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Abstract

Objective: The effect of antitumor growth of recombinant cardiac troponin fusion protein com-
posed of subunit I and artificial peptide, called CIS, was examined in this study. Methods: The CIS’s
effect on the expressing of human vascular endothelial growth factor A (VEGF-A) was examined
using Western blot assay in vitro, and matrix metallopeptidase 9 was studied with purified recom-
binant CIS protein. The effect of tumors growth treated with CIS was performed using several in
vivo nude mice xenograft models. Results: There was an evident reduction on VEGF-A, MMP-9
when the human hepatocellular carcinoma cells MHCC97H were treated with purified CIS fusion
protein, which was also shown in dose-dependent manner compared to the untreated control
group. A significant inhibition of tumor growth rate was achieved in CIS treated nude mice com-
pared to untreated control mice in 8 or 6 different nude mice xenograft models. Conclusions: The
fusion protein CIS has shown the inhibitive effect on the tumor growth in our in vivo nude mice
models, which could be mediated by the mechanism of CIS’s effect on the inhibition of VEGF-A,
MMP-9. This work has built the foundation for the in-depth investigations on the CIS’s pharma-
ceutical application targeting the anti-tumor therapy.

Keywords

Recombinant Fusion Protein of Myocardial Troponin I (CIS), VEGF-A, MMP-9, Xenograft Tumor,
Inhibition of Tumor Growth

EEEACIAEES A BEHMEER
ESTUE

XY, | 2, R, x EL, £ & EBEAEL RS

EIREE .

XESIH: A, Wi, FRLE, E, B, EAE, xR, FEEREAOPNESEA | AR A DU sLIE
WEFE[]. 1 AT 5T, 2017, 7(2): 48-55. https://doi.org/10.12677/wijcr.2017.72008



http://www.hanspub.org/journal/wjcr
https://doi.org/10.12677/wjcr.2017.72008
https://doi.org/10.12677/wjcr.2017.72008
http://www.hanspub.org

HIIRH 45

Y S vt o [ B 2R R B A R A EE 2B R BE B, bR
PG R R, T BT
Email: liuzhy118@163.com, mfliu1986 @yahoo.com

Wehs HiH: 20174F4H1H; SR EM: 20174F4H15H; KA HM: 20174F4H20H

G2

HE§: rRERNEHAOHPSEEAL 5ATEKRREE S (CIS)X B ALK KIMHEIER . Ai%: FiWestern
BlotiE Wi 225 A FFE 41 fiMHCCO7H I VEGF-AFIVEGF-C. MMP-9IE2m . FI 35 A g 5 b vl i Ay A
ZU M ER CISTE AR B4 I o B AE K IBIFE R« &5 : CISXTMHCC97H4IM, CIS 200 ug/ml, 48 h, Xt
VEGF-ARIER R4 B D, %1% 823.8%. DDP 2 pg/ml, 48 h, X VEGF-AZE M| ~25.8%.
CIS 200 pg/ml, 48 h, STMMP-9OREHKMBERIHR/ > BE, #H|%518.1%, DDP 2 pug/ml, 48h,
SFMMP-933% b3 g A R 40 #1041 28 12.6% .  CIS HALFIDDPZL N VEGF-CEIE M HI/E AETS . #i8 K
AR B TR R S2I0 B IRCIS (10 mg/kg, SCYALFRA MR AKES, BWEHE /N THREXEBAH, xt
N FHEHCCI204 /538 EHNHIZN54.13%, ST AT 14 7L ARE BCaP-37 i 5 B EE #i | %2°8 53.88%,
S ANET M 45 R HCT 116 MR B H R HN41.12%. Gt EEEACIIESIS A\ TEKMEE
B cIsxt A FHE 4 fiMHCCO7H VEGF-AFIMMP-9%K ik B8 #H| Ve . ZEME N, CISRIE 5 AW A B HE]
AT B A AR K, CISTUIPE M 5 MEI pEA A F SR FERETFRHREMAEREBEA
B-9IRIEH X

E3: 4]
ERNEHAHOIISE SR SEG, VEGF-A, MMP-9, AT, FgimsfER
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1. 53|

