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Introduction
Ischemic stroke is characterized by the interruption of cerebral 
blood flow, leading to localized ischemia and hypoxia in brain 
tissue, which results in neurological deficits.1,2 The pathophysi-
ological processes involved are complex, encompassing not only 

direct damage to local brain tissue but also extensive remodeling 
of neural networks and functional impairments. Key mechanisms 
include disturbances in energy metabolism, excitotoxicity from 
excessive release of excitatory amino acids such as glutamate, oxi-
dative stress, and inflammatory responses.3,4 The over-release of 
excitatory amino acids exacerbates neuronal toxicity, perpetuating 
a vicious cycle. Additionally, oxidative stress is a critical factor 
in ischemic stroke; under hypoxic conditions, the generation of 
reactive oxygen species (ROS) increases, damaging cellular mem-
branes and DNA, and promoting apoptosis.

Following cerebral ischemia, injured neurons and glial cells re-
lease a variety of damage-associated molecular patterns (DAMPs), 
which activate the innate immune system and trigger both local 
and systemic inflammatory responses.5 In this context, inflamma-
tion plays a dual role: it serves as a protective response to injury 
while also possessing the potential to cause secondary damage 
through excessive activation.6 The infiltration of inflammatory 
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cells and the release of cytokines not only exacerbate local damage 
but may also impair the function of distal brain regions, leading to 
more widespread neural network dysfunction. Therefore, a com-
prehensive understanding of the dynamic changes in inflammatory 
responses during ischemic stroke, as well as their interactions with 
other pathophysiological processes, is crucial for developing novel 
intervention strategies and improving patient outcomes.

The utilization of inflammatory biomarkers in the investigation 
of ischemic stroke holds considerable significance. Firstly, these 
biomarkers can function as early diagnostic tools, facilitating the 
identification of high-risk patients and enabling timely interven-
tion. Secondly, they can be employed to assess disease severity and 
predict prognosis, thereby informing personalized treatment strate-
gies.7 Furthermore, certain biomarkers may serve as therapeutic 
targets, guiding the development of novel treatment approaches. In 
the domain of inflammation-related biomarkers, researchers have 
identified numerous potential candidate molecules, including cy-
tokines, chemokines, and acute-phase proteins. These biomarkers 
exhibit substantial promise for application in the diagnosis, prog-
nostic evaluation, and treatment of ischemic stroke.

This literature review aims to synthesize and critically evalu-
ate the current evidence on classical and emerging inflammatory 
biomarkers implicated across all phases of ischemic stroke (acute, 
subacute, and chronic). Specifically, it seeks to: (1) elucidate the 
pathophysiological mechanisms linking inflammatory cascades to 
cerebral ischemia-reperfusion injury; (2) assess the clinical effi-
cacy of these biomarkers in stroke diagnosis, prognosis, and moni-
toring of surgical thrombectomy treatment; and (3) identify novel 
biomarker candidates with translational potential. By integrating 
preclinical and clinical research, this review establishes a compre-
hensive framework to guide future biomarker validation studies 
and precision medicine approaches in cerebrovascular disease.

Search strategy
A computer-based search was performed on the PubMed database 
to retrieve articles published up to July 20, 2025. To maximize 
the specificity and sensitivity of the search, a combination of the 
following terms was used: inflammation, biomarkers, cytokines, 
ischemic stroke, chemokines, endovascular treatment, and adhe-
sion molecules. Further screening was conducted through titles 
and abstracts, and only studies analyzing the role of inflammatory 
biomarkers in the treatment and prognosis of ischemic stroke were 
included. There were no restrictions on language or study type. 
The focus was on articles published within the past 10 years.

The inflammatory response following ischemic stroke exhibits 
a dual nature
Initially, cell death within the infarcted core occurs rapidly due to 
energy depletion, resulting in the release of DAMPs such as high 
mobility group protein B1, adenosine triphosphate, and heat shock 
proteins.8 These DAMPs engage pattern recognition receptors, in-
cluding Toll-like receptors (TLR2 and TLR4) and scavenger re-
ceptors, thereby initiating innate immune responses.9 For instance, 
the interaction of high mobility group protein B1 with TLR4 ac-
tivates the nuclear factor kappa B (NF-κB) signaling pathway, 
which subsequently induces the expression of pro-inflammatory 
cytokines such as interleukin (IL)-1 beta, tumor necrosis factor-al-
pha (TNF-α), and IL-6.10 This cascade promotes the infiltration of 
peripheral immune cells, leading to disruption of the blood-brain 
barrier (BBB), exacerbation of cerebral edema, and neuronal cell 

