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The role of human leucocyte antigen genes in
the development of malignant disease

W M Howell, D B Jones

Introduction
The human leucocyte antigen (HLA) class I
and in particular class II genes play a major
role in regulating the immune response. The
extensive polymorphism of these genes has
been characterised by a series of international
histocompatibility workshops undertaken dur-
ing the past 31 years, with the current (Twelfth)
workshop due to conclude in St Malo in June
1996. Many studies, both within and without
these workshops, have revealed significant as-
sociations between particular polymorphisms
of the HLA class I and especially class II genes
and predisposition to a large number ofbenign,
immune system mediated diseases including
rheumatoid arthritis,' coeliac disease,2 insulin
dependent diabetes,3 multiple sclerosis,4
Graves's disease,5 and IgE responsiveness to
various pollen and animal dander allergens.6
HLA class II allelic associations have also been
detected in other benign conditions with no
obvious immunological component, such as
narcolepsy.7 However, the first HLA and dis-
ease association to be reported in 1967 was
between the HLA class I B35, B5 and B18
group of alleles (then known as 4C) and a
malignant condition-Hodgkin's disease.8
Nevertheless, until recent years there has been
comparatively little interest in HLA genetic
polymorphism and predisposition to malignant
diseases. This has now changed, particularly
since the advent of accurate, high resolution
DNA based methods for analysis ofHLA poly-
morphism. A small but growing literature now
exists relating HLA class II polymorphism and
predisposition to a number of malignancies.
In addition, downregulation of HLA class I
expression on tumour cells would seem to be
a frequent route by which tumour cells escape
from T cell mediated attack. These more recent
findings will be outlined below.
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The HLA system
The classic human major histocompatibility
complex or HLA molecules are encoded by
two highly polymorphic gene families located
in a 3600 kilobase region of chromosome
6p (6p21 3). The resulting HLA molecules-
the most polymorphic found in humans-are
membrane bound glycoproteins that bind pro-
cessed antigenic peptides and present them to
T cells. The HLA class I A, B and C molecules
are each composed of a HLA encoded heavy
chain (MW 45 kD), non-covalently associated
with a non-polymorphic polypeptide [2 micro-
globulin (MW 12 kD) encoded on chro-
mosome 15. There are now known to be at
least 50 HLA-A, 97 HLA-B and 34 HLA-

C alleles.9 These HLA class I antigens are
expressed on all nucleated cells (except fetal
trophoblast) and platelets and function to pres-
ent peptides oflargely endogenous (viral) origin
to CD8 +T cells, which are mostly cytotoxic.
The polymorphic residues which distinguish
between the different alleles of a particular
HLA class I locus are mainly found within the
peptide binding groove and thus control the
specificity of peptide binding and presentation
to T cells.

In contrast to class I molecules, HLA class
II molecules, comprising the three main sub-
classes DR, DQ and DP, are found on a more
restricted range of cell types, including B cells,
activated T cells and the monocyte/macrophage
lineage, and can be induced by interferon-y.
An expressed class II molecule consists of an
ac chain (MW 31-34 kD) encoded by an A
gene, non-covalently associated with a : chain
(MW 26-29 kD), encoded by a B gene. Each
DR, DQ and DP subregion consists of at least
one expressed A and B gene. There are now
known to be at least two DRA, 120 DRB, 15
DQA, 26 DQB, eight DPA, and 59 DPB al-
leles.9 Both ot and P chains combine to form a
peptide binding groove, shown by x ray crys-
tallography to be very similar to the class I
groove'0 but capable of accommodating longer
peptides, of more variable length. Class II
molecules, however, present peptides of largely
exogenous origin to CD4 +T cells of mainly
helper phenotype.

