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We investigated the role of human leukocyte antigen (HLA) class II alleles in mul-

tistage cervical carcinogenesis. Cross-sectional analysis for HLA association with

cervical cancer included 1253 Japanese women: normal cytology (NL, n = 341),

cervical intraepithelial neoplasia grade 1 (CIN1, n = 505), CIN grade 2 or 3 (CIN2

⁄ 3, n = 96), or invasive cervical cancer (ICC, n = 311). The HLA class II allele fre-

quencies were compared by Fisher’s exact test or the v2-test. The Bonferroni

adjustment corrected for multiple comparisons. Among the study subjects, 454

women with low-grade squamous intraepithelial lesion cytology were prospec-

tively monitored by cytology and colposcopy every 3–4 months to analyze cumu-

lative risk of CIN3 within the next 10 years in relation to HLA class II alleles. HLA

class II DRB1*1302 allele frequency was similar between women with NL (11.7%)

and CIN1 (11.9%), but significantly decreased to 5.2% for CIN2 ⁄ 3 and 5.8% for

ICC (P = 0.0003). Correction for multiple testing did not change this finding. In

women with low-grade squamous intraepithelial lesion cytology, the cumulative

risk of CIN3 diagnosed within 10 years was significantly reduced among

DRB1*1302-positive women (3.2% vs. 23.7%, P = 0.03). In conclusion, the two dif-

ferent types of analysis in this single study showed the protective effect of the

DRB1*1302 allele against progression from CIN1 to CIN2 ⁄ 3.

C ervical cancer is the third most common cancer in women
worldwide, with approximately 530 000 women develop-

ing the disease every year. (1) Virtually all cases of cervical
cancer are caused by persistent infection with carcinogenic
HPVs, specifically, HPV types 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, and 68.(2) However, although carcinogenic
HPV infection is common among young women of reproduc-
tive age, only a small subset of infected women develop cervi-
cal cancer, implying the involvement of additional risk
factors.(3) Environmental factors such as smoking, parity, and
OC use have been suggested as relevant to cervical carcino-
genesis in numerous case–control studies.(4)

Genetic linkage with cervical cancer has also been
implied.(5) There is a priori biological plausibility supporting
HLA involvement in the development of HPV-related can-
cer.(6) HLA molecules are responsible for the presentation of
viral antigens to the host immune system, thus playing a cen-
tral role in immune recognition and subsequent clearance of

virus-infected cells. Therefore, genetic variations in HLA
regions may influence the efficiency of HPV antigen presenta-
tion and condition the immune responsiveness to HPV infec-
tions.(7)

It is known that rabbit MHC class II genes are associated
with malignant conversion of cottontail rabbit papillomavirus-
induced tumors.(8) To date, epidemiological studies have sug-
gested that HLA class II DRB1*1501 and DQB1*03 may be
associated with an increased risk of cervical cancer, whereas
DRB1*13 may protect against cervical carcinogenesis.(7)

However, results from these studies have not been entirely
consistent. In addition, very little is known about the step at
which HLA class II alleles may play a central role in multi-
step cervical cancer pathogenesis from HPV infection to can-
cer development because most HLA data on cervical cancer
are based on case–control studies comparing HLA class II
allele frequencies between cancer patients and healthy con-
trols. There are few prospective studies addressing HLA
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association with the development of cervical cancer and
precancer.
In the present study, we analyzed HLA class II data from

1253 women with normal cytology, cervical precursor lesions,
or invasive cervical cancer by using a cross-sectional study
design. To reduce the risk of chance findings, putative links
between cervical cancer and specific HLA class II alleles were
also examined in a prospective cohort study of 454 women
with low-grade cervical lesions. By using cross-sectional and
prospective study designs, we investigated the protective effect
of the HLA class II DRB1*1302 allele against progression to
cervical precancer.

