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HGF i T4 25 X IR, 155 10 d J5 FIH real—time PCR Rl #5 4 LECs ARzt oy TR ELE P Bz 40 355 BH I R 37 142 -1 (lym—
phatic endothelial hyaluronan receptor 1, LYVE-1), [FlJ5FIE &8 H 1 (prospero homeobox protein 1,Prox1) #1575 HGF %
TR, Western blot real-time PCR il HGF #5341 75 FXT R4 VEGF-C 15 F41IMLECs #RE M5 F LYVE-1 Prox1 i
5, LB ZS (AN IBZL  VEGF-C iS4 HGF B VEGF-C iS4 integrina9 MK, 858 NI BIARIS ICEE 5 K
BMSCs, 80 ng/ml HGF BE45 50 ng/mlVEGF-C #5540 1 LYVE-1 Prox] i mRNA A& 5 (Pp=0.000, Py ,=0.000) , 7] i}
HGFIZE R AR B AHIC LECs AR M4+ 135 HGF B A VEGF-C i 411 integrina9 [ 3RIAE VEGF-C i 41 B I #12
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LECs Mk, RIS A% 204 N HGF A HAT 5l 3 K Bl BMSCs 43k A LECs MR 1, (HEEAE S S bt B i B3t
integrina9 I IEBIAERE /(L e HGF ] g2l ad 8] 3% _F iR integrina9 F3k & AEAEH .
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VEGF-C combined with HGF promotes the differentiation of mesenchymal

stem cells into lymphatic endothelial cells
Shi Zhenghua',Xue Bin', Jiang Juan?
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2. Department of Obstetrics and Gynecology ,Hospital of Chongging Iron and Steel)

[ Abstract)Objective : To explore the optimal concentration of hepatocyte growth factor(HGF) and the mechanism of marrow stem cells
(BMSCs) differentiate into lymphatic endothelial cells(LECs) by HGF synergizeing with vascular endothelial growth factor C(VEGF-
C). Methods : BMSCs were isolated and cultured. Flow cytometry (FCM) was used to detect the relative surface antigen of rat BMSCs
and the ability of multipotent differentiation was identified. The 3th generation of rat BMSCs were used in the experiment and were di—
vided into 6 synergizeing groups including 50 ng/ml VEGF-C synergizeing with 10,20,40,60,80,100 ng/ml HGF and 50 ng/ml
VEGF-C inducing group,50 ng/ml HGF induing group,blank control inducing group were established. After 10 d inducing,lymphatic
endothelial hyaluronan receptor 1(LYVE-1) and prospero home—
EEN R 5 B4 Email:812307861@qq.com, obox protein 1(Prox1),the cell makers of LECs were detected
T ey ol @ 5 RI b,
BIEEE . # 3., Email ; cqxuebin@126.com,,
BEEWMB: TR TAHLELAME AT EH R X K8 B (%% .CSTC
2013jeyjal0062); & & T T By & 5RM KB B (%5 -
2013-1-014),

4155 H R : hitp:/iwww.cnki.net/kems/detail/50.1046.r.20150519.1803.007.html
(2015-05-19) detected by Western blot and real-time PCR. Results . Purifica—

using real-time PCR. Prox1 and LYVE-I in blank control group,
VEGF-C inducing group and HGF inducing group after10d in—
ducing were detected by using Western blot and real-time PCR.
Expression of integrina9 in blank control group, VEGF-C in—

ducing group and HGF synergizeing with VEGF-C group was
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tion of rat bone marrow mesenchymal stem cells was successfully isolated and cultured. The expressions of LYVE—-1 and Prox1 were

the highest(Py,,;=0.000, Piyy;,=0.000) in 80 ng/ml HGF synergizeing with VEGF-C group. Meanwhile , LECs markers were not detect—

ed in HGF inducing group.Higher expression of integrina9 was observed in HGF synergizeing with VEGF-C group than in VEGF-C
inducing group (Pyeen 11a=0-001, P, _ine rcx=0.000). Conclusion : HGF synergizeing with VEGF-C can better enable rat BMSCs differen—
tiate into LECs when the concentration of HGF is 80 ng/ml,but HGF alone could not induce rat BMSCs differentiate into LECs at this

concentration. HGF can up-regulate integrina9 expression indirectly in the process of differentiation,indicating that HGF may

promote the differentiation through up-regulating integrina9 expression indirectly.

