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Background and Purpose: Inflammation plays a significant role in the pathogenesis of

acute ischemic stroke (AIS). The role of β2-microglobulin (β2M) as a potential initiator of

the inflammatory response in AIS is unclear. The purpose of this study was to analyze

the relationship of serum β2M with the recurrence risk and 3-month outcome of AIS.

Methods: A total of 205 patients with AIS were recruited, and their clinical and

biochemical characteristics were collected. All patients were followed up for 3 months

after stroke onset, and the occurrence of death or major disability at 3 months after onset

was the outcome of interest in this study. We evaluated the association of serum β2M

levels with the National Institute of Health Stroke Scale (NIHSS) scores, modified Rankin

Scale (mRS) scores, and Essen Stroke Risk Score (ESRS) values in patients with AIS.

Then, we used receiver operating curve analysis to calculate the optimal cutoff value for

discriminating outcomes in patients with AIS and a binary logistic regression model to

evaluate the risk factors for a poor outcome after AIS.

Results: Our results showed that serum β2M levels were significantly and positively

correlated with ESRS values (r = 0.176, P < 0.001) and mRS scores (r = 0.402, P

< 0.001), but the levels of β2M were not correlated with NIHSS scores (r = 0.080, P =

0.255) or with infarct volume (r = 0.013, P = 0.859). In a further study, we found that 121

patients (59.02%) had poor outcomes. The optimal β2M cutoff to predict the 3-month

outcome of AIS in this study was 1.865 mg/l, and β2M was independently associated

with a poor outcome at 3 months (OR= 3.325, 95% confidence interval: 1.089∼10.148).

Conclusions: In conclusion, we inferred that serum β2M was positively associated

with the recurrence risk and 3-month outcome of AIS, but it did not appear to be directly

related to the severity of AIS or the size of the infarct at admission.
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INTRODUCTION

Stroke is a global critical public health issue (1). Increasing
evidence suggests that one of the major processes worsening the
clinical outcome of acute ischemic stroke (AIS) is inflammation
(2). Due to the narrow therapeutic time window for the use
of tissue plasminogen activator (tPA) in treating AIS, there is
still a lack of effective treatment measures (3). In order to shed
light on potential therapeutic targets that could improve patient
outcomes, a greater understanding of the pathophysiological
processes that occur during and following AIS is required.
Therefore, our research is focused on the mechanism of
inflammation during the AIS period.

β2-microglobulin (β2M) is a small protein (11,800 Da)
that is present in nearly all nucleated cells. β2M is a β-
chain (light chain) of human lymphocyte antigens (HLAs)
on the cell surface and is structurally similar to a region
of immunoglobulin (4). As a result of being shed from cell
surfaces and being released intracellularly, β2M appears in most
biological fluids, including serum, urine, and synovial fluid
(5). β2M is a biomarker of kidney disease and function, as
the plasma level of β2M is increased when the glomerular
filtration rate (GFR) is decreased (6). In addition, β2M is a
critical component of the major histocompatibility complex
class I (MHC I) heterodimer, presenting intracellular antigens
to cytotoxic T cells (7). In addition to being a marker of
kidney function, β2M has other functions in inflammatory
diseases, such as being a potential initiator of inflammatory
responses (8). Increased plasma levels of β2M also occur in a
variety of autoimmune, neoplastic, infectious, and renal diseases
(9). Recent evidence indicated that serum β2M was positively
associated with an increased risk of incident ischemic stroke
events among women (10). However, the role of β2M in AIS is
unclear, and there are few reports on the relationship between
β2M and the recurrence or prognosis of ischemic stroke. In this
cohort study, we examined the associations between serum β2M
and the risk of recurrence and the 3-month outcome of patients
with AIS.

METHODS

Ethical Statements
This study was approved by the Research Ethics Committee of
the Hospital of Hefei Affiliated with Anhui Medical University.
All participants gave their informed consent prior to their
inclusion in this study. Consent was obtained directly from all
participants. If participants were considered incapable of giving
informed consent themselves, then consent was obtained from
their guardians. All participants or their guardians were informed
of the purpose of the study and signed informed consent.
The written informed consent procedure was approved by the
ethics committee.

Subjects
We collected the clinical data of all inpatients with AIS
in the Hospital of Hefei Affiliated with Anhui Medical
University from October 2016 to September 2017. The diagnosis

of AIS was determined by medical history, symptoms and
signs, and diffusion-weighted magnetic resonance imaging
(DWI). All patients received anti-platelet medications and
statin therapy.

AIS patients who were admitted within 3 days after the onset
of stroke symptoms were selected. The exclusion criteria for
AIS subjects were as follows: (1) a history of stroke within 6
months and/or pre-stroke disability with a modified Rankin
Scale (mRS) score > 0; the presence of (2) severe brain diseases
or (3) serious systemic diseases, such as acute or chronic
renal dysfunction and endocrine diseases (other than diabetes
mellitus); (4) the use of immunosuppressant drugs (steroids); and
the presence of (5) cancer, (6) trauma, (7) infectious diseases, (8)
hematological disorders, or (9) brainstem infarct, which is known
to have a direct effect on mortality [however, malignant middle
cerebral artery (MCA) infarction patients were included in the
research cohort].

Laboratory Assays and Clinical Information
The blood samples for laboratory tests were collected on the
morning of the second day after admission (between 6:00
and 7:00 a.m.) following an overnight fast. Serum β2M was
measured by the particle-enhanced turbidimetric immunoassay
method. The intra-assay coefficient of variation ranged from
2.4 to 3.8%, and the inter-assay coefficient of variation ranged
from 1.7 to 2.2%. C-reactive protein (CRP) was measured by
the immune transmission turbidity method. Other biochemical
parameters, such as creatinine (Cr), urea, and triglyceride (TG),
were measured by enzymatic methods. All serum biochemical
parameters were assayed using an automatic biochemical
analyzer (HITACHI Automatic Analyzer 7600-020, Japan).

