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Background: Multiple sclerosis (MS) is a chronic autoimmune disorder of the central nervous system, characterized by inflamma-
tion, demyelination, and neurodegeneration. Experimental autoimmune encephalomyelitis (EAE) is a well-established preclinical
model for examining MS pathophysiology. Peptide inhibitor of transendothelial migration (PEPITEM) is an immunomodulatory
peptide; however, its effects on gene expression in EAE remain insufficiently characterized. In this study, we aimed to evaluate
the immunomodulatory effects of PEPITEM in EAE by comparing therapeutic (postinduction) and prophylactic (preinduction)
administration using RT? Profiler™ PCR Array—based gene expression analysis.

Methods: Ten female CS7BL/6 mice aged 9-13 weeks (body weight, 21 + 3 g) were induced with EAE and assigned to four exper-
imental groups: G1 (EAE + scramble peptide), G2 (EAE + PEPITEM), G3 (EAE + scramble peptide administered preinduction),
and G4 (EAE + PEPITEM administered preinduction). Gene expression was assessed using RT> Profiler™ PCR Arrays, with
fold regulation calculated for each gene.

Results: PEPITEM exerted distinct, time-dependent effects on immune gene expression. Therapeutic administration (G2 vs. G1)
resulted in broad upregulation of immune-related genes, with notable increases in motif chemokine ligand 11 (Cxcl/11) (30.14-
fold), Cd28 (3.83-fold), and Cd40 (3.81-fold), consistent with enhanced expression of genes associated with T-cell costimulation,
cytokine signaling, and chemokine signaling. Conversely, prophylactic administration (G4 vs. G3) produced marked suppression
of inflammatory gene expression, with 33 of 34 genes downregulated. The most strongly suppressed genes were motif chemokine
ligand 10 (Cxcl10) (—17.11-fold), interferon-gamma (Ifng) (—13.12-fold), and tumor necrosis factor-alpha (7nf) (—12.43-fold),
indicating reduced expression of genes involved in chemokine signaling and T-cell migration.

Conclusion: PEPITEM modulates immune-related gene expression in EAE in a timing-dependent manner. Its opposing effects—
gene expression activation postinduction and suppression preinduction—suggest context-specific inmunomodulatory properties
that may be relevant to therapeutic strategies for MS.
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Introduction

Multiple sclerosis (MS) is an autoimmune, inflamma-
tory disorder of the central nervous system (CNS) charac-
terized by demyelination, axonal damage, and neurodegen-
eration. The disease is primarily driven by autoreactive T
cells, particularly Th1 and Th17 subsets, which infiltrate the
CNS, trigger local inflammation, and mediate myelin dam-
age [1,2]. The experimental autoimmune encephalomyeli-
tis (EAE) model is extensively used to examine MS patho-
physiology and to evaluate potential therapeutic interven-
tions [3]. Although immunomodulatory therapies—such as
interferon-$3, fingolimod, and monoclonal antibodies have
improved MS management, they primarily target disease
progression rather than its initiation and are often associated
with adverse effects arising from broad immunosuppres-
sion [4,5]. Identifying novel therapeutic strategies that pre-
cisely modulate pathogenic inflammatory pathways while
preserving essential immune regulation remains a central
objective in MS research.

Peptide inhibitor of transendothelial migration
(PEPITEM), a naturally occurring peptide, has emerged
as a potential modulator of immune responses by regu-
lating immune cell migration and inflammatory signaling
pathways [6,7]. Previous studies indicate that PEPITEM
may affect monocyte and lymphocyte trafficking, cy-
tokine interactions, and endothelial cell activation, all
of which are key processes in MS pathogenesis [8—10].
Nevertheless, the effects of PEPITEM treatment in EAE
remain insufficiently characterized, particularly regarding
its impact on immune-related gene expression [11]. Given
that immune modulation in MS can vary significantly
depending on the timing of intervention, it is essential
to determine whether PEPITEM exerts distinct effects
when administered therapeutically (postinduction) versus
prophylactically (preinduction).

