AR gANG &R A25d8 AlS
Kosin Medical Journal
Vol. 25. No. 1, pp. 1~9, 2010

29 & A=

AGz*
TAYetw o ghyst

TRAILY] 5% Al
SRk

ENEER S

A ERS w2

Effective Cancer Therapy : Effect of TRAIL-induced Apoptosis
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— Abstract

TRAIL (TNF-a Related Apoptosis-Inducing Ligand) is a promising anticancer agent. In fact, it induces apoptosis in
cancer cells but not in most normal cells. Nevertheless, certain cancer cells are resistant to TRAIL-induced apoptosis
and this could limit TRAIL’ s efficiency in cancer therapy. To overcome TRAIL resistance, a combination of TRAIL
with chemotherapy could be used in cancer treatment. This review describes that TRAIL-resistant tumors can be
re-sensitized to TRAIL by a combination of TRAIL with chemotherapeutics. In addition, it has been shown that
chemotherapeutic drugs have also been shown to enhance the induction of apoptosis by TRAIL or agonistic antibodies
or overcome cell resistance to TRAIL or agonistic antibodies. Therefore, death receptors, particularly TRAIL death
receptors, have emerged as an important cancer therapeutic target. This review suggests novel strategies for TRAIL
resistance cancer treatment as the effective cancer therapy of TRAIL induced apoptosis in cancer cells.

Key words : TNFa-Related Apoptosis-inducing Ligand (TRAIL), Apoptosis, chemopreventive agents.
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1. TRAIL ©J@ ?

TNF (tumor necrosis factor) Al 2] Aol E7IRIE-S &4
stEl HAEF (lymphocytes)ol] ]3] =M, HIAE
sk Fa% AlEAPE F7RAFe]th TRAILS TNF
APl EFIR]I &7/ =9 type 1I transmembrane protein ©J]
&3, TRAIL F8A9 Tall AZAPES FE3ith
TRAILY &= 5 79 48], TRAIL receptor 1 (death
receptor 4, DR4), TRAIL receptor 2 (death receptor 53,
DR5), Decoy receptor 1 (DcR1), Decoy receptor 2
(DcR2), osteoprotegerin (OPG) & FAIE o] Ut} (Fig.
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1).""DR4, DRS & AZAPE 25Z5 Hgsla, DR,
DeR2 & QF-EHE AEANE FISE AxvoRr
Hesh= domain o] Z<=0] ¥]o] DR4, DR59 2] & A%

ATEZRE AE2E Eifﬂ‘:}.w A& 7] 52 A7k
2 HAAE (autoreactive immune cells), WA 7]+

(immune surveillance), 9FA|E 2] B (development) 2+ A
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Fig. 1. The TNF and TNFR superfamilies4) .

2. TRAILSA 213k AlZEAME 2 7|3

TRAIL 8= TRAILY| Eo]A¢] A3S doamn
SREA T o3 NEAIE HAEE FE3th TRAILS

homotrimeric +%Z 7}4l death ligand ©]t}. TRAIL] 2
3} DR4, DRSG-&-A) = %LZE W7gho 24 A Z o]
U death domain (DD) 48 #5317 Hth TRAILO]
A EZ o] 0] E death receptors (DR4, DRS) 4} A%Hs
A =™ extrinsic apoptotic pathway 7} A1 2 tHFig. 2).
g 3ld 83| = adaptor #-AFQ] Fas-associated protein
with death domain (FADD)} DD 232 347 Ht}. o] 3
Ldeath-inducing signaling complex (DISC)E 34 35}hH,
procaspase-8,-109] T2E WIA|A A FAIZITE S
3}¥ caspase-8, -10 & &}F
£ 243t AJA MEAFES

= o] caspase cascade

fF=3H(Fig. 2).