Materials and Methods

Study design. Our study subjects consisted of 1253 Japanese
women (341 with NL, 505 with CIN1, 86 with CIN2, 10 with
CIN3, and 311 with ICC) who visited 10 hospitals for cervical
cancer screening, treatment of cervical diseases, or other rea-
sons between April 1998 and March 2011. These women were
included in the cross-sectional HLA class II analysis. Non-Ja-
panese women were excluded from the present study based on
self-reported ethnicity. At enrolment, blood samples were col-
lected for HLA genotyping. Histological specimens were
stained with H&E and reviewed by two pathologists (R. F.
[author] and Tomoyuki Kitagawa [Department of Pathology,
Cancer Institute Hospital, Japanese Foundation of Cancer
Research, Tokyo, Japan]).
Of the study subjects included in the cross-sectional analysis,

591 women with CIN1 or CIN2 were followed at 3–4-month
intervals and received cytology and colposcopic examinations
at each visit. Of these, 454 women with evident LSIL cytology
at baseline were included in the prospective analysis. This
prospective cohort study has been described elsewhere.(9)

Briefly, baseline cytology was reviewed by two cytopathologists
(Y. H. [author] and Masafumi Tsuzuku [Department of
Cytopathology, Cancer Institute Hospital, Japanese Foundation
of Cancer Research]). At the time of study entry, cervical HPV
DNA was determined by PCR-based methodology. In addition,
information about smoking, contraceptive and reproductive
history, and sexual behavior was also obtained from a self-
administered questionnaire. During follow-up, a cervical biopsy
was carried out only when Pap smears and colposcopic findings
were suggestive of progression to CIN3 or worse.
For women whose condition was regarded as progressing,

based on cytology and histology examinations carried out in
the participating hospitals, the two cytopathologists and two
pathologists reviewed all cytological and histological speci-
mens collected for diagnosis of disease progression. In the
prospective study, the primary endpoint was histological CIN3
lesions or worse diagnosed after rigorous pathological review.
Occasionally a few difficult cases were adjudicated by joint
review with consideration of cytology as well as histology. We
used the primary endpoint of CIN3 or worse because CIN3 is
a more certain, rigorous histological diagnosis of precancer
than CIN2.(3)

Women entered the study voluntarily only after giving their
signed informed consent. The study protocol was approved by
the ethical and research review boards of the participating
institutions.

Genotyping of HLA class II. Blood leukocytes were used for
HLA genotyping. Total cellular DNA was extracted from these
specimens and amplified by PCR using locus-specific primers.
All samples were initially typed at the HLA-DRB1 and DQB1

loci using a commercially available reverse sequence-specific
oligonucleotide probe typing kit (Dynal RELI SSO; Dynal
Biotech, Oslo, Norway). For subtyping, group-specific amplifi-
cations were carried out as previously described.(10) DRB1 and
DQB1 alleles were identified by SSCP and RFLP using the
PCR products. Laboratory staff who carried out the HLA class
II typing were blinded to the clinical data collected from the
study subjects.

Genotyping of HPV. We detected HPV DNA in cervical sam-
ples by PCR-based methodology as described previously.(11) In
brief, HPV DNA was amplified by PCR using consensus pri-
mers (L1C1 ⁄ L1C2 + L1C2M) for the HPV L1 region. The
HPV types were identified by RFLP that has been shown to
identify at least 26 types of genital HPVs.(12) Laboratory staff
who carried out HPV genotyping were blinded to the clinical
data collected from the study subjects.

Statistical analysis. In the cross-sectional study, HLA class II
allele frequencies were compared by Fisher’s exact test or the
v2-test. When an expected cell value in the 2 9 2 tables was
<5, Fisher’s exact test was used. We also analyzed the data
using the Bonferroni adjustment, a conventional method of
correcting for multiple comparisons.
In the prospective cohort study, time to event was measured

from the date of the index visit (i.e., the first instance of an
abnormal cytology result) to the date of the visit at which
cytological transition to CIN3 was first detected. Women
whose lesions did not progress to CIN3 were censored at their
last recorded return visit dates. The cumulative probability of
progression to CIN3 was estimated using the Kaplan–Meier
method and compared with a log–rank test, and the Cox
regression model was used for statistical adjustments. Patient
age, CIN grade, at the time of entry, HPV risk category
(HPV16 ⁄18 ⁄31 ⁄33 ⁄35 ⁄45 ⁄52 ⁄58, other carcinogenic types, or
carcinogenic HPV negative), smoking status, parity, OC use,
number of lifetime sexual partners, and age at first sexual
intercourse were included in the multivariate model for adjust-
ments. As the results did not differ among the 10 hospitals, the
study sites were not included in the multivariate models.
All analyses were carried out using the STATA 9 (StataCorp

