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Abstract
Aim: The aim of this study was to evaluate the ovarian serous surface epithelial tumors in terms of FGFR1
expression and to evaluate the differences in expression of serous cystadenomas, borderline serous
tumor/atypical proliferative serous tumors, low-grade and high-grade serous carcinomas.

Materials and methods: A hundred patients diagnosed with serous cystadenomas, borderline serous
tumor/atypical proliferative serous tumors(BST), low-grade (LGSC) and high-grade serous carcinomas
(HGSC) between 2010-2019 in our pathology laboratory were included in the study. In these cases, real-time
PCR and immunohistochemistry were performed on sections from para�n blocks.

Results: In our study, it was determined that FGFR1 gene expression was statistically signi�cantly increased
in HGSC cases compared to the BST/ LGSC group and the SC group. Although there was a difference
between the BST/ LGSC group and the SC group, no statistical signi�cance was found.

Conclusion: FGFR1 expression was signi�cantly increased in HGSC cases. This �nding has led to the
conclusion that angiogenesis inhibition by FGFR inhibition may be a treatment option in HGSC cases.

Introduction
Although the incidence of ovarian cancer is low compared to other tumors, it draws attention with its high
mortality. Due to the nonspeci�c symptoms in the early stage, it is diagnosed in the advanced stages and its
prognosis is relatively poor. Age at the time of diagnosis, FIGO stage, and tumor type are factors that affect
prognosis (1). Approximately half of the ovarian tumors are epithelial tumors. Again, 40% of all ovarian
tumors are benign and 90% of malignant ones are serous tumors. Studies on the pathogenesis of serous
malignant ovarian tumors show that this group consists of 2 separate carcinoma groups, low-grade and
high-grade serous carcinoma. Low-grade serous carcinoma (LGSC) as a type 1 prototype contains a high
rate of KRAS and BRAF mutations, but no TP53 mutations. High-grade serous carcinoma (HGSC) as its type
2 prototype is characterized by high-grade genetic instability and the TP53 mutation found in almost all
cases. The formation of these 2 groups of tumors occurs by separate mechanisms. Borderline serous
tumor/atypical proliferative tumor (BST) is the precursor of LGSC. Although LGSC may rarely transform into
HGSC, serous carcinomas develop in different ways (1, 2). Surgery is the �rst-choice treatment for tumor
burden reduction and staging. Platinum-based chemotherapy is also widely used. Hormonotherapy and
targeted therapy can be applied in addition. Expression differences, which can be prognostic markers in the
treatment of all tumors and guide new treatments, are being studied intensively (1).

FGF (Fibroblast Growth Factor) pathway is also at an important point in terms of being an angiogenesis
stimulator. Many treatments targeting this pathway are in drug trials. FGF can be targeted as well as
targeting its receptors as a treatment option, and in de�ning tumors in which these treatments under
development can be used, it becomes important which tumor has an expression difference at what rate.FGF
receptors (FGFR) are encoded by 4 genes. These receptors have tyrosine kinase activity. In addition to their
receptor functions for �broblast growth factors, they are involved in embryonal development, cell
proliferation, differentiation and migration. With this information, it was thought that an increase in FGF or
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an increase in FGFR activation might cause tumor growth. In studies conducted in this direction, it has been
determined that FGFR gene aberrations are increased in tumor cells and the most common of these
aberrations is FGFR1 ampli�cation (3). It has been determined that the ampli�cation, that is, the
pathological activation of FGFR1, has a role in ovarian cancers, breast cancers, oral and esophageal
squamous cell cancers, lung and prostate cancers. It has been reported that this ampli�cation is detected in
approximately 5% of ovarian cancers. However, studies on subgroups of ovarian tumors are limited. In this
study, it was aimed to obtain data on the usability of new targets in the treatment of serous ovarian tumors
and to create a database for future studies (4, 5).

