
J Clin Lab Anal. 2022;36:e24581.	 		 	 | 1 of 9
https://doi.org/10.1002/jcla.24581

wileyonlinelibrary.com/journal/jcla

Received:	8	June	2022  | Revised:	16	June	2022  | Accepted:	20	June	2022
DOI: 10.1002/jcla.24581  

R E S E A R C H  A R T I C L E

Blood Th17 cells and IL- 17A as candidate biomarkers estimating 
the progression of cognitive impairment in stroke patients

Tianming Lu1 |   Le Ma1 |   Qingmei Xu2  |   Xinxin Wang3

This is an open access article under the terms of the Creative	Commons	Attribution-	NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
©	2022	The	Authors.	Journal of Clinical Laboratory Analysis published by Wiley Periodicals LLC.

Tianming Lu and Le Ma contributed equally to this work.  

1Department	of	Neurology,	Chifeng	City	
Hospital in Inner Mongolia, Chifeng, China
2Department	of	Neurology,	Inner	
Mongolia Forestry General Hospital, Ya Ke 
Shi, China
3Department	of	Anesthesiology,	Chifeng	
City Tumor Hospital, Chifeng, China

Correspondence
Qingmei	Xu,	Department	of	Neurology,	
Inner Mongolia Forestry General Hospital, 
81 Lin Cheng Road, Ya Ke Shi City, Inner 
Mongolia 022150, China.
Email: qian11983438@163.com

Xinxin Wang, Department of 
Anesthesiology,	Chifeng	City	Tumor	
Hospital, 49 Jiefang Street, Hongshan 
District, Chifeng, Inner Mongolia 024000, 
China.
Email: gumi632959354@163.com

Abstract
Background: T helper (Th) cells regulate immunity and inflammation to engage in 
cognitive impairment in several neurological diseases, while their clinical relevance in 
stroke patients is not clear. The current study intended to assess the relationship of 
Th1	cells,	Th17	cells,	interferon-	gamma	(IFN-	γ),	and	interleukin	(IL)-	17A	with	cognitive	
function in stroke patients.
Methods: One hundred twenty stroke patients and 40 controls were enrolled in 
this muticenter study. Th1 and Th17 cells in peripheral blood were assessed by flow 
cytometry;	meanwhile,	 IFN-	γ	and	IL-	17A	in	serum	were	detected	by	enzyme-	linked	
immunosorbent	assay.	Cognitive	function	of	stroke	patients	was	evaluated	by	Mini-	
Mental State Examination (MMSE) score at enrollment (baseline), year 1, year 2, and 
year 3.
Results: Th1 cells (p =	0.037)	 and	 IFN-	γ (p = 0.048) were slightly increased, while 
Th17 cells (p < 0.001)	and	IL-	17A	(p < 0.001)	were	greatly	elevated	in	stroke	patients	
compared with controls. Th17 cells (rs =	−0.374,	p < 0.001)	and	IL-	17A	(rs =	−0.267,	
p = 0.003) were negatively correlated with MMSE score at baseline, but Th1 cells 
and	IFN-	γ were not. Meanwhile, Th17 cells (p =	0.001)	and	IL-	17A	(p = 0.024) were 
increased in patients with cognitive impairment compared to those without cognitive 
impairment.	Notably,	Th17	cells	were	positively	associated	with	1-	year	 (rs = 0.331, 
p < 0.001),	2-	year	 (rs = 0.261, p =	0.006),	and	3-	year	 (rs = 0.256, p = 0.011) MMSE 
decline;	 IL-	17A	was	positively	correlated	with	1-	year	 (rs = 0.262, p =	0.005),	2-	year	
(rs = 0.193, p =	0.045),	but	not	3-	year	MMSE	decline.	However,	both	Th1	cells	and	
IFN-	γ were not linked with MMSE decline.
Conclusion: Th17	cells	and	IL-	17A	estimate	the	progression	of	cognitive	impairment	
in stroke patients.
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1  |  INTRODUC TION

Stroke, a common cerebrovascular disease, causes the third top mor-
tality	 rate	and	 the	 first	 top	 long-	term	disability	 rate	worldwide.1– 4 
Apart	 from	 stroke	 itself,	 cognitive	 impairment	 after	 stroke	 also	
receives high attention for it causes motor function disorders, de-
mentia, aphasia, and depression,5– 8 which reduces their life quality,9 
increases the cost burden for their caregivers,10 and even causes 
caregiver depression.11 Moreover, cognitive impairment serves as 
an independent risk factor for stroke recurrence and prognosis.12 
Therefore, predicting the risk of cognitive decline is crucial for the 
management	of	 stroke	patients,	 thus	 improving	 their	outcomes.	A	
possible solution to solve this issue is to identify new biomarkers 
that reflect poststroke cognitive decline.13

