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The expression of transcription factor Yin Yang 1 (YY1) and its function in esophageal
squamous cell carcinoma
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[Abstract] Yin Yang -1 (YY1) is a member of the zinc finger factor GLI-Kriippel family. Objective;To investigate the gene
expression and the function of YY1 in normal esophageal tissues and esophageal squamous carcinoma. Methods:The protein
expression of YY1 in 88 esophageal squamous cell carcinomas,39 tumor adjacent tissues and 15 normal esophageal specimens was
determined by immunohistochemistry (IHC). Proliferation and growth changes of esophageal squamous carcinoma cells were
measured by MTT and colony formation. YY1 and p21 protein expressions were determined by Western blotting assays. TE-1 cell
invasion and migration were determined by cell scratch experiment and Transwell invasive assays. Results:Compared to normal
esophageal and tumor adjacent tissues,the expression of YY1 was significantly higher in esophageal squamous cell carcinomas.
Furthermore, TE-1 cells overexpressing of YY1 significantly suppressed cell growth and downregulation of YY1 promoted cell growth.
Meanwhile,a change of YY1 target gene p21 (p21WAF1/Cipl) was found. TE-1 cells overexpressing YY1 promoted cell invasion
and migration. Conclusion:; The expression of YY1 was significantly increased and regulated the growth,invasion and migration ability
of esophageal squamous cells. Therefore, YY1 is expected to be a molecular marker in the diagnosis and development of esophageal
squamous cell carcinoma,and also a potential target for gene therapy of esophagus cancer.
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BRI S KR WL S BT R E, &
I3 1, ] PR TT i A RO T A il B R R
FEFER B S M X, I PR b bl Tl = fURk RE 5
W EE DB R A RS W e b AT i T DA B U
EERNEE 0%k B, 5 A AL
J10% A A7, WG AR 22, R, R AEn =
MR R EEImERIFRBURE T R B R
R, 35 AR A 5T ) P 2R TS SISO A BT B8 - fk -
KATH ] 3T (SELDI-TOF-MS ) % A H1 A B R 20
74 2% (comparative genomic hybridization, CGH) $ &K
X3k ARG A A A X B B S A S TG
W, @SS G T A B —Fh 5 Yin Yangl B)&EH
(HPEESERT YY) ZER—MAE BN RIA R 45
7 P R AR DGR bR P A R, T L YY1 23R
RS EE BRI IR EE A, $ER % AR A T fig
HEEENWRERERAEREVILR,

YY1 BRI SR T 1991 459 Park F1 Shi 480250
GEHIE X, NEFRFT YY1 (XFR NF-E1.8 A1,
UCRBP/CF1) J2EHEIEH 555 K GL1-KriiPPel
EARGER R —5 9 1 B 414 NEIERREA M
XF4yF i 44 000, ARAEEE AR BIN PR, B
A SRR O R SR, S5 AR A
¥ oAk AT DL B R I A 2 R A ) A R
TERPRE S A FVERE &S YY I IR 4l (5
J&, B CER N YY1 5 E1A Fl e-Mye FHEAER .
FAARR AR IR L IR p53 RS E PE TG — 2R 5 i
TR R YY1 S — iR R d i A S
WRHE , YY1 ZEVF 2 IR 4i B di ) p21WAF1/Cipl |
cdk4 il cyclinD4 52 AW HIIE 18, I T 40 il ek £14) &
AR JEIS SR, YY1 ZE Mg b 9/ R 240 Tk
ERHAER I H YY1 7R iR i
IAPERF AT

p21 (WFR p21WAF1/Cipl) 42 YY1 9 1 /05
B, AT RIS pS3 ARG G134 it ] S RE A ©
p21WAF1/Cipl 1B — Mg # i BB 7, T8 p53
M A pS3 ARSI P AR 7 B, 38 A P
cyclin/CDK Z-E YL AT G1 15140 i J4 151 14 BH
it BRI, eI AT SCRRARAE , p21 (k5 AT 2245
S4TSR E R R AR R R, B
JEEH p21WAF1/Cipl i RiAH-F BTG
WFRES, YY1 38 B Spl 7E p21 WAF1/Cipl J&
T8 567 T p21WAF1/Cipl-CDK-cyelinD1 &
EYIERL, B Rb BE R Ak M4 il - i AL20 i rp
p21WAF1/Cipl HUESRIEPES S HAh, p21 BYKIER]

DI B8 R TR A o HETE A
top21 ERIARIR RN YY1 SR TEA —E
AL,

AT AT T AR YY1 BRI K H )
fe, WIiin, SIEWEEHASMEL, S8
YY1 3Rk B, Ak, fE B 6 TE-1 40, YY1
TR p21 FREIIHI AR, I ES
MIR226E T .

