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A B S T R A C T An association between Graves' dis-
ease and the human leukocyte antigen (HLA) system
has previously been reported. The disease was more
strongly associated with the HLA D locus antigen Dw3
than with HLA B8.- Products of the HLA D locus are
determined by the interaction of test cells with stand-
ard typing lymphocytes, a technically difficult proce-
dure. Recently, it has been possible to type serologi-
cally for D locus related (DRw) specificities on pe-
ripheral bone marrow-derived (B) lymphocytes. Blood
B lymphocytes from 50 unrelated controls and 41 pa-
tients with Graves' disease were typed for seven HLA
DRw specificities. 28 patients with Graves' disease
(68%) were positive for DRw3, in contrast to 14 con-
trols (28%); whereas only 21 patients (50%) were HLA
B8 positive, compared with 13 (26%) controls. Thus,
positivity for DRw3 afforded a relative risk for Graves'
disease of 5.5, whereas that for HLA B8 amounted to
3.0. Additionally, a family with multiple cases of
Graves' disease in which the disease was previously
shown to be inherited with the haplotype, was linked
to DRw2, which suggests that the susceptibility to the
disease was inherited in association with that antigen.
Two HLA B/glyoxalase recombination events were ob-
served in this family; in both instances HLA DRw fol-
lowed HLA B. This study thus demonstrates that the
disease susceptibility gene for Graves' disease is in
strong linkage disequilibrium with DRw3; however,
it may be associated with other DRw specificities and
inherited within family units in association with them.

INTRODUCTION
The human leukocyte antigen (HLA)' complex is de-
termined by a number of genes, several of which have
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been identified and individually designated (HLA A,
B, C, and D). The first three are serologically de-
tected; the D gene codes for the expression of products
detected in the mixed lymphocyte culture reaction.
Many other genes are known to be located near or in
the HLA complex (1).

In mice, genetic mapping has shown that genes
which control the immune response are located be-
tween those of the D and K determinants of the major
histocompatibility complex (2), and may not be separa-
ble from those coding for Ia surface antigens (3). The
I-region associated (Ia) antigens appear to determine
the intensity of the mixed lymphocyte culture reaction
(4), and are probably analogous with the lymphocyte-
defined antigens of man (5).
Although the precise relationship of I-region asso-

ciated (Ia) antigens to immune response (Ir) gene
effects is not known, there is considerable reason
to believe that Ir gene products are expressed on thy-
mus-dependent (T) cells (6, 7). There is, however, evi-
dence which indicates that Ir gene effects may also be
functionally expressed on bone marrow-derived (B)
lymphocytes (8). Ia antigens have been identified as
components of antigen-specific helper factors (8), anti-
gen-specific suppressor factors (9), and antigen-non-
specific "allogeneic effect" factors (10). They are also
involved in the mediation of immunoglobulin (Ig)M/
IgG switch in the course of the humoral immune re-
sponse (11).

In recent years, a large number of human diseases
have been found to be associated with certain HLA

Glo, red cell glyoxalase I; HLA, the first (A) human leuko-
cyte antigen discovered, (the term is now used to cover a
genetic system composed of four loci identified as A, B, C,
and D); HLA DRw, HLA D locus related antigens; I, part
of the mouse histocompatibility complex between the K
and D regions and nearer K; Ia, or I-region associated
antigens are controlled by genes in this region; Ir, or
immune response genes map in the I region and control the
capacity to respond to certain antigens; T lymphocytes, thy-
mus-dependent lymphocytes.
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antigens (12). These disease associations may be
broadly divided into those in which the primary asso-
ciation is with D locus alleles, and those whose asso-
ciations are stronger with the A, B, or C alleles; dis-
eases that belong to the first category have in common
an autoimmune basis. In analogy with the mouse histo-
compatibility complex, it is not unreasonable to suspect
that the disease susceptibility genes in those instances
would be identical to the D locus or map in the vi-
cinity of that locus. The realization that certain human
pregnancy sera could block stimulation (by B cells) in
the mixed lymphocyte culture reaction raised hopes
which were subsequently justified that the polymor-
phisms of D locus related specificities (DRw) may be
serologically identified (13).

