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Immune and inflammatory mechanisms play key roles in the development and outcome of acute ischemic stroke (AIS). β2-Microglobulin (β2M) is the light chain of major histocompatibility complex-1 (MHC-1), which can directly and quickly reflect the immune and inflammatory state of the body. Previous studies have shown a close relationship between β2M and AIS, but its relationship with the recurrence of AIS has not been reported. This study attempted to explore the relationship between β2M and the recurrence of AIS. A single-center AIS cohort involving 135 patients was followed for approximately 26–46 months. Clinical and laboratory data from the patients were collected when hospitalized. The endpoint was the occurrence of recurrent AIS after patients were discharged. Propensity score matching was used to match cohort groups. Cox regression analysis was used to predict risk factors for recurrent AIS, and receiver operating characteristic curve (ROC) analysis was used to calculate the optimal cutoff value for discriminating recurrence in patients with AIS. The rate of recurrence was 29.6% [95% CI, 21.8%–37.3%] in the follow-up group. Patients with higher levels of serum β2M had a higher risk of AIS recurrence than patients with lower levels of β2M (adjusted hazard ratio, 3.214 [95% CI, 1.557–6.633]; adjusted hazard ratio after matching, 5.831, [95% CI, 2.052–16.572]). A β2M value of 2.31 mg/L was calculated by ROC analysis as the optimal cutoff value for AIS recurrence (area under the curve 0.770, [95% CI, 0.687–0.853]). As a quick responder to the body’s immune and inflammatory states, β2M may be a novel and reliable biomarker in predicting AIS recurrence.
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INTRODUCTION
Ischemic stroke (IS) is the leading cause of death and disability among adults worldwide (O'Donnell et al., 2016). With the aging of society and the acceleration of urbanization, the burden of IS in our country has exploded, and it has become an important public health problem that seriously affects the national economy and people’s livelihoods. In parallel with its high incidence, IS currently lacks effective prevention and treatment (Wu et al., 2019). Therefore, the etiology and pathology of IS have become the focus of research in recent years.
Chronic inflammation and an aberrant immune response are characteristic features of atherosclerosis, a leading cause of cardiovascular diseases and IS (Solanki et al., 2018). Additionally, immunity and inflammation are key factors in the pathobiology of AIS. For example, the inflammatory signaling pathway is associated with the ischemic cascade, and stroke is associated with immunosuppression and infection (Iadecola and Anrather, 2011). Immunity and inflammation are considered to be the core pathological mechanisms of IS.
β2-microglobulin (β2M) is the light chain of major histocompatibility complex-1 (MHC-1), a small-molecular-weight protein of 11.8 kD that is secreted by nucleated cells. β2M is an important structural protein by which CD8+ T lymphocytes regulate host immune recognition of self and nonself antigens as well as immunoglobulin transport (Nomura et al., 2014) and is closely associated with the innate and adaptive immune systems (Ardeniz et al., 2015), possibly being a potential initiator of inflammatory responses (Xie and Yi, 2003).
There are many reports about the relationship between β2M and peripheral organ diseases (including tumors) related to immunity and inflammation (Wilson et al., 2007; Josson et al., 2011; Hermansen et al., 2012; Mao et al., 2020), and the central nervous system (CNS) has traditionally been regarded as immune-privileged, though this has been questioned (Piehl and Lidman, 2001). The mechanism of β2M and poststroke immunity and inflammation may be complex, and there are relatively few reports.
Previous studies have found that high levels of β2M were associated with an increased risk of IS among women (Rist et al., 2017). Our previous work also found that serum β2M levels are positively correlated with an increased risk of AIS and adverse prognosis, and are strongly associated with the risk score for IS recurrence (Essen Stroke Risk Score, ESRS) (Hu et al., 2019; Qun et al., 2019). However, due to the lack of long-term follow-up, its relationship with IS recurrence has not been specifically studied. In this study, we conducted a detailed analysis of the relationship between β2M and the recurrence of cerebral infarction through 26–46 months of follow-up.
MATERIALS AND METHODS
Ethical Statements
This study was approved by the Research Ethics Committee of the First Affiliated Hospital of the University of Science and Technology of China (USTC). Written informed consent was obtained from all participants and their guardians while involved in this study.