Materials And Methods

Patient cohort:
Cases diagnosed as serous ovarian tumor with morphological and immunohistochemical �ndings between
2010-2020 in the laboratory of Inonu University Faculty of Medicine, Department of Medical Pathology were
scanned in the archive. The control group (serous cystadenoma) was kept in an acceptable number and
other serous tumors were accepted to the study as the budget allowed. Cases diagnosed with serous
cystadenomas (13 cases), borderline serous tumor (23 cases), or serous carcinoma (64 cases) were
identi�ed in the archive scan, and sections were taken from formaline �xed para�n embeded blocks
containing a su�cient amount of tumor. The study was approved by Inonu University Ethics Committee
Board.

Immunohistochemistry:
Para�n-embedded tissues with a diameter of 5mm from tumor areas were extracted for
immunohistochemical examination. Twenty tissues were re-blocked in a single block.
Immunohistochemistry was performed on 4-µm freshly cut sections from para�n-embedded tissue blocks
with using fully automated system (“Dako Omnis”, Agilent, US) and anti FGFR1 (mouse monoclonal, M2F12,
1:25 dilution, heat-pretreatment for epitope retrieval in EDTA buffer, incubation at 37°C for 40 minutes,
Medaysis, US).

Immunohistochemically stained preparations were evaluated under a light microscope by a pathologist and
a pathology resident. The cytoplasmic or membranous staining pattern in tumor cells was considered
signi�cant, and the extent and intensity of the staining were evaluated separately.

Staining intensity in tumor cells was evaluated as follows; no staining = 0 points, weak staining = 1 point,
medium staining = 2 points, and strong staining = 3 points. The prevalence of stained tumor cells was
calculated as a percentage (%) obtained by proportioning the total number of cells. H scores were obtained
by multiplying the percentage (%) values determined for prevalence and the scores given for intensity (Table
1). In this system, <1% positive cells is considered to be a negative result. According to Dabbs et al., H-score
has a broader dynamic range (6).

Staining of normal breast tissue was taken as reference as the external positive control.



Page 4/14

 
Table 1

H scoring
H score = Staining extent (%) x Staining intensity (= 0,1,2,3)

      0 = negative

      1 = weak stained cell percentage

      2 = moderate stained cell percentage

      3 = marked stained cell percentage

PCR:
Reverse transcription reactions were carried out with RiboEx kit (GeneAll Biotechnology, Korea, Catalog no:
301-001). cDNA synthesis was performed using the HyberScriptTM First strand synthesis kit (GeneAll
Biotechnology, Korea, Catalog no: 601-005). Quantitative RT-PCR was performed in triplicate by real-time
PCR using RealAmpTM SYBR qPCR Master kit (GeneAll Biotechnology, Korea, Catalog no: 801-051) on a
7500 Fast detection system (Applied Biosystems). Primer sequences were as follows: FGFR1 5

 and 5 ; ACTB 5
 and 5 . The

thermal cycler conditions were as follows: 95°C for 300 sec, followed by a two-step PCR of 40 cycles at 95°C
for 15 sec and 55-68°C for 60 sec. Relative mRNA levels were determined using the ΔΔCt method. Values
were expressed relative to ACTB.

Statistical Analysis:
Data of 100 cases (tumor type, tumor size, age, FIGO stage, PCR and immunohistochemical evaluation
results, post-op follow-up times) were analyzed with IBM SPSS (Statistical package for social sciences)
version 22 medical statistics program. The data on whether the patients are alive or not was obtained from
the Ministry of Health through the hospital information management system. Normal distribution of the
groups was tested with the Kolmogorov Smirnov test, and homogeneity was evaluated with the Levene test.
Chi-square test was used when examining two categorical variables, Kruskal Wallis and Tamhane when
evaluating more than two groups that did not show normal distribution, T-test was used when evaluating the
differences between two groups of data, and correlation analysis was used when evaluating the relationship
between two numerical measurements. Statistically signi�cant difference was accepted as p<0.05.

