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[ Abstract] Objective To explore the function of epidermal growth factor 8 in the polarization of microglia
after ischemic brain injury and its mechanism. Methods Forty C57BL/6 mice were randomly divided into a sham
operation group, an ischemia group, a recombinant mouse milk fat globule epidermal growth factor 8 (rmMFG-E8)
group and an rmMFG-E8 + colivelin TFA group, each of 10. The middle cerebral artery occlusion and reperfusion
model (tMCAQO) was established in all except the sham operation group. Right after the modelling the mice in the
rmMFG-E8 group were immediately injected with 2L of 0.4pwg/ L of rmMFG-E8 into the ventricle contralateral to
the cerebral infarction. The rmMFG-E8+Colivelin TFA group was injected with the same dose of rmMFG-ES8 plus 2L
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of Spmol/pL colivelin TFA. On the 1st, 3rd, Sth and 7th day after the modelling, neurological functioning was docu-
mented using behavioral tests. The volume proportion of the cerebral infarction was observed after tissue staining on
the 7th day after the operation. The gene expression levels of M1 polarization marker-induced nitric oxide synthase
(iNOS) , M2 polarization marker arginase-1 ( Argl) and mouse chitinase-like molecule 3 (YM1) in the microglia
were detected using real-time f{luorescence quantitative polymerase chain reactions. The protein expression levels of
MFG-E8, phosphorylated signal transduction and transcription factor 3 (p-STAT3) and cytokine signal transduction
inhibitor-3 (SOCS3) were determined using western blotting. Results The behavior tests revealed significant differ-
ences between the sham operation group and the other groups on all four days. Compared with the sham operation
group, the average expression of MFG-E8 gene and its protein, Argl and Yml, and the SOCS3/GAPDH protein ratio
had decreased significantly in the ischemic group, while the average expression of iNOS and the p-STAT3/STAT3
protein ratio had increased significantly. On the 7th day after the modelling, compared with the ischemic group, the
infarct volume was significantly smaller in the rmMFG-E8 group. The average expression of iNOS and the average p-
STAT3/STATS3 ratio in the rmMFG-E8+colivelin TFA group had increased significantly compared with the rmMFG-E8
group, while the average expression of Argl and Yml, and the SOCS3/GAPDH ratio were significantly lower.
Conclusion MFG-E8 promotes the polarization of M2-type microglia after cerebral ischemia through STAT3 signa-
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ling, promoting the recovery of neurological functioning.
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ers and activators of transcription, STAT3) —#i (1 H 3¢
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b, K RT-qPCR FIEE [ e 9% B 8 1 ( Western blot,
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FEL(P<0.05) , MEA KN 3.5.7 d J5 ,;mMFG-E8+
Colivelin TFA Z1 [ F2 B[] Al mNSS 435 i 1 2 [7]
A ) oA, 22 S ¥ RS i 22 B X (P>0.05) , 3 WL
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B 5 F I (P<0.05) , TEWLIK 4,



MFG-E8 mRNAAHX} &k KF

- 592 - HAR Y B 2 5 B A2 20 2021 4F 7 A %5 43 55 7 Chin J Phys Med Rehabil, July 2021, Vol. 43, No.7

- BRFR4A
HEER . g
400 - -+ rmMFG-E84
— rmMFG-E8+
3004 ® . ” - Colivelin TFA%H
3
= 200
=
100
0
BRERA rmMFG-E8+

Colivelin TFA%H

- BFRA
mNSS - s
20+ -« rmMFG-ES4
a a a - rmMFG-E8+
154 3 Colivelin TFAZ
ﬁ 104 a
ab ab
5 ab
M S S S
R D ®
AR D
60—
g 40 1
K a
&
&
204
-
0

