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[Abstract] Objective To investigate the expression of Shel in hepatocellular carcinoma tissues and its effect on the proliferation
and migration of human hepatocarcinoma SMMC-7721 cells. Methods The expression of Shel in 33 hepatocellular carcinoma tissues
and corresponding adjacent tissues was examined by real-time PCR, Western blotting analysis and immunohistochemistry method; the
relationship between the expression and clinical features was also analyzed. Shcl was silenced by RNA interference technique in SMMC-
7721 cells to determine its effect on proliferation and migration; MTT assay and wound healing assay were used to examine the effect of
Shel knockdown on cell vitality and migration. Results — Real-time PCR, Western blotting analysis and immunohistochemistry
demonstrated that Shel expression in hepatocellular carcinoma tissues was significantly higher than that in the adjacent tissues (P <C
0.05); the expression of Shcl was mainly in the cytoplasma. Shecl positive rates in the patients without cirrhosis (100%), of Child-
Pugh class A before operation (75.9%), AFP-positive before operation (79. 2% ) and pathology Edmondson [[[/IV level after operation
(84.2%) were significantly higher than those with cirrhosis (54.2%), of Child-Pugh class B or C (0%) , AFP-negative (33.3%),
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and pathology Edmondson]/[[(42. 9%, P all <0.05). Shcl expression silence resulted in significant decrease in the proliferation and

migration of SMMC-7721 cells (P<C0. 05). Conclusion

Shel is overexpressed in hepatocarcinoma tissue. The expression of Shel is

associated with cirrhosis, Child-Pugh class, preoperation AFP and pathology Edmondson grades of the hepatocarcinoma. Inhibition of

Shel expression can inhibit the proliferation and migration of human hepatocarcinoma cell SMMC-7721 in vitro.
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Fig 1 Expression of Shel in hepatocellular carcinoma (HCC) specimens and cell lines

A: The RNA levels of Shcl in 33 HCCs specimens and adjacent tissue detected by RT-PCR.

sion ratio of HCC (T) /adjacent tissue (N) to cancer.

* P<C0.05. B: Shcl gene expres-

n==6, r=£s C.; Expression of Shcl protein (p52ShcA, p46ShcA and

p66ShcA) in HCC(T) and adjacent tissue(N) from 4 random samples. D: Expression of Shcl protein in normal liver cells and

hepatoma cells. 1. HL-7702; 2. MHCC-97L; 3. MHCC-LM3; 4. SMMC-7721;
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Fig 2 Immunohistochemical staining of Shcl protein

expression in hepatocellular carcinoma(HCC, A, B)
and adjacent tissues (Non-HCC, C, D)

Original magnification: X40 (A, C), X200 (B, D)
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Tab 1 Relationship between Shcl protein expression and clinical characteristics of hepatocellular carcinoma

N=33
Item n Shel(+)n Shel(—)Hn Positive rate( %) Pearson y* P
Gender 2.27 0.132
Male 26 19 7 73.1
Female 7 3 4 42.9
Age(year) 1.02 0.313
<55 13 10 3 76.9
=>55 20 12 8 60
Tumor size d/cm 0.99 0. 32
<5 14 8 6 57.1
=5 19 14 5 73.7
Tumor number 0.59 0. 442
Single 21 15 6 71.4
Multiple 12 7 5 58.3
TNM staging 1.15 0. 284
1/1 23 14 9 60.9
/I 10 8 2 80
HBVAg 0.12 0.729
+ 28 9 9 67.9
- 5 3 2 60
Liver cirrhosis 6.19 0.013
— ) 9 0 100
+ 24 13 11 54.2
Child-Pugh score 9.1 0.003
A 29 22 7 75.9
B/C 4 0 4 0
Serum AFP 6.19 0.013
— 9 3 6 33.3
+ 24 19 5 79.2
Pathological Edmondson grade 6.2 0.013
1/1 14 6 8 42.9
/N 19 16 3 84. 2
Vascular invasion 0.12 0.729
— 28 19 9 67.9
+ 5 3 2 60
HBV. Hepatitis B virus; AFP. Alpha fetal protein
2.3 Shcl & & {2 B I fm JeFo BT % 4m e o 69 34 BRH SMMC-7721 41 fa47 T — A 2= 1 5 5 1T

