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(8 E] BH:HIEHFER T (mesenchymal stem cell, MSC) 55 7B SO0 AL HOAT EURAAM Lx-2 S50 S AR FIBLA 75
& N 6 FLERI MM R AR, BALE RIS IR, R Transwell FEH IR KR BB RERIEA R ZEE T 40 (bone marrow
mesenchymal stem cell, BM-MSC) Al AT EARANME R Lx-2 43 FHERER R B T2 HIC LA VE L6 40 | il 55 55 10 1x-2 4F
Skt B, WS SR MSC S5-I BN Lx-2 (52 m, SR ATAR 22 Hoechst33342 Sk A il U Lx-2 40MLJR T
1EH, qRT-PCR F1 Western blot £l Lx-2 H#AHEK 5 1 2 (uncoupling protein 2, UCP2) ) mRNA FIE 7K 9Kk & |, %OLHR
AT Lx-2 40N LRGP 4 (reactive oxygen species, ROS) WIZEETREE, R AMACE LB (thiobarbituric acid,
TBA ) 46 I 240 Ms P — 8% (malondialdehyde, MDA ) B 5 £ . £55R : X IRZHAH LY, Hoechst 33342 Y4 €8 J5 F] LR 43 Lx-2 4 (4 51 [
45 BURDIR OGS TR T- AN ML R R, ST Tx-2 T REST IR Y 2.6 £i5(P < 0.05), SZH4 1x-2 " UCP2 mRNA EHE
R AR TR AL (P < 0.05) 5 SEB0 A Lx-2 4R P RIZRL i ROS ZKSF- BT Th i, ARG 5% 3% MDA (043 + 0.47)
mmol/L, i3 5 TXFHRZH (0.16 = 0.43)mmol/L(P < 0.05), £5i8:MSC /-l mAa S Lx-2 R T-1EM ; 7T igS MSC 2%
SN UCP2 M35 , S b 4Nt P S ZebifR ROS i B AR LA 56
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Human mesenchymal stem cells secreted factors inducing apoptosis of hepatic stellate
cells in vitro

Xu Liang, Shi Qipeng,Zhou Han,Cai Jie,Li Jun,Zhang Lili*

(Department of Infectious Disease ,the First Affiliated Hospital of NJMU ,Nanjing 210029, China)

[Abstract] Objective:To observe the paracrine effects of mesenchymal stem cells (MSC)on the activated hepatic stellate cells Lx-
2,and explore the possible mechanisms. Methods: A co-culture system was established by culturing bone marrow mesenchymal stem
cell (BM-MSC)in the Transwell insert and Ix-2 on the plastic plates (6 well),which were placed on the upper and lower layer
repectively, and set it as the experiment group. Normal Lx-2 was cultured alone as control. Cell apoptosis was determined by Hoechst
33342 staining and flow cytometry,respectively. The expressions of uncoupling protein 2 (UCP2)mRNA and protein in Lx-2 were
detected by quantitative real-time PCR (qRT-PCR)and Western blot,respectively. Intracellular and mitochondrial reactive oxygen
species (ROS)levels of 1x-2 were measured by fluorescent probe method. The content of MDA in co-culture supernatant was
determined by thiobarbituric acid (TBA )reaction. Results; Compared with the control group,Hoechst 33342 staining showed nuclear
condensation, granular fluorescence and other typical features of apoptosis in parts of Lx-2 cells. The apoptotic rate of [x-2 in the
experiment group was 2.6 times of that in the control group (P < 0.05). The expressions of UCP2 mRNA and protein in Lx-2 were
significantly inhibited compared with those in the control group (P < 0.05). The intracellular and mitochondrial ROS levels of 1.x-2 in
the experiment group were highly enhanced. The concentration of MDA in the co-culture supernatant in the experimental group was
(0.43 + 0.47)mmol/L,which was significantly higher than the control group with (0.16 £ 0.43)mmol/L(P < 0.05). Conclusion:The
paracrine effects of MSC were capable of inducing Lx-2 apoptosis,which is supposed to be the result of the suppression of UCP2 and

