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Abstract
AIM: To investigate the correlation between
YWHAE overexpression and colon cancer
proliferation.

Beishideng®  WCJD | www.wjgnet.com

METHODS: We conducted immunohistochemical
analysis of YWHAE overexpression in 87
colon carcinoma specimens and analyzed its
relationship with clinical and pathological
parameters. YWHAE expression was then
silenced by RNA interference in colon cancer cell
line HT-29, and the expression levels of YWHAE
protein and mRNA were assayed by Western
blot and reverse transcription-PCR, respectively.
Cell proliferation was evaluated using the MTT
method, and cell cycle and apoptosis were
examined by flow cytometry. Colony formation
assay was used to determine the growth
properties of transfected cells.

RESULTS: YWHAE was highly expressed
in colon carcinoma, and negative or low
expression was observed in colon mucosal
epithelial cells (P < 0.001). The expression
intensity of YWHAE was significantly higher
in colon cancer with metastasis than in colon
cancer without metastasis (P < 0.05). The
proliferation and colony formation ability of
colon cancer cells were significantly reduced
after silencing of YWHAE expression.
Additional results showed that reduced
YWHAE expression in colon cells led to an
increased cell apoptosis rate and cell cycle G,
arrest.

CONCLUSION: YWHAE is overexpressed
in colon cancer, which may be related to
metastasis in colon carcinoma. Silencing of
YWHAE inhibited the proliferation ability of
colon cancer cells, which may be associated
with cell apoptosis and cell cycle arrest.

© 2015 Baishideng Publishing Group Inc. All rights
reserved.
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BE: KT Y WHAEA W R GA 5 245 1 55 4m R,
WHith 2 AR EEHEEE T EXH

Fik: BASE A FIRTYWHAER
RE L MmBHES. > E >IN X R,
1% % A4 D RNARE 2 15 B HT-29 40 8,
YWHAE# R, RT-PCR. Western blot# K
Fam) ST B A R v AR Rk KBRS
It &, 3% (methyl-thiazolyl-tetrazolium, MTT)
HARYIR 3] )5 a3 35 T AL, AR e
ARAG ] 45 32 A7 )& 4m L ) B0 AR B L,
am el 5t % 5% B A ) A% 22 AT )G 4m i S AT R,
L.

SR YWHAEL & WRAR b &5k, £
%5 cmAk F6 OB B P AR A B A A B
K (P<0.001), X 4450945 Y WHAEA
KB B 5 T R AL 0 L I 40 2(P<0.05);
B R . MRYWHAERR KRG, 4
FEHT-294m it K ik 2 ] 2RIZ (P<0.01), 2o e
BT e, fn R R A ML TG, fa e %
A% % 2.3 AR (P<0.01).

LR LR Y WHAE 3 B A At 494 28 15 5%
g 3G sl T Ae 5 AR it B G 4 B0 R T R 4 AR
JE) A P A
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AW AR R K R HEE
YWHAER: R i 1) & E 8 T 14-3-3 5K %k
) — AR 14-3-36P). 14-3-3FF A2 40
TREFENEAZ—. AT, 14-3-3
HAXGANHIDERPB ev 1 ys 15
Hlo) 20 i, A 3l A7 75 S BE AR ST R ME R BT K
PN 1433 A 54U 2 A B ). L4
HF 00 ORIE 52 14-3-3 85 13 78 R IR0 i B R
ARy EE R R0 M . B AT
R IUAE P A1 e P Y WHAE(14-3-38) i 1A,
HRIA Y WHAE W] LA dhm 4 e . =%
AR T, HALEI AT Re 505 Y WHA ESL R
AT/ M P B R A T8 S e ) R A AR
YWHAEZ# H B4 oS AH 5%
AR 7 VR B, R R O TR
fi(diallyl disulfide, DADS)AbF 45 7 8 40 i
HT-29J5, YWHAER:KmRNA F/KF T
W, N T RYWHAES 25 i i<
R, RXAEALEKF FIRTYWHARBRIE S
gl KA R IR & MHRNATFHH(RNA
interference, RNADNF RUTERY WHAERE R F
1k, MELY WHAESLDR TR )5 45 e 40 f 2
RE A2 Ak, e BH 25 e R HE R F 1R 40 WL
B4 5E LAt

