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Huntington's Disease: Delayed Hypersensitivity 
in vitro to Human Central Nervous System Antigens 

Abstract. Huntington's disease is a hereditary, chronic, degenerative disease of 
the brain which is transmitted by an autosomal dominant gene. We have discovered 
that lymphocytes from patients with Huntington's disease respond to the presence of 
brain tissue from patients with the disease by producing migration inhibition factor, 
a correlate of the cellular immune response. Lymphocytes from donors without the 
disease do not respond to the diseased brain tissue, and lymphocytes from patients 
with Huntington's disease respond only rarely to brain tissue from donors without 
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Huntington's disease (HD) is a chron- 
ic, degenerative disease of the brain 
most often characterized by progressive- 
ly increasing choreiform movements and 
dementia. It is hereditary and is trans- 
mitted by an autosomal dominant gene. 
Pathologically it is marked by neuronal 
dropout principally in the striatum and 
cerebral cortex, but with diffuse and vari- 
able involvement of other brain regions 
as well. Other characteristic features in- 
clude an intense gliosis in regions of neu- 
ronal loss, and accumulations of lipo- 
fuscin in both neurons and glia (1, 2). Al- 

though brain macrophages are often 
found in devastated regions, no infil- 
tration of lymphocytes or other signs of 
inflammation have been seen (2). Noth- 
ing is known about the manner in which 
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the HD gene causes cell death, and man- 
agement of the disease is largely con- 
fined to the use of tranquilizers and dopa- 
mine antagonists which reduce chorei- 
form movements (1). 

We have discovered that lymphocytes 
from patients with HD respond to the 
presence of HD brain tissue with the pro- 
duction of migration inhibition factor 
(MIF), a correlate in vitro of delayed hy- 
persensitivity. Lymphocytes from do- 
nors without HD do not respond to HD 
brain, and HD lymphocytes respond on- 
ly rarely to brain tissue from donors with- 
out the disease. 

Brain antigen was prepared by homog- 
enizing frontal lobe gray matter in Ca- 
and Mg-free Hanks balanced salt solu- 
tion (CMF Hanks) in a Teflon tissue 
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grinder at 4?C. The homogenate was cen- 
trifuged at 1000g for 20 minutes at 4?C, 
and sterilized by passage through a 0.45- 
tim filter. The brains used are identified 
in Table 1 with the catalog number of the 
Human Specimen Bank (3). Specimens 
201 (from a female, age 69), 203 (from a 
female, age 55), and 204 (from a male, 
age 60) were all removed postmortem 
from patients with HD. Pneumonia was 
the immediate cause of death in all cases. 
Specimens 208 (from a female, age 61) 
and 154 (from a female, age 63) did not 
have HD and died of pulmonary tubercu- 
losis and a myocardial infarction, respec- 
tively. Specimens 209 (from a male, age 
62) and 193 (from a male, age 65) both 
had Alzheimer's disease and died of re- 
nal failure and pneumonitis, respective- 
ly. Specimen 180 (from a male, age 60) 
had Parkinson's disease and died of a pul- 
monary embolism with infarction. 

Lymphocytes were obtained from 
patients with HD and from individuals 
without degenerative disease of the cen- 
tral nervous system or other serious med- 
ical problems. One donor of control lym- 
phocytes (C4) had tardive dyskinesia. 
Venous blood (30 ml) was drawn in hep- 
arin or ethylenediaminetetraacetate 
(EDTA) and lymphocytes were purified 
by centrifugation in a discontinuous Fi- 
coll-Hypaque gradient (4). The cells 
were washed twice in CMF Hanks and 
suspended in Medium 199 (GIBCO) sup- 
plemented with 15 percent horse serum 
and 25 mM Hepes buffer (complete medi- 
um) (5) at a final concentration of 106 
cells per milliliter. 

Lymphocyte cultures were prepared 
by placing 2 ml of cell suspension in 15- 
ml plastic culture tubes (loosely capped) 
with and without antigen (100 to 300 ,tg 
of protein). All cultures were made in du- 
plicate and incubated for 24 hours at 
36?C in 5 percent CO2 and 95 percent air. 
Better responses were obtained in a CO2 
incubator despite the presence of Hepes 
buffer. The conditioned medium was cen- 
trifuged at 1000g for 10 minutes, and the 
supernatants were stored at -170?C prior 
to assay for MIF activity. 

