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IntroDuCtIon

Mammalian cells contain three different protooncogenes of 
the RAS family: N-RAS (1p13.2), K-RAS (12p12.1), and H-RAS 
(11p15.5). They encode small proteins with GTPase activity, which 
participate in the transmission process of growth signals from 

cell membrane receptors to the cell nucleus [1, 2]. They bind with 
GTP during their active state and GDP during their inactive state.  
Mutated proteins of the RAS family are not suitable for hydrolysis 
with GTP, thus – regardless of extracellular signals – the growth 
and proliferation of cells is continuously stimulated.

The H-RAS (Harvey rat sarcoma viral oncogene homologue) 
protooncogene is located at the terminal part of the short arm 
of chromosome 11. It was discovered in 1980 as an oncogene of 
sarcoma viruses [3]. It consists of four encoding and one noncod-
ing exon, the latter localized closer to the 5’ end (Fig. 1). A point 
mutation in one of the three hot spots (codons 12, 13, and 61) may 
result in continuous stimulation of proliferation and development 
of many types of cancer [4, 5].

In 1982, Reddy et al. [6] and, a year later, Capon et al. [7] 
confirmed the existence of the H-RAS gene mutations in a human 
bladder cancer cell line (T24). Further studies on urinary blad-
der cancer demonstrated that mutations in this gene were more 
frequent than mutations in the K-RAS or N-RAS genes [8, 9] and 
that these mutations were mainly responsible for the development 
of superficial tumors of low histopathological grade [10, 11, 12]. 
However, the role of H-RAS gene mutations in the development 
of urinary bladder cancer still raises many controversies (mainly 
due to considerable discrepancies in the results of various research 
groups) regarding the incidence of identified point mutations in 
this gene (from 0 to 84%) [9, 13].

The H-RAS T81C polymorphism (rs12628) is a single nucleotide 
polymorphism (SNP) [14] localized in codon 27 (cDNA position: 
81) and was described for the first time by Taparovsky et al. [15]. 
This polymorphism disturbs neither the structure nor function 
of the p21ras protein, since both CAT and CAC codons encode 
histidine (His27His); however, it demonstrates some relationship 
with increased susceptibility to the development of various types 
of cancer [14].

 This study aimed to evaluate the incidence and clinical sig-
nificance of the T81C polymorphism of H-RAS gene in a group of 
patients from Poland diagnosed with urinary bladder cancer.

MaterIal anD MetHoDS

Study group
The study was performed in 132 patients from the Macroregion 

of Łódź, Poland with diagnosed urinary bladder cancer (22 females 
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Introduction. H-RAS gene is a protooncogene encoding 
p21ras, a small protein with GTPase activity. This pro-
tein is a component of many signaling cascades, while 
mutations in H-RAS gene are often found in urinary 
bladder cancer and leads to continuous transmission of 
signals stimulating cancer cell growth and proliferation. 
The T81C polymorphism of H-RAS gene is a SNP, which, 
although does not seem to impair p21ras protein struc-
ture and function, may contribute to the development 
of bladder cancer.
objectives. The aim of our study was to characterize the 
prevalence and clinical significance of T81C polymor-
phism in patients with diagnosed bladder cancer.
Materials and methods. 132 patients with diagnosed uri-
nary bladder cancer were included in this study. The con-
trol group consisted of 106 healthy individuals. The experi-
mental material was DNA, isolated from tumor tissue and 
peripheral blood lymphocytes. T81C polymorphism was 
detected using the MSSCP method and DNA sequencing. 
results. In the examined DNA samples, frequent poly-
morphic variations were found in codon 27 of H-RAS 
gene. In order to assess the clinical relevance of the 
polymorphism, the results were compared with those for 
the control group. The homozygous CC variant occurred 
more frequently in bladder cancer patients than in 
healthy individuals.
Conclusions. DNA polymorphisms start to play an 
important role in evaluation of disease risk and progres-
sion. The occurrence of multiple variants of the same 
gene may contribute to differences in reactions to spe-
cific medications and sensitivity to carcinogens or DNA 
repair capacity. Our study demonstrated T81C polymor-
phism of H-RAS gene to have seemingly been associated 
with an increased risk of bladder cancer development.
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fig. 1. Structure of H-RAS gene. Black figures depict encoding exons.
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and 110 males; median age: 68 years; age range: 41-87 years). All 
cases were confirmed by histological evaluation. Transitional cell 
carcinoma (TCC) of the bladder was found in 121 samples, while 
histological evaluation confirmed dysplasia in three cases, and 
inflammation without evidence of tumor or abnormal epithelium 
in eight cases. However, in the latter 11 cases, TCC was found pre-
viously (patients with recurrent disease). The average observation 
period of the patients was 32 months. The characteristics of the 
study group are shown in Table 1. 

