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Role of human papillomavirus in determining the
HLA associated risk of cervical carcinogenesis

W Z Mehal, Y-M D Lo, C S Herrington, M F Evans, M C Papadopoulos, K Odunsi,
T S Ganesan, J O'D McGee, J I Bell, K A Fleming

Abstract
Aims-To investigate the role of human
papillomavirus (HPV) in the association
between HLA DQw3 and squamous cell
cancer of the cervix (SCCC).
Methods-Tissue from 194 cervical sam-
ples, ranging from normal, through cer-
vical intraepithelial neoplasia, to SCCC,
were typed for HPV by amplification of
the LI gene using degenerate consensus
primers, followed by oligonucleotide
probing. HLA DQw3 typing was under-
taken in the same samples using a new
PCR amplification system using primers
common to all DQ loci, followed by
restriction digestion with Mlu 1 to differ-
entiate HLA DQw3 types-null, het-
erozygous, and homozygous. The data
were analysed using X2 analysis and by
calculating relative risks with the 95%
confidence interval.
Results-Samples (n = 188) were suc-
cessfully typed for HPV and 177 were
typed for HLA DQw3. There was a non-
significant rise in the prevalence of HLA
DQw3 in SCCC (64.3%) compared with
the group with normal histology (53.2%).
Analysis of the prevalence ofHLA DQw3
on the basis ofHPV infection rather than
histology showed that 63 of 95 (66-3%) of
the HPV positive samples contained HLA
DQw3 alleles, compared with 39 of 78
(50.0%) of the HPV negative samples (2
4'06; p < 0-05).
Conclusions-There was a significant
association between HLA DQw3 and cer-
vical HPV infection. This may be because
people with HLA DQw3 are less able to
mount an effective immune response to
HPV, which predisposes them to the
development ofSCCC.

(3 Clin Pathol 1994;47:1077-1081)

Squamous cell cancer of the cervix (SCCC)
accounts for over 450 000 new cases annu-
ally.' The epidemiology of SCCC has been
extensively studied.2 Early age at first sexual
intercourse and multiple sexual partners have
been established as independent risk factors
for this disease.34 These associations suggest
that a sexually transmitted agent may have a
role in the development of SCCC, and this is
corroborated by studies showing a higher
number of sexual partners for husbands of
patients with SCCC, compared with healthy

people,5 and evidence for the clustering of cer-
vical and penile cancer.6

Herpes simplex virus (HSV) and human
papillomavirus (HPV) have both been impli-
cated as infectious agents involved in cervical
carcinogenesis. Case control studies have
shown a significantly higher incidence of anti-
bodies to HSV in cases than controls, but
whether this effect is secondary to the greater
number of sexual partners among the cases of
SCCC is controversial.78

Papillomaviruses cause benign warts, and
Franceschi et al showed that patients with
genital warts were more likely to have cervical
dyskaryosis than women with trichomoniasis
or gonorrhoea.9 Since this report, HPV has
been detected in 75-100% of SCCC cases,
depending on the methoa used'0 11; the
strongest associations are for certain "high
risk" HPV subtypes (HPV 16, 18, 31, 33,
35).12 The incidence of high risk HPV types in
cervical tissue increases with increasing dys-
plasia of the cervical epithelium,"3 but it is
clear that HPV infection is not the only factor
in the development of cervical cancer.
Between 10 and 20% of women without cer-
vical abnormalities have cervical infection
with "high risk" HPV subtypes,'4 15 and a pro-
portion of women with cervical dysplasia and
HPV spontaneously revert to normal histol-
ogy, while some progress to SCCC.'6

Recently, an increased prevalence of HLA
DQw3 was demonstrated in a group of
patients with SCCC, compared with a normal
population.'7 As the HLA system is known to
have an important role in viral clearance'8 and
may be involved in possible immune surveil-
lance against certain neoplasms,'9 the associa-
tion between DQw3 and SCCC could be a
result ofDQw3 positive subjects having either
(a) a relative inability to clear HPV infection;
or (b) a relative inability to provide immune
surveillance against dysplastic tissue.
To investigate these possibilities, we devel-

oped a rapid system for DQw3 typing based
on primer directed mutagenesis and restric-
tion digestion.

