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Analysis on correlation of cerebral infarct area with cytokines
and immune status in patients with acute ischemic stroke

SU Xingqi, ZHAO Lingmin, MA Di, YOU Jiulin, CHEN Ying, FENG Liangshu, WANG lJing,
FENG Jiachun, WANG Chuan
(Department of Neurology, First Hospital, Jilin University, Changchun, 130021, China)

ABSTRACT Objective: To explore the correlations between the cerebral infarction area and cytokines and
immune status in patients with acute ischemic stroke, and to provide the theoretical basis for immunotherapy
of the patients with different degrees of cerebral infarction. Methods: Sixty-seven patients with acute
ischemic stroke within 72 h of the onset were randomly selected according to the inclusion and exclusion
criteria, and were divided into large-area cerebral infarction group (7=34) and non-large-area cerebral
infarction group (n=33) on the basis of the biggest infarction area in the sequences of magnetic resonance
diffusion-weighted imaging(CDWT). Clinical baseline characteristics such as gender, age, and medical history
were collected from the patients in two groups, the serum levels of interleukin (I1.)-2, 1L.-6, 11.-10, and
IL-17A, tumor necrosis factor-a (TNF-a), and interferon-y (IFN-y) were measured using flow cytometry;
the absolute values of lymphocytes (LYM#), lymphocyte percentages (LYM % ), and neutrophil/lymphocy
ratios(NLR) in peripheral blood of the patients caiculated, and the ratios of IFN-y/IL.-4, TNF-«/IL.-4, and
TNF- o/IL-10 rations were also calculated. The values of National Institutes of Health Stroke Scale
(NTHSS) scores of the patients were evaluatd on the basis of the assessment of clinical neurological signs.
The correlations of the cerebral infarction area and NIHSS score, cytokines and immune status groups of
the patients in two were tested by rank correlation analysis. Results: Compared with non-large-area
cerebral infarction group, the serum levels of IL-2, 1L.-6, IL.-10, IL.-17A, TNF-a, and IFN-y as well as
the NLR in the peripheral blood of the patients in large-area cerebral infarction group were significantly
increased (P<C0.01) , while the LYM#, LYMY% and TNF-a/IL-4 were significantly decreased (P<C
0.01). There was a positive correlation between cerebral infarction area and NIHSS score in the patients in
large-area cerebral infarction group (7,=0.521, P<C0.05), and there was a significantly positive correlation
between cerebral infarct area and NIHSS score in the patients in non-large-area cerebral infarction group
(r,=0.721, P<C0.001). The NIHSS scores were positively correlated with serum 1L.-6 (r,=0. 306, P=
0.005), IL-4 (,=0.252, P<<0.001), IL-2 (,=0.109, P=0.025), IL-17A (r,=0.405, P<C0.001),
and IFN-vy (=0.146, P<C0.001) levels in two groups; no correlations were found between NIHSS
scores and TNF-a (7=0.039, P=0.726) and IL.-10 (»=0. 121, P=0.192) levels. NIHSS scores of the
patients in two groups had negative correlatious with the serum level of LYM# (,=—0.026, P=0.036)
and LYMY% (r=-—0.008, P=0.002) , and had positive correlated with NLR (r,=0. 315, P=0.009).
Conclusion: The infarction area of the patients with actue cerebral infarction is correlated with the NIHSS
score, the inflammatory response, the degree of adaptive immune injury, and the immune status. The have
positive correlation with cytokines and immune markers and the overall size of the infarction area.
Compared with the patients with non-large-acea cerebral infarction, the immunosuppression of the patients
with large-area infarcted areas is more likely to occure.