WA, BPERTR AR TN 2 RS AR IT I AR, R T R S A AR R ST R
BT FB, B YU HT 20 58T 5 SR RIS 45 5 MR g S 38 e ok TR YT 328, IR R 2 AR 2 B
BAEE. (B2, PURWS BENORIGIT LM AR, WA EETRTCENARKRN. S5EEH.
7 LGRS, Rg i 7R S A AR S B R AR L, B AR RIS B0 1) B S B T A 1 4 1
WA, B R BL FFE ThREH /N TR BB R I A B 2 W02 2w R T T AR A S
SEIGHTFAERT, TR MRS T PR A K BEARR DB 1 2K, BUkal WL, Rl S8 AE e &
FOR A 5 at vy e # 1) B B AR W) AR AT R[] [ 2] IR o5 5 R AR I 5 R I LA, FEM R B R IR K% =
RIS, Sz PURFME SR, B, o7 S 29+ a7 s ERas . JIZHZH1 76 KDa
LIS & A = R4R(Tn), EESS5ETUAGLE . & =M 4R, 23RNSR A 1(Tl, 21KDa).
A T (TnT, 37 KDa)MLE5 8 11 C (TnC, 18 KDa). Moses 5T 1999 4E & Yk M #c B 2H 21 rp 4l Ak 7 B
HVUES £ 1, F6R B BRI B2 1 N Tnl ZEAR SIMIE S H 5 $0 )N JBF i bk ML P B2 40l (HUVEC) B4 A= i) 4
F, SCHRIRIE N Tl 7EXS RSB PR JE AN /)N B A RS HT A2 155 AR R S SR A8S  oh JEL G 0 )i 2 100 /8 A je A



http://creativecommons.org/licenses/by/4.0/

HIIRH 45

[3] [4], HALA TnC Xt/ AR EA REMEIER[S], A Tnl 5 bFGF 3R 45 A #il L Py 52 20 4
A:[6], Gl Morris e 4 I BRI N Tnl AT/ HUVEC 4RI 5E =, 755 HUVEC 4T,

e R AR AE AR [7]. A AR CIS A2 5 JH el 15 25 B BT BR 24 7] v B LA DL LA ANLES 32 1 N
B, DO E P 50 & RS B E . RSN R AT R b i R IE 2L 5 ) 5% BB AF . TR

CIS Xof Jed 240 M A= A PR 1 FE AR B e AR AL IR 41 ) S 6 2 L mT e R ATLERAIE 7E, Dtk — Dt Fe e 24
PRI .

2. M5

2.1. ¥t

1) AFEZ . RPMI-1640 #5353, fA4-M0E, EEOREEE Hyclone AR . vEH FHIREIGAT AL,
Cisplatin for Injection), #tA% 20 mg/iffi, EZjuET H20023461, £/~ HIA 2014 49 A, HRUHE 2016 4=
9 H. S£RK(ELEIES Paclitaxel injection), #4% 5 ml: 30 mg AL STHRFIZ,) 72 5, ik S H 257
H10980069, ¥it% 30 mg/5 mifjff, A== HHA 2015 4F 3 H, AMAZ 2017 4F 2 H . B E A OIS &
M | flE 8 F(CIS) 4 mg/ml, SDS-PAGE V245 25 1 5 46 54 96%, #7724 20 mM PBS (150 mM NacCl),
pH 7.4 22 P, —80°CUKAHIRAF:. VEGF-A, VEGF-C, MMP-9 #ifk, BCA EHERERAE, LEH/D
B 19G, IEHi% 1gG, B-actin B HHT H T [ Fri it .

2) 40Md: MHCCO7H FF4ip, A nIFEHtt: i HCC9204 4ifutk, A nl#siE ik SR BCaP-37 41
ftk, NPT HE IS e HCT116 4R At 5t b [ = 222 e e iF FE B4 41t

3) ¥ Balb/C ¥R, #E, 16~18g, SPF &), E €2t @it Fibedeft, SLiRshyi 4
FSIES SCXK(51)2014-0013.

22. Bk

1) NOHNESER | BEEA(CIS)kstRikdith

A SIS AP ] ity R R [ e PR 2 R A IR A R AR AL, R CLOWINESE A | SRR, DN TR
[ ARE 8T A R R A 2R I (CIS), 8T PET21a #ifAF, JFEZFRIA 4 29 KDa f15 4, SDS-PAGE
PRI AR R AL N 96%, 779 20 mM PBS (150 mM NaCl), pH 7.4 122 #1 -