[Key words ]marrow stem cells;vascular endothelial growth facto—C;hepatocyte growth factor;lymphatic endothelial cells

P EEL I 2 bR 2 R AT e o A K e o i A 5 |
EA—FIXETA R . T AR 2 TREBOR S L
TR RIRTT I ), LATE S50 M R B4 )
FEJE 41 (bone marrow—derived mesenchymal stem
cells, BMSCs ) NLHI FZh AR ik LA A EERE 2 K
WFFEIESE T ML P R e A K P C (vascular en—
dothelial growth factor C, VEGF-C) A 175 M &
PN BZ 41 Bfd (lymphatic endothelial cells, LECs ) 4 i )
VERIE, R 56T IAE N B A AR I 7 A (vas—
cular endothelial growth factor A, VEGF-A) A £ 4
2 B A= 4 PRI - (fibroblast growth factor, FGF) 4351 B¢
& VEGF-C i35 BMSCs [f] LECs ML m4GE !, i
VEGF-A FGF [ B FFABE #4375 5 BMSCs [7]LECs
ik, BATTE AT (] L A P R A A A R A
& 3 (vascular endothelial growth factor receptor 3,
VEGFR3) S BLAE 0 AL AR I, RF4H 2L K TN 5
(hepatocyte growth factor, HGF )/ A [a] 5 2H 4143 0A )
— TR PR 22 53 2450, R 22 Rl H SURN A0 L b 2k
AT, AHICHITSE 22 UEN] HGF 78 MR bk 2
AT HIMER , FIEHEDE LECs 3458 1E 78 Fibk 045
I - B H i R A i HGF 2 A Sl i
ST AniEIR LECs 3L HaE . BT DIAT 23 i T
HGF 5 VEGF-C nf LU 4y Hitfie ik BMSCs [A]LECs
Ik BT BMSCs 1] LECs 7MEIiE S %
IR S IR Z HGF Bf VEGF-C {2 i#F BMSCs
6] LECs 73 B2 HGF RUPEHIFLA]

1 #RE5FZE
1.1 2SN E

F12-DMEM 55323 (Gibceo) , Jifi 2 IfiL 7 (Gibeo ) ,0.25%Jk
fit} , K EF 4 VEGF—C (Prospec) , K 4 HGF (Peprotech) ,

PE FRiCHI K Bl CD45.CD90.CD44 i 247K (BD) , it K il
LYVE-1 Proxl integrina Hi 4 (Abcom ) , ¥ i il £ 1585 &
(FER) , B R B B-actin FUA (HH18)  EHT R It
(A8 16 B PR ) | 3037 3050 £ (Takala) , Tri-
zol I F & (Takala) , 5 AH 22 330088 (BAREL 7)) , i =04 il
{X(BD),PCR f¥(Biometra)

1.2 Rk

1.2.1  KEL BMSCs 2r B HIE SR B4 JAiYHEE SD KRR
Ck A FERERFR2EN LI 0 )  ARBFEAF AR E e
B S SR R 2 D1 23 T A AR B2 Ao | I s T K
B AR, S AL FE , I 75% CBE S min, H
TCH T AR R E T B s . Fe iR sy — /N F
H 2 EHEIREL F12 DMEM 353758, nh i8R WOk i 92 i
I A B0 T, 800 r/min B0 5 min, 155 135, A
F12 DMEM }5 353 (4 10% 64 037 ) B8, R0 T 100 ml
Bigeirh . BT 37 °C . 5%C0, U HINE R e IR B AR B 5

3 d R, 29 12 d AR R 909% AR ZS IR, FH 0.25% )
FEFTH AL 1 min, & 10%I0075 (55 7R 2R TE AL, B0 F o, 4%
1:4 W BIEAREERN T 25 ml BR300 b () A 25 W SOB i g
2 A A K AT S AR A L

