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Abstract:

Environmental factors, such as air or water pollution, heavy metal exposure, and virus
infection, often cause accumulations in gene mutations, subsequent tumors, and even
developmental defects through intracellular signaling transduction pathways. Multiple
intracellular signaling pathways are sensitive to environmental factors, and among them
3-phosphoinositide dependent protein kinase-1 (PDK1) is a key element involved in several
signaling transduction pathways mediating cell proliferation, differentiation, metastasis, and
apoptosis, as well as tissue and organ development such as central nerve system. It has been
reported that abnormalities in PDK1 signaling pathways lead to developmental defects such as
dysraphism, microcephaly, mental retardation, and cancers in many organs including lung, colon,
breast, ovarian, and prostate. PDK1 in associations with tumor formation, invasion, metastasis,
and microenvironment are hot spots in cancer research nowadays, and as a potential therapeutic
target, PDK1 has received wide attentions. Therefore, to further understand the regulation
mechanisms related to PDK1 signaling pathways and the effects of environmental factors can
provide new perspectives to prevent and intervene developmental mutations and tumorigenesis,
as well as provide clues and theoretical guidance for early diagnosis and treatment.

Keywords: 3-phosphoinositide dependent protein kinase-1; phosphatidylinositol 3-kinase;
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LAz—, FBEREZESRBBRIMESHF, 5
ZBEENZAEESREMRBEEEZHHENA, 5l
KARFIRAE. ESCEFENNERS, FE
RETLUEMNE M FRIMES D FUREEURS
MEKARFEERIEFEKET-1. REEKRHETF
M EMARE KR TS, XERAFSRAESER
& PI3K A 4, 5- — f% B 5% AS Bt AL B2 (phosphorylation
of phosphatidylinositol 4, 5-bisphosphate, PIP2), K& f5
EMREANFEE ZEE3, 4, 5- ZBREEEELALEES
(phosphatidylinositol 3, 4, 5-trisphosphate, PIP3),
PDK1iEZ iR F PIP3, ¥FREIME B #HITHEHEH S| A4
FENIMEREREN SN E RN, H N HFEEEENEE
B (protein kinase B, PKB, Bl Akt) , FEFMAAEITE
A BN EEERINEEEY 2K p70 s6
E B ¥E (p70 ribosomal S6 kinase, RSK) T EES5&
HEREIERE URABIERDS ; mEMERE RS
£ 187 & B M ES (serum- and glucocorticoid-induced
protein kinase, SGK) T E® B FiKiz. MEREK.
AN LR, AIEERAT Y, URER NS
C (protein kinase C, PKC) A9 2RI & (12, (At PDK1
AR T EZMESESER, BAZETEE. #HRE
ZHRRME T oKL EMHBHE A A NALRBE R
FIRERRER, AT 2 PDKLIAE XL FHIZRIN
B J R RV TIRL A TR 45 o

1 PDKIWEBSEWSIAR R

POK1 BT EZEYHPRFTHER SR — 1,
ERIANENEREERETEZEYE — XL M5
N, BRES 232F M, XMEERKNHLIES
RARTHFE TR B AT POKL AT REST FEIZ AW
NEEEXEE, X T PDKI AR S BB EI R
REESESNMRIES, EPP3EENERT,
PDK1 BJ 33 BE B 10 80T T A% R0 PkB 510, TE A 2R,
POKIERN— T REIERA, (I FREME 16p13.3, %
BEEsseaBEBNELFY. PDKIEHZEI A
SRELTIRRNEGN, BamNEELEMEIE 1
F NGRS / 7 [ BB A I LA AL F C imAY
Z 552 ERYIZE B (pleckstrin homology, PH) 451415,
Hp pHEMIE A LIS S R T AR BB PI3K =4
BY T4 PIP3 LU K2 PIP2, BF 5T & 31 PDK1 fiL F N I
BESLEWIEH— PN AR NI i F 5 Cimiy
48 K ZEF 5IHY PIF O R 935 (PIF-pocket, THFER

