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(Tl RREME R TR, R DAL 905, REFPHIOCE Y TREBE, Kk 300457)

B E. WEBFREE-Fa(tumor necrosis factor-a, TNF-a) 7T VA% 18] 7R -F 48 i (mesenchymal stem cells, MSCs) #9
EA 2 E AT 3 A AR R . BF0AE A Calphostin C 474 7] k4] PKCa #97& M, Ai AT % TNF-a % -§ MSCs
AW VEA R F L E PKCa kT k. A1 A 50 ng/mL 49 TNF-o 2432 MSCs, %|J& 55 354= Transwell 5% % 9 TNF-
a 7T Vi MSCs #yit #. se X PKCa #9494 7 Calphostin C J&, 7T 2A#7#] TNF-o %+ MSCs i£# X 42 £ 895 F, F %
&2 A% 47 & A B MYL9 (Myosin light chain 9, MYL9) ,CYRG61 (Cysteine rich 61, CYR61) #9 & k. vA L4 R 2%, PKCa
#7447 Calphostin C ¥ YA 74| TNF- #5549 MSCs i£ 45,

XK#iF: MSCs; i£#; TNF-o; PKCo
hESES. Q28 MHIRESE: A MEHE: 1672-6510(2016) 04-0015-05

Inhibiting the Migration of Mesenchymal Stem Cells Induced by
TNF-a with PKC« Inhibitor Calphostin C
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(Key Laboratory of Industrial Fermentation Microbiology , Ministry of Education, Tianjin Key Laboratory of Industrial
Microbiology, College of Biotechnology , Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Inflammatory cytokine TNF-« can induce the migration of MSCs, but the mechanism of migration remains un-
clear. This study used PKCe inhibitor Calphostin C to inhibit PKCe activity, in order to know whether the migration of
MSCs induced by TNF-« was accomplished by activating PKCa. MSCs were treated with 50 ng/mL of TNF-o. Wound heal
assay and Transwell assay confirmed that TNF-¢ could induce the migration of MSCs. PKCe inhibitor Calphostin C inhib-
ited TNF-o~induced MSC migration or invasion and reduced the expression of migration marker genes MYL9 and
CYRG61. In conclusion, PKCe inhibitor Calphostin C can inhibit the migration of MSCs induced by TNF-¢.

Key words: MSCs; migration ability; TNF-a; PKCo

8] 5 5% T 40 il (mesenchymal stem cells, MSCs)
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WAL AT Z 0] 40 AL TS RE 8 RRHE ) 328 21 504 3 35
D7 1 EARAEFBAL SR FBAL , X 3% L FR A F]—
SERLRE AR . ST 18] 58 T 4R A LR B
(OIS ) = 151 T = B R 7% e
i, BB Fan a7 SR AL RS R . (MR T
4 L ) 4% P 01 S5 R AR B/ S St 5 200 i 1 JH At A 3L
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ftvyed SR8 K F (tumor necrosis factor, TNF) , BE5 |
AL R R BLIRAE , i6) IE H A AR TC B, PRz
F IR A SE IR . MR IRAEI A 3 R : TNF-
o TNF- #1 TNF-y. TNF-o =%t A% A0 40 , {A
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e H A 20t AT 0, A ) T R T A A
M AE H T, TNF-om] DA SE 0] 5 5 T A0 i 32 45
TNF-o 7£ MSCs iR FZEET b 34 A s 22 n9 PR .

FEHPME C (protein kinase C, PKC) f& 1977 4F4E
R 18 B B % v R B — B 1, R T 2 Rk
YRR ARG, JE G EAMBKZIAGESHS
RGN Y). 2R E IR, PKC KIEA 3
AW 2 A PKCS (e, p Fl y [EFRAEL) | Al
PKCS (6.0, 5. ¢ [RIFHY) DL AEHAS PKCS (¢ Fl 7 W
) NS Yl e B i, PKC Wi R Ak 31 45 42 21 40 ity
i, AT S S, 25 2R iR
Zerd . A SCHRUPHRGE , 7R AR PKC ot 23k
FES AT 2. AU B, TNF-a i
PKC {5518 175 5 il A8 0 it 4%

W58 &3, TNF-or] fiEiE MSCs if#%, {H TNF-«
S MSCs i IHLT H AT ANIEAE. BRI, 7EAF
7S, Y TNF-ai5% MSCs T8, 5% H PKCa
BRESPERR ] Calphostin C, #—2E0F57 PKCa £
TNF-o {2t MSCs i —id #E A VER.

