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FoxO J& Forkhead %% g [Kl -1~ O WEKHR Ak i1, B REI L 4% — 2R 51 T Ui L [A]
[I2RIE 2 5 R A A I . AR T IR AT AL B 2 A
TR, WHAR M FoxO EA—AN gl H ¥ 2 5 i e o il 2. -
2 240 - [ £ 2 A% (EMIT) A g g T J R B S 2 o (R DR BRE AT, it i
WHFE KL FoxO AES 5% EMT i F2, SR 1T EL A FROATLA I o 13 214 1 11 5054
AR SC AN AR/ N0 B it A Ak AB49 AR FiAR R, IRE FoxO 5 EMT Z a1
RE, LIEEREYIE AS49 A I FoxO Aeifs 3 EMT M2, fEitid e
H bR AR IC B E-cadherin IR BRI E SR MR AR iC SR Vimentin ik b
Jt: FoxO X} EMT M= H T EMT MK+ FDT K481k, FDT EHS
FoxXO (@i b F, 7EMUE FoxO &AL Eit—D ik FDT & 3 W A& % i
FoxO FiAERKGI KK EMT: FE— DR &I FoxO %t FDT & H B A% i
miR-A KA 51, mifk FoxO J5 miR-A HIZEIE TR, TERUK FoxO 4 i H = %7
FKIL miR-A WgER & FOT 1284k, 28 ERriR, FoxO g 877 miR-A KI&RIX,
SIS FDT B A48 tk, MM A% A549 4l EMT /2. FRATHIBE VISR 7T
T FoxO 4% EMT (45 F-HLHI, X0 AT fENT FoxO 52 el T B B e e 1) 43
FHUERAR A T T 00 S A0 (e H AN 3 18 SL A

KB FoxO; LR AnMa-IAl BRA e As s /INARSAD RNA;  A5/N2 ffd il e



Abstract

Abstract

FoxO belongs to the O subfamily of forkhead box proteins, and is involved in the
regulation of metabolism, oxidative stress resistance, cell cycle arrest and apoptosis
by regulating diverse gene expression programmes. Recent studies have shown that
the tumor suppressor FoxO participates in the regulation of tumor progression and
metastasis. Epithelial-mesenchymal transition (EMT) plays a key role in tumor
progression and metastasis, recent findings revealed that FoxO is related to the EMT
process. However, the underlying mechanism has not been fully understood. Here, we
explored the relationship between FoxO and EMT in human non-small lung cancer
cell A549. We demonstrated that supresses the expression of FoxO can induce EMT in
A549 cells, which is accompanied by reducing the level of E-cadherin (epithelial
marker) and increasing the expression of Vimentin (mesenchymal marker). FDT, an
EMT related transcription factor, was also upregulated after FoxO knockdown.
Moreover, silencing FDT was associated with reversal of EMT that was caused by
downregulation of endogenous FoxO expression. Further mechanistic investigations
showed that miR-A mediated the regulation of FoxO to FDT, the reintroduction of
miR-A in FoxO knockdown cells resulted in attenuated FDT expression. Taken
together, FoxO positively regulates miR-A/FDT signaling and therefore inhibits the
EMT of A549 cells. Our work conducted a preliminary explore about the mechanism
that FoxO regulated EMT, and this provides new insights into the mechanisms of

FoxO in the regulation of EMT.

Key words: FoxO; EMT; microRNA; non-small lung cancer



1.1 FoxO &H

1.1.1 #h&

Forkhead Box (Fox) &M &f&—28HA Forkhead/winged-helix )k DNA %5 &
BT, X DNA S G e b s AR SF, Fox B A KIEE R H 19 4
WA (FoxA % FoxS), 100 Z /M 4l. FoxO & A2 Forkhead #%3¢ K15
O WKIER A, 1EMILEIPIH FoxO Kk H FoxOl (X Fk FKHR), FoxO03 (X
Fx FKHRL1), FoxO4 (XFx AFX1) Fl FoxO6 41, FoxO &[4 n LA AL R L
M EER DR (B 1.1): DNA 4553 (FKH, forkhead domain), #%EfifE 5
(NLS, nuclear localization signal), #Z#iti{E5 (NES, nuclear export signal) PLA
RO S5 /18, (TA, transactivation domain), 1) DNA 45518 fe b = 10
454 DNA L) TTGTTTAC 341,