PIF-biding pocket) BAKZ (I F N imRVERFZ BV /E IR 414G
13} (activation loop, I #F T-loop) o E A T-loop P & &
B2415 22 ]F8 (Ser241), ZAISAFHPOKIESH
LSt HITRAER (b, BAFRKIZE S POKL M ERRYIE
MERBMEX, RIS, ERBEBRYIFES—TMEE
BIAT T AL T PIF-pocket Y CIRIRFELE N, B
B8 5 PIF-pocket B X BE W 5 LA N = BEFRBR &

(adenosine triphosphate, ATP) &1,

PDK1 B F IF B BR BR F (cyclic adenosine
monophosphate, cAMP) F1IF ik 5 1Z B 1% E (cyclic
guanosine monophosphate, cGMP) X #fi BY & &8 #1 &
H ¥ B C (cAMP-dependent, cGMP-dependent and
protein kinase C, AGC) K%, M B F 1% XK k89 60
2R | DR, LA HLEETMALHEERL
i, EPZ —FEAITF T-loop RBYEES A5 (LA
POK1 BB A , B— P RERKEEIE Y, PDK1ETLL
181D A B IR R R IBIE AGC #IBE =X iR pk 52 897E
Mo H—, PDK1 B] LUBT BEER 1K Akt & B T-loop £RY
Thr308 fil /=, #7E Akto FHF PDK1FAKt BB R B A 5
PIP3 LAz PIP2 £5 &5 BY PH 45438, B4R £AY
L5552 PDKL ] Akt Y E {iL, Akt SEERENSE S
a5 | EEMKRMNT, BEEH Thr308 i, {EF PDK1
NEBITHERN. F—EREELETPOKISHM
AGC X B, BIFEIZNER p70 S6 & EER ). MiEF]
BEERARATER S URIERENEAX
B 2, PDK1@IT H B FHY PIF-pocket & El A
EsER/k&EMig E, (3 E T-loop FUBEER 1L, FFHTE
A

2 PDK15MEAR4E

RENARLN, FEFERVSHARERT, F
FEHMEAMKFEEENPPIESEREEEX, T
Akt LA Kz 2 H R JE L E B 8BS (mitogen-activated
protein kinase, MAPK) 5 S B EEL5 | RRMAEE T
HNE, tIETE B 7 ERE/ ) EF, POKIEHAIES
EENRAB. UETFREAG, FA—LTLRER
MRS YY), fhfeE. RAKESTEARN SRR MR
RS EMEX, T/ NBHIRELRE ™2 £
TR, RHFELIES|F PI3K/PDKL 5 S @ EEH
—XEBFENRFEEF —— AF 10 SHBEREKN
BB B M sk ST ZE B RIJRE A (phosphatase and tesion
homolog deleted from chromosome 10, PTEN) %A 7K
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THTRE, NTISRACESHN LEFH, FHBLES
MR, FEALONE R, 5% PDK1/AKt 5
SR I PEES B R KR & KA F (epidermal growth
factor, EGF) FSWAMREKH BFESHRAT. 7
FARp IR AL IR R o M EL A BAER RUEB RV IBI A T, PIA
Y FEAR PDKL & M FH NI E T RY Akt (5 S 858, 7E
AIME 7 I0 R PR AL 5 OVCAR-3 R, IGIEIER] B 3K
PEARER EGF 7+ SRR ARG JE H B 5 R4 E T
10 24, Westmoreland % ) TEIRRR R B IS I2 R T %
R ELPR POKI, SlEDNEEEERIRLZERE,
HEHARSHR™ENSMEE, #—FHARLM,
PDK1DHEERVIR R SRR R B IR/ NRREEA D
AR RV ER B IR, XHPRErTsE R AT IBEN T
MAOATRBENMHBEISH. T—XELNNHLETE
AN4ARR AR 52 M BB, zheng F ™ L I PDK1
HEMREFS, 5 PI3K/PDKL/A E SRR,
FIFAI2RE N S BIshRNA TR PDK1 B] T Akt 5 5
BSEM, #HmmslmE T al4IE AR, R
Al EEREARTBRE, FAARENAZI/NRAE
MIRER PDK1 [ER] R I E /B A 5K mHARIIA R &
I DKL 38T B R0 Akt BTE M, SRR 15 AR 14 e
FEARRE ) AEEAERE . AE SR AERE B0 FFAE
R ZmAR B2 F 2 AR By 4R AR =) HYIE TR A AR,

