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MLKL I+ SHEFHIRTEEE JE RRER
K MSC 877 JE NEIRB B N S EIH

{710 S 7/ VG SO v <
=i e BIAAE Hur
WS % W . RO EIERS

1SR DY ZE B R A R B AR GeRt 1% 710038
2 BB ZE B R FER AR A Bt S P2 710032

&S

H A % (Japanese encephalitis, JE) MFRFATHE LM%, A2 B H AN 28 795 8
(Japanese encephalitis virus, JEV) EIL5] M SVEH A RAEM, RAERSM
FOCRMBGR R . RE JEV EEHA LB AR08, (HARHE WHO iRiE, 4mBk
FEIE L) 6.8 JTNEGRIG, HAH 20~30%5E1, FA7# XA 30~50% LA ™
H AR BUE . JEV LAY LN, TR EH N R F RO Tt
. T JE BNRYT, 245 MR RA I, RELIIESCRRAIT T, 4
SRF I EAT RO IR . JEV RAAREsh e, BEn] Bl rh & o) 558
T2, AP G2 s B NG A TO A, I /N 5T 20 B 10 O BV A R A
PR A, ST Do el i i s e O RBEOR R e e B M IR . e, R TTHIBETS
/NI 5 4 I D9 A R R L ) KR TS AR EL AR, T Bl B 2 B 453 4% PR SR 1 A0
N BIR AR . K, SRR JEV 3 S ITIET-MIMLE], DU IRER A )
G AT 75 AN Ik B 1) SO S REx T JEV YR TT BT SR IS (HFF R BAT L .

MZICAET S JE RAER BRI, AT EWYZSS T JEV SEU 1
ZI0AET:, HBEWTRE TR E AN R S I TTAET, SR ATl R A
TERBIFET . R IR & — PR R A i IR A8 7 5K, 2 TNF/ RIPK1 (receptor-
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interacting protein kinase 1)/ RIPK3/ MLKL (mixed-lineage kinase domain-like protein)
ST, BT TNF-a /& JEV SURKIEESRER T, JE LT MdLZi K
BEMEITTKERE, NHIRATHRY T MLKL N SEFERIEE G2 5 JE dtE.
1o JE G S S T S B SOAE A 2 JE B - EEBOW SRR o S B SR SO
BCE IR, (Rt RG R BABERIGTT JE BRBEAPE . FBEIR 7o i
T4ifd (Mesenchymal stem cells, MSC) J&—2K B HRE HIfE ML M 1Ligae
RIRRAR T2 . MSC ALE A 5 K S B i 5 ANBE e A2 e J0 i 32 2172 )0 . K&
WHFL SRR MSC W] A JOE S B, HEFF LA S e ds: A m il 2 Fh AR
Rl F g IR R T s ph 2 A 2R PR AAE 55 s MSC IE rT i s L Y B 4 i A e
P, el I 5E BE R « MSC £ 22 Rl X R SR G i i Y i B AR B R 7 A
H, BIHERZR MSC 1 JE e T = LCE K. R, IR A 78 R A KA
5 537 2 1 (growth arrest-specific protein 6, Gas6) A 45 /MK 5 40 M i1 iE AL, IS G
M N AT RE, 255 i B BT I i 5 o e BE PR O 4 RE, O He T bl DRI
J5T AL D BER A R HERE R 0T AN ZATh Re B 52 . DRtk FRATWIERDT T MSC
J% gas6 FERMEHiH MSC 7E JE ¥ 77 H B0 S AL o
ENTIFMIE S SN vy e 3

1. MLKL MR PR JEV BYEFTIBFIRMHE RS K RER G KI1EA

N FH C6/36 AH s H5 JEV FHd ik i il B9 CouR AR B, 25 BT B SIL 00 0 5 0 25
T £ 4%10° PFU/mMI. SR A C57BL/6 /N (HE, 4~6 J&1%), i i s v S AT ek gy
JEV (5x107PFU/R) #ft /MR JE 15 8Y, WIERAR AT el 5B AL N 75
E iR Get0 K i 9 TNF-a /K FEAT JE SRS SE . 7644 P CRL I ) Yot dr i
BRI IEV IR YAR h i 40 B A SR R A o JEV RSN ZH D), 8IS A
Fe . S AT R JEV RS JEIEAI I MLKL Ik /K 52 7 B3 B A
EANBIR, A Mg BE4E 34 ; MLKL 5 NeuN JEge4t B R MLKL A~ S HIF2
PR F B R A EM A TG SEE S R IR JEV B G INAH RN MLKL [ %
R4k MLKL(pMLKL)E /KB &7t % qRT-PCR 45 EoR JEV Y] S x4l
ZIMLKL ik H MLKL 7ESEAR ™ 5 1)/ R A 20k 7K 7 5 1y o [A) B, FRATTH4 22 Neuro2a
ALY JEV MRAMEYABERL, 145 LIASIRN 1) MO {E R YL ], gRT-PCR & western
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blot £l 45 5 R B JEV BYLiT R S IR 3% 0, MLKL & pMLKL & F7KF K&
MLKL /) mRNA 7K-V-#RE2 300, #E—20, FAMEM MLKL @ (MLKL) /NR
FEFAER (WT) NREAT R SES, G585 WT /NEARLL, MLKL /MRS
U JEV Ji5 I H 18 10 R 3k PR R I 20 R 7K

2. MSC BHEX T JEV BRI B RIS IIGITER
AR A A BE N B L 4y B RE IR Ak /N U R MSC, B RE R bR E S TR

U B B AR B A = R AR A 5 o A SR IR S5 B 1) MSC R & Tt il % e
(I E BrbrtE. SRJEKH 8~10 A# BALB/c /NRE JE BERY, TP 1, 3
K& RHMIESHEERAT MSC B, FE0 54/ BUIR S AT 210 5% S 41 41
TRELEAAGIN, 45 IR MSC REAE AT FEAIC JEV R AT BUNAET 58, B IR IR,
SR AR AR 28 R G0 (M 2L 08 B 0 R 90 S 8o TR, ZH R ¢ T N R |
TUNEL Jefty, i 57 F B3 MR A QRT-PCR 25461145 B R : #F MSC Rtk
R4 IBAL 58 T A BRI/ B 40 i s A A2 B2 T B iiZH 24 NeuN RiA 380,
TUNEL J& €0 Lo A1 R B 5 100G o e (K720 R BRI, R B (1 ZO-1 RIE M s
MiZHZ1 E HUE/K-PREAR, Wiy dgaies TR E— B T4 sess, B MSC 433l
55 Neuro2a ZHM0F1 N9 4 IR & 15 7288 Transwell 355535, MR A & gRT-PCR
SRR TR 5 MSC LR 0T H2E = Neuro2a AHAEIIAFIE 2R, FHRTE /N B4
i M1 18] M2 BRAGIRA (AR s FEILER R & AF N MSC Al i 3RIA G 15 5 1

(40 TSG-6, TGF-B). T#LE (41 IFN-0, IFN-p) MTIMKIFSFREE, 24 MSC
5 JEV YL Neuro2a S HATIR & 35 R sl LB 3R, JEV I3 BRI .

3. EFEEMF MSC Hii R K& HIheefE A TP Bk

SR A8 095 3 B G 1) 7 V2%, R e 37 4% Fluc-MSC . JEV B4t BALB/c /I R CHE,
6-8 JE) JE5E 1. 3 RARHIKIEAIAT Fluc-MSC #48, [FII LA PBS & ik it
XTHRAH . 25 6 RATHZOCRBFRA MR AN Flue K%, XA,
Fluc-MSC R AE 2 /N SR L2 rp A Yo B I BTt i, 38R AE JE AL, R ER K I
MSC FIIEH# 2K 2. A, 70 &4 38t 52 5811 gas6 R v B, #7 plenti-gas6-GZ
Bk, ARG, KRN 07 MSC JEH zeocin 25407 Hh 4l e e
(1) gas6-MSC. #—H7E JEV BEGYMNRJEH 1, 3 K3yl T MSC. gas6-MSC i
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WK AEIRTT « WP SEI 45 R ALE JE Bk, 5 MSC MHLt, gas6-MSC # a4 W
7 HH B R (70 SR O R s AR

e SE0: JEV 2 H AT SEUR RN & 1 R E K, JE BRA RS MBotEM
B . WEITTHIBE AN I BE e it 2 JE KA SCHE, SR H Rl T
PR TCHET (0 EARMLAHI LA 300 S e AT 16 T #R 6 Z RS IR, Aseier, &
ITRZE T MLKL /SRR P MR SEALE JE o B4/E F BLAL MSC T JE 4% 45 1E
IR E MSC FITRALIETT T 5. BATFH LR 4518, MLKL /5 1R PR
W25 JEV EYLFTSURAHE JCAET:, ] MLKL 13835 AT 2 A9 i3t F AN 98 I
K7 7KF; MSC FEAERELEAR JEV AL BN SO AL T3, MH, &k
¥ F, MSC ®JLLM] JEV (B, FIRRATRIHE T gas6-MSC, I sk
gas6-MSC F IR YT e SE A b i JE BRI AR AR5 o AT SR N BRAE JEV 1EL
TANLED, PRBAE RUNIRYT IR T SEI0 HE

R HAMRIRTE: MERRRIE: BRI MLKL; 55608 78 5 140l ;
G5 Gasé
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Abstract

Japanese encephalitis (JE) caused by Japanese encephalitis virus (JEV) is the most

prevalent type of viral encephalitis in Asia which is characterized by acute overwhelming
inflammation in the brain with high incidence of disability and fatality. Although the
development of JE vaccine has markedly reduced the incidence, more than 68000 cases
of JEV infection are reported annually worldwide according to WHO, among which
approximately 20- 30% are fatal and 30- 50% suffer from permanent neuropsychiatric
sequelae. Children are more susceptible to JEV, while there is an increasing occurrence
in the old population. There are currently no effective methods to eliminate the virus or
to cure the neuroinflammation but life-sustaining treatment leading to thousands of
people succumbing to the devastating illness and the survivors often suffering from

permanent neurological deficits which is devastated to patients and their families. JEV is

-7-
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neuro-invasive and neurons can be damaged by JEV directly and indirectly by
inflammation mediated cytotoxicity. Meanwhile, JEV infection provokes microglia
leading to increased activation of microglia accompanied with robust and uncontrolled
production of pro-inflammatory cytokines as well as the breakdown of the blood brain
barriers (BBB) followed by the invasion of inflammatory cells into the central nervous
system (CNS). During JE, neuronal death, microglia activation and proinflammatory
cytokines form the vicious cycle of inflammation in the CNS leading to progression and
deterioration of JE. Thus, exploration of the mechanism of neuronal death as well as the
effective treatment to inhibit the excessive neuroinflammation and damage is necessary.

It has been demonstrated that apoptosis and autophagy are involved in JE and
inhibiting the neuronal death can alleviate the progression. Necroptosis as the special
way of necrosis is a newly discovered programmed cell death. Contrast to unregulated
accidental cell disintegration, necroptosis was regulated mainly through the axis of
TNF/RIPK1 (receptor-interacting protein kinase 1) /RIPK3 /MLKL (mixed-lineage
kinase domain-like protein). Meanwhile, TNF-a is one of the most important cytokines
during JE accompanied with massive neuronal necrosis. Based on this, whether
necroptosis is involved in the development of JE is worth exploring.

The overactivation of inflammation is the main cause of neuropathology during JE.
Inhibiting the inflammation during the progression of JE has been shown to reduce
neuronal death and promote neurogenesis. Mesenchymal stem cell (MSC) is
characterized with self-renewal capacity and multiple differentiation and has the capacity
of immunoregulation and migration into the injury site which has been used as the
drug-delivery carriers in many diseases contributing to tissue regeneration and immune
homeostasis. It has been reported that transplantation of MSC can up-regulate the
expression of brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF)
and improve neurological recovery in many CNS diseases. MSC also controls local
inflammation and maintains tissue homeostasis by enhancing the innate and adaptive
immune response as well as regulating the activation and function of microglia. In

addition, MSC regulates BBB integrity by promoting the expression of vascular
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endothelial growth factor and angiogenesis. MSC has been reported therapeutically
effective in many CNS diseases. The effect of MSC on JE is worth exploring. Meanwhile,
growth arrest-specific protein 6 (Gas6) participates in the maintainence of homeostasis of
CNS. Gas6 is an important immunoregulator which plays a great role in regulating the
activation of glia and other immune cells during inflammation. Meanwhile, Gas6
regulates the function of vascular endothelial cells as well as vascular remolding to keep
the integrity of BBB. Moreover, Gas6 can improve the function of oligodendrocytes
contributing to the myelination and recovery of CNS. In this experiment, the gas6 gene
modified MSC was established successfully through lentiviral vector to combine the
therapeutic effect of both MSC and Gas6 during JE.

The main procedures and results are presented here.

1. MLKL mediated necroptosis accelerated JE and death in mice

JEV was propagated in the mosquito cell C6/36 and concentrated by extra-high
speed centrifuge and titrated by plaque assay as 4>108 PFU/ml. Then 5107 PFU JEV in
200 pl PBS was injected into female C57BL/6 mice (4-6 w) intraperitoneally then
neuroethology, JEV antigen and the level of TNF-a in the brain were tested to construct
and identify the JE models. Propidium lodide (PI) staining in vivo and electron
microscopy were used to identify the necrosis in brains during JE. Immunochemistry
combined with immune-electron microscopy of JEV infected mouse brains demonstrated
that the expression of MLKL was increased in the cytoplasm and tended to localize along
the cellular membrane after JEV infection. Western blot of the total protein in mouse
brains showed that the protein level of MLKL and pMLKL was upregulated after JEV
infection. And the gRT-PCR showed increased expression of MLKL in mRNA.
Meanwhile, the level of MLKL in mRNA was correlated with the severity of JEV
infected mice. In vitro, Neuro2a cells were infected with JEV, and the level of MLKL and
pMLKL was detected by western blot. MLKL and pMLKL was increased as the increase
of infection MOI and time. Then MLKL” mice and WT mice were used to constructed

JE models. MLKL" mice showed alleviated progression of JE and decreased level of
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inflammatory cytokines.

2. MSC alleviated JEV-induced neuroinflammation and mortality.

The mouse bone marrow-derived MSC was isolated by the adhesive screening
method and analyzed by flow cytometry and multi-differentiation evaluation. In vivo, 8-
to 10-week-old mice were infected intraperitoneally with JEV and syngeneic bone
marrow MSC was administered through the caudal vein at first and third day post
infection (dpi). The mortality, body weight and behavior were monitored daily. Brains
from each group were harvested at 6 dpi for hematoxylin—eosin staining,
immunohistochemical observation, flow cytometric analysis, TUNEL staining,
western-blot, gRT-PCR and BBB permeability assays. MSC treatment reduced
JEV-induced mortality and improved the recovery from JE in our mouse models. The
histopathological lesion and inflammatory cytokines in MSC treated mice were alleviated
compared with JEV infected mice without MSC transplantation. The microglia activation
and neuronal loss were significantly decreased in the MSC-treated group. The
permeability of BBB was alleviated in MSC treated mice accompanied with increased
expression of ZO-1. The viral load (VL) in the brains was also decreased in MSC treated
mice. In vitro, coculture and mixed culture experiments of MSC with either microglia or
neurons were performed and then the activation state of microglia and survival rate of
neurons were tested 48 hours post infection. In coculture experiments, MSC
reprogrammed MZ1-to-M2 switching in microglia and improved neurons survival.
Additionally, the VL was decreased in Neuro2a cells in the presence of MSC
accompanied by increased expression of immunoregulatory cytokines TSG-6 as well as

TGF-B and interferons including IFN-o/p.

3. Construction and identification of gas6-MSC

In this part, lentivirus expressing Fluc was constructed then Fluc gene modified
MSC was built. BALB/c mice (female, 6-8w) were infected with JEV and then
Fluc-MSC was transplantated through vein at 1 and 3 dpi. At 6 dpi, Fluc in the brains

was greatly increased after Fluc-MSC transplantation compared with control which

-10-



FOFEXFALFLAX

showed that MSC migrated into brain when injected through vein in JE models.
Meanwhile, gas6 gene was amplified and pLenti-gas6-GFP-zeocin was constructed, then
the gas6-lentivirus was packaged and concentrated. Gas6-MSC was built through
infection and purified with zeocin screening. At 1 and 3 dpi, the JEV infected mice were
transplanted with MSC, gas6-MSC respectively. The primary therapeutic effect of
gas6-MSC on JE was evaluated. Compared with MSC, gas6-MSC treated group showed
increased survival rate and alleviated symptoms.

In summary, JEV is the main pathogen of viral encephalitis with high disability and
fatality. The neuronal death and neuroinflammation are the key pathogenesis of JE.
Whereas, the mechanism of neuronal death and the treatment of inflammation in CNS
caused by JEV infection are still unclear. In this study, the role of MLKL mediated
necroptosis in JE and the effect of MSC on neuroinflammation during JE were
researched. This study provided evidence for the participation of necroptosis in the
pathogenesis of JEV infection. The deletion of MLKL alleviated the inflammation and
progression of JE. Targeting necroptosis will hopefully lead to the development of novel
therapeutic strategies for the treatment of JE. MSC treatment alleviated JEV induced
inflammation and mortality in mice and at the same time inhibited the JEV proliferation
to some extent. Meanwhile, gas6-MSC has greater improvement in the treatment of JE.
Our study laid the foundation to the further exploration of the mechanism and treatment

of JE.

Key words: Japanese encephalitis virus; neuroinflammation; necroptosis; MLKL,;

mesenchymal stem cells; immunomodulation; Gas6
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-t - —
Ay =

H A< 42 9% 7% (Japanese encephalitis virus, JEV) BIJAT I 2 B 4 28, 75
" N S P 2 RGuE YR ——H A % (Japanese encephalitis, JED. JE &
FLmIA HEE . BRSO IR, mA I SORE A K AT i A X
PRI e, RSEUERFEFT I E BRI, JEV EERT TR 550w Tk
X, FREZ IEV FERATX . LER IEV FATXERE AR Ktadh, FrEERE.
EL B TR L S AT X R B . B JEV AT S o i 57 5 kN AR R4 R
e ol MR RAE, JLE RN bR B A e, #ULEREZ . B L 90 £
£, JEV BB I R KRR T JE BRI, (HilF &R0 RE ) L#E M Z4E JE
BFAIAMAFF— e B ER, R WHO Rid, HuEiaIREFL) 6.8 J7 NS,
Hh %) 1.5-2 73 NFET, 474 4 30~500%FE A 7™ & M &gt G B0, Arta Kk
FEER RITE R FARE, 2418, X IE BRYT MIoR A S PUR R 241, I
RIGST AL IARE SCHRRRIT AT B, IRAWTFT JEV BURALE], K2 A6 T 5%
HA T EE N E L

FEFFHEIRZE (necroptosis) J&iT FE R R B —MA i) AT BRF R B0 41 B
IFETT A, IR AL AR OR B 48 PR 5 A A A 55 70 1550 (damage associated
molecular patterns, DAMPs) Bl, 7% JE K AEREFEH, JEV W] B ERPAR 4L 05
SHIET, R JEV YL TR 5 40 M AL TR TNF-a 55 2ORE A 73k — 25
S TCISE T, B TCI KB AR T B IE KA R RO, A0 8 TR
B2 5 JEV BRYL AT S 4 TCAE T o (H FELIT IR T2 B8 E Wi A B 5 4 BH I #i 42 TT 1
FETS, $eonit HAhgi st 7 N2 JEV B &t IgET Bl JEV YL
o L SRR B ) 3 BRI AL AU AR R B AR AL . 7 25 Mo i sl A B R 4 ff A
A, TNF-a #J@E T TNF/ TNFR/ RIPK1/ RIPK3/ MLKL iS4 i fe 7 tESRSE I R
Al TNF-o 32 JEV B R o= AR R SO 7, MARF IR RS JE
IR AR ARG GE . PIFRE P EIRSEAE JE HPER, X Tk — B Hg s o
FETHIBLE], AR R AE S A 2 3, RN AT sEsc Tl JE BERE

-12-



FOFEXFALFLAX

FEIRITHE R

5] 78 5 T-4H 2. Cmesenchymal stem cells, MSC) J&—2K B H & & il it I AL 1H)
AT RE I S R A TR . [RIE, MSC B TR A T Thak. ek
KEHFFUESE MSC AT #1013 5 R 5RE S 82 - RERE [r) 3 A% 28 JONE 453 00 X R 2 4 i 5
RIBITVER, 1E 2 P B R ARG IR T T8 0 AR PRI 007 . SREe 1
S G B MEI 2 L A BEON 2R AE A 55 2 M P i ph 22 RGP, MSC R] 58 i L e B i
BEBRGIX, IR0 w2 i1 K7 AEE 72 KRR I A RN 7 o =
PIAERS,  H SO, B e L R e I, (R AL R, N2
RAE A JEV MR EESBURHLH], KETIESEPLR T T JE iR B —E
IR . 454 JE M SIS IHLEIA MSC 1) BERRIE S ILAE Z B iR P pP 4 R Gu ok
T IR TT AR, MSC XFF JE iR I71E FMEARR R AL .

