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We have used a peptide derived from Acanthamoeba castellanii (ACA) to treat the relapsing phase of EAE that de-
velops in SJL mice following immunization with the PLP 139-151 peptide. The native sequence of the ACA 81-95
peptide that shares key residues with the PLP 139-151 peptide is weakly encephalitogenic in SJL mice but is not
recognized by antiserum from SJL mice immunized with PLP 139-151. A single amino acid change to the ACA

81-95 peptide sequence significantly enhanced its encephalitogenicity. When administered to SJL mice as a non-
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linear peptide octamer, the modified ACA peptide prevented relapsing episodes of EAE in SJL mice previously im-
munized with the PLP 139-151 encephalitogenic peptide.

© 2014 Published by Elsevier B.V.

1. Introduction

The inbred SJL mouse strain develops a relapsing/remitting course of
EAE (rEAE) following immunization with different myelin-derived pro-
teins, or specific encephalitogenic peptides derived from these proteins
(Amor et al,, 1994; Bhardwaj et al., 1994; Kaushansky et al., 2007, 2008).
Using this model, peptide specific therapies have been developed to
successfully prevent and, in some cases, treat established disease
(Elliott et al., 1996; Leadbetter et al., 1998; Smith and Miller, 2006).
However the concomitant humoral response to the encephalitogen
used to induce disease can prompt an anaphylactic response to the ther-
apeutic agent, not only preventing a detailed analysis of the clinical
effect that specific peptide therapy might render at the relapse stage
of disease, but also perhaps more importantly placing the recipient of
the therapeutic agent at significant risk. For example, it has been report-
ed that the humoral response that develops following sensitization to
the proteolipid protein (PLP) 139-151 peptide encephalitogen leads
to anaphylaxis when soluble PLP 139-151 peptide is subsequently ad-
ministered to these mice (Pedotti et al., 2001; C.E. Smith et al., 2005).
We have also noted the development of anaphylaxis in SJL mice treated
with nonlinear peptide octamers of this encephalitogen to modify the
course of EAE in mice following immunization with the encephalitogen-
ic PLP 139-151 peptide monomer, thus preventing an analysis of the
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therapeutic effect of the octameric peptide at the relapsing stage of
disease (Wegmann et al., 2008).

In order to assess the treatment effect using soluble peptides in mice
following recovery from primary diseases, without the concern for ana-
phylaxis, we have evaluated the PLP peptide 139-151 molecular mimic
derived from the protozoan Acanthamoeba castellanii (ACA). This
peptide is reported to be encephalitogenic in SJL mice and contains
the TCR and MHC contact residues in common with the PLP 139-151
encephalitogenic peptide that has been determined for SJL mice
(Massilamany et al., 2010). Other amino acids in the ACA peptide are
distinct from the PLP 139-151 peptide sequence providing a natural
modification to the PLP 139-151 peptide encephalitogen.

We synthesized the ACA peptide and when used as an immunogen,
also found it to be weakly encephalitogenic in SJL mice. We also discov-
ered that the ACA peptide was not recognized by antiserum obtained
from SJL mice previously immunized with the PLP 139-151 encephali-
togenic peptide. In subsequent studies we substituted amino acids in
the native ACA sequence resulting in significant improvement in its
encephalitogenicity. Although these modifications promoted ACA
encephalitogenicity they did not result in recognition of the altered pep-
tide by antiserum reactive with the PLP 139-151 peptide. Subsequently
we evaluated the native ACA and one modified peptide as nonlinear
peptide octamers to prevent the relapse phase of EAE in SJL mice immu-
nized with the PLP 139-151 encephalitogenic peptide. We found that
although both peptide octamers had some impact on the development
of the relapse phase of disease the modified ACA peptide octamer
with the greater intrinsic encephalitogenicity was the most effective
therapeutic when administered in a soluble form to mice that had
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recovered from their primary course of EAE induced following immuni-
zation with the PLP 139-151 encephalitogenic peptide. We further
show in this report that this modified ACA octamer prevented the
development of rEAE in mice treated with this octamer, and the preven-
tion of the relapsing stage of disease occurred with no signs of anaphy-
laxis during treatment with the modified ACA peptide-octamer.

2. Materials and methods
2.1. Animals

Female SJL mice (4-6 weeks of age) were obtained from Jackson
Laboratories (Bar Harbor, ME) and housed under specific pathogen-
free conditions at the Veterans Affairs Medical Center Animal Care Facil-
ity (Portland, OR), according to institutional guidelines and were
acclimated for at least two weeks prior to experimental use. 5B6 TCR
transgenic mice that respond to the PLP 139-151 peptide were obtained
from a colony maintained within the animal care facility. All animal
studies were reviewed and approved by the IACUC of the VAMC,
Portland, OR.

2.2. Antigens

The PLP 139-151 peptide (amino acid 140 C to S substitution, amino
acid sequence HSLGKWLGHPDKF) was commercially prepared by
Genscript (Piscataway, NJ) and supplied at 90% purity. All MAP peptide
octamers were synthesized on a Protein Technologies PS3 peptide
synthesizer using standard F-moc chemistry and a double coupling pro-
cedure. MAP peptides were prepared by the sequential addition of
amino acid residues to an eight-branched MAP resin (#05-24-0151,
EMD chemicals San Diego, CA). The MAP peptides were designed to
contain the peptide sequence with added lysine spacers when required
to enhance solubility (Brokx et al., 2002). The MAP synthesis was
started with two glycine residues as spacers for all peptide octamers
used in this study. The sequence of the PLPy39_15;MAP peptide with
the glycine spacers added is (HSLGKWLGHPDKFGG)g-K4-K>-K-beta-A.
The sequence of the ACAg;_g5sMAP is (KRGYFLLKWLGHPNVSKGG )g-K,4-
K,-K-beta-A and the modified ACAg;_9sMAP with a leucine to glycine
substitution at position 86 is (KRGYFLGKWLGHPNVSKGG)g-K4-K5-K-
beta-A. To improve the solubility of all ACAg,_9sMAP derived peptides,
lysines (K) were added to both the N-termini and di-glycine spacer of
each octamer branch. Other peptide modifications to the ACA peptide
sequence are as indicated in the text. The PLP 141-149 minimal peptide
sequence is (LGKWLGHPDGG)g-K4-K,-K-beta-A. The sequence of the
OSPs5_71MAP peptide is (KKDCVMATGLYHCKPLVDIKGG )g-K4-K5-K-
beta-A. To improve the solubility of OSPss_;;MAP OSP two lysines
were added to the N-termini and a single lysine added to the di-
glycine spacer of each octamer branch. All peptides were cleaved with
a mixture of trifluoroacetic acid (80%), H,O (8%), 1,2 Ethanedithiol
(4%) and Thioanisole (8%) (Sigma, St. Louis, MO). The cleavage reaction
was allowed to proceed from 1.5 to 2 h. After cleavage the peptides were
purified from the cleavage byproducts by washing 3 times in tert-butyl
methyl ether. The peptide pellets are dissolved in a 1:1 mixture of
water:acetonitrile, frozen and lyophilized for long-term storage.

