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Abstract: [ Objective ] To investigate the effect of FUNL2 gene silence on the proliferation of in-
vasion of human colorectal cancer (CRC) cells in vivo and in vitro. [ Methods] Human colorectal
cancer SW80/MS cells were transfected with FMNL2 specific shRNA plasmid vectors,and
FMNL2- silenced cells were screened by G418. Quantitative RT-PCR and Western blot analysis
were used to detect the expressions of FMNL2 mRNA and protein,respectively. The cell prolifer-

ation was determined by CCK8 assay,the cell invasion ability was detected by boyden invasive
assay in vitro. Tumorigenesis and metastasis in vivo were examined by whole-body visualizing
hepatic metastasis animal model in nude mice. [Results] FMNL2 silencing inhibited cell prolif-

eration , migration and invasion (P<0.05) in vitro and in vivo.[ Conclusion ] FMNL2 gene may have
multiple biological functions during colorectal cancer progression and it may used as a novel ther-
apeutic target against CRC.
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Table 1 Primer sequences of genes

Length
Gene Sequence (bp)
GAPDH 5'-ACGGATTTGGTCGTATTGGGCG-3' 212
5'- CTCCTGGAAGATGGTGATGG -3’
FMNL2 5'-TAATCAGCATTAGCATTTCTGAGG-3' 145

5'-AGGAGAGTAAGGCCAGGTTCC-3'
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1.2.4 Western blot
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Figure 1 Screening of the most effective clone by Real Time PCR
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Figure 2 Identification of FMNL2 protein expression

by Western blot
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Figure 3 Cell growth curve of SW480/MS,SW480/MS5-
mock and SW480/M5-shFMNL2 cells
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(Figure 3) . i 204 M A 23 Hr 20 i J& B0, i i

Table 2 Detection of the cell cycles of SW480/MS5 and
SW480/M5-shFMNL2 cells by flow cytometry

/N, FMNL2 FERULER S, A GyG, 1

Cells

Gy/GA(%) S(%) Go/M(%)

40 i L B 88 0 (P=0.001) , S 3 % L 1 B i
W/ (P=0.001) ,Go/M 41 its Fb 451 m& A5 48 hn L (5.

ZR LG FE L (P=0.087), 1 FMNI2 % P

SW480/M5-mock
SW480/M5-FMNL2

47.054+£3.418 63.000+£2.402  58.430+1.765
68.792+0.886  48.400+0.916 63.587+0.884
0.001 0.001 0.087
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SW480/M5

SW480/M5-mock

Figure 4 Comparison of invasion potency in vitro of SW480/M5,SW480/M5-mock and SW480/M5-shFMNL?2 cells
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(The tumor areas were calculated by IPP5.0 software and indicated as mean + SD
of six mice.)

Figure 5 FMNL2 gene silencing suppresses cell proliferation in vivo

——SW480/M5-mock
—8—SW480/M5-shFMNL2

15 20 25 30

Time(days)

HK
2.5 FMNL2 33X TE R K5 &= 48R n
BN

I3 9B 5 %100 4> SW480/MS-mock F1 SW480/
M5-shFMNL2 4 Jfd 38 5= J A 33 59 3% 43 0 42 Fh 2] 10
BRI, IR R 5 A5 S B L% i e
AR B RGN, S5 45 R 5, SW480/M5-

mock A AR5 4~5 JEIF 4, # BH Wi iR R
100%(10/10) AR B A T HFIR L 7% FIDE s B 2
PR AL AR e a5 T R &, AR ISR R I
Rkt SW480/MS5-shFMNL2 2H 40%(4/10) 4 #4 FL
W k5% 72 (Figure 6)

SW480/M5-mock

Pathological observation(x200)

