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Abstract

Purpose: In TFK-1 and EGI-1 cholangiocarcinoma cell lines zoledronic acid (ZOL) determines a
S-phase block without apoptosis. Here we investigated the occurrence of apoptosis stigmata when
ZOL is associated to the BH3-mimetic ABT-737.

Methods: In EGI-1 and TFK-1 cholangiocarcinoma cell lines untreated or treated with ABT-737
alone or in combination with ZOL, the pro-survival proteins pattern (BCL-2, BCL-XL, MCL-1,
HSP72, HSP27) was investigated by biochemical criteria along with the occurrence of
mitochondrial damage evaluated by cytofluorimetric analysis using a cationic dye.

Results: ABT-737 induced growth inhibition and significantly affected the colony-forming ability
of both EGI-1 and TFK-1 cells. However, activated PARP-1 or/and caspase-3 cleavage (apoptosis
markers) were detected only at the highest ABT-737 concentrations used. Combined treatment
showed synergistic effect by converting the predominant cytostatic effect of ZOL into a cytotoxic
one as shown by striking increment of mitochondrial-harmed cells along with PARP-1 activation
and caspase-3 cleavage.

Conclusion: The lacking of apoptosis following ZOL treatment in these cholangiocarcinoma cell
lines appears to be multifactorial and could be ascribed to the large constitutive expression of pro-
survival proteins. The efficacy of ZOL treatment requires a concomitant unleashing of apoptosis by
using a selective BH3-mimetic as ABT-737. The rational targeting of specific components of the
apoptotic pathway may appear a useful approach to improve the treatment of refractory or relapsed
cholangiocarcinoma. Combined treatment could be further explored in vivo tumor model of

cholangiocarcinoma



INTRODUCTION

Cholangiocarcinoma is a malignant tumor that derives from bile duct epithelium. The incidence and
the mortality rates of cholangiocarcinoma are increasing worldwide[1, 2]. At present, radical
resection (RO) is the only way to cure this disease[3, 4]. Conventional anticancer treatments, such as
chemotherapy or radiotherapy have, up to now, minimal impact on patients’ survival with
unresectable tumors[5, 6]. A recent prospective multicenter phase Il study reveals that gemcitabine
and cisplatin combination chemotherapy has a superior tumor response for advanced biliary tract
cancer with a median survival times for the combination chemotherapy of 11.7 months and only 8.3
months for the single-agent gemcitabine[7, 8]. Unfortunately, the factors responsible for this
relative unresponsiveness are not clearly understood.

The majority of conventional cytotoxic agents indirectly induce apoptosis through DNA damage
and cell cycle arrest. However, malignant cells frequently acquire defects, including oncogene
activation and/or deregulation of apoptotic signaling pathways, thus allowing them to evade
apoptosis[9]. These deregulated pathways along with the high levels of toxicity frequently observed
with traditional treatments, have prompt recent approaches to cancer therapy on targeting key
components essential to tumor survival and disease progression[10]. This approach is aimed to
circumvent acquired drug resistance and re-sensitize the malignant cell to apoptosis.

Recently, it has been reported that the ERK and AKT pathways play an important role in
cholangiocarcinoma cell survival[1l, 12]. Considering that ZOL, a third-generation of
biphosphonates, facilitates the dislocation of RAS from cell membrane to cytosol by inhibiting
post-translational prenylation and its membrane-anchorage, affects the activation of the downstream
ERK and AKT signaling pathways[13], we have investigated this inhibitor in cholangiocarcinoma
cell lines[14]. Our results indicated that ZOL-treatment determines S-phase arrest but fails to induce
apoptosis even at concentrations above IC50. Similar results were also observed in prostate, breast

and lung cancer cell lines.



In human malignancies, the increased expression of pro-survival proteins (e.g., BCL-2, BCL-XL,
BCL-W or MCL-1) is frequently observed and often associated with tumor progression, resistance
to chemotherapy, and poor clinical outcome[15]. Constitutively high levels of BCL-2 or BCL-XL
have been associated with a more aggressive malignant phenotype and/or drug resistance to various
chemotherapeutic agents in hematologic malignancies and solid tumors.

The results showed by Okaro[16] and Harnois[17] performed on cholangiocarcinoma cell lines and
pathologic specimens of patients affected by cholangiocarcinoma suggest a marked involvement of
BCL-2 proteins family overexpression in tumor progression and aggressiveness. Accordingly, other
authors reported a direct link between overexpression of some BCL-2 protein family members
(such as MCL-1) and drug resistance in cholangiocarcinoma cell lines[18].

