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Ischemic stroke is a major public health challenge, with microglia-mediated neuroin-
flammation exerting both protective and detrimental effects on neuronal survival. The 
Triggering receptor expressed on myeloid cells 2 (Trem2), predominantly expressed by 
microglia, has been reported to confer neuroprotection in the middle cerebral artery 
occlusion (MCAO) model. Paradoxically, in patients, elevated plasma soluble Trem2 
(sTrem2) levels correlate with increased risk and poor outcomes. To test the impact of 
Trem2 function in the context of stroke, we utilized the photothrombotic stroke model 
which elicited strong Trem2 upregulation, a clinical feature which is not mimicked in 
MCAO models. Trem2 depletion reduced infarction volume, suppressed proinflamma-
tory cytokine production, preserved neuronal survival, and lessened motor and neu-
rological impairment. Conversely, intracerebral administration of sTrem2 exacerbated 
neuronal loss, amplified inflammation, and worsened neurological deficits. Integrated 
mouse-human transcriptomic analyses identified glycoprotein nonmetastatic B (Gpnmb) 
as a conserved downstream effector of Trem2. Soluble Gpnmb (sGpnmb) administration 
abolished the protective effects of Trem2 depletion, promoting microglial activation, 
lipid accumulation, and neuronal damage. Additionally, plasma sTrem2 and sGpnmb 
levels were elevated in stroke patients, positively correlated, and may serve as biomark-
ers of poor prognosis. These findings uncover a detrimental role for Trem2 in ischemic 
stroke, provide mechanistic insight into the link between sTrem2 and poor clinical 
outcomes, and identify the Trem2–Gpnmb axis as a potential therapeutic target to 
mitigate poststroke neuroinflammation.

ischemic stroke | photothrombotic model | middle cerebral artery occlusion model | Trem2 |  
blood biomarker

 Stroke remains a leading cause of death and disability worldwide (1), with thrombolysis 
and mechanical thrombectomy as the only approved treatments for ischemic stroke (2). 
Despite advances in acute care, effective therapies to enhance poststroke recovery are 
lacking. Neuroinflammation is a key feature of postischemic brain, which can be beneficial 
by clearing debris and supporting tissue remodeling, but can also drive secondary injury 
and neurological decline (3). Microglia, the resident innate immune cells of the central 
nervous system, are key regulators of this inflammatory response (4, 5). With high het-
erogeneity and plasticity (6), they exert phagocytic functions and shape both pro- and 
anti-inflammatory responses, thereby shaping both beneficial and harmful outcomes (7).

 The triggering receptor expressed on myeloid cells 2 (Trem2), a microglia-specific receptor 
in the brain, has emerged as a crucial regulator of microglial state transitions in neurodegen-
eration. Genetic variants of Trem2, such as R47H, increase the risk of late-onset Alzheimer’s 
disease (AD) (8, 9). However, the biological consequences of Trem2 signaling are highly context 
dependent. In amyloid-bearing animals, Trem2 may serve protective functions, by limiting 
tau accumulation and spreading (10–12), yet its deficiency may also reduce plaque accumu-
lation (13). In tauopathy models, Trem2 deficiency attenuates neuroinflammation and ame-
liorates tau pathology (14, 15). Adding further complexity, Trem2 is also released as soluble 
Trem2 (sTrem2) through proteolytic shedding or alternative splicing (16). sTrem2 can mod-
ulate microglial activity and has been linked to beneficial effects on tau pathology (17). In AD 
patients, higher sTrem2 levels in cerebrospinal fluid are associated with slower cognitive decline 
(18, 19). These findings underscore the context-dependent effects of Trem2 and sTrem2, 
making model choice decisive for biological interpretation.

 The role of Trem2 in ischemic stroke remains ambiguous. Most preclinical studies have 
been performed in MCAO models, which have frequently concluded that Trem2 is pro-
tective, often attributed to enhanced phagocytosis and reduced injury (20, 21) 
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(summarized in SI Appendix, Table S1). However, the studies use 
MCAO show considerable heterogeneity in both Trem2 induction 
and phenotype. Studies using Trem2 knockout (KO) mice (22), 
siRNA-mediated knockdown, or overexpression strategies report 
divergent effects on infarction size, inflammation, and neurolog-
ical outcomes (20, 21, 23–26) (SI Appendix, Table S1). 
Furthermore, Trem2 induction is often minimal in MCAO mod-
els, with some reports showing no change in mRNA or serum 
sTrem2 levels (27, 28). These inconsistencies indicate that the 
MCAO model may be insufficient to accurately assess the role of 
Trem2, potentially underestimating its contribution to poststroke 
inflammatory responses.

 In contrast, clinical data show that elevated plasma sTrem2 cor-
relates with worse outcomes (29, 30), impaired cognition (31), and 
higher mortality risk in stroke patients (32) and other cerebral or 
cardiovascular diseases (summarized in SI Appendix, Table S2). This 
apparent discrepancy may reflect fundamental differences in Trem2 
induction and its downstream inflammatory signaling between 
experimental stroke models and human disease. Indeed, our analysis 
of public transcriptomic datasets reveals that Trem2 is highly upreg-
ulated in stroke patients but not in mice subjected to MCAO. To 
address this limitation, we sought an experimental framework in 
which Trem2 is reliably induced after schemic stroke, reflecting a key 
clinical signature. Therefore, we employed the photothrombotic (PT) 
stroke model, which induces a well-demarcated cortical infarction 
accompanied by persistent, robust microglial activation and inflam-
matory responses (33, 34), aligning more closely with stroke patients 
(35). Using the PT model, we demonstrated significant Trem2 
upregulation, and found that both Trem2 and sTrem2 confer exac-
erbate neuroinflammation, neuronal loss, and neurological deficits. 
These findings contrast with MCAO data but align with clinical 
observations. By integrating mouse and patient transcriptomic data, 
we identified glycoprotein nonmetastatic B (Gpnmb) as a key 
downstream Trem2-associated effector mediating lipid accumula-
tion and microglial activation, highlighting the pathological role of 
Trem2 signaling and providing a potential therapeutic target in 
ischemic stroke. 

