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[ Abstract] Objective To investigate the promoting effect of interleukin (IL) =22 on astrocytes transformation and
its possible mechanism. Methods The experiment was conducted from June 20, 2020 to September 23, 2021. According to the
purpose of the study, human astrocytes were grouped and treated accordingly. The expression levels of complement C3, FKBPS5,
GGTAL, Serpingl and Srgn mRNA were detected by qPCR. The expression levels of complement C3 protein, phosphorylated p38
(p—p38) , phosphorylated mitogen activated protein kinase activated protein kinase 2 (p—~MAPKAPK-2) were detected by Western
blot. The expression levels of complement C3 mRNA and protein in the control group, IL-22 interventional group, Clq+tumor
necrosis factor- o (TNF-a) +IL-1 o interventional group and C1q+TNF-a +IL-1 a +IL-22 interventional group were
compared. The mRNA expression levels of FKBP5, GGTA1, Serpingl and Srgn between control group and IL-22 interventional
group were compared. The expression levels of p—p38, p~-MAPKAPK-2 and complement C3 protein in control group, 11—
22 interventional group, p38 MAPK inhibitor interventional group and IL-22+p38 MAPK inhibitor interventional group were
compared. Results The expression levels of mRNA and protein of complement C3 in IL-22 interventional group, Cl1q+TNF-

a +IL-1 « interventional group and C1q+TNF-a +IL-1 a +IL.-22 interventional group were higher than those in control group,
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and the expression levels of mRNA and protein of complement C3 in C1q+TNF- o +IL-1 a interventional group and C1q+TNF-

a +1L-1 a +I1.-22 interventional group were higher than those in IL-22 interventional group (P < 0.05) . The mRNA expression

levels of FKBPS, GGTAT, Serpingl and Srgn in IL-22 interventional group were higher than those in the control group (P < 0.05) .

The expression levels of p—p38, p~-MAPKAPK-2 and complement C3 protein in IL-22 interventional group were higher than

those in control group, and the expression levels of p—p38, p~MAPKAPK-2 and complement C3 protein in p38 MAPK inhibitor

treatment group were lower than those in control group (P < 0.05) . The expression levels of p—p38, p~-MAPKAPK-2 and

complement C3 protein in [L-22+p38 MAPK inhibitor treatment group were lower than those in IL.-22 interventional group, while

higher than those in p38 MAPK inhibitor treatment group (P < 0.05) . Conclusion IL-22 can promote the transformation of

astrocytes to Al type astrocytes, and its mechanism may be related to IL-22 promoting mitogen activated protein kinase activated

protein kinase 2 (MAPKAPK-2) phosphorylation and activating p38—mitogen activated protein kinase (MAPK) signaling pathway.
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1.2 FZLR A EELl . w4 AIL-22
HEH (U FEREAEYEARGRAE, 175 bs-
2623R) , FAANIL-1« (JbntFRRAEYH AR AR
ovEl, 55 bs—4947p) , HAATNF-a (Abcam

NHE], 55 ab9642) , A AClq ( Abcam/A ],
517 : ab96363) , TRlzol (K[ Sigma’Zi s ) , ¥

Multiple sclerosis; Interleukin 22; Astrocyte; Cell transformation; Complement C3

st & (Vazyme/Ad] ) , StarLighter Probe qPCR
Mix ( Universal ) (dbst)g3 18 2 REAH R A,
FS-Q3002) , RILCIHAHL (AbcamAH], H745:
ab200999 ) , RPTHERR L - 22 25T L F i p38
( phosphorylated p38 mitogen—activated protein kinase,
p-p38 MAPK ) Hifk (dbmtFF kA Y H R A B
A, 515 bs-5476R) , RILHEM AL -2Z R
ARSI B F PRS2 ( phosphorylated mitogen
activated protein kinase activated protein kinase 2,
p-MAPKAPK-2) Hiff (JbmtH/Ril A Y AR A R
A, 585 bs-5503R) , “HiFHRp A (1
R A REVFEARARAE, 585 A0208) . F%=
8% A — A IR (SANYO, MCO-175) ,
Vortexdik 1% 2% (Kylin—BeH Lab Instruments, XW-
80A ) , BWi#s ( Eppendorf Reference, 4924000908 ) ,
TR CHAR DL RAL g & A R A ], TS-100)
NanodropZr Y6/ T ( Thermo, 2000/2000C ) , qPCR
X (ABI, VII7) , SDS-Acryl/Bis KL ( iR
RERHE A MRA R, VE-180) , MIAFEMAL ( RiKAE
BHEARAFR, VE-186) , H2itMER RS (GE,
AI600) .
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1.3.1 gifigs K ARSI HA 1800 (1 H h
FERLEpE A0 ) 7TEAM180185 353 h 3% (f&4%
AL 10fC) , FRAEAE KRS 290% , R H0.25%)
it I AL UL IF A4 ml5E ARG R dk, FRERmed TN,
FEAL5 mIEOAE T, 800 r/min ( B.OH4210 ecm ) Bl
3 min, 3 LW, FH3 mlf10% FBSHYSE 41373
FRRANE, IR B3 T2S A SR, BT
37 C. 5% COIEFEAM T REFE