KEYWORDS Acute cerebral infarction; Immunity; inflammation; Cytokines; Inflammatory cells;

Infarct size; National Institutes of Health Stroke Scale score
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i XL & %% (National Institutes of Health Stroke
Scale, NIHSS) J& PPl 35 2 b A i ™ R 1Y
SE AR AR, PE A Y I B Sz T AR A b 4 AR
o g8 RN TE G It M i A v i AR L R RN
o G E L R A e AR T 2 O R R 4
B R G0 0 2 RAE RIS, B3 5 7 AR
P28 98 1 I 0L 3% B A 5 I B I LEE PR BT, S TE R
SRR S RO, TR ot M A A i e BRI AR
BARP A EMER, B8 mEALH6 . &
$E I N2 5 AR B8 1 K AL DT 52 R Y T
Ja UL AR S A e g A R NE 2 B AR e IR g
B A4, JF B B bl e B8 A4 B R G A
PR AE o T 2k B i P kA e R R, Bk
P ASE (%) B2 T8 e S5 4 i A0 /) Je T 248 e s L ok 93 0%
TR T 440 L PR 1 R R A R T L AR LI B v 1 g A
JHL g W 51 B e i X 2 5 0 20 2R AR E I . ]
B, 2P 22 RGEFN o -2 AR -5 b B 2 5 3L
AU G A B BB A rh R S e A, AR A U
A, PR A A/ b O A AR b B, PR A TR
B TR, BUARAKCEREAR 7 A bR i S e i
AT R FEIE T W E RN 2 — o 7R PR AR AL Y
PRI, Pl 2 20 0 DX s ) A 2 RS AT LUIA 5 ph 22
2 A FALAE A A, PR R 9V A ik A B A K I
TG h BB REEMEM . L, WABRRA
P R 10 A A v R A Y B g S BIL TR A Bl T IR
PRI PRG35 76 TR R A 2 52 e e ot 4 A 2=
FIRIT MBI EE RN R — " AEd g A
L 35 AR T R G A% B -5 A1 A T R A B AR A L
AR DR L R T 4 B o bR B AR S R A DL S A BT
i A5 BE T AR 5 NIHSS PF 40 19 5C &, ) W fii 458 € 1H
P NIHSS 373 LA K 40 M D] 5 G 3 R 25 5 1
PRAT i A A 1w BUX S0 ) S 5 P i s el 5 AHE T
KT RR P A AT BB s, R T BRI R A AR B NTHSS
Vo 85 e HL 5 kAR Gy ] Y, DL R 25 R G
PR B A 76 BE B G 88 IR 7 7 1k B AR B B o 3 R
it 2% O (6] AR B8 R/ ok O Ak AR Y TS 4R
e,

1 #EREFE

1.1 AR #H 20174 10 H—20194F 10 A
T B A 2 N B A0 B RLAE 72 h Y 67 i) 2Pk
I MR T R VR TR 5, AR i I DR B L A
VR AR R TG R IR R B, K 34 1) 18 5 44
AR T BRG RE SE A, i BR R AT S A A

oo HrhHiig st i (n=25) MsLitii K E
BH>3cem; FIEARMFILEE (n=9) IR K
WO R T 1730 # HA R 33 Bl E AR
T ARUR AR A8 40, B 45 TG 0 R S RN S O B AR A AR
Fo WAL R HE (n=27) Mt KR EAE R
<3cem; FIEFHMEIEEH (n=06) HHFE i KA /)
T+ 1/3. TAAHBREHCEEMERZS.
A FE 28 RO 2255 — B Be 10 P 22 B 25 A A It
& B it fE 5. AF-IRB-032-02. 44 A #r Ufi:
2017 4 10 4 —20194F 10 7 F & MoK 25 — B B
MENFHRZHEE; OQRWEHAET2hN; OF
25588 ME R EE, ORFFER
TE18~80 % , ANt ; ©FHz 32 % Hl IR #% 3 4=
99 3R AT B L PR R HOM AR (diffusion weighted
imaging, DWI) J X} N7 1 & W % He & 2K
(apparent diffusion coefficient, ADC). HE Bk br 7E .
OFRNBIIKIZE . BRI . I SRE PR LA I
oAl 22 RGP 3 O i A 5B R Y
B QREMAEMEEN B, O S IhEERH
(W B AW e N A X TR 1 ERR 3 A%, LT
HERAF<<0. 6 mL-s ', MALEF/KF->>265 pmol-L ') ;
OFFTE H B RIEMESN . C 282 %R T 80%
PEMPE B B E . OF ™ EAIeEL 2 g RTFAR
1B o

