
(12) STANDARD PATENT (11) Application No. AU 2014295442 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Cancer therapy with a parvovirus combined with a BcI-2 inhibitor 

(51) International Patent Classification(s) 
A61K 45/06 (2006.01) A61K 31/5377 (2006.01) 
A61K 31/495 (2006.01) A61K 35/76 (2006.01) 

(21) Application No: 2014295442 (22) Date of Filing: 2014.07.22 

(87) WIPO No: WO15/010782 

(30) Priority Data 

(31) Number (32) Date (33) Country 
13003664.3 2013.07.22 EP 

(43) Publication Date: 2015.01.29 
(44) Accepted Journal Date: 2017.06.15 

(71) Applicant(s) 
Deutsches Krebsforschungszentrum Stiftung Des Offentlichen Rechtes;Ruprecht
Karls-Universitat Heidelberg 

(72) Inventor(s) 
Marchini, Antonio;Li, Junwei;Schroeder, Lea;Rommelaere, Jean;Geletneky, Karsten 

(74) Agent / Attorney 
Chrysiliou IP, 114-115 Biztek 20 Dale Street Brookvale, Sydney, NSW, 2100, AU 

(56) Related Art 
WO 2009/083232 A2 (DEUTSCHES KREBSFORSCHUNGSZENTRUM) 09 July 2009 
WO 2011/113600 Al (DEUTSCHES KREBSFORSCHUNGSZENTRUM ) 22 
September 2011 
Dl PIAZZA, M. et al., 'Cytosolic activation of cathepsins mediates parvovirus H-1
induced killing of cisplatin and TRAIL-resistant glioma cells'. Journal of Virology.  
2007. 81(8): 4186-4198 
MOORE, V. et a., 'Chronic lymphocytic leukemia requires BCL2 to sequester 
prodeath BIM, explaining sensitivity to BCL2 antagonist ABT-737'. The Journal of 
Clinical Investigation. 2007. 117(1): 112-121 
BAJWA, N. et al., 'Inhibitors of the anti-apoptotic Bcl-2 proteins: a patent review'.  
Expert Opin Ther Pat. 2012. 22(1): 37-55



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2015/010782 Al 
29 January 2015 (29.01.2015) W IPO I PCT 

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every 
A61K 45/06 (2006.01) A61K31/5377 (2006.01) kind of national protection available): AE, AG, AL, AM, 
A61K35/76 (2015.01) A61K31/495 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 

) .a BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 
(21) International Application Number: DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 

PCT/EP2014/002001 FIN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, 
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, 

22 July 2014 (22.07.2014) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 

(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, 

(26) Publication Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, 
ZW.  

(30) Priority Data: 
13003664.3 22 July 2013 (22.07.2013) EP (84) Designated States (unless otherwise indicated, for every 

kind of regional protection available): ARIPO (BW, GH, 
(71) Applicants: DEUTSCHES KREBSFORSCHUNG- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ, 

SZENTRUM STIFTUNG DES OFFENTLICHEN UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, 
RECHTES [DE/DE]; Im Neuenheimer Feld 280, 69120 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, 
Heidelberg (DE). RUPRECHT-KARLS-UNIVERISTAT EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, 
HEIDELBERG [DE/DE]; Grabengasse 1, 69117 Heidel- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, 
berg (DE). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 

(72) Inventors: MARCHINI, Antonio; Im Gabelacker 15, KM, ML, MR, NE, SN, TD, TG).  

69120 Heidelberg (DE). LI, Junwei; Schubertstr. 32, Published: 
99214 Eppelheim (DE). SCHROEDER, Lea; Keppler with international search report (Art. 21(3)) 
Strasse 66, 69120 Heidelberg (DE). ROMMELAERE, 
Jean; Schloss Wolfsbrunnenweg 11, 69118 Heidelberg before the expiration of the time limit for amending the 
(DE). GELETNEKY, Karsten; Beethoven Strasse 35, claims and to be republished in the event of receipt of 
69121 Heidelberg (DE). amendments (Rule 48.2(h)) 

(74) Agents: HUBER & SCHUSSLER et al.; Truderinger 
Strasse 246, 81825 Minchen (DE).  

(54) Title: CANCER THERAPY WITH A PARVOVIRUS COMBINED WITH A BCL-2 INHIBITOR 

(57) Abstract: Described is a pharmaceutical composition comprising (a) a parvovirus and (b) an Bcl-2 inhibitor and the use of said 
composition for treatment of cancer, e.g., a solid tumor. Preferred inhibitors are the BH3 mimetics ABT-737 and ABT-199.



WO 2015/010782 PCT/EP2014/002001 

Cancer therapy with a parvovirus combined with a Bcl-2 

inhibitor 

The present invention relates to a pharmaceutical composition 

comprising (a) a parvovirus and (b) a Bcl-2 inhibitor and the 

use of said composition for treatment of cancer, e.g., a solid 

tumor.  

Cancer is the second leading cause of death worldwide. It has 

been estimated that half of men and one third of women will be 

diagnosed with some form of cancer during their lifespan.  

Moreover, because cancer is predominantly a disease of aging, 

the number of cancer deaths worldwide is predicted to increase 

about 45% from 2007 to 2030 (from 7.9 million to 11.5 million 

deaths) due to the increase proportion of elderly people (WHO 

estimates, 2008). Cancer is also the most costly disease. The 

latest estimates from the National Cancer Institute showed 

that the overall economic cost of cancer in the U.S. in 2007 

was $226.8 billion and unless more successful preventive 

interventions, early detection and more efficient treatments 

will be developed, this already huge economic burden is 

expected to further grow during the next two decades. Despite 

significant progresses in the prevention, detection, diagnosis 

and treatment of many forms of cancer, which is testified by 

an increase of the percentage of 5-years cancer survivals in 

U.S. and in Europe over the last thirty years, some tumour 

types, such as pancreatic, liver, lung, brain remain orphan of 

effective treatments calling for the development of new 

therapeutic options. Oncolytic viruses, which exploit cancer

specific vulnerabilities to kill cancer cells while sparing 

normal cells are fast emerging as promising tools for fighting 

cancer (Breitbach et al, 2011; Russell et al, 2012) . No less 

than twelve different oncolytic viruses are currently 

undergoing phase I-III clinical trials against various 

malignancies (Russell et al, 2012) used alone or in
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combination with other anticancer agents. Among them, the 

oncolytic rat parvovirus H-1PV is currently evaluated for 

safety and first signs of efficacy in a phase I/IIa clinical 

trial in patients having recurrent glioblastoma multiforme 

(GBM) (Geletneky et al, 2012).  

H-1PV is a small (-25 nm in diameter), non-enveloped 

icosahedral particle containing a 5.1 kb long single-stranded 

DNA genome (Cotmore & Tattersall, 2007). The genomic 

organization of H-1PV consists of two transcriptional units 

under the control of two promoters, the P4 early promoter and 

P38 late promoter. P4 regulates the expression of the gene 

encoding for the non-structural (NS) proteins (NS1 and NS2) 

and the P38 the one encoding for the capsid (VP) proteins 

(VP1, VP2, VP3) (Cotmore & Tattersall, 2007). The virus 

multiplies preferentially in fast dividing cancer cells. This 

onco-selectivity is not based on a better uptake of the virus 

by cancerous cells, but rather is due to the fact that cancer 

cells overexpress factors such as cyclin A, E2F, or CREB/ATF 

required for virus DNA replication. Furthermore, cancer cells 

are often defective in their ability to mount an efficient 

antiviral immune response favouring viral multiplication 

(Nuesch et al, 2012). The virus is known to activate multiple 

cell death pathways. Depending on cell type and growing 

conditions, H-1PV may induce apoptosis (Hristov et al, 2010; 

Ohshima et al, 1998; Rayet et al, 1998; Ueno et al, 2001), 

necrosis (Ran et al, 1999), or cathepsin B-dependent cell 

death (Di Piazza et al, 2007). The virus was able to induce 

oncolysis even in cancer cells resistant to TRAIL (Tumor 

Necrosis Factor Related Apoptosis Inducing Ligand), cisplatin 

and even when Bcl-2 was overexpressed (di Piazza et al., 

2007). The latter results suggest that Bcl-2 is not a negative 

modulator of parvovirus cytotoxicity. Cancer therapy using a 

parvovirus and its combination with chemotherapy or an HDAC
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inhibitor has been recently described (WO 2009/083232 Al; WO 

2011/113600 Al).  

