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[ Abstract] Objective This paper attempts to investigate the effects and mechanisms of Jianpi
Tongluo Recipe (JPTLR) on the proliferation, invasion, migration, and epithelial-mesenchymal transition
(EMT) of colorectal cancer (CRC) cells. Methods A high-expression transforming growth factor-p (TGF-f)
HCT116 cell model was established. The HCT116 cells were divided into six groups: control (NC) group,
NC+TGF-B1 group, JPTLR group, JPTLR+TGF-B1 group, LY2109761 group, and LY2109761+TGF-f1
group. The scratch healing assay and Transwell invasion assay were used to evaluate cell migration and
invasion. The expression levels of TGF-B1, SMAD4, and EMT-related proteins were detected by Western
blotting. Results Compared to the NC group, the JPTLR group shows a significantly lower cell scratch
healing rate, reduced number of invasive cells, decreased expression of SMAD4 and Vimentin, and increased

expression of E-cadherin and Claudin-1, with statistically significant differences (P<<0.05). Compared
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to the NC+TGF-B1 group, the expression of SMAD4 and Vimentin in the JPTLR+TGF-1 group are
decreased; the expression of E-cadherin and Claudin-1 are increased, with statistically significant differences
(P<<0.05). Conclusion JPTLR inhibits the proliferation, invasion, migration, and EMT of CRC cells by

downregulating SMAD4 expression, increasing the expression of E-cadherin and Claudin-1, and decreasing

the expression of Vimentin in HCT116 cells.
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Migration

45 H s (CRC) & — i W0 I 16 16 i
R IR A S FET B R A 3 4 M, e e i B aod
IR A DA DR R R A B R, A A TR R Ak K
PEMRE . bR - [ R Ak (EMT ) J2& o % % i
i R B AEAEP e fE K 7 -B (TGF-B)
5l I TR R IR A0 Y R R R Ak R
Sy A2 R AR S DA R A G g8 S g A S g
FEZA DT RN, AT IET EMT o2 82 B, fF
L W], TGF-Bl 1E CRC £H 41 iy 3 1k K - 809 55
2 T M, e 24 R G e ) A A
S FEIRR b, W ORI R 2 CRC Y DLIIE
B, CRC 45> By B ¥ 51 28 45 I iE, L5 CRC
R 0E J 8 VM OG0 AR R ABUZEL 1) T SO 0T 0 4 SR e T
fg JEL Sk 35 4R IE Hh 25 A] JE K CRC B F IR 5 Bk
T | BRI CRC B Y B A A7 00 R0 G AR A7 4 O,
faALiE 2% 77 (JPTLR )2 — i T 48 e, B % e
M ) CRC MY I PR 28 55 77 o AS f 9 38 3 4 I JPTLR
X TGF-B1/SMAD4 {55 %5 i [ ¢ ik, L) )¢ CRC 4fi Ji
1228, ILBH EMT 52, #RZE X CRC MI7 4L
B AR AR FHBL
1 Mel5FZ*E
1.1 EA#

A CRC 4 g HCT116 W H th BB | i A= i B
SRS B A 2R . DMEM [ M5 9 2L . A 2R v
i 2 1 B2 W [ 35 [ Gibeo 23 ®, AR TGF-B1 46
WA ) . CCK-8 i i 3% 4 A6 3K 57 &5 35 W A
A AR K TSI 28 M A B ], JPTLR A 8
30g. w2 15g. %S 15g. AR 15 FARE 15¢.
WEE15g, AL ER30g, KRE3 g, Rk
3g. HE 6 gdlmt, BiFAZREN 1953 gke, b
I P 2 B I i v R 24 R S T B B R
2y 5. MRIAEA W RTIAMEE R, JPTLR 4524
&4 20 mg/mL. 2GR R P EE SR 9 5 ik AT
WARHRIL, WK 1 g/mL, FEE S Pl
FH 0.22 pm KIAK (19 520 08 25 43 DB BR A 5 T )5 220 5% .
TGF-B1 3Z /K 7] LY2109761 Ity [ 2€ [ TargetMol