Several key genes and pathways play central roles
in the pathogenesis of MS and EAE by regulating im-
mune activation, neuroinflammation, and disease progres-
sion. Chemokines, including Cxc/I0 and Cxclll, regu-
late the recruitment of immune cells—particularly T cells
and monocytes—into the CNS, thereby exacerbating in-
flammation and promoting demyelination [12,13]. Cy-
tokines, such as interferon-gamma (/fing) and tumor necro-
sis factor-alpha (7nf), drive Th1- and Th17-mediated neu-
roinflammation, resulting in blood-brain barrier disruption
and enhanced immune cell infiltration [14]. Costimulatory
molecules, such as Cd28 and Cd40, are critical for T-cell
activation and antigen presentation, shaping the immune re-
sponse and influencing disease severity [15]. Additionally,
chemokine receptors, such as Cxcr3, mediate T-cell migra-
tion into inflamed CNS tissues, amplifying neuroinflamma-
tion [16,17]. Dysregulation of these genes and their asso-
ciated pathways plays a pivotal role in EAE progression,
influencing both the initiation of the immune response and
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the extent of neuroinflammatory damage; therefore, they
represent key targets for therapeutic interventions.

The aim of this study was to examine the differential
effects of PEPITEM treatment in EAE, with a specific fo-
cus on its impact on immune-related gene expression and
inflammatory pathways using RT? Profiler™ PCR Arrays.
By comparing the therapeutic and prophylactic administra-
tion of PEPITEM, we sought to determine how the peptide
modulates key inflammatory and immunoregulatory path-
ways in EAE. Understanding the timing-dependent effects
of PEPITEM on gene expression may provide valuable in-
sights into its potential as a therapeutic or preventive strat-
egy for MS.

Materials and Methods

Reagents

EAE induction kits were obtained from Hooke Lab-
oratories (Cat. No. EK-2110; Hooke Laboratories, LLC,
USA) and included prefilled syringes containing myelin
oligodendrocyte glycoprotein 35-55 (MOG3ss—ss) emulsi-
fied in complete Freund’s adjuvant, as well as vials of
pertussis toxin (PTX) in glycerol buffer. For RNA iso-
lation and gene expression analysis, the following kits
and reagents were used: RT? First Strand Kit (Cat. No.
330404), RT? SYBR Green qPCR Mastermix (Cat. No.
330523), RNeasy Plus Universal Mini Kit (Cat. No.
73404), and the RT? Profiler™ PCR Array Mouse Multi-
ple Sclerosis (GeneGlobe ID: PAMM-125ZA-2; Cat. No.
330231), all purchased from Qiagen (Hilden, Germany).

PEPITEM (Ref. 14873A) and scrambled peptide
(Ref.  A4960-2) were synthesized and purified using
Thermo Fisher Scientific (Waltham, MA, USA), as previ-
ously described [8]. All reagents were prepared according
to the manufacturer’s protocols and as detailed in previous
publications [18]. Mice were maintained in a pathogen-free
facility with free access to food and water. All experimen-
tal procedures were conducted in accordance with institu-
tional ethical guidelines and approved by the relevant ani-
mal ethics committee.

Study Design and Experimental Groups

This study constitutes a predefined subanalysis of a
larger experimental EAE study previously reported [8]. In
the parent study, 10 9—13-week-old female C57BL/6 mice
(21 £ 3 g) were randomly assigned to each of four exper-
imental groups, with each group further divided into two
subcohorts: five mice were allocated for fixed-tissue col-
lection for histology and immunohistochemistry, and five
mice were allocated for frozen-tissue collection for molec-
ular analyses. In the present study, a subset of three mice
per group from the frozen-tissue cohort was used for molec-
ular analysis. EAE was induced using MOGss—ss peptide
(100 pg) emulsified in complete Freund’s adjuvant supple-
mented with 5 mg/mL Mycobacterium tuberculosis, fol-
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Fig. 1. Therapeutic effects of peptide inhibitor of transendothelial migration (PEPITEM) on daily experimental autoimmune
encephalomyelitis (EAE) progression. (A) Daily progression of EAE clinical scores under the therapeutic protocol. The graph depicts
the evolution of EAE scores over time in two experimental groups: control (G1, red) and PEPITEM-treated (G2, green). The vertical
axis represents the EAE clinical score, reflecting disease severity on a standardized scale from 0 (no observable symptoms) to 5 (severe
paralysis), while the horizontal axis indicates the number of days postinduction. Data points represent the mean EAE score for each group
at the corresponding time point, illustrating the overall disease course and differences in progression between the groups. Data analysis
and graphical representation were performed using GraphPad Prism software. (B) Cumulative disease burden assessed by area under the
curve (AUC) analysis. The AUC of the clinical score was calculated for each mouse using the trapezoidal rule over the observation period
(days 9—-19). AUC values were compared between groups using a two-tailed Mann—Whitney U test in GraphPad Prism. No statistically
significant difference was observed between the groups (p = 0.1294; n = 9). Two mice per group were excluded from the analysis and

