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Abstract The 14-3-3 proteins comprise a family of highly conserved acidic protein with subunit molecular mass 28 ~ 33kD and
are widely found in different eukaryotic cells. 14-3-3 proteins were the first polypeptides shown to have phosphoserine/threonine

pSer/Thr  binding properties which firmly established its importance in cell signaling. 14-3-3 proteins tend to form dimeric
proteins to modulate protein-protein interactions. 14-3-3 proteins have been shown to contribute to the regulation of such crucial
cellular processes as metabolism signal transduction cell cycle control cell growth and differentiation apotosis protein
trafficking transcription stress responses and malignant transformation. Many reports link 14-3-3 to disorders particularly the
neurological disorders and cancer. The 14-3-3 test has been used for the diagnosis of prion diseases. 14-3-3 could be exploited
for therapeutic purposes. In this review we discuss the structure function of 14-3-3 protein and the related research progress in

therapeutic applications.
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3%
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14-

1 14-3-3 HEK293
Table 1 The binding proteins of 14-3-3 protein in HEK293 cell

Protein name

Function/Homology

Cytoskeletal organization and dynamics

ABLIM

apical protein 2

RhoE

ARHGAP11A

RhoGAP10

TIM oncogene

Rho GEF 17

Rho GEF 16

BAIl-associated protein 1
p130Cas™

cingulin

C-terminal tensin-like
gigaxonin

GRB7

ladinin 1

MARKI1

MARK2

rtho interacting protein 3

PAK 4

partitioning-defective 3-like protein
partitioning-defective 3 protein
plakophilin 2a

plakophilin 3

liprin-beta 1

liprin-beta 2

PTPN3

Rac GTPase activating protein 1
RALGPS2

rthophilin 2

Rho GTPase-activating protein
sciellin

shroom-related protein
signal-induced proliferation-A1L1
signal-induced proliferation-A113
Spir-1 protein

tight junction protein 2

actin-binding protein

actin-binding protein

Rho-binding protein

Rho inhibition by GTP hydrolysis

Rho inhibition by GTP hydrolysis

Rho activation by GDP/GTP exchange
Rho activation by GDP/GTP exchange
Rho activation by GDP/GTP exchange
scaffold for GEFs at tight junctions

actin reorganization SRC transformation
tight junction regulation

tensin-like with focal adhesion function
intermediate filament organization
RTK-substrate invasion

anchoring filament of basement membrane
phosphorylation of microtubule proteins
phosphorylation of microtubule proteins
PHD domain

actin cytoskeleton reorganization filopodia
cellular polarity

cellular polarity

connects desmosomal plaque to IF
connects desmosomal plaque to IF

focal adhesion disassembly regulation
PTPase binding protein

cytoskeletal regulation PTPase

negatively regulates Rho-mediated signals
Ral-A exchange factor

inhibits rho activity

involved in {3-catenin N-cadherin NMDA signaling
cornified envelope formation LIM domain
binds F-actin regulation of cytoskeletal org.
RAPI-GAP protein target of HPV-E6
putative GAP protein

actin organizer

organization of epithelial intercellular junctions

Mitogenic signaling

adenomatosis polyposis coli
A-RAF1

B-RAF”

c-RAF”

casein kinase | alpha 1 subunit
deltex homolog 2

DYRKIA

insulin receptor substrate 1”
insulin receptor substrate-2 "
MEKK2bh *

MAPKAP1

Mig-6

tumor suppressor wnt signalling
proto-oncogene serine/threonine kinase
proto-oncogene serine/ threonine kinase
proto-oncogene serine/threonine kinase
phosphorylates acidic proteins as p53 and XRCC1
notch signaling

proliferation regulation serine/threonine kinase
insulin signaling

insulin signaling

regulates SAPK and ERK pathways

growth factor regulated kinase

negative regulator of EGFR signaling
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Protein name

Function/Homology

Mitogenic signaling

oxysterol-binding protein-like 3

intracellular lipid receptor

PI3K-C2beta

PIK4CB

PPP1R3D

PTPN2

SAM and SH3 domain 1

Nspl

SH3-domain binding protein 4
SHCBP1

suppression of tumorigenicity 5
TNK1

EGFR-signaling

phosphoinositide cascade

glycogen-targeting subunit of protein phosphatase 1
dephosphorylation of tyrosine residues

adapter molecule for receptor signaling

activation of JNKI

SH3 domain

She adaptor protein

inhibitor of RAS signaling

non-receptor tyrosine kinase

Cell cycle

ajuba

kinesin family member 23
C-TAK1”"