In this report, we describe the development of local
reagents capable of typing HLA DRw specificities and
the use of these sera to define DRw antigens among
unrelated patients suffering from Graves' disease. We
have also examined inheritance of these specificities
along with products ofHLA A, B, and C loci in a family
with multiple cases of Graves' disease.

METHODS
The sera. 740 pregnancy sera were studied, after absorp-

tion with platelets pooled from 50 different donors. The sera
were screened for the presence of B lymphocytotoxic anti-
bodies against a panel of 113 persons with a wide variety of
HLA phenotypes. 90 sera (12%) were found to react against
one or more of the lymphocytes of the 113 individuals tested.
These sera were specifically cytotoxic for B cells, in that when
tested against the same individual's T lymphocytes no paral-
lel pattern of reactivity was observed.
The employing of 2 x 2 chi-square analysis of the serum

reactions and comparing each serum in turn with every other
serum (14) led to the definition of 45 clusters.

Specificity. The specificities of the sera which define each
of the 45 clusters were established in three ways. Firstly, we
retyped 14 individuals who were assigned DRw specificities
during the Seventh International Histocompatibility Testing
Workshop. Secondly, we included in the panel a number of
individuals previously typed for the D locus by homozygous
cell typing (Courtesy of E. Thorsby); the following antigens
were identified: Dw2, Dw3, Dw6, and Dw7. Thirdly, we par-
allel-typed a panel of 49 donors with 12 sera of known DRw
specificity (courtesy of Dr. D. B. Hare, of the National In-
stitutes of Health). It was thus possible to assign DRw speci-
ficities to 35 of the 45 serum cluster groups which defined the
DRw antigens 1-7.
The specificity DRw3 was defined by 13 specific sera, as

well as by 12 multispecific and 'broad sera'. The following
Seventh International Histocompatibility sera specific for
HLA DRw3 were studied in parallel with the local sera: AH
31 5 (E. Thorsby); McCooga (H. Dick); MO 19392 (J. J.
van Rood); P98411 (A. Tilikainen); and B15 IRV (P. I. Tera-
saki). Serum AH 31 5 was found to show the highest degree
of association in the Workshop cluster, corresponding to
DRw3 as well as with HLA Dw3. Eight of our specific sera
had r values of 0.48 or greater (maximum of 0.74) in relation
to this serum (r = Vx77, where n is the number of lympho-
cyte donors tested). The other four VII Workshop sera are
strongly correlated with AH 31 5 as well as with each other.
Two National Institutes of Health sera (Held and

Wankowski, donated by Dr. Rodey, Milwaukee, Wis.) with

DRw3 activity were used to establish the specificity of clus-
ters which contained the 13 DRw3 sera.

Lyophilized rabbit serum as source ofcomplement was pur-
chased from Cedarlane Laboratories Ltd., London, Ontario,
Canada.

Subjects. We studied 41 sequential unrelated patients suf-
fering from Graves' disease and 50 controls with no personal
or family history of thyroid disease and normal thyroid func-
tion tests. All patients and controls were adult Caucasians
drawn from the Avalon Peninsula of Newfoundland. Graves'
disease was diagnosed on the basis of clinical features, thy-
roidal radioiodine uptake and rectilinear scanning, and ele-
vated serum thyroid hormone levels. These 91 individuals to-
gether with a further 40 people were coded and their DRw
specificities determined 'blind' (without knowledge of their
identity or their HLA phenotypes). We also restudied a pre-
viously reported (15) sibship with multiple cases of Graves'
disease. It was now possible to 'split' some of the A and B
locus antigens and type for the C locus as well as for DRw
specificities. Two members of this sibship were found to be
HLA B/glyoxalase recombinants (previously unreported). It
was thus possible to examine the segregation of DRw region
within this family.
Leukocyte separation. Lymphocytes separated from 50 ml