In the last few years have been developed small molecules that directly interact with pro-survival
BCL-2 proteins. These agents mimic the action of BH3 proteins and by interacting with pro-
survival BCL-2 proteins at their BH3-binding groove block them by sequestering BH3 pro-
apoptotic proteins. At present, Obatoclax and ABT-737 are novel BH3-mimetics tested in clinical
trials for hematologic and solid tumors.

The pan-BCL-2 family proteins inhibitor Obatoclax is an indole bipyrrole compound that inhibits
with relatively low affinity most BCL-2 family members. In contrast, ABT-737 binds selectively
BCL-2, to a lesser extent BCL-XL, BCL-W and MCL-1. By sequestering these pro-survival
proteins, it promotes BAX and BAK oligomerization (via BIM) and ultimately programmed cell
death. Consistent with the low affinity of ABT-737 for MCL-1, multiple reports suggested that high
basal levels of MCL-1 expression are associated with resistance to ABT-737. For this reason the
effectiveness of ABT-737 has been tested in tumors with low/absent MCL-1 or in combination with
agents that inactivate MCL-1[19, 20].

Among those proteins directly or indirectly linked to the BCL-2 protein family, the heat shock

proteins (HSPs) play key roles in inhibiting the cell death pathway at multiple checkpoints[21].



They can directly interact with members of the tightly regulated caspase-dependent cell death
machinery upstream, downstream and at mitochondrial level. Interestingly HSPs, and in particular
HSP72, can affect the caspase-independent death pathway[22], interacting with apoptogenic
proteins such as the apoptosis-inducing factor (AlF)[23] or by acting at lysosome level[21].

In our previous report[14] we hypothesized that the failure of ZOL to induce apoptosis in
cholangiocarcinoma cell lines could be linked to mechanisms such as an altered expression of pro-
survival or pro-apoptotic proteins, and/or a constitutive expression of heat shock proteins. In this
work we sought to determine whether direct targeting of BCL-2 by using the selective inhibitor
ABT-737 could cooperate with ZOL to complete the apoptosis process in TFK-1 and EGI-1

cholangiocarcinoma cell lines.



MATERIALS AND METHODS

2.1 Reagents

Zoledronic acid (ZOL, ZOMETA®, Novartis Europharm, UK) was kindly provided by one of
authors (MCB), dissolved in phosphate buffer saline (PBS) and stored as a 5 mM stock solution at -
20°C. The BH3-mimetic ABT-737 was purchased from SelleckChem (Selleck Chemicals,
Shanghai, China). Culture medium (RPMI 1640) were purchased from Sigma-Aldrich (St. Louis,
MO, USA) while fetal bovine serum (FBS) from Gibco-BRL (Grand Island, NY, USA). Antibodies
against BCL-XL (H-5), BCL-2 (C-2), MCL-1 (RC13), and AIF (B-9) were obtained from Santa
Cruz Biotechnology (Santa Cruz, Temecula, CA, USA). Primary monoclonal antibodies against
HSP27 (G3.1), and inducible HSP72 (C92F3A-5) have been purchased from StressGene (Victoria,
BC Canada). Monoclonal antibodies against caspase-3 and PARP-1 were from Cell Signaling
Technologies (Beverly, MA, USA); monoclonal anti-actin (AC-40) antibody was from Sigma
Aldrich. HRP—conjugated secondary antibodies (Pierce, Rockford, IL, USA) and the enhanced
chemiluminescence system (ECL) were from Millipore (Millipore Co, Billerica, MA, USA).
Reagents for electrophoresis and blotting analysis were obtained from BIO-RAD Laboratories
(Richmond, CA, USA). Mitochondrial depolarization assay was performed by using DePsipher kit
(Trevigen, Gaithersburg, MD, USA).

2.2 Cell culture

The cholangiocarcinoma cell lines EGI-1 and TFK-1 were obtained from the DSMZ (Deutsche
Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, GERMANY) and maintained in
RPMI-1640 medium. All media contained antibiotics (100 U/ml penicillin, 100 pg/mi
streptomycin), and were supplemented with 10% FCS and with 2 mmol/L glutamine. All cultures

were kept in an incubator at 37°C in a water-saturated 5% CO2 atmosphere in air. Routine



subcultivations were carried out every week. Cell morphology was assessed on May-Grinwald

stained cells.

