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3 FEMREE 2B B R B, Hapk 541199)

HE PDZiEHEMAES (PBK) J&—Fh22- IR MRS, |8 T2 RIS LA BN EE (MAPKK) ZWALIA . PBK BRI 4
JRAERE, (EHEANMOGTE . AR, HAERLE . S50 . ROBRIE RN ET O M S5 2 AR IR A R h i e Rk, 52
FEAE TR AN BB Y) . PBK %514 Wnt, PI3K/AKT/mTOR FI MAPK 455 5@ i, WM anina 20, 352
TEAYHEAE | (R ZBHERE AT 2545, I3 miR-216b-3p. miR-770-5p Fll miR-372-5p 25 Z Ff microRNA J4% . #2755 PBK R fEfE N X

BTN, A B A I 2R A T

KR PDZIEFLMNE, JRUBSEIN, HFH, RS, 2, microRNAJHLE

hE4ES  R730.1

PDZ ¥ #% ¥ # (PDZ-binding-kinase, PBK),
W X T-LAK 40 Jg 6 & A ¥ #  (T-LAK cell-
originated protein kinase, TOPK), J&—#22/J5%&
PR 25 % (serine/threonine-protein kinase B-Raf,
BRAF), J& T 22 24535 Ak i 40 B A1 5 8 7 Pl
(mitogen-activated  extracellular  signal-regulated
kinase, MEK) 3/6 fHICHIE HRAEE, 753224
AHMR, FEAATEAMET S Rk
BT FERA T HA R AR, DL
. MG TEALHY T A0 PR 2 AR AR, T
TESr AR BE R 1 L LRI AT i v B AR A L AR
KL, PBKAEFLIREE . Z5IdE . BRI FIRTS )
g S5 2 ARl 2Uh Rk B R, P S Wt
Wi NE WE LIS 3 J §  (phosphatidylinositol 3 kinase,
PI3K) /% 1% B (protein kinase B, PKB, HJ
AKT) /ML 3h %) & i % R 4 1 (mammalian
target of rapamycin, mTOR) I 22533451540 &
FHi% i (mitogen-activated protein kinase, MAPK)
SETEE, W E (cyclin) Bl ik,
IR AR A 225y it e, (R dEmanprgsa, JFA
PBK /g L1 X 3k & (forkhead box, FOX) M1,
BELEE 1 (B-catenin) . A+ «B (nuclear factor-
kB, NF-«B) . % it & J8 & 1 B (matrix
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HiZ i . PBK BEIE SRS IR 22256 7 1,
FENTREMRNZ IS B X YT BRI, SRIREYT R
K, CAHTS R R S S L 5
SCHR SR 7, g B R B P Kirsten B ARG
B i A (kirsten rat sarcoma viral oncogene,
KRAS) FIBRAF Rl PBK w3k, thEHH
Wi S E T . LA B, FRATTFE i B LRI |

=/
o

SifpdE . B, AR . BEEHE . s, e
5% e 88 10 Jea I BE PR 2H K13 (The Cancer Genome
Atlas, TCGA) I RALIFEA, i BE 53 Hr 45 K
N, MBS THESE4H 4, PBKIE FiRIA 4l n 35k
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Fig. 1 Expression of PBK in different cancers from TCGA databases
Bl TCGAKHEEHPBKE ZFEARKRIE
(a) PBKAEFLARMARISRTL; (b) PBKAESEAFERYERIL; (¢) PBKAE WML, (d) PBRKAERSIMRIEAIFRIL; (e) PBKIEMEBIRIAE
ik (f) PBRAEFFAIFRIL; (g) PBRAEMRAYFRL; (h) PBKAMMMIIFRL.

