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TREATMENT OF SOLID TUMOURS 

FIELD OF THE INVENTION 

5 	The present invention relates to a treatment of a solid tumour, in particular a 

disseminated solid tumour, in a person affected by cancer and to a means for such 

treatment. 

BACKGROUND OF THE INVENTION 

10 

New and effective anticancer drugs need to be developed for patients that suffer from 

disseminated cancer. Developing drugs for solid tumours is associated with specific 

problems due to complex biophysical and metabolic conditions in 3-D tumour tissue 

which may be difficult to mimic in experimental in vitro systems. Hypoxia and limited 

15 	diffusion of nutrients is known to lead to quiescence and resistance to conventional 

anticancer agents and radiation therapy. Furthermore, anticancer drugs must be able to 

penetrate into tumour parenchyme to reach cancer cells at toxic concentrations. Some 

drugs that are in clinical use for the treatment of solid tumours show poor penetration into 

3-D tumour masses, which may be one of the reasons for their limited efficacy (1). 

20 	Multicellular spheroids (MCS) mimic human solid tumours better than 2-D monolayer 

cultures (2-4), and many clinically used drugs show limited potency on cancer cells 

grown as MCS (5, 6). Therefore, MCS are better suited than monolayer cultures for 

screening drugs active on solid tumours. 

25 	Cell death is often subdivided into three types of cell death: apoptosis (type I), 

autophagic cell death (type II) and necrosis (type III). Apoptosis is mediated by the 

activation of caspases. Autophagy is an evolutionarily conserved mechanism for 

degradation of long-lived cellular proteins and damaged cell organelles. The formation of 

autophagosomes is a main characteristic of autophagy. Autophagosome formation 

30 	requires activation of class III phosphatidylinositol-3-kinase and is also dependent of two 

ubiquitin-like conjugation systems (Atg-Atg12 and Atg8) (7). Autophagy protects cells 

during conditions of nutrient deprivation, and cells undergo apoptosis when autophagy is 

inhibited (8-10). Morphological features of autophagy have also been observed during 

cell death under conditions of caspase inhibition (11). 
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SUMMMARY OF THE INVENTION 

According to the invention is disclosed the use of a cell permeable iron chelator, 
optionally in combination with an autophagy inhibiting agent, for treating a solid cancer 

	

5 	tumour in a person. 

According to the present invention is disclosed the use of a N-(1-pyridine-2-yl- 
methylidene)-N-(9H-1,3,4,9-tetraaza-fluoren-2-y1)-hydrazine or a pharmaceutically 
acceptable salt thereof of the general formula I, wherein R is H or methyl, R1  is H or Ci- 

	

10 	C4  alkyl, R2  is H or C1-C4  alkyl for treating a solid tumour in a person affected by cancer. 

1 

15 	In this application, the compound of general formula I is intended to include any 
pharmaceutically suitable salt or complex or prodrug thereof. 

It is particularly preferred for R to be methyl. It is preferred for both of R, R1  to be methyl. 

20 	It is preferred for R1  to be methyl, in particular 6-methyl or 8-methyl. 

In preferred compounds of the invention N-(1-pyridine-2-yl-methylidene)-N-(9H-1,3,4,9-
tetraaza-fluoren-2-y1)-hydrazine is substituted as follows: 

25 R 	 R2  

methyl 	8-methyl 	H 

methyl 

methyl 	6-methyl 	H 
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H 
	

6-methyl H 

H 
	

8-methyl CH3  

According to a preferred aspect of the invention the compound of the general formula I in 

5 	which R1  is C1-C4  alkyl may be additionally substituted by Cl-C4  alkyl at one of positions 

6, 7 or 8 of the tetraazaflourenyl moiety not substituted by W. 

According to a preferred aspect of the invention is disclosed a pharmaceutical 

composition comprising a compound of the invention and a pharmaceutical carrier. The 

10 	pharmaceutical composition of the invention can be administered by any suitable route, 

such perorally or parenterally. Suitable carriers comprise dimethyl sulfoxide and aqueous 

media, such as mixtures comprising dimethyl sulfoxide and water. Preferred fluid carriers 

are those capable of dissolving the compound of the invention. Other preferred fluid 

carriers, in particular aqueous carriers, are those comprising the compound of the 

15 	invention in finely dispersed form, such as in form of microparticles of a size of 10 pm or 

smaller. 

According to another preferred aspect of the invention is disclosed a method of treating a 

solid cancer in a person, comprising administering to the person a pharmacologically 

20 	effective dose of a compound of the invention or a pharmaceutically acceptable salt 

thereof. The pharmacologically effective dose is preferably administered comprised by 

the pharmaceutical composition of the invention. 

The compound of the invention is a cell permeable iron chelator. While not wishing to 

25 	bound by theory, the inventors believe the anti-cancer effect of the compound of the 

invention to be based on its iron-chelating properties. 

According to a particularly preferred aspect of the invention the anti-tumour efficacy of an 

iron chelator, such the compound of the invention, is enhanced by an autophagy 

30 	inhibiting agent. A preferred autophagy inhibiting agent is chloroquine. In view of this 

aspect is disclosed the use an autophagy inhibiting agent and a cell permeable iron 

chelator in combination in the treatment of a solid tumour. With "in combination" is 

understood the administration of the autophagy inhibiting agent and the cell permeable 

iron chelator in a close temporal relationship, such as at the same time or within a period 

35 	of up to one day and even one week. The autophagy inhibiting agent and the cell 

permeable iron chelator can be administered in form of a pharmaceutical composition 
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comprising them or in form of separate pharmaceutical compositions, If administered in 
form of a pharmaceutical composition, the combination comprises a pharmaceutically 
acceptable carrier. 

