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ABSTRACT OBJECTIVE: To explore the effects of simvastatin on tumor growth, blood coagulation in mice with
colorectal cancer based on microRNA (miR)-181/nuclear factor ( NF)-kB pathway. METHODS: The colorectal
cancer mice model was established by subcutaneous injection of human colorectal cancer cell line SW480, and 30
model mice were randomly divided into the control group, simvastatin low-dose group and simvastatin high-dose group.
The simvastatin low-dose group and simvastatin high-dose group were intraperitoneally injected with 50 mg/kg and
100 mg/kg simvastatin, qd. On the 28th day, tumor growth, angiogenesis, coagulation indicators were analyzed. The
expression levels of miR-181, IkBa and NF-kB mRNA and protein in tumor tissues were detected by quantitative
reverse transcription polymerase chain reaction and western blotting. RESULTS: Compared with the control group, the
tumor volume, mass, CyclinD1 protein, Ki67 protein, Bcl-2 protein, microvessel density, vascular endothelial growth
factor (VEGF) levels, whole blood viscosity, IkBa and NF-kB mRNA and protein expression levels of the simvastatin
low-dose group and simvastatin high-dose group decreased significantly, while Bax protein and miR-181 levels

increased, plasma prothrombin time ( PT), activated partial thromboplastin time ( APTT) and miR-181 were
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prolonged significantly, with statistically significant differences (P < 0.05).

The tumor volume, mass and

microvascular density in simvastatin high-dose group were significantly lower than those in simvastatin low-dose group
[ (171.74%19.33) mm’ vs. (226.52+26.38) mm’, (0.21+0.03) g us. (0.28+0.04)g, (9.77+1.85)% us.
(16.39+2.11)%], CyclinD1, Ki67 and Bcl-2 protein levels, VEGF levels, whole blood viscosity, expression levels

of IkBae and NF-kB mRNA and protein were significantly lower than those in simvastatin low-dose group; the levels of

Bax protein and miR-181 were significantly higher than those of simvastatin low-dose group, PT and APTT were

significantly longer than those of simvastatin low-dose group, the differences were statistically significant ( P<0.05).

CONCLUSIONS: Simvastatin may inhibit tumor growth and angiogenesis in colorectal cancer model mice by regulating
the miR-181/NF-kB pathway, and alleviate blood hypercoagulability.
KEYWORDS Colorectal cancer; Simvastatin; MicroRNA-181; Nuclear factor-kB; Coagulation
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Tab 1 Effects of simvastatin on tumor volume and mass
in CRC nude mice (x+s)

F2 FHMITH CRC R CycinD1 1 Ki67 & QAR (x£5)
Tab 2 Effects of simvastatin on CyclinD1 and Ki67
proteins in CRC nude mice (x+s)

4 CyclinDI Ki67
XHIRAL(n=10) 3.270.30 2.85:0.25
FAR T IRA 4 (n=10) 1.53£0.15* 1.62+0. 16*
ﬂizﬁmm]%éﬁ( 10) 0.91:0. 09 1.08+0. 10
F 59.582 51.833

P 0.000 0.000

U ABRATHE, *P<0. 055 5 (RAT A 4L, "P<0. 05

Note:vs. the control group, *P<0.03; vs. the simvastatin low-dose group, "P<0. 05
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AL X HRAL B, S ARABTTARGA B 4 5 C. 2t 7T s ) i 2L

A. control grou; B. simvastatin low-dose group; C. simvastatin high-dose group
2 EBEBRHEERNFEEMITY CRC #5R Bel-2
1 Bax EH KT
Fig 2 Effects of western blot detection for simvastatin
on Bcl-2 and Bax protein in CRC nude mice
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AR AT IR ) 206, 5246, 38° 0. 2840, 04 Tab 3 Effects of simvastatin on Bcl-2 and Bax protein
Bl T s k4L < 171.74£19. 33" 0,210, 03" in CRC nude mice (x+s)
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P 0.000 0.000 AL (n=10) 3.41£0.32 0.97:0.09
Ut GXHTRALECEE, "P<0.05; S (RIBIT IEARALICER, 'Pe0. 05 *}i}i‘”&ﬁf 10y 22021 20,26
Noteus. the control group, “P<0.05; vs. the simvastatin low-dose group, >P<0. 05 FARAGIT FAIEA (n=10) 1. 58:0. 16 3. 04:0.33
F 47.654 53.073
2.2 FE&MITX CRC 4 RAEE 40 G 5E A =20 P 0.000 0.000

