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FGFR?2 alterations in endometrial carcinoma

Sonia Gatius’, Ana Velasco', Ainara Azueta', Maria Santacana’, Judit Pallares’, Joan Valls?,
Xavier Dolcet’, Jaime Prat® and Xavier Matias-Guiu®

'Department of Pathology and Molecular Genetics and Research Laboratory, Hospital Universitari Arnau de
Vilanova, University of Lleida, IRBLLEIDA, Lleida, Spain and *Department of Pathology, Hospital de Sant
Pau, Autonomous University of Barcelona, Barcelona, Spain

Fibroblast growth factor receptor 2 (FGFR2) is a tyrosine kinase receptor involved in many biological processes
such as embryogenesis, adult tissue homeostasis and cell proliferation. Mutations in FGFR2 have been
reported in up to 10-12% of endometrial carcinomas identical to those found in congenital craniofacial
disorders. Inhibition of FGFR2 could be a new therapeutic target in endometrial carcinoma. FGFR2
immunostaining was assessed in three tissue microarrays: one constructed from paraffin-embedded blocks
of 60 samples of normal endometrium in different phases of menstrual cycle, and two tissue microarrays
containing endometrial carcinoma samples (95 and 62 cases). FGFR2 expression was correlated with stage,
histological type and grade as well as with immunostaining of PTEN, RASSF1A, estrogen and progesterone
receptors, KI67, Cyclin D1, STAT-3 and SPRY2. FGFR2 mutations were assessed by PCR and direct sequencing,
with DNA obtained from 31 paraffin-embedded endometrial carcinoma samples. In normal endometrium, FGFR2
expression was higher in the secretory than in the proliferative phase (P=0.001), with an inverse correlation
with Ki67 (P=0.00032), suggesting a tumor-suppressor role for FGFR2 in normal endometrium. Cytoplasmic
expression of FGFR2 was higher in endometrial carcinoma when compared with the atrophic endometrium from
the same patients (P=0.0283), but was lower in comparison with normal endometrium from women in the
menstrual cycle. Interestingly, nuclear staining was observed in some cases, and it was less frequent in
endometrial carcinoma when compared with the adjacent atrophic endometrium (P=0.0465). There were no
statistical differences when comparing superficial and myoinvasive endometrial carcinoma samples.
Endometrioid endometrial carcinomas showed higher expression of FGFR2 than nonendometrioid endometrial
carcinomas (fold change 2.56; P=0.0015). Grade Ill endometrioid endometrial carcinomas showed decreased
FGFR2 expression when compared with grade Il endometrioid endometrial carcinomas (P=0.0055). No
differences were found regarding pathological stage. Two missense mutations of FGFR2 gene were detected in
exons 6 and 11 (S252W and N549K, respectively; 6.45%). Results support the hypothesis that FGFR2 has a dual
role in the endometrium, by inhibiting cell proliferation in normal endometrium during the menstrual cycle,

but acting as an oncogene in endometrial carcinoma.
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Endometrial carcinoma is one the most commonly
diagnosed malignant tumors of the female genital
tract in Europe and United States. There are two
main clinicopathological variants of endometrial
carcinoma. Endometrioid carcinomas (type I tumors)*
are usually low-grade and estrogen-related carcino-
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mas that usually develop in perimenopausal women
and coexist or are preceded by complex and atypical
endometrial hyperplasia. Nonendometrioid carcino-
mas (type II tumors) are very aggressive tumors,
unrelated to estrogen stimulation, arising occasion-
ally in endometrial polyps or from precancerous
lesions developing in atrophic endometrium
that mainly occur in older women; and may
exhibit serous or clear cell features. Classification
of endometrial carcinomas in these two types is
probably too rigid, as tumors showing combined or
mixed features are not infrequent in daily practice.
However, cDNA analysis clearly has shown that
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endometrioid endometrial carcinomas and non-
endometrioid endometrial carcinomas exhibit dif-
ferent expression profiles.® The molecular altera-
tions involved in the development of endometrioid
endometrial carcinomas are different from
those of nonendometrioid endometrial carcinomas.
Nonendometrioid endometrial carcinomas exhibit
alterations of p53,* STK15,° p16, E-cadherin,® and
C-erbB2, as well as loss of heterozygosity on several
chromosomes.® In contrast, endometrioid endo-
metrial carcinomas show microsatellite instability,”
and mutations in the PTEN,® KRAS,® and CTNNB-1
genes.'*"?

