
1 

VHZ FOR DIAGNOSIS AND TREATMENT OF CANCERS 

FrELD 

The present invention relates to the fields of medicine, cell biology, molecular biology 
and genetics. This invention relates to the field of medicine. 

In particular, it relates to treatment and diagnosis of diseases such as colon cancer, 

lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, as well as 

compositions for such use. 

BACKGROUND 

VHZ is a phosphatase that shares about 28% amino acid sequence identity with human 

PRL-PTPs. VHZ was previously reported to be expressed in many tissues and located in the 
cytosol and in nucleoli (Alonso et al., 2004a). 

However, the role of VHZ was largely unknown; despite its conservation through 
evolution with orthologues in frogs, fish, fly, and the Archaea. VHZ, as well as VHR, belongs 
to a separate subgroup ofVHl-Uke PTPs (Alonso et al, 2004b). VHR has been reported to 

have a function in regulating cell cycle progression (Rahmouni et al., 2006). 

Cancer is a serious health problem across the world. It is estimated that 7.6 million 

people in the world died of cancer in 2007. In the UK for example, cancer is responsible for 

126,000 deaths per year. One in four people die from cancer. Known treatments for cancer 

include surgery, chemotherapy and radiotherapy. Many cancers can be cured if detected early 
enough. 

There is a need for improved cancer detection and therapy. 

SUMMARY 

According to a 1st aspect of the present invention, we provide the use of an anti-VHZ 

antibody in the preparation of a pharmaceutical composition for 

the treatment, prophylaxis or alleviation of an invasive or metastatic cancer selected from the 
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group consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, 

vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach 

cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular 

cancer. 

Further disclosed is VHZ for use in a method 

of treatment, prophylaxis or alleviation of a cancer in an individual selected from the group 

consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 
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cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

There is provided, according to an example, an anti-VHZ 

agent for the treatment, prophylaxis or alleviation of a cancer selected from the group 

5 consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 

cervix and penis.cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, 

preferably in which the anti-VHZ agent is capable of down-regulating any combination of the 

expression, amount or activity of a VHZ sequence shown as GenBank accession number 

10 NM_017823 or NP_060293, or a sequence which has at least 90% sequence identity to that 

sequence, the anti-VHZ agent preferably comprising an anti-VHZ antibody such as an anti-

peptide antibody generated against RRLRPGSIETYEQEK corresponding to amino acid 

residues (126-140) of human VHZ, such as chicken anti-human VHZ antibody (catalogue 

numbers LS-C32281, amino acids 35 to 90, LS-C4245S, LS-A6806 and LS-A6S03, LS-

15 C32281, Lifespan Inc, Seattle, Washington, USA), rabbit anti-human VHZ antibody 

(catalogue number DS-PB-00676, RayBiotech Inc, Norcross, Georgia, USA), chicken anti-

human VHZ antibody (catalogue number XW-7857, ProSci Incorporated, Poway, California, 

USA), rabbit anti-human VHZ antibody (catalogue number F4560 and D9840-66A, United 

States Biological, Swampscott, Massachusetts, USA), chicken anti-human VHZ antibody 

20 (catalogue number D9840-66. United States Biological, Swampscott, Massachusetts, USA), 

rabbit anti-human VHZ antibody (catalogue number AHPI 142, AdB Serotec, Oxford, United 

Kingdom), rabbit anti-human VHZ antibody (catalogue number NB110-40452, Novus 

Biologicals, Littleton. Colorado, USA), chicken anti-human VHZ antibody (catalogue number 

NB100-75328, Novus Biologicals, Littleton, Colorado, USA), or is capable of downregulating 

25 VHZ by RNA interference, such as comprising a Small Interfering RNA (siRNA), Short 

Hairpin RNA (shRNA), or Chimera RNAi such as a DUSP23 Pre-design Chimera RNAi 

(catalogue number H00054935-R01, Novus Biologicals, Littleton, Colorado, USA). 

We disclose, in one example, a kit for detecting a 

cancer selected from the group consisting of: colon cancer, lung cancer, squamous cell 

30 carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 
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cancer, prostate cancer and testicular cancer in an individual or susceptibility of the individual 

to such a cancer comprising means for detection of VHZ expression in the individual or a 

sample taken from him or hers preferably in which the means for detection is selected from the 

group consisting of: a VHZ polynucleotide or a fragment thereof; a complementary nucleotide 

sequence to VHZ nucleic acid or a fragment thereof; a VHZ polypeptide or a fragment 

thereof, or anti-VHZ antibody or an anti-VHZ agent as disclosed herein, and optionally 
instructions -for use, preferably further comprising a therapeutic drug for treatment, 

prophylaxis or alleviation of the cancer. 

As a 2nd aspect of the present invention, there is provided a method selected from the 

group consisting of: 

(a) a method of detecting a metastatic cancer cell selected from the group consisting 

of: a colon cancer cell, a lung cancer cell, a squamous cell carcinoma cell including 

lip, larynx, vulva, cervix and penis cancer, a pancreatic cancer cell, a brain cancer cell, 

an oesophageal cancer cell, a stomach cancer cell, a bladder cancer cell, a kidney 

cancer cell, a skin cancer cell, an ovary cancer cell, a prostate cancer cell and a 

testicular cancer cell, the method comprising detecting, in a cell or tissue sample 

obtained from an individual, up-regulation of expression and/or amount and/or activity 

of VHZ in the cell, preferably in which the expression of VHZ is compared to the 

expression and/or amount and/or activity of VHZ in a control ceil known to be non­

cancerous; 

(b) a method of determining the proliferative state of a metastatic cancer cell selected 

from the group consisting of: a colon cancer cell, a tag cancer cell, a squamous cell 

carcinoma cell including lip, larynx, vulva, cervix and penis cancer, a pancreatic 

cancer cell, a brain cancer cell, an oesophageal cancer cell, a stomach cancer cell, a 

bladder cancer cell, a kidney cancer cell, a skin cancer cell, an ovary cancer cell, a 

prostate cancer cell and a testicular cancer cell, or determining the likelihood that the 

cancer cell will become invasive or aggressive, the method comprising detecting, in a 

cell or tissue sample obtained from an individual, up-regulation of expression, amount 

or activity of VHZ in the cell; 
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(c) a method of predicting a survival rate of an individual with a metastatic cancer 

selected from the group consisting of: colon cancer, lung cancer, squamous cell 

carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, 

brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 

cancer, ovary cancer, prostate cancer and testicular cancer, the method comprising 

detecting, in a cell or tissue sample obtained from the individual, up-regulation of 

expression of VHZ in a cell of the individual; and 

(d) a method of choosing a therapy for an individual with a metastatic cancer selected 

from the group consisting of: colon cancer, lung cancer, squamous cell carcinoma 

including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, 

oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 

cancer, prostate cancer and testicular cancer, the method comprising detecting, in a cell 

or tissue sample obtained from the individual, up-regulation of expression of VHZ in 

a cell of the individual and choosing an appropriate therapy based on the 

aggressiveness of the metastatic cancer. 

We further disclose (a) a method of detecting a cancer cell selected from the group consisting 

of: a colon cancer cell, a lung cancer cell, a squamous cell carcinoma cell including lip, 

larynx, vulva, cervix and penis cancer, a pancreatic cancer cell, a brain cancer cell, an 

oesophageal cancer cell, a stomach cancer cell, a bladder cancer cell, a kidney cancer cell, a 

skin cancer cell, an ovaiy cancer cell, a prostate cancer cell and a testicular cancer cell, the 

method comprising detecting modulation (preferably up-regulation) of expression, amount or 

activity of VHZ in the cell, preferably in which the expression of VHZ is compared to the 

expression, amount or activity of VHZ in a control cell known to be non-cancerous; (b) a 

method according to (a) above, in which the method comprises detecting a VHZ nucleic acid, 

such as by means of a probe comprising at least a portion of a nucleic acid having a sequence 

shown as GenBank accession number NM_017823 or HP_060293 or a sequence having at 

least 90% sequence identity to such a sequence, or in which the method comprises detecting a 

VHZ polypeptide, such as by means of an anti-VHZ antibody as disclosed herein, and 

preferably comprising histological grading, such as by using the Elston-Ellis modified Scarff, 

Bloom, Richardson grading system (Nottingham Grading System (NGS)); (c) a method of 
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determining the proliferative state of a cancer cell selected from the group consisting of: a 

colon cancer cell, a lung cancer cell, a squamous cell carcinoma cell including lip, laiynx, 

vulva, cervix and penis cancer, a pancreatic cancer cell, a brain cancer cell, an oesophageal 

cancer cell, a stomach cancer cell, a bladder cancer cell, a kidney cancer cell, a skin cancer 

cell, an ovary cancer cell, a prostate cancer cell and a testicular cancer cell, or determining the 

likelihood that the cancer cell will become invasive or aggressive, the method comprising 

detecting modulation of expression, amount or activity of VHZ in the cell; (d) a method of 
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predicting a survival rate of an individual with a cancer selected from the group consisting of: 

colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and 

penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder 

cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, the 

5 method comprising detecting modulation of expression of VHZ in a cell of the individual; (e) 

a method of choosing a therapy for an individual with a cancer selected from the group 

consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 

cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, 

10 the method comprising detecting modulation of expression of VHZ in a cell of the individual 

choosing an appropriate therapy, such as an anti-VHZ agent, based on the aggressiveness of 

the cancer; (f) £ method of determining the likelihood of success of a particular therapy in an 

individual with a cancer selected from the group consisting of: colon cancer, lung cancer, 

squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic 

15 cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 

cancer, ovary cancer, prostate cancer and testicular cancer, the method comprising comparing 

the therapy with a therapy determined by a method according to (e) above; and (g) a method 

according to any of (a) to (f) above, further comprising a feature as disclosed herein. 

20 We provide, according to an example, a method of 

manipulating a colon cancer cell, a lung cancer cell, a squamous cell carcinoma cell including 

lip, larynx, vulva, cervix and penis cancer, a pancreatic cancer cell, a brain cancer cell, an 

oesophageal cancer cell, a stomach cancer cell, a bladder cancer cell, a kidney cancer cell, a 

skin cancer cell, an ovary cancer cell, a prostate cancer cell and a testicular cancer cell: (a) the 

25 method comprising modulating (preferably down-regulating) the expression, amount or 

activity of VHZ in the ceil, for example by exposing the cell to an siRNA, shRNA or Chimera 

RNAi capable of specifically binding to VHZ, or by exposing the cell to an anti-VHZ 

antibody as disclosed herein, preferably such that the cancer cell becomes non-cancerous or the 

invasive or metastatic cancer cell becomes non-invasive or non-metastatic as a result of the 

30 manipulation; or (b) the method comprising the steps of: (a) detecting increased VHZ 

expression, amount or activity in a cell; and (b) reducing the level of VHZ in the cell. 
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The present invention, in a 3rd aspect, there is provided a method of identifying a 

molecule suitable for the treatment, prophylaxis or 

alleviation of a metastatic cancer selected from the group consisting of: colon cancer, lung 

cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, the method 

comprising determining if a candidate molecule is an antagonist of VHZ or a sequence having 

at least 90% sequence identity thereto, the method involving exposing a candidate molecule to 

a VHZ polypeptide or a cell expressing a VHZ polypeptide in order to determine if the 

candidate molecule is an antagonist thereof. We further disclose 

(a) a method of identifying a molecule capable of binding to a VHZ 

polypeptide, the method comprising contacting a VHZ polypeptide or a sequence having at 

least 90% sequence identity thereto with a candidate molecule and determining whether the 

candidate molecule binds to the VHZ polypeptide or sequence having at least 90% sequence 

identity thereto; (b) a method of identifying a modulator of VHZ, the method comprising 

contacting a cell with a candidate molecule and detecting elevated or reduced expression, 

amount or activity of VHZ in or of the cell; (c) a method of identifying a molecule suitable for 

the treatment, prophylaxis or alleviation of a cancer selected from the group consisting of: 

colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and 

penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder 

cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, the 

method comprising determining if a candidate molecule is an agonist or antagonist of VHZ or 

a sequence having at least 90% sequence identity thereto, preferably fay exposing a candidate 

molecule to a VHZ polypeptide or a cell expressing a VHZ- polypeptide in order to determine 

if the candidate molecule is an agonist or antagonist thereof; and (d) a method of identifying 

an agonist or antagonist of a VHZ or a sequence having at least 90% sequence identity thereto, 

the method comprising administering a candidate molecule to an animal and determining 
whether the animal, exhibits increased or decreased expression, amount or activity of VHZ. 

We disclose, in one example, a molecule, agonist or antagonist of a VHZ polypeptide 

identified by a method or use as set out above. 
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According to an example, we provide a molecule capable of 

modulating, such as down-regulating, the expression of a VHZ for use in the treatment, 

prophylaxis or alleviation of cancer, such as an anti-peptide antibody generated against 

RKLRPGSIETYBQEK corresponding to amino acid residues (126-140) of human VHZ. 

We provide an example of an antibody capable of binding 
to an VHZ polypeptide, in which the antibody is capable of binding to an epitope bound by 

antibody 209, or a variant, homologue, derivative or fragment thereof, in which the antibody 

preferably: (a) is capable of binding to an epitope on a VHZ polypeptide bound by antibody 

209; (b) comprises an anti-VHZ antibody capable of binding to an epitope being a sequence 
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comprising residue C95 of VHZ, or a variant, homologue, derivative or fragment thereof; (c) 

comprises the variable region of monoclonal antibody 209, or a variant, homologue, derivative 

or fragment thereof which is capable of binding VHZ; (d) is capable of binding to an 

intracellular VHZ polypeptide; (e) is capable of crossing the plasma membrane of a cell; (f) is 

capable of binding to and inhibiting a biological activity of VHZ; (g) is capable of preventing 

metastasis of a cancer, such as colon cancer, lung cancer, squamous cell carcinoma including 

lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal 

cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate 

cancer and testicular cancer; or (h) comprises a monoclonal antibody or a humanised 
monoclonal antibody. 

There is provided an example of a 

polypeptide comprising a sequence selected from the group consisting of SEQ ID HO: 4 and 

SSQ ID NO: 5, or a variant homologue, derivative or fragment thereof which is capable of 
binding VHZ. 

As disclosed in one example, we provide a nucleic acid comprising a sequence 
capable of encoding a molecule as set out above or a variant, homologue, derivative or 
fragment thereof which is capable of encoding a polypeptide having VHZ binding activity. 

We provide, according to an example, there is provided a cell 
comprising or transformed with a nucleic acid sequence as set out above or a descendent of 

such a cell. 

According to a 4th aspect of the present invention, there is provided a method of 

determining whether a tumour of a cancer selected from the group 

consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 

cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer 

in an individual is, or is likely to be, an invasive or metastatic tumour, the method comprising 

detecting, in a cell or tissue sample obtained from the individual, up-regulation of expression, 

amount or activity of VHZ in a tumour cell of the individual. Further disclosed is a method of 
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determining whether a tumour of a cancer selected from the group consisting of: colon cancer, 

lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer in an individual is, or 

is likely to be, an invasive or metastatic tumour, the method comprising detecting modulation 
of expression, amount or activity of VHZ in a tumour cell of the individual. 

We disclose, in one example, a method of 

treatment prophylaxis or alleviation or diagnosis of a cancer selected from the group 
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consisting of: (a) a method of treatment, prophylaxis or alleviation of a cancer selected from 

the group consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, 

larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, 

stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and 

5 testicular cancer in an individual, the method comprising modulating the expression, amount 

or activity of a VHZ in a cell of an individual, preferably in which the expression, amount or 

activity of VHZ is decreased in a cancer cell of the individual; and (b) a method of diagnosis 

of a cancer sejected from the group consisting of: colon cancer, lung cancer, squamous cell 

carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

10 cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 

cancer, prostate cancer and testicular cancer or susceptibility to such a cancer in an individual 

or prognosis of an individual -with such a cancer, the method comprising detecting modulation 

of expression, amount or activity of VHZ in a cell of the individual. 

We disclose, in one example, a method of treatment, 

15 prophylaxis or alleviation of a cancer selected from the group consisting of: colon cancer, lung 

cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer in an individual, the 

method comprising'detecting modulation of expression, amount or activity of VHZ in a cell of 

20 the individual and administering an appropriate therapy, such as an anti-VHZ agent, to the 
individual based on the aggressiveness of the tumour. 

The diagnosis, prognosis or choice of therapy may be further determined by assessing 

the size of the tumour, or the lymph node stage, or both, optionally together or in combination 

with other risk factors, preferably in which the diagnosis, prognosis or choice of therapy is 

25 further determined by assessing the oestrogen receptor (ER) status of the tumour. 

The practice of the present disclosure will employ, unless otherwise indicated, 

conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA 

and immunology, which are within the capabilities of a person of ordinary skill in the art. 

Such techniques are explained in the literature. See, for example, J. Sambrook, E. F. Fritsch, 

30 and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second Edition, Books 1-3, 
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Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and periodic supplements; 

Current Protocols in Molecular Biology, ch. 9, 13, and 16, John Wiley & Sons, New York, 

N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential 

Techniques, John Wiley & Sons; J. M. Polak and James O'D. McGee, 1990, In Situ 
5 Hybridization: Principles and Practice; Oxford University Press; M. J. Gait (Editor), 1984, 

Oligonucleotide Synthesis: A Practical Approach, Irl Press; D. M. J. Lilley and J. E. Dahlberg, 

1992, Methods of Enzymology: DNA Structure Part A: Synthesis and Physical Analysis of 

DNA Methods in Enzymology, Academic Press; Using Antibodies : A Laboratory Manual: 

Portable Protocol NO. I by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring 
10 Harbor Laboratory Press, ISBN 0-87969-544-7); Antibodies : A Laboratory Manual by Ed 

Harlow (Editor), David Lane (Editor) (1988, Cold Spring Harbor Laboratory Press, ISBN 0-

87969-314-2), 1855. Handbook of Drug Screening, edited by Ramakrishna Seethala, 

Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and 

Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the Bench, 

15 Edited Jane Roskams and Linda Rodgers, 2002, Cold Spring Harbor Laboratory, ISBN 0-

87969-630-3. Each of these general texts is herein incorporated by reference. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1A and Figure IB are figures showing that exogenous VHZ localizes in the 

centrosome and throughout the cytoplasm. Indirect immunofluorescence showed exogenous 

20 VHZ in the centrosome. 

Figure 1A. VHZ-EGFP (green) is transfected into NRK cells, and exhibits a range of 

subcellular locations (a). A predominant localization of VHZ is the centrosome, where it co-

iocalizes with the centrosomal marker-pericentrin in red (b). To-pro-3 iodide is used to 

visualize nuclei in blue (b). Merged images showed that VHZ-EGFP (green) co-localized with 

25 pericentrin (c). Bar, 20 \im. 

