ONCOLOGY LETTERS 12: 2092-2098, 2016

Influence of VEGFR and LHCGR on
endometrial adenocarcinoma
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Abstract. Endometrial adenocarcinoma is a common gyne-
cological malignancy that is usually treated by surgical
resection followed by radiation. However, the frequency
of remote metastasis is high. The present study aimed to
investigate whether patients with endometrial adenocar-
cinoma exhibited a positive response to treatment with a
gonadotropin-releasing hormone analogue or inhibitors of
neoangiogenesis, which are applied for the treatment of
other malignancies. Immunohistochemical analyses were
performed using 203 paraffin-embedded tissue samples of
endometrial adenocarcinomas from patients who had under-
gone surgery at the Department of Obstetrics and Gynecology
of the Ludwig Maximilians University of Munich, Germany.
The tissues were incubated with antibodies against lutein-
izing hormone/choriogonadotropin receptor (LHCGR) and
vascular endothelial growth factor receptor 2 (VEGFR2),
and evaluated by bright field microscopy. The staining was
categorized according to the Immune-Reactive-Score (IRS).
The IRS scores were then statistically associated with various
tumor traits, including tumor size, lymph node status, metas-
tasis, grade, expression of steroid hormone receptors and
patient survival. There was a significant association between
VEGFR2 expression and tumor grading and estrogen
receptor-o. (ERa). For LHCGR, a correlation was observed
with ERa and progesterone receptor (PR). No correlations
were identified between VEGFR2 or LHCGR expression and
the other examined tumor traits or patient survival. The asso-
ciations between VEGFR2 and ERa, and between LHCGR
and ERa or PR, may be explained by the interaction of these
signal transduction molecules in the regulation of cellular
growth and differentiation. These mechanisms also have an
important role in the formation of remote metastases, which
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is the main cause for tumor-associated mortality. The results
of the present study suggested that patients with endometrial
adenocarcinoma may benefit from treatment with inhibitors
of ERa, PR, VEGFR2 or LHCGR, since it could lead to a
better prognosis. However, further studies are required in
order to elucidate the roles of these receptors in endometrial
adenocarcinoma.

Introduction

Endometrial adenocarcinoma is the fourth-most common
malignant disease in women in Germany (1); every year,
~11,300 women are diagnosed with this disease (2). In 75-90%
of cases, a type I carcinoma is diagnosed, which typically
occurs prior to and during the menopause, has a low grading,
is minimally invasive to the myometrium, estrogen-dependent
and generally has a good outcome (1). Conversely, type II
carcinoma is typically diagnosed postmenopause, has a high
grading, invades the myometrium deeply and has a serous or
clear cell type morphology. Type II endometrial carcinoma
is more aggressive and is associated with a higher risk of
relapse or metastasis, and thus has a poorer prognosis, than
type I endometrial carcinoma. Endometrial adenocarcinoma
is characterized by peri- and postmenopausal bleeding (3);
however, a reliable diagnosis is dependent on a histological
analysis. Currently, endometrial adenocarcinoma is treated
by surgical resection followed by radiation, which only lowers
the risk of local recurrence (4). Adjuvant chemotherapy is
rarely applied (5), and is also associated with a high risk of
local recurrence and formation of remote metastases (25%
of patients), thus demonstrating the necessity for subsequent
follow-up (6).

Oncological findings in the last decade have demon-
strated that enhanced tumor growth is associated with
increased perfusion and metabolism of the neoplastic
area (7-9). Tumorigenesis is strongly influenced by vascular
endothelial growth factor (VEGF), which regulates neoan-
giogenesis (10). Although the clinical value of VEGF receptor
(VEGFR) expression is controversial (11), previous studies
of prostate, colorectal and ovarian cancer demonstrated that
the expression levels of VEGF/VEGFR were associated with
clinicopathological tumor data and had prognostic signifi-
cance (7-9). Inhibition of VEGF/VEGFR reduces blood
vessel formation by the tumor and slows tumor growth,
thus improving the prognosis of patients (7-9). Furthermore,
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bevacizumab (Avastin®), an anti-VEGF monoclonal anti-
body, has been used extensively to inhibit VEGF/VEGFR
in the treatment of various cancers, including colon, lung,
breast, kidney and ovarian carcinoma, and has demonstrated
marked anti-tumor effects when used in combination with
chemotherapy.