Oncogenic activation of tyrosine kinases is a
common mechanism of carcinogenesis. Tyrosine
kinases play a role in transduction of proliferating
signals and can be good therapeutic target in several
tumors. Recently, some investigators have suggested
that alterations in fibroblast growth factor receptor 2
(FGFR2) could be added to the molecular-specific
features of endometrioid endometrial carcinomas."®*°
FGFR2 is of special interest, as it is a possible target
for therapeutic approaches, and FGFR2 inhibitors
are currently under consideration in clinical trials
for several types of solid tumors. FGFR2 belongs to
fibroblast growth factor receptor (FGFR) tyrosine
kinase family that comprises four different trans-
membrane kinases (FGFR1-FGFR4) and their alter-
native spliced isoforms.’® They differentially
respond to 18 FGF ligands and activate downstream
pathways such as RAS-MAPK. FGFR2 has been
described to play a role as either oncogene or tumor-
suppressor gene, depending on the type of cell.
Several types of molecular alterations have been
described, including gene overexpression and point
mutation. In this study, we evaluate FGFR2 expres-
sion in normal endometrium and endometrial
carcinoma by immunohistochemistry and the
presence of somatic mutations of FGFR2 by PCR
in correlation with the main molecular alterations
of this tumor.

Materials and methods
Material

Tissue samples were obtained from Hospital
Universitari Arnau de Vilanova de Lleida and
Hospital de Sant Pau, Barcelona. A specific
informed consent was obtained from each patient,
and the study was approved by the local ethical
committee. The material included 60 samples of
normal endometrial tissue that were fixed in
formalin and embedded in paraffin (20 proliferative,
40 secretory). A total of 157 samples corresponded
to endometrial carcinomas: 131 of them were
endometrioid endometrial carcinomas and the other
26 were nonendometrioid endometrial carcinomas.
Formalin-fixed, paraffin-embedded blocks were
available for each of them. Overall, the series of
157 endometrial carcinoma included 47 endo-
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metrioid endometrial carcinomas grade I, 58 endo-
metrioid endometrial carcinomas grade II, 26
endometrioid endometrial carcinomas grade III,
15 serous carcinomas, 4 clear cell carcinomas and
7 mixed miillerian malignant tumors. In all, 108
tumors were stage I, 15 were stage II, 22 were stage
I and 1 was stage IV. Staging information was
incomplete in 11 cases. Furthermore, superficial
and deep tumor samples of the same patient were
taken in 34 cases.

Tissue Microarrays

Three tissue microarrays were designed. The first
tissue microarray was constructed from 60 paraffin-
embedded samples on normal endometrium in
different phases of menstrual cycle (20 proliferative,
40 secretory). The second tissue microarray was
composed of 95 endometrial carcinomas, previously
evaluated for microsatellite instability, KRAS
mutations and alterations in PTEN, PIk3CA and
CTNNB-1.77'*'7 The third tissue microarray was
constructed from 62 endometrial carcinomas that
were also previously subjected to molecular analysis
for genes involved in the control of RAS-MAPK
pathway, such as SPRY2, and RASSF1A promoter
hypermethylation.”®"® A Tissue Arrayer device
(Beecher Instruments, Sun Prairie, WI, USA) was
used to construct the tissue microarray. Briefly, all
the samples were histologically reviewed and
representative areas were marked in the correspond-
ing paraffin blocks. Two selected cylinders (0.6 mm
in largest diameter) from two different areas were
included in each case. Control normal tissues from
the same endometrial carcinoma specimens were
also included.

