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ABSTRACT

Biological role of PIG3in lysosome-mediated apoptosis.

Park, Ah Yeon
Advisor: Prof. You, Ho Jin, Ph. D.
Department of Bio-material Engineering,

Graduate school of Chosun University.

The p53-inducible gene 3 (PIG3) is known to beaadcriptional target of p53 tumor suppress
or protein, which involved in p53-mediated apoptasiticed by reactive oxygen repair (ROS).
To determine the exact role of PIG3 during apoptosie partially cloned the Cathepsin B
(CTSB), a lysosomal cysteine protease, from human/Alhithary using the Yeast two hybrid
technigue. The PIG3 was interacted with the CTSBUman prostate cancer cell line PC3,
which was verified by co-immunoprecipitation an&yssing specific anti-PIG3 polyclonal
antibodies and anti-CTSB monoclonal antibodies. &itbe released CTSB from the
destabilized lysosomes induced the mitochondriarugition during lysosome-mediated
apoptotic responses, we investigated the role tefastion between PIG3 and CTSB in the
apoptosis. When we examined the cell viability of3Re@lls by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay aftatuation of lysosome-mediated apoptosis
by TNF-a(10zg/ml)2} ActinomycinD(0.2:¢/ml), the apoptotic responses were observed 8
hours after the treatment. The PIG3 silencing PQI3 by transient siRNA transfection show
the 20% less cell viability compared to that of the contiRN# transfected cells 24hours after
the treatment with TNI- and actinomycinD. In the previous report, caspaaet®ation was
closely related with lysosome destabilization dgrihe apoptosis. Thus, we next investigated
the relationships between the interaction of PIG®B and caspase-8 cleavage. The cleaved

caspase-8 was detected 4 hours ealier in the Ph@&kkdown PC3 cells in comparision with
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that in the control cells during lysosome-mediatgubptosis. Taken together, the PIG3
interaction with CTSB may play an important roleregulating the early step of lysosome-

mediated apoptosis through the delayed caspase-8 amtivati
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=20 &A3tE Fejolt} Apoptosis 7 AU celldl A= cell 2] 3,
membrane blebbing® A4 &% 2 P AL WHFgE #F T 5 A3, F /A
o] FH Az Ao o FEHETHL2). AHAE  transmemebrane?] death
receptoro] 54 T 2 7t=9o] AFE 53 extrinsic pathway’} T tx 2l

death receptorl] = Tumor necrosis factor receptor, Fas receptor, TNdfa@ apoptosis-

inducing ligand receptors°] it} F¥A = o]Fd 2 Holglal duyAE
kel AE Yol 2732 mitochondria @ ®#E intrinsic pathway 7} ¢l

Proapoptotic ©¥ &<l Bcl-2 7} mitochondria o]  o|9e  A=EH
HEHOZ cytochrome-C 7} cytosol 2 W&EH o] caspaseE? #&& FE3}1o]
A FAPEE 714 @t} extrinsic pathway2} intrinsic pathway 25 # %32 © & cascade

of caspaseE°] AIHE FEY HAE=E RolA Hrt. Z43tdE caspaseES

ol

FHzdEAe} TEEAE AT T2 AxFgol FHue ol FA "Arh34,5).

Tumor necrosis factor (TNE)} pleiotropic cytokine &2 MXE U oA dojue

ol

B35 opket Al EAME, Al EAA proinflammatoryd] #ojsls f-dx =4

olr
o



fF+=3tH(6,7). TNFE= TNF receptorl (TNFR1p}F 4H5A 233l TNFR1-associated
death domain protein (TRADD), TNF receptor assodidtetor 2 (TRAF2), death domain
kinase RIP ¢+ <24 °% plasma membraneZgsle] HE APES FE3t
(E&4 1) (8). TNFR1o] 3l2]¥ ¥ TRADD, TRAF2, RIP ¢ <g® Fas associated
death domain protein (FADD)$} caspase 8°] A ZZoA EiAE FA3t}

(Z5ZA 2)(9). 28l YA EFA] 2 oA caspase &) &4 FHHA downstream

caspase=°| @43 Ho] AF ME AFEE 7}A ©TH10). = TNF = transcription
factor ?1 NF«B <= #&ste] A7 Axel iy w9 AL 24|z o
(7). Apoptosis o & st 7|5E& ZFESE 84E V] Y3 ATFHAUE

Z}5E HT caspasec]]o = cathepsins, calpains, and serine proteages T2

it

sl a4~ E% apoptosis®] 2] 7FA] oA ;A A J&e sHA "ok (11). 2

ShiA

ZoA WA 9= Cathepsin B(CTSBF lysosomal cysteine proteasée acidic

r

vesicle ZHE FHE MAZEAPESY FAAe] FrE Fo]| dho|tl. Cathepsin BE

38kDa °] =&

o

o 7HE £3FHOF  proteolytic cleavage ©l 2ld A 3H

o

30kDa &2 Fg] HrH(12). = NH, ¥t propeptide2} COOH 2 6 7] 7%=

T

¥ 127 H3F 128 HAl 7] 7F Ze] 27kDa ¢! heavy chain¥} 4-5kDa < light
chain o] £g] o] disulfide 2302 dZ2d @47 "H(13,27). & ATolA

Cathepsin B7} A|AHE HolA AXAIE S FE%2 53 Cathepsin B/} A XAFE 9]
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e A 4L GRAEGITH(14). e oY HH] Bio] mEW ofH A xEo
TNFE *]2]3}¥H lysosomee] EfX]HA] Cathepsin B’} cytosolZ W& %] caspasel
SHHoIAY F2 EH BERE AIAEERE PgdEns o8 A Eavt

AATH14,15,16,17,18).