At baseline, we collected the demographic characteristics of
age and gender, as well as information on the presence of cerebral
vascular risk factors such as hypertension and diabetes, from all
participants. Hypertension was identified by the previous use of
antihypertensive medication, systolic blood pressure (SBP)≥ 140
mmHg, or diastolic blood pressure (DBP) ≥ 90 mmHg. Diabetes
was identified by the previous use of anti-diabetic medication,
fasting blood glucose ≥ 7.0 mmol/l, or 2-h postprandial blood
glucose ≥ 11.1 mmol/l.

Evaluation of 3-Month Outcomes
The follow-up end point was 3 months after stroke onset, and
outcomes were evaluated using modified Rankin Scale (mRS)
scores (where mRS≥ 3, up to and including death, was defined as
a poor outcome) (11). Data were obtained from hospital records
or by telephone interviews with patients, their relatives, or their
family physicians.

Evaluation of the Risk of Recurrent Stroke
Each patient’s risk of recurrent stroke was evaluated according
to the Essen Stroke Risk Score (ESRS) (12–14). The ESRS
was originally derived from cerebrovascular patients in the
Clopidogrel vs. Aspirin in Patients at Risk of Ischemic Events
(CAPRIE) trial as described previously (15, 16). ESRS is a
10-point scale: age 65–75 years (1 point), age > 75 years (2
points), arterial hypertension (1 point), diabetes mellitus (1
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point), previous myocardial infarction (MI) (1 point), other
cardiovascular disease (except MI and atrial fibrillation; 1 point),
peripheral arterial disease (1 point), smoking (1 point), and
previous transient ischemic attack (TIA) or ischemic stroke in
addition to qualifying events (1 point).

Evaluation of the Severity of Ischemic
Stroke
The severity of AIS was assessed according to the National
Institute of Health Stroke Scale (NIHSS). The NIHSS is widely
used for this purpose, as described previously (17).

Subtypes of Ischemic Stroke
The categorization of subtypes of ischemic stroke was mainly
based on the Trial of ORG 10172 in Acute Stroke Treatment
(TOAST) (18). The TOAST classification delineates five subtypes
of ischemic infarction: large-artery atherosclerosis (LAA),
cardiac embolism (CE), small-artery occlusion (SAO), stroke
of other determined cause (SOC), and stroke of undetermined
cause (SUC).

Acquisition and Analysis of MRI Data
Within 72 h after admission, all participants underwent MRI
scanning with 3.0-T scanners (Magnetom Avanto, HDxt, GE)
using a dedicated head coil. Patients were placed in the supine
position. The scanning protocol included DWI and its post-
processing [apparent diffusion coefficient (ADC) sequence] with
5-mm-thick sections. The infarct volumes were calculated from
DWI images. In DWI images, the infarct areas in each image
were calculated separately and added to obtain the total infarct
areas. Whole infarct volumes were obtained as infarct areas ×
thickness. Volume calculations on diffusionMRI were performed
by a radiologist with 10 years of experience. The radiologist was
blinded to the β2M and mRS data.

Statistical Analyses
All statistical analyses were conducted with the Statistical
Package for the Social Sciences version 19.0 (SPSS Co., Chicago,
IL, USA). Continuous data were tested for normality using
the Kolmogorov-Smirnov test. Several continuous variables
that followed a normal distribution, such as Cr, uric acid
(UA), total cholesterol (TC), and low-density lipoprotein
(LDL), were expressed as the mean ± standard deviation.
Other variables did not follow normal distributions and were
presented as the median and the interquartile range (IQR).
Categorical variables were expressed as constituent ratios.
Differences in continuous variables between groups were assessed
by ANOVA or the Mann-Whitney U-test. Differences in
categorical variable distribution between groups were assessed
by the χ2 test. Spearman correlation analysis was used
to determine the correlation of β2M with NIHSS scores,
infarct volumes, ESRS values, and mRS scores. The optimal
cutoff value for the continuous β2M level was calculated by
applying a receiver operating curve (ROC) analysis to test
all possible cutoffs for discriminating between good and poor
outcomes. Furthermore, we calculated the risk ratios (RRs)
with 95% confidence intervals (CIs) for AIS 3-month outcome

risk factors (the binary variables). Finally, we entered those
possible risk factors into multiple regression models to avoid
multicollinearity. All tests used a P value of 0.05 as a threshold
for significance.

RESULTS

Clinical and Demographic Data
A total of 205 patients with AIS were recruited in this study
(four with missing data were excluded). None of the patients
had recurrent stroke, and only two patients died within 3
months. As classified by mRS scores, 84 participants had good
3-month outcomes, and 121 participants had poor 3-month
outcomes. Table 1 presents descriptive information on the study
sample. The patients had a mean age of 70.76 ± 12.13 years
(range, 22–94 years), and slightly more than half (58.0%) of
the patients were male. Forty (19.5%) patients had a history
of smoking, and 26 (12.7%) patients consumed alcohol. Most
of the patients (68.8%) had hypertension. Small numbers of
patients had type 2 diabetes (20.0%), a history of stroke (30.2%),
and coronary heart disease (CHD) (13.7%). The level of β2M
was 1.92 (0.66) mg/l. Overall, the median (IQR) NIHSS score
and ESRS value were 6 (5) and 3 (1), respectively. The infarct
volume was 1.71 (11.68) mm3. Compared to patients with good
3-month outcomes, those with poor outcomes had an increased
prevalence of CHD; increased levels of Cr, urea, UA, cystatin
c (CysC), and β2M; increased NIHSS scores; increased infarct
volumes; and a reduced prevalence of smoking and alcohol use
(all P < 0.05).

