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ABSTRACT. The primary function of the human leukocyte antigen 
(HLA) system is to regulate the immune response. Because of its 
important role in the immune response and its high degree of 
polymorphism, the HLA system is associated with many diseases. 
We examined the polymorphisms of HLA-A, B and DRB1 alleles 
in 100 unrelated patients with lung carcinoma and in 438 unrelated 
normal controls of Han nationality from North China, using sequence-
based typing and PCR with sequence-specific primers. We found 
that the frequencies of HLA-A*0201, A*2601, B*1518, B*3802, 
DRB1*0401, DRB1*0402, and DRB1*1201 were higher in the lung 
carcinoma group than in the normal control group. The P values were 
0.035, 0.040, 0.001, 0.017, 0.014, 0.004, and 0.019, respectively, and 
the odds ratio values were 1.052, 3.513, 4.047, 3.054, 4.237, 19.397, 
and 2.128, respectively. The frequency of HLA-DRB1*1302 was 
lower in the lung carcinoma group than in the normal control group 
(P = 0.046, odds ratio = 0.168). We concluded that patients with lung 
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cancer and healthy controls of Han nationality from North China 
differ in the frequencies of various HLA alleles.
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INTRODUCTION

Lung cancer is a common malignant tumor in the world, and its prognosis is poor. 
About 13,000,000 patients are diagnosed with lung cancer every year; the 5-year survival rate 
of lung cancer is only 10-15% (Parkin et al., 2005). In Europe, United States and China, lung 
cancer is currently the leading cause of cancer-related death (Ferlay et al., 2007; Zhang et al., 
2008; Chen et al., 2008; Jemal et al., 2009). Despite the hard efforts that have been made, 
the etiology of lung cancer remains unclear. Recently, many researchers paid attention to the 
genetic susceptibility to lung cancer. With the improvement in molecular biotechnology, more 
and more genes associated with genetic susceptibility to lung cancer have been found. Most of 
them are DNA repair genes (such as OGG1, XRCC1 and APEX1) and biotransformation genes 
(such as CYP1 gene family and EPHX1 gene) (Kiyohara et al., 2006; Gresner et al., 2007).

The human leukocyte antigen (HLA) system is the major histocompatibility complex in 
humans. The primary function of the HLA system is to regulate the immune response (Bjorkman et 
al., 1987). Because of its important role in the immune response and high polymorphism, the HLA 
system is associated with many diseases. Recently, many papers about the association between 
HLA and many types of tumor have been published, including cervical cancer (Schiff et al., 2005; 
Madeleine et al., 2008), leukemia (Dorak et al., 2002; Mundhada et al., 2004; Wu et al., 2007; Yari 
et al., 2008), gastric cancer (Wu et al., 2002; Quintero et al., 2005), ovarian cancer (Kübler et al., 
2006), thyroid cancer (Haghpanah et al., 2009), and breast cancer (Cantú de León et al., 2009).

In 1998, Tokumoto studied the association between HLA and lung cancer. Thirty-six 
Japanese lung cancer patients and 90 controls were subjected to typing for HLA I and II anti-
gens, and the results showed that the lung cancer patients had increased frequencies of HLA-
DRB1*0901 and decreased frequencies of HLA-DRB1*1302 and DRB1*14-related alleles. 
In 2000, Yoshimura and co-workers showed similar results. As far as we know, there has been 
no report about the association between HLA polymorphism and Chinese lung cancer patients.

In our study, 100 Chinese lung cancer patients and 483 controls were subjected to typ-
ing for HLA I and II antigens by sequence-based typing (SBT) and polymerase chain reaction 
(PCR) amplification with sequence-specific primer (PCR-SSP) methods. Our results showed 
that some HLA allele frequencies were different between lung cancer patients and controls, 
suggesting that lung cancer may be associated with specific alleles. 

MATERIAL AND METHODS

Subjects

The study enrolled 100 unrelated patients with lung cancer of Han nationality from North 
China. All patients were admitted to our hospital between March 2009 and May 2009, and the diag-
nosis of lung cancer was made histologically. The subjects ranged in age from 36 to 77 years, and 
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68 of them were males and 32 females. Eighty-one patients had non-small cell lung cancer and 19 
patients had small cell lung cancer. The 483 controls were healthy people of Han nationality from 
North China, and they were not related to each other or to the patients. All had undergone a chest 
X-ray, which showed no anomaly. All subjects gave informed consent to participate in this study. 

