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SHORT REPORT

HLA-class II haplotype associations with ovarian cancer
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The development of cancer is a multistep process that is charac-
terized by the accumulation of genetic alterations in cells and
changed cellular interactions with the surrounding healthy tissues.
The human immune system is believed to be intrinsically involved
in this process. The correlation of certain human leukocyte anti-
gen (HLA)-class I and II haplotypes with tumorigenesis is docu-
mented in a variety of tumors. However, few data exist on the pos-
sible association of specific HLA-class II alleles or haplotypes with
ovarian cancer. In our sample of 52 Caucasian patients with pri-
mary ovarian carcinoma and 239 female healthy local controls, we
observed a significantly increased incidence of the HLA-class I1
haplotypes DRB1#0301 — DQA1*0501 — DQB1*0201 (p < 0.001)
and DRB1¥1001 — DQA1#0101 - DQB1*0501 (p < 0.001) in the
patients. Our data suggest that HLA-class II loci or individual
HLA-class II haplotypes may be involved in the pathogenesis of
ovarian cancer.
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It is increasingly recognized that the development of cancer is a
multistep process that is characterized by not only the accumula-
tion of genetic alterations in cells but also changed cellular, in par-
ticular immunological, interactions with the surrounding healthy
tissues. At the beginning of the last century, Ehrlich proposed the
idea of an immune reaction against tumors, where antitumor im-
munit?/ controls the presence of abnormal cells and eliminates
them.” As a result of multiple genetic alterations, tumor cells often
express new antigens which are presented in the context of major
histocompatibility complex (MHC) molecules.” Because they reg-
ulate the sensitivity to antitumoral immunity, the expression of
MHC antigens on tumor cells is considered to be important in tu-
mor surveillance.

There are several lines of conceptual thinking about the in-
volvement of MHC-antigens in the development of cancer. The
first comprises the ineffectiveness of the immune system against
tumor-associated antigens (tumor tolerance). The second describes
mechanisms by which the tumor itself evades immune surveil-
lance (immune escape).” It is also conceivable that the immune
system functions to promote or select tumor variants with reduced
immunogenicity, thereby providing developing tumors with a
mechanism to escape immunologic detection and elimination
(cancer immunoediting).* Thus, based on the panel of peptides
presented and the efficiency of the resulting immune reaction, spe-
cific MHC-alleles or -haplotypes might predispose to particular
malignancies.

The human leukocyte antigen (HLA) system, the human version
of the MHC, is encoded on the short arm of chromosome 6 and
falls into 2 classes, HLA-class I and HLA-class II, which are
structurally and functionally different.>~” The outstanding feature
of HLA genes is their extensive polymorphism which defines dif-
ferent HLA-alleles for every locus® and determines the repertoire
of peptides that bind to specific HLA-molecules. Each individual
inherits specific combinations of HLA-alleles known as haplo-
types.” Previous studies have indeed shown that certain HLA-
class II haplotypes may affect the risk of cervical cancer or breast
cancer.'*!"!
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In our study, we focused on the potential contribution of HLA-
class II alleles in the development of ovarian cancer. Ovarian can-
cer is the fourth most common cause of death from cancer in
Western women. ~ Relatively little is known about the molecular
pathology of ovarian cancer. Reliable means of early detection of
the disease do not exist and most patients have advanced disease
and a poor prognosis when diagnosed. Insights into the pathogene-
sis of sporadic cancers can be gained from the identification of
genetic risk factors, which influence the individual disease risk,
such as alterations of the MHC. Because changes in MHC mole-
cules may modify the recognition of tumor cells by the immune sys-
tem, we investigated the frequencies of individual HLA-class II al-
leles and haplotypes in patients with ovarian carcinoma and healthy
controls.

Material and methods
Probands

Fifty-two Caucasian women with primarily diagnosed ovarian
adenocarcinoma treated at the University of Bonn were included
in the study. They had no signs of other human leukocyte antigen
(HLA)-associated diseases. Two hundred and thirty-nine Cauca-
sian women from the local population (without HLA-associated
diseases) were included as controls. Control patients underwent
infertility treatment because of severe male factor or tubal infertil-
ity at the University of Bonn. At the time of therapy they were
aged between 23 and 45 years and had sonographically normal
ovaries. The Ethics committee of the University of Bonn approved
the study protocol and all patients gave informed consent before
participation in the study.

