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[ Abstract ] Background and objective It has been proved that cyclooxygenase-2 (COX-2) is a key factor in lung
cancer oncogenesis. COX-2 can be induced by a number of cytokines and growth factors and can be regulated by the JAK/
STAT signaling pathway. Inhibiting the expression of COX-2 can prevent the development of lung cancer. The aim fo this study
is to investigate whether the epidermal growth factor (EGF) can stimulate the signal transducers and activators of transcription
S (STATS) as well as to discover the effects of the STATS signaling pathway on the COX-2 in human lung adenocarcinoma
AS549 cells. Methods The phenomenon of STATS activation stimulated by the EGF was assayed through immunofluorescence
and Western blot. The adenovirus containing the wild-type (WT)-STATS (AdWT-STATS) plasmid, dominant-negative (DN)-
STATS (Ad-CMVSStatSaA740) plasmid, and STATS siRNA were transfected into AS49 cells. The latter two groups were
stimulated using EGF. Reverse transcriptase polymerase chain reaction was used to detect the mRNA expression of COX-2.
Results STAT'S was not activated in A549 cells in vitro. EGF stimulation significantly increased the level of the p-STATS pro-
tein and induces the shuttling of p-STAT'S from the cytoplasm into the nucleus. STATS activation was crucial for the COX-2
expression induced by the EGF. STATS was required for COX-2 expression, but can mediated the effects of the COX-2 expres-
sion through pathways that were independent of transcriptional activation. Conclusion COX-2 expression is dependent on
STATS phosphorylation. A second pathway does not require STATS phosphorylation.
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FITC Hoechst Merge

A549

EGF

1 A5494 B FNEGFHIBASA9 ML IR p-STATS I SRiZ S L B /34T, AL p-STATSEASAIARAIFRIL B ASAOMARIZLEE  C: ASBMEERKR D!
EGF#Ii# R p-STATSZEASA9AR AR RYZRIE | E L ASA9R AL & F . DEENEERER.

Fig 1 Immunofluorescence of p-STAT5 in resting and EGF-stimulated human lung adenocarcinoma A549 cells. Upper panels, no EGF stimulation;
lower panels, EGF stimulation. (A) and (D), p-STATS5 staining; (B) and (E), Hoechst33258 staining of nuclei; (C) and (F), merged images.

FITC Hoechst Merge

A549

EGF

2 AS494 R FAEGFRIMAS A9 M AR IR STATS I Sz B S L B 21T, AL STATSEEASAYSAARRIZRIL ) B ASA9RRIMZ R E ; C: ASBIMEEE® : D EGFHI
BESTATSEASA9 MR J B ASAOABIIZEE | F . DSEMEERIR.

Fig 2 Immunofluorescence of STAT5 in resting and EGF-stimulated human lung adenocarcinoma A549 cells. Upper panels, no EGF stimulation;
lower panels, EGF stimulation. (A) and (D), STAT5 staining; (B) and (E), Hoechst33258 staining of nuclei; (C) and (F), merged images.
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A A549  EGF

Nuclear p-STAT5

Histone H1

A549  EGF

Cytoplasmic STAT5

B-actin

3 EGFHIHXTAS4940Ra#Zp-STATS (A) FNEAAALRSTATS (B) FKiAFNAI & DTS4

Fig 3 P-STAT5 (A) and STAT5 (B) expression induced by EGF in human lung adenocarcinoma A549 cells. Western blot analysis of nucleus extracts
from EGF-stimulated and resting A549 human lung adenocarcinoma cells showing upregulation of nucleus p-STAT5 (A) and no significant of
cytoplasmic STAT5 (B).

A
A549 CtrlsiRNA EGF EGF+ EGF+ STAT5
Ctrlsi RNA STAT5 siRNA siRNA
STAT5
B-actin
B
A549 CtrlsiRNA EGF EGF+ EGF+ STAT5
Ctrlsi RNA STATS5 siRNA siRNA
COX-2
B-actin

B 4 AS4940REE S STATS siRNAR AR 2 B EGF RIS X STATS Rk MM SRR ENITE 5347 (A) F1COX-2 mRNARIZZMHIRIK ST (B) - A549 I RERA S
CtrIsiRNA : #5FAE 3T B8SIRNAZH ; EGF : EGFRIi#4H ; EGF+CtrIsiRNA : #FA 4 3T B siRNANNEGFRIi#i4E ; EGF+siRNA : $52STATS siRNASREGF#RIi#i48 ;
STAT5 siRNA : ¥ STAT5 siRNAZH,

Fig 4 Western blot analysis of STAT5 expression (A) and electrophoresis analysis of COX-2 expression (B) in A549 cells transfected with STAT5
siRNA together with or without EGF stimulation. A549: untransfected; CtrlsiRNA: transfected with control siRNA; EGF: stimulation with EGF;
EGF+CtrlsiRNA: transfected with control siRNA and stimulation with EGF; EGF+STATS5 siRNA : transfected with STAT5 siRNA and stimulation with
EGF; STAT5 siRNA: transfected with STAT5siRNA.