122 K BMSCs RIS T BUREE IR 3 140

T, 4G 40 SR T bR S PTI CD45,.CDY0 . CD44, 1 0.25%
JEREH AL 40 M, PBS 320k 3 3, %5 2 1.5 ml EP &1, B0

B2 B3, BAFRAZE/DBHE 100 401, 2 FRP AT 45

I BARO G APUA , %5 1 h RI5 FALKE

1.2.3  BMSCs MBCHAES  BURMERFREE 3 04, G108
T 6 FLMR L, # MR S R UL AL A S R

3d¥e 1 WA SEEERIR ., ETES 7 d BT WL AN AR
Ak, A0 A TE | o] UL EA R L SRS S ER R, B
520 d )7, e dE R AL PBS IV 2 Ik ARG REALIINA 49 W i
30 min, FEZELIYL 10 min, B N WL,

124 SZEGSH FERHRTIREEN F12-DMEM 15373 | [ i
JIA 109% 646 M3 , P& 50 ng/ml VEGF-C 435184 10,20,

40.60.80,100 ng/ml HGF Fit &% SR F KM 6 N G1E S
4, LA KR E 50 ng/ml VEGF-C iS40 .50 ng/ml HGF i
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SRR TATARI A0 8 R 1 25 (6 B, 20 9l 5 R A
B.C.D.E.F .G HI4H,HES 10 d J5XF % 4HF|FH real—time
PCR #ill LECs #R7EMESTF LYVE-1  Prox1 BIZE A, LIS H
ol HGF VB, BB ol ik AY HOF 5S4 25 FO R4 |
50 ng/ml VEGF-C %540 ,15'S 10 d J5 Wsetern blot real-time
PCR K:MAHRE LECs #7354 LYVE-1 Prox1 B33k, BiFHGF
BT BME S BMSCs 7] LECs ZMUEISRE J7, 158 28 G IR
21 .50 ng/ml VEGF-C 5 4] I5iE Wk JE HGFEE S 50 ng/ml
VEGF-C 554,155 10 d J§ Wsetern blot  real-time PCR 1
I integrina Rk TR E HGF TEfe /- fbad B g pLi
1.2.5 Real-time PCR WAL, Trizol 37 & 42 AN A
mRNA , EHM TN E % 41 mRNA ¥, PCR 54910
T :Prox] Fi# 5' ~-TAAACGAGAAGGCAGCAACAAA-3"; F
¥ 5 ~GAGGTGGGAAGACCTGAGGAAC-3" ;LYVE-1 F-{i% 5°
~GCTGTGCTGGGTGTTTGCT-3" ; R il 5°~TTTGGGTGGACT-
CTTGGGC-3 jintegrine® |1 5° ~GAGCTCAAAAGTGCCC—
TCTC-3"; Fii# 5 ~AGAGGGAGGAAAAAGAAGCA -3’ ; il §%
sl % cDNA, IS cDNA 8 F-20 CHRAF, PCR IR ER (&
R Z 20 wl):2.0 wl ¢cDNA 0.6 ml Primers 10 wl 2 x SYBR-
Green 7.4 pl JCHIK, PCR W 551494 °C=5 min— (94 C-
30 s—57 °C-30 s—72°C-30 s)x35 MEFHF —72 C-10 min,
SERT R PRI i 27000 32

1.2.6  Wsetern blot %55 10 d 5 #4541 40574 PBS 72
Yk 2 3, BRI 200 wl 40 246 T VK 2248 30 min, 48
JE FIBORIC AR A)  WAE SRR 22 1.5 ml EP &,
T4 %C,12 000 r/min BS.L> 15 min, W EWE, BOLH 10 wl
PEAT A e I | HoA 401 Wl A 1 RESE il
[ 22, Bh7K I 10min, BCHIEERS, AR VIR, ARG e &

PVDF & I, T 5%B B A B 64 1 h, INA SR B LYVE-1
—PLE BT RER, Prox1 —PLE Pt R R integrina9 —4,4 C
WEE 12 h,PBST 3ik . BRI S BEbRIC =30 T 37 C
FHFE 1 h,PBST 3% 856 DAB B {4, #8474 |, Quantity
one T LK IEE , B-actin NS,
1.3 %itoH

AR SPSS 17.0 Get i, 25 R LAIEL + bRifi 22
(x +5) BEATGETHIER AT PORL, ZREA I B R R
RIZ T 225007, LI G LR ) LSD—2 35, KB /K fE o=
0.05,