Figure 6 FMNL?2 gene silencing suppresses cell invasion in vivo

SW480/M5-shFMNL2

84

MEFRT 2017 5% 23 6%2H



3o #

R 9 A2 W R UL IR S 15%~25% 1) J8. 35 TE i
& R 12 W i R AT G B8 1) 209%0~35% 11 B I IE
Ry E—SERS IR X R g T A I ML B R
HEATAIFSE 26 G R b B o3 H B 3 S B e AR
g, o AT R I A 5% b & B — P LA T
B P B 40 i Mk ——SWA80/MS NHFFE T 4, Hedf
KRG RN, UKt B%Ia
7 T B A A ST /N BRI R 9 I A B A
R J5 1 B W RE R I R R A .
REFPRE IR T HE RS R R ad PR A1, JTFHE RS A A AR T
K, o 8 BH 353023 15 5 ML o L v 2 8 e it A %
PR R A A . 1984 4F  Kozlowski 45"
TR RIS PR T O 2 e 11 e A A =k L
P AL TR 20 L A B rh  FRATT R T T R S ik e
JHF 2 0y g A 100 ST ARG 00 240 i AR AR 2B B T

DRFs 5 % 2 2 45 40 A B 42 0% WL 3h 2 11 i o8 7
K, i H C/ 3 PR 5F 1% formin homology 2 (FH2)
S5 KA SR 2 L B AR P B SR A R AR LA KR L sl
TR LR S, 5 20 i B 2 0 LB B 1 A
Tz FESRE R R A R E AN IR AR
SE LA K I 38 40 6 1 4= 28 R GRS A5 5 RIS 3] T B
PRS00 L AR K  DRFs 25 (A X% T Lo 2 A ok 2 il
F14) 200 0 [0 o 2 A0 400 3 BT, A0 B 8 T 5 43 24 DA K
290 AR P 4 9 S 1 R VR FH BOR BR E AATT A) EE
M, DRFs 25 H AT LA 5 HL3h 8 11 456 8 H RhoGT-
Pase A B AEH , /& Rho 155 5 %% 538 %, Src & &= R i
T A 5 5 S % L K wnt £ 5 5 S 0 v A 4R
538201 DRFs KRB R 51, W DAAM1 . DAAM2 7£
WNT-PCP 25 [ h e %5 5 229 4E ), 7T LS Rho 15
SRR, Rho A5 5 G006 R v] L5 S 40 i L
SE A REEMARNZEE, S50 REM
FERS BT 3 B2 20 R KA B Y S R T A A
(I 8 AE B 0T A 4 e B M AR,
RNAi £ AR, & 8 DRFs Z15 FIAR Z2 45 LA 240 Jfd () 1
AT LA A O™, b  DRFs % ik
FEAT 225y 2495 R R 19 2 v AU B T b — e 1 4R
H . Kato &5 WL E2 21 7E 4 Bt 73 24 () AN [A] BB, DRFs
FWEH ) mDia #E  T 2K I, FMNL2 %5 [H %5
=¥ H A5 DRFs 5% M A0 (1) 25 /) F54F , (Bl T

MR 2017 £% 23 5% 2

FMNL2 &—Fgrir K B E > HEr A LT
FMNL2 T e 5% (1 38 , A AT 38 1 A= 915 824 10
% P FMNL2 76 R hE B LIS B R
ok P 0 29 LA RS T O e 45 1 2L 2RI b 7 4 i R
TS IR FRATT I A I R AR S i S A
SR ZE R RSO DRFs 2 A 125 H Y
FMNL2 Al fig 5 K 1R 28 e e A 56, Rk, F64]
eRE FMNL2 1E A —A 80 0 K 98 e B Ao ik 2L 1), Xof
HIBe AT 5T