death. Concurrently, ROS generated from mitochondrial damage 
further amplify inflammatory signaling through oxidative stress, 
establishing a detrimental feedback loop.11 Conversely, a moderate 
inflammatory response is essential for tissue repair and functional 
recovery. Anti-inflammatory cytokines, including IL-10 and trans-
forming growth factor-beta, play a pivotal role in mitigating ex-
cessive inflammation, thereby facilitating nerve regeneration and 
angiogenesis (Fig. 1).12

The significance of inflammatory biomarkers in preoperative 
evaluation and postoperative treatment of post-stroke me-
chanical thrombectomy
Inflammatory biomarkers are closely associated with the extent 
of brain injury, thrombus formation, and mechanisms of second-
ary injury. Post-stroke sympathetic activation induces neutrophilia 
and lymphocyte apoptosis,13 leading to an elevated neutrophil-to-
lymphocyte ratio (NLR), which reflects an imbalance in immune 
homeostasis. A high NLR level (>4.5) is positively correlated with 
the risk of stroke-associated pneumonia (odds ratio = 1.55). In pa-
tients undergoing endovascular thrombectomy (EVT), an elevated 
NLR predicts a significantly increased risk of poor 90-day func-
tional outcomes (hazard ratio ≈ 2.0).14

The platelet-to-lymphocyte ratio serves as an effective indi-
cator of platelet activation and systemic inflammatory response. 
The systemic immune-inflammation index (calculated as platelet 
count × neutrophil count / lymphocyte count) integratively reflects 
thrombogenesis and the inflammatory cascade. Studies confirm 
that platelet-to-lymphocyte ratio > 145 is an independent predic-
tor of increased hemorrhagic transformation risk after intravenous 
thrombolysis (area under the curve = 0.81).15 Notably, the system-
ic immune-inflammation index has been demonstrated to be the 
strongest independent predictor of poor prognosis in EVT patients 
(area under the curve = 0.85).

Furthermore, elevated fibrinogen levels promote thrombosis, 
while decreased albumin levels exacerbate oxidative stress injury. 
Consequently, an increased fibrinogen-to-albumin ratio indicates 
disruption of BBB integrity.16 Fibrinogen-to-albumin ratio > 0.09 
is significantly associated with a higher risk of hemorrhagic trans-
formation (odds ratio = 3.2).

During EVT, neurofilament light chain levels within the ischemic 
region directly reflect the degree of acute neuronal axonal injury. 
High neurofilament light chain levels are associated with a 2.4-fold 
increase in 90-day mortality. Recent research advances, particularly 
the elucidation of the C-C chemokine receptor type 7 (CCR7) three-
dimensional structure,17 have significantly enhanced understanding 
of its role in disease and its clinical applications. In the regulation of 
neuroinflammation post-brain injury, CCR7+ T cells (primarily en-
riched in the central memory T cell subset) play a complex and criti-
cal role. Their mediation of immune cell infiltration into the central 
nervous system via the C-C motif chemokine ligand 19 (CCL19)/
CCR7 ligand-receptor axis directly impacts the risk of secondary in-
jury, timing of surgical intervention, and postoperative neurological 
recovery. Clinical studies reveal that in cerebral ischemia patients, the 
frequency of infiltrating CD8+GZMK+CCR7+ T cells (often termed 
T stroke-associated cell cells) shows a significant positive correla-
tion with the National Institutes of Health Stroke Scale score (r = 
0.331).17 T stroke-associated cell (TSA) cells promote the release of 
pro-inflammatory cytokines such as TNF-α and interferon-gamma, 
activating microglia/macrophages. This activation subsequently en-
hances the release of matrix metalloproteinases (MMPs) (e.g., MMP-
9), leading to BBB disruption and exacerbated cerebral edema.
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Therefore, elevated levels of circulating or lesion-localized 
CCL19+ endothelial cells and CCR7+ T cells represent critical bio-
logical markers indicating an active phase of neuroinflammation. 
Surgical interventions (such as recanalization therapy) performed 
during this active inflammatory phase may increase the risk of rep-
erfusion injury or secondary hemorrhage. Dynamic monitoring of 
CCR7+ T cell frequency in peripheral blood or cerebrospinal fluid 
(e.g., using single-cell RNA sequencing technology) provides a 
powerful tool for assessing neuroinflammatory intensity. This fa-
cilitates individualized, delayed surgical decision-making to opti-
mize patient outcomes (Table 1).18

