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Abstract

Background: Molecular alteration of FGFR3 gene is the most common genetic

event currently known in bladder cancer. Notably, FGFR3 mutation has emerged as

a promising molecular biomarker for recurrence, prognosis, and therapeutic target in

bladder cancer.

Aim: The present study explored the frequency and distribution pattern of FGFR3

mutation in 100 Indian bladder cancer patients.

Methods and results: Exons 7, 10, and 15 were subjected to nested PCR followed

by bidirectional sequencing of the PCR products. Overall, FGFR3 gene mutations

were identified in 19 bladder cancer patients (19%, 19 of 100). Most of the mutations

were noted in exon 7 (15%), followed by exon 10 (4%). All mutations detected were

missense in nature affecting amino acids at codons 248, 249, and 373. The S249C

mutations were the most recurrent mutation seen in exon 7, while Y373C was com-

monly observed in exon 10. In contrast to exons 7 and 10, no mutations were seen

in exon 15 in this study. Females and older age patients tend to show increased

frequency of FGFR3 mutations. Furthermore, FGFR3 mutations were more common

in low pathological stage (6/20 pTa and 13/71 pT1) and low‐grade tumors (13/46).

This predominance in low‐grade tumors were significantly high in comparison to

high‐grade tumor (P = .04). Likewise, FGFR3 mutations were significantly higher in

well‐differentiated tumors (32.6%, 14/43) in comparison to moderately differentiated

tumors (11.3%, 5/44), and poorly differentiated tumor (0%, 0/13) (P = .007). No other

association of FGFR3 with tumor size, necrosis, and variant histology was noted.

Conclusions: The current study highlights the spectrum of FGFR3 mutation in

Indian patients, and the data presented here are similar to those reported from across

the globe.
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1 | INTRODUCTION

Urothelial bladder cancer (UBC) represents 1 of the most clinically and

molecularly heterogeneous disease. Majority of the bladder tumors
wileyonlinelibrary.com/jou
(≈80%‐85%) are noninvasive well‐differentiated papillary tumors

(pTa, low grade) and can be well treated by endoscopical transurethral

resection. However, nearly 70% of these tumors tend to recur, and

15% to 30% of them are characterized by tumor progression.1 Thus,
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increased recurrence rate and risk of progression necessitate a lifelong

follow‐up by cystoscopy. As a current standard of practice, a routine

cystoscopy together with urine cytology is performed every 3 to

4 months in the first 2 years and twice per year thereafter.2 Further-

more, muscle invasive bladder tumors although lesser in frequency

represent an aggressive and fatal disease because of its high rate of

metastasis and cancer‐related death.3 Genetic abnormalities have

been known to play a significant role in bladder cancer pathogenesis,

and have emerged as a marker for nonaggressive disease and a prom-

ising therapeutic target.4

Fibroblast growth factor receptor 3 (FGFR3) is a member of the

receptor tyrosine kinase family, and plays a significant role in the

activation of pathways that controls various cellular functions, such

as proliferation, migration, and differentiation.5 Molecular alteration

of FGFR3 gene represents the most recurrent genetic aberrations in

bladder cancer, with a reported frequency of nearly 75% in low‐grade

papillary tumors and ≈20% in muscle‐invasive disease.6 Most of the

FGFR3 gene mutations occur at 3 hotspots in exons 7, 10, and 15,

with ≈88% of the mutation occurring in exons 7 and 10, while muta-

tions in exon 15 are rarer, with a frequency of around 2%.7 These

exons encode the immunoglobulin‐like domain, transmembrane

domain, and tyrosine kinase domain of the FGFR3 receptor.4,7 Major-

ity of the mutation seen in these exons are missense type, resulting

in change of amino acid and formation of either disulfide bonds

between adjacent monomer receptors or generate a structural

change in the tyrosine kinase domain. These changes favor ligand‐

independent dimerization, transactivation, and increased downstream

signaling.8,9

The presence of FGFR3 mutation has been evaluated as a marker

for recurrence, progression, and survival in bladder cancer across dif-

ferent parts of the globe. As a marker for risk of recurrence, a recent

large multicenter study suggested that detection of FGFR3 mutation

is possible not only in tumor samples but also in urine specimen.