Figure IB. VHZ-EGFP is transfected into NRK cells and is visualized in cells at 

various cell cycle stages: Interphase (a), Prophase (b), Metaphase (c), and Telophase (d). 

Pericentrin is shown in red (a'-d'), and nuclei are shown with To-pro-3 iodide in blue (a'-d'). 

The images are merged as shown (a"-d"). Bar, 10 am. 
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Figure 2A and Figure 2B are figures showing that endogenous VHZ localizes in the 
centrosome and the cytoplasm. 

Figure 2A. Endogenous VHZ is visualized in NRK (a-c, bar, 10 |xm) and MCF-10A 

(d-f, bar, 20 ^m) cells by double staining with affinity-purified rabbit anti-VHZ and mouse 

5 anti-y-tubulin antibodies followed by anti-rabbit IgG conjugated with anti-rabbit-FITC (green) 

and anti-mouse IgG conjugated with anti-mouse-Texas Red. Endogenous VHZ is also 

detected in A431 cells (g-i, bar, 20 ^m) by double staining with mouse monoclonal antibody 

anti-VHZ (clone #25) and rabbit anti-pericentrin antibodies followed by anti-mouse IgG 

conjugated with anti-mouse-FITC (green) and anti-rabbit IgG conjugated with anti-rabbit-
10 Texas Red. 

Figure 2B. Endogenous VHZ is visualized in serum-starved NRK (a-c, bar, 20 jxm) by 

double staining with rabbit anti-VHZ and mouse anti-v-tubulin antibodies followed by anti-

rabbit IgG conjugated with anti-rabbit-FITC (green) and anti-mouse IgG conjugated with anti-
mouse-Texas Red. 

15 Figure 3A, Figure 3B and Figure 3Care figures showing that VHZ has protein tyrosine 
phosphatase activity and is involved in cell cycle regulation 

Figure 3A. We test each protein (0.675 picomoles) for its PTPase activity. The PTPase 

activity of VHZ is completely abolished by adding 10 |iM sodium orthovanadate (VHZ-

GST+Vanadate) in the reaction or by point mutation of Cys 95 to Ser [VHZ (C95S)-GST)] 

20 Figure 3B. a. Three total cell lysates are derived from MCF-7 cells expressing VHZ-

EGFP, VHZ(C95S)-EGFP, or EGFP vector. The protein expression levels are analyzed by 

western blot with anti-EGFP antibody. GAPDH is used as protein loading control, b. DNA 

content is measured by BrdU incorporation and FACS analysis. APC-BrdU incorporation to 
the newly synthesized DNA (R1 corresponds to the amount of red fluorescence). 

25 Figure 3C. NRK cells that stably expressed the same three expression constructs 

showed that VHZ could reduce G1 but increase S populations. The resulting histogram 

consists of three populations (in %): M1:G1 phase, M2: S phase and M3: G2/M phase. The 

graph showed typical results obtained for a proliferating cell population when the DNA 

content of its individual cells is determined by FACS analysis. 
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Figure 4A and Figure 4B are figures showing that VHZ enhances Gl/S transition in 

MCF-7 cells 

Figure 4A. MCF-7 cells expressing EGFP vector, VHZ(C95S)-EGFP or VHZ-EGFP 

are analyzed for several molecules that are involved in Gl/S cell cycle control. There are p21 

5 Wafl /Cip 1, Cdk4, and Rb phosphorylated at Ser780, Ser795 and Ser807/811. 

Figure 4B. A proposed model is shown to illustrate how the VHZ might coordinate 

with these molecules in Gl/S phase transition. 

Figure 5A, Figure 5B and Figure 5C are figures showing that overexpressed VHZ 

protein is distributed in the centrosome or in the cytoplasm of epithelial tumor cells in some 

10 breast cancer samples. Formalin-fixed and paraffin-embedded breast cancer samples are 

assessed for VHZ protein expression. 

Figure 5A. VHZ is seen to localize to the centrosome of cells in breast cancer by 

indirect double immunofluorescence labeling on the same tissue section. VHZ (a) and y-

tubulin (b) are co-localized at the centrosome (c) as indicated by the white arrowheads. Image 

15 c shows the merged images a and b. Bar: 100p,m. 

Figure 5B. Two consecutive sections of breast cancer samples are processed for 
immunohisochemical labeling to detect VHZ and y-tubulin, respectively. The positive signals 

are detected by staining with 3,3'-diaminobenzidine chromogen (brown). Similar centrosomal 

labeling patterns of VHZ (a) and y-tubulin localization (b) are indicated by the black arrows. 

20 Overview images (a', b') are derived from two adjacent sections. Three rectangular areas 

boxed in panels a' to c' (magnification x630) are further enlarged (x5) and shown in panels a 

to c, respectively where centrosomes are indicated by black arrows. Panel c' and c show a 

VHZ-negative sample as a control. An original overview image is shown in (Figure 8A). 

Figure 5C. VHZ protein is overexpressed throughout the cytoplasm of dispersed 

25 epithelia in some breast cancer samples. An original overview image is shown in (Figure 8B). 

Selected sections from different breast samples are shown in overview images (a' and b'). 

Three rectangular areas boxed in the overview images (a\ b' and c' magnification x 400) are 

further enlarged (x5) and shown in panels a, b and c, respectively. Panel c and c' is a VHZ-
negative sample shown as a control. 



WO 2010/016806 

II 

PCT/SG2009/000276 

Figure 6A and Figure 6B are figures showing that VHZ expression in E-cadherin 
negative cells and overexpression of VHZ enhances motility of MCF-7 cells 

Figure 6A. Two adjacent formalin-fixed and paraffin-embedded breast cancer samples 
tissue sections showed VHZ positive cells that are E-cadherin negative (a, magnification x 

5 400) and VHZ negative epithelia are E-cadherin positive (b, magnification x 400). 

Figure 6B. To assess MCF-7-VHZ-EGFP and MCF-7-VHZ (C95S)-EGFP cell 

motility, ceils are plated in a confluent monolayer on a coverslip. The cell-coated coverslip is 

then inverted with cell side down onto a fresh culture dish. Images are taken at 0-hour and 48-

hour for MCF-7-VHZ-EGFP cells (a, a1) and for MCF-7-VHZ (C95S)-EGFP (b, b'). Panel a' 
10 showed MCF-7- VHZ-EGFP cells moving out (arrows indicated) from underneath the 

overlaid coverslip. Immunofluorescent images (a, b). Phase-contrast images (a', b' 
magnification x200). 

Figure 7 A and Figure 7B are figures showing that VHZ mRNA is broadly expressed in 
tissues and cells 

15 Human Multiple Tissue Arrays (Cat#7776-1) are obtained from BD Bioscience (San 
Jose, CA). The arrays contain 73 mRNAs derived from 65 different human tissues and 8 
human cell lines. 

Figure 7A. The dot blots are probed with human VHZ cDNA that is radiolabeled with 
32P-dCTP according to the manufacturer's instructions (Cat# 1585584, Roche, Mannheim, 

20 Germany). VHZ mRNA expression patterns are shown. VHZ is predominantly expressed in 

the heart (spots: 4A, 4C-4H) and in many other tissues, as well as in the lung carcinoma cell 
line-A549 (spot-lOH). 

Figure 7B. A complete map of Human Multiple Tissue Arrays. 

Figure 8A and Figure 8B are figures showing that VHZ protein is overexpressed in the 
25 centrosome and in the cytoplasm of breast cancers by immunohistochemistry 

Figure 8A. Overexpression of VHZ protein is revealed in the centrosome of breast 
cancer. Centrosomes are indicated by black arrows (magnification x 400) 
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Figure 8B. Overexpression of VHZ protein is found in the cytoplasm of breast cancer 
cells (magnification x 200). 

Figure 9A and Figure 9B are figures showing characterization of rabbit and mouse 
anti-VHZ antibodies 

5 Figure 9A. Western blots analysis with rabbit and mouse anti-VHZ antibodies. Total 

cell lysates are derived from A431, HaLa, NRK, and MCF-7 cells. MCF-7 total cell lysate is 

pre-incubated with 2 fig VHZ-GST (lane 1). The detection of VHZ band is specifically 

blocked by VHZ-GST (arrow indicated) 

Figure 9B. The VHZ mAbs can be used for ECL (A), IF (B) and IHC (Figure 5). 

10 Figure 10 is a figure showing that by wound-healing assay, MCFIOA cells expressing 

VHZ displayed enhanced migratory property than MCFIOA cells expressing VHZ(C95S). We 

have expressed VHZ and VHZ(C95S) in MCFIOA cells (5xl05) via retro virus-mediated 

transduction using pBABEpuro vector. MCFIOA cells expressing VHZ displayed enhanced 

migratory property than MCFIOA cells expressing VHZ(C95S) by wound-healing assay. The 

15 clear differences in cell migration at the beginning (Ohr upper panels) and at the end point (8 
hr lower panels) can be observed. 

Figure 11. By wound-healing assay, MCFIOA cells expressing VHZ are seen to 

display enhanced migratory property compared to MCFIOA cells expressing VHZ(C95S). We 

express VHZ and VHZ(C95S) in MCFIOA cells (5 x 105) via retrovirus-mediated 

20 transduction using pBABEpuro vector. MCFIOA cells expressing VHZ display enhanced 
migratory property compared to MCFIOA cells expressing VHZ(C95S) by wound-healing 
assay. The clear differences in cell migration at the beginning (Ohr upper panels) and at the 
end point (8 hr lower panels) can be observed. 

Figure 12 shows assessment of VHZ protein expression in formalin-fixed and paraffm-

25 embedded human multiple cancer samples. VHZ protein is revealed by staining with VHZ 

specific mouse monoclonal antibody using Dako EnVisionTM System with DAB chromogen 
(in brown colour). 
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Figure 13A is a diagram outlining the construction steps of VHZ #209 chimeric 

antibody. 

Figure 13 B shows the sequence of the variable heavy chain of VHZ #209 chimeric 

antibody. 

5 Figure 13C shows the sequence of the variable light chain of VHZ #209 chimeric 

antibody. 

Figure 14 is a diagram showing results using VHZ #209 chimeric antibody. 

Figure 14A shows results from indirect immunofluorescence using VHZ #209 
chimeric antibody on NRK (ATCC-CRL-6509) expressed EGFP-VHZ. 

10 Figure 14B shows results from Western blot analysis using VHZ #209 chimeric 

antibody on several cell lines: HeLa (ATCC CCL2) is a cervix cancer cell line; CHO-K1 

(ATCC CCL61) is a Chinese hamster ovary cell line; MCF-7 (ATCC HTB-22) is a human 

breast cancer cell line, HCTl 16 (CCL-247) is a human colorectal carcinoma cell line; MDCK 
(ATCC® CCL-34™) is Canine Kidney cell line; and DLD-1 (CCL-221) is a human colorectal 

15 adenocarcinoma cell line. ATCC: American Type Culture Collection. 

Figure 15 A. By western blot we confirm that HCTl 16 colon cancer cell line is VHZ 

positive comparing with MDCK cell line, lxl 06 HCTl 16 cancer cells are injected into the 
circulation of nude mice via the tail vein on day 1. 

Figure 15B. Either PBS (untreated) or chimeric mAb (treated) is administrated into tail 

20 vein starting the first treatment on day 3; followed by two administrations weekly. Experiment 

periods: Top two animals starting 11 Feb-2 April 2009 bottom two animals starting 11 Feb-13 
April 2009. 

SEQUENCE LISTINGS 

SEQ ID NO: 1 shows the sequence of NM_017823 Homo sapiens dual specificity 

25 phosphatase 23 (DUSP23), mRNA. SEQ ID NO: 2 shows the sequence ofNP_060293 dual 

specificity phosphatase 23 [Homo sapiens]. SEQ ID NO: 3 shows the sequence of VHZ 

peptide corresponding to amino acid residues (126-140) of human VHZ. SEQ ID NO: 4 shows 

SUBSTITUTE SHEET (RULE 26) 
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the sequence of Heavy Chain of Variable Region of209. SEQ ID NO: 5 shows the sequence 
of Light Chain of Variable Region of 209. 

DETAILED DESCRIPTION 

The present invention is based on the demonstration, for the first time, that VHZ 

5 phosphatase plays a role in colon cancer, lung cancer, squamous cell carcinoma including lip, 

larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, 

stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and 
testicular cancer. 

VHZ is the smallest known active protein-tyrosine phosphatase (only 16 kDa) and 
10 belongs to the group of small Vaccinia virus VHl-related dual specific phosphatases. The 

gene encoding VHZ is located on human chromosome 1 q23.1 and consists of only two coding 
exons (Wu et al., 2004, Int J Biochem Cell Biol. 36(8):1542-53. 

VHZ shows distinctive phosphatase activity toward p-nitrophenyl phosphate, as well 

as oligopeptides containing phospho-tyrosine and phospho-threonine residues. Furthermore, 

15 VHZ can dephosphorylate p44ERKl but not p38 and p54SAPKbeta in vitro (Alonso et al 
(2004). J Biol Chem. 20;279(34):35768-74). 

We show that VHZ is associated with colon cancer, lung cancer, squamous cell 

carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 
20 cancer, prostate cancer and testicular cancer cells. 

Overexpression of VHZ protein is found in 25/143 (17.5%) of colon cancer tissue 

samples, 20/82 (24.0%) of lung cancer tissue samples, 22/63 (35.0%) of squamous cell 
carcinoma cancer tissue samples, 17/51 (33.3%) of pancreas cancer tissue samples, 7/40 

(17.5%) of brain cancer tissue samples, 4/12 (33.3%) of esophagus cancer tissue samples, 5/14 

25 (35.7%) of stomach cancer tissue samples, 2/6 (33.3%) of bladder cancer tissue samples, 2/11 

(18.1%) of kidney cancer tissue samples, 2/6 (33.3%) of skin cancer tissue samples, 2/6 

(33.3%) of ovary cancer tissue samples, 3/8 ( 37.5%) of prostate cancer tissue samples and 2/6 
(33.3%) of testis cancer tissue samples. 



WO 2010/016806 PCT/SG2009/000276 

Accordingly, VHZ may be used as a marker for detection of colon cancer, lung cancer, 

squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic 

cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 

cancer, ovary cancer, prostate cancer or testicular cancer. The level of VHZ expression may 

5 be used as an indicator of colon cancer, lung cancer, squamous cell carcinoma including lip, 

larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, 

stomach cancer, bladder cancer, kidney cancer, skin cancer, ovaiy cancer, prostate cancer and 

testicular cancer, in particular a metastatic, aggressive or invasive cancer. 

The level of VHZ expression may also be used as an indicator of likelihood of such a 

10 cancer. We therefore provide for methods of diagnosis or detection of a colon cancer, lung 
cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 
pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. We further provide 

methods of diagnosis and detection of the aggressiveness or invasiveness or the metastatic 
15 state, or any combination of these, of such a cancer. The-methods may comprise analysis of 

protein levels (e.g., immunohistochemistry) or RNA levels (e.g., by in situ hybridisation). 
Such diagnostic and detection methods are described in further detail below. 

Using indirect immunofluorescence, we show that both exogenous and endogenous 

VHZ proteins are localized in the centrosome in addition to its cytoplasmic distribution. 
20 Accordingly, VHZ may be used as a marker for detection of centrosomal structures. 

We demonstrate that VHZ regulates cell-cycle progression and that it has the capacity 
to enhance the Gl-S phase transition. We demonstrate that over-expression of VHZ 

contributes to cancer development. FACS analysis of BrdU-labeled MCF-7 cells engineered 

to express VHZ indicates that VHZ is able to accelerate the G1 to S phase transition. 

25 Analogous results from FACS analyses of NRK cells that stably express the same three 

expression constructs shows that VHZ accelerates G1 to S phase transition by reducing G1 but 
increasing S populations. 

Accordingly, we provide for methods of treatment or prophylaxis of an individual 
suffering from colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, 

30 vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach 
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cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer or testicular 

cancer. Restoration of VHZ levels to those in norma! tissue may also be used as a means of 

restoring normal function of such cells. We therefore provide for the use of VHZ nucleic acids 

and polypeptides for the treatment of cancers, including colon cancer, lung cancer, squamous 

5 cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 

cancer, prostate cancer and testicular cancer. Our methods may be used for treatment or 

prophylaxis of cancer or invasive cancer. 

We further provide for the user of VHZ in screening for drugs against colon cancer, 

10 lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, for example invasive 

cancer. Cells over- and under-expressing VHZ, as well as tissues, organs and organisms 

comprising these may be used as models for colon cancer, lung cancer, squamous cell 
15 carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 

cancer, prostate cancer and testicular cancer or in screens for anti-cancer agents. 

Overexpression of VHZ in MCF-7 cells causes downregulation of p21Cipl and 

upregulation of Cdk4. As a result, an accumulation of phosphorylated (inactivated) 
20 retinoblastoma protein (Rb) is observed as assessed by immunoblotting with phospho-specific 

antibodies. Cells expressing catalytically inactive VHZ (C95S) are impaired in the above 
VHZ-mediated events, indicating that these properties require phosphatase activity. 

Mutation of the catalytic cysteine residue (C95S) in VHZ abolishes its protein tyrosine 

phosphatase (PTP) activity. 

25 Where the term "VHZ" is used, this should be taken to refer to any VHZ sequence, 

including a VHZ protein or a VHZ nucleic acid and any fragment, variant homologue, 

derivative, variant thereof. 

The properties and activities of VHZ are described in this document, for example, in 

the references. 
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VHZ POLYPEPTIDES 

The methods and compositions described here make use of VHZ polypeptides, which 
are described in detail below. 

VHZ is also known as DUSP23, MOSP, LDP-3, DUSP25, FLJ20442 and RP11-

5 190A12.1 

As used here, the term "VHZ polypeptide" is intended to refer to a sequence having 

GenBank Accession number NP_060293.2, NP_08100l.l, XP_341157.1, XP_001170819.1, 

XP_001170835.1, XP_545747.2, NP_001076078.1, NP_001011371.1, NPJ783859.1, 

NP_001034709.1, XP_001480730.1, XP_001117253.1 or XPJXH 117256.1. 

10 A "VHZ polypeptide" may comprise or consist of a human VHZ polypeptide, such as 

the sequence having accession number NP_060293 (SEQ ID NO: 2). 

Homologues variants and derivatives thereof of any, some or all of these polypeptides 
are also included. 

VHZ polypeptides may be used for a variety of means, for example, administration to 

15 an individual suffering from, or suspected to be suffering from, colon cancer, lung cancer, 

squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic 

cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 
cancer, ovary cancer, prostate cancer or testicular cancer, for the treatment thereof. They may 

also be used for production or screening of anti-VHZ agents such as specific VHZ binding 

20 agents, in particular, anti-VHZ antibodies. These are described in further detail below. The 

expression of VHZ polypeptides may be detected for diagnosis or detection of cancer, in 

particular colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 

cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 
bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

25 A "polypeptide" refers to any peptide or protein comprising two or more amino 

joined to each other by peptide bonds or modified peptide bonds, i.e., peptide isosteres. 

