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Abstract

Background. Keratinocyte transplantation is an adjuvant procedure in the extensive burn therapy method.
However, it must be taken into consideration that clinical results of keratinocyte transplantation are ambiqu-
ous and progress achieved in this method is still being verified, especially due to the high cost of cultured
epithelial autograft (CEA) transplants.

Objectives. The aim of this study was to verify the impact of cultured keratinocyte application on pa-
tients” survival. This study included a group of patients with the highest chance for a successful outcome
of the therapy and excluded patients with no compelling reason to apply for such an expensive therapy.

Material and methods. This study included all the patients with burns diagnosed between January 1,
2008 and January 1, 2016, who were treated with cultured skin cells. Patients’ age and gender, percentage
of total body surface area (TBSA) affected, percentage of burn depth of the 3/4™ degree, number of days
between admission and surgery, and need for rehabilitation were analyzed.

Results. The cultured cell application did not significantly affect the risk of death (p > 0.05).

Conclusions. Keratinocytes should be applied as an adjunctive method for the treatment of burns with
at least 409 TBSA affected, but with a maximal burn depth ofthe 2 degree. In the group of patients below
50years of age, a higher number of transplants with a cell population above 20 million/mL and a significantly
lower mortality rate were observed, which means that in the mentioned age group, this graft was more
effective. It has been suggested that patients older than 50 years of age with burns deeper than of the 2"
degree should be treated with more advanced methods like, e.g., the application of stem cells.

Key words: burn, keratinocytes, advanced therapy medicinal product, cell graft



Introduction

During the last decades, the methods of managing burns
have changed.!”® The early excision of necrotic tissue
and wound closure with autologous, split-thickness skin
graft (STSG) are now the basis of treatment.*~° In the case
of extensive burns, donor site access is limited. Keratino-
cyte transplantation is an adjuvant procedure in the ex-
tensive burn therapy method.! Using cellular epithelial
autografts (CEA) in burns treatment has recently also
become more popular.” This technique provides the abil-
ity to obtain a high volume of cultured epithelial cells from
a skin punch biopsy within 3—4 weeks.8 Cell transplanta-
tion increases wound healing by providing 1-stage cover-
age of extensive skin loss, thereby reducing the number
of necessary surgeries.” However, it must be taken into
consideration that clinical results of keratinocyte trans-
plantation are ambiguous and progress achieved since
Rheinwald and Green’s era, when they described keratino-
cyte culture technique for the first time, is still being veri-
fied, especially due to the high cost of CEA transplants.!?
It has been proven, for instance, that a positive result
of this therapy is related to the cell donor’s age.'® Among
other limitations of this method, there is the long waiting
time for cultured skin components, as well as the sus-
ceptibility of the cell culture to infections.!! The discrep-
ancy between the observed therapeutic effects is puzzling.
Still et al. suggested that keratinocyte application gave
a disappointing clinical effect.!? Desai et al. observed hy-
perkeratosis and formation of scar contractures as an af-
ter-effect of the cellular therapy.!?

The aim of this study was to verify the impact of cul-
tured keratinocyte application on patients’ survival, based
on an analysis of a group of burn patients with cell trans-
plants, in relation to the mean number of deaths among all
patients and to the selection of predictive factors related
to the risk of death in patients treated with CEA. This
study would then allow us to select a group of patients with
the highest chance for a successful outcome of the therapy
and to exclude patients who do not have a compelling rea-
son to apply for such an expensive therapy.

Material and methods
Cell culture

Keratinocytes and fibroblasts were collected from living
donors who signed informed consent forms for autologous
skin transplantation. A small skin fragment was collected
under operating theater conditions. Then, in aseptic rooms
with laminar flow cabinets, cells were isolated in accordance
with Good Manufacturing Practice (GMP) standards (our
laboratory has the manufacturing approval issued by GMP).
Firstly, the epidermis was separated from the dermal
layer by using the 2.4 U/mL disphase enzyme (Corning,

D. Kitala, et al. Cell transplantation in burns treatment

Tewksbury, USA). The incubation in the enzyme lasted
about 60 min (at 37°C). Later, singular keratinocytes were
digested from the dermis by incubation in an enzymatic
solution at 37°C for 5 min, using TrypLE (Gibco; Thermo
Fisher Scientific, Waltham, USA). The culture medium
was used for enzyme inactivation. Then, cell suspension
was centrifuged for 10 min at 1500 rpm. A cell pellet was
suspended in the keratinocyte growth medium Keratino-
cyte Serum-Free Growth Medium (KSFM) (Gibco; Thermo
Fisher Scientific) and seeded into 75 cm? culture bottles
(Sarstedt AG & CO, Niimbrecht, Germany). The dermis
was placed on a Petri dish (Thermo Fisher Scientific), filled
with the TrypLE solution, and then incubated for 10 min.
After incubation, the enzyme was inactivated and added
to Dulbecco’s Modified Eagle Medium (DMEM) (Cytogen,
Princeton, USA). Established cultures of skin cells were
placed in an incubator at a constant temperature of 37°C,
5% concentration of CO, and 95% humidity. The cell culture
was immersed in the medium, which was changed approx.
every 48 h, and the growth of the colony was monitored.
After reaching 80% confluence, the cells were passed us-
ing TrypLE. Before the transplantation procedure, the cells
were counted and their viability was tested using the Tali®
Dead Cell Red Kit on Tali® Image-Based Cytometer (Life
Technologies, Carlsbad, USA). The analysis was performed
in accordance with the manufacturer’s protocol.

Population analysis and data collection

This study included all the patients with burns diagnosed
between January 1, 2008 and January 1, 2016, who were
treated with cultured skin cells. The study was carried
out at the Dr Stanistaw Sakiel Centre for Burns Treatment
in Siemianowice Slaskie (Poland). The data of burn patients
had been collected until the end of their hospitalization
period and stored using the Solmed computer software
(SPIN Sp. z 0.0., Katowice, Poland), as well as in the Labo-
ratory of in vitro Cell and Tissue Culturing with Tissue
Bank, localized at the Dr Stanistaw Sakiel Centre for Burns
Treatment in Siemianowice Slaskie, Poland. To create
and encode the database, we used Microsoft Excel 2007
(Microsoft, Redmond, USA).

Analyzed parameters

Patients’ age and gender, percentage of TBSA affected,
percentage of burn depth of the 34/4" degree, number
of days between admission and surgery, and need for re-
habilitation were analyzed.

The analysis included 81 patients diagnosed with ther-
mal burns (Table 1) who were treated with autologous
skin components. Within this group, 86% patients were
male. The control group included 3,919 patients with ther-
mal burns, hospitalized at the Dr Stanistaw Sakiel Centre
for Burns Treatment in Siemianowice Slaskie, in the same
period. The age of the patients admitted to hospital
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Table 1. Description of 81 burn patients treated with autologous cell transplants compared
to all patients hospitalized due to thermal injury between 2008 and 2015

and the patients who underwent cell trans-
plantation was not significantly different;

however, there was a difference in t.helr bu}"n T Cerarat Non-CEA graft Dbiffterence
surfaces (p < 0.01). Most of the patients with parameters FEJIEIE et group " ez e
. e 2 groups
cultured cells had burns covering 40-79% e —
TBSA (59% of the patients), whereas among Age [years], mean +SD 411 2147 453 +16.9 p>0.05
the admitted patients, burns with up to 39% T%Sﬁ;ffeaed 06l 5 ‘o
TBSA dominated (75% of the patients). Pa- 20-39 % 2
tients with cultured cells later underwent 40-59 31 9 p<001
a necrotic tissue demarcation procedure, 60-79 28 4
. . >80 2 2
mainly due to the larger size of the burn sur-
rd /4th
face, which required a longer hemodynamic Eigredeeﬁ/t]h of the 3%/4
(]
stabilization of those patients. 0-9 e 37
10-19 23 26 p > 0.05
Statistical analysis 20-29 14 12
30-39 16 12
>40 6 13
The STATISTICA v. 12 (StatSoft Inc., Tul- :
. Number of days since
sa, USA) program was used. For the analysis eeliission i® dhe ward 0207 ] :
. , ) e 0420, 0+8. .
of variances, Cox’s proportional hazard mod- for the 1°t necrotic tissue 37020 808 p<00
els were constructed. The model assumptions MRS, W Y
were checked by the Schoenfeld residuals Gender, n [%]
analysis. If the assumption of proportional female a4 999 25) p=0015
YSIS. mp prop male 70 (86) 2919 (75)
hazard was not fulfilled, the variance proved e
N . eatn, N [70
to be linearly time-dependent. The goodness yes 10(12) 556 (14) 0> 005
of fit was evaluated by Akaike’s Information no 71(88) 3,362 (86)
Criterion (AIC). The model with the best Need for rehabilitation, n [%]
statistical fit was selected (AIC = 65.48). yes 22(27) 542 (14) p=0014
To compare the group of patients who un- no P73 3376 (86)
derwent autologous keratinocyte transplan- g?fg?ﬂgﬁ’gtg:afean . 799 +448 2654253 b <001
tation with the total number of hospitalized & ! -

patients, the Mann-Whitney U test was used
for both groups. The assumption of normal
distribution was analyzed by the Shapiro-

SD - standard deviation; TBSA - total body surface area; CEA — cellular epithelial autografts.

Wilk normality test. The x? test was used to compare
frequency distribution. The statistical significance ob-
tained was o = 0.05. Furthermore, the relative risk reduc-
tion (RRR) for number of deaths was compared:

RRR = % - T

c zk
where:
n, — total number of patients in the CEA group;
ny— total number of patients in the control (non-CEA)
group;
z, — event rate in the CEA group (number of deaths);
zx — event rate in the control group (number of deaths).

Results

The analysis showed that the only significant prognostic
factor was the burn surface of the 3/ degree at least (p = 0.029).
Every 10% increase in the burn surface resulted in increasing
therisk of death by 75.2% (hazard ratio confidence interval (HR
CI): 1.06-2.9). In the case of burns of the 3'4/4t" degree, cover-
ing more than 40% TBSA, the probability of a 3-month survival

was 60% (Fig. 1). The cultured cell application did not signifi-
cantly affect the risk of death (p > 0.05); however, when a se-
lected group of patients was taken into consideration (40-79%
TBSA affected), the relative reduction of death was 69.6%
in the group of patients with CEA transplantation in compari-
son to the pair-matched group without CEA graft (Table 2).

Table 2. Differences between pair-matched groups
with 40-79% TBSA affected

. _ Non-CEA
Grouping descriptive parameters CEA group ‘ group
Patients with TBSA affected, n [%]
40-59% 25(52.08) 25(52.08)
60-79% 23 (4792) 23 (4792)
total 48 48
Age [years] 38 £13 41 +£18
Numper ofday§ from admission 38 41 N+
to main operation, mean £5SD
Hospitalization length [days], mean £SD 82 +44 38 £36
Number of rehabilitated patients 13
Death, n [%] 7 (14.6) 23 (48.0)

TBSA - total body surface area; SD - standard deviation;
CEA - cellular epithelial autografts.




The application of keratinocyte cells was not a proce-
dure which could eliminate the need for rehabilitation;
73% of patients who underwent skin cell transplantation
needed rehabilitation due to contracture scars. It has to be
pointed out, however, that in the group of patients without
cell transplantation, rehabilitation was necessary in 86%
of the cases, which represents a significantly higher per-
centage of patients than in the previous group.

Burn patients were divided into 2 age groups: <50 years
and >50 years, and then they were compared using the fol-
lowing criteria: burn surface, burn depth, number of days
between the admission to hospital, time length of the cell
culture, and deaths (Table 3). The comparison was per-
formed to verify if the patient’s age over 50 years could
affect the proliferation of cultured keratinocytes.

The average number of transplanted cells in the <50 years
group was 7.7 million/mL (Fig. 2), and in the >50 years
group, it was 6.2 million/mL (p > 0.05). The percentage
of persons with a cell transplant higher than 20 mil-
lion cells/mL in the <50 years group was 11%; however,
in the >50 years group, no patients were reported to reach
such a high volume of culture (above 20 milion/mL). Ad-
ditionally, in patients over 50 years of age, the average time

Table 3. Age, burn surface, time length of the cell culture, and deaths
in 2 age groups of patients: <50 years and >50 years

Parameter

Age [years], median £SD 352494 60.6 +8
TBSA affected [%)], median £SD 4184216 3234191
Percentage of burn of the 3//4™

degree, median +SD 8£35 16£19
T|m§|ength of cell culture [daysl], 3554162 4484271
median £SD

Deaths [%)] 4 9

Age <50 years | Age >50 years

D. Kitala, et al. Cell transplantation in burns treatment

length of the cell culture was 10 days longer. In the group
of patients aged <50 years, the cultured cells were applied
to persons with a higher median of burn surface (42%
TBSA affected) and, despite that, the mortality rate was
significantly lower (4%).

Discussion

The application of cultured keratinocytes is consid-
ered a step forward in the treatment of massive burns.!*
The transplantation of skin cells is regarded as a proce-
dure which minimizes the number of autologous donor
sites and reduces hypertrophic scarring.? Keratinocyte en-
graftment at the level of 50—-90% is believed to be possible
in the case of partial thickness burns.!''* It has to be re-
membered, however, that in the case of large burn surfaces,
a singular transplantation of skin cells is not sufficient,
and that single-place multiple harvesting of a skin section
for the culturing purpose requires a large surface.!® Using
allogeneic cell transplants or an autologous cell culture,
supported with an allogeneic human skin matrix, can be
the solution here.!® The latter solution prevents the 'alliga-

tor skin effect’, which occurs as a result
of a meshed autologous skin graft.1® It also
helps with performing an earlier closure

Difference of the burn wound.!*
tht;eztwf:l? The average survival of patients who
 — underwent CEA transplantation, as pre-
- sented by Sood et al., is 91%." Such a result
p=001* is in line with those presented in our study
0> 005 (88%). Postoperative complications are di-
vided into both early and late. Early com-
b >005 plications include the presence of blisters
(31%) and pruritus (4.7%). Late complica-
p=0038" tions include cell transplant loss (2.3%)

SD - standard deviation; TBSA - total body surface area; * burned body surface area.

Kaplan-Meier survival analysis depending
on the burn surface area of the 3'9/4th degree
ocomplete +consored

and the presence of scar contractures

Boxplot by group

28
1.0 +Mi+ﬂ%1++ 26 -
9**&“43‘—'+++7+7+; 24
08 b+ +—+§———+————+————+ o 22
-0 °- :
2 3 ok . E 20
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Fig. 1. Probability of survival depending on the burn surface,
burns of the 319/4™ degree

Fig. 2. Number of cells per mL transplanted in groups of patients
aged <50 years and >50 years
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(66%). Therefore, it is important that the group of cell
transplant recipients should be clearly and precisely de-
fined. The desirability of performing an expensive, time-
consuming and esthetically uncertain procedure is mor-
ally and clinically unjustified for groups of patients with
spontaneously healed burn wounds (2" degree burns)
or in groups of patients with deep 3'/4" degree burns
of more than 40% TBSA affected, in which the probability
of 200-day survival is equal to 0. Carrying out cell cultures
for patients with a high risk of death is particularly difficult,
because initially, the cell culture is a reflection of the pa-
tient’s overall condition, which impinges on the epidermal
cell viability and population doubling.!8

The patient’s dressing prior to cell collection can also
affect the therapeutic success. It has been proven that cul-
tured cells do not reveal the adhesive abilities in the pres-
ence of wound dressings such as Adaptic®, Xeroform®,
EZ Derm®, and Mepilex®. Using wound dressings like
Mepitel®, N-Terface®, Polyskin®, and Biobrane® has
no negative impact on keratinocytes.!” From our own ex-
perience, we can say that particular attention has to be
paid to the applied antiseptic substance and to proper
preparation of the donor site. Proper wound prepara-
tion for grafting is crucial — the high sensitivity of cul-
tured cells to bacterial proteases and cytotoxins pres-
ent in wound can impair the healing process and may
result in a total loss of a cell transplant. This is another
critical moment.?°-2% That said, however, proper wound
preparation is not sufficient — integrin profiles, as a result
of a carried out culture, influence keratinocyte engraft-
ment as well. When keratinocytes reach a high confluence,
they evolve from a high proliferative state into stunted
growth and differentiation. This is linked with integrin
expression disturbances, such as the loss of expression
of integrin alpha 1 and alpha 5.2* In the group of patients
over 50 years of age, a moderately lower number of cells
and a longer time necessary to obtain a clinically signifi-
cant number of cells was reported.

All the above-mentioned obstacles lead to an increased
cost of treatment and a prolonged hospital stay. This results
in a lowered number of performed CEA transplantation
procedures, even in reference centers.?> Pellegrini et al.
suggested using stem cell transplants; however, in order
to obtain a satisfying clinical result and to reduce the cost,
a more careful selection of patients for a transplantation
procedure is absolutely necessary.2® There is no doubt
that the traditional predictive factors of mortality, like
the burn surface and the patient’s age, should be examined
in detail.* The results of the present study show that age
has no influence on the survival rate of patients with a CEA
transplant. This result is not surprising and is derived
clearly from the evaluated data — the median age of a pa-
tient qualified for a cell culture was 41 years. Moreover,
it has to be taken into consideration that the median age
of all hospitalized patients was 45 years and a significant
group of admissions included patients below 30 years

of age (victims of communication accidents and flammable
substance explosions). It is believed that the patient’s age
>50 years is a negative prognostic factor.?” The qualifica-
tion of patients below 50 years of age for a cell culture
is dictated not only by the median age of the admitted
patients, but also by the skin aging process and the influ-
ence of this process on the normal morphology of cells,
i.e., their ability to multiply.?®?° Patients with burns with
<20% TBSA affected are those most frequently admit-
ted to burn centers; however, patients qualified for cell
cultures are diagnosed with average burns of 40% TBSA.
Nevertheless, TBSA in the group of patients who under-
went the epidermal cells therapy is not a predictive factor,
but a larger surface area of 3'4/4"" degree burns increases
the risk of death. In the group of patients with a cell trans-
plant, this situation is clinically justified. Epidermal cells
promote the healing process of burn wounds with a maxi-
mal depth of the 2" degree. Therefore, in the case of large-
scale burns, they can effectively support the wound healing
process. Epidermal cells are unable to effectively stimulate
the healing of deep (3" degree) wounds; thus, their ap-
plication does not influence the survival in this group,
and with a 20% increase of the 3" degree burn surface,
the risk of death increases by 1.72 times. However, the mor-
tality in the group of patients who underwent keratinocyte
cell transplantation with a diagnosed burn of <60% TBSA
is 1%, but in the case of >60% TBSA affected, the reported
mortality rate is at the level of 16%. Tang et al. reported
azero mortality in the group of patients with burns of <51%
TBSA. It has been suggested that a unified system for sur-
gical treatment procedures would cause the mortality rate
decline in the group of burn patients.?° The influence
of cell transplants on increased patient survival was not
reported despite the fact that in the group of patients aged
<50 years with keratinocytes applied, the mortality rate
was only 4%. Auxenfans et al. postulated using keratino-
cytes as a clinically effective method in managing donor
sites and 2"! degree burns with a large burn surface; in this
case, together with a free split-thickness skin graft.3!

In the case of extensive, deep burns (3'¢ degree), the use
of stem cells is recommended.??3* At present, we can
agree that the CEA transplant is a life-saving, but expen-
sive procedure, unsuitable for the permanent coverage
of burn wounds deeper than the 2"! degree.?* Matters re-
lated to the optimal donor site selection for cell culture
purposes, wound dressing applied to the wound before
harvesting the donor skin for the culture and post-cell
transplantation, and, most importantly, an informed
choice of the group of patients for whom applying kerati-
nocytes will give a maximum clinical effect, should have
all been systematized many years ago. The lack of studies
giving clear guidelines for using cultured skin compo-
nents is to blame. The aim of this study was to establish
preliminary standards for patient enrollment for keratino-
cyte cultures. It should be the basis for further discussion
on this topic.
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In conclusion, keratinocytes and fibroblasts should
be applied as an adjunctive method for the treatment
of burns of at least 40% TBSA, but with a maximal depth
of the 2" degree. In the group of patients below 50 years
of age, a higher number of transplants with a cell popula-
tion above 20 million/mL and a significantly lower mortal-
ity rate were observed, which means that in the mentioned
age group, this graft is more effective. It has been suggested
that patients older than 50 years of age with burns deeper
than of the 2" degree should be treated with more advanced
methods like, for example, the application of stem cells.
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Abstract

Background. The mdx mouse, the most approved animal model for basic research in Duchenne muscular
dystrophy (DMD), has the ability to compensate muscle degeneration by regeneration process, which is obvi-
ous at approx. 3 months of age. Hence, this mouse model is only temporarily suitable to proof craniofacial
changes which are usually evident in humans with the progression of the disease.

Objectives. The purpose of our study was to examine the impact of botulinum toxin A (BTX-A) in influencing
muscle regeneration in the masticatory muscles of healthy and mdx mice.

Material and methods. Chemo-denervation of the right masseter muscle was induced in 100-day-old,
healthy and dystrophic mice by a specificintramuscular BTX-A injection. Gene expression and protein content
of myogenic requlatory factors and muscle growth factor (MyoD1, myogenin and myostatin) in the right and
left masseter, temporal and the tongue muscle were determined 4 and 21 days after injection, respectively,
using quantitative reverse transcription polymerase chain reaction (qRT-PCR) and western blot technique.

Results. The 4 day and 21 day interval proved significant but varying changes of mRNA expression in both
control and mdx mice. At the protein level, myogenin expression was increased in the temporal and mas-
seter muscle on the injection side in controls, whereas dystrophic mice showed the same effect for MyoD1
expression. Additionally, increased protein expression of all studied genes could be found in dystrophic mice
compared to controls, except the left temporal and the tongue muscle.

Conclusions. Muscle regeneration is not constant in BTX-A injected mdx masticatory muscles, presumably
due to the already exhausted capacity or functional loss of satellite cells caused by dystrophin deficiency,
and, therefore, disturbed regeneration potential of myofibrils. Botulinum toxin A injection cannot fully break
down regulatory processes at molecular level in 100-day-old mdx mice. Further investigations are necessary
to fully understand the regeneration process following BTX-A injection into dystrophic muscles.

Key words: myostatin, BTX-A, MyoD1, myogenin, mdx mice
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Introduction

Skeletal muscles, the most abundant tissue of the body, are
composed of myofibers and grow in size by fusing postnatal
muscle stem cells, called satellite cells. These mononucle-
ated cells are located between the plasma membrane and
the basal lamina that surrounds each muscle fiber. They play
a key role in the regeneration of adult skeletal muscles
by compensating for daily muscle stress and strain and can
be activated after muscle injury.! Satellite cells are affected
by several growth factors as well as transcription factors,
such as members of the myogenic regulatory factor (MRF)
family. Among them, myogenic transcriptional regulators,
such as MyoD and myogenin, are essential for the prolifera-
tion of satellite cells and for the development of early regener-
ating fibers, even in dystrophic muscles. MyoD is considered
as one of the key regulatory factor of muscle regeneration.?
Based on numerous studies, it could be demonstrated
that MyoD is required for the determination of skeletal myo-
blasts, whereas myogenin plays a decisive role in the expres-
sion of the terminal muscle phenotype, regulating skeletal
muscle metabolism and exercise capacity during adult life.?
Increased myopathy was observed by a lack of MyoD, which
had a negative effect on the embryonic formation, postnatal
survival and function of satellite cells, and thus an adverse
influence on muscle formation. In contrast, the growth fac-
tor myostatin has a negative impact on the postnatal muscle
growth, due to its suppressive effect on satellite cell acti-
vation, proliferation and self-renewal, as well as myoblast
proliferation and differentiation.*> The proliferation and
differentiation of satellite cells during muscle repair is large-
ly influenced by vascularization, innervation, hormones,
nutrition, and the extent of muscle damage, which takes
place either under physiological or pathological conditions,
for example in muscular dystrophies.®

Muscular dystrophy is a general term that covers a di-
verse group of inherited myogenic disorders characterized
by progressive muscle wasting and degeneration among
them Duchenne muscular dystrophy (DMD) is the most
common one. It results from mutations in the dystro-
phin gene and lack of its functional protein. The absence
or enormous reduction of functional dystrophin protein
results in muscle fiber necrosis without further regenera-
tive processes. At the beginning of the disease, new muscle
fibers are formed by satellite cells or by fusion of resistant
myoblasts. In more advanced stages of DMD, inadequate
muscle regeneration, probably due to loss of satellite cells,
which after many rounds of muscle degeneration and re-
generation processes become “exhausted”, leads to the de-
generation of skeletal muscles, which are then replaced
by fatty and connective tissue.” Additionally, loss of muscle
tissue is not homogenous, but involves specific muscle
groups.! Proximal muscles of the extremities are affected
first, followed by upper arms and upper legs. Interestingly,
approx. 2 years after the patient had become wheelchair-
bound, the orofacial muscles are affected, which results

U. Botzenhart, et al. BTX-A-induced regeneration of mdx muscles

in muscle imbalance and severe craniofacial and dental
abnormalities.® This affirms the assumption that a rela-
tionship between muscle dysfunction and craniofacial
morphology may exist.

In contrast to DMD patients, skeletal muscles of the mdx
mouse, the most commonly used animal model for DMD,
can regenerate throughout life. Ongoing muscle degenera-
tion can be found in mdx mouse muscles, which usually
peaks at 3 weeks of age, and is characterized by a decrease
of myofibers and pathological features becoming more se-
vere with age.” Due to a spontaneous and effective recovery
of muscle cells, compared to humans, the mdx mouse has
amodest dystrophic phenotype, exhibits a more benign pro-
gression of the dystrophy, and can, therefore, not accurately
be compared with human DMD disease pattern.!” Neverthe-
less, it will be assumed that the myogenic activity of satellite
cells in mdx muscles also appears to be depleted with age.!!

Botulinum toxin is a purified form of the neurotoxin de-
rived from the bacterium Clostridium botulinum respon-
sible for botulism. Following local injection into the muscle,
the toxin inhibits the vesicular release of acetylcholine
(Ach) neurotransmitter at the neuromuscular junction pro-
ducing chemical denervation and paralysis of the striated
muscles in humans and animals.!? Resulting muscle pa-
ralysis and safety of botulinum toxins have permitted their
widespread use in a variety of therapeutic applications, such
as unloading the jaws, alleviation of facial pain involving
the temporomandibular join, masticatory myalgia, sialor-
rhoea, bruxism, and hemifacial spasm.'® Hence, with botu-
linum toxin A (BTX-A) injection just a temporary paralysis
is possible, because in healthy muscle tissue after a certain
time, reinnervation occurs. At the neuromuscular junc-
tions of humans, functional recovery of the nerve terminal
takes 2—4 months, whereas in rats and mice functional
muscle recovery is reported to be much faster.* The onset
of toxin action in rodents is 24 h after injection, usually
peaks at 2 weeks and paralysis lasts 4—6 weeks.!®

Research in the field of orthodontics as well as in yet
unpublished data of our own research group in the mdx
mouse during maximal dystrophic muscle degeneration
could already show a relationship between muscle weak-
ness and craniofacial deformities, which had originally been
described by Melvin L. Moss as the so called “functional
matrix theory”.® Due to recovery, in the mdx mouse these ef-
fects disappear, so that this mouse model cannot adequately
be used to scientifically prove this correlation. Thus, to ana-
lyze muscle-function influence on craniofacial bone growth
and development in a sufficient way, a specific and durable
muscle dysfunction should be induced. As it is known
that BTX-A causes muscle paralysis as well as muscle de-
generation in healthy muscle tissue, this toxin might also be
able to trigger dystrophic features in mdx mice, making this
mouse model comparable to the human disease of DMD
and accessible for research in the craniofacial region. Hence,
we wanted to examine whether BTX-A is suited to gener-
ate a sustained dystrophy in the mdx mouse masticatory
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muscles by verifying these effects on the basis of regenera-
tion processes. In a recently published paper about MyHC
expression in the masticatory muscles of 100-day-old mice
following the same protocol, a single specific intramuscu-
lar BTX-A injection in the right masseter muscle induced
changes of MyHC expression in healthy mice, indicating
a shift to type I fibers and simulating dystrophic features
in these mice, whereas dystrophic muscles did not react
to BTX-A injection.!’® In contrast to the abovementioned
results, on the one hand our research group could find
changes in caveolin 1, caveolin 3 and VEGF protein expres-
sion in dystrophic mice after a single injection of that toxin
in the right masseter muscle with raised expression of all
studied proteins, whereas in the right masseter muscle
of controls a decrease of caveolin 3 expression, due to BT X-A
injection, could be found. On the other hand, mRNA expres-
sion was unchanged in both mouse strains."”

The aim of the present study was to examine BTX-A in-
fluence on the regenerative capacity in mdx masticatory
muscles by identifying MRFs and a muscle growth factor
as markers for muscle regeneration and repair after a single
specific intramuscular BTX-A injection in the right mas-
seter muscle of healthy and dystrophic mice, and to evalu-
ate if this drug was able to induce or prologue dystrophic
features in the masticatory muscles of these mouse strains.

Material and methods
Animals and experimental protocol

Male and female mice of the inbred strain C57BL-10ScSn
(control group, n = 20) and C57BL/-Dmdy (mdx) (test group,
n = 25), originally obtained from Jackson Laboratory
(Bar Harbor, USA) and borne in the Laboratory Animal Ex-
perimental Bioassay Centre Dresden (experimental centre
of the medical faculty, TU Dresden, Germany), were used
in this study. At the beginning of the experiments, mice
of both strains were aged 100 days and had a body mass
of approx. 30 g. All procedures performed in this study were
approved by the Laboratory Animal Research Committee
of Saxony (Germany) with the No.: 24-9168.11-1/2013-46.
An intraperitoneal injection consisting of a mixture of 10%
ketamine (Ceva Tiergesundheit GmbH, Diisseldorf, Germa-
ny) and 2% Rompun® (Bayer, HealthCare AG, Leverkusen,
Germany) at a ratio of 3:2 (0.1 mL per 100 g body mass)
was used for temporal anesthesia. Chemodenervation
was induced by a single specific intramuscular injec-
tion of 0.025 mL BTX-A (Botox®; Allergan, Irvine, USA;
1.251U/0.1 mL in physiologic NaCl solution) in the super-
ficial and deep venter of the right masseter muscle as de-
scribed recently by Botzenhart et al.!®!7 After injection
both healthy and mdx mice were randomized into 2 groups
according to the postinjection periods of 4 days (T'1; control
group: n = 7; test group: n = 9) and 21 days (T2; control
group: n = 13; test group: n = 16), respectively.
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Due to the fact that paralysis of masseter muscle is usu-
ally evident 3 days after injection by teeth chattering and
the refusal of solid food, during the first 7 postinjection
days soft food was offered additionally.!® After 4 days
(T1) and 21 days (T2), the mice were painlessly killed
using an overdose of isoflurane. Immediately, the head
was separated from the body and samples of the follow-
ing muscles were carefully dissected by the same trained
observer: right and left masseter muscle, right and left
temporal muscle and tongue muscle. Samples were im-
mediately frozen in liquid nitrogen (-173°C) and stored
at —80°C until further processing. Muscles harvested, cor-
responded to the superficial and (in parts) the deep mas-
seter muscle, the medial temporal muscle and the flexible
part of the tongue, including the internal tongue mus-
cles.!® For both investigation periods, mRNA expression
and protein content of MRFs, MyoD1 and myogenin, and
muscle growth factor, myostatin, were analyzed. Some
of the samples examined in this study had already been
used for quantification of MyHC isoforms as well as ca-
veolin 1, caveolin 3 and VEGF expression.'®!”

Quantitative reverse transcription
polymerase chain reaction

The isolation of total RNA and its reverse transcription
in cDNA was carried out exactly as described by Botzen-
hart et al.}6%

Gene expression analysis of the myogenic differentiation
factors MyoDI and myogenin (Myf4) as well as muscle
growth factor myostatin (MSTN/GDEFS8) in the extracted
muscle samples was performed by quantitative reverse
transcription polymerase chain reaction (QRT-PCR) using
specific TagMan PCR probes and primers (Tag-Man® As-
says: MyoDI: Mm00440387_m1; Myf4: Mm00446194_m];
MSTN: Mm03024050_m]1; PE Applied Biosystems, Weiter-
stadt, Germany) and the TOptical cycler (Analytik Jena AG,
Jena, Germany) as described previously.1®1

The 2-AACt method was used in order to quantify
the studied genes in mdx mice relative to controls in rela-
tion to those of 18s rRNA (Eukaryotic 18S rRNA Endog-
enous control: 4310893E; PE Applied Biosystems)."

Western blot

Muscle protein which had been isolated from each mu-
rine tissue sample, following the protocol described ear-
lier, was loaded onto Citerion™ TGX Stain-free™ Precast
Gels (Bio-RAD Laboratories GmbH, Munich, Germany)
for 60 min under constant voltage of 100 V, and after sep-
aration, transferred to PVDF membranes (Trans-Blot®
Semi-Dry transfer system, Trans-Blot® Turbo™ Midi PVDF
Transfer Packs; Trans-Blot® Turbo™ blotting apparatus;
Bio-RAD Laboratories GmbH).!® Dry milk (5%) in phos-
phate-buffered saline (PBS) buffer with 0.05% tween at 4°C
was used overnight to block the western blot membranes.
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Specific antibodies against myogenin (EPR4789; Abcam,
Cambridge, UK), MyoD1 (C20; Santa Cruz, Heidelberg,
Germany) and myostatin (AB 71808; Abcam) were used
for incubation, followed by horseradish peroxidase (HRP)-
conjugate goat anti-mouse or anti-rabbit immunoglobulins
(1:5,000; Dako, Hamburg, Germany).

Bound antibodies were detected and visualized with
an enhanced chemiluminescence system (WesternBright
Chemiluminescence Substrate Quantum; Advansta Inc.,
Menlo Park, USA). In order to calculate the protein content
on each gel, monoclonal anti-glyceraldehyde-phosphate
dehydrogenase (GAPDH) antibody (clone 6C5; 1:1000;
Millipore, Billerica, USA; incubation for 2 h at room tem-
perature) severed as loading control. GelScan 5.2 software
(Serva, Heidelberg, Germany) was used to quantify protein
bands (mean optical density + standard error of the mean
[SEM]), in each case of n = 3 different muscle samples (dif-
ferent animals) and 2 independent western blot analysis.

Statistical analysis

Statistical analysis for evaluation of differences in mRNA
expression and protein content of the investigated MRFs
and muscle growth factor in the extracted muscle samples
after BTX-A treatment was performed using SigmaStat
v. 3.5 (Systat Software Inc., San Jose, USA). In the case
of normal distribution unpaired t-test and other-
wise, the Mann-Whitney U test was used (significance
level: p < 0.05).

Results

As no gender differences could be observed, in all ex-
aminations no distinction between male and female mice
was made.

mRNA expression
4 days after BTX-A injection

When considering the gene expression of Myf4, no dif-
ferences in mRNA amount were found between BT X-A-
treated and untreated masseter muscle for both, control
and mdx mice. In contrast, compared to the left side,
in the right temporal muscle a 4.6-fold as well as a 2-fold
increase in Myf4 gene expression could be detected in con-
trol and mdx mice, respectively (Fig. 1A).

Four days after BT X-A injection in the right masseter
muscle of control mice the mRNA expression of MyoD1
was significantly increased in the treated masseter mus-
cle compared to the untreated muscle tissue (p = 0.021),
whereas no significant differences in mRNA amount
were detected in dystrophic mice. At the same time,
a 3.6-fold increase in MyoDI mRNA expression could be
observed in the right temporal muscle of controls com-
pared to the left side (Fig. 1B).
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For MSTN decreased levels of the mRNA expression
could be detected in the right masseter muscle of dys-
trophic mice, whereas the expression counted only 35.8%
of that found in the left untreated masseter muscle.

In contrast, in healthy mice no differences in mRNA
amount of MSTN were found between treated and un-
treated masseter muscle. In those animals, however, sig-
nificant decreased MSTN expression by 50% was detected
in the right temporal muscle compared to the left side,
which was not found in mdx mice (Fig. 1C).

Furthermore, significant differences were detected be-
tween healthy and dystrophic mice, e.g., in the left mas-
seter muscle for Myf4 and MSTN, and in the right temporal
muscle for MyoDI and MSTN (Fig. 1).

mRNA expression 21 days after BTX-A injection
Twenty-one days after BT X-A injection, significant dif-

ferences could be detected in both healthy and dystro-
phic mice, including a 6.2- and 6.0-fold increase in mRNA
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Fig. 1. Myostatin, myogenin and MyoD1-mRNA expression in treated
and untreated muscle tissue 4 days post-toxin injection in the right
masseter muscle of healthy and mdx mice

Means =+ standard deviations (SD) for controls (n = 7) and mdx mice (n = 9);
Mann-Whitney U test; * p < 0.05 treated vs untreated masseter muscle;
#p <0.05 control vs mdx.; * right vs left.
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expression for Myf4 in the BTX-A-treated masseter
muscle compared to the left side, respectively (Fig. 2A)
and a 3.7-fold increase in MyoDI mRNA amount
in the BT X-A-treated masseter muscle of control and mdx
mice, respectively (Fig. 2B).

Only 22% as well as 53% of the MSTN mRNA amount
of the left side could be found in the right masseter and
right temporal muscle of control mice (Fig. 2C), and re-
duced MSTN mRNA levels in dystrophic mice could be
detected compared to healthy animals in the left masseter
and left temporal muscle (Fig. 2C).

Protein content 21 days post-injection

Quantitative analysis of specific protein bands for myo-
genin, MyoD1 and myostatin, respectively (Fig. 3), revealed
the following results: a 1.7-fold and 1.9-fold increase of myo-
genin expression on the right side compared to the con-
tralateral side for both, masseter and temporal muscle
in control mice (Fig. 4A). In dystrophic mice, significantly
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Fig. 2. Myostatin, myogenin and MyoD1-mRNA expression in treated and
untreated muscle tissue 21 days post-toxin injection in the right masseter
muscle of healthy and mdx mice

Means + standard deviations (SD) for controls (n = 10) and mdx mice
(n = 13); Mann-Whitney U test; * p < 0.05 treated versus untreated
masseter muscle; * p < 0.05 control vs mdx; * right vs left.

X
{\@ e'p'

4\@‘9 &z" (o,ga &fa"-'

myostatin &7 | S e

myogenin '“

MyoD1 = = -

GAPDH — — — —

C57BI mdx

Fig. 3. Detection of myostatin, myogenin and MyoD1 in masseter muscle.
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after BTX-A injection in the right masseter muscle of healthy and mdx mice

Protein bands attributed to myostatin, myogenin and MyoD1 were evaluated
using GelScan 5.2 software (Serva, Heidelberg, Germany); mean optical
densities (MOD) =+ standard error of the mean (SEM) of control and mdx

mice are given in all cases for n = 3 muscle samples (different animals) and
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increased protein levels of MyoD1 as well as myostatin
were found in the BTX-A-treated masseter compared
to the untreated muscle. The same changes were also found
in temporal muscle in the case of MyoD1 (Fig. 4).

Furthermore, significantly increased protein amounts
for myogenin, MyoD1 and myostatin could be detected
in almost all dystrophic muscle samples compared to con-
trols, with the exception of the left temporal and the tongue
muscle in case of myostatin (Fig. 4).

Discussion

In this study 2 postinjection time points were analyzed
to examine the time course of muscle recovery and regen-
eration in BT X-A-injected masseter and noninjected mas-
ticatory muscles; a 4-day interval reflecting the full char-
acteristics of toxin effect and a 21-day interval illustrating
changes after full paralysis and induction of myogenesis.
The expression analysis of the genes and proteins, which
are known to play a key role in skeletal muscle development
and regeneration, demonstrated that the repair of healthy
and dystrophic muscles occurred at staggered intervals.
Furthermore, the gene analysis of Myf4, MyoDI and MSTN
after 4 and 21 days allowed for better insight into the mo-
lecular mechanisms involved in muscle regeneration af-
ter muscle paralysis induced by BTX-A. Earlier studies
have shown that MyoD protein expression in diaphragm,
quadriceps and intrinsic laryngeal muscles do not show
any significant differences between control and mdx mice
at the age of 1, 4 and 9 months.?° The same could be dem-
onstrated for the expression of myogenin and MyoD1 pro-
tein in the masticatory muscles of 100-day-old dystrophic
mice compared to the controls.?! For this reason, the pres-
ent study was performed using 100-day-old control and
mdx mice. On the 4" day after BTX-A injection, by means
of gene expression in the right masseter muscle, it could
be concluded that the full effect of muscle paralysis was
obtained. A significantly increased expression of MyoD1
suggests that regenerative processes in the right masseter
muscle of controls had already begun. This is in accor-
dance with previous findings of Hatade et al.?? Recently,
it has been shown that 3 days after BT X-A injection, full
paresis of the muscle was present and electrical stimula-
tion failed to elicit any visible muscle contraction.?® Be-
tween 3-7 days, initial sprouting occurred and at 4 days
remodeling of these poisoned terminals became apparent.
SNAP-25, a synaptic membrane protein that is involved
in the vesicle exocytosis process, was present 9 days post-
injection; however, only a minor reorganization of Ach
receptors could be found.?* In our study, gene analysis
after 4 days revealed that healthy mice responded fast-
er to muscle paralysis indicated by initiation of muscle
regenerative and adaptive processes, while in mdx mice
these processes could not be determined at that time.
Furthermore, due to the enhanced expression of MyoD1
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and Myf4 and the decreased gene expression of myostatin
in healthy mice, it can be assumed that the right temporal
muscle supported masticatory function after the paralysis
of the right masseter.

Three weeks after BTX-A injection, an increase of both
MyoD1 and Myf4 genes could be detected in the right
masseter muscle of healthy and mdx mice. At a molecular
level, control animals as well as dystrophic mice showed
a similar development of regenerative processes. However,
BTX-A-induced paralysis of the right masseter muscle
was diminished after 3 weeks, indicating that a reinnerva-
tion of the treated muscle had already begun by sprout-
ing new nerve branches. It has previously been reported
that the injection of animal neurotoxins in mice muscles
accelerated the recovery of neurotransmission, and BT X-A
treatment is known to result in rapid initiation of neu-
rite sprouting from the paralyzed nerves.?® The process
of axon sprouting plays a key role in the subsequent recov-
ery of paralyzed motor endplates and is a striking example
of synaptic plasticity, which allows survival and, eventu-
ally, complete recovery from BTX-A-induced neuropa-
ralysis.?® Recovery from BTX-A-induced paralysis can be
divided into different sections, at the neuromuscular junc-
tion (NM]J) as well as in the muscle fibres, which do not
run synchronically. Thus, functional recovery of muscles
is not concomitant with recovery of the NM]J. Further-
more, it should be mentioned that short-term denervation
stimulates satellite cells to proliferate, whereas long-term
denervation exhausts the satellite cell pool.?* It is known
that nerve terminal regeneration and functional reinner-
vation after BTX-A injection saw progress within 28-30
days and the first functional resumption of muscle activity
appeared.?” Usually, between 3—7 days, initial sprouting oc-
curs and remodeling of these poisoned terminals becomes
apparent at 4 days.?® Furthermore, recovery of the NMJ was
accompanied by an upregulation of Ach receptor subunits.
Hence, after BTX-A injection most Ach subunit mRNAs
are upregulated early and return to normal levels by approx,
2 weeks, so that 18—28 days after intoxication reorganization
and clustering of Ach receptors facilitates reinnervation,
and by 28 days, the first muscle twitch is possible.?¢ Thus,
it is apparent that neurotransmission is mediated by func-
tional synapses formed between the terminal sprouts and
the muscle fibers and these branches can at least temporar-
ily adopt the function of the parent terminals in muscles
paralyzed by BTX-A. Within 42-63 days after BTX-A-
induced paralysis, sprouts receded, and the original nerve
terminals immediately returned to functionality, and up
to 3 months endplates regained morphologies and pat-
terns indistinguishable from those visualized before poi-
soning.?®> MRF4 and myogenin are significantly elevated
compared to control levels at 3 days following BTX-A in-
jection and return to control levels by 30 to 90 days after
injection, while mRNA levels of Myf5 and MyoD do not
significantly change.?” Recently, it has been demonstrat-
ed that BTX-A treatment significantly increased MyoD
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expression in functionally denervated extraocular muscles,
while a population of activated satellite cells became sta-
bly integrated into existing myofibers.?® It is well-known
that MyoD and myogenin are expressed in activated mono-
nuclear muscle precursor cells and that they are the nodal
point during the specification of the myogenetic lineage.
The enhanced expression of these genes is associated with
the growth of skeletal muscles in embryonic development,
followed by a neonatal decrease. MyoD knock-out mice
have no macroscopic degenerative phenotype under normal
conditions but show significant deficiencies in regenera-
tion.?? It was postulated that, in the absence of MyoD, some
essential steps in the myogenic progression were blocked,
leading to a population of activated satellite cells, which
returns to a quiescent stage. These satellite cells also ex-
hibited major differences in myogenic gene expression, e.g.,
failure in up-regulation of MRF4 and myogenin.?° However,
in the mdx mouse, elevated MyoD and myogenin expression
was detected at about 21 days of age, at the postnatal onset,
at which regenerative activity is first observed in dystrophic
muscles.?® The postnatal levels of these genes were not re-
duced to those observed in the control mice and these main-
tained expression of MyoD and myogenin confirmed
the regenerative processes in the skeletal muscles of adult
mdx mice.?® However, it has been proven that the deletion
of myogenin in mdx mice neither reversed the pathologic
effects of dystrophy nor aggravated their DMD, indicat-
ing that myogenin is dispensable for muscle regenera-
tion in adult mice.?! The expression of both, MyoDI and
myogenin genes, is necessary in the regenerative process,
for the proliferation of myoblasts and for the development
of early regenerating myotubes, even in dystrophic mus-
cles. Within the active regenerating process these 2 genes
were expressed at reasonably high levels in mdx mice after
asingle administration of bupivacaine hydrochloride, which
is in accordance with our study. In the case of BT X-A ad-
ministration, in comparison to untreated mice, in mdx mice
a strongly increased MyoD expression could be detected
at protein level.

The loss of myogenin during adult life confers a resis-
tance to denervation-induced muscle atrophy.3? After
BTX-A injection myogenin upregulation usually persists
for a longer period, which is also in accordance with our
results. At protein level the right masseter muscle of con-
trols showed a significant increase in myogenin expression.
Entering myogenic differentiation a dysfunction of satellite
cells has recently been discussed in dystrophic muscles due
to the loss of polarity, abnormal division patterns includ-
ing centrosome amplifications, impaired mitotic spindle
orientation, and prolonged cell divisions based on the lack
of dystrophin in mdx muscle stem cells.?* This may explain
the results found at protein level with a lack of myogenin
expression in BTX-A-treated masseter muscle compared
to healthy controls, whereas MyoD1 expression in the right
masseter muscle of mdx mice was upregulated, indicating
a delay in differentiation.
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It has been proven that myostatin activity determines
skeletal muscle mass. The inhibition of myostatin gene
promotes muscle regeneration in humans and in animals
in the postnatal period by increasing muscle mass and
strength, and it has been shown that the inhibition of myo-
statin could be effective for increasing muscle mass and pre-
venting muscle degeneration even in adults.3* In contrast,
skeletal muscle atrophy is associated with increased ex-
pression of this growth and differentiation factor. The sig-
nificantly reduced gene expression of MSTN in the right
masseter and temporal muscle of control animals might
therefore be explained by an advanced regenerative process
of the paralyzed muscle and/or a continuing compensatory
effect of its neighboring muscle. However, in dystrophic
muscles no significant changes regarding MSTN expres-
sion could be found at that time point. Several studies could
demonstrate a significant effect of myostatin postnatally
in muscle misuse and wasting.?> Mice lacking myostatin
induced a widespread increased muscle mass resulting
from both hyperplasia and hypertrophy.?® In mdx mice
in which myostatin was knocked out or postnatally inhib-
ited a less severe phenotype with greater absolute force and
less fibrosis of individual muscles could be found.?” Both
antibody-mediated or myostatin propeptide-mediated
myostatin blockade in mdx mice increased muscle strength
and reduced the dystrophic pathophysiology.?® The ge-
netic inactivation of myostatin in muscle-derived stem cells
(MDSC) was associated with the silencing of critical genes
for early myogenesis. Skeletal myogenesis-related genes,
e.g., MyoDI and Myf5 are downregulated in MDSCs from
myostatin knock-out mice compared to controls. For this
reason, MDSCs from myostatin knock-out mice showed
multipotent non-myogenic differentiation but no myo-
genic differentiation.?® An increase in myostatin in ne-
crotic muscle tissue and its significant reduction in regen-
erating myogenic cells could also be proven.*® Compared
to controls, a significantly reduced MSTN expression could
have recently been observed in the masticatory muscles
of 100-day-old dystrophic mice.?! In the complete regener-
ated muscle in the mdx mouse after 9 weeks of birth, there
was no evidence of myostatin.?® Based on our findings,
one can act on the assumption that regenerative processes
in the masticatory muscles of the mdx mouse after BTX-A
injection in the right masseter muscle were highly acti-
vated in these mice, which usually cannot be found at this
age. In this regard, our study will contribute to a better
understanding of regenerative processes at a molecular
level in healthy and dystrophic mice muscles.