[ FHK NS NS TA ]
B 1.1 FoxO BmHKEELE W

Fig.1.1 The main structural domains of FoxO

1.1.2 FoxO ERAFRIEREMRIBE
1.1.2.1 FoxO By FEREFRE AT

H i 2 T5%F FoxO 7EH: % /K-F 1 (0 BEARHLHIE i R4S 2 e e e, A
W5 oR E2F1 F1 p53 25483 5 FoxO ST 2, AMIA# T8 1 FoxO
EAA G AES 5 FFEE AR microRNA 15 s 5 T 1 5 8 %
BN —, TR Z R4 1 microRNA RETEFE 5 /KF% FoxO
AT IR AE LIRS 40 Pl MCF7 1 miR-182, miR-27a Al miR-96 & i 1% FoxO1
EAMREY, 7575 P S A S 4 R miR-182, miR-183, miR-186,

1
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miR-153, MiR-27, miR-96 1 miR-9 11 A& 1E1 FoxO1 & [ 1740, b4k mir-139,
miR-486, mMiR-155 1 miR-499-5p M A% FoxO & 1 5% e HiAth i A (1 2341

1.1.2.1 FoxO EAEIFGEM

A0 AL T IR AR RORAS I 4B N 1) FoxO 2 2 b T-HIHIPIRAS 1Y, X —
R BIYERR R T B R A K 75 g ) o E A . RS R EE KR T 5
MR I I 32 AR S5 5 e B iE i TR e VLR -3- 72 3 (PI3K, phosphatidyl inositol
3-kinase), PI3K y&fb ) AEMERR AL E AR AILE: —WEiR (PIP2) A= ik R It ILAE =Mk
i (PIP3), Ja #FAE A A5 AT LA A 054 B3 B (PKB, protein kinase B,
NFR AKT), LI AKT Geitt NAZ WX FoxO 2 A b =AM s BB R 1 A7 AUk T
BERRAY,, BERR AL 5 1) FoxO 5 H# 8 B 14-3-3 B 45 G B s IR 4 4 i B A i o v
PTEN (phosphatase and tensin homologue) £~ FoxO & [ %% 53 4 (1) 1E 1 4% [A]
¥, el PIP2 T PIP3 B F2 11T FoxO & H BB AR AS T g2 Hoig
YRR . BN T R PRSI HAETE RS (ROS) JHER, FoxO #H <> M 4H
L % R AL sk k35 B, X — 1R 2 H INK (Jun N-terminal kinase)
5 FoxO & A RIBERRAL SRR o INK X T JB B 3005 5 il B R 4 Bt 3 2 i i e
IR & 2R AR I B AL S FoxO B HE AN 14-3-3 L J B8 SR W J5 T SE L)
[

R SR SRS R S R N FoxO B H RS EIRIRST Y, BRitbz
A0 I A7 AE F AR ) B BB A 45 FoxO &R E BG4, a0 B IR VS Ak B B B
(AMPK, Adenosine Monophosphate Activated Protein Kinase) 155 i@ #. AMPK
TEA R RE PO R R S EIPE L, AMPK REBERR AL 25 it JEEA) M T 4%
MK A RE E TR AR, H AP FoxO B2 ATEHN . AMPK REFER I FoxO &
(11 Ser413, Ser588 Fl Ser626 iz, #ATi AMPK 512 FoxO 4 [ ({1 R 1L
A EAEGH M A BIRZ5E AL, IR0 H BT LR A ME— — SR AE A L R - sk
REEAE ) %A T iGE FoxO B HTMAEMILEMKIES . At 2 AMPK
WiE FoxO fEH Y5 R HARE SAHLS A 251 FoxO & A 1EH T AN A Bk
A, W14 FoxO3a 5 5 CBP-p300 454 5 AMPK 7t FoxO3a & [ Ser626 -7
Ak U BE N3 FoxO3a £5 15 CBP-p300 (MAH EAEF, XFhAH B 45 A e R R fe it
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FoxO & A i s P,

PrRusRR B RE 0% FoxO S ERITENESN, Bk, Z &, FR A
L RE R % FoxO 2 A 135 1 .