"Polypeptide" refers to both short chains, commonly referred to as peptides, oligopeptides or 

oligomers, and to longer chains, generally referred to as proteins. Polypeptides may contain 

amino acids other than the 20 gene-encoded amino acids. 
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"Polypeptides" include amino acid sequences modified either by natural processes, 

such as post-translational processing, or by chemical modification techniques which are well 

known in the art. Such modifications are well described in basic texts and in more detailed 

monographs, as well as in a voluminous research literature. Modifications can occur anywhere 

5 in a polypeptide, including the peptide backbone, the amino acid side-chains and the amino or 

carboxyl termini. It will be appreciated that the same type of modification may be present in 

the same or varying degrees at several sites in a given polypeptide. Also, a given polypeptide 

may contain many types of modifications. 

Polypeptides may be branched as a result of ubiquitination, and they may be cyclic, 

10 with or without branching. Cyclic, branched and branched cyclic polypeptides may result 

from posttranslation natural processes or may be made by synthetic methods. Modifications 

include acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of flavin, 

covalent attachment of a heme moiety, covalent attachment of a nucleotide or nucleotide 

derivative, covalent attachment of a lipid or lipid derivative, covalent attachment of 

15 phosphotidylinositol, cross-inking, cyclization, disulfide-bond formation, demethylation, 

formation of covaient cross-inks, formation of cystine, formation of pyroglutamate, 

formylation, gamma-carboxylation, glycosylation, GPI anchor formation, hydroxylation, 
iodination, methylation, myristoylation, oxidation, proteolytic processing, phosphorylation, 

prenylation, racemization, selenoylation, sulfation, transfer-RNA mediated addition of amino 

20 acids to proteins such as arginylation, and ubiquitination. See, for instance, Proteins -
Structure and Molecular Properties, 2nd Ed., T. E. Creighton, W. H. Freeman and Company, 

New York, 1993 and Wold, F., Posttranslational Protein Modifications: Perspectives and 

Prospects, pgs. 1-12 in Posttranslational Covalent Modification of Proteins, B. C. Johnson, 
Ed., Academic Press, New York, 1983; Seifter et al., "Analysis for protein modifications and 

25 nonprotein cofactors", Meth Enzymol (1990) 182:626-646 and Rattan et aL, "Protein 

Synthesis: Posttranslational Modifications and Aging", Ann NY Acad Sci (1992) 663:48-62. 

The term "polypeptide" includes the various synthetic peptide variations known in the 

art, such as a retroinverso D peptides. The peptide may be an antigenic determinant and/or a 

T-cell epitope. The peptide may be immunogenic in vivo. The peptide may be capable of 

30 inducing neutralising antibodies in vivo. 
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As applied to VHZ, the resultant amino acid sequence may have one or more 

activities, such as biological activities in common with a VHZ polypeptide, for example a 

human VHZ polypeptide. For example, a VHZ homologue may have an increased expression 

level in colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 

5 cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer 
cells compared to normal cells. In particular, the term "homologue" covers identity with 
respect to structure and/or function providing the resultant amino acid sequence has VHZ 
activity. With respect to sequence identity (i.e. similarity), there may be at least 70%, such as 

10 at least 75%, such as at least 85%, such as at least 90% sequence identity. There may be at 

least 95%, such as at least 98%, sequence identity. These terms also encompass polypeptides 

derived from amino acids which are allelic variations of the VHZ nucleic acid sequence. 

Where reference is made to the "activity" or "biological activity" of a polypeptide such 

as VHZ, these terms are intended to refer to the metabolic or physiological function of VHZ, 

15 including similar activities or improved activities or these activities with decreased 

undesirable side effects. Also included are antigenic and immunogenic activities of VHZ. 

Examples of such activities, and methods of assaying and quantifying these activities, are 
known in the art, and are described in detail elsewhere in this document. 

For example, such activities may include any one or more of the following: hydrolase 

20 activity, protein tyrosine phosphatase activity, protein tyrosine/serine/threonine phosphatase 
activity and protein amino acid dephosphorylation. Assays for these activities are known in 

the art, and are for example described in Wu et al (2004), Int J Biochem Cell Biol. 

36(8):l542-53 and Alonso et al (2004). J Biol Chem. 20;279(34):35768-74. 

Other VHZ Polypeptides 
25 VHZ variants, homologues, derivatives and fragments are also of use in the methods 

and compositions described here. 

The terms "variant", "homologue", "derivative" or "fragment" in relation to VHZ 

include any substitution of, variation of, modification of, replacement of, deletion of or 

addition of one (or more) amino acid from or to a sequence. Unless the context admits 
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otherwise, references to "VHZ" includes references to such variants, homologues, derivatives 
and fragments of VHZ. 

As used herein a "deletion" is defined as a change in either nucleotide or amino acid 

sequence in which one or more nucleotides or amino acid residues, respectively, are absent. 

5 As used herein an "insertion" or "addition" is that change in a nucleotide or amino acid 

sequence which has resulted in the addition of one or more nucleotides or amino acid residues, 

respectively, as compared to the naturally occurring substance. As used herein "substitution" 
results from the replacement of one or more nucleotides or amino acids by different 
nucleotides or amino acids, respectively. 

10 VHZ polypeptides as described here may also have deletions, insertions or 

substitutions of amino acid residues which produce a silent change and result in a functionally 
equivalent amino acid sequence. Deliberate amino acid substitutions may be made on the 

basis of similarity in polarity, charge, solubility, hydrophobicity, hydrophilicity, and/or the 

amphipathic nature of the residues. For example, negatively charged amino acids include 

15 aspartic acid and glutamic acid; positively charged amino acids include lysine and argimne; 
and amino acids with uncharged polar head groups having similar hydrophilicity values 
include leucine, isoleucine, valine, glycine, alanine, asparagine, glutamine, serine, threonine, 
phenylalanine, and tyrosine. 

Conservative substitutions may be made, for example according to the table below. 

20 Amino acids in the same block in the second column and in the same line in the third column 
may be substituted for each other: 

ALIPHATIC Non-polar GAP 

IL V 

Polar - uncharged CSTM | 

NQ | 

Polar - charged DE 

KR 

AROMATIC HFWY 
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VHZ polypeptides may further comprise heterologous amino acid sequences, typically 

at the N-terminus or C-terminus, such as the N-terminus. Heterologous sequences may include 
sequences that affect intra or extracellular protein targeting (such as leader sequences). 
Heterologous sequences may also include sequences that increase the immunogenicity of the 

5 VHZ polypeptide and/or which facilitate identification, extraction and/or purification of the 

polypeptides. Another heterologous sequence that may be used is a polyamino acid sequence 

such as polyhistidine which may be N~terminal. A polyhistidine sequence of at least 10 amino 

acids, such as at least 17 amino acids but fewer than 50 amino acids may be employed. 

The VHZ polypeptides may be in the form of the "mature" protein or may be a part of 
10 a larger protein such as a fusion protein. It is often advantageous to include an additional 

amino acid sequence which contains secretory or leader sequences, pro-sequences, sequences 

which aid in purification such as multiple histidme residues, or an additional sequence for 

stability during recombinant production. 

VHZ polypeptides as described here are advantageously made by recombinant means, 

15 using known techniques. However they may also be made by synthetic means using 

techniques well known to skilled persons such as solid phase synthesis. Such polypeptides 
may also be produced as fusion proteins, for example to aid in extraction and purification. 

Examples of fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 

(DNA binding and/or transcriptional activation domains) and (3-galactosidase. It may also be 

20 convenient to include a proteolytic cleavage site between the fusion protein partner and the 

protein sequence of interest to allow removal of fusion protein sequences, such as a thrombin 

cleavage site. The fusion protein may be one which does not hinder the function of the protein 

of interest sequence. 

The VHZ polypeptides may be in a substantially isolated form. This term is intended 

25 to refer to alteration by the hand of man from the natural state. If an "isolated" composition or 

substance occurs in nature, it has been changed or removed from its original environment, or 

both. For example, a polynucleotide, nucleic acid or a polypeptide naturally present in a living 

animal is not "isolated," but the same polynucleotide, nucleic acid or polypeptide separated 
from the coexisting materials of its natural state is "isolated", as the term is employed herein. 
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It will however be understood that the VHZ protein may be mixed with carriers or 

diluents which will not interfere with the intended purpose of the protein and still be regarded 

as substantially isolated. A VHZ polypeptide may also be in a substantially purified form, in 

which case it will generally comprise the protein in a preparation in which more than 90%, for 
5 example, 95%, 98% or 99% of the protein in the preparation is a VHZ polypeptide. 

By aligning VHZ sequences from different species, it is possible to determine which 

regions of the amino acid sequence are conserved between different species ("homologous 
regions"), and which regions vary between the different species ("heterologous regions"). 

The VHZ polypeptides may therefore comprise a sequence which corresponds to at 

10 least part of a homologous region. A homologous region shows a high degree of homology 

between at least two species. For example, the homologous region may show at least 70%, at 

least 80%, at least 90% or at least 95% identity at the amino acid level using the tests 

described above. Peptides which comprise a sequence which corresponds to a homologous 
region may be used in therapeutic strategies as explained in further detail below. 

15 Alternatively, the VHZ peptide may comprise a sequence which corresponds to at least part of 

a heterologous region, A heterologous region shows a low degree of homology between at 

least two species. 

VHZ Homologues 
The VHZ polypeptides disclosed for use include homologous sequences obtained from 

20 any source, for example related viral/bacterial proteins, cellular homologues and synthetic 

peptides, as well as variants or derivatives thereof. Thus polypeptides also include those 

encoding homologues of VHZ from other species including animals such as mammals (e.g. 

mice, rats or rabbits), especially primates, more especially humans. More specifically, 

homologues include human homologues. 

25 In the context of this document, a homologous sequence is taken to include an amino 

acid sequence which is at least 15,20, 25,30,40, 50, 60, 70, 80 or 90% identical, such as at 

least 95 or 98% identical at the amino acid level, for example over at least 50 or 100,110, 

115,120,125,130,135, 140,141,142,143,144,145,146,147,148 or 149 amino acids with 

the sequence of a relevant VHZ sequence. 
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In particular, homology should typically be considered with respect to those regions of 

the sequence known to be essential for protein function rather than non-essential neighbouring 

sequences. This is especially important when considering homologous sequences from 

distantly related organisms. An example is the cysteine residue at or corresponding to residue 

5 number 95 of the human VHZ protein, shown to be essential for phosphatase function, and 

surrounding residues. 

Although homology can also be considered in terms of similarity (i.e. amino acid 

residues having similar chemical properties/functions), in the context of the present document 

homology may be expressed in terms of sequence identity. 

10 Homology comparisons can be conducted by eye, or more usually, with the aid of 

readily available sequence comparison programs. These publicly and commercially available 
computer programs can calculate % identity between two or more sequences. 

% identity may be calculated over contiguous sequences, i.e. one sequence is aligned 

with the other sequence and each amino acid in one sequence directly compared with the 

15 corresponding amino acid in the other sequence, one residue at a time. This is called an 

"ungapped" alignment. Typically, such ungapped alignments are performed only over a 
relatively short number of residues (for example less than 50 contiguous amino acids). 

Although this is a very simple and consistent method, it fails to take into consideration 

that, for example, in an otherwise identical pair of sequences, one insertion or deletion will 

20 cause the following amino acid residues to be put out of alignment, thus potentially resulting 

in a large reduction in % homology when a global alignment is performed. Consequently, 

most sequence comparison methods are designed to produce optimal alignments that take into 

consideration possible insertions and deletions without penalising unduly the overall 

homology score. This is achieved by inserting "gaps" in the sequence alignment to try to 

25 maximise local identity or similarity. 

However, these more complex methods assign "gap penalties" to each gap that occurs 

in the alignment so that, for the same number of identical amino acids, a sequence alignment 

with as few gaps as possible - reflecting higher relatedness between the two compared 

sequences - will achieve a higher score than one with many gaps. "Affine gap costs" are 
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typically used that charge a relatively high cost for the existence of a gap and a smaller 

penalty for each subsequent residue in the gap. This is the most commonly used gap scoring 

system. High gap penalties will of course produce optimised alignments with fewer gaps. 

Most alignment programs allow the gap penalties to be modified. However, the default values 

5 may be used when using such software for sequence comparisons. For example when using 

the GCG Wisconsin Bestfit package (see below) the default gap penalty for amino acid 

sequences is -12 for a gap and -4 for each extension. 

Calculation of maximum % homology therefore firstly requires the production of an 

optimal alignment, taking into consideration gap penalties. A suitable computer program for 

10 carrying out such an alignment is the GCG Wisconsin Bestfit package (University of 

Wisconsin, U.S.A; Devereux et al, 1984, Nucleic Acids Research 12:387). Examples of other 

software than can perform sequence comparisons include, but are not limited to, the BLAST 

package (see Ausubel et al, 1999 ibid - Chapter 18), FASTA (Altschul et al, 1990, J. Mol. 

Biol., 403-410) and the GENEWORKS suite of comparison tools. Both BLAST and FASTA 
15 are available for offline and online searching (see Ausubel et al., 1999 ibid, pages 7-58 to 7-

60). The GCG Bestfit program may be used. 

Although the final % homology can be measured in terms of identity, the alignment 

process itself is typically not based on an all-or-nothing pair comparison. Instead, a scaled 

similarity score matrix is generally used that assigns scores to each pairwise comparison based 
20 on chemical similarity or evolutionary distance. An example of such a matrix commonly used 

is the BLOSUM62 matrix - the default matrix for the BLAST suite of programs. GCG 

Wisconsin programs generally use either the public default values or a custom symbol 

comparison table if supplied (see user manual for further details). The public default values 

for the GCG package may be used, or in the case of other software, the default matrix, such as 

25 BLOSUM62. 

Once the software has produced an optimal alignment, it is possible to calculate % 
homology, such as % sequence identity. The software typically does this as part of the 

sequence comparison and generates a numerical result. 

The terms "variant" or "derivative" in relation to amino acid sequences includes any 

30 substitution of, variation of, modification of, replacement of, deletion of or addition of one (or 
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more) amino acids from or to the sequence providing the resultant amino acid sequence 

retains substantially the same activity as the unmodified sequence, such as having at least the 
same activity as the VHZ polypeptides. 

Polypeptides having the VHZ amino acid sequence disclosed here, or fragments or 

5 homologues thereof may be modified for use in the methods and compositions described here. 

Typically, modifications are made that maintain the biological activity of the sequence. 

Amino acid substitutions may be made, for example from 1, 2 or 3 to 10,20 or 30 

substitutions provided that the modified sequence retains the biological activity of the 

unmodified sequence. Alternatively, modifications may be made to deliberately inactivate one 

10 or more functional domains of the polypeptides described here. Amino acid substitutions may 

include the use of non-naturally occurring analogues, for example to increase blood plasma 
half-life of a therapeutically administered polypeptide. 

VHZ Fragments 
Polypeptides for use in the methods and compositions described here also include 

15 fragments of the full length sequence of any of the VHZ polypeptides identified above. 
Fragments may comprise at least one epitope. Methods of identifying epitopes are well known 

in the art. Fragments will typically comprise at least 6 amino acids, such as at least 10, 20, 30, 

50 or 100 amino acids. 

Included are fragments comprising or consisting of, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

20 16, 17, 18, 19, 20, 21, 22,23, 24,25, 26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,40, 

41, 42, 43, 44, 45, 46,47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 

66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 

91,92, 93,94, 95, 96, 97,98,99, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145 or more 
residues from a relevant VHZ amino acid sequence. 

25 We further describe peptides comprising a portion of a VHZ polypeptide as described 

here. Thus, fragments of VHZ and its homologues, variants or derivatives are included. The 

peptides may be between 2 and 200 amino acids, such as between 4 and 40 amino acids in 

length. The peptide may be derived from a VHZ polypeptide as disclosed here, for example by 

digestion with a suitable enzyme, such as trypsin. Alternatively the peptide, fragment, etc may 
30 be made by recombinant means, or synthesised synthetically. 
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Such VHZ fragments may be used to generate probes to preferentially detect VHZ 

expression, for example, through antibodies generated against such fragments. These 

antibodies would be expected to bind specifically to VHZ, and are useful in the methods of 

diagnosis and treatment disclosed here. 

5 VHZ and its fragments, homologues, variants and derivatives, may be made by 

recombinant means. However they may also be made by synthetic means using techniques 

well known to skilled persons such as solid phase synthesis. The proteins may also be 
produced as fusion proteins, for example to aid in extraction and purification. Examples of 

fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 (DNA binding 
10 and/or transcriptional activation domains) and p-galactosidase. It may also be convenient to 

include a proteolytic cleavage site between the fusion protein partner and the protein sequence 

of interest to allow removal of fusion protein sequences. The fusion protein may be one which 

will not hinder the function of the protein of interest sequence. Proteins may also be obtained 

by purification of cell extracts from animal cells. 

15 The VHZ polypeptides, variants, homologues, fragments and derivatives disclosed 

here may be in a substantially isolated form. It will be understood that such polypeptides may 

be mixed with carriers or diluents which will not interfere with the intended purpose of the 

protein and still be regarded as substantially isolated. A VHZ variant, homologue, fragment or 

derivative may also be in a substantially purified form, in which case it will generally 

20 comprise the protein in a preparation in which more than 90%, e.g. 95%, 98% or 99% of the 
protein in the preparation is a protein. 

The VHZ polypeptides, variants, homologues, fragments and derivatives disclosed 
here may be labelled with a revealing label. The revealing label may be any suitable label which 

allows the polypeptide, etc to be detected. Suitable labels include radioisotopes, e.g.125!, 

25 enzymes, antibodies, polynucleotides and linkers such as biotin. Labelled polypeptides may be 
used in diagnostic procedures such as immunoassays to determine the amount of a polypeptide in 

a sample. Polypeptides or labelled polypeptides may also be used in serological or cell-mediated 

immune assays for the detection of immune reactivity to said polypeptides in animals and 
humans using standard protocols. 
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A VHZ polypeptides, variants, homologues, fragments and derivatives disclosed here, 

optionally labelled, may also be fixed to a solid phase, for example the surface of an 

immunoassay well or dipstick. Such labelled and/or immobilised polypeptides may be packaged 

into kits in a suitable container along with suitable reagents, controls, instructions and the like. 

5 Such polypeptides and kits may be used in methods of detection of antibodiesto the polypeptides 
or their allelic or species variants by immunoassay. 