FIFEF . 55 ULSTATS B 28 RN, EGF B ZAR{RMISTATS siRNAFJZfIH, EGFXTSTATS DNAZS A
COX-2 mRNARIVEIHE B LI5S (P<0.0S, EISC) , $&7n  PEAYHIEAE RS (Ke) o $/RSTATS Bk 2845 1k
p-STATSTEAS49Z I [F A HLAT 75 COX-23R A LI fiE . FISTATS siRNAAT il STATS DNAZE &G PERIVER, M
2.4 AS49ZMAEH STATS A AR FISTATSIH LX) DNAZS  SEMASTATSHY%E ShiE 1

GUETER R RS S A R R, HoRA R
A L, EGERIES AN A STATS DNAZE A 16
PERH S TR (P<0.05) o YLy A: RISTAT S 4 A & 1
STATS DNAZS GG R AEMUE o TG YL STATS i M £ 58
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A Ctrl WT-STAT5 EGF
B

Ctrl WT-STAT5 EGF
C

Ctrl WT-STAT5 EGF

EGF+
DN-STAT5 STAT5 siRNA

EGF+
DN-STAT5 STATS5 siRNA

EGF+

STATS5 (Total cells)

B-actin (Total cells)

EGF+

p-STAT5 (nucleus)

Histone H1 (nucleus)

EGF+ EGF+
DN-STAT5 STAT5 siRNA

COX-2

B-actin

B 5 AS494RREESEF £ BISTATS, STATSEIE SR ERFISTATS siRNAF IR Z EIEGFRIMEXISTATS (A) . p-STATS (B) FRikHMaHI & ENITE 247 F1COX-2
MRNAZRIEF MR KD (O) o Ctrl: REEFAE ) WT-STATS : i BF 4 BISTATS4H s EGF : EGF#I4E ; EGF+DN-STATS : 5 STATS B 14 S R IR AINEGF %

48 ; EGF+STATS5 siRNA : #3:STAT5 siRNAZEINEGF 84,

Fig 5 Western blot analysis of STAT5 (A), p-STAT5 (B) and electrophoresis analysis of COX-2 (C) expression in A549 cells transfected with WT-STAT5,
DN-STAT5 and STAT5 siRNA together with or without EGF stimulation. Ctrl, transfected with control adenovirus; WT-STAT5, transfected with wild-
type STATS5; EGF, stimulation with EGF; EGF+DN-STATS5, transfected with dominant negative STAT5 and stimulation with EGF; EGF+STAT5 siRNA,

transfected with STAT5 siRNA and stimulation with EGF.

] A BE 2 TAE B X STAT RKIGEIEAT T KR Foe, UESE
STATZH G Z 5T ZFdiEF . ERKEFIE S
S, RN ARG RN . SORE SO FA M A L 4y
A, R, EVF 2B, AdE i ste |
FLAET . TA AR Sk A NSCLCHO R Y AE TR
STAT S5 W% o STATHUE 5 & AEmEMRfl, TR — Rk
HERAME, ARG HSTAT 5 R JR A DNAZS & X I,
AALE G S BT . FENSCLCH BBl IE S /7 ZESTAT
T A PR W IR AL I G 12

FESTAT KR 75, BT S IR AR
1Z B STAT3FISTATS., STATSS) }STAT SaFlISTAT SbiH il

WAL, STATSHL FAMMEIE N, 32 40D A K A )
W, TERSATRWNG, FrREJAKKBEERTS, HOR AL
R i 45 A6 S 1) T S PR R Bk R A R AL, AT STAT S &
A TS AL, BERR ALY STAT ST it m] P 3¢ S U5 1) — 2R A,
FRAMMEEN, FIIFEEE PRI 78 3 T
BTl

RNA T ( RNA interference, RNAi ) 7 A& & Fk#t
FERNIDREMRE TR, JBTHRGEEETER (post-
transcriptonal gene silencing, PTGS ) o T R S AS A
b M S T A S R RRON TR KPR SE
FrPEMHIER, X H R RIBTCRE M, RERE MR R 32
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1.0

0.8

0.6

0.4

OD (450 nm)

0.2

0.0

Ctrl WT-STAT5  EGF EGF+ EGF+

DN-STAT5 STATS5 siRNA

6 ASA9HAEEE L EFAEBISTATS, STATS R4 AR ERFISTATS siRNAJFIL
R EGFRIBREXSTATS DNAZEhREH IR ST, SHEAMLE, *P
<0.05, n=3,

Fig 6 STAT5 DNA binding assay in A549 cells nuclei transfected with
WT-STAT5, DN-STAT5 and STAT5 siRNA with or without EGF stimulation.
Data are meanst SEM. *P<0.05 when compared with the other four

groups.n=3.

