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1. Introduction 

Primary liver cancer (PLC) is the sixth most commonly occurring cancer and the third 
most common cause of cancer deaths in the world (1). This tumor has two main 
pathological types: hepatocellular carcinoma (HCC) and cholangiocellular carcinoma. 
HCC, the most common pathological form of PLC, occurs more often in specific regions 
which include eastern and southeastern Asia, Melanesia, and sub-Saharan Africa (1, 2). 
Once diagnosed, survival rates for HCC are poor: 75% of patients die within 1 year, and 5-
year survival rate is only 3 - 5% (3, 4). Therefore, insight into the tumorigenesis 
mechanisms of HCC will broaden and deepen implications in understanding and 
preventing occurrence of the cancer. 
It has been known that chronic infection with hepatitis virus [including hepatitis virus B 
(HBV) and hepatitis virus C (HCV)] is the most common cause of HCC worldwide (3). In 
sub-Saharan Africa and Southern China, chronic exposure of aflatoxin B1 (AFB1) may 
present a special environmental hazard, especially in individuals chronically infected with 
HBV (1, 2, 5-8). However, increasing epidemiological evidence has exhibited that although 
many people are exposed to these risk factors, only a relatively small proportion of chronic 
infectors or exposure person develop HCC (3, 9, 10). This indicates an individual 
susceptibility related to genetic factors such as DNA repair capacity might be associated 
with HCC carcinogenesis (3, 11). In recent years, evidence has been accumulated to support 
the hypothesis that common genetic polymorphisms in genes involved in long process of 
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carcinogenesis may be of importance in determining individual susceptibility to HCC (3, 9, 
12). Therefore, the existence of low penetrate genetic polymorphisms may explain the 
reason why only a small portion of individuals, even in high-risk areas, develop HCC in 
their life span. This study reviews recent efforts in identifying genetic variants which may 
have impact on risk of HCC. 

2. Epidemiology of AFB1-related HCC in China 

In China, HCC is the third or fourth most common malignant tumors and accounts for 
about 55% of the world’s HCC cases, more than 340,000 each year (1, 13). This tumor 
occurs more often in eastern and southeastern China, including Jiangsu, Shanghai, 
Zhejiang, Fujiang, Guangdong, and Guangxi, mainly because of high AFB1 exposure 
and/or chronic infection of HBV and HCV (13). In the high AFB1-exposure areas such as 
Guangxi Zhuang Autonomous Region, this tumor is the most common occuring cancer 
(13, 14). Moreover, the incidence rate gradually increases with age increasing in above-
mentioned AFB1-exposure areas (15). Males are always more frequently affected than 
females but high male to female ratios of > 3 in the high AFB1-exposure areas (15). 
Although the incidence rates of this tumor in low AFB1-exposure areas in China have 
markedly decreased (because of the control of hepatitis virus infection), they have 
changed little in high AFB1-exposure areas (13, 15). For example, during May 2007 to 
April 2008, incidence rates were 117.8/100,000 and 103.1/100,000 for Xiangzhou and 
Fusui (two main high AFB1-exposure areas of China), respectively (13, 16). This was 
similar to the results before ten years (17). 
Because of the very poor prognosis, HCC is the second most common cause of death from 
cancer in China (18). In the past thirty years, total mortality rate of HCC gradually increased 
from 12.5/100,000 to 26.26/100,000 (Fig 1A), regardless of countryside areas or urban areas 
(Fig 1B). This trend was more noticeable in male population than female population (Fig 
1C), possibly because male individuals featured more high AFB1 exposure. Supporting 
aforementioned hypothesis, a recent study from high AFB1-exposure areas has 
demonstrated these having longer exposure years or higher exposure levels of AFB1 would 
face lower 5-years survival rate (4). 

3. AFB1 exposure and DNA damage and repair 

AFB1 is an important mycotoxin produced by the moulds Aspergillus parasiticus and 
Aspergillus flavus (19). This toxic agent has been found as contaminants of human and 
animal food, particularly ground nuts (peanuts) and core, in tropical areas such as the 
Southeastern China as a result of fungal contamination during growth and after harvest 
which under hot and humid conditions (8, 14, 19, 20). Epidemiological evidence has shown 
dietary ingestion of high levels of AFB1 presents a significant environmental hazard of HCC 
(16, 17, 21). Experimental animal models have also shown that AFB1 can induce HCC; 
whereas DNA damage should play an important role during hepatocellular carcinogenesis 
(19, 22, 23). Therefore, AFB1 has been classified as a category I known human carcinogen by 
the International Agency for Research on Cancer (24). 
AFB1 is metabolized by cytochrome P450 enzymes to its reactive form, AFB1-8,9-epoxide 
(AFB1-epoxide), which covalently binds to DNA and induces DNA damage (19, 25-28). 
DNA damage induced by AFB1 includes AFB1-DNA adducts, oxidative DNA damage, 
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Fig. 1. The mortality rates of HCC in China during 1973 and 2005. Total mortality rates (A), 
regardless of in urban areas or countryside areas (B), were significantly increasing from 
during 1973 and 1975 to during 1990 and 1992 or to during 2004 and 2005. This increasing 
mortality rates were more remarkable among male population (C). 
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and gene mutation (Fig. 2). Among these AFB1-DNA adducts, 8,9-di-hydro-8-(N7-guanyl)-
9-hydroxy–AFB1 (AFB1-N7-Gua) adduct is the most common type identified and 
confirmed in vivo researches (19, 25-27, 29, 30). The formation of this adduct proceeds by 
a precovalent intercalation complex between double-stranded DNA and the highly 
electrophilic, unstable AFB1-epoxide isomer (31, 32). After that, the induction of a positive 
charge on the imidazole portion of the formed AFB1-N7-Gua adduct gives rise to another 
important a DNA adduct, a ring-opened formamidopyridine AFB1 (AFB1-FAPy) adduct 
(33, 34). Accumulation of AFB1-FAPy adduct is characterized by time-dependence, non-
enzyme, and may be of biological basis of genes mutation because of its apparent 
persistence in DNA (19, 33, 34). Furthermore, above adducts are capable of forming 
subsequent repair-resistant adducts, depurination, or lead to error-prone DNA repair 
resulting in single-strand breaks (SSBs), double-strand breaks (DSBs), base pair 
substitution, or frame shift mutations (35, 36). Additionally, AFB1 exposure also induces 
the formation of such oxidation DNA damage as 8-oxodeoxyguanosine (8-oxodG), a 
common endogenous DNA adduct (36-38). Although these DNA adducts are mainly 
produced in liver cells, they are also found in the peripheral blood white cells (39, 40). 
Recent studies have shown that the levels of AFB1-DNA adduct of the peripheral blood 
white cells are positively and lineally correlated with that of liver cells, implying analysis 
of AFB1-DNA adducts in the peripheral blood white cells may substitute for the 
elucidation of tissular levels of adducts (39, 41). 
 

 

Fig. 2. The DNA damage induced by AFB1. 

For genes mutations induced by AFB1 exposure, the experimental and theoretical researches 
are briefly on the p53 gene (42-49). Reaction with DNA at the N7 position of guanine 
preferentially causes a G:C > T:A mutation in codon 249 of this gene, leading to an amino 
acid substitution of arginine to serine (44-50). In high AFB1-exposure areas, this mutation is 
present in more than 40% of HCC and can be detected in serum DNA of patients with 
preneoplastic lesions and HCC (41). While codon 249 transversion mutations are either very 
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rare or absent in low or no AFB1-exposure areas (49, 51, 52). Using the human p53 gene in 
an in vitro assay, codon 249 has been exhibited to be a preferential site for formation of 
AFB1-N7-Gua adducts, evidence consistent with a role for AFB1 in the mutations observed 
in HCC (50, 53). Therefore, the codon 249 mutation of p53 gene has been defined as the hot-
spot mutation of p53 gene resulting from AFB1 and has become the molecular symbol of 
HCC induced by AFB1 exposure (54-56). 
A wide diversity of DNA damage produced by AFB1 exposure, if not repaired, may cause 
chromosomal aberrations, micronuclei, sister chromatid exchange, unscheduled DNA 
synthesis, and chromosomal strand breaks, and can be converted into gene mutations and 
genomic instability, which in turn results in cellular malignant transformation (19). 
Nevertheless, human cells have evolved surveillance mechanisms that monitor the 
integrity of genome to minimize the consequences of detrimental mutations (54). AFB1-
induced DNA damage can be repaired through the following pathways: nucleotide 
excision repair (NER), base excision repair (BER), single-strand break repair (SSBR), and 
double-strand break repair (DSBR) (12, 28, 57). During the process of damage removed by 
aforementioned repair pathways, DNA repair genes play a central role, because their 
function determines DNA repair capacity (12). It has been shown that reduction in DNA 
repair capacity related to DNA repair genes is associated with increased risk of cancers (4, 
39-41, 58-62). Thus, genetic polymorphisms in DNA repair genes which contribute to the 
variation in DNA repair capacity may be correlated with risk of developing cancers, 
including AFB1-related HCC. 

