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Apoptosis plays the critical role in the maintenance of tissue
homeostasis in human body [1]. In addition, it has been shown
that deregulated apoptosis plays the major role in human cancer
development, including cervical cancer [1]. Morphologically,
apoptosis is characterised with the formation of small, spheri-
cal, membrane bound organelles, which are known as apoptotic
bodies [2].

Apoptosis represents the tightly regulated process, in which
several different families or proteins are involved, including
the proteins of Bcl2 and Caspase family [1]. Bel2 associated X
gene, so called BAX gene represents the pro-apoptotic mem-
ber of Bcl2 family, which is shown to be deregulated during the
progression of different cancers [3]. The role of BAX in the pro-
gression of cervical intraepithelial neoplasia and cervical cancer
less known.

Caspase 3 (Cas3) protein represents, the important member
of cysteine-aspartic acid protease family, which plays the major
role in the executive phase of apoptosis [4]. It has been sug-
gested that caspase activity is related to the aggressive features
of cancer cells, including cervical cancer, which is developed
from grade 1 to 3 cervical intraepithelial lesions. It has been
shown that Cas3 activity is deregulated during the progression
of cervical cancer. Particularly, in 16% of CIN3 cases it is upreg-
ulated and in 28% of CIN3 cases it is downregulated, whilst it
is gradually decreased in the progression of cervical carcinoma
from stage I to stage II-IV [5]. The changes of Cas3 in cervical
intraepithelial lesions is not very well studied.

The aim of our study was to evaluate the apoptotic activity the
progression of cervical intraepithelial neoplasia, using Cas3 and
BAX proteins and to decipher their association with the expres-
sion of proliferation marker Ki67 and ER.

Material and methods. Formalin fixed and paraffin embed-
ded tissue material was retrieved from the Research, Diagnostic
and Teaching Laboratory of Tbilisi State Medical University,
Georgia. Study included altogether 140 tissue samples, divided
into two major groups: cases without co-infections (n=54) and
cases with co-infections (n=86). Co-infections included bacte-

rial vaginosis, chlamydia trachomatis and candida albicans.
Cases without co-infections were divided into following sub-
groups: normal cervix (10 cases), CINI (18 cases), CINII (14
cases), CINIII (7 cases), invasive carcinoma (5 cases); Cases
with co-infections were divided into following subgroups: cer-
vix with only infections (15 cases), CINI (29 cases), CINII (19
cases), CINIII (15 cases), invasive carcinoma (8 cases).

4 FFPE tissue sections were deparaffinized in xylene, re-
hydrated by using serial dilutions of ethanol (96%, 80%, 70%)
and heat mediated antigen retrieval has been performed. Ready
to use antibodies against the following antigens were used:
Ki67, Cas3, BAX and ER. Staining and visualisation has been
performed using Bond polymer refine detection system. The
expression of all markers was evaluated as the percentage of
marker positive cells.

Comparisons between groups were made using Kruskal-Wal-
lis test. The Kruskal-Wallis test is a nonparametric (distribution
free) test, and is used when the assumptions of one-way ANOVA
are not met. The Kruskal-Wallis test can be used for both contin-
uous and ordinal-level dependent variables. Correlations were
assessed using Spearman’s rank correlation. The Spearman’s
rank correlation is also used when data is non-parametrically
distributed. P values <0.05 were considered as significant. All
statistical tests were performed using SPSS software V20.00.

Results and discussion. The study of Cas3 in specimens
without co-infections indicated that, the average pro-apoptotic
index was 56+10.2 in normal cervix, 44+4.9 in CINI, 31+5.6 in
CINII, 22+4.4 in CINIII and 94+2.3 in cervical invasive carci-
noma. The study of BAX indicated that the average BAX index
in normal cervix was 7+2.2, in CINI it was 16+3.9, in CINII it
was 19+5.2, in CINIII it was 24+7.6 and in cervical invasive
carcinoma it was 5549.8. The proliferation index measured as
Ki67 labelling index was following: 4+1.2 in normal cervix,
13+5.2 in CINI, 1546.9 in CINII, 20+5.1 in CINIII and 35+10.6
in invasive carcinoma. The average ER distribution was 19+2.2
in normal cervix, 21+5.7 in CINI, 24+5.7 in CINII, 11+3.4 in
CINIII and 6+1.1 in invasive carcinoma of the cervix.