Itboh, BEAMERR PoK1 /N PI3KE S E Y
BB RIA, TJENHR POKL SE0EHZ A < R VAR
B, 0 Fz/hBRENARAMEFLEREHUHN
PTEN/PI3K/Akt {5 S BB T, PDKI BJ AR A —
EREEAAETES D, POKI SREN R E SR
xR, L TFXIRALR, FIHRMHBEARPZLEER
N FEASHPOKIEREHIENL, HHEERFE
BB PIBKE S & M. 249 45% VR4 BEE B A
AFRIGA M E] DKL RIXBIHA S, EIFEHEIAR
FRtE EAREES 53],

LA E5R2REA POK1 BEMAIIMEREZ N SHE
SRESRBEESMENAEZUIEX, PDKI-AKtES
18 B8 LU Kz PDK1-Ras-MAPK 15 S @& & 5 H d 73],
PI3K-PDK1 A & 1 K 5 A 98 #8 < Al F (rat sarcoma-
associated factor, Raf) F155 2253 R AMPEIMETIEHES
(mitogen-derived extracellular signal-regulated kinase,
MEK) , 73— 85E Rac/Cdca2 5 5@ ), £%
FRRBYAY BRI, GIANZLARRE >4, miIRREE . &
7 s+l N FeE @) 5, MAPK 15 S BYRE 52 3& 80 Ras #

Raf EEMHAERE, NMMSEMENAYE. 54
1% 4 REE R (myelocytomatosis oncogene, MYC) 15
SERNES 5 EIER R EE R, 8 50% B A
BEEER, MYCEMHESZ NS, FIRRRIEF
E& A5 22 PI3K/PDK1 15 S 1558 [E BT MYC /& M I/ N ER AR
B, WERE 05 BRARAY T 1L Y5, 127 PDKL1E
S5EMYCESHEERERKAR, HEEEMENAZ S,

tERE POKLBI HM(ESEERGIGOPKCES
RIS L 5E RV IAIE YE o Dainichi & 52 &1, 7£
/NER 2R B BY b RZ A B R X R 93 30D A2 FP Bk PR PDK 1
S5|lERBREMTE, ERARMEFRAHRKE
B H—T MR LM, POKIINEERNBREA SR ER
AN AR MO NHEERERE, HPKFELRELHIE
mmREAsE REDRAELGIR L, XM mnEEd
—KIEA BRI PKC R K (aPKC) MU R D HIEREEH 3
(partitioning defective protein 3, Par3) 3SEIAY : aPKC
{E PDKI VBT, BELE S Par3 AITABA A
xR LA BE 2 TR AR dp iz it iR 12, BifR
PDK1 e XMIREER M Z &K, MMSEH LR AN
HARIBHNEE, REFMARBIEEN~H,
F i, FXE Akt, PDK1 [E#F 5] LU #2011 aPKC 15
SREIEN ML TANEEER. RS —TAR A
I PDK1 B] BE[E] BY 38" AR 6 Akt BY1E S AR A K T
Akt BY15 SBERTERIR & £ R RIE(ER 2, AR
WAHEFURINERERAFN AT AT, PIK3CARER
AhyER 4 AR R LA T2 A SR BRATIB AE 4R P Akt BYVE M K IR
EREE, #F B A TAEEEE KA LEARE
. 8BS, XA POKIIESANIFERE
7, HEETARKAH ES5EERYMEME
R U & AT & BB 3. XA BRI PIK3CA
KL HTFTE PI3K/PDK1/SGK3 E 5 18IE, BHAEURTF
Akt BY7EME 2,

