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Abstract

Background: Ischemic stroke is a prominent neurodegenerative disease, characterized by a
decrease in the body’s functional abilities. It is proposed that many immunity members and cells
might play a role in the pathogenesis of stroke, among which microRNAs have recently attracted
much attention. MicroRNAs are noncoding RNAs involved in various immune functions and
disorders. The present study aimed to evaluate the effect of Glatiramer acetate on microRNAs in
stroke through immune signaling pathways.

Methods: In this study, photothrombotic (PT) stroke was induced in adult C57BL/6) mice. After
three days of recovery, the mice were treated with Glatiramer acetate on day three post-stroke.
Simultaneously, the peripheral blood mononuclear cells (PBMCs) were isolated from whole blood
samples of the stroke patients. The expression of miR-21 and Let7i was evaluated using real-time
polymerase chain reaction (PCR). Additionally, the expression of MAPK and JAK pathways was
assessed by Western blot. The P value of 0.001 was considered statistically significant.

Results: Glatiramer acetate decreases the expression of let-7i and miR-21 in both the stroke mice
model and PBMCs of stroke patients, compared to controls. Furthermore, Western blot analysis
showed that Glatiramer acetate inhibits the immune signaling pathways involving MAPK and
JAK in the stroke mice model.

Conclusion: In addition to its known neuroprotective effects during the acute phase of
experimental stroke, Glatiramer acetate administration decreases the expression of miR-21 and
let-7i via down-regulation of immune signaling pathways.
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Introduction
Ischemic stroke is a neurodegenerative disease that
is considered the second leading cause of mortality
and dementia, posing a significant health burden. The
pathophysiology of ischemic stroke is believed to be
dependent on inflammation. Innate immune cells such
as microglia and macrophages are activated instantly
after ischemia and produce tumor necrosis factor-
alpha (TNF-a) and interleukin-13 (IL-1p), leading
to post-ischemic inflammation."”? Adaptive immune
cells, including B cells and ThO (naive CD4 +helper)
lymphocytes, also contribute to the inflammatory process.
Overall, microglial/macrophage cells and type-1 helper
cells (Thl) are considered harmful, whereas Th2 and
regulatory T cells (Treg) have protective roles. Given the
importance of the immune system and neuroinflammatory
response in ischemic stroke pathophysiology, evaluating
the efficacy and safety of particular immunomodulatory
agents in stroke treatment is crucial.**

Glatiramer acetate (GA), or Copolymer-1 (Cop-1),
is a synthetic peptide composed of four amino acids

(i.e., alanine, lysine, glutamic acid, and tyrosine) with
immune-modulatory properties.® GA works by inhibiting
Th1 pro-inflammatory cytokines (IFN-y), inducing T cell
activation, decreasing microglial/monocyte reactivity,
reducing TNF-a and IL-12 levels, and enhancing IL-10
and transforming growth factor-88 (TGF-83)".

MicroRNAs (miRNAs) are non-coding RNA molecules
that play a crucial role in regulating various cellular
and developmental procedures, including immune cell
differentiation, immune response outcomes, cellular
proliferation, and apoptosis. More than 20% of miRNAs
are found to be altered during the ischemic brain process,
indicating that miRNAs are potential mediators in the
pathogenesis of ischemic stroke.®*'> MiR-21 is one of the
ischemic-related miRNAs with anti-apoptotic and pro-
survival effects. MiR-21 also plays a role in regulating
angiogenesis, mediated by endothelial cells (ECs).
Overexpression of miR-21 can protect against ischemic
neuronal death.'®” The neuroprotective effect of miR-
21 is probably mediated through the downregulation of
Fas ligand (FasL), a member of the TNF-a family that

(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,

a © 2024 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License

provided the original work is properly cited.


https://orcid.org/0009-0000-7509-9613
http://orcid.org/0000-0002-1053-524X
http://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.34172/biomedrb.2024.23&domain=pdf
https://doi.org/10.34172/biomedrb.2024.23
http://biomedrb.com
mailto:submission1999@gmail.com
mailto:submission1999@gmail.com

