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X E

EE5E0: BUAEKEFB (TGF-B) /SMADA {5514 Sl B AR 45 B i KB 5 R el T B2 AR .
runt #HOCHG S F 3 (RUNX3) 7E45 B 4l 40 i A K B3 B8, Bl s R MEEH . 1
RUNX3 (9 1E ] 5 TGF-B/SMAD4 i # 1% 0C & i R WAk E . Rtk , AWF5E B fE#8 T RUNX3 55 SMAD4 7E45
g b i 2k AR, A H KR .

T ik WOAE 98 1145 B M s 2H SR 55 IE S L 4UbR A, 43 51 FHl Western blot £ i) RUNX3 F1 SMAD4 2 11 (14
/K F, qRT-PCR Kl SMAD4 mRNA 7KV, JF 70 BT 2 ek iU ARG M o #4545 B 7 98 41 i SW480 43 %]
H YL RUNX3 iF R A # /K (RUNX3 41) . SMAD4 i ik # 4k (SMAD4 41) . RUNX3+SMAD4 i 3% ik £k
(RUNX3+SMAD4 20 ), D)% 4 BH 1 o B K Y SW480 41 Jitd 9 %5 R ZH . 43 5] JH Western blot 55 qRT-PCR 5
4% 2H 40 il RUNX3 55 SMAD4 #3A 1284k 5 I CCK-8 SE 56 55 Transwell 5256 43 BT 45 26 41 it 1) 344 51 5 4= 2% g
Ty 255 .

SR 45 H AL PR RUNX3 R H 3R A i W AR T 05 1R % 4124, 1 SMAD4 ) mRNA 5 28 F % 3A7K
S TR S IR 414 (38 P<0.05) 5 45 i 41409 RUNX3 2 (1 £ 15 5 SMAD4 mRNA fl1 2 (1 %
R ML (1=0511, P=0.004; r=0.487, P=0.009). 5X}MZH L%, RUNX3 41 RUNX3 & H /K
Wl T, {H SMAD4 mRNA FlEE [ /KSF- W] B R AIE (35 P<0.05) ; SMAD4 28 ) RUNX3 # [ /K- JC ] b 42
fb (P>0.05), {H SMAD4 mRNA FI% 119 5 CF- W W FH & (34 P<0.05) ; RUNX3+SMAD4 41 i) RUNX3
HAKFEH W TR (P<0.05), SMAD4 mRNA FIZE KPS (35 P>0.05) . RUNX3 20 4 fifd 4%
B 522268 91 Y AR T B2 (34 P<0.05), SMADA ZH 1) 400 Jfd 3 5 R4 22 68 1 ¥ W b v T X R 28 (3
P<0.05), RUNX3+SMAD4 £H (1% 241 Jfl 14 58 A= 22 BE 77 /v T RUNX3 2 5 SMAD4 4H 2 [], 5% RRAH LA, 2%
FIGIEE L (3 P>0.05)
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Expression and action of RUNX3 in colorectal cancer and its
association with TGF-B/SMAD4 signaling pathway
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Abstract