1.2 RKMFL2MNE BDVHMEMEHMEFEARZ
s X & A E & H R (cytometric bead array,
CBA) AN#iBhtE T 40 g (helper T cell, Th) 1/
Th2/Th17 i 7 & F1 BD™ 40 fig 2k B (CBA) A [
EHEAFEZp N & (E2EBDAHR). BD
FACS Calibur Ji X4 i {X (L EBD A F), ki
R DAL (8 A S B ZE R A E ), —20°C
IR vk A (F B /RA ), —80 Ci K I vk 46
(2 [E Thermo Fisher A ] ), WRIES 4 (VLI K
WA RA ), MEB A (E STARLAB
oA, BRI SL A 12 mm X 75 mm A (€
Thermo Fisher A& ), 15 mL .04 (FE NEST
NI

1.3 CBA &4 &2 & & o & H K P o & ja A
% (interleukin, IL)-2.1L-6.1L-4.IL-10.IL-17A.-F
# % y(interferon-vy, IFN-y) Fo it J& 3x & B F «
(tumor necrosis factor-a, TNF-a) & -F A B J5 5%
B fefE P BE iR 4R A SRR R AN I (2~3 mL) .
4°C. 3000 r~min "B 5minf5, WE BE®R (i
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HAEM), IFE—80 CF R HRMRAF. i BD™ 41
KBS (CBA) A Thl/Th2/Th17 i/ &, #4E
il 3 0 U B A R I R A I AR A i 4
(IL-2, IL-6. IL-4. IL-10, IL-17A. IFN-y i
TNF-o) 7K. 4t M P A of 238 ok & A R T
BN Th1/Th2/Th17 Fi e 5 8 R i % 2 7 B &
SN SR Ny | | R A v = SN ST E 3 = ST
b RSB, SRIGHE M ER THE
30 min. it 2 4 A SRS I A 20 A 5 R AT
K

1.4 BEERFINEF2HABFHESHEBERR
@ AR AR R R R A B DWIAI ADC, it
A% 2% b=1 000 S*mm *, TR/TE=~2 900/
89 ms, JHIE=142X142, /P HE =226, Hh
TRF/REEBIE, TE RN BIEHE . R4 DWI
e i R RSB SR T T SR AT T AR, ki A A AR
B MRE BT TE A =K X, e A AL
em’ IR o

1.5 NIHSS# 9 &40 % 24 & 5 8 fuig 5T s A
gHRMHEEE ARG 12 hNET IR, 4
BEEH N 3N S BN =) B e A
BY MR 2R3z 3h 1AL . R 0~42 50 4y R Gi it
e i i AR A A3 o, 3R WA 1 Bk
o NIHSS P43 <7543 Ran P R, NIHSS
W5 5~152r £t B, NIHSS ¥4 =16 /3 %
IR

