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negatively correlates with severity, inflammatory  
cytokine expression and pro-inflammatory gene  
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Abstract: This study aimed to investigate the expression of circular RNA DLGAP4 (circ-DLGAP4) and its correlation 
with severity, inflammation, inflammatory cytokine levels as well as microRNA-143 (miR-143) expression in acute 
ischemic stroke (AIS) patients. One hundred and seventy AIS patients and 170 non-AIS controls were enrolled in 
this study. PBMC and serum from all participants were collected. Circ-DLGAP4 and miR-143 expression in PBMC 
were detected by qPCR, and TNF-α, IL-1β, IL-6, IL-8, IL-17 as well as IL-22 expressions in serum were detected by 
ELISA. The information of CRP, ESR, and National Institutes of Health Stroke Scale (NIHSS) score of AIS patients was 
collected. PBMC circ-DLGAP4 was down-regulated in AIS patients compared with controls, and ROC curve analysis 
disclosed that PBMC circ-DLGAP expression had good value in predicting lower AIS risk with area under curve 0.816. 
Spearman’s rank correlation test showed that PBMC circ-DLGAP4 expression negatively correlated with NIHSS 
score and CRP level in AIS patients. In addition, PBMC circ-DLGAP4 level also was negatively associated with serum 
expressions of TNF-α, IL-6, IL-8 as well as IL-22. Moreover, PBMC circ-DLGAP4 expression was negatively correlated 
with PBMC miR-143, and PBMC miR-143 was positively associated with NIHSS score, CRP, ESR, TNF-α, IL-1β, IL-6, IL-
8, IL-17, as well as IL-22 levels. Circulating circ-DLGAP4 could serve as a novel biomarker for diagnosis and disease 
surveillance of AIS and is negatively correlated with inflammation and miR-143 expression in AIS patients. 
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Introduction

Stroke, one of the leading causes of worldwide 
death and disability, mainly attacks people in 
low-income and middle-income countries [1, 2]. 
Acute ischemic stroke (AIS) is one of the most 
frequent types of strokes and the predominant 
cause of long-term disability, which subse-
quently brings a large burden to society every 
year [3]. As a critical medical emergency, AIS 
requires a timely evaluation and triage with the 
use of multiple assessment tools, including 
non-contrast cranial computed tomography 
(CT) scan, diffusion-weighted magnetic reso-
nance image (MRI) and assessment scales, 
which are effective but also have their limita-
tions, such as a restricted sensitivity to specific 
brain areas [4-7]. With respect to the manage-

ment of AIS, intravenous recombinant tissue 
plasminogen activator (IV rtPA) within 4.5 hours 
after stroke onset remains to be the first choice 
in clinical practice, while due to lack of rapid 
identification of stroke symptoms prehospital, 
timely intervention of AIS patients is often ham-
pered [8, 9]. 

Circular RNAs (circRNAs) are a novel class of 
non-coding RNAs with a structure of closed 
loop, being deficient in 5’ and 3’ polarity or a 
polyadenylated tail [10]. Recent studies eluci-
date that circRNAs have multiple functions, 
such as regulating translation and sponging 
microRNAs (miRNAs) [10-12]. Moreover, the 
roles of circRNAs in human diseases have been 
revealed by several studies, such as regulating 
biological process (for instance: stimulate the 
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neuron injury or promotes epithelial-mesenchy-
mal transition), cells functions (for instance: 
modify cell proliferation, apoptosis, migration 
and invasion), and molecules signaling (for 
instance: regulate Wnt signaling and JAK-STAT 
signaling pathways) [13-16]. CircRNA DLGAP4, 
a novel circRNA that originates from the exons 
8, 9 and 10 of gene DLGAP4, is a sponge for 
miR-143, and is recently found to reduce the 
neurological deficits, infarct areas, and blood-
brain damage in mice models of stroke, and the 
gene DLGAP4 is reported to be related to func-
tions of neurons and brain disorders [17, 18]. 
Therefore, we presumed that circ-DLGAP4 
might have the potential to serve as a biomark-
er in AIS patients for diagnosis and disease 
surveillance. 

Thus, this study aimed to investigate the 
expression of circ-DLGAP4 and its correlation 
with severity, inflammation, inflammatory cyto-
kine levels, as well as microRNA (miR)-143 
expression in AIS patients. 

