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Combination chemotherapy of L-proline-m-bis (2-chloroethyl)
amino-L-phenylalanyl-L-norvaline ethyl ester hydrochloride with
anti-cancer drugs in human hepatocellular carcinoma
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Abstract: L-Proline-m-bis (2-chloroethyl) amino-L-phenylalanyl-L-norvaline ethyl ester hydrochloride (MF13)
is a new anticancer tripeptide. Our previous study in vitro and in vivo showed that MF13 had anti-proliferative
activities in a panel of human hepatocellular carcinoma (HCC) cell lines from different origin. In the present
study, we focused on the inhibition effect on HCC of MF13 combined with other anti-cancer drugs. The results
of combination chemotherapy in vitro indicated that the combination of MF13 with mitomycin C (MMC) at
appropriate concentrations led to a synergistic effect; however, the combination of MF13 with vincristine (VCR)
showed no synergistic effect. In the Bel-7402 tumor bearing nude mice, the antitumor effect of the groups of
2 mg-kg' MF13 + 2 mg'kg”' MMC or 2 mg'kg ' MF13 + 50 mg-kg ' cyclophosphamide (CTX) exhibited
synergistic anticancer efficacies while the group of 2 mg-kg ' MFI3 + 0.3 mg-kg' VCR did not have the
same effect. Based on our data, we believe that MF13 can be considered as a potential agent against human

hepatocellular carcinoma no matter how treated, alone or combined with other drugs.
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Figure 1 Chemical structure of MF13
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MF13+VCR (Bk G 45 2 20 55 FL 0 94 82 38 ik 1 22 V20
), FFETTIE, A—¥a 0N MMC (0.24~3.74
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ARG S RIEFINE IR, B CO, AR T 37 CHFR
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0.3 mg-kg' VCR WEITH (7 H). 155 A0 R
F SR AR R 100 mm® 22 A I, T 44 5 e v 5
(intraperitoneal injection, ip) 25 %4, & 7177 &% 4H 7
Fi (i 2 mgkg ' MF13 VG T & 74 4 mg-kg ',
AT N 25 [ I 25 2), DA 4kERBER 24525 11X,
S5 . HeMRI SRS 35 R, DRA I HE AL AR BRI T 3
FIRBUELL 2000 mm? 7 48 Sz, S i ik b
FEENY, FIBUR PR E I EARE (%) AL
R R AR AR = KA > R 5E 1% % <0520,
AR 8 8 A B 2 o 25 2EL o A Kl 2, IR T SRR R
(%)o N 5 2HL IR PR IR 4 |) 22 S 5 R AT FOR
t K.

GitEHEE BIRAE SPSS Bk F AT IS
i, KRIERS AT EZFERER (F A% 55, T
T AT R VA = N R o o

5

1 MF13 5HEBinEZAELE 5 it x4 e B HAr
20

1.1 MMC BmERARFERMaERTAE S B L
AT BB TR 508 s, MF13 JESEAb . Bel-7402 4H i,
fEH 6 h 5 S WgfaE A m, fFH 12 h 5
S W4 T & Ee g #E T 50%; YEF 24 h 5 S #A4H )
BT o5 LR IE ] 76.2%, [FIIS Go/G, HIAT Gy/M #i4i i
W2 B> 2 10% AT AR, A gH A
gt JEL 7R Bel-7402 4l i K 4 25 Ab BRI, 41 fi
JE A% I AR 20 R 2 g R A, B Go/Gy BN i o



* 914 -

)2 54 Acta Pharmaceutica Sinica 2017, 52 (6): 911 =920

55.4%, S HHLAE &5 34.2%, Go/M 41T &5 10.4%; 1.87
pmol-L™ MMC # 4L 407 Bel-7402 411, 6 h j5 S #A4H
JE OGN, 12 h 5 S W4HiuAT &tk it
60%, 24 h Ji S FALHM AT &5 LR IE 5 87.9%, HARLE R
DL 2. B G AT L, MMC B 45 24 N 32 B2 41 i B W
£ S #. tHT MMC B MF13 8725 24 1] (1 2 fifa BEL
WrE HARLE 24 h ik B RE, BRIICABTREH 24 h
X — I 18] R B AR & 1) MF13 5 MMC B 45
20T 240 PR B D 5

