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Elevated RANTES levels are associated ot

with increased risk of cerebral atherosclerotic
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Abstract

Background Cerebral atherosclerotic stenosis (CAS) is a significant factor in the development of acute ischemic
stroke (AIS). Previous studies have reported that cytokines are involved in atherosclerotic diseases, although the
relationship between serum levels of the chemokine RANTES (regulated on activation, normal T-cell expressed and
secreted) and the presence of CAS remains unclear.

Methods In total, 127 participants (65 non-AlS controls and 62 patients with AIS) were involved in this study. CAS was
defined as the presence of > 50% stenosis in major intracranial or extracranial artery by a Digital Substraction Angiog-
raphy (DSA) examination, and we classified all participants into four groups according to stroke and CAS status. Serum
concentrations of 8 cytokines, including RANTES, were measured by the Human ProcartaPlex Multiplex Immunoassay
Kit.

Results Seventy-eight participants (61.41%) had CAS, of which 39 cases with AlS and 39 case with non-AlIS. Patients
with CAS had higher RANTES levels compared to non-CAS patients in both the non-AlS group (10.54 +0.80 vs.
13.204+0.71, p=0.016) and stroke group (11.96 +0.87 vs. 15.03+0.75, p=0.011), and multivariate logistic regression
analysis showed that the RANTES level is independently associated with CAS in both the non-AlS group (adjusted
odds ratio (OR), 1.07;95% Cl, 1.02-1.12, P=0.004) and stroke group (adjusted OR, 1.32; 95% Cl, 1.10-1.58, P=0.003).

Conclusion Patients with CAS have higher levels of serum RANTES than non-CAS patients regardless of stroke status
suggesting that RANTES may play an important role in the formation of CAS.
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Introduction

Cerebrovascular disease is a major health problem
worldwide and one of the three major causes of death
[1, 2]. In cerebrovascular diseases, the incidence of
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atherosclerosis [7], and the risk of recurrent stroke
in these patients is 11-33% and increases with the
degree of vascular stenosis.[8—10] The Warfarin-Aspi-
rin Symptomatic Intracranial Disease (WASID) trial
reported a stroke recurrence rate of up to 17% despite
medical intervention, leading to increased disability
rates [11]. Identifying patients with a high risk of CAS
is essential to the prevention of both occurrence and
recurrence of stroke.

The chemokine regulated on activation, normal T-cell
expressed and secreted (RANTES) is involved in the
migration of inflammatory cells to the inner membrane
and plays an important role in the formation of plaque
[12]. In particular, RANTES recruits leukocytes to sites
of inflammation, promotes lymphocyte and macrophage
mobilization and chemotaxis, and further stimulates the
release of mediators. Studies have shown significant cor-
relations between RANTES levels and atherosclerotic
plaque progression [12], markers of heart failure [13],
and even acute coronary syndromes [14]. In a prospec-
tive study, elevated RANTES concentrations were used
to predict the occurrence of ischemic stroke [15]. How-
ever, studies on the association between serum cytokine
levels of RANTES and the risk of CAS are limited.

In this study, we aimed to assess the relationship
between the concentration of serum RANTES and the
presence of CAS, which may serve as a biomarker for
identifying patients with high risk of CAS.

Method

Study population

We prospectively recruited acute ischemic stroke (AIS)
and non-AlIS control patients who were hospitalized in
the Hospital from July 2019 to December 2019. AIS was
diagnosed according to clinical symptoms and imag-
ing (magnetic resonance/computer tomography) within
14 days of symptom onset. Non-AlIS patients were hospi-
talized due to dizziness and headache, and did not suffer
an acute stroke in the past 6 months. Exclusion criteria
was (1) age <30 years; (2) incomplete neuroimaging data
and laboratory tests; (3) prior thrombolysis or thrombec-
tomy; (4) atrial fibrillation, cardioembolism and serious
peripheral arterial disease; (5) recent local and systemic
infectious disease(s); (6) intracranial and extracranial
arterial stenosis caused by arterial dissection, arteri-
tis, moyamoya disease, and muscle fiber dysplasia; and
(7) a history of malignant tumors, severe liver or kidney
dysfunction, or systemic disease. This study has been
approved by the Tongji Hospital Ethics Committee (No.
TJ-IRB20210107) and conducted according to the Dec-
laration of Helsinki. All participants provided informed
consent.
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Definition of CAS

