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Immune responses in experimental allergic neuritis
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S UMM AR Y The antibody and cell mediated immune responses were investigated in inbred
Lewis rats with experimental allergic neuritis (EAN) induced by either P2, a protein purified
from the bovine cauda equina nerve roots, or whole bovine nerve root myelin. In the P2 immun-
ised animals both antibodies to P2 detected by radioimmunoassay and cell-mediated immunity to
P2 assayed by skin testing appeared before the onset of EAN and persisted during and after the
disease. In the myelin immunised animals the antibody titres were lower and somewhat delayed
and the skin tests became negative at the height of the disease. Complement-fixing antibodies to
galactocerebroside, which have been implicated in the production of demyelination under some
circumstances, could not be detected in the serum after immunisation with either P2 or myelin.
EAN was transferred passively with lymph node cells from rats immunised with either P2 or
myelin although anti-P2 antibodies could not be detected in the serum of recipients with EAN.
The results favour a cell-mediated immune response to P2 as the most important pathogenetic
mechanism in EAN induced with whole myelin in the rat.

Experimental allergic neuritis (EAN) produced by
immunisation with an emulsion of peripheral
nerve and adjuvant is an important model of
human acute inflammatory polyneuropathy
(Guillain-Barre-Strohl syndrome) which it closely
resembles histologically. Study of its immuno-
logical mechanisms was delayed because in most
species the disease was contaminated by inflam-
mation of the central nervous system, that is
experimental allergic encephalomyelitis (EAE),
and the identity of the neuritogenic antigen was
not known. It has recently been shown that
bovine peripheral nerve myelin injected into in-
bred Lewis rats produces pure EAN without
EAE,1 2 3 and that P2 basic protein purified from
that myelin is responsible for the neuritogenic
activity.' 4 5 This paper describes the humoral and
cellular responses to P2 during EAN and the pass-
ive transfer of the disease with lymph node cells.

Methods

Male inbred Lewis rats were injected as previously
describedl 4 with 0,25 mg bovine P2 or 2 5 mg bovine
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peripheral nerve myelin, emulsified with adjuvant con-
taining 0'5 mg Mycobacterium tuberculosis, and killed
after 7-42 days. The severity of neurological signs
was graded 0=normal, + =limp tail, + +=para-
paresis, +++=paraplegia, tetraparesis or death. The
mean scores in table 1 refer to the signs of 4-6 rats
at the time of sacrifice when blood and lymph nodes
were collected. The scores correspond closely to those
obtained in previous experiments with 10 rats im-
munised with the same dose of P2 and 10 with the
same dose of myelin. Histological examination was

Table 1 Percentage 125J-P2 binding of sera from P2
and myelin immunised rats in relation to neurological
signs

Days after P2 immunised Myelin immunised
immnunisa-

Neuro- 1251_p, Neuro- 125I-P2
logical binding logical binding
score score

0 0 35±05 0 3-5 05
7 0 5-3+1-5 0 5-2 32
9 0 27-4±7-5 - notdone
10 0 307(30-1,31 3)* 0 6-4± 2-3
12 0 25±0 5 45 9 (44 4, 47 4)* 2-3±0-6 10-7± 3-1
14 1-4±0-9 603±7-2 2-8±0-4 20-3 ±20-5
21 1-75±0-5 74-9±4-6 1-3±1-1 77 0± 2-3
42 0 68-0 (57-5, 78-9)* 05±07 775+ 2-6

Mean ± SD of 3-6 rats except for values marked * which are means of
the two bracketed observations.
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performed on paraffin embedded sections of the
sciatic nerves and cauda equina stained with haema-
toxylin and eosin or luxol fast blue. Antibodies to
P2 were detected by radioiodinating P2 according to
the method of Sarvas et al,6 incubating 2 ng of this
1251-P2 with 50 Al appropriately diluted test serum in
a volume of 500 Al overnight, and finally precipitating
the bound P2 with 10% polyethylene glycol. The
radioactivity of the precipitate was counted and ex-
pressed as a percentage of the total counts added.
Skin tests were performed by injecting 50 jg P2 or
purified protein derivative of tuberculin (PPD) in
01 ml phosphate buffered saline intradermally into
the flank of the rats under ether anaesthesia. The
depth of induration was assessed 24 hours later by
measuring the thickness of a fold of skin containing
the skin test with calipers and subtracting the thick-
ness of the skin fold on two sides.
Lymph node cell transformation was tested by a

modification of our technique for human peripheral
blood mononuclear cells.7 The rats were exsanguinated
under ether anaesthesia and the draining axillary
lymph nodes were dissected, teased in tissue culture
medium, and sieved through a fine stainless steel
mesh (0,84 mm). The lymph node cells were washed
twice and cultured in the wells of a microtitre tray
at 400,000 viable cells per well in Minimum Essential
Medium modified with Earle's Salts (Flow Lab 12-102-
49) containing hepes 20 mM, 10% human AB serum,
glutamine 200 mM, penicillin and streptomycin. The
required amounts of antigen were added and the cul-
tures were incubated in a humidified 5% CO, atmos-
phere at 370C. The cells were harvested after 72
hours, 20 hours after the addition of 0-8 AsCi 3H-
thymidine.