The resulting MAP products were assessed for purity by a commer-
cial service (AAA Laboratories, Corvallis, OR). Because of the nature of
the MAP octamers, the best indication of a successful synthesis is
obtained from an analysis of their complete amino acid composition
and then comparing the ratios of amino acid content to the fixed lysine
content that constitutes the resin used as the basis of the MAP synthesis.
Using the double coupling method for synthesis of the MAP peptides,
we found that following cleavage from the resin the determined
amino acid content was typically at least 90% of theoretical.

2.3. Induction of active EAE

EAE was induced in 9 to 12 week-old female SJL mice by the subcu-
taneous injection of encephalitogenic peptide (150-200 pg) emulsified
in CFA. The injection volume of 0.2 ml was distributed equally between
four sites on the flank. The CFA contained 2 mg/ml Mycobacterium
tuberculosis strain H37Ra (Difco, Detroit, MI). This immunization proto-
col was also used to determine the existence of memory responses
retained in mice following treatment with MAP peptides.

2.4. Scoring of clinical paralysis

Clinical signs of actively induced EAE in SJL mice typically consist of
hind limb weakness with limited forelimb involvement. However,
animals that develop the most severe clinical disease signs develop
both hind and forelimb paralysis. Degrees of hind limb and forelimb
weaknesses were assessed as described below and as previously
outlined (Whitham et al., 1991); flaccid tail—clinical severity score of
1; difficulty in righting after being flipped onto their backs—clinical
severity score of 2; apparent hind limb weakness and not able to right
themselves after being flipped onto their backs—clinical severity score
of 3; severe hind limb weakness and walking upright only with
difficulty—clinical severity score of 4; severe hind limb weakness and
unable to upright—clinical severity score of 5; and hind limb paraplegia
with no volitional leg movement—clinical severity score of 6. For some
experimental groups the average cumulative disease score was
determined. The cumulative disease score is the sum of the daily clinical
score for an individual mouse over the observation period. The average
cumulative disease score is the group's average daily clinical score
summed over the observation period.

2.5. Treatment of actively-induced EAE

MAP peptides were prepared in saline at a concentration of
1.0 mg/ml. Peptide concentrations were adjusted by dilution with
sterile saline as required just prior to treatment. Animals received
the indicated amount of peptide (i.p.) in a volume of 0.2 ml.

2.6. T cell proliferation assay

Single cell suspensions of spleen cells were prepared from SJL
mice previously immunized with PLP139-151/CFA. Cell proliferation
responses to MAP peptides were assessed by plating 5 x 10° spleen
cells in a 96-well tissue culture plate. The cell mixture was added in a
0.2 ml volume of stimulation media (RPMI 1640-5% fetal calf serum).
The ACA derived MAP peptides, PLP 139-151 MAP peptide, or media
control was added in a volume of 10 pl/well. Cultures were incubated
for 72 h at 37 °Cin 7% CO,. Wells were pulsed for the final 18 h with
0.5 uCi per well [>H]thymidine (Amersham, Arlington Heights, IL). The
cells were harvested onto glass fiber filters, and [>H]thymidine uptake
was measured using a liquid scintillation counter (1205 Betaplate:
Wallac, Turku, Finland). Mean cpm +/1 SD were calculated for
quadruplicate wells.

We also used spleen cells from naive 5B6 transgenic mice that re-
spond to the PLP 139-151 peptide. Cell proliferation responses to MAP
peptides were assessed by plating 2 x 10° 5B6 spleen cells/well in a
96-well tissue culture plate. The cell mixture was added in a 0.2 ml
volume of stimulation media. The ACA derived MAP peptides, PLP
139-151 MAP peptide, or media control was added in a volume of
10 pl/well. The 5B6 spleen cells were cultured and harvested as
described above.

2.7. Measurement of antibody response

Individual wells of a 96 well ELISA plate (NUNC Maxisorp) were
coated with 0.1 ml (0.4 mM) of PLP 139-151 MAP, or ACA MAP derived
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peptides and incubated overnight at 4 °C. All peptides used were diluted
in a Carbonate Buffer (15 mM Na,CO3, 35 mM NaHCO;, pH 9.6) at a final
concentration of 0.4 mM. Plates were washed 4 times with PBS
containing 0.5% Tween 20 (PBST). To prevent non-specific binding of
immune serum to wells, plates were blocked for 2 h with PBS supple-
mented with 10% normal goat serum (0.2 ml/well). Wells were then
washed with PBST. After washing immune serum from mice previously
immunized with the PLP 139-151 peptide was added to individual
wells (0.1 ml/well, diluted as indicated) and incubated at room temper-
ature for 2 h. Plates were washed 4 times with 0.2 ml of PBST. Following
washing 0.1 ml of horseradish peroxidase (HRP) conjugated Goat anti-
mouse Ig (diluted as indicated in PBS) was added to individual wells
and incubated for 1 h at room temperature. All wells were washed 4
times with 0.2 ml of PBST and then developed using 0.1 ml/well of the
3,3,5,5'-Tetramethylbenzidine (TMB) peroxidase substrate. After suffi-
cient color development, 0.1 ml of 2 N sulfuric acid to stop the reaction
was added to each well and absorbance was read at 450 nm.