DNA extraction

Genomic DNA was isolated from peripheral blood cells by a
modified salting-out procedure.

Genotyping for HLA-DQAI, -DQBI and -DRB1

Genotyping for the HLA-class II loci DQA1, DQB1 and DRB1
was performed with a PCR-based method using sequence-specific
primers (PCR-SSP) as published.'* Briefly, oligonucleotide pri-
mers are designed to obtain amplification of specific alleles or
groups of alleles. The method is based on the principle that a com-
pletely matched primer will be used more efficiently in a PCR-
reaction than a primer with one or several mismatches. Primers for
the third intron of the DRB1 gene, which is nonpolymorphic, were
coamplified in every PCR-reaction and served as internal positive
amplification control.'> SSP-typing for HLA-DQAI allows dis-
tinction of all 9 expressed DQAL1 alleles. For HLA-DQB1 typing
was limited to 14 published primer pairs that distinguish all 13
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DQBI1 alleles that have been observed in Caucasian populations, a
second set of primers was used to distinguish between alleles
DQB1 0301 and DQB1 0304. Similarly, DRB1 typing was limited
to a low resolution typing set which identifies the correlates of the
serological DR specificities DR1-DRw18. Specificities DR3,
DRw13 and 14 were subtyped with specific primer mixes, thus
allowing assignment of 16 DRBI1 alleles on DNA basis.

PCR product analysis

Assignment of alleles was based on the presence or absence of
the amplified product of expected size after agarose gel electro-
phoresis and ethidium bromide staining.

Statistical methods

Because the evaluation of the data was mainly descriptive, cor-
rections for multiple testing were only made to a certain degree.
The statistical significance of the association of individual HLA-
alleles or haplotypes with ovarian cancer was calculated pair wise
using the Fisher’s exact test. Two 1-tailed p-values were calcu-
lated to detect positive and negative associations.'® Results with a
p-value of <0.05 are expected to be significant.

In general, in multiple independent comparisons the resulting p-
values must be corrected to reduce the possibility of false positive
results (Bonferroni correction). However, the concept of underly-
ing study is exclusively descriptive (fishing expedition) and the
correction of p-values is achieved by a hypothesis driven follow-
up study, which controls the results of the previous investigation.

To screen for any association we performed an overall evalua-
tion of HLA-class II haplotype and allele frequencies in the group
of ovarian carcinoma compared to the control group. For analysis
of the haplotype distributions patients and controls were parti-
tioned into subgroups according to the joint allele patterns at
DRBI1, DQA1 and DQBI1. Accordingly, for analysis of the locus-
specific allele distributions patients and controls were partitioned
with respect to their particular alleles at a given locus (DRBI,
DQA1 and DQB1). Corresponding p-values were obtained using
x? test for rectangular contingency tables.

Additionally, the relative risk was calculated to judge on the
strength of association of ovarian cancer with individual HLA-
markers. The relative risk is the quotient of the relative frequencies
in the control and patient group to come down with the disease. A
relative risk >1 marks a positive, a relative risk of <1 marks a nega-
tive association, whereas a relative risk of 1 shows no disease asso-
ciation.

HLA nomenclature

HLA DRBI1, DQA1 and DQB1 alleles were assigned according
to the nomenclature provided by the 2004 report of the WHO No-
menclature Committee.!” Alleles for the individual HLA-class I
loci are inherited in specific combinations called haplotypes. Hap-
lotypes are the result of the known strong linkage disequilibrium
between the HLA-DR and DQ subregions, which has been docu-
mented in many studies of outbred populations. Because we per-
formed an association study investigating the distribution of the
markers in unrelated individuals, HLA-class II haplotypes were
assigned according to published haplotypes in Caucasian popula-
tions and could not be deduced from pedigrees.'® The HLA no-
menclature given by the WHO was simplified by giving only 4
digit allele names, whenever HLA-class II haplotypes are indi-
cated in tables or in the text. Alleles separated by hyphens indicate
haplotypes. For example, the allele DRB1#0501 is written as 0501
and the haplotype DRB1#1501 — DQA1*0102 — DQB1*0602 is
written as 1501 — 0102 — 0602, if not indicated otherwise.

