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Abstract 
    Background: Bladder cancer is the most frequent malignancy that affects the urinary tract. Studies have shown different types of 
FGFR3 and HRAS genes mutations in human bladder cancer, with a comprehensive range of mutation number in various populations. 
This study aimed to determine the specific point mutations of these 2 genes among Iranian patients with bladder cancer.  
   Methods: In this study, 100 specimens of patients with transitional cell carcinoma were analyzed.  All samples were examined for 
FGFR3 and HRAS mutations using PCR and direct DNA sequencing methods.  
   Results: A total of 9 pathogenic mutations and 9 polymorphisms were found in 2 exons (7 and 15) of the FGFR3 genes in patients 
with bladder cancer (S249Y, I633I, L645L, D646E, Y647*, D628V, P250T, Q263H, Y305H). However, no mutation was found in exon 
10 of FGFR3 and exon 1 of HRAS genes. 
   Conclusion: In this study, 5 mutations were found in FGFR3 gene that have not been detected previously. There was no mutation in 
exon 10 of FGFR3 and exon1 of HRAS. The results of this study confirmed the association of ethnic-genetic factors in the occurrence 
of bladder cancer, so that these variables may not be present in all ethnic groups. 
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Introduction 
Bladder cancer (BC) is the most frequent malignancy of 

the urinary tract with high mortality. Bladder cancer ac-
counts for approximately 3.2% of all cancers worldwide. 
Also, it is the seventh common cancer in the male popula-
tion, as 386 300 new cases are diagnosed with BC every 
year worldwide. However, it is less common in women. 
Some of the European countries, North America, and 
Northern Africa have the highest rate of bladder cancer and 
the incidence rates at age standardized urinary bladder can-
cer was determined at 14.5 in men and 2.4 in women in 
these 2 regions (2). This malignancy is usually diagnosed 

in old and middle-aged people (At the time of investigation 
42 male and 58 female had bladder cancer.) (3).  

BC accounts for 7.04% of all malignancies in Iran, based 
on the reports presented by the Cancer Office at the Non-
communicable Deputy of the Iranian Center for Disease 
Control and Prevention in 2005. This report has previously 
shown that the age-specific incidence rate of BC is 11.30 in 
men and 2.86 in women in a population of 100 000 Iranian 
patients with BC.  Surprisingly, in some regions of Iran, the 
incidence of this cancer reaches to as high as 15.9 in a pop-
ulation of 100000 (4). Generally, tumors are classified as 

______________________________ 
Corresponding author: Dr Farideh Ghazi, ghazi.f@iums.ac.ir 
 

1. Department of Medical Genetics and Molecular Biology, School of Medicine, Iran 
University of Medical Sciences, Tehran, Iran 

2. Department of Medical Pathology, School of Medicine, Iran University of Medical 
Sciences, Tehran, Iran 

 
 

 
↑What is “already known” in this topic: 
A significant correlation exists between FGFR3 mutations and 
the incidence of bladder cancer. One of the objectives of such a 
study is to examine if the mutation detections are a beneficial 
tool for detecting bladder cancer to diminish the number of 
cystoscopical diagnosis.   
 
→What this article adds: 

According to the results of our study and those of previous 
studies, conducting studies on different Iranian ethnicities can 
be more useful.  
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low-grade and high-grade. Bladder cancers are categorized 
as nonmuscle invasive or muscle invasive. Nonmuscle in-
vasive bladder cancer (NMIBC) may progress to mucosa 
(Ta), submucosa (lamina propria) (T1), or flat CIS (Tis). 
Studies have shown that 25% of patients with BC present 
with a tumor progressing to the muscle layer of the bladder 
wall (T2–T4) (5).  

Despite intensive therapy, 50% of patients with muscle 
invasive bladder cancer (MIBC) die from metastasis (6, 7). 
Evolutions in  research and gene targeted therapies have 
shown that using receptor tyrosine kinase inhibitors in 
some types of cancer has stimulated  the feasible cure of 
patients with MI-BC with similar adjuvant agents (8). As 
FGFR3 is the upstream of RAS genes,  in noninvasive blad-
der cancers, mutations in the FGFR3 gene activate the 
RAS-MAPK pathway and increase growth signals (9). 
Roughly, these mutations are detected in 70% of low-grade 
BC and less in MIBC (10). Mutations in HRAS lead to in-
active forms of RAS protein. In other words, RAS muta-
tions harm GTPase activity, and thus the active GTP bound 
conformation is accumulated (11). 