2.8. Statistical analysis

Significant differences in the rate of EAE disease induction or the
frequency of the development of relapse EAE were assessed using the
log-rank method. A p value of 0.05 or less is considered significant. All
values were calculated using GraphPad Prism Software, San Diego CA.

3. Results

3.1. A single amino acid change to the ACA 81-95 peptide enhances T cell
recognition

The PLP 139-151 peptide and the ACA 81-95 peptide have identical
amino acid residues at key MHC and TCR contact regions. The ACA 81-95
peptide is reported to be weakly encephalitogenic (Massilamany et al.,
2010), a response that might be limited due to the influence of other
amino acids within this peptide. As depicted in Table 1, the ACA 81-95
peptide has a leucine at amino acid position 86 while the PLP 139-151
encephalitogenic peptide has a glycine at this position. This position is
adjacent to a TCR contact residue. In addition, the ACA peptide has
asparagine at amino acid position 93 while the PLP 139-151 peptide
has an aspartic acid at this position. Position 93 is adjacent to an amino
acid that contributes to the MHC class II binding site. To determine the
influence of these amino acids within the ACA peptide on recognition
by T cells that proliferate in response to PLP 139-151 peptide, we
synthesized the ACA peptide with a leucine to glycine substitution at
ACA peptide position 86, keeping all other amino acids as found in the
ACA peptide (Table 1). In addition we modified the ACA peptide at posi-
tion 93 synthesizing a modified ACA peptide with a substitution of
the asparagine with aspartic acid (ACA-93d). As is seen in Fig. 1, unlike

Table 1

The amino acid sequence of the encephalitogenic peptide 139-151 from proteolipid
protein and the peptide mimic derived from Acanthamoeba castellanii share MHC and
TCR contact residues.

Peptide Amino acid sequence *

PLP 139-151 HS GKWLGIHTPDEKETF
ACA 83-95 Y FL L KWULGH P NUWVS
ACA 81-95 R GY FL L KWL GH P NWVS
ACA81-95(86L>G) R G Y F L G KW LGH PNVS
ACA81-95(93N>D) R G Y F L L KW L GH P D VS

The peptide sequence 81-95 from the rhodanese-related sulfurtransferase of
Acanthamoeba castellanii (ACA) shares the TCR and MHC class II binding residues with
the encephalitogenic peptide sequence 139-151 of proteolipid protein (PLP). The ACA
amino acids at positions 86 and 93 are distinct from the PLP 139-151 peptide sequence.

¢ The amino acid sequence is shown for each peptide. For the PLP 139-151 peptide, the
TCR binding amino acids are denoted by a rectangle and the MHC contact residues are bold
and underlined. The amino acid substitutions for the ACA peptide are indicated as
underlined.

A. Naive PLP TCR Transgenic

100000-
4+ ACA 81.95 (86L >G) MAP

- PLP 139-151 MAP

{F ACA MAP 81-95
-& ACA 81.95 (93 N>D) MAP

80000+

. 600004
2
a
O
40000+
20000+
0
0 16 8 16 40
pM epitope / well
B. SJIL PLP 139-151 Immune
400004
<& PLP 139-151 MAP
4+ ACA MAP 8195 (86 L > G) MAP
30000{ 1+ ACA MAP 8195 MAP
-9 ACA 81-95 (93 N=D) MAP
g 20000 ‘H—g
100004
o
0 16 8 16 40
pM Peptide / well

Fig. 1. T cell recognition of the nonlinear peptide octamers PLP;39_151MAP, ACAg1_9sMAP,
ACAgsgMAP and ACA93qMAP. Single cell suspensions of spleen cells were prepared from
5B6 TCR transgenic SJL mice or from wild-type SJL mice previously immunized with
PLP139-151/CFA. Cell proliferation responses to MAP peptides were assessed by plating
spleen cells in a 96-well tissue culture plate in the presence of MAP peptides with 3H-
thymidine added the last day of the culture period. Plates were harvested and incorporat-
ed radioactivity determined as described in the methods section. A. Recognition by naive
TCR transgenic T cells. B. Recognition by T cells from SJL mice previously immunized with
the PLP 139-151 peptide.

the native ACA peptide, the leucine to glycine substitution allowed this
modified ACA peptide (ACA-86g) to stimulate naive 5B6 transgenic T
cells as well as lymphocytes from SJL mice immunized previously with
the 139-151 encephalitogenic peptide. In contrast, the modification at
ACA peptide position 93 with a change to aspartic acid did not enhance
T cell recognition of the ACA peptide. We also found that the ACA-86g
peptide was equally encephalitogenic in SJL mice when compared to
the PLP 139-151 peptide (Table 2). Table 2 also shows that the ACA-
86¢g peptide was similar to the PLP 139-151 peptide in stimulating the
production of IL-17 in the presence of spleen cells from SJL mice
immunized previously with the PLP 139-151 encephalitogenic peptide.
The ACA-93d peptide did not provide additional stimulation for the
production of IL-17 compared to the original ACA 81-95 sequence.

3.2. The ACA 81-95 peptide escapes antibody recognition

To determine if the ACA-86g modification changed the humoral
recognition of the ACA peptide we used antisera from mice previously
immunized with the 139-151 encephalitogenic peptide. As seen in
Table 3, neither the ACA peptide nor the ACA-86g peptide is recognized
by sera from mice recovered from PLP 139-151 induced EAE, sera that
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Table 2
A single amino acid change enhances the T cell recognition and encephalitogenicity of the ACA 81-95 peptide.

