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E Editorial
IMPORTANCE Demonstration of efficacious antigen-specific therapy in multiple sclerosis.

OBJECTIVE To assess the safety and efficacy of transdermally applied myelin peptides in
patients with relapsing-remitting multiple sclerosis.

DESIGN One-year double-blind, placebo-controlled cohort study.
SETTING Referral center.

PARTICIPANTS Thirty outpatients aged 18 to 55 years with relapsing-remitting multiple
sclerosis.

INTERVENTION Skin patch with a mixture of 3 myelin peptides, MBP85-99, MOG35-55, and
PLP139-155.

MAIN OUTCOMES AND MEASURES Cumulative number of active gadolinium-enhanced (Gd*)
lesions per patient per scan, mean volume of Gd* lesions, cumulative number of new T2
lesions, and T2 lesion and T1 lesion volume change from baseline to the end of the study. Total
number of relapses during the year of the study per patient (annual relapse rate), proportion
of relapse-free patients, and proportion of patients with 3 months of confirmed disability
worsening on the Expanded Disability Status Scale at month 12.

RESULTS All patients completed the study. Compared with placebo, treatment with a myelin
peptide skin patch (1 mg) showed a 66.5% reduction in the cumulative number of Gd* lesions
(P = .02) during the 12 months of the study. The annual relapse rate in patients treated with a
mixture of myelin peptides (1 mg) was significantly lower compared with the placebo group
(0.43 vs 1.4; P = .007). Treatment with a myelin peptide skin patch was well tolerated and no
serious adverse events were reported.

CONCLUSIONS AND RELEVANCE In patients with relapsing-remitting multiple sclerosis,
treatment with a myelin peptide skin patch significantly reduced both magnetic resonance
imaging and clinically defined measures of disease activity and was safe and well tolerated.
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nduction of antigen-specific tolerance in multiple sclero-

sis (MS) remains the ultimate goal of therapy for this dis-

ease. The pathogenesis of MS is thought to result from an-
tigen-specific autoimmunity™? where autoreactive immune
cells, T and B lymphocytes, directed at myelin-related pep-
tides mediate the destruction of myelin within the central ner-
vous system.3" All currently available therapies in MS attenu-
ate global function of the immune system without
discrimination of antigen specificity.®® This approach has led
to some success for MS therapy but at the same time exposes
patients to the risk of increased susceptibility to infectious
agents,® the induction of opportunistic infections,'® and in-
creased risk for cancer.™ In contrast, antigen-specific therapy
aims to selectively target cells specific for a given antigen, thus
disabling only a small part of the immune system responsible
for an autoimmune response, which for MS includes antigens
associated with the myelin sheath.*?

In MS, several antigens have been linked with
autoimmunity.’**> Among them, a prominent role has been
proposed for peptides from 3 major myelin proteins, myelin
basic protein (MBP), myelin oligodendrocyte glycoprotein
(MOG), and proteolipid protein (PLP). Mapping and sequenc-
ing studies identified immunogenic peptide epitopes within
these proteins as potentially responsible for the induction of
an autoimmune response in MS.'® However, immunogenic pep-
tides, if applied in an altered form in an appropriate environ-
ment and at low concentrations, might not induce an im-
mune response but instead might lead to immune tolerance.'”
The skin is a key first line of immune defense protecting us from
pathogen invasion and the external environment. Thus, the
immune system of the skin possesses large numbers of im-
mune cells controlling both the induction of an immune re-
sponse and immunotolerance. Transdermal application of my-
elin antigens in animals sensitized for experimental
autoimmune encephalomyelitis showed an attenuating ef-
fect on disease expression.'®!° Thus, the transdermal route of
antigen application might prove to be effective in the devel-
opment of antigen-induced immune tolerance in humans.