1.6 %it# 45 ¥ K SPSS 25. 04 i+ 4 kw17

2
a5

Gt . 241 B AR L R E E A R
(homocysteine, Hey) . %5 M6 b . %% B i 2
(low-density lipoprotein, LDL) HI NIHSS ¥ 4 55
B AR B 2 R - IR SR B Y A A IR A A A
Phas o, 2 411 RE A 35 850 b 5o FH W kST B A
CREE o 24T R MRS s O PR s R
M Sy oy s i, DABIER (A%) [0 (%) ] &
AN, 2HNE R BRI YRR . 2 20 BB Y ik
FEZETH AR . gif N 5 (IL-6., TL-4. IL-2, IL-17A.
IFN-y. TNF-a f11L-10) . e 4abr [k E 40 i 4
XHE (LYM#) ., REAE s (LYMY%) i
PR R 20 M /9K B 4 L L6 {6 (nentrophil/lymphocyte
ratio, NLR) ] FlifeR &4 45 (TNF-o/IL-4 Lk
f . TNF-a/IL-10 H A AT IFN-y/IL-4 HAH) &
D THBIEAFFEES S, Db i g (0440
¥ M (P, Pry) ] FRoR, 2410 HCR A Mann-
Whitney U £ %5 . 5& FHBRAH 5 73 7 46 56 2 20 58 3 i
FEFE TE A5 NIHSS 3743 . 4H B X 5 5 46 A 1
AR . 2 M BE B B, DL P<<0.05 K22 5
EENES '@

2 & B

2.1 2@ EGERKE 241 FHWN . FER
BEDRE S . MR s . W AE s . LDLJKF- . Hey
IKSF 25 IR 7K T 41T b A 25 S RS i X
(P>>0.05), KT FE L2 8 & NIHSS W5 = T
K A AR L (P<<0.01)., W3R 1.

®1 2H8FNELERE

Tab.1 Baseline data of patients in two groups

Large-area cerebral infarction

Non-large-area cerebral infarction

Group (n—34) (n—33) Xtz P
Gender[n/(5/%)]

Male 19 (55.88) 24 (72.70)

Female 15 (44.12) 9(27.30) #0m0 0190
Age (z+s, year) 62.70+9.36 61.74-+9.02 0.430 0.670
Diabetes (/%) 10(29.42) 10 (30.30) 0.010 0.936
Hypertension (/%) 23 (67.65) 26 (78.79) 1.050 0.304
Smoking history (/%) 14 (41.17) 13 (39.39) 0.020 0.882
LDL (z+s, mmol-L ") 3.48+1.05 3.0340.90 1.850 0.310
Hey (s, pmol-L ) 17.77+13.46 19.25+12.28 0.470 0.760
Fasting glucose (x=s, mmol-L ") 7.24+3.47 6.34+3.09 1.050 0.600
NIHSS score (z45) 13.03+3.82 5.06+3.14 9.310 0.001

LDL:low-density lipoprotein; Hey : homocysteine ; NIHSS : National Institutes of Health Stroke Scale.
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2.2 2HRBFELFHRATHARAFALERS
FAx KPR SE2H 83 G AR A IL-6. TL-4
IL-2, IL-17A. IFN-y., TNF-o Al IL-10 7K 3 ¥4 8§
WA TR R A RAE LA (P<<0.01)., W32,

2.3 28R FFAHEARAF LYMELYMY A NLR
A8 K T B AR T AL R E I FE AR R LYM#
LYM YW AR TR R AR A4 (P<<0. 01), NLR

H & FAERmBRAESEA (P<<0.01), WL 3.
2.4 2@ & FEMAF TNF-o/IL-4, TNF-o/IL-10
Fo IFN-y/IL-4 yeds R IEFFEIE 4 8 35 19 TNF-o/
IL-4 W AE W] WA T K AR e 4 (P<<0.01) .
KT FRAS B 4H B 2 B TNF-a/T1L-10 A1 TFN-y/1L-4
EH5AE R SE LA L3 = TRk, (HERT
Giit#EE X (P>0.05), W4,

F2 24 BHMEP IL-6,1L-4.1L-2,1L-17A . IFN-y, TNF-a Fl IL-10 K F
Tab.2 Levelsof IL-6, IL-4, IL-2, IL-17A, TFN-y, TNF-a, and IL-10 in serum of patients in two groups

Cytokine levellp,/(ngL )]