A. Peptides used to stimulate PLP 139-151 immune spleen cells

PLP 139-151 MAP ACA 81-95 86G MAP ACA 81-95 93D MAP ACA 81-95 MAP

IL-17a Production 6926 +/—250 8933 +/—1640 2578 +/—495* 2761 +/—123*
(pg/ml)
IL-10 Production 199 +/—52 387 +/—76° 101 +/—63 38 +/—15%
(pg/ml)
B. Encephalitogens used to induce EAE in naive SJL mice
PLP 139-151/CFA ACA 81-95 86G/CFA ACA 81-95 93D/CFA ACA 81-95/CFA
Percent with EAE 87% (20/23) 82% (23/28) N.D. 50% (2/4)
Day of EAE onset 144 +/—-2.38 14.7 +/—5.6 125 +/—0.7
Disease severity 57 +/—1.7 4.7 +/-2.1 20+/-14

A.PLP 139-151 immune SJL spleen cells were cultured at 4 million cells per ml. Spleen cells were stimulated with equal molar concentrations of the various MAP peptides (4 pg/ml for PLP
139-151 MAP). After 72 h of in vitro culture supernatants were collected for analysis of cytokine production. PLP 139-151 immune spleen cells produced high levels of IL-17a in response
to PLP 139-151 MAP and ACA 86G MAP. Levels of IL-17a production in response to ACA 93D MAP and ACA MAP stimulation were significantly less than for the control peptide PLP
139-151. IL-10 cytokine production was significantly higher for the ACA 86G peptide than for the control PLP 139-151 MAP peptide. p value of less than 0.05 indicated by @, p value

less than 0.005 indicated by #.

B. To determine the encephalitogenicity of the modified ACA peptide, naive SJL mice were challenged with ACA derived peptides emulsified in CFA.

detects the PLP 139-151 peptide used for immunization. We explored
additional modifications to the ACA 81-95 peptide in order to evaluate
in greater detail the impact of specific amino acids contained in the na-
tive ACA 81-95 sequence on recognition by T cells specific to the PLP
139-151 encephalitogenic peptide or by antibody obtained from SJL
mice previously immunized with the PLP 139-151 peptide. Changing
the amino acid at ACA position 93 from an asparagine to aspartic does
not enhance recognition of the ACA-93d peptide by PLP 139-151 pep-
tide specific T cells. The ACA-93d substitution in combination with the
ACA-86g substitution does not improve the T cell response beyond
that is seen with the ACA-86g single substituted peptide. However in
all cases these changes to the ACA sequence do not lead to humoral
recognition of these three peptides by antiserum that reacts with the
PLP 139-151 peptide.

3.3. Aromatic amino acids block antibody recognition

The ACA 81-95 peptide is not recognized by immune serum from
PLP 139-151 immunized mice. By deleting single amino acids from
the ACA 81-95 peptide sequence we found that the amino acids at
positions 83 and 84 of the ACA peptide contribute to this escape
from recognition by PLP 139-151 peptide specific immune serum. As
shown in Table 3, deletion of tyrosine from position 83 and phenylala-
nine from position 84 now allows humoral detection of this modified
ACA 81-95 peptide by antiserum from mice immunized with PLP
139-151 peptide. The T cell recognition of the ACA peptide deleted for
these amino acids at positions 83 and 84 is not changed and demon-
strates the influence of position 86 for T cell recognition and of position
84 for antibody recognition of modified ACA peptides using T cells or

Table 3
The contribution of amino acids within the 81-95 peptide derived from Acanthamoeba castellanii to recognition by the humoral and cellular response specific to the 139-151
encephalitogenic peptide from proteolipid protein.

Peptide designation Amino acid sequence Immune serum? Transgenic T cells”

0D. SL
PLP 139-151 MAP® (HSLGKWLGHPDKFGG )s-K4-Ko-K-BA 065 22
5K + PLP 139-151 MAP (KKKKKHSLGKWLGHPDKFGG )g-Ka-Ky-K-PA 031 19
PLP 141-149 MAP (LGKWLGHPDKFGG )s-K4-Ko-K-PA 042 6
ACA 81-95 MAPY (KRGYFLLKWLGHPNVSKGG )g-K4-K>-K-PA 0.05 2
ACA 81-95 MAP (93 N > D) (KRGYFLLKWLGHPDVSKGG )g-K4-Ko-K-PA 0.05 2
ACA 81-95 MAP (86 L > G) (KRGYFLGKWLGHPNVSKGG )s-K4-Ky-K-PA 0.05 21
ACA 81-95 MAP (86 L > A) (KRGYFLAKWLGHPNVSKGG )s-K4-Ky-K-BA 0.05 17
ACA 81-95 MAP (86 L > G, 93 N > D) (KRGYFLGKWLGHPDVSKGG )g-Ks-K»-K-BA 0.05 20
ACA 81-95 MAP (86 L > G, 93 N > D, — 84F) (KRGY-LGKWLGHPDVSKGG )-Ks-Ky-K-PA 037 17
ACA 81-95 MAP (86 L > G, —85Y) (KRG-FLGKWLGHPDVSKGG )g-K4-Ko-K-PA 0.15 18
ACA 81-95 MAP (86 L > G, 93 N > D, — 83Y-84F) (KRG-LGKWLGHPDVSKGG )s-K4-Ko-K-BA 046 16
ACA 83-95 MAP (86 L > G, 93 N > D) (YFLGKWLGHPDVSKGG )s-Ks-Ky-K-PA 0.14 19
ACA 84-95 MAP (86 L > G, 93 N > D) (FLGKWLGHPDVSKGG )g-K,-Ky-K-BA 0.17 15
ACA 85-95 MAP (86 L > G, 93 N > D) (LGKWLGHPDVSKGG )-Ka-Ko-K-PA 041 11
K + ACA 85-95 MAP (86 L > G, 93 N > D) (KLGKWLGHPDVSKGG)s-K4-Ko-K-BA 028 9
2K + ACA 85-95 MAP (86 L > G, 93 N > D) (KKLGKWLGHPDVSKGG )s-K4-Ko-K-PA 0.13 18
3K + ACA 85-95 MAP (86 L > G, 93 N > D) (KKKLGKWLGHPDVSKGG )g-K,-Ky-K-BA 0.14 16

The contribution of the peptide sequence to humoral and T cell recognition of PLP and ACA derived peptides. T cell recognition of the ACA peptide by PLP 139-151 peptide specific T cells
requires modification at amino acid position 86. Recognition of the ACA peptide by antiserum from SJL mice immunized with PLP 139-151 is prevented by ACA peptides at positions 83 and
84.

