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Transfer of Allergic Encephalomyelitis in Rats by Intracerebral 
Injection of Lymphoid Cells.* (30155) 

PHILIP Y. PATERSON~ AND HOWARD S. WEISS 
Department of Medicine, New York University School of Medicine, New York City 

Allergic encephalomyelitis ( AE) is widely 
accepted as a promising model system for 
incisive studies of auto-immunity ( 1,2). All 
evidence suggests that the disease results 
from an immune response called forth by in- 
jected nervous tissue emulsified in Freund’s 
adjuvant and directed against unique anti- 
genic constituents in the nervous system of 
the sensitized host. Still unsettled, however, 
is the nature of the immune response and 
precisely how it interacts with its “target”- 
the neuraxis( 3,4). The strongest evidence 
that sensitized cells, rather than circulating 
antibodies, are the immunological instruments 
of tissue injury has been the successful trans- 
fer of AE in rats and other animals by means 
of sensitized lymphoid cells, in contrast to 
the lack of transfer with immune serum(5-8). 

In previous AE-transfer studies reported 
from this laboratory, the donor lymphoid 
cells were injected into the recipient rats via 
the intravenous route(3-5,9). The purpose 
of this paper is to describe transfer of the 
disease in rats using the intracerebral route. 
In circumventing the undefined role of the 
blood-brain-barrier and insuring immediate 
and direct contact between donor cells and 
“target,” the intracerebral route offers an 
additional and particularly advantageous sys- 
tem for the study of AE. 

Methods. Donor rats and cell suspehsions. 
Rats of the Lewis strain were employed as 
donors.$ This is a highly inbred and isohis- 
togenic strain based on skin grafting criteria 

*This investigation was supported in part by 
USPHS Research Grant NB 03104 fmm Nat. Imt. of 
Neurol. Dis. and Blindness and in part by Contract 
U-1398 with Health Research Council of City of 
New York. 

t Carer Scientist of Health Research Council of 
City of New York. 

$Lewis rats obtained from Microbiological Asso- 
ciates, Washington, D.C. For work described, males 
weighing between 150-200 g were used and maintained 
on commercial pellets and water ad lib. 

(10). The donors were sensitized by intra- 
cutaneous injection of 0.7 ml (0.1 ml in 
each of 7 sites) of a standard guinea pig 
spinal cord-adjuvant inoculum as described 
previously ( 5,s). The donors were sacrificed 
9 days after sensitization-a time previously 
found to be optimal for intravenous transfer 
of AE within the Lewis rat strain(4). Lymph 
nodes draining injection sites (cervical, para- 
tracheal, axillary and pectoral) were pro- 
cessed following previously described meth- 
ods(5,9). In brief, lymph node cells were 
dissociated through cyto-sieves into Hanks’ 
solution and centrifuged in the cold to yield 
from 0.1 to 0.4 ml of packed cells per donor 
rat. The cells were resuspended in fresh 
Hanks’ solution yielding a slightly viscous 
preparation, consisting largely of monodis- 
persed lymph node cells, which provided the 
cell suspension for intracerebral transfer. 

Recipient rats and intracerebral injections. 
Either Lewis rats or Wistar rats-an allo- 
genic strain-were employed.§ Under ether 
anesthesia, hair was removed over the dorsal 
skull and the exposed skin prepared with 
hexachlorophene and tincture of merthiolate. (1 
With attention to aseptic technique through- 
out, a 3-6 mm incision was made in the skin 
over the longitudinal suture of the dorsal 
skull. The volume of cell suspension to be 
injected was drawn into a 1.0 ml syringe 
fitted with a 25 g needle. The syringe was 
held perpendicular to the skull with the 
needle tip in position just to one side of the 
midline and overlying the frontal lobe, well 
ahead of the motor cortex. With a rapid 
rotary motion of the syringe and gentle, 
steady pressure the needle acted as a drill 
and pierced the outer and inner tables of 
the skull coming to rest well within the 

0 Wish “CFN-Specific pathogen free” rats ob- 
tai,ned from Carworth Farms, New City, N. Y. Fe- 
males weighing 125-175 g were used and main- 
tained on water and commercial ,pellets ad lib. 

11 “Phbhex,” Winthrop Laboratories, New York. 
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TABLE I. Transfer of Allergic Enceplialoinyelitiu (AE)  into 1,ewis or Wistar Rats with 
Lewis Sensitized T,yniplioitl Cells via Intracerebral Route. 