FAHRABTT 2 A 20 /N R Ki67 , CyelinD1 8 1 7K 5 B A%
FEARAMTTARF 4L, B AR AL TT & AR ) &5 41/ B Ki67
CyclinD1 2 /KB BAR T X IR, 22 R348 G il 2# 8 L (P<
0.05), WL 1.3 2,

Ki67
CyclinD1
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A B C
AL X IR B. VAR T 4 45 €. A 7T el

A. control grou; B. simvastatin low-dose group;

C. simvastatin high-dose group
1 F&AITX CRC RER CyclinD1 1 Ki67 & B KR
Fig 1 Effects of simvastatin on CyclinD1 and Ki67 proteins

in CRC nude mice
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T SRR, *P<0. 05, S B TIR A REAL R, "P<0. 05
Note:s.  the control group, *P<0.03; . the simvastatin low-dose group, "P<0. 05
2.4 FEMBITI CRC R RER RN &2 E S0
AR AT T 7 ek 2 ) BRI A 2 B T AR T AR A T T A
FiEd , HAE AT T e AT a2 /N BRI A 3 3 AR X TR
H,EREGIFE L (P<0.05) , WE 3 F4, F3H %
N AN AAZ A0 CD34 PGt FOR UM A

ALK R B. AT TR 4 5 C. 3 et yT i i ik 2
A. control grou; B.simvastatin low-dose group; C. simvastatin high-dose group
3 RBHELERNFEEMITI CRC R CD34 B9
2405 ( x200)
Fig 3 Effects of immunohistochemical staining for
simvastatin on CD34 in CRC nude mice ( x200)
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R4 FEHEMITI CRC R RBME R FHIRM (x2s5)
Tab 4 Effects of simvastatin on microvessel density

in CRC nude mice (xzs)

4 PR/ %

XA (n=10) 24.63£2. 86

FRAITAG AL (n ) 16.39+2. 11*
F AT E A Eéﬁ( 9.77+1. 85"
F 41. 594

P 0.000

U ABRATHE, "P<0. 055 5 (RABTT G 4L I, <. 05
Note:s. the control group, “P<0.05; us. the simvastatin low-dose group, "P<0. 05
2.5 FE&ftiT3 CRC R RIEE! VEGF BN
AT R4/ B VEGF 7K B SR T2 & Ath v T 1%
FldEA, Hap Ry T e AR a4/ B VEGE KI8T X i
40, 22 FWELHF T L (P<0.05) , WWE 4 %5, K49
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ALK HRAL B, S ARl TR 2 5 C. ARy T i R 2
A. control grou; B. simvastatin low-dose group; C. simvastatin
high-dose group
4 HBANFENERMITI CRC BRR VEGF
KRS ME ( x200)

Fig 4 Effects of immunohistochemical staining for
simvastatin on VEGF in CRC nude mice ( x200)
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Tab 5 Effects of simvastatin on VEGF in CRC nude

mice ( X+s ,scores )
40 VEGF i P53
KR (n=10) 9.21£1.26
FAAITIRAN A (n 6.080. 89
FHAIT e E‘éﬂ( ) 3.32:0.38"
F 53.481
P 0.000

