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[HE] B HRTIE BHBRTHEEL(3-n-butylphthalide, NBP) 5 %% 0] 7¢ 5 T 40 i (bone mesenchymal stem
cells, BMSCs) B &I697 /N BUL B ) B 558 M I 5 i 42 (experimental autoimmune encephalomyelitis, EAE ) A7 2 FIAL
H. FiE FHBER /D2 BB H (myelin oligodendrocyte glycoprotein 35-55, MOG35-55) 15 5:C57BL/6/)N il i3 37 EAERK
BN BUBEH LA A EAELH (W8 s 1 S iR £ 22 i A FER 7K (phosphate-buffered saline, PBS) ). NBPAMHEAEZ (NBP4, i
JiE i FINBP) . BMSCs#HEAEZ] (BMSCs4l, BMSCsid: Al %, i = 4 PBS) . BMSCsHINBPHL & Ab HIEAEZ
(BMSCs+NBP#, BMSCsiEAMIM %, I ESHNBP), A 10 H . JFRIER/NR10 2 = X A (B R ESPBS) .
B HIE/NRM AT . 5 FEAE 22 dJF ZbFE/NR, 57 50 5% 55 15 (Luxol fast blue, LFB ) A HE &R Ye (0 0L 5 B0 15
DL R A0 E W 25 (enzyme-linked immunosorbent assay, ELISA) A&l 1fi. 7% I 4 % (interleukin, IL)-6. IL-10, IL-17, IL-
22FtE Ak A4 R - (transforming growth factor-B, TGF-B) 7K Syl o St Ye ol g r g i 4F 4k iR 14 25 11 (glial fibrillary
acidic protein, GFAP) . f#%& #15& [1-2 (microtubule-associated protein-2, MAP-2) . B/ B ML 2 1 (myelin basic
protein, MBP) ) 3 ik; Western blot#k & 5 #6 4% K FxB(nuclear factor (NF)-«xB )il I . i g Mk LI - 3 5% fif
(phosphoinositide-3 kinase, PI3K)/ZE [ J# i (protein kinase B, PKB or Akt) il i M IL-17, SRSk /38 R i2 e 4% st A 7
(forkhead box P3, Foxp3) ik, LR &SI M A INEIEsr LA /3 Y EABA FE MK (P<0.05) ; BMSCs+NBPAL T4
R A Y 4 (NBPALHIBMS Cs2H ) B N B i (P<0.05); LFBYL 8 S 2 SAEVE /> L V- ¥90>—50 . SEABAAML, &34
P EAE/N R T AE 48 I F1L-6, TL-17FITL-22F4 K (P<0.05), 3148 A T IL-10 I TGF-PH4 /i (P<0.05); BMSCs+
NBPZH 40 X 7335 (28 L 5 BMS Cs 20 B 2 i 3% (P<0.05) . BMSCs+NBPZ [JGFAP, MAP-2, MBP#A 4 BMSCs4
HIN(P<0.05) . SEAE4IMILL, 451677 4lp-NF-kB/NF-«B HL{E T F%, ifiip-IkBo/IxBa b {8 [ FF, p-PI3K/PI3K K p-Akt/ Akt (H
¥ EFF, IL-17/Foxp3 HUAERR MK, LIBMSCs+NBPYI N B3 (P<0.05) ., £5i  NBPHIBMSCsHEAATT 1T AR EAERAL/INR,
FOREAR, BIFRCE T hiayy o AL S HINF-«Ba i LA JE 55 Th17/Foxp3 b K 8% PISK/ Akt i A ZEBMSCs i #f
St
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[Abstract]  Objective To explore the efficacy and mechanism of using 3-n-butylphthalide (NBP) in
combination with bone marrow mesenchymal stem cells (BMSCs) in the treatment of experimental autoimmune
encephalomyelitis (EAE) in mice. Methods Myelin oligodendrocyte glycoprotein (MOG35-55) was used for the
induction and establishment of the EAE model in C57BL/6 mice. The mice were randomly assigned to the EAE group,
which received intraperitoneal injection of phosphate-buffered saline (PBS), the NBP-treated EAE group, or the NBP
group, which received intraperitoneal injection of NBP, the BMSCs transplantion EAE group, or the BMSCs group, which
received BMSCs injected into the lateral ventricle and intraperitoneal injection of PBS, and the BMSCs and NBP
combination treatment EAE group, or the BMSCs+NBP group, which received BMSCs injected into the lateral ventricle
and intraperitoneal injection of NBP. Each group had 10 mice, while ten normal mice were used as the blank control
group receiving intraperitoneal injection of PBS. The neurological function scores were documented daily. The mice were

