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ABSTRACT Polo-like kinase 1 (Plk1) is a key protein in mitosis and has been validated as a target for tumor therapy. It is
well known to highly overexpress in many kinds of tumor, which has been implicated as a potential biomarker
for tumor treatment and diagnosis. Plk1 consists of two domains, the N-terminus kinase domain and the
C-terminus polo-box domain (PBD). The inhibitors have been developed for PBD of Plk1, which were shown
a high level of affinity and selectivity for Plk1 that led to mitotic arrest and apoptotic cell death. This review
discusses the inhibitors for PBD of Plk1 that are suitable for in vivo tumor treatment. They can be further
extended for developing in vivo imaging probes for early diagnosis of tumor.
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Introduction o
A A A oA F83F G2 seH(3-5). Plk= AlF/E

2 kinase TAE, Plk familyoll= AS7H4] 5 &7
A YoM dojup= A -thaal ko] AbS Akg (Plk1, PIk2, Plk3, Plk4, and Plk5)7} BHA = QItH6-9). 1

LB
(protein—protein interaction)-< A #Ak] HAL: o]3s} Z Plk19] 7150] 713 wo] & A o)y, E3), oFA|Eo|
£ 4Fe %%OIU:I, A2 QroflA] EAd= 4= T Ty A1 Plk] wrai o] mpdkgd o] 9lar, FoFo] WAy 247 M1}
I} A 2ko) AT A, tiAL 5 TRt A4S 71491 & T AgtE]o] Qlvhs At A7t BALEHA, TRt ool
89 71201 FR7 AR E ATt wheba ThalE o A FA vlol oA R Askal QILk(10, 11), &, Plkle 4
W7 7ho] Js g qpgstar T Aol s gt R9E A A b e WHEA] S48l FA A TP
olafsl= A2 WA W BES 75 B 4 U # o} Eof Qlal, TFY SAL FHeh= AoRE gA 9lrho0,
Y}, o] J B8-S HAskehs R Aok st 12), SHAIFE o] 48] FoF T 7140 tigt Plk19] 7]50]
£ AR o]oJA| L Y= FAlolT), EA Thil A} AfsA| 7} M| g E o] URAE BAE, 2 Pkl Tl de 9z}
A& AT olF off A= FRERE B2 8 AR oAl S 24 SA R ujgAQ] vfo] enpAoln, o] T
£ olastal BAS Fall, A% 57 thildof gt Aeizo] o gt Phalo] L= AL Qlrt, E3k vheket FFolA &
L Eol 2l AaAe] A AR de] MY =L ek, 2). 29l Zok 2 7E 93] Pkl THALS Meiz oz oAa}

Polo—like kinase (Plk)& A&} 4] & A|Z9] FARE = A AN A7t Sk =Al0|th13, 14). Plkl o
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AL N-2e] ATP 23 #-91¢ kinase =1, C-2dt
9] polo—box domain (PBD)S.2 o]Fo]A Qlon Plkl A
A e 5 Ao TS 27t B0 Bo] A7E A
3kl k5, 16). Plkl TEido] N—Uth ATP #24 |
HAES i AeAl shekes whgoz WAskITh1T,
18). 21 5 @A ol A&strlol 7HE A 71e2= Bl-
25362] A4} l=E, Boehringer Ingelheimof|A] 7HgF
3} dihydropteridinone?] -2 & o]Fo] 2l #|3jA|o]ch( 13
(19, 20). BI-2536-2 Plkl th#2 N-2eho] kinase =H)

Q& EPZlo= Plkl Tl Ayl Agste] Plk1o] 242 oA
sk 71deR2 | Plkiof &2 A% (PIkl: ICs, = 0.83 nM,
Plk2: ICy = 3.5 nM, and Plk3: ICs, = 9.0 nM)S E AT}
(21). 3HA|5k BI-2536-2 ATP 2g 5191 kinase EFlo] o
o AsAlol7] wiizell, Al W thE HI5e]A<] kinasee}
Ao Ao g e o 2 Aeiido] a1 182 QI3 A7)
o 222 2efakA Bk 5 QA 285t o BAES

