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Inhibition of glycogen synthase Kinase-3[3 (GSK-3[3)
as a novel host-directed therapeutic strategy against
erythrocytic stage malaria and cerebral pathogenesis

Abstract

Glycogen Synthase Kinase-3f (GSK-3B) is a multifunctional serine/threonine kinase
involved in the regulation of glucose metabolism, immune signaling, and inflammatory
responses. While its roles in neurodegenerative diseases and oncology are well established,
emerging evidence suggests a critical function in hematopoiesis and platelet biology. In
malaria, platelets exhibit a dual role: they contribute to parasite clearance through the
release of Platelet Factor 4 (PF4), yet also promote microvascular sequestration implicated
in cerebral malaria (CM).

We hypothesize that pharmacological inhibition of GSK-3f provides a multi-dimensional
therapeutic benefit by enhancing platelet-mediated parasite killing, modulating macrophage
polarization, and directly targeting the parasite’s orthologous kinase, PfGSK-3. Furthermore,
we propose that PF4 secretion may serve as a functional indicator of suppressed GSK-3f
signaling in platelets.

Importantly, we further propose that GSK-3f inhibition biases platelet function toward
antimicrobial degranulation rather than adhesion-mediated sequestration, thereby enhancing
host defense while mitigating cerebral complications. This host-directed therapeutic
strategy offers a promising framework to combat the erythrocytic stage of malaria while
reducing its severe neurological outcomes.
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Introduction

Malaria remains a major global health challenge, particularly in
tropical regions, with Plasmodium falciparum responsible for the most
severe manifestations, including cerebral malaria. The emergence
of resistance to conventional antimalarial drugs necessitates
innovative therapeutic strategies that extend beyond parasite-targeted
approaches.!

Glycogen Synthase Kinase-3f (GSK-3p) is a central signaling
kinase implicated in multiple cellular pathways, including
inflammation, immune regulation, and cell survival. Although
extensively studied in neurological and metabolic disorders, its role
in infectious diseases—particularly malaria—remains underexplored.
Targeting host regulatory pathways such as GSK-3f represents a
promising host-directed therapy (HDT) approach that may enhance
endogenous defense mechanisms while reducing the likelihood of
drug resistance.’

GSK-3(3 in hematopoiesis and platelet regulation

GSK-3B is highly expressed in hematopoietic stem cells and
mature blood cells, where it regulates differentiation and cellular
function. Evidence suggests that GSK-3f acts as a negative regulator
of platelet activation and megakaryopoiesis.

In inflammatory conditions such as immune thrombocytopenia
(ITP), elevated GSK-3p activity in monocytes promotes pro-
inflammatory macrophage polarization, contributing to platelet
destruction. Therefore, inhibition of GSK-3f may simultaneously

enhance platelet production and reduce immune-mediated platelet
clearance.*

We hypothesize that inhibition of GSK-3f promotes platelet
activation and subsequent release of Platelet Factor 4 (PF4),
suggesting that PF4 secretion may serve as a functional indicator of
suppressed GSK-3f signaling in platelets. This relationship remains
to be experimentally validated. This concept positions PF4 not only
as an antimicrobial effector molecule but also as a surrogate marker of
intracellular signaling states governing platelet activation.’

The dual role of platelets in malaria pathogenesis
Protective role: direct parasite killing

Platelets contribute to innate immunity against malaria by directly
targeting infected erythrocytes. This process involves binding via the
CD36 receptor to parasitized red blood cells, release of PF4 from
a-granules, and entry of PF4 into infected erythrocytes via the Dufty
antigen. Once internalized, PF4 disrupts the parasite’s digestive
vacuole, leading to parasite death.®

Pathogenic role: cerebral malaria

Despite their protective role, platelets also contribute to severe
malaria pathology by acting as adhesion bridges between infected
erythrocytes and vascular endothelium, promoting microvascular
sequestration, and inducing clumping (auto-agglutination) of infected
erythrocytes. These processes result in blood—brain barrier disruption,
neuroinflammation, and development of cerebral malaria.’