Participant Recruitment
Patients admitted to the hospital for AIS were recruited from September 2015 to July 2017 and diagnosed as per their medical history, symptoms and signs, and diffusion-weighted magnetic resonance imaging (DWI). The patients were treated with antiplatelet drugs and statin therapy. Anticoagulant therapy was given for cardiac embolism and etiological treatment was given for other determined strokes. All patients were discharged in a stable condition.
The exclusion criteria for participants were as follows (O'Donnell et al., 2016): serious systemic diseases, such as acute or chronic renal dysfunction, or endocrine diseases (other than diabetes mellitus) (Wu et al., 2019); the use of immunosuppressant drugs (steroids) (Solanki et al., 2018); the presence of cancer (Iadecola and Anrather, 2011), trauma (Nomura et al., 2014), infectious diseases, or (Ardeniz et al., 2015) hematological disorders.
Laboratory Assays and Clinical Information
We collected blood samples for laboratory tests in the morning (between 6:00 and 7:00 a.m.) following an overnight fast. Serum β2M was tested by the particle-enhanced turbidimetric immunoassay method. The intra-assay coefficient of variation ranged from 2.4 to 3.8%, meanwhile, the inter-assay coefficient of variation ranged from 1.7 to 2.2%. C-reactive protein (CRP) was tested by the immune transmission turbidity method. Other biochemical parameters, including fasting blood glucose (GLU), homocysteine (Hcy), creatinine (Crea), urea nitrogen (BUN), uric acid (UA), low-density lipoprotein cholesterol (LDL), triglyceride (TG), total cholesterol (CHOL), high-density lipoprotein cholesterol (HDL), very low-density lipoprotein cholesterol (VLDL), cystatin C (CysC), were measured by enzymatic method. All serum biochemical parameters were assayed by an automatic biochemical analyzer (HITACHI Automatic Analyzer 7600-020, Japan). Laboratory personnel was blinded to clinical data as well as clinicians to laboratory data.
Information on patient demographic characteristics, including age, sex, stroke risk factors for hypertension referenced by systolic blood pressure (SBP) or diastolic blood pressure (DBP), type 2 diabetes, stroke history, coronary heart disease (CHD), and smoking and alcohol consumption was collected.
ESRS and the National Institute of Health Stroke Scale (NIHSS) were used to evaluate the patient situation (Weimar et al., 2009), (Lyden et al., 1994). The Trial of ORG 10172 in Acute Stroke Treatment (TOAST) was used to classify the five subtypes of acute ischemic stroke: large-artery atherosclerosis (LAA), cardiac embolism (CE), small-artery occlusion (SAO), a stroke of other determined cause (SOC), and stroke of undetermined cause (SUC) (Chen et al., 2012).
Endpoint
The participants were followed up after discharge from the hospital until the following events occurred: AIS, death, and loss to follow-up. The deadline was set on 26 July 2019.
Propensity Score Matching
The propensity score was calculated for each patient based on a multivariable logistic regression model. We only included age and CHD according to the significant differences in demographic characteristics between recurrent and no recurrent groups. A 1:1 ratio using a greedy nearest neighbor method with a tolerance of 0.02 was performed. Figure 1 presents the participants selection.
[image: Figure 1]FIGURE 1 | Data attrition flowchart.
Statistical Analysis
Statistical analysis was conducted with the Statistical Package for the Social Sciences version (SPSS) 22.0 (IBM Corp., Armonk, NY, USA). Quantitative data were tested for normality using the Shapiro–Wilk test. Variables that followed a normal distribution are expressed as mean ± standard deviation or as the median and interquartile range (IQR). Categorical variables are presented as frequencies and percentages. Differences between recurrent and no recurrent groups were assessed by the independent-samples t test, the Mann–Whitney U-test, the Chi-square test, or Fisher’s exact test, as appropriate. The optimal cutoff value of β2M for stroke recurrence was evaluated by the ROC analysis. Cox regression was used to develop a recurrence risk model.
Results
A total of 294 AIS patients were enrolled in this study, among those discharged patients, 135 received follow-up investigation, and 159 (54.1%) rejected follow-up. Table 1 shows baseline characteristics of no follow-up group and follow-up group, and there were no significant differences between the two groups (p > 0.05).
