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Transfer of Experimental Allergic Encephalomyelitis

with Guinea Pig Peritoneal Exudate Cells

Abstract. Incubation with specific antigen, myelin basic protein, greatly enhances
the ability of guinea pig peritoneal exudate cells to transfer experimental allergic
encephalomyelitis. Reproducibly successful transfers are obtained with 107 cells.
With this relatively small number of cells, in vitro studies to determine the immuno-
logic mechanisms involved in the disease process are now possible.

Experimental allergic encephalomye-
litis (EAE) is a cell-mediated auto-
immune disease induced in susceptible
animals by sensitization with central ner-
vous system (CNS) myelin basic protein
(BP) (Z). Successful adoptive transfer of
full-blown EAE in guinea pigs was origi-
nally reported by Stone (2), who found
that transfer depended not only on viable
histocompatible lymph node cells (LNC)
but also required sensitization of donors
with a large amount (2.5 mg) of myco-
bacteria in conjunction with whole spinal
cord antigen. Falk et al. 3) confirmed
these results and reported that EAE
could also be transferred with cells from
donors sensitized with large amounts of
BP and mycobacteria (0.5 mg each). We
later showed that a more reproducible
transfer could be achieved (paralysis and
CNS lesions in all recipients) by sensiti-
zation of donors with 0.5 mg of BP plus
the larger amount of mycobacteria origi-
nally suggested by Stone (2.5 mg) ).
The number of LNC required for suc-
cessful transfers was of the order of 10°
regardless of whether whole tissue or BP
was the sensitizing CNS antigen. On the
basis of cell numbers, freshly harvested
peritoneal exudate cells (PEC) are prob-
ably no better than LNC for disease
transfer, since 5 x 108 PEC induced only
mild disease in recipients (5).
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Because of the large number of cells
required, cellular transfer has not been
extensively used for examining the spe-
cific immunologic mechanisms of EAE.
We report here that in vitro culture of
BP-sensitized PEC with specific anti-
gen (BP) enhances the ability of PEC

to transfer disease, reducing the num-
ber of cells required to induce both
clinical and histologic signs of EAE in
the recipients.

Male guinea pigs (strain 13) weighing
400 to 700 g (Division of Research Ser-
vices, NIH) were used in all experiments.
Donors were sensitized with either 100
ug of BP, 100 ug of BP plus 100 ug of
ovalbumin (Sigma), or saline in 0.1 ml
of complete Freund’s adjuvant (CFA),
containing 100 ug of H-37R,, in a single
intracutaneous site on the chest. Ten
days after sensitization, the animals
were injected in the peritoneum with
25 to 30 ml of sterile paraffin oil. Three
days later the animals were anesthetized,
and their peritoneal cavities were washed
with 200 to 300 ml of Hanks balanced
salt solution (HBSS).

After two washings in HBSS, the cells
were suspended in RPMI 1640 medium
containing 5 percent fetal calf serum,
glutamine (300 ug/ml), penicillin (100
U/ml), and streptomycin (100 ug/ml).
These cells (2 X 107 to 4 X 107) were then
plated in 100-mm plastic tissue culture
dishes for 2 hours at 37°C in a humidified
air mixture containing 5 percent CO,. Af-
ter incubation the nonadherent cells
were removed, and the plates were
washed once with medium. The pooled
nonadherent cells were centrifuged and
resuspended in medium. Viability was
determined by trypan blue exclusion,
and the number of phagocytic cells was
determined by latex bead ingestion. All
cell recoveries are based on viable cell
counts. The cells were incubated for 72

Table 1. Transfer of EAE with cultured PEC.

Donor Antigen in culture No.
sensitization* Cul- — Cell sick D.L.t
" Concen- ClIS (mean +
ure tration  Type (107 No. S.E)
(ug/ml) recipients
100 ug of BP + CFA - 4.0 0/2 0
- 2.0 0/1 0
+ 10 BP 4.0 6/6 8.4 £ 0.6
+ 3.5 2/2 9.0 £ 0.0
+ 2.0 SIS 9.1 £0.6
+ 1.0 10/10 8.0 0.4
+ 0.5 3/6 8.0,9.0,7.5%
+ 0.25 2/4 8.0,9.0%
+ 0.1 2/3 6.0,9.0%
+ None 3.0 0/1 0
100 ug BP + 2.0 0/1 0
100pugova | T CFA 10 BP 2.0 11 7.5
+ 1.0 11 9.0
+ 0.6 1/1 7.5
+ 100 Ova 4.0 0/1 0
+ 2.0 0/1 0
CFA + 10 BP 4.0 0/2 0

*Myelin basic protein was isolated from guinea pig CNS tissue (/0) and purified by ion exchange chromatog-

raphy (/1).
signs of disease (6).
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¥D.1. = Disease index—severity of disease based on a combination of clinical and histologic
tDisease indices of sick animals.
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hours in flat-bottom plastic trays (Cos-
tar, Tissue Culture Clusters?*, Cam-
bridge, Mass.) at a concentration of 1 X
108 cell/ml. The concentration of anti-
gen was 10 ug/ml for BP, and 100 wg/ml
for ovalbumin.