2 Immune serum from PLP 139-151 immunized animals was collected as described in Materials and methods. Reactivity of the peptides listed against PLP 139-151 immune serum was
assessed by ELISA as described in Materials and methods and the relative strength of the response shown, reported in O.D.

b A proliferative assay was used to assess the capacity of the peptides listed to stimulate TCR transgenic PLP 139-151 specific T cells as described in Materials and methods. The relative
strength of the proliferative response is shown as a comparison to the control PLP 139-151 peptide response and is reported as the stimulation index (S.I.) experimental/control.

¢ At amino acid position 140 the native cysteine has been replaced with a serine. A spacer consisting of two glycines was added to separate the PLP peptide from the branched lysine
scaffold.

4 To improve solubility of the ACA 81-95 derived peptide MAPs lysine residues were added to the N-termini and also to the di-glycine spacer.
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antiserum from PLP 139-151 peptide immunized mice. Peptides syn-
thesized with lysine at position 83 and 84 reduce antibody recognition
but do not impact antibody recognition to the degree provided by the
native amino acids, tyrosine and phenylalanine. Thus the ACA peptide
changed at position 86 from a leucine to glycine allows recognition of
this modified ACA peptide by PLP 139-151 peptide specific T cells. The
presence of the phenylalanine and tyrosine at positions 83 and 84 pro-
vide the natural modification to the ACA peptide such that it is not rec-
ognized by antiserum from mice immunized with the PLP 139-151
encephalitogenic peptide.

3.4. The ACAg;_9sMAP peptide has a limited impact on rEAE

The observation that the ACA peptide was not recognized by antise-
rum from PLP 139-151 immunized animals and yet stimulated PLP-
139-151 specific T cells suggested that anaphylaxis may not be an
issue if the ACA peptide was used as a therapeutic to modify the devel-
opment of the relapsing phase of EAE. Our initial experiments used non-
linear peptide octamers of the ACA peptide to prevent rEAE in SJL mice
immunized previously with the PLP 139-151 peptide. As shown in
Fig. 2, we treated mice with the ACA peptide-octamer after the mice
had recovered from primary disease induced by immunization with
the PLP 139-151 peptide. Treatment was initiated one day after all
signs of primary disease were no longer evident and treatment with
the ACA peptide-octamer was initiated as an intraperitoneal injection
of 100 pg of the reagent in saline and continued for 7 consecutive
days. The treatment with the ACA peptide-octamer prevented or de-
layed the development of the relapsing stage of EAE in some of the
treated mice, however the treatment effect, while suggestive, did not
reach statistical significance. Importantly, none of the mice treated
with the ACA peptide-octamer showed signs of anaphylaxis during
the treatment with this reagent in soluble form.

3.5. The modified ACA-86gMAP peptide prevents rEAE

The ACA 81-95 peptide with the substitution of a glycine at position
86 is encephalitogenic and recognized by T cells from SJL mice previous-
ly immunized with the PLP 139-151 encephalitogenic peptide. We test-
ed the ACA-86¢g peptide octamer for its influence on the development of
the relapsing phase of disease. SJL mice immunized with the PLP
139-151 encephalitogenic peptide were treated with the ACA-86g pep-
tide octamer after the mice had recovered from the primary episode of
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Fig. 2. The development of relapsing EAE in SJL mice previously immunized with the PLP
139-151 encephalitogenic peptide. Following recovery from primary disease mice were
treated with the ACAg;_osMAP reagent. Mice were administered the MAP reagent or con-
trol for 7 consecutive days with treatment started when all signs of the primary clinical
disease were resolved. All injections were by the intraperitoneal route, 100 pg/injection.

disease. Treatment with the ACA-86g peptide octamer prevented all
signs of rEAE for 70 days in 12/14 mice as which point in the experi-
ments 2/14 mice developed minimal signs of clinical disease from
which they quickly recovered (Fig. 3). Fig. 3 also shows that treatment
of PLP 139-151 peptide immunized mice with an octamer peptide of
PLP 178-191 was without effect in preventing the relapsing stage of
disease and equivalent to the saline vehicle control group. Thus treat-
ment with the ACA-86g peptide was effective as a therapeutic agent in
preventing the relapsing stage of EAE in PLP 139-151 peptide immu-
nized SJL mice, a therapy that was not achieved with the PLP 178-191
peptide octamer. No signs of anaphylaxis were evident in any mice
treated with the ACA-86g MAP peptide during the successful treatment
for prevention of the relapsing stage of EAE in SJL mice immunized with
the PLP 139-151 encephalitogenic peptide.

4. Discussion

Antigen specific peptides are used to induce epitope specific toler-
ance and to cause some deviation of a developing autoimmune response
(Elliott et al., 1996; Devaux et al., 1997; Karin et al., 1998; Leadbetter
et al., 1998; Kobayashi et al., 2008). In general these observations
support the use of peptide-specific therapy as a means to modify T-
cell dependent autoimmune disease. While there is much evidence
supporting this approach to prevent the development of autoimmune
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Fig. 3. Prevention of relapsing EAE in SJL mice previously immunized with the PLP
139-151 encephalitogenic peptide. Following recovery from primary disease mice were
treated with the ACAg;_osMAP or PLP;75_191MAP reagents. Mice were administered the
MAP reagents or control for 7 consecutive days with treatment started when all signs of
the primary clinical disease were resolved. All injections were by the intraperitoneal
route, 100 pg/injection. A. Average clinical score. B. Percentage of mice that developed re-
lapses following treatment.
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disease, often when this therapy is used to treat clinically apparent dis-
ease a humoral response to the therapeutic peptide becomes evident,
often leading to a peptide-specific anaphylactic response (Pedotti
et al., 2001; Pedotti et al., 2003; C.E. Smith et al., 2005; Lichtenegger
et al,, 2007). Consequently for full utility of peptide-mediated therapy,
strategies are required to evade the antibody-mediated negative out-
come that develops frequently while retaining the immunoregulation
provided by the specific peptide.