Key words

Background and Aims: The transforming growth factor § (TGF-)/SMAD4 signaling pathway plays
an important role in the occurrence and development of colorectal cancer. The expression of runt-related
transcription factor 3 (RUNX3) was found to be remarkably decreased in colorectal tissues and it may
exert tumor-suppressing effects. However, the relationship between the actions of RUNX3 and TGF-p/
SMAD4 pathway has not yet been reported. Therefore, this study was conducted to investigate the
expressions and effects of RUNX3 and SMAD4 in colorectal cancer tissue, and their mutual relationship.
Methods: A total of 98 paired samples of colorectal tissue and adjacent normal tissue were collected.
The protein expressions of RUNX3 and SMAD4 were detected by Western blot, and the mRNA
expression of SMAD4 was detected by qRT-PCR, respectively. The correlation between RUNX3 and
SMAD4 expressions were analyzed. Human colorectal cancer SW480 cells were transfected with
RUNX3 overexpression plasmid (RUNX3 group), SMAD4 overexpression plasmid (SMAD4 group) and
RUNX3 and SMAD4 overexpression plasmid (RUNX3+SMAD4 group) respectively, using SW480 cells
transfected with negative control plasmid as control group. In each group of cells, the changes in
RUNX3 and SMAD4 expressions were determined by Western blot and qRT-PCR, and the differences in
proliferative and invasion abilities were examined by CCK-8 assay and Transwell assay, respectively.
Results: The protein expression level of RUNX3 in colorectal cancer tissue was significantly lower than
that in adjacent normal tissue, and the mRNA and protein expression levels of SMAD4 were
significantly higher in colorectal cancer tissue than those in adjacent normal tissue (all P<0.05); RUNX3
protein expression was negatively correlated with SMAD4 mRNA and protein expressions in colorectal
cancer tissue (=0.511, P=0.004; r=0.487, P=0.009). Compared with control group, the RUNX3 protein
expression was significantly increased, while the mRNA and protein expressions of SMAD4 were
significantly decreased in the RUNX3 group (all P<0.05); the RUNX3 protein expression showed no
significant change (P>0.05), while the mRNA and protein expressions SMAD4 were significantly
increased in SMAD4 group (all P<0.05); the RUNX3 protein expression was significantly increased (P<
0.05), while the mRNA and protein expressions SMAD4 showed no significant changes in RUNX3+
SMAD4 group (both P>0.05). The cell proliferation and invasion abilities were significantly lower in
RUNX3 group and were significantly higher in SMAD4 group than those in control group (all P<0.05);
both cell proliferation and invasion abilities in RUNX3+SMAD4 represented an intermediate state
between RUNX3 group and SMAD4 group, which showed no significant differences with control group
(both P>0.05).

Conclusion: The expression of RUNX3 is down-regulated in colorectal cancer tissue. RUNX3 up-
regulation can suppress the malignant biological behavior of colorectal cancer cells, and the mechanism
may be associated with its inhibiting the activity of the TGF-B/SMAD4 signaling pathway.

Colorectal Neoplasms; Core Binding Factor Alpha 3 Subunit; SMAD4 Protein; Cell Proliferation; Neoplasm Inva-

siveness
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%5 H W (colorectal cancer, CRC) &I K &
UL A TE P R, R TR R e R B T
et o 2z — 1 BRI WA BT 7 2 0 H T I
IR, H 245 i B E 1 5 A AR AR R AN A 2 30% ,
o3 M 45 B W g O A 0 S R Y AL A X T Il PR A2 W A
R HA EEE XY, TCF-B i 2 e oF 45 5 W &
M TN R (1% B B -, SMAD4 4R 2 %08 B 1Y
TR R, HOA] I A e O R 0 R R R Sk
M2 5 45 B W 00 & R JER!, %5 SMAD4 25 1
(1 22 3K KSR, W) TGF- @ 38 % 5k 25 9k B
Runt #H 3¢ #% 3% ¥ 3 (Runt-related transcription
factor 3, RUNX3) B—Ff &5 L4k & W 5%
KT, S5 7 2502 i 50 00 5k 5
B Sl PR 5T 7 4 B W g 2H 20h RUNX3 4
FIBYR K- B FRAR, 42 7n Homm /R e, H2
086 45 L g B HL A 5 5 TGE- B/SMADA 3l fi A7
KAy AW L5 B, A SCE 5 Bt RUNX3 A
SMAD4 Z: 5 45 1 i i 19 & A R R R LR, LAIDThy
ZEH Rt — TR RIS 2%