During stroke, a series of inflammatory responses are activated 
because the necrotic neurons promote macrophages activation to 
release	 pro-	inflammatory	 cytokines	 and	 subsequently	 T	 cells	 are	
recruited to elevate the inflammatory reaction.14	 Among	 these,	 T	
helper (Th) 1 and Th17 cells, subtypes of CD4+ T cells, exhibit vital 
roles in exacerbating the brain injury following stroke.15 For in-
stance,	 interferon-	gamma	 (IFN-	γ)	 and	 interleukin	 (IL)-	17A	 (mainly	
generated from Th1 and Th17 cells) can elevate the permeability of 
the blood– brain barrier (BBB),16 and reinforce neuroinflammation in 
stroke;	IL-	17A	in	infract	hemisphere	amplifies	the	inflammation	and	
aggravates ischemic neuron injury17;	 IL-	17A	extends	 infarct	 size	 in	
ischemic stroke model.18 However, the association of Th1 cells, Th17 

cells,	and	their	mainly	related	cytokines	(including	IFN-	γ	and	IL-	17A)	
with cognitive impairment in stroke patients remain obscure.

Thus, the study intended to evaluate the relationship of Th1 
cells, Th17 cells, and their secreted cytokines with cognitive impair-
ment	progression	during	3 years	in	stroke	patients.

2  |  METHODS

2.1  |  Participants

From March 2018 to February 2019, a total of 120 stroke patients 
were recruited in this multicenter study. The eligibility criteria: (1) 
the diagnosis of stroke confirmed by brain and vascular imaging,19 
(2)	 accompanied	 with	 ischemic	 symptoms,	 (3)	 older	 than	 18 years	
old, and (4) willing to provide blood samples after enrollment. The 
exclusion criteria are: (1) diagnosed with intracerebral hemorrhage 
(ICH) or had a history of ICH, (2) accompanied with autoimmune 
disease or received immunotherapy in the past 6 months, (3) pre-
sented with malignancies or cancers, (4) had active infections in 
the past 6 months, and (5) women who were lactating or having a 
positive	pregnancy	test.	Besides,	40	age-	/gender-	matched	subjects	
with stroke risk factors and without presence or history of cerebro-
vascular disease were enrolled as controls. The age of controls was 
66.1 ± 7.8 years,	 with	 52.5%	males	 and	 47.5%	 females.	 The	 study	
was permitted by the Research Ethics Committee of Inner Mongolia 
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Forestry General Hospital. Participants provided their informed 
consent.

2.2  |  Clinical data collection and follow- up

The baseline clinical data of the stroke patients were docu-
mented after participation, including demographics, concomitant 
disease,	and	disease	features.	At	the	same	time,	the	Mini-	Mental	
State Examination (MMSE) scale was applied to evaluate cogni-
tive functions.20	 MMSE	 score ≤ 26	 was	 considered	 a	 cognitive	
impairment.	 The	 follow-	up	 visits	 of	 this	 study	 were	 scheduled	
for	year	1,	year	2,	and	year	3	after	enrollment.	All	the	follow-	ups	
included an MMSE test. The MMSE decline of each visit was cal-
culated	by	using	baseline	MMSE	score	minus	each	visit's	follow-
 up MMSE score.

2.3  |  Collection of blood samples and 
determination of biochemical indexes

The peripheral blood (PB) sample was collected from each stroke 
patient	immediately	after	enrollment.	Within	24 h	after	collection,	
the PB sample was separated into two parts. Half of the PB sam-
ple	was	analyzed	using	flow	cytometry	to	detect	Th1	cells	(%,	in	
CD4+	T	cells)	and	Th17	cells	(%,	in	CD4+ T cells) with the employ-
ment of eBioscience™ Essential Human Th1/Th17 Phenotyping 
Kit (Life Technologies Corporation, Carlsbad, California, United 
States).	Another	half	of	 the	PB	sample	was	centrifuged	 (1200 g, 
10	min,	25°C)	to	separate	the	serum	sample.	The	IFN-	γ	and	IL-	17	
in	 serum	were	 quantitatively	measured	with	 enzyme-	linked	 im-
munosorbent	 assay	 (ELISA)	 by	 using	Human	 IFN-	γ	 ELISAPRO kit 
(Sensitivity:	 1.5	 pg/ml;	Mabtech,	 Inc.)	 and	Human	 IL-	17A	 ELISA	
Kit	(Sensitivity:	2	pg/ml;	Cell	Sciences®),	respectively.	All	proce-
dures were strictly implemented according to the product proto-
col.	Meanwhile,	Th1	cells,	Th17	cells,	IFN-	γ,	and	IL-	17A	were	also	
detected in controls.