Following immunization with the PLP 139-151 peptide SJL mice de-
velop of rEAE. This response is also accompanied by a humoral response
to the peptide used for immunization that results in the development of
an anaphylactic response when this peptide is administered in soluble
form following the initial immunization, a result that prevents the
therapeutic administration of this peptide in soluble form (Wegmann
et al,, 2008). In this study we have found that the PLP 139-151 peptide
mimic derived from ACA is not recognized by antibodies from SJL mice
immunized with the PLP 139-151 peptide (Table 3). Although the ACA
peptide contains the MHC and TCR contact residues found for PLP
139-151 the ACA peptide has diminished encephalitogenicity
(Massilamany et al., 2010), and is not well-recognized by T cells from
PLP 139-151 immunized SJL mice (Fig. 1, Table 3). We found that
changing the amino acid at position 86 of the ACA peptide from a leu-
cine to a glycine resulted in a significant increase in encephalitogenicity
as well as its recognition by T cells derived from mice previously immu-
nized with the PLP 139-151 encephalitogenic peptide (Fig. 1, Table 2).
Although this L > G modification resulted in significantly improved rec-
ognition by PLP 139-151 encephalitogenic T cells, this modification did
not result in humoral recognition by antibodies derived from PLP
139-151 immunized mice (Table 3).

Since the modified ACA-86g peptide was not recognized by antibody
from PLP 139-151 immunized mice we administered this peptide to SJL
mice that had recovered from the first episode of EAE induced by immu-
nization with the PLP 139-151 encephalitogen. Mice treated with the
ACA-86g peptide did not develop rEAE whereas mice treated with
PLPy78-191MAP or with the diluent control all developed rEAE as
depicted in Fig. 3. This inhibition of rEAE by using theACA-86g peptide
that is recognized by T cells elicited by immunization with PLP
139-151 suggests that PLP 139-151 specific T cells have the potential
to contribute to the relapsing phase of disease and that this contribution
is thwarted by treatment with the ACA-86g MAP peptide. The ACA-86g
MAP peptide did not influence the development of rEAE in SJL mice in
which primary disease was induced by immunization with the PLP
178-191 encephalitogenic peptide (data not shown).

We have shown previously that targeting T cells with MAP peptides
containing the priming encephalitogen prevented the development of
rEAE when the MAP peptides were administered following recovery
from primary disease (Wegmann et al., 2013). We have used MAP pep-
tides for these and previous studies because of the improved stability
that the MAP peptide configuration provides following administration
in vivo (Bracci et al., 2003). The encephalitogen we used in this
recent study, the oligodendrocyte-specific protein (OSP)/claudin-11,
has been reported to elicit focused T cell responses following immuniza-
tion with this peptide (Kaushansky et al., 2008). However, relapsing
EAE develops in SJL mice following immunization with the encephalito-
genic OSP 55-71 peptide and our success in preventing rEAE with the
0SPs5_71MAP peptide may reflect the focused T cell response as report-
ed for this encephalitogen.

It should be pointed out that the autoimmune response initiated
following immunization of SJL mice with the PLP 139-151 encephalito-
genic peptide has been described as one that allows the development of
T cell responses to additional myelin-derived epitopes, responses that
are associated with the relapsing episodes of disease (Lehmann et al.,
1992; McRae et al., 1995; McMahon et al., 2005; Bailey et al., 2007).
These studies assume that the relapsing phase of disease is a conse-
quence of the pathogenic relevance of the T cell populations that devel-
op as a consequence of the initial disease process. Thus, successful

prevention of the relapsing phase of EAE with a MAP peptide that tar-
gets T cells stimulated by the immunizing PLP 139-151 peptide is some-
what unexpected but in keeping with other reports concerning the
specificity of the encephalitogenic response at the relapsing phase of
EAE (Kroenke and Segal, 2007). In addition, these results are essentially
identical to our findings using the OSP 55-71 peptide as the priming en-
cephalitogenic peptide in which rEAE was prevented by treatment with
OSPss_71MAP, a reagent that targets T cells stimulated by the priming
immunization (Wegmann et al.,, 2013).

Whether immunoregulatory T cells reactive with PLP 139-151 are
stimulated by treatment with the ACA-86g MAP and subsequently
prevent the development of rEAE is one possible explanation for these
results shown in this study. It may also be that the MAP peptides
cause peptide-specific T cells to alter their trafficking pattern from the
target tissue to any cell that has processed the MAP peptide in the con-
text of MHC class Il molecules. We have previously reported that treat-
ment with MAP peptides cause a peptide specific accumulation of the T
cells in the spleen and significantly reduce this population in the CNS
(Wegmann et al., 2008).

The various immunologic contributions that result in the expression
of the relapses seen in mouse models of EAE remain unresolved. Many
studies provide evidence for a patterned spread to pathogenic epitopes
by T cells apparently stimulated during the primary disease process
(Lehmann et al., 1992; Karandikar et al., 2000; McMahon et al., 2005;
Bailey et al., 2007; Getts et al., 2012) and describe inhibition of the
relapsing phase of the disease by targeting peptides identified as part
of the spreading cascade. There are also many studies that question
the role of pathogenic epitope spread in relapsing models of EAE and
provide evidence suggesting that the epitope that is the target of T
cells causing the primary disease is responsible for rEAE as the target
of T cell causing the relapsing phase of disease (Su and Sriram, 1991;
P.A. Smith et al.,, 2005; Kroenke and Segal, 2007; Li et al., 2011;
Wegmann et al., 2013). Itis important to establish the basis for relapsing
disease in autoimmune models that exhibit a relapsing/remitting course
of disease in that peptide specific strategies for clinical intervention of
autoimmunity are guided by results from relevant animal models. As
the eliciting peptides are identified our findings with MAP peptides,
as seen in our studies with the EAE model, may also have clinical
relevance.

The results from our study are consistent with a single T cell specific-
ity as responsible for rEAE in the SJL mouse model, a T cell population
that has its origin from the primary disease episode. By modifying the
ACA peptide sequence we have been able to develop a peptide that is
recognized by T cells initially simulated with the PLP 139-151 peptide
immunogen but not recognized by antiserum from these same immu-
nized mice. This has allowed us to treat SJL mice that have recovered
from primary EAE induced by the PLP 139-151 encephalitogenic pep-
tide with the modified ACA peptide (ACA-86g). Administration of this
peptide to mice after recovery from primary disease prevents rEAE in
all mice treated with this peptide and occurs without any signs of ana-
phylaxis. Peptide-specific protection from relapsing autoimmune
disease may depend on knowledge of the priming epitope that elicits
the initial disease rather than a search for secondary targets. The effec-
tiveness of MAP peptides as reagents for clinical use should be consid-
ered as peptide-specific treatment strategies continue to evolve.

