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Research progress in relationship between 14-3-3< protein
and occurrence and development of tumor

PANG Haiyao', MENG Jun®
(1. Department of Clinical Laboratory Diagnosis, Inner Mongolia Medical University, Hohhot 010059,
China; 2. Department of Laboratory, Affiliated Hospital, Inner Mongolia Medical University,
Hohhot 010050, China)

ABSTRACT 14-3-3¢ protein, also known as YWHAE protein, is a member of the 14-3-3 protein family
characterized by a small relative molecular weight. Unlike protein kinases, 14-3-3e protein does not
participate in protein phosphorylation within the cells; instead, it forms the unique dimer structures and
binds to the specific phosphorylated proteins, thereby regulating the activity and subcellular localization of
the protein ligands and playing a role in the regulation of various cellular activities. The aberrant expression
of 14-3-3¢ protein has been discovered in the numerous cancers. The altered regulatory effect of aberrantly
expressed 14-3-3e protein on its protein ligands can affect the ligands’ subcellular localization and
enzymatic activity, leading to the development, invasion, and metastasis of the tumor cells. The dimer
structure of 14-3-3¢ protein is a critical structural basis for its biological functions in the tumor progression,

and disrupting the dimer structure could be targeted to kill the tumor cells. This review is based on the
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domestic and international research findings on the 14-3-3e protein and covers its structure, mechanism,

and the impact and mechanisms during the development process of gastric cancer,

cancer, and various other tumors.
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14-3-3 8 H2 T A B A b Tz Rk —
ASARXT A3 F B 28 000~33 000 F R 7k AT %5 7 26
5, & MOORE % ™ 78 1967 4F M 24 i 6 T
SR B, R TR 4T 4 25 R 2 BT RN T R I
KINRR R E R BN 4. EEMEZEY T,
14-3-3 85 119 7 B 0 AN 45, DR B A AR i b iy
2 R B0 IF P 12 R Y, ZE FLsh
W, 14-3-3 KM 7T A AR B G 5 i Bt (o/B
. OFS/C) A, o M52 R KL
B A IE R . 14-3-3e B T A YL (A {k 17p13. 3
M) YWHAE 2 [H 45 5% ', J 14-3-3 F 6 5 (7 5F
W), HARSF R G )T 5 b, & R SF AR
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RIRZEH W T T 14-3-3¢ B [ 0 0 12 1k 22 &R / I
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55 2 KNG A8 AS ) 1) 1 1 KSR TR R Sk oy
S 14-3-3e R ME— M X, FEREEAN
TEOLT, RIE b7 P R A4S & 00, FEE Ak
MR RS A B, RESG G R AR AR, N
R K25 A O s s, B R IR R R 1
R B B AS  SE I R LT 2 Rl R Ak
454 14-3-3e tE I BERR KT 41, 43 5l J& RSXpSXP