PIG3 = p53-inducible gene 324 Foa] cruldol p53 o HALE EF o]

=

AIZAPEAA | g2 3HA] a7t AZET PIG3 = A&l p53 o] fk=dhe

o

AEAPES] AZ TdAA o] FAAES] EHd FEe 2A E 5 2d
33 TH19). PIG3 & AW A, ROS(reactive oxygen speciék) 2 32H(19) p53 <] 3t
AFAPEe] B sttt AT HATH20,21). FHA, ROS o A A FEAEH
T2 NAD(P)H quinone oxidoreductaseg} A @714 <ES 23 QJTh(19).
AHA, oJE ps3 SARo|ES AEXF7|E 22T F Jdoy AFAEE =42
T flom p21 22 5FE FAAe] 242 AE ¢ UAR PIG3 o 242 £EE
T §1tH22,23). L2}, PIG3 A7 @508 M ZAME S st/ EFEste

ROS 7h #ESHE AEAEAE BE  dASe] HEHEL FORA

At JHAHE L AsFAES e o 9d¥wdS 7] 93l Yeast two-hybrid



PIG3 <} CathepsinB 7}



I. A3As 9 9y

AEu)FzA

AHPHALGAEL PC3 HEE 10% fetal bovine serum (FBS), penicillin (100 U/mL)
streptomycin (100ug/mL)©] X 3$tH RPMI1640 (Roswell Park Memorial Institute 1640)
medium ol X, A& MESQ HCT116 p53+/+ MXEF+= IMDM (Iscove’'s modified

F o,

ol

Dulbecco’s medium) mediutll A 37C, 5% CQ, 7} &= ZHO & HjF

Ao}

Tumor Necrosis Factor-alpha (TNff&} 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT)= SIGMA ¢ 4] ActinomycinD & USB oAl T} 3}31 .

PIG3¢ CTSB fAAe E2Y

Abgkel  MfolEAMxel GM00637 AES]  cDNA  EXHE  PIG3 ¢
CathepsinB+ A xS PCR ¥ o2 FZA|ZTH(PIG3 F-3 GAA TTC ATG TTA GC
GTG CAC TTT GAC A-3 PIG3 R-5 GTC GAC TCA CTG GGG CAG TTC CAG:3

CTSB F-3 GAT ATC ATG TGG CAG CTC TGG GCC TCC-3CTSB R-5 GCG GCC



GCT TAG ATC TTT TCC CAG TAC TGA TC-3 pGEM-T-easy vector (Promegd)

o

T I 971

12

27l §AA4E AYete]l 24 g FAYT. PIGS FAAE

§st

ol
rr

Asta s EcoRI,Sall (New England Biolaby ©]&3fo] HAost 3
Astair® vz @3] & pGBT9 (Clontech) vector$t pcDNA3.1/V5-His-TOPO
(Invitrogenpll Z+Z} cloning 3l t}. Cathepsin B3 A= Al$+a 4 EcoRV, Notl (New

Agdarz vy ZPs)

rr

England Biolabg °©]&3le HAodgt F, I3t

= pcDNA3.1/V5-His-TOPO (Invitrogen)2} pACT2AD (Clontech) vectofll cloning 3 t..

PIG3 ¢} CTSB A9 FEAEY

22499 #HAE FUGENE 6 (Roche)E Atg3to] zAlz3|Abe] <kl wle}

oy

] B2 2 ALE FH sk

ol

AZe) FAEY stk s dgsE, FAEY

e 9, WAADL T W AFE AT 7 NSHAS o 60% HEE

(Roche) & 4ol 348l £ §9& E@ste] Aol4 15 £7 Fo DNA 9
FUGENE 6 % AZAT. 4 A7k S0 10%e] 2 E38 XTda Ax s

Yol 2447 F9 27h2 WA AT
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Y east two-hybrid

MATCHMAKER Two-Hybrid 3 (Clontech AF&-38lt}. PIG3 #d# AAE pGBT9
vector ©f| cloning+ plasmidE yeast strain AH1091 transformatiorgt & Trp 7} Sl

AR A¥dE 5=

et

SD H{A| & o]&3}o] pGBT9-PIG3HE 7} =YdH &X
Matchmaker™ liver cDNA library (Clontec® THA| transformationd}o] pGBT9-PIG3
HE 9} pACT2 HE7F =98 AEE transformation &&S 21387 A&l Trp 9}
Leu”} 91 SD viA o] =¥ EETS Trp, Leu, His?7} g1 SD iAo X-a-gal
(Clontech, 4mg/ml) 108 & =X3%F F3 wjx|ol|A HF AEct AEE GRA

YeastBuster™ Protein Extraction Reagent (Novageh]8@)s ©]-83}lo] plasmid &

2e5n PCR MPHOE pACT2 #Eel AU® RFAA REL FEalo
97199e 2N 1 471G T pACT2AD o cloning 3ol T

Yeast two-hybridE &3l A &< 3} th Homology searche NCBI web siteol] 9l

BLAST &1g]&S |83t} http://www.ncbi.nlm.nih.gov.

