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Abstract. The hypothesis that an immune re-
sponse is directed to components of brain tissue in Hun-
tington's disease (HD) was examined. 27 patients with
HD, 21 children of affected parents who showed no signs
of disease, 6 spouses of HDpatients, and 40 patients with
other neurologic diseases were investigated. Leukocyte
migration inhibition to antigens prepared from brain tis-
sue was demonstrated in 26 HDpatients and in 9 children.
None of the six spouses reacted. 13 patients with other
neurologic conditions (including 60% of patients after
cerebrovascular accidents) reacted to rat brain extract.
Fractionation of brain tissue indicated that the material
responsible for reactions in these patients differed from
that in HD. The material that elicited hypersensitivity in
HDwas not species specific, since it was found in rat,
calf, human, and rabbit brain. It was not present in rat
kidney, liver, or heart. Preliminary characterization
showed that the material was protein in nature, contained
sugar and lipid, and was heat labile. The finding of hy-
persensitivity in about half the unaffected children of HD
parents suggests that it may precede the clinical onset of
disease and serve as a marker for the gene.

Introduction

Huntington's disease (HD)' is an autosomal, dominantly in-
herited disorder characterized by abnormal movements and
progressive dementia. Its onset is often delayed until after the
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1. Abbreviations used in this paper: HD, Huntington's disease; KPB,
potassium phosphate buffer; LMI, leukocyte migration inhibition; MI,
migration index; MS, multiple sclerosis.

affected person has had children, thereby encouraging perpet-
uation of the gene. Although pathologic changes are well de-
scribed (1), they represent the end result of cell death, and there
are few clues to processes initiating the reaction.

Weset out to test the hypothesis that immunologic responses
in affected individuals are directed against constituents of brain
tissue that become antigenic as a result of the disease process.
Weused the leukocyte migration inhibition (LMI) technique
(2) to detect an immune response to brain tissue. LMI is claimed
to be a reliable in vitro index of hypersensitivity (3, 4, 5), and
this is borne out by our own experience with tetanus toxoid as
an antigen (6).

A diagnostic test would be of great value in the early stages
of HD, when diagnosis is often difficult, particularly if a family
history is not available. Furthermore, if the reaction were shown
to precede the onset of symptoms, it could prove useful in
predicting which children at risk would subsequently develop
the disease.

Methods

Patients and controls. 27 patients ranging in age from 22 to 69 yr (mean
of 52 yr) were studied. In all cases the diagnosis was established by
experienced neurologists. Confidentiality of results was guaranteed. Pa-
tients had had manifestations of disease for from 1 to 30 yr, with a
mean of 8 yr. 21 were receiving tetrabenazine, thiopropazate, benzo-
diazepines, and/or phenothiazines. 24 normal healthy controls were
tested. Most were laboratory or medical personnel. Their ages ranged
from 22 to 83, with a mean of 34.5 yr. 40 patients with other neurologic
disorders were also studied. 11 had cerebrovascular disease, 9 had multiple
sclerosis (MS), 9 had Alzheimer's disease, 9 had Parkinson's disease,
one had a frontal lobe tumor, and one had tardive dyskinesia induced
by phenothiazines in treating chronic schizophrenia.

21 normal children of parents with HD were studied, their ages
ranging from 15 to 40 yr, with a mean of 27 yr. Six spouses of HD
patients were also tested. Their ages ranged from 45 to 64 yr, with mean
of 54.5 yr.

LMI. LMI was performed after the method of Soborg and Bendixen
(2). 40 ml heparinized venous blood was mixed with 5 ml 5% dextran
(250,000 mol wt) in 0.15 Msaline and was allowed to separate at 370C
for 45 min. Leukocytes in the supernatant were washed three times and
resuspended in M199 medium (Gibco Laboratories, Grand Island, NY),
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and cell concentrations were adjusted to between 0.1 and 0.3 X 108/
ml. Cells were packed in sealed capillary tubes (Clay Adams, Div. Becton,
Dickinson and Co., Parsippany, NJ) by centrifugation at 250 g for 10
min. Tubes were cut at the cell fluid interface and placed in chambers
in leukocyte migration plates (Sterilin; Middlesex General Industries,
Inc., Woburn, MA) in medium containing 10% horse serum (Flow
Laboratories, Inc., McLean, VA), penicillin, and streptomycin, with or
without antigen. Details of brain preparations used as antigen are given
below. In some experiments, rat kidney, liver and heart, and bovine
serum albumin (Fraction V; Armour Pharmaceutical Co., Tarrytown,
NY) were tested at the same time as rat brain.