Results

Clinicopathological parameters:
Of the 100 cases included in our study, 59 were diagnosed with HGSC, 5 were LGSC, 28 were BST and 13
were serous cystadenoma. The age range of the patients was 18-88, and the mean age was 44 for SCs, 38

− ∀TGAGTACGGCAGCATC ∀C − 3 −ACTCGATGTGC ⊤ TAGCAC − 3

−CATGTACG ⊤ GCTATCAGGC − 3 −CTC ⊤ ∀TGTCACGCACGAT − 3
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for BSTs, 57 for LGSCs, 56 for HGSCs, and 51 for all tumors.

According to the 2020 FIGO staging system; 23 cases in stage 1A, 3 cases in stage 1B, 3 cases in stage 1C, 7
cases in stage 2A, 1 case in stage 2B, 4 cases in stage 3A1, 1 case in stage 3A2, stage 3A2 There were 5
cases in 3B, 28 cases in stage 3C, 8 cases in stage 4. Data to determine the stage of 4 cases could not be
reached.

While the majority of HGSC cases are in the advanced stage (FIGO stage 3-4), BST and LGSC cases are in
the early stage. 8 (13.56%) of HGSC cases were stage 4, 37 (62.71%) stage 3, 6 (10.17%) stage 2, 5 (8.47%)
stage 1; 1 (1.69%) of LGSC cases were stage 3, 1 (1.69%) stage 2, 2 (3.39%) stage 1; 1 (1.69%) of the BST
cases were evaluated as stage 2 and 22 as stage 1.

When the FIGO stages of HGSC, LGSC and borderline tumors were compared, it was seen that HGSC had a
relatively advanced FIGO stage to borderline tumors, as expected. There was no signi�cant difference in the
FIGO stage between LGSC and HGSC and borderline tumors. It was thought that this situation might be due
to the low number of LGCC cases.

Gene expression analysis
RT-PCR analyzes were performed by obtaining cDNA from the samples of the cases. FGFR1 and ACTB gene
regions for each patient were studied by repeating 3 times in the Applied BiosystemsTM 7500 Fast Real-
Time PCR device. FGFR1 expressions (Fold Change) were determined as in the table in Appendix 1. The
cases were divided into 3 main groups as SC, LGSC and Borderline, and HGSC. SC group considered as
control cases (7). Cases with a fold change equal and above 1 were considered to have increased FGFR1
expression, and cases below 1 were considered to have decreased FGFR1 expression.

 
Table 2

Rates of FGFR1 ampli�cation by groups
Group FGFR1 Ampli�cation Total

Negative Positive

HGSC 1 (%1,7) 58 (%98,3) 59

LGSC/Borderline 12 (%42,9) 16 (%57,1) 28

Serous cystadenoma 6 (%46,2) 7 (%53,8) 13

Total 19 (%19,0) 81 (%81,0) 100

While no increase in FGFR1 expression was detected in 1 (1.7%) of 59 HGSC cases, FGFR1 expression was
increased in 58 (98.3%) of them. These numbers are 12 (42.9%) and 16 (57.1%) in LGSC/Borderline group,
respectively; in the SC group, it was found to be 6 (46.2%) and 7 (53.8%) (Table 2). The groups were
statistically signi�cantly different from each other (p<0.05).

Figure 1. FGFR1 fold changes by groups
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FGFR1 expression increased 6.77±3.39 times in the HGSC group and the minimum value was 0.97 and the
maximum value was 15.92. In the Borderline/LGSC group, these data showed expression increase 2.15±2.40
times, minimum value 0.07, maximum value 7.64; and in SC group, expression increase was 1.09±0.45
times, minimum value 0.43, maximum value 2.01 (Table 3 and Figure 1).