RNA &, cDNA §4 3 PCR

60 mmol] dish o %3] wWdE AE (90% confluencyd] A viFRLS A AL 1X

PBS (pH 7.4 3 ANolFth 1 m2] TRIzol (Invitrogenys ¥l A Fy} A 7}

_11_



=gttt 4C, 13000 rpm, 15 # AAEE 3 F FHI ATAs =49

pipette & ©| &3] #&|3t] &FY isopropanol & Y¥il A4 5 & WX

47C, 13000 rpm, 15+ ¥A&8 3ted RNA & A A7tk AH"E RNA & 70%

Ethanol 2 pellet & 2 ¥ o] 4 AA slo] F3 Ethanol &< 37

o
2
>

7PEA E™- T pellet 9 ol wel DEPC water 10~20 W& o] =o]i A3
5 AA RNA 9 5 g2 M-MLV RT SAA} & (Invitrogen)s o]&3te] A HA}
sttt WA o2 E RNAQ 5 ugd 1 109 oligo (dT) (500 g/ ml) 1213l 1 wl
10 mM dNTP Mix (10mM each dATP, dGTP, dCTP, dTT8) distilled water 12u(0l &3
Al A 5 & St 65T EAEE T 1 vy 1 A sample<tell
5X First-Strand Buffer 4u0$} 0.1 M DTT 2wl & YolF 1 4ol& th2 1 w9 (200
units) M-MLV RT & 4YolF1 4lo]F thg 37CA 1 A7k 30 & ®h3Al7]12

70ColA 10 &<t ¥hs A7t

WS Al#A U2 50 ng 9 RNA o sl53E cDNA £ F3 O =2 33 PIG3 ¢
CTSB 7 A& PCR (Polymerase Chain Reactio)H 0.2 %3}t w21
distilled water 12.9u0°] 10X buffer 2 z0 10mM dNTP 1 forward primer 1u{ reverse
primer 1 u{ template 20 Taq polymerase 0.l & A}-& 3} (Academic Top Taq
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DNA polymerase (ACTT-2500), CoreBioSystem)ys3% W32  eppendorf 2]

MasterCycler & AF&3to] A A|3le], 94To| A 30 %, 56TCo|A 30 %, 72ColA

ol

1 ¥om Sgowd wgol 25 3 WERARS agth A7 wedA

glyceraldehydes-3-phosphate dehydrogenase (GABDE)ZT = ©]8-3}3 T} (GAPDH,

F5-ATT TGG TCG TAT TGG GCG CC -3° R5- CTG ATAIC TTG AGG CTG TTG

fr

TCA TAC -3°) PCROIA ¥& A ELS EtBr (Ethidium-Bromide® X &3t <)

1.2% ] argarose getl 4] =HQls}olth.

gilzd FH] 2 Western blot

Western blotol] AF&3F @l 4o M-PER (PIERCE) buffers A}g3}o] 10|83t}

MEo] wjkREe A A PBS E AAT T AE L&HE 935 Protease Inhibitor

Protein Assay (Bio-RadplFg ZEod Zof 1.5 2 343 & M9 &4 1ml

“©
e
ke
AN

.

2

E 2 2= bovine serum albumin (BSA, 1 mg/ml, AMRESCG®)A &3}
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PIG3 ¢} CTSB 2 #HES Y3l E 12%2] polyacrylamide geloll 20 pg o w4
fAS AFEEF oM ps3 ¢ R-actin ] HEES HIAE 10%2] polyacrylamide
gel o 10 pge] iz g5 A}2351% 91 1Xelectrode buffer (25mM Tris, 192mM
Glycine, 0.1%SDS)~ H7]19&& 3} tl. PageRuler Prestained Protein ladder

il A71d %ol B geld 4T, 100 VoAl 2 A7k

ol
=

(Fermentas)] we} sizeg =<l
%<9k 1 X transfer buffer (25mM Tris, 0.2M Glycine, 20%eRH, pH8.58 ©]&-3}¢]
PVDF(polyvinylidene difluoride) membrane (PALL camationyl transfer 3}%ith.
Transfer’} % memebrane> 2204 2 A17F 59 5% skim milk 7} £0190+& 1 X
TBS-T buffer (50mM Tris, 150mM NaCl, 0.1% Tween-20, @6l 4 blocking A % t}.
zt7t |9elE antibody & 293 1 X TBS-T buffer &8¢ 3413 antibody
£ 8ml = membrane ¥l =XE3}3L 4T, rocking platform oA 12 A7 A=
HE3 A AT AFE-gE  antbody o FR/e AW o3 #Zth anti-PIG3
antibody(1:2000, N-20, sc-16325, Santa Cruz Bioteldgy), anti-actin antibody (1:2000,sc-
1615,Santa Cruz Biotechnology), anti-CathepsinBoauiy,(1:3000,IM27L,Calbiochem), anti-
cleaved caspase-8(Asp374)antibody (1:3000,Cell S8ignaTechnology), anti-cleaved
caspase3(1:3000, 9661,Cell Signaling Technology@aved caspase7(1:3000, 9491,Cell
Signaling Technology), cleaved caspase9(1:3000, ,@801Signaling Technology), cleaved

PARP(1:2000, 9541,Cell Signaling Technologih2°] & antibody & HS A A3 &
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N

rr

2 2k

1XTBS-T buffer® 7zt 1027F 39 A Atz dAnukeS Q& 7247t sidst
antibodyZ 5% skim milk 7} £l 1XTBS-T buffer2 3413+ & 48 membranel

ol
R

ftlo

ZX3le] AoA 2 A7 BESAIFHTE HES-EFR

ﬁL
o
[~
flo
)
oft
Lo
N
N
24
ot

}A)

oo

AAs7] Yl 1 X TBS-T buffer 2 z+2F 10 3+ 6 W #1213 & ECL (enhanced
chemiluminescence) solution (INtRON Bioteéh®e FA|#H  X-ray fim o=