Association of Serum β2-Microglobulin
With Essen Stroke Risk Score Values,
National Institute of Health Stroke Scale
Scores, Infarct Volumes, and Modified
Rankin Scale Scores in Patients With Acute
Ischemic Stroke
Table 2 shows the associations between β2M and ESRS
values, NIHSS scores, infarct volumes, and mRS scores. The
associations of β2M with the severity of AIS (NIHSS score),
the 3-month outcome of AIS (mRS score), and the risk
of recurrent cerebral infarction (ESRS) were analyzed using
partial correlation analysis. The results showed that β2M
levels were significantly and positively correlated with mRS
scores (r = 0.402, P < 0.001) and ESRS values (r = 0.176,
P < 0.001). However, β2M levels were not correlated with
NIHSS scores (r = 0.080, P = 0.255) or infarct volumes
(r = 0.013, P = 0.859). Nonetheless, infarct volumes and
NIHSS scores were significantly and positively correlated with
mRS scores.

The Optimal Cutoff Value to Discriminate
Between Good and Poor Outcomes at 3
Months After Acute Ischemic Stroke
A β2M value of 1.865 mg/l was calculated by ROC analysis as
the optimal cutoff value to discriminate between good and poor
outcomes in patients with AIS (area under the curve 0.761, 95%
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TABLE 1 | Clinical and laboratory findings in patients with good and poor 3-month

outcomes.

Variable mRS P value

Good outcome

(N = 84)

Poor outcome

(N = 121)

Age (year) 69.29 ± 11.58 71.78 ± 12.45 0.149

Male, n (%) 54 (64.3) 65 (53.7) 0.132

Smoker, n (%) 22 (26.2) 18 (14.9) 0.044

Alcohol user, n (%) 16 (19.0) 10 (8.3) 0.023

Hypertension, n (%) 53 (63.1) 88 (72.7) 0.143

Type 2 diabetes, n (%) 15 (17.9) 26 (21.5) 0.523

Stroke history, n (%) 22 (26.2) 40 (33.1) 0.292

CHD, n (%) 4 (4.8) 24 (19.8) 0.002

SBP (mmHg) 147.06 ± 21.63 153.70 ± 26.27 0.057

DBP (mmHg) 85.96 ± 14.57 85.08 ± 16.24 0.691

Hcy (µmol/l) 11.75 (5.38) 12.40 (7.30) 0.106

FBG (mmol/l) 5.38 (1.51) 5.53 (2.19) 0.714

Cr (µmol/l) 70.31 ± 15.72 79.25 ± 19.45 <0.001

Urea (mmol/l) 5.41 ± 1.38 5.97 ± 1.86 0.015

UA (µmol/l) 315.12 ± 68.23 349.09 ± 88.33 0.002

LDL (mmol/l) 2.41 ± 0.68 2.41 ± 0.78 0.996

TG (mmol/l) 1.55 (1.03) 1.34 (1.18) 0.309

TC (mmol/l) 4.41 ± 0.78 4.32 ± 0.90 0.478

HDL (mmol/l) 1.43 ± 0.32 1.38 ± 0.34 0.253

VLDL (mmol/l) 0.31 (0.21) 0.28 (0.24) 0.513

CysC (mg/l) 1.06 ± 0.23 1.33 ± 0.32 <0.001

CRP (mg/l) 1.57 (3.21) 2.12 (6.57) 0.124

β2M (mg/l) 1.73 (0.38) 2.23 ± 0.562.16

(0.66)

<0.001

NIHSS score 4 (3) 8 (4) <0.001

ESRS 2 (2) 3 (1) 0.234

Infarct volume (mm3 ) 1.32 (4.92) 3.47 (17.64) 0.003

Quantitative data are expressed as the mean± SD if normally distributed or as the median

(interquartile range) if non-normally distributed. CHD, coronary heart disease; SBP, systolic

blood pressure; DBP, diastolic blood pressure; Hcy, homocysteine; FBG, fasting blood

glucose; Cr, serum creatinine; UA, uric acid; LDL, low-density lipoprotein cholesterol; TG,

triglyceride; TC, total cholesterol; HDL, high-density lipoprotein cholesterol; VLDL, very

low-density lipoprotein cholesterol; CysC, cystatin C; CRP, C-reactive protein; NIHSS,

National Institute of Health Stroke Scale; ESRS, Essen Stroke Risk Score.

TABLE 2 | Correlation of β2-microglobulin (β2M) with infarct volume, National

Institute of Health Stroke Scale (NIHSS) score, Essen Stroke Risk Score (ESRS),

and modified Rankin Scale (mRS score) (N = 205).

β2M Infarct volume NIHSS score ESRS mRS score

β2M 1 – – – –

Infarct volume 0.013 1 – – –

NIHSS score 0.080 0.394** 1 – –

ESRS 0.176** 0.035 0.085 1 –

mRS score 0.402** 0.169* 0.539** 0.087 1

*P< 0.01, **P< 0.001. The bold values mean that the correlation coefficients are

statistically significant.

CI 0.694∼0.829). The cutoff value had a sensitivity of 73% and
a specificity of 75% for differentiating good outcomes from poor
outcomes (Figure 1).

FIGURE 1 | Receiver operating curve (ROC) showed predictive serum level of

β2M for poor outcome.

TABLE 3 | Risk factors for poor 3-month outcomes in acute ischemic stroke (AIS)

patients (N = 205).

RR 95% CI

Smoker 0.492 0.245∼0.990

Alcohol user 0.383 0.164∼0.892

CHD 4.948 1.649∼14.853

β2M 8.000 4.237∼15.105

β2-Microglobulin Was Associated With
Poor Outcomes at 3 Months After Acute
Ischemic Stroke
RR was calculated to evaluate the risk of poor outcome at 3
months for several binary variables (smoking, alcohol use, CHD,
and dichotomized β2M). The value of β2M was changed to a
binary variable using the cutoff value (1.865 mg/l). In Table 3, all
the risk factors had significant cause-effect associations with poor
outcome at 3 months after AIS.

We used multiple binary logistic regression models to analyze
the association between risk factors and poor outcomes at 3
months after AIS. In model 1, β2M was adjusted for smoking,
alcohol use, and CHD. In model 2, we added the variables of Cr,
urea, UA, CysC, and infarct volume. Our results indicated that
β2M was still significantly and positively associated with poor
outcomes at 3 months after AIS in this study (P < 0.05) after
adjusting for other risk factors (Table 4).