Lesioiis of A E  in recipients : t 
1,ewis (L) or Microglial 

Transfer 1,ewis donor Wistar ( W )  Perivasculw reaction 
S O .  NO.* rwipielit No. cufillg plus cuffing 

5x2 I. -587 
W-575 

W-600 
770 W-782 
771 w-787 
7 i 2  1 4  -784 
776 IA -789 
777 1, -790 
778 W-792 

589 I A  -599 

+ + + + + + 
0 + + 
0 

++ ++ + +++ ++ + 
0 
0 
0 
0 

~~ ~~~ ~ ~ 

* 1,ewis clo~iors sacrificed 9 (lays after sensitization to spinal cord plus adjuvant auld clis- 
sociated lymph node cells prepared (see Methods) .  Total of 0.12 to 0.15 nil of cell suspension 
injected int.racerebrdly into each recipient. 

t Recipients sacrificed 6 days after cell t.ranvfers for histological study. Grading of l&om 
shown based on number and iiiteiisity of lesion8 present. 

underlying brain tissue. After 0.06 to 0.08 
ml of cell suspension was slowly injected, the 
needle was carefully withdrawn. A new needle 
was fitted to the syringe which was then 
reloaded with the same volume of cell sus- 
pension and the entire procedure was re- 
peated through the same midline skin inci- 
sion at  a corresponding site on the contra- 
lateral side. Very slight, if any, leaking of 
inoculum from the hole in the calvarium was 
noted. 

Microscopic sections and classification of 
lesions. From 12 to 14 blocks of formalin- 
fixed brain and spinal cord from each recipi- 
ent sacrificed 6 days after transfer were em- 
bedded in paraffin, sectioned, and then 
stained with hematoxylin-eosin (and occa- 
sionally with luxol fast blue-PAS for evalu- 
ation of myelin sheaths) as described else- 
where ( 1 1 ). Guidelines for interpretation and 
classifying histological changes were as fol- 
lows: Subarachnoid and meningeal cellular 
infiltrations were largely ignored. Similarly, 
changes in the immediate vicinity of the 
needle tract were excluded from serious con- 
sideration. Special attention, however, was 
given to remote focal areas of inflammation, 
each oriented around a small vessel, usually 
a venule. Such lesions, consisting only of 
perivascular cuffing of mononuclear cells 
without associated parenchymal changes, were 
set down in one category. More intense 

lesions, consisting not only of perivascular 
cuffing, but, in addition, showing a conspicu- 
ous microglial reaction in the immediately 
adjacent parenchyma were placed in a second 
category. Based on the number and severity 
of lesions found in routine microscopic sec- 
tions studied, an arbitrary grading system 
of l+ to 3+ was used for scoring. 

Results. The results of 8 intracerebral 
transfer experiments with Lewis donor cells 
are recorded in Table I. Of the 5 Lewis 
recipients, 2, (789 and 790) were found to 
have lesions consisting only of perivascular 
cuffing with round cells resembling small 
lymphocytes. Small veins or venules were 
most commonly involved and 2 to 4 con- 
centric layers of cells were not uncommon. 
Two other Lewis recipients (587 and 599) 
showed more severe lesions which were scat- 
tered in fair numbers throughout the neu- 
raxis. These lesions consisted of perivas- 
cular cuffing and a conspicuous microglial 
reaction in the immediately adjacent nervous 
tissue parenchyma. The remaining Lewis re- 
cipient (784) showed neither type of lesion. 
Injection of sensitized Lewis lymphoid cells 
into 5 Wistar recipients gave comparable, 
if not more striking results. In 4 recipients 
(575, 600, 782 and 787) are+ of microglial 
proliferation plus perivascular cuffing were 
readily demonstrable in the brain and cord. 
The lesions were especially intense and nu- 
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TABLE 11. Results of Intracerebral Traiwfer of Cells from Sensitized or Normal Lewis 
Donors into Lewis or Wistax Rats. 

(-,Lewis donors*--7 r---Recipients. -- No. of recipients witht 

Status of cells Perivascular reaction 
Sensitized with transferred Strain used KO. inj  cuffing &cuffing 

Mic r ogli a1 

Cord-adjuvant Killed IAN cellst Wistar 2 0 0 
Living liver cells Wistar L 0 0 

Adjuvant only Living IAN cells IAewis 7 4 0 
Idem Wistar 1 I 0 

Lewis 9 2 0 
Wistar 3 2 0 

1 9  1 9  9 

9 9  7 7  

7 9  

17  

Nil 
Nil 

* k o r s  surificed 9 days after seiisitizntion with spinal cord plus adjuvant (Cord-adjuvant) 
or adjuvant only and dissociated cell swpnsion prepared from lymph nodes (LN) or liver. 
T d a l  of 0.12 to 0.16 ml of cell suspension injected into each recipient. 

t Recipients sacrificed 6 days after cell transfers far hi&,ologicaJ studies. 
$ Lymph node (LN) cells kil1e.d by exposure to 56°C for 30 min just  prior to transfer. 

merous in recipient no. 600, as indicated 
by the 3+ rating. The 5th Wistar rat (792)  
showed neither type of lesion. 