Fig. 2. Intrinsic and extrinsic apoptotic pathway”
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Fig. 3. Effect of TRAIL on cisplatin cytotoxicity in
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Table 1. Effects of anti-cancer drugs shown to enhance TRAIL-induced apoptosis on DR4 and/or DRS5 expression
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Proteasome inhibitors
HDAC inhibitors
NSAIDs
Radiotherapy
Camptothecin
Etoposide
Doxorubicin

Cisplatin
Sulforaphane
Curcumin

Radiotherapy
HDAC inhibitors

Proteasome inhibitors
HDAC inhibitors
NSAIDs
Chlorambucil
Fludarabine
Paclitaxel
Tunicamycin
Retinoids

(Cisplatin

Doxorubicin

Protein degradation A] |

Gene deacetylation A

COX-1/2 9 A

DNA damage =

DNA replication ®}3l|

DNA replication ®}3l

DNA intercalation, DNA replication -3}
DNA alkylation, Cross-linking

Phase I detoxification €4 %

Cell cycle arrest, apoptosis =

DNA damage =
Gene deacetylation A

Protein degradation A

Gene deacetylation -3l

COX-1/2 9 A

DNA alkylation and cross-linking
DNA synthesis A

Microtubule function A

N-linked glycosylation A

Cell growth and differentiation %4
DNA alkylation and cross-linking

DNA intercalation and DNA  replication 3]

Cervical, prostate, colon, lung
Leukemia, bladder, renal, breast
Colon, prostate, lung

Prostate, leukemia, breast, lung
Colon, renal

Colon, glioma, leukemia
Leukemia, myeloma, breast
Glioma

Hepatoma

Renal, colon,  hepatocellular

Leukemia
Leukemia

Cervical, leukemia

Leukemia, multiple myeloma, breast

Colon

Leukemia

Leukemia

Prostate, breast

Colon

Lung

Oesophageal, ovarian

Renal, sarcoma, breast, lung, head and neck
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Aol o3 TRAIL &3] (DR4, DR5)®] 2&& =4
o] B FTE” TRAIL 52847} ps3 H]e|&29] 7
2o o3 2HsE Z2 HAAEEIAR] Sp-1, NFKB,
Ap-1, CHOP, YY1529] ¢1z}e] ¢ zd@o] R
AR g, B ATAELS & AA8AY
TRAIL &) WS 53] TRALE IS F5Al

A JdE= AFE Y3t} (Table 1).
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3-1. DNA &45=&84
DNA 42 sl 3FeHx] 84 = Death receptor H&
Bl AlEAPE e 73S =<1tk Doxorubicin,
etoposide, Ara-C, cisplatin, camptosar (CPT-11)+ p33 &
£ H]2]&3]2] 71AE 3l death receptor W3S =
UL 2 F7HAE DNA £ 40 9] Al ZAE U
o)A death receptor H-& =7 ]”\] 7= 9| dal 5&
a4 gt dE EY, 784 DR4 @ E (DR4Fc)©|
etoposide®]] 93 HFEEHE /‘ﬂi/\}‘é% TLoEAHo R
AA B g Eol A FLIPLO] 7 2Ee 3hste
HA 2 sk A ZAPE S AAAI 7= WHA, steta A=
FLIPS] @S 7t AZIThY A2 gadToME
AMLA 3E9]] FADD (fas-associated with death domain) <]
o] LAY, ofsiAl Lo 2 518t a el A3 S

e}
ZHs

ARAA Bk o)d A= ES|A, extrinsic death
receptor— wf7 3t MEAVE A= AL 3sta A o
SR AZAEe) F28 3B @ Aol