 
Table 3

Descriptive statistics of FGFR1 expression rates grouped by diagnostic groups
Group N Mean

Fold
Change

Standard
Deviation

Standar
Error

Con�dency
Interval

Minimum Maximum

Lower
limit

Upper
limit

HGSC 59 6,77 3,39 0,44 5,89 7,66 0,97 15,92

LGSC/Borderline 28 2,15 2,40 0,45 1,22 3,08 0,07 7,64

Serous
cystadenoma

13 1,09 0,45 0,13 0,82 1,36 0,43 2,01

Total 100 4,74 3,80 0,38 3,99 5,49 0,07 15,92

When we compared the FGFR1 fold changes according to the groups, it was observed that the mean FGFR1
fold change in the HGSC group was signi�cantly increased compared to the Borderline/LGSC group and the
SC group (p<0.05). However, the difference between the Borderline/LGSC group and the SC group was not
statistically signi�cant (p>0.05).

FIGO stage data were available for 83 of the cases. When grouped according to FIGO stages, the mean
FGFR1 fold changes were found to be 3.24 for FIGO stage 1, 2.73 for FIGO stage 2, 6.91 for FIGO stage 3,
and 5.46 for FIGO stage 4, respectively.

When we divided the cases into groups according to FIGO stages and compared their FGFR1 fold changes, a
signi�cant difference was found between FIGO stage 1 and FIGO stage 3 tumors. This is because most
HGSCs are FIGO stage 3 and almost all borderline tumors are FIGO stage 1. Previously, a statistically
signi�cant difference was found between HGSC and borderline group tumors in terms of FGFR1 expression.

Immunohistochemistry
Immunohistochemical staining intensity and percentage calculations were made in all cases. Diffuse
cytoplasmic staining pattern was observed in most of the tumors with different intensities (Figure 2).
Nuclear staining was observed in 85% and 20% prevalences in only 2 HGSC cases (Figure 3).

Figure 2. Different degrees of cytoplasmic staining with FGFR1 immunohistochemistry stain in HGSCs.
Diffuse cytoplasmic staining was observed in most of the tumors. Negative (A). Weak (+) staining (B).
Moderate (++) staining (C). Strong (+++) staining (D).

Figure 3. Nuclear staining pattern seen in 2 cases with HGSC (FGFR1, 100x)
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Although the prevalence of staining in HGSC, LGSC and BST cases is generally in the range of 90-100%, it
was evaluated as 75-80% in rare cases. Strong (+++) cytoplasmic staining was observed in 1 of 5 cases
diagnosed with LGSC, and weak (+) cytoplasmic staining was observed in the other 4 cases. Out of 23 cases
with borderline serous tumor, 9 cases showed moderate (++) cytoplasmic staining and 14 cases showed
weak (+) cytoplasmic staining (Figure 4).

Figure 4. FGFR1 immunohistochemical staining in LGSC cases. Diffuse weak (+) cytoplasmic staining (A).
Diffuse strong (+++) cytoplasmic staining (B).

The cytoplasmic H scores for HGSC, LGSC/Borderline and SC groups were found to be 202.03±11.53,
134.29±61.23 and 76.54±45.89, respectively, according to the diagnostic groups.The mean cytoplasmic H
score of all cases was 166.75±89.37 (Figure 5).

When nuclear and cytoplasmic stainings were examined, cytoplasmic staining was thought to be signi�cant
and statistical evaluations were made according to cytoplasmic staining and the H score of this staining.

Figure 5. Cytoplasmic and nuclear H scores by groups

When cytoplasmic H scores were examined statistically according to the diagnosis groups, all groups were
found to be statistically signi�cantly different from each other.

When the immunohistochemical data of all cases were analyzed and analyzed according to the diagnostic
groups, the nuclear H scores for the HGSC, LGSC/Borderline and SC groups were found to be 5±4.36, 0±0
and 0±0, respectively.

When nuclear H scores were analyzed statistically according to the groups, no statistical signi�cance was
found between all groups.

When the cases were grouped according to FIGO stages, the cytoplasmic H scores for FIGO 1, FIGO 2, FIGO 3
and FIGO 4 were 142.59±10.90, 168.13±33.91, 206.84±94.14, 192.50±78.51 respectively (Figure 6).