5 	In the combination of the autophagy inhibiting agent and the cell permeable iron chelator, 
the cell permeable iron chelator is preferably selected from N-(1-pyridine-2-yl-
methylidene)-N-(9H-1,3,4,9-tetraaza-fluoren-2-y1)-hydrazine or a pharmaceutically 
acceptable salt thereof of the general formula I, wherein R is H or methyl and R1  is H or 
C1-C4  alkyl, for treating a solid tumour in a person affected by cancer. It is particularly 

10 	preferred for R to be methyl. It is preferred for both of R, R1  to be methyl. It is preferred 
for R1  to be in particular 6-methyl or 8-methyl. 

Preferred iron chelating compounds of the invention for use in the combination comprise 
N-(1-pyridine-2-yl-methylidene)-N-(9H-1,3,4,9-tetraaza-fluoren-2-yI)-hydrazine of the 

15 	general formula I, wherein is 

R 	R1 	R2 
	

Identified also by 

methyl 	8-methyl 	H 	particularly preferred 	CB21 
20 methyl H 	H 	preferred 

methyl 	6-methyl 	H 	preferred 

H 	6-methyl 	H 	preferred 

H 	8-methyl 	methyl 	preferred 

/
N 

NH 

25 
	CH3 	

CB21 

Further iron chelating compounds for use in combination with the autophagy inhibiting 
agent of the invention include deferoxamine, deferiprone, and deferasirox. 
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In the combination of the autophagy inhibiting agent and the cell permeable iron chelator, 

the autophagy inhibiting agent is preferably selected from chloroquine. Other preferred 

autophagy inhibiting agents comprise hydroxychloroquine, 3-methyladenine, adenosine, 

bafilomycin A1, 5-amino-4-imidazole carboxamide riboside, wortmannin, and viniblastine. 

5 

Further autophagy inhibitors for use in the invention are those of the general formula II 

2 

R1  

N 

 

R I 	Y 	 R 

10 	disclosed in WO 2011/011522 A2, which is incorporated herein by reference. 

According to the present invention is also disclosed a method of treating a solid tumour 

in a person affected by cancer, the method comprising administering to said person a 

pharmacologically effective dose of the combination of autophagy inhibiting agent and 

15 	cell permeable iron chelator of the invention in a close temporal relationship, such as at 

the same time or within one day or one week. Administration may be by any suitable 

route, such as parenteral or per-oral in form of separate pharmaceutical combinations, 

one comprising the autophagy inhibitor and a pharmaceutically acceptable carrier, for 

instance dimethyl sulfoxide, or in a single pharmaceutical combination when 

20 	administered at the same time, comprising a pharmaceutically acceptable carrier such as 

dimethyl sulfoxide. 

According to a still further preferred aspect of the invention is disclosed a method of 

treating a solid cancer in a person, comprising administering to the person the 

25 	combination of autophagy inhibiting agent and cell permeable iron chelator in 

pharmacologically effective dose, either simultaneously or in a close timely relationship, 

such as within an hour or a day or a week. Administration is preferably in form of the 

pharmaceutical composition(s) disclosed above, and by the parenteral or peroral or other 

suitable route. 

30 
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The invention will now be described in more detail by reference to a number of preferred 

embodiments illustrated in a drawing comprising a number of figures. 

SHORT DESCRIPTION OF THE FIGURES 

5 

Fig. 1 	illustrates the in-vivo activity of CB21 on FaDu head-neck carcinoma 

xenografts. SCID mice carrying FaDu tumours were treated with mg/kg of CB21 and 

tumour volume was calculated. 

10 	Figs. 2a-2h illustrate the cytotoxicity of N-(1-pyridine-2-yl-ethylidene)-N-(9H-1,3,4,9-

tetraaza-8-methyl-fluoren-2-y1)-hydrazine (in the following identified as "CB21") to 

HCT116 MCS and the therapeutic window of the cytotoxic effect. Fig. 2a: Morphology 

and caspase-3 induction in MCS treated with CB21. HCT116 MCS were treated for 6 

hours with 6 pM CB21, followed by changing to drug-free medium and further incubation. 

15 	MCS were sectioned and stained for active caspase-3. Fig. 2b: Clonogenic outgrowth of 

cells treated with the indicated compounds. Fig. 2c: Proliferation of monolayer HCT116 

cells in the presence or absence of CB21. Cells were seeded at 7,000 cells/well in 96 

well plates and treated with 3, 6 and 12.5 pM CB21. Fig. 2d: EdU (5-ethyny1-2"- 

deoxyuridine) incorporation into monolayer HCT116 cells 24 hours after addition of 6 pM 

20 	CB21. Cells were incubated for 30 minutes with EdU, fixed and analyzed by ArrayScan. 

Fig. 2e: Quantification of EdU signal in the experiment shown in Fig. 2d. Fig. 2f: 

Proliferation of monolayer hTERTRPEI cells in the presence or absence of CB21. Cells 

were seeded at 7,000 cells/well in 96 well plates and treated with 3, 6 and 12.5 pM 

CB21. Fig. 2g: CB21 does not affect the viability of confluent hTERTRPE1 cells. Cells 

25 	were seeded at 7,000 or 70,000 per well in 96 well plates in the presence or absence of 

CB21. Fig. 2h: Morphology of HCT116 and hTERTRPEI cells after exposure to 6 pM 

CB21. 

