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Fibroblast growth factor receptor 3 (FGFR3) could represent a promising biomarker for bladder cancer.
Current study consisted of 95 subjects with bladder cancer (Transitional cells carcinoma TCC) and 50
subjects control group. Patient age ranged from 30 to 86 years while control subjects ages ranged from
30 to 50 years. Mutations of FGFR3 genes were analyzed in 101 patients with transitional cell bladder
cancer included 61(67%) male and 40(44%) female. 43 of 101 patients have mutations. 15(35.7%) of
mutations shown in FGFR3 exon 7 and 27(64.3%) were in exon 10. These mutations affected codons
0.13509, g.13501 of exon 7 and codons g.16021, g.16025 of exon 10. FGFR3 mutations were observed
in 13(%) Ta tumors, 10(%) T1, 8(%) T2 and 11(%) T3 of 42 mutations. The occurrence of FGFR3
mutations with respect to tumor stage revealed the presence of a FGFR3 mutation in low stage tumors
than high-stage tumors. These results indicate that a significant correlation was found between FGFR3
mutations and low grade.
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INTRODUCTION

Bladder cancer has a high recurrence rate of
any cancer with the progress of the tumor to
become more invasive (Jemal et al., 2013, Siegel
et al., 2013). The major risk factors for bladder
cancer varied from exposure to toxic chemicals,
bladder inflammation to some adverse side-
effects of medications (Burger et al.,, 2013,
Chavan et al., 2014). The most important factors
for bladder cancer comprise tobacco smoking,
industrial exposure to potential carcinogens such
as carbon black dust and aromatic amines, Drink
for long periods of water contaminated with
arsenic or chlorinated, and family history of
concordant cancers (Mhawech-Fauceglia et al.,
2006, Burger et al., 2013). Substantial evidence
proved that exposing to toxic environmental
factors could cause genetic alteration of some
genes that play an important role in the regulation

of cell division in bladder carcinoma initiation such
as FGFR3, RB1, H-ras, K-ras,TP53, TSC1 genes
(Guancial et al., 2014, Liu et al., 2014, AL-Faisal
and Nafeh, 2015, AL-Faisal et al., 2015, Nicolas
et al., 2015). Fibroblast growth factor receptor 3
(FGFR3) could represent a promising biomarker
for bladder cancer (AL-Faisal and Bresam, 2015,
AL-Faisal and Bresam, 2016). FGFR3 is a
glycoprotein and belongs to the tyrosine kinase
receptor family (Naski et al., 1996, Van Rhijn et
al., 2001). Activation of FGFR3 by mutations
leads to congenital anomalies such as a
chondroplasia and thanatophoric  dysplasia
(Wilcox et al.,, 1998, Cappellen et al.,, 1999).
Recently, it has been shown that somatic
mutations of the FGFR3 gene occur frequently in
urothelial tumors of the bladder and less
frequently in carcinomas of the cervix uteri,
suggesting that FGFR3 plays an oncogenic role
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(Billerey et al., 2001). Further studies
demonstrated that mutations in FGFR3 occur
frequently in noninvasive urothelial tumors of the
bladder, but not in invasive tumors, and might
correlate  with  favorable clinical outcome
(Hernandez et al., 2006, Mhawech-Fauceglia et
al., 2006, Breyer et al., 2016).Mutations with gene
FGFR3 have been shown to lead to activation of
the receptor FGFR3, which encodes a tyrosine
kinase-linked cell surface receptor, is mutated in
up to 80% of low-grade Ta tumors (Alsheikh et al.,
2001). FGFR3 mutatlons are a common
occurrence with low-grade non-invasive papillary
urothelial bladder cancer, and it occurs at a much
lower frequency in high-grade invasive bladder
cancer (Mhawech-Fauceglia et al., 2006, Ji Yun et
al., 2018). Somatic mutation gene FGFR3 with
bladder tumors has been localized in exon 7, 9
and 15, occurring in about 75% of all cases and
exist frequently in low grade and low stage tumors
(Mhawech-Fauceglia et al., 2006). The aim of this
study was to analyze the distribution
of FGFR3 mutations in bladder tumors of different
grade and stage.