HLA DNA typing

Genomic DNA from patients and controls was extracted by standard techniques from 
peripheral blood leukocytes (Davis et al., 1980; Miller et al., 1988). DNA was typed using 
the PROTRAN S1 sequence-based typing kit (Protran, Germany), following manufacturer 
instructions. If an ambiguous result was obtained, it was confirmed using the QIAGEN Olerup 
SSP typing kit (Qiagen, Netherlands).

Statistical analysis

The frequencies of alleles of HLA-A, HLA-B, HLA-DRB1 and linkage disequilib-
rium of the alleles were estimated using the Arlequin program, version 2.000. The frequency 
differences of alleles between patients and controls were estimated using the χ2 test or the Fish-
er exact test where appropriate by the SPSS program, version 13.0. The level of significance 
was set at P < 0.05. If the frequency difference of an allele showed statistical significance, 
odds ratio (OR) and the 95% confidence interval (CI) were calculated. 

RESULTS

Table 1 and Figure 1 show the HLA-A, B and DRB1 alleles whose frequencies were dif-
ferent between lung cancer patients and healthy controls. We found that the frequencies of 7 HLA 
alleles were higher in lung cancer patients than in healthy controls: HLA-A*0201 (0.2150 vs 0.1540, 
P = 0.035, OR = 1.502, 95%CI = 1.029-2.192), A*2601 (0.0250 vs 0.0072, P = 0.040, OR = 3.513, 
95%CI = 1.183-10.429), B*1518 (0.0600 vs 0.0155, P = 0.001, OR = 4.047, 95%CI = 1.970-8.314), 
B*3802 (0.0400 vs 0.0135, P = 0.017, OR = 3.054, 95%CI = 1.463-7.127), DRB1*0401 (0.0300 vs 
0.0072, P = 0.014, OR = 4.237, 95%CI = 1.535-11.693), DRB1*0402 (0.0200 vs 0.0010, P = 0.004, 
OR = 19.397, 95%CI = 4.102-91.729), and DRB1*1201 (0.0700 vs 0.0342, P = 0.019, OR = 2.128, 
95%CI = 1.132-3.097). We found that the frequency of HLA-DRB1*1302 was lower in lung cancer 
patients than in healthy controls, where the frequencies in lung cancer patients and healthy controls 
were 0.005 and 0.0290, respectively (P = 0.046, OR = 0.168, 95%CI = 0.029-0.980). All alleles men-
tioned above were not in linkage disequilibrium with each other. 

Allele	    Lung cancer	         Normal	      OR (95%CI)	    P

A*0201	 0.2150 (43/200)	 0.1540 (149/966)	 1.502 (1.029-2.192)	 0.035 
A*2601	 0.0250 (5/200)	 0.0072 (7/966)	 3.513 (1.183-10.429)	 0.040 
B*1518	 0.0600 (12/200)	 0.0156 (15/966)	 4.047 (1.970-8.314)	 0.001 
B*3802	 0.0400 (8/200)	 0.0135 (13/966)	 3.054 (1.463-7.127)	 0.017 
DRB1*0401	 0.0300 (6/200)	 0.0072 (7/966)	 4.237 (1.535-11.692)	 0.014 
DRB1*0402	 0.0200 (4/200)	 0.0010 (1/966)	 19.397 (4.102-91.729)	 0.004 
DRB1*1201	 0.0700 (14/200)	 0.0342 (33/966)	 2.128 (1.132-3.907)	 0.019 
DRB1*1302	 0.0050 (1/200)	 0.0289 (28/966)	 0.168 (0.029-0.980)	 0.046

Table 1. Frequencies of HLA-A, B and DRB1 alleles whose frequencies were different in lung cancer patients and 
healthy controls.
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DISCUSSION

The first report about the association between HLA and susceptibility to a disease was 
published more than 40 years ago. Since then, such associations have been reported for more 
than 500 diseases, including some types of cancer. The association varies among the diseases 
and the populations studied, and there is generally a lack of a strong concordance between the 
HLA type and the disease.