1 JRFTTE

1.1
15 PIIE #4412 39 Bl & w55 4140 88
191 £ 45 Wi ZH 40K 1 2010~2012 4E7E R R 1
BB E VLI AR E B FAR B, TR
AR, A A 224 R A 2V A TR
SEESE . AT A AR AR TR AR P R R e
RV RBEGEARAS B T B2 AN 4 2 Bk
T2, ARIEEPRUERY  (International Union
Against Cancer, UICC) i) TNM 432K R Gu b 5 Il AR
PAMY], EEA T 2R P PO Tk 2 AT B SE5:
HBVEAR SRR B VK IRAEAE , T Ia 805055,
12 F#%
1.2.1  %J& 4844 & (immunohistochemistry , IHC)
¥ 2 pm R BEREAR S | AR IR L 2%
OB, Y pHE.0, I 7 min, ] 3%t Ak A
TEALEE 7 min, H 4% BENR A3 b BHAH A R S 1
55018 30 min, H5—PrEEFEIIEFE 1 h(FkE 1:50),
FELL 29%10 He ) S IR A- IR A, LA AR e S
@, RIEMASTEYRE AR - A e
EY, S5HERRC PR 30 min,3-3- 4%t
ARG (DAB) G0, I R ZE A T4 et iy S g5
VEBIFEZIR N T, AR —HUARE AP R,
FERCR 200 fE5AREF T | REak U)o g 5 S LEF
HRAIE e o FR B N LM 5 o0 LU A T4y, Qe tafd
FE43 3 AN A 6 (B G ROV R0, 16
RNR 1, AR A o 2, YY1 Fk i
FEAE R RE < 7F 50% LA 1 1) Befvies 40 e e, 6z 081 2 €
FREEN 1307 30% LA - 11 Jirbes 200 i v, Az 320 e 2
R 283, YY1 HUA H T3EE Abcam 247,
1.2.2 M YY1 i FA fo ik B sk H4k
BN YYD g X (1 56 X R Bt (GenBank
accession no:; ENST00000262238)%4: PCR § ' # ,YY1
5N 5" -AACTCGAGGCCTCGGGCGACACC-
CTCTACA-3", NG9~ 5'-CGAAGCTTTAGCAT-
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GTGTTAAGATGTGAGATT-3' . 34 1) Bt A 3|
pEGFP-N1 241 Xho | F1l Hind Wl Z 8], K¢ E2H i
PRI HELS , LA P4, 76 YY1 2 H 1 mR-
NA 85— s HF, WEEKUTER pGPU6/Neo
AR, BARNEAH YY1 mRNA B 80 5 & R
RNA (shRNA),shRNA-YY1 J#%1 /7 5'-GAACUCAC-
CUCCUGAUUAU-3", YEMBAM:XT iR AY shRNA J751)
4 5'-GTTCTCCGAACGTGTCACGT-3", i i
T HARA R A AR,
123 ez 43

B E TE-1 0 A ERRAB 205
., >RH] DMEM mfise edisidt, JEIN 10% FBS
AR (100 U/ml HEE 6,100 wg/ml fRfRER L
PSR R ), 4RGSR T 37°C, CO, WREE4EHFTE
5%, N THAGFEEN YY1 3B FIFER TR vafk
YR 24 FLIEFEARCT TR 2] 70%~80% IR &3, K
JG & H Lipofectamine 2000 i HEA 7455 . Bokif%
Ye a8 h 5, WEFRIE A A 600 pg/ml G418 )
DMEM #5570 5555 3~4 Ji I, Phikdt G418 iae
¥, i3 Western blot 7387 YY1 85 &R E M,
1.2.4 e ERE