Results
HLA-class Il frequencies

The overall comparison of HLA-class II haplotype frequencies
in the study group of patients with ovarian carcinoma showed sig-
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TABLE I - DISTRIBUTION OF THE DRBI1, DQAI, DQB1 ALLELES
IN PATIENTS AND HEALTHY CONTROLS

Patients Controls p-value p-value
(n =104)" (n = 478)" (pos.) (neg.)
DRBI1
0101-0103 13.5(14)  13.8 (66) 0.59 0.54
0301 20.2 (21) 8.8 (42) 0.00125  0.99
0400 12.5(13)  11.1(53) 0.39 0.73
0402 0.0 (0) 0.2 (1) 1 0.82
0404 0.0 (0) 0.2 (1) 1 0.82
0405 1.9 (2) 0.8 (4) 0.29 0.93
0701 10.6 (11)  13.4 (64) 0.82 0.28
0801 2903) 3.1(15) 0.65 0.59
0901 1.0 (D) 0.0 (0) 0.18 1
1001 3.8(4) 0.2 (1) 0.00419  0.99
1101-1104  125(13) 12.3(59) 0.54 0.59
1201 1.0 (1) 29 (14) 0.95 0.22
1301 3.8 (4) 73(35) 094 0.14
1302 3.8(4) 4.4 (21) 0.68 0.53
1303 1.0 (1) 0.0 (0) 0.18 1
1401 1.0 (1) 3.8 (18) 0.98 0.12
1402 0.0 (0) 0.8 (4) 1 0.45
1404 0.0 (0) 0.2 (1) 1 0.82
1501 10.6 (11)  10.7 (51) 0.57 0.57
1502 0.0 (0) 21(10) 1 0.14
1601 0.0 (0) 2.5(12) 1 0.09
1602 0.0 (0) 1.3 (6) 1 0.31
DQAL
0101 17.3(18)  13.0(62)  0.16 0.90
0102 144 (15)  16.9 (81) 0.78 0.32
0103 3.8(4) 10.3 (49) 0.99 0.02357
0104 0.0 (0) 6.129) 1 0.00283
0201 10.6 (11)  13.0(62) 0.79 0.31
0301 154 (16)  12.1(58) 0.23 0.86
0302 0.0 (0) 0.6 (3) 1 0.55
0401 3.8(4) 3.1(15) 0.45 0.76
0501 34.6(36) 249(119) 0.02988  0.98
DQBI
0201 30.8(32) 19.0 (91) 0.00709  0.99
0301 19.2 (20) 22.0(105) 0.7 0.32
0302 6.7 (7) 6.3 (30) 0.50 0.67
0303 29(3) 29 (14) 0.61 0.64
0304 1.0 (1) 0.0 (0) 0.18 1
0401 0.0 (0) 0.2 (1) 1 0.82
0402 3.8(4) 3.3 (16) 0.49 0.72
0501 173(18) 13.6(65)  0.20 0.87
0502 1.0 (1) 2.7 (13) 0.94 0.25
0503 0.0 (0) 4.8 (23) 1 0.0098
0601 0.0 (0) 2.1 (10) 1 0.14
0602 9.6(10) 107(51)  0.68 0.46
0603 3.8(4) 8.8 (42) 0.98 0.06
0604 3.8(4) 3.6 (17) 0.53 0.68

"Values indicate percentage of alleles and values in parentheses
indicate number of alleles.

nificant differences when compared to the control group (p <
0.005). For the overall comparison of the specific HLA-class II al-
leles, we found significant differences for every locus (DRB1 p <
0.002, DQBI1 p < 0.04, DQA1 p < 0.05). Thus, an association of
haplotype and disease must be assumed independently from any
statistical correction.