TAER, 2T FTUESE MSC REJH 8 2 RIE AL, MSC I A] 25 I fik 5
BENBG A - FET- I, MSC {E N ZiPpisime iz 2 iz % . ¥ H K& B 7 7955
BT BIRIE T MSC, H AT 2k IFHRF S0 B 140, AT A AR A2
AL N B A B R EE . B g A KA HEE 4 (bone morphogenic factor 4, BMP4)
B MSC E K BRI R AR b J 7 H B A AR T AR B, S AR KR 1

(insulin-like growth factor-1, IGF-1) f21fii ] MSC £ K b, S 1 B L v 5 v R 8 B
IFHh S S R, Gas6 & I H A RIE MR ThaE . MW7 e Btk e ke, LARAR
e RSB R ERE. M Gase Fa e RiA M MSC, Ik MSC 1 Gas6 /£
ThREm e it — D m HR T CR

B FL T E SR MLKL /- SRR PR EAE JE W fE . MSC X JE HIIRTT
1 F LU L & gas6-MSC HIR i K 12D Dhe3a i =Nk 5r o Bl THE UK SE MLKL
SRR HEMMIAES 5 JEV BT S 4 TaET:, P MLKL 7] 22 58 i
Hidi7, SEGLHRHIHEIE . MSC R EHIKAS I AT 250 JEV /I BB 0 A A7 2 R PR ik
J&, G2 S IE A0 . AT T Gas6 F2 e KA MSC FHH)AIE L gas6-MSC 1 JEV
JEG /N BRI R RS H S A RTINS AT EE— B A JE IR LA i
T ITESR AL S FLA
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SR [ B

—.  BAERRmE

H A 2295 8 (Japanese encephalitis virus, JEV) & H 5 X S8 & M5 75
Y il 9% fe S B AA JR AR JE DA e A, BB ANRR R s Oy F IR R, AR
e (R BPE A ANk 2 4 28 B RO R RS DR ORBRAIR 1 JE IR RO 2R, AR 28 1 119
TR AL 80% /e o ITAER, JE MIRHR R BT, Horbrh o 3 Lo i 1
O, HETX T JE A MIEA AT g, RBR U RE SRR YT v A M

JEV BHR TR T E, A IEEE RNA T, DUEBIT &/ N E, B
A BB ER, JEV T LN BN AR A R G S BRI T, E
PREE O FE 2 R TBOR B (1 472 8 14 4 it PR~ A 3 A 06 o T4 20 (damage
associated molecular patterns, DAMPs) 121, [&] s} B AS By S ixX 8 98 RE = nl 55 T e
il Oy e SN i T N 5 S S A R AN iV L v s 2 /NG A
K731 TNF-as IFN-y. IL-1B ML RF CCL-2. MCP-1 £:13 141, fij TNF-a.. IFN-y.
IL-1 S5 R] P05 3 /0N B 5T 200 B A B A% I e 4 L 3 A JORE R 1 RO RE TR [ S
TNF-o AIRE— 275 P2 T R T A JORE R T R T; IFN-y o) /S L P 1 )
A R AL B ) e DR O . T P A TR - 7 AR T S B AR R A, R
L2 A Y22 T o i 2 2R S RE LA . R TOAE T NI R A S AL A T R A
118 R R TR 0L o Bt (R R R B T 28 e A R MR ARG 3E = JE iy i e,
BELEKTT 8 0 453 0 PR AR A, R0 B A R0 e 3 N 0] s 8 1) S By T B
FEO8 W TCAET . ANRIRANMIE Ak A0 B R AR IR A1 A G2 £ IR VE R S E [
TAEJE AER I 1 FoR, BLPER AN .
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l T L < o
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25000 oty
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%0 © o 0100
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%
Inflammatory ¢ ’ J E
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F-1 JEV BRYFTER E R LH]

Fig 1. The mechanism of JEV induced neuroinflammation.

1. METHSET

PREE TE0 T JORE BT FHEE A BT AR R+ 2 BBURR, ZE 0 R B AR T R & o m]
RAEBET, GFEET PR EA AR, JEV LT FRE S, A TTH K E
PAFIFET R T80 JE R A a8 R A 1 = S PR 200 o 3 B P L5 S T
IZET . T 5 1 ARG A 22 To T AE SO0E R IR R R AESE T . JEV AT 5 3
AN ST AN AR A=A IL-18 IL-18, T B AT X S5 55 4l B s A R 22 T 1Y
FETIN A (/0N B 5 4 Pt PR TS s 5 2 — L & & 8 Cinducible nitric oxide
synthase, iNOS). 1% &1 2 (cyclooxygenase 2, Cox-2). FZHffI/2 6 Cinterleukin 6,
IL-6). TNF-o S-St 2Rt i XS5 JEV YT d
ZIUHIBETS, GREET. EYEAIASE. JEV BEATER A 5 R R S 80 S R A0 i
KA T, [F AR F 40 TNF-o 0] 385d TNFR-1/TRADD 38 B5 75 3 455 2 1%
Jedm R A TR, g | Wt 2 5 JEV ERGLE SARAE TR AE . B E R
— B B EALE], AR TR AR AR RS, E S SR R PR,
SR S AR 4R [ W] BE 505 B 5 IR 40 B iR S8 T A7 FE IE AR ORI, A B iR
1, EETTE AT R JE MR R, EIFAREMmIGR I, X R
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HAh BB st T A2 5ME Tt 2,

2. /NEFEAMEKEIENL

/IS 5 441 i (microglia) & 5 B T AR A 48 R G 1) E WA, o M 4 47 v I T
e 28, EARRIRIAEESE T, AN AT 2B AR ThERIRAS . WnfE
LPS+IFN-y IR, /N 40 i v 7= AR K i AR A SO R 7, A S 4l
TEFRSOERT, SUE IR ML BN RANMPD ; ImE IL-4 /ER R, DMK
J55 240 ST 7 A K A R BR T, 0 IL-10 AT TGR-B 2%, RS I B 1) 48 I B
RHHLAFAEBE, 2 M2 BUELEY. 5N AR ORES X T 4ERe i
WA RS TR BA B R B, NRRAIMAET TLRs A RIG-1 5 JEV H k&
AL TR, B35 A 2 ORI K & JORE IR A AL IRl 7 40 TNF-a INF-y- 1L-6+
CCL-2 %5t AT y5 A4 /IN 2 S 240 M 23T 338 A P /I Js2 7 440 ik P 3 B sl 4% DBV, {ELIE B2 38
T A/ IN R T A B 2 S R AR T AR I s kR . IR AS E EAIILAE, — T
AT/ B T 2 M PR FBOR B AR 8 M A B IRl 7~ B4 IL-18. IL-1B. TNF-a.. IL-6
ST AREA IR S — T TR K /N B R 4 R R RETBOK B B M & e # P I
AR IR LN FAE TTIMFE TR,
3. B IR

1w BEFE (blood brain barrier, BBB) i Al L4 P B 40 B . 40 B [ 5 2% 0% 2
R I % 2 TR R 4 i 58 S F i PS) . BBB A& MK A R G I B R, 1E AR
BT BBB XKW AR EIEIER, RefHEA FWBEEN, i 4ERF
CNS A&, 7EmEfEoint, BBB R EHE 40 zonula occludens (ZO-1).
occludin Z:3RIA T, MIfifE BBB e 8RR . BB, KT K 4 REGN
FBEAEHEN CNS, 5l AR H 1 R AERBIET . 2 Fhig i 2 P 75 R ey T 5| i BBB
FIREIRIE, — 5 THT, 8 2 P38 I S e oG L A P B 4 AN S 2 e R 1 B B A
N R R R B AR O S — T, e R AR e e 2 A0 5 T 51 R % 4 P R A A R
THIRE A0 IFN-y. TNF-a. I1L-8. IL-1B 2%, A3 5% BBB AR, 7£ JEV
YRR, T Bl BBB #E A\ CNS. 45)LHT BBB K &, JEV EKYL
JEHEZSEEN CNS, #KHES JLE YL JEV Jo FE 4 HAT o i i A% S R0 B 7 6 () I
RAER . X F BBB CL& K B AN B, JEV YIUKHEN CNS 42 A 58 4 A
AR FEARIE JEV A et o 5L PRy R 200 L LA R i e 41 P B0 e i U
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NN CNSHY. [EIF, WA BRI JEV ARG Ik A7 T SA% 4 i O d i
FRZAIARE AL BBB ¥ A\ CNSII, #E A CNS [ JEV AJ 38 i I YLt 28 70 s e i
AR, SR A RIER N . ERAEFTIERT, NEMEHG. S5 EREAR
ffoxnE BBB MUBEIR, 12— 51 ey FEM0RL IR E N 1Y, [ B i A K 7= AR ) 2
DRl F R A IR 7 T4 5500 2 (1 S RE AR ML N NS, e S 4142
4. SMESBEMMEFIRIE

MZRGHAETNRE T AR, I BT R RN+ 8Uk. BT, CNS
Ko “HAEER g R, XN T 4ERpIN A SR A B R ), mg st 2
22 B SR A LN W] 5 0 BBB, SR 2L SAE S NIRRT E R CDAY T
i, CD8* T 4ilffs. NKT 4. B IORANM S S 40 g il G iz
JEXTT CNS BB B A B2 S, (RO E SRR A1 3E N AN 5 14 4 IR 7
f¥17= 4 ORI BBB, 51 S5 200 # IR NI e I RAESIG » JE KA R,
fERELRFRFR S TS5, BAZAMATFEES CNS IHEL IR R REE
FH T 73 A0 RS T 200 B AR SRR AT L o 922 718 ) 8 RE 40 i SCRT ik — 2073k CCL-2 S5atk
DR 740 55 56 22 R A RIS I o IR 0 G2 200 M R I 2 R0 B, (ER R B A Y
FAZYMI AT 73 TNF-a. NO. JmEHEE (MMPs) &AL/ BBB KM
PRI, R TR, IR 1 B AR A0 AE 2 PR 2R B R AR R R IR [ (R A
45 CD11b*ly-6C" Al CD11b*ly-6C'", A& Al #E— 5404k it # i) M1 RS E W 4t i,
TN JSRE S N 2R 4%, T Je 3 AT 1) M2 LS i oAk, A T LA S 28 I
Thae i K HE M AT ReAs 131, BELIKT 5% E 20 i 1) oK SR i DA R e 42 12 4 i ) 3R 2
Ty R Xof T 400l H oK 2 RE A3 0 FA B
5. RIEHETF

JEV Bt fE e, I 48 Rl R B 7 1 K & = A T S R I A 2R A i 473,
HRPE IR . JEV RIEGE RN T 40P 7742 INOS. M & 2 (Cox-2). IL-6.
IL-1B. TNF-a. MCP-1 %5 45 K111,y Ak (2 % B T 40 i m] 7= AR v 4 (ROS)
ARG, R AR 73 1L-6. TNF-a. MCP-1. 1L-8 5 405E K 71471, 2
I FA) 208 T 210 oy B4 A A% 40 A T e DK S P 12 9% A 40 i DR R 1 IR - o L 8
J V8T, A5 BT (A 22 T R R TSR S 1) 4 R TR AR 9 A St — 2545 5 R i 48 i
(A O A PR A0 AR A B R = AE T 51 BBB AR R 42 TG IS T,
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T J A DR R A B340 (RSB 3R . TNF-a (KB4 2 JE (B4 E
—, TNF-a Alilid TNFR B34 0HIFET:: TNF-a 1 IL-1B ] i — 0 iE 40 i o 4
MR SO AL Rl - 4n CCL-2 #1355 S RE A B iR 1. JEV IR G175 57 A2 1Y) IFN-y RT3
3 178 P4 2 A PR ) S8 B A 5 BBB HUMEIAML. v 4 F s 400 i T 7= A= 1L-18, IL-1B
It — 05 I 0T A R PR A R 22 e g B 128 500 ] SR R 1 K = A, B
BT S SE A3 RSB R S JE YR TT I OCHE

£ JE WEYT 71, BRTERIGIT R e UOWESCRRAYT v E, BERERFINTH
e, A7 W AR ARG 05 ERE ,  WORr S B0 25 254 A R e
PEREIRIT T YA B o AT (1 )2 DL DR AR LA (R A B TE JE
BT o R IERSF AT R, B B BT FAT RN B, HvR T R R R S
BBB % i fit /AN AR T 3R BN TG I BSGE A fRade— PESE . BEXE JEV BIH0
FIRIT Y, E TR IR ORI . i B SORE S B2 JE VRYT IR O — SR,
U1 TNF-o AR IR F] (Etanercept). IFN-y [BATERERIIA . — VYRR &

(Minocycline) 7] 7 — & R 8 b3 i B 1R S S SE G fiAe i 2HL 23 98 RE 453 4 A1
Tt e 4951 gl Ak, JEV TR G T A A fii 2 AU T DX A 22 T AR 20 At AN A 22 240
TG RGUEE RS AMEA R GG EE M4, (RIS RGMEE D 5 EE 1
KA R JE JRIT I — N B,

.  FEFMIIE (necroptosis)

PAAE AR SEANE T A AR o P F 2 2207 X T —Fg P it A
INAAE B A B AR R, TSR AL S A B AE T AR, R 2 AN S 1422 1)
R LRI PN 25D KRR R P PESRBE A I 4 R LI — FIRe ik 1) 40 ML 3K 38,
e MRSt T . BRI AL KA i RIPKL RIPK3/ MLKL E{
RIPKYL JEK i1 RIPK3/ MLKL fliiffz e, 2 il (s 5 rl i RIPKL/ RIPK3 &4
BEERL, S MIBFNRETYERIE R TNF/ TNFRL @ EEff RIPKL SRR ILIE A&
RIPK1/ RIPK3/ MLKL FEFFPHEIRFE/MA (necrosome), & S8 MLKL Rk,
SUIRRIBE TR, BRI ABIRN, SRR IR SE RS (S 5 AW I,
I FASL 5 FAS 454, TRAIL 5 TRAILR 454 LK polyl C. dsRNA. VRNA 253
B TLR3. TLRA {3 Sl 5451 AT i RIPKL BBk, TERFE R PEIRAE/MADY, 4k,
ZHAR R RIPKL JEHOBIE @ A2 3OS 2 P A S8 . aniliid ZBP1 (Z-DNA
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binding protein 1 #41 DNA-dependent activator of IFN regulatory factors DAI) .
FAFF I RIPK3 KR AEBERR A4 3 B 40 M 2 e M R SRS B R A0 1) RIPK3 A 5548 MLKL
AL 2 RAEEIR I . BRI MLKL (pMLKL)ZFEF PRI AT 43T, pMLKL
LR B AME, HEid A ZE Nats Ca?*iEiE B 40 M 1 % i FLIE f58 240 i & A=
fRRE AR T 6. 57,

1. BRI E RAE

RAE AN, B0 RGESEE AT S AR MIAE T A AR, AR SR T 4R
BT T IB0OE DI SONE [ N . — 5T, 4 B T AT 2 B S5 B R
A JEAR B A RE A R AR N S RARE BE o 53— 7 T, AR AE T J5 40 N 25 P 437
Pt TS 7 (DAMPS) FIBECRTINEE S RERIG . A Tk #Erh, i
RAF PRI B T /AMAE, AP AEsU 7 /D 81K DAMPs, 5 2R R
R RRE SN, o AT A AE AR PRI SRR R ey, 2 ] O A2 9 i £ DAMPs 1Y
RER, 5IEmEIM RRE R MO, FFHIRESE Z R kA KRR, £2
PHA RS s S5 7 28 . Crohn’s T RS TR« AR RS 12 P A Ak 55 3
PEA A0 AR PP SR BRI A A, 40 1) 4 6 3 1 TR B8 T % e 4 JE 45345 0 s 3 e %
O, TEZ PR R, AR R SR T A 5 A A AR b R AR AR T, 5l
SR 0 Bz S0 B A IR OY  2F CNS B e, i 2 3 40 Bl v A e 1
INBE, I HOB SR S0 ) 48 M mT RS TSR & 1Y) DAMPS J0& FE DN = A hEH A, 5l
FEE ) A A B R AL R A R Y, TNF-o W] id5d TNFR/ RIPK1/
RIPK3/ MLKL W02 5 PESRBE 51 il 5% (iR AT VA1 84 FE QIG5 . A7 il
P40« o AL R AR P A A TR e )RR AT AR P R IR S ) A A, BEL I AT B A P PR IR
FETT B CNS 5078 78 7 T Tl s (95671,

2. BRFEIREERERY

H A2 it Fe ki, R 2 5N s O S RAERI R A . fE BRI 15
Hr, FERFIEIRFER T2 ZAE F R R LR B e = AL th AR A U T — U7 T4 A
TAENNUAER—Fh BB AL, 5 B3 B A4 M B 6 T T AR s 25 K S B S e, 9T
P RAENL, N3 E ARG, 55— KT, R ERSERT 5] 2 DAMPS
RSN, SEAHRR S (K 2 o). JEHEN T AT Ry, X
FE R LBURIIBAL, 27 PESR AR R AR 7T 5| ™ ) 2 2 100,
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@
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B 2. FEFF RSO IR 1R A

Fig 2. The roles of necroptosis in virus infection

FEFELE R F iR G AR, IR PR R SR SEAE v A ) — b« B Rl B AL
il T OS] B ) A B 4 ) SR o 3X T3 T AT S S L 19 7 (vaccinia virus,
VV) . B4 2 5% 2 Cherpes simple virus, HSV ). & E 40 0 %% % ( murine
cytomegalovirus, MCMV) %7071,

2.1 JHEWRE (VV)

VV &4 SPI-2 (BI3R)ZE[A, HZif%A) BI3R nJ4h & I il 24 1 7 - g &
caspase8 %5, MmNHE gL kAR T2, vV G rIEE TNF 5 S0
RIPK1/ RIPK3/ MLKL 342 & A FE T IEIRTE, 1% B 2 R G4t 7). RIPK3 /)N fil Jak
VWV G, difBikiz, PR EE S E . MR ARNR S, 4R
FEAEIR G A TR B T 3, (B ERH SR B . VV BRI
TR bR, A H B ERSG AN, H X S N B A B0 4G FEL A P AR RE
Ji. Rk, 78 VV RS, PG AT 8RR e R AT B s E R A, e L
2 240 M FT SR AT 3 G S P ARAE AR R 4L A
2.2 RE4HRE (MSMV)

MSMV L4 i Al DAI(ZBP1)-RIPK3-MLKL il & A= 2 e PSR BB
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MSMV A 38 i 2 i T B H0 175 vICA Cviral inhibitor of caspase activation) i)
caspase 8 g EAI AN T2, [FIIF, &7 4wt vIRA Cviral inhibitor of RIP activation)
Pl RIPKL [R3E400s 781, 54 AR L, DAL 5% RIPK3 RbR 40 i/ ik £
MSMV YL, S AR JEAN G B4 B 222 A, (RS 3 38 7 3 0 n .