Indicator n

1L-6 1L-4 1L-2 1IL-17A IFN-y TNF -« 1L-10
Non-large-area cerebral 33 9.81 0.74 0.55 3.25 0.61 1.71 1.31

infarction (3.09,28.60) (0.31,0.80) (0.32,0.98) (1.37,5.08) (0.22,0.95) (0.80,2.82) (0.89,2.46)
Large-area cerebral 34 32.35 4.02 1.96 8.15 2.58 2.63 3.43
infarction (9.69,56.60) (3.45,4.76) (1.75,2.19) (6.30,9.66) (2.30,2.99) (2.23,3.15) (2.66,4.52)
Z 3.020 6.700 6.000 5.260 6.870 3.470 4.910
P 0.003 <20.001 <20.001 <20.001 <20.001 0.001 <20.001
#3 2HBHEMBEFLYM#LYMY M NLR(E
Tab.3 LYM#, LYMY% and NLR values in serum of patients in two groups MIP,,, P,.]
Group n LYM# LYM% NLR
Non-large-area cerebral infarction 33 1.76(1.43,2.35) 0.26(0.21,0.33) 2.61(1.73,3.36)
Large-area cerebral infarction 34 1.41(1.05,1.79) 0.14(0.08,0.22) 5.27(3.26,10.79)
zZ 3.000 4.360 4.480
P 0.003 <20.001 <20.001
#4 24 BE M P TNF-a/IL-4, TNF-a/IL-10 Fl IFN-y/IL-4 HAH
Tab. 4 Serum TNF-o/IL-4, TNF-a/IL-1, and IFN-y/IL-4 ratios of patients in two groups MIP,;, P,;]

Group n TNF-o/1L.-4 TNF-o/IL-10 IFN-y/IL-4
Non-large-area cerebral infarction 33 2.50(1.62,5.99) 1.05(0.53,3.06) 1.07(0.40,2.06)
Large-area cerebral infarction 34 0.69 (0.54,0.83) 0.80(0.53,1.12) 0.66(0.52,0.82)
Z 5.320 1.460 1.690
P <20.001 0.150 0.090

2.5 248 % F WA & RA NIHSS 3 5 & 48 %
M RMFRAEIEA B A AL AR [11.92 (3.04,
16.53) em’] B B K T HF X m A s A
[1.50 (1.00, 2.00) cm®] (Z=2.619, P=0.009).
AW IR TR ik A B 4 R K T BRI A S 2H R85 i A A T
S NIHSS W ¥ B IEMAHG KR (n=0.721, P<<
0.001; »=0.521, P=0.013),

2.6 E@mHA HRE1, &bk, 62%, ABi2lh
RRATRCTC TR B, 0 I e e, AR
KM RZRE IR o A BE 24 h N 52 35 Sk E8 RE S AR 15

(magnetic resonance imaging, MRI) {7~ XU % T5
iy R X BRI XL T IR XRS5 XY
DWIE 50k B4, ADC {5 5 %A% . 4 50 i A2 .
2.036 cm < 1.557 cm=3.170 cm®, WK 1,

BF2, Bk, 772, ABEHIS hZE AMKTC T,
ABEJE g HE, 562 ARG, £ LRI 3%,
XCF RIS 0%, o PRAEFHE . ABE 24 h N 5838
Sk B MRT 7% 70 0 56 15 000 il = i 2 DX XA ik
S 3EE DX 2 A 0 TR KR B i A 4% DXk ) DWT
FiE SR, ADC Bn 55 A, BEEim A .
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9.433 ecm X 4. 918 cm=46. 3915 cm’, LK 2,

e T

A:DWIimage; B: ADC image.
B AR KRR RS B E R DWIFF] B &

Fig. 1 Nuclear magnetic axis DWI sequence images of patient with non-large-area cerebral infarction

135:

A:DWI images;B:ADC images.
B2 KERMESEEE#E DWVIFHIE &

Fig. 2 Nuclear magnetic axis DWI sequence images of patient with large-area cerebral infarction