4. Genetic polymorphisms in genes involved in NER pathway and risk of HCC 

NER pathway, a major DNA repair pathways in human cells featuring genomic DNA 
damage, can remove structurally such diverse lesions as pyrimidine dimers, irradiative 
damage, and bulky chemical adducts, and DNA damage from carcinogens and some 
chemotherapeutic drugs (63, 64). To date, the mechanism of this pathway is well understood 
and has been reconstituted in vitro. It consists of several sequential steps: lesion sensing, 
opening of a denaturation bubble, incision of the damaged strand, displacement of the 
lesion-containing oligonucleotide, gap filling, and ligation (63, 64). In the fibroblast cells 
with the deficiency of xeroderma pigmentosum A (XPA) gene, conversion of the initial 
AFB1-N7-Gua adduct to the AFB1-FAPy adduct has been found to be more extensive (53). 
This suggests that NER should be a major mechanism for enzymatic repair of AFB1 adducts 
(12). It’s defects lead to severe diseases related AFB1 exposure, including liver injury and 
HCC. Accumulating evidence has implied that genetic polymorphisms in NER genes are 
associated with DNA repair capacity and modulate the risk of cancers (65-69). Molecular 
epidemiology studies of AFB1-related HCC in China have investigated the associations with 
several genes involved in NER pathway such as xeroderma pigmentosum C (XPC) and 
xeroderma pigmentosum D (XPD)(4, 39, 70, 71). 
XPC. XPC gene spans 33kb on chromosome 3p25 and contains 16 exons and 15 introns 
(Genbank accession no. AC090645). This gene encodes a 940-amino acid protein, an 
important DNA damage recognition molecule which plays an important role in NER 
pathway (72). It binds tightly with HR23B to form a stable XPC-HR23B complex, the first 
protein component that recognizes and binds to the DNA damage sites. XPC-HR23B 
complex can recognize a variety of DNA adducts formed by exogenous carcinogens such as 
AFB1 and binds to the DNA damage sites (72). Thus, it may play a role in the pathogenesis 
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of HCC-related AFB1. Some recent studies have showed that defects in XPC have been 
related to many types of malignant tumors (73-82). Transgenic mice studies also revealed 
predisposition to many types of tumors in XPC gene knockout mice (83). Furthermore, 
pathological and cellular researches have exhibited that the abnormal expression of this 
gene is related to hepatocarcinogenesis (84). These studies suggests the polymorphisms 
localizing at conserved sites of XPC gene might modify the risk of HCC induced by AFB1 
exposure. Recently, four studies from high AFB1-exposure areas of China have approved 
aforementioned hypothesis (4, 70, 71, 85). 
The first study conducted by Cai et al.(85) is from Shunde area, Guangdong Province. In this 

1-1 case-control study (including 78 HCC cases and 78 age- and sex-matching controls), 

researchers analyzed between two common polymorphisms—Ala499Val and Lys939Gln—

of XPC gene and risk of HCC and found these two polymorphisms modified HCC risk 

[adjusted odds ratios (ORs) were 3.77 with 95% confidence interval (CI)1.34-12.89 for 

Ala499Lys and 6.78 with 95% CI 2.03-22.69], especially under HBV and HCV infection 

condition. Although they evaluated the effects of XPC-hepatitis viruses interaction on HCC 

risk, they did not elucidate the possible interaction of AFB1 exposure. 

The other three studies are from Guangxi Zhuang Autonomous Region (4, 70). Li et al.(71), 

Wu et al. (70), and Long et al. (4) investigated the modifying effects of genetic 

polymorphisms XPC on HCC based hospitals. The results showed XPC codon 939 Gln 

alleles increased about 2-times risk of HCC. Furthermore, Wu, et al.(70), and Long, et al. (4) 

quantitatively elucidated AFB1 exposure years and levels and their interactive effects with 

XPC Lys939Gln polymorphism. They found some evidence of AFB1 exposure-risk 

genotypes of XPC codon 939 on HCC risk (22.33 > 1.88 × 8.69 for the interaction of AFB1-

exposure years and XPC risk genotypes and 18.38 > 1.11 × 4.62 for the interaction of AFB1-

exposure levels and XPC risk genotypes). Additionally, Gln alleles at codon 939 of XPC gene 

are observed to be correlated with the decrease of XPC expression levels in cancerous tissues 

(r = - 0.369, P < 0.001) and with the overall survival of HCC patients (the median survival 

times are 30, 25, and 19 months for patients with XPC gene codon 939 Lys/Lys, Lys/Gln, 

and Gln/Gln respectively). This decreasing 5-years survival rates would be noticeable under 

high AFB1 exposure conditions (the median survival times are 15 months for the joint of 

XPC gene codon 939 Gln/Gln and long-term AFB1-exposure years and 17 month for the 

joint of XPC gene codon 939 Gln/Gln and high AFB1-exposure level) (4). 

These results demonstrate that polymorphism at codon 939 of XPC gene is not only a genetic 

determinant in the development of HCC induced by AFB1 exposure in Chinese population, 

but also is an independent prognostic factor influencing the survival of HCC, like AFB1 

exposure. However, Li et al. (71) reported that the proportional distribution of the Val/Val 

genotype at codon 499 of XPC gene did not differ between cases with HCC and controls in 

Guangxi Zhuang Autonomous Region, China (P > 0.05), dissimilar to the data from another 

area of China, Guangdong Province (85). Possible explanations for these inconsistent finding 

may be either due to unknown confounders or due to small sample size. 

XPD. XPD gene-encoding protein, a DNA-dependent ATPase/helicase, is associated with 

the TFIIH transcription-factor complex and plays a role in NER pathway (86, 87). During 

NER, XPD participates in the opening of the DNA helix to allow the excision of the DNA 

fragment containing the damaged base. There are two described polymorphisms that 

induce amino acid changes in the protein: at codons 312 (Asp to Asn) and 751 (Lys to Gln) 

(87-89). To date, these two polymorphisms have been extensively studied (87, 88, 90-95). 
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Several groups have done genotype-phenotype analyses with these two polymorphisms 

and have shown that the variant allele genotypes are associated with low DNA repair 

ability (96, 97). Recent studies have showed the polymorphisms at codon 312 and 751  

of XPD are correlated with DNA-adducts levels, p53 gene mutation, and cancers risk  

(88, 94, 98-100). 
In a hospital-based case-control study in Guangxi (39), we found that the variant XPD codon 
751 genotypes (namely Lys/Gln and Gln/Gln) detected by TaqMan-MGB PCR was 
significantly different between controls (26.3% and 8.6% for Lys/Gln and Gln/Gln, 
respectively) and HCC cases (35.9% and 20.1% for Lys/Gln and Gln/Gln, respectively, P < 
0.001). Individuals with variant alleles had about 1.5- to 2.5-fold risk of developing the 
cancer (adjusted OR 1.75 and 95% CI 1.30-2.37 for Lys/Gln; adjusted OR 2.47 and 95% CI 
1.62-3.76 for Gln/Gln). Based on relative sample size (including 618 HCC cases and 712 
controls), we stratified genotypes of XPD codon 751 according to matching factors and 
observed some evidence of interaction between XPD codon 751 Gln alleles and sex. These 
female having Gln alleles, compared to those without these alleles, featured increased HCC 
risk. Furthermore, the interactive effects of between variant genotypes of XPD gene codon 
751 environment variant AFB1 or another NER gene XPC on HCC risk were also found, 
with interactive value 0.85, 1.04, and 1.71 for AFB1-exposure years, AFB1-exposure levels, 
and XPC gene codon 939 risk genotypes (Pinteraction < 0.05). Therefore, the XPD gene codon 
751 polymorphism may have potential effect on AFB1-related HCC susceptibility among 
Chinese population. However, the study from AFB1-exposure areas don’t exhibit 
polymorphism at codon 312 of XPD gene significantly associates with the risk of HCC 
induced by AFB1. 