of heparinized blood were used to screen for useful DRw
reagents. Subsequently, 20 ml were used for HLA DRw typ-
ing. Leukocytes were separated by Ficoll-Hypaque (Phar-
macia Fine Chemicals Inc., Piscataway, N. J.) gradient cen-
trifugation (16) and adjusted to 4 x 106/ml. Equal (0.5 ml)
volumes of lymphocytes and of 1% sheep erythrocytes (Con-
naught Medical Research Laboratory, Willowdale, Ontario,
Canada) suspended in tissue culture Medium 199 (Grand
Island Biological Co., Berkeley, Calif.) and 10% fetal calf se-
rum (Grand Island Biological Co.) were mixed and incubated
at 37°C for 15 min, and subsequently held at 4°C overnight.
The percentage of cells that formed rosettes was determined
microscopically after gentle resuspension. The contents of
several tubes were pooled, gently layered onto Ficoll-
Hypaque gradients, and spun at 500 g for 30 min (17). The
cells at the interface (B cells) were removed, washed, resus-
pended in medium, and adjusted to 2 x 106/ml. The purity
ofthe B-cell preparation was checked by immunofluorescence
for surface immunoglobulins with fluorescein-conjugated rab-
bit anti-Ig serum (The Wellcome Foundation Ltd., The Well-
come Research Laboratories, Beckenham, Kent, England) and
sheep erythrocyte rosettes for evidence of T cell contamina-
tion. On the average, 70% of the B-cell fraction was positive
for surface immunoglobulins with <10% contamination with
T cells. 90% or greater of the B-cell fraction used for DRw
typing were viable as defined by trypan blue exclusion.
HLA typing. All controls and patients were typed for 14 A

locus antigens and 16 B locus antigens. In a number ofpatients
and controls, as well as in members of the sibship reported,
it was possible to split A9 into Aw23 and Aw24; AIO into
Aw25, Aw26, and Aw34; Bw16 into Bw38 and Bw39; and to
further identify Aw32 and Aw33; Bw4l, Bw42, Bw4, and Bw6;
and Cwl to Cw5 (18). The typing sera panel was extended
with the benefit of the Seventh International Histocompati-
bility sera.
The testing for HLA DRw was carried out with the 90 useful

sera with a two-step complement-dependent microcytotoxic-
ity assay (19).
Other methods. Allotypic variants of properdin-rich factor

B were determined by high voltage electrophoresis followed
by immunoprecipitation (20) and those for glyoxalase (Glo)
as described by Parr et al. (21).

Relative risk, and the statistical derivations therefrom were
calculated as described by Svejgaard et al. (22). Chi-square
tests were used to make comparisons.

Human Leukocyte D Locus Related Antigens and Graves' Disease
109



RESULTS

Reproducibility. 12 individuals were each typed on
two occasions, separated by periods of several weeks,
and DRw specificities assigned 'blind'. Excellent
agreement was observed between serum reactions and
DRw phenotypes (Table I). In only one of the 24 pos-
sible alleles was disagreement observed (4.1%); instead
of DRw1, the disparate allele was typed as a blank.
The number and identity of alleles. By assuming

that one locus codes for DRw, it would be expected
that two antigens would be detected in each individual.
In many instances "extra" serum reactivities were ob-
served. The majority of these reactions did not segre-
gate with any of the seven DRw specificities although
they segregated with HLA in three small sibships stud-
ied. As no instances ofintra-HLA recombination events
were observed, it was not possible to detennine
whether we were looking at the products of two loci,
or Whether these reactivities represented private anti-
ge,ns.