Cerebrovascular images were obtained from all partici-
pants, and CAS was defined and determined by 50-99%
stenosis or occlusion by digital subtraction angiography
(DSA) examinations in at least one major arterial seg-
ment, including the intracranial or extracranial segment
of the carotid artery (ICA) or vertebral artery (VA), M1
middle cerebral artery (MCA) and basilar artery (BA).
A significantly stenotic vessel segment is considered a
responsible CAS when an infarction lesion occurs in its
blood supply area. In the current study, we assessed the
location and severity of responsible CAS.

Clinical assessments

Clinical data were collected from the clinical record and
included age, gender, history of smoking and drinking,
and medical history (e.g., prior ischemic stroke/TIA,
coronary heart disease, hypertension, diabetes mellitus,
hyperlipidemia). Hypertension was defined as systolic
blood pressure (SBP) > 140 mmHg and/or diastolic blood
pressure (DBP)>90 mmHg and/or prior treatment with
antihypertensive medication [16]. Diabetes mellitus was
defined as glycosylated hemoglobin Alc (HbAlc) > 6.5%,
two-hour plasma glucose>11.1 mmol/L after an oral
glucose tolerance test, or self-reported history of diabetes
mellitus [11, 17, 18]. Laboratory data included serum lev-
els of fasting triglycerides, total cholesterol, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), creatinine, glomerular filtration
rate (eGFR), fasting plasma glucose (FPG), and HbAlc
platelet indexes. All data were collected in a standard
manner in the laboratory of the hospital within 24 h of
enrollment.

Measurement of serum cytokine level

Peripheral blood samples were collected within 24 h
of admission with vacutainer tubes containing coagu-
lant accelerator (Becton—Dickinson, San Jose, USA) and
immediately centrifuged at 1,278 g for 15 min at 4 °C.
Serum samples were stored at—80 °C until analysis.
The concentrations of serum cytokines (including TNF-
a, IL-6, MMP-9, MMP-1, IP-10, RANTES VEGE, and
IL-23,) were analyzed using the Human ProcartaPlex
Multiplex Immunoassay Kit (Affymetrix, eBioscience,
USA) according to the manufacturer’s instructions.

Statistical analysis

Statistical analyses were performed using IBM SPSS
22.0 software (IBM Corp., Armonk, NY, USA), and
P<0.05 was considered statistically significant. Cat-
egorical variables are represented as frequencies (per-
centages), whereas continuous variables are represented
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as mean =+ standard error of the mean (SEM) or median
[interquartile range]. Non-AIS vs. AIS groups or non-
CAS vs. CAS groups were compared using a chi-square
test, two-sided ¢-test or Mann—Whitney U-test accord-
ing to their distributions. The Kruskal-Wallis H test
was utilized to explore the association between serum
RANTES levels and CAS features. Multivariate logis-
tic regression analyses were used to determine the
relationship between serum RANTES levels and CAS.
Odds ratio (OR) was adjusted by variables that had a
significant clinical correlation (including age, gender,
smoking history, drinking history, and medical history)
and variables with P<0.05 by univariate logistic regres-
sion analysis. Finally, receiver operating characteristic
(ROC) curve analysis was used to determine whether
serum RANTES predicts CAS, and the area under the
ROC curve (AUC) is reported.

Page 3 of 6

Results
Baseline characteristics and serum cytokines levels
of participants
One hundred twenty-seven participants were included
in the study analysis (65 [51.18%] AIS patients and 62
[48.82%] non-AIS controls). Thirty-nine (30.71%) AIS
patients and 39 (30.71%) non-AIS controls with at least
one segment of CAS, while 26 (20.47%) AIS patients
and 23 (18.11%) non-AlIS controls were absent of CAS.
Baseline characteristics are illustrated in Table 1. Com-
pared to controls, patients with acute ischemic stroke
were younger overall, but demonstrated lower levels of
both total cholesterol (TC) and high-density lipoprotein
(HDL). No significant differences between baseline char-
acteristics were found between the CAS and non-CAS
groups in patients with or without AIS.