euthanized due to the absence of clinical disease development by day 11 postinduction.

lowed by PTX (200 ng) administration on days 0 and 2.
Mice that did not exhibit clinical signs of EAE within 10
4+ 1 d from the start of the experiment were excluded and
humanely euthanized. Mice were assigned to the follow-
ing groups: (G1) Therapeutic Control: EAE + scramble
peptide postinduction, (G2) Therapeutic PEPITEM: EAE +
PEPITEM postinduction, (G3) Prophylactic Control: EAE
+ scramble peptide preinduction, and (G4) Prophylactic
PEPITEM: EAE + PEPITEM preinduction. Daily intraperi-
toneal injections commenced on day 10 + 1 for postinduc-
tion groups, corresponding to the onset of initial clinical
signs, and on day 1 for the preinduction groups, continu-
ing until day 21. PEPITEM was administered at a concen-
tration of 100 mg/mL in a total volume of 200 puL per in-
jection, following the protocol established in our previous
studies [6,7]. PEPITEM and the scrambled control peptide
were administered through daily intraperitoneal injections,
consistent with previous in vivo PEPITEM studies showing
systemic efficacy using this route of administration.

EAE Scoring

Clinical signs of EAE were evaluated daily using the
standardized 0-5 scoring scale recommended by Hooke
Laboratories, as previously described [8,11]. Clinical scor-
ing was performed by the animal caretaker and a trained
member of the research team, with final scores for each
mouse confirmed by the veterinarian coinvestigator. To
minimize observer bias, scoring criteria were applied con-
sistently across observers and time points using the same
standardized scale and involving multiple qualified asses-
sors. Mice were monitored daily for changes in body
weight, EAE scores, behavior, clinical signs, and mortality.
EAE scoring followed guidelines adapted from the Hooke
Laboratories induction kit manual. Animal care personnel
and research team members recorded the scores indepen-
dently each day. The scoring scale was defined as follows:
a score of 0 indicated no observable symptoms, 0.5 repre-
sented slight tail weakness, 1 denoted complete tail paraly-
sis, 1.5 indicated tail paralysis accompanied by a mildly un-
steady gait, 2 reflected tail paralysis with partial hind limb
weakness, 2.5 corresponded to tail paralysis with clear hind
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Fig. 2. Prophylactic effects of PEPITEM on daily EAE progression. (A) Daily progression of EAE clinical scores under the pro-

phylactic protocol. The graph shows the evolution of EAE scores over time in two experimental groups: control (G3, purple) and

PEPITEM-treated (G4, orange). The vertical axis represents the EAE clinical score, reflecting disease severity on a standardized scale

from 0 (no observable symptoms) to 5 (severe paralysis), and the horizontal axis indicates day postinduction. Data points represent the

mean EAE score for each group at the corresponding time point, indicating the overall disease course and differences in progression

between the groups. Data analysis and graphical representation were performed using GraphPad Prism software. (B) Cumulative disease

burden assessed by AUC analysis. The AUC of the clinical score was calculated individually for each mouse using the trapezoidal rule

across the observation period (days 9-19). AUC values were compared between groups using a two-tailed Mann—Whitney U test in

GraphPad Prism. Statistically significant differences were observed between the groups (p = 0.0138; n = 10).

limb weakness, 3 indicated complete paralysis of the tail
and hind limbs, 3.5 was assigned when the mouse was un-
able to right itself when placed on its side, in addition to tail
and hind limb paralysis, 4 signified additional involvement
of the front limb, and a score of 5 represented total paralysis
or death, at which point humane euthanasia was performed.
Cumulative disease burden was assessed using area under
the curve (AUC) analysis.

