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ABSTRACT DNA from i) fresh tissues derived out of 89 women with CaCx (61 HPV16/18 positive) and ii) cervical
scrapes from 213 cytologically normal women (73 HPV16/18 positive) were genotyped for HLA DQB1*03 by PCR
and RFLP. The distribution of the genotypes of HLA DQB1*03 differed significantly between the malignant and
control subjects (p= 0.022). The homozygous genotype was overrepresented among those having CaCx (OR.ge
adusied=2.94, 95% Cl= 1.49-5.81, p=0.002), or HPV16/18 positive CaCx (ORqgeagusies =2.32, 95% Cl= 1.07-5.01;
p=0.033), when this was compared to the other genotypes (HLADQBZ1*03 non-homozygous, i.e. heterozygous and
null together). Analysis restricted to the HPV 16/18 positive CaCx and cytologically normal subjects failed to show
such association. The heterozygous genotype, instead, showed a negative association with HPV16/18 positive CaCx
over the null genotype (ORugeagused =0.42, 95% Cl= 0.18-0.96; p=0.040) when HPV16/18 positive CaCx cases were
compared with HPV negative cytologically normal controls. The association of HLA DQB1*03 homozygosity with
CaCx was noted among those of age < 47 years. The genotypes of HLA DQB1*03 are likely to be important in

determining the susceptibility to HPV or HPV16/18 related CaCx in Indian women.

INTRODUCTION

Exposureto high-risk human papillomavirus
(HPV) iscommon among sexually activewomen
(Villa1997). However, only asmall fraction deve-
lops persistent infection, which may progressto
cervical cancer (CaCx) after along latency. There-
fore, additional factors seem to play important
role in the pathogenesis of the infection and
subsequent development of CaCx.

In recent times, identifying genetic factors
that could influence the pathogenesis of human
papillomavirusinfection, specifically HPV 16/18
related CaCx hasgained importancefor devising
preventive strategies for the disease. Therefore,
such studies are essential for targeting cervical
screening to ahigh-risk population, particularly
in the developing countries, where CaCx still
poses a big threat.

A likely factor involved inthedifferential sus-
ceptibility to HPV infections seemsto beimmuno-
genetic. This has been indicated by the over
representation of HPV-related cervical lesionsin
immunosuppressed individuals (Villa 1997).
Human Leukocyte Antigens (HLAS) play a
pivotal role in the recognition and presentation
1Address for correspondence: Sharmila Sengupta, Ph.D,
Human Genetics Unit Indian Statistical Institute
203, B.T. Road, Kolkata 700 108, West Bengal, India.
Telephone: 91 33 2577 3245 / 3212

Fax: 91 33 2577 6680/3049
Email: sharmila@isical.ac.in/saxmilasg2003@yahoo.com

of foreign antigens to the immune system. Thus
the ability of an individual to mount animmune
response against viral infections and/or tumors
strongly depends on the detection and elimi-
nation of infected/neoplastic cells by presenta-
tion of tumour specific and/or tumor associated
antigens by the HLA moleculesto T cells.

Thereare contradictory reportsregarding the
relation between polymorphic HLA genes and
CaCx. Although various reports suggest a close
link between certain HL A haplotypesand CaCx,
the specific HLA allelesassociated withiit differ
among various study groups. It has been
suggested that women carrying HLA DQw3
antigen encoded by DQB1*03, are predisposed
to develop CaCx (Wank and Thomssen 1991).
While severa reports have been put forward in
support of thisfinding (Helland et al. 1992, 1994;
Gregoireet a. 1994; Odunsi et a. 1995; Nawaet
al. 1995; Montoya et a. 1998), there are con-
tradictory reports that show no such association
(Glewetal. 1992,1993; Appleeta. 1994; Allenet
a. 1996).

In India, CaCx ranks as number one among
thefemal e cancers. Thereisalack of dataonthe
prevalence of various HLA alleles and their
association with CaCx, inthispart of our country.
Therefore, in this study, we restricted ourselves
in determining the prevalence of the candidate
HLA DQB1*03 allele (corresponding to HLA
DQwa3 antigen) together with the genotypes and
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analyzing their association, if any, with HPV 16/
18 related CaCx among | ndian women.

