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Suppression of experimental allergic encephalomyelitis
by a synthetic polypeptide®
Three random basic copolymers of amino acids were tested for their effect on

experimental allergic encephalomyelitis (EAE). One of these copolymers de-
noted as Cop 1, composed of alanine, glutamic acid, lysine and tyrosine, with

a molecular weight of 23 000, showed a marked suppressive effect on the di-
sease. The intravenous administration of Cop 1 in physiological saline, as late
as.S days following the challenge with the disease-inducing dose of the basic
encephalitogenic protein, reduced the clinical incidence of EAE from 64 %

in the control group to 22 %; the histological lesions were also decreased both
in prevalence and in severity. The suppressive etfect on the disease attained
by the synthetic copolymer is of the same order of magnitude as thart previ-
ously reported for the basic encephalitogen.

The effect of the copolymers appears to be specific, since neither an acidic
amino acid copolymer, nor unrelated basic proteins, had any protective action.
On the other hand, 2 second batch of Cop | showed activity identical to that
of the first batch. The potential applicability of this non-encephalitogenic and
non-immunosuppressive m aterial is discussed.

1. Introduction

Experimental allergic encephalomyelitis (EAE) is an acute
neurological autoimmune disease induced in laboratory
animals by 3 single injection of brain or spinal cord tissue

in complete Freund's adjuvant {1, 2}. The disease is charac-
terized clinically by paralysis of the hind legs and histolo-
gically by perivascular infiltration in the brain tissue {2).
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Abbreviationss EAE: Experi al allergic encephalomyelitis

BE: Basic encephalitogen Cop 1: Copolymer 1 Cop 2: Copolymer 2
Cop 3: Copolymer 3 AGT: An acidic copolymer of alanine, glutamic
acid and tyrosine LDH: Lactic dehydrogenase ICFA: Incomplete
Freund's adjuvant CFA: Complete Freund's adjuvant.

The active encephalitogenic component in the nervous tissue
is 2 basic low molecuiar weight protein which is 2 constituent
of myelin, and has been purified by various procedures {53~7].
The basic encephalitogen (BE) is active in extremely low
doses. Thus, 1—10 ug injected per guinea pig will induce the
clinical symptoms, and 2 dose as low as 0.1 ug per guinea pig
will bring about histological changes [6]. In recent years a
number of reports appeared, demonstrating that high doses
of the same protein injected by a different route can either
suppress or prevent the induction of EAE {8—10). Recently
it was found that not only the basic enccphalitogen was ef-
fective in such treatment, but other non-encephalitogenic
basic neural proteins had a similar protective effect when
injected in incomplete Freund's adjuvant {10]). In contrast,
basic proteins of non-netiral origin, such as histones, did not
provide any protection.

