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Effects of LIMD2 gene expression on the proliferation, apoptosis and ERK/MAPK signal pathway of esophageal
cancer cells

LI Xian-bo', ZHANG Zhi-giang', HAN Xiao-yong' , ZHEN Zhi-peng', LI Huan-fen’, ZHAO Qin' (1. Department of
Thoracic Surgery, Baoding First Central Hospital, Baoding Hebei 071000, China; 2. Department of Thoracic Surgery, Hebei Provincial
People’ s Hospital , Shijiazhuang Hebei 050051, China)

Abstract: Objective To investigate the effects of LIM domain 2 (LIMD2) on the proliferation and apoptosis of esophageal cancer
cells,and the regulation on extracellular signal-regulated kinase ( ERK)/mitogen-activated protein kinase (MAPK) pathway. Methods The
samples of tumor tissues and adjacent tissues were taken from 10 patients with esophageal cancer. qRT-PCR was used to detect the expression
of LIMD2 mRNA ; immunofluorescence was used to detect the protein expression of LIMD2; Western blot was used to detect the protein
expression of ERK1/2, p-ERK1/2, p38MAPK, and p-p38MAPK. Human esophageal cancer cell ( KYSE30, EC9706) and normal human
esophageal epithelial cell (HEEC) were taken. qRT-PCR and immunofluorescence were used to measure the expression of LIMD2 mRNA and
protein in cells,and the EC9706 cell with the highest expression of LIMD2 mRNA and protein was selected for the follow-up experiments.
EC9706 cells were taken and divided into the control group (routinely cultured) ,the Si-LIMD2 group ( transfected with adenovirus vector
containing LIMD2 interference sequence ), the Si-NC group ( transfected with empty adenovirus vector without LIMD2 interference
sequence ) ,the PD98059 group ( ERK/MAPK pathway blocker) ,the ISO group (ERK/MAPK pathway activator) ,and the Si-LIMD2 + ISO
group (add ISO solution on basis of the si-LIMD2 group ) . qRT-PCR and immunofluorescence were used to measure the expression of LIMD2

mRNA and protein in cells ; CCK-8 was used to measure cell proliferation activity ;flow cytometry was used to measure cell cycle and apoptosis
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rate ; Western blot was used to detect the expression of cell ERK1/2,p-ERK1/2,p38MAPK, p-p38 MAPK, cell cycle related proteins cyclin D1
and CDK2, caspase-3, integrin B1, focal adhesion kinase ( FAK), integrin-linked kinase (ILK). Results LIMD2 mRNA and protein
expression in esophageal cancer tissues, KYSE30 cells and EC9706 cells were higher,and the expression in EC9706 cells was higher than that
in KYSE30 cells (P <0.05). The expression of p-ERK1/2 and p-p38MAPK protein in esophageal cancer tissues were higher( P <0.05).
Compared with the control group, the si-LIMD2 group and the PD98059 group showed lower protein expression of FAK, ILK, integrin 81,
p-ERK1/2 and p-P38MAPK, lower proliferation activity, higher proportion of GO/G1 phase, lower proportion of S phase and G2/M phase,
higher apoptosis rate,lower protein expression of cyclin DI and CDK2,and higher protein expression of caspase-3( P <0.05) ;while the ISO
group showed higher protein expression of FAK,ILK,integrin g1, p-ERK1/2 and p-P38MAPK, higher proliferation activity ,lower proportion
of GO/G1 phase,higher proportion of S phase and G2/M phase,lower apoptosis rate, higher protein expression of cyclin D1 and CDK2, and
lower protein expression of caspase-3 (P < 0.05). Compared with the Si-LIMD2 group, the Si-LimD2 + ISO group showed higher protein
expression of FAK,ILK integrin B1,p-ERK1/2 and p-P38MAPK, higher proliferation activity,lower proportion of G0/G1 phase, higher pro-
portion of S phase and G2/M phase,lower apoptosis rate, higher protein expression of cyclin D1 and CDK2,and lower protein expression of
caspase-3( P <0.05). Conclusion Silencing LIMD2 gene expression may inhibit the proliferation of esophageal cancer cells and promote
cell apoptosis by inhibiting the activation of ERK/MAPK phosphorylation pathway.

