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Abstract: Microglial polarization refers to the ability of microglia to exhibit different functional states under various conditions. As
the resident immune cells of the brain, changes in the functional state of microglia play a crucial role in the progression of
postoperative cognitive dysfunction. Recent studies have indicated that CD200-CD200R signaling is associated with microglial
polarization. This review focuses on the latest advancements regarding whether CD200-CD200R signaling can regulate microglial
polarization and thereby influence postoperative cognitive dysfunction.
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Introduction

Postoperative cognitive dysfunction (POCD) is a syndrome of cognitive impairment that occurs following anesthesia and
surgery, characterized by memory loss, impaired abstract thinking, disorientation, and reduced social activity and
integration.! The pathogenesis of POCD remains unclear, and there is a lack of targeted treatments, resulting in a high
incidence rate. According to the International Study of Postoperative Cognitive Dysfunction (ISPOCD), the incidence of
POCD in the elderly is 25.8% within one week post-surgery, and 9.9% at three months post-surgery.” POCD patients
suffer from numerous complications, such as delayed postoperative recovery and decreased quality of life.® Furthermore,
postoperative complications and increased medical expenses impose a significant economic burden on families and
society.* Therefore, exploring the pathogenesis of POCD and finding precise prevention and treatment methods is of
significant social and economic importance.

Microglial Cells and Postoperative Cognitive Dysfunction (POCD)
Microglial cells are closely related to postoperative cognitive dysfunction (POCD). The activation of microglia has been
observed in various cognitive-related brain diseases, such as stroke, multiple sclerosis, and Alzheimer’s disease.® In the
aging brain, there is an increase in both the number of microglial cells and their pro-inflammatory state, as evidenced by
the increased expression of pro-inflammatory surface markers CD11b and MHC-IL.” Peripheral surgery also promotes
these microglial changes. Our published research demonstrated that, in an aged mouse surgical model, the number of
microglial cells and the expression of inflammatory factors in the hippocampus increased postoperatively, leading to
cognitive decline.” Perioperative factors, including surgery, anesthesia, and advanced age, can reduce the expression of
tight junction proteins and increase blood-brain barrier (BBB) permeability. This allows immune signals to enter the
central nervous system, further activating microglia and resulting in cognitive dysfunction.®’

Microglial cells are the primary immune cells of the central nervous system (CNS). When stimulated by surgical
stress, anesthetics, or systemic inflammatory signals, they become activated, leading to a series of inflammatory
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responses.'® Upon activation, microglia undergo polarization, transitioning to either an M1 (pro-inflammatory) or M2
(anti-inflammatory) state.'' Surgery and anesthesia typically promote M1 polarization of microglia, resulting in the
release of pro-inflammatory cytokines such as IL-1B, IL-6, and TNF-a.'* The pro-inflammatory cytokines and inflam-
matory mediators released by activated microglia can cross the blood-brain barrier (BBB) into the CNS, inducing
neuroinflammation, damaging neural cells, and impairing cognitive function.” Activated microglial cells produce large
amounts of reactive oxygen species (ROS) and reactive nitrogen species (RNS), which can directly damage neurons and
their structures, leading to oxidative stress.'> Under conditions of oxidative stress, the antioxidant capacity of microglia
may be insufficient to neutralize the excess free radicals, exacerbating neuronal damage.'> The pro-inflammatory
cytokines released by microglia can affect neurotransmitter synthesis, release, and metabolism. For example, factors
such as IL-1p and TNF-a can interfere with the normal functions of neurotransmitters like acetylcholine, dopamine, and
glutamate, leading to neurotransmitter imbalance and cognitive dysfunction.'® Inflammatory cytokines and oxidative
stress products released by microglia can directly damage hippocampal neurons, affecting memory and learning
functions.'® Persistent inflammation and oxidative stress can induce neuronal apoptosis, leading to neuronal loss and
cognitive decline.'® Additionally, certain genes, such as APOE &4, may regulate microglial activation and inflammatory
responses, influencing the susceptibility to POCD.'”"'® In summary, microglia play a multifaceted role in the pathogen-
esis of POCD. Through activation and polarization, they release inflammatory mediators, produce oxidative stress,
regulate neurotransmitters, impact brain structure and function, and participate in immune responses, leading to
neuroinflammation and cognitive dysfunction.

