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Abstract Polymorphisms (A33512C, C21151T and PAT
—/+) of the xeroderma pigmentosum group C (XPC) were
shown to contribute to genetic susceptibility to cancer.
However, association studies on these polymorphisms in
cancer have shown conflicting results. Thus, we performed a
meta-analysis. Overall, there was no significant association
between 33512C (9,091 patients and 11,553 controls) and
cancer risk. No significant association was found in stratifi-
cation analysis by tumor sites and ethnicities except an
elevated lung cancer risk under the recessive genetic model in
all subjects [P = 0.04, odds ratio (OR) = 1.20, 95% confi-
dence interval (CI) 1.00-1.45, Preerogeneiy = 0.88]. There
was no significant association between 21151T (5,227
patients and 5,959 controls) and cancer risk in all subjects but
an increased cancer risk in Caucasians under the recessive
genetic model (P = 0.006, OR = 1.45, 95% CI 1.11-1.90,
Preterogeneity = 0.75) and homozygote comparison (P = 0.02,
OR = 1.41,95% CI 1.07-1.81, Preerogencity = 0.41). It might
be that 21151T increases bladder cancer risk under the
recessive genetic model (P = 0.02,OR = 1.49,95% CI 1.06—
2.09, Pheterogencity = 0.47) and homozygote comparison
(P =0.02,0R = 1.49,95% CI1.05-2.11, Pheterogeneity = 0.23).
There was no significant association between PAT + (4,600
patients and 4,866 controls) and cancer risk in all subjects.
An increased cancer risk in Caucasians was found under the
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recessive genetic model (P = 0.02, OR = 1.20, 95% CI
1.03-1.40, Ppeierogencicy = 0.37) and homozygote compari-
son (P =0.008, OR=126, 95% CI 1.06-1.50,
Pheterogeneity = 0.13). The XPC PAT + allele might increase
head and neck cancer risk (P = 0.02, OR = 1.29, 95% CI
1.04-1.59, Pheterogeneity = 0.15). More studies based on
larger, stratified, case—control population, especially studies
investigate the combined effect of XPC A33512C, C21151T,
and PAT, are required to further evaluate the role of these
polymorphisms in different cancers.

Keywords XPC - Cancer - Polymorphisms -
Meta-analysis

Introduction

DNA in most cells is regularly damaged by endogenous
and exogenous mutagens. DNA repair systems play a
critical role in protecting the genome from the insults of
cancer-causing agents. Unrepaired damage can result in
apoptosis or may lead to unregulated cell growth and then
cancer. In humans, more than 70 genes are involved in the
four major DNA repair pathways: nucleotide excision
repair (NER), base excision repair, mismatch repair, and
double-strand-break repair (Hoeijmakers 2001). NER is a
versatile repair pathway that can eliminate a wide variety
of DNA lesions, including UV-induced photolesions and
chemical carcinogen-induced bulky DNA adducts. It is
composed of at least two subpathways, global genome
repair (GGR) and transcription-coupled repair (TCR) (de
Laat et al. 1999). Individuals with decreased NER capacity
are at increased risk of cancers. As with many other phe-
notypic traits, variation in NER capacity may be the result
of functional polymorphisms in NER genes. Therefore, it



J Hum Genet (2008) 53:18-33

19

has been hypothesized that inherited polymorphisms in
NER genes may modulate susceptibility to cancer.

The xeroderma pigmentosum complementation group C
(XPC) protein had been reported to be involved in the early
damage recognition and initiation of NER. The XPC
protein binds tightly with HR23B (one of two human
homologs of Saccharomyces cerevisiae NER factor
RAD23), forming the XPC-HR23B complex (Masutani
et al. 1997; Sugasawa et al. 1998). Sequence variants of the
XPC gene may alter NER capacity and modulate cancer
risk. Hollander et al. found deletion of XPC led to lung
tumors in mice, and XPC was associated with early events
in human lung carcinogenesis (Hollander et al. 2005).
Khan et al. discovered an intronic biallelic poly (AT)
insertion/deletion polymorphism (PAT) in intron 9 of XPC
(Khan et al. 2000). Two nonsynonymous single nucleotide
polymorphisms (SNPs), Lys939GIn (an A — C transver-
sion) in exon 15 and Ala499Val (a C — T transition) in
exon 8, have also been identified (Hu et al. 2005; Khan
et al. 2002).

A large number of molecular epidemiologic studies
have been preformed to evaluate the role of XPC poly-
morphisms in various neoplasms. The Val499Arg (XPC
C21151T, rs2228000) and Lys939GIn (XPC A33512C,
rs2228001) substitution and a poly (AT) insertion/deletion
polymorphism (XPC PAT —/+4) in intron 9 are the most
thoroughly investigated polymorphism in XPC. However,
studies on the XPC A33512C, C21151T and PAT —/+
polymorphisms have shown conflicting results. These
polymorphisms might play different roles in different
cancers and ethnicities. Even at the same tumor site,
considering the possible small effect size of these genetic
polymorphisms to cancer and the relatively small sample
size in some studies, a small but real association maybe
underpowered, which will lead to apparent discrepancy
between studies. To assess the association of XPC poly-
morphisms with the risk of cancer, we conducted a meta-
analysis from all eligible case—control studies published
to date.