Methods
One hundred and sixty six cervical smears
showing the cytological changes of dysplasia
and 28 formalin fixed, paraffin wax embedded
cervical cancers taken between 1988 and
1989 were available for study. Punch biopsy
specimens were available for 140 of the 166
cases for histological staging of dysplasia
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Cervical histology, HLA DQw3, and HPVstatus

Cervical histology HLA DQw3 posinve HPVpositive

Normal n = 73 33/62 (532%) 26/71 (36.6%)
CIN I n = 27 15/26 (577%) 10/27 (37.0%)
CIN II n = 15 8/15 (53 3%) 12/15 (80 0%)
CIN III n = 24 12/21 (57 1%) 21/22 (95.5%)
SCCC n = 28 18/28 (64 3%) 26/28 (92 9%)

(cervical intraepithelial neoplasia (CIN) I to
III). Sixty local people who were being con-
sidered as renal donors were used as normal
controls.

Histological classification into the four
groups of normal, CIN I, CIN II, CIN III and
SCCC was carried out using established crite-
ria.20 The histological diagnoses are shown in
the table. Of the 28 carcinomas, nine were
well differentiated (large cell keratinising), 12
were moderately differentiated (large cell
focally keratinising), four were papillary carci-
nomas, and three were poorly differentiated
(two large cell non-keratinising and one small
cell non-keratinising).
The CIN system was chosen in favour of

the Bethesda system of classification of squa-
mous intraepithelial lesions because it would
permit direct comparison and discussion of
our results with the other published studies.

All DQw3 alleles possess an A at the last
base of codon 38 (fig 1). Codons 39 and 40
are, respectively, CGC and TTC. Thus if the
first base of codon 40 can be mutated to a G,
then a MluI site will be created for the DQw3
alleles. The non-DQw3 alleles, on the other
hand, possess a G in the last base of codon 38.
No MluI site will therefore be created by
mutating the first base of codon 40. An
upstream primer DB 13022 is used in conjunc-

Codon 38 39 40
DQw3 alieles 5 GCA CGC TTC 3'

3 GCG*CAG 51
Mutagenesis primer|PCR
Mlul site

5' DB130 - GCA CGC GTC 3'

3' CGT GCG CAG 5'

Non-DQw3 alieles Codon 38 39 40
5' GYG CGC TTC 3'

3'GCG *CAG 5'
Mutagenesis primer

1PCR
No Miul site

5I' DB130 I GYG CGC GTC 3'
3' CRC GCG CAG 5'

Figure I Principles ofDQw3 typing system. PCR was carried out using an upstream
primer DB130 and a downstream mutagenesis primer. * The artificial mismatch was
introduced to mutate the template, so as to create a MluI site (ACGCGT) for DQw3
aleles. Y = T or C; R = A or G (IUPAC nomenclature).

tion with this mutagenesis primer (the mutat-
ing base is underlined).
Primer sequences are:
Mutagenesis primer: 5'CCG GTA CAC CCC
CAC GTC GCT GTC GAC GCGG3
DB130: 5'AGG GAT CCC CGC AGA GGA
TTGCGT GTA CC".
PCR was carried out as described23 in

100 ,ul reaction volumes. Thermal cycling was
carried out using a Biometra TRIO thermo-
block. The thermal profile was an initial
denaturation at 94°C for eight minutes, fol-
lowed by cycling at 94°C for one minute,
60°C for one minute, and 72°C for one
minute, and a final extension at 72°C for eight
minutes. Twenty five, 30, and 40 cycles were
carried out for DNA extracted from periph-
eral blood, cervical smears, and paraffin wax
embedded cervical tissue, respectively.

After amplification, 10pl of the PCR prod-
ucts were restricted in the presence of 50 units
of MluI (Boehringer Mannheim, Germany) in
a total volume of 20pl using the buffer pro-
vided by the manufacturer. Restriction was
allowed to proceed overnight (for about 12
hours) at 37°C.

After restriction, the products were analysed
by electrophoresis in 1-5% agarose gels.
Visualisation of the products was performed
under ultraviolet transillumination.