1.3.2 qPCR K ANEIER Mo R XA | 1L-22
AEFRLA] . Clq+TNF- o +1L-1 o ZbFE4] J2 C1q+TNF-
o +IL-1 o +TL-2240 FRAL . Xof R 4 40 Jf0 R R AT p R Ak
B, IL-224b # A A 25 T 1L-22 (400 ng/ml ) 4b3f
48 h, Clq+TNF- o +IL-1 a ZbHEEHANHELS T Clq (400
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ng/ml) . TNF-a (30 ng/ml) . IL-1a (3 ng/ml) X
A HEFE48 h, Clq+TNF- o +1L—1 o +1L-22/40 21 40 fifd
%1 Clq (400 ng/ml) . TNF-a (30 ng/ml) | IL-1«
(3ng/ml) . IL-22 (400 ng/ml) BEEALFE48 h, Z 5%
JFHJBEEE 1 T AL T WCER A0 ME o >R FH Trizol 2 4 HCAH L
RNA, Nanodrop 10053 GRETHAG I RN AW B2 A Jii i
1.0 wg RNASTIRES 5%, 13 8IcDNARSE—8E, Z)5
PLeDNA MBS TqPCR, K #MAC3 mRNAZFAIK
-, SR ST HA 3R

B R TE B S5 40 B 43 R o BE 2 RN L- 2240 BR AT,
Xof R 2 20 i oA HEA T AR R AL B TL-2240 FRAH 40 0 45 T
IL-22 (400 ng/ml) AbFH48 h, KFHqPCREGMFKBPS
GGTA1. Serpingl. Srgn mRNAZIAKNE, Al A 2R (]
I, SEEAS A 3K, PCREIYITHIILEL.

£1  PCREIYIFA
Table 1 gPCR primer sequences

H e BS9S] (5-37) TS (5-37)
GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA
#MAEC3  ACTACTCCACAATCCAGCCTTCT GTAGACAGCAGCCTTGACTTCC
FKBPS  TGACTACTGATGAAGGTGCCAAGA  GTCTCCAATCATCGGCGTTTCC
GGTAl  CTGGTGGTTTCTGAGCTGGTTTA  TCCTTTGGTCTCCTCTCTTCCTTT
Serpingl  GACCTGTTACTCTCTGCTCTGACT GTAAGGAGGCTGGCGATGCT
Srgn GTTCAAGGTTATCCTGCTCGGA AAACAGGATCGGTCATCGGG

1.3.3 Western bloti%: # N ETE I B 40 43R %t BRAT

IL-224bFR4 . Cl1q+TNF- o +1L-1 o Kb BREH K2 C1g+TNF-
o +1L-1 o +1L-2240 320, XJ HE 2T 240 B AR 4 7 4R ik b
P, TL-224b PRZH MM 45 T 11L-22 (400 ng/ml ) 4B
48 h, Clq+TNF-a+IL-1 o ZMFRA4HEL5 T Clq (400
ng/ml) . TNF-« (30 ng/ml) | [L-1a (3 ng/ml) jieg
HHEFA8 h, Clq+TNF- o +1L-1 o +1L-224b B 41 g
%7 Clq (400 ng/ml ) | TNF-a (30 ng/ml) | IL-1«
(3 ng/ml) . 1L-22 (400 ng/ml) BEASALFE48 h, 25
R FHBREE BRI AL I AR AR, InA200 o 14 if0 24 ik
(150 mmol/L NaCl, 1% NP-40, 0.1% SDS, 1 mmol/L
PMSF, 1%& SR ) , & TIKERF10 min,