MATERIALSANDMETHODS

Samplesand Subjects: Weused DNA isolat-
ed from, (i) tissues that were derived from 89
women with suspected malignancy (sub-sequent-
ly confirmed by histopathology as squamouscell
carcinoma) of age 26-75 years, who wereattending
acancer referral hospital; and (ii) from 96 (HPV
positive) and 117 (HPV negative) cervica scrapes.
The scrapes (identified asnormal from Pap smear
tests) were derived from women aged 16-70 years
(HPV positive) and 19-80 years (HPV negative),
with no previous history of cervical dysplasia/
malignancy. These women were attending a
Reproductive and Child Health Clinic (Child in
Need I nstitute, South 24 Parganas, West Bengal,
India) for routine contraception and reproductive
healthcare counselling. All samples (biopsy
tissuesand cervical scrapes) were collected from
the participantswith informed consent approved
by theinstitutional ethical committeefor human
experimentation. A standardized questionnaire
was canvassed on all to obtain demographic and
other relevant information.

All DNA samples were routinely typed for
the presence of HPV infection. Among the 89
CaCx samples, 61 (68.54%) sampleswerefound
to be positivefor HPV 16 or 18, collectively termed
the HPV16/18 group. Of the 96 HPV positive
normal DNA samples, 73 (76.0%) were positive
for HPV types16/18 out of which, 70 subjects
were positivefor HPV types 16 alone, 6 subjects
for type 18 alone and 3 for both 16 and 18.

HLA Typing: HLA DQB1*03 typing was
donefollowing the method of Mehal et a. (1994)
with modifications. The 39" and 40" codons of
bothHLA DQB1*03 and non- HLA DQB1*03
alleles are CGC and TTC respectively. A
mutagenesis primer was used to mutate the first
base of codon40from T to G. ThiscreatesaMIul
site, specificfor HLA DQB1*03 alleles having
an A at the third base of codon 38, in contrast to
Gincaseof non- HLA DQB1*03 alleles. PCR
was thus carried out using the mutagenesis
primer and an upstream primer DB130 (Bugawan
and Erlich 1991) in 10 ml reaction volumeusing 1
ml of 10X supplied PCR buffer (without MgCl,),
1.5 mM MgCl,, 200 mM dNTPs, 20 ng of each
primer, 0.5 U Tag DNA Polymerase and 100 ng
DNA. Thirty cycles of amplification reactions

were carried out, preceded by an initial
denaturation at 94°C for 8 min and followed by 5
minof find extensonat 72°C. Each cycleincluded
1 min denaturation at 94 °C, 1 min annealing at
60°Cand 1 minelongation at 72°C. PCR products
were digested overnight with Mlul at 37°C,
separated on a2% agarose gel by electrophoresis
and visualized under UV light after staining with
ethidium bromide.

Statistical Analysis: The histopathologically
confirmed CaCx cases, either all (irrespective of
HPV infection status) or HPV 16/18 positive, were
compared with the cytologically norma HPV
negative controls. Similar analyses were aso
carried out within HPV 16/18 positive cases and
controls. Furthermore, sinceit is proposed that
close to 99.7% CaCx cases are HPV positive
(Walboomers et al. 1999), all such cases were
also compared with HPV positive cytologically
normal samples.

In this study, the CaCx cases (n= 89) were
significantly older (mean age, 47.76 + 11.91 years)
than HPV negative cytologically normal controls
(meanage: 37.41+ 13.44years). Themean age of
HPV 16/18 positive CaCx cases (n=61) wasalso
significantly higher (Mean age, 48.53 + 12.78
years) than the cytologically normal controls,
either HPV negative or HPV 16/18 positive (mean
age: 27.15+ 8.67 years). Also, between thelatter
two groups, the HPV 16/18 positive cytologically
normal subjects were found to be significantly
younger than those HPV negatives. Therefore
multivariate logistic regression analyses were
performed using the SPSS 7.5 statistical software
package to compute the age-adjusted OR (95%
Cl) values (Hosmer and Lemeshow 1989),
wherever necessary.

Analyses were also carried out with CaCx
subjects stratified into caseswith age < 47 years
and = 47 years, respectively, based onthe median
age of onset (47 years) of CaCx, in this
population.