Methods
Identification and eligibility of relevant studies

To identify all studies that examined the association of
XPC polymorphisms with cancer, we conducted a com-
puterized literature search of PubMed database (prior to
May 2007) using the following keywords and subject
terms: “XPC”, “polymorphism” and “cancer”. References
of retrieved articles were also screened. Abstracts, case
reports, editorials, and review articles were excluded.
If an article reported results on different ethnicity

subpopulations or tumor sites, each subpopulation or tumor
was treated as a separate study in our meta-analysis.
Studies included in the meta-analysis had to meet all the
following criteria: (1) use an unrelated case—control design,
(2) have available genotype frequency, and (3) genotype
distribution of control population must be in Hardy—
Weinberg equilibrium (HWE).

Data extraction

Data were collected on the genotype of A33512C,
C21151T, and PAT —/+ according to different kinds of
cancers. First author, year of publication, ethnicity of study
population, number of cases and controls, and allele fre-
quency were described (Table 1).

Statistical analysis

The strength of the association between XPC polymor-
phisms and cancer was measured by odds ratio (OR)
corresponding to 95% confidence interval (CI), which was
calculated according to the method of Woolf (1955). We
examined the association between allele C of XPC
A33512C and cancer risk, as well as the dominant genetic
model (CC + CA vs. AA), the recessive genetic model
(CC vs. CA + AA), homozygote comparison (CC vs. AA),
CC vs. CA contrast, and CA vs. AA contrast. The same
method was applied to analysis of the C21151T and PAT
—/+ polymorphisms. We conducted two models of meta-
analysis for dichotomous outcomes in Review-Manager 4.2
software: the fixed-effects model and the random-effects
model. A fixed-effects model using the Mantel-Haenszel
method assumes that studies are sampled from populations
with the same effect size, making an adjustment to the
study weights according to the in-study variance. A ran-
dom-effects model assumes that studies are taken from
populations with varying effect sizes and calculates study
weights both from in-study and between-study variances,
with consideration of the extent of variation, or heteroge-
neity. A chi-square-based Q statistic test was performed to
assess the between-study heterogeneity (Lau et al. 1997).
Heterogeneity was considered significant for P < 0.10. A
random-effects model (if P < 0.10) or a fixed-effects
model (if P > 0.10) was used to pool the results (Petitti
1994). The significance of the pooled OR was determined
by the Z test. A P value of <0.05 was considered
significant.

Subgroup analysis was stratified by the study charac-
teristics of ethnicity and tumor site, respectively. Tumor
sites only investigated once in all the studies were grouped
as “other cancers”.

@ Springer
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Publication bias was investigated with the funnel plot, in
which the standard error of In(OR) of each study was
plotted against its OR. Funnel-plot asymmetry was further
assessed by the method of Egger’s linear regression test
(Egger et al. 1997). The significance of the intercept was
determined by the ¢ test, and a P value of <0.05
was considered significant. Hardy—Weinberg equilibrium
was tested by the chi-square test for goodness of fit with a
Web program (http://www.ihg.gsf.de/cgi-bin/hw/hwal.pl).
Analyses were performed using the software Stata version
7, ReviewManager 4.2 (Oxford, England). All P values
were two-sided.

Results
Study inclusion

Through literature search and selection based on the inclu-
sion criteria, 32 articles (37 studies) were found, and 28
articles (Bai et al. 2007; Blankenburg et al. 2005; Casson
et al. 2005; De Ruyck et al. 2007; Festa et al. 2005; Hansen
et al. 2007; Hirata et al. 2007; Hu et al. 2005; Huang et al.
2006; Kietthubthew et al. 2006; Lee et al. 2005; Li et al.
2006; Marin et al. 2004; Mechanic et al. 2006; Nelson
et al. 2005; Sak et al. 2005, 2006; Sanyal et al. 2004; Shen
et al. 2001, 2005; Sugimura et al. 2006; Vogel et al. 2005;
Wang et al. 2006; Weiss et al. 2005; Yang et al. 2005; Ye
et al. 2006; Zhou et al. 2006; Zhu et al. 2007) (32 studies)
met our inclusion criteria, as listed in Table 1. One study of
A33512C (Hirata et al. 2006) reported an extremely high
variant allele frequency, which may result from wrong allele
counting or poor genotyping quality, and was finally
excluded from our meta-analysis.