Thus, it signifies the potential of urinalysis as an optional diagnostic

tool in low‐grade bladder tumors, and provides a means for early

detection of nonmuscle invasive high‐grade tumors.10 Another study

strongly supported the notion that FGFR3 mutations were associated

with good prognosis and better overall survival in muscle invasive

bladder cancer.11 In addition, several FGFR‐targeted therapeutic

agents have been evaluated in bladder cancer in vitro and in vivo in

recent times, which confirms the idea that FGFR inhibitors can be

of therapeutic relevance in the treatment of bladder cancer, and

some of them have already shown great promise in previous clinical

studies.12-14

Most of the global reports on FGFR3 gene mutations in bladder

cancer come from the western countries.1,3,15 Similar data from

bladder cancer patients in India are limited to only 1 study by

Panditha and coworkers.16 Here, we analyze mutational spectrum of

FGFR3 in a cohort of 100 bladder cancer patient from India. The data

from this study can be helpful to the researchers, in understanding

the genetic heterogeneity of the FGFR3 gene mutations in Indian

bladder cancer patients. Also, this type of study can further encour-

age other research groups to evaluate the effect of FGFR3 mutation

on the clinical outcome of bladder cancer which is still lacking in

Indian context.
2 | MATERIALS AND METHODS

The present study evaluated 100 formalin‐fixed paraffin‐embedded

(FFPE) bladder cancer samples at the Research and Development of

SRL Ltd., Mumbai, India. Tumors were pathologically staged according

to the TNM classification17 and graded as per the recommendations

from the 2016 World Health Organization classification of tumors of

the urinary system and male genital organs.18 All slides were indepen-

dently reviewed by 2 histopathologists. Treatment and outcome was

not evaluated. The study was approved by the Institute (SRL) Research

Committee and was in compliance with the Helsinki Declaration.

Informed consent was obtained from the subjects included in the

study. This article does not contain any studies with animals per-

formed by any of the authors.

2.1 | DNA extraction

Qiagen DNeasy kit was used for extraction of genomic DNA from

FFPE tissue as per instructions from the manufacturer with slight

modification in the protocol. Prior to DNA extraction, tumors were

histologically evaluated on hematoxcylin and eosin sections for the

presence of minimum 40% tumor in each case as suitable for DNA

extraction. Over 90% of the samples had more than 70% of tumor;

hence, no microdissection was needed for tumor enrichment, and

complete section was used for DNA extraction. However, in sections

where 40% or little above tumor was seen, the tumor tissue was

scrapped into Eppendorf tube and the dissected enriched tumor sec-

tions were taken for further DNA extraction. At least, 5 FFPE sections

of 5‐μm thickness were processed for DNA extraction, followed by

quality check on 0.8% agarose gel and quantitation using Qubit ds

DNA HS kit (Invitrogen).

2.2 | FGFR3mutation analysis for exons 7, 10, and 15

Mutation analysis of FGFR3 exons 7, 10, and 15 was performed using

hemi‐nested and nested PCR approach respectively using primers as

reported earlier.19,20 The primer sequences and the annealing temper-

atures are given in Table 1. Briefly, PCR mix was prepared in a final

volume of 25 μL for all the exons, containing 50 to 100 ng of DNA,

10 pmol of each primer, and 1× of HotStarTaq Master Mix (Qiagen)

for the first round PCR. One microlitre of the first round PCR product

was used in the second round of PCR. DNA amplification was

performed on Veriti thermal cycler (Applied Biosystems) as per the fol-

lowing thermal conditions: 95°C for 15 minutes followed by 25 cycles

at 94°C for 30 seconds, 74°C for 30 seconds (exon 7, both rounds);

64°C for 30 seconds (exon 10, both rounds); and 62°C for 30 seconds

(exon 15, both rounds), 72°C for 1 minute, and a final extension step

at 72°C for 10 minutes. Nuclease free water was used as reaction con-

trol. Post‐PCR‐amplified products were checked on 2% agarose gel for

the presence of specific bands.

2.3 | Sequence analysis

The PCR products for all the 3 exons were subjected to Exonuclease

I‐Shrimp Alkaline Phosphatase PCR product treatment (Thermo Fisher,

catalogue no. 78200). This enzymatic treatment hydrolyzes excess



TABLE 1 Details of primer sequence and the annealing temperatures

Primer Name Exon Sequence (5′ → 3′) Annealing Temp (°C)

F7_CommonF 7 GTGAGGGCCCTGGGGCGGCGC 70
F7_OuterR TGTGCGTCACTGTACACCTTGCAG
F7_InnerR CAGCACCGCCGTCTGGTTGG

F10_OuterF 10 GCCAGGCCAGGCCTCAAC 64
F10_InnerF CAACGCCCATGTCTTTGCAG
F10_CommonR GAGCCCAGGCCTTTCTTGG

F15_OuterF 15 TGGTGACCGAGGACAACGTGATG 62
F15_InnerF AGGACAACGTGATGAAGATCG
F15_InnerR GTGTGGGAAGGCGGTGTTG
F15_OuterR AGGGTGTGGGAAGGCGGTGTTG
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primers and nucleotides in a single step. The Exonuclease I‐Shrimp

Alkaline Phosphatase‐purified samples are were subjected to direct

sequencing in both directions by ABI 3500 dx Genetic Analyzer

(Applied Biosystems Inc., Foster City, CA). The abnormal sequencing

results were reconfirmed by at least 2 repeats right from PCR amplifi-

cation. Furthermore, a wild‐type sequencing control was run for com-

parison of abnormal sequencing results.

