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A B S T R A C T 21 patients with chronic active hepa-
titis (CAH) and their families were HL-A typed. HL-A8
was significantly increased in frequency. An apparent
increased frequency of HL-A1 was shown to be second-
ary to the increased HL-A8 due to linkage disequilib-
rium. Genotype analysis revealed a striking increased
frequency of homozygosity for HL-A8, 6 of 21 patients
(28.5%) vs. 2.8% of controls. Two patients and one
normal who were homozygous for both HL-A1 and
HL-A8 were found to be homozygous for a mixed lym-
phocyte culture (MLC) determinant 8a. Homozygous
8a cells were used as test-stimulating cells in one-way
MLC reactions to determine the frequency of the ex-
pression of the 8a determinant in 17 patients and 49 con-
trols selected for HL-A type. 8a was found to be asso-
ciated with 50% of HL-A8 haplotypes and was as fre-
quent in the patient and control populations of the
same HL-A types. These data suggest that susceptibility
to CAH is determined by homozygosity for a gene that
is in linkage disequilibrium with HL-A8 and more
closely associated with the HL-A second locus then
with the locus for the major MLCdeterminant.

INTRODUCTION

An increased frequency of HL-A antigens 1 and 8
among patients with chronic active hepatitis was first
reported by Mackay and Morris (1) and confirmed by
Galbraith et al. (2). In this paper we report the results
of HL-A genotyping of 21 chronic active hepatitis
(CAH)' patients and an additional analysis of the fre-

Received for publication 17 April 1974 and in revised
form 19 May 1975.

'Abbreviations used in this paper: CAH, chronic active
hepatitis; MLC, mixed lymphocyte culture; MLR-S, a
locus.

quency of an HL-A8-associated mixed lymphocyte cul-
ture (MLC) determinant, 8a, among patients and con-
trols matched for HL-A types.

PATIENTS ANDMETHODS
The 21 patients in this study were diagnosed as having
CAHby a clinical history of liver disease persisting longer
than 3 mo, and liver biopsy showing the histology of
chronic aggressive hepatitis (3) with or without cirrhosis.
The patient group included 17 females and 4 males rang-
ing in age from 10 to 38 yr. All patients received therapy
with prednisone and/or 6-mercaptopurine for periods of 1-
20 yr. Eight patients were being treated at the time this
study was done. As indicated by a normal serum cerulo-
plasmin and urinary copper excretion, none of these pa-
tients had Wilson's disease. It should be pointed out that
this is a retrospective study done on surviving patients
with CAH who, for the most part, have responded favor-
ably to treatment. In our experience, about one-third of
the patients with an initial diagnosis of CAH fail to re-
spond to therapy and eventually die of this disease; we
do not have any HL-A typing data on this latter group of
patients.

The control group consisted of 216 healthy tumor-free
Minnesota residents who were seen in the Cancer Detec-
tion Center Clinic at the University of Minnesota for an
annual examination. All the controls and patients were of
northern European heritage. The distribution frequency of
HL-A antigens in this small control group does not differ
significantly from the distribution frequency found by
Morris, Metzger, Bluestone, and Terasaki (4) in a group
of 1,863 normal white controls reported from Los Angeles.

HL-A typing. HL-A antigens were determined with a
standard two-stage dye exclusion microcytotoxicity test
(5) using a panel of 90 well-characterized antisera capable
of detecting all defined HL-A and most "W" specificities.
HL-A haplotypes were assigned by conventional methods
(6).

Differences in HL-A antigen frequency between patient
and control groups were tested by x2 analysis. The re-
sulting P values were not corrected for the number of
antigen possibilities as is customary in surveys looking for
abnormal frequency of any one of the many HL-A anti-
gens. In this study it was not necessary to correct the
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resulting P value for the number of HL-A antigens because
we are only confirming previous reports that HL-A1 and
HL-A8 are increased in frequency.