/N, PVDF [l [ 5% & Millipore /A 7, it E- £5%h
# [ (E-cadherin ), % JE K H ( Vimentin ), &% i%
% M -1 (Claudin-1) & SMAD4 iR 341 [ 3% [
Santa Cruz A 7l o
1.2 &5 %
1.2.1  HCT116 40 i 3% 5 175 0 A6 )

fifi Fl CCK-8 3 7] & A6 I HCT116 21 g 434 5 1%
o fFHCT116 41 % X 8UE K WG, 4
Ak, BEFh 2 96 fLAR T (%R 8 0001~/ L), 7E
37°C. 5% CO, M & T X 12h )5, s LIHMK,
5300 45 T A At M A [ 5 v B Y JPTLR (0.6.25
12.50, 25.00. 50.00, 100.00. 200.00 mg/mL ).
LY2109761 (0.5, 10,20, 40, 80 ug/mL ) ¥Ef7T7i,
AR E3IWER., FHIRKIEFE 240 5,5 2890,
i FH CCK-8 428 771) 6 K65 100 28 Ach B I 114 490 ik 348 78195 O
ARG B . in A% 10% CCK-8 () DMEM 5¢ 4 1 3¢
e, AREEREFR 1 h, (RS BR AR 450 nm K Ab
1) % B2 OD WA, T4 40 I 34 4 31 ) 32, o H 3 A 5K
Y s I ER =1-[ AU 2 -A () I/ [ACK
25 ) -A (251 )] X100% ; A (INZ5) 48 A 4
Jifl . CCK-8 ¥ il M 25 ¥ W i FL 1Y OD fB, A (%5 1T)
16 & A BE IR CCK-8 I A7 40 il (9 FL 7Y OD
5, A (RINZy) F8& A M. CCK-8 % im A
YW LY ODE. 205, R i 40 it 35 5 410 il
FAE 50% A7, B JPTLR 19 1C50 5 Fl .
1.2.2 HCT116 21 Mg T F2 1 Bl A I

K 4 R A5 S e A6 I HCT116 2 il iF 7%
00, BEBOW B K W0 HCT116 4, #5 H N
XFHRE(NC) 4. JPTLR 4 (45 7 AN [A] G & ik B 1Y
JPTLR #E47 T ). LY2109761 41 ( 45 ¥ /A~ Ja) i &
WP B LY2109761 HEAT 9 ). 1 1% 3% P 40 i 7
TR A 80%~90% I, TH AL 40 i IS 20 T 6 FLAH,
LA R SE R SR 2 mL, 55 2 REFTWLEE, T
6 FLAR P 41 i 78 25 R g 80%~90% Mif BV ] 47 il Ji
Sy, FERIHREIREL, R AL A TG AN 5 4
KRR HE, FH 200 pL /9 OB IR AR Sk 7 6 L AR o



BT AR 2024 4F 12 A 25 HEE 44 85 6

Int J Dig Dis, December 25, 2024, Vol. 44, No. 6 * 389 ¢

BRI e, RE GO0 RE N RN P, A W BB R AT
WIS 1. N Image] B4 A0 FRECHE, RIJR A
HR=mEHH/ WA HEH X100%.
1.2.3  HCT116 40 i f= 28 1% Bl A6

¥ H] Transwell 12 28 55 5 4 Il HCT116 41 il f=
15 M. B Matrigel 3 it i 5 ¥ 19 G 1L 7 DMEM
FPERE IR A 1 0 S LR A & o HL 20 uL #
B 1 Matrigel 58 1 A Transwell /N8 38 IR Y 267,
37 CHFE 30~60 min, i FHEERE K5 Ab T 55 804 K
WY HCT116 41 i & F IS MG A 8 i s s b i
12 ho BE I Ak IS A 40 i %5 R 4Ll 5X10° 4 /mL,
MM AT 2GR T EE, RIF0H (4
A 1.2.2), ¥4 100 pL 40 LR INA %, TEm
AN 10% R 28 I3 A 355 75 3, 7 o 10 28 1) #6440
Ji 28 I TGE-B1 J X Ry 265 4 i, 4k SR A
KRB 24 ho K E 455 [ PBS BEIK 5,
DA R A= 22 00 40 M, SR 5 f8E T 4% H 1 [ 0
JEE 1 A 48 B 20 min, P 0.1% 45 fi 22 4 5 10~
20 min, £ 10X YA 10X H B N4, Bl
PLEEEL 5 488 N ALEFITA, TR HAE 40
1.2.4 HCTI116 40 ig ' TGF-B1. SMAD4 } EMT #p
Y/ BN [ R Al