Conclusions

This study for the first time demonstrated that an intra-
muscular BTX-A injection into the masseter muscle in-
duced changes in the gene and protein expression of myo-
genin, myostatin and MyoD1 in the masticatory muscles
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of both healthy and mdx mice. In comparison to mdx
mice, healthy mice showed a faster regeneration process
of the paralyzed skeletal muscle; at the same time, however,
compensatory effects could be found in the other masti-
catory muscles in both mice strains. Due to the increase
of protein expression of the investigated genes in mdx
mice, it can be assumed that the regeneration processes
had been evolved much more slowly, which could be associ-
ated with the muscle dystrophy. Further investigations are
necessary to better understand the time course of regen-
eration processes in the mdx mouse after BT X-A injection.
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Abstract

Background. Chromosomal instability (CIN), defined as abnormality in chromosome structure or number,
is the hallmark of malignancies. The role of vitamin Cin cancer treatment is controversial and its effect on CIN
is still an open field of research. In this work, we tried to study the effect of high-dose L-ascorbic acid (L-AA)
on CIN-induced (CINy; = CIN high) and non-CIN-induced (CIN,; = CIN low) cervical cancer cells.

Objectives. The aim of this study was to explore the effect of high-dose [-AA on CIN in the cervical cancer
cellline (Hela) cells.

Material and methods. The Hela cells (CINy; and CIN,,) were treated with 2 doses (5 mM and 8 mM)
of L-AA for 24 h and 48 h. They were then analyzed by micronucleus (MN) scoring, cell ploidy and flow cy-
tometry, the latter regarding yH2AX expression. Cell viability was assessed by the methylthiazol tetrazolium
(MTT) and Annexin V assays.

Results. Treatment of CIN;, cells with L-AA led to a decrease in MN score (colchicine — 71.5 £4.95,67.5 +0.71;
[-AA (5 mM) — 49 7,07, 46.5 +4.95; L-AA (8 mM) — 42 +£9.89, 41 141, at 24 h and 48 h, respectively;
p < 0.05). Treatment of CIN,, cells with L-AA resulted in increased MN score (5 mM — 45 +7.07, 36 +4.24;
8 mM — 3454495, 314141, at 24 h and 48 h, respectively; control — 15.5 +0.71,12.5 +0.71; p < 0.05)
and reduction in cancer cell viability (control — 100%; -AA (5 mM) — 76.32% +28.73, 72.74% +20.30;
[-AA (8 mM) — 66.14% +19.13, 66.99% +19.99, at 24 h and 48 h, respectively; p < 0.05). The expression
ofyH2AX was highin both groups at 48 h (mean CINy; = 1942%, CIN;, = 21.14%; control = 1.19% and 1.58%,
respectively) with the 8 mM dose of L-AA.

Conclusions. L-ascorbic acid was found to have a differential effect on CINy; and CIN;, HeLa cells, which may
be due to differences in oxidation status of these 2 categories.

Key words: cancer, vitamin C, chromosomal instability
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Introduction

Chromosomal instability (CIN) is the defining fea-
ture of most malignancies. Many environmental factors,
including dietary influences, may contribute to CIN.!
L-ascorbic acid (L-AA), commonly known as vitamin C,
is a water-soluble vitamin with pro- and antioxidant roles.
The role of L-AA in cancer is controversial, with stud-
ies variably reporting its anti- and pro-cancer effects.>™*
Although various mechanisms have been proposed for its
anti-cancer effects, the exact mode of action of L-AA
on cancer cells is not well understood. Yun et al. in their
work on the effect of a high dose of vitamin C in colorectal
cancer demonstrated its cytotoxicity to KRAS and BRAF
mutated cancer cells, owing to the uptake and reduction
of its oxidized form, dehydroascorbate.> Doskey et al.
in their work on pancreatic cancer cell lines, demonstrat-
ed that cytotoxicity of ascorbate to cancer cells was due
to the generation of H,O,, which cancer cells fail to clear be-
cause of low catalase activity.* More recently, vitamin C has
been found to be effective in targeting cancer stem cells.®
Although it has been suggested that it may selectively inflict

DNA damage in cancer cells, there is no conclusive data
on the effect of L-AA on DNA damage and CIN in can-
cer. We carried out this study with the aim of evaluating
the effect of high-dose L-A A on CIN in the cervical cancer
cell line (HeLa) cells.

Material and methods

The HeLa was used in the study to evaluate the effect
of high-dose L-AA on cancer cells. The HeLa cells were
obtained from a commercial source (National Centre for
Cell Science, Pune, India) and maintained in the RPMI (Ro-
swell Park Memorial Institute) 1640 formulation with 10%
fetal calf serum (FCS) at 37°C in an atmosphere of 5% car-
bon dioxide (CO,). The cells were plated in 6-well culture
plates for incubation with drugs and all the experiments
were carried out thrice. For the induction of CIN, the cells
were treated with metaphase-arresting drug colchicine
(0.2-200 pg/mL) for 24 h and 48 h, respectively. Chromo-
somal instability in the cells was assessed by staining them
with Giemsa stain and counting the number of micronuclei
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This concentration was therefore chosen to induce chromosomal instability (CIN) in our study; B — percentage of viability of the Hel a cells in different
treatment groups at 24 h and 48 h (double bars). Note the decreased viability in non-CIN-induced (CIN,,) cells upon treatment with L-ascorbic acid (L-AA).
However, in CIN-induced (CINy,) cells, no decrease was observed; C, D - MN score in CIN,, and CINy,; cells, respectively. Note that there was a higher score

in the former group as compared to the control, whereas in the latter group, the score was found to be lower when compared to colchicine treatment alone
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(MN) present per 1,000 cells under a light microscope.
The dose of colchicine causing maximum CIN was cho-
sen for the induction of CIN in further experiments. Both
CIN-induced (CINy; = CIN high) and non-CIN-induced
(CIN), = CIN low) cells were then treated with 2 doses
of L-AA (5 mM and 8 mM) for 2 time periods of 24 h and
48 h, respectively. At the end of the incubation period,
the effect on parameters, like cell viability (methylthiazol
tetrazolium (MTT) assay), apoptosis (Annexin V assay)
and CIN MN counting, and the expression of DNA double-
strand breaks (DSB) marker (YH2AX), was assessed.

Results

Micronucleus score after treatment
with colchicine

Upon treatment with colchicine, the HeLa cells showed
a variable number of MN (9-93/1,000 cells). However,
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the maximum number of MN (93/1,000 cells) was noted
with 200 pg/mL at 48 h. Therefore, the latter dose and
duration was used for the induction of CIN in HeLa cells
(Fig. 1A).

Effect of L-ascorbic acid on proliferation
and viability of CIN,; and CIN,, HeLa cells

A reduction in proliferation and viability of CINj,
cells was noted upon treatment with L-AA at both
doses (5 mM - 76.32% +28.73%, 72.74% +20.30%;
8 mM — 66.14% +19.13%, 66.99% £19.99%, at 24 h and 48 h,
respectively; p < 0.05, paired t-test). However, the reduction
in viability was totally absent or only minimal in CINy;
cells (Fig. 1B).

Effect of different doses of L-ascorbic acid
on micronucleus scoring
in CIN;,; and CIN,, HelLa cells

Treatment of CINy,; HeLa cells with L-A A led to a signifi-
cant decrease in MN score at both durations (colchicine
alone — 71.5 +4.95, 67.5 +£0.71; CINy; (5 mM) — 49.00 +7.07,
46.5 +4.95; CINy; (8 mM) — 42 +9.89, 41 +1.41, at 24 h
and 48 h, respectively; p < 0.055, paired t-test) (Fig. 1C).
However, in CIN, cells, the MN score upon treatment with
vitamin C (5 mM = 45 +7.07, 36 +4.24; 8 mM = 34.5 +4.95,
31 £1.41 at 24 h and 48 h, respectively) was found to be sig-
nificantly higher than in the untreated control (15.5 +0.71,
12.5 +£0.71, p-value <0.05, paired t-test) at both durations
of treatment (Fig. 1D).

- i)

S phase Gl phase G2 phase
i) Control 50.41 39.27 10.21
ii) L-AA (5 mM) 61.16 23.75 15.10
jiii) L-AA (8 mM) 63.59  23.87 12.54
iv) Colchicine 1.60 10.90 87.50
v) Colch + L-AA (5mM)  41.16 14.33 4451
vi) Colch + L-AA (8 mM) 31.32 18.19 50.49

i iil)

S phase G1 phase G2 phase
i) Control 30.03 65.76 421
ii) L-AA (S mM) 22.66 9.63 67.71
iii) L-AA (8 mM) 40.02 10.93 49.05
iv) Colchicine 16.83 17.70 65.47
v) Colch + L-AA (5mM)  42.58 18.26 39.17
vi) Colch + L-AA (8 mM)  44.55 25.26 30.20

Fig. 2. A — percentage of apoptosis in Hela cells upon treatment with various drugs. No significant increase was observed; B, C - distribution of cells

in different phases of the cell cycle in different treatment groups: i) control; ii) L-ascorbic acid (L-AA) 5 mM; iii) L-AA 8 mM; iv) colchicine; v) colchicine + LAA
5 mM; vi) colchicine + L-AA 8 mM, at 24 h and 48 h, respectively. Note the G2/M arrest caused by colchicine at both durations, and the presence

of the majority of cells in the S and G2/M phases in L-AA-treated groups with or without colchicine
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Effect of L-ascorbic acid on apoptogenicity
of CIN;,; and CIN,, cells

Annexin V assay showed no significant increase
in the percentage of apoptotic cells with any of the drugs
used in our experiments (Fig. 2A).

Effect of L-ascorbic acid on the cell cycle
of CIN;,; and CIN,, HelLa cells

Treatment with colchicine resulted in cell cycle arrest
at the G2/M phase (87.50% and 65.47% at 24 h and 48 h,
respectively). When the cells CINy; were treated with both
doses of L-A A, the majority of cells were found to be dis-
tributed in the S and G2/M phases of the cell cycle at both
treatment durations. The cells CIN;, were found to be
mainly distributed in the S phase at 24 and the G2/M phase
at 48 h, respectively (Fig. 2B,C).

Effect of L-ascorbic acid on the expression
of DNA damage response marker yH2AX
in Hela cells

An increase in the percentage of YH2A X-positive cells
was noted in both CINy; and CINj, cells, particularly after

treatment with 8 mM L-AA (mean yH2AX expression
—19.42%, 21.14%; control — 1.19%, 1.58%, respectively) after

A. Sindhwani, S. Muthusammy, A. Bhatia. Effects of vitamin C on HeLa cells

48 h of treatment (Fig. 3). However, there was no significant
change in the expression of yYH2A X in colchicine-treated
cells.

Discussion

Cancers are heterogeneous in nature. Some degree of nu-
merical and structural defect in chromosomes, termed
as CIN, is present in most tumors. The current literature
has emphasized the presence of populations of more dif-
ferentiated and more aggressive cells in cancers, the latter
harboring more genetic defects and being less susceptible
to therapy. Therefore, the agents being tested for targeting
cancer should be investigated in the light of their effects
on different populations of cells present in cancer.!

Many past studies have stressed the beneficial effect
of high-dose vitamin C intake in cancer. Many papers have
described the inhibitory effect of millimolar concentra-
tions of L-AA in vitro. However, many other studies have
reported contrary results.>~*7 In view of the controversial
literature on the effect of L-A A on cancer cells, we under-
took the present work to investigate its effect on HeLa cells
harboring CIN.

To induce a higher degree of CIN, we treated the HeLa
cells with a high dose of colchicine.® The 2 types of cells,
when treated with vitamin C, showed paradoxical results.
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Fig. 4. Possible explanation for the differential effect of vitamin C in high chromosomal instability (CIN,;) and low CIN (CIN,,) HeLa cells: a hypothesis

[-AA — [-ascorbic acid.

Vitamin C was found to enhance CIN in CIN, cells,
at the same time decreasing their viability and proliferation.
However, in CINy,; cells, vitamin C was observed to reduce
CIN, at the same time increasing their viability and prolif-
eration. We hypothesize that this may be due to cell death
being triggered by L-A A via the induction of DNA damage
beyond the repair capacity of the cancer cells in the former
case. In the latter case (CINy; cells), treatment with L-AA
was probably decreasing CIN to sublethal levels by unknown
mechanisms, allowing the more aggressive population of
cells to proliferate (Fig. 4). Some of the previous studies car-
ried out on lymphocytes have also demonstrated the geno-
toxic potential of L-A A, especially in the presence of oxidiz-
ing agents like H,O, or heavy metals like iron. The induction
of single-strand breaks in the presence of oxidative stress
was suggested as the mechanism behind the toxicity de-
scribed above. Other studies have shown the protective
effect of vitamin C on cisplatin-induced chromosome ab-
errations in lymphocytes in cancer patients.”!? Interesting-
ly, a study carried out on the HeLa cells by Azqueta et al. did
not show any effect of L-AA on DNA strand break or base
excision repair; however, the concentration used in their
study was much lower (up to 200 M) than that used by us.!!
High-dose vitamin C has also been proposed to cause in-
creased DNA damage via the generation of reactive oxygen
species (ROS) in gene-mutated cancer cells.®
Chromosomal instability is a double-edged sword.
Up to a certain threshold, it is believed to increase cell
proliferation; however, beyond that threshold, it is known
to cause cell death.!? The results of our study, together with
an increase in the expression of DNA damage response
marker YH2AX in both categories of cells, demonstrate
the clastogenic potential of L-A A on the HeLa cells, espe-
cially during longer exposure (48 h). However, whereas the
clastogenicity of L-A A was able to cause killing in CINj,
cells, it was not found to reduce the viability of CINy; cells.
The differential effect on 2 categories of cells may help

to explain the contradictory results of the studies trying
to investigate the effect of vitamin C on cancer cells.

A complex effect was observed on the cell cycle upon
treatment with L-AA. Colchicine, being a mitotic spindle
inhibitor, resulted in cell cycle arrest in the G2/M phase.
Treatment of these cells with L-AA resulted in the dis-
tribution of the cells to the S and G2/M phases. Also,
in these CINy; cells, the S-phase fraction (SPF) was seen
to increase. Treatment with L-AA alone showed com-
plex effects with a mild increase in SPF. Previous studies
have also highlighted that the irregular cell cycle kinet-
ics observed with L-AA, with cell cycle arrest in the S,
G2M and GO/G1 phases, is dependent on the cell line be-
ing studied, and that this inhibition of cell division pro-
moted necrosis of the malignant cells. In those studies,
L-AA was found to act by regulating the activity of vari-
ous molecules related to cell cycles, such as Cdc25C,
Chk2-p53-p21wailicipl etc,13-16

The apoptosis assay carried out in our study did not
demonstrate much increase in the population of the apop-
totic cells, thereby indicating that L-AA may be causing
cell death by mechanisms other than apoptosis. Previous
studies have also reported different mechanisms of cell
death caused by vitamin C like autoschizis (cell splitting),
apoptosis progressing to pyknosis/necrosis on prolonged
treatment, etc.!>~!® The exact modes of cell death involved
in vitamin C induced cytotoxicity, therefore, remain to be
investigated.

Thus, our study suggests that treatment with L-A A may
have different effects on CINy; and CIN), cancer cells.
The genotoxic and cytotoxic effect of high-dose L-AA
on CIN),, but not on CINy; HeLa cells, may be due to a dif-
ference in the oxidative status of these cell types. However,
it needs to be confirmed in future studies. Moreover, our
results also point toward the clastogenic potential of L-A A,
as indicated by the increased MN score and increased
expression of DNA damage response marker yH2AX.
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However, the preliminary data obtained from the present
study needs to be confirmed, using more robust studies,
employing small interfering RNA (siRNA)-based meth-
ods for the induction of CIN and molecular techniques,
like fluorescent in situ hybridization, for the measurement
of CIN.
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Abstract

Background. Apart from the role of progesterone in reproductive physiology, the protective role of exog-
enously administered progesterone was observed in various injuries, such as neurologic defects and acute
kidney injury.

Objectives. The aim of the present study was to investigate the effects of progesterone therapy on the im-
munoexpression of anti-Miillerian hormone (AMH) and the number of apoptotic cells in ovarian damage
induced with cisplatin, a chemotherapeutic agent, in an experimental rat model.

Material and methods. Forty rats were randomly divided into 4 groups; the control group (the saline
group), the cisplatin-treated group (rats were injected with 5 mg/kg/week cisplatin intraperitoneally (i.p.)),
the cisplatin + progesterone-treated group (the rats were pretreated with 8 mg/kg progesterone intramus-
cularly (im.) (8 mg/kg) before they were injected with 5 mg/kg/week cisplatin i.p.), and the progesterone-
treated group (the rats were treated with 8 mg/kg progesteronei.m.). The ovaries were removed from the rats
in all groups 5 days after the final injection of cisplatin.

Results. Histopathologic examination and follicle counting were performed. The immunoreactivity intensity
of AMH and apoptosis were compared. Histological analysis of the ovaries treated with cisplatin showed
ovarian damage. Immunohistochemical analysis showed that the immunoreactivity intensity of AMH, a bio-
marker that discriminates the degree of ovarian damage, was lower in the cisplatin-treated groups than
in other groups. Terminal deoxynucleotide transferase-mediated 20-deoxyuridine 50-triphosphate nick end-
labeling (TUNEL) assays showed that the increase in the number of apoptotic cells was statistically significant
in the cisplatin-treated group compared to the control group (p < 0.05). Progesterone administration with
cisplatin resulted in decreases in TUNEL-positive cells. The decrease in the number of apoptotic cells was sta-
tistically significant in the cisplatin 4 progesterone-treated group compared to the control group (p < 0.001).

Conclusions. Our results showed that using progesterone as an adjuvant agent against ovarian damage
in patients undergoing cancer chemotherapy with cisplatin is beneficial.

Key words: apoptosis, cisplatin, anti-Miillerian hormone, ovarian damage, progesterone
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Introduction

Chemotherapy and radiotherapy are the most common
modalities of cancer treatment and they have substantially
increased the survival period and quality of life in patients
with cancer. One of the most important chemotherapeutic
agents is cisplatin (cis-diamminedichloroplatinum(II) —
CDDP), which is currently used in the treatment of a wide
range of human tumors, and particularly solid tumors
occurring in reproductive structures, like the testes and
ovaries.! Unfortunately, chemotherapy treatment strategies
give rise to other problems, especially in the reproductive
age group, where prolonged chemotherapy exposes a large
proportion of these patients to complications that can in-
clude infertility, ovarian dysfunction and increased fol-
licular apoptosis.? The use of cisplatin may, therefore,
lead to side effects, such as ovarian failure, which limits
proper administration of this anticancer drug.? However,
the mechanisms that give rise to cisplatin side effects are
not clearly understood. For this reason, experimental stud-
ies have been initiated to explore methods for preventing
reproductive damage in patients who must undergo ex-
tensive chemotherapy.* The current literature indicates
that the use of antioxidants might be helpful in preventing
infertility caused by cisplatin-induced ovarian damage.®

Progesterone, a steroid hormone, is necessary for the re-
tention of reproductive functions, such as ovulation and
implantation, in females and it organizes the reproduc-
tive system. Besides this role in reproductive physiology,
progesterone administration is reported to have a protec-
tive function against damage occurring during cerebral
ischemia reperfusion and due to neurologic defects.® Pro-
gesterone is well-documented to protect against injuries
of various organs, including the kidney.” For example, exog-
enously administered progesterone has a protective effect
against acute kidney injury in rats subjected to ischemia
reperfusion.® Therefore, progesterone may have a similar
protective effect in the ovary, and particularly on the ovar-
ian reserve, during chemotherapy.

The status of the ovarian reserve is commonly moni-
tored by anti-Miillerian hormone (AMH).? Also known
as Millerian inhibiting substance, AMH is a 140 kDa
polypeptide responsible for multiple reproductive func-
tions. Yeh et al. recently showed that AMH is a better in-
dicator of the ovarian reserve during the aging process
than certain other ovarian hormones, as it is a necessary
hormone for the growing follicular pool.”® Recent AMH
studies suggest that chemotherapeutic drugs might cause
ovarian damage and play a role in the failure of the ovarian
reserve.? However, in humans, few approaches are avail-
able that can protect patient’s fertility and ovaries while
applying chemotherapy.!!

For these reasons, we hypothesized that progester-
one might exert a protective effect on cisplatin-induced
ovarian damage. The protective effects of progesterone
have been previously studied, but no animal model has
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yet been developed for the study of the potential protec-
tive effect of progesterone on cisplatin-induced ovarian
damage. Therefore, this study aimed to establish a rat
model for the assessment of the effects of progesterone
on cisplatin-induced ovarian damage via histopathologi-
cal evaluation. The overall goal of the present study was
to investigate whether progesterone can protect the ovaries
of female rats against follicular damage during cisplatin
chemotherapy.

Material and methods
Animals and drug administration

All experimental protocols were conducted in accordance
with the institutional guidelines for the experimentation
on animals at Erciyes University, Faculty of Medicine (Kay-
seri, Turkey), and the study was approved by the research
ethics board of Erciyes University. For this study, 36 healthy
female adult Wistar rats were obtained from Hakan Cetin-
saya Experimental and Clinical Research Center of Erciyes
University. All the animals were housed in plastic cages
placed in a well-ventilated rat house, given ad libitum ac-
cess to food and water, and subjected to a natural photo-
period of a 12-hour light/12-hour dark cycle. The animals
were treated in accordance with the Guidelines for Animal
Experimentation of Jichi Medical University (Shimotsuke,
Japan), based on the National Institutes of Health Guidelines
for the Care and Use of Laboratory Animals.

The rats were randomly assigned to 4 groups: the sa-
line group (n = 8), the cisplatin-treated group (n = 10),
the progesterone + cisplatin-treated group (n = 10), and
the progesterone-treated group (n = 8). The rats in the cis-
platin group were administered a single intraperitoneal
(i.p.) injection of cisplatin (5 mg/kg; Eczacibasi, Istan-
bul, Turkey). The rats in the control group were similarly
administered the same volume of 0.9% sodium chloride
(NaCL). Rats subjected to progesterone treatment were ad-
ministered progesterone (8 mg/kg; Kocak Farma, Istanbul,
Turkey) intramuscularly (i.m.) 30 min before the injection
of cisplatin in the progesterone + cisplatin-treated group,
or saline in the progesterone-treated group. All injections
were repeated 1 week later. Five days after the 2" injection,
the rats were sacrificed by decapitation under i.p. ketamine
(50 mg/kg) xylazine (10 mg/ kg) anesthesia. After decapita-
tion, the right and left ovaries were immediately excised.

Histological analysis

A morphological overview of the structure of the ovar-
ian tissue was obtained using routine histological meth-
ods. Specimens were fixed in 10% formalin solution
for 24—48 h, embedded in paraffin wax and cut into 5-um
thick sections. The slides were cleared in xylene, dehy-
drated in an ascending alcohol chain, and stained with



Adv Clin Exp Med. 2019;28(1):25-33

hematoxylin—eosin (H&E) for the evaluation of the tissue
morphology and structure. Photographs were taken with
a photomicroscope (Olympus BX51; Olympus, Tokyo, Ja-
pan) and analyzed.

The evaluation scale suggested by Li et al. was applied,
with some modifications, for the histopathological evalu-
ation of the ovarian tissues.!? The histological sections
were examined for the presence of vascular congestion,
hemorrhage, follicular degeneration, leukocyte infiltra-
tion, and interstitial edema. The histological changes were
scored from O to 3 according to the histological findings,
where 0 represents no pathological findings, and 1,2 and 3
represent pathological findings in <33%, 33—66% and >66%
of the ovary, respectively. The scores for each parameter
were calculated and the total scores were obtained.

Follicle counting and classification were performed
on every 12t section stained with H&E. All measurements
were carried out only in follicles with an obvious nucleus,
using Image] software (Image], Bethesda, USA). The as-
sessment of follicular quality was based on the cellular
density and the integrity of the basement membrane and
the oocyte. The follicles were classified as morphologically
normal and only normal follicles were quantified according
to these criteria. They were then classified in the histologi-
cal preparations, based on stage, into primordial, primary,
secondary, or antral follicles. Briefly, primordial follicles
were defined as an oocyte surrounded by 1 single epithelial
cell layer; primary follicles were characterized by a single
cell layer with cubic or high-prismatic cells; secondary
follicles consisted of multiple layers of granulosa cells; and
Graafian follicles were defined as those with antrum fol-
liculi, stratum granulosum and cumulus oophorus.

Immunohistochemistry

The immunoexpression of AMH within the follicles
of the ovaries was detected using the avidin-biotin-per-
oxidase method (ImmunoCruz"™ Staining System, Sc:2053;
Santa Cruz Biotechnology Inc., Santa Cruz, USA), fol-
lowing the manufacturer’s recommendations. Briefly, se-
rial 5-um thick paraffin-embedded sections were depa-
raffinized, rehydrated in graded alcohol and incubated
for 5 min in phosphate buffered saline (PBS) at room tem-
perature. Antigen retrieval was carried out by microwave
treatment in 0.01M sodium citrate buffer (pH 6.0) at 95°C
for 15 min. The specimens were washed several times with
PBS and endogenous peroxidase activity was inhibited with
3% hydrogen peroxide in methanol for 10 min. The speci-
mens were incubated with a serum-blocking agent to block
nonspecific staining. The histological sections were then
incubated overnight at 4°C with a 1/50 dilution of goat
polyclonal anti-AMH antibody (MIS (C-20): sc-6886; Santa
Cruz Biotechnology Inc.). For immunostaining assays, pri-
mary antibodies were omitted as a negative control. After
washing with PBS, the sections were incubated for 15 min
with the biotinylated secondary antibodies. The sections
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were visualized by treatment for 3—5 min at room tem-
perature with 3,3-P-diaminobenzidine tetrahydrochloride
(DAB) as a chromogen and then lightly counterstained
with hematoxylin. Images were taken using an immu-
nofluorescence microscope (Olympus BX51; Olympus).
We selected primordial, primary, preantral, secondary, and
mature or Graafian follicles in sections from each experi-
mental group at the same magnification (x40). The mean
immunoreactivity intensity for each follicle in an ovarian
section was measured using ImageJ software (ImageJ).

TUNEL staining

In situ detection of apoptosis was performed in the sec-
tions by terminal deoxynucleotide transferase-mediated
20-deoxyuridine 50-triphosphate nick end-labeling (TU-
NEL), using an In situ Cell Death Detection Kit (Chemicon,
Temecula, USA), according to the manufacturer’s instruc-
tions. Briefly, paraffin sections (5-pm) from the ovarian
tissues were deparaffinized, rehydrated and washed twice
in PBS for 5 min. The TUNEL reaction mixture was added
to each slide and incubated in a humidified atmosphere
for 60 min at 37°C in the dark. After washing with PBS,
the sections were then incubated with a converter reagent
for 30 min. Color development for the localization of cells
containing labeled DNA strand breaks was performed
by incubating the slides with Fast Red Substrate System
(F46438; Sigma-Aldrich Chemie GmbH, Taufkirchen, Ger-
many) for 5 min. Finally, the association with the number
of TUNEL-positive cells in the rats from the experimen-
tal groups was evaluated by identifying apoptotic cells
by morphology. At least 3 randomly chosen fields in each
slide were counted at the original x20 magnification. All
slides were examined and photographed using an Olympus
BX51 microscope (Olympus). The numbers of apoptotic
cells were determined by carefully counting the TUNEL-
positive cells, using ImageJ software (Image]) at the same
magnification.?

Statistical analysis

Statistical significance was evaluated using GraphPad
Prism v. 5.01 (Graph Pad Software Inc., San Diego, USA).
The one-way analysis of variance (ANOVA) was fol-
lowed by an appropriate post hoc comparison (depending
on the given Gaussian distribution) and all the data was
presented as the mean of normalized data + standard error
of the mean (SEM). The results were considered significant
if the p-value was <0.05.

Results

The histological sections stained with H&E revealed
that the control and progesterone-treated groups had nor-
mal ovarian architecture with no considerable pathologic
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alteration (Fig. 1). Ovarian follicles in various stages of de-
velopment and with normal appearance were observed
in the ovarian cortex, and the cuboid germinal or follicular
cells around the oocyte were examined. The cisplatin-
injected group showed the absence of Graafian follicles and
the presence of the corpus luteum (CL), whereas the sec-
tions taken from the control ovarian tissues exhibited
the presence of follicles at different stages of maturation.
Cisplatin treatment also resulted in microscopy findings
of hemorrhage and vascular congestion, as well as follicular
degeneration and edema in the ovarian tissue when com-
pared to the control group. The group that was admin-
istered cisplatin + progesterone showed more moderate,
but morphologically similar, histological findings of de-
generation, hemorrhage and edema. Overall, progesterone
markedly decreased cisplatin-induced ovarian damage.

For follicle counting at different stages in each experi-
mental group, unhealthy follicles were distinguished from
healthy follicles by nuclear pyknosis and the disappear-
ance of granulosa cells, whereas healthy follicles were clas-
sified considering their different developmental stages.
The control group showed a number of follicles at various
stages, whereas significantly fewer primordial, secondary
and Graafian follicles were found in the cisplatin group
than in the control group (p < 0.05), indicating substan-
tial damage to the quality of the follicle in the cisplatin
group. Primordial and primary follicle counts were higher
in the control group than in the cisplatin group, and this
difference was statistically significant (p < 0.05). Primor-
dial and primary follicle counts were similar in the cis-
platin + progesterone-treated group and the cisplatin
group (p < 0.05). The numbers of preantral, secondary
and Graafian follicles did not differ among the groups.
Preantral, secondary and Graafian follicle counts were
lower in the cisplatin + progesterone-treated group than
in the cisplatin-treated group. No statistically significant
differences were seen between the control and progester-
one groups regarding the follicle numbers (Fig. 1E). All his-
tological scores are listed in Table 1. The histopathological
differences were marked as follows: 0 — normal; 1 — moder-
ate (moderate vascular congestion, edema, no hemorrhage,
and no follicular degeneration); 2 — moderate (moderate
vascular congestion, edema, no hemorrhage, and no fol-
licular degeneration); and 3 — severe (severe vascular con-
gestion, edema, hemorrhage, follicular degeneration, and
leukocyte infiltration).

Table 1. Histopathological grading of rat ovary lesions in the treatment groups

Histopathological scores

Control

Cisplatin - 1 4 5
Cisplatin + progesterone 2 4 2 2
Progesterone 7 1 = =
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The influence of progesterone on AMH immunoreactiv-
ity intensity in the ovaries of the rats in all experimental
groups is shown in Fig. 2. Anti-Miillerian hormone immu-
nohistochemistry was analyzed by follicle class. No AMH
was detected in atretic follicles, theca cells and the oocytes
of follicles in the ovarium. Anti-Miillerian hormone was
primarily expressed in granulosa cells of primary, preantral
and small antral follicles. Anti-Miillerian hormone immu-
noreactivity intensity progressively decreased in the sub-
sequent phases of follicle development in the control and
progesterone-treated groups, whereas the immunoreactiv-
ity intensity of AMH was consistently lower in the ovaries
of the cisplatin-treated group. The immunoreactivity in-
tensity of AMH was lower, especially in primordial and
primary follicles at early development stages, in the cis-
platin-administered group than in the control group, but
the differences were not statistically significant. The im-
munoreactivity intensity of AMH did not differ between
secondary and tertiary follicles (Fig. 2E).

The TUNEL evaluations for DNA fragmentation in cell
nuclei in each group are shown in Fig. 3. The control
group showed no increases in the numbers of apoptotic
cells in follicles at different stages. By contrast, the num-
bers of TUNEL-positive cells were significantly higher
in the cisplatin-treated groups than in the control group
(p <0.001). The cisplatin group showed badly damaged fol-
licle structures, resulting in a significant rise in the num-
ber of TUNEL-positive cells. Markedly lower numbers
of TUNEL-positive cells were seen in follicles of the pro-
gesterone-treated groups than in the cisplatin-treated
group (p < 0.001). Thus, the induction of large numbers
of TUNEL-positive cells in the ovarian tissue by cisplatin
treatment was significantly suppressed by pretreatment
with progesterone (Fig. 3).

Discussion

The present study investigated whether progesterone
could protect against cisplatin-induced ovarian dam-
age in a rat model. We demonstrated that an injection
of progesterone 30 min prior to cisplatin administration
attenuated the cisplatin-induced ovarian injury by reduc-
ing cellular apoptosis. Progesterone also positively modu-
lated AMH expression, indicating a possible protection
of the ovarian reserve against cisplatin-induced injury.
In addition, administration of progesterone led to partial
protection. Evaluation of the ovarian reserve following che-
motherapy is vital to ensure adequate subsequent fertility.

The targets of the chemotherapeutic drugs might be
the granulosa cells in developing follicles, which may affect
oocyte maturation and cause follicular destruction, followed
by ovarian failure as the result of any damage to these cells.
Follicle damage induced by chemotherapy is likely the main
cause of infertility. For example, Meirow et al. reported
that chemotherapy, in a drug- or dose-addiction, causes
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TUNEL-positive cell number

Con Cis Cis+Pro Pro

m

Fig. 3. Progesterone pretreatment inhibits the development of TUNEL-positive
cells in the rat ovary due to cisplatin-induced ovarian damage: A — only

a few TUNEL-positive cells were evident in the ovaries in the control group;

B — the TUNEL-positive cell number increased in the cisplatin-treated group;

C - effects of progesterone on TUNEL-positive cells in cisplatin injury in rats,

a marked decrease was evident in the number of TUNEL-positive cells when
compared with the cisplatin-treated group; D — the progesterone-treated
group had also fewer TUNEL-positive cells than were observed in the control
group; E - graph showing quantification of the different groups. The number
of TUNEL-positive cells was higher in the ovarian tissues of the cisplatin-treated
group than in the control group and in other groups

Arrow — TUNEL-positive cell; star — preantral follicle; head of arrow — primary
follicle; thick arrow — secondary follicle; TUNEL — terminal deoxynucleotide
transferase-mediated 20-deoxyuridine 50-triphosphate nick end-labeling;
Con - control; Cis — cisplatin; Pro — progesterone; TUNEL staining x200; * p < 0.001.

a depletion of the primordial follicle pool.!* Treatment
with cisplatin causes an increased prevalence of premature
ovarian failure in humans.!* In rats, cisplatin can cause
ovarian damage, decreased immunoreactivity intensity
of AMH and changes in the estrous cycle.!®

Cisplatin is the commonly preferred anticancer agent
for treatment of a wide range of cancer types, ranging from
sarcomas and small cell lung cancer to ovarian cancer, cer-
vical cancer and lymphomas.!® The antitumor effect of cis-
platin depends on the formation within the cell of a plati-
num complex that participates in DNA cross-linking and
apoptosis.”” In addition, cisplatin is thought to trigger DNA
damage, failure of mitochondrial function and a hindrance
in protein synthesis."'#1° However, these effects on divid-
ing cancer cells may also adversely occur in healthy divid-
ing cells, such as the granulosa cells of follicles, thereby
leading to ovarian failure, and ultimately, infertility.!2

A positive role of progesterone has been indicated in some
disorders, such as traumatic brain and spinal cord injury,
neuroinflammation, stroke, ischemia, diabetic neuropa-
thy, and neurodegeneration.?%?! The granulosa cells and
the CL in the ovary produce progesterone, which is neces-
sary in mammals for the establishment and maintenance
of pregnancy.?? The production of interleukin (IL)-6 can
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also be inhibited by progesterone, suggesting a probable
immunosuppressive and anti-inflammatory role as well.??
He et al. showed that progesterone reduces brain edema,
ameliorates brain complications with its anti-inflamma-
tory effects and reduces the levels of inflammatory cy-
tokines.?* Progesterone also suppresses the production
of proinflammatory cytokines and chemokines in mono-
cytes, and appears to play an important anti-inflamma-
tory role.?>2¢ Ghasemi et al. demonstrated a beneficial
and dose-dependent effect of progesterone on cisplatin-
induced nephrotoxicity.” However, the protective effect
of progesterone against cisplatin-caused ovarian damage
has not been studied extensively.

In the present study, AMH expression was significantly
increased in the progesterone + cisplatin-treated group
when compared to the cisplatin-treated group, indicat-
ing that progesterone can preserve the granulosa cells
in growing follicles. No significant increase was observed
in AMH immunoreactivity intensity in the progester-
one-treated group when compared to the control group.
Our results indicated that pretreatment with progesterone
before the administration of cisplatin could have protected
the follicle cells from the adverse effects of cisplatin, as in-
dicated by the higher AMH immunoreactivity intensity
in the progesterone + cisplatin-treated group as compared
to the cisplatin-treated group. Anti-Miillerian hormone
knockout mouse studies have shown that AMH functions
as a negative stimulator of follicular maturation and an in-
hibitor of follicle-stimulating hormone (FSH) sensitivity.?”

Analyzing the apoptotic mechanism is crucial in ex-
plaining the adverse cisplatin effects and the mechanisms
underlying the action of possible protective agents against
these effects. The ideal preventative or protective agents
also must not disturb the antitumor effects of chemothera-
peutics. Cisplatin can cause the generation of oxygen-free
radicals, which then induce oxidative stress that gives rise
to cisplatin-induced tissue damage.?® Progesterone used
together with chemotherapeutic drugs clearly decreased
apoptosis in the present study. Devarajan et al. demonstrat-
ed that cisplatin induced both the intrinsic and the extrin-
sic apoptotic pathways.? Progesterone may decrease apop-
tosis by decreasing pro-apoptotic enzymes and increasing
anti-apoptotic proteins.3® In the present study, the anti-
apoptotic effect of progesterone on cisplatin-induced ovar-
ian damage was confirmed by the reduction in the number
of TUNEL-positive apoptotic cells in the progesterone +
cisplatin-treated group.

This study provides additional details about the dam-
age caused by cisplatin to the ovary. It also presents meth-
ods for determining the protective effect of progesterone
against this damage and would appear to be the first report
on the effect of progesterone on cisplatin-induced ovarian
damage and the immunoreactivity intensity of AMH. Taken
together, our results indicate that progesterone partially pre-
vents the damage caused by cisplatin. This finding could be
crucial for women cancer patients to maintain their fertility.

S. Ozdamar, et al. Effect of progesterone on ovarian damage

In summary, we obtained data from a rat model that sup-
port the hypothesis that apoptosis can be regulated
by the natural sex steroid progesterone. Additional clinical
and immunohistochemical research should be carried out
to confirm this conclusion about the ameliorating effect
of progesterone on ovarian tissue damage, and to evalu-
ate the efficacy, safety and potential use of progesterone.
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Abstract

Background. Among the elderly, instability leading to falls (and consequences of them) is one of the most
important problems. The etiology of falls is usually complex, but balance, posture and gait problems are
considered to be the most important risk factors.

Objectives. The objective of this study was to assess the usefulness of the Sensory Organization Test (SOT)
in differentiating multi-fallers from single-fallers.

Material and methods. The studied group included 92 patients aged >60 years with balance disorders
and falls in their history. The patients were divided into 2 groups: multi-fallers and single-fallers. The control
group (non-fallers) included 21 individuals. The SOT was performed on the 1°tday (SOT1) and on the last day
(SOT2) of rehabilitation. Mean equilibrium score (ES) of 1-3 and 4—6 sensory conditions and composite score
(CS) of the SOT1 and SOT2 were analyzed. The falls were analyzed as a total number of falls while performing
SOT and a number of falls in all 3 repetitions of both conditions 5 and 6 separately. In SOT conditions 1—4
there were no falls observed.

Results. The importance of SOT to differentiate fallers from non-fallers and single-fallers from multi-fallers
is ambiguous.

Conclusions. The SOT may or may notindicate the differences between the groups — it does not fully explain
those differences. It shows only postural dysfunction without indicating any localization in particular part
of vestibular organ. The basic diagnostic evaluation in the elderly with a proneness to falls should include
clinical examination and the Dix-Hallpike maneuver, supplemented with a videonystagmography (VNG),
which would assess the structure of damage in vestibular organ. Posturography is of less validity in the
differentiation of fallers from non-fallers.
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Introduction

Among the elderly, instability leading to falls (and con-
sequences of them) is one of the most important problems.
The etiology of falls is usually complex, but balance, pos-
ture and gait problems are considered the most important
risk factors.'> The age-dependent changes in the balance
system play an important role in the incidence of dizzi-
ness in the elderly; they may be caused by pathological
processes.? Various pathological processes cause damage
to the vestibular organ at any age, both in young people
and the elderly.* Increased prevalence of risk factors that
cause damage to the vestibular organ in the elderly may
result from a greater vulnerability of the ageing vestibular
system, or from a more extended time of exposure to them
in younger people.>* Indeed, as dizziness is reported
by about 20—-30% of the general population,the same ail-
ment is reported by 40% of men and 60% of women at the
age of over 70 years.>®

Among people over the age of 65 years that fall, 15-23%
report an episode of vertigo as the cause of the collapse.®
The relationship between falls and vestibular system dys-
function, however, is ambiguous. The factors that lead to its
complexity are: a variety of dizziness descriptions reported
by patients, the extent of damage in the vestibular system
and vestibular compensation.” Damage to the upper part
of the labyrinth (e.g., after previous vestibular neuritis),
manifested by weakness or absence of a response in caloric
test, initiates the process of degeneration of otolithic organs.
It leads to canalo- or cupulolithiasis, clinically manifested as
benign paroxysmal positional vertigo (BPPV), which is the
most common type of vestibular ailment.® It may occur at
any age, but its incidence in the elderly population is many
times greater than in younger patients,and the peak of those
incidences is between the 5™ and 7" decade of life.®

Benign paroxysmal positional vertigo can be idiopathic
or secondary to changes in the inner ear and/or the central
nervous system (CNS), and may, therefore, be present inde-
pendently, or as a consequence of the inner ear and/or CNS
diseases.!? In addition to typical dizziness when changing
positions, which may persist for up to 12 weeks, position-
al vertigo can cause long-lasting instability in about 50%
of individuals,or in severe cases, hypersensitivity to almost
any head movement.®~!! Considering that the recurrences
of BPPV concern about 50-55% of patients, with a recur-
rence rate of approx. 15% per year, it seems likely that more
than half of the patients with BPPV experience prolonged in-
stability even for many months.®!2 Thus, it seems that BPPV
and consequent instability, as an independent pathology or
an effect of previous pathological processes in the vestibular
system (that intensifies even age-related postural control
disorders), should be treated as the most important cause
of imbalance and tendency to falls among the elderly.1!!

An important component of therapy and strategies
of preventing falls in patients with vestibular pathology
is the vestibular rehabilitation. Its beneficial effect has

K. Pierchata, et al. SOT in multi-, single- and non-fallers

been shown also in the age-related imbalance.!®* While
effectiveness of reposition maneuvers in the treatment
of BPPV is undeniable, the postural training is recom-
mended in the treatment of instability.!* In older patients,
with a variety of different health problems, postural reha-
bilitation improves the maintenance of balance in more
than 60% of them, decreasing the intensity of symptoms
and reducing disability in everyday life.!®

One of the methods of rehabilitation is postural train-
ing, based on sensory conflicts and conducted on the ba-
sis of computer dynamic posturography (CDP) described
by Nashner.!®* Computer dynamic posturography is rec-
ognized as a useful diagnostic method, evaluating the
sensory and motor skills as well as biomechanical aspects
of balance. Sensory conflicts used in CDP rehabilitation
are similar to those in Sensory Organization Test (SOT),
the most important test in CDP. The SOT indicates the
nature of the deficit in the balance system. It is a com-
monly used test to facilitate the selection of the proper
vestibular rehabilitation method and to assess its effective-
ness. The 6 SOT conditions that progress from the most
stable (eyes open and solid stable platform) to the least
stable (sway-referenced platform and visual screen) allow
for the detection of body sway. With the ability to test the
patient under varying sensory conditions, SOT allows the
assessment of a patient’s ability to use visual, vestibular
and proprioceptive information, and to suppress incorrect
information in order to maintain static balance.l” The SOT
is an method often used for assessing the efficiency of pos-
tural control in different groups of pathology, as well as the
assessment of the effectiveness of rehabilitation carried out
by different methods.!8-2!

In its assumptions, rehabilitation based on sensory con-
flicts strengthens and accelerates the integration processes
in the CNS.!® A patient learns to suppress irrelevant or er-
roneous information coming from dysfunctional channels
and to focus on stimuli that come from an undisturbed
channel.?? Conducting exercises in varying sensory condi-
tions (e.g., unstable platform, altered visual stimuli) forces
a patient to select the sensory information that is necessary
for the maintenance of static equilibrium, and to generate
appropriate motor responses. The possibility to gradually
increase the difficulty of exercises puts the patient’s balance
against growing challenges and serves to intensify the learn-
ing process. Computer-navigated rehabilitation program
provides visual feedback in real time, which makes it easier
for a patient to understand the essence of the exercises, as
well as to control and correct their performance, and creates
the favorable conditions for “motor learning.” In addition,
it offers the medical personnel a possibility of supervision
and constant monitoring of the treatment progress.?*

The aim of the study was to assess the usefulness of the
SOT as a method that differentiates multi-fallers from
single-fallers. The additional aim was to evaluate the ef-
fectiveness of rehabilitation based on sensory conflicts
in the studied populations.
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Material and methods

As observed in everyday clinical practice and as de-
scribed in the literature, healthy elderly individuals fall,
patients with vestibular pathology fall and patients with
balance problems coming from nonvestibular patholo-
gy also fall.3*19-12 Therefore, in our material, the fallers
group included patients who presented imbalance and falls
in their medical history, regardless of etiology. The con-
trol group consisted of healthy individuals who described
the state of their balance as appropriate to their age and
without any falls. All subjects included in the study were
people living in their own homes, and independent in basic
life and social activities.

The studied group included 92 patients aged over 60 years
who were referred by their family doctors, otolaryngolo-
gists or neurologists to our otoneurological outpatient unit
due to balance disorders and falls in their medical history.
Based on the number of falls during the last year, the pa-
tients were divided into the 2 following groups: multi-fall-
ers (Multi-F, n = 47) with a mean age of 73.6 years (min 60,
max 80; standard deviation (SD) 6.3), and single-fallers
(Single-F, n = 45) with a mean age of 67.5 years (min 60,
max 80; SD 5.9). The Single-F group included patients
with 1 fall in the medical history and the Multi-F group
included those with 2 or more falls in their history, but
none of them were subjected to vestibular rehabilitation
before this study. In both groups, some patients reported
episodes of acute vertigo in the past over a period of at
least 6 months before the beginning of this study. Outside
the mentioned conditions, each patient from both groups
had to meet the following additional criteria for inclusion
in the study: the ability to move and the lack of serious
conditions in the locomotor system, as well as no serious
conditions in the circulatory system, respiratory system
or CNS that could interfere with everyday rehabilitation
training program.

The control group (Non-F) included 21 individuals
(mean age: 67 years; min 60; max 80; SD 5.8) considered
healthy from an otoneurological point of view. They did
not report imbalance or falls in their history. They were
volunteers interested in their state of health and were re-
cruited from retiree clubs operating within our city.

In each patient, a clinical otoneurological evaluation
was performed, including the Dix-Hallpike maneuver.
The presence of typical nystagmus and/or a sensation
of vertigo, even without coexisting nystagmus, were con-
sidered as an abnormal test result. After the Hallpike ma-
neuver yielded a positive test result, the Semont maneuver
was performed and the patient was scheduled for the next
visit after a week; then again the diagnostic Hallpike ma-
neuver was performed. After finding the Hallpike maneu-
ver yielded a negative result in the next visit or a negative
test result in the 1% visit, the patient was scheduled for the
essential tests of the study that started another week later.
In the case of a positive Hallpike maneuver test result in the
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2™ visit, the whole procedure was repeated. The principle
was that the main research project started 2 weeks after
the Semont maneuver and 1 week after a negative Hallpike
maneuver test result.

A videonystagmography (VNG) using Micromedical
system (Micromedical Technologies Inc., Chatham, USA)
was performed to assess the location of the damage in the
vestibular system. The applied evaluation protocol was
the one routinely used in our neurotological lab and in-
cluded the following: spontaneous, gaze, positional, and
positioning nystagmus test, saccade test, smooth pursuit
eye movements test, optokinetic test, and caloric testing.
To avoid the impact of VNG on CDP results, the VNG
test was carried out 2 days before the start of the essen-
tial study, and after the preliminary SOT examination
(SOTO).

The SOT was conducted using a computer program that
is part of the Smart Equitest system (NeuroCom Interna-
tional Inc., Clacamas, USA). [t was performed on the 15 day
(SOT1) and on the last day (SOT2) of rehabilitation.
The SOT and vestibular rehabilitation using sensory
conflicts are very similar. In order to eliminate SOT
learning effect that might influence the effectiveness
of rehabilitation, we conducted a preliminary SOT
2 days before starting rehabilitation and those results
were not analyzed.

The SOT included 6 sensory conditions. The 1% 3 condi-
tions (1-3) (3 trials per condition (Cond.)) were performed
on a stable platform and included: Cond. 1: stable platform,
eyes open, stable visual surrounding; Cond. 2: stable plat-
form, eyes closed; Cond. 3: stable platform, eyes open, mov-
ing visual surrounding with the subject’s anterior-posterior
sway. The next 4—6 conditions (3 trials per condition) were
performed on a moving platform, with the range of its
motion dependent on the patient’s sway: Cond. 4: mov-
ing platform, eyes open; Cond. 5: moving platform, eyes
closed; Cond. 6: moving platform, eyes open, moving visual
surrounding dependent on the patient’s sway. During the
examination patients were protected against falling with
special safety harness.

Analyzed parameters of the SOT were:

— mean equilibrium score (mean ES), which is the av-
erage score of the 3 trials in each of the 6 sensory condi-
tions. Equilibrium score is based on the assumption that
the swing of a healthy person in the anterior-posterior
plane does not exceed 12.5°. The result of balance for
each trial is calculated separately by comparing the an-
gular difference between the maximum sways of the
patients and the sways of a healthy person. The result
is presented as a reversed percentage between 0 and 100
— the result close to 0 indicates the limits of postural
stability and the result close to 100 means almost com-
plete stability that theoretically indicates no anterior-
posterior excursion;

— composite score (CS) is a computer-generated score
of the 6 SOT conditions;
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— loss of balance (LOB) in all 3 trials of each sensory
condition (18 trials).