In three instances (two controls, and one patient with
Graves' disease), the serum reactions clearly suggested
the presence of three antigens (triplets). In each case,
family information suggested that one ofthe 3 antigens
was a result of 'extra' reactions (Table II). In 9 patients
and 10 controls, only one DRw antigen could be de-
tected by the reactant sera. B lymphocytes from one
healthy control failed to react against any of the typing
sera. Laboratory error was excluded by repeat testing;

TABLE I
Reproducibility of Serological Reactions and

Antigen Assignments

Correspondence between two tests* DRw phenotype

No. ++ +- -+ -- First test Second test

1 5 1 2 84 2,4 2,4
2 14 2 1 73 1,3 1,3
3 11 2 4 74 3, 3,
4 9 4 1 76 3,6 3,6
5 6 0 2 84 1,7 1,7
6 6 4 3 77 3, 3,_
7t 8 1 2 79 4,6 4,6
8 9 1 3 77 3,4 3,4
9 6 2 4 78 _7 1,7*
10 9 2 1 78 3,4 3,4
11 5 2 2 81 4,5 4,5
12 8 1 2 79 3,7 3,7

Chi-square testing showed that highly significant agreement
was found between the serum reactions in all individuals
studied (X2 > 25).
* + + signifies positivity for stated numbers of sera on both
occasions; + - indicates positivity on first occasion but not
on second and vice versa for - +.
t Disagreement between two phenotype results.

TABLE II
The HLA A, B, C, and DRw Phenotypes among the 41

Patients with Graves' Disease Studied

HLA
Patient
No. A B C

1 1,2
2 2,w30
3 2,28
4 1,11
5 2,3
6 2,w29
7 9,10
8 1,2
9 3,9
10 11,11
11 1,2
12 2,9
13 24,11
14 3,10
15 1,2
16 2,10
17 1,3
18 3,7
19 3,10
20 1,10
21 2,
22 1,2
23 3,_
24 1,28
25 2,
26 1,3
27 1,_
28 1,3
29 9,10
30 3,_
31 2,_
32 2,
33 1,3
34 2,9
35 1,2
36 3,10
37 2,
38 1,2
39 2,9
40 2,9
41 1,_

8,
5,13
12,wl5
w35,_
12,
12,w22,w4,w6
8,w21
8,
7,w35
18,27
5,8
12,17
12,w35
7,8
8,14
12,18
8,18
w40,_
8,w35
8,12
w40,_,w6
8,12
18,wl5
8,w40
7,12
8,w35
8,_,w6
8,_,w6
8,12
7,14
12,w35
8,_,w6
7,8
Bw4O,_
8,17
12,
7,8
7,8
12,18
5,w22
8,w37

ND
ND
ND
CwS
Cw3
ND
ND
ND
ND
ND
ND
Cw4,CwS
ND
ND
ND
ND
ND
ND
ND
Cw2 Cw3
ND
Cw3
ND
ND
ND

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND
ND

DRw

3,7
5,7
7,
4,_
1,7
2,4
3,_
3,4
2,4
3*
1,3
3,4
7,_
2,3
3,
3,_
2,3
1,4
1,
3,7
4,6
3,4
4,6
3,7
2,7
1,2
3,7
3,4
3,4
3,4
3,_
3,*
2,3
3,5
3,7
4,
2,3
3,4(6)1
3,5
2,3
3,_

ND, Not done.
-, Tested but not detected.
* Both found to be homozygous DRw3 by family studies.
4 Three antigens were detected on the basis of serological
reactions. In the control group, two individuals ofphenotypes
1,7(5) and 2,3(4) were detected. Family studies in these three
persons excluded the presence of the specificity in bracket.

the same individual also yielded similar results with
VII Workshop typing sera (Table II).
HLA results. HLA B8 was the only antigen for

which significant deviations were observed in the
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Graves' disease group compared with controls (Table
II). 21 out of 41 patients with Graves' disease were
HLA B8, compared with 13 out of 50 controls. Thus,
positivity for HLA B8 conferred a relative risk for
Graves' disease of 2.99 (95% confidence limits: 1.24-
7.21) (22). This result was significant at the 2.5% level
(X2 = 5.944). The rate of presumed HLA B8 homozy-
gosity was observed (Table II) to be increased among
the patients who suffered from Graves' disease (5 or
12.5%) compared with control subjects (2 or 4%). The
difference between the patients and control in this
series was, however, not significant (X2 = 2.2, P > 0.1).
Table III shows that HLA DRw3 was the only anti-

