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Abstract: The FGF/FGFR-system plays an important role in embryogenesis, tissue homeostasis and carcinogenesis.
Mutational activation of FGFR2 resulting in aberrant FGFR2 signaling activation is known from both hereditary germ
line alterations and somatic mutations in various malignancies (e.g. breast, gastric or ovarian cancer). FGFR2 mu-
tations are mainly located within the hinge between Ig-like domains (exon 7), around the 3rd Ig-like domains and
within the kinase domain. For bladder cancer only sparse data on FGFR2 mutations are available. Most interestingly
a case of early-onset papillary carcinoma of the bladder showing a FGFR2 p.Pro253Arg mutation in exon 7 in a pa-
tient with Apert Syndrome was reported recently. To further evaluate the importance of FGFR2 exon 7 alterations in
bladder cancer a cohort of 254 bladder tumors (cohort 1: unselected cases: n=139; cohort 2: early-onset bladder
cancer cases (age at time of diagnosis <45 years): n=115) was analyzed. Sections from formalin-fixed, paraffin-
embedded bladder tumors were used for DNA isolation. After precise microdissection exon 7 of the FGFR2 gene was
analyzed by direct Sanger sequencing. All cases could be analyzed successfully. Mutations in exon 7 of FGFR2 could
not be detected in any of the cases. All tumors showed wild type sequence. Our data demonstrate that the recently
reported association between early-onset papillary carcinoma of the bladder with germ line FGFR2 p.Pro253Arg
mutation could not be found in our cohorts of sporadic bladder tumors. These results indicate that FGFR2 gene
mutations might only play a minor role in bladder carcinogenesis.
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Introduction Deregulated FGF/FGFR signaling is also known

in tumors of the genito-urinary system, espe-

Aberrant expression or uncontrolled mutational
activation of multiple FGF family members and
their four corresponding receptors (FGFR) are
found in multiple cancers. FGFRs are trans-
membrane glycoproteins with a conserved str-
ucture comprising an extracellular part with
two to three immunoglobulin-like domains (Igl-
Ill), a transmembrane domain and an intracel-
lular split tyrosine-kinase domain. Signal trans-
duction of the FGF/FGFR system is quite com-
plex. Complexity levels are built up by different
affinity of FGFRs for specific FGFs and the fact
that FGFRs are subjected to alternative splicing
[4, 2].

cially in bladder, prostate (PCa) and renal cell
carcinoma (RCC). For PCa and RCC mainly over-
expression of FGFRs was reported, activating
mutations seem to play no important roles
[1-5].

In bladder cancer very high frequencies of alter-
ations in FGFR3 were reported. Activating muta-
tions have first been reported more than twelve
years ago and could be shown commonly in
most benign urothelial lesions and low-grade
and low-stage tumors [1, 6]. In addition, overex-
pression of both mutated and wild type FGFR3
was reported in bladder tumors while the under-
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Table 1. Characteristics of the study cohort

Unselected Early Onset
Tumor Group Tumor Group
Number n=139 n=115

Age (years) Median: 70 Range: Median:40 Range:
Mean: 70.3 4895 Mean:36.4 4-45
Stage Papilloma n=1 n=14
Ta n=73 n=58
T1 n=37 n=18
>T2 n=27 n=17
unknown n=1 n=8
Grading G1 n=34 n=32
G2 n=54 n=43
G3 n=36 n=15
unknown n=15 n=25
Gender Male n=108 n=81
female n=30 n=29
n=1 n=5

lying molecular mechanisms still remain unc-
lear. Recently, constitutively activated fusion
genes generated via chromosomal re-arrange-
ments were identified as a new mechanism of
uncontrolled FGFR3 activation [1, 7].