RESULTS

The distribution of HLA DQB1*03 geno-
types across various study groups is presented
inTable 1. The prevalence of theallelewasat the
samelevel among CaCx cases, irrespective of HPV
(78.6%, n=89) and the HPV negative controls
(80.6%, n=117). On testing for the equality of
distribution of the HLADQB1*03 genotypes
(homozygous, heterozygous and null) among
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these cases (21.3%, 40.4% and 38.2%,
respectively) and controls (19.7%, 58.1% and
22.2%, respectively), asignificant deviation was
observed between the two groups (df= 2, p=
0.022). Compared to the null genotype, the
homozygous genotypeof HLA DQB1*03 (OR .
agused = 2.50; 95% Cl= 0.94-6.66; p= 0.066), but
not the heterozygous genotype (OR e ajjused =
0.59, 95% Cl= 0.27-1.29; p= 0.187), was

proportionately higher among CaCx cases,
although not statistically significant as shown
in Table 2. The overrepresentation of the
homozygous genotype among those having
CaCx wassignificant (OR e ajuses= 2.94, 95% Cl=
1.49-5.81, p= 0.002), when this genotype was
compared to the other genotypes (HLA DQB1*03
non-homozygous, i.e. heterozygous and null
together). Similar analysis also revealed that

Table 1: Distribution of HLA DQB1*03 genotypes within different cytological/histological groups

with consideration of their HPV infection status

Characteristics of _subjects Total HLA DQB1*03 Genotypes
null HLA DQB1*03 HLA DQB1*03
Heterozygous Homozygous
n n n
(%) (%) (%)
Cytologically normal
Irrespective of HPV infection 213 45 117 51
(21.1) (54.9) (23.9)
HPV negative 117 23 68 26
(19.7) (58.1) (22.2)
HPV positive 96 22 49 25
(22.9) (51.0) (26.0)
HPV16/18 positive 73 16 38 19
(21.9) (52.1) (26.0)
CaCx
Irrespective of HPV infection 89 19 36 34
(21.3) (40.4) (38.3)
HPV 16/18 positive 61 17 24 20
(27.9) (39.3) (32.8)

Table 2: Association of HLA DQB1*03 allele and its genotypes with CaCx in Indian women

Control Case HLA DQB1*03 allele/ genotypes compared Age-adjusted p-value
OR (95% CI)
HPV CaCx HLA DQB1*03 allele positive vs. null 0.92(0.44-1.91) 0.822
negative (n =89) HLA DQB1*03 heterozygosity vs. null 0.59(0.27-1.29) 0.187
cytologically HLA DQB1*03 homozygosity vs. null 2.50(0.94-6.66) 0.066
normal HLA DQB1*03 homozygosity Vvs. 2.94(1.49-5.81) 0.002
(n =117) non-homozygosity
HPV16/18 HLA DQB1*03 allele positive vs. null 0.60(0.28-1.30) 0.197
positive HLA DQB1*03 heterozygosity vs. null 0.42(0.18-0.96) 0.040
CaCx HLA DQB1*03 homozygosity vs. null 1.43(0.51-4.00) 0.492
(n =61) HLA DQB1*03 homozygosity vs. 2.32(1.07-5.01) 0.033
non homozygosity
HPV Positive CaCx HLA DQB1*03 allele positive vs. null 2.29(0.74-7.11) 0.153
Cytologically (n =89) HLA DQB1*03 heterozygosity vs. null 1.39(0.46-4.24) 0.561
normal HLA DQB1*03 homozygosity vs. null 3.91(1.08-14.20) 0.038
(n =96) HLA DQB1*03 homozygosity Vvs. 3.08(1.18-8.08) 0.022
non-homozygosity
HPV16/18 positive HPV16/18 HLA DQB1*03 allele positive vs. null 0.97(0.29-3.22) 0.954
Cytologically Positive HLA DQB1*03 heterozygosity vs. null 0.64(0.18-2.27) 0.493
normal CaCx HLA DQB1*03 homozygosity vs. null 2.04(0.49-8.45) 0.327
(n =73) (n =61) HLA DQB1*03 homozygosity vs. 2.97(0.89-9.88) 0.076

non-homozygosity

* Risk genotype vs. Non-risk genotype
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homozygosity of the allele was significantly
associated with HPV 16/18 positive CaCx (ORqge
agjused = 2.32, 95% Cl=1.07-5.01; p=0.033). The
heterozygous genotype, instead, showed a
negative association with HPV 16/18 positive
CaCx over the null genotype (ORage adjusted =0.42,
95% CI=0.18-0.96; p= 0.040). Compared to the
HPV positive cytologically normal subjects, HLA
DQB1*03 homozygosity wassignificantly higher
among CaCx cases compared to those with null
genotype (ORage adused = 3.91, 95% Cl=1.08-14.20;
p=0.038) and HLA DQB1* 03 non-homozygous
genotypes (ORuge agjused = 3.08, 95% Cl=1.18-8.08;
p= 0.022). However, no significant association
was observed when analysiswasrestricted within
HPV 16/18 positive subjects, cases and controls.

