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Abstract

Cervical cancer is still a serious national health problem in Thailand. High risk HPV
infection, a major risk for the cancer, other risk factors than should be identified to reduce the
new cases of the cancer. Relationships between cervical cancer and risk factors: behaviors,
genetic as well as HPV infection were investigated in the women aged 27-74 years, patients
with squamous cell cervical cancer (SCCA) and healthy controls without cervical
abnormalities in Northeastern Thailand. The controls and cases were matched within 5-year
age group.

Among 90 patients with squamous cell cervical cancer and 100 healthy controls,
prevalence of high-risk group of HPV infection in the controls and the SCCA patients were
13.0% and 86.7%, respectively. The HPV infection significantly increased the risk for
cervical cancer 43.5 -fold (95 % confidential interval: 17.5-110.6; p<0.00001). Among HPV
carrier patients with SCCA (n=78), HPV-16 was also prominent (70.5%) followed by HPV-
18 (23.1%). There was no statistical difference in the subtype distribution between the SCCA
and the confrol groups. The relationships between HPV infection and p53 codon 72
polymorphism, proline and arginine allele was studied. There was no significant association
between genotype distribution of the p53 codon 72 polymorphism and the HPV infection. In
addition, there was no significant difference in allele and genotype distribution between the
SCCA and the control groups (p>0.05).

Relationships between cervical cancer and behavioral risk factor were studied.
Significant difference was observed in the number of sexual partners (p<0.003), age at the
first sexual intercourse (p<0.03) and number of partities (p<(.006). After adjusted by age and
P33 genotype significant difference was still observed in the number of sexual partners
{(p<0.017). The partners’ smoking increased the risk to develop SCCA. Increased odd ratios
were observed when the partner had smoking history both at present (3.31;p<0.003) and in
the past (3.36,p<0.003). HPV infection was confirmed as a critical risk factor for the cervical
cancer development while the p53 codon 72 polymorphism itself may not be a risk factor for
cervical cancer in Northeast Thailand. Since the polymorphism of the p353 itself as well as in
combination with HPV infection may not be a genetic risk for cervical cancer, much attention
should be paid to other risk factors such as sexual behaviors and smoking.

Carcinogens have been detected in the cervical mucus of smokers, inhaled tobacco-
derived components may damage smokers' cervical cellular DNA, not all smokers develop
cervical cancer. The difference, therefore, in the metabolic efficiency of tobacco smoke pro-
carcinogens is thought to be the individual’s susceptibility to cervical cancer. Among the
metabolizing enzymes, glutathione S-transferase (GST) is related to human phase 1
detoxification enzymes. Therefore, the relationships between genetic polymorphisms of the
GSTs (GSTMI and GSTTI) and cervical cancer, the null genotype of each gene was studied in
squarmous cell cervical cancer (SCCA) patients (n=90) and controls (n=94).




The prevalence of the GSTMI-null genotype in the controls and SCCA patients was
59.6% and 60.0%, respectively, whereas those of the GSTT/-null genotype in the control and
SCCA patients was 40.4% and 46.7%, respectively. Neither of the GST-null genotypes
increased the risk for SCCA (p>0.05); however, the combination of the GSTM-/ and GSTT]-
null genotypes showed a trend to an increased risk for developing cervical cancer with
adjusted OR=2.7 (95%CI=0.8-9.0, p=0.10). Genetic polymorphism of GSTM1 and GSTT1
was not a significant risk for cervical cancer in either tobacco-smokers or non-smokers. A
different contribution of the GST genotype to cancer risk may be atiributed to a different, as
yet undefined, property of the enzymes.

Since the influence of the polymorphisms of DNA repair genes on the development
of cervical cancer was unknown, we have selected BER related XRCC1 and DBS related
XRCC3 to test the contribution of their polymorphisms, XRCC1 Arg399GIn and Argl94Trp
and XRCC3 Thr241Met, to develop cervical cancer. In this study, cases (n=111) were defined
as squamous cell cervical cancer and controls (n=118) were recruited The XRCC1 194Trp/Trp
genotype significantly increased the risk for cervical cancer (OR=5.52; 95%CI=1.14-26.64;
£=0.03). Among the HPV infection negative group, significantly higher risks for SCCA were
visualized for XRCC] 399Arg/Gln (adjusted OR=3.69; 95%CI=1.04-13.06; p=0.04) and
XRCCI 194 Arg/Trp (adjusted OR=4.13; 95%CI=1.13-15.12; p=0.03).

This study indicates HPV infection is identified as a critical risk factor, particular HPV-
16 for the cervical cancer development in Northeast Thailand . To other risk factors such as sexual
behaviors and smoking may serve as cofactors to increase risk for cervical carcinoma in the presence
of HPV. The null genotype of phase I detoxification enzymes, GSTM1 and GSTT1, did not increase
the risk for SCCA in smokers. That variant types of DNA repair genes play partial roles in
modifying individual susceptibility to cervical cancer. Since cervical cancer is a multi-
factorial disease, the contribution of repair enzymes if it ever exists to the development of
cervical caner is concealed by HPV infection.
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HPY infection and Cervical cancer

Prevalence-of the high-risk group of HPV infection in the control and the SCCA patients was
13% and 86.7%, respectively (Table 1). The HPV infection significantly increased the risk for cervical
cancer 43.5 -fold (95 % CI:17.5-110.6; p<0.00001).

As for the genotype distribution, infection of HPV-16, -18, -31, -33, -35, -52b and -58 was
found with a variety of frequency in the subjects (Table 3). In HPV carriers of the controls (n=13),
HPV-16 was the commonest (8/13) followed by HPV-58 (3/13). Among HPV carrying patients with
SCCA (n=78), HPV-16 was also prominent (70.5%) followed by HPV-18 (24.4%). There was no
statistical difference in the genotype distribution between the SCCA and the control groups. Several
combinations of double and triple infections were observed (Table 2). Prevalence of HPV infection
and the distribution of the p53 codon 72 genotype were tested (Table 3).

Table I Prevalence of infection with high-risk group of HPV infection

HPV status
Group negative positive OR [95% (1]
Controls 87 13
Cases 12 78 43.5 [17.49-110.64]**

OR was calculated against negative for HPV infection. **p<0.00001

Table 2 Distribution of HPV genotypes

HPV genotypes Control® SCCA"*
(n=100) (n=90)
HPV-16 8 55
HPV-18 1 19
HPV-31 2 0
HPV-33 1 1
HPV-35 0 3
HPV-52b | 3
HPV-58 3 9
not typed 3 2

*double infection of -16/-52b {n=1), -16/-58 (n=1), -16/not typed(n=1), -31/-58 (n=1), -3 L/not typed (n=1) and -33/-58 (n=1) were observed.
*double infection of -16/-18 0=2), -16/-35 (n=2), -16/-52b {n=2), -16/not typed(n=1), -33/-58 (n=1), -52b/-58(rn=1) and -58/not typed (n=1) were observed.

“triple infection of -16/-18/58 (n=2) wers observed,




Table 3 Genetic distribution of p53 codon 72 polymorphism and HPV infection

Group HPV Genotype distribution
Infection
Pro/Pro Pro/Arg Arg/Arg
Control negative 23 43 21
(n=100) positive 2 10 1
Case negative 1 8 3
(n=90) positive 16 42 20

Behavioral risk and Cervical cancer

The Pro and Arg allele frequency and genotype distribution in SCCA and the control are
shown in Table 4. The proportion of Pro/Pro, Pro/Arg and Arg/Arg genotypes in the SCCA patients
was 18.9, 55.6 and 25.6 % and in the controls was 25.0, 53.0 and 22.0 %, respectively. The Arg/Arg
genotype increased OR to 2.76-fold. There were no significant differences in the proportion of the p53
codon 72 in the SCCA and the control groups.

As for the patterns of sexual behaviors and life style, statistically significant difference was
observed in the number of sexual partners, age at the first sexual intercourse and number of parities
with p-value of 0.003, 0.03 and 0.006, respectively. After adjusted by age and p53 genotype,
significant difference was still observed in the number of sexual partners (p=0.017). Adjusted
OR[95%CI] for the plural sexual partner was 2.37[1.16-4.81]. Proportion of those who had plural
sexual partner was higher in SCCA patients (31.4%) than in the controls (16.0%). Moreover, the
partners’ smoking increased the risk to develop SCCA. Increased ORs were observed when the partner
had smoking history both at present (3.31;p<0.0003) and in the past (3.36;p<0.0003), adjusted OR also
showed significance(3.52;p<0.007 and 10.48;p<0.002, respectively)

Table 4 p53 codon 72 allele and genotype frequencies with OR in SCCA patients and healthy controls

Groups Allele frequencies Genotype distribution (%)

OR [95% CI]* OR [95% CIJ*

P A P/P P/A A/A
Cases 047 053 17(18.9%) 50(55.6%) 23(25.6%)

1.51[0.82-2.79 1.39[0.36-3.08 1.54[0.60-3.92]
1.00[0.39-2.58] 1.34[0.52-3.49] 2.76[0.63-12.05]
Controls 0.57 043 25(25%) 53(53%) 22(22%)

*ORs were calculated against the P allele and P/P genotype; the upper is crude and the lower is adjusted for age, age at first intercourse,

number of sexual partners, number of pregnancies and smoking.




Table 5 Selected risk factors for SCCA

Variables Subject number (%) Crude OR Adjusted OR’
SCCA Controls OR [95% CI]*

Age at menarche
>14 years 68(75.6) 68(68.0) 1.00 1.00
<14 years 22(24.4) 32(32.0) 0.68{.43-1.36] 67{.29-1.52]
Number of sexual partners
<1 59(65.6) 84(84.0) 1.00 1.00
>1 31(31.4) 16(16.0) 2.76]1.32-5.90]+= 2.37{1.16-4.81]+
Age at the first intercourse
>17 years 56(72.2) 85(85.0) 1.00 1.00
<17 years 25(27.8) 15(15.0) 2.18[1.01-4.81]- 1.42[0.58-3.46]
Age at the first birth
>20 years 44(48.9) 60(60.0) 1.00 1.00
<20years 46(51.1) 40(40.0) 1.57[.85-2.90] 0.32[0.07-10.52]
Number of pregnancies
<3 46(51.1) 60(60.0) 1.00 1.00
>3 44(48.9) 40(40.0) 1.43[0.77-2.65] 1.04[0.47-2.29]
Number of abortions

0 58(65.2) 64(64.0) 1.00 1.00

1 21(23.6) 25(25.0) 0.98[]0.44-1.93] 1.08[0.46-2.52]
>1 10(11.2) 11(11.0) 1.00[0.35-2.81] 0.90{0.30-2.72]
Number of parities
<3 57(63.3) 80(80.0) 1.00 1.00
>3 33(36.7) 20(20.0) 2.31[1.15-4.70]+ 1.74[0.70-4.28]
Use of oral contraceptive pills
Not used 47(52.2) 53(53.0) 1.00 1.00

1-4 years 19(21.1) 36(36.0) 0.59[0.28-1.24] 0.85[0.37-1.94]
5-9 years 12(13.5) 5(5.0) 2.70[0.80-10.46] 2.5010.65-9.52]
>10 years 12(13.5) 6(6.0) 2.22[0.71-7.87] 1.65[0.46-5.84]
Use of oral contraceptive injection
No 71(78.9) 69(69.0) 1.00 1.00
Yes 1921.1) 31(31.09) 0.85[0.43-1.67] 1.56[0.42-1.33]
Use of IUD
No 65(72.2) 69(69.0) 1.00 1.00
Yes 25(27.8) 31(31.0) 0.59[0.29-1.21] 0.81[0.37-1.78]
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History of STD
Subjects

No

Yes

Partners

No

Yes

History of smoking
Subjects
Non-smoker
Present smoker
Past smoker
Partners
Non-smoker
Present smoker

Past smoker

Circumcision of partner

Yes
No

74(82.2)
16(17.8)

74(82.2)
16(17.8)

92(91.1)
7(7.8)
1(1.1)

15(16.7)
51(56.7)
24 (26.7)

6(8.6)
64(91.4)

69(69.0)
10(10.0)

91(91.0)
9(9.0)

91(91.0)
9(9.0)
0(0.0)

40(40.0)
41(41.0)
19(19.0)

9(10.6)
76(89.4)

1.00
1.95[0.77-5.08]

1.00
2.18[0.85-5.93]

1.00
0.98{0.32-3.03]

1.00
3.31[1.52-7.35])
3.36[1.33-8.57]~

1.00
1.26[0.38-4.55]

1.00
2.05[0.74-5.70]

1.00
2.24[0.79-6.40]

1.00
0.93[0.35-2.52]

1.00
3.52[1.40-8.85] »
10.48[2.31-47.41 ]+

1.00
1.52{0.36-6.47] .

°OR were presented with 95% CT in the bracket; *: p<0.05; **: p<0.01. bAdjusl!t:d for age and p53 genotype.

“Total number of SCCA and confrols was 70 and 5, respectively.

11




Detoxification enzymes and Cervical cancer

Table 6 shows the genotype distribution of GSTMI and GSTTI for the cases and controls.
The prevalence of the GSTM/-null genotype in the control and SCCA patients was 59.6% and 60.0%,
respectively, whereas that of the GSTTI-null genotype in the control and SCCA patients was 40.4%
and 46.7%, respectively. Neither the GSTMI- nor GSTTI-null genotypes increased the risk for SCCA
(»>0.05). The combination of the GSTM/- and GSTTI-nul} genotypes showed a trend to increasing
the risk of developing cervical cancer with an adjusted OR of 2.72 (95%CI=0.82-9.03, p= 0.10). This
trend was also observed when we tested smokers (Table 7); namely, the GSTMI- or GSTTI-null
genotype did not increase the risk for SCCA in smokers (p>0.05), whereas an increased risk for SCCA
with an adjusted OR=1.82 (95%CI=43-7.67, p=0.41) was observed in the GST" double negative

carriers.

Table 6 Genetic polymorphism of GSTMI and GSTT! in the cervical cancer

Genotypes Subjects, n(%) OR Adjusted OR*
Cases Controls [95%ClLp-value] [95%CLp-value]
GSTM!
+ 36(40.0) 38(40.4) 1
- 54(60.0) 56(59.6) 1.02 0.66
[0.54-1.91,0.95] [0.30-1.48, 0.32]
GSTT1
+ 48(53.3) 56(59.6) 1
- 42(46.7) 38(40.4) 1.29 0.72
[0.69-2.41,0.39] [0.29-1.80, 0.48]
GSTMI/T1
+/+ 20(22.2) 18(19.1} 1
+- 28(31.1) 38(40.4) 0.67 Sk
[0.35-1.78, 0.19]
-+ 16(17.8) 20(21.3) 0.80 ShE
[0.38-1.77, 0.55]
/- 26(28.9) 18(19.1) 1.72 2.72

[0.82-3.64, 0.12]

[0.82-9.03, 0.10]

OR [95% CI] = odds ratios [95% confidence interval], * Adjusted for age, p53 genotypes, smoking and HPV status, **drop because of co-linearity
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Table 7 GST genotypes and risk for SCCA among smokers

Genotypes Subjects, n(%) OR Adjusted OR*
Cases Controls [95%CLp-value] [95%Cl,p-value]
GSTM1
+ 30(41.1) 24(42.1) 1 i
- 43(58.9) 33(57.9) 1.00 0.78
[0.46-2.15, 1.00] [0.30-2.03, 0.62]
GSTT1
+ 39(53.4) 34(59.6) i 1
- 34(46.6) 23(40.4) 1.35 1.74
{0.63-2.91, 0.43] [0.68-4.45, 0.25]
GSTM1/T1
+/+ 16(21.9) 12(21.4) 1 i
+/- 23(31.5) 22(39.3) 0.71 Sk
[0.32-1.57, 0.36]
-+ 14(19.2) 11(19.6) 0.97 -HE
[0.37-2.61, 0.95]
-/- 20(27.4) 11(19.6) 1.54 1.82

[0.62-3.96, 0.31]

[0.43-7.67, 0.41]

OR [95% CI] = Qdds ratios [95%confidence intervat], * Adjusted for age, p53 genotypes and HPV status, **drop because of collinearity
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Polymorphisms of DNA repair genes and Cervical cancer

The allele frequencies and distribution of genotypes of the XRCCI codon 399 and 194, and
XRCC3 codon 241 are shown in Table 8. No significant deviation from Hardy-Weinberg equilibrium
in the genotype distribution for the three loci was confirmed in the controls. The prevalence of the
XRCCI 194Trp allele (T) was not significantly different in cases and controls (p>0.05) but XRCC1
194Trp/Trp genotype significantly increased the risk for cervical cancer (OR=5.52; 95%Cl=1.14-
26.64; p=0.03), whereas heterozygous genotype did not {(OR=1.18; 95%CI=0.69-2.01; p=0.54).
XRCCI 399 and XRCC3 241 polymorphisms did not alter the risk for the development of cervical
cancer when we analyzed by genotype and allele distribution (Table 8). When ORs were calculated
for combined genotypes of XRCC1 399 and 194, there was a trend to increase the risk for the cancer
in Arg/Arg-Trp/Trp (G/G-T/T) genotype (OR=4.31; 95%CI=0.82-22.53; p=0.08) (Table 9). When
genotypes were combined for three loci, the trend of increased risk in the presence of XRCCI
194Trp/Trp genotype was still observed (OR=4.08; 95%CI=0.77-21.54; p=0.09) (Table 10).