2.4  |  Statistical analysis

The statistical analyses were performed by SPSS 26.0 (IBM 
Corporate.,	Armonk,	New	York,	USA).	The	figures	were	plotted	by	
GraphPad Prism 7.01 software (GraphPad Software Inc.). The differ-
ences in Th1 cells, Th17 cells, and cytokines between the two groups 
were evaluated by the Mann– Whitney U test, then the receiver op-
erator characteristic (ROC) curve was performed. The associations 
of Th1 cells, Th17 cells, and cytokines with MMSE score or MMSE 
decline	were	analyzed	by	the	Spearman's	rank	correlation	test.	The	
differences in MMSE score between patients with recurrence expe-
rience and patients without recurrence experience were evaluated 
by	the	Mann–	Whitney	U	test.	At	each	time	point,	 the	MMSE	data	
of	patients	lost-	follow-	up	were	not	included	in	the	analysis.	p value 
<0.05 was concluded as statistical significance.

3  |  RESULTS

3.1  |  Study flow

Totally, 136 stroke patients were invited to participate in the study, 
among them 16 patients were excluded by the screening criteria. 
Subsequently, 120 patients were included. The levels of Th1 and 
Th17 cells from PBMCs were assessed by flow cytometric. The lev-
els	of	IFN-	γ	and	IL-	17A	from	serum	were	detected	by	ELISA.	Then,	
the cognitive function of patients was measured using MMSE at 
baseline, year 1, year 2, and year 3. Besides, 22 patients including 
6	patients,	6	patients,	and	10	patients	lost	follow-	up	in	the	1st	year,	
2nd	year,	and	3rd	year,	respectively.	All	120	patients	were	included	
in	 the	 final	 analysis	 according	 to	 intention-	to-	treat	 (ITT)	 principle	
(Figure 1).

TA B L E  1 Characteristics	of	stroke	patients

Variables
Stroke patients 
(N = 120)

Age	(years),	mean ± SD 67.4 ± 7.9

Gender, n	(%)

Female 48 (40.0)

Male 72 (60.0)

Smoke status, n	(%)

Never 54 (45.0)

Former 63 (52.5)

Current 3 (2.5)

Education duration (years), median (IQR) 7.0 (5.0– 10.0)

Marry status, n	(%)

Married 44 (36.7)

Divorced/widowed/single 76 (63.3)

Location, n	(%)

Urban 18 (15.0)

Rural 102 (85.0)

Hypertension, n	(%) 101 (84.2)

Hyperlipidemia, n	(%) 60 (50.0)

Diabetes, n	(%) 42 (35.0)

CKD, n	(%) 18 (15.0)

CVD, n	(%) 46 (38.3)

Lesion location, n	(%)

Left 43 (35.8)

Right 43 (35.8)

Bilateral/brainstem/unknown 34 (28.3)

Recurrence experience, n	(%) 35 (29.2)

MMSE	score,	mean ± SD 26.4 ± 1.9

Cognition impairment, n	(%) 57 (47.5)

Abbreviations:	CKD,	chronic	kidney	disease;	CVD,	cardiovascular	
disease;	IQR,	interquartile	range;	MMSE,	Mini-	mental	State	
Examination; SD, standard deviation.
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3.2  |  Characteristics of stroke patients

The	 stroke	 patients	 had	 a	mean	 age	 of	 67.4 ± 7.9	with	 48	 (40.0%)	
females	 and	 72	 (60.0%)	males.	 84.2%,	 50.0%,	 35.0%,	 15.0%,	 and	
38.3%	patients	had	history	of	hypertension,	hyperlipidemia,	diabe-
tes, CKD, and CVD, respectively. Moreover, it was presented that 
the	mean	MMSE	score	was	26.4 ± 1.9	and	the	cognitive	impairment	
rate	was	 47.5%	 in	 stroke	 patients.	 The	 detailed	 characteristics	 of	
stroke patients are displayed in Table 1.

3.3  |  Levels of Th1 cells, Th17 cells, IFN- γ, and IL- 
17A

Levels of Th1 cells (median (interquartile range): 14.6 (11.5– 17.1) 
%	vs.	 13.3	 (10.8–	15.3)	%,	p =	 0.037)	 and	 IFN-	γ (median (inter-
quartile range): 86.8 (67.5– 140.8) pg/ml vs. 77.7 (54.9– 106.4) pg/
ml, p = 0.048) were slightly increased in stroke patients com-
pared to controls (Figure 2A,C).	 Notably,	 levels	 of	 Th17	 cells	
(median	(interquartile	range):	4.1	(3.4–	6.2)	%	vs.	3.3	(2.6–	3.9)	%,	

p < 0.001)	 and	 IL-	17A	 (median	 (interquartile	 range):	 98.7	 (72.6–	
142.5) pg/ml vs. 53.5 (42.4– 83.5) pg/ml, p < 0.001)	were	greatly	
higher in stroke patients compared with controls (Figure 2B,D). 
In	addition,	ROC	curves	exhibited	that	Th1	cells,	Th17	cells,	IFN-	
γ,	 and	 IL-	17A	 could	 distinguish	 stroke	 patients	 from	 controls,	
among	which	Th17	cells	and	 IL-	17A	had	relatively	higher	ability	
(Figure S2).