A RXXXpSXP (RAVEHK & M2, SINKZAR,
XACRAEATE I R, PACRIGERR, pSEwim ik
2R), BT e Rk zadm .
FLZEARKAET 2N EAN 14-3-3¢ EAL BT
H1, AT DL B 45 4 14-3-3e B R AKH il 2 4
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WS F 55 14-3-3¢ 8 1109 £ F1 1 3F AR AR,
FRFII G EIPSIE R CERT a8, 7E5 14-3-3¢
S el NP = 0 NI A7 N RS 5 WY
PR AL 2 fdi 2 IR R REZS & 14-3-3¢ 1 B —4
MEM A A0S E S Z R HmRmWEN, 555
14-3-3e SE AL B, DRIESE ALK 5 14-3-3e E I 45
HOG M KRt 4y B, %A OE B A H T RE & ¢
HE
1.2 14-3-3e &G a4 AMH  EHELNIERY “U”
RIZER, 14-3-3e ZRAKREAE S H bR 8 (A A9 4E H
P AR AR [ B S R K A AR 1 TR e AR )
I ZE K, 14-3-3e 1 SR A 25 G w7
A 3AhARLR T O HERAEREAWS, RiE
BHE T S SR gk, LA I VR S R P ek R
N R IO NEi R LR A S NEOR S SRS R R
fiE, TR A BT -4 B ECE 1 BT-DNA A B A
s O 1E R S 408 (8 2 Fh 8 A 0 0k I % b [ 5
FE— &, D 4 Bl At 25 7 5T A B A s e 2
i RARGE MR T . EWFE T R 14-3-3e HE
A B B {E 5 (nuclear export signal,
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G, B8 B RS A 0 RS A A . X
— M Z B T B, AR AT RO T R
EARS THEMAES 14-3-3¢ EAMMEER T &
2 SN o AN TTIE T -3 E N v el S RN )
NES 7%, Fedbitfih, #HEMH S 14-3-3¢ 5 H =
AL BT A A% o FR T AR SR S [ A I 4
B R AEARTE T BE, 14-3-3¢ 8 1 Al DLAE S oo
LU e R W EORTER & 2 U 211 DA VA i o B I 1 )
JHT . 20 M Bl AN A Ak SRR R, G 14-3-3e HR
FAE i 20 22 v 3 3 4 A %) SR AR W RN B B L AR
iE Bk R R OR BT — &R 5 i 2R AT P R
g L AR R MR Y & A K R A R b i A
AN R RO B 0 B MOE R AEASTEE
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2.1 1433<EOXNBRAEZEGSH R 4iE)H
BWIHEAE (cyclin E) JE40H0 5 H G1/S R A
5520 J J) B AR 1 2 RS 2 (cyclin dependent
kinase 2, CDK2) W& &K, cyclin E-CDK2 &
B AR B S R 20 i G R T G R R R AR R R
Fi A JF 2z — 2 eyclin E-CDK2 & 4 K75 5 9 40
it vy LA U AL RS TR, BIFSE T R .
14-3-3e 2 11 7] LA 45 & CDK ) i & 11 p27 I fi 4
e A, @ I p27° Sk [ cyclin E-CDK2
EAARIEYE, (R 3 A G A . 14-3-3e X p27 !
B B R B e RE AL . D38 b R p27 i i A
F fork-head # 5 [l ¥ 1 (fork-head box transcription
factor O1, FOXO1), 14-3-3¢ 2 155 8l & 1134 B
(protein kinase B, AKT) B2 fk i FOXO1 454,
FE AR FOXOL /Y 5% s % %k, 0 D p27' 1y Rk
Q@iB i gE G p27 AR HW AN E AL, B p27' %18
YN rh, A p27 FEZ R AL S B 1 AR R
B p27 MIFOXO14h, ZHAO % " % 3 14-3-3¢ &
FIR RS & . 4% 5 5 40 Jf w5 i mE UL B2 3 3l
(phosphatidylinositol 3-kinase, PI3K) /AKT/fork-
head % & I ¥ 17 % # % (PI3K/AKT/FOXO
signaling pathway) H 41228 F A (Filamin A) .
Filamin A 7€ i it 2 o S AT . O 2452 140
P A, HE 5 (S o T A AR R PR 9 A
N s @i Filamin A 76 8 11K i J5 82 36 K o
BOE 7 T 40 MOAZ R, 00T 8 5 Sk A ELAE
00 iR A KO R AR E (R 2B T AR . R Y p27
M5 AL, 14-3-3¢ 85 1 455 JF I8 19 Filamin A /Y