Interaction between XRCC genotypes and the risk for SCCA by the status of HPV infection
was analyzed (Table 11). Among the HPV infection negative group, significantly higher risks for
SCCA were visualized for XRCC1 399Arg/Gln (adjusted OR=3.69; 95%CI=1.04-13.06; p=0.04) and
XRCCI 194Arg/Trp (adjusted OR=4.13; 95%CI=1.13-15.12; p=0.03). Other genotypes with the
XRCC1 339Glu allele or the XRCC! 194Tip allele consistently showed higher risks even though the p
values were not less than 0.05. When risk of the XRCC polymorphisms for SCCA was evaluated by
the smoking status, none of the genotypes showed deviation in the risk for the cancer statistically
(Table 12).

Table 8 Risk of XRCC genotypes for SCCA

Genotype and

frequency of Number of subjects OR [95% CI], p-value  Adjusted OR* [95% CI], p-value

variant allele Cases Controls

XRCCI codon 399

Arg/Arg 66 69 1 1

Arg/Gln 41 44 0.97 [0.56-1.67], 0.95 1.45 [0.66- 3.18], 0.34

Gln/Gln 4 5 0.84 [0.21-3.25], 0.79 2.41[0.36-16.05], 0.36
Arg/Glo+GIn/Gin 45 49 0.96 [0.57-1.63], 0.88 1.47 {0.69- 3.37], 0.31

freq. allele Gln 0.221 0.229 (p>0.05)

XRCCI codon 194

Arg/Arg 53 65 1 1

Arg/Trp 49 51 1.18 [0.69- 2.01], 0.54 1.21 [0.57- 2.59], 0.61
Trp/Trp 9 2 5.52[1.14-26.64], 0.03 6.73 [0.92-48.78], 0.06
Arg/Trp+Trp/Ttp 58 33 1.34 [0.79- 2.25], 0.27 1.38 [0.67-2.87], 0.38

freq. allele Trp 0.302 0.233 (p>0.05)
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XRCC3 codon 241

Thr/Thr 101 106 1 1
Thr/Met 10 12 0.87 [0.36-2.11],0.76 2.1310.61-7.43],0.23
freq. aliele Met 0.045 0.051 (p=>0.05)

OR [95% CI}: Odds ratios [95% confidence interval], *adjusted with multiple fogistic regression for age, HPY status and smoking

Table 9 Risk of combined two XRCC1 polymorphisms for SCCA

XRCC genotype Number of subjects OR [95% CI], p-value  Adjusted OR* [95% CI}, p-value
399 194 Cases Controls

Arg/lArg  ArglArg 26 32 1 1

Arg/lArg  Arg/Tip 33 35 1.16 [0.57- 2.34], 0.68 0.81 [0.30- 2.17], 0.68
ArgiArg  Tep/Trp 7 2 4.31[0.82-22.53], 0.08 2.93 [0.34-25.143, 0.32
Arg/GIn  Arg/Arg 24 28 1.05[0.49- 2.24], 0.89 0.92 [0.32- 2.63], 0.88
Gln/GIn  ArgfArg 3 5 (.74 [0.16- 3.38], 0.69 1.20 [0.14-10.52], (.87
Arg/Gin  Arg/Trp 16 16 1.23 [0.52- 2.92], 0.64 1.96 [0.57- 6.73], 0.28

OR [95% CI]: Qdds ratios [95%confidence interval], *adjusted with mulliple logistic regression for age, HPV status and smoking

Table 10 Combination of XRCCs genotypes and risk for SCCA

Genotype Number of subjects OR [95% CI], p-value Adjusted OR* [95% CIJ, p-value

XRCC1 XRCC3
399 194 241 Cases Controls
Arg/Arg Arg/Arg Thr/Thr 24 28 1 |
Arg/Arg Arg/Arg Thr/Met 2 4 0.58 [0.09- 3.47], 0.55 1.00[0.08-11.71], 0.99
Arg/Arg Arg/Trp Thr/Thr 31 31 1.16{0.56- 2.44], 0.68 0.78 [0.28- 2,20], 0.65
Arg/Arg Arg/Trp Thr/Met 2 4 0.58 [0.09- 3.46], 0.55 0.94 [0.07-12.83], 0.97
Arg/Arg Trp/Trp Thr/Thr 7 2 4.08 [0.77-21.54], 0.09 0.72 [0.31-23.74], 0.37
Arg/GIn Arg/Arg Thr/Thr 20 24 0.97[0.43-2.17],0.94 0.82 [0.26- 2.52], 0.73
Arg/Gln Arg/Arg Thr/Met 4 4 1.17 [0.26- 5.17], 0.84 2.41[0.32-18.22], 0.39
Arg/Gin  Arg/Trp The/Thr 14 16 1.0210.41-2.51],0.96 1.51{0.42-5.48],0.52
Gl/Gln Arg/Ar Thr/Thr 3 5 0.70 [0.15- 3.23], 0.65 1.10 [0.12- 9.69], 0.25

OR [95% CI}: Odds ratios [95%confidence interval], *adjusted with multiple logistic regression for age, HPV status and smoking
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Table 11 XRCC genotype, HPV status and risk for SCCA

Genotype Number of subjects ~ OR [95% CI], p-value Adjusted OR* [95% CI], p-value
Cases Controls

HPV pegative

XRCC1 codon 399

Arg/Arg 5 56 1 1

Arpg/Gln 9 35 2.88[0.89-9.29],0.08  3.69[1.04-13.06], 0.04

Gl/GIn 1 5 2241022-23.11],049  4.53 [0.34-59.67], 0.25

Arg/GIn+GIn/Gln 10 40 2.80[0.89- 8.82],0.68  2.83[0.89- 9.04], 0.08

XRCCI codon 194

Arg/Arg 56 1 1

Arg/Trp 9 38 2.65[0.82-8.53],0.10  4.13{1.13-15.12],0.03

Trp/Trp 1 2 5.60[0.43-73.08],0.19  7.23[0.50-103.89], 0.14

Arg/Tep+Trp/Tip 10 40 2.80[0.89- 8.82],0.08  3.06 [0.95- 9.83], 0.06

XRCC3 codon 241

Thr/Thr 13 84 1 i

Thr/Met 2 12 1.07 [0.21- 5.371,0.93 1.55[0.27- 8.74], 0.62

HPV positive

XRCC1 codon 399

Arg/Arg 61 13 1 1

Arg/Gin 32 0.76 [0.29- 1.96], 0.57  0.71[0.26- 1.93], 0.51

Arg/GInt+Gln/Gln 35 g 0.83[0.32-2.13],0.70  0.82[0.32-2.14],0.70

XRCCI codon 194

Arg/Arg 48 9 1 1

Arg/Trp 40 13 0.57 [0.22- 1.48],025  0.57 [0.21- 1.55], 0.27

Arg/Trp+Trp/Trp 48 13 0.69[027-1.771,044  0.69[0.27- 1.78], 0.45

OR [95% CI] = Qdds ratios [95%confidence interval], * adjusted with multiple logistic regression for age and smoking
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Table 12 XRCC genotypes smoking and risk for SCCA

Genotype Number of subjects  OR [95% CI}, p-value Adjusted OR* [95% CI], p-value
Cases  Controls

Non-smokers

ARCC! codon 399

ArgfArg 12 27 i i

Arg/Gln 14 1.28 [0.43- 3.88], 0.65 4.61 [0.47-45.04], 0.19

Gin/Gln 2 3 1.50 [0.22-10.177, 0.68 14.87 [0.69-317.91, 0.08

Arg/GIn+Gln/Gln 10 17 5.78 [0.64-52.32], 0.12 1.3210.47-3.72], 0.59

XRCCI codon 194

Arg/Arg 13 21 1 i

Arg/Tp 23 0.35[0.11-1.15], 6.08 0.12 [0.01- 1.0}, 0.06

Arg/Trp+Trp/Trp 9 23 0.33 [6.06-1.94], 0.22 0.63 [0.22- 1.78], 0.63

XRCC3 codon 241

Thr/Thr 20 39 1 1

Thr/Met 2 5 0.7 8]0.14- 4.38], 0.78 3.84 [0.33-44.41], 0.28

Smokers

XRCC{ codon 399

Arg/Arg 54 42 1 1

Arg/Gin 33 30 0.85 [0.45- 1.61], 0.63 1.06 {0.46- 2.41}, 0.89

GIn/Gln 2 2 .77 [0.11-575], 0.81 1.07 [0.08-14.29], 0.96

Arg/GIn+Gln/Gin 35 32 1.06 [0.47- 2.38], 0.88 0.85[0.45- 1.59], 0.61

XRCCI codon 194

Arg/Arg 40 44 i 1

Arg/Tp 44 28 1.73 [0.91-3.27], 0.09 1.68 [0.40- 3.83], 0.21

Trp/Tip 5 2 2.75 [0.50-14.97], 0.24 2.39[0.28-20.08], 0.42

Arg/Trp+Trp/Trp 49 30 1.74 [0.78- 3.87], 0.17 1.79 [0.96- 3.351, 0.06

XRCC3 codon 241

Thr/Thr 81 67 1 1

Thr/Met 8 7 0.90.3-2.7], 0.92 1.5 [0.4- 6.3], 0.52

OR [95% CI] = Odds ratios [95%confidence intetval], * adjusted with multiple logistic regression for age and HPV status
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HPV infection is identified as a critical risk factor for the cervical cancer development in
Northeast Thailand. Among high-risk HPV types, HPV-16 as well as other malignant types have
more or less equal potential for the development of SCCA. The polymorphism of the p53 itself as
well as in combination with HPV infection may not be a genetic risk for cervical cancer. To other risk
factors such as sexual behaviors and smoking, much attention should be paid. Since sexual behaviors,
sexually transmitted diseases, the use of contraceptive and smoking may serve as cofactors to increase
risk for cervical carcinoma in the presence of HPV. Eradication of HPVs by means of vaccination
and/or lowering of HPV prevalence by education would be of great importance in this region.

Our research showed that passive tobacco smoking contributes to an increased risk of SCCA
development among Northeast Thai women. Tobacco-related carcinogens in a smoking sex partner's
seminal fluid were also applied directly to the cervix mucus membrane during sexual intercourse as
they may play some role in the pathogenesis of cervical cancer.

The tobacco smoke constituents are modified by metabolizing enzymes and may promote
malignant cellufar growth. The mode of action is through the activation and detoxification of tobacco
carcinogens; thus, one might expect the polymorphism of GSTs may alter the risk of cancer among
smokers. The lack of GST activities caused by an inherited deletion of the GST have been reported to
increase the risk of several tobacco-related cancers. (Kietthubthew et al., 2001;van der Hel et al,,
2003;Sweeney et al., 2003; Lee et al,, 2002). It was therefore hypothesized that smokiﬁg status and
the GST genotype may synergistically influence cancer development. The effect of the GST null-
genotype on the increased risk for cervical cancer among smokers was not observed in our study; even
though the combination of the two GST null genotypes failed to increase the risk among subjects with
exposure to tobacco smoke. Strong contributions of phase I detoxifying enzymes may mask the
effects of GST null genotypes.

If the enzyme activity protects cancer development, the null alleles are deleterious and should
be eliminated from the population by negative selective pressures. The high frequencies suggest that
the lack of GST activity has unknown advantage(s) and maintains the persistence of these alleles in the
population. Since (i) the substrate specificity of GSTs is relatively low, (ii) compensation of enzyme
activity between GSTs may exist, and (iii) little exposure to tobacco smoke is expected in cervical
cancer. These conditions may conceal the true influence of the null allele: their low specificity and
bifunctional property also limits consistent interpretations throughout related cervical cancer studies,
because the environmental conditions of each subjected population is different and the effects of/from
this difference cannot be ruled out.

The relationships between the null-genotype for GSTMI and GSTT and cancer susceptibility
suggests a large-scale study with simultaneous analyses of phase I detoxifying enzyme genes.
Currently, we just test for genotype or null-genotype presence; exact genotyping of wild-homozygous,
heterozygous or null-homozygous, should be done in order to identify the cryptic effects of GST

genotypes on the development of cervical cancer, with special reference to smoking status




The null genotype of phase I detoxification enzymes, GSTM1 and GSTT1, did not increase
the risk for SCCA in smokers, moreover, the variant allele for DNA repair proteins, XRCC1 and -
XRCC3, do not increase the risk. It is implicated that modification or activation of pro-
carcinogens/carcinogens by metabolizing enzymes may play critical roles in the development of
cervical cancer. To reveal the role of phase 11 enzymes, such as CYPI1 and CYP2 families, in the
development of cervical cancer is strongly recommended.

Totally, this study indicates that variant types of DNA repair genes and phase I
detoxification enzymes play partial roles in modifying individual susceptibility to cervical cancer.
Since cervical cancer is a multi-factorial disease, the contribution of repair enzymes and detoxification
enzymes if it ever exists to the development of the cervical cancer is concealed by the major risk
factor, HPV infection, otherwise the increased risk should be found not only among HPV negative
individuals but also HPV positive individuals.
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To evaluate the relationships between genetic polymorphisms of the GSTs (GSTM1 and GSTT1) and cervical
cancer, the nuli genotype of each gene was studied in squamous cell cervical cancer (SCCA) patients (n=90)
and controls (n=94) in Northeast Thailand. The prevalence of the GSTM1-null genotype in the controls and
SCCA patients was 59.6% and 60.0%, respectively, whereas those of the GSTT 1-null genotype in the control
and SCCA patients was 40.4% and 46.7%, respectively. Neither of the GST-null genotypes increased the risk
for SCCA (p>0.05); however, the combination of the GSTM-1 and GSTT1-null genotypes showed a non-
significant trend for an increased risk for developing cervical cancer with an adjusted OR of 2.7 (95%CI=0.8-
9.0, p=0.10). Genetic polymorphisms of GSTM1 and GSTT1 were not significant risk factors for cervical
cancer in either tobacco-smokers or non-smokers. A different contribution of the GST genotype to cancer risk

may be atiributed to a different, as yet undefined, property of the enzymes.
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Abstract

To evaluate the relationships between genetic polymorphisms of the GSTs (GSTMI
and GSTT1) and cervical cancer, the null genotype of each gene was studied in squamous cell
cervical cancer (SCCA) patients (n=90) and controls (n=94) in Northeast Thailand. The
prevalence of the GSTMI-null genotype in the controls and SCCA patients was 59.6% and
60.0%, respectively, whereas those of the GSTT/-null genotype in the control and SCCA
patients was 40.4% and 46.7%, respectively. Neither of the GST-null genotypes increased the
risk for SCCA (p>0.05); however, the combination of the GSTM-1 and GSTT/-null genotypes
showed a trend to an increased risk for developing cervical cancer with adjusted OR=2.7
(95%CI=0.8-9.0, p=0.10). Genetic polymorphism of GSTM1 and GSTT1 was not a
significant risk for cervical cancer in cither tobacco-smokers or non-smokers. A different
contribution of the GST genotype to cancer risk may be attributed to a different, as yet
undefined, property of the enzymes.




Introduction

Cervical cancer remains a national health problem in Thailand. The principal
causative factor for the development of cervical cancer is human papillomavirus (HPV)
infection and the prevalence of HPV infection in Northeast Thai women is high (Vatanasapt
et al., 1995; Settheetham-Ishida et al., 2005). Notwithstanding, only a small proportion of
HPYV carriers develop cervical cancer, indicating some other factor(s) responsible for the
development of cervical cancer. It is widely reported that tobacco smoking increases the risk
for many types of cancer including cervical cancer (Prokopezyk et al., 1997; Parkin et al.,
1994; Simons et al., 1993). Carcinogens, such as nicotine, cotinine and tobacco-specific
nitrosamines, have been detected in the cervical mucus of smokers (McCann et al., 1992).
And yet, even though inhaled tobacco-derived components may damage smokers' cervical
cellular DNA, not all smokers develop cervical cancer (Prokopezyk et al., 1997; Ballinger et
al., 1996). The difference, therefore, in the metabolic efficiency of tobacco smoke pro-
carcinogens is thought to be the individual’s susceptibility to cervical cancer.

Glutathione S-transferase (GST) is related to human phase I detoxification enzymes.
Cytosolic GSTs (GSTM, GSTP and GSTT) play key roles in the detoxification of the
carcinogenic electrophiles of aflatoxin and polycyclic aromatic hydrocarbons (PAHs) in
tobacco smoke (benzo[alpyrene and other PAH procarcinogens). The mode of action of
GSTs is through the activation and detoxification of tobacco carcinogens; therefore, one
might expect to find a relationship between the genetic polymorphisms of GSTs and the risk
of developing cancer (Heagerty et al., 1994; Nazar-Stewart et al., 1999; Setiawan et al., 2000;
Sweeney et al., 2003; Tiwawech et al., 2005).