3-2. HDAC <JAA)|
M2 FAFAL HDAC A4 7F 54310k HDAC
inhibitors, suberoylanilide hydroxamic acid (SAHA),
trichostatin A (TSA) G- THEA SA1F A 3o A DR4,
DR3¢l 2de 7M. FAMEHA M=
LAQ824, SAHA, MS-275, CBHA, TSA 5°] c-FLIP2] g
e 7HA4A71H, DR4, DRS 9] &S S7FA17A TRAIL
o % AEAE 5 &35 Jepdoh’™ HDAC
inhibitorel] ©]38F death receptor ¢ W&Z71= death
receptor Z 2 R E{ o]l NF-kB, P53, Spl dAIIZF EAdol 9
& Aol Bl FJLY 53], 2] Ag o)A EHDAC o
AA 21, Sodium butyrate (NaB)ol] o]&l] -F%%]+ death
receptor 59 W& Z7}= TRAILY 93 AL =7}
AL AFo g el oen, 1 7|Hoe] DRSS Z=&
REo| Spl Ao JgS Fo g dojdS A HAH
(Fig. 4).
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Fig. 4. Tentative model for the mechanism of TRAIL and
sodium butyrate-induced apoptotic pathwayw.

3-3. Proteasome <} 41| A|
Proteasome ] A& & X5 342 W S sk
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AR el=
3-4. Cyclooxygenase-2 (COX-2) A|A]

oA FU4 ZHoA COX-27F #Fad Hollon, o]
COX-2 TME Asdgoe] g 5ol A< el oz
A%t} COX-2 inhibitor, sulindac sulfide & 2.3
sulindac®] AR bzl QA=A A ZAPE O] He-S
FhY o271 QA Lo DRSO WE S F71A7)E
gt} & t}E COX-2 inhibitor, celecoxibe ¥ <+
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A 23 2 5 Al EIRIES &
Atk QEHEZv= DRS 23S F =351, DR
& pS53 HeEFH o2 FEEa, TRAILY 2|3 Al ZA}
AN B3, AEF E7tute] o3 A EAE
TRAILZE ] Z7ol o3 2-S A el &
Ik & T2 Ale] £7191, TNFalphadl 23k DRS
pS3z FHEA  dojdtk®  TRAILY| %
HEK?293, MCF-7, MDA231 A9 A ZEL2DRS W3S =
771X 9E, DR4 W o] ¥ish= glth o] 22 a3+
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Fig. 5. Effect of quercetin on TRAIL-induced proteolytic
cleavage of PARP and activation of caspases and casapse
inhibits in DU-145 cells’.

4, TRAIL Q43 A7

dutxl o 2 WYX F (combination therapy)+ A= =H
49 % oA AEFSARE] $4L Fa PAE Al
=

2 b Xl o 2HHQ Fowyelst & & Aok
TRAIL®| oJgt AlZzAPE Al o] ofsl e} TRAIL A&
4 71 A= 54 Bl MR tiE oF= WYX s
o a3E AN 7 e 7k ATk Qo Az

2 5ol kst A E, dZ2F o)A death receptor ¥
7HA 71 B0l TRAILY 93t X3S <
2ort} 3FA] 9k, primary, non-transformed cell ol 4]
FEAe] Wl digh A5 g7} ofF] Hol &
B & A ¢kth Pre-clinical T2+ early clinical A/ &2 ¢
A e oF= 3 WA e Al TRAILC] theh HAd =t
non-transformed cellol] #3AE 7IR&= 7149 sl <A
T7F B LA ok gt (Table 2).
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4-1. Q=3 A7 TRAIL (rhTRAIL)
& Allgenentech3] Alol| Al TRAIL 94 /I Al %= :
Ad T DA A TRAIL (0.5~15 mg/kg) S AEH 02 5
2, o Aol Z 219L 80l 2E HulFA} Slglen,
A48 (dose-limiting) =4 2 7+ EAo] {131 Wk
(half-life) 7} 21~31% o]tk 9%¢ b ©AldIA =
TRAIL (4, 8 mg/kg) 3} Rituximab (B-cell non-Hodgkin’ s
lymphoma (NHL) X] &9l AFE, 375mg/m2/weak) =]

g sfo] Alstal lvk RE7)17F @71 W2l aE =
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Table 2. Summary of existing recombinant human TRAIL variants and agonistic DR4-, DR5-specific antibodies, their pre-clinical

development and current clinical trial status™.