In view of these results we have synthesized three random
copolymers, of amino acid compositions approaching, to 3
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certain extent, that of the natural encephalitogen, and pos- Table 1. Composition of copolymer 1
sessing a positive net electrical charge. The copolymers were
tested for possible encephalitogenic activity, as well as for
their capacity to suppress the disease. None of the copoly- . . N-Catboxyanhydride  Amount Molarratio
mers had any encephalitogenic activity. On the other hand, Amino acid - :’;‘g::‘ used for- use:t in the o;;n.:m
these synthetic models were effective in suppressing EAE. feaction ;ﬂyg:"
The present report describes the effectiveness and specificity
of this protective action. g mM B‘l"h B‘I‘IC"
M ) Alanine Alanine 8.§ 75 60 6.7
2 Materials- Glutamic acid  ~y-Benzyl glutamate 6 23 19 21
i Lysine q}l-‘l‘riﬂuoroaeetyl—
2.1. Animals lysine 14 52 47 42
D. H. Albino guinea pigs weighing 300-400 g were used in Tymosine Tyrosine 30K 1010
all the experiments. unless otherwise stated. Molecular
weight 23100 22800
2.2. Proteins
The basic encephalitogenic protein (BE) was prepared from , = )
bovine spinal cord, as described previously [7}, by column Table 2. Composition of copolymer 2
chromatography on SE-Sephadex (Pharmacia, Uppsala). The
. N i . in (71 is: Hi
ammoTa}::xdscom(p:cl)sm;n of é:ns p;;tex\r; [l ]“15 l}{su Lns.Arg,, N-Carboxyanhydside Amount Molar ratio
AspjoThreSer qGluyoProy Glysy Alaa ValyMerplLeu, Leu,y Amino acid  derivative used for  usedinthe  of amino
Tyr3Phe,Trp, , with a calculated molecular weight of appro- reaction reaction acid in co- -
ximately 16 000. Hen egg-white lysozyme (2 x crystallized) polymer
was oblained from Worthington Biochemicals, N. J. Bovine 4 mM
pancreatic ribonuclease (RNase type 1-A. 5 x crystallized), Glutamicacid  y-Benzyl glutamate 79 10 20
and cytochrome ¢ (from horse heart. type 1) were from Glycine Glycine s » L4
Sigma Chemical Co. yem yemn - .
Histidine N-Benzylhistidine 6.7 22 0.4
2.3. Copolymers Lysine ¢,N-Trifluoroacctyl
lysine 10.1 37 28
Four different random copolymers of amino acids were used Proline Proline 2.1 15 0.4
in this study. Three were rich in basic amino acids, whereas Serine O-Benzyliserine 4.9 22 1.1
the fourth one was an acidic copolymer. They were prepared Tyrosine Tyrosine 3.0 14 1.0
from the N-carboxyanhydrides of the respective amino acids
according to Katchalski and Sela {11]. Molecular
weight 4000
2.3.1. Copolymer 1
Cop | was prepared from the N-carboxyanhydrides of ty- N -
: . X ! . Table 3. C t f 1 3
rosine{ 12}, alanine [13). y-benzy! glutamate [14], and €, N-tri- 3+ Lomposition of copolymer
fluoroacetyllysine [15] (Table 1). The polymerization reaction
was cafried out.at room (.cmperature in anhydrous dioxane N-Carboxyanhydride Amount Molar ratio
with diethylamine as initiator. The deblocking of the y-car- Amino acid derivative used for used in the of amino
boxyl groups of the glutamic acid was carried out with hy- reaction reaction acid in co-
drogen bromide in glacial acetic acid [16), and was followed polymer
by the removal of the trifluoroacetyl groups from the lysine ¢ mM
residues by 1 M piperidine [17]. A second batch of this poly-
mer was prepared in an identical manner, The molecular Alanine. Alanine 3.5 30 4.0
weight and amino acid composition of these polymers are Arsginine &, N-Trifluoroacetyl
listed in Table {. ornijthine 75 29 1.0
Asparticacid  g-Benzyl aspartate S 20 23
2.3.2. Copolymer 2 Glutamicacid  ~Benzyl glutamate 5.2 20 32
Cop 2 N-carb drides of th Glycine: Glyeine: 6 59 63
op 2 was prf:pared. from the N-car oxy‘anhy rides ol t. e Histidine N-BenzyJhistidine 92 20 17
following amino acids (Table 2): €, N-trifluoroacetyllysine, . _ L6 10 L0
N-benzythistidine-[18], O-benzylserine [19], y-benzyl gluta- 1_"“‘”‘“" Leucine g : y
mate, proline {12], glycine {20] and tyrosine, by polymeri- Lysinex _-Carbobenzyloxy-: ¢ 20 as
zation in dioxane (dimethylamine as initiator). In the first o lysine- - : -
deblocking stage the benzyl groups were removed by hydro- ‘PRienylalanine  Phenylalanine 19 ¢ 12
gen bromide in glacial acetic acid [16] to liberate the carboxy Proline. Proline: 2.8 20 rs
groups of glutamic acid and the hydroxy! groups of serine. Scrine: O-Benzylserines 6.6 30 3.9
In the second stage the benzyl groups were remover! from Tyrosine Tyrosine: 2.8 14 1.0
the histidine residues by hydrogenation with palladium as
catalyst. The trifluoroacety! groups were removed from the -Molecular 5000
lysine residues by. 1 M piperidine. weight