Figs. 3a-3e illustrate that CB21 is a potent iron chelator. Fig. 3a: Scores according to 

30 	the Connectivity Map (Cmap) database. Fig. 3b: Viability of cells treated with 6 pM CB21 

in the presence or absence of iron chloride. Left: HCT116 cells; right HCT116 p53-/-

cells. Fig. 3c: Viability of HCT116 cells treated with different iron chelators. 

Fig. 3d: Viability of HCT116 cells treated with 7 compounds with structures related to 

CB21. Fig. 3e: CB21 is the most effective of a series of related compounds in reducing 

35 	MCS viability. 



7 

Figs. 4a-4f illustrate the induction of autophagy by CB21 and other iron chelators. 

Fig. 4a: Morphology of monolayer HCT116 cells exposed to 6 pM CB21 for 6 hours and 

an additional 42 hours or 90 hours in drug-free medium. Fig. 4b: Staining of CB21-

treated cells with an antibody to LC3. Fig. 4c: Induction of LC3-I and LC3-II protein by 

5 	CB21 in monolayer and MCS HCT116. Cells were treated for 6 hours (6 pM), and then 

incubated further. Protein were extracted and subjected to western blot analysis. 

Fig. 4d: Induction of LC3-I and LC3-II protein by CB21 in monolayer and MCS 

hTERTRPEI cells. Fig. 4e: Induction of LC3-I and LC3-II by different iron chelators. 

Cells were treated with VLX50 (50 pM); Deferasirox (60 pM), deferoxamine (200 pM), 

10 	ciclopiroxolamine (15 pM), CB21 (5 pM), rapamycin (0.1 pM), NVP-BEZ235 (0.2 pM). 

Fig. 4f: Morphology of peripheral and core cells visualized by electron microscopy. MCS 

were treated for 6 hours with 6 pM C21 and incubated further in drug-free medium for the 

times indicated and sectioned. Note the appearance of swollen mitochondria at 24 hours 

of CB21 treatment. 

15 

Figs. 5a-5f Illustrate that inhibition of CB21-induced autophagy increases CB21-

cytotoxicity. Fig. 5a: HCT116 monolayer cells were treated with 6 pM CB21 and/or 10 pM 

3-MA and cell viability was determined after 48 hours. Fig. 5b: HCT116 monolayer cells 

were transfected with siRNA to Beclin/Atg6 or control siRNA. After 24 hours cells were 
20 	treated with 6 pM CB21 as indicated. Fig. 5c: Bafilomycin A (10 pM) inhibits formation of 

LC3 positive vesicles in CB21-treated cells. Cells were fixed and stained for LC3 after 

drug treatment at the times indicated. Fig. 5d: Bafilomycin A increases the cytotoxicity of 

CB21. Cells were treated with 6 pM CB21 and/or 10 pM bafilomycin A and cells were 

photographed at the times Indicated. Fig. 5e: Chloroquine increases the cytotoxicity of 
25 	CB21 in monolayer culture. HCT116 cells were treated with 6 pM CB21 and/or 10 pM 

chloroquine. Cell proliferation was monitored by calculation of culture confluency. 

Fig. 5f: Chloroquine increases the cytotoxicity of CB21 in MCS culture. Cell viability was 

determined using the acid phosphatase test. Note that background levels of acid 

phosphatase activity was observed in HCT116 MCS cultures containing no viable cells 

30 	(generally -30%), probably due to enzyme trapping. 

Figs. 6a-6e Illustrate that CB21 induces a p53 and hypoxia response. Fig. 6a: Gene 

expression profile induced by CB21 were analyzed by Affymetrix microarrays and the 

representation of genes associated with hypoxia, p53 networks and mitosis is shown. 

35 	Fig. 6b: Analysis of p53 and HIF-la by western blotting. HCT116 cells were treated with 

6 pM CB21 for the times indicated. Fig. 6c: Induction of a HIF-la-promoter driver GFP 
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reporter by CB21. Fig. 6d: Induction of BNIP3 by CB21 in HCT116 and hTERT-RPE1 
cells. Fig. 6e: Knock-down of BNIP3 does not affect CB21-induced cell death. HCT116 

cells were transfected with siRNA to BNIP3 or control siRNA and treated with 6.25 pM 

CB21after 24 hours. Viability was determined after 48 hours using the acid phosphatase 
5 	assay. 

Figs. 7a-7d illustrate that CB21 reduces respiration and inhibits mTOR. Fig. 7a: Effect 

on glucose transport. Fig. 7b: CB21 reduces oxygen consumption. Fig. 7c: CB21 

reduces hypoxia in HCT116 MCS. HCT116 MCS were treated as indicated and 

10 	processed for pimonidazole immunohistochemistry. Note that CB21 reduces the area 

staining positive for pimonidazole adducts (< 10mm Hg 02). Fig. 7d: CB21 inhibits 
phosphorylation of 4EBP1. HCT116 cells were treated with CB21 for the times indicated 

and protein extracts were processed for western blotting. Reduction in 4EBP1 

phosphorylation and induction of AKT phosphorylation should be noted. 

15 

Figs. 8a-8c illustrate that CB21 cytotoxicity is enhanced by glucose starvation. 