Allele-specific associations

When comparing the study group of ovarian cancer with the con-
trol group we found significant differences of allele frequencies in
all 3 HLA-class II loci DRB1, DQA1 and DQB1. The HLA-class 11
frequencies in case and control subjects and the corresponding p-
values for pair wise comparison of allele frequencies are shown in
Table I. With regard to frequencies of DRB1-alleles, we found 2
strong positive associations with ovarian cancer. There was a signif-
icantly elevated risk of ovarian cancer associated with DRB1*0301
(p < 0.002) and DRB1*¥1001 (p < 0.005). Concerning allele fre-
quencies in DQAI, the *0501 allele showed a significantly
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TABLE II — DISTRIBUTION OF HLA-CLASS II HAPLOTYPES IN PATIENTS AND HEALTHY CONTROLS

HLA-class II haplotype Patients

Controls p-value p-value

DRB1 DQAI DQBI (n=104)" (n = 478)" (positive association) (negative association)
0101-0103 0101 0501 13.5(14)  12.6 (60) 0.45 0.67
0101-0103 0104 0501 0.0 (0) 0.6 (3) 1 0.55
0101-0103 0104 0503 0.0 (0) 0.6 (3) 1 0.55
0301 0501 0201 20.2 (21) 8.6 (41) 0.00098 0.99
0301 0501 0301 0.0 (0) 0.2 (1) 1 0.82
0400 0301 0301 5.8 (6) 5.0(24) 0.45 0.72
0400 0301 0302 6.7 (7) 6.1 (29) 0.47 0.70
0402 0302 0302 0.0 (0) 0.2 (1) 1 0.82
0404 0301 0303 0.0 (0) 0.2 (1) 1 0.82
0405 0301 0201 1.9 (2) 0.4 (2) 0.15 0.98
0405 0302 0402 0.0 (0) 0.4 (2) 1 0.67
0701 0201 0201 8.7(9) 9.8 (47) 0.70 0.44
0701 0201 0301 0.0 (0) 0.6 (3) 1 0.55
0701 0201 0303 1.9(2) 2.5(12) 0.75 0.53
0701 0301 0201 0.0 (0) 0.2 (1) 1 0.82
0701 0301 0303 0.0 (0) 0.2 (1) 1 0.82
0801 0401 0401 0.0 (0) 0.2 (1) 1 0.82
0801 0401 0402 2.9(3) 2.9 (14) 0.61 0.64
0901 0301 0303 1.0 (1) 0.0 (0) 0.18 1
1001 0101 0501 3.8(4) 0.0 (0) 0.00097 1
1001 0104 0501 0.0 (0) 0.2 (1) 1 0.82
1101-1104 0102 0602 0.0 (0) 0.2(1) 1 0.82
1101-1104 0103 0603 0.0 (0) 0.4 (2) 1 0.67
1101-1104 0501 0301 11.5(12)  11.7 (56) 0.58 0.56
1101-1104 0501 0304 1.0 (1) 0.0 (0) 0.18 1
1201 0101 0501 0.0 (0) 0.2 (1) 1 0.82
1201 0501 0301 1.0 (1) 2.7 (13) 0.94 0.25
1301 0103 0603 384 6.9 (33) 0.92 0.17
1301 0104 0603 0.0 (0) 0.4 (2) 1 0.67
1302 0102 0502 0.0 (0) 0.4 (2) 1 0.67
1302 0102 0602 0.0 (0) 0.4 (2) 1 0.67
1302 0102 0604 3.8(4) 3.6(17) 0.53 0.68
1303 0501 0301 1.0 (1) 0.0 (0) 0.18 1
1401 0101 0602 0.0 (0) 0.2 (1) 1 0.82
1401 0102 0602 1.0 (1) 0.0 (0) 0.18 1
1401 0104 0503 0.0 (0) 3.6 (17) 1 0.03
1402 0104 0503 0.0 (0) 0.4 (2) 1 0.67
1402 0501 0301 0.0 (0) 0.4 (2) 1 0.67
1404 0104 0503 0.0 (0) 0.2 (1) 1 0.82
1501 0102 0502 1.0 (1) 0.2 (1) 0.33 0.97
1501 0102 0602 8.7(9) 9.8 (47) 0.70 0.44
1501 0102 0603 0.0 (0) 0.2 (1) 1 0.82
1501 0103 0603 0.0 (0) 0.4 (2) 1 0.67
1501 0401 0402 1.0 (1) 0.0 (0) 0.18 1
1502 0103 0601 0.0 (0) 2.1 (10) 1 0.14
1601 0102 0502 0.0 (0) 2.1 (10) 1 0.14
1601 0103 0603 0.0 (0) 0.4 (2) 1 0.67
1602 0501 0301 0.0 (0) 1.3 (6) 1 0.31
0101-0103 0101 0501 13.5(14)  12.6 (60) 0.45 0.67

