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Abstract
Background: Acetyl-coenzyme A carboxylase 1 (ACC1) regulates lipid homeostasis, 
T helper (Th) cell differentiation, oxidative stress, inflammation response, and neuro-
logical process, engaging in acute ischemic stroke (AIS) pathogenesis, while its clinical 
utility in AIS is unclear. Hence, this study intended to explore the correlation among 
blood ACC1, Th17, and Th1 cells, and ACC1’s potency as a prognostic biomarker for 
AIS management.
Methods: ACC1 in peripheral blood mononuclear cells (PBMCs) of 160 AIS patients 
and 30 controls were determined using RT-qPCR; blood Th17 and Th1 cells in AIS 
patients were quantified by flow cytometry.
Results: ACC1 was increased in AIS patients compared with controls (median (inter-
quartile range): 2.540 (1.753–3.548) vs. 0.980 (0.655–1.743), p < 0.001), which exhib-
ited a good value to reflect AIS risk with the area under the curve of 0.872 (95% CI: 
0.805–0.939). Moreover, ACC1 was positively linked with Th17 (r = 0.374, p < 0.001) 
and Th1 (r = 0.178, p = 0.024) cells in AIS patients. Additionally, ACC1 (r = 0.328, 
p < 0.001), Th17 (r  =  0.272, p  =  0.001), and Th1 cells (r  =  0.195, p  =  0.014) were 
positively associated with the National Institutes of Health Stroke Scale score in AIS 
patients. ACC1 high vs. low (p = 0.038) and Th17 high vs. low (p = 0.026) were related 
to shortened recurrence-free survival (RFS) in AIS patients, while Th1 cells (p = 0.179) 
were not correlated with RFS. Whereas ACC1 (p = 0.248), Th17 (p = 0.079), and Th1 
cells (p = 0.130) were not linked with overall survival (OS) in AIS patients.
Conclusion: Circulating ACC1 overexpression correlates with increased Th17, Th1 
cells, NIHSS score, and shortened RFS in AIS patients.
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1  |  INTRODUC TION

Acute ischemic stroke (AIS), representing nearly 70% of all stroke 
cases, is a common life-threatening cerebrovascular disease with 
24.2 million prevalent cases in 2019, whose mortality rate has in-
creased by 32.3% over the past 30 years in China.1–3 The occurrence 
of AIS is mainly attributed to cerebral vascular occlusion and inad-
equate blood supply, which are induced by dyslipidemia, chronic in-
flammation, atherosclerotic plaques, etc.4–6 Although great efforts 
have been paid to restore vascular and prevent secondary neuronal 
injury, the prognosis of AIS patients is not pleasant, with a 1-year 
recurrent rate of about 5.4% and a disability rate ranging from 26% 
to 50%.7–9 Therefore, identifying potential biomarkers to monitor 
disease severity and prognosis is helpful for AIS management.

Acetyl-coenzyme A carboxylase 1 (ACC1) is a cytoplasmic pro-
tein that participates in several biological processes (including lipid 
metabolism, neuronal apoptosis, T cell differentiation, inflammatory 
response, and oxidative stress).10–13 For instance, one study shows 
that ACC1 mediates fatty acid synthesis and elevates human plasma 
triglycerides, which further causes dyslipidemia.10 Also, a previous 
study discloses that ACC1 regulates T-cell balance via regulating 
de novo fatty acid biosynthesis.14 Besides, another study indicates 
that ACC1 facilitates atherosclerotic injury in ApoE−/− mice.11 
Considering that the aforementioned dyslipidemia, Th17/Treg im-
balance, and atherosclerotic injury are all crucial pathogenic factors 
of AIS, it is speculated that ACC1 might be an important regulator in 
the development of AIS.15,16 Nevertheless, only one study suggests 
that ACC1 knockdown protects against stroke injury in mice, while 
its clinical role needs further exploration.17

Hence, this study was conducted intending to explore the rela-
tionship of blood ACC1 with Th17, Th1 cells, and its potency serving 
as a biomarker for AIS management.