Figure 6. Cytoplasmic H score according to FIGO stages

While statistical signi�cance was found between FIGO 1 and FIGO 3, no signi�cance was found for FIGO 2
and FIGO 4. This difference was thought to be related to the number of cases.

FGFR1 expression detected by PCR in all cases was statistically correlated with fold changes and the
presence of FGFR1 ampli�cation when compared with the cytoplasmic H score detected
immunohistochemically. However, statistical signi�cance was not detected when positivity/negativeness
was determined by conditions such as staining of more than 1% tumor cells in previous publications,
staining of more than 10 tumor cells, or being considered positive when the H score is greater than 100 (8–
13).

As a result of the correlation analysis, it was observed that there was a weak correlation between the FGFR1
immunohistochemical staining results and the RT-PCR fold change results. Although the evaluation was
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made according to the FGFR1 ampli�cation status, it was found that the cytoplasmic H score was
statistically signi�cantly increased in the ampli�ed group.

Discussion
In addition to the histomorphological and immunohistochemical classi�cations in ovarian cancer, it was
determined that tumors developed from different pathways by molecular �ndings, and a new classi�cation
was proposed according to their molecular characteristics. Epithelial tumors are grouped as Type 1 and Type
2 tumors, and the cell groups, precursor lesions and prognostic information of these groups are categorized
and compared. BRAF and KRAS mutations are high in type 1 tumors and they do not show TP53 mutations.
Type 2 tumors show TP53 mutation in almost all cases (2, 14)

When the studies on FGFR1 expression in ovarian tumors were searched in the literature, Valve et al. in their
study on 51 ovarian tumors, it was observed that an expression increase of 91% was detected in 24 serous
carcinoma cases with RT-PCR (7). Birrer et al. In the study, FGF1 ampli�cation was detected in 66% of 42
HGSC cases with RT-PCR, and increased FGF1 mRNA expression was associated with a poor prognosis (15).
In the study conducted by Helsten et al. with the new generation sequencing method, the rate of FGFR1
ampli�cation in 233 ovarian tumors was reported as 5-9%, and no subtype information was given (4). In our
study, the rate of FGFR1 ampli�cation (95%) in serous ovarian carcinomas was found to be higher than
other studies. When we look at the ampli�cation rates, we found 98.31% ampli�cation in the HGSC group
and 57.14% in the Borderline/LGSC group.When we evaluated the fold change rates, it was seen that there
was a statistically signi�cant increase in favor of HGSC in the HGSC group compared to the
Borderline/LGSC and SC groups.

In the study by Cole et al., it was shown that the anti-tumor activity of cisplatin increased when FGFR1
inhibition was applied together with cisplatin in 10 serous ovarian carcinomas and 5 normal ovaries by in
situ hybridization method, and in 40 serous ovarian carcinomas and 10 normal ovaries by
immunohistochemistry method. With cell cycle analyses, it was stated that this effect was achieved by
increasing the apoptosis of both agents (14). This provides support for the use of FGFR-1 as a target in
therapy.

The effects of FGFR1 ampli�cation have been demonstrated in many studies on other tumor types. FGFR1
expression in squamous cell lung carcinomas is directly proportional to lymph node metastasis (16), and
FGFR1 expression is inversely proportional to chemosensitivity in small cell lung carcinomas (17); it is an
independent prognostic indicator in breast tumors (18), it increases tamoxifen sensitivity when used
together with tamoxifen (19); It has been proven that increased expression of FGFR receptors in diffuse
gastric carcinomas is associated with depth of invasion, distant metastasis, histological grade, and
recurrence (20).

