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Abstract: Fibroblast growth factor receptor 2 (FGFR2) is activated in many cancers and considered as a potential
therapeutic molecular target including for endometrial endometrioid carcinoma (EEC). Overexpression of FGFR2
isoform llic (FGFR2llIc) has been shown to be associated with carcinogenesis in various cancers, but its expression
in EEC has not been reported yet to the best of our knowledge. In this study, we identified roles for FGFR2llIc in EEC
carcinogenesis and demonstrated its diagnostic and prognostic values in EEC. FGFR2IllIc expression was compared
between 10 normal endometrium, 10 atypical endometrial hyperplasias, and 47 EEC specimens using immunohis-
tochemistry and quantitative real-time PCR. Atypical hyperplasia, Grade 1 (G1), and Grade 2 (G2) differentiated EEC
tissues showed significantly higher FGFR2IlIc expression than normal endometrium tissue. However, as compared
to G1 and G2 EECs, Grade 3 (G3) differentiated EEC tissue showed lower FGFR2IlIc expression (P<0.05). There was
no significant association between FGFR2IlIc expression and patient age, lymph node metastasis, and EEC stage.
These results suggest that altered FGFR2IllIc expression plays an important role in EEC carcinogenesis and may oc-
cur in precancerous tissues. However, FGFR2IlIc appears to be not related to EEC progression. Some G3 EECs may
develop through different carcinogenic processes than G1 and G2 EECs.

Keywords: Endometrial carcinoma (EC), endometrial endometrioid carcinoma (EEC), fibroblast growth factor re-
ceptor 2 (FGFR2), llic, carcinogenesis, differentiation

Introduction only a few potential molecular therapeutic tar-
gets have been identified, the most recent
being fibroblast growth factor receptor 2
(FGFR2). FGFR2 and its signalling pathway are
reported to be activated in many cancers due to

gene amplification and point mutations. In addi-

Endometrial carcinoma (EC) is one of the most
common cancers among women worldwide.
About 80% of EC are endometrial endometrioid
carcinomas (EECs). EEC may be preceded by

precancerous lesions such as hyperplasia and
atypical hyperplasia [1, 2]. Atypical hyperplasia
always shows similar findings to G1 EEC in not
only histological appearance but also molecu-
lar features [3]. EECs are divided into 3 grades
according to histological differentiation: grade
1 (G1), well differentiated; grade 2 (G2), moder-
ately differentiated; and grade 3 (G3), poorly
differentiated. Histological grade determines
prognosis. As compared to patients with G1
and G2 EECs, patients with G3 EEC present
with significantly worse prognosis [4, 5].

Despite being a serious public health problem,
EC has not drawn enough attention. Moreover,

tion, FGFR2 is a potential therapeutic molecular
target for patients with FGFR2 activation-asso-
ciated cancer such as EC [6-12].

Alternative splicing of FGFR2 produces 2 iso-
forms, FGFR2lIIb and FGFR2Illic. In normal tis-
sue, FGFR2IIIb is mainly expressed in epithelial
cells, while FGFR2llIc is mainly expressed in
mesenchymal or stromal cells [13]. FGFR2llIc
expression has been reported in various can-
cers including bladder cancer and ovarian can-
cers [14-19]. However, to our knowledge, the
role of FGFR2Illlc in EEC has not yet been clari-
fied. The purpose of the present study was to
identify the role of FGFR2lllc expression in EEC
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Table 1. Association of FGFR2IlIc expression as
evaluated by total score (TS) with different histo-
logical types

Normal endometrium Hyperplasia ECC

n=10 n=10 n=47
High TS 1 (10%) 8 (80%) 23 (49%)
Low TS 9 (90%) 2 (20%) 24 (51%)
P-value p<0.01 p<0.05

carcinogenesis and to investigate association
of FGFR2Illc expression with clinicopathologi-
cal features in EEC.

Methods and materials
Case selection

We reviewed the pathology data for 47 EEC
patients who underwent surgery at Nippon
Medical School hospital. Normal and atypical
hyperplasia tissue samples were also obtained
from 10 patients respectively. Two certified
pathologists (WX Peng and Z Naito) reviewed all
cases in order to verify the original histopatho-
logical diagnosis, grading, and EEC stage
according to the World Health Organization
(WHO) classification system and 2008
International Federation of Gynecology and
Obstetrics (FIGO) grading of EC. This study was
conducted in accordance with the ethical prin-
ciples of the Declaration of Helsinki. Informed
consent for the usage of tissues was obtained
from all patients.