Table 1. Distribution apoptotic, proliferation and ER markers in cervical lesions without co-infections. CA, carcinoma

Without co-infection

Cas3

Bax Ki67 ER

Normal cervix 56

gl 7 gl 4 19

CINI 44

16 |gl 13

CINII 31

19 |gl 15

CINIII 22

24 |gll 20

=99 9 4 1

Invasive CA 9

=
EEaAAE

55 |4l 35
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Table 2. Distribution of apoptotic, proliferation and ER markers in cervical lesions with co-infections. CA, carcinoma

With Co-infection

Cas3

Bax Kie7 ER

Cervix with Infection 52

gl o |4l 6 20

CINI 43

all 21

qll 17 22

CINII 29

all 25

4l 21 27

CINIII 18

EAEAE

gl 30 gl 26 14

=N=N_¥ ¥

Invasive CA 5

al 61 |all 42 gl 8

The study of pro-apoptotic marker Cas3 in specimens with
co-infections indicated that, the average pro-apoptotic index was
52+3.2 in cervix with infections only, 43+6.9 in CINI, 2942.2 in
CINII, 18+3.6 in CINIII and 54+4.1 in cervical invasive carci-
noma. The study of BAX indicated that the average BAX index
in normal cervix was 9+3.3, in CINI it was 21+5.8, in CINII it
was 25+5.5, in CINIII it was 30+6.7 and in cervical invasive
carcinoma it was 61+10.8. The proliferation index measured
as Ki67 labelling index was following: 6+1.9 in normal cervix,
17+6.3 in CINI, 21+7.8 in CINII, 26+8.2 in CINIII and 42+10.7
in invasive carcinoma. The average ER distribution was 20+2.4
in normal cervix, 22+3.6 in CINI, 27+4.4 in CINII, 14+2.8 in
CINIII and 8+3.6 in invasive carcinoma of the cervix.

The analysis of the results indicated that the expression of
pro-apoptotic protein Cas3 is progressively lost during the pro-
gression of cervical intraepithelial neoplasia in the group of
without co-infections. Particularly, the expression of Cas3 is
almost two-times lower in CINI and CINII compared to normal
cervix and it is 3 times lower in CINIII and almost 6 times lower
in cervical carcinoma. On the other hand, the expression of BAX
is progressively increased during the progression of cervical in-
traepithelial lesions in the same group. Particularly, the expression
of BAX is almost 2-times higher in CINI and CINII compared to
normal cervix, 4-times higher in CINIII and almost 6-times higher
in cervical CA. The distribution of Ki67 proliferation marker, it is
also progressively increased during the progression of CIN. With
regards to the expression of ER, the weak expression was seen in
normal cervix. The expression of ER was moderate in CINI and
CINII lesions, whilst it was again decreased to weak expression in
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Graph 1. The distribution of Cas3, BAX, Ki67 and ER in CIN
and cervical CA without co-infections
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CINIII and almost negativity to cervical carcinoma. The distribu-
tion patterns of mentioned markers were similar in the groups with
co-infections. However, the loss of Cas3, as well as high expression
of Ki67 and the loss of ER was more pronounced in specimens
with co-infections. Which might indicate that co-infections further
modulate the expression of these markers and therefore playing a
role during the CIN progression.

Correlation analysis, in all specimens, indicated that the ex-
pression of BAX negatively correlates with the expression of
Cas3 (r=-42.4, p<0.05) and ER (r=-33.4, p<0.05) and positive-
ly correlates with the expression of proliferation marker Ki67
(r=56.3, p<0.05).

Cervical cancer is developed from cervical pre-cancerous le-
sions called cervical intraepithelial neoplasia. There are three
grades of CIN, including CINI, CINII and CINIII. Interestingly
not all CIN lesions progress to cervical cancer and many cases
of CIN undergo the spontaneous resolution. Particularly, only
about 10% of patients with CINI lesion develop cervical cancer,
whilst this number reaches up to 40% in case of CINIII lesions.
Therefore, only morphological detection and diagnosis of dif-
ferent grades of CIN is not enough to predict the development
of cervical carcinoma from pre-cancerous lesions and there is
the need to discover the molecular markers of CIN progres-
sion. It has been shown that in the process of cervical carcino-
genesis there is the deregulation of apoptosis through various
mechanisms, including the accumulation of mutations and/or
epigenetic changes in tumor suppression genes. In addition, the
expression levels of apoptotic proteins reflect the actual status
of cells apoptotic ability and it might be used as a marker for
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Graph 2. The distribution of Cas3, BAX, Ki67 and ER in
CIN and cervical CA with co-infections
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Fig. Expression of Ki67 in A. normal cervix, B. CINIII and C. in cervical CA; expression of Cas3 in D. normal cervix, E. CINIII
and F. in cervical CA; expression of BAX in G. normal cervix, H. CINIII and in 1. cervical CA; expression of ER in J. normal cervix,
K. CINIII and L. cervical carcinoma, IHC, x200