GSTM1 facilitates the excretion of a wide range of carcinogens, reactive oxygen

species and chemotherapeutic agents with a variety of substrate specificities (Rebbeck, 1997).
GSTT!1 is also involved in the detoxification of environmental carcinogens such as 1,3
butadiene and ethylene oxide in tobacco smoke and ambient air (Landi, 2000). The absence
of a homozygous allele in the GST (GST-null genotype) results in a complete loss of enzyme
activity to bind with genotoxic substrates, including epoxides derived from aflatoxin and
PAHs (Hayes and Pulford, 1995). Individuals with GSTMI-null or GSTT1-null genotype
have been investigated as to whether they were susceptible to various cancers including lung,
bladder, skin, oral, liver, gastric, colorectal, prostrate, breast, ovary, cervix and nasopharynx
(Nazar-Stewart et al., 1999; Sweeney ct al., 2003; Lee et al., 2002; Heagerty et al., 1994,
Kietthubthew et al., 2001; Deng et al., 2001; Setiawan et al., 2000; Gawronska-Szklarz et al.,
1999; Autrup et al., 1999; van der Hel et al., 2003; Spurdle et al., 2001; and Sierra-Torres et
al., 2003), but the interpretation of the results was not consistent.

In a previous study, we found that smoking was a critical risk factor for the
development of cervical cancer (Setteheetham-Ishida et al., 2004) and it is possible that phase
11 detoxification enzymes play roles in this development. The frequency of the GST-null
genotype differs by population (Kietthubthew et al., 2001;Tiwawech et al., 2005) and the data
on GST polymorphism in Thai cervical cancer are missing. We thus designed our study to




investigate the GSTMI- and GSTTI-null genotypes and their susceptibility to cervical cancer
among women in Northeast Thailand.

Materials and Methods
Subjects

Women between 27 and 74 years of age attending Srinagarind Hospital, Khon Kaen
University, Thailand, were recruited. Cases (n=90) were defined as squamous cell cervical
cancer (SCCA) with cytological, colposcopical and histological diagnosis. Controls (n=94)
were recruited from healthy women without cervical cancer, history of conization,
hysteretomy or diseases associated with known risk factors for cervical cancer. The subjects
were pooled; cases and controls were matched by 5-year age classes then divided into groups
according to their smoking status. Prior to this study, the subjects were examined for p53
codon 72 polymorphism (Settheetham-Ishida et al., 2004) and HPV infection (Settheetham-
Ishida et al., 2005). The patients were informed of the purpose and experimental procedures
of the study and written informed consent obtained. This study was approved by the Ethics Committee of Khon
Kaen University.

GSTMI and GSTTIgenotyping

DNA was extracted from peripheral blood cells. The GSTM1 and GSTTIgenotypes
were determined using PCR methods. The primers for the GSTMI genotype were 5-GAA
CTC CCT GAA AAG CTA AAG C-3'and 5'-GTT GGG CTC AAA TAT ACG GTG G-3,
and for the GSTT! genotype 5'-TTC CTT ACT GTC CTC ACA TCT C-3'and 5'-TCA CCG
GAT CAT GGC CAG CA-3'. Co-amplification of the human f-globin using primers 5'- AAC
TTC ATC CAC GTT CAC C-3'and 5-GAA GAG CCA AGG ACA GGT AC -3' was used to
confirm the true GSTMI- and GSTT1-null genotype as opposed to a failure in the PCR assays.
Only samples that gave a -globin PCR positive result were recruited. The PCR products
were electrophoresed on 2.5% agarose gel and visualized with ethidium bromide staining.
The PCR product of GSTMI, GSTTI and f3 -globin was 215, 408 and 268 base paits in length,
respectively.

Statistical analyses

The y*~test was used to compare the genotype frequency of GSTMI or GSTT1
polymorphism between the cervical carcinoma patients and the controls. Associations
between the GST genotypes and the risk of cervical cancer were tested using odds ratios and
95% confidence intervals (OR and 95% CI), calculated by multivariate logistic regression
analysis with 800-STATA-PC. A P-value <0.05 was considered significantly different.




Results

Table 1 shows the genotype distribution of GSTMI and GSTT1 for the cases and
controls. The prevalence of the GSTMI-null genotype in the control and SCCA patients was
59.6% and 60.0%, respectively, whereas that of the GSTT/-null genotype in the control and
SCCA patients was 40.4% and 46.7%, respectively. Neither the GSTMI- nor GSTTI-null
genotypes increased the risk for SCCA (p>0.05). The combination of the GSTMI- and
GSTTI-null genotypes showed a trend to increasing the risk of developing cervical cancer
with an adjusted OR of 2.72 (95%CI=0.82-9.03, p= 0.10). This trend was also observed when
we tested smokers (Table 2); namely, the GSTMI- or GSTT-null genotype did not increase
the risk for SCCA in smokers (p>>0.05), whereas an increased risk for SCCA with an adjusted
OR=1.82 (95%CI=43-7.67, p=0.41) was observed in the GST double negative carriers.

Table 1 Genetic polymorphism of GSTM1 and GSTT! in the cervical cancer

Genotypes Subjects, n(%) OR Adjusted OR*
Cases Controls [95%CLp-value} {95%Cl,p-value]

GSTM]I

+ 36(40.0) 38(40.4) 1

- 54(60.0) 56(59.6) 1.02 0.66
[0.54-1.91,0.95] [0.30-1.48, 0.32]

GSTTI

+ 48(53.3) 56(59.6) 1

- 42(46.7) 38(40.4) 1.29 0.72
[0.69-2.41,0.39] [0.29-1.80, 0.48]

GSTMI/TI

++ 20(22.2) 18(19.1) 1

+/- 28(31.1) 38(40.4) 0.67 Sk

[0.35-1.78, 0.19]

-+ 16(17.8) 20(21.3) 0.80 SE
[0.38-1.77, 0.55]

/- 26(28.9) 18(19.1) 1.72 2.72

[0.82-3.64, 0.12] [0.82-9.03, 0.10]

OR [95% CI] = odds ratios [95% confidence interval]
* Adjusted for age, p53 genotypes, smoking and HPV status
**drop because of co-linearity




Table 2 GST genotypes and risk for SCCA among smokers

Genotypes Subjects, n(%)  OR Adjusted OR*
Cases Controls [95%CLp-value] [95%CI,p-value]

GSTM1

+ 30(41.1) 24(42.1) 1 |

- 43(58.9) 33(57.9) 1.00 0.78
[0.46-2.15,1.00]  [0.30-2.03, 0.62]

GSTTI1

+ 39(53.4) 34(59.6) 1 1

- 34(46.6) 23(40.4) 1.35 1.74
[0.63-2.91,0.43]  [0.68-4.45,0.25]

GSTM1/T1

+H+ 16(21.9) 12214) 1 1

+- 23(31.5) 22(39.3) 071 e
[0.32-1.57, 0.36]

I+ 14(19.2) 11(19.6) 097 e
[0.37-2.61, 0.95]

- 20(27.4) 11(19.6)  1.54 1.82

[0.62-3.96,031]  [0.43-7.67,0.41]

OR [95% CI] = Odds ratios [95%confidence interval]
* Adjusted for age, p53 genotypes and HPV status
**drop because of collinearity




Discussion

The underlying background for the present and related studies is that the enzyme
activity of GSTs in detoxification protects from cancer development, which results in the
higher cancer incidence with GST-null genotypes. However, not every GSTMI-‘or GSTT1-
null genotype increased the risk for SCCA (p>0.05). These observations are in agreement
with studies among Caucasians (Warwick et al., 1994b, Warwick et al., 1994a, Chen et al.,
1999, Goodman et al.,2001), Indians (Sharma et al.,2004; Sobti et al, 2006), and Japanese
(Niwa et al., 2005); which reported no difference in the frequency of the GSTMI- and GSTTI-
null genotypes between the controls and cervical carcinoma cases.

There are controversial reports on women carrying both the GSTT/ and GSTMI null
genotypes having an increased risk for cervical carcinoma among Koreans (Kim et al., 2000)
and a risk for high-grade cervical neoplasia and invasive cervical cancers among Caucasians
(Sierra-Torres et al.,2003). These controversial results are frequently observed in studies on
GST and cancer susceptibility. It is interesting that persons who carry both the GSTMI and
GSTTI null genotype showed a trend for an increased risk of SCCA (Table 1 and 2). As
phase II detoxifying enzymes, GSTM1 and GSTT1 have no stringent substrate spectra and
different contributions of GST null-genotype to the tisk of cancer; perbaps, then, it is
attributable to the different properties between GSTMI1 and GSTTI.

Qur previous research showed that passive tobacco smoking contributes to an
increased risk of SCCA development among Northeast Thai women (Ishida et al., 2004).
Tobacco-related carcinogens in a smoking sex partner's seminal fluid were also applied
directly to the cervix mucus membrane during sexual intercourse as they may play some role
in the pathogenesis of cervical cancer (Kulikauskas et al., 1985; Lahdetie et al., 1986).

The tobacco smoke constituents are modified by metabolizing enzymes and may
promote malignant cellular growth (Prokopezyk et al., 1997). The mode of action is through
the activation and detoxification of tobacco carcinogens; thus, one might expect the
polymorphism of GSTs may alter the risk of cancer among smokers. The lack of GST
activities caused by an inherited deletion of the GST have been reported to increase the risk of
several tobacco-related cancers (Heagerty et al., 1994; Gawronska-Szklarz et al., 1999;
Autrup et al., 1999; Nazar-Stewart et al., 1999; Setiawan et al., 2000;Deng et al.,
2001;Spurdle et al., 2001; Kietthubthew et al., 2001;van der Hel et al., 2003;Sweeney et al.,
2003; Lee et al., 2002). It was therefore hypothesized that smoking status and the GST
genotype may synergistically influence cancer development. In India, the absence of the
GSTMI and GSTT1 gene increased the risk of cervical cancer among passive smokers 7.0-
and 10.2-fold, respectively (Sobti et al., 2006). No significant interaction was found between
tobacco smoking and the genetic background of GSTM1 on the risk of cervical squamous
intraepithelial lesion in Hawaii (Goodman et al., 2001). The effect of the GST null-genotype
on the increased risk for cervical cancer among smokers was not observed in our study; even
though the combination of the two GST null genotypes failed to increase the risk among




subjects with exposure to tobacco smoke. Strong contributions of phase 1 detoxifying
enzymes may mask the effects of GST null genotypes.

The prevalence of the null genotypes for the GSTMI (0.60) and GSTT (0.40) among
Notrtheast Thais was comparable to the results reported for other Thais; in the Central region
(0.60 and 0.38) (Tiwawech et al., 2005; Pakakasama et al., 2005) and the South (0.66 and
0.36) (Kietthubthew et al., 2001) and other Asian populations. The high prevalence of the
null genotypes may, therefore, give a clue to explaining the controversial results.

If the enzyme activity protects cancer development, the null alleles are deleterious
and should be eliminated from the population by negative selective pressures. The high
frequencies suggest that the lack of GST activity has unknown advantage(s) and maintains the
persistence of these alleles in the population. Since (i) the substrate specificity of GSTs is
relatively low, (ii) compensation of enzyme activity between GSTs may exist, and (iii) little
exposure to tobacco smoke is expected in cervical cancer. These conditions may conceal the
true influence of the null allele: their low specificity and bifunctional property also limits
consistent interpretations throughout related cervical cancer studies, because the
environmental conditions of each subjected population is different and the effects of/from this
difference cannot be ruled out.

The relationships between the null-genotype for GSTMI and GSTT! and cancer
susceptibility suggests a large-scale study with simultaneous analyses of phase I detoxifying
enzyme genes. Currently, we just test for genotype or null-genotype presence; exact
genotyping of wild-homozygous, heterozygous or null-homozygous, should be done in order
to identify the cryptic effects of GST genotypes on the development of cervical cancer, with
special reference to smoking status.
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TP53 codon 72 polymorphism and cervical cancer: a pooled
analysis of individual data from 49 studies |
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Summary

Background Cervical cancer is caused primarily by human papillomaviruses (HPV). The polymorphism rs1042522 at
codon 72 of the TP53 tumour-suppressor gene has been investigated as a genetic cofactor. More than 80 studies were
done between 1998 and 2006, afier it was initially reported that women who are homozygous for the arginine allele
had a risk for cervical cancer seven times higher than women who were heterozygous for the allele. However, results
have been inconsistent. Here we analyse pooled data from 49 studies to determine whether there is an association
between TP53 codon 72 polymorphism and cervical cancer.

Methods Individual data on 7946 cases and 7888 controls from 49 different studies worldwide were reanalysed.
Odds ratios (OR) were estimated using logistic regression, stratifying by study and ethnic origin. Subgroup analyses
were done for infection with HPYV, ethnic origin, Hardy-Weinberg equilibrium, study quality, and the material used
to determine TP53 genotype.

Findings The pooled estimates (OR) for invasive cervical cancer were 1-22 (95% CI 1-08-1-39) for arginine
homozygotes compared with heterozygotes, and 1.13 (0-94-1-35) for arginine homozygoles versus proline
homozygotes. Subgroup analyses showed significant excess risks only in studies where controls were not in
Hardy—Weinberg equilibrium (1-71 [1.21-2-42] for arginine homozygotes compared with heterozygotes),
in non-epidemiclogical studies (1-35 [1-15-1-58] for arginine homozygotes compared with heterozygotes), and in
studies where TP53 genotype was determined from tumour tissue {1-39 [1.13-1.73] for arginine homozygotes
compared with heterozygotes). Null results were noted in studies with sound epidemiological design and conduct
{1-06 [0-87~1.29] for arginine homozygotes compared with heterozygotes), and studies in which TP53 genotype
was determined from white blood cells {1-06 [0.87-1-29] for arginine homozygotes compared with
heterozygotes).

interpretation Subgroup analyses indicated that excess risks were most likely not due to clinical o biological factors,
but to errors in study methods. No association was found between cervical cancer and TP53 codon 72 polymorphism
when the analysis was restricted to methodologically sound studies.

fFunding German Research Foundation (DFG).

Introduction smear and removed surgically, if indicated. However, many

Cervical cancer is the third most frequent cause of death
from cancer among women worldwide! Human
papitlomaviruses (HPV} are a necessary but insufficient
cause of cervical cancer?* and infection with HPV is very
common among young sexually active women.* Although
the immutne systems of healthy women clear the infection
within 1-2 years, persistent infection with oncogenic HPV
types can lead to high-grade cervical intraepithelial lesions
and, if untreated, to cervical cancer.

In 2006, the first vaccine against HPV was approved by
the US Food and Drug Administration and the European
Medicines Agency. Cervical cancer develops over many
years,' during which time precancerous lesions can be
detected by cytological screening with the Papanicolaou

women around the world do not have access to HPV
vaccination or cytological screening.

Most HPViinfected women do not develop cervical
cancer; so the identification of cofactors would make it
possible to adapt prevention strategies to particular risk
groups. The cofactors so far confirmed in large
meta-analyses are smoking, long-term use of oral
contraceptives, and increased parity.™ No evidence of an
association with genetic cofactors has yet been found in
large analyses, but certain human leucocyte antigen (HLA)
genotypes might increase the risk of cervical cancer?
Over the past decade, a polymorphism at codon 72 of the
TP53 gene {Pro72Arg; 1s1042522) has been investigated.
Three genotypes occur: arginine homozygotes, proline

www.thelancet.comfoncology Published online July 21, 2009 DOI-10.1016/51470-2045(09)70187-1

@

Published Online
July 21,2009
DOI:10.1016/51470-
2045(09)70187-1

Institute of Medical
Biostatistics, Epidemiologyand
Informatics, University Medical
Centre, Johannes Gutenbery-
University of Mainz, Mainz,
Gerrnany (S) Klug PhD,

M Ressing MD, ] Koenig PhD,
Prof M Blettner PhD); CINIBA,
Faculty of Medical Scientes,
National University of La Plata,
La Plata, Argentina

(M C Abba PhD); 15t Bepartment
of Obstetrics and Gynecology,
Aristotle University of
Thessaloniki, Papageorgiou
Hospital, Thessafoniki, Greece
(Prof T Agorastos MD); Medical
School, City 5ao Pacle
University-UNICID and Leonor
Mendes de Barros Maternity
Hospital, Sac Paolo, Brazit

(5 MF Brenna PhD); Laboratory
of Molacular Virology,
University Hospital Tor Vergata,
Rome, [taly (M Ciotti MD); Super
Religare Laboratories Limited,
Muenbat, India (8 R Das PhD);
Istituto Oncologico
Vereto-IRCCS, Padova, Italy

{A Del Mistro MD); Departnrent
of Hematology and
Transplantalogy, Medical
University of Gdansk, Gdansk,
Poland (A Dybikowska PhD);
Department of Cancer
Epidemiology and Genetics,
HAiee Moffitt Cancer Center and
Research Institute, Tampa, FL,
USA (Prof A R Giyliano PhD);
Department of Cancerogenesis
andTumor Pathophysiology,
Institute of Oncology, Vilnius
University, Vilnius, Lithuania

{2 Gudleviciene MD};
Department of Genetics and
Pathology, Rudbeck Laboratory,
Uppsafa University, Uppsata,
Sweden (Prof U Gyllensten PhD);




Articles

Baylor College of Medicine,
Houston, TX, USA

(A L F Hawrs MD); Departmentof
Genetics/Oncology, The
Norwegian Radiym Hospital,
Oslo, Norway (A Helland MDY;
Bute Medical Schoo), University
of St Andrews, 5t Andrews, Fife,
UK {Prof C S Herrington MD);
Divisionof Cancer Epilemiology
and Genetics, National Cancer
institute, Rockville, MD, LUSA

(A Hildeshein PhD}; EA 3181-
IBCT-IFR 133 Université de
Franche-Comté, Besangon
Cedex, France (O Humbey PRD);
Institute for Health Promotion,
Graduate School of Pubfic
Health, Yonsei University, Seoul,
South Korea (Prof S H Jee PhD);
Departeient of Obstetrics and
Gynecalogy, Cancer Research
Institute, Seoul National
University, Seoul, South Korea
{Prof | W Kim MD); Cancer
Epidemiology Collaborative,
Program in Epidemiology, Fred
Hutchingon Carcer Research
Center, Seattle, WA, USA

(M 8 Madeleine PhD);
Department of Obstetrics and
Gynecology, Gynecologic
Oncology Unit, Edith Wolfson,
Medical Ceniter, Holon, Israel
{Peof) Menczer MO); Department.
of Obstetrics and Gynecology,
Queen Mary Hospital, Hong
Kong, China

(Prof HY S Ngan MD);
Department of Obstetrics and
Gynecology, NTT £ast Sappore
Hospital, Sapporo, Japan

{A Nishikawa ME); Niwa Clinic,
Nisshin 458-0818, Japan

{¥ Niwa MD); Department of
Clinical Medicine,

Nelson R Mandela School of
Medicine, University of
KwaZulu-Natal, Congella, South
Africa (R Pegeraro PhD); Rajiv
Gandhi Centre for
Biotechnology Thycaud, Kerala,
Indlia (Prof MR Pillai PhD);
Department of Genetics and
Microhiology, University of
Pavia, Pavia, ltaly

(Prof G Ranzani PhDY);
Department of Infectious,
Parasitic and Immune-Mediated
Disease, Istitute Superiore
Sanitd, Roma, Italy

(G Rezza MD); Gynaecological
Cancer Research Center, UCL
EGA Institute for Women's
Hezlth, London, Englard

(A N Rosenthal MD}); Moleculay
and Human Genetics Division,
Indfan Institute of Chemical
Biology, CSIR, Kolkata, Indiz

(S Roychoudhury PhD); Molecular
Medicine, Reliance Life Science,

homozygotes, and heterozygotes.” A guanine/cytosine
variant at the second position of codon 72 on exon 4 leads
to Arg72 or Pro72 protein variants with markedly altered
primaty structures and different biochernical functions.**
The current view is that the P53-Arg/2 protein is more
effective at inducing apoptosis and protecting cells from
tumour development than the P53-Pro72 protein®”
Various cell-culture studies have reported differences in
mitochondrial localisation, cell-cycle progression, DNA
repair, growth artest, and transcriptional activation.”
However, there are insufficient experimental data to
establish whether there are consistent differences in
biclogical activity between the two protein variants.”