Mean ES of 1-3 and 4—6 sensory conditions and CS
of the SOT1 and SOT2 were analyzed in all 3 studied
groups (Single-F, Multi-F and Non-F). The falls (LOB)
were analyzed as a total number of falls while perform-
ing SOT and a number of falls in all 3 repetitions of both
Cond. 5 and 6 separately. No falls were observed in SOT
conditions 1-4.

Vestibular rehabilitation based on the CDP was con-
ducted using a computer program Smart Equitest System
(NeuroCom International Inc.). The rehabilitation was
based on daily 30-min sessions performed on weekdays
for 2 weeks (a total of 10 sessions for each patient). Pa-
tients were protected against falling with a special safety
harness. The rehabilitation protocol was the same for all
patients with the difficulty of the task gradually increas-
ing over time. Each rehabilitation session included 1-min
exercises. The degree of exercise difficulty started from
the easiest (20%) and increased gradually to 100% with
20% steps for each next exercise. It was repeated in the
described manner during every rehabilitation session
for the entire period of the treatment. To assess the re-

Results
Sensory Organization Test 1 results

Significant differences were found in Cond. 1-3, Cond.
4-6 and CS between Non-F and Multi-F groups (p < 0.05),
and between Non-F and Single-F groups (p < 0.05) (Table 1).
The results between Single-F and Multi-F groups were
similar in Cond. 1-3 and Cond. 4-6 (p > 0.05); only CS
results were found to be significantly different (p < 0.05).

Rehabilitation effect within every group

The rehabilitation effect showed a significant improve-
ment in Cond. 4-6 and in CS in all analyzed groups
(p < 0.05) (Table 2). Rehabilitation effect did not signif-
icantly change the results in Cond. 1-3 in all analyzed
groups (p > 0.05).

Table 2. Rehabilitation effect within every group (Non-F, Single-F and
Multi-F) in SOT Cond. 1-3, 4-6 and CS

Wilcoxon test (p-value)
Non-F Single-F Multi-F

Analyzed parameter

habilitation effect in each group, SOT1 and SOT2 were Rehab. effect SOT Cond. 1-3 0.0962 00784 07613
compared. To evaluate differences between the groups, Rehab. effect SOT Cond. 4-6 | 0.0030% 0.0000* 0.0000*
the difference between SOT2 and SOT1 in each group Rehab. effect SOT CS 0.0021* 0.0000* 0.0000%

was calculated (SOT2-SOT1) and then compared be-
tween groups.

The project was approved by the local Ethics Committee
Review Board.

Statistical analysis of SOT data was performed using
STATISTICA v. 10 software (StatSoft Inc., Tulsa, USA).
The data were tested for normality, parametric and non-
parametric criteria. To analyze the data, the following tests
were used: Kruskal-Wallis test, Pearson’s x? test and Wil-
coxon test. A p-value <0.05 was considered statistically
significant.

Single-F — single-fallers; Multi-F — multi-fallers; Non-F — non-fallers;
SOT - Sensory Organization Test; Rehab. — rehabilitation;
Cond. - condition; CS — composite score; * significant difference (p < 0.05).

Sensory Organization Test 2 results

Significant differences were found in Cond. 1-3, Cond.
4—-6 and in CS between Non-F and Multi-F groups (p < 0.05)
and between Single-F and Multi-F groups (p < 0.05) (Table 1).
Between Non-F and Single-F groups the differences were
significant in Cond. 1-3 (p < 0.05). The results in Cond.
4-6 and CS between those 2 groups were minor.

Table 1. Differences between all analyzed groups (Single-F, Multi-F and Non-F) in SOT1, SOT2 and rehabilitation effect

Kruskal-Wallis test (p-value)

Mann-Whitney U test (p-value)

Analyzed parameter Non-F vs Single-F Non-F Non-F Single-F
vs Multi-F vs Single-F vs Multi-F vs Multi-F

SOT1 Cond. 1-3 0.0022* 0.0013* 0.0018* 0.5739
SOT1 Cond. 4-6 0.0000% 0.0000% 0.0000* 0.0552
SOT1 CS 0.0000% 0.0000* 0.0000% 0.0439%
SOT2 Cond. 1-3 0.0000* 0.0116* 0.0000* 0.0072*
SOT2 Cond. 4-6 0.0000* 01335 0.0000* 0.0016*
SOT2 CS 0.0000% 0.0831 0.0000% 0.0010%
Rehab. effect Cond. 1-3 0.7161 09814 0.5645 0.4559
Rehab. effect Cond. 4-6 0.0402% 0.0075* 0.0607 0.8089
Rehab. effect CS 0.1498 0.0467* 01413 0.7471

Single-F - single-fallers; Multi-F — multi-fallers; Non-F — non-fallers; SOT - Sensory Organization Test; Rehab. — rehabilitation; Cond. — condition;

CS - composite score; * significant difference (p < 0.05).
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Number of falls (LOB) in SOT1 and SOT2

The total number of falls (LOB) in SOT1 Cond. 5 and
Cond. 6 as well as the number of falls in all 3 repetitions
of each of those SOT1 conditions were significantly different
between Non-F and Multi-F groups (p < 0.05), and between
Non-F and Single-F groups (p < 0.05). No such differences
were found between Single-F and Multi-F groups (Table 3).

The number of falls was significantly reduced after reha-
bilitation in both SOT?2 conditions (Cond. 5 and 6) in the
Single-F group (p < 0.05), and in Cond. 6 in Multi-F group
(p < 0.05).

Only in SOT2 Cond. 5 LOB results (number of falls)
between Single-F and Multi-F groups were different

Table 3. Differences between all analyzed groups (Single-F, Multi-F and
Non-F) in number of falls and nystagmus

Pearson'’s x? test (p-value)

Analyzed parameter Non-F Non-F Single-F
vs Single-F | vs Multi-F | vs Multi-F
LOB in SOT1 Cond. 5 0.0435* 0.0004* 0.1095
LOBin SOT1 Cond. 6 0.0120* 0.0002* 0.3669
LOBin SOT2 Cond. 5 0.5067 0.1214 0.0311%
LOB in SOT2 Cond. 6 0.4985 0.1660 04246
Gaze nystagmus 0.4912 0.2363 0.3280
Spontaneous nystagmus 0.0274* 0.2299 0.0029*
Positional nystagmus 0.0747 0.0004* 0.0427*

Single-F — single-fallers; Multi-F — multi-fallers; Non-F — non-fallers;
SOT - Sensory Organization Test; LOB — loss of balance; Cond. — condition;
*significant difference (p < 0.05).

(p < 0.05). In all other results (number of falls) of Cond.
5 and Cond. 6 there were minor differences between all
groups (Table 3).

Differences in rehabilitation effect
between the groups

There were no significant differences between Non-F
and Multi-F groups, nor between Single-F and Multi-F
groups. Significant differences were found only in Cond.
4-6 and in CS between Non-F and Single-F groups
(p < 0.05) (Table 1).

Structure of the vestibular
organ damage

The incidence of a spontaneous peripheral and central
gaze, as well as positional and positioning nystagmus
(PPN) is presented in Table 4. The major differences were
found between Non-F and Single-F groups in spontaneous
nystagmus (p < 0.05), between Non-F and Multi-F groups
in positional nystagmus (p < 0.005) and in both those
nystagmus types between Single-F and Multi-F groups
(p < 0.005 and p < 0.05, respectively) (Table 3).

Location of damage
in the vestibular organ

In Single-F group, 34 patients were diagnosed with
peripheral deficits, 2 patients with central deficits and 9
subjects presented normal VNG test results. In Multi-F

Table 4. Structure of the vestibular organ damage in Non-F, Single-F and Multi-F groups (number of patients) — types of nystagmus observed in analyzed patients

Spontaneous
Group
of patients YEE
(peripheral)
Non-F 21 - - -
Single-F 44 1 36 9
Multi-F 44 3 41 1

yes
(central)

Positional
yes yes
(peripheral: Nylen type (central:
Il or PPN) Nylen type | or vertical)
7
14 (Nylen Il -1, -
PPN - 6)
26 5
17 (Nylen Il = 15;
PPN - 11) (Nylen1-2)
30 8
9 (Nylen Il -7, (Nylen | - 14;
PPN - 23) Vertical - 4)

Single-F — single-fallers; Multi-F — multi fallers; Non-F — non-fallers; PPN — positional and positioning nystagmus.

Table 5. Location of damage in the vestibular organ in Single-F and Multi-F groups (number of patients)

Peripheral
Group v
of patients | ot compensated compensated compensate
+PPN
Single-F 15 8 6
Multi-F 7 7 9

normal central central Central Normal
+ PPN + peripheral + PPN

5 - - 2 9

12 4 2 2 4

Single-F — single-fallers; Multi-F — multi-fallers; PPN - positional and positioning nystagmus.
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group, 35 patients were diagnosed with peripheral deficits,
2 patients with central deficits, 4 with mixed deficits, and
4 subjects presented normal VNG test results (Table 5).

Discussion

Our results indicated that neither the balance results
in Cond. 1-3 and Cond. 4-6, nor the number of falls
in Cond. 5 and 6 differentiated Single-F group from Multi-F
group. Only CS results were significantly different between
those 2 groups. However, the SOT did differentiate Non-F
group from the other 2 groups (fallers groups). Whitney
et al. also found no significant differences in CS between
the Single-F and Multi-F results, but the results between
Non-F and Single-Multi-F groups were also significantly
different.?> However, in their study, Non-F were a non-fall-
ing group with vestibular pathology present. In our study,
Non-F group consisted of healthy individuals (seniors) with
no report of falls and no balance problems in their his-
tory. Contrary to Whitney et al., in our study, neither the
total number of LOB in SOT1 Cond. 5 and Cond. 6, nor
the a number of LOB in all 3 repetitions of each of those
SOT1 conditions differentiated Single-F group from
Multi-F group.?® The cause might be probably the similar
structure of damage in the vestibular organ in both groups
(peripheral damage in 75% of Single-F patients and in 74%
of Multi-F patients), despite the significant age difference
between them. Wallmann showed significant differences
in CS between fallers and non-fallers.2® However, those
authors did not disclose the structure of the groups: how
many individuals suffered from peripheral vestibular or-
gan damage, and how many from central vestibular organ
damage, which could be the basis to explain the differences
between the groups.

Butaois et al. performed the SOT in a group of healthy
people over the age of 65 years and divided them into
3 groups: Non-F, Single-F and Multi-F.?” These groups
were similar in age. The authors found worse outcomes
of Cond. 2 and R*™ (patient’s ability to use inputs from
somatosensory system to maintain balance; it is deter-
mined by dividing performance in Cond. 2 by performance
in Cond. 1) results in Multi-F group than in Single-F and
Non-F groups, and the factor that differentiated Single-F
and Non-F groups was the number of LOB in the 3" repeti-
tion of Cond. 6. Girardi et al. in their study did not show
any significance of the SOT as a method for differentiat-
ing fallers from non-fallers among vestibular pathology
patients.?® However, they conducted their research on the
Balance Track System that contains only 4 out of 6 SOT
conditions. The authors demonstrated that the test with
the most prognostic importance was limits of stability
(LOS) test rather than the SOT.

Baloh et al. evaluated the sway velocity using Chattecx
Balance System in the elderly with and without balance
problems.?’ They found a significantly greater sway velocity
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in patients with impaired balance than in the control group,
and in those who presented the fear of falling, compared
to those who did not reported such fears. However, the
authors did not find any major differences in tests results
neither between fallers and non-fallers, nor among those
who fell as a result of loss of balance, those falling as a result
of tripping or slipping and those who did not fall at all.

In our study, we expected the results between Non-F and
Multi-F groups to be different. We did not expect relevant
or significant differences between Non-F and Single-F
groups, given that the Single-F group consisted mostly
of patients with peripheral vestibular pathology (only 2 pa-
tients were diagnosed with central deficit), that the in those
patients loses its vestibular pattern after a couple of weeks
and that both groups were similar in age.>’ In Non-F group,
6 cases of PPN and 1 case of Nylen type Il nystagmus were
found; however, those subjects did not report any balance
disorders or dizziness. This may suggest that even among
elderly healthy, asymptomatic individuals, the VNG tests
show some symptoms of disorders in the vestibular system.
On the other hand, this confirms the opinion of Norre
et al. that some people with pure PPN can present a normal
posturographic test result.3!

In our study, statistically significant differences in the
SOT results between Non-F group and both groups of fall-
ers, and no significant differences between Single-F and
Multi-F groups occurred probably due to the structure
of the 2 groups and the type of damage in the vestibu-
lar organ. As mentioned before, patients with peripheral
impairment of vestibular organ formed a dominant and
almost equal number in both groups of fallers. In addi-
tion, both groups presented similar number of patients
with positional nystagmus typical for peripheral damage.

Due to a different compensation pattern of vestibulo-
ocular reflex (VOR) and vestibulo-spinal reflex (VSR) that
progresses in different ways, even in the case of compen-
sated peripheral deficit, the vestibulo-spinal compensa-
tion might not take place.” Therefore, the patients with
peripheral deficit may present instability, independently
of the level of VOR compensation.?! Despite the opinion
that patients with a central vestibular deficit show more
abnormal gait than patients with peripheral damage, our
observations indicate that patients with central damage
often present less instability than patients with uncom-
pensated peripheral damage, as shown in our previous
study.3>33 Despite the fact that the SOT was performed
at least 2 weeks after the Semont maneuver, another rea-
son for the increased body sway while standing on stable
platform among our study of both fallers groups might
be BPPV. Many authors have demonstrated greater sway
on a stable platform, both in the frontal and sagittal plane,
in patients with BPPV than in the healthy subjects, along
with long-term instability, even after resolution of the typi-
cal positional vertigo.!** Giacomini et al. demonstrated
that Epley maneuver causes the normalization of body
sway only in the frontal plane, whereas in the sagittal plane,
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body sway did not undergo normalization until a period
of 12 weeks.!! Stambolieva and Angov found that patients
with a short history of BPPV presented visual dependence,
which in these cases has been the source of acute sensory
conflict, causing a significant increase in body sway with
eyes open, which was not noted among patients with long
duration of BPPV.?* The authors also showed that the dura-
tion of symptoms also determines the effect of reposition
maneuver. In patients with a short history of BPPV, the
reposition maneuver caused a significant decrease in body
sway in both planes while standing on a platform with
eyes open. However, with eyes closed, the decrease was
observed only in frontal plane.

Theories about the mechanism of long-term instability
after the reposition maneuver are varied. Giacomini et al.
showed that the presence of otoliths within the posterior
semi-circular canal causes disorders similar to proprio-
ceptive ones, which temporarily alter the VSR, resulting
in long-term increase of body sway in the sagittal plane.!!
Stambolieva and Angov did not exclude the presence of re-
sidual otoliths that modified the dynamics of an affected
semicircular canal, but the authors’ study about smaller
spectral density in the low frequency range of the spec-
trum confirmed the hypothesis that the alteration of the
otolithic functions might be due to some unequal loading
of the utricular macula.?*3* This means that as long as
the Epley maneuver causes only the resolution of typical
vertigo and decrease of body sway in the frontal plane, the
resolution of long-term instability as a consequence of im-
paired dynamics in the semi-circular canal and damaged
utricle requires stimulation of other sensory systems and
central postural adaptation mechanisms. Thus, those pa-
tients after the Epley maneuver should be referred to pos-
tural training.!

In our study, rehabilitation based on sensory conflicts
significantly improved results in SOT2 Cond. 4—6 and
CS in all studied groups. In SOT2 Cond. 1-3, there was
no substantial improvement. Significant differences were
found between Non-F and Multi-F groups and between
Single-F and Multi-F groups in all SOT2 conditions and in
CS. Itis interesting that the significant differences in SOT2
between Non-F and Single-F groups concerned only the
equilibrium results in Cond. 1-3, probably because both
groups improved results in these conditions by almost the
same amount, which still makes the results significantly
different between the 2 groups, as in the SOT1. The lack
of significant differences between Non-F and Single-F
groups in SOT2 Cond. 4-6 and in CS indicates that pa-
tients in Single-F group improved their SOT performance
in Cond. 4-6 due to rehabilitation and approached the
results of Non-F group, which contributed to the improve-
ment of the overall result of the CS and, therefore, no sig-
nificant differences in these parameters (SOT2 Cond. 4—6
and CS) between these groups were found.

It appears that the significant differences in all SOT2
conditions and in CS between Single-F and Multi-F groups
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might be due to several factors: 1) a significant difference
in age between the 2 groups; 2) more patients with BPPV
in Multi-F group, which does not diminish easily with
short time rehabilitation; and/or 3) more patients with
central and mixed disorders in Multi-F group, because
people with those deficits benefit less from vestibular reha-
bilitation than those with peripheral deficit.3¢ The analysis
of LOBin Cond. 5 and 6 in both SOT1 and SOT2 confirms
those assumptions. While in SOT1 the number of LOB
in Cond. 5 and 6 did not differentiate those 2 groups,
in SOT?2 significant differences were found in Cond. 5
in all its 3 trials. This demonstrates that in Multi-F group,
the patients did not present any learning effect within the
trial, were not able to use residual information from the
vestibular system and their adaptation process to repeated
stimuli was interfered.?’

The rehabilitation effect was evaluated in all studied
groups. A more distinct effect was expected in Multi-F
and Single-F groups than in Non-F group, due to the
vestibular organ pathology documented in these groups.
However, no significant differences in the effect of reha-
bilitation was found between Non-F and Multi-F groups
in all SOT conditions and CS, which only confirms the
low adaptive capacity in Multi-F group. The effect of re-
habilitation between Single-F and Multi-F groups also
did not differ significantly. Significantly different results,
however, were found between Non-F and Single-F groups
in terms of Cond. 4—6 and in CS. After an initial elimina-
tion of learning effect, patients in Single-F group achieved
an improvement in Cond. 4—6 that exceeded the learning
effect according to the suggestions of Ford-Smith et al., but
only by 3 points; however, this improvement contributed
to the improvement of the overall result of the CS.38

It is not known, however, whether the improved perfor-
mance in SOT2 Cond. 4-6 and in CS in Single-F group
is actually the result of rehabilitation or further learn-
ing effect. Sensory conflicts used during rehabilitation
are similar to those used in the SOT. Since Wrisley et al.
showed the effect of learning in SOT results in a group
of young healthy people, the interpretation of SOT re-
sults, after completed rehabilitation based on sensory
conflicts, must take into account the impact of learning
effect on the final result of the test.3° Taking into account
the large number of patients with peripheral vestibular
deficit in Single-F group in our study, the mentioned bet-
ter results of the SOT after rehabilitation may be partly
due to the progress of compensation started by vestibular
rehabilitation itself, and partly due to the further learning
effect. Another important factor is forced motor activity
in these patients resulting from the need to report daily
for vestibular rehabilitation conducted in our depart-
ment. On the other hand, the small effect of rehabilita-
tion and the short duration of its conduct led us to the
assumption that improved results of SOT2 Cond. 4-6
and CS in Single-F group might be caused mainly by the
further learning effect.
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In our study, both the results of SOT1 (Cond. 1-3 and
4-6) and LOB (in Cond. 5 and 6) did not differentiate
Single-F group from Multi-F group, probably due to the
similarity of the structure and the contribution of pe-
ripheral vestibular deficit and/or BPPV in both groups.
The factor that showed the differences between the groups
was rehabilitation. It revealed different results in all SOT2
conditions, CS and change in LOB in Cond. 5, indicating
lower adaptive capacity in Multi-F group than in Single-F
group. This may be the result of reverse changes in the
vestibular organ, depending on the age and the presence
of mixed and central deficits in Multi-F group.

In conclusion, the results of this study and the results
of other authors suggest that the importance of the SOT
to differentiate fallers from non-fallers and single-fallers
from multi-fallers is ambiguous, which results from a di-
versity of groups, study inclusion criteria and research
methodology applied. It might be hypothesized that dif-
ferent results can be expected even when testing groups
that have the same type of pathology (i.e., vestibular organ
pathology) because it is difficult to collect patients with
an identical degree and extent of damage, the same dura-
tion of symptoms and identical degree of vestibular com-
pensation and central adaptation. The SOT may indicate
the differences between the groups, but it does not fully
explain those differences — it only shows postural dysfunc-
tion without indicating its localization in particular part
of vestibular organ. Moreover, the principal disadvantage
of the SOT and CDP is that body sway measurements are
restricted to the anterior-posterior direction. This may
be crucial for patients with peripheral vestibular pathol-
ogy, when interpreting their tests results to distinguish
between fallers and non-fallers.*® We believe that the basic
standard diagnostic evaluation in the elderly with a prone-
ness to falls should include medical history and clinical
examination supplemented by the Hallpike maneuver and
VNG. The SOT for the differentiation of fallers and non-
fallers does not provide any valid information.
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Cajanine promotes osteogenic differentiation and proliferation
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Abstract

Background. Seed cells — mesenchymal stem cells (MSCs) — appear to be an attractive tool in the context
of tissue engineering. Bone marrow represents the main source of MSCs for both experimental and clinical
studies. However, the number limitation of bone marrow MSCs (BMSCs) and decreased function caused
by proliferation make the search for adequate alternative sources of these cells for autologous and allogenic
transplant necessary.

Objectives. This study was aimed to investigate the roles of cajanine isolated from the extracts of (ajanus
cajan L. Millsp. in the proliferation and differentiation of BMSCs, and to discover the mechanism of prolifera-
tion of BMSCs promoted by cajanine.

Material and methods. Bone marrow mesenchymal stem cells were cultured in high-glucose Dulbecco’s
Modified Eagle’s Medium (DMEM) and osteogenic differentiation was induced by adding dexamethasone,
ascorbic acid and B-glycerophosphate supplements. Bone marrow MSCs were cultured in medium without
cajanine or supplemented with cajanine. The information about the proliferation and osteogenic differentia-
tion of BMSCs was collated. The osteogenic differentiation potential of BMSCs was also assessed at the 3
passage by Von Kossa staining. To observe cell signal transduction changes of BMSCs after culturing them
with cajanine for 24 h, the western blot analysis was performed to detect phosphorylated cell cycle proteins
and activated cyclins.

Results. After osteogenic induction, the differentiation of BMSCs was accelerated by cajanine treatment.
Osteogenesis markers were uprequlated by cajanine treatment at both protein and mRNA levels. Cajanine
obviously promoted the proliferation of BMSCs. After BMSCs were cultured with cajanine for 24 h, the cell
cycle requlator proteins were phosphorylated or upregulated.

Conclusions. Cajanine can promote the expansion efficiency of BMSCs, at the same time keeping their
multi-differentiation potential. Cajanine can activate the cell cycle signal transduction pathway, thus inducing
cells to enter the G1/S phase and accelerating cells entering the G2/M phase. This study can contribute to the
development of cajanine-based drugs in tissue engineering.

Key words: mesenchymal stem cells, placenta, Cajanus cajan L., tissue engineering
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Introduction

Cajanus cajan (cajanine) is a perennial legume from the
family Fabaceae.! It is extracted from pigeon pea leaves and
has been reported to exhibit a variety of bioactivities, in-
cluding antimalaria, hypolipidemia and cytotoxicity effects,
as well as reducing bone loss and promoting bone-like tissue
formation.!~” Moreover, a recent study revealed that caja-
nine could increase tibial bone density and improve bone
metabolism as well as lipid metabolism in ob/ob mice with
osteoporosis and hyperlipidemia symptoms, indicating that
cajanine might be a promising drug candidate due to its
broad range of bioactivities.®

Mesenchymal stem cells (MSCs) are a small population
of multipotent stromal cells that are present in practi-
cally all tissues.? Mesenchymal stem cells are maintained
in a relative state of quiescence in vivo; however, they are
capable of proliferating and then differentiating into osteo-
blasts, chondrocytes, adipocytes, or other mesoderm-type
lineages when stimulated by a variety of physiological and
pathological signals.” Multiple signaling networks have
been demonstrated for the development and differentiation
of MSCs into functional mesenchymal lineages. The trans-
forming growth factor-p (TGF-p) signal pathway has been
studied as a key regulator in the self-renewal, maintenance
and differentiation of stem cells.'°~!2 It has been reported
that TGF-B1 plays an important role in cartilage develop-
ment and is an important chondrogenic factor.'>!* More-
over, some studies have demonstrated that cajanine has
anti-tumor and anti-oxidant functions.!* Despite evidence
revealing that cajanine has potential to be a therapeutic
agent, the detailed mechanisms of anti-tumor effects are
still under investigation.

In this study, the roles of cajanine in the proliferation
and differentiation of bone marrow MSCs (BMSCs) were
investigated. The osteogenesis markers and cell cycle were
further assessed.

Material and methods

Bone marrow mesenchymal stem
cells culture

Human bone marrow aspirates were obtained from do-
nors from Dongzhimen Hospital, Beijing, China, in the
years 2012-2014, and isolated by density gradient cen-
trifugation, utilizing Ficoll-Paque TM PLUS solution
(GE Healthcare, Uppsala, Sweden), followed by cell-surface
marker negative selection according to the previous re-
port.!> Bone marrow MSCs isolated from donors were used
within 4 passages. Briefly, cells were harvested using 0.25%
trypsin with 1.0 M ethylenediaminetetraacetic acid (EDTA),
centrifuged and expanded in basal medium, consisting
of high-glucose Dulbecco’s Modified Eagle’s Medium
(DMEM), supplemented with 10% fetal bovine serum (FBS),
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100 unit/mL penicillin and 100 unit/mL streptomycin
(basal medium). Basal medium contained high-glucose
DMEM, EBS, penicillin and streptomycin (all from Gibco,
Gaithersburg, USA). Cells were maintained in a 37°C in-
cubator. The medium was changed every 3 days.

Chemicals and antibodies

Cajanine was obtained from Sigma-Aldrich (Shanghai,
China). Rabbit anti-collagen I polyclonal antibody was pur-
chased from Abcam (ab21286; Abcam, Cambridge, UK);
rabbit anti-osteopontin polyclonal antibody was purchased
from Abcam (ab844:8); rabbit anti-Runx2 monoclonal an-
tibody was purchased from Cell Signaling (No. 12556;
Beverly, USA); phospho-Rb rabbit monoclonal antibody
was purchased from Cell Signaling (No. 8516); rabbit anti-
CDK2 monoclonal antibody was purchased from Cell Sig-
naling (No. 2546); rabbit anti-CDC25A and anti-CDC25B
monoclonal antibodies were purchased from Cell Signaling
(No. 3652, No. 9525); rabbit anti-cyclin Bl monoclonal an-
tibody was purchased from Cell Signaling (No. 12231); and
rabbit anti-a-tubulin monoclonal antibody was purchased
from Cell Signaling (No. 2144).

Osteogenic induction

Osteogenic differentiation was performed by culturing
3 x 10*human BMSCs (hBMSCs) in a 6-well plate in Poietics®
osteogenic induction medium (Lonza Walkersville, Inc.,
Walkersville, USA), which contained dexamethasone,
ascorbic acid and p-glycerophosphate supplements.

Von Kossa staining

The cells were fixed in cold methanol for 15-20 min
at —20°C, followed by incubation with 5% silver nitrate
solution (ab150687; Abcam), and crosslinked under UV
light for 20—30 min, then rinsed twice with distilled water.
The dishes were incubated with 5% sodium thiosulfate
solution for 2—3 min. After rinsing twice, the dishes were
finally incubated with nuclear fast red solution for 5 min,
and rinsed with distilled water to remove excess stain.

Real-time polymerase chain reaction

Total RNAs were extracted using the TRIzol® reagent
(Sigma-Aldrich), according to the manufacturer’s instruc-
tions. After diminishing genomic DNA contamination
by Turbo DNAse (Thermo Fisher Scientific, Waltham,
USA), according to the manufacturer’s instructions, the
purified RNA (10 ng/mL) was reverse-transcribed with the
High Capacity cDNA Reverse Transcription (RT) Kit (Qia-
gen, Valencia, USA) under the following conditions: 25°C
for 10 min, 37°C for 120 min, followed by 85°C for 5 min.
The real-time polymerase chain reaction (RT-PCR) was
performed on an Applied Biosystems StepOnePlus™ PCR
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machine (Applied Biosystems, Foster City, USA), using 5 pL.
SYBR® Green PCR Master Mix (Life Technologies, Grand
Island, USA), 2 pL sequence specific primers (0.5 mM;
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used at the amount of 0.25 mM) and 3 pL ¢cDNA under
the following conditions: 95°C for 10 min, followed by 40
cycles of 15 s of denaturation at 95°C and 60 s of annealing
and elongation at 60°C. A melting curve analysis was per-
formed after each run to confirm the product specificity.
The 2A Ct method was employed to determine the relative
gene expression level of the gene of interest, normalized
to the endogenous controls.”

Cell proliferation assays

Cell proliferation rates were measured by a methylthia-
zol tetrazolium (MTT) assay, using Cell Proliferation As-
say Kit (Thermo Fisher). After the cells were treated with
cajanine, MTT was added to each well and the cells were
incubated at 37°C for 2 h. The plates were centrifuged
at 450 x g for 5 min at room temperature and the medium
was removed. To solubilize the crystals, dimethyl sulfoxide
(DMSO) was added to each well and the plates were read
at 570 nm, using a microplate reader (Molecular Devices,
Sunnyvale, USA). The same experiment was repeated 3 times.

Immunofluorescence

The cells were fixed in 4% paraformaldehyde, rinsed with
1x phosphate-buffered saline (PBS) and incubated with 3%
bovine serum albumin (BSA) blocking solution for 60 min
on a shaker. Runx2 antibody (1:500 dilution) was added di-
rectly to the blocking solution and the samples were further
incubated for 3 h at room temperature. The samples were
washed with 1x PBS and incubated with 5 uL AlexaFluor®
488-labeled goat anti-rabbit secondary antibody (2 mg/mL;
Molecular Probes, Carlsbad, USA) in 1x PBS at room tem-
perature, protected from light. After 60 min of incubation,
the cells were washed with 1x PBS for 3 times of 5 min each.
4’,6-diamidino-2-phenylindole (DAPI) was added to PBS for
nuclear staining at 1 x 5000, followed by washing by PBS.
Images were taken with an Olympus IX70 inverted micro-
scope (Olympus, Tokyo, Japan) and processed, using Image]
software (National Institutes of Health, Bethesda, USA).
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Western blot

After the cajanine treatment, the cells were collected and
the harvested proteins were first separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and then transferred to nitrocellulose membranes
(Bio-Rad Laboratories, Hercules, USA). The membranes
were blocked with 5% non-fat milk and incubated with
primary antibodies at a dilution of 1:1000. The membranes
were subsequently incubated with a horseradish peroxi-
dase secondary antibody (Sigma-Aldrich). The protein
complex was detected, using enhanced chemilumines-
cence reagents (Pierce Biochnology Inc., Rockford, USA).
Endogenous a-tubulin was used as the internal control.

Statistical analysis

Statistical analyses were performed with Student’s t-test
or one-way analysis of variance (ANOVA), using Prism v. 5.0
(GraphPad Software, La Jolla, USA).

Results

Cajanine promotes
the osteogenic differentiation
of bone marrow mesenchymal stem cells

It has been well recognized that the human bone marrow
stroma contains multipotent mesenchymal cells that give
rise to adipocytes and osteoblasts, as well as many other
lineages.” To assess the roles of cajanine in the differentia-
tion of BMSCs, we started to investigate whether cajanine
isolated from the plant Cajanus cajan L. Millsp. could
regulate the osteogenesis of BMSCs in vitro. Bone marrow
MSCs were isolated and cultured with or without cajanine
for 24 h, then the cells were cultured in regular osteogenic
differentiation medium for 16 days. Interestingly, our re-
sults show that BMSCs treated with cajanine achieved dra-
matic increases in extracellular calcium deposits (Fig. 1).
Consistently, the results described above were confirmed
by Von Kossa staining, which is used for histological visu-
alization of calcium deposits. After 3 weeks of osteogenic
induction, the cajanine-treated BMSCs displayed higher

Table 1. The proliferation rates for BMSCs increased by cajanine treatments, measured using an MTT assay

Control 0.13 £0.01 0.21 £0.02
1% 10%g/mL 0.20 +0.02 048 £0.01
1x10% g/mL 0.21 £0.01 0.51 +0.04
1% 10" g/mL 0.21 £0.03 0.52 £0.01

MTT assay/OD 570 nm
9 days
0.27 £0.02 0.34 £0.01 0.39 £0.03
0.67 £0.01 0.72 £0.01 0.81 £0.01
0.73 £0.03 0.80 £0.02 0.83 £0.02
0.75 £0.01 0.81 £0.04 0.83 £0.03

The data is presented as means + standard deviations (SD); BMSCs — bone marrow mesenchymal stem cells; MTT — methylthiazol tetrazolium; OD - optical

density.



48

Y. Zhao, et al. The effect of cajanine on hBMSCs

levels of calcine deposit than the control group (Fig. 2).
Taken together, we found that cajanine promoted the os-
teogenic differentiation of BMSCs.

The effects of in vitro cajanine treatment
on the expressions of osteogenesis
markers

To investigate the mechanisms of the cajanine-stimu-
lated osteogenesis of BMSCs, we assessed the osteogenic
markers. It has been reported that the expressions of os-
teopontin (OPN) and type I collagen are the markers of os-
teogenesis.” As we expected, BMSCs treated with cajanine
showed upregulated expressions of OPN and collage I at
protein and mRNA levels (Fig. 3A—D). Moreover, Runx2,
a transcription factor required for bone formation and
the differentiation of BMSCs into osteoblasts, is primarily
controlled by the activation of Runx2.1® As we expected,
cajanine promoted the nuclear translocation of Runx2
in BMSCs (Fig. 3E), suggesting that the cajanine-activated
BMSCs had higher Runx2 activity.

Fig. 1. Cajanine promotes osteogenic differentiation of BMSCs

A — BMSCs treated with PBS as a control; B — BMSCs treated with cajanine
for 24 h; C - cells from A incubated in osteogenic induction medium for
2 weeks; D - cells from B incubated in osteogenic induction medium for
2 weeks.

BMSCs — bone marrow mesenchymal stem cells; PBS — phosphate-
buffered saline.
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Fig. 2. Von Kossa staining of BMSCs with or without cajanine treatment
under the osteogenic induction conditions

A - BMSCs treated with PBS for 24 h before osteogenic induction;
B — BMSCs treated with cajanine for 24 h, and then incubated with
osteogenic induction medium for 2 weeks.

BMSCs — bone marrow mesenchymal stem cells; PBS — phosphate-
buffered saline.

The proliferation rate
of bone marrow mesenchymal stem cells
is stimulated by cajanine

We next investigated the effects of cajanine on the pro-
liferation of BMSCs in vitro. Bone marrow MSCs were
left untreated or were treated with cajanine at 1, 10 or
100 ng/mL for 3, 6, 9, 12, and 15 days. The MTT assays
were performed to measure the cell proliferation ratio. Our
data in Table 1 and Fig. 4 demonstrate that cajanine treat-
ment at low concentrations (1 ng/mL) could significantly
increase the cell proliferation after 6 days. At higher con-
centrations (10 and 100 ng/mL), the cell proliferation rates
were similar as in the case of low concentrations. Taken
together, our results revealed that cajanine promoted both
the osteogenic differentiation and proliferation of BMSCs,
suggesting cajanine might contribute to the development
of therapeutic agents for the clinical applications of tissue
engineering.

Cajanine activates cell cycle regulators
of bone marrow mesenchymal stem cells

Our abovementioned results demonstrated that cajanine
promotes the proliferation of BMSCs in vitro. We then as-
sessed the cell cycle markers of BMSCs in response to caja-
nine treatment. To determine the cell cycle consequences
of cajanine, we analyzed cell cycle regulators in cajanine-
treated BMSCs. Interestingly, our data showed that the
phosphorylation of retinoblastoma (Rb) is responsible for
a major G1 checkpoint, which was increased by cajanine
stimulation, suggesting that cajanine might contribute
to the G1 to S phase transition (Fig. 5). In addition, we found
that the expressions of CDK2, cyclin Bl and CDC 25A&B



Adv Clin Exp Med. 2019;28(1):45-50

49

Cajanine

24h

— - Collagen |

S S o-Tubulin

Control

Relative mRNA
expression (%)
s 8 3 2

Control Cajanine
ontre 24h

AR . a-Tubulin

Relative mRNA
expression (%)
s B

Runx2

3 InCytoplasm
ED In Nucleus

-
s

»
=

Relative amount
of Runx2 (%)

Control Cajanine

hBMSCs

Control

-= Caj1 ng/mL
—— Caj 10 ng/mL
-4 Caj 100 ng/mL

=} -
o o
1 I

OD 570nm
o
?

*k

Cell Proliferation
o
b

*k

0.0
.0 T T T T T T T T T T 1

Days 0 3 6 9 12 15
Fig. 4. Cajanine promotes BMSCs proliferation

Bone marrow mesenchymal stem cells treated with a control solution,
1,10 or 100 ng/mL of cajanine for 3,6, 9, 12, and 15 days; the cell
proliferation rates measured using a MTT assay.

BMSCs — bone marrow mesenchymal stem cells; MTT — methylthiazol
tetrazolium.

were upregulated by cajanine treatment (Fig. 5), which shows
that cajanine promoted the proliferation of BMSCs through
the modulation of cell cycle progressions.

Discussion

Cajanus cajan L. Millsp. is a traditional Chinese medi-
cine herb involved in diverse biological processes. In this
study, we explored the roles of cajanine in the differen-
tiation and proliferation of hBMSCs. We found that caja-
nine treatment promoted the osteogenic differentiation
of BMSC:s in vitro. Since BMSCs are a promising source

Coliagen |

Osteopontin

Fig. 3. Cajanine treatment upregulates the
osteogenic differentiation markers of BMSCs
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of collagen | detected using gqRT-PCR;

C - BMSCs left untreated or treated with
cajanine for 24 h, then the protein level

of OPN detected using western blot with
a-tubulin as a loading control;

D —the mRNA level of OPN detected

using gRT-PCR in cajanine-treated or untreated
BMSCs.

BMSCs — bone marrow mesenchymal

stem cells; gRT-PCR — quantitative reverse
transcription polymerase chain reaction;
OPN — osteopontin.
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Cyclin B1

Bone marrow mesenchymal stem cells treated with cajanine for 24 h,
then collected and subjected to a western blot analysis, with a-tubulin as
aloading control.

BMSCs — bone marrow mesenchymal stem cells.

of precursor cells, which may be applied in various tissue
engineering strategies, our study focused on the regula-
tory functions of cajanine in relation to the osteogenic
differentiation of BMSCs, providing a new approach to the
development of therapeutic agents for tissue engineering.

Bone marrow MSCs can be induced to differentiate toward
a variety of mature target cells by differentiation-specific
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protocols. Moreover, bone differentiation and formation
are regulated at the molecular level. Previous studies dem-
onstrated that Runx2 is a transcription factor required for
bone formation.”” Runx2 is also a target of bone morpho-
genetic proteins (BMPs) and is induced by TGE- in plu-
ripotent mesenchymal precursor cells.!® Apart from the
TGEF-B pathway, BMSCs osteogenic differentiation was
directed through the non-SMAD signaling pathways,
mitogen-activated protein kinase (MAPK) signaling and
Wnt signaling cascades.!® Our results, consistent with the
previous studies, showed that the activities of Runx2, as
well as other osteogenic markers, are upregulated by caja-
nine treatment.

Bone marrow MSCs are maintained in a relative state
of quiescence until they are activated by a variety of physi-
ological and pathological stimuli. Bone marrow MSCs are
capable of proliferating and then differentiating into osteo-
blasts, chondrocytes, adipocytes, or other mesoderm-type
lineages. Therefore, the proliferation of BMSCs is impor-
tant for maintaining the biological functions of them be-
fore differentiation. We report here that cajanine promotes
the proliferation of BMSCs by the upregulation of cell cycle
regulators. We will continue to explore the detailed mecha-
nisms of the cajanine-stimulated proliferation of BMSCs
by measuring other cell proliferation signaling pathways,
such as mTOR, Akt or MAPK, in further work. In sum-
mary, we discovered a novel function of cajanine in the
regulation of osteogenic differentiation and proliferation
in BMSCs. Our study will contribute to the cajanine-based
drug development for tissue engineering.
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Abstract

Background. Monocyte subsets are involved in atherosclerotic vascular disease and its thromboembolic
complications. Moreover, the role of monocytes has been suggested in the pathogenesis of venous throm-
boembolism (VTE).

Objectives. We hypothesized that pro-inflammatory non-classical and intermediate monocytes are in-
creased in the first months following VTE.

Material and methods. We enrolled 70 patients aged 18—65 years (mean age 41.6 +11.6) with the first-
ever provoked (n = 32; 45.7%) or unprovoked (n = 38; 54.28%) VTE episode, and 46 healthy controls.
The exclusion criteria were: acute infection, cancer, autoimmune disorders, previous myocardial infarction
(M), or stroke. Monocyte subsets were assessed 12 (8.5-21.5) months after VTE using flow cytometry and
were defined as classical ((D14*+(D167), intermediate (CD14**(D16*) and non-classical ((D14*(D16*).

Results. Patients with VTE had higher intermediate and non-classical monocyte counts compared to the con-
trol group (16.8 +9.3 vs 10.4 4.0 cells/uL, and 64.1 £25.2 vs 44.1 +19.2 cells/uL, respectively, both
p < 0.001). Increased non-classical monocyte counts were observed in patients who experienced a VTE
incident within 12 months prior to enrollment (71.5 £274 vs 56.03 £20.6 cells/uL; p = 0.01) and those
with unprovoked VTE (70.2 £4.1 vs 58.8 4.3 cells/uL; p = 0.06). There were no differences in monocyte
subsets related to the current anticoagulation.

Conclusions. Our data has shown for the first time that VTE is associated with an increased number of non-
classical and intermediate monocytes, which may indicate the involvement of monocyte-related mechanisms
in the pathophysiology of this disease.

Key words: inflammation, venous thromboembolism, non-classical monocytes, intermediate monocytes
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Introduction

Venous thromboembolism (VTE), including deep
vein thrombosis (DVT) and pulmonary embolism (PE),
is a common disease associated with significant mortality
and substantial healthcare costs. Venous thromboembo-
lism occurs in approx. 1 to 2 per 1,000 person per year,
and the overall VTE incidence is similar to that of strokes.!
Idiopathic VTE events represent 25—-40%. The morbid-
ity rises dramatically after about 45 years of age and
is slightly higher for men than for older women.!-* Ve-
nous thromboembolism is the 3" most common cause
of cardiovascular death worldwide, just after myocardial
infarction (MI) and stroke.*

There is evidence that inflammation and thrombosis are
closely linked, but the nature of this relationship is poorly
understood. Increased level of C-reactive protein (CRP),
a major marker of inflammation, has been shown to be
associated with VTE in the general population as well
as DVT, in particular in those with post-thrombotic
syndrome that occurs in 20-50% of the patients within
the first 2 years since the event.>~® In addition, acute in-
fections predispose to DVT, which also supports the role
of inflammation in thrombosis.!®!! Levels of CRP and IL-6
at the time of the DVT diagnosis were associated with
thrombotic disease burden, as measured by DVT extent
and severity of DVT symptoms and signs.*?

Identification of internal prothrombotic functions
of cells of the innate immune system, which acts in blood
vessels, resulted in an intriguing concept of immu-
nothrombosis.!*71¢ Involvement of the immune system
in the thrombosis process represents a physiological
mechanism, an independent line of host defense against
microorganisms that mediates in the identification of and
protection against pathogens by promoting microthrom-
bi in the vessels.”? Immunothrombosis is triggered and
maintained by the local accumulation of innate immune
cells, mainly monocytes and neutrophils. Dysregulation
of immunothrombotic reactions can, therefore, contribute
to thrombotic disorders, including DVT, in individuals
free of infections.” During development of DVT, activat-
ed endothelial cells adopt a proinflammatory phenotype,
which initiates the recruitment of innate immune cells,
particularly monocytes and neutrophils. Active participa-
tion of cells of the innate immune system in the formation
of thrombi is a specific attribute of thrombosis, as indi-
cated by studies on mouse models of DVT.!* It has been
demonstrated in animals that the DVT begins as a ster-
ile inflammation characterized by a massive recruitment
of neutrophils and monocytes. The role of monocytes
in VTE observed in human subjects is, however, unclear.

Monocytes represent a heterogeneous cell popula-
tion in both phenotype and function. Based on the ex-
pression of CD14 and CD16, 3 monocyte subsets can be
differentiated: classical (CD14**CD167), intermediate
(CD14+*CD16%) and non-classical (CD14*CD16**). CD16

E. Wypasek, et al. Non-classical monocytes in VTE patients

antigen is identified as FcyRIIIA and is involved in innate
immunity, while CD14 is a coreceptor of toll-like receptor
4 that binds lipopolysaccharide (LPS). The correct count
of the number of individual subsets of monocytes requires
staining and appropriate gating strategy, which includes
a3 pan-monocyte marker, i.e., HLA-DR or CD86. CD16*
monocytes are the main producers of tumor necrosis
factor-a (TNF-a), interleukin-1p (IL-1p) and IL-6, which
indicates that intermediate or non-classical monocytes
or both jointly produce the largest quantities of the pro-
inflammatory cytokines.!”-20

Recently, Mukherjee et al. have shown that non-classical
CD14+CD16** subtype of monocytes displays inflamma-
tory characteristics and properties for antigen presenta-
tion.?! In turn, intermediate CD14**CD16* appear to be
transitional monocytes that display both phagocytic and
inflammatory functions, whereas classical monocytes
CD14**CD16~ are phagocytic with low inflammatory
attributes.?

Growing evidence suggests that proinflammatory sub-
sets of monocytes are involved in atherosclerosis and its
thromboembolic complications. Higher numbers of pro-
inflammatory intermediate or non-classical monocytes
have been shown in patients with a stable and unstable
coronary artery disease (CAD).?22% In patients with stable
CAD, cardiovascular events can be predicted by elevated
counts of intermediate monocytes.?* Intermediate mono-
cytes have also been shown to be positively correlated with
peak cardiac troponin and inflammatory markers in pa-
tients with acute ST segment elevation MI that is caused
in the vast majority of cases by a thrombus occluding
a coronary artery.?’ In unstable angina patients counts
of intermediate monocytes, intermediate monocyte-plate-
let aggregates and total monocyte-platelet aggregates are
increased, and are independent of traditional risk factors.2¢
Hypercholesterolemia is also associated with an elevated
number of non-classical monocytes, while HDL-choles-
terol showed a negative association.?” Elevated counts
of intermediate monocytes have also been demonstrated
in patients during the first days after an ischemic stroke.?

Despite the fact that monocyte subpopulations have been
assessed in various diseases and experimental studies have
shown a causative role of monocytes in the pathogenesis
of VTE, to our knowledge there have been no published
studies assessing various subsets of circulating monocytes
in patients following VTE.?%30

Methods
Patients

We investigated 70 consecutive Caucasian patients,
aged 18-65 years, with a history of the first-ever pro-
voked or unprovoked DVT alone or in combination with
PE, referred to an outpatient clinic between October 2012
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and June 2015. The diagnosis of DVT was established
by a positive finding on color duplex sonography (visualiza-
tion of an intraluminal thrombus in calf, popliteal, femoral,
or iliac veins). The diagnosis of PE was based on the pres-
ence of typical symptoms and positive results of computed
tomography pulmonary angiography (CT). Patients with
signs of acute infection, known cancer, chronic inflam-
matory disease, or autoimmune disorders (including an-
tiphospholipid syndrome), previous MI or stroke, serum
creatinine 2120 pM, liver injury, pregnancy were ineligible.
All patients were treated with unfractionated or low-mo-
lecular-weight heparin, and then vitamin K antagonists
(VKA) were continued for at least 3 months in patients with
VTE triggered by transient risk factors and for 6 months
or longer on the discretion of the treating physicians in pa-
tients with unprovoked VTE. A VTE episode was defined
as unprovoked (idiopathic) if the patient had no history
of cancer, surgery requiring general anesthesia, major trau-
ma, a plaster cast or hospitalization within the last month,
or pregnancy or delivery within the last 3 months. A proxi-
mal DVT was defined as thrombosis in the popliteal veins,
including the trifurcation, the femoral and iliac veins.

Forty-six consecutive healthy volunteers served as the
control group. The exclusion criteria were: personal
and/or family history of cardiovascular diseases including
VTE, MI, CAD, heart failure, stroke, and any of chronic
diseases except for arterial hypertension, as well as age
over 65 years. All subjects denied taking any medication
on a long-term basis and within the previous month.

Body mass index (BMI) was calculated as weight in ki-
lograms divided by the square of height in meters. Obe-
sity was defined as a BMI of 30 kg/m? or higher. Diabetes
mellitus was defined as the previous diagnosis of diabetes,
or at least 2 random fasting glucose levels of >7 mmol/L.
Arterial hypertension was diagnosed based systolic or dia-
stolic pressure 2140 mm Hg or 290 mm Hg, respectively,
on at least 2 different occasions or the use of antihyper-
tensive treatment. Hypercholesterolaemia was diagnosed
based on low-density lipoprotein cholesterol (LDL-C) level
>3.0 mmol/L or previously diagnosed hypercholesterolae-
mia. The diagnosis of MI was based on the 2012 American
Heart Association, European Society of Cardiology, Amer-
ican College of Cardiology Foundation, and World Heart
Federation (ESC/ACCF/AHA/WHEF) guidelines. Ischemic
stroke was diagnosed according to the World Health Orga-
nization criteria. Smoking was defined as the use of at least
1 cigarette per day.

The Ethical Committee by Regional Medical Council
in Krakéw (No. 135/KBL/OIL/2013) approved the study and
all the participants provided their written informed consent.