Methods

Patients and controls

One hundred and seventy patients admitted 
with AIS at Tongren Hospital, Shanghai Jiao 
Tong University School of Medicine from 
January 2016 to September 2018 were con-
secutively enrolled in this case-control study. 
The inclusion criteria were as follows: (1) diag-
nosed as primary AIS confirmed by brain com-
puted tomography angiography (CTA) scan or 
magnetic resonance angiography (MRA); (2) 
age above 18 years old; (3) admission within 24 
hours of symptom onset. Patients were exclud-
ed if they had intracranial hemorrhage, severe 
infection or inflammatory diseases, complicat-
ed with hematologic malignancies or solid 
tumors, treated with immunosuppressive medi-
cine currently, or were pregnant or lactating 
women. Besides, there were 170 patients with 
vascular risk factors (such as hypertension, 
hyperlipidemia, hyperuricemia) being recruited 
as controls during the same period, and all con-
trols had no history of stroke, peripheral vascu-
lar disease, coronary ischemia, inflammatory 
diseases, autoimmune diseases or hematologi-
cal malignancies. This study was approved by 
Institutional Review Board of Tongren Hospital, 
Shanghai Jiao Tong University School of Me- 
dicine. All patients and controls (or their guard-
ians) provided written informed consents be- 
fore enrollment.

Collection of patients’ characteristics and 
blood samples

After the written informed consents were 
acquired, baseline characteristics of AIS pa- 
tients and controls were recorded, which 
included age, gender, body mass index (BMI), 
smoke, hypertension, diabetes mellitus, hyper-
lipidemia, hyperuricemia and chronic kidney 
disease (CKD). As for the AIS patients, C-rea- 
ctive protein (CRP) and erythrocyte sedimenta-
tion rate (ESR) were also measured and record-
ed, and National Institutes of Health Stroke 
Scale (NIHSS) score was collected as well, 
which was evaluated by physician within 24 
hours after admission and used to assess dis-
ease severity. AIS patients’ blood samples were 
collected prior to any treatment (within 24 
hours of symptom onset). Each sample was 
divided into two parts within 1 hour after collec-
tion, one was used for separation of peripheral 
blood mononuclear cell (PBMC) using the Ficoll 
density gradient centrifugation, and the other 
was centrifuged for the collection of serum. 
Then PBMC and serum were stored at -80°C for 
further detection. Controls’ blood samples 
were collected after the acquisition of the writ-
ten informed consents and used to separate 
PBMC, then stored at -80°C as well. 

Detections of Circ-DLGAP4 and miR-143

Total RNA was extracted from PBMC using the 
TRIzol Reagent (Invitrogen, USA) for detections 
of circ-DLGAP4 and miR-143. Subsequently, for 
circ-DLGAP4 detection, RNase R (Epicentre, 
USA) was added for the digestion of linear RNA 
in total RNA. And for miR-143 detection, the 
total RNA was used for transcription. Afterward, 
the RNA was reversely transcribed into cDNA by 
PrimeScript™ RT reagent Kit (TAKARA, Japan), 
and PCR was conducted using QuantiNova 
SYBR Green PCR Kit (Qiagen, German). GAPDH 
was used as internal reference for circ-DLGAP4 
detection, while U6 was used as internal refer-
ence for miR-143 detection. Lastly, the results 
were calculated using the 2-ΔΔCt formula. Primers 
used in the study were as follows: Circ-DLGAP4: 
Forward: AAGTGAACAAGGGACGCTGAC; Rever- 
se: ACTGCTCTGGACTGTGACTGA. miR-143: For- 
ward: ACACTCCAGCTGGGGGTGCAGTGCTGCA- 
TCTC; Reverse: TGTCGTGGAGTCGGCAATTC. 
GAPDH: Forward: TGACCACAGTCCATGCCATC- 
AC; Reverse: GCCTGCTTCACCACCTTCTTGA.  
U6: Forward: CTCGCTTCGGCAGCACATATACTA; 
Reverse: ACGAATTTGCGTGTCATCCTTGC.



Circular RNA DLGAP4 in AIS

943 Int J Clin Exp Pathol 2019;12(3):941-948

Measurements of inflammatory cytokines

For AIS patients, the levels of inflammatory 
cytokines including tumor necrosis factor α 
(TNF-α), interleukin (IL) 1β (IL-1β), IL-6, IL-8, 
IL-17 and IL-22 in serum were measured by use 
of Enzyme-Linked Immunosorbent Assay (ELI- 
SA) (Abcam, Massachusetts, USA) kits accord-
ing to the manufacturer's instructions.