The sequence chromatograms were viewed and analyzed by

BioEdit multiple sequence alignment tools. It allows multiple sequence

alignment and compares the Sanger sequence with the reference

sequence. The cutoff values for detecting mutation was 20%, ie, if

the height of the minor allele (mutant) was 20% or more, the software

flags this as a possible variant detected. The nomenclature of the

mutation was done as per standard nomenclature method.
2.4 | Statistical analysis

The data were analyzed for statistical correlation by using chi‐square

or Fisher's exact tests among the clinicopathological findings and the

occurrence of a particular mutation. P values were 2‐tailed, and the

statistical significance was set at P < .05.
3 | RESULT

3.1 | Clinical characteristics of bladder cancer cases

A total of 100 bladder cancer specimens were analyzed in the current

study. The demographic and clinicopathological findings of all cases

are depicted in Table 2. The bladder carcinoma was more prevalent

in males (82%) in comparison to females (18%). The median age of

the study subject was 62 years (range 22 to 91 years). The disease

was predominantly seen in older patients (72%, >50 years) in compar-

ison those in the first 5 decades of their life (28%, ≤50 years). It is

important to highlight here that histomorphological examinations of

the tumors revealed that majority of the tumors were high‐grade

(54%) while 46% of them were low‐grade tumors. Also, most of the

tumors were pathologically staged to pT1 (71%), followed by pTa

(20%) and pT2 (9%). Furthermore, majority of the tumors were well

and moderately differentiated in comparison to poorly differentiated

tumors. Notably, most of the tumors demonstrated no variant

histology (87%), while fraction of cases did show squamous, inverted

papilloma, and micropapillary differentiation in 10%, 2%, and 1% of

the cases respectively.
3.2 | Types of FGFR3 mutation and its association
with clinicopathological data

Figure 1 shows the representative gel image of PCR amplification for

exons 7, 10, and 15 of the FGFR3 gene. Overall, we identified 19

patients with FGFR3 mutation in the current study (19%, 19/100)

(Table 2). Table 3 lists various FGFR3 mutations identified across the

exons analyzed. FGFR3 mutations were predominantly found in exon

7, followed by exon 10, while no mutation was seen in exon 15. All

mutations detected in the 2 exons were substitution mutations,

resulting in change of the amino acid at the respective codons

(Figure 2A‐C). We identified 3 different mutations at codons 248, 249,

and 373 in exons 7 and 10 of the FGFR3 gene (Figure 1; Table 3), which

are well‐recognized hotspot mutations in bladder tumor.4,19,20 Missense

mutation S249C was the most recurrent exon 7 mutations followed by

R248C which are located in immunoglobulin‐like domain of the FGFR3

(Figure 2A, B). Similarly, we detected single substitution mutation in

exon 10 (Y373C) of the FGFR3 gene encoding the transmembrane

domain (Figure 2C). All samples with different missense mutations were

heterozygous in nature, retaining its wild‐type alleles.

The correlation of demographic features with FGFR3 mutation is

depicted in Table 2. It is apparent from the table that female and older

aged patients tend to show increased frequency of FGFR3 mutation. It

is interesting to note that FGFR3 mutations were significantly more in

low‐grade tumors when compared with high‐grade tumors (28.2% vs

11%, P = .04). Another important observation in the current study is

the significantly higher rate of FGFR3 mutation in well‐differentiated

tumors (14 out of 43 tumors had FGFR3mutation, 32.6%) in comparison

to moderately differentiated tumors (5 out of 44, 11.3%) and poorly dif-

ferentiated tumor (0outof 13, 0%) (P= .007). Likewise,FGFR3mutations

were more commonly seen in pTa and pT1 tumors while no mutations

were seen in pT2 tumors. None of the tumors were pT2, because of

referral of mostly transurethral resection of bladder tumor (TURBT) tis-

sue.Noother significant associationswith respect to presenceof FGFR3

mutationand tumor size, tumornecrosis, or variant histological subtypes

of bladder tumor were noted (Table 2).
4 | DISCUSSION

Despite good treatment options and favorable clinical outcome, a

high recurrence rate and clinical progression is a serious issue in

noninvasive bladder cancers. Identification of molecular marker capa-

ble of predicting the risk of recurrence or progression will certainly



TABLE 2 Clinicopathological data and their correlation with FGFR3 gene mutation

Clinicopathological Features Total Samples, n (%)