5. Genetic polymorphisms in genes involved in SSBR pathway and  
risk of HCC 

SSB is a common type of DNA damage produced by AFB1 exposure (36). If not repaired, it 

can disrupt transcription and replication and can be converted into potentially clastogenic 

and/or lethal DSBs. This DNA damage is repaired via SSBR pathway (101, 102). SSBR 

pathway includes four basic steps: a. SSB detection and signaling, through poly (ADP-

ribose) polymerase (PARP); b. DNA break end processing, through the role of 

polynucleotide kinase (PNK), AP endonuclease-1 (APE1), DNA polymerase β (Pol β), 

tyrosyl phosphodiesterase 1 (TDP1), and flap endonuclease-1 (FEN-1); c. gap filling, 

involving in multiple DNA polymerases; d. DNA ligation, involving in multiple DNA 

ligases. Of the later three steps of SSBR pathway, x-ray repair cross complementary 1 

(XRCC1) is indispensible, because it not only acts as the scaffolding protein of SSBR, but also 

stimulates the activity of PNK (103). 

XRCC1 gene encoding protein (633 amino acids), consists of three functional domains — N-

terminal domain (NTD), central breast cancer susceptibility protein-1 homology C-terminal 

(BRCT I), and C-terminal breast cancer susceptibility protein-1 homology C-terminal (BRCT 

II) (103-106). This protein is directly associated with Pol β, DNA ligase III, and PARP, via 

their three functional domains and is implicated in the core processes in SSBR and BER 

pathway (103). Mutant hamster ovary cell lines that lack XRCC1 genes are hypersensitive to 

DNA damage agents such as ionizing radiation, hydrogen peroxide, and alkylating agents 

(103). Furthermore, this kind of cells usually face increasing frequency of spontaneous 
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chromosome aberrations and deletions. Three single nucleotide polymorphisms in the 

coding region of XRCC1 gene that lead to amino acid substitution have been described and 

investigated (12). Of these polymorphisms, the codon 399 polymorphism is of special 

concern, because this polymorphism resides in functionally significant regions (BECT II) 

and may be related to decreasing DNA repair capacity, increasing genes mutation, and 

running-up risk of cancers (12, 107-114). 

In AFB1-exposure areas from China, a total of six molecular epidemiological studies were 

found in PubMed database, Wangfang Database, and Weipu database (61, 62, 115-118). 

However, associations between XRCC1 gene codon 399 polymorphism and individual 

susceptibility to HCC have been reported in these case-control studies with the results 

being contradictory. We analyzed the possible causes of contradictory using meta-analysis 

method (Comprehensive Meta Analysis Version 2, http://www.meta-analysis.com/). Fig. 

3 showed the meta-analysis results of the modifying effects of XRCC1 gene codon 399 

polymorphism on HCC risk. We found these subjects with Gln alleles had increasing risk 

of HCC (total crude adjusted OR = 1.34, P < 0.01), moreover, there were larger relative 

weight to assign to those studies with OR-value more than 1. Actually, although Yang et 

al. (116) and Ren et al. (118) did not observed significantly risk of XRCC1 gene codon 399 

polymorphism in crude logistic regression, they found Gln alleles would increase HCC 

risk in stratified analysis with susceptive environment variants. A individually matching 

case-controls demonstrated that subjects having Gln alleles might feature remarkably 

increasing risk of HCC under longer-term AFB1-exposure years or higher AFB1-exposure 

levels conditions (adjusted OR > 10) (61). This suggests that the genotypes with codon 399 

Gln alleles of XRCC1 should be a risk biomarker of Chinese HCC related to AFB1 

exposure. 

6. Genetic polymorphisms in genes involved in BER pathway and risk of HCC 

Of the oxidative DNA damage resulting from AFB1 exposure, the formation of 8-oxodG is 
thought to be important due to being abundant and highly mutagenic and 
hepatocarcinogenesis (21, 36-38). The 8-oxodG lesions are repaired primarily through the BER 
pathway (119). The BER pathway facilitates DNA repair through two general pathways: a. 
the short-patch BER pathway, leading to a repair tract of a single nucleotide; b. the long-
patch BER pathway, producing a repair tract of at least two nucleotides (120). In these two 
repair sub-pathways, DNA glycosylases play a central role because they can recognize and 
catalyze the removal of damaged bases (120). This suggests that the defect of DNA 
glycosylases should be related to the decreasing capacity of the BER pathway and might 
increase the risk of such cancers as HCC. 
Human oxoguanine glycosylase 1(hOGG1) is a specific DNA glycosylase that catalyzes the 
release of 8-oxodG and the cleavage of DNA at the AP site (121, 122). Genetic structure study 
has revealed the presence of several polymorphisms within hOGG1 locus (123). Among 
them, the polymorphism at position 1245 in exon 7 causes an amino acid substitution (Ser to 
Cys) at codon 326, suggesting this polymorphism may glycosylase function (123). A 
functional complementation activity assay showed that hOGG1 protein encoded by the 326 
Cys allele had substantially lower DNA repair activity than that encoded by the 326 Ser 
allele (124). Similar results were observed in human cells in vivo (122, 125). Therefore, low 
capacity of 8-oxodG repair resulting from hOGG1 326Cys polymorphism might contribute to 
 

www.intechopen.com



DNA Repair Capacity-Related to Genetic Polymorphisms of DNA Repair  
Genes and Aflatoxin B1-Related Hepatocellular Carcinoma Among Chinese Population 

 

513 

 

Fig. 3. The meta-analysis of the relationship between XRCC1 codon Lys399Gln 
polymorphism and HCC risk among China population. Compared with Arg/Arg genotype, 
Arg/Gln (A) and Gln/Gln (B) genotypes increased HCC risk. This risk effect was also 
observed in the binding of Arg/Gln and Gln/Gln genotypes (C). 
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the persistence of 8-oxodG in genomic DNA in vivo, which, in turn, could be associated with 
increased cancer risk (125, 126).  
In 2003, Peng et al. (126) investigated the correlation among 8-oxodG levels, hOGG1 

expression, and hOGG1 Cys326Ser polymorphism in Guangxi Autonomous Region. They 

found that individuals with genotypes with hOGG1 codon 326 Cys alleles faced lower level 

of hOGG1 expression and higher 8-oxodG levels. Supporting their results, Cheng et al. (21) 

reported that hOGG1 expression was significantly linear correlated with HCC. Recently, 

using the molecular epidemiological methods, Zhang et al.(127) found that the distribution 

of Cys alleles at codon 326 of hOGG1 in HCC cases (43.0%) significantly differed from in 

controls (33.1%). Logistic regression analysis showed that the genotypes with Cys alleles, 

compared to without this alleles, increased HCC risk of Chinese population, with adjusted 

OR-value (95% CI) 1.5 (0.79-2.93) for Cys/Ser and 1.9 (0.83-4.55) for Cys/Cys. These findings 

suggested pathogenic role of hOGG1 Cys326Ser polymorphism in the hepatocarcinogenesis.  

7. Genetic polymorphisms in genes involved in DSBR pathway and risk of 
HCC 

DSBs, although only make up a very small proportion of AFB1-induced DNA damage, are 

critical lesions that can result in cell death or a wide variety of genetic alterations including 

large- or small-scale deletions, loss of heterozygosity, translocations, and chromosome loss 

(19, 128, 129). This type damage is repaired DSBR consisting of non-homologous end-joining 

(NHEJ) and homologous recombination (HR) (130-133). There are several decades DNA 

repair genes involves in DSBR pathway and the defects in these genes cause genome 

instability and promote tumorigenesis (128, 134, 135). In published molecular 

epidemiological studies, only XRCC3 gene codon Thr241Met polymorphism effects the risk 

of AFB1-related HCC risk among Chinese population (58, 60). 

The product of the XRCC3 gene is one of identified paralogs of the strand-exchange protein 

RAD51 in human beings (136). This protein correlates directly with DNA breaks and 

facilitates of the formation of the RAD51 nucleoprotein filament, which is crucial both for 

homologous recombination and HRR (136-138). Previous studies have shown that a 

common polymorphism at codon 241 of XRCC3 gene (Thr to Met) modifies the function of 

this gene ad increases cancers risk (139-143). Two reports from high AFB1-exposure areas of 

China supported above-mentioned conclusions (58, 60). 