MLC assay. Unidirectional mixed culture reactivity was
determined by a microculture technique described previ-
ously (7). The results were expressed as relative responses
as described by Jorgensen, Lamm, and Kissmeyer-Nielsen
(8). The median response of each responding cell to four
or five unrelated control-stimulating cells was set at 100%.
The relative response to the test-stimulating cells was cal-
culated as follows:

Response to test cells (cpm)
- autologous control (cpm)

Median response (cpm)
- autologous control (cpm)

A responding cell that gave a relative response of less
than 40%, when stimulated by a test cell homozygous for
the MLC determinant, was considered to carry that MLC
determinant. The 40% value was chosen for two reasons:
(a) Jorgensen (8) found that family members who were
known to carry a particularly MLCdeterminant could show
relative responses of up to 40% when stimulated by cells
homozygous for that determinant; (b) In our experiments
the relative responses of control cells, that did not share
any HL-A antigens with the homozygous cells used as the
test cells, ranged from 48 to 207% and appeared to repre-
sent a unimodal distribution.

TABLE I
Frequency of the HL-A Antigens in Patients with CAH

21 216
HL-A CAHpatients Controls x

n % n %
First locus

HL-A1 10 47.6 52 24.1 4.34*
" 2 11 52.5 129 59.7 0.18
" 3 1 4.8 57 26.4 3.7

9 0 - 42 19.4 3.7
" 10 5 23.8 33 15.3 0.5
" 11 3 14.3 22 10.2 0.04
W 19 3 14.3 37 17.1 0.0007
" 28 1 4.8 14 6.5 0.02

Second locus
HL-A5 1 4.8 27 12.5 0.48

" 7 2 9.5 56 25.9 1.97
" 8 13 61.9 39 18.1 19.0$
" 12 6 28.6 67 31.0 0.0002
" 13 1 4.8 13 6.0 0.06
W 5 1 4.8 30 13.9 0.71
" 10 2 9.5 43 19.9 0.75
" 14 1 4.8 11 5.1 0.21

15 0 14 6.5 0.51
17 1 4.8 11 5.1 0.21
18 0 13 6.0 0.43
22 0 2 0.9 0.65
27 2 9.5 14 6.5 0.005

P= 0.05.
P <0.001.

TABLE II
Genotypes for 21 CAHPatients

Patient
no. Phenotype Genotype

1 1,8 1-8 1-8
2 1,8 1-8 1-8
3 1,8 1-8 1-8
4 1,2,8 1-8 2-8
5 1,2,8 1-8 2-8
6 1, 10, 8 1-8 10-8
7 1, 8, W27 1-8 1-W27
8 1, 2, 8, W10 1-8 2-W10
9 2, 11, 8, W5 2-8 11-W5

10 2,10, 8, 5 2-8 10-12
11 2, 11, 8, 5 11-8 2-5
12 2, 8, 12 X-8 2-12
13 W19, 8, W14 X-8 W19-W14
14 2, 10, 12 2-12 10-12
15 2,11, 12 2-12 11-12
16 2,10, 12, W17 2-W17 10-12
17 1, 2, W27 2-W27 1-X
18 1,10, 7, 12 1-7 10-13
19 3, W28, 7, W15 3-7 W28-W15
20 W19, 12 W19-X W19-12
21 W19, 10, W10, W15 W19-W10 10-W15

X = Untypable antigen.

RESULTS
The frequency distribution analysis of HL-A antigens
in patients and controls revealed that both HL-A1 and
HL-A8 are increased in the patient group. HL-A1 was
found in 48% of the patients vs. 24% of controls (P =
0.05), and HL-A8 was found in 62% of patients vs.
18% of controls (P <0.001). None of the other anti-
gen frequencies were significantly different between the
two groups. See Table I.