1.2 VCR BfFE R EZFMEMERE G/M H
It SR ORI 45 SR B, 3.36x107° pmol-L™' VCR
Bl 2 Ab P Bel-7402 41, 6 h J5 Go/M HAZH I 55 &
CLEINE] 31.8%, 12 h 5 GyM HA4HAERT & Ll
60.2%, 24 h J5 Go/M HH4H iy o B 2L 3] 76.0%, B
R L 3, Bk AT WL, VCR == Z0KE 41 A BH W7 7E
Go/M . MMC 1 VCR X4 i i B ) sz A [F), 1%
1E R AW 5 3k F X A~ 24590 F DL 2% 2 AN (5] 48 i J 3
YEFIRAHEI 2595 MF13 BERBIRCR IR . B
VCR B4 24 s () 20 A FELIBT A FH AR 7E 24 h iB B0k
{8, HHT VCR #ESAE M 24 h kA #EE 10% KR T
SN H I (Bl R AN ), 9 1A 4 A R S A
T B EAERG, L 12 h XS A

IF) 1) 2 (1) MF 13 15 VCR I & FH 24556 441 P 1T 1 s
1.3 MMC 5 MF13 BX& R RFXT40RE S AARRET{E
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Figure 2 Blockade of cell cycle in Bel-7402 cells treated with mitomycin C (MMC).

Cell cycle analysis was done by flow cytometry

at 0, 6, 12 and 24 h after MMC treatment (1.87 pumol-L™"). The major blockade was found in the S-phase
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Figure 3 Blockade of cell cycle in Bel-7402 cells treated with vincristine (VCR).

0, 6, 12 and 24 h after VCR treatment (3.36 x10~ umol-L™"). The major blockade was found in the Go/M-phase

Cell cycle analysis was done by flow cytometry at
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Figure 4 Blockade of cell cycle in Bel-7402 cells treated with MF13 or MMC alone, or MF13 in a combination with MMC. MF13

was at 2.21 pmol-L™" and MMC at 0.94 pmol-L™".

compared to the treatment with MF13 or MMC alone, S-phase blockade increased in combination chemotherapy

Cell cycle analysis was done by flow cytometry at 24 h after treatment. As
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Figure 5 Blockade of cell cycle in Bel-7402 cells treated with MF13 or VCR alone, or MF13 in a combination with VCR. MF13 was

at 2.21 pmol-L™" and VCR at 1.68x10"° pmol-L™",

Cell cycle analysis was done by flow cytometry at 12 h after treatment.

The major

blockade was found in the S-phase by MF13 or in the G,/M-phase by VCR. Double blockade of S-phase and G»/M-phase was found

when cells were treated with combination chemotherapy

2 MF13 S5EHMBZMILE MR Y Bel-7402
& KHNHIE R B

FEBR G AGIT (AR A Ah s i b, AR WF 7 0% FH LA
PUMIE 25 MF13 RS20 IT R UIZ
M EAE 4% CDI =M A2 S AMEIEM, A
2 CDI<1Wf, BMZGHEWFEIEM, % CDI<0.7 K, HrFE
EM AR B3I, MF13. MMC. VCR Fadfi
J MF13 %355 MMC. VCR B4 B Xt Bel-7402
Y 2R (0 BB B A DI 45 AN EE 1 R0 2 R R
1 #¥8 7T W, 2.21 pmol-L™" MF13 5 1.87 pmol-L™" 5§
0.94 pmol-L™' MMC Bt & BB PrFIVER, H 2.21
umol-L™' MF13 5 1.87 umol-L™" MMC B¢ FH i #p [7] /5
F2 2, 1 MF13 5 MMC 78 FAth 4 75 56 A i I i )
YER . 3% 2 R mT 0L, MF13 5 VCR B¢ I 6 7 [
EH
3 MF1I3 BREWTHBRERETEMBEEARE
Bel-7402 BUATT1ER