1 RS

1.1 ##
1.I.1  %&zhy

R SD (sprague dawley, SD) KB, i E AR
IR ZE G R A R B S s sh i h 3R, 52563
VFRTIES A SCXK- (%) 2012-0004 , 5256 31 Ft Hhoxt )
PRI AL EAFE sh e bR,
1.1.2 &K

DMEM/LG 1553, Gibeo /A ; JE4F ¥ , #iiT
RIUEWFHA R 7] s 20K TNF-a, Peprotech
/A ; Calphostin C,MYLO#i#& . CYR61 Hi4 | S-actin
YA, Santa Cruz /A w]; DAPI, ANTP, Jt 5t &SR
HABR/A T 5 IRDye® 800 CW ILIPEHT LA . IRDye”
680 IIEHLRPTIAR, LI-COR /AW s M-MLV 33 5t
ity . Trizol ZHWL, bHESMRAEYIEAA R W 5 Bl
519 B0043, i/ T4 TREAT BNl 5 Bestar™
SybGreen gPCR Mastermix , DBI”® Bioscience 2.
1.2 FHi&
1.2.1 B #E IR 2L T 20 09 SR IBAR SN 3 35 A

SD K Kl ] 72 5 1 &4 L i) i BB P 4 i 0
2. PEAEERE 80 ~90 g (1) SD KR, MEVE, SUHENRL VA
AEFE. BY IR R, O A T URCE AR A 4

REBEBREER B35 Haly

B REALA. WS 15% B84 % DMEM/LG
A B K TR B3 B 0 A . BRI IR T
Ui, FH S mL — UM v 5 2% 0 B 8E 7 5 np ok B B
Ji. BT B R IR Y R SRR RS RS | B
BREEFRIA, BT 37 C.5% CO, KMk )5
RAMERESE. AVFFTATHRRS 3 ~7 R EEEN 7T
J T4 .
122 tmhbimzh 432

¥ MSCs L) 1x10°mL" BRI T 6 FLAR,
G 4 41 XTRRAL, 2% I DMEM/LG AbPEAN M ;
TNF-o 41, il TNF-o/(Z it 50 ng/mL) T 2%
MiEH) DMEM/LG ", 4bPRAHMfL 24 h; Calphostin C
41, F% Calphostin C (Z&H(FE 0.1 umol/L) 1 2% IfiLih
fX) DMEM/LG 4tPE4HJHI 24 h; Calphostin C + TNF-«
4, HeH % Calphostin C (49 0.1 pmol/L) 1) 2% Ifil
1H 1 DMEM/LG AbBRZNAE 1 h, FRIMAL R ik N
50 ng/mL () TNF-oAbFRZNM 24 h. NZ44bFE 24 h
Jo , WO R AT T e S g
123 ZmfaX) e 5

¥ MSCs LA 1x10°mL™" BB EEHEAT 6 FLAR,
12~16h J5H 10 pL HL7EAM AR <17 FRA
HRTE, [RIHMZS b3, 24 h 5 7R B BN T AT
WEAA R, AR AL R S 2 e ).
1.2.4 Transwell 523

1E 24 fLHH A 500 uL 10% Ifil i DMEM/
LG (FFrmizy TNF-a) , SR E/NMLNIANE,
/NE TSR FRLTE LS. /N ER EEdn
A Sx10" AN M, A FRA R 5. 160 JR
Transwell J/NEEU, IR 3 M40,
PBS ¥k 2 ¥, £IK 5 min. 4% ZRBHF RS E TS
i1 20 min, PBS ¥ 2 IR, BHK 5 min. JoK HEER
TZE W 20 min, PBS ¥ 2 X, YK 5 min. F DAPI %%
A%, = IRAE 15min, PBS ¥t 2 &, Bk
5 min. AR B R AR
1.2.5 RNA #42K