DOC KET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

244 D. Teitetbaum, A. Meshorer, T. Hirshfeld, R, Arnon and M. Sela

2.3.3. Copolymer 3

Cop 3 was prepared by the random polymerization in dioxa-
ne of the N-carboxyanhydrides of the following amino acids:
alanine, N-trifluoroacetylornithine [21}, B-benzyl aspartate [22},
Y-benzyl glutamate, glycine, N-benzylhistidine, leucine (23],
e-carbobenzoxylysine {11], phenylalanine [11), proline, O-ben-
zylserine and tyrosine (Table 3). The first deblocking stage
was treatment with | M piperidine for the removal of the
trifluoroacetyl groups from the §-amino groups of the or-
nithine residues. They were subsequently guanidinated with
1-guanyl-3,5-dimethylpyrazol nitrate [21) to form arginine
residues. The second deblocking stage was treatment with
hydrogen bromide in glacial acetic acid. This liberated the
carboxyl groups of glutamic and aspartic acids, the hydroxyl
groups of serine and the amino groups of lysine. The benzyi
groups of the histidine were then removed by hydrogenation.

The amino acid composition and molecular weights of co-
polymers 2 and 3 are listed in Tables 2 and 3, respectively.

The acidic copolymer, poly( Ala®Glu"Tyr®) {24}, abbre-
viated as AGT, was a gift from Dr. Sara Fuchs. It had an
average molecular weight of 17 000.

3. Methods
J.i. Induction of EAE

Guinea pigs were injected with 10 #g of the purified BE in
complete Freund's adjuvant into the footpads of the two
hind legs. They were then observed daily for loss in weight,
and for the appearance of clinical symptoms of the disease,
as reflected by paralysis of the hind legs.

3.2. Delayed hypersensitivity reactions (25)

The skin test reactions were carried out on the 10th or the
11th day after the challenge injection. The basic encephali-
togen (20 pg in 0.1 mi saline) was injected intradermally into
each of the guinea pigs. The appearance of erythema at the
spot of the injection was observed 24 h later, and the extent
of the delayed hypersensitivity was quantitated by measuring
the diameter of the skin reaction. Only reactions of above

5 mm diameter were considered positive,

3.3. Determination of lactic dehydrogenase (LDH) activity

The level of LDH in the sera of the guinea pigs was assayed
spectrophotometrically by the rate of oxidation of the re-
duced form of nicotinamide adenine dinucleotide (NADH)
after adding sodium Pyruvate to the serum, according to
Schwartz and Bodansky { 26]. The determinations were car-
ried out on sera from bleedings at days 4,11 and 14 after
the induction of EAE. A rise in value of LDH was observed
only in samples from-the 14th day.

3.4, Histological tests

The animals were sacrificed after 4 weeks by means of nem-
butal. The brain was taken out in its entirety after the skull
had been sawn. The medulia oblongata was also removed till
the atlas. After fixation of the brain in formalin for a period
of 24 h a median section was taken 3 mm from the center
line (along the sulcus lateralis). A whole median section of

Eur. J. Immunot, 1971 1: 242-248

following areas: a cross-section along the line of the vermis,
the corpus mamillare, the tuberculum olfactorium and of
the' medulla oblongata. The sections were stained with Luxol-
fast-blue [27] with counter stain “kemn echt rot”,

All histological examinations were carrjed out under code.
The histopathological changes which we observed were: in
mild cases (+) a small percentage of biood vessels showed a
slight perivascular infiltration with mononuclear cells (Con-
sisting mainly of small lymphocytes and very few granulo-
cytes (Fig. 1 b).The perivasculitis could be observed in dif-
ferent parts of the brain without any predominating area.
Figure 1 ashows, for comparison, a normal blood vesse| in
the control brain tissue.

In more advanced cases (++) the histological changes were
much more obvious in comparison to the former group,
namely, a higher percentage of the blood vessels were affec-
ted and the infiltrated area around them was thicker.

In severe cases (+++) the perivasculitis was very massive
(Fig. 1 ¢) together with periventriculitis (Fig. 1 d). The ven-
tricles were surrounded by inflammatory cells, mainly with
small lymphocytes and a few macrophages. In many places
in the severe cases, groups of lymphocytes were seen in the
brain parenchyma, not being 2 part of the immediate peri-
vascular or periventricular zone (Fig. 1 e).

As mentioned, we used the Luxol-fast-blue dye to stain mye-
lin, but no stage of demyelination appeared.

3.5. Prevention of EAE

Each animal received 8 repeated intradermal injections of

100 ug of the respective polymer in incomplete Freund's ad-
juvant (ICFA). The material was injected over the back and
sternum of the guinea pigs twice a week for four weeks {10].
Three days after the last injection the animals were challenged
with 10 ug of BE in CFA into the two hind footpads.

