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PDCD5 (programmed cell death5):= A|XEAMEC] FTQ3 H3s
i e FAAtelnh. WAAloll= da Aol oFst
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PDCD57} Fd¥dd A A=A Fagt 9%8S  gva
HoFa 7] wjitel], & dAFdAE ATl PDCD59]
AZEAFE 71%5S d8FaLa}, yeast-two hybridES £3te] PDCD59

AqF Aghebael STK31 (serine/threonine kinase31)S &4 3k3it).
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STK31¢9] utd ¢S 53] PDCD57F STK31 §% o|&EHo=
S7teteE AS F18Glth o]efgh STK31 Zhrde| ul& PDCD59
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sh 3] ~E ofAdld st a4l Tipeoet Agste] p21, baxet -2 ps3
EAFHAAES] @43 9 AEAES FVHIIYE ATt
HugAqoH. =3 FddAxz L#z von-Hippel-Lindau7}
PDCD5Z wi7/H& 3le] Mdm2=  degradation A7 p53S <HA 3}
A= Blo] LA TH. o= p53Fte] s AES 59 PDCD59
71 A7 @] JgEa 9l

& wolFum gtk aAu

ulles

o]
o} 4717 MEAPge] Qo] W w, PDCDS AAle] Aol w714

p53-= cell cycle, DNA repair, apoptosis, senescence, angiogenesis=
ZAsE AARIAEA gEAA FFAAJMAR Ll AT,
ArrA el Ao A= Mdm2, Pirh2, COP1¥ 7S E3  ligases}
$3Fe] p530] Al4:% 0 & degradation ¥ A 7F, DNA damage®t #-&
AES] 2Ed L Ago] Fojxw kst o] %4 FHAES
ZHs= AARIAEA S V5ol EAst HrO? ps3e] VB
(= = A e) 25283} phosphorylation,  acetylation,
ubiquitination®} < post-translational modificationol] <& =4 ¥t}

del A ek,
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Ol

ol <A-tellA, PDCD5%t Z¥ete= At dHAdS 4
AsEAEO] ol ] PDCD59] 7]s = ¥3dlalx} yeast-two hybrid
screening= -3 5}3ith. 1 A2, serine/threonine kinase 31(STK31)©]
PDCD5%t A¥sl= wjd = F4 ¥ Atk STK31> PDCD52| w2

Y= T7HA1713L, STK31el] ol <A sl¥l PDCD5+ p53s 243}

otg3ls Ea ps53S iR 3 AlEANES X Al7]= PDCD59)

Az 2A7AE AAEH T



. As 2 44y

1 AZ F R A

sl

28l ALg-¥ A549 A ES} HCT116 Al3¥+E ATCC (American Type
Culture Collection)ol| 4] F-¢38te] A&}t o5 AXE= DMEM
(Dulbecco's modified Eagle's medium) #"}%]] 10% FBS (Fetal bovine
serum), 100 units/ml penicilin®} 0.1 mg/ml streptomycines % 7}3}¢]
37C, 5% CO, &7|xAdA HjYslsltl. Etoposide= (Calbiochem

Darmstadt, Germany) =B Fatsith. #ad 232 polyexpress

(Excel gene, Rockville, MD, USA)E A}-&3te] S=alstglth.

2. 22" = (Plasmids)
PCReol|l 93] <33 PDCD5, STK31 constructsE pSG5-KF2M1-FLAG
L+ -HA plasmid vectorell cloningd}l i tH(Sigma-Aldrich). == DNA

construct5-> DNA sequencings £3j &H¢lal i),

3. Yeast two-hybrid screening



Yeast two-hybrid screening®] Matchmaker™ Gold Yeast Two-Hybrid System
(Clontech Laboratories, Mountain View, CA, USA) A3 2] protocolol] tw}
2} A8 2t} PDCD5 (pGBKT7-PDCD5)E yeast strain Y2H GOLD®|
transformation A] Z T, Bait plasmidE £ 38kl 31+ transformantE <1
7F Ovary & Plate cDNA library$} 1w A]Z1t}, Tryptophan, leucine,
adonosine, histidineo] W} 9131, B-galactosidase®} Aureobasidin A
selection®] Z3+E FH AW X9 positive clones Al A DNAE F+=

bl

o

3ttt %% DNAX DNAsequencings £3le] %4

4. Western blot analysis

A EE-S (1% triton X-100, 20 Tris-Cl (pH 7.4), 150 mM NaCl, 1.5% MgCl,,
1 mM EDTA 1mM Na,VO,, 1 mM phenylmethylsulfonyl fluoride (PMSF)<}
protease inhibitor cocktail) 2 T ¥ ¢FENoz GhA A 3w
AEZEL 44 13,000 rpme2 304-7F 94 223tk dedw
Holx A 2L FHO %7 Tl peirce 660 nm protein assay kit
(Thermo Scientific, Rockford, IL, USA) & o]&3lo] whild AHaks &)