Among the 28 eligible articles, 18 articles (Bai et al. 2007,
Blankenburg et al. 2005; Festa et al. 2005; Hansen et al.
2007; Hirata et al. 2007; Hu et al. 2005; Huang et al. 2006;
Kietthubthew et al. 2006; Lee et al. 2005; Li et al.
2006; Mechanic et al. 2006; Sak et al. 2005; Sanyal et al.
2004; Vogel et al. 2005; Weiss et al. 2005; Ye et al. 2006;
Zhou et al. 2006; Zhu et al. 2007) (23 studies) described
A33512C, ten articles (Bai et al. 2007; Hu et al. 2005; Huang
et al. 2006; Lee et al. 2005; Li et al. 2006; Sak et al. 2006;
Shen et al. 2005; Weiss et al. 2005; Zhou et al. 2006; Zhu
et al. 2007) (11 studies) described C21151T, and 13 articles
(Blankenburg et al. 2005; Casson et al. 2005; De Ruyck et al.
2007; Kietthubthew et al. 2006; Li et al. 2006; Marin et al.
2004; Nelson et al. 2005; Sak et al. 2005; Shen et al. 2001;
Sugimura et al. 2006; Wang et al. 2006; Yang et al. 2005;
Zhu et al. 2007) (14 studies) described PAT —/+; 82.1%
(23/28) stated that the age and gender status were matched
between case and control population. All studies used blood
sample for genotyping.

In all the eligible articles, Zhou et al. (2006) provided
data on two kinds of cancers: esophageal squamous cell
carcinoma (ESCC) and gastric cardiac adenocarcinoma
(GcAde). Nelson et al. (2005) provided data on two kinds
of cancers: basal cell carcinoma (BCC) and squamous cell
carcinoma (SCC). Thus, each type of cancer in these two
articles was treated as a separate study in our meta-analysis
(Table 2). Mechanic et al. (2006) provided data on subjects
of two ethnicities: Africa American and white. Similarly,
these two ethnicities were treated as separate studies.
Studies providing genotyping data of the population of
America were indicated as “mixed” ethnic (Huang et al.
2006; Nelson et al. 2005; Weiss et al. 2005).

Summary statistics

The allele frequencies were calculated for controls from the
corresponding genotype distributions (Table 2). The
A33512 allele had a higher representation among controls
of Asian descent (65.2%, 95% CI 61.1-69.4) than in con-
trols of European descent (61.3%, 95% CI 59.7-62.8). The
C21151 allele had a lower representation among controls
of Asian descent (69.2%, 95% CI 66.0-72.4) than in con-
trols of European descent (74.5%, 95% CI 69.9-79.1). The
PAT— allele had a higher representation among controls of
Asian descent (67.0%, 95% CI 61.0-73.1) than in controls
of European descent (59.4%, 95% CI 57.4-61.7). The
allele frequencies of these three polymorphisms did not
show big differences between Asians and Caucasians.
Overall, the prevalence of A33512, C21151, and PAT—
allele was 63.0%, 72.1%, and 62.4% in controls, respec-
tively (Table 2).

Quantitative synthesis
XPC A33512C

The fixed-effects model was used to pool the result, as the
between-study heterogeneity was insignificant. There was
no significant association between the 33512C allele and
cancer risk in all subjects (P = 0.60, OR = 1.01, 95% CI
0.97-1.05, Pheterogeneity = 0.34), as well as in Asians or
Caucasians. However, under the recessive genetic model, an
elevated but not significant association between CC geno-
type and cancer risk was found in all subjects (P = 0.05,
OR = 1.08, 95% CI 1.00-1.18, Ppeierogencity = 0.25); CC
genotype showed a significant association with cancer risk
in all subjects in analysis of CC vs. CA contrast (P = 0.03,
OR = 1.11, 95% CI 1.01-1.20, Pheterogencity = 0.26)
(Table 3).
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The CC genotype contributed to an elevated risk of lung
cancer under both the recessive genetic model (P = 0.04,
OR =120, 95% CI 1.00-1.45, Ppeierogenciy = 0-88,
Fig. 1) and homozygote-heterozygote (CC vs. CA)

comparison (P =0.05, OR = 1.21, 95% CI 1.00-1.46,
Pheterogeneity = 0.96). An increased risk of colorectal cancer
was found when the CA genotype was compared with the
AA genotype (P = 0.002, OR = 1.32, 95% CI 1.11-1.56,

Review: XPC and cancer (lumar site)

Comparison: XPC A33512C and cancer

Outcome: recessive model

Study Case Control O (fixed) Weight OR (fixed)

or sub-category N ni 95% CI % 95% ClI

01 lung cancer

Hu(2005) 40/320 29/322 +—— 2.30 1.44 (0.87, 2.39])
Lee(2005) 65/431 £9/431 e 4.56 1.12 [0.77, l.64)
Vogel(2005) 43/256 387269 —t-— 2.8l 1.23 [0.76, 1.97]
Bai(2007) l4z/991 123/992 - 9.59 1.18 (0.91, 1.53)
Subtotal (95% C) 1998 2014 &> 19.25 1.20 [1.00, 1.45)
Total events: 230 (Case), 249 (Controd)

Test for heterogenetly: Chi' = 0,66, df = 3 (P = 0.88), = 0%

Test for overall effect: Z =201 (P = 0.04)

02 breast cancer

Mechanic(2006)whites 189/1267 182/1123 - 14.94 0.91 [0.73, 1.13)
Mechanic{2006)African 53/761 49/679 —— 4.39 0.96 [0.64, 1.44]
Subtotal (35% CI) 2028 1802 > 19.33 0.92 [0.76, 1.12)
Total events: 242 (Case), 231 (Control)