2) Western Blot HMIZEFEZEHOLHIISED | AR AFE4E MHCCI7TH VEGF-A.
VEGF-C. MMP-9 H5MH

BOW A KA MHCCOTH s Ao 4 41, B0t i BHPEZG)40 (2 pg/ml $57730, 1EH 48
/NEF)S CIS KT (100 pg/ml 55773, 1EH 48 /M), CIS B & (200 ng/ml 55759, 1ER 48 /Mi). 43
SR & B AN AR, 9.0 10 Z34h, 3000 &%, il IRAEDTTESEAT 40 i $e, BCAVEEA T =,
SDS-PAGE Hiuk, #%JE, Jefl, —4ieE, REJ5RIMTTRESER. RAER EE 1 R0 HIk %
AT o

3) CIS X A\ FFRE4H Bk HCC9204 4 5. A% ML bl 4 A

W B BT N RR AR K R IR ) AR R, A I R RITIR R R FEefh 6 x 10° 1M, AR S REAL
Sy A, A8 N, RS2, CIC816 42 mE N 10 mg/kg, K& 5 mo/kg, SEIG4i&H k
N E RS A% B PR A 2 — Ik, B H 2 IREE 2, 2 IRGBZRTIAIAIRG 4~6 /N, ESIE 12 K, SLIRTT
GGG 4 BRI TR KA RAE . BRIEXS IR 25 R RN IR 4 24, BRJR46 25 3 Ik, Bk 1K,
25 mg/kg M . SEEHOR IR 25 )5 24 /NBTACAESNY), FRAR G SE B B 45 JE PR L, TSR A 2
HEMRE K2k
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g = CIS SIS 4R PR 2H 21 F & /PBS X MR Rl 2 E & x 100%.

IRIRAR = (KA% x JEA% 202, UARFRoREH, ROl , 280 sk K i 2k

4) CIS %+ A\ JLARE 41 fudk BCaP-37 3 R B M &I 1E A

HY PR B A A AR A K BB AT RS A 5L e BCaP-37 2 g 45 1, 0 BT 481 o) BB 40 I VR
B TR RIS BT, SRS (3).

5) CIS X N\ 4 e 40 bk HCT116 # BR AR R 0 /E

B AEARR R AR K R ARl RS R ME HCT 116 FiRiS 1, JC B3R ME I s 40, Hhh T4 &
e T, SRIFSER(3).

2.3. itA*

s 45 R A Office Excel BT HEAT St IH 20T, FTABIELLX £s%ow, ARIECKH tielk, i
AP IR S A LA, p<0.05 RASIU RN, p<0.01(*) AAEZEGIEE L.

3. R

1) Western blot &8l CIS X MHCCO7H FFHE4HiL VEGF-A f1 VEGF-C. MMP-9 Kix

FH 576 B B ) 750 1) 200 P 2 A v v R AR S SR T A R, 28 BCA B P TR R B3 I s k1 idh A7 B (1 o
B, SE Y EE A 20 png/ikiE) EREHEST 12% SDS-PAGE Hiik, 055 /MT F WL 5. R EIR
B 3T R G0, R HLUK ST HEAT 2% FEF R 5 34T K BE 73 i . DDP 2H VEGF-A I8 % iy B 4 B (2 k2>,
HNHZ N 25.8%. CIS L 41 VEGF-A i3 K 17.2%, CIS H 41 VEGF-A ik il B A 4 B 2080,
H7%R N 23.8%. B-Actin Kik7ES AP LI R %R, DDP 4 MMP-9 #ifi]% K 12.6%. CIS L 41 MMP-9 i
HilZ 4 13.2%, CIS H 44 MMP-9 FRIAF Mg # A 4H ek /> 5 2%, #07I|# 0 18.1%. DDP 2 VEGF-C il 2
N 9.2%. CISH 4l VEGF-C Rk %A 7.3%, 45H K 1.

anti-VEGF-A

B -Actin

anti-MMP-9

B -Actin

anti-VEGF-C

B —Actin

Figure 1. Expression of VEGF-A, MMP-9 and VEGF-C in hepatocellular carcinoma cell line MHCC97H by Western blot.
(a) Expression of VEGF-A protein in each group was detected by Western blot; (b) Expression of MMP-9 protein in each
group was detected by Western blot; (c) Expression of VEGF-C protein in each group was detected by Western blot. Lane
1,2: model control group; 3,4: DDP group; 5,6: CIS L group; 7,8: CIS H group

[& 1. Western blot ;£ CIS xf MHCCO7H BT 4RAE VEGF-A. MMP-9 1 VEGF-C 3RiE. (a) Western blot 46| & ¢H
1 VEGF-A EHRRIE; (b) Western blot #:30& 2B MMP-9 EHHIFRIE; () Western blot #£:0& A5 VEGF-C EH
BRI, JKkiE 1, 2: #RBIXIERLE; kiE 3, 4: DDP4H; jki&5, 6: CISL4H; k&7, 8: CISH4A
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A8 B A N T e JFF R AR AR S R ZE 40 AR K B, Al 25 4 . DDP ZH R 4 it B S0
CIS L 28 iRt A 4t B SR/, CIS H AL g A R 40 58 35 i o 45 SR LI 2.