Molecule tested Targeted receptor ~ Comments and clinical development

His-TRAIL(rthTRAIL variant) DR4/DR5/decoy Polyhistidine-tagged rhTRAIL induces apoptosis in transformed cell lines. Toxic to
receptors primary hepatocytes and keratinocytes.

LZ-TRAIL (thTRAIL variant) DR4/DR5/decoy Leucin-zipper tagged rhTRAIL induces apoptosis in transformed cell lines. Toxic to
receptors keratinocytes.

Flag-TRAIL/M2(rhTRAIL variant) DR4/DR5/decoy Flag-tagged rhTRAIL induces apoptosis in transformed cell lines when cross-linked. Toxic
receptors to primary hepatocytes and keratinocytes.

Apo2L/TRAIL(rthTRAIL variant) DR4/DR5/decoy Non-tagged rhTRAIL induces apoptosis in transformed cell lines but not to primary.
receptors Non-transformed hepatocytes or keratinocytes. Ongoing phase I/II clinical trials as single

agent and in combination therapy.

TRAIL-CD19  and TRAIL-EGFR(rhTRAIL DR4/DR5/decoy

Selectively targets TRAIL to CD19 or EGFR expressing tumors, respectively. Induces

fusion proteins) receptors with CD19 apoptosis in vitro. Good in vivo activity seen with TRAIL-CD19 in pre-clinical ~studies
or EGFR
Apo2LDR5-8(rhTRAIL variant) DR5/DcR2 Non-tagged, DR5-selective thTRAIL induces apoptosis in DRS-responsive cancer cell

lines. Toxicity observed following cross-linking

DRS5-TRAIL(E195R/D29H) (rhTRAIL DR5/DcR2 Non-tagged, DR5-selective thTRAIL induces apoptosis in DRS5-responsive cancer cell

variant) (reduced) lines. No toxicity in non-transformed fibroblast and endothelial cells. Anti-tumor activity
in ovarian cancer xenograft models

M413(agonistic Ab) DRS Induces apoptosis in TRAIL-sensitive cancer cell lines selectively through DRS receptor

TRA-8(CS-1008)(agonistic Ab) DRS Induces apoptosis in DRS5-responsive cancer cell lines and primary hepatocellular
carcinoma but not toxic to normal hepatocytes (phase I clinical trials)

AMG 655(agonistic Ab) DR5 Induces apoptosis in a number of human cancer cell lines. Phase I trial showing dose
linear kinetics with half-life of 10 days and some anti-tumor activity (Amgen)

LBY 135 (agonistic Ab) DR5 Good anti-tumor activity in vitro and in vivo pre-clinical studies. Currently in phase I

trials (Novartis)

Lexatumumab (HGS-ETR2, agonistic Ab)  DRS5
HGS-TR2J (agonistic Ab)

Phase I/Ib trials showing that lexatumumab can be administered safely and in combination
with chemotherapeutic agents. (Human Genome Science)

Apomab (agonistic Ab) DRS Phase [ trial showing dose proportional pharmacokinetics. Half-life 15-20 days. Currently
initiations of phase II trial (Genentech)

TRAI-R1-5 (thTRAIL variant) DR4/decoy receptors Non-tagged, DR4-selective rhTRAIL induces apoptosis in DR4 responsive cancer cell
lines. HDACi sensitized primary CLL cells to DR4 mediated apoptosis

M271  (agonistic Ab) DR4 Induces apoptosis in TRAIL-sensitive cancer cell lines selectively through DR4 receptor

4HG,  4G7 (agonistic Ab) DR4 Induced apoptosis in vitro with cross-linking antibody. Anti-tumor activity in colon cancer
xenograft model