In the triggering of an anti-tumour immune
response T cells must recognise specific tumour
antigen derived peptides, including virally en-
coded proteins as presented by HLA class I or
II molecules. Because of the extensive poly-
morphism of the HLA class I and II genes,
an individual's ability to present such viral or
tumour specific processed peptides will vary
and so some individuals may show reduced
immune surveillance of specific viral or somatic
changes associated with malignant trans-
formation. Accordingly, it might be expected
that individual malignancies, and especially
those that are virally induced, might be as-
sociated with specific HLA alleles. This has
been shown to be the case.

Early studies
Save for the previously mentioned weak as-
sociation between HLA class I alleles and
Hodgkin's disease and before the advent of
high resolution DNA based HIA typing
methods, few other studies provided evidence
for a link between particular HLA alleles and
malignant diseases. One notable exception was

M302

 on M
ay 24, 2023 by guest. P

rotected by copyright.
http://m

p.bm
j.com

/
C

lin M
ol P

athol: first published as 10.1136/m
p.48.6.M

302 on 1 D
ecem

ber 1995. D
ow

nloaded from
 

http://mp.bmj.com/


Role ofHLA genes in the development of malignant disease

a study utilising cellular primed lymphocyte
typing (detecting limited polymorphism at the
HLA-DP loci) which demonstrated an as-
sociation between the DPw2 (DPB1*02) and
DPw5 (DPB1*05) alleles and acute lympho-
cytic leukaemia." More recently, a DNA based
study has also provided evidence of a weak
association between HLA-DPB 1*0201 and
childhood common acute lymphoblastic leuk-
aemia, 2 an association, according to the au-

thors, suggestive of an infectious aetiology for
this disease, although this remains speculative.

Hodgkin's disease
Following the early HLA class I studies in
Hodgkin's disease, HLA class II DR alleles
were investigated as serological typing reagents
became available; however, no significant as-
sociations were seen. The advent of improved
DNA based methods for HLA-DP typing lead
to investigations of the contribution of HLA-
DP to susceptibility to this malignancy and
an initial restriction fragment length poly-
morphism (RFLP) based study showed a sig-
nificant decrease in the frequency of a DPw2
associated RFLP in patients with Hodgkin's
disease. There was also a non-significant in-
crease in a DPw3, 5 and 6 associated RFLP in
this report.'3 These findings were investigated
systematically in caucasian and non-caucasian
ethnic groups using much higher resolution
PCR oligotyping in the Eleventh International
Histocompatibility Workshop. Results in-
dicated that in the combined caucasian groups
studied, DPB1*0301 conferred a small, but
significant, increased risk of Hodgkin's disease
(RR= 1-95), while in orientals DPB1*0401
conferred a significant protective effect (RR=
0 148).'4 In addition, in Japanese patients,
DPB 1 *0901 was associated with a shorter over-
all duration of remission.'4 Thus, Hodgkin's
disease is more strongly associated with HLA-
DP than with any other HLA gene examined
to date, although the actual suceptibility gene
may not be within the HLA-DP region itself.
However, an association with HIA may sup-
port a viral aetiology for the disease, with viral
protein derived peptides being differentially
presented to T cells by particular HLA poly-
morphic specificities.

Squamous cell cervical carcinoma and
cervical intraepithelial neoplasia
One further area in which there has been much
interest in recent years is the possible in-
volvement of HLA in the predisposition to
squamous cell carcinoma of the cervix. In the
past decade there has been growing evidence
that certain subtypes ofhuman papilloma virus
(HPV) (16, 18, 31, and 33) are implicated in
the development of high grade cervical intra-
epithelial neoplasia (CIN) and invasive cervical
cancer. '-l' However, epidemiological studies
have also shown that HPV infection in itself,
regardless of subtype, is not sufficient to induce
cervical cancer. One such additional factor may
be impairment of the immune response to par-
ticular HPV antigens. Consistent with this

model is the finding in some, but not all, studies
that particular HLA class II DQB1 alleles are
associated with an increased relative risk of
squamous cell carcinoma ofthe cervix in several
populations, including European caucasians
and Tanzanian and African American
women. 1824 In German caucasian patients,
high resolution PCR oligotyping has revealed
that DQB1*0301 and 0303 are the primary
risk alleles for squamous cell cervical cancer.2'
Similar high resolution typing in African Am-
ericans" has demonstrated that of the
DQB1*03 allele family, only DQB1*0303
(along with DQB 1 *0604) is a risk allele, whilst
in Tanzanian patients the HLA association is
with DQB 1*0602.21 These epidemiological
differences may reflect ethnic variation in HLA
class II allele frequencies and linkage dis-
equilibria between the populations studied or
differing criteria for patient recruitment into
the various studies.