Table 3: Distribution of HLA DQB1*03 genotypes
within CaCx cases of different age groups

Case HLA DQB1*03 Age group (in years)
genotype <47 =47

CaCx null 7 12

(n =89 (15.9) (26.7)
HLA DQB1*03 16 20
heterozygous (36.4) (44.4)
HLA DQB1*03 21 13
homozygous (47.7) (28.9)
Total 44 45

The distribution of the HLA DQB1*03
genotypes (null, homozygous and hetero-
zygous) among CaCx cases of age groups <47
years and = 47 years is shown in Table 3. The
proportion of HLA DQB1*03 homozygous
genotype was found to be significantly higher
(p-value=0.033 from Fisher’ sExact Test) for CaCx
cases, whose age was < 47 years (47.7 %)
compared to those of age = 47 years (28.9%).
Further analyses of the data to test the
association of HLA DQB1*03 allele/genotypes
with CaCx cases (irrespective of HPV) classified
on the basis of age has been presented in Table
4. The HLA DQB1*03 homozygous genotype
was found to be proportionately higher over
non-homozygous genotypes among CaCx cases
of age <47 years) compared to HPV negative
cytologically normal controls (ORqge agjusted = 320,
95% Cl=1.53-6.66; p= 0.002). Overrepresentation
of HLA DQB1* 03 homozygosity, rather than non-
homozygosity, was also prominent among CaCx
cases of the similar age group when compared to
HPV positive cytologically normal subjects
(ORgeajusied = 2.59; 95% Cl=1.23-5.47; p=0.011).
There was no significant association between
HLA DQB1*03alleleor the genotypesand CaCx
cases, who were of age> 47 years.

Table 4: Association of HLA DQB1*03 allele/genotypes with CaCx cases in different age groups

Control Case Analyses* OR (95% ClI)
p-value
< 47 yrs > 47 yrs
HPV negative CaCx HLA DQB1*03 allele positive 1.29(0.51-3.27) 0.67(0.30-1.50)
cytologically (n =89) VS. 0.586 0.332
normal null
(n = 117) HLA DQB1*03 heterozygosity 0.77(0.28-2.11) 0.56(0.24-1.33)
VS. 0.616 0.187
null
HLA DQB1*03 homozygosity 2.65(0.95-7.38) 0.96(0.37-2.51)
VS. 0.058 0.193
null
HLA DQB1*03 homozygosity 3.20(1.53-6.66) 1.42(0.65-3.10)
VS. 0.002 0.374
non-homozygosity
HPV positive CaCx HLA DQB1*03 allele positive 1.57(0.62-4.01) 0.82(0.36-1.85)
normal cytology (n =89) VS. 0.342 0.784
(n =96) null

HLA DQB1*03 heterozygosity
VS.
null

HLA DQB1*03 homozygosity
VS.
null

HLA DQB1*03 homozygosity
VS.

non-homozygosity

1.03(0.37-2.85)
0.205

2.64(0.94-7.39)
0.061

2.59(1.23-5.47)
0.011

0.75(0.31-1.79)
0.143

0.95(0.36-2.52)
0.195

1.15(0.52-2.54)
0.722

* Risk genotype vs. Non-risk genotype
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DISCUSSION

HLAsplay asignificant rolein host immunity
asthey participatein presenting intracellular and
extracellular antigens to professional immune
cells (Berkower 1996). Therefore, identifying
specific HLA types associated with CaCx and
the genesthat encodethem, arelikely to be useful
in predicting the susceptibility towards CaCx that
is intimately associated with HPV infections.
Associations between HLA DQw3 (class|| type
molecule) and CaCx have previously been
observed among African- American (Gregoire et
al. 1994), Caucasian (Wank and Thomssen 1991,
Helland et a. 1992; Montoya et al. 1998), and
Japanese ethnic populations (Nawaet al. 1995).
No such report exists on Indian women inspite
of the fact that CaCx appears to be the major
cancer burden in these women. We therefore,
undertook the present study in order to
investigate the association, if any, of the
immunogenetic factor HLA DQB1*03, with
HPV16/18 related CaCx among Indian women
from West Bengal.

Wehave earlier reported an overall prevalence
of 85% HPV infection, the prevalenceof HPV 16/
18 being 82%, in invasive CaCx. In the normal
population of thisregion we also recorded 8.3%
prevalence of HPV16/18 infection, which was
predominant among those of age < 23 years
(Duttaguptaet al. 2002). Inthisreport weidenti-
fied asignificant differencein the distribution of
HLA DQB1*03 genotypes between malignant
and cytologically normal subjects, HPV negative
or positive. The current study thereforeishighly
relevant in this context, for identifying those at
risk of CaCx or HPV 16/18 related CaCx.