FGFR3 Status

P ValueWild Type, n (%) Mutation, n (%)

Total 100 (100) 81 (81) 19 (19)

Sex

Male 82 (82) 68 (83) 14 (17) 0.32

Female 18 (18) 13 (72.2) 5 (27.8)

Age (years)

≤50 28 (28) 24 (85.8) 4 (14.2) 0.57

>50 72 (72) 57 (79.2) 15 (20.8)

Tumor size

≤2.5 cm 82 (82) 67 (81.7) 15 (18.3) 0.74

>2.5 cm 18 (18) 14 (77.8) 4 (22.2)

Tumor type

High grade 54 (54) 48 (89) 6 (11) 0.04

Low grade 46 (46) 33 (71.8) 13 (28.2)

Tumor differentiation

Poor 13 (13) 13 (100) 0 (0) 0.007

Moderate 44 (44) 39 (88.7) 5 (11.3)

Well 43 (43) 29 (67.4) 14 (32.6)

Tumor stage

Ta 20 (20) 14 (70) 6 (30) 0.18

TI 71 (71) 58 (81.7) 13 (18.3)

TII 9 (9) 9 (100) 0 (0)

Tumor necrosis

Present 23 (23) 20 (87) 3 (13) 0.55

Absent 77 (77) 61 (79.2) 16 (20.8)

Variant histology

Squamous 10 (10) 9 (90) 1 (10) 0.85

Inverted papilloma 2 (2) 2 (100) 0 (0)

Micropapillary differentiation 1 (1) 1 (100) 0 (0)

No variant histology 87 (87) 69 (79.3) 18 (20.7)

FIGURE 1 Representative gel images of
exons 7, 10, and 15: lane 1: size ladder, lane 2:
reagent control, and lanes 3‐7: patient
samples
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TABLE 3 Mutation type and frequency of FGFR3 gene

Nucleotide
Change

Codon
Change

No. of Cases,
n (%)

Amino Acid
Change

FGFR3 exon 7

c.742C>T CGC → TGC 1 (1%) R248C

c.746C>G TCC → TGC 14 (14%) S249C

FGFR3 exon 10

c.1118A>G TAT → TGT 4 (4%) Y373C

Total 19 (19%)
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help in better clinical management of bladder cancer patients. Recent

studies suggest that activating mutation in the FGFR3 gene is 1 of the

most recurrent molecular aberrations currently known in bladder

tumors and is linked with low recurrence and progression rate.10,15

Majority of FGFR3 mutations in bladder cancer are reported from

patient samples in Western countries.1,3,15 Data from Asian

populations are limited,21,22 with only 1 study from India.16 In view

of limited data availability from India, we investigated the frequency

of FGFR3 mutation in bladder tumor and set out to compare the data

with the existing literature. In the current study, we found FGFR3

mutations in 19% of all tumors. The reported frequency of FGFR3

mutations varies significantly across different countries, with reported

incidence of about 4% to 13%, 8% to 64%, and 9% to 53% in

Americans, Europeans, and Asians respectively (Table 4).16,23-39 Our

frequency is similar to those reported from Spain and America (13%‐

17%), higher than those from China, Korea, and Germany (8%‐9%),

while lower in comparison to Japan, United Kingdom, and the

Netherlands (32%‐64%) (Table 4). Notably, our frequency of 19% was

much lower than the report from previous Indian study (32.3%).16 This

difference in the frequency can be because of geographical region

(North vs Western India), sample size (65 vs 100), and methodology

used (PCR‐SSCP vs Sanger sequencing) for mutation detection.