 Recently, a Phase II study has examined the efficacy of 
an FGFR3 inhibitor in patients with MIBC. Most common 
somatic FGFR3 mutations in bladder malignancies oc-
curred in exons 7, 10, and 15 (12, 13), and it frequently has 
been shown in low stage and grade tumors (14, 15). Some 
common mutations of FGFR3 gene that are involved in 
bladder cancer are shown in (Fig. 1) (16). Some studies 
have shown that an integration of HRAS and FGFR3 tests 
could identify many of primary tumors (17). The connec-
tions between these genes allowed managing this project 
with the goal of determining the frequency of mutations of 
these 2 genes in bladder tumors in Iran. When noninvasive 
papillary urothelial carcinoma (pTa) tumor is subjected to 
mutations, an invasive tumor may be formed. Therefore, 
this progress leads to formation of carcinoma in situ (CIS) 
that causes mutations in FGFR3 at the time of progression 
to invasive tumors. Analyzing  larger groups of patients and 
conducting additional studies on the genetic profiles (loss 
of chromosome, gene amplifications, and some changes on 
p53) may help additional researches and eventually im-
prove the treatments of patients with bladder cancer (18).  

Methods 
Patients and tumor samples: In this study, 100 urinary 

bladder transitional cell carcinoma cases from Shahid 
Hasheminejad hospital, Department of Pathology archives, 
were included in this study. Formalin-fixed paraffin em-
bedded tumor tissue samples (FFPE) were collected from 
100 patients who underwent TURBT (transurethral resec-
tion of bladder tumor). Among the 100 transitional cell car-
cinomas, 52 were graded as high and 48 as low. The mean 
age of the patients at diagnosis time was 63.78 in men and 
67 in women. Of the patients, 86 were men (male/female 
ratio: 6/1). All transitional cell carcinomas were staged ac-
cording to UICC (The Union for International Cancer Con-
trol) and graded according to WHO (world Health Organi-
zation) criteria. 

 
DNA isolation and mutation analysis 
Haematoxylin-eosin stained slides were used for histo-

logical analysis and served as templates for manual micro 
dissection from the respective tissue blocks. The dissected 
tumor samples contained a minimum of 70% tumor cells. 
Tumor samples were extracted from formalin-fixed paraf-
fin embedded tumor tissue by dewaxing with xylene and 
ethanol. DNA was extracted from paraffin-embedded tis-
sues using the QIAamp DNA Mini-Kit (Qiagen, Hilden, 
Germany), according to the manufacturer protocol. DNA 
quality and quantity were determined by nanodrop and gel 
electrophoresis. Then, PCR amplification was performed.  

 
PCR amplification 
Thermal cycling conditions for PCR were as follow: ini-

tial activation of DNA polymerase at 95°C for 2 min, fol-
lowed by 30 cycles of 95°C for 30 sec, annealing stage for 
30 sec, and 72°C for 30 sec, with a final extension of 72°C 
for 5 min. PCR cycling program for all samples were the 
same, except for annealing temperatures (Table 1).   

PCR mix for each exon was prepared in a final volume 
of 25 μL containing 2 μL of genomic DNA, 1μL of each 
primer, 10 μL of ddH2O, and 12 μL of master mix. The 
PCR of FGFR3 exon 10 was optimized by running a touch-
down PCR according to the protocol described in Table 2. 
Also, 5μL of PCR products were loaded into 1% agarose 

 
Fig. 1. Relevant frequencies and locations of FGFR3 mutations in urothelial carcinomas. Frequencies are the proportion 
of all FGFR3 mutations characterized to date. IgI, IgII, IgIII, immunoglobulin-like domains; TK-1, TK-2, split tyrosine 
kinase domain (1).  
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gel and separated by electrophoresis in TBE buffer. The 
gels were visualized under UV illumination (Fig. 2). 

 
DNA sequencing 
Mutational analysis was done by direct sequencing of pu-

rified PCR products. After post PCR gel electrophoresis, 
they had very sharp bands without any unspecific bands or 
primer dimmers. Thus, the PCR products were Sanger’s se-
quenced with forward and reverse primers by Sanger’s 
method (Microgen company). The generated sequences 
were compared with the reported human FGFR3 and 
HRAS sequences obtained from the GenBank database. 
The GenBank accession numbers NG_012632 and 
NG_007666 were used as references for numbering the 
FGFR3 and HRAS alteration.   