Fig. 8a: Morphology of HCT116 MCS after incubation in the presence or absence of 

glucose for 24 hours. Fig. 8b: HCT116 monolayer cells were treated with different 

concentrations of CB21 in glucose-containing or glucose-free medium. The levels of 
20 	caspase-cleaved K18 was determined using M30 CytoDeath ELISA. Fig. 8c: HCT116 

monolayer cells were treated as in Fig. 8b. Viability was determined using the acid 

phosphatase assay. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

25 

Materials and Methods 

Compounds of the invention were obtained from compound libraries. They can be 

prepared according to methods described in the literature, such as in WO 02/089809, or 
30 	by their non-inventive modifications. The compounds were dissolved in DMSO. A final 

concentration of 0.5% DMSO was reached in cell cultures. 

Cell culture, generation of MCS and screening. HCT116 colon carcinoma cells were 
maintained in McCoy's 5A modified medium/10% fetal calf serum at 37 °C in 5% CO2. 

35 	MCS were prepared using a modification of our previously described method (12). A cell 

suspension containing 10,000 cells (200 pl) was added to each well of poly-HEMA 
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coated 96 well plates. The wells were then overfilled by adding an additional 170 pl 

media to acquire a convex surface curvature. Plasticine spacers (3 mm) were placed in 

the corners of each plate to prevent the lids from touching the media. The plates were 

then inverted in order to allow the cells to sediment to the liquid/air interface and 

5 	incubated in gentle shaking. After 24 hrs incubation the plates were returned to normal. 

First excess media was removed by aspiration and then plasticine spacers. The plates 

were incubated for 4 days prior to drug treatment. After 24 hours of drug treatment, NP40 

was added to the culture medium to a concentration of 0.1% to extract caspase-cleaved 

K18 from MCS and to include material released to the medium from dead cells. Caspase 

10 	cleaved keratin-18 (K18-Asp396) was determined using 25 mL medium/extract using the 

M30 CytoDeath ELISA assay (a variant of the M30-Apoptosense® ELISA (13) developed 

for in-vitro use (Peviva AB, Bromma, Sweden)). 

Viability measurements were performed by the acid phosphatase (APH) method 

15 	described by Friedrich et al. (14). Background activity was subtracted. 

hTERT-RPE1 cells were obtained from Clontech Laboratories, Mountain View, CA . 

hTERT-RPE1 is an immortalized human retinal epithelial cell line that stably expressed 

human telomerase reverse transcriptase (hTERT). 

Evaluation of DNA synthesis. The fluorescence microscope ArrayScan V HCS system 

20 	(Cellomics Inc., Pittsburgh, PA, USA) was used to determine EdU incorporation. Before 

addition of test compounds HCT116 cells were seeded into 96-well plates (PerkinElmer 

Inc., Wellesley, MA, USA) and left to attach over night. Cells were treated with CB21 for 

24 h or with vehicle control. Cells were stained using Click-iT EdU HCS assay (C10354, 

Invitrogen, Molecular Probes Inc, OR, USA) according to the manufacturer's instructions. 

25 	Processed plates were loaded in the ArrayScan and analyzed. Images were acquired for 

each fluorescence channel, using suitable filters with 10X objective and in each well at 

least 1000 cells were analyzed. Average total intensity in the BdU channel was 

measured. Results are shown as average of two independent experiments, each 

performed in duplicate wells and shown as mean ± SD. 

30 

Immunological assays. MCS produced by the hanging drop method in 96 well plates 

were fixed in paraformaldehyde, dehydrated, embedded in paraffin and sectioned. Each 

sample contained 32 MCS (MCS from each 96 well plate were pooled into 3 groups). 

The sections were deparaffinized with xylene, rehydrated and microwaved, and then 

35 	incubated overnight with the monoclonal primary antibodies diluted in 1% 
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(weight/volume) bovine serum albumin and visualized by standard avidin—biotin—

peroxidase complex technique (Vector Laboratories, Burlingame, CA, USA). 

Counterstaining was performed with Mayer's haematoxylin. Antibody MIB-1 (against the 

nuclear proliferation-associated antigen Ki67) was obtained from Immunotech SA, 

	

5 	Marseille, France and used at a dilution of 1:150; antibody against active caspase-3 was 

obtained from Pharmingen and used at a dilution of 1:50. 

Western blotting. Cell extract proteins were resolved by Tris-Acetate PAGE gels 

(Invitrogen, Carlsbad, CA) and transferred onto a polyvinylidene difluoride (PVDF) 

	

10 	membrane. The membranes were incubated overnight with antibodies, washed and 

incubated with HRP-conjugated anti-rabbit Ig (Amersham Biosciences, Little Chalfont, 

UK) for 1 h. Peroxidase activity was developed by SuperSignal West Pico (Pierce 

Biotechnology, Rockford, IL) according to manufacturer's instructions. 

	

15 	Connectivity Map. The Connectivity Map (CMAP) (www.broad.mit.edu/ cmap) build 02 

contains genome-wide expression data for 1300 compounds (6100 instances, including 

replicates, different doses and cell lines). The original protocol using MCF-7 breast 

cancer cells as described by Lamb et al (15) was followed. Cells were plated in 6-well 

plates at a density of 0.4 x 106 cells per well and left to attach for 24 h, followed by 

	

20 	exposure to NSC76022, NSC620358 or NSC647889 at a final concentration of 10 pM, or 

to vehicle control (DMSO). After 6 h treatment, the cells were washed with PBS. Total 

RNA was prepared using RNeasy miniprep kit (Qiagen, Chatsworth, CA,). Starting from 

two micrograms of total RNA, gene expression analysis was performed using Genome 

U133 Plus 2.0 Arrays according to the GeneChip Expression Analysis Technical Manual 

	

25 	(Rev. 5, Affymetrix Inc., Santa Clara, CA). Raw data was normalized with MAS5 

(Affymetrix) and gene expression ratios for drug treated vs. vehicle control cells were 

calculated to generate lists of regulated genes. Filter criteria were present call for all 

genes in the treated cell line and an expression cut-off of at least 100 arbitrary 

expression units. For CMAP compatibility reasons only probes present on HG U133A 

	

30 	were used. To retrieve a ranked compound list the 40 most up and down regulated 

genes (i.e. probes) for each compound were uploaded into the CMAP and compared 

with the 6100 instances in the CMAP database. 