NS R o AR 5 R IF R 40 K 1 FPOE R R

Jam e rh , SMMC-7721 4 i rh Shel R F LG (FE 2.4  FIAFR 29 80 Shel & ik 3t 2w jo 38 75 fo iF 45 09
FR p52SheA il p46ShcA B H B i) & T HAth @ ffi [ Lipofectamine 2000 A} 45 Yt siRNA &
A P FF 98 40 S K% IE R UK HL-7702 40 (B 1D).  SMMC-7721 4l i, 6 b J5 W 4 9¢ e 40 it %% 4 %%
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Fig 3 Fluorescent cell transfection efficiency after 6 hours
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A ;Fluorescence microscopy; B: Ordinary microscope. Origi-

nal magnification: X 100
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Fig 4 Expression of Shl gene (A) and
protein(B) in SMMC-7721 cells 24 h after transfection

* P<<0. 05 vs control group; n=6,r%s
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—e— Blank group
1.4 —©— Control group
—¥— Interference group

0.8F

Daso

0.6F

041

021

Time #/d

B 5 MTT i% il 28 i & 14K ph 2%
Fig 5 Cell growth curve by MTT method

* P<C0. 05 vs blank group and control group; n=8,7=%s

Blank Control Interference

M Blank
E Control
O Interference

Oh 12 h 24 h

Time after Schl expression silence

El6 HMEINRERAEEIRER
Fig 6 Cell wound healing assay

* P<C0. 05 vs blank or control group; n=9,r%+s



+ 950 -

BB R AR 2014 4F 9 L5 35 %

3 i 8

Shc(Sre homologue and collagen protein) % K
R Shel (Bl SheA) .She2 Fl She3 (B N-She)
3AE B, Hitp Shel 4 f% 3 44> T: p52SheA,
p46ShcA il p66ShcA, She R E FEL M E# A
H ¥4 45 ) 3, PTB-CH1-SH2, PTB ( phosphoty-
rosine-binding) il SH2 (Src homology 2) & W />
T2 i 22 TR 2% & X 48, CH1 (collagen-homology 1) &
A B2 R W TR AL 2 /5. J2 She 8 FE 5 4 i i X
B . pa6ShcA p52SheA ff Jy S AU (1) 42 3k 7 (1 75
1% 3 52 R T TR IR AR U (5 5 T A AR |
it GRB2/SOS # 45 4 3% 52 1 % 2 TR W i 1Y Ras
3 AR HL A PRt v i BL R R R T i — R
p66She &5 [ ) 2 5 2040 1 80 4 B 0 T K o S
FERGIEE . Bl Koch % % B p66shc A i A
PR T S8 3 R 8 0 44 B A R 4 02 B T i
J&. She @ Fis F RIS A8 (EEALTH
2 240 R A 2 AR A0 D LS o 0 A 40 A O T R
MU, Trinei %00 5, 78 40 A 00 305 |k 1)
A0 T B2 TP, p66She A B UE W] J& ps3 /Y K i o
FIXHA WS BAEETEZNMEM. Shel
T2 AR R BB I L R b e 5 v 9, 38 7% She {2
HE T OE R A0 AR

UTAEA . She i R B 5 E M X R B W 71E A
ITA EE AL, Horp A Shel (B SheA) d s il . A
G2 R IR B9 A0 M b A AE = KT 1 Shet™ L 7B
J A 22 40 MR 1 F 5% oh & B BB N-She Ji5 i 40 A
(A 08 T2 B R B 0, U B N-She 76 g o i
ZFRIH T PR AN A P 1= . Veeramani 85
KB, p66SheA 75 il igs 240 it v (L ~F- B A 412 3k 14 5 1 4
FH . BRTLEATA0 G b Shel B2k DL 20 i 27 52 i
By I R U

