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Abstract
Semaphorin 7A (Sema7A), a neural guidance cue, was recently identified to regulate 
atherosclerosis in mice. However, the clinical relevance of Sema7A with atheroscle‐
rotic diseases remains unknown. The aim of this study was to investigate the associa‐
tion between serum Sema7A and the risk of acute atherothrombotic stroke (AAS). 
We measured serum concentrations of Sema7A in 105 newly onset AAS cases and 
105 age‐ and sex‐matched controls, showing that median Sema7A level in AAS cases 
was over three times of that in controls (5.86 vs 1.66 ng/mL). Adjusted for hyperten‐
sion, body mass index, fasting blood glucose, total cholesterol, triglyceride, high‐den‐
sity lipoprotein (HDL)‐cholesterol, low‐density lipoprotein (LDL)‐cholesterol, current 
smoking and alcohol consumption, multivariate logistic regression showed that higher 
Sema7A was independently associated with the odds of AAS (OR = 6.40, 95% CI: 
2.88‐14.25). Each 1‐standard deviation increase in Sema7A was associated with a 
threefold higher odds of AAS (OR = 3.42, 95% CI: 1.84‐6.35). Importantly, adding 
Sema7A to a multivariate logistic model containing conventional cardiovascular risk 
factors improved the area under receiver operating characteristic curves from 0.831 
to 0.891 for the association with AAS. In conclusion, elevated serum Sema7A is inde‐
pendently associated with the risk of AAS, suggesting that it may play a potential role 
in AAS.
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1  | INTRODUC TION

Stroke is one of the leading causes of mortality and disability 
worldwide. Acute atherothrombotic stroke (AAS), the most com‐
mon subtype, is a result of the atherosclerosis of cerebral arteries 
accounting for an overwhelming majority of deaths in China.1,2 
The proatherogenic milieu consists of dysfunctional endothelium, 
activated leucocytes, platelets and inflammatory factors that fa‐
cilitate atheroprogression and cardiovascular events.3,4 These 
molecules, reflecting systemic or focal inflammation, have shed 
light on the risk stratification of AAS.5,6 To date, emerging evi‐
dence suggests the roles of semaphorins, a protein family primar‐
ily detected on immunocyte membranes and signalling through 
plexins or integrins to exert versatile functions,7 underlying ath‐
erosclerotic diseases since their initial demonstration as axonal 
guidance cues.8-10 Among this family, semaphorin 7A (Sema7A) is 
a membrane protein encoded by SEMA7A gene on human chro‐
mosome 15 (25 kb) or mouse chromosome 9B (22 kb) and shows 
an important role in immune response, neural development, bone 
homeostasis, cancer and inflammation.11-14 Up‐regulation of 
Sema7A expression has been associated with various inflamma‐
tory diseases, including interstitial lung disease,15 multiple scle‐
rosis (MS),16 rheumatoid arthritis17 and airway hypersensitivity.18 
Recently, we demonstrated a causal role of Sema7A in experimen‐
tal atherosclerosis via eliciting endothelial dysfunction and vas‐
cular inflammation,19 whereas the clinical relevance of Sema7A in 
atherosclerotic disease remains to be elucidated. Therefore, we 
conducted this case‐control study to investigate the association 
of serum Sema7A with AAS.

2  | MATERIAL S AND METHODS

2.1 | Study population

We randomly selected 105 cases from a large cohort of pa‐
tients with AAS from CATIS (China Antihypertensive Trial in 
Acute Ischemic Stroke).20 In CATIS, patients with a systolic BP 
≥220 mm Hg or diastolic BP ≥120 mm Hg, severe heart failure, 
acute myocardial infarction or unstable angina, atrial fibrillation, 
aortic dissection, cerebrovascular stenosis or resistant hyperten‐
sion; those in a deep coma and those treated with intravenous 
thrombolytic therapy were excluded. The randomization process 
was conducted as follows: There were a total of 3170 patients with 
atherothrombotic stroke and with serum samples in CATIS. Among 
all these atherothrombotic stroke patients, we selected 105 pa‐
tients as cases by means of simple random sampling method. 
Controls free of stroke from a cross‐sectional study in China were 
matched to the cases by 1:1 based on age (birth at the same year) 
and sex by SAS software.21 Subjects with conditions known to 
affect Sema7A levels, including rheumatoid arthritis, interstitial 
lung disease, idiopathic pulmonary fibrosis (IPF), polycystic kid‐
ney disease, alcoholic liver disease, MS and bone fracture were 
excluded. The protocol of this case‐control study conforms to the 

ethical guidelines of the Declaration of Helsinki22 and has been 
approved by the institutional review boards and ethics commit‐
tees at Soochow University in China and all participating hospitals. 
Written informed consent was obtained from all study participants 
included in the study or their immediate family members.