Key inflammatory biomarkers and their mechanisms of ac-
tion in ischemic stroke
Cytokines and chemokines serve as principal modulators of the 
inflammatory response.19 In the early stage (within 24 h), activated 
microglia release IL-1β and TNF-α, which promote neutrophil in-

filtration through the activation of the NLRP3 inflammasome.20 
During the subacute phase (24 h to seven days), monocytes dif-
ferentiate into pro-inflammatory M1 macrophages, with MMP-9 
contributing to BBB disruption.21,22 In the chronic phase (beyond 
seven days), regulatory T cells mediate immune suppression and 
upregulate reparative cytokines such as IL-10 and transforming 
growth factor-beta.23

Acute phase proteins are synthesized in the liver and are modu-
lated by pro-inflammatory cytokines, serving as key inflamma-
tory biomarkers in ischemic stroke.24 C-reactive protein (CRP) is 
the most prominent acute phase protein, playing a pivotal role in 
activating the complement system, facilitating inflammatory cell 
infiltration, and exacerbating oxidative stress following a stroke.25 
During the acute phase of stroke (initial hours to 72 h post-onset), 
CRP levels begin to rise within six to twelve hours after ischemic 
or hemorrhagic events, peaking within 24 to 48 h, often exceeding 
10 mg/L. Mechanistic studies suggest that this elevation is primar-
ily driven by brain tissue injury, which activates microglia and as-

Table 1.  The guiding role of selected inflammatory markers before and after EVT surgery

Biomarkers Testing timing Judgment value Clinical prediction application Clinical impact

NLR 24 h after surgery >4.5 SAP poor prognosis OR = 1.55 (SAP)

SII Preoperative >900×109 EVT has poor prognosis AUC = 0.85

FAR 24 h before/after surgery >0.09 Hemorrhagic transformation OR = 3.29

Local NfL During EVT surgery (ischemic area) >9.4 pg/mL 90-day mortality rate HR = 2.343

CCR7+ T cell Peripheral blood single-
cell sequencing

_ Reperfusion injury Targeted peptides 
can reduce damage

AUC, area under the curve; CCR7+ T cell, C-C chemokine receptor type 7 positive T cell; EVT, endovascular thrombectomy; FAR, fibrinogen-to-albumin ratio; HR, hazard ratio; NfL, 
neurofilament light chain; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; SAP, stroke-associated pneumonia; SII, systemic immune-inflammation index.

Fig. 1. The dual role of the inflammatory response in ischemic stroke. Cellular death within the infarcted core occurs rapidly due to energy depletion, re-
sulting in the release of DAMPs such as HMGB1, ATP, and HSPs. These DAMPs engage pattern recognition receptors, including Toll-like receptors (TLR2 and 
TLR4) and scavenger receptors, thereby initiating innate immune responses. For instance, the interaction of HMGB1 with TLR4 activates the NF-κB signaling 
pathway, which subsequently induces the expression of pro-inflammatory cytokines such as IL-1β, TNF-α, and IL-6. This cascade promotes the infiltration of 
peripheral immune cells, leading to disruption of the blood-brain barrier, exacerbation of cerebral edema, and neuronal cell death. Concurrently, ROS gener-
ated from mitochondrial damage further amplify inflammatory signaling through oxidative stress, establishing a detrimental feedback loop. Conversely, a 
moderate inflammatory response is essential for tissue repair and functional recovery. Anti-inflammatory cytokines, including IL-10 and TGF-β, play a pivotal 
role in mitigating excessive inflammation, thereby facilitating nerve regeneration and angiogenesis. The figure was generated using Figdraw (https://www.
figdraw.com/). ATP, adenosine triphosphate; DAMPs, damage-associated molecular patterns; HMGB1, high mobility group protein B1; HSPs, heat shock 
proteins; IL, interleukin; NF-κB, nuclear factor kappa B; ROS, reactive oxygen species; TGF-β, transforming growth factor-beta; TLR2, Toll-like receptor 2; 
TNF-α, tumor necrosis factor-alpha.
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trocytes, leading to the release of pro-inflammatory mediators such 
as IL-6 and subsequently stimulating hepatic CRP synthesis.26