Laboratory investigations
Fasting blood samples were drawn between 8 a.m. and

12 a.m. from an antecubital vein with minimal stasis. Se-
rum triglycerides, total cholesterol, LDL-C, high-density
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lipoprotein cholesterol (HDL-C), creatinine and glucose,
total protein and albumin, and complete blood count were
assayed using a biochemical analyser Cobas 6000™ (Roche
Diagnostics GmbH, Mannheim, Germany). Fibrinogen was
determined using the Clauss method. A high-sensitivity
CRP (hs-CRP) was determined using immunoturbidim-
etry (Roche Diagnostics GmbH).

A complete blood count was determined using the he-
matological analyzer Sysmex XT2000i (Sysmex Corpora-
tion, Kobe, Japan). Anti-nuclear antibodies (ANA) were
tested using indirect fluorescent assay (IFA) in sera diluted
at 1:160 (Euroimmun, Liibeck, Germany).

Flow cytometry

The number of monocytes was assessed in blood sam-
ples an average of 12 months after the incident of VTE.
Whole blood samples were drawn into EDTA-K3 collec-
tion tubes and were prepared for flow cytometry within
30 min. Briefly, 50 uL of whole blood was incubated with
antibody mix containing 10 pL of FITC-labeled anti-
human CDI14 (B36297, Beckman Coulter, Brea, USA),
10 uL PE-labeled anti-human CD16 (332779, BD Biosci-
ences, San Jose, USA), 10 uL PerCP-labelled anti-human
HLA-DR (347402, BD Biosciences), 5 uL. APC-labeled
anti-human CD45 (340910, BD Biosciences) in BD Tru-
count tubes (all from BD Bioscience) for 30 min in room
temperature in the dark. The isotype control was run
in parallel. Lysis of erythrocytes was performed using
450 pL of BD FACS Lysing Solution (BD Bioscience)
for 5 min. Determination of monocytes subsets were per-
formed on FACSCanto II flow cytometry (BD Bioscience)
and analyzed by FACSDiva software v. 7.0 (BD Biosci-
ences). The following calculation has been performed:
[(number of events in quadrant containing cell popula-
tion)/(number of events in absolute-count bead region)]
x [(number of beads per test defined by manufacturer)/
(test volume)], to obtain the number of monocytes
per microliter.

Monocyte subpopulation identification

The absolute number of monocyte subpopulations
was determined as described previously.?! Briefly, based
on CD45-positive and SSC characteristics, monocytes were
gated together with adjacent lymphocytes, including NK
cells (Fig. 1A). Then, to exclude CD14-negative and HLA-
DR-negative NK cells (gate “d”), a gate “c” was defined
including CD14-positive and HLA-DR-positive events
(Fig. 1B). All events from gate “c” were then divided based
on CD14 and CD16 expression into: classical monocytes
CD14**CD16™ (gate “e”) expressing high levels of CD14 but
no CD16; intermediate monocytes CD14**CD16* (gate “f”)
expressing high levels of CD14 and low CD16; and non-
classical monocytes CD14*CD16** (gate “g”) expressing
low CD14 but high CD16 (Fig 1C).
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Fig. 1. Gating strategy of monocytes subsets analysis by flow cytometry. Monocytes were gated as (A) CD45-positive cells vs side scatter (SSC) plot: (“a”)
monocyetes, (“b") counting beads for determination of the absolute cell count. (B) CD14-positive cells from gate “a” were then gated (c”) to exclude CD14-
HLA-DR-negative NK cells ("d") and finally analyzed for CD14 and CD16 expression (C) as: classical monocytes (CD147*CD167, "e”), intermediate monocytes

(CD147+CD16%, “f") and non-classical monocytes (CD147CD16, “g")

Statistical analysis

Assuming a standard deviation (SD) for non-classical
monocytes of 25/uL, the study would require a sample size
of 44 for each group to demonstrate 2-sided equality and
to achieve a power of 0.8 and a level of significance of 0.05,
for detecting a difference in means of this monocyte subset
between the VTE and the control group of 15/uL.*2

Categorical variables are presented as numbers and per-
centages. Continuous variables are expressed as mean + SD
or median and interquartile range (IQR). Normality was
assessed by the Shapiro-Wilk test. Equality of variances
was assessed using Levene’s test. Differences between
groups were compared using the Student’s or the Welch’s
t-test depending on the equality of variances for normal-
ly distributed variables. The Mann-Whitney U test was
used for non-normally distributed continuous variables.
Categorical variables were compared by Fisher’s exact test.
The Pearson’s correlation coefficient was computed to mea-
sure the linear association between 2 variables. The Spear-
man’s rank correlation coefficient was calculated to mea-
sure the monotonic trend between 2 variables. Multivariate
logistic regression models were used to adjust the results
to age and BMI. Two-sided p-values < 0.05 were considered
statistically significant. All calculations were done with
JMP v. 9.0.0 (SAS Institute Inc., Cary, USA).

Results
Study participants

The characteristics of VTE patients and healthy controls
are presented in Table 1.

Venous thromboembolism patients were slightly older
and more overweight. The age range for the control group
was 20—58 years and 18—64 years for the VTE patients.
Twenty-three (32.8%) of VTE subjects had isolated DVT

and 24 (34.3%) subjects had symptomatic PE with concomi-
tant DVT. Proximal DVT occurred in 56 (80.0%) subjects.
More than 80% of VTE patients were treated with oral
anticoagulants (Table 1). One patient with VTE (1.4%) had
a history of previous MI and another one (1.4%) experi-
enced ischemic stroke in the past.

Most laboratory investigations were similar in both
groups. Fibrinogen was higher in VTE patients, while
CRP concentrations were similar (Table 1). However,
the proportion of VTE patients with CRP >3 mg/L was
2-fold larger compared to that found in healthy volunteers
(Table 1). The difference remained significant after adjust-
ment for age and BMI. In VTE patients, glucose was slightly
higher; while creatinine and albumin concentrations were
lower (Table 1). Only the relative frequency, but not the ab-
solute count of monocytes and lymphocytes, was lower
in VTE patients, which seems to be due to the increase
in neutrophils without changes in the absolute blood level
of monocytes and lymphocytes (Table 1).

Positive ANA was detected more commonly among VTE
patients compared to the controls (Table 1).

Monocyte characteristics

Patients with VTE had higher intermediate CD14**CD16*
and non-classical CD14*CD16** monocyte counts com-
pared to the control group (Table 1). These differences
remained significant after adjustment for age and BMI.
There were no intergroup differences in classical monocyte
CD14*CD16~ counts (Table 1).

The absolute number of all 3 monocyte subsets
in VTE patients was not associated with comorbidities,
type of VTE or the medications used. Among the VTE
patients, the non-classical CD14*CD16** monocytes
were positively associated with age (r = 0.33; p = 0.008),
weight (r = 0.33; p = 0.005) and BMI (r = 0.31; p = 0.009),
while in the control group the only significant associa-
tion was found for this monocyte subpopulation and age
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Table 1. Characteristics of the study participants

Control

CETEINE G (n = 46)

Age [years] 36.98 £10.09 41.61 £11.55 0.03
Male sex, n [%] 22 (47.83) 23 (32.86) 0.12
Body mass index [kg/m?] 24194378 26.82 £5.25 0.004
Obesity, n [%] 3(6.52) 15 (21.43) 0.04
Clinical characteristics, n [%)]
Current smoking 6 (13.04) 14 (20.00) 0.25
Arterial hypertension 0 17 (24) -
Diabetes mellitus 0 5(714) -
Hypercholesterolemia 20 (43) 36 (5142) 0.31
Unprovoked VTE 0 38 (54.28) -
DVT alone 0 23 (32.85) -
PE+DVT 0 24 (34.28) -
Proximal DVT 0 56 (80.00) -
Family history of VTE 0 25 (35.71) -
l‘vr;ftf[r‘:;‘;:‘hes]‘a“ VIE na. 120(85-215) | -
Laboratory parameters
Glucose [mmol/L] 498 £0.55 538 +0.66 0.002
Creatinine [umol/L] 7717 £13.01 71.27 £14.16 0.01
Total cholesterol [mmol/L] 4.88 £0.86 5.13 £0.95 0.11
HDL cholesterol [mmol/L] 1.64 £0.32 1.60 £0.41 0.31
LDL cholesterol [mmol/L] 3.08 +£0.83 3.31+0.89 0.10
Triglycerides [mmol/L] 113 £0.68 1.24 £0.79 0.62
Total protein [g/L] 74.84 +4.41 74.49 +4.34 0.83
Albumin [g/L] 40.80 +2.63 39.40 £2.80 0.007
Albumin/globulin ratio 1.21 £0.16 1.14 £0.17 0.01
ANA, n [%] 9(19.57) 24 (42.11) 0.004
Blood cell variables
Red blood cells [108/uL] 483 +0.46 4.76 +0.38 0.36
Hemoglobin [g/dL] 13.70 £143 13.81 £1.33 0.66
Hematocrit [%] 40.76 +£3.59 41.21 £330 048
Platelets [10°/uL] 237 £54 255 +£59 0.16
Leukocytes [103/uL] 581 £1.29 6.53 191 0.045
Neutrophils [103/uL] 3.20+0.94 4.05 £1.65 0.004
Lymphocytes [103/ul] 1.94 +£0.49 179 £0.54 0.08
Monocytes [10%/ul] 0.55 £0.26 0.60 +0.77 041
Eosinophils [10°/uL] 0.15 £0.09 0.14 £0.09 0.62
Basophils [10>/uL] 0.03 £0.02 0.03 £0.01 040
Neutrophils [%] 5434 +7.12 60.80 £9.49 <0.001
Lymphocytes [%] 33.68 £6.35 28.63 +8.50 <0.001
Monocytes [%)] 8.82 +1.54 7.78 £1.96 <0.001
Eosinophils [%] 2.53 £1.56 222 £1.34 0.36
Basophils [%)] 043 £0.28 043 £0.24 0.70
Inflammatory markers

Fibrinogen [g/L] 2.66 +£0.57 3.24+£090 <0.001
hsCRP [mg/L] 111 (0.70-198) | 1.23(0.69-2.59) | 0.27
hsCRP >3 mg/L, n [%] 5(10.87) 17 (24.29) 0.02
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Table 1. Characteristics of the study participants (cont.)

Control

Parameters (n = 46)

Monocyte subsets [10%/uL]
Classical 37048 £113.04 = 363.90 £143.71 043
16.79 £9.29 <0.001
64.09 £25.21 <0.001

1043 +4.01
44,09 £19.21

Intermediate
Non-classical

Non-classical/classical

: 0.14(011-0.18) | 0.18(0.13-0.23) | 0.003
monocytes ratio

Treatment
Vitamin K antagonists n.a. 30 (42.86) -
Rivaroxaban n.a. 24 (34.28) -
No anticoagulation n.a. 10 (14.29) -

Data is shown as mean + standard deviation (SD) or a median
(interquartile range (IQR)) or number (percentage). VTE — venous
thromboembolism; DVT - deep vein thrombosis; PE — pulmonary
embolism; HDL - high-density lipoprotein; LDL — low-density lipoprotein;
ANA - anti-nuclear antibodies, hsCRP - high sensitivity Greactive protein;
n.a. - not applicable.

(r = 0.39; p = 0.01). Additionally, the non-classical
CD14*CD16** monocyte counts showed positive cor-
relations with glucose (r = 0.26; p = 0.03) and albumin
to globulin ratio (r = 0.26; p = 0.03).

Classical CD14**CD16™ and intermediate CD14**CD16*
monocyte counts were positively associated with leuko-
cyte counts (r = 0.67 and r = 0.51, respectively, p < 0.0001
for both). Classical CD14**CD16- and non-classical
CD14+CD16** monocyte counts showed positive corre-
lations with hsCRP (r = 0.25 and r = 0.27, respectively,
p = 0.03 for both). However, after removing of 3 outliners,
only the trend towards correlation between non-classical
monocytes and CRP was found (r = 0.2; p = 0.08).

Only intermediate CD14**CD16* monocyte counts
were positively associated with FVIII activity (r = 0.5;
p = 0.03). There was no correlation of these counts with
D-dimer and ANA antibody. Interestingly, the patients
who had a VTE incident within 12 months prior to en-
rollment (9 (6—10) months) were characterized by an in-
creased number of non-classical CD14*CD16** mono-
cytes as compared to those who experienced a VTE event
at an earlier, more distant time point (21 (15-29) months)
(71.5 +27.4 vs 56.03 +20.6 cells/uL, p = 0.01; Fig. 2).

As shown in Fig. 3, non-classical CD14*CD16** mono-
cyte counts tended to be higher in patients following un-
provoked VTE as compared to individuals with provoked
VTE (70.2 +4.1 vs 58.8 +4.3 cells/uL; p = 0.06).

Discussion

This study shows that a history of VTE, regardless
of the type of thrombotic event and anticoagulant treat-
ment, is associated with increased counts of non-classical
CD14*CD16** and intermediate CD14**CD16* monocytes.
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Fig. 2. The absolute number of non-classical CD14*CD16™ monocytes
in venous thromboembolic patients (VTE) who experienced a last
VTE event <12 and >12 months

This effect was not associated with unprovoked or provoked VTE.
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Fig. 3. Non-classical CD14*CD16** monocyte counts in patients with
unprovoked and provoked venous thromboembolism (VTE)

This phenomenon is more pronounced in our patients
aged 65 years or less assessed in the first 12 months from
the VTE event, and it is in partly driven by inflammation,
reflected by positive correlations with elevated hsCRP.
The pattern of monocytes counts in peripheral venous
blood observed following VTE is similar to that found
in patients with atherosclerotic vascular disease.?>2°
It may be speculated that the non-classical and interme-
diate monocytes are involved in the similar processes
in patients with VTE and those with atherosclerosis.
The recent data has suggested that VTE and athero-
thrombosis share similar pathophysiological pathways
like low-grade systemic inflammation and hypercoagula-
bility state.>®> The mechanisms typical of atherosclerosis
like platelet activation and neutrophil recruitment with
the formation of neutrophil extracellular traps are also
involved in the pathogenesis of DVT.3* The same coagula-
tion proteins which play a crucial role in the pathophysi-
ology of VTE are also expressed in the atherosclerotic
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arterial walls enhancing the inflammatory and immune
processes characteristic of atherosclerosis.?® Addition-
ally, the clinical association of VTE and atherothrombo-
sis has been shown for the first time by Prandoni et al.,
who demonstrated that patients with idiopatic VTE were
more likely to have carotid artery plaque (47%) than pa-
tients with provoked VTE (27%) or age- and sex-matched
controls (32%).%> Further studies have reported an in-
creased risk of acute MI and stroke among patients with
a prior history of VTE than among those without such
a history.?®37 Also, symptomatic cardiovascular events
may precede the incident of VTE.?* Our findings suggest
that monocytes might contribute to the links between
atherosclerosis and VTE.

Molecular mechanisms underlying the current findings
study are likely complex. Increased numbers of non-clas-
sical monocytes, which are primary producers of TNF-«
and IL-1B, may regulate the immune response by en-
hancing cells proliferation, migration and receptor ex-
pression in VTE patients. Accordingly, it has been shown
that the gene expression profile exhibited by non-classical
monocytes showed the highest expression of TNF-a and
the metalloprotease ADAM1I17 gene, which are involved
in the processing of TNF-a from the cell surface.?® More-
over, an in vitro study demonstrated that only non-clas-
sical CD14*CD16** monocytes are able to produce high
levels of IL-6, CCL2 chemokine and matrix metallopro-
teinase-9.%° Thus, their increased number and accumu-
lation onto endothelium may result in the recruitment
of monocytes and T cell subsets at sites of inflammation
in response to CCL2 and IL-6-induced cell activation
and/or differentiation, and MMP-9-mediated vascular and
tissue injury.®

It should be also underlined that TNF-a may exert
procoagulant activity and its expression by non-classical
monocytes may lead to enhanced thrombin formation.
It has been shown that TNF-a may downregulate throm-
bomodulin, a cofactor in protein C activation.*® More-
over, a study performed in healthy volunteers showed
that TNF-a is able to induce a rapid inhibition of fibri-
nolysis mediated by a delayed increase in plasminogen
activator inhibitor-1." It may be speculated that in VTE
patients non-classical monocytes may play a role in im-
munothrombosis. In the mouse model of flow restriction-
induced DVT, it has been shown that the rapid accumu-
lation of neutrophils and monocytes is observed within
a forming thrombus and innate immune cells initiate lo-
cal fibrin formation predominantly through the delivery
of TEY Further studies are needed to elucidate monocyte-
derived mediators involved in VTE and the consequences
of elevated non-classical monocytes.

In the current study we also found the associations
between non-classical monocytes and age. It has been
shown earlier that aging is associated with significant
changes in monocyte subsets, which may have implica-
tions for the development of age-related diseases.
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In a cross-sectional study involving 91 healthy individu-
als, age was associated with an increased proportion of in-
termediate and non-classical monocytes.*> Most recently,
it has been shown by Puchta et al. that intermediate human
and mice monocytes produced more of the inflammatory
cytokines IL-6 and TNF-a with age, both in the steady state
and when stimulated with bacterial products.*?

Moreover, we found that non-classical monocytes corre-
lated positively with BMI and glucose, which is in line with
the previous findings.**4> It has been shown that the pro-
portion of intermediate and non-classical monocyte
positively correlated with BMI and fasting glycemia
in obese and type 2 diabetic patients.** Moreover, it has
been shown that CD16 positive monocyte subsets were
reduced by drastic fat mass loss. This feature suggests
that increased glycemia could be a parameter regulating
intermediate and non-classical monocytes numbers.** Fur-
thermore, the I LIKE HOMe study reveals a significant
association between counts of non-classical monocytes
but not of total monocytes or classical monocytes, and
both obesity as well as subclinical atherosclerosis in a large
cohort in low-risk individuals.*®

Of note, we observed that the elevated number of non-
classical monocytes is decreased after 12 months of the VTE
event, when the inflammatory process is resolved. This
suggests the involvement of this subset in the acute throm-
bosis and the subsequent thrombus resolution.

We also showed a positive correlation of non-classical
monocytes with elevated hsCRP level.

Data on the relationship between monocyte subsets
and inflammatory markers yielded inconsistent findings.
In patients with unstable angina, CD16-positive monocytes
were associated with hsCRP levels, but no such association
was found in stable angina.?>?3 Similar to our observations,
an association of CRP levels and non-classical monocyte
counts has been found in patients with rheumatoid arthri-
tisand type 1 diabetes mellitus.**” It should also be noted
that specific single nucleotide polymorphisms in the CRP
gene and other inflammatory and coagulation biomarkers
are strongly associated with their plasma concentrations
and may regulate the inflammatory processes.*®

The present findings increase our knowledge on the role
of immune responses in the pathophysiology of VTE
by providing a new, monocyte-associated aspect of im-
munothrombosis, which suggests the involvement of non-
classical and intermediate monocytes in the early phase
following an acute VTE episode.

Several study limitations should be acknowledged.
The number of patients with VTE and healthy controls was
limited; however, the study was sufficiently powered. Nev-
ertheless, the subgroup analysis should be interpreted with
caution. A well-matched control group is recommended
to be used for future study on this topic. Furthermore,
we determined each variable at a single time point. Our
findings cannot be easily extrapolated to the elderly or pa-
tients with severe comorbidities, in particular cancer, who
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were excluded from our study. Associations reported here
do not necessarily mean the cause-effect relationship and
should be regarded as the hypothesis-generating investi-
gation, which can, however, have important implications.
Moreover, observation at different time intervals after VTE
event would introduce additional information on the pres-
ence and proportion of each subpopulation of monocytes.
Finally, a long-term follow-up study is needed to assess
a potential prognostic role of the current findings and
investigate whether and when the intermediate and non-
classical monocyte subset populations can normalize.

To our knowledge, this is the first study which shows
increased counts of non-classical and intermediate mono-
cyte subsets in patients following VTE, suggesting a new
role of the immune system in this disease. Monocyte-re-
lated immunothrombotic mechanisms of VTE, that are
more pronounced within the first months since the event,
in particular that of unprovoked nature, provide new in-
sights into the pathophysiology of this common disease.
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Abstract

Background. Cladribine is a useful immunosuppressive drug for the treatment of autoimmune diseases,
leukemias and multiple sclerosis (MS). Despite the drug having low toxicity, side effects have been reported
connected with myelosuppression, neutropenia and severe anemia.

Objectives. The objective of this study was to investigate the influence of cladribine on lung pathomorphol-
0gy and the expression of caspase 1 using immunohistochemistry method.

Material and methods. The study was conducted on Wistar rats, which were divided into a control
group (C) and an experimental group (E). In group G, the rats were given a 0.9% NaCl solution by a sub-
cutaneous injection, at the same dose as the dose of drug used in the experiment. In group E, the animals
received cladribine at a dose of 0.07 mg/kg/24 h by a subcutaneous injection. The animals were decapitated
24h following the last dose. To detect collagen deposition, we utilized Masson’s trichrome staining. To evalu-
ate the intensity of the inflammatory process in the lung, an immunohistochemistry reaction was carried
out with the use of caspase 1.

Results. In group E, we observed an increase in the thickness of space between the alveoli. A statistically
significant (p < 0.017243) difference between the thicknesses of the interalveolar septum was seen between
the research groups. In E group, we observed regions with collagen deposition, alveolar epithelial cell hyper-
plasia, hyperemia and inflammatory cell infiltration. Caspase 1 activity was higher in group E. The immuno-
histochemical reaction with caspase T was positive in 49% of all the interalveolar cells in group E; however,
in group C about 13% of the interalveolar cell showed positive immunohistochemistry (IHC) response.

Conclusions. Cladribine-based therapy might have negative influence on lung morphology. The interstitial
changes in the lung tissue suggest that cladribine is a drug that may be the cause of drug-induced lung
disease and may lead to several respiratory disorders.

Key words: inflammation, lung, caspase 1, cladribine
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Introduction

Lungs are composed of very sensitive tissue. Their large
surface has contact with many substances from the envi-
ronment and with substances that are used incorporeally.
Indeed, the list of drugs which can be the cause of lung
toxicity is long. Furthermore, the clinical, radiological
and histological symptoms are nonspecific; therefore, the
diagnostic and recognition of drug-induced lung disease
is difficult.!

Cladribine (2-CdA), a purine analog which acts as anti-
neoplastic and immunosuppressive agent, has been used
in the treatment of malignances, autoimmune and degen-
erative diseases. The drug, 2-CdA, is a deoxyadenosine an-
alog which is used in experimental multiple sclerosis (MS)
treatment as it exhibits selective toxicity relative to lym-
phocytes and monocytes.? According to the study under-
taken by Leist and Weissert, the administration of the oral
form of 2-CdA abates the number of lymphocytes for up
to 6—12 months after the end of treatment.? What is more,
although 2-CdA mainly negatively affects the number
of CD4+/CD8"* lymphocytes, it has been seen particularly as
being effective in minimizing the CD4* class.?~> Cladribine
is considered to be of relatively low toxicity in therapeu-
tic doses, and any side effects have been seen only in the
first 14 days of therapy or in the first month of treatment.
In individual studies, the drug is generally well-tolerated
by MS patients. Reported side-effects are connected with
myelosuppression, neutropenia and severe anemia, and
with the complications that come about as a result of op-
portunistic infections. Infections of upper respiratory
tract, infections of urinary tract, herpes zoster and HBV
virus infections are among the most commonly reported
side effects. In addition, patients have complained about
general disorders such as fever, lack of appetite, tiredness,
chills and general weakness. These clinical symptoms can
be brought about by mucosa damage.?*°

Cladribine could also destroy healthy, functional cells,
especially those which are rapidly dividing (the mucosa
cells of the digestive system, the bone-marrow cells or the
skin cells).” Previous studies have shown that cladribine
could initiate apoptosis in the epithelial cells covering the
ovary, the uterine epithelial cells, the fallopian tube epi-
thelium and in the epidermal cells.?-'? Literature reports
suggest that patients may be susceptible to opportunistic
infections during cladribine treatment due to the reduced
number of immune system cells.

Multiple sclerosis is classified as an autoimmune
disease,and autoreactive T cells, mainly of the CD4*
type, are involved in the development of it.!*-!> Herein,
activated T cells penetrate the blood—brain barrier and
permeate to the central nervous system. Here, they stim-
ulate other immune cells such as the macrophages. As
a result of these multidirectional immune responses, foci
of demyelination in white matter and the degeneration
of axons will be seen.’®” Moreover, the resulting errors
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that come about in the apoptosis and which interfere with
the destruction of cytotoxic T cells also play an important
role in MS pathogenesis.!® Immunomodulatory and im-
munosuppressive therapies have been commonly applied
in MS treatment.!® In these therapeutic methods, certain
oral anti proliferative drugs are prescribed, while other
medicaments are being researched.!®-22

Considering the results of our previous studies, and
because there is no data on the impact of 2-CdA on the
histology of the lung, the aim of the authors’ study is to as-
certain the effect of 2-Cd A on the lung pathomorphology.
In our study, we used cladribine at a dosage that is normal
for treating MS in people. Our intent is ascertain whether
2-CdA at this dose may be the cause of interstitial lung
disease. In addition, by way of employing the immunohis-
tochemistry method, we intend to study caspase 1 expres-
sion (a marker of inflammation).

Material and methods

The study was conducted on 10 female white Wistar rats
(weighing about 250—300 g each), which were placed with-
in one control group (C) and one experimental group (E),
5animals in each. The animals were kept according to eth-
ical standards set out by the National Institute of Health
Guidelines for the Care and Use of Laboratory Animals
and the European Community Council Directive of 24
November 1986, for Care and Use of Laboratory Animals
(86/609/EEC), and accepted by the local ethics commit-
tee (Medical University of Lublin, Poland). Furthermore,
consent no 126/2001 was obtained from the local bioethi-
cal committee.

In group E, the animals received cladribine (Biodribin;
Institute of Biotechnology and Antibiotics, Warszawa, Po-
land) at a dose of 0.07 mg/kg/day by way of a subcutaneous
injection for 6 successive days (in the morning), in 3 cours-
es, with 5 weeks break between each (such scheme of dos-
age is normal for treating MS in people).2?*In group C,
the rats were given a 0.9% NaCl solution by way of a sub-
cutaneous injection at the same dose as the dose of drug
used in the experiment.

The animals of both groups were decapitated 24 h fol-
lowing the last injection.

During the experiment, the rats resided in cages (Techni-
plast®; Techniplast Kukuczka, Ustron, Poland) of 0.5 m? area.
They were fed granulated fodder (LSM; AnimaLab, Poznan,
Poland) and had free access to normal water. The air humidity
was 50—60%, the temperature of their environment was 20
+1°C,and a 24 h cycle was kept (12 h day, 12 h night). All stress
factors were reduced to a minimum. In the time period of the
experiment, we saw no symptoms of infection.

At the end of experiment (89 days), the animals were
killed by decapitation, and lung samples (about 1 cm?area)
were taken for histological and immunohistochemical
examination.
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For a histological investigation, the material was fixed
in Baker’s solution, after which they were dehydrated in al-
cohol with increasing concentration, placed in xylene and
put in paraffin. The paraffin blocks were cut utilizing a ro-
tational microtome Leica (Leica Biosystems, Nussloch,
Germany) RM 2135, in 5 pm sections, and the prepared
samples were colored with hematoxylin and eosin (H&E).
To detect collagen deposition, we utilized Masson’s tri-
chrome staining. To evaluate the intensity of the inflam-
matory process in the lung, an immunohistochemistry re-
action was carried out by way of using primary antibodies
(Sigma®; Sigma-Aldrich, Poznan, Poland). In this, caspase 1
(ANTI-CASP1, HPA008936-100UL, antibody produced
in rabbit, dilution: 1:50) was employed. The IHC study was
conducted via the indirect immunoperoxidase method.
In this way, 5 pm thickness paraffin fragments were placed
on slides (Polysine®; VWR International, Poznan, Poland)
and incubated all night at a 58°C temperature. Next, the
specimens were dehydrated with increasing concentrations
of ethyl alcohol, and then immersed in xylene. Following
this, the activity of the endogenous peroxidase was blocked
for 5 min by way of immersion in a 3% hydrogen peroxide
in methanol solution. Afterwards, the slides were rinsed
in distilled water and subsequently in a solution of TBS.
Next, the places of active antigen were unmasked by ap-
plying a thermal process. Herein, specimens were micro-
waved (800 V) while in a 0.01 M citrate buffer, pH 6.0,
by way of 3 x 5-min cycles. After washing in distilled wa-
ter, the samples were then incubated with inactive serum
(normal diluted serum) for 30 min to mask all places which
could connect with caspase 1. Following a rinsing in a TBS
solution, the samples were incubated for 24 h at 8°C,
with the primary antibodies. To make the reaction vis-
ible, NovoLink™ Polymer Detection Systems (Leica Mi-
crosystems, Wetzlar, Germany) was used. After this, the
samples were re-rinsed in a solution of TBS and mottled
by chromogen — 3-3’diaminobenzidine (Novolink DAB;
Vector Laboratories Inc., Burlingame, USA), which indi-
cated a positive reaction by turning the brown. Finally,
the cell nuclei of the samples were stained through the
application of Mayer’s hematoxylin. A negative control was
put into place for all sections of all the groups by the same
method. This was without the primary antibody.

The study’s material was evaluated using an Olympus
BX41 with digital camera image DP25 (Olympus, Tokyo,
Japan). Calculations were made in Cell*D (Olympus, To-
kyo, Japan).

In both research groups, 40 measurements of the thickness
of the interalveolar septum were made in different view areas.

To assess the intensity of the immunohistochemistry
reaction in the alveolar interstitial cells, different areas
of x400 vision were selected, and 300 cell-counts were
analyzed. The places of different intensity of immuno-
histochemistry reaction were reported as: 1 (+) — a weak
reaction, 2 (++) average response and 3 (+++) — strong reac-
tion. Areas with a negative response were marked as 0 (-).
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The statistical results surveys were analyzed in STATIS-
TICA v. 10.0 (StatSoft Polska, Krakéw, Poland).

The statistical differences of intensity of caspase 1 ex-
pression between examined groups were assessed with the
Kruskal-Wallis nonparametric test. In addition, statistical
correlations between the thicknesses of the interalveolar
septum, and between the research groups, were calculated
utilizing Student’s t-test. An overall p-value ofless than 0.05
was considered to show a statistically significant result.

Results
Hematoxylin and eosin stain

In the control group (C), specimen tissue showed visible
bronchioles of a different diameter which were easily dif-
ferentiated as respiratory bronchioles, alveolar ducts and
alveoli (Fig. 1). The alveoli are lined by 2 types of cells:
pneumocytes type I (squamous) and pneumocytes type II

Fig. 1,2. Control group

H&E staining. Bronchioles (arrows) of different diameter giving rise
to an alveolar duct and alveoli (arrows) composed of squamous
pneumocytes type | and cuboidal pneumocytes type II. Thin layers
of connective tissue and capillaries can be seen between them.
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Fig. 3. Statistical values of interalveolar septum thicknesses among alveoli
in the research groups.

Our study demonstrated statistically significant differences (p < 0.017243)
between the thicknesses of the interalveolar septum in the 2 research
groups. The minimal value of thickness of the interalveolar septum in both
groups was similar: in the control group - 2.5 um; in the experimental group
- 2.04 um. However, the maximal value of thickness of the interalveolar
septum (21.4 um) was observed only in the experimental group. All values
are given in pym.

(cuboidal). Between the alveoli, were thin bands of con-
nective tissue and blood vessels (Fig. 2). The mean value
of the thickness between the alveoli was 6,312 um, with the
maximum and minimum value of 2.50 and 16.11 um, re-
spectively (Fig. 3). In the experimental group (E), we found
evidence of nonspecific interstitial pneumonia (NSIP).!
A significant increase in the thickness of alveolar spaces
was observed, and leukocytes, as well as macrophages and
eosinophils, were detected in these spaces (Fig. 4). Inflam-
matory infiltrates with a predominance of lymphocytes
were also recognizable around the blood vessels (Fig. 5).
Furthermore, a mild hyperplasia of type II pneumocytes
was observed. The mean value of the thickness of the in-
teralveolar septum was 8.367 pum, while the minimum
and maximum thicknesses were 2.04 pm and 21.40 pm,
respectively. A statistically significant (p < 0.017243) differ-
ence between the thicknesses of the interalveolar septum
was seen between the research groups.

Masson’s trichrome staining

In the experimental group (E), we observed regions with
collagen deposition in their lung tissue, especially in the
alveolar septa. What is more, alveolar epithelial cell hy-
perplasia, hyperemia and inflammatory cell infiltration
were found (Fig. 6,7).

The immunohistochemical study

Regarding group C, the immunohistochemical reaction
with caspase 1 was negative in most interstitial cells (over
87%) (Fig. 8,9). Moreover, only a few interalveolar cells
showed a weak (8% of all cells) or a moderate (4% of all
cells) IHC response. A strong expression of the caspase 1
protein, assessed as 3 (+++), was only visible in 0.67% of all

Fig. 4,5. Experimental group

H&E staining. The increased thickness of the space between the alveoli
is evident. This is occupied mainly by leukocytes (arrows). Inflammatory
infiltrates are visible around the blood vessels (arrows).

Fig. 6. Control group, normal lung tissue

Masson'’s trichrome staining (objective x40).

the observed cells (Fig. 10). However, in group E, a posi-
tive, cytoplasmic immunohistochemical reaction was seen
in 49% of all the interalveolar cells. Of this, more than 30%
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Fig. 7. Experimental group

Masson'’s trichrome staining. The blue collagen deposition in the lung
tissue is especially evident in the alveolar septa. Hyperplasia of type Il
pneumocytes, hyperemia and inflammatory cell infiltration can be seen
(objective x40).

Fig. 8. Control group

The predominance within the interalveolar cells of a negative (short
and thick arrows) immunohistochemical reaction and weak (long and
thin arrows) immunohistochemical reaction with caspase 1, is evident
(objective x40).

of the cells were assessed 1 (+) as revealing a weak reaction,
while more than 16% of all cells showed an average of 2 (++)
and 2% of the cells showed a strong 3 (+++) reaction. In the
remaining cells (51%), the reaction was negative or at trace
amounts (Fig. 9,10). Of note: the difference in the caspase 1
expression between the control and experimental groups
was statistically significant (p < 0.000001).

Discussion

Cladribine, as an antineoplastic and immunosuppres-
sive agent, induces apoptosis in the cells and penetrates
into the cells through the cellular membrane by way
of nucleoside transporters. Within the cell, 2-CdA is con-
verted into an active 2-CdATP metabolite. Its function

2.00%
30++4) | #lo.67%

16.30%

2(++) 4.00%
m experimental
. group
30.70% M control group
16 8.00%,
51.00%
00 87.30%

/

0% 20% 40% 60% 80% 100%

Fig. 9. The intensity of the caspase 1 expression in the alveolar interstitial
cells, in the studied groups

0 (-) - noreaction, 1 (+) — weak reaction, 2 (++) — average reaction,

3 — (+++) strong reaction. Our study revealed a statistically significant
difference (p < 0.000001) in the expression of caspase 1 between the
control group and the experimental group. In the work, the interstitial
cells of the control group exhibited a majority of cells (> 87%) with no
immunohistochemical reaction. In the experimental group, more than
30% of all cells expressed a weak reaction, while roughly 16% of all cells
showed an average reaction, and 2% of all cells expressed a strong
immunohistochemical reaction.

The interalveolar cells reveal an average and strong (arrows)
immunohistochemical reaction to caspase 1 (x40 magnification).

in the cell leads to a series of enzymatic and structural
changes, which affect the stability of damaging factors
and repair mechanisms. Cladribine acts on proliferating
and non-proliferating cells; its cytotoxic effect is also mul-
tidirectional. Although this drug is considered to have
low toxicity, it is not completely safe,>2>2627 yet previous
reports put forward the claim that cladribine is not asso-
ciated with lung toxicity.?® Cladribine, like other purine
analogues, is an antimetabolite, which exhibits selective
toxicity with respect to lymphocytes and monocytes.?
In therapeutic doses, 2-CdA is well tolerated by patients,
but some side-effects have been noticed. Betticher et al.
reported that the main side effects observed in cladribine
therapy were myelotoxicity and immunosuppression with
regard to opportunistic infections (14%) such as pneumo-
nia.? Similarly, Van Den Neste et al. also reported that
42% of patients treated with 2-Cd A and cyclophosphamide
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developed opportunistic infections, e.g. pneumonia caused
by varicella-zoster virus.?® Furthermore, Montillo et al.
observed pneumonia due to Enterococcus or cytomegalo-
virus in patients receiving cladribine at 4 mg/m?/day and
cyclophosphamide at 350 mg/m?/day.* In addition, Okawa
et al. reported pneumonia induced by Cryptococcus after
2-CdA treatment. In this study, cladribine was adminis-
tered in 4 courses.>?

Fridrik et al. evaluated the performance of 2-CdA in the
treatment of patients with advanced non-Hodgkin’s lym-
phoma. In this study, patients received cladribine in a dose
of 0.12 mg/kg intravenously daily for 5 days. This schema
was repeated every 28 days for 4 cycles. During the treat-
ment, certain side effects were observed, mainly hema-
tological toxicity and respiratory system infections.3?
Feenstra et al. also reported pulmonary toxicity (with
a diffuse interstitial pneumonitis and with hypoxaemic
respiratory failure) after the first course of cladribine
therapy of non-Hodgkin’s lymphoma.?* In order to assess
the possible changes that could occur in the lungs after
the application of 2-CdA, in our work, at first, we carried
out routine histological H&E staining. In this, lung histo-
logical examination of the control group showed normal
pulmonary histology. What is more, the thickness between
alveoli varied between 2.50 and 16.11 um, with the mean
value of the thickness being 6,312 um. In the experimental
group, however, an increase in the thickness of alveolar
spaces was observed. The mean value of the thickness
of interalveolar septum was 8.367 um, while the minimal
thickness was 2.04 pm, and the maximal was 21.40 pm.
Of note: a statistically significant (p < 0.017243) difference
between the thickness of the interalveolar septum was
evident between the research groups. Moreover, inflamma-
tory infiltrates with a predominance of lymphocytes were
detected around the blood vessels. In addition, a fibrotic
broadening of the alveolar septa was seen, and type II
pneumocyte hyperplasia was observed. We put forward
that the results of H&E staining is indicative of nonspe-
cific interstitial pneumonia. This would be consistent with
the findings of other authors who described the existence
of pneumonia in patients treated with 2-CdA.

In order to confirm the inflammatory reaction in lung
tissue, we conducted immunohistochemistry using cas-
pase 1, which is a major marker of inflammation.

Caspase 1 belongs to the family of cysteine proteases.
In the cytosol of a cell, this enzyme is synthesized as the
inactive zymogene pro-caspase 1. Caspase 1 is activated as
aresponse to inflammation, and it is believed that it is as-
sociated with dimerization and the autoproteolysis of en-
zymes. With time, characteristic large and small subunits
(p20 and p10) of active caspase 1 are formed.?>~3" In the first
step of activation, in association with the NLR or PYHIN
protein families, it forms the inflammasome complex.
Proteins NLR/PYHIN are sensitive to pathogens, toxins
and several sorts of infections.?> Activated caspase 1 initi-
ates the secretion of pro-inflammatory cytokines such as
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interleukin 1p and 18.3>38 Our work found that in the con-
trol group C, in most interstitial cells (over 87% of all cells),
the immunohistochemical reaction with caspase 1 was
negative. In addition, a weak or an average IHC response
(respectively, 8% and 4%) was seen in the examined cells.
However, in experimental group E, a positive, cytoplasmic
immunohistochemical reaction was seen in 49% of all inter-
alveolar cells that were observed. While about 30% of such
cells presented a weak reaction, 16.3% of the cells showed
an average reaction, and 2% of the cells reacted strong-
ly. The dissimilarity in the occurrence of the caspase 1
expression between 2 groups: the control and the experi-
mental, was, hence, statistically significant p < 0.000001.
The results confirm the H&E staining observation.

Inflammatory reaction is the initial response to the lung
injury. Activated inflammatory cells such as the neutro-
phils and the macrophages accumulate in the tissue and
release harmful amounts of reactive oxygen species, as well
as some pro-inflammatory cytokines that (in turn) activate
collagen production in alveolar fibroblasts. The increas-
ing amounts of matrix proteins distort the normal lung
architecture and affect gas exchange.?® The interstitial
changes in the lung tissue observed in our study suggest
that cladribine is a drug that may be the cause of drug-
induced lung disease and may lead to several respiratory
disorders.

We think that the obtained results might improve the
therapy with cladribine and also reduce the risk of the ad-
verse effects and damage of the tissues. Moreover, knowl-
edge of how cladribine influences lung morphology might
improve the design of therapeutic strategies.
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Abstract

Background. Colorectal cancer (CRC) is usually diagnosed in the metastatic stage, when chemotherapy
and molecularly-targeted therapies, instead of surgery, play the mostimportant therapeutic role. Application
of anti-epidermal growth factor receptor (EGFR) therapy requires the analysis of RAS mutation status and
only RAS wild-type (wt) patients are qualified for the therapy.

Objectives. The objective of this study was to analyze driver mutations in KRAS, NRAS, BRAF, and PIK3(A
genes in CRC patients.

Material and methods. We assessed the KRAS, NRAS, BRAF, and PIK3CA genes in 102 inoperable, locally
advanced and advanced CRC patients. Real-time polymerase chain reaction (RT-PCR) and high resolution
melt PCR (HRM-PCR) techniques with DNA intercalating dye were applied in the study.

Results. Forty-six patients demonstrated the presence of examined mutations (45.1%). No significant differ-
ences in driver mutation occurrence between men and women, as well as between younger (<65 years) and
older (=65 years) patients were found. The mutations were present significantly more frequently in meta-
static than in primary tumors (p = 0.039) due to the high incidence of KRAS gene mutations in metastatic
tissue. BRAF and PIK3CA mutations were found only in primary tumors. The incidence of PIK3CA mutations
was significantly higher (11.77%) in early than in advanced stages of the disease (1.96%; p = 0.05); NRAS
mutations were found only in metastatic cancer (7.85%; p = 0.041). Only a single mutation of the PIK3CA
and no mutations of NRAS were found in rectal cancer.

Conclusions. Ourresults have shown low occurrence of driver mutations in Polish CRC patients, involving also
mutations in rarely tested genes. The extent of the research panel of additional mutations could contribute
to creating a better method of qualifying patients for molecularly targeted therapies and obtaining a better
outcome for these therapeutic strategjes.

Key words: colorectal cancer, PIK3CA, BRAF, molecularly targeted therapy, RAS mutation
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Introduction

Colorectal cancer (CRC) is one of the leading causes
of cancer death and one of the most common cancers
among both men and women in developed countries.
In Poland, approx. 16,000 new cases of CRC are registered
every year; more than 10,000 people die (approx. 5,700 men
and 4,800 women), and a 5-years overall survival rate
among these patients is less than 50%. The early diagnosis
of cancers allows the patients to be qualified for surgery.
Unfortunately, only small percentage of patients are
qualified for surgical resection, and a significant proportion
is diagnosed at a late stage, when, in the case of metastatic
disease, surgical treatment is only a palliative procedure.
Therefore, systemic treatment involving chemotherapy
and molecularly targeted therapies plays an important role
in the treatment of CRC.1-3

For several years, in many European countries, bevaci-
zumab, cetuximab and panitumumab were the molecu-
larly targeted drugs available for advanced CRC.3 The first
one is a monoclonal antibody directed against vascular
endothelial growth factor (VEGEF), which inhibits angio-
genesis and leads to the increase of blood vessel pressure.
Two other drugs are monoclonal antibodies against epider-
mal growth factor receptor (EGFR), and their mechanism
of action involves blocking the proliferation signal of tu-
mor cells by inhibiting the EGFR signaling pathway (EGFR/
Pi3K/AKT/mTOR or EGFR/RAS/RAF/MAPK/ERK).?
Application of these drugs requires an analysis of RAS
gene mutations status and only patients with RAS wild-
type (wt) are qualified for the therapy. However, more than
40% of patients without common KRAS gene mutations
(codon 12 and 13) do not respond to anti-EGFR monoclo-
nal antibody therapies. This resistance can be explained
by the presence of mutations in other downstream EGFR
signaling pathway effectors, such as BRAF, PIK3CA and
NRAS genes, as well as rare KRAS gene mutations (codon
59, 61, 117, 146).2-%

In the present study, we assessed the occurrence of driver
mutations in KRAS, NRAS, BRAF, and PIK3CA genes in in-
operable, locally advanced and advanced CRC patients.
We also estimated the association between the mutations
incidence and clinical factors, especially tumor localization
and stage of the disease.

Material and methods

The study group consisted of 102 CRC patients, in-
cluding 69 (67.6%) men and 33 (32.4%) women, diag-
nosed in the Chemotherapy Department, Regional Cen-
tre of Oncology, Provincial Specialist Hospital in £6dz,
Poland, and in the Oncology and Chemotherapy Unit
of the Medical University of Lublin, Poland. The me-
dian age was 64 +9.41 years. All patients had advanced
or inoperable mucinous adenocarcinoma CRC. Colorectal
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cancer grading and subtypes were not possible to assess
in all patients due to the availability of only small biopsy
specimens. Patients were qualified for anti-EGFR therapy
with monoclonal antibodies (cetuximab or panitumumab
monotherapy). For the purpose of the study, the following
localizations of CRC adenocarcinoma were determined:
1. rectum; 2. sigmoid colon; 3. ascending, transverse and
descending colon; and 4. CRC metastases. The clinical
characteristics of patients are summarized in Table 1.

Archival tumor tissue from CRC as formalin-fixed
paraffin embedded (FFPE) blocks was available from all
patients enrolled in the study. The FFPE blocks were ar-
chived in the Department of Clinical Pathomorphology,
Medical University of Lublin, Poland, and in Pathology
Laboratory Synevo in L6dz, Poland. Mutation analysis
was performed after a histological confirmation of can-
cer and when the presence of more than 10% tumor cells
was observed by a pathologist in hematoxylin and eosin
(H&E)-stained slides. Genomic DNA was extracted from
the FFPE tumor tissue sections using a QlAamp DNA
FFPE Tissue Kit (CE-IVD-marked; Qiagen, Hilden, Ger-
many), according to the manufacturer’s instructions. DNA
concentration and quality was determined by the spectro-
photometry method.

The study was approved by the Ethical Committee
of the Medical University of Lublin, Poland (No. KE-
0254/218/2015). Informed consent was obtained from
each participant.

The analysis of KRAS mutations was performed us-
ing KRAS/BRAF Mutation Analysis Kit for real-time
polymerase chain reaction (RT-PCR) (CE-IVD; Entro-
Gen, Woodland Hills, USA) with a Cobas 480 RT-PCR
device (Roche Diagnostics, Basel, Switzerland). The fol-
lowing mutations in the KRAS (NM_004985.3) gene,
according to specific codon, were analyzed: codon 12
—p.Glyl2Asp (c.35G>A), p.Glyl2Cys (¢.34G>T), p.Glyl2Ser
(c.34G>A), p.Glyl2Arg (c.34G>C), p.Glyl2Ala (c.35G>C),
p.Glyl2Val (c.35G>T); codon 13 — p.Glyl3Asp (c.38G>A);
codon 59 — p.Ala59Thr (c.174G>A), p.Ala59Glu (c.176 C>A),
p-Ala59Gly (c.176C>G); codon 61 — p.GIn61His (c.183A>C
& ¢.183A>T), p.Gln6lLeu (c.182A>T), p.Gln6lArg
(c.182A>@G); codon 146 — p.Alal46X (c.436G>A, ¢.436G>C,
or ¢.437C>T); codon 117 — p.Lys117X (c.351A>C, ¢.351A>T,
¢.350A>@, or ¢.349A>@G). The mutation analysis was car-
ried out in relation to the amplification of positive and
negative control tests provided by the manufacturer and
according to the included protocol.

The analysis of the NRAS mutation was performed using
the NRAS Mutation Analysis Kit for RT-PCR (CE-IVD; En-
troGen) with a Cobas 480 RT-PCR device (Roche Diagnos-
tics). The following mutations in NRAS (NM_002524.2) gene,
according to codon, were analyzed: codon 12 — Glyl2Asp
(c.35G>A), Glyl2Cys (c.34G>T), Glyl2Ser (c.34G>A),
Glyl3Arg (c.37G>C); codon 13 — Glyl3Val (c.38G>T); codon
59 — Ala59Thr (c.175G>A), Ala59Asp (c.176C>A); codon 61
— GIn61His (c.183A>C & ¢.183A>T), GIln61Leu (c.182A>T),
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GIn61Lys (c.181C>A), GIn61Arg (c.182A>G);
codon 146 — Alal46Thr (c.436G>A); codon
117 — Lys117Arg (c.350A>@). The mutation
analysis has been carried out in relation
to the amplification of positive and negative
control tests provided by the manufacturer
and according to the included protocol.

The analysis of BRAF mutations was
performed using Cobas® 480 BRAF
V600 Mutation Test (Roche Diagnostics).
with a Cobas 480 RT-PCR device (Roche
Diagnostics). The test detects Val600X
(c.1799T>A or ¢.1798_1799GT>A A) muta-
tions in the BRAF (NM_004333.4) gene
and does not distinguish the type of mu-
tations. The mutation analysis was car-
ried out in relation to the amplification
of positive and negative control tests pro-
vided by the manufacturer and according
to the included protocol.

Estimation of the PIK3CA gene mu-
tations (substitutions Glu542Lys, Glu-
545Lys, His1047Arg) was conducted us-
ing 2 methods based on a quantitative
RT-PCR (qPCR). As a screening method,
the high resolution melt PCR (HRM-PCR)
technique was used. One pair of primers
flanked the mutations located in exon 9
(substitutions Glu542Lys, ¢.1624G>A and
Glu545Lys, c.1633G>A), and the 2" pair
of primers flanked a mutation located
in exon 20 (substitution His1047Arg,
¢.3140A>@G). The amplification of the ex-
amined region was performed us-
ing the Eco RT-PCR device (Illumina,
San Diego, USA). Different genotypes
of PIK3CA were distinguished according
to the normalization data derived from
the raw data plots and a difference graph
derived from to the normalization data.
Comparison of the amplification and
melting curves in the positive and nega-
tive controls allowed us to distinguish
the mutated-type (mt) and wt samples.