RNA Extraction and Gene Expression Analysis

On day 22 postinduction, mice were euthanized by
overdose of inhaled isoflurane (>5%). Death was con-
firmed by cessation of respiration and cardiac activity, af-
ter which thoracotomy with exsanguination was performed
as a secondary method. CNS tissues, including the spinal
cord and brain, were then collected. Total RNA was ex-
tracted from brain tissue using the RNeasy Mini Kit (QI-
AGEN) in accordance with the manufacturer’s protocol.
RNA concentration and purity were assessed using a Nan-
oDrop 2000 (Thermo Fisher Scientific Inc., Wilmington,
DE, USA). Complementary DNA (cDNA) synthesis was
performed using the RT? First Strand Kit, and gene ex-
pression profiling was conducted using RT? Profiler™ PCR
Arrays, which target key genes involved in T-cell activa-

tion, cytokine signaling, chemokine pathways, and oxida-
tive stress responses. Real-time PCR was performed on an
X-brand Applied Biosystems thermal cycler (Veriti 96-Well
Thermal Cycler; Thermo Fisher Scientific, Waltham, MA,
USA), and fold-regulation values were calculated using the
AACt method. Gene expression levels were normalized to
the housekeeping genes glyceraldehyde-3-phosphate dehy-
drogenase (Gapdh) and [-actin.

RT? Profiler™ PCR Array

Gene expression analysis was performed using the
RT? Profiler™ PCR Array Mouse Multiple Sclerosis panel
(PAMM-125Z7) from Qiagen, in accordance with the man-
ufacturer’s instructions. The 96-well array plate contained
primers for 84 target genes, five housekeeping genes, and
three internal controls designed to monitor assay perfor-
mance and improve reaction sensitivity and specificity.
Following cDNA synthesis, as described above, the PCR
reaction mixtures were prepared separately for each ex-
perimental condition. For each mixture, 1350 pL of RT?
SYBR Green Master Mix, 102 pL of cDNA, and 1248 pL
of RNase-free water were combined in a sterile 5 mL tube.
Aliquots of 25 puL of the PCR mixtures were then dispensed
into each well of the RT? Profiler™ PCR Array plate. The
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Fig. 3. Differential gene expression under therapeutic conditions (G1 vs. G2). The bar plot illustrates changes in gene expression ex-

pressed as fold regulation between the therapeutic groups G1 and G2. Positive fold regulation values indicate gene upregulation, whereas

negative values indicate gene downregulation relative to the reference group. Upregulated genes are shown in blue, and downregulated

genes are shown in orange. Fold regulation values were calculated using the manufacturer’s AACt method. Only genes with an absolute

fold regulation value of >2 and a p-value < 0.05 were considered significantly altered and are shown in the plot (n = 3).

plate was centrifuged at 1000 xg for 1 min at 25 °C to re-
move air bubbles and ensure uniform reagent distribution.
Real-time PCR amplification was subsequently performed.
Relative gene expression levels were calculated using the
comparative cycle threshold (2~24¢") method, and results
were expressed as fold changes relative to the control sam-
ples. Each experiment was performed in triplicate.

In Silico Analysis

A network of all associated genes was constructed to
analyze gene—gene interactions. Functional associations at
the protein level were predicted using GeneMANIA v3.5.3
(University of Toronto, Toronto, ON, Canada), which was
used to generate a network of common genes and to iden-
tify additional functionally related genes. GeneMANIA
can be accessed through the “App Manager” in Cytoscape
v3.10.2 (Institute for Systems Biology, Seattle, WA, USA).
The GeneMANIA network integrates multiple data types,
including coexpression, predicted interactions, shared pro-
tein domains, physical interactions, and colocalization. Us-
ing the GeneMANIA algorithm with default parameters,
an interconnected network of differentially regulated genes
was generated, highlighting relationships based on physical
interactions, coexpression, prediction, colocalization, path-
way, genetic interactions, or shared protein domains. Fold-
regulation values derived from RT? Profiler™ Array analy-
sis were used to assess the direction and magnitude of gene
expression changes, with positive values indicating upreg-
ulation and negative values indicating downregulation (us-

ing an inverse fold-change transformation). Genes with a
fold regulation of >+2 or <-2 were considered meaning-
fully altered, whereas values between —2 and +2 were con-
sidered not significantly changed, as expression levels re-
mained close to those of the control group.

