Pt HBTH iBM b2MbBiBx2b ?mK M +QHQM +
h AGI?2Qm;? CLE@/2T2M/2Mi T?QbT?Q v
"tH@tG X
WBM2# 1H 6 DQmB- 6HQ 2Mi hQb+ MQ- :mBHH mK2 C

C2 M@Qup2b a+Q x2+- PHBpB2 JB+?2 m-C2 M@*

hQ +Bi2 i?Bb p2° bBQM,

WBM2# 1H 6 DQmB- 6HQ 2Mi hQb+ MQ- :mBHH mK2 C +[m2KBM- C +[m
Pt HBTH iBM b2MbBiBx2b 2mK M +QHQM + M+2" +2HHbiQ h_ AGi? Qm;
"tH@tGXX : bi'Q2Mi2 " QHQ;v-q" a mM/2 b- kyRR- RO9R UkV- TTXeej@d
IBMb2 K@yyekeeR3=

> G A/, BMb2 K@yyekeeR3
20T, ffrrrX? HXBMb2 KX7 fBMb2 K@yyekeeR3
am#KBii2/ QM ke a2T kyRR

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


http://www.hal.inserm.fr/inserm-00626618
https://hal.archives-ouvertes.fr

GASTROENTEROLOGY 2011;XX:XXX

All studies published in Gastroenterology are embargoed until 3PM ET of the day they are published as corrected proofs on-line.
Studies cannot be publicized as accepted manuscripts or uncorrected proofs.

1 1
2 2
3 a13 Oxaliplatin Sensitizes Human Colon Cancer Cells to TRAIL Through JNK- 3
;‘ Dependent Phosphorylation of Bcl-xL g
6 ZINEB EL FAJOUI,* FLORENT TOSCANDGUILLAUME JACQUEMIN; JACQUES ABELLO,* JEAN-YVES SCOAZEC,* 6
7 OLIVIER MICHEAU; ‘" and JEAN-CHRISTOPHE SAURIN* 7
8 AQ:4 *INSERM U865, University of Lyon, Faculté Laénnec, Lyon, FrancBJMR1052 CNRS 5286, Centre de Recherche en Cancérologie de Lyon, University of Lyon, 8
9 AQ:5 Lyon, France; INSERM U866, Dijon, France;Medicine and Pharmacy, University of Bourgogne, Dijon, France; antCentre Georges-Francois Leclerc, Dijon, France 9
10 10
11 ag:14 BACKGROUND & AIMS: Oxaliplatin sensitizes drug-re- to induce apoptosis selectively in cancer cell§.RAIL binds 11
12 sistant colon cancer cell lines to tumor necrosis factor—to the cell surface death receptors (DR)4 and DR5 teq:1s 12
13 related apoptosis inducing ligand (TRAIL), a death receptor trigger the extrinsic apoptoticpathway, mainly through the 13
14 ligand that is selective for cancer cells. We investigated theactivation of the pro-apoptotic initiator caspase-8.In type | 14
15 molecular mechanisms by which oxaliplatin sensitizes can-cells, active caspase-8 induces the cleavage of the down- 15
ig cer cells to TRAIL-induced apoptosisMETHODS: We in- stream effector caspase-3, which ultimately leads to apopto- 16

cubated the colon cancer cell lines HT29 and V9P, which aresis3 By contrast, in type Il cells, apoptosis requires an
ig resistant to TRAIL, with TRAIL or with oxaliplatin for 2 ampli cation loop, generally afforded by the intrinsic (mi-

hours, followed by TRAIL. Annexin V staining was used to tochondrial) cell death pathway* This pathway is tightly
2(1) measure apoptosis; RNA silencing and immunoblot experi- regulated by the Bcl-2 family through complex interactions

ments were used to study the roles of apoptosis-relatedthat dictate the integrity of the outer mitochondrial mem-
22 proteins. Site-directed mutagenesis experiments were used tbrane® The BH3-only pro-apoptotic proteins (Bid, Bad, Bim,
23 aq:15 determine requirements for phosphorylation of Bcl-xL; co- Noxa, Puma, and so forth) act as initiators of the intrinsic
24 immunoprecipitation experiments were used to analyze the apoptotic pathway, whereas the multidomain pro-apoptotic
25 interactions among Bcl-xL, Bax, and Bak, and activation of proteins Bax and Bak act as essential mediators of mitochon-
26 Bax. RESULTS: Oxaliplatin-induced sensitivity to TRAIL drial permeability5 The anti-apoptotic Bcl-2 family proteins
27 required activation of the mitochondrial apoptotic pathway; (Bcl-2, Bcl-xL, and Mcl-1) inhibit apoptosis by binding to .
;g reduced expression of Bax, Bak, and caspase-9, and staltleese pro-apoptotic members, thus neutralizing their activ- 3
20 overgxpression o.f Bcl—xIT, rgducgd TRAIL—.indu.ce(_:i death ofity. Overexpression of anti-apoptotic Bcl-2 family proteins is % %
a1 cells incubated with oxaliplatin. Mitochondrial priming was one of the major causes of TRAIL resistanéelhe function ok
39 induced in cells that were sensitized by oxaliplatin and re- of Bcl-xL can be regulated by transcriptional control and/or % @
33 quir_ed signaling via cJun N-termin_al !(inase and phosphor- post-transcriptional modi cations. Emerging evidence indi- 'g}
34 ylation of Bcl-xL. Mimicking constitutive phosphorylation cates that Bcl-xL phosphorylation may regulate its anti- =
35 of Bel-xL by site-directed mutagenesis at serine 62 restorecpoptotic functions. Multiple kinases, including c-Jun N-ter- 35
36 sensitivity of cells to TRAIL. Co-immunoprecipitation exper- minal kinase (JNK), have been proposed to mediate the 36
37 iments showed that oxaliplatin-induced phosphorylation of phosphorylation of Bcl-xL7-8 but the functional role of this 37
28 Bc!—xL disrupted its abil?ty to sequestrate Bax allowing Bax phosphorylation remains unknown. 38
39 to interact with Bak to induce TRAIL-mediated apoptosis. ~ Combinations of TRAIL with chemotherapeutic agents, 39
40 CONCLUSIONS: Oxaliplatin facilitates TRAIL-induced including oxaliplatin, have been reported to generate syner- 40
a1 apoptos_is in co_lon cancer cells by activati_ng c-Jun N-ter-  gistic antitumor responses in several human tumor typesto 41
42 minal kinase signaling and phosphorylation of Bcl-xL. Oxaliplatin, a third-generation platinum agent and usual 42
43 Oxaliplatin-induced sensitivity to TRAIL might be devel- chemotherapy agent for colon cancer, is thought to triggeraq:19 44
a4 oped as an approach to cancer therapy. cell death mainly by inducing platinum-DNA adducts, and a4
45 KeywordsChemotherapy; Cell Death; Kinase; Colorectal appears t_o block DNA replication more effectlvely than 45
46 Cancer Therapy other platinum compounds such as cisplatirt? However, 46
47 ' scarce data are available regarding the signaling pathways 47
48 activated by oxaliplatin. The molecular basis of the synergy 48
49AQ16-17 Colcl)n cdagcerhis _the second Ieadin_g cau;e of r?ancerbetween chemotherapeutic drugs and TRAIL remains elu- 49
50 related deaths in Western countries. Chemotherapy 50
51 is the treatment of cho!ce for Pat'ems W'th recurrent ™~ Appreviations used in this paper:DR, death receptor; EV, empty 51
52 colon tumors, but despite the introduction of several vector; 1Go, median inhibitory concentration; JNK, c-Jun N-terminal 52
53 novel anticancer agents, almost 50% of patients die bekinase; PI, propidium iodide; siRNA, small interfering RNA; S62, serine 53
54 cause of disease progression. It is therefore of interest tdP2: S62A, serine 62 alanine; S62D, serine 62 asparagine; TRAIL, tumor 54

. . necrosis factor...related apoptosis inducing ligand; WT, wild-type.