Test for heterogenedy: Chi'= 0.07, df =1 (P = 0.80), F = 0%

Test for overall effect: Z =085 (P =0.39)

03 bladder cancer

Sak(2005) 87/532 84/561 —— €.22 1.11 [0.80, 1.54)
Sanyal(2004) 5173085 24/246 —_— 2.01 l.86 [1.11, 3.12)
Zhu(2007) 80/550 53/554 — 7.21 0.84 [0.61, 1.17)
Subtotal (95% CI) 1387 1361 » 15.45 1.08 (0.88, 1.33)
Totsl events: 218 (Case), 201 (Contral)

Test for heterogenedy: Chi*= 6.46, df = 2 (P = 0.04), F = 63.0%

Test for overall effect: Z =075 (P = 0.45)

04 gastric cardia adenocarcinoma

Ye(2006)GeAde 24/126 g4/472 T—— 1.99 1.50 [0.89, 2.52)
Zhou(2006)GCA 33/253 73/612 —— 3.38 1.11 (0.71, 1.72)
Subtotal (95% C) 379 1084 e £.37 1.25 [0.90, 1.75]
Total events: 57 (Case), 1 ?..? (Control)

Test for heterogenedly: Chi'=0.77, di =1 (P = 0.38), = 0%

Test for overall effect: Z=132(P=019)

05 esophageal carcinoma

Ye(2006)EsSCC 14781 e4/472 e 1.41 1.33 [0.71, 2.51]
Zhou(2006)ESCC 45/327 73/612 ———— 2,99 1.18 (0.79, 1.75]
Ye(2006)EsAde 16/96 647472 ——— 1.64 1.28 [(0.70, 2.32)
Subtotal (35% C1) 504 1556 - 7.04 1.23 (0.92, 1.65)
Total events: 75 (Case), 201 (Contral)

Test for heterogenedy: Chi‘= 012, df = 2 (P = 0.94), "= 0%

Test for overall effect Z=133(P=017)

06 colorectal cancer

Huang(2006) 11z/665 114/667 —.— 2.61 0.98 (0.74, 1.31]
Hansen(2007) 50/398 98/737 —— £.15 1.03 [0.72, 1.49)
Subtotal (85% C1) 1080 1464 L 2 13.78 1.00 [0.80, 1.25)
Total events: 162 (Case), 212 (Contral)

Test for heterogeney: Chi*= 0,05, df =1 (P=083),F=0%

Test for overall effect: Z = 0.01 (P =0.89)

07 cutaneous melanoma

Blankenburg(2005) 53/294 507375 —a— 3.28 1.43 [0.94, 2.18)
Li(2006) I8/E02 57/603 —— 7.38 1.01 [0.75, 1.38)
Subtotal (95% CI) 296 978 - 10,66 1.14 [0.89, 1.46]
Total events: 151 (Case), 147 (Control)

Test for heterogenety: Chi = 1,67, df =1 (P = 0.20), = 40.0%

Test for overall effect: Z =1.05 (P =0.29)

08 other cancers

Hirata(2007) 107168 23/165 —_—— 1.97 0.40 [0.18, 0.87)
Weiss(2005) 65/371 587420 B - 4.08 1.33 [0.90, 1.95)
Festa({2005) 17/197 55/545 — .43 0.84 (0.48, 1.49]
Kietthubthew(2006) lo/108 10/164 —_—t— 0.65 1.60 [0.64, 4.00)
Subtotal (95% CI) 839 1294 - 9.13 1.02 (0.77, 1.34)
Totsl events: 102 (Case), 146 (Contral)

Test for heterogenedy: Chi® = 8.80, df = 3 (P = 0.03), I = 65.9%

Test for overall effect: Z= 012 (P=091)

Total (95% C) 2091 11553 ] 100.00 1.08 (1.00, 1.18]
Total events: 1297 (Case), 1524 (Control)

Test for heterogenedy: Chi'= 24.89, df = 21 (P = 0.25), = 156%

Test for overall effect: Z =192 (P = 005)

L&}

02

0s 1 2 s 10

Favours treatment  Favours control

Fig. 1 Meta-analysis for the xeroderma pigmentosum group C (XPC)
A33512C polymorphisms and cancer stratified according to different
tumor sites: CC vs. (CA + AA). The study is shown by a point

estimate of the odds ratio (OR) and the accompanying 95%
confidence interval (CI) using a fixed-effects model. n indicates the
total number of CC; N indicates the total number of individuals

@ Springer
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Pheterogeneity = 0.14). No evidence of association between
33512C and other cancers was found (Table 3).