Immunohistochemical analysis

Paraffin-embedded tumors were cut into 3.5-
um thick sections and placed on silane-coated
glass slides. The sections were de-waxed in
xylene and rehydrated in a series of graded
ethanol solutions, and the endogenous peroxi-
dase activity was blocked with a 0.3% H,0,
methanol solution. Before application of the
primary antibody, the slides were subjected to
antigen retrieval by heating in 10 mM citrate
buffer (pH 6.0) for 15 min at 121°C in an auto-
clave oven. Then, anti-FGFR2IlIc antibody (in
house; 1:200 dilution) [20] was applied to the
slides, which were incubated overnight at 4°C.
The slides were rinsed in 0.01 mol/L phos-
phate- buffered saline, and bound antibodies
were detected with the Simple Stain MAX PO
(R) (Nichirei Corp. Tokyo, Japan) using 3,3’-diam-
inobenzidine tetrahydrochloride as the sub-
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strate. The peroxidase reaction was visualized
with 0.02% 3,3’-diaminobenzidine tetrahydro-
chloride containing 0.005% H,0, in 0.01 M Tris-
phosphate buffer (pH 7.4). Finally, the sections
were lightly counterstained with hematoxylin.

Blinded immunohistochemical evaluation of
each case was carried out independently by the
above pathologists.

The immunohistochemical expression of FGF-
R2lllc was graded using the immunostain inten-
sity score (IS) (O, completely negative; 1, weekly
stained; and 2, moderately to strongly stained),
and the graded percentage score (PS) of posi-
tive cells (O, less than 5%; 1, 5-50%; and 2,
more than 50%). The total score (TS) was then
calculated using the following formula:
TS=ISxPS. The cases with TS of 4 were classi-
fied into high and the others into low expres-
sion groups. Subsequently, we analyzed the
level of FGFR2llic expression according to
patient age, tumor differentiation grade, lymph
node metastasis, and EEC stage.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

To confirm FGFR2IlIc expression in the collect-
ed tissues, qRT-PCR was conducted using tis-
sue isolated from formalin-fixed paraffin-
embedded (FFPE) specimens. RNA samples
were then extracted using RNeasy FFPE kit
(Qiagen, Crawley, UK), according to the manu-
facturer’s instructions. 18S was used as inter-
nal control. Then, cDNA was synthesized from
total RNA using SuperScript®VILO™ cDNA
Synthesis Kit following the manufacturer’s pro-
tocol (Invitrogen by Life Technologies, Carlsbad,
CA). The corresponding cDNA was amplified
using specific primers for FGFR2IlIc, 18S rRNA,
and a TagMan probe (all from Applied Biosy-
stems), with denaturation at 95°C for 10 min-
utes, followed by 40 cycles of denaturation at
95°C for 15, and annealing at 60°C for 60
seconds.

Statistical analysis

Fisher’s exact test was used for statistical anal-
yses of the results of the immunohistochemical
studies. The gRT-PCR findings were analyzed
using GraphPad Prism 5 (GraphPad Software,
Inc., La Jolla, CA). Differences among means
were evaluated by a 2x2 contingency table
using Fisher’s exact test or ANOVA followed by
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Figure 1. Immunohistochemical results of FGFR2IIIc in normal tissue and hyperplasia. As compared to normal endo-
metrium (A: HE stain; B: immunostain; x200), atypical hyperplasia cases (C: HE stain; D: immunostain; x200) show

significantly higher expression of FGFR2lllc.

Table 2. Association of FGFR2IlIc expression as
evaluated by intensity score (IS) with different
histological types

Normal endometrium Hyperplasia ECC

n=10 n=10 n=47
High IS 1 (10%) 10 (100%) 32 (68%)
Low IS 9 (90%) 0 15 (32%)
P-value p<0.001 p<0.01

Dunnett’s post-hoc test. P<0.05 was consid-
ered significant. All results shown represent
mean + SEM.

Results

In normal endometrium tissue, although all 10
cases showed FGFR2llIc expression, the level
in 9 (90%) of them was low (Table 1). In con-
trast, 80% of atypical hyperplasia and 49% of
EEC cases showed high expression of FGFR2IlIc.
As compared to normal tissue, FGFR2Illlc
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expression in both atypical hyperplasia and
ECC showed significantly higher expression
(P<0.01 and P<0.05, respectively) (Table 1)
(Figure 1). However, there was no significant
difference between hyperplasia and ECC cases.
Similar results were also observed using IS
assessment (Table 2).

