” Distal sensory neuropathy, carpal tunnel syndrome
and other entrapment syndromes, and root syndrome as
a result of the destruction of vertebral subluxation of the
cervical spine are observed in rheumatoid arthritis.!? Thus,
both microvascular disorder and peripheral nerve changes
may influence the occurrence of SRP in patients with CTD.
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The aim of our study was to analyze the peripheral
nerve and autonomic nervous system function, the stage
of microangiopathy and possible relationships between
these in patients with Raynaud’s phenomenon secondary
to CTD.

Material and methods

The studies were approved by the Ethics Committee
of Wroclaw Medical University, Poland. All patients gave
their informed consent.

We investigated 20 patients (3 men, 17 women; mean age
49.1 £11.8 years old) with CTD-related SRP, and 30 healthy,
age- and sex-matched controls. The following patients were
excluded from the study: those with neurological disorders,
primarily with neuropathy, compression syndrome (tho-
racic outlet syndrome, carpal tunnel syndrome), diabetes
mellitus, malignancy, with exposure to neurotoxins and
pharmacological treatment influencing the vascular and/
or autonomic nervous system, alcohol addiction, tobacco
addiction, with limb ischemia (atherosclerosis, throm-
boangiitis obliterans, Takayasu’s arteritis, hammer mild
syndrome, vibration disease) and other dermatological
abnormalities. To identify patients with these diseases, we
analyzed medical histories; detailed neurological, ortho-
pedic, and vascular examinations were performed as well.
All patients underwent chest and cervical spine X-rays.

The following laboratory tests were performed on all pa-
tients using standard methods: complete blood cell count,
erythrocyte sedimentation rate (ESR), rheumatoid factor,
serum protein electrophoresis, immunoglobulin assess-
ment, thyroid-stimulating hormone (TSH), anti-neutro-
phil cytoplasmic antibody tests (ANCA), c-cytoplasmic,
p-perinuclear pattern, antinuclear antibody (ANA), Scl-70,
SS-A (Ro), SS-B (La) antibody tests, and standard chemical
screening.

Neurophysiological tests were performed on all subjects
using Viking Select and Viking Quest Nicolet Biomedical
devices (Nicolet Biomedical Inc., Madison, USA). Nerve
conduction velocity tests (sensory and motor with F-wave
estimation) were performed in median (in order to ex-
clude carpal tunnel syndrome), ulnar and peroneal (sural)
nerves using standard methods together with conduction
velocity distribution (CVD) tests in ulnar and peroneal
nerves. In the CVD test, we analyzed motor velocity ranges
as the 10", 50" and 90" percentiles of the velocities.!?
Heart rate variability (HRV) was assessed at rest and dur-
ing deep breathing. We analyzed R-R interval variability,
shown as a percentage, and the expiration/inspiration ratio
(E/I), when the subject breathed at a rate of 6 breaths per
minute. We used spectral analysis of R-R intervals with
an estimation of low-frequency (LF, range between 0.04 Hz
and 0.15 Hz) and high-frequency (HF, range between
0.15 Hz and 0.4 Hz) bands together with the LF/HF ratio.
The sympathetic skin response (SSR) test was performed
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using the standard method (electrical stimulation of the
right median nerve, recording from the left hand and
foot).14-17

The subclavian, axillar, brachial, ulnar, and radial arter-
ies were investigated via duplex ultrasound (GE Vivid 7, GE
Healthcare, Little Chalfont, Great Britain) using a standard
9 MHZ imaging probe (UST5539). The standard protocol
in the laboratory included cross-sectional and longitudinal
gray-scale and color Doppler imaging.'3

A nailfold capillaroscopy examination was performed
via widefield capillary microscopy using a Nikon SMZ 800
stereomicroscope (Nicon Instruments, Tokyo, Japan). All
fingers except the thumbs were examined. Immersion oil
was used to improve the transparency of the skin. Cap-
illaries were viewed under 40-fold magnification. Room
temperature was between 20 and 22°C.

On the basis of the Maricq’s classification, we identified
2 groups depending on the morphological changes in the
capillaries (NC group — patients with normal capillar-
ies; DC group — patients with enlarged and/or deformed
capillary loops) and 2 groups depending on the presence
of avascular areas (AZ group — patients with a reduced
number of capillaries or avascular zones; NAZ group
— patients without avascular zones and a normal number
of capillaries).®?

The statistical analyses were performed using STATIS-
TICA v. 5.0 PL (StatSoft, Tulsa, USA). Statistical signifi-
cance was set at p < 0.05. Differences in baseline demo-
graphic and clinical variables were tested for significant
differences between groups with ANOVA for continuous
variables and Pearson’s x? test for categorical variables.
The Student’s t-test and the Wilcoxon rank-sum test
(when parameters were not distributed normally) were
used to test for differences in the analyzed parameters
between patients with Raynaud’s phenomenon vs controls,
and patients with microangiopathy vs patients without
microangiopathy.

Results

In both groups, most of the patients were women (SRP — 85%,
controls — 83%).

A total of 60% of patients manifested biphasic color
changes (white and cyanotic phases without a red phase).
The location of RP varied. RP was observed in 4 patients
only in the hands.

All upper and lower extremities were the most common
locations for RP. Only 15% of the patients presented ad-
ditional locations of RP (earlobes, tip of the nose, penis).

The exact demographic and clinical characterization,
including the etiology of SRP and the severity of micro-
angiopathy, are presented in Table 1.

Standard neurophysiological test results (motor and sen-
sory conduction in ulnar and peroneal nerves) were nor-
mal in all individuals. There were no significant statistical
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Table 1. Demographic and clinical data for patients with SRP
VELELIES | Data
Age [years] 49.1 £11.8
Female/male 17/3
Mean duration of SRP [years] 9.8 (range 5-19)
Underlying disease:
scleroderma 12 (60%)
systemic lupus erythematosus 3 (15%)
rheumatoid arthritis 2 (10%)
undifferentiated connective tissue disease 3 (15%)
Microangiopathy in capillaroscopy:
normal capillaries 4 (20%)
dilatation of capillaries (loops giants) 16 (80%)
normal numbers of capillaries 6 (30%)
the presence of avascular zone 14 (70%)
Color changes during SRP
triphasic (pallor, cyanosis, redness) 8 (40%)
biphasic (pallor, cyanosis) 12 (60%)
Localization of SRP
upper limbs only: 4 (20%)
—fingers I, IVand V of right hand and fingers II-IV 1
of left hand,
—fingers II-V of both hands, 2
—fingers II-IV of both hands 1
upper and lowers limbs: 13 (65%)
—fingers II-V of both hands and all toes of both feet, 8
—fingers Il Ill, V of right hand, fingers Il IV of left
hand and all toes of both feet, 1
—fingers II, Il of right hand, fingers Ill, IV of left hand
and all toes of both feet, 1
—all fingers of both hands and all toes of both feet 3
limbs and other localization: 3 (15%)
- whole hands and feet, earlobes, tip of the nose,
penis, 1
—fingers II-V of both hands and all toes of both
feet, earlobes, tip of the nose, 1
—all fingers of both hands and all toes of both feet,
tip of the nose 1
Sclerodactylia 6 (30%)
Tingling, numbness, stinging, burning of fingers:
- at the time of the RP, 18 (90%)
- permanent 8 (40%)
Stiffness of the fingers or toes 6 (30%)
Subjective reduction of sensation in fingers or toes 6 (30%)
Pain in small joints of hands 10 (50%)

SRP — secondary Raynaud'’s phenomenon.

differences in the conduction velocity distribution in the
ulnar and peroneal nerves in the group with SRP compared
with the control group (Table 2).