After 16 h of incubation at 370C, cell migrations were projected
and their areas were measured by planimetry. Experiments were con-
ducted blind, without knowledge of the source of cells. One or more
control subjects were included in each experiment. At least six migration
areas were obtained for each variable. The migration index (MI) was
the ratio of the area of migration with antigen to the area of migration
without antigen. MI for the normal controls ranged from 0.71 to 1.16,
with a mean± 1 SD of 0.96±0.09. From our observations on normal
controls, we have taken values for MI of <0.79 to be indicative of
hypersensitivity (i.e., mean - 2 SD for n = 56). Reproducibility of the
assay was determined by repeating the study from two to nine times
on six controls and eight patients on separate samples and on different
days. The mean coefficient of variation in migration areas for each
variable was 7.7. There was no significant difference between mean MI
values of 21 normal controls and nine repeated assays on the same
subject.

Preparation of brain antigen. All procedures that involved prepa-
rations of brain antigen, including column chromatography, were un-
dertaken at 40C. Brains from anesthetized adult Wistar rats were ho-
mogenized for 3 min in phosphate buffered saline (PBS), pH 7.3, and
the suspension was adjusted to a final concentration of 100 g/liter.
Suspensions were centrifuged at 27,000 g for 40 min. Supernatants were
used immediately or stored in l-ml aliquots at -70'C and used within
I mo. There was no difference in MI values obtained with fresh prep-
arations or with those stored as indicated. Fresh calf, human, and rabbit
brain were subjected to the same procedure. Humanbrain was obtained
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at autopsy within 16 h of death from patients with no evidence of
neurologic disease.

Purification and characterization of brain antigen. Crystalline am-
monium sulfate was added slowly to brain antigen to 40% saturation.
It was centrifuged at 27,000 g for 40 min. The precipitate was resuspended
in 10 ml 25 mMpotassium phosphate buffer (KPB), pH 7.8. This
was designated the P40 fraction. More ammonium sulfate was added
to the supernatant of the P40 fraction to give a 60% saturated solution.
The resulting precipitate was prepared as above (P60 fraction). Am-
monium sulfate was added to the supernatant of the P60 fraction to
95% saturation. The precipitate was resuspended and treated as above
(P95 fraction). Fractions were dialyzed against three changes of 25 mM
KPB for 24 h. Protein determinations were performed on all fractions
by the method of Lowry using bovine serum albumin as the standard
(7). Fractions were stored at -70'C for up to 1 mo.

Approximately 100 mg P40 fraction in 20 ml KPB was applied to
DEAESephacel anion exchange columns (K26 X 40 cm; Pharmacia
Fine Chemicals, Uppsala). Bound protein was eluted with a linear sodium
chloride gradient. Peak fractions were concentrated (Diaflo YM1O
membranes; Amicon Corp., Scientific Systems Div., Danvers, MA) and
dialyzed against PBS, pH 7.3, for 24 h. They were stored in the same
way as the ammonium sulfate precipitated fractions were. Absorbance
of eluants was monitored at 254 nm.

To obtain preliminary information on properties of the material
eliciting hypersensitivity, P40 was divided into five fractions which were
treated as follows: no treatment (control); heated at 100°C for 5 min;
heated at 56°C for 30 min; or incubated at 4°C with an equal volume
of 15% trichloracetic acid (TCA). Precipitates were centrifuged at 250
g for 10 min and the supernatants were collected. A further fraction
was shaken with chloroform-ether (equal parts) in a ratio of 1:2 for 5
min at 4°C and allowed to separate over 16 h, and the aqueous phase
was collected. All fractions were dialyzed against PBS, pH 7.3, for 24
h and tested for activity in LMI. The sugar content of brain antigen
eluted from ion exchange chromatography was determined by the phenol
sulfuric acid reaction (8).

