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ABSTRACT yS T cells are a distinct lymphocyte popula-
tion that can exhibit reactivity with heat shock proteins over-
expressed at inflammatory sites. As y8T cells may be involved
in the central nervous system (CNS) inflammatory process in
multiple sclerosis (MS), we examined T-cell populations in MS
plaque tissue by quantitative immunohistochemistry and se-
quence analysis of T-cell antigen receptor (TCR) 8 chains. v8
T cells that express the variable (V) gene segments Val, V82,
and V72 (V,9) were found to accumulate in acute, demyeli-
nating MS plaques and appeared to have undergone clonal
expansion, most likely because of recognition of a specifc CNS
ligand. Further, 60-kDa and 90-kDa heat shock proteins
(hsp6O and hsp9O), which may be target antigens for autore-
active y8 T cells, were found to be expressed in normal CNS
tissue and overex s in acute MS plaques. In acute
plaques, hsp6O was found in foamy macrophages, while hsp9
was detected in reactive astrocytes. These results provide
evidence for a role of y8T cells in active stages of MS.

yS T cells are characterized by the expression of rearranged
T-cell antigen receptor (TCR) 'yand 8 chains and are thought
to participate in the immune surveillance of epithelial tissues
(1, 2). They are also involved in inflammatory responses
against mycobacteria, which are potent activators of vy T
cells expressing the human Vz2 (Vy9) gene segment. A
fraction ofmycobacteria-reactive y8T cells is specific for the
65-kDa heat shock protein (hsp65), which is highly conserved
between bacteria and eucaryotes (3-6). As heat shock pro-
teins are overexpressed by stressed cells, yS T cells that
crossreact with a bacterial and a self heat shock protein may
accumulate at an inflammatory site and lyse stressed cells (7).
Based on this model, heat shock protein-reactive y8 T cells
have been postulated to participate in autoimmune processes
(reviewed in ref. 6).

Multiple sclerosis (MS) is a chronic inflammatory disease
of the central nervous system (CNS) myelin characterized by
focal T-cell and macrophage infiltrates. Early pathological
lesions in MS consist of lymphocyte cuffing around small
venules in the CNS white matter (8). The inflammatory
process leads to a loss of myelin (demyelination) and a loss
of neurological function. A recent report also has demon-
strated the presence of y8 T cells in chronic active MS
plaques by immunohistochemical techniques. yST cells and
oligodendrocytes expressing hsp65 were found to be colo-
calized in the center and at the edge of plaques (9). To further
examine the potential role of 'yOT cells in the pathogenesis of
MS, we have examined the y8 TCR repertoire in MS plaque
tissue. A limited 'y8 TCR repertoire in MS plaques would
suggest antigen-driven clonal expansion and implicate yS T
cells in the pathogenesis of MS.

MATERIALS AND METHODS
Immunohistochemistry. Tissue blocks ("'4 cm3) were dis-

sected from postmortem CNS specimens and snap frozen in
OCT compound (Gurr). Acetone-fixed sections were incu-
bated with monoclonal antibodies (mAbs) directed against
TCR jS chain (BF1), TCR y chain (a-C W1) (gifts from M.
Brenner), CD2 (DAKO, Carpinteria, CA), and the interleukin
2 receptor (CD25, Becton Dickinson). Selected sections were
immunostained with mAbs against human 60-kDa heat shock
protein (hsp60; 4B9/89, a gift from M. Sharif) and fungal
90-kDa heat shock protein (hsp90; AC88, Stressgen Biotech-
nologies, Sidney BC V8L3S1, Canada). Sections were then
immunoperoxidase-stained by using a biotinylated anti-
mouse IgG antibody and an avidin-biotin-peroxidase com-
plex (Vector Laboratories) (10).
RNA Extraction, cDNA Synthesis, PCR Ampltion, and

Sequence Analysis. RNA was extracted from 20 consecutive
frozen sections (10 Mam) cut from each tissue block, and
adjacent sections were stained with hematoxylin/eosin.
cDNA synthesis and PCR amplification were performed as
described (10). For sequence analysis of the TCR 8 chain,
amplified products were digested with Sal I and EcoRP
restriction endonucleases, cloned into phage M13 mp19, and
sequenced by the dideoxy chain-termination method.