AIS patients had higher levels of MMP-1 and RANTES
compared to non-AlS patients (p<0.05), and in patients

Table 1 Characteristics of participants according to stroke and CAS status

Variables Non-AlS AIS (n=62) p-value Non-AlS AIS

(n=63) Non-CAS CAS (n=39) p-value Non-CAS CAS (n=39) p-value

(n=26) (n=23)

Age 59954132 5423+148 0.019 59.85+£2.05 5834+£175 0581 53.13+£257 54.87+£182 0.575
Male, n (%) 45 (69.2) 50 (80.6) 0.139 15 (57.7) 30 (76.9) 0.100 18(78.3) 32(82.1) 0.715
Smoking, n (%) 28 (43.1) 26 (41.9) 0879 8(30.8) 20(51.3) 0.102 7(304) 19 (48.7) 0.159
Drinking, n (%) 25 (38.5) 23(37.1) 0.874 9(34.6) 16 (41.0) 0.603 5(34.8) 15 (38.5) 0.772
Medical history, n (%)
Prior stroke/TIA 11(16.9) 10 (16.1) 0.904 2(7.7) 9(23.1) 0177 3(13.0) 7(17.9) 0.731
CAD 5(7.7) 7(113) 0.488 3(11.5) 2(5.1) 0382 4(17.4) 3(7.7) 0.408
Hypertension 40(61.5) 37(59.7) 0.830 16 (61.5) 24(61.5) 1.000 13 (56.5) 24.(61.5) 0.791
Diabetes mel- 19(29.2) 13(21.0) 0.284 5(19.2) 14 (35.9) 0.148 5(1.7) 8(20.5) 0.909
litus
Hyperlipidemia 6 (9.2) 7(11.3) 0.702 2(7.7) 4(10.3) 1.000 4(17.4) 3(7.7) 0.408
Laboratory findings
TC, mmol/L 367+0.12 327+£0.11 0.019 380+0.18 359+£0.17 0422 336+0.19 3224014 0.552
Triglyceride, 1434+0.13 1394012 0.830 14340.15 143+0.19 0.989 1434+£0.21 1.37+£0.14 0.783
mmol/L
HDL-C, mmol/L  1.0240.03 0914003 0.005 1.064+0.04 0.9940.04 0218 0.90+0.04 0914003 0.824
LDL-C, mmol/L  2.2740.11 1.994+0.10 0061 233+0.16 2224014 0603 2.06+0.80 1.95+0.12 0.594
Creatinine, 7271+£225 73224243 0878 720+3.21 7319+£3.12 0.798 7257 £3.51 73.61+£3.30 0.838
umol/L
eGFR, ml/ 92434£193 9576+£2.18 0.254 90.69+£2.51 95.60+£277 0464 97.19+£3.27 9491+£289 0616
min/1.73m?
Fasting glucose, 576024 584+0.29 0.826 574+0.39 577+0.32 0.941 5.87+0.59 5834031 0.950
mmol/L
HbA1c, % 6.46+0.20 6.44+£0.22 0.936 6.28+0.27 6.58+0.27 0.463 634+£034 6.50£0.30 0.719
Platelget count 221924801 221.73£7.44 0987 2218£135 222.7£10.1  0.908 221.16£9.96 221.16£10.32 0920
(x10°/0)

Data presented as mean & SEM or n (%)

Abbreviations: CAS Cerebral artery stenosis, AlS Acute ischemic stroke, TIA Transient ischemic attack, TC Total cholesterol, HDL-C High-density lipoprotein cholesterol,
LDL-C Low-density lipoprotein cholesterol, eGFR, Glomerular filtration rate, HbAc1 Glycosylated hemoglobin A1c
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with AIS, those with CAS had higher levels of RANTES
and IP-10. Non-AIS controls with CAS, however, had
higher levels of RANTES and IL-23 (Table 2).