β2-Microglobulin Was Associated With
Trial of ORG 10172 in Acute Stroke
Treatment Subtypes
Our data showed that the levels of β2M varied in different
subgroups of AIS (TOAST classification) (P = 0.007). The
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TABLE 4 | Risk factors for poor 3-month outcomes in acute ischemic stroke (AIS)

patients according to binary logistic regression analysis (N = 205).

Model 1 Model 2

OR (95% CI) OR (95% CI)

Smoker 0.683(0.271–1.719) 0.580(0.207–1.622)

Alcohol user 0.612(0.206–1.822) 0.491(0.150–1.612)

CHD 2.564(0.780∼8.434) 1.829(0.526–6.363)

Cr 1.003(0.978–1.029)

Urea 1.019(0.817–1.271)

UA 0.999(0.994–1.004)

CysC 12.255(1.797–83.574)

Infarct volume 1.017(1.001–1.033)

β2M 8.799(3.674–21.070) 3.325(1.089–10.148)

Conditional binary logistic regression with backward selection.

TABLE 5 | Correlation analysis between β2-microglobulin (β2M) and Trial of ORG

10172 in Acute Stroke Treatment (TOAST) subtype (N = 205).

Parameters TOAST P value

LAA CE SAO SOC SUC

N 90 26 75 9 5

β2M (mg/l) 1.93 (0.68) 2.31 (0.77) 1.84 (0.60) 1.82 (0.55) 1.80 (1.10) 0.007

The value of β2M is expressed as the median and IQR. The P value reflect a comparison

between multiple groups (TOAST subgroups).

Kruskal-Wallis test and post hoc t-tests were used to compare
the level of β2M in each TOAST subtype. Pairwise comparison
methods showed that there were significant differences between
the CE and LAA groups (P = 0.002), the CE and SAO groups (P
< 0.001), the CE and SOC groups (P = 0.04), and the CE and
SUC groups (P = 0.023). However, the remaining subtypes were
not significantly different (P > 0.05) (Table 5).

DISCUSSION

This cohort study investigated the relationships between serum
β2M levels and NIHSS scores, mRS scores, and ESRS values in
205 patients with AIS. Our data revealed that serum β2M levels
were significantly and positively correlated with ESRS values
and mRS scores. Furthermore, we found that patients with high
levels of serum β2M (>1.865 mg/l) were at high risk for poor
outcomes at 3 months after AIS. Therefore, β2Mmay represent a
prognostic predictor for the outcome and recurrence risk of AIS.

AIS is a type of ischemia/reperfusion injury caused by
inadequate blood supply to the brain. In the damage period of
AIS, the lack of oxygen and glucose supply can rapidly induce
local neuron death through cytotoxicity, thus activating damage-
associated molecular patterns (DAMPs). These inflammatory
substances orchestrate focal inflammatory responses, catalyze
tissue death, and worsen clinical outcomes (19). In our study, we
found that patients with higher levels of serum β2M had a higher
risk of poor outcomes at 3 months after AIS. This result suggests

that β2M is associated with inflammation following AIS and thus
determines the prognosis.

As a novel biological marker associated with inflammation,
β2M has been studied extensively in autoimmune diseases,
cancer, infection, kidney disease, peripheral artery disease,
and cardiovascular disease (CVD) (20, 21). More importantly,
β2M is a potential initiator that promotes the development
of an inflammatory reaction (8). As atherosclerosis is a
chronic inflammatory process (22), continuous inflammation
promotes the development of atherosclerosis (23). Furthermore,
lymphocytes and the surfaces of mononuclear cells are
especially rich in β2M, which is synthesized in large amounts
by lymphocytes and is regulated by interferons and pro-
inflammatory monocytes (24). Given these prior results, we
speculate that β2M plays a role in the pathophysiological
development of atherosclerosis. The occurrence of AIS is one
of the end point events of the pathological processes, including
LAA, SAO, and CE, that define the TOAST subtypes (18).
Interestingly, our data showed that levels of β2M varied
among different subgroups of AIS (TOAST classification) (p
= 0.007), indicating that the relationship between β2M and
subtypes of AIS was very complicated in terms of etiology
and was not to arteriosclerosis. For example, serum β2M was
significantly higher in the CE group than in other groups
in our cohort, which suggests that CE is the strongest cause
of elevated β2M levels in patients with AIS. The literature
shows that CE is the most common subtype of AIS (25),
and the most common cause of CE is atrial fibrillation (AF),
with the remaining subtypes being myocardial infarction and
cardiomyopathy, which are closely associated with chronic
inflammation (26). A recent report has shown that inflammation
is directly related to AF and that AF is a direct result
of inflammation (27). In particular, the CE subtype showed
significantly higher median plasma levels of inflammatory
cytokines than other types of AIS (28). In addition, Zeng et al.’s
study also showed that the pathogenesis of LAA was more
strongly activated by inflammation than that of SAO, which
was associated with the changes in CRP (29). These studies are
consistent with our findings and confirmed the inflammatory
characteristics of β2M. However, the specific characteristics of
the relationship between β2M and each subtype of AIS merit
further study.

The results of our study showed that serum β2M levels
were significantly and positively correlated with ESRS. Many
criteria used to calculate the ESRS, such as myocardial infarction,
cardiovascular diseases, peripheral arterial disease, TIA, and
cerebral infarction, are among the etiological bases of AIS (30–
32). All of the above studies indicate that β2M may be closely
related to the etiology of AIS. As a new marker of chronic
inflammation in vivo, β2M is a significant and valuable predictor
of the survival of some populations and the prognosis of some
diseases (33, 34). In particular, the results of a recent prospective
study showed that β2M was closely related to the risk of AIS
among women (10). However, the fact that ESRS is associated
does not directly support the role of ESRS in predicting ischemic
stroke, and this link should be confirmed in further studies with
longer follow-up for stroke recurrence. However, as a biomarker,
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β2M may provide some meaningful information for patients at
high risk for recurrent AIS.