Results

Trem2 Expression Is Increased in Stroke Patients. To investigate 
whether Trem2 is upregulated in the human brain after stroke, we 
analyzed two independent transcriptomic datasets of brain tissues 
from stroke patients in the gene expression omnibus (GEO) database, 
encompassing both acute and chronic phases of the disease. In the first 
dataset (GSE162955), six brain samples were collected postmortem 
from ischemic stroke patients within 40 to 360 h of symptom onset, 
corresponding to the acute to subacute phase (36). Due to the small 
sample size, the authors of this dataset defined a q-value < 0.1 as 
significant. The Trem2 mRNA level in the infarction core shows a 
strong trend toward increase compared to contralateral tissue (P = 
0.0857) in this limited cohort, with four out of six patients showing 
increased Trem2 expression in the infraction core (Fig. 1A). In the 
second dataset (GSE56267), ischemic cortical tissue from nonfatal 
stroke patients who later died of nonneurological causes was analyzed, 
typically 2 to 5 y after diagnosis, representing the chronic phase 
of stroke (37). We selected data from five nonstroke controls and 
five stroke patients matched for age and gender, as reported in the 
reference (38), to compare Trem2 expression. Trem2 expression in 
the infarcted cortex was nominally elevated, with 3.5 times higher 
than that in the cortical tissue from control individuals (P = 0.0543) 
(Fig. 1B).

 To further investigate systemic Trem2  expression, we examined 
peripheral blood transcriptomic datasets. In dataset GSE58294, 

which included 23 stroke patients and 23 control individuals, 
blood samples were obtained 24 h poststroke for microarray anal-
ysis (39). Trem2  mRNA levels were significantly increased in stroke 
patients compared to controls (P  = 0.0402) (SI Appendix, 
Fig. S1A). Consistently, analysis of dataset GSE22255 (40) 
revealed significantly increased Trem2  expression in peripheral 
blood mononuclear cells (PBMCs) from 20 stroke patients 6 mo 
poststroke compared 20 matched healthy individuals (P  = 0.0375) 
(SI Appendix, Fig. S1B). Overall, this evidence suggests that Trem2  
is increased during both the acute to subacute phase and the 
chronic phase of stroke, with persistent elevation in the ischemic 
brain and peripheral blood cells from stroke patients.  

Trem2 Expression Is Not Upregulated in the MCAO Model. 
To examine Trem2 expression in mouse MCAO paradigms, we 
analyzed published single cell RNA sequencing (scRNA-seq) 
datasets from the GEO database. Analysis of dataset GSE142445, 
which included ipsilateral and contralateral brain tissues collected 
at 4 h, 1 d, 3 d, or 7 d poststroke, along with three sham controls 
(41), revealed consistent cell and gene counts across samples 
(SI  Appendix, Fig.  S2A). The microglial population could be 
distinguished from other cell types, but its proportion did not 
increase in MCAO mice compared to the sham group (Fig. 1C 
and SI Appendix, Fig. S2B). Trem2 expression was predominantly 
confined to the microglia population (SI Appendix, Fig.  S2C). 
However, no significant change in Trem2 levels was observed in the 
ipsilateral side compared to contralateral tissue at any examined 
time point after stroke or to uninjured sham animals (Fig. 1 D 
and E). Analysis of an independent MCAO scRNA-seq dataset 
(GSE225948) similarly showed that Trem2 was predominantly 
expressed in the microglial cluster, but no significant upregulation 
was observed at 2 or 14 d after stroke (SI Appendix, Fig. S3 A 
and B). Also, there is detectable Trem2 expression in peripheral 
blood cells from this MCAO dataset, albeit at lower levels than 
in microglia, with predominant expression in monocytes. No 
significant increase of Trem2 expression was observed after stroke 
SI Appendix, Fig. S3 C and D).

 We further validated the Trem2  expression pattern in MCAO 
model using bulk RNA-seq datasets from the GEO database. 
Consistent with the scRNA-seq data, Trem2  levels were not sig-
nificantly increased in ischemic brain tissues or sorted microglia 
from the infarction region of the MCAO model (SI Appendix, 
Fig. S3E). In fact, Trem2  expression was significantly decreased in 
sorted microglia from both mouse and rat MCAO models 
(SI Appendix, Fig. S3E).

 Collectively, these findings suggest that Trem2  expression is not 
consistently upregulated in the brain following MCAO-induced  
stroke.  

Trem2 Expression Is Robustly Upregulated in the PT Model. The 
discrepancies between the outcomes of the MCAO animal model 
and stroke patients prompted us to investigate whether Trem2 can 
be reliably induced in an alternative ischemic model, namely the 
PT model. We extracted Trem2 expression data from a published 
scRNA-seq dataset (42) and identified an approximately threefold 
upregulation of Trem2 expression in the proximal peri-infarction 
area, while it was much less pronounced in the infarction core 
and distal peri-infarction area (SI Appendix, Fig. S3F). Based on 
these observations, we employed the PT model to quantify the 
upregulation of Trem2 on the mRNA and protein level (Fig. 1F). 
Compared with contralateral tissue, Trem2 mRNA expression was 
elevated in both the infarction core and peri-infarction zone at  
7 days post-injury (DPI) (Fig. 1G). Consistent with this, protein 
levels of Trem2 were also markedly increased in these regions, D
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as shown by western blot (WB) analysis (Fig. 1H). Notably, a 
substantial portion of Trem2 protein shows molecular weight 
higher than the expected 25 kDa (Fig.  1H), consistent with 
posttranslational modification. Immunostaining further confirmed 
a robust increase in Trem2 expression in the injured region 
(Fig.  1I). Additionally, plasma sTrem2 levels were significantly 
elevated at both 7 DPI and 42 DPI in WT mice subjected to PT-
induced stroke, compared to sham animals (Fig. 1J). As expected, 
in Trem2 KO animals, neither Trem2 mRNA nor protein was 

changed at 7 DPI, as compared to WT animals (Fig.  1 G–I). 
Therefore, the PT model more accurately recapitulates this 
poststroke Trem2 induction, presenting a translationally relevant 
system for dissecting the pathophysiological roles of Trem2 in 
ischemic stroke.