MATERIALS AND METHODS

The study consisted of 95 subjects with
bladder cancer (Transitional cells carcinoma TCC)
and 50 subjects control group. Patient samples
were obtained from Ghazi Al Hariri Hospital in
Baghdad. Patient age ranged from 30 to 86 years
while control subjects ages ranged from 30 to 50
years. Total genomic DNA was isolated from
samples for molecular studies using genomic
DNA purification kits (Bioneer-South Korea). All
bladder cancer samples were staged using

histopathological sections according to WHO

(World  Health  Organization) and ISUP
(International Society of Urological
Pathology) Grading of Urothelial (Transitional

Cell) Tumors (Ji Yun et al., 2018)

Polymerase Chain Reaction-PCR for Exon 10
and exone 7

The exon 10 region of FGFR3 was amplified
by PCR using the ©primers, F 5%
CAGGCCAGGCCTCAACGCCC '3 and R
5'AGGCCTGGCGGGCAGGCAGC '3 with the
condition, initial denaturation 5 minutes at 95°C,
followed by 40 cycle each of denaturation 1
minute at 95°C, annealing 1 minute at 72°C,
extension 1 minute at 72°C and a final extension
step at 72°C for 10 minute. PCR products (3 pl)
were then separated on 2% agarose gel with a
ladder (100 bp) and visualized. Exon 7 region of
FGFR3 was amplified by PCR using the primers,
F 5 CGGCAGTGGCGGTGGTGGTG'3 and R 5'
AGCACCGCCGTCTGGTTG '3 and the condition,
initial denaturation 5 minutes at 95°C, followed by
40 cycle each of denaturation 1 minute at 95°C,
annealing 1 minute at 67°C, extension 1 minute at
72°C and a final extension step at 72°C for 10
minute. PCR products (3 ul) were then separated
on 3% agarose gel with a ladder (100 bp) and
visualized. PCR products of the FGFR3 gene
exon 10 and exone 7 regions (91 samples)
(Figure-1 and Figure-2) and primers were sent to
Macrogen Company (U.S.A) for sequencing. The
sequences of these samples were compared with
the information in gene bank of the National
Center for Biotechnology Information (NCBI) with
reference FGFR3 gene using (Mega -6) software.

Figure 1. PCR products for FGFR3 exon 10 on agarose gel (2%) after electrophoresis for 1 hour at
100 volt. M: DNA ladder marker (100 bp) lane (1) to (5) for blood samples of bladder cancer
patients.Lane (6) to (7) for blood samples of healthy controls.
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Figure 2. PCR products for FGFR3 exon 7 on agarose gel (2%) after electrophoresis for 1 hour at
100 volt. M: DNA ladder marker (100 bp) lane (1) to (7) for blood samples of bladder cancer
patients. Lane (8) to (10) for blood samples of healthy controls.

RESULTS AND DISCUSSION

Mutations of FGFR3 genes were analyzed in
101 patients with transitional cell bladder cancer
included 61(67%) male and 40(44%) female. 43 of
101 patients have mutations. 15(35.7%) of
mutations shown in FGFR3 exon 7 and 27(64.3%)
were in exon 10. These mutations affected
codons ¢.13509, g.13501 of exon 7 and codons
g.16021, g.16025 of exon 10 (Table 1)(Figure3).

The distribution of FGFR3 mutations as a
function of stage is shown in Table-2. FGFR3
mutations were observed in 13(%) Ta tumors,
10(%) T1, 8(%) T2 and 11(%) T3 of 42 mutations.
The occurrence of FGFR3 mutations with respect
to tumor stage revealed the presence of a FGFR3
mutation in low stage tumors than high-stage
tumors. This difference in mutation occurrence
between tumor stages was significant and the
difference between Ta and T1-T3 tumors was also
significant (P , 0.001). While no difference in the
occurrence of FGFR3 mutations between pT1 and
pT2—-pT3 tumors. These results indicate that a
significant correlation was found between FGFR3
mutations and low grade. The distribution of
FGFR3 mutations according to histological grade
and effect are shown in Table 2.

FGFR3 mutations were more frequently
identified in low-grade tumors (62% versus 26% in
high grade tumors), and non-invasive tumors
(55% of Ta, 29% of T1 and 19% of T2) (Jebar et
al., 2005). Lamy et al., (2006) reported the
usefulness of FGFR3 mutation analysis. A
negative correlation of FGFR3 mutation to tumor
stage and cell grade was observed (Billerey et al.,
2001).Van Rhijn et al., (2001) described a similar
distribution of FGFR3 mutation according to tumor
stage and grade using the sequencing technique.
Finally, in meta-analysis by Neuzillet et al., (2012)
FGFR3 mutation detection was performed using
sequencing or SNaPshot with equivalent data:

65% of Ta and 70% of G1 tumors in contrast to
11% of T2 and 19% of G3 tumors.