KA & E R OED I ik K I HCT116 40 g op
TGF-B1. SMAD4 J EMT Fr i ¥ 3R ik 16 Ol 45 41
(Fréifml 1.2.2) 258 T 24 h J5, WEEME, N
A 150 mL RIPA 24 ( A ER 1 BE0 1 77) Ak
T 00 0 700 ), R R A R A L, B0 R I
W, i BCA KR G fr i A i, B A
R S SR 8 — YR B S A Loading Buffer & il &
P, RAFT 20 CUkAE . K B AR AT
VK, 38 2k KR B I R Y R 1 B B %22 PVDF I I
B J5 FH 5% 6 A W3 s 55 P4 2 b, 43 S0 AR B S )
¥ B-actin, SMAD4, Vimentin, Claudin-1. E-cadherin
—¥0, BT 4 CUKFIBE & 4, 81 PBST BEIK 3 1K,
£V 10 min, 2R J5 1A HRP FRic — 0, BT 2 h,
i M B ECL fb 2 A OB Gk fr B . 52,
i FH Tmagel 1A Xof B A 2% R AT K BEAR 43 Bt , O
XoF B5CHE AT bR o A AL B
13 %5 a %k

W FHl GraphPad Prism 9.0 F1 SPSS 26.0 4 # 17
Bt AT o T GOR AR £+ FRiE (X £5 )R,
20 8] P ek R R R 7 2290 FT. P<<0.05 W= R A

Gt e E X

RS
2.1 JPTLR % HCT116 %m fit.3g 74 64 % )

W 1T, 24 HCT116 40 i 384 5l 4 ) 2k
50% Mf, JPTLR 1Y Jix & ¥ B 29 24 25 mg/mL, H 28
Jif 138 B 10 S R Bt 25 JPTLLR 19 Joit e 88 T 8 1

1001
75t
501

251

TR /%

\ \
o % =3 =3 =3 =3 =3
a e S S S S

© ol e =] = =

— I ) S S

— Q

JPTLR JF vk /mg » mL
B 1 S[R STk B Y JPTLR X HCT116 £ Jifd 3 5 1) 5% 1

2.2 JPTLR # HCT116 @n etz & . £ B 6% h

4 R R A A S R 25 R R, 4824 h B
Feli, NCHMWARA SRR (2934+0.5) %, 53l
B T JPTLR 41 [ (10.140.6) %] F1 LY2109761 41
[(12.140.3)%], 225 WA 5= L (P ¥J<0.05),
ULIE 2, Transwell 32 56 45 . i 78, JPTLR 2H 1% 48 ig
1RZEHE B NC 41 8 k> (P<0.05), UL 3,
2.3 JPTLR %y HCT116 %a i *F TGF-B1/SMAD4 4z 5
B & 04 3% A

FEE TR R R, NC4, JPTLR 4
T LY2109761 41 40 g+ TGF-B1 2 ik /K - 43 51 N
1.00940.121,1.170£0.054 ,1.477+0.115, H: /b JPTLR
HAENCAHAMERTLHITEE L (P>0.05), T
LY2109761 20 4fi i v TGF-B1 ik /K F i & & F NC
H, ZRAGIFEL (P<0.05),

NC 41, NC+TGF-B1 41, JPTLR 4], JPTLR+
TGF-B1 4. LY2109761 41 F1 LY2109761+TGF-B1
41 4 M i SMAD4 3£ 3k 7K F- 43 Jill 24 0.56740.020
1.201+0.010., 0.19340.001, 0.388+0.002., 0.159+
0.004 71 0.366+0.011, 5 NC 21 M b, JPTLR 4 I
LY2109761 41 4 Jfl th SMAD4 £ ik 7K F ¥ @ 35 %
fik ; 5 NC+TGF-B1 41 # i, JPTLR+TGF-B1 41 Fl
LY2109761+TGF-B1 £H 4il s H SMAD4 5% ik 7K -
P E AR, ZRA S E L (P<0.05),
LI 4,