In patients with SRP, a significantly lower SSR amplitude
and a longer latency were shown in relation to the con-
trol group. Changes were more pronounced in the lower
limbs (Table 3). The study showed a complete lack of SSR
in upper and lower limbs in 2 patients (1 with scleroderma
and 1 with SLE), and lack of SSR in the lower limbs in an-
other 2 patients (1 individual with undifferentiated con-
nective tissue disease and 1 individual with scleroderma).
Lack of SSR was found in patients with varying severities
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Table 2. Comparison of conduction velocity distribution in study groups
and subgroups

Table 3. Comparison of sympathetic skin response (SSR) between study
groups and subgroups

Controls

SRP
(n=30)

n=20) ‘ p-value

SRP vs control ‘ (

SRP vs control Control
CVD [m/sec] (n=30)
Ulnar nerve
CVD 10% 455 +71 475 %55 ns
CVD 50% 512471 543 +54 ns
CVD 90% 571 £6.6 59.1 +6.1 ns
Peroneal nerve
CVD 10% 399 +21 40.7 £2.5 ns
CVD 50% 439£25 451 +2.8 ns
CVD 90% 469 +£24 484 +26 ns
NC vs DC ‘
CVD [m/s]
Ulnar nerve
CVD 10% 46.1 £6.7 452 6.4 ns
CVD 50% 50.8£9.5 513457 ns
CVD 90% 564 £6.8 574 +69 ns
Peroneal nerve
CVD 10% 389 £2.1 394 +2.3 ns
CVD 50% 431 £2.1 434 +£2.4 ns
CVD 90% 459 £1.7 464 £24 ns
NAZ vs AZ ‘
CVD [m/s]
Ulnar nerve
CVD 10% 46.5 164 441 £6.5 ns
CVD 50% 51.7 £8.1 50.5 £5.7 ns
CVD 90% 576 +74 56.2 £5.7 ns
Peroneal nerve
CVD 10% 393 +£2.1 393+26 ns
CVD 50% 43.6 £2.1 42.7 £2.4 ns
CVD 90% 46.5+23 457 £2.1 ns

Palm latency [ms] 1,544 163 1,522 £116 0.04393
Palm amplitude [mV] 2,155 1,809 3,122 +1,815 0.00298
Foot latency [msec] 2,416 +562 2174 +237 0.03798
Foot amplitude [mV] 944 £847 2,230 £1,221 0.00041

NCvs DC

Palm latency [ms] 1,496 +227 1,492 +£208 ns
Palm amplitude [mV] 2,010+2,023 2,467 £1,504 ns
Foot latency [ms] 2,310 £256 2,355 +526 ns
Foot amplitude [mV] 856 +1,057 1,181 £820 ns

\LVAYY.VA
Palm latency [ms] 1,482 +254 1,500 +183 ns
Palm amplitude [mV] 2,120 +2,197 2,754 +1,304 ns
Foot latency [ms] 2,290 +281 2,376 £560 ns
Foot amplitude [mV] 1,161 +£1,030 990 +814 ns

SSR - sympathetic skin response; SRP — secondary Raynaud’s
phenomenon; NC — normal capillaries; DC — dilatation of capillaries
(giant loops); NAZ - no avascular zone (normal numbers of capillaries);
AZ - the presence of avascular zone; ns — non-significant.

Table 4. Comparison of heart rate variability in study groups

Heart rate data (Cno:tgg)l

HRV (%) 13.5+4.4 241 £6.5 0.000000
LF (bpm) 5314223 4092 +£9.2 0.018111
HF (bpm) 141 £6.4 124 £69 0.431469
LF/HF 39+05 34+0.6 0.027669
E/I 1.1 £0.09 13 +0.15 0.001424

CVD - conduction velocity distribution; SRP — secondary Raynaud's
phenomenon; NC - normal capillaries; DC — dilatation of capillaries
(giant loops); NAZ — no avascular zone (normal numbers of capillaries);
AZ - the presence of an avascular zone; ns — non-significant.

of microvascular complications (2 patients without micro-
angiopathy, 2 patients with microangiopathy). SSR showed
no relationship with the severity of the microangiopathy
(Fig. 1). There were no statistical differences in terms
of SSR between patients with normal numbers of capil-
laries compared with the subgroup with avascular zones
in capillaroscopy. There were also no differences in SSR
results between patients with normal capillaries and in-
dividuals with dilatation of capillaries.

Statistical analysis showed a significantly lower mean
HRYV, and higher LF values, LE/HF ratio, and E/I ratio in pa-
tients with SRP than in the control group (Table 4).

There was no correlation between the stage of microan-
giopathy and neurophysiological tests (standard conduc-
tion velocity, CVD, SSR).

HRV - heart rate variability; LF — low frequency; HF - high frequency;
E/I - expiration/inspiration ratio.

Discussion

This study is a continuation of our previous research
on the pathogenesis of primary Raynaud’s phenomenon.1>2°
In the present study, we analyze the role of the peripheral
nervous system in patients with SRP in the course of CTD.

Typical peripheral nervous system lesions in the course
of different connective tissue diseases mainly include axo-
nal, ischemic peripheral nerve damage (distal sensory poly-
neuropathy, mononeuropathy/multiple mononeuropathy,
cranial neuropathy), and myopathy. Therefore, Raynaud’s
phenomenon in CTD is thought to be secondary to the
dysfunction of the peripheral nervous system. It would be
interesting to answer the question as to whether patients
with SRP without clinical evidence of peripheral neuropa-
thy may have autonomic dysfunction.
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Fig. 1. K.M, woman, 48 years old, with rheumatoid arthritis,

in capillaroscopy: capillaries without loops giants, no avascular zone.
Abnormal sympathetic skin response (SSR): low amplitude, long latencies
from hand and foot

Previous research into nervous system disorders in the
pathogenesis of RP has been performed on patients with
PRP, and these studies have shown that the pathogenesis
of PRP is multifactorial and includes the sympathetic pe-
ripheral nervous system, central neural abnormalities and
local defects.!>2°-22 Mondelli et al. showed dysregulation
of cholinergic sympathetic fibers innervating the fingers
in PRP. Abnormal SSR habituation has suggested that the
central mechanism should also be considered.??

According to Charkoudian, the sympathetic nervous
system is involved in the pathogenesis of both primary
and secondary Raynaud’s phenomenon, both in peripheral
(local) and central system involvement mechanisms.??

In the opinion of Kaheleh et al., Raynaud’s phenome-
non is the result of dysregulated neuroendothelial control
of vascular tone and circulating mediators.?* These mecha-
nisms are suggested as playing a major role in secondary
Raynaud’s phenomenon due to scleroderma.

In our study, detailed neurological and orthopedic ex-
aminations and standard neurophysiological tests, togeth-
er with CVD and an analysis of different fibers in motor
nerves (CVD test) were performed in order to exclude pe-
ripheral neuropathy. There were no significant statistical
differences in these tests in the ulnar and peroneal nerves
in the SRP group compared with the control group. There-
fore, we assumed that vasomotor disturbances may occur
in CTD regardless of peripheral neuropathy.

Central neural abnormalities are considered a cause
of RP. Our study indicated sympathetic hyperactivity and
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the attenuation of the parasympathetic influence of heart
rate. Similar abnormalities have previously been observed
in patients with PRP.!> According to Edwards et al’s stud-
ies, patients with PRP present an abnormality of the cen-
tral neuronal modulation of the brainstem with impaired
habituations of vasodilator and vasoconstriction compo-
nents of the warning system responsible for emotional
stress.?> The results of our study also suggest that SRP
in the course of CTD, and without peripheral neuropathy,
could be a consequence of central impairment of neuronal
habituation.

In our study, similar to the previous one in PRP patients,
we revealed the impairment of sympathetic sweat fibers,
which could suggest that small autonomic fibers are dam-
aged. The changes were more evident in lower limbs, which
could be explained by their longer nerves, which are more
susceptible to any disturbance to regenerative processes.
In standard neurographic tests and CVD tests, we did not
reveal any changes, so only very small fiber neuropathy
(type C and unmyelinated fibers) could be found in SRP
patients. The lack of correlation between SSR changes and
microangiopathy indicates that SSR dysfunction in pa-
tients with SRP occurs regardless of structural changes
in the capillaries. Further observations as to whether the
SSR can be an independent predictor of skin necrosis must
be conducted.

Conclusions

Correct standard conduction velocity and CVD tests
in patients with SPR allow for the supposition that vaso-
motor disturbances may occur in CTD regardless of pe-
ripheral neuropathy.