2 &% B

2.1 BMSCs %m oy & F LR
JEAREFRANM 24 b J5 /03R4 Wi BE 5 72 h J5 WG RE 4T
MR, HERRIE, e e ani, g . fh
FN5 7 O, AR G A K A T R e E) 12 d LR TE
R AR AN K BT AR AT, 24 b B BESE 458 3
KM FF LR AT A 2155 7 REPAT IR (1),
2.2 BMSCs & @40k i) F 38 B o) s B 5

W ZE R B IR CDY0 [RIAFN 99.90% , CD44 {31k
N 99.89% ,CDA5 HYFRIBZH 2.55% (151 2) , 45 1R W], 1)
FE SR 40 3 T AR RS E CDO0 . CD44 2 B3k | i
T I 200 0 22 TR AE MRS CDAS SR B33k HERS 1 1 20
S =4 O 1 W i e R S S O i O R = 7 S M )
NS 7 d RVAT LA S ARk, 4 g s, T LN 2
R FEFANPRAGE IR, 20 d 5, 95 2 20 Y00 s A0 i A
T A R A e AT A (18] 3)

& 1
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Fig.2 Expression of antigens in the cell membrane of BMSCs
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B3 K BMSCs Al BFS 20 FHRLILE(100x )
Fig.3 Alizarin red staining of rat BMSCs by inducing

osteogenesis after 20 d( 100 x )

2.3 F R HGF 4 VEGF-C # % BMSCs % LECs %1t #9
HGF s i& ik &

Real-time PCR #:4% 4 Prox1 .LYVE-1 i mRNA ik
0L, B 50 ng/ml HGF 2H |78 X BRA ARG AHOC mRNA (1)
Foik , HARAS A 2k T (K 4.5,%2 1), Prox] 1)
mRNA Ik AREAR B A G422 5 (F=108.248 , P=
0.000) , 77 80 ng/ml HGF+50 ng/ml VEGF-C 4HH|l E 4131k
I (2.664 £ 0.137) , 4] LA B2 25 57 (Pyw=0.000,
Puie=0.000, Pryz=0.000, Py 5=0.002 , Py :=0.000, P5y:=0.000) .
LYVE-1 ) mRNA Rk & A B eG4 22 5 (F=
998.496, P=0.000) , H: ' 80 ng/ml HGF+50 ng/ml VEGF-C i
B E 35w (4731 £ 0.098) A 0] LA R A Se it 22 5+
(P1y:=0.000, Pyy;=0.000 , Peys=0.000 , Piyz=0.000, Pry:=0.000
Peys=0.000)

- A BRLYVE-1
oy ZZ2 proxl

;:
44 ;:
’
,
A
v ;ﬁ
= 34 ] 2
X
i 2 N
Z 24 NH NH
z NH NA
NH N3
NH Nb
14 NH N
N
3 b3 b
o | N N

A. 10 ng/ml HGF+50 ng/ml VEGF-C 4
B. 20 ng/ml HGF+50 ng/ml VEGF-C
C. 40 ng/ml HGF+50 ng/ml VEGF-C 2
D. 60 ng/ml HGF+50 ng/ml VEGF-C 2
E. 80 ng/ml HGF+50 ng/ml VEGF-C 4
F.100 ng/ml HGF+50 ng/ml VEGF-C 4
G. 50 ng/ml VEGF-C 4]

a, 5HAWLIHIEL , P<0.05

5 #&4H Prox1,LYVE-1 BB RIZE (x +5,n=3)
Fig.5 Relative expression of Prox1 and LYVE-1
in each group ( x +s,n=3)

%1 Real-time PCR #:illl Prox1.LYVE-1 §JtB3t KL E
(x+s,n=3)
Tab.1 The relative expression of Prox1 and LYVE-1 detected
by real-time PCR(x +s,n=3)