Glatiramer acetate effect on the expression of MiR21- and Let7i in stroke patients

induces cell death. These results imply that miR-21 has
neuroprotective properties in ischemic brain injury and
could be a feasible target for ischemic stroke therapy by
regulating many associated genes.'*"”

Let7i is another miRNA involved in mediating toll-like
receptor signaling in monocytes, as well as influencing
the differentiation process of dendritic cells and guiding
T-cells towards a Thl phenotype in stroke. Moreover,
the let-7i molecule present in the ECs helps prevent
endothelium-mesenchymal transition (endMT), which in
turn can regulate the inflammatory response among these
cells. Interestingly, the expression of let-7 in ECs plays a
crucial role in preserving the structural integrity of the
brain vasculature. In acute ischemic stroke, this miRNA
might regulate the gene expression of leukocytes,'®* which
are involved in mediating immunological responses,
leukocyte extravasation, and thrombus formation. These
genes and pathways are critical in ischemic stroke. It has
been demonstrated that let-7i may also exert regulatory
effects on thrombin, a key coagulation factor in ischemic
stroke. Investigating the interplay between GA and these
miRNAs might yield valuable insights into its therapeutic
efficacy in stroke.”? This study aimed to examine the
impact of GA on the expression levels of miR-21 and
let-7i in animal models of stroke, as well as in blood
samples obtained from individuals with a history of
stroke. It further strives to provide a fresh perspective
on stroke management and the potential development of
therapeutics based on miRNAs.

Materials and Methods

Photothrombotic Stroke Model

All procedures were conducted in accordance with the
guidelines set by the Tabriz University of Medical Sciences
Research Council for animal studies (Ethical ID number:
IR.TBZMED.VCR.REC.1400.191). The study used
11-week-old BALB/c mice (40-50 g). Mice were housed
in propylene cages in animal housing facilities with an
ambient temperature of 25+2°C and relative humidity
of 45%-55%. They were kept on a 12-hour light/dark
cycle, with ad libitum access to pellet chow and water.
The mice were divided into two groups (n =10 animals in
each group): (a) Photothrombotic (PT) stroke group with
vehicle (saline) treatment as a control group and (b) PT
stroke group with GA treatment. Mice were anesthetized
using 4% isoflurane and maintained under isoflurane with
1%-1.5% isoflurane in a mixture of nitrous oxide (70% v/v)
and oxygen (30% v/v) throughout the surgical process.
Rose Bengal (100 mg/kg body weight, Sigma, USA) was
injected intraperitoneally five minutes before illumination.
The skull was exposed and cleaned, and a fiber optic cable
delivering cold light (6 mm diameter) was placed on the
skull using a stereotaxic frame. To reduce the scattering of
the laser light, a sterile mask was placed near the primary
somatosensory cortex. A green laser (532 nm) was used
to photoactivate the Rose Bengal, illuminating the SIFL
for 20 minutes (average power density was 23 mW), with

the laser positioned 3 cm above the skull. Before suturing,
Marcaine (2 mg/kg, administered at 1.67 mg/mL in saline)
was applied to the incision site, and saline (0.01 mL/g)
was administered subcutaneously after suturing. Animals
were monitored in individual cages during recovery and
were given additional subcutaneous saline (0.25 mL)
four hours post-surgery. Inclusion criteria for the stroke
treatment group included any sign of ipsilateral forelimb
weakness post-stroke, while exclusion criteria included
absence of forelimb weakness, signs of contralateral
forelimb weakness, inability to walk, or circling while
walking. Subsequently, 24 hours post-stroke, the mice
were administered either GA (0.5 mg/kg) or saline (i.p.),
with doses repeated every other day for up to 28 days.

Peripheral Blood Mononuclear Cells From Stroke
Patients

Twenty ischemic stroke patients were also included in the
present study. The inclusion criteria were stroke patients
without any other acute diseases or infections. The exclusion
criteria were patients with acute or autoimmune diseases.
Whole blood was collected from these patients, and
peripheral blood mononuclear cells (PBMCs) were isolated
using Ficoll-Hypaque (Ficoll™ Paque Plus; GE Healthcare).
The cells were cultured in RPMI-1640 medium (Shanghai
BioSun SciTech Co., Ltd.) supplemented with 10% fetal
bovine serum (HyClone; GE Healthcare Life Sciences) and
1% penicillin-streptomycin (Beijing Leagene Biotech Co.,
Ltd.) and incubated at 37 °C with 95% humidified air and
5% CO2. After 24 hours of culture, cell morphology was
observed under an inverted microscope. The cells were
treated with GA after 48 hours of culturing.