sacrificed 22 days after EAE induction, and the demyelination state of of the spinal cords was observed through Luxol fast
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blue (LFB) staining. In addition, the levels of serum interleukin-6 (IL-6), IL-10, IL-17, IL-22 and transforming growth
factor-p (TGF-P) were examined with ELISA. The levels of glial fibrillary acidic protein (GFAP), microtubule associated
protein-2 (MAP-2) and myelin basic protein (MBP) in the brain were examined with immunofluorescence staining.
Western blot was used to check the expressions of nuclear factor (NF)-kB pathway, phosphoinositide-3 kinase
(PI3K)/protein kinase B (PKB or Akt) pathway, IL-17 and forkhead box P3 (Foxp3) in the spinal cords. Results The
neurological function scores and average scores of each treatment group were significantly lower than those of the EAE
group (P<0.05). The scores of the BMSCs+NBP group decreased more significantly than those of the single treatment
groups (the NBP group and the BMSCs group) (P<0.05). LFB staining results of the spinal cords were consistent with the
neurological function scores and the average scores. Compared with the EAE group, the levels of pro-inflammatory
cytokines, including IL-6, IL-17 and IL-22, significantly decreased (P<0.05), and the levels of anti-inflammatory cytokines
IL-10 and TGF-f significantly increased (P<0.05). The change in cytokine expression was more significant in the
BMSCs+NBP group (P<0.05). The expressions of GFAP, MAP-2 and MBP in the BMSCs+NBP group were significantly
higher than those of the BMSCs group (P<0.05). Compared with the EAE group, the p-NF-kB/NF-«B ratio and the IL-
17/Foxp3 ratio in NBP group, BMSCs group and BMSCs+NBP group decreased, while P-IkBa/IxBa, p-pI3k/PI3K and P-
Akt/Akt ratios increased, especially in the BMSCs + NBP group(P<0.05). Conclusion The combined treatment of NBP
and BMSCs can help alleviate the symptoms of EAE model mice, showing better efficacy than treatment with NBP or
BMSCs alone. The mechanism is related to the inhibition of the NF-kB pathway to regulate Th17/Foxp3 ratio and the
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activation of the PI3K/Akt pathway to promote the neurogenic differentiation of BMSCs.
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Z K AYEWEALAE (multiplesclerosis, MS) /& —F LI &
SiE | B0 RE AL P RRIE R TR A M 22 R GE B S R
ot AC A, I TAT BEL LA 2 2 45 1 A RS 141 1)
AROTIEY, IR F B S RNk T 5 4 (experimental
autoimmune encephalomyelitis, EAE ) 2 i & F A%
MSE YA F s lE] 78571 4 i (bone mesenchymal
stem cells, BMSCs) .8 HIEIATTEAE/MSHY “Fh 4t
BMSCs Al [FIREAE/MR A2 (IL)-17, FFHETHE LR K
P F-B(TGF-B) & =, P85 THE B 40 i (Th) 1740 L/ T
T (Treg) 40MI VA, #3) —& el EM . 75h, 4
EAEM A ik id: 51 BMSCs, BMSCs 1] 43k Sy 22 Ffi i 2 4
JHU, TR B E > b 2 A . SR, B T A RS
EAEMHTRBCRA R, 150 285310 38 i {180 A ) 29 HE
FHRRET, DA 1 54 A I SR T Tk ol 24 55 2
Z., TP (3-n-butylphthalide, NBP) & I 32 F 711 43
BB — R LS, ©H TR Y7 S PR S X
NBPHHLAAE W CAFBHESE . AT AL R TT | £
BT 0 M A 22 S AR £ FE R ZNBP R BMSCsHk 5T
EAEMBCRABLE], ANBPFIBMSCsE & H Tl R A YT
M .