2E12  (agonistic Ab) DR4 Induced apoptosis in vitro with cross-linking antibody

Mapatumumab ~ (HGS-ETR1)(agonistic Ab) DR4

Phase I-solid malignancies refractory to standard therapy. Safely administered up to 10
mg/kg 39% of patients had SD

Phase Ib-combination therapy with paclitaxel and carboplatin: 14 % of patients had PR
Phase Ib-combination with gemcitabine and cisplatin: 20% of patients had PR, 29% SD
Phase 1I-single treatment in NSCLC: 29% of patients had SD.

o] Wi o= gk Ze] EPY & 4= 9% fusion thTRAIL 4-2. 58A-Ae A hTRAIL Wo|A

g AMEsL vk dE

d, el SoldE 7= TRAILEOAIE o] &3 &4l A9 4 Wil /sy

CD19 single-chain Fv 3A|st#H-S rhTRAILS] ZA$HAA 9lth. TRAILS] ®WolA, D26OH/EI9SR & E¢io] AJ7]
CD19 kA 9}A| 3 (B-lymphoblastic leukemia, TRAIL-E AAFA ¢l TRAILY B3-S w DR4 Xt} DRS

chronic-lymphocytic leukemia) 2 X &o] o]&3it}™ 2 of] 70~150u) o] AeA AgLS 7}RIT)h o] DRS Ael4d
2o+ TRAILS =7]A4 E9delivery systemsS ©]-&3}] Q1 TRAIL ®Ho]A|= decoy receptors®} A2 &o]7] o
SHEE EY & 5 de S A Foll Ak ol death receptor AFE ] §88 U 5 Ut} oA

° Al ze] a7E Wo| £ Mol B half-lifeS
747 thTRAIL £2}e] 7]15S wAst 2= gt}



4-3. FEA -9 A 24 A

Monoclonal FAE o]&3t x5 WHolth 2o
DR4, DR59] Eo]at &7} A=) oS s 2
A @A) 18] AAHAE W, TRAL 8771 91§ &
A Q1 A 7F Ak HEgh F 2o TheFel 3|t &
4] @A) (agonistic antibody) 5] AJ4H= L 9ok LBY135
(by Novartis), AMG 655 (by Amgen), CS-1008 (by
Sankyo), Lexatumumab, HGS-TR2J (by HGS), Apomab
(by Genentech)
M271, 4HG =

phase I/II ?lﬂ] A= Foll

S-2DR5 agonist ©]37, Mapatumumab,
£ DR4 agonist ©]t}. A, olE Uit
ST} (Table 2).

a4 2

TRAILA] E+& A& 94 phase 11 ©HAo] g1tk TRAIL ¢
oy WX FA s AEES Fol Ut
a3y obd 7] B 71A] o EE0] itk ofH 54 A
Fo A TRAILS] et A4S 7HA L ok o A&
A9k TRAIL 8-A] €] agonists& HF A AL wf A
Eof| thE A o] S EE A, HAAA E A A EFS

o] Yeh}= A% th &3 TRAIL 483 % death
receptor7} TRAIL®| WFS-3Sl= Zlo] 3 £7/F9] death
receptor, & DR50]1} DR42] & o] getA] o3-S g}
= Zo|t}. % (DR4, DRS) 847} 8] 253t 2 A]

29 EPI" AlX ] Apdel gk 7S S7HIITH
F2 AFAL 27 S Aolth A7 ARgskaL e o
2] 7FA] agonistsE-©] death receptordl] thal Eo]A] S =of
oF & Zo]i, rhTRAILS] ¥lolA| & thgh TRAIL &
Aol 489 E =Y F Ue 24 E50] sidEojo & A

ojt} ¢to 2 AEx}Eo] o X BA S o3 TRAIL

A2 Bz 7o) hF F o B olsfot gl 7
;<o} _§_J4.7<40L,_ /ﬂﬂlx%o] E].;;I\EI m—;qb_q] TRAIL _/; x]
of 93] F=F= AlXARE g A s =d 4 3
= WS A EsElor & Flojth
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