Immunohistochemical Study

Tissue microarray blocks were sectioned at a
thickness of 3 um, dried for 16 h at 56°C before being
dewaxed in xylene and rehydrated through a graded
ethanol series, and washed with phosphate-buffered
saline. Antigen retrieval was achieved by heat
treatment in a pressure cooker for 2min in EDTA
(pH 8.9). Before staining the sections, endogenous
peroxidase was blocked. The antibodies used were:
FGFR2 (1:200 dilution; Abcam), SPRY2 (1:500
dilution; N-terminal, S 1444, Sigma), Ki67 (1:100
dilution; MIB-1, DAKO), PTEN (1:50 dilution;
6H2.1, DAKO), RASSF1A (1:100 dilution;
eB114-10H1; e-Bioscience), Estrogen receptor (1:50,
6F11, NovoCastra), Progesterone receptor (1:50, PgR
636, DAKO), Cyclin D1 (1:25, DCS6, DAKO) and
STAT-3 (1:500, sc8019, Santa Cruz). After incuba-
tion, the reaction was visualized with the EnVision
Detection Kit (DAKO) using diaminobenzidine
chromogen as a substrate. Sections were counter-
stained with hematoxylin. Appropriate positive and
negative controls were also tested.
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Immunohistochemical results were evaluated
by two pathologists, by following uniform pre-
established criteria. FGFR2 immunoexpression,
as well as staining for the other markers, was graded
semiquantitatively by considering the percentage
and intensity of the staining. A histological score
was obtained from each sample, which ranged from
0 (no immunoreaction) to 300 (maximum immuno-
reactivity). The score was obtained by applying the
following formula: Histoscore=1 x (% light stain-
ing) + 2 x (% moderate staining) + 3 x (% strong
staining). The reliability of such score for interpreta-
tion of immunohistochemical staining in endo-
metrial carcinoma tissue microarrays has been shown
previously.?°*? As each tissue microarray included
two different tumor cylinders from each case,
immunohistochemical evaluation was done after
examining both samples. Finally, the percentage of
positive nuclei in each case was used to assess the
cellular proliferation (Ki67).

The reproducibility of tissue microarray immuno-
staining was confirmed by comparing tissue
microarray’s results with those obtained in sections
from the corresponding paraffin blocks of 37
randomly selected cases. The overall concordance
was 89.2%. The x index of agreement between the
two methods ranged from 0.68 to 0.83.

Mutation Analysis of FGFR2

For PCR, two primer pairs were used to individually
amplify 12 exons of FGFR2 from genomic endome-
trial cancer DNA. Each PCR reaction contained
1 x Buffer, 1.5 mM MgCl, and 1u/ul TaqGold (Applied
Biosystems, Santa Clara, CA, USA), 0.2mM dNTPs
(Biotools B&M Labs, SA, Madrid, Spain) and 0.2 uM
of each primer. PCR amplification was performed in
20 ul reaction volumes that contained 100 ng of DNA,
75nM HCI, 1.5mM MgCl,, 50mM KCl, 20mM
(NH4)2S04, 0.2 uM of each primer, 0.2mM of each
dNTP and 1 unit of Tag DNA polymerase (Biotools,
B&M Labs). All exons were amplified with the
following conditions: an initial 5-min denaturation
at 94 °C followed by 35 cycles of 1 min at 94 °C, 1 min
at 57 °C and a final extension of 10 min at 72 °C.

For DNA sequencing, PCR products were first
purified using the MinElute PCR Purification
Kit (Qiagen GmbH, Hilden, Germany) and were
bidirectionally sequenced using the original primer
pair and the Applied Biosystem Cycle Sequencing
kit (Applied Biosystems). Samples were analyzed
on the AB Prism 3100-Avant instrument, using
standard run parameters. The separation matrix
used was POP-6 using 1 x TBE with EDTA running
buffer (Applied Biosystems).

Statistical Analysis

To evaluate differences in immunoexpression for
independent series, Mann—Whitney nonparametric
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test was used to evaluate significance. Histoscore
means were computed to report absolute difference
and, in addition, fold change was calculated to
report relative differences. Regarding dependent
series, where normal and tumor samples were
obtained from the same patients, linear mixed
models were used to take into account both paired
observations and repeated measures, using model
estimates to evaluate differences in expression
levels. To evaluate coexpression between biomar-
kers, Pearson’s linear correlation coefficient was
applied whereas Spearman’s nonparametric test
was used to assess significance, which was set for
all tests at a threshold of 0.05. All analyses were
obtained using R statistical software.