Role of Microglial Polarization in POCD: MI (Detrimental) vs M2
(Protective)

Previous animal model studies of POCD have found significant increases in pro-inflammatory cytokines TNF-o and IL-
1B in the hippocampus, which are closely associated with cognitive impairment.'® Although direct evidence is still
lacking, these results suggest a trend toward M1 phenotype polarization of microglia in POCD. However, few studies
have investigated the role of the M2 phenotype in POCD. Microglial cells can polarize into either M1 or M2 phenotypes,
each playing distinct roles in the pathogenesis of postoperative cognitive dysfunction (POCD).?*?* M1 microglia
represent the classically activated state, primarily secreting pro-inflammatory cytokines such as IL-1pB, IL-6, and TNF-
ao. These pro-inflammatory cytokines can cross the blood-brain barrier (BBB) into the central nervous system, triggering
neuroinflammation, damaging neural cells, and leading to cognitive dysfunction. Persistent M1 polarization can cause
chronic inflammatory responses, further exacerbating neuroinflammation and cognitive impairment.”>** M2 microglia
represent the alternatively activated state, mainly secreting anti-inflammatory cytokines such as IL-10 and TGF-p.*'
These anti-inflammatory cytokines can suppress inflammatory responses, promote tissue repair, and provide neuropro-
tection. M2 microglia help restore homeostasis in the central nervous system, reduce inflammation-induced neural
damage, and protect cognitive function.

In addition to their contrasting roles in central nervous system (CNS) inflammation, microglial polarization states also
exhibit opposing functions in oxidative stress. M1 microglia promote the generation of free radicals, producing large
amounts of reactive oxygen species (ROS) and reactive nitrogen species (RNS), which directly damage neurons.?*
Persistent oxidative stress can lead to neuronal injury and apoptosis, resulting in cognitive decline. Conversely, M2
microglia possess antioxidant capabilities that help neutralize free radicals, thereby mitigating oxidative stress and
protecting neurons. The antioxidant properties of M2 microglia contribute to the maintenance of normal brain function.
During neurotransmitter synthesis and transmission, pro-inflammatory cytokines released by M1 microglia, such as IL-1f3
and TNF-q, can interfere with the synthesis, release, and metabolism of neurotransmitters like acetylcholine, dopamine,
and glutamate.”>*® This disruption leads to neurotransmitter imbalance and cognitive dysfunction. In contrast, M2
microglia release anti-inflammatory cytokines that promote neuroprotection and help maintain neurotransmitter balance
and normal function.”>*® In terms of brain structure and function, M1 microglia can cause hippocampal damage by
releasing inflammatory cytokines and oxidative stress products, inducing neuronal apoptosis in the hippocampus and
impairing memory and learning functions.””> On the other hand, M2 microglia exert neuroprotective and reparative
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effects. Environmental factors such as the type of surgery, depth and duration of anesthesia can increase the risk of
POCD by promoting M1 polarization.?> Appropriate anesthesia management and postoperative care can encourage M2
polarization, enhancing anti-inflammatory and protective effects.

In the pathogenesis of postoperative cognitive dysfunction (POCD), M1 and M2 microglia play pro-inflammatory and
anti-inflammatory roles, respectively. M1 microglia contribute to neuroinflammation, oxidative stress, neurotransmitter
imbalance, and neuronal damage by releasing pro-inflammatory cytokines and free radicals. These effects lead to
cognitive impairment. Conversely, M2 microglia modulate immune responses and promote neuroprotection and repair
by releasing anti-inflammatory cytokines and antioxidant substances. This action reduces inflammation and oxidative
stress-induced neuronal damage, thereby protecting cognitive function.

CD200-CD200R Regulation of Microglial Polarization

CD200 is a membrane-bound protein belonging to the immunoglobulin superfamily of cell surface proteins, primarily
expressed in neurons within the brain.?” CD200R is the only known receptor for CD200 and is exclusively expressed on
microglia in the central nervous system.”® The most crucial role of the CD200/CD200R signaling pathway is to inhibit
microglial activation and maintain their homeostasis.”” Studies have shown that knocking down CD200 results in
microglial activation. When CD200R is blocked, the expression of pro-inflammatory cytokines significantly increases,
indicating that the absence of CD200/CD200R signaling leads to the polarization of microglia towards a pro-
inflammatory phenotype.>® Conversely, activation of CD200R expression in experimental autoimmune encephalomyelitis
(EAE) inhibits microglial activation and alleviates disease progression.”’” These studies suggest that the CD200/CD200R
signaling pathway plays a vital role in regulating microglial phenotype.