V240 i RE 07, 14-3-3e H A9 1K AT DL 3 R AR
Filamin A B #Z 5T b, & # Filamin A B9 42 958 %00
I IR A R

BFoE " KB 14-3-3 B TS 5 WA 1T IR AT 1R 119
HiERE S CagA A T 09 40 OC i 4 5 AL,
CagA @15 14-3-3e d FAMITLAER, 38R T 14-3-3¢
EAANFMAZKET kB (nuclear factor-kappa B,
NF-kB) S A, $E7R 14-3-3¢ 16 WA 1T IR FT 14
G i B S A R AR . YAN SR Y L B
14-3-3e 85 H AE 5 Raf-1 BUAGE 0 )57 2 1 (raf kinase
inhibitor protein, RKIP) A B AF FH I £ 8 45 20 M 18
B i R e 5 ) 240 i A 22 RE ) 1% ak R vp e AR R AN [
25, a4 i RKIP AN A1 5 5 00 T 35 i
(extracellular signal-regulated kinase, ERK) [ i
MRAL K2 2E B A0 M sl . TR AR 28 . RS
14-3-3e A B @I mER, AR = N
AR R4 (all-trans retinoic acid, ATRA)
R S YA R AT A ) [4-E EE-2- =
HE - 2R L BB R R (4-amino-2-trifluoromethyl-
phenyl retinate, ATPR) | X 8 ¥ #E47 ¥ 10 7897 -
ATPR AT LU AKT B985 B2 (LI T 14-3-3¢, 42
1 FOXO1 A1 p27 4 1 19 3R 3B 7K P S i M, 4 58
Xf cyclin E-CDK2 & & & 0 30 il 4E F 5 38 2 B A%
14-3-3¢ # (1 5 Filamin A #9245 & {f 40 M 5k 2 A9
Filamin A HH# A QA% D, g HE e, L
B 5 SGC-7901 4 Ja 75 40 a3 24 6 191 G,/ G, 34 B
W, SRS, L, fEZWMR T, 14-3-3¢
A A5 A AR H AT 2 47 B A DR S
W T R RS R A, AR R B A N e )
YEH. SR, AR ™ BoR: 14-3-3e A FE 3Fh
B4l R (AGPO1. ACPO2 Fl ACP03) i fiE i
i WAV D 2 PR MUY C T 2H it 28 ) BB 9 45 B 11 258
(cell division cycle 25B, CDC25B) 1y & ik # il i
A5 . RBANT, XAl BE S IR LR Y
I AR JE T ke A R R A G, R M I R
MURE Y 3 A B A S R, H 5 6 i P e 4 )
T HEN 2R, R 14-3-3¢ 8 H 7R A A
1) 8 98 SR v AT BB A FE N W] Y D RE -
2.2 14-3-3e &% G 2t A @ #e & (hepatocellular
carcinoma, HCC) A KB 6 a7k VI
& H AT E G 4L ULV b DL RS 2 A iR B
FEIR R, HCC S J5t M i d5 i DL A o B 2 26 A
7 75%~85% T AEHCCH, I R 4 i -] 75 5 e
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ft. (epithelial-mesenchymal transition, EMT) J&JiF
TR M ARG A B M W 2 7, TEM R
REFEEAEN, AR B2 AR b EMT /) &
BhRAR AR AR A 7 [E-$5%6 4 1 (E-cadherin) |
FKEKFBEAC . B-EAREF (B-catenin) HE A 4H
M # DL K% E & 1 (Vimentin) A1 N-45 26 & H
(N-cadherin) ) £k KF-THm =0 B~ =" &
M. fEHCC KA KRR Fr B, 14-3-3¢ 8 1
ok 5 AN [R) 8 S8 2 R B AR AR A R 4 A 1% 38 G R
EMT., 7€ HCC iy % #1, 14-3-3¢ & (438 & 1§
B-catenin Y F& ik R A% Fy r , |- 9] [ [l i i il 25 0% 1
% 5 B10 (aldo-keto reductase family 1 member B10,
AKRI1B10), AKRIBI10 [T DL #6 JITJ 40 1 410 i) 571
2 H R (retinoic acid, RA), {& 3 9 40 i 45 78 .
{278 HCC R e 3] , 14-3-3¢ 1 B -catenin £& H X}
AKRIBILO fy 75 T AL 55 L 2= 2%, MU 14-3-3¢
2R 1138 115 5 E-cadherin 8 1 09 7% s 40 il 5 Zeb-1
1 Snail #5 By RIE, TR 40 % 340 ) E-cadherin
R L, BLE HCC F ] B-catenin 194 5y i, kIR
16 1E 3 40l E-cadherin A1 B-catenin 7 Jifd Ji5 kb & i
Y A2 G VR O6E 20 M BT Y B e, AR F e A i Y
EMT. £ b, 14-3-3e & H {2 2k T 240 i 4 4
EMT, 875 Mg 9 % 2k e R 56 %%, A # T HCC
T AR R B B i RS

WU % B¢ 8o« 14-3-3¢ 8 (1 0] LA 5
WEAESHY, BRERATHT [(HiEEA
479 (zinc finger protein 479, ZNF479) | AUk,
ZNF479 2 5 14-3-3e F A X cyclin D #l1 ill 71 43 & 6
# 1 -1 (metallothionein 1, MT-1) 1 1 ## ¥ ,
14-3-3e & i 1o (8] £2 T+ & cyclin D {9 #1542 JF A g
MM e s . LA B4 WU S 7 iggsie—80: R
J A9 P 14-3-3e B 9 58 35 PR S 45, 14-3-3¢
A MT-18 1R IEFERE AKRIBI0 2
PRGN B P Fe 2, 14-3-3e. AKRIBIOAI
MT-1 8 H Al LAAE Jy JH96 A A B e 3% 00 VA8 TS
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2.3 1433 ceZ AN EABBEARRATH R N
B S PEBE R i CDC25 464 3 ALY . CDC25A .
CDC25B Al CDC25C, ] LA i@ it & Bk i 1k W %
CDK I 75 2 R 14 F g 2008 15 b 0% 300 il 4 8% 1% 1k
WIS A A Y eyclin-CDK & & & B, 5 2 40 Jifg J& 9
HHE o A0 R A S E AT — B B AN R A —
Ao EFHHEMNT, 14-3-3e A5 CDC25 454 H W

