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Expanding Immune Response

S troke continues to be one of the leading
causes of death around the world,?
and neuroinflammation remains a primary
cause of the secondary cell death that
occurs after an ischemic event.*# Itis more
difficult to develop a stroke treatment
due to the limited therapeutic window
that accompanies a stroke.P” Many
therapeutic treatments aim at improving
the immune response, specifically
weakening neuroinflammation.®? Stroke
is associated with both central and
peripheral inflammatory responses, and
the spleen contributes a major role in
secondary cell death.!"! Partial major
histocompatibility complex (MHC) Class
IT constructs can limit early immune
response, therefore, sequestering
ischemic-induced inflammation.!"" 2
MHC Class II constructs are a viable
stroke treatment because of their
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This review discusses the potential of major histocompatibility complex (MHC) Class Il constructs as
stroke therapeutics. We focus on the delivery of MHC Class Il construct, DRmQ, as a safe and effective
treatment for ischemic stroke. DRmQ was observed to attenuate behavioral deficits and decrease
microglia activation and proinflammatory cytokines, illustrating its ability to mitigate the secondary
cell death following stroke. Similar anti-neuroinflammation treatments, such as transplantation of
mesenchymal stem cells and mitochondrial transfers, are briefly discussed to provide further support
that sequestration of inflammation stands as a robust therapeutic target for stroke.

Cell death, cytokines, DRmQ, mesenchymal stem cell, mitochondrial transfer, stem cell therapy,

neuroantigen-specific modulation of
T-cells as well as CD74 signaling.[!11%15]

Major Histocompatibility
Complex Class II Constructs

MHC Class II constructs can potentially
mitigate cell death in traumatic brain
injury (TBI) and stroke."” DRhQ and
DRmQ represent advanced MHC Class
II constructs that have shown safety and
efficacy in preclinical models of TBI and
stroke. DRhQ was created for clinical
development while DRmQ was designed as
a preclinical therapeutic for demonstrating
proof-of-concept efficacy in animal models
of autoimmune encephalomyelitis.['**%
Using Stroke Therapy Academic Industry
Roundtable (STAIR) guidelines, we tested
DRmQ in a stroke model in rats."! Two
different species of stroke model were used
to analyze the clinical importance of MHC
Class II constructs. That study observed
the anti-inflammatory effects of DRmQ in
rat stroke models using behavioral and
histological assays.!""!
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Major Histocompatibility Complex Class II
constructs as Stroke Therapeutics

A potent stroke treatment entails the inhibition of
neuroantigen-specific T-cells, cytotoxic monocytes,
and macrophages, a combination which could provide
potential therapeutic benefits to stroke patients. Indeed,
attenuation of histological and behavioral deficits was
seen in stroke animals that were administered partial
MHC Class II constructs subcutaneously.”) Adult
Sprague-Dawley rats that had been exposed to a stroke
model and a mouse partial MHC Class II construct (i.e.,
DRmQ) were analyzed.'! A decrease in stroke-induced
motor deficits, neuroinflammation, infarcts, and
peri-infarct cell loss was observed.”? Tumor necrosis
factor (TNF)-o. and interleukin-6 upregulation was also
altered in the spleen of DRmQ-treated stroke animals
providing further evidence of potential regulation of
peripheral inflammation by MHC Class II constructs.[”]
These results suggest that the use of partial MHC Class
II constructs as a viable treatment for stroke may halt
central and peripheral inflammation responses reducing
the neuroinflammation that results in secondary cell
death after stroke [Figure 1].

Behavioral Improvements in
DRmQ-Treated Stroke Animals

Several behavioral tests were conducted to compare the
motor skills in the DRmQ-treated mice and the mice
that were not treated with DRmQ."”! The DRmQ-treated
group showed improved features in all of the motor tests

Stroke
Brain
Spleen Inflammation
MS Mltochondrlal
Transplantation Transfer
DRmQ
“Anti-Inflammation”

Figure 1: This demonstrates the anti-inflammation-based therapeutic stroke
targets. DRmQ robustly sequesters central and peripheral inflammation leading to
a reduction in stroke-induced behavioral and histological deficits. These therapeutic
effects may also be accomplished by similar anti-neuroinflammation strategies,
such as stem cell transplantation and mitochondrial transfer
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that were administered. The DRmQ-treated animals also
featured a smaller cerebral infarct area and improved
cell survival when compared to the control mice.l"”!
Reduced proinflammatory cytokines in the peri-infarct
area were also observed. Finally, the spleen was
analyzed to determine the effects of DRmQ on peripheral
inflammatory response. Results showed a higher spleen
weight in DRmQ-treated stroke animals suggesting a
suppression of the splenic inflammatory response and
reduced splenic atrophy.['”)