55 develop new therapeutic strategies. © 2011 by the AGA Institute 55
56 Tumor necrosis factor—related apoptosis-inducing ligand 0016-5085/$36.00 56

57 (TRAIL) is a promising anticancer agent because of its ability doi:10.1053/j.gastr0.2011.04.055 57



64

AQ: 20

AQ:21
AQ: 22

°Y
>
@
O
>
=z
O

2 EL FAJOUI ET AL

GASTROENTEROLOGY Vol. xx, No. x

sive, complex, cell type—dependent, and depends on the Western Blot Analysis 58

speci ¢ drug, its concentration, and route of administration.
By using short exposure time for oxaliplatin pretreatment
and subsequent stimulation with TRAIL, we previously
showed that oxaliplatin and TRAIL acted synergistically by
inducing apoptosis in TRAIL-resistant cancer cell linés.We
show here that oxaliplatin induces Bcl-xL phosphorylation

For immunablotting, whole-cell extracts were pre- 59
pared using RIPA buffer according to the manufacturer’'s 60
instructions (Santa Cruz Biotechnology). Proteins were sep- 61
arated by sodium dodecy! sulfate—polyacrylamide gel electro- 62
phoresis, and transferred to a polyvinylidene diuoride gi

membrane (Bio-Rad) by electroblotting. The antigen—antiaQ: 26

at the serine 62 (S62) residue in a JNK-dependent manner, o4y complexes were visualized using a chemiluminescence 92

Phosphorylation of Bcl-xL in turn induces the release of free
Bax, allowing the activation of the mitochondrial pathway
and thus activation of the apoptotic program after TRAIL
stimulation.

Materials and Methods

For details see the online Supplementary Material
and Methods section.

method (Covalab). Quanti cation was performed using a 66

Bio-Rad imaging system. gg
Cell Fractionation 20

Mitochondrial and cytosolic fractions were prepared 71
according to the manufacturer's instructions (Pierce Bio»q:27 75
technology). Equal amounts of proteins were subjected to 73
electrophoresis and immunoblot analysis as described ear- 74

Cell Culture and Drug Treatment lier. 75
Human colon cancer cell lines VOP were a gift from 76

Dr R. Hamelin (INSERM U762, France) and HT29 were Phosphatase Treatment | 7
from American Type Culture Collection. A fresh solution of After cell lysis, lysates were clari ed by centrifuga- 78
oxaliplatin (Eloxatin, 5 mg/mL; Sano Aventis) was added to tion (14,000 rpm, 15 minutes at 4°C), and divided into 2 79
adherent cells for 2 hours, removed, and replaced with fresh€qual aliquots. One aliquot was treated with 10 units of 80
medium alone or with medium containing recombinant Calf Alkaline Phosphatase (Roche Diagnostics) and they:2s 81
human TRAIL (Peprotech 50 g/mL; Figure 1). other aliquot was mock-treated. gg
Chemicals and Antibodies Small Interfering RNA Transfection 84

85

JNK inhibitor (SP600125) was from Calbiochem.
Annexin V- uorescein isothiocyanate and propidium io-

dide (PI) were from AbCys SA, and Annexin V-antigenool siRNAs; Dharmacon RNAi Technologies) were used taq: 20 5/
presenting cell was provided by Becton-Dickinson. RIPAknock down caspase-8 (L-003466-00), caspase-3 (L-004307-

Lysis Buffer Kit was provided by Santa Cruz Biotechnol-
ogy. Primary antibodies for the following proteins were

from Cell Signaling Technology: caspase-8, caspase-9sed SignalSilence SAPK/INK SiRNA kit (Cell Signalingo:z0 o
caspase-3, Bid, cytochrome c, Cox IV, Mcl-1, Bcl-2, Bel-XIgiechnology), which provided 2 specic siRNAs for JNK.

and phosphorylated JNK; from Epitomics for Bax and Bak
proteins, from Santa Cruz Biotechnology for Bax 2D2 and
S62 phosphorylated Bcl-xL, from BD Pharmingen for Bax
6A7, and from Sigma for -tubulin.

Annexin V Staining and Flow Cytometry

Cells were stained with Annexin V and Pl accord-
ing to the manufacturer’s instructions (AbCys SA), and
analyzed with a FACScanto Il ow cytometer (BD Becton-
Dickinson). Apoptotic cell percentage corresponded to
Annexin V( )/PI( ) cells.

Conditions

Control | Fresh medium | Fresh medium :‘_::-—
Oxaliplatin [ Oxaliplatin | Fresh medium }-'
TRAIL | Fresh medium | TRAIL ::.‘-‘——
Oxaliplatin/TRAIL [  Oxaliplatin | TRAIL s
Oh 2h 8h

Figure 1. Treatment schedules. HT29 and V9P cancer cells were incu-
bated for 2 hours with their respective 1Goxaipiatin @nd then with fresh
medium (oxaliplatin condition) or TRAIL (oxaliplatin/TRAIL condition) for 6
hours. For TRAIL condition, cells were incubated with fresh medium for
2 hours then treated with TRAIL for 6 hours.

Small interfering RNA (SiRNA) pool consisting of 4

siRNAs speci ¢ for each protein (ON-TARGET plus smart 86

88
89

00), caspase-9 (L-003309-00), Bax (L-003308-01), Bak (L-

003305-00), and Bcl-xL (L-003454-00). For JNK silencing we

92

Control cells were transfected with a nontargeting siRNA 93
(D-001206-13-05; Dharmacon). siRNAs were trans- 94
fected at a nal concentration of 100 nmol/L for 72 95
hours with DharmaFECT 4following the manufacturer’s 96
protocols. 97
98

Construction of the Bcl-xL Phosphorylation 99
Mutant igg

Substitution of S62 to asparagine (S62D) or alanine 102
(S62A) into the pMIGR-BcIXL-GFP retroviral plasmid was peraq: 31103
formed by polymerase chain reaction using the following spe-
cic oligonucleotides (Eurogentec): S62D sense: GGC-ACGe:324 (g
TGG-CAG-ACG-ACC-CCG-CGG-TGA-ATG; S62D antisense:  1g
CAT-TCA-CCG-CGG-GGT-CGT-CTG-CCA-GGT-GCC; S62A 17
sense: GCA-CCT-GGC-AGA-CGC-CCC-CGC-GGTA&-T; 108
S62A antisense: ATT-CAC-CGC-GGG-GGC-GTC-TGC-CAG- g
GTG-C. Mutations in the plasmids were checked by DNA 110
sequencing (Beckman Coulter Genomics). 111