There are many techniques used for typing HLA antigens. The complement-mediated 
microlymphocytotoxicity technique has been used as the standard for serologic typing of HLA 
I and HLA II antigens for many years (Terasaki and McClelland, 1964). Recently, some mo-
lecular typing techniques have been developed and used, including PCR and single-strand 
conformation polymorphism (Ainsworth et al., 1991; Young et al., 1993), PCR-restriction 
fragment length polymorphism (Bidwell et al., 1988), PCR and sequence-specific oligonucle-
otide probes (Dalva and Beksac, 2007), PCR-SSP (Olerup and Zetterquist, 1992), and SBT 
(Hoppe and Salama, 2007). Serologic typing can only yield results of 2 significant figures and 
4 molecular typing techniques. According to HLA nomenclature, alleles that are the same in 
4 significant figures have the same amino acid sequence (Marsh, 2003). So, in our study, SBT 
and PCR-SSP techniques were used for typing HLA antigens to get accurate 4-significant fig-
ure typing results for every subject. 

We found that the frequencies of 4 HLA I alleles were higher in patients with lung 
cancer for the Han nationality of North China, and they were HLA-A*0201 (0.2150 vs 0.1540, 
P = 0.035, OR = 1.502, 95%CI = 1.029-2.192), A*2601 (0.0250 vs 0.0072, P = 0.040, OR = 
3.5130, 95%CI = 1.183-10.429), B*1518 (0.0600 vs 0.0155, P = 0.001, OR = 4.047, 95%CI 

Figure 1. Frequencies of HLA-A, B and DRB1 alleles whose frequencies were different in lung cancer patients 
and healthy controls.
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= 1.970-8.314), B*3802 (0.0400 vs 0.01346, P = 0.017, OR = 3.054, 95%CI = 1.463-7.127). 
These results have not been previously reported. Tokumoto (1998) and Yoshimura et al. 
(2000) found that no frequency of HLA I allele was different between lung cancer patients and 
controls. However, they used a serologic method to type HLA I antigens, and the population 
that they studied was different from ours, where both could affect the results. Tokumoto and 
Yoshimura et al. found that the frequency of HLA-DRB1*1302 was lower in lung cancer pa-
tients than in controls. We obtained a similar result, where the frequency of HLA-DRB1*1302 
was 0.0050 in lung cancer patients and 0.0290 in controls (P < 0.05, OR = 0.168, 95%CI 
= 0.029-0.980). They found that the frequency of HLA-DRB1*0901 was increased in lung 
cancer patients. Our results are not consistent with theirs, our results showed the following: 
HLA-DRB1*0401 (0.0300 vs 0.0072, P = 0.014, OR = 4.237, 95%CI = 1.535-11.693), *0402 
(0.0200 vs 0.0010, P = 0.004, OR = 19.397, 95%CI = 4.102-91.729) and *1201 (0.0700 vs 
0.0342, P = 0.019, OR = 2.128, 95%CI = 1.132-3.097) had higher frequencies in lung cancer 
patients, while the frequency of HLA-DRB1*0901 showed no difference between lung cancer 
patients and healthy controls. This discrepancy may represent population differences. 

The molecular mechanisms of associations between HLA and diseases are still poorly 
understood or not known, even though a number of hypotheses have been proposed and ex-
amined for many diseases. We determined the amino acid sequences of the alleles from the 
IMGT/HLA sequence database and analyzed them, but could not draw a reasonable conclu-
sion. Further studies need to be done in this area to explain the mechanisms of associations 
between HLA and lung cancer.

In conclusion, we studied the association between HLA and lung cancer. Our re-
sults suggest that HLA-A*0201, A*2601, B*1518, B*3802, DRB1*0401, DRB1*0402, and 
DRB1*1201 are associated with lung cancer susceptibility in the Han nationality of North 
China and that HLA-DRB1*1302 is associated with resistance. However, because of the rela-
tively small number of patients examined and the possibility of racial difference, this study 
should be considered preliminary, and further studies are needed in this area to clarify the as-
sociation between HLA and lung cancer. 
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