Statistical Analysis

All experiments were performed at least three times
independently. Data were analyzed using GraphPad Prism
8 (GraphPad Software Inc., La Jolla, CA, USA). Continu-
ous variables are presented as mean + standard deviation.
Gene expression levels were determined using the 224
method and expressed as fold changes relative to the control
group. For RT? Profiler™ PCR array data, the GeneGlobe
Data Analysis Center (QIAGEN) was also employed to fa-
cilitate normalization and fold-change analysis. A p-value
of <0.05 was considered statistically significant.

Results

EAE Scoring

Evaluation of the therapeutic effects of PEPITEM re-
vealed that Groups G1 and G2 exhibited a steady increase
in EAE scores over time, which subsequently reached
a plateau. For prophylactic administration, Group G4
showed a slower and more delayed increase in EAE scores
compared with Group G3, suggesting that PEPITEM may
exert a preventive effect by delaying disease onset and re-
ducing the rate of disease progression (Figs. 1,2).
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Differential Gene Expression

Differential gene expression between the therapeutic
groups (G1 vs. G2) was analyzed using RT? Profiler™
PCR Arrays. The mean fold regulation was 10.22, indi-
cating overall gene upregulation, whereas the median fold
regulation was 4.7. The maximum fold regulation was
38.89 (corresponding to the most upregulated gene), and
the minimum fold regulation was —3.79 (corresponding to
the most strongly downregulated gene). Among the genes
analyzed, 19 exhibited more than twofold upregulation, re-
flecting substantial activation by PEPITEM, whereas 2 ex-
hibited less than 0.5-fold downregulation, indicating sup-
pression by PEPITEM (Fig. 3).

Out of the 21 genes analyzed, 19 exhibited upreg-
ulation with a fold regulation greater than 2, while two
genes were downregulated below the 0.5-fold threshold.
Among the upregulated genes, Cxcl/ll (30.14-fold), 1110
(37.9-fold), 1113 (38.9-fold), Lta (29-fold), Tnf (15.3-
fold), Foxp3 (10.4-fold), and Ephal (9.5-fold) exhibited
the highest fold increases, indicating a pronounced tran-
scription response following PEPITEM treatment. Con-
versely, Ccll2 (—3.79-fold) and Sodl (-2.04-fold) were
the most strongly downregulated genes in the therapeu-
tic condition. Additionally, functional annotation of the
differentially expressed genes indicated predominant asso-
ciations with chemokine signaling, cytokine—cytokine re-

ceptor interactions, and oxidative stress—related pathways,
highlighting the coordinated impact of PEPITEM treatment
on immune and inflammatory gene networks.

To evaluate the effect of prophylactic PEPITEM treat-
ment on gene expression in the EAE model, differential
expression was examined between the prophylactic groups
(G3 vs. G4) using RT? Profiler™ PCR Arrays. Among
the 34 genes analyzed, 33 exhibited downregulation with
fold regulation values below 0.5, whereas only one gene
showed upregulation above the 2-fold threshold. The most
markedly downregulated genes included Cxcli0 (—17.11-
fold), Ifng (—13.12-fold), Lta (—13.08-fold), Tnf (-12.43-
fold), and Cxcr3 (-8.94-fold), all of which were involved
in inflammatory signaling, cytokine-mediated interactions,
and immune cell recruitment processes (Fig. 4).