Results

FGFR2 Expression by Immunohistochemical Analysis
of Tissue Microarrays

In normal endometrial tissue, FGFR2 protein
expression was evaluated in 30 samples, which
corresponded to different phases of the menstrual
cycle (Table 1 and Figure 1). The remaining samples
were missed in the construction of the tissue
microarray, lost during sectioning and staining, or
did not show representative endometrial glands in
the stained section. FGFR2 expression was variable
in epithelial cells with some staining in stromal
cells and capillaries. Cytoplasmic FGFR2 immuno-
staining was significantly lower in the proliferative
phase (mean Hscore 64; range 0—150) in comparison
with the secretory phase (mean Hscore 170; range
10-275) (fold change=2.65; P=0.001; Figure 2).
The staining was predominantly cytoplasmic
and granular. FGFR2 protein expression was inver-
sely correlated with estrogen (mean Hscore 198;
range 0-300) and progesterone (mean Hscore 160;
range 0-300) receptors (r=-0.76; P=0.00002; and
r=-0.75; P=0.00001, respectively) and was also
inversely correlated with Ki-67 staining (mean
percentage 14; range 0-70; r=—0.35; P=0.00032;
Table 2).

In endometrial carcinomas, FGFR2 was evaluated
in 115 out of the 157 cases that were included in the
second and the third tissue microarrays. The
remaining samples were missed in the construction
of the tissue microarray, lost during sectioning and
staining, did not show representative tumor in
the stained section, or had unreliable tissue
immunostaining. FGFR2 showed two different types
of staining patterns: cytoplasmic and nuclear.
Cytoplasmic FGFR2 expression was higher in
endometrial carcinomas in comparison with normal
atrophic endometrial tissue from the same patient,
which was available in 72 cases (fold change 3.35;
P=0.0283; Figure 3 and Table 3). However, cyto-
plasmic FGFR2 expression of endometrial carcino-
mas was lower than FGFR2 expression in normal
endometrium from samples of the first tissue
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Table 1 Summary of the main immunohistochemical results regarding FGFR-2

Normal samples Min Max Mean s.d. Fold change P-value
Proliferative 0 150 64.20 49.39 1.00
Secretory 10 275 170.10 76.48 2.65 0.001
Normal vs tumor Min Max Mean s.d. Fold change P-value
Normal (proliferative and secretory) vs tumor (cytoplasmic expression)
Normal samples 0 275 134.80 84.66 1.47 0.013
Tumor samples 0 275 91.61 78.37
Normal (proliferative) vs tumor (cytoplasmic expression)
Normal samples 0 150 64.20 49.39 0.70 0.34
Tumor samples 0 275 91.61 78.37
Normal (secretory) vs tumor (cytoplasmic expression)
Normal samples 10 275 170.1 76.48 1.86 0.00016
Tumor samples 0 275 91.61 78.37
Tumor samples 0 275 91.61 78.37
NEEC 0 260 38.60 70.51 2.56 0.0015
EEC 0 275 98.75 76.63 1.00
Grade
1 0 250 97.99 73.64 1
2 0 275 118.01 82.00 0.83 (1 vs 2) 0.42
3 0 130 54.57 48.02 2.16 (2 vs 3) 0.0055
Stage
I 0 275 102.67 78.66 1
I 0 180 75.25 62.40 1.36 (I vs ) 0.21
I 38.33 125 90.08 36.80 0.84 (I vs III) 0.59
v 80 80 80 — 1.13 (III vs IV) —

Bold values are significant P-values.
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Figure 1 (a) Differential immunoexpression between secretory and proliferative samples. Bars represent means and segments means 1
s.d. Fold change indicates the relative difference between sample types. (b) Differential immunoexpression between normal and tumor
samples. Bars represent means and segments means * 1 s.d. Fold change indicates the relative difference between sample types.