2.2 | Data collection and measurements

Baseline information on demographic characteristics, lifestyle risk 
factors, medical history and use of medications were collected 
at admission or recruitment by trained staffs using a standard 
questionnaire. Hypertension was defined as systolic blood pres‐
sure (SBP) ≥130 mm Hg and/or diastolic blood pressure (DBP) 
≥80 mm Hg or currently under antihypertensive therapy.23 Body 
weight and height were measured with a routinely calibrated sta‐
diometer and scale. Body mass index (BMI) was calculated as body 
weight (kilograms) divided by height (metres) squared. In this study, 
blood samples were collected for all participants in the morning 
after 8 hours of fasting. The incubation time for blood coagulation 
lasted for 4 hours at 4°C and then all serum samples were sepa‐
rated and frozen at −80°C until laboratory testing. Serum Sema7A 
concentrations were assessed centrally at the School of Public 
Health at Soochow University on a FilterMax F5 Multi‐Mode 
Microplate Reader using a commercially available enzyme‐linked 
immunosorbent assay kit (ELH‐SEMA7A, RayBiotech, Peachtree 
Corner, GA, USA) according to the manufacturer's instructions. 
The concentrations of Sema7A were determined according to a 
standard curve built for the same test set. Laboratory technicians 
who performed the measurements were blind to the cases and 
controls.

2.3 | Statistical analysis

Continuous variables with normal and skewed distribution were pre‐
sented as means with standard deviation (SD) and medians with inter‐
quartile ranges (IQRs) respectively. Means and medians in variables 
between the two groups were compared using the paired Student's 
t test or Wilcoxon rank‐sum test. Comparisons of percentages for 
categorical variables between the two groups were performed 
using the χ2 test. Differences in Sema7A levels were evaluated be‐
tween AAS cases and controls. Median Sema7A level (3.20 ng/mL) 
was served as cut‐off and the study population was divided into 
low Sema7A (<3.20 ng/mL) and high Sema7A (≥3.20 ng/mL) groups. 
Both univariate and multivariate logistic regression analyses were 
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conducted to calculate the odds ratios (ORs) and 95% confidence 
intervals (95% CIs) of AAS associated with high Sema7A levels. In 
multivariate logistic analyses, adjustment variables included hyper‐
tension, BMI, current smoking, alcohol consumption, FBG, total cho‐
lesterol (TC), triglyceride (TG), low‐density lipoprotein cholesterol 
(LDL‐C) and high‐density lipoprotein cholesterol (HDL‐C). In addi‐
tion, we assessed the improvement value of Sema7A for prediction 
of AAS risk by computing the area under receiver operating charac‐
teristic curves (AUC) and compared the model including Sema7A and 
other conventional risk factors to a model including only other con‐
ventional risk factors.24 The association between serum Sema7A and 
high‐sensitivity C‐reactive protein (hsCRP) was evaluated using lin‐
ear correlation and regression. A two‐tailed P < 0.05 was considered 
statistically significant. Statistical analyses were performed using 
SPSS software (version 22.0, IBM, Armonk, NY, USA) and MedCalc 
(version 15, MedCalc Software, Ostend, Belgium).

3  | RESULTS

A total of 105 AAS patients and 105 age‐ and sex‐matched controls 
were included in the analyses. As shown in Table 1, AAS cases are 
more likely to have higher BMI, SBP, DBP, TG and Sema7A levels 
compared with controls. Serum Sema7A level in AAS patients was 
more than three times of that in controls (5.86 ng/mL [IQR 3.17‐9.97] 
vs 1.66 ng/mL [IQR 0.92‐3.29], P < 0.001) (Figure 1A). After being 
divided by the median concentration of Sema7A (3.20 ng/mL), the 
proportion of cases was significantly higher in subjects with high 
Sema7A levels than that in those with low Sema7A levels (73.3% vs 
26.7%, P < 0.001) (Figure 1B). Further analyses in 98 AAS patients 
showed no significant association between serum Sema7A and 

hsCRP levels (Pearson Correlation: −0.119, R2 = 0.014, P = 0.245) 
(Figure S1).

After controlling for conventional cardiovascular disease (CVD) 
risk factors including hypertension, BMI, FBG, TC, TG, HDL‐C, LDL‐C, 
current smoking and alcohol consumption, the multivariate‐adjusted 
OR (95% CI) of AAS for high Sema7A levels was 6.40 (2.88‐14.25) 
(P < 0.001), compared with low Sema7A. Additionally, each 1‐SD in‐
crease of Sema7A was associated with a three times higher odds of 
AAS (adjusted OR = 3.42, 95% CI: 1.84‐6.35; P < 0.001) (Table 2).

