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Gadtric cancer (GC) is a heterogeneous disorder with multifactorial etiologies. Genetic predisposi-
tion, environmental factors, and Helicobacter pylori infection are thought to interact in the manifes-
tation of GC. Particular human leukocyte antigen (HLA) alleles play a pivotal role in cellular
immunity and may be an important genetically determined host trait. To elucidate the association
between the genotype of HLA class Il genes and the clinical phenotype of GC, polymorphisms of
HLA-DRB1 and HLA-DQB1 were determined by polymerase chain reaction with sequence-specific
primers in 106 Taiwanese patients with GC and in 208 healthy controls. Comparison of allele
frequencies between GC patients and healthy controls showed no significant difference at the
HLA-DRB1 locus. Patients with GC had a higher frequency of DQB190602 (9.4% vs. 3.6%, P<0.05,
oddsratio 2.79, 95% confidence interval 1.41-5.47) and a lower frequency of DQB190301 (14.6% vs.
23.8%, P<0.05, odds ratio 0.55, 95% confidence interval 0.35—0.85) compared to healthy controls.
Correlation of HLA-DQB1 status with clinicopathologic features revealed predominance of male
gender (16/3 vs. 50/37, P<0.05) and proximal location (12/7 vs. 28/59, P<0.05) in patients with
positive HLA-DBQ190602 compared to those with negative HLA-DBQ1M602. In contrast, a higher
ratio of diffuse/intestinal subtype (20/10 vs. 30/46, P<0.05) and a lower seropositivity of Helico-
bacter pylori (14/30 vs. 58/76, P<0.005) were noted in patients with positive HL A-DQB1%0301 com-
pared to those with negative HLA-DQB1%0301. In conclusion, HLA-DQB1%0602 confers suscepti-
bility to gastric cancer, especially for male Taiwanese and proximal tumor location, while HLA-
DQB190301 may have a protective effect on GC, probably through resistance to Helicobacter pylori
infection. HLA-DQB1 alleles are associated with susceptibility or resistance to GC and also
influence its clinical features.
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Gastric cancer (GC) remains a common disease

and thresholds to exposure of cancer-causing agents may

throughout the world.? Despite some improvement in its
treatment, the 5-year survival rate of GC remains low.
Therefore, further exploration of etiologies and biological
features of GC is mandatory to improve the diagnosis and
management. Both environmental and genetic factors are
crucia in the multistage model of gastric tumorigenesis.
GC exhibits marked heterogeneity in histology and ana-
tomic involvement. Histologically, GC can be subdivided
into intestinal and diffuse subtypes according to the pres-
ence of different precancerous lesions and glandular for-
mation.?” Anatomically, GC can be divided into tumors
involving the cardia (proximal) and noncardia (distal). A
striking difference in clinicopathologic characteristics and
epidemiologic trends was noted between different sub-
types of GC.>% As a result, recent investigations have
focused on whether different etiologies, host susceptibility,
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play arolein such heterogeneity.>®

In the sequential changes from gastritis to GC, the
major environmental risks identified are dietary factors
and Helicobacter pylori (H. pylori) infection.>® Abundant
epidemiological data have documented that H. pylori is
closaly related not only to GC, but also to peptic ulcer dis-
ease and gastric lymphoma® It is worth noting that H.
pylori infection increases the risk of both histologic sub-
types of GC, but decreases the risk only in cardia cancer.™
Furthermore, the majority of H. pylori-infected patients
develop asymptomatic gastritis and only a small portion of
them may progress to GC.*? The variable outcome of H.
pylori infection was thought to be dependent on the extent
and severity of gastric inflammation.® Accordingly, fac-
tors involved in initiation and regulation of the inflamma-
tory response may confer host susceptibility to or against
H. pylori infection.