gen observed to be significantly increased among the
Graves' disease group. Positivity for DRw3 resulted in
a relative risk for Graves' disease of 5.4. In contrast
to the increase of HLA B8 homozygosity among the
Graves' disease group, homozygosity for DRw3 was ob-
served in two patients compared with none in control
subjects. In both patients, homozygosity for DRw3 was
confirmed by family studies.
No correlation was found between HLA DRw3 posi-

tivity and goiter size, presence of ophthalmopathy, or
thyroid autoantibody titres.
Family data. Fig. 1 depicts the sibship that con-

tained four members who had suffered from Graves'
disease (15). The disease susceptibility entered this
family with the maternal haplotype HLA A24, Bw39,
Bw6, Cw-, and DRw2. Three out of four children to
whom this haplotype was transmitted suffered from
Graves' disease. It is of interest to note that despite
the historical evidence that the two parents were un-
related, they were completely identical at one haplo-
type (A24, Bw39, Bw6, Cw-, DRw2, properdin-rich
factor [Bf], and GIb2). Bf data was uninformative.
In two offspring, in whom recombination between

HLA B and Glo was found, DRw was observed to fol-
low the B locus.

DISCUSSION

In a discussion of HLA-DRw antigens and the rele-
vance of their associations with disease, two issues
arise: (a) the relationship of HLA DRw to previously
established HLA specificities and (b) whether they are
coded for by one or more loci. The Seventh Histocom-
patibility Workshop showed that the correspondence
between HLA DRw serological results and HLA D typ-
ing were far from complete. Serologic testing of B cells
resulted in broader specificities than those identified
by HLA D homozygous cell typing, and narrower than
their definition by cells previously sensitized to known
HLA-D gene products (primed lymphocyte typing)
(23). These findings can be interpreted as follows: ei-
ther (a) we are dealing with a complex molecule, and
each of the three methods of typing look at different

TABLE III
The Frequency ofHLA DRw Antigens Observed among

Controls and Patients with Graves' Disease

HLA DRwantigens 1 2 3 4 5 6 7 *
Graves' disease

(n = 41) 5 8 28t 13 3 2 10 9

Controls (n = 50) 12 14 14 14 7 6 15 12

x = 5.54 (95% confidence interval 2.24-13.65), x2 = 13.83,
P < 0.0005 (P < 0.0035 after correction for number of
antigens tested).
* No antigen detected with sera used.
t HLA DRw3 is the only antigen with significant association.

parts of that complex; or (b) the HLA D locus-region
codes for several molecular species, each of which, or
combinations of which, are identified by the different
methods of typing. Concerning the question as to
whether DRw specificities are coded for by one or more
loci, recombinant family data suggested that DRw rea-
gents may identify gene products of a second locus (24,
25) probably in the vicinity ofHLA A (24). Additionally,
comparison of primed lymphocyte and DRw typing
suggested the presence of a locus mapping separate
from DRw (26). At this stage of the art, and in the ab-
sence of family studies on intra-HLA recombinants,
it is not possible to exclude the possibility that the
additional specificities identified may represent pri-
vate antigens that were not absorbed by platelets. This
is, however, unlikely to be the explanation for the
primed lymphocyte typed specificities. In our data we
found examples of individuals whose B lymphocytes
demonstrated extra reactions, which were heritable
and segregated with HLA. In view of the high fre-