FH MTT SEAG 20 B 756 7 b P8 A K3 TE-
1 4 FH R A FC i BGR BE 1 x 10* 4>/ml Y4
MR, 100 wWl/ALEERN T 96 FLAR 3557 24 b J5 7%
e YY1 i FR AR UTBR L& shRNA-YY T FIXT R
ik, BT E VAT 6 AL, 24 h )5, Wediks R
B BFLIMAE 5 mg/ml B AL i 59 MTT 0 TG
L% DMEM 100 wl,#58 4 h, B % FiEWR , &
IR IEFH (DMSO)150 wl, FHV-He RS
J& 8 FH BRSO 5 490 nm YGB5EE | LLyAFI X BE Ak
PRAARIAE AR, IR A 3 IR,
1.2.5 S iK%

EEYL AR TE-1 A0RAR & TF-B (R B 4
7% 10 d, % 60 mm “PAR &A1 000 A, [ 5E |
i, M BB Z T 50 Al r i
KRR
1.2.6 Western blot

YL AR Y TE-1 A M EE 240 IS , UK Ll e
1 h,4°C .12 000 r/min 5.0 15 min, IEE 3G, N
A 5 x SDS-PAGE, 100°C .5 min #& [A78E | vk 7%
MER # M (PVDF I, 35 Millipore 23
), B TBST FCY 5%l ia k= i N A 1 h, 1:1
000 FiBEAY YY1 B-actin HT#A (3 E Abcam 23 #])
ACH MR, “PEEFE 1~2 h, —91, P E

J& TBST 453 4 YK/ 10 min, fL2F KGR,
1.2.7  fafe xR R i

BOCHBCAE R TE-1 40 M D3 >4 1% FE 4 T
6 fLA, WEBESHEYL YY1 5o kg A Fxt B 2 4
RS 2 PATHE, H5E B A S R
TCHT 200 wl BIHE Sk AE AR LA R H 2R 58 1 R RIR
JEFHTCE PBS ¥ Uk 3 ¥k, B4 B TG I3 1 b 7 S 4
F% 48 h, B EAHZE WS T SRR Y S8 4%
SHABERIIRIS 0,48 h (A,
1.2.8 Transwell %8ki3 % X5

BN AE R 0] TE-1 40 LAAs > % BE 47D T 6
FLb, MEBEFSHEYL YY1 i Rk a AR Axd B dkiA , 24
h J5 , TG LA 55 SRR URAL B 12~24 h, Matrigel
WS TR MIERFRFE LB R 1:4, FFLIN 25~30 pl Hi
RIS, BT 37°C . 1 h, FFIEERE 5, A 50 pl
T 0.5% BSA B TCINLE H R B K AL BRI, ik T
37°C .30 min, SEEEHLANN,0.5% BSA HEA%E
FEZE 5 x 10°~/ml, BFLIA 100 pl 40,24 fLF
JZEHLINA 600 Wl 7 5%~10% FBS Mk 53L& T
37°C 48 h J5 P E  Gimesa Ye(0,, WEE F Mg,
13 %itss

3 AN ek ST SE B0 A R B s LAY R = bRt
(X =), N Student’s ¢ R 50 747 5L 504 5%
M ZES  P<0.05 WESASIT¥E X,

2 5 R

2.1 BESBRMS T YYI Hadkik

AT RsEdife (IHC) 7 iIEH 414 15
B, L 39 B 88 Il R 4 S UREA R
PEEMEANEE | R, YY1 ZEEAS SR M b 1 AE
SRR, SR AL YY1 A Y 58 S
(1), IHC YY1 @i iR, YY1 RIRFEIER &
BEAL S AS TR XA, MeEESEEE
EHR IR AR RES (P <0.01,E2),
22 YY1 ¥l sk e A K

B B TE-1 40 M7 Y YY1 & 3R 3K 8K
(peDNA3.1-YY1) 54 25 1 344 (peDNA3.1) 5,
FIIFH Western blot BiiE (18 3A), YY1 Fih/K -1 i
FhiE s MTT 5250 (Bl 4A) Fiosdiffsdv)s 24 h, 5
peDNA3.1 411 2H (0.325 + 0.076) #H [t , %5 4% peD-
NA3.1-YY1 ZHIH (0.257 + 0.028) FEiE R (P <
0.05) ;3 KEIE Lo BT 5L 56, 20 B A Yead ik Bk )5
BE% 14 d, E 5 Frn s B YY1 9 3R35 B
SN TE-1 gkt I AL (P < 0.01)
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®1 ATFREZEANL(IHC)S AR RIESEHE
Table 1 Immunohistochemistry (IHC) analysis of patient

pathological features

IEH P 7 S | S || E4

SR, I shRNA B YY1 AY35, TE-1
YA G YY1 UUERERAAR (shRNA-YY 1) sloxt 25
A (shRNA-NC) , F| ] Western blot K3l (1] 3B),