2) CIS X A P40 itk HCC9204 ¥ R A AR I VE

PR EEZH CIS 00 R R %A N HCC9204 14 4 45 25 A I /E L, B2 T ¥:54(10 mg/kg 1 5 mg/kg.,
SC x 24) [P #2353 71 4 54.13%71 35.86%, it £, # 57 @3 (P <0.01, 10 g/kg SC x 24), xfH#
2545 2(25 mg/kg, ip x B)IURIIMNEI R Ky 72.28%, LRI E 1. 14 3(a)F1E 3(b).

3) CIS Xt A\ FLARE 41 fukk BCaP-37 i BB MHI/E A

B EZH CIS Wons N 7L BCaP-37 #RER N 45 245 BAHIHIAE A, B N 44(10 mg/kg #1 5 mg/kg,
SC x 24) /e | 2253 7308 53.88%F1 26.52%, “iil##tbiR, % 5H 3 (P <0.001, 10 g/kg SC x 24), XJig
2545 2(25 mg/kg, ip x B)IURIIMNEI R Ky 73.62%, LRI E 2. (4 4(a)F1E 4(b).

4) CIS X N5 40 bk HCT116 #R BB HEIR 3k /B F

CIS W0 #R R 3P N 45 Wi HCT 116 14 9 45 25 B S/ T, B2 RS (10 mg/kg 1 5 mg/kg, SC x 24)
JRE I 22 23 50 9 41.12%H0 32.02%, SiitsE iR, Z R R E(P <0.01, 10 mg/kg SC x 24), X & 245734
FIEA(S mglkg, ip x 6)R I 2N 49.78%, SEI645 L2 3. & 5(a)FE 5(b).

Figure 2. Effect of CIS on human hepatocellular carcinoma cell line MHCC97H in 48 hours scale bars represent 100 pm. (a)
hepatocellular carcinoma cell line MHCC97H Control; (b) DDP 2 ug/ml for 48 h; (c) CIS 100 pg/ml for 48 h; (d) CIS 200
pg/ml for 48 h

2. CIS 3 ARF 2 2Btk MHCCO7H 4RRRE M 48 /NG HLER . ()BT 23S BR ; (b) DDP, 2 ng/ml, 4E R 48 /1Bt ;(c) CIS,
100 pg/ml {EFA 48 /\BF; (d) CIS, 200 pg/ml {EFH 48 1NBF
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Figure 3. (a) Tumor survival time after administration of CIS on nude mice bearing HCC9204 tumor (day); (b) Inhibition of
CIS on transplanted human hepatoma HCC9204 cells in nude mice model
3. (a) CIS xR R I AR BAE AT HCCO204 $MFHIFER ; (b) CIS MEXT#RER BEMN A FI RS AE M AT 2 HCC9204 HI

HHER
_ 3 1200.0 5 167
o~ E —&—NModel Control =
X = < 1.4
g ---B-- Taxol 25.0 mg/kg ip TIW .g
x= 100007 & (IS 10 mg/kg SC Bid z 124
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Figure 4. (a) Tumor survival time after administration of CIS on nude mice bearing BCaP-37 tumor (day); (b) Inhibition of
CIS on transplanted human BCaP-37 cancer cells in nude mice model

& 4. () CIS RXIREIEM AR BAE M FLARFE BCaP-37 #IFI{ER; (b) CIS BXTHREIZF AW BE M FLBR#E BCaP-37
MEER

Table 1. Inhibition of CIS on transplanted human hepatoma HCC9204 cells in nude mice model