Inflammatory responses to infectious agents are influ-
enced by interindividual genetic variations.!¥ Genes of the
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human leukocyte antigen (HLA) family are excellent can-
didates for examination of such genetic variation because
their extensive polymorphism may play a pivotal role in
controlling inflammatory and immune reactions.® HLA
class 11 loci encode cell surface heterodimers that are cru-
cial in presenting peptide antigens to T-cells. A number of
studies have revealed that different alleles at the HLA
class Il genes contribute to different susceptibility or resis-
tance to H. pylori infection.’*?% Moreover, the presence of
particular aleles, DQB170301 and DRB1"1601, has been
reported to be associated with increased risk of GC in
Caucasian patients.?®2) Nevertheless, conflicting results
exist for HLA association with GC,?22® possibly because
of differences in ethnic background and methodology, as
well as disease heterogeneity.?® To further elucidate the
role of HLA in gastric carcinogenesis, we investigated the
association between HLA polymorphism and GC with
respect to H. pylori infection and clinical phenotype in the
Taiwanese population.

MATERIALS AND METHODS

Study subjects This was a hospital-based case-control
study conducted at the National Taiwan University Hospi-
tal between 1998 and 1999. Cases who received gastrec-
tomy for GC were prospectively enrolled. Pathological
diagnosis was confirmed by the same pathologist (Chia-
Tung Shun) using formalin-fixed and hematoxylin and
eosin-stained tissue sections. A total of 117 eligible cases
were identified and 106 (90.6%) were successfully geno-
typed. These tumors were classified into 56 intestinal and
50 diffuse type, and into 19 early and 87 advanced GC
based on the criteria proposed by Lauren? and the Japa-
nese Research Society of Gastric Cancer.?® There were 30
tumors located at the cardia and body, while the remaining
76 tumors were located at the angle and the antrum. Rele-
vant demographic and clinicopathologic information for
each patient was obtained from medical records. All GC
patients were free from family history of GC or any
disease known to involve genetic predisposition, such as
hereditary nonpolyposis colorectal cancer. The status of H.
pylori positivity was determined by the presence of a sig-
nificantly high titer of anti-H. pylori 1gG in preoperative
Sa,-a.26)

Healthy individuals, who received an annua genera
health check-up, were selected from the same hospital.
Two hundred and thirty-four subjects, who were noted to
have minimal gastritis or normal appearance of the gastric
mucosa after the gastroscopic examination, were matched
to the cases with respect to age and sex in a 2:1 ratio. In
Taiwan, more than 90% of the residents are Fukienese or
Hakka, whose ancestors immigrated to Taiwan from
Southern China. To minimize ethnic biases within the pop-
ulation studied, all patients and controls were Han Chi-

HLA in Gastric Cancer

nese, and the aborigina and alien populations were
excluded. Finally, the control group consisted of 208 sub-
jects who could be successfully genotyped. The mean age
of controls was 61.6+13.1 years (131 men and 77 women),
and that for cases was 61.9+13.7 years (66 men and 40
women).

HLA class Il genotyping Blood samples (10 ml) were
drawn from cases and controls. Genomic DNA was iso-
lated from peripheral blood of patients and controls using
a modified salting-out technique. Genetic typing of HLA-
DRB1 and HLA-DQB1 polymorphism was performed
using polymerase chain reaction (PCR) with sequence-spe-
cific primers as previously described.?:?® A total of 48
sequence-specific oligonucleotide primers were used to
identify 14 DRB1 types and 13 DQB1 aleles (Table I).
The human growth hormone gene was coamplified in all
reactions as a positive control. Eighty nanograms of
genomic DNA was amplified in 10 ul of a solution con-
taining 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCl,, 0.01% (w/v) gelatin, 0.2 mM of each of the deox-
yribonucleotide triphosphates, 0.5 uM allele- or group-
specific primers, 0.1 uM control primers for human
growth hormone gene (5GCC TTC CCA ACC ATT CCC
TTA3 and 5TCA CGG ATT TCT GTT GTG TTT C3)
and 0.25 units of Taq DNA polymerase (Takara Taq,
TaKaRa Shuzo Co., Ltd., Otsu). PCRs were performed
using a Perkin Elmer Thermocycler 9600 (PE Applied
Biosystems, Foster City, CA) for 30 cycles of amplifica
tion (denaturation at 94°C for 20 s, annealing at 65°C for
50 s, and extension at 72°C for 20 s). The PCR products
were resolved by electrophoresis in 2.5% agarose ge,
stained with ethidium bromide, and visualized and photo-
graphed under ultraviolet light. The results were checked
independently by two of the authors.