FoxO HEHAE 5 ZMALE A AW F4EF (HATs, histone acetyltransferases) #H
454, EMANYT FoxO HERBEH p300, CREB (cyclic-AMP responsive
element binding) 454 & H CBP (CREB-binding protein) = CBP #H>%<[X-F PICAF
Z Ak, 1 SIRT1 (silent information regulator 1) & ¥ %% 2.8 EE. H i< T
LR F5 2 BRALST FoxO B8 F1iE 1 (1 1 45 45 FAFAE — S8 il S0 74l R 0
N CEEARAHITT 25 SBEAGHOE FoxO 8 A s, 53— AT FTIE I 214k
PR T2 Z BRI FoxO 2 [ IR i s e,

KT FoxO B H I 2 Bz A LA A B2 TR i £ A B A A PR A V2 4R
T, PIBK-AKT 15 51l LI IKKP #RAE S| FoxO i FI )2 iz AL, SKP2 4
T A A A FoxO B A 11 E3 &G 51 2 FoxO & (A 2 iz 1k, 1Eid FIA PI3K
5 AKT BIXS IR AT e r, /NS ds A A PR I3 RE B J2 4 4 FoxO11 2
2 3 0, AT AR R DR SKP2 2R (7R3 — 1 2 o (g F 5 ISR T FoxO1
2 Rz RE, ZWERY] 7 PIBK 5 Tl #EN AKT #if] FoxO & HIhRER
Al R B e I . 5 2 SRIZ AL, Bz RALRE SIS FoxO B H I E
ALIFHI FoxO R I IE I, SR IX Pz € AL R HLHI M ANE 2 . 7RI
FiZ ALl USPT Be4s & % FoxO A EIFMHIJLETE, XRY USPT HaE %R
FoxO & 4 1492 FAkiming 2 Bz £ mta.,

FEE R N-F L R2 8 PRMTL Rl PRMT6 figst FoxO & [ AT F 6k B 1,
H1-F PRMT1 7E FoxO & [ I H AN 255 AKT 7E FoxO &5 A IR R A7 A
FATAL, Rl PRMTL 51 B AS RE ] AKT X FoxO & F HEAT BERR 1L 1211
U1, gt FR S B4 A2 I SETO BETE FoxO3a ff) DNA &5 & X st Hegh 7 i 4k e
iBELIE 7 FoxO3a HITRE &M SRR, O- BRIt R R AETE 22
ARy A RIRFE b, (HAE FoxO & H X PIMHB I I A K AEAE R —Ar il
PR B R AL X FoxO i 1 SN S5 BB AL A FH AT BERIAF AR S, AR R S0 %A T
O-¥E B M ME AL AT FE B FoxO 28 [ 3 M50,
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1.1.3 FoxO EHHEIThEE

FoxO 5 F 2R R-PIBK-AKT (5 BB M EE T En, BERNTE
2 0 Ty R A A e 4| FoxO 2 RSB o ZENLAR P IR 8 22 (10 E E D) e 2 1%
MBEF- 45, T FoxO & [ g VA 4% B 53 A2 14 4% o 11 B3 R 0 e = AT Vi TR % 1 I
(PEPCK , phosphoenolpyruvate carboxykinase) A% ¥ ¥ -6- % B2 ¥ (glucose-
6-phosphatase) 1AM, IhAk FoxO & FIERESMBIREREME, TRpH SRS I &
FAE IR AH SR R 2R IA, PRI AE AR ) B B AR & 25 T FoxO 25 F Y D g 3L
T MBI SR T FE A T B e A T FE AR DT o EMIORE 25N 43 o s 1R 2
RN BRI R A 35 (L 8 1) ATP AR, SR A A5 3K L S 7 1) 647 4 i gt
AR AN ZRLAR N 27 R BRI EACE ST, IO 7 BRIX Se A
FoxO & [ 8 S i S BB AL B ARG A 20T, AR 2 i 6 i
AR SCP2 (13 IA A R X AN AN g i B dE 47 IE A 1 A 2 . FoxO B EFR T
25k 5 R A5 5@ B A AIE AN, Insulin-PI3K {5 538 % 45 R 41 gk 47 15 3
) 5 1032 e th AT M T X FoxO 2R AR , FoxO & (3@ 3 4% p27"P*, p130Rb2,
0 A 1R 1 cyclin D A1 cyclin G2 B2 4 g J& 393450 O e 4 Insulin-PI3K {3
I B TN, A0 SAE AT S 2 {5 5 I FoxO A B Lk 4 L AT A 4 Bk
NE I, R AR E B 251 T FoxO i 1 B e 3 240 i 10 A e s 4130 i £ 4 )
JR1 DARA OR A0 A A0 A 70