Trem2 Depletion Is Neuroprotective in PT-Induced Stroke. Next, 
we investigated whether the elevation of Trem2 in the PT model 
affects stroke parameters such as infarction volume or neurological 

Fig. 1.   Trem2 expression in stroke patients and animal models. (A and B) Trem2 mRNA expression [–log2(counts + 1) normalized] in brains of stroke patients 
during the acute–subacute (n = 6) and chronic phases (n = 5), based on GEO datasets GSE162955 and GSE56267. (C–E) Trem2 expression in a scRNA-seq 
dataset using mouse MCAO model (GSE142445). Uniform Manifold Approximation and Projection plots show cell classifications in MCAO and sham mice (C), 
with no increase in microglial proportion after MCAO. Trem2 is primarily expressed in microglia, with similar cell subpopulation distributions across sham, 
contralateral (Contra), or ipsilateral (Ipsi) samples at different time points (D), and no significant changes in microglial Trem2 levels (E). (F) Experimental scheme 
of the photothrombotic (PT) stroke model. (G–I) Trem2 mRNA (qPCR) (G), protein levels (western blot) (H), and immunostaining (I) at 7 days post-injury (DPI) in 
contralateral (Contra), infarction core (Core), and peri-infarction (Peri) regions (n = 3), normalized to wild-type (WT) contralateral controls. (J) Plasma sTrem2 
levels in PT and sham mice at 7 and 42 DPI measured by the enzyme-linked immunosorbent assay (ELISA) (n = 5).
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functions by comparing a Trem2-deficient mouse with a WT 
control (Fig. 2A). Limb motor impairment is a key symptom in 
ischemic stroke patients (43). To determine the impact of Trem2, 
we assessed the neurological and motor functions. At 7 DPI, Trem2 
KO mice exhibited significantly better neurological performance 
compared to WT mice, as measured by the modified Neurological 
Severity Score (mNSS) (Fig. 2B), a widely used neurological test 
in rodents after stroke (34). In the foot fault test, Trem2 KO mice 
made significantly fewer missteps during 5 min locomotion at 1, 
3, and 7 DPI compared to their WT littermates (SI Appendix, 
Fig.  S4A). Similarly, in the rotarod test, Trem2-depleted mice 
showed less impaired motor coordination and endurance than 
WT animals (SI Appendix, Fig. S4A).

 To analyze the neuroprotective effects of Trem2 depletion on a 
molecular and cellular level, brain tissue was collected at 7 DPI 
for histological and biochemical analyses (Fig. 2A). Extensive neu-
ronal loss was observed in the cortical region at 7 DPI, as revealed 
by triphenyl tetrazolium chloride (TTC) staining and Nissl 

staining (SI Appendix, Fig. S4 B and C). The brain tissue was delin-
eated into the infarction core, peri-infraction zone, and contralat-
eral region using TTC staining, and the targeted regions were 
isolated for subsequent RNA or protein analysis (SI Appendix, 
Fig. S4B). Quantification of infarction volume, based on Nissl 
staining of cryosections, showed significantly smaller infarctions 
in Trem2 KO mice compared to WT animals (Fig. 2C).

 In the infarction core, very few NeuN+ neurons were observed 
(SI Appendix, Fig. S4C). Consequently, subsequent analysis 
focused on NeuN+ cell density in the peri-infarction zone. While 
NeuN+ cell density was significantly decreased in both Trem2 WT 
and KO mice within this region compared to the contralateral 
side, neuronal loss was significantly less in Trem2 KO animals 
(Fig. 2D). To assess apoptosis, we performed cleaved caspase-3 
positive (Cl.Casp3+) staining and terminal deoxynucleotidyl 
transferase dUTP nick end labeling (TUNEL) staining. Both the 
density of Cl.Casp3+ cells and their proportion relative to total 
DAPI+ cells were significantly higher in the peri-infarction zone 

Fig. 2.   Trem2 deficiency reduces ischemic injury and poststroke neuroinflammation. (A) Experimental scheme of PT-induced stroke in Trem2 WT and KO mice 
followed by assessments of neurological function, infarction size, neuronal survival, microglial proliferation, and cytokine expression. (B) Neurological function 
was evaluated by the mNSS at 7 DPI (WT: n = 7; KO: n = 6). (C and D) Nissl staining and NeuN immunostaining at 7 DPI were used to quantify infarction volume 
and peri-infarction neuronal survival in WT and KO mice (n = 7). (E) Iba1 and EdU costaining was performed to quantify total and proliferating microglia, as well 
as the proportion of proliferating microglia in the peri-infarction zone between genotypes (n = 7). (F) ELISA of IL-1β, TNFα, IL-6, and IL-10 levels in defined brain 
regions of WT and KO mice (n = 5).D
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compared to the contralateral side, yet this increase was signifi-
cantly lower in Trem2 KO mice (SI Appendix, Fig. S4D). Similarly, 
the density and proportion of TUNEL+ late-stage apoptotic cells 
were remarkably elevated in the infarction core, while Trem2 
depletion resulted in a significantly lower apoptotic cell density 
(SI Appendix, Fig. S4E). Since neural stem/progenitor cells 
(NSPCs) are known to migrate from the subventricular zone to 
the injured area after stroke (44), we examined both the density 
of proliferating NSPCs and their proportion relative to total Sox2+ 
NSPCs in the peri-infarction zone. Proliferating NSPCs were iden-
tified by colabeling Sox2 with the proliferation marker ethidium 
bromide (EdU). In the uninjured region, very few proliferating 
NSPCs were detected. Although the density and the proportion 
of these proliferating cells was higher in the peri-infarction zone, 
no difference was observed between Trem2 WT and KO mice 
(SI Appendix, Fig. S4F). This finding suggests that the reduced 
neuronal loss in Trem2 KO mice is not attributable to enhanced 
neurogenesis. In addition, we investigated whether the blood vessel 
area was influenced by Trem2 depletion after stroke. The area of 
CD31+ labeling, indicative of vascular endothelial cells, was larger 
in the peri-infarction zone compared to contralateral tissue. 
However, no difference was observed between Trem2 WT and KO 
groups (SI Appendix, Fig. S4G), suggesting that Trem2 does not 
affect blood vessel area in the peri-infarction zone after stroke. In 
summary, our results indicate that Trem2 depletion confers neu-
roprotection, reduces infarction volume, and enhances neurolog-
ical functions following ischemic stroke, independent of 
neurogenesis and blood vessel area.  

Trem2 Depletion Results in Lower Microglial Density. In the 
peri-infarction zone, Iba1+ microglia and GFAP+ astrocytes 
proliferated and accumulated in both Trem2 WT and KO 
mice (SI Appendix, Fig. S5A). Proliferating microglial cells were 
identified by colabeling with EdU and the microglial marker Iba1 
(SI Appendix, Fig. S5B). As expected, the density of both total 
and proliferating microglia significantly increased in the injury 
regions relative to contralateral tissue. However, the density of 
both total and proliferating microglia was significantly lower 
in Trem2 KO animals, while the proportion of proliferating 
microglia relative to the total microglia remained unchanged 
between the two genotypes (Fig. 2E). Furthermore, the expression 
of CD68, a glycoprotein indicating lysosomal activity associated 
with phagocytosis, was significantly elevated as revealed by an 
increase of the CD68+ fluorescence area in the peri-infarction 
zone of WT mice, whereas the CD68+ area was significantly lower 
in KO animals (SI Appendix, Fig. S5C). Similarly, the density of 
both total (GFAP+) and proliferating (GFAP+EdU+) astrocytes 
was also remarkably increased in the peri-infarction zone of WT 
controls, but this increase was lower in Trem2-depleted animals 
(SI Appendix, Fig. S5 A and D), mirroring the pattern observed in 
microglia. The proportion of proliferating astrocytes relative to the 
total astrocytes remained consistent across genotypes (SI Appendix, 
Fig. S5D). Taken together, our data suggest that Trem2 is required 
for the proliferative response of microglia and astrocytes following 
stroke, and its absence attenuates the expansion of these glial 
populations after injury.