In the subacute phase (three to seven days), persistent brain in-
jury, exemplified by secondary infections or exacerbated cerebral 
edema, may result in sustained elevated CRP levels; conversely, 
in the absence of such complications, CRP concentrations typi-
cally decrease. In the chronic phase (weeks to months), CRP levels 
gradually return to the normal range (<3 mg/L), although chronic 
inflammatory conditions, such as atherosclerosis or ongoing infec-
tions, may sustain or slightly elevate CRP levels. Elevated serum 
CRP concentrations have been correlated with stroke severity, in-
creased infarct size, and adverse prognostic outcomes.27

Differences in CRP levels across stroke subtypes can serve as 
critical biomarkers for clinical differential diagnosis. For instance, 
patients with ischemic strokes involving large-area infarctions, 
such as those resulting from large vessel occlusions, exhibit sig-
nificantly higher CRP levels than those with lacunar infarctions, 
indicative of small vessel disease.28 In thrombotic strokes, athero-
thrombotic patients often present with elevated CRP levels, reflect-
ing systemic inflammation associated with unstable atherosclerotic 
plaques.29 In hemorrhagic strokes, specifically cerebral hemor-
rhage, a pronounced inflammatory response occurs surrounding 
the hematoma, and CRP levels may peak more rapidly (within 24 
h) and reach higher levels compared to ischemic strokes. CRP lev-
els have also been positively correlated with hematoma expansion 
and the degree of surrounding edema.

Clinically, CRP has emerged as a valuable biomarker for diag-
nosing and monitoring stroke across various temporal windows, 
aiding both acute management and prognostic evaluation due to 
its rapid, cost-effective, and widely accessible nature, as well as its 
suitability for dynamic assessment of inflammatory status. Other 
acute phase proteins, including serum amyloid A and fibrinogen, 
also play significant roles in the pathophysiology of ischemic 
stroke.30 Adhesion molecules such as intercellular adhesion mol-
ecule-1 and vascular cell adhesion molecule-1 facilitate leukocyte-
endothelial interactions, promoting the migration of inflammatory 
cells into ischemic cerebral tissue.31

The inflammatory response following a stroke involves mul-
tiple cytokines, with their dynamic fluctuations closely linked to 
underlying pathological processes and prognostic outcomes. IL-6 
is predominantly produced by microglia, astrocytes, neurons, 
and peripheral immune cells. Acting as an intracellular signaling 
pathway activator, IL-6 exerts anti-inflammatory effects slightly 
earlier than CRP and regulates CRP synthesis. Clinical observa-
tions indicate that IL-6 levels rise more rapidly (within 24 h) and 
reach higher peaks in hemorrhagic stroke compared to ischemic 
stroke. Studies demonstrate that concurrent assessment of IL-6 and 
CRP enhances the accuracy of early ischemic stroke diagnosis.32 
Patients with large-area infarctions exhibit significantly elevated 
IL-6 levels compared to those with smaller infarctions. Elevated 
IL-6 levels correlate with neurological deficits, as measured by the 
National Institutes of Health Stroke Scale, and are associated with 
poorer outcomes, as indicated by a modified Rankin Scale score 
of ≥3.

TNF-α, another prominent pro-inflammatory cytokine, is pri-
marily secreted by activated microglia, macrophages, neurons, and 
other cell types. TNF-α levels rise during the acute phase (1–12 
h post-stroke), peaking between 12 and 24 h. If inflammation 
persists, TNF-α concentrations remain elevated. Research indi-
cates that TNF-α levels increase earlier in ischemic stroke than in 
hemorrhagic stroke.33 Clinically, TNF-α may transiently elevate 
following thrombolysis, which is associated with reperfusion in-

jury.34 Elevated TNF-α levels have been implicated in BBB dis-
ruption, cerebral edema, and neuronal apoptosis.

IL-1β is primarily derived from microglia and infiltrating neu-
trophils.35 During the acute phase of stroke (1–6 h post-onset), IL-
1β levels rise rapidly, peaking at approximately 12 h. In the pres-
ence of secondary infections or injuries, IL-1β levels may continue 
to rise. Laboratory studies have shown that IL-1β concentrations 
in cerebrospinal fluid are significantly higher than those in serum. 
Clinical case studies indicate that patients with severe pathologies, 
such as malignant brain edema, demonstrate higher peak IL-1β 
levels.