2.3 BAEZHRE (HSV)

7E/NRAE AL, RIPKL/ RIPK3 A R4S & HSV 82 H ICP6 1) RHIM (homotypic
interaction motif) Z5M3R, J3 BRI AR FEIRGE, TEBRE BRI Gy, i
AN UG HSV R TR IR R DL, 11 RIPK3 Rk S S HSV 5 1T H B = 1R 75
HEAHARIS, kel W, 7E HSV B i, FEF MR R /N R —Fhfu g
BEAEHLE] . AR AR IR S HSV ICP6 FEH, ANAEH SRR FIERIE, ] HSV &
e NAR S5 77 5 5 B Rl R el

RIS LR IR B R e i 4L B2 S, TR R e SR BE AT 5
B A7 (1) S RE B SR Ak R M L GRS B RTHROE (0 O PR A M B
2.4 RBRHE (1AV)

LAV S G 5] e SCUVE e b e AR R SRR BB T, IR P B B B (R A SR S i 1
SN, 51 S - 1E £ 2 DAL R 1AV & NP ATPBI 5548 RIPK3
JEBHANMIAET o 975 BRI LA B R AL TR A 1AV 26 - 8537 T, {3145 R 5 0 R PR
B 2R 21 PR DT H00 )3 B 3 G B0 o R T 20 B AR PP PSR T AR B TR My | B ) 5
P, A SR AE4E M AR OK f DAMPs INE AR AEST, IR DIRE. £ 1AV &
et P, DAI mi /IS BR AL S0 BB AE /N 6RO SR8, o EL B e v A7 1 26 1900
2.5 NERFE OC43 (HCoV-0C43)

HCoV-OC43 B m[ R R A RGE, JEEA —EMMA TR 0
P, HCoV-OC43 YL r] J5 FHEAMAIIET:, S 5MALURE M. HCoV-OC43
Y2 IU] 5T RIPKL, RIPK3 fi3Rik, FEzifEFIEARE. HRRI, SE AN
HCoV-OC43 L, SHWA s MR EAL AIRAZ R T (Roc/Us183-241) &K GL4 i
J& AT S A B R KPR RIPKL. RIPK3 f MLKL 3Rk, EPRES|EE ™ &
MR FPYEIRAE . 3 7 RGN RS, SRR A T m MR, 5l
B P H (R 0 4L 4R S B 5 AN B s (R AE T 2B FT LU, 7E HCoV-0C43 &% CNS
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R RE b, R IR SEAE — s A5 L REAM R B G T8, SR R AR AR e PR IR BRI M
W RTRE AR & 1K) DAMPs FIR S8 1 DR, 3 17 0 210G 2 43 90 e 82 A4 22 1R AT 15
A, SECE N E R A )RR kAT Y

=. [AERFEFHM (mesenchymal stem cells, MSC)

) 70 o7 T4 fe — R Ve AR, BT 1974 4E i Friedenstein 15 {X7E S
B E . BRI, RSS2 P IR IESE S MSC. MSC J& fiufk T4
M, BRRSTEMRAMWEEAE K, JERAA BIRE NI 1M Z Mo ReEd. MSC RIfE—
SESRA AL BN BCE A, iR dn . MArEanisE, BA i EAR
BITEREL, MSC A —E M E miTBI6e, A8E MR £ RAERIX . MSC
HA 3 U RS G B S AR, TSGR O S, (R REA s A
A, TEZ TR AR ALIC H 2 CNS o BAT VR YT/ B4, &l 2 Bz, MSC £ CNS
TR BRIT T R AE 2 EINREVER « Bk MSC £ ThEE K AE CNS e KR

AR
M1 to M2 switching
(TSG-6, CX3CL1,
TGF-B, IL-10, IL-4)
-, Microglia
® Target migration 0 : #@%
) f‘(”,’f\\ Neurotrophic (BDNF, NGF, Wnt3a, CNTF)
® Multiple - \ Immune homeostasis (TSG-6, TGF-f)
differentiation A
N Differentiation to neurons (MSC, NSC)
euron

- Increased integri
grity
(VEGF, TIMP3, TSG-6,

BBH Angl, KGF)

&l 3. MSC #£ CNS 5% T EH
Fig 3. The founction of MSC in the treatment of CNS diseases

1. MSC HIAEYF4E 1%
1.1 MSC W% R4 R
6] 78 50T AU A AE — 52 O IR EE T 1) 5 M) Ak SR 4 A B A B AR T IOE A .
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MSC RI7EMR I AMEE 5 SIS N /AL B A S0 40, 75 2 i i M
HAWRITHEGE, AU TR R 4B, MSC R 75 ARAFF B i sl s 4
DA 725N [F R 2R AR TR oAb B 4 AR 4 s 7 St s S P B A v, 0y R
RKEZAE (1) MSC 5 1T 4340 A BF 400 M R 4 (58], — LSt ST 4ROE 18 H MSC B AT 5§40k
NP BRI oo B 200 b R o 22 R 4 g 0871,
1.2 MSC HJsE mxEBfeik

MSC E ik — & KPR ¥ 2k, BAE R IH 548 ). MSC 1l % d BBB
BEN CNS SIS, [F]iF, MSC af ¥ R 3. O SEab iRk Rk T
e PR B A KA B BT 1) MSC RIS 28 I 5, ] Jier e AR 4189 900, s s oo
KR D e 75 2508 1n izt b B = 2 (0 S A
1.3 MSC M5t

MSC 5LV SAH EAEF, I8 PR BT S RAS, R AFEAN IR (1 G2 1
). MSC [ T e 00 H @ R e, fEAREPRZAS TN, MSC w231
HAE R (MSCL) Bt & E£A(MSC2), I Ho g i i 57 [ A S B A B e, Sk
A dS02 B, MSC Bediiid BE I s SN, IR RAERI . B AnE R HE T
SN G G PR A 0 PR A 41 495 5 0 S AR b, MSC AT 43 IL-10. TGF-B.
TSG6. %R E E2 (prostaglandin E2) 241 i & 5 5% A5, MSC wl @it i
a8 UG /70 S5 400 PR T A B A AOTR 2 . NI B PRI AROIR A B SR DR T B 1 37
WARZS 2 5 1 5 AT G2 S 10498, [Nt MSC mlidad i 7% T 40 (a1 vtk T 41 it
FOUEAME T 4UARAY 31, ChJe B 40 AR5 A 335 FERN 2 20 i 431 5 5308 7 2 I 25
97, 981, MSC Ald i 55 /W7 3, 43U 2 o S 2 A R - PR L AR A RE 4R 4551990, 7E
A5 P i 4534 ot I &5 sh A A o, MSC AT E TNF-a0 15 5 R 724 TSG-6, 1l TSG-6
AT NF-KB (5 5 @B BE 1L, BERARAER 7142 [RIN TSG-6 AJ {2 /NI i
RS IIRES, FE/NRFAIMA M2 #2408, MSC BE4& iRt CX3CLL Fil
it CX3CL1/CX3CR1 #] /M40 INOS. TNF-o 25 R JEK T EIE, (kR
JR 20 M2 AR AGDO0 7 ik AR 5 A A b, BRI MSC AT 43 Wk TGF-B 4| o
MRAHZ RGE MCP-1 (7= A R S AE AN M PR320, 5340 IL-10. 1L-4 S5 598 M4l el 1
2 5 RE IO, MSC RT3 Sk G e BRI ThRE, T bR N AR IR0 S A4 o
AR ETHBEMR RIS, MSC mJ 5 MSCL %Y, F{Rsk s qnpimith, smpLR M %
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FEIhRE. [AIIN;, MSC el A% [l A A iE I, 2 5N IRAR R . I MSC
Al AT K Cantimicrobial peptide LL-37). Biffi &R (beta-defensin-2) 15 B4 B &%
Ge: A AERT TR G FE T, MSC 1] 3 | B I3 R IR U B4 F 1021040,
1.4 MSC KI5 WT5e

MSC i@ id 7 i Z AR 1, 259 s, FR MSC Rl /0 2 FoE = 7
A PR 03 Jo) A 1 T 5 (Rt P S T AR 4 R PR 44 o L T IR I A 2R o
MSC fe 3 4a A K R+ (HGP). s A KT (IGF) . Delta-like ligand 4
(DLLA) S 3k JF 20 B B AT i pA 4u M i A, (R E R U T 1U0S); FERPE R G0
1, MSC " Zp sl £ KK T (BDNF). #2AE K T (NGF) . Wnt3a. BEIRT
MEEFET (CNTP) %%, (LA ZME5E: MSC &l 5 i Py 5 41
PRAH EAF F I3 0 22 A ML A B AE R T OR E RTL  F AR, X T 445 A 1 o R )
EVEEA EEAE, 41 MSC 73l 3k it <5 J& B H1 ) (TIMP3) . TSG-6 55 DAZE 7 1L i
JiE B ) e B D), A AR A 1 (angiopoietin-1). b4 KK (KGF)
SRR N AN RE, DR 008 . MSC R i BB K LL-37. B2-BifH &
LREPMBEIEA . AL, BT MSC & A] - 4i B4 i (extracellular
vesicles, EVs) A AFIfkFEH (microvesicles, MV). MSC KiE ) EVs N & &4
MR 7. AEKETF. 558k, mRNAs fl miRNAs 5, £ CNS k. H & %%
P BB h B — e 1Ry AR A 0,

2. MSC 7E CNS Fii e T e

MSC Fi#id BBB #E A CNS, 7E CNS BB a7 E4E R TERES.
2.1 MSC JRyT iz

b A A P Rl N 2R A R ) R I LA R 2 —, B s R
ANBREE o i 2 2P e ML s o 45 0 R 40k TR e R 4 4% 7 G T BB L o )
K A B 77 A (1) DAMPS W] 0 R B0 S B 4 AR SOTE A T, S BUR M R )R
JEE R 3 I e 2 I RTURITE o e e AN S ¥ A P 88 e I P I i 2E R S S R0 1
A, ARSRA R G2 SR T A S B S I SRR (4 A S BELRS AT 52 70 ) A 22
AR AT M . [, AR ORAESS, N - AR b R ) AT
BT R AMEPRAS, Aol R4 R MR . SRR ONT 450 ZHETT
FERMFFRIT TR, BEHMEALMEEN T EEAERREN G E
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. HAEl, MSC BHAE 2 Pl 25t (f 3 WS A it 72 o o HH U iR 7 38R 07,
MSC FlIEIE Ak Frlk. I Ak T 45 2 Fhig e gt e aE, b R
(¥) MSC mIdE s JH HLAE FIE NS0 X IR ORI, BB %2t MRI IR
G R REH AR BIR MSC &F ik 48h J5 rTE NS5 X . AEMA R
A JE AN R I R T 4E I R AR PT BE BUE AN R B0R T L . BOHREAE, MSC RT il B2
MG N, BERARARERIEAER, AR T RIEMA R ER . MifE/5H, MSC #iH
WTESH A AL UE I FE AR R 3 R BAEH . 7ERN AR SRR, )5 400 M P 754 S 4%
13 X S5 ] 2 5 [ TR R IR % i LS i R R FR AR 18 52 . MSCR]ad i 42 A2 T 4 i
7N JS2 T 240 LR R 200 e 28 2 m] 9 1 AN (2 ki 92 (¥ T4 o 14k, MISC 3B R 4y
Wh 2 P AR R RIS R IR AR I B AAEE . R B A AR SERSAE S MSC 7] 43
AR B — E A B R ThE%, Doeppner Z54RkiE MSC & nl @it 5%
S UAE R E NI T AN 04k, (R ZAIMIE S, BGE e BT,
2.2 MSC #J7 & RN (MS)

MS /& CNS KA RMEMEIRITIERAR, J&T H S R rEmim. MS DIH2 o i il
P SN ()RR JEE B A5 e e, T R AN [ R 2 1 J Ak T e e R 8 2R 4
Bk, OB EGRERE. HAT, MS BURIEHLEIH R S e, Kb e Stk T
280t P S VR AL TE AR 42 T T R 22 R PE R 1 40 Pk S ERITOL, dRl, MISC fE
MS H1 G T AE AR SE A A RAFE 78t #SEAS — e b g . 7E MS S AL, MSC
FE R T PR R PEANA I 740 IFN-y. IL-17. TNF-a Z%iE5, FIRGERE AT T
Y (Treg) KB AT BE, (22 Th2 BUAHMIEE 5~ , B4R Thl BUNT Th17 B4
K F7KF . MSC L A] 43ih 1L-10. PEG2. TGF-B 2530 4 1t 4 i K 7 M i e 38 45 43 [X
(R SRETRFRBE o LAt , MSC R RIS 2D 15 o 200 L P 7 42 240l 184 o2 R J Jo 4 i
(oo, SR BER AR s R URAE R R I 200 M PR A 9 IR R 1 A e 2
MSC 3 7] 73 WAL A 731 e SR B A Bl 5 /D o 2 e ) SR A 475, 8 PTeed ik 22
it 228 % R 1 A1 AR K R IR sk i 2 2 ) P AR s 12
2.3 MSC &7 sMu e in

CNS F A W FC 31 2 A2 D RN+ 207 BRI AR e 0 DRI b G140 45 0
S| ST (R R R S A o G 4/ I T 5 U 2 2 P A A 0 A 2 4 R o
SAYAE, L& BBB MIBEIN. BEfE, MR GE R ERIY, AR
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P S L 0 7K Jir AT JRE S N o AEIX AN AR, 345 45 B4 i 400 g P RS Ji- DAMPs
LN, S R AR, Rk /N B 5T 40 M A A0 RE PR ORI, 51 kS
JRy B A SN, T B AR Y B AT R N R 2 AR e 2 A, TR IR A 2945 1
RIRTBOR L. AT, BRI r]iE A A, TR PURIR o TR [X 42 Pk 5
W2 H A B E RS, WA 51— RIME G EE. mLfEsh i,
MSC F&fE m] i i i 2H 23 AR A 22 R G D) e 18, MSC B il T il 4k i 1 46 i
JRL, BEAREA B L, B =) AR AR S5 T AR Ao 22 e 8T, ke 11 Jim 4k
PEMH LR . B A MSC il & BT 70 VEGF. TIM3 (e dEffui i /48, $2
o LA 5 o 5 B L4 [, MISC T 43 22 bt R e gk e 2H 2 ) B FRB 2
AIIE0E WU PE R 2 AR GE I 7 AL SRR 2 41 . MSC A Sy AT A AR SRR, M
MAFTHE RS HAEBE . BEN MSC nl s B IER ARSI, B
JRREIR I T 120U
7. Gas6 (growth arrest specific gene 6)& H

Gas6 & HZ MM P IRIZAEA R K EEZRK— 1R, A4 B2 AR
M (RTK3) ML TAM KRR, Tz R8T 2 M s Mg, Gasé HH
WS TAM ZAkSE & K EE . TAM 24k £ 4% Tyro3. Axl. MerTK =i
Tyro3 EEIEMIGIHERIE, AxI Al MerTK |72 K& T UEEIHA & It /N 40
B IR P9 R A A R T LA 5], Gas6 2 11 P 2 5 A0 B 1 R
GRS WA T Y IR, T HAENUR RRE R NSRS eSS
Frp B = A 0L,

Gas6/ TAM {5 518 /E CNS (B A B B R A HEUEH, 3 2RIAE
AL Cani& 4 s
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Oligodendrocyte

Remyelination
Ml1—-M2

Microglia
Increase phagocytosis

" (‘%
\&// /)fg(\ ,;;»-\.
24\
X

BBB Astrocyte, infiltrated immune cells

Promote BMECs Inhibit activation and inflammation

Increase integrity Neuron/ NSC
Inhibit apoptosis

Promote NSC differentiation

B 4. Gas6 F HTEHRMHE R KAV ¥ T R Re it
Fig 4. The founction of Gas6 protein in CNS

1. {RBBEBTEER Gas6 1 mI {2t/ RIK A M K A0, R EBEREIL e 4
/NI TR A MR PRI A RS (2 M2 AR, 38 a0 J2 0 240 R 5 4 P ) 7 Wk T e
(i 2t EAH AT IS BR AN 2B 1,

2. %i%; BBB SEEM TAM ZAJLHIE Tyro3 Fl Axl )32 Fik T AU i Bz 4
PRI Y LA . GasB/TAM {5 5 3 4 1) 52453 T BARR AW I A8 e e v e Py 2 40
[AIZGM, S50 BBB ) s M piaRLe],

3. WHIRAERM =F TAM S2A&IY )12 I T-/INB s 40 I A T IR BT 4 .,
AR T, TAM S2ARTEAL AT 3G 9 /N i 5T 40 M i) A e Th g, 18 BRI 1 B0 22 )
ZAUML, HERE N IRBE AP0, REL AR T, Gas6/TAM J@ % nJ £ 1 44 L i
b, M 2 PRI R B P2 A . TR Gas/TAM i Al 3 3ok 1 444 2 R 41 i 25 ¢ it
& RA I D Re SOE RS S 5 R SN S RE 12,

4. RBMSUAMEE HETHMR ZRIE TAM FIEK=F24E, Gasé &M
IS 5 TAM 44 R HE VRIS 77 SRR T RE AR BEAH 281240 M P 4707 L B9 B AN 23 e 122
T B X h 8T 40 M P P AR AN A B o AR A
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Gas6/ TAM 15 il (1 57 % 380 CNS i MR B JE . 7E MS KA,
Gas6/ TAM 5 5 3245 A 13 BE HH A2 pRUReist, w5 3500t Rl A2 12220 76 7 J8 200 3 7 (Wesst
Nile Virus, WNV) B4 2, Jonathan %5 & I Gas6/TAM 15 5 [IBH T, w1155
B 50 R ILAE CNS, 3% i A B IR R A SE I BOE 3 . AR Gas6 &
IR 78 AT R HE VR YT VR P IM8L, FESEIG 1 1 B ey PRI G 1 28 /N BRI A rpr, SR
Wi PG EL 20 Gas6 £ A AT BRI AT R /K, SR FE ) SORER, TR i AT DA
R T3 /U 5 J52 I 4 L T i 4L 1 o S R R A ) PR A, A R el SR 1) S A R A D BE )
%, HAERIFRGTT 8RS,
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IE X
B —35 MLKL AF&425MFRAE JE
¥ 894k R

FRF IR AE 2 — PR BRI A AR 0 77 30 DARIAR, AR AT A2 % 1
Wesh IAAET . FEF PESRAE 2 52 RIPKL/ RIPK3/ MLKL i LA K JE £ i 12 1)
RIPK3/ MLKL 4= a P st ol fe . [N, ST AR, FFEIREZ
290 H JE 0 3 PR FD 200 L PN S P BRI, AT R DAMPS BT, 8 23 51 R M LA R
FE N o TNF-o 52 R PP SR A0 B i W75 3 R 12—, T [RIN TNF-o 2 JEV &%
Jeid R B B RER T2 o 10 H. JEV BG4 £ 51 2 0 41 2 20 Mt Fr K B dR
L, DGR PP YEIRBEAE JE Hr PR RME SR . AT, AT — Ry
PRSI R AR AN IR ST JE i 2 R P MR RSB I A S L SR TR DG 2 [
K HT MLKL 2 Al B SRR i JEV AR, R SERH WA e 1t R S0 mT ket B 0] 58 A
SL,  GEfRRTE R o ARSI e — B W JEV BUR AL 35 € B fili o