HYoh22), whebA BI-2536Kch 22 shE o2 AsjA A
o] Fagt AdAolnt, A, flok 2SS el

Z]
Plkl ehZoj gt e} Sol/do] e AshAl 7

= SlaliAl, Plkl g ogk A5t C—dehe] PBD T
s AR sk AliAlE HEskA = deh17, 23, 24).
B FHo A Pkl thild C-Ethe] PBDE Elloz o
a2 —chal ] G ARE-S ofsfiste] L& 7IRES AFAIE o
ZpolslaL, ZoF A ];qu Hugh X At 2958 B
& slo] Plk1 B} AsiA|E A7kt gt

1, Plk1 THHE HEO|E 78t REXA|, Pro—Leu—His—
Ser—phospho—Thr (PLHSpT)

Plk1chei A1 o] kinase EH| ¢S EFAIO R 31 A |4l = AY
A W BlE0]2Ql kinase Er|?1ato] Aoz Aleiido] o
AL, o FAS 2dshe 23S 2A H3Aeh A )
= B A9 (National Institutes of Health, NIH)2] Yun
et. al. AFAANA = TR -A A = 7|9k Folf Plkl
cha o] tigt feto] = AAlE WA tiRRlskaL, gt
Zﬂsﬂxﬂ ‘rrEXﬂE R E]—HHX17]—_,] A5k 1l g u]—%l—o
2 2F2 o= Pkl PBD Tl A vke] A 9l &H4do] 2|43}

H AeiAlE T4 shed, L ATE HSIGITH25), WA o
Az} A A7k AFe A& A Eaz), Plkl PBD whaf
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I @ger Qlrkehel giefo] = (phosphopeptide) 9] ﬂﬂ*ﬁ*
5 Afole] ZEE e wEA Bag
%A ch o] Aghe H’5H 9
2|0 3Z3HE| ooF 3l+= 7]57] (functional group)S 35}
o] 2|25k eto| = AdA] FEAES HARISITH L H
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o = QUdek, 1efA] SpT ofr| At 275 Zetstar, 275
E] 147]9] ofuficAl HE= o]Fofx HEfo|=
3HA5te] Plkl PBD2}e] A% A3 (PBD binding inhibition
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Tt PBDOF 7HE =2 A (K = 0.445 uM)= 7M1=
A9E &30 24 Pkl PBDO| it 2|29 HEefo|= &
TZAE st 1), E3k Plk @A family?l plkl,
plk2, plk3] gt Sol4dE EIgt Ay} PLHSpT HEto]
T {FEA7F Plkloet oA 0 2 AghE: s, ol E3t
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Aelag F2E FolA 1 ARE AU 4 UK ™).
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Figure 1. Inhibitor structure of BI2536 (a), Pro-Leu-His-Ser-phospho-Thr (b), and KBJK557 (c) in Kinase domain (KD) and Polo-box domain (PBD) of Polo-like kinase 1(15)
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Figure 2. Crystal structure (a) and binding site (b) of Plk1 PBD in complex with PLHSpT(25)
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Figure 3. Cell viability of KBJK557 was determined by MTT assay. Cells were treated with various concentrations (12.5, 25, 50, 100, 200, 300, 400, and 500 pM) of KBJK557

for 24 h(29).
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Figure 4. Fluorescence images of cyanine 5-conjugated KBJK557 in HeLa tumor-bearing mice. (a) Sagital of fluorescence images were obtained at 6, 24, 30, and 48 h
after injection of cyanine 5-conjugated KBJK557 (5 mg/kg body weight/200 pL). Red arrows indicated tumors of mice. (b) Ex vivo fluorescence images of major organs and
tumor. After in vivo fluorescence images, mice were sacrificed and ex vivo fluorescence images were obtained (48 h) (29).

A2 %HLOH ol ARAE S PLESST Belol 7} B
Az vrAsl 4= 918 Aoz 7|dstar), £33 B o Ax}t
2HE 7jtE Fefo| & A A= k5 Plk PBD %2 |3
A Aol gt A5e] 7127} sigick, el 285k 9l
A o3 FE ok We BARS /A3 g, B3]
2 Ao e WefolS fEA|Y] Tl HEe £
P71 FeAR A 2A =2 REEE7] 918, pro—drug
rug delivery system % T}oFst HS &-8-510] 3HA|H
283 olg)7lA) SEAS Qs 9ot (26-28).

mlo w2 o
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Ae A dERt flEfel= A9 *ﬂi‘ﬂ EJH} 0184
.

