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ABSTRACT. A new study design based on cross-validation of the 
age at the onset of rectal cancer and the differences between the 
frequency distributions of relevant genes in 2 groups was developed for 
identification of disease-related HLA. Patients with rectal cancer were 
recruited and their age at the time of the first surgery was recorded. The 
genetic variants of HLA-DQB1 were genotyped using an HLA-DQB1 
PCR-SSP typing kit. Allele frequencies were compared with control 
population. The mean age of patients with and without the alleles 
was compared. The frequency values of HLA-DQB1*02 were 12.3% 
higher in the cancer group than in the control population (P < 0.05). 
The median ages of the subjects with and without HLA-DQB1*02 were 
54.0 and 61.0 years, respectively, with significant difference observed 
between the ages for these groups (P < 0.05). The median ages of the 
subjects with and without HLA-DQB1*03 were 62.0 and 58.0 years, 
respectively, and a significant difference was observed. The cross-
validation of the 2 above mentioned analytical results showed that a 
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statistically significant difference was noted for HLA-DQB1*02 (P < 
0.05), whereas no such statistically significant difference was observed 
for HLA-DQB1*03. HLA-DQB1*02 allele was related to cancer 
susceptibility. The new analysis method may be an efficient and reliable 
approach for the identification of disease-related HLA.
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INTRODUCTION

Human leukocyte antigen complex (HLA) genes are located on the short arm of chro-
mosome 6 and are the most polymorphic loci within the human genome. The primary func-
tion of HLA is to allow the immune system to identify infectious pathogens and eliminate 
them. HLA genes are the most significant genetic predisposition factor or genetic markers on 
chromosome 6 for diseases and cancers affecting the immune system (Jeffery and Bangham, 
2000; Brewerton, 2003; Madeleine et al., 2008). In particular, the status of HLA alleles has a 
significant role in immune responses and immunologic tolerance (Fischer and Mayr, 2001). 
Generally, high-throughput genotyping assays and association analysis are used for identify-
ing such HLA alleles. However, when many alleles are observed in same time is not possible 
to confirm whether a statistical difference is due to a 5% sampling error; therefore, an allele 
that shows a statistically significant relation with a complex disease may be not a true complex 
disease-related allele. Although the Bonferroni correction is used for multiple comparison, 
some recent studies provide arguments that Bonferroni correction is too rigid with a lower 
power (Nyholt, 2004; Teriokhin et al., 2007; Vialatte and Cichocki, 2008). This impact is es-
pecially problematic for high-multidimensional data, such as association analysis of disease-
related HLA allele. Therefore, we developed a new study design based on the link between the 
age at the onset of disease and the differences between the frequency distributions of relevant 
alleles in patients and controls.

The pathogenic effects of a gene on individuals should include two factors: 1) the dif-
ferences between the frequency distributions of the gene in disease and control groups (differ-
ences in frequency distribution increase with an increase in the effect of a gene) and 2) the age 
at disease onset in gene carriers (increase in pathogenic effects corresponds to earlier onset). 
These 2 factors provide information in 2 dimensions (frequency distribution and age at disease 
onset); therefore, cross-validation of this information should improve the efficacy of associa-
tion analysis on the identification of disease-related HLA alleles comparing with corrections 
for multiple comparisons. Here, we have used association analysis for HLA-DQB1 and rectal 
cancer to illustrate our novel cross-validation design for identification of disease-related genes.

MATERIAL AND METHODS

Subjects

A total of 79 patients - 44 males and 35 females; mean age, 61.1 ± 11.6 years - with 
rectal cancer (as evidenced by surgical biopsy and pathological analysis) were recruited from 
the Dalian University Hospital, Dalian, China. All the subjects were unrelated ethnic Han 
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Chinese individuals and had provided informed consent for participation in this study. The age 
of first onset was recorded.

HLA-DQB1 alleles typing

Genomic DNA was extracted from white blood cells using standard techniques for 
HLA typing. The samples were typed using an HLA-DQB1 “low resolution” PCR-SSP typing 
kit (Pel-Freez Clinical Systems) including allele-specific primers for DQB1*02, DQB1*03, 
DQB1*04, DQB1*05, DQB1*06. All commercial tests were run according to manufacturer 
instructions. Products were separated by electrophoresis on 2% agarose and visualized with 
ethidium bromide staining and UV transillumination. Automated gel reading was performed 
using the Pel-Freez software.

Statistical analysis of allele frequency distributions

Allele frequencies were calculated and compared with control population coming 
from same geographic region of subjects participating in the study (a total of 718 subjects 
were included in that study) (Hei et al., 2009). Constituent ratio of allele frequencies in the 
cancer group were compared with that in control population using the chi-square test. If 
significant locus was determined, the significant difference of allele frequencies between 
cancer group and control group were examined using the chi-square test. A P value <0.05 
indicated significant difference. The analyses were performed by the SPSS 13.0 statistical 
software package.

Statistical analysis of the age at the onset of cancer

The basic concept of the analysis is to consider the age of onset as a pathogenic 
effect of a gene. The association between the gene and the disease can be ascertained by 
comparing the average age of patients carrying a gene and that of patients not carrying the 
gene. In the present study, the age of the patients was considered as the dependent variable 
and that of the allele carriers (subjects carrying the allele or those not carrying the allele) 
was considered as the grouping variable; this analysis was performed using the SPSS 13.0 
statistical software package. The Mann-Whitney U test, a nonparametric test, was used to 
assess the difference between the mean age of the subjects carrying the alleles and that of 
subjects that did not carry the alleles. A P value of <0.05 indicated significant difference. 
If the average age of the patients who carry a certain allele is significantly lower or higher 
than that of the patients who did not carry the allele, then the allele can be regarded as a 
disease-related allele (susceptibility or resistance allele). If the total number of genotype-
positive chromosomes in the subjects is less than 5, the sample size is considered too small 
for statistical analysis.