1. ##

11 SRR 4R

A. MLKL"" C57BL/6 /)N Fi I K 27 5 S 400 2

B. BFAEAL C57BL/6 /N (4-6 JE) W H H VU B RS SLgzn i«
C. C6/36 4l 5, HHE VU % B2 KAV AR AF o

D. BHK 4f&R, Hi58IYZ B KU AE M0 = (R A7 -

E. #H&RESH I 41 L & Neuro2a iy Hf ADCC.

1.2 5

1.2.1 B AR
A. B33 RPMI-1640, =%% DMEM, DMEM ¥ Gibco A #] .
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B. Mif: ¥rAAfMmEWENFE AR, RAFMERWH Gibco A,

C. fitk: PPk (L& 1-1,

® 1-1 FTHk
Table. 1-1 antibodies used in this experiment
Antibodies Hosts Dilutions Sources
Anfi-MLKL Rat IHC 1:800 m;l}lbi\pore, Billerica, MA,
WB 1:500
Anti-NeuN Rabbit IHC 1:900 Abcam England
Anti-JEV Mouse IHC 1:100 China
Anti-B-actin Mouse WB 1:1000 Proteintech China
Anti-pMLKL Rabbit WB 1:800 Abcam England
FITC-anti-mouse IgG Rabbit IHC 1:200 Proteintech China
Cy3-anti-rabbit IgG Donkey IHC 1:200 Proteintech China
Cy3-anti-mouse 1gG Goat IHC 1:200 Proteintech China
FITC-anti-rat IgG Donkey IHC 1:200 Proteintech China
DyL.ight 680-anti-rabbit 1gG Goat WB 1:10000 BD USA New Jersey
DyL.ight 680-anti-rat 19G Goat WB 1:10000 BD USA New Jersey
DyL.ight 800-anti-mouse 1gG Goat WB 1:10000 BD USA New Jersey

D. #ifbnE (Propidium lodide, PI), DAPI #JH Sigma 2.

E. ELISA 5l & (IL-1B, CCL-2, IFN-y 1 TNF-a) 4 AMEKO A&,
F. 4%Z RHEE, L/, W= CHWD, W, s AE&EEBSA), R, H

B, REZMERE BT,

G. ExTaq i, DNAmarker, #ZmR4uk}l, J¥ 5% PrimeScript RT reagent Kit, %)t
€ & PCR i SYBRGreen Real-Time PCR Master Mix 4 Takara /A

H. BCA & ERX7&, & Marker I Thermo A,
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I Western FLAZ 17 &, RIPA 2R (5 H F G I 70 AN R e 00 o1l 751D 17 &
HHE = RAH

J. BERBEHEREW WP MWH Gibco A .

K. RNA tRIESERUAF G 0 E T E AR

1.2.2 LR EFHAR
A. PBS iill: — stz 1L 10>PBS AL, £44% NaCl 80 g, KCI 2 g, Na;HPO4  14.2
0, KH2POs 2.7 g, pH=7.4, B4 1 L, BIRARAT  AEAF BT 2 7KW B2 1>PBS,
L PBS Sz s He K B J5 -4 C IR AT
B. Western-blot #5187
a)5xSDS-PAGE HLJkZZ k. Tris 15.1 g, Glycine 94.0 g, SDS 5.0 g %5 T/K&E
fRIERE L L. AN LB TRMRER 1x
b) JE#4 #% 22 i : Glycine 2.99, Tris 5.89, SDS 0.379g. 2 & T /K it 2 2% 800 ml,
18 F RGN 200 mi PR AR
)& A : 100 ml 1PBS H A 3 g BSA.
C. HE A ST
Q) BN : UK F
b)EH W : 0.75 g BSA, 75 ul Triton X-100, 23.75 ml 1>PBS, E&ZE 25 ml.
¢) PR : 9.99 ml 1>PBS, 10 pl Triton X-100, 0.1 g BSA, EZAZE 10 ml.
dyds 7l 50%H i, 50% PBS &R 117 .
D. A% FLIKAH IR 7
a) TAE ¥ W: —RESGHCH] SO TAE BEE, 145 Tris 242 g« Na,EDTA*2H,0 37.2 9.
BEfe 57.0ml, ERZE 1L, =RRAE. MR LS FRREE 1oy TR
b)1.2%IR IE R : IR IE MR 3.6 g, 1XTAE ¥V 300 ml, VA1 B b m#
RIS, AR LCBIINANLBR GRS IR, SRR AR
E. 414! DNA gk
Q) JEEUR A: NaOH 25 mM, EDTA 0.2 mM ddH20 i
b)HEHLK B: Tris-HCI 40 mM, pH=5.5 ddH,0 /i .
F. FEIRA4EZE Y (100 mD
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QA% LR, 50ml: 2 g FEELF4ER A 50 ml L5 T/K G & K.
b)4>DMEM, 25ml: % DMEM #3773 BHECH], #F G W 0.22 pm JEER I EER
W Ja AT 4°Co
Q)XW EETK23ml, JE4IiE 2 ml.
TEHNE G WA AT IR ARIE S, A% pH{ER 7.0 244 .
G. 45 5L : BE 20 ml, 0.85% NaCl 75 ml, 40% H V7R 5 ml, E2& 4 100 ml.
H. 10 mg/ml Pl: 100 mg Pl i&F 10 ml 0.9% NaCl, 0.22 um 3 3% 8 5 /02 T L
EP &, 4CIRAEE.

1.3 SLIEFEM

T75 5555, 6 FLb. 24 FLBRIWE Corning A . #IXT. sI . B O,
PVDF JE. 4HARE JJEEFEM 0 E B T . 0.22 um JE2304 H Millipore 2 ],

1.4 SERGSEMEF
2 46: Thermo A &]; S MAFHEKIX: BioRad A ] 4 K& mEFR{: BioTek
Al BOAL: Beckman ARl BwOGEAEL: OLYMPUS AH]; UKD AL, Al

PIRHL: DU FE R m B At =4 g B AR et BRI R R
Vet =352t WOIERE RS 5 U ZE R A R 2 AW =42 0t

15 5|49
ARSI BB e B T A . I 1-2:
x 1-2 5195
Table 1-2 Primer sequences
JEV F: AGACAAGCAGATCAACCACCATT R: CCCTCCAATAGAGCCAAAGTCC
TNF-a F:CTGAACTTC GGG GTG ATC GGT R: ACG TGG GCTACAGGCTTG TCA
IFN-y F: GGCCATCAGCAACATAAGCGT R: TGGGTTGTTGACCTCAAACTTGGC
CCL-2 F: CAAGAA GGAATG GGT CCAGA R: GCT GAAGAC CTTAGG GCAGA
B-Actin  F: TGACGGGGTCACCCACACTG R: AAGCTGTAGCCGCGCTCGGT
IL-1B F: TCCAAGAAAGGACGAACATTCG R: TGAGGACATCTCCCACGTCAA.

MLKL F: GGATTGCCCTGAGTTGTTGC R: AACCGCAGACAGTCTCTCCA
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2.

HE

2.1 JEV $IR /R JE E8IHE

2. 1. UEV ¥ 389K 45 K 5 BE O 2

D)

2)

3

4)

C6/36 ARMARE 5, HFe XL MAREN HA S B T 39°CRMHmHIRIEL,
T RPMI 1640 ¥E¥ 1 G MATE 775 (5 10%H £ 13« 1%t
RPMI 1640 5 7538) . $5F8R A NS S, BT 28°CCO2 WAk 77, 4
TR Z) 90~ 100%/5 ,  FH 40 it i) 7)) 94 4 A7 A AR

FRER YL 1 . T75 K597 N C6/36 41 i 25 & 1k 75-80%H , % MOI=0.1 i\ 3-4ml
JEV R ERRRIAT I G . A 2 /BRI GS FE (3T C Al Rt 77 4H), 4 15 min %%
BR R TR T R b, M2 SN 10ml 2% Hi A A i +1%
Xt RPMI 1640 K5 7724 )5 B T CO WiAR I 4k 2Ll 9%, 24h Ja 5 % AR I3
B, FIHTEE RS 2% AE 2R LS +1% XU [ RPMI 1640, £ 5-7 KJG Al i
R AR AR AUMAR R R Al R AR AR E B . IR T,
20 (90009, 30min, 4°C) J&2:BRam e A il £ 90 2 B

ARG F LR i B SO S B0 (4°C, 1500009, 4 h) 5, AT
BOLE RO AETIE. 7% RIEG, B FRN 17100 N PBS ik
JRERYIE . R EERAJEE 0.22 um JEAR T IERR R . 225145 T-80°C 4 H.
TR RL W ERT: H AR BHK 41, 3533500 10% FBS+1% W
$L DMEM. JEEEHLANIIS 15 2>10° RALEERI T 6 FLIR . Bispid e . KA5il
TREFRAH TG ML DMEM Y LA 10 AR5 EAT A5 LUARRE, 23 il 4 10-108 AR A4y
. 325 6 TR 53R 5E, FH PBS Weik 2 5, K 10%-108 544 B 11199 557
0.5 ml 7 Lk 6 FLIRHT, AR 2 MEFLIFR L. BT 37TCHAENR
Bt 1h 5, TR EREH PBS Bk 2 )5, I 4 ml 4% A4 L2
B, ZJETE STCWFEM LRI, 57 Ka, W LEEEY), H PBS B
D EE LR SRS T, IIANZ Lml &5 55 09l =il 15 min 5 H
KK R IR e L A L VR AR S B . SR B S BE L) 50 A AT AR Tl AT
PEACH VR E SRR R VAT RO R . PRU/MISFR R A5 B <(FL 1+4L
2)/2/0.5 ml.
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2. 1.2 /MR JE BRI R J 4 58
1) MLKL ZEFEmRREREREE
MLKL*" C57BL/6 /)N i 1537 58 DU ZE B2 K 5 Se 5 s vh O o B0 5 AR BT Bk R 4
ZUFATIRIC
a) 241 DNA $2H: BTHLEEI I B T 1.5 ml EP & 351 . N 200 ul DNA 2
AR 98°CHA 1 h, BUHEIIA B ) 200 ul £ 7243747, 10000 g 2.0 3 min,
I BRI A A SR R A
b) PCR 4" # MLKL £ [K Jv B AT A IR FLIK 55 5€ - S5 € 9170 il A F, 5°-AGCCC
AAAGAGGCAGCACAAATC-3’; R, 5-AAACTTCCAAATATGGGACTTCTTG
-3’7, PCR MAK R 25 pl: 2xtaq B 12.5 ul; B RIS 1 ul; FRIEE S 2 ul;
ddH20 8.5 pl. M ZAF: 95°C 5min; (95°C 30s, 58°C 30s, 72°C 30s) >32
fE¥F; 72°C 7min; 12°C hold. PCR F=#JiAT 1.2%B8 IR HE A% B UK S5 E « 45
38 774 R A6 2 500 pb A BAL ) S A B AE Y, ANAE 450 bp £ B AL 41
R MLKL JE bR /N R, I AN R E R 26 R 28 6T
2) JEV RGN BRI R
EEESHER YL /PR 5107 PFU/200ul JEV, FHEZ 200 ul PBS. 1S4 K
1M doo
Wi ISR RGN 2% T L2 BAIRRIE /N B (S wl /g 1R D J5, SRASZLAE
S8 AN ] 5 AT P AR R ST A DG B 52 T 2 mm AR EAT S, A& 2 pl, 50
PFU. XJREZH ST 2 pl PBS.

2.2 FEFPIEE

/NG JEV J5 55 5K (5dpi), % 20 mo/kg 1A B IEVES PLIEW. 1h )5
R, S H 50 ml PBS HEAT-CoEHEVE, T 25 ml 4% RHEE (PFAD [HE, 25
FIRFIEY . B oc e B4 4. Il e, BT 4% PFA [E5E 4 h, H
30 B it 7K B ZE i 4L AT NI, 29 48 ho Fe 23K G, A8 UKVR D) A HLR A G
FEHATHLRY F, JBEZ) 10 pme V) B T-20CEEIRTE . JeERTiit, =R
B 2~4h, PBS ¥tk 33, 10 min/ik. F 4% PFA [&E 5% 30 min, PBS #i%k 3. My
FJ5, H DAPI (100 ng/ml, PBS #if) At 4edi it 15 min. PBS ¥k 3 i, 0y
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TIaEFro a6 R T WER K,

2.3 HARERN

7] B3R & AT, [ e B TR = IRE A 1 h 5, PBS Thk
3 i, WTJEwm—Ht (Bt JEV BILEHIAR 2H4, KREBTDE MLKL, SR
NeuN) , =i & 16 h. PBS ik 3 i . B+ 5 AR — 47t (FITC-anti-mouse 19G;
Cy3-anti-rabbit 1gG; Cy3-anti-mouse IgG; FITC-anti-rat IgG), =i & 2h f5, ¥
% 33, BT DAPL A%, 15 min, BLEisTE . E5ROCERME T UWERE.
MLKL 5 NeuN PA K& MLKL 5 JEV 3tgemt, FBOGILERE R REL

2.4 BINGHBENEEBE

1) BALEHEBE: 7£5dpi, RIS OIEFERE (PBS50 mD, JH % 0.05%
I WEFK) 4% PFA JEVE [ € 30 min. RIE5 I 2235 43 0 DT HCECA i B B X 29 1 mm®
KANHLPEZH T I % 4d, PB MR =i, & 15 min; 4°CEL, 1%
W2[E € 1.5 h, PB MUt 3 i LEEAREMIK, #KiXiZ 50%. 70%. 80%. 90%.
95%. 100% (100% ZEEfi/K 3 36), &% 10 min; REMAEEHE, 1B, H]&HEHE
VIF %) 70-80 nm. 2 J5 ] JEM-1230 T BN, KH.

2) BEHEE: £ 5dpi, /NEURREES QIR (PBS50mD, & 0.05% X
I 4% PFA JEVEE € 30 min. SEEERIBANA LS, BT 4% PFA JE[EE 3h. 7E
EENY) AT RRAC YD A, BN 50 um. PBS ¥EWk 3 i, 44U E T 30% MR
Fi7KZ1 6 he =EiRE T 4 h CEATR PBS % 5% BSA, 5% “EI1iE). PBS #ik 3 i
G, BALR R ETEHD MLKL SiERIR &R+, 4CIE 24 he RABEESS, N
A L4 nm ERRARICIIPURR 196 Pk, FRFEER. ¥k 3WE, 2% K-
i [E 52 45 min. Weik)a, BEEHETAR NG (HQ Silver Kit) 15 min. HkER N5 [H &

(1 7 P1 ) hn 100 ul 3%#kER 5 0.2 M PB 1 1: 1IRGEK, 4°CHMH 1h). LFEEH
FERRK, MIKI% 50%. 70%. 80%-. 90%. 95%. 100% (100%Z.FZfi/K 3 i),
10 min. FRERAREIE, EHOWEEAES, B, Hl&EED 4 70-80 nm, HLF
Jett, ZJGH JEM-1230 HLFRMENEE, KE.

2.5 MG BERA
Neuro2a 2 i1 % & 10% FBS 1 1% X Pif) DMEM 35773 . ¥ Neuro2a 41 it
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DL 6510 FLIEF T & i K B P B /NBUR IR 24 LR, I RcRE 3% . TR BRIF
RrgEdt, H PBS Wik 2 35, LL 6x10* PFU /500 ul DMEM #1795 8 & %% (MOI=1).
XFHRAHBEFLINAN 500 ul DMEM. 37°CHG 1 h G FF ik, IMAFTEERE R . 9%
BRI 24 h 5, WRIEESFRAE, PBS vk 3. JIN 4% PFA [H 5 30 min. UK EEE
f55 2 min. ZIRE 1he Hi MLKL &% JEV —$i % —HiliE F 2.3. H&J5H%6E
ER TSR . REL

2.6 Western-blot

HZUR A RIPEE: 5dpi, /NEUKEEG PBS (50 mi)Coif A, 15 i 41 44 5F30t
FTEIH o B2 10 pl 21NN 100 wl RIPA ZEA@W (2 EL il lin N 2 A - 7510 A
WS HI 7)), VK EZ4# 30 min, 4°C 13000 g &0 30 min, Wi FiF.

YN AR T HO3REL: Neuro2a 4B LL 2005/ FLEEF T 6 Uik, 3. 733k
AN MO B FR FR G A0, JRAEAS R RGN (] SSRGS TR
PBS ¥ki%k 3 i J5 7 /R, MEFLIIA 100 wl RIPA 2 (F LB in N & (1 B
FIFIBERR BRI, BT UK R 15 min,  GHH] TTF]5 0B 7 4 24 i
2 EP 4, UK EZ#E 15 min J5, 4°C 13000 g &> 30 min, Y4E bik.

PIFFE MR BCA R AT &, FFEATH RIPA ZARCKAE Sk B2~ i
N S EFEE MR, /K7 10 min J5 250 6000 g, 10 min. W& BiEHAT R A H
o FEM EREEN 30 png/fl. 4 12 % SDS-page [R5 (120V, 15 min; 160V, 55
min) JE#% % PVDF Jii (100 V, 1 h). 3% BSA #M4 1 h J&, W& —H (i
MLKL, pMLKL) 4°C 17, PBS Yt 3 3, 10 min/ik. BT & AN 1L — P,
i 2 he e 33, 10 min/ig, {FH Odyssey 21 7M1 5Ok Ml i 5 45

2.7 qRT-PCR
FHZURE S RNA IH2EL: RRYEAH S ARGt (8] i, /N EURRIEE, PBS (50 ml)CoJii
VEVE o R A2, B ZUAT 302 100 ul #E4T RNA $REL. HAK 5 4% 1% RNA
PR R B S AT
AHMIAE D RNA FUFREC: Eusb P s, WRFEkisedt, PBS Btk 3 i )5 77 4.
28 RNA PO B HGR G U0 AT, AFE R G RNA T3 sl F AR .
FEl RNA )5, MR KMEE R OO E MR . 5 %6l cDNA, x
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A ZN: RNAS00 pg, S5t 5x<mix 2 pl, ddHO #hE 10 ple SRigkft: 37°C
30 min, 85°C 5, 4°C hold. PAZEFS1) cDNA MR, #E47SERF 9% E & PCR, 3
AMEFL. gPCR MK Z (20 pl): SYRB taq i (2>) 10 ul, _EREFSI04% 1 pl, 5
B 1 pl, ddH20 7 pl. INFERT TG, IIFERAIE B0, BT SER PCR SUE. &
M 4&AF: 25°C 30s, 95°C 10 min, (95°C 55, 60°C 30s) 40 fE¥f, 95°C 155, 55°C 30
s, 95°C 155, 4°C hold. Z55 7 #rHf, CT fHH KN Z B -actin At

2.8 ELISA

7 5 dpi, /N BURRIE G, BRER R M IR MR T 1.5 ml EP & b, =R E 20 min
R A SREEE )5, 3000 rpm &0 20 min, e EiEBEAT ELISA 16 %1 ELISA
BRI TS EAT b i (R R S bR v R IR o AR VI ARV ot R b o
VLR A E AR C K U EEFRRF, 37°C 60 min BFE . YRR 5K, 1 min/ik,
FRE, N R EREE 15 min, 12 TERGFRS I I ODasonm {H.»
AR 225 1 R A o T 2 T B LR R DUARE SR P

3. 48

3.1 RIHI& JEV, R JE /)RR
£ JEV KEY 3G HEE B0k G, R 2B RS II E JEV 5 151 4,

Z309: 4x108 PFU/mI (& 1-1-A). MLKL"5 MLKL"/NR 238 5 740/ SRR B4
41 DNA BT AR E, 3748 MLKL &R R OLE 1-1-B). B4R/ %R AE H
5x107 PFU/200 pl 77 & M8 s iE4F JEV, 7E 5 dpi BUNZHZAHEAT s e e ke, 5 PBS
XFRRALARLL, JEV RGN R B B WAk Euot (LK 1-1-C), 1Fsk JE
BERR AT . HF HBEAE JEV Yy, M ZI P 3 B SRE R TNF-a 3KIA %
s (LK 1-1E) 5 ks — 3.
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TNF-a
1454

125+ T

105+
85-
65+
454
25

relative mRNA level to control

B 1-1 HRERENE, MLKL/MRK JEV BRI 5
Fig. 1-1 Virus titration, MLKL" mice identifition and construction of JE models.
(A) RRIRGF R PSR NEIEVIHEL; (B) HZIDNALPCRIZERHIKEE, Wl K&
T~ BAER 4+ (C) MNHZTIT HIEVHUR G, PBS: XIR4L; JEV: JWEpRAA: (D)MEH
JEVIERYL, MHANTNF-aRIEIZHHE N (n=3),
3.2 JEV ByVNRAER Y, KEMZYH KA
BEAER FUUESE JEV RG] i RS At Tt nT i o 2 0 OB 5] R e 4
TCHET . 1E JEV AL T g PR g R IR E IR SEIE A AE . A T il AR SR 7
SLH JE B B BAFEM A MEIRIE, TATHEAT PG AGL O AR . 45 R K
L, 1€ 5dpi, JEV KGN Z Pl Qe fHYESH IS W] 2 T 2 (L] 1-2A,
B). MM EIR, JEV ERILAHIMi4H i n] 2 RSRIER I Jetum s, Zokifk
KIS AR A LI 1-2C).