In the first frequent case-control study in Guangxiese (58), we observed that the genotypes 

with XRCC3 codon 241 Met alleles (namely Thr/Met and Met/Met) was significantly 

different between controls (33.01%) and HCC cases (61.48%, P < 0.001). Met alleles increases 

about 2- to 10-fold risk of HCC and this running-up risk is modulated by the number of Met 

alleles (adjusted OR 2.48 and 10.06 for one and two this alleles). Considering small sample 

size in this study, we recruited, in another independent frequent case-control study (60), a 

relatively larger sample size to compare the results. Subjects included in this study, 491 

HCC cases and 862 age-, sex, race, hepatitis virus infection information-matching controls, 

were permanent residents of Guangxi areas. Similar to the results of the first report, the 

distribution of XRCC3 codon 241 Met allele frequency was found to be significantly 

different between cases (59.7%) and controls (32.1%). Individuals having the Thr/Met or 

Met/Met were at a 2.22-fold or 7.19 fold increased risk of developing HCC cancer. Above 

two studies showed this allele multiplicatively interacted with AFB1 exposure in the process 
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of hepato-tumorigenesis. These results exhibits that the polymorphism at codon 241 of 

XRCC3 gene is a genetic determinant in the development of HCC induced by AFB1 

exposure among Chinese population. 

8. Summary 

Like most other human malignant tumors, HCC is a complex disease attributed to 
environment variation and genetic susceptive factors. In high incidence areas of HCC in 
China, AFB1 is an important environment variation as well as chronic HBV and HCV 
infection. This toxic variation is characterized by: a. the attraction of specific organs, 
especially liver; b. genotoxicity, mainly inducing the formation of AFB1-DNA adducts and 
the hot-spot mutation of p53 gene; and c. carcinogenicity, primarily causing HCC. In the 
process of AFB1 hepatocarcinogenesis, AFB1-DNA adducts play a central role because of 
their genotoxicity and interactions with genetic susceptive factors. Numerous studies 
reviewed in this paper have demonstrated that the hereditary variations in DNA repair 
genes are associated with susceptibility to AFB1-related HCC among Chinese population. 
These molecular epidemiological studies have significantly contributed to our knowledge of 
the importance of genetic polymorphisms in DNA repair genes in the etiology of HCC 
related to AFB1 exposure. It would be expected that genetic susceptibility factors involved 
in DNA repair genes for HCC could serve as useful biomarkers for identifying at-risk 
individuals and, therefore, targeting prevention of this malignant tumor. 
However, there are several issues to be noted. Firstly, the conclusions should be drawn 
carefully, because of conflicting data existing in the same ethnic population in view of 
between some genotypes of DNA repair genes and the risk of HCC. Secondly, caution 
should be taken particularly in extrapolating these data to other ethnic populations, because 
of the difference of population frequencies corresponding to genetic polymorphisms that 
depends on ethnicity. Thirdly, when risk of a specific polymorphism is considered, AFB1 
exposure should be stressed because AFB1 exposure may differ from areas to areas and 
from individuals to individuals. Lastly, because of the fact that AFB1-related 
hepatocarcinogenesis is polygenic, no single genetic marker may sufficiently predict HCC 
risk. Therefore, a panel of susceptive biomarkers is warranted to define individuals at high-
risk for this cancer. 
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polymerase β; SSB, single-strand break; SSBR, single-strand break repair; XPA, xeroderma 
pigmentosum A; XPC, xeroderma pigmentosum C; XPD, xeroderma pigmentosum D; 
XRCC1, x-ray repair cross complementary 1; XRCC3, x-ray repair cross complementary 3; 
XRCC4, x-ray repair cross complementary 4. 

11. References 

[1] Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin. 
2005;55:74-108. 

[2] Henry SH, Bosch FX, Troxell TC, Bolger PM. Reducing Liver Cancer--Global Control of 
Aflatoxin. Science. 1999;286:2453-4. 

[3] Dominguez-Malagon H, Gaytan-Graham S. Hepatocellular carcinoma: an update. 
Ultrastruct Pathol. 2001;25:497-516. 

[4] Long XD, Ma Y, Zhou YF, Ma AM, Fu GH. Polymorphism in xeroderma pigmentosum 
complementation group C codon 939 and aflatoxin B1-related hepatocellular 
carcinoma in the Guangxi population. Hepatology. 2010;52:1301-9. 

[5] de Oliveira CA, Germano PM. [Aflatoxins: current concepts on mechanisms of toxicity 
and their involvement in the etiology of hepatocellular carcinoma]. Rev Saude 
Publica. 1997;31:417-24. 

[6] Makarananda K, Pengpan U, Srisakulthong M, Yoovathaworn K, Sriwatanakul K. 
Monitoring of aflatoxin exposure by biomarkers. J Toxicol Sci. 1998;23 Suppl 2:155-
9. 

[7] Sell S. Mouse models to study the interaction of risk factors for human liver cancer. 
Cancer research. 2003;63:7553-62. 

[8] Wang JS, Huang T, Su J, Liang F, Wei Z, Liang Y, et al. Hepatocellular carcinoma and 
aflatoxin exposure in Zhuqing Village, Fusui County, People's Republic of China. 
Cancer Epidemiol Biomarkers Prev. 2001;10:143-6. 

[9] Clifford RJ, Zhang J, Meerzaman DM, Lyu MS, Hu Y, Cultraro CM, et al. Genetic 
variations at loci involved in the immune response are risk factors for 
hepatocellular carcinoma. Hepatology. 2010;52:2034-43. 

[10] Pang RW, Joh JW, Johnson PJ, Monden M, Pawlik TM, Poon RT. Biology of 
hepatocellular carcinoma. Annals of surgical oncology. 2008;15:962-71. 

[11] Wilson DM, 3rd, Thompson LH. Life without DNA repair. Proceedings of the National 
Academy of Sciences of the United States of America. 1997;94:12754-7. 

[12] Long XD, Tang YH, Qu DY, Ma Y. The toxicity and role of aflatoxin B1 and DNA 
repair (corresponding DNA repair enzymes) Youjiang Medical College for 
Nationalities Xue Bao. 2006;28:278-80. 

[13] J.G. C, sONG XM. An evaluation on incidence cases of liver cancer in China. Zhongguo 
Zhongliu. 2005;14:28-31. 

[14] Wang YW, Lan LZ, Ye BF, Xu YC, Liu YY, Li WG. The association among geographic 
distribution, climate, and aflatoxin B1 exposure in China. Zhonggou Kexue. 
1983;B:431-7. 

[15] Zhang WS, Chen WQ, Kong LZ, Li GL, Zhao P. An Annual Repor t: Cancer Incidence 
in 35 Cancer Registr ies in China, 2003. Zhongguo Zhongliu. 2007;16:497-507. 

www.intechopen.com



DNA Repair Capacity-Related to Genetic Polymorphisms of DNA Repair  
Genes and Aflatoxin B1-Related Hepatocellular Carcinoma Among Chinese Population 

 

517 

[16] Ma AM, Luo YX, Wan JL, Long XD, Huang YZ. An investigative analysis of incidence, 
prevention, and treatment of hepatocellular carcinoma in Xiangzhou, Baise, 
Guangxi Autonomous Region, China. Youjiang Minzu Yixueyuan Bao. 2010;32:165-
6. 

[17] Youjiang Medical College for Nationalities and Public Health Bureau of Tiandong. 
General investigation of hepatocellular carcinoma in Tiandong, China. 1994—2008 

China Academic Journal electronic Publishing Househttp://wwwenkinet. 
[18] the Ministry of Health of People's Republic of China. Annals of health statistics in 

China in 2010. 
ttp://www.moh.gov.cn/publicfiles/business/htmlfiles/zwgkzt/ptjnj/year2010/i
ndex2010.html. 

[19] Wang JS, Groopman JD. DNA damage by mycotoxins. Mutation research. 
1999;424:167-81. 

[20] Yeh FS, Mo CC, Yen RC. Risk factors for hepatocellular carcinoma in Guangxi, People's 
Republic of China. National Cancer Institute monograph. 1985;69:47-8. 

[21] Cheng B, Jungst C, Lin J, Caselmann WH. [Potential role of human DNA-repair 
enzymes hMTH1, hOGG1 and hMYHalpha in the hepatocarcinogenesis]. Journal of 
Huazhong University of Science and Technology Medical sciences. 2002;22:206-11, 
15. 

