Reversal of Experimental Allergic Encephalomyelitis with
Monoclonal Antibody to a T-Cell Subset Marker

Abstract. Administration of a monoclonal antibody (GK1.5) that recognizes the
L3T4 marker present on helper T cells prevented the development of experimental
allergic encephalomyelitis (EAE) in mice. Furthermore, treatment with GKI.5
reversed EAE when the antibody was given to paralyzed animals. In vivo injection of
GK1.5 selectively reduced the number of L3T4" cells in the spleen and the lymph
nodes. These results suggest that manipulation of the human equivalent of the
murine L3T4" T-cell subset with monoclonal antibodies may provide effective

therapy for certain autoimmune diseases.

Experimental allergic encephalomyeli-
tis (EAE), an autoimmune inflammatory
disease of the central nervous system, is
a model for the human disease muitiple
sclerosis (MS) (/). Results of several
studies suggest that particular T-lympho-
cyte subsets are implicated in the patho-
genesis of both EAE and MS (2, 3). In
the case of murine EAE. T cells capable
of provoking EAE belong to the helper
(inducer) subset of T cells that carries
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the L3T4 surface marker (¢4, 5). Cells
belonging to a similar human T-cell sub-
set are associated with the progression of
lesions in the brains of MS patients (3).
Administration of monoclonal antibodies
directed against T-cell subset markers
might constitute an effective strategy for
the treatment of MS and other human
disorders, particularly when a specific T-
cell subset or an imbalance between reg-
ulatory T-cell subsets (6) is involved in
disease pathogenesis.

To induce EAE, susceptible SJL/J
mice were given pertussis vaccine intra-
venously and immunized with mouse
spinal cord homogenate (MSCH) emulsi-

Fig. 1. Monoclonal antibody GKI.5 reduces
the number of Lyl~Lyt2™ (L3T4") lymph
node cells. (A) GK|.5-treated: (B) control.
Preparation of cells, staining procedures. and
data collection were as described (/3). Lymph
node cells were stained with fluorescein-con-
jugated antibody to Lyt2 (/2) plus biotin-
conjugated antibody to Lyl (/2) followed by
staining with Texas red avidin and analysis on
a dual laser FACS equipped with logarithmic
amplifiers (/4). Axes represent the relative
amounts of the respective antigens as re-
vealed by fluorescence intensity. Two-color
staining data are presented as ‘‘contour
plots’’ that are representations of three-di-
mensional surfaces in which the levels of
green and red fluorescence per cell define
locations on a two-dimensional surface. and
the frequency of cells with that value of
fluorescence defines the elevation at that lo-
cation. After this surface was smoothed. con-
tour lines were drawn to divide the sample
into equal fractions. The integration bound-
aries used to determine the frequency of
Lyl"Lyt2” and Lyl~Lyt2* cells are shown
on Fig 1B. Treated mice received 100 g of
GK1.5 on each of the 2 days preceding analy-
sis.
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Table 1. Prevention of experimental allergic encephalomyelitis with GK1.5. On day 0. all mice
were immunized in the hind foot pads with 5 mg of mouse spinal cord homogenate (MSCH) in
0.1 ml of an emulsion of equal volumes of complete Freund's adjuvant and phosphate-buffered
saline (PBS) containing Mycobacterium tuberculosis (H37Ra) at a concentration of 4 mg/ml.
Bordetella pertussis (30 x 10° organisms in 0.5 ml PBS) was injected into the tail vein before
immunization with MSCH on day 0 and again on day 2.

Monoclonal antibody treatment* Clinical disease P eri:sg_gular
Monoclonal Injection Inci- Pt oMn::tn§ Freau |
antibody (days) dencet ’ quency

(day)

GK1.5 9,10, 11, 12 0/10 .001 — 1/6

13, 14,16, 18

20, 22
GK1.5 9,10, 11, 12 8/18 .02 19 1/8
GK1.5 -2, -1.1 4/15 .002 27 0/9
53-6.7 -2, -1.1 8/9 N.S. 12 5/5
53-6.7 9,10, 11, 12 1719 N.S. 14 /12
None (PBS) -2, -1, 1 26/30 — 14 13/13