%% 1. CIS JHERBHE AN T2 M AT HCC9204 HNHIER

Hl fiilkss IRk gk A L (S T/ S0 45 0R) I JHE P
o Do NI ymitren e e (el o)
Before exp.  After exp. -
Control N.S. 10 mL 8 BID PO x 24 185+0.5 21.0+1.0 1.14+0.29
Taxol 25 8 Tiwipx 6 18.2+0.8 19.6+1.0 0.32+0.10 72.28 “<0.001
CIS 5 8 BID SC x 24 185+0.6 205+0.7 0.73+0.24 35.86 <0.05
CIS 10 8 BID SC x 24 18.0+0.8 20.7+1.1 0.52+0.10 54.13 <0.01

i
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* H5XPHRZALLEG NS: JOH 0.9% SN SH: BID: ®H 2 1k Tiw: 8 3 KEH 11k
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Figure 5. (a) Tumor survival time after administration of CIS on nude mice bearing HCT116 tumor (day); (b) Inhibition of

CIS on transplanted human colonic carcinoma HCT116 in nude mice

[# 5. (a) CIS EXRRIZMATRRE SRR HCTL16 HIFHER; (b) CIS BXTRRIEMM AR BE ML= HCT116

I

Table 2. Inhibition of CIS on transplanted human breast cancer BCaP-37 in nude mice model
= 2. CIS MRR BB AR HIE M FLARRE BCaP-37 #HI1ER

H I N 252575 A (T8 T/ SR 45 ) SR iR e ] 22 P
Number Mode of Body weight (X £5,9)  Tymor weight Inhibition
Groups  Dose (mg/kg) - R _
of mice (n)  administration  gefore exp.  After exp. (x %5,0) of rate (%)
Control N.S. 10 mL 8 BID PO x 24 19.2+0.8 216+1.0 0.89 +0.32
Taxol 25 8 Tiwip x 6 185+0.8 204+09 0.23+0.08 73.62 “<0.001
CIS 5 8 BID SC x 24 192+11 21.1+15 0.65+0.22 26.52 >0.05
CIS 10 8 BID SC x 24 188+1.2 208+1.0 041+0.12 53.88 <0.01
o SXIRALLLES: NS: ToE 0.9%SENESE: BID: fH 2K Tiw: & 3 XBEH 14X
Table 3. Inhibition of CIS on transplanted human colonic carcinoma HCT116 in nude mice
= 3. CIS WRRBIEA T HIE MR HCT116 1FI1E R
H & HE 252575 0 A (TR T/ SRS 45 ) SR iR ] 2 P
Number Mode of Body weight (X +5,9)  Tumor weight Inhibition
Groups  Dose (mg/kg) - S =
of mice (n)  administration  gefore exp.  After exp. (x %s,0) of rate (%)
Control N.S. 10 mL 6 BID PO x 24 196+1.1 21617 1.14+0.36
DDP 5 6 Tiwip x 6 186+1.3 212+14 0.57 £ 0.22 49.78 “<0.001
CIS 5 6 BID SC x 24 191+11 222+17 0.78 £0.39 33.02 <0.05
CIS 10 6 BID SCx 24 194+19 226+13 0.67 +£0.30 41.12 <0.01

e * EXIRALEG NS: TR 0.9%=AANESHE: BID: &FH 2Kk Tiw: £ 3 REGH 11k

4. g

WL A RRAE B R A A L R FR I R A B A A, AT RN

M. )|

AN

P e 16 B4R (3t 0 75 0 TR

SO R L AR B2 T BT DA PR TR AT P, AR A M A, DU R )7 R (3t 8 LA REL B i
RIS TSN BT I6 R IR RT SRS« 22 SCHRIRIE8] [9] [10] [11], EEALAMUEGER A | A0t RS2
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ARG 25 13 | EL A 4 A I P B AR 2 3 A 2 I 2 A s 03B AR A A 2B KR I [12] [13] [14] [15]
[16]o FATHRFE TAE R R, BEANCHWIEE A | AR R AR A BUREER . CIS &R FH AR T
AR, DNOHUESE A | EHR G BCEE OIS E S C B Falal &8 CIS, BTk RIL, 4l
il g . SEIG R A HCC9204 #RERAAEM . AnI IS BCaP-37 MRRBIER . N4
HCT116 ¥R FEAEIR o 54%~41%40H1%8, RSN N 4EH MHCCO7H 55 1fi 8 A4 il X VEGF-A #ll
VEGF-C. MMP-9 SR — & (I, $27 CIS fIETEN AT 5%, CIS S4B R AN ik N A K,
Xof LA PAY B A0 A A TR R 4 i 2 -9 B RIAE L, AR 9T CIS Rl B 3 A7 g 8 FH B (A

£ E&WA
PUMIRB 25 L 2 CIS B A TP, T AR 58 5 HORTF R R (FE R M 14124004-2-14).
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