Keywords: LIM domain 2 ;esophageal cancer cells;extracellular signal-regulated kinase ; mitogen-activated protein kinase ; proliferation

apoptosis
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B FR Y (HEEC) # M 755, BEJS T DMEM £ 57 5
(% 10% B34 M35 S 100 U/mL H &R —H R ) 7EH
TS TG i UG R AR AR, RR 3k 3] 90% fil & i
kgl , R A qRT-PCR R Gy 5 ' Y €0 46 00 45 41 i vp
LIMD2 mRNA J% 7B [ 753k, 6 4% LIMD2 mRNA &% % [
FEIR T ECO706 4 AT G 265

B EC9706 i, 4418 1 x 10° 4~/ FLAY % B g Fp T
6 fLA A, ik B . X R4 | Si-LIMD2 4] | Si-NC 41 .
PD98059 £ .ISO 4, Si-LIMD2 + ISO 41, 441 6 1%
FLo BB H B RE FE; Si-LIMD2 4 J% Si-NC 414y 5| %
Yer LIMD2 T4 51 i i 75 2k A& S A 7% LIMD2
51 125 [ 75 20 1R PD98059 4] % 1S0 415 HE e
BR[ 10-11 ] 43 il 76 55 F 5L o A 23 B2 2l 50 pumol/L
() ERK/MAPK 3 % FH 57 1 ( PD98059) & 20 pmol/L
(1) ERK/MAPK 3 340 77 $h W2 5 9 B LR & (isopro-
terenol hydrochloride, ISO ) ; Si-LIMD2 + ISO 4 &
Si-LIMD2ZH St F-hn A 1SO ¥ (20 wmol/L) #E47 1%
o FUKGEFE 24 b J5 i 75205 .
1.4 qRT-PCR %4 48 it & 0 4% LIMD2 mRNA %%

L3 TR T - 80 CORMEMIm AL R 5 421,
4 CHfdR, vk BA13 4y B, B J5 FH RNA SR BUR ) & 48
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Jifl HEEC 21 if % 4% 25 EC9706 2t , in A 4H i 47,
JH RNA £ B 50 & 40 ) SR HUE RNA S P2 B
RNA F i85 s iR & S % 51645 31 eDNA, L ¢DNA 2y
B, 4% HR qRT-PCR X7 & Ui W F 17 PCR J N ()2
MiAZ: FRWSI% 0.5 ul,2 x SYBR mix 10 plL,
10 x cDNA #iffg 1 pL, KWK 8 wlo [5x4
94 CHWiAE M 14 min 94 C A5 33 5,67 CiBk 57 s,
55 AMEH, 72 °C#E{# 17 min) , Ll GAPDH K5, A
278914 LIMD2 mRNA 3k /K . & 519 F 51
REFAEWAFA, R,

®1 5MFIIR
A 51951 (5-37)
LIMD2 IE[] : TGTCATCGACACTGACGTGG
JZ 1] : CTCCACCGAGAACCTCTGTG
GAPDH 1E 7 : CTCGCTCGGCAGA

J2 ] : ACGCTCACGAATTTGGT
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&,1:2 000; NS Pk B-actin, 1:2 000) ,4 CHFFH i
B IMABAR B A AL — 40 (1:3 000) , =R T A
2 h, ECL WBE )5 FIk 7 R OL G i R ge4n IR
oA KB, T G B 5 3 I, HorPRa 2 g
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1.7 CCK-8 ZAm| 4w fe 38 74 75 1
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450 nm AT RGN 25 2 40 OD {i, DA 40 M 15 7% Wk
OD {25 1 OD i, M A XA A7 5 (%) =
[ (X5 OD i - =5 1 OD fi) /(X HR4H OD fH - %5
1 OD ) | x 100% T4 A3, LA AR A7 5 5
AR AN e i T e
1.8 7 X 2w AR ASH ) 4 e JB) 2 208 1=