2.4 Crystal violet assay

Cell number was evaluated by crystal violet staining as described[24]. Briefly, cells were fixed with
1% formaldehyde and stained with 0.1% crystal violet in PBS. The unbound dye was removed by
washing with water. Bound crystal violet was solubilized with 0.2% TritonX-100 in PBS. Light
extinction which increases linearly with the cell number was analyzed at 570 nm.

2.5 Clonogenic assay

Colony formation was determined by seeding cells into a six-well culture plates at a density of 50
cells/icm2 well and left to adhere overnight. The cells were then incubated in the absence or in the
presence of ABT-737 and ZOL, alone or in combination. After 10 day-incubation, the wells were
washed twice with PBS, and fixed with 1% formaldehyde. They were then stained with 0.1%
crystal violet. The colony is defined to consist of at least 40-50 cells. For evaluation of cell growth,
colonies were examined under a light microscope. The experiments were repeated thrice and
comparable results were obtained.

2.6 Western blotting

Total proteins were extracted by lysing the cells with a buffer containing 50mM Tris-HCL, pH 7.4,
150mM NaCl, 5mM MgCl,, 0.5mM EDTA, 0.1% SDS and protease inhibitor cocktail followed by
ultracentrifugation at 13,000 rpm for 10 min. Protein concentration was determined using a protein
assay from BIO-RAD according to the manufacturer’s protocol, using BSA as standard. Proteins
(50ug) were resolved by SDS/PAGE (12%) and blotted onto PVDF membranes (Millipore).
Cytosolic and mitochondrial fractions were generated from cholangiocarcinoma cells using a
digitonin-based subcellular fractionation technique[25] and equal volumes of cytosolic and
mitochondrial fractions (corresponding to 100 ug protein of the cytosolic fraction) were resolved by

SDS-PAGE and transferred to PVDF membranes. Immunodetection was carried out in 50mM Tris—



HCI, pH 7.4, 150mM NaCl, 0.1% Tween 20, 5% non-fat dry milk, with the following primary
antibodies: BCL-XL , BCL-2, MCL-1, AIF and caspase-3 were use at a dilution of 1:1000, PARP-
1 and HSP27 diluted at 1:2000, HSP72 and actin at 1:5000. Then, HRP conjugated secondary
antibody at 1:20000 dilutions. Detection was performed using an ECL kit.

2.7 Mitochondrial Depolarization

The assay was performed by using the DePsipher kit (Trevigen, Gaithersburg, MD). Briefly, after
72h of drug treatment, the cells were collected, washed with Reaction Buffer, and then suspended in
DePsipher (JC-1,5,59,6,69-tetrachloro-1,19,3,39-tetraethyl-benzimidaxolylcarbocyanine iodide)
solution (final concentration, 5 mg/ml). After incubation at 37°C for 20 min, the samples were
washed with Reaction Buffer twice and analyzed through the FL1 and FL2 channels using a Coulter

EPICS XL_MCL cytometer (Coulter Co., Miami, FL, USA).

2.8 Statistical analysis

Statistical significance of differences in single-agent versus combined treated cells was determined
using the paired T-test. The minimal level of significance was P<0.05. The half-maximal inhibition
constant (IC50) was determined using the nonlinear regression program CalcuSyn (Biosoft,
Cambridge, UK). Combination index (CI) was calculated using isobologram analysis of Chou and
Talalay[26] based on the equation: CI = (D1/Dx1) + (D2/Dx2) + (D1- D2)/(Dx1-Dx2), where D1
and D2 are the doses of drugl and drug2 that have x effect when used in combination, and Dx1 and
Dx2 are the doses of drugl and drug2 that have x effect when used alone. CI values <1 indicated
synergism. In particular, Cls <0.3, 0.3-0.7 and 0.7-0.85 are considered to indicate strong synergism,
synergism and moderate synergism, respectively. Cl values >0.85 and <1 are considered to indicate

additivity whereas values >1 indicated antagonism.