A DAPI Pl Merge B
20+ —

PBS 154 T

2

o

< 10

(]

o

o

(¢ ]
1
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C BS _ JEV , JEV2

Bl 1-2 JEV BIV PN EAE Y, REMHZHHIFE

Fig. 1-2 Nerve cells undergo necrosis during JE in mice model

(A) The representative images of Pl staining of brain sections from PBS or JEV administrated mice
(200x9). (B) The intensity of PI positively stained cells of each group were analyzed with Image J. (Data
represents mean £ SEM. PBS = 2, JEV = 3; 3 sections per mouse, 5 fields per section, **P < 0.01).
(C) Micrographs of normal and JEV infected mouse brain cells. In PBS group, the morphology of brain
cells. In JEV infected mice, most of brain cells showed classical necrotic morphology with clumps of

chromatin, swollen mitochondria and plasma membrane disintegration (PBS = 1, JEV = 2).

3.3 MLKL - SHMREFERIES S JE KR W

T 7 PSRBT R A SR R IR — FT 4 IR S8 77 30, pMLKL SRR FP IR SE )
PAT 73T MLKL BEER A5 T HAS 22 40 B IS0 S A RS ) e o DA E SIE R P MR
B2 JEV YT E SR MEIALE, JATRI 1/ R H 2 MLKL i3RIk
T . M2 e 4 B R, JEV B 2E i 2 23 40 i J 5 [X. MILKL (0,1 2,
1%t HEZH MLKL Bt AN (] 1-3A) 0 Ho U 7R JEV IR G2 i 200 Mt ff o3 X 4>
Wik AR HA AR Aiass (B 1-3B), #2278 MLKL A5 3 F 55 E 4 i/
SS9 A A FR P A BE  Western-blot 25 BEIESE, JEV B GR2H ik 2H 4 MLKL 22 pMLKL
RIEAKTPHESTXRA (K 1-3C). FI, JEV BEYAMmAL MLKL 1) mRNA
A i T ARG (1A 1-3D), 1 H MLKL ) mRNA ik 7K LE I ARE IR
7 /N R AP RA T i (B 1-3B). AT LA, JE BB HAELE MLKL /51
FEFP AL .
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Fig. 1-3 MLKL Mediated Necroptosis Is Involved in JE
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(A) The immunochemistry of MLKL in the brain sections of PBS or JEV administered mice (x400). (B)
Immuno-electron microscopic study of MLKL. The right panels show magnified regions of the boxed
areas. Arrows showed the membrane localization of MLKL. (C) Western-blotting (upper) and
quantitation (down) of protein MLKL and pMLKL in PBS or JEV administrated group. (PBS = 2, JEV
=6, *P <0.05). (D) The relative level of MRNA MLKL in PBS or JEV treated mice brain via gRT-PCR
at 5 dpi. The data represents the relative mRNA level normalized with B -actin (PBS = 4, JEV = 8). (E)
The level of mMRNA MLKL was higher in mice with severe clinical symptoms in wild mice (control

n=3, mildn=3, severen=3) .

3.4 JEV B FERFHEFEAR IR REAMETT

REMEICHIGET R JE MEZREBG 2 —. NIRRT R AT
MG, 1E 5dpi, BEATMEZHZIEUM AT MLKL 5 NeuN (R TehrED 1) MWMs. 45
RS IRTFE I MLKL 2235 B £ 78 NeuN FH R4, BRI ZH 20 P 40 B A P SR A0
FEEAEEMZIE (K 1-4A), [, JEV A MLKL W HE7R, MLKL #5820k
FERAT IEV VR4 (B 1-4B). XEoR JEV Al RES FHE 0+ MLKL )%
ik, HEI S B TR

DAPI MLKL NeuN Merge

A

B DAPI MLKL Merge

E 1-4 JEV BYLFE SRR FHERE R BE R EEMETT

Fig. 1-4 Necroptosis of Neurons after JEV Infection

(A)Double-immunostaining of MLKL (green) and NeuN (red) in JEV infected mice. The results were
acquired by confocal laser scanning microscope. (B) Double-immunostaining of MLKL (green) and
JEV (red) in JEV infected mice.
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3.5 MLKL Rt 5 JEV BREFIEM xR

IR JEV YRS MLKL ik LAEFHIRSERIRAE, AT T
ANTFLI B30 B AIAS [R] B Gt [A]5%6) T- MLKL Rk P52, & JEV i TR FPER
FEEBIRETMEAIC, TATRFAME BE AR A &R Neuro2a 40 {E Ayt £ oAl
BEAT RSN SRS . X IRALAREL, JEV &Z: Neuro2a J5 MLKL FIAHIETHE, [Fm
MLKL ik F 2R A LE JEV B (K] 1-5A), 5MAZRHL MLKL 5 JEV XU
gt R—%, LLIEV MOI=1 &% Neuro2a 4iffl)5, fEi&4ef5 12, 24, 48h i1
TE o G RLEIR, JEV $5 UUERE IR YLt A] SE KB TR 0, [F] I MLKL, TNF-a 1) mRNA
KRB (K 1-5B). WB R E7R, 40y MLKL 1 pMLKL ik 7K
BTN (B 1-5D) o LIASIFEIH MOI /& %+ Neuro2a 41l 24h J5, B MOI {H[¥1H
I, RS LEOE N, MLKL, TNF-o [f] mRNA K800 (B 1-5C), R 408E A
MLKL & pMLKL 3RIA 7Kt [l fps 75 8 Ge 77 S G o 38 m (& 1-5BD . X i B

DAPI MLKL JEV

JEV AR FEFZ SR N MLKL 23 K A2 e R FE ) R A
Merge
A
control
JEV ....
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JEV 24h
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w 4
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& 1-5. MLKL R85 JEV BAFIEFHR
Fig. 1-5 The Expression of MLKL Is Upregulated in Neurons Infected with JEV

(A) Double-immunostaining of MLKL (green) and JEV (red) in Neuro2a cells treated with DMEM (top)
and infected with JEV MOI = 1, 24 h (bottom). (B) Neuro2a cells were infected with JEV at MOI = 1.

And 12, 24, 48 h later, cells were collected for RNA extraction and the viral copies and level of mRNA
MLKL, TNF-a were tested through gRT-PCR. (C) Neuro2a cells were infected with JEV at MOI = 0.1,

1, 5 respectively. And 24 h later, cells were collected for RNA extraction and the viral copies and level

of mMRNA MLKL, TNF-a were tested through gRT-PCR. (D) Neuro2a cells were infected with JEV at

MOI = 1. And 12, 24, 48 h later, cells were collected for total protein extraction and MLKL and

pPMLKL were tested through western-blot. (E) Neuro2a cells were infected with JEV at MOl =0.1, 1,5

respectively. And 24 h later, cells were collected for total protein extraction and MLKL and pMLKL

were tested through western-blot. The data represents the mean = SEM for 3 independent

experiments, *P < 0.05, **P <0.01, ***P < 0.001 and ****P < 0.0001

3.6 FXER MLKL JRZ% JE i

NIRZE MLKL £ JE BERE T MER], FRATRAH MLKL fif 55 B AR 7Y /)N B A 2
JEV YRR . Al E R TS, BRIOSR/AD AR, 17 8% 0P (L3R 1-3) &t
THERL . 4R EIR, JEV Y MLKL/NRS WT /NRARFET R R E Z 5,
{H MLKL /N R EE TR E . RIS 1] B AT R 2R IR A WT /NRZE MR . x4
N, R JEV RGN RARA T, R MLKL A 42f# JE BRI kR .
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R 1-3 1T REWS Ik

Table 1-3 the scoring criteria of behavior
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Fig. 1-6 MLKL Deleted Mice Show Alleviated Progression of JE

(A) The weight of each mouse was measured and recorded at 16: 30-17: 00 (the data represents the
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mean £SD). (B) The behavior score was recorded twice every day according to the scoring criteria. (C)
The death and survival of mice in each group was recorded and the data was analyzed and shown as
Kaplan—Meier survival curves. The body weight, behavior scores and survival rate were recorded daily
from 0 dpi to 23 dpi when the survivals were completely stable (WT =12, MLKL " = 16).

3.7 JE A RHB MLKL "] 3/b KRER T RIEKF

U AR SR L JE BEBOR B DAMPS, J5 & TGS N E RE R B . A
PRZR JEV G MLKL/INERAD W /) B 41 ] 1t 0 i 26 23 o 90 R 7 3R I /K P AR
1, FRATEE 5 dpi Kl 17 2 Fh 4RE R RIA I ML 5 WT /NERAREL, MLKL /MR
I3E H IL-1B+ CCL-2+ IFN-y 7K F- B & PR, TNF-o [P 3 7Kt BB (B 1-7A);
MLKL" /U202 % TNF-a. IL-1B. CCL-2. IFN-y Rik/KFRK, BAH G+
Mo IXFLIR, 1EJEV YR, MLKL/N R 2BARK T RRER FRIE, XA6E
FE JEV YL G MLKL /N R 58t R i WT /N REB R EE . [N, AR50 R
FOIE NN TIRFE G R RE 0, FRAT TR I T R 2 A o e DL, R I s o
5K, MA/NRIAREREIFLEEER (K 1-7C). B MLKL ffk BH W 7 1 50
BUJG 5 5 RIFA R 4E S T B S BUwR Ry 3 . gt —2, Sl o &
FEAL JEV YR, R 2. 4. 6 K%, FRATEI T P4/ BN AR R
RIULI P 225 (B 1-7D). #, 7F JEV BN RRIR AT It i+,
BELEST MLKL A5 R 5 P VR SEAN 22 51 RS I PR 53 10 K s 3 5

A IL-1B o CCL-2
25+ T a— 600+ $
n
20 " I
4004 -
- 154 = v » n vlv
(=]
c v o
10 v
= 200 b
5_ A/
v
0l —wme— —aa— 7 3 0- 5 = e,
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Fig.1-7 MLKL Deleted Mice Show Decreased Inflammatory Cytokines during JEV Infection

(A) The level of IL-1B, CCL-2, IFN-y, TNF-a in the serum of WT or MLKL ™" mice was detected by
ELISA assay kit (WT-PBS = 2, MLKL7-PBS = 2, WT-JEV = 9, MLKL"-PBS = 9). (B) The
expression of IL-1B, CCL-2, IFN-y, TNF-a in the brain of WT or MLKL ™ mice was detected by
gRT-PCR (WT-PBS = 2, MLKL ""-PBS = 2, WT-JEV =9, MLKL""-PBS = 9, *P < 0.05, ***P <0.001).
(C) The relative viral load in the brain of WT or MLKL " mice were detected by qRT-PCR at 5 dpi
after administration with JEV 5x107PFU/20g in 200ul PBS intraperitoneally. (WT-JEV=9,
MLKL-JEV=9). (D) At 2, 4, 6 dpi, the relative viral load in the brains of WT or MLKL '~ mice by
qRT-PCR after injection 50 PFU JEV into the brains. (2dpi WT-JEV=4, MLKL "-JEV=4; 4 dpi
WT-JEV=4, MLKL "-JEV=4; 6dpi WT-JEV=6, MLKL /-JEV=7).

4. g

7E JEV BGudFE, A TuHIAET AN A FR G0 AORE 1R 177 A 1 FE 1 O Bk A
o A EESBONATIIBET, TR RIS ) O SN AR A )4 5] 2 4 T
RIZET . dHMIE T H R 2 5 JEV BG4 M B A8 T, BELBr I T2 A0 5 R 1R
AERTTE— B R RO R, (HIEANRE SE A S AT . KRR
R RSN AEAE y— i mT 2 R4 R 4607 KNS 5 2 5l CNS Bl i)k 42, T HAE JE
HE A B OB . pMLKL 2R P RS PAT 70 1o Aseihrh, RATH
UGIESE MLKL M-SR F RS 5 JE RN, H MLKL £E&ES5 JEV &
/N AR I AR (7 SRR ARG . I A MLKL @bk R JEV By,
BATRIL, 72 BV BY)a, REGEAERNRML, MLKL/NR A AT
Tos O, H JE (R kR LI S AE S BB R AR . JE JB TIRIKRUE, A
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SR PR 3t JE T R L3R 97 AR A 4 EURR ) o DAL A R e 1 R AEAE. JE H IR B
HARMLEI 0 A 5 2

2 Pl A% ] BOE A0 MR P IR TE, HATAR ST 2 B8 TNF/ TNFR/ RIPK1/
RIPK3/ MLKL & &% RIPK1 JE{K#6i 1% DA/ RIPK3/ MLKL fi. MLKL @1k f5 %
F 2 BEA,  ER A RO 2 R B A PR RS T A B b, S TE K S R ) T e 1 L

TE A 200 B o A 224 E R, R MRS AR R I vk 4 SR R SR BT 4

SRR MLKL £IA . pMLKL £IA/KF4%, i, pMLKL 2 FIHERIER A1
PR UL RS, FRATTIE I EB A I 4 R PR AR A IR SR JEV R
(RIA0G 9% FR A7 AE AN AR B S8 I Gl LB AS U BITE JEV BG4 41 MLKL ¥4
JESEEE: [RI, AR AMSEESIESEAE JEV G FE H MLKL & pMLKL B2k 380 .
HI GRS JEV IR YL 1T 5 T 00 48 T R AR AR 7 AR BE

T3 B (A R AR AR PR SR GRS, AR B 008 BEAUREL PR 2 26 71 2 20 19 S e
TS0, DR G A B RS 5 1 SR BEAE — e R FE b nT BRI 25 B35 58« 49 e HSV-1. 1AV
JEGLE AR, BRI P IR BE SR RE AR SR S S AT AR I SE T2 5%, A AT {2 19 25 1)
S0 120, GRTT, ARSI, 7E AV Y B, R MR PR B
SEREFE e A A 5, 5 A R 40 S A0 B 1 DK R SR BE T 5] A 2 )
S, I LGRS, BE R P DR B T 4 g 2H 2 s A ke 11281, TR
TETREE B P, DA TR PRAE 5 R SEAE iR 7 F-BiT, o] P4 9 R S
AU BRI IE 2 (MK R — N BB RE M 8. Kuriakose 25f)kiE, 76 1AV YLt
FErp, TERRYLISEE 6 K, FRFPEIRBERENT 1 /0N BT 2H 23 N s B 30 A 8 i i T B4R
RN R E S AR KB B AR N R TAV 75 S B R e e T8, e 3R
M SERE FE R, 6 JEV B, 5 WT /ANRAIME, MLKL /N2 b 5 0E
KoK R B, AR AR R0, AL/ RN N R SR B E A & 2 57

ST TN R, AR PEIRGE 0 R A R A 200 5K P A AR R 4 L P A R T
AU TN, AR A AR T R T /M, AR B AT 2 B A SRR T AR
RATEFIERILE RO DAMPs, 7K™ 5 [ 40 024, JuLAE CNS,
DAMPs [ 4 S IRl (R REJSCAT 72 A ™ I A 2 B e D29l DAMPs RSSO 3E— 200
AN 5T A R TBOK B2 P 9 RE R FEAL IR 7, 7T 3230 BBB FRIBRIR 1 98 i 4H P 1)
R, MMERRERRL, BB FWAETTHISET, TR i GG IR, S
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P AR F 24 ) R P PR BRI R A m U 2 R S R A, B U AR AR A
Z RPEREASE CNS B, FEWTMRE P R A0 f5 I 2% T ittt e . JEV K
e 5| L M R AERIT R JE KA SR T E R R, T AN A2 005 B A B 1) B3R
Fio BRIk, 0 20 RN 2 JE 97 TR ocHE . ATSERRI, 5 WT /NRAH
b, MLKL/NERILIE S IL-1B. CCL-2+ IFN-y. TNF-a Fi5/KF AL, i H MLKL™
INEHZR TNF-a. IL-1p. CCL-2. IFN-y &K PFHHBIRME. sTLEE, 7
JEV % 5| S 11 i 48 m BEL T 4 AR 15 PR IR B0 I D % ¥ o R AR 5 B4R 980 IR /KT
TRHAEVIRR. 1 JEV RIS YEAL, TNF-o 2 EZ I RIEN T2 —,
TNF-o 1K & AE WA E JE it ke Rk #5 B2 E DO, R K, TNF-a
G MFE P ERENE T T2, #£ JE 1, TNF-o IR BES 55T MLKL
T RRA AN A AR 5 R RSB A o TR RIS R AT DL JEV IR LT S8 MLKL 1%
SFIB AT, A MLKL SRIA T 1 4R R A T JEV BRI £ TG .
FRATTHEN] JEV BRI A G AT RE(E 1 MLKL (3RIE, T A PR 25 1 TNF-o 55 07T g 2
5 J53) MLKL 18R AR 7 IR FE AT o b PR K 237 RN LTI E R 7T 2
H

LA BRI, BFPHIRIESYE JEV BTSN & o L R RGES G . B
MLKL A5 (2 PP PSR A0 T BRI JEV B 98 E IR /K P AR itk e o DAL,
TIRE P IR FE W] A A JE VAT HH RS 2 — .
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% =34 MSC #4797 JE 893 8 B4
#FiT

MSC & —28 B B G HIRE IR 2 7 4008 B BT 41 . MSC BAFL 58K
() G028 YA 15 T BEAE 22 R G P 0 1 9 RE M 3 R R FEA VR YTV FH - MSC B B i)
L DIEE, W% BBB B#EA CNS JFEL i CNS i R4 G T R . fEZ Tl
CNS JR AR, FEAE I MSC RIHME/NR BT I BEVE AL, T TR ) M2 1)
W P2 TGF-B, TSG-6 S5 B2 (M 4R S B, e M oA SR 2l — R 51 ol
ZEFRNT, A RGNHEEBEMHETARN S RS @4
VEGF, Angl %#$¢& BBB [ 58 - @ i =4 TIMP3 &40 BBB (I i fE
R 0 S B JE (I EEEUR RN, 3T MSC BIZEYI#Thfg, MSC Xt T JE B 1)
IR FMEAHRTS o TEARR 200, BATHE JEV YN, JEFERYE5 1,
3 KT MSC #4t. MSC BAliRITAL, /INRIVAEGFRE S, SIERIZM. [F,
B VETT 4/ BN AL SN B B A S AL RS, MR A RN, BBB SE iR &
I ELIG P B T P4, UESE MSC T JE /N BRBERL IR T RN . AR 43 S e AR
A SR, B JE HITR YT AR B e S0 AL

1 8

1.1 SEIERIY R 4RRa
BALB/c /N (M, 4-6 J&, 8-10 J&) W H LI ls.
R /NBETT AN 22 NO FI 22 KR 4T 83 41 il 22 Neuro2a I [ ADCC.

1.2 5

1.2.1 T35

1) Kiedt: {KH DMEM (L-DMEM), RPMI-1640, =i DMEM i [H Gibco /A &l
2) IaA-LiE e 5 Gibeo A H] .

