
Abstract. Background: Cancer of the colorectal region is the
second most frequent cause of death among malignant
diseases. The influence of two allelic polymorphisms of GSTM1
and GSTT1, and that of p53 gene codon 72 on colon cancer
was investigated. Patients and Methods: Intraoperatively
removed tissue samples were processed from colorectal cancer
patients. Cancer-free human samples were used as matched
controls. Samples were digested with proteinase-K. DNA
solution was used for PCR amplification. Results: No
significant difference was found between tumor patients and
controls in the investigated polymorphisms. A significant
association was found in Dukes’ B stage patients between the
GSTM1 and p53 gene variants and survival. In patients with
GSTM1 null genotype and p53 Arg/Pro heterozygotes or
Pro/Pro homozygotes the chance of survival is significantly
lower than in the case of GSTM1+ and p53 Arg/Arg variants
(p=0.009 and p=0.008, respectively). Conclusion: The
significance of the investigated polymorphisms in prognosis is
dependent on the tumor stage. These parameters might be used
in certain cases as prognostic biomarkers in clinical
diagnostics and in the planning of individual therapy.

Malignancies of the gastrointestinal tract are among the most
frequent malignant diseases in Hungary (1). Cancer of the
colorectal region is the second most frequent cause of death
from malignant diseases (2). Traditional gastronomical

habits which include fatty and dietary fiber deficient foods
and the popularity of meats preserved by smoke explain the
high prevalence of these diseases (3).

In our present study we aim to examine the relationship
between certain allelic polymorphisms and related cancer
risk, and its influence on the survival of inflected patients.
Our area of interest is in two allelic polymorphisms of
glutathione-S-transferases, the GSTM1 and GSTT1
metabolizing enzymes. Glutathione-S-transferases (GSTs)
are involved in the metabolism of endogenous and
exogenous carcinogenic substances, such as environmental
carcinogens, reactive oxygen species and chemotherapeutic
agents, by catalyzing reactions between glutathione and
electrophilic compounds and is an important means of
cellular protection against mutagenic factors (4). In humans,
GST enzymes are divided into five subclasses: alpha (α), mu
(μ), pi (π), theta (θ) and zeta (ζ). GSTM1, belonging to the
μ class is located on chromosome 1, while GSTT1, belonging
to the θ class, is located on chromosome 22 (5, 6). GSTM1
products catalyze the conjugation of glutathione to epoxide
derivatives of polycyclic aromatic hydrocarbons, which are
found in tobacco smoke and in smoked meats in high
concentration (7). GSTT1 products are involved in activation
and detoxification reactions and catalyze the conjugation of
industrial chemicals with glutathione (8, 9).

The null genotype of these genes (deletions of both
paternal and maternal alleles) causes the lack of GSTM1 and
GSTT1 proteins which results in an increased risk of
development of certain types of cancers (10, 11).
Polymorphisms in GSTM1 and GSTT1 may modify the risk
of colorectal cancer, and may be important in determining an
individual’s susceptibility to colorectal cancer.

In the first part of our study, we tested the effect of allelic
polymorphisms GSTM1 and GSTT1 on the risk of colorectal
cancer in the Hungarian population.
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The second target of our study was to investigate the
influence of p53 on colon cancer. p53 is a tumor-supressor
gene that plays an important role in controlling cell cycle
regulation and inhibiting clonal expansion. p53 is one of most
frequently mutated genes in malignant diseases. Several
polymorphisms have been registered in the p53 gene locus.
One of the most important polymorphisms of this area is in
codon 72 of exon 4 coding for the Arg (72Arg: CGC), or Pro
(72Pro: CCC) variant. The Arg variants have been shown to
induce apoptosis with more efficacy than the Pro variants (12).
Several studies found a relationship between p53 aberration
and malignancies, including colon carcinoma (13, 14).

In our present study, we investigated whether these
polymorphisms are related with the survival time of the
patients.