RESULTS

BCL-2 protein family and HSPs

In our previous paper[14] the large constitutive expression of BCL-XL proteins in both TFK-1 and
EGI-1 cells has prompt us to speculate a potential involvement of pro-survival BCL-2 family
members in ZOL-induced apoptosis resistance. As shown in Figure 1A, BCL-2 protein is
significantly expressed in both cell lines with higher level in EGI-1 cells. The higher level of BCL-2
expression in this cell line is due to a characteristic abnormal chromosome 18, add(18)(q23)[27]
linked to the presence of two amplicons as indicated in EGI-1 datasheet. Furthermore, a large
expression of MCL-1 in TFK-1 cells, as already shown by Taniai et al.[18], was observed, while
EGI-1 cells showed a low level of this protein. This different expression of MCL-1 in our cell lines
somehow reduces the role of this protein in influencing apoptosis resistance following ZOL
treatment and rather emphasizes the role of BCL-2/BCL-XL in ZOL-induced apoptosis resistance.
Interestingly, both cell lines show constitutively high level of expression HSP72, not further
modified after heat shock induction at 44°C for 30 minutes (figure 1B), but only TFK-1 showed a
constitutive expression of HSP27. The absence of HSP27 in EGI-1 cells is not due to inability of

cells to express this protein since it was markedly induced after heat shock.



Effect of ABT-737 on cell proliferation

Before to test whether the selective inhibition of BCL-2 could sensitize cholangiocarcinoma cells to
ZOL treatment, we first investigated the effect of a BH3-mimetic as single agent on TFK-1 and
EGI-1 cells. The choice to use ABT-737 arose from three considerations: (1) the marked divergent
pattern of MCL-1 and BCL-2 expression in our cholangiocarcinoma cell lines (see Figure 1A), (2)
the high affinity of ABT-737 (Ki < Inmol/L [28] for BCL-2, BCL-XL, BCL-W) in comparison
with obatoclax (Ki 220 nmol/L for BCL-2 and ~500 nmol/L for BCL-XL, BCL-W, and MCL-
1[19]), and (3) agents with high affinity provide good chances to overcome cancer cell drug
resistance, whereas low-affinity agents may introduce unexpected responses. Due to the
abovementioned considerations, TFK-1 and EGI-1 cells were treated with ABT-737 (1-50 uM) for
72 h, followed by crystal violet staining. As revealed by Figure 2 (upper panel), the treatment with
ABT-737 significantly inhibited proliferation/survival of both cholangiocarcinoma cells with
comparable potencies. The estimated IC50 value was in the low pmolar concentration range in EGI-
1 cells (4.62 uM C.1 95%: 3.4-6.2), whereas a moderately higher (4-fold) ABT-737 concentration

(17.15 uM C.1 95%: 6.46-40.5) was required to achieve 50% cell inhibition in TFK-1 cells.

Apoptosis assessment

Since a recent mechanistic study suggests a key role of ABT-737 in the ROS generation which in
turn induce apoptotic machinery[29] we evaluated the occurrence of PARP-1 activation (cleavage)
or/and apoptosis stigmata (such as activation of caspases) by biochemical criteria. ABT-737
determined a dose-dependent PARP-1 activation (see Figure 2, lower panel). Activation of PARP-1
protein was already evident at 1 pM and 10 uM in EGI-1 and TFK-1 cells, respectively, without
concomitant cleavage of caspase-3/9. On the contrary, the cleavage of caspase-9 and caspase-3 was
observed only at the highest concentrations tested (10-25 uM and 25-50 uM for EGI1 and TFK-1

cells, respectively). Interestingly, in TFK-1 a marked reduction of MCL-1 at the highest ABT-737



concentration used was observed (concomitant with the caspases cleavage), while a moderate

change in BCL-2 level, compared to untreated cells, was present in EGI-1 cells.

ABT-737 cooperates with ZOL to inhibit cell proliferation

When tested as single agent, ABT-737 potently inhibited the survival of cholangiocarcinoma cells
only at high concentrations (see Figure 2, upper panel). It was then investigated whether the
antagonism of the BCL-2 function by ABT-737 could confer apoptosis sensitivity in ZOL-treated
cells. Combination experiments using drugs concentration close to 1C50 (15 pM ZOL[14] and 3
MM ABT-737 in EGI-1 cells; 30 pM ZOL[14] and 10 pM ABT-737 in TFK-1 cells) were
performed. The molecules above mentioned when used as single agent at the same concentration
determined moderate modification of proliferation pattern (see Figure 2) and no variation of the
expression or activation of pro-apoptotic proteins nor cell morphology (see Figure 5).