Tumorigenesis in endometrial adenocarcinoma is influ-
enced by the glycoprotein hormones luteinizing hormone
(LH) and human choriongonadotropin (hCG), which consist
of variable subunits and are differentially glycosylated (12).
LH and hCG bind to the LHCG receptor (LHCGR), although
hCG binds with a higher affinity than LH and has been
identified as a pro-angiogenic factor (13). Previous studies
have demonstrated that LHCGR is upregulated in malignant
tissue, as compared with healthy tissue (14,15). In addition,
the expression of LHCGR and LH/hCG has been detected
in endometrial samples (16), in which they were correlated
with cell proliferation (17,18) and with grading of endometrial
adenocarcinomas (19). The associations between the expres-
sion of LHCGR, the addition of LH/hCG and cell invasiveness
should be substantiated in primary endometrial tissue samples
and in cell lines. The results of previous studies have suggested
that LHCGR" patients may benefit from a therapeutic
strategy involving gonadotropin-releasing hormone (GnRH)
analogues, since they were demonstrated to reduce the levels
of LH (20,21). Furthermore, it has been reported that hCG
regulates the expression of VEGF (22-24).

Another molecule that has a role in the angiogenesis
and tumor proliferation of endometrial cancer is glycodelin,
which was demonstrated to regulate the malignant growth of
endometrial cancer cell lines (25). As a result of glycodelin
expression, cell proliferation decreased, cells were arrested in
the G1-phase of the cell cycle, and the messenger RNA expres-
sion levels of cyclin-dependent kinase inhibitors, p21, p27 and
pl6 were upregulated (26). Conversely, downregulation of
glycodelin resulted in increased cell proliferation due to loss
of progesterone-mediated cell proliferation.

All these molecules may be considered novel therapeutic
options for endometrial adenocarcinoma. The present study
aimed to assess this hypothesis by performing immunohis-
tochemical staining of endometrial adenocarcinoma tissue
samples, and correlating staining with tumor characteristics
and outcome of the patients.

Materials and methods

Tissue samples. Tissue samples were obtained from the
pathology archive of the Department of Gynecology and
Obstetrics, Ludwig Maximilians University (LMU) of Munich
(Munich, Germany). A total of 203 patients diagnosed with
endometrial adenocarcinoma and treated by surgical resec-
tion between May 1990 and April 2001 were included in the
study. However, type I and II carcinomas were not investigated
separately. The present study was performed according to the
Declaration of Helsinki (ethical votes 148-12 and 048-08).
Follow-up of the patients was available up to 2014. Patient and
tumor characteristics are shown in Table I. Staining of estrogen
receptor (ER)-a and -f, as well as progesterone receptor
(PR) A and B, was performed as described previously (27).
The Ethics Committee of LMU of Munich approved the study
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(approval no., LMU-148-12). Written informed consent was
obtained from the patients.

Preparation of tissue samples for immunohistochemistry.
Paraffin-embedded tumor blocks were cut into 2-3-pm
sections using a sliding microtome, mounted onto micro-
scope slides (Menzel Glédser; Thermo Fisher Scientific, Inc.,
Braunschweig, Germany), covered and air-dried overnight.
Subsequently, the sections were incubated in xylol (Merck
Millipore, Darmstadt, Germany) at room temperature.
Upon xylol removal, endogenous tissue peroxidase activity
was inhibited by incubation of the tissue sections with 3%
H,0, (VWR International, Radnor, PA, USA). Next, samples
were heated for 5 min in a pressure cooker in a sodium
citrate buffer (Merck Millipore) at pH 6 to dissolve protein
cross-links that arise during the fixation process. Finally, the
tissue sections were washed in water and phosphate-buffered
saline (Biochrom, Ltd., Cambridge, UK).

Staining of tissue samples. The prepared slides were initially
incubated in normal goat serum (Vector Laboratories, Inc.,
Burlingame, CA, USA) at room temperature to prevent
nonspecific binding of the primary antibody. Following
removal of the blocking solution, the sections were incu-
bated with anti-LHCGR (1:800; cat. no. SP4594P; Acris
Antibodies GmbH, Herford, Germany) and anti-VEGFR2
(1:50; cat. no. AM21042PU-M; Acris Antibodies GmbH)
primary antibodies for 18 h at 4°C. Subsequently, the slides
were washed with phosphate-buffered saline and incubated
with biotinylated secondary antibody solution (VectaStain
ABC HRP kit; cat. no. PK-4001; Vector Laboratories, Inc.)
for 30 min at room temperature. Upon washing to remove the
secondary antibody, avidin-biotin complex reagent (Vector
Laboratories, Inc.) was applied to the slides for 30 min, after
which, 3,3'-diaminobenzidine (DAB; Dako North America,
Inc., Carpinteria, CA, USA) was added to the slides for
1 min. DAB, which is the substrate for the biotin-coupled
peroxidase, resulted in a brown precipitate that could be
evaluated by bright field microscopy. Washing the slides in
running tap water terminated the enzyme reaction. Nuclei
were counterstained with Mayer's Hemalaun solution
(PanReac AppliChem, Darmstadt, Germany) for 5 min, prior
to dehydrating the sections and embedding them in Eukitt
(Medite GmbH, Burgdorf, Germany). The stained samples
were then evaluated under a light microscope or stored at
room temperature.