A, AT R bR A, Uik
SW480/M5 ' FMNL2 3 PH i #23k | i & CCK8 ¥ K
WY FMNL2 XF K 9 40 M HS 58 A 52 ), 3@ 3k 5d 1Y
HESEHE, K FMNL2 55 HU0BR B B B AK T K 4
JL ) AR AN BE B RE 3 X A A A 0 4 ) A e B
FMNL2 £ K U129 SW480/M5 H: S 11 41 Jitg Lt ] ik
A RN RIS AN, AR K AN
FTFRE LT, & T Mk sh s, & B
FMNL2 3 P TR () SW480/MS 1 4 Py A K 3 JiE 1
S, sk Eegk B FMNL2 235 F M), GE S
S b A ) b R 4 B AAS  A AE K FMINL2 TR R
I 9 () 184 58 AR DG R TR, ARAF 5% H 34 R T boyden /N3
X 5 DR 0 R BT G SW4S0/MS 12 28 RE Sy A7 T K
boyden /N3 v N T 6 IR 15 T 5 07 2L 3 4 4 i ik
JEE B Ay 2 ), T LAAR S M A 400 K M 8 A PN B 5 1Y
fR B R A2, A5 R R W] FMNL2 2 A U0 3 5
SW4B0/MS5 1A SM=Z 22 Rl 1 W i A . 1) FH R v 55
ARFERLSCE0 X LRI T FMNL2 3 R L8R A e
SW480/M5 TE# AR N R 22 1 A8 fk, 253 R
FMNL2 J: R UL ER J5 SW480/MS5 14 P12 22 BE 1 th
B A% . A RH FMINL2 3% [R5 K B 9 40 e A 55 7%
1RERE S W EAE,

Zify ik i@ i RNAT H R UTBR FMNL2 0] LL7E
TR AN SW480/MS H E RE f1 AR 78 RE J1 . W LA
A5 FMNL2 18 R 30 i K i g A A G 7S 110 301 2R 40
AL P Tk, 3k B BH 1k I 98 40 A 5 E A
HBEMEHM,

S 3k

[1]  Grikscheit K, Frank T,Wang Y ,et al. Junctional actin as-
sembly is mediated by Formin-like 2 downstream of Racl
[J].J Cell Biol,2015,209(3):367-376.

[2] Kitzing TM,Sahadevan AS,Brandt DT,et al. Positive

85



Journal of Chinese Oncology,2017,Vol.23.No.2

3]

4]

5]

(6]

[10]

[11]

[12]

feedback between Dial,LARG,and RhoA reguhtes cell
morphology and invasion[J]. Genes Dev,2007,21(12):
1478-1483.

Carreira S,Goodall J,Denat L, et al. Miffregulation of Dial
controls melanoma proliferation and invasiveness|J].Genes
Dev,2006,20(24):3426-3439.

Favaro PM,Traina F,Vassallo J,et al. High expression of
FMNLI protein in Tnon-Hodgkin’s lymphomas [J]. Lenk
Res,2006,30(6):735-738.

Huang ZX,Sun Q,Ding YQ,et al.Mining microarray gene
expression data of metastatic colorectal cancer by litera-
ture profiling [J]. Journal of Southern Medical University,
2003,23(11): 1195-1197.[ ¥ ik , #h55 , T =77, 5.
SCHRAS B 2 40 K W i e R S R RR I ()] SR FEEKR
244 ,2003,23(11):1195-1197.]

Zhang YF,Li L,Ding YQ.Isoiation and characterization of
human colorectal cell subline

cancer with unique

metastatic potential in the liver [J]. Journal of Southermn
Medical University,2007,27(2):126-130.[5k 8 &, X1 #i ,
T ETT BTG R A0 1 1) 45 17 9 200 i 3T7 3R 00 9 2 5 4
FE[T]. B8 B R R 2 24,2007 ,27(2) - 126-130.]

Zhu XL, Liang L,Ding YQ. Construction of Formin-like 2
specific small hairpin RNA expressing plasmid and its ef-
fect on proliferation in SW620 [J].Clinical Medicine of
China,2008,24(6):513-517. [ WG , B #i, T = #.
FMNL2 shRNA 23k JFORL 9 #4 3 & FEXE SW620 H4 5 1
P A 52 e (], 7 L 25 5 i R, 2008 ,24(6):513-517.]