Normalized Inflammatory Responses in
DRmQ-Treated Stroke Animals

DRmQ treatment was seen to improve stroke-induced
inflammatory markers.!'"”! There was a large decrease in
the expression of the proinflammatory cytokine TNF-o
and Ionized calcium-binding adaptor protein-1-activated
microglia in the brain. This decrease in microglia
activation and proinflammatory cytokines potentially
reflects the ability of DRmQ to reduce secondary cell
death in stroke.'”? DRmQ was also observed to reduce
inflammation and splenic atrophy in the spleen. Overall,
these results demonstrate DRmQ)’s ability to suppress the
inflammatory response by reducing proinflammatory
cytokines.

Since neuroinflammation is a primary cause of secondary
cell death in stroke, targeting inflammation is essential
when developing treatments for stroke.%113182l MHC
Class II constructs regulate the immune response in
stroke and other neurovascular diseases.!''>"1 In stroke,
treatment with a MHC Class II construct decreased
the infarct size in both genders of mice after middle
cerebral artery occlusion (MCAO) by inhibiting activated
microglia and infiltrating monocytes.®! MHC Class II
construct administration also displayed similar results
in the distal MCAO stroke model by decreasing infarct
size and reducing proinflammatory cytokines./%!2%!

Anti-Neuroinflammation-Based Treatments

Parallel studies demonstrating the potential of
anti-neuroinflammation-based treatments, along the
lines of producing similar therapeutic effects as MHC
Class II constructs, can be appreciated in mesenchymal
stem cell (MSC) transplantation and mitochondrial
transfer, as discussed below.

Stem Cell Therapy

MSCs are multipotent stem cells located in the bone
marrow alongside connective tissue.**?! MSCs are
very easily obtained and manipulated which makes
them an appealing cell source for the treatment of
stroke.””#! Allogeneic MSCs from a donor can be
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transplanted without the need for immunosuppression.
These characteristics of MSCs make them a viable
candidate for ischemic stroke treatments.® Similar
to the neurotherapeutic effects produced by MHC
Class II constructs in suppressing stroke-induced
inflammation, stem cell therapy has the ability to reduce
the deleterious inflammatory responses that follow
ischemic events.?

Mitochondrial Transfer

Following an ischemic event, one secondary cell death
event that contributes to neuroinflammation is the
lack of adenosine triphosphate and nutrients, which
indicates the importance of the role of mitochondria in
stroke pathology.* The penumbral neurovascular unit
degenerates rapidly due to mitochondrial dysfunction
and inflammation requiring an effective treatment
for stroke. Mitochondrial transfer via stem cell
transplantation has been shown as a viable option in
restoring mitochondrial function after stroke.*! Notably,
stem cell-mediated mitochondria transfers promote cell
survival coincident with dampened inflammation in
stroke animals, thus serving as an effective strategy in
reducing detrimental inflammation in ischemic stroke.**

Conclusion

This review discusses the therapeutic effects of DRmQ
following STAIR criteria as well as providing evidence
to support the importance of the peripheral component
in stroke treatment and pathology.""**”? DRmQ improved
peripheral inflammation from the spleen which is a
critical therapeutic target in neuroprotection during
ischemia.l®®3¢ The ability of DRmQ to modulate
the central and peripheral inflammatory response
contributes to its potential therapeutic effects in treating
stroke.

Further research needs to determine whether the
therapeutic effects of DRmQ could extend into the
chronic phase of stroke. Although no harmful effects
were observed from DRmQ treatment, it is important
to remain cautious of any adverse effects when testing
the long-term effect of DRmQ. Correct dosage and
administration information also needs to be researched
to optimize the effects of the treatment.

Similar anti-neuroinflammation-based treatments, such
as stem cell therapy and mitochondrial transfer, resemble
the therapeutic benefits of MHC Class II constructs
in dampening inflammation after stroke. Altogether,
these preclinical data advance the use of targeting
inflammation as a potential treatment for stroke and
other neurological disorders characterized by a harmful
inflammatory response.
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