A 0.5mL Trizol %4 fif W 1€ vK & 24 % 40 fd
15 min, T2 MR 7870 246 , A 0.1 mL HI5K
15, BIZE 15 s, % 5 min, 4 °C .12 000 r/min &5
L 10 min. B FEAKAHE] S — EP &, A G
FSENEE, 127, —20 CHLE 30 min. 12 000 r/min
> 10 min, FRd8 FVEW, DA 75% L 1 mL, PV
RNA, 20548 FIEW, ZiliT RNA. JIA 20 uL
DEPC /K% fi# RNA, Jit T—80 ‘CI#f%.
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1.2.6 RNA #3#F A& KKK EZ PCR(Real-time
PCR)

FPHHRBUY RNA ] M-MLV 3055 5% 5 e 73
k. RNA 2pg . BEALG1 4 (B0043)5 uL, 70 ‘CIK &
5 min; VK ; 10 mol/L dNTPs 5 L. 5 x buffer
5 uL . RNAse inhibitor 0.625 uL, M-MLVRT 1 pL &
57,37 CIV 1 h; 70 ‘CHEHF 10 min 8 (1S .

i Bestar™ SybGreen qPCR Mastermix #£47 Real-
time PCR. ¥ #4FF: 95 ‘C 2min; 95 °C 105, 60 C
30s,72 C 30s,40 MEF. flfEHZE: 95 C 1 min,
55 °C 1 min, 95 C 10s. HEYKEHE14: GAPDH Lijf
5'-ATTCAACGGCACAGTCAAGG-3', GAPDH TFijf
5-GCAGAAGGGGCGGAGATGA-3' ; CYR61 I i
5-GAAGAAATACCGGCCCAAAT-3', CYR61 T i
5'-CAGACTGTAGAGGCGAAACGAC-3'; MYL9 |
% 5'-ATGAGGAGGTGGACGAGATGT-3', MYL9 T
i 5'-CGTGCTTGAGGATGCGAG-3'.

1.2.7 9% ¥P ik 5% 55 (Western blot)

WA ZH AN, PBS ¥t 1 7K, SDS 2l i 24 vk
2B, 100 CAEPE 10 min, 12% SDS-PAGE Hi,
UK, BERE O R NC . 5% 1 ITIE UK 2 1
H 1 h 5, 4381 B-actin Fifdk (1 : 500) .CYR61 Hi
& (1 : 500) \MYL9 #ifk (1 : 50004 CHFH L%,
PBS ¥t 3 ¥k, #F7% 10 min; IRDye®800 CW L4 Bl
ik (1 : 5000) . IRDye®680 1l “F 4 Sk (1 :
5000) Z=EEE 2h J5, PBS ¥k 3 WK, Ak 10 min,
Odyssey R R GEHH THAREUL.

12.8 %t o

FI A S G ¥ i SPSS 13.0 it dk it , 5
WRARLL PIE £ brfEE” FoR. Rl
P, RGBS (P<0.05).

2 HRE5SH

2.1 XR#EMAN Calphostin C 53 TNF-aiFS

MSCs ER1EAR#Mm

FIF SR S RA I A0 ML (32 RS RE 1, 25 SR 1
Bz, A TNF-a ) MSCs 4l il A& TR R T
AALFER) MSCs AN E-G TR, UED] TNF-o 7] LA
{E it MSCs 4HEAYEH8. TN A Calphostin C + TNF-
a 4117 MSCs A& R /NI TNF-a 441
MSCs 4ifi @ AR, WEF PKCo BTG PERAN SIS
TNF-o £ MSCs 21 g i B At ple il

100 um
—_

100 pm
—_

Xf I TNF-o

100-pm
—_

Calphostin C Calphostin C+TNF-«&

1 Calphostin C #1#] TNF-«iES/8 MSCs 4HiEiT#%
ab
BE
Fig. 1 Calphostin C inhibits MSC migration induced by
TNF-«

2.2 Transwell #iUA0N Calphostin C /5% TNF-&
REBZEANZ I
FIFH Transwell SEIHREN T 400 A9f2 2208 71, 45

SANE 2 Fs.