Patients and Methods

Formalin-fixed, paraffin-embedded tissue samples of intraoperatively
resected colorectal malignancies were used in this study. Samples
were collected in the Markusovszki Hospital (Szombathely,
Hungary), and Baranya County Hospital (Pécs, Hungary) between
1998-2003. All cases were diagnosed as adenocarcinomas. One
hundred and two patients were enrolled in our study (65 males, 37
females; mean age 62±5.5 years). Pathological and follow-up reports
were collected from the participating hospitals. Pathological variables
were determined by each hospital’s Department of Pathology. For
tumor staging, Dukes’ classification (15) was used: 14 tumor cases
were Dukes’ A, 34 were Dukes’ B, 46 were Dukes’ C, and 8 Dukes’
D. All patients were followed up. Survival data were taken from the
oncological departments’ databases. Patients were followed up for
45 months or until the date of death.

The paraffin-embedded tissue blocks were cut into 10 μm thick
sections with a microtome-blade. Samples were placed in Eppendorf
tubes and deparaffinized in a xylene bath, then washed in ethanol
two times. The tissue samples were resuspended in lysis buffer
containing 200 μg/ml proteinase K (Invitrogen, Carlsbad, USA) and
were incubated at 37˚C for 12 hours. Proteinase K was inactivated
at 95˚C for 10 minutes. All tubes were centrifuged for five minutes
at 15000 ×g.

A 2 μl DNA solution from the supernatant was used for PCR.
For amplification the following primers were used: GSTT1: forward
5’-TT CC T TAC TGG TCC TCA CAT CTC-3’, reverse 5’-TCA
CCG GAT CAT GGC CAG CA-3’; and GSTM1: forward 5’-GAA
CTC CCT GAA AAG CTA AAG C-3’, reverse 5’-GTT GGG CTC
AAA TAT ACG GTG G-3’.

p53 genotyping (codon 72, Arg/Pro polymorphism) was
performed using 3’ primer: GCAACTGACCGTGCAAGTCA and 5’
primers for Arg variant ATGCCAGAGGCTGCTCCCCG and for the
Pro variant ATGCCAGAGGCTGCTCCCCC. For the PCR reaction,
PCR Master Mix (Promega, Woods Hollow, USA) was used,
according to the manufacturer’s instructions.

The results were compared with those obtained from age-and
sex-matched healthy controls from our archive data. Statistical
association was tested by Chi-square test. Kaplan-Meier survival
curves were constructed for survival analysis. All survival
analyses and statistical calculations were performed with
MedCalc software (Mariakerke, Belgium). P-values≤0.05 were

considered statistically significant. The interval from the date of
operation to the date of last observation or death was used for
analysis.

Results

The GSTM1 null allele was found in 60 (58.8% ) cases
within the tumor group and in 46 (47.4% ) cases in controls
(OR:1.58, 95% CI: 0.87-2.89). The connection is not
significant (p=0.10). The GSTT1 null allele was more
frequent among tumor patients, 34 (33.3% ) versus 20
(20.6% ) in controls. Although the null allele was more
frequent in the colon cancer group of patients (OR:1.92,
95% CI:0.97-3.85), the result is statistically not significant
(p=0.43) (Table I). The p53 Arg/Pro status is also shown in
Table I. No significant difference was found between patients
and controls (p=0.90 in the case of Arg/Pro, and p=0.48 in
the case of Pro/Pro variants).

Survival analysis of the tumor patients is demonstrated in
Figure 1. The Kaplan-Meier survival curves show the
relation of Dukes’ stages and survival. In accordance with
previous studies, the average survival time was the longest
in Dukes’ A stage patients, and the shortest in Dukes’ D
cases. After 45 months of follow-up the rate of surviving
patients was 71.4% in Dukes’ A, 50% in Duke’s B, 34.8%
in Dukes’ C, and 0% among patients whose malignancy had
been discovered in stage Dukes’ D.

We compared the variant allele’s influence on survival
(Figures 2-13). In the case of Dukes’ A (Figures 2-4) and D
stages (Figures 11-13) the number of cases was too low for
statistical analysis. In Dukes’ B group the Kaplan-Meier
curves show that GSTM1+ genotypes and p53 Arg variants
are associated with significantly longer survival (Figure 5,
6). In the case of GSTM1 polymorphism the GSTM1+
variant was associated with 0.53 odds ratio (OR), 95%
confidence interval (CI):0.10-0.72, p=0.009. In the case of
p53 we divided patients into two groups. Group I. contained
the patients with p53 Arg variant, while group II. contained
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Table I. Results of GSTM1, and GSTT1 polymorphism analysis:
genotype frequencies in patients and controls.