The major non-structural protein NS1 is the master regulator 

of virus DNA replication, viral gene expression and 

cytotoxicity. The sole expression of NS1, similarly to the 

entire virus, is sufficient to induce cell cycle arrest, 

apoptosis and cell lysis via accumulation of reactive oxygen 

species and DNA damage (Hristov et al, 2010). As results of 

its oncolytic activities, the virus has been shown to possess 

oncosuppressive properties demonstrated in a number of animal 

models which lay the basis for the launch of the clinical 

trial against GBM (Geletneky et al, -2012).  

However, in the framework of cancer therapy as also observed 

with other anticancer agents, there is a risk that some cancer 

cells may be resistant or acquire resistance to H-1PV 

cytotoxicity leading to tumour relapse. Therefore, there is a 

need for the rational design of combination therapy, involving 

H-1PV and other anticancer agents, which complement each other 

and enhance their individual therapeutic effects without 

increasing unwanted side-effects for normal tissues.  

Therefore, it is the object of the present invention to 

provide means for an improved parvovirus-based therapy.  

According to the invention this is achieved by the subject 

matters defined in the claims.  

In the study resulting in the present invention it was asked 

whether the Bcl-2 inhibitors ABT-737 or ABT-199 synergize with 

H-lPV in killing cancer cells. It was shown that sub-lethal 

doses of ABT-737 (and ABT-199) potentiate the oncolytic 

activity of H-lPV in a synergistic manner in 25 human cell 

lines derived from a broad range of solid tumours such as
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gliomas (n=11), pancreatic carcinomas (n=3), cervical 

carcinomas (n=3), lung (n=3), head and neck (n=3), breast 

(n=1) , and colon (n=l) cancer, while preserving the safety 

profile of the virus for normal non-transformed primary cells.  

Surprisingly, strong synergistic effects were also observed in 

cancer cell lines notoriously resistant to parvovirus 

cytotoxicity. Remarkably, the H-lPV/ABT-737 co-treatment was 

also effective against tumour initiating stem-cell cultures 

derived from brain and cervical cancers (n=5). In H-1PV/ABT

737 co-treated glioma-derived cell lines, an increased 

induction of apoptosis characterized by (mitochondrial 

membrane permilization (MMP) and activation of caspase 3 and 7 

could also be demonstrated.  

Altered response to apoptotic signals is a hallmark of cancer 

(Hanahan & Weinberg, 2011). Apoptosis occurs through the 

activation of two different, yet cross-talking, pathways: the 

extrinsic pathway, initiated by pro-apoptotic ligands such as 

Apo2/TRAIL, which activate cell surface death receptors, and 

the intrinsic pathway, which is triggered by intracellular 

stress signals and results in mitochondrial outer membrane 

permeabilization (MMP) followed by release of cytochrome C 

from the mitochondria to the cytosol and finally activation of 

caspases. The B-cell lymphoma 2 (Bcl-2) family members play a 

central role in the regulation of apoptosis controlling the 

integrity of the outer mitochondrial membrane (Youle & 

Strasser, 2008). Twenty-five members of the Bcl-2 protein 

family have been identified so far. Depending on their effect 

on the apoptotic pathway and the number of Bcl-2 homology 

domains, they are subdivided into anti-apoptotic proteins 

(Bcl-2, Bcl-XL, Bcl-w, Mcl-1, Bfl-l), pro-apoptotic BH3-only 

proteins (Bim, Bad, Bid, Bik etc.) and Bax-like pro-apoptotic 

proteins (Bax, Bak and Bok) (Bajwa et al, 2012). The balance 

between pro-apoptotic and anti-apoptotic proteins determines 

the fate of a cell. If the number of pro-apoptotic proteins
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cannot be neutralized by anti-apoptotic proteins, Bak and Bax 

oligomerize and form large-conductance pores in the 

mitochondria membrane resulting in the induction of apoptosis.  

Anti-apoptotic Bcl-2 proteins are often overexpressed in a 

variety of cancer types, including lymphoma, lung, liver, 

colorectal, ovarian, prostate, brain and breast cancers 

(Andersen et al, 2005) and are frequently associated with 

tumour initiation, progression and resistance to conventional 

chemotherapeutic drugs (Bajwa et al, 2012). Therefore, many 

efforts have been directed in trying to antagonize the 

activity of these anti-apoptotic proteins. One of these 

strategies is the use of small selective molecules such as the 

BH3 mimetics ABT-737 and ABT-199.  

Like BH3-only proteins, BH3 mimetics inhibit anti-apoptotic 

Bcl-2 family members by binding to their hydrophobic groove 

(Cragg et al, 2009). Liberation of activating BH3-only 

proteins induces activation of Bax and Bak and triggers 

apoptosis. The BH3 mimetic ABT-737 was discovered by 

Oltersdorf and colleagues. It binds with high affinity (Ki 1 

nM) to Bcl-2, Bcl-XL and Bcl-w (Oltersdorf et al, 2005) and 

displaces BH3-only protein like BIM from. Bcl-2 (Del Gaizo 

Moore et al, 2007). In vitro it was shown to induce apoptosis 

as a single agent in leukemia and lymphoma cells, in multiple 

myeloma and small-cell lung cancer derived cell lines (Vogler 

et al, 2009). ABT-737 treatment led to complete regression of 

small-cell lung carcinoma in xenograft mouse models 

(Oltersdorf et al, 2005) . In addition ABT-737 was shown to 

synergistically enhance cytotoxicity of the anticancer drug 

paclitaxel in non-small cell lung carcinoma (Oltersdorf et al, 

2005) as well as of vincristine and etoposide in glioblastoma 

cells (Tagscherer et al, 2008). Non malignant peripheral blood 

mononuclear cells (PBMCs) are not sensitive to ABT-737 as the 

half maximal effective concentration (EC50) was determined to 

be higher than 1000 nM (Del Gaizo Moore et al, 2007).
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Currently, ABT-263 an orally available derivative of ABT-737 

is tested in phase II clinical trials against lymphoid 

malignancies, non-Hodgkin's lymphoma, chronic lymphoid 

leukemia, follicular lymphoma, mantle cell lymphoma and 

peripheral T-cell lymphoma (ClinicalTrials.gov). However, 

concern about thrombocytopenia has limited the introduction of 

ABT-737 and ABT-263 into clinical trials of acute leukemias, 

despite their strong anticancer activity. This is most likely 

due to an on-target toxicity resulting from the dependence of 

platelets on BCL-XL (Davids & Letai, 2012). Recently, Souers 

and colleagues generated the highly selective Bcl-2 inhibitor 

ABT-199 by modifying ABT-263, a closely related orally 

available analogue of ABT-737. ABT-199 selectively binds with 

high affinity to Bcl-2 (Ki : 0.01 nM), but not to Bcl-XL (Ki = 

48 nM) and Bcl-w (Ki = 245 nM) (Souers et al, 2013). In vivo it 

was shown to inhibit tumor growth in several human hematologic 

tumour xenograft models and in contrast to ABT-737, it spares 

human platelets with less side-effects (Souers et al, 2013).  