LP, College Station, TX, USA) statistics package. Two-sided
P-values were calculated throughout and considered to be sig-
nificant at <0.05.

Results

Cross-sectional analysis. The distribution of HLA-DRB1 and
HLA-DQB1 alleles in 1253 Japanese women with normal
cytology or cervical diseases is shown in Table 1. To examine
the step at which HLA class II alleles may contribute to cervi-
cal carcinogenesis, the HLA data were compared among four
groups: NL (n = 341), CIN1 (n = 505), CIN2 ⁄3 (n = 96), and
ICC (n = 311).
We could not find any association between HLA class II

alleles and development of CIN1, because HLA class II allele
frequencies were very similar between women with NL and
CIN1 (Table 1). DRB1*0901 frequency was significantly
decreased among women with CIN2 or worse (CIN2+) com-
pared with women with NL or CIN1 (<CIN2) (15.0% vs.
26.2%; P = 0.0003; Pc = 0.007). In addition, DRB1*1302 fre-
quency was also significantly lower among women with
CIN2 + (5.9% vs. 11.2%, P = 0.0003, Pc = 0.007). Although
the number of women with CIN2 ⁄3 was small (n = 96),
DRB1*0901 frequency was significantly decreased in women
with ICC compared with women with CIN2 ⁄ 3 (14.5% vs.
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28.1%; P = 0.003). DRB1*1302 frequency was similar
between women with ICC and CIN2 ⁄3 (5.8% vs. 5.2%;
P = 0.99).
DQB1*0604 frequency was also significantly decreased

among women with CIN2+ compared to those with <CIN2
(5.2% vs. 11.6%; P = 0.0001; Pc = 0.001).
In the cross-sectional analysis, we could not detect any sig-

nificant associations between other HLA class II alleles and
development of CIN2 + (Table 1). The DRB1*0401,
DRB1*1502, and DQB1*0601 allele frequencies were signifi-
cantly associated with an increased risk of CIN2 + (P = 0.03,
P = 0.02, and P = 0.01, respectively), but these associations
lost significance after correction for multiple comparison.

Although DRB1*1501 and DQB1*03 alleles have been sug-
gested as relevant to an increased risk of cervical cancer in
previous HLA studies,(7) the frequencies of these alleles were
similar between women with <CIN2 and CIN2 + (P = 0.99
and P = 0.95, respectively). Another analysis comparing HLA
allele frequencies between women with and without ICC did
not change the findings (data not shown).

Prospective analysis. The clinical outcomes of 454 women
with LSIL cytology were monitored by cytologic and colpo-
scopic testing at intervals of 3–4 months. Table 2 shows the
characteristics of the study subjects included in the prospective
analysis. At baseline, 407 women had biopsy-proven CIN1 and
47 had biopsy results of CIN2. The mean age of the study sub-

Table 1. Correlation between human leukocyte antigen class II carrier frequencies and cervical diseases in Japanese women (n = 1253) at the