Immunoassay methods are well known in the art and will generally comprise: (a) 

providing a polypeptide comprising an epitope bindable by an antibody against said protein; 

(b) incubating a biological sample with said polypeptide under conditions which allow for the 
10 formation of an antibody-antigen complex; and (c) determining whether antibody-antigen 

complex comprising said polypeptide is formed. 

The VHZ polypeptides, variants, homologues, fragments and derivatives disclosed 

here may be used in in vitro or in vivo cell culture systems to study the role of their 
corresponding genes and homologues thereof in cell function, including their function in 

15 disease. For example, truncated or modified polypeptides may be introduced into a cell to 

disrupt the normal functions which occur in the cell. The polypeptides may be introduced into 
the cell by in situ expression of the polypeptide from a recombinant expression vector (see 
below). The expression vector optionally carries an inducible promoter to control the 
expression of the polypeptide. 

20 The use of appropriate host cells, such as insect cells or mammalian cells, is expected 
to provide for such post-translational modifications (e.g. myristolation, glycosylation, 

truncation, lapidation and tyrosine, serine or threonine phosphorylation) as may be needed to 

confer optimal biological activity on recombinant expression products. Such cell culture 

systems in which the VHZ polypeptides, variants, homologues, fragments and derivatives 

25 disclosed here are expressed may be used in assay systems to identify candidate substances 
which interfere with or enhance the functions of the polypeptides in the cell. 

The methods and compositions described here may employ, as a means for detecting 
expression levels of VHZ, VHZ polynucleotides, VHZ nucleotides and VHZ nucleic acids, as 

30 well as variants, homologues, derivatives and fragments of any of these. In addition, we 
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disclose particular VHZ fragments useful for the methods of diagnosis described here. The 
VHZ nucleic acids may also be used for the methods of treatment or prophylaxis described. 

The terms "VHZ polynucleotide", "VHZ nucleotide" and "VHZ nucleic acid" may be 

used interchangeably, and should be understood to specifically include both cDNA and 

5 genomic VHZ sequences. These terms are also intended to include a nucleic acid sequence 

capable of encoding a VHZ polypeptide and/or a fragment, derivative, homologue or variant 

of this. 

Where reference is made to a VHZ nucleic acid, this should be taken as a reference to 

any member of the VHZ family of nucleic acids. Of particular interest are VHZ nucleic acids 

10 selected from the group consisting of: NM__017823.3, NM_026725.2, XM_341156.3, 

XMJ)01170819.1, XMJ)01170835.1, XM_545747.2, NMJ)01082609.1, NMJ)01011371.1, 

NMJ75732.1, NM_001039620.1, XM_001480680.1, XM_001117253.1 or 

XMJXHU7256X 

Also included are any one or more of the nucleic-acid sequences set out as "Other 
15 VHZ nucleic acid sequences" below. 

For example, the VHZ nucleic acid may comprise a human VHZ sequence having 
GenBank Accession NumberNM_017823.3 (SEQ ID NO: 1). 

VHZ nucleic acids may be used for a variety of means, for example, administration to 

an individual suffering from, or suspected to be suffering from, colon cancer, lung cancer, 

20 squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic 

cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 

cancer, ovary cancer, prostate cancer or testicular cancer, for the treatment thereof. The 

expression of VHZ nucleic acids may be detected for diagnosis or detection of cancer, in 

particular colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 

25 cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

VHZ nucleic acids may also be used for the expression or production of VHZ polypeptides. 

"Polynucleotide" generally refers to any polyribonucleotide or 

polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA or DNA. 
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"Polynucleotides" include, without limitation single- and double-stranded DNA, DNA that is 

a mixture of single- and double-stranded regions, single- and double-stranded RNA, and RNA 

that is mixture of single- and double-stranded regions, hybrid molecules comprising DNA and 

RNA that may be single-stranded or, more typically, double-stranded or a mixture of single-

5 and double-stranded regions. In addition, "polynucleotide" refers to triple-stranded regions 

comprising RNA or DNA or both RNA and DNA. The term polynucleotide also includes 

DNAs or RNAs containing one or more modified bases and DNAs or RNAs with backbones 

modified for stability or for other reasons. "Modified" bases include, for example, tritylated 
bases and unusual bases such as inosine. A variety of modifications has been made to DNA 

10 and RNA; thus, "polynucleotide" embraces chemically, enzymatically or metabolically 
modified forms of polynucleotides as typically found in nature, as well as the chemical forms 

of DNA and RNA characteristic of viruses and ceils. "Polynucleotide" also embraces 
relatively short polynucleotides, often referred to as oligonucleotides. 

It will be understood by the skilled person that numerous nucleotide sequences can 
15 encode the same polypeptide as a result of the degeneracy of the genetic code. 

As used herein, the term "nucleotide sequence" refers to nucleotide sequences, 
oligonucleotide sequences, polynucleotide sequences and variants, homologues, fragments and 

derivatives thereof (such as portions thereof). The nucleotide sequence may be DNA or RNA 

of genomic or synthetic or recombinant origin which may be double-stranded or single-

20 stranded whether representing the sense or antisense strand or combinations thereof. The term 

nucleotide sequence may be prepared by use of recombinant DNA techniques (for example, 
recombinant DNA). 

The term "nucleotide sequence" may means DNA. 

Other Nucleic Acids 
25 We also provide nucleic acids which are fragments, homologues, variants or 

derivatives of VHZ nucleic acids. The terms "variant", "homologue", "derivative" or 

"fragment" in relation to VHZ nucleic acid include any substitution of, variation of, 

modification of, replacement of, deletion of or addition of one (or more) nucleic acids from or 

to the sequence of a VHZ nucleotide sequence. Unless the context admits otherwise, 
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references to "VHZ" and "VHZ" include references to such variants, homologues, derivatives 

and fragments of VHZ. 

The resultant nucleotide sequence may encode a polypeptide having any one or more 

VHZ activity. The term "homologue" may be intended to cover identity with respect to 

5 structure and/or function such that the resultant nucleotide sequence encodes a polypeptide 

which has VHZ activity. For example, a homologue etc of VHZ may have a increased 

expression level in colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, 

vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach 

cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer or testicular 
10 cancer cells compared to normal cells. With respect to sequence identity (i.e. similarity), there 

may be at least 70%, at least 75%, at least 85% or at least 90% sequence identity. There may 

be at least 95%, such as at least 98%, sequence identity to a relevant sequence (e.g., a VHZ 

sequence having GenBank accession number NM_017823.3). These terms also encompass 

allelic variations of the sequences. 

15 Variants, Derivatives and Homologues 
VHZ nucleic acid variants, fragments, derivatives and homologues may comprise 

DNA or RNA. They may be single-stranded or double-stranded. They may also be 

polynucleotides which include within them synthetic or modified nucleotides. A number of 

different types of modification to oligonucleotides are known in the art. These include 
20 methylphosphonate and phosphorothioate backbones, addition of acridine or polylysine chains 

at the 3' and/or 5' ends of the molecule. For the purposes of this document, it is to be 

understood that the polynucleotides may be modified by any method available in the art. Such 
modifications may be carried out in order to enhance the in vivo activity or life span of 
polynucleotides of interest. 

25 Where the polynucleotide is double-stranded, both strands of the duplex, either 

individually or in combination, are encompassed by the methods and compositions described 

here. Where the polynucleotide is single-stranded, it is to be understood that the 

complementary sequence of that polynucleotide is also included. 

The terms "variant", "homologue" or "derivative" in relation to a nucleotide sequence 

30 include any substitution of, variation of, modification of, replacement of, deletion of or 
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addition of one (or more) nucleic acid from or to the sequence. Said variant, homologues or 

derivatives may code for a polypeptide having biological activity. Such fragments, 

homologues, variants and derivatives of VHZ may comprise modulated activity, as set out 

above. 

5 As indicated above, with respect to sequence identity, a "homologue" may have at 

least 5% identity, at least 10% identity, at least 15% identity, at least 20% identity, at least 

25% identity, at least 30% identity, at least 35% identity, at least 40% identity, at least 45% 
identity, at least 50% identity, at least 55% identity, at least 60% identity, at least 65% 

identity, at least 70% identity, at least 75% identity, at least 80% identity, at least 85% 

10 identity, at least 90% identity, or at least 95% identity to the relevant sequence (e.g., a VHZ 
sequence having GenBank accession number NM_017823.3). 

There may be at least 95% identity, at least 96% identity, at least 97% identity, at least 

98% identity or at least 99% identity. Nucleotide identity comparisons may be conducted as 

described above. A sequence comparison program which may be used is the GCG Wisconsin 

15 Bestfit program described above. The default scoring matrix has a match value of 10 for each 

identical nucleotide and -9 for each mismatch. The default gap creation penalty is -50 and the 
default gap extension penalty is -3 for each nucleotide. 

Hybridisation 
We further describe nucleotide sequences that are capable of hybridising selectively to 

20 any of the sequences presented herein, or any variant, fragment or derivative thereof, or to the 

complement of any of the above. Nucleotide sequences may be at least 15 nucleotides in 
length, such as at least 20, 30,40 or 50 nucleotides in length. 

The term "hybridization" as used herein shall include "the process by which a strand 

of nucleic acid joins with a complementary strand through base pairing" as well as the process 
25 of amplification as carried out in polymerase chain reaction technologies. 

Polynucleotides capable of selectively hybridising to the nucleotide sequences 

presented herein, or to their complement, may be at least 40% homologous, at least 45% 

homologous, at least 50% homologous, at least 55% homologous, at least 60% homologous, at 

least 65% homologous, at least 70% homologous, at least 75% homologous, at least 80% 

30 homologous, at least 85% homologous, at least 90% homologous, or at least 95% homologous 
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to the corresponding nucleotide sequences presented herein (e.g., a VHZ sequence having 

GenBank accession number NM_017823.3). Such polynucleotides may be generally at least 

70%, at least 80 or 90% or at least 95% or 98% homologous to the corresponding nucleotide 

sequences over a region of at least 20, such as at least 25 or 30, for instance at least 40, 60 or 
5 100 or more contiguous nucleotides. 

The term "selectively hybridizable" means that the polynucleotide used as a probe is 

used under conditions where a target polynucleotide is found to hybridize to the probe at a 
level significantly above background. The background hybridization may occur because of 
other polynucleotides present, for example, in the cDNA or genomic DNA library being 

10 screening. In this event, background implies a level of signal generated by interaction between 

the probe and a non-specific DNA member of the library which is less than 10 fold, such as 

less than 100 fold as intense as the specific interaction observed with the target DNA. The 

intensity of interaction may be measured, for example, by radiolabeliing the probe, e.g. with 
32P or 33P or with non-radioactive probes (e.g., fluorescent dyes, biotin or digoxigenin). 
\ 

15 Hybridization conditions are based on the melting temperature (Tm) of the nucleic 
acid binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning 

Techniques, Methods in Enzymology, Vol 152, Academic Press, San Diego CA), and confer a 
defined "stringency" as explained below. 

Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the 

20 probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at about 

10°C to 20°C below Tm; and low stringency at about 20°C to 25°C below Tm. As will be 

understood by those of skill in the art, a maximum stringency hybridization can be used to 

identify or detect identical polynucleotide sequences while an intermediate (or low) stringency 

hybridization can be used to identify or detect similar or related polynucleotide sequences. 

25 We provide nucleotide sequences that may be able to hybridise to the VHZ nucleic 

acids, fragments, variants, homologues or derivatives under stringent conditions (e.g. 65°C 

and O.lxSSC (lxSSC = 0.15 M NaCl, 0.015 MNa3 Citrate pH 7.0)). 
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Generation of Homologues, Variants and Derivatives 
Polynucleotides which are not 100% identical to the relevant sequences (e.g., a human 

VHZ sequence having GenBank accession number NMJ317823.3) but which are also 

included, as well as homologues, variants and derivatives of VHZ can be obtained in a number 

5 of ways. Other variants of the sequences may be obtained for example by probing DNA 

libraries made from a range of individuals, for example individuals from different populations. 

For example, VHZ homologues may be identified from other individuals, or other species. 

Further recombinant VHZ nucleic acids and polypeptides may be produced by identifying 

corresponding positions in the homologues, and synthesising or producing the molecule as 

10 described elsewhere in this document. 

In addition, other viral/bacterial, or cellular homologues of VHZ, particularly cellular 

homologues found in mammalian cells (e.g. rat, mouse, bovine and primate cells), may be 

obtained and such homologues and fragments thereof in general will be capable of selectively 

hybridising to human VHZ. Such homologues may be used to design non-human VHZ nucleic 
15 etcids, fragments, variants and homologues. Mutagenesis-may be carried out by means known 

in the art to produce further variety. 

Sequences of VHZ homologues may be obtained by probing cDNA libraries made 

from or genomic DNA libraries from other animal species, and probing such libraries with 

probes comprising all or part of any of the VHZ nucleic acids, fragments, variants and 

20 homologues, or other fragments of VHZ under conditions of medium to high stringency. 

Similar considerations apply to obtaining species homologues and allelic variants of 
the polypeptide or nucleotide sequences disclosed here. 

Variants and strain/species homologues may also be obtained using degenerate PGR 

which will use primers designed to target sequences within the variants and homologues 

25 encoding conserved amino acid sequences within the sequences of the VHZ nucleic acids. 

Conserved sequences can be predicted, for example, by aligning the amino acid sequences 

from several variants,^homologues. Sequence alignments can be performed using computer 

software known in the art. For example the GCG Wisconsin PileUp program is widely used. 

30 

The primers used in degenerate PCR will contain one or more degenerate positions and 

will be used at stringency conditions lower than those used for cloning sequences with single 
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sequence primers against known sequences. It will be appreciated by the skilled person that 

overall nucleotide homology between sequences from distantly related organisms is likely to 

be very low and thus in these situations degenerate PCR may be the method of choice rather 

than screening libraries with labelled fragments the VHZ sequences. 

5 In addition, homologous sequences may be identified by searching nucleotide and/or 

protein databases using search algorithms such as the BLAST suite of programs. 

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of 
characterised sequences, for example, VHZ nucleic acids, or variants, homologues, derivatives 
or fragments thereof. This may be useful where for example silent codon changes are required 

10 to sequences to optimise codon preferences for a particular host cell in which the 

polynucleotide sequences are being expressed. Other sequence changes may be desired in 

order to introduce restriction enzyme recognition sites, or to alter the property or function of 

the polypeptides encoded by the polynucleotides. 

The polynucleotides described here may be used to produce a primer, e.g. a PCR 

15 primer, a primer for an alternative amplification reaction, a probe e.g. labelled with a 

revealing label by conventional means using radioactive or non-radioactive labels, or the 

polynucleotides may be cloned into vectors. Such primers, probes and other fragments will be 

at least 8, 9, 10, or 15, such as at least 20, for example at least 25, 30 or 40 nucleotides in 
length, and are also encompassed by the term "polynucleotides" as used herein. 

20 Polynucleotides such as a DNA polynucleotides and probes may be produced 

recombinantly, synthetically, or by any means available to those of skill in the art. They may 

also be cloned by standard techniques. 

In general, primers will be produced by synthetic means, involving a step wise 

manufacture of the desired nucleic acid sequence one nucleotide at a time. Techniques for 
25 accomplishing this using automated techniques are readily available in the art. 

Primers comprising fragments of VHZ are particularly useful in the methods of 

detection of VHZ expression, such as up-regulation of VHZ expression, for example, as 

associated with colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, 

vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach 
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cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular 

cancer. Suitable primers for amplification of VHZ may be generated from any suitable stretch 

of VHZ. Primers which may be used include those capable of amplifying a sequence of VHZ 
which is specific. 

5 Although VHZ primers may be provided on their own, they are most usefully provided 
as primer pairs, comprising a forward primer and a reverse primer. 

Longer polynucleotides will generally be produced using recombinant means, for 

example using a PCR (polymerase chain reaction) cloning techniques. This will involve 

making a pair of primers (e.g. of about 15 to 30 nucleotides), bringing the primers into contact 

10 with mRNA or cDNA obtained from an animal or human cell, performing a polymerase chain 

reaction under conditions which bring about amplification of the desired region, isolating the 

amplified fragment (e.g. by purifying the reaction mixture on an agarose gel) and recovering 

the amplified DNA. The primers may be designed to contain suitable restriction enzyme 
recognition sites so that the amplified DNA can be cloned into a suitable cloning vector 

15 Polynucleotides or primers may carry a revealing label. Suitable labels include 

radioisotopes such as 32P or 35S, digoxigenin, fluorescent dyes, enzyme labels, or other protein 

labels such as biotin. Such labels may be added to polynucleotides or primers and may be 

detected using by techniques known per se. Polynucleotides or primers or fragments thereof 
labelled or unlabeled may be used by a person skilled in the art in nucleic acid-based tests for 

20 detecting or sequencing polynucleotides in the human or animal body. 

Such tests for detecting generally comprise bringing a biological sample containing 

DNA or RNA into contact with a probe comprising a polynucleotide or primer under 
hybridising conditions and detecting any duplex formed between the probe and nucleic acid in 

the sample. Such detection may be achieved using techniques such as PCR or by immobilising 

25 the probe on a solid support, removing nucleic acid in the sample which is not hybridised to 

the probe, and then detecting nucleic acid which has hybridised to the probe. Alternatively, the 

sample nucleic acid may be immobilised on a solid support, and the amount of probe bound to 

such a support can be detected. Suitable assay methods of this and other formats can be found 
in for example WQ89/03891 and WG90/13667. 
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Tests for sequencing nucleotides, for example, the VHZ nucleic acids, involve 

bringing a biological sample containing target DNA or RNA into contact with a probe 

comprising a polynucleotide or primer under hybridising conditions and determining the 

sequence by, for example the Sanger dideoxy chain termination method (see Sambrook et al.). 

5 Such a method generally comprises elongating, in the presence of suitable reagents, 

the primer by synthesis of a strand complementary to the target DNA or RNA and selectively 

terminating the elongation reaction at one or more of an A, C, G or T/U residue; allowing 
strand elongation and termination reaction to occur; separating out according to size the 

elongated products to determine the sequence of the nucleotides at which selective termination 
10 has occurred. Suitable reagents include a DNA polymerase enzyme, the deoxynucleotides 

dATP, dCTP, dGTP and dTTP, a buffer and ATP. Dideoxynucleotides are used for selective 
termination. 

VHZ Control Regions 
For some purposes, it may be necessary to utilise or investigate control regions of 

15 VHZ. Such control regions include promoters, enhancers and locus control regions. By a 

control region we mean a nucleic acid sequence or structure which is capable of modulating 
the expression of a coding sequence which is operatively linked to it. 

For example, control regions are useful in generating transgenic animals expressing 

VHZ. Furthermore, control regions may be used to generate expression constructs for VHZ. 
20 This is described in further detail below. 