*Monoclonal antibodies to L3T4 (GK1.5) and to Lyt2 (53-6.7) were purified from culture supernatants of
hybridomas GK1.5 (5) and 53-6.7 (/2) grown in serum-free medium HB101. Antibody (100 ug) was given
intraperitoneally on each day. shown as days after immunization with MSCH (day 0). +*The ratio of
number of sick mice to the total number of mice. Mice were examined at least through day 32. Mice were
scored as sick if they exhibited any signs of illness. 1P values were computed by comparing the treated
groups to the PBS group utilizing the continuity correction and taking account of muitiple comparisons: N.S.,
not significant. §The standard deviation for all values is =2 days. 1iThe ratio of number of mice with
perivascular cuffs to the total number of mice examined histologically. Six standard sections of brain and
spinal cord were examined for each mouse (9). Slides were coded and read by an observer who was not
informed of the treatment protocol.

fied in Freund's complete adjuvant. The
disease induced in this way had a charac-
teristic clinical course. (i) The first signs
of illness (loss of weight, disheveled
coat, and tail weakness) occurred 12 to
15 days after immunization; (ii) hind-
limb paralysis and sometimes complete
paralysis developed during the next 5 to
7 days; and (iii) by day 21. mice either
died or recovered and became essential-
ly asymptomatic. We examined the ef-
fects of injection of a monoclonal anti-
body (GK1.5) that recognizes the L3T4
surface molecule (5) on the development
of EAE.

All clinical signs of EAE were pre-
vented when GKI1.5 was administered
before the onset of EAE and were re-
versed when the antibody was adminis-
tered shortly after the first symptoms of
EAE appeared (Table 1 and 2). Injection
of GK1.5 prevented the clinical and his-
tologic manifestations of EAE when the

Table 2. Reversal of EAE with GK1.5.

antibody was administered after the ap-
pearance of autoimmune T cells capable
of transferring EAE (Table 1). Thus, 9
days after immunization with MSCH,
mice have already produced a T-cell
population that can transfer EAE to un-
treated recipients (7). Such MSCH-im-
munized mice failed to develop EAE
when injected repeatedly with GKI1.5
beginning on day 9. When mice were
injected with GK1.5 on the 2 days pre-
ceding and the day after immunization
with MSCH, no disease symptoms were
observed 2 weeks later, a time when
nearly 90 percent of saline-injected con-
trols were paralyzed (Table 1). Similar
treatments with a monoclonal antibody
to Lyt2, which does not bind to L3T4"
peripheral T cells but does bind to sup-
pressor-cytotoxic T cells, did not signifi-
cantly influence the incidence of EAE
(Table 1).

Treatment with GK1.5 was effective

Mice (No.) with clinical
symptoms 72 hours after

even when mice were injected with the
antibody after the first symptoms of
EAE appeared (on days 12 to 14). In this
protocol, mice were observed daily and
were selected at random to receive
GK1.5 or phosphate-buffered saline
(PBS) injection as soon as tail weakness,
paraparesis, and weight loss were ob-
served. Unlike the control mice, the
GK1.5-treated mice did not develop
hind-limb paralysis or quadripiegia and
they did not die. By 72 hours after injec-
tion of GK 1.5, 90 percent of the treated
mice showed clinical improvement with
no residual neurologic impairment (Ta-
ble 2). Treatment of quadriplegic or mor-
ibund mice with GK1.5 did not amelio-
rate paralysis or prevent death.

We used multiparameter fluorescent-
activated cell sorter (FACS) analyses to
investigate the changes in the relative
numbers of T cells belonging to different
T-cell subsets after treatment with
GK1.5. To estimate the frequency of
L3T4" cells in animals treated with
GK1.5 we used the Lyl and Lyt2 surface
markers. T helper (inducer) cells are
Lyl*Lyt2~, while T suppressor—cyto-
toxic cells are Lyl"Lyt2*. With dual
immunofluorescence analyses these sur-
face markers provide a measure of
L3T4" T cell frequency, since L3T4"
cells are Lyl "Lyt2™ and L3T4" cells are
Lyl*Lyt2” (5).