In the next step, the allele-specific qPCR
(ASP-qPCR) method was used to define
the type of mutations. The analysis was
performed using the Eco RT-PCR device
(Illumina). The wt and mt of the PIK3CA
gene were tested in separate reactions with
specific forward primers for these vari-
ants of the gene. Samples were assessed
as positive if amplification in the ASP-
qPCR was observed both for the mt and
for wt of the PIK3CA gene. The samples
with late amplification (Ct >32 cycle)

Table 1. Characteristics of the studied group and comparison of different clinical factors and driver mutations incidence
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of the wt PIK3CA gene were excluded from analysis, and
the samples with late amplification (Ct >32 cycle) of the mt
region of the PIK3CA gene were assessed as wt. The repre-
sentative analyses of mutations in PIK3CA genes analyzed
by HRM-PCR and by ASP-qPCR were presented in Fig. 1
and 2, respectively.

DNA isolated from the PIK3CA gene mutations posi-
tive cell-lines (SW48 cell-line for Glu542Lis; MCF10A
cell-line for substitutions Glu545Lys and His1047Arg;
Horizon Discovery, Cambridge, UK) served as a positive
control. The negative control was determined with DNA
isolated from the peripheral blood leukocytes of healthy
individuals.

Statistical analysis was performed using STATISTICA,
v. 10 (StatSoft Inc., Tulsa, USA). Associations between driv-
er mutation occurrence and clinical factors were examined
using Fisher’s x? test if the expected values were greater
than 5. Fisher’s exact test was used if the expected values
ranged from O to 4. Student’s t-test was used for testing
the equality of population medians among groups (median
age between groups); p-values below 0.05 were considered
significant.

Results

The median age was similar in the groups of patients
with different clinical characteristics. Forty-six patients
demonstrated the presence of any of the examined muta-
tions (45.1%). We found 53 driver mutations in the fol-
lowing genes: 35 mutations in KRAS gene, 4 mutations
in NRAS gene, 7 mutations in BRAF gene, and 7 mutations
in PIK3CA gene (Fig. 3).

In 2 cases, the coexistence of 3 of the examined muta-
tions was found. KRAS codon 12 gene (Glyl2Val) mutation
coexisted with KRAS codon 117 (Lys117X) and PIK3CA
codon 542 (Glu542Lys) mutations. In the 2" case, KRAS
codon 12 gene (Glyl2Val) coexisted with KRAS codon 12
(Gly12Cys) and PIK3CA codon 1047 (His1047Arg) muta-
tions. Moreover, in 3 cases we found the coexistence of 2
of the following mutations: KRAS codon 12 (Glyl2Asp)
mutation coexisted with KRAS codon 12 (Glyl2Val) muta-
tion, KRAS codon 12 (Gly12Cys) mutation coexisted with
KRAS codon 146 (Alal46X) mutation, and KRAS codon
146 (Alal46X) mutation coexisted with PIK3CA codon
1047 (His1047Arg) mutation.

No differences in the incidence of driver mutations
between men (49.28%) and women (45.46%) were found.
The occurrence of mutations in KRAS, NRAS and
BRAF genes as well as in PIK3CA gene were very simi-
lar in men (31.9%, 2.9%, 7.25%, and 7.25%, respectively)
and in women (27.3%, 6.1%, 6.1%, and 6.1%, respectively)
(Table 1).

Depending on the age group, the incidence of KRAS
mutations was insignificantly higher, while the inci-
dence of NRAS, BRAF and PIK3CA gene mutations was
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Fig. 1. Differences in melting curves of PIK3CA wt and mt genotypes.

The H1047R mutation involves replacing of histidine (wt) by arginine (mt)
in the 1047 position in the polypeptide chain. The mutation is caused

by substitution of adeninie to guanine in the 3140 position of PIK3CA gene
(exon 20). Comparison of melting temperatures and analysis of normalized
data plots allowed distinguishing the wt and mt of PIK3CA gene

The melting curve 1 represents mt PIK3CA region, which corresponds
to guanine in the position 3140 that needs higher temperature to melt
the quantitative real-time polymerase chain reaction (QPCR) products;
the melting curve 2 represents wt PIK3CA region, which corresponds
to adenine in the position 3140 that needs lower temperature to melt
the gPCR products.

: ///
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Fig. 2. Amplification curves of PIK3CA gene in allele-specific quantitative
polymerase chain reaction (ASP-gPCR) analysis

Curve 1 represents amplification of wt PIK3CA region in negative control;
curve 2 represents amplification of mt PIK3CA region in a positive patient.

insignificantly lower in younger patients, when compared
to patients 264 years old (Table 1).

There were no statistically significant differences
in the incidence of analyzed mutations in rectal and co-
lon cancer. However, only a single mutation of PIK3CA
gene and no mutations of NRAS gene were found in rectal
cancer.



Adv Clin Exp Med. 2019;28(1):67-73

doublet/triplet
mutations (4.91%)

analysed mutations
not detected (54.9%)

Doubletitriplet mutations:

1) KRAS Alal46X and PIX3CAHis1047Arg

2) KRAS Gly12Asp and XRAS Gly12Val

3) KRAS Gly12Cys and XRAS Alal463

4) KRAS Gly12Val and KRAS Lys117X and PIK3CA Glu542Lys
5) KRAS Gly12Val and KRAS Gly12Cys and PIK3CAHis1047Arg

The molecular profile of metastases seems to be different
from the primary one. We found that the driver mutations
were present significantly more frequently in metastatic
tissue compared to primary tissue (p = 0.039; x* = 4.274).
Specifically, a significantly higher incidence of KRAS
mutations was observed in metastatic tissue (p = 0.014;
x? = 5.983) when compared to primary CRC (71.43% vs
27.37%, respectively); similar insignificant differences were
observed for NRAS mutations (14.29% vs 3.16%). Moreover,
BRAF as well as PIK3CA mutations were observed only
in primary tumor tissue (Table 1).

The incidence of the examined mutations was also ana-
lyzed according to CRC stages, and we found that it was
similar for stages Il and I1I of CRC (55.56% and 54.77%, re-
spectively) and for the metastatic stage IV of CRC (41.18%).
When the earlier CRC stages were analyzed together,
the incidence of PIK3CA mutations was insignificantly
higher (11.77%; p = 0.112) in stages II and III of CRC when
compared to metastatic CRC (1.96%). On the other hand,
NRAS gene mutations were found only in the advanced
stage of CRC (7.85%; p = 0.112) (Table 1).

Discussion

Nowadays, personalized cancer therapy rapidly becomes
the standard care not only for CRC patients, but also in terms
of therapies in other cancer patients. New molecular biology
techniques are widely used for this purpose.®~®

De Sousa et al. distinguished 3 types of colon cancer
subtypes using the whole-genome gene expression data
and noticed that each type of cancer was associated with

BRAF (6.87%)

U

KRAS codon 12,13
(22.5%)

KRAS codon 61, 117,
146 (2.95%)

NRAS codon 12,13
(2.95%)

NRAS codon 61, 117,
146 (0.99%)

IK3CA (3.93%)

Fig. 3. The percentage of detected mutations
in colorectal cancer (CRC) patients

a different dominant feature and prognosis for the patient:
CCS1 (epithelial type) and CCS2 (microsatellite instability
— MSI type) were characterized by a rather good disease
outcome, while CCS3 is of the mesenchymal dominant and
had a bad prognosis.® Nagtegaal and van Krieken proposed
that CRC could be molecularly divided into 3 groups based
on the epigenetic markers: chromosomal instability (CIN),
MSI and CpG island methylation phenotype.* It is also pos-
tulated that these types of tumors differ in terms of pathol-
ogy, outcome and response to therapy, but this distinction
is not used in clinical practice.*

From a practical point of view, it is difficult to require
such wide molecular testing for CRC. In clinical practice,
there are very few genetics laboratories where such broad
molecular diagnostics could be performed. Therefore,
we promote here an extended panel of RAS gene muta-
tions that could be helpful in a better qualification of CRC
patients for molecularly targeted therapy. Furthermore,
the use of diagnostic kits (CE-IVD-marked) for the deter-
mination of a wide panel of RAS mutations should result
in faster test release and a quicker decision in molecularly
targeted therapy qualification. It could also help to under-
stand the metastasis process and provide new prognostic
factors in patients with CRC.

It is widely known that mutations in KRAS codons 12
and 13 predict the lack of response to anti-EGFR therapies.
Vaughn et al. postulated that not only those mutations
are responsible, but also additional, rarely tested activat-
ing mutations could play a role in treatment resistance.’”
They found that 27.3% of tumors with KRAS wild-type
codons 12 and 13 harbored mutation in codons 59, 61,
117, and 147 of the KRAS gene. In RAS wild-type CRC
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patients, PIK3CA mutations have been associated with
a worse clinical outcome and with a negative prediction
of response to targeted therapy with anti-EGFR monoclo-
nal antibodies.”” Authors suggested that accurate testing
of RAS genes could be useful in identifying patients who
may also be resistant to anti-EGFR therapies.””

In our examined population, we proved that driver muta-
tions are present in relatively low numbers in CRC patients
due to a low incidence of common KRAS mutations (codon
12 and 13). We analyzed 102 CRC patients and 46 (45.1%)
of them were found to carry 1 of the analyzed genes aberra-
tions. Moreover, 5 patients were found to carry more than
1 mutation, including patients with coexistence of KRAS
and PIK3CA genes mutations. This resulted in the inability
to use monoclonal anti-EGFR therapy for those patients,
but they had the possibility to be treated in specialized
clinical trials.

In the Cetuximab Combined with Irinotecan in First-
Line Therapy for Metastatic Colorectal Cancer (CRYS-
TAL)study, a clinical benefit was observed for FOLinic
acid-Fluorouracil-IRInotecan (FOLFIRI) scheme together
with cetuximab addition in metastatic CRC patients with
KRAS codon 12/13 wild-type. Moreover, the patients with
the extended RAS wild-type profile derived significant
benefit from such therapy, while patients with any RAS
mutation did not.!®!! Based on the CRYSTAL study re-
sults, Van Cutsem et al. postulated that molecular testing
for all activating RAS mutations is essential for consider-
ing anti-EGFR therapy.!? Similar results were obtained
in Oxaliplatin and Cetuximab in First-Line Treatment of
Metastatic Colorectal Cancer (OPUS) (FOLFOX4 and ce-
tuximab) as well as Panitumumab Efficacy in combination
with mFOLFOX6 Against bevacizumab plus mFOLFOX6
in mCRC subjects with wild-type KRAS tumors (PEAK)
(FOLFOX6 and panitumumab) and PRIME (FOLFOX and
panitumumab) studies.!*-1>

There are only few reports in the literature concern-
ing the differences between some genetic alterations and
CRC localization. Slattery et al. analyzed the differences
in the occurrence of driver mutations in colon and rectal
tumors, and found that proximal colon cancers expressed
more frequently microsatellite instability and had more
KRAS gene mutations than rectal and distal colon tumors,
which are more likely to express p53 gene mutations.!

We analyzed the incidence of driver mutations according
to the localization of cancer as well as the type of tumor.
When only primary tumors were considered, we found
that KRAS driver mutations are more likely to localize
in sigmoid colon cancer than in other tumor sites. More-
over, at this tumor location we observed the incidence
of different mutations in any gene loci, including a rare
mutation in KRAS codon 146, and NRAS codon 61 as well
as the PIK3CA Glu542Lys mutations, which could indicate
a preferential location of genetic changes at this site. More-
over, the predominant mutations found in rectal tumors
were KRAS codon 12 and BRAF Val600X. However, our
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work was carried out on a relatively small number of pa-
tients and confirmation of this thesis requires an extended
study group. The coexistence of KRAS with different other
mutations could be related to the heterogeneity of the tu-
mor and to the presence of these mutations in different
clones of cancer cells. These clinical cases are especially
difficult to treat with molecularly targeted therapy.

What is more interesting, we postulated that primary
CRC seems to be different in terms of molecular profil-
ing from metastatic tumors. Based on the very prelimi-
nary results, we tried to define the molecular profile
of CRC metastases, which contain mutations in KRAS
and NRAS genes, while they contain neither BRAF nor
PIK3CA gene mutations. In contrast, the presence of BRAF
and PKI3CA mutations is characteristic for primary,
early stages of CRCs.

Driver mutation status correlates not only with the re-
sponse to anti-EGFR therapies, but also with metastatic
spread. According to Lipsyc and Yaeger, the presence
of KRAS mutation is associated with an increased risk
of lung, brain and bone metastases. BRAF and KRAS genes
mutations are rarely associated with the development
of CRC liver metastases. BRAF mutation, a poor prog-
nostic factor in metastatic CRC (mCRC), is associated with
increased peritoneal and distant lymph node metastases.!”
Moreover, the assessment of mutations in the RAS/BRAF
and PIK3CA genes can not only be a predictor of the re-
sponse to anti-EGFR antibody treatment, but these muta-
tions could also help select patients who would achieve
a better response to bevacizumab treatment.!® In the con-
text of widening the routine molecular diagnostics, the me-
ta-analysis conducted by Therkildsen et al. should be men-
tioned.!® The authors suggest that the biomarker analysis
beyond KRAS exon 2 should be implemented for clinical
benefit prediction from anti-EGFR antibodies in meta-
static CRC."

Summarizing, our preliminary study has shown a lower
incidence of driver mutations in CRC patients, involving
mutations not only in the widely studied KRAS codon 12
and 13, but also in rarely tested genes such as PIK3CA.
Therefore, an in-depth molecular diagnosis seems to be
necessary for proper qualifications to anti-EGFR thera-
py and for understanding the mechanisms of resistance
to such therapies.
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Abstract

Background. Bacterial reinfection of dental cavities remains an unsolved clinical problem. The search
for methods enabling the limitation of the bacterial factor has become the fundamental goal of the dental
materials research. Silver nanoparticles (AgNPs) are used as disinfection agents. An incomplete polymeriza-
tion of the polymer resins combined with AgNPs, along with the increase of the release of the unbound
monomers, have been found.

Objectives. The aim of this study was to evaluate the vitality of the human dental pulp stem cells (DPSCs)
in response to a disinfection agent containing silver and gold nanoparticles (NPs), different bonding systems,
glass-ionomer cement (GIC), and their combinations with the disinfection agent. Also, the influence of these
materials both on the secretory function of DPSCs and on their antibacterial properties was established.

Material and methods. (ytotoxicity (MTT assay) and genotoxicity (enzyme-linked immunosorbent assay
— ELISA) assays were used in the study. Antibacterial features were assessed with the optical density (OD)
measurement of the bacteria (Streptococcus mutans, Streptococcus salivarius and Lactobacillus acidophilus)
kept in dental materials.

Results. The disinfection liquid proved to be biocompatible. However, it relevantly interfered with the total-
-etch bonding system in terms of vitality, which may have serious clinical implications. Its combination
with the self-etching system was biocompatible, yet it impaired the antibacterial action of the system.

Porenczuk A, Grzeczkowicz A, Maciejewska |, et al. An inital An enhancement of antibacterial action of GIC with AgNPs was found.

evaluation of cytotoxicity, genotoxicity and antibacterial ef-
fectiveness of a disinfection liquid containing silver nanopar-
ticles alone and combined with a glass-ionomer cement and
dentin bonding systems. Adv Clin Exp Med. 2019;28(1):75-83.

Conclusions. The disinfection liquid and GIC were biocompatible toward the DPSCs in terms of cytotoxicity
and genotoxicity. Simultaneous usage of AgNPs with other dental materials did not affect the biocompat-
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ibility of the used materials. The disinfection liquid and GIC acted as antibacterial agents against all studied
bacteria species. Used together with GIC and the total-etch bonding system, the disinfection liquid seemed
to be efficient toward hacteria, yet it relevantly impaired the antibacterial action of self-etching systems.

Key words: cytotoxicity, silver nanoparticles, glass-ionomer cement, antibacterial properties, adhesives
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Introduction

Bacterial reinfection of dental cavities, caused by the mi-
crogap between the tooth and the filling material, re-
mains an unsolved clinical problem. Therefore, the search
for methods enabling the limitation of the bacterial fac-
tor has become the fundamental goal of science dealing
with dental materials. Recurrent caries development along
the edges of the polymer resin fillings can be attributed
to the presence of Gram-positive bacteria, such as Strep-
tococcus mutans (S. mutans), so called non-mutans strep-
tococci group, Actinomyces spp. and Lactobacillus spp.,
in dental plaque. It has been established that caries-asso-
ciated species possess the ability to survive underneath
these restorations for even a few months.! Thus, the appli-
cation of the dental materials providing bacterial clearance
and a proper seal is recommended. Among them, glass-
ionomer cement (GIC) may be chosen due to its reminer-
alizing and antibacterial properties.? The factors defining
its usefulness in the cavity restorations include chemical
composition (fluoride ions content, their release to and
uptake from the surrounding environment) and low pH
during setting.? However, the differences in bacteria sus-
ceptibility to fluoride and the strength of the antibacterial
action of GIC are still a subject of dispute. Due to its poor
physical properties, GIC cannot be considered long-term
restoration, so new methods of modifying dental materi-
als with antibacterial agents are being introduced, among
them: antibacterial monomers (12-methacryloyloxydodec-
ylpyridinium bromide — MDPB, dimethylamino dodecyl
methacrylate - DMADDM and quaternary ammonium-
methacrylate —- QAMP), inorganic silver compounds (silver
nanoparticles — AgNPs) and organic silver compounds
(AgNPs bound to oleic acid — Ag-NCs).3->

The organic matrix of adhesive bonding systems and
polymer restorative materials is responsible for their cyto-
toxicity on pulpal cells. The cytotoxicity of the total-etch
bonding systems is very high, as they leak into opened
and widened dentinal tubuli after aggressive etching with
32-38% phosphoric acid.® Furthermore, due to the in-
complete polymerization process enhanced by an oxygen
inhibition phenomenon, the level of unbound monomer
release remains high after curing.® Also, the compatibility
of 2-hydroxyethyl methacrylate (HEMA) with water con-
tributes to the degradation of the created bond over time,
thus leading to the release of continuous monomers.” This
phenomenon is partially eradicated in self-etching bond-
ing systems, the composition of which makes them more
compatible with a wetted dentin surface and the collagen
matrix. The primer of the self-etching adhesive is acidic
in nature and thus acts also as the antibacterial agent.®
In order to minimize the cytotoxicity of the bonding
systems, a liner is usually administered in deep cavities;
however, its application may reduce the adhesion zone and
does not always protect the pulp from the bacterial micro-
leakage. There is no stated cavity restoration procedure
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that would be equally advantageous in all aspects (simul-
taneous disinfection, proper seal and low cytotoxicity).
The usage of either the self-etching bonding systems, to-
tal-etch technique and/or antimicrobial agents has to be
considered individually.

The clinical utilization of nanoparticles (NPs) and their
antibacterial efficiency rely not only on their physico-
chemical characteristics (sizes, shapes, concentrations
of released silver ions), but also on the type of bacteria
(species, cell structure, sensitivity).”~12 It is known that sil-
ver ions are toxic to aquatic organisms even at minor
concentrations.!? Silver-containing products gradually
release cationic silver produced in a redox reaction with
water.!® The aqueous cellular environment favors this re-
action. It remains unknown whether cytotoxicity mani-
fested by the AgNPs results from the silver ions release
or from the action of the whole particle.!® The scientific
research focuses on establishing the features of AgNPs
combinations with the polymer resins, which are supposed
to broaden the antibacterial range of AgNPs.*-1® However,
the incomplete polymerization of the polymer resins com-
bined with AgNPs, along with the increase of the release
of the unbound monomers, have been pointed out.!* Tak-
ing all aspects into consideration, the literature does not
clearly state if and how AgNPs can be used with the poly-
mer resins in restorative dentistry.

Broad research on the antibacterial properties of AgNPs
proved that bacteria do not show or develop drug resis-
tance to them, so their application in dentistry might be
particularly advantageous.!®!? The level of the released
silver ions is determined by the sizes of AgNPs. It was
shown that 10 nm AgNPs freed many active ions, in con-
trast to larger AgNPs, which released only small amounts
of them.” The sizes of AgNPs also determine their sur-
face energy, which decides on their binding to the bacteria
surface.!®?° The mechanism of action of AgNPs against
bacteria is manifested in their interactions with disulphide
groups of glycoproteins blocking the bacteria living func-
tions (providing constriction of the synthesis of the cellular
wall, nucleic acids and ribosome 30S-induced proteins).2°
Furthermore, silver ions destabilize the cellular membrane
(by inducing changes of its chemical potential) and reduce
the level of intracellular adenosine triphosphate (ATP), the
main cellular energy source.?! An in vitro study proved
that AgNPs act against S. mutans, Streptococcus sobri-
nus (S. sobrinus) and Lactobacillus acidophilus (L. acido-
philus).?® Moreover, a suppressive effect of the bacterial
biofilm formation on the AgNPs-enriched surface of poly-
mer fillings was detected, which, presumably, may mini-
mize the risk of the recurrent caries incidence.1%1”

To estimate the influence of silver-containing materi-
als on the dental pulp cells, possible biological drawbacks
of their application and their impact on the restorative
dental materials, in vitro testing on the dental pulp stem
cells (DPSCs) in needed. They are specialized adult stem
cells capable of differentiating into a variety of cell types,
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such as odontoblasts, osteoblasts and chondrocytes.??
In the mature pulp tissue, the amount of the DPSCs
remains stable and the division process is actuated
in the case of inflammation or other dangers.?* In labo-
ratory conditions, the 9" passage of the DPSCs exhibits
properties of an adult odontoblast.?* Therefore, DPSCs
from the 9" passage and above can be used in laboratory
testing of the dental materials without the fear of the dis-
turbances of the results. Differentiated into odontoblasts,
the DPSCs secrete dentin building proteins comprising
2 main elements — dentin sialoprotein (DSP) and dentin
phosphoprotein (DPP), both encoded by the same dentin
sialophosphoprotein gene (DSPP).2*

The aim of this study was to evaluate the vitality and
secretory function of the DPSCs in response to a disinfec-
tion agent containing silver and gold NPs, different bond-
ing systems, GIC and their combinations with the disinfec-
tion agent. Antibacterial properties of these materials were
also assessed.

Material and methods

The dental materials (dentin bonding systems, GIC and
disinfection liquid with NPs) used in the study are described
in Table 1. Short names of the materials used alone and
combined with the disinfection liquid are given in Table 2.

Nanoparticles characteristics

The evaluation of the internal structure of Nanocare
Gold (NG) and its chemical composition was determined
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in a previous study.?” The material comprises various
shapes and sizes of NPs suspended in liquid (isopro-
pyl alcohol) and solid (composition unknown) carriers.
The material is mainly built of silver (91.34 wt%) and
aluminum (4.53 wt%). Most of the AgNPs are spheri-
cal and 48 nm in diameter on average. Also, truncated
AgNPs sized 125.3 nm in diameter on average were found.
The smallest NP in the sample was 5.8 nm. The data
from the physico-chemical analysis revealed that the con-
centration of AgNPs was 3.96 pg/uL (913,400 ppm).
Gold was found only in a trace quantity (3.18 wt%) and
was connected to a silver NP providing a conglomerate
(Au-AgNP). The cross-section and the chemical analysis
revealed that Au-AgNP is a dual particle made of silver
as a base with a discoid flake of gold on its surface (silver
- 56.91 wt%; gold — 33.98 wt%).2

Cell line

Human DPSCs from the 11" passage were used
in the study. The cells were cultured to over 90% confluence,
washed with calcium- and magnesium-free phosphate-buff-
ered saline (PBS) and trypsinized with 0.25% trypsin-eth-
ylenediaminetetraacetic acid (EDTA) solution. Afterwards,
the DPSCs were seeded in sterile cell culture wells in a con-
centration of 2 x 10%*/cm?. Cell number was estimated using
a cell counter (Biirker counting chamber; BRAND GMBH
+ CO KG, Wertheim, Germany). After 24 h of incubation,
the ex tempore prepared samples of the tested dental materi-
als were added to the cells and incubated for the next 48 h.
The negative control were the DPSCs cultured in the me-
dium free from the extracts of the materials.

Table 1. Manufacturers, compositions and applications of the dental materials used in the study

Name of the material
(manufacturer)

Type of the material

Composition

Application mode and time LOT

Clearfil SE Bond® 2-step self-etching

glass, pigments

Nanocare Gold® (Dental
Nanotechnology Ltd.,
Katowice, Poland)

accessory material
(disinfection
agent) comprised
of silver and gold
nanoparticles

primer: MDP, HEMA, hydrophilic dimethacrylate,

(Kuraray Medical Inc., dentin bonding N,N-diethanol-p-toluidine, water (drop/cavity)
Kurashiki, Japan) system 41956
adhesive: MDP, Bis-GMA, HEMA, hydrophobic light curing 10°s
dimethacrylate, dl-campherquinone, N,N-
diethanol-p-toluidine, silanated silicate
OptiBond Solo Plus® total-etch dentin Bis-GMA, GPDM, HEMA, silica, barium glass, adhesive application
(KerrHawe S.A., Scafati, Italy) bonding system sodium hexafluorosilicate, ethanol, water (1 drop/cavity) 1691988
light curing 20 s
Ketac Molar EasyMix® (3M glass-ionomer liquid: polycarboxylic acid, tartaric acid, water powder-liquid
ESPE AG, Seefeld, Germany) restorative material (1 measured portion:
powder: calcium, aluminum, silicon fluorosilicate | 1 drop/cavity) 549071

liquid carrier: isoprophyl alcohol

solid carrier: gel-like, unknown composition
silver nanoparticles (91.34% MW), gold (scarce),
silver-gold nanoparticles (0.03% MW)

of light curing number

primer + adhesive application

no light curing,
chemical setting

application of the material
(5 drops/cavity, must be left
to evaporate for approx. 5 min) 270213

no light curing

MDP - 10-methacryloxydecyl dihydrogen phosphate; HEMA — 2-hydroxyethyl methacrylate; Bis-GMA — bisphenol A glycidyl dimethacrylate;

GPDM - glycero-phosphate dimethacrylate; MW — molecular weight.
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Sample preparation

All tested materials were prepared in aseptic conditions
in a laminar flow without artificial light and with working
forced ventilation, strictly according to the manufacturers’
instructions. Nanocare Gold was applied into each sterile
well of a sterile 12-well plate in the amount of 5 drops (mean
volume of 1 drop: 0.015 cm?; mean density: 0.44 g/cm?) per
well and left undisturbed, allowing the carrier to evapo-
rate so as to obtain AgNPs.?> The bonding systems were
added into the wells (alone and after application of NG) and
cured with a diode polymerization lamp Bluephase® Style
(Ivoclar Vivadent AG, Schaan, Liechtenstein; power of light
1100 mW/cm?). OptiBond Solo Plus (OB) adhesive was ap-
plied in the amount of 1 drop per well (mean volume of 1 drop:
0.032 cm?; mean density: 1.44 g/cm?); a piece of Clearfil SE
Bond (CSE) was prepared according to the manufacturer’s
instructions by mixing together 1 drop of CSE primer (mean
volume of 1 drop: 0.0195 c¢cm3; mean density: 1.18 g/cm?)
and 1 drop of CSE adhesive (mean volume of 1 drop: 0.0205 cm?;
mean density: 0.99 g/cm?®) and applied in the wells
in the amount of 1 piece per well. Ketac Molar EasyMix
(KM) was hand-mixed and weighted so as to obtain a sample
of mean weight 0.10 g and added to the wells (alone and after
the application of NG). RPMI-1640 medium (2.5 mL per vial)
was added to each material sample and incubated for 24 h
(37°C; 5% CO,). Extract medium was drawn and added
to the cellsin 1:1 ratio and left for further 48 h. Three replicate
wells for each material and their combinations were prepared.

Assessment of cell vitality

The vitality of the DPSCs was assessed in the MTT assay
after 24 and 48 h of culture. The MTT is a tetrazolium salt
that is cleaved to formazan by the succinate dehydroge-
nase system, which belongs to the cellular mitochondrial
respiratory chain. This enzyme is only active in viable cells
and reduces the yellow tetrazolium salt into soluble purple
formazan. The enzyme activity was measured at 540 nm
in a spectophotometer (Hewlett Packard 8452; Agilent
Technologies, Santa Clara, USA). The experiment was car-
ried out in triplicate.

Secretory function
of dental pulp stem cells

The secretory function of the DPSCs was measured us-
ing an enzyme-linked immunosorbent assay (ELISA) kit
(Uscn Life Sciences Inc., Wuhan, China). DSP and DPP
are the 2 odontoblast-specific gene products encoded
by a single DSPP gene. Its expression occurs after the for-
mation of a collagenous predentin matrix and is associ-
ated with the process of dentinogenesis. The sandwich
enzyme immunoassay was used in order to detect the ex-
pression of the DSPP gene. The microtiter 96-well plate
provided in this kit had been pre-coated with an antibody
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specific to DSPP. The DPSCs were seeded in a 96-well plate
and treated with the extracts of the materials according
to the procedure given for the vitality assay. Then, after 24
and 48 h of incubation, the supernatants were harvested
for the cytokine test. The procedure proceeded strictly ac-
cording to the instructions. The results of the study were
obtained using the spectrophotometer at a wavelength
of 450 nm (Hewlett Packard 8452; Agilent Technologies).
The negative controls were the wells treated with the cell
medium only. The experiment was carried out in triplicate.

Bacteria species

Standard carious bacteria species S. mutans ATCC®
35668™, Streptococcus salivarius (S. salivarius) ATCC®
13419™ and L. acidophilus ATCC® 314™ (Microbiologics,
St. Cloud, USA) were used in the study. The bacteria were
incubated in brain heart infusion (BHI) medium in stan-
dardized anaerobic conditions (37°C). The dental materials
samples were prepared in test tubes according to the proce-
dures given for the vitality assay, but without the medium
addition. Part of the samples (dentin bonding agents) were
polymerized with a diode polymerization lamp Bluephase®
Style (Table 2).

Bacteria suspension preparation

The 0.5 (McFarland’s density scale) suspensions of S. mu-
tans, S. salivarius and L. acidophilus were prepared. Five mL
of the BHI medium and 400 pL of the bacteria suspensions
were added to each test tube containing previously ap-
plied dental materials. The specimens were kept tightly
sealed and incubated for 48 h in standardized anaerobic
conditions (37°C) with delicate shaking (100 rotations/min;
Incu-Shaker Mini; Benchmark Scientific Inc., Sayreville,
USA). The negative control were the bacteria in BHI cul-
ture medium without the dental materials addition.

Optical density assessment

The antibacterial properties of the dental materials
were assessed by the optical density (OD) measurement
of the bacteria kept in the dental materials (polymerized
and not polymerized) extracts and the negative controls,
and from spectrophotometer read-outs at 500 nm after
24 h and 48 h of incubation.

The bacterial percentage growth inhibition (IH(%)) was
calculated using the formula:

ODcontr - ODexper
IH(%) = | ——— |x 100

OD

contr

where: [H(%) — percentage growth inhibition; ODone — OD
of the negative control; OD.yper — OD of the experimental
specimens.
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Table 2. Short names of the dental materials used in the study alone and in combination with the disinfection liquid

Dental materials used in the study

name of the material short name of the material

Nanocare Gold

Ketac Molar EasyMix

Nanocare Gold/Ketac Molar EasyMix

Dental materials used alone

polymerized
short name of the material
Clearfil SE Bond CSEs
OptiBond Solo Plus OBs

name of the material

not polymerized
name of the material short name of the material
Clearfil SE Bond CSEns

OptiBond Solo Plus OBns

Dental materials used in combinations with the disinfection liquid

polymerized not polymerized

short name of the material
NG/CSEs
NG/OBs

name of the material
Nanocare Gold/Clearfil SE Bond
Nanocare Gold/OptiBond Solo Plus

Nanocare Gold/OptiBond Solo Plus

short name of the material
NG/CSEns
NG/OBns

name of the material
Nanocare Gold/Clearfil SE Bond

Statistical analysis

Tukey’s honest significance test was conducted at a sig-
nificance level of 0.05 for all analyses. Pearson’s correla-
tion coefficient test was used to examine the relationships
between vitality and the expression of the DSPP gene. Data
processing was carried out using the statistical software
STATISTICA v. 10 (Stat Soft Inc., Tulsa, USA).

Results

The statistical analyses of the obtained results
of the MTT and ELISA assays are presented in Table 3.

Within 48 h, the vitality of cells in the NG group was
the same as in the control group.

The comparison between OBs alone and
NG/OBs results showed a significantly larger
decrease of the vitality of the DPSCs after
48 h in NG/OBs group (p = 0.002).

Among all tested materials, the strongest
cytotoxicity was observed in CSEs group dur-
ing the whole observation time. In compari-
son to the control, both CSEs and NG/CSEs

NG/OBs relevantly raised the DSPP gene expression level
in comparison to the control group (OBs 24 h p < 0.001;
48 h p = 0.003; NG/OBs 24 h p < 0.001; 48 h p = 0.001).
However, we found no differences in the DSPP gene expres-
sion level between these groups. In CSEs group, the Pear-
son’s correlation between ELISA/24 and ELISA/48 was
relevantly negative (r = —-1.000), which proved a positive
correlation between the decrease in the DSPP gene ex-
pression level and the vitality of the cells, even though
the results of ELISA were indifferent. Comparing CSEs
to NG/CSEs, no relevant differences were found. Both KM
and NG/KM groups showed no relevance in the results
in comparison to the control group or to one another.

To sum up, NG proved to be biocompatible and had
no influence on the DSPP gene expression level by DPSCs.
In NG/OBs group, a large decrease in the vitality of the cells

Table 3. The statistical analyses of the results obtained for the groups of the materials

in MTT assay and enzyme-linked immunosorbent assay (ELISA) in the Tukey's honest test
at 0.05 significance level. Descriptive data was presented as mean values and standard
deviations (SDs)

MTT/24 MTT/48 ELISA/24 ELISA/48

significantly decreased the cells number Control 0270 (0017 | 0.200 (0,091 | 0095 (0.008)¢ | 0.081 (0.005)"
in both observation periods (CSEs 24 h NG 0.281 (0.053) 0.205 (0.055) 0113 (0.023) 0.099 (0.023)

p < 0.001; 48 h p = 0.006; NG/CSEs 24 h

p < 0.001; 48 h p = 0.022). However, we found OBs 0.319 (0.049) 0226 (0.083)F | 03410068 | 0174 (0.006)"
no differences between CSEs and NG/CSEs NG/OBs 0.243 (0.037) 0,019 (0.019)F 0.257 (0.047)° 0,189 (0.059)

groups in terms of the vitality of the cells. CSEs 0067 (0.002" | 0.014(0.006 | 0.079(0.007) 0.093 (0.004)

Also, the vitality in NG/KM group was in- NG/CSEs = 0077(0.006)° | 0042(0.028° = 0.081 (0.010) 0.088 (0.003)

different compared to KM alone group and KM 0.300b (0.012) 0.232 (0.013) 0.098 (0.018) 0.093 (0.004)

the control group. Nanocare Gold did not NG/KM 0.326 (0.034) 0.264 (0.026) 0.090 (0.023) 0.085 (0.017)

cause any increase in the DSPP gene ex-
pression level in comparison to the control.
In the whole observation time, both OBs and

A CSEs vs control, p < 0.001; 8 NG/CSEs vs control, p < 0.001; © CSEs vs control, p = 0.006;
P NG/CSEs vs control, p = 0.022; £ OBs vs NG/OBs, p = 0.002; F OBs vs control, p < 0.007;
©NG/OBs vs control, p < 0.001; " OBs vs control, p = 0.003; ' NG/OBs vs control, p < 0.001.
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was observed after 48 h. The strongest cytotoxicity was ob-
served in CSEs group during the whole observation time.
Addition of NG to CSEs had no impact on its action. Both
OBs and NG/OBs relevantly raised the DSPP gene expres-
sion level, with no differences between them. The positive
correlation between the decrease in the DSPP gene expres-
sion and the vitality of the cells was seen in CSEs group.
Neither KM nor NG/KM had any impact on the DSPP gene
expression level.

The results of the statistical analyses of the bacterial
IH(%) are presented in Fig. 1-3.

For all bacteria species, the results indicated that both
NG and KM relevantly stopped bacteria growth only after
48 h of incubation (NG — 54.2%; KM — 53.0%) (Fig. 1-3).
Among all tested materials, NG/KM combination proved
to be effective against all bacteria species after 24 h,
with the differences between its results and the results
of KM (p < 0.001) and NG (p < 0.001) being significant
(Fig. 1-3). Yet, after 48 h, there were no differences between
these results (Fig. 1-3), apart from S. salivarius group, with
the differences between NG/KM and KM still significant
(p < 0.013) (Fig. 2). Among all tested materials, NG/KM
combination seemed to be effective against S. salivarius af-
ter 24 h, with the differences between its results and the re-
sults of KM (p < 0.001), OBs (p < 0.001), CSEs (p = 0.016),
and NG/CSEs (p < 0.001) being significant (Fig. 1-3). Yet,
after 48 h, there were no differences between these results
(Fig. 1-3); NG/OBs inhibited all bacteria growth in all ob-
servation periods. However, only for L. acidophilus did
NG/OBs cause significant growth decrease after 24-h com-
pared to OBs group alone (p = 0.006) (Fig. 3). For other
bacteria (S. mutans, S. salivarius), addition of NG to OBs
did not have any impact on its action (Fig. 1,2).

The CSEs inhibited all bacteria growth in all observation
periods. The results of NG/CSE group showed that adding
NG had an influence on the depletion of the antibacterial
action of CSEs alone, but the results were significant only
between CSEs and NG/CSEs groups toward S. mutans (24 h
p =0.999; 48 h p = 676) (Fig. 1). For other bacteria species
(S. salivarius and L. acidophilus) in both observation times,
addition of NG to CSEs had no relevant impact on its action
(Fig. 2,3). Non-polymerized dentin bonding systems mani-
fested no antibacterial activity against S. mutans after 24 h
(Fig. 1). Non-polymerized dentin bonding systems, apart
from CSEns, manifested no antibacterial activity against
S. salivarius and L. acidophilus after 24 h (Fig. 2,3).

To sum up, the materials NG and KM, used alone,
acted as antibacterial agents against all studied bacteria
species only after 48 h of observation. Their connection
(NG/KM) seemed to be efficient toward all bacteria spe-
cies. The combination of NGs with total-etch system
(NG/OBs) appeared to be successful against L. acidophilus
in the first 24 h. The combination of NG with self-etching
system (NG/CSEs) appeared to be unsuccessful against
S. mutans in a longer observation period (48 h), indicat-
ing that it relevantly lowered its antibacterial potential.
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Fig. 1. The percentage growth inhibition (IH(%)) of Streptococcus mutans
by dental materials after 24 h and 48 h of observation and the confidence
intervals (Cls) based on the multiple Tukey's comparisons

120
m24h m48h

Streptococcus salivarius
1H(%)

name of the sample

Fig. 2. The percentage growth inhibition (IH(%)) of Streptococcus salivarius
by dental materials after 24 h and 48 h of observation and the confidence
intervals (Cls) based on the multiple Tukey's comparisons
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Fig. 3. The percentage growth inhibition (IH(%)) of Lactobacillus
acidophilus by dental materials after 24 h and 48 h of observation and
the confidence intervals (Cls) based on the multiple Tukey’s comparisons

In the non-polymerized materials groups, only CSEns
proved to act against S. salivarius and L. acidophilus
for 24 h.

Discussion

Research reports indicated that AgNPs cytotoxicity was
correlated with such factors as the cell line, the sizes and
concentrations of NPs in the examined material, for exam-
ple, NPs (1-100 nm; 100 pg/puL) were highly toxic toward
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NIH3T3 mouse fibroblasts, whereas the same material
was biocompatible with human colon carcinoma cells
HCT116.2° In comparison to other research on the Ag-
NPs cytotoxicity, the data provided from the chemical
and microscopic analysis of NG denoted that it would
probably be biocompatible with the human pulp cells.?®
Nevertheless, its impact on polymer resin adhesives re-
mained unknown. Taking different sizes, shapes and dual
carriers presence into consideration, we presumed that NG
might change other dental materials cytotoxicity level.
In a pilot study carried out on human leukemia T lympho-
cyte cell line, Jurkat determined the cytotoxicity of NG
alone and in combination with different adhesives. Even
though NG itself proved to be biocompatible with the Jur-
kat cells, when mixed with polymerized OB or CSE, their
cytotoxicity would rise at a statistically relevant level.?”
We concluded that these results, implying a negative im-
pact of NG on dental adhesives, might be due to the pro-
cess of NPs agglomeration interfering with the structural
elements of the adhesives. This chemical reaction could
possibly change the properties of polymer resins in terms
of biocompatibility. Therefore, the need for research
on the DPSCs arose.

The manufacturer envisaged NG to be used with the to-
tal-etch bonding systems, after the dentin etching. In this
study, OB was used because it is both widely used in restor-
ative dentistry and more biocompatible with different cell
lines in comparison to other total-etch bonding systems
due to smaller HEMA release after setting.?® We also de-
cided to include a self-etching bonding system in the study
protocol. Clearfil SE Bond was thoroughly examined
in various research and was proven to be one of the mild-
est self-etching bonding agents.?® Both these materials (OB
and CSE) possess similar properties, such as pH, inorganic
filler content and the presence of dentin surface wetting
components (OB — ethanol; CSE — p-toluidyne) that would
not adversely interact with isopropyl alcohol in NG.

The exposition on nanomaterials can occur through
direct contact, respiration or digestion. Nanoparticles may
relocate from the uptake point via blood or lymphatic ves-
sels and cause multiple side effects, such as chronic inflam-
mation, oxygen stress, thrombosis, and other.!! Cellular
AgNPs uptake is facilitated by a clathrin-mediated endo-
cytosis and micropinocytosis.!! AshaRani et al. proved
that the egzocytosis of small NPs (6—20 nm) is much slower
than their uptake, which explains their harmful action
against cells. Only 66% of the collected NPs are excreted
from the cells, while the rest groups into larger conglom-
erates and locates near the cellular membrane and inside
the nucleus.! This may lead to the genetic mutations and
other cell malfunctions.

Compared to the control group, no differences be-
tween the MTT assay results were found in NG group,
thus the material was biocompatible with the DPSCs
at the early contact stage. Of all tested materials, the low-
est cytotoxicity was in KM group, which stays in agreement
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with other research proceeded on rat stem cells (MDPC-23),
where cytotoxicity of KM was the lowest compared
to the control group (cellular growth inhibition — 32.5%;
metabolism inhibition — 42.5%).2° The combination of NG
with KM was seen as biocompatible up to 48 h. The DSPP
gene expression level by the cells in the environment of NG
was similar to the control. Based on MTT and ELISA tests,
NG may, therefore, be considered biocompatible. Behavior
of the DPSCs in terms of the DSPP gene expression level
is a result of their primary function, which is the dentin
building proteins excretion in response to multiple factors.
Through a boosted dentin proteins secretion, the pulpal
cells are able to separate from the irritants. Even at a minor
AgNPs concentration (120 pg/mL), Miura and Shinohara
observed a boosted expression of the repair DNA by HeLa
S3 cells.?! The scientists have also indicated that the cy-
totoxicity of silver ions was incomparably higher (ICs
— 17 pg/mL) than of AgNPs (ICs5o — 92 pg/mL).3! For NG,
either the concentration of AgNPs or silver ions release
may be too low to cause a severe cytotoxic effect or to
interfere with the DSPP gene expression level.

Within the dentin bonding systems groups, the cell
death was clearly visible in NG/OBs (48 h), which indicates
that these combinations of materials may not be clini-
cally acceptable. The comparison between OBs alone and
NG/OBs presented OBs as a more biocompatible mate-
rial to the DPSCs. Both groups relevantly raised the DSPP
gene expression level, but with no relevant differences.
The largest drop in the vitality of the cells was seen in CSEs
and NG/CSEs groups, and the Pearson’s test confirmed
the correlation between the decrease in the DSPP gene
expression level along with the cell death. Due to the fact
that NG turned out to be biocompatible, the decrease
in the vitality of the cells must, therefore, be linked with
the action of the bonding system. On the basis of the MTT
test, self-etching system CSE proved to be more cytotoxic
than the total-etch system OB, which may result from
the methodology of the study. The differences in the vi-
tality of the cells stayed in contrast to an in vitro study
conducted by Rathke et al., who proved that CSE released
relevantly smaller amounts of HEMA than OB, even after
additional etching of the samples.32 The possible explana-
tion of our contrary results may lie within the methodology
of the study. Both primer and adhesive of CSE were applied
in our study, whereas only the adhesive of OB was applied.
The etching step was omitted in the protocol. Therefore,
on the basis of the obtained results, we may not speculate
whether CSE was more or less cytotoxic toward the DPSCs
in comparison to OB. Taking only cytotoxicity into con-
sideration, these study results indicate that it may be
beneficial to use NG as a disinfection agent, particularly
with CSE system, as their combination had no relevant
impact neither on the cytotoxicity nor on genotoxicity
parameters. In contrast, addition of NG to OB does not
seem satisfactory in the clinical practice, mainly because
of their impact on the vitality of the cells, which was lower
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in NG/OBs group indicating fast (within first 48 h) cell
death. This is in agreement with the results of our pilot
study, where the combination of NG and OB was also un-
favorable toward the Jurkat cells.?”

A ligand-bound NP is capable of penetrating through
the bacterial cell wall, which mechanically damages it and
changes its permeability. The AgNPs may lead to the dam-
age of the respiratory chain, as well as to DNA synthesis
and cell divisions disorders through their impact on the re-
active oxygen species (ROS) formation.!®!>2% Lju et al.
bound AgNPs to the organic ligand (Ag-NCs) and proved
that their antibacterial activity against L. acidophilus was
directly proportional to silver concentration. At 50 ppm,
the bacteria growth inhibition was 57.9% after 12 h, where-
as at 100 ppm it was 66.5%.3 This study was conducted
using the same OD technique as in our study. Our re-
sults obtained for NG group indicated that the material
lacked the immediate antibacterial action. The growth
suppression of S. mutans (54.2%), S. salivarius (54.5%)
and L. acidophilus (31.0%) was eminent only after 48 h,
which may confirm the antibacterial property of the Ag-
NPs composing the disinfection liquid. The differences
between our percentage results and those gained by Liu
et al. may lie in the amount of silver ions released from
AgNPs bound to different ligands. Hernandez-Sierra et al.
showed that spherical AgNPs of different sizes (25, 80
and 125 nm) were capable of inhibiting S. mutans growth
just at the concentration of 4.86 +2.71 pg/uL, in contrast
to AuNPs of the same sizes and spherical shape, which killed
the bacteria only at a high concentration (197 pg/uL).3®
Nanocare Gold is an accessory liquid used for disinfect-
ing cavities after their mechanical preparation. Our own
research on its chemical composition revealed that AgNPs
were tightly set and had different shapes (mostly spherical),
sizes (5.8—125.3 nm) and the concentration of 3.96 pg/pL.%
These characteristics suggest mediocre antibacterial
potential (large diameters of particles, potentially low
silver ions release and low wt% of gold ions). Heterogeneous
sizes and shapes of the AgNPs and the presence of the Au-
AgNPs conglomerates point out that there are various
energy surfaces within the material, which may have
an unexpected influence on other dental materials
used with it. Due to the small amount of the Au-AgNPs
conglomerates in NG, the impact of gold on its antibacterial
features may be considered additional to that of AgNPs.
Our study results remain in correlation with those ob-
tained by Hernandez-Sierra et al. due to the similarities
of shapes, sizes and concentration of AgNPs. The efficacy
of NG toward different carious-associated bacteria seems
surprisingly similar to that of KM. Both materials used
separately lowered the bacteria density only after 48 h
of observation, but when used together, they demonstrated
to be very powerful in bacteria growth suppression. This
combination was also biocompatible with the DPSCs and
had no influence on the DSPP gene expression. Luczaj-
-Cepowicz et al. proved that KM inhibited the growth
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of S. salivarius and Streptococcus sanguinis (S. sanguinis)
after 7 days, but it had no effect on S. mutans.? The re-
searchers emphasized that antibacterial activity of KM
was aligned to many factors, including the exact chemi-
cal composition, concentration of the released fluoride
ions and bacteria sensitivity.? Our study results confirmed
the lack of antibacterial potential of KM against S. mu-
tans and S. salivarius, yet when used together with NG,
the IH(%) of S. mutans (IH(%)/48 = 73%) and L. acidophi-
lus (IH(%)/48 = 64.4%) was relevantly higher. In the case
of L. acidophilus and S. mutans, addition of NG eminently
impaired antibacterial action of CSE, which may have a se-
rious clinical impact. Therefore, their simultaneous usage
cannot be considered clinically approvable. In the case
of the total-etch bonding system OB, its primary anti-
bacterial power was only slightly suppressed by the addi-
tion of the NPs. The results imply that NG boosted action
of OB; NG/OBs was particularly competent against L. aci-
dophilus (1H(%)/24 = 58.5%).

The polymerization process relies on the monomers
cross-linking, an irreversible process that impairs the re-
lease of the monomers to the surrounding environment.
Studies evaluating the differences in biological behav-
ior of polymerized and not polymerized resins sug-
gested that their antibacterial features were different.3*
Kim and Shin emphasized that non-polymerized dentin
bonding systems performed stronger antibacterial activ-
ity than the polymerized ones, which may be explained
by the lack of full cross-linking and by undisturbed free
monomers release to the environment.3* They also pointed
out that some of the dentin bonding systems comprising
of the antibacterial agents also acted as antibacterial agents
after polymerization, but their efficiency was decreased.?*
Our study data confirms this hypothesis, particularly af-
ter 48 h of observation, where there were no differences
between the results gained by the corresponding groups
(polymerized and not polymerized).