In this study, we conducted a double-blind, placebo-
controlled trial with 3 myelin peptides, MBP85-99, PLP139-
151, and MOG35-55, applied transdermally as a skin patch in
30 patients with relapsing-remitting MS over the course of 1
year. We tested the hypothesis that a mixture of these pep-
tides would decrease disease activity in MS as assessed by an
effect on magnetic resonance imaging (MRI) and clinical out-
comes. We also assessed the safety and tolerability of trans-
dermal application of myelin peptides.

Methods

Patients

The study and all procedures were performed after approval
from the ethics committee of the Medical University of Lodz and
with informed consent from all participants. Thirty patients were
enrolled in the study. Inclusion criteria included age from 18 to
55 years, a definite diagnosis of relapsing-remitting MS by the
McDonald criteria,?° screening disability score on the Ex-
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panded Disability Status Scale (EDSS) between 0 and 5.5, and 1
or more relapses within the previous year. Patients were ex-
cluded if they had been treated within 1 month before screen-
ing with intravenous steroids or within 3 months before screen-
ing with interferon-beta or glatiramer acetate or had ever been
treated with mitoxantrone hydrochloride, cyclophospha-
mide, or natalizumab. Subjects participating in the trial in-
cluded 22 women and 8 men with a mean (SD) age of 36.9 (8.0)
years and a mean (SD) duration of MS of 8.3 (6.4) years.

Study Design

After providing informed consent, patients were randomized
in 1of 3 arms to receive placebo (n = 10 patients), a mixture of
1 mg of PLP139-151, 1 mg of MOG35-55, and 1 mg of MBP85-99
(n = 16), or a mixture of 10 mg of PLP139-151, 10 mg of MOG35-
55, and 10 mg of MBP85-99 (n = 4). The 10-mg group was in-
cluded primarily for safety reasons. Myelin antigens were
dissolved in phosphate-buffered saline and were applied trans-
dermally in an adhesive skin patch placed on the right upper
arm that was changed once per week for 4 weeks and then once
per month for 11 months. Phosphate-buffered saline served as
the placebo treatment because it could not be differentiated
visually from the myelin peptide preparations.

Magnetic Resonance Imagining

Magnetic resonance imaging of the brain with intravenous in-
jection of gadolinium (Gd) was performed using a 1.5-T Sie-
mens Avanto Plus magnet. Magnetic resonance imaging was
performed at screening and repeated every 3 months until the
end of the study. A fast spin echo (repetition time, 2200-3000
milliseconds; echo time, 15-50 milliseconds/80-120 millisec-
onds; echo train length, 4-6; 3-mm slice thickness; and 44 con-
tiguous axial slices) sequence was used to obtain proton
density- and T2-weighted images. Conventional spin echo T1-
weighted images (repetition time, 600-650 milliseconds; echo
time, 10-20 milliseconds) with the same scan geometry were
obtained 5 minutes after injection of 0.1 mmol/kg of Gd. Slices
were positioned to run parallel to a line joining the most infe-
rioanterior and inferioposterior parts of the corpus callosum.
Patients were carefully repositioned at follow-up according to
published guidelines.

The identification of Gd-enhanced (Gd*), T2-hyperin-
tense, and T1-hypointense lesions was done by consensus of 1
experienced observer (M.S.). The number of total and new Gd*
lesions, new T2-hyperintense lesions, and new T1-hypoin-
tense lesions were then counted. The Gd* and new T2 lesions
were scored as measures of inflammatory activity between 2
consecutive scans. T2 lesion volume is a measure of overall le-
sion burden accumulating along the course of disease. The iden-
tified lesions were outlined by trained neuroradiologists using
a semiautomated segmentation technique and lesion volumes
were calculated automatically. Treating and examining neu-
rologists were blinded to MRI results during the study.