The lack of a relationship between SSR and microangi-
opathy can confirm that these 2 processes occur indepen-
dently in patients with CTD-related SRP.

Normal peripheral nerve function, together with re-
vealed autonomic nervous system impairment, suggests
the central origin of SRP in the course of CTD.
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Abstract

Background. Fast hepatitis C virus (HCV) replication is one of the reasons for frequent changes in viral
genome.

Objectives. The objective of this study was to evaluate the frequency and type of mutation in NS3/4 protease
in patients with HCV genotype 1b and to determine the effect of the mutation on viral load, fibrosis stage,
alanine aminotransferase (ALT) activity, and alpha-fetoprotein (AFP) level.

Material and methods. The study included 46 treatment-naive patients, infected with HCV genotype 1b.
Mutations were analyzed after isolating HCV RNA, and then evaluating the compliance of the amino acid
sequence, using 3500 Genetic Analyzer (Applied Biosystems, Foster City, USA). RNA fragment from nucleotide
1-181 encoding NS3/4 protease was subjected to analysis.

Results. Mutations were demonstrated in 65% of subjects. Changes in the protease region affecting resis-
tance to treatment (T54, 080, V158, M175, D186) were detected in 10.8% of patients. Substitution mutation at
172 was found most frequently —in 49.9% of cases. In 13% of patients, mutation at G86 was demonstrated,
including G86P in 5 patients and G86S in 1 patient. In the group of patients with T72 mutation, viral load
was significantly higher (1.3 x 106 IU/mL vs 1.0 x 105 IU/mL; p = 0.01), AFP level was higher and fibrosis
level was lower (1.26 vs 2.17; p = 0.008) compared to the patients without the mutation. Cryoglobulinemia
was observed in 74% of patients with mutation at position T72.

Conclusions. Natural mutations of the region coding for NS3/4 protease are found frequently in patients
infected with genotype 1b, but they may cause resistance to antiviral agents onlyin 11% of patients. Changes
were most frequently found at position T72. Mutations at position 72 are correlated with the cryoglobu-
linemia occurrence. This is a substitution mutation, accompanied by a high viral load, high ALT activity and
AFP level, which may point to a more unfavorable influence of such a modified virus, compared to wild-type
virus, onto pathological processes in the liver.

Key words: mutations, cryoglobulinemia, hepatitis C virus genotype 1b, NS3/4 protease
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Introduction

Collectively, 6 hepatitis C virus (HCV) genotypes have
been identified, differing in 30—-35% of RNA sequence.
In Poland, like in most European countries, genotype 1
subtype b (1b) is the most frequent HCV genotype, re-
sponsible for chronic infection. Hepatitis C virus replica-
tion is characterized by fast rate and frequent occurrence
of modifications in the genome. The replication rate is con-
nected with the activity of RNA-dependent RNA poly-
merase (RARP). Except normal RNA synthesis, modified
RNA strands are also produced during the HCV replication
phase. They are characterized by point or multiple amino
acid modifications, or even their loss. In the case of HCV,
the correction of a modified RNA strand is not possible.
Such modifications may be lethal and they may limit fur-
ther replication, or lead to the appearance of a virus with
different biological properties. Modified viral genome usu-
ally does not influence the change of biological proper-
ties, such as immunogenicity or tropism for hepatocytes;
however, resistance to antiviral agents sometimes occurs
as the result of such modifications.!

NS3 protease, having the properties of a helicase, is re-
sponsible for the initiation and unwinding of an RNA
strand during the replication of the virus. It is encoded
in the C-terminal viral RNA fragment, at positions 1-181.
The protease has the properties of an adenosine triphos-
phatase (ATP) enzyme, nucleotide triphosphatase, neces-
sary for the replication and transcription of RNA. Find-
ing the loci coding for NS3 synthesis allows for designing
agents inhibiting viral replication. Such agents are usually
aptamers, short DNA or RNA fragments, or peptides bind-
ing specifically to a target molecule.? The most direct-
acting antiviral agents (DDAs) used in HCV infections
are aptamers. Replacement or loss of amino acids in NS3
significantly decreases the efficiency of HCV protease.
Usually, this happens in the case of mutation at T36, T54,
V55, A155, or V170 position. These positions are particu-
larly prone to the resistance against protease ketoamide
inhibitors. These compounds form a reversible covalent
bond with a catalytic serine of NS3/4A protease. Such
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situation usually occurs during boceprevir or telaprevir
therapy. Linear noncovalent protease inhibitors, such as
faldaprevir tripeptide, simeprevir, asunaprevir, and vani-
previr, usually bind to position 168.3* Currently, resistance
associated with a single mutation within the HCV genome
is not a serious problem, because high doses of antiviral
agents or coadministration of several agents with differ-
ent mechanisms of action guarantee successful therapy
(Table 1).

Natural HCV mutations and their subsequent selec-
tion during the course of antiviral treatment are frequent.
Hepatitis C virus mutants may acquire the ability for fast
replication as well as competitiveness against wild-type
viruses. Moreover, new mutations, unimportant from the
point of view of therapy efficacy evaluation, may trig-
ger the mechanisms of broader, unfavorable effect on the
organism compared to the activity of a wild-type virus.
In-depth analysis of new mutations seems to be inevi-
table in the monitoring of early oncogenesis, fibrosis or
the activation of cryoglobulinemia. This may improve
preliminary diagnosis and contribute to the prevention
or significant delay of HCC development.® The problem
is even more important, as patients after effective antiviral
therapy still belong to the group with an increased risk
for HCC development. Also, it is impossible to exclude
geographical differences in the occurrence of mutations,
resulting from epidemiological reasons and environmental
factors. This justifies undertaking studies on the occur-
rence of mutations in the HCV genome in patients infected
with this virus in different regions of the world.

Objectives

The study was performed in order to evaluate the fre-
quency of mutations in the region coding for NS3/4 pro-
tease among people infected with HCV genotype 1b. The
type of mutation was established in relation to resistance
to antiviral treatment and other mutations, including sub-
stitutions. The effect of mutation on viral load as well as
inflammation and fibrosis in the liver was studied.

Table 1. Changes in the protease NS3/4 region affecting resistance to protease inhibitor treatment®-10

Protease
inhibitor

Position; changed amino acid

Boceprevir M, A AS CG A
M A LG, I A S

Simeprevir K, R

Telaprevir
A G R
Faldaprevir

Paritaprevir A A

Vaniprevir S

Grazoprevir

Danoprevir

Asunaprevir M, R

KT STV I N AT L
V KTGM STVEN N

K. Q V,E A H T

K, Q T V,E, AN, T

K. Q ST AEHTVY A

KGT V,YG A

QK ST AV

R KQ D E Vi

K T A
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Material and methods

The study included 46 patients, 18 women and 28 men,
aged 49 years on average (from 19 to 72 years), infected
with HCV genotype 1b (Table 2). All the patients were
treatment-naive.

Hepatitis C virus infection was documented based
on the presence of HCV RNA in the serum. The test was
performed with the use of the reverse transcription poly-
merase chain reaction (RT-PCR) method, with reaction
starters specific for viral noncoding 5-terminal region
(5’-UTR). The viral genotype was determined by direct
sequencing of the PCR reaction product (Syngen Biotech,
Tainan City, Taiwan).

Quantitative evaluation of HCV RNA was performed
with the use of COBAS AmpliPrep (Roche, Mannheim,
Germany). The procedure was automated, based on the
amplification of nucleic acid by PCR. HCV virus RNA was
determined quantitatively with the use of quantitative
standard HCV QS. The method sensitivity was 11 [lU/mL,
linearity was 15 IU/mL.

Table 2. The patients’ characteristics

Number of patients 46
Women/men 18/28
Age [years]

mean 49

range 19-72
HCV-RNA [IU/mL]

mean 1.1 % 10°

range 4.1 x 10*-5.5 x 10°
Fibrosis

mean 1.7

range 1-4
ALT [IU/mL]

mean 78

range 20-360
AFP [ng/mL]

mean 6.1

range 14-15.0
Cryoglobulinaemia

n 28

percentage [%] 61

HCV - hepatitis C virus; ALT — alanine aminotransferase;
AFP - alpha-fetoprotein.