The PS3 tumoursuppressor protein has been called
the guardian of human cells against cancer.”" The E6
oncogene of HPV has been shown to bind to cellular P53
and promote its degradation,”™* and it is thought that the
A1g72 variant might be more susceptible to this
degradation than the Pro72 variant.”

A study published in 1998 showed that women
homozygous for arginine at codon 72 of the TP33
tumour-suppressor gene had a risk for cervical cancer
seven times that of heterozygous women.” Subsequently,
more than 80 studies have been published on this issue,
with widely inconsistent results. Only one study
quantitatively supported the initial findings of Storey and
colleagues,” other studies also found an increased risk,”*
while many did not,”** Two meta-analyses based on early
studies and published data only found significant
associations with squamous-cell carcinoma® or adeno-
carcinoma. *Concern wasexpressed about methedological
issues, such as departure from Hardy—Weinberg
equilibrium, 27> It is therefore clear that the findings so
far are inconsistent, there is a paucity of large studies
with appropriate statistical power, and it remains unclear
whether there is an association between TP53 codon 72
polymorphism and cervical cancer. To address these
issues, we did a pooled analysis of original individual
data from 49 studies, with the aim of resolving
conclusively the question of whether there is an
assaciation between TP53 codon 72 polymorphism and
cervical cancer.

Methods

Literature search

We searched various databases including PubMed,
Embase, and Current Contents to identify studies on
TP53 polymorphism and cervical cancer published
before 2007 Additionally, we searched the internet for
unpublished data. All studies on TP53 polymorphism
and cervical cancer published before 2007 were
included. No language restrictions were applied; all
non-English articles were translated if necessaxy.
Interim analyses, overlapping study populations, and
comparisons of laboratory methods were excluded. For
unpublished studies, data collection had to have ended
in 2006.

Procedures

The corresponding and first authors of the published
studies and the principal investigators of unpublished
research were contacted and asked to provide their
original data. Details of study conduct and data coding
were elicited by a short questionnaire. The data
transmitted included TP53 genotype, cervical diagnosis,
age, sex, ethnic group, HPV status, and the methods and
materials used for TP53 genotyping and HPV detection.
All data were recoded according to an a-priori protocol
and combined inte a common database. Men (n=11}, girls
under 15 (n=59), and participants with unknown TF53
status or unclear case or control status were exciuded.

Potential publication bias was evaluated using the
Egger's test® with p values below 0-05 considered
statistically significant. Heterogeneity of genotype effects
was tested using the score test for interaction between
study and genotype within a logistic model,” with
p values below 0-05 considered statistically significant.
All p values were two-sided.

Cases of invasive cervical cancer were confirmed histo-
logically, while high-grade and low-grade lesions were
confirmed by either histology or cytology. The group of all
invasive cervical cancers consisted of squamous-cell carc-
inoma, adenocarcinoma, adencsquarmous carcinoma, and
untknown types. The group of high-grade lesions consisted
of high-grade squamous intraepithelial lesions and cervical
intraepithelial lesions grades 2 and 3. Low-grade lesions
consisted of low-grade squamous intraepithelial lesions
and cervical intraepithelial lesions grade 1. Only controls
confirmed by negative cytology were used in analyses.

Four criteria were used to evaluate study quality:
Hardy-Weinberg equilibrium among controls, study
type. study size, and source of material used to determine
TP53 genotype. Deviations from Hardy—Weinberg
equilibrium for controls were calculated with the
permutation version of the exact test {SAS version 9.1),
and p values below 0.05 were considered to represent
significant violation of Hardy-Weinberg equilibrium.”
Study type was defined as either epidemiological or
non-epidemiological. For a study to be considered
epidemiological, four critetia had to be met for the entire
study population: case and control status confirmed by
histology or cytology; ages of cases and controls known;
cases and controls recruited from the same base
population; and no case seties. Study size was divided
into those with at least 200 participants and those with
fewer than 200 participants. Studies using white blood
cells, exfoliated cells, or tumour tissue to extract DNA to
determine TP53 genotype were analysed separately.

Statistical analysis

Pooled estimates and 95% CI were calculated by logistic
regression with SAS version 9.1. The TP53 codon 72
genotype was analysed as one variable with three
categories: arginine homozygotes (ArgfAxg) or
heterozygotes (ArgfPro} versus proline homozygotes
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(Pro/Pro, reference) and ArgfArg versus Arg/Pro
(reference). Additionally, the TPS53 genotype was
dichotomised for Arg/Arg versus Arg/Pro and ProfPro
(reference). Odds ratios (OR) were also calculated for all
arginine alleles versus all proline alleles (reference), with
each individual considered twice. in all logistic regression
models, only studies that contributed at least five cases
and five controls were included. Analyses were stratified
by study to ensure that comparisons were only made
between cases and controls of the same study. It is known
that the TP53 polymorphism varies between ethnic
groups.® In the individual studies included in this pooled
analysis only one ethnic group per study was found in all
but two studies,” in which case we additionally classed
the different ethnic groups as separate studies to ensure
that comparisons were only made between cases and
controls of the same ethnic group and the same study.
We did not adjust for potential risk factors such as age
and HPV status. TPS3 genotype status in cases is
independent of age, and there were too many missing
values (35%). Adjusting by study and age would have led to
an uncontrolled selection of studies contributing sufficient
cases and controls, which would have biased the results of
our analysis. HPV status was accounted for by subgroup
analyses, since several studies failed to contribute sufficient
HPV-negalive cases or HPVpositive controls. This
imbalance rendered HPV-adjusted models impossible.
Studies or individual women that were missing infor
mation on any variable considered in any analyses were
included by generating a “missing” category for the variable.
To investigate the significance of effect between genotypes,
a Wald ¥ test with two degrees of freedom was done.”
p values were two-sided and considered statistically
significant when below 005, In subgroup analyses p values
were Bonferroni adjusted to account for multiple testing,
and were considered statistically significant below 0-025.
The study population was stratified by tumour and
cervical histology, HPV status, ethnic group,
Hardy-Weinberg equilibrium in controls, study type,
study size, and the material used to determine the TP53
genotype. All subgroup analyses with the exception of
the subgroup of cervical histology included only invasive
cancer cases. Effect modification by subgroup was
assessed by testing the interaction between genotype and
stratification  variable within the logistic model”
Subgroup analyses were determined a priori in the
statigtical analysis plan. However, subgroup analyses
were considered to be of exploratory nature.®
For sensitivity analyses, a complete case analysis was
done on cases and controls for which there were no
mnissing values for age, HPV, or ethnic group. A dataset
was then used that comprised only epidemniological
studies with controls in Hardy-Weinberg equilibrium

Figure 1; Cases and controls of 48 published studies included inthe pooled
reanalysis with individual data

Cases {green) and controls (red) wsed in the analysis and cases (fight blue} and
controls (dark blue) in studies forwhich data wese not available.
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and TP53 genotype detection from white blood cells. An
analysis was then done with a dataset made up of studies
that used white blood cells to determine TP53 genotype.

Role of the funding source

The sponsor of this study had no role in the study design,
data collection, data analysis, data interpretation, or the
writing of the report. SJK, MR, JK, and MB had full access
to all of the raw data that were made available for this
pooled analysis. The corresponding author had full
aceess to all of the data that were made available for this
pooled analysis and had the final responsibility for the
decision to submit the manuscript for publication,

Results

We identified 87 articles published between 1998 and 2006,
and five unpublished studies. Of the published articles, ten
did not fit the inclusion criteria. The authors of the
remaining 77 articles were contacted, and 45 investigators
{58%) provided original individual data on participants in
48 studies (figure 1). Additionally, one group provided
unpublished data {Schmitt VM, unpublished). Therefore,
49 studies from 26 countries were included in the pooled
analysis (table 1). Original data collection within individual
studies took place between 1969 and 2005. Egger’s test was

done to investigate publication bias; p values for
comparison of ArgfArg versus Arg/Pro, Arg/Arg versus
Pro/Pro, and Arg/Pro versus Pro/Pro were 0008, 0-30,
and 0098, respectively.

Most of the studies had been done in Europe (19} and
Asia (17): 12 had been done in the Americas and one study
in Africa. Two cohort studies, four cross-sectional studies,
40 case—control studies, and three case series were
included. ‘The material used for TP53 genotyping, from
both cases and controls, was white bloed cells or exfoliated
cervical cells in 26 (53%) of the studies: the remaining
23 (47%) of studies uged tumour tissue from cases {table 2}.
The controls of 27 studies (55%) were in Hardy-Weinberg
equilibrium. Half the studies were large, with 200 or more
participants {5194), but only 16 studies (33%} fulfilled the
criteria of sound epidemiological design and conduct. The
study-specific genotype effects were analysed for each
study, and no statistically significant heterogeneity was
noted between studies.

TP53 codon 72 genotype was available for 15 834 women
(7946 cases and 7888 controls), for whom case or control
status was confirmed by histology or cytology (table 3).
Most cases and controls were white women. HPV
infection was present in 5095 (64%) of cases and 1353
{17%) of controls; however, HPV infection status was not

s

" ‘Magerial used for a

: -, Study type .. Yearofdata cplie;:t_i_on' | used wof Cantrolsin
‘control e - N e i TP53genctype - <. Hardy-Weinberg
: e L " equilibriom
- 1998 : - - L el e T S
Hayes and colleagues™ 215/158*  Non-epidemiofogical study 1995-96 Netherlands  White White blood cells Yes
Heltand and colleagues™ 169/225  Epidemiological study 1991-92 (CIN, controls),  Norway White White blood cells Yes
. {case-control) 1989-91 (cervical cancer)
Hildesheim and colleagues ~ 147/205  Epidemniological study 199394 CostaRica  Hispanic White blood cells Yes
; {Costa Rica) (cokort)
[ Hildesheimand colleagues ~ 208/217  Epidemialogical study 1987-89 UsA 85%white; 2% black;  Exfoliated cervicat cefls Yes
i (Portland, USA)™ {cahart) 13% unkrown
_ Hildesheim and colleagues  270/245" Non-epidericlogical study  1992-96 (cases), 1994-96  USA 84% white; 2% asian;  Exfoliated cervical cells Yes
{eastUSA)™ {controls) 9% black; 4% hispanic;
- 1% unknown
Josefsson and colleagues™ 551/621 Epidemiclogical study 1969-99 Sweden White Exfoliated cervical cells No
! {case-control}
" Rosenthal and colleagues” 50/246*  Nan-epidemiologicaistedy 1998 Great Britain  White Tumour tissue (cases) Yes
Bertorelleand colleagues®  390/102  Non-epidemiologicat study 1998 Italy White Exfoliated cervical cells Yes
... Giannowdis and colleagues®  279/30 Non-epidemiological study  1996-98 (cases), Great Britain  White Tumourtissue {cases) Yes
1998 (controls}
Klaes and colleagues® 58/156  Non-epidemiologicatstudy NK Germany White Mixed (tissue or exfoliated Yes
) cervical cells)
 Ngan and colleagues® 102/0t Non-epidemniological study  1990-94 (cases, China Asian Tumourtissue (cases) NA
controls NK)
Szarka and colleagues® 168/87¢  Non-epidemiological study NK Hungary White Tumour tissue {cases), white Yes
- blood cells (contrals)
. Tachezyand colieagues” 68/171 Epidemiclogical study 1993-97 (cases), Czech White White blood cells Yes
(case-control) 1993-98 (controls) Republic
Yamashita and colleagues®  164/252  Non-epidemiological study  1990-97 Japan Asian Tumour tissue (cases), exfoliated  Yes

cervical cells (control

! (cq:it;in&es onmextpage) - -
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Cajeig Study type ] edfnras;é:ss;ﬁéntof _Controlsin :
- control L TP53 gerotipe - £ o Hardy-Welnberg
) o - ’ - : equilibriuiy
- (Contiriyed from previous page) ' '
2000 7 - 7 - s o = e @
. Agorastos and colleagues™ 58/30 Non-epidemiological study  1996-97 (rases), Greece White Tumourtissue {cases), exfoliated  Yes
1999 (controls) cervical cells (cantrols)
" Dybikowskaandcolleagues®  44/52* Man-epidemiotogical study  1995-99 Poland White Exfoliated cervical cells Yes
Madeleireand colleagues®  111/164*  Non-epidemiological study  1986-97 USA White White blood cells Yes
‘_ Malcolm and colleagues® 42310 Non-epidemiological study  1996-99 UsA Unknown Tumourtissue (cases) NA
Nishikawa and colleagues®®  119/0 Non-epidemivlogical study  1984-94 fapan Asian Tumour tissue {cases) NA
" Tenti and colieagues® 101140 Epiderniological study 1990-98 (cases), Italy White Turnour tissue {cases), exfoliated  Yes

. {case~control) 1595-96 (controls) cervical cells (controls)

Van Duin and colleagues® 169/86 Non-epidemiclogical study  NK Netherlands  White Mixed: tumour tissue (some Yes

: cases), exfoliated cervical cells

(controls and some cases)
o P e FETTE GRS ey
- Kim and colleagues® 234/100  Epidemiological study 199798 Korea Asian Mixed: white blood cells, tissve Vs
{case-cantrol) {some cases}
Klug and colleagues™ 119/127 Epidemiological study 1996-97 Peru 89% hispanic, White blood cells Yes
(case~control) 7% white, 3% black,
1% asian
Rezzaand colleaguwes” 711172 Epidemiological study 1995-96 italy White Exfoliated cervical cells Yes
{cross-sectional)
" Zehbe and colleagues (Italy)*  111/0t Non-epidemiclogical study  1996-98 Italy White Tumor tissue (cases) NA
Zehbe and colleagues 1771188  Non-epidemiological study  1990-99 Sweden White Exfoliated cervical cells {(controls), Yes
" {Sweden)” tumourtissue (cases}
Jeo02 - : : : R e
- Arbel-Alon and colleagues® 23/162*  Non-epidemiological study  1995-96 tsrael White White blood celis No
Bhattacharya and 93/201 Epidemiological study 1997 {cases}, India Asian Tumour tissue (cases), exfoliated  Yes
~ colleagues® (case-control) 1997-99 {controls} cervical cells {conteols}
Huimbey ard colleagues? 88/50 Epidemiological study 1997-2001 France White Exfoliated cervical celis No
{cross-sectional)
Kawamataand colleagues® 907112 Non-epidemiclogical study  NK Japan Asian Tumour tissue (cases), exfoliated  Yes
cervical cells (controls)

- Nagpal and colleagues™ 110429 Nan-epidemiological study  NK India Asian Tumour tissue {cases) Yes
Pegoraro and colleagues™ 269/340*  Non-epidemiotogical study  1998-2000 South Africa  Black Mixed: white blood cells, tumour  Yes

tissue (some cases}

- Pillai and colleagues™ 311/110  Non-epidemiologicaistudy 2000-02 India Asian Mived: white blood cells, tissve  Yes
Saranath and colleagues® 1307131 Non-epidemiological study  1999-2000 India Asian Mixed: white blood cells, tissue . No
Sudrez-Rincon and 38/52 Non-epidemiotogical study  1999-2000 Mexico Hispanic Tumour tissug {cases} No