f/I-- a/b c/d e/--

153 9

b/f a c c a/c b/d /d a b/d a/d Ic/e

105 118 178 102 124 101 104 107 106 100 225

FIGURE 1 The sibship studied 0 = Females, O = Males,
* = Family members who had suffered from Graves' disease.
a = A24, Bw39, Bw6, Cw_, DRw2, BfS, G1o2; b = Aw25, B12,
Bw4, Cw5, DRw7, BfS, Glo'; c = A24, Bw39, Bw6, Cw_,
DRw2, BfS, G1b2; d = A2, B17, Bw4, Cw6, DRw4, BfS, G1b2;
e = Al, B8, Bw6, Cw_, DRw_, BfS, GIb2; f = Aw32, B18, Bw6,
Cw, DRw_, BfS, GIb2. (-------) signifies illegitimacy, first sus-
pected on the basis of the HLA results, and later confirmed
by typing for 23 polymorphisms. (x) indicates cross-over be-
tween HLA B and Glo loci on the b haplotype in both No.
101 and 105. Although it is customary not to accept more than
one recombinant in a sibship, we have retained the two HLA
B/Glo recombinants observed (No. 105 and 101) in view of
the reported distance between the two loci (three recombina-
tion units).
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quency ofthe extra reactions among the people studied,
it was unlikely that these represented private antigens.
As concerns the occurrence of apparent triplets, these
were probably related to multispecificity of some sera.
Against this background, we have used specific re-

agents to type patients with Graves' disease for HLA
DRw antigens. Our results showed that HLA DRw3
was increased among patients with Graves' disease and
resulted in a stronger association than that conferred
by HLA B8. It was previously known that HLA B8
and HLA Dw3, which show marked linkage disequi-
librium (27), were increased among patients with
Graves' disease compared with controls (28-31). A
stronger association with Graves' disease was observed
for HLA Dw3 than for B8. We reported earlier that
apparent (in the absence of family data) homozygosity
for HLA B8 increased the relative risk for Graves' dis-
ease several-fold over heterozygosity (29). Without typ-
ing for HLA-D (or HLA DRw) it was not possible to
answer the question of whether the disease suscepti-
bility gene was recessive or whether HLA B8 homo-
zygote individuals were more likely to be HLA Dw3
positive than heterozygotes; family data (15) was more
in keeping with a modified dominant mode of inherit-
ance. We now find no increase of HLA DRw3 homo-
zygosity over that expected. This finding along with
the stronger association of Graves' disease with DRw3
suggests that the susceptibility to the disease is in-
herited as a dominant character (15). Such a mode of
inheritance is in agreement with what has been de-
scribed for Ir genes in the murine system. While the
presence of thyroid-stimulating antibody, known to be
causally related to Graves' disease, did not appear to
be associated with HLA B8 positivity (32), it was shown
that the disease in HLA Dw3 (and HLA B8) positive
individuals was less likely to remit after antithyroid
drug therapy compared with Dw3 negative patients,
which suggests persistance of thyroid-stimulating anti-
body in the former (31, 33). This interesting possi-
bility, however, needs to be substantiated by formal
thyroid-stimulating antibody assays.

In the family included in this study, Graves' dis-
ease was associated with the maternal haplotype HLA
A24, Bw39, Cw_, DRw2, BfS, and Glo2. This haplo-
type was passed on to four offspring, three of whom
went on to develop Graves' disease. This family
does not provide evidence for the inheritance of
the susceptibility to Graves' disease in associa-
tion with the DRw locus rather than the A, B, or C
(31) loci. However, the fact that we have demon-
strated that the susceptibility was more closely asso-
ciated with HLA DRw3 is more in keeping with such
an assumption. The association and inheritance of
DRw2 with Graves' disease is direct evidence that the
association with Bw39 was not a result of a chance
linkage of that antigen with DRw3. This finding also

stresses the fact that Graves' disease may be associ-
ated with DRw alleles other than DRw3; and that once
the linkage between the disease susceptibility gene
with DRw2 is established, both are inherited closely
together (with no evidence ofrecombination). It is clear
that the disease susceptibility gene is not identical with
HLA DRw3, but is in linkage disequilibrium with it.
It is also randomly associated with other HLA DRw
alleles.
The two Glo/HLA recombinants observed in this

family show that the DRw follows the HLA B locus,
which suggests that the chromosomal break occurred
outside the D region.

In conclusion, typing for HLA DRw specificities
showed that only two-thirds of patients with Graves'
disease were positive for HLA DRw3. Further work is
clearly indicated to pursue stronger associations with
the disease. Refinement of serological typing for the
equivalent of the apparently heterogeneous HLA Dw3
(34) as well as typing for products of other loci in the
HLA region are two such approaches.
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