Primary tumors were observed in 72 of the patients (54.5%), 
while the remaining patients (45.5%) demonstrated recurrent dis-
ease. Twenty-six patients (19.7%) were treated by chemotherapy. 
Recurrence of bladder cancer in our study group was noted in 
29 cases (18 with primary tumor and 11 with recurrent disease). 
Death from bladder cancer was recorded in 14 cases (10.6%).  

In order to assess the clinical significance of T81C polymor-
phism, the obtained results were compared with the results of the 
106 healthy controls (19 women, 87 men; median age: 65; age 
range: 39-92 years) with the same ethnic background and from the 
same approximate age group. There were no significant differences 
in gender, age, smoking status and occupational exposure between 
the cancer-affected patients and controls.

Identification of genotypes
DNA isolated from tumor tissue (the study group) and periph-

eral blood lymphocytes (the study group and the control group) 
was used as the experimental material. Fragments of neoplastic 
tissue were obtained in the course of transurethral resection of 
bladder tumor (TURBT). They were frozen in liquid nitrogen and 
stored until DNA isolation in -70oC. DNA was isolated by means 

of a commercial kit for DNA isolation from biological remnants 
(Sherlock AX; A&A Biotechnology, Poland) and stored in tempera-
ture of 4-8oC. Blood samples were collected from healthy individu-
als into eDTA-K2 containing tubes and stored in refrigerator tem-
perature until DNA isolation was performed using the MagNA Pure 
Compact device and MagNa Pure Compact Nucleic Acid Isolation 
Kit I (Roche, Germany).

Sequences of H-RAS (exon1) were amplified, using primers: 
F: 5’AGGAGCGATGACGGAATATAAGC3’

R: 5’GGCTCACCTCTATAGTGGGGTCGTATT3’.
The obtained PCR reaction mixture (25 µl) contained 100 ng of 

genomic DNA, 2.5 µl of 10x concentrated reaction buffer (Novazym, 
Poland), 0.5 µl of dNTPs – 2.5 mM each (TaKaRa, Japan), 1 µl of each 
starter (5 pmol/µl), and 1.25U of Taq DNA polymerase (Novazym, 
Poland). All reactions contained a non-template control. 

MSSCp (Multitemperature Single Strand Conformation 
polymorphism) conditions

The T81C polymorphism in exon 1 of the H-RAS gene was 
detected using the MSSCP method and DNA sequencing (Fig. 2). 
The MSSCP technique was carried out in one of the following 
temperature profiles: 25ºC for 30 minutes, 20ºC for 20 minutes, or 
15ºC for 20 minutes. The details of MSSCP analysis were reported 
elsewhere [16]. PCR products were sequenced (Genomed sp. z o.o., 
Poland) to rule out or confirm the mutation or polymorphism iden-
tified during the MSSCP analysis.

Statistical analysis
The study cases and controls were compared using Pearson’s 

χ2 test. The first step in assessing the genotype results was to find 
out if deviations in the genotype frequencies were compliant with 
the Hardy-Weinberg equilibrium. The odds ratios (ORs) and their 
95% confidence intervals (95% CIs) were calculated to estimate 
the association between genotypes and cancer occurrence. Variant 
TT of T81C polymorphism was a reference category in dichotomized 
variable analysis. A p-value <0.05 indicated statistical significance. 
Raw data of genotype frequencies (without adjustment) were used 
to estimate OR in meta-analysis. The extent of heterogeneity was 
estimated by the Cochran’s χ2 test. The statistical analysis and 
meta-analysis were performed using STATISTICA 9.1 (StatSoft, Inc., 
Tulsa, OK, USA).