'"Values indicate percentage of alleles and values in parentheses indicate number of alleles.

increased frequency in patients compared to controls (p < 0.03). In
contrast, a significantly decreased risk was seen for DQA1*0103
(p < 0.03) and DQA1*0104 (p < 0.003). For HLA-DQB1 we noted
1 positive and 1 negative allele association with ovarian cancer. The
frequency of allele DQB1*0201 was significantly increased in
patients compared to controls (p < 0.008). A significantly decreased
risk of ovarian cancer was associated with DQB1*0503 (p < 0.01),
although this allele was rare.

Haplotype associations

Haplotypes based on inferred linkages of HLA-class II alleles are
shown in Table II. An elevated risk of ovarian cancer was associated
with 2 haplotypes. We found that 21 of 104 patients (20.2%) but only
41 of 478 controls (8.6%) inherited the haplotype DRB1*0301 —
DQA1*0501 — DQB*0201, resulting in a significantly increased
risk for ovarian cancer (p < 0.001). The haplotype DRB1#1001 —
DQA1*0101 — DQB1*0501 was also associated with an increased
risk of ovarian cancer (p < 0.001) relative to controls, although the
patient samples were too small to draw definite conclusions.

Relative risk

We evaluated the relative risk for each HLA-class II allele and
haplotype, where significant differences in frequency were ob-
served between patients and controls (Table III). We noted a rela-
tive risk of 2.08 for DRB1*0301, of 1.46 for DQA1*0501 and 1.66
for DQB1*#0201. These 3 alleles form the haplotype DRB1*#0301 —
DQA1*0501 — DQB*0201 described above. For carriers of this
haplotype we also found an increased relative risk for ovarian can-
cer of 2.12. Concerning the other alleles that were significantly in-
creased in the study group, we noted an elevated relative risk of 4.62
for DRB1*1001. This allele is part of the haplotype DRB1*1001 —
DQAI1*0101 — DQB1*0501 with a relative risk of 5.78. We also
noted a reduced relative risk of 0.4 for the single allele DQB1*0103.
However, relatively few patients with the latter alleles and/or haplo-
types were observed in the study.

Homozygosity rates

The haplotype DRB1#0301 — DQA1*0501 — DQB1*0201 was
analyzed for homozygosity rates as shown in Table IV. Among
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ovarian cancer patients, 4 of 52 were homozygous (7.7%) and 13
heterozygous (25%) for the DRB1*0301 — DQA1*0501 -
DQB*0201 haplotype. In contrast, only 4 of 239 controls were
homozygous (1.7%) and 33 controls were heterozygous (13.8%)
for the risk haplotype. There is a significant association between
homozygosity for DRB1#0301 — DQA1*0501 — DQB*0201 and
ovarian cancer (p < 0.03) as well as for heterozygosity for the risk
haplotype and ovarian cancer (p < 0.03). The relative risk for
homozygosity for DRB1*0301 — DQA1*0501 — DQB*0201 was
3.39 and for heterozygosity 1.91. Similarly, the analysis of single
alleles showed homozygosity and heterozygosity for DRB1*0301
to be associated with a significantly elevated risk (p < 0.03 and
p < 0.04 respectively) for ovarian cancer with a homozygosity
rate of 7.7% in patients and 1.7% in controls and a heterozygosity
rate of 25% in patients and 14.2% in controls. Similarly, homo-
zygosity for the allele DQB1*0201 was significantly associated
with ovarian cancer (p < 0.006) with a rate of 15.4% in patients
and of 4.2% in controls.

Clinicopathological parameters

No significant relationship was found between the DR3 haplo-
type and clinicopathological parameters such as age, tumor stage,
recurrence rate, tumor markers or histopathological differentiation
(data not shown).