commencement of the study

NL CIN1 CIN2 ⁄ 3 ICC
Relative risk of CIN2 or

worse†
Correction for

multiple comparison

n = 341 % n = 505 % n = 96 % n = 311 % OR (95% CI) P-value Corrected P-value‡

DRB1*

0101 30 9 57 11 8 8 33 11 0.98 (0.66–1.45) 0.91

0401 9 3 5 1 3 3 12 4 2.27 (1.09–4.76) 0.03 0.72

0403 25 7 27 5 8 8 18 6 1.04 (0.64–1.69) 0.87

0405 91 27 107 21 18 19 68 22 0.87 (0.66–1.17) 0.37

0406 17 5 25 5 4 4 10 3 0.68 (0.37–1.26) 0.21

0407 5 1 6 1 0 0 1 0 0.19 (0.02–1.45) 0.12

0410 16 5 32 6 4 4 18 6 0.95 (0.57–1.60) 0.85

0701 4 1 3 1 2 2 5 2 2.10 (0.73–6.02) 0.17

0802 28 8 44 9 9 9 24 8 0.95 (0.62–1.49) 0.81

0803 45 13 92 18 16 17 48 15 0.97 (0.70–1.33) 0.83

0901 90 26 136 27 27 28 45 14 0.59 (0.44–0.79) 0.0003§ 0.007

1001 3 1 10 2 1 1 5 2 0.96 (0.36–2.54) 0.93

1101 18 5 26 5 6 6 14 5 0.94 (0.54–1.62) 0.83

1201 22 6 22 4 4 4 17 5 0.99 (0.58–1.69) 0.98

1202 9 3 13 3 1 1 4 1 0.47 (0.18–1.24) 0.15

1301 2 1 5 1 3 3 1 0 1.19 (0.35–4.09) 0.75

1302 40 12 60 12 5 5 18 6 0.44 (0.28–0.71) 0.0003§ 0.007

1401 33 10 36 7 9 9 22 7 0.92 (0.60–1.44) 0.74

1403 12 4 18 4 4 4 10 3 0.97 (0.51–1.85) 0.92

1405 11 3 18 4 7 7 14 5 1.52 (0.86–2.72) 0.15

1406 10 3 16 3 3 3 11 4 1.12 (0.58–2.18) 0.73

1501 46 13 84 17 18 19 48 15 1.07 (0.77–1.47) 0.70

1502 76 22 115 23 25 26 91 29 1.37 (1.04–1.79) 0.02 0.48

1602 5 1 7 1 2 2 1 0 0.52 (0.14–1.84) 0.41

DQB1*

0202 2 1 2 0 1 1 3 1 2.09 (0.51–8.40) 0.28

03 203 60 282 56 58 60 176 57 1.01 (0.79–1.28) 0.96

0301 77 23 94 19 21 22 56 18 0.92 (0.68–1.24) 0.59

0302 60 18 86 17 15 16 50 16 0.91 (0.66–1.25) 0.57

03032 96 28 138 27 31 32 86 28 1.06 (0.81–1.37) 0.69

0401 89 26 105 21 18 19 66 21 0.87 (0.65–1.17) 0.35

0402 29 9 55 11 10 10 29 9 0.96 (0.64–1.43) 0.85

0501 33 10 66 13 9 9 37 12 0.96 (0.66–1.39) 0.84

0502 24 7 24 5 6 6 14 5 0.86 (0.52–1.47) 0.58

05031 26 8 41 8 8 8 29 9 1.16 (0.76–1.77) 0.48

0601 110 32 189 37 40 42 134 43 1.37 (1.07–1.74) 0.01 0.24

0602 42 12 80 16 17 18 46 15 1.09 (0.78–1.51) 0.62

0603 2 1 5 1 3 3 1 0 1.19 (0.35–4.09) 0.78

0604 39 11 59 12 5 5 16 5 0.41 (0.26–0.68) 0.0001§ 0.001

†Relative risks of cervical intraepithelial neoplasia grade 2 ⁄ 3 (CIN2 ⁄ 3) ⁄ invasive cervical cancer (ICC) were analyzed in comparison with <CIN2
(normal cytology or CIN1, n = 846). ‡P-values were calculated by Bonferroni adjustment to correct for multiple comparison. §Bold letters indicate
statistical significance. CI, confidence interval; NL, normal cytology; OR, odds ratio.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
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jects was 35.9 years (range, 19–54 years). In the current study,
we updated the previous cohort data and extended the mean
follow-up period from 39.0 months (range, 6.8–84.9 months)
to 62.7 months (range, 6.8–155.9 months). By updating the
data, the number of women diagnosed as progressing to CIN3
over the period of follow-up increased from 39 to 61.
Unlike the cross-sectional analysis results, DRB1*0901 was