& WHE 385}, Pk PBD wo] Algzo]x Sol
Moz ATT 4 Ut ARA HAR Jue] AAAZ A

ST (29). AsiAlet 2 Tl zre] -
q A (Structure activity relationship, SAR) Hb
g2 2 Plkl PBDo| 29t A= AsAlS otstqiet, A
3y At A= RE S -JsiA] e o4 Plkl
PBDU AT} Aglsl= Al A Q] H o) pyrrolidine A%
3}, tyrosine—rich channel, 183l phosphate 2%} 59



7F EAskE e gelskylal, of Ag Bejrt 4] vl
I A AR e Sol S A= 7 A A
o7 yolgithe A& U HAUTHB0). A ARA} B3t
& Fll pyrozoles ZIsh= of2] 714 TrEXﬂ% T
F2 ch ko] SR (SAR)S 301

719} #H97]S 714 pyrazole SE=H|2} free NH7|Z 7}
barbituric acid”} Plk1 PBD €4d¢f dto] Qltt= 7
ek, ERE A S] oA p-otr wEHHE 79
amide FEj7} 3F2] T AO] AR FFAITIT
& 4= Ak, 1A ofelet Tl —A ATk AFa At
99 Lz aHE 305t AuE vlgto a2 Plkl PBD thl A

of A3k As|A| THZ pyrazolopyrimidinesr X $Hsl=
She B} 38HE SR 2 KBJKSH57S 3Hgslo] AEs)
A 7L 9 17| 8E PsIrH9).

KBJK5579] Plklo] tigt Sol4de Elatizl Plk
familyQl PIk1, PIk2, Plk3 Z}Zto] chiiZo] disfjA] AEHe
= Ags Hokth I A IC, kel PlklofAl= 3.05 uM,
Plk2of| tjallAl+=7.52 uM=, KBJK557¢] Plk1 Thall2lof o
3|4l Plk2 X} 2 v AE =& A3ES 711 it 1
2|3l T A2<] Hela cell®] S4] oA A3S SsliA #lsl
Ao TF A= aatE As) Hokrt. KBIKS5T ¢19]
gto]= 74k A%l PLHSPT k= 2] Alzah2 A4 &
WGl om, KBIKS5TE 5ol ufet S Alazof #l=|et 2
1}, o) ug|ste] Zok HEE oAl AFS EelsH
tHICs = 235 uM) (2™ 3), 3t 2|7 _§_.L]~— grolsty] 9
3l 7 AAIE T A =l FARLAL 3 5 Fot
Zotgl=dl, kol visl F%<] 27171 & ‘ﬂﬁl FaENT
Az 5 E KBJK5579] F4 A&avsE 20e 4 it
wHbA 2 °4—TL?<}—~ A+ Az RE e AsAle o
© = Pkl PBDE 3422 3= X 2AZ 7o) 71sa A
o2 Ik, ﬂ & Aol AR A E uhg
o2 A YE A5 7 Ue TE A Az Z8o]
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cyanine 55 Agsto] Foo] o]AEo] =AY = 1Yl
01] &% ¥ KBJK557 (cyanine 5—conjugated KBJK557)
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at 6, 24 and 30 h)(1¥ 4). wfeb B AroA] st
KBJK557 A4} 3RHa- & A Bk A &A1yt of
Yk, 3% A 5 Qs A2 A 9] 7hs4dE Ble)
ot w3t o] ATk= Plkl PBD THAS epl0 & 2 EA}
SRS F8oto] A8 A Yelld FAfor g58;
AF At At AR T on| 7} ekl ZFEstgiet

ki

Conclusion
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< olsfstar Atsh= A
Q&

= o= FF A=A Al digt T
FEple ?%‘Eli

o] 4
olet. A= oba Akl &
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