Retrovirus Production and Cell Transduction ﬁg

Generation of retroviruses has been described pre- 114
viously13 HT29 cells were transduced for 16 hours withaq:33115
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116aq:34 viral supernatants containing polybrene (8 mg/mL), Results 116
117 washed in ph_osphate—buffered sglme, and cu_lf[ured in Oxaliplatin Sensitizes HT29 and VOP Colon 117
ﬁg complete medium. After transduction, GFP-positive cells Cancer Cells to TRAIL-Induced Apoptosis ﬂg
120AQ: 35 were sorted using BD FACS vantage cell sorter. HT29 and VOP colon cancer cells were pretreated 15
121 Immunobrecipitation with their median inhibitory concentration of oxaliplatin 121
122 ) unoprecipitatio ) ) (ICs0oxaiiplatin) (219.05 mol/L and 19.19 mol/L, respec AQ:37122
123736 Brie y, cells were lysed in CHAPS lysis buffer (150+jyely) for 2 hours, then treated with 2 nonapoptotic doses of 123

124 mmol/L sodium chloride, 10 mmol/L HEPES, pH 7.4, and TRAIL (5 and 10 ng/mL) for 6 hours. HT29 and V9P cellsaq:38124
125 1.0% Chaps) with freshly added proteases and phosphatasgere hoth highly resistant to oxaliplatin and TRAIL-induced 125

126 inhibitors (Santa Cruz Biotechnology) and immunoprecipi-  apoptosis as single treatmentsFigure 2A). By contrast, the r2 126
127 tated with ExactaCruz product (Santa Cruz Biotechnology), oxaliplatin/TRAIL combination signi cantly induced apo- 127
128 thereby bypassing any signal caused by immunoglobulin G ptosis in HT29 and VIP cells. Interestingly, when treating 128
129 heavy and light chains of the IP antibody and following the cejis with TRAIL before oxaliplatin, the percentage of apo- 129
130 manufacturer's guidelines. ptotic cells did not increase signi cantly (Supplementary 130
131 o _ Figure 1), indicating that oxaliplatin pretreatment potenti- 131
132 Statistical Analysis ated TRAIL-induced apoptosis. Western blot analysis re- 132
133 All data are summarized as mean standard error vealed that the oxaliplatin/TRAIL combination greatly en- 133
134 of the mean of at least 3 separate experiments. The Stuhanced caspase-8 and caspase-3 activatibiyre 2B). The 134
135 dentt test was used to compare experimental with control increased caspase-8 activity after combined treatment was 135
136 groups. AP value of less than .05 was considered statis-associated with cleavage of its substrate Bid, as indicated by 136
g; tically signi cant. a decreased intensity of the native 22-kilodalton form (Sup- 12;
139 139
140 140
141 141
42 A . B HT29 vop 142
143 _ 50 o
144 £ 50 Oxaliplatin 1C50 v
145 2 49 sk TRAIL 5 ng/mL <

] 3 (AR
146 £ = Full | TR::L . ng/n;L* =c
147 %_20 ull length caspase- é E

()
148 210 Cleaved caspase-8 + o=
149 g Full length caspase-3 # 4
150 OxaliplatinIC50 - + - + - + - + - + - Bth casp:
TRAILSng/mL - - + + - - - - + + - -
151 TRAILIOng/mL - - - - 4 + - - - - 4 4 Cleaved caspase-3 |
152 = Vop a-tubulin -I — - -—| I— -— b A D 152
153 153
154 ¥ 154
155 C 60 1 155
156 ¥ 501 " ’—L‘ 156
157 2 40 ga- 157
T [ oxaliplatin
158 o 30 ’—LI B TRAIL 158
159 g 204 M Oxaliplatin/TRAIL 159
160 g o) 160
161 < 161
162 " _RNA‘" 162
163 A 163
164 Ca&ipase-3 S:RNA oLl St 164
165 PEEES 165
166 HT29 VP 166
167 Figure 2. Oxaliplatin sensitizes colon cancer cells to TRAIL-induced apoptosis. HT29 and V9P cells were treated with oxaliplatin aj;|@oses 167
168 (219.05 mol/L for HT29 and 19.17 mol/L for VOP cells) for 2 hours and then with TRAIL (5 or 10 ng/mL) for 6 hoursA)Data re ect the mean 168
169 standard error ofthe mean (n 3).*P .05;*P .01;***P .001 comparing oxaliplatin/TRAIL combination with TRAIL aloneBJ After treatments, 169
cell lysates were used for Western blot analysis of caspase-8 and caspase-3 activation using speci ¢ antibodies-tubulin expression was used as

170 170
171 control for protein loading. Similar results were obtained in 3 independently performed experiment€)(HT29 and V9P cells were transfected 171

with caspase-8 and caspase-3 or control siRNAs (100 nmol/L) for 72 hours and then treated with oxaliplatin and TRAIL as described earlier.
172 Apoptotic cell percentage represent Annexin V()/PI( ) cells. Data re ect the mean standard error of the mean (n 3). *P .05; *P .01 172
173 comparing caspase-8 and caspase-3 siRNAs with control SiRNA. 173



174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

-1
U
>
a
[97]
N
5
=
{
£

dNV Disva

B 1

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

4 EL FAJOUI ET AL

GASTROENTEROLOGY Vol. xx, No. x

A HT29 VoP
OxaliplatiniC50 - + - + -+ -+ + =
TRAIL10ng/mL - - + + - -+ o+ + o+ AT
T T
Cvtochromec+|_‘-- : -||—-'-— : — —I
T T
COXIV | —_———— : ||- - - l
mitochondria cytosol mitochondria cytosol
B C 60 7 O - *k
O Oxaliplatin 1
so 1 H TRAIL
HT29 i = M Oxaliplatin/TRAIL
Oxaliplatin 1C50 -+ -+ -4 - 4+ = 40 1 **
TRAILS ng/mL - - + + - - o= b § =
TRAIL1IOng/mL - - - - + + T =
Full length caspase-9 -+ S Sy s s s o o o - § 20 A
<
Cleaved caspase-9 3] - o - 50 ' ke _
a-tubulin em—————aa| [
0 -
NSSRNA - - + . e
Caspase-9 siRNA - - -+ - - - -+
HT29 VoP
D E o -
O Oxaliplatin
HTes B TRALL xx
60 7 Oxaliplatin/TRAIL *
OxaliplatinIC50 - + - + + + _ W Oxaliplatin/
TRAILLOng/mL - - + + + + % 50 1 "
NS siRNA = = 2 & @ 40 A
Caspase-9 siRNA - - + £ 30 4 I_’_‘
Full length caspase-8 [ — g_
o 20 .
= a
< 10 4
Cleaved caspase-8 + o — NS ‘RNDA_
Full length caspase-9 -»{ W Sy gy s = S_l - to- - *
— Bak siRNA - -+ - - B . o
Cleaved caspase-9 # — )
Bax siRNA = E E B B & - - - +
-t -] S——————
HT29 VIP