As a biomarker closely related to immunity and inflammation,
β2M concentrations were found to be significantly elevated in
the cerebrospinal fluid of patients with multiple sclerosis (MS)
(35). This result suggests that β2M is closely related to central
nervous system inflammation. Recently, the impact of MHC I of
the development of the nervous system has attracted researchers’
attention, as MHC I plays an important role in regulating axon
growth and cortical connections (36). Furthermore, TNF-α and
γ-interferon can promote the expression of MHC I and β2M
in the central nervous system (37). AIS is characterized by the
rapid activation of microglia and time-dependent peripheral
immune cell activation and infiltration into damaged brain tissue;
then, ischemic brain injury occurs, caused by local inflammation
(38, 39). At the same time, inflammation also has positive
aspects, such as the regeneration of neurons and the alleviation
of ischemic damage (for instance, the phenotype of microglia
shifts from M1 to M2), especially in the subacute and recovery
periods of AIS (40, 41). MHC I in the central nervous system is
also involved in the process of AIS in the context of inflammation
(42). As a light chain of MHC I, β2M is co-expressed with it (43),
and β2M is an important component for the stable presence of
MHC I protein on the cell surface (44). These studies indicate that
β2M may play an important role in the inflammatory process of
brain injury and recovery during the AIS period. At the same
time, these studies provide a meaningful explanation for our
findings regarding the association between β2M and outcomes
of AIS. In our research, we found a puzzling phenomenon:
serum β2M levels were associated with mRS scores, but they
were not associated with the NIHSS scores or infarct volumes
of AIS patients at admission, which seems paradoxical. In a
literature search, we found that the most common post-stroke
infections are stroke-associated pneumonia (SAP) and urinary
tract infections (UTIs), both of which are closely associated
with the outcome of AIS (45). According to the study by Shim
et al., the brain attempts to reduce damage through the cerebral
immune defense mechanism (immunosuppression) after stroke,
but this occurs at the expense of an increased susceptibility to
infection (stroke-associated infection) (46). NIHSS scores and
infarct volume are closely associated with outcomes in patients
with AIS. However, the values of these parameters in our study
were recorded only at admission and may change dynamically
with the progression of AIS. For example, some patients in
our study may develop the complication of stroke-associated
infection during the acute period of AIS; this complication has
a direct and serious influence on the prognosis of AIS (45).
Due to the influence of this factor, the values of these indicators
(NIHSS score and infarct volume) at admission may not fully
reflect patients’ prognosis. These may be the explanations for
the paradoxical phenomenon in our study. As one of the main
components of MHC I, β2M is closely related to immunity and
inflammation (4, 8) and plays a key role in post-stroke infection
(5, 47, 48). However, little has been reported on the relationship
between β2M and stroke-associated infection, especially the role
of β2M in the immune regulation of stroke. In our next study,
we will stratify the patients (the patients will be divided into two
groups according to the presence or absence of stroke-associated

infection) and further investigate the relationship between β2M
and post-stroke infection as well as the prognosis of AIS.

Intravenous thrombolysis with alteplase is currently
considered an effective method for the treatment of AIS
(3). However, due to the limited time window (<4.5 h), this
therapy benefits only a small number of patients. Additionally,
intravenous alteplase has some potential complications,
such as hemorrhage transformation, which can result in a
poor prognosis. As a new approach to the treatment of AIS,
immunotherapy has attracted great scientific attention. Blocking
specific inflammatory pathways after stroke may delay brain
tissue damage (49) and extend time windows for treatment.
Studies have shown that some proteins can activate human
β2M, leading to the inhibition of MHC I expression, and can
ultimately downregulate class I-mediated antigen presentation.
For example, ESAT-6 is an abundantly secreted protein of
Mycobacterium tuberculosis (50). As previously reported,
inhibiting the expression of MHC I molecules is a method of
protecting the brain after AIS (42). Therefore, further studies
of β2M may provide some useful clues for effective treatment
strategies for AIS.

LIMITATIONS

First, the relatively low number of research subjects is an
important limitation of this study. Second, data from multiple
medical centers are needed to confirm our results. Third, the
biochemical indicators were not remeasured 3 months after AIS.
Finally, our follow-up spanned only 3 months, whereas 1 year or
longer would have been ideal. In the future, we will increase the
sample size and follow-up time and conduct a multicenter case-
control study to overcome the limitations of the current study.

CONCLUSION

In conclusion, serum β2M is a potential biomarker for the
recurrence risk and 3-month outcome of AIS, but it is not directly
related to the severity of AIS or the size of the infarct at admission.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

AUTHOR CONTRIBUTIONS

SQ was involved in the design of the study, data collection,
interpretation of the data, manuscript writing, and was a
recipient of the obtained funding. FH took part in the design
of the study, data collection, the statistical analysis, and was a
recipient of the obtained funding. QT was a recipient of the
obtained funding and was involved in the interpretation of the
data and themanuscript revision. JWu, JZ, ZC, XW,QL, and JWa
were involved in the data collection. WG participated in the data
analysis, interpretation of the data, and the manuscript revision.

Frontiers in Neurology | www.frontiersin.org 6 January 2020 | Volume 10 | Article 1334

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Hu et al. β2M and AIS

FUNDING

This study was supported by grants from the Major
Applied Medical Research Foundation of the Health and
Family Planning Commission of Hefei City in China (No.
hwk2016zd008), the National Natural Science Foundation

of China (No. 81573807), the National Natural Science
Foundation of China (No. 81501081), the Natural Science
Foundation for the Higher Education Institutions of Anhui
Province (No. KJ2018A0991), and the Bengbu Medical
College Science and Technology Development Fund Project
(No. BYKF17119).