The analysis revealed that the differentially expressed
genes were primarily associated with chemokine signaling,
cytokine—cytokine receptor interactions, and pathways in-
volved in T-cell activation and migration, indicating broad
transcriptional suppression of inflammatory and immune
response genes. Specifically, the downregulation of Cxc/10
suggests inhibition of immune cell trafficking, whereas the
marked suppression of Ifng, Lta, and Tnf indicates reduced
proinflammatory cytokine signaling.

In silico analysis was conducted to examine gene—
gene interactions among the therapeutic (G1 vs. G2) and
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prophylactic (G3 vs. G4) groups (Figs. 5,6). GeneMA-
NIA analysis of differentially expressed genes in the ther-
apeutic comparison (G1 vs. G2) revealed a densely in-
terconnected immune gene network. Central nodes in-
cluded multiple chemokines and cytokines (Ccl/3, Ccl4,
Ccls, Ccl9, Cclll, Ccll2, Cxcl9, Cxcll0, Tnf, Ifng, 1i2,
114, 116, 1110, 111 3), costimulatory and regulatory molecules
(Cd28, Cd40, Btni2, Foxp3), and trafficking- or matrix-
remodeling—related genes (Ccri, Cxcr3, Mmp9, Ephal).
Functional annotation indicated significant enrichment of
Gene Ontology (GO) terms associated with B cell-mediated
immunity, immunoglobulin-mediated immune responses,
cytokine production, and positive regulation of adaptive im-
mune responses, consistent with coordinated activation of
peripheral immune pathways. The dense network of co-
expression, predicted interactions, physical protein—protein
interactions, and shared protein domains among the impli-
cated genes indicates that EAE-associated transcriptional
changes occur within coordinated immune modules rather
than as isolated single-gene effects.

In the comparison between G3 and G4, GeneMANIA
network analysis revealed an immune-focused gene net-
work characterized by a broader suppression of inflamma-
tory signaling in the prophylactic PEPITEM group. Cen-
tral nodes included multiple chemokines, cytokines, their
receptors, and adhesion- or trafficking-related molecules,
indicating that genes involved in leukocyte recruitment
and activation are highly interconnected. KEGG and GO
enrichment analyses identified pathways associated with
chemokine signaling, cytokine—cytokine receptor interac-
tions, and T cell-mediated immune responses. The predom-
inance of downregulated nodes in the prophylactic group
suggests that early PEPITEM administration exerts a more
global dampening effect on these inflammatory gene mod-
ules than the therapeutic regimen.

Discussion

This study evaluated the effects of PEPITEM treat-
ment in an EAE mouse model of MS by comparing
therapeutic (postinduction) and prophylactic (preinduction)
administration. Gene expression analysis revealed dis-
tinct transcriptional responses depending on the timing of
PEPITEM administration. In the therapeutic groups (G1
vs. G2), where PEPITEM was administered after dis-
ease induction, widespread upregulation of immune-related
genes was observed, with 19 of 21 genes exhibiting fold-
regulation values greater than 2. Notably, /713 (38.9-fold),
1110 (37.8-fold), Cxcl11 (30.14-fold), Cd28 (3.83-fold), and
Cd40 (3.81-fold) were among the most upregulated, indi-
cating enhanced T-cell costimulation, chemokine signaling,
and immune activation [19,20]. These findings suggest that
therapeutic PEPITEM treatment may enhance immune re-
sponse pathways, potentially contributing to shifts in im-
mune cell activation and trafficking in response to ongoing
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neuroinflammation. Conversely, Ccll2 (-3.79-fold) and
Sod1 (-2.04-fold) were downregulated. Downregulation of
Ccll2, a CCR2 ligand critical for monocyte recruitment, is
consistent with reduced chemokine-mediated neuroinflam-
mation. The downregulation of Sod!/, an antioxidant en-
zyme typically upregulated in EAE lesions in response to
oxidative stress, was lower in the treated group; this may
reflect a reduced requirement for compensatory antioxidant
responses in a less inflamed CNS rather than a direct sup-
pression of antioxidant capacity [21-23].