In the lymph node cell transfer experiments the
antigen emulsion for the donors was usually distri-
buted between all four feet. All the lymph nodes
were harvested after 9 or 21 days and then teased
and sieved to prepare a single cell suspension. The
cells were washed twice and then injected into the
dorsal penile vein in a volume of 1-2 ml. The re-
cipients were observed daily and killed after 14 days.
Antibodies to galactocerebroside were sought with
a micro-complement fixation test with 5 ,ug galacto-
cerebroside, and cholesterol and lecithin as auxiliary
lipids.

Resuls

The neurological signs produced by whole per-
ipheral nerve myelin were similar but more severe

than those produced by P2 (table 1). After 11-12
days the rats developed limp tails, then hind limb
paresis and sometimes paraplegia, tetraparesis or

death. With the doses used all the rats became
affected after 14 days. The histological appear-
ances of cellular infiltration and demyelination,
assessed on paraffin fixed material stained with
haematoxylin and eosin or luxol fast blue, were

similar in rats immunised with either purified P,
protein or whole myelin.
After immunisation with P2 increased 1251-P2

binding was detected in the serum at nine days,
rose until 21 days and remained high at 42 days
(table 1). After immunisation with whole myelin
the l25'IP2 binding rose more slowly, but by 21
days achieved a level similar to that after P2
immunisation. Rats immunised with adjuvant
alone did not produce significant 125I-P2 binding
(the mean percentage binding of 11 samples was
3-8+=07). Complement fixing antibodies to galacto-
cerebroside were not detected in any of the sera
although rabbit antigalactocerebroside antiserum
reacted strongly in the same test.

In 21 complete adjuvant immunised control rats
injection of P2 produced no erythema or indura-
tion (mean depth of induration ±SD=0-00±0(04
mm). In the P2 and myelin immunised animals
P2 produced positive skin tests 7-10 days after
immunisation (table 2). The induration was less
than with similar tests with PPD (table 3) and
erythema, although present, was difficult to
measure accurately. In the P2 immunised rats
the positive skin tests persisted during the disease
whereas in the myelin immunised rats the skin re-
action to P2 and PPD diminished (tables 2 and 3).

In the lymph node cell transformation tests,
addition of P2 100 ,ug/jd produced an increment
in 3H-thymidine incorporation of lymph node cells
from all the groups of rats. Only the cells from
the rats immunised with pure P2 had a significantly

Table 2 Skin tests with 50 ,ug P2 in P2 and myelin
immunised rats
Days after immunisation P2 immunised rats Myelin immunised rats

7 0-13±0-1 0-22 ±0-08
10 047+t0-28 0-27 ±0 16
12 0-43±0-06 0 37 ±0-16
14 0-43 ±0-15 -0-125±0-12
21 0-30±0-10 0-02 ±0 03
42 0-40±0-11 0-02 ±0-14

Mean induration (mm) + SD for 4 rats.

Table 3 Skin tests with 50 ,ug PPD in adjuvant, P2
and myelin immunised rats

Days after Adjuvant P2 immunised Myelin
immunisation immunised rats rats immunised rats

0 -0.05* -0.05* -0.05*
7 0-61 ±0-15 0-31±0-14 0-23±0-19
10 1-08±0-09 1-02±0-21 0-68±0-40
12 1-04±0-21 1-00±0-44 1-30±0-36
14 1-76±0-67 1 56±0 55 0-18±0 10
21 0-93±0-11 0-38±0-18 Not done
42 0 50±0 10 0-49±0-23 0-20*

Mean induration (mm) ±SD for 4 rats.
*One observation.
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larger increment than those from normal rats
(table 4). P2 20 ,ug/ml caused increased transfor-
mation only of the cells from rats immunised with
P2.