Recently, it has been reported that Bcl-2 inhibitor treatment 

sensitizes chronic lymphocytic leukemia (CLL) derived cell 

lines to Vesicular Stomatitis Virus (VSV) oncolysis and that 

apoptosis resistance may be overcome (Samuel et al., 2010; 

Samuel et al, 2013).  

Brief description of the drawings 

Figure 1: ABT-737 enhances H-1PV induced cytotoxicity against 

human glioma cell lines in a synergistic manner 

LDH assays. The cytotoxicity of H-lPV/ABT-737 co-treatment was 

evaluated in 11 glioma cell lines (a-k) (the name of the cell 

lines is indicated at the top of graphs). 4,000 cells/well 

were seeded in 96-well plates and after 24 hours treated or 

not with the indicated concentrations of H-lPV (MOI: pfu/cell) 

and/or ABT-737 (ABT). 72 hours after infection, cell lysis was
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analyzed by LDH assay as described in the materials and 

methods section. Columns represent the mean values from 3 

replicates with relative standard deviation bars.  

Figure 2: ABT-737 enhances H-lPV induced cytotoxicity against 

human cell lines from various tumor entities in a synergistic 

manner 

LDH assays. The cytotoxicity of H-lPV/ABT-737 co-treatment was 

evaluated in 3 pancreatic ductal adenocarcinoma (a-c), 3 

cervical carcinoma (d-f), 3 lung carcinoma (g-i), 3 head and 

neck squamous cell carcinoma (j-1), one colon colorectal 

carcinoma (m) and one breast cancer (n) cell lines (the name 

of the cell lines is indicated at. the top of graphs). 4,000 

cells/well were seeded in 96-well plates and 24 hours later 

treated or not with H-lPV (MOI: pfu/cell) and/or ABT-737 (ABT) 

at the indicated concentrations. 72 hours after infection, 

cell lysis was analyzed by LDH assay as described in the 

materials and methods section. Columns represent the mean 

values from 3 replicates with relative standard deviation 

bars.  

Figure 3: ABT-737 enhances H-lPV induced cytotoxicity against 

cancer stem cells (CSC) in a synergistic manner 

LDH assays. H-lPV/ABT-737 co-treatment was tested against CSCs 

isolated from glioblastoma multiforme (GBM) tumours (a-c) and 

from cancer cell lines derived from patient with GBM (U87, d) 

and cervical carcinoma (HeLa, e). 10,000 cells/well were 

seeded in 96-well plates and after 24 hours treated or not 

with the indicated concentrations of H-lPV (MOI: pfu/cell) 

and/or ABT-737 (ABT). 72 hours after infection, cell lysis was 

analyzed by LDH assay as described in the materials and 

methods section. Columns represent the mean values from 3 

replicates with relative standard deviation bars.
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Figure 4: ABT-737 and H-lPV are not harmful for normal primary 

cells under treatment conditions of the present invention 

The safety profile of H-lPV/ABT-737 co-treatment was assessed 

in human astrocytes (a), primary oral fibroblasts (POF, b), 

melanocytes (c) and human foreskin fibroblasts (HFF, d). 4,000 

cells/well were seeded in 96-well plates and after 24 hours 

treated or not with indicated concentrations of H-1PV (MOI: 

pfu/cell) and/or 40 pM ABT-737 (ABT). 96 hours after 

infection, cell lysis was analyzed by LDH assay as described 

in the materials and methods section. Columns represent the 

mean values from 3 replicates with relative standard deviation 

bars.  

Figure 5: ABT-737 enhances H-lPV-induced apoptosis in a 

synergistic manner 

The occurrence of DNA fragmentation (sub-G1 cell population) 

in response to treatment was assessed by propidium iodide 

staining and flow cytometry in eight human glioma cell lines 

(a-h). 2.5x105 cells/well (or 6.25x104 cells/well for NCH37 and 

NCH125) were seeded in 6-well plates and after 24 hours 

treated or not with indicated concentrations of H-1PV and/or 

ABT-737 (ABT). 48-96 hours after infection, cells were stained 

and analyzed as described in the materials and methods 

section. Representative histogram plots are shown in the upper 

panel. Graph in the lower panel shows the results of a typical 

experiment performed in triplicate. Columns represent the mean 

values with relative standard deviation bars (lower panel).  

Figure 6: ABT-737 and H-lPV induce mitochondrial membrane 

permeabilization (MMP) 

The effect of H-lPV/ABT-737 co-treatment on MMP (a hallmark of 

apoptosis) was assessed by Mitotracker Red staining and flow 

cytometry in four human glioma cell lines (a-d). 2.5x105 

cells/well (or 6.25x104 cells/well for NCH125) were seeded in 

6-well plates and after 24 hours treated or not with H-lPV 

0
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and/or ABT-737 at the indicated concentrations. 48-96 hours 

after infection, cells were stained with Mitotracker Red, 

harvested and analyzed by flow cytometry. The percentage of 

cells with MMP, was determined using the CellQuest Software.  

In the upper panel representative histogram plots are shown 

for each condition. In the lower panel the results of a 

typical experiment performed in triplicates are shown. Columns 

represent the mean values with relative standard deviation 

bars.  

Figure 7: ABT-737 and H-1PV induce apoptosis via caspase-3/7 

Induction of apoptosis was assessed by analyzing active 

caspase 3 and 7 (cleaved forms) in eight human glioma cell 

lines using the CellEvent@ Caspase-3/7 Green Detection Reagent 

(a-h). 4,000 cells/well were seeded on 10-well microscope 

slides and after 24 hours treated or not with H-1PV and/or 

ABT-737 at the indicated concentrations. 48 hours after 

infection, cells were stained with the Caspase-3/7 Green 

Detection Reagent and fixed. Nuclei were visualized by DAPI 

staining. The fluorescence signal was detected by microscopy 

using the blue and green channel at 20 x magnification.  

Representative images are shown.  

Figure 8: ABT-199 potentiates H-lPV induced oncolysis 

LDH assay: The efficiency of ABT-737 and ABT-199 in 

combination with H-1PV was compared in the human glioblastoma 

cell line U138. 4,000 cells/well were seeded in 96-well plates 

and after 24 hours treated or not with H-1PV and/or ABT-737 

and/or ABT-199 at the indicated concentrations. 72 hours after 

infection, percentage of cells undergoing lysis was measured 

by LDH assay. Columns represent mean values from 3 replicates 

with relative standard deviation bars.
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Figure 9: H-lPV/ABT-737 co-treatment leads to complete 

regression of AsPC-1 xenografts 

5x 106 AsPC-1 cells were subcutaneously injected in the right 

flank of 5 week-old female nude rats. After 1 week (when 

tumour reached the volume of 200-400 mm 3) , tumour-bearing 

animals were randomized in to four groups (n=8) . Groups were 

treated either with PBS (control), ABT-737 (50 mg/kg, given 

every second day for the first 14 days), H-lPV (total dose of 

2.5 108 pfu/animal, fractionated in 4 intratumoral 

administrations), or a combination of both agents. Tumour 

volume was measured with a digital calliper on the days 

indicated and calculated according to the formula: volume (cm3) 

= width2 x length/2. Rats were sacrificed when the tumour mass 

reached 4000 mm 3, in keeping with animal welfare regulations.  

