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[ Abstract ]| Objective To determine the effect of human umbilical cord mesenchymal stem cells
(hUC-MSCs) in the treatment of hepatotoxicity in hemophagocytic lymphohistocytosis ( HLH ) -like mouse
model and investigate the possible mechanism. Methods hUC-MSCs were stained with CM-Dil fluorescent
carbocyanite in vitro. A total of 54 adult C57BL/6 mice were randomly assigned to the model injury group
(PBS group) , stem cell transplantation group ( MSC group) and normal control group ( CON group). The
HLH-like mouse model was induced by CPG oligodeoxynucleotide ( CPG-ODN 1826) and interferon (IFN)-y.
Then the CM-Dil-labeled hUC-MSCs were transplanted into the mice of the MSC group via caudal vein.
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The general conditions were observed in all the mice in 1, 3 and 7 d after transplantation. The blood samples
in the above 3 time points were collected to measure the serum contents of aspartate transaminase ( AST) ,
alanine transaminase ( ALT) , albumin (ALB) and triglyceride (TG) , counts of platelets ( PLT) , white blood
cells (WBC) and red blood cells (RBC) , and level of hemoglobin (HGB). In 7 d after transplantation, liver
weight was determined, the pathohistological changes were observed with hematoxylin-eosin staining, and the
number of activated macrophages was tested by immunohistochemical assay. Fluorescent microscopy was used
to observe the localization of labeled hUC-MSCs in the liver, and immunofluorescence assay was employed to
count the cells positive to anti-human albumin antibody. Results When compared with the PBS group, the
mice in the MSC group showed obviously better general condition, decreased ratio of liver weight to body
weight (P <0.05) , decreased contents of AST, ALT, and TG (P <0.05), no obvious change in the ALB
content (P >0.05), and elevated counts of WBC, PLT, RBC and HGB (P <0.05). There were less
lymphocytes infiltration in the liver, reduced activated macrophages (P <0.05), no expression of human
ALB, and attenuated liver damage after hUC-MSCs transplantation. The CM-Dil labeled hUC-MSCs were
found in the liver tissue of the MSC group after transplantation. Conclusion The CM-Dil labeled hUC-MSCs
are implanted into the damaged liver tissue by caudal vein transplantation. The transplantation improves liver

function, repairs injured liver tissue, and reduces activated macrophages, which are not through the MSCs-
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derived hepatocyte-like cells.
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1.2 Fik

1.2.1 hUC-MSCs B {&SMRiC hUC-MSCs 1 it
90% FiAy , MMLARAS B 47, H 4 mg/L 1) CM-Dil i 5 &
#iffl,37 CHFE 30 min Y4 PBS {1k 2 i f5 LA PBS
T AR, TR

1.2.2 Z& HLH /MR 57 B hUC-MSCs F2 48

1 54 H/NER R 58 2 BEML 775 43 A 3 41: CON 4 PBS
41 MSC 41,4541 18 H., PBS 41 % MSC 414+ 51F 0.2,
4.6.8 d ST 250 we/mL [ CPG-ODN1826 200 pl.,
R4 H 850 52 F 3 4F IFN-y 4 pug/mL ) 100 pL
2 UK, 1) 12 h,3%E4E 10 d, CON ZH I 5 iy B[] v
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SRR PBS i, AR Z 55 10 K MSC 4482
# KRS 3 x 10°4~/L hUC-MSCs £ ¥ 200 wlL,PBS 2
Ji CON M2 R IKALH PBS 28 w1 200 plL, W5
FEAHIRTT J5 /N LR RS PG SR B0 S A i i 284k
1.2.3 iy A=A B A0 i = 2 i s 2R
1.3.7 K, BHMEHLPERE 6 H/N R, R TR BRAF BR v
AP M4 1M A 3 500 r/min B0 10 min J5HUMLE
6 PR BB R 2= L3 IR B e A O T 8 B
fit) (AST) A N2l (ALT) (H =W (TG) \HEH
(ALB) K (=1 40 e (WBC) | 1fit /N #ir ( PLT) | 1 41 Jfd
(RBC) IML£L35 1 (HGB) fy G
1.2.4  JHF R A 5T & L K R 2485 27 A8 4k
AR ] A /N BRI S BB AR B A, R T em x
1 emx0.5 em R/NA LU, DL 4% Z2 5 W [ 5
48 h, B SIE KIS A WAL, s A ) R, TR
K-DHEL YL A6 W PR .
1.2.5 254 s A I s 40 i 15 2 s D) R
VR b, e AL e B r ik S H U . s iR
e Qe AR . TR I R 7E S A5 BT ( < 400) T BE
BLIEH S AP0 B 00 25 G 0,5 J32 I 31585 B 4 4t e 1 40
Ho QLEIREEIIy: YA 0 70 RO 10, B
B2 o, bR A 3 gk FHIEANIE o 35
<5% K0 53,5% ~25% K15, >25% ~50% Hj 2
43, >50% ~T75% K 3 43, >75% R 4 45 WiE T80k
e <2 AR =) ,2 ~3 pHREIXR(+) 4~
SN ERIEC ++),6 ~T 73 HERIE(+++) .
1.2.6  CM-Dil #3ic iy hUC-MSCs A% 5 JH I A 7 5%