References

Amor, S., Groome, N., Linington, C.,, Morris, M.M., Dornmair, K., Gardinier, M.V., Matthieu,
J.M,, Baker, D., 1994. Identification of epitopes of myelin oligodendrocyte glycopro-
tein for the induction of experimental allergic encephalomyelitis in SJL and Biozzi
AB/H mice. ]. Immunol. 153, 4349-4356.

Bailey, S.L., Schreiner, B., McMahon, E.J., Miller, S.D., 2007. CNS myeloid DCs presenting
endogenous myelin peptides ‘preferentially’ polarize CD4 + TH-17 cells in relapsing
EAE. Nat. Immunol. 8, 172-180.

Bhardwaj, V., Kumar, V., Grewal, LS., Dao, T., Lehmann, P.V,, Geysen, H.M,, Sercarz, E.E.,
1994. T cell determinant structure of myelin basic protein in B10.PL, SJL/J, and their
F1S. J. Immunol. 152, 3711-3719.

Please cite this article as: Wegmann, KW, et al,, Eluding anaphylaxis allows peptide-specific prevention of the relapsing stage of experimental
autoimmune encephalomyelitis, ]. Neuroimmunol. (2014), http://dx.doi.org/10.1016/j.jneuroim.2014.06.011



http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0005
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0005
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0005
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0010
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0010
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0010
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0010
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0015
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0015
http://dx.doi.org/10.1016/j.jneuroim.2014.06.011

K.W. Wegmann et al. / Journal of Neuroimmunology xxx (2014) xxx-Xxx 7

Bracci, L., Falciani, C,, Lelli, B., Lossi, L., Runci, Y., Pini, A., Graziella De Montis, M.,
Tagliamonte, A., Neri, P., 2003. Synthetic peptides in the form of dendrimers become
resistant to protease activity. J. Biol. Chem. 47, 46590-46595.

Brokx, R.D., Bisland, S.K., Gariepy, J., 2002. Designing peptide-based scaffolds as drug de-
livery vehicles. ]. Control. Release 78, 115-123.

Devaux, B., Enderlin, F., Wallner, B., Smilek, D.E., 1997. Induction of EAE in mice with re-
combinant human MOG, and treatment of EAE with a MOG peptide. ]. Neuroimmunol.
75, 169-173.

Elliott, E.A., McFarland, H.L, Nye, S.H., Cofiell, R., Wilson, T.M., Wilkins, J.A., Squinto, S.P.,
Matis, L.A., Mueller, J.P., 1996. Treatment of experimental encephalomyelitis with a
novel chimeric fusion protein of myelin basic protein and proteolipid protein. J.
Clin. Invest. 98, 1602-1612.

Getts, D.R., Martin, AJ., McCarthy, D.P., Terry, R.L, Hunter, Z.N., Yap, W.T., Getts, M.T.,
Pleiss, M., Luo, X., King, N.J., Shea, L.D., Miller, S.D., 2012. Microparticles bearing en-
cephalitogenic peptides induce T-cell tolerance and ameliorate experimental
autoimmune encephalomyelitis. Nat. Biotechnol. 30, 1217-1224.

Karandikar, NJ., Eagar, T.N., Vanderlugt, C.L., Bluestone, J.A., Miller, S.D., 2000. CTLA-4
downregulates epitope spreading and mediates remission in relapsing experimental
autoimmune encephalomyelitis. ]. Neuroimmunol. 109, 173-180.

Karin, N., Binah, 0., Grabie, N., Mitchell, DJ., Felzen, B., Solomon, M.D., Conlon, P., Gaur, A.,
Ling, N., Steinman, L., 1998. Short peptide-based tolerogens without self-antigenic or
pathogenic activity reverse autoimmune disease. ]. Immunol. 160, 5188-5194.

Kaushansky, N., Hemo, R., Eisenstein, M., Ben-Nun, A., 2007. OSP/claudin-11-induced EAE
in mice is mediated by pathogenic T cells primarily governed by OSP192Y residue of
major encephalitogenic region OSP179-207. Eur. J. Immunol. 37, 2018-2031.

Kaushansky, N., Eisenstein, M., Oved, ].H., Ben-Nun, A., 2008. Activation and control of
pathogenic T cells in OSP/claudin-11-induced EAE in SJL/] mice are dominated by
their focused recognition of a single epitopic residue (OSP58M). Int. Immunol. 20,
1439-1449.

Kobayashi, N., Kiptoo, P., Kobayashi, H., Ridwan, R., Brocke, S., Siahaan, T.J., 2008. Prophy-
lactic and therapeutic suppression of experimental autoimmune encephalomyelitis
by a novel bifunctional peptide inhibitor. Clin. Immunol. 129, 69-79.

Kroenke, M.A,, Segal, B.M., 2007. Th17 and Th1 responses directed against the immuniz-
ing epitope, as opposed to secondary epitopes, dominate the autoimmune repertoire
during relapses of experimental autoimmune encephalomyelitis. J. Neurosci. Res. 85,
1685-1693.

Leadbetter, E.A., Bourque, CR., Devaux, B., Olson, C.D., Sunshine, G.H., Hirani, S., Wallner,
B.P., Smilek, D.E., Happ, M.P., 1998. Experimental autoimmune encephalomyelitis in-
duced with a combination of myelin basic protein and myelin oligodendrocyte glyco-
protein is ameliorated by administration of a single myelin basic protein peptide. J.
Immunol. 161, 504-512.

Lehmann, P.V., Forsthuber, T., Miller, A., Sercarz, E.E., 1992. Spreading of T-cell autoimmu-
nity to cryptic determinants of an autoantigen. Nature 358, 155-157.

Li, ], Zhao, X., Hao, HW., Shaw, M.K,, Tse, H.Y., 2011. T cells that trigger acute experimen-
tal autoimmune encephalomyelitis also mediate subsequent disease relapses and
predominantly produce IL-17. J. Neuroimmunol. 230, 26-32.