1 #MREFE

1.1 IERERA

W 2019 4E 6 A —2021 4F 6 A 8] P 52 i 12 22 8%
A7 T R B S 38 A R ICTR B R M A Y i AR
G R B B R L R IR A S B R T IR R
A (BE B IR AR >3 em) , 1E-80 C FIR-FE. 4N
AFRE: (1) 4RI TE 40~65 % Z )5 (2) 4 3f 2 4 2%
KU i 4 B e s (3) A R . HEBR b o
(1) 1 U B 1T 3 A A P 4 32 5 B e R A QIR T
(2) A FF Al rbogg | I VR A L R B A
RAE; () G I HALI LB B . AR E NS,
1 2% A T G R B A8 B2 B 25 A AL HE[2020-11] .
AN RE RG], Ho 5240, a6 f; Fig
41~65 %, W (4942+3.71) %,
1.2 FEXHHME

N 45 H A0 M0 & SW480 (ATCC 23 /), %
) o DMEM %5 73 5& 1ML 15 A4t 44 (Invitrogen VNEEI I
E[E) . TRIzol Al M-MLV i % S i (Invitrogen, 3£
) o One-Step qRT-PCR Kit i 7] & (Jb5T CWBIO 2
7], 2E[E). RUNX3 HISMAD4 i &3k ik, LKA
xR (NC) Jii kB (GenePharma 2~ &, W HE ) .
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LipofectamineTM 2000 (Sigma-Aldrich NE, EE) .
RUNX3 $if& (Abcam A ), JE[E )., PVDF X (Bio-
Rad /A #], 9H).

1.3 ZHpasbiE

SW480 4 Jitd #4155 77 48 DMEM 58 & 55 Fe v, 15
TR A 10% WG4 L7 © 0.1 mg/mL /Y 5% 25 R FI
100 U/mL B 75 % % o K4 7E 5% CO, B =4 T
37 CHI195% B T R 9% .

40 B 4y A R BR 4] . RUNX3 4 . SMAD4 41 Al
RUNX3+SMAD4 4 . i of #% 44, & 3 35 RUNX3 Fil
() SMAD4. 4HHI7E 6 FLA 8537, M40 A ik 5
60% . & J& ., W fm Opti (100 pL) Al
Lipofectamine™ 2000 (5 wL) F#%F 5 min /E R i 7
A, fmA Opti (100 pL) F1 RUNX3 Fl/8 SMAD4 fix
B (20 ng/pwl) FEREE S min fENIXFI B, KA B
RATE—EIFMHE 20 min, 16 h)5, TR IR
WK A B o A B Y A a0 B X RS ORE A R
Xif
1.4 NG *E
1.4.1 Western blot 21 U A ol & 40 it OF )% Jm 2
fie, wdE O (4 °C, 12000 t/min, 5 min) £
MR M. i 8% 11 SDS-PAGE 43 B 4 > #E i vh 45
i (50 wg) WIEFET, JFH R 3] PVDF B |
FUHBE AW (5%, 2h) BEATEM . RS, BB
55 1: 800 Hi B¢ ) RUNX3 5 % SMAD4 Hi{k7E 4 CF
E SR, RSN P EEERT
B E 1 he S LR BoR, 1 Quantum
One B F 43 M7 K B 11 55 RUNX3 1 SMAD4 25 1 A XF
F GAPDH ) ik & .

1.4.2 qRT-PCR  TRIzol # JH T $ Mt 21 £ 8 % 41 ity
HUECRNA, il B M-MLV 386 5% 5% B RNA A 8 5 4b
DNA, 4R i i3 One-Step qRT-PCR Kit i 7 & #F 7
W, LHEFTA0MEIS: 95 C 305, 95 C 5 s
160 °C 30 s. N2k GAPDH, i i 27 i} &
SMAD4 mRNA [ 4 %f & 3k 7K -

1.4.3 CCK-8 3t sa e 38 357% 1 #4100 pL Y
Y0 M TR WS #) 96 FLAR (AL, EFE 48 h M
72 h i, BHRFR K 10 WL A CCK-8 1 W 75 hn 3] 45 4~
LI 2 he 76450 nm KT, FH AR AR )
BALIOEEE (0D) fA.