IR R] AN BUR LS B MSC 41/ ROF 44,
TN T emx1 em x0.5 em, 57 B4 OCT (1,
UKRTE IR U 7 HLY) e, JREE 8 wm, 4% 20 58 W [l 5
30 min,0.3% Triton X-100 T 20 min,3 pg/mL DAPI
WAL G HIOCE KRB i, FE9OE WA T g
1.2.7 S 9tk I 4 & A8 hUC-MSCs B
BG5S T K MSC H (A2 ) /N U IEZH 2, 5
DANIE & IR ZL0E S B X B, e B3R 5 ik il £
WKV B, B € 5 0. 3% Triton X-100 7L 20 min,
BSA $5f[4] 30 min, N\ H#E FHiiA 4 CREF K, FITC
PGP (1:200) HIRFFF 1 h,3 pg/mL DAPT JL €45
Ytz B IG B R RSO WA F gL,
1.3 %itsxan

K SPSS 19. 0 GEit #4720 # , B LA « = 5
PR, 7 2 FF R B R I7 2203073 J7 A TR, R
JH Kruskal-Wallis #:56, o =0.05 5K,

2 HR

2.1 hUC-MSCs 4k sP4rit
CM-Dil e s 5 Sr (9t i &, & RATMIZL S, e
ICRATE 95% LA E (& 1) o

E1 WXEMETNE CM-DIl F5MRIZH
hUC-MSCs ( x100)

2.2 B4R — R LBARR

R /N BURAS ZERE 2RI 0 A At fS
MSC 2% PBS 41/ BUIR A b5, 16 s34, 1 4% 4171
BRI B o I AR A RS
2.3 A A4 MR A= A6 T AL

ARG EE 1.3 K, MSC 21 % PBS 4 ALT AST
¥ F CON 41 (P <0.05) ;5 PBS 414k, MSC 21 B
WAL (P <0.05) ; #AH 555 7 X, 5 CON 44 L,
MSC 4[] ALT AST AWK E IF 4 (P >0.05) ,{H PBS 4
AP IE R (P <0.05,3 1), HMBAHESE 1 K,
MSC 41 % PBS 41 TG & F CON 41 (P <0.05) , 5 PBS 4]
FHEL ,MSC 41 TG B AR (P <0.05) s ARG 55 3 K,
MSC 41 TG FAME IEH# (P >0.05) ,{H PBS 21 4 Ak
HIEH (P <0.05) ;A5 55 7 KX, MSC 41 J% PBS 411
PWIZIEHR (P >0.05) s MRS AH 5 56 1.3.7 K, MSC 4
S PBS A 1M i H ALB YRS IEH (P >0.05,% 1),

MMIFAE S 55 1 K, MSC 4 & PBS 41 WBC . PLT,
RBC HGB i T~ CON £ (P <0.05) , H 4 Z [A]#5-45
PR TIG I L (P >0.05) s A2 3 K, 5
PBS ZHAH L, MSC 4 = R AR E B, Bk WBC 4,
SRR RAGI2FE L (P <0.05) s At fE
57 B PLT i £ & IE# 48 (P <0.05) , MSC 4]
WBC .RBC .HGB ¥R IE# (P >0.05) , ifii PBS 414545
FRIIARMKIZ 14 (P <0.05,%2) .
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®1 FHNBRAERESLME ALT AST TG ALB LR (n =6,x £5)

