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Tankyrase: Function and Tankyrase Inhibitor in Cancer
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Tankyrases are multifunctional poly (ADP-ribose) polymerases that regulate a variety of cellular processes including
WNT signaling, telomere maintenance, regulation of mitosis, and many others. Tankyrases interact with target proteins and
regulate their interactions and stability through poly (ADP-ribosyl) ation. In addition to their roles in telomere maintenance
and regulation of mitosis, tankyrase proteins regulate tumor suppressors such as AXIN, PTEN, and AMOT. Therefore,
tankyrases can be effective targets for cancer treatment. Tankyrase inhibitors could affect a variety of pathways that are
carcinogenic (essential for the unlimited proliferation of human cancer cells), including WNT, AKT, YAP, telomere
maintenance, and regulation of mitosis. Recently, new aspects of the function and mechanism of tankyrases have been
reported and several tankyrase inhibitors have been identified. Also, it has been proposed that the combination of
conventional chemotherapy agents with tankyrase inhibitors may have synergistic anti-cancer effects. Based on this, it is
expected that more advanced and improved tankyrase inhibitors will be developed, enabling new therapeutic strategies
against cancer and other tankyrase linked diseases. This review discusses tankyrase function and the role of tankyrase

inhibitors in the treatment of cancer.
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Oncogenic pathways | | Telomerase T |

Fig. 1. Different biological tankyrase functions are relevant to
cancer, including oncogenic pathways (WNT, YAP, and AKT),
telomere maintenance, and regulation of mitosis.
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25 AT 7 v AR Ake] T H o]9] =4S
& FAA L] Aol a7 Utk HIAAA Q] WNT
2% A Az GA3h= pcatenin F4E oIAA T
Fgh et FHRbe] HAbE Fxlske] o, H 59
de 3l 8ol @9lo] EUHC.G.A., 2012; Nguyen et al,

2009; Pacheco-Pinedo et al., 2011). &< Aol w=m
tankyrase Z=4°] o]k WNT 1&g =2 efe] dAybdol
gt Alazell A JFE AL, olell vigow e oHE 7|
dro] gls] o] Fo]x|al ATHWu et al., 2016). H=3F, tanky-
rase’} W FAAQ YAPSF T oA Q141 PTEN
S -3t XUt At Wang et al., 2015; Li et al,, 2015;
Wang et al., 2016).

2 =l A tankyrase$t oF WA 7] e] Al
2 o} 24|24 9] tankyrase inhibitor®] 5843} -84
= avfekarat g

o)

e

=
Tankyrase2} &

Tankyrase T8 22 FF A 4 Z(WNT, YAP, AKT),
avlo] 44, f4} B 5 I FAE Az
o] eko] i} XS A FThFig. 1).
Y UM HZ: Tankyraser™ TF 2 FZ(WNT, YAP
51 AKT)oF Sd#so] gl=dl, WNT 2le Hd A= o
S XS B2 AEIA A4S 2HITHClevers, 2006).
WNT 1% g 7 2= adenomatous polyposis coli (APC),
AXIN, glycogen synthase kinase 38 (GSK3p) (Rubinfeld et al.,
1996)5 33t B-catenin w3l A 2] FE10HE7]

B-catenin®] YA B2 zHsil. GSK3pL} CKIol ]3]

