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Abstract
Ninjurin-1 is a novel adhesion molecule which is involved in many inflammatory diseases. Functional blockage of Ninjurin-1 
has exerted an atheroprotective effect. The aim of the study is to explore the association between serum Ninjurin-1 and the 
risk of large artery atherosclerotic acute ischemic stroke. From August 2020 through December 2021, patients with large 
artery atherosclerotic acute ischemic stroke (LAA-AIS) admitted to the First Hospital Affiliated to Soochow University, and 
age- and sex-matched controls free of ischemic stroke were recruited. Serum Ninj1 was measured with an enzyme-linked 
immunosorbent assay. Multivariable logistic regression models were used to calculate the odds ratios and 95% confidence 
intervals of LAA-AIS associated with serum Ninj1 levels, and receiver operating characteristic (ROC) curves were performed 
to assess the improvement value of Ninj1 for the prediction of LAA-AIS after adding Ninj1 to established risk factors. Of 
the 110 patients and 110 age- and sex-matched controls free of ischemic stroke enrolled, serum Ninj1 levels in LAA-AIS 
patients were significantly higher than that in control group (142.70 ng/ml [IQR: 110.41–163.44] vs 101.62 ng/ml [IQR: 
86.63–120.86], p < 0.001). In multivariable analysis, Ninj1 levels were expressed as continuous variable and ordinal variable 
(tertiles), and it turned out that Ninj1 levels were positively associated with increased risk of LAA-AIS, especially in tertile3 
compared with tertile1 (adjusted OR = 12.567, 95%CI: 5.148–30.678, p < 0.001), and the adjusted odds OR per 10 ng/ml 
increment was 1.541, 95%CI: 1.348–1.763, p < 0.001. Furthermore, adding Ninj1 to a multivariate logistic model including 
conventional risk factors associated LAA-AIS improved the area under ROC curves from 0.787 to 0.874. Elevated circu-
lating levels of Ninj1 were associated with increased risk of LAA-AIS, indicating that serum Ninj1 may act as a predictor 
independent of established conventional risk factors.
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Abbreviations
AIS	� Acute ischemic stroke
LAA-AIS	� Large artery atherosclerotic acute 

ischemic stroke
ROC	� Receiver operating characteristic curve
ASCVD	� Atherosclerotic cardiovascular disease
CAD	� Coronary artery disease

TOAST criteria	� Trial of Org 10172 in Acute Stroke 
Treatment criteria

AUC​	� Area under receiver operating character-
istic curve

Introduction

Acute ischemic stroke (AIS) remains a major cause of dis-
ability and mortality worldwide, atherosclerosis is a chronic 
inflammatory disease, and represents the primary cause of 
atherosclerotic cardiovascular disease (ASCVD) including 
AIS [1, 2]. For the past few years, clinical trials indicated 
that anti-inflammatory therapy is emerging as an effective 
option beside anti-platelet and lipid-lowering treatment for 
ASCVD [3]. Ninjurin-1 (nerve injury-induced protein 1, 
Ninj1) is a novel molecule with two-pass transmembrane 
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proteins, initially identified in axons and Schwann cells 
following nerve injury [4]; subsequent studies found that 
Ninj1 was involved in a variety of inflammatory diseases, 
such as rheumatoid arthritis, asthma, inflammatory bowel 
disease, multiple sclerosis, pulmonary fibrosis, malignant 
tumors, and severe infection [5–9]. Also, Ninj1 is reported 
to be upregulated in inflammatory cells, particularly in mac-
rophages, endothelial cells, and neutrophils that play key 
roles in the development of atherosclerosis [10]. Recently, it 
has re-attracted considerable attention because of its involve-
ment in membrane rupture which is essential for stimulat-
ing pro-inflammatory responses and accelerating inflam-
matory diseases like atherosclerosis [11, 12]. In addition, 
a recent study by Jeon et al. revealed that Ninj1 was abun-
dantly expressed in atherosclerotic aortas compared with 
normal vessels, and its soluble form in serum was signifi-
cantly higher in patients with coronary artery disease (CAD) 
patients in comparison with healthy ones [13]. However, 
the relevance of Ninj1 in large artery atherosclerotic acute 
ischemic stroke (LAA-AIS) remains to be elucidated. Thus, 
we conducted the current study to investigate the association 
between serum Ninjurin-1 and the risk of LAA-AIS.