XPC C21151T

Significant between-study heterogeneity existed in 11
studies when we compared C21151T C and the T allele in
different kinds of cancers (Pheterogencity = 0.03). The ran-
dom-effects model was used to pool the result. There was
no significant association between the 21151T allele and
cancer risk (P = 0.74, OR = 0.99, 95% CI 0.90-1.07). An
elevated but not significant association between 21151T
and cancer risk was found under the recessive genetic
model in all subjects (P = 0.06, OR = 1.14, 95% CI 1.00—
1.32, Preterogencity = 0.40), and a significantly elevated
association was found in analysis of TT vs. TC contrast in
all subjects (P =0.01, OR = 1.21, 95% CI 1.04-1.40,
Pheterogencity = 0.38). In Caucasians, the association was
significant under the recessive genetic model (P = 0.006,
OR =145, 95% CI 1.11-1.90, Ppeierogencity = 0.75,
Fig. 3a), homozygote comparison (P = 0.02, OR = 1.41,
95% CI 1.07-1.85, Pheterogeneity = 0.54), and TT vs. TC
contrast (P =0.004, OR =152, 95% CI 1.15-2.01,
Phetemgeneity = 0.94) (Table 3).

In the subgroup analysis for different tumor sites,
21151T had an effect of increasing the bladder cancer risk
under the recessive genetic model (P = 0.02, OR = 1.49,
95% CI 1.06-2.09, Preerogencity = 0.47, Fig. 2a), homo-
zygote comparison (P = 0.02, OR = 1.49, 95% CI 1.05-
2.11,  Preterogencity = 0.33), and TT vs. TC contrast
(P =0.03, OR = 1.49, 95% CI 1.05-2.13, Ppeterogeneity =
0.76) in all subjects. No evidence of association between
21151T and other cancers was found (Table 3).

XPC PAT

Significant heterogeneity existed in 14 studies when we
compared XPC PAT — and + allele in different kinds of
cancers. The random-effects model was used to pool the
result. There was no significant association between the
PAT + allele and cancer risk in all subjects (P = 0.72,
OR = 1.02, 95% CI 0.94-1.11, Ppeierogeneity = 0.03, Fig. 2
b). The PAT + allele appeared to increase the cancer risk
under tje recessive genetic model (P = 0.02, OR = 1.20,
95% CI 1.03-1.40, Preierogeneity = 0.37, Fig. 3b) and
homozygote comparison (P = 0.008, OR = 1.26, 95% CI
1.06-1.50, Pheerogeneity = 0.13) in Caucasians (Table 3).
In the subgroup analysis for different tumor sites,
PAT + allele contributed to an increased head and neck
cancer risk (P =0.02, OR = 1.29, 95% CI 1.04-1.59,
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Pheterogeneity = 0.15, Fig. 2b), as well as under dominant
genetic model and homozygote comparison in all subjects
(Table 3).

Publication bias

The funnel plot was applied for comparison of 33512C vs.
33512A in the OR analysis of XPC A33521C, and Egger’s
test provided no evidence for funnel-plot asymmetry
(t = 1.87, P =0.076). Similarly, no publication bias was
detected for C21151T and PAT —/+ polymorphisms
(t = —0.60, P = 0.565; r = 0.64, P = 0.671, respectively;
Fig. 4).

Discussion

Sanyal et al. first reported that the frequency of the variant
C allele of XPC A33512C polymorphism was significantly
higher in bladder cancer cases of Caucasian than in con-
trols (P = 0.001, OR = 1.49, 95% CI 1.16-1.92) in 2004
(Sanyal et al. 2004). Thereafter, more and more studies
were conducted to further access the association in differ-
ent tumor sites across different nations. However, the
results were fairly confusing rather than conclusive. Most
studies could not confirm a significantly increased risk
between cancers and 33512C allele. Khan et al. studied the
function of the XPC A33512C alteration in an allele-spe-
cific post-UV reaction assay in fibroblast cell (Khan et al.
2000). They found that XPC 33512C allele was equally as
efficient as A33512 allele, indicating both polymorphisms
were fully functional in DNA repair. Our meta-analysis did
not reveal a significant association between the 33512C
and cancer risk compared with 33512A. However, the CC
genotype contributed to an elevated risk of cancer.

No functional data of the XPC C21151T polymorphism
was reported. Our meta-analysis indicated 21151T had an
effect of increasing the bladder cancer risk under the
recessive-genetic model and homozygote comparison, and
contributed to an increased cancer risk under the recessive
genetic model and homozygote comparison in Caucasians.
We found that the cancer risk in Caucasians with XPC PAT
+ allele increased under the recessive genetic model and
homozygote comparison, and XPC PAT + carriers had an
elevated head and neck cancer risk under the dominant
genetic model and homozygote comparison. The same
polymorphism may play different roles in cancer suscep-
tibility in different tumor sites. The XPC PAT + allele
might contribute to a higher risk of head and neck cancer
but had no effect on the susceptibility of lung cancer, oral
cancer, and bladder cancer.