Oxygen consumption. Measurement of respiration was performed as described (16). 

	

35 	Succinate (5 mM) in the presence of rotenone (2 mM), malate+pyruvate (5 mM each) 

and TMPD (0.5 mM) + ascorbate (1 mM) were used as mitochondrial substrates. 
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Changes in the oxygen concentration were monitored with an oxygen electrode 

(Hansatech Instruments, Norfolk, UK) and analyzed with the OxygraphPlus software 

(Hansatech Instruments, Norfolk, UK). Basal V4 respiration in cells was estimated in the 

presence of 1 M atractyloside, which blocks ADP entry into mitochondria. 

5 

Treatment of mouse xenografts. When HCT116 tumours in SCID mice had grown to a 

size of 200 mm3  the mice were injected with drugs i.p., and tumour size measured daily. 

EXAMPLE 1. The compound of the invention induces apoptosis and reduces viability of 

10 MCS. 

Treatment of MCS with CB21 for 6 h followed by incubation for 96 h in drug-free medium 

resulted in MCS of smaller size with central areas of necrosis (Fig. 2a). Caspase-3 

induction was modest compared to NSC647889. Importantly, treatment of MCS for 6 

15 	hours with CB21 reduced the clonogenicity to < 5% (Fig. 2b). The decrease in 

clonogenicity was stronger than that observed for cisplatin, irinotecan and doxorubicin 

(despite the use of concentrations of 5 — 10 pM; > 10-fold the IC50 of these compounds 

in monolayer cultures). Treatment of monolayer HCT116 cells with CB21 resulted in a 

slight increase in cell numbers between 0 to 24 h, followed by loss of cells (Fig. 2c). 

20 	Examination of 5-ethynyl-2'-deoxyuridine incorporation (EdU) in CB21-treated cells 

showed that DNA synthesis was almost completely abrogated at 24 hours (Fig. 2d, 2e). 

CB21 was equally effective on cells where the p53 tumour suppressor gene had been 

disrupted as on cells expressing wt p53 (Fig. 2b). The response of immortalized human 

epithelial cells (hTERT-RPE1 cells) differed from that of HCT116 cells. The growth of 

25 	these cells was arrested, but cell numbers were not reduced (Fig. 20. When hTERT-

RPE1 cells were plated at high density (70,000 cells/well), essentially no cell loss was 

observed after treatment with CB21 (Fig. 2g). This difference in response to CB21 

between HCT116 and hTERT-RPE1 cells is shown in Fig. 2h. 

30 	EXAMPLE 2. The compound of the invention is a cell permeable iron chelator. 

To generate hypotheses regarding the mechanism of action of CB21, the Connectivity 

Map (CMap) (15), a compendium of gene expression signatures from drug-treated cell 

lines, was used. The changes in gene expression elicited by CB21 were most similar to 

35 	those of ciclopiroxolamine (CPX), an antimycotic agent with iron chelating capacity (17) 

(Fig. 3a). To test whether the cytotoxic activity of CB21 was dependent on iron depletion, 
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iron chloride was added to HCT116 cells prior to the addition of CB21. Iron chloride was 

found to totally abrogate the effect of CB21 (Fig. 3b), both on HCT116 cells expressing 

wtp53 as on HCT116 cells where the p53 gene has been disrupted. 

	

5 	The anti-proliferative activity of CB21 was compared with that of other known iron 

chelators. CB21 was found to be more potent than VLX50, deferasirox, 

ciclopiroxolamine, deferoxamine (Fig. 3c). Structure-activity relationships were examined 

by use of a number of structurally related compounds (Figs. 3d, 3e). These studies 

showed that CB21 was the most effective compound in both monolayer and MCS 

	

10 	cultures. 

EXAMPLE 3. The compound of the invention induces a widespread autophagic 

response. 

	

15 	The anti-tumourigenic activity of iron chelators is generally attributed to inhibition of 

ribonucleotide reductase, leading to inhibition of cell proliferation (18). MCSs contain 

mostly non-proliferating cells. The finding of induction of cytotoxic effects on MCSs by 

the iron chelator CB21 thus was unexpected. The mechanism(s) of action was studied in 

more detail. Visual inspection of CB21-treated cells revealed that cells contained multiple 

	

20 	large cytoplasmic vesicles (Fig. 4a). These vesicles stained positively with an antibody to 

microtubule associated protein 1 light chain 3 (LC3), suggesting that they were 

associated with autophagy. LC3 staining was observed at 24 h and was stronger at 42 h 

(Fig. 4b). Western blot analysis showed that treatment of HCT116 monolayer cells with 

CB21 induced a strong increase in the levels of both LC3-I and LC3-1I (Fig. 4c). LC3-1I 

25 	(the PE-conjugated form of LC3) is a protein marker regarded to be most reliably 

associated with autophagosomes (19). LC3-1I levels were strongly induced by CB21 also 

in HCT116 MCS (Fig. 4c). CB21 also induced LC3-II in hTERT-RPE1 cells, but the level 

of induction was much weaker compared to HCT116 cells (Fig. 4d). This result shows 

that the extent of CB21-induced autophagy correlates to the cytotoxic effect of the 

30 	compound in these two cell types. 