Reverse Transcription-Quantitative Polymerase Chain
Reaction

To evaluate miR-21 and let-7i expression, total RNA
was isolated from tissues and cells using TRIzol® reagent
(Thermo Fisher Scientific, Inc.). One microgram (1 pg)
of RNA was reverse transcribed to obtain cDNA using
the RevertAid™ cDNA Synthesis kit (Thermo Fisher
Scientific, Inc.), with reaction conditions set at 85 ‘C for
five minutes. Quantitative polymerase chain reaction
(qPCR) was performed using an ABI 7500 system (Applied
Biosystems; Thermo Fisher Scientific, Inc.) and iTaq™
Universal SYBR®-Green (Bio-Rad Laboratories, Inc.). The
qPCR protocol was as follows: initial denaturation at 94
°C for five minutes, followed by 30 cycles of denaturation
at 94 °C for 30 seconds, annealing at 65 "C for 30 seconds,
and extension at 70 ‘C for 30 seconds. Beta-actin was used
as the control.

Western Blotting

Mice were surrendered after anesthesia, and the peri-
infarct cortical tissues were harvested for analysis. Samples
were lysed on ice using protein extraction reagents (Santa
Cruz, USA) for one hour, then centrifuged at 12000 rpm
at 4 °C for 10 minutes. The supernatant was collected and
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stored at —20 °C. Protein concentrations were quantified
using the Bradford protein assay kit (Bio-Rad, California,
United States). Samples were mixed with 5xloading
buffer and boiled for 10 minutes for denaturation. Twenty
micrograms of the total protein were loaded onto 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) gels, then transferred to polyvinylidene
fluoride (PVDF) membranes. The membranes were
blocked with 5% non-fat milk in Tris-buffered saline with
Tween 20 (TBST) at room temperature and incubated
with primary antibodies against GAPDH, MAPK, and
JAK at 4 °C overnight. The membranes were washed three
times with TBST and then incubated with horseradish
peroxidase-conjugated secondary antibodies at room
temperature for one hour.

Statistical Analysis

IBM SPSS Statistics (version 23, IBM, SC, USA) was
utilized for statistical analysis. Data were presented as
mean + standard deviation. For multiple comparisons,
one-way analysis of variance (ANOVA) with a t-test
was used. A P value<0.05 was considered statistically
significant.

Results

The Effect of Glatiramer Acetate on the Expression of Let-
7i and MiR-21 in the Stroke Mice Model

To determine the expression of let-7i and miR-21 in stroke
mice model tissue, total RNA was extracted, and RT-PCR
was conducted. The results revealed that GA significantly
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decreased the expression of let-7i and miR-21 relative to
the control mice group (Figure 1).

The Effect of Glatiramer Acetate on the Let-7i and MiR-
21 in Peripheral Blood Mononuclear Cells of Stroke
Patients

The expression of let-7i and miR-21 in PBMC-isolated
cells from stroke patients showed that GA administration
diminished the expression of let-7i and miR-21 expression
in treated cells compared to untreated cells (Figure 2).

Downstream MAPK and JAK Proteins Under Western
Blot Analysis

The downstream proteins MAPK and JAK were analyzed
by Western blot analysis. As shown in Figure 3, the
expression of MAPK and JAK was significantly lower in
stroke mice models treated with GA compared to untreated
stroke mice models (P<0.01 and P<0.01, respectively).
Western immunoblot bands were quantified using a Bio-
Rad calibrated densitometer (GS-800) with the vendor’s
software (Bio-Rad Laboratories), and GAPDH served as
the internal control for all analyses.