Hepaptitis C virus mutation

Blood plasma was collected from the patients infected
with a HCV genotype 1 virus. The total RNA was extracted
from 500 pL of blood plasma using a devise for an auto-
matic extraction of nucleic acids EasyMag (Biomerieux,
Lyon, France). The fragment of the HCV genome cover-
ing NS3/4A was amplified in a nested-PCR with prim-
ers described by Paolucci et al.! The sequences of the
primers were as follows: for the 15 PCR — I-forward outer
5-CGAGACCTTGCGGTGGCAGT-3’, 1-reverse 5-CAGC-
CGTYTCCGCTTGGTCC-3’; for the 2" PCR ~ I-forward
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inner 5-CATCACCTGGGGGGCAGACACC-3’, I-reverse
inner 5-GTCAGTTGAGTGGCACTCATCAC-3". The 1%
PCR, prevented by complementary DNA (cDNA) synthesis,
was performed with a OneStep RT-PCR kit (EURex Ltd.,
Gdansk, Poland) in 25 pL of reaction mixture, containing
12.5 pL of 2 x Master Buffer Mix, 1 uL of both outer for-
ward and reverse primer 10 uM solutions, 1 pL of Master
Enzyme Mix solution, and 50-100 ng of RNA. The reac-
tion conditions were as follows: 10 min denaturation at
94°C, followed by 50 cycles of 1 min at 94°C, 1 min at
55°C and 1 min at 72°C, with an extension at 72°C for
10 min. The 2" PCR was carried out in 20 pL of reaction
mixture, containing 1 x PCR buffer with MgCl,, 0.8 mL
of 20 mM deoxynucleotide (ANTP) solution, 1 pL of both
inner forward and reverse primer 10 uM solutions, 0.1 puL
of Tag DNA polymerase, and 1 pL of the 1% PCR solution
(all reagents from EURex Ltd.). The 2" PCR was performed
with the following conditions: 5 min denaturation at 94°C,
and then 30 cycles at 94°C for 1 min, 52°C for 1 min and
72°C for 1 min, with an extension at 72°C for 10 min.

The PCR products were checked and separated using
an agarose gel electrophoresis, and then extracted from
agarose slides, using a PCR clean-up Gel Extraction Kit
(Macherey-Nagel, Duren, Germany). The extraction was
performed automatically on a QTACUBE machine (Qiagen,
Hilden, Germany).

Direct sequencing of cleaned PCR products was per-
formed using an automatic DNA sequencer 3500 Genet-
ic Analyzer (Applied Biosystems, Foster City, USA) and
a BigDye Terminator v. 3.1 Cycle Sequencing kit (Applied
Biosystems). Nucleotide sequences were compared with the
HCYV subtype 1b gene for polyprotein, NS3 protease region,
partial cds, isolate:MS100913 (GenBank ID: AS709386.1).
Particular sequences of codons 54, 55, 71, 72, 80, 86, 158,
168, and 175 of the gene were analyzed to search for the
mutations resulting in HCV protease inhibitor resistance.!!

In all the patients, tests for hepatitis B virus (HBV), de-
tecting the presence of the antigen HBsAg in the serum,
and for human immunodeficiency virus (HIV), looking
for anti-HIV antibodies (Abbott Laboratories, Lake Bluff,
USA) were performed. Moreover, the presence of alpha-
fetoprotein (AFP), alanine aminotransferase (ALT) and
cryoglobulinemia in the serum was evaluated.

In 20 patients, a liver biopsy was taken, and in 26, an elas-
tography was performed. Sections from liver bioptates
were subjected to hematoxylin and eosin staining in or-
der to establish the intensity of the inflammatory pro-
cess, and to Syrian red staining, evidencing the presence
of connective tissue. The morphological state of the liver
was described according to Scheuer’s classification. In the
case of patients with elastography, the liver fibrosis stage
was transposed into the Metavir scale (the Metavir scale
is comparable to Scheuer’s classification).

After the study was approved by the Bioethical Com-
mittee at the Medical University of Bialystok, the patients
expressed informed consent to participate in the research.
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Statistical analysis

Statistical analysis was performed with the x? and the
Mann-Whitney U tests. The significance level was estab-
lished at p < 0.05. Studies were performed using STATIS-
TICA PL v. 10 (StatSoft Polska Sp. z 0.0., Krakéw, Poland)
for Windows 10.

Results

In the group of patients with HCV genotype 1b, muta-
tions were detected in 30 out of 46 (65%) patients (Table 3).
Mutations potentially connected with resistance to NS3/4
inhibitors (T54 (1), Q80 (1), V158 (1), D168 (1), and M175 (1))
were detected in 5 (11%) patients. Only single mutations
of this type were present in individual patients.

Table 3. Substitution mutations and cryoglobulinemia found in patients

Position
Q86 V158 D168 M175

T. Lapiniski, et al. Mutations in patients with HCV G1 infection

Most frequently, in 50% of cases, substitution at T72 not
affecting the efficacy of antiviral therapy was detected.
In 6 out of 46 (13%) patients, mutation at G86 was found,
including 5 cases of G86P mutation; there was also 1 case
of G86S. Other mutations were demonstrated sporadically
(Table 4).

In the group of patients with a mutation at position T72,
viral load was significantly higher than in patients with-
out this mutation (1.3 x 10° IU/mL vs 1.0 x 10° IU/mL;
p = 0.01) (Fig. 1).

Among the patients with T72 mutation, the average
fibrosis stage in the hepatic tissue was significantly low-
er than in patients without this mutation (1.26 vs 2.17;
p = 0.008) (Fig. 2).

Cryoglobulinemia was observed in 28 out of 46 (61%)
patients. Among patients with a mutation at position

Cryoglobulinemia

Patient
Q80
1 CA X
2 Wi X
3 BM X
4 oW X X
5 W
6 BB X
7 SR X
8 ND X
9 LM X
10 PJ X
11 KS X
12 BB
13 GA
14 NA X
15 WM
16 KP
17 RJ X
18 oM X
19 AW X
20 ZA X
21 SM X
22 RL X
23 WA X
24 SS X
25 KG
26 RW X
27 GM X
28 DW X X
29 GH X
30 TR X

X
X
X
X

>

X X X X

X X X X X X X
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Table 4. The substitution mutations (type and amount)
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T72 (17/23), the incidence was significantly higher com-
pared to those without the mutation (6/16), (74% vs 38%;

Among the patients with T72 mutation, AFP level was
significantly higher than in patients without this mutation
(Fig. 3). In the same group of patients, higher ALT activi-
ties were documented compared to patients without this
mutation (82 IU/mL vs 72 IU/mL); however, the difference
was not statistically significant.

No patient was detected with HBs and anti-HIV.

o mean Fig. 1. Viral load in patients with and without
[J=SE substitution at T72 gene of HCV RNA

HCV - hepatitis C virus.

o mean Fig. 2. Liver fibrosis in patients with and without

Position | n (%) | Type
T54 1(217%) Thr54Ser p = 0.023).
171 1 (217%) lle71Vval
172 23 (49.91%) Thr72lle
Q80 1(217%) GIn80Leu
Q86 5 (10.85%) GIn86Pro

1(2.17%) GIn86Ser
V158 1(2.17%) Val158Gly
D168 1(217%) Asp168Glu
M175 1 (217%) Met175Asn
3E6
p <0.01
2E6 |
hary
£
=2
B
o o
s
S
1E6
o
0
patients with substitution at T72 patients without substitution at 772~ | =SD
4
3 L
“
S 2
S ° p<0.08
= -
o
11
0

[J=SE  substitution at T72 gene of HCV RNA

patients with substitution at T72

patients without substitution at T72 I=SD jey- hepatitis C virus.
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1

10 -

p<0.01

AFP [mcg/L]
D
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Fig. 3. The activity of AFP in the serum in patients
o mean with and without substitution at T72 gene of HCV

[J:SE  RNA

4
3
2 —l_—
1
patients with substitution at T72 patients without substitution at T72 T+sp
Discussion

Mutations in HCV genotype 1 are frequent. Jaspe et al.
reported the possibility of such mutations in even 79%
of patients infected with HCV genotype 1, before the start
of therapy. Moreover, there are considerable differences
in the prevalence of individual mutations, depending
on the geographical region (Table 5).12 A study by Miura
et al., performed on patients infected with HCV geno-
type 1b, in 25 chronically infected patients without cirrho-
sis, 29 with cirrhosis and 25 with hepatocellular carcinoma
(HCC) demonstrated the highest frequency of mutations
in the part of the virus encoded in the region from position
61 to 100 (usually at positions 70, 75 and 91), in patients
with liver cirrhosis and carcinogenesis.!?