1.4.4 Transwell % 3642 £ 78 37 °C N ¥ 40 i b5
FEAE TG IV DMEM HOfE 4 i (5 x 10* 240 ffid/mL) i
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A7 1075 IUAR Ab 3 24 ho SR R 4 M 2 A 2 24 £L
Transwell %& B 1Y) LB E =, W & H 15% a4 1075
) DMEM 7o F#IEE . 24 hm, HUER AR AN
i, JEAF 2 BN R A 4l i 95% £ T TR
L IFTEE IR T 0.1% 45 5 25 % {5, 20 min .
1.5 GitFEaE

WAL 3 PAT S . ffE ] SPSS 19.0 #1748,
Bl OF A « briE 2 (x+s), 24l B H
TR, W ILECR ek 5 . Pearson £ 50 FH T
43§ RUNX3 5 SMAD4 9 #H K . P<0.05 b 22 % H

Gt E

2 &% R

2.1 RUNX3 5 SMAD4 =& H B REA R R Rk

LE

4 B i 41 209 A9 RUNXS & (H £ 8 1 B K T
o 57 E W 4141 (P<0.05), 1fif SMAD4 mRNA Fl %
FIR I T o E A8 (3 P<0.05) . 45
¥ 9 20 28 rp RUNX3 45 [ 73 9] 55 SMAD4 mRNA F1 4
Mk KR MAHSE (1=0.511, P=0.004; r=0.487,
P=0.009) (K1) (1),

GAPDH

El1 Western blot # il 45 B iR H R S5 E55H 22 RUNX3 #1
SMAD4 ERRIE
Western blot detection of RUNX3 and SMAD4

protein expressions in colorectal cancer and

Figure 1

adjacent tissues

#£1 RUNX3ZEHS5SMAD4 mRNA FIEAMENREE
(x +s)
Table 1 The relative expression levels of RUNX3 protein
and SMAD4 mRNA and protein (x + s)

2H 5] RUNX3 SMAD4 mRNA  SMAD4 %K
JE 55 1E W 4140 1.00+0.18 1.000.15 1.00+0.15
EE AR 0.31+0.05" 4.12+0.67" 3.3420.52"

1) 557 IR HA LA, P<0.05

Notes: 1) P<0.05 vs. normal tissue adjacent to cancer
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2.2 FE /5K HMANF RUNX3,SMAD4 mRNA #0

FEABRIEKFE

S5 IR ZH A, RUNX3 4 A9 RUNX3 2 /K1
B @ JF i, {3 SMAD4 mRNA H1 85 14 7K - B 5 j A%
(¥J P<0.05); SMAD4 41 ) SMAD4 mRNA F1 %K [ i) &
ISAKCEM B TR ($ P<0.05), {H RUNX3 & 7K 3%
T A5 (P>0.05) 5 RUNX3+SMAD4 4 f) RUNX3
EHKEEH B TR (P<0.05), SMAD4 mRNA Fl
HACEAREAB & (3 P>0.05) (K2) (F£2),

B
ADAZ
’ﬁ‘}a@% © \Nﬂ N o BDA@% @ \N@»«%N\

RUNX3

SMAD4

GAPDH

B2 Western blot 1 ill & 4 48 i1 f RUNX3 5 SMAD4 & 5
Figure 2 Western blot detection of the RUNX3 and
SMAD4 protein expressions in each group of cells

®2 HHMAEHRUNXIZEH. SMAD4 mRNA ME B ERT
FRiEE (v £5)
Table 2 The relative expression levels of RUNX3 protein
and SMAD4 mRNA and protein in each group of
cells (x + s)

4151 RUNX3ZE[H SMAD4 mRNA  SMAD4#EH
Xof B 1.00+0.08 1.00+0.07 1.00+0.06
RUNX3 24 3.92+0.36" 0.2120.02" 0.24=0.02"
SMAD4 41 1.03+0.07 3.56+0.31" 3.24+0.28"
RUNX3+SMAD4 4] 3.98+0.35"2  1.03+0.09”  0.96+0.08”>