A sheleh

Co-immunopr ecipitation

100mm distell A B3k A E£Z S E RIPA buffer (25 mM Tris, pH 7.2, 150 mM NacCl,
5 mM MgCl, 0.5% NP-40, 1 mM DTT, 5% glycerol, Protedskibitor (Complete, Roche))
Iml/dish & o] &3] @MaAS =3 T 20 2] protein A/G-agarose (Santa Cruz
Biotechnology® Y1l 47T, rocking platform oA 3 A]7F FoF HEEA]A  pre-
clearing 331 Bradford W& o] 83t @l @S A= sFoth. @ F 1mg ol anti-
PIG3 antibody (PC268, Calbiochens} anti-CathepsinB antibody (IM27L, Calbiocherg
Z+7y 1 ug A Yol 47T, rocking platformel 4 12 AJZF &<k whg Al7]31 30 wlo]
protein A/G-agarose=- 30 wul°] protein A/A-agarose (Santa Cruz Biotechnology)

o] thA] 4T, rocking platform o4 3 A]zF b wke A7l T JAEE 3l
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protein A/G-agarose=- protein A/A-agarose (Santa Cruz Biotechnology)¥ 71 A] 7] 11
313kt 349 agarose £ RIPA buffer (25 mM Tris, pH 7.2, 150 mM NacCl, 5 mM
MgCl, , 0.5% NP-40, 1 mM DTT, 5% glycerolz 3 1 A #a|F1L 5X SDS-PAGE gel
loading buffer (62.5mm Tris, pH6.8, 20% glycerol, 2% SDS, B%lercaptoethanol) 300
£ #H7bste] 100C oA 5 &3 Atk dLolA AEA 29 F 4T, 13000
rpm, 5 & Y833 antibody ¢ Z2e FS RS Hsd 12% SDS-PAGE
gel oA H7]d%F 3 ¥ anti-PIG3 antibody(1:2000, N-20, sc-16325, Santa zCru

Biotechnology) ¢} anti-Cathepsin B antibody (1:3000,IM27L, Calbioche® ©]-&3}¢]

PIG3 ¢} Cathepsin B7} Co-immunoprecipitatior] = #] & 2ol 3131t}

SRNA o] A4 2 A4

PIG3(GenBank Accession No. NM_004881)Zd H=E 7HAA17]7] 93 siRNA:

PIG3 ¢ 5743 997IA¥EES NCBlI Blast & &3

e

< % web site
(http://www.ambion.com/techlib/misc/siRNA_design.htnid) Al 4 7}2] F5F2] siRNA &

A ZH7+e] siRNA £ (BIONEERY! 22 3te] @Al 3l PIG3 7} ditd s &

I

M EFo| Z+Z+2] siRNA £ transfection 2|7 PIG3 mRNA ¢} protein 2] 2hd ¢Fo]

Eds

B>
22
G
X
S

stal 1 a7t A3 4 HA siRNA 714G E 7R AFS

J
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313t (PIG3-siRNA 5-AAA UGU UCA GGC AGA CUA-3' (sense)5-UAG UCU CCA

GCC UGA ACA UUU-3’ (antisense)).

Cathepsin B(GenBank Accession No. NM_001908) Zd AHLEZ 7HAA]7]7] 93

SiRNA:

Cathepsin B 9] E5A3 A7|4¥E2 NCBI Blast & %3] 22 F web site
(http://Aww.ambion.com/techlib/misc/siRNA_design.html) £ =3l 2 7HA

72 siRNA & A, Z79] target sequencel 393F= oligonucleotide &

2] 2] 8} (Genotech) &4 3} 3L Silencer siRNA construction kit (Ambion, Austin, T%)

o]-&3lo] siRNA & A Fth Cathepsin B7F #bd&E H = cell o 2+7+9] siRNA =

transfection A] ] Cathepsin B mRNA$} protein & & &Fo] AP ER &lsta

3 ZA7F A3 94 siRNA 271M s 7R AL Ads 1 sqlth. CathepsinB 94-
SiRNA 5'- AAA TTC CGT TTG TTG ACA TAG CCT GTC TC-3(sense) 5'- AAC TAT

GTC AAC AAA CGG AAT CCT GTC TC-3’ (antisense)

SRNA 9] transfection

siRNA £ transfection3}”] ¢34 Lipofectamine RNAIMAX (Invitrogen) reagen&

ALg8le] Al Z3| ALl ShjAlel uhe} DNA &3 AleFe] e ZAsolth WA Ag
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al

O‘lr’

cell & dishol 24 seedinggtt}. thad, Opti-MEM o] siRNA & &5 &
5 & A2A ®AS T AJFS 345 Opti-MEM & Yol HojFa A 2o)A

20 % HFx] 3ttt New media® B HF cello] Q@o]F1 24 A17F 3o Ag 3+9ith

AE 54 53

e

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliubromide (MTT) & o] &3lt}, A 12
well o Z} well F 1X 10* 7§9] cell & seedingdlil 24 A7+ %o transfectiondtt}.

2 TNF-a(10 zg/mle¢t actinomycinD(0.2 yg/ml) & Z2 FEE AUE=R

o

e AY I GE A F 0 oHo] gl oA Z well o
MTT(10mg/mi)A] 28 1000 Y o]F 3L 37C 5% CQ, incubatoro] 4] 3 A17F ¥x] &kc},
MTT A]2Fo] £019l= media £ #|73l1 dimethyl sulfoxide(DMSOE 500 ul 4]
plate shakerol 204 15 & ZE°] cell & 7lFt}. Scanning elisa reade!