the progression of CIN disease. The measurement of caspase
activity is frequently used in experimental studies of apopto-
sis [6]. Therefore, it has been suggested that the expression
of these proteins might also serve as biomarkers on a tissue
level [7]. According to the study of Lu et al., the expression
of Cas3 was significantly increased in cervical cancer com-
pared to normal tissue [8]. Whilst the others reported that
Cas3 expression is decreased in later stages of cervical cancer
[5]. Therefore, the existing literature shows the conflicting
results. In our study, we have shown that Cas3 is progres-
sively lost during the progression of CIN, showing almost
complete loss in cervical cancer. In addition, Cas3 expression
is negatively associated with the proliferation marker Ki67 in
our study. Hence, we speculate that the expression of Cas3
represents the marker of cells apoptotic potential and there-
fore the decrease in its expression reflects the decrease of the
apoptosis, which is detected as increased proliferation of the
cells in CIN and cervical cancer.

© GMN

To the best of our knowledge, we are first who investigated
the expression of BAX in the progression of CIN lesions and in
cervical cancer and demonstrated that the expression of BAX is
significantly increased at later stages of the disease. Our study
is in line with one previous report regarding BAX expression
in cytology smears, which showed the increased expression of
BAX in abnormal smears, compared to normal smears [9]. In
addition, in our study increased BAX expression was correlated
to the loss of Cas3. Therefore, we suggest that in cases of Cas3
loss, the increased BAX expression might reflect the over ac-
tivation of the initiation phase of apoptosis, as a result of de-
creased ability of cells to execute the final phase of apoptosis.

Conclusions. The results indicate that the increased expres-
sion of Bax and Cas3 loss, as well as the increase in prolifera-
tion index measured as Ki67 expression is significantly related
to the progression of CIN into cervical carcinoma. Therefore,
the measuring of mentioned protein expression could be used as
the markers of the progression of CIN.
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SUMMARY

LOSS OF CAS3 AND INCREASE OF BAX EXPRESSION
ASSOCIATED WITH PROGRESSION OF CERVICAL
INTRAEPITHELIAL NEOPLASIA

Pkhakadze G., Bokhua Z., Asatiani T., Muzashvili T.,
Burkadze G.

Tbilisi State Medical University, Georgia

Apoptosis plays one of the major roles in the progression of
human cancers including cervical carcinoma. The aim of our
study was to analyse the expression of Cas3, Bax and their
correlation with the proliferation index and ER expression sta-
tus during the progression of cervical intraepithelial neoplasia
(CIN). Study included altogether 140 specimens, divided into
two major groups, such as: cervical lesions without co-infec-
tions and with co-infections. Standard immunohistochemistry
was used to detect antigens: Ki67, Cas3, Bax and ER. The study
results showed that the expression of Cas3 is significantly de-
creased whilst the expression of Bax is significantly increased
during the progression of CIN in both groups with and with-
out co-infections. The expression of Bax negatively correlates
with the expression of Cas3 (r=-42.4, p<0.05) and ER (r=-33.4,
p<0.05) and positively correlates with the expression of prolifer-
ation marker Ki67 (1=56.3, p<0.05). The results indicate that the
deregulated apoptosis measured as increased expression of Bax
and Cas3 loss, as well as the increase in proliferation index mea-
sured as Ki67 expression is significantly related to the progres-
sion of CIN into cervical carcinoma. Therefore, the measuring
of mentioned protein expression could be used as the markers of
the CIN progression.

Keywords: CAS3 and BAX proteins; Co-infections; Cervi-
cal Lesions.
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PE3IOME

IOTEPSI CAS3 JOCTOBEPHO ACCOLIUUPYETCS
C MPOTPECCHMEN MHTPASIIUTEJMAJILHBIX HE-
OILIA3UM IIEMKHA MATKH

IIxakanze I.A., Boxya 3./[x., Acarnanu T.1.,
MyszamBuin T.3., Bypkaaze I.M.

Tounucckuii 2ocyoapcmeenuvlil MeOUYUHCKULL YHUBepCumen,
Ipy3us

ATIONTO3 UTpaeT 3HAYUMYIO POITb B IIPOTPECCHH TPOIECCa MHO-
THX BUJIOB KapIIMHOM, B TOM UHCIIe H KAPIIMHOM IIEIKN MaTKH.

