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HLA association with dermatitis herpetiformis is
accounted for by a cis or transassociated DQ
heterodimer

M A Hall, J S S Lanchbury, W J Bolsover, K I Welsh, P J Ciclitira

Abstract
HLA-DR, DQ, and DP restriction fragment
genotyping was undertaken in 23 dermatitis
herpetiformis patients and 53 healthy control
subjects. HLA-DQw2 was present in 100% of
patients with dermatitis herpetiformis (23 of
23) versus 40% of control subjects (21 of 53).
Significant secondary associations occurred
with HLA-DR3 (91% of patients versus 28% of
control subjects) and DPwl (39% of patients
versus 11% of control subjects). Dermatitis
herpetiformis and coeliac disease thus share
an identical HLA class II association. It is
likely that HLA class II genes directly influence
the immune responses leading to mucosal
damage in both diseases. The strongest
candidate for disease susceptibility to
dermatitis herpetiformis is DQw2. The HLA
molecule most likely to be involved in coeliac
disease is a specific DQt/DQI3 heterodimer,.
encoded in cis arrangement in DR3 haplotypes
or in trans arrangement in a DR5, 7 genotype.
Our data on dermatitis herpetiformis patients
fits this model perfectly. All these patients are
capable of expressing this molecule, which
may be responsible for the gluten sensitive
enteropathy seen in a subgroup ofpatients with
dermatitis herpetiformis and coeliac disease.
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The common classic form of dermatitis
herpetiformis is characterised by an itchy
blistering skin eruption and granular IgA
deposits at the dermoepidermal junction in an
area not affected by the rash. Patients with
classic dermatitis herpetiformis may exhibit
gluten sensitive enteropathy, and the disease is
associated with particular HLA class I and class
II antigens. A less frequent form (seen in 10-15%
of patients) is distinguished by linear IgA
deposits at the dermoepidermal junction. This
latter group have a normal or minimally abnormal
intestinal mucosa and a normal or only slightly
increased prevalence ofparticularHLA antigens.
Because there is some controversy over whether
this group is a subtype of dermatitis herpeti-
formis or a different disease altogether, these
patients have been excluded from the study.
Most patients with the classic form of dermatitis
herpetiformis have no overt gastrointestinal
symptoms. Gastrointestinal morphology is
essentially identical to that seen in patients with
ordinary coeliac disease, albeit less severe and
more patchy. '

Previous serological studies point to the
importance of a locus in the human major
histocompatibility complex in determining
susceptibility to dermatitis herpetiformis. HLA

class I antigens Al and B8 were initially shown to
be associated with dermatitis herpetiformis.2'
Recent studies, however, suggest that the HLA
class II antigens HLA-DR3 and DQw2 are more
strongly associated with the disease.'-' These
data indicate that the primary association of
dermatitis herpetiformis is with the HLA class II
region which includes loci encoding DR, DQ,
and DP antigens. Any class I association is
probably due to linkage disequilibrium. An
identical association with the HLA-DR3 DQw2
haplotype has also been documented in coeliac
disease.9 '° A role for HLA in dermatitis herpeti-
formis is further suggested by comparisons of
racial incidence versus HLA antigen frequency.
This disease is very rare in Japan where the HLA
B8 DR3 haplotype is almost absent in the normal
population."

Recent evidence strongly implicates the HLA-
DP subregion in susceptibility to coeliac
disease. 12-14 We and other investigators have
shown that an extended HLA-DR3 haplotype
including DPwl is raised in coeliac disease.`
Using primed lymphocyte typing it has been
shown that this extended haplotype is also highly
represented in dermatitis herpetiformis.8

Patients and methods
Twenty three unrelated white patients with
dermatitis herpetiformis were selected on the
basis of clinical and histological features of the
disease and the presence of granular deposits of
IgA in an area of the skin not affected by
blistering. All patients had clinical or histological
features, or both, ofgluten sensitive enteropathy,
ranging from total villous atrophy to a raised
intraepithelial lymphocyte count. Controls were
53 healthy unrelated white subjects without any
evidence of dermatitis herpetiformis. Patients
and control subjects were typed for HLA-DR,
DQ, and DP antigens using restriction fragment
length polymorphism analysis.