not associated with progression to CIN3 in the prospective

analysis (P = 0.88; Fig. 1a). Adjustment for age, CIN grade at
the time of entry, HPV risk category, parity, smoking status,
OC use, number of lifetime sexual partners, and age at first
sexual intercourse did not change this finding (P = 0.71;
Table 3).
The risk of progression to CIN3 was significantly reduced

among DRB1*1302-positive women (P = 0.03, log–rank test;
Fig. 1b), which was consistent with the cross-sectional analysis
results. This protective effect of DRB1*1302 against progres-
sion to CIN3 remained statistically significant, even after
adjustment for possible risk factors of cervical cancer (adjusted
P = 0.04; Table 3). Distributions of baseline characteristics
among the DRB1*1302-positive and DRB1*1302-negative
women are presented in Table 2. Because of the poor repro-
ducibility of cervical histologic interpretations,(13,14) some
CIN3 lesions may have been classified incorrectly as CIN2 at
baseline. Therefore, we also analyzed the follow-up data for
CIN1 and CIN2 separately. In women with CIN1 histology
(n = 407), the cumulative risk of CIN3 diagnosed within
10 years was lower among DRB1*1302-positive women (3.5%
vs. 17.6%; P = 0.09). In women with CIN2 histology
(n = 47), progression to CIN3 did not occur in DRB1*1302-
positive women (cumulative probability of histological CIN3
diagnosis within 10 years, 0.0% vs. 48.9%; P = 0.28).
Although these associations did not reach statistical signifi-
cance due to limitations imposed by the small sample size,
similar patterns were observed in separate analyses for CIN1
and CIN2.
We analyzed the protective effect of DRB1*1302 allele in

relation to HPV type-specific risk category. Among
DRB1*1302-positive women, only one case positive for
HPV33 progressed to CIN3. Therefore, in women positive for
HPV16, 18, 31, 33, 35, 45, 52, or 58, the cumulative risk of
CIN3 diagnosed within 10 years was 5.9% for those who were
DRB1*1302-positive and 39.6% for those who were
DRB1*1302-negative (P = 0.04, log–rank test). In women pos-
itive for HPV39, 51, 56, 59, or 68, the CIN3 risk within
10 years was 0.0% for those who were DRB1*1302-positive
and 9.6% for those who were DRB1*1302-negative (P = 0.29,
log–rank test). In women negative for high-risk HPVs, the
CIN3 risk was 0.0% for DRB1*1302-positives and 1.9% for
DRB1*1302-negatives (P = 0.78).
The DQB1*0604 allele was closely linked to the

DRB1*1302 allele, indicating a strong correlation (r2 = 0.96).
As the DRB1*1302 and DQB1*0604 alleles were in linkage
disequilibrium, similar findings were observed for the
DRB1*1302 and DQB1*0604 alleles (Table 3). Therefore,
only DRB1*1302 data are shown in Fig. 1.
We could not find any significant association between other

HLA class II alleles and progression to CIN3. Data are only
shown on two representative HLA class II alleles (DRB1*1501
and DQB1*03) that have been reported to be a risk factor for
cervical cancer in previous HLA studies.(7) In the present
study, these alleles did not affect the risk of progression to
CIN3 within the next 10 years (Fig. 1c,d). Adjustment for pos-
sible cervical cancer risk factors did not change these findings
(Table 3).

