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Abstract

Background andAims: The objective of this study was to assess the frequency of specific-point mutations in
N-ras of the RAS gene family in a group of Kashmiri patients with bladder cancer and to observe any association
with clinicopathological parameters. Methods: Paired tumor and normal tissue specimens of 55 consecutive
patients with urothelial cell carcinoma were screened and DNA was extracted for detection of N-ras activating
mutations in exons 1 and 2. In addition, blood was also collected from all the cases to rule out any germ line
mutation. Results: Specific point mutations of activated N-ras were detected in 9% (5 of 55) of the bladder
cancer patients, all being missense. The base substitutions identified included three transversions (two G toT
and one Ato T) and two transitions ( A-G). Sixty % of the mutations were detected in codon 61 and 40% in
codon 12. No significant correlations were found between the mutations and clinical featuré&Sonclusion:
Although N-ras gene mutation might be one of the mechanisms underlying oncogenesis of urothelial cancer, it
seems to be a relatively rare event in Kasmiris, pointing to involvement of different etiological factors in the
induction of bladder tumor in this population
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Introduction present with bladder TCC have tumors confined to the
mucosa or sub mucosa—so-called superficial “non-
Urinary bladder (or bladder) cancer is one of the moshuscle-invasive” bladder cancers (Dinney et al., 2004).
common cancers worldwide, with the highest incidences Classically, bladder cancer has been associated with
in industrialized countries (Pelucchi et al 2006). It is thexogenous and environmental risk factors. The 2 best
fourth most incident cancer in males and ninth most iknown risk factors for bladder cancer are smoking and
females accounting for more than 67,000 new cases petcupational exposure. Compared with the general
year in United States (Jemal et al 2007), where the annyalpulation, smokers are at 2 to 4 times greater risk of
age adjusted incidence rate for men is approximately 3#fadder cancer and heavy smokers are at 5 times the risk
per 100,000 (Jemal et al 2005). (Henney et al., 1992). The incidence of bladder cancer
Urothelium cancers account for 5.6% of male and 1.8%vas strongly associated with occupational exposure to
of female cancers in India with an actual crude rate (ACRJromatic amines used in the dye industry, before their
incidence of about 1 in 174 in men and 1 in 561in womepotent carcinogenicity to the bladder was demonstrated
(Kamarana et al., 2000). From an epidemiological survefZeegers et al., 2004).
(Dhar et al 1993) in Kashmir, bladder cancer has an annual The RAS genes (NRAS, KRAS, and HRAS) encode
incidence of 9.7 (2.5%) ranking 9th in all types of cancer1-kDa proteins that are members of the super family of
This was a partial presentation of bladder cancer incidensenall GTP-binding proteins, which have diverse
as the survey was done in a single hospital catering tharacellular signaling functions including control of cell
needs of 1/3 of the population. Presently bladder cancproliferation, growth, and apoptosis (Clavel et al., 2007).
is showing an alarming increase in Kashmir as evidencegbmatic activating mutations in RAS are present in up to
by the fact that we could record and collect samples fro®0% of all human cancers (Malumbres et al., 2007).
55 patients from early March 2008-2009. Previous studies have detected N-ras oncogene not only
Histologically, more than 90% of bladder-cancer casei® a neuroblastoma (Barbacid et al., 1987) and sarcoma
are transitional cell (urothelial) carcinoma, approximately{Shimizu et al., 1983) cell lines but frequently in human
5% are squamous cell carcinoma, and less than 2% drematopoietic tumors as well (Joad et al., 2007).
adenocarcinoma. Nearly 80% of patients who initially Ras mutations found in cancer cells introduce amino
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acid substitutions at positions 12, 13 and 61. These changesble 1. Details and Nature of N-ras Exon 1& 2
impair the intrinsic GTPase activity and confer resistanc®lutations in Bladder Cancer Patients from Kashmir

to GAPs, thereby causing cancer-associated mutant Reslley

proteins to accumulate in the active, GTP boung\ge/ RIU Histb Smoking Codon  Base AA
conformation (Mitin et al., 2003). NRAS and HRAS g, Stage Grade Status Type Change  Change
mutations predominate in melanoma and bladder cant,scé/M

. R PTa Il Ever S 12 GGT>TGT Gly>Cys

(Bos etal., 1989; Downward et al., 2005). 81/F U PT1 Il Ever S 12 GGT>TGT Gly>Cys
. 65/M R PT2 Il Ever Ml 61 CAA>CTA Gin>Leu
Subjects and Methods 43M R PT2 Il NeverMI 61 CAASCGA GIn>Arg
57/M U PT2/3 IV Ever MI 61 CAA>CGA GIn>Arg