Outcome Measures

The primary efficacy outcome measure was the cumulative
number of active Gd* lesions per patient per scan during the
year of the study. Secondary outcome measures included mean
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Table 1. Demographic Data

Mean (SD)
Myelin Peptide Skin Patch

Placebo 1mg 10 mg
Group (n=10) (n=16) (n=4)
Male, No. 1 5 2
Female, No. 9 11 2
Age,y 38.25 (8.9) 35 (7.45) 36.5 (5.97)
Duration of multiple sclerosis, y 6.5 (4.79) 9.19 (7.54) 9.5 (4.25)
Baseline EDSS score 3.17 (1.17) 2.37 (1.62) 2.13 (1.44) Abbreviations: ARR, annual relapse
ARR prior to study 1.2(1.1) 1.1(0.12) 1.0 ;a;u E'gf;fxmnded Disability

Table 2. MRI Outcome Measures®
Mean (SD)
Myelin Peptide Skin Patch

MRI Measure Placebo 1mg 10 mg P Value®
cnGd" per patient per slide 0.0255 (0.01) 0.0085 (0.01) 0.0341 (0.03) .02
vol cnGd* per patient, mm? 13.38 (53.59) 8.4 (16.2) 23.98 (53.59) .07
cn new T2 lesion per patient 2.4 (0.9) 0.75 (0.25) 1.25 (0.27) .09
A T2 lesion volume per patient, mm? 1925.72 (3142.6) -845.4 (3734.4) 1265.1 (2055.2) .01
A T1 lesion volume per patient, mm? 1237.5 (1869.4) -220.4 (936.0) -63.2 (1544.8) .01

Abbreviations: cn new T2 lesion, cumulative number of new T2 lesions; cnGd*,
cumulative number of Gd* lesions; Gd*, gadolinium enhanced; MRI, magnetic
resonance imaging; vol cnGd™, volume of cumulative Gd”* lesions; A, change
from the beginning to the end of the study.

@ Statistical analysis was performed by the Mann-Whitney U test.

b p value for comparison between the 1-mg myelin peptide skin patch and
placebo groups.

volume of Gd* lesions; cumulative number of new T2 lesions
at months 3, 6, 9, and 12; and T2 lesion and T1 lesion volume
change from baseline to 12 months. Clinical secondary out-
comes involved the total number of relapses during the year
of the study per patient (annual relapse rate [ARR]), the pro-
portion of relapse-free patients, and the proportion of pa-
tients with 3 months of confirmed disability worsening on the
EDSS at month 12. The worsening was defined as a decrease
of EDSS score by 0.5 point confirmed after 3 months.

Statistical Analysis

The analysis of primary end points was based on the out-
come of data from 2 groups (1-mg myelin peptide skin patch
vs placebo or combined 1-mg and 10-mg myelin peptide skin
patch vs placebo). Statistical analysis was performed with
an SPSS analysis package (version 14.0; IBM SPSS). Normal
distribution of every parameter was evaluated using the
Kolmogorov-Smirnov test. The MRI data were analyzed
using the Mann-Whitney U test. The significance level was
setat P = .05.

. |
Results

Demographics

0Of 30 patients who entered the study, 10 were randomly allo-
cated to receive placebo; 16, to receive a myelin peptide skin
patch with 1 mg of each peptide; and 4, to receive a myelin pep-
tide skin patch with 10 mg of each peptide. The demographic,
clinical, and MRI characteristics at baseline are shown in
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Table 1. All 30 patients completed the study and there was no
early termination or withdrawal from the study.

Safety and Tolerability

The most common adverse effect was local reaction in the area
of the skin patch. Redness and itching of modest intensity were
observed in 20% (4 of 20) of patients receiving myelin pep-
tides (both doses 1 mg and 10 mg). No differences in the dis-
tribution of other adverse events, infection of upper respira-
tory tracts (n = 2) and lacrimation (n = 1), was observed among
all 3 treatment groups. No serious adverse events were re-
ported. Routine clinical laboratory testing (blood chemistry,
hematology, and urinalysis) did not identify any significant ab-
normalities during the study period.