Identification of control regions of VHZ is straightforward, and may be carried out in a 

number of ways. For example, the coding sequence of VHZ may be obtained from an 

organism, by screening a cDNA library using a human or mouse VHZ cDNA sequence as a 

probe. 5' sequences may be obtained by screening an appropriate genomic library, or by 

25 primer extension as known in the art. Database searching of genome databases may also be 

employed. Such 5' sequences which are particularly of interest include non-coding regions. 

The 5' regions may be examined by eye, or with the aid of computer programs, to identify 

sequence motifs which indicate the presence of promoter and/or enhancer regions. 

Furthermore, sequence alignments may be conducted of VHZ nucleic acid sequences 

30 from two or more organisms. By aligning VHZ sequences from different species, it is possible 
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to determine which regions of the amino acid sequence are conserved between different 

species. Such conserved regions are likely to contain control regions for the gene in question 

(i.e., VHZ). The mouse and human genomic sequences as disclosed here, for example, a 

mouse VHZ genomic sequence, may be employed for this purpose. Furthermore, VHZ 

homologues from other organisms may be obtained using standard methods of screening using 

appropriate probes generated from the mouse and human VHZ sequences. The genome of the 

pufferfish (Takifugu rubripes) or zebrafish may also be screened to identify a VHZ 

homologue; thus, several zebrafish sequences of VHZ have been identified (noted above). 

Comparison of the 5' non-coding region of the Fugu or zebrafish VHZ gene with a mouse or 

human genomic VHZ sequence may be used to identify conserved regions containing control 
regions. 

Deletion studies may also be conducted to identify- promoter and/or enhancer regions 
for VHZ. 

The identity of putative control regions may be confirmed by molecular biology 

experiments, in which the candidate sequences are linked to a reporter gene and the expression 
of the reporter detected. 

DETECTION AND DIAGNOSTIC METHODS 

Detection of Expression of VHZ 
We show in the Examples that the expression of VHZ in colon cancer, lung cancer, 

squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic 

cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 

cancer, ovary cancer, prostate cancer and testicular cancer tissue is up-regulated when 

compared to normal tissue. 

Accordingly, we provide for a method of diagnosis of cancer, including colon cancer, 

lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer such as metastatic, 

aggressive or invasive cancer, comprising detecting modulation of expression of VHZ, such as 

up-regulation of expression of VHZ in a cell or tissue of an individual. 
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Detection of VHZ expression, activity or amount may be used to provide a method of 

determining the proliferative state of a cell. Thus, a proliferative cell is one with high levels of 

VHZ expression, activity or amount compared to a normal cell. Similarly, a non-proliferative 

cell may be one with low levels VHZ expression, activity or amount compared to a normal 

5 cell. 

Such detection may also be used to determine whether a cell will become invasive or 

aggressive. Thus, detection of a high level of VHZ expression, amount or activity of VHZ in 

the cell may indicate that the cell is likely to be or become aggressive, metastatic or invasive. 

Similarly, if a cell has a low level of VHZ expression, amount or activity, the cell is not or is 
10 not likely to be aggressive, metastatic or invasive. 

It will be appreciated that if the level of VHZ varies with the aggressiveness of a 

tumour, that detection of VHZ expression, amount or activity may also be used to predict a 
survival rate of an individual with cancer, i.e., high levels of VHZ indicating a lower survival 

r^te or probability and low levels of VHZ indicating a higher survival rate or probability, both 

15 as compared to individuals or cognate populations with normal levels of VHZ. Detection of 

expression, amount or activity of VHZ may therefore be used as a method of prognosis of an 
individual with cancer. 

Detection of VHZ expression, amount or level may be used to determine the likelihood 

of success of a particular therapy in an individual with a cancer. It may be used in a method of 

20 determining whether a tumour in an individual is, or is likely to be, an invasive or metastatic 
tumour. 

The diagnostic methods described in this document may be combined with the 

therapeutic methods described. Thus, we provide for a method of treatment, prophylaxis or 

alleviation of cancer in an individual, the method comprising detecting modulation of 

25 expression, amount or activity of VHZ in a cell of the individual and administering an 

appropriate therapy to the individual based on the aggressiveness of the tumour. The therapy 
may comprise an anti-VHZ agent as described above. 

Typically, physical examination of the tissue or organ and X-ray is used for the 

detection of colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 
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cervix arid penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

A biopsy of the tumour may be typically taken for histopathological examination for the 

diagnosis of cancers. Detection of VHZ expression, amount or activity can be used to 

5 diagnose, or further confirm the diagnosis of, such cancers, along with the standard 

histopathological procedures. This may be especially useful when the histopathological 
analysis does not yield a clear result. 

The presence and quantity of VHZ polypeptides and nucleic acids may be detected in a 

sample as described in further detail below. Thus, the VHZ associated diseases, including 
10 colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and 

penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder 

cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, can be 

diagnosed by methods comprising determining from a sample derived from a subject an 

abnormally decreased or increased expression, amount or activity, such as a increased 
15 expression, amount or activity, of the VHZ polypeptide or VHZ mRNA. 

The sample may comprise a cell or tissue sample from an organism or individual 

suffering or suspected to be suffering from a disease associated with increased, reduced or 

otherwise abnormal. VHZ expression, amount or activity, including spatial or temporal 

changes in level or pattern of expression, amount or activity. The level or pattern of 
20 expression, amount or activity of VHZ in an organism suffering from or suspected to be 

suffering from such a disease may be usefully compared with the level or pattern of 

expression, amount or activity in a normal organism as a means of diagnosis of disease. 

The sample may comprise a cell or tissue sample from an individual suffering or 

suspected to be suffering from colon cancer, lung cancer, squamous cell carcinoma including 

25 lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal 

cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate 

cancer and testicular cancer, such as a tissue or cell sample of any of those tissues or cells. 

In some embodiments, an increased level of expression, amount or activity of VHZ is 

detected in the sample. The level of VHZ may be increased to a significant extent when 

30 compared to normal cells, or cells known not to be cancerous. Such cells may be obtained 
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from the individual being tested, or another individual, such as those matched to the tested 
individual by age, weight, lifestyle, etc. 

In some embodiments, the level of expression, amount or activity of VHZ is increased 

by 10%, 20%, 30% or 40% or more. In some embodiments, the level of expression, amount or 

5 activity of VHZ is increased by 45% or more, such as 50% or more, as judged by cDNA 
hybridisation. 

The expression, amount or activity of VHZ may be detected in a number of ways, as 

known in the art, and as described in further detail below. Typically, the amount of VHZ in a 

sample of tissue from an individual is measured, and compared with a sample from an 

10 unaffected individual. Both VHZ nucleic acid, as well as VHZ polypeptide levels may be 

measured. 

Detection of the amount, activity or expression of VHZ may be used to grade colon 
cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis 

cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, 

15 kidney cancer, skin cancer, ovary cancer, prostate cancer or testicular cancer. For example, a 

high level of amount, activity or expression of VHZ may indicate an aggressive, invasive or 

metastatic cancer. Similarly, a low level of amount, activity or expression of VHZ may 
indicate a non-aggressive, non-invasive or non-metastatic cancer. 

Such a grading system may be used in conjunction with established grading systems 

20 such as the Elston-Ellis modified Scarff, Bloom, Richardson grading system, also known as 

the Nottingham grading system (NGS) (5, 6, Haybittle et al, 1982). This system is the most 

studied and widely used method of breast tumor grading. The NGS is based on a phenotypic 

scoring procedure that involves the microscopic evaluation of morphologic and cytologic 

features of tumor cells including degree of tubule formation, nuclear pleomorphism and 

25 mitotic count (6). The sum of these scores stratifies breast tumors into grade I (Gl) (well-

differentiated, slow-growing), grade II (G2) (moderately differentiated), and grade III (G3) 
(poorly-differentiated, highly-proliferative) malignancies. 

Levels of VHZ gene expression may be determined using a number of different 

techniques. 
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Measuring Expression of VHZ at the RNA level 
VHZ gene expression can be detected at the RNA level. 

In one embodiment therefore, we disclose a method of detecting the presence of a 

nucleic acid comprising a VHZ nucleic acid in a sample, by contacting the sample with at 

5 least one nucleic acid probe which is specific for the VHZ nucleic acid and monitoring said 

sample for the presence of the VHZ nucleic acid. For example, the nucleic acid probe may 

specifically bind to the VHZ nucleic acid, or a portion of it, and binding between the two 
detected; the presence of the complex itself may also be detected. 

Thus, in one embodiment, the amount of VHZ nucleic acid in the form of VHZ mRNA 

10 may be measured in a sample. VHZ mRNA may be assayed by in situ hybridization, Northern 

blotting and reverse transcriptase—polymerase chain reaction. Nucleic acid sequences may be 

identified by in situ hybridization, Southern blotting, single strand conformational 

polymorphism, PCR amplification and DNA-chip analysis using specific primers. (Kawasaki, 

1990; Sambrook, 1992; Lichter et al, 1990; Orita et al, 1989; Fodor et al., 1993; Pease et al., 
15 1994). 

VHZ RNA may be extracted from cells using RNA extraction techniques including, 

for example, using acid phenol/guanidine isothiocyanate extraction (RNAzol B; Biogenesis), 

or RNeasy RNA preparation kits (Qiagen).Typical assay formats utilising ribonucleic acid 

hybridisation include nuclear run-on assays, RT-PCR and RNase protection assays (Melton et 
20 al, Nuc. Acids Res. 12:7035. Methods for detection which can be employed include 

radioactive labels, enzyme labels, chemiluminescent labels, fluorescent labels and other 
suitable labels. 

Each of these methods allows quantitative determinations to be made, and are well 

known in the art. Decreased or increased VHZ expression, amount or activity can therefore be 

25 measured at the RNA level using any of the methods well known in the art for the quantitation 

of polynucleotides. Any suitable probe from a VHZ sequence, for example, any portion of a 

suitable human VHZ sequence may be used as a probe. Sequences for designing VHZ probes 
may include a sequence having accession number NM_015472, or a portion thereof. 
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Typically, RT-PCR is used to amplify RNA targets. In this process, the reverse 

transcriptase enzyme is used to convert RNA to complementary DNA (cDNA) which can then 

be amplified to facilitate detection. 

Many DNA amplification methods are known, most of which rely on an enzymatic 

5 chain reaction (such as a polymerase chain reaction, a ligase chain reaction, or a self-sustained 

sequence replication) or from the replication of all or part of the vector into which it has been 

cloned. 

Many target and signal amplification methods have been described in the literature, for 
example, general reviews of these methods in Landegren, U. et al., Science 242:229-237 

10 (1988) and Lewis, R., Genetic Engineering News 10:1, 54-55 (1990). 

For example, the polymerase chain reaction may be employed to detect VHZ mRNA. 

The "polymerase chain reaction" or "PCR" is a nucleic acid amplification method 

described inter alia in U.S. Pat. Nos. 4,683,195 and 4,683,202. PCR can be used to amplify 

any known nucleic acid in a diagnostic context (Mok et al., 1994, Gynaecologic Oncology 
15 52:247-252). Self-sustained sequence replication (3SR) is a variation of TAS, which involves 

the isothermal amplification of a nucleic acid template via sequential rounds of reverse 

transcriptase (RT), polymerase and nuclease activities that are mediated by an enzyme 

cocktail and appropriate oligonucleotide primers (Guatelli et al., 1990, Proc. Natl. Acad. Sci. 
USA 87:1874). Ligation amplification reaction or ligation amplification system uses DNA 

20 ligase and four oligonucleotides, two per target strand. This technique is described by Wu, D. 

Y. and Wallace, R. B., 1989, Genomics 4:560. In the Q(3 Replicase technique, RNA replicase 

for the bacteriophage Qp, which replicates single-stranded RNA, is used to amplify the target 

DNA, as described by Lizardi et al., 1988, Bio/Technology 6:1197. 

A PCR procedure basically involves: (1) treating extracted DNA to form single-

25 stranded complementary strands; (2) adding a pair of oligonucleotide primers, wherein one 

primer of the pair is substantially complementary to part of the sequence in the sense strand 

and the other primer of each pair is substantially complementary to a different part of the same 

sequence in the complementary antisense strand; (3) annealing the paired primers to the 

complementary sequence; (4) simultaneously extending the annealed primers from a 3' 
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terminus of each primer to synthesize an extension product complementary to the strands 

annealed to each primer wherein said extension products after separation from the 

complement serve as templates for the synthesis of an extension product for the other primer 

of each pair; (5) separating said extension products from said templates to produce single-

5 stranded molecules; and (6) amplifying said single-stranded molecules by repeating at least 
once said annealing, extending and separating steps. 

Reverse transcription-polymerase chain reaction (RT-PCR) may be employed. 

Quantitative RT-PCR may also be used. Such PCR techniques are well known in the art, and 
may employ any suitable primer from a VHZ sequence. 

10 Alternative amplification technology can also be exploited. For example, rolling circle 

amplification (Lizardi et al., 1998, Nat Genet 19:225) is an amplification technology available 
commercially (RCAT™) which is driven by DNA polymerase and can replicate circular 
oligonucleotide probes with either linear or geometric kinetics under isothermal conditions. A 

further technique, strand displacement amplification (SDA; Walker et al, 1992, Proc. Natl 
15 Acad. Sci. USA 80:392) begins with a specifically defined sequence unique to a specific target. 

Measuring Expression of VHZ at the Polypeptide Level 
VHZ expression can be detected at the polypeptide level. 

In a further embodiment, therefore, VHZ expression, amount or activity may be 

detected by detecting the presence or amount of VHZ polypeptide in a sample. This may be 

20 achieved by using molecules which bind to VHZ polypeptide. Suitable molecules/agents 

which bind either directly or indirectly to the VHZ polypeptide in order to detect its presence 

include naturally occurring molecules such as peptides and proteins, for example antibodies, 
or they may be synthetic molecules. 

Thus, we disclose a method of detecting the presence of a VHZ polypeptide by 

25 contacting a cell sample with an antibody capable of binding the polypeptide and monitoring 

said sample for the presence of the polypeptide. 

For example, the VHZ polypeptide may be detected using an anti-VHZ antibody. Such 

antibodies may be made by means known in the art (as described in further detail below). For 

example, an anti-VHZ antibody may comprise any commercially available antibody to VHZ, 
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such as but not limited to chicken anti-human VHZ antibody (catalogue numbers LS-C32281, 

amino acids 35 to 90, LS-C42458, LS-A6806 and LS-A6803, LS-C32281, LifeSpan Inc, 

Seattle, Washington, USA), rabbit anti-human VHZ antibody (catalogue number DS-PB-

00676, RayBiotech Inc, Norcross, Georgia, USA), chicken anti-human VHZ antibody 

5 (catalogue number XW-7857, ProSci Incorporated, Poway, California, USA), rabbit anti-
human VHZ antibody (catalogue number F4560 and D9840-66A, United States Biological, 
Swampscott, Massachusetts, USA), chicken anti-human VHZ antibody (catalogue number 

D9840-66, United States Biological, Swampscott, Massachusetts, USA), rabbit anti-human 

VHZ antibody (catalogue number AHPI 142, AdB Serotec, Oxford, United Kingdom), rabbit 

10 anti-human VHZ antibody (catalogue number NB110-40452, Novus Biologicals, Littleton, 

Colorado, USA), chicken anti-human VHZ antibody (catalogue number NB100-75328, Novus 

Biologicals, Littleton, Colorado, USA). 

This may conveniently be achieved by monitoring the presence of a complex formed 

between the antibody and the polypeptide, or monitoring the binding between the polypeptide 

15 and the antibody. Methods of detecting binding between-two entities are known in the art, and 
include FRET (fluorescence resonance energy transfer), surface plasmon resonance, etc. 

Standard laboratory techniques such as immunoblotting as described above can be 
used to detect altered levels of VHZ protein, as compared with untreated cells in the same cell 
population. 

20 Gene expression may also be determined by detecting changes in post-translational 

processing of VHZ polypeptides or post-transcriptional modification of VHZ nucleic acids. 

For example, differential phosphorylation of VHZ polypeptides, the cleavage of VHZ 

polypeptides or alternative splicing of VHZ RNA, and the like may be measured. Levels of 

expression of gene products such as VHZ polypeptides, as well as their post-translational 

25 modification, may be detected using proprietary protein assays or techniques such as 2D 
polyacrylamide gel electrophoresis. 

Assay techniques that can be used to determine levels of VHZ protein in a sample 

derived from a host are well-known to those of skill in the art. Antibodies can be assayed for 
immunospecific binding by any method known in the art. 
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The immunoassays which can be used include but are not limited to competitive and 

non-competitive assay systems using techniques such as western blots, radioimmunoassays, 
ELISA, sandwich immunoassays, immunoprecipitation assays, precipitin reactions, gel 
diffusion precipitin reactions, immunodiffusion assays, agglutination assays, complement-

5 fixation assays, immunoradiometric assays, fluorescent immunoassays and protein A 

immunoassays. Such assays are routine in the art (see, for example, Ausubel et al., eds, 1994, 

Current Protocols in Molecular Biology, Vol. I, John Wiley & Sons, Inc., New York, which 
is incorporated by reference herein in its entirety). 

The specimen may be assayed for polypeptides/proteins by immunohistochemical and 

10 immunocytochemical staining (see generally Stites and Terr, Basic and Clinical Immunology, 

Appleton and Lange, 1994), ELISA, R1A, immunoblots, Western blotting, 

immunoprecipitation, functional assays and protein truncation test. Other assay methods 

include radioimmunoassays, competitive-binding assays, Western Blot analysis and ELISA 
assays. 

t 

15 ELISA assays are well known to those skilled in the art. Both polyclonal and 

monoclonal antibodies may be used in the assays. Where appropriate other immunoassays, 

such as radioimmunoassays (RIA) may be used as are known to those in the art. Available 
immunoassays are extensively described in the patent and scientific literature. See, for 
example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 

20 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 
5,011,771 and 5,281,521 as well as Sambrook et al, 1992. 

Diagnostic Kits 
We also provide diagnostic kits for detecting colon cancer, lung cancer, squamous cell 

carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

25 cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 
cancer, prostate cancer and testicular cancer in an individual, or susceptibility to such a cancer 
in an individual. 

The diagnostic kit may comprise means for detecting expression, amount or activity of 

VHZ in the individual, by any means as described in this document. The diagnostic kit may 

30 therefore comprise any one or more of the following: a VHZ polynucleotide or a fragment 
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VHZ polypeptide or a fragment thereof, or an antibody to a VHZ, such as comprising an anti-
VHZ antibody against VHZ, e.g., an anti-peptide antibody human VHZ antibody. 