B 1.3 IUT K557 24 h 510440 ECI706 4 fid, fin
A 100 pL sEa ik 10 pL FITC FRICHY Annexin-V
VA, A RECIR 7T 30 min, FRANAS WL AL DY W skt
JEIEE S min, BES A 400 WL 45522 0P, 75 i XA
JLASCTIS A0 200 f e 0 A T O o
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Kol ok ] SPSS 24. 0 #AF AT GE it 00 A, 1T
GBI £ B2 (% £5) FoR o 2 A1) O BT ¢ K
B s Z 40 0] LA T B IR 2R 07 22 00 A, b — 2 P LU A T
SNK-q K553 P <0.05 K25 A g8 3.

2 H#R

2.1 A%z LIMD2 mRNA, % & % ERK/
MAPK i@ 34 7% & %.ik
qRT-PCR Z52L /R, i 21 LIMD2 mRNA 3Rk
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TSP <0.05) , 322, Resseyefa iR el
2 LIMD2 #3558 THRSF 4L (P <0.05) , LA 1,
Western blot £5 4L i/, JE 241+ p-ERK1/2 ,p-p38MAPK

HEEAFRE R THRFAZU(P <0.05) WK 2 3K 2,

*2 BEEALH LIMD2 mRNA, EH % ERK/MAPK &

BEARIELER (X £s5,n=10)

. LIMD2 LIMD2 2 H p-ERK1/2 p-p38MAPK
" WRNA  (PAHTE/m?) L E
RS 1.03 £0.12 0.16 +0.01 1.09 +0. 10 1.11 +£0.09
FR4 2.65+0.09 1.37 0. 11 1.95+0.19 1.77£0.17
t 34.153 34. 642 12. 666 10. 850
P 0. 000 0. 000 0.000 0.000

a:EFME b HBAR
E1 |EEALATH LIMD2 RE%REE R ( x400)

2 REEALH ERK/MAPK #RE R R RENITE

2.2 @i LIMD2 &k

qRT-PCR 45 £ & 7k, KYSE30, EC9706 4 Jif
LIMD2 mRNA 23575 T HEEC 4fifi(P <0.05) , %y
HEeYe e B R, KYSE30 . EC9706 4 ifg s LIMD2 7 [
FeiRkE T HEEC 40ff1 (P <0.05) , H EC9706 4 jiy
LIMD2 mRNA LIMD2 7 (4 %5 5 F KYSE30 41, i
#*< 3. K3,
%3 #HArh LIMD2 mRNA LIMD2 &5 Rk (X £5,n =6)
il LIMD2 mRNA  LIMD2 2 (EH6Z R/ mm?)

HEEC #ifif] 1.06 0. 10 0.23+0.02
KYSE30 4 fif 1.55+0.15" 1.45+0.14"
EC9706 #ijig 2.02 £0.20** 2.14 £0.21 **

% .5 HEEC %1 )b %5, P < 0. 05; #. 5 KYSE30 2m jiL bk 4%,
P<0.05

a:HEEC %9 &, ;b: KYSE30 %8 it 5 : ECO706 4a fiy
B3 Zfad LIMD2 &5 AKE R ( x400)

2.3 &4 EC9706 %m i LIMD2 mRNA & & % ERK/
MAPK i@ 37 & &4

qRT-PCR J G e 5 e e . 25 L oR , 5 X0 4
FHE, Si-LIMD2 4] LIMD2 mRNA \LIMD2 7 [ 5%
(P <0.05), LK 4 .3¢ 4, Western blot 255 L /8,
5ot M8 4] A kb, Si-LIMD2 41 fil PD98059 4]
p-ERK1/2 p-p38MAPK & 4 £ k& K (P <0.05),
ISO 41 p-ERK1/2 . p-p38MAPK 7 1 % i &% &
(P<0.05) ;5 Si-LIMD2 #H #f kb, Si-LIMD2 + ISO £H
p-ERK1/2 p-p38MAPKZE |4 £k & (P <0.05) , I,
F#*4 K5,
2.4 &4 EC9706 m g st i M