Magnetic Resonance Imaging

The results of MRI efficacy are summarized in Table 2. Treat-
ment with the 1-mg myelin peptide skin patch showed a 66.5%
reduction compared with placebo (0.0085 vs 0.0255) in the cu-
mulative number of Gd* lesions per patient per scan (P = .02),
the primary end point of the study (Table 2). Significant dif-
ferences in favor of the 1-mg myelin peptide skin patch were
also seen for all other examined secondary MRI outcomes. The
cumulative change in volume of Gd* lesions per patient was
lower in the 1-mg myelin peptide group vs the placebo group
(8.4 mm? vs 13.38 mm?; P = .07). The cumulative number of
new T2 lesions was reduced by 3-fold (68.8%) in the 1-mg my-
elin peptide skin patch group vs the placebo group (0.75 vs 2.4;
P =.09). The mean T2 lesion volume at 12 months in 1-mg my-
elin peptide group was lower by 19.7% compared with base-
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Table 3. Clinical Outcomes

Myelin Peptide Skin Patch

Placebo 1mg 10 mg
Clinical Outcomes (n=10) (n=16) (n=4) P Value?®
ARR, mean 1.4 0.43 0.25 .007
Relapse-free patients, 1/10 10/16 3/4 .049
No./total No. Abbreviations: ARR, annual relapse
Disability-progression 7/10 3/16 1/4 13 rate; EDSS, Expanded Disability
patients, No./total No. Status Scale.
EDSS score change 0.75 0.08 0.00 .09 2 Pvalue for comparison between the
during the study, 1-mg myelin peptide skin patch and
mean

line (3450.4 vs 4295.8 mm?), whereas in the placebo group, T2
lesion volume increased by 25.4% (7580.5 mm? vs 9506.2 mm?).
Thus, change in T2 lesion volume during the study was sig-
nificantly different in the 1-mg myelin peptide group vs the pla-
cebo group (P = .01). Moreover, during the year of the study,
T1lesion volume in the 1-mg myelin peptide group decreased
by 14.1% whereas it increased in the placebo group by 61.2%
(P = .01). The MRI data from the 10-mg myelin peptide group
were less efficacious than the 1-mg group. However, the low
number of patients treated with the 10-mg dose did not allow
for statistical assessment.

Clinical Outcomes

Clinical outcomes are summarized in Table 3. Patients treated
with the 1-mg myelin peptide skin patch showed an ARR sig-
nificantly lower than in the placebo group (P = .007). The ARR
in the 10-mg myelin peptide group was also significantly lower
(ARR = 0.25) than in the placebo group. The ratio of relapse-
free patients in the 1-mg myelin peptide skin patch group was
63% and was significantly higher compared with 10% in the
placebo group (P = .049). In the 1-mg myelin peptide group,
19% of patients’ EDSS scores worsened during the study vs 70%
of patients in the placebo group (P = .13). In the 10-mg myelin
peptide group, 1 patient of 4 had a worsened EDSS score dur-
ing the study. Accordingly, during the year of the study, in the
1-mg myelin peptide group, 81% of patients remained disabil-
ity progression free vs only 30% (3 of 10) in the placebo group
(P = .08). The mean change in EDSS score between baseline and
12 months was lower in the 1-mg myelin peptide group than
the placebo group (0.08 vs 0.75, respectively; P = .09).

|
Discussion

The results of this study using a skin patch of a mixture of 3
myelin peptides, MBP85-99, MOG 35-55, and PLP139-155,
showed significant effect in reducing the MRI and clinical out-
comes in patients with relapsing-remitting MS. The signifi-
cant decrease of MRI activity in the 1-mg myelin peptide group
during the study was shown for the number of Gd* lesions,
changes in T2 lesion volume from baseline to study conclu-
sion, and development of new T2 lesions. Thus, myelin pep-
tide skin patch treatment showed an effect on blood-brain bar-
rier opening and generation of new inflammatory lesions.* In
addition, T1 lesion volume was also decreased in the 1-mg my-
elin peptide group, indicating that transdermal myelin pep-
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placebo groups.

tides also showed an effect on the generation of established
MRI lesions. The effect of myelin peptides was detected at as
early as 3 months of treatment, as demonstrated by the reduc-
tion in the cumulative number of Gd* lesions vs the placebo
group at this point of the study. The higher dose of myelin pep-
tides (10 mg) was less efficacious than the lower dose. How-
ever, the low number of patients in the high-dose myelin pep-
tide treatment group precluded statistical analysis of the data,
and as indicated in the Methods section, this group was pri-
marily used for safety determinations.