BT R B AE NI A RE 2H LU ) Shel JE
B 4 238 T 55 41 40 (P<<0. 05) , $275% Shel Y
FIR AR HE T 40 M9 B X 5 Yoshida 55 £E 8l
Py S 56 v F 5 45 R A A A . MAh, Yoshida 555 38
RIAE LEC K BUIE & R IE F1 M 40 6 88 241 21 b e
p66SheA, T A AIF 5 K I 4 11 57 B[ 3 v o R 72 AT
JiE R 57 A R B p66SheA IR IE . AL
KB TCHFREA Y 58 Shel BAME % (100%0) & F4F

JRAE Ak 1 B 3 (54, 204) 53X W] fig 5 Al i A 4k Bir SO
Ja 0 R AL TR A 5% S AR AR T I 28 8 vk 42
T A RS A . Child-Pugh 43 2% 21750 4 # T 1
T AR AT BEAF B0 0 0 48 b5 L 9 T R 2R AR
# A HiH Child-Pugh A 9%, 5% Child-Pugh B 2%
J5 4 Child-Pugh A %%, R#i Child-Pugh 4+%% A %%
(4 58 % Shel FHEZR (75, 9%) & F B gk C i i
#(0%),1fi Child-Pugh A & IR T B
st C 9, 16 P T Re At 1 JIF 98 f8 % rp Shel ik0K
AR H B T AP P B/C HBE B (L 4
B L R I KAEA B — P B k. AFP {Eh
JHF i 08 5 S IR A8 A © 7R I PR A2 W7 5 12 W
FRENT )iz 0 T AR A i o AFP B
Shel FHPEZR (79, 2%) & T AFP B B % (33.3%) ,
YLl Shel BBk 5 AFP KFH £, J 058
AFP BHPE 40 J g8 09 & 0 UL 4R A 2 R . e 3L A
M 12 W i 4 A5 i, R J5 9% # Edmondson Il .
IV % Shel FHEER 84, 2% T 1 . 11 Ry
(42.9%) 487~ Shel (#3535 55 JH-4H M 96 (19 7 10 72 i
X, HEHSRRELA & B Shel 235 F T4l
LA B BT b FE SR S L U h R R A PR Y
Shel Hufiz 41 4612 Wi itk — 20 e 285 BL il X 1E 3
JHF4H it 0 96 20 B AT BF 9% R B i SMIMC-
7721 .Hep-G2 . MHCC-97L 40 g #f Shel ik &5
T IE % 248 B L-02, T 78 %% MHCC-LM3, PLC/
PRF/5 4 il b i) 2 3k 5 AR T 1L-02 40 Jfd . 152 B AT 9
Shel FiABLRAFAE T — 843 e ai i . 2835 3 B
Shel 26k 5 5 = 19 SMMC-7721 20 it 3#F 47 BF 5% )
FH siRNA T4 SMMC-7721 40 s Shel By £k, &
AR 2 R M A G A A R R AR A Bl
WEAAREAIR Shel fY 2 3 B il e 20 i ) A 1<

25 BT IR . Shel K& PRTE 40 B g 20 24 b v 3R
ik, H5 2L AR FT Child 432 AR H AFP 7K
-5 ¥ Edmondson 43 S AH &, T4 Shel fy 3£ ik
A LU 8 SMMC-7721 40 Jifd i) 34 5 L 3E % fig

FAT Shel 2 5 UM w80 B il 8 i 18
il 962 24 384 3 11 3o AR 8 B A A A L 0 AL
A 5E 4 15 % . Yoshida 255 % BH, p46ShcA 1) %
RIRBERAS 5T KRS M R R L & R4 i
9 0 5 B2, Veeramani 2509 % B, §i %) A 9 4
p66She KV T i 5 40 TG 1 4R (ROS) A 56,



559 W1 W . % Shel FEHFRE LS b 0 42 3k KO SMMC-7721 41 0 384 5 7 B BE 1 (93 1R + 951 -

Galimov 4" B 58 & B, MW R M Z TR 5
SheA Jb[ 2 5 7 45 i 10 ke e VR I X A ad
ey v ROS 3@ % . X sl 2 o BF 55 A 20 i
Ji f Shel AV FILH J5 1 $2 148 B

4 FampR
P A 75 AR SO U0 AT ] A i of
(£ % X #k]

[1] Forner A, Llovet J, Bruix J. Hepatocellular carcinoma
[J]. Lancet,2012,379:1245-1255.