Statistical analysis 

SPSS 21.0 statistical software (SPSS Inc, 
Chicago, USA) and GraphPad Prism 7.00 soft-
ware (GraphPad Software, La Jolla, USA) were 
used for statistical analysis and figures making. 
Count data were expressed as count (percent-
age); continuous data were described as mean 
± standard deviation if normally distributed, 
and as median (25th-75th quantiles) if not nor-
mally distributed. Comparison of count data 
was determined by Chi-square test; compari-
son of continuous data was determined by t 
test or Wilcoxon rank sum test. Correlation 

(P = 0.331). The number of patients who had 
hypertension in AIS patients and controls were 
157 (92.4%) and 149 (87.6%), respectively (P = 
0.148), and there were respectively 33 (19.4%) 
and 27 (15.9%) patients who had diabetes mel-
litus in AIS patients and controls (P = 0.393). 
Additionally, the numbers of patients with 
hyperlipidemia were 73 (42.9%) and 71 (41.8%) 
(P = 0.826), and the numbers of patients who 
had hyperuricemia were 55 (32.4%) and 55 
(32.4%) in AIS patients and controls, respec-
tively (P = 1.000). 27 (15.9%) AIS patients and 
22 (12.9%) controls hasd complication of 
chronic kidney disease (CKD) (P = 0.440). 
Additionally, in AIS patients, the mean NIHSS 
score was 7.9 ± 3.4, median CRP, ESR, TNF-α, 
IL-1β, IL-6, IL-8 and IL-17 levels were 26.0 (20.1-
34.7) mg/L, 30.1 (22.9-40.3) mm/H, 55.5 
(40.3-86.7) pg/mL, 5.1 (3.5-7.4) pg/mL, 40.1 
(33.1-49.0) pg/mL, 53.9 (40.1-75.5) pg/mL, 
86.3 (56.0-113.9) pg/mL and 68.1 (50.7-93.8) 
pg/mL, respectively. The other clinical charac-
teristics of AIS patients and controls are listed 
in Table 1. 

Table 1. Characteristics of AIS patients and controls

Characteristics AIS patients  
(N = 170)

Controls  
(N = 170) P value

Age (years) 64.9 ± 12.5 63.9 ± 10.5 0.412
Gender (n/%) 0.381
    Male 124 (72.9) 131 (77.1)
    Female 46 (27.1) 39 (22.9)
BMI (kg/m2) 24.5 ± 2.8 24.2 ± 2.7 0.331
Smoke (n/%) 82 (48.2) 83 (48.8) 0.914
Hypertension (n/%) 157 (92.4) 149 (87.6) 0.148
Diabetes mellitus (n/%) 33 (19.4) 27 (15.9) 0.393
Hyperlipidemia (n/%) 73 (42.9) 71 (41.8) 0.826
Hyperuricemia (n/%) 55 (32.4) 55 (32.4) 1.000
CKD (n/%) 27 (15.9) 22 (12.9) 0.440
NIHSS score 7.9 ± 3.4 - -
CRP (mg/L) 26.0 (20.1-34.7) - -
ESR (mm/H) 30.1 (22.9-40.3) - -
TNF-α (pg/mL) 55.5 (40.3-86.7) - -
IL-1β (pg/mL) 5.1 (3.5-7.4) - -
IL-6 (pg/mL) 40.1 (33.1-49.0) - -
IL-8 (pg/mL) 53.9 (40.1-75.5) - -
IL-17 (pg/mL) 86.3 (56.0-113.9) - -
IL-22 (pg/mL) 68.1 (50.7-93.8) - -
Data are presented as mean ± standard deviation, count (%) or median 
(25th-75th quantiles). Comparison was determined by t test or Chi-square test. 
P value < 0.05 was considered significant. AIS, acute ischemic stroke; BMI, 
body mass index; CKD, chronic kidney disease; National Institutes of Health 
Stroke Scale (NIHSS) score; CRP, C-reactive protein; ESR, erythrocyte sedi-
mentation rate; TNF-α, tumor necrosis factor α; IL, interleukin.

analysis was analyzed by Sp- 
earman’s rank correlation test. 
Receiver operating characteristic 
(ROC) curve and area under the 
ROC curve (AUC) were used to 
assess the value of Circ-DLGAP4 
level in distinguishing AIS from the 
control. Reported statistical sig-
nificance levels were all two-sided, 
and P value < 0.05 was consid-
ered significant.