3) Pifk: W& 2-1.
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% 2-1 i Atk

Table. 2-1 Antibodies used in this experiment.
Antibodies Hosts Dilutions Sources
Anti-IBA-1 Goat IHC 1:500 Abcam England
Anti-NeuN Rabbit  IHC 1:900 Abcam England
Anti-JEV Mouse  IHC 1:100 China
Anti-Z0-1 Rabbit  IHC 1:100 Proteintech China
Anti-caspase3pl7 Rabbit ~ WB 1:1000 Millipore USA Massachusetts
Anti-BCL-2 Rabbit  WB 1:500 Proteintech China
Anti-p-actin Mouse  WB 1:1000  Proteintech China
PE-anti-CD44 Rat FCM 1:100 BD USA New Jersey
FITC-anti-Sca-1 Rat FCM 1:100 BD USA New Jersey
FITC-anti-CD45 Rat FCM 1:100 BD USA New Jersey
PE-anti-1-A/I-E Rat FCM 1:100 BD USA New Jersey
FITC-anti-CD34 Rat FCM 1:100 BD USA New Jersey
FITE-anti-F4/80 Rat FCM 1:100 Biolegend USA California
PE-anti-MR Rat FCM 1:100 Biolegend USA California
APC-anti-iNOS Rat FCM 1:100 Biolegend USA California
AF-488-anti-rabbit IgG donkey IHC1:200 Proteintech China
Cy3-anti-goat IgG donkey IHC1:200 Proteintech China
AF-488-anti-mouse IgG rabbit IHC1:200 Proteintech China
DyL.ight 800-anti-Mouse 1gG goat WB 1:10000 BD USA New Jersey
DyL.ight 680-anti-rabbit 1gG goat WB 1:10000 BD USA New Jersey

4) RGN ESCE AL R R RROIR T Al P 5 3 2 AR S | E Cyagen A FE]
5) TUNEL 7% (In Situ Cell Death Detection Kit ) 4 EH Roche 2.

6) tH s (EB) W H Sigma A+ .

7) Annexin V-FITC Apoptosis Kit ) Ff BD 7]

1.2.2 Tl
SE i G
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1.3 SLFM

Transwell 6 FLA% (3.0 pm) T H Corning A#]; Iml LEFES 8, SR ESEMH
AT
14 (UEFEHF

?Jﬁﬁé'ﬂﬂ@/ﬁ(: BD /A\a; PCR /b‘(: Roche /A\a%o

1.5 5|4

ASZIGV MW B YA B T A . A L& 2-2:
£ 2-2 515

Table 2-2 Primer sequences

JEV F: AGACAAGCAGATCAACCACCATT R: CCCTCCAATAGAGCCAAAGTCC
TNF-o F:CTGAACTTC GGG GTG ATC GGT R: ACG TGG GCTACAGGCTTGTCA
IFN-y F: GGCCATCAGCAACATAAGCGT R: TGGGTTGTTGACCTCAAACTTGGC
IFN-a, F-TCCTGAACCTCTTCACAT CAAA R: ACAGGC TTG CAG GTCATT GAG
IFN-B F: CTCCACCACAGCCCTCTC R: CATCTTCTCCGTCATCTCCATAG
TGF-B F: ATCCTCAAGTTGCACCCTTATCT R: AAAGAGCCTTCGGTGGATTGC
TSG-6 F: GGCTGGCAGATACAAGCTCA R: TCAAATTCACATACGGCCTTGG
iNOS F: CCCTTCAATGGTTGGTACATGG R: ACATTGATCTCCGTGACAGCC
CD86 F: TTGTGTGTGTTCTGGAAACGGAG R: AACTTAGAGGCTGTTGCTGGG
CD206 F: TCTTTGCCTTTCCCAGTCTCC R: TGACACCCAGCGGAATTTC
Argl F: GAACACGGCAGTGGCTTTAAC R: TGCTTAGCTCTGTCTGCTTTGC
CCL-2 F: CAAGAAGGAATG GGT CCAGA R: GCT GAAGAC CTTAGG GCAGA
B-Actin  F: TGACGGGGTCACCCACACTG R: AAGCTGTAGCCGCGCTCGGT
2. B
2.1 MSC HI BIEFEE
A. MSC 3B #53%

K A B BN EEYE 7 B8 MSC. B 56K FH SIUHE i VR AL 28 BALB/C /)N B (e, 4~6

Ji), 75% F5IRHIHEE 5
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E#AE), ET PBS . REBTLEHE, A 10% FBS 1 1% X(#iH L-DMEM
MEEEERE KA. HREIRECEE4IREISL, L1000 rpm 5 min B0 )5, HE4
FEYTIE AT T25 4Uiss 9, 37°C 4IMRMEAEIEFR. 24 h J54&fal, LUES 3
KA — 0o Fre M B 1k 95% A A7 JEAT R AL A2 XI55, HLEE 5~8 1R4H it
T8 E I T IR 2Rk,

B. MSC R4 T% &

RS SRR IE , A1 FH 7 R0 ML A 20 B MSC 40t 2 1 (14 BH 235 20 T CK T 95%)
CD44. Sca-1; MMERIXST (/NF 5%) CD45. CD34 il I-A/I-E. MSC 2 F ¥k
W (5 2% FBS {1 PBS) Wik 2 )5, DL 100 wl Yok B4y, SE A 1 ul MM
HARPUA, 4CHEE 40 min. BEEk 2385, LA 550 pl Piil B &40 2 40 i it Jg
Je RS

C. HobEE:

a) PRAMREBITAEME: F SO IR AR JEREREIRIE 35 mI, BAZEIMIE 4 ml,
WP 400 pl, BEBEE 400 ul, JHEEE 80 ul, IBMX 40 ul, FHEHIER 40 ul, HbZEXK
FA 40 pl; B AREFRAE B B 7R 35 ml, G4RIfE 4 ml, XL 400 pl,
BRI 400 ul, 52 80 pl. HUER 8 4% MSC DL 2x10° £ F 6 LR, % 15 100%
PAEJEFEBIHE IR A BEFL 2 ml, %5 3 KJaHk B i 2 ml 1535 24 h,
Helal AEIT R, B S UG, SR B (5 3 RIBD 4ERr 7 K. AL
M AR RAR R . RFFREFREE, PBS Wik 335, NN 4%PFA [E & 30 min, PBS ¥
Y 235, IANTHZL O Jeiidett 30 min, VR G Ml 5 i 2R & .

b) BUEHMEESF: SR AR FREE 35 ml, R4EIIE 4 ml, XL 400 ul,
B A 400 pl, PLIRIMER 80 ul, B-H IHBHEREN 80 ul, HbZEKAL 4 ul. 55 8 418 MSC
DL 2x10° %70 T 6 FLAR, 4B A 60-70% I, WRFRMEIHREFRIE, MATE S8
Soml, CUSH 3 R, T 3 AL, WIERFREE, PBS Yk 3 )5, 4% PFA
[ & 30 min. BFLIIATERZ 1ml, /EH 5Smin &, WYUK, PBS ¥k 3 )5,
=P RAT GRS

C) FERREBHMIES: F R, R 104 ml, HZEKRA 2 ul, HUIRIMER
60 ul, 1TS 200 pl, PIEAEEEN 20 ul, FRZER 20 pl, 1 AT#% 100:1 fi N TGF-B3.
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£ 8 MSC, & fa, HEH S FRAEESMM, % 2x<10"/ml, L5 ul 1
PO 24 FLBURES, BFLL 3-5 MRIH, TRONGEMIEE =46 HF## B 20 30 min 5, #
FIONL) 1 ml TR0, R AR . B 3 R, 7T WAR M 2 HPIRA K.
F IR 3 . WIFRGIREL, BV 205, I 4% PFA [E % 30 min, ¥Eik
3 S, ANFH AR AL 30 min, BRI S HE B T WSS

2.2 JEV EEGE K MSC B

JEV RERUREE [F) 55— & 43« B 5~8 X MSC il 4 I B8, 2500 J 4B e
PBS &, i 200 H €M il 4 i B B, BRI B IR FE 2 5<105/200 ul.
KNI A, fFAH 18 K, FEIHA R FFIKES 200 pl AMETR, X HH R
JKiEST 200 wl PBS. FEAE N 2 REAT, 43 4E 1. 3 dpi ZEATAMREAE .

2.3 HLAFHN

A. HE ¥

AN BRPRIE J EVE . I INZEZN, R 4% PFA [E5E 4 h, 2 )5 bR DT BUIR 2 4
BOEFRARERE— BB € WK, NEATAY . % NPT HE Jeth. ai—
FROR M, VRS — R, BEFEIEAS 5, IR ARG G2y 15 min, HR/K e fEy)
FARWE (Z515min), #REVELREREIK, 0.5% L ZRERAE Y 2 min i4i. &
JE TR GRSk 2 RGO, 32D BiKE WG F i A e A7 o 63500 B st
TUERE.

B. MZAZH TUNEL ¥

ffH In Situ Cell Death Detection Kit, 50 ul Enzyme solution 5 450 pl Lable
solution R &3 51 BLH B TAEWR . MEZHEZ30) /4% PFA [ %2 30 min, PBS ¥tk 3 &
&, BT, BANHEHLUR R 50 W TARM: B3R 50 pl lable solution 1 9B X}
. 37TCEOLIEE 1 h, PBS Wilk 3. JFH DAPI AT R4l RZ Jm dEAT B, ZO6 R
B MR A .

C. HAREIRN
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A. Transwell #£3&5%

Neuro2a 21 L 2>105/FL 4 F0F transwell 6 LA %, MSC LA 1<10%/FL#EF
T EE, RS . JEV L MOI=1 /&4 Neuro2a ZHffl (D IRFIEE &
), W Lh S, WEFIRREE LG, INETERE IR, IR BRI MSC 1)
A A A B IR B BT LR 3R . 48h 5, > BRI T % Neuro2a 1 HAETE
RIREE; VAR FE MSC BT 01 (TGF-B, TSG6) FKik/KF-.

B. BAEH

Neuro2a 4fifl 5 MSC VR &85 7% 4 Neuro2a 4B LL 2x10° B8 T 6 FLIR, MSC
TG IS DMEM 15338 B RS, LA 10 5 B6 R AU4TE (200-2>10%) 4r 5
Fik 6 FLiR . MREEFEE, LA MOI=1 BT Rk YY, 48 h EUREANN, A
DML FIN, K Neuro2a i LA 210 70 6 FLA, MSC LA 2 5 Y i
DMEM #5732k E 8 )5, DL 2>10* 7l Bid 6 FLbkd, BHraRid &5l MOI=0.1
TRYLANM, RS 24, 48, 72, 96 h WdENM, $REXRNA J5HI JEV RNA Kik
KF.

N9 41l 5 MSC IR & 15 7%: ¥ N9 4Affi LA 2>10° £FhT- 6 FLiR, 73 minA 210
MSC. & }E7E/E, LA MOI=5 #H4T JEV J& s, 48 h JGUCEE4ni, i =Nan B A I
NO ZH AR AR B 224k

2.5 FAEEAR

A. N9 4 HatR A RS R 3 =X 4H AR

WA G ek 2 i, DL 100 pl PR EE S, I FITC-anti-F4/80,
PE-anti-MR (CD206) §iif& % 1 ul, 4°C ¥ & 40 min. BE¥% 3, 5min/iE. FiIINE
B 1 ml/%, 5 min/?%, 1000 rpm 250> 3 K. 2R MA APC-anti-iNOS $iffk, 4°C i
A 40 min, Pk 35 H 600 pl Yy EE, JEMILIEE AU .
B. N4

7E 6 dpi, S/ RAHER FIALSEIS, 7% R IR TE 5 min. LM N B
MiZH2, 3T 200 H4HAGHERI I 2 10% FBS (1) 1640 15 7230 5%, U AE 4 &
W, Yevk 285, AXF N9 AL K EALIE
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C. Annexin-V/P| ¥,

Sz £E Neuro2a 40 il i , ek 2 3. 100 pl 1 X Binding Buffer £ . Annexin V-FITC
5ul, PLESE S pl, YRS, &, FiR<M 15 min. Pk L 550 pl Sl B &5
BRI

2.6 [0 B 57 BE 81 E M4

/NBRE I TRV ST 2% EB VAW 400 wl, 1h J5 2% JREELZFREE, 100 ml PBS i
JEREE . RN, WA EsM IR, BN EB B ISR E
JEHI 1 ml PBS 78435132 JE N 1 ml 100% TCA 78438 %] (KT 2 min), 2R )5 4°C
& 30 min, 6000 rpm B0 30 min, YL BiE, AL E _FiE ODeonm. LATH
Bt EB B BEWOG B prdE i 2, DL H G ZH 2 EB & & ng/g-

2.7 gRT-PCR

W — o7

2.8 Western-blot

LA —H5Y
3. &R

3.1 MSC W7 B R

K FH A BENG BEVE 0y B 9% MSC, &I Sl bk % R NG BEAT I, 12815 244l
[¥] MSC. 5 5-8 k. MSC IR — MR, 45 I 4H i 25 AL HE 51 mT 2 IEHIR ¢
2-1A) . TN A AAS I FLBH A5 7 4> F Sca-1. CD44 BHHEZHE KT 95% (& 2-1B);
bR & 507 CD34. CD45. I-A/I-E BHPEZR/NT 5% (] 2-1C), HFF& T4 %
SERRE . RAME FIEFRWAE MSC A R lE i B A iR aRE 4a i (&l 2-1D).
XA I & T A A AR HER) MSC.
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1204

CD44s Sca-1+
97.5% 901 96.2%

60+

30 4

100 ]
80 80
CD34+ 60 FALE + 60 1.29%
40 40

20 20

Adipogenesis '\ 7 -~ Ml Osteogenesis

Bl 2-1 MSC R 2> F45 & R AMURFHER S 2

Fig. 2-1 Characterization of mouse MSC

(A) The typical spindle-shape morphology of MSC. (B), (C), Analysis of the surface makers on MSC
by flow cytometry. (D).Differentiation of MSC into adipocytes, osteocytes and chondrocytes

3.2 MSC BHE &M JE MiEHRE, BRI

TE 22 T 240 B A3 R R 5 A2 1) RREAR 5 h . MSC B AT R A R 9 )R N JE
LR X A2 22 G 1) S i I SR 32 B . A ER MSC o JE Rt i e ROAE, AT
PEE T JEV B AR, JEAE 1. 3 dpi A BIHHT R E K MSC. 2GR R
T ALK E N RIAT NS RER RIET %, S5 REoR, KT MSC #HE
(¥ JEV JEYINR, TERRIL S 58 = R UE IR R I WAL R I, IS, RE TR
B, SEENREATENIR G, FAEAE, WedE, IS RORER, s E R
1M MSC BAEHE DML FIR ™ ERI, KN HIEE TR, BEREREAR
BE— BT B ETIKE (K] 2-2). XIRIRAE JE INRAR RS, MSC M HE n] 2 15
kR IR T %

-59-



FOFEXFALFLAX
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Days post infection

& 2-2 MSC B JE miEitRE, BRIRLTEH
Fig. 2-2MSC treatment protects mice from JEV infection-induced lethality

(A) The weight of the mice in each group was recorded between 16:30-17:00 daily for 22 days until all
the groups were completely stable (PBS=7, JEV=18, JEV+MSC=18). (B) The behavior scores were
monitored and recorded twice a day according to the scoring criteria; the data are presented as the mean
+95% CI. (C) The death and survival of the mice were recorded every day and then analyzed and

presented as Kaplan—Meier survival curves.

3.3 MSC Bk JEV B PR K RE K BL

DRI MSC #8455 AR RS R 4 I 20 2R 9 S0 3 1) 22 7, 49 ) TR J5 28 6. 10,
22 REUMATHLZ HE Jeth. 1£ 6. 10 dpi, AFRAEAL I H B B0 JORE OB, A4
JEE S MR . MR HRRAMIRNE KB A IS . MSC A 2H 58 I [ B
R, KRR MEENREM. &b . 22 dpi, FiEDNR
JE SERGEMFEL W e, ML ZIRAE IR IR (WL 2-3A, B, C). HITESE 6 K52
10 RIGHL K AEREEARLL, HAESE 6 K MSC B4 5 AERS AL 46 Y BUAS[F] (11l
IR, WERAES 6 RATH LI BT RAE 53 7 RIS E . W, 7E 6 dpi
i 2HL 2K = B JORE R 1 Rk KP4 CCL-2. TNF-a. IFN-y £E JEV BGe2H I B T+,
ifi MSC F& A8 21 (1) 9 5E K TR IAAKCF F B (LK 2-3D) . fEMRAM LR FR 52564, MSC
5 JEV E¥: Neuro2a 4S5 3% )5, MSC 415K F TSG-6. TGF- B Fik/K
SRR TR (L 2-3E), $7~ MSC RE it 433 S M 431 SR iR JE 1) S IE B3 -
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PBS

JEV

10dpi
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JEV

22dpi

JEV+MSC

-61-



FOFEXFALFLAX

CCL-2 TNF-o IFN-y
c * ] . £ .
E15 .l—l «5 0.020 3 0.010 —
: 4 d ?
; o 0015 ? 0.008 .
310 T 3
g s 2 0,006
iﬁ = 0010 _{_ ﬁ
0.004 {—
EO.S : aard E [] E
S E 0.005 n E
s ° . g 0.002 ..
s k=4 £ A
Z00 - " 3 0.000L—ee . = 2 0,000l —ee : R
2 A 9 = >
& ¥ & & ¥ « & ¥ &
&
¢ ¢ ¢
E TSG-6 TGF4

relative mRNA level to f3-actin

& 2-3 MSC B JEV BYHE S M RS
Fig. 2-3 MSC transplantation attenuates the JEV-induced inflammation in mouse brain

(A) Severe meningitis in JEV-infected mice as indicated by arrows at 6, 10 dpi and disappeared at 22
dpi. (B) Perivascular cuffing with inflammatory cell infiltration. (C) Representative neurons as
indicated by arrows (PBS=3, JEV=6, JEV+MSC=6). (D) The expression of the inflammatory cytokines
TNF-a, IFN-y, and CCL-2 in the brains from JEV-infected mice and the MSC treatment group at 6 dpi
(PBS=2, JEV=5, JEV+MSC=5). (E) The expression of TSG-6 and TGF-f in MSC was increased when
cocultured with JEV-infected Neuro2a cells via transwells (1. MSC; 2. MSC cocultured with

JEV-infected Neuro2a cells. The data represent the mean =SEM for 3 independent experiments).

3.4 MSC Fl /B 40 ML )5S BETEAL IR IRIE . M1 [ M2 IRALIRZS
ZINFRE 5T 4 P 3o P AN A JE R 99 O i L 4 S RE AR5 [ R B R IR . — o S

MSC Bt )5 JEV G/ BRI ZH 231 2 KT B SRR, I BRATTE— 2B Rl N R
JR 20 M PRV RS o 45 R R, JEV IR G JE I ZH 27 IBA-1 (MBS BT 40 B Abs 543 F)
(2RI AT AEIERSAE AL B8N, T HAE MSC B P RIEAKTF M (B 4-1A),
IR, 3 R0 AAS I % B R A 2H A 20 2 FA/80% INOS* i B Ll 3 i, 38R
JEV G AT N i o 40 S A O SR 42 e ML AR, T MSC R 48 G M1 B Ak sk
b (E 4-1B). iX#7x MSC 8 T #If /MR BT 4e il M1 395 A Ab .