WSERZE AT, (B BIERRBIRTE 5% SR,
DR W32 sz R D g 2 RIAE T, I XTIk i R ik
ARAE B, T siRNA 23 5 802 Z AR R B KT
R, siRNAFIIE P 61 58 28 (A AR AN [F] K- A 9 o
STAT S 1 B R fb S LR Ak R SC AR R, B 1R
b R B AR D, 2 A siRNASK I 5 (4 2 [
PR FF AR RESE R M FRSTATS I T AE . 1M1 FH 2 AR A
WRT AR T B 2R U o L 2R SR A, R SE A
FIm AN L T REAEH AT . STAT S M 1 28 AR A 1Y
R RO S CR R TR 43 B 78 42205 o StatSa A 740
ERBTWYESTATSHI IR, PR T —RAATE B X DNA
GG I RSP I ER 2 R AR A, PI XS STATSaMISTATSbA
S EE e A TR, AT 1 RTAS49 4 L A TSTATS
AR R A AL G fi A0 ek Rk WA TR STATS, A
IS DNAZE GG ME, WHIEGF/ I DNAZE 516 MY Y
fn, DIHBFFESTASTR AR 5 X COX-2 A 5 A ] o ik Xof
B T A RISTAT S Yy T LU STAT S F ik T
By, FRATTOT LA IR — 2 b R AR B R (b STAT S X
COX- 2 TAFEAE A T IR -

AW, Sl X AS49 4N M AT EGE Y
STATS siRNA ., Bf/E BISTATS & STATS iV 7 S8 25 1A Ay
e, WZJZRZMEHRIT T STATSX COX-2 /1 A FEAE

Cytokine

Cytoplasm

Nucleus
COX-2 mRNA

COX-2 promoter

[ 7 STAT53COX-2FTAEFF ZE R A FRIRFE AL, STATS BT BEER 1L IR AERE R
IR 1Z R EI X COX-2H A4,

Fig 7 Schematic depiction of two different potential mechanisms
of regulation. STAT5 regulates COX-2 by pathways dependent of
phosphorylation and unphosphorylation.

FH, TS 1 40T 4538 . EGERY M AT 75 S AS 4941 i
HISTATSHITG AL, f81COX-2 mRNAM L B IHE, (H
STATSIK IR RGN ; STATS siRNAR] f I STATS TR 11 &%
COX-2 mRNAMJFIE, I HIIHEGEXT STAT S I E %L
N P RISTATS A] ffi STAT S |1 HICOX-2 mRNARY# iA
Fhimr, AHARREISTATS B AENGk; STATS 1 1 28 A8 {4
AIHI VS EGEFXF STAT S 17 L AE FH FIEGF |5 COX-2 mRNA
PIVERT . IR EELE 1AL, TR IRIERAS49Al I, STATS
MIE 2S5 1T COX 2/, i HJ2COX-2 L IFRIKkM
WS . Sy —TrE, AEBERR AL I STATS I F ikt 2
COX-2K IR M EEAA, HT BB 1 AT Wl 1k A
SR I AR A SRR . COX 2R IATR T AEAZ
AW BRAL STAT S K Wi BR AL STAT SR AR AR 4A . i Sk
D6IZiH, STATSH W EGFRE WML MHE S, X5 FAT]
5 B STAT S 7] LA 3 EGFRA 5 % & A= 16 Ak X — 45
WAHTF .

g Tk, A IRAIE, BT OF
KA AS494N il I STATS LIS ; QEGFREWS 1/ F:STATS
IBE , (IR AL I STATS i A, DSTAT S
G REGFIE FCOX-2 FIFRB M Z A @RI
RSB STATS F] g 3 JE G SRITE iR 12 2 5 T CcoX-2
FIRM IR . HATRAESSE FE AR TP R AR
fESTATSH AT HES 5 T COX 2R IAHITREE, A — 11
IR 15 50 s T R AT 1 Ak s LR . FeATTmT LA
STAT S i B PR 1k S AR IR Tb NG A28 2k S COX-2 4 7]
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