The cholangiocarcinoma cells treated simultaneously with ABT-737 and ZOL showed an increased
sensitivity mostly prominent in EGI-1 cells in which an almost fully inhibition of proliferation
occurred (97%, see Figure 3A), meanwhile in TFK-1 cells the inhibition was not more than 81%.
As shown in Figure 3A, the concomitant exposure of cells to both drugs determined a synergic
effect in both cell lines: TFK-1 cells: ABT-737 10 uM + ZOL 10-50 uM, CI: 0.5-0.77, Paired T-test
P-value=0.0181; EGI-1 cells: ABT-737 3 uM + ZOL 10-50 uM CI: 0.106-0.128, Paired T-test P-
value=0.0488.

Because of the pronounced cytotoxic effects of ABT-737 and ZOL combination, we then verified if
ZOL associated with ABT-737 could, similarly, affect the ability of EGI-1 and TFK-1 cells to form
colonies in vitro (as a surrogate of invasive ability of cancer cells). After 10 days in culture both
EGI-1 and TFK-1 cells, seeded at 50 cells/cm?, formed a large number of colonies clearly visible at
naked eye (see Figure 3B, upper left wells). However, when cells were grown for 10 days in the
presence of 4 or 8 uM of ZOL, the number and size of TFK-1 and EGI-1 colonies were markedly

reduced. On the contrary, cells treated with 3 uM of ABT-737 formed colonies clearly visible at



naked eye. When treated with 4 or 8 uM ZOL and 3 uM of ABT-737, both cell lines form little, if
any, visible colonies. The combined treatment determined also alterations of cell morphology
(Figure 5, upper panel). Control cultures showed the typical morphology of cholangiocarcinoma
cells (cuboidal to low-columnar) with rounded or slightly polygonal nuclei (see left pictures, upper
panel). In the presence of 15 or 30 uM ZOL treatment both cell lines showed an increase in size,
more evident in EGI-1 cells, that represents the S-phase block induced by ZOL, as already indicated
in our previous work. The combination of the two drugs determined marked changes in cell
morphology indicated by narrowed cells coupled with a sharp reduction of cells number, mainly
observed in EGI-1 cells. Similar changes in morphology and numbers, even if less marked, were

also observed in TFK-1 cells.

Mitochondrial depolarization assessment

It is known that BCL-2 inhibitors induce mitochondrial damage by several ways: in particular,
ABT737 was reported to elicit significant ruptures of the outer mitochondrial membrane with
concomitant collapse of mitochondrial membrane potential[30]. In apoptotic cells with collapsed
mitochondrial membranes cationic dye cannot accumulate within mitochondria, remaining in the
cytoplasm as green fluorescent monomeric form. On the contrary, in cells with healthy
mitochondria the dye fluoresces brightly red in its multimeric form. Taking advantage of a
procedure involving the preferential conformation of cationic dye in mitochondria (alive cells) or in
cytoplasm (apoptotic cells), we then examined the mechanism that underlies the marked reduction
of cells number and the modifications of cell morphology caused by ABT-737. TFK-1 cells were
treated with 30 uM ZOL and 10 uM ABT-737 alone or in combination (Fig.4A), while EGI-1 cells
were treated with 15 pM ZOL and 3 pM ABT-737 alone or in combination (Fig.4B). The ZOL

treatment (30 or 15 pM) induced a 2.3 to 3.2 fold increase, compared to untreated cells, of harmed-

mitochondria cells in TFK-1 and EGI-1 cells, respectively (Xz P-values <0.001). The treatment of

EGI-1 cells with 3 uM ABT-737 determined a 5.2 fold increase of damaged cells, coupled with a



scarce inhibition of proliferation observed at the same concentration (around 20%, see Figure 2
upper panel). Similarly, in TFK-1 cells 10uM ABT-737 induced little, if any, effect on
mitochondrial membrane (only 1.3-fold of damaged cells) as well as in inhibiting cell proliferation
(around 20% of inhibition, Figure 2). When both cell lines were treated with a combination of the
two drugs, the results clearly indicate a 9-and 5-fold increase of EGI-1 and TFK-1 cells,

respectively, with damaged mitochondrial membranes.