* colleagues®

. '2003: ; _ e . . i F—

~ Abba and colleagues” 23579 Non-epidemiological study  1990-2002 (cases) Asgentina  Hispanic Tumour tissue (cases} Yes

B 1998-2002 (contrals)

Insersa and colleagues™ 205/2003  Epidemiological study 1992-99 USA and 61% hispanic; Exfoliated cervical cells Yes
(cross-sectional) Mexico 35% white; 2% black;
1% asian;
1% unknawn

. Jeeand colleagues®™ 741724 Non-epidemiclogical study  2000-01 Korea ~ Asian ) White bloo&_:_l cells Yes

. sods . ) L T A T '
Brenna and colleagues® 148/0 Non-epidemiotogical study  1992-2002 Brazil Mixed Tumgur tissue {cases} NA
Niwa and colleagues™ 112/442*  Non-epidemiologicaistudy 2001-03 (cases), Japan Asian White blood cells Yes

1999-2000 {controls)
Settheetham-Ishida and 111/114  Epidemiological study 2002-03 Thailand Astan White blood cells Yes
calleagues®™ (case-contral}
W and colleagues™ 99/193  Epidemiological study 1999-2000 Taiwan Asian White bfood cells Yes
{case-control)

- (Cﬁrﬁﬁnueson nextpage) '
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Hardy-Weinberg
equilibriom

2005 .,
 Haws and colleagues™

. Mitra and colleagues™
. Ueda andv:-:llleagues"7

: 2006,
- Ciotti and colleagues™

. Gudleviciene and
'~ colleagues®

Uadaand ccdleagues"‘
’ Unpubllshed

Schmitt and colleagves

" NA=tiot apphcah!e N=not kncMn *Commlswae not gytological arh:;m!ogfcal conﬁrmed and thereforee : uded from ana |s dataset iControis were haﬂncluded in or:gmal data recelvecl #Controlswe:e
newborn babies and therefore 2] mp]e‘te]y excloded from pooled reanalysss . -

- (Continued fror previous page) -

29/367

Epiderniological study 2002-04
{cross-sectional}
61/94*  Non-epidemiological study 1997-2003 India
144154 Non-epidemiological study  2000-04 Japan
30132 Ncn—epidemioloéical study  2002-05 Italy
141/79 Non-epidemiological study  2000-03 Lithuania
79/95*  Non-epidemiological study  2003-05 Japan
§2164 Epidemiolagical study 1999-2001 Brazd

(case-control)

USA, Mexico

Hispanic

Astan White blood cells Yes
Asian Exfoliated cervical cells Yes
White Exfoliated cervical cells Yes
White Exfoliated cervicat cells No
Astan White blood cells No
Mixed Exfoliated cervical cells Yes

Exfoliated cervical cells No

Table 1; Overview ofthe 4951udles iﬂcludec! in the pooled reanalysns wrlh mdmduai data :

See Online for webappendix

established in several studies, and others selectively
tested for just a few selected HPV types, such as HPVI6.

Individual risk estimates were calculated and
presented as forest plots by study type for all 25 studies
included in the analysis (figure 2), and for five
epidemiological  studies  with  controls  in
Hardy-Weinberg equilibrium and TP53 genotype
determined from white blood cells (figure 3).

The pooled estimates across all studies showed an
association between TP53 codon 72 polymorphism for
arginine homozygosity and invasive (1.22; 95% CI
1-08-1-39) or squamous cervical cancer (1-19;
1-03-1-36) compared with heterozygosity (table 4). No
association was shown for arginine homozygosity
versus proline homozygosity for invasive (1-13;
0.94-1.35) or squamous cervical cancer (117
0.95-1.43). However, the overall genotype effect-was
statistically significant for invasive and squamous
cancer, The pooled estimates for arginine homozygosity
versus helerozygosity plus proline homozygosity as the
reference and adjusted for each study showed
statistically significant increased OR for invasive
cervical cancer (1-20; 1-07-1-35) and squamous-cell
carcinoma (1-18; 1-04-1.35; table 4}.

We analysed subgroups of all patients with invasive
cancer and available controls for HPV status and ethnic
group {table 4}. A statistically significant increased risk
was found for white women. No excess risk was found
for the subgroups of Asian and Hispanic women.

Analysis of subgroups of patients with invasive
cancer on the basis of quality criteria showed that the
increased risks were found in studies in which the
controls did not show Hardy-Weinberg equilibrium
{compared with those that did, 1-71; 95% CI 1-21-2-42),
in studies that were not sound epidemiologically

{compared with those that were, 1-35; 1.15-1.58}, and
studies in which the TP53 codon 72 genotype was
determined by use of tumour tissue from cases
{compared with white blood cells, 1-39; 1-13-1-73;
table 4). Epidemiological studies and studies in which
TP53 polymorphism was determined from white blood
cell DNA showed no association in any subgroup
analyses.

Additionally, we restricted our analysis to a dataset of
six studies with 705 cases and 933 controls derived
solely from epidemiological studies with controls in
Hardy-Weinberg equilibrium and TP53 genotype
detection from white blood cells {table 5). No increased
risks were seen in any of the groups for invasive cervical
cancer nor for squameous-cell carcinoma.

Further, we did a sensitivity analysis based on all
studies where TPS3 polymorphism was detexmined
fromn white blood cells (table 6). In this analysis, one
non-epidemiological study was included in addition to
the epidemiological studies (webappendix). No
increased risk estimates were found in any subgroup.

We also did all analyses with a complete dataset of
2139 cases and 4607 controls from 17 studies with no
missing values for age, HPV infection, or ethnic group
(webappendix). By contrast with the results shown in
table 4, we found no significant increased risk for either
invasive cancer or squamous-cell carcinoma.

An analysis in which the two alleles were considered
separately {1=13227) and the proline alleles were used as
the reference group showed similar results when analysis
was restricted to epidemiological studies with controls in
Hardy-Weinberg equilibrium and TP53 genotype detection
from white blood cells {webappendix), or was restricted to
studies where TP53 genotype was determined from white
blood cells.
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Cases; n{%) S

Publicationyeat, - . )
1998-2001 26

| 2002-06 22
_ Unpublished 1
“Methodof TP53 genotyping I

Mllele-specific PCR 23

" RFLP (partly combined with allele-specific PCRY 15
S5¢CP 7

. ‘Materialused for TP53 gerptyping )
" White bload cells 13

" Exfoliated cervical cells 13
Tumour tissue {(cases) 17
Mixed (tumour tissue for some cases) 6

" Method of HPV detect[on " o
© MY9/L1 PCR 7

GPS+f6+ PCR 4

| E6/E7PCR 5
Li-related PCR 1

- ’ Hybrid capture 2 2
" More than one 7

" Others 3
Unknown 4
No HPV detection performed 6

“ Mithod of HPV genéiypfng | .
© Allele-specific PCR 19

" Sequencing 3
RFLP 6
55Cp 1
Antibodies 2

~ More than one 3

Unknown 7
" No genotyplng performed 8

- Hardy-Weinberg equxllbrlum E:ontrols)

- Yes k)
No 6
No control group* 16
St_ud'ysize_f - R o

. =200 participants 25
<200 participants 24

- studytype” T B
Epidemioloéical study 16

- Non- epndemlologlcal 33

HPV=human papll!uma\nrus RFLP=restnctmn fragment length pnlymorphlsm
SSEP= slngle -steand conformmation.polymorphism. *Thiee case saries and ©

13 studies fromwhich afl controls were excluded because their contrsl status
wasnot coﬂﬂrmeclby cytologynr histology. {Total study size.. -

- Table2: (haractenstu:s of A% inciuded, studles compnsmg 15 834women

_ Histology and ¢italogy: -+
" Squamous cervical cancer

Cervical cancer of unknown type
High-grade lesions*
Low-grade lesionst
* Lesions (grade unclear)
Negativet
Agelears)
L 15-29
30-49
.. 50-69
=70
“ Nodata
Ps3genctype’
Arginine hormnozygote
_ Arginineor proline heterozygote
Proline homozygote

Adenocarcinoma or adencsquamous carinoma

2763 (34-8)

31139}
623 (7-8)
2587 (32.6)
1487 (187)
175 (2:2)

804 (10)

2326(293)
1074 (13°5)
155{2-0)
3587 (451}

3562 (44-8)

3349 (42-2)

Discussion

Cur pooled analysis of original individual data from
49 studies provides evidence that there is no association
between cervical cancer and TP53 codon 72 poly-
morphism  when the analysis is restricted to
methodologically sound studies, and shows that the

. 1035030)

Ethriicgroup ™, JRREE S . =
White 3517 (44-3)
Asfan 2704(34-0)

. Black N1(39)
- Rispanic 754(9-5)

" Mixed 210(2:6}

" Nodata 450{(57)
Hpvstatus [, -7 o+ S

. High-risk positive 4-478 (56-4)

. Positive for other types or type unknown 617 (7-8)

. Negative 936 (11-8)
. Nodata 1915 (241)
" Number 6FHBV types In HPVipositive worten (n_6448)

1 4026 (794 0)

-2 584 (155}

435 (9~5)

) No data

i ;.cbntréls_:h(%'), ‘.

7888 (100)
2377(304)
2627 (333)
813(103)

60(08)
2011(255)

3613{458)
3431(435)
_ 844(107)

3063 (38-8)

2067 (26-2)
54(0-7)

2575(32.6)
64(0-8)
65(0-8)

1060 (13-4)
29337
5096 (64-6}
1439 (18:2)

9287(55-5)
293 (217)
132 (9 8)

Table3: (ha ‘rac_‘:teris

f7946 cases, and 7388 mntrols ln:luded mthe analysis

excess risks reported in several studies are due to
methodelogical errors such as selection bias, the materjal
used for genotype determination, or chance.

Combining data from many studies has the advantage
of reducing random error. Often, small studies of genetic
agsociations have insufficient power, increasing the risk
that chance could be responsible for their conclusions.”
Pooled analysis enabled us to apply the same kind of
criteria to all the study datasets and to obtain precise
estirnates for subgroups. However, although all data were
pooled from separate studies into a common database,
each study was accounted for in the stalistical models to
allow for the widely varying proportions of cases and
controls, and to avoid implicitly comparing cases of one
study with controls of another. Additionally, each ethnic
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ArglArg Arg/Pro+ProfPro Qdds ratio (95% Cl) Odds ratio {95% (1)
Cases  Total Cases Total
Cohort studies
Hildesheim and colleagues (Costa Rica) 1958 12 90 18 145 109 {050-2:37) —_
Hildesheim and colleagues {Portland, USA) 1998 5 120 1 69 2:96(0-34-25-84} _t
Case—control studies
Bhattacharya and colleagues 2002 32 & 61 207 139{0-82-2:36) H—
Relland and colleagues 1998 44 166 33 136 113 (0-67-1-90) —H—
fosefsson and colleagues 1998 4 287 29 269 111{0-56-1-88} P
Kim and colleagues 2001 40 92 60 108 062 ((-35-1-08) —t
Klug and colleagues 2001 57 111 58 117 091 (0-54-1.51)} —
Schmitt and colfeagues 13 42 9 44 1.74 (0-65-4-65) —+—
Settheetham-Ishida 2004 26 46 85 179 1.44 (0-75-2:76) -+
Tachezy and colleagues 1999 34 74 33 o6 0-85 {0-44-1-65} g
Tenti and colleagues 2000 59 146 42 95 086(0-51-144) —
Non-epidemiological studies
Abba and cofleagues 2003 12 42 23 72 0-85(0:37-1-96) —_—
Agorastos and colleagues 2000 3 i4 4 28 800 (1-79-35:74) —re—
Giannoudis and colleagues 1995 27 44 16 9 1.29 (0-50-3-34} —_—
Gudieviciene and colleagues 2006 3 43 88 157 2.59 (119-561) e
Jee and colleagues 2003 159 453 13 643 109 (0-85-1-41) +
Kawamata and colleagues 2002 21 64 23 92 1-47 (0-72-2-96) -+
Klaes and colleagues 1999 33 119 25 95 1.07 (4-58-1.97) —_
Nagpal and colleagues 2002 21 24 50 76 364 (0-99-13-35) EE—
Pillai and colleagues 2002 36 55 147 238 117 (0-63-237) —4—
Saranath and colleagues 2002 27 46 103 Py 1.55{0-81-2:95} 1+
Sudrez-Rincén and colleagues 2002 7 33 24 57 1-82 (0.76-4:34) A+
Van Duin and colleagues 2000 44 93 27 64 123 (0-65-2-34) ——
Yamashita and ¢olleagues 1999 28 108 48 220 125{0-73-214) -+
Zehbe and colleagues 2001 Sweden 5¢ 138 29 129 196 (1:14-3:36) -+
T T T 1
001 a1 1 10 100
Favours ArglArg  Favours Arg/Pro+Pro/Pro

Figure 2: forest plots of effect estimates for patients with invasive cancer and cytology-negative controls of 28 individual studies stratified by type of study,
only considering studies with at least five cases and five controls

ArgfArg Arg/Pro+ProfPro 0dds ratio {95%Cl} 0dds ratio (95% C1)

Cases  Total Cases Total
Cohort studies
Rildesheim and colleagues (Costa Rica) 1998 12 90 18 145 109 (0-50-2.37} ——
Case-control studies
Helland and colleagues 1998 44 166 33 136 143 (0-67-1-90) -
Klyg and colleagues 2001 57 1 58 117 0.91(0-54-151) ——
Settheetham-ishida 2004 26 46 85 179 1-44(0-75-2-76) 4
Tachezy and colleagues 1599 34 74 33 66 0-85 (0-44-1-65) —

I T 1 1
001 01 1 10 100
favours ArgfArg  Favours ArgfPro+ProfPro

Figure 3: Forest plots of affect estimates for invasive cancer cases and cytological negative controls of five individual epidemiological studies where contrals
were in Hardy-Weinberg equilibrium and TP53 genotype was determined from white blood cefts
Steatified by type of study, only considering studies with at least five cases and five controls.

group was considered separately, either because a study
only included one ethnic group, or by considering different
ethnic groups within one study as separate studies.

No statistical heterogeneity of the genotype effect was
detected between studies; however, the power of this test
is low. The included studies had various designs and
methodology, with some following epidemiological
principles while others were laboratory based. Other
differences included the definition of the study population,
the recruitment of participants to the study, the information
available on study participants, and the materials and
methods used to determine TP53 genotype and HPV
status. We addressed variability between studies by using

subgroups focusing on the biological and epidemiological
contents rather than solely on statistical heterogeneity.
Ow subgroup analyses were planned a priori, but
nevertheless we consider them to be explorative.

Pooling of the original data enabled us to redefine
the genotype classifications and reference groups in
the statistical analyses” The main analysis was done
with all three genotypes as one variable with three
separate categories. This avoids the inflation of type I
error that can occur with post-hoc grouping of
genotypes, and enables estimation of all contrasts
between ungrouped genotypes.” Additionally, the
genotypes were grouped into a dichotomous variable,
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TP53 genotype determined from white 77211464 6 106(087-129) 111(0-84-148) 105 (079-139) ND/039 032 1.07{0-89-128) 089
blood cellgimasses
TP53 genotype of cases determined fram 6631189 1 139(113-173)  138(097-196) 0-99(0-70-1-40) ND/0-20 139 (34-171) 014
tumuurﬁssUelM!Muﬁ.ﬁ?.M&S-ﬂ!i
TP53 genotype determined from exfoliated  270/975 5 145(103-204)  123{073-208) ©-85(0:50-1-43) ND/0O49 1.40{1-02-1-94) 033

edtwo studles, "Unpubhsheddataof
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. Table d: Pooled estnmates of associations of TP53 codon 72. genbtype and cervn:al hlstology of 33 stud:es and mvaswe cerwcal ca er cases of 25 studies in subgrnups bf HPVstatus,

in part for direct comparison with an earier
meta-analysis with published data.”

Invasive cancer cases and high-grade and low-grade
lesions were analysed separately. Although some effects
were found overall with invasive and cervical cancer,
analyses of high-grade and low-grade lesions showed no
increased risks. Furthermore, the genotype effect was
seemingly not medified by HPV infection status. As the
distribution of alleles at codon 72 of the TP53 gene varies

by ethnic group,” we analysed data stratified by ethnicity.
Although the risk estimates varied by ethnic group, none
was significant in analyses of methodologically sound
studies (table 5).

To assess study quality, we considered Hardy-Weinberg
equilibrium, study type, study size, and the material used
for TP53 genotyping in subgroup analyses. The concern
was that any association detected might be spurious if the
distribution of genotypes in the control groups were not
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calculate Hardy—Weinberg equilibrium in meta-analyses of ~ studies where the controls were not in Hardy-Weinbexg
genetic polymorphisms in order to assess quality, equilibrium showed statistically significantly increased
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odds ratios compared with studies in which the controls
were in Hardy-Weinberg equilibtium. We also classified
the studies as being either epidemiological or non-
epidemiological on the basis of differences in study design,
definition and recruitment of study participants, and study
conduct” This was an attempt to assess etror and bias,
which sometimes skew the results of studies in molecular
epidemiology’™ with information available in all studies
pocled in this analysis. Studies that adhered to sound
epidemiological principles gave null results.