Figure 3. Mitochondria events are essential for oxaliplatin/TRAIL-induced apoptosisA(and B) HT29 and V9P cells were treated with
oxaliplatin (1Go, 2 h), then TRAIL (10 ng/mL, 2 h), and after that Western blot analysis was performed fd@)(cytochrome c release and B)
caspase-9 activation. Fraction purity and protein loading were assessed by Cox IV andtubulin blotting, respectively. HT29 and V9P cells
were transfected with siRNA-mediating silencing of§ and D) caspase-9 or ) Bax and Bak or nontargeting siRNAs (100 nmol/L) for 72 hours,
and then treated with oxaliplatin (16, 2 h) then TRAIL (10 ng/mL, 6 h). After treatments and E) apoptotic cell percentage corresponding
to Annexin V( )/PI( ) cells was measured by ow cytometry analysis andld) caspase-8 and caspase-9 cleavage was assessed by Western
blot analysis. Data re ect mean standard error of the mean (n 3). *P  .05; **P .01 comparing speci c targeting siRNAs with
nontargeting siRNA.

plementary Figure 2). Interestingly, caspase-8 silencing onlyshows that only combined treatments led to caspase-9 acti-
slightly decreased the percentage of oxaliplatin/TRAIL-in- vation. Interestingly, inhibiting caspase-9 expression im-
duced apoptotic cells in both cell lines, in contrast to paired the oxaliplatin/TRAIL-induced apoptosis in both cell
caspase-3 knockdowrFjgure 2C and Supplementary Figure lines (Figure 3C and Supplementary Figure 8). Moreover, F3
3A and B). These results indicate that oxaliplatin pretreat- caspase-9 silencing signi cantly reduced oxaliplatin/ TRAIL-
ment sensitizes resistant colon cancer cells to TRAIL in ainduced caspase-8 processingFigure ). This result
caspase-3—dependent but caspase-8—independent mannefindicates that caspase-8 activation occurs downstream
Oxaliplatin/TRAIL-Induced Apoptosis Is of caspase-9. In addition, Bax silencing in HT29 cells, and
Controlled Predominantly by the Bax and Bak silencing in VP cells, signicantly reduced
Mitochondrial Pathway oxaliplatin/TRAIL-induced apoptosis Figure E and Sup-
The oxaliplatin/TRAIL combination, but not single plementary Figure ® and E). Collectively, these results high-
treatments, promoted cytochrome c release from the mito- light the central role of the mitochondrial apoptotic path-
chondria into the cytosol (Figure 3A). Accordingly,Figure 38 way in oxaliplatin/TRAIL-induced apoptosis.
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A HT29 VoP B 232

233

Oxaliplatin IC50 = F m = o = o HT29 V8P 234
TRAILS mL - - + + - - . -  HE s e

TRAIL 10 ng//‘ L P P OxaliplatinlC50 - + - + - + -+ -+ -4 235

ne/m TRAILSng/mL - - + + - - - - o+ 4 - - 236

Mdfl-b'-l- ———— -[ |—. ———— -l TRALIOng/mL - - - - + + N, 237

Bcl-2+ No detectable [ o = = e = $62-p-Belxl 4 prep——— ""|| -— — ""I 238

oL et byl o e s ] [ ] 2

ot U Ui [ ———— ] [ —————— 241

242

C o4 H- 243

O Oxaliplatin . ** 244

504 H TRALL | 245
Hl Oxaliplatin/TRAIL

g xaliplatin/ 246

2 40 i ok ok %k 247

< 30 248

2 249

g 20 250

10 A 251

252

Non transfected NS siRNA Bcl-xL siRNA  Non transfected NS siRNA Bel-xL siRNA 254

HT29 VP 255

Figure 4. Oxaliplatin pretreatment induces Bcl-xL phosphorylationA) Expression levels of Mcl-1, Bcl-2, and Bcl-xL proteins andB) phosphory- 256

lation status of Bcl-xL were assessed by Western blot after oxaliplatin ¢¢ 2 h) and then TRAIL (10 ng/mL, 6 h) treatments in HT29 and V9P cells. 257
-tubulin was used as a loading control. Similar results were obtained in 3 independent experiment&)(HT29 and V9P cells were transfected with 258

100 nmol/L of Bcl-xL siRNA or nontargeting siRNA (NS siRNA). Seventy-two hours after transfection, cells were treated with oxaliplatin and the

TRAIL as described earlier. Apoptotic cell percentage represent Annexin V)/PI( ) cells. Data show the mean standard error of the mean (n

3). ¥ .01;**P .001 comparing nontargeting siRNA with Bcl-xL siRNAs.
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Oxaliplatin Induces Bcl-xL Phosphorylation Oxaliplatin-Induced Bcl-xL Phosphorylation & :
and Sensitization to TRAIL Require JNK 3

Figure 4A shows that the total amounts of anti-
apoptotic members of the Bcl-2 family were unchanged

after exposure to oxaliplatin and/or TRAIL. However, a _ Phosphorylation of Bel-xL has been reported to be 267
slower migrating Bcl-xL band after incubation of cells mediated by several kinases, including JNK, in response to 268

Activation

with the oxaliplatin/TRAIL combination appeared in chemotherapeutic agent8:4> Although TRAIL alone 269
both cell lines. In vitro phosphatase treatment of pro- had no signi cant effect, oxaliplatin induced a rapid and 270
tein extracts obtained from HT29 cells completely abol- prolonged JNK phosphorylation, the activation of which g;;
ished the slow migrating band, indicating that this appeared to be strengthened by the combined treatment 973

post-translational modi cation could correspond to a associating TRAIL Figure 5A). As shown inFigure 5B, s, AQSS
phosphorylated form of Bcl-xL (Supplementary Figure SP600125 (a speci ¢ JNK inhibitor) signi cantly reduced 575
4A). Indeed, the use of a speci ¢ antibody recognizing oxaliplatin/TRAIL-induced apoptosis in both cell lines. 276
the S62 phosphorylated form of Bcl-xL indicated that Moreover, JNK silencing signi cantly reduced apoptosis 277
oxaliplatin induced the phosphorylation of Bcl-xL at levelin both cell lines Figure 5C), indicating that the JNK 278
S62 in both cell lines Figure 4B). Oxaliplatin-induced pathway was crucial for oxaliplatin/TRAIL-induced apo- 279
Bcl-xL phosphorylation was maintained after TRAIL ptosis. We hypothesized that JINK may mediate oxalipla-  »g
treatment (Figure 4B). Moreover, Bcl-xL siRNA restored tin/TRAIL-induced apoptosis by targeting Bcl-xL. If so, 281
the sensitivity of HT29 and V9P cells to TRAIL-induced the observed inhibitory effect of SP600125 on oxaliplatin/  2g»
apoptosis Figure 4C and Supplementary Figure B). TRAIL-induced apoptosis should not be observed in cells  2g3
Of note, the sensitizing effect of Bcl-xL silencing was with reduced expression of Bcl-xL. Indeed, SP600125 2g4
comparable with that obtained after oxaliplatin pre- treatment failed to diminish oxaliplatin/TRAIL-induced 285
treatment (Figure 4C). This nding suggests that ox- apoptosis in HT29 cells after Bcl-xL silencingHigure D), 286
aliplatin-induced Bcl-xL phosphorylation may decrease suggesting that Bcl-xL is one speci ¢ target for INK. As 287
Bcl-xL anti-apoptotic activity, thus promoting TRAIL- shown in Figure 55, pretreatment with SP600125 highly 288
induced apoptosis. reduced the level of Bcl-xL phosphorylation in HT29 cells 289
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Figure 5. Oxaliplatin/TRAIL-induced apoptosis and Bcl-xL phosphorylation are INK-dependentAf Phosphorylation status of JNK was analyzed
by Western blot after oxaliplatin (165) and TRAIL (10 ng/mL) treatments for the indicated time pointB(and C) HT29 and V9P cells wereR) incubated