ALT(U/L) AST(U/L)
2151
1d 3d 7d 1d 3d 7d
CON #1 47.10 +3.85 47.11 +3.88 46.60 +4.13 135.22 +23.10 132.61 +15.93 126.50 +16. 62
MSC 4 332.80 £57.63"  237.65 £111.63"  48.40 +6.20" 389.18 +169.71%"  223.90 +65.11* 121.45 £25.48"
PBS 41 487.16 +59. 84* 429.42 +113.64*  143.46 +63.71° 526.65 £68.21° 470.25 £69.07* 162.12 £35.74*
TG ( mmol/L) ALB(g/L)
215
1d 3d 74d 1d 3d 74d
CON 41 0.68 +0.12" 0.67 +0.08" 0.68 +0. 14 31.12 +1.85" 32.03 £2.03" 30.57 =1.86"
MSC 4 1.19 £0.31% 0.83 +0.27" 0.64 +0.08 25.68 +2.59° 26.12 +1.70° 27.47 +2.08°
PBS 41 1.31 +0.30* 1.15 £0.25" 0.72 £0.21 25.58 +0.67° 25.63 +1.39° 27.52 +1.07°
a: P<0.05,5 CON £83t4;b: P <0.05,5 PBS 4114k
K2 BAMNRAFTESSE D WBC PLT . RBC HGB &R (n=6,x +5)
WBC( x10°/L) PLT( x10°/L)
215
1d 3d 7d 1d 3d 7d
CON 41 8.44 +1.08" 8.55+1.10" 8.73 +1.12" 1250.67 +119.74> 1 247.00 +137.08" 1 260.67 +251.54"
MSC 41 4.50 £1.14° 5.87 £1.69* 6.97 +1.85 598.00 +85.99% 785.17 £164.16™  962.50 +168. 89"
PBS 41 4.46 £0.56" 4.74 +0.10° 5.47 £1.65* 546.33 £85.48° 606.50 £89.11° 749.17 +147.60°
RBC( x10'2/L) HGB(g/L)
21 5]
1d 3d 7d 1d 3d 7d
CON 41 9.95 +0.44" 9.93 +0.48" 9.85 +0.49" 144.50 £7.29" 144.00 +£8.60" 144.33 £9.79"
MSC 41 7.70 £1.15% 8.61 £0.75% 9.28 £0.76 106.83 £17.50* 124.00 £11.66°>  137.50 +5.79
PBS 41 7.45 £0.43" 7.76 £0.62° 9.02 £0.71% 101.17 +8.42° 110. 67 £5.85® 127.50 +7.15*

a: P<0.05,%5 CON 283b4%5;b: P <0.05,%5 PBS 4114k

2.4 mpaASRLG &M BT IE K N BRI R
MRS 7 K, 5 CON 411#4(4.92 £0.37) %
FHEL, MSC 41 (5.77 +0.28)% J% PBS 41 (6.39 +
0. 46) % /INFRUHF o e A i 2 L34 8 3 T i (P < 0..05) 5
55 PBS 4 AH b, MSC. 21 T 2 4 i f: bE B B FRAIR (P <
0.05) ,$iH] hUC-MSCs 7] 4 B {2 2 35 2% HLH /)N BLAY
JHFIERR R

HE Ju (8,25 5L R & B ] 55 CON 27N ERUTF /N 45
FAIE R, AT Y €0 T AT , T 200 i 2 i %) JEF AR 2 TSR
R UL AE IR VG . AR AS AR S 265 1 K, PBS 41/)N
SRUFFZHL R rba] DL 240 At e, RO iy, 380 TS5 9K
F L, FRCFE bR B A0 VR i, AT DL AR I 4 i 3R A AL, T
MSC 21 /)N BRI 20 b a8 3594 T el s B )5
553 K PBS 4I/NRUFFIEALEE | RIY T ar4e B4 W58
i 20 IR, B P A5 el AR, T MSC 41/ BRURF e 21
LU R B TE, BFE RAE AR . B 5 56
7 K PBS 21 i ] UL il 48 i Rl R AE 1R 1 , U B R K A%
8 hUC-MSCs ] LAY /0 i BIE (8 9 RE S5 I, 18 52 1 ik
itgdith (K 2) .