2  |  METHODS

2.1  |  Subjects

One hundred sixty newly diagnosed AIS patients treated from June 
2017 to May 2020 were serially recruited in this study. The enroll-
ment criteria were (a) diagnosis of AIS per the American Stroke 
Association Guideline18; (b) over 18 years old; (c) absence of intrac-
ranial hemorrhage based on imaging results; (d) voluntary for pe-
ripheral blood (PB) sample collection and data documentation. The 
exclusion criteria were (a) concomitant with infections, inflammatory 
diseases, or autoimmune diseases; (b) with a prior history of cancers 
or hematological malignancies; (c) during pregnancy or breastfeed-
ing. Additionally, this study also included 30 subjects at high risk of 
stroke as controls (The high-stroke-risk factors were defined in a 
previous study19), who had the following conditions were eligible for 
inclusion: (a) had no history of stroke; (b) had at least two high-risk 
factors of stroke (including overweight, smoke, drink, chronic kid-
ney disease, hyperuricemia, hypertension, diabetes, hyperlipidemia, 

hyperhomocysteinemia, and cardiovascular disease); (c) over 18 years 
old; (d) had no infections, inflammatory diseases, autoimmune dis-
eases, solid tumors, and hematological malignant diseases; (e) non-
pregnant and non-lactating. The study had the Ethics Committee's 
approval. The informed consents were collected in written or tape-
recording forms from the subjects or their families.

2.2  |  Data collection

Clinical features of AIS patients were gained, which included de-
mographics, history of underlying disease, time since symptom to 
admission, and National Institutes of Health Stroke Scale (NIHSS) 
score at admission.

2.3  |  Sample processing and examination

PB sample was obtained from each AIS patient and each control 
after enrollment, and PBMC was separated. The isolated PBMC 
samples were used to detect ACC1 expression by RT-qPCR. In 
brief, PureZOL RNA isolation reagent (Bio-Rad) was applied for 
total RNA extraction; then, reserve transcription was finished by 
PrimeScript™ RT reagent Kit (Takara). Subsequently, the qPCR re-
action was completed by KOD SYBR® qPCR Mix (TOYOBO). The 
relative expression was evaluated using the 2−ΔΔCt method, and 
18S ribosomal RNA (rRNA) was used as the internal reference.20 
The design of qPCR primer sequences of ACC1 and 18S rRNA for-
ward were as follows: 5’–CGCTATGGAAGTCGGCTGTG–3′; reverse: 
5’–CAGGAAGAGGCGGATGGGAA–3′; 5’–TGAGAAACGGCTACCAC​
ATC–3′; Reverse: 5’–TTACAGGGCCTCGAAAGAGT–3′. Besides, AIS 
patients' PB samples were also used for detecting the percentages 
of Th17 and Th1 cells in CD4+ T cells through flow cytometry (FCM) 
using the Human Th1/Th17 Phenotyping Kit (ThermoFisher) per the 
instruction.

2.4  |  Follow-up

Standard follow-up of AIS patients was performed by clinic visit with 
the deadline of November 30, 2021. Recurrence-free survival (RFS) 
and overall survival (OS) were imputed. RFS was identified as the dura-
tion between admission and disease recurrence or patient's death; OS 
was identified as the duration between admission and patient's death.

2.5  |  Statistics

Statistics were performed using spss 24.0 (IBM Corp.). Graphs were 
made using graphpad prism 6.01 (GraphPad Software Inc.). Comparison 
of ACC1 expression between different subjects was analyzed using 
Wilcoxon rank-sum test, and the ability of ACC1 in differentiating AIS 
from controls was determined using receiver operating characteristic 
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(ROC) curve. Association analysis of two variables was completed 
using Spearman's rank correlation test. RFS and OS were described 
using Kaplan–Meier curves and evaluated by log-rank test. For sur-
vival analysis, ACC1 expression, Th17 cells, and Th1 cells were respec-
tively divided into low and high groups based on median values in AIS 
patients. Comparison of ACC1 expression with clinical features was 
completed using Wilcoxon rank-sum test. Prognostic factor analysis 
was completed using step-forward multivariate Cox's proportional 
hazard regression model. p < 0.05 was considered significant.

