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INDIVIDUAL PROGNOSIS

OF SEROUS OVARIAN CANCER
SURVIVAL PATIENTS BASED ON
ADHESION AND PROLIFERATION
OF TUMOR CELLS

Summary. 4im was to study expression of (CD44s) and (Ki-67) markers serous ova-
rian cancer cells by immunohistochemistry and to evaluate their clinical significance.
Material and methods: 102 surgical specimens of stage 1111 serous ovarian cancer
(0C), mean age 59,3 £ 3,7. Methods: clinical, morphological, immunohistochemi-
cal, statistical. Results: All tumors had serous adenocarcinoma morphology with dif-
Jerent quantity of papillary component and solid structures. We allocated high-, mode-
rate- and low-differentiated forms of OC, as well as tumors with low and high degree
of morphological malignancy. We found the heterogeneity between OC tumors by ex-
pression of Ki-67 and CD44 proteins. Number of tumors with high expression of Ki-67
(> 10%) and CD44 (> 10%) was significantly higher in patients with poorly differen-
tiated OC and high degree of morphological malignancy. We allocated the molecular
phenotypes of OC tumor cells: CD44*/Ki-67", CD44*/Ki-67-, CD44 /Ki-67" and
CD44 /Ki-67 and defined the dependence of patients’ survival from the molecular
phenotype of tumor cells. Conclusions: We defined intertumoral heterogeneity of OC
by expression of CD44 and Ki-67 and variability of OC patients’ overall survival pe-
riods, which depended from the tumor molecular phenotype. Stratification of tumors
not only by morphology, degree of differentiation and malignancy, but also according
to molecular phenotype is needed for individualized treatment and predictive prognosis
of patients with serous OC, because it reflected the underlying potency of tumor to grow
and form metastasis.

INTRODUCTION

Among female reproductive system neoplasms, serous
ovarian cancer (OC) is characterized by the most aggressive
clinical course with frequent relapses in the area of small pel-
vis and abdominal cavity. Clinical and morphological fac-
tors, which influence the OC course, are stage of disease,
volume of cytoreduction, grade of differentiation of tumor
and age of patient. Clinical division of OC by stage only not
always allows to evaluate clearly the prognosis of course of
disease and prescribe the adequate treatment. It can be ex-
plained by the fact that tumors with different morphology,
unequal grade of differentiation and malignancy are being
united in one stage. These very features of tumors deter-
mine different growth potential and diffusion of neoplastic
cells outside the limits of ovary with further development of
implantation metastasis [1, 2].

Numerous studies of tumors of different genesis have
determined that variability of clinical course is connect-
ed both with etiopathogenesis of cancer and with later al-
teration of gene expression and molecular phenotype of
tumor cells [3—7], which are considered to be connected
with inter- and intratumor heterogeneity of the last ones
[8]. For instance, inter- and intratumor heterogeneity of
such markers as CD44 and CD24 has been showed on
cell lines of breast cancer (BC) (MDA-MB-468), kidneys
(CAKI2), large intestine (HCT116), lungs (COR-1L23),

ovary (OVCAR3, SKOV3, CAOV3, A2780) cancers [9].
Heterogeneity of expression of VEGFR-2 has been deter-
mined not only in cells of tumors of the same genesis (glio-
mas), but also in different zones of the same tumor (central,
periphery, near lesions of necrosis) [10]. Study of molec-
ular phenotype in invasive focuses of multifocal carcino-
mas of mammary gland dependently on their size, mor-
phology, and differentiation grade has showed that hetero-
geneity may appear in the similar by morphology tumor
focuses [11]. However, clinical significance of inter- and
intratumor heterogeneity and its role in progression of tu-
mor growth has not been fully studied. Thus, it conditions
the necessity of conduction of the further studies in this di-
rection. The relevance of the problem in full measure con-
cerns OC, for which frequent relapses are typical and are
the sign of tumor progression [2].