JER CDC25 PR B FE 4 Me v, BHAR CDC25 5 CDK
5 G, (o 200 i 7 200 L ST S R A A o (ELTE S0 40
& 95l & DNA 05 9 B2 Bk 8% R 40 e g
(cutaneous squamous cell carcinoma, SCC) 1 %,
K I 45 34 B (checkpoint kinase, CHK) 1/CHK2
XF CDC25A Y 8 2 1k s T 3 55 14-3-3¢ 25 11 6] (1)
AHEAE A, ff CDC25A B 41 At %2 137 M IE # A 3%
B OB B 4
keratinocytes, nHEK) 1 (1) /&5 4 i 4% % 5 2 28 R
SCC ™ iy & 40 B it 22 7, SCC 48 M BT b (1)
CDC25A E# S 1-/EH . 4 CDC25A LI 45 &
14-3-3e K A B L RAFAE SCC Ui shid, AKT/B 4i
M EL 9 2 (B cell lymphoma-2, Bel-2) /Bel-2 #f
* ¥ T2 )3 3 7 (Bcel-2-associated death promoter,
BAD) /f£1% % (Survivin) 05 1215 5 45 22 300
RH 1b 40 ff 98 15 4R i AE U #R 14-3-3e 35 A 5l
CDC25A 1Yy 14-3-3¢  H 45 & i 5 K% % 5,
CDC25A 2k THi T-/EN, XAlgeREm TR £
14-3-3¢ £ 1 1Y CDC25A W 2 il 15 1+, R &
B AKT 34005 Fir 7 04 B 92 5 1R P-BAD (1410 il 4 9%
fRAk, FEK Survivin (325 &, )5 3 40 i 72 ¥ 14 5E
7o 5 CDC25A 5, ifF — 2B iF o Y & B .
14-3-3e # 15 CDC25B 5% CDC25C i 45 & L gE 5
Je HAE AR MG P9 A B S DA Ik B B R Uk 98 4 R e
WD, BRI, X 2R R BT TR O R A
MR 14-3-3¢ AU 25 AR S .

WFFE % Fe W] 14-3-3¢ 8 M AE K02 HE I T Y
BAD FI Bel-2 #1 52 X 48 H (Bcl-2-associated X
protein, BAX) #iz B FiH, i BAD
A BAX ISR T, BRI Ss R .
14-3-3e 8 11 n] LACZAS 22 M 1240 5C 4 1Ry S 40 i
SE AR, DT AR A0 A T 14-3-3e A
14 3 15 7K ST R 40 A 12 57 nT FH T Bz 1k i 0412 W 30
RIS SO, ISy K 1k g A 1) A o 4R AT A
2.4 143 3B HA S A BEGHra  14-3-3¢
HE Z R0 g v SR TR R, (RS B AN RE B
Wi 2481 B A= 5 2, e O O A AN L B BE RN
8 TR G 2R AR 3 Tk K 4 i R 57 5 W 20 A A

(normal human epidermal

3. HHEP, © % Uk S 1E 85 4 B (prostatic
carcinoma, PCa) ", 14-3-3¢ 45 (M ¥ K 40 g 98 1=

MEE AR W s ek, 78 PCarp 14-3-3¢
R E K BT E, 14-3-3¢ 8 A 400 5 W
21k ) BAD 1 BAX 25 &, 5% BAD 4 & 4k,
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504 B2 2024 4F 3 A

{23 BAD 5 Bel-2/Bcl-XL (943 #, FHLW BAD 1=
B BT RN, FERH IR BAX HE AL RIIA, &1k BAX
B9 TSR AR T A, ANGELES %8 ™ &3
14-3-3e ¥ H £ PCa W J§ Bt WL B¢ 3- 3% [
(phosphatidylinositol 3-kinase, PI3K) /AKT {5 &
R R PR TR 14-3-3¢ B 15 8 AKT 8
TR AL M I FOXO1 454, % FOXO1 # iz 7
MR N RS, A FOXOT B/ .