ATk #e ko] whul A S SDS (Sodium dodecyl sulfate)-polyacrylamide



gelol A7]ds 3} AL, nitrocellulose transfer membranes (Whatman,
Dassel, Germany) ol transfers}$itl. Membrane< 0.1% Tween 20
(Sigma-Aldrich) ©] ¥3t¥l PBSS®} 5% nonfat Difco™ skim milk (BD

Biosciences, Sparks, MD, USA)ll blockingd}aL, 12} &A1& 2}t AL

5

o

12} &A= PDCD5 (Rabbit) (Proteintech, Chicago, IL, USA), HA tag
(Rabbit)(Santa  Cruz  Biotechnology  Inc.  CA, USA), p53
(DO-1)(Mouse)(Santa  Cruz  Biotechnology Inc. CA, USA), p21
(Rabbit)(Santa Cruz Biotechnology Inc. CA, USA), STK31 (Rabbit)(Santa
Cruz Biotechnology Inc. CA, USA), Myc tag(Rabbit) )(Santa Cruz
Biotechnology Inc. CA, USA), BAX (Rabbit)(AbCam), Flag tag(Mouse)

(Sigma-Aldrich),  B-actin(Mouse)(Sigma-Aldrich)o|t}. 23} AL

4

Western Blotting Substrate (Thermo Scientific) #3%2] protocoll] u}z}

Ptk

5. B9 7E (Immunoprecipitation)



(Thermo Scientific, Rockford, IL, USA)E ©]-&3}o] whla Aeks 39
o}, 283l 500 ugle. = Yr3o] G plus/protein A-agarose bead (Santa
Cruze)¢t IAE Wil 4TelA 16417 HEEAIZTE whgo] E4 &
4°C, 2000 rpm, 23+ Y412l $ IP washing buffer2 A x}# washing

5 5 SDS sample bufferS 10 ul 231 5% F<F ot} IPE S o

["0

& oA S western blotting #2415 3 gkt

6. Lentiviral ShRNAZ ©o]|-&3F knock down A XF A2}

Stable knock down A3 SH¥& 9]5)o], target MISSON shRNA
(Sigma-Aldrich)E T3}tk Lentiviral particlesE THs7] 91814
pLKO. 1-PURO PDCD5E MDLg/pRRE, envelope pRSV-REV S} pMD2. G
plasmide} 7 Mirus2020 (Mirus, USA)S A}F-83Fo] 293FT A3
transduction A7l %, 48A1ZF BQF WSS H HedS AW
HCT116 H=% A549 A3 lentivirus particleS transfectionA] Zit}. o]
£ FoF w3 %o 1 ug/ml puromycine (Sigma-aldrich)g =] 2] &}o]
XM H 3T Lentivirus PURO shRNAES tx o2 AM317] 93]

A 2F8l e,
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7.RNA £ ¢} cDNA &4
RNAE Trizol A1 ¢} (TaKaRa BIO, Shiga, Japan)S AF-&3to] #2]8}3)

t}. 60 mm disholl ¥ 3t A X ELS Trizol 500 ul® Y31 1.5 ml tubeol

i

Fol AEE0] A2k # ol ExE 3 & chloroform 100 ml ¥ o]

Al
T

o

g @ ¥

A

ThA] vortexingdte] 4TColA 13,000 rpmo.2 15487+
AHSon 200 ulE FHa&l Al Frol %7]al isopropanol 200 ul® o]
invertingato] Aol 1013 WHEAIZATH Whgo] 2 & TRA] 47T
A1 13,000 rpmo. = 1583 YA #7 g H 4S5 d2 WEla RNA

HAES IA} 75% ethanol 1 mig o] 4Tl A 13,000 rpmo. 2 5%7F

o
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e
filo
=
Y
o
k1
i
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>,
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INTPZ 4 U7} ¥ Edae] 65TolA 587 dA2 & oA}
g e dEe FRAe Rl 10wt HES AR O

_l

42T~ 60 65TCoA 108 BoF AHA HH-g-S AlA ©d 714
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°] ¢cDNAZ FAsl3ich
GAPDH: F-5’-GATGGCATGGACTGTGGTCA-3’
GAPDH: R-5’-GCAATGCCTCCTGCACCACC-3’
PDCD5: F-5’-~AAAGCACAGGGAAGCAGAAA-3’

PDCD5: R-5’-TTGTCCATATCTTGCCATCTG-3’

8. Site-direct ed mutagenesis

t}eF3k mutantsS QuickChange kit (Agilent Technologies, Santa Clara, CA,
USA)E Al&3}o] Al2Fsl3ith PCR cycling < 18 cycle® th53 722
70 mal 218 E At 94T A 30x &<t denaturation 48 7
23, 55C o)A 13 5ot annealing 42 AF 5 68T oA 10%
&<t extension IS AXY. FZE PCR 4H=o| Dpnl (Agilent
Technologies)2 23+ 5 37TColA 3 A7k ¥k 5<F incubationdt ¥
competent E.coliE& A}&3}o] transformationd}$Ith. ==  construct=