It is interesting that none of the three XPC polymor-
phisms had a significant effect in Asians, and the variant
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A' Review: XPC and cancer {tumor site)
Comparison: XPC C21151T and cancer
Outcome: recessive model
Study Case Contral OR (fixed) Weight OR (fixed)
or sub-category nil ni 95% C1 % 95% Cl
01 lung cancer
Hu(2005) 25/320 19/322 —— 4.75 1.35 [0.73, 2.51)
Lee(2005) 28/432 31/432 —- 7.89 0.90 [0.53, l.52]
Shen(2005) 13/116 13/110 —_— 3.23 0.94 [0.42, 2.13)
Bai(2007) 107/994 88/990 o 21.42 1.24 [0.92, 1.66]
Sulbtotal (95% C) 1862 1854 £ 3 37.29 1.15 [0.92, 1.45)
Total events: 173 (Case), 151 (Controf)
Test for heterogeneity: Chi'= 1,57, df = 3 (P = 0.67),1°= 0%
Test for overall effect: Z = 1.23 (P = 0.22)
02 bladder cancer
Sak(2006) §7/538 38/565 — 2.02 1.64 [1.07, 2.52)
2Ztwi(2007) 30/546 24/549 —— 6.16 1.27 10.73, 2.21)
Sulbtotal (95% €O 1084 1114 - 15.18 1.49 [1.06, 2.09]
Total events: 87 (Case), 62 (Control)
Test for heterogeneity: Chi’= 0.52, df =1 (P = 047),1"= 0%
Test for overal effect: 2 =232 (P =0.02)
03 other cancers
Wisiss{2005) 314371 417420 e 2.60 0.84 [0.52, 1.37]
Lif2006) 50/602 37/603 . 9.23 1.39 [0.89, 2.15]
Zhou(2006)ESCC 38/327 s8/612 ——— 3.72 1.26 [0.81, 1.94]
Zhou(2006)GCA 22/253 58/612 —_— 8.43 0.91 [0.54, 1.52]
Huang(2008) 31/689 41/703 — 10.58 0.76 [0.47, 1.23]
Subtotal (95% C1) 2242 2950 <> 47.53 1.03 (0.83, 1.26]
Total everds: 172 (Case), 235 (Control)
Test for heterogeneity: Chi’= 4.95, df = 4 (P = 0.29), 1= 19.2%
Test for overal effect: Z =024 (P =081)
Total (35% C1) 5188 5918 > 100,00 1.14 [1.00, 1.32)
Total evends: 432 (Case), 448 (Control)
Test for heterogeneity: Chi*= 10,42, df = 10 (P = 0.40), = 4.0%
Test for overal eftect; I =1.90 (P = 0.08)

01 02 05 1 2 s 10
Favours freatment  Favours control

B FReview XPC and cancer (tumor site)
Comparison: XPC PAT and cancer
Cutcome: allele
Study Case Control OR (fixed) Weight OR (ficet!)
or sub-category L] N 95% CI % 95% Q1
01 lung cancer
Marin(2004) 323/718 276/710 |- 7.10 1.29 [1.04, 1.59]
Lee(2005) 301/864 322/864 - 3.76 0.90 [0.74, 1.10]
De Ruyck(2007) 129/220 123/218 —f— z.38 1.09 [0.75, 1.60]
Subtotsl (95% CN) 1802 1792 3 19.24 1.07 [0.93, 1.22)
Total everts: 753 (Case), 721 (Control)
Test for heterogeney: Chi‘s 592, df = 2 (P = 0.05), F'w 65.2%
Test for overal effect Z = 0.94 (P = 0.35)
02 head-neck cancer
Shen(2001) 235/574 z07/622 —- 5.46 1.39 [1.10, 1.76]
Yang(2005) 47/146 55/164 — 1.63 0.94 [0.59, 1.51)
Subtotal (95% CN) 720 786 g 3 7.08 1.29 [1.04, 1.59])
Total events: 282 (Case), 262 (Control)
Test for heterogenely: Chi'= 208, df =1 (P=015),1°= 51 9%
Test tor overall effect Z = 2.34 (P = 0.02)
03 orad cancer
Sugimura(2008) 97/244 198/482 e 3.73 0.95 [0.69, 1.30]
Kiglhubthew(2006) sefz12 g4/328 —— z.26 1.04 [0.70, 1.58]
Subtotal (95% CI) 456 210 5.99 0.98 [0.77, 1.26]
Total events: 153 (Case), 252 (Control)
Test for heterogenely: Chi'=014,df =1 (P=0.71),F=0%
Test for overall effect I =014 (P =089)
04 bladder cancer
Sak(2006) 416/1088 458/1154 12.77 0.94 [0.79, 1.11]
Zhu(2007) 43z/1122 43871124 12.52 0.98 [0.83, 1.16]
Subtotal (95% CI) zz10 zz78 25.29 0.96 [0.85, 1.08)
Total events: 843 (Case), 836 (Control)
Test for heterogenedy: Chi*=0.11,df =1 (P = 0.73), I'= 0%
Test for overall effect Z =066 (P =051)
05 other cancers
Casson(2005) 236/614 66/150 2.89 1.17 [0.83, 1.65]
Nelson(2005)8CC §75/1464 §01/1226 15.40 0.94 [0.80, 1.09]
Nelson(2005)SCC 440/1144 §01/1226 13.84 0.90 [0.77, 1.07]
Blankenburg(2005) 245/588 275/750 6.56 1.23 [0.99, 1.54)
Wang(2006) 64/202 253/674 3.71 0.77 [0.585, 1.08]
Subtotal (95% CI) 4012 4066 42.40 0.97 [0.89, 1.07)
Total events: 1560 (Case), 1586 (Control)
Test for heterogenety: Chi = 8.42, df = 4 (P = 0.08), I'= 52.5%
Test for overall effect I = 0.57 (P =0.57)
Total (95% CI) 9200 9732 100.00 1.0L [0.95, 1.07]