5% IR AR L, Si-LIMD2 45 1 PD98059 ZH 4 Jfd 184
B TG PERIAR (P < 0.05) , 1SO 2 41 Jifd 43 5 15 PR 48 7%

(P<0.05), 5 Si-LIMD2 4 [b#%, Si-LIMD2 + ISO #4H

A A TG M R (P <0.05)  ILER S,

x4 &4HECI706 2452 LIMD2 mRNA ., & H N ERK/MAPK
BHRELOFRIELLE (X £s5,n=6)

5 LIMD2  LIMD2 &  p-ERKI/2 p-p38MAPK
mRNA RSt /mm?) - EA (S|
pop el 1.19£0.12 2.46+0.21  1.09£0.10 1.17 £0.09
Si-LIMD2 21 0.65£0.09% 1.37£0.11*  0.57£0.05*  0.770.07*
PDY8059 2 118 £0.13% 2.49£0.24*  0.55£0.04*  0.7920.08*
180 41 114 £0.14* 2.45+0.21*  1.87£0.18*%4 1.75£0.11**~
Si-LIMD2 +1S0 41 0.64 +0.154 1.38+0.224 1.04+0.11%4 1,18 £0.12%4
Si-NC 4 11720.13% 2.44+0.23*  1.07+0.10"24  1.16£0.13*24

w5 E P <0.05;#: 5 Si-LIMD2 28345, P <0.05;
A 15 PD98059 £k P <0.05; A : 5 ISO #A 145, P <0.05
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a: %FME 40 ;b Si-LIMD2 21 5¢: PDI8059 48;d:1SO 4 ;e Si-LIMD2 +1SO 41;f:Si-NC 41
4 JH ECI706 48k LIMD2 R 5B ( x400)

2.5 %48 EC9706 m it )8 #9 % 8 T &

5% B2 AH Eb, Si-LIMD2 41 fi1 PD98059 4 44 Jifd
GO/G1 A b fldss i, S M G2/M A HL B #EAI% , P8 -3
i (P <0.05) ;150 4141l GO/G1 H LBk, S
J G2/M B He i e v, T AR (P <0.05); 5
Si-LIMD2ZH A b, Si-LIMD2 + ISO £H 41 ffi2 GO/G1 A 1t
BIEAR, S W Je G2/M 1 Lk 9] 4 iy, 98 T2 % B AR
(P<0.05), 1% 6 &6,

2.6 &1 EC9706 %t 5 #9 & A AR A F @ Rk

5%t W8 20 48 L, Si-LIMD2 £ 1 PD98059 4H cyclin
D1 CDK2 % [ 3% 35 A, caspase-3 35 [ K 8 8 5
(P<0.05),1S0O #4H cyclin DI ,CDK2 & A A& 5,
caspase-3 & [ F B BAK (P <0.05) ; 5 Si-LIMD2 44 #H
L, Si-LIMD2 +ISO 4 cyclin D1 ,CDK2 % [ #2365 5,
caspase-3 tHEHFIABAK(P <0.05) , WLFEK 7.8 7,

2.7 %8 EC9706 fmft FAK ILK #4-% Bl &G &k

55%F B 2H 4 1L, Si-LIMD2 26 i1 PD98059 #H FAK
LK #4% Bl BEAERIBEM(P <0.05),1S0 41 FAK .
ILK 34 % Bl HEBBE (P <0.05); 5Si-LIMD2
ZHAHLE, Si-LIMD2 +1S0 £ FAK | ILK #4 % Bl HHFE
KR (P <0.05) , DLK 8 4 8,

5 &8 EC9706 A ERK/MAPK i &5 (5 5% 520 F 55
R5 FHEECIT06 AT FMLE (X +5,n=6)