25 Prox| LYVE-1

10 ng/ml HGF+50 ng/ml VEGF-C 41 (A 41)  1.000+0.000  1.000 + 0.000
20 ng/ml HGF+50 ng/ml VEGF-C 41 (B41) 1.325£0.198  1.149 = 0.084
40 ng/ml HGF+50 ng/ml VEGF-C 41 (C 41 ) 1.527+0.164  1.890 + 0.159
60 ng/ml HGF+350 ng/ml VEGF-C 41 (D 41) 2.271+0.112  3.254 +0.065
80 ng/ml HGF+50 ng/ml VEGF-C A (E41) 2.664 +0.137"  4.731 £ 0.098"
100 ng/ml HGF+50 ng/ml VEGF-C 41 (F41) 1.644+0.230  1.711=0.093

50 ng/ml VEGF-C 41 ( G 41 ) 0.304£0.021  0.486+0.025
FAiE 108.248 998.496
P 0.000 0.000

Amplification Melt Curve
800 fFrrrrrrr = 1300
7004w EE
600 : 43000
400 For o o 2800
3004:- 260035 ...
2004 :
100§ 24007

ok : : : 2
0 10 20 30 40 70 75 80 85 90
Cycles Temperature , Celsius

Melt Peak Amplification

! : T 800 : S =1
150 F00 b

600 LY¥E=]
100450 ses s 500 S e
400
: : p 300 §i = weniude sans
20 : By Y 200 :
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Melt Curve Melt Peak
3200 ; :
3000
2800 4
2600 1
24007

65 70 75 80 85 90 95 65 70 75 80 85 90 95
Temperature, Celsius Temperature, Celsius

4 Prox1.LYVE-1 B3 38 7= I R A ih 2%
Fig.4 Cycles and melt curve/peak of Prox1 and LYVE-1

T ra. 78 Prox] FIKMA&2H P E 2000 55 HAD 4% 20 H A Py=
0.000 , Pyyp=0.000 . Pey=0.000 . Ppy=0.002 . Prys=0.000 , P1y:=0.000 ;
b. 7£ LYVE-1 Fik & 410 E 400 5 A B A BN Pras=
0.000 , Pyy:=0. 000, Piy:=0.000  Pyy;=0.000 . Pyy:=0.000  Py:=0.000

2.4 it HGF #9251 huhl

BMSCs 1% % 10d J5 , Wsetern blot real —time PCR 4% il
HGF iS4 b LECs fraithE /> T LYVE-1 Prox1 JJy B3
ik, 28 FRTHRZL LECs A4 F LYVE-1 Prox1 JREAMER L,
M VEGF-C % $41 LECs frilitE5rF LYVE-1 Prox1 FHYESR
ik, K HGF BA VEGF-C S 41 integrina9 A KL
VEGF-C 5320 W1 .82 5 HA G815 22 5 (Pyvasen 10=0.001
Pt rcr=0.000) , %5 FAXT HRZH R A integrinad AR (] 6,
7,4#2),
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|t w 47 kD B-actin

A B C

ME z M 114 kD integrina9
R R i 1 1) i

E F G

A B C M HGF 15541 45 LW BRAL \VEGF-C 15541, E . F .G 2383878 LW B4 VEGF-C 5341  HGF A VEGF-C H5:41
& 6 Western blot #il] LYVE-1.Prox1.integrino® By i%x
Fig.6 Expression of LYVE-1,Prox1 and integrino9 detected by Western blot
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7 Prox1.LYVE-1.integrina® B33 7= 47 | R 151 #h 2%
Fig.7 Relative expression of Prxo1,LYVE-1,integrina9

#2 ®MEKA integrinad BIFRIL (x +5,n=3)
Tab.2 The expression of integrina9 in each group ( x +s,7=3 )

Western blot ¥ real-time PCR A&l

205
integrina9 I integrina9 (55
VEGF-Ci5 34 0.412 +0.046 1.000 = 0.000
HGFEAY VEGF-CHES4]  0.827 £ 0.064 1.565 +0.228
FAE 103.910 109.609
P 0.001 0.000
37

IR EEL 7K i 2 A 2L PR WA e o LA I 7 3 B i 5 |
L —FPEE P ERR , H TS5 S BMSCs 1] LECs
A3 R A 20 TR AR SR VA 7 bR B 7K b 25 R DG