Total events: 3596 (Case), 3757 (Control)
Test for heterogenedy: Chi'= 2368, df = 13 (P = 0.03),'= 45.1%
Test for overall effect Z=035(P=072)

Fig. 2 Meta-analysis for the xeroderma pigmentosum group C (XPC)
C21151T and poly (AT) insertion/deletion polymorphism (PAT) —/+
polymorphisms and cancer stratified according to different tumor
sites. a C21151T: TT vs. (TC 4+ CC). b PAT —/+: + vs. —. The study

L]

02 05 1 2 5 10
Favours Case  Favours control

is shown by a point estimate of the
accompanying 95% confidence interval

total number of individuals (a) or alleles

odds ratio (OR) and the
(CI) using a fixed-effects
model. n indicates the total number of TT (a) or + (b); N indicates the

B)
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A Review: XPC and cancer(Ethnicity)
Comparison: C21151T and cancer
Cutcome: recessive model (Caucasian)
Study Case Control OR (fixed) Weight OR (fixed)
or sub-category niN [ 5% Cl % 95% Cl
Li(2008) 50/602 37/603 T 37.81 1.39 [0.89, 2.15]
Sak(2006) 57/538 38/565 —— 36.96 1.64 [1.07, 2.52)
Zhu(2007) 30/546 24/549 ——— 25.23 1.27 [0.73, 2.21]
Total (95% CI) 1686 1717 - 100.00 1.45 [1.11, 1.50]
Total events: 137 (Case), 93 (Control)
Test for heterogenetty: Chi®= 059, df = 2(P = 0.75), I'= 0%
Test for overall effect Z = 2.73 (P = 0.008)
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B review: XPC and cancer(Ethnicity)
Comparison PAT and cancer
Cutcome: recessive model (Caucasian)
Study Case Control OR (fixed) Weight OR (fixed)
or sub-category ni ni 95% Cl % 95% Cl
Shen(2001) s0/287 37/311 —— 10.08 1.56 [0.99, 2.47)
Marin{2004) 74/359 53/355 - 14.52 1.48 [1.00, 2.18]
Casson(2005) 49/307 12/95 — - 5.29 1.31 [0.67, 2.59]
Blankenburg(2005) 527294 487375 —-— 11.92 1.46 [0.96, 2.24)
Sak(2006) 87/544 85/577 —— 23.78 1.10 [0.80, 1.52)
De Ruyck(2007) 35/110 35/110 —— 8.19 1.00 (0.57, 1.761
Zhu(2007) 84/561 50/562 —— 26.24 0.92 [0.67, 1.28])
Total (85% CN) 2462 2385 P 100.00 1.20 [1.03, 1.40]
Total events: 431 (Case), 360 (Control)
Test for heterogenetty: Chi*= 6.47, df = 6 (P = 0.37), I'= 7.3%
Test for overall effect Z=233(P=002)
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Fig. 3 Meta-analysis for the xeroderma pigmentosum group C (XPC)
C21151T and poly (AT) insertion/deletion polymorphism (PAT) —/+
polymorphisms and cancer in Caucasians. a C21151T: TT wvs.
(TC + CC). b PAT —/+: ++ vs. (+— and — —). The study is shown

homozygote genotypes of XPC C21151T and XPC PAT
—/+ might increase cancer risk in Caucasians. Due to the
difference in different populations, it is necessary to stratify
the ethnicity in the tumor-sites analysis. The same poly-
morphism may play different roles across different
ethnicities because of different genetic background.

The PAT + allele is in linkage disequilibrium with the A
allele of an intronic SNP (IVS11-6) in intron 11. It appears
that IVS11 6A affects alternative splicing and increases the
frequency of deletion of exon 12. The XPC splicing iso-
form without exon 12 had reduced DNA repair activity
(Khan et al. 2002). PAT —/+ might not be a causal SNP,
and the increased cancer susceptibility of PAT + carriers
may arise from the linkage with IVS11-6 A. Blankenburg
et al.( 2005) performed a hospital-based case—control study
with 294 cutaneous melanoma cases and 375 gender-mat-
ched controls. They found XPC intron 9, PAT +, intron
11-6A, and exon 15 33512C polymorphisms were in
linkage disequilibrium. The role of PAT + in head and neck
cancer still needs further investigation, as the cases and
controls involved is too small; analysis of 33512C did not
provide data on head and neck cancer. We could not
make a comparison between PAT + and 33512C because
the studies included in the meta-analysis of these two
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by a point estimate of the odds ratio (OR) and the accompanying 95%
confidence interval (CI) using a fixed-effects model. n indicates the
total number of TT (a) or ++ (b); N indicates the total number of
individuals

polymorphisms were different, which should have the same
results due to the linkage disequilibrium.