+ 390 FEIBRIS 4R 2024 4F 12 ] 25 B4 44 555 6 1] Int J Dig Dis, December 25, 2024, Vol. 44, No. 6

Oh 24h

: 40 ¢ *
NC 4 —*
30}
< T
5%
o
T 20t
&
2l
JPTLR 4 =
8 10}
DL
éo &\% ‘\b\
N3 ,»\Qq
LY2109761 41 S

. "P<0.05
B2 i RIR SR JPTLR X HCT116 AT A A5 m A A4 RRELREE B AR E A FNHIER (24h)

i R gty T
: g‘”’?‘: X i 4y S

B 3 Transwell 3256 K5 JPTLR X} HCT116 ZHffUfZ 22052 0.1% 25 fh 4844 X100 A NC4l B JPTLR4 C LY2109761 4

R
R N
C)‘%y &\%’ AO'\Q stk
<~ A\ < 20 ok 157 ok -
rar-g1 [ N | 25 000 m = -
15+ X N
Bractin | e —— | 45 000 i K Lor
@ = = Kk
Z 10r =
Dig = %
N7 ] 0.5t
s S 5 05} g
&é‘g} S \X& ) ” |=| N H ﬂ
B o & g ¢k 0.0 0.0
BB B BB B BB B
RPN o,’\‘o < &&o"\b RN GR
S © THNECLE
- : <V X XY X
C A8 n . d EY) e L ‘o\
<~ NG Qo’(\
Bractin e g - 15 000 o
<

. TP<0.01, ""P<0.001
B4 JPTLR Xf HCT116 4l TGF-BI/SMAD4 {5538 & (5200 A K 10 B o A 00 45 AL 40 i v TGF-B1 3235 KF B & AJEEN
A4 LA SMADA £ UK T C 4 AL TGF-B1 ISR FAGHIEI D #4141 T SMADA ik F MR 1



FEIBRIN AR 2024 4F 12 F 25 B4 44 555 6

Int J Dig Dis, December 25, 2024, Vol. 44, No. 6

* 391 -

2.4 JPTLR #F HCT116 %5 it EMT 48 % & & % ik 4
#

ABIE 5 v AR BT B kR I 4 AR R, NC
4. NC+TGF-B1 41. JPTLR #1. JPTLR+TGF-BI
. LY2109761 #41 F1 LY2109761+TGF-p1 4 4
Jil b E-cadherin 2 ik 7K F 4 %] & 1.045+0.112,
0.502+0.026. 1.242+0.110, 1.122+0.078, 1.251+
0.096 F1 0.667+0.023 ; 4% 2H 41 g Vimentin 3¢ 35 7K
43514 0.867+0.078 ., 1.349+0.084, 0.441+0.096,

0.121 f10.43740.107.

5 NC 411 [t, JPTLR 4 1 LY2109761 £H 41l ity
1 E-cadherin % 15 /K 39 8 2 T &, 1M Vimentin 85
F A 7K 7 1 1 35 AR 5 NCH+TGF-p1 41 A Lk,
JPTLR +TGF-B1 41 1 LY2109761+TGF-B1 41 4 Jify, 7
E-cadherin £ [ 2 & /K V-2 | 3 F+ &, 1 Vimentin
EHRBKPH W EREM, Z2RYA5HFES
(P #J<0.05), JPTLR 41, JPTLR+TGF-B1 41 4 g
) Claudin-1 £ [ 3 ik 7K 43 5l 5 T NC 20, NC+