For PCR, genomic DNA was extracted
from venous blood using a standard protocol
with proteinase K digestion, followed by
phenol/chloroform extraction.'4 Formalin
fixed, paraffin wax embedded tissue sections
were cut to a thickness of 5 um, to obtain a
total tissue volume of 2 cm2 by 5 pm, and
placed inside a 1-9 ml sterile polypropylene
tube. The microtome was cleaned with alco-
hol after each block had been cut, and a new
blade was used. For dewaxing, 1 ml of xylene
(Aldrich) was added to each sample, and the
tubes were placed on an automatic roller for
30 minutes. After five minutes of centrifuga-
tion at high speed (MSE Micro Centaur), the
xylene was decanted, taking care not to lose
the pellet of tissue. The xylene wash was
repeated once, and 1 ml of absolute ethanol
was added to remove the xylene. After one
minute of manual agitation, the tubes were
centrifuged and the ethanol decanted. This
was repeated once and the ethanol allowed to
evaporate at room temperature overnight.
The desiccated tissue was digested at

37°C overnight with proteinase K (from
Titirachium album, Boehringer Mannheim) at
a final concentration of 20 mg per ml in
200,p1 digestion buffer consisting of TRIS
50 mM (Boehringer Mannheim), EDTA
1 mM (Sigma), and Tween 20 0-5% (Sigma).
The proteinase K was denatured by heating to
94°C for 10 minutes and frozen at -80GC.

Cervical smear samples were prepared as
described by Bauer et al,25 by vortexing the tip
of the spatulum in saline for five minutes. The
cell suspension is spun for five minutes at low
speed and the supernatant fluid discarded.
The pellet of cells is resuspended and digested
with proteinase K as for formalin fixed
samples above.
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Figure 2 Agarose gel electrophoresis ofDQ amplified products after digestion with Mlu
Lane S: molecular weight marker (pBR322 cut with MspI). Lanes 1, 2, and 3: control
samples known to be from a non-DQw3 homozygote, a DQw3/non-DQw3 heterozygotu
and a DQw3 homozygote, respectively. Lanes 4, 5, 6, and 7: unknown samples typed a
non-DQw3 homozygote (lane 4), non-DQw3 homozygote (lane 5), DQw3 homozygot
(lane 6), and DQw3/non-DQw3 heterozygote (lane 7), respectively. Arrow A indicates
the position of the uncut and arrow B indicates the position of the cut DQ product.

Target material for PCR was either 1 ,ug
extracted genomic DNA from periphe
blood, or 10ul proteinase K digested archi'
material, paraffin wax embedded tissue, a]
cervical smears.

HPV typing was carried out using a modi
cation of the method of Bauer et al.25 Briefly
450 base pair segment of the Li gene M
amplified using degenerate consens
primers. The PCR products were blotted i

to nitrocellulose and hybridised with the f
lowing probes: (i) mixed degenerate conse

sus probes which detect a wide range of HI
types; (ii) individual PCR generated 410 ba
pair probes specific for HPV 16, 18, and
individually; oligonucleotide probes speci
for HPV 6/11 and HPV 33. The degenera
probes were generated by PCR using biotin
lated dUTP and nested primers. When us

together at low stringency, these detect a wi
range of HPV types.24 These were render
HPV specific by increasing washing stri
gency until only the appropriate plasm
derived PCR product hybridised. Plasm
derived PCR products were incorporated
positive controls, reactions carried out in t
absence of DNA as negative controls, a]
amplification with a pair of fl-globin prime
as amplification controls.

Figure 3 Prevalence of
HLA DQw3 in different
histological stages (normal,
CIN I, CIN II, CIN III,
and SCCC), segregated for
HPVstatus. The number
ofsubjects contributing to
each point on the graph is
indicated. For all
histological stages, the
prevalence ofDQw3 is
greater in HPVpositive
samples, compared with
HPV negative samples,
but the difference is most
noticeable for samples with
dysplasia, rather than
normal histology.

