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Elevated Lipoprotein-Associated Phospholipase A2 Is Associated With Intracranial Atherosclerosis
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Background: Lipoprotein-associated phospholipase A2 (Lp-PLA2) is an inflammatory factor in the pathogenesis of atherosclerotic plaque and is associated with an increased risk of ischemic stroke. Whether Lp-PLA2 is associated with stenosis subtypes in acute ischemic stroke (AIS) has not been investigated.

Methods: A total of 126 eligible AIS patients were divided into four groups: (1) no cerebral artery stenosis (NCS); (2) intracranial artery stenosis (ICAS); (3) extracranial artery stenosis (ECAS); and (4) combined intracranial and extracranial artery stenosis (IECS). Associations between serum Lp-PLA2 levels and the stenosis subtypes were assessed.

Results: The ICAS group had a lower frequency of dyslipidemia as compared to the NCS group and the IECS group (35.3% vs. 70% vs. 71.8%, respectively, p = 0.001) and was more likely to be symptomatic than the ECAS group (76.5% vs. 43.8%, respectively, p = 0.014). Lp-PLA2 levels in the ICAS group were 112.2 ± 66.8 μg/L which are, higher than those in the NCS, ECAS, and IECS groups (81.7 ± 38.5, 106.1 ± 57.8, 89.3 ± 52.2 μg/L, respectively, p = 0.025). In the third and fourth quartiles of Lp-PLA2 levels, stenosis had occurred more frequently in the ICAS group than in the other three groups (third Q: 50.0% vs. 3.1% vs. 28.1% vs. 18.8%, p = 0.002; fourth Q: 48.4% vs. 16.1% vs. 25.8% vs. 9.7%, p = 0.014). Lp-PLA2 levels were higher in patients with more or severe stenosis in the ICAS group.

Conclusions: Elevated Lp-PLA2 levels were differentially associated with increased risk in AIS patients with ICAS compared to those with ECAS or no stenosis. Lp-PLA2 may be a promising biomarker and potential therapeutic target for ICAS.
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INTRODUCTION

Stroke is one of the major causes of disability and mortality worldwide. Intracranial atherosclerotic disease (ICAD) has a higher prevalence in the Chinese than in other populations, accounting for approximately one-third of stroke cases in China (1). Patients with ICAD are at a higher risk of recurrent ischemic events and death compared to patients with other stroke subtypes (2).

Lipoprotein-associated phospholipase A2 (Lp-PLA2) plays a key role in the pathogenesis of atherosclerosis due to its pro-inflammatory and pro-oxidative effects. Because of its highly sensitive and specific features for vascular inflammation, Lp-PLA2 raises many concerns and has been linked to an increased risk of first-ever or recurrent ischemic stroke and myocardial infarction (3). As such, the US Food and Drug Administration approved the Lp-PLA2 activity test to evaluate the risk of cardiovascular events (4). The American Heart Association/American Stroke Association demonstrated that Lp-PLA2 measurements are useful in predicting which patients are at higher risk of stroke (5), and the European Society of Cardiology recommended Lp-PLA2 as a predictor of increased risk for a recurrent acute atherothrombotic event (6). A meta-analysis of 32 prospective studies indicated a positive association between Lp-PLA2 activity or levels and the incidences of coronary heart disease, stroke, and cardiovascular disease mortality, after adjustment for traditional risk factors (7). In a stroke-free hypertension cohort, Wang et al. (8) found that Lp-PLA2 levels are significantly related to isolated intracranial artery stenosis (ICAS) and concurrent extra-intracranial stenosis, but not to isolated extracranial artery stenosis (ECAS). In another stroke-free cohort (9), Lp-PLA2 levels were found to be positively correlated with ICAS or ECAS. However, it is unknown whether Lp-PLA2 levels are associated with ICAS in patients with acute ischemic stroke (AIS). Here, we identified an association between serum Lp-PLA2 levels and subtypes of large-vessel atherosclerosis in patients with ischemic stroke.



