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Background. HGF/c-Met is one of the main signaling pathways that ensure communication between epithe-
lial cells and components of the tumor microenvironment determining the invasive and metastatic potential
of many cancers. However, the significance of HGF and c-Met in endometrial carcinoma (ECa) progression
remains unclear. Aim. To evaluate copy number variations as well as expression of the c-Met receptor and its
ligand HGF in endometrial carcinomas considering the clinical and morphological characteristics of ECa.
Materials and Methods. The study was conducted on ECa samples of 57 patients, among which 32 had lymph
nodes and/or distant metastasis. The copy number of c-MET gene was estimated by qPCR. The expression of
HGF and c-Met in tissue samples was determined by the immunohistochemical method. Results. Amplifica-
tion of c-MET gene was detected in 10.5% of the ECa cases. The expression of HGF in tumor cells was associa-
ted with the tumor differentiation grade and was higher in poorly differentiated ECa (p = 0.041). The number
of HGF" fibroblasts in the stromal component was increased in the ECa cases with metastasis compared to the
cases without metastasis (p = 0.032). The content of stromal c-Met™ fibroblasts was higher in deeply invasive
carcinomas of patients with metastases than in tumors with invasion of <1/2 myometrium (p = 0.035). Conc-
lusion. Increased expression of HGF and c-Met in stromal fibroblasts of endometrial carcinomas is associated
with metastasis in patients with ECa and deep invasion of the tumor into the myometrium that can contribute
to the aggressive course of the disease.
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Endometrial cancer (ECa) is a leading cancer of
the female reproductive system in Ukraine and
worldwide. In 2020, over 400,000 new cases of
ECa were reported worldwide [1]. The treat-
ment of ECa patients remains an ongoing clini-
cal challenge due to the variability of the disease
and difficulties in determining the molecular
subtypes of endometrial carcinomas with an ag-
gressive phenotype [2—4]. Identifying molecu-
lar and biological features of tumor cells that
have a prognostic value remains a focus of ECa
research. Based on the tumor-host interaction
paradigm, detecting biological signs associated
with tumor progression not only in tumor cells
but also in the cells of tumor microenvironment
cells is important.

It is now widely accepted that cancer develop-
ment is accompanied by significant changes in
the tumor microenvironment, affecting both the
stromal cells and the components of the extra-
cellular matrix [5]. In the initial stages of malig-
nancy, the microenvironment components play
an anti-tumor role by ensuring tissue homeosta-
sis in the epithelium and promoting the elimina-
tion of tumor cells. However, over time, stromal
cells acquire tumorigenic properties as a result
of interaction with tumor cells, which can stimu-
late tumor development [6—8]. The influence of
stromal cells on tumor cells is mediated via the
secretion of cytokines and growth factors, resul-
ting in pathological paracrine signaling. Factors
secreted by stromal cells are considered potential
prognostic markers and therapeutic targets.

The hepatocyte growth factor (HGF) is a mul-
tifunctional cytokine involved in the regulation
of cell division, motility, migration, and invasion
[9, 10]. It is a natural ligand for the tyrosine-pro-
tein kinase receptor — mesenchymal-epithelial
transition factor (c-Met). Normally, HGF is sec-
reted mainly by stromal cells, but, as it has been
established, tumor cells can also acquire the
ability to produce this cytokine and, by binding
c-Met on their surface, provide an autocrine
regulation loop [11]. HGF/c-MET signaling me-
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diates the morphogenesis and regeneration of
various tissues and organs; in particular, it plays
an important role in the restoration of the en-
dometrium during the menstrual cycle [12, 13].

When HGF interacts with c-Met, a number
of intracellular signaling pathways are activa-
ted, including PI3K/Akt, STAT3, SRC/FAK, and
MAPK/ERK [10]. c-Met-mediated deregulation
of these cascades is a characteristic feature in
a number of aggressive forms of malignant neo-
plasms. In tumor cells, non-canonical HGF-in-
dependent activation caused by a number of fac-
tors, such as hypoxia, molecular disturbances in
the structure of the c-MET gene, and downregu-
lation of suppressor miRNAs, can be observed
along with the canonical activation of c-Met by
its ligand HGF. The association of aberrant func-
tioning of the HGF/c-Met pathway with an un-
favorable prognosis has been shown in a num-
ber of cancers, including lung, gastric, breast,
pancreatic, head and neck, cervical, colorectal,
renal cell, and hepatocellular cancers [9, 10]. De-
regulation of the HGF/c-Met pathway leads to
stimulation of proliferation, angiogenesis, inhi-
bition of apoptosis, metabolic reprogramming,
and epithelial-mesenchymal transition. One of
the most significant consequences of impairing
this pathway is the activation of invasion and
metastasis [14].