Data shown represents the average values with standard 

deviation bars.  

Fig. 10: Structure of ABT-737 

Fig. 11: Structure of ABT-199 

The present invention provides a pharmaceutical composition 

containing (a) a parvovirus and (b) a Bcl-2 inhibitor.  

Preferably, in said pharmaceutical composition the parvovirus 

and the Bcl-2 inhibitor are present in an effective dose and 

combined with a pharmaceutically acceptable carrier.  

"Pharmaceutically acceptable" is meant to encompass any 

carrier, which does not interfere with the effectiveness of 

the biological activity of the active ingredients and that is 

not toxic to the patient to whom it is administered. Examples 

of suitable pharmaceutical carriers are well known in the art 

and include phosphate buffered saline solutions, water, 

emulsions, such as oil/water emulsions, various types of
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wetting agents, sterile solutions etc.. Such carriers can be 

formulated by conventional methods and can be administered to 

the subject at an effective dose.  

The term "parvovirus" as used herein comprises wild-type or 

modified replication-competent derivatives thereof, as well as 

related viruses or vectors based on such viruses or derivatives.  

Suitable parvoviruses, derivatives, etc. as well as cells 

which can be used for actively producing said parvoviruses and 

which are useful for therapy, are readily determinable within 

the skill of the art based on the disclosure herein, without 

undue empirical effort.  

An ."effective dose" refers to amounts of the active 

ingredients that are sufficient to affect the course and the 

severity of the disease, leading to the reduction or remission 

of such pathology. An "effective dose" useful for treating 

and/or preventing these diseases or disorders may be 

determined using methods known to one skilled in the art.  

Additional pharmaceutically compatible carriers can include 

gels, bioasorbable matrix materials, implantation elements 

containing the therapeutic agent, or any other suitable 

vehicle, delivery or dispensing means or material(s).  

Administration of the compounds may be effected by different 

ways, e.g. by intravenous, intraperetoneal, subcutaneous, 

intramuscular, topical, intratumoral or intradermal 

administration. The route of administration, of course, 

depends on the kind of therapy and the kind of compounds 

contained in the pharmaceutical composition. The dosage 

regimen of the parvovirus and the Bcl-2 inhibitor is readily 

determinable within the skill of the art, by the attending 

physician based an patient data, observations and other 

clinical factors, including for example the patient's size,
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body surface area, age, sex, the particular parvovirus, the 

particular inhibitor etc. to be administered, the time and 

route of administration, the tumor type and characteristics, 

general health of the patient, and other drug therapies to 

which the patient is being subjected.  

If the parvovirus in the combination with Bcl-2 inhibitors 

according to the invention comprises infectious virus 

particles with the ability to penetrate through the blood

brain barrier, treatment can be performed or at least 

initiated by intravenous injection of the virus. However, a 

preferred route of administration is intratumoral 

administration.  

Since long-term intravenous treatment is susceptible to 

becoming inefficient as a result of the formation of neutral

izing antibodies to the virus, different modes of 

administration can be adopted after an initial regimen 

intravenous viral administration, or such different 

administration techniques, e.g., intracranial or intratumoral 

virus administration, can be alternatively used throughout the 

entire course of parvoviral treatment.  

As another specific administration technique, the parvovirus 

(virus, vector and/or cell agent) can be administered to the 

patient from a source implanted in the patient. For example, a 

catheter, e.g., of silicone or other biocompatible material, 

can be connected to a small subcutaneous reservoir (Rickham 

reservoir) installed in the patient during tumor removal or by 

a separate procedure, to permit the parvovirus composition to 

be injected locally at various times without further surgical 

intervention. The parvovirus or derived vectors can also be 

injected into the tumor by stereotactic surgical techniques or 

by neuronavigation targeting techniques.
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Administration of the parvovirus can also be performed by 

continuous infusion of viral particles or fluids containing 

viral particles through implanted catheters at low flow rates 

using suitable pump systems, e.g., peristaltic infusion pumps 

or convection enhanced delivery (CED) pumps.  

A yet another method of administration of the parvovirus 

composition is from an implanted article constructed and 

arranged to dispense the parvovirus to the desired cancer 

tissue. For example, wafers can be employed that have been 

impregnated with the parvovirus, e.g., parvovirus H-1, wherein 

the wafer is attached to the edges of the resection cavity at 

the conclusion of surgical tumor removal. Multiple wafers can 

be employed in such therapeutic intervention. Cells that 

actively produce the parvovirus, e.g., parvovirus H-1, or H-1 

based vectors, can be injected into the tumor or into the 

tumoral cavity after tumor removal.  

The combined therapy according to the invention is useful for 

the therapeutic treatment of cancer, in particular (but not 

exclusively) brain tumor, pancreatic carcinoma, cervical 

carcinoma, lung cancer, head and neck cancer, breast cancer or 

colon cancer and can significantly improve the prognosis of 

said diseases. It can also allow the clinical use of the virus 

and/or bcl-2 inhibitor(s) at lower therapeutic doses preserving 

or even enhancing anticancer efficacy while increasing safety 

and reducing and/or avoiding side effects. In view of the 

strong synergistic effect between the parvovirus and the Bcl-2 

inhibitor it is possible to foresee the reduction of the 

therapeutic doses, e.g. half or a third of the previously used 

single component doses are preserving the desired therapeutic 

effect. In view of the reduced doses (severe) side effects may 

be reduced or even avoided.
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Parvovirus infection effects killing of tumor cells but does 

not harm normal cells and such infection can, for example, be 

carried out by intracerebral use of a suitable parvovirus, e.g., 

parvovirus H-1, or a related virus or vectors based on such 

viruses, to effect tumor-specific therapy without adverse 

neurological or other side effects.  

The present invention also relates to the use of (a) a 

parvovirus and (b) a Bcl-2 inhibitor for the preparation of 

(a) pharmaceutical composition(s) for the treatment of cancer.  

The mode of administration of (a) and (b) may be 

simultaneously or sequentially, wherein, preferably, (a) and 

(b) are sequentially (or separately) administered. This means 

that (a) and (b) may be provided in a single unit dosage form 

for being taken together or as separate entities (e.g. in 

separate containers) to be administered simultaneously or with 

a certain time difference. This time difference may be between 

1 hour and 1 week, preferably between 12 hours and 3 days. In 

addition, it is possible to administer the parvovirus via 

another administration way than the Bcl-2 inhibitor. In this 

regard it may be advantageous to administer either the 

parvovirus or the Bcl-2 inhibitor intratumoraly and the other 

systemically or orally. In a particular preferred embodiment 

the parvovirus is administered intratumoraly and the Bcl-2 

inhibitor intravenously or orally.  

In one preferred embodiment of the present invention, the 

combination of agents is utilized in the treatment of solid 

tumours. Examples are brain tumour, pancreatic carcinoma, 

cervical carcinoma, lung cancer, head and neck cancer, breast 

cancer or colon cancer. In a preferred embodiment these 

tumours are resistant to parvovirus toxicity. A particular 

advantage of the pharmaceutical composition of the present
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invention 'is that even cancer initiating stem cells can be 

successfully treated.  

In an embodiment of the present invention, the parvovirus of 

the composition includes parvovirus H-1 (H-lPV) or a related 

parvovirus such as LuIII, Mouse minute virus (MMV), Mouse 

parvovirus (MPV), Rat minute virus (RMV), Rat parvovirus (RPV) 

or Rat virus (RV).  

Patients treatable by the combination of agents according to 

the invention include humans as well as non-human animals.  

Examples of the latter include, without limitation, animals 

such as cows, sheep, pigs, horses, dogs, and cats.  