Interestingly, a case of early-onset low-grade
papillary bladder cancer in a patient with Apert
Syndrome and a germ line FGFR2 p.Pro253Arg
mutation was described for the first time
recently [8]. The specific mutation was also
detectable in the bladder tumor with concur-
rent FGFR3 wild type sequence. In general, only
sparse data on FGFR2 mutation analysis in
bladder cancer are available. Ricol and col-
leagues investigated the entire coding region of
FGFR2 in 33 bladder tumors. Two tumors sh-
owed deletions (exon 13 or exon 17), but no
single point mutations could be detected [9].
This lack of comprehensive data prompted us
to perform a mutation analysis of FGFR2 exon
7 containing codon 253 in a large series of
bladder tumors from patients with both early-
onset and regular-onset disease.

Materials and methods
Bladder cancer tissue samples

Overall, 254 archival formalin-fixed, paraffin-
embedded bladder tumors (cohort 1: unselect-
ed cases: n=139; cohort 2: early-onset bladder
cancer cases (age at time of diagnosis <45
years): n=115) achieved by transurethral resec-
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tions of the bladder were analyzed. The
tumors were diagnosed according to the
WHO classification of bladder tumors and
staged according the TNM system [10, 11].
Clinical and histopathological characteris-
tics of patients and tumors are shown in
Table 1. Prior IRB approval was obtained
for the study.

Microdissection and DNA isolation

DNA was extracted from paraffin-embed-
ded tumor tissues as described previously
[12]. In brief, 5 um histologic tissue sec-
tions were deparaffinized and stained with
0.1% methylene blue for 15 seconds.
Manual microdissection was used to obtain
tumor cells with a purity of at least 85%.
Prior to microdissection the areas with
highest tumor cell density were marked on
a representative hematoxylin and eosin
stained section by an experienced surgical
pathologist (AH, JG). Non-malignant tissue was
removed from the section by scraping off with a
sterile needle. Tumor tissue was then collected
with a separate sterile needle and transferred
into a sterile tube. DNA isolation was performed
using the High Pure PCR Template Preparation
Kit (Roche Diagnostics GmbH, Mannheim,
Germany) according to the manufacturer’s inst-
ructions.

FGFR2 exon 7 mutation analysis

Exon 7 of the FGFR2 gene was amplified by
PCR using primers (sense: 5'- GGT CTC TCATTC
TCC CAT CCC -3’; antisense: 5- CCC AGT TGT
GGG TAC CTT TAG -3’) obtained from Metabion
(Martinsried, Germany) in a total volume of 25
pl containing approx. 100 ng DNA, 0.2 mM
dNTP (Promega), 0.18 uM primers and 0.0025
U/ul GoTag (Promega, Mannheim, Germany).
The thermal cycling conditions were as follows:
initial denaturation for 3 min at 94°C, 45 cycles
of denaturation at 94°C for 1 min, annealing at
61°C for 1 min, elongation at 72°C for 1 min
and final primer extension at 72°C for 10 min.
Gradient PCR was used for optimization of
cycling conditions. After amplification, PCR-
products (size: 280 bp) were purified using the
Qiagen Dye Ex 2.0 TM Spin Kit according to the
manufacturer’s conditions. Sequence analysis
was performed (primers: sense: 5- TCA TTC
TCC CAT CCC CAC -3’; antisense: 5'- CCC AGT
TGT GGG TAC CTT TAG -3’) using Applied
Biosystems Big Dye Terminator vl1.1 Cycle
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Figure 1. A. Representative example of FGFR2 codon p.Ser252 and p.Pro253 sequence analysis of a DNA from a
bladder tumor. Both codons show wild type sequence. B. FGFR2 sequence analysis of DNA from cell line MFE-280.
The p.Ser252Trp mutation is clearly detectable (arrow). Codon p.Pro253 shows a wild type sequence.

Sequencing Kit and an Applied Biosystems ABI
3500 Genetic Analyzer.