Q12kslEl APC WAL Becatenin W3 H A2 =30
2 o] B 557} pcatenin 14+ 2 017 E13)
7} 2185 =5 g}, Tankyraseoll 2]k AXIN PARsylation
FHlF R -2 2ol AR oJdt AXIN E3llE f%
1, o]o]A AXIN H#-3li= B-catenin w3352 &
Ui} W& Bcatenin®] YO F o]53lal WNT X4
HAxte] AAF 248 &3} Sl (Huang et al, 2009). &
F A IAR] APC= ] 80% ool &diol
7} LoJUal(C.G.A., 2012), tankyrase”} WNT A5 Ad 7
= %43}7] wj¥Eo| tankyrase inhibitor= thg<toll thal
]9~ f-&3}}. A A2, tankyrase inhibition> APC E¢1%
of thidet AElA WNT A5 de F= 9 T4 4%
S Y A5}al(Huang et al., 2009; Waaler et al., 2012; Lau et al.,
2013), WNT 41 A=o] 2phS Faf digdet Alxse] &
Al 2] 7S S7FAZIEK Clevers, 2006). B23F, tankyrase
inhibitorE &% WNT 215 Ad A =e] 43 282 7
oF A3z /¥4 o] 31(Nguyen et al., 2009; Pacheco-Pinedo et
al,, 2011), tankyrase inhibitor”} S|+ A3 A & S 314
o2 28l o7 By $lti(Casas-Selves et al., 2012;
Busch et al., 2013).
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g Aol 4 FARVIR el doshs Ao e
W EH(Dong et al., 2007; Harvey et al., 2013; Mo et al., 2014).
Angiomotin A€ 2] T ZAAMOT)S YAP A FZ*}o]
THWang et al., 2011). #+¢] Aol W2 tankyrase in-
hibition+= tankyrase "7}] angiomotin TH#A R E A 5|5}
o] angiomotin |G| TS QHAISIATI O =M YAP &
& S A= AS Ho] U Wang et al, 2015;
Wang et al,, 2016). YAP A1 & #2o] RAF9} MEK 37 ¢F
A=E T oFE ol eddte] S EAALLin et
al,, 2015), tankyrase inhibitorol] £]3F EGFR 437 oA =7}
7} B3 = A THWang et al,, 2016). ©]#3 I+ Z3}= YAP
et AR5 Eplo® 3k el Uidh tankyrase inhibitor
o] A% 7Fsds SR g

PTENS 583 T4 A 1Ate]w] PTEN EMol=
o]2] 9KLi et al., 1997; Steck et al., 1997)3} T =3 (Liaw
et al, 1997)% & AT} Tankyrase inhibition®l] 2]$+ PTEN
Hdsh= AKT QIttste] ol 24S Fimsto] Al 52
3} Tk LS AL et al, 2015). ©]2]FF A A3}
= AKT ¢ A2E Bl o2 ah= ¢boll gt tankyrase
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Table 1. Tankyrase inhibitors as therapeutic targets for cancer

Tankyrase inhibitors Cancers References

JW 74 Osteosarcoma Stratford et al., 2014
Neuroblastoma Tian et al., 2014
Colorectal cancer (CRC) Huang et al., 2009

XAV939
Lung cancer Busch etal., 2013
Breast cancer Baoetal., 2012

AZ1366 Non-small cell lung cancer (NSCLC) Scarborough et al., 2017
Colorectal cancer (CRC) Quackenbush et al., 2016
Lung cancer Busch et al., 2013

IWR-1 .
Osteosarcoma Martins-Neves et al., 2018

G007-LK Colorectal cancer (CRC) Lauetal., 2013

JWS55 Colorectal cancer (CRC) Waaler et al., 2012

Colorectal cancer (CRC)
NVP-TNKS656

Non-small cell lung cancer (NSCLC)

Arqués etal., 2016
Wang et al., 2016

WIKI4 Melanoma

James et al., 2012

Tetrazoloquinoxaline 41 Diverse cancer cell lines

Thomson et al., 2012

Telomere: Telomere= A et A3l H3HA
2 A 2o P fAel Fagk JEgs gt
(Blackburn et al., 1978). A|X¥ #& Alvlc} FolA]= telo-
merei= telomerase®l] 2J3}o] I E=d] ©]|# 3t telomerase
o] EE gi-Ee] HEEA HAEE 54 o]tHKim
et al., 1994; Shay et al., 1997). Tankyrase A3 A telo-
merase A5 ZAsto] QHAIEe] A &A1 FAS W
3K Smith et al., 2000; Chang et al., 2003). ©]2]&F ZHol A
B 1 telomerase®] 24 A= A1 oF A8E S
Mz W Fo] R A9rE AT}, Tankyrase inhibitor
9} telomerase inhibitor®] 232 1Y 2 HY M EFA]
AeE e g3 B9 30(Zhang et al,, 2010; Ozaki et al.,
2012), #oF A2 ApEES FHletal A S5 JAlst
= Ao 2 YERITHLu et al, 2013). ©]2]3F A3} tanky-
rase inhibitor2] 3%t &3} 2 tankyrase inhibitor?} telomerase
inhibitor®] 3ol o3 A= ok X5 7S A
=g

1=

AL 28 FAF 28 ZFEAN: Tankyrasew FAF

(mitosis) A sister telomere cohesion =3I, %) A(centro-
some) THlA o] ZAel| #oJght}, Tankyrase inhibition A|
A 2 AA AR SAA xR Vs oF

o] FASHKim et al., 2012, 2014; Chang et al., 2005;

Chang et al., 2005; Ozaki et al., 2012). H]AAHA Q1 FA A=
Soll Foskar FMA 2 F(chromosome missegregation) =L
o]4= il Al(aneuploidy)°l] 7]1ofsle] oA S FZIsh)
(Duensing et al., 2001; Boveri et al., 2008; Ganem et al., 2009;
Guerrero et al., 2010). ©]9} & 235 BH O 2 tankyrase
inhibitor7} A} £ A= 2Rgake] oF 2 me] A
A x4 0= 7FsAo] AA=HATHKorzeniewski et al., 2013).