4 CHET, 12 000 r/min ( FOFE10 cm) FO
10 min. $ LIEWHEB B WEPE ., I LS nh
Wi 4 CHEETF, 12 000 r/min (F.02£4210 cm ) B
1 min, &M BradfordEA6 R HHE . KI5 H20 L
MEHHITSDS-PAGE, HL Ik 5¢ iUm K 2 11 7 7 2
PVDFE I, RHS5%BR 4 U35 iR R E A1 h, TBST
PERE3YK, 5 min/IR. MMA—$L (1:2000) , 4 Cit
s AP (1:3000) FiEMEHF1 h, TBSTYEH3
W, 10 min/ik, RAECLEE R, KllxMAC3IHE H &L
KA, SEEph ST FAR 3K .
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NI o A Xt B . TL-224b P4 . %4
A HPEFp38 (p38 mitogen—activated protein
kinase, p38 MAPK ) il ZbF#H4H | IL-22+p38 MAPK
TIFAL AL . X R A B R AT A3, L2240 P2
i iR FHIL-22 (400 ng/ml) AbFR60 min, p38 MAPK
0480 570 Ak B £ 40 B0 SR F p38 MAPK #1151 SB202190

(10 wmol/L) AbFR60 min, IL-22+p38 MAPKHF|
R 40K FHIL-22 (400 ng/ml) . p38 MAPK i
FISB202190 (10 ;.Lmol/L) AEFR60 min, K JHWestern
blotiZ KM B2 fkp38 ( phosphorylated p38, p-p38) .
p-MAPKAPK-2 . #MAC3HE H#AKF, Ky klH
e, SRS A 3R .

L4 Gtk SRHGraphpad prism 9.05% 414811
AP, FFEIESSAIT TR (x2s) R, £
L] LR F SR 2y 22000, AL IE) T EL AR g R
5, P R AL 5. PIP<0.05 W 22 R 5t
ED-3'8
2 BR
2.1 IL-22f¢ ik BIP RS R 4 i #MAC3 mRNA . H %
5 ORTHRAL . IL-2240340 . Clq+TNF- o +1L-1 o Zb 3
4. Clqg+TNF- o +IL-1 o +I1L-224bFZH #MAC3 mRNA |
HARBKFEILE, ZRAKIT¥EL (P<0.05) ;
IL-224b ¥4 . C1q+TNF- o +1L-1 o Kb FRZH K C1q+TNF-
o +1L-1 a +IL-224b B #MAC3 mRNA . &R
KV TRRA, ZRASI¥E X (P<0.05) ;
Clq+TNF-a +IL-1 o ZbFE4] . Cl1q+TNF- o +1L—
1 o +IL-224b B AMAC3 mRNA | EHFE LK T
IL-22403EH , 2R A G (P<0.05) , WL3k2.,
K.

2.2 IL-22MEH BIE KM FKBPS . GGTAL,
Serpingl . Srgn mRNAZRA [L-224bHIZ FKBPS .
GGTAL. Serpingl. Srgn mRNAZA/K 5 T R4,
ZERAGIFE L (P<0.05) , W3,

*MEC3 e ———— —
W}?‘%L 21’9\1@"%% . dgfy‘?c% N ﬁafg&
W A\Vg AT
c\ (‘,»\—Tﬂg - dg? o )(\X"\ or
-
crar

e =N E, TNF- o =fRIREH T o
BEl1 XPHR4 . TL-224032H . Clq+TNF- o +IL-1 o ZbHZH |
Clq+TNF- o +11-1 o +1L-224b FREHFMAC3 2K F1SDS-PAGEIA]
Figure 1 SDS-PAGE of complement C3 protein in the control group, IL—
22 interventional group, Clq+TNF-a+IL-1a interventional group and
Clg+TNF- o +1L-1 o +1L-22 interventional group
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K2 XA, TL-224F4] . Clq+TNF- o +IL-1 o Zb PR K
Clq+TNF- o +IL-1 o +IL-224b L AMAC3 mRNA 2R I FRIAKFLE#K
(xts, n=3)