Equally frequently such mutations appear in patients
treated with antiviral agents; however, these are differ-
ent mutations. Danish Hepatological Group documented
the occurrence of mutations in the HCV genome in 71%

Table 5. Frequency of amino acid substitution R7 0Q and L/C91M
in patients with HCV genotype 1a and 1b infection with respect
to different geographic regions'®

Geographic Substitution [%]
Genotypes n ,
regions R70Q L/Co91M
27 Venezuela 37 0
1a 27 USA 37 0
0 Japan 0 0
38 Venezuela 79 68
34 USA 65 82
1b
80 Japan 40 31
70 China 10 61

AFP - alpha-fetoprotein; HCV - hepatitis C virus.

of patients unsuccessfully treated with telaprevir; how-
ever, many of these mutations do not affect the resistance
to antiviral therapy.'* In our research, the frequency of all
mutations was 49%, but mutations in the region of NS3/4
protease, underlying the resistance to DA As, were dem-
onstrated in 11% of patients, which is in accord with the
observations of other authors. Ferraro et al. detected such
mutations in 14% patients infected with HCV genotype
1b at positions V36, F43, T54, 1153, R1 55, and D168.!>
In similar studies, Paolucci et al., on the basis of a group
of 39 treatment-naive people infected with HCV genotype
1b, demonstrated the presence of mutations at positions
V55, Q80 and M175 in 10% of the patients.!! In the con-
text of antiviral therapy, mutations decreasing the effi-
cacy of boceprevir and telaprevir are most often detected,
which, considering the frequent adverse reactions of these
agents, justifies the recommendation to avoid their use
in the treatment.!®1” Most authors evaluating HCV muta-
tions focus on determining their effect on the resistance
to antiviral agents. This is certainly important, although
the presence of other mutations not influencing the ef-
ficacy of antiviral therapies may play an important role
in the biology of the virus and pathophysiological implica-
tions of the infection.

Hepatitis C virus RNA does not integrate with nucleic
acids of humans. It seems that one of the most important
pathways stimulating HCC development in the course
of HCV infection is the influence of specific viral proteins
synthesized on the basis of viral genome. Many reports
suggest that mutations in the viral RNA may influence
the synthesis of such proteins. Viral NS3 protein exerts
a specific influence on the early stage of carcinogenesis
in hepatocytes. It inhibits the activity of cellular p21
(WAF1) protein, while p21 remains in close cooperation
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with p53, one of the main factors controlling the neoplas-
tic process. Although the deficiency of p21 protein does
not directly cause HCC development, the influence of this
protein on a higher growth rate and proliferation of newly
formed neoplastic cells has been confirmed.!®

The occurrence of compensatory mutations in the course
of HCV infection is a poorly studied process. Such muta-
tions usually occur as a response to the loss of efficiency
of nucleic acid, connected with the primary, unfavorable
mutation. The new mutation may change the biological
properties of the virus.!” During the replication of HCV
RNA, numerous mutations take place, resulting in the syn-
thesis of new viral proteins, possibly showing different
biological properties compared to normally synthesized
proteins. Compensatory mutations occur at the same time
as mutations conferring resistance to antiviral agents, but
may also appear as independent mutations. This is particu-
larly important in the case of the gene encoding protease
NS3/4, responsible for the initiation and replication of the
virus. At the moment, it is thought that mutations 171,
T72 and Q86 are compensatory mutations in the HCV
infection. Mutations 171 and T72 are compensatory for
mutations V55 and M175, and compensatory mutation
Q86 is present in the case of mutation at position Q80.1>
In our research, compensatory mutation T72 was observed
in 1 patient in relation to substitution at position T54. Also,
mutation Q86 was detected in a single patient, who also
had a mutation at Q80.

In the group of patients infected with HCV genotype 1b,
Paolucci et al. demonstrated the presence of a mutation
at T72 in 28% and at 171 in 13% of patients.!! In our stud-
ies, mutation at position T72 was found in 49.9% (23/46)
of patients and at 171 in only 1 patient.

Our results point to a significantly higher viral load and
AFP level among the patients with a mutation at position
T72 compared to patients without this mutation. This
may suggest a stimulatory effect of this mutation on vi-
ral replication, which is reflected in higher ALT activity
and less advanced fibrosis (more inflammation) in the
group of patients with observed mutations. Lee et al. dem-
onstrated that the infection with genotype 1b in itself
is a risk factor for HCC compared to other genotypes
of the virus. Moreover, a significantly higher HCV viral
load was detected in patients with genotype 1b in whom
HCC was diagnosed (397 patients with the cancer, 410
without).20

The study by Hu et al. performed on 63 patients infected
with HCV genotype 1b with coexisting HCC showed more
frequent occurrence of mutations at positions A028C,
G209A, C219U/A, U264C, A271C/U/A, C378U, G435A/C,
and G481A (mutations affecting the resistance to antiviral
agents), and compensatory mutations at positions K10Q,
R70Q, MI1L, and G161S in comparison to 188 patients
infected with HCV, but without HCC.2!

Vallet et al. demonstrated a high frequency of mutations
at positions Y56F, I71F, T721, Q86P, P89S, S101G/D, R117H,
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S122G/T/N, V1321, and V1701 in the group of treatment-
naive patients infected with HCV genotype 1. These mu-
tations may significantly affect the whole codon of NS3
protease. Authors postulate that these mutations may lead
to more frequent HCC development and more advanced
fibrosis stage.?? It seems that this compensatory mutation
at position T72, unimportant from the point of view of re-
sistance to drugs, may lead to an increased rate of HCV
replication. Increased HCV replication is one of the predic-
tion factors for HCC development. Yoshimi et al. demon-
strated that in the case of mutation at position Y93H in the
fragment encoding NS3/4 protease of HCV genotype 1b,
higher HCV replication, higher ALT activity and more
frequent HCC development may be expected. However, the
mutation itself does not influence the efficacy of antiviral
treatment.?® Verga-Gérard et al. pointed to unfavorable
significance of transforming growth factor beta (TGF-p)
activation in the stimulation of HCC development. Their
studies on NS3/4 protease showed that modification at po-
sition S139A was accompanied by the stimulation of TGF-§
synthesis, upregulating HCC development.?* Mutations at
position R70 and L/C91 are present in genotype 1b only,
and are substitution mutations. Many studies show that
they may result in higher frequency of HCC, liver steato-
sis and higher resistance to interferon (IFN). The results
of the study by Jaspe et al. demonstrate big differences
in mutation frequency at positions R70 and L/C91, de-
pending on geographical distribution of the population
(Venezuela vs United States R70: 79% vs 69%; L/C91: 68%
vs 75%).* It seems that the studies evaluating mutations
within the genome of HCV are not currently very impor-
tant from the point of view of resistance to new antiviral
agents. Such studies may contribute new data concerning
HCC development and stimulation of histopathological
changes in the liver.

Conclusions

Mutations in the region encoding NS3/4 protease were
present in 65% of treatment-naive patients infected with
genotype 1b, but they might affect the resistance to an-
tiviral agents only in 11% of cases. Compensatory muta-
tion at position T72 was present in 49.9% of patients, who
showed a higher viral load and AFP concentration than
patients without this mutation. A mutation at position
T72 was correlated with the cryoglobulinemia occurrence.
This may point to an unfavorable role of this mutation
in the stimulation of pathological processes in the liver,
connected with the infection.
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Abstract

Background. Metallothioneins (MTs) constitute a family of evolutionary conserved low molecular weight
proteins with small variations in their amino acid sequences. They play a role in the requlation of trace metals
metabolism, in the detoxification of heavy metal ions and in mechanisms controlling growth, differentiation
and proliferation of cells.