Statistical analysis Allele frequencies were compared
using a 2x2 contingency table and the chi-square test.
When appropriate, Fisher's exact test was used, depending
on the sample size of a given test. Odds ratios and 95%
confidence interval were calculated for the disease in the
carriers of specific alleles. Correction for multiple compar-
isons was made, taking into account the number of alleles
studied. A P value less than 0.05 was considered statisti-
cally significant.

RESULTS

The DNA typing of HLA-DRB1 and HLA-DQB1 poly-
morphism is summarized in Tables Il and I1l. The analysis
of DRB1 allele frequencies (Table I1) showed no signifi-
cant difference between control individuals and patients
with GC. The frequency of the DQB10301 allele was sig-
nificantly reduced in patients with GC when compared
with controls (14.6% vs. 23.8%, P<0.05; odds ratio 0.55,
95% confidence interval 0.35—0.85) (Table I11). Moreover,
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Table I. Nucleotide Sequences and Specificities of the PCR Primer Pairs Used for Identification of DRB1 (1-16) and DQB1 (17-31)
Alleles
5'-primer sequence 3'-primer sequence rs):(z)?jl?ét '?bCS sg‘erzﬁllgllt?gs
1 5-TTGTGGCAGCTTAAGTTTGAA-3 5-CTGCACTGTGAAGCTCTCAC-3 255 DRB1°01
5-CTGCACTGTGAAGCTCTCCA-3
2 5-TTCCTGTGGCAGCCTAAGAGG-3 5'-CCACCGCGGCCCGCGC-3 208 DRB1'15
3 5-TTCCTGTGGCAGCCTAAGAGG-3 5-AGGTGTCCACCGCGGCG-3 214,220 DRB1'16
5'-TGCAGTAGGTGTCCACCAG-3'
4 5-GACGGAGCGGGTGCGGTA-3 5-GCTCCGTCACCGCCCGGA-3' 98 DRB1'0301, 0304, 0305
5 5-TACTTCCATAACCAGGAGGAGA-3 5-TCTGCAGTAGTTGTCCACCC-3 153 DRB1"0301, 0302, 0303,
0305
6 5-GTTTCTTGGAGCAGGTTAAACA-3 5'-CGCACG(G)ACTCCTCTTGGTG-3 100 DRB1'04
(M
7 5'-CCTGTGGCAGGGTAAGTAA-3 5-CCCGTAGTTGTGTCTGCACAC-3 232 DRB1°07
8 5-AGTACTCTACGGGTGAGTGTT-3 5'-TGCAGTAGGTGTCCACCAG-3 162, 214 DRB1°08
5-TGTTCCAGTACTCGGCGCT-3
9 5-GACGGAGCGGGTGCGGTA-3 5'-CCCGTAGTTGTGTCTGCACAC-3 193 DRB1°09
10 5-CGGTTGCTGGAAAGACGCG-3 5'-CTGCACTGTGAAGCTCTCAC-3 198 DRB1°10
11 5-CGTTTCTTGGAGTACTCTACGTC-3 5-CTGGCTGTTCCAGTACTCCT-3 167, 177 DRB1"11
5-AGTACTCTACGGGTGAGTGTC-3
12 5-CCATAACCAGGAGGAGCTCC-3 5-CTGCACTGTGAAGCTCTCCA-3 184 DRB1'12
13 5-CGTTTCTTGGAGTACTCTACGTC-3' 5-CCCGCTCGTCTTCCAGGAT-3 202 DRB1°1102, 1114, 1116,
1118-21, 1301-04, 1306,
1308-10, 1312, 1315,
1316, 1319, 1322
14 5-CGTTTCTTGGAGTACTCTACGTC-3 5-CCGCCTGTCTTCCAGGAA-3' 201 DRB1"1101, 110306,
1109-12, 1115, 1122,
1305, 1307, 1311, 1314,
1318, 1321
15 5-CGTTTCTTGGAGTACTCTACGTC-3 5-CCACCTCGGCCCGCCTCC-3 201, 211 DRB1"1401, 1404, 1405,
5-AGTACTCTACGGGTGAGTGTT-3 1407, 1408, 1411, 1414,
1418
16 5-CGTTTCTTGGAGTACTCTACGTC-3 5-CTGTTCCAGTGCTCCGCAG-3 170 DRB1"1401, 1407, 1410
5-GTTTCTTGGAGCAGGTTAAACA-3 1416
17 5-ACGGAGCGCGTGCGGGG-3' 5-GCTGTTCCAGTACTCGGCAA-3 128 DQB1"0501
18 5-GTGCGGGGTGTGACCAGAC-3 5'-CTGTTCCAGTACTCGGCGCT-3' 117 DQB1"0502
19 5-GTGCGGGGTGTGACCAGAC-3 5-GCGGCGTCACCGCCCGA-3 87 DQB1"0503
20 5-GGACGGAGCGCGTGCGTTA-3 5'-GCA(A)GATCCCGCGG(A)ACG-3 215 DQB1"0601
©) (M
21 5-CGTGCGTCTTGTGACCAGAT-3' 5'-CAACTCCGCCCGGGTCCC-3 157 DQB1"0602
22 5-GGAGCGCGTGCGTCTTGTA-3 5'-GCTGTTCCAGTACTCGGCAT-3 127 DQB1"0603, 0607
23 5-TCGTGTACCAGTTTAAGGGCA-3 5'-GCA(G)GATCCCGCGG(T)ACC-3' 254 DQB1"0604/0609
(A) (A)
24 5-CGTGCGTCTTGTGACCAGAT-3 5'-GCA(G)GATCCCGCGG(T)ACC-3 206 DQB1"0605/0609
(A) (A)
25 5-GTGCGTCTTGTGAGCAGAAG-3 5-TGCAAGGTCGTGCGGAGCT-3 205 DQB1'02
26 5'-GACGGAGCGCGTGCGTCT-3' 5'-CTGTTCCAGTACTCGGCGG-3 129 DQB1'02, 0302
27 5-GGACGGAGCGCGTGCGTTA-3 5-CAGTACTCGGCGTCAGGCG-3 122 DQB1'0301, 0304
28 5'-GACGGAGCGCGTGCGTCT-3' 5'-CAGTACTCGGCGTCAGGCG-3 122 DQB1"0302, 0303
29 5-GCCGCTGGGGCCGCCTGA-3 5'-TGCAAGGTCGTGCGGAGCT-3 123 DQB1"0301, 0303
30 5'-TCACCAACGGGACCGAGCT-3 5-TGGTAGTTGTGTCTGCATACG-3' 200 DQB1"0401
31 5-CACCAACGGGACCGAGCG-3 5-TGGTAGTTGTGTCTGCATACG-3' 200 DQB1"0402
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Tablell. Frequencies of the DRB1 Allelesin Taiwanese Gastric
Cancer Patients and Controls