Patients and controls
. . . . 'Histopathological; AA, Amino acid; M, Male; F, Female; R, Rural; U,
Fifty-five consecutive samples of the patients WhQ,pan M Muscle Invasive: S Superficial

underwent TURBT and radical cystectomy in surgeryl_
department at the Sher-i-Kashmir institute Of Medical a
Sciences 2008—2009 were enrolled into this study. Media§

ble 2. Relationship of Specific N-ras 12/61 Mutations
ith Clinicopathological Variables

age at time of diagnosis was 59years (range, 38-80); maléariables Cases  Wild type Mutant
female ratio was 6:1. Forty-eight patients were men (87%ean age (years) 59 61 62
and 43 (78%) were smokers. Almost all the patients hagex Male 48 44 (87%) 4 (13%)
attended the hospital with a clinical presentation of Female 7 6 (85%) 1 (15%)
haematuria. Grading of cancers was performed according
to the WHO classification and staging according to thémoking  Ever 43 39 (90%) 4 (9%)
1997 TNM classification guidelines (UICC 1997). Never 12 12 (93%) 1 (8%)
Diagnostic slides prepared from fresh tumor sampleSt29¢ Ta 21 20 (95%) 1 (‘3%)
were revi_ewed l?y a panel of twp expert patholggist; to % or higher 1167 115 4(?832/02) 12 ((ng;))
cqnﬁrm diagnosis and ensure unlformlty of clf':\ssﬁlcgtlorbrade 1 4 5(100%) 0 (0%)
criteria. All the sampleswer(_e confirmed to be hlstolpglcal 2 18 17 (94%) 1 (6%)
bladder cancers. Information on grade was available on 3 20 18 (90%) 2 (10%)
53 and on stage for 55 samples. There were four grade-1 4 10 8 (80%) 2 (20%)

tumors, 18 grade-2, 20 grade-3, 10 grade-4 and one was

intermediate grade (Table 1). In total 21 were pTa, 16 pTResults

and 17 pT2 while as one sample was carcinoma in situ.

Samples of 5 ml venous blood from each patient were tDNA samples to be examined for mutant codons were

collected in EDTA as controls. prepared from 55 specimens of bladder cancer tissue
(patients 1 to 55), 10 specimens of normal bladder mucosa
DNA extraction (patients 56 to 66). DNA fragments that included exonl

Tumor samples (both tumor and adjacent normalk 2 of the N-ras gene were amplified by PCR which on
collected after TURBT were snap-frozen immediately angequencing revealed an overall N-ras mutation in 06
stored at -78C. DNA from neoplastic tissue was extractedtumors (9%) in male patients except one mutation in
using DNeasy Tissue kit (Qiagen GmbH, Hilden-woman.

Germany) according to the maufacturuers enclosed A total of 55 confirmed transitional (urothelial) cell

protocol. carcinoma samples for mutations in N-ras gene run by
single-strand conformation polymorphism (SSCP)
Polymerase Chain Reaction (PCR) analysis to screen for mutations in exons 1 and 2 and

Exon 1 and 2 of the N-ras containing hotspot codonsubsequently followed by direct sequencing of the samples
12 and 13, and 61 were amplified using previouslghowing mobility shift in SSCP. The samples which
described specific primers as NRAS exon 1Fshowed mobility shift in SSCP paralleled with the DNA
GACTGAGTACAAACTGGTGGTGG NRAS exon 1R sequencing which corresponded to five mutations in all
GGGCCTCACCTCTATGGTG. NRAS exon, 2F; (Figures 1, 2a & 2b). Thus the total mutations in exon 1
GGTGAAACCTGTTTGTTGGA NRAS exon 2R and 2 of N-ras gene detected in this study were 9 %( 5/
ATACACAGAGGAAGCCTTCG. 55). There were five mutations (2 transitions and 3

The PCR products were run on 2% agarose gel afitansversions), two were A-G transitions, two G-T
analyzed under a UV illuminator. The Single-Strandransversions, and one A-T transversion, out of wHigb
Conformation Polymorphism (SSCP) analysis of theaffected codons 12 (40%) and three affected codon 61
amplicon of exon 1 and 2 of N-ras was performed on 6%$0%) (Table1). No mutation was detected in codon 13 in
non denaturing polyacrylamide gel (PAGE) utilizing eitherthis study. The samples harboring mutations had two
non-radioactive silver staining or radioactive procedure&61C (GGT>TGT), two Q12R (CAA>CGA), and one
(Bosari et al 1995). The purified PCR amplicons of thé261L (CAA>CTA) (Tablel). The mutations were mostly
tumor samples showing mobility shift on SSCP analysiseen in smokers (4/48 and one mutation was detected in
and randomly chosen normal samples were used for dirdgadder tumor of non smokers). The 5 tumour samples