1 #RFITTE

1.1 EEHRBFUES
E Y a0t EH (GFP) Y ABMSCs( i H A
ARG R A ; FR4E M (3£ E Gibeco); DMEM/

Experimental autoimmune encephalomyelitis
PI3K/Akt pathway

Bone marrow mesenchymal stem cells 3-

F1235 353 (3£ [E Gibeo) ; CD29., CD34., CD45F1CD90%L
A (& H Abcam) ; MOG35-55( I R A4 A FR A FD D5
A H %R (PTX) M [C5E 2447 (CFA) (35 [E Sigma);
KIEH37RAZ 53 BT # (3 EBD); /NERIL-6. IL-10,
IL-17, IL-22FITGF-B ELISAIR 7] & (32 [E Abcam ) ; Hedi/\
BRI S 2T 4 iR PE 2 11 (GFAP) | U M 2K 11 -2 (MAP-
2) ., BEREIRIE R (1 (MBP)HLIR (—31) (F2[E Abcam); 1L
s P (SEEKPL); 55 5w 1857 # (LFB) i YL )
(LS RAY)) 5 bt/ B R FxB(NF-xB) | B2k
NF-«kB(p-NF-xB) ., NF-xBI il & ({1 a(IkBa) . B2 1k
IkBa(p-IkBa) . 22 %R - 75 2 FR 4 57 1k 2 Bt (Ake) | 8
2 fb Akt (p-Akt) . A5 BEWLEE -39 % (PI3K) | B2 1L
PI3K(p-PI3K) . IL-17., SR 3k /3 [ R Ui e S R+
(Foxp3) Bk (—40) AR i S AL W B b 10 11 - Bt A
IgGHLiR(—41) (SEECST) .

GG A (AR BUBR I ) 5 EIEG 6328 TR o A0 5] 152
#% (3 FEMolecular Devices ) ; FiL ALY (7 E Millipore),
4 A BRI ] DL i e B -BE I R R G (KRR -
1.2 XWHE
1.2.1 ABMSCs#)3g A% 1E37 CHURFIM 5%
CO M T, FHE10% 645 175 I DMEM/F 1285 75 367 18
TN SR BLIE R BMSCs A4t . BUR 3104, 18] B
B B e A B B BMISCs 1 AE KRS A, I
KA AN BMSCsICD29, CD34, CD45F1CD90% T
MIFRIR . JERSEE RIS 3 ~ SAABMSCsiF A TR 41 .
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1.2.2 EAE RAEA 69 H & &3 om  8JHls M
C57BL/6/NERIA [ EABHEERE R TRFR TR R R 2
TR YO SPRREYI B, /WG R 12 h/12 h, 24 ~
26 °C, Al A RS MoK Ira e 75 5 R e
R G ZE 5L 2, 4 B B BB AR 3 25 5
SR E HEAT . MOG35-55FH R £5 28 v Ak B 3h /K
(Phosphate-buffered saline, PBS) (pH=7.2) W &=
0.01 mol/mL, F 5 K i H37RAZEAZ /B B (1 CFATR
A, FEAFURIRA], FORASFEARRY A /N R

SEABMRNY R, /N R R R = S ERIR G, AR
J5 M ST PTX 200 ng, 553 KM 6 45 T 40 [F) 57 42 1)
PTX. 1K G, FF AR YN R # 2 D 5T
Gy, HESYAIE, — B2 H B2 I8 =0.55>
(ELARDL1.2.3), MIHE SRR, 25 FIN BRI EAETS
S B IR T LI AE PR K 150 WL e P B, I i
A BRER 7K 100 pLs 575 3 K I8 I i G AR B4 7K 100 wl.
50 HUNEUBEHL > M54 (n=10): 25 AR IEZ . EAE4
NBPALHIEAE4 (NBP4 ). BMSCsHHEAEH
(BMSCs#4l). BMSCsHMINBPEK S 4h FEEAE 4
(BMSCs+NBP4L) . FR4as (A% BRZLAN, HoAv a4 ¥k H
EAEGE AL /Nl . FEBMSCsZH B BMSCs+NBPH 5
LRUINEUH IR BR (RO RS . ANRB S A5 ) J, 38 3 ki =7
T5E A BMSCs AL (2x 104~ BMSCs, A M2 L)
HEAX WA EAE/N B G2 . [F &, %FNBP 4 I
BMSCs+NBPAI I EAE/N U s 1 TNBP (80 mg/kg), 45
AT B2 S AR EAE /DN BRI R T 569 AH [FAR FRPBS, & H
1R