0

0-

In

The sensitivity of the system was measured
by analysing dilutions of SiHa cells (contain-
ing one copy ofHPV 16 per cell) in a constant
background of 1 ,ug/ml (1 ng in each 1 pl dot)
carrier (sheared herring sperm DNA) in the
same way as cervical smears.
The data were analysed using x2 analysis

and Yates's correction unless otherwise
A stated,26 and by calculating relative risks with

the 95% confidence intervals.27

B Results
Digestion of DQ amplified products with

.L MluI produced restriction patterns (fig 2)
which were specific for the three possible

e-' DQw3 types (null, heterozygous, and
e homozygous). There was complete concor-
s dance between our DQw3 typing results and

the known DQ status of 32 samples previ-
ously typed using sequence specific oligo-
nucleotide hybridisation.'0

Successful amplification and typing for
of DQw3 was obtained in 149 cervical smears,
ral 28 SCCC samples, and in 55 normal controls.
val No PCR products were produced in a small
rnd proportion of patient samples and this was

consistent with our previous experience on
ifi- the amplification of archival material.28 Figure
r, a 2 shows a representative HIA DQw3 typing
vas result. The restriction pattern permits clear
us identification of DQw3 states of samples.
on Thirty of the 55 (54 6%) normal controls
ol- were HILA DQw3 (25 heterozygous, five
n- homozygous).
PV The table shows the histological diagnosis
ise of the cervical samples and the HIA DQw3
31 prevalence for each histological stage. The
ific prevalence of HLA DQw3 shows a modest
ate rise in SCCC (64 3%) compared with the
iy- group with normal histology (53 2%), but this
,ed was not significant o2Of 0-96 without Yates's
[de correction, and a relative risk of 1 58 (95%
ed confidence intervals 0 63-3 96)).
in- From the sensitivity titration, 10 SiHa cells,
iid equivalent to 10 copies of HPV 16, could be
lid consistently detected in a DNA dilution
as equivalent to 100 000 cells.
he Successful amplification and typing for
nd HPV was carried out in 160 cervical smears
ers and 28 SCCC samples. The table also shows

the prevalence of HPV infection at the differ-
ent histological stages. As previously
reported,'2 the prevalence of HPV increases
with increasing dysplasia. Only three of the
165 HPV positive cases contained the "low
risk" HPV (6/11), and all three had normal
histology; the remainder were either HPV 16,
18, 31, or 33.
HLA DQw3 typing was available for 95 of

the 102 HPV positive and 78 of the 86 HPV
negative samples. When the prevalence of
HLA DQw3 was analysed on the basis of
HPV infection, rather than histology, 63 of 95
(66 3%) of the HPV positive samples were
HLA DQw3 (48 heterozygous, 15 homo-
zygous), compared with 39 of 78 (50 0%) of
the HPV negative samples (24 heterozygous,
15 homozygous). This is a significant differ-
ence (x2 of 4-06; p < 0 05, relative risk of 1-97

1 079

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.47.12.1077 on 1 D
ecem

ber 1994. D
ow

nloaded from
 

http://jcp.bmj.com/


Mehal, Lo, Hemngton, Evans, Papadopoulos, Odunsi, et al

(95% confidence intervals 1 07-3-64)). In fig
3 HLA DQw3 prevalence is shown for each
histological group, segregating for HPV sta-
tus. At every histological stage, the prevalence
of DQw3 was greater in the HPV positive
group than the non-infected group, although
for CIN III and SCCC, there were only one
and two subjects, respectively, not infected
with HPV.

Discussion
Skewing in the distribution ofHLA alleles has
been reported for a number of human dis-
eases.29 Most of these diseases are described
as "autoimmune", but associations between
HLA alleles and human cancers, although
rare, have been reported for Hodgkin's lym-
phoma, nasopharyngeal cancer, thyroid can-
cer,'9 and most recently SCCC.'7 The effect of
other pathogenetic factors, particularly HPV
infection, in the observed HLA association
with SCCC is, however, not known.

This is the first study, as far as is known, to
examine the full spectrum of cervical histol-
ogy, from normal to invasive cancer, in rela-
tion to the presence of HPV subtypes and
HLA DQw3. Our task was simplified by the
development of a powerful and robust
method for DQw3 typing based on primer
mediated mutagenesis. This method is rapid
and completely non-isotopic. The DQw3 typ-
ing results are complemented by HPV typing
data. Our aim was to establish what role, if
any, infection with HPV has in the association
between DQw3 and SCCC. Our results show
that there is a non-significant increase in
DQw3 in patients with SCCC compared with
women with normal cervical histology.
However, there is a strong association
between DQw3 and HPV which suggests that
increases in DQw3 seen in women with
SCCC are due to the overrepresentation of
HPV positive women.
Two studies using genotyping, from