WA HIL FoxO & A Re iz — LRI TR X 40 Fas BCi4, BIM Al BCL-6 45
ik, HILFRIE FoxO HEAMIG MM KT, XFlH FoxO & A5l
SRR T — M RAERF T B ZH B FoxO 2 AR ANIE M IR I A4 22 A, InAEE
A FoxO 1 RE 5] E 4 i i 2 P H 45 i 2 (1K e 40 B gk N8 1230
W81, BR T 40 3 1 40 2 PR T4 AR AS TR DT 78, KLt 33K S 4 R Uk o
AL 2 L EE 1

FoxO & H I hRE— A TR IR IR (1 159 AR B AF T A RARAS, )
— 7 I MARBLT 5 2 R 1 K A4 5. EREIRTE R, FoxO & [RE N1 PDX1
(pancreatic duodenal homeobox factor-1) 1143 12 {4 75 20 Jfd xof ik &) 2% 1 AU B PRI
- ELAERE PRI /I SRR FoxOL 1Y) — 2% S iy ik [R5 i VY ok 28 22 BRL PR R B i
R MR FoxOL L EUHRAS I W G 5| AR R 1R AL, IX R WIRE IR IR A

4



il

o

5 FoxO 2 FiE M 4 <, BF T 6 W FoxO 4K 1 I RF4E 23 70 e T it R o
e /NP IR, R4 PTEN T~ 5848 B 55 o7 B PRI R 2% 1 2 & ), AKT
WAL T FrBeigam RS AT 4] FoxO B E &, a1 RAEIX Le i i id Rk A 2
AKT I FoxO 2 [ 5828 (AR U] 400 i e 8 4 P (0 338 AR AD 46120, e /s
il A PR i B FoxOL, FoxO3 AT FoxO4 I A5 50 gt bk EEL I8 R i 988 (1 78 pi 24

1.2 MicroRNA

1.2.1 #h&

MicroRNA 21— KB R 5 R RIKK L LN 22 A2 E IR 1) N VR 5
/N RNA, — 00T &2 SN mRNA 1) 37 JERIIEX (3UTR) Bt A
FMEF 51 ATHE ) mRNA BEAR . ASER 2 s ) L ek A 4% 5 I fry ek 2 2,
MicroRNA {7y —> B E i 7 2 5 WA S S B 2 N8R, AR K
BidiE, W2 microRNA BA K H W BT 1k R IA B ZURs e R I £ B
b, 2 microRNA HIZRIE 57 1 I U 25 51 2098 R R AR Wi, %3 microRNA )
TR BE A A AE I S B A 22 B L

FEEERI A microRNA (17 51 AT LU AT IR % s B AL B A7 7E T gt 22
R A S b . AT microRNA — B2 B RNA R4 11 7 57 Sk
T A BEA KR LB miRNA (pri-miRNA), pri-miRNA £ 2 i 5
Ak RE RTINS 5 BE B B — AN B AN B miRNA (18] 1.2), miRNA 5 Ago
(Argonaute) #E H K RNA 5 FULEBLE & & RISC (RNA-induced silencing
complex) 424 5 R % 5% Jm R A T BRI,
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microRNA gene or intron Nucleus | Cytoplasm

5° “RNA Pol Il /1l lTranscription /

D /
:Z]]]]I[I]JIQ]]]]]IU_EEE[[[[[[[UZC:} 4
/
o7 pri-microBRNA /

) : Cleavage l
pre-microRNA z
Nuclear export
X
= 3 .
. re-microRNA

== p

X ) l Cleavage

u_am:m:[r” p o LLLLLLLI
3 5

3’ 5
microRNA duplex l Degradation

l RISC formation ¥

u
5 ~ 3 u % u il 1
TTTTTTTTTTTTTTTTTI 1 1

u

Mature microRNA L ur o u

& 1.2 Micro RNA KR
Fig. 1.2 MicroRNA processing in cells

7E: AB5H WINTER J, JUNG S, KELLER S, et al. Many roads to maturity: microRNA biogenesis pathways

and their regulation [J]. Nature cell biology, 2009, 11(3): 228-34.