DNA sequencings 53l &<13}3I o}

9. Colony formation assay

12



100070 ¢] A ¥ZE 60 mm culture dishel] 5322 DMEM Hj#] =2 10¥

ot
©

v <F5}SI ). ColonyE PBS®E washingdt % 0.5% crystal violet<

(ot
ol

Fstel 9 AskAlth colony59l 8 Ao} A3} ssieh

10. SAEA

Ttests ARSsle] Ao A4 oA datt 7 aE=

o
o

H] 2l 3}o] standard deviation &= YEFWITE P values %te] 0.05 ©]sl=

2 W frelsteha Busen,
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1. 2%

1. Yeast-two hybridE 23t PDCD59 A7 2% vhild =3
AEAE 717 Al PDCD59]  HVIESAE skt
yeast-two hybridE =33+ 5 pDCD5¢] A% vwAS T3]
pGBKT7 vectorell cloning ¥ PDCD5% bait® AF&3tal (219 1, 71,
Q1ZF ovary cDNA libraryE AF&3Fo] wujA]lZl 2 sequence TA1<
sl FH gHAEe]l $EEAT (& 1). PDCD5SE FH. FHAE
3tol3tarxl, HCT116 Ao PDCD5%t

A fFAAES cotransfection AlA WARIAHS FHsATH

golstgla, HrE ®@ AdS =3 STK31¥® PDCD5Y A3k

dags wEFoEN HIFHom STKILS AEste] vy
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X 1. AP A 544

T34 AR S - !
Left-1ight determination factor2 (LEFTY2) 35
Pin-2 oncogene (PIM2) 36
Pyruvate degydrogenase kinase,isoenzymel (PDK1) 37
Proteasome maturation protein (POMP) 38
Extracellular 1ink domain containingl (XLKD1) 39
Galectoside-binding,soluble (LGALS1) 40
OUT domain—containing5 (OTUD5) 41
Growth independent 1 transcription repressor (GFI1) 42
Mitochondrial ribosomal protein L3 (MRPL3) 43
Serine/threonine kinase 31 (STK31) 44
ATPase NA+K+ transporting betal, polypeptide (ATP1B1) 45
Testis drived transcript (3LIM domain) (TES) 46

15



7t

SD-Ade/His/Leu/Trp/X-gal/Aureobasidin A selection

<DNA library PCR (Prey)

!

Sequencing

!

Sequencing analysis(Pubmed)
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% 1.PDCD5 ZF d¥jd M.

7}, Yeast-two hybridE <17+ ovary cDNA libraryE A}-83le] 4=33 5}t
pGBKT7-PDCD5E Gal4 DNA-binding domaing zt39l&= Y2H Gold
yeast strainoll transformaitonA] ZATh  BaitZ} library &3 w0

a9 A A colony7t AEE|A platec]  H]ITE Zpzbo

colony= Hl%43te] DNAES FE31al, PCRE %3 5 sequencing=
F&3tlth. W, Flag-tagginge] ©d $H il d 53 HA-PDCD5E
HCT116 A 3ol co-transfectionA] 7] HA A2 WAZZFH S S4=3) 3k
% Flag &A= immunoblotting dko] g1sk3ith 2T 2+ 22
el sampleol] A1 immunoblottings =38t B-actin®] WA 4

srelsholeh
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gl A 2ds= AQIA LobE Al Flag-STK3lEs sEE=
ke A7 PDCD59] mRNA level 2 reverse transcription PCR

(RT-PCR)S 23 gelstgltt. 7 A3 PDCD52 mRNAS ¥ 3=

3

stol & = 9t o]k @ AWSEHE STKILS PDCD5S
il AS oA Ao mM p53S wiZf R A ¥EAE AHARE

g3 AlA FAH FHAEC ps3, p2l, baxe] WA level

20



7t

PDCD5
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ap2l

aBAX

oFLAG

op-actin

aFLAG

aFLAG

ap—Actin

--’

e e o @G

S WD RIS

RT-PCR

FLAG-
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ap53

ap2l
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aPDCD5

aFLAG

of—actin

S i
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¥ 2.STK319] HHdS B3 p53 AR &43).
7}, Flag-PDCD5E HCT116 A¥o] F=E=a 3dd Al#A 36417

ok wige ¥ WAL FZ31e] immunobloto.®  EH13}GIT

T

WS FE3le]  immunobloto = 013519

c= S P I =
B-actin®] wiA S Isiith o, Flag-STK31#} Flag-PDCD5%&

co-transfectionr] ] 36417t ®<F HiYFel T w@WlAS FEH3)Y

immunobloto. 2 gQlst3ity, o ®  B-actine] wlE kS

o
off
H
e
it
£3)
i
[ﬁ
>,
2
w
o
>,
&
off
r 3

golslgith. 2, Flag-STK31
ekt 5 RNAS F=3}o] cDNAZS A3t 5 RT-PCRS 535}

PDCD59] HFHx && FASY. vxvdoe=zs 22 RNA
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3. PDCD5 &4 STK31¢ p53 843 =