3.4  |  Correlations of Th1 cells, Th17 cells, 
IFN- γ, and IL- 17A with MMSE score at baseline

The level of Th1 cells was not associated with MMSE score at 
baseline (rs =	−0.143,	p = 0.119), while the level of Th17 cells was 
negatively correlated with MMSE score at baseline (rs =	 −0.374,	
p < 0.001)	 in	 stroke	patients	 (Figure 3A,B). In addition, no correla-
tion	had	been	found	between	the	level	of	IFN-	γ and MMSE score at 
baseline (rs =	−0.154,	p =	0.092).	However,	a	higher	level	of	IL-	17A	
was associated with a lower MMSE score at baseline (rs =	−0.267,	
p = 0.003) in stroke patients (Figure 3C,D).

F I G U R E  2 The	levels	of	Th1	cells,	Th17	cells,	IFN-	γ,	and	IL-	17A	in	stroke	patients	and	controls.	Comparison	of	the	levels	of	Th1	cells	(A),	
Th17	cells	(B),	IFN-	γ	(C),	IL-	17A	(D)	between	stroke	patients	and	controls
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3.5  |  Comparisons of Th1 cells, Th17 cells, 
IFN- γ, and IL- 17A in stroke patients with or without 
cognitive impairment at baseline

The levels of Th17 cells (p =	0.001)	and	IL-	17A	(p = 0.024) were en-
hanced in cognitive impairment stroke patients compared to non-
cognitive impairment stroke patients at baseline, whereas both Th1 
cells	and	IFN-	γ levels remained unchanged between these patients 
at baseline (both p > 0.05;	Figure 4A-	D).

3.6  |  Correlations of Th1 cells, Th17 cells, 
IFN- γ, and IL- 17A with MMSE decline during 3- year 
follow- up

The cognitive decline was assessed by MMSE score at baseline 
minus that at year 1, year 2, and year 3 visit points in stroke patients, 
respectively.	 57.0%	 (65/114),	 69.4%	 (75/108),	 and	 72.4%	 (71/98)	
stroke	patients	had	MMSE ≤ 26	at	1st	year,	2nd	year,	and	3rd	year,	
respectively. Positive associations were observed in the levels of 
Th17 cells (rs = 0.331,	p < 0.001)	and	IL-	17A	(rs = 0.262,	p = 0.005) 

with	 1-	year	MMSE	 decline,	 while	 no	 correlation	was	 identified	 in	
the	 levels	of	Th1	cells	 and	 IFN-	γ	with	1-	year	MMSE	decline	 (both	
p > 0.05)	in	stroke	patients	(Figure 5A-	D). Meanwhile, the levels of 
Th17 cells (rs = 0.261,	p =	0.006)	and	IL-	17A	(rs = 0.193,	p = 0.045) 
were	also	positively	related	to	2-	year	MMSE	decline.	Nevertheless,	
the	 levels	 of	 Th1	 cells	 and	 IFN-	γ	were	 not	 correlated	with	 2-	year	
MMSE decline (both p > 0.05)	 (Figure 5E-	H). Moreover, only the 
level	of	Th17	cells	was	associated	with	more	3-	year	MMSE	decline	
(rs = 0.256.	p = 0.011), but there was no correlation in the levels of 
Th1	cells,	IFN-	γ,	and	IL-	17A	with	3-	year	MMSE	decline	(all	p > 0.05)	
(Figure 5I-	L). Besides, the MMSE score was increased in stroke pa-
tients without recurrence experience compared to those with recur-
rence	experience	during	3 years	(all	p < 0.01;	Figure	S1).

4  |  DISCUSSION

Neuroinflammation	 is	 the	major	driver	 for	cognitive	 impairment	 in	
neurological diseases including: stroke, Parkinson's disease (PD), and 
Alzheimer's	disease	(AD).21– 26 For instance, in stroke with cognitive 
impairment	model,	 inflammasome	pyrin-	domain-	containing	protein	

F I G U R E  3 The	association	of	Th1	cells,	Th17	cells,	IFN-	γ,	and	IL-	17A	with	MMSE	score	in	stroke	patients.	The	correlation	of	Th1	cells	(A),	
Th17	cells	(B),	IFN-	γ	(C),	and	IL-	17A	(D)	with	MMSE	score	at	baseline



6 of 9  |     LU et aL.