T T
BFEARH 4Hf4d rmMFG- rmMFG-E8+
ES4 Colivelin TFA4AH

i A 4 4/ BUEBER D) IE AN TFI I (0] i P S A0 A mNSS BEAME L B A IZH S DI T (TTC B ) MR AEFE AR BLLL o 52 1 #7 5 5

1B T AL RIS IR] 5 L3R, 2 P<0.05 5 55 ifil 46 W] s 18] 5 L %5,  P<0.05

Bl 1 4 dUNRAT RS 2 R AT AR L A

1.5+ MFG-ES g
1wl T GAPDH“
a BFERH HhRifnd
1.5+
0.5 B
*%
oo § 1.0 a
'
BFERH Hhrifnd g
& o0s-
o
'8
=
0.0

BERE G

T A RRERNI 7 d 5 AR LA it 28 e i 2 1 4
ZUMFG-E8 JEH Y RIBIE L ; B AL 7 d J& , BT AR 4 it
I0L2EL A e 1 > WS A ZH 41 MFG-ES 8 B9 A1 I S IR FE AR 1
% ,2P<0.05

B2 5 AR 2 ot i 2 3 A A ) 7 d R e a2 e X
MFG-E8 HEPH I 21k K1y L

it it

AWFFELE R W IRERILS , C57TBL/6 /N ER W
MU MFG-E8 192 35 1 35 BRAIX, A58 2 5 4y X/ I
B2 M1 BUFR 4 iINOS (9 634 0 3548 25 H M2
RIBREY) Argl A1 Ym] FIh7R 0 2 FEAK, 8 ok SR IR
IMAFEA rmMFG-E8 J5 , itk il C57BL/6 /N U 4L
JERFREH B4 /1N, /NS BT A A M2 R 7 4 3 38 IR
S, T M1 RURR A A F R ) B3 A, B4
REAT R 270G Dl P W 0%, AR R4S R iE BoR,
rmMFG-ES8 R N Bl fi 5 p-STAT3 2 (A 1 ik, I I
W SOCS3 HH A ERIE, DL 45 RHE/R, MFG-E8 1] i
25 I A5 KL A /0N S B 400 e 1y M2 BB Ak | ELA M 2 AR
Y, SOCS3/STAT3 Al fig & MFG-ES 45 /)N i Jit 40 Jfd
W Ak ) E A 3 I

ZINJE T AT S i R ) B R AN, A TR e
ARG B i B E EEAEA . AR N
JEVEAR = (s 2 sE T ) sOAMEPE IR 5 (s
Yo ) B, ZINBE S5 40 ] S A RSSO TR AR



rhARY PR AR G RS 2R 2021 4 7 H 45 43 45 7] Chin J Phys Med Rehabil, July 2021, Vol. 43, No.7 - 593 -

4+ a

W
1
T

iNOS Hxd ik 2k T
Y

|

ﬁij‘—lﬁéﬁ efkml]_éﬁ rmMFG- rmMFG-E8+ @
ES4 Colivelin TFA4H

b

T T
BFAR4 M rmMFG- rmMFG-E8+
ES& Colivelin TFA%H

b

B0l T .

a

-

{E%F—;Réﬁ ﬂ;u;ugﬁ rmMFG- rmMFG-E8+ @
E84 Colivelin TFA4

I A4 4/NENOS B BERI K35, By 4 ZH/NEL Argl (9
RERFIR,C N4 4/ Yml BEER T SEFRALE,P<
0.05, 5fkifit 41 L4, " P<0.05, 5 rmMFG-ES 4t ,© P<0.05

B3 4 4/NRERINT dJa/INE BTN M1/M2 B4 fk bR
TR JE DR 2R A O HL A

RS ANMEA M1/ M2 PP BIAR A . M1 FRL /N i 5 200 g
TR JAE PR - | 0 W6 2 14 Il A0 A BT 1 450 (INOS)
M2 U /|N s S5 40 R AT AR B 0 RN b 578 SR o (A
P EFRHF KRN 1 LT g 3 o+ 3) ok
PRAPREREZ W 2800, AR AR BRIk i 5
/N J5 4 B 4 8, L M AR FRIC A INOS 28 3k 1