Norway32 and England,33 confirmed the asso-
ciation of DQw3 with SCCC and CIN III,
respectively; one study from England using
serotyping failed to find such an association.34
Vandenvelde et al studied both DQw3 and
HPV, using molecular techniques in Belgian
subjects, with histological results ranging from
normal to carcinoma in situ, but without inva-
sive SCCC.34 An association between DQw3
and carcinoma in situ was not found, but
there was a significant increase in DQw3 in
women with CIN I and CIN II, compared
with normal controls. There was also no sig-
nificant difference in the prevalence ofDQw3,
with respect to HPV. However, HPV status
was only compared with women with normal
histology. No comparison was made between
the prevalence of DQw3 in HPV positive and
negative subjects with the same histology. As
fig 3 shows, there was very little difference in
the prevalence of DQw3, based on HPV sta-
tus in subjects with normal histology, but
more so with increasing cervical dysplasia.
A number of lines of evidence suggest that

the immune system has a role in limiting the

progression of HPV associated precancerous
lesions and in controlling the clinical course of
HPV infection. Infiltrates of lymphocytes and
macrophages in precancerous lesions3536 sug-
gest a role for cytotoxic T lymphocytes and
cytokines in reducing cell proliferation.
Furthermore, people who are immunosup-
pressed, from a variety of causes, when
exposed to HPV develop extensive and persis-
tent infections.3738 The ability of polymor-
phisms at the HLA DQ loci to modify such
immune responses to papillomaviruses is sup-
ported by the experimental infection of New
Zealand rabbits with the Shope cottontail
rabbit papillomavirus.39 All the animals devel-
oped papillomas which subsequently either
regressed or developed into invasive carcino-
mas. A polymorphism of the DQa locus was
associated with the development of invasive
carcinoma, providing a relative risk of 4-45.
The association between such polymorphisms
in rabbits and the known human DQ alleles
is not clear at present, but comparative stud-
ies at a molecular level may identify major his-
tocompatibility complex sequence motifs
which are important in producing this in-
creased susceptibility to HPV associated cer-
vical cancer.
Many people are repeatedly exposed to

infection with HPV, and most eradicate such
infections.'6 The observed increase in the
prevalence ofDQw3 in HPV infected subjects
is probably because of the relative inability of
those with DQw3 alleles to clear HPV infec-
tion. Each infection will therefore result in a
longer than average period of HPV persis-
tence, and DQw3 subjects will be overrepre-
sented in the subpopulation with HPV
infection. The prevalence of DQw3 in a HPV
infected subpopulation will increase with the
duration of infection, and will therefore be
greater in a subpopulation with longstanding
HPV infection, compared with recent HPV
infection. Progression from CIN I to SCCC
takes a number of years, and the
CIN II, CIN III, and SCCC groups represent
populations with chronic HPV infection.'6
The association of a HLA allele with a dis-

ease phenotype is often explained by the ability
of the associated allele to present immuno-
genic peptides with greater efficiency than the
alternative alleles in the population. This has
been best characterised for cerebral malaria,
where the presence of HIAB53 is associated
with a milder clinical course, and an HLAB53
restricted cytotoxic T cell response to malarial
antigens has been demonstrated.40 This mech-
anism explains how a HLA molecule may
confer the ability to clear an infection, but
cannot explain how DQw3 confers an inabil-
ity to clear HPV infection. HLA molecules,
however, present antigens not only for the
final effector pathways of the immune
response, but also during the development of
the immune system. In particular, during the
induction of self-tolerance, deletion of T cell
clones in the thymus is determined by the
recognition of self-peptides presented by HLA
molecules.4' One explanation for our observed
results is the deletion by people with the
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HLA DQw3 allele of T cell clones which are
important for recognising HPV peptides.

In conclusion, subjects with DQw3 are
overrepresented in the HPV infected popula-
tion, suggesting that they are less likely to
clear HPV infection. This, we believe, is an
important factor in the overrepresentation of
DQw3 in SCCC. Prospective studies on sub-
jects with CIN I are required to establish
whether HLA DQw3 typing can identify
women most likely to benefit from cervical
screening programmes.

WZM and Y-MDL are Wellcome Medical Graduate Fellows;
KO is a Birthright Fellow. This work was supported by the
Oxford Regional Health Authority.
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