Cardinal role in progression of tumor disease of diffe-
rent genesis, including OC, belongs to such biological pro-
cesses as proliferation and adhesion, alteration of which
causes the increase of the number of tumor cells, disorder
oftheir junction and their invasion in surrounding tissues.
Nuclear antigen Ki-67 is molecular marker of prolifera-
tion, which affects the speed of growth and aggressiveness
of clinical course of tumors of different genesis [12, 13].
Molecule CD44s, which is multifunctional transmem-
brane protein and receptor of hyaluronic acid, also plays
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significant role in processes of invasion and metastasis [9].
CD44s is involved in intercellular connections, modifi-
cation of cellular-matrix interactions and participates in
many signal cascades, which are connected with differen-
tiation, proliferation, migration, and apoptosis of cells [ 14,
15]. One of the papers [16] has emphasized that disorder
of intercellular adhesion lies in the basis of development
of metastases and is biological marker of tumor growth.

Molecule CD44 has such peculiarity as expression in
cancer stem cells (CSC) and tumor-initiating cells (TIC),
which are being detected in neoplasms of different genesis.
According to the data of studies, CSC/TIC are characteri-
zed by higher potential to proliferation, myofibroblast-like
and invasive properties, capacity of dissociation, formation of
spheroids in ascitic solution and being for a long time in rest
upon the conditions of hypoxia [17, 18]. CSC/TIC in popu-
lation of OC cells are being determined by series of markers
(CD44, CD117, CD133, CD24) or their combinations [19].
The fact attracts attention that prevalence of CSC in tumors
is associated with invasive phenotype of cells and relapses of
tumor process even in the early stages of OC [20].

Due to the intensification of molecular-biological studi-
esin oncology, more and more attention is given to the study
of not only single molecular markers of tumor growth, but
also their combinations. Such approach isused, forinstance,
in prognosis of course of BC. Several molecular pheno-
types of BC have been allocated dependently on expres-
sion of receptors of estrogens, progesterone and epidermal
growth factor and their significance for the individual prog-
nosis of tumor disease and personalization of treatment has
been studied [21]. Allocation of certain molecular pheno-
types in OC patients is also relevant, but undeveloped issue.

The aim of the paper was to conduct immunohisto-
chemical study of expression of adhesion (CD44s) and
proliferation (Ki-67) markers in cells of serous OC and
evaluate its clinical significance.

OBJECT AND METHODS

One hundred and two patients with serous OC of I-I11
stage, who have not undergone neoadjuvant polychemothe-
rapy before surgical treatment, have been included in study.
After surgical treatment, patients have been prescribed adju-
vant polychemotherapy by CAP and CPschemes. All patients
have been informed and have given their consent for the use
of samples of their tumors with research goals. The dissemi-
nation of tumor process has been evaluated according to
the FIGO classification. At morphological study of surgical
material, the histological structure of tumors, differentiation
grade, aswell as stage of morphological malignancy according
to the structural and cytomorphological criteria [21], has
been evaluated. Immunohistochemical study (streptavidin-
biotin-peroxidase method) of expression of markers Ki-67,
CD44s hasbeen carried out on histological sections (4 mkm)
of paraffinic blocks of surgical material fixed in 10% solu-
tion of neutral formalin. Monoclonal Ki-67-specific (clone
MIB-1, “Dako Cytomation”, Denmark) and CD44s-spe-
cific (clone DF 1485, “Dako Cytomation”, Denmark) an-
tibodies (McAB) have been used as initial. For the visualiza-
tion of the results of reaction, kit of reagents EnVision+ and
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3,3-diaminobenzadine (“Dako LSAB2 system”, Denmark)
hasbeen used according to the manufacturer’s recommenda-
tions; sections have been stained with Mayer’s hematoxylin.
For the evaluation of expression of Ki-67, semi-quantitative
method has been used: number of Ki-67* (Ki-67-positive)
cells per 1000 analyzed cells has been considered prolifera-
tion index (P1, %). Also stage of staining of nuclei has been
determined — high (+++), moderate (++), low (+). Being
guided by data of literature [23] that even in the early stages
of OC the number of Ki-67-positive cells (on the assump-
tion of use of the McAB MIB-1) is a predictor of relapse,
tumors with PI > 10% and high/moderate stage of staining
of nuclei have been considered tumors with high prolifera-
tion. Expression of CD44s (further — CD44) has been eva-
luated, analyzing the whole histological section as fraction
of positively stained cells (%). Expression of CD44 > 10%
hasbeen considered high, also taking into account only high
and moderate stage of staining of cells. In negative control
primary McAB were omitted. Lymphocytes in histological
sections have been used as positive control for detection of
CD44 expression. Expression of markers has been analyzed
under magnification %x200—400.