Results

Specificity and sensitivity of the sequencing
analysis

As no positive control containing the FGFR2
p.Pro253Arg mutation was available we aimed
the testing for the specificity and sensitivity of
our methodical approach before screening the
tumor samples. For this reason we used DNA
from the endometrium adenocarcinoma cell
line MFE-280 with a known FGFR2 p.Ser252Trp
mutation [13]. This mutation is adjacent to the
FGFR2 p.Pro253Arg mutation reported in the
bladder tumor from the patient with Apert
Syndrome. The expected FGFR2 mutation
could clearly be detected in the MFE-280 cells
(Figure 1B) using our sequencing method. In
order to test the sensitivity of our method we
spiked DNA from MFE-280 cells with DNA from
the cell line UROtsa representing normal uro-
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thelium without any alterations [14]. We were
able to detect the FGFR2 p.Ser252Trp muta-
tion in DNA from MFE-280 cells containing
more than 85% wild type DNA from UROtsa
cells (Figure 2).

FGFR2 exon 7 sequence analysis in bladder
tumors

All 254 bladder tumors could be analyzed suc-
cessfully. Mutations in exon 7 of the FGFR2
gene were found in 0/254 tumors. All cases
showed a wild type sequence (Figure 1A).

Discussion

In the presented study we analyzed exon 7 of
the FGFR2 gene to evaluate the frequency of
the recently published p.Pro253Arg mutation in
bladder cancer [8]. In addition, as the reported
FGFR2 mutated tumor occurred in a patient
with early disease onset, we included a cohort
of tumors from early-onset bladder cancer
patients in our study. In our two cohorts no
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Figure 2. Sequencing analysis of FGFR2 codon p.Ser252 and p.Pro253 in MFE-280 DNA spiked with DNA from UROtsa cells. Arrows indicate the FGFR2 p.Ser252Trp
mutation in DNA from MFE-280 cells. The p.Ser252Trp mutation is still detectable in a background of >85% wild type DNA.
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mutations could be detected at all. These data
indicate that exon 7 mutations play no role in
bladder tumorigenesis in general.

One explanation for missing the mutation could
be working with material highly contaminated
with wild-type stromal cells. Great care was
taken during microdissection for enrichment of
tumor cells. In addition, testing the sensitivity
of our method showed that a mutation could
clearly be detected in a background of >80%
wild type DNA. Therefore we do not think that
methodical problems hampered our analysis.

FGFR2 mutations were frequently found in
other cancers (e.g. breast cancer, gastric can-
cer, endometrial cancer) [15]. Most of these
mutations clustered around the hinge region
and the third Ig-like domain of FGFR2. Only in
endometrial cancer FGFR2 mutations clus-
tered within the kinase domain [16]. Therefore
we did not expand our analyses to further exons
as the probability for discovering mutations
outside the known hot spots was low. Moreover,
four studies presenting whole exome or whole
genome sequencing data from bladder tumors
were published most recently [17-20]. Overall
204 tumors were investigated in these studies.
None of the tumors showed a FGFR2 mutation
which strengthens our findings.

The general role of FGFR2 in bladder cancer is
still not clear. The splice variant FGFR2-Illb is
expressed in normal urothelium. About 30% of
analyzed tumors showed a decreased FGFR2
expression, and this decreased expression on
both mRNA and protein level was associated
with poor prognosis (tumor-specific death) [21].
The chromosomal region of the FGFR2 gene
(chromosome 10025.3-26) was described as
affected by loss of heterozygosity in approx.
27% of analyzed cases without any correlation
to decreased FGFR2 expression. Re-expression
of FGFR2 resulted in lower proliferation rates
and a decreased tumorigenic potential in nude
mice [9]. Based on these data FGFR2 appears
to act as a tumor-suppressor with protective
properties in bladder cancer but conclusive
data are still missing.

In conclusion, the results of our study on FGFR2
exon 7 sequencing analysis in combination
with previously data suggest no role of muta-
tional activation of FGFR2 in bladder carcino-
genesis. Expression levels of FGFR2 might
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influence both tumor aggressiveness and pat-
ient’s outcome but the underlying mechanisms
need to be clarified in more detail.
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