3.6. Suppression of EAE .

After the initial challenge with 10 ug of BE, two methods
of suppression were tried: (1) each guinea pig received 6 in-
tradermal injections of 100 Hg each of the respective poly-
mer in incomplete Freund’s adjuvant. The injections were
given over the back and sternum of the guinea pig, twice a
week for three weeks starting two days after the initial chal-
lenge [10]. (2) Each guinea pig received three intravenous
injections of 1 mg each of the respective polymer or protein
in saline. The injections were given according to schedules
mentioned in the text, which differed in the various experi-
ments.

3.7. Molecular weight determinants

The average molecular weights.of the polymers were
determined, in a Spinco mode] E ultracentrifuge, from
sedimentation and diffusion measurements, as described
earlier {24], and by the approach to equilibrium technique
of Yphantis [29].

3.8. Amino acid analyses

Were carried out in a Beck man-Spinco automatic amino
acid analvser MAaAal 19A D —feom .3 v - s . -

v
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bluc and counterstained with nuclear fast red),

cpithelial layers only (magnilication: x 500).

d) Periventriculitis (x 200).
¢) Diffuse mononuclear infiltration of the brain parenchyma (x 200).

4. Results
4.1. Characterization of EAE

in the numerous reports which have appeared in the literature
on EAE, several criteria were used for the diagnosis of the
disease. The appearance of clinical symptoms, manifested
mainly by the paralysis of the hind legs, was the criterion
mostly used. A second parameter reported is the degree of
histological changes in the brain. It has also been suggested
that in many cases a correlation exists between delayed
hypersensitivity reaction toward the encephalitogen and

the appearance of clinical symptoms [30]). Recently,.it has
been shown that the level of serum LDH in rabbits increased
as aresult of EAE [3}], and could thus serve as a useful
index of the disease induction.

We have determined all four parameters mentioned above in
ten individual guinea pigs, and the results are presented in
Table 4. As shown, six out of the ten animals were paralyzed
within 13 to 20 days after being challenged with BE. Histolo-
gical lesions, of various degrees of severeness, were observed in
the brains of all the guinea pigs tested. Delayed hypersensiti-
vity reaction was observed on 8 of the guinea pigs. However,
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Figure 1. Typical examples of the histological changes in the brains of guinca pigs challengec with BE {the sections were stained with Luxol-fast-
a) A normal control: a normal blood vessel. (The crythrocytes are stained deep blue). Note the thin vessel wall containing the cndothelial and

b) Perivasculitis: blood vessel from a mild positive case. Note the narrow mononuciear infiltration around the vesscls (X 500).
¢) Perivasculitis: 3 strong positive case. Note the thick inflammatory arca (x 200).

in the delayed hypersensitivity test suffered paralysis,
whereas all four animals that did not show the clinical
symptoms reacted positively in the delayed hypersensitivity
test. An increase was observed in the level of serum lactic
dehydrogenase in several of the animals. This effect could
not be correlated, however, with the other parameters listed
in Table 4.

On the basis of these and similar data, we have chosen the
incidence of clinical symptoms and of histological lesions
in the brain as the two critical parameters for evaluation of
our results. All animals suffering from paralysis were
considered diseased, and the non-paralyzed animals were
judged by the degree of their histological lesions. An added
indication of the disease was the decrease in the weight of
the animals. This, however, was not considered to be of
major significance, as it is not specific for EAE.

4.2. Encephalitogenic activity of the synthetic copolymers

The copolymers 1, 2 and 3 were tested for encephalitogenic
activity at dose levels of 10 ug, 250 g, 1 mg and S mg. Each
dose of each copolymer was injected into S guinea pigs in
CFA in the two hind legs. No clinical symptoms were
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Table +. Charactenzation of EAE Table 5. In the suppression experiment the
copolymers were more effective. The best