0.737£0.097. 0.54840.095 1 0.651+0.098 ; 4% 4 TGF-B1 41, AL IT¥E X (P<0.05), L
41 Hg ' Claudin-1 38 35 7K 3 43 5 7 0.645+0.111, K s,
0.422+0.092, 0.994+0.160, 0.797£0.030, 0.636+
D
%\
&ﬁ’ &
D X&O & «b\x
B & §F F NN
&S S
E-cadherin [SISF S5 S S S n-'ﬂ 132 000
Vimentin | S s o — - | 5
Claudin ] | W W e 00
Poactin | E—_:G e — ()
®
*
*k * Kk *
15— — 20 . 151
I T . o
i us L5t * h
210t L ?@ o T Jﬁ 1.0t 1 .
i ® i
= ' 10t iy
= Z £
£ 05} £ L 05t
B B @
O'O%%%%%% 00%%%%%% 0'0%%%%%%
W ) W W ) ) W ) W W Wy W W W
L TR L TSN S S
\%\&/\C’«C’ DA &C’&C’ T L O
4%0 s '\‘°\ &%Q s (\‘°\ &%G s /\b\
\o’ N © N )
4(\’ Aq' 4"‘/
A%
. "P<<0.05, "P<0.01, ""P<0.001
B 5 (A5 ED I 75 K I JPTLR X} HCT116 4 il EMT AH G A RIS A 8 A 0 B 3 3 46 10 45 21 40 g P E-cadherin, Vimentin

Claudin-1 & [ %35 K F-
AN Claudin-1 £ 1138 87K 14T 1A

B Y0 E-cadherin 3 1 2 kK IAHIEE € F44100H Vimentin 3 [ 2 XK EFHIEER D %



* 392

FEIBRIS 4R 2024 4F 12 ] 25 B4 44 555 6 1]

IntJ Dig Dis, December 25, 2024, Vol. 44, No. 6

3 itig

VT AR S BB 5T W, EMT 5 i i 0 i ¢ 2R 2%
Y, EMT T4 E® . =&, e T
Y AR AE I D PR T, AN & B R R
EREEM, MAXLZ5 THN @A, 4 EH4
e AR & A Ak 7 B, EMT s b, Bz 4
T AL F AL, JF T R 40 AR fR] B BFE o TRk, A
7T 35 A5 ) 70 I 200 B 2, £ 0 A e 1) A2 28 5 a8 7
EMT &2 — 2B BN E i e, W RZF L%
20 B A 5 W A () FE R AN R AR R B Rk AR e
E-cadherin i1 Claudin-1 24 2 b JZ 40 J d5 & W0, 1M
Vimentin & — F 8] 75 55 40 M b ik B L 4
b W 1Y 25 % B ) 72 S5 40 I A 7 4 14 3K A5 34 5 b
g R AR O M EMT 52 £ R (5 5 18 % I 4
I TGF-B1 5538 #% . #F5ERW, TGF-B1 155 i %
A] R & E-cadherin 63%, 37 [ Vimentin ik ",
4, TGF-B1 J& CRC 4if i & £ EMT 19 £ 225 &
AT BFsE %], SMAD4 %1% 5 3 T 1E TGF-B1
75 19 EMT oo 2 o 5L A 22 5% 0 00 1 4 U
EMT i #, gl L B% G, S HEAY
25 R R 4120, DA HE A I A stk A, X 5 4%
RHEIS TP R RS Az A, A5
gE WK, 45T HCT116 40 i TGF-B1 32 4 11 i 571
AR A 4R 28, B HE T 5 M4 T JPTLR T i
€18 1 T 7% SMAD4 . Vimentin 3¢ 3%, |14 E-cadherin .
Claudin-1 3 3k, M1 #7 il HCT116 4 il 1) i #8 1
1278 5 fE AL 45T TGE-B1 5, W] LK &2
HCT116 40 il (4 1T 7% F iz 22 68 1. DL b 45 R 4RR
JPTLR A LA i 30 ] HCT116 40 g % £ EMT i i
SR8 TR,