reSultS

exon 1 of the H-RAS gene was evaluated in each of the 
patients in search of polymorphism in codon 27. At the same 
time, no mutation was observed in codons 12 or 13 in any of the 

table 1. Clinicopathological patient profiles

no. of cases: n = 132

gender:

Male 110 (83.3%)

female 22 (16.7%)

Smoking:

yes 110 (83.3%)

no 22 (16.7%)

occupational exposure:

yes 70 (53.0%)

no 62 (47.0%)

tumor Stage:

ta 83 (62.9%)

t1 25 (18.9%)

t2 9 (6.8%)

t3 3 (2.3%)

t4 1 (0.8%)

tumor grade:

lg 81 (61.4%)

Hg 40 (30.3%)

Dysplasia lg* 2 (1.5%)

Dysplasia Hg* 1 (0.8%)

Inflammation without evidence 
of tumor*

4 (3.0%)

normal epithelium* 4 (3.0%)

*Patients with recurrent disease

fig. 2. Results of DNA sequencing and MSSCP analysis of exon 1 H-RAS gene 
(tumor tissue).
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patients. In all studied cases, the results of T81C polymorphism in 
DNA from tumor tissue corresponded to the results of the T81C 
analysis in DNA obtained from the peripheral blood lymphocytes. 

The incidence rates of the observed genotypes in both groups 
fulfilled the principles of Hardy-Weinberg equilibrium (cases: p = 
0.98; controls: p = 0.56). Thus, carrying out odds ratio (OR) cal-
culation, it became possible to assess whether the occurrence of 
the polymorphic variants of H-RAS gene at codon 27 was in any 
way associated with the increased susceptibility to urinary blad-
der cancer formation. Detailed data of the incidence of particular 
genotypes and T81C polymorphism alleles in both studied groups 
are shown in the Table 2 and Figure 3.

The C risk allele of H-RAS gene T81C polymorphism occurred 
more frequently in the studied group of patients (41.7%) than in 
the control group  (31.1%) (OR = 1.58; 95% CI: 1.08 – 2.31; p = 
0.02). When comparing particular polymorphism variants (CC vari-
ant with TC heterozygotes and TT wild variant), we found the CC 
risk genotype to be associated with a greater than double increase 
in the risk for urinary bladder cancer (OR = 2.27; 95% CI: 1.00 – 
5.15; p = 0.05), a statistically significant difference was obtained. 

A relationship between the occurrence of polymorphism vari-
ants and either tumor stage (p = 0.75) or grade (p = 0.61) was not 
demonstrated. Neither were any relationships between occupa-
tional exposure (p = 0.14), smoking status (p = 0.73), or disease 
recurrence (p = 0.24) with the incidence of polymorphic variants.  

DISCuSSIon

environmental exposure (especially occupational) to chemi-
cal carcinogens and products of tobacco tar are regarded to be 
the main causes of urinary bladder cancer formation [10, 17, 18]. 
However, one should not forget about the genetic and epigenetic 
changes that follow the effects of exposure to the environmental 
factors and initiate the process of cancer development [11, 12]. The 
effects of these carcinogens may disturb a wide range of cellular 

processes (such as DNA repair, cellular cycle control, carcinogen 
metabolism, apoptosis, and signal transmission pathways) [19]. 
These disruptions lead to genomic defects and compromise cel-
lular equilibrium, the consequence of which is the selection of 
clones of neoplastic cells. The existence of different variants of the 
same gene may trigger differences in reactions to certain drugs, 
in their sensitivity to carcinogenic activity and ability for DNA 
repair. In this way it leads to an increased susceptibility to cancer 
development, including urinary bladder neoplasms [19]. Therefore, 
DNA polymorphisms begin to play a more and more important role 
in procedures evaluating the risk of neoplastic disease, as well as 
those assessing cancer progression. 

Studies of H-RAS gene exon 1, based on the MSSCP method, and 
DNA sequencing did not indicate mutations in codons 12 and 13 in 
our group of 132 patients. The available literature data demonstrate 
that H-RAS gene mutations may occur in urinary bladder neoplasms, 
but incidence rates vary. Our results are conformable with those of 
earlier studies, carried out by Karimianpour et al. [20] and by Johne 
et al. [14], which did not find protooncogene mutations in patients 
with urinary bladder cancer either. However, Przybojewska et al. [9] 
demonstrated the presence of such mutations in codon 12 in as 
many as 84% of examined patients. What is fairly surprising is the 
fact that the examined group of patients had also come from the 
Lodz Macroregion.  The discrepancy between the presented results 
from our study and the results of the above-mentioned group of 
researchers may result from differences in employed research meth-
ods (the results were not confirmed by DNA sequencing).  