over-expression of intracellular and mitochondrial ROS in Lx-2.
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JHAE A ™ oA AN B 1 H W 2 — , i
IR b i JeRe Ry B, 18] SR 5T 4 Y (mes-
enchymal stem cell, MSC) AT B A A R34 A BB 1Y
BT, 2 E FAREYEHN H] MSC AR AT A
b, T | IHBIG RIS R AE T4 NS>, SR,
A 5K MSC IR HLH M ANTEAE, A HF A IMSC T
N EAR AR, AU DB RE S A D RE M), DN H
BIP AT RE SRt MSC 25/ N ESEai Ay o7
FFEF4EAb e ISR e Jr iRy b 22 [ B, i JHF AR
20 (hepatic stellate cell, HSC) 315 X & £ 4 k.
B HPARERE . SOTE 1) HSC 3o BE AW I IR 2 1, s
2 fifs #hJE 57 (extracellular matrix, ECM) K 32 38 4= 3T
N, A REUT A FFREfL, PR, o5 S A
AL HSC AT 2097 A e AL e mg 2 — ., Rtk
— T % MSC 1955 1 DI REXT IFEF AL iR T, A
S LIS A IR AEML R Lx-2 PS4, dl it
MSC 5 [x-2 Transwell 3L85 5% | TR 3% LiE
MSC 25353 I BN Lx-2 BISEI ,

1 #RF7EE

L1 A

BB R TR B BRI A — B = e (R e
BERRIERE . AT g BB R 25— B = Bt
BRIZE o it R BB G R . NI
JE IR R Lx-2 W T B A AR YRR PR A
il BB SR AE A T Annexin V FITC/
PSR & A SR B0 & (P st dlE ) ,SYBR
Green | &)Y RGE TaKaRa 23 F] ) , MDA 5 i
& (FETEM) , L-DMEM B53#9 . NG A L7
(WISENT 723 7], £ K ) ,CM-H2DCFDA MitoSOX™
(Invitrogen 2y A, 2 [E ) , Hoechst33342 (Sigma 2\ A ,
K, BPLA UCP2 Hilk, BTN B-actin Pk
(Santa Cruz A, & )  BURE SA LW BEARIC 4T
B 1eG ik (db 5442 ), Transwell 6 FL 1% 3¢ it
(Corning 23w, S [E) o 719 HT FHESAR S FE L, 55
A 2¢ Y6 % 8 PCR 1L (StepOnePlus™, ABI A A] , 38
(), LA (FACS Calibur,BD 24 7], S6 ), %¢
Y64 (TE , NIKON A #], A7),
12 7&*
121 A®H#NE ALK T4 (bone marrow mes-
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enchymal stem cells, BM-MSC)#) % & 5 3% 7

B A\ E8E 5 ml , Ficoll-Hypaque R B
DR B BRI, 1 x 10° 4>/ ml B AZ 40 4%
FHE] 10 em FEFRMLP#E TSR, 24 W5, &R
10%FBS+1% 75 554 & Y L-DMEM 58 &35 R 1 7
IR A0 ; IS I R, 7F BM-MSC fil & B2
ik 80%,H 0.25%EDTA JEfEHALEE R, L% E
HF 1 x 10° 4 /ml, 26 3 ARA0M 525
122 ABFRIE B K 000 2 0935

H&H 10%FBS+1% 5 #E % K 1) L-DMEM 5% 4=
FRFRWGHATIE SR, FRAIEK 2 80%Rl G, FH 0.05%
EDTA JBERGEEAL, 1:3 ARG 18555
1.2.3 Ix-2 5 MSC £33

Transwell F:35 320K R 500 E R ZE , Hla]fg LA
BEAZ 0.4 pm [R5 W62 A0 AN 32 fil, 38 T 0088
WFFE—FP 0 S5 30 18 531X o —Fh i L VE

TE Transwell 6 FLEF FE MY Insert /NZE & Fh
BM-MSC, % 5} (1~2)x10° 4~/FL ; FEAIIEEE FE0
JZ AR SO R Tx-2, AL 1.5 ml 5825557,
FRAnf o e | RSB S R el , Jdsr
Transwell |- FXUZHMIIEEFRAA RS HREESR, 5L
BreH . (DSEH 4 . BM-MSC 5 Lx-2 28557, Q% IR
H . Lx-2 PSSR
124 e —en|