s
o
_?L
o
oo
‘O,

STK31el 9%+ p53 A =¢] &43}7l PDCD5
gelstr] $lsle] PDCD5 knockdown A|¥FE A 235} Th Western
blot¥} RT-PCRS 4=33}o] PDCD52] knockdowns 221dtar (Z1¥H3,
71, shPDCD5%} shControl- A549 Ao STK31S 3} W& A Zlt}.
21 A3} PDCD5 knockdown A3 A control Aol H]SFe] p533}
target T} A o] AA A W A kS gl ) (™3, ).
Fe WRyo® SKT3LE sxHE I7MA Fsls 4=
control A 3£¢] H]3lo] PDCD5 knockdown A|3Zol| A S7b= A X3S
stelslgitt oleld A3E Edke] STK3le] PDCD5E wi7l=Z 3}ol

ps3 BHPRE HAAE AS ¢+ AN
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‘Western blot

PDCD5

@ @» | GAPDH

aPDCD5

ap-Actin
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Sh-cont Sh-PD5

= + = + Flag-STK31

— ey " ™ ap53

- - ap2l

S~ e aPDCD5

= @& | oFLAG

P O WP | op-Actin

Sh-cont Sh-PDCD5

. el "

.,“--—‘---apj:;

o o GO G —o @ e a» | op2l

> o agp GEED aPDCD5

- s e amp | oFLAG

- aw ap o @ WP @ W | op-Actin
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1% 3.STK319 #2FLS PDCD5E AH3l p53 AE2E 43}
7} 992 1388 sheontrol-A5499} shPDCD5-A549 A S western

blot2 3 % PDCD5 dAlE o]&3te] PDCD5% knockdown<-

o,
rol
S
o,
o

, 8% IHS RNAE FE31%] cDNAS #43 +
RT-PCRE  s3sted  PDCD59]  #A4  F& A
2T O 2= 2 RNA sampleo A4 RT-PCRS G~335}o] GAPDH2]
AR ke Felslgith. Y} PDCD5 knockdown A|EE AF-8-3}o]
Flag-STK31S #2&  A]A 36A]17F o] immunoblots 35}

g g gelaglth dxTozt 2L wuld sampleo]A

immunoblottings S&&to] B-actin®] welA S elsigith. th

PDCD5 knockdown A|¥Z A}£3}o] Flag-STK31S & =2 g s
% immunoblotS 35te] whilA kS RIS T tERToRE

i
rlo

ol E samplecl] A1 immunoblottingS- 53 3Fo] B -actine] a2

o]
0,
o

gHelskitt.
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4. PDCD5E ¢tA3E E3F STK319 p53-9|&3 A|¥AE 23574
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filo
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H
39,
rlr
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<
o
S
x
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agent] etoposideE AH&stel A¥ES  FAsilth dd A
Aol A STK31e] AL p53s SAARE FXAZ7] v
genotoxic stress J3olA o] wWIE A A HCT116  AlE
Flag-STK31S == #Hdd A7l 5 etoposides A &]3}]
shelstoict. 1 A¥ p537 target wHEQl p21o] FEEE

<7betglaL, PDCDSS] wuld oF E3 FLdE

of\

ZFekitt (194,
7h. STK319] #¥dS F3 ps3 429 4Aexdd F7H7F PDCD5E
= § A Felstumat PDCD5¢]  knockdown Al EFoll A
glstadt). STK319] #Ed A7l % etoposides *2]3F3S = p53
A=22] &4 37} control A3 H]Sle] PDCD5 knockdown Al 3o A

S

N

7HE wmY (2"4, ). ps3 AEAY 71d @A s
PDCD5%} STK319] Ay o] A=A 135tz PDCD5%}

STK3LS EAe] whial A7 etoposide® AHelsta WAL
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tol Aol WsE Rl Z3} etoposides A RS Wl

off

T3
PDCD5%9} STK31¢] ZAgte]l F7hstgltt. o] ZA3E F3ste] DNA
damage A+3oll 4 STK313} PDCD52] Zgto] S71E o] ps3S wi/=

e g ¢ 5 An

o
nj
Ho
e
oX,
oty
>
Y

o AlZAFE AT 7]