Discussion

The human ovary is an immunologically dynamlc tissue contain-
ing macrophages and T lymphocytes as primary immune cells.'
Because the latter interact with HLA molecules, it must be con-
cluded that the MHC complex plays a central role within the immu-
nological integrity of the ovary. Evidence from a number of studies
supports the notion that in several tumor systems tumor-infiltrating
lymphocytes may represent an active immune response of the host
directed against the tumor. In ovarian cancer, tumor-infiltrating
T-cells were detected in 54.8% of 186 immunohistochemically-ana-
lyzed specimens.”® Both CD4 and CD8 T-cells have been reported

TABLE III - RELATIVE RISK OF OVARIAN CANCER ASSOCIATED WITH
SPECIFIC HLA-CLASS 1II ALLELES AND HAPLOTYPES

HLA-class I

Relative risk
DRBI1 DQAL1 DQBI
0301 0501 0201 2.12
1001 0101 0501 5.78
0301 2.08
1001 4.62
0103 0.4
0104 0.00
0501 1.46
0201 1.66
0503 0.00
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to be specific cell types in ovarian cancer.>'*> Consequently, HLA-
class I as well as class II peptides is part of antitumoral immunology
of ovarian cancer.

Only few investigations on the possible involvement of HLA-
genes in the etiology and pathophysiology of ovarian cancer have
been undertaken to date. It has been reported that the extended
haplotype A33 - B14 - DR1 is significantly increased in patients
with ovarian cancer™ other data indicated an increased frequency
of the HLA B7 allele and a decreased frequency of HLA All,
A28 and B12 in the patient group compared to controls.?* The dis-
parate findings of those earlier studies, which focused on the
HLA-class I region, may in part be explainable by low statistical
power, differences in the distribution of HLA alleles in the patient
samples or different HLA typing techniques.

The underlying study is the first to analyze HLA-class II loci in
detail in this context. We had no a priori reason to focus on any
specific allele. Our study, therefore, should be considered explora-
tory and requires to be confirmed by additional investigations in
distinct sets of patients and controls. Our results suggest that the
haplotypes DRB1#0301 — DQA1*0501 — DQB*0201 and DRB1
*1001 — DQA1 *0101 — DQB1 *0501 may represent susceptibility
haplotypes for ovarian cancer. We hypothesize that these alleles
differ in their ability to present tumor antigens in the disease set-
ting and thus influence antitumoral immunity.

Looking at individual alleles we hypothesize that mainly DRB1*0301
and DRB1*#1001 determine susceptibility to tumor development,
because these alleles are most strongly associated with ovarian can-
cer with the highest relative risks. DRB*0301 is unique among
HLA-class II alleles because the DRB*0301 chain binds a particular
range of pepndes requiring a specific amino acid (aspartate) at
anchor point P4.%> Furthermore, DRB1#0301 is part of the 8.1 an-
cestral haplotype (HLA Al, C7, B8, DR3, DQ2), which affects all
aspects of the immune system. If linked to the 8.1 haplotype, an
impaired lymphoproliferative response to the presented peptide anti-
gen was identified for HLA DR3.?® In addition, the DRB1¥1001 al-
lele counts as a susceptibility allele for rheumatoid arthritis, which
is assumed to be caused by an immunological disorder. DRB1*1001
encodes a conserved amino acid sequence at positions 7074 of the
third hypervariable region of the DR peptide chain, whereas the
non-associated DRB1 alleles have acidic residues in this region.””
Because we observed several alleles associated with ovarian cancer
and because the haplotype DRB1*0301 — DQA1*0501 — DQB*0201
is frequent in Caucasians, the presence of specific haplotypes or al-
leles does not confer a stringent susceptibility for the development
of ovarian cancer.?® Thus, specific HLA-constellations might be a
contributing factor in the etiology of ovarian cancer, which seems to
arise as a result of multiple environmental, genetic and immunologi-
cal events.