Conclusions

The disinfection liquid containing silver and gold NPs
and GIC proved to be biocompatible and had no effect
on the secretory function of the DPSCs. The studied ad-
hesive systems were cytotoxic and boosted the secretory
function of the cells. The addition of the disinfection lig-
uid to the dental materials had no relevant effect on their
biocompatibility.

The disinfection liquid as well as the GIC acted as an-
tibacterial agents against all studied bacteria species.
The polymerized self-etching bonding system inhibited
the bacteria growth. The disinfection liquid used together
with the GIC seemed to be efficient toward all bacteria
species. Also, its combination with the total-etch system
was efficient, but it significantly impaired the antibacterial
action of the self-etching bonding system.
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Abstract

Background. MiR-494 is reported to act as a tumor-suppressive factor that inhibits the proliferation and
colony formation of some cancer cells. However, there is still no report available on miR-494 functions
in spinal cord injury (SCI) until now.

Objectives. The objective of this study was to examine the status of miR-494 in P(-12 cells injury induced
by lipopolysaccharide (LPS), as well as its mechanism.

Material and methods. The cell counting kit-8 (CKK-8) assay and apoptosis assay were respectively used
to determine the proliferation and apoptosis of PG-12. The reverse transcription polymerase chain reaction
(RT-PCR) analysis and western blot analysis displayed the expression of related factors at mRNA and protein
level, respectively.

Results. The results showed that LPS could significantly decrease cell viability, and promote the cell apop-
tosis and autophagy of PG-12 in a dose-dependent manner (p < 0.05). The overexpression of miR-494
could protect PG-12 cells from LPS-induced injury, as miR-494 overexpression increased cell viability, and
reduced cell apoptosis and autophagy (p < 0.05). MiR-494 played a negative requlatory role in interleukin
(IL)-13, and I1-13 was a direct target of miR-494. The overexpression of IL-13 could significantly aggravate
LPS-diminished cell viability, and LPS-induced apoptosis and autophagy (p < 0.05). Besides, the overex-
pression of miR-494 did not attenuate LPS-induced injury when [L-13 was overexpressed. Furthermore, we
found that the overexpression of miR-494 could significantly promote the phosphorylation of STAT6/MAPK
and ERK/INK signaling pathway.

Conclusions. MiR-494 could protect PG-12 cells from LPS-induced cell damage by targeting IL-13, and the
activation of STAT6/MAPK and ERK/INK pathways.

Key words: apoptosis, interleukin-13, autophagy, miR-494, PG-12
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Introduction

Spinal cord injury (SCI), characterized by a high disabil-
ity rate, high mortality rate and poor prognosis, is a seri-
ous disease of the central nervous system."? It is caused
by lateral bending, axial loading, rotation, dislocation, and
hyperextension or hyperflexion of the spinal cord, leading
to the dysfunction of locomotion and paralysis. Spinal cord
injury can cause damage to body functions, such as loss
of feeling, abnormal reflexes, movement disorders, impair-
ment of bowel and bladder control, and other changes.
This damage cause permanent disability and many people
are unable to take care of themselves. In China, nearly
60,000 new cases occur annually and the figure is rising.
Unfortunately, the majority of the victims are young, be-
tween 15 and 40 years of age. Spinal cord injury brings
enormous emotional and financial burdens to the patients,
their families and the society.! The precautions, treatment
and rehabilitation of SCI have been a question for study
in the domain of medical science.

The pathological process of SCI involves the primary
injury and secondary injury.® The primary injury is de-
fined as damage to the spinal cord by mechanical force
directly, such as distraction, transaction, compression, and
laceration. The secondary injury that results in the evolu-
tion of physiological and biochemical reactions, such as
edema, ischemia, immune responses, excitotoxicity, and
electrolyte disturbances, follows the primary injury.* Both
hypoxia-ischemia and inflammation can cause the pro-
duction and release of reactive oxygen species (ROS), and
massive accumulation of ROS, which leads to the oxidative
injury of local tissues, as well as the apoptosis and necrosis
of neurons. Therefore, it is of extreme importance to study
the molecular mechanism of ROS damage following SCL

In normal tissue, cell proliferation and growth should
coexist with aging and death. There are 3 categories of cell
death: apoptosis, autophagic cell death and necrosis.
The former 2 deaths are also known as programmed cell
death. Large empirical studies have confirmed that apop-
tosis and autophagy were the significant cell death form
in secondary SCL.> Apoptosis is a process of programmed
cell death, which is accurately regulated by genetic infor-
mation. Once the balance between cell proliferation and
apoptosis has been broken, it leads to a tumor or autoim-
munity disease, or other diseases.

Caspase-3, also named as cysteine protease P32, is gen-
erally accepted as the key protease in cell apoptosis. Post-
translational activation of caspase-3 requires proteolytic
cleavage of the precursor protein and is generated into
2 subunits, which leads to enzyme polymerase activation
and the initialization of apoptosis. According to previous
reports, caspase-3 involves neuronal apoptosis in second-
ary SCI, and the expression level of caspase-3 is positively
correlated with the apoptosis level of nerve cells.® In ad-
dition, the anti-apoptotic Bcl-2 and the pro-apoptotic Bax
also play important roles in regulating cell death.”® Several
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lines of evidence indicate that the relative ratio of these
2 proteins can determine, to a great extent, the response
of an individual cell to the apoptotic process.>!® The ex-
pression of Bcl-2 and Bax, and the ratio between Bcl-2 and
Bax could regulate the apoptosis.

MicroRNAs (miRNAs) are a class of short non-coding
RNAs, in the size range of 19-25 nucleotides, which
regulate the expression of target genes at the post-tran-
scriptional level by combining 3’ UTR of target genes and
causing translational inhibition and mRNA degradation.!!
Several studies have demonstrated that miRNAs play a key
role in various cellular processes, such as cell cycle, pro-
liferation, migration, differentiation, and tumorigenesis.'?
In recent years, a large number of researches have shown
that miRNA plays important roles in the development
and progression of malignant tumors.*-1> Of note are the
miRNAs that play important roles not only in human can-
cers, but also in cardiovascular disease, including cardiac
hypertrophy, heart failure and ischemic heart disease.'®

It has been reported that miR-494 could suppress the
proliferation of some cancer cells, such as gastric cancer,
lung cancer,and head and neck squamous cell carcino-
ma cells.”~!® However, there has been no report available
on miR-494 functions in SCI until now. In this study, we
aimed to explore the effects of miR-494 on lipopolysaccha-
ride (LPS)-injured PC-12 cells by the detection of cell viabil-
ity and apoptosis, autophagy, as well as STAT6/MAPK and
ERK/JNK signaling pathways. The findings of this study can
provide us with a new perspective suggesting that miR-494
might exert a protective role in LPS-damaged PC-12 cells.

Material and methods
Cell culture and treatment

The PC-12 cells were purchased from the Kunming
Institute of Zoology (China) and used throughout
the study. The cells were seeded onto flasks at a den-
sity of 1 x 10* cells/mL in Dulbecco’s Modified Eagle
Medium (DMEM) (Sigma-Aldrich, St. Louis, USA)
with 10% (v/v) fetal bovine serum (FBS), 100 U/mL
penicillin and 100 pg/mL streptomycin. The culture was
maintained at 37°C in a humidified incubator containing
5% carbon dioxide (CO,). The culture medium was changed
every other day. The 3% and 21% oxygen (O,) concentra-
tion were as the hypoxia and normoxia culture conditions.
The culture medium was changed every other day.

Cells were treated by LPS in a series of concentrations
for 12 h.

Cells were treated with STAT6 inhibitor AS1517499
(100 nM), p38-MAPK inhibitor SB203580 (20 uM), INK
inhibitor SP600125 (100 nM), or ERK inhibitor PD98059
(20 uM) for 1 h.
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Cell counting kit-8 assay

Cells were seeded in a 96-well plate with 5000 cells/
well. Cell proliferation was assessed by a cell counting
kit-8 — CCK-8 (Dojindo Molecular Technologies, Gaith-
ersburg, USA). Briefly, after stimulation, the CCK-8 solu-
tion was added to the culture medium, and the cultures
were incubated for 1 h at 37°C in humidified 95% air and
5% CO,. The absorbance was measured at 450 nm using
a microplate reader (Bio-Rad Laboratories, Hercules, USA).

Apoptosis assay

Flow cytometry analysis was performed to identify
and quantify the apoptotic cells by using the Annexin-V-
fluorescein isothiocyanate (FITC)/propidium iodide (PI)
apoptosis detection kit (Beijing Biosea Biotechnology, Bei-
jing, China). The cells (100,000 cells/well) were seeded
in a 6-well plate. Treated cells were washed twice with
cold phosphate-buffered saline (PBS) and resuspended
in a buffer. The adherent and floating cells were combined
and treated according to the manufacturer’s instruction,
and measured with a flow cytometer (Beckman Coulter,
Brea, USA) to differentiate apoptotic cells (Annexin-V-
positive and PI-negative) from necrotic cells (Annexin-V
and PI-positive).

Transfection and generation
of stably transfected cell lines

MiR-494 mimics, inhibitors and their respective nega-
tive controls (NC) were synthesized (Life Technologies
Corporation, Carlsbad, USA) and transfected into cells
in the study. The sequences of the oligonucleotides used
were as follows: miR-494 mimic; sense 5-UGAAACAU-
ACACGGGAAACCUC-3}; antisense 5-GGUUUCCC-
GUGUAUGUUUCAUU-3’; mimic control; sense
5-UUCUCCGAACGUGUCACGUUU-3% antisense 5-AC-
GUGACACGUUCGGAGAAUU-3; miR-494 inhibitor
5-GAGGUUUCCCGUGUAUGUUUCA-3’; and inhibitor
control 5-UUCUCCGAACGUGUCACGUUUC-3'. For the
analysis of the interleukin (IL)-13 functions, the full-length
IL-13 sequences and short-hairpin RNA directed against
IL-13 were constructed in pEX-2 and U6/GFP/Neo plasmids
(GenePharma, Shanghai, China), respectively. They were
referred as to pEX-IL-13 and sh-IL-13. The Lipofectamine
3000 reagent (Life Technologies Corporation) was used
for the transfection of the cells according to the manufac-
turer’s instructions. The plasmid carrying a non-targeting
sequence was used as the NC of sh-IL-13 that was referred
as to sh-NC. The sequences of the shRNAs used were as
follows: sh-1L-13, 5~ AATGCCATCTACAGGACCCAG-3}
sh-NC, 5-AAAGGTATGGTACGACGGCGT-3 Since the
highest transfection efficiency occurred at 48 h, a 72-hour
post-transfection was considered as the harvest time in the
subsequent experiments. The stably transfected cells were
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selected by the culture medium containing 0.5 mg/mL
G418 (Sigma-Aldrich). After approx. 4 weeks, G418-resis-
tant cell clones were established.

Qualitative reverse transcription
polymerase chain reaction

Total RNA was extracted from cells and tissues using
Trizol reagent (Life Technologies Corporation), accord-
ing to the manufacturer’s instructions. The TagMan Mi-
croRNA Reverse Transcription Kit and TagMan Universal
Master Mix II with the TagMan MicroRNA Assay of miR-
494 and U6 (Applied Biosystems, Foster City, USA) were
used for testing the expression levels of miR-494 in cells.

Dual luciferase activity assay

The 3'UTR target site was generated by polymerase chain
reaction (PCR) and the luciferase reporter constructs with
IL-13 3'UTR, carrying a putative miR-494 binding site into
pMiR-report vector, were amplified by PCR. Cells were co-
transfected with the reporter construct, control vector and
miR-494 or scramble, using Lipofectamine 3000. Reporter
assays were done using the dual luciferase assay system
(Promega, Madison, USA), following the manufacturer’s
information.

Western blot

The protein used for western blotting was extracted us-
ing Radio Immunoprecipitation Assay (RIPA) lysis buffer
(Beyotime Biotechnology, Shanghai, China) supplement-
ed with protease inhibitors (Roche, Guangzhou, China).
The proteins were quantified using the BCA™ Protein As-
say Kit (Pierce, Appleton, USA). The western blot system
was established using a Criterion XT Bis-Tris Gel system
(Bio-Rad Laboratories), according to the manufacturer’s
instructions. The glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) antibody was purchased from Sigma-
Aldrich. Primary antibodies were prepared in 5% block-
ing buffer at a dilution of 1:1,000. Anti-Bcl-2 (ab59348),
anti-Bax (ab32503), anti-pro-caspase-3 (ab32150), anti-
cleaved-caspase-3 (ab13847), anti-caspase-9 (ab202068),
anti-LC3B (ab48394), anti-Beclin-1 (ab62557), anti-p62
(ab56416), anti-IL-13 (abl06732), anti-STAT6 (ab32520),
anti-p-STAT6 (ab28829), anti-p38M APK (ab197348), anti-
p-p38MAPK (ab47363), anti-ERK (ab54230), anti-p-ERK
(ab214362), anti-p-c-Jun (ab32385), anti-c-Jun (ab31419),
and anti-GAPDH (ab8245) were all obtained from Abcam
(Cambridge, UK). Primary antibody was incubated with
the membrane at 4°C overnight, followed by wash and
incubation with secondary antibody, marked by horserad-
ish peroxidase for 1 h at room temperature. After rinsing,
the polyvinylidene difluoride (PVDF) membrane carried
blots and the antibodies were transferred into the Bio-Rad
ChemiDoc™ XRS system (Bio-Rad, Shanghai, China), and
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then 200 pL of Immobilon Western Chemiluminescent
HRP Substrate (Merck Millipore, Burlington, USA) was
added to cover the membrane surface. The signals were
captured and the intensity of the bands was quantified
using Image Lab™ Software (Bio-Rad, Shanghai, China).

Statistical analysis

All the experiments were repeated 3 times. Data is pre-
sented as the mean * standard deviation (SD). Statistical
differences between the mean values of multiple groups
were analyzed using SPSS v. 19.0 statistical software (IBM
Corp., Armonk, USA). Statistical significance was analyzed
by using analysis of variance (ANOVA), followed by the
least significant difference (LSD(L)) test post-hoc. A p-value
<0.05 was considered to indicate statistical difference.

Results

Lipopolysaccharide inhibited
cell proliferation, and promoted
cell apoptosis and autophagy of PC-12

As shown in Fig. 1A, the cell viability of PC-12 was sig-
nificantly decreased as the concentrations of LPS increased
(p < 0.05). On the contrary, the cell apoptosis rate of PC-12
was significantly increased as the concentrations of LPS in-
creased (p < 0.05) (Fig. 1B). Western blot analysis (Fig. 1C)
showed that the expression of Bcl-2 was decreased, and the
expression of Bax and cleaved-caspase-3/9 was increased
as the concentrations of LPS increased. Moreover, we
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detected the expression of autophagy-related proteins.
The results (Fig. 1D) showed that the expression of LC-II
and Beclin-1 was increased, and the expression of p62 was
decreased as the concentrations of LPS increased. This
data indicated that LPS could promote cell apoptosis and
autophagy of PC-12 in a dose-dependent manner, and
5 ug/mL was selected as a LPS-stimulatory condition
which was used in this study.

Overexpression of miR-494 alleviated cell
damage induced by lipopolysaccharide

As shown in Fig. 2A, transfection with miR-494 mimic
could significantly increase the expression of miR-494,
while miR-494 inhibitor could significantly decrease the
expression of miR-494 (p < 0.05). To test the role of miR-494
in LPS-stimulated PC-12, the CCK-8 and apoptosis as-
says were performed (Fig. 2B,C). We found that miR-494
overexpression significantly increased cell viability and
decreased apoptosis under LPS treatment conditions
(p < 0.05). Contrastingly, miR-494 suppression decreased
cell viability and increased apoptosis under LPS expo-
sure (p < 0.05). Western blot analysis showed that the
over-expression of miR-494 could increase the expres-
sion of Bcl-2 and p62, and decrease the expression of Bax,
cleaved-caspase-3/9, LC3-1I, and Beclin-1 (Fig. 2D,E).
On the contrary, the expression of these proteins in
miR-494 knock-down group showed the reverse trend.
These results indicated that the overexpression of miR-494
could reduce the cell damage induced by LPS, while
miR-494 knock-down could aggravate it.
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Interleukin-13 was a direct target
of miR-494

As shown in Fig. 3A and 3B, the overexpression of miR-
494 could significantly decrease the expression of 1L-13,
while miR-494 knock-down could significantly increase
the expression of IL-13 (p < 0.05), indicating that miR-
494 acted as a negative regulation of IL-13. In addition,
we found that the overexpression of miR-494 inhibited
the luciferase activity of Wt-3'UTR of IL-13 by about 70%
compared to the mutated miR-494 binding site (Fig. 3C).
These results indicated that IL-13 was a direct target
of miR-494.

Overexpression of miR-494 protected
PC-12 cells from lipopolysaccharide-
induced cell damage via targeting
interleukin-13

Asshownin Fig.4A and 4B, transfection with the IL-13 ex-
pressing vector, pEX-IL-13, could significantly increase the
expression of IL-13, while transfection with IL-13 targeted
shRNA, sh-IL-13, could significantly decrease the expres-
sion of IL-13 (p < 0.05). We found that miR-494 overexpres-
sion did not prevent LPS-induced cell damage when IL-13
was overexpressed, as cell viability was reduced, Bcl-2 was
downregulated, and Bax, cleaved-caspase-3/9 were upregu-
lated after the addition of pEX-IL-13 (p < 0.05) (Fig. 4C,E).
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Fig. 3.1L-13 is a direct target of miR-494

A, B — expression of IL-13 detected with RT-PCR; C - dual luciferase assay
performed on PG-12 cells transfected with luciferase construct alone or
co-transfected with miR-494 mimics.

IL-13 = interleukin-13; RT-PCR - reverse transcription polymerase chain
reaction; data presented as mean £SD; * p < 0.05; ** p < 0.01.

Meanwhile, miR-494 knock-down could not aggravate
LPS-induced cell damage when IL-13 was silenced, as cell
apoptosis was reduced, LC3-II and Beclin-1 were down-
regulated, while p65 was upregulated after the addition
of sh-IL-13 (p < 0.05) (Fig. 4D,E). This data indicated that
the overexpression of miR-494 protected PC-12 cells from
LPS-induced cell damage via targeting IL-13.

Interleukin-13 regulated cell damage
of PC-12 induced by lipopolysaccharide

As shown in Fig. 5A, the overexpression of IL-13 could
significantly aggravate the proliferation inhibition of PC-12
induced by LPS (p < 0.05), while the knock-down of IL-13
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could significantly reduce the proliferation inhibition
of PC-12 induced by LPS (p < 0.05). Figure 5B showed that
the overexpression of IL-13 could significantly promote the
cell apoptosis of PC-12 induced by LPS (p < 0.05), while
the knock-down of IL-13 could significantly inhibit the
cell apoptosis of PC-12 induced by LPS (p < 0.05). Western
blot analytical results showed that IL-13 silence exerted the
same effects as miR-494 overexpression on the expression
of apoptosis and autophagy-related proteins (Fig. 5C,D),
indicating the pro-apoptotic and pro-autophagic roles
of IL-13 in PC-12 cells.

MiR-494 activated the STAT6/MAPK
and ERK/JNK signaling pathways

Western blotting was used to examine the phosphoryla-
tion state of STAT6/MAPK and ERK/JNK in PC-12 cells
that were treated with LPS (Fig. 6A,B). The results showed
that the overexpression of miR-494 could significantly
increase the expression of p-STAT6, p-p38MAPK, p-ERK,
and p-c-Jun, while its knock-down could significantly de-
crease the expression of p-STAT6, p-p38MAPK, p-ERK,
and p-c-Jun. These findings indicated that the knock-
down of miR-494 inhibited STAT6/MAPK and ERK/JNK
signaling pathway through upregulating the expression
of IL-13, thus promoting the cell damage of PC-12 induced
by LPS. Furthermore, to confirm this hypothesis, we mea-
sured the effect of miR-494 on the expression of p-STAT6,
p-p38MAPK, p-ERK, and p-c-Jun after the inhibition
of STAT6/MAPK and ERK/JNK pathways. As indicated
by the results in Fig. 6C and 6D, miR-494 overexpression
did not upregulate p-STAT6, p-p38MAPK, p-ERK, or
p-c-Jun when they were respectively exposed to STAT6
inhibitor AS1517499, p38-MAPK inhibitor SB203580, ERK
inhibitor PD98059, or JNK inhibitor SP600125.

Discussion

Spinal cord injury is a common traumatic neuronal injury
that imposes several complications and is a severe threat
to human health.?° The microenvironment after SCIin adults
is much less receptive to regrowth, thus hindering the regen-
eration of the damaged nerve.?! Therefore, the key method
of improving SCI patient’s outcomes is by utilizing protect-
ing neurons, promoting the axonal regeneration. PC-12
cells are widely used as an in vitro neuron model for research
on neurobiology, central nervous system diseases and neuro-
toxins. In the present study, we found that LPS could induce
the cell damage of PC-12 via inhibiting cell proliferation, and
promoting cell apoptosis and autophary, and the damage
degree increased with increasing LPS concentration.

According to our data mentioned above, we found that
LPS had a remarkable inhibition effect on the cell pro-
liferation of PC-12, while promoting cell apoptosis and
autophagy (Fig. 1). Apart from that, we found that LPS
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could decrease the expression of Bcl-2, and increase the
expression of Bax and caspase-3/9, thus promoting the
apoptosis of PC-12. However, miR-494 could protect
PC-12 cells from LPS-induced cell damage, as miR-494
overexpression increased cell viability, reduced apoptosis
and autophagy, as well as increase the expression of Bcl-2
and decrease the expression of Bax and caspase-3/9.
MiR-494, first reported to have a high expression in reti-
noblastoma, has been found to be implicated in various
types of human cancers.?? In cancer, miR-494 functions as

a tumor suppressor or oncogenic gene, dependent on dif-
ferent cell types.?® Apart from that, miR-494 was reported
to act as a pivotal factor in regulating cell proliferation
and apoptosis.?* In terms of SCI, miR-494 was reported
to improve recovery from SCI and to attenuate apoptosis
in SCI rats.?® Our study was consistent with this previous
study, indicating that miR-494 exerted a protective func-
tion in SCI by reducing apoptosis, while our study provided
the first evidence that miR-494 affected PC-12 cells also
by controlling cell autophagy.
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Fig. 5. 1-13 regulated cell damage
induced by LPS

A — cell viability detected with
MTT assay; B — apoptosis of PG-12
detected with apoptosis assay;
C - apoptosis-related proteins
detected with western blot;

D - autophagy-related proteins
detected with western blot.

IL-13 - interleukin-13; LPS

- lipopolysaccharide;

MTT — methylthiazol tetrazolium;
GAPDH - glyceraldehyde
3-phosphate dehydrogenase; data
presented as mean £SD; * p < 0.05;
**p <001

Fig. 6. MiR-494 affected expression
of STAT6/MAPK and ERK/JNK
pathways

A, C - STAT6/MAPK signaling
pathway-related proteins detected
using western blot; B, D — ERK/JNK
signaling pathway-related proteins
detected using western blot.

GAPDH - glyceraldehyde
3-phosphate dehydrogenase;

LPS - lipopolysaccharide;

MAPK - mitogen-activated protein
kinase; ERK — extracellular signal
transduction kinase.
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Autophagy is a unique life phenomenon of eukaryotes,
which can degrade and recycle unnecessary or dysfunc-
tional components.?®?” It plays an important role in the
occurrence, development and treatment of the nervous
system, digestive system and immune system diseases.
Beclin-1 is an important factor in the initial period of autoph-
agy, which is a mammalian ortholog of the yeast Atg6.%
With the action of Atg4, LC3 precursor is processed into
soluble LC3-I, which combines with PE on the autopha-
gic membrane, and then changes into LC3-I1, which then
attaches to the intracellular autophagic membrane until
the autophagy-lysosome is formed. The LC3-II expres-
sion level is positively related to the sum of phagophores,
suggesting that autophagy activity is closely related to the
expression intensity of LC3-11.2%3° In addition, p62 locat-
ed in the cytoplasm forms complexes by combining with
ubiquitin protein and LC3-II protein. The complexes will
eventually be degraded in the lysosome.3! Therefore, p62
is constantly consumed in the process of autophagy. These
3 proteins are usually recognized as the markers of the
autophagy level.32-3* The above-mentioned results showed
that LPS increased the expression of LC3-II and Beclin-1,
and decreased the expression of p62, suggesting that LPS
promoted PC-12 autophagy. However, the overexpression
of miR-494 decreased the expression of LC3-II and Be-
clin-1, and increased the expression of p62, indicating that
miR-494 could reduce the autophagy of PC-12 induced
by LPS.

Mitogen-activated protein kinase (MAPK) is one kind
of serine/threonine protein kinase which widely exists
in eukaryotic cells. The family consists of extracellular
signal transduction kinase (ERK), c-Jun-N-terminal kinase
(JNK) and p38 kinase, etc.?® Extracellular signal transduc-
tion kinase mainly participates in cell proliferation, differ-
entiation and transformation, while JNK and p38 are asso-
ciated with intracellular and extracellular damage, infarct,
inflammation, and oxidative stress reaction.?¢-38 It has
been reported that MAPK pathways have anti-apoptotic
effects in C6 glioma cells.* In this paper, we found that
the knock-down of miR-494 could inhibit the activation
of STAT6/MAPK and ERK/JNK pathways, thus promoting
LPS-induced cell damage.

In conclusion, our study suggested that miR-494 could
protect PC-12 cells from LPS-induced cell damage by con-
trolling cell proliferation, cell apoptosis and autophagy.
The protective role of miR-494 in PC-12 cells might be
carried out via targeting IL-13, and thus through the ac-
tivation of STAT6/MAPK and ERK/JNK pathways. Our
findings might provide better insight into the function
of miR-494 in LPS-induced cell damage, which could con-
tribute to clinical treatment of SCI.
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Abstract

Background. The wrist, especially its dorsal surface, is the most common location of ganglion cysts in the
human body.

Objectives. The purpose of this study was to present our experience in the treatment of wrist ganglions and
to evaluate the results obtained with the operative management of this type of lesion.

Material and methods. A total of 394 patients (289 females and 105 males, aged 10—83 years) treated
operatively for wrist ganglions between 2000 and 2014 were included in the study. The results of surgical
treatment were evaluated after a minimal 2-year-long follow-up in 69.4% of patients operated on for
dorsal wrist ganglions and in 70.6% of patients after the excision of volar wrist ganglions. The shape and
size of postoperative scar, range of motion of the wrist, grip strength, severity of pain, and presence/absence
of ganglion recurrence were assessed. The influence of demographic factors on the risk of recurrence was
statistically analyzed.

Results. Persistent limitation of wrist palmar flexion was observed in 6 patients after the removal of dorsal
wrist ganglions. There were no cases of postoperative grip strength weakening. An unesthetic scar developed
in 15 patients after the excision of dorsal wrist ganglions and in 6 patients after the removal of volar wrist
ganglions. Postoperative pain was observed in 7 patients with ganglion recurrence and in 17 patients without
recurrence. Ganglion cysts recurred in 12.1% of patients treated for dorsal wrist ganglions and in 10.4%
of patients operated on for volar wrist ganglions. No influence of patient gender, age, body side, or cyst
location on ganglion recurrence was detected.

Conclusions. Operative treatment is a widely recognized method of management of wrist ganglions.
The rate of resulting persistent complications is low. Recurrence of ganglion cysts is unpredictable and
independent of patient demographic factors. It can be observed even in cases, in which a perfect surgical
technique has been used.

Key words: surgery, wrist, ganglion cysts, benign tumors
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Introduction

Ganglion cysts can develop in close proximity to any joint
or tendon sheath in the human body.!~* They are most com-
monly located around the wrist and its dorsal aspect is af-
fected more often.! The majority of dorsal wrist ganglions
have a connection with the scapholunate ligament; they
are located between the tendons of the extensor digito-
rum communis and the extensor pollicis longus muscles.”™”
Volar wrist ganglions are most often found at the radial side
of the wrist between the tendons of flexor carpi radialis and
abductor pollicis longus muscles.>® These ganglion cysts
usually communicate with the radioscaphoid-scapholu-
nate interval, scaphotrapezial joint or metacarpotrapezial
joint.'8 The purpose of this work was to present our expe-
rience in the treatment of wrist ganglions and to evaluate
the results obtained with operative management of this
type of lesion.

Material and methods

The study group consisted of 394 patients: 289 fe-
males and 105 males, aged from 10 to 83 years (mean age:
39.2 £16.2 years). The patients were treated operatively at
the Clinic of Traumatology and Hand Surgery in Wroctaw,
Poland, for ganglion cysts located in the wrist region be-
tween the years 2000-2014. The subjects were scheduled
for an operation on the basis of the presence of a tumor
mass around the wrist. Many patients had an X-ray and
ultrasound examination or a magnetic resonance imag-
ing (MRI) of the wrist performed on the outpatient basis,
but these imaging studies were not mandatory before the
operative treatment. A medical history was collected, with
the emphasis on the time the tumor first appeared, the
dynamics of its growth, the character and severity of symp-
toms (including pain), previous injuries, and conservative
or operative treatment. Preoperative clinical examination
consisted of: evaluation of the tumor size in palpation, as-
sessment of its mobility against the underlying tissue, the
appearance of the skin overlying the tumor and its mobil-
ity against the tumor, range of motion of the wrist joint
in comparison to the opposite side, and evaluation of grip
strength in comparison to the healthy side.

Operative technique

The operations were performed mostly using conduction
anesthesia, and in exceptional cases using general or local
anesthesia, with the use of an arm tourniquet. The type
of surgical incision used depended on the location of the
ganglion cyst. In operative treatment of dorsal wrist gan-
glions, a longitudinal or transverse incision directly above
the tumor was used. An attempt was made to dissect the
cyst as a whole, without perforation of its wall. Dissec-
tion was continued along the ganglion stalk to the joint

capsule. The capsule of the joint communicating with the
ganglion cyst was incised in a semicircular fashion, and
the capsule flap was raised. Small intraarticular cysts were
excised along with the duct connecting the ganglion with
the joint. The defect in the joint capsule created after the
resection of the basis of the cyst, measuring approx. 1 cm
in diameter, was left without repair. (Fig. 1,2)

Fig. 1. Dorsal wrist ganglion

A - clinical appearance of a dorsal wrist ganglion (black arrow);

B —intraoperative view: exposure of the ganglion cyst along with the duct
(white arrow); C — postoperative view: appearance of the ganglion cyst
along with the duct (black arrow) after resection.
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Fig. 2. Dorsal wrist ganglion

A - intraoperative view: exposure of the ganglion cyst; B — intraoperative
view: exposure of the site of origin of the ganglion (where the stalk of
the ganglion is connected with the scapholunate ligament), along with
the defect in the joint capsule (white arrow); C — postoperative view:
appearance of the ganglion cyst along with the duct (black arrow) after
resection.

In the cases of volar wrist ganglions, a longitudinal or
arcuate incision was used, usually on the radial side of the
cyst. During ganglion dissection, radial artery or ulnar
artery and ulnar nerve, depending on the ganglion cyst
location, were identified and secured. Continuing the dis-
section along the stalk, the joint capsule was reached and

incised. The duct and the capsular attachments were re-
sected, which resulted in a joint capsule defect, not exceed-
ing 5 mm in diameter. If leakage of gelatinous substance
was observed as a result of applying pressure to the sur-
rounding tissues, the decision was made to resect them.
The defect in the joint capsule was left without repairing
(Fig. 3).

Wounds were closed with single 4—0 or 5-0 non-ab-
sorbable sutures. In the postoperative period, immobi-
lization in a short plaster splint, reaching distally to the
level of metacarpophalangeal joints, was used for 5-7 days.
Afterwards, a rehabilitation program was started with
a gradually increasing range of wrist joint motion. Resected
tissue was subjected to a histopathological analysis.

Postoperative assessment

The final results of the treatment after the follow-up
period of min 2 years (mean: 38 months; range: 24—
118 months) were evaluated in 198 patients operated on for
dorsal wrist ganglions (69.4% of all patients treated opera-
tively for this type of ganglion cysts) and 77 patients with
volar wrist ganglions (70.6% of all patients operated on for
this type of lesion). The following criteria were consid-
ered during follow-up examinations: the presence/absence
of ganglion recurrence, size and shape of postoperative
scar, range of motion of the wrist joint in comparison to the
opposite side, evaluation of grasp strength in comparison
to the healthy side, presence/absence of pain.

Statistical analysis

Statistical analysis was performed with the use of STA-
TISTICA software v. 12 (StatSoft Inc., Tulsa, USA).
The risk factors for recurrence were identified using the
x? test or its modifications (Fisher’s exact test, x? test
with Yates’ correction and V? test) for the categorical
variables and the Mann-Whitney U test for the continu-
ous variables. The level of statistical significance was set
at 0.05 (p < 0.05).

Results
Preoperative examination results

Ganglion cysts of the wrist were found significantly
more often in females (73.3%) than in males (26.7%), with
a 2.75:1 ratio. The right wrist was affected in 178 patients
(45.2%) and the left wrist in 216 patients (54.8%). Dorsal
wrist ganglions were diagnosed in 285 patients, in whom
a total number of 286 ganglions (constituting 72.4% of all
ganglion cysts) were removed. Two lesions were observed
in the dorsal aspect of the left wrist of a 25-year-old male,
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Fig. 3. Volar wrist ganglion

A - clinical appearance of a volar wrist ganglion located at the radial side of the wrist (black arrow); B — intraoperative view: exposure of the ganglion cyst;
C - intraoperative view: the site of connection of the stalk of the ganglion with the radiocarpal joint (white arrow); D — postoperative view: appearance

of the ganglion cyst along with the duct (black arrow) after resection.

one of which was located at the radial and the other at the
ulnar side of the wrist. Volar wrist ganglions, all mani-
fested as solitary tumors, were found in 109 patients (27.6%
of all ganglions). A visible and palpable tumor mass was
found during preoperative clinical examination in all of the
patients. The majority of the patients reported moderate
pain on palpation of the tumor and at end ranges of wrist
motion. In the study, 280 patients (71% of the studied
group) complained of pain on exertion (elicited by sport-
ing activities or overworking) and the maximal severity
of pain reported was 4 on the Visual Analogue Scale (VAS).
About 35% of the patients (138 persons) noticed changes
in ganglion volume dependent on their level of activity
(increase in ganglion cyst dimensions after overworking
and decrease in its dimensions after a period of rest). Slight
weakening of grip strength in comparison to the healthy
side was found in 28% of the patients (111 subjects). Limi-
tation of dorsiflexion or palmar flexion not exceeding 10°
in comparison to the opposite side was found in 32% of the
patients (127 persons).

Histopathological examination results

The size of ganglions removed as a whole varied from
0.5 cm to 3 cm in diameter. The cyst wall was built of col-
lagen fibers organized in layers, and the inside of the cysts
was filled with gelatinous matter.

Operative treatment results

No intraoperative complications were observed during
the removal of dorsal wrist ganglions. Excision of volar wrist
ganglions was, however, associated with injury to the ra-
dial artery, resulting in its complete disruption in 3 cases.
The artery was reconstructed in 2 cases; in the remaining
case, the stumps were ligated. No insufficient blood supply
to the upper limb was observed in any of these patients dur-
ing the postoperative course. In 10 patients operated on for
dorsal wrist ganglions, symptoms of irritation of the super-
ficial branch of the radial nerve were observed in the early
postoperative period. Eight patients, who had volar wrist
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ganglions located at the radial portion of the wrist removed,
complained of symptoms of dysfunction of the cutaneous
branch of the median nerve, while 3 patients after excision
of volar wrist ganglions located at the ulnar portion of the
wrist manifested symptoms of the ulnar nerve irritation.
The symptoms resolved in all of the patients within 6 months
after the operation. Limitation of the wrist joint range of mo-
tion was often observed in the early postoperative period, and
in the majority of the cases it was caused by pain. Wrist joint
function gradually improved in most patients after several
weeks of rehabilitation. Swelling and redness of postoperative
wound was observed in 10 patients after the removal of dorsal
wrist ganglions and in 6 patients after the excision of volar
wrist ganglions. Moreover, dorsal wrist ganglion removal
was complicated by purulent infection in 2 patients, which
resolved after intravenous antibiotic therapy. Persistent limi-
tation of palmar flexion of the wrist ranging from 10° to 15°
was observed in 6 patients in a minimal 2-year-long follow-up
after resection of dorsal wrist ganglions. Volar wrist ganglion
removal did not cause limitation of wrist joint motion in any
patient. None of the patients manifested evident weakening
of the grip strength in comparison to the healthy subjects.
Excision of dorsal wrist ganglions left a widened, unesthetic
postoperative scar in 15 patients, and the removal of volar
wrist ganglions was associated with the formation of such
a scar in 6 patients. Keloid formation was observed in 4 pa-
tients after resection of dorsal wrist ganglions.

About 75% of the patients (206 out of 275 persons sub-
jected to follow-up) reported preoperative pain: 152 in the
dorsal wrist ganglion group and 54 in the volar wrist gan-
glion group. None of the patients who did not report pre-
operative pain (46 patients diagnosed with dorsal wrist
ganglions and 23 patients with volar wrist ganglions) com-
plained of pain during the follow-up examinations. In the
group of patients operated on for dorsal wrist ganglions,
pain was reported in 5 patients with ganglion recurrence
and in 12 patients without recurrence. Out of the patients
treated operatively for volar wrist ganglions, 2 persons with
ganglion recurrence and 5 persons without recurrence
complained of pain. The intensity of pain was not greater
than 3 according to the VAS in any of the patients.

Ganglion cysts recurred in 24 patients operated on for
dorsal wrist ganglions (12.1% of the studied group) and
in 8 patients treated surgically for volar wrist ganglions
(10.4% of the study group). Recurrences were observed
between 7 and 22 months after operative treatment. Dorsal
wrist ganglions recurred in 8 males and 16 females aged
19-83 years (mean age: 40.2 +18.8 years). Recurrences
were observed in the left wrist in 15 patients and in the
right wrist in 9 patients. Volar wrist ganglions recurred
in 2 males and 6 females aged 33—-54 years (mean age:
43.0 £7.2 years). The right wrist was affected in 5 patients
and the left wrist in 3 patients. Statistical analysis did not
confirm the influence of such factors as patient age, gender,
body side (Tables 1,2), and ganglion location at the volar or
dorsal aspect of the wrist on ganglion recurrence (Table 3).

Table 1. The influence of age, gender and body side on recurrence in the
volar wrist ganglion (VWG) group

Recurrence

Variable

Gender
male 2 20 0.859*
female 6 49

Age
x £SD 430472 411 £12.3 0.493**
Me (range) 445 (33-54) 39.0 (19-68)

Age
<39 years 3 34 0.797%
>39 years 5 35

Side
left 3 33 0.857*
right 5 36

x — mean; SD - standard deviation; Me — median; * x? test with Yates's
correction; ** Mann-Whitney U test.

Table 2. The influence of age, gender and body side on recurrence in the
dorsal wrist ganglion (DWG) group

Recurrence

Variable

Gender
male 8 40 0.269*
female 16 134

Age
x £SD 40.2 £18.8 354 +16.7 0.192%*
Me (range) 32.5(19-83) 30 (11-82)

Age
<35 years 13 97 0.884%**
>35 years " 77

Side
left 15 92 0.375%**
right 9 82

x —mean; SD — standard deviation; Me — median; * V2 test;
** Mann-Whitney U test; *** y* test.

Table 3. The influence of ganglion location (volar or dorsal aspect of the
wrist) on recurrence

Recurrence

Variable

Location
VWG 8 69 0.688*
DWG 24 174

VWG - volar wrist ganglion; DWG — dorsal wrist ganglion; * V2 test.

Discussion

The analysis of relevant literature revealed huge differ-
ences in the intensity of preoperative symptoms manifest-
ed by patients in the studied groups. Reported symptoms
included pain, limitation of wrist joint motion and weak-
ening of grip strength. Pain can be elicited by applying
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pressure to the tumor mass, overworking or by placing
the wrist joint at the end rages of motion (maximal palmar
flexion or dorsiflexion). The frequency and severity of this
symptom can vary significantly. Among our patients, 71%
complained of pain, but its intensity was rated as low.
In the study by Dermon et al. on 119 patients operated
on for dorsal wrist ganglions (94 cysts), volar wrist gan-
glions (28 cysts) and ganglions located at the ulnar aspect
of the wrist (2 cysts) over a period of 6 years, pain was
reported by 79.8% of the patients. The intensity of persis-
tent pain was high and reached levels 7-9 according to the
VAS.! Similar percentage of patients (79%) suffering from
pain in the preoperative period was observed by Craik and
Walsh in their study group comprising 59 patients.’ Dias
and Buch reported preoperative pain in 84% of their 79 pa-
tients treated for volar wrist ganglions.’® Out of 103 pa-
tients treated by Wong et al. (61 patients diagnosed with
dorsal wrist ganglions and 42 patients with volar wrist
ganglions), 44 complained of pain in the preoperative
period.!! In the patient group studied by Limpaphayom
and Wilairatana, pain was reported in 58.3% of the total
number of 24 patients.!? Pain was the most common pre-
operative complaint among 26 patients treated by Singhal
et al., observed in 46.2% of cases.!®> According to Rocchi
et al,, in their patient group, only 6 out of 50 subjects op-
erated on for volar wrist ganglions with the arthroscopic
or open method complained of pain in the preoperative
period.'* Out of 114 patients analyzed by Gallego and Ma-
thoulin, 51 complained of pain ranging in severity from
1 to 6 according to the VAS. The remaining 63 patients
(55.2%) did not report any pain, which corresponds to 0
according to the VAS.!®

Other symptoms like wrist stiffness and weakness can
also be manifested with varying severity. In our patients,
these symptoms were found in 32% and 28% of cases,
respectively. In the patient group studied by Craik and
Walsh, comprising 59 cases, wrist stiffness was observed
preoperatively in 31% of patients and weakness in 44%
of patients. Moreover, 27% of the study participants com-
plained of the presence of paresthesia and numbness.® Dias
and Buch reported the presence of preoperative weakness
in 26% and wrist stiffness in 10% of the 79 patients with vo-
lar wrist ganglions.*? In 114 patients diagnosed with dorsal
wrist ganglions, described by Gallego and Mathoulin, the
mean palmar flexion deficit observed in the preoperative
period was 15.2° when compared with the healthy subjects
(59.9° vs 75.1°), while the mean dorsiflexion deficit was 8.3°
in comparison to the healthy side (69.7° vs 78°). Moreover,
the mean grip strength was diminished by 22% when com-
pared with the opposite side.!®> By contrast, none of the
50 patients with volar wrist ganglions treated by Rocchi
et al. manifested a limitation of wrist range of motion
or grip strength weakening in the preoperative period.*
Considering the discussed data, it should be noted that
in many cases, the main indication for operative treat-
ment was the presence of a tumor. Other motivations for
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seeking operative treatment included concerns about the
malignant character of the tumor and cosmetic aspects.”!

Surgical treatment of ganglion cysts carries the inherent
risk associated with operative intervention in the intra-
operative as well as early and late postoperative period.
Careful preoperative planning and preparation is essential
in surgical management of ganglion cysts. Surgical proce-
dures should be performed using conduction anesthesia
and tourniquet ischemia. The surgeon must have excellent
knowledge on the operative anatomy of the hand and wrist
as well as on the possible connections ganglion cysts may
have with the neighboring joints. This ensures radical exci-
sion of the cyst and lowers the risk of recurrence.

Injury to the radial artery is a potential intraoperative
complication associated with the removal of volar wrist
ganglions located at the radial side of the wrist. Jacobs
and Govaers observed the existence of a direct connection
between the ganglion cyst wall and the arterial wall in 38
out of 72 patients operated on (54%).1” In the patient group
described by Aydin et al., cysts adhered tightly to the arte-
rial wall in 65% of patients, and in 5% of patients, the radial
artery entered the ganglion.!® Iatrogenic injury to the radial
artery occurred in 2 out of 40 patients treated operatively
(5%).18 Rocchi et al. described iatrogenic arterial injury in 4
out of 20 patients treated surgically with the open method
(20%).1* The incidence of this complication varies from
1% to 20% in the literature.!*!? In order to decrease the
risk of arterial injury, Lister and Smith suggested a modi-
fication of the operative technique, in which a fragment
of the cyst wall closely connected with the artery is re-
tained.?’ This complication cannot always be prevented,
despite the awareness of the risk of arterial injury associ-
ated with the dissection of volar wrist ganglions, as in the
case of the 3 patients who suffered such a complication
in our patient group.

Another possible complication is the formation
of an overgrown scar or a keloid. In order to prevent it,
adequate surgical incision is essential. Angelides recom-
mended transverse skin incision in all cases of dorsal
wrist ganglions.® Other authors used horizontal as well
as transverse incisions in operative treatment of dorsal
wrist ganglions, without noticeable differences in wound
healing.'!? Our observations regarding this aspect are
similar. The use of either of the 2 approaches did not in-
fluence scar formation in our patient group. The process
of wound healing and scar remodeling was undisturbed
in the majority of the patients. Wound closure with the
use of thin, atraumatic sutures could have contributed
to uneventful healing.

Other possible postoperative complications are wrist
stiffness and weakness. The presence of such symptoms
in the postoperative period may represent a lack of clinical
improvement in comparison to the preoperative state.!%!
Such symptoms can also be observed after surgery in pa-
tients who did not manifest them preoperatively.'*18 In the
group of 50 patients treated by Dermon et al., postoperative
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wrist stiffness was present in 3 patients (4.5%) and weak-
ness in 2 patients (3%).! Aydin et al. observed wrist stiffness
in 5 out of 40 operatively treated patients (12.5%).1® Two
out of 25 patients (8%) operated with the open method,
described by Rocchi et al. manifested postoperative wrist
stiffness.!* In our study group, the limitation of palmar
wrist flexion was observed in 6 out of 198 patients (3%)
after the excision of dorsal wrist ganglions. Most authors
agree that short-term immobilization after surgery and
early rehabilitation decrease the risk of postoperative
stiffness. Another important factor is adequate operative
technique without attempts to suture the joint capsule or
close its defect.613

Surgical excision of a ganglion cyst is associated with the
risk of recurrence. According to different authors, recur-
rence rate ranges from 1% to almost 50%.1/6:21012,14,18,19,21-25
The frequency of ganglion recurrence observed in our
patient group (12.1% for dorsal wrist ganglions and 10.4%
for volar wrist ganglions) is acceptable. Huge differences
in recurrence rates reported by different authors are the
result of the heterogeneity of the studied patient groups,
including different numbers of patients included in par-
ticular studies, varying postoperative follow-up periods, as
well as different levels of surgeon experience, etc. It is cur-
rently believed that there is a close connection between
the operative technique employed and the risk of ganglion
recurrence. Removal of the main cyst along with the duct
connecting it to the adjacent joint, a fragment of the joint
capsule and microcysts located around the duct is es-
sential.® It must be emphasized, however, that even
a perfect surgical technique does not eliminate the risk
of ganglion recurrence completely.® At the same time, the
comparison of different methods used in the treatment
of ganglion cysts (observation, aspiration, administration
of an obliterating agent into the cyst, operative manage-
ment) reveals that the highest patient satisfaction is asso-
ciated with surgical treatment, even in the cases in which
recurrence occurred.!®?! Operative treatment allows for
fast tumor removal and carries a lower risk of recurrence
than other methods.!*?!

Arthroscopic treatment can constitute an alterna-
tive to open surgery. Arthroscopic resection of a wrist
ganglion was first conducted by Osterman and Raphael
in 1995.26 This method is used in the management of both
dorsal and volar wrist ganglions.?’-2° Like every operative
treatment method, arthroscopy carries the risk of cer-
tain complications. Hematoma, injury to the vessels and
nerves, wrist stiffness and weakness, tendinitis, parate-
nonitis, and ganglion recurrence are among the most
common ones.!®> In some situations, conversion to open
surgery may be necessary.'*2%30 Neither of the methods
has been proven to be evidently superior. Such factors as
the patient’s preference and surgeon’s experience should
be taken into consideration when choosing the optimal
operative technique.?”

101

Conclusions

Operative treatment is a widely recognized method
of managing wrist ganglions and it is characterized by
alow rate of resulting persistent complications. Recurrence
of ganglion cysts after surgery is unpredictable and inde-
pendent of patient demographic factors. It can be observed
even in the cases, in which perfect surgical technique has
been employed during the initial excision of the ganglion
cyst.
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Abstract

Background. Due to numerous late complications after laparoscopic adjustable gastric banding (LAGB),
leading to band removal, a significant decrease of its application has been observed.

Objectives. The objective of this study was to present complications after LAGB in our own material.

Material and methods. The study included 152 obese patients who underwent LAGB between 2005
and 2012. The group of women consisted of 91 patients (60%) with the following preoperative parameters:
average body mass index (BMI) 42 +3.66 kg/m? and average body mass 122 +12.8 kg. The group of men
included 61 patients (40%) with a preoperative average BMI 43 +3.81 kg/m? and average body mass
125 +13.02 kg. The average age of women was 35.02 11.6 years and of men 36.18 £10.5 years.

Results. Among 152 patients after LAGB due to morbid obesity, in 7 (4.6%) migration of the band
to the stomach lumen was observed, in 4 port wound purulence occurred, in 3 stomach mucosa ulceration
was diagnosed in the band pressure area, 3 reported heartburn and hyperacidity, and 4 suffered from
emesis. In all aforementioned patients, body mass loss stopped and they reported lack of restriction after
last band regulation.

Conclusions. Surgical or endoscopic treatment in patients with a migrated band is an individual matter
depending on the type and size of band dislocation, its clinical symptoms and the general state of the patient,
but also on the experience of the operating team and the quality of the equipment.