P-STAT3 W — D
STATS e CE— — —

SOCS3 W“ ” 1
GAPDH WD WS G w—

BFAR4E sl
Colivelin TFA4H

rmMFG-ES84 rmMFG-E8+ @

=, M2 AL ERIE ) Argl Hl Yml IR, $Em Atk
i e L5 /0N S R 4 o ) ML AR AL X S A E
SCHRFRAE S5 — 2 B BTG Ak 16 /)N B I 4 e 2 7
AP E A BRI VE | 2 5 ) J&RE N RT RE 23 ik —
NN E AL, AN, FEIR S ik B Y 1
(e AR AN e D | RO R T s S WO R EZ D we i i
JINE SR A AL SR T BT AR 245 ) EE LA

Y LAUE S AT AT R R o, 8 T 40 A A A
HERAE R EEE, /NN AE P AR L R G D
R RS SSA R i 2 2 48 P 1 W 4 i A T g, U
TG R A AR . /N B 4 i TR | A s
P40l R 2R B 2 AR 5 e MFG-
ES8 BIA hy & —Fh R 500 T 40 M A5 W A 5 Y E AR B
Z ARSI IR TR A0 M R 2R Ay W MFG-ES, i i
COOH-Z % K F~ VI [] 5 X 345 Sk R 51 9 &5 5 )
PR T4 M T A0 B N ik 22 H R (W 5 J5 , MFG-E8 il
i NH2-A i ¢ Jz Az K PR XS 45 6 210 /0N e 5 41 it
VB3 A K b, /1N 5 40 A0 I T 40 i 1R B A
FE, TS /N 40 i %o R T 40 i A s o) A A
YR AN A FE 20 MFG-ES8 7] A7 25 b 384 7 /N i
AN AR ERE J7 , T MFG-E8 1Y [E4> 5449 /& D89E
AR A 2500 ] /N S5 A X O T A Y A W RE
Sy P FAFSEIE R, MFG-E8 75 /N K 5t 41 it 4%
Uineh BA S E . 9 R U], W ME MFG-E8 7
AR R RT H BRLAT I 7 s T i R A R 98 S R T O
T 20 B A A A A T BB 25075 S PL ROAE AR A IR 7 1 B
T AR T AN AN AL LA /0N T 40 B R N R
o (6 2 TR i A PR R b e 9 ) A R 4
LB A WA F AT BB 2 e M AL ka3, ARIIFIE 45
SR MBS 2 A X MFG-E8 K N (1 %
KRN, SRR R XN TR MEG-E8 72 4R i /b
SR AMEYE N 4 MFG-E8 7] i 2 [ (i A5 98 4t 44
R HERI AT R 2E DI Re kst , P M1 2 /)N e J5T 240
WA, LiE M2 B A AR B S R R ik, AR TR A
g ARWEFE AT LAIER] MFG-E8 A 1R 5 A i 28 {4 37 4
129 b = BFAA
o Hrifd
== rmMFG-ES84

s rmMFG-E8+
Colivelin TFA%H

HrEOFIEKT

SOCS3/GAPDH

p-STAT3/STAT3

. SRFARL LI, P<0.05, SHi 4 HhE: " P<0.05, 5 rmMFG-E8 4 L%, P<0.05
4 4 /BRI RS p-STAT3 H SOCS3 2 AR 15 I bk



- 594 -

AR A S R 4R 2021 4E 7 A4 43 55 7 Chin J Phys Med Rehabil, July 2021, Vol. 43, No.7

FH VR P9 MFG-ES f6 -5 & ] 52 i fix ke 1fi J 2
5 X e/ IS TR 40 M1/ M2 FURR AL 36 R