Higher serum RANTES levels were associated
with the presence of CAS
The multivariable logistic regression analysis showed that
serum RANTES was independently associated with CAS
in all subjects (Table S1). In non-AIS patients, RANTES
was significantly associated with CAS (unadjusted OR:
1.169; 95% CIL: 1.02-1.34; p=0.022 and adjusted OR:
1.041; 95% CIL: 1.02-1.12; p=0.004). In AIS patients,
RANTES was significantly associated with CAS (unad-
justed OR: 1.17; 95% CI: 1.03-1.33; p=0.017), and the
adjusted odds ratio of RANTES was statistically signifi-
cant (OR: 1.024; 95% CI: 1.008—1.041; p =0.003; Table 3).
Seventy-eight (61.4%) participants had CAS, includ-
ing 50 (64.1%) patients with single CAS, 23 (29.5%)
patients with 2 CAS, and 5 (6.4%) patients with>2 CAS
(Table S2). RANTES concentration was not significantly
different among participants with differing stenosed
cerebral vessels. The effect of serum RANTES levels on
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location and severity of responsible CAS was also ana-
lyzed, although was not significantly associated.

Discussion

In the current study, we demonstrate that patients with
AIS have elevated serum RANTES levels compared to
patients with non-AIS. Although the AIS and no-AIS
subjects were not matched for age, importantly, the mul-
tivariate regression analysis excluded the impact of this
difference on our results. Interestingly, RANTES appears
independently associated with CAS and aids in CAS
identification regardless of stroke status. Indeed, the con-
centration of RANTES as a marker in the atherosclero-
sis process may distinguish individuals with an increased
risk of CAS and may be a potential target for future drug
intervention.

Regarding the correlation between RANTES and
ischemic stroke, our results are similar to previous stud-
ies that the serum RANTES levels increase in AIS [19,
20]. However, the role of RANTES in ischemic stroke
remains controversial. As reported, the neurons could
produce RANTES which has the potential to directly or
indirectly protect neurons by producing neurotrophic

Table 2 Characteristics of participants according to stroke and CAS status

Variables Non-AlS (n=65) AIS(n=62) p-value Non-AlS AIS
Non-CAS (n=26) CAS(n=30) p-value Non-CAS(n=23) CAS(n=38) p-value

TNF-a, pg/ml  542+0.23 556+£021 0654 570+0.34 524+0.30 0325 550+0.38 56+0.26 0.823
IL-6, pg/ml 329+0.18 36+0.21 0.253 326+023 330+£026  0.890 3204036 3854+026  0.146
MMP-9, ng/ml  27.61+4.89 35.09£593 0.331 25.64+£4.83 2888+744 0749 31.09+£9.38 3745+£769 0.609
MMP-1,ng/ml  1.80+£0.15 303+£039 0.003 1954025 1.71£019 0446 241+£036 340+£058  0.226
IP-10, pg/ml 31.98£2.11 2696+£2.19 0.101 26.29+£2.25 3588+£3.08 0.025 28.16+3.94 2628+£263 0684
RANTES, ng/ml  12.1240.55 13.894+0.60 0.031 10.54£0.80 13.20£0.71 0.016 11.96£0.87 15.03£0.75 0.011
VEGF, pg/ml 51.57+£555 5216+457 0935 5228+7.04 51.10+£805 0918 52254533 5211+660 0.988
IL-23, pg/mll 89.28£5.00 87964354 0830 95.05£11.17 8549+£389 0354 77.86+£522 9391+£448 0.027

Data presented as mean 4 SEM

Abbreviations. CAS Cerebral artery stenosis, AIS Acute ischemic stroke, TIA Transient ischemic attack, HDL-C High-density lipoprotein cholesterol, LDL-C Low-density
lipoprotein cholesterol, eGFR Glomerular filtration rate, HbAc1 Glycosylated hemoglobin Alc