K Annexin V-FITC/PL¥ERG B WA 4119
YMAR R [ Ge o SEEIEE 78 1 h Al
HLACKS DU, Annexin V*/PL R0 Ay B 401 8 7 4 il
Annexin V*/PIFRIC BT 40, TR 2
AU RAT R, A AieE 3 ~EFL, L EE3
Ko

K FH G B B B WLEE 41 Y Hoechst33342
Pt 5 AL S T 6 FLBUhHITEANIIE A 4]
T ISP T] A AL 0.5 ml Hoechst 33342 4Lt
W, G815 min, ZOGENE BB FF 350 nm Al
YA B
1.2.5 #mfef UCP2 mRNA 40

KM SYBR Green s Y GCHRET SERT %¢ € 72 PCR
(quantitative real-time PCR, qRT-PCR)#: I, $15¥)
VLRH B HE IR RNA, HER LG K cDNA, LA
2 pl cDNA AT IFEIR & T 2 (uncoupling pro-
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tein 2, UCP2) 1Y qRT-PCR A . BAAZR 20 ul,
PCR W 2484 :95°C 30 5,95°C 5 5.60%C 30 s, 3t
40 MEFR , O EEHR)E LA B-actin fE NS IEA (i
FH 27880 Gy 3 b SE ARG e ik i, B x5 | 130 1 3
AR LB, A AR & 3 MR, LR EE
3, ZXMEIYFIILER 1,

*1 ZHEEEE PCR3IMFT
Table 1 Primers sequences of quantitative RT-PCR

EAL/E2) IS5’ —3")

B-actin FOR :ACTGGAACGGTGAAGGTGAC
REV:AGAGAAGTGGGGTGGCTTTT

ucP2 FOR :CCCCGAAGCCTCTACAATGG
REV; CTGAGCTTGGAATCGGACCTT

12.6 Lx-2 ¥ UCP2 & & #tem|

K Western blot A5l B 25 & B AR PEAL HHE )
SEEZH X IR Lx-2 LS 1 2R BRI L UK S LA
% PVDF I, H 5% ARV = IR EHA 2 h, Il AGE
4 LR B —HT (UCP2 1:200, B-actin 1:500),4°C
W, HAR L AL R AR IC B9 — T (1:10 000) % i
¥E 1 h, ECL fb2: Aotk s
1.2.7  fmpaEEE (reactive oxygen species, ROS )i

A Py FIZ R T ROS ZKF-3% A CM-H2DCF-
DA F1 MitoSOX™ #REF HEA 7RI , # R W 45 1
il CM-H2DCFDA 1 MitoSOX™ R4 TAHEW , & He i
YIRS pmol/L, BALAIMIINA 1 ml TAER ,37°CikE
HIEE 30 min, ZOEHEE BHEE T 05T 488 nm,
540 nm KU 4L N SRR B
1.2.8 &8 f3E c L& & A =B (malondialdehyde,
MDA ) #in]

K FBARC L HEZ R (thiobarbituric acid, TBA )%
R AR MDA 5300 B8 HUSE g0 20 % BEZH T =5 1 24
MukE SR B, Hek iR S Ui B Tk K 530 nm
U RE W Y BE AL, AR 23 20 . MDA 35 1t (nmol/ml)
= A X HRAS ) / (BRiEAS —28 T1E ) xobvAE t VR  x
FEACINE ATFBEAS 2L, TR 4IRS SR LI MDA
i, IR R T,
1.3 “%its7s%

ZEHL DI + FRUEZE (X + 8) Fon , A FL iR
JH SPSS19.0 Geit 23 A AT ST FEAS ¢ K 50 504
P<0.05 NESAGIFE L,

2 & R

2.1 A BM-MSC #5#& h5 %%
FIH BM-MSC 5 oAt 0 5 290 it 4 Dy B 222 S e

JUAS F ] Bl A £ A H AR TE] - 10 em K57 ML A i
A 2 ml JE, 37°CHFE 3 min, H A0S TH AL E]AS
#8355 min, f£104lfL BM-MSC, 55 3 KITF4A B
KT, 43 AR H 5 265 7 RIE AL MSC 7% , 1] J#]
HIGFEY K, BM-MSC 2788 B, W3 ietk
A MRS B % B — (& 1A),