 Additionally, we utilized the distal middle cerebral artery occlusion 
(dMCAO) model, a permanent MCA occlusion model (45), to 
compare Trem2 expression and its associated phenotypic effects with 
those observed in the PT model (SI Appendix, Fig. S6A). Using 
appropriate sham controls for both PT and dMCAO, we confirmed 
that sham procedures did not affect neurological function, induce 
infarction, or trigger Trem2 expression (SI Appendix, Fig. S6 B–D). 
Although the dMCAO model produced neurological deficits 

comparable to those in the PT model (SI Appendix, Fig. S6B) and 
even resulted in larger infarction volumes (SI Appendix, Fig. S6C), 
the increase in Trem2+Iba1+ cell coverage at 7 DPI was not signifi-
cant compared to the dMCAO sham group, but significantly lower 
than that observed in the PT model (SI Appendix, Fig. S6D). 
Collectively, these results suggest that the PT model may be more 
suitable than dMCAO for studying Trem2 function.  

Trem2 Depletion Attenuates Stroke-Induced Cytokine Expression. 
Cytokines are key mediators of neuroinflammation and orchestrate 
the immune response to ischemic injury (46). To investigate whether 
the absence of Trem2 alters cytokine expression, we isolated tissues 
from the infarction core, peri-infarction zone, and contralateral region 
following TTC staining at 7 DPI. The protein levels of pro- and 
anti-inflammatory cytokines were measured using ELISA. IL-1β and 
TNFα, two principal proinflammatory cytokines, were significantly 
elevated in the infarction core and peri-infarction zone compared 
to the contralateral region. However, this elevation was significantly 
blunted in Trem2 KO mice (Fig. 2F). Similarly, IL-6, a pleiotropic 
cytokine with both pro- and anti-inflammatory properties, was 
elevated in both the infarction core and peri-infarction zone. Notably, 
the increase of IL-6 was attenuated by Trem2 depletion (Fig. 2F). 
In contrast, anti-inflammatory IL-10 was notably suppressed in the 
ischemic regions of WT animals, while Trem2 deficiency ameliorated 
this suppression (Fig.  2F). These observations were corroborated 
using an in vitro microglia model mimicking an ischemic insult. 
Cells from the microglial cell line BV2 were subjected to oxygen-
glucose deprivation (OGD), a standard in vitro model of ischemia 
(SI Appendix, Fig. S7A). Trem2 expression was silenced using two 
different lentivirus-packaged shRNAs. Trem2 mRNA expression 
was effectively downregulated with targeted shRNAs. While Trem2 
mRNA levels were significantly increased following OGD treatment 
in control cells, this increase was abolished in the Trem2-knockdown 
cells (SI Appendix, Fig. S7B). Similarly, protein levels of Trem2 were 
elevated in control cells after OGD but were nearly undetectable in 
Trem2-knockdown cells, both in cell lysates and as secreted sTrem2 
in culture medium (SI Appendix, Fig. S7C). The mRNA levels of Tnf, 
Il-1b, and Il-6 were significantly upregulated after OGD treatment, 
and this increase was attenuated in Trem2-silenced cells (SI Appendix, 
Fig. S7D). However, the expression of Il-10 was not significantly 
influenced by Trem2 downregulation (SI Appendix, Fig. S7D). The 
in vitro results in BV2 cells align with the in vivo findings, supporting 
the hypothesis that Trem2 regulates microglial cytokine responses to 
ischemic injury. These data suggest that Trem2 deficiency suppresses 
the proinflammatory cytokine expression.

sTrem2 Exacerbates Ischemic Injury by Amplifying Neuroinf­
lammation. Recent clinical studies have identified sTrem2 as 
a potential risk factor for ischemic stroke and related vascular 
diseases (SI  Appendix, Table  S2). Based on these findings, we 
hypothesized that sTrem2 may exacerbate ischemic injury. To 
test this hypothesis, recombinant sTrem2 protein or phosphate-
buffered saline (PBS) control was injected into the targeted 
injury region 1 h prior to PT treatment (Fig. 3A). After injection, 
recombinant sTrem2 diffused throughout the targeted injury 
region, persisting up to 6 h, with substantial reduction observed 
at 24 h postinjection (SI Appendix, Fig. S5E). At 7 DPI, sTrem2-
treated WT animals exhibited significantly worse neurological 
function, as assessed by the mNSS, compared to PBS-treated 
controls (Fig. 3B). Histological analysis revealed markedly larger 
infarction volumes in the sTrem2-treated group compared to the 
PBS-treated controls (Fig. 3C). Concomitantly, neuronal density 
was significantly reduced in the peri-infarction zone of sTrem2-
treated mice (Fig. 3D). Furthermore, the density of both total D
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and proliferating microglia was substantially increased in the 
peri-infarction zone of sTrem2-treated mice compared to PBS 
control, although the proportion of proliferating microglia relative 
to the total microglial population remained unchanged (Fig. 3E). 
In parallel, the cytokine levels of IL-1β, TNFα, and IL-6 were 
significantly elevated in the infarction core, peri-infarction zone, 
and even the contralateral side of the sTrem2-injected group 
(Fig. 3F). In contrast, IL-10 levels in these regions were decreased 
in the sTrem2-injected group (Fig. 3F). These findings suggest 
that sTrem2 further stimulates microglia activation, promotes 
neuroinflammation, and exacerbates neuronal damage in PT-
induced ischemic model.