MMPs are a family of zinc-dependent endopeptidases that play 
a multifaceted and crucial role in the pathological processes of 
ischemic stroke (acute cerebral ischemia). Their involvement in-
cludes disruption of the BBB, regulation of the inflammatory re-
sponse, and mediation of neuronal damage and repair.36

Activation of MMPs in the early stage of ischemia (Acute 
Phase, 0–24h): Ischemic and hypoxic conditions result in intra-
cellular calcium overload, which activates calcium-dependent pro-
teases such as calpain. This cascade subsequently leads to the ac-
tivation of pro-MMPs, notably MMP-2 and MMP-9.37 MMP-9, in 
particular, has garnered significant attention due to its pronounced 
post-ischemic activity, which correlates with hemorrhagic trans-
formation and adverse prognostic outcomes. Concurrently, ROS 
and inflammatory mediators, including TNF-α and IL-1β, further 
stimulate MMP expression. MMP-9 and MMP-3 facilitate the deg-
radation of extracellular matrix components, including collagen, 
laminin, and tight junction proteins (such as occludin and claudin), 
leading to BBB disruption, increased vascular permeability, and 
the onset of cerebral edema and hemorrhagic transformation (hem-
orrhagic infarction).38

Subacute Phase (24 h–seven Days) – amplification of the in-
flammatory cascade: MMPs contribute to the infiltration of inflam-
matory cells, such as neutrophils and macrophages, into ischemic 
brain tissue. MMP-9 exacerbates neuroinflammation by activating 
pro-inflammatory cytokines (e.g., IL-1β, IL-6) and chemokines 
[e.g., C-X-C motif chemokine ligand 12 (CXCL12)].39 Moreo-
ver, neuronal damage and apoptosis are facilitated by MMP-3 and 
MMP-7, which can directly cleave neuronal membrane proteins 
(e.g., N-cadherin),40 thereby disrupting neuronal connectivity. 
MMP-9 also contributes to the activation of pro-apoptotic path-
ways, including caspase-3.

Tissue remodeling and repair during the recovery period (weeks 
to months): MMPs, including MMP-2 and MMP-12, promote an-
giogenesis and synaptic plasticity through the degradation of scar 
tissue.41 However, excessive MMP activation may hinder repair 
processes. Notably, MMP-9 activates the NF-κB pathway by 
cleaving the precursor of IL-1β into its active form, thereby ampli-
fying inflammatory signals (Fig. 2).42–47 Simultaneously, MMP-9 
degrades extracellular matrices and may contribute to neuroin-
flammation by increasing monocyte migration into the CNS or 
by activating chemokines such as CXCL8, which facilitate leu-
kocyte infiltration.48 Some MMPs, such as MMP-8, can degrade 
pro-inflammatory cytokines (e.g., TNF-α), although this effect is 
often overshadowed in ischemic conditions. MMP-9 levels in the 
bloodstream rise significantly 2–6 h post-ischemia, peaking at 24 
h, and are associated with infarct volume and clinical prognosis. In 
contrast, MMP-9 concentrations in cerebrospinal fluid may pro-
vide a more sensitive measure, although clinical sampling remains 
limited.

Similarly, miR-874-3p attenuates neuronal apoptosis and oxi-
dative stress by inhibiting microglial activation and the subse-
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quent release of pro-inflammatory cytokines, including IL-1β and 
TNF-α.49 In animal models, overexpression of miR-874-3p signifi-
cantly reduces the extent of cerebral infarction. Conversely, miR-
155, recognized as a pro-inflammatory factor, exacerbates BBB 
disruption, promotes neutrophil infiltration, and amplifies neuro-
inflammatory responses by downregulating tight junction proteins 
such as claudin-1 and zonula occludens-1.50