Cross-validation of the 2 sets of analytical results

According to the probability principle of multiplication, the P value (type I error) is 
as follows:
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P = 1 - (1 - P1) x (1 - P2),

where P1 and P2 are the P values obtained with the results of the 2 analyses, i.e., the allele 
frequency distributions and the age at the onset of cancer, respectively, for 1 allele. A P value 
of <0.05 indicated significant difference.

RESULTS

The alleles identified in our experiments are summarized in Table 1. The frequency val-
ues of HLA-DQB1*02 was higher in the cancer group than in the control population (P < 0.05). 
No statistical difference was observed between the 2 groups with respect to the other alleles.

HLA-DQB1*                                                              Frequency of allele (%)  P

 Cancer Control

02 21.4 12.3 0.002
03 38.5 44.2 0.050
04   6.6   5.6 0.544
05   9.9 14.4 0.148
06 23.6 23.5 0.648
P                                                                   0.008  -

Table 1. Allele distributions for HLA-DQB1 in the rectal cancer and control groups.

The age differences between the gene groups for HLA-DQB1 are shown in Table 2. 
The median ages of the subjects with and without HLA-DQB1*02 were 54.0 and 61.0 years, 
respectively, and a significant difference was observed between the ages for these groups (P 
< 0.05). The median ages of the subjects with and without HLA-DQB1*03 were 62.0 and 
58.0 years, respectively, and a significant difference was observed. No significant age dif-
ferences were observed between the gene groups for the other alleles.

HLA-DQB1*  Age (percentiles)  P

 25th 50th 75th

2+ 49.0 54.0 66.3 0.010
2- 55.0 61.0 72.0
3+ 57.0 62.0 73.0 0.037
3- 52.5 58.0 67.5
4+ 56.0 60.0 67.0 0.935
4- 54.0 60.0 71.0
5+ 53.0 66.0 76.0 0.129
5- 54.0 59.0 69.3
6+ 54.0 57.5 67.0 0.323
6- 53.0 61.0 72.3

Table 2. Age differences between the 2 gene groups for HLA-DQB1.

The cross-validation of the 2 above-mentioned analytical results is shown in Table 3. 
A statistically significant difference was noted between the results of the 2 analyses for HLA-
DQB1*02 (P < 0.05), whereas no such statistically significant difference was observed for 
HLA-DQB1*03.
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DISCUSSION

Cancer is a typical complex disorder to which a yet unknown number of genes con-
tribute through interactions among each other and the environment (Velculescu, 2008; Chris-
tiani et al., 2008). Specific antigens of the HLA system are known to be associated with many 
solid tumors (Schirle, 2002; Seliger et al., 2003; Cabrera et al., 2003). Specifically, persistent 
pro-tumor immune responses, generally accepted to potentiate primary tumor development, 
are recognized as mediators of cancer metastasis (Sun et al., 2008; Kim et al., 2008). Obvi-
ously, the immune response may be an important mechanism against cancers, unfortunately, 
the identification of the relationship between HLA polymorphisms and cancer remains a great 
challenge. This lack of progress can be partly attributed to the association analysis (Gao et al., 
2010). To this regard, despite being discouraging due to inconsistent findings and weak link-
age signals, the results of our previous linkage studies indicated that in the presence of a large 
number of alleles observed, confirming whether a statistical difference is due to a sampling 
error or a true cancer-related gene is impossible. Widely used in testing statistical hypotheses, 
the Bonferroni multiple test has a rather low power that entails a high risk to accept falsely 
the overall null hypothesis, underestimating real effects. We believe that in case of hypoth-
esis tests conducted on a large number of single nucleotide polymorphisms, the method of 
cross-validation with 2 indicators from different is the preferred one to solve the problem of 
association study. Therefore, we developed a method based on cross-validation of the age at 
the onset of cancer and the differences between the frequency distributions of relevant genes 
(HLA-DQB1) in rectal cancer patients and controls.

Our results indicated statistical differences in frequency values between the cancer 
group and the control population for HLA-DQB1*02, and showed a significant age difference 
between the patients with and without HLA-A*02 and HLA-A*03. No significant age differ-
ences were observed between the gene groups for the other alleles. Thus, we confirmed that 
HLA-DQB1*02 is a true rectal cancer-related HLA allele.

Our new analysis method may be a more efficient and reliable approach for the identifi-
cation of complex disease-causing genes, compared to Bonferroni correction. We expect an in-
creasing integration between genetic studies, epidemiological studies, and clinical trials through 
virtual data sharing among laboratories, leading to genetically informative designs that will not 
only identify susceptibility and resistance genes, but also clarify how they cross interact.
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HLA-DQB1* P1 P2 P

2   0.002 0.010 0.012
3 0.05 0.037 0.085

P1 = P value obtained on analyzing allele frequency distribution; P2 = P value obtained on analyzing the age at the 
onset of cancer; P = 1 - (1 - P1) x (1 - P2).

Table 3. Cross-validation of the 2 analytical results.
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