Patients treated with a myelin peptide skin patch had a sig-
nificantly lower ARR compared with patients treated with pla-
cebo and the ratio of relapse-free patients during the study was
higher in the myelin peptide group than the placebo group. We
studied an MS cohort with active disease. Prior to study en-
try, the ARR in the 1-mg myelin peptide group was 1.1 and in
the placebo group, 1.2. During the study, in the placebo group,
the ARRremained at the same high level of 1.4, whereas in the
1-mg myelin peptide group, the ARR was reduced by 69.3% in
comparison with the placebo group. In addition, in the 1-mg
myelin peptide group, there was a significantly higher pro-
portion of patients who remained disability progression free
during the study. The low number of patients in the higher-
dose myelin peptide group (10 mg) does not allow for direct
comparison of clinical outcomes with the lower-dose myelin
peptide group.

The clinical data for the 1-mg myelin peptide group were
fully corroborated by the MRI findings, whereas in the
10-mg myelin peptide group, some MRI data did not differ
from the placebo group. Two explanations might be pro-
posed in this regard. The correlation between MS lesions
observed on conventional MRI scans and the clinical mani-
festations of the disease remains weak,** and thus, the low
number of patients in the high-dose myelin peptide group
would not compensate for this discrepancy. In addition, it
was shown in earlier studies on antigen-induced tolerance
that lower antigen concentrations frequently were more
efficacious than higher doses.”* It was proposed that higher
antigen concentrations could induce a number of specific T
cells to differentiate into effector cells.

Both doses of myelin peptides showed an excellent safety
profile. No serious adverse events were noted. Only a mild lo-
cal skin reaction was observed in some patients receiving the
myelin peptide patch. These events did not require any symp-
tomatic treatment and were self-limited. Laboratory test re-
sults also did not show any abnormalities in blood cell counts,
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liver enzyme levels, and kidney parameters. These results are
in sharp contrast to the safety profile of many new drugs that
have been developed recently for MS treatment. Most of these
drugs inhibit a major immune function and often eliminate a
wide array of immune cells. As aresult, patients with MS treated
with these powerful drugs are immune compromised and more
vulnerable to attack by many pathogens that could lead to se-
rious adverse events. Transdermal myelin peptide treatment
offers anew approach that only regulates the pathological im-
mune responses while leaving the rest of the immune system
intact.

In our previous publication,** we demonstrated that ad-
ministration of a myelin peptide skin patch in patients with MS
led toimmunologic tolerance to myelin antigens. We found that
myelin peptides applied transdermally in patients with MS ac-
tivated dendritic Langerhans cells in the skin at the site of patch
application and induced a unique population of granular den-
dritic cells in local lymph nodes. In the periphery, transder-
mal application of myelin peptides resulted in the generation

Original Investigation Research

of type 1, interleukin 10-producing regulatory T cells, suppres-
sion of specific autoreactive proliferative responses, and sup-
pression of interferon-y and transforming growth factor-f3 pro-
duction. The current data demonstrate that induction of
immune tolerance with transdermal application of myelin
peptides translates into attenuation of disease activity as evi-
denced by MRI and clinical measures. This is of particular in-
terest in light of the results with previous trials with antigen-
specific therapy in MS, where despite induction of immune
tolerance the clinical efficacy was limited.>>”

In summary, the efficacy and safety profiles that have
emerged from this study make the transdermal application
of a mixture of 3 myelin peptides, MBP 85-99, MOG35-55,
and PLP 139-155, an attractive and promising therapeutic
approach in patients with relapsing-remitting MS. In par-
ticular, this antigen-specific therapy using a myelin peptide
skin patch offers selective immune intervention targeting
MS-related antigens while sparing other mechanisms criti-
cal for immune protection.
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