CVF SCHRRIE MSC A5/ M R A B AR A, 55/ NI RAE M B ML B (£
LAY, fE#%Y, CD86TINOS™) [ M2 BY (REXFIEHAAL, #REAL, Argl* MR") #4k.
M IRA B ARS8, 3 RR MSC X JEV R 45 S 1R /N S5 40 3 AL 2 78

\
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FEEER . ¥ MSC S/NERANALL 1: 10 IBAH:FE, LL MOI=5 &4t JEV, 48h
JEUEE AT IR G . 45 R EBIR, 5 MSC R A 157741 F4/80 MR 4 A LL 1 14 im
i FA/80*INOS* 4B LL BNk /b . A, 5 MSC JR&H57#41 N9 4ifg CD86 Al iNOS
FILAKCFB#E, 1 Argl A1 MR (CD206) FiA/KF L, XE/REERER:HE,
MSC R 845 N9 4iiffaa) M2 BIARAL.

A DAPI IBA-1 Merge

PBS
IBA-1
JEV 15+
g
2
‘v 10
<
(]
T
8 sl
¥
s
<
JEV+MS &
0
PR Y Q 01 Q2 Q1 Q2
347% 0.263% 1.65% 1.53% J0.809% 0.378%
10° 4 )
(&)
[
=12
1074 ‘ 4
» =
o
p=2
03 03 (o]
1.04% 1.53% 0.978%
: Y. 3 L
10 10 107 10 10 10
FL1-H: FITC FL1-H:FITC FL1-H: FITC "

F4/80
2.0+

-
(%]
1

rate of F4/80*iNOS* (%)
o

05{ T~
0.0 T
&
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ample Name . ample Name
/‘ A NS-MSC-JEV.001 { N9-MSC-JEV.001
| 1 NS-JEV.001 N9-JEV.001
\ N9.001 \ N9.001
0 V" ';\\7
T 1 T T "4‘“ T T e 1 !
10 10 10 10 10 100 101 107 103 10
FL4-H:: INOS APC FL2-H:- MR PE
D Argt CD206
'§ 0.0005- £ 0.0005-
5
= 0.0004- = 0.0004
2 8
2 0.00034 2 0.00034
3 K]
< 0.00021 < 0.0002
£ £
o 0.00014 © 0.0001
2 2
- s
s 0.0000  0.0000
[
£ 0.005 £ 0.025
cy «©
(-~ Q.
= 0.004- o 0.020
- -
2 0.003 2 0.015-
2 2
< 0.002- < 0.0101
: :
o 0.001- S o 0.0054
2 o 2
£ o 2
s B 0.000

& 2-4 MSCs ] /N B B 4 e BE T AU SRR /M B4 M1 [8] M2 tRAIRZS
Fig. 2-4 MSC transplantation inhibits the activation of microglia and regulates the
M1-to-M2-like phenotypic switching
(A) The activation of microglia was detected by anti-IBA-1 antibody with the boxed areas indicating a
higher magnification (left) and the intensity of IBA* cell of each group was analyzed with Image J
(right) (PBS=3, JEV=6, JEV+MSCs=6, 3 sections per animal; 5 fields per section). (B) Total brain
tissue was harvested, and the percentage of F4/80* INOS™ cells (left) was calculated; the mean of the
percentage (right) of M1 macrophages from each group was summarized (PBS=2, JEV=3,
JEV+MSC=3). (C) The expression levels of the M1 marker iNOS and the M2 marker MR (CD206)
were analyzed by Flow Jo. (D) The expression levels of Argl and CD206 as well as iNOS and CD86 in
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N9 and N9-MSCs cultures either with or without JEV infected with JEV was detected by qRT-PCR.
The data represent the mean =SEM for 3 independent experiments.

3.5 MSC #il] JEV JRYZ TTILT

1B JE KAER R, MR TR R 40 I 7] S B0 24 o845 F L
oo AL MSC /2 & Re g4l JEV B eiIstr:, ATHE— DR T # i 2H
S HARLTTAF IR R E R . R, MSC B4 H 414 NeuN (FiZe
PRI FH P M b A IR et FZE S in (] 2-5A0 . [A]INF, TUNEL % EoRdE
BRI KBS MAET:, T MSC R EA4N st T- & P (B 2-5B). 1k
b, HAEBRAAMLL, Mg ¥ LR Caspase3pl7 1E MSC # i Jim
i, A THH 5T BCL-2 FRik/KF L (Kl 2-5C) . NAMITE JEV Bl f
MSC B 75 B EAHNH 2 0 IBET:, F-ATK: Neuro2a 4l f1 MSC i transwell 3%
F% LASSIE MSC G 7585 43 WA 20 it R -7 Bl HLAth 237 B3 /31 Neuro2a 4 1 4775 %
JEV LA MOI=1 /&% Neuro2a #ii/fd, 48h J5, 47 annexin V/PI Zet8 fim sUka i, 45
BoR, 5 MSC HE: IR Neuro2a 41 il 14705 % i T4 4H (1] 2-5D) . iX 75 MSC
A BN JEV B G RMANZ TR

B
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C PBS JEV JEV+MSC

caspase3pi17

BCL2

p-actin

3
*® E control JEV JEV+MSC
E 1.4% 5.6% 9.2% 57.7% 11.0% 44.2%

Pl

Annexin V-FITC 100-
°\° * %k
[ R— e
E 80-
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=
@ 40-
f. - w
2 L - ~
2 20" -
©
o -
0 T
AN
&*o
00
& 2-5 MSC FHEAELTTHIFE T2

Fig. 2-5 MSC reduce neuronal death in vivo and in vitro

(A) The survival rate of neurons was detected with anti-NeuN antibody staining. (B) The TUNEL assay
was performed to detect neuronal apoptosis, and the sections from each group were analyzed with
ImageJ. (PBS=3, JEV=6, JEV+MSC=6; 3 sections per mouse, 5 fields per section). (C) The total
protein of whole brain tissue was extracted, and the expression levels of the active caspase-3 subunit
P17 (caspase-3 p17) and BCL2 in the brains of each group were detected by western blot (PBS=1,
JEV=2, JEV+MSC=2). (D) Neuro2a cells were cultured via transwells either with or without MSCs
and were infected with JEV at MOI=1. After 48 hours, annexin V/PI staining was performed, and the

mean of the survival rate was summarized from 3 independent experiments.
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3.6 MSC FEHELIGE T PaAR 0L ok B ot FRIVE o 1

152 PP XA 4 RGP iR AL, MSC RIE TS 203 TIMP3. TSG-6 %% Fh 41
S5 m Mm B e . 76 JEV RS AR, MR RN JEV HHEAE
FH 2597 S350 BRI AR . NIGAE MSC R HLVA YT W) L% B Bl s i, 3RA1 1%
EB Juiehkar il oo o 57 b (4 e B 1k o 45 R, ARRE R L 2K EB Buhin B
E, 1 MSC B AN MBI 5 X AL (] 1-6A) . #E—25 E &
BN EB JeRlrkHE, R4 EB SEWEE TR, 1M MSC 4
EB S EFEC (& 1-6B). NHALKHERER 20-1 R4 R E/R, MSC A
ZO-1 FrE it LT (B 1-6C, D)o IX 47~ MSC R AH AT 5 I B B (I 4R
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Fig. 2-6 MSC transplantation alleviates virus-induced disintegration of the BBB and improves

the expression of ZO-1 in the mouse brain
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(A) BBB permeability was evaluated by the uptake of Evans blue dye assay (EB), and the brains were
removed and photographed. These pictures show extravasated EB staining of the whole brain at 6 dpi.
(B) The absorbance of EB in the brain was measured at 620 nm using a spectrophotometer and
recorded as nanograms of dye per gram of brain tissue (PBS=2, JEV=3, JEV+MSC=3). (C) The
expression of the tight junction protein zonula occludens-1 (ZO-1). (D) The fluorescence intensity of
Z0-1 staining was analyzed using ImageJ (PBS=3, JEV=6, JEV+MSC=6, 3 sections per mouse and 5

fields per section).

3.7 MSC #ifi] JEV FEE Ll

JE MSC AT JAE S 5 Il AL 2R BT, (B JEV R8BI 1) ROE
A T B AIE B I BRI JRE S 2 5 2 S BUKZH 2 JEV IR BB A 15
BOAIE o UEFRATRI T R A A AR A 4 /N BN ZH 2P JEV E R IR I B AR
FEHE DU 45 R 7R, MSC R i 28 21 P 2 0 B ANEL S 19 S 30 R A1 C
2-7TA, B). [HIES, FRATIEARSNSEE A LA EE 1) MSC 5 Neuro2a 4 IR & 1577,
LA MOI=1 ] JEV /&4 Neuro2a ZiIfil, BEAE LK MSC HERIIGIN, HEHEZR
WFEAR (18 2-7C ). T H., MSC LB IR AR JEV 1£ Neuro2a 40 i b (19 JE i
% (& 2-7C 4. Neuro2a 4Hfiuifid transwell 5 MSC F£#53: )5, HumsaEd H
HBEAS (B 2-7D ). RINFRATA L MSC 1 IFN-B. IFN-a /K FAE S JEV YL
Neuro2a ZH 0 3L3: 7% )5 B BT (& 2-7D £45). X HE7x MSC AJ REiEid 2» s IFN-B,
IFN-o #1] JEV H5%H .
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Fig. 2-7 MSC prevent JEV propagation via interferon expression

(A) The viral load of JEV in the brain was assessed by detecting E protein through
immunofluorescence, and the fluorescence intensity was analyzed using Image J (PBS=3, JEV=6,
JEV+MSC=6, 3 sections per mouse and 5 fields per section). (B) The viral load of JEV was tested by
gRT-PCR (PBS=2, JEV=5, JEV+MSC=5) at 6 dpi. (C) Neuro2a cells cocultured with different
numbers of MSCs and infected with JEV (left panel) and Neuro2a cells cocultured with MSCs for
different time (right panel) were harvested and viral titer was determined by qRT-PCR. (D) Neuro2a

cells were cocultured with MSCs by transwell system at a ratio of 10:1, and Neuro2a cells were
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infected with JEV at MOI=1. The Neuro2a cells and MSCs were harvested 48 hours later, and the viral
copy number in Neuro2a cells and the expression of IFN- and IFN-a in MSCs were detected by
gRT-PCR. The data represent the mean =SEM for 3 independent experiments.

4. Tig

LK, MSC DAY Z b EFR3RE @ MIER S ThREE £ i
o 1) Bt RAF 5 I PR Si 36 b A5 K gk e 1821 . 22 THURJE SE4IE 5 MSC £ CNIS 95 A1
BRI T R IR YT ORI, fE CNS i, MSC T 3 ik i fisi 2
GURAE [ NI 53 Wb 2 i 2278 75 I TR R 2 R IAE R UL, £ MSC R YT 9 73 K
PP T, TR ANETE MSC R e PRI 5 25 T 8000 2 P 44
[106, 1341 KR} 7 8 R AE /N SRR EAESE MSC RS W] LSRR JE (ke JFFARAET:

Aoy see e, BATRA 8~10 & BALB/C /M RAEE JE B, X2 R AN
(Y1 JE ShAi AL 2 — . BALB/C /N R & M ik G i A2 B4k JEV Ja vl R I H S0 (1 sk 8
TCARREIR R EE AN, . BbAt, 8~10 /N BRTEAT B H KRS AL B8 5 T #4F . 7ET0
SIS HET MSC RE KSR, FATRIL MSC HUE I 510° B/ R 25 5 K A4
FERET, R AE SR8 AR K E AT MSC RS A 40 S0R A 5>10°, 8 /N B A BT
NTARIER N A MSC 4E S, 7EERYLE 5 1. 3 R M T Rk . ST
AT EZLIEE MSC BB 6T JEV YL 8 St SO IR TR, WOk
RMIFE GG 55 6 K47, 2T MSC (2 [ 7 A IB BE K Hn i 5 [X b 2841 iy
[FIE IR RAER, LA MSC 897 5 %t JE J5 BAE B8 IO F /& AT S 4L Fe i
Mo

TEARBEFEH, RATESCIIE T MSC BN T JE St R AIAE 5 2 1 52
MSC B 4L/ R IR R AR A A7 35 SR A0 B s . 204 HE Qetift—Birse 1
MSC Xt JE JR B4R 1 H 2t - MSC 48 JG I 2R RREKF- L /NRBTA sk . e
TUHE T 190, % ML 57 532 PR 95028 1 S BH 2 FEAIK . 3X 5 MSC 7EVR YT H & CNS S5 1 (14
EFANLH A — 5L

Ao BE FR A S L JE B ZEBURALE, PR SRR S B AT LAY/ P2 T I BE T,
AR BEM R ZUE IS, SR, TE 55 I G 500 & 8 11 G 28 A1 S S R T
LI R IS SR A R BRI, R I G S BT SOAS 5 kR I E 1 A
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X+ CNS i BB IR YT BB B . el S48 o AR 5 G2 s BB A 2 s 7
IERPEBRIRTT I — AR, ITEEAESR, 2 IR I MSC H A 3K ¥ e 1
BEJT, TEZ M G Sy s AUB e s Th RS B Ia TR R, T B e 4
FEH T T Re B e B AT B I FENUAA R Bk, MSC AT 2 I AN F 13k
TRAEAR R EATRIE o TEARSEI b, RATRKITE JEV JEYL 5] &K 4 1 2,
MSC 697 B B R TN R AE KT o 5T YA, MSC A& 75 Al @Al AA i)
SRR T AE LUINIEOR 25 (075 K, BAL& MSC 3T JEV BRHLAA (1 G B IR A i 3h 2
PR IE AR — PR R

/N2 T 240 MR P R B KA 5 B0 DB SO B 47 1 2 S DRI ST e R 40 44 T
FET TNF-a 55 SRE - S B 0 8475, T8 ACRE R KU o 41 /0 s I 448 Al
R P JE SOEBGT 1Ok, A FEUESE, MSC AT/ s 4 i o i R
WAk, IR R ML (ZHE, 5 -M2 XS, #98, (2FA4D)
ARG DE, fEARsSzG o, AR AL, MSC B 4L/Is B ZH 2 P /0N i o 4
BRI R R [RIES, ARAMSEIG T aRATAR I, JEV &SR-S/ 0T 4H A 1 v
It M1 R A, 24 MSC 5 N9 dffs L5575, N9 4RI M1 AL LL 61T B
IR M2 B SS  X 52 RTICT MSC /I 57 4 Al 1 2 4 R R0 — 2
N M2 BB A e F0 1 i 2 23 90 SR, AR BEMZ R G DIREEE, 2 MSC
RISV I E LS 2 —.

fE MSC #H&ARY/EHI 7T - MSC RS A8 B it S 28 U 42 /6 FE 400 6103 B2 1 28 8
SRR, B0 SRR, DR TC ) RIEBUA RIZE T F341, MSC tHT] 433k 2 il
MZEFRHEFRAKE T, $REETCHAAE R, fRihsens, @it 5 MSC 3Lk
7, WATRIL MSC 1] 248 m i 2 REAN MR 41 & Neruo2a 735 % [ A
5 JEV K4 Neruo2a ZHfi 385 9%, MSC I TSG-6, TGF-p &4 i T+ ik
KPR E T R TE JEV BRI R b, Lo e 1) e DA A i 2 23 4 i S S AH ELAR 3
BET N E R . A TURIE, MSC T 43 Angl. KGF 54 Y 7 4 s 443 7]
B 34 T 33 TIMI3 5 400 1) o e (0 s RR08 1390 AR s v, S 4RRE AL AH L, MSC
e L AL fo o e ) S B B v, LRI RT RS SIS T, — U7 TR AR 1 98 J
] R I R B ) S B . D7 T, MISC AT BLBEIEIT 4 Wb — R A AR K TR TR e f
B PR A R Th RRIRAS
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EH HEIR, RGP IRATR I, MSC I N4 2N s 2 3 B th B I E R
HFFMR. — T Ae/e MSC B il U WU I G SRS, 4t v I o B 1) e 2 2k
FOHRX 22 2R G0 S 2 B AN T A, 0 17 9/ 5 25 PR N [ ok e P 93 2 0V Bk 7
b, BATBEILAARANSZIAESE, MSC A0 | BT R EZANER S E H. MSC
55 Neuro2a 40 L35 72 SRS R IR I8, SHRTH0H] JEV 93 . Neuro2a 415 A [A
BRI MSC IR A1 7: 1, JEV SRR FE MSC i i3 i i FA%, LI W8
“FI-K R, 5 JEV IR G4 Neuro2a AR L5 7B JEV BEARHIIEIS 7 55 MSC %

BB | BT B T AR G TR B . X 2 dR, MSC A —7E
g ERER, RN 7 2t — PR

L LT, (EARSIG T, JEIEAR P AMEEE, FRATE UGIESE MSC R KRS fE AT
IR JEV BN BRI R R SO, R AT . WA R DR
MSC X} JE & GL R T 1E H B3 E A hill .
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£ =349 Gas6-MSC A JE &7 KR
W T B R

MSC HALREM IIRE. TR, KECHIGE, X MSC BEATIE KE AT LA
S PRI 5E [F) RAB IF B 8 MSC iR 1 H « 25 & SCHRINGE , Gas6 # F X CNS
ARSI AERT , BEM I A B LA M 2 AR AR B S A H EENAE A . R, Gasé
HAXS T BBB e B YR AT EEAEH] . L0 e PGt , Gase/ TAM
B AR 22 BBB DUfE N R, R R S HEN CNS, Sk ™ E AR . )
ARSEES, FRAIEE gase HERMEM MSC, DLATE iy Gas6 W<, 33E MSC (1
AW T REFIIETT RN o

1. ##

1.1 W= R
BALB/c /N (M, 4~6 J&, 6~8 JE)IWH LI L.
HEK293T 4 fitd B A= 52 56 2= {R 47

1.2 5

A, TR

1) EEFREL, I A =4

2) $ifk FITC-anti-SCA-1, PE-anti-CD44, FITC-anti-CD34, FITC-anti-CD45, PE-anti-
I-A/I-E ZOEhR e P H BD A 7w 30 gasé 1 H Santa A F]; FITC Axid i)
P 19G W H BRI A A .

3) FR#IPEANVIEE MIul. BamH I, Bgl I, 4% Solution I. DNA marker, J<#%s%
fiff, Taq B4 H TaKaRa A F]; 30K SuperScript™ RT S % 3% B4 H invitrogen
ATl Q5 B E DNA BA&HI [ NEB A

4) EAM. BRHEI. BRI E Oxiod AR KEGRFI&E . Bk BUR ]
&M HE Axygen A A .