Loss of heterozygosity is a frequent event in tumour
cells,™ and it has been postulated that this frequently affects
the proline allele in squamous cell carcinomas®
Additionally, loss of heterozygosity has been noted in
exfoliated cells.® Therefore, DNA from white blood cells
should be used for determining genetic polymorphisms
rather than tumour tissue. Studies that met this criterion
did not show an association between cervical cancer and
the TP53 polymorphism. Moreover, all studies considered
as epidemiological studies and all studics where TP33
genotype was detected from white blood cells and which
contributed to the analyses shown had controls in
Hardy-Weinberg equilibrium. By contrast, in the subgroups
of studies using tumour tissue or exfoliated cells, only two
of 11 studies or one of five studies were methodologically
sound, respectively, while the rest were either not done
according to epidemiological criteria, were small, or had
controls not in Hardy—Weinberg equilibrium {or 2
combination of all three).

Recently, an interim guideline was published to assess
cumulative evidence on genetic associations, such as the
amount of biclogical evidence, epidemiological credibility,
and dlinical and public-health impact”™ There is biological
evidence that the two different TP53 codon 72 protein
variants could have differential effects on cancer
development. Our pooled analysis adds large-scale
epidemiological evidence with extensive replication. There
is no statistically significant between-study heterogeneity:
although there is moderate epidemiological heterogeneity
between studies. The effects of potential selection of study
populations or genotyping errors were assessed with
subgroup analyses. There is evidence that the associations
between TP53 codon 72 polymorphism and cervical cancer
noted in earlier studies were due to selection bias. Our
pooled analysis gives moderate-to-strong epidemiological
evidence that there is no association between TP53 codon
72 polymorphism and cervical cancer.

The median number of individuals was 255 in the
49 included studies and 161 in 32 studies for which no data
were provided (figure 1, table I, webappendix). The
proportion of studies that used white blood cells to
determine TP53 genotype was similar in studies included
and not included in this analysis {26-5% vs 25-0%)}. For the
studies from which original data were not available, we
used a random-effects model based on published numbers
to caleulate the pooled-effect estimate™ for all studies of
invasive cervical cancer in which the absence of cervical

disease in controls had been confirmed (n=10). The odds
ratio for arginine homozygosity versus heterozygosity plus
proline homozygosity was increased but not statistically
significant {1-37; 95% CI 0-93-2-00). The original data of
Storey and colleagues” which initiated this research were
notincluded in this analysis because they were not received
for pooling. Nevertheless, because it was a very small study
{30 cases and 41 controls), the data would not have altered
the results of this pooled analysis. It can be assumed that
pooled analysis of the data from all 77 published articles
would not change our conclusions. However, it can not be
ruted out that the TP53 polymorphism might have some
role in determining age of onset, aggressiveness of disease,
cancer survival, or mortality.»*

Our study has a number of possible limitations, including
the possibility that genotyping errors in the individual
studies could have introduced bias at the pooled level »*
Also, no data were available on risk factors such as
smoking, use of oral contraceptives, or parity. Furthermore,
even pooled analyses of original data are not exernpt from
publication bias;* however, many studies, both large
and small, that gave null results on TP53 polymorphism
and cervical cancer have been published. Nevertheless, we
attempted to identify and partly succeeded in including
unpublished work. An investigation of publication bias
showed that data from small studies were more likely to be
published or received for this pooled analysis if there was
an increased risk reported. Another potential limitation
was the smaller sample size in subgroups than in the main
analyses. In the main analysis of all invasive cancer cases
the minimum odds ratio detectable with a power of 80%
was 1.18 for arginine homozygotes versus heterozygotes.
For thesubgroups of studiesthat had sound epidemiological
quality or that used white blood cells for genotyping, the
minimum odds ratios detectable with a power of 80% were
1-27 or 1- 30, respectively, for arginine homozygotes versus
heterozygotes. Therefore, the power in subgroup analyses
was not sufficient o detect small increased risks. However,
such small increased risks would have no or minimal
clinical or public-health effects.

After a decade of extensive regearch on this issue, this
laxge pooled analysis found no association between cervical
cancer and polymorphism at TP53 codon 72 when analysis
was restricted to methodologically sound studies.
The increased risks of cervical cancer associated with the
polymorphism at TP53 codon 72 seen in sotne studies were
probably due to errors in study methods, rather than to
biological or clinical factors.
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Abstract

Objective. Cervical cancer is still a serious national health problem in Thailand and
risk factors other than high risk HPV infection for the cancer should be identified to reduce
the new cases of the cancer. Since the influence of the polymorphisms of DNA repair genes
on the development of cervical cancer was unknown, we have selected BER related XRCC1
and DBS related XRCC3 to test the contribution of their polymorphisms, XRCC1 Arg399Gin
and Argl94Trp and XRCC3 Thr241Met, to develop cervical cancer.

Methods. Women aged 27-74 years with the HPV infection were recruited in this
study. Cases (n=111) were defined as squamous cell cervical cancer and controls (n=1 18)
were recruited from healthy women without cervical abnormalities.

Results. The YRCCI 194Trp/Trp genotype significantly increased the risk for
cervical cancer (OR=5.52; 95%CI=1.14-26.64; p=0.03). Among the HPV infection negative
group, significantly higher risks for SCCA were visualized for XRCC/ 399Arg/Gln (adjusted
OR=3.69; 95%CI=1.04-13.06; p=0.04) and XRCCI 194Arg/Trp (adjusted OR=4.13;
95%CI=1.13-15.12; p=0.03).

Conclusion. This study indicates that variant types of DNA repair genes play partial
roles in modifying individual susceptibility to cervical cancer. Since cervical cancer isa




multi-factorial disease, the contribution of repair enzymes if it ever exists to the development
of cervical caner is concealed by HPV infection.

Introduction

Cervical cancer is a serious national health problem in Thailand, especially northern
and northeastern parts of the country {1]. To reduce the new cases of the cancer, risk factors
for the cancer should be identified. Human papillomavirus (HPV) is a principal cause for
cervical cancer, nearly 90 % of cervical cancer cases were with high-risk HPV infection in
this region [2]. Although prophylactic vaccines against HPV have been developed, they are
likely to be effective in preventing certain types of HPV (HPV16 and HPV18) infection, and
about 30% of cervical cancers remain surrendered [3]. Cryptic risks for cervical cancer thus
should be unveiled.

1t is documented that the body’s defense mechanism is able to eradicate HPV without
progressing to the cervical cancer [4]. A small part of HPV carriers develop cervical cancer,
which indicates the presence of some factor(s) responsible for the cervical cancer
development other than HPV infection. Although HPV infection is the major risk for the
development of cervical cancer, contribution of other risk factors is also indispensable. Our
previous study has shown that passive tobacco smoking contributes to the increased risk for
SCCA development in Northeast Thai women [3].

Carcinogens, such as nicotine, cotinine and tobacco-specific nitrosamines, have been
detected in the cervical mucus of smokers [6-7]. Being able to induce DNA damages [8],they
play causal roles in the development of cervical cancer [7]. On the other hand, DNA-repair
systems are essential for the maintenance of integrity of the genetic material. Therefore they
play a key role in protecting the genetic material against deleterious mutations leading to
cancer development [9]. Among the DNA-repair systems, base-excision repair (BER)
pathway and double-strand break (DSB) repair pathway constitute the primary defense
against lesion generated by ionizing radiation and strong alkylating agents as well as lesions
formed by endogenous DNA-damaging agents such as smoke [8] and viruses [10].

There has been considerable interest in understanding genetic variability in DNA
repair genes and their influence on modifying an individual’s susceptibility to cancer [11]. X-
ray repair cross complementing group 1 (XRCC1I) is a major DNA repair gene involved in
BER, whereas XRCC3 is in DSB repair [9]. Mutation and polymorphism in DNA repair
genes associated with repair efficiency against DNA damage may predispose an individual’s
cancer susceptibility. Functional genetic polymorphisms of the XRCCI are Arg399Gln in the
exon 10 and Arg194Trp in the exon 6 and that of the XRCC3 is Thr241Met in the exon 7.
Inter-individual differences in the DNA-repair efficiency appear to be genetically determined
[12-13].

The XRCCI codon194 variant allele was associated with the risk for oral cancer [14],
hepatocellular carcinoma [15], thyroid carcinoma [16], head and neck cancer [17],
adenocarcinoma of the lung [18] and breast cancer [19]. The XRCC/ codon339 Gln was




shown to be a risk for cervical cancer [20]. However, combination of the XRCC/ variant
alleles might vary risk for the individual cancer. The protective effect of combined genotypes
codon 194 and 339 of XRCC! has been observed for bladder cancer [21] and hepatocellular

. carcinoma [15] but not in lung cancer [ 22,23], prostate cancer [24], and oral cancer [25].
The XRCC3 codon 241 variant allele was involved in an increased level of DNA adducts [26]
and significant risk for bladder cancer [27], oral cancer [14,25], and moreover, increased risk
for the cancer might be related to smoking and drinking [14]. However, many of the
observations are not consistent [28,29] and influence of the polymorphisms of XRCCI and
XRCC3 on DNA repair capacity is still unclear. We have sclected BER related XRCC1 and
DBS related XRCC3 to test the contribution of their polymorphisms to develop cervical
cancet.

Materials and Methods

Subjects

Women aged 27-74 years were recruited in this study at Srinagarind Hospital, Khon
Kaen University, Thailand. Cases (n=111) were defined as squamous cell cervical cancer
(SCCA) by cytological, colposcopical and histological diagnosis. Controls (n=118) were
recruited from healthy women without cervical cancer, history of conization, hysterectomy or
diseases associated with known risk factors for cervical cancer. The controls and cases were
matched within 5-year age group. Prior to this study, they were examined for HPV infection
[2]. They were informed of the purpose and experimental procedures of this study and
written informed consent was obtained. This study was approved by the Ethics Committee of
Khon Kaen University.

Genotyping assays

DNA was extracted from peripheral blood cells by using Nal method [30] and used
as template in polymerase chain reaction (PCR). Polymorphism in DNA repair genes using
PCR-RFLP was performed with the primers in Table 1. The primers were designed to amplify
the regions of DNA that contain the polymorphic sites of interest: XRCC1 Arg399Gln in exon
10 (G-->A), XRCCI Argl94Trp in exon 6 (C-->T) and XRCC3 Thr241Met in exon 7 (C-->T).
The PCR condition consisted basically of the following : i) activation of Taq polymerase at 95
°C for 9 min, ii) 40 cycles of denaturation at 94°C for 1 min; annealing at 58°C for 1 min;
elongation at 72 °C for 1 min, and iii) extension at 72 °C for 5 min. The PCR products were
electrophoresed on 2.5% agarose gel and visualized by ethidium bromide staining. Genetic
polymorphism of XRCCI and XRCC3 were studied by digesting the products with restriction
enzymes as shown in Table 1.

Statistical analyses
The chi-square test was used to compare genotype frequency of the XRCCI (codon
194 and codon 399) and XRCC3 (codon 241) polymorphism between the cervical carcinoma




patients and the controls. All subjects were pooled, cases and controls were matched 5-year
age and then divided into small groups by combination with smoking or HPV status. The
associations between XRCC genotypes and risk of cervical cancer with or without
combination of smoking or HPV status were estimated using odds ratios and 95% confidence
intervals (OR and 95% CI) calculated by multivariate logistic regression analysis with 800-
STATA-PC. P-value less than 0.05 were considered significantly different.

Results

The allele frequencies and distribution of genotypes of the XRCCI codon 399 and 194,
and XRCC3 codon 241 are shown in Table 2. No significant deviation from Hardy-Weinberg
equilibrium in the genotype distribution for the three loci was confirmed in the controls. The
prevalence of the XRCC1 194Trp allele (T) was not significantly different in cases and
controls (p>0.05) but XRCC! 194Trp/Trp genotype significantly increased the risk for
cervical cancer (OR=5.52; 95%CI=1.14-26.64; p=0.03), whereas heterozygous genotype did
not (OR=1.18; 95%CI=0.69-2.01; p=0.54). XRCCI 399 and XRCC3 241 polymorphisms did
not alter the risk for the development of cervical cancer when we analyzed by genotype and
allele distribution (Table 2). When ORs were calculated for combined genotypes of XRCC1
399 and 194, there was a trend to increase the risk for the cancer in Arg/Arg-Trp/Trp (G/G-
T/T) genotype (OR=4.31; 95%CI=0.82-22.53; p=0.08) (Table 3). When genotypes were
combined for three loci, the trend of increased risk in the presence of XRCC1 194Trp/Trp
genotype was still observed (OR=4.08; 95%CI=0.77-21.54; p=0.09) (Table 4).

Interaction between XRCC genotypes and the risk for SCCA by the status of HPV
infection was analyzed (Table 5). Among the HPV infection negative group, significantly
higher risks for SCCA were visualized for XRCC1 399A1g/Gln (adjusted OR=3.69;
95%CI=1.04-13.06; p=0.04) and XRCCI 194Arg/Trp (adjusted OR=4.13; 95%CI=1.13-
15.12; p=0.03). Other genotypes with the XRCC1 339Glu allele or the XRCC! 194Trp allele
consistently showed higher risks even though the p values were not less than 0.05.

When risk of the XRCC polymorphisms for SCCA was evaluated by the smoking
status, none of the genotypes showed deviation in the risk for the cancer statistically (Table
6).




Discussion

DNA repair is an important mechanism in the maintenance of genetic stability
against carcinogenesis. Genetic variability in DNA repair genes is considerable and able to
modify an individual’s susceptibility to cancer [22-24]. Among the three nonsense
polymorphic variants, only XRCC1 194 Trp/Trp showed an increased risk for SCCA (5.5-
fold). The similar finding for the XRCC1 polymorphism in SCCA development was observed
in Chinese [31]. This report [31] also observed XRCC1 399 Gln showed higher risks for the
cervical cancer. On the contrary, Niwa et al. reported that XRCCI 399Gin was not the risk for
SCCA but the risk for cervical adenocarcimona/adenosquamous carcinoma [20]. We often
face such discrepancies among reports based on the different populations with different
environmental backgrounds and moreover, not equally adjusted ORs would give higher risks
to certain genotypes. Combined genotypes for XRCC1 399 and 194 showing trends in the
increased risk also comprised the XRCC1 194 Trp/Trp homozygous genotype; this indicates
functional compensation of XRCC1 194 Arg being strong. As for the XRCC3, relatively low
(-0.05) allele frequency of XRCC3 241 Met allele limited the statistical analysis. To evaluate
the effect of Met allele on SCCA, a further study with a large number of subjects is required.

Among SCCA cases, 13.5 % were found to be negative for HPV DNA in this studyl
When subjects were sorted by high risk HPV infection status, a clear trend was visualized
(Table 5); contribution of XRCC1 variant alleles to the risk for SCCA was identified in the
HPV negative group. In the HPV infection group, there was a trend that rather low risks for
CC were found in the presence of the XRCC1 variant alleles. Increased risk for SCCA was
found in both heterozygous genotypes, XRCC1 399 Arg/Gln and 194 Arg/Trp, among HPV
negative status with the OR of 3.7 and 4.1-fold, respectively The contribution of XRCC1 399
Gln was thus unveiled by excluding influence of the established risk factor, high risk HPV
infection. Our study indicates that among HPV carriers, strong driving force of HPV infection
leads to the development of SCCA irrespective of XRCC genotype.

Qur previous study showed smoking, including passive smoking, is one of the critical
risks for the development of cervical carcinoma [5]. This means that some of the pro-
carcinogens/carcinogens in tobacco smoke may be responsible for this cancer; however, the
null genotype of phase I detoxification enzymes, GSTM1 and GSTT]1, did not increase the
risk for SCCA in smokers [32] and moreover, in this study, the variant allele for DNA repair
proteins, XRCC1 and XRCC3, do not increase the risk. It is implicated that modification or
activation of pro-carcinogens/carcinogens by metabolizing enzymes may play critical roles in
the development of cervical cancer. To reveal the role of phase II enzymes, such as CYP1 and
CYP2 families, in the development of cervical cancer is strongly recommended.

Totally, this study indicates that variant types of DNA repair genes play partial roles
in modifying individual susceptibility to cervical cancer. Since cervical cancer is a multi-
factorial disease, the contribution of repair enzymes if it ever exists to the development of the
cervical cancer is concealed by the major risk factor, HPV infection, otherwise the increased
risk should be found not only among HPV negative individuals but also HPV positive
individuals.
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Chapter 9

CERVICAL CANCER IN
NORTHEASTERN THAILAND

Wannapa Settheetham-Ishida™* and Takafumi Ishida®
'Department of Physiology, Faculty of Medicine, Khon Kaen University, Khon Kaen
40002, Thailand;

*Department of Biological Sciences, Graduate School of Science, The University of
Tokyo, Tokyo 113-0033, Japan.