DNA sequencing, using the automated DNA sequencdyith mutation included, one grade-2 and two grade-3
ABI prism 310. tumours and two grade-4, but stage wise were one pTa
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Exon 1 of N- ras oncogene (See Table 1 GGT>TGGT)

CTTCTTGIEAGCTET "'E""' GT CAGCT 4T
" i Figure 2. Amplified DNA Fragments. a) Exon 2 of N-ras
' T.EA . __ (103bp amplicon) gene, Lane 7, 100 bp molecular ladder , Lanes
' ) If i L |I J _; i'.' E "|' [y 1-6, Amplicons from different tumor tissues; b) Exon 1 of N-
f ﬂ ras (118bp amplicon) gene, Lane 7, 100 bp molecular ladder,

Exon 2 of N- ras oncogene (See Table | CAA>CTA) Lanes1-6, Amplicons from different tumor tissues

CIOTTOTT B ACTOTATOE  CTCTTOTOET G nn Although diet might also influence bladder carcinogenesis,
fiabiioe douliter e B Sy = "~ owing to the many potential carcinogens or chemo
l preventive nutrients therein, no consistent association
A i T ) K between intake of selected nutrients or micronutrients and
I'_ J | Il AT |, "'I " l.' positive cases has emerged in this study
,“,'.___,________,_H___ ! : ,l 1 1\ :- '- All of the mutations that were identified in this study were
Exon 2 of N- ras oncogene (See Table 1 CAA>CGA) ~ Missense with a rate of transversions as 60% and
transitions 40%. Three mutations in codon 61 and two in
codon 12 were identified and the predominance of these
mutations was expected, as most of the mutations found
and one pT1 and two pt2/3 tumours (Table2). Anyn N-ras in human tumors involve these two codons. Ina
association with the age, gender, location of tumor, angécent study (Jebar et al 2005) on 98 bladder tumors and
or its size was not found. No germ line mutations wergj pladder cell lines, RAS mutation was detected in 13%
found, indicating that in every case the change wagf hoth types of samples . In total, there were 10 mutations

Figure 1. Partial Normal and Mutant Nucleotide
Sequences (reverse) (arrows point to mutations)

somatic. in H-ras, 4 in KRAS, and 4 in NRAS. In N-ras mutation
_ _ only one mutation was found incodon 12 and three in
Discussion codon 61. Codon 12 & 61 codes for Glycine and glutamine

residues, which play an important role in the catalytic site

Activating Ras mutations occur in ~30% of humangf RAS. In most cases, the somatic missense Ras
cancers. Specific Ras genes are mutated in differef{ytations found in cancer cells introduce amino acid
malignancies: Various studies carried out on variougypstitutions at positions 12, 13 and 61. The substitutions
different cancers have demonstrated some hot spot regiqss| 2 and 13 amino-acid residues in RAS alter its GTPase
in RAS gene family that are susceptible to point mutationgctivity to a different extent and/or its ability to interact
the frequent among them are changes of glycine to valingfith its regulators, depending upon the substituted amino-
aspartate/serine at codon 12, glycine to arginine/cysteiRgid residue.
at codon 13, and glutamine to arginine/lysine/leucine at  As smoking is an established risk factor for bladder
codon 61(Levesque et al 1993 and Sameer et al 2009hncer. Consistent with the epidemiological evidence for
NRAS and HRAS mutations predominate in melanomapn association between bladder cancer and smoking, we
and bladder cancer, respectively (Downward et al 200fund that about 78% of our patients were smokers, which
and Bos et al 1989). In most cases, the somatic missenggows a direct correlation between smoking and the
Ras mutations found in cancer cells introduce amino acigicidence of bladder cancer. However, the group under
substitutions at positions 12, 13 and 61. These changggr investigation is too small in number to be considered
impair the intrinsic GTPase activity and confer resistancgy, epidemiological conclusions.
to GAPs, thereby causing cancer-associated mutant Ras The mutations detected in this study comprised three
proteins to accumulate in the active, GTPboundransversions (two G: C-T: Aand one A: T-T: A) and two
conformation (Trahey et al 1987) .The ‘hot spot’ mutationransitions (A: T-G: C). A similar spectrum of substitutions
atcodon 12, 13 or 61 in the N-ras gene has been descriRgdcharacteristic of p53 mutations in bladder tumors
in many kinds of human cancers (Tada et al 1990).  (sjdransky et al., 1991).This may reflect the known