22 ARFIE BRI F A3

M T Lx-2 7ESBHIL A RS R A b 40 IR
PR Wi AR A RS R TS AL SR ALK
RAEAEANL X PR AR Ak AT AL LR A S TR
(K 1B),

2.3 e TR 4R

it 22 ARG DU A 3« SE S A PR T2 %8k (6.95 =
0.61)% , X FELHIA TR K (2.64 + 0.66)% , 52 2H 2
XTHREH ) 2.6 %, A LA 22 S Geit 24 L (P <
0.05,82),

Hoechst 33342 Yefa ld R, SCHRZH 7 Ix-2 4
Mukz4s, &aRse, KRS, WRET/ME (A
3A), W REZH 4 A% R IR 0 B TG M K/ EA
—Z(El3B),

24 LIx-2#mpad UCP2 A& EWE A

qRT-PCR AR s, SCOGA 1x-2 4
UCP2 mRNA ik K 0.75 + 0.15, %41 UCP2
mRNA F3A5E M 1.62 + 0.10, 524 UCP2 mRNA
FFEik I AR TXT IR, A e A G2 E
X (P<005,K 4A), &/~ Transwell 3557 g
MSC 43y a] LIl 1x-2 UCP2 mRNA B33k,

Western blot 5 278, SZH 20 1x-2 4 fitg
UCP2 ()8R A Fik i I AR T X HRAL (] 4B).,

2.5 Lx-2 Z@he ROS #m) 45 R

CM-H2DCFDA F1 MitoSOX™ %% Yt {71, 1 43 i)
R Lx-2 20 A g A e 2 ki A ROS 7KF-, S50 4H
Lx-2 LR IG5 TXF B4l $2R 40N ROS 4
5, £1 (0GR B T R A HROR Tx-2 2Rk
ROS H458 (1 5)

2.6 miL¥ER Bk MDA #m 45 R%

TBA 400 % B ,MSC 5 1x-2 Transwell 8%
FIa, SERGA AN SR LIS MDA 5 s
Ay 2.5 f5 e 4T, ALAH L 22 58 Geit 24 (P <
0.05,86),

RIS &

UTAER , MSC 55 73 W BR T A 2 31 )2 %
TE . PRISMIFIE & B, MSC BS540 22 Fh 4l R 7 |
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Figure 1 ~ The morphology of the third-generation of BM-MSC and Lx-2 cultured in vitro(x100)
10*= T 10*5 81
1 0.02% 0.39% 1 0.89% 3.17% 1
10° 10° gﬁ
! ey
£ 104 10y { 4
5 - 0.98% Rt %
100 e e 10° S—rtrmrr—r—rbrre—rrrrrm—rr—rm 0
10100100 100 10° 10100 100 100 10 gt P e
Annexin-V FITC Annexin-V FITC
XJ HREH TG
K2 Jaan AR Lx-2 A0iEa T2 1k
Figure 2 Flow cytometry analysis of Lx-2 apoptosis
) .
A B,
A B, Lx-2 AN T DL ST [ 47 AUREAR DGR U4 T 20 M Fry MR R I (7 Sk BT ) 5 B XoF B
3 Hoechst 33342 Bl Lx-2 AHAEYH T (x400)
Figure 3 Hoechst 33342 fluorescence staining of Lx-2 apoptosis(x400)
2.0 7
e | P<0.05 |
Hisd ! L Sl
=
jusng
.: ucp2 “ 35000
> 10 - o ——
= 1
=
£ 05
S B-actin — S - 000
0.0 I
XJRREH T

Bl 4 Lx-2 1 UCP2 FkKF-2E L
Figure 4 The UCP2 expression changes of Lx-2
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CM-H2DCFDA

SEAH

Nﬂﬁgﬂ -

MitoSOX™

K5 1x-2 g pesdti .(x200)

Figure 5 Immunofluorescence staining of Lx-2 cells(x200)