microarray, obtained from premenopausal patients
in different phases of the menstrual cycle. Differ-
ences in the expression were significant for all
normal endometrium samples (fold change 1.47;
P=0.013) and for normal endometrium samples in
the secretory phase (fold change 1.86; P=0.00016),
but not for normal endometrium samples in the

proliferative phase (P=0.34). Interestingly, nuclear
staining was observed in some cases, and it was less
frequent in endometrial carcinomas when compared
with atrophic endometrium of the same patients
(P=0.0465; Figure 4). In some cases, nuclear
staining was seen in atrophic glands with tubal
metaplasia. Nuclear staining was not seen in normal
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Figure 2 Cytoplasmic FGFR2 expression in normal endometrium in the proliferative (a) and secretory (b) phases.

Table 2 Main correlations between FGFR2 expression and
remaining markers

Normal cycling endometrium
FGFR2/estrogen receptor
FGFR2/progesterone receptor
FGFR2/MIB-1

r=-0.76; P=0.00002
r=-0.75; P=0.00001
r=-0.35; P=0.00032

Endometrial carcinoma
FGFR2/estrogen receptor
FGFR2/progesterone receptor

r=0.44; P=0.00002
r=0.22; P=0.00122

FGFR2/MIB-1 NS
FGFR2/PTEN r=-0.35; P=0.00005
FGFR2/SPRY2 r=0.22; P=0.014
FGFR2/RASSF-1A NS
FGFR2/STAT-3 NS
FGFR2/Cyclin D1ns NS

NS, not significant.

endometrium samples in different phases of the
menstrual cycle.

Interestingly, the relationship between FGFR2
expression and estrogen and progesterone expres-
sion in endometrial carcinomas was different from
the one obtained in normal endometrium during the
menstrual phase. In endometrial carcinoma, FGFR2
was significantly associated with increased expres-
sion of estrogen receptors (mean Hscore 67; range
0-280; r=0.44; P=0.00002) and progesterone
receptors (mean Hscore 96; range 0-290; r=0.22;
P=0.00122). Moreover, FGFR2 expression was
statistically inversely associated with PTEN immu-
nostaining (mean Hscore 40.52; range 0-290;
r=-0.35; P=0.00005). A significant association
was also seen when correlating the expression of
FGFR2 and SPRY2 (r=0.22; P=0.014). In addition,
FGFR2 expression did not show any statistical
association with the expression of Ki-67, RASSF1A,
STAT-3 and Cyclin D1 (Table 2). Moreover, FGFR2
expression did not show statistical association with
KRAS mutations, in the 34 tumors in which KRAS
mutation status was known (P =0.85).
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Among endometrial carcinoma, FGFR2 immuno-
staining was higher in endometrioid endometrial
carcinoma (mean Hscore 98; range 0-275) in
comparison with the nonendometrioid endometrial
carcinoma (mean Hscore 38; range 0-260), and the
difference was statistically significant (fold change
2.56, P=0.0015; Figure 5). There were no statistical
differences when comparing superficial and myoin-
vasive tumor samples (P=0.5146). Regarding histo-
logical grade, no significant differences were seen
between grade I and grade II endometrial carcino-
mas. However, grade III endometrial carcinomas
(mean Hscore 54.57; range 0—130) showed decreased
FGFR2 expression when compared with grade II
endometrial carcinomas (mean Hscore 118.01;
range 0-275; fold change=2.16; P=0.0055). No
differences were found regarding pathological stage.

FGFR2 Mutations

Missense mutations of FGFR2 gene were detected in
exons 6 and 11 (S252W and N549K, respectively)
in two of the 31 assessed cases (6.45%), each of them
in endometrioid endometrial carcinoma (Figure 6).
None of the remaining 29 cases exhibited any
mutation. These 31 cases had been previously
evaluated for mutations in PTEN (15 of 31; 48%),
KRAS (7 of 30; 23%), CTNNB1 (5 of 29; 17%),
PIK3CA (9 of 31; 29%) and also for microsatellite
instability (13 of 31, 41%).”7'>"” The tumor that
exhibited the N549K mutation also had one muta-
tion in PTEN (993delC) and one mutation in PIK3CA
(H1065L), whereas the S252W FGFR2 mutation
coexisted with two mutations in PIK3CA (T1052K
and E542V) and one mutation in CTNNB-1. None of
these two cases showed a mutation in KRAS. DNA
polymorphisms in FGFR2 were very frequent
(Figure 7), particularly the V232V change. DNA
polymorphisms in exon 5 were seen in 85% of the
cases, and in 50% were detected in homozygosis.
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Figure 3 Cytoplasmic FGFR2 expression in endometrial carcinoma (a) and the adjacent atrophic endometrium (b) of the same patient.