Activation of the CD200/CD200R signaling pathway in Ml microglia may reduce their pro-inflammatory
response by inhibiting the NF-kB signaling pathway.*'? NF-xB is a critical transcription factor in pro-
inflammatory signal transduction, which promotes inflammation by activating the expression of pro-inflammatory
genes. When CD200 binds to CD200R, the intracellular ITIM domain of CD200R recruits and activates the
phosphatases SHP-1 and SHP-2.°*3* These phosphatases dephosphorylate IkB kinase (IKK), preventing the degra-
dation of IxB and inhibiting the translocation of NF-kB from the cytoplasm to the nucleus, thereby reducing the
expression of pro-inflammatory genes.>> Activation of the CD200/CD200R signaling pathway also inhibits M1
microglial activation by reducing oxidative stress. This pathway suppresses the expression of inducible nitric oxide
synthase (iNOS), leading to decreased production of nitric oxide (NO) and reactive oxygen species (ROS), which
further inhibits M1 microglial activation.>? Microglial cells polarize towards the M1 phenotype in response to pro-
inflammatory cytokines such as IFN-y, TNF-a, IL-1B, and IL-6. Conversely, they support M2 polarization in
response to anti-inflammatory cytokines like IL-4, IL-13, and IL-10.

Pro-inflammatory cytokines such as TNF-a, IL-1p, and IL-6 are highly expressed following pathogen infection and tissue
injury, leading to inflammation and tissue damage. The CD200-CD200R signaling pathway suppresses pro-inflammatory
pathways, such as NF-kB, leading to a decrease in the expression and release of pro-inflammatory cytokines.*> During
inflammation, CD200R signaling decreases IL-6 production, thereby attenuating the inflammatory cascade and modulating
the immune response.”® By reducing the release of these pro-inflammatory cytokines, CD200-CD200R signaling mitigates
inflammation and tissue damage and inhibits the polarization of microglia into the M1 phenotype (Figure 1).

STAT3 is a crucial transcription factor involved in anti-inflammatory responses and tissue repair. CD200-
CD200R signaling may promote M2 microglial polarization via the STAT3 signaling pathway.>’ Following the
binding of CD200 to CD200R, the ITIM domain of CD200R engages and activates the SHP-1 and SHP-2
phosphatases.*® These phosphatases subsequently activate JAK, which then phosphorylates STAT3.>*° This process
increases the production of anti-inflammatory cytokines such as IL-10 and TGF-B, promoting the polarization of
microglia to the M2 phenotype. Furthermore, the activation of CD200-CD200R signaling upregulates the expression
of Argl and Yml via the STAT3 pathway, which are markers of M2 microglia.’’ Argl converts arginine into
ornithine, facilitating tissue repair, while Yml is associated with tissue regeneration and anti-inflammatory
responses. By enhancing tissue repair and anti-inflammatory responses, CD200-CD200R signaling promotes the
polarization of microglia to the M2 phenotype (Figure 1). Additionally, CD200R signaling can modulate the
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Figure | The possible pathways through which the CD200-CD200R axis regulates microglial polarization.

cytokine environment, increasing the production of anti-inflammatory cytokines such as IL-10 and TGF-, which
play crucial roles in the resolution of inflammation and tissue repair.*°

Summary

Due to the pro-inflammatory effects of M1 microglia, research on postoperative cognitive dysfunction (POCD) has
predominantly focused on the M1 polarization of microglia, often neglecting the anti-inflammatory role of M2 microglia.
The suppression of M2 microglial anti-inflammatory effects can exacerbate the systemic inflammatory response induced
by surgery. Investigating microglial polarization in POCD can further elucidate the mechanisms underlying the condition.

The CD200-CD200R signaling pathway inhibits M1 polarization by suppressing pro-inflammatory signals such as
NF-kB and promotes M2 polarization by activating anti-inflammatory signals such as STAT3.*' Disruption of this
pathway may hinder the polarization of microglia to the M2 phenotype, reducing the anti-inflammatory response in the
nervous system and exacerbating POCD symptoms (Figure 2).

The CD200-CD200R signaling pathway is a potential mechanism for regulating postoperative cognitive dysfunction
(POCD), but it lacks a solid foundation in clinical research. Although this pathway shows promise in modulating POCD,
there is currently a lack of clinical trials or preclinical studies focused on CD200 or CD200R agonists/antagonists. On the
other hand, further studies are needed to explore the potential of CD200 and CD200R as biomarkers for the early
detection of POCD or other neuroinflammatory conditions. Overall, the CD200-CD200R signaling pathway represents
a potential avenue for the treatment or prevention of POCD.
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Figure 2 Potential control of M2 microglia polarization by modulating CD200-CD200R signaling in POCD.
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