3  |  RESULTS

3.1  |  Clinical features of AIS patients

The entire 160 AIS patients with a mean age of 64.6 ± 9.2 years con-
sisted of 42 (26.3%) females and 118 (73.7%) males (Table 1). With 
regard to the disease history, 84 (52.5%), 134 (83.7%), 36 (22.5%), 30 
(18.8%), and 47 (29.4%) patients suffered from hyperlipidemia, hy-
pertension, diabetes, chronic kidney disease, and cardiovascular dis-
ease, respectively. The median (interquartile range [IQR]) time since 
symptom to admission was 4.0 (3.0–6.0) h. Besides, the mean NIHSS 
score was 8.2 ± 4.9. Concerning the treatment information, 130 
(81.3%) patients received thrombolysis, and the other 30 (18.7%) 
patients underwent mechanical thrombectomy. The specific clinical 
features of AIS patients are displayed in Table 1.

3.2  |  ACC1 in AIS patients and controls

ACC1 was up-regulated in AIS patients (median (IQR): 2.540 (1.753–
3.548), ranging from 0.850 to 8.130) compared with controls (median 
(IQR): 0.980 (0.655–1.743), ranging from 0.310 to 2.740) (p < 0.001, 
Figure 1A). Meanwhile, ACC1 exhibited a delightful value to differen-
tiate AIS patients from controls (area under the curve (AUC): 0.872, 
95% confidence interval (CI): 0.805–0.939) with the best cutoff point 
value of 1.345 (sensitivity: 0.869, specificity: 0.700) (Figure 1B).

3.3  |  Linkage of ACC1 with clinical features in 
AIS patients

ACC1 expression was elevated in patients with a history of cardio-
vascular disease (vs. no) (p  =  0.049), patients who were admitted 
>4 h since symptom (vs. ≤4 h) (p < 0.001), and patients treated with 
mechanical thrombectomy (vs. thrombolysis) (p = 0.011) (Table S1).

3.4  |  Linkage of ACC1 with Th17, Th1 
cells, and their correlation with NIHSS in AIS patients

Among all 160 AIS patients, ACC1 was positively linked with Th17 
(r = 0.374, p < 0.001, Figure 2A) and Th1 cells (r = 0.178, p = 0.024, 

Figure  2B). Additionally, ACC1 (r  =  0.328, p < 0.001, Figure  3A), 
Th17 cells (r = 0.272, p = 0.001, Figure 3B), and Th1 cells (r = 0.195, 
p = 0.014, Figure 3C) were all positively related to the NIHSS score 
in AIS patients.

3.5  |  Linkage of ACC1, Th17, and Th1 cells with 
RFS and OS in AIS patients

The last follow-up date was November 30, 2021, with the me-
dian (95% CI) follow-up of 25.0 (21.0–32.8) months (ranging: 3.0–
50.0 months). During the follow-up duration, 25 (15.6%) recurrences 
and 9 (5.6%) deaths occurred in AIS patients.

ACC1 high (vs. low) (p = 0.038, Figure 4A) and Th17 high (vs. low) 
(p = 0.026, Figure 4B) were related to shortened RFS in AIS patients, 

TA B L E  1 Clinical features of AIS patients

Items
AIS patients 
(N = 160)

Age (years), mean ± SD 64.6 ± 9.2

Gender, No. (%)

Female 42 (26.3)

Male 118 (73.7)

BMI (kg/m2), mean ± SD 24.3 ± 2.6

History of smoke, No. (%)

No 71 (44.4)

Yes 89 (55.6)

History of hypertension, No. (%)

No 26 (16.3)

Yes 134 (83.7)

History of hyperlipidemia, No. (%)

No 76 (47.5)

Yes 84 (52.5)

History of diabetes, No. (%)

No 124 (77.5)

Yes 36 (22.5)