Treatment with antibody to the L3T4
marker selectively reduced the number
of L3T4™ T cells. Two injections of
GK1.5 at 24-hour intervals were suffi-
cient to deplete about half of the L3T4"
cells from the spleen and nearly all of
this T-cell subset from the lymph nodes
(Fig. 1 and Table 3). Similar depletions
of the L3T4" subset occurred in mice
that had already been immunized with
MSCH in order to induce EAE and treat-
ed with GK1.5 on days 9to 12 (8). The T-
cell depletion was specific for the L3T4"
subset since the numbers of Lyl "Lyt2”
(L3T4~ T cells) were not altered by the

Table 3. Selective depletion of the L3T4* T cell subset with GK1.5. The
integration boundaries shown in Fig. | were used to determine the frequen-

cies of Lyl“Lyt2” and Lyl*Lyt2™ cells. The number of cells with the

Treat- indicated phenotype was estimated by multiplying the cell frequency X the
ment* treatmentt Deaths:  cell count for the organ in question. Pooled popliteal, inguinal, axillary, and
- brachial lymph nodes were used for analyses. Preparation of cells, staining
None Mild Severe procedures. and data collection procedures were as described (13).
GK1.5 14 1 | 1 Spleen* Lymp,l nodes*
None (PBS) | 2 13 6 T-cell (X 10° cells) (x10° cells)
*Treatment was begun when mice exhibited mild EAE. At this time. mice subset Un- Un- "
received 300 ug of GK1.5 in saline intraperitoneally. An injection of 100 treated Treated?t treated Treated
xg of Clinl .156 was made on ;aérkof 5the ‘21 d:ys after initia(ijor;’ gl’s trea!m%nt.
total of mice receive 1.5 and 16 mice receive . +*The N _ .

clinical status of the mice was graded according to the following scale: Lyl Lyt2™ (L3T4") 28 16 25 3.0 \ ’
none, no neurologic symptoms or residual tail weakness with weight gain:  Lyl"Lyt2™ (L3T4") 8.3 8.8 14 16

mild, a flaccid tail and paraparesis with weight loss and poor coat texture:
severe, quadriplegia with hind-limb scissoring. The clinical conditions
were graded by an observer who was not informed of the treatment
protocol. tSeven days after initiation of treatment.

*The standard error for all values is less than 15 percent. Each group had a minimum of
four mice. +Treated SJL/J mice were injected intraperitoneally with 100 ug of
GKI1.5 on each of the 2 days prior to FACS analysis.
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“ GKL.5 treatment (Table 3). Although
nearly all thymacytes express L3T4 (5),
the percentage of L3T4™ thymocytes
was not significantly changed in treated
mice (8). ;

The mechanism of the therapeutic ac-
tions of GK1.5 administration is still
unknown. The observed decrease in the
numbers of peripheral L3T4™ helper (in-
ducer) or effector T cells may be suffi-
cient to account for the amelioration of
the disease. Alternatively, the ability of
the antibody to bind L3T4 and block the
functional activities of this molecule
could also play a role. In vivo adminis-
tration of monoclonal antibodies to the I-
A subregion of the major histocompati-
bility complex can prevent and reverse
EAE (9). It is possible that antibody to
L3T4 and antibodies to I-A effect EAE
because both antibodies block T-cell ac-
tivation, either at the site of the T-cell
receptor for I-A [in the case of treatment
with antibody to L3T4 (5, /0)] or at the
site of I-A on antigen-presenting cells (in
the case of treatment with antibody to I-
A). In addition, if there is a reduction in
the number of L3T4™ cells or if their
activation is blocked (or both), there
may be a shift in the balance between
regulatory helper and suppressor T cells
to an alternate stable state (//) in which
suppression becomes the dominant re-
sponse to the encephalitogenic compo-
nents of MSCH.

Regardless of the mechanism of action
of GK1.5 treatment, we have shown that
in vivo administration of GK1.5 has a
dramatic effect on the course of EAE.
The successful treatment of murine EAE
with GK1.5 suggests that therapy with
monoclonal antibodies to the human
equivalent of the murine L3T4" subset
might prove effective in the treatment of
MS and possibly in other diseases where
this T-cell subset plays a central role.
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