TERE R PR ELER 35 R, VAN B 2599 4
A 2041 mm® B, 2 mg-kg™' MF13 JAJr4H. 50
mg-kg' CTX 74, 2 mgkg' MMC 597 4LH1

0.3 mg-kg ' VCR VAT HRIRARF M 1 855.78

1797.19. 1293.63 A1 1998.38 mm?>, X fifeg A4 K (141
FIHR RN 9.1% 12.3%. 38.7% A1 2.3%, 5xF 4
MR RILL B, HITHB LR ZENERNE (P>
0.05); 2 mg-kg ' MF13+50 mg-kg ' CTX i8J7 4HHIE
R 1128.59 mm?, X B A K B30I 3 47.3%,
xR AT W 2 R (P<0.05); 2 mg-kg
MF13 +2 mg-kg ' MMC 557 AR AN 766.15
mm”®, X BR A KBTI  65.8%, 5t R4 iR
HIEwWEENZEREN (P<0.01), 2 mg-kg ' MFI13 +
0.3 mg-kg ' VCR ¥J7HRIBARIA 1844.50 mm’,
Xof Ff R A K B AR 22K 9.9%, 5T IR AH L AT B
HIZE S (P> 0.05). SZE6REFE b &% 4 5 W I8 1R AR
AL UL 6 (B2 VCR B iR TT 45 % B4 LU 4t
TR, BB R IR VCR PR YT 4H 150

AL MF13 BA FH 254 0697 SR A T s sk 24
41, 2 mg-kg' MF13 5 2 mg-kg' MMC (CDI A 0.65)
8¢ 50 mg-kg' CTX WA {# FHI Hr R VEH &2 (CDI
4 0.69), 15 0.3 mg-kg ' VCR B4 5 F I J6 Hir [ 4
F (CDI=1.02). sh¥)iik 2 F9 8 250 W3k 3. A
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Table 1 Cytotoxicity of MF13 combined with MMC on Bel-7402
cells. After seeding, cells were treated with MF13 in a combination
with MMC. After 72 h, cell viability was detected by MTT
assay. Data are the mean + SD from at least three independent
observations. “pg-mL”" concentration of MMC can be calculated
by multiplying 334.3.  CDI, coefficient of drug interaction

Table 2 Cytotoxicity of MF13 combined with VCR on Bel-7402
cells. After seeding, cells were treated with MF13 in a combi-
nation with VCR. After 72 h, cell viability was detected by
MTT assay. Data are the mean = SD from at least three inde-
pendent observations. “wg'mL' concentration of VCR can be
calculated by multiplying 923.04