Trem2 Depletion Alters Transcriptomic Patterns and Microglia 
Subpopulations After Stroke. To elucidate the molecular 
mechanisms by which Trem2 affects the outcome in stroke, 
we performed bulk RNA-seq on brain tissues isolated from the 
infarction core, peri-infarction zone, and contralateral region of 

Trem2 WT and KO mice at 7 DPI. Gene expression analysis 
revealed approximately 2,000 to 8,000 differentially expressed 
genes (DEGs), both up- and downregulated, when comparing 
the infarction core or peri-infarction zone to the contralateral 
tissue, regardless of genotype (KO or WT). However, genotype-
specific comparisons (KO vs. WT) identified only 341 DEGs in 
the peri-infarction zone, with even fewer DEGs detected in the 
infarction core and contralateral tissue (SI Appendix, Fig. S8A). 
Heatmap analysis demonstrated Trem2-dependent alterations 
in gene expression across these different regions (SI  Appendix, 
Fig. S8B). These findings indicate that Trem2 depletion drives 
substantial transcriptional alterations in the peri-infarction 
zone, while the infarction core and contralateral tissue are less 
affected. Gene ontology analysis of DEGs from all three regions 
demonstrated enrichment in immune-related processes, suggesting 
Trem2 modulates microglia-mediated inflammatory responses 
(SI Appendix, Fig. S8 C–E). Kyoto Encyclopedia of Genes and 
Genomes analysis revealed that, although genes involved in 

Fig. 3.   sTrem2 aggravates ischemic injury and poststroke neuroinflammation. (A) Experimental scheme of recombinant sTrem2 or PBS injection before PT-
induced stroke, followed by assessments of neurological function, infarction size, neuronal survival, microglial proliferation, and cytokine expression. (B) 
Neurological function was evaluated by mNSS at 7 DPI in sTrem2- and PBS-treated mice (n = 6). (C and D) Nissl staining and NeuN immunostaining at 7 DPI 
were used to quantify infarction volume and peri-infarction neuronal survival in the two groups (C: n = 13; D: n = 5). (E) Iba1 and EdU costaining was performed 
to quantify total and proliferating microglia, as well as the proportion of proliferating microglia in the peri-infarction zone between groups (n = 5). (F) ELISA of 
IL-1β, TNFα, IL-6, and IL-10 levels in defined brain regions (n = 5).
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various immune responses were enriched across all three regions, 
only the peri-infarction zone exhibited signaling pathways with 
reliable q values. These pathways included the complement 
and coagulation cascade, as well as phagosomal and lysosomal 
functions (SI Appendix, Fig. S8F). This finding aligns with higher 
DEG count in the peri-infarction zone.

 Given that Trem2 expression is a hallmark of disease-associated 
microglia (DAM) under pathological conditions (47), we per-
formed cellular deconvolution analysis to evaluate the impact of 
Trem2 depletion on DAM populations during PT-induced stroke. 
While disease-associated glial cell subtypes are well characterized 
in AD models, they remain less defined in stroke models. To 
address this, we used marker genes from the published scRNA-seq 
dataset GSE243018 from AD model to cluster DAMs, following 
an approach similar to previous study (48). We also analyzed the 
scRNA-seq dataset GSE142445 from a stroke model to classify 
general brain cell types. Based on established criteria (49), we 
defined microglia subpopulations as homeostatic microglia, 
interferon-responsive microglia (IRM), DAM, and major histo-
compatibility complex class II (MHC class II)-expressing micro-
glia (MHC-II), each characterized by distinct cellular markers 
(Fig. 4A and SI Appendix, Fig. S9 A and B). Among these, the 
DAM2 subpopulation exhibited rapid expansion following stroke, 

accompanied by increases in DAM1 and MHC-II microglia as 
well (SI Appendix, Fig. S9C). To further explore these dynamics, 
we integrated our bulk RNA-seq data for cellular deconvolution 
analysis. As expected, there was a pronounced increase in the pro-
portion of microglia within the infarction core and peri-infarction 
zone. In agreement with our histological data, microglia propor-
tion was significantly decreased in Trem2 KO mice (SI Appendix, 
Fig. S9D). Further analysis of microglial subpopulations revealed 
a substantial shift in response to Trem2 depletion, which was asso-
ciated with a marked reshaping of poststroke microglial states. 
The increase in IRM microglia, which typically expands during 
the acute stage of neurological disease (50), together with elevated 
DAM1 microglia in Trem2 KO mice suggests that Trem2 deple-
tion disrupts the progression of microglia toward more activated 
inflammatory programs, including DAM2 and MHC-II–associated 
states (49) (Fig. 4B), thereby reshaping the neuroinflammatory 
landscape following ischemic stroke.            

Gpnmb Is a Trem2-Dependent Factor Conserved Across Mouse 
and Human Stroke Patients. To assess the clinical relevance of 
these DEGs identified in Trem2 WT and KO mice, we analyzed 
these DEGs in the human GSE162955 dataset (36), which 
includes brain samples from the ipsilateral and contralateral 

Fig. 4.   Integrated transcriptomic analysis reveals Gpnmb as a downstream effector of Trem2 after ischemic stroke. (A and B) Deconvolution analysis of 
microglial subpopulations in PT-induced stroke. Heatmaps show marker gene expression used to define microglial subsets (homeostatic, IRM, DAM1, DAM2, 
MHC-II) in GSE243018 dataset (A). Deconvolution analysis was performed to estimate subpopulation proportions in Trem2 WT and KO mice using GSE142445 
dataset as reference. PT-induced stroke reduces homeostatic microglia and increases IRM, DAM1, DAM2, and MHC-II subsets, whereas DAM2 and MHC-II 
populations in peri-infarction zone and infarction core are reduced in Trem2 KO mice (B). (C and D) Integrated mouse-human transcriptomic analysis (C) 
identifies conserved Trem2-associated genes. Four genes (Milr1, Siglec1, Gpnmb, Cd84) show strong correlation with Trem2 in ipsilateral tissue (R > 0.99, adjusted 
P < 0.05) (D). (E) Gpnmb mRNA expression in PT mouse brains at 7 DPI was measured by qPCR and normalized to WT contralateral tissue (n = 3).D
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regions of stroke tissue from patients in the acute to subacute 
phase. This allowed us to evaluate the correlation between Trem2 
expression and DEGs (Fig. 4C). Correlation analysis of DEGs 
from the contralateral region revealed no significant associations 
with Trem2. However, when we evaluated the DEGs from peri-
infraction zone and infraction core (Trem2 WT vs. KO) and 
asked whether these genes correlated with Trem2 expression 
levels in the human dataset from ipsilateral stroke tissue, four 
genes (Milr1, Siglec1, Gpnmb, and Cd84) demonstrated strong 
positive correlations with Trem2 expression (R > 0.99 and adjusted 
P < 0.05). Abca1 demonstrated a near-significant correlation 
(R = 0.9898 and adjusted P = 0.0599) (Fig. 4D). These genes 
appeared to be conserved in their alteration following stroke 
in both mice and humans. However, Milr1, Siglec1, Cd84, and 
Abca1 could not be successfully validated by qPCR in our mouse 
model (SI Appendix, Fig. S9E). Instead, qPCR results confirmed 
that Gpnmb (glycoprotein nonmetastatic melanoma protein B) 
expression was significantly upregulated in the peri-infarction zone 
and infarction core of WT mice. This induction was markedly 
diminished in Trem2 KO animals, suggesting that Gpnmb 
upregulation is Trem2-dependent (Fig. 4E).