MATERIALS AND METHODS


Subjects

In this cross-sectional study, we retrospectively reviewed the prospectively maintained stroke registry at Xuanwu Hospital Capital Medical University in China. We prospectively enrolled patients with AIS between March 2010 and February 2012 and included 126 consecutive patients whose Lp-PLA2 levels were obtained within the first 14 days after AIS. Ischemic stroke was diagnosed based on the AHA/ASA criteria (10), and each stroke case was confirmed by brain computed tomography (CT) or magnetic resonance imaging (MRI). The inclusion criteria were as follows: (1) patients with AIS within 14 days from the onset of symptoms and (2) patients aged between 40 and 80 years old. Prior studies (11, 12) showed that thrombolytic therapy and endovascular interventions could alter immune-inflammatory responses after acute stroke. To exclude the impact of revascularization procedures on serum biomarkers, patients were excluded if they had been treated with revascularization procedures within 24 h prior to enrollment. The other exclusion criteria were as follows: (1) any intracranial hemorrhage occurring within 90 days prior to enrollment; (2) arterial stenosis or occlusion due to arterial dissection, due to any known vasculitic disease or hereditary vessel disorders; (3) intracranial neoplasm, cerebral aneurysm, or arteriovenous malformation; (4) cardiac sources of embolism; (5) significant bleeding/coagulation dysfunction; (7) severe renal or hepatic disease, cancer, or critical illness; (7) respiratory and circulatory failure; and (8) acute or chronic inflammatory diseases, and autoimmune diseases. The classification of stroke etiology was based on the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria (13). Patients classified with large-artery atherosclerosis (LAA) or small-vessel occlusion (SVO) were included, and the other three subtypes (cardioembolism, stroke of other determined etiology, and stroke of undetermined etiology) were excluded. This study was approved by the Ethics Committees of Xuanwu Hospital, Capital Medical University. All participants signed informed consent forms before participating in this study.



Clinical Assessments

Clinical information and cerebrovascular risk factors were collected by an interviewer, including personal and family history of hypertension, hyperlipidemia, diabetes and coronary heart disease, smoking and drinking habits, current drug intake, among others. Each patient's initial National Institute of Health Stroke Scale (NIHSS) was assessed at admission. All biochemical measurements, including complete blood count, serum lipid levels, liver and kidney functions, fasting plasma glucose, homocysteine (HCY), and erythrocyte sedimentation rate (ESR) were performed at the Central Laboratory of Xuanwu Hospital (Beijing, China) using standard protocols.

Blood samples were collected within 24 h of admission. Serum was separated by centrifugation for 10 min at 2,000 × g and stored in freezers at −80°C. To reduce inter-assay errors, Lp-PLA2 and high-sensitivity C-reactive protein (hs-CRP) levels were measured simultaneously for all participants using an enzyme-linked immunoassay according to the manufacturer's instructions. In brief, the serum was added to a microtiter plate that was pre-immobilized with a monoclonal antibody against Lp-PLA2 or hs-CRP (DPLG70, QK1707, R&D System, USA) and then incubated with anti-Lp-PLA2 or anti-hs-CRP antibody labeled with horseradish peroxidase. Optical density was determined with a microplate reader at 450 nm.



CT Angiography Protocol

Computed tomography angiography (CTA) was performed with a 64-section helical CT scanner (GE, Light Speed VCT-XT) as described in an earlier study (14) with modifications. In brief, CTA acquisitions were obtained after a single bolus intravenous injection of 60 ml of iopromide. Scanning covered the whole brain down to the level of the aortic arch with a slice thickness of 5 mm. All images were read with the AW4.2P vessel software independently by two experienced radiologists who were blinded to the clinical data.

The percentage of stenosis was calculated as the ratio of the diameter of the diseased artery at its most severe site divided by the diameter of a nearby normal segment, as previously reported (15). The degree of stenosis was categorized into grades I (30–49%), II (50–69%), and III (≥70%). The number of arteries with stenosis for each patient was counted. The maximum extent of stenosis was chosen as representative of each subject. Based on CTA results, all participants were categorized into four groups (15, 16): no cerebral artery stenosis (NCS), ICAS, ECAS, and combined intracranial and extracranial artery stenosis (IECS). According to the TOAST classification (13), patients with AIS in the NCS group were considered as the TOAST subtype of SVO. Patients with symptomatic artery stenosis in the ICAS, ECAS, or the IECS groups were identified as the subtype of LAA, and the remaining individuals were classified as the subtype of SVO.