1 #RRT5A

1.1 A 87491 45 e S FLRC AT 555 emAh B
0 L 20 23 5 SRR T 1 g 2 2 e PR S I o 9 B
£12008-20 134 R4 77 i He (HL 2851 &5 A B e 45
Joree Je FCEC AT H2R). B i 350 0 HLA e B
BRI T ARYIBRAR AR D). Priki il 5452
4 B 350 HLS 456 1 RS T R 2
IR R 4. PV-9000 53 2 44k A6
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AF; YWHAEZ % . GAPDHH.PL K —Hidi
AN Abcam A F] = . HT-29 %293 T4 i R
H E S IVEDHAGRAR. MY WHAE
HFFF(CTGAGTGAAGAAAGCTATA.
TGACAGTTGAAGAAAGAAA)% 1T YWHAE-
shRNA, GV248# i+ K 1% # a3 i ifg
AR A 7] 588 RT-PCRAH KA
I AL RARAE A R AR B AR &
BCAHE HE &Rl A &AM ES K.

12 7

1.2.1 2B2R3% 0 4k LU0 P BRI 25 3344
SCHER[81EAT. WAEE Nk FEHEY) by rhod B 1)
FEARLTE, FE5F R C A bR A, AbRA
B . AR S0 A 0 I 7R 2L, AR T
N8 X 12 f . K 35 L RE A2 B 5 % 43 3t
FPHERR, BEFIFLE BT THEE LN LR E =
FIARIC, 174 Bk VB2 sk H 248 .

1.2.2 %k A2 AC S (SPik): BARERAE 5 B4k
SCHR[STHEAT. VI A ZH RIS . 1B 25 K4k
30%H,0,- FlES A, MR (pH 6.0)m KB E
10 min, —414 CEA; K H, VIAF KR S5,
T H(37 "CHEFE 20 min, DAB {8 4 PR 1 R A
JETE M €, J3 AR R A1 min, GRS
S5 SR HETTIESE SCHR[6], LA AN B A
LOAs B R AR N IS 1A IR
07 <10% A BRI it 19y, TRES%E
@S T AR IE M), =10%, <50%HH]
iR A R R 2 o 2 4, SR A 24y
(41555 T AT DL BB 1 IR A ), =50% iR
AR IR G i34y, MR BRE (B, BART A,
PIHR AT WLE3 4. AR T Geit, FfFor aor &
45y LR VAR RIE A, & T4 AR
FILA.

1.2.3 1%k &3 HM293TH M T 6Lk,
B IR R 80% M A TE, A AL T H A K. 4%
T LI R 1 F A A R I B AT R
1.5 mL K HEPE W IIALS pngtl 25 IR & k.
0.5 png HFRFURL 52250 LT MiEOpti-MEM,
LRIRE]. H—321.5 mLKEHEPEH, B9 uL
JiE i 442200095 F-250 uLEMiHOpti-MEM}: 77
Ferp, BFES. FRBCES min)5, ¥DNAK
TR ARV R FR R 5], = IR 6 20 min. 78
AN EEFLINNT mL & L35 A AR KR R 3
FINADNA-BRAARE &Y. 37 C CO,M4H +
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% F 48-72 hiS 3R & Wi B 1) 3. i IE 22 BRUTE,
-80 CI A7 .

1.2.4 3 AW mE: 7637 C. 50 mL/L
CO, MR B 55 TR A vh R IR 45 I e H T-29 40 i,
R RN B 10%/ NEMEFIDMEM. 525650 N
3 FAMACRFERNE) . SR i
(green fluorescent protein, GFP)¥% il 2 (I 4%
Bedu i) shRNA-YWHAET-H4H. ¥ 40
Pl T 6L, 1 24H M X £ A K A3 0% 39 FE I gk
TG, FUARMRL Gl BRA% 35 UL DR S A3t 1 150
FdEAT. £1 mLICHIE RAAE = R F= 5 o
A2X10° TUH ¥R+ 5 ng Polybrene, 43 il #%
P NF- P Kyl g, 2-3 dfE7EBIE 5Ok
B T LS A A e AR IR R
90%, 4 AEK80% I FE, H.AH AL T % # A+
HARE, K294 d)E, RN, 347~ — 2T
il %2 K D g i g e .