X i TNF-a

e

40 pm

[

Calphostin C

Calphostin C+TNF-a

2 Calphostin C | TNF-oi% SHIMSCs RS 228k
Fig.2 Calphostin C inhibits MSC invasion induced by
TNF-«
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JIA TNF-off) MSCs 4l iz 2868 I KR FIEA
AEFRIY) MSCs 4RI 78REJ1, IEW] TNF-om] LI
i MSCs 4HMef)fZ28. Ml A Calphostin C + TNF-«
1 MSCs 4 f=Z 2868 J1/NF A TNF-o 4111
MSCs 4ifif2 286871, UEBH PKC ot iE Mg il Je
TNF-oAfit il MSCs 2 if 112 2815 F to g i o
2.3 T marker HIRIETT{L

AN IETR AT CYR6OL ., AHE 281 MYL9
SAER A EER R ) A Real-time PCR
M5 A E R maker MYL9 ., CYR61 mRNA 7K
FAEAL, G55 3 Fis. TNF-o] DIEE MYL9.,
CYR61 mRNA FikfFHiE, MMA Calphostin C
il PKCor ITEYESS , TNF-or (93X Fh 83T marker
FIRMIRE I

4

O X i

B TNF-«a

3t B Calphostin C

@ Calphostin C+TNF-«a

o

MYL9 CYR61

2+

mRN AT K-

1F

0

3 Calphostin C #i1%] TNF-oi55H) MSCs 4T
maker mRNA & i&7KF
Fig. 3 Calphostin C inhibits the mRNA levels of migration
markers induced by TNF-« in MSCs cells

FIFH Western blot Al i W 5 PR 2 1 7K F- 9 A8
b, Kl 4 s, 455855 mRNA KA —2, dF
—UEB T TNF-a 2 MSCs e it R e 1 2
1% PKCo.

wio T

CYR61

f-actin — — — *

1 2 3 4

T —  — | —

1. XtH&; 2. TNF-a; 3. Calphostin C; 4. Calphostin C + TNF-o
4 Calphostin C %] TNF-oi% S/ MSCs 4T
maker & B FikKFE
Fig. 4 Calphostin C inhibits the protein expression of
migration markers induced by TNF-a in MSCs

cells
3 i i

[ IRFEIA F~ TNF-or 230 Hip VA= 5 B A 1, 4R

REBEBREER B35 Haly

JaZ83d TNF-o ¥ AL B BT VB i 5% A2 S m] AR
A Al A B AT A RS, TNF-o (1) 32
BE R IR &L TNFRL, (5 SR 240000,
Jash— RV AN, VENRIEN T, TNF-aofie i
7 75 5 4 M ) 3 A MR 9. A o
TNF-or A LA 55 8] 58 57 1 20 0 /9 3L 7% 68 1, 15
ERK (IBERRILAN p38 HFAIBERRIL ; A p38 A
57 SB203580 Jm, AiJalE &Kt > 1 1 (intercellular
cell adhesion molecule-1, ICAM-1) F&iA5FH&, 6] T
TNF-o 5 R I FE 5 T4 Mg 8%, 76 Ponte %7
IS, KB TNF-o 7] DL K K 3 58 5 {1k ]+
RANTES (regulated upon activation normal T cell ex-
pressed and secreted facyor , RANTES) il SDF-1

(stromal-cell derived factor-1, SDF-1)i55 MSCs iT
BIRES]. PKCa 217 5143 PKC R KM A Z
— , FERFE AN, PKCa 315 AKT/MAPK {5518
e, S AR TR AR 22, it e R,
TE N ) il BR 98 20 i b, TNF-o 5 5 ) CLDNI
(claudin-1, CLDN1) ik K 4l #2 i1 PKC 7%
. [ SCEkikiE , MSCs UL PKC 5518
PEAAC, Lin 25 VL I 4004 % 18 (interleukin 15,
IL-1p) ik PKC 15 53 H 0 MUK 2 1 R 4 i i
(myosin light chain kinase, MLCK) , M55 MSCs
1T, Tang 2PV I Z W ARBRE 3 PKC 155 M%7
5 MSCs iT#.

ASCRIL TNF-o 7] LU MSCs 4iiffliT 7% Fifz
22, FFHil A PKCo Fi55 Pl Calphostin C
JESZ TNF-o 35S MSCs 4l iT # i i PKCeo i
B, Rk LUt RNA T AR EAE PKCa , 3
— B UL ISE AN TS, BARZFE SN FAIE S
AR LS S0 SR T AR AT R AR, (R A
TR HLHR SR ARG, 16 TNF-o0 5519 MSCs
T B RS AT A 2 5, BOE
PKCa MIMfE#E TNF-a 155 MSCs iFF R A M —
(IEA% , XS [n] LA 15 FiE— 5.
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