Statistical Analyses

Statistical analyses were performed with SPSS, version 22.0 (SPSS, Inc., Chicago, IL, USA). Data normality was assessed using the Shapiro–Wilk or Kolmogorov–Smirnov test. Continuous variables are presented as mean ± standard deviation (SD) or as medians [interquartile range (IQR)], based on whether the data were normally distributed or not. One-way analysis of variance (ANOVA) test or analysis of covariance for normally distributed continuous variables and the least significant difference (LSD) test for post-hoc multiple comparisons were performed. Friedman's test was used in cases where the data were not normally distributed. Categorical variables were compared using chi-squared tests. A Pearson χ2 test was used when no subgroup had an expected count below five; otherwise, a Fisher's exact test was performed. The values of p < 0.05 were considered statistically significant.




RESULTS


Characteristics of the Subject Population

A total of 126 patients with AIS were enrolled in this study. The average age was 59.1 ± 10.2 years, and 78.6% (99 out of 126) were men. Among 126 patients with AIS, 15.9% (n = 23) had no stenosis, 40.5% (n = 51) had ICAS only, 12.7% (n = 16) had ECAS only, and 31.0% (n = 39) had IECS. Among the 106 patients with stenosis, 271 arteries were confirmed to be stenotic (Table 1). There were no statistical differences in the proportion of different stenosis grades among the ICAS, ECAS, and IECS groups (p = 0.961).


Table 1. Numbers, percentages, and grades of arteries with stenosis in the IECS, ICAS, and ECAS groups.
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The general characteristics of patients according to the location of stenosis are shown in Table 2. Compared to the NCS group, the IECS group had a higher frequency of coronary heart disease (35.9% vs. 5.0%, p = 0.01) and a lower frequency of hyperhomocysteinemia (17.9% vs. 50%, p = 0.01). The NCS and IECS groups were more likely to suffer from dyslipidemia than the ICAS group (70.0% vs. 71.8% vs. 35.3%, p = 0.001). The ICAS group was more likely to be symptomatic compared to the ECAS group (76.5% vs. 43.8%, p = 0.014).


Table 2. Clinical characteristics of patients according to the location of arterial stenosis.
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Laboratory Examinations

Laboratory parameters between the different stenosis groups are shown in Table 3. Lp-PLA2 levels were significantly different among the NCS, ECAS, ICAS, and IECS groups (81.7 ± 38.5 vs. 106.1 ± 57.8 vs. 112.2 ± 66.8 vs. 89.3 ± 52.2 μg/L, p = 0.025). Further statistical analysis indicated that there was a modest but statistically significant difference between the ICAS and NCS groups (p = 0.047, Figure 1A). After adjustment for dyslipidemia, coronary heart disease, hyperhomocysteinemia, and TOAST subtypes at baseline, the differences in Lp-PLA2 levels remained statistically significant among the four groups (80.1 ± 15.7 vs. 104.2 ± 15.0 vs. 109.0 ± 9.1 vs. 95.2 ± 10.4 μg/L, p = 0.044). Further statistical analyses indicated that Lp-PLA2 levels in the ICAS group were significantly higher than those in the NCS group (p = 0.048) after adjustment for the above three factors.


Table 3. Laboratory parameters in patients from different stenosis subtypes.
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FIGURE 1. Serum lipoprotein-associated phospholipase A2 (Lp-PLA2) (A) and homocysteine (HCY) (B) levels in different stenosis subtypes. Lp-PLA2 levels were higher in the intracranial artery stenosis (ICAS) group than that in the other three groups, and the difference between the no cerebral artery stenosis (NCS) and ICAS groups was statistically significant (A). The HCY level was significantly higher in the NCS group than in the intracranial and extracranial artery stenosis (IECS) group (B).


Similarly, the average HCY level in the IECS group was 16.9 ± 10.0 μmol/L, which was significantly lower than that in the NCS group (27.2 ± 21.9 μmol/L, p = 0.017, Figure 1B). However, there was no significant difference when compared with the ICAS or ECAS group (21.5 ± 15.6 and 24.0 ± 14.8 μmol/L, respectively). After adjustment for dyslipidemia, coronary heart disease, and TOAST subtypes at baseline, HCY levels were different among the four groups (26.2 ± 4.0, 23.0 ± 3.9, 21.4 ± 3.9, and 17.9 ± 2.7 μmol/L, respectively, p = 0.031). Further statistical analyses indicated that the levels of Lp-PLA2 were different between the NCS and IECS groups (p = 0.033) after adjustment.