TABLE 1 | The characteristics between no follow-up group and follow-up group.
[image: Table 1]Up to the deadline, a total of 40 patients had recurrent AIS, and the rate of recurrence was 29.6% [95% CI, 21.8%–37.3%]. The recurrence rates were 0% [95% CI, 0.0%–7.0%] at 3 months, 6.7% [95% CI, 2.5%–10.9%] at 6 months, 17.0% [95% CI, 10.7%–23.3%] at 12 months, 23.7% [95% CI, 16.5%–30.9%] at 2 years, and 28.1% [95% CI, 20.6%–35.6%] at 3 years (Table 2). By propensity score matching, 27 no recurrent and 27 recurrent patients were matched.
TABLE 2 | Rate of ischemic stroke recurrence (N = 135).
[image: Table 2]Comparison of Patients With AIS Recurrence and Those With no Recurrence
Compared to the patients with no recurrence, those with recurrence had higher age, an increased prevalence of CHD, and increased levels of Crea, BUN, CysC, CRP, β2M, NIHSS, and ESRS (p < 0.05). Other variables were not significantly different between the two groups (Table 3).
TABLE 3 | Clinical and laboratory findings in recurrent and no recurrent patients.
[image: Table 3]β2M is a Reliable Predictive Risk Factor for Recurrent AIS
A β2M value of 2.31 mg/L was calculated by ROC analysis as the optimal cutoff value for AIS recurrence (area under the curve 0.770 [95% CI, 0.687–0.853]). The cutoff value had a sensitivity of 65.0% and a specificity of 75.8% (Figure 2A).
[image: Figure 2]FIGURE 2 | (A) ROC curve analysis showed a predictive serum level of β2M for stroke recurrence. (B) Cumulative hazard (%) of recurrent stroke between the low (0, β2M ≤ 2.31 mg/L) and high (1, β2M > 2.31 mg/L) β2M groups (Log-rank test, χ2 = 23.840, p < 0.001).
A Cox regression hazard model was used to predict the risk factors for recurrent AIS. The possible variables tested by univariate analysis (Table 3) were put into this model. Patients with higher levels of serum CRP (hazard ratio (HR) 1.033 [95% CI, 1.013–1.053]), β2M (HR 3.214 [95% CI, 1.557–6.633]), and attacked with CHD (HR 3.693 [95% CI, 1.614–8.453]) had higher risks of recurrent AIS, even after adjustments for other variables. The Kaplan–Meier curve showed the same result for β2M (Figure 2B). Variables including age, Crea, BUN, and CysC were not significantly different in terms of recurrent AIS (Table 4).
TABLE 4 | Predictive risk factors for recurrent AIS using Cox proportional hazard regression.
[image: Table 4]Comparison of Patients With AIS Recurrence and Those With no Recurrence After Propensity Score Matching
Table 5 shows that after propensity score matching, compared to patients with no recurrence, those with recurrence had a higher level of Hcy, Crea, CRP, and β2M (p < 0.05), and other variables were not a significant difference. In the multivariable Cox proportional hazard regression model, Table 6 shows that only a higher level of β2M indicated a higher risk of AIS recurrence (HR 5.831, [95% CI, 2.052–16.572]).
TABLE 5 | Clinical and laboratory findings in recurrent and no recurrent patients after propensity score matching.
[image: Table 5]TABLE 6 | Predictive risk factors for recurrent AIS using Cox proportional hazard regression after propensity score matching.
[image: Table 6]DISCUSSION
Ten risk factors are associated with 90% of the risk of AIS (O'Donnell et al., 2010), and nine out of 10 AIS are due to modifiable risk factors (Boehme et al., 2017). Thus, IS prevention has generally focused on modifiable risk factors. Hypertension, dyslipidemia, diabetes, smoking, alcohol consumption, air pollution, diets low in fruit and vegetables, and high sodium intake are the most common and modifiable risk factors for AIS in China (Guan et al., 2017; Wang et al., 2017). In view of these traditional risk factors, a series of prevention strategies have been developed. However, the incidence of IS is still expected to increase in China, and recurrence of IS may be the main cause (Del Brutto et al., 2019).