Bcl-2 inhibitors useful for the purposes of the present 

invention include all compounds that (a) increase the 

anticancer potential of parvovirus, preferably without side

effects for normal cells, and (b) inhibit anti-apoptotic 

proteins like Bcl-2, Bcl-XL, Bcl-w, Mcl-1, Bfl-1 pBcl-2 and/or 

are mimetics of the pro-apoptotic BH3-only proteins (bim, Bad, 

Bid, Bik, etc.) or Bax-like pro-apoptotic proteins (Bax, Bak, 

Bok). The administration of a Bcl-2 inhibitor can be 

accomplished in a variety of ways (see above) including 

systemically by the parenteral and enteral routes. Preferably, 

the parvovirus and the Bcl-2 inhibitor are administered as 

separate compounds. Concomitant treatment with the two agents 

is also possible.  

Examples of Bcl-2 inhibitors suitable for the combined therapy 

include ABT-263, Obatoclax mesylate (GX15070), TW-37, HA14-1, 

Apogossypolone (ApoG2), BAM7, Sabutoclax, AT101 and BM-1074.  

Particularly preferred is the use of a BH3 mimetic small 

molecule inhibitor, preferably ABT-737 (available from Selleck 

Chemicals LLC, Houston, TX; Fig. 10) and ABT-199 (available 

from Active Biochemicals, Maplewood, NJ; Fig. 11).
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The below examples explain the invention in more detail.  

Example 1 

Materials and Methods 

(A) Cell lines and culture 

The human glioblastoma-derived cell lines U373, U251, T98G, 

A172 and U87 were a kind gift of Dr. Iris Augustin (DKFZ, 

Heidelberg, Germany). U138 and U343 were provided by Tumorbank 

(DKFZ, Heidelberg, Germany). The glioblastoma-derived cell 

lines NCH89, NCH82, NCH125 and the gliosarcoma-derived cell 

line NCH37 were prepared and characterized at the Department 

of Neurosurgery (Heidelberg, Germany). The HeLa and SiHa 

cervical carcinoma (CC) cell lines were kindly provided by 

Prof. Dr. Angel Alonso (DKFZ, Heidelberg, Germany) . The CC

derived cell line CaSki and the pancreatic ductal 

adenocarcinoma (PDAC)-derived cell lines MIA PaCa-2, T3M-4 and 

AsPC-1 were purchased from ATCC (LGC Standards GmBH, Wesel, 

Germany) . The head and neck squamous cell carcinoma (HNSCC) 

cell lines HNC97, Cal27, 211MC and human primary oral 

fibroblasts (POF) and human foreskin fibroblasts (HFF) were a 

kind gift of Dr. Massimo Tommasino (IARC, Lyon, France) . The 

lung cancer (LC) cell lines EKVX, Hop92, H322M, the colon 

colorectal carcinoma cell line HCT-116 and the breast cancer 

cell line Hs578T were purchased from the National Cancer 

Institute (NCI) (Bethesda, MD) . The glioma-derived cell lines 

LN229, LN308 and the glioma-initiating cell (GIC) lines T269, 

S24 and T325 were kindly provided by Prof. W. Wick (Department 

of Neurooncology, University of Heidelberg, Germany).
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Stem cell-like U87 cells were isolated from the U87 cell line 

as described by Yu and colleagues (Yu et al, 2008). Spheroids 

were generated from the HeLa cell line according to the method 

described by Chen and colleagues (Chen et al, 2011). Human 

melanocytes were purchased from Invitrogen (Carlsbad, CA) and 

astrocytes from ScienCell Research Laboratories (San Diego, 

CA).  

The glioma-derived cell lines were cultured in Dulbecco's 

modified Eagle's medium (DMEM) with high glucose concentration 

(Gibco, Life Technologies, Darmstadt, Germany). The HeLa, 

CaSki, SiHa, AsPC-1, HNC-97, 211MC, Cal27. and HFF cell lines 

were grown in DMEM (SIGMA-Aldrich, Munich, Germany). T3M-4, 

MIA PaCa-2, H322M, HOP-92, EKVX, HCT-116 and Hs578T were 

cultured in Roswell Park Memorial Institute medium 1640 (RPMI, 

Invitrogen, Karlsruhe, Germany) . All media were supplemented 

with 10% heat-inactivated fetal bovine serum (FBS, PAA, Cblbe, 

Germany) and 2 mM L-glutamine (Gibco) . Except for glioma 

cells, the media additionally contained 100 U/ml of penicillin 

(Gibco) and 100 pg/ml of streptomycin (Gibco). The glioma

derived cancer stem cell (CSC) cultures T269, S24, T325 and 

U87 were grown in DMEM/F-12 (Gibco), supplemented with 20% 

BIT-100 (Provitro, Berlin, Germany), 100 U/ml penicillin and 

100 pg/ml streptomycin (Gibco) and 20 ng/ml human fibroblast 

growth factor (FGF-2) and 20 ng/ml epidermal growth factor 

(EGF) (Biochrom AG, Berlin, Germany). Spheroid HeLa cells were 

cultured in -serum-free Quantum 263 medium (Biochrom AG), 

supplemented with 10 ng/ml FGF-2 and 10 ng/ml EGF. Melanocytes 

were cultured in Medium 254 with Human Melanocyte Growth 

Supplement (HMGS) (Invitrogen, Darmstadt, Germany). Astrocytes 

were cultured in Astrocyte Medium (Gibco). POF were cultured 

in DMEM without L-glutamine and phenol red. All cells were 

grown at 37 0 C, 5% C02, 95% humidity and routinely checked for 

mycoplasma contamination.
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(B) Virus production 

Wild-type H-lPV was produced in NB324K cells by Barbara Leuchs 

and purified in iodixanol gradients as previously described 

(Wrzesinski et al, 2003) . Virus titers were determined by 

plaque assays (Daeffler et al, 2003) . H-lPV was UV-treated 

with a total dose of 50 ml/cm 2 as described by Morita and 

colleagues (Morita et al, 2003).  

(C) Lactate dehydrogenase (LDH) assay 

H-lPV cytotoxicity was evaluated by quantification of the 

enzyme lactate dehydrogenase (LDH), which is released from 

cells due to loss of membrane integrity (lysis) . The assay was 

performed using the CytoTox 96@ Non-Radioactive Cytotoxicity 

Assay Kit according to the manufacturer's instructions 

(Promega, Heidelberg, Germany).  

Cells were seeded into 96-well plates usually at the density 

of 4,000 cells/well in 50 pl of their respective culture media 

supplemented with 10% FBS. Taking into account the different 

growth rates of some cell lines, 2,000 cells were seeded for 

T3M-4 and HeLa cells and 10,000 cells for the cancer stem cell 

cultures. After 24 hours, 50 pl of FBS-free medium with or 

without H-lPV and/or ABT-737 (Selleck Chemicals LLC, Houston, 

TX) were added to the cells at the concentrations indicated in 

Table 1.  