Guines * Delayed hyper- Day of onset  Histological. Lactate  Weight result was achieved Wfth Cop. 1 wl%ich
Pig Bo.  sensitivity of paralysis. JesionsP’ dehydro-  -change brought. about reduction not only in the
reactiona) genasec) clinical incidence of the disease, but also in
enzyme the prevalence of histological lesions.
- units
1 negative 13 - 83 decrease The only doubt shed upon these dara is the
2 negative 14 el 13; gem: finding [32] that injection of incomplete
: g o zgmysis M 44 ngad:um ase Freund’s adjuvant alone had a suppressive
s 8 no :ualys.is - 80 decrease effect on EAE. lndeeq,'in the one experi-
6 8 1 ++ 86 decrease ment listed in Table S; it was found to have
7 12 15 ++ 132 :Gu‘we a suppressive effect. For this reason an addi-
8 14 15 +++ ecrease t : eriment w. .
9 Is no paralysis . 3 110 decrease 1on;l supp;'e.sxo‘n experim n_t ' as'came;l
10 15 no paralysis -+ 90 decrease out by app. ymglmtra'venous injections o
the copolymers in saline (Table 6). Only
two copolymers (Cop 1 and Cop 2) were
3) The test was carried out on the 11th day after challenge. The numbers represent compared in this experiment, since Cop 3
the diameter of the skin reactions in mm. was found toxic under the conditions em-
) The various degrees of the histological lesions are described and defined under ployed. It is seen from Table § that under
methods. the experimental conditions used Cop 2
) The LDH was assayed in serum samples taken on the 14th day after challenge. had no protecting effect against the disease.
The level of LDH in the sera of untreated guinea pigs was between 25 and 50 Cop 1, however, showed a drastic su ressi-
enzyme units. P L ’ PP

ve effect. It reduced the clinical incidence
of the disease, as well as the degree of histo-

. logical lesions.
Table 5. Prevention and suppression of EAE by synthetic copolymers &

Clinical  Histological 4.4. Effect of schedule of injections
Group Treatment Copoiymer incidence changes
Injection with 10 g BE The effectiveness of Cop 1 was studied as
Conurol in CFA into the footpads none 15120 20/20 a function of the schedule of the injections
of the animal given for suppressing the EAE. The results
Eight i L given in Table 7 show that the injections of
d;‘{‘s&t‘;’:{:’;“pﬁ;’;’:‘:"s Cop1 319 89 the suppressive agent may be started as late
Prevention  in ICFA, twice 2 week for Cop 2 5/10 9/10 as 5 days after the challenge with the BE
four weeks, followed by chal- Cop 3 510 9/10 and still provide a protecting effect.
lenge with 10 ug of BE in CFA
Injection with 10 ug BE in CFA, However, if the:injections are started at 10
followed by 6 intradermal in- Cop 1 2/9 59 days after the challenge, the polymer is not
Suppression 15Ctions of 100 ug copolymer in  Cop 2 4/10 10/10 effective any longer. The best conditions, as
ICFA, two injections per week,  Cop 3 310 10/10 indicated by these experiments, are three in-
starting two days after the in- ICFAalone 2/5 s[5 - .
jection of BE Jections of the material at days 5, 10 and 15
after the induction of EAE.
Table 6. Suppression of EAE by intravenous injections of polymers?) In Jater experiments it was found that when young guinea
pigs (weighing less than 300 g) were used, the day of onset
- . . of paralysis occurred earlier (at days 12—15 as compared to
Treatment gh;;:;]a Hxs!olo.g:cal changes days 1521 in adult animals). In these cases the suppression
Incidence Degree injections have to be given at earlier dates, namely, days 1, 6
and 11 after the challenge.
Control: 10 ug of BE  4/5 s/s +,
Cop1 1/s 4/s TH 4.5. Specificity of the suppressive effect
Cop 2 6/8 T aas

In an attempt to study the specificity of the suppressive
) The copolymers (1 mg) were injected intravenously at days 5, 10 effect, we first synthesized and testet? .anothcr bat‘fh of
15 after challenge with BE. re Cop | prepared under the same conditions as the Iu§t one.
The two batches of the polymer were shown to be similar
in both amino acid composition and molecular weight
(Table 1). In addition to the testing of the second prepara-

4.3. Prevention and suppression of EAE with synthetic tion of Cop 1, we compared the efficiency of this suppression

copolymers to that caused by the natural BE on the onc hand, and by
non-related materials on the other hand. The results listed

In the first stage of this work experiments of prevention in Table 8 show that the two batches of the polymer had

and suppression of EAE with the synthetic polymers were similar activities. Both reduced considerably the clinical

carried out under conditions identical with thacs dscariad
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