1.2.2 MicroRNA FE4RZARNESR. MIEL#%

KZH pri-miRNA H RNA G0 LR, — A 57 miE 145 f A

" polyA B4k, AWK RNA REBFIIREF R AE 19 SYEMAk L1
microRNA #% (C19MC) P, iy T-Wifil RNA -4 B R BN R 1 8 2 T F e ik 7 A
AR T EE T pri-miRNA, LAY T miRNA [ 17155 2 2 R
1275 2K, — BERE SR 7 01 c-Myc A p53 45 1] LA B #3245 7% miRNA [y #3412 21,
NI TR 1t UM MIRNA 3% (1 3805 AP, eA R R A7/ TR — 3
R miRNA A %R F R A P, Hest 52 A pri-miRNA 278
RNA R it s ADARs (adenosine deaminases acting on RNA) HI1E T % H
I R R P A O IR TR RS (A-to-1) FRON microRNA e, X R4 REfH 1
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Drosha fin T8t $55] RNA 433 Tudor 7% BR &A% R [R] %A Tudor-SN
(Tudor staphylococcal nuclease homolog) HEAT Bafid; 5 g 110358 60 & AEAE
MIRNA FRIA% 07 51 I GEFZIE miRNA X 52 5E P 3R], P5 G microRNA Zhi 4 2
1% MIRNA & B33 L 2 — B,

Pri-miRNA B RS589 53 9 — B B 33 AN e A7 BRI X T U & = 2534544,
T 3 ) FAIR 465 g 0 25 3 L e O SR BE U AR 7y, pri-miRNA 75 228 A B Ak 3
(microprocesser) AWM LJETEBAKELIA 70 MEZE IR I ZE I8 S5 TR A HT 4
miRNA (pre-miRNA). Microprocesser & 44 32 22 A% HEA% FRBEITT Drosha XU
RNA 454 % 1 DGCRS8 (DiGeorge critical region 8) 4/, %%k DEAD box RNA
fii it B p68 (DDX5) #1 p72 (DDX17) LA M S i 1% ¥ #% & E hnRNPs
(heterogeneous nuclear ribonucleoproteins) %5 582 5 12 1% Microprocesser 244
U, Drosha 14~ RNase Zhfg s aE¥s pri-miRNA H AN 9255655 T, DGCRS
1515 pri-miRNA 45 & JF45 5 Drosha 1FHI7E4F € BT DI =, FoAth R D ] 5
e ma& Drosha I1EH « Microprocesser & & 4 AT Ar] 2H 43 5% 31| 2o 38 B 7 I 4R
RESZIR pri-miRNA Rk — 50 Tltad 72, W90 RIAE p68 B p72 RibR i/ B
PR FZ MIRNA [IRIA 20855, (HIHFE 5 miRNA 3203, g
#ild 1 p53 fEZF| DNA 15 {5 Hl it 525 Drosha 1 p68 T Hi & & ¥ hnis
pri-miR-16-1 1 pri-miR-143 [ T3 #£5%; Fi BMP4 (bone morphogenetic factor 4)
B TGF-B BN LS I3 LA, BE51#E SMAD B H 15 p68 45 & M inse 1
Drosha %f pri-miR-21 1 pri-miR-199a (874 /E FBY. SR1f, pri-miRNA [
pre-miRNA #4758 3-8 J& — & 75 E A% 1) Drosha-microprocesser £ &Y N1, i+
Gt 5 EV R A &1 I mIRNA SSEBTUIE A S I 29 1E 28R, 2R s 3
AAEBTYIANE R ST HIAE IR BT pre-miRNA (451, 1X2E miRNA
fi 88 7T Drosha (1 F B 3200 N GHI I EAT T — 25 i 1124,

Pri-miRNA 7E 40 il 4% P9 in T % pre-miRNA J& , {f4x 1 Exprotin-5 1 Ran-GTP
SaYEd S LlismEZ M. W R M AU Exprotin-5 & FEKE
MIRNA [ A TR, SRTRTX A 23512 pre-miRNA 7E4% Py REES. Exprotin-5
XF pre-miRNA AT pre-miRNA IR ZEFFT 37 I B9 o UK BE, AN Ek
T pre-miRNA FIFEFIAFR G B, X i 7 R T IERI K pre-miRNA 4 #¢



Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