12
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Table 1: Cell lines and treatment conditions 

Tumor origin Cell H-lPV (MOI) ABT-737 

lines (pM) 

Brain 

Glioblastoma U373 25, 50, 75, 100 2.5 

LN308 1, 2.5, 10, 25 0.1 

U251 5, 10, 25, 50 2.5 

T98G 1, 5, 10, 25 1 

U138 1, 2.5, 5, 10 0.5 

U343 1, 2.5, 5, 10 2.5 

A172 2.5, 5, 10, 20 1.25 

LN229 1, 2.5, 10, 25 0.1 

U87 1, 2.5, 5, 10 5 

.NCH125 1, 2.5, 5, 10 1 

Gliosarcoma NCH37 1, 2.5, 5, 10 1 

Glioma- T269 1, 2.5, 5, 10 0.1 

initiating 

stem cells S24 1, 5, 10, 25 0.1 

T325 1, 2.5, 5, 10 0.1 

U87 1, 2.5, 5, 10 1 

(stem) 

Pancreas MIA PaCa- 0.5, 1, 5, 10 2.5 

2 

T3M-4 5, 10, 25, 50 0.625 

AsPC-I 25, 50, 100, 0.625 

200 

Cervix HeLa 0.1, 0.5, 0.75, 1
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1 

CaSki 1, 2.5, 5, 10 0.3125 

SiHa 1, 2.5, 5, 10 0.625 

Stem-like HeLa 0.005, 0.01, 1 

cells (stem) 0.05, 0.1 

Lung H322M 1, 5, 10, 20 0.5 

HOP92 1, 2.5, 5, 7.5 0.5 

EKVX 1, 2.5, 5, 7.5 0.5 

Head and Neck HNC97 1, 2.5, 5, 10 1.25 

211MC 5, 10, 20, 40 1.25 

Cal27 10, 25, 50, 100 2.5 

Colon HCT-116 5, 10, 25, 50 2.5 

Breast Hs578T 0.5, 1, 2.5, 5 0.1 

Melanocytes, astrocytes, HFF and POF were infected with H-1PV 

at the high multiplicity of infection (MOI, plaque forming 

unit (pfu) per cell) of 50 and 100 pfu/cell in presence or 

absence of 40 pM ABT-737. The LDH assay was performed as 

stated above except for a prolonged incubation time of 96 

hours instead of 72 hours after the infection.  

For direct comparison of the efficiency of ABT-737 and ABT

199, the glioblastoma cell line U138 was infected with H-1PV 

at a MOI of 5 and 10 pfu/cell and treated or not with 0.5 pM 

ABT-737 or ABT-199 (Active Biochemicals, Maplewood, NJ).
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For each condition tested, 7 replicates were prepared of which 

3 were used for calculating the total cell lysis in the 

presence of detergent. One line of the plate was left without 

cells for background calculation. After 72 hours at 37 0 C, the 

cells were processed for the LDH assay as previously described 

(El-Andaloussi et al, 2012).  

Briefly, 10 pl of 10x lysis buffer [9% (v/v) Triton X-100 

(AppliChem, Darmstadt, Germany) in phosphate buffered saline 

(PBS)] were added per well in three lines of the plate, which 

served as 100% cell lysis control. 10 pl of PBS were added to 

the other lines. When the cell lysis was completed, 30 pl of 

the supernatant of each well were transferred to a fresh 96

well plate. 30 pl of the substrate mix provided by the kit was 

added to each well. The plate was protected from light and 

incubated at room temperature for 30 min before reaction was 

stopped by adding 30 pl of the stop solution provided by the 

kit. The absorbance was measured at a wavelength of 492 nm 

using the Multiscan ELISA Reader. The amount of color that is 

formed by conversion of the tetrazolium salt into a red 

formazan product is proportional to the number of lysed cells.  

For each condition we calculated the average of the three 

wells incubated (A) or not (B) with lysis buffer. The average 

value measured in the wells without cells (background) was 

subtracted from the values obtained in the wells with the 

cells. The percentage of total lysis was calculated using the 

following formula: 

Cell lysis [%] = (A - background) / (B - background) x 100 

(D) Determination of the sub-G1 apoptotic population by flow 

cytometry 

Propidium iodide staining was performed, in order to detect 

apoptotic cells after treatment. The dye intercalates in the 

DNA, where it can be measured by flow cytometry. The 

fluorescence emission is proportional to the DNA content in
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the cells. Apoptotic cells are characterized by nuclear DNA 

fragmentation and can be identified by lower fluorescence 

emission (sub-G1 apoptotic cell population) (Riccardi & 

Nicoletti, 2006).  

Glioma cells (U373, U251, U138, U343, A172, NCH37, U87, 

NCH125) were seeded in 6-well plates at the density of 2.5x105 

cells/well in 3 ml of cultural medium with the exception of 

NCH37 and NCH125 cells that were seeded at the density of 

6.25x104 cells/well. 24 hours after seeding, the cells were 

infected or not with H-1PV at a MOI of 0.5 - 7.5 pfu/cell 

and/or treated with 0.25 - 5 pM ABT-737. H-1PV and ABT-737 

were diluted in DMEM with 10% FBS and a final volume of 200 pl 

was added to the wells. All conditions were tested in 

triplicates.  

After 48 (U251, U138, A172, U87, NCH125), 72 (U373) or 96 

(U343, NCH37) hours, from infection, supernatant and cells 

(harvested by trypsinization) were collected and washed with 

PBS. After centrifugation, the cell pellet was resuspended in 

500 pl of PBS and cells were fixed with 4.5 ml of ice-cold 70% 

ethanol added dropwise. Cells were then stored at -20*C for up 

to 24h. Before staining, cells were centrifuged and washed 

once with PBS. Cells were then resuspended in 1 ml of DNA 

staining solution containing 20 pg/ml of propidium iodide 

(Sigma-Aldrich) and 200 pg/ml of RNase (Promega) and incubated 

for 30 minutes at room temperature in the dark. The cell 

suspension was filtered in a nylon net, and measured on a 

FACSCalibur (BD Biosciences, San Jose, CA). A minimum of 

20,000 events were acquired and analyzed with the CellQuest 

Software (BD Biosciences). Propidium iodide was detected in 

the FL-2 channel. Untreated cells were used to set the gate 

for the apoptotic cell fraction, as they show the fluorescence 

emission of viable non-apoptotic cells. The percentage of the
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sub-G1 population was determined in each sample and the 

average was calculated from the triplicates.  

(E) Evaluation of mitochondrial membrane permeabilization 

(MMP) 

The fluorescent dye MitoTracker@ Red CMXRos (Molecular Probes, 

Invitrogen, Darmstadt, Germany) that stains mitochondria in 

live cells was used to measure the change in MMP. Due to the 

formation of pores in the mitochondrial membrane, apoptotic 

cells cannot retain the dye and show a lower fluorescent 

signal in flow cytometry analysis.  

Glioma cells were seeded in 6-well plates at the density of 

2.5x105 cells/well in 3 ml of cultural medium with the 

exception of NCH125 cells that were seeded at the density of 

6.25x104 cells/well. After 24 hours, cells were infected or not 

with H-1PV at a MOI of 2.5 pfu/cell (U343 and NCH125) or 5 

pfu/cell (U373) or 7.5 pfu/cell (U138) and treated or not with 

ABT-737 at a concentration of 0.5 pM (U373, U138, U343) or 1 

pM (NCH125) or co-treated with both agents. After 48 (U138, 

NCH125) or 72 (U373) or 96 (U343) hours of incubation, medium 

was replaced with 1 ml of mitochondrial staining solution 

containing the dye MitoTracker@ Red CMXRos (200nM) in DMEM 

without supplements. After 1 hour staining at 37 0 C, the cells 

were harvested by trypsinization, washed once with PBS and 

finally resuspended in PBS. Cell suspension was analyzed with 

a FACSCalibur (BD Biosciences). At least 10,000 events were 

acquired and analyzed with the CellQuest Software (BD 

Biosciences). The average of cells undergoing MMP was 

calculated from three replicates.  