A, EIMRFINERIBFSENESHESE
RS EHML| AMENEIER, POKIFANTSHES
H B R B A NAIL A PDK1-Akt ZKEL, tLAIEEIE
T EmMEMRERIZEER,

3 PDK1 5MEAMRBMIFIR. RESHER

PR IF1E (tumor microenvironment, TME) B—
EHEMERARTERNE AR, CIENEA
A, SMEIZRRR. BPYEAE R BB ATLEARRR. B B4R LA
REFREME, Ef BT EEEMAMER. B4
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DRELURE KR F MBS0 5, M
PI3K/PDK1 {5 S 1B B M@ S BT X BF BRI R, 1T
%38 12 M S200 TME ™1 3275 PTEN B9SE 14 LUK F) B
Akt B9 2 MHEHNEIE B, AT PISK-PDK1 5 5 1@ BE AY
B, Fang F A BME A ML IZH, BREAKHIS
SMEF 1a (Hypoxia-inducible factor-1 , HIF-1a) %
FEY M E W KR 4 < E F (vascular endothelial growth
factor, VEGF) RIABHEZ B TiDHl, SZ2HEH—HB
2, HuZE 7 15\ ER P ER B yeg 4R A R 1 A PI3K-PDK1 B9
HN 57 Ly294002 PR R S /&M RF =51 VEGF BY
FIARTEE, HmHNHIBhEERY M B HZ A TME FRBYAF
JEAE K R AT LE 4R RRIEE 7 I ABRE SN EE BT, MBI
AR 2 304518, TMARE D W UARTZ I,
—ZRYIHPDKL T SWES @R, FINEVEKETF
(transforming growth factor-B, TGF-B) . EGF LA Kz /] ik
$THEEKEF (platelet-derived growth factor, PDGF) 15
S5 EERAE R LT AR L ARREE &
B EHEX, Bhowmick F " i & T, @R/ NBHE
T MEBRPR TGF-B type Il 24K (Tgfbr2™°) 25[HERTYIAR
E AR LU I B SR ARRE AR b, (FREERTARLE
£ A F (hepatocyte growth factor, HGF) E 5B &
FE. MAELLER EwuE P EBERHITTERA
AR, ZIMHGFESHA SRS T B LT A4
BIBRYEE & 1S,

PI3K 1 PDK1 INAEMY R B BIEES MIBAHR RV
% 0 1= BFE 1% B9 R AE AE 5 ¢, PDK1 X PIP3 B IE[A)
BTN FUEBRUEFIRESREXER, WTH
R ERZ AT ERE PTEN FREAME R FLEHR H,
2006 £E, Xie <5 ) & I} PDK1 7E IR YE AR AE B4 3K F052
PRI IERRIEEER, POKI A LUES WA EY L
MERBVY 3K, HFEX—IERXBT P3KESEVE .
1N PI3K {5 S BT LUE{EFR PDK1 5 RERYARARIT EE Y 5Ko
S—INAR KRB, T PTENFRERAIME 4, PDK1
FERE T ARATEIE R &,

13 2R3 PDK1 X T 40 B 2 FR BY 52 M A 53 3R & H
R %, Maurer % 142009 £ 7 JF F¥ 28 B9 B9 AR b 52 4H
ffl %2 MCF10A FRIT 2R 3IA PDK1, & FL7E 3D I 7R MIR1E
RAREMARNEKNZEREBWINAE, B35 PDKL
5 erb-b2 Z K& & B2 3B 2 (erb-b2 receptor tyrosine
kinase 2, Erbb2) H[EF = &E A= 51#2 MCF10A 4
MNZEEWNRE, HEEARE XTI
10, BRILZ 9N, Pinner % 3R 3T T PDK1 §20H

AR B FiEohBNE © POKI HABERFIHES, &J
LA E #E30E Rho (k¥ 61 & B IR IR 45 1BV 2 B 3ES 1
(Rho-associated coiled-coil containing protein kinase 1,
ROCK1) , N1 #H TR BRI E FiEnh, HFZ
A Z I T3R8 Rho-ROCK X F AP S I E B 14
(Al 1tk PDK1 KB BY ROCK 1 BY B 1= B] BETE H 52 im Bk &g 4
f =AM I R PITEEEN IR