GENOTYPING BY RESTRICTION FRAGMENT LENGTH
POLYMORPHISM ANALYSIS
Genomic DNA was extracted from whole blood.
Altogether 10 Rg DNA were digested with 50
units of restriction enzymes TaqI and MspI
according to the manufacturers instructions
(Gibco BRL). Digested DNA was electro-
phoresed on 0-6% agarose gels for 16 hours at 60
v (TaqI digested DNA) or 40 v (MspI digested
DNA). Gels were Southern blotted onto
Hybond-N according to manufacturers instruc-
tions (Amersham).

Probes used were a DRB1 SacI/Hind III
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fragment of PII-j3-4,'7 a DQB1 AvaI fragment of
p1-P13-1,'8 a DQA1 Apal fragment of PII-(3-5,'9 a
DPB1 RsaI-HpaI fragment of p1 13-7,20 and a
DPA1 EcoRI fragment of pDAccl3b.2' The
probes were 32p oligolabelled to specific activities
of 3-5x 109 counts per minute per ,ug DNA.
Filters were prehybridised, hybridised, and
washed at 65°C according to standard methods
(Amersham) and autoradiographed on for one to
seven days. TaqI filters were hybridised with
DRB1, DQB1, DQA1, and DPA1 while MspI
filters were hybridised with DPB1.

POLYMERASE CHAIN REACTION AMPLIFICATION OF
GENOMIC DNA
Amplification of DNA was based on the
procedure of Saiki et al.22 For a standard reaction,
1 jig genomic DNA was subjected to 30 cycles of
polymerase chain reaction using 2.5 units ofTaq
Polymerase (Perkin Elmer-Cetus) and DPB1
specific primers 259C and 257C at a 1 [imolll
concentration as previously described.'6 These
primers span a 291 base pair segment encoding
the hypervariable regions of the DPP3 chain
responsible for allelic variation. Each cycle con-
sisted of 95°C denaturation (1-3 minutes), 55°C
annealing (two minutes), and 72°C extension
(three minutes), except for the initial denatura-
tion step (95°C for 4.3 minutes) and the last
extension step (72°C for 10 minutes).

ANALYSIS OF POLYMERASE CHAIN REACTION
AMPLIFICATION PRODUCTS
Ten per cent of each polymerase chain reaction
product was electrophoresed and blotted onto
Hybond-N according to standard procedures

TABLE I Oligonucleotide probes definingDPwl associated nucleotide sequences

Amino DPB allele
Name Sequence acids specificity

258C 5'TACGTGTACCAGGGACGGC 7-12 1,15,18
401D 5'GTCTGCATACCCTGTCC 74-78 1,3,7,8,9,10,12,14
402D 5'AGGAGTACGCGCGCTTC 34-38 1,11,13,15
849D 5'GAGCTGGTCGGGCCCAT 84-88 15,18

TABLE II HLA class II genotype and oligonucleotide data in 23 patients with dermatitis
herpetiformis

Patient HLA class II genotype Oligonucleotide data

DR DQ DP 258C 401D 402D 849D

FB 3,7 2a2b 1,1 + + +
JB 3,7 2a2b 1,4 + + +
DC1 2,3 lb2a 1,4 + + +
JC1 3,3 2a2a 1,4 + + +
JC2 3,7 2a2b 4,3/6 - +
DC2 2,3 lb2a 4,3/6
DC3 2,3 la2a 1,2 + + +
MC 5,7 2b3b 4,4 - - - -

EF 2,3 lb2a 1,4 + + +
EG 3,w8 2a3a 4,4
KH 3,w6 la2a 2,5
DH 3,w6 lb2a 4,4
MJ 3,7 2a2b 1,5 + + +
PK 3,7 2a2b 3/6,M1.8 - +
MK 3,w6 la2a 4,3/6 - +
SM 3,w6 lb2a 4,3/6 - +
AR 3,7 2a2b 2,4
BR 2,3 lb2a 4,3/6 - +
RS 5,7 2b3b 4,4 - - - -

CS 2,3 lb2a 4,4
JS 3,4 2a3a 1,2 + + +
BT 3,3 2a2a 4,3/6
WT 1,3 la2a 1,4 + + +

TABLE Ill Comparison ofHLA, DR, DQ, andDP
phenotypefrequencies among dermatitis herpetiformis (DH)
patients and control subjects. Fisher'sp values, relative risks
(RR), and aetiologialfractions (AF) are given belowfor
statistically significant positive associatons

DH (n=23) Control (n=53)
Type % (No) % (No)