SOCS3/STAT3 J&— 4% 5 fiwi tife 1L 453 47 95 B AR fb. 2%
YIM S S Sk, STAT3 B TS S 55
Kl STAT ZE— 0, T TR AN R EZF
YR A5, ZEARRN BCAR A 30E T 2 5 204 kE 5 |
o3k T A A S 2 A E e R R S e
H A ELAE FE AR DD AR OC L A R A S
1) 3(SOCS3) f& STAT3 55/ T3 [H Y OC Btk Ay T4 12
JAPE A 2 S0CS3 Al i 4 il STAT Y8 iz 1k, A
M AFEXS STAT3 {5 5 1 538 % 1 B s st 8 1 VE
AWFFEIHE T MFG-ES X iy Bt il f5 /)N o 41 i i 1b
FE T REA IR HILE , 38 1 SR M i A B 41 MFG-E8 7]
A 5 R AV G R 1L 5 > B 7 DX 35k p-STAT3 335, IF
L SOCS3 1 Fk , G STAT3 #3h5 Colivelin
TFA J5 W] 3% %% MFG-E8 X SOCS3/STAT3 {5 5% %
A ST MFG-E8 %o i 55 1175 70 52 T 240 it i £ 7 4 Ak 7
S, AR IR BZH N N, SOCS3/STAT3 Wl 2 5 T
MFG-E8 X 7INBE B 4t il £k i i 8 i A

25 ik , MFG-E8 A3 SOCS3/STAT3 {55 #%
T [ RS G R AL /0N T AN e ) M2 B AR AR RS
RAE /NPT R BT T AR LR 5 T, AT 2
MR I A2 D REVK A

2 % x #t

[1] Mater B, Gory B, Taylor G, et al. Mortality and disability according
to baseline blood pressure in acute ischemic stroke patients treated by
thrombectomy ; a collaborative pooled analysis[ J]. J] Am Heart Assoc,
2017,6(10) :e006484. DOI; 10.1161/JAHA.117.006484.

[2] b, il B Al 45, /NPT R TE S A i 2 vb s 3 AR s
Wrgedt )], PR EZ SR, 2017,14(9) :31-33.

[3] Kronenberg G, Uhlemann R, Richter N, et al. Distinguishing features
of microglia- and monocyte-derived macrophages after stroke[ J]. Acta
Neuropathol ,2018, 135(4) :551-568. DOI. 10.1007/500401-017-
1795-6.

[4] Orihuela R, McPherson CA and Harry GJ. Microglial M1/M2 polari-
zation and metabolic states[ J|. Br J Pharmacol ,2016,173(4) :649-
665.DO0I: 10.1111/bph.13139.

[5] Rikinari H, Masato T, Kay M, et al. Autoimmune disease and im-
paired uptake of apoptotic cells in MFG-E8-deficient mice[ J]. Sci-
ence, 2004, 304 ( 5674 ). 1147-1150. DOI. 10. 1126/science.
1094359.

[6] Xiao Y, Li G, Chen Y, et al. Milk fat globule-epidermal growth fac-
tor-8 pretreatment attenuates apoptosis and inflammationviathe inte-
grin-B3 pathway after surgical brain injury in rats[ J]. Front Neurol,
2018,9:96. DOI: 10.3389/fneur.2018.00096.

[7] WuJ, Yang H, Cheng J,et al. Knockdown of milk-fat globule EGF
factor-8 suppresses glioma progression in GL261 glioma cells by re-
pressing microglial M2 polarization [ J ]. J Cell Physiol, 2020, 235
(11) :8679-8690. DOI: 10.1002/jcp.29712.