 In recent years, Gpnmb  has been reported to positively correlate 
with Trem2  expression in various pathological conditions, includ-
ing AD, glioblastoma, and atherosclerosis (51–53). To further 
explore this relationship, we analyzed our RNA-seq data from 
Trem2 KO and WT mice in the PT stroke model using 
inflammation-related gene set enrichment analysis (GSEA). The 
results revealed that both Trem2  and Gpnmb  are positively asso-
ciated with tumor necrosis factor (TNF) superfamily cytokine 
production and leukocyte proliferation (SI Appendix, Fig. S10A). 
In transcriptomic datasets of stroke patient brains (GSE162955), 
﻿Gpnmb  showed a strong positive correlation with Trem2  in the 
acute-to-subacute phase in the ipsilateral region, but not in the 
contralateral region (SI Appendix, Fig. S10B). Interestingly, 
although Gpnmb  expression was not significantly induced during 
this phase, its expression was markedly elevated in the chronic 
phase (GSE56267) (SI Appendix, Fig. S10 B and C). Furthermore, 
a positive correlation with Trem2  was observed in both the 
chronic-phase stroke and control groups (SI Appendix, Fig. S10C). 
Additionally, we analyzed the published scRNA-seq datasets from 
PT models (42) to further validate this correlation. In the PT 
stroke model, Gpnmb  expression was significantly upregulated in 
the proximal peri-infarction area, but was much less prominent 
in the infarction core and distal peri-infarction area (SI Appendix, 
Fig. S10D), mirroring the expression pattern of Trem2  (SI Appendix,  
Fig. S3F). However, in the MCAO stroke model, where Trem2 is 
not upregulated, Gpnmb  expression was relatively low and not 
enriched in microglia (SI Appendix, Fig. S10E), strengthening our 
hypothesis that Gpnmb expression is regulated by Trem2. Notably, 
among microglial subpopulations after stroke, MHC-II microglia 
appears to be the only subpopulation expressing Gpnmb  (Fig. 4A), 
suggesting that Trem2-mediated effects may preferentially target 
this specific microglial subpopulation.

 To confirm the association between Trem2 and Gpnmb at the 
protein level, we performed WB and immunohistochemistry on 
brain tissue from PT stroke mice. WB analysis detected Gpnmb 
as double bands (~100 kDa) rather than the expected 70 kDa 
(SI Appendix, Fig. S11A), likely reflecting posttranslational mod-
ifications such as glycosylation and phosphorylation, as previously 
reported (54). Consistent with the qPCR results (Fig. 4E), Gpnmb 
protein levels were significantly elevated in both the peri-infarction 
zone and infarction core, with this elevation markedly attenuated 
in Trem2-depleted animals (SI Appendix, Fig. S11A). Immunostaining  
revealed that Gpnmb localized predominantly to Iba1+ microglia 

within the peri-infarction zone, with reduced expression observed 
in Trem2 KO mice (SI Appendix, Fig. S11 B and C). Notably, 
Gpnmb expression levels in the peri-infarction zone were further 
enhanced in sTrem2-treated WT mice compared to PBS-treated 
control animals following PT-induced stroke (SI Appendix, 
Fig. S11D). Since Gpnmb is implicated in lipid metabolism (55), 
we measured lipid droplet accumulation by quantifying BODIPY+ 
cells in the peri-infarction zone. Similar to Gpnmb expression, 
BODIPY coverage was decreased in KO mice but significantly 
increased in sTrem2-treated animals (SI Appendix, Fig. S11 C and 
D). Collectively, our data highlight Gpnmb as a Trem2-dependent 
factor conserved across mouse models and human stroke patients, 
suggesting that Gpnmb may represent a critical downstream effec-
tor of Trem2 in ischemic stroke.  

Soluble Gpnmb (sGpnmb) Diminishes the Protective Effect of 
Trem2 Depletion After Stroke. To determine whether Gpnmb 
functions downstream of Trem2 and mediates the Trem2-induced 
neurotoxic effects, we used BV2 cells subjected to the OGD 
model (SI Appendix, Fig. S12A). Similar to the in vivo results, 
both mRNA and protein levels of Gpnmb were elevated following 
OGD treatment. As expected, Gpnmb mRNA expression and 
protein levels were significantly reduced in Trem2-silenced BV2 
cells after OGD (SI Appendix, Fig.  S12 B and C), confirming 
that Gpnmb is positively regulated by Trem2. Additionally, 
the soluble form of Gpnmb (sGpnmb) in the culture medium 
was similarly upregulated following OGD but was markedly 
decreased in Trem2-silenced BV2 cells (SI Appendix, Fig. S12C). 
To investigate the functional implications of these microglial 
changes on neuronal survival, conditioned medium from BV2 
cells was applied to the mouse hippocampal neuronal cell line 
HT-22, followed by thiazolyl blue tetrazolium bromide viability 
assays (SI Appendix, Fig. S12A). The viability of HT22 cells was 
unaffected by conditioned medium from control or Trem2-
silenced BV2 cells under normal culture conditions (SI Appendix, 
Fig. S12D). In contrast, conditioned medium from OGD-treated 
BV2 cells caused significant cytotoxicity, which was mitigated 
by Trem2 knockdown (SI  Appendix, Fig.  S12D). Interestingly, 
supplementation with recombinant sTrem2 or sGpnmb in the 
BV2-conditioned medium increased its cytotoxicity to HT-22 
cells, regardless of either the conditioned medium was from control 
or OGD-treated BV2 cells (SI Appendix, Fig. S12D). Furthermore, 
adding sGpnmb diminished the neuroprotective effects of Trem2 
knockdown (SI Appendix, Fig. S12D). In addition, we examined 
whether Trem2 directly modulates microglial responses to OGD 
or neuronal cell debris (SI Appendix, Fig. S12E). BV2 cells were 
activated upon exposure to debris from HT-22 cells subjected 
to OGD, and their conditioned medium subsequently reduced 
the viability of a new batch of HT-22 cells. However, Trem2 
knockdown did not alter the microglial response to neuronal 
debris, as the effects on HT-22 cell viability remained unchanged 
(SI  Appendix, Fig.  S12F). We also quantified BODIPY+ lipid 
droplets in BV2 cells with or without OGD treatment. In the 
absence of OGD, minimal BODIPY+ lipid signals were observed. 
OGD treatment induced a substantial increase in BODIPY+ 
lipid droplets, which was attenuated by Trem2 downregulation. 
However, this attenuation was reversed by the addition of 
recombinant sGpnmb (SI Appendix, Fig. S12G).