Discussion

Many Studies have suggested that several miRNAs
regulate essential target genes implicated in stroke.
MiR-21 is one of the well-known miRNAs that play a
significant role in the etiology of various types of stroke.”
Previous studies on ischemic stroke have indicated that
miR-21, a crucial miRNA, promotes survival and inhibits
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Figure 1. The Expression of MiR-21 and Let-7i in the Stroke Mice Model
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apoptosis during the development of cerebral ischemia,
making it a valuable biomarker for diagnosis or a target
for treatment.”* According to a study by Zhou et al,
miR-21 largely prevented N2a neuroblastoma cells from
undergoing apoptosis after being subjected to oxygen-
glucose deprivation and reoxygenation (OGD/R).* Buller
et al found that OGD/R-induced apoptosis was reduced
in embryonic neurons cultured in vitro when miR-21 was
overexpressed.” Another investigation revealed that miR-
21 expression was reduced in the foci of focal cerebral
infarction in mice and N2a cells subjected to OGD.

The first miRNAs identified were members of the let-
7 family, which are highly conserved across species.”?
Although less is known about let-7’s involvement in ECs,
its relevance to the pathophysiology of cancer has been
extensively documented.”” According to a study by Xiang
etal, let-7 family miRNA expression was downregulated in
human brain microvascular endothelial cells (HBMECs)
following OGD application. HBMECs were shielded from
OGD damage, and inflammation was decreased by let-7i
overexpression. The anti-inflammatory effects of let-7i

were eliminated when TLR4 expression was silenced.?®
Eventually, it was discovered that let-7 family miRNAs
were downregulated in an OGD model, after examining
the connection between the let-7 family of miRNAs
and the in vitro ischemic stroke model. The outcomes
demonstrated that let-7i has a protective function for
ECs. After thrombolysis, plasma levels of let-7i were
elevated, which may help with vascular healing. Further
investigation is necessary to clarify the role of let-7i in the
in vivo endothelium in ischemic stroke.?

The aging population and the increase in the number of
stroke survivors are currently contributing to the rise in the
prevalence of post-stroke cognitive impairment (PSCI).”
Wang et al discovered the overexpression of miR-let-7i
in PCSIL in line with earlier results.”® They showed that
miR-let-7i could target Bcl-2 to protect cells from OGD-
induced cell damage in vitro. Additionally, it has also been
demonstrated that miR-let-7i can reduce EC loss in the
OGD model.* Several studies have also demonstrated that
miRNAs, including let-7, miR-195, miR-122, and miR-
203, have anti-apoptotic impacts that protect cells from
harm.*'** Consequently, miRNAs may become a novel
therapeutic target for neurological disorders.

Four amino acids are combined to create the synthetic
peptide GA, which has a fixed molar residue ratio.”
Real-time PCR analysis in the present study showed
that GA decreases miR-21 and let-7i expression in the
stroke mice model and the PBMCs of stroke patients.
GA has been used clinically for many years to treat
relapsing-remitting multiple sclerosis and has been shown
to reduce experimental allergic encephalomyelitis.”
Although the precise mechanism of GA in autoimmune
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neuroinflammation is unknown, it is thought to act by
blocking pro-inflammatory Thl cytokines, activating
Th2 cells and Tregs, and reducing monocyte reactivity.'®
Another possible mechanism is that GA provides direct
neuroprotective effects, for instance, via brain-derived
neurotrophic factor.® The present study found that
the GA diminished the expression of microRNAs by
downregulating the MAPK and JAK pathways in stroke
mice models. Dreikorn et al conducted a meta-analysis of
four trials that examined the use of GA in experimental
stroke out of all the immunotherapeutic methods approved
for multiple sclerosis.*® They found that GA prevented
axonal and neuronal degeneration; however, the drug
had no effects in animal models of amyotrophic lateral
sclerosis.” It is worth noting that this study has some
limitations, including the sample size and lack of proper
follow-up, which should be addressed in future studies.

Conclusion

Although GA may partially preserve neurons in
neurodegenerative diseases, its use in ischemic stroke
seems less promising. The present study concluded that
GA, a random polymer composed of four amino acids
found in myelin basic protein, produces anti-inflammatory
cytokines and can decrease miR-21 and let-7i expression
by downregulating MAPK and JAK in stroke models.
Further studies in animal models and human patients are
needed to investigate its therapeutic effect.
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