Statistical processing of the results hasbeen conducted us-
ing standard software Statistika 6.0. For the determination of
significance of changes of frequency of tumors with different
expression of markers dependently on stage of OC, differen-
tiation and malignancy grade of tumors, ¥*test, level of sig-
nificance and Pearson correlation coefficient have been cal-
culated. Survival of patients has been evaluated by Kaplan —
Meiertest using log-rank test. Difference hasbeen considered
significant at p < 0.05.

RESULTS AND DISCUSSION

Analysis of the general clinical characteristics of 102 pa-
tients with OC of I-111 stage has showed that their mean age
varied from 28 to 75 and has constituted in average 59.3 £ 3.7;
61.8% of patients were in menopause. In 81.4% of patients,
the OC of II and III stages has been diagnosed; all tumors
had structure of serous adenocarcinoma with varying part of
papillary component and solid structures, variability of atyp-
ism and polymorphism of tumor cells. Taking into account
these criteria, in analyzed material high-, moderate- and low-
differentiated OC forms have been allocated, among which
moderately differentiated forms prevailed (52.0%). Quantity
of patients with low-differentiated OC has constituted 30.4%,
with high-differentiated — 17.6%. For the evaluation of OC
malignancy grade, assessment of tumors by the following pa-
rameters hasbeen conducted: interrelation between glandular
and solid structures, heterogeneity of morphology of tumor
in its different zones, atypism and polymorphism of tumor
cells, features of growth (solid/glandular focuses, clusters,
accumulations of cells, single cells), presence of mitoses, le-
sions of necrosis, calcifications. Basing on this, tumors with
low and high malignancy grades have been detected: they
have constituted 38.2 and 61.8% correspondingly (Table 1).
The mentioned data show that serous OC is characterized by
intertumor heterogeneity not only by differentiation grade,
but also by malignancy grade, which evaluation was based on
cytomorphological data.
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Table 1 Table 2
General clinical features of OC patients Distribution of tumors (n = 102) with positive expression of Ki-67
Number of patients and CD44 dependently on clinical and morphological features
Indexes = n T
n % Clinical Number of Number of tumors with expression
Total 102 100.0 and mor- patients of markers, n/%
Menstrual cycle phological n! o Ki-67 CD44
Preserved 39 38.2 indexes Ki-87(+) | KI-B7(-) | CD44(+) | CD44(-)
Menopause 63 61.8 Stage of tumor process
Stage by FIGO [ 19 9/47.4 10/52.6 | 10/52.6 |9/47.4
| 19 18.6 I 35 19/54.3 |16/45.7 |20/57.6 |15/42.4
] 35 34.3 i 48 26/54.2 122/45.8 |28/58.3 |20/41.7
1l 48 471 Differentiation grade
Differentiation grade High 18 11/61.1* |7/38.9 10/55.5* |B/44.5
High G1 18 17.6 Moderate |53 30/56.6 |23/43.4 |29/54.7 |24/45.3
Moderate G2 53 52.0 Low 31 20/645 |11/355 |21/67.7 ]10/32.3
Low G3 3 30.4 Morphological malignancy grade
Morphological malignancy grade Low 39 30/58.9** |9/41.1 30/76.9** |9/23.1
Low 39 38.2 High 63 39/61.9  |24/30.1 [56/88.8 |7/11.2
High 63 61.8 Note: 'taking into acounting the frequency of tumors with different expression of the