REFERENCES

1. Boden-Albala B, Allen J, Roberts ET, Bulkow L, Trimble B. Ascertainment

of Alaska native stroke incidence, 2005-2009: lessons for assessing the

global burden of stroke. J Stroke Cerebrovasc Dis. (2017) 26:2019–26.

doi: 10.1016/j.jstrokecerebrovasdis.2017.06.007

2. Smith CJ, Hulme S, Vail A, Heal C, Parry-Jones AR, Scarth S, et al.

SCIL-STROKE (Subcutaneous Interleukin-1 Receptor Antagonist in Ischemic

Stroke): a randomized controlled phase 2 trial. Stroke. (2018) 49:1210–6.

doi: 10.1161/STROKEAHA.118.020750

3. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, et al.

Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl

J Med. (2008) 359:1317–29. doi: 10.1056/NEJMoa0804656

4. Montealegre S, Venugopalan V, Fritzsche S, Kulicke C, Hein Z, Springer S.

Dissociation of beta2-microglobulin determines the surface quality control of

major histocompatibility complex class I molecules. FASEB J. (2015) 29:2780–

8. doi: 10.1096/fj.14-268094

5. Li L, Dong M, Wang XG. The implication and significance of beta 2

microglobulin: a conservative multifunctional regulator. Chin Med J. (2016)

129:448–55. doi: 10.4103/0366-6999.176084

6. Wong J, Sridharan S, Berdeprado J, Vilar E, Viljoen A, Wellsted D, et al.

Predicting residual kidney function in hemodialysis patients using serum

beta-trace protein and beta2-microglobulin. Kidney Int. (2016) 89:1090–8.

doi: 10.1016/j.kint.2015.12.042

7. Filiano AJ, Kipnis J. Breaking bad blood: beta2-microglobulin as a pro-aging

factor in blood. Nat Med. (2015) 21:844–5. doi: 10.1038/nm.3926

8. Xie J, Yi Q. Beta2-microglobulin as a potential initiator of inflammatory

responses. Trends Immunol. (2003) 24:228–9; author reply 229–30.

doi: 10.1016/S1471-4906(03)00076-0

9. Kals J, Zagura M, Serg M, Kampus P, Zilmer K, Unt E, et al. beta2-

microglobulin, a novel biomarker of peripheral arterial disease, independently

predicts aortic stiffness in these patients. Scand J Clin Lab Invest. (2011)

71:257–63. doi: 10.3109/00365513.2011.558108

10. Rist PM, Jimenez MC, Rexrode KM. Prospective association between beta2-

microglobulin levels and ischemic stroke risk among women. Neurology.

(2017) 88:2176–82. doi: 10.1212/WNL.0000000000004006

11. Banks JL, Marotta CA. Outcomes validity and reliability of the

modified Rankin scale: implications for stroke clinical trials:

a literature review and synthesis. Stroke. (2007) 38:1091–6.

doi: 10.1161/01.STR.0000258355.23810.c6

12. Maier IL, Bauerle M, Kermer P, Helms HJ, Buettner T. Risk prediction of very

early recurrence, death and progression after acute ischaemic stroke. Eur J

Neurol. (2013) 20:599–604. doi: 10.1111/ene.12037

13. Liu J, Li M, Liu J. Evaluation of the ESRS and SPI-II scales for short-term

prognosis of minor stroke and transient ischemic attack. Neurol Res. (2013)

35:568–72. doi: 10.1179/1743132813Y.0000000172

14. Thompson DD, Murray GD, Dennis M, Sudlow CL, Whiteley WN. Formal

and informal prediction of recurrent stroke and myocardial infarction after

stroke: a systematic review and evaluation of clinical prediction models in a

new cohort. BMC Med. (2014) 12:58. doi: 10.1186/1741-7015-12-58

15. Committee CS. A randomised, blinded, trial of clopidogrel versus aspirin

in patients at risk of ischaemic events (CAPRIE). CAPRIE Steering

Committee. Lancet. (1996) 348:1329–39. doi: 10.1016/S0140-6736(96)0

9457-3

16. Diener HC, Ringleb PA, Savi P. Clopidogrel for the secondary

prevention of stroke. Expert Opin Pharmacother. (2005) 6:755–64.

doi: 10.1517/14656566.6.5.755

17. Lyden P, Brott T, Tilley B, Welch KM, Mascha EJ, Levine S, et al. Improved

reliability of the NIH Stroke Scale using video training. NINDS TPA Stroke

Study Group. Stroke. (1994) 25:2220–6. doi: 10.1161/01.STR.25.11.2220

18. Chen PH, Gao S, Wang YJ, Xu AD, Li YS, Wang D. Classifying ischemic

stroke, from TOAST to CISS. CNS Neurosci Ther. (2012) 18:452–6.

doi: 10.1111/j.1755-5949.2011.00292.x

19. Mizuma A, Yenari MA. Anti-inflammatory targets for the treatment

of reperfusion injury in stroke. Front Neurol. (2017) 8:467.

doi: 10.3389/fneur.2017.00467

20. Yan T, Chopp M, Chen J. Experimental animal models and inflammatory

cellular changes in cerebral ischemic and hemorrhagic stroke. Neurosci Bull.

(2015) 31:717–34. doi: 10.1007/s12264-015-1567-z

21. You L, Xie R, HuH, Gu G, Zheng H, Zhang J, et al. High levels of serum beta2-

microglobulin predict severity of coronary artery disease. BMC Cardiovasc

Disord. (2017) 17:71. doi: 10.1186/s12872-017-0502-9

22. Schillinger M, Exner M, Mlekusch W, Sabeti S, Amighi J, Nikowitsch R, et al.

Inflammation and carotid artery–risk for atherosclerosis study (ICARAS).

Circulation. (2005) 111:2203–9. doi: 10.1161/01.CIR.0000163569.97918.C0

23. Vidula H, Tian L, Liu K, Criqui MH, Ferrucci L, Pearce WH, et al. Biomarkers

of inflammation and thrombosis as predictors of near-term mortality in

patients with peripheral arterial disease: a cohort study. Ann Intern Med.