Methods

Study Population

The present study was conducted in the Stroke Center of the 
First Hospital Affiliated to Soochow University during the 
period August 2020 to December 2021. Patients with LAA-
AIS were enrolled within 48 h after symptom onset. AIS was 
diagnosed by the World Health Organization criteria and con-
firmed by magnetic resonance imaging or computed Tomog-
raphy scans. Stroke subtype was determined according to the 
Trial of Org 10172 in Acute Stroke Treatment (TOAST) cri-
teria1. Age- and sex-matched controls free of ischemic stroke 
were from the Chinese Stroke Screening and Prevention Pro-
ject (CNSSPP), which is an ongoing community-based, long-
term follow-up study, and details on its design and rationale 
have been described previously [14]. Briefly, adults of 40 years 
or above were recruited in this study, with at least one of the 
following risk factors: hypertension, diabetes mellitus, hyper-
lipidemia, or smoking, accompanied with carotid intima thick-
ness < 1.5 mm, and no stenosis was observed by carotid ultra-
sound. Subjects with known conditions to affect Ninjurin-1 
levels were excluded, including rheumatoid arthritis, asthma, 
inflammatory bowel disease, multiple sclerosis, pulmonary 
fibrosis, malignant tumors, or severe infection. The protocol of 
the study conforms to the ethical guidelines mentioned in the 
Declaration of Helsinki and was approved by the Ethics Com-
mittee of the First Hospital Affiliated to Soochow University 
(no. 2021–07-01). Written informed consent for participation 

was not required for this study in accordance with the national 
legislation and the institutional requirements.

Baseline Data Collection

Baseline data on demographic characteristics, risk factors, and 
medical history were collected at admission, including age, 
sex, body mass index (BMI), medical history of hypertension, 
diabetes and smoking, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), fasting plasma glucose (FPG), total 
cholesterol (TC), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), homocyst-
eine (HCY), and glycated hemoglobin (HbA1C).

Ninjurin‑1 Measurement

Blood specimens were collected on the second day morn-
ing after 8 h of fasting, stored immediately at 4 °C after 
blood withdrawal. Serum samples were separated after 4 °C 
overnight and frozen at − 80 until laboratory testing. Serum 
Ninjurin-1 levels were assessed using an enzyme-linked 
immunosorbent assay kit (Jiangsu enzyme label Biotech-
nology Co. Jiangsu, China) according to the manufacturer’s 
instructions.

Statistical Analysis

Continuous variables are expressed as means (standard devi-
ation [SD]) or medians (interquartile range [IQR]), and cat-
egorical variables as percentages. Normality of distributions 
was assessed graphically and with the Kolmogorov–Smirnov 
test. T-test or Mann–Whitney test was used for comparisons 
of continuous variables and chi-square test for categorical 
variables. The association between Ninj1 and LAA-AIS risk 
was measured by calculating crude odds ratios (ORs) and 
95% CI using logistic regression models. In multiple logistic 
analyses, adjustment variables included age, sex, hyperten-
sion, diabetes, systolic blood pressure, fasting plasma glu-
cose, total cholesterol, HDL-C, LDL-C, homocysteine, and 
glycated hemoglobin. Besides, we assessed the predictive 
value of Ninj1 adding to the conventional risk models by 
computing the area under receiver operating characteristic 
curves (AUC). Two-tailed p < 0.05 was considered to be 
statistically significant. The above statistical analyses were 
conducted using SPSS software (IBM SPSS Statistics for 
Mac, version 26.0; IBM Corp, Armonk, NY, USA).