2 PBKHEBEEI’TE

VB S —RTRERY I BE L, PBK ANUFE 9 40
AUrh R W TR, I EL RT3 A 0 A e
REBMER, ReS S5mAMmt 2y, M Z 2k
2.1 PBKIRitEMAAIGTE

PBK 7E IE# M b L 4 & ik, £ %
TEAT 2257 2R A e o FHEAZ oAy — e Rk, BB
i cyclinB1/4H g J&4 01 2 1 MR g 1 (cyclin-
dependent kinase 1, CDK1) & &4k M % gk
2 RPN AR B, BERRILEERE Y . A
PR - H 2R - R AW 5 52 75 & £ & 1 (Leu-Gly-
Asn repeat-enriched protein, LGN) /G % 115 5 I

W M 2 (G-protein signaling modulator 2,
GPSM2) FIZH#E 43 (histone 3, H3) %Ll
B, W8/ FOX DNA #Y 56 T, 1 6E R 45 4 Mg
gy o
W5E &P 22, I8Z M (lipopolysaccharide,

LPS) IS R AKKE T 1 (insulin-like growth
factor, IGF-1) 47] 55 Z Rl i 40 e v PBK =5 %
ik, HAth JE IR FE PR A c-Myc 38 12 41 it SR S AH G s S5
K E2F 1 AT 3 PBK (23K 2, 2fBLid 4 i J#
W S 7 SRR ROV LSS G R 1 (cAMP
response element binding protein 1, CREBI1) i i]
BAESEE PBK R 8+, RO 5% > PBK 1M
W 22 4505 T AR R AN 3G BE . PBK R
1 p38 MAPK 119 1% M A1 14 L i 9 20 it 38 5 2>



186 EMUEEEYEER

Prog. Biochem. Biophys. 2021; 48 (2)

W n] S SE pS3 M BEAE R, IR 4R &
p21, A HF E i 6 A0 0 AE ;45 E e A D
EWS-FLI1 filv& 8 (1] 1542 5 6 SCIR A H PBK Y
BN E TS, BT PBKEEL . it
I SR UESE B ¢ BRI A HCT116 240 i
PBK # Z (1) Thr-9 {7 ., %% PBKid Rk, fEfeit
S e (0 % AR O R . PBK L ] BLREA AR AL I8 TG R JEk
JeE P pS3 M CHE 1S (pS53-related protein kinase,
PRPK) **'; PBK it A] 7£ Thr89 I Ser209 {37 i B iR
by & 454 % 1 1 (Y-box binding protein 1,
YB1), #Eifi#G AKT/mTOR/K% A 40 S /N 3
S6 & i (p70S6K) {751 (i fle #1145 il s 4
a3 5E 28l T PBK A T AKT/mTOR/p70s6K Fll
ERK {5 538 % 19 22 S, At PBK 23k 5 A
] E4%JH#E AKT/mTOR/p70s6K F1 ERK S5 £ 25 (5 5
W, AR AE W & A R R T R G EEAE
PBK 1, {1 HAth i 428 A1 1 9 A AL 8 40 . 2 JH- 44
Mudis ik 638 FOXMI A 4% PBK, F£8 FOXM1/
PBK/B-catenin {55 5 i [ i U S 40 B3R 78 > S0 A
SCRREE 2, RIR PBK S 45 i HCT116 4 g
p21 ik LH, HIZE g5 ; N H PBK ak
pS3 FIRIF, AT R0 AE /N0 A A 3 A 05 BHL
PBK ¥ BE fie 1 55 4 40 i A= 4 1) B R G 52 2 e hir
HE ¥ B (maternal embryo leucine zipper kinase,
MELK) %, 58 J8 FOXM1, il B J 41 i
g YRR e # ik FOXMI1 M BETE % PBK Al
MELK mRNA &35 . #E— P58 P, Polo
FEWLHE (polo-like kinase, PLK) 15 PBK 7 fITJ&
SMMC-7721 A iA 22 43 54 0 v Je S5 M 3 o3 5448
e AL, PLKI AE# i PBK ##4% cyclinB1 [ #4 &
P, S5EMENAE LSS, MGG ; PBK
HHE 5 PLK1 HEAEM, L2 5 HE A iaa 2257
ZUPEAE . 7EFL L MDA-MB-231 4 fitir ¢, #4553
36 P F Yes AR H H  (Yes-associated protein,
YAP) tHn[if55F PBK H A & &iA, 1M YAP AT/
5SS T S PBK I IHAE, AT 5 e B A
PIAHSG . iR RIS 38 ik B i PBK I 98 40 it 34 5 0
R Z5A5 5, AP HIERE & 4 K AR AL T8
NGYT I
2.2 PBKR{EETEEREERER
263K PBK 1 22 PI3K /B MRIE-S5 5K 1 Z R I
(phosphatase and tensin homolog, PTEN) /AKT i&
A SRR 1R 785445 9, PTEN 5 AKT R fAHC.