-73-



FOFEXFALFLAX

5) XU OEEBE MR & EH GBT A H; polybrene. zeocin. blasticidin 1 H Sigma

ACIE

B. ECHlRA

1) 2xYTHREFEE: HAMA4 9. BEIFI2.59. NaCl1.259, MIAZE FKBMIFER
2250 ml, 2N KOHTipHIE27.0. 1 K J54°CIRAT -

2) 2xYTHEFR: EAME 49 BEH2.5 9. NaCl 1.25 g+ BIR#3 gl N 2585 7K %
fiR It E 254250 ml, 2N KOHE T pHIE £ 7.0/5 ik KB, Frif R 2240°C £ 4 n
ABUAERIRSIEEINES IR, #ER 5 T4 CHRAT

3) 1000>FFREFR: A rHHERLY EET/KEMIPEREI0mI, 0.22 umiEdtid
TEIEL IS4, T-20'CHRAT

4) 4x<PEGB8000JKFFYTIEW : PEG8000 70 g, NaCl 23.4 g, I\ E B F/K 3T E & E 250
ml. & 5K fE TATRAE, MR R,

1.3 SCIGFEH

6] 55— A5 —#4) o
1.4 {UEE&&

[F] 26— RN 58 34y .
15 5|40

Y R T AR (R 3-1)
* 3-1 519751

Table 3-1 primer sequence

GAS6 F:5’-CGCCCTGGGCACTGCGCTTC-3*  R:5-CACACCTCCTCCACGCACTC -3’

B-Actin  F:5’-GACGGCCAGGTCATCACTAT-3> R:5-CGGATGTCAACGTCACACTT-3

1.6 JRA
pLenti-Fluc-blasticidin Jsi ki p A= 4k U0t 21X & 0% i
pLenti-CD40L-GFP-zeocin (pLenti-CD40L-GZ) #fAk A seit = f .
PSPAX2 1 pMD2.G .3 Jii #i FH A= 256 2 fRAF
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2. &

21 MSC HEIEFLE
JTER S 57

2.2 ek BHEIE, CNS A5 EYE MSC B

A, Fluc 1857552 i 1% K E &

T 55% pLenti-Fluc-blasticidin. psPAX2. pMD2.G Jii ki 73 Sl 4k & 52 7 stlb3 )&,
PhrsalbE . FeHe. FURLKEE. WRENE, %AFT-20C. fAF HEK293T 4% ik
70%~80%7: 47 H, ¥ 9 pg pLenti-Fluc-blasticidin, 6 pg psPAX2, 3 ug pMD2.G A
F ALK DMEM H1, BRI 72 ul MAX #4477 2 5 & 15 min 2 J5 KR &0 hn
TEAM ML . 235 T4 445 48 hy 72 h e85 E B3, 3000 rpm .0 20 min
L RANME R o T BiE S 4>PEGB000 14 3: 1iRA G 4 CRIKIR AN A S,
A 10000 rmp/min &0 30 min 38 FiE 54 100: 1 fi A L-DMEM = 25 210,
SEEURAET-80°C o IR RRAL A FERMREJS . /3 &I HEK293T 4Hfl, 72h 5%
AR, IMNTE GBI, W8 A6 L AE DAV ik 0 353 19 B SRR AR

B. Fluc R IERYE MSC K e 27840 M i ik
¥ P3 AL MSC # T- /N FL, R4 i 5 255 50~60% /4, H PBS Peif4iid 2
Wi, i ERR S polybrene UL 1000: 1iRB& JEIIANSFLARH, BFL 1.5~2 ml. B0k
Y2 h (37°C, 2000 g/min) J&, WFHFFRIHHERIG, MAFEERRERE. 4h )5,
e IR R FREL, I Iml B B 7R Bk 3 0, FREAHMAE S, N 2 ml Hihef v 5
FRIETRNGERE Gk 8205555 . 72h JE N 10 pg/ml blasticidin I T 57k, B85 25 AR 5 e
gif, B 3 R—¥il (&F blasticidind. KZ4—JE G, 4ifgdK@Tiae. e
FasE Rk Flue (4R ZAAR S INN IR I R G FEAE,  DAYHR 4TI Flue Rik & .

C. MSC ZHHiTHs 2 i Y I PP

RIS ARy AN JE /N . £E 1. 3 dpi 1T Fluc-MSC = PBS ik
Bt (A7 5D, T 6 dpi BUNALIZ. RGO RE R EAEw ], KmH T
ACEH )G, B HH10 W T EP &, HIA 100 pl 41 237 (10> cell lysis buffer
5 ddH0 #2 1: 9VRE)D )G, K EZES min G R0 E% RS, BEE 5 KG 4CEL
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10 min (10000 g/min). MZHX 10 ul E3&E 5 B EA 10 wl AW EP 55, WRI%IRA 3
W, A &G A

2.3 #3 pLenti-gas6-GZ BRI

A. Gas6 ZH Fr By 1

35 GenBank /NI gas6 FEK 741 (NM_019521) #EAT#1HY 48 51 #FE58
HAF A HK: F (Bgl 1D 5-GACGCAGATCTCTCGCCATGCCGCCACCGCCCGGG
CCC-3' R(Mlul) 5-~AACGCGTGGGGGTGGCATGCTCCACAGGCGGGCAG-3'
FEEU/INE, MSC &L RNA, F SuperScript™ RT R4t [ #5545l cDNA. K Q5 i f
FY DNA KA 1T PCR 473 gas6 M8 v B, 25 pl R Nifk % : 5>Q5 Rection buffer
5ul; 10mM dNTPs 0.5 pl; 10 uM Forward primer 1.25 pl; 10uM Reverse Primer 1.25
ul; Template DNA 5 pl; Polymerase 0.25 pl; 5xQS5 High GC enhancer 5 pl; Nuclease-free
water 6.75 pl. [N 2&PEA: 98°C 30s; (98°C 10s, 63°C 15s, 72°C 60s) >30 7§
¥; 72°C 2 min; 4°C hold. PCR R4 AR HLIK, 24 6K [ 6 i B 15 [ml
e B B 2% o

B. plenti-gas6-GZ JR Rz

a) FgU] & R gasé B8 v BOs AT XY, BEVIAZR: gas6 30 pl, Bgl 11 1.5 ul,
Mlu I 1.5ul, 10xBuffer H5 ul, ddH20 12 ul ; 37°C, 2 h. [F} pLenti-CD40L-GZ
WARAT Y], BEV)AZR: plenti-CD40I-GZ 4 pl, BamH I 1.5 ul, Mlul 1.5 pl,
10xBuffer K 5 ul, ddH.0 38 pl; 37°C, 2 h. EEVIF=¥047 0 ikt R H 2%
o

b) ¥ W R e B T 1B AR R AT IERE: pLenti-GZ 1.5 ul. gas6 3.5
ul. SolutionI Sul, BT 16°C KM 2h,

c) Ak, MRAR HUH-80°CURATMY Stb3 EZA (£ 100 wl 733%) 7EUK LA, A
R 10 W EB AR RE G, UKIE 30 min (HWIRR %R 4D, FINAZ 890 ul
2%YT, 37CEEPRHE 1.5h (210 rpm) J5 3000 rpm 50> 3 min, 200 pl 2xYT HE
VUUE SR ¥ 2 IR AR P L-BiR-PAR . BT 37 CIE IR SR AR 7t

d) PhEsalE, 85E K HPRIUR D WK 31 I R H H &= 105 ml LB 55574,
2 250 rpm JRFELR, 37°C. LG IATHKLNEIFAT PCR %5, BHMEH AT

-76-



FOFEXFALFLAX

MFp, AR AR 74 R U BRI KB, REET IR, i
R LI 58 Jim -20°C fRAF -

2.4 5% gas6-GZ 8% EH

A. ZIfUIESR RS IR HEK 293T 40, fERLSRl— REFN T T75 B %0h, HE
JEZ)ik 70-80%H, F2:dRdk, PBS Bk —ili 5 A 5 ml DMEM, 37°CHFAa11
T ALFE 30 min.

B. ¥t HAAEELETEE AR B, A: 9 ug Gas6 Jiiki, 6ug psPAX2, 3 ug
PMD2.G A 500 ul DMEM HiR%5], #E 5 min. B: Max #4355 72 ul nA
500 ul DMEM B2 5 & 5 min. A/5¥4 A5 B AR =REE 15 min J50
N EIRACFR ) HEK 293T 4iifid. #4% 4 h J5#& FR-E4uhlFIE 49, B
10 ml & 10% FBS i) DMEM 4825555 . R % 12 h Ja 26 WA T Al Wag (422
o FEEBRIARFRES, IHEERRE TR TR 0T 48 h, 72 h IR
&=l b=

C. WEREERIZLEE K LiRUGR R EiEAE 4°CES.0 30 min (6000 rpm)/& EA
PREMAEIE R, Wi &S 4PEG8B000 14 3: 1IRATE ACEIKE R A4,
47 10000 rpm 50> 30 min, FE1% R0 B 4% 100: 1 JI\ DMEM 2% 53T
VE, PHEVRAET-80°C o R HL R FEIORH LR R JS R HEK 293T, R4EAREAS
KO D RE 1 20 B L9 PP W BRI R . [FIR, KPR E HEK 297T 4HMd%mh T
AN, B S EAT S SR Gas6 1 RIS H L .

2.5 gas6 EEEH MSC MBI R TFHFRED FEE
I =A% MSC 70T 6 FLIR, %% 1X 50-60% /447, PBS YLk 2 i, e
75 polybrene LA 1000: 1 (ZKJE 10 pg/ml) IR &G IASFLER, &L 1.5-2 ml. &
CEKGL 2 h (37°C, 2000 g/min) J&, WHFRIBRERRG, MABEE R A, 4h
Ja, WIFIHREFRAE, 1 mlBreEp st oeisk 3 36, FRAANMBES, I 2 ml Bt s
FrEE, TN AR L5555 48h J5, DOGEMEE ™ GFP BHIE4HIZ) 20%, H & zeocin
(500 pg/mD) ] 10%FBS ] L-DMEM i 1%k = Jil , P2 ] 15 80-90% 4k 4L 4 #7315 7%
VIR A T 2 B USCER 5 43 AT U A MO ARSI GFP B A4 48 g Le g, [ gk AT
PE-anti-1-A/I-E, PE-anti-CD44 e, 472U A A IR IA1E o
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2.6 gas6-MSC a7T JE HERIRI R

FEIREE — 35y 7k, K 6-8 Al BALB/C /N JEV JEYLIRL, it FR 4 AR
JEE S PBS (PBS=3), fEIEYLEES 1, 3 RpalAT Bkt s MSC (JEV+MSC=9),
gas6-MSC (JEV+gas6-MSC=9) } PBS (JEV=4), &} KM EiC A4/ AR EARL,
WWSRAT N VRo BB T3

3. &8

3.1 £ JE /MRAERIN, BEEIKESE MSC AIEBE A

NREIIAE JE B R R B KRS MSC RER TR EMN, BATME T Fluc 3
&) MSC (Fluc-MSC). £EHEIR, Fluc-MSC Al £IEVOL &R, HL5EMW
G LA B G ROGAE AN IR 1 173 65 O] 3-1A) . T 1.3 dpi #A4T Fluc-MSC
FEHFIKEST, 7£ 6 dpi BREE/N RS REVERCA, 20 2R 50 9% Ja J3 ol e U ok IR 2H R
Fluc-MSC RS 4 1 & A o 45 FE 7~ B8 A 2 o 4 43 10 % ' P 11 B W 1 55 R (AL
3-1B), IXHE/NTE JE MR, 28R KRS i MSC FIHEN P2 R 4t

A .
=
X
S —_— El MSC
! Fluc-MSC
[0 (=)
0 —
5 X
bt <
7] o
Q ~
£ =
£ 2
[—} T T
MSC Fluc-MSC
B 15000+
L] e JEV+PBS
®  JEV+Fluc-MSC
» 10000
g [ ]
Q
?
@ 5000
£ {
S 4 Egu®
50:[ i .
0 T T
JEV+PBS JEV+Fluc-MSC

B 3-1 MR ARG REHE RN

Fig. 3-1 Analysis of luciferase activity in the brain
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(A) Fluc-MSCH e R BE . T (B) Fluc-MSC R # Ik R AR 4 i 2 27 e 2% Bl i 1 3 3%
T XA (F4n=T).
3.2 pLenti-gas6-GZ Jii B M & & 5

MSC & RNA $RIUG BT SO s Ay 18, 4 35 7 W dE AT B IR W A R F vk 45 21 H
F R B (1 3-2A0 . ¥ H 1 v Bt S5 8443 0 X0 ) s e e Big U1 74 ([ 3-2B, €D
BT ERRAL, WYk PCR W10 % e AR PRI B bk (18] 3-2D) . A R 725 R R
R PURL & A S B H I BE R B (& 3-2B).

B C
A 1 2 3 4
— Nimrree?
Y’
’ P
— e —
— —
.

E [Mouse over to see the defline, click to show alignments }

D

5 6 7 8 9 10 11 12

—

Color kv for alignment scores
4050 NS0S0 80-200
0 u e ry |
I I I 1 1 1
1 400 800 1200 1600 2000

3-2 pLenti-gas6-GZ kL i BRI 2
Fig. 3-2 The construction of pLenti-gas6-GZ
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Fig. 3-3 The identification of gasé expressing lentivirus
(A 1R FERE YA 548N, HIEPOEI (<1000 (B) XA G 7O (<100);
(C) 400fHHUK Ja MR E ML s (D) IR GL48h 5, 1870 B AL 2H Al il gas-6 K TA 7K~ 4L
XIRABI TS (BE) B4 f548h, GFPRHPESHM A HINGAS-6 8 H midkik: (F) xf IR ZH4H i

ToGFP K GAS6H H I K1k .
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73 B 20 B2 1K) gas6-MSC. MSC R 1z & 43 (i 2k I 45 SR 2 /R BH A% 23 7
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Fig. 3-4 The Construction and identification of gas6-MSC
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Fig. 3-5 Pre-evaluation of gas6-MSC in the treatment of JEV infected mice
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4. g

Z ISR I MSC HLAT [ 245 A e # (e s (RSN, (ELEIR 25 N 4
i MSC RE5 5 1 ML BR b ANTE 2 . FEASEIGH, AT 8 Jeki e e Bk ok
JFEEE (Fluo) MM Bt A8 # il et 7 U N MSC, iINEE T Ri% Flue
(1) MSC. ¥4 Fluc-MSC & E##ik#iE JE /NS, ik ZH 2R A Fluc 3R
EAF BRI AR ME MSC HIAAAE . IEEEILT, NRHUAHZIAEIE Flue, Fith
PRI 77V BB B M R A . FESCIO T, FRATT SN s AR R B AT
Fluc-MSC I7RER, {H72 BT3GR R AE LLE N CNS BLL & T AW KO
BHESAN GR35 A BUAG HC RIEANE & . Rk, 7F 6 dpi BEAT HETE 5 G 41 4 U B
BRI L2 N 56 R RIS B . IEH 500 R RN TE Flue MIFFELE, RN
NG IR SEEAR . TI7E RE KR Fluc-MSC J&, BNZHZIS1 BN R
Ja A CEEEET S XN, 16 JEV B NREA R, EHE KK Fluc-MSC
AT LAHEN CNS 1y HAEMZH 2N B RB Tfe

HRI, dnfal i s i i 5 Rt 67 24 ) 0 ) A% 2 R A A 2 2R 45 LA o5 P 4L 4
DR JE K Z P IRINE RGPBIRIATT I — S A I A ST LR T LA
SRR E, ABAE N —FE BIEEYT 720 IR BEAE R IR A 52 . 2T MSC
A JEE M BE B EN CNS, B RAFHIEEAE S, DRI RIE V6T B E 1 gmis R
N MSC, JEPMEIRR) MSC Al 3k N4 2705 FE e RBHEER H, el RIEIBIT
Bbi. HET, ERE. BB 2 AR R T AE S Ll MSC AR N 2 s
B BB AR T R AR AR R T T A S 140 1400 8RB A ) MSC g 7 FH T 22 ol o ik e
% RGIRIIE . B TR, FESERER 4 (BMP4) {21l
MSC R ¥ i) iR 350 o7 S 35 S A /N BR AR A7 2R 810 7R /N BRI 1 1 B g2 P i ¢ B 2R
i, FER KSR R IL-10 LRI MSC AT B B B SO A (3R, {2tk
B AE, VAT BRI T 5l MSC B T /ER A, BeAh, FEMEAR. BTN
PG Z P s RGugmih, JEFEMEM MSC ¥ s H B U 1R T7 AR M3
144]O
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Sy R RS BB . TAM 246 2 KiA T CNS. Gasé & @it 5
TAM AR VR 45 -G1E CNS 1R B AR B A rp Ok 3598 L EE ] - Gas6 i 1 AT 3 i /)
JR S 20 M (R R R Th e, (R AH AR B A IR BIE BRI BRI RS /N B 5 4 A A
He s AR A TE RS, 0 JRE S N . Gase nf et/ J8 i R Al i A7 4%, (it
B A2 . Gas6 I VEF T ML A e 240 AL P I UL 4R, X T BBB S8 B 1
YEFF B EEAER . Gas 14 FIAE A T D X AT 240, (52t i 2 43 0 7 A A

i

Gas6/TAM 15 5B B 1) 575 v S 2L CNS s (1) R A2 1145 1481 Gas6/TAM 15 5 7
WAl SRS, 25 MS [RAE; e S8 BBB BB, /7P
TR FE R, Jonathan 5% Bl GAS6/TAM 155 [(FHI, BBB 528 1EA2450, i
B GBEN CNS, FECE ™ E WAL . 1 IEV 558 P E sk #e e,
#RIHEN CNS 51N A ZLARAE R FRATHEN] Gas6 A 520 JEV JK G H) CNS
SOEBGT . MH, AT R I gase [IRIEAKT- S LR JEV K58
HE RS . P — MR TR BT gase RiZ/KTFHRAL, BBB 15
YRR, JEV B2 5\ CNS.

B TR IAE— 25 CNS JREVESNG F, RREEIE AN P9 5 H 20 Gas6 & (1 Al {2
A HL N EAEEE, SEEREERE. B itk 5 5 5% tiea 58 4 R
BRI, RN N G EE2H Gas6 T 4R AT FE A AR SR, BRAR 2 R (R K
[Fi B 30 T LA 3 20> 2 2 i 200 L T 4 200 L P P S8 RN B A 11 P2, R At e 1231,

SR, 0 P9 SR PR G B 2 D AE i P PR S RF TR A7) 2 5 AR e i R . itk
FEA S R FRA T T Fa s RIE gas6 [ MSC. fEFRATTM it & B, 5 MSC 414
L, gas6-MSC RHf kR AE VAT 4L AE AT Bt HE & JEV BN RIMAAE R, SegH
AT REFRI, b BRI FHURNEER T2

i LR, BAVRIIME T gase {21l MSC, H [ FERIA Gase & . 1
JE #iAldr, 5 gl MSC A 77 A LR MSC ¥R fiii% gas6 28 FRAX#is R 4Gl iE—
Bt JE NR AT A BRI A AR
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JEV B A]iE F M A R A MLKL A IR PR IRSE: FERDNEAL T JE /MR
B EAS B, R JEV IRGLAE SMZA 0 MLKL ik, H MLKL £ [0 28 i 5
SRS, JEV RS KM E MLKL. #5214k MLKL & M 7K F K MLKL )
MRNA KT, HHRIE K505 5 B R B S R SR AE G JEV RS,
WT /M5 MLKLNRZ MM RAEGRIFLREES, B WT MNERMLL,
LKL 7) B PR 175 13E Fie B A A e o B S B R 22, 1t HL55 MLIKL /)N BRI 2L 23 %
1375 H 2 JE R KPR AT WT /R

MSC FAE Al 2 JEV B/ AR i J . FRRAE T3 R A i i
BEVL )y B 7 MSC IFAT R I 70 T % 3 0 A SEBR BEAT IR s 7R JEV L/ 58 1. 3
KR ORERAT MSC B, KBL: MSC HtATT Al &R JE JRfsiHtie, B
FET % MSC BT RH LM, FRIRARRER T /KT MSC FEAE r] Hiii /NI i
ARSI K ML M dk; MSC FER 2N ZH M & e b T 3R BEAIG, R BBB 5E4 Mk
P MRANREA IR MSC Rl E /N R 4i A M2 #4k; MSC 5 Neruo2a 41 i 3t
B4 IR Al g 5 Neuro2a 4HHLEIAAIE 2, 0] JEV 385H, [FIIF MSC ] 1A mKF 1)
FEATRFA KTI K.

gas6 FEEEMRN) MSC EA T LFIIIEIT JE A8 : TR/ Fluc ZEFE1E
Mif) MSC I gas6 FER&1fi MSC [IEat L, KIL: 1E JE BB, EEIKEET
MSC 7 28 i 1% B ik A CNS; gas6-MSC # Va7 20 o Y T 2218 (9 175 0t 8 %
IR R NE, gas6-MSC FAEALHL A F s AT

AR USSR 2 OB 1R A, FF I EE 5 98O0 S SRR o 0 e
T B SORE IR N AR JEV I EEEUR IR, MSC B A 3 K G M5 Thag. 78 JE /b
BUBAL T, R IKFE AL MSC FTHEN CNS FEREINHI JOE 7, SMEmitE. Xt
MSC HEATEEREME, w8t A Thae, RAIBIT 8Ok . AW TN — 5 T R
JEV IIBURNLE], PREH RIIRTT 7775548 Hefillo
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