Lp-PLA2 Levels and ICAS/ECAS

To further investigate whether Lp-PLA2 levels are related to stenosis subtype, we divided Lp-PLA2 levels into four quartiles (Table 4): first (30.8–59.4 μg/L), second (59.4–86.9 μg/L), third (86.9–117.3 μg/L), and fourth (117.3–327.0 μg/L) quartiles. The median Lp-PLA2 mass was 86.9 μg/L (IQR, 59.4–117.3 μg/L). There was no significant difference in the percentage of the four quartiles of Lp-PLA2 levels among the NCS, IECS, ICAS, and ECAS subgroups, although there was a trend toward increased risk of ICAS among participants in the third and fourth quartiles when compared with the first and second [19.6% (first) vs. 19.6% (second) vs. 31.4% (third) vs. 29.4% (fourth), p = 0.491]. However, when we performed further statistical analysis of the stenosis subtype in the third and fourth quartiles, we found that, when Lp-PLA2 levels were in the third and fourth quartiles, the proportion of the ICAS group was higher than that of the other three subgroups (third Q: 16[50.0%] vs. 1[3.1%] vs. 9[28.1%] vs. 6[18.8%], p = 0.002, Figure 2A; fourth Q: 15[48.4%] vs. 5[16.1%] vs. 8[25.8%] vs. 3[9.7%], p = 0.014, Figure 2B).


Table 4. Percentage distribution of stenosis subtypes among the four quartiles of lipoprotein-associated phospholipase A2 (Lp-PLA2).
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FIGURE 2. Distribution of different stenosis subtypes in the third (A) and fourth (B) quartiles of Lp-PLA2. The prevalence of NCS, ICAS, extracranial artery stenosis (ECAS), and IECS according to the level of Lp-PLA2. There was a trend toward an increased risk of ICAS in the third and fourth quartile.




Lp-PLA2 Levels and the Number/Severity of Stenosis Events in ICAS

We further investigated whether Lp-PLA2 levels are related to the severity of stenosis, including the number of lesions, the extent of stenosis, and asymptomatic and symptomatic disease in the ICAS group. Patients with two or more lesions had higher Lp-PLA2 levels compared to those with one lesion and with no arterial stenosis (128.3 ± 79.3 vs. 95.5 ± 46.6 vs. 81.7 ± 38.5 μg/L, p = 0.025, Figure 3A). Patients with severe ICAS had relatively higher Lp-PLA2 levels than those with moderate or mild ICAS, but there was no statistically significant difference (150.9 ± 100.0 vs. 110.7 ± 70.7 vs. 108.2 ± 61.7 μg/L, p = 0.152, Figure 3B). There was no difference in Lp-PLA2 levels between patients with asymptomatic and symptomatic ICAS (110.0 ± 69.4 vs. 119.3 ± 59.8 μg/L, p = 0.676, Figure 3C). Patients with higher Lp-PLA2 levels in the ICAS group had an increased risk for multiple or severe stenosis.


[image: Figure 3]
FIGURE 3. Serum Lp-PLA2 levels and the severity of stenosis in ICAS. (A) Serum levels of Lp-PLA2 levels according to the number of ICAS. Compared with those with one lesion and with no arterial stenosis, Lp-PLA2 levels in patients with two or more lesions were higher. (B) Serum levels of Lp-PLA2 levels according to the severity of stenosis of ICAS. Lp-PLA2 levels in patients with severe ICAS were relatively higher than in those with moderate or mild ICAS. (C) Serum levels of Lp-PLA2 levels according to symptomatic and asymptomatic ICAS. There was no difference in the Lp-PLA2 level between patients with asymptomatic and symptomatic ICAS.





DISCUSSION

In this study, we assessed the association between Lp-PLA2 levels and the location and burden of cerebral atherosclerosis in patients with AIS. We found that patients with ICAS had modestly higher Lp-PLA2 levels than those with NCS and showed a trend for higher Lp-PLA2 levels compared to those with ECAS. Furthermore, a higher Lp-PLA2 level was associated with an increased risk of multiple or severe stenosis in ICAS, suggesting that increased Lp-PLA2 levels might be a risk factor for ICAS.