As displayed in Figure 2, the AUC for the model containing 
Sema7A and other conventional risk factors, including hypertension, 
BMI, FBG, TC, TG, HDL‐C, LDL‐C, current smoking and alcohol con‐
sumption, was significantly larger than that for the model including 
only other conventional risk factors (0.891 vs 0.831, P < 0.01), sug‐
gesting that incorporating Sema7A into the basic model significantly 
improved the prediction value of the model for AAS cases.

4  | DISCUSSION

In this 1:1 matched case‐control study, we found that serum Sema7A 
level was significantly higher in AAS patients than that in healthy 
controls. Furthermore, in multivariate logistic analyses, increased 
serum Sema7A was significantly associated with the risk of AAS 
while controlling some important conventional CVD risk factors 
including hypertension, BMI, FBG, TC, TG, HDL‐C, LDL‐C, current 
smoking and alcohol consumption. In addition, adding Sema7A in 
a model containing the conventional CVD risk factors further im‐
proved the ability to distinguish AAS cases from controls beyond 
these factors. These findings suggest that Sema7A plays an impor‐
tant role in cerebral atherosclerosis.

Variable Patients (n = 105) Control (n = 105) P value

Age (y) 54 (52‐58) 54 (52‐58) 0.691

Male, no. (%) 70 (66.7) 70 (66.7) 1.000

BMI (kg/m2)a 25.61 ± 2.58 24.28 ± 3.08 0.001

Systolic BP (mm Hg)b 162.0 (150.7‐179.7) 120.0 (111.0‐126.0) <0.001

Diastolic BP (mm Hg)b 99.3 (91.3‐104.0) 79.0 (72.5‐83.0) <0.001

Current smoking, no. (%) 52 (49.5) 54 (51.4) 0.783

Alcohol consumption, no. 
(%)

39 (37.1) 40 (38.1) 0.887

TC (mmol/L)b 5.09 (4.30‐5.82) 5.02 (4.41‐5.75) 0.960

TG (mmol/L)b 1.59 (1.06‐2.48) 1.19 (0.86‐1.94) 0.005

LDL‐C (mmol/L)b 2.95 (2.23‐3.52) 3.13 (2.59‐3.65) 0.087

HDL‐C (mmol/L)b 1.13 (0.97‐1.53) 1.18 (1.04‐1.39) 0.621

FBG (mmol/L)b 5.60 (5.00‐6.35) 5.47 (5.11‐6.08) 0.620

Sema7A (ng/mL)b 5.86 (3.17‐9.97) 1.66 (0.92‐3.29) <0.001

BP, blood pressure; BMI, body mass index; TC, total cholesterol; TG, triglycerides; LDL‐C, low‐den‐
sity lipoprotein cholesterol; HDL‐C, high‐density lipoprotein cholesterol; FBG, fasting blood 
glucose.
aMean ± SD or 
bmedian (interquartile range). 

TA B L E  1  Baseline characteristics of 
105 acute atherothrombotic stroke 
patients and 105 age‐ and sex‐matched 
controls
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To the best of our knowledge, the association between Sema7A 
and atherosclerotic diseases in human population has not yet been 
reported, despite a growing body of evidence on the role of Sema7A 
in several autoimmune and inflammatory disorders.15-18,25-27 For 
instance, sema7A was found to bind autoantibodies in synovial flu‐
ids from patients with rheumatoid arthritis.26 MS patients showed 
a positive correlation of astrocyte Sema7A with increased inflam‐
matory activity.16 Moreover, Sema7A expression was up‐regulated 
in peripheral blood mononuclear cells (PBMCs)15 and T cells25 from 
patients with scleroderma‐related interstitial lung disease and IPF, 
and higher levels of Sema7A were observed in circulating regulatory 
T cells from patients with autosomal‐dominant polycystic kidney 
disease.27 Of note, these immunocytes are essential contributors 
to vascular inflammation, suggesting a potential link between 
Sema7A and atherosclerosis. In our recent study, we found that 
Sema7A expression was up‐regulated in an experimental mouse 
atherosclerosis model. Targeted Sema7A gene knockout protected 
mice from high‐fat diet and disturbed blood flow‐induced athero‐
sclerosis. Compared with wild‐type littermates, Sema7A−/− mice 
had attenuated endothelial inflammation, leucocyte infiltration 
and plaque formation.19 To extend our understanding of Sema7A 
in atherosclerotic diseases, we selected AAS patients and a con‐
trol population strictly matched for age and sex to investigate the 
clinical relevance of Sema7A. Before the current study, most of the 
human studies on Sema7A involved only a very small study popu‐
lation and lacked an appropriate control group. Moreover, previous 
studies used only simple statistical tests to explore the associa‐
tion between Sema7A and diseases without controlling for po‐
tential confounders.15,17,25,27 In contrast, the stringent criteria for 