Objectives. The aim of this study was to evaluate the human and rabbit MTs purity and characterization
using advanced analytical approaches. Due to the common use of MT from rabbit liver as a model protein,
the properties of the rabbit and human MTs were compared.

Material and methods. Capillary electrophoresis (CE), matrix-assisted laser desorption and ionization
time-of-flight mass spectrometry (MALDI-TOF-MS) and Brdicka reaction were used for human and rabbit
MTs characterization.

Results. In chip CE analysis, changes in the range of 5—8 kDa corresponding to the MT monomer, as well
as some peaks of 13—14 kDa corresponding to dimers in both species, were observed. Using MALDI-MS,
rabbit (MT-2D) and human (MT-1A, MT-1G, MT-1G + Cd and MT-2A) MTs were identified. In the Brdicka
reaction analysis, a lower concentration of MTs from both organisms coincided with a decrease in the signal
corresponding to MT level (Cat2). However, human MT gave higher Cat2 peak than the same concentration
(0.025 mg/mL) of rabbit MT.

Conclusions. The applied methods allowed for the characterization of MTs and gave complementary
information about MT isoforms. Altered electrochemical activity of human and rabbit MTs, despite the
same number of —sulfhydryl (=SH) groups, was observed, which may be due to different availability of MT
cysteinyl groups.

Key words: metallothionein, mass spectrometry, capillary electrophoresis, Brdicka reaction
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Introduction

Metallothioneins (MTs) make up a large family of evo-
lutionarily conserved low molecular weight, thermostable
proteins, found in practically all life forms: in vertebrates,
invertebrates, fungi, and even in plants. Their sizes range
from 25 (fungal) to 84 (plant) amino acids.! A single poly-
peptide chain of mammalian MT is composed of 61-68
mostly non-aromatic amino acids and contains 20 cys-
teinyl residues in highly conserved locations along the
peptide chain. High number of cysteines in MTs explains
their high capacity for binding metal ions through sulf-
hydryl groups, forming metal-thiolate complexes. Thus,
their main proposed functions were derived from their
role in the homeostatic control of a number of essential
metals (copper — Cu, zinc — Zn), in detoxification of toxic
ones (e.g., cadmium — Cd, mercury — Hg), and in protec-
tive actions against oxidative stress conditions.2~* This
known fact forms the basis of MTs being used as possible
biomarkers for metal exposure.”

Four isoforms of mammalian MT (MT-1, MT-2, MT-
3, and MT-4) have been identified. Isoforms with minor
differences, such as amino acid residue, have been de-
tected as subgroups of the 2 major isoforms (MT-1 and
MT-2) and are termed subisoforms. These 2 main groups
of MT isoforms have been classified according to human
MT elution order by anionic-exchange chromatography:
MT-1 and MT-2.° They are the most widely distributed
MT isoforms, expressed in many cell types in different
tissues and organs. They can be induced by the admin-
istration of metals such as Cd, Zn and Cu; by oxidative
stress; by glucocorticoids; and by cytokines.” MT-1 and
MT-2 are present in nearly all tissues and have been iso-
lated from organs such as the liver, kidney and brain. MT-3
is expressed mostly in nervous tissue® and MT-4 has been
detected in epithelial cells.’ Since various subisoforms are
biosynthesized differentially, they could play a specific
biological role, but this aspect is still being investigated.
The interesting properties of MTs are closely related to
their structure. In addition to slight differences in amino
acid sequences, MTs exist as a mixture of varying metal-
lic content.” It is not a simple task to detect and quantify
MT, also due to its high cysteine content and relatively low
molecular mass. The characteristics of human MTs are
not widely described because rabbit MTs are more often
used in studies as a model protein; thus, it is so valuable
to compare MTs from these organisms. To analyze MTs,
many methods can be used that differ in the analytical
approach, usually based on the metal ions detection, free
thiol moieties or enzyme-linked immunosorbent assay
(ELISA). Human and rabbit MTs have previously been
analyzed by western blot, ELISA, capillary electrophoresis
(CE), and high-performance liquid chromatography.'°-15

Therefore, the purpose of the research was the compre-
hensive characterization of human and rabbit MTs. Mod-
ern electrochemical and advanced analytical approaches
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such as the Brdicka reaction, chip CE and matrix-assisted
laser desorption and ionization time-of-flight mass spec-
trometry (MALDI-TOF-MS) were used to characterize and
compare human and rabbit MTs.

Material and methods
Material

All chemicals used were commercially available. Rabbit
liver MT-2 (M-5392), 2-mercaptoethanol, ammonia solution,
ammonium bicarbonate, trifluoroacetic acid (TFA), and for-
mic acid were purchased from Sigma-—Aldrich (St. Louis,
USA). Acetonitrile (ACN) and methanol were purchased from
Fluka (Seelze, Germany). Acidic MALDI matrices a-cyano-
4-hydroxycinnamic acid (HCCA), 2,5-dihydroxobenzoic
acid (DHB) and peptide calibration standard mixture were
purchased from Bruker Daltonics (Bremen, Germany). All
reagents were of the highest available purity. Doubly distilled
deionized water was used throughout all the experiments.

Preparation of metallothioneins from
human liver

Isoforms MT-1 and MT-2 were purified from human
liver earlier at the Department of Biomedical and Envi-
ronmental Analysis, Faculty of Pharmacy with Division
of Laboratory Medicine, Wroclaw Medical University, Po-
land, and the presence of MTs was confirmed by sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-
PAGE) and western blot.1°

Chip capillary electrophoresis

Capillary electrophoresis experiments were performed
on an automated microfluidic Experion electrophore-
sis system (Bio-Rad, Hercules, USA), according to the
manufacturer’s instructions and with supplied chemi-
cals (Experion Pro260 analysis kit, Cat. No. 700-7101,
Bio-Rad). Metallothioneins in a quantity of 4 pL (0.1 or
0.18 pg/pl) were mixed with 2 pL of reducing sample
buffer (30 uL of a nonreducing sample buffer and 1 pL
of B-mercaptoethanol); after 4 min of boiling, 84 pL of wa-
ter were added. The ladder was also prepared in reducing
conditions. After the priming of the chip with the gel and
gel-staining solution in the diluted priming station sample,
6 pL of the mixture were loaded into the sample wells.
The Pro260 Ladder included in the kit was used as a stan-
dard. For operation and standard data analysis, Experion
software v. 3.10 (Bio-Rad) was used.

Mass spectrometry analysis
Mass spectrometry analysis was performed using ma-

trix-assisted laser desorption and ionization time-of-flight
mass spectrometry (MALDI-TOF-MS). Working standard
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solutions were prepared daily by diluting the stock solu-
tions. A mixture of peptide calibration standard (Bruker
Daltonics) was used to calibrate the instrument. All mea-
surements were performed on the UltrafleXtreme MALDI-
TOF/TOF mass spectrometer (Bruker Daltonics) equipped
with a laser operating at a wavelength of 355 nm with
an accelerating voltage of 25 kV, cooled with liquid nitro-
gen, at a maximum energy of 36 uJ with a repetition rate
of 2000 Hz in reflector-positive ionization mode, and with
software for data acquisition and processing of mass spec-
tra flexControl v. 3.4 and flexAnalysis v. 2.2. The spectra
were measured in the range of 0-20,000 mass-to-change
ratio (m/z). Laser power intensity was set to 5% above the
threshold, which determines the minimal intensity for
suitable spectrum; it is set experimentally by measuring
spectra with increasing laser power intensity. A MALDI
MTP 384 target plate (polished steel) was used.

Before MT analysis, a cut-off filter (Amicon 3K; Merck
Millipore, Burlington, USA) for desalinization of the MT
sample and buffer exchange to water was used. Then, the
samples were mixed with DHB or HCCA matrix solution
in 1:1 volume ratio and then 1 pL of the mixture was de-
posited on the target plate (dried-droplet method) and
dried under atmospheric pressure and ambient tempera-
ture. Saturated solutions of DHB or HCCA were prepared
in TA30 (30% ACN and 0.1% TFA). Mass spectra were
typically acquired by averaging 20 subspectra from a total
of 500 shots of the laser (Smartbeam 2 v. 1_0_38.5; Bruker
Daltonics).