Table 3 Expression of FGFR2 in endometrial carcinoma in
comparison with adjacent atrophic endometrium

Fold change CI P-value
Normal (atrophic adjacent 3.35 (1.14-9.74) 0.0283
to tumor) vs tumor
(cytoplasmic expression)
Normal (atrophic adjacent 0.35 (0.12-0.98)  0.0465

to tumor) vs tumor
(nuclear expression)

Bold values are significant P-values.

Discussion

FGFs comprise a large group of heparin-binding
growth factors that include 18 ligands. FGFs are
expressed in almost all tissues, and play important
roles in normal and neoplastic cells by regulating
development, wound repair and angiogenesis. FGF's
exert their function through four high-affinity
tyrosine kinase receptors (FGFR1, FGFR2, FGFR3
and FGFR4)."® Each receptor contains three Ig-like
extracellular domains, a transmembrane region and
intracellular domain with tyrosine kinase activity
and a carboxy terminus. Binding of FGFs to the
extracellular domains of FGF receptor results in
dimerization and conformational shift in receptor
structure that leads to activation of the intracellular
kinase domain and subsequent transphosphoryla-
tion of tyrosine kinase domains. Activation of FGF
receptors leads to signal transduction through
multiple pathways including PLCy, PI3K, MAPK
and STATs. However, one of the predominant
signaling pathway activated downstream of FGFR
is RAS-MAPK. Following FGFR activation, MAPK
signaling induces cell proliferation, through induc-
tion of Cyclin D1. FGF signaling is under the
regulatory control of some proteins. Among them,
the members of the Sprouty mammalian genes
(SPRY)?® seem to have a significant role. The mode

of action of SPRY proteins is complex and subjected
to several unknown mechanisms of regulation.
SPRY proteins have been found to regulate both
receptor tyrosine kinases (RTKs) and downstream
signaling pathways like FGF and RAS-MAPK.**
By controlling these pathways, SPRY2 is involved
in regulation of cell proliferation, differentiation
and angiogenesis.

FGF signaling can be involved in tumor develop-
ment or progression by different mechanisms in a
context-dependent manner. In some scenarios, FGF
activation may have oncogenic roles by increasing
cell proliferation, survival and migration. However,
in other settings, FGF signaling may also play
tumor-suppressor roles.”® In fact, loss of FGFR2
signaling may induce epithelial-to-mesenchymal
transition®® in tumor cells. Overexpression of FGFRs
has been identified in tumors from the brain,
thyroid, breast, prostate and skin. Copy number
gains of FGFR2 have been shown to result in FGFR2
overexpression in cancers from the breast*” and
stomach. Moreover, missense mutations of some of
the FGFR have been reported. FGFR2 mutations
have been described in cancers from the ovaries,
breast, stomach®® and lung.?® FGFR2 mutations
around the third immunoglobulin-like domain
result in FGFR2 activation due to the creation of
autocrine FGF signaling loop. Moreover, mutations
involving the tyrosine kinase domain cause FGFR2
activation by release of FGFR2 from autoinhibition.
The important role of FGF signaling in neoplastic
development can be suggested after demonstration
of high prevalence of single-nucleotide polymorph-
isms (SNPs)®*° within intron 2 of FGFR2 in associa-
tion with breast cancer through allelic FGFR2
upregulation.

As mentioned before, the RAS-MAPK is an
important signaling pathway downstream of FGFR.
Activation of the pathway begins when a signal
binds to a protein kinase receptor such as FGFR, and
also EGFR or PDGFR, although it may also be
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Figure 4 Nuclear FGFR2 expression is lower in endometrial carcinoma (a) than the adjacent atrophic endometrium (b) of the same

patient.