Statistics. Comparison of means between experimental and control
groups was made by the standard t test for uncorrelated groups.
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Figure 1. LMI to supernatant of homogenized rat
brain in patients with HD (-), normal controls (o),

1.0 0.1 and in patients with other neurologic diseases (A).
Points represent mean±1 SEM. Numbers of observa-

WHOLE RAT BRAIN EXTRACT (mg/ml) tions are shown in parentheses.
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Table I. LMI with Preparations of Rat Tissues and Bovine Serum Albumin in Patients with HDand in Normal Controls

Ml (mean±I SD)*

Supernatants of rat tissue (10 mg/ml) Ammonium sulfate precipitated rat tissue (P40) (50 ;g/ml) Bovine serum
albumin

Brain Liver Kidney Brain Liver Kidney Heart (50 Ag/ml)

Huntington's
disease
(n = 6) 0.72±0.04 1.02±0.15 0.95±0.07 0.78±0.09 0.95±0.08 0.95±0.11 0.91±0.08 0.99±0.11

Pt <0.005 <0.001 <0.02 <0.02 <0.05 <0.01

Controls
(n = 3) 0.99±0.09 0.97±0.18 0.99±0.11 1.17±0.12 1.04±0.14 1.06±0.02 1.07±0.13 1.09±0.08

Pt NS NS - NS NS NS NS
P§ <0.005 NS NS <0.001 NS NS NS NS

NS, not significant. * MI = (Area of migration with antigen)/(area of migration without antigen) in LMI assay. MI < 0.79 indicates hypersen-
sitivity (values in italics). t Comparison of MI for brain with those of other tissues and bovine serum albumin. § Comparison of MI for HD
patients and normal controls.

Results

Migration areas in the absence of antigen were similar in HD
patients (mean± 1 SD, 274±8 1), normal controls (240±99), and

1.2

1.1

controls with other neurologic diseases (259±79), with P> 0.05
and >0.40 when HDpatients were compared with each of the
control groups, respectively.

Hypersensitivity to supernatant of rat brain homogenate. 15
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Figure 2. LMI to fractions of rat
brain precipitated by 40%, 60%, and
95% saturated ammonium sulfate.
Horizontal line at MI 0.79 repre-
sents mean - 2 SD of 56 observa-
tions in normal controls and is
taken as the limit of normal range.
Numbers of subjects are shown in
brackets. HDpatients (.); normal
controls (n); and patients with re-
cent cerebrovascular accidents (A).
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patients with established HD, 23 normal controls, and 17 patients
with other neurologic diseases were tested with supernatant of
rat brain homogenate (Fig. 1). There was significant inhibition
of migration in the presence of brain antigen in HDpatients
compared with normal controls at 10 and 1 mg/ml (P < 0.001
and <0.01, respectively) and with other neurologic disease con-
trols at 10 mg/ml (P < 0.05). Five HDindividuals showed no
inhibition of migration. Patients with other neurologic condi-
tions, which included 10 cerebrovascular accidents, 5 cases of
Parkinson's disease, one of Alzheimer's disease, and one of fron-
tal lobe tumor showed migration inhibition at 10 mg/ml antigen
concentration only (P < 0.05 compared with controls). Prep-
arations of other rat tissues and bovine serum albumin produced
no migration inhibition in HD patients or normal controls
(Table I).

Hypersensitivity to ammonium sulfate precipitated rat brain
preparations. Rat brain extracts precipitated with different con-
centrations of ammonium sulfate were tested in additional
groups of patients with HDor other neurologic disorders and
in normal controls (Fig. 2). 20 of 24 HDpatients responded to
P40 fraction of rat brain, including the 5 who failed to react to
whole brain extract. MI (mean± 1 SEM) with P40 was 0.74±0.02,
compared with 0.97±0.03 in normal controls and 0.91±0.03
in patients with other neurologic diseases (P < 0.001, comparing
HDpatients with each of the other groups). 11 HD patients

were tested with P60 and P95 fractions. MI (mean± 1 SEM)
were, respectively, 0.91±0.04 and 0.88±0.02. The material re-
sponsible for migration inhibition in HDwas, therefore, pre-
cipitated by 40% ammonium sulfate (P40 fraction).