History of chronic kidney disease, No. (%)

No 130 (81.2)

Yes 30 (18.8)

History of cardiovascular disease, No. (%)

No 113 (70.6)

Yes 47 (29.4)

Time since symptom to admission (hours), median 
(IQR)

4.0 (3.0–6.0)

NIHSS score, mean ± SD 8.2 ± 4.9

Treatment, No. (%)

Thrombolysis 130 (81.3)

Mechanical thrombectomy 30 (18.7)

Abbreviations: AIS, acute ischemic stroke; BMI, body mass index; IQR, 
interquartile range; NIHSS, National Institute Health of Stroke Scale; 
SD, standard deviation.
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F I G U R E  1 ACC1 was overexpressed in 
AIS patients than in controls. Comparison 
of ACC1 between AIS patients and 
controls (A). The value of ACC1 in 
distinguishing AIS patients and controls 
(B).

F I G U R E  2 Elevated ACC1 was linked 
with increased Th17 and Th1 cells in AIS 
patients. Linkage of ACC1 with Th17 (A) 
and Th1 (B) cells in AIS patients.

F I G U R E  3 Elevated ACC1, Th17, and Th1 cells were linked with increased NIHSS score in AIS patients. Linkage of ACC1 (A), Th17 (B), and 
Th1 (C) cells with the NIHSS score in AIS patients.

F I G U R E  4 ACC1 high (vs. low) and Th17 cell high (vs. low) were linked with shortened RFS in AIS patients. Comparison of RFS between 
ACC1 high vs. low AIS patients (A). Comparison of RFS between Th17 high vs. low AIS patients (B). Comparison of RFS between Th1 high vs. 
low AIS patients (C).
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while Th1 cells (p  =  0.179, Figure  4C) were not correlated with 
RFS. Whereas, ACC1 (p = 0.248, Figure 5A), Th17 cells (p = 0.079, 
Figure 5B), and Th1 cells (p = 0.130, Figure 5C) were not linked with 
OS in AIS patients.

For further confirm the correlation of ACC1 expression with 
RFS and OS, the multivariate Cox's proportional hazards regression 
analysis was performed, which showed that the elevated ACC1 ex-
pression was independently linked with shortened RFS (hazard ratio 
[HR]: 1.242, 95% CI: 1.002–1.539, p  =  0.048) and OS (HR: 1.423, 
95% CI: 1.039–1.949, p = 0.028) in AIS patients (Table S2).

Additionally, time since symptom to admission >4 h (vs. ≤4  h) 
was related to declined RFS (p < 0.001, Figure S1A) and exhibited a 
correlating trend (without statistical significance) with decreased OS 
(p = 0.066, Figure S1B) in AIS patients.

4  |  DISCUSSION

ACC1, mainly acting on the fatty acid synthesis and fatty acid oxi-
dation, is observed to involve in metabolic syndrome (including 
atherogenic dyslipidemia, diabetes, and hypertension), which is a 
clustering of cardiovascular/cerebrovascular risk factors.21–24 For 
instance, one previous study shows that the overexpression of 
ACC1 facilitates lipid accumulation in macrophage foam cells and 
further aggravates atherosclerosis in apolipoprotein E-deficient 
mice.25 Also, another study finds that ACC1 expression is elevated 
in atherosclerotic mice.11 However, the relevant study which de-
termines ACC1 expression in AIS patients is still rare. The present 
study disclosed that ACC1 was overexpressed in AIS patients than 
that in controls; meanwhile, ACC1 exhibited a good value to re-
flect AIS risk. The probable explanation might be as follows: (1) 
ACC1 exacerbated lipid accumulation, which would further cause 
atherosclerotic plaque and increased the risk of cerebral vascular 
occlusion.26–28 (2) ACC1 induced the inflammation level and oxi-
dative stress, which would aggravate cerebral injury in AIS.29,30 
Combining the above aspects, ACC1 showed a good value to re-
flect AIS risk.