AR TR ST 07 1], AR SE 800 TR AT BMSCs
] LECs L5 507 SRSV E P . SR
PRI FEH RSN A0 R B BMSCs, £l BMSCs
FE PR CDI0 CDA4 [ATEZRIA 1 I 20 M
TR CDA5 FAYERL , RIS B R Jr w4y
TRRRE ST . BCHRIR RS E 1Y AR =5 3 ARt 7

AR SE B 4AIE 52 VEGF-C 1] L% S BMSCs
] LECs 70, (BAF 7RI SRCRAS = 1y [l 3, T LA
UL VEGF-C B4 VEGF-A FGF 2540 ity Al {1
WS E9, HGF 754 LECs A2 i —Fh 5 240 ity
7, AR E LECs B958 dER MAE s il LA F 2L
YER, A1 E EL A 02 2 I g bk B 5 B8 i AR R -1 HE
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HGF{EHE LECs 34584 E FH vk BERT e g b ik A
BB o B Y PRI SE M 0 B 100 ng/mll, & B Y
HGF 47 50 ng/ml B, HAR A58 1 FH Ao 12, 2 X
WSO R B 24 HOF W JFIS VEGF-C B3R
F BMSCs [n] LECs 431k, F) 2 2t 43 A7 5 IS 6 11
real —time PCR £ R K Ul LECs #H 3¢ b5 & P 43
LYVE-1 Proxl ) mRNA Fikig, K84 HGF ¥k &
7 80 ng/ml B, HARE M1 mRNA ik i e
RUEEA VEGF-C 1 bV E R i

PIAEAH AT IE B AE T 40 ) LECs 43 fbad 72
HIETE S 3 2515 5@ % B Prox] -VEGFR3  Prox1 -
VEGFR2 , Prox1 —integrina 9 {5518 13-4 SR 1M 78
LECs J¥ B i A% rp f5e 35 22 (1 38 J& Prox1 42 5 F i
VEGFR3 Fil integrin o9 15 518l , VEGF-C 5 VEG-
FR-3 ZARE5 A 0] LIS Sk e ) e 358 A7, 5
integrinat9 ZARGE G I B A0 B B I B
KA I 2 T #8254k . VEGFR3 | integrina9 ¥4
VEGF-C FCARNS, A S35 45 5 1 7R 80 ng/ml He B2 1
HGF ARE AT K Bl BMSCs [f] LECs 40k, ) 3
W] HGF 78 iz e 2 4548 5 7T fig i o H Al AL il ik &
VEGF-C {23 BMSCs [1] LECs %S0k, iAW
WERH HGF nJ a4 EiH LECs (Y integrina9 723502,
HASI 45 B Bon HGF B6 4 VEGF-C S F2
H integrina9 FRIEH VEGF-C B Fad f2
WHEE R HGF il g5 VEGF-A FGF —&f 71k
B EA ARSI AR5 S BMSCs [1]
LECs 434k, il ad ALK B S VEGF-C 2 7
1k, A VEGF-A FGF i [i]32% 14 VEGFR3
ZREYFEIANL L, T HGF A BEidE i ()42 i in-
tegrina9 [ RRE oA . BT AARHESR A5 4548 7F
HGF B4 VEGF-C 55 BMSCs [A]LECs 43k it 72
H L HGE °] Bg 3 o [7] 32 1A integrinad (1915,
VEGF-C 5 W £&k1 integrina9 ZE SRS T4
b, 7E BMSCs [1] LECs 73k #2Hr, VEGF-C S22
PR LG PR, et HAh 7 = Prox 1 NS 50+
VEGFR3 ¥ integrina9 Z K135, ¥ £ #EBMSCs
1] LECs 434k, 3% R A I 2H 0k — A 1F 55 T 4 i 1)
LECs MJi55 - AEAL S AL SE 304540

25 LR AR S ) Ay B B AR Al R R K
Fl BMSCs, 7E £ 40 % HGF B4 VEGF-C 553 K
BMSCs [1] LECs Zrfbad B, &30 HGF e H80
ng/ml i} HGF Bt 4 VEGF-C 55 BMSCs [f] LECs

IAEBIRCE R [ 2 B HGF 7EK G VEGF-CAte
7T A ad B v a] RE e Ao ()42 1 integrina9 3
KRS

Z % x #
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