The lesions found in the brain and spinal 
cord after intracerebral transfer were indis- 
tinguishable from those previously described 
in Lewis and Wistar rats with actively in- 
duced AE or in both strains following intra- 
venous injection of appropriately sensitized 
donor cells (4,511). Luxol fast blue-PAS 
stains revealed definite, although minimal, 
perivascular demyelination to be associated 
with those lesions having both parenchymal 
microglial and perivascular lymphocytic in- 
filtrative components. 

None of the recipients exhibited clinical 
signs of AE. The relatively infrequent occur- 
rence of such signs as hindleg paralysis and 
ataxia in rats following intravenous injection 
of donor cells also was observed in prior trans- 
fer studies reported from this laboratory 
(5,9). It is assumed that the absence of 
clinical signs is a reflection of the tendency 
for the lesions associated with the transfer 
form of AE to be fewer in number and milder, 
than those associated with actively induced 
disease. 

Additional intracerebral transfers were car- 
ried out with lymphoid cells from “control- 
donors” consisting of normal Lewis rats or 
those sensitized to adjuvant alone. The re- 
sults of these transfers together with those 
carried out with killed, sensitized lymphoid 
cells or living liver cells are recorded in 
Table 11. Recipients injected with either 
lymphoid cells which had been killed by 

heating (56°C for 30 minutes) or viable 
liver cells from donors sensitized to spinal 
cord plus adjuvant were completely devoid 
of any focal inflammatory changes. In  con- 
trast, occasional focal areas of perivascular 
cuffing were seen in many of the recipients 
which received living lymph node cells, be 
they from normal Lewis donors or Lewis 
donors sensitized to adjuvant alone. How- 
ever, none of the recipients had parenchymal 
microglial lesions. This last finding under- 
lines the importance of living lymphoid cells 
sensitized to nervous tissue in the develop- 
ment of this histological hallmark of AE. 

Discussion. The finding most difficult to 
interpret is the most common lesion en- 
countered after intracerebral lymphoid cell 
transfer, viz., the focal perivascular cuffing 
unaccompanied by parenchymal microglial 
reaction. This lesion occurred after intra- 
cerebral transfer of normal lymphoid cells as 
well as those from donors previously exposed 
to nervous tissue and adjuvant. I t  is cer- 
tainly possible that these vascular changes 
have no special immunological significance. 
For example, they may represent an inflam- 
matory response to the trauma associated 
with the intracerebral injection procedure or 
to the mere presence of cells deposited in the 
brain. Similar lesions were described by 
Astrom and Waksman(6) in their study em- 
ploying rabbits which were injected with 
sensitized lymphoid cells via the intracister- 
nal route. These workers believed such lesions 
to have little or no immunological impor- 
tance. Alternatively, however, the perivas- 
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cular cuffings may, in fact, represent an im- 
munological response initiated in situ by im- 
munopotent Lewis lymphoid cells and di- 
rected against antigenic organ-specific con- 
stituents of either Wistar or Lewis brain tis- 
sue. In the case of Wistar recipients, strain- 
specific antigens recognized as “foreign” by 
the immunologically competent transferred 
Lewis cells might provide additional anti- 
genic stimulation. The results of “control- 
transfers” in the present study (Table 11) 
are in line with this thesis. Most convincing 
is the absence of any lesions after transfer 
of heat-killed sensitized cells or viable liver 
cells. In other work in progress in our labora- 
tory, a similar absence of lesions after daily 
injections of immune serum into the brain 
or ventricular cavity has been noted: To- 
gether, these observations suggest that the 
perivascular infiltrates found after injection 
of living immunopotent cells are not to be 
explained solely on the basis of deposition 
of cells per se or the trauma of the procedure. 

The results following intracerebral injec- 
tion of lymphoid cells from Lewis rats sensi- 
tized to nervous tissue plus adjuvant pose 
no apparent difficulty with respect to their 
interpretation. Such cells elicit a disseminated 
encephalomyelitis with morphological features 
identical to actively induced AE, viz., charac- 
teristic microglial parenchymatous reactions 
and perivascular myelin injury. A point de- 
serving special emphasis is the successful 
transfer of AE to normal Wistar recipients 
with Lewis cells. This is the first time that 
AE has been transferred across a conspicu- 
ous strain difference without first suppressing 
the immunological reactivity of the recipient 
animals with X-irradiation (6)  or performing 
splenectomy of the sensitized donor(9). I t  is 
assumed that success of the transfer of AE 
across a histocompatibility barrier using the 
intracerebral route is related to the relatively 
immunologically privileged environment of 
the neuraxis( 12,13). The transferred cells, 
after deposition in brain tissue, are secure 
from rapid homograft rejection mechanisms 
of the host and enjoy extended survival and 
function-previously shown to be a prerequi- 
site for the successful transfer of AE ( 5 ) .  Our 
findings in the rat lend support to prelim- 

inary observations made by Thomas and 
Leonard(l4) that AE may be transferable 
in the guinea pig by intracerebral implanta- 
.tion of allogeneic sensi tized lymphoid cells. 