 
Results 
Mutation analyses of the related exons were performed 

by PCR and DNA sequencing. In total, 100 formalin-fixed 
paraffin-embedded tumor tissue samples from patients with 
bladder cancer were studied. The results of these analyses 
identified 9 pathogenic mutations: D628V, Y647*, 
D646E, L645L, I633I, S249Y, Y305H, Q263, and P250T 
in exons 7 and 15 of FGFR3 gene (Table 3, Table 4, Fig. 3 
and Fig. 4). The mutations were 6 missense, 2 synonymous 
and 1 nonsense. Also, 9 polymorphisms were identified in 
these exons. Among these mutations, 6 pathogenic muta-
tions (S249Y, Q263H, Y305H, Y647*, D646E, and 
D628V) and 3 polymorphisms have not been reported pre-
viously, but 3 mutations and 4 polymorphisms have been 
identified previously.  

 
Discussion 
Bladder cancer is a common type of cancer that has a high 

incidence rate. However, despite good therapy options, a 
high recurrence rate is a major problem in noninvasive 

Table 1. Primers used for FGFR3 gene codons 248, 249, 372, 375, 652, and HRAS codon 12 amplification 
Gene/ exon/ codon Primer sequence PCR product 

size (bp) 
Annealing tem-

perature 
FGFR3/7/248,249 F 5′ CGGCAGTGGCGGTGGTGGTG 3′ 

R 5′ CCAGCCCAGGAGCCCCAGCG 3′ 
299 bp 68.5 

FGFR3/10/372,375 F 5′CAACGCCCATGTCTTTGCAG 3′ 
R 5′AGGCGGCAGAGCGTCACAG 3′ 

138bp Touch down 

FGFR3/15/652 F 5′GACCGAGGACAACGTGATG 3′ 
R 5′GTGTGGGAAGGCGGTGTTG 3′ 

160 bp 60 

HRAS/1/12 F 5′ GGAGACCCTGTAGGAGGACC 3′ 
R 5′ GAGGAAGCAGGAGACAGGG 3′ 

282 bp 62.2 

 
Table 2. Touch down PCR program for exon 10 FGFR3 

Step 1 95ºC, 2 min 
Step 2 95ºC, 30 sec 
Step 3 65.3ºC decrease 0.5ºC per cycle, 30 sec 
Step 4 72ºC, 20.0 sec 
Step 5 Repeat steps 2-4 14 more times 
Step 6 95ºC, 30 sec 
Step 7 58.3ºC, 30 sec 
Step 8 72ºC, 20.0 sec 
Step 9 Repeat steps 6-8 19 more times 
Step 10 72ºC, 5 min 

 
 

 
 
Fig. 2. PCR products bounds of FGFR3 exons 15,10, and 7 and exon1 of HRAS gene  
M-Marker; A- exon 15 FGFR3 (160bp); B-exon 10 FGFR3 (138 bp); C-exon 7 FGFR3 (299 bp); D-exon 1 HRAS (282 bp). 
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bladder cancer of low malignancy (19). Patients are moni-
tored by cystoscopy for possible recurrence. Standard prac-
tice after TURB  of bladder cancer is to screen patients with 

a cystoscopic examination for 2 years (20). Cystoscopy is 
an invasive high-cost method, so identification of some 
gene mutations as new biomarkers to improve the diagnosis 

Table 3. Prediction of variants of exon7 in FGFR3 with different software 
HGVS Genomic Change Driver Statement Prediction index Features MamPhCons MamPhyloP Phred 

Score 
Chr4: 1803568C>A Predicted driver: tier1 Disease-Causing Spl, pr af-

fected* 
0.999 1.9 22.9 

Chr4: 1803570C>A Predicted passenger Disease-Causing Spl, pr af-
fected* 

0.998 1.9 22.7 

Chr4: 1803611G>T Predicted passenger Disease-Causing Spl, pr af-
fected* 

1 1.9 23.8 

Chr4: 1803704T>C Polymorphism Polymorphism - 0.94 -1.001 2.721 
Chr4: 1803735T>C Predicted passenger Disease-Causing pr affected* 1 1.575 23.7 