3	 (NLRP3)	 is	 activated,	 which	 increases	 microglial	 activation,	 re-
duces neuronal cell number, damages hippocampal neurogenesis, 
and ultimately leads to neurological dysfunction21; in animal models 
of Parkinson's disease, α-	synuclein	activates	microglia	and	promotes	
the	 secretion	 of	 inflammatory	 factors	 like	 IL-	1β that adversely af-
fect neurons and subsequently cause cognitive impairment23; in 
AD	model,	microglia	is	activated	and	releases	pro-	inflammatory	cy-
tokines,	among	which	IL-	1	mediates	astrocytes	and	neurons	to	gen-
erate amyloid β-	protein	(Aβ), leading to amyloid protein deposition, 
ultimately resulting in cognitive impairment.22

Previous researches report that a high number of circulating 
lymphocytes are correlated with cognitive impairment in a wide va-
riety of neurological diseases.27,28 For instance, Th1 cells display a 
higher percentage in PD patients with cognitive impairment,27 while 
Th1	cells	are	not	related	to	cognitive	impairment	progression	in	AD	
patients.28	In	addition,	high	levels	of	Th17	cells	and	IL-	17	are	associ-
ated	with	cognitive	impairment	in	multiple	sclerosis	patients	and	AD	
patients.29,30 Considering that cognitive impairment presents a high 

prevalence in poststroke patients, the association of Th1 and Th17 
cells with cognitive function in stroke is worth noting. In our study, 
the	levels	of	Th17	cells	and	IL-	17A	were	increased	in	stroke	patients	
with cognitive impairment at baseline, while the relationships of Th1 
and	IFN-	γ levels with cognitive impairment at baseline were not ob-
served. We suspected that the reasons might be: (1) after stroke, 
Th17	cell	and	IL-	17A	might	enhance	the	penetrability	of	BBB16 and 
aggravated	pro-	inflammatory	cytokines	release	in	the	brain,	which	
led	to	neuronal	damage	and	cognitive	impairment;	(2)	IL-	17A	might	
promote glia to secret numerous chemokine1, which could induce 
neutrophils infiltration in brain31 and subsequently might cause the 
cognitive impairment in stroke patients; and (3) Th1 cells might not 
involve in regulating cognitive impairment in stroke patients, which 
was	consistent	with	previous	research	in	AD	patients.28	Besides,	IL-	
17A	is	commonly	used	to	identify	Th17	cells.	However,	in	circulating	
blood,	the	contribution	of	IL-	17A	is	not	only	from	Th17	cells,	but	also	
from	neutrophils.	Therefore,	it	could	be	seen	that	Th17	and	IL-	17A	
exhibit a little different utility in this study.

F I G U R E  4 Comparison	of	Th1	cells,	Th17	cells,	IFN-	γ,	and	IL-	17A	levels	in	stroke	patients	with/without	cognitive	impairment.	Correlation	
of	the	levels	of	Th1	cells	(A),	Th17	cells	(B),	IFN-	γ	(C),	and	IL-	17A	(D)	with	cognitive	impairment	at	baseline	in	stroke	patients
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The levels of Th1 and Th17 cells predicting the cognitive de-
cline have been illustrated recently.27,30,32 For instance, massive 
IL-	17	 level	 in	 the	 central	 nervous	 system	 is	positively	 correlated	
with	 short-	term	memory	deficits	 at	 the	early	 stage	of	AD,	while	
anti-	IL-	17	prevents	cognitive	decline	 in	AD30;	high	 level	of	 IFN-	γ 
is associated with the decline of executive function in vascular 
dementia patients.32 While the association of Th1 and Th17 cells 
with cognitive decline in stroke patients need to explore. Thus, 
our	findings	presented	that	(1)	the	levels	of	Th17	cells	and	IL-	17A	
were	 correlated	with	 1-	year	 cognitive	 decline	 and	 2-	year	 cogni-
tive	decline,	possibly	because	Th17	cells	and	IL-	17A	might	be	main	
mediators	 to	 cause	 chronic	 inflammation,	 resulting	 in	 long-	term	
cognitive	decline	 in	poststroke	patients;	 (2)	the	correlation	of	IL-	
17A	with	 3-	year	 cognitive	 decline	was	 not	marked.	We	 guessed	
that	 the	 long-	term	 prediction	 effect	 of	 IL-	17A	 is	 not	 obvious,	
which might be interfered by other factors, and these influence 
factors could be further explored in subsequent studies; (3) the 

association	of	Th1	cells	and	IFN-	γ with cognitive decline was not 
observed, the explanation might be Th1 and Th2 cells present a 
synergistic effect on the regulation of inflammation,33 while the 
level of Th2 cells and the Th1/Th2 balance were not detected in 
this	study,	which	need	to	be	verified	in	further	study.	Apart	from	
these, cognitive impairment was more obvious in stroke patients 
with	recurrence	experience	during	3 years	after	stroke.