Figure 5 Cytoplasmic FGFR2 expression is higher in endometrioid carcinomas of the endometrium (a) in comparison with

nonendometrioid carcinomas (b).

activated by many other multiple upstream recep-
tors. Deregulation of the RAS signaling pathway
plays an important role in endometrial carcinoma.’
The frequency of KRAS mutations in endometrial
carcinoma ranges between 10 and 30%. In some
series, KRAS mutations have been reported to be
more frequent in endometrioid endometrial carci-
nomas showing microsatellite instability. Inactiva-
tion of RASSF-1A, which is a negative regulator
of the RAS-MAPK pathway, is also frequent in
endometrial carcinoma. In a recent study, we found
decreased expression of RASSF1A"® in almost 50%
of the cases. Reduced expression of RASSF1A was
frequently associated with RASSF1A promoter
hypermethylation.

There are several evidences suggesting that the
FGF signaling pathway is important in endometrial
carcinoma. Recent studies have shown that endo-
metrial carcinoma presents frequent inactivation
of SPRY2, a protein that is involved in the negative

MODERN PATHOLOGY (2011) 24, 1500-1510

regulation of the FGFR pathway. The expression of
SPRY2 has been found to be decreased in several
types of human cancer, by mechanisms of promoter
methylation. In a recent study, we have found
reduced SPRY2 immunoexpression in almost 20%
of endometrial carcinoma, which was strongly
associated with increased cell proliferation.” In this
very same series of cases, SPRY2 promoter methyla-
tion was detected in >50% of the cases. Moreover,
somatic mutations in the receptor tyrosine kinase
FGFR2, identical to the germline mutations
associated with craniosynostosis and skeletal
dysplasia syndromes, have been recently detected
in 10-12% of endometrial carcinomas, particularly
in endometriod endometrial carcinomas (16%).13-1%
The somatic mutations included the S252W and
P235R changes, which are associated with the Apert
syndrome, the N549K and K659M, which are
associated with Crouzon syndrome, as well as the
N550K change.®" Interestingly, FGFR2 and K-RAS
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Figure 6 FGFR2 mutations in endometrioid carcinomas: S252W (a) and N549K (b).

mutations were mutually exclusive events, whereas
mutations in FGFR2 and PTEN frequently coexisted.
Ectopic expression of one FGFR2 mutation (S252W)
in NIH 3T3 cells conferred anchorage-independent
growth, suggesting an oncogenic role for FGFR2
mutations. Moreover, downregulation of FGFR2
induced cell cycle arrest and cell death, indepen-
dently to the status of PTEN."

In the present study, we have assessed the role of
FGFR2 in endometrial carcinomas. First, we have
evaluated FGFR2 expression in normal endome-
trium, by correlating FGFR2 immunohistochemical
staining between samples in different phases of
the menstrual cycle. Then, we compared FGFR2
expression between endometrial carcinoma and the
normal endometrium samples obtained in patients
in different phases of the menstrual cycle, and
also with samples corresponding to the atrophic
endometrium adjacent to the neoplastic tissue,
of the same patients with endometrial carcinoma.
The results were very interesting. In normal
endometrium during the menstrual cycle, FGFR2
seems to be associated with decreased proliferative
activity, as the expression is higher in the secretory
endometrium, and FGFR2 staining showed an

inverse statistical association with expression of
estrogen and progesterone receptors and Ki-67
(MIB-1). In other words, in normal endometrium,
FGFR2 seems to play an inhibitory (tumor suppres-
sor) function, different to the oncogenic role that has
been shown to present in endometrial carcinoma.
We have mentioned before that FGFR2 has shown to
exhibit this dual activity, by either promoting or
inhibiting cell growth, in different cell types in
distinct contexts. Now, we show that these different
roles may take place in the endometrium, as FGFR2
expression is associated with decreased prolifera-
tion in normal endometrium. It is important to
remember that other genes also exhibit different
roles in normal and neoplastic tissues. It is worth
mentioning that TGFf acts as a tumor suppressor
in normal tissue, but plays an oncogenic role in
tumors,** by promoting cell growth and develop-
ment of epithelial-to-mesenchymal transition.?*?*
Interestingly, in our study, we identified two
different patterns of FGFR2 immunostaining:
cytoplasmic and nuclear. Although cytoplasmic
expression was higher in endometrial carcinoma in
comparison with the adjacent atrophic endome-
trium from the same patients, nuclear FGFR2
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Figure 7 FGFR2 DNA polymorphism in exon 5.