Table 3 Multivariate logistic regression analysis showing the predictors for CAS

CAS of non-AlS group

CAS of AIS group

Unadjusted OR Adjusted OR? Adjusted ORP Unadjusted OR Adjusted OR? Adjusted ORP
RANTES  1.17(1.02-134)*  1.04(1.02-107)* 107 (102-1.12)* 117(1.03-133)*  1.17(1.03-133)*  132(1.10-158) *
IP-10 104 (1.00-1.09) % 1.08(1.02-1.15)* 127 (1.08-1.50)* 0.99 (0.96-1.02) - -
IL-23 0.99 (0.98-1.01) - - 103 (1.00-105)* - -

A backward stepwise selection method in a Multivariate Logistics regression model was performed

OR?: adjusted for variables (P < 0.05)

OR®: adjusted for variables (P<0.05) + age, gender, smoking, drinking, medical histories

Abbreviations: CAS: Cerebral artery stenosis,OR Odd ratio
"p<0.05
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factors in the area around the infarct after ischemic
stroke, [21] although other studies demonstrate oppo-
site results [22—24]. As a pro-inflammatory chemokine,
RANTES could recruit white blood cells to the infarct
area and exacerbate cerebral infarction volume. These
altering functions may be due to the functional differ-
ences of RANTES secreted by different cell types or the
varying receptors involved in signal modulation [25].
Further research to clarify its mechanism is warranted.

Atherosclerosis is increasingly recognized as a chronic
inflammatory disease. Indeed, inflammation plays an
important role in all stages of atherosclerosis and pro-
vides a significant pathophysiological mechanism for the
formation and rupture of atherosclerotic plaque. Previous
studies have reported RANTES in atherosclerotic plaques
[26-28] and different cell types, including macrophages,
CD8+T cells, smooth muscle cells and platelets [29, 30].
The expression of CCL5 could promote the proliferation
of SMCs and convert them into a synthetic phenotype
that causes atherosclerosis, thereby promoting athero-
sclerosis. Rodent studies have demonstrated RANTES
overexpression in atherosclerotic lesions, and genetic
deletion of the gene responsible for RANTES receptor
CCR5 reduces the atherosclerosis progression [31]. Fur-
thermore, elevated levels of serum RANTES are associ-
ated with coronary artery stenosis [31], carotid artery
disease and peripheral artery disease. An ARIC carotid
MRI study also demonstrated that higher RANTES levels
are associated with higher lipid core volume, which may
lead to the formation of high-risk plaques [32]. Indeed,
higher levels of RANTES were found in patients with
symptomatic intracranial arteriosclerosis compared with
asymptomatic intracranial arteriosclerosis [33, 34]. Here,
we report peripheral serum RANTES levels are closely
associated to the presence of CAS, and serum RANTES
level effectively identify the presence of CAS. While there
was not a significant relationship between CAS charac-
teristics, this may be due to the small sample size, and
additional therefore research is warranted.

In this study, we found that in addition to RANTES,
other cytokines, such as MMP-1, IP-10 and IL-23, were
also different between groups. As previously reported,
elevated MMP-1 is associated with AIS [23], while IP-10
and IL-23 are associated with atherosclerosis [35]. This
result suggests an inflammatory reaction and accompa-
nied by changes in the expression level of some cytokines
regardless of AIS or CAS formation. However, further
studies are needed to confirm the stability of this result.

The present study has some limitations. First, this study
has a small sample size and is conducted exclusively Chi-
nese patients, which may lead to some selection bias and
lack of generalizability outside the Asian population.
Therefore, the results need to be interpreted carefully and
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verified further. Second, the use of antiplatelet drugs and
statins after ischemic stroke may affect the concentration
of RANTES. However, we minimized the potential effects
of stroke and related drugs on RANTES levels by dividing
the participants into AIS and non-AIS groups. Finally, we
could not present the dynamic change of RANTES levels
among patients with acute ischemic stroke in this study
since we only measured the serum RANTES levels at a
single time point.

Conclusion

In conclusion, patients with CAS had higher levels of serum
RANTES compared to patients with non-CAS, which sug-
gests that the RANTES level might play a role in the physi-
opathological mechanism of CAS formation, although
additional studies are needed to verify this result.
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