Support for the immunological hypothesis described above comes
from the observation, that homozygosity for the risk haplotype
DRB1*0301 — DQA1*0501 — DQB*0201 was associated with a
higher relative risk for ovarian cancer than heterozygosity. Thus, an

TABLE 1V — HOMOZYGOSITY RATES WITH RELATIVE RISK IN THE DR3 HAPLOTYPE

HLA-class-II haplotype Patients] Contro]sl __p-value p-value Relative

DRB1 DQAI DQBI (n =52) (n=239) (positive association) (negative association) risk
301 501 201 Homozygous 7.7 (4) 1.7 (4) 0.02403 0.99 3.39
Heterozygous 25 (13) 13.8 (33) 0.02598 0.99 1.91

Others 67.3 (35) 84.5 (202)
301 Homozygous 7.7(4) 1.7 (4) 0.02437 0.99 3.37
Heterozygous 25 (13) 14.2 (34) 0.03123 0.97 1.87

Others 67.3 (35) 84.1 (201)
501 Homozygous 13.5 (7) 9.2 (22) 0.13 0.95 1.73
Heterozygous 42.3 (22) 31.3(75) 0.05159 0.98 1.63

Others 44.2 (23) 59.5 (142)
201 Homozygous 15.4 (8) 4.2 (10) 0.00517 0.99 2.95
Heterozygous 30.8 (16) 29.7 (71) 0.30 0.81 1.22

Others 53.8 (28) 66.1 (158)

"Values indicate percentage of patients and values in parentheses indicate number of patients.
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aberrant immune reaction might be pronounced in the case of homo-
zygosity for DRB1#¥0301 — DQA1*0501 — DQB*0201. Addition-
ally, the DRB1*#1001 — DQA1*0101 — DQB1*0501 haplotype was
only observed among patients. While the allele DRB*1001 is fre-
quent in Asian populations the prevalence in Caucasians is low.>
For this reason mainly in Asian populations immunological disor-
ders like Takayasu arteritis or theumatoid arthritis are described to
be associated with DRB1 *1001.% Although rare in Caucasians we
identified a significant association with ovarian cancer. However,
we observed no homozygosity of the DRB1#1001 — DQA1*0101 —
DQB1*0501 haplotype nor compound heterozygosity of both sus-
ceptibility haplotypes, which would further strengthen the hypothe-
sis of a dose dependent disease risk.

Homozygosity for DRB1*#0301 — DQA1*0501 — DQB*0201
could also be seen as an indicator for the existence of HLA-linked
recessive genetic risk factors for ovarian cancer as has been pro-
posed for the development of childhood acute lymphoblastic leu-
kemia.>! As both childhood leukemia and recurrent miscarriages
were found to be associated with increased parental HLA-DR
compatibility, it was suggested that HLA-linked recessive lethal
genes cause both reproductive failure and malignancy in the case
of homozygosity. An increased number of miscarriages has been
reported to be associated with an elevated relative risk for ovarian
cancer.”~ Moreover, an increased general incidence of cancer has
been reported in relatives of couples with recurrent spontaneous
abortions.>> The basic genetic assumption that could be drawn
from those observations is that the HLA complex contains reces-
sive genes that affect tissue growth and reproductive processes. In
this case it could be hypothesized that the haplotype DRB1*0301
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— DQA1*0501 — DQB*0201 is in linkage disequilibrium with yet
unidentified growth-regulating gene loci. However, it has to be
kept in mind that the existence of different haplotypes associated
with an increased risk for ovarian cancer makes the hypothesis of
still unrecognized HLA-linked susceptibility genes unlikely.

In summary, we identified 2 HLA-class II haplotypes, which are
associated with an increased risk of ovarian cancer. The involve-
ment of different genes suggests that antitumoral responses are
modulated by complex gene interplay rather than single alleles but
single alleles can nevertheless carry higher risk for tumorigenesis.
Tumor development is a multistep process where genetic and epige-
netic events determine the transition from a normal to a malignant
cellular state. Tumors appear to arise as a result of multiple genetic
events and subsequently altered communication with neighboring
cells. Under these conditions, it is conceivable that any immunolog-
ical alteration can have influence on the development of cancer.
From a clinical point of view it seems to be useful to identify
markers of high-risk susceptibility to ovarian cancer because effec-
tive screening regimens for prevention and early detection of the
disease are not available at present. For this reason, we do think that
the study of the immunological events involved in tumor develop-
ment may provide a new basis for the improvement of preventive
measures and the management of patients with ovarian cancer.
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