ABSTRACT

Cervical cancer remains the most common cancer among Thai women even though
its incidence has decreased according to the age-standardized rate. Contrariwise, other
data suggest the incidence rate of this cancer gradually increased in Northeast Thailand
between 1992 and 2000. HPV infection is the major cause of cervical cancer and has
been confirmed as a critical risk factor for the development of cancer in this region. The
prevalence of HPV-16 infection was prominent, followed by HPV-18. The number of
sexual partners and passive smoking history were identified as risks for HPV infection.
As for passive smoking, tobacco specific carcinogens/mutagens may exist in the cervical
mucus through smoking and/or in the semen of tobacco smoking partners. Cervical
exposure to such carcinogens can reduce cervical immunity resufting in the persistence of
HPV infection and also generating DNA lesions. It is hypothesized that certain genetic
backgrounds, such as chemical metabolizing enzyme genes, may play roles in the
development of this cancer.
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* Correspondence concemning this article should be addressed to Wannapa Settheetham-Ishida Departmet of
physiology, Faculty of Medicine, Khon Kaen University, Khon Kaen, 40002 Thailand. Tel/fax: +66-43-348394.
E-mail address: wannapa@kku.ac.th




218 Wannapa Settheetham-Ishida and Takafumi Ishida

INTRODUCTION

Cancer is an important national health problem in Thailand. The incidence rates vary by
region {i.e., in the North, Northeast, South and Central (see Figure 1)) with the age-
standardized incidence rates (ASR) being 149.2 in males and 125.0 in females between 1995
and 1997 (Martin and Patel, 2003). However, in Khon Kaen, Northeast Thailand, over the
same period the ASR were 182.5 in males and 125.3 in females (Martin and Patel, 2003).

Figure 1. Map of Thailand.

Among cancers, cervical cancer is one of the most common in Thai women even though
the age-standardized incidence rates indicate a decrease with 19.5 in 1995-1997 (Pengsaa and
Jindawijak, 2003). The incidence rate of this cancer gradually increased in Northeastern
Thailand between 1992 and 2000 (Pengsaa and Jindawijak, 2003), and remains the highest
cause of mortality among females in the region {Vatanasapt et al, 1998). Cervical cancer
comprised one-fifth of new female cancer cases in the last two years. Two-thirds of patients
with cervical cancer receive radiotherapy, while one-seventh underwent surgery at our
regional University Hospital in Khon Kaen (Cancer Unit, 2004; 2005).
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Cervical cancer can be detected at an asymptomatic stage using the Pap smear test;
however, the test is not well accepted because of limited public health awareness. Thus,
women attend hospital only afier cervical cancer symptoms manifest, when they are difficult
to treat so the prognosis is poor. This situation prompted us to carry out a survey to search for
the risk factors for cervical cancer in Northeast Thailand to develop tools for early diagnosis
and prevention of cervical cancer.

Human Papiliomavirus Infection

Most cancers are multi-factorially developed through genetic background, environmental
factors and lifestyle; all of which exert independently or in combination to cause cancer
(Bishop, 1995; Hunter, 1991; Weinberg, 1991; 1989). Large series of molecular and
epidemiological studies conducted over the last twenty years have indicated that cervical
infection by certain human papillomavirus (HPV) types is a precursor event in the genesis of
cervical cancer (zur Hausen, 1991; Schiffinan and Castle, 2003).

The human papillomavirus is a virus sized 50-55 nm in diameter with small double-
stranded DNA as its genome, which encodes a small number of genes (Doorbar and Strerling,
2001). The basic structure consists of a regulatory region, an early gene (E) region and a late
gene (L) region. HPV types are identified by variation of E6, E7 and L1 parts of the HPV
genome. A similarity of at least 90% in the nucleotide sequence in these three genes permits
HPYV to be classified as identical types.

To date, there are 100 known different types of HPV: 1) a low-risk group (such as HPV-
6, -11, -26, -42 and -44); and, 2) a high-risk group (such as HPV-16, -18, -31, -33, -35, -39,
45, -51, -52, -56 and -58) (Minaguchi et al., 1998). Cervical infection with certain subtypes
of HPV, particularly of the high-risk group, closely correlates with the development of
cervical cancer (Scheffner et al., 1990; Schiffman and Castle, 2003; zur Hausen, 1991).

Strong evidence suggests that E6 and E7 HPV proteins contribute to the development of
cervical cancer., They act together to stimulate keratinocytes and facilitate HPV DNA
replication (Munger et al, 2001). Once integration of the HPV genome into the host cells
occurs, there is uncontrolled gene expression, which drives the cell cycle. In HPV-infected
cells, the E7 protein binds with pRB turning E2F into an active form resulting in transcription
of DNA replicated genes. Another HPV protein, E6 binds with p53 protein, which leads to
degradation of the p53 protein (Scheffner es al,, 1990).

Epidemiological evidence indicates that infection with HPV is the major cause of
cervical cancer (Monoz ef al., 1992; zur Hausen, 1991), such that worldwide HPV prevalence
in cervical cancer is 99.7% (Walboomers et al, 1999). Additionally, HPV infection was
confirmed as a critical risk factor for the development of cervical cancer in Northeast
Thailand. The prevalence of the high-risk group of HPV infection sub-strains -16, -18, -31, -
33, -35, -52b and -58) was identified among 86.7% of squamous cell cervical cancers
(SCCA) and increased the risk for development of SCCA by as much as 43.5-fold
(Settheetham-Ishida ef al., 2005).

As expected, genotyping of HPV among SCCA patients in Northeast Thailand confirmed
the high prevalence of HPV-16 infection (70.5%) followed by HPV-18 infection (23.1%), but
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a relatively low prevalence of HPV-33 was noted (Settheetham-Ishida er al, 2005).
Moreover, HPV-16 is a critical risk factor for cervical squamous intracpithelial tesions (SIL)
progression in this region (Settheetham-Ishida et al, 2006). Compared to other populations
vis-a-vis invasive SCCA, HPV-16 is the most prevalent genotype (Iwasawa ef al, 1996;
Thomas et al., 2001a), whereas preferential distribution of HPV genotype has been suggested
causative for certain types of cervical cancer. HPV-18 is more closely associated with
cervical adenocarcinoma and a poor prognosis (Kjaer and Brinton, 1993). Since female
subjects of the study in Northeast Thailand were patients with SSCA, the high prevalence of
HPV-16 is conceivable; however, the relatively high prevalence of HPV-18 in SCCA patients
compared to the low prevalence it the controls should be emphasized. The difference in HPV
genotype distribution between the controls and the patients was not statistically significant,
indicating any high risk subtype may have potential for. SCCA development. The
accumulation of HPV-18 suggests a role for HPV-18 in the development of SCCA in
Northeast Thailand.

The prevalence of a high-risk group for HPV infection varies in each region of Thailand;
for example, in central and southern Thailand where the infection rate ranged between 3 and
14% among controls and between 74 and 89% among patients with cervical abnormalities
(Lertworapreecha ef al., 1998; Sukvirach et al,, 2003; Thomas ef al, 2001a). In Northeast
Thailand, prevalence was 13% for controls and 87% for patients (Settheetham-Ishida et al,
2005), which is comparable to the other Thai populations (Lertworapreecha et al., 1998;
Sukvirach ef al., 2003; Thomas et al., 2001) and strongly suggests the involvement of other
risk factor(s) in the high incidence of cervical cancer in Northeast Thailand.

Genetic Polymorphism of p53

A substantial series of epidemiological evidence has indicated that infection with certain
types of HPV is the major cause of cervical cancer (Monoz ef al., 1992; zur Hausen, 1991).
However, only a small fraction of women infected with these virus strains develop the cancer
indicating that HPV infection is necessary but not a sufficient condition for the cancer to
develop, and that the presence of other risk factors — such as genetic backgrounds and
lifestyle — is suspected.

The human p53 protein comprises 393 amino acids, which can be divided into several
structural and functional domains, many of which contribute to the ability of p53 to function
as a transcription factor (Levine, 1997; Haffner and Oren, 1995). The p53 acts as a tumor
suppressor protein and celfular growth regulator: whereas p53 is not essential for basal
cellular growth and development (Donehower et al,, 1992), it does play a critical role in the
response of cells to stress; mediating a G1/S cell-cycle arrest and/or apoptosis following
damage to the DNA. When the DNA is damaged, p53 levels rise and induce G1 cell-cycle
arrest (Kastan et al., 1991; Lowe ef al., 1993).

P53 protein is one of the most important proteins in the defense system against tumor
development (Levine, 1997). Participation of the p33 alterations including somatic mutations
and germ-line polymorphisms in tumor development has been well documented (Andersson
et al., 2001; Zehbe ef al., 1999). A base substitution at codon 72 of the p33 resulting in either
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arginine (Arg) or proline (Pro) was identified as polymorphic in human populations
(Beckman et al, 1994). Codon 72 polymorphism (drg/Pro allele) of the p53 is widely
distributed in various human populations (Helland et al., 1998). One of the striking features
of this polymorphism is efficient degradation of the Arg type of p53 by HPV E6 oncoprotein,
and that carriers of the Arg type of p53 were about seven times more susceptible to the
cervical cancer (Storey et al., 1998).

After HPV infection, viral E6 protein binds to the cellular protein (Scheffner ef al., 1990)
and causes dysfunction of the p53 protein activity. As recently reported, biological and
biochemical differences ~ between the p53 protein with Arg or Pro at amino acid position 72
— indicate the possible presence of a different interaction pattern between either the p53
protein variant and the E6 protein of HPV property (Storey ef al,1998; Thomas ef al., 1999a,
1999b).

Thus, the p53 codon 72 polymorphism has been nominated as a genetic risk factor for
cervical cancer. However, the association was not significant and the susceptibility of the
Arg/Arg genotype to cervical cancer was limited in Northeastern Thai women. This result is
thus comparable to the studies of Korean, Japanese and Peruvian population which have
Mongoloid background (Minaguchi et al., 1998; Baek et al., 2000; Klug et al, 2001). The
controversial results may be due to differences in ethnic background and in aliele frequency.
The allele frequency in Northeastern Thailand, shown in the present study, is similar to those
reported in Central and Southern Thailand (Tiwawech et al, 2003; Kietthubthew ef al,
2003). . _ c

The development of cervical cancer correlates with the presence of the high risk HPV E6
protein of the virus. It binds to and inactivates the tumor suppressor protein p53 and directs
its degradation (Scheffner ef al,, 1990; Wemness et al., 1990). Although inactivation of p53 by
HPV is probably important for tumor development, no genetic factors have been conclusively
identified that might predispose an infected individual to develop cervical carcinoma.

Thus, several studies evaluated the association between p53 and HPV in the development
of cervical cancer. P53 protein is mutated in many human tumors; however, in cervical
cancer, this mutation is rarely detected (Crook et al, 1991; Scheffner ef al,, 1991). Many
mutated p53 proteins are not susceptible to E6-mediated degradation, while the wild type of
p353 is susceptible (Marston ef al,, 1994; Medcalf and Milner, 1993; Thomas ef al., 1995).

p53 is a tumor suppressor protein that modifies its cancer suppressing property (Storey et
al,1998; Thomas ef al,, 1999a, 1999b), and the p53 codon 72 polymorphism is observed with
various allele frequencies worldwide. Storey et al. (1998) also suggested that women
homozygous for the 4rg allele were about seven times more susceptible to cervical cancer
than Arg/Pro heterozygous women and concluded that the polymorphism is involved in the
development of cervical cancer, especially in the presence of HPV infection.

Storey et al. (1998) showed that the p33 polymorphism at codon 72 p53 affects protein
susceptibility to HPV-16 and 18 E6-induced degradation in vivo; Arg type is more
susceptible than Pro type. In cell lines transfected with E6 expressing plasmids, E6-mediated
degradation of the p53 with Arg was more effective than the one carrying Pro.

The high risk type of p53 with Arg for cervical cancer was supported by several
epidemiological studies for European (Makni ef al, 2000; Yang et al, 2001; Zehbe et al,
1999); however, this finding was contradicted by British (Rosenthal ef al,, 1998), Japanese
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(Minaguchi et al., 1998), Korean (Kim et al, 2001) and Black South African (Pegoraro et al,
2000) studies. In addition, the distribution of the two p53 variants in healthy women and
women with HPV positive cervical cancer suggests that women with the Arg/drg are at a
higher risk of HPV-associated cervical cancer than Pro/Pro or Arg/Pro (Storey ef al., 1998),
although several studies found no statistically significant differences in the distribution of
p53 codon 72 genotypes between normal women and patients with cervical cancer
(Minaguchi er al, 1998; Yamashita er al, 1999;Beak et al, 2000; Kim et al,
2001; Gustafsson et al, 2001). Since the distribution of the p53 codon 72 genotype varies
according to ethnicity (Helland ef al., 1998), it is thus difficult to generalize from conclusions
obtained for a given population.

In our study in Northeast Thailand, no significant association was found between the
genotype distribution of the p53 codon 72 polymorphism and the HPV infection; even though
it seems that the odds ratio (OR) were increased in individuals homozygous for the Arg allele
compared with those homozygous for the Pro allele, in particular after being adjusted for
other risk factors. There was no significant association between genotype distribution of the
p33 codon 72 polymorphism and the HPV infection. Since polymorphism of the pi3 itself —
as well as in combination with HPV infection — may not be a genetic risk for cervical cancer
of women in Northeastern Thailand, more attention should be paid to other risk factors such
as sexual behaviors and smoking.

Lifestyle

Although human papillomavirus (HPV) infection is a major risk — in particular for
squamous cell cervical cancer — most infected women do not develop invasive cervical
cancer. This means HPV infection is not a sufficient factor, and cofactors must therefore play
roles in developing cancer. Transformation of lifestyle can also modify prevalence of leading
cancers. This kind of public health approach has reached Northeast Thailand; however, the
high incidence of cervical cancer in the region persists.

Epidemiologic evidence suggests that other factors such as sexual behaviors are risk
factors for cervical cancer in Thailand (Punyaratabunduh et al., 1982; Thomas ef o, 1996).
In our study of Northeast Thai women, we confirmed that the nominated risks for cervical
carcinoma in other studies (Tachezy et al., 1999; Sriamporn et al, 1997; Monoz, 2002;
Skegg, 2002) — number of sexual partners, age at the first sexual intercourse and number of
parities (Settheetham-Ishida et al.,, 2004a) — also increased the risk. These parameters related
to sexual behaviors increased the risk of cervical cancer between 2.18 and 2.76-fold. If the
first sexual intercourse occurs in a young girl — in whom the cervix is vulnerable because of
inadequate production of cervical mucus that acts as a protective barrier against infectious
agents — HPV infection occurs easily and leads to a higher risk of cervical cancer (Apter ef
al., 1993).

Sexually transmitted diseases (such as syphilis, herpes simplex type 2 and chlamydia
infection) are associated with the development of invasive cervical cancer (Williams et al.,
1994; Kahn et al, 2002), as are contraceptives, particularly the pill (Skegg, 2002; Moreno,
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2002); however, none of these factors were confirmed in women living in Northeast Thailand
(Settheetham-Ishida et al,, 2004a).

Smoking has also been thought to be a risk factor for cervical cancer (Prokopczyk et al.,
1997); however, the OR was not increased among smoking groups in Northeastern Thai
women (Settheetham-Ishida et al, 2004a). A weak association of smoking and risk of
invasive cervical cancer was reported from Central Thailand (Thomas et al., 2001). Thomas
et al. (2001) suggested that even if smoking is a cofactor for cervical cancer development, it
operates prior to the development of in sifu discase and is not an important determinant of
risk in Thailand. This is especially so because smoking is culturally unacceptable for Thai
women. Increased risks were observed when the partner smoked or had smoking history,
confirming that secondary smoking is a risk factor for cervical cancer, especially among
high-risk HPV positive women (Coker ef al, 2002). Smoking directly promotes the
development of lung cancer in males, while it does the same indirectly for cervical cancer in
females (National Cancer Institute, 2001).

As mentioned above, cervical infection with certain HPV types is a precursor event in the
genesis of cervical neoplasia (zur Hausen, 1991; Schiffman and Castle, 2003). Oncogenic
high-risk group of HPV infection was identified among 86.7% of patients with SCCA and
increased the risk for cervical cancer development as high as 43.5-fold in Northeastern Thai
women (Settheetham-Ishida ef al, 2005). Multiple sexual partners and partner’s smoking
habit were nominated as the risks for HPV infection. Having multiple sexual partners
increased the risk for high-risk type. HPV infection 3.94-fold (Settheetham-Ishida et ol,
2004b). This is comparable to the data obtained in Central, Northern and Southern Thailand
(Thomas er al, 1996; Sukvirach et al, 2003). Women who have multiple sexual partners
easily contract HPV from their partners (Thomas e al, 2001a). Moreover, extramarital
sexual contact of the husband causes HPV infection in women who are monogamous
(Thomas et al., 2001b),

Any smoking experience of the paritner was confirmed as a risk for cervical cancer in
Thai women living in the Northeast (Setthcetham-Ishida et al, 2004a). As for the HPV
infection, an increased risk was observed when the subject had (a) current smoking partner(s)
(Settheetham-Ishida e al., 2004b). This confirms that passive or secondary smoking (Coker
et al., 2002) as a risk factor for high-risk type HPV infection. The association between sexual
partner's smoking and HPV infection is explained by either inhalation of environmental
smoke or exposure to smoke-related mutagens/carcinogens in semen (Tokudome, 1997) and
also smoke-related agents have been detected in cervical mucus (Prokopezyk et al., 1997).
Smoking, thus, might cause a local immunological depletion and smoke components could
favor HPV persistence (Poppe et al., 1995; Lazcano-Ponce ef al., 2001). Moreover, smoking
results in persistence of cervical HPV infection and lowers potential for clearing oncogenic
infection (Giulian et al., 2002). Since women in Northeast Thailand rarely smoke, most of the
exposure to smoke is passive but the cancer promotion is still active.