Lichtenegger, F.S., Kuerten, S., Faas, S., Boehm, B.O., Tary-Lehmann, M., Lehmann, P.V.,
2007. Dissociation of experimental allergic encephalomyelitis protective effect and
allergic side reactions in tolerization with neuroantigen. J. Immunol. 178, 4749-4756.

Massilamany, C., Steffen, D., Reddy, J., 2010. An epitope from Acanthamoeba castellanii that
cross-react with proteolipid protein 139-151-reactive T cells induces autoimmune
encephalomyelitis in SJL mice. ]. Neuroimmunol. 219, 17-24.

McMahon, EJ., Bailey, S.L., Castenada, C.V., Waldner, H., Miller, S.D., 2005. Epitope spread-
ing initiates in the CNS in two mouse models of multiple sclerosis. Nat. Med. 11,
335-339.

McRae, B.L., Vanderlugt, C.L., Dal Canto, M.C., Miller, S.D., 1995. Functional evidence for
epitope spreading in the relapsing pathology of experimental autoimmune encepha-
lomyelitis. J. Exp. Med. 182, 75-85.

Pedotti, R,, Mitchell, D., Wedemeyer, J., Karpuj, M., Chabas, D., Hattab, E.M., Tsai, M., Galli,
S.J., Steinman, L., 2001. An unexpected version of horror autotoxicus: anaphylactic
shock to a self-peptide. Nat. Immunol. 2, 216-222.

Pedotti, R., Sanna, M., Tsai, M., DeVoss, J., Steinman, L., McDevitt, H., Galli, SJ., 2003. Severe
anaphylactic reactions to glutamic acid decarboxylase (GAD) self peptides in NOD
mice that spontaneously develop autoimmune type 1 diabetes mellitus. BMC
Immunol. 4 (2) (Epub;%2003 Feb 22.:2).

Smith, CE., Miller, S.D., 2006. Multi-peptide coupled-cell tolerance ameliorates ongoing
relapsing EAE associated with multiple pathogenic autoreactivities. J. Autoimmun.
27,218-231.

Smith, CEE., Eagar, T.N., Strominger, J.L., Miller, S.D., 2005a. Differential induction of IgE-
mediated anaphylaxis after soluble vs. cell-bound tolerogenic peptide therapy of au-
toimmune encephalomyelitis. Proc. Natl. Acad. Sci. U. S. A. 102, 9595-9600.

Smith, P.A., Morris-Downes, M., Heijmans, N., Pryce, G., Arter, E., O'Neill, ].K., 't Hart, B.,
Baker, D., Amor, S., 2005b. Epitope spread is not critical for the relapse and progres-
sion of MOG 8-21 induced EAE in Biozzi ABH mice. J. Neuroimmunol. 164, 76-84.

Su, X.M,, Sriram, S., 1991. Treatment of chronic relapsing experimental allergic encepha-
lomyelitis with the intravenous administration of splenocytes coupled to encephali-
togenic peptide 91-103 of myelin basic protein. ]. Neuroimmunol. 34, 181-190.

Wegmann, K.W., Wagner, C.R., Whitham, R.H., Hinrichs, D.J., 2008. Synthetic peptide
dendrimers block the development and expression of experimental allergic enceph-
alomyelitis. J. Immunol. 181, 3301-33009.

Wegmann, K.W., Bouwer, H.G.A., Gregory, C.R., Whitham, R.H., Hinrichs, D.J., 2013.
Targeting T cells responsive to the priming epitope prevent the relapsing phase of ex-
perimental autoimmune encephalomyelitis. J. Neuroimmunol. 260, 74-81.

Whitham, R.H., Bourdette, D.N., Hashim, G.A., Herndon, R.M,, Ilg, R.C,, Vandenbark, A.A.,
Offner, H., 1991. Lymphocytes from SJL/] mice immunized with spinal cord respond
selectively to a peptide of proteolipid protein and transfer relapsing demyelinating
experimental autoimmune encephalomyelitis. J. Immunol. 146, 101-107.

Please cite this article as: Wegmann, KW, et al,, Eluding anaphylaxis allows peptide-specific prevention of the relapsing stage of experimental
autoimmune encephalomyelitis, J. Neuroimmunol. (2014), http://dx.doi.org/10.1016/j.jneuroim.2014.06.011



http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0020
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0020
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0025
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0025
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0030
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0030
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0030
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0035
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0035
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0035
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0040
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0040
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0040
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0045
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0045
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0045
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0050
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0050
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0060
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0060
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0060
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0055
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0055
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0055
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0055
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0070
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0070
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0070
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0075
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0075
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0075
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0075
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0080
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0080
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0080
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0080
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0085
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0085
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0090
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0090
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0090
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0095
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0095
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0100
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0100
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0100
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0105
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0105
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0105
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0110
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0110
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0110
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0115
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0115
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0155
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0155
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0155
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0155
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0125
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0125
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0125
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0120
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0120
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0120
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0130
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0130
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0135
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0135
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0135
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0145
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0145
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0145
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0140
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0140
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0150
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0150
http://refhub.elsevier.com/S0165-5728(14)00182-9/rf0150
http://dx.doi.org/10.1016/j.jneuroim.2014.06.011

	Eluding anaphylaxis allows peptide-�specific prevention of the relapsing stage of experimental autoimmune encephalomyelitis
	1. Introduction
	2. Materials and methods
	2.1. Animals
	2.2. Antigens
	2.3. Induction of active EAE
	2.4. Scoring of clinical paralysis
	2.5. Treatment of actively-induced EAE
	2.6. T cell proliferation assay
	2.7. Measurement of antibody response
	2.8. Statistical analysis

	3. Results
	3.1. A single amino acid change to the ACA 81–95 peptide enhances T cell recognition
	3.2. The ACA 81–95 peptide escapes antibody recognition
	3.3. Aromatic amino acids block antibody recognition
	3.4. The ACA81–95MAP peptide has a limited impact on rEAE
	3.5. The modified ACA-86gMAP peptide prevents rEAE

	4. Discussion
	References