Some limitations still existed in this study: (1) Our study only 
included patients with ischemic stroke, so our conclusions were 
not suitable for hemorrhage stroke patients, we needed to enroll 
more	typical	patients	in	our	future	study;	(2)	during	the	follow-	up,	
we	did	not	evaluate	the	levels	of	Th1	cells,	Th17	cells,	IFN-	γ, and 
IL-	17A;	 hence,	 their	 subsequent	 changes	were	 not	 clear;	 (3)	 the	
detailed mechanism between Th cells and their cytokines with 
cognitive	impairment	needed	further	investigation.	(4)	MoCA	is	a	
better and more precise scale than MMSE; however, it consists 
of much more questions than MMSE, which is hard to execute at 

F I G U R E  5 The	association	of	Th1	cells,	Th17	cells,	IFN-	γ,	and	IL-	17A	levels	with	cognitive	decline	at	each	year	in	stroke	patients.	The	
correlation	of	Th1	cells	(A),	Th17	cells	(B),	IFN-	γ	(C),	and	IL-	17A	(D)	with	1-	year	MMSE	decline;	the	association	of	Th1	cells	(E),	Th17	cells	(F),	
IFN-	γ	(G),	and	IL-	17A	(H)	with	2-	year	MMSE	decline;	the	relationship	of	Th1	cells	(I),	Th17	cells	(J),	IFN-	γ	(K),	and	IL-	17A	(L)	with	3-	year	MMSE	
decline.	At	each	time	point,	the	MMSE	data	of	patients	lost-	follow-	up	were	not	included	in	the	analysis
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multiple time points in our clinics; therefore, MMSE was chosen 
in	 this	 study,	 and	 further	 study	 using	MoCA	 validation	was	 the	
next topic.

In	 summary,	 Th17	 cells	 and	 IL-	17A	 estimate	 the	 progression	
of cognitive impairment in stroke patients, which may provide in-
formation for monitoring or preventing cognitive impairment of 
stroke.

ACKNOWLEDG MNTS
None.

CONFLIC T OF INTERE S T
The authors declare that they have no competing interests.

DATA AVAIL ABILIT Y S TATEMENT
The	 datasets	 used	 and/or	 analyzed	 during	 the	 current	 study	 are	
available from the corresponding author on reasonable request.

ORCID
Qingmei Xu  https://orcid.org/0000-0003-4339-839X 

R E FE R E N C E S
 1. Wu S, Wu B, Liu M, et al. Stroke in China: advances and challenges 

in epidemiology, prevention, and management. Lancet Neurol. 
2019;18(4):394-	405.

	 2.	 Virani	SS,	Alonso	A,	Benjamin	EJ,	et	al.	Heart	disease	and	stroke	
Statistics-	2020	 update:	 a	 report	 from	 the	 American	 Heart	
Association.	Circulation.	2020;141(9):e139-	e596.

	 3.	 Kamalakannan	 S,	 Gudlavalleti	 ASV,	 Gudlavalleti	 VSM,	 Goenka	 S,	
Kuper H. Incidence & prevalence of stroke in India: a systematic 
review. Indian J Med Res.	2017;146(2):175-	185.

	 4.	 Kadri	 A,	 Sjahrir	 H,	 Juwita	 Sembiring	 R,	 Ichwan	 M.	 Combination	
of vitamin a and D supplementation for ischemic stroke: ef-
fects	 on	 interleukin-	1ss	 and	 clinical	 outcome.	Med Glas (Zenica). 
2020;17(2):425-	432.

	 5.	 Suri	 R,	 Rodriguez-	Porcel	 F,	 Donohue	 K,	 et	 al.	 Post-	stroke	
movement disorders: the clinical, neuroanatomic, and demo-
graphic portrait of 284 published cases. J Stroke Cerebrovasc Dis. 
2018;27(9):2388-	2397.

	 6.	 Goulay	R,	Mena	Romo	L,	Hol	EM,	Dijkhuizen	RM.	From	stroke	to	
dementia: a comprehensive review exposing tight interactions 
between	 stroke	 and	 amyloid-	beta	 formation.	 Transl Stroke Res. 
2020;11(4):601-	614.