1.2.5 RT-PCR#&M: FIFHPrimer6. 03K {4 ¥ it
YWHAE K GAPDHEFmRNA 5| Y, YWHAE
S\ EiESI9: 5S'-TGTGTCGTCTCCG
TGCCAGAT-3', T3 5'-AAGAGGTTG
AGCGAGCGAAGGA-3"; & R ILNGAPDH I
W51 4: 5'-GCCAAAAGGGTCATCATCTC-3',
TUE5IY: 5'-GTAGAGGCAGGGATGATGT
TC-3'. RT-PCRE UG 53 #1226 8L FH SCHR [ 7]
HHAT. WIS 2, WA &AM, $REUERNA,
MRNAFEI S B TRIzo i 7 & 5 B 15 338475
T A g e P K 43 D O B T A IR N A 4
FEE R FE 5 0 R i [B) — UK B2 S5 3R AT 1 s %
PCR, 25 puL PCRMAR RAFE: L TFiE519)
%1 puL(20 umol), 2 X Mix 12.5 pL(fL35 Je o
ZEP. ANTP. MgCl,. Tagl), X#/K9.5
uL, cDNAFRATL pL. JWi2kfh: 95 C Al
2 min, 94 °C 30 s, 56 ‘CiB-k30 s, 72 ‘CIEfH
45 s, 25{RAEFA. R B B G FHAPE XTI,
MEARBATIRE L. P P CR™ Witk
A7 B W B s FEL K L R PR UK BRSO AE T
A%, S R S5500%E 1 A5 Ak B2 A i3k 4T
EUZ o #T.

1.2.6 Western blott&il: 345, USRS
Y I o &, KB, I, BEEa T
PVDFJE b, Bk, 5%t a @k % i 1412 h, i
AYWHAE(1 : 1000). GAPDH%PT A —Hi(1 -
1000)4 CHF & LR, PR3, MAEPT R —ht
(1 : 4000)% IRIEE 1.5 h, WElk3iE, ECLIEY &
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]/ 1 YWHAETEZS A= 4R R PIIRIR S IR PRI IRIHIE

S0 SN

o . YWHAERIAIE)TT = e
aRx wxs X
DEE 0.520 0.727
5. P 69 51 18
{7 18 12 6
FH(2) 0.530 1.000
<60 31 23 8
=60 56 40 16
M3l 0.321 0.759
2 53 41 12
T 34 22 12
LB 4.607 0.037
Vs 50 39 11
B 37 35 2
v 0.092 1.000
oY 61 60 11
TN 16 14 2
TNMZDHE 4.607 0.037
I+11 50 39 11
I+1V 37 35 2

o, T B (GAPDH NN S).

1.2.7 w9 P A A% Rk 3 2 B R L &, kA
Ve gy )5 S H A A IRET, TR R
WK E2 X 10°/mL, B37 'C, 50 mL/L CO,IEIR
PR, 4 TIEEES0. 24, 48, 72, 96 h
BEFLINAN200 p L VY FF I A8 Z20me 6 1ol 2 I I L
Eb {47 (methyl-thiazolyl-tetrazolium, MTT)#& i
(5 mg/mL), kEEEEFR4 h, BEO, ANOIE BIE
W, FFFLIIANT100 pL = FFEME AN, B9 K B
TR 15 min, {845 S0 780 VR AE IR S
AL ODS 7040 W & ALK GAE. AR 8] M
BEALKR, ODIE N AR, 2 A il 6.

1.2.8 2 e 5o 1% 55 Boe W % L I 45 e 240 M 4
TR S00 Al Fl i T FLAR 1, T3 AL, B
37 °C, 50 mL/L COfHIRM I E, FHE3 dit
WK, B 7% 243 4K 2 0 2 240 450> 50

B8 R 5577, PBSYRE2IR. £ 5K HBE [ 52
GIEMSA#:ta., AR, TS

1.2.9 2a e B 20 B B T s oK i e 5 A5 A 4
WasE A . 4T, PBSIE VR, £ EiE, T
2 2 B S BRSO (1 40 P B T 700 mL/L L
H, 4 CRER, PTG o Filos 4 M 0 T2 A 40 i 1
X binding bufferfe B 4 I ITIE 14X, 1 X staining
buffer & 4TI, KHAnnexin V-APCHL
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4, FACSCaliburit 22 A SR I 20 A BA K
T

Yt b3 5 HISPSS18.08 3T 4t it
ST, SRR Sk 4 S5 e A BE 2 U]
{1 EL R FH DU ey A B0 5k Fisherff DR 1
S, Ui 5 AN AR Th RE S S 6 e i (R R IA AR AL
ZR R FRRK R, KHSpearmanSF 2l 45
Fe X ARG 5 3 M. BT AT G812 53 M 243 5% U]
farill, P<0.052% A it 22w L.