Prior to performing the immunohistochemical analysis
of tumor tissue samples, positive and isotype control samples
were evaluated (Fig. 1). For the positive control, a sample from
a mammacarcinoma tissue (collected from patients at LMU
of Munich undergoing breast surgery for previous studies),
which is known to overexpress LHCGR/VEGFR, was stained
to assess the antibody function and to determine the optimum
dilution of the antibody. The isotype control, which involved
staining a sample from a mammacarcinoma tissue with control
serum instead of primary antibody, was performed to reveal
background staining due to the primary antibody.

Microscopy and evaluation of staining. Samples were visu-
alized using the Leitz Diaplan light microscope (Ernst Leitz
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Table I. Sample characteristics.

Subgroups/

Patient/ tumor traits no. of samples

Age at primary diagnosis, years

<50 11

50-60 55

60-70 69

70-80 50

>80 18
Tumor size

T1 166

T2 15

T3 17

T4 5
Lymph node status

Nx 57

NO 135

N1 11
Metastasis status

Mx 76

MO 124

M1 3
Grading

Gl 113

G2 68

G3 22
ERa

Positive 92

Negative 111
ERp

Positive 28

Negative 175
PRA

Positive 92

Negative 111
PRB

Positive 103

Negative 100

ER, estrogen receptor; PR, progesterone receptor.

GmbH; Leica Camera AG, Wetzlar, Germany), with four
different objectives (x6.3, x10, x25 and x40 magnification).
Staining was evaluated by two independent investigators
according to the Immune-Reactive-Score (IRS) described by
Remmele and Stegner in 1987 (28). The IRS was obtained by
multiplying the staining intensity with the number of stained
cells. The staining intensity was classified into groups from
0 to 3 as follows: 0, no staining reaction; 1, weak staining; 2,
moderate staining; and 3, strong color reaction. The number
of stained cells was similarly classified from O to 4 as follows:
0, 0% stained cells; 1, <10% stained cells; 2, <50% stained
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(mammacarcinoma adenocarcinoma
tissue) tissue

i ~ ] '
VEGFR2 | -i‘_::.?i.-o
: O ‘-._5”' 3.5 P
2 :

Figure 1. Staining of tissue samples. Left column, positive control (mamma-
carcinoma tissue); right column, endometrial adenocarcinoma tissue; upper
row, LHCGR-staining; lower row, VEGFR2-staining. Magnification, x10.
VEGFR2, vascular endothelial growth factor receptor 2; LHCGR, luteinizing
hormone/choriogonadotropin receptor.

cells; 3, 51-80% stained cells; and 4, 81-100% stained cells.
Therefore, the IRS is in a range from O to 12.

Statistical evaluation. Statistical analyses were performed
using SPSS software, version 20.0 (IBM SPSS, Armonk, NY,
USA). A cut-off value for the statistical evaluation of the IRS
was set at a reference of the median of IRS values, which was
2 for LHCGR and 3 for VEGFR2. For single factor analysis,
statistical tests were performed, as indicated in Table II.
Certain tumor characteristics were pooled into subgroups and
subsequently tested for statistical relevance. The subgroups,
applied tests and results are shown in Table III. Survival
data were evaluated using the Kaplan-Meier method, and
statistical significance was examined by the log-rank test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Patient and tumor characteristics. The majority of endo-
metrial adenocarcinoma patients were aged between 50 and
80 years (85%), exhibited no lymph node involvement (66.5%
NO vs. 5.4% N1; 28% NXx), and had no detectable evidence of
metastasis formation (61.0% MO vs. 1.4% M1; 37,4% Mx). In
addition, the majority of tumors were small (81.8% pT1 vs.
18.2% pT2-4), with a low grading (89.1% G1 and G2 vs. 10.9%
G3). The hormone receptor status was equally distributed
(positive vs. negative), with the exception of ERp, for which
the majority of tumor tissues were negative (86.1% ERp™ vs.
13.9% ERfY).