 In the animal PT model, we injected recombinant sGpnmb protein 
or PBS into the targeted injury region of Trem2 WT or KO mice 1 
h before PT treatment (Fig. 5A), following a protocol similar to the 
previous experiment with sTrem2 injection. In PBS-treated animals, 
we again detected a protective effect of Trem2 deletion with reduced 
mNSS scores as compared to WT animals; however, this protection D
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was abrogated by sGpnmb pre-injection (Fig. 5B). sGpnmb 
pre-injection nullified Trem2-deficiency-induced alterations in infarc-
tion volume, neuronal survival, and microglial proliferation within 
the peri-infarction zone. Infarction volumes in sGpnmb-treated KO 
animals were significantly larger than in PBS-treated KO animals 
(Fig. 5C). Consistently, neuronal numbers were significantly reduced 
in the peri-infarction zone of Trem2 KO mice treated with sGpnmb 
compared to PBS treatment (Fig. 5D). In parallel, the density of both 
total and proliferating microglia was increased in sGpnmb-treated 
Trem2 KO mice relative to PBS-treated counterparts; however, the 
proportion of proliferating microglia relative to the total microglial 
population remained unchanged (Fig. 5E). Furthermore, Gpnmb and 
BODIPY signals were almost absent at the contralateral side 
(SI Appendix, Fig. S13A) but were significantly elevated in the 
peri-infarction zone of the sGpnmb-treated group compared to the 
PBS-treated group in Trem2 KO mice (Fig. 5F). To further elucidate 
the role of Trem2 in lipid metabolism, we performed lipid 
metabolism-related GSEA using our RNA-seq data from Trem2 WT 
and KO mice following PT-induced stroke, similar to SI Appendix, 
Fig. S10A. The analysis confirmed that Trem2 is positively associated 
with lipid homeostasis, lipid localization and its positive regulation, 
and lipid storage (SI Appendix, Fig. S13B). Collectively, our findings 
suggest that Gpnmb/sGpnmb is a downstream effector of Trem2, 
promoting lipid droplet accumulation in microglia and ultimately 
exacerbating neuronal death in ischemic stroke.            

Plasma Trem2 and Gpnmb Levels Are Associated with Unfavorable 
Stroke Outcomes. Next, we examined the protein levels of sTrem2 
and sGpnmb in the plasma samples from stroke patients and 

controls. The clinical characteristics of the enrolled stroke patients 
and control individuals are summarized in SI Appendix, Table S3. 
Whole blood samples were collected approximately 24 h after 
symptom onset, and plasma was isolated for subsequent analysis 
(Fig.  6A). Plasma protein levels of both sTrem2 and sGpnmb 
were significantly elevated in stroke patients compared to controls 
(Fig. 6B). Notably, strong correlations between plasma sTrem2 and 
sGpnmb were observed in plasma from both control individuals 
and stroke patients (Fig.  6C). To assess the potential of plasma 
sTrem2 and sGpnmb as biomarkers of stroke severity, we evaluated 
neurological functions using the National Institute of Health Stroke 
Scale (NIHSS), Fugl-Meyer Assessment (FMA), Modified Barthel 
Index (MBI), and Stroke Scales of Traditional Chinese Medicine 
(SSTCM). The 16 patients were stratified into two groups based on 
their performance in these assessments. The group with favorable 
outcomes demonstrated significantly lower NIHSS and SSTCM 
scores and higher FMA and MBI scores, compared to the group 
with poor outcomes (SI Appendix, Fig. S14). Plasma sTrem2 levels 
were significantly higher in the group with poor outcomes (Fig. 6D). 
Plasma sGpnmb levels tended to be higher in the poor-outcome 
group, although the difference did not reach statistical significance, 
which is likely attributable to the small sample size of this subgroup 
(Fig. 6D). Receiver-operating characteristic (ROC) curve analysis 
further demonstrated that plasma levels of both sTrem2 and 
sGpnmb accurately predicted stroke severity, with high sensitivity 
and specificity (Fig.  6E). These results indicate that elevated 
plasma sTrem2 and sGpnmb levels are associated with unfavorable 
neurological outcomes following stroke, highlighting their potential 
as circulating biomarkers.

Fig. 5.   sGpnmb reverses the protective effects of Trem2 deficiency after PT-induced stroke. (A) Scheme of intracerebral recombinant sGpnmb or PBS injection 
into Trem2 WT or KO mice before PT stroke. (B) Neurological function assessed by mNSS at 7 DPI (n = 6). (C and D) Nissl staining (C) and NeuN immunostaining 
(D) at 7 DPI quantified infarction volume and peri-infarction neuronal survival across groups (C: n = 6; D: n = 5). (E) Iba1 and EdU costaining quantified total and 
proliferating microglia, and their proportion, in the peri-infarction zone (n = 5). (F) Gpnmb, Iba1, and BODIPY immunostaining assessed Gpnmb expression and 
lipid droplet accumulation in the peri-infarction zone (n = 5).D
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Discussion

﻿Neuroinflammation plays dual roles in brain injury and neurode-
generation, with microglia promoting neuronal survival or con-
tributing to secondary damage in a disease- and stage-specific 
manner (56, 57). Trem2 is a key modulator of microglial function, 
balancing protective and detrimental effects (58). While Trem2 is 
generally considered protective in AD (59, 60), its role in ischemic 
stroke remains controversial. Our study shows that Trem2 is 
upregulated in the PT model but not in distal or transient MCAO, 
suggesting PT is more appropriate for studying Trem2 in stroke. 
Trem2 depletion reduces infarction volume, neuronal loss, and 
neuroinflammation, accompanied by decreased Gpnmb expres-
sion and lipid droplet accumulation in microglia, highlighting 
Gpnmb as a downstream effector. sGpnmb counteracts these 
benefits and elevated plasma sTrem2 and sGpnmb correlate with 
poor outcomes in stroke patients, underscoring their potential as 
biomarkers. These findings are summarized in SI Appendix, 
Fig. S15. A key limitation of this study is that the animal experi-
ments were conducted exclusively in young male mice housed 

under specific-pathogen-free (SPF) conditions, which may influ-
ence innate immune responses. Future studies should examine the 
potential effects of age and sex as variables that may modulate 
Trem2 function, and consider the use of wild or non-SPF mice 
with more ecologically adapted innate immunity.