DR:
1 - 26(14)
2 26(6) 30(16)
3* 91(21) 28(15)
4 4(1) 28(15)
5 9(2) 13(7)
w6 17(4) 24(13)
7 35(8) 28(15)
w8 4(1) 6(3)

DQ:
wl 48 (11) 66(35)
w2t 100(23) 40(21)
w3 17(4) 47(25)

DP:
wif 39(9) 11(6)
w2 17(4) 25 (13)
w316 26(6) 49 (26)
w4 70(16) 81(43)
w5 9(2) 9(5)
M1-8 4(1) 6(3)

* p= 19x 10-',RR=22, AF=0-88. t p= 1*7x 10-', RR=68,
AF= 1.00. 4 p=0-008, RR=48, AF=0-32.

(Amersham). Duplicate filters with adjusted
polymerase chain reaction products were each
hybridised with one of a series of four sequence
specific oligonucleotide probes. Probe speci-
ficities are given in Table I. Subjects who are
positivewith258C, 401D, and402Dandnegative
with 849D have the DPB1 allele which is associ-
ated with the DPwl specificity.

Oligonucleotide probes were end labelled,
purified, hybridised, and washed according to
published methods.23 Hybridisation was carried
out at 52°C (19mer oligonucleotide 258C) or 48°C
(17mer oligonucleotides 401D, 402D, and 849D)
for three hours followed by stringent washing at
56°C (258C) or 52°C (401D, 402D, and 849D) in
3-2M tetramethylammonium chloride (Fluka)
1% sodium dodecyl sulphate. Filters were auto-
radiographed for two to 12 hours at -70°C.

Statistical comparison of patient and control
subject data was carried out using Fisher's exact
test. Relative risks and aetiological fractions
were calculated using the Woolf-Haldane
method.

Results
DR and DQ genotypes were assigned according
to the restriction fragment pattern seen from
Taql digests of genomic DNA hybridised with
DRB, DQB, and DQA cDNA probes.24 DP
genotypes were assigned according to the restric-
tion pattern obtained using Mspl and DPB1,
and Taql and DPAl.25 Genotypes assigned to
the dermatitis herpetiformis patients are shown
in Table II. M1.8 is a locally defined allele based
on the presence of both 3.0 kb and 1-8 kb Mspl
DPB1 fragments. Comparisons of the distribu-
tion ofDR, DQ, and DP genotypes in dermatitis
herpetiformis patients and control subjects are
shown in Table III, with the relative risks and
aetiological fractions showing the strength of
association. Since the intention of this study was
to compare the associations ofdermatitis herpeti-
formis with coeliac disease, the p values have not
been corrected.
The strongest association is seen with HLA-
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Southern blot analysis ofpolymerase chain reaction amplified DPBI products fromn 14 DP

genotyped dermatitis herpetiformis patients. Duplicatefilters were hybridised with one ofa series

offour sequence specific oligonucleotide probes. Probe specificities are as follows: 258C is

specific forDPBI,15 and 18; 401D is specific forDPBI,3,7,89,1O,12, and 14, 402D is

specific forDPBIl,11,13, and 15 and 859D is specific forDPBis and 18. Cp63 has been given

the local allele designation Ml .8.

DR3 and DQw2. Twenty one of 23 (91%)
dermatitis herpetiformis patients are DR3
positive compared with 28% of control subjects
(Fisher's exact test p=1. 9x10--7, aetiological
fraction=0.88). Twenty of the 21 DR3 positive
patients have the Taql restriction fragment
length polymorphism pattern associated with the
Al B8 DR3 haplotype.2624 The association with
DQw2 is stronger - all 23 patients type as DQw2
compared with 40% of control subjects (p= 1.7 x
10-7 aetiological fraction= 1 -00). Both these
associations are comparable with those reported
for coeliac disease. DP genotyping shows a

significant increase in the frequency of DPw in
dermatitis herpetiformis patients compared with
control subjects (Table III). Nine of23 dermatitis
herpetiformis patients typed as DPw1 compared
with 6 of 53 controls (p=0.008, aetiological
fraction=0.32). We and others have previously
shown a similar association with coeliac
disease27 1516 and it has also been deduced for
dermatitis herpetiformis (from primed lympho-
cyte typing data).8 The Figure shows the
hybridisation pattern ofour four oligonucleotides
in DP genotyped dermatitis herpetiformis
patients. To confirm the restriction fragment
length polymorphism determined DPw1 geno-

type, oligonucleotide probes targeting specific
DPw 1 associated DPB 1 sequences were used
(Table I). The DPw1 genotype assigned by
restriction fragment length polymorphism
analysis corresponds exactly with the pattern of

hybridisation of the oligonucleotides assigned to
the DPBl allele.