(134, o,

28



Sh-cont Sh-PDCD5

+ FLAG-STK31

- - 4+ - -
-+ + - + + ET
o



= + -+ FLAG-STK31
+ + + + HA-PDCDS

WB :oFLAG

Input o o op oip WB : cHA

S em» @® | WB af-actin

Y 4. STK31S PDCD5E wi/lZ 3}e] etoposided] ¢J§+ ps53

Asdg &4 =4

7F, HCT116 Aol Flag-STK31S T = Z8d AlA 36A17Hs<t
WSt F 25 mM<] etoposides 4A1ZF A 2]k immunoblotting
Atttk 1, PDCD5 knockdown A549 A9} control A549
A ETE ©o]83lo] Flag-STK3LS & A]7]aL 25 mM etoposideS
A3kl immunobloting©. = Eel&tglth. th  HCT116 Ao
HA-PDCD5%} Flag-STK31<S- co-transfection A]7 50 mM<] etoposideS
A8d 5 4xz7F FHol harvestaldtl. HAZ IP 3to] Flagl &
immunoblotings T3t FAiTt. xR SE B-actine

g5t

30



5.PDCD5 2]&% STK319] A|E1A} R
oM AnE 3 STK3Le o] pPDCD5e] wuld kS
Z7kx71aL,  ord3slEl PDCD5E 213k ps3 AR A=

Flstolth. HEHow pOCDSS AEHA 7152 s/ 99

l

Colony formation assays <3sto] AEe] 25 FSAsIGH
HCT116 ControlA| ¥} shPDCD5 Aol STK31S I3 Al S uj

Control A9 ZF2lo] thA 745 A4, PDCD59 knockdown

X
™
=
o
rlr
ol\
1>
°
r>~1
o
ol
PN
Ol
o
Ry
Y
3:2
)

o

| 235 %3] STK319]

PDCD5 o|&4 02 AEIAE ZAN7E AL FHaAT

31



7t

E

uopaNpu| pjog

0

5

Sh
Flag-STK31

32



a3 5. AEFA A STK319 43k

7}. Flag-STK31S #23 A]71 shControlZ} shPDCD5-HCT1164 =&

1X10° o2 A& % 109 FoF w3l thS 05% crystal violetS

o]g3lo] M3 colony /NS =43

Error bars, SD (n=3), *P

values<0.05

33



0

B

"
(il
X

mjn
E

4
|

AT A

oj
M4

B

DNA damage<}

122 47 p53

o
hE4

A

—Z
49

p—

o]
"
o5

25

oA MEIALS frEshA R #, thame] Lol A

[e]

&

Ea

o7 2ET

RS IS s

=

Z} o}
=

2]

o

)

T
R

PDCD5

a7

A 2

SATE Qefus

ST
X

Al

34



w2 A o]Fetl. olm oy oEo]A PDCD59 We wrE o]

o

gholwal, PDCD59] W wae Fokol AT o T ol

9l&o] HHEo] HYUP ¥ I pDCDsE PuHEH o®  HolE=

off

FOEAIQL cisplatinol]l =¥ & AEaALe] RIPES FoFrs o

[e:

g & g®% pDCD57} TFEE AAARA Fad %S o

tT
K

P
o

& 5 Stk sARE, PDCD5¢] ool Hlgte] A57hA|
3] % PDCD59] %2 7]%-S PDCD57} genotoxic stressE WHQE-S- uj
AEZA A mEZ=gol wroz o]Fste] BAX ©Hlde] A4S

5

o

AEZIAE frEdths A9, ps3dt A Ao s At cell

cycle arrest?} MF¥IAMES F% U= AP p53 kA S| FQd

12

S e olAE 3 &4 tip60el ZAgHEle] apoptosisfrE3d ThE

Y

7 9o PDCD5 AHA|] EE71A Aol tisiAE HaE 3o

£Q

t}.
B ol Fo| A= Yeasttwo hybridE E3le] PDCD5¢] Ao A%
ol A o] STK31S H A3 AL, co-immunoprecipitationS £3}o] A3

W 2dss &

&3l STK312 PDCD5&

rO
o
ol
38
Au)
)
o
rot
(1
ok
o

At A7 AlZALES 8 AS 9T 5 AU

35



A PDCD5+ p533 ZAEshe] p53 7=l FAdxdA 93
goha defA 9l7] wiitel, PDCD5E Fx WE Hid AZRE
ps3t Bl fodAbEo] sk WR U AL @lekelal, STK3LE
2l AZE W= ps3 FRE DSt A7) WEel STK31
PDCD5E &% 3 2@ AlA p53 &Adstel synergistic S
glkgith. PDCD5S] mRNAS =43 23 sz glsly] il

STK313} PDCD59] ozt WMol 2dse= Ae & -

N
il
>
oo
[

Attt PDCD57F Ad  wofdi=  knockdown Al
AEo A STK3L & <o]gh p53 A=Al #AArE T35,
STK31¢] PDCD5E vwiZl2 @ AEAFES F23  Zlolgha
Azyegdtl. PDCD5% DAN damage$t #o Aol &
AEZAALS FESva A 7] wiol, AEIALE FEE
2 & cytotoxic reagent®] etoposideE A}&3F 23 o]A PDCD5Z
7|2 STK31e] p53 A=RE A3t A7l & Rl
EtoposideZ A 2]3t%1S wl PDCD59F STK31e] ZAgto] Z71381% 7]
o] ps3 AT AY A2 Ao PDCD59 STK31¢] Ao