DRB1 Controls Gastric cancer

aleles (n=208) (n=106)
01 2 ( 0.5%) 2 ( 0.9%)
04 50 (12.0%) 31 (14.6%)
07 12 ( 2.9%) 6 ( 2.8%)
08 50 (12.0%) 24 (11.3%)
09 62 (14.9%) 36 (17.0%)
10 8 ( 1.9%) 3( 1.4%)
11 38 ( 9.1%) 12 ( 5.7%)
12 64 (15.4%) 22 (10.4%)
13 15 ( 3.6%) 8 (3.8%)
14 20 ( 4.8%) 15 ( 7.1%)
15 41 ( 9.9%) 27 (12.7%)
16 22 ( 5.3%) 8 ( 3.8%)
17 32 ( 7.7%) 18 ( 8.5%)

Table I1l.  Frequencies of the DQB1 Alleles in Taiwanese Gas-
tric Cancer Patients and Controls

DQB1 Controls Gastric cancer
dleles (n=208) (n=106)
02 44 (10.6%) 23 (10.8%)
0301 99 (23.8%) 31 (14.6%)"
0302 31 ( 7.5%) 22 (10.4%)
0303 62 (14.9%) 37 (17.5%)
0401 20 ( 4.8%) 11 ( 5.2%)
0402 4 ( 1.0%) 3 ( 1.4%)
0501 13 ( 3.1%) 8 ( 3.8%)
0502 41 ( 9.9%) 20 ( 9.4%)
0503 11 ( 2.6%) 6 ( 2.8%)
0601 61 (14.7%) 24 (11.3%)
0602 15 ( 3.6%) 20 ( 9.4%)"
0603 3( 0.7%) 0 ( 0%)
0605 12 ( 2.9%) 7 ( 3.3%)