Zx LTk, JPTLR AJ LL#E & T 9 HCT116 4 i
H1 SMAD4 1) 3 i5, {#i E-cadherin., Claudin-1 3% ik
98, Vimentin 35 F 9, M0 i CRC 20 A2 19
W {278, T8 M EMT, AHF 55 B T JPTLR
5 TGF-B1/SMAD4 {5 5l B & R, $0iE T JPTLR
Xf T CRC 4l jfl EMT py 4l /EH], S+ )% JPTLR 4
] TGF-B1/SMAD4 {5 5 il #7697 CRC 1Y b 57 $2 it
TSR, ASBFE E B LTE JPTLR A9 IRITRL,
e A ) H ) B RO AT IR AR R, AT
W2l as A 2y, #E— P S JPTLR ] fe Xt
EMT A ViR FH 3 v Ak

s £ X M

1 Underwood PW, Ruff SM, Pawlik TM. Update on targeted therapy

and immunotherapy for metastatic colorectal cancer[J]. Cells, 2024,
13(3): 245.

Franco DL, Mainez J, Vega S, et al. Snaill suppresses TGF-beta-
induced apoptosis and is sufficient to trigger EMT in hepatocytes[J]. J
Cell Sci, 2010, 123(Pt 20): 3467-3477.

Thiery JP, Acloque H, Huang RY, et al. Epithelial-mesenchymal
transitions in development and disease[J]. Cell, 2009, 139(5): 871-
890.

Tsushima H, Kawata S, Tamura S, et al. High levels of transforming
growth factor beta 1 in patients with colorectal cancer: association
with disease progression[J]. Gastroenterology, 1996, 110(2): 375-382.
TRERL, X, R, E @IS TR ST IR T RIS B
I PRIFST [7]. thAerP R 24265, 2015, 30(6): 2090-2093.
WRSCs | AR, 4157, 45 . hPE BREE ARYT R e 1 [l PRI
FEBAEAT BUSFZEMAR AT (], TN PR 2R, 2015,
32(2): 234-238, 242.

Scimeca M, Giannini E, Antonacci C, et al. Microcalcifications in
breast cancer: an active phenomenon mediated by epithelial cells with
mesenchymal characteristics[J]. BMC Cancer, 2014, 14: 286.
Bullock MD, Sayan AE, Packham GK, et al. MicroRNAs: critical
regulators of epithelial to mesenchymal (EMT) and mesenchymal to
epithelial transition (MET) in cancer progression[J]. Biol Cell, 2012,
104(1): 3-12.

Nakajima S, Doi R, Toyoda E, et al. N-cadherin expression and
epithelial-mesenchymal transition in pancreatic carcinoma[J]. Clin
Cancer Res, 2004, 10(12 Pt 1): 4125-4133.

Haslehurst AM, Koti M, Dharsee M, et al. EMT transcription factors
snail and slug directly contribute to cisplatin resistance in ovarian
cancer[J]. BMC Cancer, 2012, 12: 91.

Huber MA, Kraut N, Beug H. Molecular requirements for epithelial-
mesenchymal transition during tumor progression[J]. Curr Opin Cell
Biol, 2005, 17(5): 548-558.

Moustakas A, Heldin CH. Signaling networks guiding epithelial-
mesenchymal transitions during embryogenesis and cancer
progression[J]. Cancer Sci, 2007, 98(10): 1512-1520.

Wakefield LM, Roberts AB. TGF-beta signaling: positive and
negative effects on tumorigenesis[J]. Curr Opin Genet Dev, 2002,
12(1): 22-29.

Xie L, Law BK, Chytil AM, et al. Activation of the Erk pathway is
required for TGF-betal-induced EMT in vitro[J]. Neoplasia, 2004,
6(5): 603-610.

Stadler SC, Vincent CT, Fedorov VD, et al. Dysregulation of PAD4-
mediated citrullination of nuclear GSK3p activates TGF-P signaling
and induces epithelial-to-mesenchymal transition in breast cancer
cells[J]. Proc Natl Acad Sci U S A, 2013, 110(29): 11851-11856.
Park KS, Dubon MJ, Gumbiner BM. N-cadherin mediates the
migration of MCF-10A cells undergoing bone morphogenetic protein
4-mediated epithelial mesenchymal transition[J]. Tumour Biol, 2015,

36(5): 3549-3556.
(kA5 B H : 2024-07-03 )
(A% . Ak)