Results of immunohistochemical study have showed
that individual indexes of expression of Ki-67 in tumors
varied from 2 to 76% (mean PI — 45.0 = 4.7%), CD44 —
from 0.0 to 67.5% (mean index — 52.0 & 3.1%). The men-
tioned data are the evidence of intertumor heterogeneity of
expression of these markers that has given the ground for
their analysis dependently on dissemination of tumor pro-
cess, differentiation grade and OC morphological malignan-
cy. As data in Table 2 show, expression of Ki-67 > 10% has
been determined at different dissemination of OC: quantity
of Ki-67" tumors in patients with OC of I stage has consti-
tuted 47.4%, and it has been increasing at IT and I11 stages to
54.3 and 54.2% correspondingly, but significant difference
has not been determined (p > 0.05). At the same time, oc-
currence of tumors with expression of this marker depended
on their differentiation grade: ¥* compared with quantity of
Ki-67 tumors of high and low differentiation grade has con-
stituted 7.51 (p = 0.00617, r = 0.36). Significant difference
has been determined also when analyzing occurrence of tu-
mors with expression of Ki-67 dependently on grade of their
morphological malignancy (= 8.7; p = 0.00318; r= 0.30).

Similar data on increasing of Ki-67 expression with
increasing of stage of tumor process are represented in
paper [24], which authors consider high expression of
Ki-67 the sign of aggressiveness and unfavorable prognosis
of OC. In one of the last studies [13] on large sampling ma-
terial (808 patients with oncologic pathology of ovary) also
has been determined essential clinical significance of Ki-67
expression. Using criterion of evaluation of Ki-67 expres-
sion > 10% (the same as in our study), authors have deter-
mined that frequency of expression of this markerin OC sig-
nificantly increases with dissemination of tumor process and
decrease of differentiation grade. Also it is connected with
decrease of lifespan of patients.

Analysis of quantity of tumors with CDD44 expression
has not determined changes of the last one dependently on
stage of tumor process (p > 0.05). At the same time, despite
significant heterogeneity of indexes, it has been determined
that patients with low differentiation and high malignan-
cy grade had significantly higher number of tumors with
CD44 expression: x2 = 14.5 (p < 0.00157; r = 0.56), *=
19.4 (p < 0.00157; r = 0.42) correspondingly (see Table 2).

investigated markers, 100% take the number of patients with each of the stages of
tumor process, the degree of differentiation or morphological malignancy;* signi-
ficant difference between high and low differentiation grade, ** significant differe-
nce between low and high morphological malignancy grade.

The obtained results show that there is significant in-
terturnor heterogeneity of expression of studied molecular
markers. It may be conditioned by complicated mechanisms
of adhesion of cells and their disorders at tumor growth of
different differentiation grade as well as peculiarities of mi-
croenvironment of tumors. It is also confirmed by the fact
that CD44 interacts with receptors of hyaluronic acid and
proteins of extracellular matrix (collagen, fibronectin, etc.)
and acts as bioactive signaling transmitter [25], which takes
part not only in intercellular adhesion, but also in migra-
tion and invasion of tumor cells. Formation of single clus-
ters and spheroid structures in ascitic solution, which assist
dissemination of OC in abdominal cavity with further pro-
liferation of cells, is connected with disorder of adhesion
of tumor cells [26]. Formation of such clusters and single
accumulations of tumor cells with expression of CD44 has
been determined in particular focuses of primary OC [22].