A single polymorphism likely has weak effects on the
individual’s phenotype. It may not be measurable except in
the context of some supporting environmental factors, such
as smoking. We tried to evaluate the effect of smoking on the
susceptibility of XPC A33512C polymorphism on cancer
risk. Three studies from two articles (Hansen et al. 2007,
Zhou et al. 2006) (esophageal squamous cell carcinoma,
gastric cardiac adenocarcinoma, colorectal cancer) were
recruited for analysis, as their stratification data on smoking
were available. We found the cancer risk in smokers carry-
ing the 33512C allele was not higher (P = 0.86, OR = 1.01,
95% CI 0.87-1.18, Ppeterogencity = 0.47) than that of the
nonsmokers (P = 0.05, OR = 1.18, 95% CI 1.00-1.40,
Pheterogeneity = 0.83). However, smoking has different
effects on different cancer types. It is still necessary to
stratify cancer types; the study size was relatively small (975
cancer patients and 1,409 controls). So, this conclusion
should be treated as preliminary.

It is necessary to access the combined effect of several
polymorphisms, as interaction of different polymorphisms
in the same gene or between different genes might con-
tribute to cancer risk. Several articles in our meta-analysis
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Fig. 4 Begg’s funnel plot of the Egger’s test of allele comparison for
publication bias. a Funnel plot for C vs. A allele comparison in
A33512C polymorphism; b funnel plot for T vs. C allele in C21151T
polymorphism; ¢ funnel plot for + vs. — allele in poly (AT) insertion/
deletion polymorphism (PAT). No asymmetry was found as indicated
by the P value of Egger’s test

evaluated the combined effect of XPC A33512C,
C21151T, and PAT —/+ or two of these three polymor-
phisms (Blankenburg et al. 2005; Hu et al. 2005; Huang
et al. 2006; Li et al. 2006; Sak et al. 2005; Shen et al. 2005;
Weiss et al. 2005; Zhu et al. 2007). Hu et al. (2005)
examined the combined effect of XPC A33512C and
C21151T on lung cancer risk. They found that cases with
both 21151CT/TT and 33512AC/CC variant genotypes had

a significantly increased lung cancer risk compared with
those having both wild-type genotypes (21151CC and
33512AA); smokers with both variant genotypes
(21151CT/TT and 33512AC/CC) had the highest lung
cancer risk (adjusted OR = 7.36; 95% CI 3.19-17.00)
compared with that of nonsmokers. Zhu et al. (2007)
evaluated the combined effect of the there polymorphisms
and found a protective effect of the haplotype 21151C-
PAT— -33512C. We tried to evaluate the combined effect
of these polymorphisms on the susceptibility of cancer.
Unfortunately, the available data was not compatible. More
studies should be carried out to examine the combined
effect of these three polymorphisms in different kinds of
cancers.

Chance effects, as with false negatives (underpowered
studies) and false positives (type I error), together with the
true variability among populations, might lead to conflict-
ing conclusions across different studies. In our meta-
analysis, false negative and false positive findings would
neutralize each other, as a relatively large number of
studies were included. However, publication of the findings
may depend on the expectation of the researchers. False-
negative results may be suppressed and false-positive
results magnified (Salanti et al. 2005). Thus, the validity of
conclusions in our meta-analysis may be affected. The
inclusion of unpublished data is commonly suggested as a
means of reducing the impact of false-positive and publi-
cation bias. However, in practice, most of the unpublished
studies were not available. Although there was no signifi-
cant publication bias in our meta-analysis, the results may
still be affected by the false positive (type I error).

Five genetic contrasts (dominant genetic model, reces-
sive genetic model, and three pairwise comparisons) were
considered, as were allelic association; the results under
different models were inconsistent. As shown in Table 3,
there was an interesting tendency that most significant
associations found in our study were under the recessive
genetic model, homozygote comparison, and homozygote—
heterozygote comparison. The excess of allele homozyg-
otes but not heterozygotes was considered a risk among
cancer patients.

In conclusion, our meta-analysis investigated the
associations between the three XPC polymorphisms and
cancer risk with a total of 12,408 cancer patients and
14,984 controls from 32 case—control studies. Overall,
our meta-analysis suggested no significant associations
between XPC 33512C, 21151T, and PAT + in Asians.
However, 21151TT and PAT ++ might increase cancer
risk in Caucasians, which indicated a big difference
among different populations. In all subjects, XPC 33512C,
21151T, and PAT + might increase lung cancer, bladder
cancer, and head and neck cancer risks under different
genetic models, respectively. The present results suggest
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association only in particular ethnic backgrounds and/or
tumor sites, and more studies based on larger, stratified
case—control populations are still needed to clarify the
different effects of these polymorphisms in Asians and
Caucasians. Studies investigating the combined effect of
XPC A33512C, C21151T, and PAT will be very impor-
tant to further evaluate the role of these polymorphisms in
different cancers.
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