A significant association of HLA DQB1*03
homozygosity with CaCx or HPV 16/18 positive
CaCx (which accountsfor 70% of the CaCx) was
observed. This was in comparison to the non-
homozygous genotypesof theallele. Mueller and
Machulla (2002) also identified an increased
frequency of homozygosity at HLA class|I loci
(DR/DQ) infemal e patientswith chronic lympho-
cyticleukemia. Asproposed by such researchers
and others, homozygosity of HLA aleles are
likely to provide arestricted repertoire of presen-
ted peptides, which could lead to impaired host
defense. Similar phenomenon could therefore
account for the susceptibility of subjectshomozy-
gousfor HLA DQB1* 03 alleles, towards CaCx or
HPV16/18 positive CaCx, by members of HLA

DQB1*03 family of antigens, which share a
common epitope.

Among thestudiesthat found HLA DQB1*03
to be associated with CaCx, Neuman et a. (2000)
compared patients with family controls and
reported that presence of DQB1*0303 allele
increased the risk of CaCx in women who were
HPV positive. Gregoire et al. (1994), on the
otherhand, failed to show any association
between HPV typeinthetumor and HLA DQB1
*(03 among African-American women. It may be
noted that Mehal et al. (Mehal et a. 1994) have
failed to show any association between HLA
DQw3 and CaCx based on their study among
women of United Kingdom.

In this study we have also noted a negative
association of theHLA DQB1*03 heterozygosity,
compared to null genotypes, with HPV16/18
positive CaCx. Thisprobably reflectsaprotective
effect of heterozygosity of theallele. Infact, some
studies have observed a selective advantage due
to heterozygosity at human MHC (HLA class|
and Il) against infectious diseases like HIV
infection and persistent hepatitis B virus infec-
tion (Carrington et al. 1999; Thursz et al. 1997).
Odunsi et al. (1995) also reported that the risk
towards CIN waslower in case of heterozygosity
compared to homozygosity of HLA DQB1*03,
the association being positive for both geno-
types.

The differential role of the two genotypes
could be dueto various reasons. Firstly, the pre-
sence of a different allele along with HLA
DQOB1*03 at the samelocusin the heterozygous
condition may counterbalance the deficiency in
immuneresponsivenessof HLA DQB1*03alele
coded antigens. Similar situation could also help
ineliciting animmuneresponse against adifferent
epitope of thetumor or HPV related antigen. This
may result inthelack of positive association with
CaCx of HLA DQB1*03 heterozygosity. Further-
more, the possibility of agenein linkage disequili-
brium with HLA DQB1*03 in the homozygous
condition may enhance the susceptibility to-
wards development of CaCx, of this genotype.
Further work is therefore required to establish
the differential role, if any, of the two HLA
DQB1*03 genotypes.

Itisalso reflected in our study that the asso-
ciation between malignancy and HLA DQB1*03
homozygosity may not be independent of
HPV 16/18 infection. Thisisevident fromthelack
of any significant associ ation between thesetwo
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factors by a comparison between cases and
controls, both positivefor HPV 16/18. The obser-
vation may be indicative of the association of
HLA DQB1*03 homozygosity with HPV16/18
induced host cell antigen(s), specifically express-
edin malignant cells.

Thisstudy alsoindicated that therisk of HLA
DQB1*03 homozygosity towards CaCx develop-
ment, was restricted to those of age < 47 years
and absent in those of age > 47 years. It iswell
established that early age of onsetisarisk factor
for familial cancers. Therefore, HLA DQB1*03
homozygosity may have such genetic links al so,
which need to be explored in our population.

In summary, this study revealed that HPV
infected (particularly, HPV16/18) and HLA
DQB1*03 homozygouswomen of thispopulation
in West Bengal, India, appear to be at an
enhanced risk to develop CaCx. However,
heterozygosity of HLA DQB1*03 may be
protective for women infected with HPV 16/18.
Moreover, it also appeared that the genotypes
of HLA DQB1*03, rather thanthe allele positivity,
are likely to be important in determining the
susceptibility to HPV infection and /or devel op-
ment of CaCx inthesewomen. Further elucidation
of the association of specific alleles of HLA
DQB1*03withHPV16/18 related CaCx isneeded,
whichisunderway. We concludethat thefindings
arelikely to add new dimension to the epidemio-
logical background of CaCx inthisregion.
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