expression was higher in the atrophic endometrium.
These results suggest that a shift of FGFR2 from the
cytoplasm to the nucleus may be associated with
decreased oncogenic activity. There have been
reports that FGFR2 may localize to the nucleus in
various cell types. For example, nuclear expression
of FGFR2 has been observed in Sertoli cell
precursors upon FGF9 activation.®

As expected, FGFR2 expression was higher
in endometrioid endometrial carcinoma than in
nonendometrioid endometrial carcinoma, and the
difference had statistical significance. In endome-
trial carcinoma, FGFR2 immunostaining was statis-
tically significantly associated with estrogen and
progesterone receptors and inversely associated
with PTEN expression, whereas there was not
an inverse correlation with SPRY2 expression
(an inhibitor of FGF signaling),”® and there was not
significant association with the expression of three
proteins related to signaling pathways downstream
of FGFR2, such as RASSF-1A, Cyclin D1 (RAS-
MAPK) and STAT-3. These results were unexpected.
We would expect an inverse relationship of FGFR2
with SPRY2 and RASSF1A, as these are negative
regulators of FGF and RAS-MAPK signaling path-
ways, while we would also expect a good correlation
between FGFR2 expression and the immunohisto-
chemical staining of STAT-3 and Cyclin D1,
which are proteins activated as a result of signaling
pathways downstream FGFR2. The lack of correla-
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tion between these proteins probably reflects that
many different signaling pathways are intercon-
nected, following diverse genetic and epigenetic
alterations, and emphasizes the difficulties of
detecting in tumor tissue good correlations between
molecular alterations and the expected targets. It is
worth mentioning that increased Cyclin D1 staining
may also occur in endometrial carcinoma with
microsatellite instability, in association with specific
mutations in Cyclin D1, which prevent Cyclin D1
degradation,®® and such a phenomenon is indepen-
dent of RAS-MAPK activation.

Moreover, when correlating FGFR2 staining and
pathological features, we saw that grade III endome-
trioid endometrial carcinoma showed decreased
FGFR2 expression when compared with grade II
endometrioid endometrial carcinoma (P=0.0055).
In addition, no differences were found in FGFR2
expression regarding pathological stage, and there
were no statistical differences when comparing
tumor cells in the superficial part and those in the
front of myometrial invasion.

Mutation analysis of FGFR2 demonstrated the
presence of missense mutations in 2 of the 31
assessed cases. These two cases were endometrioid
endometrial carcinoma. They were detected in
exons 6 and 11 (S252W and N549K, respectively).
Overall, FGFR2 mutations were detected in 6.45%
of endometrial carcinomas, whereas none of the
nonendometrioid endometrial carcinoma cases



exhibited any mutation. The frequency of FGFR2
mutations in this series (6.45%) is a little bit lower
than that of previous series (10-12%)."*~** However,
the number of cases tested for FGFR2 mutations is
smaller than that of other series. It is worth
mentioning that our series has the additional value
that the cases had been previously tested for
microsatellite instability, as well as mutations of
KRAS, PTEN, PIK3CA and CTNNB1. As shown in
other series, none of the tumors that presented
a FGFR2 mutation had KRAS mutations, whereas
FGFR2 mutations coexisted with mutations in
PTEN, PIK3CA and CTNNB-1. Interestingly, we
identified many DNA polymorphisms in the coding
sequence of FGFR2 in our series of cases.

In summary, in our study we provide additional
information regarding the oncogenic role of FGFR2
in endometrial carcinoma, and we also show that
FGFR2 has a growth-inhibitory function in normal
endometrium. Our results give support to the
hypothesis that FGFR2 may be a good target for
therapeutic intervention in endometrial carcinoma.
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