Lipoprotein-associated phospholipase A2 plays a key role in the pathogenesis of atherosclerosis and has been reported to be positively correlated with subclinical cerebral artery atherosclerotic stenosis, either ICAS or concurrent extra-intracranial stenosis in a stroke-free cohort (8). The present study reveals that serum Lp-PLA2 levels are associated with ICAS in the context of ischemic stroke. The risk of ICAS increased with a higher Lp-PLA2 level in patients with AIS, and patients with higher Lp-PLA2 levels showed more severe ICAS and more intracranial arterial lesions, suggesting that Lp-PLA2 levels are associated with ICAS in both non-stroke and stroke conditions. Therefore, Lp-PLA2 levels should be investigated as a potential biomarker to screen and identify subjects at a higher risk for ICAS in both non-stroke and stroke conditions.

The mechanisms underlying the effect of Lp-PLA2 on atherosclerotic lesions are not entirely understood. One potential mechanism is that Lp-PLA2 participates in the vascular inflammatory process, leading to atherosclerotic lesions. Intracranial arteries are more susceptible to oxidative stress and inflammatory reactions than extracranial arteries due to the absence of an external elastic lamina, the prominent expression of proteasomes that are pro-inflammatory in nature, and reduced expression of inhibitors of inflammation (17). As a proinflammatory and prooxidative molecule, Lp-PLA2 activity and expression levels were associated with the severity of vascular inflammation. Thus, Lp-PLA2 may cause more severe inflammation and oxidative damage in intracranial arteries than in extracranial arteries. Consistent with this, we found that patients with ICAS had higher Lp-PLA2 levels than those with NCS, and a trend for higher Lp-PLA2 levels compared with those with ECAS. Although the specific Lp-PLA2 inhibitor darapladib failed to reduce cardiovascular death, MI, or stroke in two large phase III trials (SOLID-TIMI and STABILITY) in patients with atherosclerosis, Lp-PLA2 might be a rational therapeutic target for ICAS with the development of more potent and selective inhibitors (6).

In our study, patients with AIS in the NCS group were attributed to SVO. The pathogenic mechanisms underlying LAA and small vessel disease remain controversial. Hypercholesterolemia can induce small vessel disease (18). Total cholesterol (TC), which can trigger chronic low-grade inflammation, oxidative stress, and abnormalities in fibrinolysis/coagulation, eventually causes endothelial dysfunction (19) and is linked to a higher frequency and severity of small vessel disease (20). Yu et al. (21) found that the levels of TC and triglycerides were decreased in patients with LAA compared with those in the small vessel disease group. The relationship between lipid profiles with subtypes of vessel atherosclerosis is still under debate. Patient selection, classification of subtypes, and the use of statins may contribute to these differences.

Several previous studies have demonstrated that ICAS and ECAS share similar risk factors, but disparities still exist. Age, hyperlipidemia, and male sex are independent predictors of ECAS, whereas age, unhealthy lifestyles, metabolic disturbance, and hypertension are related to ICAS (22). In line with this, we also found that the ICAS group had a lower frequency of dyslipidemia compared with the IECS group and that the ICAS group was more likely to be symptomatic than the ECAS group. Compared with extracranial arteries, atherosclerosis is more prone to occur in intracranial arteries in Asian and African populations. Among symptomatic patients, the prevalence of ICAD is 33–54% in Asian patients and is around 10% in the Caucasian population (22).

In a meta-analysis of 22 studies involving 157,693 participants, Hu et al. (23) demonstrated that elevated baseline Lp-PLA2 levels, either activity or mass, are associated with increased stroke risk. Lin et al. (24) found that the risk of short-term recurrence increased by 7% for every 30 nmol/min/ml increase of Lp-PLA2 in patients with transient ischemic attack (TIA) in the CHANCE study. Zhou et al. (25) indicated that Lp-PLA2 was independently related to admission severity in patients with AIS, implying a predictive value of Lp-PLA2 for severe cases of stroke. Furthermore, increased Lp-PLA2 levels are not only associated with unfavorable functional outcomes at 3 months and 1 year after AIS (26) but are also an independent predictive factor for all-cause death within 1 year after AIS (27).