Results

In brief, a total of 156 consecutive acute ischemic stroke 
(TOAST classification of large artery atherosclerosis) 
patients within 48 h of symptom onset were recruited in 
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this study from August 2020 to December 2021. According 
to the exclusion criteria, 28 patients were excluded: 5 with 
malignant tumors, 12 with severe infection, 11 with rheu-
matoid arthritis, asthma, multiple sclerosis or pulmonary 
fibrosis; after further exclusion of 18 patients for lack of 
clinical or laboratory data, 110 patients and 110 age- and 
sex-matched controls were enrolled in the study (shown in 
Fig. 1).

Baseline Characteristics

Baseline clinical characteristics are showed in Table 1. No 
significant imbalance was observed for the main clinical 
data including age, sex, BMI, hypertension, diabetes, and 
smoking. As for laboratory inspection, AIS patients tend to 
have higher SBP, FPG and glycated hemoglobin, and lower 
HDL-C compared with controls. Furthermore, serum Ninj1 
levels in LAA-AIS patients were significantly higher than 
that in control group (142.70 ng/ml [IQR: 110.41–163.44] 
vs 101.62 ng/ml [IQR: 86.63–120.86], p < 0.001).

The ROC curve was applied to find the cut-off value of 
serum Ninj1 levels in predicting LAA-AIS (Fig. 2). As a 
result, the cut-off value of Ninj1 to diagnose LAA-AIS was 
suggested to be over 129.48 ng/ml, with the AUC of 0.785 
(95% CI: 0.725, 0.846). The sensitivity and specificity at 

this concentration were 62.7% and 84.5%, respectively. The 
proportion of cases with Ninj1 > 129.48 ng/ml was signifi-
cantly higher in AIS (69, 62.7%) than the control group (17, 
15.5%).

Serum Ninj1 Levels and the Risk of LAA‑AIS

In logistic regression analysis, elevated serum Ninj1 levels were 
associated with an increased risk of LAA-AIS. As a continuous 
variable, every increment of 10 ng/ml in Ninj1 was associated 
with an increased risk of LAA-AIS (multivariate OR = 1.541, 
95% CI: 1.348–1.763; p < 0.001). A similar relationship was 
also observed when treating Ninj1 as an ordinal variable, the 
risk of LAA-AIS was significantly higher in tertile3 than that 
in tertile1 (OR = 10.234, 95% CI: 4.711–22.232; p < 0.001), 
while no significant difference was observed in tertile2 com-
pared with tertile1 (OR = 1.302, 95% CI: 0.657–2.580; p = 0.45), 
the p-value for trend was < 0.001. After adjustment for age, sex, 
hypertension, diabetes, systolic blood pressure, fasting plasma 
glucose, total cholesterol, HDL-C, LDL-C, homocysteine, and 
glycated hemoglobin, patients with Ninj1 index of tertile3 were 
still independently associated with increased risk of LAA-AIS 
compared with patients with a Ninj1 index of tertile1 (adjusted 
OR = 12.567, 95% CI: 5.148–30.678; p < 0.001) (Table 2).

Fig. 1   Flowchart for patient 
selection
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As displayed in Fig. 3, the AUC for the risk ratio model 
containing Ninj1 and other established risk factors, includ-
ing age, sex, hypertension, diabetes, systolic blood pressure, 

fasting plasma glucose, total cholesterol, HDL-C, LDL-C, 
homocysteine, and glycated hemoglobin was consider-
ably greater than the one containing only conventional risk 

Table 1   Baseline characteristics 
of LAA-AIS patients and age- 
and sex-matched free-stroke 
controls

Continuous variables were expressed as median (IQR) or mean ± SD based on their normality. Percentages 
were used for categorical variables. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol

Variable Patients (n = 110) Control (n = 110) p-value

Age, years 66.00 (57.75, 73.00) 67.00 (57.00, 74.00) 0.758
Male, n (%) 67 (60.9) 57 (51.8) 0.174
BMI 26.11 ± 3.14 25.52 ± 3.16 0.165
Hypertension, n (%) 79 (71.8) 87 (79.1) 0.210
Diabetes, n (%) 38 (34.5) 26 (23.6) 0.075
Smoking, n (%) 29 (26.6) 36 (32.7) 0.321
SBP, mmHg 149.53 ± 21.97 142.26 ± 23.11 0.018
DBP, mmHg 84.14 ± 14.51 82.39 ± 9.41 0.290
FPG, mmol/L 6.35 (5.30, 7.15) 5.45 (4.80, 6.43) 0.000
Triglyceride, mmol/L 1.42 (1.09, 1.75) 1.41 (1.07, 2.14) 0.473
Total cholesterol, mmol/L 4.33 ± 1.32 4.66 ± 1.16 0.050
HDL-C, mmol/L 1.04 (0.85, 1.24) 1.38 (1.18, 1.56) 0.000
LDL-C, mmol/L 2.59 ± 1.12 2.49 ± 0.85 0.488
Homocysteine, umol/L 11.35 (9.80, 15605) 12.60 (10.45, 16.80) 0.206
Glycated hemoglobin, % 6.10 (5.80, 6.95) 5.90 (5.50, 6.43) 0.000
Ninjurin-1, umol/L 142.70 (110.41, 163.44) 101.62 (86.63, 120.86) 0.000

Fig. 2   a Receiver operating 
characteristic curves (ROC) 
to find out the cut-off value of 
serum Ninj1 levels in predicting 
LAA-AIS. b The proportion 
of serum Ninj1 > 129.4 ng/
ml between the LAA-AIS and 
control group

Table 2   Odds ratios and 95% 
confidence intervals of LAA-
AIS risk associated with serum 
Ninj1

OR, odds ratio; CI, confidence interval. *Adjusted for age, sex, hypertension, diabetes, systolic blood pres-
sure, fasting plasma glucose, total cholesterol, HDL-C, LDL-C, homocysteine, and glycated hemoglobin

Serum Ninj1 (ng/ml) n (%) of 
events

Unadjusted Multivariate-adjusted* p-value

OR (95%CI) p-value OR (95%CI)

Tertile1 (≦100.15) 74 1 (reference) 1 (reference)
Tertile2 (100.16–135.81) 73 1.302 (0.657–2.580) 0.45 1.341 (0.602–2.983) 0.473
Tertile3 (≧135.82) 73 10.234 (4.711–22.232)  < 0.001 12.567 (5.148–30.678)  < 0.001
p for trend -  < 0.001  < 0.001
Per 10 ng/ml increase - 1.491 (1.330–1.672)  < 0.001 1.541 (1.348–1.763)  < 0.001
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factors (0.787 vs 0.874), suggesting that incorporation of 
Ninj1 into the basic model significantly improved the predic-
tion value of LAA-AIS (p < 0.001).

Discussion

Atherosclerosis, as the main underlying cause of 
ischemic stroke, is a chronic inf lammatory disease 
involved in endothelial dysfunction, macrophage infil-
tration, and foam cell formation in the vasculature [15]. 
Inf lammation is considered to be implicated in the 
whole pathogenesis process of atherosclerosis. In addi-
tion, recent large-scale clinical trials have established 
the therapeutic potential of anti-inflammatory therapies 
targeting atherosclerosis [16–18].

Previous studies have shown that Ninj1 was signifi-
cantly upregulated in atherosclerotic aortas compared 
with normal vessels, and its soluble form in serum was 
significantly higher in CAD patients than healthy con-
trols [13]. To the best of our knowledge, the present 
study was the first case–control study on the correla-
tion between serum Ninj1 levels and the morbidity risk 
of LAA-AIS. Our study suggested that elevated serum 
Ninj1 levels were correlated with higher risk of LAA-
AIS patients, this positive association was independent of 

established risk factors including age, sex, hypertension, 
diabetes, systolic blood pressure, fasting plasma glucose, 
total cholesterol, HDL-C, LDL-C, homocysteine, and 
glycated hemoglobin.