E=La YY1 R ikKF T MTT 525 (K 4B) Jiis,
(w=ly) (n=39) (n9) (n=46) =33) - pNASYY 1 4L (0.467 + 0.028) B T7 I RS T

AR () 59.00 5726 6287 59.19 59.24 S A IZH (0.467 + 0.028) Y £7 1=

FERTEREI(#) 32-72  32-72 55~69 33~76 32~75 BH X BRZH (0.351 + 0.035) (P < 0.01) ; 9 kI i

PERI(B /%) 10/5  27/12 5/4  34/12 23/10 SLE (B 5) ez, RI5 TN AT YY1 A 3 40 i g At
IEH BN XTI NG A REEN

BT S A (THC) 20T I B A8 R 5 A B4 ZUh YY1 B3RIA 2 1R (x100)

Representative immunohistochemistry (IHC) analysis of YY1 expression in normal esophageal tissues,tumor adjacent tis-

Figure 1

sues and esophageal squamous cell carcinomas tissues (x100)

P<0.01
15 ' P<0.01 '
g:; 1.0
N3 _
Q 0.5
00 pwe  fwm e
WM Ll RS
(n=15) (n=39) (n=88)
Fl2 IEHEEEHS, S8y SEuHEHsh YY1
s Ak (THC ) YL A i145

Figure 2 The range of YY1 IHC staining score in normal
esophageal tissues,tumor adjacent tissues and

esophageal squamous cell carcinomas tissues

FIEL(P < 0.05), R THIFE YY1 X AN A A
S BIAH 43 F-HLH] , R Western blot 32454
LA YY1 i 3Rk 2 AR sl T MR A4 5 AH DG B 1 1Y)
FERAKT 3 R p21 RIS YY1 K2 A
X, RUTERINSLH b YY1 X TE-1 40 a4 ve

pcDNA3.1 pcDNA3.1-YY1 B shRNA-NC shRNA-YY1

P2l —

me s -
pactin (D P ... S

B3 TE-1 40ME%E 4 YY1 i Rk 24K pcDNA3.1-YY1 peD-
NA3.L 5 YY1 JIERFEIBEIA shRNA-YY 1 shRNA-NC, F|
JH Western blot 0] B-actin ,p21 YY1 & H AT
TE-1 cells transfected pcDNA3.1-YY1 and peD-
NA3.1 of YY1 overexpression vector,or shRNA-
YY1l and shRNA-NC of YY1 silencing vector.

Western blot analysis was performed to detect pro-

-

Figure 3

tein expression quantity of B-actin,p21,YY1

FHS W EIHAOCIE N p21 A6,
23 YYIAR3ERE R TE-1 safegiz & £ 45

K 4RI R AR 6 F Transwell 1228 1856 46
YY1 5 ik 84k (peDNA3.1-YY1) 5 %f B 2% {4
(pcDNA3.1)% TE-1 4T A= 22 15200, 4
KRR (E 6) BoR, 5 peDNA3.1 §% YL 41 il 21 AH
Fo, $59% peDNA3.1-YY1 o 2H i %R 21 A8 Ak H
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A B P<0.01
04 P<0.05 0.6 I
1
T
03} | T
—~ —~04 -
g g
S 02 =
2 2
S Q02 -
0.1
0.0
pcDNA3.T  pcDNA3.1-YYI shRNA-NC shRNA-YY1

Bl 4 MTT A0 YY1 X TE-1 2RI G5 RE 1 1 520
Figure 4 TE-1 cell proliferation was measured by MTT

pcDNA3.1

pcDNA3.1-YY1

120
100 ~
g 80 ~
& 60 ~
< 40
20
0 pcDNA3.1 I

P<0.01

HEXF FERERR (%

pcDNA3.1-YY1

shRNA-YY1 shRNA-NC P<0.01
250 -
200
S
= 150
=
100 -
=
=
50
0 — R
shRNA-YY1 shRNA-NC

GG YY1 i3 3 IXZK pcDNA3.1-YY 1 ,pcDNA3.1 2% YY1 JTERR KRR shRNA-YY 1 shRNA-NC % TE-1 4 5e B i 52 mi , 40 lA1 &5
=50 A AR —A TR (x20)
KS At Y YY1 i R E AR e TR ARt TE-1 415 5ok iy R