LMI was performed in 36 patients with other neurologic
diseases by the use of rat brain extracts precipitated with different
concentrations of ammonium sulfate as an antigen. Seven of
10 patients with cerebrovascular accidents (Fig. 2) reacted to
P95 (P < 0.02 compared with HDpatients and P < 0.005 with
normal controls). Mean responses of patients with MS, Parkin-
son's, and Alzheimers diseases did not differ from normal con-
trols (Table II). However, one MSpatient showed stimulation
of migration, and one showed inhibition at the higher antigen
concentration to all three ammonium sulfate precipitated frac-
tions. Three patients with Parkinson's disease, one of whom
had suffered a stroke 5 wk earlier, and two patients with
Alzheimer's disease reacted to P95.

MI (mean± 1 SEM) with P40 antigen for HDpatients on
medications was 0.73±0.02, compared with 0.77±0.02 for five
patients who were receiving no drugs (P > 0.30). 10 patients
with other neurologic diseases were receiving phenothiazines
and/or L-dopa at the time of testing. Their MI (mean± 1 SEM)
did not differ from those of controls who were not receiving
drugs (0.96±0.04 and 0.96±0.03, respectively).

Altogether, 27 patients with HDwere tested with various

Table II. LMI with Rat Brain Preparations Precipitated by 40%, 60%, and 95% Ammonium Sulphate
(P40, P60, and P95) in Patients with HDor with Other Neurologic Diseases, and in Normal Controls

Ml (mean±l SD) for rat brain preparations (ag/ml)

P40 P60 P95
No. of
subjects 50 200 50 200 50 200

Huntington's
disease 24 0.74±0.10* (30)4 0. 74±0.04* (7) 0.91±0.11 (11) 0.88 (1) 0.88±0.07 (11) 1.12 (1)

Multiple
sclero6is 9 1.01±0.14 0.98±0.17 0.96±0.11 1.00±0.17 1.01±0.15 0.91±0.16 (5)

Parkinson's
disease 8 0.99±0.09 0.93±0.14 (6) 0.94±0.13 1.00±0.12 (6) 0.90±0.17 0.91±0.17 (6)

Alzheimer's
disease 8 0.97±0.03 0.94±0.05 0.97±0.05 0.94±0.06 0.98±0.05 0.88±0.07

Cerebrovascular
accident
(CVA) 9 0.89±0.11 - 0.89±0.13 - 0.74±0.11§ -

Parkinson's
disease plus
CVA 1 0.94 - 0.96 0.75

Tardive
dyskinesia 1 0.85 0.85 0.96 0.91 0.84 0.85

Normal
controls 21 0.97±0.11 (38) 0.96±0.09 (9) 0.96±0.14 0.99±0.14 (6) 0.95±0.12 0.91±0.10 (6)

MI values in italics indicate hypersensitivity. * P < 0.001 compared with normal controls and with other neurologic disease controls. f Num-
bers of observations are shown in parentheses when they differ from numbers of subjects tested. § P < 0.005 compared with normal controls,
and P < 0.02 compared with HD.
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Figure 3. LMI in apparently
healthy children of subjects
with HDto P40 rat brain frac-
tions. Broken lines indicate
subjects considered to show a

positive reaction. Horizontal
line at MI 0.79 represents
lower limit of normal range
(see Fig. 2).

preparations of brain tissue, and 26 responded to at least one.

Those who did not react to the supernatant of brain homogenate
or ammonium sulfate precipitated material responded to prep-

arations recovered from gel chromatography. The one patient
who failed to respond was not tested with these fractions.