	 7.	 Rohde	A,	Worrall	L,	Godecke	E,	O'Halloran	R,	Farrell	A,	Massey	M.	
Diagnosis of aphasia in stroke populations: a systematic review of 
language tests. PLoS One. 2018;13(3):e0194143.

	 8.	 Villa	 RF,	 Ferrari	 F,	 Moretti	 A.	 Post-	stroke	 depression:	 mech-
anisms and pharmacological treatment. Pharmacol Ther. 
2018;184:131-	144.

	 9.	 Ramos-	Lima	MJM,	Brasileiro	IC,	Lima	TL,	Braga-	Neto	P.	Quality	of	
life after stroke: impact of clinical and sociodemographic factors. 
Clinics (Sao Paulo). 2018;73:e418.

	10.	 Caro	CC,	Costa	 JD,	Da	Cruz	DMC.	Burden	 and	 quality	 of	 life	 of	
family caregivers of stroke patients. Occup Ther Health Care. 
2018;32(2):154-	171.

 11. Hu P, Yang Q, Kong L, Hu L, Zeng L. Relationship between the anx-
iety/depression and care burden of the major caregiver of stroke 
patients. Medicine (Baltimore). 2018;97(40):e12638.

	12.	 Kwon	HS,	Lee	D,	Lee	MH,	et	al.	Post-	stroke	cognitive	impairment	as	
an	independent	predictor	of	ischemic	stroke	recurrence:	PICASSO	
sub-	study.	J Neurol.	2020;267(3):688-	693.

 13. Schaefer ST, Koenigsperger S, Olotu C, Saller T. Biomarkers and 
postoperative cognitive function: could it be that easy? Curr Opin 
Anaesthesiol.	2019;32(1):92-	100.

	14.	 Steinlin	M.	Neuroinflammation	in	ischemic	pediatric	stroke.	Semin 
Pediatr Neurol.	2017;24(3):201-	206.

 15. Wang S, Zhang H, Xu Y. Crosstalk between microglia and T cells 
contributes to brain damage and recovery after ischemic stroke. 
Neurol Res.	2016;38(6):495-	503.

	16.	 Rahman	 MT,	 Ghosh	 C,	 Hossain	 M,	 et	 al.	 IFN-	gamma,	 IL-	17A,	
or	 zonulin	 rapidly	 increase	 the	 permeability	 of	 the	 blood-	
brain and small intestinal epithelial barriers: relevance for 
neuro-	inflammatory	 diseases.	 Biochem Biophys Res Commun. 
2018;507(1–	4):274-	279.

	17.	 Lu	L,	Wang	Y,	Zhou	L,	et	al.	Vgamma4	T	cell-	derived	IL-	17A	is	es-
sential for amplification of inflammatory cascades in ischemic brain 
tissue after stroke. Int Immunopharmacol. 2021;96:107678.

 18. Shichita T, Sugiyama Y, Ooboshi H, et al. Pivotal role of cerebral 
interleukin-	17-	producing	 gammadeltaT	 cells	 in	 the	 delayed	phase	
of ischemic brain injury. Nat Med.	2009;15(8):946-	950.

	19.	 Jauch	 EC,	 Saver	 JL,	 Adams	HP	 Jr,	 et	 al.	 Guidelines	 for	 the	 early	
management of patients with acute ischemic stroke: a guideline 
for	healthcare	professionals	from	the	American	Heart	Association/
American	Stroke	Association.	Stroke.	2013;44(3):870-	947.

	20.	 Folstein	MF,	Folstein	SE,	McHugh	PR.	"Mini-	mental	state".	A	prac-
tical method for grading the cognitive state of patients for the clini-
cian. J Psychiatr Res.	1975;12(3):189-	198.

	21.	 Li	YQ,	Chen	JX,	Li	QW,	Xiao	ZJ,	Yuan	T,	Xie	ZH.	Targeting	NLRP3	
inflammasome	 improved	 the	 neurogenesis	 and	 post-	stroke	 cog-
nition in a mouse model of photothrombotic stroke. Neuroreport. 
2020;31(11):806-	813.

	22.	 Sawikr	 Y,	 Yarla	 NS,	 Peluso	 I,	 Kamal	 MA,	 Aliev	 G,	 Bishayee	 A.	
Neuroinflammation	 in	 Alzheimer's	 disease:	 the	 preventive	 and	
therapeutic potential of polyphenolic nutraceuticals. Adv Protein 
Chem Struct Biol.	2017;108:33-	57.

	23.	 Kicik	A,	Tuzun	E,	Erdogdu	E,	et	al.	Neuroinflammation	mediators	are	
reduced in sera of Parkinson's disease patients with mild cognitive 
impairment. Noro Psikiyatr Ars.	2020;57(1):15-	17.