(2008) 148:85–93. doi: 10.7326/0003-4819-148-2-200801150-00003

24. Amighi J, Hoke M, Mlekusch W, Schlager O, Exner M, Haumer M,

et al. Beta 2 microglobulin and the risk for cardiovascular events in

patients with asymptomatic carotid atherosclerosis. Stroke. (2011) 42:1826–

33. doi: 10.1161/STROKEAHA.110.600312

25. Hajat C, Heuschmann PU, Coshall C, Padayachee S, Chambers J, Rudd AG,

et al. Incidence of aetiological subtypes of stroke in a multi-ethnic population

based study: the South London Stroke Register. J Neurol Neurosurg Psychiatry.

(2011) 82:527–33. doi: 10.1136/jnnp.2010.222919

26. Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz

MD, et al. Guidelines for the prevention of stroke in patients with stroke

and transient ischemic attack: a guideline for healthcare professionals from

the American Heart Association/American Stroke Association. Stroke. (2014)

45:2160–236. doi: 10.1161/STR.0000000000000024

27. Van Wagoner DR, Chung MK. Inflammation, inflammasome

activation, and atrial fibrillation. Circulation. (2018) 138:2243–6.

doi: 10.1161/CIRCULATIONAHA.118.036143

28. Tuttolomondo A, Di Raimondo D, Pecoraro R, Arnao V, Pinto A, Licata

G. Inflammation in ischemic stroke subtypes. Curr Pharm Design. (2012)

18:4289–310. doi: 10.2174/138161212802481200

29. Zeng L, He X, Liu J, Wang L, Weng S, Wang Y, et al. Differences of

circulating inflammatory markers between large- and small vessel disease

in patients with acute ischemic stroke. Int J Med Sci. (2013) 10:1399–405.

doi: 10.7150/ijms.6652

30. Galluzzo A, Gallo C, Battaglia A, Frea S, Canavosio FG, Botta M, et al.

Prolonged QT interval in ST-elevation myocardial infarction: predictors

and prognostic value in medium-term follow-up. J Cardiovasc Med. (2016)

17:440–5. doi: 10.2459/JCM.0000000000000317

31. Manzano JJ, De Silva DA, Pascual JL, Chang HM, Wong MC, Chen CP.

Associations of ankle-brachial index (ABI) with cerebral arterial disease and

vascular events following ischemic stroke. Atherosclerosis. (2012) 223:219–22.

doi: 10.1016/j.atherosclerosis.2012.04.009

32. Zeng Q, Tao W, Lei C, Dong W, Liu M. Etiology and risk

factors of posterior circulation infarction compared with anterior

circulation infarction. J Stroke Cerebrovasc Dis. (2015) 24:1614–20.

doi: 10.1016/j.jstrokecerebrovasdis.2015.03.033

Frontiers in Neurology | www.frontiersin.org 7 January 2020 | Volume 10 | Article 1334

https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.007
https://doi.org/10.1161/STROKEAHA.118.020750
https://doi.org/10.1056/NEJMoa0804656
https://doi.org/10.1096/fj.14-268094
https://doi.org/10.4103/0366-6999.176084
https://doi.org/10.1016/j.kint.2015.12.042
https://doi.org/10.1038/nm.3926
https://doi.org/10.1016/S1471-4906(03)00076-0
https://doi.org/10.3109/00365513.2011.558108
https://doi.org/10.1212/WNL.0000000000004006
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1111/ene.12037
https://doi.org/10.1179/1743132813Y.0000000172
https://doi.org/10.1186/1741-7015-12-58
https://doi.org/10.1016/S0140-6736(96)09457-3
https://doi.org/10.1517/14656566.6.5.755
https://doi.org/10.1161/01.STR.25.11.2220
https://doi.org/10.1111/j.1755-5949.2011.00292.x
https://doi.org/10.3389/fneur.2017.00467
https://doi.org/10.1007/s12264-015-1567-z
https://doi.org/10.1186/s12872-017-0502-9
https://doi.org/10.1161/01.CIR.0000163569.97918.C0
https://doi.org/10.7326/0003-4819-148-2-200801150-00003
https://doi.org/10.1161/STROKEAHA.110.600312
https://doi.org/10.1136/jnnp.2010.222919
https://doi.org/10.1161/STR.0000000000000024
https://doi.org/10.1161/CIRCULATIONAHA.118.036143
https://doi.org/10.2174/138161212802481200
https://doi.org/10.7150/ijms.6652
https://doi.org/10.2459/JCM.0000000000000317
https://doi.org/10.1016/j.atherosclerosis.2012.04.009
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.03.033
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Hu et al. β2M and AIS

33. Cheung CL, Lam KS, Cheung BM. Serum beta-2 microglobulin concentration

predicts cardiovascular and all-cause mortality. Int J Cardiol. (2013)

168:4811–3. doi: 10.1016/j.ijcard.2013.07.014

34. Shinkai S, Chaves PH, Fujiwara Y, Watanabe S, Shibata H, Yoshida H, et al.

Beta2-microglobulin for risk stratification of total mortality in the elderly

population: comparison with cystatin C and C-reactive protein. Arch Intern

Med. (2008) 168:200–6. doi: 10.1001/archinternmed.2007.64

35. Matejcikova Z, Mares J, Prikrylova Vranova H, Klosova J, Sladkova V,

Dolakova J, et al. Cerebrospinal fluid inflammatory markers in patients

with multiple sclerosis: a pilot study. J Neural Trans. (2015) 122:273–7.

doi: 10.1007/s00702-014-1244-9

36. Lazarczyk MJ, Kemmler JE, Eyford BA, Short JA, Varghese M, Sowa A, et al.

Major Histocompatibility Complex class I proteins are critical for maintaining

neuronal structural complexity in the aging brain. Sci Rep. (2016) 6:26199.

doi: 10.1038/srep26199

37. Drew PD, Lonergan M, Goldstein ME, Lampson LA, Ozato K, McFarlin DE.

Regulation of MHC class I and beta 2-microglobulin gene expression

in human neuronal cells. Factor binding to conserved cis-acting

regulatory sequences correlates with expression of the genes. J Immunol.