LI% ™ BF58 R . 14-3-3¢ 85 1 78 U9 S 95 41 41
g RE R E LA, G OE PISK/AKT 38 #% 2
HE bRz R B LU B A L (RERTR, R 14-3-3¢
B AT L5 R R ORI R S O B AR AR AR
i %2 % H 4 (human epididymal protein 4, HE4) ]
MHEAEN, 14-3-3e EH 2 HE4 W) B f &R+,
5 HE4 MR IX B IEMCOC R, IR Ry P-4k B9 5L 98
WG WA EY . BF58 " BoR: 14-3-3e 15
— Z P TM K 1 BAX . Bel-2 F1 P53 7 40 i 5
PN 5 A7 I A0 LR T RE T, 14-3-3e B 1 11 2
7)) 14-3-3e-S 1Y 4 1k /K - Bt 5 20 M 09 T B
T 14-3-3e AT RES 515 W MG-63 4 il 94 7
B AR, AR RRIR TR R . A b
g8 R B T R R R DG A R B A A T O
¥, &k B 14-3-3¢ 48 1 5 K-RAS (kirsten rat
sarcoma viral oncogenes homologue) % [ A1 & 1E H
IFHBEFENBImALUP &R, HNERS
2T e RS TR R A A, M 14-3-3e AT LU
A K-RAS 25 PR R PP AG 50 9 I8 L) 14 A=
PR . 14-3-3e 8 (WL 7E MG R IR . £ &
P BRI Y ORI A e Y AR 2 R R R R
Ik, R bR A R R A RZBRISTIA TORE D) .

3 53t 14-3-3e B T B K L5 H B0 30 I F A9 R 3R
Eig

14-3-3e I R R B 2 Diae R, I
ZHEYE I RE K [T A G 14-3-3 8 1 R R AL 5
JETE R R ARES . Ik, BT REE A b k3R
14-3-3e Z SR AR Z5 44 1 410 1 570 © 28 32 Wi 1k 2R B B
T IR i T AT PE SR i 2 — . WOODCOCK 4§
BEX 14-3-3¢ 85 A Z RARZE M AR 1 N-be Bk =
F 4% (N-alkylated trimethyl ammonium, TMA)
A B2 Y FTY720 B9 &2 A % RB-011 & RB-
012, fEREF TMA FI FTY720 FPE AR E (58
10 mg-kg ) /NRE H, RB-012 0] L4 i #f 2
b 14-3-3 58 1 B A0 1Y) S B 45 Ser58 1 3R 14-

3-3e R K, P H PISK/AKT 75 %5, %%
Jurkat 20k T bk B 40 8 £ 95 240 B 72 e 0 56 T IR
il ASA9 fili Jiz 40 i A

I W A T A S A, TIN 5 9 78 0 48 R AL YT
WA A B (0~2.0 pmol-L7") =&k
i (arsenic trioxide, ATO) B{IR T 14-3-3¢ & [
TE R ) — B A, BH T i 40 (cisplatin, CDDP)
WG A9 14-3-3¢/PISK/AKT A: 7738 # , #2/ CDDP
X AR g8 AR )7 8% . HOLMES 45 % 15 Jiz g 1A
J7 T R B K ES1P2 i i 47 S 45 & 14-3-3e & H
KL X gk, ELRERHL KT 14-3-3e B R R,
BRI T EAR AR 14-3-3e E I R
VA B 25 00 350 A7 A P 93 400 R ) AR 24 . 6 1E 40 B 7
P AR NI R T A AS RS2 Ry A S A3 iR ik 9 4
R . AR IR 14-3-3¢ 2 1 MR ] 14-3-3¢
B RAR IR B LA BB 3R T R i B R v
J1, AT LIAE SR R Ok Z Bl B 4 F 8 e IR T R R
EiLPLes

4 & iF

14-3-3e 5 [l i FRAR 0 — RIR LS S5 &E A R
Be A28 6, W0AE 3 7 JO A 1) A 2 30 M R I 40 i
FEAL, R A 2 Bl A AR A S B . 14-3-3e B AT L
LT S ZMEATTHEERS S HE
Jir R 1 et A J, ARLTE AN [R) 4 2000 Fif g v L A
BLEI IEAHE, ELAF S N B 86 . H A E xR
14-3-3e 85 1 . RAK B0 YT 715 C & A8 W 40 MM A
I ARAF RAF A ROCR, 8K 1 14-3-3e 8 1 H A K
SRy B ek 92 A ) A O HE A R T o

PR MR

AT A A WA 7 R 2 R

fEERBAEN:

IR ST SRR BT, Pl PR ST SRS

(&% 3k ]
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