RESULTS
Accumulation of y6T Cells in Acute MS Plques. a4and y8

T-cell populations were examined in frozen tissue specimens
from five postmortem cases with MS, one case with subacute
sclerosing panencephalitis (SSPE), and five cases without
neurological disease. Frozen sections were stained with
hematoxylin/eosin, oil red-O (ORO), and mAbs specific for
CD2 and the interleukin 2 receptor. Both the clinical data and
a detailed immunohistological analysis of these cases are
published in another article with the same designations for
CNS samples as in this report (10). Plaques with perivenular
inflammation (Fig. 1), hypercellularity, and foamy macro-
phages containing ORO-positive degenerating myelin
throughout the lesion were considered to be actively demy-
elinating (cases 285 and 194), while hypocellular ORO- and
galactocerebroside-negative demyelinated plaques were clas-
sified as chronic lesions. Subacute plaques had ORO-positive
cells only in the borders of demyelinated lesions (Table 1).

Preliminary experiments showed that acute lesions contain
relatively large amounts of TCR (t- and 5-chain constant
region (C,3 and Ca) mRNA even though y8T cells are a minor
population among blood T cells. y8and aNT-cell populations
in MS plaque tissue were quantitated on sections stained with
mAbs specific for TCR 8 and TCR fy chains (Table 1). 'yO T
cells were found to accumulate in acute MS plaques (5.8% to

Abbreviations: V, variable; hsp60, hsp65, and hsp90, 60-, 65-, and
90-kDa heat shock proteins; mAb, monoclonal antibody; MS, mul-
tiple sclerosis; CNS, central nervous system; TCR, T-cell antigen
receptor; SSPE, subacute sclerosing panencephalitis.
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FIG. 1. Immunohistochemical analysis of a,4 and T-cell pop-
ulations in a perivenular inflammatory cuff of an acute, demyelinat-
ing MS plaque (temporal lobe, periventricular white matter of case

194, sample 1-17). Immunoperoxidase staining was with anti-TCR
3-chain antibody (BF1) (A) and anti-TCR v-chain antibody (aCyM1)

(B); there was no hematoxylin counterstaining of nuclei. (x325.)

25% of total T cells) and in the periventricular white matter
from an early case of MS (case 285, samples I-7 and I-9),
where y8T cells represented 14.5% and 31.6% of total T cells,

respectively (Table 1). In contrast, 'y6 T cells constituted a
minor population in chronic MS plaques, normal white mat-
ter, and spleen. These data indicate that y6T cells specifically
accumulate in MS plaques during early inflammatory stages.

yv TCR Repertoire in Acute MS Plaques. Since only small
amounts of tissue from histologically characterized acute
plaques were available, RNA was extracted from thin frozen
sections. The TCR V and VEgene repertoire was examined by
PCR amplification of VY1 to Vy4 (Vyl to Vyl ) and V4, to Vt5
gene segments from cDNA samples (refs. 11 and 12; the
Lefranc nomenclature for VI segments is given in brackets).
TCR VYJ to Vy4 and Va4 to V64 gene segments could be
amplified from blood cDNA (positive control); amplification
of V.2 (Vy9) and Vs2 segments gave the strongest signals, as
they are used by the majority ofblood T cells (data not shown).

Strong signals for TCR VYand V8 gene segments were only
seen with active MS samples, thus confirming the histological
analysis. VY2 (V,9) was predominant in all acute and sub-
acute plaques examined, while V-J (V)1-VA8), V.3 (VJ0),
and Vy4 (Vyll) were detected in some plaques. In active
plaques (cases 285 and 194), Vs1 and V1,2 were the most
prevalent V8 gene segments. Only V&1 rearrangements were
detected in a white matter sample (cases 285, sample 1-9) that
had large numbers of 'y8 T cells and was adjacent to an early
acute lesion. In contrast, there was no evidence for 'y8 T-cell
accumulation (by both immunohistochemistry and PCR) in a
case of SSPE, a chronic inflammatory CNS disease following

Table 1. Quantitative immunohistology of a(3 and y8 T-cell populations in MS plaque tissue

CNS samples Spleen samples

T-cell count T-cell count
Sample Pathology y8/a3 y8 T cells, % yB/a3 y8 T cells, %

MS cases
285 1-6 Early acute plaque 253/759 25.0 53/2344 2.2

1-7 White matter 22/130 14.5
I-8 Early acute plaque 16/120 11.8
I-9 White matter 118/256 31.6