2H 5 HpTE M %

X R ZH 100.00 +0. 00
Si-LIMD2 4] 60.42 +5.23*
PD98059 £H 63.29 +5.45 "
18O 2 170.19 £9.05 **4
Si-LIMD2 +ISO 41 109.36 +4. 164
Si-NC 41 105.82 +4.33%44

% .5 Bk 4, P <0.05;#: 5 Si-LIMD2 41 3k %
P<0.05; A ;15 PD98059 2L 1t#:,P <0.05; A : 15 1SO 41 1t
# ,P<0.05

F*6 FHHECI06 M EHARBATRER(X+s,n=6,%)

215 G0/G1 14 S G2/M 1§ AT %
papitctil 71.65 +1.16 11.66 =1.21 17.15£1.13 4.49 £0.40
Si-LIMD2 4 92.55+1.33* 4.65+0.61" 3.16 £0.34 " 33.45+3.11*
PD98059 21 91.53 +1.49* 4.44 £0.48 " 3.24+0.35* 32.48 +3.12*
1SO 41 66.07 +1.08 *#4 15.32 +1.44 %4 22.57 £1.27 %% 1.06 +0.13 *#4
Si-LIMD2 +ISO 41 71.06 +1.18%4 11.36 1. 11%4 17.36 +1.04%4 4.69 +0.44%4
Si-NC 41 71.44 £1. 17704 11.54 +1.17%24 17.23 +1.09%/4 4.81 £0.54%04

* . 5P LEL P <0.05;#: 5 Si-LIMD2 #1145 ,P <0.05; A : 55 PD98059 #01k4k,P <0.05; A : 5 ISO a3k 4z ,P <0.05
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a: T B840 ;b Si-LIMD2 48 ;¢ PD98059 41 ;d.ISO 48 ;e Si-LIMD2 + ISO 41 ;f.Si-NC 41
B 6 & EC9706 A ERE

R7T HBHEECI06 MEBHRFATHIEARELE (X £5,

&8 RAECI06 Ak FAKILK . B&% gl EFRIELE

n=6) (x+s5,n=6)
5 cyclin D1 [ CDK2 %[ caspase-3 & [ 205 FAK R IIK #H BAEEBLEHA
gl 1.09 £0.08 1.06 0. 10 1.17£0.10 papiieiil 1.00 £0.08 0.99 £0.10 1.04 £0. 10
Si-LIMD2 4 0.63 +0.06 * 0.54 +0.08 * 1.77 £0.17 Si-LIMD2 41 0.47 £0.04 * 0.57 £0.05 * 0.74 £0.07 *
PD98039 41 0.66 +0.05 * 0.58 +0.07 * 1.75+0.16 * PD98059 4 0.44 £0.05* 0.56 +0.06 * 0.77 £0.06 *
1SO 41 1.83£0.18 **4 1,91 £0.19 *#4 0.47 £0.04 *#4 1SO 41 1.77£0.17 %% 1.87+0.18 *#4 1.67 £0.16 *#4
S-LIMD2 +1SO 41 1.06 +0.07*A  1.02+0.08%4 1.18 £0.11%4 Si-LIMD2 +ISO 41 1.01 £0.07*4  1.04 £0.08%4 1.06 £0.09%4
Si-NC 41 1.05 £0.09*~4 1,03 +0.10%44 1.14 £0. 14%24 Si-NC 41 1.07 £0.08%24 1.00 £0.10%~4 1.10 0. 10%44
w G4 E P <0.05;#: 5 Si-LIMD2 413t 4%, P <0.05; % GatmBa e P <0.05;4: 5 Si-LIMD2 #8145, P <0.05;