The more frequent mutations among patients
and among mutation types are mutations of exon
10 which represent 27(64.3%) of 42 mutations
and mutation types g.16021 rs757013992 (14/42
(33.3%)) and g.16025 rs745683500 (13/42 (31%))
(Table 3). Analysis of the occurrence of FGFR3
mutations with respect to tumor grade revealed
the presence of a FGFR3 mutation in 18 low
grade tumors (62% of the cases) and in only 19
high-grade tumors (26% of the cases).

The high frequency of mutations that we
found (42 of 101) confirmed that FGFR3
mutations are a frequent event in bladder
carcinomas. Clinical evidence and molecular
studies have suggested that there are two
different pathways of bladder carcinogenesis,
generating two different non-invasive bladder
tumors: carcinoma which often progress to T1 and
T2-3 tumors, and non invasive bladder tumor-Ta,
which rarely progress (Neuzillet et al.,2012,
Elizabeth et al.,2014).The highly significant
difference in the frequency of FGFR3 mutations
between Ta tumors and carcinoma T1-T3 (P,
0.0001) provides strong evidence that these two
bladder cancers are different entities. The high
occurrence of FGFR3 mutations in Ta tumors and
their low occurrence in pT1 and pT2-3 tumors are
identical to the model of bladder tumor
progression in which the most common precursor
of invasive tumors are T1-3. The mutated invasive
tumors may arise from mutated Ta tumors that
progress after acquire FGFR3 mutations during
progression to invasive tumors. Specific point
mutations in various domains of FGFR3 are
associated with many autosomal dominant human
disorders (Kaufman et al., 2009, Pouessel et al.,
2018).
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Table 1. Mutations, sex and histopathological Patients profile

Mutation % P value | Stage M“t"g‘“ons IID
Total (%) % value
42/101 (41.6%) Ta 13(30.9%)
T1 10(23.8%)
0
Male 32/42(76.2%) 0.097 T2 8 (19%) 0.097
Female 10/ 42(23.8%) T3 11(26.2%)
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Figure 3. Location of FGFR3 mutations.

Table 2. Mutations and their effect of the FGFR3 gene exon 7 and 10 in bladder carcinoma

Exon Codon Mutation Predicted No. of
effect tumor
g.13509 delC TCA>TAT Ser/Tyr 10
! g.13501 C>G CCC>CCG Pro/Pro 5
g.16021 G>T GAG>TAG Glu/Termination 15
10 g16025 | ASC  GAG>GCG Glu/Ala 12
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Table 3. Distribution of exons 7 and 10 mutations of the FGFR3 gene among bladder carcinoma

stages.
Exon 10 Exon 7
Stage/ number+percentage number+percentage
mutation g.16021 rs g.16025 rs g.13509 g.13501rs
757013992 745683500 | rs772009723 | 1176878074
Ta 6/14 (42.9) 2/14 (14.3) 3/13(23.1) 2/16(12.5)
Tl 2/9 (22.2) 5/11 (45.5) 2/14 (14.3) 1/13 (7.7)
T2 4/11 (36.3) 2/11 (18.2) 0 2/13(15.4)
T3 2/8 (25) 4/6 (66.7) 5/15(33.3) 0
Total 14/42 (33.3) 13/42 (31) 10/42 (23.8) 5/42 (11.9)

Several reports have demonstrated that these
mutations lead to constitutive activation of the
receptor (Kaufman et al.,, 2009,Pouessel et al.,
2018). The identification in bladder and cervical
carcinomas of somatic mutations of FGFR3
identical to the activating mutations responsible
for thanatophoric dysplasia and SADDANS8
(Neuzillet et al., 2012, Cappellen et al., 1999,
Sethakorn and O’Donnell, 2016) suggested that
FGFR3 plays an oncogenic role. This role of
FGFR3 mutations in development of bladder
cancer was also proved by our results. This
confirmed by others work who found that FGFR3
genetic mutations were found in 62% of the
studied tumors (Cappellen et al., 1999, Sethakorn
and O’Donnell, 2016). In the present study, we
identified FGFR3 mutations in 41.6% of the 101
bladder tumors studied, confirming its implication
in bladder carcinogenesis, as suggested by
Pouessel et al.,, (2018) and confirmed more
recently by Blanca et al., (2016).

CONCLUSION

The occurrence of FGFR3 mutations with
respect to tumor stage revealed the presence of a
FGFR3 mutation in low stage tumors than high-
stage tumors. These results indicate that a
significant correlation was found between FGFR3
mutations and low grade.
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