Differential pulse voltammetry

Differential pulse voltammetry (DPV) measurements
were performed with a 747 VA Stand instrument con-
nected to a 746 VA Trace Analyzer and a 695 Autosam-
pler (Metrohm, Herisau, Switzerland) using a standard
cell with 3 electrodes and a cooled sample holder (4°C).
A hanging mercury drop electrode (HMDE) with a drop
area of 0.4 mm? was used as the working electrode. An
Ag/AgCl/3M KCl was the reference electrode and a glassy
carbon electrode was the auxiliary electrode. The GPES v.
4.9 software supplied by EcoChemie (Utrecht, the Nether-
lands) was employed for smoothing and baseline correc-
tion of the raw data. The Brdicka supporting electrolyte
containing 1 mM Co(NH3)¢Cl; and 1 M ammonia buf-
fer (NHs(aq) + NH,Cl, pH = 9.6) was used. The param-
eters of the measurement were as follows: initial potential
of —0.7 V, end potential of —1.75 V, modulation time 0.057 s,
time interval 0.2 s, step potential 2 mV, and modulation
amplitude —250 mV. All experiments were carried out at
4°C employing a Julabo F12 thermostat (Julabo Labortech-
nik GmbH, Seelbach, Germany).
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Results and discussion

Sequence differences in human
and rabbit metallothioneins

Most studies concerning mammalian MTs usually as-
sociate MT-1 with MT-2. These 2 isoforms are examined
as equal peptides, mostly because they are the closest para-
logs that have been found and purified together.!® They are
commonly referred as MT-1/MT-2. However, the availabil-
ity of transcriptomic and proteomic techniques highlights
differences in MT-1 and MT-2 that cannot be ignored,
suggesting some degree of functional differentiation be-
tween these isoforms both within the same species as well
as between humans and rabbits.

Amino acid sequences of rabbit MT isoforms show differ-
ences when compared to the sequences of human MTs (Fig. 1).
Human MTs are controlled by 17 genes located on chro-
mosome 16, 10 of which are functional. To date, 10 subiso-
forms of human liver MT-1/2 have been reported (MT-1A,
MT-1B, MT-1E, MT-1F, MT-1G, MT-1H, MT-1M, MT-1L,
MT-1X, and MT-2A)?% their amino acid sequences are shown
in Fig. 1A. Subisoform MT-1G contains 62 amino acids,
whereas the others display a structure of 61 amino acids.

Rabbit MT genes are located on chromosome 5. Six subi-
soforms of rabbit liver MT-1/2 have been reported so far
(MT-1A, MT-2A, MT-2B, MT-2C, MT-2D, and MT-2E)'%;
their amino acid sequences are presented in Fig. 1B.
Subisoforms MT-2A and MT-2C contain 62 amino acids,
whereas the others display a structure of 61 amino acids.
The reasons for the high diversity of MT isoforms and
their specific functional roles are still unclear. The poten-
tial biological significance of each isoform should not be
neglected but the analytical techniques available cannot
easily separate them.®

By ion-exchange chromatography, human MTs were sepa-
rated into 2 charge-separable isoforms, designated as MT
fractions 1 and 2.7 However, MT fractions from rabbit liver
obtained with the same ion-exchange chromatography can-
not be separated into MT-1 and MT-2 subfractions. This con-
ventional nomenclature division based on charge differences
refers to the absence (MT-1) or presence (MT-2) of an aspartic
acid residue at position 11 or 12 (10 or 11) of the sequence
(Fig. 1) and it is not based on their global charge.'’

Amino acid sequences of 6 rabbit MT isoforms show
some differences compared to the sequences of human MTs
(Fig. 1). Owing to the insertion of an additional amino acid at
position 10, MT-2A and MT-2C sequences have a total chain
length of 62 amino acids. MT-1G, having the same length
and the same insertion, has also been identified in human
liver. The presence of differential expression of MT-1G1
(with an additional alanine) and MT-1G2 (without addi-
tional alanine) suggests tissue- and cell-specific alterna-
tive splicing for the MT-1G isoform.?’ The insertion of the
alanine residue at position 10 of the sequence relates to the
location of the connection of exons 1 and 2 of the rabbit
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Fig. 1. Comparison of human and rabbit metallothionein (MT) isoforms 1 and 2 sequences (MT-1 and MT-2). Sequence comparison of MT-1/2 from
human (MT-1A, MT-1B, MT-1E, MT-1F, MT-1G, MT-TH, MT-1TM, MT-1L, and MT-1X, MT-2A) and from rabbit (MT-1A, MT-2A, MT-2B, MT-2C, MT-2D, and MT-2E) was
performed using ClustulX program.>” The sequences were derived from the database SWISS PROT (http://www.expasy.org/sprot/)

* indicates positions which have a single, fully conserved residue; : indicates conservation between groups of strongly similar properties — scoring > 0.5;
indicates conservation between groups of weakly similar properties — scoring <0.5. The red color indicates negative amino acid residues; the color green
indicates positive amino acid residues; the pink color indicates cysteine residues; the blue color marks alanine — an additional amino acid at position 10;
substitution of an aspartic acid residue at position 11/12 is indicated by the frame.

MT-2A and 2C gene and human MT-1G gene. The pres-
ence of the additional alanine does not seem to influence
neither the tertiary structure nor the metal-binding proper-
ties of the protein.!”?! The biological consequence of that
insertion remains undefined but its presence in more than
1 species suggests a common mechanism leading to the
same phenotype.

In rabbit MT-2D and MT-2E, there is a substitution of ar-
ginine (R) residue in position 10/11 (Fig. 1B). The additional
positive charge may be involved in compensating for the
net negative charge of the 3-metal-cluster and thus can
increase the stability of the p-cluster.!”

Even minor changes in the sequence of MT may induce
structural changes that can alter the metal-binding prop-
erties or stability of the 3-metal-cluster. The flexibility
of the polypeptide chain as well as the charge environment
of the coordinating sulfur atoms may greatly influence the
feasibility and stability of the metal-thiolate bonds, and as
a result, of the final metal-MT complex.

Aras et al. noticed a conserved PKC phosphorylation site
at serine-32 (S32) of MT, which was important in modu-
lating Zn?*-regulated gene expression.?? It is present in all
rabbit and human MT isoforms shown in Fig. 1, except hu-
man MT-1B. The presence of cysteine in place of serine can
change the tertiary structure of the protein as well as change
the function of the protein dependent on phosphorylation.

Different expression patterns of MT subisoforms are
observed in various types of human malignancies; this
fact can be useful in the diagnosis and therapy of tumors.?
The exact biological significance of the differences in ami-
no acid sequences in human and rabbit MTs still remains
unclear.

Detection of metallothioneins
using capillary gel electrophoresis

Capillary electrophoresis is often used to analyze and
separate MT isoforms from different organisms and tis-
sues.!'23 It can also be used for monitoring MT concentra-
tion in biological samples.?® Ktizkova et al. were the first
to propose a chip CE technique for the analysis of MT, i.e.,
of the effect of oxidation on the structure of MT and its
ability to form aggregates and polymers.?* Unfortunately,
due to the presence of system peaks, an accurate analysis
of the MT monomer is difficult.}22°

In this study, changes in the range of 5-8 kDa corre-
sponding to the MT monomer were observed for both hu-
man and rabbit MTs. However, the monomers co-migrated
with a system peak, which made it difficult to measure
their correct size. In Fig. 2, the peak obtained for rabbit MT
shifted to a bigger mass (8.2 kDa) in comparison to human
MTs (6.0 and 7.7 kDa for human MT-1, and 5.3 and 6.1
kDa for human MT-2). An additional peak was observed at
about 23-24 min, which may indicate the presence of 13.4
and 14.0 kDa oligomers. Peaks corresponding to MT di-
mers were observed both for human and rabbit MTs.