0O0P=0.0018 by chi-square test, P,=0.023 after Bonferroni cor-
rection.

the DQB170602 alele was more frequently found in
patients with GC than controls (9.4% vs. 3.6%, P<0.05;
odds ratio 2.79, 95% confidence interval 1.41-5.47). The
haplotype analysis reveded that the frequency of
DRB1”15-DQB170602 was higher in patients than in
controls (40/212 vs. 15/416, P<0.05). The frequencies
of haplotypes DRB1"11-DQB170301 and DRB1"12-
DQB170301 were lower in patients than in controls (11/
212 vs. 35/416, and 20/212 vs. 59/416, P<0.05 respec-
tively). We further analyzed whether there was any associ-
ation between these two specific DQB1 alleles and clinical
features of GC. No significant association was found
between these HLA aleles and the age of the patient,
tumor staging, or lymph node metastasis of GC (Table
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V). Correlation of HLA-DQB1 status with clinicopatho-
logic characteristics revealed that GC with HLA-
DQB170602 was associated with mae gender (16/3 vs.
50/37, P<0.05) and proximal location (cardia and body)
(12/7 vs. 28/59, P<0.05). In contrast, GC with HLA-
DQB10301 tended to have a higher ratio of diffuse/
intestinal subtype (20/10 vs. 30/46, P<0.05) and a lower
seropositivity of H. pylori (14/30 vs. 58/76, P<0.005).

DISCUSSION

Although environmental factors play a major role in the
development of GC, various host factors may also influ-
ence patients' susceptibility to GC, even following the
same exposure to these environmental factors. Indeed,
studies of familial clustering, racial differences in inci-
dence, and twins have all demonstrated that genetic factors
play an important role in GC susceptibility.?® Specificaly,
recent studies have documented that HLA typing may help
identify those individuals at risk.’® Herein we report for
the first time such an analysis of HLA-DRB1 and DQB1
polymorphisms in Taiwanese patients with GC. Our results
provide further evidence that HLA class Il genes are
indeed important determinants of disease susceptibility
and behavior in GC, a notion previously proposed by
Rigas.?¥ The most striking finding is that DQB1-0301 and
DQB170602 play different roles in the development of
GC; DQB170301 may be protective, while DQB170602
may be predispositional. Furthermore, for the first time we
demonstrated that these two genotypes may influence
tumor subtypes and gender in patients with GC.

Several other studies have been conducted to investigate
the relative risk of HLA class Il alelesin GC in different
ethnic groups.>-? In Caucasians, Lee et al.? and Mag-
nusson et al.?® have reported that HLA-DQB1-0301 and
-DRB1"1601 are the principal susceptibility alleles for GC.
Ohmori et al. have shown a dlightly different frequency of
DQB170503 between GC patients and controls among Jap-
anese.?® The above studies were performed by DNA geno-
typing of HLA.? 229 However, a study from South Africa
by serotyping reported the lack of such an association
between GC and HLA in Cape Coloureds.?? We speculate
that these conflicting results may be in part caused by dif-
ferences in methodology of HLA typing and ethnic back-
ground. The genotype status of HLA may vary among
different ethnic populations. Other explanations may
include intrinsic heterogeneity in GC tumorigenesis and
phenotype, which can be further subclassified according to
the anatomical location and the histological change.

The recognition of divergent clinical, epidemiological,
and genetic features in different subtypes of GC supports
the idea that GC is a heterogeneous disorder.>-® Therefore,
studies employing a limited number of cases will afford
inconclusive findings. To circumvent these drawbacks, we
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Table IV. Clinicopathologic Characteristics and HLA-DQB1'0301 and "0602 Status of

106 Taiwanese Patients with Gastric Cancer

HLA-DQB1'0301

HLA-DQB1"0602

Characteristics

Positive Negative Positive Negative
(n=30) (n=76) (n=19) (n=87)