(1993) 150:3300–10.

38. Zhou W, Liesz A, Bauer H, Sommer C, Lahrmann B, Valous N, et al.

Postischemic brain infiltration of leukocyte subpopulations differs among

murine permanent and transient focal cerebral ischemia models. Brain Pathol.

(2013) 23:34–44. doi: 10.1111/j.1750-3639.2012.00614.x

39. Petrovic-Djergovic D, Goonewardena SN, Pinsky DJ. Inflammatory

disequilibrium in stroke. Circ Res. (2016) 119:142–58.

doi: 10.1161/CIRCRESAHA.116.308022

40. Gervois P, Lambrichts I. The emerging role of triggering receptor expressed

onmyeloid cells 2 as a target for immunomodulation in ischemic stroke. Front

Immunol. (2019) 10:1668. doi: 10.3389/fimmu.2019.01668

41. Jayaraj RL, Azimullah S, Beiram R, Jalal FY, Rosenberg GA.

Neuroinflammation: friend and foe for ischemic stroke. J Neuroinflammation.

(2019) 16:142. doi: 10.1186/s12974-019-1516-2

42. Adelson JD, Barreto GE, Xu L, Kim T, Brott BK, Ouyang YB, et al.

Neuroprotection from stroke in the absence of MHCI or PirB. Neuron. (2012)

73:1100–7. doi: 10.1016/j.neuron.2012.01.020

43. Zijlstra M, Bix M, Simister NE, Loring JM, Raulet DH, Jaenisch R. Beta 2-

microglobulin deficient mice lack CD4-8+ cytolytic T cells. J Immunol. (2010)

184:4587–91. doi: 10.1038/344742a0

44. Huh GS, Boulanger LM, Du H, Riquelme PA, Brotz TM, Shatz CJ.

Functional requirement for class I MHC in CNS development and

plasticity. Science. (2000) 290:2155–9. doi: 10.1126/science.290.549

9.2155

45. Bramer D, Hoyer H, Gunther A, Nowack S, Brunkhorst FM, Witte OW,

et al. Study protocol: prediction of stroke associated infections by markers

of autonomic control. BMC Neurol. (2014) 14:9. doi: 10.1186/1471-237

7-14-9

46. Shim R, Wong CH. Ischemia, immunosuppression and infection–tackling

the predicaments of post-stroke complications. Int J Mol Sci. (2016) 17:E64.

doi: 10.3390/ijms17010064

47. Cogen AL, Moore TA. Beta2-microglobulin-dependent bacterial

clearance and survival during murine Klebsiella pneumoniae

bacteremia. Infect Immun. (2009) 77:360–6. doi: 10.1128/IAI.00

909-08

48. Ardeniz O, Unger S, Onay H, Ammann S, Keck C, Cianga C, et al. beta2-

Microglobulin deficiency causes a complex immunodeficiency of the innate

and adaptive immune system. J Allergy Clin Immunol. (2015) 136:392–401.

doi: 10.1016/j.jaci.2014.12.1937

49. Zhang J, Yang Y, Sun H, Xing Y. Hemorrhagic transformation after cerebral

infarction: current concepts and challenges. Ann Transl Med. (2014) 2:81.

doi: 10.3978/j.issn.2305-5839.2014.08.08

50. Sreejit G, Ahmed A, Parveen N, Jha V, Valluri VL, Ghosh S,

Mukhopadhyay S. The ESAT-6 protein of Mycobacterium tuberculosis

interacts with beta-2-microglobulin (beta2M) affecting antigen

presentation function of macrophage. PLoS Pathog. (2014) 10:e1004446.

doi: 10.1371/journal.ppat.1004446

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Hu, Wu, Tang, Zhang, Chen, Wang, Liu, Wang, Ge and Qun.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Neurology | www.frontiersin.org 8 January 2020 | Volume 10 | Article 1334

https://doi.org/10.1016/j.ijcard.2013.07.014
https://doi.org/10.1001/archinternmed.2007.64
https://doi.org/10.1007/s00702-014-1244-9
https://doi.org/10.1038/srep26199
https://doi.org/10.1111/j.1750-3639.2012.00614.x
https://doi.org/10.1161/CIRCRESAHA.116.308022
https://doi.org/10.3389/fimmu.2019.01668
https://doi.org/10.1186/s12974-019-1516-2
https://doi.org/10.1016/j.neuron.2012.01.020
https://doi.org/10.1038/344742a0
https://doi.org/10.1126/science.290.5499.2155
https://doi.org/10.1186/1471-2377-14-9
https://doi.org/10.3390/ijms17010064
https://doi.org/10.1128/IAI.00909-08
https://doi.org/10.1016/j.jaci.2014.12.1937
https://doi.org/10.3978/j.issn.2305-5839.2014.08.08
https://doi.org/10.1371/journal.ppat.1004446
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Serum β2-Microglobulin Is Closely Associated With the Recurrence Risk and 3-Month Outcome of Acute Ischemic Stroke
	Introduction
	Methods
	Ethical Statements
	Subjects
	Laboratory Assays and Clinical Information
	Evaluation of 3-Month Outcomes
	Evaluation of the Risk of Recurrent Stroke
	Evaluation of the Severity of Ischemic Stroke
	Subtypes of Ischemic Stroke
	Acquisition and Analysis of MRI Data
	Statistical Analyses

	Results
	Clinical and Demographic Data
	Association of Serum β2-Microglobulin With Essen Stroke Risk Score Values, National Institute of Health Stroke Scale Scores, Infarct Volumes, and Modified Rankin Scale Scores in Patients With Acute Ischemic Stroke
	The Optimal Cutoff Value to Discriminate Between Good and Poor Outcomes at 3 Months After Acute Ischemic Stroke
	β2-Microglobulin Was Associated With Poor Outcomes at 3 Months After Acute Ischemic Stroke
	β2-Microglobulin Was Associated With Trial of ORG 10172 in Acute Stroke Treatment Subtypes

	Discussion
	Limitations
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	References