2.5 miaBiiE & TR P B v m i & ALK -F

MGG 5 7 R, MHE 1. 2.5 BT FRifE, s
HA GO AR ZE R s, CON 41 ARk (- ) ,MSC 4
FARFGE( +) ,PBS AU EERIA( ++ ) o YesRIETE
53 BB 40 I FT 43 VP43 2R 5 Ge it 25 R R MSC 41
(2.47 £0.27) 4%, PBS 41(4.43 +0.53) 4%, ¥ 5 F CON
2H(1.43 £0.29)43(P <0.05) ; 55 PBS ZHAH L, MSC 2015
A 2R AR A5 e S g (FR I S IR (P <0..05, 151 3)
2.6 hUC-MSCs EAFARMEZHMAEAEIAGEG

R

A E 25 1.3.7 K, B dl /N RUIF IR 845
VKR Y] R, 26 AR T AT R BLES 1 R CM-Dil /iy
hUC-MSCs =275 JH I K i 87 JA) Bl A, 5% 3 R 3240t
(/N R & 2] CM-Dil il ) hUC-MSCs 5E 44,
557 RIF/Nf s 47 AT L CM-Dil 4542 B9 hUC-MSCs %
F L EZEOEE S BRI, 1 CON 4 )z PBS 4 ¥R A&
P CM-Dil i) hUC-MSCs &8 (Kl 4) o o g R
WORHEAE G 55 7 K E R E A A hUC-MSCs K L
ANHEHMERB(ES) .
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T FATIE R KRR
2 BHRNMRARBEEFEAAREREST (HE x200)

A: CON #1;B: MSC 41;C; PBS 41
B3 JEANRMEBERSET RITAES F4/80 FRIEAAERIRIZER (=F % x200)
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CON 4

MSC 4

PBS 2

TR MR M AR 69 hUC-MSCs
B4 THBHEIETWE CM-Dil #xi2#) hUC-MSCs BHEGAFIFALANMEREREB R  ( x200)

A wmieBH;B, MEsTRE . FAGRS
5 HERAVBHMEBEGE 7 KIFAEHEE hUC-MSCs
ABEBEHREBER ( x200)

3 iFig

HLH 2 i 22 005 I 5 DR 19 5% 0 240 i
Geidt e SRR , e E R R A B e e L,
T 45 B A i B3 AL, e 51 2 ME g T RE %

o RIS IR 1Y #1451 2047 217 5] HLH LI
PR S S 3 A 2 e i, R IR U2 5 Ry 2 it
BT S AR AR E R A P EURILIE T, BB
HLH {3657 2R L S e a7 K 3 i T 20
MR HETF T AR ARST 7 %6 P SR T AR T A 1 X 3F
J 21y AT IR BRI , (645 AP A2 31—y T <, T 36 10
T R AL AE— B 58 R TR I 52 350 9 B 2 P O S
I R FEAE T, A2 PR IT 58 o 1 B B0 HLH Lk T
ot R TR R AR A 2 RS
SRITHIRST I B L EL . ARk, [ A AhF 2 a4t
I T T MSCs ZEFT S i 0, IS T A il
IFELF Al MR IT b T 4 S5 S e PRI M 1
SEVE TG P AR A . R4 ) 75 5 T 440 B
16T HLH HPRES A B BIFSE it VAR

AW R AR RIS 45 1 KA AT WLgEE) ALT,
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AST } TG {535 5 . AUE%E " R A hUC-MSCs 34
7 CCl, FENAMEIFZ G W R MMM RIGH 1 K
JHFTE B S8 B, $2 78 hUC-MSCs 2 A5 e %) JH- JUE 45 495
BN, Al Re5 H AR IR A ¢, ASHFIE & 30 ML
o ALB PRI B8, $ s o5 2 RE K 52 v 5 15 [a]
SRR YT ST o BIRAHIT LR A ) Ll
b BT TNy B4 25005, AR AR R B R s LA S
Y 2 AN LT XA T VA A SR (4 5 0 (LR A A
55 25 o iy 2F £ 2 DR e 93 1 /N BROBSE TR B B8 B AH L, 5
SRR 2 5 20 PN LR 258 1 A1) 4% R G i, HLe Bt
R, TCEIENE , FLRE A 45 25 10422 1k, /N BUA I R 26 31
Rl S ()RS ATV A AE SO — 8 TR B B T
EFSEHERRIOMRE o T —2, AT RJHZ ML) HLH /) iR
TR R A PR B 42 [T HB T Al hUC-MSCs (93875
BEAEH