[22] Scholl PF, McCoy L, Kensler TW, Groopman JD. Quantitative analysis and chronic 
dosimetry of the aflatoxin B1 plasma albumin adduct Lys-AFB1 in rats by isotope 
dilution mass spectrometry. Chem Res Toxicol. 2006;19:44-9. 

[23] Sudhakar P, Latha P, Sreenivasulu Y, Reddy BV, Hemalatha TM, Balakrishna M, et al. 
Inhibition of Aspergillus flavus colonization and aflatoxin (AfB1) in peanut by 
methyleugenol. Indian J Exp Biol. 2009;47:63-7. 

[24] International Agency for Research on Cancer, Some naturally occurring substances: 
food items and constituents, heterocyclic aromatic amines and mycotoxins, IARC 
Monogr. Eval Carcinog Risks Hum 1993;56:245-540. 

[25] Ben Rejeb I, Arduini F, Arvinte A, Amine A, Gargouri M, Micheli L, et al. Development 
of a bio-electrochemical assay for AFB1 detection in olive oil. Biosens Bioelectron. 
2009;24:1962-8. 

[26] Giri I, Stone MP. Wobble dC.dA pairing 5' to the cationic guanine N7 8,9-dihydro-8-
(N7-guanyl)-9-hydroxyaflatoxin B1 adduct: implications for nontargeted AFB1 
mutagenesis. Biochemistry. 2003;42:7023-34. 

[27] Habib SL, Said B, Awad AT, Mostafa MH, Shank RC. Novel adenine adducts, N7-
guanine-AFB1 adducts, and p53 mutations in patients with schistosomiasis and 
aflatoxin exposure. Cancer Detect Prev. 2006;30:491-8. 

[28] Guengerich FP, Johnson WW, Shimada T, Ueng YF, Yamazaki H, Langouet S. 
Activation and detoxication of aflatoxin B1. Mutation research. 1998;402:121-8. 

[29] Essigmann JM, Croy RG, Nadzan AM, Busby WF, Jr., Reinhold VN, Buchi G, et al. 
Structural identification of the major DNA adduct formed by aflatoxin B1 in vitro. 
Proceedings of the National Academy of Sciences of the United States of America. 
1977;74:1870-4. 

[30] Croy RG, Essigmann JM, Reinhold VN, Wogan GN. Identification of the principal 
aflatoxin B1-DNA adduct formed in vivo in rat liver. Proceedings of the National 
Academy of Sciences of the United States of America. 1978;75:1745-9. 

www.intechopen.com



 
DNA Repair 

 

518 

[31] Gopalakrishnan S, Harris TM, Stone MP. Intercalation of aflatoxin B1 in two 
oligodeoxynucleotide adducts: comparative 1H NMR analysis of 
d(ATCAFBGAT).d(ATCGAT) and d(ATAFBGCAT)2. Biochemistry. 1990;29:10438-
48. 

[32] Johnson WW, Guengerich FP. Reaction of aflatoxin B1 exo-8,9-epoxide with DNA: 
kinetic analysis of covalent binding and DNA-induced hydrolysis. Proceedings of 
the National Academy of Sciences of the United States of America. 1997;94:6121-5. 

[33] Croy RG, Wogan GN. Temporal patterns of covalent DNA adducts in rat liver after 
single and multiple doses of aflatoxin B1. Cancer research. 1981;41:197-203. 

[34] Groopman JD, Croy RG, Wogan GN. In vitro reactions of aflatoxin B1-adducted DNA. 
Proceedings of the National Academy of Sciences of the United States of America. 
1981;78:5445-9. 

[35] Chen JD, Liu CJ, Lee PH, Chen PJ, Lai MY, Kao JH, et al. Hepatitis B genotypes 
correlate with tumor recurrence after curative resection of hepatocellular 
carcinoma. Clin Gastroenterol Hepatol. 2004;2:64-71. 

[36] Gradelet S, Le Bon AM, Berges R, Suschetet M, Astorg P. Dietary carotenoids inhibit 
aflatoxin B1-induced liver preneoplastic foci and DNA damage in the rat: role of 
the modulation of aflatoxin B1 metabolism. Carcinogenesis. 1998;19:403-11. 

[37] Farombi EO, Adepoju BF, Ola-Davies OE, Emerole GO. Chemoprevention of aflatoxin 
B1-induced genotoxicity and hepatic oxidative damage in rats by kolaviron, a 
natural bioflavonoid of Garcinia kola seeds. European journal of cancer prevention 
: the official journal of the European Cancer Prevention Organisation. 2005;14:207-
14. 

[38] Liu J, Yang CF, Lee BL, Shen HM, Ang SG, Ong CN. Effect of Salvia miltiorrhiza on 
aflatoxin B1-induced oxidative stress in cultured rat hepatocytes. Free radical 
research. 1999;31:559-68. 

[39] Long XD, Ma Y, Zhou YF, Yao JG, Ban FZ, Huang YZ, et al. XPD Codon 312 and 751 
Polymorphisms, and AFB1 Exposure, and Hepatocellular Carcinoma Risk. BMC 
cancer. 2009;9:400. 

[40] Long XD, Ma Y, Deng ZL. GSTM1 and XRCC3 polymorphisms: Effects on levels of 
aflatoxin B1-DNA adducts. Chinese J Cancer Res. 2009;21:177-84. 

[41] Long XD, Ma Y, Huang HD, Yao JG, Qu de Y, Lu YL. Polymorphism of XRCC1 and the 
frequency of mutation in codon 249 of the p53 gene in hepatocellular carcinoma 
among Guangxi population, China. Mol Carcinog. 2008;47:295-300. 

[42] Wild CP, Montesano R. A model of interaction: aflatoxins and hepatitis viruses in liver 
cancer aetiology and prevention. Cancer letters. 2009;286:22-8. 

[43] Shen HM, Ong CN. Mutations of the p53 tumor suppressor gene and ras oncogenes in 
aflatoxin hepatocarcinogenesis. Mutation research. 1996;366:23-44. 

[44] Golli-Bennour EE, Kouidhi B, Bouslimi A, Abid-Essefi S, Hassen W, Bacha H. 
Cytotoxicity and genotoxicity induced by aflatoxin B1, ochratoxin A, and their 
combination in cultured Vero cells. J Biochem Mol Toxicol. 2010;24:42-50. 

[45] Paget V, Sichel F, Garon D, Lechevrel M. Aflatoxin B1-induced TP53 mutational 
pattern in normal human cells using the FASAY (Functional Analysis of Separated 
Alleles in Yeast). Mutation research. 2008;656:55-61. 

[46] Van Vleet TR, Watterson TL, Klein PJ, Coulombe RA, Jr. Aflatoxin B1 alters the 
expression of p53 in cytochrome P450-expressing human lung cells. Toxicol Sci. 
2006;89:399-407. 

www.intechopen.com



DNA Repair Capacity-Related to Genetic Polymorphisms of DNA Repair  
Genes and Aflatoxin B1-Related Hepatocellular Carcinoma Among Chinese Population 

 

519 

[47] Vahakangas K. TP53 mutations in workers exposed to occupational carcinogens. Hum 
Mutat. 2003;21:240-51. 

[48] Staib F, Hussain SP, Hofseth LJ, Wang XW, Harris CC. TP53 and liver carcinogenesis. 
Hum Mutat. 2003;21:201-16. 

[49] Chan KT, Hsieh DP, Lung ML. In vitro aflatoxin B1-induced p53 mutations. Cancer 
letters. 2003;199:1-7. 

[50] Bressac B, Kew M, Wands J, Ozturk M. Selective G to T mutations of p53 gene in 
hepatocellular carcinoma from southern Africa. Nature. 1991;350:429-31. 

[51] Li D, Cao Y, He L, Wang NJ, Gu JR. Aberrations of p53 gene in human hepatocellular 
carcinoma from China. Carcinogenesis. 1993;14:169-73. 

[52] Kirk GD, Camus-Randon AM, Mendy M, Goedert JJ, Merle P, Trepo C, et al. Ser-249 
p53 mutations in plasma DNA of patients with hepatocellular carcinoma from The 
Gambia. Journal of the National Cancer Institute. 2000;92:148-53. 

[53] Loechler, E.L. Mechanisms by which aflatoxins and other bulky carcinogens induce 
mutations, in: D.L. Eaton, J.D. Groopman (Eds.), The Toxicology of Aflatoxins: 
Human Health, Veterinary, and Agricultural Significance, Academic Press, San 
Diego, 1994, pp. 149–178. 