for 30 minutes in the absence or presence of JNK inhibitor (SP600125, 20mol/L) or (C) transfected with INK siRNA or control sSiRNA (NS siRNA)
for 72 hours and then treated with oxaliplatin (16, 2 h) and then TRAIL (10 ng/mL, 6 h). Data show means standard error of the mean (n  3). *P
.01;**pP 001 comparing treatments B) with and without SP600125 or C) nontargeting siRNA with INK target-speci ¢ siRNA.D) HT29 cells were
transfected with 100 nmol/L of Bcl-xL siRNA or control siRNA (NS siRNA). Seventy-two hours after transfection, cells were pretreated or not with
SP600125 (20 mol/L, 30 min) and then treated with oxaliplatin (165, 2 h) and then TRAIL (10 ng/mL, 6 h). Apoptotic cell percentage represents
Annexin V( )/PI( ) cells. Data show means standard error of the mean (n 3). *P .01 comparing treatments with and without SP600125. E)
HT29 cells were pretreated or not with SP600125 (20 mol/L, 30 min) and then treated with oxaliplatin or oxaliplatin/TRAIL combination for the
indicated time points. Bcl-xL phosphorylation was determined by Western blot analysis. SP600125 ef ciency was controlled by analyzing p-c-Jun
expression. ) HT29 and V9P cells were transfected with 100 nmol/L of JNK siRNA or nontargeting siRNA (NS siRNA) for 72 hours. Cells then were
treated with oxaliplatin or oxaliplatin/TRAIL combination for 4 hours. Bcl-xL phosphorylation was determined by Western blot analysigubulin
served as loading control. Similar results were obtained in 3 independent experiments.

upon oxaliplatin stimulation. In addition, JNK silencing lines stably overexpressing wild-type Bcl-xL (HT29-Bcl-
reduced the amount of S62—phosphorylated Bcl-xL after xXL.WT), Ser62/Asp phospho-mimic Bcl-xL mutant (HT29-

oxaliplatin and oxaliplatin/TRAIL treatment in both cell Bcl-xL.S62D), Ser62/Ala phospho-defective Bcl-xL mutant
lines (Figure 5F). These data provide strong experimental (HT29-Bcl-xL.S62A), or the corresponding empty vector
evidence that oxaliplatin-induced Bcl-xL phosphorylation (HT29-EV). WT and S62D Bcl-xL proteins were overex-

requires JNK activation. pressed to a similar extent and S62A Bcl-xL protein to a
Bcl-xL Phosphorylation Is Responsible for  lower level ( 40% less than WT and S62D Bcl-xLFigure
Decreased Anti-Apoptotic Activity 6A). Only Bcl-xL.S62D was recognized by the phospho-spes

To evaluate the role of Bcl-xL phosphorylation on its ci ¢ anti-Bcl-xL antibody (Figure 6A). As expected, overex-
own anti-apoptotic activity, we established HT29-derived cell pression of the WT Bcl-xL completely prevented oxaliplatin/
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Figure 6. Oxaliplatin-induced Bcl-xL phosphorylation decreased its anti-apoptotic activity. HT29 cells were transfected with plasmid DNA carrying
a GFP vector (HT29-EV) or encoding wild-type Bcl-xL (HT29-Bcl-xL.WT), phospho-mimic Bcl-xL (HT29-Bcl-xL.S62D), or phospho-defective Bcl-xL
(HT29-Bcl-xL.S62A). A) Extracts from untransfected HT29, or stably transfected HT29-EV, HT29-Bcl-xL.WT, HT29-Bcl-xL.S62D, and HT29-Bcl-
XL.S62A were made and subjected to immunoblotting for Bcl-xL and phospho-Bcl-xL.B) HT29, HT29-EV, HT29-Bcl-xL.WT, HT29-Bcl-xL.S62D,
and HT29-Bcl-xL.S62A cells were subjected to oxaliplatin (£, 2 h) and then TRAIL (10 ng/mL, 6 h) treatments. Apoptotic cell percentages represent
Annexin V( )/PI( ) cells. Results are means standard error ofthe mean (n 3).*P .05.(C) HT29 and V9P cells or) HT29-EV, HT29-Bcl-xL.WT,
and HT29-Bcl-xL.S62D cells were treated with oxaliplatin (g, 2 h) and then TRAIL (10 ng/mL, 4 h) and subjected to immunoprecipitation with

anti—Bcl-xL monoclonal antibody. Samples were analyzed by immunoblotting for Bax, Bcl-xL, and Bak. Similar results were obtained in 3 indepen-

dently performed experiments. E and F) HT29-EV, HT29-Bcl-xL.WT, and HT29-Bcl-xL.S62D cells were treated with oxaliplatin g2 h) and then
TRAIL (10 ng/mL, 4 h) and subjected to immunoprecipitation with anti-Bax 6A7 monoclonal antibody followed by immunoblot analysis wi) (
anti-Bax 2D2 antibody and F) anti-Bak antibody.
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406 TRAIL-induced apoptosis Figure @), conrming that it  showed that oxaliplatin enhances TRAIL cytotoxicity in a 406