The most common molecular changes of HGF
and c-Met in various cancer types include their
overexpression, amplification (gene copy num-
ber gain) of the c-MET gene, and aberrant para-
crine and autocrine secretion of HGF [9]. Infor-
mation on disturbances in HGF/c-Met signaling
in endometrial carcinomas and their relation-
ship with ECa aggressiveness is scarce. The study
of Felix et al. [15] did not reveal a relationship
between the expression of HGF or c-Met and the
prognosis of ECa, however, it found that the co-
expression of HGF and fibroblast growth factor
(bFGF) in tumor cells is correlated with the risk
of recurrence. In other studies, it was shown that
HGF and c-Met are markers of unfavorable prog-
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nosis in patients with ECa [16, 17]. Considering
the prognostic perspective of these markers, it
is important to study in-depth the features of
functioning and disorders of HGF/c-Met sig-
naling in ECa.

The aim of the study was to evaluate the copy
number as well as expression of the c-MET re-
ceptor and its ligand HGF in ECa considering
the clinical and morphological characteristics of
tumors and the presence of metastases.

Materials and Methods

The study was conducted on ECa samples of
57 patients, among which 32 had metastatic le-
sions in lymph nodes and/or distant organs
(average age 58.3 + 4.2 years). All patients were
informed about the study and provided writ-
ten consent for participation. Morphological
analysis was performed on histological samples
stained with hematoxylin and eosin. The histo-
logical type of all examined tumors was diag-
nosed as endometrioid endometrial carcinoma
of high (grade 1, G1), moderate (grade 2, G2),
and low (grade 3, G3) differentiation grades.

The study was carried out in line with funda-
mental ethical principles — complete confiden-
tiality of information about participants’ person-
al data and the amount of treatment provided;
the results were used only for research purpo-
ses. The research program was approved by the
Commission on Bioethics of the RE Kavetsky
Institute of Experimental Pathology, Oncology
and Radiobiology, the NAS of Ukraine, and the
work was agreed with the local ethics commit-
tee with a conclusion on compliance with moral
and ethical standards of the European Conven-
tion on Bioethics (1997), as well as the current
legislation of Ukraine.

Analysis of c-MET gene copy number was
performed by quantitative PCR using the HBB
gene as a reference control. Genomic DNA was
isolated from tumor tissue and blood using the
innuPREP mini reagent kit (Analytik Jena). The
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number of ¢-MET copies was determined in
DNA samples obtained from tumor tissue, rela-
tive to conditionally normal DNA, isolated from
the blood of the same patient. The nucleotide se-
quence of the primers was as follows:

c-MET:
Forward 5°-AACTGGTGTATGCAGATTGC-3%
Reverse 5-AGCAAGAGTCCCCATCCTA-3%
HBB:
Forward 5-TAGCAACCTCAAACAGACAC-3’;
Reverse 5-ATCCTGAGACTTCCACACTG-3.

PCR was performed in a volume of 20 ul using
SYBR Green MasterMix M02 reagents (UkrGen-
Tech), to which 0.3 mM of each primer and 100
ng of DNA were added. The reaction mixture
was heated to 95 °C for 12 min, after which 40
cycles of amplification were performed as fol-
lows: denaturation at 95 °C for 15 s, annealing at
60 °C for 30 s, and elongation at 72 °C for 30 s.
PCR results were calculated according to the for-
mula 2744t [18]. The amplification was consid-
ered as present if the obtained value of the num-
ber of copies of the gene in the tumor relative to
the blood was above 1.5.