Table 2 Comparison of expression levels of complement C3 mRNA and
protein in the control group, IL-22 interventional group, Clq+TNF-
a +IL-1 a interventional group and Clq+TNF- o +1L-1 o +1L-22

interventional group

F4 NIRA L IL-2240304] . p38 MAPKINHIFIAL AL | 1L-22+p38
MAPKIHIFI AL BEL p-p38 . p-MAPKAPK-2 ., #MAC3EFILKFLL
B (Xxs, n=3)

Table 4 Comparison of expression levels of p—p38, p—MAPKAPK-2 and
complement C3 protein in control group, IL-22 interventional group,
p38 MAPK inhibitor interventional group and 1L-22+p38 MAPK inhibitor

interventional group

ZH 5 AMAC3 mRNA  AMAC3EH A5 p-p38 p-MAPKAPK-2  #MKC3ER
Xof HEZH 1.001 £0.063  0.361 = 0.023 XfBREH 0.761+0.067  0.827+0.018  0.956+0.050
1L-224bFELH 1.848 £0.054*  0.618 +0.029° 1L-224h ¥ 12180043 124420052 1.145+0.068°
Clq+TNF- o +11~1 o ZbFHZ 2.622+0.084"  0.720 = 0.064™ p38 MAPKHil I 4b #i2 06310013 0.682+0011°  0.574£0.015"
Clq+TNF- o +11-1 o +1L-224b L] 2.760 + 0.096™  1.195 +0.075" IL-22+p38 MAPKAHIFIAL A 0.755£0.060"  0.872£0.041"  0.912+0.100"
FlE 340.700 132.787 Flig 78.854 139.748 39.197
PlE <0.001 <0.001 Pl <0.001 <0.001 <0.001

e IL=FIA 2, TNF- o =REHRIEHF o ; “EREGX R L
i, P<0.05; "E£RSIL-224bH4H 14, P<0.05

R3  FHELURTL-224bHZHFKBPS . GGTAI ., Serpingl . Srgn mRNAZ
PKAKCPIEEE (X £, n=3)
Table 3 Comparison of mRNA expression levels of FKBPS5, GGTAL,

Serpingl and Srgn between control group and IL-22 interventional group

215 FKBP5 GGTAL

Serpingl Srgn

X HEZH 1.003 £ 0.087 0.813 +0.150 1.432+0.076 1.585 +0.392
IL-224b B2l 1.262 +0.084 1.566 +0.115 2.503 +0.368 2.655+0.116
HfH -3.709 -6.900 -4.937 -4.533
Pl 0.021 0.002 0.008 0.011

2.3 TL-229845 B I ot 40 i # A C3 25 111 3R 35 1 AH
KAZ S RHRZH . IL-224bFEZH . p38 MAPKIMHI
FIRbFA | 1L-22+p38 MAPKH 7 b PR 4 p-p38 .
p-MAPKAPK-2. #MEC3E ALK, 257
HHET#E X (P<0.05) ; IL-224b# 4 p-p38.,
p~-MAPKAPK-2 ., #MAC3EE HFRAKFm TR, %
FAGFE L (P<0.05) 5 p38 MAPKIMHIF] 4bHZH
p—p38. p-MAPKAPK-2, #MACIEE IR T X il
N, ZRAGIFEL (P<0.05) ; 1L-22+p38 MAPK
NI A R p-p38 . p~-MAPKAPK-2., #MAC3ME15E
IRACHARTFIL-224b B4, {H 5 Tp38 MAPKH il 77 ab £
H, ZRAGIFENL (P<0.05) , WL&k4, E2.
3 itig

IL-22 R IL-10F R, AIL-22/1 1462 FE R4
B, HE/NRIL-22680.8% 0 R JEME, E—1HA o
IR R A5 H, Hala S51L-222 K85 & ] A Y
SEEPE L IL-22%2 K8 T T AN N T2 AR R %
H A B 2, B IL-2232 (K L FIIL-1032 442, &
HEBRBTAEREAL, Bk, e, BIE. B
PR JRH ) IZRIE T RPEMM, WTHE A . B
WRELAN I . NKAAE S, DR, /N E Ik
R, TL-2232 /R BB0E 5 AT 51 STAT3 FISTATS i
fRAk, TIL-220 LITEALJAKIAITYK2, M s 22 22