Fashs e 5y

36



HFHOoZ colony formation assayS B3 AHIEO FAE&
SAskRS W STK31lo]l #Ed | AXo] FAe] HAE Fldl

= Aol A STK312 PDCD5-p53-A1| 3 3L A} 7 29
S FHARA 7]%5S 31, STK31, PDCD5, p53°] ternary &3H4| =
& A3}l interregulatory network?] 7FsAl S A|AlEATH AdpA o=
STK31-PDCD5-p532] A} &% molecular pathway”} &+ Al AlE <]

A5A BAlel B & 9L Zoletm AZETY o bt STK3LO|

ojujgt 7]F o PDCD59  stabilitys FH3t=A ATt

e,

Q3o

Serine-threonine kinase31(STK31)-> tudor domain¥} kinase domain©]
HEEFO] glo] et 7lsS & FoR oFEXRE o} 71A]
AZAA STK3LS] 752 BRI < STK31°] colon

cancer A|9] undifferentiated stateE Fd3ctE H vl YA,

STK31&  knockdownAlZ1s i apoptosis”} S 7Fethe K alvh

37



H[E o] He]  HiEo]l  STK3F FUH

o,

o]

A
£
o

t}

sl

Ul-golxut, X AAFtoa pDCDS5 AWM A2 A p53  signaling
pathwayE &3+ A XEAPHe] ZHS ¥hE STK319] pro-apoptosis
ZHAARAN 7]%5S FHEaL, STK310] p530] AAMZ ¢l AFato)] A

ATH ez AZAES =TS

38



V. 28

p53< w7l = & o+ A AlEeA], PDCD59] 7] WS AF3}7)

9 PDCD5% ZAgtele=

hybrids =3l
Z7kA 711, STK319
g4 5t
ATE F3

A o]

WS,

A2 wEel  STK31S:

STK31<S PDCD5¢ whaiz

°]%t PDCD5 Wiz o

001: ]

4 27}

rr

AR sE AELAE 2R

J

STK31-PDCD5-p532] EAMIES A=

Aoleta Azhe

39

2

yeast-two

oAl =



ﬂ}‘-’:
R
i
rll

1. Liu H, Wang Y, Zhang Y. TFARL19, a novel apoptosisrelated gene cloned
from human leukemia cell line TF-1, could enhance apoptosis of some
tumor cells induced by growth factor withdrawal. Biochem Biophys Res
Commun. 1999; 254:203-10.

2. Uchida M, Watanabe T, Kunitama M, Mori M, Kikuchi S, . Yoshida K, et
al. Erythropoietin Overcomes Imatinib-Induced Apoptosis and Induces
Erythroid Differentiation in TF-1/bcr-abl Cells3. EPO. Stem Cells
2004,22:609-16

3. Min R, Yingyu C, Yingmei Z, Dalong M. Transfer of anti-TFAR19
monoclonal antibody into HeLa cells by in situ electroporation can inhibit
the apoptosis. Gene 329 (2004); 39-49

4. ChenY, Sun R, Han W, Zhang Y, Song Q. Nuclear translocation of PDCD5

(TFAR19): an early signal for apoptosis? FEBS Lett 2001;509(2):191-6

40



. Chen LN, Wang Y, Ma DL, Chen YY. Short interfering RNA against the
PDCD5 attenuates cell apoptosis and caspase-3 activity induced by Bax
overexpression. Apoptosis 2006;11(1);101-11.

. Wang Y, Li X, Wang L, Ding P, Zhang Y, Han W, et al. An alternative form
of paraptosis-like cell death, triggered by TAJTROY and enhanced by
PDCD5 overexpression. J Cell Sci 2004;117:1522-32

. Li H, Wang Q, Gao F. Reduced expression of PDCD5 is associated with
high-grade astrocytic gliomas. Oncol Rep2008;20:573-79.

. Sudob J, Reith A, Lingjaerde OC. Gene-expression profiles in hereditary

breast cancer. N Engl J Med 2001;344(26):2029

. Yang YH, Zhao M, Li WM. Expression of programmed cell death 5 gene
involves in regulation of apoptosis in gastric tumor cells.
Apoptosis2006;11:993— 1001.