[54] Aguilar F, Hussain SP, Cerutti P. Aflatoxin B1 induces the transversion of G-->T in 
codon 249 of the p53 tumor suppressor gene in human hepatocytes. Proceedings of 
the National Academy of Sciences of the United States of America. 1993;90:8586-90. 

[55] Denissenko MF, Koudriakova TB, Smith L, O'Connor TR, Riggs AD, Pfeifer GP. The 
p53 codon 249 mutational hotspot in hepatocellular carcinoma is not related to 
selective formation or persistence of aflatoxin B1 adducts. Oncogene. 1998;17:3007-
14. 

[56] Duflot A, Hollstein M, Mehrotra R, Trepo C, Montesano R, Cova L. Absence of p53 
mutation at codon 249 in duck hepatocellular carcinomas from the high incidence 
area of Qidong (China). Carcinogenesis. 1994;15:1353-7. 

[57] Waters R, Jones CJ, Martin EA, Yang AL, Jones NJ. The repair of large DNA adducts in 
mammalian cells. Mutation research. 1992;273:145-55. 

[58] Long XD, Ma Y, Deng ZL, Huang YZ, Wei NB. [Association of the Thr241Met 
polymorphism of DNA repair gene XRCC3 with genetic susceptibility to AFB1-
related hepatocellular carcinoma in Guangxi population]. Zhonghua yi xue yi 
chuan xue za zhi = Zhonghua yixue yichuanxue zazhi = Chinese journal of medical 
genetics. 2008;25:268-71. 

[59] Long XD, Ma Y, Huang YZ, Yi Y, Liang QX, Ma AM, et al. Genetic polymorphisms in 
DNA repair genes XPC, XPD, and XRCC4, and susceptibility to Helicobacter pylori 
infection-related gastric antrum adenocarcinoma in Guangxi population, China. 
Mol Carcinog. 2010;49:611-8. 

[60] Long XD, Ma Y, Qu de Y, Liu YG, Huang ZQ, Huang YZ, et al. The polymorphism of 
XRCC3 codon 241 and AFB1-related hepatocellular carcinoma in Guangxi 
population, China. Ann Epidemiol. 2008;18:572-8. 

[61] Long XD, Ma Y, Wei YP, Deng ZL. The polymorphisms of GSTM1, GSTT1, HYL1*2, 
and XRCC1, and aflatoxin B1-related hepatocellular carcinoma in Guangxi 
population, China. Hepatol Res. 2006;36:48-55. 

[62] Long XD, Ma Y, Wei YP, Deng ZL. X-ray repair cross-complementing group 1 (XRCC1) 
Arg 399 Gln polymorphism and aflatoxin B1 (AFB1)-related hepatocellular 
carcinoma (HCC) in Guangxi population. Chinese J Cancer Res. 2005;17:17-21. 

www.intechopen.com



 
DNA Repair 

 

520 

[63] Nouspikel T. DNA repair in mammalian cells : Nucleotide excision repair: variations 
on versatility. Cellular and molecular life sciences : CMLS. 2009;66:994-1009. 

[64] Rechkunova NI, Lavrik OI. Nucleotide excision repair in higher eukaryotes: 
mechanism of primary damage recognition in global genome repair. Sub-cellular 
biochemistry. 2010;50:251-77. 

[65] Rajaraman P, Hutchinson A, Wichner S, Black PM, Fine HA, Loeffler JS, et al. DNA 
repair gene polymorphisms and risk of adult meningioma, glioma, and acoustic 
neuroma. Neuro Oncol. 2010;12:37-48. 

[66] Matakidou A, Eisen T, Fleischmann C, Bridle H, Houlston RS. Evaluation of xeroderma 
pigmentosum XPA, XPC, XPD, XPF, XPB, XPG and DDB2 genes in familial early-
onset lung cancer predisposition. International journal of cancer. 2006;119:964-7. 

[67] Wang M, Yuan L, Wu D, Zhang Z, Yin C, Fu G, et al. A novel XPF -357A>C 
polymorphism predicts risk and recurrence of bladder cancer. Oncogene. 
2010;29:1920-8. 

[68] Dogru-Abbasoglu S, Inceoglu M, Parildar-Karpuzoglu H, Hanagasi HA, Karadag B, 
Gurvit H, et al. Polymorphisms in the DNA repair genes XPD (ERCC2) and XPF 
(ERCC4) are not associated with sporadic late-onset Alzheimer's disease. Neurosci 
Lett. 2006;404:258-61. 

[69] Romanowicz-Makowska H, Smolarz B, Kulig A. [Polymorphisms in XRCC1 and 
ERCC4/XPF DNA repair genes and associations with breast cancer risk in women]. 
Pol Merkur Lekarski. 2007;22:200-3. 

[70] X.M. W, Ma Y, Deng ZL, Long XD. The polymorphism at codon 939 of xeroderma 
pigmentosum C gene and hepatocellular carcinoma among Guangxi population. 
Zhonghua Xiaohua Zazhi. 2010;30:846-8. 

[71] Li LM, Zeng XY, Ji L, Fan XJ, Li YQ, Hu XH, et al. [Association of XPC and XPG 
polymorphisms with the risk of hepatocellular carcinoma]. Zhonghua gan zang 
bing za zhi = Zhonghua ganzangbing zazhi = Chinese journal of hepatology. 
2010;18:271-5. 

[72] Sugasawa K. XPC: its product and biological roles. Advances in experimental medicine 
and biology. 2008;637:47-56. 

[73] Strom SS, Estey E, Outschoorn UM, Garcia-Manero G. Acute myeloid leukemia 
outcome: role of nucleotide excision repair polymorphisms in intermediate risk 
patients. Leuk Lymphoma. 2010;51:598-605. 

[74] Sakano S, Matsumoto H, Yamamoto Y, Kawai Y, Eguchi S, Ohmi C, et al. Association 
between DNA repair gene polymorphisms and p53 alterations in Japanese patients 
with muscle-invasive bladder cancer. Pathobiology. 2006;73:295-303. 

[75] Qiu L, Wang Z, Shi X, Wang Z. Associations between XPC polymorphisms and risk of 
cancers: A meta-analysis. Eur J Cancer. 2008;44:2241-53. 

[76] Zhou RM, Li Y, Wang N, Zhang XJ, Dong XJ, Guo W. [Correlation of XPC Ala499Val 
and Lys939Gln polymorphisms to risks of esophageal squamous cell carcinoma 
and gastric cardiac adenocarcinoma]. Ai zheng = Aizheng = Chinese journal of 
cancer. 2006;25:1113-9. 

[77] Zhang D, Chen C, Fu X, Gu S, Mao Y, Xie Y, et al. A meta-analysis of DNA repair gene 
XPC polymorphisms and cancer risk. Journal of human genetics. 2008;53:18-33. 

[78] Shore RE, Zeleniuch-Jacquotte A, Currie D, Mohrenweiser H, Afanasyeva Y, Koenig 
KL, et al. Polymorphisms in XPC and ERCC2 genes, smoking and breast cancer 
risk. International journal of cancer. 2008;122:2101-5. 

www.intechopen.com



DNA Repair Capacity-Related to Genetic Polymorphisms of DNA Repair  
Genes and Aflatoxin B1-Related Hepatocellular Carcinoma Among Chinese Population 

 

521 

[79] Hansen RD, Sorensen M, Tjonneland A, Overvad K, Wallin H, Raaschou-Nielsen O, et 
al. XPA A23G, XPC Lys939Gln, XPD Lys751Gln and XPD Asp312Asn 
polymorphisms, interactions with smoking, alcohol and dietary factors, and risk of 
colorectal cancer. Mutation research. 2007;619:68-80. 

[80] Liang J, Gu A, Xia Y, Wu B, Lu N, Wang W, et al. XPC gene polymorphisms and risk of 
idiopathic azoospermia or oligozoospermia in a Chinese population. International 
journal of andrology. 2009;32:235-41. 

[81] Gangwar R, Mandhani A, Mittal RD. XPC gene variants: a risk factor for recurrence of 
urothelial bladder carcinoma in patients on BCG immunotherapy. Journal of cancer 
research and clinical oncology. 2010;136:779-86. 

[82] Francisco G, Menezes PR, Eluf-Neto J, Chammas R. XPC polymorphisms play a role in 
tissue-specific carcinogenesis: a meta-analysis. Eur J Hum Genet. 2008;16:724-34. 