Clinicopathological features of each EEC case
are listed in Table 3. The patients ranged in age
from 32-84 years, with a median age of 57
years. Therefore, we divided the patients into 2
age groups: below 57 years (n=22) and 57
years or older (n=25). With regard to histologi-
cal differentiation, 21 cases were G1, 15 cases
were G2, and 11 cases were G3. Among them,
24 patients underwent lymphadenectomy, of
whom 3 had lymph node involvement. Moreover,
31 patients had stage | tumors, 3 had stage Il
tumors, and 13 had stage lll or higher stage
tumors. In order to investigate the role of
FGFR2llIc in EEC, we analyzed the association
between FGFR2IlIc expression level and clinico-
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Table 3. Clinicopathological features of
patients

Clinicopathological features Cases
Age (yrs)
Under 57 22
57 or older 25
Grade
1 21
2 15
3 11
LN metastasis
Positive 3
Negative 21
No data 23
Stage
I 31
Il 3
Il or higher 13

pathological features. In total, 23 patients
(49%) showed high FGFR2IlIc expression (Table
4). Among them, (1) 10 patients were younger
than 57 years and 13 were 57 years or older;
(2) 14 patients had G1, 7 patients had G2, and
2 patients had G3 EEC; (3) 1 patient had lymph
node metastasis while 8 were negative; and (4)
16 patients had stage | tumors and 7 had stage
Il or higher stage tumors. Although FGFR2IlIc
expression was not statistically different
between G1 and G2 EECs, G3 EEC showed sig-
nificantly decreased FGFR2llIc level as com-
pared to G1 and G2 EECs (P<0.05) (Table 4)
(Figure 2). Similar results were obtained using
IS assessment (P<0.005) (Table 5). No associ-
ation was detected between FGFR2llIc expres-
sion and patient age, lymph node metastasis,
or stage.

To determine FGFR2Illc mRNA level, we per-
formed qRT-PCR using FFPE tissue, and found
that FGFR2Illc mRNA levels in atypical hyper-
plasia and G1 EEC were significantly higher
than that in normal endometrium (Figure 3).
However, the FGFR2Illc mRNA level in G3 EEC
was significantly lower than that in G1 EEC and
atypical hyperplasia, results which validate the
immunohistochemical analysis.

Discussion

In EC, different histological types may have dif-
ferent precancerous status and may be associ-
ated with distinct molecular and genetic altera-
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Table 4. Association between clinicopatho-
logical features and TS

Clinicopathological

features HighTS LowTS P-value

Age (yrs) NS*
Under 57 (n=22) 10 (45%) 12 (55%)
57 or older (n=25) 13 (52%) 12 (48%)

Grade p<0.05
1 and 2 (n=36) 21 (78%) 15 (22%)
3 (n=11) 2(18%) 9 (82%)

LN metastasis NS*
Positive (n=3) 1(33%) 2 (67%)

Negative (n=21) 8 (38%) 13 (62%)
No data (n=23) 14 (61%) 9 (39%)
Stage NS~
I (n=31) 16 (52%) 15 (48%)
Il or higher (n=16) 7 (44%) 9 (56%)

“: not significant.

tions. EEC occurs most frequently in pre- and
peri-menopausal women and is strongly associ-
ated with excessive estrogen exposure. EEC is
usually found to coexist or succeed atypical
endometrial hyperplasia, also known as pre-
cancerous lesion. The development of EEC is a
multistep process, and each step involves
accumulation of genetic aberrations. Genomic
instability such as microsatellite instability and
chromosomal aneuploidy, inactivation of tumor
suppressor genes such as PTEN and p53, and
activation of oncogenes such as K-Ras and
B-catenin are important events in this process
[21, 22].

Recently, the FGF/FGFR signalling pathway has
attracted attention as an important mecha-
nism of carcinogenesis and tumor develop-
ment. According to the study of Soufla et al,
FGF2 up-regulation was found to be strongly
related to endometrial carcinogenesis [23].
FGFR2 is one of the most important receptors
of the FGF/FGFR pathway. FGFR2 single-nucle-
otide polymorphisms are strongly related to the
oncogenesis of breast cancer and EC [10,
24-27]. According to the recent report by Byron
et al, activating mutations in FGFR2 were found
in 16% of EC cases, and up-regulated FGFR2
MRNA expression was observed in these EC
specimens [7]. In EC cells with activated FGFR2,
knockdown of FGFR2 induces cell death, sug-
gesting that FGFR2 is important to EC cell pro-
liferation [7]. FGFR2Illlc activation also drives
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Figure 2. Immunohistochemical results of FGFR2Illc in G1 and G3 EECs. G1 EEC (A: HE stain; B: immunostain;
x200) shows high FGFR2llIc expression, but G3 EEC (C: HE stain; D: immunostain; x200) shows significantly de-
creased expression of FGFR2Illc.