TE: 1) 50 BREE A, P<0.05:2) 5 SMADA 41 [ #5, P<0.0553) 5
RUNX3 445, P<0.05

Notes: 1) P<0.05 vs. control group; 2) P<0.05 vs. SMAD4 group;
3) P<0.05 vs. RUNX3 group

2.3 RUNXS # SMAD4 ¥ 4 H 7 % 48 Bt 1% 58 /Y
A
SHMMIGEEE N EZRARITFE X (<

0.05) . RUNX3 41 4fl it 3% %8 68 77 B & AIK T X i 41

(P<0.05), SMAD4 41 1) 21 JfL 38 5 fig g B o 1 %o I

2 (P<0.05), RUNX3+SMAD4 2 (%) 41 Jiftd 4 5 fig 71 1

W& F RUNX3 40, {H B & {IX T SMAD4 4 (P<

0.05), SXIMAmITMHEZER (P>0.05) (£3),
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#&3 RUNX3#1SMAD4 3345 B R4 AIEEMRI (% + s)
Table 3 Effects of RUNX3 and SMAD4 on the proliferation
of colorectal cancer cells (x + s)

205 48 h 72 h
X HRZH 0.67+0.05 1.20+0.10
RUNX34{ 0.55+0.06" 0.97+0.11"
SMAD4 41 0.79+0.08" 1.39+0.12"
RUNX3+SMAD4 £ 0.69+0.08>3 1.25+0.11%+%

1) 5XF AL #, P<0.05;2) 5 RUNX3 41 FL 5, P<0.05;3) 5
SMADA4 4 Lh A, P<0.05

Notes : 1) P<0.05 vs. control group; 2) P<0.05 vs. RUNX3 group;
3) P<0.05 vs. SMAD4 group

24 RUNX3FISMADA X & EHBEAMEZEZD
=AU
B MMIZZREE 1 22 R A G L (P<0.05).

RUNX3 # 41 g f= 22 6€ 77 B W AL T xF B2 (<
0.05), SMAD4 ZH i) 21 ffd £= 2% GE 1 W] fb o T X B 2
(P<0.05), RUNX3+SMAD4 £H i 21 it 12 28 fik 1 W]
& T RUNX3 4, {HB]RAR T SMAD44H (¥ P<0.05),
XA mITCHBZES (P>0.05) (#£4) (E3),

R4 JRALEHWHEAREZEARENZME (x +5)
Table 4 Number of the invaded cells of each group (z =+ s)

215 (RZEHMECH ()
X EZH 58.34+2.06
RUNX3 41 24.15+1.42"
SMADA4 41 127.3623.85"
RUNX3+SMAD4 24 55.37+2.57%+3

T2 1) 50 AL U #L, P<0.05;2) 15 RUNX3 41 L £, P<0.05;3) 15
SMAD4 4 [L44, P<0.05

Notes: 1) P<0.05 vs. control group; 2) P<0.05 vs. RUNX3 group;
3) P<0.05 vs. SMAD4 group

s ‘ : : “ :' "o‘:' $ “\ -"'
e . R e er--““# w"h

Figure 3 Invasion ability of each group of cells detected by Transwell assay

C: SMADA4group; D: RUNX3+SMAD4 group

45 B W i L 40~50 & A Bk R R R T
SO AR R O . OY L AR R DY B B R A5
FTREWKRE, B85 EHBRED S FAFRPRE
FZE700 B S A T R A OGS B R ML A
KRIIEE L AWFR B E T8 RUNX3 5 TGF- B/
SMAD4 {5 538 1 9 & &, LA & RUNX3 76 25 15 W 9
KR A FH AL

RUNX3 & [ & — Fh e s 7, wiF o213k Bl
w59 2 15 7 M S 80 7 098 0 4L 4 5-PYG
PYG GT-3'45 4, M fie 2 a5 41 ) K& 5 A9 2% o K
Vo RUNX3 7E 2 i Jig vh e S e AR, an B i
SR BT R AR, SR A A
78 RUNX3 L5 45 H s A ¢, i Li SN 40F 5%
NRUNXBIERZE Hm A A h B E M, HFHS
SHBEN MR L, WA, A s