ABT 737 cooperates with ZOL in completing the execution phase of apoptosis

No processing of procaspase-3 to active caspase-3 was detected in EGI-1 cells treated with single
drug (3 UM ABT-737 or 15 uM ZOL). Similarly, no caspase-3 activation was observed in TFK-1
cells treated with single drug (10 uM ABT-737 or with 30 uM ZOL alone) (Fig. 5, lower panel).
However, PARP-1 cleavage was detected after treatment with ABT-737 at 3 and 10 uM in EGI-1
and TFK-1 cells, respectively. By contrast, the combination of 3 uM ABT-737 plus 15 uM ZOL
(EGI-1 cells) or 10 uM ABT-737 plus 30 uM ZOL (TFK-1 cells) resulted in marked appearance of
active caspase-3 in association with cleavage of PARP-1 protein. The degree of caspase-3 activation
and PARP-1 cleavage in response to the combination treatments greatly exceeded the sum of these
events occurring in cells treated with single agents. Taken together, these results suggest that ABT -
737 enhances ZOL-induced apoptosis via mitochondrial membrane depolarization, likely leading to
caspases activation and PARP-1 cleavage. Recently, a specific PARP-1 mediated caspase-
independent pathway of cell death leading to the translocation of the mitochondrial apoptosis-
inducing factor (AIF) via cytoplasm to the nucleus has been described[31]. To analyze the
discrepancy between earlier PARP-1 activation in comparison to caspase cleavage in our cell lines,
we then verified AIF releasing in the cytoplasm following ABT737 and/or ZOL exposure.
Interestingly, we observed AIF release (i.e. its presence in the cytoplasmic phase) only in the

combination treatment.



DISCUSSION

For an efficient induction of apoptotic machinery, a complete antagonism of all BCL-2 prosurvival
proteins is required[32]. Therefore, ineffective tumor cells killing may be due to a partial
neutralization of BCL-2 family members often caused by overexpression of several BCL-2 proteins.
Although some authors have indicated that the inhibition of BCL-2 proteins family could not be
sufficient to overcome the resistance to apoptosis in cholangiocarcinoma cells, however, the
increased expression of the members of BCL-2 family has been associated, in several cancer
models, to an altered threshold to apoptosis[15, 17, 33]. According to Harnois[17] our results
clearly indicate that the alteration of BCL-2 protein members is an intriguing mechanism to explain
the chemoresistance of cholangiocarcinoma to several drugs. The overexpression of BCL-2
observed in EGI-1 cells is in striking contrast with the results showed by Okaro[16], where the EGI-
1 and TFK-1 cells were negative for BCL-2. The overexpression of BCL-2 and BCL-XL family
members of the BCL-2 subfamily have been associated in our previous study[14] with the
resistance of the TFK-1 and EGI-1 cholangiocarcinoma cells to the ZOL induced apoptosis, and
making mandatory the setting up of combination therapies with molecules that target BCL-2. As
observed by cytofluorimetric analysis ZOL determined moderate triggering of apoptotic machinery
as revealed by a shift of fluorescence, index of loss of mitochondrial potential. However, ZOL was
unable to complete the execution phase of apoptosis in both cholangiocarcinoma cell lines. Taken
together, our results suggest that ZOL (i) primed cholangiocarcinoma for cell death by blocking
prenylation of small GTP proteins[13] which, in turn, induce S-phase arrest[34], ii) triggered the
apoptotic machinery via mitochondrial membrane depolarization without, however, completing the
execution phase of apoptosis; (iii) ZOL inability to complete the apoptotic pathway was probably
multifactorial being potentially linked to high levels of prosurvival proteins belonging to BCL-2
family, to low levels of pro-apoptotic proteins such as BAX or other mechanisms involving the

HSPs. The high level of BCL-2 or BCL-XL are likely to sequester apoptotic mediators such BIM,