Spl: Splicing site, pr: protein 
 
 
Table 4. Prediction of variants of exon15 in FGFR3 with different software 

HGVS Genomic 
Change 

Driver Statement Prediction Index Features MamPhCons MamPhyloP Phred 
Score 

chr4: 
1807824A>T 

Predicted driver: tier1 Disease-Causing Spl, pr affected* 1 1.668 26.9 

chr4: 
1807840C>T 

Not protein affected Disease-Causing Spl, pr affected* 0.285 -1.681 14.4 

chr4: 
1807876C>T 

Not protein affected Disease-Causing Spl, praffected* 0.77 -1.959 11.03 

chr4: 
1807879C>A 

Predicted passenger Disease-Causing Spl, pr affected* 0.996 0.373 23.7 

chr4: 
1807882C>A  

Predicted passenger Disease-Causing Spl, pr affected* 1 0.946 38 

chr4: 
1807894G>A 

Polymorphism Polymorphism Spl, pr affected* 0.999 0.067 7.653 

chr4: 
1807915G>T 

Not protein affected Polymorphism Spl, pr affected* 0 0.431 7.367 

chr4: 
1807922G>A 

Polymorphism Polymorphism Spl, pr affected* 0 0.176 1.103 

chr4: 
1807956C>A 

Not protein affected Polymorphism Spl, pr affected* 0.001 0.058 0.767 

chr4: 
1807964G>A 

Not protein affected Polymorphism Spl, pr affected* 0 0.698 0.074 

chr4: 
1807965C>A 

Not protein affected Polymorphism Spl, pr affected* 0 0.053 0.393 

chr4: 
1807966C>A 

Not protein affected Polymorphism Spl, pr affected* 0 0.007 0.609 

chr4: 
1807967T>A 

Not protein affected Polymorphism Spl, pr affected* 0 0.069 0.854 

Spl: Splicing site, pr: protein 
 
 

 
 
Fig. 3. Mutation p.S249Y in exon7. Patient number 54 
 
 

 
 
Fig. 4. Mutation p.D628V in exon15. Patient number 2 
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and prognosis in  patients with bladder cancer is highly im-
portant (21). 

 Somatic FGFR3 gene mutations have been observed in 
many bladder cancers. Illustration of the molecular path-
ways involved in BC is important for our understanding of 
the etiopathogenesis of the disease, more accurate diagno-
sis, precise prognosis, and better management of patients. 
Genetic variations related to tumorigenesis have accurate 
mutations and may have a potential as bladder cancer bi-
omarker, with high specificity and sensitivity. Specific col-
lected FGFR3 and HRAS mutations have been found to 
predominate in bladder cancer (22). Some biomarkers have 
been introduced for recognizing CSCs in many various 
solid tumors. Sedaghat et al reported that oct4 expression 
was correlated with advanced stages of bladder cancer. In 
this study, expression of another putative CSCs biomarker, 
CD133, was shown in bladder tumor with earlier stages that 
correlated with good prognosis (23). 

The aim of this study was to determine the incidence of 
common FGFR3 mutations in bladder tumors in Iranian pa-
tients with BC. DNA sequencing of FFPE was used to iden-
tify gene mutations. The results of exon sequencing were 
analyzed with CADD search engine. For exon 7 and adja-
cent introns, 4 pathogenic mutations were found (phred 
score > 22): 1803570 C >A, 1803735 T > c, 1803568 C > 
A, and 1803611 G > T, 2 of which (T > C and C > A) were 
novel. Also, there was 1 polymorphism (1803704 T>C) in 
intronic region that has been reported previously. For exon 
15 and some parts of intron 15, 5 pathogenic mutations 
were found (phred score>11): 1807824 A > T, 1807840C > 
T, 1807876 C > T, 1807879 C > A, and 1807882 C > A, 3 
of which (1807824 A > T, 1807879 C > A, and 1807882 C 
> A) were novel. Moreover, 8 polymorphisms were de-
tected in 1807894 G > A, 1807915G > T, 1807922 G > A, 
1807956 C > A,1807964G > A, 1807965 C > A, 1807966 
C > A, and 1807967 T > A, 5 of which (1807915G > T, 
1807956 C > A, 1807965C > A, 1807966 C > A, and 
1807967 T > A) have not been reported. However, no mu-
tation was identified in exon 10 of FGFR3 and exon 1 of 
HRAS. Previous published studies worked on HRAS, but 
they could not detect any mutations in this gene (24). The 
rate and type of FGFR3 mutation in bladder cancer has not 
been sufficiently studied in Asia. In this study, bladder can-
cers of 100 Iranian patients were analyzed to identify the 
role of FGFR3 mutation in tumor progression. 

Conclusion 
In the present study, 9 pathogenic mutations and 9 poly-

morphisms were identified in exons 7 and 15 of FGFR3 
gene, 11 of which have not been reported previously. The 
rate and type of FGFR3 mutations in bladder cancer has not 
been studied sufficiently in Asia.  Thus, considering the re-
sults of this study and feasibility of the involvement of dif-
ferent etiological factors, it is recommended to perform this 
study on patients with bladder cancer from different Iranian 
groups and ethnicities for genetic diversity. Also, in these 
proposed studies, FGFR3 and HRAS should be studied in 
2 groups of patients with low-grade and high-grade bladder 
cancer.  
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