In addition to the documented HLA class II
DQB 1 genetic associations with carcinoma of
the cervix, some studies have reported that
HLA-DQB 1*03 associated alleles may pre-
dispose to CIN.2526 Furthermore, a significant
association has been demonstrated between
particular HPV subtypes (HPV 16 and 18) and
the presence of the DQB1*0602 allele.2'27
In one of these studies2' patients who had
the best prognosis were negative for the
three squamous cell carcinoma associated
DQB1*0602, 0301 and 0303 alleles.
The HLA class I B*07 allele may also be

associated with poorer clinical outcome in cer-
vical cancer and in HPV 16 infected HLA-
B*07 individuals, a consistent variation in the
HPV 16 E6 oncoprotein sequence has been
identified, which alters the HLA-B*07 binding
epitope in a way likely to influence immune
recognition by cytotoxic T lymphocytes.28
Thus, HLA genotype, HPV strain and genetic
variation within that strain may be involved in
predisposition to cervical carcinoma or pro-
gression from low grade CIN. However, the
association between HLA alleles and sus-
ceptibility to infection by subtypes ofHPV and
the interaction between these risk factors in
the development of CIN and squamous cell
carcinoma of the cervix have yet to be de-
termined.

Other virus associated malignancies
HIA associated susceptibility to several other
forms of virus related malignancies has also
been described, including HLA-DR5 and Ka-
posi sarcoma,29 HLA-A1, B12 and DR7 with
Burkitt lymphoma,30 and an association among
HTLV-1 infection, adult T cell leukaemia and
HLA has been suggested.3' In addition, the
occurrence of skin cancer in the normal popu-
lation has been shown to be associated with
HLA-DR1`-`4 and with HIA-DR7 in renal
transplant recipients.3536 This difference may
reflect a different aetiology of skin cancer in
renal transplant recipients, when immuno-
suppressive therapy renders the patients
susceptible to frequent infections with HPVs,
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although a causal role of HPV in the de-
velopment of skin cancer has yet to be con-
firmed.

Cutaneous melanoma
There is evidence that HLA class II alleles
contribute to the immune response against the
tumour in cutaneous melanoma. While earlier
studies based upon serological typing have vari-
ably suggested that there is an association
between HLA-DR and susceptibility to melan-
oma,3738 a recent study using PCR oligotyping
has demonstrated a highly significant as-
sociation between cutaneous melanoma and
HLA-DQB 1*0301 in American caucasians.39
Furthermore, the presence of DQB1*0301 in
these patients was also associated with more
advanced disease, such as thicker primary tu-
mours and a higher occurrence of local or
distant metastatic spread.39 The mechanism for
this HLA-DQB 1 association with melanoma
remains unclear. However, it is possible that
the DQB1*0301 allele regulates the immune
response to melanoma through lack of ex-
pression ofHLA-DQ on the tumour or effector
cell surface, with the resulting lack of pre-
sentation of class II associated tumour specific
peptides to T cells. Expression of the
DQB1*0301 allele could also stimulate CD4
suppressor T cells, suppressing an effective
immune response to melanoma. T-here may
also be a gene linked to regulating the anti-
melanoma immune response and linked to
HLA-DQB.

Coeliac disease and enteropathy
associated T cell lymphoma
With few exceptions, there has been little in-
vestigation ofpossible HLA genetic associations
which might contribute to the development of
lymphoma. Some recent results from our
laboratory concerning the relation between
coeliac disease and enteropathy associatedT cell
lymphoma are therefore ofinterest because they
suggest that HLA class II genetic polymorphism
not only predisposes to coeliac disease, but also
influences the development of malignancy
within this benign enteropathy.