B L 28 T FUE 45175 14 3 455 TR H i 52 1 MISCs
(S RE PR AT I RE ! JLAT 4% Th 5 Th2 2840 2k
7, V4% DC i NK 40040 R 123 i , 5 it
S ML PRl 484 22 3 T DG 2 4 R P 40 L R 411 4
(R . ASBFSE MSC 41/ BUIFIE P 48 455 38 1 Ak 54 30
2 T PR LE A ORI 52 T 3% — o IR RIF S 22 ]
hUC-MSCs A V42 JFF M A 375 £ 14 1 1 2 i B Kupffer 24
I A R M2 T 40 g i Ak TL-10 TL4 %5 40 Jfg X
T2 FRRAR LT AL TR L , BEL LRI PR 194 98 i S IBE 2 o
A2k Kk B, Higashimoto %[13] % FH B& Wi 3k 75 ) MSCs
TAFT Con-A %55 (T 46 /N BUS & B0, I JUE o 484 2 19
F4/80 BHM: 40 M B T R, SAMF IR 45 R — 2, IESE
T WA R SRR IR A S i kB B
YER o XHEM hUC-MSCs ZEAHF 7T H I BEVK &2 A4 H 32
BLiE T AR T 40 1L, sk CD8 ™ T 4 i i %
WK TFN-y  TNF-oo %5 40 Jifg [ 7 16 7% A, 2 1 A%
I 00 L 4 075 AL TR, o R 47 T U e HLA U 2% 4
—PE

752 5 SR FH 4 I e €5 57) CM-Dil 473 hUC-MSCs
AR RS 25 B R AR R 45 1 3.7 K, 7657
S5 PR Fp 7T %2 B CM-Dil 4740 hUC-MSCs A,
5k U WE g g R — 5k, U] hUC-MSCs X 48 i B
AR BA RV SRR ST o PRI G R IR &
A B AR ARG B R 35 R hUC-MSCs [a] 52 51 i
JETE RS L, RARRTIEAS A . (ELBE R I ) O 7%
FFIE 2 2 Hh 5 A A9 hUC-MSCs it A5 BT /b, T fig &
2 43 LI B8 i BN 2 8 LA M RS M2 Bt
JF A LUEE K RS IS R A G, R
T FISZ T E H 9 hUC-MSCs 75 5 345 15 R 55 F

BT LA R A0 2 45 1 A6 52 4 T, 46 45 I DR 2
B A SIS R R B HEHE 7 KAl T T
1) hUC-MSCs & 33k N H, Bl hUC-MSCs 7EF8 4
JE 5 T RIFAR R AR Ak RS2 T IR 493 1 15
SRR 52 2K # T hUC-MSCs [ JFRESE 4k, Tsai
0T R RS AE A CCL, P HUY /N BB I A hUC-
MSCs F-A & A FFE L AL T 2 PR A B 7 R VR
TR MSCs 1 E5 329 (MSC-CM ) iY77 D-F 3L
Bl S B HFIERT, 2 BE MSC-CM 1] L i 35 )i /0 41 it At
T ISR i AT S T MSCs 55 43 I 75 T
e GEZ HE - . AR R A 1% ~3%
(11 T2 32 Ak A e A T BV A SR
TR A, H 75 HLAT BG40 A 1) ) B v T IR 5K
UEAE R 55 43 U B 0 Bt Sy 18] 58 50T 48 3 7
RSO IRIE e i O IR

M., 7E L CPG-ODN1826 Mk & IFN-y i S 2
HLH /NS AL R AR 15 00 R, B bk B #E CM-Dil
FRiC Ay hUC-MSCs R 7E 52 54 W Hh e A, A4 I 4
SR I L W] 68 5 e e R s 5 o W AR
5, M PR AP HLH. I A2 455 312 3 i+ 20 i B
AR T P R 2R T I A A e bRk A e B L Rt . (R
MSCs & #EA& S AE R ELRHIL I 75 22— 2508
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