123 A2 a8t A H ERZDWE /N U RGO,
) s SR DB P IE S DI BEIT 4 . EARASA DTS4 ife
M: 043, TEH; 0.50%, ARG Hb; 143, EHE F et i 4 4
AHas 155, BESE i, 28R 250, UGS,
o — JBOEE, B Sh BB 5 AT 5 348, BUR HORERE, 1 8l
B 5 AN AR, AR5 7 USRI 3l; 443, BUS O
IO, T RS MEI S T 355 P PRAE 2R 45 543, BT, e
B HPFr, 2 BRI BRI 2, TER22 H 54T
YLA) AL . AR LR 10 K B 22 K AF- 3
5y WREAE 22 dJ5, RS R F# R &R KB, P/
B FoRAE MY, 225 FH I O JUEEE ik [0 o, XECHS e R
FTRA R S5

1.2.4 % % %% 3 (Luxol fast blue, LFB) ¥ & & j& 32}
2 FEAE 22 dJia, BUs 41/ BUEE, A 05 a3 IE )
Fo ANRAREAZUA ST D) B T R R A TR

Ké o B R ETF50 ~ 65 CHEIRA P nd. By ay)
R B L K, SRJE A R . Ak E FH K bk
3, SYLEREI K o DB T WS SUR IR A T kAT
VES3 o LEBUFArnifE: 043, TCMLRERS; 153, 7 UL BE A ;
245, BB BERY; 357, KB BE .
1.2.5 BEBE % % A X3 (ELISA) i)~ R i 69 £
HEF  HFEAE 22 dfF, RE/NRUMNTE, ELISATE R
A /NI E FPIL-6., TL-10, IL-17., IL-22FITGE-BAY 7K
o ARABELISAIH &I, 2J9¢f54 °C. 5 000 r/min,
250015 min, YE IEW . FELISAUR G RINIL-6., IL-
10, IL-17, IL-22FITGE-BRYZKF- o FHARIERE fif A8 38 s o
Mk, 7E450 nmAb (s G G075 W R 8 13245 T ELISAZY
P SiiZEy
1.2.6 £IRRKF EAN N RIELL LAY 2 mRAT 54 6
FIE FHFEAE 22 df, BUNEURZHZ, JIA%70.4% TritonX-
100/ PBS, & ik T HI5%4 I3 1 2 (B i 41221 h,
GFAP., MAP-2, MBP—Ji(1 : 100)4 CHFHE R . 76
(1 :1000)4 CHEF 1 h, A5 FHIDAPIS 4 MIA% .
ZOt B G RE EIR, 115 BMSCs41 FIBMSCs+NBP4]
EAE/NEINBMSCs 3 b 2870 . AP I 5T 4t ffd A/
S8 I A0 M P B8
1.2.7 Western blotik M & A #40 LANF-kBfz 5 @ % .
PI3K/Aktfs 5l 34 & & A2 KT BFFEAE 22 djF, BUh
FUA R, —80 CLRAFE. B FEMNB00 pLa 247K, 2
W5 B0 (4 °C, 12 000 r/min, 15 min), e B .
BCAR FHR &I B R FE . B30 pgdl 1 A, 10%
SDS-PAGEHLVK, 2E F1 /3 B Je Fe = PD VR . 5%/t iig 4
FyEHA1.5 by SRJEI—Hi(1 ¢ 1000) 54 CIH LR K
H, PBSTHEA3W, 45 (1 = 5000) 5 & iRFF &1 h, FEH
PBST¥#EU3IK; fem, JHECLE ikl & kAT .
Image J4r T 28 A BVP OGRS, LLHR R S NS R
H B-actinFBUr OB L HME R R HARXT KRB AR . RIETT
A p-PI3K/PI3K M . p-Akt/Akttb(E | IL-17/Foxp3LtfH.
1.3 SFitEH*E