Some other factors such as sexual behaviors (particularly, having more than one sexual
partner and younger age at the first sexual intercourse) and smoking also increased risk for
malignant types of HPV infection and cervical squamous intraepithelial lesions (SIL)
development. These risk factors may enhance the effects of HPV infection on cervical
hyperplasia and transformation (Settheetham-Ishida et al., 2006).
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Increased risk for age at the first sexual intercourse, number of parities, long-term uvse of
oral contraceptives and sexual partner’s smoking habit was observed even though they did
not statistically increase the risk for HPV infection. Since these factors are associated with
risk for cervical cancer (Settheetham-Ishida ef al, 2004a, 2004b), together with multiple
sexual partners and partner's smoking habit, they may all contribute to the development of
cervical cancer. To decrease the incidence of cervical cancer, prevention of HPV infection is
essential as is limiting the number of sexual partners, especially those with a smoking habit.

Polymorphisms in Detoxification Enzymes

It has been suggested that tobacco smoking is associated with the risk of HPV infection
and cervical cancer, including in Northeastern Thai women (Settheetham et al, 2004a,
2004b). The presence of carcinogens — such as nicotine, cotinine and tobacco-specific
nitrosamines — have been detected in the cervical mucus of smokers. Inhaled tobacco-derived
components are transported to cervical site(s) where they can damage cellular DNA
{Prokopczyk et al., 1997; McCann et al., 1992). The tobacco smoke constituents are modified
by metabolizing enzymes and may promote malignant cellular growth (Prokopczyk et al.,
1997). Even though smoking is a risk for cervical cancer, not all smokers develop cetvical
cancer. Molecular studies have identified polymorphic gene products that are associated with
the metabolism of tobacco smoke pro-carcinogens and possibly with susceptibility to cancer.

Glutathione S-transferase (GST) is related to human phase 11 detoxification enzymes, and
at least five classes (alpha, mu, pi, sigma and theta class) of cytosolic GST have been
identified. However, only enzymes in three classes — including GSTM (mu), GSTP (pi) and
GSTT (theta) — play key roles in the detoxification of carcinogenic electrophiles of aflatoxin
and polycyclic aromatic hydrocarbons (PAHs) in tobacco smoke (i.e., benzo[a]pyrene and
other procarcinogens of PAHs). The mode of action is through the activation and
detoxification of tobacco carcinogens, thus one might expect the relation of polymorphism
and risk to be stronger among smokers.

GSTMI facilitates the cxcretion of a wide range of carcinogens, reactive oxygen species
and chemotherapeutic agents with a variety of substrate specificities (Rebbeck, 1997). The
absent of the homozygous allele of the GSTMI gene (GSTM-null genotype) results in a
complete loss of enzyme activity to bind with genotoxic substrates including epoxides
derived from aflatoxin and PAHs (Hayes and Pulford, 1995). It is believed that individuals
with GSTMI-null genotype are more prone to develop nasopharyngeal carcinoma than those
with the GSTMI-present genotype because of the lack of function to detoxify the ultimate
form of carcinogens (Tiwawech et al,, 2005).

Accumulative data from molecular epidemiological studies demonstrated that individuals
with GSTMI-null genotype are susceptible to cancer in various organs including lung,
bladder, skin, oral, liver, gastric, colorectal, prostrate, breast, ovary, cervix and nasopharynx
(Nazar-Stewart et al,, 1999; Sweeney et al., 2003; Lee ef al,, 2002; Heagerty et al., 1994;
Kietthubthew ef al., 2001; Deng et al., 2001; Setiawan ef al., 2000; Gawronska-Szklarz ef al.,
1999; Autrup ef al,, 1999; van der Hel et al., 2003; Spurdle et al, 2001; and Sierra-Torres et
al, 2003). However, results of many other studies dealing with the association between
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GSTMI polymorphism in some of these cancers have been contradictory (Kelsey, ef ai., 1997;
Kim et al,, 2002; Zheng et al., 2003; Lallas et af., 2000; and Cheng et al., 2003),

We then screened for the GSTMI polymorphism in our case-control subjects. GSTMI-
null genotype did not significantly increase the susceptibility to cervical cancer development
but just showed a tendency; this was also confirmed among women exposed to passive
smoking (Table 1). It is thus presumed that specificity and inter-individual variation in the
expression level of metabolizing enzymes in cervical tissue may be involved in certain
genetic backgrounds, of the chemical metabolizing enzyme genes, related to the development
of cervical cancer. Other phase II detoxifying enzymes, such as GSTP and GSTT as well as
phase I detoxifying enzymes namely P450 (CYP) family that are responsible for the
metabolic activation of carcinogens will be our next target genes. Some of these genes are
known to be polymorphic in Thai population and a polymorphic locus or combinations of
polymorphic loci may have potentials to play critical roles in inter-individual genetic
diversity relating to cervical cancer susceptibility.

Table 1. Frequency of GSTM1 Genotypes

GSTM1 Genotypes, (n) OR [95% CI]
Normal nulil
Subjects
Controls 32 54
Cases 34 44 1.3 [0.67-2.56]
Passive Smokers
Controis 19 30
Cases 28 34 1.3 [0.57-2.99]
CONCLUSION

HPV infection is identified as a critical risk factor for the development of cervical cancer
in Northeast Thailand. Among high-risk HPV types, HPV-16 as well as other malignant types
have more or less equal potentjal for the development of SCCA. Multiple HPV infection was
observed in a total of 18 out of 91 individuals; however, only one-third of them had declared
to have multiple sex partners. Evidently, a partners’ sexual behavior is critical in the
dissemination of HPV in women. The polymorphism of the p53 itself — as well as in
combination with HPV infection — may not be a genetic risk for cervical cancer.

Regarding the other risk factors such as sexual behaviors and smoking, more attention
should be paid. Since sexual behaviors, sexually transmitted diseases, the use of
contraceptives and smoking may serve as cofactors to increase the risk for cervical carcinoma
in the presence of HPV. In order to achieve eradication of HPV infection and the prevention
of cervical cancer in this region, more attention should be paid to the presence of other risk
factors such as sexual behavior and smoking habit.
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Cervical cancer in Northeastern Thailand

Wannapa Settheetham-Ishida
Department of Physiology, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand

Cervical cancer remains the most common cancer among Thai women ev:
though its incidence has decreased according to the age-standardized re
Contrariwise, other data suggest the incidence rate of this cancer gradug!’
increased in Northeast Thailand between 1992 and 2000. HPV infection is
major cause of cervical cancer and has been confirmed as a critical risk factor ¢
the development of cancer in this region. The prevalence of HPV-16 infection w
prominent, followed by HPV-18. The number of sexual partners and pass:
smoking history were identified as risks for HPV infection. As for passi
smoking, tobacco specific carcinogens/mutagens may exist in the cervical muc-
through smoking and/or in the semen of tobacco smoking partners. Cervic.
exposure to such carcinogens can reduce cervical immunity resulting in 't
persistence of HPV infection and also generating DNA lesions. It is hypothesizc
that certain genetic backgrounds, such as chemical metabolizing enzyme gere
may play roles in the development of this cancer.
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Glutathione S-Transferases (GSTM1 and GSTT 1) and Smoking
Habit in Cervical Cancer in Northeast Thailand

Wannapa Settheetham-Ishida', Pissamai Yuenyao?, Wichittra Tassaneeyakul’,
Churairat Kularbkaew?®, Dariwan Settheetham’, Takafumi Ishida®

!Department of Physiology, *Department of Obstetrics and Gynecology, *Department of
Pharmacology, “Department of Pathology, Faculty of Medicine, *Department of
Environmental Health, Faculty of Public Health, Khon Kaen University, Khon Kaen 40002,

Thailand *Department of Biological Sciences, Graduate School of Science, The University
of Tokyo, Tokyo, Japan

Genotypes of glutathione S-transferases (GSTMI and GSTTI) and cervical cancer were
studied with special reference to the smoking habit in Northeastern Thailand. An overall
prevalence of GSTM-null genotype in the controls and the cervical cancer patients was
59.6% and 60.0%, respectively and of GSTT-null genotype in the control and the cervical
cancer patients was 40.4% and 46.7%, respectively. There were not statistical differences in
the genotype either of GSTMI or GSTTI between the cases and the controls (p>0.05).
Although the combination of GSTMI-null and GSTTI-null genotype showed a trend to
increase the risk of cervical cancer with adjusted OR =2.72, it was not significant
(p =0.10). In relation with smoking habit, however, interaction between GSTM or GSTT1
showed that GSTMI-null genotype had higher risks for cervical cancer development
(2.7-fold; p=0.02) in smokers. In conclusion, a lack of overall association between cervical
cancer development and GSTM! and GSTTI genotypes was observed; however, a higher
risk for the cervical cancer in the smokers with null-genotype was confirmed.

ramandthe 4th LiverCare Cancer Symposium
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ORAL PRESENTATIONS

HPV AND BLADDER CANCER: A NEW CHALLENGE FOR
THE UROLOGICAL RESEARCH

Tommaso Cai', Sandra Mazzoli?, Riccardo Bartoletti'

!Department of Urology, University of Florence, Bagno a Ripoli
(Florence), ltaly

28TDs Centre, Santa Maria Annunziata Hospital, Bagno a Ripoli
(Florence), Italy

Background: Infections with high-risk HPV types (HR-HPV),
such as 16, 18 and 33, have been demonstrated in & high percentage
of patients with several cancers. Moreover, HR-HPV infection has
also been confirmed in urothelial cell carcinoma (UC) of the urinary
bladder. .

Objectives: To establish the pathogenetic role of HR-HPV in UC
development and progression.

Materials and Methods: A series of 78 patients affected by
histopathelogically demonstrated UC were enrolled in the present
study. From all patients, a sample of morning spontaneous voided
urine was collected by using a sterile method and before surgery, in
order to evaluate the presence of HR-HPV-DNA. The DNA exirac-
tion and purification from all biolegical materials was performed by
DNeasy® Tissue Kit by QIAGEN Spa, Italy. The presence of genital
HR-HPV-DNA was investigated by Alpha Watch HPV, Alphagenic-
Diaco-Biotechnology, Trieste, Italy. Moreover, the presence of HR-
HPV_DNA was evaluated both in urine and in tumour tissues obtained
from surgery. 59 patients affected by bladder outlet obstruction (BOO)
due to benign prostatic hyperplasia (BPH) and who had undergone
TUR-P were considered as a control group.

Results: The presence of HR-HPV-DINA was reported in 27 out
of 78 (34.6%) tumour samples and in 6 out of 59 (10.1%) specimens
from TUR-P, with a statistically significant difference (p=0.003). On
the other hand, the presence of high-risk HPV-DNAin urine samples
was 36 out of 78 (46.1%) obtained from UC patients while 8 out of
59 (13.5%) from BPH patients (p=0.008). These data, even if they
were to be confirmed by studies with a greater number of patients,
require further assessment.

Conclusions: The role of HR-HPV in bladder carcinogenesis is
still debaltable, but the present data suggest a potential role of HR-
HPV in bladder cancer development and progression, that should be
taken into consideration in everyday clinical urological practice.

HUMAN PAPILLOMAVIRUS INFECTION IN CERVICAL
ABNORMALITY IN NORTHEAST THAILAND »
Wannapa Settheetham!, Pissamai Yuenyao?®, Churairat Kularbkaew?,
Takafumi Ishida*

!Department of Physiology, Faculty of Medicine, Khon Kaen Uni-
versity, Khon Kaen, Thailand

*Department of Obstetrics and Gynecology, Faculty of Medicine,
Khon Kaen University, Khon Kaen, Thailand

Department of Pathology, Faculty of Medicine, Khon Kaen Univer-
sity, Khon Kaen, Thailand

*Department of Biological Sciences, Graduate School of Science,
The University of Tokyo, Tokyo, Japan

Materials and Methods: Case-control studies on human papil-
tomavirus (HPV) infection were done in patients with cervical

squamous intraepithelial lesions (SIL) and squamous cell cervical
cancet (SCCA) in Northeastern Thailand.

Results: Prevalence of high-risk group of HPV (-16,-18,-31 .-
33,-35,-52b, and -58) infection was 13.0-18.1% in controls, 32.6%
in low SIL (LSIL), 80.0% in high SIL (HSIL) and 86.7% in SCCA.
HPV infection significantly increased risk for overall SIL 6.8-fold
(p<0.001), and aiso increased the risk for transition from LSIL to
HSIL 8.3-fold (p<0.001) resulting in the risk for HSIL as high as
18.1-fold (p<0.001). High risk HPV infection was also associated
with the risk for cervical cancer 43.5-fold (p<0.00001). Among HPV
positive patients, HPV-16 infection was the commonest (50%) in SIL
and increased the risk for HSIL (OR=53.8; p<0.001). In the SCCA
patients, HPV-16 was also prominent (70.5%) followed by HPV-18
(23.1%); however, statistical difference in the subtype distribution
was not observed in between the SCCA and the control,

Conclusions: HPV-16 is a critical risk factor for LSIL to HSIL
transition as well as cervical cancer development. In addition, as
suggested by our previous study, smoking is associated with the
tisk for cervical cancer development, prevention of not only HPV
infection causing cervical abnormalities but also smoking enhancing
HPV infection and cervical hyperplasia should be emphasized in the
public health scheme and education.

PROGNOSTICS RELEVANCE OF THE DETECTION OFHPV
HIGH RISK DNA TYPES 16, 18 & 45 USING THE QIAGEN
HPV-16/18/45 PROBE SET IN HPV HIGH RISK POSITIVE
SPECIMENS: FIRST RESULTS

Sven Tiews, Winfried Steinberg, Wiadimir Schneider, Christoph
Hanrath, Annette Schiittert, Mechthitd Bause

Labor fiir Cytopathologie, Soest, Germany

Background: Although today HP V-infection is accepted to be one
of the major risk factors and additionally is fairly common amongst
younger women, generally the related abnormal and precancerous
cervical lesions are successfully suppressed by the T-cell system. Yet,
persistent infections with high risk HPV DNA types are associated
with the development of cervical intraepithelial neoplasia (CIN) and
might cause a progression to invasive cervical cancer.

Objectives: Cervical smears that were positive with the HC2 high
risk test were retested with the Probe Set that detects the high risk
HPV types 16, 18 and 45. Cytological results will be correlated with
histology. Does the Probes Set offer a chance to identify relevant
clinical infections?

Materials and Methods: Our material originates from 463
women. The study started in October 2007. It was ensured that all of
the collected smears were positive for HR HPV-DNA by the HC-2
test. Smears were evaluated according to the Munich nomenclature.
A conization was performed if clinically indicated. Follow up will
be conducted according the German gynecological guidelines for
two years.

Results: From the initial 463 smears 226 (48.8%) were abnormal
(>PAP II). The rest demonstrated a normal cytology. 291 (65.8 %) of
the high risk infections have been tested positive with the Probe Set,
118 (40.6 %) of them were morphologically inconspicuous and 173
(59.4 %) demonstrated signs of cervical lesions. Within this group
two cases of CIS and one case of cervical cancer were detected.
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Molecular epidemiology of DNA repair gene and cervical cancer
susceptibility
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Introduction: DNA repair is essential to maintain cellular functions and homeostasis. However, the

repair capacity can be altered based on DNA sequence variations in DNA repair genes and may cause
cancer susceptibility,

- Objective: This study aimed to investigate the association of genetic polymorphism in DNA repair
genes and squamous cells cervical carcinoma (SCCA) among women in Northeast Thailand.

Method: Volunteers (n=111) with SCCA and age-matched healthy controls (n=117) were recruited at
Srinagarind Hospital, Khon Kaen University. Polymorphism in DNA repair genes, XRCCl
Arg399Gln in exon 10 (G-->A), XRCC1 Argl94Trp in exon 6 (C—>T) and XRCC3 Thr241Met in
exon 7 (C-->T) were studied using PCR-RFLP. The same interviewers conducted a questionnaire.
The Ethics Committee at Khon Kaen University approved the study protocols then each subject gave
written informed consent before being enrolled. o

Results: Prevalence of the XRCC1 Arg399Gin of GG, GA, AA - in the SCCA patients was 59.46,
36.94, 3.60 % and in the controls was 58.97,36.75,4.27 %, respectively. The proportion of XRCCl
Argl94Trmp, CC, CT, TT genotypes in the SCCA patients was 47.75,44.14,8.11% and in the controls
was 54.70,43.59, 1.71%, respectively.The proportion, XRCC 3 Thr241Met, CC, CT genotypes in the
SCCA patients was 90.99, 9.01% and in the controls was 89.74, 10.26%, respectively. Both of the
XRCC1 Arg399GIn and XRCC3 Thr241Met genotypes did not increase the risk for SCCA (p>0.05).
Whereas homologus XRCC1 194Ttp allele was observed at higher risk for SCCA with Odd ratio
(OR) =1.8 (95%CI=1.28-2.54, p=0.02) and adjusted OR=5.677 (95%CI=1.16-27.80, p=0.03) in
XRCC1 Argl94Trp. The distribution of variant genotype of XRCC1 and XRCC 3 did not show
higher risk for SCCA significantly (p>0.05), in smoking status.

Conclusion: This study indicates that XRCC polymorphisms play important roles ‘in modifying
individual susceptibility to cervical cancer, and the cancer susceptibility may depend on the tumor.
The direction of our coming studies must describe more detailed history of exposure to procarcinogens
and carcinogens.
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