MULTISKAN SPECTRUM (Thermo)E ©]&-3] 570nmell A &3S =A3ch
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ME AEFY A (Cdl Viability Assay)

PC3 cell& 100mm culture dist?] 10x10/dish ¥+& seedingsdlo] 24 A7+ H<F 37T,
5% CO, incubator 9|4 H]3}A Tt I ¥ siPIG3 oligo € transfection 3}31 THA]
24 AN ZF =eb 37T incubator o HjSkslal cell o A|ZFtHEE TNF-a (10 pg/mi)é}
ActinomycinD (0.2 zg/ml)E treat 3}%] harvestA]7+S 5 L3FA 232tk 1XTrypsin-
EDTA & AHg3to] harvestdt MEES 5 & &<+ 2000rpm 0.2 YA &2 431

}6]'

ol

a5 WA F PBS ImLZE washingdtil PBS 1mLE suspensiorsFSith. Al E 9
A E 52 (Cell Viability)= Cedex As520 (INNOVATISE £413}3lt}. Cedex & PBS
iml o] 2H8 AF AeolA 0.2% Trypan BlueZ Zo|gE AXE A% &
BAER] g Holgle AMEE counting FOEHA MEY AETTHE FAIF

Yol 7 Aol o).
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Y east two-hybrid screening.

PIG3 &} #5%& ate

o] -&3}o] yeast two-hybrid assas

mv)
_]u:
it
o
N

r

Zrol] 7] 913 Abge] 7F cDNA library &

T3 3T} (Fig. 1(A)). Yeast two-hybrid assay

2o A} 717E o] &dte WHOoRA PIG3 FAAE FA¥EH F2Y 3§
aro FEAS A7z dFA @ aro] oAl AlEe 7+ cDNA library
A AA 2 Y P WS Holk FHES UL oE9]
A7NIEE 24T AF, 11 Foll sy CTSB A 47 7|44l PIG3 ¢
HhS-sk o=z 25l (Fig. 1.(B))

PIG3 ¢ CTSB ¢ &3 9l

PIG3¢} CTSBO| ti3t B#AS dolH 7] 93 mdS

line 9 A1 PIG3¢} CTSBY)

od A

7}A] cell

T E RT-PCR3} Western blot} s & o] &3}¢]

olr ottt tE-29 celllinedl Al F Fdx= 2 =31 ¢lojA] RT PCRY
WHo=zE e Jr9 FolE A E F AR, Western blotl A= 2} cell
linevlch &d Aol AolE & 4 AT (Fig. 3)



PIG3 ¢ CTSB ¢ A%

i

rr

Fogwd BT owd £Fo] & guolor Ay

ol

T oaiAe] A4S 9
Z7olgt B < 9=t CTSBE housekeeping enzynid 22 PIG37} o] wd ==
cell line & Zrolob b, 1A PIG3 FA A7} p53 o g3 FLdHE FHAAE

dH A7) Wl %4 ps3o] BId =i HCT116 p53+/+ cell line& A= 3}t

kr

-

Sk 2T O ZM pb3 o] gl HCT116 p53-/- cell lineo| .UVC damageE #©|

3 UVC damage ¥ PIG3 ¢ CTSB ¢ oz od FF

tlo
et

kel S
HCT116 p53+/+ cell lineol A= A|7ko] Aol wa} S718k3ial HCT116 p53-/- cell

line olM= AILH FE= S F7FEE Holth PIG3 7t 7|24 oz HAEE

N
fz

= b= Mo UVC damageTil 48 A7t Fo] PIG3 ©jd o] ¥y FF0]

N
o3
M

=0}

iy

AL g 7] wEel (Fig. 4A)T AHE 22 FUAAEF
MCF7 &= %7 Co-immunoprecipitation® -8 43 3} th. (Fig. 4(B))2 23 UVC
damage & il 54 A3t Fof F ©wldo] AdtstE AL & gtk AET}
UVC damage & ¥=3tA wow MEAPEZY AERE WEA Hed oAE
ol 7] 93l caspase-3,7,8,9,PARR =E FHE Western blote. 2 A} 311t}
(Fig. 4(C)) = 23} caspase-3,7,8,9,PARPLT EIH FeE Bo AHIAE

7HollM PIG3 ¢ CTSB 7} A% sto] oW 7l5<= s F=7t A4 28y
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MCF7 cell line 2 o]® damage®= F# &< ANAMNH o wx ZAgs)

rr

o=z

_I

el H2A (Fig. 4(B))

3+H, CTSB 7} PC3 cell line olA] TNF-a ¢ actinomycinD ° 29& FE=35

iy

A FAbE ] Fgtta Bel A7 23E FxE AFAPE FAolA PIG3 ¢ old
7% sheA @obE 7] f3) p53 o] EdWo] Holgle PC3 cell lineg 7441l
AeS AP E T 4, TNFa ¢ actinomycinD £ Hg 39S w o=
Al zbdlell Foj7beA dotRy] 98 MTT 48 39tk (Fig.5) TNFat A g

e we AlE7F FA 99kal, actinomycinD B A2 3E W= 12 A7 FH-H

Ol

=o] 7p7] Al&dnh &, A A2 dE wWl= actinomycinD ®F A2 S wjHT}; OF
1758 A= o Bol Foi7t7] Az

TNF-a ¢} actinomycinD ° 93] FE%& AEAELS lysosomeo] TajdH Fo
mitochondria 2 A& A go] APF=d lysosomeo] 37 == @A o4 CTSB 7}
H=5 o] cytosol 2 Y42 A Hr}k PIG3 = lysosomeo] &4 3}# ¢l cytosol

T2 EAsHA sHed 5 oddo]l vhyr] HsjA= CTSB 7} cytosol & WEH

rr
32!

ojok T}l 7FASEY TNFa ¢ actinomycinD o 98] FEZ2%+ A EALE

%
o

< ol @AM BT TPgEtal of= Aztdjel AesleEAE Lobr7]