Protein expression was determined in the samp-
les of 55 endometrial carcinomas by the immuno-
histochemical method using polyclonal antibodies
against HGF (PA5-83494, Invitrogen, Sweden) and
monoclonal antibodies against c-Met (EP1454Y,
Bio SB, USA). Expression analysis was performed
separately in epithelial cells of endometrial car-
cinomas and in fibroblasts of the surrounding
stroma. The results of the immunohistochemical
reaction were evaluated by counting the number
of stained cells, expressed as a percentage (label-
ing index, LI, %). Marker expression was con-
sidered positive when staining was observed in
more than 5% of tumor cells [19].

All statistical analyses were performed with
the Statistica 8.0 software package (StatSoft, Inc.,
USA). The analysis of differences between groups
of patients was carried out using nonparametric
Mann — Whitney U-test and Fisher’s exact test.
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To identify the relationship between the data,
Spearman’s rank correlation coefficient (r) was
calculated. A p-value less than 0.05 was consi-
dered statistically significant.

Results

Determination of the c-MET gene copy number
showed that its amplification was observed in
10.5% of the investigated ECa cases (Fig. 1). The
majority of endometrial carcinomas with c-MET
amplification (66.7%) were characterized by
a low differentiation grade (Table 1). In addition,
among cases with c-MET amplification, tumors
with deep invasion into the myometrium pre-
dominated (83.3%). In 50.0% of such ECa cases,
the presence of metastases in lymph nodes and/
or distant organs was revealed. No significant dif-
ference in clinical and morphological indices was
found between the groups of patients with and
without ¢-MET amplification, which may indi-
cate the randomness of this phenomenon in ECa.

Positive expression of HGF and c-Met in the
epithelial component of carcinomas was deter-
mined in 49.1 and 45.5% of cases, respectively,

Table 1. Analysis of the c-MET gene copy number
taking into account the clinical and morphological
characteristics of patients

¢-MET copy number, n (%)
Characteristics Without With P (Fisher’s
amplifi- amplifica- | €Xact test)
cation tion
Differentiation
grade
G1-G2 20(39.2) | 2(33.3)
0.5748
G3 31 (60.8) 4 (66.7)
Depth
of invasion
<1/2 15 (294 1(16.7
/ ( ) ( ) 0.4543
>1/2 36 (70.6) 5(83.3)
Metastases
Absent 29 (56.9) 3 (50.0)
Present 22(43.1) | 3(50.0) | 9-39
82

in the stromal component — in 40.0% and 34.5%
of cases, respectively (Fig. 2). The average level of
HGF expression in epithelial cells of carcinomas
was 18.5 +3.3%, in the stromal fibroblasts —
14.8 + 3.6%. The values for the c-Met expression
were 17.5 + 3.3 and 18.5 + 3.8%, respectively.

Correlation analysis revealed a significant
positive relationship between the expression of
HGF in tumor cells and the number of HGF*
fibroblasts in the stroma (r=0.56; p <0.05).
A similar dependence was observed for the c-
Met marker (r = 0.52; p < 0.05). In addition, we
found a positive correlation between the expres-
sion of HGF in tumor cells and the number of
c-Met* stroma fibroblasts in G1 and G2 carcino-
mas (r = 0.57; p < 0.05).

Based on the obtained data of the expression
of these markers in tumor cells, the following
phenotypes of ECa were defined: HGF*c-Met*,
HGF c-Met*, HGF*c-Met™, and HGF c-Met".
When analyzing the expression of HGF and c-
Met in tumor cells and the number of fibroblasts
positive by these markers, it was found that
among the investigated ECa cases, a combined
expression pattern was most often detected, in
particular, the tumor cells had the HGF*c-Met*
phenotype, and the expression of HGF was ob-
served in fibroblasts (Table 2). The vast majority
of carcinomas with a combined expression pat-
tern were of low differentiation grade (80%) and
had deep invasion into the myometrium (70%).
In addition, metastases were found in most pa-
tients with such tumors. The autocrine pattern
(the absence of HGF expression in stromal com-
ponent along with the HGF*c-Met* phenotype
of tumor cells) was observed twice less frequent
than the combined pattern, and the majority of
these tumors had deep invasion into the myo-
metrium. The paracrine expression pattern (i.e.
the presence of HGF expression in stromal fibro-
blasts while the tumor cells had the HGF c-Met*
phenotype) was the least common. In all patients
with this pattern, deeply invasive tumors and
metastases were observed. It is worth noting that
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Fig. 1. c-MET gene copy number in endometrial carcinoma samples

Table 2. Expression patterns of HGF and c-Met in tumor cells and fibroblasts

Expression of HGF Variants of phenotypes by the expression of HGF and c-Met in tumor cells, n (%)
in fibroblasts HGF'c-Met* HGF*c-Met HGF-c-Met* HGF-c-Met
HGF* 10 (18.2)* 7 (12.7) 3 (5.5)*** 2 (3.6)
HGF- 5(9.0)** 4(7.3) 10 (18.2) 14 (25.5)

Note: * combined expression pattern; ** autocrine expression pattern; *** paracrine expression pattern.