Migration inhibition factor was as- 
sayed with guinea pig peritoneal exudate 
elicited with an intraperitoneal injection 
of 25 ml of light mineral oil. Four days af- 
ter the injection the peritoneal cavity 
was washed with CMF Hanks and the 
exudate separated from oil. The cells 
were washed twice in CMF Hanks and 
suspended in complete medium (approxi- 
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ter the injection the peritoneal cavity 
was washed with CMF Hanks and the 
exudate separated from oil. The cells 
were washed twice in CMF Hanks and 
suspended in complete medium (approxi- 
mately 2 x 106 cells per milliliter). Mi- 
crocaps (50 ,ld) containing the cell sus- 
pension were heat-sealed and centri- 
fuged at 400g for 5 minutes. The 
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capillary tips were broken at the inter- 
face between the cells and the medium 
and were fixed to the bottoms of Dis- 
potray culture wells (Linbro Chemical) 
with silicone grease. Test medium (1 ml) 
was added and the cultures incubated at 
36?C in 5 percent CO2 and 95 percent air. 
After 24 hours the cultures were fixed in 
glutaraldehyde, and the halo of cells mi- 
grating from the capillary tip projected 
onto integration paper with an overhead 
projector. The weight of the paper over 
which the halo projected was used as a 
measure of the area of migration. 

The activity of MIF was recorded as 
the percentage migration, calculated 
from the formula: 

Percentage migration = (X/Y) x 100 

where X is the migration area in condi- 
tioned medium (lymphocytes plus anti- 
gen) divided by the migration area in un- 
conditioned medium (plus antigen), and 
Y is the migration area in conditioned me- 
dium (lymphocytes minus antigen) di- 
vided by the migration area in uncondi- 
tioned medium (lacking antigen). The val- 
ue for Y was not permitted to exceed 1. 
Four measurements were obtained for 
each lymphocyte preparation and the re- 
sults averaged. 

Lymphocytes from both the HD 
patients and the control donors were con- 
fronted with a total of eight different anti- 
gen preparations, and the MIF activi- 
ties calculated as the percentage migra- 
tion (Table 1). Three brains from HD 
patients, two brains from patients with 
Alzheimer's disease, the brain from a 
patient with Parkinson's disease, and 
two brains from patients without known 
neurological disease were used. Activity 
of MIF was detected only when HD lym- 
phocytes were confronted with HD brain 
(Table 1 and Fig. 1). An average of 108 
percent migration was obtained for HD 
lymphocytes confronted with control 
brains without neurological disease 
(specimens 208 and 154). An average per- 
centage migration was obtained for each 
of the other test antigens and compared 
with the mean value for normal brains in 
a t-test (unpaired). All three HD brains 
were significantly different from normal 
(P < .01). None of the other brains with 
neurological disease, separately or 
pooled in any combination, were signifi- 
cantly different from normal. 

Data from control lymphocytes con- 
fronted with test antigens were treated 
similarly. Neither HD nor other diseased 
brains were significantly different from 
normal brain when confronted with con- 
trol lymphocytes. The observed enhance- 
ment was probably artifactual, and has 
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not been seen in subsequent controls. 
Equal portions of lymphocyte prepara- 

tions from five HD patients were con- 
fronted simultaneously with either HD 
or non-HD brain (Table 1). Lymphocyte 
preparations from three out of five 
patients yielded MIF activity only when 
confronted with HD brain. One showed 
MIF activity with both normal and HD 
brains. 

Migration inhibition factor can appear 
in response to virus infection without ac- 
tivation of the immune system (6), and 
possibly other nonimmune mechanisms 
exist which could elicit its appearance. It 
is unlikely that some agent present in HD 
brain induced secretion of MIF in lym- 
phocytes in any reaction other than an 
immune reaction, because control lym- 
phocytes did not secrete MIF in the pres- 

Table 1. Lymphocytes from patients with HD (HD1 to HD16) and from donors without the dis- 
ease (Cl to C17) were cultured with extracts of three HD brains (201, 203, 204), three brains 
with other neurological disease (209, 193, 180), and two brains without neurological disease 
(208, 154). The conditioned medium was assayed for MIF activity and the responses were re- 
corded as percentage migration. Low values indicate high MIF activity. A mean percentage 
migration for both HD and control lymphocytes was obtained from pooled data for undiseased, 
control brains (208, 154). Mean percentage migrations for each of the other brain preparations 
were compared with the pooled values in a t-test (unpaired). HD lymphocyte preparations 
showed significant MIF activity only when confronted with HD brain tissue. No differences 
were seen with control lymphocytes. 