Many questions arise as. to the precise 
sequence of events leading to the dissemin- 
ated lesions of AE after intracerebral trans- 
fer of cells. Do the donor cells or their prod- 
ucts, after deposition in the brain of the 
recipient, gain access to the subarachnoid 
space or the ventricular cavities and travel 
via the spinal fluid to distant areas of the 
neuraxis and react there with antigen? Do 
the donor cells or their products move through 
central nervous tissue tracts or natural cleav- 
age planes, as pneumococcal polysaccharide 
has been shown to do by Levine( 15) ? Is the 
critical event underlying development of 
lesions of AE a direct interaction between 
sensitized donor cell and recipient tissue-fixed 
antigen? Or is the tissue injury caused by 
conventional antibrain antibody released 
locally in increasing amounts by the sensi- 
tized cell in response to contact with the 
antigen? These and other questions are under 
intensive study in current transfer work in- 
volving AE in this laboratory. 

The studies described here are an exten- 
sion of investigation of the pathogenesis of 
AE in this laboratory. The intracerebral 
method of cell transfer described here is rela- 
tively simple and straightforward and has 
particular promise as an additional approach 
for defining the relative importance of cellu- 
lar and humoral immune factors in the dis- 
ease. On balance, the data presented lend 
added weight to the concept that the inter- 
action between cells sensitized to nervous 
tissue and tissue-fixed antigen in the neu- 
raxis leads to allergic inflammatory responses. 
With slight modification of this view, by sub- 
stituting viral -antigen for antigenic constitu- 
ents native to nervous tissue, the concept has 
potential usefulness as a working hypothesis 
in studies of the post-viral encephalitides 
and primary demyelinating diseases of man 
(16). 

Conclusions. Rats, after intracerebral in- 
jection of lymphoid cells from donors sensi- 
tized to spinal cord-adjuvant, develop dis- 
seminated lesions of allergic encephalomye- 
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litis. Using the intracerebral route, the dis- on Immunopathology, P. Grabar, P. A. Miescher, - 
ease may be transferred- across a strain bar- 
rier (Lewis to Wistar rat) in addition to 
transfer within an inbred rat strain (Lewis 
to Lewis rat). Evidence is presented that 
intracerebral implantation of lymphoid cells 
from donors sensitized to adjuvant only or 
from normal rats may result in injury of a 
type seen in allergic encephalomyelitis and 
believed to have an immunological basis. 

The aulthors wish to express their thanks to Mrs. 
Arlene Jacobs and Mrs. Jean Caine for their valuable 
participation in some of the transfer and to Mrs. 
Thelma Winik for preparation of the tissue sections 
for histologid study. Dr. Gleb Brudzibvitch pro- 
vided valuable neuropathological consultation con- 
cerning some of the histological lesions. 
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A Rapid Procedure for Staining Ni.ss1 Granules in Brain Tissue, 
to Be Used for Photomicrography.* (30156) 

RAIMOND EMMERS (Iptroduced by Walter S. Root) 
Department of Physiology, College of Physicians and Surgeons, Columbia University, 

New York City 

Although the sectioning of frozen brain 
tissue is generally regarded as a useful tech- 
nique for inspecting certain topographic and 
gross morphologic changes . in brains after 
experimental surgery, several shortcomings of 
this technique have led many experimental 
neurologists to utilize more time-consuming 
methods for preparing their brain specimens. 
For example, i t  is widely held that frozen 
sections stain rather poorly and, while they 

* This procedure was developed in connection with 
studies concerning neurophysi,ological mechanisms of 
taste which were aided by granlts NB-03266 from Inst. 
of Neurol. Dis. & Blindess, Nat. Inst. Health. Celloid- 
in material for the illustrations was made available 
by Miss Helen Brandemuehl, Laboratory of Neuro- 
physiology, Univ. of Wmisconsin Medical School, 
Madison. 

may be adequate for gross microscopic in- 
spection, they are rarely of such quality as 
to provide a useful material for photomicro- 
graphic illustrations. In experiments which 
involve the study of various changes of the 
nerve cell body, the use of celloidin 'or paraf- 
fin embedded material has been regarded as 
imperative, because some artifacts, such as 
vacuolation of normal cells, usually observed 
in frozen material, make interpretations of 
the results difficult, if not impossible. 

In  this laboratory it has been found, how- 
ever, that frozen sections can be prepared in 
such a way that they are of comparable qual- 
ity to celloidin embedded material in every 
respect. This involves dehydration of indi- 
vidual sections in various grades of alcohols 
before they are mounted. Such a dehydration 