Discussion

By using cross-sectional and prospective study designs, we
indicated the protective effect of the DRB1*1302 allele against
progression to cervical cancer and precancer. The consistent
results obtained by two different analyses appear to provide

Table 2. Characteristics of Japanese women with low-grade

squamous intraepithelial lesion cytology (n = 454) included in

prospective analysis

All study

subjects

(n = 454),

n (%)

DRB1*1302 status

P-valuePositive

(n = 47),

n (%)

Negative

(n = 407),

n (%)

Age, years

18–29 86 (18.9) 7 (14.9) 79 (19.4) 0.13

30–39 217 (47.8) 18 (38.3) 199 (48.9)

40+ 151 (33.3) 22 (46.8) 129 (31.7)

Histology at entry

CIN grade 1 389 (85.7) 44 (94) 345 (85) 0.10

CIN grade 2 65 (14.3) 3 (6) 62 (15)

HPV genotypes

HPV16, 18, 31, 33,

35, 45, 52, 58

201 (44.3) 19 (40.4) 182 (44.7) 0.49

HPV39, 51, 56, 59, 68 110 (24.2) 17 (36.2) 93 (22.9)

Low-risk types

or negative

67 (14.8) 4 (8.5) 63 (15.5)

Undetermined 32 (7.0) 5 (10.6) 27 (6.6)

Multiple infection 38 (8.4) 2 (4.2) 36 (8.8)

Parity

0 151 (33.3) 15 (31.9) 136 (30.4) 0.50

1–2 243 (53.5) 28 (59.6) 215 (52.8)

3+ 60 (13.2) 4 (8.5) 56 (13.8)

Use of oral contraceptives

Yes 39 (8.6) 3 (6.7) 36 (8.8) 0.49

No 378 (90.6) 42 (93.3) 336 (82.6)

Unknown 37 (8.1) 4 (8.5) 33 (8.1)

Smoking

Never smokers 209 (46.0) 15 (31.9) 185 (45.5) 0.89

Smokers 210 (46.3) 30 (63.8) 189 (46.4)

Current smokers 151 (33.3) 24 (51.1) 136 (33.4)

Former smokers 59 (13.0) 6 (12.8) 53 (14.2)

Unknown 35 (7.8) 2 (4.3) 33 (8.1)

Number of lifetime sexual partners

1 68 (15.0) 6 (12.8) 62 (15.2) 0.84

2–3 115 (25.3) 13 (27.7) 102 (25.1)

4 235 (51.8) 26 (55.3) 209 (51.4)

Unknown 36 (7.9) 2 (4.3) 34 (8.4)

Age at first sexual intercourse, years

≤20 150 (33.0) 16 (34.0) 134 (32.9) 0.72

21–23 176 (38.8) 17 (36.2) 159 (39.1)

≥24 93 (20.5) 12 (25.5) 81 (19.9)

Unknown 35 (7.7) 2 (4.3) 33 (8.1)

CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.
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stronger evidence for the protective effect of the DRB1*1302
allele. In addition, negative associations between the DRB1*13
alleles and cervical cancer have been consistently reported in
case–control studies.(7) In a small prospective study of French
women with CIN1 (n = 86), a relationship between the
DRB1*13 alleles and cytological regression was observed.(15)

These observations also support the protective effect of the
DRB1*13 alleles. However, some studies have reported a pro-
tective effect of DRB1*1301,(16,17) and other studies have sug-
gested that DRB1*1302 decreases the risk of cervical
cancer.(18,19) In the present study, we confirmed only the pro-
tective effect of the DRB1*1302 allele because the
DRB1*1301 allele is rarely detected in Japanese populations.
Cervical cancer arises by way of several carcinogenic steps:

HPV acquisition, HPV persistence (development of low-grade
cervical precursor lesion), progression of a persisting infection
to cervical precancer, and invasion through the basement mem-
brane of the epithelium.(3,20) In multistage cervical carcinogen-
esis, however, the step at which DRB1*13 alleles exert their
protective effect is not fully understood. Two prospective stud-
ies of HPV infections have shown that DRB1*13 alleles do
not play a protective role against the acquisition and persis-
tence of viral infections.(21,22) This is consistent with our find-
ing that the DRB1*1302 frequency was similar between
women with NL (12%) and CIN1 (11%). In the present study,

the DRB1*1302 frequency significantly decreased to 5.2% for
CIN2 ⁄3 and 5.8% for ICC. In the prospective analysis of
women with cytological LSIL and histological CIN1 ⁄2, the
cumulative probability of CIN3 diagnosed within the next
10 years was significantly low among DRB1*1302-positive
women. These observations suggest that the DRB1*1302 allele
may act protectively against progression from CIN1 to CIN2
⁄3. Several studies have reported the poor reproducibility of
CIN grading, even among well-trained observers.(13,14) In par-
ticular, CIN2 is an equivocal diagnosis of precancer (a heterol-
ogous borderline category between CIN1 and CIN3).(3)