Cases (102) Controls (97) OR, (95% ) CI p-value

GSTM1 + 42 (41.2% ) 51 (52.5% ) 1.0
0 60 (58.8% ) 46 (47.4% ) 1.58 (0.87-2.89) 0.10

GSTT1 + 68 (66.7% ) 77 (79.4% ) 1.0
0 34(33.3% ) 20 (20.6% ) 1.92 (0.97-3.85) 0.43

P53Arg/Arg 66 (64.7% ) 62 (63.9% ) 1.0
Arg/Pro 32 (31.4% ) 29 (29.9% ) 1.04 (0.54-2.00) 0.90
Pro/Pro 4 (3.9% ) 6 (6.2% ) 0.63 (0.14-2.67) 0.48



the heterozygotes and Pro homozygotes. In stage Dukes’ B
stage patients, the presence of the p53 Arg variant was
significantly assocated with a longer survival (OR: 0.22,
95% CI:0.05-0.45, p=0.008). The GSTT1 status had no

significant influence on survival in this group (p=0.14). In
Dukes’ C stage no significant association was found between
survival and p53 (p=0.08), GSTM1 (p=0.95), and GSTT1
(p=0.38) polymorphisms (Figures 8-10).
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Figure 1. Kaplan-Meier survival curve for all patients, selected by
Duke’s stages.

Figure 2. Dukes’ A, p53 polymorphism. Hazard ratio: 0.35, 95% CI:
0.03-2.67, p:0.27.

Figure 3. Dukes’A, GSTM1 polymorphism. Hazard ratio: 2.18, 95% CI:
0.27-14.74, p:0.48.

Figure 4. Dukes’ A, GSTT1 polymorphism. Hazard ratio: 1.16, 95% CI:
0.12-10.29, p:0.89.

Figure 5. Dukes’ B, p53 polymorphism. Hazard ratio: 0.22, 95% CI:
0.05-0.45, p:0.008.

Figure 6. Dukes’ B, GSTM1 polymorphism. Hazard ratio: 0.53, 95% CI:
0.10-0.72, p:0.009.



Discussion

The consistenently high prevalence and mortality of
colorectal malignancies in our geographic region encouraged

us to investigate the relationship between genetic background
and cancer risk as well as molecular prognostic factors and
their influence on clinical parameters and survival.
Numerous references have shown that polymorphisms of
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Figure 7. Dukes’ B, GSTT1 polymorphism. Hazard ratio: 0.49, 95% CI:
0.16-1.29, p:0.14.

Figure 8. Dukes’ C, p53 polymorphism. Hazard ratio: 0.55, 95% CI:
0.22-1.09, p:0.08.

Figure 9. Dukes’ C, GSTM1 polymorphism. Hazard ratio: 1.02, 95% CI:
0.48-2.17, p:0.95.

Figure 10. Dukes’ C, GSTT1 polymorphism. Hazard ratio: 0.72, 95%
CI: 0.31-1.56, p:0.38.

Figure 11. Dukes’ D, p53 polymorphism. Hazard ratio: 0.79, 95% CI:
0.05-9.90, p:0.79.

Figure 12. Dukes’ D, GSTM1 polymorphism. Hazard ratio: 1.85, 95%
CI: 0.29-25.82, p:0.37.



various detoxifying enzymes and tumor-supressor genes may
influence the risk of malignant disease. Although in this
study we did not find a significant difference between the
control and the tumor group, this might be due to the
relatively low number of cases. Our other aim was to
investigate the effect of the Arg/Pro polymorphism of the
p53 codon72 exon4, and GSTM1 and GSTT1 polymorphisms
on the survival of colorectal cancer patients.