As one of the most common causes of stroke, intracranial atherosclerosis is also correlated with a high risk of recurrent stroke. Cao et al. (28) found that the optimal value of Lp-PLA2 levels was 136.46 ng/ml, at which the sensitivity and specificity for the diagnosis of the presence of moderate-to-severe artery stenosis or occlusion were 79.6% and 95.2%, respectively, and the area under the curve (AUC) was 0.938, indicating that the serum Lp-PLA2 level has an excellent diagnostic value for severe stenosis. Wang et al. (29) found that increased serum Lp-PLA2 levels independently predict early neurological deterioration in first-ever AIS patients with large arterial atherosclerosis. In patients with ICAS, Lp-PLA2 elevations were found to be associated with plaque enhancement and surface irregularity, and combined assessments of Lp-PLA2 concentration and plaque enhancement were of greater diagnostic value for the risk of AIS in patients with ICAS (30). Lp-PLA2 levels might be a useful tool to identify patients with ICAS at higher risk of new vascular events (31). For TIA patients with unilateral middle cerebral artery stenoses, Lp-PLA2 levels may also be a promising biomarker to predict plaque vulnerability (32). However, there are few studies on the association of Lp-PLA2 with stenosis subtype in patients with AIS. In our study, we found that higher Lp-PLA2 levels are associated with an increased risk of multiple or severe ICAS and that Lp-PLA2 levels were higher in AIS patients with ICAS than in those with one of the other three groups.

Our study has several limitations. First, the design was cross-sectional, which does not allow the evaluation of the real prognostic impact of Lp-PLA2 levels in patients with ICAS. Second, our data were obtained from a single center in China, and the sample size was relatively small. The incidence of ICAS is higher in Chinese than in other populations (1). Standard errors (SEs) or IQRs vary greatly due to this limited sample size. An increase in sample size and populations may produce more generalizable information, such as whether Lp-PLA2 levels are different between ICAS and IECS groups, and whether Lp-PLA2 is associated with ICAS in other populations. Third, patients with metabolic syndrome have chronic low-grade inflammation and higher Lp-PLA2 activity (33). Increased Lp-PLA2 activity is associated with metabolic syndrome and favors a hypercoagulable and pro-inflammatory state (2). There are several possible mechanisms linking Lp-PLA2 and metabolic syndrome (34), including triggering the production of pro-inflammatory cytokines and inducing and aggravating insulin resistance. All of these increase the risk for both diabetes and atherosclerosis. In addition, Lp-PLA2 could be an indicator of enhanced adipose tissue inflammation, adipokine perturbations, and/or increased fatty acid flux. This may provide a new insight for dissecting the pathogenesis of atherosclerosis in metabolic syndrome and warrants further testing. The fourth limitation of our studies is that blood samples were measured in an acute period of AIS and at variable time intervals from stroke onset, which potentially jeopardizes the validity of our findings. Nevertheless, the Northern Manhattan Study suggested that Lp-PLA2 levels decreased modestly overtime after stroke and remains relatively stable for defining major risk categories (35). Finally, Lp-PLA2 activity was not measured in this study. The Framingham Heart Study suggested that Lp-PLA2 activity and level represent distinct pathophysiological and clinical information (36).

Further studies are needed to elucidate the mechanisms by which Lp-PLA2 promotes increased diffuse intracranial atherosclerosis and to evaluate the impact of Lp-PLA2-lowering therapies on the progression of ICAS. Serum biomarkers alone would be of limited value in predicting stroke risk and prognosis in patients with ICAS. Multimodal imaging technologies can provide a combination of information from the intracranial vessel wall, blood flow in large and intermediate arteries, tissue perfusion, and small vessel disease. These include high-resolution MRI, 3D pseudocontinuous arterial spin labeling, 4D flow MRI, and 7T vessel wall and brain MRI. These technologies may be useful in identifying intracranial atherosclerosis with a higher risk of stenosis or ischemic events (37–39). The combination of blood biomarkers and imaging-based biomarkers, particularly imaging, shows vessel walls at high resolution, will be a future trend in the assessment of the pathogenesis and progression of ICAS as well as potential therapeutic targets, and this warrants further investigation.



CONCLUSION

In conclusion, elevated Lp-PLA2 levels were associated with an increased risk of ICAS in patients with AIS, and the level of Lp-PLA2 was higher in patients who had more or severe lesions of ICAS, suggesting that Lp-PLA2 is a promising biomarker for ICAS, and may be a potential therapeutic target for ICAS.
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