The diagnostic kit may comprise instructions for use, or other indicia. The diagnostic 

5 kit may further comprise means for treatment or prophylaxis of colon cancer, lung cancer, 

squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic 

cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 
cancer, ovary cancer, prostate cancer or testicular cancer, such as any of the compositions 

described in this document, or any means known in the art for treating such cancers. In 

10 particular, the diagnostic kit may comprise an anti-VHZ agent as described, for example 

obtained by screening. The diagnostic kit may comprise a therapeutic drug such as Tamoxifen 

(Nolvadex) or its variants such as tamoxifen, tamoxifen citrate or any other antiestrogen or 
estrogen blocker. The therapeutic drug may also comprise an anti-VHZ antibody. 

PROPHYLACTIC AND THERAPEUTIC METHODS 

15 We disclose methods of treating an abnormal conditions, such as colon cancer, lung 

cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, related to insufficient 

amounts of VHZ expression or activity. Methods of preventing such cancers (i.e., 
20 prophylaxis) also suitably employ the same or similar approaches. 

In general terms, our methods involve manipulation of cancer cells, by modulating 

(such as down-regulating) the expression, amount or activity of VHZ in the cell. A step of 

detecting modulated VHZ expression, amount or activity in a cell may be conducted before or 

after the manipulation step. The detection step may detect up-regulated or down-regulated 

25 VHZ expression, amount or activity. Any of the methods of modulating or down-regulating 

VHZ, as described in detail elsewhere in this document, may be used. 

The method may comprise exposing the cell to a suitable siRNA, shRNA or chimera 

RNAi. For example, a DUSP23 Pre-design Chimera RNAi (catalogue number H00054935-

R01, Novus Biologicals, Littleton, Colorado, USA) may be employed to down-regulate VHZ 

30 mRNA expression. Chimera RNA interference (chimera RNAi) is process by which small 
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Chimer RNAi is described in detail in Ui-Tei K et al., 2008, Nucleic Acids Res., April 

36: 2136 - 2151, Naito al. Nucleic Acids Res., Jul 2005; 33: W589 - W59I, Ui-Tei K et a 1., 

2004, Nucleic Acids Res. 2004 Feb 9;32(3):936-48 and Naito et al. Nucleic Acids Res. 2004 
5 Jul 1;32 (Web Server issue):W124-9. 

The method may comprise exposing the cell to an anti-VHZ antibody capable of 

specifically binding to VHZ. Such an antibody may comprise any commercially available 

anti-VHZ antibody, as set out above. 

According to our methods, the cancer ceil becomes non-cancerous or the invasive or 

10 metastatic cancer cell becomes non-invasive or non-metastatic as a result of the manipulation. 

The cancer may in particular comprise colon cancer, lung cancer, squamous cell carcinoma 
including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, 
oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovaiy cancer, 
prostate cancer and testicular cancer. It may comprise invasive or metastatic cancer. 

15 As VHZ is associated with aggressiveness and invasiveness of colon cancer, lung 

cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 
cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, the level of VHZ may 

be detected in a cell of an individual with cancer, in a cancer or non-cancer cell, and the 

20 aggressiveness of the cancer assessed. A high level of VHZ amount, expression or activity 

compared with a normal cell indicates an aggressive or invasive cancer, and a stronger or 

harsher therapy may therefore be required and chosen. Similarly, a lower level may indicate a 
less aggressive or invasive therapy. 

The approaches described here may be used for therapy of any VHZ related disease in 
25 general. VHZ related diseases include proliferative diseases and in particular include cancer. 

For example, a VHZ related disease may include colon cancer, lung cancer, squamous cell 

carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 

cancer, prostate cancer and testicular cancer, such as metastatic, invasive or aggressive colon 

30 cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis 
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cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, 

kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

A VHZ related disease is defined as being "treated" if a condition associated with the 

disease is significantly inhibited (i.e., by 50% or more) relative to controls. The inhibition may 

5 be by at least 75% relative to controls, such as by 90%, by 95% or 100% relative to controls. 
The condition may comprise cell proliferation, or it may comprise cell cycle time, cell 

number, cell migration, cell invasiveness, etc. By the term "treatment" we mean to also 
include prophylaxis or alleviation of cancer. 

VHZ polypeptide represents a target for inhibition of its function for therapy, 
10 particularly in tumour cells and other proliferative cells. 

The term proliferative disorder is used herein in a broad sense to include any disorder 

that requires control of the ceil cycle. In particular, a proliferative disorder includes malignant 

and pre-neoplastic disorders. The methods and compositions described here are especially 

u'seful in relation to treatment or diagnosis of adenocarcinomas such as: small cell lung cancer, 

15 and cancer of the kidney, uterus, prostrate, bladder, ovary, colon and breast. For example, 

malignancies which may be treatable include acute and chronic leukemias, lymphomas, 

myelomas, sarcomas such as Fibrosarcoma, myxosarcoma, liposarcoma, 

lymphangioendotheliosarcoma, angiosarcoma, endotheliosarcoma, chondrosarcoma, 

osteogenic sarcoma, chordoma, lymphangiosarcoma, synovioma, mesothelioma, 

20 leimyosarcoma, rhabdomyosarcoma, colon carcinoma, ovarian cancer, prostate cancer, 
pancreatic cancer, breast cancer, squamous cell carcinoma, basal cell carcinoma, 
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma, 

papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic 

carcinoma, choriocarcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma seminoma, 

25 embryonal carcinoma, cervical cancer, testicular tumour, lung carcinoma, small cell lung 
carcinoma, bladder carcinoma, epithelial carcinoma, glioma, astrocytoma, ependymoma, 
pinealoma, hemangioblastoma, acoustic neuoma, medulloblastoma, craniopharyngioma, 
oligodendroglioma, menangioma, melanoma, neuroblastoma and retinoblastoma. 

The methods and compositions described here may be used for the treatment or 

30 diagnosis of brain, oesophagus, stomach, skin and testis cancer. They may be used for the 
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treatment or diagnosis of squamous ceil carcinomas such as lip, larynx, vulva, cervix, penis 

cancers etc. 

One possible approach for therapy of such disorders is to express anti-sense constructs 

directed against VHZ polynucleotides as described here, and administering them to tumour 

5 cells, to inhibit gene function and prevent the tumour cell from growing or progressing. 

Anti-sense constructs may be used to inhibit gene function to prevent growth or 

progression in a proliferative cell. Antisense constructs, i.e., nucleic acid, such as RNA, 

constructs complementary to the sense nucleic acid or mRNA, are described in detail in US 

6,100,090 (Monia et al), andNeckers et al, 1992, Crit Rev Oncog 3(1-2): 175-231, the 
10 teachings of which document are specifically incorporated by reference. 

In a particular example, colon cancer, lung cancer, squamous cell carcinoma including 

lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal 

cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate 
cancer or testicular cancer may be treated or prevented by reducing the amount, expression or 

15 activity of VHZ in whole or in part, for example by siRNAs capable of binding to and 

destroying VHZ mRNA. We specifically provide for an anti-VHZ agent which downregulates 

VHZ by RNA interference. The anti-VHZ agent may comprise a Small Interfering RNA 

(siRNA) or Short Hairpin RNA (shRNA). It may comprise a chimera RNAi, such as a 

DUSP23 Pre-design Chimera RNAi (catalogue number H00054935-R01, Novus Biologicals, 
20 Littleton, Colorado, USA). 

RNA interference (RNAi) is a method of post transcriptional gene silencing (PTGS) 

induced by the direct introduction of double-stranded RNA (dsRNA) and has emerged as a 

useful tool to knock out expression of specific genes in a variety of organisms. RNAi is 

described by Fire et al, Nature 391:806-811 (1998). Other methods of PTGS are known and 
25 include, for example, introduction of a transgene or virus. Generally, in PTGS, the transcript 

of the silenced gene is synthesised but does not accumulate because it is rapidly degraded. 

Methods for PTGS, including RNAi are described, for example, in the Ambion.com world 

wide web site, in the directory "/hottopics/", in the "mai" file. 
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Suitable methods for RNAi in vitro are described herein. One such method involves 

the introduction of siRNA (small interfering RNA). Current models indicate that these 21-23 

nucleotide dsRNAs can induce PTGS. Methods for designing effective siRNAs are described, 

for example, in the Ambion web site described above. RNA precursors such as Short Hairpin 

5 RNAs (shRNAs) can also be encoded by all or a part of the VHZ nucleic acid sequence. 

Alternatively, double-stranded (ds) RNA is a powerful way of interfering with gene 

expression in a range of organisms that has recently been shown to be successful in mammals 

(Wianny and Zernicka-Goetz, 2000, Nat Cell Biol 2:70-75). Double stranded RNA 

corresponding to the sequence of a VHZ polynucleotide can be introduced into or expressed in 
10 oocytes and cells of a candidate organism to interfere with VHZ activity. 

Other methods of modulating VHZ gene expression are known to those skilled in the 

art and include dominant negative approaches. Thus, another approach is to use non­

functional variants of VHZ polypeptide in this document that compete with the endogenous 

gene product resulting in inhibition of function. One example of a non-functional variant of 

15 VHZ is a mutation to cysteine at a position 95 of (or corresponding to) the human sequence. 

The Examples show the generation and use of a C95S variant of VHZ which is defective in 

phosphatase and associated biological activities. 

VHZ gene expression may also be modulated by as introducing peptides or small 
molecules which inhibit gene expression or functional activity. Thus, compounds identified by 

20 the assays described here as binding to or modulating, such as down-regulating, the amount, 

activity or expression of VHZ polypeptide may be administered to tumour or proliferative 

cells to prevent the function of VHZ polypeptide. Such a compound may be administered 

along with a pharmaceutical^ acceptable carrier in an amount effective to down-regulate 

expression or activity VHZ, or by activating or down-regulating a second signal which 

25 controls VHZ expression, activity or amount, and thereby alleviating the abnormal condition. 

Suitable antibodies against VHZ polypeptide as described herein may also be used as 

therapeutic agents. An anti-VHZ antibody may comprise a rabbit anti-VHZ antibody against 

VHZ. Furthermore, the anti-VHZ antibody may comprise any one or more of the following: 

chicken anti-human VHZ antibody (catalogue numbers LS-C32281, amino acids 35 to 90, LS-

30 C42458, LS-A6806 and LS-A6803, LS-C32281, LifeSpan Inc, Seattle, Washington, USA), 
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rabbit anti-human VHZ antibody (catalogue number DS-PB-00676, RayBiotech Inc, 

Norcross, Georgia, USA), chicken anti-human VHZ antibody (catalogue number XW-7857, 

ProSci Incorporated, Poway, California, USA), rabbit anti-human VHZ antibody (catalogue 

number F4560 and D9840-66A, United States Biological, Swampscott, Massachusetts, USA), 

5 chicken anti-human VHZ antibody (catalogue number D9840-66, United States Biological, 
Swampscott, Massachusetts, USA), rabbit anti-human VHZ antibody (catalogue number 
AHPI 142, AdB Serotec, Oxford, United Kingdom), rabbit anti-human VHZ antibody 

(catalogue number NB110-40452, Novus Biologicals, Littleton, Colorado, USA), chicken 
anti-human VHZ antibody (catalogue number NB100-75328, Novus Biologicals, Littleton, 

10 Colorado, USA). 

Alternatively, gene therapy may be employed to control the endogenous production of 

VHZ by the relevant cells such as colon, lung, squamous cell including lip, larynx, vulva, 

cervix and penis, pancreatic, brain, oesophageal, stomach, bladder, kidney, skin, ovary, 

prostate and testicular cells in the subject. For example, a polynucleotide encoding a VHZ 
15 siRNA or a portion of this may be engineered for expression in a replication defective 

retroviral vector, as discussed below. The retroviral expression construct may then be isolated 

and introduced into a packaging cell transduced with a retroviral plasmid vector containing 

RNA encoding an anti-VHZ siRNA such that the packaging cell now produces infectious viral 

particles containing the sequence of interest. These producer cells may be administered to a 
20 subject for engineering cells in vivo and regulating expression of the VHZ polypeptide in vivo. 

For overview of gene therapy, see Chapter 20, Gene Therapy and other Molecular Genetic-

based Therapeutic Approaches, (and references cited therein) in Human Molecular Genetics, 

T Strachan and A P Read, BIOS Scientific Publishers Ltd (1996). 

In some embodiments, the level of VHZ is decreased in a colon, lung, squamous cell 

25 including lip, larynx, vulva, cervix and penis, pancreatic, brain, oesophageal, stomach, 

bladder, kidney, skin, ovary, prostate and testicular cell. Furthermore, in such embodiments, 

treatment may be targeted to, or specific to, such cells. The expression of VHZ may be 

specifically decreased only in diseased cells (i.e., those cells which are cancerous), and not 

substantially in other non-diseased cells. In these methods, expression of VHZ may be not 

30 substantially reduced in other cells, i.e., cells which are not colon, lung, squamous cell 

including lip, larynx, vulva, cervix and penis, pancreatic, brain, oesophageal, stomach, 
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bladder, kidney, skin, ovary, prostate and testicular cells. Thus, in such embodiments, the 

level of VHZ remains substantially the same or similar in such cells in the course of or 

following treatment. 

Colon, lung, squamous cell including lip, larynx, vulva, cervix and penis, pancreatic, 

5 brain, oesophageal, stomach, bladder, kidney, skin, ovary, prostate and testicular cell specific 

reduction of VHZ levels may be achieved by targeted administration, i.e., applying the 

treatment only to only such cells and not other cells. However, in other embodiments, down-
regulation of VHZ expression in such cells (and not substantially in other cell or tissue types) 

is employed. Such methods may advantageously make use of tissue or organ specific 
10 expression vectors, for tissue or organ specific expression of for example siRNAs, as 

described in further detail below. 

Tissue-specific Expression of a Transgene (anti-VHZ siRNA) 
Cancer gene therapy has to selectively target tumour tissues so as to reduce undesired 

side effects in normal tissue. Targeting transgene expression to malignant tissues requires the 

15 use of specific regulatory elements including promoters based on tumour biology, tissue-
specific promoters and inducible regulatory elements (Al). 

Promoters based on Tumour Biology 
Certain genes are upregulated in colon cancer, lung cancer, squamous cell carcinoma 

including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, 

20 oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, 

prostate cancer and testicular cancerr. The promoters of these genes can be used to drive 

tumour-selective expression of a transgene using a recombinant replication-defective 

retroviral vectors. Examples of such genes for breast cancer include the vascular endothelial 

growth factor (VEGF), vascular endothelial growth factor receptor-1 (VEGFR-1) and 

25 VEGFR-2, which are known to be upregulated in breast cancer in a tumour-stage dependent 

manner (A2). c-erbB2 oncogene is selectively upregulated in breast carcinomas (A3, A6). L-

plastin, a human actin-bindng protein is constitutively and abundantly expressed in malignant 

epithelial cells but not in normal tissue, except for low-level expression in mature 

hematopoietic cells (A4). Anti-apoptotic gene Bcl-2 has been found to be upregulated in 

30 breast cancer cells (A5). Human breast tumours express high levels of MUC1 compared to 

normal breast tissues (A7). 
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Tissue Specific Promoters 
Certain genes are expressed specifically in breast tissues. Examples of such genes are 

the human a-iactalbumin (ALA) and ovine (3-iactoglobulin (BLG). The promoters of such 

genes can be used to drive the expression of transgenes in adenoviral vectors in a breast 

5 cancer cell-specific manner (A8). Gene therapy for breast carcinoma may be approached by 

tailoring a virus with affinity to this tissue, such as the mouse mammary tumour virus 

(MMTV). The glucorticoid-responsive long terminal repeats (LTR) of this retrovirus can be 

used as promoter for glucocorticoid-induced the expression of a transgene (A9). 

Inducible Promoters 
10 Inducible promoters are used as mediators of transient transgene expression. Various 

stress genes are upregulated in breast tumours upon irradiation or chemotherapeutic treatment. 
Examples of such stress genes are heat shock protein (HSP) (A 10) and multidrug resistance 

gene-1 (MDR-1) (Al 1). The promoters of these genes can therefore be used to drive the 

tumour specific expression of a transgene in breast cancers that have been subjected to 

15 irradiation or chemotherapy. 

Transcriptionally targeted gene therapy is usually achieved by direct intratumour 

injection of a replication-defective adenoviral expression vector containing the transgene of 

interest (A6, A12, A13). The transgene can also be delivered by intratumoural injection as a 
lipid complex with cationic liposomes (A 14, A15). 

20 CANCERS 

According to the methods and compositions described here, VHZ is useful for 

diagnosing or treating colon cancer, lung cancer, squamous cell carcinoma including lip, 

larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, 

stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and 

25 testicular cancer. Where this document refers to "cancer", this should be taken to include 

metastatic, aggressive or invasive cancer. For example, the cancer may be a cancer associated 

with VHZ over-expression. By this we mean that a cancer cell of the cancer in question 

displays an elevated level of expression or activity (or both) of VHZ, as compared to a non-

cancer cell. 
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Diagnosis 
Our diagnostic methods may be used in conjunction with any known method of 

diagnosis of colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 

cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 
5 bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

Treatment 
Known treatments for colon cancer, lung cancer, squamous cell carcinoma including 

lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal 
cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate 

10 cancer and testicular cancer may consist of any one or more of the following: surgery, 

radiation therapy, chemotherapy, high-dose chemotherapy, hormonal therapy and 

immunotherapy. Accordingly, any of the treatment methods described here may be combined 

with any one or more of the preceding known therapies. In addition, any one or more of the 

following general therapies known to be effective for treatment or alleviation of cancer may 

15 be used. 

Nonspecific Immunomodulating Agents 
Nonspecific immunomodulating agents are substances that stimulate or indirectly 

augment the immune system. Often, these agents target key immune system cells and cause 

secondary responses such as increased production of cytokines and immunoglobulins. Two 

20 nonspecific immunomodulating agents used in cancer treatment are bacillus Calmette-Guerin 
(BCG) and levamisole. The anti-VHZ agents described here may be used in conjunction with 

any of such nonspecific immunomodulating agents. 

Biological Response Modifiers 
Some antibodies, cytokines, and other immune system substances can be produced in 

25 the laboratory for use in cancer treatment. These substances are often called biological 

response modifiers (BRMs). They alter the interaction between the body's immune defenses 

and cancer cells to boost, direct, or restore the body's ability to fight the disease. BRMs 

include interferons, interleukins, colony-stimulating factors, monoclonal antibodies, and 

vaccines. The anti-VHZ agents described here may be used in conjunction with any of such 

30 biological response modifiers. 
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Interferons (IFN) 
There are three major types of interferons—interferon alpha, interferon beta, and 

interferon gamma; interferon alpha is the type most widely used in cancer treatment. 

Interferons can improve the way a cancer patient's immune system acts against cancer 

5 cells. In addition, interferons may act directly on cancer cells by slowing their growth or 

promoting their development into cells with more normal behavior. Some interferons may also 

stimulate NK cells, T cells, and macrophages, boosting the immune system's anticancer 

function. 

The anti-VHZ agents described here may be used in conjunction with any of such 
10 interferons. 