PBK £ A~ BE B 4% 9845 PTEN, {H A 38 32 1] 4 PTEN
() AR A R 3 L A R e k. PR PTEN 3R
ik, P4 PIBK/AKT {2 6 4 Mu i 7% . Ak PBK U
i 3 7 1k pS3 UK TPS3 %8 748 7 X il 5 e 40 i
5, I LA TPS3 8 AR EAR A 4 5 X4 il PTEN 75
SRR BT H FOXMI 8% 1k 52 ] 3 5o i 45
PBK Jii 3l B G PEFE I H R 38 , 7Rk R34 PBK 1Y
FEANME . B-catenin # [ 34 5% MMP7 . cyclinD1 F1
T 40 i 55 5 M % Sk I+ 1 (transcription factor 1,
TCF1) 3Gk, fEdb AR 225655 . ANUF4n
i 98 55 3 2H 20 rh fE 7E PBK 5 #% B-catenin 3 5 £,
BT 5 iR 988 1) 245 SR i 7R B-catenin 4% %€ v 5 PBK
SR YIAE . PBK T |3 B-catenin/TCE/Ik
a5 [ 1 (1ymphoid enhancer 1, LEF1), ###%
MMP2 Fl MMP9 [ Ji3 3l T 1, A 2 157 51) 9 4
M2, 3, FERITHERER 2K
(androgen receptor, AR) BE75 157 PBK ik ) [A]
i, ZEAE PBK WA o F X I H 5 A 19 AR
oo, B A SR s AR A5 S8 S A A R0
il 751 BB 5 e 4k BV CaP 1 22Rv 1 25 ij 51 i g 40
i, A% PBK ik WA s . 2 5 H AR ST 4 0E
S AEIEF RIS E R Aif e, ARTEPESZ PBK
ACEEN, iRt AAm AR DIRE, it
FIRPBK I}, ARVGVEM WIgom, feibR2 MR
MR (prostate cancer, PrCa) WY&k 4: K RE, ik
PrCa Zfifflit#% . [, 333k PBK A A] 33 AR B2
FEVERY SR AR AR S AL 0, gm0
PBK, M ifij i B #% AR 1 PBK 22 [ 1) i 45 4 35
R . PBK 7£ PrCa 'l &% L JF, A PN A 5256 IF 52
PBK A AR AT 8, HERIRZMERER HEE Y,
{2 PrCalfifs .

P ELIE SC PBK AR (i 22 P fiE 1R 22 5 B i A7 AE
AR Fim %, . PBK7E Ser250 4bw iR
LI AR B PRPK, (2 dE4h B /N RUFFE RS

(Y Az 0 AR FLIR e MCFT 40 i vf 1, LPS/
TLRA (5 5 1% il 1 15 PBK (RIS FETE, 55

NF-kBififk, MM LI MMP9 (15, [ 40sh
H i (extracellular matrix, ECM), 7% Toll £:5%
&4 (Toll-like receptor 4, TLR4), MIifjtEssE MCF7
FLAR A AR 28, R FLIE R B . DL
PBK U /] #11 i] LPS 175 5 i) L B 98 240 Jid v MMIP9 28
HZIAME s FiGtE, T LPS/TLRAS S, &K
ST ASRE ) . Htk, PBK ACH LPS/TLR4 {55
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PR HEFLIRIR R B FR 1Y OG5 . PBK 24515 Sk Y
WIS RE M FwE ViR 7L, R
TR R 22 ARt 1 T 2387 Tk
2.3 PBKZ5E4AMMZY