VSR RAL I, “P<0. 05, ST e, P<0. 05
Note;1s. the control group, “P<0.05; vs. the simvastatin low-dose group, "P<0. 05
2.6 F&fthiT3 CRC #REE M 7R T FIEFRHI M
S/ R IR AR 2R AR LU, 2 R A SRR X (P<
0.05), XA LA, 2 FRATTAIC 5 390 i 2 /0 BRI 4 i 2
JEREAR, PT A1 APTT %4, 22 R it 2 L (P<0.05) ; H.
AT T 70 A0S BRI 4 i 26 A TR AR Y TR 2 AL,
PT #1 APTT & T AR MTTICH 4, 22 B BH G it 28 X
(P<0.05), 5% 6,
2.7 FEH£MITX CRC R R 2! miR-181, IkBa 1 NF-kB
mRNA f1E B RIEHF N
ZZH/NE miR-181  IkBa Hl NF-kB mRNA FR/K - Ho Az,
ZEFBA G L (P<0.05) o FARABTTAR w5 B 41/
) miR-181 k7K F 8 3 5 T X5 B4, IxBa F1 NF-kB mRNA
TRV LT IR, 2 RIE R4 2 L (P<0.05) 5
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Tab 6 Effects of simvastatin on hemorheological indicators
in CRC nude mice (xxs)

1177 1) O K=

WA

) £/ (mPa-s) E/(mFa's) £/ (mPa-s) /s APTI/s

M (n=10) 0.53:0.98  7.85:0.77  5.15:0.43  I5.04£0.75  18.74<1.09

FRGTIGNE  8.41e121®  6.93:0.91°  458:0.54° 17156092 21.43¢1.23"
#(n=10)

FRAGTEAE  7.06:L 14" 6.12:0.87"  4.06:0.47 19.43¢1. 14 24, 15:1.37"
#(n=10)

F 19.266 16.323 11.754 18.584 21.643

P 0.004 0.016 0.021 0.005 0.002

SR BRALECR, *P<0. 05 5 T I R4 LR, PP<0. 05

Note;s. the control group, “P<0.05; us. the simvastatin low-dose group, "P<0. 05
LT A RLALINEL) miR-181 63K T 5.5 8 T 1
M TARHIE4H |, IkBa F1 NF-xkB mRNA 26357k B 3% T2 1%
fITARF A, 22 R A Gt # B (P<0.05) W&k 7, =41
/I TeBa AT NF-kB 2 F1 3KV HUA, 22 57 AT B it

(P<0.05) , AT &3R4 /N R NF-kB | IkBa 85 H kK
AT sl 2 AR AT G, & A = AN R kB Al

NF-kBHE AR B AR F X R4, 25 WA GI%#E L (P<
0.05), JLI#l 5.3 8,
R7T FHEMBITH CRC R IkBaNF-kB mRNA FKiXH
20 (xxs)
Tab 7 Effects of simvastatin on IkBa and NF-kB mRNA
in CRC nude mice (x=s)

415 miR-181 IkB: mRNA NF-kB mRNA
AR (n=10) 1.00:0. 10 4,960, 48 4.22+0.41
ERAITAG AL (n=10) 2.26:0.23 3.310. 32° 3.06+0.31°
F R E ARG ( 10) 3.610.35 2.05£0. 19™ 1. 82£0. 18"
F 38. 164 4.167 41.842

P 0.000 0. 000 0. 000

S XTRALIEAR, “P<0. 05, 5 (AT IR RALILAE, "P<0. 05
Note:vs. the control group, “P<0.05; us.  the simvastatin low-dose group, "P<0. 05

IxkBa
NF-«xB
GAPDH
A B C
AL XNTRRE B, SEARABT TGS d 2 5 C. SR AR T e R

A. control grou; B. simvastatin low-dose group; C. simvastatin high-dose group
5 F|ARFEEGNFXMITH CRC RR IxBa,
NF-«B & B RIEHIFIT
Fig 5 Effects of western blot detection for simvastatin
on IkBa and NF-kB protein in CRC nude mice

3 iTig
—TAERPE I G455 R, 2018 AF45 17 A 1 R % 1
PilviEd B35 43R 1096 601 {51l F 704 376 6], 43 i BIr A A ogd
SR 6. 1%F1 3. 9% , 47 B 4 MRS 8 i ; BAFRIE T4
Jee R L s 0 R 43 ) o T TR R Y 5. 8% R 3.2% , 41
BIEHS S ARG 10 71 BRI IORNGYT CRC 951k
@iT Wi IR AR, A2 CRC B B AR TS LA A REA N i
o IR I, CRC ¥ 2 R 8URT KM R R, 24
TERRAL, MAM, CRC B3 1 B R AS 23 3% 5 ) AR 75
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®8 F{&fthiTx CRC &R IkBa NF-xB &8 REHIF N
(x%s)
Tab 8 Effects of simvastatin on IkBa and NF-kB protein

in CRC nude mice (x=s)