Therefore, it may be difficult to strictly determine whether the
DRB1*1302 allele protects against progression from CIN1 to
CIN2, or from CIN2 to CIN3. The protective effect of the
DRB1*1302 allele against progression to cervical precancer
suggests that DRB1*13 alleles could contribute to the
immunological recognition of viral antigens such as the E7
protein, which is increasingly expressed during progression to
cervical precancer.(23,24) However, very little is known about
the binding of DRB1*13 molecules to HPV-related antigens.
As the DRB1*1302 and DQB1*0604 alleles were in linkage

disequilibrium, very similar findings were observed for the
DRB1*1302 and DQB1*0604 alleles in both cross-sectional
and prospective analyses. Although the protective effect of
DRB1*13 alleles is the most consistent HLA finding in

(a)

(b)

(c)

(d)

Fig. 1. Cumulative risks of cervical intraepithelial neoplasia grade 3 within 10 years in relation to human leukocyte antigen class II polymor-
phisms. A Kaplan–Meier plot was used to estimate the cumulative 10-year probabilities of progression to cervical intraepithelial neoplasia grade
3 among women with low-grade squamous intraepithelial lesion cytology for selected human leukocyte antigen class II alleles: DRB1*0901 (a),
DRB1*1302 (b), DRB1*1501 (c), and DQB1*03 alleles (d). P-values were calculated using the log–rank test.
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published reports, the question is still open as to whether
DRB1*1302 alone, DQB1*0604 alone, or both are associated
with reduced risk of cervical diseases, or whether other MHC
complex genes in linkage disequilibrium with these alleles are
more important. To evaluate the independent effect of the
DRB1*1302 and DQB1*0604 alleles, larger studies will be
required.
The cross-sectional analysis suggested that the DRB1*0901

allele may act protectively against cervical cancer pathogene-
sis. A meta-analysis also reported the protective effect of
DRB1*0901 against invasive cervical squamous cell carcinoma
in Caucasian populations.(25) Interestingly, this allele was not
associated with progression to CIN3 in the prospective analy-
sis, suggesting that the DRB1*0901 allele could exert a protec-
tive effect on progression from CIN2 ⁄3 to ICC. The
DRB1*0901 allele frequency was significantly lower in women
with ICC than in those with CIN2 ⁄3. Alternatively or addition-
ally, the discrepancy may be explained by the HPV type-speci-
fic effect of the DRB1*0901 allele. When the analysis was
confined to HPV16-positive women with LSIL cytology, the
cumulative probability of progression to CIN3 was lower
among DRB1*0901-positive women compared with
DRB1*0901-negative women (data not shown), but this effect
was not statistically significant (P = 0.12) due to limitations
imposed by the small sample size.
We could not find any significant association between

DRB1*1501 or DQB1*03 and risk of developing CIN2 ⁄3 or
ICC. Effects of the DRB1*1501 and DQB1*03 alleles have
not been found in prospective cohort studies so far,(15,21,22)

and the results from case–control studies have not been
entirely consistent.(7,16–19,25–27) Although several groups have
suggested a significant association of DRB1*1501 or
DQB1*0602 (or the corresponding haplotype DRB1*1501-
DQB1*0602) with HPV16-positive cervical cancer,(17,26,27) an

increased risk of progression to CIN3 was not observed for
either the DRB1*1501 or DQB1*0602 allele, even among
HPV16-positive women in the present study (data not shown).
The inconsistent results regarding the DRB1*1501 and
DQB1*0602 alleles may be explained by two studies suggest-
ing that cancer risks associated with these alleles may vary
according to HPV16 E6 variations.(27,28)