HCT116 cells were treated with cytotoxic concentrations of different iron chelators for 24 

h. Induction of LC3-I and LC3-II was observed in all instances, showing that LC3 

induction was a general effect of iron chelators (Fig. 4e). Induction of LC3-I and -II by 

35 	iron chelators was much stronger compared to that observed after treatment with 

rapamycin or NVP-BEZ235 (no induction observed at 24 h, weak induction at 6 h). 
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For examination of whether CB21 is able to induce cellular changes in the inner core 

cells of the MCS, HCT116 MCS were treated with CB21 for 6 h, washed and incubated 

for different time periods, fixed, sectioned, and examined by electron microscopy. Large 

vesicles were observed in cells starting at 24 h after treatment (Fig. 4f). Notably, a 

5 	common feature of CB21-treated MCS was the early appearance of enlarged and 

swollen mitochondria (Fig. 4f). Most importantly, massive vacuolization occurred in a 

time-dependent manner not only in cells in the MCS periphery but also in the center of 

the MCS (Fig. 4f). It was concluded that CB21 induces the formation of vesicles in the 

cells of the central cores of MCS, found to be resistant to apoptosis, and that this 

10 	response was associated with loss of viability of these cells. 

EXAMPLE 4. Blocking autophagy or autophagosome-lysosome fusion enhances cell 

death by the compound of the invention. 

15 	Autophagy is generally considered to be a survival response to stress conditions but may 

also be a mechanism of programmed cell death (20, 21). To examine the effects of 

different inhibitors of autophagy on CB21-induced cell death, the cytotoxic effect of CB21 

was potentiated by 3-MA (Fig. 5a), a PI3K inhibitor commonly used as an inhibitor of 

autophagy. Next a knock-down of Beclin/Atg6 using siRNA was performed. This resulted 

20 	in almost complete knock-down of the expression of this protein. Beclin/Atg6 knock-down 

reduced the viability of HCT116 cells by -50%; viability was further reduced by CB21 

toxicity (Fig. 5b). Examination of the effect of Bafilomycin A, an antibiotic that prevents 

fusions of autophagosomes and lysosomes, demonstrated that Bafilomycin A 

suppresses the appearance of large cytoplasmic LC3-II positive vesicles in HCT116 cells 

25 	(Fig. 5c). Whereas bafilomycin A induced cytotoxicity at -72 hours, the combination of 

bafilomycin A and CB21 cytotoxicity was observed earlier (- 48 hours) (Fig. 5d). These 

findings show that inhibition of autophagy potentiates the cytotoxic effect of the 

compound of the invention, and that the large vesicles observed in CB21 treated cells 

are caused by the fusion of autophagosomes and lysosomes. 

30 

Chloroquine (CQ) is a lysosomotropic agent widely used to inhibit the maturation of 

autophagosomes into degradative autolysosomes (22). CQ has no effect on its own on 

the proliferation of HCT116 cells. The combination of CQ and CB21 resulted in a strong 

potentiation of cell death on monolayer HCT116 cells (Fig. 5e). Examination of 

35 	cytotoxicity to MCS of the combination of CQ and CB21 revealed an effect potentiated in 

comparison with the effect of either CQ or CB21 on MCS (Fig. 5f). 
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EXAMPLE 5. LC3 induction is not mediated by BNIP3. 

CB21 induced a number of hypoxia responsive genes and also a number of genes 

known to be regulated by p53 (Fig. 6a). Induction of HIF-la and p53 protein levels by 

	

5 	Western blotting (Fig. 6b) was confirmed. A large induction was also observed using a 

reporter cell line where GFP is regulated by the HIF-la promoter (Fig. 6c). 

Among different genes strongly induced by CB21 was noted the gene encoding the BH3-

only protein BNIP3. BNIP3 is a known target of HIF-1 a (23). BNIP3 expression has been 

	

10 	reported to induce extensive cytoplasmic vacuolization and autophagy (24). CB21 was 

found to induce the expression of BNIP3 protein in HCT116 cells (Fig. 6d). BNIP3 

expression was, however, also strongly induced by CB21 in hTERT-RPE1 cells (Fig. 6d). 

This finding is not consistent with BNIP3 being a presumed mechanism of CB21-induced 

autophagy. Knock-down of BNIP3 using siRNA did not decrease induction of LC3-1I and 

	

15 	cell death by CB21 (Fig. 6e). 

EXAMPLE 6. The compound of the invention inhibits oxygen consumption and 

decreases mTOR activity. 

	

20 	The results, described above suggest that autophagy is induced as an attempt to rescue 

cells from toxic insults induced by CB21. Since a number of key proteins involved in 

cellular energy metabolism contain Fe-S complexes (25), the present inventors 

hypothesized that iron chelation by CB21 might lead to disturbances in cell metabolism 

that would trigger autophagy. To evaluate this hypothesis the effect of CB21 on 

	

25 	intracellular levels of ATP was examined. However, no decrease of intercellular ATP 

levels at concentrations that induce autophagy could be observed nor could an induction 

of the phosphorylation of AMPK (AMP-activated protein kinase) be detected (not shown). 