407 largely relies on the mitochondrial pathway. Interestingly, large panel of colon cancer cell line® 407
408 ectopic expression of the phospho-mimic Bcl-xL S62D en- The sensitizing effects of chemotherapeutic drugs to 408
409 hanced apoptosis induced by TRAIL alone and in combina- TRAIL-induced apoptosis have been attributed to 3 main 409
410 tion with oxaliplatin, whereas HT29-Bcl-xL.S62A cells weremolecular events: (1) up-regulation of TRAIlldeath recep- 410
411 clearly more resistant to oxaliplatin/TRAIL combination. tors DR4/DR5,2° (2) enhancement of death-inducing signal- 411
412 Because Bcl-xL has been shown to inhibit apoptosis by in-ing complex formation/function, 2t and/or (3) alteration of 412
413 teracting with Baxt¢ and/or Bak7 we next tested whether the expression level of pro-apoptotic/anti-apoptotic pro- 413
414 combined treatments, through Bcl-xL phosphorylation, may teins22 We previously reported that oxaliplatin had no effect 414
415 alter their interactions with Bcl-xL. An interaction between on TRAIL DRs cellsurface expression in both HT29 and 415
416 Bcl-xL and Bax was detected in control and TRAIL-treatedV9P cellsi? arguing against the rst possibility. The con- 416
417 cells Figure 6C, lanes 1 and 3). This interaction was reducedtribution of DR up-regulation remains a matter of de- 417
418 signi cantly after oxaliplatin treatment, independently of bate?3 Despite functional expression of DR4/DR5 TRAIL 418
419aq:40 TRAIL stimulation (lanes 2 and 4). On the other hand, no receptors!® a signi cant proportion of cultured malig- 419
420 signi cant interaction was detected between Bcl-xL and Bak nant cells remain refractory to the cytotoxic effect of 420
421 in both cell lines (Figure 6C). Moreover, phospho-mimic recombinant soluble TRAIL. In agreement with this ob- 421
422 Bcl-xL (S62D) showed a weaker interaction with Bax in servation, caspase-9 silencing, but not caspase-8 silencing, 422
423 control cells, as compared with the WT Bcl-xLFjgure 6D, abrogated oxaliplatin/TRAIL-induced cell death, arguing 423
424 lanes 5 and 9). Furthermore, although Bcl-xL/Bax het- against the possible involvement of membrane-related 424
425 erodimers were maintained upon treatment in HT29-Bcl- regulatory events including death-inducing signaling 425
426 XL.WT (Figure 6D, lanes 6—8), this interaction was impaired complex formation/function enhancement. On the con- 426
427 in the presence of oxaliplatin in HT29-Bcl-xL.S62DRigure  trary, oxaliplatin-induced sensitization to TRAIL required 427
428 6D, lanes 10 and 12). These observations were con rmed iractivation of the mitochondrial pathway, allowing a 428
429 reciprocal anti-Bax immunoprecipitation (Supplementary caspase-dependent feedback loop. These results are in 429
430 Figure 5). The lack of interaction between Bcl-xL and Bak agreement with data showing that caspase-9 can act as a 430

431 was conrmed in HT29.EV, HT29.WT, and HT29-Bcl- feedback loop by cleaving caspase-8 to amplify the apo- 431
432 xL.S62D cells (Supplementary Figure 6), suggesting that theptotic processz Further supporting this conclusion is the 432
role of Bak regarding oxaliplatin/TRAIL-induced apoptosis demonstration that Bax and Bak inhibition, or Bcl-xL 433
is not related to Bcl-xL/Bak interaction. overexpression, abrogated oxaliplatin/TRAIL-induced cell 434

We next sought to determine the activation status of Bax death. These observations clearly indicate that HT29 and 435
released from Bcl-xL/Bax heterodimers by immunoprecipi- VOP cancer cells behave as type Il cells in which DR- 436
tation experiments with the anti-Bax 6A7 antibody, which induced apoptosis is controlled mainly by anti-apoptotic 437
speci cally recognizes active Ba®.Bax was activated exclu- Bcl-2 family proteins®2S Interestingly, although Mcl-1, 438
sively with the combined treatment in HT29.EV cellsRigure  Bcl-2, or Bcl-xL expression levels were unaffected by ox- 439
6E, lane 4), but not in HT29-Bcl-xL.WT (lane 8). In agree- aliplatin, a partial Bcl-xL phosphorylation was induced in 440
ment with the hypothesis that Bcl-xL phosphorylation pre- both cell lines. Our data show Bcl-xL phosphorylationaq: 42441
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442 vents Bax sequestration, Bax activation was detected aftein response to a DNA-damaging agent. This nding is in 442
443 both TRAIL and oxaliplatin/TRAIL treatments in HT29-Bcl-  contrast with previous reports suggesting that Bcl-xL 443
444 xL.S62D cells Figure €, lanes 11 and 12). Moreover, asphosphorylation is a speci ¢ consequence of antimitotic 444
445 shown by co-immunoprecipitation, Bak only interacted with agents?-*4 explaining, in part, their ability to induce cell- 445
446 active Bax in HT29-EV cells treated with the oxaliplatin/ Cycle arrese® Interestingly, we previously showed that 446
447 TRAIL combination (Figure &, lane 4) or HT29-Bcl- oxaliplatin treatment resulted in HT29 and V9P cell-cycle 447
448 xL.S62D cells treated with TRAIL alone irrespective of ox-arrest?” This nding could explain why oxaliplatin can 448
449 aliplatin pretreatment (Figure &, lanes 11 and 12). Bax/Bak promote Bcl-xL phosphorylation. 449
450 interaction was dependent entirely on Bax activation because Bcl-xL phosphorylation has been attributed to the ac- 450
451 Bak was immunoprecipitated only in cell extracts corre- tivation of several kinases including JNR:26 On the one 451
452 sponding to active Bax (Supplementary Figure 7, lanes 4, 11hand, Mucha et a8 observed that JNK inhibition sensi- 452
453 and 12). These results indicate that oxaliplatin primes mito- tizes hepatocellular carcinoma cells to TRAIL, but other 453
454 chondrial activation by inhibiting Bcl-xL—induced Bax se- groups have shown that JNK activation sensitizes hepato- 454
455 questration, thus allowing Bax/Bak interaction upon apo- Cellular carcinoma and breast cancer cells to TRAIL-in- 455
456 ptosis engagement. duced apoptosig?3° Qur results would rather support 456
457 the second conclusion because apoptosis induced by ox- 457
458 ) . aliplatin/TRAIL combination was strongly suppressed by 458
459 Discussion JNK inhibition or knockdown. Several studies have fo- 459
460 The molecular basis of resistance to TRAIL-in- cused on the implication of JNK activation in apoptosis 460
461 duced cytotoxicity is complex and multifactorialé**How- induced by the mitochondrial pathway. It has been re- 461
462 ever, this resistance can be overcome by combining TRAIllported that INK was required for stress-induced release of 462