Interleukins (IL) 
Like interferons, interleukins are cytokines that occur naturally in the body. Many 

interleukins have been identified; interleukin-2 (IL-2 or aldesleukin) has been the most 

widely studied in cancer treatment. IL-2 stimulates the growth and activity of many immune 
15 cells, such as lymphocytes, that can destroy cancer cells. 

The anti-VHZ agents described here may be used in conjunction with any of such 
interleukins. 

Colony-Stimulating Factors (CSFs) 
Colony-stimulating factors (CSFs) (sometimes called hematopoietic growth factors) 

20 usually do not directly affect tumor cells; rather, they encourage bone marrow stem cells to 
divide and develop into white blood cells, platelets, and red blood cells. Bone marrow is 

critical to the body's immune system because it is the source of all blood cells. 

G-CSF (filgrastim) and GM-CSF (sargramostim) can increase the number of white 

blood cells, thereby reducing the risk of infection in patients receiving chemotherapy. G-CSF 

25 and GM-CSF can also stimulate the production of stem cells in preparation for stem cell or 

bone marrow transplants; Erythropoietin can increase the number of red blood cells and 

reduce the need for red blood cell transfusions in patients receiving chemotherapy; and 
Oprelvekin can reduce the need for platelet transfusions in patients receiving chemotherapy. 
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The anti-VHZ agents described here may be used in conjunction with any of such 
colony-stimulating factors. 

Monoclonal Antibodies (MOABs) 
The anti-VHZ agents described here may be used in conjunction with monoclonal 

5 antibodies known to be useful for treating colon cancer, lung cancer, squamous cell carcinoma 

including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, 

oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, 

prostate cancer and testicular cancer. 

COLON CANCER 

10 Lung cancer is described in detail in US Patent 5,861,494, from which the following 
paragraphs are adapted. 

The gastrointestinal tract is the most common site of both newly diagnosed cancers 

and fatal cancers occurring each year in the USA, the figures being somewhat higher for men 
than for women. 

15 The incidence of colon cancer in the USA is increasing, while that of gastric cancer is 
decreasing, cancer of the small intestine is rare. The incidence of gastrointestinal cancers 

varies geographically. Gastric cancer is common in Japan and uncommon in the United States, 

whereas colon cancer is uncommon in Japan and common in the USA. An environmental 

etiologic factor is strongly suggested by the statistical data showing that people who move to a 

20 high-risk area assume the high risk. Some of the suggested etiologic factors for gastric cancer 

include aflatoxin, a carcinogen formed by aspergillus flavus and present in contaminated food, 

smoked fish, alcohol, and Vitamin A and magnesium deficiencies. A diet high in fat and low 

in bulk, and, possibly, degradation products of sterol metabolism may be the etiologic factors 

for colon cancer. Certain disorders may predispose to cancer, for example, pernicious anemia 

25 to gastric cancer, untreated non-tropical sprue and immune defects to lymphoma and 

carcinoma, and ulcerative and granulomatous colitis, isolated polyps, and inherited familial 
polyposis to carcinoma of the colon. 

The most common tumor of the colon is adenomatous polyp. Primary lymphoma is 
rare in the colon and most common in the small intestine. 
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Adenomatous polyps are the most common benign gastrointestinal tumors. They occur 

throughout the GI tract, most commonly in the colon and stomach, and are found more 

frequently in males than in females. They may be single, or more commonly, multiple, and 

sessile or pedunculated. They may be inherited, as in familial polyposis and Gardener's 

5 syndrome, which primarily involves the colon. Development of colon cancer is common in 

familial polyposis. Polyps often cause bleeding, which may occult or gross, but rarely cause 

pain unless complications ensue. Papillary adenoma, a less common form found only in the 

colon, may also cause electrolyte loss and mucoid discharge. 

A malignant tumor includes a carcinoma of the colon which may be infiltrating or 

10 exophytic and occurs most commonly in the rectosigmoid. Because the content of the 
ascending colon is liquid, a carcinoma in this area usually does not cause obstruction, but the 

patient tends to present late in the course of the disease with anemia, abdominal pain, or an 

abdominal mass or a palpable mass. 

The prognosis with colonic tumors depends on the degree of bowel wall-invasion and 

15 on the presence of regional lymph node involvement and distant metastases. The prognosis 
with carcinoma of the rectum and descending colon is quite unexpectedly good. Cure rates of 

80 to 90% are possible with early resection before nodal invasion develops. For this reason, 

great care must be taken to exclude this disease when unexplained anemia, occult 

gastrointestinal bleeding, or change in bowel habits develop in a previously healthy patient. 

20 Complete removal of the lesion before it spreads to the lymph nodes provides the best chance 

of survival for a patient with cancer of the colon. Detection in an asymptomatic patient by 
occult-bleeding, blood screening results in the highest five year survival. 

Clinically suspected malignant lesions can usually be detected radiologically. Polyps 

less than 1 cm can easily be missed, especially in the upper sigmoid and in the presence of 

25 diverticulosis. Clinically suspected and radiologically detected lesions in the esophagus, 

stomach or colon can be confirmed by fiber optic endoscopy combined with histologic tissue 

diagnosis made by directed biopsy and brush sitology. Colonoscopy is another method utilized 

to detect colon diseases. Benign and malignant polyps not visualized by X-ray are often 

detected on colonoscopy. In addition, patients with one lesion on X-ray often have additional 
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lesions detected on colonoscopy. Sigmoidoscope examination, however, only detects about 
50% of colonic tumors. 

The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of colon cancer. They may be combined with any of the methods 

5 described above for treating colon cancer. 

LUNG CANCER 

Lung cancer is described in detail in US Patent 5,733,748, from which the following 
paragraphs are adapted. 

The lungs are two sponge-like organs. Air goes into the lungs through the trachea. The 

10 trachea divides into tubes called the bronchi, which divide into smaller branches called the 

bronchioles. At the end of the bronchioles are tiny air sacs known as alveoli. Many tiny blood 

vessels run through the alveoli, absorbing oxygen from the inhaled air into the bloodstream 

and releasing carbon dioxide. Taking in oxygen and getting rid of carbon dioxide are the 

lungs' main function. A slippery lining, called the pleura; surrounds the lungs. This lining 

15 protects the lungs and helps them slide back and forth as they expand and contract during 
breathing. 

Most lung cancers start in the lining of the bronchi. That is why another term for lung 
cancer is bronchogenic cancer. Lung cancer can also form in glands below the lining of the 

bronchi, frequently in the periphery of the lungs. Lung cancers are thought to develop over a 

20 period of many years. First, there may be areas of precancerous changes in the lung. These 

precancerous changes often progress to true cancer. It would be very useful to be able to 
detect these precancerous changes. As a cancer develops, the cancer cells may produce 

chemicals that cause new blood vessels to form nearby. These new blood vessels nourish the 

cancer cells, which can continue to grow and form a tumor large enough to see on x-rays. 

25 Cells from the cancer can break away from the original tumor and spread to other parts of the 
body. This process is called metastasis. 

There are two major types of lung cancer: small cell lung cancer (SCLC) and non-

small cell lung cancer (NSCLC). If a lung cancer has characteristics of both types it is called a 

mixed small cell/large cell carcinoma. 
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About 13% of all lung cancers are the small cell type (SCLC), named for the small 

round cells that make up these cancers. SCLC tends to spread widely through the body. The 

cancer cells can multiply quickly, form large tumors, and spread to lymph nodes and other 

organs such as the bones, brain, adrenal glands, and liver. This type of cancer often starts in 

5 the bronchi near the center of the chest. Small cell lung cancer is almost always caused by 

smoking. It is very rare for someone who has never smoked to have small cell lung cancer. 
Other names for SCLC are oat cell carcinoma and small cell undifferentiated carcinoma. 

The remaining 87% of lung cancers are non-small cell (NSCLC). There are three sub­

types of NSCLC. The cells in these sub-types differ in size, shape, and chemical make-up. 

10 About 25%-30% of all lung cancers are squamous cell carcinomas. They are associated with a 

history of smoking and tend to be found centrally, near a bronchus. Adenocarcinomas account 

for about 40% of lung cancers. Adenocarcinoma is usually found in the outer region of lung. 

People with one type of adenocarcinoma, known as bronchioloalveolai carcinoma (sometimes 

called bronchoalveolar carcinoma or bronchioalveolar carcinoma) tend to have a better 

15 prognosis than those with other types of lung cancer. Large-cell undifferentiated carcinomas 
are a type of cancer that accounts for about 10%-15% of lung cancers. It may appear in any 

part of the lung, and it tends to grow and spread quickly resulting in a poor prognosis. 

In addition to the 2 main types of lung cancer, other tumors can occur in the lungs. 

Some of these are non-cancerous (benign). Carcinoid tumors of the lung account for fewer 

20 than 5% of lung tumors. Most are slow-growing tumors that are called typical carcinoid 
tumors. They are generally cured by surgery. Although some typical carcinoid tumors can 
spread, they usually have a better prognosis than small cell or non-small cell lung cancer. 

Cancers intermediate between the benign carcinoids and small cell lung cancer are known as 

atypical carcinoid tumors. 

25 Lung Cancer Stages 
Staging is the process of determining how localized or widespread cancer is. It 

describes how far the cancer has spread. The treatment and prognosis depend, to a large 

extent, on the cancer's stage. Tests such as CT, MRI, scans, bone marrow biopsy, 
mediastinoscopy, and blood tests are used to stage the cancer. 
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Staging of Non-Small Cell Lung Cancer 
The system used to describe the growth and spread of non-small cell lung cancer 

(NSCLC) is the TNM staging system, also known as the American Joint Committee on 

Cancer (AJCC) system. T stands for tumor (its size and how far it has spread within the lung 

5 and to nearby organs), N stands for spread to lymph nodes, and M is for metastasis (spread to 

distant organs). In TNM staging, information about the tumor, lymph nodes, and metastasis is 

combined and a stage is assigned to specific TNM groupings. The grouped stages are 
described using the number 0 and Roman numerals from I to IV (1 to 4). Some stages are 
subdivided into A and B. 

10 In some cancers, another measure called grade is used. This reflects the pathologist's 

assessment of how fast the cancer is growing and how likely it is to spread. This is not usually 

done for lung cancer. 

Non-Small Cell Lung Cancer T Stages 
Tis: Cancer is found only in the layer of cells lining the air passages. It has not invaded 

15 other lung tissues. This stage is also known as carcinoma in situ. 

T1: The cancer is no larger than 3 centimeters (slightly less than 11/4 inches), has not 
spread to the membranes that surround the lungs (visceral pleura), and does not affect the 
main branches of the bronchi. 

T2: The cancer has one or more of the following features: it is larger than 3 cm; it 

20 involves a main bronchus, but is not closer than 2 cm (about 3/4 inch) to the point where the 

trachea (windpipe) branches into the left and night main bronchi (carina); it has spread to the 

membranes that surround the lungs (pleura). The cancer may partially clog the airways, but 

this has not caused the entire lung to collapse or develop pneumonia. 

T3: The cancer has one or more of the following features: spread to the chest wall, the 

25 breathing muscle that separates the chest from the abdomen (diaphragm), the membranes 

surrounding the space between the two lungs (mediastinal pleura), or membranes of the sac 

surrounding the heart (parietal pericardium); invades a main bronchus and is closer than 2 cm 

(about 3/4 inch) to the point where the windpipe (trachea) branches into the left and right main 

bronchi, but does not affect this area; has grown into the airways enough to cause an entire 
30 lung to collapse or to cause pneumonia in the entire lung. 
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T4: The cancer has one or more of the following features: spread to the space behind 

the chest bone and in front of the heart (mediastinum) the heart, the where the windpipe 

branches into the left and right main bronchi; two or more separate tumor nodules are present 

in the same lobe, windpipe (trachea), the esophagus (tube connecting the throat to the 

5 stomach), the backbone, or the point; there is a fluid containing cancer cells in the space 
surrounding the lung. 

Non-Small Cell Lung Cancer N Stages 
NO: No spread to lymph nodes. 

Nl: Spread to lymph nodes within the lung and/or located around the area where the 

bronchus enters the lung (hilar lymph nodes). Metastases affect lymph nodes only on the same 
side as the cancerous lung. 

N2: Spread to lymph nodes around the point where the windpipe branches into the left 

and right bronchi or in the space behind the chest bone and in front of the heart 

(mediastinum). Affected lymph nodes are on the same side of the cancerous lung. 

N3: Spread to lymph nodes near the collarbone on either side, to hilar or mediastinal 

lymph nodes on the side opposite the cancerous lung. 

Non-Small Cell Lung Cancer M Stages 
MO: No spread to distant organs or areas. Sites considered distant include other lobes 

of the lungs, lymph nodes further than those mentioned in N stages, and other organs or 
tissues such as the liver, bones, or brain 

Ml: The cancer has spread distantly. 

Stage Groupingfor Non-Small Cell Lung Cancer 
Once the T, N} and M categories have been assigned, this information is combined 

(stage grouping) to assign an overall stage of 0,1, II, III, or IV. Patients with lower stage 
25 numbers have a better prognosis. 

Stage 0; Tis, NO. M0: The cancer is found only in the layer of cells lining the air 
passages. It has not invaded other lung tissues nor spread to lymph nodes or distant sites. 

10 

15 
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Stage IA; Tl, NO, MO: The cancer is no larger than 3 centimeters, has not spread to the 

membranes that surround the lungs, does not affect the main branches of the bronchi and has 
not spread to lymph nodes or distant sites. 

Stage IB; T2, NO, MO: The cancer is larger than 3 cm, or involves a main bronchus, 

but is not near the carina or it has spread to the pleura or the cancer is partially clogging the 
airways. It has not spread to lymph nodes or distant sites. 

Stage IIA; Tl, Nl, MO: The cancer is no larger than 3 centimeters, has not spread to 

the membranes that surround the lungs, does not affect the main branches of the bronchi. It 

has spread to nearby or hilar lymph nodes, but not to distant sites. 

Stage IIB; T2, Nl, MO or T3, NO, MO: The cancer is larger than 3 cm, or involves a 

main bronchus, but is not near the carina or it has spread to the pleura or the cancer is partially 

clogging the airways. It has spread to nearby or hilar lymph nodes, but not to distant sites, OR, 

It has spread to the chest wali or the diaphragm, the mediastinal pleura, or membranes 

surrounding the heart, or it invades a main bronchus and-is close to the carina or it has grown 

into the airways enough to cause an entire lung to collapse or to cause pneumonia in the entire 
lung. It has not spread to lymph nodes or distant sites. 

Stage IIIA; Tl or 2, N2, MO or T3, Nl or 2, MO: The cancer can be any size, or 

involves a main bronchus, but is not near the carina or it has spread to the pleura or the cancer 

is partially clogging the airways. It has spread to nodes in the middle of the chest 

(mediastinum), but not to distant sites, OR, It has spread to the chest wall or the diaphragm, 

the mediastinal pleura, or membranes surrounding the heart, or it invades a main bronchus and 

is close to the carina or it has grown into the airways enough to cause an entire lung to 

collapse or to cause pneumonia in the entire lung. It has spread to lymph nodes anywhere in 
the chest on the same side as the cancer, but not to distant sites. 

Stage IIIB; Tl, 2 or 3, N3, MO or T4, NO, 1,2or 3, MO: The cancer can be of any size. 

It has spread to lymph nodes around the collarbone on either side, or to hilar or mediastinal 

lymph nodes on the side opposite the cancerous lung OR, It has spread to the mediastinum, 

the heart, the windpipe (trachea), the esophagus (tube connecting the throat to the stomach), 

the backbone, or the carina or two or more separate tumor nodules are present in the same 
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lobe, or there is a fluid containing cancer cells in the space surrounding the lung. The cancer 
may or may not have spread to lymph nodes. It has not spread to distant sites. 

Stage IV; Any T, Any N, Ml: The cancer has spread to distant sites. 

Staging of Small Cell Lung Cancer 
Although small cell lung cancers can be staged like NSCLC, most doctors prefer a 2-

stage system. These are "limited stage" and "extensive stage." Limited stage usually means 

that the cancer is only in one lung and in lymph nodes on the same side of the chest. 

Spread of the cancer to the other lung, to lymph nodes on the other side of the chest, or 

to distant organs indicates extensive disease. Many doctors consider small cell lung cancer 
that has spread to the fluid around the lung an extensive stage. 

Small cell lung cancer is staged in this way because it helps separate patients who have 

a fair prognosis and may be cured, from those who have a worse outlook with no chance of 

cure. About two-thirds of the people with small cell lung cancer have extensive disease when 
their cancer is first found. 

The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of lung cancer. They may be combined with any of the methods 

described above for treating lung cancer. 

SQUAMOUS CELL CARCINOMA 

Squamous cell carcinoma is described in detail in US Patent 6,432,452, from which 
the following paragraphs are adapted. 

There is a strong association between exposure of the skin to the ultraviolet light 

component of sunlight and the development of skin cancers, such as malignant melanoma and 

the non-melanoma skin cancers, mainly basal cell carcinomas (BCCs) and squamous cell 

carcinomas (SCCs). The incidence of these cancers has been rapidly increasing world wide. In 
Britain, there were 4000 newly-diagnosed cases of malignant melanoma in 1994, an 80% 
increase over the past 10 years (Wessex Cancer Trust, 1996). In the United States, 

approximately 34,100 new cases were expected, an increase of 4% per year. Queensland, 

Australia, has the highest incidence of melanoma in the world, but early detection and 
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widespread public health campaigns and the promotion of the use of sunscreens and reduction 

of ultraviolet exposure have helped to reduce the number of deaths. BCCs currently affect one 

in 1,000 in the U.K. population, and the incidence has more than doubled in the last 20 years 

(Imperial Cancer Research Fund, U.K., 1997). One million new cases of BCCs and SCCs are 

5 expected to be diagnosed in the USA in 1997, compared to 600,000 in 1990 and 400,000 in 

1980 (National Oceanic and Atmospheric Administration U.S.A., 1997). In Australia, there is 

no reason to suspect that a similarly increasing incidence would not also apply, despite 

extensive publicising of the dangers of solar and UV radiation, with the Queensland 
population being at the greatest risk. 

10 Over 90% of all skin cancers occur on areas of the skin that have been regularly 

exposed to sunlight or other ultraviolet radiation, with U.V.B. responsible for burning the skin 

and associated with malignant melanomas, and U.V.A. associated with premature skin aging 

and the development of BCCs and SCCs (Wessex Cancer Trust, 1996). Childhood sun 

exposure has been linked to the development of malignant melanoma in younger adults. Other 

15 risk factors include a genetic predisposition (fair complexion, many skin moles), chemical 

pollution, over-exposure to X-rays, and exposure to some drugs and pesticides. Depletion of 

the ozone layer of the stratosphere is considered to contribute to long-term increases in skin 

cancer. 