(F) Detection of active cleaved caspase-3/7 forms 

The cleavage of caspase-3/7 (a hallmark of apoptosis) after 

treatment with H-1PV and ABT-737 was analyzed by using the 

CellEvent@ Caspase-3/ 7 Green Detection Reagent (Invitrogen,
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Darmstadt, Germany). Activation of caspase 3 or 7 in apoptotic 

cells leads to cleavage of a peptide sequence from the 

reagent, which releases a nucleic acid binding dye. When the 

dye binds to DNA, it produces a green fluorescence signal that 

can be detected by fluorescence microscopy.  

Cells were seeded at the density of 4,000 cells/well on 10

well microscope slides. After 24 hours, cells were infected 

with H-1PV at a MOI of 1 pfu/cell (NCH37 and NCH125) or 5 

pfu/cell (U373, U251, U138, A172, U87) or 10 pfu/cell (U343) 

in the presence or absence of 0.25 pM ABT-737 (U373) or 1 pM 

(NCH37, NCH125) or 1.25 pM (A172) or 2.5 pM (U251, U138, U343, 

U87). Untreated cells were used as a control. After 24 hours, 

cells were stained with 10 pM of the CellEvent® Caspase-3/7 

Green Detection Reagent for 30 min. The cells were then washed 

with PBS and fixed with 4% paraformaldehyde (PFA). For nuclei 

staining commercial DAPI solution (Vector Laboratories, 

Lbrrach, Germany) was added to the cells. After washing with 

PBS, cells were mounted with a cover slip and analyzed by a 

fluorescence microscope (Keyence, Neu-Isenburg, Germany) using 

the blue and green channel at 20 x magnification.  

Example 2 

ABT-737 potentiates the oncolytic activity of H-1PV in a 

synergistic manner 

It is known that H-1PV can infect human cancer cell lines from 

different tissues and exerts cytotoxic activities. However, 

not all cell lines respond at the same level to virus 

cytotoxicity with some cell lines being very sensitive to the 

virus while others nearly resistant (El-Andaloussi et al, 

2012). Therefore, it would be extremely important to find
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other anticancer agents that could cooperate with H-1PV in 

killing cancer cells while preserving the excellent safety 

profile of the virus. As the cancer cell often features 

defects in cell death pathways, e.g. overexpression of anti

apoptotic Bcl-2 family members such as Bcl-2, Bcl-XL, Bcl-w and 

Mcl-1, we hypothesized that these defects may contribute to 

resistance to H-lPV cytotoxicity and explored whether the use 

of the Bcl-2 inhibitor ABT-737 in combination with H-1PV may 

restore apoptotic cell death in cancer cells and result in 

enhanced therapeutic effects.  

First, the H-lPV/ABT-737 co-treatment against human gliomas 

was evaluated. To this end a panel of eleven human cancer cell 

lines, ten isolated from patients with GBM (U373, LN308, U251, 

T98G, U138, U343, A172, LN229, U87, NCH125), and one from a 

patient with gliosarcoma (NCH37) was used. Cells were grown in 

96-well plates and H-1PV induced cell lysis in the presence or 

absence of ABT-737 was analyzed by LDH assays (for 

experimental conditions see Table 1 and Example 1). A virus

dose dependent cell killing was observed in all cell lines 

tested. But cell lines varied for their susceptibility to 

virus infection being some cell lines like U373, LN308, U251, 

T98G, and U138 highly resistant to virus cytotoxicity and 

displaying minor cytotoxic effects even when infected with 

high viral multiplicity of infection (MOI, pfu/cell) (cell 

killing 25% when infected with H-1PV at MOI = 10) (Fig. la

e), others such as U343, A172 and LN229 showing an 

intermediate phenotype (25-50% cell killing) (Fig. 1 f-h) and 

others such as NCH37, U87 and NCH125 that were found sensitive 

to virus cytotoxicity (more than 50% cell killing) (Fig. Ii

k). ABT-737 alone at the dosages used had no apparent 

cytotoxicity for the cells with the only exception of glioma 

U87 where modestcytotoxic effects were observed (Fig. 1).  

Remarkably, these amounts of ABT-737 were sufficient to 

enhance H-1PV oncolysis in all the cell lines tested in a
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statistical significant synergistic manner, increasing in 

numerous cases viral cytotoxicity by more than 100-200%.  

Importantly even less sensitive cell lines such as U343 (4.7

fold increase in H-lPV induced cell killing when cells were 

infected with H-lPV at MOI = 10 in presence of ABT-737), U138 

(3.5-fold increase) and LN308 (3.2-fold increase) became 

susceptible to virus cytotoxic effects and efficiently killed 

in the presence of ABT-737 (Fig. 1).  

Second, it was investigated whether the H-1PV/ABT-737 co

treatment was also efficient in killing cancer cells from 

other tumour entities. The following 14 human cancer cell 

lines were chosen for the LDH assays: pancreatic ductal 

adenocarcinoma (PDAC), MIA PaCa-2, T3M-4 and AsPC-1, cervical 

carcinoma (CC) HeLa, CaSki and SiHa, lung carcinoma (LC) 

H322M, HOP92 and EKVX, head and neck cutaneous squamous cell 

carcinoma (HNSCC), HNC97, 211MC and Cal27, colon colorectal 

carcinoma HCT-116 and breast cancer Hs578T cell lines. In 

agreement with the results obtained with the glioma cell 

lines, ABT-737 stimulated H-1PV induced oncolysis in a 

synergistic way in all cancer cell lines tested irrespective 

from their origin (Fig. 2).  

Cancer stem cells (CSC) most likely are responsible for tumour 

maintenance, aggressiveness and recurrence. Therefore, in a 

third step the capacity of the H-1PV/ABT-737 co-treatment in 

lysing CSC isolated from fresh tumours (GBM T269, S24 and 

T325) and from cancer cell lines derived from patient with GBM 

(U87) and CC (HeLa) was evaluated. CSCs were propagated as 

tumour spheres before to be infected with H-1PV in combination 

or not with ABT-737. H-1PV was able to infect efficiently the 

different CSC cultures (data not shown). Also in this case, 

ABT-737 increased H-1PV cytotoxicity (Fig. 3).
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Finally, it was checked whether H-1PV/ABT-737 co-treatment was 

safe for normal human primary cells. Normal primary 

fibroblasts (oral and foreskin), melanocytes and astrocytes 

were infected with H-1PV in combination or not with ABT-737 

and then subjected to MTT (cell viability) assays (data not 

shown) and LDH (cell lysis) assays. Even if the virus and ABT

737 were used at high concentrations (MOI 100 and 40 pM, 

respectively) and for a longer time (96 instead of the 72 

hours) the massive cytotoxicity observed against cancer cells 

was not observed. These results provide important evidence 

that the two agents in combination are not harmful for normal 

primary cells (Fig. 4).  

In conclusion, these results show for the first time that the 

combinatorial use of H-1PV and the Bcl-2 inhibitor ABT-737 may 

be a valid approach against cancer.  

Example 3 

H-lPV/ABT-737 co-treatment induces apoptosis via mitochondrial 

membrane permeabilization and activation of caspases 

ABT-737 blocks the activity of anti-apoptotic Bcl-2 molecules 

restoring apoptosis in cancer cells (Cragg et al, 2009).  