Immunohistochemical analysis. Tissue samples were stained
using antibodiess against VEGFR2 and LHCGR and, by
multiplying the staining intensity by the number of stained
cells, IRS values were calculated and correlated with known
tumor characteristics, as indicated in Table II. The correlation
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Table II. Statistical evaluation of staining in association with tumor traits.

VEGFR?2 (IRS cut-off=3) LHCGR (IRS cut-off=2)

Tumor trait Statistical test applied P-value P-value
Grading x> 0.067 0.223
Progression state x> 0.966 0.839
Occurrence of local

recurrence ¥ 0.335 0.359
Tumor size x> 0.645 0.815
FIGO x> 0.141 0.521
ERa x> 0.025 0.056
PRA x> 0.789 0.013
Lymph node involvement Mann-Whitney U 0.373 0.531
Occurrence of metastasis ¥ 0.992 0.733
Age at diagnosis t-test*, non-chained 0.984 0.206
Survival time t-test*, non-chained 0.738 0.136

*Student's t-test. FIGO, International Federation of Gynecology and Obstetrics; ER, estrogen receptor; PR, progesterone receptor; VEGFR2,
vascular endothelial growth factor receptor 2; LHCGR, luteinizing hormone/choriogonadotropin receptor; IRS, Immune-Reactive-Score.

Table III. Statistical analysis of subgroups.

VEGFR?2 (IRS cut-off=3)

LHCGR (IRS cut-off=2)

Tumor trait Statistical test applied P-value P-value
Grading G1, G2 vs. G3 Kruskal-Wallis 0.068 0.225

Grading G1 vs. G3 Mann-Whitney U 0.875 0.113

Grading G2 vs. G3 Mann-Whitney U 0418 0.276

pT <1lbvs.>1b t-test, non-chained 0.353 0.423

pT <2 vs.>2 t-test, non-chained 0.282 0.890

Age <55 vs.>55 years t-test, non-chained 0.341 0.398
VEGFR2, vascular endothelial growth factor receptor 2; LHCGR, luteinizing hormone/choriogonadotropin receptor; IRS,
Immune-Reactive-Score.

between VEGFR2 expression and tumor grading was not Table I'V. Statistical evaluation of staining and survival.
sFatlstlcally significant; however, the P-value was close to be Receptor Cut-off IRS Statistical test P-value
significant (P=0.067) and thus may be regarded as ‘border-

line significant’. Conversely, there was no such association | HCGR 3 Log-rank 0.603
between LHCGR expression and tumor grading (P=0.223). VEGER2 2 Log-rank 0.819
Furthermore, no statistically significant correlations were '
observed for the two investigated receptors and the stage of ~ yVEGFR2, vascular endothelial growth factor receptor 2

progression (P=0.966 for VEGFR2; P=0.839 for LHCGR),
the occurrence of local recurrence (P=0.335 for VEGFR2;
P=0.359 for LHCGR), tumor size (P=0.645 for VEGFR2;
P=0.815 for LHCGR), International Federation of Gynecology
and Obstetrics grading (P=0.141 for VEGFR2; P=0.521 for
LHCGR), lymph node involvement (P=0.373 for VEGFR2;
no result for LHCGR), occurrence of remote metastasis
(P=0.992 for VEGFR2; P=0.733 for LHCGR), patient age at
diagnosis (P=0.984 for VEGFR2; P=0.206 for LHCGR) or
time of survival (P=0.738 for VEGFR2; P=0.136 for LHCGR).
However, statistically significant correlations were observed
between VEGFR2 and ERa (P=0.025 for VEGFR2; P=0.056
for LHCGR) and between LHCGR and PRA (P=0.013).

LHCGR, luteinizing hormone/choriogonadotropin receptor; IRS,
Immune-Reactive-Score.

Conversely, there was no association between VEGFR2
expression and PRA (P=0.789). The associations between
VEGFR2/LHCGR and ERf/PRB were not analyzed, since
the role and significance of these receptors is not well known.
Kaplan-Meier analyses demonstrated that neither LHCGR
nor VEGFR2 were associated with survival. The survival
curves were similar for those patients whose tissue samples
were positive for VEGFR2 or LHCGR expression, and for
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Figure 2. Kaplan-Meier survival curves for LHCGR and VEGFR?2 expression. (A) Survival curve for LHCGR. IRS cut-off=3. Blue line, LHCGR-negative;
green line, LHCGR-positive. (B) Survival curve for VEGFR2. IRS cut-off=2. Blue line, VEGFR2-negative; green line, VEGFR2-positive. Ordinate, cumula-
tive survival; abscissa, survival in years. LHCGR, luteinizing hormone/choriogonadotropin receptor; VEGFR?2, vascular endothelial growth factor receptor 2;

IRS, Immune-Reactive-Score.

those patients whose tissue samples were negative for these
receptors (Fig. 2). From the survival curves it was estimated
that there was no statistically significant differences between
the two curves (P=0.819 for VEGFR2; P=0.603 for LHCGR;
Table IV).