Results

Clinical characteristics of sepsis 
patients and controls 

No difference of characteristics 
between AIS patients and controls 
was found (Table 1), and the mean 
age of AIS patients and controls 
were 64.9 ± 12.5 year and 63.9 ± 
10.5 years, respectively (P = 
0.412). There were 124 (72.9%) 
males and 46 (27.1%) females 
among AIS patients, and 131 
(77.1%) males as well as 39 
(22.9%) females in the controls (P 
= 0.381). In addition, the mean 
values of BMI were 24.5 ± 2.8 kg/
m2 and 24.2 ± 2.7 kg/m2 in AIS 
patients and controls, respectively 
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Predictive value of PBMC circ-DLGAP4 for AIS 
risk

The PBMC circ-DLGAP4 was down-regulated in 
AIS patients compared with controls (P < 0.001) 
(Figure 1A). The AUC of PBMC circ-DLGAP4 for 
differentiating AIS patients from controls was 
0.816 (95% CI: 0.772-0.859), and the sensitiv-
ity as well as specificity were 81.2% and 67.1% 
at the best cut-off point (Figure 1B), suggesting 
that PBMC circ-DLGAP4 had good value for pre-
dicting AIS risk. 

Association of PBMC circ-DLGAP4 with NIHSS 
score

PBMC circ-DLGAP4 expression was negatively 
correlated with NIHSS score in AIS patients (P < 
0.001, r = -0.324), which indicated that PBMC 
circ-DLGAP4 expression was reversely correlat-
ed with disease severity of AIS (Figure 2). 

Association of PBMC circ-DLGAP4 with inflam-
matory markers and cytokines

In AIS patients, the PBMC circ-DLGAP4 level 
was negatively associated with CRP (P = 0.007, 
r = -0.208), and serum TNF-α (P = 0.015, r = 
-0.187), IL-6 (P <0.001, r = -0.333), IL-8 (P = 
0.024, r = -0.173) and IL-22 (P = 0.003, r = 
-0.229) (Table 2). However, the PBMC circ-
DLGAP4 expression was not associated with 
ESR (P = 0.761, r = -0.023), IL-1β (P = 0.437, r = 
-0.060) or IL-17 (P = 0.720, r = -0.028) serum 
levels. These results suggested that PBMC circ-
DLGAP4 negatively associated with inflamma-
tion level in AIS. 

Association of PBMC circ-DLGAP4 with PBMC 
miR-143

Since miR-143 has been reported to be a target 
of circ-DLGAP4 in stroke models, we further 
evaluated the correlation of PBMC circ-DLGAP4 
with PBMC miR-143 [17], and found that PBMC 
circ-DLGAP4 was negatively correlated with 

Figure 1. PBMC circ-DLGAP4 expression in predicting AIS risk. PBMC circ-DLGAP4 was down-regulated in AIS pa-
tients compared with controls (A) and had a good value in predicting AIS risk (B). Comparison between two groups 
was determined by Wilcoxon rank sum test. ROC curve was performed to evaluate the value of circ-DLGAP4 for 
predicting AIS risk. P < 0.05 was considered significant. AIS, acute ischemic stroke; ROC, receiver operating char-
acteristic.

Figure 2. Correlation of PBMC circ-DLGAP4 with AIS 
severity. PBMC circ-DLGAP4 expression was nega-
tively associated with NIHSS score. Spearman test 
was used to assess the correlation of circ-DLGAP 
expression with NIHSS score. P < 0.05 was consid-
ered significant. AIS, acute ischemic stroke; NIHSS, 
National Institutes of Health Stroke Scale.
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0.003, r = 0.230), IL-8 (P < 0.001, r = 0.275), 
IL-17 (P = 0.002, r = 0.233) and IL-22 (P < 
0.001, r = 0.309) (Table 3).