Hypersensitivity to brain antigen in individuals at risk and
spouses of HDpatients. 21 children of subjects with established
HDwho showed no clinical evidence of the disease and who
were in good health were tested with P40 rat brain fractions at
50 and 200 ug/ml. Migration inhibition was demonstrated in
nine subjects (Fig. 3), five of whomwere positive at both con-

centrations of antigen, and four who were positive at 200 ,ug/
ml only. In 12 subjects the MI was within normal limits. The
mean age of children with positive reactions was 26 yr, and of
those without hypersensitivity it was 27.6 yr.

Six spouses of HDpatients were tested with supernatant of
rat brain homogenate or with P40 at 50 and 200 ,gg/ml. None
showed inhibition of leukocyte migration.

Species specificity of brain tissue antigen. P40 fractions pre-

pared from rat, human, calf, and rabbit brain were used at 50
gg/ml as the antigen in patients with HDand in controls (Fig.

4). Brain tissue from the four species was equally antigenic
in LMI.

Characterization and purification of brain tissue antigen.
Supernatants of rat brain P40 fractions that had been heated,
precipitated with 15% TCA, or extracted with chloroform-ether
served as antigen at 50 ,ug/ml in three patients with HD. In
comparison with untreated antigen (mean MI± 1 SEM,
0.71±0.02), migration inhibition was abolished by heating the
antigen at 1000C for 5 min (MI 0.96±0.05, P < 0.02) or at
56°C for 30 min (MI 0.92±0.07, P < 0.005), or by precipitating
the antigen with 15% TCA (MI 0.98±0.06, P < 0.02) or with
chloroform-ether (MI 0.90±0.07, P < 0.05).

To purify further the P40 fraction it was applied to anion
exchange columns. Similar elution patterns were obtained on
each of six occasions. A representative profile is shown in Fig.
5. The eluted fractions were adjusted to a protein concentration
of 50 ,ug/ml for use in LMI. Material eluted at 0.4 and 0.5 M
NaCl inhibited leukocyte migration in HDpatients compared
with controls, indicating that they contained the antigenic ma-

terial (Table III). Similar elution profiles were obtained from
human and calf material. Material eluted at 0.4 and 0.5 Mfrom
human brain was maximally active in LMI (Table III).

The sugar content of five brain fractions eluted at 0.4 M
from anion exchange chromatography was 39±10 ug/ml
(mean± SD), with a protein/sugar ratio of 28:1.
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Discussion

Wehave shown that patients with established HDand a pro-
portion of individuals at risk respond to brain tissue extracts
in the LMI test. The phenomenon is reproducible and dose
dependent. Only HDsubjects and individuals at risk react sub-
stantially to brain tissue material, and the reaction does not
occur in patients with other neurologic diseases. Migration is
inhibited only by particular brain fractions and not by other
rat tissues tested or by bovine serum albumin. To this extent,
it represents a specific reaction to some constituent of brain in
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Figure 4. LMI to P40 brain frac-
tions prepared from different
species in subjects with HD
(shaded bars) and normal con-
trols (open bars). Bars represent
mean±l SEM. Numbers of sub-
jects are shown in brackets.

HDpatients and individuals at risk. Whatever the mechanisms
for LMI (5, 9), be they the interaction of antigen with lym-
phocytes to generate lymphokines or with cytophilic antibodies
on the surface of target cells, LMI is accepted as an in vitro
correlate of delayed hypersensitivity in man (3, 4, 5, 9). Direct
cytotoxicity of antigen is excluded in our experiments by its
lack of effect on cells from various controls. Further, we have
found in our laboratory that LMI with tetanus toxoid correlates
well with delayed hypersensitivity skin testing (6). Wesuggest,
therefore, that the phenomenon indicates an immunologic re-

sponse. The relevant antigen is present in normal brain of several
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Figure 5. Elution profile of
P40 rat brain from anion ex-

change chromatography. In-
creasing concentration of
NaCl is shown as a broken
line.
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Table III. LMI in HDPatients and Normal Controls, with Fractions Eluted from Anion Exchange Chromatography

MI of fractions eluted (mean±l SD)