Key words: band migration, obesity, laparoscopic adjustable gastric banding, bariatric surgery
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Introduction

The number of cases of morbid obesity is constantly grow-
ing — it is estimated that in 2016 the number of adults with
overweight will oscillate around 2.3 billion and of obese
adults will exceed 70 million.'? In almost every country,
obesity is an epidemic, which explains the recent intensive
development of bariatric surgery. Surgical treatment is now
a method of choice in obese patients who did not reveal
satisfying effects after preservative treatment.?

In our department, the following procedures are per-
formed as a routine: sleeve gastrectomy (SG), gastric bypass
(GBP) and laparoscopic adjustable gastric banding (LAGB);
however, in the last 3 years, there has been an 80% decrease
in gastric banding procedures. It is worth mentioning
that we performed an endoscopic evacuation of a migrated
band for the first time in Poland. As with every surgical in-
tervention, bariatric surgery brings the risk of perioperative
complications; however, obese patients are a very specific
group, according to the rule: big patient — big risk.*

Surgical treatment of obesity using the adjustable gastric
band (AGB) became possible after research commenced
in the 1980s. Laparoscopic adjustable gastric banding,
started and developed by Guy-Bernard Cadiére and Fran-
co Favretti, is the least invasive method among bariatric
procedures.

In Poland, this procedure was applied for the first time
in 1998. Currently, it is estimated that adjustable gas-
tric banding is the most frequently applied procedure
in the USA and Australia, while in Europe, a significant
decrease in its application has been noted due to numerous
late complications, leading to band removal.

The undisputed advantages of this procedure are the fol-
lowing: lack of anatomy alteration, the possibility of band
removal if needed, no necessity of nutritional supplementa-
tion in the postoperative period, and low frequency of com-
plications occurrence, comparable to other bariatric pro-
cedures despite their different characteristic.?®

A possible early complication after LAGB is bleeding from
the port-site incision. The following perioperative compli-
cations are also worth noting: damage and bleeding from
the diaphragm and organs such as stomach, liver and spleen.
Late postoperative complications include band slippage, its
migration to the gastrointestinal lumen, pouch dilatation,
mucositis and esophagus dilatation, stomach mucosa ulcer-
ation in the place of band pressure, heartburn, hyperacidity,
emesis, lost connection between band and its port, as well
as body mass loss discontinuance.®’

Material and methods

The study included 152 obese patients who underwent
LAGB between 2005 and 2012. The group of women con-
sisted of 91 patients (60%) with the following preoperative
parameters: average body mass index (BMI) 42 +3.66 kg/m?
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and average body mass 122 +12.8 kg. The group of men
included 61 patients (40%) with a preoperative average
BMI 43 +3.81 kg/m?* and average body mass 125 +13.02 kg.
The average age of women was 35.02 +11.6 years and of men
36.18 £10.5 years (Table 1).

Patients were qualified for LAGB according to Polish rec-
ommendations based on European guidelines taking into
account principles of evidence-based medicine (EBM)%°
after an analysis of the results of precise laboratory tests
and a series of multispecialistic consultations.

An abdominal medical ultrasonography (USG) and a gas-
troscopy allowed us to exclude any pathologies which would
disqualify the patient from the surgery. Furthermore,
the following examinations had been conducted in order
to exclude other contraindications for surgical treatment:
endocrinological examination, cardiological examination
in patients with cardiovascular dysfunction, gynecological
examination in women, dietetic examination, and psycho-
logical examination. The aforementioned consultations
minimized the perioperative risk and intensified the post-
surgical effect.

Adjustable gastric banding was performed laparoscopi-
cally with general anesthesia, using 45 trocars. A pars
flaccida approach and multiple banding-perigastric tech-
nique was applied as a method of entrance. The further
stage of the operation involved exposing the posterior wall
of the stomach and reaching the His angle using the Gold-
finger device or a grasper and, lastly, introducing a silicone
ring and closing it under the cardia by creating a small pouch
(approx. 25 mL).

Finally, the ring was connected with a regulation port,
placed in subcutaneous tissue under the left costal arch,
using a drain. In the majority of cases, the average time
of hospitalization was 3 days. One of the postoperative
recommendations was a 2-week semi-liquid, low-calorie
and low-carbohydrate. Further recommendations included
a control visit in an outpatient clinic once a month. The first
regulation was conducted 6 weeks after the surgery and fur-
ther regulations were applied every 3—6 months.

Results

Among 152 patients after LAGB due to morbid obesity,
in 7 (4.6%) migration of the band to the stomach lumen
was observed, port wound purulence occurred in 4 patients,

Table 1. Characteristics of patients

Variables Female
Number of patients 91 61
Body mass [kg] 122 £12.8 125 £13.02
Age [years] 35+11.6 36.18 £10.05
BMI [kg/m?] 42 £3.66 43 £3.81

Data presented as mean =+ standard deviation (SD);
BMI - body mass index.
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Fig. 1. X-ray. Migration of the band to the stomach lumen followed by
its replacement to the small intestine

stomach mucosa ulceration was diagnosed in the band pres-
sure area in 3 patients, 3 patients reported heartburn and hy-
peracidity, and 4 patients suffered from emesis (Table 2).

In all the aforementioned patients, body mass loss
stopped, even weight gain was observed, and they re-
ported lack of restriction after the last band regulation.
The following imaging diagnostics were conducted: thorax
and abdominal X-ray, esophagus and stomach contrast
X-ray, gastroscopy, abdominal USG, and computed tomog-
raphy (CT). Further treatment depended on the general
condition of the patient, clinical symptoms of gastric band
migration and the type of band allocation.

We observed 1 case of a 27-year-old patient
who suffered from pain, port infection and symp-
toms of peritonitis 38 months after LAGB.
In this period, she underwent 9 band regula-
tions. Abdominal X-ray revealed band migration
to the lower pelvis (Fig. 1). The patient underwent 1
reconnoitering laparoscopy showing the presence
of a 12-centimeter linear perforation of the an-
terior wall of the stomach and band migration
to the small intestine, 50-60 cm from Treitz
ligament, with partial necrosis of the intesti-
nal wall in this area (10-15 cm). The operating
team decided perioperatively to continue with
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Fig. 2. Computed tomography (CT). Partial migration of the band
to the stomach

Fig. 3. Gastroscopy. Removal of the relocated band

with a partial small intestine resection and end-to-end
anastomosis; perforation of the stomach wall was dressed
surgically. What is more, the abscesses created between
the intestines were evacuated, and the abdominal cavity
was rinsed and drained (3 drains were applied).

In 4 out of 7 patients in this group, a partial dislocation
of AGB occurred. In 3 cases 2/3 (Fig. 2) and in 1 case 3/4
of the band migrated to the stomach lumen (Fig. 3).

Treatment included port removal from the abdomen,
introduction of a drain connecting the port and the band
with the peritoneal cavity, and finally, endoscopic removal
of the band from the stomach lumen. Postoperative

Table 2. Migration of the band to the stomach lumen including number
of regulations and percentage of excess weight loss (%EWL)

Patient | Age Bl ye"ff :75/3 MEcr)ittiP?n of ggmgte‘;;ns
F 47 45 64/61/45 36 8
F 27 43 66/58/38 38 9
F 44 42 61/54/34 32 4
F 36 41 70/56/28 36 10
M 35 44 51/63/49 38 9
M 41 42 84/68/58 42 18
M 32 46 74/70/- 28 10

the classical method. The band was removed

BMI - body mass index; %EWL — percentage of excess weight loss; F — female, M — male.
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observation lasted 3 days and each of the 4 patients under-
went control abdominal contrast X-ray in order to check
stomach tightness.

Two patients, in whom 28 and 32 months after LAGB
body mass gain was observed along with lack of restriction
after band regulation, heartburn, hyperacidity, and emesis,
were referred for abdominal X-ray and CT.

Diagnostics were performed by means of an endoscopy
of the upper gastrointestinal tract repeated several times.
It revealed a partial migration of the gastric band (1/4-1/3)
and its migration outside the stomach lumen was the cause
of the aforementioned symptoms.

The patients were qualified for laparoscopic surgery,
which was performed using 2 trocars (10 mm and 15 mm)
along with a harmonic knife or LigaSure™. In both cases,
the band was removed. In 1 case, stomach wall perfora-
tion was stitched and in another case, due to its location
(the posterior stomach wall), it was impossible.

In both cases, a tube was placed into the stomach in or-
der to drain the area of band migration. In the case where
the perforation of the posterior wall of the stomach was
impossible to stitch, lack of tightness lasted for 15 days.

Discussion and conclusions

The most effective treatment of obesity is surgery.!’
It leads to permanent body mass loss, improves the qual-
ity of life and, in the majority of cases, eliminates co-mor-
bidities such as diabetes, hypertension or hyperlipidemia.!!
Due to the increase of demand, new bariatric centers are
launched both worldwide and in Poland, and, along with
that fact, the number of reports about the efficiency of obe-
sity treatment and specialization is constantly growing.

The first LAGB was performed by Hallberg and Forsell
in 1993.12 Between 2003 and 2008, this was the most fre-
quently applied method worldwide.!® In 2011, Roux-en-Y
gastric bypass (RYGB) was a leading procedure — 46.6%
of surgeries, followed by sleeve gastrectomy (SG) — 27.8%.
The number of performed LAGB procedures has decreased
within the last 4 years to 17.8%.1

Complications after LAGB include:

— those connected with port — disconnection from

the drain, purulence in the place of port implantation;

— those connected with band — band slippage, pouch

dilatation, migration to the stomach lumen, and band
erosion;

— other — heartburn and hyperacidity, emesis.

Cobourn et al. from Surgical Weight Loss Clinic in Mis-
sissauga, Canada, conducted an analysis of the results based
on an observation of 2815 obese patients after LAGB be-
tween May 2005 and January 2011. It was stated that com-
plications occurred in 238 (8.5%) patients, including 118
(4.2%) patients experiencing band slippage, 14 (0.5%) with
band migration and erosion, and 35 (1.2%) with symptoms
of port and drain disconnection.!> Other complications
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included wound infection near the port (0.4% of cases),
and intraperitoneal bleeding (0.1%).

In comparison, Mittermair et al. from Medical Univer-
sity of Innsbruck, Austria, published in 2008 their own
results — the percentage of 107 patients under 25 years
of age who underwent LAGB and suffered from band mi-
gration was 2.78%.16

A significantly higher number of patients after LAGB
who suffered from band migration to the stomach lumen
was noticed by Lanthaler et al. in another center in Inns-
bruck. According to their data from 2010, the aforemen-
tioned complication occurred in 20.5% of cases. The exam-
ined group consisted of 276 patients after LAGB between
1996 and 2000."

The causes of band migration formulated on the basis
of own experience include:

— band migration to the gastrointestinal tract is con-
nected with the fact that the band is produced from
plastics and tissues in different patients react differ-
ently to such a product; it is manifested in, periopera-
tively noted, numerous peritoneal adhesions, fibrosis
or scarring in the area of the implemented band;

— complications caused by the operating team — fre-
quency of complications is strictly connected with
the “learning curve” and the number of procedures
performed by the operator;

— causes connected with the producer — a manufactur-
ing defect;

— causes connected with the patient — lack of proper
cooperation with the physician and neglecting post-
operative recommendations.

The aforementioned complications indicate that the re-
moval of a migrated band requires a multispecialistic op-
erating team in case of surgical method alteration.

Therapeutical proceedings — surgical or endoscopic
treatment in patients with a migrated band — is an indi-
vidual matter depending on the type and the size of band
dislocation. Treatment also depends on clinical symp-
toms and the general state of the patient. The experience
of the operating team and the quality of the equipment also
are important factors.
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Abstract

Background. Hashimoto’s thyroiditis (HT) is an autoimmune endocrine disorder that results from a dys-
requlation of the immune system leading to an immune attack on the thyroid gland. It has potential effects
on different organs and tissues.

Objectives. The aim of the study was to investigate the effect of HT on corneal biomechanical properties
using the ocular response analyzer (ORA).

Material and methods. A total of 48 patients with HT and 49 healthy subjects were enrolled in the study.
The mean age of the patients and healthy subjects was 42.33 +11.96 and 40.20 £12.60 years, respectively
(p=0.39). All of the subjects underwent a full ophthalmological examination, including visual acuity, corneal
pachymetry with topography, biomicroscopy, and funduscopy. Corneal biomechanical properties, including
corneal hysteresis (CH) and corneal resistance factor (CRF), Goldmann-correlated intraocular pressure (I0Pg)
and corneal compensated 10P (I0Pcc) were measured with the ORA.

Results. Central corneal thickness (CCT) in the patient group and the control group were not significantly
different (p = 0.65). Corneal hysteresis of the HT patients was significantly lower than that of the control
group (p=0.005). There were no statistically significant differences in CRF between the 2 groups (p=0.53).
Goldmann-correlated 0P and 10Pcc were higher in the HT patients, but only 10Pcc showed a statistically
significant difference (p = 0.001).

Conclusions. In conclusion, our data shows that HT affects corneal biomechanical properties by decreas-
ing CH. Thus, 10Pcc measured with the ORA should be taken into account when determining accurate [OP
values in patients with HT.

Key words: corneal hysteresis, corneal resistance factor, Hashimoto’s thyroiditis, ocular response analyzer
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Introduction

Hashimoto’s thyroiditis (HT) is a chronic inflammation
of the thyroid gland. It is now considered the most com-
mon autoimmune disease,2 the most common endocrine
disorder,? as well as the most common cause of hypothyroid-
ism.* It affects predominantly women. It is characterized
by elevated levels of antithyroglobulin (Anti-Tg) antibody
and antithyroid peroxidase (anti-TPO), and a characteristic
hypoechogenic pattern in ultrasonography of the thyroid
gland. It has different clinical stages ranging from euthy-
roidism to hypothyroidism.”

There is a relationship between thyroid diseases
and the eye: so-called thyroid eye disease (TED). It is most
commonly associated with Graves’ disease (GD) and is oc-
casionally seen in the euthyroid state.®” The clinical mani-
festations include exophthalmos, conjunctival hyperemia
and chemosis, soft tissue swelling, eyelid retraction, oph-
thalmoplegia, increases in orbital volume that may lead
to increased intraorbital pressure, keratopathy, and optic
neuropathy.®? In contrast, TED in HT is extremely uncom-
mon and there are limited reports of it in the literature.°-12

Because of the fact that one of the most important mani-
festations of TED is corneal and ocular surface involve-
ment, investigators have studied alterations in corneal
biomechanical properties in TED patients.'>!* There are
also some studies about corneal microstructural changes
using corneal pachymetry and confocal biomicroscopy
in GD.!>1¢ To the best of our knowledge, alterations in cor-
neal biomechanical properties in patients with HT have
not been studied in detail before.

The ocular response analyzer (ORA) (Reichert Oph-
thalmic Instruments, Buffalo, USA) was introduced with
the aim of providing information on corneal biomechani-
cal factors such as hysteresis and resistance. It determines
noncontact intraocular pressure (IOP) as Goldmann-cor-
related IOP (IOPg) and corneal-compensated IOP (IOPcc).
This modality has been designed to quantify IOP by inte-
grating corneal biomechanical factors, allowing the practi-
tioner to reduce the margin of error in IOP measurements
as compared with the conventional method, Goldmann
applanation tonometry (GAT).'”

The aim of the study was to investigate the effect
of HT disease on corneal biomechanical properties using
the ORA.

Material and methods

Between June 2015 and January 2016, 51 patients di-
agnosed with HT at the Endocrinology Department
of Bagcilar Training and Research Hospital, Istanbul,
Turkey, were referred to our eye clinic. Out of these 51, 48
exclusively female patients were included in this prospec-
tive observational study (Group 1) to eliminate any errors
that might depend on gender differences. For the control

A.Kirgiz, et al. Corneal biomechanics in Hashimoto’s thyroiditis

group (Group 2), 49 healthy female subjects who visited
our outpatient general clinics for routine ocular checkups
or for glasses prescriptions were matched regarding age.
Whenever both eyes met the criteria, the right eye of each
participant was included. Patients with a history of corneal
surgery, ocular trauma, corneal scarring, or any concurrent
ocular disease were excluded from the study, as were con-
tact lens wearers and women who were pregnant or lactat-
ing during the course of the study. All the patients with HT
were under treatment and none of the patients had TED.
The study followed the tenets of the Declaration of Hel-
sinki and was approved by the local ethics committee.
All the subjects underwent a full ophthalmological ex-
amination including visual acuity, biomicroscopy, fundus-
copy, corneal pachymetry by Sirius topographer (Costru-
zione Strumenti Oftalmici, Florence, Italy), measurement
of corneal hysteresis (CH) and corneal resistance factor
(CREF), as well as IOPg and IOPcc using the ORA. All ORA
measurements were obtained using the same calibrated
instrument by the same masked technician. All the patients
underwent measurements while sitting and were asked to fix
their vision on a target light as the measurement was taken.
A noncontact probe scanned the central corneal area and re-
leased an air puff. For each patient, 4 measurements with
a minimum waveform score (WS) of 6.0 were obtained.!®
The best signal value was used in the statistical evaluation.
All the statistical analyses were performed with SPSS
for Windows v. 21.0 (SPSS Inc., Chicago, USA). The param-
eters used in the study were expressed as means + standard
deviation (SD). The normality of the data was tested with
the Kolmogorov-Smirnov test. Student’s t-test was used to de-
termine the significance of differences in the results. A p-val-
ue of less than 0.05 was considered statistically significant.

Results

The mean age of the patients was 42.33 +11.96 years
(range: 17-62 years) in the group with HT (Group 1)
and 40.20 £12.60 years (range: 17—61 years) in the control
group (Group 2) (p = 0.39). Central corneal thickness (CCT)
values were not significantly different between the groups
(p = 0.65), as shown in Table 1.

Corneal hysteresis of HT patients was significantly lower
than that of the control group (p = 0.005). There was no sta-
tistically significant difference in CRF between the 2 groups
(p = 0.53). Goldmann-correlated IOP and IOPcc were higher
in the HT patients, but only IOPcc showed a statistically
significant difference (p = 0.001) (Table 1).

Discussion

The structure and the properties of soft tissue,
such as the cornea, are dependent on the biochemical
and physical nature of the components present. Stress
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Table 1. The demographic and corneal biomechanical
features of the study participants

Variable thch?ij}'icE?;is 48) Control (n=49) | p-value
Age [years] 42.33 £11.96 40.2 £12.6 0.39
IOPg [mm Hg] 16.73 +3.52 1578 +3.16 0.16
IOPcc [mm Hg] 17.89 £3.19 15.85 £2.81 0.001
CH [mm Hgl 9.51 £1.31 10.27 £1.28 0.005
CRF [mm Hg] 1011 £1.66 10.31 £1.54 0.53
CCT [um] 541.83 £30.54 54475 +33.63 0.65

|OP — intraocular pressure; IOPg — Goldmann-correlated I0P;
IOPcc — corneal-compensated IOP; CH - corneal hysteresis;
CRF - corneal resistance factor; CCT - central corneal thickness.

to these components and their response to it show the bio-
mechanical properties of the tissue. The ORA is a noncon-
tact tonometer that uses a rapid air pulse to create stress
on the cornea and an electro-optical system to record the cor-
neal deformation.l” In our study, we wanted to evaluate the ef-
fect of HT on corneal biomechanical properties measured
with the ORA, and we found that the CH of HT patients was
significantly lower than that of the healthy control group.

Corneal hysteresis is a quantification of the ability
of the cornea to absorb and/or dissipate energy: so-called
viscous dampening. Low values of CH indicate a floppy
cornea and less corneal viscous dampening, which may be
explained by an alteration in the corneal structure. There
are some reports that show a decrease of CH in diseases
that cause alterations in corneal structure, such as kerato-
conus!'®?® and myopic eyes,?! in eyes of patients with dia-
betes mellitus,?? in post-laser in situ keratomileusis eyes,?
and in eyes that have undergone penetrating keratoplasty.?*
However, these alterations in corneal structure are also
found in some systemic diseases, such as systemic lupus ery-
thematosus,* rheumatoid arthritis,?® Marfan syndrome,?
and other inflammatory conditions. The corneas of patients
with HT may have similar alterations in the corneal micro-
structure known to occur in these corneal diseases.

An eye with low CH has a lower ability to absorb ener-
gy; in the presence of high IOP, the cornea cannot absorb
energy, and all the pressure is exerted on the optic nerve
and peripapillary tissues.”® Thus, low CH is associated with
high IOP in both glaucoma patients and healthy individuals,
and it may be a risk factor for the progression of glaucoma.
In our study, we also found that the IOPcc of HT patients
was higher compared with the control group. It is known
that the IOPcc is not affected by CCT when measured using
the ORA, which might provide a better estimate of the real
IOP value than GAT measurements do. Routine IOP mea-
surements using GAT may underestimate IOP in HT pa-
tients, so this point should be kept in mind when examining
eyes with suspicious cupping and borderline IOP.

m

In this study, we found no statistically significant dif-
ference between the HT patients and the control group
regarding CRF. In fact, CRF is mainly determined
by the elastic properties of the cornea and is a parameter
more closely associated with CCT than CH.?® Because
CCT measurements showed no statistical differences be-
tween the HT patients and the healthy subjects, it was
consistent that CRF did not differ between the 2 groups.

There are some reports investigating the biomechani-
cal properties of the cornea in patients with GD with
or without TED. Karabulut et al. evaluated corneal bio-
mechanical properties in patients with TED using the ORA
and found significant decreases in CH but no significant
differences in CRF and CCT.13 They also reported higher
I0Pgand IOPcc levels among TED patients compared with
the control group. Moghimi et al. evaluated TED patients
and reported the same findings as in the previous study.**
These findings and our study results suggest that there
is a strong relation between the autoimmune thyroid dis-
eases — HT and GD. The etiology of HT and GD involves
common pathways in which thyroid-reactive T cells escape
tolerance and infiltrate the thyroid, and unique pathways
in which these thyroid-reactive T cells either cause thyroid
cell death (in HT) or stimulation (in GD).?° Thus, it is not
surprising that both autoimmune thyroid diseases have
similar effects on corneal biomechanical properties. Fur-
ther studies are warranted to define which inflammatory
process in the corneal tissue of these patients is responsible
for this biomechanical change.

Some limitations of this study should be mentioned.
Firstly, since this is a cross-sectional study, a direct cause
and effect cannot be determined. Secondly, the exact
mechanisms causing abovementioned alterations should
be studied in detail with genetic and specular microscopic
evaluation as well. Finally, the small sample size restricted
our ability to make generalized conclusions.

Conclusions

In conclusion, our data shows that HT affects corneal
biomechanical properties by decreasing CH. Thus, IOPcc
measured with the ORA should be taken into account when
determining the accurate IOP value in patients with HT.
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Abstract

Background. Lead-dependent infective endocarditis (LDIE) is a life-threatening complication of perma-
nent transvenous cardiac pacing. According to the 2015 European Society of Cardiology (ECS) guidelines,
the diagnosis of LDIE is based on the modified Duke criteria (MDC), while single-photon emission computed
tomography with conventional computed tomography (SPECT-CT) with radioisotope-labeled leukocytes
serves as an additional tool in difficult cases. The major challenge is to differentiate between true vegetation
and a thrombus.

Objectives. The aim of the study was to evaluate the usefulness of SPECT-CT with radioisotope-labeled
leukocytes in diagnosing LDIE in patients with intracardiac masses (ICMs).

Material and methods. The prospective registry included 40 consecutive patients admitted with an ICM
on the lead and suspicion of LDIE. The confirmation or rejection of the LDIE diagnosis was made according
toan algorithm based on the MDC. The cohort was divided into 2 groups: patients with definite and possible
LDIE diagnoses based on the MDC (the LDIE-positive group), and patients with negative LDIE diagnoses ac-
cording to the MDC (the LDIE-negative group). All patients underwent SPECT-CT with radioisotope-labeled
leukocytes. The diagnostic ability of SPECT-CT was compared to the gold standard MDC.

Results. The LDIE-positive group with diagnosis based on the MDC consisted of 19 patients (LDIE definite — 11;
LDIE possible — 8). The LDIE diagnosis was rejected on the basis of the MDCin 21 patients. The SPECT-CT results
were compared with the MDC results and showed 73.7% sensitivity, 81.0% specificity, 77.5% accuracy, 77.8%
positive predictive value (PPV), 77.3% negative predictive value (NPV), likelihood ratio positive (LR+) 3.868,
likelihood ratio negative (LR—) 0.325, and moderate agreement (k = 0.548, p < 0.001). After the exclusion
of 5 patients treated with antibiotics at the time of the SPECT-CT, LR+ and LR— improved to 5.250 and 0,
respectively, and inter-test agreement amounted to almost perfect concordance (k = 0.773, p < 0.001).

Conclusions. Single-photon emission computed tomography with conventional CT with radioisotope-
labeled leukocytes is a useful, efficient, single-step test for diagnosing LDIE.

Key words: scintigraphy, vegetation, infective endocarditis, cardiac pacing, artificial, radionuclide imaging
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Introduction

Lead-dependent infective endocarditis (LDIE) is a life-
threatening complication of permanent transvenous cardi-
ac pacing occurring in the right side of the heart. The term
was coined to underline the fact that LDIE is a unique
disease process and a distinct entity in the wide spectrum
of cardiac device-related infective endocarditis (CDRIE),
in which inflammation is associated with various types
of implantable devices.! According to most of the available
reports, LDIE is the major risk factor for mortality after
transvenous lead extraction (TLE) procedures.? The 2009
guidelines of European Society of Cardiology (ESC) con-
cerning the prevention, diagnosis and treatment of infec-
tive endocarditis (IE) outlined straightforward criteria
(the Duke criteria) that should be met in order to diagnose
IE.? The major criteria for diagnosing IE include positive
blood cultures and echocardiographic findings charac-
teristic of IE, such as vegetation and abscess formation.
To identify patients with indwelling endocardial leads,
2 additional major criteria have been introduced: local
signs of infection and pulmonary embolism.

Implementing the results of additional imaging inves-
tigations of the source of infection — positron emission
tomography/computed tomography (PET-CT) and single-
photon emission computed tomography with conventional
computed tomography (SPECT-CT) with radioisotope-
labeled leukocytes — into the ESC guidelines and giving
them the importance of major criteria may significantly
improve the diagnostic accuracy of the Duke criteria.*
The role of nuclear medicine, according to the guidelines,
is confined to the diagnosis of prosthetic valve endocardi-
tis. The authors of the guidelines mentioned that PET-CT
and SPECT-CT have proven their role in the diagnosis of car-
diac implantable electronic devices (CIEDs), but the data
is not sufficient for them to be included in the diagnostic
criteria of the specific topic of IE on pacemaker or defibril-
lator leads.* Notably, in the chapter on diagnosing cardiac
device IE, the authors recognize the utility of SPECT-CT
and PET-CT scanning as additional tools in difficult cases,
such as in patients with suspected LDIE, positive blood
cultures and negative echocardiography (Class IIb, level
of evidence C).* Erba et al. showed that SPECT-CT allowed
LDIE to be confirmed or reliably excluded device-associated
infections during febrile episodes and sepsis, with 95% nega-
tive predictive value (NPV).?

The aim of the present study was to show the diagnos-
tic value of SPECT-CT in patients with an intracardiac
mass (ICM) suspected of being vegetation, in comparison
to the gold standard modified Duke criteria (MDC).

Material and methods

The prospective registry included consecutive patients
with ICMs on the lead admitted to a reference university

center (Department of Electrocardiology, John Paul II Hos-
pital, Krakéw, Poland) from August 2014 to August 2017.
The prerequisites for including a patient in the study were:
detection of an ICM on echocardiography and provision
of informed consent to participate in the study. Confirma-
tion or rejection of an LDIE diagnosis was made according
to the algorithm used in our center and based on the MDC,
which is considered the gold standard (Fig. 1). Among the pa-
tients, there was a variety of clinical presentations and vari-
ous degrees of clinical IE suspicion (Table 1). A final diagnosis
of LDIE according to the MDC was established after collect-
ing all the tests included in the major and minor criteria. All
the patients also underwent SPECT-CT scanning.

The cohort was divided into 2 groups: patients with
definite and possible LDIE diagnoses based on the MDC
(the LDIE-positive group), and patients with negative

patients
with PM/ICD/CRT

intracardiac masses

m4 typical blood cultures

local infection LDIE definite

pulmonary embolism

microbiological
evidence

microbiological
evidence

LDIE possible

LDIE negative e

Fig. 1. The diagnostic algorithm for the diagnosis of lead-dependent
infective endocarditis (LDIE) based on the modified Duke criteria (MDC).
Y —vyes, N - no; typical blood cultures: blood cultures for microorganisms
consistent with infective endocarditis (IE) from 2 or more separate
cultures of blood were treated as major criterion; microbiological
evidence: positive blood culture but does not meet major criterion, more
than 1 positive blood culture with skin bacteria was treated as a minor
criterion, 1 positive blood culture with skin bacteria was treated as sample
contamination; local infection: signs of inflammation of the pocket

of the cardiac device or pocket skin erosion with purulent drainage;
septic pulmonary embolism: clinical, echocardiographic and laboratory
features of pulmonary embolism accompanied by evidence of recurrent
pulmonary infections

PM — pacemaker; ICD - implantable cardioverter-defibrillator;
CRT - cardiac resynchronization therapy.
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LDIE diagnoses according to the MDC (the LDIE-nega-
tive group). Both groups included patients with positive
and negative SPECT-CT results. The diagnostic test evalu-
ated in the present study was SPECT-CT, which was com-
pared with the gold standard MDC.

Approval to conduct the study was obtained from the lo-
cal ethics committee.

SPECT-CT as a diagnostic modality

In our center, the autologous leukocyte labeling proce-
dure was performed in strict accordance with the Society
of Nuclear Medicine Procedure Guidelines.® Whole-body
scans followed by chest SPECT-CT scans were acquired 6 h
and 24 h after the injection of radioisotope-labeled white
blood cells (WBCs) with the use of a Symbia T16 SPECT-CT
gamma camera system (Siemens AG, Munich, Germany).
The first 10 patients underwent SPECT-CT with Scinti-
mun® (Cisbio, Codolet, France) and subsequent patients
with ?"Tc-HMPAO (GE Healthcare Ltd., Amersham,
UK). The transmission data were reconstructed using fil-
tered back projection to produce cross-sectional images.
The resolution of the computed tomography (CT) scan
was 2.5 mm, and localization images were produced with
a 4.5-mm pixel size, similar to nuclear medicine emission
images. The CT scans were reconstructed onto a 256 x 256
matrix. The SPECT component of the same field of view
was acquired using a 128 x 128 matrix, 360° rotation,
6° angle step, and acquisition time of 25 s per frame. Both
attenuation-corrected CT and noncorrected SPECT images
were evaluated in the coronal, transaxial and sagittal plane
modes. All the studies were evaluated by 2 experienced
nuclear medicine specialists. Scintigraphy was considered
positive for CDRIE when an area of labeled WBCs uptake
superior to the background activity was identified in the in-
volved area and when the signal increased over time (Fig. 2).”

Statistical analysis

The statistical analysis was performed using the STA-
TISTICA v. 12.5 data analysis software system (StatSoft
Inc., Tulsa, USA). For quantitative variables, minimum,
maximum, mean, and standard deviation (SD) values were
provided. The results of the tests were expressed as a 2-way
contingency table. The assessment of the tests included
the following parameters: sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
accuracy, likelihood ratio for a positive test result (LR+),
and likelihood ratio for a negative test result (LR-).

The interpretation of the likelihood ratios (LRs) was
performed according to Attia.® A test has real diagnostic
utility if the LR is 210 or <0.1. Values between 5 and 10
and between 0.1 and 0.2 show that a test is moderately
useful. An LR between 0.5 and 2 indicates that the test has
no diagnostic value.? Inter-observer variability was calcu-
lated using multi-rater Cohen’s kappa (k) statistics with
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Table 1. Indications for echocardiography in consecutive patients
with ICM: clinical presentation, diagnosis based on the Duke criteria
and the results of SPECT-CT studies

Diagnosis

Patient Clinical SPECT-CT SPECT-CT

. of LDIE based
No. presentation on Duke criteria heart pocket

1 A N N N
2. D N P
3. C D N N
4. DT N N N
5. DT N N N
6. A N N N
7. A Ps p N
8. A Ps p N
0. B D N N
10. A p N
il @ D P N
12. A Ps p N
13. B D p N
14. A N p P
15. A N p N
16. A N N N
17. @ D P N
18 DT N N N
19. A N N N
20. C D p N
21. E Ps N N
22. A N p N
23 A N N
24. A Ps p N
25. A Ps p N
26. B D N N
27. DT N p N
28 A N N N
29 DT N N N
30. A N N N
31 E Ps p N
32. E N N N
33 C D p N
34. A N N N
35. A N N N
36. B D p P
37. DT N N N
38 E Ps p P
39 A N N N
40. A N N

A —diagnostic work-up of dyspnoea and/or heart failure; B — diagnostic work-up
prior to transvenous lead extraction due to pocket infection; C — diagnostic
work-up of sepsis; DT — diagnostic work-up prior to transvenous lead extraction
due to lead dysfunction/system change/system upgrade; E — diagnostic work-up
of fever; N — negative; P — positive; Ps —possible; D — definite; ICM — intracardiac
mass; LDIE — lead-dependent infective endocarditis; SPECT-CT - single-photon
emission computed tomography with conventional computed tomography.
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Fig. 2. Single-photon emission computed tomography with conventional computed tomography (SPECT-CT) and chest X-ray in patients with negative
and positive SPECT-CT results. A - Single-chamber implantable cardioverter-defibrillators (ICD) system. The SPECT-CT study with the use of ™ Tc-HMPAO-
labeled leukocytes on the left side of the picture and chest X-ray picture on the right side. The negative result of the SPECT-CT study is presented

in the upper and middle panels of the SPECT-CT figure. B — Dual-chamber pacemaker (DDD) pacing system. SPECT-CT study with the use of “™Tc-HMPAO-
labeled leukocytes on the left side of the picture and chest X-ray picture on the right side. Positive result suggesting infective endocarditis (IE) is presented
in the upper and middle panels of the SPECT-CT figure. Focal uptake observed in the right atrium and partially in the right ventricle near the lead (arrows)

a 95% confidence interval (CI). The definitions presented
by Landis and Koch were used to evaluate the strength
of the rater agreement and were categorized as slight
(0-0.20); fair (0.21-0.40); moderate (0.41-0.60); substan-
tial (0.61-0.80); and almost perfect (0.81-1.00).1° A 2-tailed
p-value <0.05 was considered significant.

Results

The study population consisted of 40 patients (7 fe-
males and 33 males), mean age 62.0 +16.5 years (range:
23.8-89.0), with different types of CIEDs and ICMs

detected by transthoracic or transesophageal echocar-
diography (TTE/TEE). The patients were implanted with
the following types of CIED: 19 had pacemakers, 12 had
implantable cardioverter-defibrillators (ICD), 7 had un-
dergone cardiac resynchronization therapy (CRT), and 2
had pacemakers and ICDs on both sides of the chest. Lead
dwell time was 102.1 £85.5 months (range: 0.6—434.1).
In the LDIE-positive group, there were 19 patients (3 fe-
male) with an average age of 72.6 +8.9 years. Definite LDIE
was diagnosed in 11 patients on the basis of at least 2 major
criteria fulfilled: along with ICMs there was septic pulmo-
nary embolism in 6 patients and local infection in 5 patients.
Two patients with definite LDIE had positive blood cultures
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for Staphylococcus aureus, thus meeting a major Duke crite-
rion. Possible LDIE was diagnosed in 8 patients in the pres-
ence of 1 major and 1 minor criterion (Table 1). The major
Duke criterion in each of these patients was an ICM; the mi-
nor criteria were fever in 6 patients and positive blood cul-
tures that did not meet the major Duke criterion in 2 patients.

In the LDIE-negative group, there were 21 patients (4 fe-
male) with an average age of 57.9 +21.8 years. When compared
with the MDC results, the results obtained by SPECT-CT
were true positive (TP) in 14 patients, false negative (FN)
in 5, false positive (FP) in 4, and true negative (TN) in 17
patients. The SPECT-CT results were EN in 5 patients
in whom antibiotic treatment had been administered before
the examination. Based on the number of patients with TP,
EN, FP, and TN results, the diagnostic value of SPECT-CT
inrelation to MDC was calculated (Table 2). Diagnostic test
using SPECT-CT showed high sensitivity, specificity and ac-
curacy (73.7%, 81.0% and 77.5%, respectively) and high PPV
and NPV (PPV 77.8% and NPV 77.3%). The scintigraphic test
can be useful to diagnose or rule out LDIE (LR+ = 3.868,
LR- =0.325). Agreement between the 2 tests was moderate
but statistically significant (k = 0.548, p < 0.001), according
to Landis and Koch.!

After the exclusion of the 5 patients undergoing antibiot-
ic treatment at the time of the examination, the SPECT-CT
test sensitivity, accuracy and NPV significantly increased

Table 2. The diagnostic value of SPECT-CT in relation to MDC

Parameter | Test based on SPECT-CT
result 73.7%
Sensitivity
95% Cl 55.1-86.1%
result 81.0%
Specificity
95% ClI 64.2-92.2%
result 77.8%
PPV
95% Cl 58.2-90.9%
result 77.3%
NPV
95% Cl 61.3-88.0%
result 77.5%
ACC
95% Cl 59.9-89.3%
result 3.868
LR+
95% Cl 1.539-11.065
result 0.325
LR-
95% Cl 0.150-0.699
K 0.548
SE 0.133
K 95% Cl 0.193-0.785
Z 3.447
p-value <0.001

Cl - confidence interval; PPV — positive predictive value; NPV — negative
predictive value; ACC — accuracy; LR+ — likelihood ratio for a positive test
result; LR— - likelihood ratio for a negative test result; MDC — modified
Duke criteria; SPECT-CT - single-photon emission computed tomography
with conventional computed tomography; k — multi-rater Cohen's kappa;
SE - standard error; Z — z-score.
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Table 3. The diagnostic value of SPECT-CT for MDC after exclusion
of 5 patients with false negative (FN) results due to ongoing antibiotic
treatment at the time of the SPECT-CT

Parameter | Test based on SPECT-CT
result 100.0%
Sensitivity
95% Cl 79.0-100.0%
result 81.0%
Specificity
95% Cl 67.0-81.0%
result 77.8%
PPV
95% Cl 61.5-77.8%
result 100.0%
NPV
95% Cl 82.7-100.0%
result 88.6%
ACC
95% Cl 71.8-88.6%
result 5.250
LR+
95% Cl 2.391-5.250
result 0.000
LR—
95% Cl 0.000-0.313
K 0.773
SE 0.107
K 95% Cl 0.439-0.773
z 4.598
p-value <0.001

Cl - confidence interval; PPV — positive predictive value; NPV — negative
predictive value; ACC — accuracy; LR+ — likelihood ratio for a positive test
result; LR— - likelihood ratio for a negative test result; MDC — modified
Duke criteria; SPECT-CT - single-photon emission computed tomography
with conventional computed tomography; k — multi-rater Cohen's kappa;
SE — standard error; Z — z-score.

to 100%, 88.6% and 100%, respectively (Table 3). Further-
more, LR+ amounted to 5.250 and LR- reached 0; agree-
ment between the 2 tests improved to almost perfect con-
cordance (k = 0.773, p < 0.001).1°

Discussion

The detection of an ICM in a patient with indwelling
endocardial leads requires a complete diagnostic workup
to identify or exclude infection of the endocardium. A lack
of other symptoms of inflammation leaves clinicians in un-
certainty, because LDIE can have an oligosymptomatic
course and non-characteristic symptoms.!* On the other
hand, the presence of an implanted lead can promote
thrombus formation.!>13 Therefore, accurate clinical judg-
ment is necessary to detect pulmonary embolism caused
by uninfected lead-related thrombi, which should not be
considered the major Duke criterion of LDIE.

The available literature supplies vast evidence of the dif-
ficulties in real-world clinical practice regarding diagnos-
ing IE in patients with CIEDs using the MDC.

Polewczyk et al., conducting research in a single patient
cohort, did not differentiate definite from possible LDIE
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in one study, but introduced this division in a subsequent
report.*1> In the first study, the authors used their own
modification of the Duke criteria to allow for a diagnosis
of definite LDIE when 1 major and 2 minor criteria were
satisfied. In the subsequent study, they used the criteria
proposed by the ESC; however, the total number of di-
agnosed IE cases did not change. Furthermore, the au-
thors did not provide information on the method used
to diagnose LDIE in 1/3 of the patients without vegetation
in the assessed group of 500 patients; however, they drew
significant conclusions about the different mechanisms
of LDIE development in these patients.'

We presented the diagnostic scheme adopted in our
institution to confirm possible and definite LDIE in pa-
tients with CIEDs using the MDC. The detection of LDIE
based on this interpretation of the Duke criteria, the gold
standard of IE diagnosis, allowed us to evaluate the utility
of using an accessory imaging modality such as SPECT-CT
in the diagnostic workup of LDIE. A high correlation was
observed in the results obtained using the 2 tests in the di-
agnosis of LDIE. In 5 patients with definite LDIE diagnoses
who had received antibiotic treatment before admission
to our institute, the SPECT-CT result was FN. Similar
observations have been reported in the literature. The ini-
tiation of antimicrobial treatment before the termination
of the diagnostic workup was the probable cause of the FN
results of SPECT-CT and PET.!18

The primary difficulty we encountered when attempting
to compare our observations with other reports on pa-
tients referred for TLE procedures is the lack of consistency
in the application of the Duke criteria in real-world clini-
cal practice. In a French study, the authors acknowledged
a positive lead culture and permanently positive bacterial
culture with pathogens not consistent with IE as the major
microbiological Duke criterion, which is discordant with
ESC guidelines."”

We demonstrated the high sensitivity, specificity and ac-
curacy of SPECT-CT scans in LDIE diagnosis (73.7%, 81.0%
and 77.5%, respectively), with high positive and negative
predictive values (77.8% and 77.3%, respectively). Our out-
comes differed from the results obtained by positron emis-
sion tomography (PET) testing in a study by Cautela et al.,
who reported significantly lower sensitivity and specific-
ity in LDIE detection (30.8% and 62.5%, respectively).”
The discrepancy in the reported results of diagnostic tests
might have been due to the adoption of different crite-
ria to diagnose LDIE. A recent meta-analysis of 6 studies
using fluorine-18-fluorodeoxyglucose positron emission
tomography/computed tomography (*f-FDG PET-CT)
reported a pooled sensitivity of 65% and specificity of 88%
for lead-dependent CIED infections, which concurs with
our results.”

In our cohort, the agreement between SPECT-CT
and MDC results according to Landis and Koch was mod-
erate, but statistically significant.’° Importantly, when ana-
lyzing patients who had not been treated with antibiotics

B. Matecka, et al. Usefulness of SPECT-CT in diagnosing LDIE

before SPECT-CT, the agreement between the 2 tests
was almost perfect. The scintigraphic test can be useful
to diagnose or rule out LDIE (LR+ = 3.868, LR— = 0.325).
The implementation of SPECT-CT in the ESC guidelines
has enabled precise diagnoses in difficult cases, such
as in patients with isolated ICMs, and helped to avoid
the risk of serious complications associated with TLE
procedures.

Conducting a single imaging test is an advantage of us-
ing SPECT-CT, whereas diagnostic evaluation using
the MDC requires multiple blood cultures and TTE/TEE
assessments.

One limitation of the present study is the relatively
small sample size; however, the results did not differ sig-
nificantly from other similar reports.!® The radiotracer
used in SPECT-CT was not uniform in the whole cohort:
the first 10 patients underwent assessment with Scin-
timun® and subsequent patients with **"Tc-HMPAO.
These 2 methods have not been compared in the diagnosis
of [E, but in the authors’ opinion, the use of 2 radiotracers
did not add much bias, because only information about
positive or negative results was taken into consideration.
However, a multicenter phase III clinical trial comparing
Scintimun® and **™Tc-HMPAO in diagnosing peripheral
bone infections provided evidence of good agreement
between the 2 methods and of the efficacious diagnostic
ability of both tracers to differentiate infection from sterile
inflammation.?°

Conclusions

Single-photon emission computed tomography with
conventional CT with radioisotope-labeled leukocytes
is a useful, efficient, single-step test for LDIE diagnosis
with high sensitivity and specificity, and a satisfactory
overall predictive value of over 77%.
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Abstract

Background. The percentage of people living with undiagnosed HIV infection remains very high in Poland
and exceeds 50% — one of the highest rates in Furope. At the same time, the number of HIV tests performed
by medical doctors per 1,000 inhabitants is the lowest in Europe. Thus, every effort should be made to keep
diagnosed patientsin care. However, a number of patients are lost to care (LTC), with the percentage depending
on the testing modality used (voluntary counseling and testing sites — VCTs, private laboratories, medical
dlinics, clubs) and communication skills of persons giving the results. Until now, there was only 1 prospective
study in Poland that looked into the problem of continuum of care.

Objectives. The objective of the study was to assess VCT clients’ willingness to accept help with making
the firstappointment atalocal HIV clinic after receiving positive results and the percentage of patients getting
into care at the clinic after referral.

Material and methods. Referral efficacy analysis between 2010 and 2014 was a joint venture between
V(T site and the largest HIV clinic in Wroctaw. Every patient diagnosed with HIV infection was offered
personal help with making the first appointment at the HIV clinic. Later, it was assessed whether the first
visit actually took place.

Results. All the patients who collected their positive results came for their first visit at the HIV clinic with
areferral rate reaching 100%, falling to 97.1% only in 2013. Most visits took place during 1-2 weeks.

Conclusions. Patients were willing to use counselors” help with making appointments at the HIV clinic,
which in turn increased referral rates and numbers of patients retained in care.

Key words: HIV, point of care testing, linkage to care, referral rate, voluntary counseling and testing sites
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Introduction

The percentage of people living with undiagnosed HIV
infection remains very high in Poland and exceeds 50% —
one of the highest rates in Europe.! Efforts are undertaken
to increase HIV testing and coverage among both medical
professionals and patients. However, at the same time, peo-
ple living with diagnosed HIV infection are lost to care due
to psychological trauma and feelings of guilt not alleviated
when collecting positive HIV results or at any later occa-
sion.? This, in turn, often leads to delayed linkage to care
and lost treatment opportunities as well as to continued
spread of HIV.3-8

As an organization running a voluntary counseling
and testing site (VCT) in Wroctaw (southwest Poland),
we decided to modify the post-test visit for clients ob-
taining positive results. Commonly, clients who are
given positive results are offered counseling and given
phone numbers and/or addresses of relevant HIV clin-
ics. It is up to them to make the appointment. As this
step may be difficult, the VCT staff decided to offer help
with making the necessary appointments already during
the post-test visit.

The aim of the study was to observe if such help was
accepted and, as a proof-of-concept, if it led to better link-
age to care.

Material and methods

Between 2010 and 2014, we followed 14,371 patients
at a VCT site for HIV in Wroctaw, Poland (Wszystkich
Swietych Street), run by “Podwale Siedem” society (Stowa-
rzyszenie Na Rzecz Oséb Wykluczonych i Zagrozonych
Wykluczeniem Spolecznym “Podwale Siedem”) — a non-
governmental organization (NGO). The patients lived
mostly in Wroctaw and in nearby cities and were between
20 and 40 years of age. Two thirds of them decided to take
the HIV test due to heterosexual and 1/3 due to homo-
sexual exposures. All 221 patients who received positive
results were referred to a co-located HIV clinic for care
and treatment. All new patients at the clinic were cross-
referenced to the point of origin of their HIV test results,
either the local VCT site or a different external site, allow-
ing us to measure the referral rate of the VCT site (Table 1).
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For the efficacy assessment, a joint venture was created with
the 2" largest HIV clinic in Poland, which takes care of 1000
HIV-infected patients and is also located in Wroctaw. Know-
ing how cost-ineffective and epidemiologically damaging
losing diagnosed patients is already at the stage of designing
the VCT site, we addressed this issue. The VCT site was locat-
ed in the same building as the HIV clinic. However, the VCT
site and the clinic are separated and have different entrances.
This arrangement was and still is unique for Polish testing
sites. Such proximity and full cooperation between these 2
entities was supposed to allow smooth patient referral. After
confirming HIV infection, the importance of immediate
medical care was explained to each patient, who, with his/her
approval, was referred to the HIV clinic. Counselors made
appointments according to patients’ wishes and psychologi-
cal support was offered at the clinic as needed. Patients re-
ceived notes with the date and time of the visit at the clinic.

Apart from HIV laboratory and rapid tests (free of charge),
the full spectrum of sexually transmitted infections (STI)
tests was offered (syphilis rapid and laboratory tests —
free of charge; gonorrhea and chlamydia — partial charge)
as well as hepatitis B and C tests (full charge). This was made
possible thanks to close cooperation between the NGO
and the HIV clinic. Otherwise such a wide range of STI
tests would be impossible for any NGO due to strict Polish
law (concerning infection control and access to medical
procedures).

Descriptive statistics included a number of HIV tests per-
formed in the analyzed period, number of positive results,
number of uncollected results, number of referrals, number
of actual HIV clinic visits, as well as referral rate, i.e., per-
centage of HIV-positive patients who came for the first visit
after referral (calculated for collected results only and for all
positive results).

The data was collected and analyzed with Microsoft Excel
2008 for Mac, v. 12.3.6 (Microsoft Corp., Armonk, USA).

Bioethics Committee opinion was not necessary for this
study.

Results

Between 2010 and 2014, 14,371 patients were tested for
HIV and received 251 positive results (prevalence: 1.74%).
Thirty patients did not collect their positive results.