We propose that GSK-3p inhibition biases platelet function

[ ][ [frisses e
©2026 Hamad. This is an open access article distributed under the terms of the Creative Commons Attribution License, which

40

—@ permits unrestricted use, distribution, and build upon your work non-commercially.


https://crossmark.crossref.org/dialog/?doi=10.15406/jmen.2026.14.00456&domain=pdf

Inhibition of glycogen synthase Kinase-3 (GSK-3[3) as a novel host-directed therapeutic strategy against

erythrocytic stage malaria and cerebral pathogenesis

toward antimicrobial degranulation rather than adhesion-mediated
sequestration. This functional shift may enhance parasite clearance
while reducing the pathogenic contribution of platelets to
microvascular obstruction and cerebral complications.®

Molecular homology: pfgsk-3 as a parasitic target

Plasmodium  falciparum expresses an orthologous kinase,
PfGSK-3, which is essential for parasite survival during the
erythrocytic stage. Key features include ~30-40% sequence homology
with human GSK-3, high conservation within ATP-binding domains,
and an essential role in parasite growth and replication. This creates
a unique opportunity for dual-target therapeutic intervention: host-
side modulation via GSK-3f inhibition and parasite-side inhibition
of PfGSK-3.?

Proposed mechanistic model
Host-Side Effects

GSK-3B inhibition enhances platelet activation, increases PF4
release, biases platelet function toward antimicrobial degranulation
over sequestration, reduces pro-inflammatory = macrophage
polarization, and stabilizes endothelial function and blood-brain
barrier integrity.'

Parasite-side effects

Inhibition of PfGSK-3 disrupts parasite signaling pathways and
arrests erythrocytic development.!

GSK-3B inhibition leads to enhanced platelet activation, resulting in
increased release of PF4. PF4 enters infected erythrocytes and induces
parasite death through disruption of intracellular parasite structures.
Concurrently, reduced GSK-3f activity modulates macrophage
polarization and attenuates inflammatory signaling, thereby limiting
endothelial activation and cerebral malaria progression. In parallel,
inhibition of PfGSK-3 directly impairs parasite growth.'

GSK-3p-platelet—PF4 axis in malaria

Inhibition of GSK-3f enhances platelet activation, leading to
increased release of PF4. PF4 enters infected erythrocytes and induces
parasite death through disruption of parasite intracellular structures.
GSK-3f inhibition also biases platelet function toward antimicrobial
degranulation rather than adhesion-mediated sequestration, reducing
microvascular obstruction. Concurrently, modulation of macrophage
polarization and inflammatory signaling contributes to protection
against cerebral malaria. In parallel, inhibition of PfGSK-3 directly
suppresses parasite growth, forming a dual host—parasite therapeutic
mechanism."”

The hypothesis

We propose that pharmacological inhibition of GSK-3f confers
protection against malaria through a multi-layered mechanism:

1. Enhanced platelet effector function via PF4-mediated parasite
killing.

2. Functional platelet reprogramming away from pathogenic
sequestration.

3. Immune modulation through reduced inflammatory macrophage
activity.

4. Direct antiparasitic effects via PFGSK-3 inhibition.

5. PF4 secretion as a putative biomarker of GSK-3f signaling
suppression.'
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Experimental validation strategy
In vitro

Platelet activation assays with GSK-3 inhibitors and measurement
of PF4 release and parasite survival.'®

Cellular studies

Analysis of macrophage polarization using M1 vs M2 markers.!®
Parasite assays

Growth inhibition assays targeting PfGSK-3."”
In vivo

Cerebral malaria mouse models evaluating survival, parasitemia,
and blood-brain barrier integrity.'®

Limitations and considerations

Risk of excessive platelet activation contributing to vascular
pathology, need for selective targeting to minimize systemic toxicity,
and structural homology between host and parasite kinases may
limit specificity. The proposed PF4-GSK-3f relationship requires
experimental validation. A precise balance between immune activation
and inflammation must be maintained."

Conclusion

Inhibition of GSK-3f represents a promising host-directed
therapeutic strategy against malaria. By simultaneously enhancing
platelet-mediated parasite clearance, reprogramming platelet function,
modulating immune responses, and targeting parasite-specific kinases,
this approach provides a comprehensive framework to address both
parasite survival and disease pathogenesis.

Furthermore, PF4 may serve as a novel functional biomarker
of platelet signaling states, offering both mechanistic insight and
translational potential.
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