2 ER

2.1 YWHAEE 45 #7520 4% 7 69 ki YWHAE
TE 45 W B 55 R R Gp i . . R
HEM. BEHZM RO R RYWHAEE
K43 9 55 45 P 2 I OE 8RR AR P O RZ N 3R
1k, KRB ER R kL FIPE RIS, 44
ZIY WHAE MUK FHPERIE(81/87), RIEE K
e TA 5 R B I 1 TN 45 B 2l R 2 4. (14/87,
P<0.01); AT YWHAER L= T REBA
(P=0.037), = VYIARHGIHYWHAE) #ik
EEF . WP =0.037). YWHAEN £k 5
WS MR . AR A BRI R
&1, E.

2.2 RNAUREKY WHAE % B & ik 2k %4 m)|
Y WHAE T 50RL K GF PR 4% i) 57 bt 18 7
B LA I HT-2940 103 djs, 318 %
e BB T %L, R GF P A i 4
Y WHAEF-$t 2. 40 ffa 7% 1 HH B4R € 5% 3R,
104 i A5 AL BT AU T 4 B R A R IA, R
MERLEI8% L . RT-PCR K Western blot4s 5
EIR2AMLV-shRNA-Y WHAE T 415 B A5 B
SANH Y WHA ERLRIZRIR MR8, 1. 2T
RFI 1 N69.8% 71.6%(P<0.01)(E2, 3).
M, AW EFELV-shYWHAEZ 2347 F —2&
2.3 YWHAE B & & KT 6 HT-2948 fe 24 4k
% %t LV-shRNA-YWHAE:iIF B A7 {2 2 101
R, B HMTTAL IS G4 5 J5 HT-2940 g 4=
KA, 45 B EIRY WHAEZFR BT ER A 40 i A
K I SRAR T X IR 4, 24 W R 32%(
= 3.816, P = 0.032). 41 5e & T R S 56 (R FE 55
N, YWHAEZFRIEAMGI G, 40 5 B TV 2 i
EPEAG, TR GFPRA M i 4 7o P %
#120%(¢ = 15.578, P = 0.004). £HYWHAE S
g xot 4 e 4 L P 39 L R VR R
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REANELH
AR, £ 5 A
BPEAL, b5
I 9 0 25 A5 AR
Wk, ELEW
My P ey R A
5 45 1 i # A5 AR
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LA S o 1 Sea  BIRGAARBET A
7 g F i g5 9 2 R 6
S ' ; L HRmBARE
e W, A H T M
a0 e ¥ E R %
[T, F 89
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w, gy K ;
v \ 1, ~,*
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1 YWHAETEZSRARELRLRIPAIZRIA( x 200). A—C: IEF R IZANEHER]; D-F: IE BB AMEY WHAE G AR O,

G-I L HEIR]; J-L: G5B 4TY WHAE G ARic .

YWHAEWI 315 B AR A0 i 1) A= A T R K fidygg
SuRETE L(E14).

YWHAER:HNFRIEUTER G, N AR A
MEIR, FHAMMRIE T3 810.73%, &
T GFPRAM:E#I415.54%(¢ = 44.01, P = 0.01);
FIRAMPAYG, H71.21%, & T3 RA
61.91%(¢ = 29.02, P = 0.01), AHELIEHI4, T
ZH 40 o Ak T SHAZH B ki H I (3R2).