1 p38 MAPK=22 24)5 15 L35 1 iEp38 , p-p38=MiiRfkp3s,
p-MAPKAPK 2= i {22 24515 AL 26 (S ms fL o 2R L2 s
NGRS, P<0.05; "FRGIL-2240 B4 ILAS, P<0.05; &
7~ 5jp38 MAPKI il Il ab#i4] b4, P<0.05

N

p—-MAPKAPK?2

GAPDH

A C3

GAPDH

ﬁ&}%‘%) ﬂw\gﬁ& WA e
W

s
PR ;%w&

WA
\33% “)/fl’z‘\' P

\(m'j{fx\\%\\

TE: p38 MAPK=22 2T AL & F1 9 Ep38, p-p38=iifkp3s,
p-MAPKAPK-2=W R fb— 22 LR A 25 1 G AL i 2 P iE2
B2 XTHE4L . TL-224b#H4H . p38 MAPKIMHIFIALHEL | 11.-22+p38
MAPKAM )40 2 p-p38 . p-MAPKAPK-2, #MAC3E FISDS-PAGE
CERINE
Figure 2 SDS-PAGE electrophoresis of p-p38, p—MAPKAPK-2 and
complement C3 protein in control group, IL-22 interventional group,
p38 MAPK inhibitor interventional group and 1L.-22+p38 MAPK inhibitor

interventional group

JEIGALEE F I ( mitogen—activated protein kinase,
MAPK) {55 ™
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LG, AVERIE R B4 M BA LU RRIE . S il D) g
W, AURRESIRRAR, MhEErERR Y L BT,
P28 T A A e AR RFCNSH I M Z T /AT . (HATTLR IR
JE B A A T DA AT I PERE SR, TR R A il 22T
AR /D S TR AR ) o T CNSHR /N o 40 434
2T 9 1t PR A 3 R0 Ak R e R A, 8 T A 2 b
CNSEE & e e

WFoE W], MSHYLWRHLEIE I, W M 2 Fh 4 fd Fi
{550, BR/AMZ AN . EmEgnisEsh, 2R
Mot e o 4% TEEAEM L L R A R S
AR B IC I A MR A, AT 2R3k e KO 1 R oL 2T 2
bR, (e R 7 B 3k SR
e, BB EMSIEE T R, EREELA T EE
2 S5 AN R 6 TR 470 Dt S A A ARAE (R e A g
NI, IEECNSH it ; FH, BRI B iis
SMSHIBEALBEHIE AR . Rk, B9 IR
JE AN A5 AL AL AT BEXIMSHIRTT BAT —E /S Bl

W RN, 4HMI FIL-1 o . TNF- o FIC1qF] LAiF
SRR TR A0 1) AT R A i A L AR
FEER R, L2200 FMAC3 mRNA . AR IAK
S FKBP5, GGTAL, Serpingl. Srgn mRNAZAIKI-
YIm TRHRAL, BEARTL-220] LA ok B I o 4n i 5% Ak
AT RIS AN ; Clq+TNF- o +1L—1 o AP |
Clq+TNF- o +1L-1 o +TL-224b BRI #MAC3 mRNA |
2R IA K 5 FIL-2240 B4, $#2/RClq. TNF-« |
IL-1 o X BRI I 20 e Ak i {2 i A 5 T IL-22, {3
HARHE Z BBV 2%, HAURA R Tk 20 ] .

IL-220F —FhE B AR R -, 7T DA 2 R0
Sl ARG R, TL-224b B4 p-p38 .
p-MAPKAPK-2, #MAKC3HE 185K 5 T X R4l ;
p38 MAPKIH 7] kb 4 p—p38 . p~-MAPKAPK-2, #MA
C3H AR AKFAL T X BRAL; 1L-22+p38 MAPKH i 5]
QbR p-p38. p~-MAPKAPK-2, #MAC3HEE HFIAKF
CTFIL-224bFE4], {H 5T p38 MAPKINHIFI AL AL ; 2
FRIL-22 7] GE i 2 Al i 22 4 J5 0% A0 2 1 Oes Ae i 2
12 ( mitogen activated protein kinase activated protein
kinase 2, MAPKAPK-2) @Rk M5 p38-MAPK 5 %
WK, S EAMACIE FRIA,
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Zi BRTA, TL-220] fig JF 2OV R AT 1 A 1R 2 JE
JR A AL, R AT S TL-221¢ #EMAPK APK -2
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