2.7 NIHSS# 45 & ¥ B -T2 06548 %
M O2HAEFEMEPIL-6, IL-4, IL-2, IL-17A F1
IFN-y 7K F 5 NIHSS P4 R IEMHC X R (r=

0.306, P=0.005; r=0.252, P<<0.001; r=
0.109, P=0.025; r=0.405, P<<0.001; r=
0.146, P<C0.001) ; TNF-a (r,=0.039, P=

0.726) F11L-10 KF (r=0.121, P=0.192) 5
NIHSS PF43 JoAH ek -

2.8 2MBHE hFE P LYMELYMY #= NLR 1422
% TNF-o/IL-4,IFN-y/IL-4 # TNF-a/IL-10 ¥ &
5 NIHSS# et £ . 248 M5+ LYM#
(r=—0.026, P=0.036) fMILYM% (r=—0.008,
P=0.002) 5 NIHSSPF/r 2 HAHKLE KR, NLRIE
5 NIHSS % 70 & 1E Ml C & & (n=0.315, P=

0.036) o 2 4 B # K TNF-o/IL-4 L {H (r=
—0.408, P<C0.001) . IFN-y/IL-4 [t (r=

—0.065, P=0.023) #l TNF-o/IL-10 [t (r=
—0.223, P=0.012) 5 NIHSS ¥4 2 71 41 5%
KA.

3 4F it

e i P A R — A R UL A A B, & R B
AN i A 2R A, HE Rk AR R R e BRI B
B2, uiEMAEMAEAREN . BB, S
R AE 15 55 . NIHSS ¥ 4 5 £ & —Fh )32 b
Tl R VPAL 25 o J5 B A 8 bR o RAE SN S B R
1 B 5 i 4 234540 110 S B TR R UL M el ot A A% e
KA B 92 I N PR SR, B N AE B 4 1) 2Pk e
BRI VE R BB A OGS o i il Pk A b Sk )
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YN FNE 23 JI0 EE i 20 20 )R SR A 40 5 LB B 1) 9
7 A X S B 2H kS B AR AP AR T, AR R VR AT A B 1
W, Bk AR R G
ST SN AN B 9% R G AT AR B VI OGP AR
H T G 5 A0 G ) DR S I A R B R e G A
YERT, AME e dn i 2s R 2 MG, 2 1y b voks
E I AN O 7 U N NG Oy | T
(blood-brain barrier, BBB) @&V, 40 W 28 5E AH K&
4rF, 5l BBB 24, i BBB B R T S BO% ik
Kb A P R A T R AR AR B4 RS Th4l
Jt 53 6 22 Bl A B PR 1, O /0N B 40 M AH B AR
I I = B AN e R A ¢ e R W DR i SV S S
R, 2505 R E KR T,
5 M) Jr 8 i 4 A 405 1 R EE RN SRy

LA BE AT Y S B AT i ot G A R S 4
BHAJE K EL A0 A a0 DA R B T 40 1 A 2 A L
Bl ARk, $Eom & AR T e, AR AR R HIL
W A 56 4 B Y o A v 5 A1 o) SR A o v AR
SRE R BRG], BB T A E Rk A
T 2 — 25 5 Wi 2 PR A A AR A I i fE . E
Xof i A B, e 925 AL ) 14 BIF 9 30 8 B Ry AR, A0 TR 3R
25 Tl 240 i DR KT 0 3 AT L R e 2 R ot 1 A
SRR R AR L T G A S NS D N AR L N e A S
EQIR A5 - PSS NDE L IS 1 B
B2 AL 4 98 755 T BE 2 0 A A I IR IA YT RS A

AR GE VAl AN [F] 451 58 T AR A 20 1 i A9 48 A8 37 1l
HEEAHIL-2, 1L-6, TNF-a, IFN-y, IL-4, IL-10
MIL-17A K-, 38 T INF-y/IL-4, TNF-o/
IL-4 Fl TNF-o/IL-10 W fH . H o IFN-y/IL-4 b {H
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