Though our study found relatively low frequency ofassociation of increased bladder cancer risk with cigarette
specific N-ras mutations but it confirms the role in thesmoking (Hartge et al., 1987). A G-T transversion is not
development of urinary bladder carcinoma, as we detecthiﬂy the most frequently observed type of mutation but
09% tumors (5/55 tumors) having mutations in this gengas peen linked to smoking (Habuchi et al., 1993) found
in Kashmiri population. Out of these 60% were in 61:T=G:C transitions only in smokers (Slebos, in press).
40% in codon 12 and no mutation in codon 13. Five 0As Kashmir is not an industrialized region the exposure
the mutations detected in males were ever smokers agfl the chemicals is bleak particularly aromatic (aryl)-
one mutation was seen in an elderly non smoker femalgmines such as naphthalene, benzidine, aniline dyes, and
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4-aminobiphenyl — known bladder carcinogens (Clavel et bladder canceCancer Cell6, 111-6.
al., 2007). With moderate reduction of such Workplacé"eney NM (1992). Natural history of superficial bladder cancer.

. . Prognostic features and long-term disease courséClin
exposure, active smoking seems now the strongest North Am 19, 429-33.

environmental risk contributing to most of the bladdengy A, Siegel R, Ward E, et al (2007). Cancer statistics 2007.
cancer cases in Kashmiri population in this study. CA Cancer J Clin57, 43-66.

The other related risk factor of bladder cancer is aggemal A, Murray T, Ward E, et al (2005). Cancer statistics 2005.
Our data showed nearly 80% of our patients were over 60 CA Cancer J Clin, 55, 10-30.
years of age. This is in accordance with the previous daf@marana, NM, Kamat MR, Kurkure AP (2003). National
showing more than 65% of bladder cancer patients in the Cancer registry project. ICMR; 2000.
United States were older than 65 years (Jung et al Zooﬂglumbres M. Barbacid M (2003). TileNat Rev Cances,

. . i 459-65.
Ras mutations do not seem to be associated with stagegjcchi C, Bosseti C, Negri E, Malvezzi M, La Veccchia C

grade (Theodorescu et al 1991). All the five mutations  (2006). The epidemiology of bladder canééat Clin Pract
found were seen randomly in all stages and grades. Thus Urol, 3, 327-40.

we could not detect any significant correlation of N-rasshimizu K, Goldfarb M, Perucho M. & Wigler M(1983). Title??
mutation with different grades and stages of bladder cancer Proc Natl Acad Sci USA, 80, 383-7.

either between superficial or invasive cancer which is if€€9€rs MP, Kellen E, Buntinx F, van den Brandt PA (2004).
clear agreement with published data The association between smoking, beverage consumption,

o . diet and bladder cancer: a systematic literature re\Vilewd
The findings presented support the hypothesis that there j o1 21 392-401. y

are distinct molecular pathways that are involved in thgoa o B, Oliveira N, Julie E (2007). NRAS mutation causes a
pathogenesis of urothelial cell carcinoma and one to a humanautoimmune lymphoproliferative syndror®eoc
lesser extent involves N-ras gene mutation among other Natl Acad Sci USALO4, 8953-8.
genetic events Mitin N, Rossman K, Der C (2005). Signaling interplay in Ras
Conclusion; To conclude N-ras gene mutations were found SUper;aT”g (;‘(‘)gcuc%”c“r{_ B'OlF’QiSS" R.‘r’63'|7|.4 " .
in a low frequency in bladder cancer tumors from KashmiPOV‘mv"ar ( ). Targeting signating pathways in

. . . cancer therapWature Rev CanceB, 11-22 .
valley, which suggests that N-ras gene is involved in fo\esque P, Ramchurren N, Saini K(1993) . Screening of human
sub-set of bladder tumors. NeVertheIeSS, these observations bladder tumors and urine sediments for the presence of H-
a first of its kind from Kashmir need further investigations  ras mutationsint J Cancer55, 785-90.
in a bigger cross section of the bladder cancer patieng&meer AS, Chowdhri NA, Abdullah S, Shah ZA, Siddigi

and relevant controls. MA(2009). Mutation pattern of K-ras gene in colorectal
cancer patients of Kashmir: A repoiridian J Cancer3,
219-25.
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