© WA )3 of [ FF I F A EPTA

A: XTHEZH; B: RUNX34; C:SMAD44H; D: RUNX3+SMAD4 2

A: Control group; B: RUNX3 group;

75 RUNX3 id@ of b i 45 B s % b 19 DR5 3 52
TRAIL % S RO 40 MO P8 1= 0 A BF 58 lc 5 T 98 £l 2%
fi7 9 4 23RN i 55 1E H 41 41, 3 oF Western blot 52 5
% B RUNX3 25 1 76 25 H W i A UK 3535 . 8 i 40
JiL 52 6 44 T RUNX3 2k 32 3K 1) 45 1 1 9 41 B A 72
& B RUNX3 25 [ T i35 2 300 i) 45 i 968 200 B 1 385 58 F
278, RUNX3 AR5 25 B i & B MR JBA %,
&8 RUNX3 D)2 410 1] 45 0 Mg 98 200 JH 1) 35 2 A A2 28
g ik — 2 43 B RUNX3 410 61 45 & 1 98 i L]
AWFFALK D T TGF-B 15 5 38 #% ' SMAD4 ) 7K.
SMAD4 J& TGF-B {5 5 & S E 1, TCF-B 5 i i
R 23 e 24 51 5 SMAD4 25 11 /Y D RE O . T
24 1 SMAD4 1 B 32 38 7K SF 0w AR AR 1= BH W7
TGF-B {55 5l 2, SMAD4 & — Mt & e,
R BPPURTESS E i b, SMAD4 B R Rk, H
5545 1 o o AR 00 S e B SRR RS A R
P S T PO AIE S5 T 45 R SMAD4 1Y 3% 5k 23 {2 i 2
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T, % RUNXS 45 B % e & 3k 516 A X 2 5 TGF-P/SMAD4 2 Fl # 89 % & 1069

L 20 M0 B B RAR 28 . AR A R R, 4
T W 95 41 29 b % SMAD4 mRNA F1 & [ 7K OF 5 2% 55
TG 55 1IE % 441, H SMAD4 mRNA F1 % (1 7K F 15
5 RUNX3 fE H i AHIC, X #2758 RUNX3 ] g8 1 4 45
SMAD4 W e sk AR 258 . Ak — P B kX — 4
W, A B 55 ) 25 B W 98 40 M #4227 RUNX3 Fll
(%) SMAD4 i ik f 4l i AL, 4553 §oR i # ik
RUNX3 2 #ll il SMAD4 mRNA 145 [ f 7K F 5 1fij 1
F 3k SMADA A AY . 25 41 3F 45 B P 40 i 1 3 4 0
1278, B4 M H] 55 RUNX3 XF 45 B M 9 240 i 1
PHIAE T o 78 53— R b 2 G g — B AR s A G
WFFE I R, RUNX3 55 SMADA (1 % 34 7K F- 71
M, HERNRBSEA XK. B8 B
/N, AT 3 i s/ RNA-93 10 il RUNX3 25 4 1) 3k,
MATIT i) SMADA () 3235, 42 /=5 200 1k 1) 346 7 e B8 e
T BABRASCIR S AR a5 8, g5 H b
RUNX3 % F 1 B AR 2 5 30 SMAD4 #% 5% Fl 8 1 % 3k
KR TR, MNM2 545 H e & Bk R,

SR, ABFRWAE —EWREE, XF
RUNX3 1 SMAD4 55 2 F Jigg Ji £ 35 W05 19 56 R AT 7
BYRAEA, FE K Bl U B A2 FT 40 s RUNX3
i R 45 SMADA 1 i) 45 B W i & A R R R A L BL
AT 75 AT U PN S 50 3 iE

Zi LTt , RUNX3 ] 38 oo 411 i SMAD4 11 i 2%
B & A FE R, $78 RUNX3 1] fig B 12
FR T 25 B 98 19 3

GERESWr R VLR Y AU R

2% UMk
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