Ninj1 is a two-pass transmembrane protein originally 
identified as a small adhesion molecule via homophilic 
interaction of amino acid residues from Pro26-Asn37 
[19]. It is reported to be upregulated in many inflam-
matory diseases such as rheumatoid arthritis, asthma, 
inflammatory bowel disease, multiple sclerosis, pulmo-
nary fibrosis, malignant tumors, or severe infection. Yet, 
its role in inflammation is still controversial, with both 
pro- and anti-inflammatory activity described before. In 
the present study, we found that serum Ninj1 levels in 
LAA-AIS patients were significantly higher than that in 
control group, so we speculated that Ninj1 may act as a 
pro-inflammatory agent, which is consistent with that of 
Seungho et al., who found that Ninj1 enhanced inflam-
matory response of macrophages in pulmonary fibrosis 
[9]. Similarly, another study on early ocular development 
discovered that Ninj1 increased macrophage-induced 
cell–cell and cell–matrix adhesion [20]. In addition, 
Ninj1 is also reported to promote toll-like receptors 4 
signaling to aggravate systemic inflammation and the 
adhesion of leukocytes onto endothelial cells in experi-
mental autoimmune encephalomyelitis model [5, 7]. 
However, there were a few studies showed that Ninj1 
might exert anti-inflammatory effects. Hoon Choi et al. 
reported that Ninj1 limited colon inflammation by acti-
vating M2 macrophage polarization [21]; another study 
showed that Ninj1 overexpression on macrophages sup-
press macrophage infiltration repression of FAK signal-
ing in colon cancer [22]. The difference may be explained 
by different effects of Ninj1 in various organs, and dif-
ferent roles between length Ninj1 and soluble Ninj1 [23]. 
Recently, Ninj1 has rekindled scholars’ interest as a regu-
lator of plasma membrane rupture (PMR), which is the 
final event in lytic cell death to augment inflammatory 
response [11, 12]. All the evidences above indicate that 
targeting Ninj1 may be of potential therapeutic benefit 
in inf lammatory diseases. Therefore, studies target-
ing Ninj1 using peptide or antibodies in inflammatory 
diseases were conducted, and as expected, they found 
that functional blocking of Ninj1 inhibits inflammatory 
responses on macrophages and endothelial cells [24, 25]. 
In atherosclerosis model, a recent study revealed that 
synthetic Ninj1 peptides can attenuate monocyte recruit-
ment and reduce macrophage-mediated inflammation 
to alleviate atherosclerosis [13]. Taken together, these 
findings suggest that Ninj1 plays an important role in 
the development of atherosclerosis; thus, we conducted 
the current study and observed a positive association 
between Ninj1 and LAA-AIS, and we speculated that 

Fig. 3   Receiver operating characteristic curves (ROC) of the logistic 
regression model including Ninj1 and other conventional risk factors. 
Basic model: age, sex, hypertension, diabetes, systolic blood pressure, 
fasting plasma glucose, total cholesterol, HDL-C, LDL-C, homocyst-
eine, and glycated hemoglobin. AUC, area under curve
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Ninj1 might be an independent predictor of LAA-AIS 
and might be a promising target for atherosclerosis.

Some limitations of the study should be considered. First, 
given this study a relatively small-sample research in a single 
center, a larger-scale study should replicate these conclusions. 
Second, the current study aimed to investigate the association 
between serum Ninj1 and LAA-AIS, while its correlation with 
other inflammatory factors such as interleukin-6 was not elu-
cidated. Third, we did not determine the association of serum 
Ninj1 with other subtypes of stroke. Finally, we did not assess 
the consistent changes of serum Ninj1 pre- or post-stroke, 
together with that this is an observational study, and casual rela-
tionships cannot be elucidated. Hence, whether Ninj1 offered 
potential as a target for anti-inflammatory therapy in LAA-AIS 
warranted further verification.

Conclusions

The present study demonstrated a positive correlation 
between elevated serum Ninjurin-1 and a higher risk of 
LAA-AIS, suggesting that serum Ninj1 may act as an inde-
pendent predictor for LAA-AIS; further studies are needed 
to evaluate whether Ninj1 could be a potential therapeutic 
target against atherosclerotic diseases.
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