selecting cases and controls in our study ensure comparability be‐
tween AAS and control groups and minimize the interference from 
potential confounders. We further adjusted for some potential 
confounders in multivariate logistic analyses. We demonstrated an 
important result that elevated Sema7A was highly associated with 
AAS, which provided strong support to our previous findings in 
animal models of atherosclerosis.

The mechanisms underlying the observed association of serum 
Sema7A with AAS have been proposed in our previous study19 and 
other studies. It is well documented that Sema7A and its receptors 
are expressed in leucocytes, endothelial cells (ECs), neurons and 
platelets,28-30 all of which play essential roles in atherosclerosis. 
The increased Sema7A observed in AAS may be originated from in‐
jured EC,19 activated leucocytes,31 platelets and erythrocytes.28,30 
Furthermore, enhanced enzymatic cleavage from cell surface 
under inflammatory conditions may lead to elevated serum soluble 
Sema7A levels.17,32 Importantly, our recent study in mouse models 
of atherosclerosis demonstrated that increased EC Sema7A expres‐
sion in endothelial dysfunction propagates vascular inflammation 
and atherosclerotic lesions.19 Also, Sema7A may contribute to the 
progression of atherosclerosis via directly inducing leucocyte acti‐
vation and transmigration.11,33 These results suggest that Sema7A 
may play an important role in the development of atherosclerosis. 
Synthetically considering the atheroprotection induced by Sema7A 
gene knockout in animal models19 and the observed association 
between Sema7A and AAS, we speculated that serum Sema7A had 
a strong association with atherosclerosis or stroke and might be a 
biomarker of atherosclerosis and therapeutic target in atheroscle‐
rotic diseases.

F I G U R E  1  Comparison of Serum 
Sema7A levels between acute 
atherothrombotic stroke (AAS) patients 
and controls. (A) The scatter plot of 
Sema7A concentrations in the study 
population. Horizontal lines indicate 
medians and interquartile ranges. (B) 
Proportions of AAS cases in participants 
with higher and lower levels of Sema7A. 
AAS, acute atherothrombotic stroke. 
(***P < 0.001)

TA B L E  2  Odds ratios and 95% confidence intervals of acute atherothrombotic stroke risk associated with serum Sema7A

Number of 
participants

Unadjusted Multivariate‐adjusteda

OR (95% CI) P value OR (95% CI) P value

Sema7A, ng/mL

<3.20 105 1.00 (reference) 1.00 (reference)

≥3.20 105 7.56 (4.10‐13.94) <0.001 6.40 (2.88‐14.25) <0.001

Per SD increase 5.25 (2.93‐9.38) <0.001 3.42 (1.84‐6.35) <0.001

OR, odds ratio; SD, standard deviation; CI, confidence interval.
aAdjusted for hypertension, body mass index, total cholesterol, triglycerides, low‐density lipoprotein cholesterol, high‐density lipoprotein cholesterol, 
fasting blood glucose, current smoking and alcohol consumption. 
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Considering potential limitations of this study, our results should 
be interpreted cautiously. The current study is a case‐control study 
with a relatively small study population, and with the nature of 
the cross section for the association of Sema7A with AAS because 
measurements of Sema7A were only obtained after AAS onset. 
Therefore, the association of elevated Sema7A with AAS needs to 
be validated in future prospective studies. This case‐control study 
aimed to investigate the association between Sema7A and AAS, 
while the association between other inflammatory factors and AAS 
was not evaluated, thus we were not able to compare the Sema7A 
level with other inflammation biomarkers in the whole study popula‐
tion and control their effects in the analyses. Since plasma Sema7A 
was not measured in this study, we were not able to compare the 
levels of Sema7A between serum and plasma. Finally, our study was 
conducted only in Chinese Han population, thus may limit the gener‐
alization of the findings to other ethnic groups.

In summary, our results demonstrated that increased serum 
Sema7A was independently associated with the risk of AAS, showing 
that Sema7A may play an important role in atherosclerosis. Further 
large‐scale prospective studies are warranted to verify our findings 
and determine the prognostic value of Sema7A in various athero‐
sclerotic diseases.
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