 24. Huang J, You X, Liu W, et al. Electroacupuncture ameliorating 
post-	stroke	 cognitive	 impairments	 via	 inhibition	 of	 peri-	infarct	
astroglial	 and	 microglial/macrophage	 P2	 purinoceptors-	mediated	
neuroinflammation and hyperplasia. BMC Complement Altern Med. 
2017;17(1):480.

 25. Ghadery C, Koshimori Y, Christopher L, et al. The interaction be-
tween	neuroinflammation	and	beta-	amyloid	in	cognitive	decline	in	
Parkinson's disease. Mol Neurobiol.	2020;57(1):492-	501.

	26.	 McGrattan	AM,	McGuinness	B,	McKinley	MC,	et	 al.	Diet	 and	 in-
flammation	in	cognitive	ageing	and	Alzheimer's	disease.	Curr Nutr 
Rep.	2019;8(2):53-	65.

 27. Magistrelli L, Storelli E, Rasini E, et al. Relationship between circu-
lating CD4+ T lymphocytes and cognitive impairment in patients 
with Parkinson's disease. Brain Behav Immun.	2020;89:668-	674.

	28.	 Zeng	J,	Liu	J,	Qu	Q,	Zhao	X,	Zhang	J.	JKAP,	Th1	cells,	and	Th17	cells	
are	dysregulated	and	inter-	correlated,	among	them	JKAP	and	Th17	
cells	relate	to	cognitive	impairment	progression	in	Alzheimer's	dis-
ease patients. Ir J Med Sci. 2021. doi:10.1007/s1184	5-	021-	02749	-	2. 
Online ahead of print.

	29.	 Trenova	AG,	 Slavov	GS,	Draganova-	Filipova	MN,	 et	 al.	 Circulating	
levels	of	interleukin-	17A,	tumor	necrosis	factor-	alpha,	interleukin-	18,	
interleukin-	10,	and	cognitive	performance	of	patients	with	relapsing-	
remitting multiple sclerosis. Neurol Res.	2018;40(3):153-	159.

https://orcid.org/0000-0003-4339-839X
https://orcid.org/0000-0003-4339-839X
https://doi.org/10.1007/s11845-021-02749-2


    |  9 of 9LU et aL.

	30.	 Brigas	HC,	Ribeiro	M,	Coelho	JE,	et	al.	 IL-	17	triggers	the	onset	of	
cognitive	 and	 synaptic	deficits	 in	 early	 stages	of	Alzheimer's	dis-
ease. Cell Rep. 2021;36(9):109574.

	31.	 Zhang	Q,	Liao	Y,	Liu	Z,	et	al.	 Interleukin-	17	and	 ischaemic	stroke.	
Immunology.	2021;162(2):179-	193.

 32. Guoping P, Wei W, Xiaoyan L, Fangping H, Zhongqin C, Benyan 
L. Characteristics of the peripheral T cell immune response of pa-
tients at different stages of vascular cognitive impairment. Immunol 
Lett.	2015;168(1):120-	125.

	33.	 Solleiro-	Villavicencio	 H,	 Rivas-	Arancibia	 S.	 Effect	 of	 chronic	
oxidative stress on neuroinflammatory response mediated by 
CD4(+)T cells in neurodegenerative diseases. Front Cell Neurosci. 
2018;12:114.

SUPPORTING INFORMATION
Additional	 supporting	 information	 can	 be	 found	 online	 in	 the	
Supporting Information section at the end of this article.

How to cite this article: Lu T, Ma L, Xu Q, Wang X. Blood 
Th17	cells	and	IL-	17A	as	candidate	biomarkers	estimating	the	
progression of cognitive impairment in stroke patients. J Clin 
Lab Anal. 2022;36:e24581. doi: 10.1002/jcla.24581

https://doi.org/10.1002/jcla.24581

	Blood Th17 cells and IL-17A as candidate biomarkers estimating the progression of cognitive impairment in stroke patients
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Participants
	2.2|Clinical data collection and follow-up
	2.3|Collection of blood samples and determination of biochemical indexes
	2.4|Statistical analysis

	3|RESULTS
	3.1|Study flow
	3.2|Characteristics of stroke patients
	3.3|Levels of Th1 cells, Th17 cells, IFN-γ, and IL-17A
	3.4|Correlations of Th1 cells, Th17 cells, IFN-γ, and IL-17A with MMSE score at baseline
	3.5|Comparisons of Th1 cells, Th17 cells, IFN-γ, and IL-17A in stroke patients with or without cognitive impairment at baseline
	3.6|Correlations of Th1 cells, Th17 cells, IFN-γ, and IL-17A with MMSE decline during 3-year follow-up

	4|DISCUSSION
	ACKNOWLEDGMNTS

	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