Livak KJ,Schmittgen TD. Analysis of relative gene ex-
pression data using realtime quantitative PCR and the
2 (-Delta Delta C (T))Method [J]. Methods,2001,25 (4):
402-408.

Kners T, Bleichrodt RP. Treatment of liver metastases,an
update on the possibilities and results [J]. Eur J Cancer,
2002,38(7):1023-1033.

Mattar RE, Al-Alem F,Simoneau E et al. Preoperative se-
lection of patients with colorectal cancer liver metastasis
for hepatic resection [J]. World J Gastroenterol ,2016,22
(2):567-581.

Kozlowski JM, Fidler 1J,Campbell D,et al. Metastatic be-
havior of human tumor cell lines grown in the nude mouse
[J] . Cancer Res, 1984 ,44 .3522-3529.

Yang C,Czech L,Gerboth S,et al. Novel roles of formin
mDia2 in lamellipodia and filopodia formation in motile

cells[J]. PLoS Biol,2007,5(11):e317.

86

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

[24]

[25]

Goode BL,Eck MJ. Mechanism and function of formins in
the control of actin assembly[J]. Annu Rev Biochem,2007,
76:593-627.

Kiihn S,Erdmann C,Kage F,et al. The structure of
FMNL2-Cdc42 yields insights into the mechanism of
lamellipodia and filopodia formation[J]. Nat Commun,2015,
12(6):7088.

Krainer EC,Ouderkirk JL,Miller EW et al. The multi-
plicity of human formins:expression patterns in cells and
tissues|J]. Cytoskeleton (Hoboken),2013,70(8):424-438.
Gardberg M,Heuser VD, Koskivuo I,et al. FMNL2/
FMNL3 formins are linked with oncogenic pathways and
predict melanoma outcome [J]. J Pathol Clin Res,2016,2
(1):41-52.

Gardberg M, Talvinen K, Kaipio K,et al. Characterization
of Diaphanous-related formin FMNL2 in human tissues[J].
BMC Cell Biol,2010,11:55.

Habas R,Kato Y,He X. Wnt/Frizzled activation of Rho reg-
ulates vertebrate gastrulation and requires a novel Formin
homology protein Daam1[J]. Cell,2001,107(7).843-854.
Ishizaki T, Morishima Y ,Okamoto M,et al. Coordination of
microtubules and the actin cytoskeleton by the Rho ef-
fector mDial[J]. Nat Cell Biol,2001,3(1):8-14.

Wang Y, Arjonen A,Pouwels J,et al. Formin-like 2 pro-
motes Bl-integrin trafficking and invasive motility down-
stream of PKCalJ]. Dev Cell,2015,34(4).475-483.
Aspenstrom P, Richnau N, Johansson AS,The diaphanous-
related formin DAAMI collaborates with the Rho G ‘[Pases
RhoA and Cde42,CIP4 and Src in regulating cell mor-
phogenesis and actin dynamics[J].Exp Cell Res,2006,312
(12):2180-2194.

Peng J,Wallar BJ,Flanders A, et al. Disruption of the Di-
aphanous-related formin Drfl gene encoding mDial re-
veals a role for Drf3 as an effector for Cde42[J]. Curr
Biol 2003, 13(7):534-545.

Tolliday N,VerPlank L,and Li R. Rhol directs formin-
mediated actin ring assembly during budding yeast cytoki-
nesis[J]. Curr Biol, 2002, 12(21): 1864-1870.

Kato T, Watanabe N, Morishima Y ,et al. Localization of a
mammalian homolog of diaphanous,mDial ,to the mitotic
spindle in Hel.a cellgJ]. J Cell Sci,2001,114(Pt 4).775-784.
Katoh M and Katoh M.Identification and characterization
of human FMNLI,FMNL2 and FMNL3 genes in silieo[J].
Int J Oncol,2003,22(3):1161-1168.

Br e 7 & 2017 4 55 23 %% 2