Subgroup analysis. Subgroups were established for the traits of
tumor grading, tumor size and patient age at primary diagnosis,
and were again subjected to a statistical analysis (Table III).
Only a borderline significant correlation was observed for
VEGFR?2 expression and tumor grading (P=0.068). The
other subgroups did not display a significant association with
VEGFR2 or LHCGR expression.

Discussion

The present study demonstrated that there were slight corre-
lations between VEGFR2 and tumor grading and ERa, and
between LHCGR and ERa and PRA. The process of neoan-
giogenesis, which is involved in the formation of remote
metastases, is predominantly driven by five splice variants
of VEGF and the two corresponding receptors VEGFR1
and VEGFR2, whereas VEGFR?2 is the key mediator of
biological processes (29). An upregulation of VEGFR?2 in
endometrial carcinoma tissue, as compared with the normal
endometrium, has been previously described (30). Further-
more, an association between VEGFR2 and tumor grading
has previously been demonstrated in a number of tumor
types, including epithelial dysplasia (31) and soft tissue
sarcomas (32). In the latter case, an association between
VEGFR2 and patient survival was also demonstrated,
although this was not observed in the present study. The
expression of VEGFR?2 is induced by 17p-estradiol, which
may explain the association between ERa and VEGFR2 in
the present study. In 2006, Higgins et al (33) demonstrated
that ERa, together with Sp3 and Sp4 transcription factors,
interacts with VEGFR2, and that this interaction leads to
the inactivation of VEGFR?2 (33). Subsequently, the same
research group reported a hormone-dependent downregu-
lation of VEGFR2 by ERa, together with Spl and Sp3, in

MCEF-7 cells (34). The mechanism of interaction appeared
to involve binding of the ERa-complex to the VEGFR2
promotor region (34). In addition, a previous study demon-
strated an ERa-mediated increase in VEGFR2 expression
in human myometrial microvascular endothelial cells (35).
However, at present, it is not yet clear whether the interaction
of ERa with VEGFR2 results in the activation or inactivation
of VEGFR.

The present study demonstrated a preliminary asso-
ciation (P=0.056) between LHCGR and ERa, which has
been described previously in breast cancer cell lines (19).
Yuri et al (36) demonstrated that hCG, the binding partner
of LHCGR, increased estrogen levels via mitochondrial
signaling pathways and ovarian steroid secretion. Further-
more, the authors concluded that hCG may be considered a
therapeutic option for patients with breast cancer who exhibit
overexpression of LHCGR and ER (36). In addition, ER and
LHCGR were demonstrated to contribute to testicular germ
cell cancer development and to the formation of remote
metastasis of these tumors (37). The observed association
between LHCGR and PR may be explained by the induction
of progesterone synthesis by LHCGR (38). A previous study
added RU486, a progesterone antagonist, to luteinized human
mural granulosa cells, and demonstrated inhibition of prolif-
eration, progesterone secretion and LHCGR as a result (39).
Conversely, incubation with progesterone led to an induction
of LHCGR (39).

In conclusion, the present study demonstrated that there
was an association between steroid hormone receptors and
VEFGR and LHCGR. Steroid hormones are particularly
important molecules of the human endometrium, since they
regulate the composition and decomposition of the endo-
metrium, as well as cell growth and division. VEGFR and
LHCGR also participate in cell growth and neoangiogenesis,
which are important features of metastasis. Therefore, the
combination of these four molecules may influence the
growth and metastasis of endometrial adenocarcinomas.
However, it is important to remember that the use of GnRH
analogues is restricted to premenopausal patients (1); thus,
the formation of patient subgroups would be indispensable.
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Further research may identify novel therapeutic options for
endometrial carcinomas that are based on existing thera-
pies for other types of tumors. It would only be necessary
to determine the hormone LHCGR and VEGFR status of a
patient to administer therapy tailored to the tumor pheno-
type, which may have fewer side effects and a higher efficacy,
thus leading to a more personalized treatment strategy for
endometrial adenocarcinoma.
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