Regarding the linkage of ACC1 with T cells' differentiation, 
one previous study exhibits that ACC1 impacts the metabolic 

programming of T cells and subsequently stimulates CD4+ T cells 
differentiating into Th17 cells through the endogenous fatty acid 
synthesis pathway.14 Besides, another study discloses that ACC1 
causes Th17/Treg imbalance in AIS mice.17 From the clinical aspect, 
the present study showed that ACC1 was positively linked with Th17 
and Th1 cells in AIS patients. The probable explanation might be as 
follows: ACC1 activated T cells and promoted T cells differentiating 
into Th17 and Th1 cells.14 As a result, increased ACC1 was related 
to elevated Th17 cells and Th1 cells in AIS patients. Additionally, 
it was also noticed that ACC1, Th17 cells, and Th1 cells were pos-
itively linked with the NIHSS score in AIS patients, which could be 
explained as follows: (1) ACC1 induced vascular endothelial cell im-
pairment, whose aggravated injury was related to elevated disease 
severity in AIS patients.26,31 Therefore, up-regulated ACC1 was as-
sociated with increased disease severity in AIS patients. (2) ACC1 
elevated plasma triglycerides, which would further enlarge the ath-
erosclerotic plaque and vascular occlusion; subsequently, the dis-
ease severity of AIS patients was elevated.10 (3) Th17 and Th1 cells 
were reported to promote ischemic brain injury via activating the 
FasL/PTPN2/TNF-α signaling pathway.32 Consequently, increased 
Th17 and Th1 cells were related to increased disease severity in AIS 
patients.

Lastly, this study also observed that ACC1 high (vs. low) and Th17 
cell high (vs. low) were related to shortened RFS in AIS patients, 
while Th1 cells were not associated with RFS. Possible explanations 
might be as follows: (1) as discussed above, ACC1 dysregulated blood 
lipid, inflammatory response, and other crucial biological processes, 
which would cause elevated recurrence risk in AIS patients.11 Hence, 
ACC1 high (vs. low) was linked with declined RFS in AIS patients. (2) 
Th17 cells were recognized to release proinflammatory cytokines, 
which aggravated neuroinflammation and accelerated AIS progres-
sion.33 Therefore, Th17 high (vs. low) was associated with shortened 
RFS in AIS patients (3) Th1 cells regulated immune response whose 
correlation with AIS survival was relatively weak.34 Therefore, Th1 
cells were not related to RFS in AIS patients. With regard to the OS, 
ACC1, Th17, and Th1 cells were not related to OS in AIS patients, 
which might be explained as follows: During the follow-up duration, 
the occurrences of death cases were limited, which weakened the 
statistical power.

F I G U R E  5 ACC1, Th17, and Th1 cells were not related to OS in AIS patients. Comparison of OS between ACC1 high vs. low AIS patients 
(A). Comparison of OS between Th17 high vs. low AIS patients (B). Comparison of OS between Th1 high vs. low AIS patients (C).
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Nonetheless, some limitations existed in the present study. 
Firstly, although the median follow-up duration was 25.0 months, 
the correlation of ACC1 with long-term survival in AIS patients de-
served further studies. Secondly, the dynamic variation of ACC1 
level during the treatment process remained unanswered. Thirdly, 
further studies investigating the clinical value of ACC1 in other neu-
rological disorders were warranted. Fourthly, the previous study 
only suggested that both ACC1 and cell adhesion molecules partic-
ipated in the formation of atherosclerosis, while their intercorrela-
tion remained unclear.35 Fifthly, current evidence suggested that 
25%–30% of AIS patients developed immediate or delayed cognitive 
impairment.36 However, the correlation of ACC1 expression with 
cognitive impairment remained unknown in AIS patients, and fur-
ther studies were needed to investigate the issue. Sixthly, further in 
vivo and in vitro studies were necessary to explore the underlying 
mechanism of ACC1 in AIS.

Collectively, circulating ACC1 overexpression correlates with 
increased Th17, Th1 cells, disease severity, and shortened RFS in 
newly diagnosed AIS patients.
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