[2] Jackson J G,Yoneda T,Clark G, Yee D. Elevated levels
of p66 Shc are found in breast cancer cell lines and pri-
mary tumors with high metastatic potential [J]. Clin
Cancer Res,2000,6:1135-1139.

[3] Murayama Y, Miyagawa J, Oritani K, Yoshida H,
Yamamoto K, Kishida O,et al. CD9-mediated activation
of the p46 Shc isoform leads to apoptosis in cancer cells
[17.7 Cell Sci»2004,117(Pt 15) :3379-3388

[4] Galimov E R, Sidorenko A S, Tereshkova A V. Plety-
ushkina O Y, Chernyak B V, Chumakov P M. The
effect of p66shc protein on the resistance of the RKO
colon cancer cell line to oxidative stress[ J]. Mol Biol,
2012,46:126-133.

(5] BR W6, EWVE AL B, ANIEA . 01 B R B 45
£ A549 4i i sh L 1) p66° ShRNA BT BB N [T ], K
B AL K% 2431 ,2012,18:10-13.

[6] Yoshida S.Masaki T.Feng H, Yuji J. Miyauchi Y.Fu-
naki T,et al. Enhanced expression of adaptor molecule
p46 She in nuclei of hepatocellular carcinoma cells:
study of LEC rats[]J]. Int J Oncol, 2004, 25 1089-
1096.

(7] W J5.81K%H. KB JL. N-She & [ ) 6e 19 4F 5% 3

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[T E 2 4R 2% & . 2009,29:3303-3306.
Koch O R, Fusco S, Ranieri S C, Maulucci G, Palozza
P,Larocca I. M,et al. Role of the life span determinant
P66 (shcA) in ethanol-induced liver damage[ J]. Lab In-
vest,2008,88:750-760.
Conti L, Sipione S, Magrassi L, Bonfanti L, Rigamonti
D, Pettirossi V. et al. Shc signaling in differentiating
neural progenitor cells [ J]. Nat Neurosci, 2001,4:579-
586.
Trinei M, Giorgio M, Cicalese A,Barozzi S, Ventura A,
Migliaccio E, et al. A p53-p66Shc signalling pathway
controls intracellular redox status, levels of oxidation-
damaged DNA and oxidative stress-induced apoptosis
[J7. Oncogene,2002,21:3872-3878.
Sone K, Mori M, Mori N. Selective upregulation of p66-
Shc gene expression in the liver and brain of aged rats
[J]. Arch Gerontol Geriatr,2012,55:744-748.
De Falco V,Guarino V, Malorni L, Cirafici A M, Tro-
glio F, Erreni M, el al. RAI(ShcC/N-Shc)-dependent
recruitment of GAB 1 to RET oncoproteins potentiates
PI-3-K signalling in thyroid tumors [ J]. Oncogene,
2005,24:6303-6313.
Veeramani S, Yuan T C,Lin F F,Lin M F. Mitechon-
drial redox signaling by p66Shc is involved in regula-
ting androgenic growth stimulation of human prostate
cancer cells[ J]. Oneogene,2008,27:5057-5068.
Veeramani S,Chou Y W,Lin F C,Muniyan S,Lin F F,
Kumar S, et al. Reactive oxygen species induced by
p66Shc longevity protein mediate nongenomic androgen
action via tyrosine phosphorylation signaling to enhance
tumorigenicity of prostate cancer cells[J]. Free Radic
Biol Med,2012,53:95-108.

[(Ax#HE] I &