Concentration®

Concentration®

Drug Jumol-L”! Inhibition rate CDI Drug Jumol-L”! Inhibition rate CDI
MF13 221 23.08 £4.05 MF13 4.42 37.16 +3.18
1.10 19.01 £0.39 2.21 23.08 +4.05
0.55 10.78 £0.56 1.10 19.01 +0.39
0.28 6.79 £0.78 0.55 10.78 + 0.56
MMC 1.87 74.85 + 11.57 VCR 6.72x10°° 93.56 + 6.34
0.94 50.30 +2.73 3.36x10°° 69.75 £ 15.90
0.47 38.65+4.71 1.68x10°° 47.12 £5.07
0.24 30.21 £ 0.90 0.84x10°° 15.74 £9.11
0.12 19.15 +3.89 0.42x10°° 8.98 £5.43
MF13+MMC 2.21+1.87 87.81£5.92 0.63 MF13+VCR 4.42+6.72x107 54.33 +£3.77 11.29
2.21+0.94 64.77 £10.53 0.92 4.42+3.36x107° 33.34£1.32 2.40
2.21+0.47 43.19 £ 15.53 1.20 4.42+1.68x107° 29.82 +£4.65 2.11
2.21+0.24 41.88+12.28 1.08 4.42+0.84x107° 21.22 +£10.25 1.49
2.21+0.12 34.26 + 15.58 1.06 4.4240.42x107° 17.83 +1.68 1.44
MF13+MMC 1.10+1.87 73.41 £ 12.07 1.30 MF13+VCR 2.2146.72x107° 57.64 +16.18 8.55
1.10+0.94 46.37 +12.76 1.33 2.2143.36x107° 29.54 £11.85 3.03
1.10+0.47 25.46 + 8.95 1.50 2.2141.68x107° 14.24 + 12.41 2.11
1.10+0.24 20.09 +10.27 1.41 2.21+0.84x107° 14.77 £ 13.45 1.32
1.10+0.12 18.64 +7.51 1.24 2.21+0.42x107° 1.31£2.26 1.41
MF13+MMC 0.55+1.87 65.86 = 19.63 1.52 MF13+VCR 1.10+6.72x107° 66.52 +16.08 6.42
0.55+0.94 38.24+2.48 1.39 1.10+3.36x107° 31.86 +3.86 2.78
0.55+0.47 23.71+£3.13 1.39 1.10+1.68x107° 22.32 £4.01 1.81
0.55+0.24 19.63 + 15.10 1.29 1.10+0.84x107° 10.17 + 17.61 1.32
0.55+0.12 14.89 + 13.42 1.18 1.10+0.42x107° 4.13+7.15 1.30
MF13+MMC 0.28+1.87 64.58 £12.10 1.51 MF13+VCR 0.55+6.72x107 73.15 £11.87 4.67
0.28+0.94 35.55+4.15 1.39 0.55+3.36x10 54.44 £ 8.58 1.69
0.28+0.47 20.03 £17.35 1.40 0.55+1.68x107 20.20 + 19.80 1.69
0.28+0.24 15.23 £13.53 1.30 0.55+0.84x107 20.18 £13.03 1.06
0.28+0.12 9.67 +2.08 1.20 0.55+0.42x10° 1.73 £2.97 1.21

Table 3 Therapeutic efficacy of MF13 combined with other anticancer drugs in Bel-7402 human hepatoma bearing nude mice

Group Dose,l Injection Animal amount Body weight/g Tumor weight/g Inhibition
/mg-kg route Start End Start End rate/%

Solvent control 0 ip 7 7 17.8+2.2 223+3.1 2.15+0.71

CTX 50 ip 5 5 204 +23 23.7+£3.2 1.68 +1.16 21.8
MMC 2 ip 5 5 203+£13 21.6 3.5 1.32 £ 1.07 38.6
VCR 0.3 ip 5 5 193+ 1.0 22.0+23 2.20+0.61

MF13 2 ip 5 5 19.1£0.8 234+2.1 1.78 £ 1.39 17.2
MF13+ CTX 2+50 ip 7 7 19.6 + 2.1 23.6 +3.1 1.50 £ 0.28 30.2
MF13+ MMC 242 ip 7 7 19.0£2.8 21.6+3.7 0.70 £ 0.35" 67.4
MF13+ VCR 2+0.3 ip 7 7 204+1.6 248+ 1.0 1.85+0.77 14.0
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Figure 6 Growth inhibition of Bel-7402 tumor by MF13 and its
combination with other anti-cancer drugs in nude mice. Tumor
tissue (4 mm®) was subcutaneously implanted on the right backs
of the nude mice. Severn days later, the mice with visible tumor
mass at the average volume of 100 mm?, were randomly distrib-
uted into cages with 5 or 7 mice per group. Treatments (MF13
was initiated with 4 mg-kg ™', ip; VCR 0.3 mg-kg™', ip; MMC
2 mg-kg ', ip; CTX 50 mg-kg ', ip) were started on day 7, and
continued with other 4 ip injections at 7-day intervals at the same

dose, with exception of MF13 which was continued at 2 mg-kg ™.

The tumor volume was measured every week and the experiments
were terminated when the average tumor size of the solvent control
group was over 2 000 mm’. Each point represents the mean of
the tumor volume and the SD error bars. Statistics was done
between treatment groups and the solvent group
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