By studying family members, we were able to assign
genotypes for the HL-A antigens in the patient popu-
lation (Table II). No anomalies in HL-A inheritance
were found in any of the families. Six patients were
homozygous for HL-A8 (28.5%) and seven patients
were heterozygous for HL-A8 (33%), as compared to
2.8 and 15.3%, respectively for homozygous and heter-
ozygous HL-A8 in the control population. Four pa-
tients were homozygous HL-A1 (19%) and six pa-
tients were heterozygous HL-A1 (28.6%) compared
to 0.9 and 23.1% homozygous and heterozygous HL-A1
in the control population. The control genotype fre-
quencies are estimates assuming that a person with only
one typable first or second locus antigen is homozygous
for that antigen. This will overestimate the incidence
of homozygosity because some people who are really
heterozygotes with an untypable antigen at that locus
will be included in the homozygous category. These re-
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TABLE III
Frequency of HL-A Genotypes in 21 CAHPatients

Genotype 21 patients 216 controls x2 P

n % n %
Homozygous 8 6 28.6 6 2.8 21.4 <0.0001
Heterozygous 8 7 33.3 33 15.3 3.25 >0.05
Homozygous 1 4 19.0 2 0.9 18.7 <0.0001
Heterozygous 1 6 28.6 50 23.1 0.08 >0.05

suits, summarized in Table III, indicate that most of the
increased frequency of the HL-A1 and HL-A8 can be
accounted for by the increased numbers of patients
homozygous for these antigens.

We did not find any difference in severity of liver
disease or associated vasculitis symptoms in the six
patients who were homozygous for HL-A8 when com-
pared to the other patients.

MLCstudies were done between patients and controls
selected for similar HL-A types. Stimulation in MLC
has been shown to be a function of a locus (MLR-S)

200-

150

(0

0.

1I00 0

o 2-

0~~~~~~~~~~~~

Controls CAH pts. Controls CAH pts. Controls CAHpts.

HL-A 8 HL-A 8 HL-A 8
Homozygous Heterozygous Negative

FIGURE 1 Relative responses of cells from CAH patients
and normal controls to stimulation by test cells homozygous
for both HL-A and MLR-S determinants Test cell geno-
type HL-A(1 -8)/(1 -8)MLR-S(8a)/(8a). Patients and
controls are grouped according to HL-A type.

TABLE IV
Variability in the Relative Response to the Homozygous 8a Test

Cells on Different Days Using Different Control
Cells to Determine the Median Response

Relative response, %
Responder

cells Test 1 Test 2 Mean

1 0 1 0.5
2 2 8 5.3
3 0 0 0
4 4 7 5.5
5 28 32 30
6 33 30 31.5
7 32 43 37.5
8 62 46 54
9 168 103 135

10 95 83 89
11 60 119 89.5
12 96 78 87
13 153 89 121
14 98 131 114.5

that is closely associated with, but separable from, the
second HL-A locus (9, 10). Recently, several groups
of investigators have suggested the use of a stimulating
cell known to be homozygous for MLR-S, to determine
the frequency of that particular MLR-S allele in a popu-
lation (8, 11-13). Lymphocytes from people who are
either homozygous or heterozygous for the same MLR-S
allele will respond poorly to the homozygous test cells.
In contrast, heterozygous but not homozygous cells will
stimulate homozygous cells.

In preliminary MLC studies between patients and
controls selected for the same HL-A types, we found
two patients and one control who apparently were
homozygous for the same MLR-S allele. One of these
patients was proven to be homozygous for MLR-S in a
family study. Wehave named this allele MLR-S 8a be-
cause it is associated with HL-A8. This patient's cells
were used as the stimulating cell to determine the fre-
quency of MLR-S 8a in 17 of our own patients and in
a population of 49 controls selected for HL-A type. The
test genotype was HL-A (1-8)/(1-8) MLR-S (8a)/
(8a). Wefound that a large proportion of HL-A8-posi-
tive patients and controls were also carriers of MLR-S
8a.