Llenpio nccaenoBaHus SBUIOCH M3yUEHHE SKCIIPECCHH TIPO-
amonto3Horo 6enka Cas3 u aHTH-anonTo3HOTO Oenka Bax B mpo-
neccax MpOTPeCCUH MHTPAINUTEINANBHBIX HEOIUIA3ui MIeHKH
MaTKU M UX KOPPEJSLMOHHBIX CBSI3e€H C 3KCIIpecceil MapKepoB
Ki67 u ER. UccrnenoBanus mposenensl Ha 140 oOpasmax Tka-
HeM, pa3/eJIeHHbIX HAa 2 OCHOBHBIE TPYIIIEL: MOPAKSHUS MISHKH
MaTKd ¢ HanmnuueM uHpekun (n=86) u 6e3 nHpekunu (n=>54).
CTaHAapTHBIM MMMYHOTHCTOXHMHYECKAM METOIOM H3y4YEHBI
MonekysipHble Mapkepbl Ki67, Cas3, Bax u ER.

Pe3ynbTaTel BccneoBaHUS MOKA3allH, 9TO B MpoIecce Mpo-
TPECCHH MHTPASITUTENNATBHBIX HEOIUTA3Ui MIEHKH MaTKH JKC-
TepecHs Mpo-anonTo3Horo oenka Cas3 3HAYUTENTHHO YMEHBIIIA-
eTcsl, a OKCIIEPCCHS aHTH-AMONTO3HOTO Oenka Bax 3naunTensHO
yBennuuBaeTcs B 00enx rpymmax. Dkcrepeens Bax naxoaures
B HETaTUBHOWM KOPPENSIHUOHHOHN CBs3M ¢ skcmpeccueir Cas3
(r=-42.4, p<0.05) u ER (r=33.4, p<0.05) u B mO3UTUBHOI KOp-
PEIAMOHHOM CBs3M - ¢ dKcnepecueit Ki67 (1=56.3, p<0.05).

Pe3ynbTaTsl MCCIEIOBAHHS BBIIBIIIM yBEIHUCHHE SKCIIPEC-
cun Bax u motepro Cas3, Taxke yBenndeHUe MponnepaTrus-
Horo mHpAekca Ki67, 4T0 JOCTOBEPHO CBS3aHO C MPOLECCOM
MIPOTPECCUH MHTPASINTENNATBHBIX HEOIUTIa3ui MEHKN MAaTKH B
kapiHOMy. ClIeoBaTeNnbHO, SKCIIEPCCHIO JAHHBIX OSITKOB BO3-
MOKHO HCTIONB30BaTh KaK MapKep MPOrPecCHH WHTPASUTENN-
aJIbHBIX HEOIUIA3UH MIEHKU MATKU.
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490l ©sbosbgdgdo 0bg3gdioom (1=86) ws 0bxgdiool
350999 (n=54). LAsbodGymo 0dygbmdol@mJodoygdo
dgompom  godmgagbogos dodggdgdo: Ki67, Cas3, Bax
s ER.

330g30L  Vggp9dds ohggbs, ™I 3MM-53m3EM bY@
@ogool Cas3-ol gJl3dmglos d60Tgbgermgbor IE0Mwgds,
bogm  5bBo-53m3Gmbyg@o ool Bax-ol gJlsdglos
0bAEos bodgo@mbml ggarols 0b@®sgdomgeg@o bgm-
3ansbogdol 3Gmadglool 3GmiEglido mdogg bsggergs
Xo99do. Bax-ob gJu3dgbos bgys@oyn® jm@gasiosdos
Cas3-ol (1=-42.4, p<0.05) @s ER gJl3dmglogdmsb (1=33.4,

p<0.05) ©o 3mbo@oy® MOgEs305Tdos 3OME0BgMS-
@ogeo  do@3gdols  Kib7-ol  gJuddgboslosb (1=56.3,
p<0.05). 33arggol Jggagods yodmagaobs, @md Bax-ol
dmdsBgogemo  9Jb3dmglos s Cas3-ols sgaMags, 0liggy
Amame3 Inds@gdgmo Kib7 3@mamogg@saogmmo ob-
©gdbo Lo@fdgbme s@ol ogo390Mgdyamo Lbsdgoaml-
bl ggamol 0bB@sg3omgagmo  bgm3msbogdol  3om-
30bmds  3Omy@glosbmsb. Jgbsdadolow, swbodbyaro
3o gd0l  gJu3dglos  Dglodangdgamos  go3mygbgdygaro
04mb bsdgogmbml ggeol 0bG@sgdomgamgdo bygmans-
bogdol 3Gma@glool domggMs.