Six animals received a single intraperitoneal
injection of 9-12 ml of pooled antimyelin serum.
Four of these were given serum from rats im-
munised 21 days earlier with 2 5 mg bovine
myelin; one received 14 day and another 9 day
serum. No neurological signs were observed during
the next two weeks and no histological evidence
of demyelination or inflammation was found in
the sciatic nerves or cauda equina. By contrast
mild neurological signs and mild or moderate
cellular infiltration of the sciatic nerves and cauda
equina were consistently observed following trans-
fer of 2*0X 10 or more lymph node cells from
donors sensitised nine days earlier with P2 or
myelin (table 5). Thymocytes and splecn cells from
the same donors were ineffective. The effect was
lost if the cells were killed by heating to 560 for
30 minutes. Lymph node cells from donors sensi-
tised 21 days earlier did not transfer the disease
nor did lymph node cells from donors immunised
with adjuvant alone. The 1 251P2 binding of the
sera of the two rats with passively transferred

Table 4 Lymph node cell trantformation in the
presence of P2 14 days after immunisation

Immunisation No of Background Increment Increment
rats incorporation with P2 with P2

without lOO,ug/ml 2O0,g/ml
antigen

None 10 280±310 530±670 90±140
Adjuvant alone 9 300±330 810±1000 88 ±100
P2 8 270+150 2790±1250* 450±210*
Myelin 3 470±190 850± 370 40±190

3H-thymidine incorporation per 400,000 cells. Mean ±SD, DPM.
*The increment with P2 of the cells from P2 immunis2d rats is greater
than that of cells from th- normal rats (p < 0 01, two-tailed Wilcoxon
rank sum test) or of the cells from the adjuvant immunised rats
(p < 0-01).
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EAN in experiment 6 was 2'7% and 4 1%/, not
significantly different from that of normal rats
(table 1). On the other hand the serum of the
recipient of 21 day cells in experiment 9 bound
8-9% indicating the presence of circulating anti-
body although no neurological signs or histological
lesions of EAN were detected.

D;scussion

Immunisation of Lewis rats with either whole
bovine intradural root myelin or purified P2 stimu-
lates production of antibodies to P2 which are
readily detected by our 12tJ.P2 binding assay. The

antibody level does not correspond closely to the
course of the neurological signs of EAN (table 1).
For instance in the P2 immunised animals although
circulating antibody was clearly present on day
nine, one or two days before the onset of neuro-

logical signs, peak levels were not achieved until
after 21 days by which time surviving animals had
either recovered or were improving. The anti-
bodies remained at a high level at 42 days when
all the rats had recovered. In the myelin immun-
ised animals the discrepancy between antibody
levels and appearance of neurological signs was

even more obvious since the antibody levels re-

mained relatively low at 12 and 14 days, although
these rats were more severely affected ithan those
immunised with P2. The method used investigated
P, bound by all classes of antibody so that the
present experiments do not eliminate the possi-
bility that minor subclasses of immunoglobulin or

tissue bound antibody play a part.
The absence of complement-fixing antibodies

to galactocerebroside from the serum of rats with
EAN makes it unlikely that these play a part in
the pathogenesis of EAN under the conditions of
these experiments. Under other circumstances
antibodies to galactocerebroside are important in

Table 5 Induction of EAN by passive transfer of cells
Experiment Cell Immunogen Dav of No of cells Neurological signs Histological disease

type transfer transferred x 10J Incidence Score Incidence Score

I LNC* myelin 9 2 8 3/4 0 75 4/4 2-0
2 LNC myelin 9 2 0 0/3 0 2/3 0-75
3 LNC 2/2 1.0 2/2 2 5

thymus P2 9 2-0 0/2 0 0/2 0
spleen 0/2 0 0/2 0

4 LNC myelin 9 2 0 2/3 0 67 3/3 1-67
5 LNC P2 9 4-0 2/2 2-0 2/2 2-0

LNC 4-Ot 0/2 0 0/2 0
6 LNC P2 9 2 5 2/2 1 5 2/2 2-0
7 LNC myelin 21 2 0 0/2 0 0/2 0
8 LNC P5 21 2 5 0/1 0 0/1 0
9 LNC myelin 21 20 0/1 0 0/1 0