Coeliac disease is an immune mediated dis-
ease of the small intestinal mucosa char-
acterised by flattening of the small intestinal
villi and non-specific malabsorption, elicited
by the ingestion of gluten, a protein found in
several cereals, including wheat, rye, barley,
and oats. While it had been known for some
time that susceptibility to coeliac disease is
associated with particular HLA class II poly-
morphisms, the extensive studies performed in
the Eleventh International Histocompatibility
Workshop confirmed that susceptibility to coel-
iac disease is primarily associated with ex-
pression of a particular HLA-DQ heterodimer
(HLA-DQ[cxl*0501,p1*0201]).2 The alleles
encoding this heterodimer may be located in
cis or trans configuration. The precise genetic
mechanism involved in disease susceptibility is
not clear; however, it has been shown that
activated T cells derived from small bowel

lamina propria biopsy specimens taken from
DQA1*0501, DQB1*0201 patients with coel-
iac disease can recognise oc-gliadin (gluten) de-
rived peptides when presented by cells bearing
the DQA1*0501, DQB1*0201 heterodimer,
encoded in cis or trans. This demonstrates
that HLA-DQ molecules can effectively present
antigenic peptides to T cells in the target
organ.40 Patients with coeliac disease are at a
greater risk of developing malignancy than the
general population. These tumours are prin-
cipally malignant lymphomas, including those
of gastrointestinal origin. The latter are of a
high grade, have a T cell genotype and have
been designated enteropathy associated T cell
lymphoma.4' However, controversy reigns over
whether enteropathy associated T cell lymph-
oma arises in pre-existing coeliac disease or is
in fact a distinct entity, with a precursor stage of
low grade lymphoma, masquerading as coeliac
disease.4243

In order to investigate the genetic relation
between coeliac disease and enteropathy as-
sociated T cell lymphoma and to distinguish
between these conflicting models of the origin
of malignant enteropathy, we studied HLA
class II DRB1, DQA1 and DQB1 poly-
morphism in patients with uncomplicated coel-
iac disease and enteropathy associated T cell
lymphoma, all of UK caucasoid origin, using
PCR oligotyping of paraffin wax biopsy speci-
men derived DNA.44 Our results demonstrated
highly significant increases in frequencies of
DRB1*03 and DQA1*0501, DQB1*0201
genotypes both the patients with un-
complicated coeliac disease and in those with
enteropathy associated T cell lymphoma when
compared with controls. These data suggested
that enteropathy associated T cell lymphoma
arises in the same genetic background as coeliac
disease. However, some differences between
the two patient groups were also observed. In
addition to an increase in DRB 1*0304
heterozygosity in the patients with enteropathy
associated T cell lymphoma and an increase in
DRB 1*0307 heterozygosity in those with
coeliac disease, the most notable difference was
an absence of DQB1*0201 homozygosity in
the patients with enteropathy associated T cell
lymphoma compared with a highly significant
increase in DQB1*0201 homozygosity in those
with coeliac disease. The genotypes of patients
with late onset coeliac disease also resembled
those of patients with enteropathy associated
T cell lymphoma more closely than those of
patients with early onset coeliac disease. Con-
sidering these and other studies ofDQB 1 alleles
in coeliac disease,4546 it can be postulated that
in DQA1*0501, DQB1*0201 individuals, the
presence of a second DQB 1*0201 allele (along
with other HLA or non-HLA genetic in-
fluences) predisposes to earlier onset or more
severe coeliac disease, leading to earlier diag-
nosis and treatment. However, non-HLA-
DQB 1*0201 homozygous individuals may
show sub-clinical symptoms, which if left un-
detected and untreated, could result in the
evolution of neoplastic T cell clones from poly-
clonal T cell populations in the enteropathic
bowel. Thus, the continuing antigen drive (de-
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rived from wheat gluten) in coeliac disease may
be a prerequisite for the subsequent de-
velopment of lymphoma. Paradoxically, in
those patients with HLA class II DQB 1 (and
possibly DRB 1) genotypes, which predispose
to more severe symptoms in coeliac disease, this
antigen drive may indirectly provide protection
against the subsequent development of lymph-
oma.