As mentioned above, at present time in oncologic
clinical practice in order to determine the prognosis of ag-
gressiveness of tumor process and survival of BC patients,
the molecular phenotype of cells isbeing determined, which
includes several molecular markers, to be exact receptors of
estrogens, progesterone, EGFR (marker HER2/neu) [27—
29]. In particular, it has been showed [27] that 5-year sur-
vival of BC patients depends on molecular phenotype and
constitutes 96; 88; 81; 89 and 85% correspondingly at lu-
minal A, luminal B, HER2+, basal-cellular and unclassi-
fied phenotypes. In a similar, taking into account the re-
sults of own study and data of literature concerning high
significance of immunohistochemical markers for diag-
nosis of grade of malignancy and aggressiveness of ovari-
an tumors, it is quite possible to presume the presence of
molecular phenotypes also in serous OC, which would in-
chude proliferation and intercellular adhesion markers. Bas-
ing on analysis of expression of CD44 and Ki-67 in patients
with serous OC, we have determined its following molec-
ular phenotypes: CD44* Ki-67* (n = 30; 29.5%), CD44*
Ki-67-(n = 28; 27.4%), CD44~ Ki-67* (n = 24; 23.5%),
CD447Ki-67" (n=20; 19.6%), which underlay the basis of
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calculation of overall survival of patients (Figure). As seen
from mentioned data, there is a difference between survi-
val of patients with different molecular phenotypes, which
turned out to be significant (p < 0.05) when comparing
curves of survival of patients with molecular phenotype of
tumors CD44* Ki-67* and CD44~ Ki-67". Obtained results
demonstrate that each molecular phenotype, obviously, re-
flects unequal biological peculiarities of tumor.

It should be mentioned that survival of patients with se-
rous OC depends on series of factors. To these factors may
be referred not only molecular phenotype of tumor, but also
other factors, exactly resistance of OC to cytostatics, features
of microenvironment of tumor, immune status of organism of
patient. Despite prognosisis influenced by so many factors, at
present time more and more authors abandon themselves to
idea concerning the role of molecular inter- and intratumor
heterogeneity in course of OC. Each tumor is unpredictable
phenomenon with pleiotropism of molecular pathways [30],
structural, phenotypic and functional heterogeneity of both
tumor cells and the whole tumor [31, 32].

Certain contribution in inter- and intratumor hetero-
geneity was made also by molecule of intercellular adhe-
sion CD44 as marker of stem cells, which are connected
with progression of tumor growth. For instance, in serous
OC, ovarian cells with increased expression of CD44 have
been recognized as tumorigenic (ovarian cancer-initiating
cells — OCIC), in contrast to the cells without expression of
this marker [33]. Tumorigenic ovarian cells with phenotype
CD44*/CDI117" are characterized by high proliferation, low
differentiation grade and resistance to the chemodrugs [34].
‘When studying BC, it has been demonstrated that different
tumorigenicity of tumor cells, which is conditioned by their
phenotypic and functional polymorphism, may be the cause
of different expression of basic markers of this tumor (recep-
tors of estrogens, progesterone, receptor HER2/neu) in pri-
mary neoplasm and metastases in the same patients [35].
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Figure. Overall survival of OC patients (Kaplan — Meier test) de-
pendently on molecular phenotype of tumors (p < 0.05 between
curves of survival of patients with phenotypes CD44* Ki-67* and
CD44 Ki-67")

Obtained data also indicate that molecule of adhesion
CD44 maybecome perspective target for the development of
new target drugs of antitumor therapy. It is also confirmed by
the study, which has showed that miR-199a regulates in spe-
cific way the expression of CD44 in CD44*/CDI117* ovarian
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tumors (TIC), suppressing the proliferation, migration and
invasion of these cells, and can prevent further development
of OC [34]. All mentioned above emphasizes the essential
significance of heterogeneity of molecular phenotype of se-
rous OC. Awareness about molecular phenotype of serous
OC may help to develop new approaches to the individu-
alized therapy of patients with OC and evaluate individual
prognosis of the disease.

CONCLUSIONS

1. Results of immunohistochemical study of expres-
sion of markers of proliferation Ki-67 and intercellular ad-
hesion CD44 in serous OC demonstrate theirsignificant in-
tertumor heterogeneity.