The Arg/Arg form of p53 is known as the variant that
induces more effective apoptosis than the Pro/Pro genotype
(12). Numerous studies describe a significant difference in
p53 status between tumor and control groups (16-18), but
only a few publications discussed the effects of
polymorphisms on survival.

In our present study, we found a significant difference in
p53 status in the subgroup of patients in Dukes’ B stage of
colorectal carcinoma. The chance of survival of p53 Arg/Pro
heterozygotes or Pro/Pro homozygotes is lower than p53
Arg/Arg variants (OR:0.22, 95% CI: 0.05-0.45, p=0.008).

The GSTM1 and GSTT1 null genotypes are associated with
a loss of enzyme function. A few studies showed an
association between GSTT null variants and an increase in the
risk of colorectal carcinomas (19, 20), however, other authors
found no association between them (21). We did not find any
significant difference in this aspect between the cancer and
the control groups. The Kaplan-Meier curves showed a
significant difference between the survival of patients with
GSTM1+ and GSTM1Ø variants in Dukes’ B stage. Survival
in patients with GSTM1Ø genotype was shorter than in
GSTM1+ cases (OR: 0.53, 95% CI: 0.10-0.72, p=0.009)

From the Kaplan-Meier curves, naturally the Dukes’ stage
was the most significant independent prognostic indicator of
survival. The investigated polymorphisms do not have the
same prognostic value in all tumor stages. The best survival
is associated with the earliest diagnosis (Dukes’ A) without
a significant difference between allele variants, and the worst

with Dukes’ D stage. The early diagnosis of malignant
diseases is the most important factor in cureability.

From our results we conclude that the investigated gene
polymorphisms may be used in intermediate stages as
prognostic markers. These parameters may identify in certain
cases patients at higher risk, and might be used as prognostic
biomarkers in clinical diagnostics and in the planning of
individual therapy.

References

1 Fuszek P, Horvath HC, Speer G, Papp J, Haller P, Fischer S,
Halasz J, Jaray B, Szekely E, Schaff Z, Papp A, Bursics A,
Harsanyi L, Lukovich P, Kupcsulik P, Hitre E and Lakatos PL:
Location and age at onset of colorectal cancer in Hungarian
patients between 1993-2004. The high number of advanced cases
supports the need for a colorectal cancer screening program in
Hungary. Anticancer Res 26: 527-532, 2006.

2 Parkin DM: Global cancer statistics in the year 2000. Lancet
Oncol 2: 533-543, 2001.

3 Ottó S and Kásler M: Trends in cancer mortality and morbidity
in Hungarian and international statistics. Characteristics and
potential outcome of public health screening programs. (Article
in Hungarian) Magy Onkol 49: 99-101, 103-107, 2005.

4 Mannervik B, Alin P, Guthenberg C, Jensson H, Tahir MK,
Warholm M and Jörnvall H: Identification of three classes of
cytosolic glutathione transferase common to several mammalian
species: correlation between structural data and enzymatic
properties. Proc Natl Acad Sci USA 82: 7202-7206, 1985.

5 Lizard-Nacol S, Coudert B, Colosetti P, Riedinger JM, Fargeot P and
Brunet-Lecomte P: Glutathione-S-transferase M1 null genotype:
lack of association with tumour characteristics and survival in
advanced breast cancer. Breast Cancer Res 1: 81-87, 1999.

6 Pearson WR, Vorachek WR, Xu SJ, Berger R, Hart I, Vannais D
and Patterson D: Identification of class-mu glutathione
transferase genes GSTM1–GSTM5 on human chromosome1p13.
Am J Hum Genet 53: 220-233, 1993.

7 Khaled K Abu-Amero, Olayan M Al-Boudari, Gamal H
Mohamed and Nduna Dzimiri: Tnull and Mnull genotypes of the
glutathione-S-transferase gene are risk factor for CAD
independent of smoking. BMC Med Genet 7: 38, 2006.

8 Gulick AM and Fahl WE: Forced evolution of glutathione-S-
transferase to create a more efficient drug detoxification
enzyme. Proc Natl Acad Sci USA 92: 8140-8144, 1995.