Pregradient Pregradient 0.18 M 0.31 M 0.40 M 0.50 M 0.68 M 0.90 M

Rat brain
Patients 0.90±0.03 (3) 1.00±0.18 (3) 0.94±0.11 (3) 0.94±0.13 (4) 0.78±0.08 (4) 0.63±0.14 (4) 0.81±0.10 (4) 1.05±0.10 (3)
Controls 0.96±0.06 (2) 0.93±0.04 (2) 1.00±0.02 (2) 0.95±0.13 (3) 1.00±0.06 (3) 0.91±0.12 (3) 0.78±0.05 (2) 0.94±0.12 (2)
P NS NS NS NS <0.001 <0.05 NS NS

Pregradient 0.20 M 0.40 M 0.50 M 0.68 M

Human brain
Patients 0.84±0.10 (5) 0.82±0.05 (5) 0.71±0.10 (7) 0.72±0.05 (7) 0.87±0.10 (6)
Controls 0.90±0.16 (5) 0.90±0.13 (5) 1.11±0.20 (4) 1.07±0.09 (4) 0.97±0.06 (4)
P NS NS <0.005 <0.00 1 NS

MI values in italics indicate hypersensitivity. Significance limits refer to comparisons between patients and controls. NS, not significant.
Number of subjects tested is shown in parentheses.

species. It is heat labile, contains sugars, is extractable with lipid
solvent, and is precipitated by TCA, indicating that it is probably
composed of protein.

There are several possible explanations for the immune re-
sponse in HD. First, the antigen may be made accessible to
immunocompetent cells by the primary pathologic process. Sec-
ond, the defective gene, a transmissible agent, or both may alter
the molecular structure of a normal brain constituent, thereby
rendering it antigenic. The recent discovery of a genetic marker
for HDby Gusella et al. (10) allows this question to be addressed,
and further characterization may identify the antigen as the
abnormal gene product. Dominantly inherited disorders are
characterized by alterations in structural proteins (1 1) such as
cell membranes, which have been examined in HD(12, 13, 14)
but with inconclusive results (15). It is unlikely that the reaction
in HD is a nonspecific response to injury. We were able to
distinguish, by their precipitation with ammonium sulfate, the
antigens responsible for migration inhibition in HDfrom those
to which some patients with other neurologic conditions reacted.
One such protein released from the brain after injury and des-
ignated S-100 is precipitated by 100% saturated ammonium
sulfate (16). The antigen responsible for hypersensitivity in our
study differs from those described in other reports in terms of
its greater specificity for HD (17, 18), its precipitation with
ammonium sulfate (18), and other properties (19).

Barkley et al. (20) reported significantly greater migration
inhibition when HD lymphocytes were cultured with HDor
MSbrain than with normal human brain. They suggested that
the major component of the immune response was directed
against a transmissible or environmental agent commonto HD
and MS, such as a virus, with a minor component of the antigen
common to all human brain. Unlike Husby et al. (17), whose
finding of neuronal antibodies in spouses and first degree relatives
of HDpatients supports this notion, we were unable to dem-
onstrate hypersensitivity in the few spouses we tested.

Detection of hypersensitivity to brain antigens in normal

children of affected parents indicates that it probably precedes
the first clinical signs of disease. It may therefore contribute to
the pathologic lesions in HD, although evidence for immunologic
activity is lacking in ultrastructural studies of HDbrains (1).
Even if hypersensitivity is only an epiphenomenon, it may prove
to be a valuable marker for the diseases, particularly in situations
where family histories are lacking. Wefound LMI to be repro-
ducible, provided that meticulous attention was paid to pH and
the use of fresh material. Despite the relatively small numbers
tested, our findings are encouraging with respect to sensitivity,
and this could be improved by using purified antigen, as we
showed with three patients who reacted not to P40, but to antigen
eluted from ion exchange chromatography. Specificity of the
test for HD is also promising in that the antigens causing mi-
gration inhibition in HDand other neurologic diseases can be
distinguished by ammonium sulfate precipitation.

Hypersensitivity in children of HDpatients in a ratio ap-
proaching that expected in autosomal dominant inheritance
raises the possibility that a positive test could predict the onset
of HD later in life. A prolonged follow-up will be required
before this can be relied upon, but such studies could be short-
ened by concentrating on families with an early onset of disease.
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