Next, a possible affectation of glucose transport by CB21 was followed by flow cytometry 

using the fluorescent d-glucose analog 2-[N-(7-nitrobenz-2-oxa-1,3-diazol-4-y1)-amino]-2- 

	

30 	deoxy-d-glucose (2-NBDG). As shown in Fig. 7a, a — 25 % increase in 2-NBDG uptake 

was observed in CB21-treated cells. 

Examination of the effect of CB21 on cellular oxygen consumption revealed that in 

HCT116 monolayer cultures, V3 (state 3) and Vu (uncoupled) respiration did significantly 

	

35 	decrease (p < 0.05) after 6 hours of CB21 treatment (Fig. 7b). To examine whether 

respiration in tumour cells in the MCS is affected by CB21 an indirect approach was 
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used. It is known that inhibition of mitochondrial respiration leads to increased tissue 

oxygen tension, which can be visualized as decreased pimonidazole staining (26). It was 

found indeed that the area of sectioned MCS staining positive with pimonidazole was 

—50% of control in CB21-treated MCSs (Fig 6C; Table). The effect was observed after 3 

5 	hours of drug exposure and persisted at 24 hours (Fig. 7c). As a control, HCT116 

monolayer cultures were treated with the mitochondrial uncoupling agent 

carbonylcyanide-3-chlorophenylhydrazone, CCCP, known to increase oxygen 

consumption. As expected, MCS treated with CCCP displayed a larger of area of 

pimonidazole staining (Fig. 7c; Table). 

10 

Table. Quantification of pimonidazole staining of spheroids 

Sample Conc. Time/h Pimonidazole positive area (%) S.D. 

15 Control 63 13.0 

CB21 6.25 pM 3 31.8 4.0 

Rapamycin 10 nM 5 42.2 5.2 

CCCP 10 pM 6 79.9 4.3 

20 	The mammalian target of rapamycin (mTOR) is a serine/threonine kinase regulating cell 

growth in response to nutrient status. It is well established that metabolic stress affects 

the activity of the mTOR pathway (27). The mTOR pathway regulates mitochondrial 

oxygen consumption and oxidative capacity (28, 29). In order to determine whether the 

decreased oxygen consumption observed after CB21 treatment was associated with 

25 	mTOR inhibition, phosphorylation of the mTOR substrate 4EBP1 was examined. As 

shown in Fig. 7D, 4EBP1 phosphorylation is inhibited by CB21. The decrease in 

phosphorylation is associated with an increased AKT-phosphorylation. Inhibition of 

mTORC1 is known to release a negative feedback loop involving, resulting in strong Akt 

activation (30). To test whether mTOR inhibition would reduce oxygen consumption, 

30 	HCT116 MCS was treated with rapamycin (a specific pharmacological inhibitor of mTOR-

raptor complex formation) and stained sections with pimonidazole. A reduction of 

pimonidazole staining was observed, although not as strong as with CB21 (Fig. 7c; 

Table 1). 

35 	These findings prompted examination of whether direct inhibition of mTOR does lead to 

similar effects as by CB21. For these experiments was used the dual PI3K/mTOR 
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inhibitor NVP-BEZ235, a compound in clinical trials. Importantly, NVP-BEZ235 was 

found to decrease 4EBP1 phosphorylation in HCT116 cells grown both under monolayer 

or MCS conditions (Fig. 7d). In contrast to CB21, NBPBEZ235 did not affect the viability 

of the cells in the core of the MCS. 

5 

EXAMPLE 7. Cell death induced by the compound of the invention is enhanced by 

glucose starvation 

Approximately 50 % of cellular ATP production in tumour cells is by oxidative 

10 	phosphorylation (31). Oxygen consumption has been reported to decrease in the interior 

regions of tumour MCS, possibly as a consequence of decreased proliferative activity 

(32, 33). Other investigators have found that oxygen consumption is rather uniform in 

viable regions of MCS (34); it has been reported that fibroblast clones at the same stage 

of transformation may have quite distinct metabolic activity in MCS culture (33). Even in 

15 	the event of low cellular oxygen consumption in the cells of the central core, a further 

decrease induced by CB21 is expected to lead to an increased dependence of glucose. 

Whereas monolayer cells may compensate increased glucose dependence by increased 

uptake (as shown in Fig. 8a), glucose will be limiting in MCS. As shown in Fig. 8a, 

HCT116 MCS core cells are dependent on glucose for survival: glucose depletion leads 

20 	necrosis of central areas, an effect is reminiscent of that of CB21 (Fig. 2). Based on 

these considerations it was tested whether glucose starvation increases the sensitivity of 

HCT116 monolayer cells to CB21. This was indeed the case: glucose starvation 

decreased cell viability and increased apoptosis by CB21. These findings are likely to at 

least partly explain the sensitivity of central core cells to CB21. 

25 

EXAMPLE 8. Anti-tumour activity of the compound of the invention 

The in-vivo anti-tumour activity by CB21 was examined in the HCT116 model. Tumours 

were allowed to grow to a size of — 0.2 mL and then treated with CB21. A clear anti- 

30 	tumour effect of the compound CB21 was observed (Fig. 1). 