Discussion

In this study, we discovered that: (1) PBMC circ-
DLGAP4 was decreased in AIS patients com-
pared with controls and had a good value for 
predicting the risk of AIS; (2) PBMC circ-DLGAP4 
expression negatively correlated with AIS sever-
ity; (3) PBMC circ-DLGAP4 expression negative-
ly associated with CRP, and serum TNF-α, IL-6, 
IL-8 and IL-22 levels in AIS patients; (4) PBMC 
circ-DLGAP4 expression was negatively corre-
lated with miR-143 expression in AIS patients. 

A previous study elucidates that plasma circ-
DLGAP4 expression is decreased in AIS patients 
compared with the non-stroke controls, and is 
also reduced in cerebral artery occlusion stroke 
mouse models compared with non-stroke 
mouse models; in addition, the further experi-
ments in this study reveal that up-regulating 
circ-DLGAP4 reduces the neurological deficit, 
infarct areas and blood-brain damage in brain 
tissue of stroke mouse models, and circ-
DLGAP4 sponges miR-143 which subsequently 
leads to the reduction of homologous to the 
E6-AP C-terminal domain E3 ubiquitin protein 
ligase 1 (HECTD1) expression [17]. As miR-143 
is a sponge of apoptosis protein Bcl-2 [19], and 
circ-DLGAP4 is abundantly expressed in myo-
cytes and is a sponge of miR-143, a study pre-
sumes that circ-DLGAP4 might be able to 

Table 2. Correlation of Circ-DLGAP4 and 
inflammation markers and cytokines

Markers and cytokines 
Circ-DLGAP4

P value Correlation  
coefficient (r)

CRP 0.007 -0.208
ESR 0.761 -0.023
TNF-α 0.015 -0.187
IL-1β 0.437 -0.060
IL-6 < 0.001 -0.333
IL-8 0.024 -0.173
IL-17 0.720 -0.028
IL-22 0.003 -0.229
Correlation analysis was determined by Spearman’s 
rank correlation test. P value < 0.05 was considered 
significant. CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; TNF-α, tumor necrosis factor α; IL, 
interleukin.

Figure 3. Correlation of PBMC circ-DLGAP4 expres-
sion with miR-143 PBMC expression. Circ-DLGAP4 
PBMC expression was negatively associated with 
miR-143 expression in PBMC. Spearman test was 
used to assess the correlation of circ-DLGAP expres-
sion with miR-143 expression in PBMC. P < 0.05 was 
considered significant.

Table 3. Correlation of miR-143 and NIHSS 
score, inflammation markers, and cytokines

Markers and cytokines 
miR-143

P value Correlation  
coefficient (r)

NIHSS score 0.008 0.203
CRP < 0.001 0.379
ESR < 0.001 0.307
TNF-α < 0.001 0.361
IL-1β 0.001 0.256
IL-6 0.003 0.230
IL-8 < 0.001 0.275
IL-17 0.002 0.233
IL-22 < 0.001 0.309
Correlation analysis was determined by Spearman’s rank 
correlation test. P value < 0.05 was considered signifi-
cant. CRP, C-reactive protein; ESR, erythrocyte sedimen-
tation rate; TNF-α, tumor necrosis factor α; IL, interleukin.

PBMC miR-143 expression in AIS patients (P < 
0.001, r = -0.342) (Figure 3). 

Association of miR-143 with AIS severity and 
inflammation

In addition, we further analyzed the association 
of PBMC miR-143 with NIHSS score, inflamma-
tion and inflammatory cytokines, which dis-
closed that the PBMC miR-143 expression was 
positively correlated with NIHSS score (P = 
0.008, r = 0.203), CRP (P < 0.001, r = 0.379) 
level, ESR (P < 0.001, r = 0.307) level, and 
serum expressions of TNF-α (P < 0.001, r = 
0.361), IL-1β (P = 0.001, r = 0.256), IL-6 (P = 
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repress cardiomyocytes apoptosis through 
sponging miR-143 [20]. To our best knowledge, 
there is still no study that identifies circ-DLGAP4 
as a biomarker for diagnosis or progression of 
AIS, therefore, our study was the first study that 
evaluated circ-DLGAP4 expression in AIS pa- 
tients and assessed its correlation with risk 
and severity of AIS, which showed that PBMC 
circ-DLGAP4 was down-regulated in AIS patients 
and had a good value in predicting AIS risk, 
which might derive from that: (1) circ-DLGAP4 
might take part in reducing pathologic damage 
in AIS patients through down-regulating 
HECTD1 by sponging miR-143, which then 
mediates the expressions of tight junction pro-
tein (TJP) and mesenchymal cell markers and 
subsequently reduces EMT in brain tissue [17, 
19, 20]; (2) it was possible that circ-DLGAP4 
reduced pathologic features of AIS through 
mediating gene DLGAP4, the dysregulation of 
which was reported to be related to early-onset 
cerebellar ataxia [21]. 