463 with cytotoxic agents®1° Accordingly, we previously cytochrome c from mitochondria into the cytosol3! An- 463
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464 464
465 465
466 466
467 467
468 468
469 469
470 470
471 471
472 472
473 473
474 474
475 475
476 476
477 477
478 478
479 479
480 480
481 481
482 Figure 7. Proposed mechanism for oxaliplatin-sensitizing effect to TRAILAY TRAIL alone fails to reach a critical threshold to induce apoptosis 482
483 because of its incapacity to overcome mitochondrial blockage. If cells are pretreated with oxaliplatiB)(Bcl-xL is phosphorylated in a JNK- 483
484 dependent manner and Bax is released, driving mitochondrial signaling beyond a level compatible with cell death, causing cytochrome creleaseand 484
485 caspase-9 activation. Caspase-9 on its turn activates caspase-8 through the feedback loop, leading to death-signaling ampli cation. 485
486 486
487 487
488 other study suggested that activated JNK might translo- ability to induce Bcl-xL phosphorylation and Bax release, 488
489 cate to mitochondria and associate with Bcl-xL in re- oxaliplatin alone was unable to induce apoptosis, indicat- 489
490 sponse to cellular stres® It also was reported that ing that additional events are required to engage the 490
491 activation of JNK signaled mitochondrial translocation of apoptotic program. Indeed, Bax translocation to mito-
492 Bax and Bcl-2 phosphorylation, resulting in mitochon- chondria appears to be essential for Bax activation and &
493 drial apoptotic cell death2 In line with these ndings, we apoptosis8:35.36 Oxaliplatin was unable to induce Bax %§
494 show here that oxaliplatin-mediated Bel-xL phosphoryla- conformational changes on its own, probably explaining, B2
495 tion was dependent on JNK activation as shown by the usea least in part, its inef ciency in inducing apoptosis. The [z
496 of JNK inhibitors or by JNK SiRNA. _ fact that Bax conformational changes occur only when [RGES
497 _Ove.rexpressmn of a S62 p.hospho—defectlve OrphOSphO'oxaIiplatin and TRAIL are combined suggests that in £
498 mimetic form of Bcl-xL provided strong support to our  gqgition to its release from Bcl-xL, Bax activation requires
499 ndings that JNK-induced Bcl-xL phosphorylation ac- ,qgitional events related to TRAIL/DR signaling. This
500 counts for _th_e restoratlon.of the mltochonQHaI program hypothesis is supported by the observation that TRAIL 500
501 gnd sensitivity to TRA_IL—lr)du.ced apoplosis, repapﬂulat- alone induces Bax activation in HT29-Bcl-xL.S62D cells S0L
502 ing the _effect of oxaliplatin in these cells. It is worth because Bax is no more sequestered by Bcl-xL because of 502
503 mentioning that several reports already proposed the hy-. hosphorvlation at the S62 site. Bax release from 503
504 pothesis that Bcl-xL anti-apoptotic function may be more Its phosphory ' ; 504
" ) . ; Bcl-xL therefore may represent the rst step leading to
505 critically related to its phosphorylation status than to its Bax insertion into the mitochondrial membrane. Bax con- 505
506 expression level34 Of note, it was surprising to observe ) . . . 506
507 that cells overexpressing phospho-defective Bcl-xL weréormatlonal chapges.are required for mltochondngl mem- 507
508 less resistant to oxaliplatin/TRAIL combination than rane permeablllzatlon. The molecular mechan_lsms for 508
509 those expressing the WT protein. This observation could Ba activation are not completely known but the involve- 549
510 be explained in part by the fact that phospho-defective Ment of the BH3-only protein Bid or RASSF1A has been 51
511 Bcl-xL mutant was less overexpressed 40%) than WT Proposed to play a substantial role®-#¢27 Among these, 511
512 Bel-xL. Bid is probably the best-studied activator of Bax. In fact, 512
513 Bcl-xL protects cells from programmed cell death by Eskes et & showed that Bid was able to induce Bax 513
514 dimerizing with and sequestering Ba3 and Baki?” The conformational change leading to the exposure of its 514
515 nding that oxaliplatin-induced Bcl-xL phosphorylation ~N-terminal domain, allowing Bax integration in the outer 515
516 compromises its ability to interact with Bax, as shown by mitochondrial membrane. In our experimental condi- 516
517 co-immunoprecipitation analysis, accounts on its own for tions, Bid is probably a good candidate because we have 517
518 the restoration of TRAIL sensitivity in these cells. More- shown its cleavage upon TRAIL treatment. However, fur- 518
519 over, these experiments showed that the phospho-mimicther experiments are needed to elucidate its involvement 519
520 Bcl-xL mutant was unable to bind Bax even at basaland we cannot exclude the possibility that other proteins, 520

521 conditions. Of note, and as previously show#’ despite its including RASSF1A, may take part in this process. 521
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Importantly, although Bcl-xL is unable to sequester Bak
directly (as shown by our immunoprecipitation experi-
ments), its anti-apoptotic activity respective to Bak itself 1
may result from its ability to sequester Bax.

Taken together, our results unveil a novel molecular 17.

signaling mechanism explaining how a DNA-damaging

agent, such as oxaliplatin, synergizes with TRAIL to re-18.

store apoptosis in resistant colon cancer cell line§igure

7). Inactivating Bcl-xL represents a good opportunity to ;4
restore sensitivity to apoptosis. Given the fact that oxalip-
latin is a commonly used chemotherapeutic drug for
colon cancers, and that TRAIL currently is undergoing

clinical testing, this drug combination has an excellent 20.

translational potential and should be considered for clin-
ical development.

Supplementary Material 21.

Note: To access the supplementary material ac-

companying this article visit the online version ofGastro- 22.

enterologyt www.gastrojournal.org and atdoi:10.1053/
j-gastro.2011.04.055

23.
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Titles and legends to supplemental figures

Supplemental figure 1  HT29 and V9P cells were incubated in the presence of TRAIL (10
ng/ml) for 2 h. TRAIL was then removed and replaced with oxaliplatin (ICso) for 6h. Apoptosis
was determined by Annexin V staining followed by flow cytometry. Data reflected mean *

SEM of three independently performed experiments.

Supplemental figure 2 TRAIL and oxaliplatin/TRAIL treatments induce Bid cleavages in
HT29 and VIP cells. Cells were treated with oxaliplatin (ICsq, 2h) then TRAIL (10 ng/ml, 6h).
Cleavage of Bid was assessed by Western blot by detection of reduced intensity of the 22
kDa band corresponding to full-length Bid. Similar results were obtained in three

independently performed experiences

Supplemental figure 3 HT29 and V9P cancer cells were transfected using small interfering
RNA (siRNA) pool consisting of four siRNAs specific for each protein. siRNAs were
transfected at a final concentration of 100 nM. After 72 h of transfection, protein extracts

were harvested and immunoblotted for the indicated antibodies to assess proteins silencing.

Supplemental figure 4  In vitro phosphatase treatment of protein extracts obtained from
HT29 cells treated with oxaliplatin (ICso, 2h) then TRAIL (10 ng/ml, 6h). Protein extracts

(50pg) were incubated or not with 10 units of calf alkaline phosphatase, at 37 for 30 min.

Supplemental figure 5 HT29-EV, HT29-Bcl-xL. WT and HT29-Bcl-xL.S62D cells were
treated with oxaliplatin (ICso, 2h) then TRAIL (10 ng/ml, 4h) and subjected to
immunoprecipitation with anti-Bax monoclonal antibody followed by immunoblot analysis with

anti-Bcl-xL and anti-Bax antibodies.

Supplemental figure 6 HT29-EV, HT29-Bcl-xL.WT and HT29-Bcl-xL.S62D cells were
treated with oxaliplatin (ICso, 2h) then TRAIL (10 ng/ml, 4h) and subjected to
immunoprecipitation with anti-Bcl-xL monoclonal antibody followed by immunoblot analysis

with anti-Bcl-xL and anti-Bak antibodies.

Supplemental figure 7 HT29-EV, HT29-Bcl-xL.WT and HT29-Bcl-xL.S62D cells were
treated with oxaliplatin (ICs,, 2h) then TRAIL (10 ng/ml, 4h) and subjected to
immunoprecipitation with anti-Bax monoclonal antibody followed by immunoblot analysis with

anti-Bax and anti-Bak antibodies.



Complete Materials and methods

Cell culture and drugs treatment

Human colorectal cancer cell lines VOP (gift of Dr R. Hamelin, INSERM U762, Paris, France)
and HT29 (from ATTCC) were grown in Dulbecco's modified Eagle's medium (Invitrogen)
supplemented with 10% fetal bovine serum (FBS), 2mM glutamine, 10 pg/ml streptomycin
and 10 000 IU/ml penicillin in 5% CO2 at 37<C. Fres h solution of oxaliplatin (Eloxatin, Sanofi
Aventis, 5 mg/ml) was mixed in complete medium, added to adherent cells for 2 h, then
removed and replaced with fresh medium alone or with medium containing recombinant

human TRAIL (Peprotech, 50 pg/ml; Fig. 1).