BAX and BAD until the apoptotic signals becomes overwhelming and cell death occurs[35]. The
characterization of apoptotic proteins pattern in the two cholangiocarcinoma cell lines used in this
study has shown interesting differences. In particular, besides the high level of antiapoptotic MCL-1
expressed by TFK-1 cells (potentially linked to an increased apoptosis resistance), EGI-1 cells
showed higher levels of BCL-2 (thus suggesting a higher sensitivity toward ABT-737[36]). This
constitutive divergent pattern of BCL-2 and MCL-1 expression found in these two
cholangiocarcinoma cell lines of similar histological origin, allowed us to investigate the potential
role of high or low BCL-2 and/or high or low MCL-1 level in response to the selective BCL-2
inhibitor ABT-737. ABT-737 by interacting with BCL-2 protein and consequently blocking BCL-2
action (i.e. the sequestering main pro-apoptotic activators and effectors) might contribute to reduce
the apoptosis triggering threshold. Our data indicated that ABT-737 causes apoptosis occurrence,
assessed by caspase 3/9 activation and PARP-1 cleavage, in both cell lines only at concentration
above ICso. These results are in agreement with the hypothesis that ABT-737 at low concentrations
exerts only a minimal cytotoxic/cytostatic effect behaving as an adjuvant agent for apoptosis
induction. When ABT-737 was used in combination with ZOL it works synergistically to complete
the execution phase of apoptosis in both cholangiocarcinoma cell lines. This synergism was clearly
evident also at molecular level, as assessed by dramatic increase of mitochondrial membrane
depolarization, caspase-3 activation and PARP-1 cleavage. Although ABT-737 was able to cause in
EGI-1 cells a marked increase of sensitivity to apoptosis mediated by ZOL, this increment, in TFK1
cells, was less pronounced. In short, ZOL treatment could behave as “priming” agent[37] which
induces S-phase arrest, an insufficient pro-apoptotic signal, while ABT-737 by blocking BCL-2 and
BCL-XL action lowers the threshold at which apoptosis may occur. The ZOL or ABT-737-induced
apoptosis resistance, observed in cholangiocarcinoma cells when used as single agent prompted us
to speculate the plausible involvement of HSP72-dependent PARP-1 inactivation and/or an HSP27-
mediated BAX inactivation that may contribute to explain the increased cell survival. It is worth to

note that although PARP-1 was already activated at low concentrations of ABT-737, we did not



observed any caspase activation. This outcome could be associated to the loss of GSH following
ABT-737 treatment as recently reported[29]. The GSH depletion increases ROS generation, which
determines PARP-1 activation, and in turn induction of AIF translocation in the extra-mitochondrial
compartment with consequent chromatin condensation[29, 35]. Our results unexpectedly show that
the early PARP-1 activation is not associated to AIF translocation from the mitochondria to the
cytoplasm. This discrepancy could be explained to the inhibitory action of the constitutively
expressed HSP72 towards AIF. HSP72 is the only protein known to physically interact with AIF.
Moreover, in a cell-free system HSP72 prevented the AlF-induced chromatin condensation of
purified nuclei. Thus, cells overexpressing HSP72 were protected against the apoptogenic effects of
AIF targeted to the extramitochondrial compartment, either by microinjection of the recombinant
AIF protein or by transfection with AIF. Moreover, it has been reported that the ATPase domain of
HSP72 plays a key role in sequestering AIF in the cytosol, thereby inhibiting AIF nuclear
translocation[38]. A potential additional mechanism that may contribute to increase the apoptosis
resistance in TFK-1 cells is represented by the constitutive expression of pro-survival HSP27[21,
39, 40]. This protein antagonizes BAX-mediated mitochondrial injury by inhibiting conformational
activation of BAX thus reducing cytochrome ¢ and AIF leakage and increasing significantly cell
survival[37, 41]. The resistance of EGI-1 and TFK-1 cholangiocarcinoma cell lines exposed to
ABT-737 is multifactorial and could be ascribed to the presence of high levels of MCL-1 pro-
survival protein (TFK-1), low level of BCL-2 (TFK-1), overexpression of HSP72 (TFK-1, EGI-1)
or HSP27 (TFK-1). However, the results so far obtained from combined treatment seem to suggest
that the apoptosis resistance pathway could be not completely related to BCL-2, BCL-XL or MCL-
1 inactivation, and that the inhibition of BCL-2 protein family is necessary but not sufficient to
achieve a complete overcoming of resistance. Recent papers have shown that, although the MCL-1
levels may well influence the ABT-737 sensitivity, on the other hand, its lack unlikely causes
sensitivity to BCL-2 antagonism nor the most critical in lymphoma and in solid tumors[33, 42].