A X5 PD98059 4art4k ,P <0.05; A : L5 ISO 4rb4x ,P <0.05

E7 &4HECIT06 HiFEHEBATHEXERRE SR EE

B8 &HECI706 HiE FAKILK . B& X Bl EBRERE
ED i &

A+ 5 PD98059 2345 P <0.05; A : 5 ISO 234, P <0.05

VAR WIS R FL, & LIMD 738 5 Mk 2R
9o I AR M 3 B % DI AE O | FE8 3 7 21 e i0F 98 35 1
B, Wang 45 BFSE & B, LIMD %2 J (9 LIMD2 W]
AR /)N 200 i 938 200 o 1 189 M AR 2 AR, L
2R B, LIMD2. 5 26508 575 A R 9 Ffosg 23 40 % bk
B4 IR A o2, LIMD2 B 78 2L IR e e ges .
PR R RIS NIRAE P A R 298, {3 LIMD2
TE I P IO ME F R IR, ASBESE % B0, LIMD2 7
RS % KYSE30, ECO706 41 Jifd v 8 3K ¥ 40 25,
HAE &5 A i Ll ECO706 41 iy 3236 %8 i, i 7n
LIMD2 25 T & &/ kB R B . ABFF s —
AR ECI706 41 i LIMD2 323K )5 , % P40 o 43 5
W R AT, 0 Y S REL I T GO/ G 359, 200 it ] T
N, ZEWITER LIMD2 26 3k 0] i 4] ECI706 4 g 4%
FE, AR R T2, WiR LIMD2 A] B8 5 h iR Y7 B
VB TER A3 1 (B A TR LR A 15— B
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PESCRREERIIFZT s, LIMD2. W] 78 20 i 5 5 40 i A%
ZIZER IR A, AR TOAH AR B 1 A )
EVEFH, 1 T 4 4545 5 4% 21 . Pinheiro 25" J¢ Peng
2sl5) gl LIMD2 A B 5 LK S5HRes 2 At LK 3%
b, 5 AN pE AR B AR G5 5 5 SRS, 2 5
FEAIEY BOL R, A0 LK HEAE BL 45ATEE , 1T
fEHHE G Bl T iF FAK/MAPK 3 35 £k , DA T 1845 40
Fage oAt BT ARBEE &, TTUER EC9706 41
B LIMD2 3% ik )5, 1K, %% & % Bl, FAK & 10 &
ERK/MAPK j#i B% p-ERK1/2 , p-p38MAPK & [ 3¢ 35 75 I
B ARRUTER LIMD2 ZE3k41H EC9706 A ks, J-2 ik
HIT-MVER T RE S50 ERK/MAPK 38 F&AT G,

MAPK 5 Ho % Hh i B 2243 F ERK /B, K 4 i
M TG B AN N, TR A0 SR ) R R s A AL
ZA P, A A0 A A SCEE 1T eyclin D1 f CDK2
Feik, HE O 9RO A0 MO ME N R R Y. H
ERK/MAPK il [ B9 UF 58 & 2 5 s 4 il & 2 & e
9 20 Y. A BF 5 & B, ERK/MAPK 53 %
p-ERK1/2 .p-p38MAPK & H 7 B & H L h RiIEK
1, F 1SO #7% EC9706 4i ffy ERK/MAPK i #% f5 , 21
P 6 P T, GO/GL I L il 441K, S 1 & G2/GM
LA i, PR TR A, [RIE20 i 5 B 1 eyelin DI
S CDK2 ik @, Y T- M1 B [ caspase-3 F k4K
18, 5222 FH PD98059 #li#fil EC9706 4l it ERK/MAPK i
B A0 R B A B A v M, B TR T
$&78 ERK/MAPK i J% 34006 1T BE e i 2 88 0k &
JRIGE X 5 DR SCRBE T 245 R — 3 . AR
FEDUER LIMD2 ik 5Eat b A 1S0 #1% ERK/MAPK
W 25 B, DUER LIMD2 k9] EC9706 41 fu b
B, O IE YR T 4 B i i, UE 52 LIMD2 S 3 2o
P ERK/MAPK i #% 2 5 &89m0 kb k&,

Z5 LTIk UUER LIMD2 33K AT G i 410 il ERK/
MAPK 36 [ 1 410 1] £ i A M 1 7 (i L T, 3Ry
BT LIMD2 2 5459 & A2 R SR i T REBL IR0t T
—EFEARE
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