WEgE & B 9, PBK AEJEAE U AL 416 YT
W R R Rk, JT AT RE S T AR R 24 Y A 4
YISCHE . —J5m, 4 PBK A4 VE FH AT 52 41 At X}
T A7 5 % T A A 2 ML A S g 5 A SCHR Sk
7~ 2 PBK i SRk A5 T 95 40 B0 s SR AE A T
ARG T 15 AR ST T ) . S0 IR AR
FHEL, FeUE DURE PBK A9 2R I8 1T g 25 34 AR DGR T
VIR 2 B9 NF-«B i, e vf N 9% HeLa
MM RGP T, AR HeLa 40 B XT 4L T 25 B Tt 25 18
B BT R B, ek PBK I 7 R K
WA O LR b R ) R g M TR S AL AL
(ecotropic viral integration site-1, EVI-1) %S H
W, 3845 B9 SE 9 20 6T A i 25 . >4 PBK 41 il 541
OTSS141EIG . TEARNFIARS S HE 58 T XHIE1IR
YT SN L R BRI AT R e, MR
ik PBK MR AL c-Jun fig #F K PR %ob 36 je A K A 152
A T = TR 15 1 10 ] ¥ (epidermal growth factor
receptor tyrosine kinase inhibitors, EGFR-TKIs)
BT 2y . 55— 7T, PBK i i<t fifi i 4 i X} DNA 45
Pl sk v IR S0 ALt . anad 33k PBK
% K W F 2 /K (epidermal growth factor
receptor, EGFR) il 71135 AR5 JE TG Y7 HE /N4t i i
oA 2y, R PBK M 5 5 65 JE IRl B
of T AR /N 40 B I s 096 9T L FE TE KRAS 5%
BRAF Z7ZFIX] EGFR i 245 (W45 68 B %, kb
PBK 2 5ifif 2, ] PBK FYHE )76 77 7l LA 30%~
40% M 25 I g | AR 4R 0 AR R, FEIE
JiE FBE RICAR T I, PBRCA il 500 R PR 24 i b [) 45
G RERE IR E XA T 2 R 250, SR R FH 25 )
N, AR TR R AERYT

3 PBK% Z#imicroRNAFE

VT AERF 9T I8 2 B ) PBK 7 b i JRa i v 4
FH | AR ZEEERE S BOAE H 32 Z 5 microRNA % .
5T 2B 7, PBK AJ & J& miR-216b-3p (1) B 4% 4
A, AT HEH miR-216b-3p Fi##% . 24 miR-216b-3p
Feik L JHBT R PBK i) 2k 018 GLC-82 4fi ifa 44
B E— AT & B, miR-216b-3p ] AE S i
il PBK 5 Sl %, H458 p53 Al p21 HYFkKF-, I
FEAIK p-p38 AH G L BRI Ak 7 A UM A H . iF 9%
W& B PBK A] Ll 32 miR-770-5p J84% . miR-
770-5p %% v & MCF7 40 ffd , W & B T PBK
mRNA F1 4 4 i %35 . miR-770-5p 54 4L () HCT116
NG5 A, PBK mRNA FI4E [ 57K - B
SERRAR . i — AR ST L miR-770-5p 4 i 3 R ) S+
FhA IR /N BB T vh PBK (92835, 4558 WoR Bl
A1 21 PBK 3Kk HH 855 . miR-770-5p 2L /2 iH
145 PBK {5 53 % DDR . ATM 1 ATR 2541 5 5t
FA) 22 35 {01 s i X 4 S 0T o s A & e . iy EL
PBK [ 3'-UTR 5 miR-372 Z [ fA-AEFRIE B AN,
PBK J& miR-372 [ T 7E #L HE ] L 7 5 A 98 NPC
Hf T, miR-372 i) #3553 PBK Hil Bel-2 %5 W]
R, BEE Ak BRI, BEmIfE D ps3 .
Caspase-3 Fll Bax Fik L . 1fif miR-372 $1 il 71/ H
(1) NPC 2 il 2 #a F 45 S AR B2 . R miR-372 3 i)
POTE PBK ARSI pS3 {5 adtt,  Hifil S R 1R 28
. Rk, FRATHE— 2Pl A S EH 2 TargetScan
(http://www.targetscan.org/vert 72/) i1k 2 PBK &
AU 4% B9 microRNA, 45 RAESE (B 2), A miR-
216b-3p. miR-770-5p A1 miR-372-5p ) 3'UTR ) £f
TEfE S PBK UL W45 5 741, Ui W] PBK AJ /K
miR-216b-3p. miR-770-5p il miR-372-5p AY fiz ik
HUFR .