A&l 4A17F, 8A17F, 12417 © 2 Co-immunoprecipitatiord 85 43 33t} (Fig.7)
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anti-PIG3 2] Western blot2] A& E™ TNF-a ¢} actinomycinD & *&|3}a
4 A ZHE band 7} YQ7] A Fst=dl 1 o]F A[ZHE band 7} eFebA|RE
#Ze = JAk. E anti-CTSB 2] Western blot ] A3 ®B® TNFa <

actinomycinD £ #g]stal A|zko] Al met Aehsl= ol "k 57 ok 1-

4 H Alg= 10 @ loading 3}

32
ki

5-8 M A&+ 20 w0 loading 3F T o] 24

PIG3 ¢} CTSBE= UVC &4F & HCT116 p53+/+ cell line®t TNF-a <4 HHe PC3

S = A~
A = AT

Pk
o
gt

cell line A1 co-immunoprecipitation®] ®th=

Lysosome ©] &4 3= A XAPEOA PIG3 ¢ g8

PIG3 ¢ CTSB = Yeast oA Aoz ZAxrt Ui, in vivo A% co-

iy

Al

Il

immunoprecipitation©] =1 7] W&o Lysosome & 53 FZ5 AL of| A

PIG3 7} olH 3&S FEA &olr7] #3] TNF-a ¢ actinomycinD & A&l 3}

o

lysosome o 93 dojy= MEAIES F= < A =

I

A

o,
it

23l 3l

d

Betth Fig. 6 oldE oln] ¥ stable cell line?l HCT116 p53+/+, HCT116
p53+/+/siPIG3, HCT116 p53-/-, HCT116 p53-/-/PIG3ldele 4] TNF-a g 2|3t
AEAE AEE MTT & SAH3 Eokrh ol HCT116 p53+/+ cell ling> 48 A 7Ho]

Foj Mol HEEo] 15%P = == Ao H|s HCT116 p53+/+/siPIG3 cell lin€ 60%
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7h7kol MEZE Fourte As & F AATh 22y ps3 o] gl cell line &
PIG37} #tdo] d cell linedl M= MEAE2] ztolE £ = §llth wehA] TNF-
a o 93 FEFE AMEAFEANA ps3 o] FAHAA cell line oA PIG3 9] 2 o]

AA | FF Al A A et AteE.

!

AR

o
=)

PC3 cell lineol A= PIG3 9] Ed 3ol W& MEAIE HEo] Apolgs Lolr7]
3l PIG39] si oligoE 4714 FF=Z A28kl HCT116 p53+/#) transfectiond}o]
RT-PCR ¥RH& &Fall &< sidl=d 1 W3t 2 WA= 238 PIG3 ¢ &dgo]
S7F skl 3 W WHFEe AAVE HA @%kerm 4 ¥ oligo oA EAFFO|
AA =Hol gt M =& 49 oligo & A Stk E 22 WHOE CTSB 9
si oligo & A7 3l9l=dl HCT116 p53+/#l transfection 33 RT-PCR “JolA &
dddAe] aHE FHsA EA £ vl HCT116 p53+/#] transfection

slo] Western blot®. = siCTSB 94°] & Ao aztE &<l s3It (Fig.8)

Fig.9(A) 9|4 = PC3 cell lined]l &&°] &<2l¥H 41 siPIG3 oligoE transfections} 11

ftlo

bl ok

o
ol
s

AIZFHE E TNF-a ¢ actinomycinD & A3k & MTT 24
A 2]kl 5 Al Zkell Al 10 AIZE Atolol] A2 AEF7E PIG3 Aol JdAE PC3 cell

line ol A ANA LR} 20% AE ZAsls= AL & £ gk
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Fig.9(B)(C) A& Cedex & ©]& 3}9 Ilysosome = &3 TNFa <
actinomycinD & AHg3le] HIAIEE doA AHIAE AHAE zAolE
S 7 EA R TNFa ¢ actinomycinD & A 2d $ 12 A7 o] & 7-H

PIG3 & o] A" PC3 cell lineolA MxE2] MESF7F FAAEHET 200 A=

N

N,
b~
rot
O
s
=0
ftlo

& 5 AT
upx] 2o 2 Fig.10 oA lysosome = %3 TNF-a ¢ actinomycinD o 2|3
FTEE= AEAFEAA PIG3 o 7I5s Al 871 9lsl Western blots 3

319 th Anti-PIG3 antibody & transfection £&& &< & 4 l%li anti-CTSB

AL & F A F23 AL caspase-82] 3 AHo] FAAEE TNFa 9
actinomycinD & A3t T 8A|7FEH £ H7] AlF X PIG3EEH] JA|H

PC3 cell line ol 4] lysosomeol] 23] F=%H+& AXAVEA= PIG3 7F §1& o

caspase-8] @40 waldriE AL A
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Figureand Figure L egends

(A)

DGETS
BD >> P'G3>

pACTZ
AD

Human liver cDMN A

(B)

pACT?2 vector sequence

IAAAAAGAGATCTCTATGGCTTACCCATACGATGTTCCAGATTACGCTAGCTTGGGTGGTCATATGGCCATGGAGGCCCCGGGGATCCGAAT

[TCGCGGCCGCGTCGACCTGAAGCTGCCTGCAAGCTTCGATGCACGGGAACAATGGCCACAGTGTCCCACCATCAAAGAGATCAGAGACCAG

GGCTCCTGTGGCTCCTGCTGGGCCTTCGGGGCTGTGGAAGCCATCTCTGACCGGATCTGCATCCACACCAATGCGCACGTCAGCGTGGAGG
TGTCGGCGGAGGACCTGCTCACATGCTGTGGCAGCATGTGTGGGGACGGCTGTAATGGTGGCTATCCTGCTGAAGCTTGGAACTTCTGGAC
AAGAAAAGGCCTGGTTTCTGGTGGCCTCTATGAATCCCATGTAGGGTGCAGACCGTACTCCATCCCTCCCTGTGAGCACCACGTCAACGGC
TCCCGGCCCCCATGCACGGGGGAGGGAGATACCCCCAAGTGTAGCAAGATCTGTGAGCCTGGCTACAGCCCGACCTACAAACAGGACAAGC
ACTACGGATACAATTCCTACAGCGTCTCCAATAGCGAGAAGGACATCATGGCCGAGATCTACAAAAACGGCCCCGTGGAGGGAGCTTTCTC