Finally, our results showed that ZOL treatment in the absence of the prosurvival protein MCL-1



was not sufficient neither necessary to sensitize cholangiocarcinoma cells to ZOL-induced
apoptosis, thus reserving to BCL-2/BCL-XL and HSPs, the role of true protagonists in apoptosis
resistance. The clinical relevance of our results remains to be established. However, the data
provided in this study suggest that determining the expression levels of pro-survival proteins should
help to discriminate those patients affected by cholangiocarcinoma with a potential responsiveness
to chemotherapy. Moreover, preoperative information could provide a basis for enrolling those
patients liable to undergo a combined therapy with a BH-3 mimetic. The use of this molecule could
restore tumor cell sensitivity towards a broad range of apoptosis-inducing therapies designed to
delay tumor progression. Furthermore, given the limited toxicity of ZOL in preclinical and clinical
studies[43-45] we expected that the integrated therapy, i.e. ZOL combined with ABT-737, will be
better tolerated and able to be delivered with greater efficacy and less toxicity than chemotherapy
regimens currently used for cholangiocarcinoma. This combined therapy should merit a preclinical
investigation for a potential use particularly, for refractory chemotherapy-regimen and recurrent

cholangiocarcinoma.
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LEGEND TO FIGURES

Figure 1. (A) Detection by Western blotting of basal level of BCL-XL, BCL-2, MCL-1 in TFK-1
and EGI-1 cells. (B) TKF-1 and EGI-1 cells were heat-shocked (HS) or not at 44°C for 30 min.
Cells were left to 37°C overnight and then cell lysates were analyzed by Western blotting using a
monoclonal antibodies against HSP72, HSP27 or actin. Results are from a representative
experiment. The experiment, repeat three times, yielded similar results.

Figure 2. Upper Panel: ABT-737 inhibits TFK-1 and EGI-1 cell growth. Cells were exposed to ABT-
737 at a concentration ranging from 1 to 50 uM. Following 72h of incubation growth inhibition was
analyzed by crystal violet assay. Dose-effect plot of ABT-737 treatment is presented. The experiment
was performed three times yielding similar results. A representative experiment is shown. Lower panel:
Detection of PARP-1, cleaved Caspase-9 and -3, BCL-2 and MCL-1 in TFK-1 and EGI-1 cells after 72h
of ABT-737 treatment (1, 3, 10, 25, 50 uM). Cell lysates were analysed on Western blotting. Results are
from a representative experiment. Each experiment, repeat three times, yielded similar results.

Figure 3. (A) Effect of ZOL alone and Combined treatment (ZOL + ABT-737) on inhibition of TFK-1
and EGI-1 cell proliferation. Cells were exposed to ZOL (1-50 uM) in the absence or in the presence of
ABT-737 (3 or 10 uM in EGI-1 and in TFK-1, respectively). Following 72h of incubation the growth
inhibition was evaluated with crystal violet assay. Data are presented as mean + S.D. of three
independent experiments. The synergism was then verified by calculating the combination index (CI)
(see text for details). (B) Colony formation assay. Influence of combination treatment of 3 uM of ABT-
737 with 4 uM or 8 uM of ZOL on the ability of TFK-1 and EGI-1 to form colonies.

Figure 4. Effect of ABT-737 and ZOL on mitochondrial membrane potential. (A) TFK-1 and (B) EGI-1
cells were seeded at 1,5 x 10°. After 72h exposure to ABT-737 (3uM for EGI-1 and 10 pM TFK-1)
and/or ZOL (15uM and 30uM for EGI-1 and TFK-1 respectively). The changes in mitochondrial
membrane potentials were assessed by cytometric analysis of cells stained with DePsipher kit as

described in Methods section. A shift from red to green fluorescence denotes dissipation of



mitochondrial membrane potential. The percentage of cells with mitochondrial membrane
depolarization is indicated. The experiment was performed three times yielding similar results.

Figure 5. Upper panel: Cholangiocarcinoma cell changes induced after ABT-737 and ZOL
combination treatment on cell morphology. EGI-1 and TFK-1 cells were plated and treated for 72h with
ABT737 and ZOL alone or in combination. Then morphology was evaluated after May-Griinwald
staining. Lower panel: Cholangiocarcinoma cells were exposed to ABT-737 (3uM for EGI-1 and 10
UM TFK-1 cells) and/or ZOL (15uM and 30uM for EGI-1 and TFK-1 cells, respectively). Following
72h of incubation cell proteins were extracted, separated by SDS-PAGE, blotted on PVDF membrane
and treated with PARP-1, Caspase-3, AIF or actin antibodies. Results are from a representative

experiment. Each experiment, repeat three times, yielded similar results.
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