Chemicals and antibodies

JNK inhibitor (SP600125) was from Calbiochem. Annexin V-FITC and propidium iodide were
from AbCys SA and Annexin V-APC was provided by Becton-Dikinson. RIPA Lysis Buffer Kit
was provided by Santa Cruz Biotechnology. Primary antibodies for the following proteins
were used at the designated dilutions: caspase-8 (1:1000), caspase-9 (1/1000), caspase-3
(1:1000), Bid (1:3000), Cytochrome c¢ (1:3000), Cox IV (1:3000), Mcl-1 (1:1000), Bcl-2
(1:1000), Bcl-xL (1:2000), and phosphorylated JNK (1:1000) from Cell Signaling Technology,
Bax (1:2000) and Bak (1:1000) from Epitomics, Bax 2D2 (1:500) and Serine 62
phosphorylated Bcl-xL (1:500) from Santa Cruz Biotechnology and anti-tubulin (1:300000)

was obtained from Sigma.

Annexin V staining and Flow cytometry
Cells were stained with Annexin V and propidium iodide (Pl), according to the

manufacturer’s instructions (AbCys SA). Briefly, cells were collected, washed with

cold PBS, and suspended in 1x binding buffer provided by the kit. Next, cells were



stained with 5 pl Annexin V-FITC (for HT29 and V9P cells) or Annexin V-APC (for
HT29-Bcl-xL.WT, HT29-Bcl-xL.S62D and HT29-EV cells) and 5 pl PI, and analyzed
with a FACScanto Il flow cytometer (BD Becton-Dickinson). Apoptotic cells percentage

correspond to Annexin V (+) / PI (-) cells.

Western blot analysis

Cells were incubated for 30 min at 4C in RIPA lysis buffer supplemented with PMSF,
sodium orthovanadate and protease inhibitor cocktail solutions according to manufacturer’'s
instructions (Santa Cruz Biotechnology). Equal amounts of proteins were loaded in each lane
and separated by SDS-PAGE. Proteins were then transferred to a polyvinylidene difluoride
membrane (PVDF) (Bio-Rad). Membrane was blocked with 5% dry milk in TBS containing
0.1% Tween-20 and incubated with the primary antibody overnight at 4C and with
horseradish peroxidase-conjugated secondary antibody (Jackson ImmunoResearch
Laboratories) for 1 h at room temperature. Proteins were Vvisualized using
chemiluminescence method (Covalab). Quantification was done using a Bio-Rad imaging

system.

Cell fractionation

Mitochondrial and cytosolic fractions were prepared according to manufacturer’s instructions
(Pierce Biotechnology). Briefly, 2x10’ cells were washed with PBS and then incubated with
0.5 ml of mitochondrial isolation reagent A on ice for 10 min. The cells were then lysed using
a Dounce homogenizer by 20 strokes of the pestle. The lysate was transferred to a
centrifuge tube, the volume adjusted to 0.7 ml, and then 0.35 ml of 3X-concentrated
mitochondrial isolation reagent B was added. The sample was centrifugated at 700 g for 10
min to pellet the nuclei and the supernatant was centrifugated at 12,000 g for 15 min to

obtain the cytosolic fraction in the supernatant and a mitochondrial pellet which was



resuspended in storage buffer. Equal amounts of proteins were subjected to electrophoresis

and immunoblot analysis as described above.

Phosphatase treatment

Cells were collected by scraping and lysed during 30 minutes at 4C in RIPA lysis buffer
supplemented with protease inhibitor cocktail (Santa Cruz Biotechnology). Lysates were
clarified by centrifugation at 14,000 rpm for 15 minutes at 4C, and divided into two equal
aliquots. One aliquot was treated for 30 minutes at 37C with 10 units of Calf Alkaline
Phosphatase (Roche diagnostics) and one aliquot was mock-treated. Products were

analyzed by immunobloting.

Small interfering RNA transfection

Small interfering RNA (siRNA) pool consisting of four siRNAs specific for each protein (ON-
TARGET plus smart pool siRNAs, Dharmacon RNAi Technologies) were used to knockdown
caspase-8 (L-003466-00), caspase-3 (L-004307-00), caspase-9 (L-003309-00), Bax (L-
003308-01), Bak (L-003305-00) and Bcl-xL (L-003454-00). siRNAs were transfected at a
final concentration of 100 nM with DharmaFECT 4 following to the manufacturer's protocols.
For JNK silencing we used SignalSilence SAPK/INK siRNA kit (Cell Signaling Technology),
which provided two specific siRNAs for JNK. Control cells were transfected with a non
targeting siRNA (Dharmacon; D-001206-13-05). After 72 h of transfection at 100 nM, protein
extracts were harvested and immunoblotted for the respective antibodies to assess proteins

silencing.

Construction of the Bcl-xL phosphorylation mutant

Substitution of serine 62 to asparagine (S62D) or alanine (S62A) into the pMIGR-BcIXL-GFP
retroviral plasmid was performed by PCR using the following specific oligonucleotides
(Eurogentec): S62D sens: GGC-ACC-TGG-CAG-ACG-ACC-CCG-CGG-TGA-ATG. S62D

antisens: CAT-TCA-CCG-CGG-GGT-CGT-CTG-CCA-GGT-GCC. S62A sens: GCA-CCT-



GGC-AGA-CGC-CCC-CGC-GGT-GAA-T. S62A antisens: ATT-CAC-CGC-GGG-GGC-GTC-
TGC-CAG-GTG-C. Mutations in the plasmids were checked by DNA sequencing (Beckman

Coulter Genomics).

Retrovirus production and cell transduction

Generation of retroviruses has been previously described (40). HT29 cells were transduced
for 16 hours with viral supernatants containing polybrene (8 mg/ml), washed in phosphate-
buffered saline, and cultured in complete medium. After transduction, GFP-positive cells

were sorted using BD FACS vantage cell sorter.

Immunoprecipitation

Immunoprecipitation (IP) was carried out using the ExactaCruz product (SantaCruz
Biotechnology), thereby bypassing any signal caused by IgG heavy chains and following
manufacturer's guidelines. Briefly, Cells were lysed in CHAPS lysis buffer (150 mM sodium
chloride, 10 MM Hepes, pH 7.4, and 1.0% Chaps) with freshly added proteases and
Phosphatases inhibitors (Santa Cruz technology) and immunoprecipitated with ExactaCruz
IP-matrix that was previously conjugated to anti-Bcl-xL antibody (Cell Signaling Technology),
anti-Bax (Epitomics) or anti-active Bax 6A7 (BD Pharmingen). Resulting immune complexes
were analyzed by western blot using appropriate primary antibodies and the secondary

antibodies supplied by the ExactaCruz product.

Statistical analysis

All the data are summarized as mean +SEM of at least three separate experiments.
Student’s t-test was used to compare experimental with control groups. A P value < 0.05 was

considered statistically significant.
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