Portions of each cell preparation (0.2
ml) were also incubated in quadruplicate
in 96-well flat-bottom microtiter tissue
culture plates (1 X 108 cell/ml). After 2
days, 1 uCi of [*H]thymidine (6.0 Ci/
mmole, Schwarz-Mann) was added to
each well, and 18 to 20 hours later the
cells were harvested with a semi-auto-
matic cell harvester (MASH II, Micro-
biological Associates). The radioactivity
on the glass fiber discs was counted in a
Packard Tri-Carb liquid scintillation
counter. The stimulation index (S.I.) is
equal to the ratio of the mean number of
counts per minute of cultures containing
antigen to that of cultures without anti-
gen.

After a 3-day incubation period, with
or without antigen, the cells intended for
transfer were harvested and counted,
and the number of phagocytic cells was
determined. Cultured cells were then in-
jected intraperitoneally into recipient
strain 13 guinea pigs, which were
weighed daily and checked for clinical
signs of EAE. Positive animals devel-
oped clinical signs within 4 to 6 days.
They were anesthetized when acutely ill.
Negative animals were anesthetized 15
days after the injection of cells. The CNS
tissues of all recipients were fixed for
histologic examination (6).

The average phagocytic cell content of
PEC was 63 percent. Plating for 2 hours
reduced the content of phagocytes to 46
percent, with a recovery of 66 percent of
the viable nonphagocytic cells. After 72
hours in culture, the average recovery of
viable nonphagocytic cells was 44 per-
cent of those put into culture. The final
cell suspension-injected into the recipi-
ent contained 69 percent viable non-
phagocytic cells.

The cell transfer experiments are sum-
marized in Table 1. Sensitized cells
transferred after plating but without cul-
ture failed to transfer EAE even when 4
X 107 cells were used. In contrast, 1 X
107 of these cells incubated with BP for
72 hours transferred acute EAE to recip-
ient animals. This result was completely
reproducible, both clinically and histo-
logically. Transfer of full-blown disease
was also accomplished in two of three re-
cipients with as few as 1 x 10 cells.

When cells from BP-sensitized ani-
mals were incubated without BP, and
when cells from CFA-injected animals
were incubated with BP, the disease was
not transferred. The result in the latter
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case ruled out the possibility of active
sensitization of recipients by BP non-
specifically bound to cells. The specifici-
ty of the effect of BP in culture on trans-
fer of EAE was further confirmed by
double sensitization of donors with BP
and ovalbumin in CFA. Cells from these
animals were subsequently cultured with
BP or ovalbumin. Only the cells in-
cubated with BP were capable of trans-
ferring disease.

The S.I. of cells from BP-sensitized
animals, incubated with BP was vari-
able, ranging from 1.7 to 9.6 with a
S.I. for 15 experiments of 5.3 = 0.6
(mean = S.E.M.). Cells from doubly
sensitized donors responded to both
ovalbumin (S.I. = 13.9) and to BP (S.I.
=7.1).

From our S.I. data it is obvious that
some BP-specific cells are proliferating
in culture. This does not prove that the
proliferating cells are the ones which
transfer disease. In other immune sys-
tems it has been possible to separate
cells that proliferate in vitro from the
cells responsible for specific immune
functions (7). It appears that the immu-
nologic function of cells that proliferate
in response to antigen is still poorly un-
derstood.

Recently, Panitch and McFarlin 8) de-
scribed a system for adoptive transfer in
the rat in which relatively small numbers
of spleen cells could transfer EAE after
culture with concanavalin A (Con A).
Spleen cells not cultured with Con A
were inactive. They postulated that the
cells stimulated by the mitogen were
“memory’’ T cells because they were
still responsive to Con A after the donors
had recovered from EAE. We have
found that in vitro incubation with BP as

well as in vitro incubation with Con A
confers on sensitized rat spleen cells the
ability to transfer EAE (9).

The method of transferring EAE with
viable cells reported here provides an ef-
fective tool for examining immunologic
and pathogenetic mechanisms of EAE in
guinea pigs. Such studies were not fea-
sible with the larger cell numbers pre-
viously required. Further studies are
necessary to explain the effect of BP in
culture and to identify the T cell subset
(or subsets) responsible for the transfer
of EAE.
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Rotaviral Immunity in Gnotobiotic Calves: Heterologous

Resistance to Human Virus Induced by Bovine Virus

Abstract. The possibility of immunizing human infants against rotaviruses, which
cause severe dehydrating diarrheal disease, may depend on the use of a related
rotavirus, derived from another animal species, as a source of antigen. To test the
feasibility of this approach, calves were infected in utero with a bovine rotavirus and
challenged with bovine or human type 2 rotavirus shortly after birth. Infection in
utero with bovine rotavirus induced resistance to diarrheal disease caused by the
human virus as well as the homologous bovine virus. These data suggest that the
bovine virus is sufficiently related antigenically to the human type 2 virus to warrant
further evaluation of the former as a source of vaccine.

Rotaviruses are a major cause of seri-
ous, acute gastroenteritis in human in-
fants up to 2 years of age (/, 2). Any at-
tempt to immunize children should
therefore be made early in infancy. Re-
sistance to rotaviral disease appears to
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be mediated in man and in animals by lo-
cal immunity at the epithelial surface of
the small intestine (3-5). Because of the
importance of local immunity, a live at-
tenuated vaccine given orally is likely to
be more effective than an inactivated
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