Sequencing analysis of all the cases showed that most of the FGFR3

mutations clustered overwhelmingly in exons 7 and 10, while mutation in
FIGURE 2 Partial electropherogram of
FGFR3 mutations: A, B, FGFR3 exon 7
mutations (R248C; S249C) and C, FGFR3 exon
10 mutations (Y373C)
exon 15was absent (Table 3). Notably, exon 15 is 1 of the commonmuta-

tion hotspots, and previous studies have identified different mutations in

exon 15.1,16 In addition to this, earlier study from India also reported exon

15 mutation in 4.7% of the cases,16 while in contrast to these findings,

none of our cases showed any exon 15 mutation. This is an important

observation which could be because of reasons such as variability in sam-

ple referral pattern, tumor heterogeneity, and technique used. Neverthe-

less, the exact reason for this deviation is still not clear and need further

exploration in additional sample size. All FGFR3 mutations were mis-

sense type with S249C and Y373C as the most recurrent type which is

in linewith earlier findings.19,20 Indeed, mutations in exon 7 and 10 result

in change of amino acid residues in the extracellular domain of the FGFR3

receptor.7 These altered amino acid residues in turn facilitate creation of

either disulfide or hydrogen bonds amid adjacent monomer receptors,

resulting in ligand free dimerization and initiation of strong downstream

signaling.7,40 As a matter of fact, exon 15mutations are thought to affect

the kinase domain of the FGFR3 gene resulting in ligand‐free receptor

activation and signaling.41 Thus, regardless of genetic variability, all

FGFR3 gene mutations result in a discrete sequence affecting the extra-

cellular and kinase domain of the FGFR3 receptor.

In the present study, FGFR3 mutations were predominantly seen

in female patients in comparison to their male counterpart, which is

in line with recent study.10 Older patients tend to harbor more FGFR3

mutation signifying that these mutations are preponderant in patients

who are older than 50 years, though the difference was insignificant.

Notably, a recent study reported less frequent FGFR3 mutations in

younger patients (<45 years) and supported the theory of a discrete

biological behavior in early onset tumours.36 We subsequently evalu-

ated the correlation between pathological tumor stage and grade

and the different mutations. Mutations were most frequently

observed in low‐stage pTa and pT1 tumors (6/20 pTa and 13/71 pT1)

and rarely seen in higher stage tumors (Table 2). One limitation of

the existing study is that there were no tumors beyond pT2 because

of referral of transurethral resection of bladder tumor (TURBT) tissues



TABLE 4 Worldwide reported frequency of FGFR gene mutation

Sr No. Geographical Location Country Year Total Cases FGFR3 Mutation (%) References

1 Western and African countries Netherlands 2001 72 34 (47%) 15
2 France 2001 132 48 (36%) 19
3 France 2003 81 32 (40%) 23
4 Spain 2005 119 20 (17%) 24
5 UK 2005 98 54 (55%) 25
6 France 2005 110 43 (39%) 26
7 Spain 2006 764 387 (50%) 27
8 England 2007 158 66 (43%) 28
9 Germany 2008 92 45 (49%) 1
10 Netherlands 2010 257 164 (64%) 3
11 Sweden 2011 145 61 (42%) 29
12 Netherlands 2012 132 37 (28%) 30
13 Tunisia 2012 234 73 (31%) 31
14 United States 2014 194 7 (4%) 32
15 Belarus 2014 150 71 (47%) 33
16 United States 2014 70 9 (13%) 34
17 Morroco 2015 42 12 (29%) 20
18 Germany 2016 71 6 (8%) 35
19 Germany 2017 113 39 (35%) 36

20 Asian countries Japan 2001 81 25 (31%) 21
21 Jordan 2010 121 39 (32%) 37
22 Japan 2010 45 24 (53%) 38
23 Korea 2014 72 7 (9.7%) 39
24 China 2016 116 11 (9.4%) 22
25 India 2016 65 21 (32.3%) 16
26 India 2018 100 19 (19%) Present study

6 of 7 AHMAD ET AL.
which may limit the representation of all bladder tumors. Neverthe-

less, FGFR3 mutations were significantly higher in numbers and pre-

dominantly seen in low‐grade tumors when compared to high‐grade

tumor which is in agreement with earlier report.1 It is interesting to

highlight here that FGFR3 mutations were highly associated with

well and moderately differentiated in comparison to poorly differen-

tiated tumors. These findings from the current study along with liter-

ature from the past further confirm the connection of FGFR3

mutation with low‐risk urothelial cancer and suggested that there

is a robust molecular association among urothelial papilloma and

low‐grade urothelial cancer.42 As far as prognostic utility of FGFR3

is concerned, treatment and outcome data were not available; how-

ever, previous studies have already demonstrated that the presence

of these mutations is a strong sign of superficial bladder tumors and

is associated with good clinical outcome even though associated

with a high recurrence rate.15,27

To summarize, FGFR3 gene mutations were noted in 19% of

Indian bladder cancer, and the data presented here are at par to those

reported from different parts of the globe. The frequency of FGFR3

gene mutation varies across different studies, possibly because of

sample selection, sample size, and geographical location. However,

most of the FGFR3 mutations are identified in low‐grade tumors

and can potentially be used as prognostic biomarker in bladder cancer

patients.
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