A number of iron chelators have been developed that exhibit anti-tumour activity, 

including Triapine (35), Tachpyr (36) and Trensox (37). Iron is important for many 

metabolic reactions, including the formation of deoxyribonucleotides from ribonucleotides 

by ribonucleotide reductase (38). In the absence of Fe, cells cannot progress from the 

35 	G1 to the S phase of the cell cycle, explaining the anti-proliferative action of CB21 on 

both HCT116 and hTERT-RPE1 cells observed. Since iron chelators are principally 
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regarded as specific to proliferating cells, the identification of an iron chelator in a screen 

for agents that show cytotoxicity on MCS was not anticipated. Further investigations 

revealed possible mechanisms for the effects of CB21 on non-proliferating cells in MCS 

cores. It was furthermore found that CB21 decreased oxygen consumption of HCT116 

5 	and hTERT-RPE1 cells, as observed both by direct measurement and by using 

pimonidazole staining of MCS. It is known that mitochondrial oxygen consumption and 

oxidative capacity is regulated by the mTOR pathway (28, 29). It has also been reported 

that the iron chelator deferasirox inhibits mTOR signaling (39). CB21 was indeed found 

to inhibit phosphorylation of 4EBP1 and to lead to a upregulated AKT phosphorylation. 

10 	The inhibition of mTOR signaling by deferasirox has been ascribed to induction of 

REDD1 (also referred to RTP801), a gene induced by hypoxia, which in turn activates 

the TSC2 protein (40). It is conceivable that the effect of CB21 on oxygen consumption is 

at least partly mediated by this mechanism. Another possibility is that metabolic stress 

induced by iron depletion affects the activity of the mTOR pathway by some other 

15 mechanism. 

Another effect of CB21, shared by other iron chelators (41), is the induction of LC3 

positive cytoplasmic vesicles and LC3-II protein. LC3 induction was found to be much 

less pronounced in hTERT-RPE1 cells. The induction of LC3-II by iron chelators was 

20 	significantly stronger than that observed with mTOR inhibitors, suggesting that LC3-II 

induction was not mediated exclusively by mTOR inhibition. It was found that the 

PI3K/mTOR inhibitor NVP-BEZ235 does not induce detectable cytotoxic effects on cells 

in HCT116 cores (Hernlund et at., unpublished), again suggesting mTOR inhibition not 

being the only factor responsible for autophagy induction and cell death by CB21. 

25 	The decreased oxygen consumption observed after CB21 treatment should lead to 

increased dependence of glucose for ATP production, similarly to what has been 

reported for rapamycin (42). This proposition seems to be confirmed by the observation 

that the population of cells present in the MCS core showed signs of constitutive ER 

stress (Grp78 positive), a condition probably induced by hypoxia and limited glucose 

30 	supply. Glucose starvation of MCS induced cell death of the core cells, consistent with 

the concept that survival of this cell population is dependent on glucose. The increased 

dependence of glucose observed after treatment with CB21 is very likely contributing to 

cell death of the population of core cells. Apoptosis did not appear to be the main 

mechanism of cell death by CB21, as evidenced by weak caspase-3 induction compared 

35 	to the strong induction of caspase-3 in peripheral cells (not shown). Conditions of poor 

cellular energy status may lead to resistance to apoptosis (also explaining the resistance 
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of core cells to NSC647889-induced apoptosis (not shown). It seems that CB21 induces 

increased glucose dependence of HCT116 cells, and that this leads to decreased 

viability of hypoxic cells in MCS cores. 

	

5 	Autophagy is a catabolic degradation response to metabolic stress, which strives to 

maintain homeostasis through degradation of proteins and organelles. PI3K-Akt-mTOR, 

LKB1-AMPK-mTOR and p53 are the main regulators of the autophagic pathway. 

Autophagy is believed to be involved in mediating resistance of cancer cells to anticancer 

therapy and to be an attractive therapeutic target in anticancer drug resistance (20, 43). 

	

10 	CB21 induced a remarkable autophagic response, characterized be strong LC3-I and —II 

induction. The present invention reveals inhibition of autophagy to potentiate the 

cytotoxicity of CB21. 
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Claims 

1. A cell permeable iron chelating compound for use in the treatment of a solid cancer 

tumour, wherein the compound is a N-(1-pyridine-2-yl-methylidene)-N-(9H-1,3,4,9-tetraaza-

fluoren-2-y1)-hydrazine of the formula I: 

NH 

or a pharmaceutically acceptable salt or complex thereof. 

2. Use of a cell permeable iron chelating compound in the manufacture of a medicament for 

the treatment of a solid cancer tumour, wherein the compound is a N-(1-pyridine-2-yl-

methylidene)-N-(9H-1,3,4,9-tetraazafluoren-2-y1)-hydrazine of the general formula I: 

R 

I 

wherein R is H or methyl, RI  is H or C1-C4  alkyl, R2  is H or C1-C4  alkyl; or a 

pharmaceutically acceptable salt or complex thereof. 

3. The use according to claim 2, wherein R is methyl. 

4. The use according to claim 2, wherein both of R, RI  are methyl. 
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5. The use according to claim 2 or claim 3, wherein RI  is methyl, in particular 6-methyl 

or 8-methyl. 

6. The use according to claim 2, wherein R is methyl, RI  is 8-methyl, and R2  is H. 

7. The use according to claim 2, wherein 

R is 

Methyl 

R1  is 

8-methyl 

R2  is 

H; or 

Methyl H H; or 

Methyl 6-methyl H; or 

H 

H 

6-methyl 

8-methyl 

H; 

CH3. 

or, 

8. Use of a pharmaceutical composition comprising or consisting of the cell permeable iron 

chelating compound of claim 1 and a pharmaceutically suitable carrier in the manufacture of 

a medicament for the treatment of a solid cancer tumour. 

9. The use according to claim 8, comprising a cancer combating effective dose of the cell 

permeable iron chelating compound. 