TGTGTATTCGGACTTCCTGCTCTACAAGTCAGGAGTGTACCAACACGTCACCGGAGAGATGATGGGTGGCCATGCCATCCGCATCCTGG

\{

011631024361 gb |BC095408. 1| Homo sapiens cathepsin B, transcript variant 1, mRNA (cONA clone

MGC: 110901 IMAGE:30334082), complete cds
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Fig. 1. Confirmation of interaction between PIG3 and CTSB in yeast two
hybrid system.

(A) Human liver cDNA library cloned into pACT2 vector (Ctenh) was screened using PIG3
cloned into pGBT9 vector (Clontech) fgeast two hybrid, so-called pGBT9-PI1G3.

(B) One of positive clones containing a partial cDNA wasfified by sequencing.
(C) Yeast diploid that contain the incubated bpBBT9-PIG3) and prey (pACT2AD-CTSB)
plasmids were inoculated in SD/-Trp/-Leu/-His. PI&®&1 CTSB were confirmed by re-Yeast

two hybrid. Plate is incubated for 3 days at:30
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17 an 126 129 338

i Light Chain | Heawvy chain

"

HH® SO0

Preproprotein (43kDa)

Proprotein (31kDa)

mature protein (25kDa)

Figure. 2. Primary structure of Cathepsin B

The nucleotide sequences predict the primary structureepfgrathepsin B contains 339
amino acids organized as follows: a 17-residue of NH2-tetpirepeptide sequence followed
by a 62-residue propeptide region, 254 residues in maingdgshain) cathepsin B and a 6-

residue extension at the COOH terminus.
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Figure. 3. Expression level of PIG3 and CathepsinB in various cdll lines.

(A) Whole cell lysates corresponding to @0of protein were subjected to SDS-PAGE,
transferred to PVDF membrane and analyzed by Westernditay anti-CTSB (IM27L) and
anti-P1G3(sc-16325) as described in Method.

(B) The mRNA expression of CTSB or PIG3 were analyzeRTYPCR using CTSB or PIG3

specific primers, respectively. As an internal control, GARvas amplified.
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(A)
p53+/+ p53-/-

uvi1oJ Ohr 24hr 48hr 72hr Ohr 24hr 48hr 72hr

- ~ ~ =  WBPIG3

o -
—— —_—m - WB:CTSB

(B)

IP:CTSB IP:PIG3 IP:CTSB IP:PIG3
UV 10J Ohr 30hr 54hr Ohr  30hr 54hr wMC

<«—IgH

<«+—PIG3

0.‘ <+—IgL

WB:PIG3
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(C) 1 2 3 1 2 3

- - -
-

WB:Cleaved caspase3 WB: Cleaved caspase7

1 2 3 1 2 3

| 1 2 3
w -
‘ - <+ -«

-

WB: Cleaved caspase8 WB: Cleaved caspase9 WB : cleaved PARP

Figure 4. Co-immunoprecipitation of PIG3 with CathepsinB in UV damaged
HCT116 p53+/+ cell lineand MCF7 cdl line.

(A) Co-immunoprecipitation experiments were performsitig 1mg of cell lysates and anti-
PIG3(PC268) or anti-CTSB antibody (IM27L). PIG3 or CTS8svdetected by Western blot
using anti-PIG3 antibody (sc-16325) or anti-CTSB antib@b27L), respectively.

(B) The expression level of PIG3 or CTSB in HCT116 p53-etisavas detected by Western
blot. 10x1G cells plated onto 200mm dish and cultured for two days in 1BSdontaining
IMDM. Cells were irradiated with 10J of UVC and cultured 2drto 72 hours additionally.
After harvesting the cell lysates, 28 of protein was loaded and transferred onto PVDF

membrane. For immunoblot, anti-PIG3 antibody (sc-1632f) used.

(C) Cells were irradiated with 10J of UVC and culturedZérto 72 hours additionally,
respectively ; 1: Unirradiated cell lysates, 2: irradiatéthi 10J of UVC cultured for 30hrs, 3:
irradiated with 10J of UVC cultured for 54hrs. Cleavedhaass and PARP was detected by
Western blot using anti-cleaved caspase3(#9661), €lecaspase7(#9491), Cleaved
caspase8(#9646), Cleaved caspase9(#9501), cleaved #FISRP).
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—o—TNF
1 128 —B— ActinomycinD
100 ,.<:/:o\\\ N TNF+ACD
-. 80
£ 70 \\
S 60
Z 50
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20 S
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0
Ohr 4hr 8hr 12hr 24hr 48hr 72hr  time

Figure. 5. Sensitivity of human prostate cancer cell line PC3 to TNF-aq,
ActinomycinD treatment.

PC3 cell line were seeded 2X1@er well in 24well. After one day TNF (1&/ml),

ActinomycinD(0.2ug/ml) treated triplicate time-dependent. The survivaledfsovas analyzed

by the MTT assay.
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Figure. 6. Sensitivity of human colon cancer cell linesto TNF treatment

HCT116 p53+/+, HCT116 p53+/+/siPIG3, HCT116 p53-/-, HCT4%8-/- PIG3 were seeded
2X10* per well in 24well. After one day TNF (2&/ml) treated duplicate time-dependent.