5 of 7 HL-A8 homozygous controls and 2 of 5 HL-A8
homozygous patients carry 8a; 8 of 15 HL-A8 heterozy-
gous controls and 3 of 5 HL-A8 heterozygous patients
carry 8a; none of 27 HL-A8-negative controls and 1 of
7 HL-A8-negative patients carry 8a. These results are
summarized in Fig. 1. The proportion of patients carry-
ing 8a was the same as the controls carrying 8a when
the two groups were matched for HL-A type.
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The relative response values listed in Fig. 1 are cal-
culated from the average of triplicate cultures done on
1 day. 14 of the 66 individuals were tested on a different
day using the same homozygous 8a-stimulating cells
but a different panel of control-stimulating cells to cal-
culate the relative response. These repeat test values
are listed in Table IV. For relative response values
below 10%, the variability is ±+5%. For relative re-
sponse values between 20 and 60%, the variability is

±+10% and for relative response values about 60%,
the variability is + 30%. Only 1 of the 14 retests
resulted in a value on the opposite side of 40%. This
was individual 7, an HL-A8 heterozygote control, who
had one test value of 32% and one of 43%. We con-
clude from these results that single relative response de-
terminations below 30 and above 50% are quite likely
to be correctly assigned; however, there is uncertainty
about the correct assignment to responder and nonre-
sponder groups for single determinations that fall be-
tween 30 and 50%. Only 6 of the 66 individual values
fall into this range, and analysis of our results using
a cutoff of either 30 or 50% as indicating nonresponse
would not significantly alter the interpretation of our
results.

DISCUSSION
This study of 21 CAH patients confirms the previous
reports (1, 2) of an increased frequency of HL-A1 and
HL-A8 among patients with this disease.

Genotype analysis of the patient group revealed a
striking incidence of homozygosity for HL-A1 and
HL-A8. Because the genes for HL-A1 and HL-A8 are
known to occur together on the same chromosome much
more frequently than would be expected for a random
distribution of the two genes in the population, an in-
creased frequency of one of these two antigens in the
patient population might be due to this linkage dis-
equilibrium of the two genes. If that is the case, one
would expect that the association between the two anti-
gens would be higher in the patient group than in the
control group. Analysis of the data for linkage effect
as suggested by Albert, Harms, Wank, Steinbauer-
Rosenthal, and Scholz (14) revealed this to be the case.
In the patient group, 80% of HL-A1 were associated
with HL-A8, as compared to 42% in our control group,
indicating that the increased frequency of HL-A1 is
secondary to the frequency of HL-A8 because of the
linkage disequilibrium between the two genes. In con-
trast, the proportion of the HL-A8 coupled to HL-A1
was the same for the patient and control groups (54
vs. 56%). Analysis of the frequency of HL-A1 and
HL-A8 occurring without association with each other,
shows that HL-A1 occurs without HL-A8 with the
same frequency in the patient and the control popula-
tion (14%). However, HL-A8 occurs without HL-A1

with a higher frequency in the patient than in the con-
trol population (24 vs. 8%). This analysis shows that
the increased frequency of HL-A8 among the CAHpa-
tients is of primary importance, while the increased
frequency of HL-A1 is a secondary effect due to the
linkage disequilibrium between the two genes.

The MLCstudies have identified an MLR-S allele, 8a,
that shows a high degree of linkage disequilibrium with
HL-A8. 8a was found in approximately 50% of per-
sons heterozygous for HL-A8, but was found in only
1 of 34 HL-A8-negative persons. The frequency of
MLR-S 8a was the same in the patient and control
groups when matched for HL-A type. These results
indicate that susceptibility to CAH is more closely as-
sociated with HL-A8 than with MLR-S 8a. This situ-
ation is clearly different from that described by Jersild
et al. (15, 16). They identified an MLR-S allele, 7a,
associated with HL-A7 and showed that patients with
multiple sclerosis have a significantly higher frequency
of 7a than HL-A genotype matched controls. Their
studies indicate that multiple sclerosis susceptibility is
more closely associated with MLR-S 7a than with
HL-A7.