Independently, we have shown the DPB 1
association at the molecular level, using both
restriction fragment length polymorphisms and
oligonucleotide analysis. Since we have shown
that DR3 and DPw1 exist on an extended
haplotype which is raised in coeliac disease, the
results from this study suggest that the same
extended haplotype is also highly represented in
dermatitis herpetiformis.

Discussion
There is firm evidence for a shared genetic basis
for the gluten sensitive enteropathy seen in
coeliac disease and dermatitis herpetiformis.
The strongest clue so far to understanding the
shared pathogenesis is the mapping of suscepti-
bility to the HLA class II region of the human
major histocompatibility complex. This region
contains genes coding for heterodimeric trans-
membrane glycoproteins which determine the
magnitude and specificity ofimmune responses.28
Coeliac disease and dermatitis herpetiformis
share a similar immunopathology, namely T
lymphocyte infiltration into the small intestinal
intraepithelial layer and increased anti-gliadin
antibody concentrations. The fact that the skin
disease of many dermatitis herpetiformis
patients can be controlled by a gluten free diet is
further evidence of a relation. It is reasonable,
therefore, to suppose that HLA class II genes
directly influence specific immune responses
leading to the characteristic mucosal damage.
The first task in understanding the mechanistic
link is to identify the HLA class II locus respon-
sible. This is complicated by the extreme linkage
disequilibrium shown by the Al B8 DR3 DQw2
haplotype associated with both coeliac disease
and dermatitis herpetiformis.

In this study we have examined molecular
polymorphisms associated with DR, DQ, and
DP loci among dermatitis herpetiformis patients
and control subjects in order to isolate the
primary susceptibility allele. Although dermati-
tis herpetiformis was significantly associated
with DR3, DQw2, and DPw1, the strongest
association is with DQw2, which must be con-
sidered the candidate allele for this disease. Since
DR3, DPw1, and DQw2 are in linkage dis-
equilibrium, the increase in DR3 and DPw1 can
be explained by their existence on an extended
haplotype which is highly represented in the
disease population. This conclusion is further
strengthened by recent reports that the HLA
molecule most consistently associated with
coeliac disease is a specific DQw2 DQc/[3 hetero-
dimer encoded in cis arrangement on a DR3
haplotype.2930 Since the same DQa allele is also
shared between DR3 and DR5 haplotypes, an
identical transassociated DQO/DQI dimer could
be expressed by DR5, 7 subjects. Our data on
dermatitis herpetiformis patients fits this model
exactly. The two patients who do not type as
DR3 are DR5, 7 and are capable of expressing
the transassociated DQca/DQI dimer. Thus 100%
of dermatitis herpetiformis patients in contrast
to 32% of control subjects (p=5-2x 10 9, relative
risk= 98, aetiological fraction= 1. 00) have the
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potential to express the dimer in cis or trans
configuration, and this is therefore a stronger
marker for disease susceptibility than DQw2
(p=1 7x 10-', relative risk=68, aetiological
fraction= 1 00). Since the pathogenesis of both
coeliac disease and dermatitis herpetiformis
involves gluten intolerance, it is possible that the
shared association with a DQct/DQf3 dimer pre-
disposes to the enteropathy in both diseases. We
are not, however, able to speculate on whether
this association is present in the subgroup of
dermatitis herpetiformis patients without the
enteropathy since they have not been tested.
What determines the severity of the enteropathy
is not known.

It has been proposed by several investigators
that predisposition to coeliac disease results from
recessive inheritance of alleles at two district
genetic loci. One locus maps to the HLA region
while the other one is uncharacterised.3' 32 It is
likely that the HLA component in both coeliac
disease and dermatitis herpetiformis predisposes
to the enteropathy and that the severity of the
mucosal damage and the skin lesions associated
with dermatitis herpetiformis are the result of
involvement of other genetic loci or environ-
mental factors. Although the existence of the
postulated transassociated DQa/DQP dimer is
strongly indicated by the results, it remains to be
proved biochemically.
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