Table 5. Association between clinicopathological fea- [28, 29]. In rat bladder cancer cells,
tures and IS FGFR2lllc expression is correlated with

epithelial-to-mesenchymal transition, a
phenomenon that is associated with

Clinicopathological features  High IS Low IS P-value

Age (yrs) NS ) . )
Under 57 (n=22) 15 (65%) 7 (35%) tumor progrgssmn aqd mvaspn [30].
Furthermore, immunohistochemical anal-
57 or older (n=25) 17(68%)  8(32%) ysis of uterine cervical tissue revealed a
Grade p<0.005 correlation between FGFR2lllc expres-
1 and 2 (n=36) 29 (81%) 7 (19%) sion and the progression of cervical dys-
3 (n=11) 3(27%) 8(73%) plasia. The same result was obtained in
LN metastasis NS* an in-situ hybridization validation study
Positive (n=3) 2(67%) 1(33%) [20], suggesting that abnormal FGFR2llIc
Negative (n=21) 12 (57%) 9 (43%) expression is an early event in uterine
No data (n=23) 18 (78%) 5 (22%) cervix carcinogenesis, and that immuno-
Stage NS* histochemical staining is a convenient
| (n=31) 20 (65%) 11 (35%) and rella'\ble.method to evalua'te FGFR2lllc
) expression in human tumor tissue.
Il or higher (n=16) 12 (75%) 4 (25%)
: not significant. In this study, we examined the expression
and localization of FGFR2IllIc in normal
cell proliferation. In prostate cancer, FGFR2llIc endometrial tissue, atypical hyperplasia, and
expression correlates with tumor progression EEC. Significantly higher FGFR2IllIc expression
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Figure 3. mRNA expression of FGFR2IIIc in tissues.
Tissues from atypical hyperplasia (B) and G1 EEC
(C) show higher FGFR2Illc mRNA expression than
normal tissue (A). However, G3 EEC (D) shows signifi-
cantly decreased expression compared with G1 EEC.
The data represent mean + SEM (n=3). *P<0.05 ver-
sus A and D. **P<0.05 versus B and C.

was observed in atypical hyperplasia and G1
EEC. This provides evidence that FGFR2lllc
expression increases in endometrial tissue as
it progresses from normalcy to atypical hyper-
plasia, and maintains a high level of expression
in G1 EEC. This indicates that FGFR2IllIc plays
an important role in the carcinogenesis of EEC,
and that alteration in its expression may occur
during the atypical hyperplasia stage. In the
early stage of EEC, high FGFR2IllIc expression is
important for tumor growth and maintenance.
However, G3 EEC showed significantly lower
FGFR2lllc expression than G1 and G2 EECs,
suggesting that FGFR2llIc may not be related to
tumor progression. This result is different from
that in prostate and bladder cancers [28-30],
suggesting that FGFR2lllc may play distinct
roles in different tissues. Our data are support-
ed by investigations of Voss et al. as well as
Kuwabara et al. who found that G3 EEC have
similar clinical, immunohistochemical, and
prognostic characteristics with other endome-
trial cancers such as papillary serous carcino-
ma and clear cell carcinoma rather than G1 and
G2 ECCs [4, 5]. More genetic aberration accu-
mulations are needed to drive EEC progression
and some G3 EEC cases may develop through
different carcinogenic processes than G1 and
G2 EECs.

G3 differentiation is considered one of the
strongest predictors of recurrence and progres-
sion in EEC [31, 32]. Patients with G3 EEC are
recommended for more aggressive therapy.
Therefore, correct assessment of grade differ-
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entiation is important. It is very common that
grade differentiation is often misinterpreted
using curettage biopsy specimens because of
the limited amount of the sample. Our results
show that high FGFR2Illc expression correlates
with G1 and G2 EECs, especially using the
immunostain intensity evaluation, but not with
G3 ECC. Using limited biopsy specimens, immu-
nohistochemical results for FGFR2lllc may not
only aid in predicting the risk for recurrence and
prognosis of patients, but also in deciding the
treatment plan.

Recent reports revealed that endometrial can-
cer cell lines with activating FGFR2 mutations
are selectively sensitive to the pan-FGFR inhibi-
tor, PD173074 [32]. Targeted therapy for ECs
with overexpression of FGFR2 is under consid-
eration. FGFR2Illlc is an important isoform of
FGFR2 and may serve as another good candi-
date for targeted therapy with pan-FGFR inhibi-
tors in EEC. Additional studies are needed to
determine the association between high FGF-
R2lllc expression in EEC and susceptibility to
FGFR2 inhibitors.
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