Colorectal carcinoma
In adenocarcinoma of the colon a 1 3Asp muta-
tion in the K-ras oncogene constitutes 25-30%
of all K-ras mutations found in colorectal car-
cinomas. One recent study showed that this
mutation was recognised by HLA-DQB 1*0301
restricted T cells in a patient with colorectal
carcinoma." In addition, the same study
showed that in a large series of patients with
colorectal cancer, the presence of the
DQB 1 *0301 allele seemed to have a modifying
effect on the development of the carcinoma,
with fewer tumours reaching advanced Dukes'
stages when the DQB1*0301 allele was pres-
ent.47 This would appear to be a clear-cut
example of a particular HLA specificity playing
a protective role against malignancy, by a pre-
sentation of a tumour associated antigenic pep-
tide to host T cells.

Defective immune surveillance in
malignancy
While the above examples are not exhaustive,
they have been chosen to illustrate specific
aspects of some of the mechanisms by which
particular HLA polymorphisms may pre-
dispose to or protect against the development
of malignancy. However, as expression ofHLA
class I molecules normally occurs on virtually
all nucleated cells, one method by which
tumour cells could avoid a CD8 cytotoxic T
cell response would be via deficient HLA class
I expression. Again, clearly documented ex-
amples exist. In Hodgkin's disease, while Reed-
Stemnberg cells strongly express HLA class II
antigens, a recent study has shown that ex-
pression ofclass I antigens is absent,48 providing
an explanation for the lack of a CD8 T cell
response against Reed-Stemnberg cells in this
disease. The study which provided evidence
that HLA-B*07 was associated with a poorer
clinical outcome in cervical carcinoma also
demonstrated a loss of HLA-B*07 expression
in the cervical tumour cells (reviewed in 28).
Loss of HLA-B*07/B*40 expression has been
shown to be highly correlated with the meta-
static spread of cervical neoplasia.2" In addition,
HLA class I expression is frequently absent or
reduced in colorectal carcinoma cell lines. In
some cases the genetic defect leading to absence
of class I antigen expression would seem to be
in the 3,-microglobulin gene.49 This absence
of P,-microglobulin expression correlates with
a "mutator" phenotype, leading to a DNA
mismatch correction defect. These data suggest
therefore that "mutator" tumour cells have
undergone selection to evade T cell surveillance
via loss of HLA class I expression.

Conclusions
While the bulk of HLA and disease studies
have concentrated on benign, immune
mediated conditions, the growing body of
literature now supports a priori expectations
that the extensive HLA class I and II poly-
morphism should lead to variations in anti-
tumour surveillance between individuals. Clear
examples indicate that particular HLA alleles
or haplotypes predispose to the development
of specific malignancies. As viral aetiologies
and tumour specific mutations are uncovered
in more malignancies, the basis for some of the
reported HLA associations with malignancy
will become clearer. The widespread ap-
plication of high resolution PCR based
methods for HLA typing will increase the scope
for further studies, particularly when such
methods can be applied to DNA derived from
stored, paraffin wax embedded biopsy speci-
mens. Studies of HLA expression in malig-
nancy will also yield further examples of
tumours evading T cell immune surveillance
by downregulation or absence of HLA class I
antigen expression. Such malignancies, if also
shown to have a mutator phenotype, may pres-
ent particular therapeutic problems.49 Despite
this, studies of HLA polymorphism in malig-
nant disease, together with the identification
of specific tumour associated antigen HLA
binding epitopes should ultimately provide a
new approach for the design of appropriate
anti-tumour vaccines.
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