. . . . L Bindi to miRNA
microRNA (targeting PBK) Binding site inding sequence to mt
(target prediction)

miR-216b-3p 16-22
miR-770-5p 185-191
miR-372-5p 99-105

5’ ...UGAUCAUCUCAGCUG - - AAGUGUGG...

[
3’ AUCUUAGAGAUGCCCAUUCACACA
5" ..UAAGCACUUGGAAUUGUACUGGG...

NEERE
3’ ACCGGGACUGUGCACCAUGACCU
5 . .CUCUAAAAUUGGCAUAUUUGIl\Cl}G .
3’ UCUUAUCACGAGGUGUAAACUCC

Fig. 2 Targetscan predicts targeted microRNA binding PBK
E2 TargetscanTill#E [ 45 & PBKHmicroRNA
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4 ZitER=E

Zi I, PBK/TOPK & 24 1f5 il ik 2 59
SE G I | (R BB T 25 S B, JF 2 ZF
microRNA ¥ (#13) . [HEXT PBK IS, WA
FRE—HAIESE . i 3RA Z e h PBK RBAE 2F iR
MREFFE R AT BN ZERE ) AL
FoPE A K A 2l I A BTG, HL PBK 7 — SEJE
R Z 55 Sl C A 4L . SR, PBKWHE
IAR AL AN TE A e 558 B 1 A 73 L

T AN B . H R AT R S 5 I S A i 2
PBK A AR 09—, i J2 30 i A7 22 53 24 {4
P AR RIS MR U IR, ol fe 45 P A IS B
AR KRR, TR fL AR A e
b . PBK it B Rk IR AN B, FEAS ] ()R AE 4 2
TR 25 S A TRIR ARG, (HREH & 192
PBK R i — F 41 73 1 $E AR AL B8 AN ] )y T
(R U RS MR T AR S 13, PBK il 1)
PRI &, L HEA8 BRI R S A TR
HUBR AT AT

T,

T

PRPK

FEACAR RN 7
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Fig. 3 Role and mechanism of PBK involved in different cancers
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PDZ-binding Kinase, a New Proto—oncogene’

YANG Rui-Xia"", XIE Wei-Quan®", WANG Wen-Jing", YU Shui-Ling",
ZHOU Zhi-Gang”™", TU Jan*""™"

(Vinstitute of Pharmacy and Pharmacology, University of South China, Hengyang 421001, China;
DPharmacy school of Guilin Medical University, Guilin 541199, China;
IThe Second Affiliated Hospital of Guilin Medical University, Guilin 541199, China)

Abstract PDZ-binding kinase (PBK), a member of the mitogen-activated protein kinase kinase (MAPKK)
family, is a silk-threonine kinase containing 322 amino acids. Its protein is mainly expressed in the tissues with
high proliferation potential, testis, placenta, activated T cells and neural progenitor cells while extremely low in
the tissues and cells with a high degree of differentiation. In recent years, PBK expression has been found
significantly enhanced in a variety of malignant tumor such as breast, colon, liver, lung, prostate, esophageal
cancer, and so on, closely related to poor prognosis of the cancers mentioned above. Further studies have pointed
out that PBK can also promote the proliferation, invasion and metastasis of many cancer cells through a series of
complex signaling pathways including Wnt, PI3K/AKT/mTOR, MAPK, FOXMI1, nuclear factor-«B and matrix
metalloproteinase (MMP), and participate in drug resistance. Moreover, the role of PBK has been confirmed
controlled by different microRNA like miR-216b-3p, miR-770-5p and miR-372-5p in the cancers. All above
suggest that PBK might be a new proto-oncogene, which is expected to become a new molecular target for tumor

suppressor drugs.

Key words PDZ-binding kinase (PBK), proto-oncogene, proliferation, invasion and metastasis, drug resistance,
controlled by microRNA
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