In the context of diagnosis and therapeutic intervention for is-
chemic stroke, miR-124 and miR-9 exhibit significant declines 
in serum levels within 24 h post-onset, demonstrating negative 
correlations with cerebral infarction volume and high-sensitivity 
C-reactive protein (hs-CRP), suggesting their potential as early di-
agnostic biomarkers. Additionally, miR-151a-3p and miR-384-5p 
show abnormal expression profiles in the serum of ischemic stroke 
patients, correlating with disease progression and neurological dys-
function, and thus may serve as indicators for evaluating thrombo-
lytic therapy efficacy and recurrence risk. Evidence suggests that 
inhibition of miR-15a/16-1 exerts beneficial effects on the prognosis 
of ischemic stroke. The promising results of miR-15a/16-1 antago-
mir across diverse demographic groups highlight its potential as a 
versatile and effective treatment option (Table 2).51

Future research may focus on targeted delivery systems, such 
as specific liposomes or exosomes, to administer miRNA mimetics 
(e.g., miR-126) or antagonists (e.g., miR-155 inhibitors). This ap-
proach aims to precisely regulate target gene expression while mini-
mizing non-specific toxicity, extending potential applications be-
yond stroke to other cardiovascular and cerebrovascular conditions.

Furthermore, agglutinin family proteins represent another class 
of novel inflammatory regulatory factors contributing to neuroin-
flammation and BBB disruption following ischemic stroke. After 
ischemic stroke, galectin-3 (Gal-3) is released by activated micro-
glia and subsequently activates the NF-κB signaling pathway via 

interaction with TLR-4, promoting inflammatory cytokines such 
as IL-1β and TNF-α and exacerbating neuronal injury.52,53 Nota-
bly, Gal-3 levels are negatively correlated with high-density lipo-
protein cholesterol, and its elevated expression can exacerbate dys-
lipidemia and oxidative stress, accelerating atherosclerotic plaque 
formation and increasing the risk of ischemic stroke recurrence.

Prospective cohort studies have demonstrated that elevated se-
rum Gal-3 levels are independently associated with a heightened 
risk of 90-day mortality or severe disability in ischemic stroke pa-
tients. Dynamic changes in Gal-3 levels may provide a basis for 
stratified management of high-risk individuals. Current investiga-
tions indicate that Gal-3 inhibitors (e.g., TD139) can reduce mi-
croglial activation and neutrophil infiltration in animal models,54 
though clinical trials remain preliminary.

Application of inflammatory biomarkers in the diagnosis of 
ischemic stroke
Inflammatory biomarkers possess significant potential for the 
early diagnosis of ischemic stroke. Given the acute onset of is-
chemic stroke, timely diagnosis is critical for effective treatment 
and improved prognosis. Certain inflammatory markers, including 
IL-6, CRP, and MMP-9, have been shown to exhibit elevated lev-
els within hours of stroke onset, thereby serving as auxiliary indi-
cators for early diagnosis. Emerging research has also highlighted 
the potential of novel biomarkers, such as miRNAs and exosome-
associated proteins, in facilitating early diagnostic processes.55

Furthermore, inflammatory biomarkers may play a pivotal role 
in identifying stroke subtypes. Ischemic strokes arising from dif-
ferent etiologies exhibit distinct inflammatory profiles. Studies in-
dicate that patients with atherosclerotic strokes frequently present 
with elevated levels of CRP and IL-6, whereas those with cardi-

Fig. 2. Temporal dynamics of matrix metalloproteinases (MMPs) in the pathophysiological mechanisms underlying the acute, subacute, and chronic 
phases of ischemic stroke. The figure was generated using Figdraw (https://www.figdraw.com/). BBB, blood-brain barrier. With the emergence of high-
throughput and sensitive technologies, the molecular interaction patterns of long non-coding RNAs in cells have been increasingly elucidated, and they have 
been continuously linked to disease progression.44,45 Recent investigations have elucidated the significant roles of novel inflammatory regulatory factors in 
the pathogenesis and progression of ischemic stroke. MicroRNAs (miRNAs), as small non-coding RNAs, exhibit dual functions in the pathological processes 
associated with ischemic stroke by targeting genes related to inflammation. Among the miRNA family, miR-126 has been shown to preserve BBB integrity 
and mitigate brain edema and neuronal injury by inhibiting the expression of vascular cell adhesion molecule-1 and pro-inflammatory cytokines such as 
TNF-α and IL-6.46 Studies indicate that overexpression of miR-126 can reduce inflammatory cell infiltration in the ischemic penumbra, promote angiogen-
esis, and enhance neurological recovery.47
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oembolic strokes may exhibit a unique spectrum of inflammatory 
markers.56 By analyzing specific combinations of inflammatory 
markers, it may be possible to differentiate between various stroke 
subtypes, thereby providing a foundation for personalized treat-
ment strategies.