However, to exert cytopathic effects the drug must be used at 

higher concentrations than those ones used in earlier 

experiments (Tagscherer et al, 2008) . On the other hand it is 

known that H-1PV may induce multiple cell death programs 

ranging from apoptosis to necrosis to cathepsin mediated cell 

death (Nuesch et al, 2012) . The ability of H-1PV to induce 

apoptosis in the presence or absence of ABT-737 was checked in 

a selection of eight glioma cell lines (U373, U251, U138, 

U343, A172, NCH37, U87, NCH125) by assessing the occurrence of 

DNA fragmentation by flow cytometric analysis (detection of 

the sub-G1 cell population). Untreated or ABT-737 treated
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cells infected or not with H-lPV were harvested and stained 

with propidium iodide. At the concentrations used in the 

experiments, ABT-737 and H-1PV single treatments were unable 

to induce apoptosis efficiently. On the contrary, when used in 

combination the two agents were very effective in triggering 

apoptosis, as deduced by the strong increase of the sub-G1 

population observed in all cell lines analyzed (4.7-fold 

increase in U251, 3.8-fold increase in U343, 3.4-fold increase 

in U373 and NCH125, 2.8-fold increase in U87, 2.1-fold 

increase in U138, 1.9-fold increase in A172 and 1.8-fold 

increase in NCH37 when H-1PV single treatment was compared 

with H-1PV/ABT-737 combination (.Fig. 5).  

Mitochondria play a central role in the intrinsic apoptotic 

pathway and mitochondrial membrane permeabilization (MMP) is a 

hallmark of apoptosis. MMP is mainly controlled by Bcl-2 

family members. The question was addressed whether H-lPV/ABT

737-induced apoptosis involves activation of the mitochondrial 

apoptotic pathway. U373, U138, U343 and NCH125 glioma cell 

lines were infected or not with H-1PV in the presence or 

absence of ABT-737. After 48-96 hours, cells were stained with 

MitoTracker Red and analyzed by flow cytometry for MMP (Fig.  

6). While ABT-737 single treatment had almost no effect on the 

MMP and infection with H-lPV alone was associated only with a 

slight MMP, H-lPV/ABT-737 co-treatment dramatically enhanced 

MMP (2-fold increase in U373, 2.1-fold in U138, 3.6-fold 

increase in U343 and 3.4-fold in NCH125 when H-1PV single 

treatment was compared with H-lPV/ABT-737 combination), 

indicating involvement of the mitochondria in the co

treatment-induced apoptosis.  

Then, the role of caspases 3 and 7 in H-lPV/ABT-737-induced 

apoptosis was investigated. Glioma cells previously analysed 

by FACS analysis for the presence of apoptotic sub-G1 cell 

population, were stained with the CellEvent@ Caspase-3/7 Green 

')Q
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Detection Reagent which detects active forms of effector 

caspases 3 and 7. In agreement with previous results, a strong 

increase in apoptosis in all eight H-lPV/ABT-737 co-treated 

glioma cell lines was observed (Fig. 7).  

Example 4 

ABT-199 enhances the oncolytic activity of H-lPV although less 

efficiently than ABT-737 

ABT-199 is a more specific, and potent inhibitor than ABT-737 

against Bcl-2 but in contrast to ABT-737 is unable to target 

Bcl- XL and Bcl-w (Souers et al, 2013). In this experiment, it 

was investigated whether ABT-199 is also able to enhance the 

oncolytic activity of H-1PV. The LDH experiment was performed 

using the human glioblastoma cell line U138. Cells were 

infected or not with H-1PV and grown in the presence or 

absence of ABT-737 or ABT-199. As previously found, ABT-737 

enhanced H-1PV cytotoxicity in a synergistic manner with a 

3.8-fold increase in comparison to virus alone (at MOI 5) 

treatment. ABT-199 was also able to increase the cytotoxic 

activity of the virus although to a less extent than ABT-737 

(1.7-fold increase) (Fig. 8). This difference in boosting H

1PV cytotoxicity may be due to the fact that U138 cells in 

addition to Bcl-2 also express high levels of the 

antiapoptotic Bcl-XL and Bcl-w which are also targets of ABT

737 but not ABT-199. Nevertheless, the use of ABT-199 in 

combination with the virus may be considered valuable in view 

of a superior safety profile, especially in cancers which 

express low levels of Bcl-XL and Bcl-w.  

Example 5 

H-1PV/ABT-737 co-treatment eradicates established tumours 
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In order to validate the H-lPV/ABT-737 synergism in vivo, the 

inventors used the AsPC-1 xenograft nude rat model of human 

pancreatic carcinoma [Li et al., 2013]. H-lPV and ABT-737 

alone, at the doses used, failed to have a significant 

therapeutic effect (rats were sacrificed when tumours reached 

the maximum tolerable size of 4000 mm 3) . In contrast, 

combination treatment resulted in a strong synergistic effect 

leading to complete and durable tumour remission in all co

treated animals (Fig. 9). No loss of weight or other adverse 

side effects were documented in any of the treated animals.  

In conclusion, the results of the above examples show for the 

first time that the combinatorial use of a parvovirus (e.g. H

1PV) and a Bcl-2 inhibitor (e.g. ABT-737) may be a valid 

approach against cancer, in particular gliomas and pancreatic 

carcinomas.  
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Claims 

1. Pharmaceutical composition containing (a) a parvovirus and 

(b) a Bcl-2 inhibitor, wherein said parvovirus is H-1 (H-1PV) or 

a related rodent parvovirus selected from LuIII, Mouse minute 

virus (MMV), Mouse parvovirus (MPV), Rat minute virus (RMV), Rat 

parvovirus (RPV) or Rat virus (RV).  

2. The pharmaceutical composition according to claim 1, wherein 

said Bcl-2 inhibitor is ABT-737 or ABT-199.  

3. Parvovirus and a Bcl-2 inhibitor as defined in claim 1 or 2 

when used in a method of treating cancer.  

4. Parvovirus and a Bcl-2 inhibitor as defined in claim 1 or 2 

when used according to claim 3, characterized in that the 

parvovirus and the Bcl-2 inhibitor are sequentially 

administered.  

5. Parvovirus and a Bcl-2 inhibitor as defined in claim 1 or 2 

when used according to claim 3 or 4, characterized in that the 

use is for treating solid tumours and/or cancer initiating stem 

cells.  

6. Parvovirus and a Bcl-2 inhibitor as defined in claim 1 or 2 

when used according to any of claims 3 to 5, characterized in 

that the use is for treating tumours resistant to parvovirus 

cytotoxicity.  

7. Parvovirus and a Bcl-2 inhibitor as defined in claim 1 or 2 

when used according to any of claims 3 to 6, wherein the tumour 

is a brain tumour, pancreatic carcinoma, cervical carcinoma, 

lung cancer, head and neck cancer, breast cancer or colon cancer.  
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8. Parvovirus and a Bcl-2 inhibitor as defined claim 1 or 2 when 

used according to any of claims 3 to 7, characterized in that 

the use is for treating a glioma or recurrent glioblastoma 

multiforme.  

9. Parvovirus and a Bcl-2 inhibitor as defined in claim 1 or 2 

when used according to any one of claims 3 to 8, characterized 

in that the parvovirus and/or the Bcl-2 inhibitor are 

administered by intratumoral administration.  

10. A combination of a parvovirus and a Bcl-2 inhibitor as 

separate entities when administered together, wherein said 

parvovirus is H-1 (H-1PV) or a related rodent parvovirus 

selected from LuIII, Mouse minute virus (MMV), Mouse 

parvovirus (MPV), Rat minute virus (RMV), Rat parvovirus (RPV) 

or Rat virus (RV).  

11. A kit comprising a parvovirus and a Bcl-2 inhibitor when 

administered together, wherein said parvovirus is H-1 (H-lPV) 

or a related rodent parvovirus selected from LuIII, Mouse 

minute virus (MMV), Mouse parvovirus (MPV), Rat minute virus 

(RMV), Rat parvovirus (RPV) or Rat virus (RV).  
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