 Trem2 exists in both membrane-bound and soluble forms 
(sTrem2). In AD, sTrem2 promotes microglial survival via the 
PI3K/Akt pathway and enhances cytokine production through 
NF- κB signaling, independent of membrane Trem2 (16). In our 
study, the effects of sTrem2 were not validated in Trem2 KO mice. 
Thus, sTrem2 may act through Trem2 receptor-dependent mech-
anisms or via Trem2 receptor-independent pathways, which 
remains an important question for further investigation.

 Microglial responses are more complex than the M1/M2 par-
adigm (7). Trem2 KO mice displayed expansion of IRMs subpop-
ulation following PT-induced stroke (Fig. 4B). IRMs, linked to 
disease and cortical development (61, 62), can exacerbate inflam-
mation through an aberrant IFN-I/cGAS/STING pathway thus 
hinders recovery after stroke (63), but may also support cortical 
remodeling and homeostasis (62). Therefore, increased IRMs in 

Fig. 6.   Plasma sTrem2 and sGpnmb correlate with poor stroke outcomes in patients. (A) Clinical study design: Blood was collected from patients and controls 
for plasma sTrem2 and sGpnmb measurement by ELISA; neurological function was assessed. (B) Plasma sTrem2 and sGpnmb levels in controls (n = 7) and 
stroke patients (n = 41). (C) Correlation between plasma sTrem2 and sGpnmb. (D) Levels of sTrem2 and sGpnmb in patients with good vs. poor outcomes  
(n = 8). (E) ROC curves show predictive value of sTrem2 and sGpnmb for stroke outcomes.
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Trem2 KO mice may reflect not only enhanced inflammation but 
also a shift toward reparative or homeostatic functions. DAM1 
microglia exhibited a transitional profile with reduced homeostatic 
markers (Fig. 4A and SI Appendix, Fig. S9A). The predominant 
Spp1+ subpopulation corresponds to DAM2 microglia (Fig. 4A 
and SI Appendix, Fig. S9A), which play age-dependent roles in 
stroke (64). Trem2 depletion reduced Spp1+ DAM2 cells (Fig. 4B), 
supporting their detrimental role in stroke. In addition, MHC-II 
microglia, which exacerbate neurodegeneration (49), was reduced 
in Trem2 KO mice (Fig. 4B), and Gpnmb was identified as a 
marker of this subpopulation (Fig. 4A and SI Appendix, Fig. S9A), 
suggesting that Trem2 regulates MHC-II microglia through 
Gpnmb in ischemic stroke.

 Integrative analysis of our RNA-seq data with patient-derived 
transcriptomic datasets identified Trem2 as a central regulator of 
stroke responses through multiple downstream targets. Although 
some candidates were not validated by qPCR, they may be differ-
entially expressed in specific cell populations in Trem2 KO mice 
(Fig. 4D and SI Appendix, Fig. S9E). Ischemic stroke is character-
ized by dysregulated lipid metabolism closely linked to neuroin-
flammation (65). Notably, ABCA1, a key cholesterol transporter 
regulating lipid homeostasis (66) and ApoE metabolism in micro-
glia (67), was altered. We also identified changes in lysosomal 
proteases cathepsin D (CTSD) and cathepsin Z. CTSD regulates 
ABCA1-mediated cholesterol efflux (68) and protects neurons 
from ischemic injury (69), implicating lysosomal dysfunction in 
Trem2-associated effects. Additionally, several Trem2-regulated 
genes associated with immune cell infiltration (70), including 
MILR1 (71), CD84 (72), and Siglec1 (73), suggesting that Trem2 
coordinates crosstalk between resident microglia and infiltrating 
immune cells during stroke.

 Gpnmb, originally described as an antitumor factor, can also 
promote immunosuppression in cancer (74, 75). Gpnmb deple-
tion leads to reduced tumor growth and a shift toward a proin-
flammatory tumor microenvironment (76). In the central nervous 
system, Gpnmb is associated with anti-inflammatory and neu-
rorepair functions (77). Its role in stroke appears to parallel that 
of Trem2: Previous MCAO studies reported modest (<2 fold) 
increases of Gpnmb (78, 79), whereas our PT model shows robust 
upregulation and detection of glycosylated isoforms, which may 
influence its function (SI Appendix, Fig. S11A). Like Gpnmb, 
Trem2 undergoes glycosylation, affecting trafficking and signaling 
(80, 81) (Fig. 1H). In vitro and in vivo studies demonstrate 
context-dependent roles for Gpnmb (82, 83), converging with 
Trem2 on PI3K/Akt and NF- κB pathways (16, 78, 79), highlight-
ing the need for careful model selection.

 Importantly, sGpnmb, like sTrem2, may serve as a biomarker. 
Both Trem2 and Gpnmb are cleaved by ADAM10 and released 
extracellularly (84, 85). Elevated serum sGpnmb have been asso-
ciated with poor prognosis in cancers (86, 87), and both previous 
report and our findings in stroke patients align with these 

associations (79) (Fig. 6 B–E). Notably, recombinant sGpnmb 
ameliorates injury in the MCAO models (78), but exacerbates 
damage in our PT model (Fig. 5 B–F), underscoring model- 
dependent effects. However, larger patient cohorts are needed to 
establish clinical utility for sTrem2 and sGpnmb.

 Our data show coordinated upregulation of Trem2 and Gpnmb 
at transcript and protein levels, suggesting synergistic roles in post-
stroke neuroinflammation. Whether sGpnmb reversely modulates 
Trem2 or interacts with membrane-bound Gpnmb remains to be 
determined. Mapping the interactomes in ischemic conditions 
could reveal extracellular mechanisms and identify therapeutic 
targets to modulate microglial and immune responses. Our find-
ings highlight that the pathophysiological role of a molecule may 
vary across experimental models, underscoring the importance of 
aligning model selection with clinical signatures to improve trans-
lational relevance.  

Methods

Study Design. This study was designed to investigate the role of Trem2 in post-
stroke neuroinflammation using a mouse model that closely replicates clinical 
conditions. Trem2 KO mice and sTrem2-injected mice were analyzed in a PT 
model. Cross-species analysis and experimental validation identified Gpnmb as a 
conserved Trem2 effector. This finding was further supported by analysis of plasma 
samples from stroke patients. Detailed methods are described in SI Appendix.

Data, Materials, and Software Availability. RNA-sequencing data have been 
deposited in GEO (GSE280846) (88). All other data are included in the manuscript 
and/or supporting information.
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