The survival of cells was analyzed by the MTT assay.
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IP: PIG3 IP:CTSB
TNF+AcD  Ohr 4hr 8hr 12hr 24hr Ohr 4hr 8ht2hr 24hr

PIG3

WB: PIG3

IP:PIG3 IP:PIG3
4hr  8hr  12hr  Ohr  4hr hr8 12hr

TNF+AcD  Ohr

4_
cTsB

WB: CTSB

Figure 7. Interaction of PIG3 with CTSB in apoptotic PC3 cell line

PC3 cells 80% confluence in 100mm dish were treated d{46+«g/ml)and
ActinomycinD(0.2ug/ml). Cells lysates were immunoprecipitated with anti-Bl&nti-CTSB
by protein A/A agarose, protein A/G agarose . Protein samypdee analysed by 12% SDS-
PAGE, transferred to PVYDF membrane and then detected EIEB by Western blotting of
anti-PIG3 ,anti-CTSB antibody.
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A PIG3-1 PIG3-2
( ) 200nm 250nm 200nm 250nm cont

24hr 48hr  24hr 48hr  24hr 48hr 24hr 48hr  24hr 48h

. et L Rl PIG3

PIG3-3 PIG3-4
200nm 250nm 200nm 250nm cont

24hr 48hr  24hr 48hr  24hr 48hr  24hr 48hr  24Btir

PIG3

(B) siCTSB94 sSiCTSB478
cont sicont 24hr 48hr 72hr cont sicont 24hr 48hr 72hr
T — — — — S -
- - - = — e - — WBICTSB
I — —

."- . e e e s \\/BR-actin

Figure. 8. Down-regulation of the PIG3, Cathepsin B expression.

(A) HCT116 p53+/+ cells transfected with 200nm,250nnhdac four different PIG3 siRNAs.
In order to obtain the quantitative PIG3 values, quantéa&®vV-PCR experiments were

performed 24h,48h after treating the cells with PIG3 siRNAs

(B) HCT116 p53+/+ cells transfected with 200nm for the different CTSB siRNAs. Whole
cell lysates 2Qug protein were subjected to SDS-PAGE, transferred to PVBIRlmnane and

analyzed by Western blot using anti-CT&Bactin as described in Method.
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Figure. 9. Cell viability assay apoptosis can be altered in the absence PI G3.

(A) PC3 cell line were seeded 2X1@er well in 12well. After one day TNF (1&/ml),
ActinomycinD(0.2ug/ml) treated triplicate time-dependent. The survival dsoghs analyzed

by the MTT assay.

(B)(C) CEDEX. PC3 cell line in 100mm dish(1>X)0were transfected with siPIG3 oligo.
After a day TNF (1Q:g/ml), ActinomycinD(0.2ug/ml)treated time dependent in transfected

cell line. Cells were harvested at the same time.
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SiPIG3 - - + + +
TNF+AcD  Ohr 4hr 8hr 12hr Ohr 4h8hr  12hr

WB:3-actin

siPIG3 -
TNF+AcD Ohr 4hr 8hr 12hr 0h4hr 8hr 12hr

WB:CTSB

- S

Figure 10. The effect of silencing of PIG3 on lysosome-mediated apoptosis.

PC3 cells in 100mm dish (1X3)0were transfected with siPIG3 oligo using Lipofectamine
RNAIMAX (Invitrogen). TNF<a (10 zg/ml) and actinomycinD(0.2g/ml) were treated in
transfected cells one day after the transfection. Tweatyf proteins were used for CTSB,
PIG3 or cleaved caspase-8 by Western blot; anti-PIG3aalytifsc-16325) or anti-CTSB
antibody (IM27L), cleaved caspase-8(9646), &8nsietin(sc-1615) were used.
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PIG3E o}37 A7) o] % && §4AZ zinc binding domairg *3+3F alcohol
dehydrogenase, oxidoreductages < 3hi= domaines ZEil 1o p539 <3
Z2A45 = FHAAZ F2 ROSO 23 MEAE thE Qs g3t} (19-24).
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MEAES] Al A HAHof| o] 3l caspase€] upstrean?|} downstreansl] A
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lysosome?] 33 & M ZAFEA PIG3 @] AAl HUS Wl MEAIEC] O
W] dojdtis AL &2l 3t} (Fig. 7-8) ©| = p539] 7]5°] gl cell lineol A
lysosome & %3] TNF-a ¢} actinomycinD ol ]3] FE=% = A EAFEANA
PIG39] 7|52 p533 HHZA o= #Agd ¢ Une A 48T + Us Aotk

¥, PIG3S] HAAAZE 13l caspase-8] LTIl 4 2T MEHT

2335 AAANHDLEHN lysosomedtH 2 T AEAE S Z7|DAFE =25
Aoz FaE o] AIdARE /X1 AEH 98 caspas& ] AT AEHAH L
o] g9l = Ade Faldlof g Zolt) 3 lysosome?] destabilizatiorp]

lysosomeell A mitochondria® 7= p539 2]3F A|EAVE A 2chA o] #odgih=

o

ATE AT (28). o] %] CTSB7l fFEdte AMEAIE S ofF st dHo=
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L siteol A AFsheA] Lot dde Aok 59 L, CTSB7F Al EAME
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2ol A7le A4S FozA AL olFI} F&L HANUT (31). E A1G

glioma cell line$! SNB19 cell linel A CTSB<} urokinase plasminogen activator(uPA)
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