2. It has been showed that number of tumors with
higher expression of Ki-67 and CD44 at low differen-
tiation grade and high OC morphological malignancy
grade significantly increases.

3. In analyzed material, molecular phenotypes of tumor
cells CD44* Ki-67*, CD44* Ki-67-, CD44~ Ki-67*, CD44~
Ki-67" have been allocated and the dependence of overall
survival of patients with serous OC on molecular phenotype
has been established.

4. For the predictive evaluation of individual prognosis
for the patients with serous OC, is needed stratification of
tumors not only by morphology, differentiation grade and
morphological malignancy of tumor, but also by molecular
phenotype, which represents the main potencies of tumor to
grow and form metastasis.
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IHAWBIAYANTBHUA MPOTHO3
BMOKMBAHOCTI XBOPUX

3 YPAXYBAHHSIM NMPONIDEPALIT TA
AATE3I NYXJIMHHUX KJTITUH Y XBOPUX
HA CEPO3HUWIA PAK AEYHMKA

O./1. Pabueea, C.B. Anminoea, H.IO. /Iyx’anosa,
M. A. Hadipaweiai, JI.3. Ilorimyx, B.D. Yexyn

Pestome. Mema: npoeecmu iMyHozicmoximivne doci-
Oocerins excnpecii mapkepie CD44s i Ki-67 y knimunax
cepo3Ho20 paxy seunura (PA) ma oyinumu ix kainivne
3HaveHHn. O6’exm i memodu: onepayiiinuii mamepian
102 xeopux (cepedniii 6ixc 59,3 £ 3,7 poxy) Ha ceposruii
PA I-III cmadii. Buxopucmaro xnainivni, Mopghonoeiu-
Huil, iMyHoeicmoximivynull, cmamucmuyri Memodu do-
crioxcernnn. Pesyavmamu: yci nyxaunu manu 6yoogy ce-
PO3HOI A0EHOKaPUUHOMU 3 PI3HOIO YACMKOI0 NANINSPHOZ0
Komnorenma i coaidnux cmpyxmyp. Budineno sucoxo-,
nomipHo- i Huzbkoougbepenyiiiosani gpopmu PH i nyxau-
HU 3 HUSbKUM | BUCOKUM CIIYNeHeM MopghoaoeiuHol 3100~
KicHOcmi. Bcmar081eHO MiDCHYXAUHHY 2emepozerHicmy
P4 3a excnpecicro mapxepie Ki-67 i CD44. Kinviicmp
nyxaun I3 eucoxoro excnpecicro Ki-67 (> 10%) i CD44
(> 10%) 6yaa docmosipro biavuioro y xeopux Ha PS5 Hu3b-
K020 cmynens dugheperyiroeanis i 6UCOK020 — MOpghono-
2iunoi anosicicHocmi. Budineno monexyaapHi gperomunuy
nyxaunnux kaimun PH: CD44* Ki-67', CD44* Ki-67,
CD44 Ki-67+, CD44" Ki-67 ma noka3sana eapiabens-
Hicmb 3a2a1bHOT BUNCUBAHOCINI XBOPUX, 301€HCHO 6id MO-
AEKYAAPHO0 heHomuny nyxauHHux knimur. Bucnoerxu:
oA inoueidyani3o6an020 NKYBaHHS i RPeCUKMUBHOI OUiH-
Ku 'y xgopux Ha ceposruii PH neobxiona cmpamudixayis
nYXAuH He minbicu 3a Mopghonoeicro, cmynerem dugbeper-
Yiroeanua i anoaKicHocmi, ane il 3a MOAeKyAapHUM (e-
Homunom, saxuii 8idobpaxcae 0CHOBHI nomeHyii NyXauHu
0o pocmy i MemacmasyeanHs.

KimogoBi cioBa: pak seuHmka, iuroMopdorioris,
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¢eHOTHII, BIDKMBAHICTb.
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