[83] Cheo DL, Burns DK, Meira LB, Houle JF, Friedberg EC. Mutational inactivation of the 
xeroderma pigmentosum group C gene confers predisposition to 2-
acetylaminofluorene-induced liver and lung cancer and to spontaneous testicular 
cancer in Trp53-/- mice. Cancer research. 1999;59:771-5. 

[84] Fautrel A, Andrieux L, Musso O, Boudjema K, Guillouzo A, Langouet S. 
Overexpression of the two nucleotide excision repair genes ERCC1 and XPC in 
human hepatocellular carcinoma. J Hepatol. 2005;43:288-93. 

[85] Cai XL, Gao YH, Yu ZW, Wu ZQ, Zhou WP, Yang Y, et al. [A 1:1 matched case-control 
study on the interaction between HBV, HCV infection and DNA repair gene XPC 
Ala499Val, Lys939Gln for primary hepatocellular carcinoma]. Zhonghua liu xing 
bing xue za zhi = Zhonghua liuxingbingxue zazhi. 2009;30:942-5. 

[86] Aloyz R, Xu ZY, Bello V, Bergeron J, Han FY, Yan Y, et al. Regulation of cisplatin 
resistance and homologous recombinational repair by the TFIIH subunit XPD. 
Cancer research. 2002;62:5457-62. 

[87] Manuguerra M, Saletta F, Karagas MR, Berwick M, Veglia F, Vineis P, et al. XRCC3 
and XPD/ERCC2 single nucleotide polymorphisms and the risk of cancer: a HuGE 
review. American journal of epidemiology. 2006;164:297-302. 

[88] Benhamou S, Sarasin A. ERCC2/XPD gene polymorphisms and cancer risk. 
Mutagenesis. 2002;17:463-9. 

[89] Shen MR, Jones IM, Mohrenweiser H. Nonconservative amino acid substitution 
variants exist at polymorphic frequency in DNA repair genes in healthy humans. 
Cancer research. 1998;58:604-8. 

[90] Sturgis EM, Dahlstrom KR, Spitz MR, Wei Q. DNA repair gene ERCC1 and 
ERCC2/XPD polymorphisms and risk of squamous cell carcinoma of the head and 
neck. Arch Otolaryngol Head Neck Surg. 2002;128:1084-8. 

[91] Chen S, Tang D, Xue K, Xu L, Ma G, Hsu Y, et al. DNA repair gene XRCC1 and XPD 
polymorphisms and risk of lung cancer in a Chinese population. Carcinogenesis. 
2002;23:1321-5. 

[92] Park JY, Lee SY, Jeon HS, Park SH, Bae NC, Lee EB, et al. Lys751Gln polymorphism in 
the DNA repair gene XPD and risk of primary lung cancer. Lung cancer 
(Amsterdam, Netherlands). 2002;36:15-6. 

[93] Xing D, Qi J, Miao X, Lu W, Tan W, Lin D. Polymorphisms of DNA repair genes 
XRCC1 and XPD and their associations with risk of esophageal squamous cell 
carcinoma in a Chinese population. International journal of cancer. 2002;100:600-5. 

www.intechopen.com



 
DNA Repair 

 

522 

[94] Stern MC, Johnson LR, Bell DA, Taylor JA. XPD codon 751 polymorphism, metabolism 
genes, smoking, and bladder cancer risk. Cancer Epidemiol Biomarkers Prev. 
2002;11:1004-11. 

[95] Sturgis EM, Castillo EJ, Li L, Eicher SA, Strom SS, Spitz MR, et al. XPD/ERCC2 EXON 
8 Polymorphisms: rarity and lack of significance in risk of squamous cell carcinoma 
of the head and neck. Oral Oncol. 2002;38:475-7. 

[96] Spitz MR, Wu X, Wang Y, Wang LE, Shete S, Amos CI, et al. Modulation of nucleotide 
excision repair capacity by XPD polymorphisms in lung cancer patients. Cancer 
research. 2001;61:1354-7. 

[97] Rzeszowska-Wolny J, Polanska J, Pietrowska M, Palyvoda O, Jaworska J, Butkiewicz 
D, et al. Influence of polymorphisms in DNA repair genes XPD, XRCC1 and 
MGMT on DNA damage induced by gamma radiation and its repair in 
lymphocytes in vitro. Radiation research. 2005;164:132-40. 

[98] Tang D, Cho S, Rundle A, Chen S, Phillips D, Zhou J, et al. Polymorphisms in the DNA 
repair enzyme XPD are associated with increased levels of PAH-DNA adducts in a 
case-control study of breast cancer. Breast cancer research and treatment. 
2002;75:159-66. 

[99] Terry MB, Gammon MD, Zhang FF, Eng SM, Sagiv SK, Paykin AB, et al. 
Polymorphism in the DNA repair gene XPD, polycyclic aromatic hydrocarbon-
DNA adducts, cigarette smoking, and breast cancer risk. Cancer epidemiology, 
biomarkers & prevention : a publication of the American Association for Cancer 
Research, cosponsored by the American Society of Preventive Oncology. 
2004;13:2053-8. 

[100] Mechanic LE, Marrogi AJ, Welsh JA, Bowman ED, Khan MA, Enewold L, et al. 
Polymorphisms in XPD and TP53 and mutation in human lung cancer. 
Carcinogenesis. 2005;26:597-604. 

[101] Caldecott KW. Mammalian single-strand break repair: mechanisms and links with 
chromatin. DNA repair. 2007;6:443-53. 

[102] Fortini P, Dogliotti E. Base damage and single-strand break repair: mechanisms and 
functional significance of short- and long-patch repair subpathways. DNA repair. 
2007;6:398-409. 

[103] Thompson LH, West MG. XRCC1 keeps DNA from getting stranded. Mutation 
research. 2000;459:1-18. 

[104] Yamane K, Katayama E, Tsuruo T. The BRCT regions of tumor suppressor BRCA1 
and of XRCC1 show DNA end binding activity with a multimerizing feature. 
Biochem Biophys Res Commun. 2000;279:678-84. 

[105] Bhattacharyya N, Banerjee S. A novel role of XRCC1 in the functions of a DNA 
polymerase beta variant. Biochemistry. 2001;40:9005-13. 

[106] Dulic A, Bates PA, Zhang X, Martin SR, Freemont PS, Lindahl T, et al. BRCT domain 
interactions in the heterodimeric DNA repair protein XRCC1-DNA ligase III. 
Biochemistry. 2001;40:5906-13. 

[107] Divine KK, Gilliland FD, Crowell RE, Stidley CA, Bocklage TJ, Cook DL, et al. The 
XRCC1 399 glutamine allele is a risk factor for adenocarcinoma of the lung. 
Mutation research. 2001;461:273-8. 

[108] Lee JM, Lee YC, Yang SY, Yang PW, Luh SP, Lee CJ, et al. Genetic polymorphisms of 
XRCC1 and risk of the esophageal cancer. International journal of cancer. 
2001;95:240-6. 

www.intechopen.com



DNA Repair Capacity-Related to Genetic Polymorphisms of DNA Repair  
Genes and Aflatoxin B1-Related Hepatocellular Carcinoma Among Chinese Population 

 

523 

[109] Ratnasinghe D, Yao SX, Tangrea JA, Qiao YL, Andersen MR, Barrett MJ, et al. 
Polymorphisms of the DNA repair gene XRCC1 and lung cancer risk. Cancer 
Epidemiol Biomarkers Prev. 2001;10:119-23. 

[110] Kim SU, Park SK, Yoo KY, Yoon KS, Choi JY, Seo JS, et al. XRCC1 genetic 
polymorphism and breast cancer risk. Pharmacogenetics. 2002;12:335-8. 

[111] Schneider J, Classen V, Helmig S. XRCC1 polymorphism and lung cancer risk. Expert 
Rev Mol Diagn. 2008;8:761-80. 

[112] Kiran M, Saxena R, Chawla YK, Kaur J. Polymorphism of DNA repair gene XRCC1 
and hepatitis-related hepatocellular carcinoma risk in Indian population. Mol Cell 
Biochem. 2009;327:7-13. 

[113] Li Y, Long C, Lin G, Marion MJ, Freyer G, Santella RM, et al. Effect of the XRCC1 
codon 399 polymorphism on the repair of vinyl chloride metabolite-induced DNA 
damage. J Carcinog. 2009;8:14. 