Regarding prophylactic PEPITEM administration (G3
vs. G4), treatment resulted in widespread suppression of
inflammatory gene expression, with 33 of 34 genes sig-
nificantly downregulated and only 1 gene exhibiting fold
regulation above the 2-fold threshold. The most downreg-
ulated genes included Cxc/10 (-17.11-fold), Ifng (—13.12-
fold), Lta (-13.08-fold), Tnf (—12.43-fold), and Cxcr3 (—
8.94-fold), all of which are key mediators of proinflamma-
tory cytokine signaling, chemokine-driven immune cell mi-
gration, and T-cell activation [24-26]. These findings are
consistent with previous research reporting the therapeutic
efficacy of PEPITEM in EAE [9], where early administra-
tion delayed disease onset, reduced clinical severity, and
inhibited CNS leukocyte infiltration, particularly of T cells
and monocytes. In this study, RT? Profiler™ PCR Array
analysis confirmed significant downregulation of key in-
flammatory mediators involved in chemokine signaling and
T-cell migration. Specifically, Cxc/10, Ifng, and Tnf were
markedly suppressed, consistent with reduced immune cell
recruitment and activation. These molecular alterations
provide a mechanistic basis for the previously observed re-
duction in leukocyte infiltration and support the conclusion
that prophylactic PEPITEM exerts its immunomodulatory
effects through the early inhibition of proinflammatory sig-
naling pathways. Overall, the results of this study rein-
force the potential of prophylactic PEPITEM as a strategy to
modulate immune responses and mitigate neuroinflamma-
tion in MS models. The data suggest that early PEPITEM
administration strongly suppresses immune activation and
inflammatory responses at the genetic level. This pat-
tern contrasts sharply with therapeutic PEPITEM admin-
istration, which predominantly induced gene upregulation
rather than suppression, highlighting the critical influence
of intervention timing on immunomodulatory outcomes.
The differential response between therapeutic and prophy-
lactic PEPITEM treatments suggests distinct underlying
mechanisms. Therapeutic PEPITEM appears to activate
immune-related pathways, potentially supporting immune
regulation and recovery during ongoing disease, whereas
prophylactic PEPITEM broadly suppresses inflammatory
genes, likely preventing excessive immune activation dur-
ing the early disease stages [27,28]. Notably, the marked
downregulation of /fng and Tnf in the prophylactic group
indicates that PEPITEM may dampen proinflammatory Th1
signaling, a central driver of EAE pathogenesis and MS pro-
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gression [29]. Suppression of Cxcr3 and Cxcl/10 further
indicates that PEPITEM reduced immune cell infiltration
into the CNS, thereby limiting neuroinflammatory damage
in EAE and MS [30]. Conversely, the upregulation of Cd28
and Cd40 in the therapeutic group may reflect an altered
T-cell activation state, potentially representing an adaptive
attempt to restore immune homeostasis during disease pro-
gression [15].

Collectively, these findings indicate that PEPITEM
exerts a context-dependent immunomodulatory effect, pro-
moting immune activation when administered therapeuti-
cally postinduction but broadly suppressing inflammatory
signaling when administered prophylactically. The pro-
nounced downregulation of inflammatory genes in the pro-
phylactic group underscores its potential to prevent disease
onset, whereas the transcriptional activation observed in the
therapeutic group suggests a distinct mechanism that poten-
tially supports immune regulation and tissue repair during
ongoing neuroinflammation. Future studies should exam-
ine the functional consequences of these gene expression
changes at the protein level, for example, by validating key
targets through Western blotting and assessing their effects
on disease severity, immune cell infiltration, and clinical
outcomes in EAE and MS models. This study is limited
to gene expression analysis and does not confirm whether
these transcriptional changes correspond to functional al-
terations at the protein level, highlighting the need for fur-
ther validation using protein-based assays, such as Western
blotting or ELISA. Furthermore, while the findings indicate
the immunomodulatory effects of PEPITEM, direct assess-
ments of immune cell dynamics and disease severity were
not performed, which constrained the mechanistic interpre-
tation of the findings.

Conclusion

PEPITEM modulates immune-related gene expres-
sion in a timing-dependent manner in EAE. Its dual
effects—enhancing immune activation when adminis-
tered therapeutically postinduction and broadly suppress-
ing inflammatory pathways when given prophylactically—
highlight its potential as a context-specific immunomodu-
latory strategy for MS.
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