Lymphocyte donors HD antigens Control antigens 

Name Age Sex 201 203 204 208 154 209 193 180 

T1II1 C1 7 '70 
I., 1 

HD2 
HD3 

HD4 
HD5 
HD6 
HD7 

HD8 
HD9 
HD10 
HD11 

HD12 

HD13 

HD14 

HD15 

HD16 

J I r 

45 M 
51 M 

42 M 
43 M 
44 M 
47 F 

49 F 
43 F 
54 F 
60 M 

50 M 

49 F 

54 M 

66 M 

49 M 

Means 

Cl 39 
C2 30 
C3 47 
C4 51 
C5 53 
C6 35 
C7 47 

C8 27 
C9 24 
C10 48 
C11 44 
C12 54 
C13 51 
C14 52 
C15 32 

C16 35 
C17 58 

Means 

F 
M 
F 
M 
M 
M 
M 

M 
M 
F 
M 
M 
M 
M 
M 

M 
M 

75* 

101 
100 
82 

/O 

67 
89 125 

78 
90 81 
88 92 
67 85 

76* 93 65 
65 

76 69 
108 

83 100 78* 
70 92 

72 80 76* 
75 70 92* 

92* 

120 88 
78 

86t 81t 85t 

175 
151 
166 
100 
113 
113 

140* 
155* 150 
117* 120 
147* 135 
115 110 

125 
125 
171 

100 
129 

68* 
125 

101 

160 
86 

114 
113* 

150 
85 

110 

95 105 

94 
75 
98 

109 93 

92 

100* 

100* 
100* 
100* 
100 

108 

120 

71 
100 
115 

95 
112 

135 102 124 

104 

107 
109 
150 
108 

99 97 

100 

108 111 102 94 

118 

140 
116 

92 
115 
160 

115* 
150* 
166* 
166* 
100 
100 

127 

*Lymphocyte preparations were confronted simultaneously with both HD brain and control brain. 
nificantly different, P < .01. tSig- 
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ence of HD brain. Likewise, the specific- 
ity of the response dictates against lym- 
phocyte "processing" of an agent 
unique to HD brain such that it inhibited 
macrophage migration. While it is neces- 
sary to confirm the immunological nature 
of the response with other assays of de- 
layed hypersensitivity in vitro, response 
specificities strongly implicate the im- 
mune system in the mediation of the reac- 
tion described here. 

The immune response of HD patients 
might have several causes. The brain is 
an immunologically privileged site, and 
degeneration of the brain can lead to the 
release of previously sequestered macro- 
molecules. Rocklin et al. (7), for ex- 
ample, have shown that six out of nine 
patients with stroke had a cellular im- 
mune response to myelin basic protein. 
The double specificity of the HD immune 
response does not support such an expla- 
nation in this instance, however. While 
the data suggest that a nonspecific re- 
sponse may occur in a few instances, the 
principal component of the response ap- 
pears directed against something present 
only in HD brain. In a recent double- 
blind study with nine coded samples of 
brain tissue, the MIF assay selected out 
all of the HD brains with only one signifi- 
cant error (8). 

Although the sample size is smaller, it 
is probable that the brains from patients 
with Alzheimer's disease did not contain 
the HD antigen. The mean percentage 
migration from the Parkinson's brain, 
while somewhat low, was not significant- 
ly different from normal. Degeneration 
per se does not, therefore, seem to modi- 
fy brain to yield an immunologically ac- 
tive product. 

Another possibility would be that de- 
generation, and subsequent reactive 
gliosis, could create a brain with substan- 
tially different antigenic properties. For 
example, a sequestered glial antigen re- 
leased during brain degeneration might 
elicit an immune response detectable on- 
ly when the glial scar of an HD brain was 
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It is important to emphasize that the 
presence of an immune response in HD 

** patients does not suggest that HD is an 
o* autoimmune disease. Huntington's dis- 

ease lacks any of the pathological fea- 
0*4. tures associated with autoimmunity. 

*^ Rather, the response seems to be direct- 
ed against an agent unique to the HD 
brain. The nature of this agent and its re- 
lation to the HD gene remains to be de- 
termined. 
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Fig. 1. Pooled results for all of the HD brains 
and both of the undiseased, control brains 
(from Table 1). (a) HD lymphocytes, HD 
brain. (b) Control lymphocytes, HD brain. (c) 
HD lymphocytes, control brain. The mean 
percentage migration for HD lymphocytes 
confronted with HD brain is significantly dif- 
ferent from both HD lymphocytes plus con- 
trol brain and control lymphocytes plus HD 
brain (P < .001). Although enhancement is 
seen in control lymphocytes plus HD brain 
the mean value is not significantly different 
from HD lymphocytes plus control brain. 

used as antigen. However, in an exami- 
nation (9) of portions of HD brain (speci- 
men 201) it was found that while the stria- 
tum was devastated, the frontal cortex 
showed minimal cell loss and no reactive 
change. Lymphocytes from patients with 
HD responded positively to this brain 
with MIF production. 

The HD immune response does not, 
therefore, appear to be directed against 
an agent common to all human brains, a 
common degeneration product of brain, 
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