Inflammation is crucial in AIS etiology and is 
claimed to be associated with reperfusion inju-
ry, and there have been studies illuminating 
that circRNAs play critical roles in inflammation; 
for example, an animal experiment shows that 
there are 191 differentially expressed circRNAs 
in the cortex in mouse models of traumatic 
brain injury, and the enrichment analysis re- 
veals that these miRNAs are mainly related to 
inflammation [22]. Another in vitro experiment 
illustrates that in nucleus pulposus (NP) cells 
obtained from NP tissue of patients after spinal 
surgery, up-regulated circ_4099 increases the 
expression of Collagen II and Aggrecan while 
suppresses the pro-inflammatory factors expre- 
ssions including IL-1β, TNF-α and prostaglandin 
E2 (PGE2) [23]. As for circ-DLGAP4, only limited 
data reveals that it is a sponge for miR-143 in 
stroke models [17, 20], and the latter is proven 
to be a pro-inflammatory gene [24, 25], thus, 
we assessed the correlation of PBMC circ-
DLGAP4 with laboratory indexes reflecting 
inflammation and inflammatory cytokines, and 
the data showed that PBMC circ-DLGAP4 was 
negatively correlated with CRP, TNF-α, IL-6, IL-8 
and IL-22 levels. Those data indicated that circ-
DLGAP4 was inversely correlated with inflam-
mation level in AIS patients, which could be 
explained by that that circ-DLGAP4 decreased 
inflammation in AIS through sponging pro-
inflammatory microRNAs, such as miR-143, 
which is a pro-inflammatory miRNA [17]. 

CircRNAs are known as miRNAs sponges in 
various diseases. For instance, a previous 
study reveals that TNF-α induces the expres-
sion of circ-4099, which subsequently medi-
ates extracellular matrix (ECM) composition by 
sponging miR-616-5p and reduces miR-616-5p 
suppression of Sox9 in patients with interverte-
bral disc degeneration [23]. However, the stud-
ies reporting circRNAs as miRNA sponges in 
stroke and cardiac-cerebrovascular diseases 
are very few. A previous study reveals that circ 
fibroblast growth factor receptor 2 (FGFR2) 
enhances cell proliferation of myoblast differ-
entiation via sponging miR-133a-5p and miR-
29b-1-5p [26]. Another study elucidates that 
circ-SATB2 advocates vascular smooth muscle 
cell proliferation through regulating miR-939 
[27]. These studies indicate that circRNA might 
play a role in cardiac-cerebral vascular diseas-
es; however, as for AIS, there is only one study 
elucidating that circ-DLGAP4 acts as a miR-143 
sponge in stroke mouse models [17]. In this 
study, we discovered that PBMC circ-DLGAP4 
was negatively correlated with miR-143, and 
our further anlayses showed that PBMC miR-
143 was positively associated with disease 
severity and inflammation of AIS, which indicat-
ed that circ-DLGAP4 might play a predominent 
role in etiology by sponging miR-143 in AIS. 

To our best knowledge, this was the first study 
revealing the diagnostic value of PBMC circ-
DLGAP4 for AIS, and its correlation with inflam-
mation and miR-143 expression in AIS patients, 
which provided novel insight on the value of 
circRNAs in AIS in clinical practice. However, 
there were still several limitations in this study: 
(1) the AIS patients who were enrolled in our 
study were with mean NIHSS score of 7.9 ± 3.4, 
indicating that the majority of our patients were 
in mild (NIHSS score less than 6) or moderate 
stages (NIHSS score between 6 and 13) of AIS; 
therefore, the value of circ-DLGAP4 in patients 
with severe AIS might not be well evaluated in 
our study [28]; (2) There might be selection bias 
in this study, which resulted from that our study 
was conducted in a single center and the 
patients as well as controls mainly come from 
Eastern China.

Taken together, circulating circ-DLGAP4 could 
serve as a novel biomarker for diagnosis and 
disease surveillance of AIS and is negatively 
correlated with inflammation and miR-143 
expression in AIS patients. 
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