3 111E

14-3-3 88 [ #5054 e A7/ T HAZ A P,
257 A i i B i B R K ES 40 1 A RO
14-3-3% [ /2 i 74N W 3 20 p 22 B8 e 95 A R
OEN. RUEEARSSZMIEEYR, 1
FE5Z 48, HE A % LBALER(HDAC), S Al
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FRRSS, 25 2 P (5 5 e 500 % 60 15 4t
JE BRI, AR T, AR 4 A Bl R AL Kt
75 R\ A e i 22 @it Ras-Raffs
5 X F M (protein kinase)/W FLANY) T A4
Z9E A 2 I (mammalian target of rapamycin)Z§
Z B S 5 IR I R A, TE IR T A R
J b R v 47y T A A 2 i 1 A £,

14-3-3F A1ELS B s A 9Uh A e
Z AR, BT A0 A A 40
PR ARE R A i A K, R 14-3-37K
6 400 ) R 4 e ) A KUY YWHAE
1433 AXBEH N EERRALZ —, 1O H
L EET . e, aEEPEANNE
P b Rk, Rt AN A . TR
T
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B2
FRPEZEHIZH EDEE; D: GFPRRMERHIZHSOEA. GFP: S5 EH

ISRBRHRE3 dEREBEOEAILE( x 200). A: YWHAETIZHAAL B: YWHAETIRZH9S A, C: GEP

R 2 YWHAFERRIETMAIDSEBIRERTL DR (mean + SE, %)

D4 G, S G,/M AP

REEREHIA 60.06+0.60 35.65+0.66 4.29+0.13 554+0.32
GFPEERHIE 61.91+062 2846+0.72 9.63+0.40 527 +0.41
YWHAEFHA 7214+044 2068+042 7.18+0.16 10.73+1.25

AP: HiRIFT-HEEK; GFP: RERIEED.

Liang25C 78 % LY WHAEAE 15 J 41 43 o
FIk L, S I RS A 1446, fAahse
B30 UEY W H A E R {2 35 B g 40 M 11 ik 5 38 .
K oZ: 5 11441 fF 9 2B W SL K B, YWHAE
TEIEH PP RRIE BRIk, T 4141
i RIE, YWHAER SRE 5 ML B4
Ky BRI R =S RIE Y WHAE S i
FEIRBHRAR, BUGAR. Tk R0
R EEBEMALST14-3-31FRIEE X, K
14-3-37E b Ris B, AHEXKTE
WRELSEFE R AN TS A KR IEAH S, WangZ: U
RRI, (L4 B A4, YWHAER £
R ERECR R, MRRRERE S, 58 E%
S TS A RAT 5%, BATHT AR 7 R I
FIDADSALFRZE i A HT-29)5, YWHAE:
ImRN AR S ACF R, A — 0 1) 526 45
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R RRYWHAETESS i 40 mkik, &
SRR 1.684%, L IR 1tk L 45 # 4
S YA ARG, T B iR IS AN R e
Bz

Y WHAETE I8 21 23 45 2 Tl AR ) 2 3K
N, BT 'H s, A
TR AR B HERBEPT GongE
TR, VUERY WHAER A BE 0 B j 40 i
a4k, FRARAE I E 8 B EMp27kipl & H H3E
P, AT 5 200 A B3R 3, R B R 1 2k
VR, WP R R B, YWHAEAE w414
miEIk, SRS ARG K, mERIAYWHAE
BE BEARAS B A IR, BN E & R,
75 5 e 40 P R ) T 3 A, A2 3 FHF i A P
. (HB AT BRI A Y WHAE
KPR B AT R 5 g fr gk J A 0%, A i sk
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2.0 B YWHAETFH141 l
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RT-PCR Western blot

3 BLAMMIBMRNARIA K Western blotl. A: YWHAE
mRNAZIART-PCREMIE; B: GAPDH mRNAZKK
RT-PCRHEEME: C: YWHAEE A Western blot
[4; D: GAPDHE [ # A Western blot/&; E: RT-PCR ,
Western blot/KEEFHE (LLGAPDH ANZ). 1-5: [H:
PRI, YWHAETHE24H . YWHAETHE14H . RS
2H . GEPFHM:IZHI4. "P<0.01 vs GFPRAMEIHIZH. GFP:
FOTOER.

56 SR THIRY WHAERI Rk, FRAK T R 40
FITE TR, T3 Y WHAE 2852 34 n 1 41
PR T B 5 S P A B, A R B
JEPE A AU, (T R Y WHAE R ZRIE 8 0, 3%
HTAKI(MAP3KY)E S, SEdfusits, %5
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