It is known that BSTs with micropapillary morphology have a relatively poor prognosis compared to BSTs
without micropapillary morphology. Micropapillary morphology was detected in 2 of the borderline serous
tumor cases. When the FGFR1 fold changes of these cases were examined, it was seen that they were 7.06
and 4.55. The fact that these 2 cases have FGFR1 expression at the level of HGSCs, different from the mean
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of BST cases and LGSC cases, supports that micropapillary variant BSTs are a higher grade tumor with a
worse prognosis than other BST cases. Conditions such as ischemia, hemorrhage and necrosis can affect
the amount of evaluable cells in the tissue and cause false negativity. In our study, hemorrhage and
ischemia �ndings were observed in 1 LGSC and 1 BST case. In the evaluation made with light microscope, it
was seen that most of the cells in the tissue were not degenerated and unaffected. However, fold change
values were found to be lower than expected for the relevant diagnosis group. This difference was thought
to occur because the cells were affected by ischemia. Since 1 of the HGSC cases had a fold change of less
than 1, the clinical information and histological �ndings were re-examined. However, no additional clinical or
pathological features were observed in the case. This case, whose FGFR1 ampli�cation was not detected,
was found to be ex within 1 month.

FGFR1 expression fold changes detected by RT-PCR in all cases were statistically correlated with
immunohistochemically determined cytoplasmic H score (p<0.05). However, statistical signi�cance could
not be determined with positivity/negative criteria such as staining of more than 1% tumor cells, staining of
more than 10% tumor cells or being considered positive when the H score is greater than 100 in previous
publications (p>0.05) (8–13).

Various studies are being conducted to create microarrays in epithelial ovarian tumors, and in our study, 1
core of 5 mm diameter was examined from 100 cases. Hecht et al. CK7, CK20, p53, WT-1, ER, PR, Ki-67
immunohistochemical stains were studied and compared with the whole block section in the study
performed by taking 3 samples with a diameter of 0.6 mm from each of 174 epithelial ovarian tumors. When
comparing single-core, two-cores and three-cores, respectively, it is reported that results with 91%, 95% and
96% accuracy are obtained. The tissue size (5 mm in diameter) we used in the microarray was found to be
su�cient to perform immunohistochemical studies with the support of the data in the literature. It is
emphasized that antigenicity may be affected as the age of para�n block progresses (grouping as >10
years and ≤10 years) and the importance of site selection in borderline tumors (21). In our study, the oldest
para�n block in terms of tissue age was 10 years ago. On microarray, in the study of Permuth et al.,
complete block section examination in 59 epithelial ovarian cancers and 1 core examination of 1 mm
diameter taken from the central region were compared in terms of mismatch repair (MMR) gene expression
loss. In 17 cases with loss of MMR gene expression in the central chord, 5 more cores of 1 mm diameter are
sampled from the peripheral region. In 11 of these cases, there is loss of expression in the center, while
expression is detected in the periphery. It is interpreted that this situation may be related to �xation (22). In
our study, relevant areas from H&E sections were selected considering �xation and staining in previous
immunohistochemical staining. Tissue was taken from subcapsular areas in appropriate cases. Tissue
integrity was con�rmed by H&E re-staining in sections taken after the immunohistochemistry method.

As a result of the immunohistochemical examination performed with the FGFR1 antibody, it was determined
that the cytoplasmic staining decreased, respectively, and was observed at varying rates in the HGSC,
LGSC/Borderline and SC groups. In this regard, there are not enough studies on ovarian carcinomas with the
FGFR1 immunohistochemistry method in the literature.
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Figures

Figure 1

FGFR1 fold changes by groups



Page 13/14

Figure 2

Different degrees of cytoplasmic staining with FGFR1 immunohistochemistry stain in HGSCs. Diffuse
cytoplasmic staining was observed in most of the tumors. Negative (A). Weak (+) staining (B). Moderate
(++) staining (C). Strong (+++) staining (D).

Figure 3

Nuclear staining pattern seen in 2 cases with HGSC (FGFR1, 100x)    

Figure 4

FGFR1 immunohistochemical staining in LGSC cases. Diffuse weak (+) cytoplasmic staining (A). Diffuse
strong (+++) cytoplasmic staining (B).
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Figure 5

Cytoplasmic and nuclear H scores by groups

Figure 6

Cytoplasmic H score according to FIGO stages