Table 3. Features of HGF and c-Met expression depending
on the clinical and morphological characteristics of ECa cases

Characteristics

Marker expression (LI, %), mean + SE

Differentiation grade
Gl and G2
G3

Depth of invasion
<1/2
>1/2

Metastases

Absent

Present

HGF c-Met
Tumor cells Stromal fibroblasts Tumor cells Stromal fibroblasts
83+26 105+6.1 16.0 + 4.8 158 +5.3
25.1+49* 174+ 4.6 16.8 £4.1 205+54
219+7.2 6.1 £3.5 156 +6.1 57+33
174+ 3.8 18.2 + 4.8 18.3+39 23.6 5.0
18.6 +5.1 28+1.3 20.5+49 142 +49
18.7+ 4.6 244+ 6.0%* 152+44 21.9+5.7

Note: *p = 0.041 compared to G1 and G2 carcinomas; ** p = 0.032 compared to the group of patients without metas-
tases (Mann — Whitney U-test).
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Fig. 2. Staining for c-Met (A) and HGF (B) proteins in tumor cells (red arrow) and stromal fibroblasts (green arrow)
of ECa. Immunohistochemical method, additional staining with Mayer’s hematoxylin, X400
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Fig. 3. Expression of HGF and c-Met in ECa patients
with metastases depending on the depth of tumor in-
vasion into the myometrium. *p = 0.035 compared to
stromal fibroblasts of deeply invasive carcinomas

among carcinomas with positive expression of
c-Met in tumor cells, 10 (18.2%) cases were iden-
tified where HGF expression was not determined
either in stroma components or in tumor cells.

In addition to the analysis based on the ex-
pression patterns, we investigated the depen-
dence of the expression level for each marker
separately considering clinical and pathological
parameters. When studying the expression of
proteins taking into account the ECa differentia-
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tion grade, an increase in the level of HGF was
noted in the epithelial and stromal components
of low-differentiated tumors (Table 3). Notably,
the expression of HGF in tumor cells was ap-
proximately three times higher in G3 carcino-
mas compared to G1 and G2 (p = 0.041). Along
with this, there was a trend toward an increase
in the number of HGF*-fibroblasts in tumors in-
vading >1/2 of the myometrium (Table 3). The
number of c-Met*-fibroblasts in deeply invasive
tumors changed in a similar manner.

It was found that the expression of HGF in tu-
mor cells of ECa was approximately the same in
patients with and without metastases (Table 3).
However, a significant increase was observed in
the number of HGF* fibroblasts in the tumors
of patients with metastases compared to those
without metastatic lesions (p = 0.032).

Analyzing the features of HGF expression in
the group of ECa patients with metastases, we
have established that its level in epithelial cells
does not depend on the depth of tumor inva-
sion, while the number of HGF*-fibroblasts in-
creased slightly in carcinomas with the invasion
of >1/2 of the myometrium (Fig. 3). It was also
shown that in cases with metastases and inva-
sion of >1/2 of the myometrium, an increased
expression of c-Met in epithelial cells was ob-

ISSN 1812-9269. Experimental Oncology 45 (1). 2023
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served compared to carcinomas with invasion
of <1/2 of the myometrium. Along with this, the
number of c-Met" fibroblasts significantly in-
creased in the stroma of deeply invasive carcino-
mas (p = 0.035).

Discussion

Altered HGF/c-Met signaling is one of the causes
of the changes in the properties of the tumor mi-
croenvironment from anti- to protumorigenic,
which is characteristic for a number of aggres-
sive forms of malignant neoplasms [5—7]. How-
ever, the features of the expression of HGF and
c-Met in the stromal and epithelial components
of the tumor and their relationship with the tu-
mor progression remain poorly studied.