S EERBAR Hx + sFoR . ZAN ILRLHRRE
122571 (one-way ANOVA) K56, 1 4[] b5k FH eh6
5, P<0.05 0 2= 5 A gei e Lo

2 #R

2.1 BMSCsHEESTEELER

FHENE B (18 1A) FIZEE B i (K1B) W 5%
FBMSCs, 1] WLBMSCslliEE, ;2L NIEIEA . BMSCs &K
FEE3NE, HIL A UREF e i . 37X 40 AR A
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Fig 1 Human BMSCs morphology and surface marker expression
BMSCs were attached to a polygonal form. After BMSCs grew to the third
generation, their shape became similar to that of fibroblasts (x100) in light
microscope (A) and fluorescence microscope (B); C-F: CD29, CD34, CD45 and
CD90 surface marker expression was determined by flow cytometry. The result
showed that cultured BMSCs expressed CD29 and CD90, while there was no
expression of CD34 and CD45 on the surface of BMSCs. R1: Regin 1; RN1:

Positive fluorescence regin.
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2.2 NBPEX&BMSCsH AT X EAE/N R Z N BEFD
EAERi BE#H R A0

ULIE2, 25 X IR A 2 D) BE VT 43 B3 8 R 093
NBP4, BMSCs#H FIBMSCs+NBPZ /N fl #il 22 T AEPE 73 e
Ty B EAEAL R (P<0.05); NBPZL MIBMSCs
ZH M2 ] Le 35 22 S e i 7 (P> 0.05) . 5 NBPA A
BMSCs# b 4%, BMSCs+NBPZH /> TR (P<0.01) . /N
HHELFBY (445 1 5 # 2 DI Re o3 S5y —3, 5=
FI X R HE, EAESTE-BEAL ST 1A 5 XA R T i A
W2, Hopg B2 043 g T 48 N R (P< 0.001) o Hh
N FHNBPELBMSCs#AETAYT , B A A BT 4/, (1
PRI ERA TS 2 (B JE A 22 51 (P> 0.05) . #FBMSCs+NBP
21, EAE/)N BRI S0 A 0 10 AR SRR T AL A /)N, B 21T
435 5NBPA MBMSCsH L8 22 R A Giit ¢ L
(P<0.058P<0.01), SEAEHH LB EZ R A G ITHE X
(P<0.001). DL 4554/R, NBPEC A BMSCsFE A Al B ik
BB EAE/N B # 22 T i RS B %, ELAE T 2 h 7
NBP#(# BMSCs#ARAYT . L3,
2.3 FH/NRIMFEIL-6.1L-17,IL-22  IL-10FATGF-B
KFEHE

ELISAZS A (GR1) oR: 525 FOM IRZE AR LE, EAEZH /)
FUMLIE 12 2 ] 7 (IL-6., TL-17F1TIL-22) 5411, 41148 K (IL-
10FITGE-B) [ (P< 0.05) . SEAE4IMH L, NBP4 |
BMSCs#H }2 BMSCs+NBPZHEAE/) UL i {12 48 [H 7K F-
R, AR TR T (P< 0.05); BEATAY AL (BMSCs+
NBP# ) 5 Bl A4 A8 2H (BMSCs2H ) #H Eb, f1E 48 ] T /K S4B
HE— PR, 5 2ZAH B, AR R -2y — 218 (P< 0.05)
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Fig 2 Effect of NBP combined with BMSCs transplantation on the neurological function score of EAE mice

n=10. * P<0.05, ¥**P<0.01, **¥*P<0.001, ****P<0.000 1. Data compared at Day 22 in left figure.
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e Pathological score

[ 3 NBPEXABMSCsTS4HIA ST ST EAE/N R AR AR SR RS20 LB x400
Fig 3 Effect of NBP combined with BMSCs transplantation on demyelinating lesions in EAE mice. LFB staining x400