1.0 P<0.05
r

Xof 4] SER2H

K6 Aiflidr it MDA i
Figure 6 The MDA level of culture supernatant
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AR PRI AE W 5 437, AR A T 3
B RAFE S A B R DY Fouraschen 25106 MSC
AR S 1 B SR I BR i sh R s | T
P AEA FUF D RE AR ., 3R 15 70 MSC 55
SR A AR ER] . WA ARSI R B
MSC 5% 43 W 9 J53 v T 40 i A K IR T (hepatocyte
growth factor, HGF) ATl HSC 348 , I i HGF/
c-met ,RohA 555 SR AL T, T MSC
AW SR Z A A KT B AR
A A2 VE T HER B VR PN 21 A0 1 52 0 1
ANTIrERE,

JFEFAEAL L BEAILHI AR 5 42 2%, Horb HSC 151k
S AEAHE RO R, WG ARy HSC 2 FE 53 il

IV VA FEE A, 3 ECM T JEVR, & &
AL AR FERR T, R, 2 E HSC ZRA s T, 4
il HSC {4k, BEAR ECM [ 7= A 23597 FFIELF 2 ik
B £, AR AFFTE 2 BM-MSC 5 Lx-2 Tran-
swell LR IR G771 81T MSC 55370 W) o 4 1x-2
52 455 0 MSC 2570 WA T3t T 5 5 1x-2 4
ML T,

RV AT REMLE], AT Lx-2 41 UCP2 1Y
PRI S E A HOKT-HAT T 00 br G55 B, 55
4 Ix-2 H1 UCP2 mRNA K2 K1 Rk &1
W AT X B4, #2278 MSC 5543 W ) 5t BE 41 ol
UCP2 I8 M 57535 . UCP2 20 TERUAR IR 1Y
— s E N, RS, AR 1L
SRR, BRAPREARLAAR PR RSP 0 Jo e 3 AR i v
T, B ZRAR ROS /Y774 TR0 32 3 S Ak 4
Bint AT ER . BRILZ AN, UCP2 Wil i 2ok 4 5
T, B0 T3R8 A I ARE LUAREE TR Rk,
B ZE/0 ATP A B, T RE R R UCP2 ik
AR T2 T 240 A P e A R AT A8 AR B SO
Lu ZFUIESE 0, @B/ UCP2 JE A 5, 4i i
ROS 2345, IR N BT B S A B AR, 1
Hh  UCP2 A MR AR N IR A8 1, HR AR
RE e SR N AR 2 [8] 38 375 1 4% 42 £L (mitochon-
drial permeability transitionpore, mPTP) i FF i , 84 il
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Ca™ BHRI L ROS A, A FELR A AR A0 U 7
R A AR ST PO IR ARG I B 250 4 Lx-
2 YA AR S 2R R ROS %S BE W fnb i3 T X6F
WA, M B E Ak MDA KV BT, £
Lx-2 rfr UCP2 A5 , AR OV s , 240
FERLAR b A SRR ROS,

i Y ROS Al & Z Mg 2 75T HSC T, H
2R AR IR HENES®RE, AURK
B, 3k 5 AR U ROS RISE A 45 A AR A I 2R 58 DL K
SEAUIRIREE | 52N SRR A A2 ] T P s AL |
SRR I TR] Js 2 1 ) DI RE LA B2 ATP RE SRS 0 1
I FEE LR AR R A PR T A A T it
A, i i ROS L AEE i 4511 200 14 P il oy L 2 1
JFUFN DNA , 3t F50 200 M H5E 2 8 A 15t 40 L PR 6 2 P 35
PR DA S A g (S5 A2 40, 4 5 i i) e 1
SR,

L5 L FTIR  MSC 55 WA BORT 5 Lx-2 4 )4
T, XS JEE 5 MSC 5543 WA o v 22 240 it A
T AERKEFAEFEER LR, PR TR 5555
W Lx-2 H UCP2 (3R 2 iF Lx-2 LN K
ZRLIR ROS Ja it A2 AT G MSC 5543 WA W) J3i 143X il
LR RBOVHAFFHRARITE , FE53FIH MSC 5553 84 5t
HhE A Z R AN T RO R R A BN T AT AL
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