Tankyrase inhibitor

22 AFE Fd o ABARA Y] tankyrase inhibitor]
T84 F87do] HaHk AA7HA] TW74, XAV939,
AZ1366, IWR-1, GO07-LK, JW55, NVP-TNKS656, WIKI4,
Tetrazoloquinoxaline 41 (Waaler et al., 2012; Lau et al., 2013;
Stratford et al., 2014; Tian et al.,, 2014; Bao et al., 2012;
Scarborough et al., 2017; Quackenbush et al., 2016; Arqués et
al,, 2016; Thomson et al., 2017) ¥} 72 tankyrase inhibitor
7} RuE A, dAE X 5ol 8395 B cKTable 1). o
F491 XAV939, GO07-LK, JW55% B-catenin 2HHA 2|
© 2 tankyraseE A3t AXINS 74 8}3}aL B-catenin
s FXgth 53], APC EdWo] tiigdeh AllaEel A
WNT A% A3} 4 A4S JAISH= tankyrase inhibi-
tion®] AT g3} dSHol wet o] & ntgow 3
tankyrase inhibitor”} 3} 31 Th(Huang et al., 2009; Waaler
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et al, 2012; Lau et al., 2013). TAH 22 XAV9392} G007-
LK+ APC Ed%o] oigete] & ok AFE A=
S RIS THWu et al., 2016). H=3F, tankyrase inhibition
&3 WNT 2l& A A= 23 282 #Ht Al
|%= G349 Ao g W% (Casas-Selves et al., 2012;
Busch et al., 2013), 2 A2 tankyrase inhibitor NVP-TNKS656
o] H|¢} Mol a¥AYE Ho] FTH(Wang et al, 2016).
< A28 tankyrase inhibitor] tetrazoloquinoxaline 41°]
oe] Tl Aol A MEFO AEES JAsE &
e BHol FAAQ BrloRe] Ths/do]l HalE At
(Thomson et al., 2017). Tankyrase inhibitor TH5 2 22| SFA]
3 A &t ek ofye} thE inhibitors2He] W gl Q1
S 39t & YK (Zhang et al., 2010; Ozaki et al., 2012; Lu et al.,
2013)5% Hare vp AR 4 A5 7Fed R AR A
gfo] AAE Zo R ot

Py

tlo

2

2 E

Tankyrase:™= UF43et AE 7]l #olEo] 9lon F
g ok A= FAoth Tankyrase Tl S AXIN, PTEN 2

AMOT®} 22 $F oAl IS Z4dshar gre] i ¢
2191 telomere -4 X FAF 4 ZHo)| #HoIst). Tanky-
rase inhibitor= WNT, AKT % YAPE W|E3F tekslh wkeb
ARE THOo7 7] wliol tankyrase”} & X5 &3}
A FA o] & = vk B ATE B8 o ARAR
/\19] tankyrase inhibitor®] o233} F-8do] HE ik

£3], tankyrase inhibition'™= APC %?ﬂ Ho
J_Oﬂ/ﬂ WNT 215 A H=29F T4 A
A gt dsel wet 01 HEo
inhibitor7} 3T & E0l, XAV9399}F GOO7-LK=
APC EQWo] et Axe] T4 4% A avs &
215 BojF9lv). webA tankyrase inhibitor7} 2FO. 2 APC
Eo] gitel A Al b AwAl el T8
shthar AbREITE B3 tankyrase inhibitor$] P-TNKS656°]
ot Mo &3 o]la A ZL2 tankyrase inhibitorS! tetra-
zoloquinoxaline 41°] 2] F/Fo] GAEZAA A|EF2] A4
A& AAleHE a797F B31¥ v} tankyrase inhibitor”7}
Aok Qo & thE M E g3} 98 Aoz o]
Tankyrase T o] A= EFZl wAYSl ddE 2
FEo] HaHal Q= vk o] & vy o R o w vt
Sbofl w3t ] WA=l Z13}E tankyrase inhibitor7} 7%t
HaL A= A5 AEe] AAlE A oR o
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