However, the clinical application of inflammatory biomarkers 
presents several challenges. First, the sensitivity and specificity 
of individual biomarkers are often inadequate, necessitating the 
development of multi-biomarker diagnostic models. Second, the 
inflammatory response is dynamic, emphasizing the importance of 
determining optimal sampling time points. Additionally, extrinsic 
factors that may influence biomarker levels, such as infections and 
autoimmune diseases, must be considered. Future research should 
prioritize the development of standardized and reproducible detec-
tion methodologies, along with the validation of these biomarkers’ 
diagnostic utility through large-scale clinical trials.

The role of inflammatory biomarkers in prognostic evalua-
tion of ischemic stroke
Inflammatory biomarkers have demonstrated considerable prom-
ise in the prognostic assessment of ischemic stroke. Numerous 
studies have established a close correlation between the levels of 
specific inflammatory markers and clinical outcomes in stroke pa-
tients.57 For instance, elevated levels of CRP, IL-6, and MMP-9 
have been associated with poorer neurological recovery and in-
creased mortality rates.58 These biomarkers may reflect a persis-
tent inflammatory state following stroke, indicative of more severe 
tissue damage and impaired repair mechanisms. Recent studies 
have highlighted the integral role of peroxisome proliferator-acti-
vated receptors (PPARs) in modulating the complex pathological 
network underlying cerebrovascular diseases and their associated 
risk factors.59 The activation of PPARγ can reduce the inflamma-
tory response by regulating the production and activation of in-
flammatory cytokines closely linked to the pathophysiology of in-
tracranial aneurysms.60 Specifically, PPARγ activation can inhibit 
mononuclear/macrophage cells from releasing various inflamma-

tory cytokines, including IL-1, IL-6, and monocyte chemoattract-
ant protein-1, thereby reducing the occurrence of inflammatory 
responses.61

Moreover, inflammatory biomarkers may provide critical in-
sights for predicting stroke recurrence. Atherosclerosis, a major 
contributor to ischemic stroke, is intricately linked to inflamma-
tory processes.62 Research has shown that sustained elevations in 
biomarkers such as hs-CRP and IL-6 correlate with an increased 
risk of stroke recurrence.63 These findings suggest that monitor-
ing dynamic fluctuations of inflammatory markers could aid in 
identifying high-risk patients and informing secondary prevention 
strategies.

Nonetheless, despite recognition of the association between 
hs-CRP and ischemic stroke incidence and prognosis since ap-
proximately 2017, challenges remain in the clinical application 
of inflammatory biomarkers for prognostic assessment. First, 
standardized detection methods and reference ranges are essential. 
Second, integrating multiple biomarkers may enhance predictive 
accuracy. Furthermore, large-scale, long-term prospective studies 
are necessary to validate the prognostic significance of these bio-
markers. Future research should focus on developing prognostic 
scoring systems based on inflammatory markers and incorporat-
ing them into clinical decision-making processes to achieve more 
accurate prognostic evaluations and personalized management of 
ischemic stroke patients.

The potential value of inflammatory biomarkers in the treat-
ment of ischemic stroke
The potential value of inflammatory biomarkers in managing 
ischemic stroke is primarily reflected in two key areas: as thera-
peutic targets and as tools for monitoring and adjusting treatment 
regimens.

Regarding therapeutic targets, numerous inflammation-related 
molecules and pathways have emerged as focal points for drug 
development. For instance, monoclonal antibodies targeting IL-1β 
and IL-1 receptor antagonists have demonstrated neuroprotective 

Table 2.  Pathophysiological regulation mechanism and role of small non-coding RNAs in ischemic stroke

Small molecule 
non-coding RNA Regulation mechanism Pathophysiological effects

miR-126 Inhibit the expression of VCAM-1 and pro-
inflammatory cytokines (such as TNF-α, IL-6)

Protecting the integrity of BBB, reducing brain 
edema, and alleviating neuronal damage

miR-874-3p Inhibition of microglial activation and subsequent release 
of pro-inflammatory cytokines (such as IL-1β, TNF-α)

Reduce neuronal apoptosis and 
oxidative stress damage

miR-155 Downregulate the expression of tight junction 
proteins such as claudin-1 and ZO-1