45 IkBa NF-«B &
KB4 (n=10) 3.4620.33 2. 14£0.21
ERAITAGR R4 (n=10) 2.37+0.25 1.22:0. 11
FAMIT 4L (n=10) 1.05+0. 12 0. 660. 08
F 53.765 43.943
P 0.000 0.000

T SRR, P<0. 05, SE AT IRR B 4L HAL, "P<0. 05
Note;s. the control group, “P<0.05; vs. the simvastatin low-dose group, "P<0. 05

Ja L E BRI R L JC AT LU R A CRC 2 i v etk
ENEOERNELLY/N

AR won T 259 A UM AR, 5 AR
T2 A0 L, T A TT 28259 3 19 4 R B0 1 S U
Ji s AR E TR FRAR T 15% 1, IRIRRTIT ST SRR, 3
A TT A0 ] ek 385 5 15 0 O R ) ok R e i
FEEMMER Y ARBFgE R ER AT EE T CRC
ANERABTRY | fE ek AR AL TT T, & B AR A T BE A4 i 4
HEFE U A A, R L AU S B AT R T
FEAEAE—E W R . HMGCR H 7 5 R0 94 B2 il , BP9 485
SR, HAT DA S R a0 A R, M A s R S A
A HMGCR #0532 Al 7T 78 CRC w tho & ¥E 3098 /6 1
— T B T I RS E 45 SR R 7E XELOX 5 % (R b I+
BYLFEA ) A0 0L AR BT LR _EBRA R AT /RN CRC
— AT, B F PR ROR T A A B CRC
IR 14 S 98 A0 i 2 388 2 2 A B 2R 4 3 A I TR
TEER, Al TR 07 . Wang %1 (B9 45 51 R
FARMTT VTS AMP 35 1k R P I8 3 A ) B 5
T-lo BYZKIE A 2L R I8 B0 1045 A AR, e b, AR AT R B
BHEEER, BEE BTFIEAE R R e AL TT o] RAFRAR
SO URESE B R A AR K PT, RS R BR, 0
IR AT 23 W R A2 32 45 B TR BB s R A
ARMFFE AR KB, AR AL TT AT DA S A 410 ) CRC 41 it
B4R BRI A o, 5 R AL 0 T, DT 1 /N SRS 784 )
Je A, I AT AR AOR P M 2R A% CRC BT /N BRUAS) v IR
& IS F ALK T E— 25407

FER F2 35 1 7 S R 43 B AR 3 AF SR I 7 5T #45, miRNA
A3 3 BT X I 1 945 A mRNA, #1115 5 mRNA [ 5% i
s E IR miR-181 AT AE BT & PR 5 3 e &
A K RIS miRNA , AF 7845 3R o , B/ 645 B
e E R A ) AR ANBIE T 5 SRt UE 92, miR-181 234 4]
CRC 45 ) | miR-181 HAT#EL A 45 NF-«B 8 J4 191
A, anop S miR-181 3@ i M il NF-«B 38 B 8 [ 7K &
bR e Zho 227 B BF S 45 58 B, miR-181 38 i 417
il NF-wB 38 B 8958 508 N, 5845 SR w76 2 OB PRI%
B MK miR-181 S5 ¥ MR A 2 A, miR-181 &8
D- SRR 7K ST I 27 it w25 B DR S Rl 2 i A2 T 1>, NF-kB
(G5B S 5 IR 2 A S S N MR R T Rs W,
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MBS BEPRAE T T EE S I 5T 45 5 /R, NF-«B

S PR HERAE SN, 5 | LK OG5 48 £ 3% MLV v BEIR A

1 miR-155 3 52k 50 ) 84 NF-wB 3 22 i o AR S . AR 5T

SERLN R SRR TT T LA E miR-181 3k, ] NF-«B i

1 IxBa \NF-«B mRNA FIH [ B/KF- | HAE RO, 3278

SE ALY T T AEE ST 155 miR-181 A FE K AN NF-«B 38 3k
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