Mass spectrometry analysis

In the majority of MALDI-MS studies, DHB and HCCA
were the constituents of the matrix used for the appro-
priate determination of MTs.26 In our study, utilization
of both matrixes resulted in different types of crystals.
While HCCA produced uniform crystals, DHB produced
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Fig. 2. Metallothionein (MT) separation using chip capillary gel electrophoresis (CE). Electropherograms of: A) in red, MT-1 from human liver; in blue, MT-2
from human liver; and in gray, MT-2 from rabbit liver are shown; B) chip CE virtual gel output of Pro260 ladder, MT-2 from rabbit liver, MT-1 and MT-2 from

human liver

heterogeneous and robust crystals (Fig. 3A). Furthermore,
DHB exhibited a significant rabbit MT-2 concentration-
dependent increase in observed signal intensity (expressed
in a.u.), higher when compared to that of HCCA (Fig. 3B).
The main observed signal for rabbit MT-2 was 6211.07 m/z.
Moreover, it was estimated that the isolated MT-2 was
highly pure, because each spectrum showed only 1 peak
of high intensity for the relevant protein. This peak showed
amass similar to rabbit MT-2D (6215.40 m/z).?” The occur-
rence of the MT-2D form has been also observed in MT-2
from Sigma lots*”?® and in MT-1 sample, as a remaining
contaminant.?® The size of 12342.11 Da corresponds to the
MT-2 dimer (Fig. 3C inset).

The DHB was chosen as the most appropriate matrix
in terms of sensitivity and reproducibility for human MTs;
at given conditions (20 mg/mL of DHB in 30% ACN and
1% TFA), homogeneous spots applicable for automated
MALDI-TOF-MS were formed. Further, to verify the prop-
er isolation of MT-1 and MT-2 from humans, we analyzed
their mass distribution. The main observed signals for hu-
man MTs (hMTs) shown in Fig. 4 were quasimolecular ions
assigned as follows: [hMT-1]* (6145.23 m/z, 6176.46 m/z
and 6220.12 m/z) (Fig. 4A), and [hMT-2]* (6066.24 m/z)
(Fig. 4B). The sizes of 12523.89 Da and 12329.89 Da corre-
spond to MT-1 and MT-2 dimers. The mass spectra of the
human MT-1 sample yielded a main peak, the most intense
at 6176.46 Da. Peaks observed in the spectra of these MT-1
samples can be attributed to potential subisoforms: MT-1A
(6145.23 m/z), MT-1G (6176.46 m/z) and MT-1G+Cd
(6240.12 m/z).2>3° The theoretical mass of human MT-2A

is 6042.16 m/z and our results showed main signals at
6066.24 m/z, corresponding to [hnMT-2A+Na]*.

The exposure of MTs to acidic pH values causes metal
depletion and unfolding of the protein structure, gener-
ating apothioneins or metal-free forms. Using these ma-
trixes caused the coordinated metals of the proteins to be
removed, and the peaks obtained should be apothioneins,
i.e., subisoforms without metal content.

Metallothionein dimers were first detected as transient
intermediate species during interprotein metal exchange,
and longer-lived dimers have been isolated that were sta-
bilized by intermolecular disulfide bonds.*! No transient
intermediate dimers could be detected with mass spec-
trometry. However, a stable dimeric complex of MTs has
been detected in this work by MALDI-TOF-MS and chip
CE, and it appears to be stabilized by disulfide bridging.
Metallothioneins can dimerize through the oxidation
of their cysteinyl residues to form an interprotein Cys—
Cys dithiol bridge; the experimental mass would decrease
by 2 Da for every oxidative thiol bridge formation event.

Metallothionein analysis
using the Brdicka reaction

Metallothionein exhibits significant electrochemical ac-
tivity owing to its high content of sulfhydryl (SH) moieties.
The method of determining proteins which contain —SH
groups in an ammonia-buffered cobalt (III) solution was first
described by Brdi¢ka.3? Brdicka reaction is one of the most-
often-used electrochemical methods for MT determination
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Fig. 3. Mass spectrum of rabbit metallothionein (MT). A) Spectrum of MT-2 from rabbit liver measured by matrix-assisted laser desorption and ionization
time-of-flight mass spectrometry (MALDI-TOF-MS) with (A.1) a-cyano-4-hydroxycinnamic (HCCA) and (A.2) 2,5-dihydroxybenzoic acid (DHB) matrix.

B) Graphs of signal intensity of different concentrations of rabbit MT-2 in DHB and HCCA matrices. 1-2 plL of sample/matrix mixture (1:1) deposited on MALDI
plate and dried at room temperature (dried-droplet method). Analysis by a MALDI-TOF-MS mass spectrometer was performed in linear and reflector mode.
Dimerization of MT analyzed by MALDI-TOF-MS is shown in the inset of Fig. C) Spectrum of rabbit MT-2 measured by MALDI-TOF-MS with the DHB matrix
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Fig. 5. Metallothioneins (MTs) from rabbit and human liver analysis using the Brdicka reaction. Different concentrations of MT were used: 0.025 mg/mL and

0.05 mg/mL.

in biological samples.* It is based on the reduction of hydro-
gen at the mercury electrode catalyzed by the —SH groups
in the ammonia-buffered cobalt(III) solution.3*

The Brdicka reaction has potential for monitoring the
differences of various MT isoforms, both rabbit and hu-
man.?® During MT analysis, changes in Cat2 signal (-1.55 'V,
which represents the current response of the MT complex
with components of the Brdicka electrolyte), Co?* (-1.25 V)
and Catl (-1.40 V) corresponding to hydrogen evolution
from the supporting electrolyte catalyzed by the MT were
observed.?> The presence of the Cat2 peak is closely con-
nected with the quantification of —SH groups occurring
in the Brdicka solution,3¢ thus corresponding to the MT
level. The voltammograms of human and rabbit MT are
shown in Fig. 5. It can be observed that the character of the
mentioned MT signals changes with different MT concen-
tration both for rabbit and human MT (Fig. 5). Concentra-
tions of MT 0.025 and 0.05 mg/mL were analyzed.

With a lower concentration of rabbit MT, the Co?* signal
decreases and shifts to a less negative potential, whereas
it slightly increases with a decreasing concentration of hu-
man MT (Fig. 5). Catl and Cat2 signals are more exposed
in a lower concentration of MTs. With a lower rabbit MT
concentration, Catl and Cat2 signals decreased and shifted
to a more positive potential. These signals in the lower
concentration of human MT had a negligible potential
shift. The character of the mentioned MT signals changed
with MTs concentrations. A lower concentration of MTs
from both organisms coincided with a decrease in the Cat2

signal. Lower, but more distinct signals were observed for
human and rabbit MTs when a lower concentration was
used (0.025 mg/mL). The same concentration of human
MT gave higher Cat2 peak than rabbit MT. Metallothio-
neins isolated in both organisms behave differentially de-
spite the same number of —SH groups.

Conclusions

The structure of MTs is constantly being studied due
to their dynamic nature, lack of secondary structural
features when metals are not present, and the absence
of spectroscopically active aromatic residues. Thus, dif-
ferent methods have been used for the analysis of human
MT-1 and MT-2 isoforms and rabbit MT-2 isoforms.

Both in rabbit and human MTs, mainly monomers were
detected with chip CE and MALDI-TOF-MS. Additionally,
distinctly lower signals from the dimers were observed.
When MALDI-TOF-MS is employed, the main observed
signal for rabbit MT-2 corresponds to the mass of MT-2D.
In human, MT-1A, MT-1G, MT-1G+Cd and MT-2A were
detected. Metallothionein subisoforms, except in the case
of human MT-1G+Cd, have been identified without metals,
which can be due to the use of acidic matrixes that cause
a release of less bound metals.

In the Brdicka reaction, signals are different for MTs
isolated from rabbit and human liver, meaning that they
behave differentially in electrochemistry despite the same
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number of —SH groups. This may be due to different avail-
ability of MT cysteinyl groups in different organisms.

These methods used together allow for the identification

and characterization of MT and give complementary infor-
mation about MT forms. Furthermore, MALDI-TOF-MS
is capable of directly resolving more than just the main MT
isoforms in the sample, which makes it the best of these
techniques to identify isoforms of MT.
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