A: Control group, no demyelination; B: EAE group, large areas of demyelination (black arrows); C: NBP group, after NBP treatment, compared with the EAE group,

there was significantly less demyelination (black arrows); D: BMSCs group, after BMSCs transplantation, the area of demyelination (black arrows) was significantly

reduced compared with that of the EAE group; E: BMSCs+NBP group, after combined treatment with NBP and BMSCs, compared with EAE group, demyelination was

greatly reduced; compared with NBP and BMSCs alone treatment group, demyelination was further reduced (black arrows). F: Pathological score, n=10, *P<0.05,

**P<0.01, *** P<0.001, ****P<0.000 1.

£1 HANRMFIL-6,1L-17,1L-22, IL-10FATGF-B7k FRIZE 4L,
Table1 Changes of serum levels of IL-6, IL-17, IL-22, IL-10 and TGF-f in the mice of each group

Group
Index
Control (n=10) EAE (n=10) NBP (n=10) BMSCs (n=10) BMSCs+NBP (n=10)

IL-6/(pg/mL) 91.1+185 188.1+35.0° 145.1+17.9% 132.6+19.6°%4 101.3+21.67 44
IL-17/(pg/mL) 50.419.1 120.6+10.5° 84.0+6.2° 74.427.7%% 60.428.1" 4%
IL-22/(pg/mL) 223.5480.6 515.1+58.6 402.0+77.9" 339.8489.0°" 21334562744
IL-10/(pg/mL) 111.5+10.2 41.745.9° 58.9+6.8" 77.1£10.34% 127.148.5" 44
TGF-B/(pg/mL) 12.541.3 5.120.5° 6.7+0.7" 7.7+0.9° 11541744

#P<0.01, vs. control group; A P<0.05, A AP<0.01, vs. EAE group; *P<0.05, vs. BMSCs group.

2.4 NBPXBMSCs##EE/NRMKGFAP . MAP-2f1
MBPHRIEEHIF N

o B AR 45 R 7R - ZE A BMSCsHAHAL
BMSCs+NBP4[)GFAP([&4A) . MAP-2([%14B) fIMBP
([F4C) (R BB BMSCs4H I M (P< 0.05) . Ho, LU
MAP-2, MBPHYFEIBH ML Jy i ¥ (P<0.01) . £W]
NBPH] GEAT {2 i BMSCs|r] BT e B 4 A . i 28 7 i/ 5
Ji2 J5 40 B A AR B9/ . OF HL, MAP-2 FIMBP Y ik HE
GFAPI AT NI,
2.5 HANREEHLANF-kB.PI3K/AKt{S 5@ K KIL-
17 . Foxp3RizRI Tk

Western blot 7= (&5): 525 FIXT R AH L, EAEZL

{4 p-NF-kB/NE-kB H B 7155, p-TxBa/IkBa U fE RS AT FHi5,
RG24 X (P<0.05); SEAE4IAH L, NBPA
BMSCs#H K BMSCs+NBPZH fJp-NF-kB/NFE-kB I H T,
iMip-TkBa/IxBa LAl _ETF, LIBMSCs+NBPA it b .35, 22
SR L (P<0.05) . 545X I4LM HL, EAE
#Hp-PI3K/PI3KILAE TR, 225 A 5815 5 X (P<0.05),
Mip-Akt/Akt lLE TG W28 fk; SEAEZAH [, NBP4 |
BMSCs#H S BMSCs+NBPZ [ p-PI3K/PI3K & p-Akt/ Akt [t
{H¥ 1 Ft, LABMSCs+NBPALH A &, 22 7346 Giit#
B (P<0.05), 52X A M, EAE4IL-17/
Foxp3lW{E T+, 22 R A G145 L (P<0.05); SEAEA]
A, NBP4l . BMSCs4l X BMSCs+NBPZ A IL-
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Fig 4 Effect of NBP on GFAP, MAP-2 and MBP fluorescence expression after BMSCs transplantation
Compared with the group that had BMSCs transplantation alone, the expression of GFAP (A), MAP-2 (B), MBP (C) and the immunofluorescence double
labeling(merged with GFP)in the brain of mice significantly increased after NBP was used in combination. White arrows: Inmunofluorescence positive cells.* P<0.05;

**%%P<0.000 1; n=10.
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