prostate tumor overexpressed gene 1

weel
AZK kinase

G2/M progression

cytokinesis

phosphorylates CDC25C

promotes S phase entry

inactivates CDC2 by phosphorylation

inhibition of cyclin E expression

Protein degradation

Arg/ Abl-interacting protein 2
ITCH

NEDD4-like

NEDD4La

ubiquitin specific protease 8

degradation of c-Abl

E3 ubiquitin-protein ligase

regulation of epithelial sodium channel
ubiquitin-protein ligase

deubiquinating enzyme

Chromatin structure and DNA-binding

histone deacetylase 4~
histone deacetylase 7A*
LISCH7

nuclear protein NP220
protein associated with Myc

tripartite motif protein TRIM32

repression of transcription

repression of transcription

BR-HLH-ZIP transcription factor
DNA-binding

negative regulation of the TSC1 complex
mediates activity of HIV-1 Tat protein

Intracellular traffic

kinesin 1"

kinesin light chain 2
kinesin 2

cytohesin 2

RAEL

synaptojanin 2

microtubule based movement
microtubule associated transport
microtubule associated transport
involved in vesicle coating
clathrin mediated endocytosis

nucleocytoplasmic transport

mRNA processing

FUS interacting protein
HNRPU
SRm300

splicing
Pol Il pre-RNA binding

splicing coactivator subunit

Metabolism

H* -ATP synthase "
ISCU2

ATP synthesis

iron-sulfur cluster biosynthesis

* Known 14-3-3 binding proteins the rest are potential 14-3-3 proteins.

3.1 14-3-3
14-3-3

3-3 Raf-1 Ser-621
Ser-259
14-3-3

14-3-3
14-
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14-3-3
B2 B3 B4 ab6p4 p130cas
14-3-3
ENaC Ca’* Cl” CaCC "
HERG K* ¢ 14-3-3
Grb10 ™
G RGS3 !
14-3-3
14-3-3
3.2 1433
DNA
CH1K CHIK CDC25C
CDC25C 14-3-3
G2/M DNA
DNA
15
14-3-3 14-3-3
BAD
ASK " FKHRL1 a member of forkhead family of
transcription factors '
14-3-3 Akt
Porter G.W.  Rosenquist M.
14-3-3
19 20
3.3 14-3-3
B/CDC2
M
Weel Mytl
Thr-14  Try-15
M CDC25 CDC25B
CDC25C B/CDC2 M
CDC25C
TAKI
Ser-216 14-3-3
CDC25C
2 14-3-3 CDC25C
Ser-216 Ser-214
CDC25C 14-3-3

CDC25C M
14-3-3 H* -ATP
B H' -ATP 2
14-3-3
14-3-3
4 14-33
4.1 14-3-3
4.1.1 1433 14-3-3
14-3-3 14-
33 14-3-3
CSF 1986
spCJD CSF
pl30  pl31 14-3-3
CSF  14-3-3
spCJD
14-3-3 spCID
1998 14-3-3
spCID »
CSF 14-3-3

mitochondrial encephalomyopathy lactic aci-dosis and

stroke-like episodes MELAS

Hashimoto’ s encephalopathy

multiple sclerosis MS *

paraneoplastic neurological disorders PNDs

27

14-3-3 spCID
PNDs CSF  14-3-3
spCJD 14-3-
3
PD AD
14-3-3 PD
Lewy Bodies
a-synuclein oa-SN  o-SN
14-3-3 PD a-SN
A30P  A53T 14-3-3
parkin E3
ARJP
14-3-3 parkin
a-SN 14-3-3
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parkin a-SN  parkin
14-3-3 parkin
PD * AD
NFT  NFT
Tau Tau
PHF Tau
Layfield
14-3-3¢ NFT »
Hashiguchi 14-3-3¢ Tau
PKA Tau Ser-
262/Ser-356 ¥ PKA
Tau 14-3-3 14-3-3
Tau
4.1.2 14-3-3
14-3-3
Raf Ber Ber-Abl
Bad Bax Ask-1 p33
TSC2 p27 Cde25A B C
Weel Chkl p130
Cas Bl B2 B3 Ron 14-3-3
14-3-3
Raf
14-3-3
14-3-36 14-3-3¢
14-3-3¢
14336
14-3-3¢
14-3-3¢
14-3-3
Tzivion G Wilker E~ Hermeking H
31-33
4.2 14-3-3
14-3-3 14-3-3

14-3-3
Masters 14-3-3
R18
18 #
14-3-3
R18 14-3-3 ASK1
BAD Raf-1 B 14-3-3
R18 difopein  dimermic
fourteen-three-three peptide inhibitor **
difopein
Master
difopein
difopein
14-3-3
14-3-3
DNA
DNA
DNA
DNA
UCN-01
CDC25C Ser-216
CHK1 TAK CHK2
14-3-3 CDC25C
UCN-01 CHK1
SB-218078 DNA
¥ UCN-01 14-3-3
14-3-3
14-3-3
14-3-3

14-3-3¢
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CpG

5-aza-2-deoxycutidine 5-Aza

5-Aza 14-3-3¢
143-30
o 5-Aza
RNAi1
14-3-3
14-3-3
RNAi 14-3-3
14-3-3¢
14-3-3
14-3-3
5
1433
14-3-3 14-3-3
14-3-3
14-3-3
14-3-3
14-3-3
14-3-3
14-3-3
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