10. Xu XR, Huang J, Xu ZG, Qian BZ, Zhu ZD, Yan Q, et al. Insight into

hepatocellular carcinogenesis at transcriptome level by comparing gene

expression profiles of hepatocellular carcinoma with those of corresponding

noncancerous liver. Proc Natl Acad Sci U S A 2001;98(26): 15089-94

41



11. Runa GR, Qin YZ, Chen SS, Li JL, Ma X, Chang Y, et al. Abnormal
expression of the programmed cell death 5 gene in acute and chronic
myeloid leukemia. Leuk Res 2006;30(9):1159-65

12. Zhang X, Wang X, Song X, Wei Z, Zhou C, Zhu F, et al. Clinical and
prognostic significance of lost or decreased PDCD5 expression in human
epithelial ovarian carcinomas. Oncol Rep 2001;25(2):353-8

13. Spinola M, Meyer P, Kammerer S, Falvella FS, Boettger MB, Hoyal CR,

et al. Association of the PDCD5 Locus With Lung Cancer Risk and
Prognosis in Smokers. J Clin Oncol 2006;24(11):1672-8

14. Chen C, Zhou H, Xu L, Liu X, Liu Z, Ma D, et al. Prognostic Significance
of Downregulated Expression of Programmed Cell Death 5 in
Chondrosarcoma. Journal of Surgical Oncology 2010;102:838-43

15. Chen C, Zhou H, Xu L, Xu D, Wang Y, Zhang Y, et al. Recombinant
human PDCD5 sensitizes chondrosarcomas to cisplatin chemotherapy in

vitro and in vivo. Apoptosis (2010) ;15:805-13

42



16. Xu L, Hu J, Zhao Y, Hu J ,Xiao J. PDCD5 interacts with p53 and
functions as a positive regulatorin the p53 pathway.  Apoptosis
(2012) ;17:1235-45

17. Xu L, Chen Y, Song Q, Xu D, Wang Y, Ma D. PDCD?5 interacts with
Tip60 and functions as a cooperator in acetyltransferase activity and DNA
damage-induced apoptosis. Neoplasia 2009;11:345-54

18. PB Essers, TD Klasson, TC Pereboom, DA Mans, M Nicastro. The von
Hippel-Lindau tumor suppressor regulates programmed cell death
5-mediated degradation of Mdm2. Oncogene (2014);1-9

19. Laptenko O, Preices C. Transcriptional regulational regulation by p53 :
one protein, many possibilities. Cell Death Differ 2006;13:951-61

20. Kubbutat MH, Jones SN, Vousden KH. Regulation of p53 stability by

Mdm2. Nature 1997; 387:299-303

21. Leng RP, Lin Y, Ma W, Wu H, Lemmers B, Chung S, et al. Pirh2, a

p53-induced ubiquitin-protein  ligase, promotes p53 degradation. Cell

2003;112:779-91

43



22

23.

24

25.

26

217.

28.

. Dornan D, Wertz I, Shinmizu H, Arnott D, Frantz GD. The ubiquitin

ligase COPL1 is a critical negative regulator of p53. Nature 2004;429:86-92

Bode AM, Dong Z. Post-translational modification of p53 in

tumorigenesis. Nat Rev cancer 2004 4:793-805

. Norbury CJ, Hickson ID. Cellular responses to DNA damage. Annu Rev

Pharmacol Toxicol. 2001;41:367—401

1998;281(5381):1317-22.

Evan G, Littlewood T. A matter of life and cell death. Science.

. Brady CA, Jiang D, Mello SS, Johnson TM, Jarvis LA, Kozak MM, et al.

Distinct p53 transcriptional

programs dictate acute DNA-damage

responses and tumor suppression. Cell 2001;145:571-83

allace-Brodeur RR, Lowe SW. Clinical implications of p53 mutations.

Cell Mol Life Sci 1999; 55(1):64-75

Mar;21(3):485-95

Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis. 2000

44



29.

30.

31.

32.

33

Li H, Zhang X, Song X, Zhu F, Wang Q, Guo C, et al. PDCD5 promotes
cisplatin-induced apoptosis of glioma cells via activating mitochondrial
apoptotic pathway. Cancer Biol Ther 2012 Jul; 13(9):822-30

Hui-Yu Xu, Zhi-Wei Chen, Yuan-Ming Pan, Li Fan, Jie Guan, You-Yong

Lu. Transfection of PDCD5 Effect on the Biological Behavior of Tumor

Cells and Sensitized Gastric Cancer Cells to Cisplatin-Induced Apoptosis.

Dig Dis Sci (2012) 57:1847-56
Yin A, Jiang Y, Zhang X, Zhao J, Luo H. Transfection of PDCD5

sensitizes colorectal cancer cells to cisplatin-induced apoptosis in vitro

and in vivo. European Journal of Pharmacology 649 (2010): 120-6
Sabeur K, Barry A. Ball. Characterization of a Novel, Testis-Specific

Equine Serine/Threonine Kinase. Molecular production and development

2008; 75:867-73

Fok KL, Chung CM, Yi SO, Jiang X, Sun X, Chen H, et al. STK31
maintains the undifferentiated state of colon cancer cells. Carcinogenesis ,

2012: 2044-53

45



34. Pao-Lin Kuo, Yung-Ling Huang, Christine Chin-Jung Hsieh. STK31 Is a
Cell-Cycle Regulated Protein That Contributes to the Tumorigenicity of
Epithelial Cancer Cells. PLoS ONE 9(3): €93303.