194 1-16 Acute plaque 238/849 21.9 ND
1-17 Acute plaque 89/294 23.2
1-18 Acute plaque 43/353 10.9
1-19 Acute plaque 10/162 5.8

279 11-2 Subacute plaque 20/264 7.0 44/2170 2.0
II-3 Subacute plaque 4/ 95 4.0
II-5 Mixed plaques 5/222 2.2
II-6 Chronic plaque 6/243 2.4

302 11-8 Chronic plaque 22/164 11.8 44/1925 4.2
11-9 Chronic plaque 18/170 9.6
II-11 Chronic plaque 7/180 3.7
11-12 Chronic plaque 2/120 1.6

214 11-14 Chronic plaque 19/ 82 18.8 ND
11-15 Mixed plaques 80/539 12.9
II-17 White matter 26/356 6.8
11-18 White matter 3/ 31 8.8

Control cases White matter
292 I-1 1/ 88 1.1 102/2084 4.7

1-2 21/184 10.2
1-3 5/ 34 12.8
1-4 3/ 44 6.4

293 1-11 7/156 4.3 10/162 5.8
I-12 12/147 7.6
1-13 0/ 27 0.0
I-14 3/ 98 3.0
1-15 12/131 8.4

289 Il-1 0/ 9 0.0 ND
II-4 0/ 5 0.0

290 II-7 0/ 31 0.0 ND
II-10 0/ 0 0.0

284 11-13 0/ 5 0.0 19/1709 1.1
11-16 3/ 34 8.1

T cells present in MS plaques and control samples were immunostained with antibodies against TCR 8 chain (BF1) and
TCR y chain (a-CyM1). Immunostained T cells were counted by two independent observers in the five largest perivenular
cuffs of each section. ND, not detected.
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measles infection (Fig. 2, sample II-20). These data indicate
that the accumulation of yS T cells is an early event during
lesion development.

Sequences of the TCR 8 Chains from Acute MS Plaques. The
diversity of the TCR 8 chain was examined for three acute
plaques (case 285, plaque I-6; case 194, plaques I-16 and I-17)
as well as one subacute lesion (case 279, plaque II-2) (Fig. 3).
Amplified products were cloned into M13 and a number of
recombinant clones sequenced. As a control, cDNA from
blood T cells of a normal subject was used at a dilution that
gave a similar level of amplification for V81 and Vt,2 as cDNA
samples from acute MS plaques; a negative control (no cDNA)
was included for all steps of amplification and cloning.
The quantitative immunohistochemical analysis of y8 T

cells in these samples had demonstrated 253 (case 285, plaque
1-6) and 238 y5T cells (case 194, plaque I-16) around the five
largest perivascular cuffs of each section, respectively. As
RNA was extracted from 20 adjacent sections, more than
5060 and 4760 y5T cells, respectively, were probably present
in these samples. These numbers represent a minimum
estimate because only a fraction of y8T cells was counted.
The sequence analysis showed that the majority of TCR

Val and V,62 gene segments in acute plaques are rearranged
to the joining-region J&l gene segment (Fig. 3). Surprisingly,
repeated sequences were found among different M13 clones
generated from the same plaque. For example, onejunctional
sequence was repeated five times and a second sequence
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found twice among 10 V&l sequences from plaque I-6 (case
285). Similar results were obtained for Vt,2 sequences from
the same plaque. In contrast, no repeated sequences were
seen among V&l or Vt,2 sequences generated from blood
cDNA. These data indicate that the relatively large numbers
of repeated sequences seen among V&l and Vt,2 sequences in
active MS plaques reflect expansion of y3 T-cell populations.