9 Seidegard J and Ekström G: The role of human glutathione-S-
transferases and epoxide hydrolases in the metabolism of
xenobiotics. Environ Health Perspect 105: 791-799, 1997.

10 Ketterer B, Harris JM, Talaska G, Meyer DJ, Pemble SE, Taylor
JB, Lang NP and Kadlubar FF: The human glutathione-S-
transferase supergene family, its polymorphism, and its effects
on susceptibility to lung cancer. Environ Health Perspect 98: 87-
94, 1992.

11 Hein DW, Tardon A, Serra C, Carrato A, Garcia-Closas R,
Lloreta J, Castano-Vinyals G, Yeager M, Welch R, Chanock S,
Chatterjee N, Wacholder S, Samanic C, Tora M, Fernandez F,
Real FX and Rothman N: NAT2 slow acetylation, GSTM1 null
genotype, and risk of bladder cancer: results from the Spanish
Bladder Cancer Study and meta-analyses. Lancet 366: 649-659,
2005.

Csejtei et al: GSTM, GSTT and p53 in Clinical Outcome of Colorectal Cancer

1921

Figure 13. Dukes’ D, GSTT1 polymorphism. Hazard ratio: 0.97, 95%
CI: 0.15-6.17, p:0.96.



12 Dumont P, Leu JI, Della Pietra AC 3rd, George DL and Murphy
M: The codon 72 polymorphic variants of p53 have markedly
different apoptotic potential. Nat Genet 33: 357-365, 2003.

13 Schneider-Stock R, Mawrin C, Motsch C, Boltze C, Peters B,
Hartig R, Buhtz P, Giers A, Rohrbeck A, Freigang B and
Roessner A: Retention of the Arginine Allele in Codon 72 of the
p53 Gene Correlates with Poor Apoptosis in Head and Neck
Cancer. Am J Pathol 164: 1233-1241, 2004.

14 Weston A and Godbold JH: Polymorphisms of H-ras-1 and p53
in breast cancer and lung cancer: a meta-analysis. Environ
Health Perspect 105(Suppl 4): 919-926, 1997.

15 Dukes CE: The classification of cancer of the rectum. J Pathol
Bact 35: 323-332, 1932.

16 Zhu ZZ, Wang AZ, Jia HR, Jin XX, He XL, Hou LF and Zhu G:
Association of the TP53 codon 72 polymorphism with colorectal
cancer in a Chinese Population. Jpn J Clin Oncol 37: 385-390,
2007.

17 Koushik A, Tranah GJ, Ma J, Stampfer MJ, Sesso HD, Fuchs CS,
Giovannucci EL and Hunter DJ: p53 Arg72Pro polymorphism
and risk of colorectal adenoma and cancer. Int J Cancer 119:
1863-1868, 2006.

18 Pérez LO, Abba MC, Dulout FN and Golijow CD: Evaluation of
p53 codon 72 polymorphism in adenocarcinomas of the colon
and rectum in La Plata, Argentina. World J Gastroenterol 12:
1426-1429, 2006.

19 Sachse C, Smith G, Wilkie MJ, Barrett JH, Waxman R, Sullivan
F, Forman D, Bishop DT, Wolf CR; Colorectal Cancer Study
Group: A pharmacogenetic study to investigate the role of
dietary carcinogens in the etiology of colorectal cancer.
Carcinogenesis 23: 1839-1849, 2002.

20 Chunhong Fan, Mingjuan Jin, Kun Chen, Yongjing Zhang,
Shuangshuang Zhang and Bing Liu: Case-only study of
interactions between metabolic enzymes and smoking in
colorectal cancer. BMC Cancer 7: 115, 2007.

21 Loktionov A, Watson MA, Gunter M, Stebbings WS, Speakman
CT and Bingham SA: Glutathione-S-transferase gene poly-
morphisms in colorectal cancer patients: interaction between
GSTM1 and GSTM3 allele variants as a risk-modulating factor.
Carcinogenesis 22: 1053-1060, 2001.

Received October 4, 2007
Revised February 26, 2008
Acccepted March 10, 2008

ANTICANCER RESEARCH 28: 1917-1922 (2008)

1922