Intensify BBB damage, promote neutrophil 
infiltration and neuroinflammatory response

miR-124 Similar to miR-9, there is a significant negative 
correlation between infarct volume and hs CRP levels

As an early diagnostic biomarker, it has 
the potential to evaluate the degree of 
brain damage and inflammatory status

miR-151a-3p Similar to miR-384-5p, it is abnormally expressed in 
the serum of IS patients and is associated with disease 
progression and the degree of neurological deficit

As a potential biomarker for evaluating 
the efficacy of thrombolytic therapy 
and the risk of recurrence

miR-15a/16-1 Inhibition of expression can improve stroke prognosis; 
Antagonists show therapeutic effects in different populations

Targeting neuroprotection and repair 
therapy to promote neurovascular 
repair and functional recovery

BBB, blood-brain barrier; hs CRP, high-sensitivity C-reactive protein; IL, interleukin; TNF-α, tumor necrosis factor-alpha; VCAM-1, vascular cell adhesion molecule-1; ZO-1, zonula 
occludens-1.
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effects in clinical trials.64 Additionally, MMP inhibitors have been 
investigated for their capacity to mitigate BBB disruption and re-
duce the risk of hemorrhagic transformation.65 Strategies aimed at 
modulating microglial polarization and enhancing the expression 
of anti-inflammatory mediators have also garnered significant at-
tention.

In terms of treatment monitoring and adjustment, inflamma-
tory biomarkers have the potential to evaluate therapeutic efficacy 
and facilitate personalized approaches. Dynamic assessment of 
biomarkers post-treatment may provide insights into treatment re-
sponse and serve as a basis for optimizing therapeutic strategies. 
Emerging studies are exploring decision-making models based 
on inflammatory markers to achieve more precise and individual-
ized treatment outcomes. However, clinical implementation faces 
challenges: patient resistance to research sampling, differences in 
medical histories, and heterogeneity in biomarker levels often limit 
statistical significance in studies. More research studies are needed 
to validate the effectiveness and feasibility of these methodologies.

Despite the promising prospects of inflammation-targeted 
therapies in ischemic stroke, several challenges persist. First, the 
inflammatory response is inherently complex and dynamic; thus, 
interventions aimed at a single target may not yield optimal re-
sults. Future research should incorporate multifaceted approaches, 
including investigating the regulatory effects of CRP gene poly-
morphisms on post-stroke inflammatory responses and exploring 
the therapeutic potential of targeting the CRP pathway using CRP 
inhibitors. Second, it is essential to balance anti-inflammatory 
treatment with the inflammatory responses necessary for tissue re-
pair and regeneration. Additionally, individual variability and the 
identification of optimal treatment windows must be taken into ac-
count. Consequently, future investigations should prioritize multi-
target combination therapies and individualized treatment plans 
guided by biomarker profiles to enhance both efficacy and safety.

Challenges and future directions
Despite the promising potential of inflammation-targeted thera-
pies, significant challenges remain. Firstly, the inflammatory re-
sponse is complex and dynamic; thus, interventions targeting a 
single molecule may not yield optimal outcomes. Future research 
should employ diverse and integrative approaches, including in-
vestigating the regulatory effects of CRP gene polymorphisms on 
post-stroke inflammation and exploring the therapeutic potential 
of CRP inhibitors.

Secondly, it is imperative to achieve a balance between anti-
inflammatory treatments and the essential inflammatory processes 
for tissue repair and regeneration. Over-suppression of inflamma-
tion may inadvertently hinder recovery. Furthermore, individual 
patient variability and the identification of optimal treatment win-
dows must be carefully considered to maximize therapeutic effi-
cacy.

Consequently, future investigations should prioritize the devel-
opment of multi-target combination therapies and individualized 
treatment plans guided by biomarker profiles. Such approaches 
hold promise for improving both the efficacy and safety of is-
chemic stroke interventions.

Conclusions
The inflammatory response plays a pivotal role in the pathophysi-
ology of ischemic stroke. Investigating inflammatory biomark-
ers offers novel insights and opportunities for precision medicine 

approaches. This review analyzed the diagnostic and therapeutic 
roles of both novel and traditional biomarkers throughout ischemic 
stroke progression. These biomarkers are expected to play an in-
creasingly important role in clinical practice, ultimately improving 
patient outcomes.
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