4 PDK1S5HALERE

POK1 I ITHEEXT FAR A BENEEM RS M.
Lawlor & 7 7£ 2002 FEE—RIE T PDK1I R/,
EMTERK PoK1 ERBVNR AR E, H—FH
RAEM, HEE9.5 MBI, FIAERREMZRE
AR E7-E9 Z [BVNREV R B#AE, KM PDK1 R/
REE7.0MEREMNEIFRRR R/, HEELXEHE,

SEHIE K ; AT EH—FS 5 POKIBIINEE, fib
11938 7 — T pak1"neo/Mbree /N E], B LAYE PDKL BYJE
PR EINTERLAM 20% o7, HEAUEZIIHEZ
&, WERN@EE & BIEME DT, TEAM. S8 TR,
O BES AL ERHIN T POKLEMER TR ; AR/
RAERMMESET TRAPE TR, FEEH. &
. PR SRR E AR R R/, XMALR RN
FEE L EHAMAS ERRBR/NFTE, AEEE
HBEHENNZT ; BN, 3§ okl RE/NFEIRAE AR LT
HAMMAITERIMEF R AL, HIGTARLIAE TR,
TEI AR B £, Bayascas Z %) 7 PDK1 BY PH 45
i 92 T F B EF R L/ R PDK1 K465E, 15
PDKIEE T 5PIP3 LI PIP2EESWIEES 5 %/NE
BB EEFEEENRT, BARR/N, RETE, 81F
SHE. K. B AN A FHRARERTRIGHEET
M, XMW FLEBELAENEMOERHTFRE
INBRBLTNFRERNNE, EEOFEA. O
it FFRE LA BERASFA AR, INEMER R RIITE
ESH A BEME, 2R PDKI R T MR ZLHED
BENAE,

FERZNEZBNIMERZRIFEHxR. HaiFKE
KEBEREZSHOHE) LHERE AR UETE KIS
A, HEPMIZ RGBT 5 TRARK—EDLLF, IF1R
SR RETESEUNMBREIMEFREERZ S
HE) [ HAREBT. NEBFEUKREAR L BHRIE,
At BEHERITHE LR B HENIFMEREZENNEE
=, BHERAABIET, $XI POK1 BITHEEM T
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FRA ZEIXKF, 1E2009 £, Chalhoub 2 ) FIl AR
IR AR M ZE B (glial fibrillary acidic protein, GFAP)
B FENDNBEARRAPEFRERPR T PDK1 25|k
B, FEEEEMETABRE UK/NRTZER
P&, Oishi % U0 #9227 1 E T AR AS R ARBR PDK1 HY
HERATE/NE, HPDKIIIEERKNMEFI (AR S
b A% BY 842 ToBE JIBEAEE, (B 1858 Akt BYIE M4 ] LA IX
MIRE—ERE LBUME, SERF/NELI
2R EIIZPERR POK1 =512 Bk B A2 AR AN 451
BZEEL, #H— PR R LI, PDK1 BJBE B Ed #2 04
B IR R MR MRS T B R IE, NMUNTE
fRL27T, POK1 AR ER AR A B P A IFEFEE
Ih8E. PDK1 TR =S E RRA™= 4/ D R B4 A Yt
LA ", POK1 IR EEIEHE TTHF
SE AR A U R B S R ThBE R 4EHE U2, PDK1 REE
NRE3ARENKBEIFEIRE, ARATEEH
=, FESBNRFEIENMTENIANEINBENE
B, MREZNEETEEILHERE A ELIE
R, PDK1 REZE T EIREMATRZE/)N, H 1 FHEE Bk
T BB, PDK1 AJREE BT Akt-Gsk3B 155
FIRAFEEREIABHIZE ™, RANT#EPoK1 BT R
ARNAENNF T NIRESHAEBEEFHFRHIM
P TFIRHIE S

R EFRIR, POKILTEN—XBSEFRTHNEEEH
ES, EREMEARAE K. RE. BB LUNRAEAR
EREIEFIILIEEEEINEE, L5 PDK1 5 HE
ERkFHRAEREZIMREZHXE, MERE
N{RI 200 PDKL 1T S HYE S @K, SEAMIEEN 2
7S, #Mmsl ZMENLAEREEFTRNHAR,
R E AT G R AEXERIATIREE SN
RAFHMA,

SE R
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