35. C Cavallari, V Fonsato, MB Herrera, S Bruno, C Tetta, G Camussi. Role
of Lefty in the anti tumor activity of human adult liver stem cells.
Oncogene (2013) 32, 819 — 26.

36. Baytel D, Shalom S, Madgar I, Weissenberg R, Don J. The human Pim-2
proto-oncogene and its testicular expression. Biochimica et Biophysica
Acta 1442 (1998) 274785

37. Koukourakis M, Giatromanolaki A, Sivridis E, Gatter,K, Harris AL.
Pyruvate Dehydrogenase and Pyruvate Dehydrogenase Kinase
Expression in Non Small Cell Lung Cancer and Tumor-Associated
Stroma. Neoplasia. Jan 2005; 7(1): 1-6.

38. Rodriguez V, Hart JS, Freireich EJ, Bodey GP, McCredie KB, Whitecar JP,
et al. Pomp combination chemotherapy of adult acute leukemia. Cancer.

1973 Jul;32(1):69-75.

46



39. Prevo R, Banerji S, Ferguson DJ, Clasper S, Jackson DG.. Mouse LYVE-1
is an endocytic receptor for hyaluronan in lymphatic endothelium. J Biol
Chem. 2001 Jun 1;276(22):19420-30.

40. Gillenwater A, Xu XC, Estrov Y, Peter G. Sacks, Lotan D, et al.
Modulation of galectin-1 content in human head and neck squamous
carcinoma cells by sodium butyrate. Int. J. Cancer: 75, 21724 (1998)

41. Kayagaki N, Phung Q, Chan S, Chaudhari R, Quan C, O’Rourke KM, et
al. DUBA : a deubiquitinase that regulates type | interferon production.
Science 2007;318(5856):1628-32

42. Grimes L, Gilks B, Tung O. Chan, Porter S, Philip N, et al. The Gfi-1
protooncoprotein represses Bax expression and inhibits T-cell death. Proc
Natl Acad Sci U S A. 1996 Dec 10;93(25):14569-73.

43. Galmiche L, Serre V, Beinat M, Assouline Z, Lebre AS, Chretien D, et al.
Exome Sequencing Identifiess MRPL3 Mutation in Mitochondrial
Cardiomyopathy. HumMutat 32:1225-31, 2011.

44, Yokoe T, Tanaka F, Mimori K, Inoue H, Ohmachi T, Kusunoki M, et al.

Efficient Identification of a Novel Cancer/Testis Antigen for

47



Immunotheraphy Using Three-Step Microarray Analysis. Cancer Res
2008;68:1074-82.

45. Shull MM, Pugh DG, Lane LK, Lingrel JB. Mspl and Pvull
polymorphisms in the Na,K-ATPase beta subunit gene ATP1B1. Nucleic
Acids Res. 1990 Feb 25;18(4):1087.

46. Sarti M, Sevignani C, George A. Calin, et al. Adenoviral Transduction of
TESTIN Gene into Breast and Uterine Cancer Cell Lines Promotes
Apoptosis and Tumor Reduction In vivo. Clin Cancer Res. 2005 Jan

15;11(2 Pt 1):806-13.

48



Abstract (in English)

Unraveling the apoptotic role of PDCDS5 by analysis of interactome
Eun-Jeong Han
Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Ho-Geun Yoon)

Programmed cell death 5 (PDCD5) plays a significant role in cellular
apoptosis. When Apoptosis in induced, PDCD5 is translocated from the
cytoplasm to the nucleus. Decreased PDCD5 expression has beed reported in
various human tumor, such as astrocytic glioma, breast cancer, chronic
myelogemous leukemia, gastric cancer, hepatocellular carcinoma, and it is
associated with tumor formation and malignat progression. Previous studies
showed that PDCDS5 plays significant role as a tumor suppressor However, the

molecular mechanism of PDCDS5 is still unclear.
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In this study, PDCD5-binding proteins were screened using yeast two
hybrid assay to examine the function of PDCD5 in the regulation of cell death,
and finally STK31 (serine/threonine kinase31) was identified as a novel
protein that interacts with PDCD5.

The interaction between PDCD5 and STK31 was confirmd by
immunoprecipitation in vivo cell system. Increased STK31 expression
upregulate level of PDCD5. Upregulation of PDCD5 expression by STK31
stabilizes p53 mediated apoptosis and increase activation of p53 transcription.
In PDCD5 knocking-down cells, p53 and expression of target proteins were
not changed even with overexpression of STK31. Therefore, colony formation
assay showed that overexpression of STK31 could not affect cell proliferation
in PDCD5 knocking-down cells. These results suggest that STK31 promotes
p53 pathway via PDCD5. This novel STK31-PDCD5-p53 signaling pathway

plays significant role in apoptotic cell death in cancer cells.

Key words: pdcd5, stk31, p53, apoptosis, cell death, serine/threonine kinase
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