Expression of hsp6O and hsp9O in CNS Tissue. In normal
white matter, a mAb specific for human hsp60 gave positive
staining of nuclei and the cytoplasm in the perikarya and
processes of astrocytes, microglial cells, and oligodendro-
cytes (Fig. 4A). Constitutive expression of hsp90 was also
seen in normal tissue, but only cell nuclei were immunoper-
oxidase-stained (Fig. 4B). In macroscopically normal white
matter from MS cases, there was a small increase in the
expression of both heat shock proteins. In actively demyeli-
nating plaques the predominant hsp60 staining pattern was of
myelin-laden foamy macrophages (Fig. 4C). In these lesions
the enlarged nuclei of reactive astrocytes and the perikarya
and processes of small numbers of hypertrophic astrocytes
were stained with anti-hsp90 antibody (Fig. 4D). These cells
were positively stained with antibodies against the astrocyte-
specific antigens glial fibrillary acidic protein and glutamine
synthetase. Variable numbers oflymphocytes in perivascular
inflammatory cuffs were also visualized by the hsp60 and
hsp90 antibodies. In chronic plaques, very weakly stained
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FIG. 2. Southern blot analysis of the TCR Vy and Vt, repertoire in MS plaque tissue. The TCR repertoire of y6 T cells in MS plaque tissue
and control samples was examined by PCR amplification of cDNAs using primers for V-1 to V$ and Vsl to Vr,S gene segments; actin primers
were used as a positive control. (A) Acute and subacute MS plaques. (B) Chronic MS plaques. (C) SSPE sample. (D) Control samples. (E)
Negative control (no cDNA). For sample I-9, no cDNA was available for analysis of TCR Vy usage.
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FIG. 3. Sequence analysis ofTCR
8 chains in MS plaque tissue. Ampli-
fied DNA from MS plaques 1-6 (case
285, early-acute MS plaque), I-16 and
1-17 (case 194, acute plaques), II-2
(case 279, subacute plaque), and blood
cDNA were cloned into M13, and the
junctional regions were sequenced by
the dideoxy method. Repeated se-
quences found in a plaque are boxed.
(A) V81 rearrangements. (B) V,2 rear-
rangements. In the one case where
two separate plaques could be exam-
ined from the same brain (case 194,
I-16 and 1-17), two identical sequences
were found (underlined). This sug-
gests the same expanded y-8 popula-
tion can be found in different plaques
of the same brain. In contrast, no
identical sequences were observed be-
tween plaques from different brains.
*, Out of frame sequence.
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FIG. 4. Heat shock proteins in acute MS plaques. (A and B) Immunoperoxidase-stained cryostat sections of normal control white matter
from case 293, adjacent to sample I-14, showing immunostaining with anti-human hsp60 antibody of nuclei and cytoplasm in the perikarya and
processes of microglia and astrocytes and in oligodendrocyte perikarya (A) and immunostaining with anti-hsp9O antibody of glial nuclei but not
microglia (B). (CandD) Immunoperoxidase-stained actively demyelinating plaque fromMS case 194 (sample 1-16), showing predominant staining
with the anti-hsp6O antibody in the nuclei and cytoplasm of myelin-laden macrophages (C) and staining with anti-hsp9O antibody of the enlarged
nuclei of reactive astrocytes (D). There was no hematoxylin counterstaining of nuclei. (x430.)

dense networks of astrocyte cell processes were seen with
both antibodies (data not shown).

DISCUSSION
An accumulation of lyST cells that predominantly use the Vt1
and V;,2 gene segments was observed in acute MS lesions. yS
T cells appear to have undergone clonal expansion in active
MS plaques, as repeated TCR 8 chain sequences were found
in all plaque samples examined. This observation was not due
to small cell numbers present in plaques, as a minimum of
5000 y8 T cells were presented in sections from two acute
plaques. Therefore, yS T cells appear to undergo clonal
expansion following recognition of a specific CNS ligand.
A recent model proposes that y68 T cells reactive with

highly conserved heat shock proteins are involved in autoim-
mune reactions (6). According to this model, overexpression
of heat shock proteins at an inflammatory site leads to
recruitment of y8T cells cytotoxic for stressed cells. In such
a scenario, autoreactive afB T cells reactive with a myelin
autoantigen may initiate the inflammatory process, leading to
an increased expression of specific heat shock proteins and
recruitment of 'yS T cells that induce demyelination. This
model is supported by a recent report demonstrating that y8
T cells colocalize with hsp65-reactive oligodendrocytes in
chronic-active MS lesions. Both the presence of yb T cells
and hsp65 expression were specific for MS plaques and not
detected in the CNS of patients with SSPE or tropical spastic
paraparesis (9).

In summary, we demonstrate that Ay T cells bearing TCR
V81 and Vt,2 gene segments accumulate in acute MS plaques
where they appear to undergo clonal expansion, presumably
because of recognition of a specific ligand. hsp60 and hsp90,

which are increased in expression in acute plaques, may be
target antigens for such autoreactive y8T cells. Therefore, ys
T cells may play an important role in the pathogenesis ofMS.
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