LNC=lymph node cells.
t =cells killed by heating at -- 56 for 30 minutes before injection.
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immune mediated demyelination since rabbits re-

peatedly immunised with galactocerebroside de-
velop demyelination and macrophage infiltration,9
which can be reproduced by intraneural injections
of antigalactocerebroside serum.10 The myelin
splitting preceding cellular infiltration and promi-
nent Schwann cell death in the galactocerebroside
induced lesion are not described in EAN induced
by whole nerve or myelin" nor have we noted
them in our own material. Hoffman et al3 were

unable to produce disease in rats with galacto-
cerebroside so that species differences are probably
important.
The time course of skin test responses to P2 did

not correspond to the development and disappear-
ance of neurological signs any more closely than
the antibody levels (table 2). In the P2 immunised
rats the skin test became positive after 10 days
just before the onset of neurological signs and re-

mained positive for the next three weeks. In the
myelin immunised rats a positive skin test reaction
with P2 appeared at 7-12 days but then disappeared
despite the fact that these animals had disease
which was at least as severe as those immunised
with P2. The skin test reaction with PPD was

depressed in the P2 immunised rats after 21 days
and the myelin immunised rats after 14 days com-

pared with the adjuvant immunised controls. It is
possible that the disappearance of the positive skin
test to P2 in the myelin immunised animals and
depression of PPD response in both groups repre-
sents a non-specific response to stress. Another
possible mechanism would be that the available
sensitised cells have left the circulation having
been attracted by the target antigen in the per-
ipheral nerve or adjuvant depots. An analogous
phenomenon was described in EAE in which the
skin test to myelin basic protein decreased at the
height of the disease.12

A positive test of specific transformation in
the presence of P2 was clearly demonstrated only
with lymph node cells from the P2 and not the
myelin immunised rats. Since the myelin immun-
ised rats had more severe EAN than those im-
munised with P2 it is evident that whatever
immunological reaction is responsible for the
disease may occur in the absence of a positive
result with this sensitive in vitro test of cell-
mediated immunity. This observation is very rele-
vant to the search for evidence of cell-mediated
immunity in human acute inflammatory poly-
neuropat'hy. It was interesting that P2 caused
some transformation of lymph node cells from
adjuvant immunised or normal rats: this might
be a non-specific biochemical or mitogenic effect

but might also indicate a universal weak immuno-
logical response to a species-specific component or
even the autoantigen itself. It would be interesting
to discover whether P2 has a similar effect on other
cells, particularly Schwann cells, which proliferate
following myelin breakdown with associated re-
lease of P,
The failure to transfer disease with acute or

convalescent serum by intravenous injection and
the successful transfer with lymph node cells
favour a cell-mediated immune mechanism. Suc-
cessful passive transfers of EAN with lymph node
cells have previously been performed with three
ra'bbits following irradiation of the recipients. 13

Mild histological lesions of EAN were also re-
ported in guinea-pigs to which had been trans-
ferred cells from guinea-pigs immunised with a
basic protein derived from human sciatic nerve
myelin,'4 an observation which we find difficult to
equate with our own demonstration that in the
guinea-pig human P, basic protein produces pre-
dominantly EAE rather than EAN.'15 Injection
of cells from rats with EAN directly into the
sciatic nerves of rats produced rather more in-
flamma'tion and demyelination than injection of
control cells.'6 EAN serum directly injected into
rat sciatic nerve also causes extensive demyelina-
tion preceded by Schwann cell damage and ac-
companied by vesicle formation of the inner
myelin lamellae.9 17 These direct injections bypass
the blood-nerve barrier and the pathological
changes may not represent what occurs in EAN
actively induced by the usual emulsion of nerve
and adjuvant. In the present experiments EAN
was passively transferred with intravenous injec-
tions and the absence of antibody to P2 from the
serum of recipients which developed EAN makes
it unlikely that our passively transferred disease
is caused by circulating antibody. The possibility
that B cells and locally produced antibody play a
role as well as T cells cannot be excluded without
dissection of the cellular mechanisms with B and
T cell depleted rats. In EAE similar experiments
favour a T cell-mediated mechanism.18 The
failure of 21 day cells to produce transfer could
be due to disappearance of "neuritogenic" cells
from the lymph nodes: preliminary experiments
mixing 9 and 21 day cells have provided no evi-
dence of suppression.
There are reports of antibody to crude nerve

extracts19 and positive in vitro tests of cell-
mediated immunity to more or less purified nerve
extracts in human acute inflammatory polyneur-
opathy.'0 If this human disease is as closely re-
lated to EAN as the histological similarity sug-
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gests, it will be important to confirm whether
cell-mediated immunity to P., is present.21 Despite
the arguments which have been advanced against
an important pathogenetic role for antibodies to
P2 in EAN, their presence does provide a readily
detected and persistent marker of the autoimmune
reaction. If EAN is a relevant model for human
inflammatory polyneuropathy it would be expected
that antibodies to P2 would be demonstrable in
the serum.

This work was supported by the Medical Research
Council.
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