[114] Saadat M, Ansari-Lari M. Polymorphism of XRCC1 (at codon 399) and susceptibility 
to breast cancer, a meta-analysis of the literatures. Breast cancer research and 
treatment. 2009;115:137-44. 

[115] Yu MW, Yang SY, Pan IJ, Lin CL, Liu CJ, Liaw YF, et al. Polymorphisms in XRCC1 
and glutathione S-transferase genes and hepatitis B-related hepatocellular 
carcinoma. Journal of the National Cancer Institute. 2003;95:1485-8. 

[116] Yang JL, Han YN, Zheng SG. Influence of human XRCC1-399 single nucleotide 
polymorphism on primary hepatocytic carcinoma. Zhongliu. 2004;24:322-4. 

[117] Chen CC, Yang SY, Liu CJ, Lin CL, Liaw YF, Lin SM, et al. Association of cytokine 
and DNA repair gene polymorphisms with hepatitis B-related hepatocellular 
carcinoma. International journal of epidemiology. 2005;34:1310-8. 

[118] Ren y, Wang DS, Li Z, Xin YM, Yin JM, Zahgn B, et al. Study on the Relationship 
between Gene XRCC1 Codon 399 Single Nucleotide Polymorphisms and Primary 
Hepatic Carcinoma in Han Nationality. Linchuang Gandang Bing Zazhi. 
2008;24:361-4. 

[119] Donigan KA, Sweasy JB. Sequence context-specific mutagenesis and base excision 
repair. Mol Carcinogen. 2009;48:362-8. 

[120] Robertson AB, Klungland A, Rognes T, Leiros I. DNA repair in mammalian cells: 
Base excision repair: the long and short of it. Cellular and molecular life sciences : 
CMLS. 2009;66:981-93. 

[121] Boiteux S, Radicella JP. The human OGG1 gene: structure, functions, and its 
implication in the process of carcinogenesis. Archives of biochemistry and 
biophysics. 2000;377:1-8. 

[122] Nishimura S. Involvement of mammalian OGG1(MMH) in excision of the 8-
hydroxyguanine residue in DNA. Free radical biology & medicine. 2002;32:813-21. 

[123] Weiss JM, Goode EL, Ladiges WC, Ulrich CM. Polymorphic variation in hOGG1 and 
risk of cancer: a review of the functional and epidemiologic literature. Mol 
Carcinogen. 2005;42:127-41. 

[124] Kohno T, Shinmura K, Tosaka M, Tani M, Kim SR, Sugimura H, et al. Genetic 
polymorphisms and alternative splicing of the hOGG1 gene, that is involved in the 
repair of 8-hydroxyguanine in damaged DNA. Oncogene. 1998;16:3219-25. 

[125] Sakamoto T, Higaki Y, Hara M, Ichiba M, Horita M, Mizuta T, et al. hOGG1 
Ser326Cys polymorphism and risk of hepatocellular carcinoma among Japanese. 
Journal of epidemiology / Japan Epidemiological Association. 2006;16:233-9. 

www.intechopen.com



 
DNA Repair 

 

524 

[126] Peng T, Shen HM, Liu ZM, Yan LN, Peng MH, Li LQ, et al. Oxidative DNA damage 
in peripheral leukocytes and its association with expression and polymorphisms of 
hOGG1: a study of adolescents in a high risk region for hepatocellular carcinoma in 
China. World J Gastroenterol. 2003;9:2186-93. 

[127] Zhang H, He BC, He FC. [Impact of DNA repair gene hOGG1 Ser326Cys 
polymorphism on the risk of hepatocellular carcinoma]. Shijie Huaren xiaohua 
zazhi. 2006;14:2311-4. 

[128] Mills KD, Ferguson DO, Alt FW. The role of DNA breaks in genomic instability and 
tumorigenesis. Immunol Rev. 2003;194:77-95. 

[129] Morgan WF, Corcoran J, Hartmann A, Kaplan MI, Limoli CL, Ponnaiya B. DNA 
double-strand breaks, chromosomal rearrangements, and genomic instability. 
Mutation research. 1998;404:125-8. 

[130] Kanaar R, Hoeijmakers JH, van Gent DC. Molecular mechanisms of DNA double 
strand break repair. Trends Cell Biol. 1998;8:483-9. 

[131] Pardo B, Gomez-Gonzalez B, Aguilera A. DNA repair in mammalian cells: DNA 
double-strand break repair: how to fix a broken relationship. Cell Mol Life Sci. 
2009;66:1039-56. 

[132] Shrivastav M, De Haro LP, Nickoloff JA. Regulation of DNA double-strand break 
repair pathway choice. Cell Res. 2008;18:134-47. 

[133] Sonoda E, Hochegger H, Saberi A, Taniguchi Y, Takeda S. Differential usage of non-
homologous end-joining and homologous recombination in double strand break 
repair. DNA repair. 2006;5:1021-9. 

[134] Cahill D, Connor B, Carney JP. Mechanisms of eukaryotic DNA double strand break 
repair. Front Biosci. 2006;11:1958-76. 

[135] Valerie K, Povirk LF. Regulation and mechanisms of mammalian double-strand 
break repair. Oncogene. 2003;22:5792-812. 

[136] Bishop DK, Ear U, Bhattacharyya A, Calderone C, Beckett M, Weichselbaum RR, et 
al. Xrcc3 is required for assembly of Rad51 complexes in vivo. J Biol Chem. 
1998;273:21482-8. 

[137] Brenneman MA, Wagener BM, Miller CA, Allen C, Nickoloff JA. XRCC3 controls the 
fidelity of homologous recombination: roles for XRCC3 in late stages of 
recombination. Mol Cell. 2002;10:387-95. 

[138] Brenneman MA, Weiss AE, Nickoloff JA, Chen DJ. XRCC3 is required for efficient 
repair of chromosome breaks by homologous recombination. Mutation research. 
2000;459:89-97. 

[139] Sun H, Qiao Y, Zhang X, Xu L, Jia X, Sun D, et al. XRCC3 Thr241Met polymorphism 
with lung cancer and bladder cancer: a meta-analysis. Cancer science. 
2010;101:1777-82. 

[140] Jiang Z, Li C, Xu Y, Cai S. A meta-analysis on XRCC1 and XRCC3 polymorphisms 
and colorectal cancer risk. International journal of colorectal disease. 2010;25:169-
80. 

[141] Fang F, Wang J, Yao L, Yu XJ, Yu L. Relationship between XRCC3 T241M 
polymorphism and gastric cancer risk: a meta-analysis. Med Oncol. 2010. 

[142] Economopoulos KP, Sergentanis TN. XRCC3 Thr241Met polymorphism and breast 
cancer risk: a meta-analysis. Breast cancer research and treatment. 2010;121:439-43. 

[143] Zhou K, Liu Y, Zhang H, Liu H, Fan W, Zhong Y, et al. XRCC3 haplotypes and risk 
of gliomas in a Chinese population: a hospital-based case-control study. 
International journal of cancer. 2009;124:2948-53. 

www.intechopen.com



DNA Repair

Edited by Dr. Inna Kruman

ISBN 978-953-307-697-3

Hard cover, 636 pages

Publisher InTech

Published online 07, November, 2011

Published in print edition November, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

The book consists of 31 chapters, divided into six parts. Each chapter is written by one or several experts in

the corresponding area. The scope of the book varies from the DNA damage response and DNA repair

mechanisms to evolutionary aspects of DNA repair, providing a snapshot of current understanding of the DNA

repair processes. A collection of articles presented by active and laboratory-based investigators provides a

clear understanding of the recent advances in the field of DNA repair.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Xi-Dai Long, Jin-Guang Yao, Zhi Zeng, Cen-Han Huang, Pinhu Liao, Zan-Song Huang, Yong-Zhi Huang, Fu-

Zhi Ban, Xiao-Yin Huang, Li-Min Yao, Lu-Dan Fan and Guo-Hui Fu (2011). DNA Repair Capacity-Related to

Genetic Polymorphisms of DNA Repair Genes and Aflatoxin B1-Related Hepatocellular Carcinoma Among

Chinese Population, DNA Repair, Dr. Inna Kruman (Ed.), ISBN: 978-953-307-697-3, InTech, Available from:

http://www.intechopen.com/books/dna-repair/dna-repair-capacity-related-to-genetic-polymorphisms-of-dna-

repair-genes-and-aflatoxin-b1-related-he



© 2011 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