Our studies have demonstrated that carriers of the CC homozy-
gous variant of H-RAS T81C polymorphism, compared with TC 
heterozygotes and carriers of TT wild variants, are twice more at 
risk for urinary bladder cancer development (OR = 2.27; p = 0.02). 
So far only three research teams have published any data from 
studies of the polymorphism in case of urinary bladder cancer. 
Johne et al. [14] carried out studies on the German population, 
demonstrating the presence of the polymorphism in 13.5% of 
patients and in 7.1% of controls. Following conducted studies 
and analyses, they found out that the CC homozygous variant 
increased the risk for urinary bladder cancer development two-
fold. The results, obtained by the group of researchers, are con-
formable with our results, unlike the data, published by Sanyal et 
al. [21] (studies on the Swedish population). They revealed that the 
prevalence of the CC risk allele was lower in the study group (1%) 
vs. the control group (5%). The analyses, carried out by that group 
of researchers, demonstrated that CC homozygotes were associ-
ated with a lower risk for urinary bladder cancer development (OR 
= 0.13). Pandith et al. [22] (Kashmir population) found that 5.7% 
of the studied cases were CC homozygotes and that variant did not 
occur in the control group. Therefore, they could not calculate OR 
for CC risk variant, when compared to either TC heterozygotes or 
TT wild variant carriers.

table 2. The incidence H-RAS T81C polymorphism and allele distribution in the patient and control groups 

genotype patients (n = 132) Controls (n = 106) or (95% CI) p – value

TT 45 (34.1%) 49 (46.2%) 1.00 –

TC 64 (48.5%) 48 (45.3%) 1.45 (0.83–2.5) 0.18

CC 23 (17.4%) 9 (8.5%) 2.78 (1.16–6.64) 0.02

CC against TC+TT 109 (82.6%) 97 (91.5%) 2.27 (1.0–5.15) 0.05

TC + CC against TT 87 (65.9%) 57 (53.8%) 1.66 (0.98–2.80) 0.06

allele type

T 154 (58.3%) 146 (68.9%) 0.63 (0.43–0.92) 0.02

C 110 (41.7%) 66 (31.1%) 1.58 (1.08–2.31) 0.02

fig. 3. The incidence of particular variants of T81C polymorphism in bladder 
cancer cases and in healthy controls. 
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The contradictory character of reports on polymorphism in 
H-RAS gene codon 27 does not allow for any unequivocal deter-
mination of how big a relationship exists between the occurrence 
of the CC variant in environmentally/occupationally exposed 
subjects and the subsequent formation of urinary bladder cancer 
in these subjects. Therefore, further studies should be undertaken 
on much bigger groups of patients. It is also very clear that the 
ethnic background of the studied patient groups demonstrates 
pronounced effects on the incidence of particular variants of the 
T81C polymorphism.

Meta-analysis is a research tool allowing the combination 
of results from various studies by the application of statistical 
methods. The meta-analysis presented in Fig. 4 was performed for 
earlier published studies on T81C polymorphism in cases of various 
neoplasms in man [14, 21, 23, 24, 25], including also the results of 
our study. The consolidated OR was 1.46 (95% CI: 0.90-2.37; p = 
0.1237), showing that occurrence of the CC homozygous variant 
increases almost 1.5-times the risk for the development of various 
neoplasms in man.

ConCluSIon

DNA polymorphisms start to play an important role in evalu-
ation of disease risk and progression. The occurrence of multiple 
variants of the same gene may contribute to differences in reac-
tions to specific medications and in their sensitivity to carcino-
gens or DNA repair capacity. Our study has shown that the T81C 
polymorphism, localized in the coding region of the H-RAS gene, 
may be a risk factor for bladder cancer development in the Polish 
population.
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fig. 4. Meta-analysis of T81C polymorphism in H-RAS gene for all cancers.