The conducted study made it possible to estab-
lish that HGF/c-Met signaling can be involved in
the ECa progression because, in particular, it is
associated with invasion and metastasis. Based
on the obtained data, the increased expression of
HGF and c-Met in both tumor and stromal cells
could play an important role in these processes.
We established that the expression of HGF and
c-Met was associated with such indicators of
the tumor process as a low differentiation grade,
deep invasion of the tumor into the myometri-
um, and the presence of metastases.

Our data on the association of specific pheno-
types (by the expression of HGF and its receptor
c-Met in epithelial tumor cells) with the num-
ber of HGF* and c-Met" fibroblasts may suggest
that the combination of paracrine and autocrine
regulation of HGF/c-Met signaling (combined
expression pattern) is important for the ECa
progression. This is consistent with the data of
Edakuni et al. [20] who established an associa-
tion of paracrine and combined expression pat-
terns of HGF and c-Met with the adverse disease
course in breast cancer patients. In addition, we
determined the correlation of the expression of
these markers in stromal fibroblasts of G1 and
G2 carcinoma. This suggests that HGF is capable

ISSN 1812-9269. Experimental Oncology 45 (1). 2023

of activating c-Met expression in stromal com-
ponents through an autocrine loop, as indicated
by previous in vitro studies [21]. The detection
of cases of deeply invasive carcinomas with para-
crine and autocrine expression patterns of HGF
and c-Met in stromal components may be evi-
dence of the important role of this signaling in
determining the invasive properties of ECa by
modulating the tumor microenvironment.

It should be noted that amplification of the c-
MET gene is a rare phenomenon (in our study it
was found only in 10.5% of cases). The relation-
ship between the aggressive course of the dis-
ease and the amplification of the c-Met gene has
been shown in various localizations, including
NSCLC, breast, gastric, and kidney cancer [9]. It
is noted that this amplification is associated with
increased expression and constitutive activation
of the c-Met receptor [9, 10]. Our findings sug-
gest that there is no association between c-MET
amplification and clinical and pathological indi-
ces of ECa.

The frequency of c-Met overexpression at
the mRNA or protein levels in various cancer
types may exceed 80% and correlates with the
advanced stages of the disease and low survival
rates [9]. Similar to c-Met, elevated HGF expres-
sion is also associated with a poor prognosis in
different malignancies. Data on the expression
of HGF and c-Met in ECa are sparse. According
to the literature, ECa is characterized by signifi-
cant variability in the expression of these mark-
ers, with the number of positive cases ranging
from 15—100% for HGF and 22—87% for c-Met
[15—17]. Overexpression of c-Met was also de-
tected in 40% of clear cell endometrial carcino-
mas and 43% of mucinous endometrial carcino-
mas [22]. Such a significant range of expression
fluctuations may be related to the lack of a stan-
dardized system for evaluating the results of im-
munohistochemical detection of the expression
of these proteins [9].

In the study by Bishop et al. [16], it is noted
that the expression of HGF was determined not
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only in the tumor cells of the endometrium but
also in the cells of the stroma although the levels
of IHC expression of the marker in each of these
cell types were not specified. Notably, the pa-
tients with high expression of HGF and c-Met in
the ECa had reduced overall survival compared
to patients with low expression of these markers
in the tumor cells [16]. Felix et al. [15] showed
that patients whose tumors expressed HGF and
basic fibroblast growth factor (bFGF) had an in-
creased risk of recurrence compared to the cases
negative by the expression of both markers. In
other tumor types, the expression of HGF and
c-Met in tumor cells and stromal components
was shown to be associated with cancer progres-
sion [20, 21].