MORPHOLOGICAL CHARACTERISTICS OF SMALL INTESTINE MUCOSA IN DYSBIOSIS
AND AFTER ITS CORRECTION BY PROBIOTICS AND ENTEROSORBENTS

"Bobyr V., 'Stechenko L., 'Shyrobokov V., 2Nazarchuk O., *Faustova M.

!Bohomolets National Medical University, Kyiv; *National Pirogov Memorial Medical University, Vinnitsa,
3Ukrainian Medical Stomatological Academy, Poltava, Ukraine

Through the recent years, the world medical community has
been demonstrating an increasing interest in studying normal
human microbiota. Nowadays the term “normal microbiota” is
more commonly replaced by the term “microbiome”, proposed
in 2001 by an American geneticist Joshua Lederberg [1]. The
human microbiome is known to be involved in some essential
biological processes: it protects against harmful germs and
compounds; it produces considerable impact on the structural
and functional state of the internal organs, on the immune sys-
tem, as well as plays an important role in regulating some vital
functions. It should be emphasized that the advance in studying
microbiome and its role in maintaining human overall health is
considered as one of the key achievement in modern biology and
medicine. The editorial board of one of the most significant and
authoritative scientific journals, Science, has acknowledged the
study of the human microbiome as one of the greatest scientific
successes in the first decade of the 21st century [2-5].

Considering the importance of the microbiome for human
health, the issue of its physiological functioning is attracting
a growing attention from researchers and practitioners. Recent
scientific reports have convincingly shown that from 70% to
90% of the world population suffers from dysbiosis of varying
degrees that, undoubtedly, corroborates their social and envi-
ronmental significance [6,7]. At present, dysbiosis is defined as
a state of imbalance in the microbial ecosystem, i. e. there is
simultaneous impairment of the normal functioning and mecha-
nisms of interacting between its major components: a macroor-
ganism and indigenous microbiota associated with the mucous
membranes of the cavities and skin [8].

Among the numerous causes of dysbiotic disorders, the use
of chemotherapeutic antimicrobials, often of broad-spectrum ac-
tion and for per-oral administration, is ranking the top position.
Especially dangerous in this regard is the use of antibiotics for
prophylactic purposes [9]. However, some other groups of medi-
cines can also contribute to the development of dysbiosis by af-
fecting the kinetics of the mucosal epithelium and, accordingly,
the mucin composition. This group may include non-steroidal
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anti-inflammatory drugs, laxatives, cholagogues, coating agents
with adsorbing properties and some others [10]. Irrational, base-
less and often uncontrolled use of antibacterial agents in medical
practice leads to artificial selection of polyresistant strains of op-
portunistic microorganisms.

The last decade has been marked by a considerable increase in
the interest of healthcare representatives of fields to develop new
approaches and to improve existing ones towards the correction
of dysbiotic conditions. Among them, the concept of probiotic
supplementation is occupying a leading position. According to
the WHO definition, probiotics are «microorganisms, which
when administered in adequate amounts, confer a health benefit
on the host organism” [11]. In recent years, there has been a
growing interest in both fundamental and clinical research of
probiotics. The mechanisms responsible for various effects pro-
duced by probiotics are usually associated with the ability of
probiotics to inhibit the development of pathogenic microbes,
to demonstrate immunomodulatory properties, to stimulate the
proliferation and differentiation of epithelial cells, and to pro-
mote the intestinal barrier [12].

At the same time, an imbalance in microbial ecology, as a
rule, results from the contamination of the internal body envi-
ronment with toxic compounds of both exogenous and endog-
enous nature; therefore, some types of enterosorbents can be
attributed to beneficial agents for microflora normalization. The
mechanism of their action is largely due to the sanitation of the
intestinal lumen resulting in the improved condition for the vi-
tal activity of the physiological microbiota. Enterosorption is a
non-invasive method of efferent therapy and, when an adequate
sorbent selected, can promote effective cleansing the body of
allergens, mediators, by-products of allergic or inflammatory
processes, metabolites, toxins, viruses and other components.
Improvement of biotopes is able to optimize the conditions for
normal human microflora functioning [13 - 15]. In the face of
increasing resistance to antibacterial agents, the addition of en-
terosorbents in the integrated therapy of dysbioses is an impor-
tant and pathogenetic-based approach.
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