[8] Shi X, Cai X, Di W, et al. MFG-E8 selectively inhibited Ab-induced

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

microglial M1 polarization via NF-kB and PI3K-Akt pathways[]J].
Mol Neurobiol ,2017,54(10) .7777-7788.
Shigeno T, Teasdale GM, McCulloch J, et at.Recirculation model fol-
lowing MCA occlusion in rats. Cerebral blood flow, cerebrovascular
permeability, and brain edema[ J].J Neurosurg, 1985, 63(2) :272-
277.DOI: 10.3171/jns.1985.63.2.0272.
Longa EZ, Weinstein PR, Carlson S, et al. Reversible middle cerebral
artery occlusion without craniectomy in rats[ J]. Stroke. 1989,20(1) ;
84-91. DOI: 10.1161/01.str.20.1.84.
Alkayed NJ, Goto S, Sugo N, et al. Estrogen and Bcl-2: gene induc-
tion and effect of transgene in experimental stroke[ J]. J Neurosci,
2001,21(19) :7543-7550. DOI;10.1523/JNEUROSCI.21-19-07543.
2001.
Guan X, Wang Y, Kai G, et al.Cerebrolysin ameliorates focal cere-
bral ischemia injury through neuroinflammatory inhibition via CREB/
PGC-la Pathway [ J]. Front Pharmacol, 2019, 10.1245. DOI. 10.
3389/fphar.2019.01245.
Hu X, De Silva TM, Chen J, et al. Cerebral vascular disease and
neurovascular injury in ischemic stroke[ J]. Circ Res,2017,120(3) :
449-471. DOI. 10.1161/CIRCRESAHA.116.308427.
Maiti SN, Balasubramanian K, Ramoth JA, et al. B-2-Glycoprotein 1-
dependent macrophage uptake of apoptotic cells[ J]. J Biol Chem,
2008, 283(7) :3761-3766. DOL: 10.1074/jbc.M704990200.
Liu Y, Yang X, Guo C,et al. Essential role of MFG-E8 for phagocytic
properties of microglial cells[ J]. PLoS One, 2013, 8 (2) : e55754.
DOI; 10.1371/journal.pone.0055754.
Hanayama R, Tanaka M, Miwa K, et al.ldentification of a factor that
links apoptotic cells to phagacytes [ J]. Nature, 2002; 417 ( 6885) :
182-187. DOI; 10.1038/417182a.
Fuller AD, Van Eldik LJ. MFG-E8 regulates microglial phagocytosis
of apoptotic neurons[ J]. J Neuroimmune Pharmacol, 2008,3 (4) .
246-256. DOI; 10.1007/s11481-008-9118-2.
Saas P, Kaminski S, Perruche S. Prospects of apoptotic cell-based
therapies for transplantation and inflammatory diseases[ J]. Immuno-
therapy,2013,5(10) :1055-1073. DOI; 10.2217/imt.13.103.
Cheyuo C, Jacob A, Wu R, et al. Recombinant human MFG-E8 at-
tenuates cerebral ischemic injury: Its role in anti-inflammation and
anti-apoptosis| J ]. Neuropharmacology,2012,62 (2) : 890-900. DOI
10.1016/j.neuropharm.2011.09.018.
Napoli I, Neumann H. Microglial clearance function in health and di-
sease[ J |. Neuroscience, 2009,158(3) :1030-1038. DOI. 10.1016/
j-neuroscience.2008.06.046.
Scoles DR, Nguyen VD, Qin Y, et al. Neurofibromatosis 2 ( NF2)
tumor suppressor schwannomin and its interacting protein HRS regu-
late STAT signaling[ J]. Hum Mol Genet,2002,11(25) :3179-3189.
DOI: 10.1093/hmg/11.25.3179.
Gao P, Niu N, Wei T, et al. The roles of signal transducer and acti-
vator of transcription factor 3 in tumor angiogenesis[ J]. Oncotarget,
2017,8(40) :69139-69161. DOI. 10.18632/oncotarget.19932.
Wang XL, Qiao CM, Liu JO, et al. Inhibition of the SOCS1-JAK2-
STAT3 signaling pathway confers neuroprotection in rats with ischemic
stroke[ J |. Cell Physiol Biochem, 2017,44 (1) :85-98. DOI; 10.
1159/000484585.
Liu C, Jiang D. High glucose-induced LIF suppresses osteoblast dif-
ferentiation via regulating STAT3/SOCS3 signaling [ J].
2017, 91:132-139. DOI; 10.1016/j.cyt0.2016.12.016.
(&1 H 191:2021-06-11)

(ARS8 - briA)

Cytokine,