In conclusion, our study has revealed the rela-
tionship between the expression of HGF and c-Met
in tumor cells and stromal fibroblasts with the
course of the disease in ECa patients. The detec-
ted associations of stromal expression of HGF and
c-Met with the presence of metastases may indi-
cate the possibility of considering these proteins
as prognostic markers of ECa. The obtained data
indicate that the HGF/c-Met pathway is essential
for realizing the interaction between tumor cells
and cells of the tumor microenvironment to de-
termine the ECa aggressiveness. Understanding
the role of HGF/c-Met signaling in determining
cancer aggressiveness is the basis for the effective
implementation of the principles of personalized
medicine in the treatment of patients with ECa.
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! THCTUTYT eKCIiepMMEeHTaIbHOI IATONOTi, OHKOIOTIT i pajriobionorii
im. P.€. Kaseupkoro HAH Ykpainn, Knis 03022, Ykpaina
2 Hanionanpuuit incruryt paky MO3 Ykpainn, Kuis 03022, Ykpaina

EKCITPECIA ®AKTOPA POCTY I'EITATOLIMTIB
TA PELEIITOPA C-MET Y CTPOMAJIbHIX ®IEPOBITACTAX
TA IIVXJIMHHUX KIITUHAX KAPMHOMM EHJOMETPIIO

HGF/c-Met € omHMM i3 OCHOBHIX CUTHA/IBHUX IIISAXIB, SKi 3a6e3neqy10Tb 3B’ 30K MDX eIiTe/Tia/IbHMMI KIiTMHAMUI
Ta KOMIIOHEHTAaM! MIiKPOOTOYEHHs IyX/IVMHY, BUSHAYAIOUN {HBa3MBHMII Ta METACTATUYHMII TOTEHIam 6araTbox
KapuuuoM. Opuak, sHadeHHss HGF i c-Met y mporpecii paky eagomerpito (PE) 3anninaerscs Hes sicoBanum. Mera.
OuiHnTy 3MiHY KOMITHOCTI, a TAKOX eKcIpecito perenTopa c-Met Ta jioro niranny HGF y kapruHoMax eHfoMe-
Tpil0 3 ypaXyBaHHAM KITiHiYHMX Ta Mopdosoriyanx xapakrepuctuk PE. MaTepiamu Ta MmeTomu. [locnipkeHHs mpo-
BefleHo Ha 3paskax PE 57 manjienTiB, cepey AKux 32 Manm MeTacTasu y miMdoBysmu Ta/abo Bigganeni opranm. 3mMiHy
komiitHocTi reHa c-MET onintoBamu 3a gornomororo KITJIP. Excripecito HGF i c-Met y 3paskax IyX/IMHHOI TKaHUHI
BU3HA4Ya M iMyHoricTOXiMiuHnM MeTotoM. PesynpraTn. Ammigixaris rena c-MET 6yra BusiiieHa B 10.5% Bumag-
kiB PE. ¥V 6i/p1IocTi KapIiHOM BCTaHOB/IEHO KoMbinoBaHmit matepH ekcipecii HGF i c-Met, 3a sKuM B Iy X/IMHHNX
KJTITMHAX CIIOCTepiraaacs KOeKCIIpecis X MapKepis, a B cTpoMmi 36inbinyBascs Bmict HGF' ¢ibpo6bmacris. Exc-
npecis HGF y myxnmnHHMUX KTiTHHAX acolifoBanacs 3i cTyneHeM andepeHuianii myxanHu i 6y/1a BUILO0 B HU3bKO-
nudepeHnninoBanux kapuyuHomax (p = 0,041). Kinmpkicte HGF* ¢pi6pobmacTiB y cTpoManTbHOMY KOMIIOHEHTI 36i/1b-
myBanach y Bunagkax PE 3 HaABHICTIO MeTacTaTMYHOrO IPOIECY NOPiBHAHO 3 HEMETACTATUYHMMY BUIAJKAMU
(p = 0,032). Bmict crpomanbhux c-Met* ¢ibpobnactis 6yB BuIUM y ITMOOKO iHBa3MBHYX KapliMHOMaX Malli€HTiB
3 MeTacTa3aMy HOPIBHAHO [0 IMyXIMH 3 iHBasiew <1/2 mioMerpia (p = 0,035). BucHoBok. IlinBuinena excrpecisa
HGF i c-Met y crpomanpnx ¢ibpobmacTax KapLjtHOM €HAOMETPIo OB s3aHa 3 METaCTa3aMl Ta IIMOOKOI0 iHBa-
3i€10 MyX/IMHU B MIOMETPIil i MOXKe CIIPUSTHU arpeCUBHOMY Ilepebiry 3axBOPIOBAHHSL.

Knrouosi cnoBa: HGE, c-Met, ctpomarnbHi pibpobracTy, IyXInHHI KIITHHY, KapLMHOMa €HOMeTpisL.
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