AIS survivors have a high risk of recurrence, and recurrent IS patients make up nearly one-third of all AIS (Bushnell et al., 2009; Pennlert et al., 2014). Recurrent AIS causes substantially higher morbidity and mortality than first-time AIS (Aarnio et al., 2014; Pennlert et al., 2014). Therefore, the prediction of recurrent IS may be a key strategy for IS prevention and treatment. Rapid identification of etiology is important for the prediction of recurrence of IS. Due to the complex etiology of ischemic stroke, reliable biomarkers of AIS recurrence are the focus of our attention.
In our cohort study, we found a strong correlation between plasma β2M levels and recurrence of AIS. After 26–46 months of follow-up, we found that a high level of serum β2M had nearly three times the risk of recurrent AIS (HR 3.105, 95% CI, 1.579–6.103) by means of the Cox proportional hazard regression model, suggesting that β2M is a reliable predictive risk factor for recurrent AIS. A β2M value of 2.31 mg/L was calculated by ROC analysis as the optimal cutoff value for stroke recurrence. We used propensity score matching to control the potential confounders. Considering the sample size, we only included covariates of age and CHD. After matching, the basic characteristics had no difference between the two groups, especially the NIHSS score. The result of Cox regression after matching still showed the positive relationship between β2M and recurrence of AIS.
Different from the above traditional risk factors, β2M is closely related to the innate and adaptive immune systems (Ardeniz et al., 2015), in addition, may be an initiator of inflammation (Xie and Yi, 2003). Atherosclerosis is a chronic inflammatory disease, and a previous study showed that β2M was independently and significantly associated with adverse cardiovascular outcomes in patients with prevalent asymptomatic carotid atherosclerosis (Amighi et al., 2011). Serum β2M may reflect levels of chronic inflammation in the body and thus serve as a risk marker for IS. However, the entire course of disease surrounding the occurrence, development, and outcome of IS is a vast array of immune-stimulating and inflammatory events (Iadecola and Anrather, 2011; Solanki et al., 2018). The serum level of β2M in our cohort may reflect a combination of two determinants: the basal level of the body and the emergency response state of the acute stage of AIS. As the basal state of the body’s immunity and inflammation, chronic inflammation is the core factor in the formation mechanism of atherosclerosis and the main cause of cardiovascular and cerebrovascular diseases (Diomedi et al., 2005; Ferrucci and Fabbri, 2018). Additionally, activation of both innate and adaptive immunity actively contributes to the initiation and progression of atherogenesis, from early endothelial dysfunction to the development of acute thrombotic complications triggered by plaque rupture or erosion (Ruparelia et al., 2017). On the other hand, AIS events are a concentrated expression process of immune stress and the inflammatory response: the immune system participates in the brain damage produced by ischemia. Subsequently, the brain actively promotes immunosuppression to avoid further brain damage but may promote stroke-associated infection and increase the mortality rate. Finally, regeneration and repair of ischemic brain tissue are regulated by adaptive immunity (Iadecola and Anrather, 2011). Serum β2M levels are also a concentrated reflection of immune and inflammatory states associated with post-AIS. As previously mentioned, IS-related immunity and inflammation are the results of the expression of systemic immune and inflammatory states before, during, and after stroke events. The physiological characteristics of β2M just meet the above requirements, so it can reflect the prognosis of stroke from the essential mechanism level of AIS. These studies provide a good explanation for β2M as a novel biological indicator of AIS recurrence. In the future, we will conduct relevant studies on β2M as a target to intervene in the recurrence of ischemic stroke, especially the relationship between β2M and the modifiable risk factors of AIS.
Limitations
First, the relatively low number of research subjects is an important limitation of this study. Second, many patients are lost to follow-up. Third, data from multiple medical centers are needed to confirm our results. In the future, we will increase the sample size and reduce the loss of follow-up rate and conduct a multicenter case-control study to overcome the limitations of the current study.
CONCLUSIONS
Following an AIS cohort of 26–46 months, we found that as a rapid responder of the immune and inflammatory state of the body, the level of peripheral blood β2M in patients with AIS has an important predictive value for the recurrence of AIS, suggesting that β2M is a novel and reliable predictor of recurrent AIS.
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