Table 1. Human immunodeficiency virus (HIV) test results and referral rates at the voluntary counseling and testing site in Wroctaw between 2010 and 2014

Referrals

Referral rate
(all positive

Referral rate

L (collected results

HIV tests Positive HIV Uncollected
performed results results
2010 2,309 38 4
2011 2,647 35 6
2012 2,869 49 7
2013 3,306 77 8
2014 3,240 52 5

visits only) [%] results) [%]
” ) 100 89.5
5 29 100 82.8
“ 4 100 857
o 67 971 &l
s 47 100 904
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Out of 221 referrals, we confirmed 219 HIV clinic visits,
which represents a 99% referral rate. Specific yearly results
are shown in Table 1.

During the 5-year period, among patients who obtained
positive results, only 2 refused to make the appointment
during the post-test visit. One patient wanted to go to his
hometown for further treatment and care, while the other
required more time to think about his future. Eventual-
ly, the 2"¢ patient came back to make the appointment
on his own.

Most patients came for their visits within 1-2 weeks after
diagnosis, although we did not measure this time prospec-
tively. Moreover, each year we managed to diagnose from
1 to 4 acute retroviral infections before seroconversion
(1.5-10% of all diagnosed infections), a situation also vital
to reduction of HIV spread.®~”

Most HIV infections were diagnosed among men who
have sex with men (50-65%, depending on the year),
the 2" most common cause being heterosexual trans-
mission (30-35%), with intravenous drug use ac-
counting for not more than 4-8% of newly diagnosed
infections.

Discussion

Voluntary counseling and testing site remains one
of the most important HIV testing modalities in Poland
and should be available for persons taking risky behavior,
who are often unwilling to use medical clinics.® Negative
attitudes toward people reporting risky behavior may be
especially harmful and are often seen in medical settings
and among medical workers not used to such patients.!*-1?
Although different venues have been created to increase
HIV testing (VCT centers, medical clinics, checkpoints,
club testing, home sampling, home testing), no diagnosed
individual should be left without referral to HIV clinics,
where proper medical care and treatment can be offered.
Proper linkage to care helps to achieve both individual
and epidemiological goals of reducing the HIV burden
and increasing fund efficacy.

Ankiersztejn-Bartczak et al. in their TAK project, ob-
served a high percentage of HIV-positive VCT clients lost
to care (LTC) — 42% in Warszawa, Poland. This happened
despite universal adoption of proactive linkage procedures
by Polish VCT centers.!? Such high number of persons LTC
necessitates rapid improvement so that neither funds nor
lives are lost despite timely diagnosis.

On the other hand, a checkpoint in Barcelona, Spain,
achieved a very high referral rate of 90.5% by employ-
ing the same technique as we did in this project (mak-
ing appointments with the client’s approval), regardless
of the distance of the site from HIV clinics.!* Torian et al.
in New York, USA, have shown that collocation of VCT
sites and medical clinics allows referral rates to be in-
creased substantially.?
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Current HIV epidemiology, especially among men who
have sex with men, shows that knowing one’s HIV status
is not enough to change behavior.!>!8 International and na-
tional guidelines for starting HIV therapy almost univer-
sally advocate early combined antiretroviral therapy (CART)
commencement. Early therapy is said to be beneficial both
for patients and for the epidemiological situation (reduction
of the population viral load). After recent results of the Stra-
tegic Timing of Antiretroviral Treatment (START) trial,
early therapy may become even more important for HIV-
-infected individuals. Hence, both early diagnosis and quick
referral and antiretroviral therapy are paramount to reduce
HIV spread or even stop the epidemic.

Polish AIDS Scientific Society advocates that all patients
receiving positive HIV results should also receive adequate
linkage to care. This means either making appointments
in HIV clinics with the patient’s approval or at least distrib-
uting the phone number and address of the nearest clinic.
Higher linkage to care can be achieved if the patients are
made aware of the importance of early treatment for their
own and their relatives’ health.

Conclusions

Patients were willing to use counselors’ help with making
appointments at the HIV clinic, which in turn increased
referral rates and numbers of patients retained in care.
This may further lead to a higher percentage of patients
with undetectable viraemia.

We recommend that more VCT sites be located near
HIV clinics or co-located, not only to improve referral
rates but also to allow easy access to professional medical
knowledge. If such location is impossible, very close ties
between VCT centers and medical clinics are necessary.
We also advise that the referral rates of the VCT sites be
checked regularly to achieve and sustain high efficacy
and cost-effectiveness.

This has been a proof-of-concept study, and it does not
obviate the need for varied modalities in HIV testing (clin-
ics, VCT centers, checkpoints, clubs) to cater for special
needs of different groups of patients and allow easy access
to testing.

Limitations

Positive and nonjudgmental counseling attitudes
at the analyzed VCT site and patients getting to know
the clinic and its surroundings before the first visit may
have positively impacted referral rates. This may have been
the major confounding factor, even though all counselors
at Polish VCT sites are educated centrally and are supposed
to work under the same guidelines.

Additionally, almost all counselors were medical doctors
or had a medical background, which may have favored medi-
calization attitudes among staff and confounded the results.
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Abstract

Background. The topic of whether preoperative Th1/Th2 cells and their related factors have a predictive value
for postoperative febrile urinary tract infection (UTI) in patients with ureteral calculi has not been explored.

Objectives. The objective of this study was to investigate the role of preoperative Th1/Th2 cells and related
cytokines in the prediction of postoperative febrile UTI after ureteroscopy in patients with ureteral calculi.

Material and methods. One hundred sixty patients who underwent ureteroscopic pneumatic lithotripsy
in the Affiliated Hospital of Hangzhou Normal University (China) were recruited and divided into febrile UT!
group (n=78) and non-UTI group (n = 82). Flow cytometry was used to detect the proportions of Th1 and
Th2 cells (Th1% and Th2%). Detection of Th1/Th2 cell-related cytokines was conducted using enzyme-linked
immunosorbent assay (ELISA). Quantitative real-time polymerase chain reaction (qRT-PCR) was applied
to measure the expression of T-bet and GATA3.

Results. Compared with patients in non-UTI group, those in febrile UTI group had significantly increased
proportions of Th2 cells, levels of Th2 cytokines (interleukin (IL)-4, IL-10 and IL-5), and mRNA expression
of Th2-associated transcription factor GATA3 (all p < 0.05). In addition, the Th1/Th2 ratio of febrile UTI group
was significantly lower than that of non-UTI group (p < 0.001). Receiver operating characteristic (ROC) curve
analysis showed that the accuracy rate of Th2%, Th1/Th2 ratio, and IL-4, IL-10 and IL-5 levels for the diagnosis
of postoperative febrile UTI in patients with ureteral calculi was 90.63%, 85.00%, 72.50%, 87.50%, and
91.88%, respectively, and their combined diagnostic sensitivity was 974% with specificity as high as 100%.

Conclusions. Perioperative Th2 dominance was correlated with the risk of postoperative febrile UTI after
ureterscopy in patients with ureteral calculi, which can provide clinical guidance for the development of in-
dividualized treatment.

Key words: Th1/Th2, ureteral calculi, febrile urinary tract infection
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Introduction

Urinary calculus is the most common acute disease
in urology surgery, seen in approx. 15% of the population,
and is responsible for 20% of cases of urolithiasis.'> Pa-
tients with ureteral calculi often develop renal or ureteral
colic, leading to severe pain in the waist or midsection
accompanied by other symptoms such as nausea, vomiting
and hematuria, seriously affecting the quality of life.> With
the advancement of ureteroscopic technologies, treatments
for the removal of ureteral calculi have shown decreased
procedural invasiveness with high success rates and lim-
ited morbidity.* In their paper, de la Rosette et al. analyzed
11,885 ureteral calculi patients treated with ureteroscopy
and revealed that the stone-free rate and postoperative
complication rate were 85.6% and 3.5%, respectively,”® sug-
gesting that ureteroscopy can be used in patients with larg-
er and more complicated stones, as well as elderly patients
with significant comorbidities.* However, the incidence
of severe complications is still high after ureteroscopy
treatment, including febrile urinary tract infection (UTI).
Therefore, it is urgent to explore factors that may affect the
postoperative occurrence of febrile UTT to provide a new
therapeutic target for the treatment of ureteral calculi.

CD4+ T cells can be classified into Th1 and Th2 subsets
based on the cytokines secreted in long-term cultured mu-
rine cells that mediate immune functions.® Recently, many
studies have found that Thl and Th2 cells have different
effects on immune responses.”® Specifically, Th1 cells can
produce interferon-y (IFN-y) and interleukin-2 (IL-2), as
well as tumor necrosis factor-a (TNF-a) to regulate cellular
immunity; additionally, Th2 cells can promote the dif-
ferentiation and response of Th1 cells, secrete I1L-4, IL-10,
and IL-5, and regulate humoral immunity.>!° Furthermore,
Th1 and Th2 cells cross-inhibit each other and produce
different cytokines to maintain the balance of the immune
response.!'2 The occurrence and progression of infec-
tious diseases are closely associated with Th1/Th2 cells
and related cytokines. For instance, Kang et al. found that
the concentration ratio of Th1/Th2 cytokines in patients
co-infected with HIV/HCV was apparently higher than
in patients infected only with HCV or without infection,
but significantly lower than in patients infected only with
HIV.3 Tang et al. revealed that children with fevers had
higher levels of IL-4, IL-6, IL-10, TNF-a, and IFN-y than
healthy controls, and their cytokine levels were also differ-
ent from those with hemophagocytic lymphohistiocytosis
(HLH) or viral infection.* Additionally, they demonstrated
that the patients with microbiologically documented infec-
tion (MDI) had much higher IL-6 levels than HLH patients,
and the IFN-y levels were only slightly increased in MDI
patients. In the intestinal mucosa of patients with post-
infectious irritable bowel syndrome, the IFN-y levels were
upregulated, while IL-10 levels were downregulated, sug-
gesting that infection may break the balance between Th1
and Th2 cells.'> Meanwhile, it was reported that serum
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Th1/Th2 cytokines may be conducive to the prediction
of prognosis and selection of target therapies for patients
with Kawasaki disease.'® These studies indicated that
a Th1/Th2 imbalance exists in many infectious diseases
and affects the outcome and prognosis of diseases. Howev-
er, it has not been explored whether preoperative Th1/Th2
cells and their related factors have predictive value for
postoperative febrile UTT in patients with ureteral calculi.

Therefore, 160 cases were recruited in this study before
receiving ureteroscopic pneumatic lithotripsy; after treat-
ment, the patients were divided into 2 groups depending
on the presence of postoperative febrile UTL: UTI group
(n = 78) and non-UTI group (n = 82). Flow cytometry was
used to measure the proportions of Th1 and Th2 cells. En-
zyme-linked immunosorbent assay (ELISA) was utilized
to detect the levels of Th1/Th2-related cytokines. The ex-
pression levels of Th1/Th2-related transcription factors
T-bet and GATA3 were determined using quantitative real-
time polymerase chain reaction (QRT-PCR). This data was
used to analyze the value of preoperative Th1/Th2 cells and
related cytokines in the prediction of postoperative febrile
UTI in patients with ureteral calculi.

Material and methods
Ethics statement

This study was approved by the Ethics Committee of the
Affiliated Hospital of Hangzhou Normal University (Chi-
na) and was conducted in strict accordance with the Dec-
laration of Helsinki.'” Additionally, informed consent was
obtained from each participant prior to the study.

Subjects

From December 2009 to December 2016, 160 patients
with ureteral stones diagnosed by kidney-ureter-bladder
(KUB) X-ray, intravenous urography (IVP), color Dop-
pler ultrasound, computed tomography (CT), and mag-
netic resonance (MR) urography at the Affiliated Hospital
of Hangzhou Normal University were recruited as sub-
jects of this study. After receiving ureteroscopic pneumatic
lithotripsy, 160 patients were divided into 2 groups based
on the presence of postoperative febrile UTI at any point
postoperatively during the follow-up. Among them, 78 pa-
tients had postoperative febrile UTI (UTI group), including
49 men and 29 women, whose age range was 16—90 years
(mean age 55.14 £21.90 years); the other 82 patients who
did not have postoperative febrile UTI (non-UTI group)
comprised of 55 men and 27 women with an age range
of 17-88 years (mean age 52.51 +20.97 years). Postoperative
febrile UTTwas defined as a body temperature higher than
38°C.18 The inclusion criteria were as follows: all patients
had undergone ureteroscopic pneumatic lithotripsy; all
patients had received prophylactic antibiotics according
to physicians’ discretion, consisting of second generation
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cephalosporin (7 days) and metronidazole (5 days) intra-
venously; all patients had no chills, shivers, fever, or any
acute infection history such as urinary irritation symptoms
approx. 2 weeks before the operation; each case was con-
firmed with sufficient clinical examinations. The exclusion
criteria were as follows: patients with a history of immune
system diseases such as diabetes, Crohn’s disease, systemic
lupus erythematosus, rheumatoid arthritis, and rheumatoid
disease; patients with other immune diseases, including
severe liver and kidney diseases, cardiovascular and cere-
brovascular diseases and severe infections; patients with
a malignant tumor; patients with a recent history of using
immune agent use; and pregnant and lactating women.
Blood samples from patients were drawn in the morning
before ureteroscopic pneumatic lithotripsy.

Ureteroscopic pneumatic lithotripsy

Patients were placed in the lithotomy position for epi-
dural block anesthesia. The ureteroscope (DUR-D Gyrus
ACM]I, Southborough, USA) was inserted into the ureter
from the external ureteral orifice of the patients. During
the process, an F4 safety guide wire was slowly inserted
from the diseased ureter, and a hydraulic pump was used
to expand the ureteral orifice. The ureteroscope was grad-
ually pushed to reach the stones. The size, movement and
incarceration of the stones were observed to confirm the
feasibility of the operation. Next, the ureteroscope was
removed, and the probe for ureteroscopic pneumatic litho-
tripsy was inserted from the ureteral passage to smash
the stones. Stones with a small diameter were discharged
with urine, and those with a larger diameter (>3 mm) were
removed with a stone basket or stone forceps. It was very
important to avoid injury of the ureteral mucosa during
the stone removal procedure. The large stones from pa-
tients with inflammatory polyps were sent to the pathol-
ogy department for further examination. In all cases, the
procedures were carried out by 2 experienced urologists.
All the patients were followed up utilizing outpatient as-
sessments and telephone contact within a 1-month period.

Measurement of indexes

In the cases of multiple stones, the stone size was calcu-
lated by the total diameter of the stone cluster. The criteri-
on of being stone-free was no obvious stones or stones less
than 2 mm in diameter detected using X-ray or ultrasound
examination at 1 month after ureteroscopy. Additionally,
pyuria indicated 10 or more white blood cells per high-
power field (HPF).

Flow cytometry
Approximately 200 puL of peripheral blood was added

into RPMI 1640 medium (200 pL). Next, 19 pL of 1 pg/mL
phorbol 12-myristate 13-acetate (PMA) solution, 6 pL
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of 50 pg/mL lincomycin solution and 6 pL of monensin so-
lution were added subsequently to a uniform level to culture
for 5 h at 37°C. Later, 100 pL of the incubated cell suspen-
sion was added into a flow cytometer, and CD4-FITC and
CD8-APC monoclonal antibodies were added for 15 min
under dark-light reaction at room temperature. Next, the
cells were washed twice with phosphate-buffered saline
(PBS), and then, 100 pL of membrane breaking agent was
added for 15 min at room temperature. The cells were then
washed twice again with PBS before adding IFN-y-PE-CY5
and IL-4-PE monoclonal antibodies for 20 min at room
temperature under dark-light reaction. The cells were re-
suspended with 300 pL of PBS after washing twice with PBS.
Next, FACS CANTO II flow cytometry was used to detect
the proportions of Th1 and Th2 cells and the levels of CD4*
and CD8* T cells.

ELISA

Serum separated from 2 mL of venous blood was exam-
ined using ELISA. The contents of IL-2, IL-4, IL-5, IL-10,
IEN-y, and TNF-a were determined in strict accordance
with the instructions for each ELISA kit (Shanghai Wes-
tang Biotechnology Co., Ltd., Shanghai, China).

qRT-PCR

Total RNA from PBMCs was extracted strictly following
the manufacturer’s instructions (RNeasy mini kit; Qiagen,
Tokyo, Japan). cDNA synthesis was conducted using the
T-Primed First-Strand Kit for qRT-PCR (Amersham Bio-
sciences United Kingdom, Little Chalfont, UK). Addition-
ally, the expression levels were determined with qRT-PCR
using the Light Cycler-Fast Start DNA Master SYBR Green
I kit (Roche Diagnostics, Mannheim, Germany). Based
on the gene sequences published in the GenBank database,
the primers were designed using the Primer v. 5.0 software
and were synthesized by Shanghai Sangon Biotechnology
Co. Ltd. (Shanghai, China; Table 1). The qRT-PCR condi-
tions were as follows: denaturation at 95°C for 10 min, then
45 cycles of denaturation at 95°C for 10s, annealing for 10 s
(at 58°C for T-bet and 60°C for GATA3), and extension
at 72°C for 7 s. The internal reference gene GAPDH was
also treated under the aforementioned conditions, except
that its extension was at 72°C for 8 s. The ratio of the gene
expression levels was calculated using the 2724t method.

Table 1. Primer sequences for gRT-PCR

Gene | Primer | Sequences
CaTA3 forward 5-CTGGCCACAGTTGTTTCATG-3'
reverse 5-GCAACTGGTGAACGGTAACA-3'
b forward 5-GTCAATTCCTTGGGGGAGAT-3'
-bet
reverse 5-TCATGCTGACTGCTCGAAACS
forward 5-ACCCAGAAGACTGTGGATGG-3'
GAPDH
reverse 5-TTCTAGACGGCAGGTCAGGT-3'
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Statistical methods

All statistical data was analyzed using SPSS v. 22.0
software (IBM Corp., Armonk, USA). The measurement
data was presented as means * standard deviation (+SD).
The Kolmogorov—Smirnov test was used to analyze the
normal distribution, and the measurement data consis-
tent with a normal distribution was analyzed using a Stu-
dent's t-test. Enumeration data was analyzed using a x? test.
The results of clinical experiments were plotted on a re-
ceiver operating characteristic (ROC) curve, and the area
under the curve and 95% confidence intervals (95% Cls)
were calculated to predict febrile UTI after ureteroscopic
pneumatic lithotripsy. The value of p < 0.05 was regarded
as significantly different.

Z. Li, etal. Th1/Th2 in UTI with ureteral calculi

Results

Comparison of the characteristics
and surgical outcomes between
the 2 groups

As shown in Table 2, no differences were found in the
age, sex, BMI index, pyuria, preoperative ureteral stent,
and levels of C-reactive protein (CRP) and procalcitonin
(PCT), mean time from the first visit to surgery and opera-
tion time (all p > 0.05). In addition, the 2 groups of patients
showed no obvious differences in the number of stones,
stone size, operative time, and number of residual stones
(all p > 0.05).

Table 2. The characteristics and surgical outcomes in non-UTI group and UTI group

Parameters Number of patients
Age [years]
<65 103
>65 57
Gender
male 104
female 56

Body mass index

<30 142

>30 18
Mean time from diagnosis to treatment [days] 160
CRP [mg/L]

<6 74

6~18 29

>18 57
PCT [ng/mL]

>0.1 46

<0.1 14
Stone history

no 92

yes 68
Pyuria

no 76

yes 83
Preoperative ureteral stent

no 98

yes 62
Number of stones

single 93

multiple 67
Stone size [mm]

<20 98

>20 62
Operative time [min]

<15 91

>15 69
Residual stones

no 137

yes 23

non-UTI (n = 82) UTl (n=78)

56 47 0.324
26 31
55 49 0.621
27 29
75 67 0.321
7 1

20.00 £5.02 21.05+2.98 0.131
40 34
15 14 0.749
27 30
26 20 0.485
56 58
45 47 0.525
37 31
41 35 0.039
41 42
53 45 0418
29 33
51 42 0.337
31 36
56 42 0.075
26 36
49 42 0.524
33 36
73 64 0.262
9 14

UTI - urinary tract infection.
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Comparison of the peripheral blood T-cell
subsets and Th1/Th2 ratio between
the 2 groups

As shown in Table 3, no significant difference was found
between the 2 groups of patients in terms of the white
blood cell and lymphocyte distribution (both p > 0.05).
Compared with patients in the non-UTI group, those
in the febrile UTI group showed increased proportions
of Th2 cells (Th2%) in peripheral blood (3.43 +1.02 vs
1.63 £0.44, t = 14.620; p < 0.001) and a decreased Th1/Th2
ratio (7.21 +2.98 vs 14.94 +6.91, t = 9.106; p < 0.001), but
their proportions of Th1 cells (Th1%) showed no signifi-
cant difference (22.01 +£5.75 vs 22.35 +4.87; p = 0.224)
(Fig. 1).
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Expression of Th1/Th2-related cytokines
and associated transcription factors
in the 2 groups

As shown in Fig. 2, compared with patients in the non-
UTI group, patients in the febrile UTI group showed no
difference in the levels of Th1 cytokines (IL-2, IFN-y and
TNF-a) in the peripheral blood (all p > 0.05), but their Th2
cytokines were remarkably upregulated (IL-4: 4.37 £0.92
vs 3.61 £0.47; IL-10: 3.53 +0.75 vs 2.43 +£0.35; IL-5: 4.76
+0.41 vs 3.04 +0.19 (all p < 0.05). Additionally, the mRNA
expression of T-bet, as a Thl-associated transcription fac-
tor, in febrile UTI patients was not different from that
in the non-UTI group (p > 0.05), but the mRNA expression
of GATAS3, namely, a Th2-associated transcription factor,
was markedly upregulated in patients in the febrile UTI
group (p < 0.05; Fig. 3).
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Fig. 1. Proportions of Th1 cells (A) and Th2 cells (B), as well as the Th1/Th2 ratio (C), in the non-UTI group and UTI group

*p < 0.05 compared with patients in the non-UTI group
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Fig. 2. Levels of Th1/Th2-related cytokines in each group detected using ELISA
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A - Thi-related cytokines; B — Th2-related cytokines; * p < 0.05 compared with patients in the non-UTI group.

Table 3. White blood cell and lymphocyte distribution in non-UTI group and UTI group

non-UTI (n = 82)

Subpopulations

Leukocytes [count/L] 5,626 +1,378
Lymphocytes [count/L] 1,683 +601

CD4* T-lymphocytes [%] 46.92 +3.05
CD8* T-lymphocytes [%] 24.15 +£2.99
CD4/CD8 ratio 197 £0.26

UTl (n=78) Student's t-test

5401 £879 1.224 0.223

1,481 +452 1.801 0.074

47.07 £3.59 0.285 0.776

25.04 £3.04 1.867 0.064
191 £0.31 1.329 0.186

UTI - urinary tract infection.
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S 4 The predictive value of Th1/Th2 cells

g " el and related cytokines for the diagnosis

g = uT . . . .

£ 3 of postoperative febrile UTI in patients

g with ureteral calculi

2

nE: Receiver operating characteristic curve analysis was

2 i conducted for indexes that were significantly different

z between the 2 groups, and the results are shown in Fig. 4

a " and Table 4. The sensitivity values of Th2%, the Th1/Th2
T-bet GATA3 ratio, IL-4, IL-10 and IL-5 for the diagnosis of postop-

Fig. 3. mRNA expression of Th1/Th2-associated transcription factor T-bet
and GATA3 in the non-UTI group and UTI group, as detected using gRT-PCR

*p < 0.05 compared with patients in the non-UTI group.

erative febrile UTI in patients with ureteral calculi were
87.18%, 82.05%, 71.79%, 76.92%, and 87.18%, respectively.
The specificity values were 93.90%, 87.80%, 73.17%, 97.56%,

Table 4. ROC curve analysis of the value of Th2%, Th1/Th2 ratio, IL-4, IL-10, and IL-5 in predicting postoperative febrile UTl in patients with ureteral calculi
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and 96.34%, respectively. The accuracy values were 90.63%,
85.00%, 72.50%, 87.50%, and 91.88%, respectively. In addi-
tion, the sensitivity of the combined diagnosis was 97.4%
with specificity as high as 100%.

Discussion

The most important finding of this study is that pa-
tients with postoperative febrile UTI showed a significantly
elevated proportion of Th2 cells without an obvious change
in the number of Th1 cells, thus resulting in the reduction
of their Th1/Th2 ratio. Under normal circumstances, Thl
and Th2 cells interact and restrict each other to maintain
the balance of the immune responses.!” When infection
occurs, the imbalanced differentiation of Thl and Th2
cells leads to an abnormal Th1/Th2 ratio.?’ It has also been
reported that infected and non-infected patients showed
no notable difference in the proportion of Th1 cells, but the
former showed an appreciably higher proportion of Th2
cells, and, thus, a remarkably lower Th1/Th2 ratio than
the latter®!; these previous findings are consistent with
our findings and can be explained as postoperative infec-
tious complications being associated with the imbalance
of Th1/Th2, particularly inadequate Th2 responses. Ad-
ditionally, several studies have shown that the Th2 dom-
inance in the Th1/Th2 balance in the human immune
system renders patients more susceptible to infections
by viruses, protozoa, and intracellular bacteria.?223 How-
ever, interestingly, Tatsumi et al. revealed that preopera-
tive Th2 cells are suppressed in infected patients but not
in non-infected patients.?* On the other hand, Ishikawa
et al. reported that no significant difference was observed
in the preoperative Th1/Th2 ratio between patients with
postoperative complications and those without postopera-
tive complications.?® One explanation for the discrepancy
in our results may be the difference in background disease.

Cytokines have been recognized as key factors in deter-
mining host resistance to infectious pathogens. Specifi-
cally, the balance of Th1/Th2 cytokines in hosts is closely
related to the prognosis and outcome of infections induced
by intracellular microbes.?®?” Additionally, the hallmark
cytokines of Th1 cells, including IFN-y and lymphotoxin,
can activate microbicidal activity, as well as cytokine pro-
duction in macrophages.?® IFN-y signals can also activate
a downstream transcription factor, T-bet, to upregulate
the expression of genes specific to Thl cells.?” By con-
trast, IL-4 can enhance the expression level of GATA3,
a transcription factor critical for both IL-4 production
and Th2 cell differentiation.® To further explore the sig-
nificance of the Th1/Th2 balance, we used ELISA to de-
termine the expression levels of Th1/Th2 cytokines and
applied qRT-PCR to detect the mRNA expression of T-bet
and GATA3. We found that patients with postoperative
febrile UTT had significantly higher levels of Th2-related
cytokines (IL-4, IL-10 and IL-5) and GATAS3 than those
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without postoperative febrile UTI, but no difference was
found in the level of Th1-related cytokines (IFN-y, IL-2 and
TNF-a) and T-bet. These results further confirmed that
the preoperative dominance of Th2 cells in the Th1/Th2
balance may exert a large impact on the occurrence and
development of postoperative infection. These findings
suggest that the failure of Th2 cells to regulate the Thl
responses or promote the production of antibodies can
profoundly affect the host immunity against postopera-
tive infection.

Another important finding of our study was that the
preoperative Th2%, Th1/Th2 ratio, and IL-4, IL-10 and
IL-5 values were predictive in postoperative febrile UTI
in patients with ureteral calculi with accuracies of 90.63%,
85.00%, 72.50%, 87.50%, and 91.88%, respectively; the sen-
sitivity of the combined diagnosis was 97.4% with a speci-
ficity as high as 100%. In addition, Tang et al. revealed that
the sensitivity and specificity of severe infection prediction
were 62.0% and 85.0%, respectively, when the cut-off value
of IL-10 was set at 42.0 pg/mL.** Additionally, the IL-5 lev-
els were higher than the calculated cut-off value (11 pg/mL)
in 22/37 of patients with perennial allergic rhinitis and
4/20 in the non-atopic healthy controls.?! Given the above-
mentioned results, we may conclude that the preoperative
Th2%, Th1/Th2 ratio and cytokine levels can be used as
effective reference indicators for the diagnosis of postop-
erative febrile UTI in patients with ureteral calculi.

Nevertheless, this study had also some limitations. For
instance, the stones in the UTI group were larger than
those in the non-UTI group because no statistical dif-
ference was revealed between them. Moreover, the stone
size could be the risk factor of febrile UTI after ureteros-
copy in patients with ureteral calculi.?? Additionally, we
included patients with pyuria and/or those who used a pre-
operative ureteral stent, which could be a sign of active
inflammation. Thus, to eliminate the effects of other risk
factors in the future, we should further expand the sample
size, consider more clinical indexes and exclude patients
with possible inflammation.

Overall, preoperative Th2 dominance was correlated
with postoperative febrile UTI in patients with ureteral
calculi. In addition, the preoperative values of the Th2%,
Th1/Th2 ratio, IL-4, IL-10 and IL-5 were good predictive
indexes in postoperative febrile UTT in patients with ure-
teral calculi. These results provide further information
that may direct future treatments based on the Th1/Th2
concept focusing on decreasing the risk of postoperative
infection.
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Abstract

An excessive mortality in dialysis programs is the result of cardiovascular injuries and immune deficiency
caused by uremic toxins. The vulnerability of dialysis patients is still increasing due to the growing number
of diabetics, elderly and patients with a history of cardiovascular disease. Peritoneal dialysis (PD) and he-
modialysis (HD) offer similar effectiveness during the first 2 years of the treatment. However, the survival
advantage of HD subsequently appears. The problem of the factors responsible for the mortality during
long-term PD and HD treatment was analyzed in our recently published investigation. A lower death risk
for PD patients during the first several months was lessened over time, and, therefore, no survival advantage
of PD was noticeable by the completion of the 2-year period. A sign of the diminishing benefit of PD was
a high rate of modality switch — 57%, contrasting with 6% switched in the HD group. Longer observations
confirmed that the extension of the treatment period above 2 years with HD was associated with improved
survival among subgroups with cardiovascular disease and diabetes. A very relevant problem is the timely
transfer of PD patients to the HD program, when an adequate nutritional intake cannot be ascertained and
a decline of serum albumin level is observed. The aim of this overview was to compare the factors affecting
the survival of diabetic patients in HD and PD patients.

Key words: hemodialysis, elderly, mortality, peritoneal dialysis, diabetics
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Introduction

The mortality in dialysis patients exceeds very signifi-
cantly the rate observed in the general population, even
exceeding the figures occurring in neoplastic disease.
In addition to specific cardiovascular harm and im-
mune deficiency caused by uremic toxicity, the pessimis-
tic prognosis in the dialysis program is connected with
the current clinical characteristics of dialysis patients, i.e.,
growing participation of the elderly carrying the frailty
phenotype and a pronounced increase of type 2 diabetes.
These features are evidenced by 46% rate of the 5-year
survival in non-diabetic dialysis patients and barely 30%
in type 2 diabetics.! The aim of this overview was to com-
pare the factors affecting the survival of diabetic patients
in hemodialysis (HD) and peritoneal dialysis (PD) patients.

Mortality comparison
of the peritoneal dialysis and
hemodialysis diabetic patients

In indirect comparisons using data from the Canada-
USA Peritoneal Dialysis Study Group (CANUSA) study,
encompassing PD and Regional Kidney Disease Program
in Minneapolis for HD incident patients, the lack of dispar-
ity in the survival between both dialysis modalities was
shown during the first 2 treatment years. It was also dem-
onstrated that the same factors, i.e., lowering serum albu-
min level, older age, diabetes presence, and smaller dialysis
dose measured by Kt/V negatively affected the outcome.?

In a large American cohort of incident dialysis patients
(22360 HD and 1358 PD) undergoing dialysis treatment,
examined on day 90 and followed for 24 months, no survival
difference appeared between PD and HD patients after ad-
justment for diabetes mellitus, age, sex, and race.? A lower
death risk for PD patients during the first several months
was lessened over time, and, therefore, no survival advantage
of PD was noticeable by the completion of the 2-year period.
A sign of the diminishing benefit of PD over time was a high
rate of modality switch — 57%, contrasting with 6% switched
in the HD group. The problem of the effectiveness of PD
treatment, diminishing with the elapsed time in compari-
son with HD, was depicted clearly by recent observations
of the Korean group (Lee et al.).* They noticed in the pro-
spective observations of the cohort of 1,000 dialysis patients
that during 11 months, the risk of the PD technique failure
was 10-fold higher than that of HD.

Longer observations by Weinhandl et al. confirmed
that with the extension of the treatment period above
2 years, HD was associated with improved survival among
subgroups with cardiovascular disease and diabetes.®
These results support the conclusions of the earlier Neth-
erlands Cooperative Study on the Adequacy of Dialysis,
in which no statistically significant differences in adjusted
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mortality rates between HD and PD patients were observed
during the first 2 years of dialysis.° However, in the years
thereafter (months 24 to 36), increases in mortality rates
for PD patients and resulting decreases in a relative risk
of death in favor of HD were noticed.

Collectively, this observational data indicates that PD
and HD can be regarded as complementary modalities
for incident end-stage kidney disease patients, bringing
a comparable outcome during the first 2 years of treat-
ment, but after that offering a consistent survival benefit
associated with the HD therapy. The improvement ac-
companying long-term treatment with HD is particularly
noticeable in high-risk groups: the elderly, patients with
a cardiovascular disease history and diabetics. Such find-
ings open the question of timely PD patient transfer to HD,
when the threats of an ominous outcome appear during
PD program. This issue will be discussed in the next part
of the article, which is based on our study results.

Different mortality predictor
pattern in hemodialysis and
peritoneal dialysis diabetic patients
in 4-year prospective observation

The problem of the factors responsible for the mortal-
ity during long-term PD and HD treatment was analyzed
in our recently published investigation.” It encompassed 61
prevalent diabetic subjects, treated with maintenance HD
(35 persons) and PD (26 persons). The particular features
of the cohort were as follows: longevity of dialysis thera-
py (median period: 17 months), retained urine excretion
(median value: 500 mL/day) and elevated cardiovascular
risk. All diabetic individuals included in the study group
were older than 40 years. They carried Monckeberg medial
calcific arteriosclerosis on the forearm (proved by X-ray).
Twenty-six subjects (43%) were older than 70 years. The co-
hort was prospectively followed for 4 years. Twenty-one
individuals (12 treated by HD (34.3%) and 9 (34.6%)
in the PD program) from the original set survived the en-
tire 4-year follow-up. The survivors on HD were marked
by lower interleukin (IL)-6 level (p = 0.04), higher albumin
concentration (p = 0.03) and increased cholesterol concen-
tration (p = 0.004). The only distinction in the PD program
was the younger age of the survivors (p = 0.05). The young-
er age of PD survivors was also reflected in comparison
with HD survivors (58.2 +10.5 years vs 69.8 +8.4 years;
p = 0.017), even though at the study onset, HD and PD pa-
tients were of similar age. In addition, PD survivors dis-
played a significantly lower albumin concentration than
HD survivors (3.4 +0.5 g/dL vs 4.0 +0.5 g/dL; p = 0.012).
Cardiovascular diseases were the most common cause
of mortality — 18 patients (45% of all deaths — 7 PD/11
HD), followed by infection — 12 patients (30% — 6 PD/6
HD), malignancy — 5 patients (12.5% — 1 PD/4 HD) and
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Table 1. Cox's proportional hazard regression model. Dependent variable: survival time since the beginning of investigation

Variable Para.meter ‘ p-value ‘ AR AR
estimate 95% lower 95% upper
Serum albumin [g/dL] -0.588 3.962 0.047* 0.556 031 0.991
HD patients (n = 35)
Cholesterol [mmol/L] -0.597 8.15 0.004* 0.551 0.365 0.829
PD patients (n = 26)
Age [years] 0.050 393 0.047* 1.051 1.001 1.104

All patients (n = 61); HR — hazard ratio; HD — hemodialysis; PD — peritoneal dialysis; * statistical significance.

others reasons — 5 patients (12.5% — 3 PD/2 HD). Cox’s
proportional hazard regression analysis (Table 1) exhibited
inrespect to the entire diabetic study group that the lower-
ing of serum albumin is the only variable with a significant
negative impact on 4-year survival (p = 0.047).

This data is in agreement with long-term observations
published by Browne et al.® They showed that the patients
who had died during 10 years of the dialysis program were
marked by significantly lower albumin concentration
at the start of the renal replacement therapy.

In creating a division for dialysis modality, the signifi-
cant mortality predictor in HD patients was low cholesterol
concentration (p = 0.004) and only older age (p = 0.047)
in PD patients. There was a different tendency in the se-
rum albumin behavior in the PD and HD programs dur-
ing the 4-year follow-up. In the PD group, a significant
decrease of albumin concentration was observed, but
no changes occurred under HD treatment. This data in-
dicates that the majority of diabetics in the PD program
are not capable of restituting the peritoneal albumin loss,
amounting to 6—8 g per day.

Summary: When peritoneal
dialysis diabetic patient should be
transferred to the hemodialysis
program?

The key issue in approaching maintenance dialysis
patients is the effective prevention of protein energy
waste.>1 Peritoneal dialysis patients require protein intake
>1.2 g/kg/day with energy providing 30-35 kcal/kg/day.
When an inadequate nutritional intake is noticed in PD
patients, the dialysis dose should be increased, using 2.5 L
exchanges for average-sized patients and 3.5 L exchanges
for larger patients. An oral protein supplement can be also
introduced. The lack of improvement during the subse-
quent 3-month observation with progressive serum al-
bumin decline should be recognized as a warning signal,
urging to shift from PD to HD modality. Particular atten-
tion should be given to high-risk patients: elderly, diabetics
and with a cardiovascular disease history.
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Abstract

Chemistry and related areas of science have a strong background in Wroctaw with 3 Nobel laureates.

The aim of this study was to assess the evolution of scientific excellence and productivity after the Second
World War, when Polish scientists rebuilt academic life in these important areas.

The present approach used the established platform of the New Quality and Quantity Indicators in Science
(NewQIS) project and density-equalizing mapping calculations.

In total, 15,267 original research articles related to chemistry published by Wroctaw scientists were identified
in the Web of Science between 1972 and 2016. They were cited 170,606 times. The highest citation numbers
were reached in the years 2001 and 2004. In total, 4,362 research collaborations were performed with 83
different countries, leading to a percentage of 28.6%. Wroctaw chemistry institutions established a vast
international network with the USA (688 articles), France (658 articles) and Germany (679 articles) as their
main partner countries. Besides chemistry, the main research fields are biochemistry and molecular biology,
as well as physics, with 2,177 and 2,007 articles, respectively.

This study visualized the great success and virtue by which Polish scientists rebuilt a scientific community
in the area of chemistry in Wroctaw after the Second World War. Wroctaw is now a key Central Furopean
playerin chemistry and related areas, which serves as a nodal point between Eastern and Western countries.

Key words: scientometrics, chemistry, Wroctaw, density-equalizing maps



138

Introduction

Chemistry and related areas of science has represented
the cornerstone of the academic life in Wroctaw for cen-
turies. Here, 3 Nobel laureates in chemistry lived, studied
or worked. Eduard Buchner (1860-1917) was awarded the
Nobel Prize in chemistry in 1907. He is also called the father
of biochemistry in a test tube and the father of experimen-
tal molecular bioscience."? Fritz Haber (1868—1934) was
awarded the Nobel Prize in 1918 for his studies on the fixa-
tion of nitrogen from the air. Haber was the first scientist
to introduce poison gas to warfare. As stated by his nephew
Fritz Stern and others, Haber’s life encompassed triumph
and tragedy.>> Lastly, Friedrich Bergius (1884—1949) was
awarded the Nobel Prize in 1931 for his contributions to the
invention and development of chemical high-pressure
methods. This fruitful academic life was destroyed by Nazi
Germany. The former University of Wroctaw ceased to ex-
ist in 1945. In the Nazi period, more than 250 doctorate
degrees of the scientists in Wroctaw were nullified. Directly
after the war, thanks to the scientists from the University
of Lviv, a new Polish state university was established.®”
Today, research related to academic chemistry is conducted
at the University of Wroclaw, sister universities such as
Wroclaw University of Science and Technology, Wroclaw
Medical University or Wroctaw University of Environmen-
tal and Life Sciences, and other research institutions.

While there are numerous excellent historical articles
about the development of Wroclaw academic chemistry
after 1945, a concise scientometric study that addresses
the evolution of postwar chemical research activities is still
missing. Therefore, the aim of the present study was to as-
sess the scientific evolution, using the New Quality and
Quantity Indicators in Science (NewQIS) methodology.®?

Material and methods

New Quality and Quantity Indicators
in Science platform

The NewQIS studies were established in 2008 and 2009
at the Charité — Universitatsmedizin Berlin, Germany,
by an interdisciplinary team, consisting of computational
science, economy, engineering, and medical experts.3?
Since then, more than 50 studies have used this method-
ology, which combines advanced visualization techniques
with scientometric approaches.!’~!* One key technology are
the density-equalizing mapping procedures (DEMP) devel-
oped by Gastner and Newman.'® Recently, the platform has
been used to assess various areas of science in Wroctaw.!°

Search strategy

The present study is part of the NewQIS-Wroctaw proj-
ect of NewQIS. Data was retrieved from the Web of Science
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database as carried out in former NewQIS studies: “Wro-
claw” was entered as the target parameter in the address
field.'” As the next step, the search was restricted to pub-
lication type “articles” in order to focus solely on origi-
nal research. Then, the data set was scanned for research
categories that are linked only to the fields of chemistry.
The search was carried out on August 26, 2016.

Density-equalizing mapping

In 2004, Gastner and Newman published an algorithm
for density-equalizing mapping.!® This approach was used
in the present study and DEMP was integrated as described
in previous NewQIS studies, with the territories of the
countries being re-distributed according to the chosen
variable, e.g., the number of joint research articles with
Wroclaw institutions.'8-2*

International collaborations

International research collaborations in the field of chem-
istry were analyzed in order to depict a sketch of the global
research network that has been built by Wroctaw scientists
over the past decades. All affiliations of foreign scientists
who jointly published original research contributions to-
gether with the scientists from Wroclaw were analyzed as
previously described.?>2¢ Bilateral collaborations between
Poland and another country were defined as at least 1 au-
thor originating from Wroctaw affiliations and at least 1
other co-author originating from an affiliation outside
of Poland. After the total numbers were assessed, a spe-
cial matrix with all networking countries was computed
to visualize scientific networking activities.

Results
Wroctaw research activity

In total, a number of 15,267 original articles were iden-
tified from 1972 to 2016 in chemistry and related fields
(Fig. 1). Regression analysis demonstrated a significant
increase in research activity (correlation coefficient (r?)
= 0.9237) with a maximum yearly output of 727 articles
in 2014. Density-equalizing mapping of Wroctaw chem-
istry research output with the cooperating foreign sci-
entists led to a research architecture depicted in Fig. 1,
with Poland in the center, accompanied by strong partners,
including the USA, France and Germany. When the num-
bers of institutions were analyzed, more than 300 institu-
tions were devoted to research in the areas of chemistry
in Poland, followed by more than 200 different American
institutions and more than 150 French and German insti-
tutions (Fig. 2A,B).
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Network analysis of Wroctaw
chemical research in cooperation
with other countries
In the next step, the proportion of cooperation research

was analyzed and a total of 4,362 research collaborations
were found. These collaborations of Wroctaw scientists

encompassed a total of 83 different countries, leading
to a percentage of 28.6% of all research activities. When
the international research collaborations were further
analyzed, 3,246 were found to be bilateral between one
of Wroclaw institutions and a foreign institution. There
were also 888 collaborations between Wroctaw and 2 other
countries, and 175 with 3 other countries. The analysis
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of time evolution demonstrates that there has been an in-
crease in international research collaborations since 1972.
Especially after 1990 there is a strong increase in these
numbers with the year 2015 exhibiting a record number
of 254 collaborations.

Network analysis diagrams were then used to visual-
ize the global Wroctaw research network with contribu-
tions from the USA (688 articles), France (658 articles)
and Germany (679 articles). One can also observe strong
bonds with Russia (409 articles) and Ukraine (406 articles),

followed by Italy (373 articles) and the UK (322 articles).
Network diagrams also illustrated frequent collabora-
tions with Sweden (152 articles) and Spain (161 articles)
(Fig. 3A,B).

Semi-qualitative indicators:
citations and Hirsch index

Surrogate parameters of quality were based on cita-
tion analysis and the semi-qualitative markers of total
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citations, Hirsch index (h-index) and citation rate per
article were calculated. In total, the 15,267 original ar-
ticles from Wroclaw were cited 170,606 times (Fig. 4).
The articles with cooperating American institutions were
cited 16,304 times. Maxima were observed for the articles
from the years 2001 (8,568 citations) and 2004 (9,438 ci-
tations). The increase from 1972 to 2007 was significant
with r? = 0.8455. Density-equalizing mapping for h-indices

illustrated h-indices for Poland (h-index = 96), followed
by those for the USA (h-index = 56), France (h-index = 45)
and Germany (h-index = 44) (Fig. 4).

Research areas

Among different fields of science related to chemistry,
the subject area “chemistry” dominated by far with 11,516
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articles. It was followed by the field of “biochemistry & homologous citation rate (cr): cr = 10.94 for “chemistry”;
molecular biology” and the field of “physics” with 2,177 and cr = 13.12 for “biochemistry & molecular biology”; and
2,007 articles, respectively (Fig. 5A). The analysis of cita- cr = 12.40 for “physics”. The highest cr of the most assigned

tion trends in the different research areas revealed a relative subject areas was noted for the articles published in the
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field of “biophysics” with cr = 15.52, whereas the lowest cr
was found for the articles which were related to “engineer-
ing” (cr = 4.74) (Fig. 5B).

When the relative proportion of subject areas was as-
sessed, a clear dominance of the area ,chemistry” was pres-
ent, beginning with more than 74% of all articles in the
period 1972-1976 to about 50% currently, in the period
2012-2016 (Fig. 6A).

When the subject nature of the international collabo-
rations was analyzed for the top cooperating countries,
it became evident that “chemistry” dominated all col-
laborations with the proportion of over 60%. However,
some countries have special subject area links to Wroctaw
scientists, i.e., “metallurgy & metallurgical engineering”
is related to research collaborations of Wroctaw scientists
with Russia and Ukraine (Fig. 6B).
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Discussion

A large number of excellent articles have described the
historical background of Wroctaw academic life over the
past centuries,with a special focus on the time after 1945,
when primarily the scientists from the Jan Kazimierz Uni-
versity of Lviv established new universities in Wroctaw.?"-3!
Basing on these historical facts, the present study incor-
porates scientometric approaches, together with novel
visualization techniques, in order to illustrate the evalu-
ation of chemistry and related areas in Wroctaw. Sciento-
metrics is a field of science, also termed as meta-science,
that was propagated by key researchers such as Garfield
or de Solla Price decades ago in world-renowned journals
such as “Science” or “Nature”.32-3¢ The present approach
uses established scientometric instruments such as the
citation indexing,the Web of Science databank or Hirsch
indices to illustrate the scientific advances in Wroctaw
chemistry research in the postwar time, reaching to the
end of 2016.%7-3° It does not stop here, but extends the
approach, using a combination with the so-called density-
equalizing mapping visualization technique, which was
established by Gastner and Newman in 2004 in the “Pro-
ceedings of the National Academy of Sciences of the USA”
and incorporated to NewQIS in 2009.31°

The density-equalizing maps related to Wroctaw re-
search in the areas of chemistry, including biochemis-
try and molecular biology, point to a strong development
of these areas of science after the war. This is paralleled
by a similar increase in other biomedical areas as shown
recently.’® Thus, the heritage of 3 Nobel Prize laureates
in chemistry, linked to Wroctaw, has been transformed
into a vivid scientific community in the field of chemistry,
although Nazi Germany completely destroyed academic
life in Wroctaw. This reconstructive work has its founda-
tion on the shoulders of a few scientists who came from
Lviv, i.e., professors Boguslawa Jezowska-Trzebiatowska,
Wanda L. Mejbaum-Katzenellebogen, Henryk Kuczynski,
and Lucjan Sobczyk. They lost their home universities and
were thrown many years back in their scientific work due
to the Second World War and repressions by Nazi Ger-
many, but managed to rebuild their own scientific capabili-
ties in Wroctaw. Their former students now represent the
diverse faculties in Wroctaw universities and research in-
stitutions, and authored more than 15,000 original articles
in the period 1972-2016. Within this vast amount of sci-
entific works, also 4,362 international research collabora-
tions with a total of 83 different countries were published
by Wroctaw scientists. This is nearly 1/3 of all Wroclaw
chemistry-related publications, symbolizing that Wroclaw
scientists function as ambassadors of Poland to the world.
Especially after 1990 there has been an increase in inter-
national collaborations with western countries such as the
USA or France. This shows how important the new politi-
cal area was for the fields of science with Wroclaw scien-
tists being able again to carry out any scientific cooperation
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—not limited to communist countries, but directed toward
the scientific background of the collaborating institutions.

The analysis of research areas demonstrated that re-
search in Wroctaw is not narrow-focused, but open to all
aspects of chemistry. With the core chemistry areas in the
center, areas such as biochemistry also gained more and
more attention. From a historical perspective, this is ex-
tremely fortunate, since the Wroclaw 1907 Nobel laureate
Eduard Buchner (1860-1917) is also known as the father
of biochemistry in a test tube or the father of experimen-
tal molecular bioscience — this legacy was continued at
the Polish state university of Wroclaw half a century later
by professors such as Wanda Mejbaum-Katzenellenbogen,
who published articles on biochemistry between the 1940s
and the end of the 1980s. With regard to the prominent
role of Mejbaum-Katzenellenbogen and other female
scientists from Wroclaw, it is enticing to speculate that
Wroctaw scientific community can be characterized as
more gender-balanced than other scientometric commu-
nities. This needs to be studied in further projects with
a focus on gender issues.

To conclude, this study is the first combined density-
equalizing and scientometric analysis that visualizes the
great success of Polish scientists who rebuilt academic
life in the area of chemistry after the Second World War.
With the heritage of 3 Nobel Prizes for chemistry and the
scientific field completely destroyed by Nazi Germany,
they succeeded and regained scientific power in the follow-
ing 50 years. The chemistry research of Wroctaw is again
a leading Central European player with a fruitful inter-
national network to both Western and Eastern countries.
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