Three explanations for association between suscepti-
bility to disease and histocompatibility antigens have
been discussed by Snell (17) and McDevitt and Bodmer
(18): (a) The HL-A antigen of the cell surface might
be a receptor site for virus attachment; (b) An infec-
tious agent might contain antigens similar to the HL-A
antigens and therefore, the host would be tolerant to
these antigens. This is termed the "molecular mimicry"
hypothesis; (c) The HL-A antigens themselves are
not directly involved, but the genes responsible for
susceptibility are in linkage disequilibrium with the
HL-A genes. This last hypothesis is the most attrac-
tive of the three when trying to explain the need for
homozygosity of an HL-A antigen. The first two ex-
planations predict that the heterozygote would be sus-
ceptible while the third explanation is consistent with
susceptibility associated with either the homozygous or
heterozygous state.

The finding of an increased frequency of homozy-
gosity for the HL-A8 antigen in CAH patients is best
explained if susceptibility to CAH is due to homozy-
gosity for a gene associated with HL-A8. We can con-
struct a model for susceptibility to CAH that is due
to homozygosity for a gene that is in strong linkage
disequilibrium with HL-A8. If this gene is associated
five times more often with HL-A8 than with all other
possible HL-A second-locus alleles, we can assign a
frequency for the haplotype HL-A8 CAH + = 1, and
non-HL-A8 CAH+ = 0.2. Then the relative frequency
for homozygous CAH+ can be calculated for homozy-
gous HL-A8 (1 X 1 = 1); heterozygous HL-A8 (1 X
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0.2 = 0.2); and non-HL-A8 (0.2 X 0.2 = 0.04). When
these frequencies are multiplied by the frequency of HL-
A8 homozygous, heterozygous, and negative genotypes
in the general population (0.028, 0.153, 0.819) re-
spectively, then a relative incidence for the distribution
of HL-A8 genotypes associated with homozygosity for
CAH + is 0.028, 0.031, 0.033. Using this model we
would expect 30% of CAH patients to be homozygous
HL-A8, 34% heterozygous HL-A8, and 36% non-HL-
A8. These expected values are in good agreement with
the actual distribution of 28% homozygous HL-A8, 34%
heterozygous HL-A8, and 38% non-HL-A8 in our pa-
tient population.

It is interesting that the degree of genetic disequilib-
rium needed to make this model fit our data is similar to
the degree of genetic disequilibrium between HL-A8 and
MLR-S 8a. If the degree of genetic disequilibrium is
an indirect measure of the distance between two genetic
loci, then the distance between HL-A8 and MLR-S 8a
should be about the same as the distance between HL-A8
and our postulated genetic locus for a gene governing
susceptibility for CAH. Since we have already estab-
lished that CAH is more closely associated with the sec-
ond HL-A locus than with the MLR-S locus, we are
forced to conclude that the CAH susceptibility locus
is within the HL-A region between the first and second
HL-A loci.

Other investigators have reported finding an in-
creased incidence of immunoglobulin abnormalities and
an increased incidence of antibodies to mitochondria
and smooth muscle in relatives of patients wtih CAH
(19-22). Families with more than one documented case
of CAH have also been reported (20, 21). These re-
sults could be explained either as a genetic propensity
to produce autoantibodies or as a familial exposure to
an infectious agent that carries antigens that cross-
react with mitochondria or smooth muscle. It would be
very helpful to do family studies measuring both HL-A
genotypes and seroimmunologic parameters to determine
linkage between a particular HL-A haplotype in a family
and "auto"-antibody formation.

Several other diseases have been reported to be as-
sociated with an increased incidence of HL-A8. The
most striking association is with coeliac disease (23,
24) and with Graves' disease (25).

It is interesting that Graves' disease and CAH have
been found together in the same patients (20, 21, 26, 27)
but we have not found any reports of an association be-
tween coeliac disease and CAH.

Recently Albert et al. (14) did HL-A genotyping on
50 coeliac patients and did not find an increase in
homozygosity for HL-A8. This suggests that coeliac
disease may be due to a gene that causes susceptibility
in the heterozygous state. The failure to find an asso-

ciation between the two diseases might be explained if
susceptibility to the two diseases is controlled by dif-
ferent allelic genes. Susceptibility to CAH would re-
quire homozygosity for the allelic pair and this would
exclude the possibility of the susceptibility gene for
coeliac disease occurring in the same person.
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