Mean age (years) 61.1+144  62.3+135 63.5+12.0 61.6+14.1
Gender

Mae 15 51 169 50

Female 15 25 3 37
Tumor location

Proximal (cardia/body) 10 20 129 28

Distal (angle/antrum) 20 56 7 59
Tumor stage

Early 6 13 4 15

Advanced 24 63 15 72
Lymph node metastasis

Positive 21 58 14 65

Negative 9 18 5 22
Histologic subtype

Diffuse 209 30 12 38

Intestinal 10 46 7 49
H. pylori seropositivity

Positive 149 58 13 59

Negative 16 18 6 28

a) P=0.037, b) P=0.012, ¢) P=0.012, d) P=0.003.

enrolled a number of patients with GC and a matched con-
trol group in a rather homogeneous ethnic population. In
this situation, we noted that HLA-DQB1%0602 was fre-
quently associated with GC with proximal location, while
HLA-DQB10301 confers protection mainly for GC of the
diffuse subtype. Collectively, our findings support the
notion that HLA genotyping helps identify the clinical
subtype of GC and susceptibility to GC. They aso imply
that stratification of GC into different subtypes is manda-
tory for meaningful molecular and genetic studies in the
future.”

Male preponderance is a well-known clinical character-
istic of GC. Most studies, including those from Taiwan,
have documented that the male/female ratio in GC is
approximately two.? % The cause of this male preponder-
ance is not known, and may be due to a combination of
genetic and environmental factors. It is noteworthy that
GC with positive HLA-DQB1:0602 was predominantly
associated with the male gender (male/female ratio, 5.33),
indicating that this allele plays a more important role in
male patients. We do not believe that such male predomi-
nance appeared by chance, because the study patients were
not pre-selected and the overall male/female ratio was
1.65, which is in the range of those previously published
from Taiwan.®® An association of HLA with gender is also
found in diseases other than GC. In Hodgkin's disease and
multiple sclerosis,® %2 some alleles were more frequently
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found in female patients, while a male-associated suscepti-
bility genotype was seen in acute lymphoblastic leuke-
mia® One possible explanation for this gender-related
difference is that different humoral and cellular immune
responses may be associated with different HLA alleles in
different genders.® 3 Another possibility is that sex hor-
mones or sex-linked gene inheritance may be responsible
for the enhanced susceptibility.?

A puzzling feature of gastric carcinogenesis is that clin-
ically evident diseases occur in only a small proportion of
patients with H. pylori infection.’® One proposa is that
genetically determined differences in immune responses
may play arole. The genetic basis for the susceptibility to
H. pylori infection is not fully understood, but HLA alleles
may play arole, as proposed by a number of authors.6-2%
What has emerged from these studies is that DQB170401
and DQ5 are positively associated with the devel opment
of atrophic gastritis, while the lack of DQA 170102 is asso-
ciated with a higher frequency of atrophic gastritis and
gastric adenocarcinoma after acquisition of H. pylori
infection. In this study, we found that DQB10301 was
associated with a lower risk of GC and a lower seroposi-
tivity of H. pylori. It remains to be determined whether
the apparent association of H. pylori negativity with
DQB170301 is merely accidental or actualy reflects the
fact that DQB1"0301 confers protection against GC
through resistance to H. pylori infection. Our results differ



from those reported by Lee et al., who noted that the pres-
ence of DQB1-0301 confers susceptibility to GC but de-
creases the frequency of H. pylori infection.? Magnusson
et al. recently demonstrated that the DQA170102 dlele
was inversely associated with H. pylori seropositivity but
did not correspond to a reduced risk of GC.2® Such a dis-
crepancy may be related to the reported clearance of H.
pylori in GC or to genetic differences between Caucasian
and Taiwanese subjects. However, these observations sug-
gest that host immunogenetic factors could contribute to
susceptibility or resistance to H. pylori infection. Besides
HLA, other factors may contribute to the variable out-
comes of H. pylori infection. For example, the genetic
influence in the expression of tumor necrosis factor-a and
interleukin-1 may affect whether a primary H. pylori
infection runs a chronic or sdlf-limited course.® % Further
studies centering on the interplay between host immunoge-
netic factors and H. pylori infection may help elucidate the
different outcomes of H. pylori-related diseases.

Although our findings suggest that GC subtypes and the
patients gender might have a strong association with
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