One may speculate that HLA class II DRB1*13 testing,
alone or in combination with genotype-specific HPV testing,
for women with low-grade cervical abnormalities might be
useful for identifying populations at decreased risk of disease
progression. Interestingly, the protective effect of the
DRB1*1302 allele appears to be non-specific to the HPV
genotype. However, HLA class II testing may not be recom-
mended in clinical practice because only 10–20% of women
among various ethnic populations have the DRB1*13 alleles.(7)

In addition, DRB1*13 does not prevent all cervical cancer;
some women with cervical cancer are positive for DRB1*13.
The present study had several limitations. First, possible

misclassification of CIN lesions may have affected the results.
Recently, p16INK4a immunohistochemistry has been shown to
increase the sensitivity and specificity of CIN2–3 detection in
cervical biopsies.(29) Although two pathologists reviewed all
histological specimens, the histological diagnosis of cervical
specimens was obtained by H&E examination alone. Second,
the present study may have missed several HLA associations
with cervical diseases due to limitations imposed by the small
sample size. Although this is the first large-scale study on
HLA association with cervical cancer in Japan, larger studies
will be required to further evaluate the risk of cervical cancer
and precancer in relation to HLA polymorphism. Finally, the
present study did not clarify the mechanism by which the
DRB1*1302 allele protects against cervical precancer. To
address this, immunological studies on the binding of

Table 3. Effect of selected human leukocyte antigen (HLA) class II alleles on progression to cervical intraepithelial neoplasia grade 3 in

Japanese women with low-grade squamous intraepithelial lesion (n=454)

HLA class

II alleles
n

Person-

months
Events

10-year progression

rate (95% CI)

Log–rank test
Adjusted analysis†

P-value Hazard ratio (95% CI) P-value

DRB1*0901

Positive 118 7274.9 15 22.5 (11.9–38.6) 0.88 1.15 (0.53–2.33) 0.71

Negative 336 20 715.1 43 21.4 (15.2–29.4) 1.00

DRB1*1302

Positive 47 2916.7 1 3.2 (0.5–20.8) 0.03 0.13 (0.02–0.94) 0.04

Negative 407 25 073.3 57 23.7 (17.6–31.5) 1.00

DRB1*1501

Positive 82 5163.5 13 21.3 (12.3–35.5) 0.43 1.12 (0.56–2.425 0.76

Negative 372 22 826.5 45 21.8 (15.5–30.1) 1.00

DQB1*03

Positive 244 14 438.9 32 23.5 (15.3–35.0) 0.62 1.26 (0.72–2.20) 0.41

Negative 210 13 551.1 26 19.8 (13.1–29.2) 1.00

DQB1*0604

Positive 46 2879.6 1 3.2 (0.5–20.8) 0.03 0.13 (0.02–0.95) 0.04

Negative 408 25 110.4 57 23.7 (17.6–31.4) 1.00

†Cox regression model was used for statistical adjustments. Patient age, histological grade at the time of entry, human papillomavirus (HPV) risk
category (HPV16 ⁄ 18 ⁄ 31 ⁄ 33 ⁄ 35 ⁄ 45 ⁄ 52 ⁄ 58, other carcinogenic types, or carcinogenic HPV negative), smoking status, parity, use of oral contracep-
tives, number of lifetime sexual partners, and age at first sexual intercourse were included in the multivariate model for adjustments. CI, confi-
dence interval.
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DRB1*13 molecules to HPV-related antigens will be required.
Analyses of other genes in the MHC complex found in linkage
disequilibrium with the DRB1*13 alleles may also give insight
to this protective effect.
In conclusion, our results confirmed the protective effects of

DRB1*1302 through two different types of analysis in a single
study. Our data also suggested that the DRB1*1302 allele may
function protectively against progression from CIN1 to CIN2
⁄3. However, the mechanism underlying the protective effect
of DRB1*1302 allele is not fully understood. To enhance our
biological understanding of this effect, identification of specific
viral epitopes presented by the DRB1*1302 allele will be
needed.
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