Figure 5 Effects of transfected YY1 overexpression vector or silencing vector on cell clone of TE-1

(PR 48 h 55544 0 h RRAAH ML)

Transwell SZEFI YY1 % TE-1 4022868 1
FISEI , Gimesa Y2 (0 i GBS HAHE W (LR T 2410
M (18 7)), %59 peDNA3.1-YY 1 41 B9 40 il 2 5 Ma-
trigel 35 0T JBC A9 20 i K0 B M IR A B (P <
0.05), FRASRUEIIFE SR YY1 RERGn4n

1RETFRERET
KI5

YY1 eIV E A e M OSH: PS R 3 T/

FEAM P TR B, 5 & IRV Al Bl e 75
ELA S8R (5 RN SR BG N 7 WA
MU PG S0 OB R (A 4o YY1UO ) 7R3
PR YY1 BB A 5% SR AR | TG Sl
GLZPIIRE, FEAN AR E R R R PR AR
YY1 P22 B, RS 40 F e A G
YY1 C-A I B Z5 AR A4S P51 CGCCAT-
NTT 254 DNAU DI 81) o] 78 HAZ AN MR 374K
PR, 7 2 540 ASEHESIY G S & B
T 1664 NEFEN YY1 2560050, 28 YY1 fE
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pcDNA3.1

pcDNA3.1-YY1

0h 48 h 0h 48 h

Bl 6 40 TE-1 %4 YY1 3 335844 peDNA3.1-YY1 . peDNA3. 1, 41 RIJE SZI AL 4 0 hl 48 h I 20 45787 i 728 1k
Figure 6 TE-1 cells transfected pcDNA3.1-YY1,pcDNA3.1 of YY1 overexpression vector. The change of cell stripes between trans-

fection of 0 h and 48 h was assessed by cell wound healing assays

pcDNA3.1

pcDNA3.1-YY1

96 P<0.05

94 T

92 -

90
ﬁ 88
I 86
= 84
T g -

80

78

76 DcDNA31 peDNA3.I-YY1

K7 ALY peDNA3.1-YY1,pcDNA3.1 48 h Jii , Transwell 4R ZESL I TE-1 40M 2508 Matrigel 38515 A9 40 a4k
Figure 7  Cells transfected pcDNA3.1-YY1 and pcDNA3.1 of YY1 overexpression vector, TE-1 cells crossed matrigel were

calculated by transwell cell invasion experiment

FER AR FER R,

YY1 FEHEAEZ AR RIEFH , Zar-
avinos 5145z F 36 A~ M3 R R A B & (GEO)
X 2 Rh RS YY1 (S SRK AT e i,
I+5 2Z AR A Lok B, 2 AN R 8 g sk
AR, YY1 FERE IR b s, i AFUIR
P TS BRI DAL AR Sk
1 = e o] 7 el = 1 Tl N
TR, SIEH EE UL MESHL ML, B8 BE
HAP YY1 HEARIKPI B G, TERE0R
TE-1 40, Feqi 1A 30 YY1 J DR AE ) 40 o i) 2
o, SO 55 D A0 i ) R 45 2 A p21 TR R
A, TE-1 228 IR RN YY1 B mAi
MIRZEEE )T, p21 SRR AC, JFE YY1 iH
21 IR, AWFFTALI AT R0 | B4
TE-1 4Hff125 T X LIRSS, Bt Ao (] S 700 1)
BN, YY1 W ERA N, AR 2R b
AHRIE

p21 FEE CIP G i — 1, 20T p53 %
PRI 97 1) 248 L 30 3R OB MDA PR -, p21 T
DA p53 #4405 3 G1 KA, X DNA 4 e

ANgHE R MTog L, > T 248 DNA 195 Hil 1
M EFEIEIER . DR p21 598 55
b RIEREE BG4 R AL A O, B AW LS i A
B, B A ps3 FERRAZLL K p21CIP/WAF
FIRWEIA K, R INE R, p53 F Br-
dU PHPEAIECY 2 E S T p21CIP/WAF 3R
bry RN e <E N

BINEZ, BEEHEHSh YY1 FRAE
VL IR AR p21 Mk, YY1 AT RE
R — R0 A BRI AR R, ARSI e 5 Al ok
FUWT T , R Bt hy a F mlR Y 7 ok T i) S
LRRMZER
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