Surgical removal is by far the most common treatment for malignant melanomas, 

20 BCCs and SCCs. This can take the form of electrodesiccation and curettage, cryosurgery, 

simple wide excision, micrographic surgery or laser therapy. Other treatments, used when the 
cancers are detected at a later stage of development, are external radiation therapy, 

chemotherapy or to a lesser extent bio-immunotherapy or photodynamic therapy. The choice 

of treatment is dependent on the type and stage of the disease and the age and health of the 
25 patient (National Cancer Institute, U.S.A., 1997). 

All of the present treatments suffer from severe limitations. The major concern is the 

poor recognition of cancerous cells at the site of excision and the high likelihood of 

recurrence, necessitating follow-up surgery and treatment, with the risk of further 

disfigurement and scarring. In one publication, the reported rates for incompletely-excised 
30 BCCs was 30-67% (Sussman and Liggins, 1996). Immune suppression associated with 
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surgery may cause any remaining cells to proliferate, and increase the risk of metastases. In 

melanoma patients there is a high risk that the cancer has already metastasized at the time of 
initial surgery, and late recurrence leading to death is common. Present alternatives to surgery, 
such as radiation therapy and chemotherapy, also carry risks of immune suppression and poor 

specificity. Immunotherapy and gene therapy hold the greatest promise, but the rational 

application of these is likely to be still decades away. 

When the tumour is past the stage amenable to surgery, the most common treatment 

for melanoma or metastatic skin cancer of all types is chemotherapy, which has been largely 
unsuccessful (Beljanski and Crochet, 1996). 

The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of squamous cell carcinoma. They may be combined with any of the 
methods described above for treating squamous cell carcinoma. 

PANCREATIC CANCER 

Pancreatic cancer is described in detail in US Patent 7,405,227, from which the 
following paragraphs are adapted. 

Pancreatic cancer could comprise an epitheliod carcinoma in the pancreatic duct tissue 
and an adenocarcinoma in a pancreatic duct. 

The most common type of pancreatic cancer is an adenocarcinoma, which occurs in 

the lining of the pancreatic duct. The possible treatments available for pancreatic cancer are 
surgery, immunotherapy, radiation therapy, and chemotherapy. Possible surgical treatment 

options include a distal or total pancreatectomy and a pancreaticoduodenectomy (Whipple 
procedure). 

Radiation therapy may be an option for pancreatic cancer patients, specifically external 

beam radiation where radiation is focused on the tumor by a machine outside the body. 

Another option is intraoperative electron beam radiation administered during an operation. 

Chemotherapy may be used to treat pancreatic cancer patients. Appropriate anti-cancer 

drugs include 5-fluorouracil (5-FU), mitomycin, ifosfamide, doxorubicin, steptozocin, 

chlorozotocin, and combinations thereof. 
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The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of pancreatic cancer. They may be combined with any of the methods 

described above for treating pancreatic cancer. 

BRAIN CANCER 

5 Brain cancer is described in detail in US Patent 7,148,252, from which the following 
paragraphs are adapted. 

There are about 10,000 incidences of brain tumors each year, and about 4000 

incidences of spinal cord tumors each year (Komblith et al.(1985), Cancer: Principles and 

Practice of Oncology, 2.sup.nd Ed., DeVita, V., Hellman, S., Rosenberg, S., eds., J. B. 
10 Lippincott Company, Philadelphia, Chapter 41: Neoplasms of the Central Nervous System). 

Central nervous system (CNS) tumors comprise the most common group of solid tumors in 

young patients (Id). Gliomas comprise about 60% of all primary CNS tumors, with the most 

common cerebral primaiy tumors being astrocytomas, meningioma, oligodendroglioma and 

histocytic lymphoma (Id). Gliomas usually occur in the cerebral hemispheres of the brain, but 

15 may be found in other areas such as the optic nerve, brain stem or cerebellum (Brain Tumor 
Society; www/tbts.org/primary.htm). 

Gliomas are classified into groups according to the type of glial cell from which they 

originate (Id). The most common types of glioma are astrocytomas. These tumors develop 

from star-shaped glial cells called astrocytes. Astrocytomas are assigned to grades according 

20 to their malignancy. Low-grade astrocytomas, also known as grade I and II astrocytomas, are 
the least malignant, grow relatively slow and can often be completely removed using surgery. 
Mid-grade astrocytomas, also known as grade III astrocytomas, grow more rapidly and are 

more malignant. Grade III astrocytomas are treated with surgery followed by radiation and 

some chemotherapy. High-grade astrocytomas, also known as grade IV astrocytomas, grow 

25 rapidly, invade nearby tissue, and are very malignant. Grade IV astrocytomas are usually 

treated with surgery followed by a combination of radiation therapy and chemotherapy. 

Glioblastoma multiforme are grade IV astrocytomas, which are among the most malignant and 
deadly primary brain tumors (Id). 

30 

Traditionally, treatment of astrocytomas has involved surgery to remove the tumor, 

followed by radiation therapy. Chemotherapy may also be administered either before or after 
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radiation therapy (Kornblith et al.(1985), Cancer: Principles and Practice of Oncology, 

2.sup.nd Ed., DeVita, V., Hellman, S., Rosenberg, S., eds., J. B. Lippincott Company, 

Philadelphia, Chapter 41: Neoplasms of the Central Nervous System). While the same 

surgical techniques and principles have applied to treating glioblastoma multiforme and less 

5 malignant brain tumors, total removal of a glioblastoma multiforme tumor has been more 
difficult to achieve (Id). 

The prognosis for a patient diagnosed as having a grade IV astrocytoma brain tumor 
has traditionally been poor. While a person treated for a grade I astrocytoma can commonly 

survive 10 years or more without recurrence, the mean length of survival for a patient with a 

10 grade IV astrocytoma tumor is 15 weeks after surgical treatment. Because of the high 
malignant-growth potential of grade IV astrocytoma tumors, only 5% of patients have 
survived for 1 year following surgical treatment alone, with a near 0% survival rate after 2 

years. Radiation treatment in combination with surgical treatment increases the survival rate to 
about 10% after 2 years of treatment; however, virtually no patients survive longer than 5 

15 years (Id). 

Nitrosourea chemotherapeutic agents have normally been used in the treatment of 

brain tumors. The key property of these compounds is their ability to cross the blood-brain 

barrier. 1 -3-bis-2-chloroethyl-1 -nitrosourea (BCNU, also known as Carmustine) was the first 

of these to be used clinically. While the use of BCNU in combination with surgery and/or 

20 radiation treatment has been shown to be beneficial, it has not cured glioblastoma multiforme 

brain tumors. Additionally, complications with prolonged nitrosourea treatment have been 

reported (Cohen et al.(1976), Cancer Treat. Rep. 60, 1257 1261). These complications include 

pulmonary fibrosis, hepatic toxicity, renal failure and cases of secondary tumors associated 

with nitrosourea treatment. 

25 The use of estrogen receptor modulators Tamoxifen and Raloxifene in cancer 

treatment has also been investigated. Tamoxifen has been used in human clinical trials 

involving the treatment of recurrent malignant glial tumors (Couldwell et al.(1996), Clin. 

Cancer Res. 2, 619 622). Raloxifene has been shown to inhibit metastasis of a tail tumor to the 
lungs in a rat model (Neubauer et al.(1995), Prostate 27, 220 229). 
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While a treatment regimen of surgery, radiation therapy and chemotherapy offers the 

opportunity for a modestly increased lifespan for patients with a grade IV astrocytoma brain 

tumor, the risks associated with each method of treatment are many. The benefits of treatment 

are minimal, and treatment can significantly decrease the quality of the patient's brief 
5 remaining lifespan. 

The methods and compositions described here are suitable for the detection, diagnosis, 
treatment or prevention of brain cancer. They may be combined with any of the methods 
described above for treating brain cancer. 

OESOPHAGEAL CANCER 

10 Oesophageal cancer is described in detail in US Patent 7,223,405, from which the 
following paragraphs are adapted. 

Esophageal cancer is a malignant tumor of the esophagus (the muscular tube that 

propels food from the mouth to the stomach). While esophageal cancer is relatively 

uncommon in North America, where the incidence is less than 5 out of 100,000 people, its 

15 prevalence has reached almost epidemic proportions in other areas of the world, particularly in 

China, Japan, Iran and South Africa. However, the number of people afflicted by esophageal 
cancer in the Western world has been growing steadily over the last few decades. For instance, 

between 1994 to 1999,. the annual rate of occurrence for esophageal cancer in the United 

States is four to five folds of that from 1974 to 1989, during which, the annual rate of 

20 occurrence for esophageal cancer is five to six times that from 1935 to 1971. 

Carcinoma of the esophagus occurs most often in men over 50 years old. The male-to-

female ratio being approximately 3:1 (Garfinkel et al., 1980, CA Cancer J Clin. 30:39 44). 
The exact causes of esophageal cancer are not known and a variety of etiologic factors are 
suspected in causing esophageal cancer. Genetic factors do not appear to play a role except in 

25 individuals with the rare condition of keratosis palmaris et plantaris (tylosis), which is 

inherited as an autosomal dominant trait. Dietary factors may play a role because 

concentrations of nitrosamines and their precursors (nitrates and nitrites) are high in food and 

water samples from areas in China with a high incidence of esophageal cancer. Other risk 

factors include smoking, alcohol consumption, low socioeconomic status and a deficient diet. 
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Barrett's esophagus, a complication of gastroesophageal reflux disease (GERD) is also a risk 
factor for the development of esophageal cancer. 

Dysphagia is by far the most frequent complaint of patients with esophageal cancer. 

Difficulty swallowing solids or liquids, regurgitation of food, heartburn, vomiting blood and 

5 chest plan unrelated to eating are other common symptoms. Complications associated with 

esophageal cancer include severe weight loss and spread of the tumor to other parts of the 

body. Signs suggesting advanced stages of the disease include cervical adenopathy; chronic 

cough, suggesting tracheal involvement; chocking after eating, suggesting a fistula with the 

tracheobronchial tree; massive hemoptysis or hematemesis or both, suggesting perforation of 
10 the lesion into adjacent vascular structures; and hoarseness, suggesting recurrent pharyngeal 

nerve paralysis. 

Diagnostic procedures often used on patients complaining of difficulty in swallowing 

range from the use of gallium 67 or cobalt 57 swallow, EGD (esophagogastroduodenoscopy), 

biopsy, chest MRI, thoracic CT (usually used to determine the stage of the disease), PET scan, 

15 and evidence of occult blood in stool. The characteristic finding of an irregular ragged 

mucosal pattern with luminal narrowing is typical of carcinoma of the esophagus. Unlike 
benign obstructing lesions, esophageal cancer is usually not associated with proximal 
dilatation of the esophagus. 

There are two main types of esophageal cancer, squamous cell carcinoma and 

20 adenocarcinoma. At one time, squamous cell carcinoma was by far the more common of the 
two cancers, and was once responsible for almost 90% of all esophageal cancers. However, 

more recent medical studies show that squamous cell cancers make up only about two thirds 

of esophageal cancers today. Since the entire esophagus is normally lined with squamous 

cells, squamous cell carcinoma can occur anywhere along the length of the esophagus. 

25 Adenocarcinoma, on the other hand, starts in glandular tissue, which normally does not cover 
the esophagus and usually arise from metaplasia of Barrett's mucosa. Tumors such as adenoid 

cystic carcinoma, mucoepidermoid carcinoma, adenosquamous carcinoma, carcinosarcoma 

and pseudosarcoma that are similar in microscopic appearance to those arising in salivary 

glands account for most of the remaining glandular tumors of the esophagus. Sarcomas, 
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melanoma, plasmacytoma, verrucous carcinoma and oat cell carcinoma together represent less 

than one percent of all malignant esophageal tumors. 

The staging of esophageal cancer is based on the revised criteria of TNM staging by 

the American Joint Committee for Cancer (AJCC) published in 1988. Staging is the process of 

5 describing the extent to which cancer has spread from the site of its origin. It is used to assess 

a patient's prognosis and to determine the choice of therapy. The stage of a cancer is 

determined by the size and location in the body of the primary tumor, and whether it has 

spread to other areas of the body. Staging involves using the letters T, N and M to assess 

tumors by the size of the primary tumor (T); the degree to which regional lymph nodes (N) are 

10 involved; and the absence or presence of distant metastases (M)-cancer that has spread from 

the original (primary) tumor to distant organs or distant lymph nodes. Each of these categories 

is further classified with a number 1 through 4 to give the total stage. Once the T, N and M are 

determined, a "stage" of I, II, III or IV is assigned. Stage I cancers are small, localized and 

usually curable. Stage II and III cancers typically are locally advanced and/or have spread to 

15 local lymph nodes. Stage IV cancers usually are metastatic (have spread to distant parts of the 
body) and generally are considered inoperable. 

Traditional treatment options include surgery to remove the tumor and all or part of the 

esophagus (esophagectomy), chemotherapy and radiation therapy. Surgery is a common 

choice at early stage tumors and will frequently cure the disease when the cancer is confined 
20 to the esophagus. However, for patients who have experienced the cancer spreading outside 

the esophagus (metastatic disease), cure is generally not possible, and treatment is directed 

towards relief of symptoms (palliative therapy). Other modalities that may be used to improve 

a patient's ability to swallow include endoscopic dilation of the esophagus (sometimes with 
placement of a stint) to open the esophagus, or photodynamic therapy. 

25 The use of radiation therapy as a single modality in the definitive treatment of 
esophageal cancer has met with little success despite efforts to increase the total dose to the 

tumor and reduce the amount of irradiated normal tissue. The median survival for patients 

treated with radiation is around 12 months, and long-term survivors are few (Beatty et al., 

1979, Cancer 43:2254 67; Newaishy et al., 1982, Clin Radiol. 33:347 352; Schuchman et al, 

30 1980, J Thorac Cardiovasc Surg. 79:67 73). The best results with radiation alone have come 
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from a series reported by Pearson, in which a 5-year survival rate of 17% was achieved after 

50 Gy, 2.5 Gy per fraction (1977, Cancer 39:882 90). However, a review by Earlam and 

Cunha-Melo of more than 8,400 patients from 49 series concluded that the overall 1-, 2-and 5-

year survival rates were 18%, 8% and 6%, respectively (1980, Br J Surg. 67:457 61). Further, 

5 since the radiation dose necessary to either radically treat or achieve palliation exceeds 40 Gy, 

most patients experience some degree of dysphagia. 

The role of chemotherapy in the management of esophageal cancer is continually 

evolving. Oftentimes, chemotherapy with radiation in adjunct to surgery is used. In general, 

chemotherapy can achieve long-term survival rates of up to 15% to 20%, even in patients with 

10 recurrent or metastatic disease (AH et al., 2000, Oncology 14(8): 1223 30). Unfortunately, the 

high initial response rates to first line chemotherapy does not appear to translate into a 

survival benefit (Kohno and Kitahara, 2001, Gan To Kagaku Ryoho 28(4):448 53). Moreover, 

there are many undesirable side effects associated with chemotherapy such as temporary hair 

loss, mouth sores, anemia (decreased numbers of red blood cells that may cause fatigue, 
15 dizziness, and shortness of breath), leukopenia (decreased numbers of white blood cells that 

may lower resistance to infection), thrombocytopenia (decreased numbers of platelets that 

may lead to easy bleeding or bruising), and gastrointestinal symptoms like nausea, vomiting, 
and diarrhea. Active chemotherapeutic agents include bleomycin, cisplatin, 5-fluorouracil, 

mitomycin C, oxorubicin, methotrexate, paclitaxel (Taxol), and irinotecan (CPT-11, or 
20 Camptosar). 

The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of oesophageal cancer. They may be combined with any of the 

methods described above for treating oesophageal cancer. 

STOMACH CANCER 

25 Stomach cancer is described in detail in US Patent 6,962,779, from which the 

following paragraphs are adapted. 

Cancer of the stomach, also referred to as gastric cancer, is often difficult to diagnose 

in early stages and can be in the stomach for a long time, growing to a large size before 

symptoms arise. This cancer frequently metastasizes to the small intestine due to its proximity. 
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In the early stages of cancer of the stomach, an individual may experience indigestion 

and stomach discomfort, a bloated feeling after eating, mild nausea, loss of appetite or 

heartburn. In more advanced stages of stomach cancer, there may be blood in the stool, 

vomiting, weight loss or more severe pain. 

Because of the frequency of these types of cancer (approximately 160,000 new cases 

of colon and rectal cancer per year alone), the identification of high-risk groups, the 

demonstrated slow growth of primary lesions and the better survival of early-stage lesions, 

screening for gastrointestinal cancers should be a part of routine care for all adults starting at 

age 50, especially those with first-degree relatives with colorectal cancer. 

Procedures used for detecting, diagnosing, monitoring, staging, and prognosticating 

cancer of the colon, small intestine or stomach are of critical importance to the outcome of the 

patient. Patients diagnosed with early stage cancer generally have a much greater five-year 

survival rate as compared to the survival rate for patients diagnosed with distant metastasized 

cancers. New diagnostic methods which are more sensitive and specific for detecting early 
cancer of the stomach, small intestine and colon are clearly needed. 

Patients with gastrointestinal cancers are closely monitored following initial therapy 

and during adjuvant therapy to determine response to therapy and to detect persistent or 

recurrent disease of metastasis. There is clearly a need for a cancer marker which is more 

sensitive and specific in detecting recurrence of these types of cancer. 

Another important step in managing gastrointestinal cancers is to determine the stage 

of the patient's disease. Stage determination has potential prognostic value and provides 

criteria for designing optimal therapy. Generally, pathological staging of cancer is preferable 

over clinical staging because the former gives a more accurate prognosis. However, clinical 

staging would be preferred were it at least as accurate as pathological staging because it does 

not depend on an invasive procedure to obtain tissue for pathological evaluation. Staging of 

gastrointestinal cancers would be improved by identifying new markers in cells, tissues, or 

bodily fluids which could differentiate between different stages of invasion. 
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The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of stomach cancer. They may be combined with any of the methods 
described above for treating stomach cancer. 

BLADDER CANCER 

5 Bladder cancer includes a transitional cell carcinoma in urinary bladder. Bladder 
cancers are urothelial carcinomas (transitional cell carcinomas) or tumors in the urothelial 

cells that line the bladder. The remaining cases of bladder cancer are squamous cell 

carcinomas, adenocarcinomas, and small cell cancers. Several subtypes of urothelial 

carcinomas exist depending on whether they are noninvasive or invasive and whether they are 
10 papillary, or flat. Noninvasive tumors are in the urothelium, the innermost layer of the 

bladder, while invasive tumors have spread from the urothelium to deeper layers of the 
bladder's main muscle wall. Invasive papillary urothelial carcinomas are slender finger-like 

projections that branch into the hollow center of the bladder and also grow outward into the 

bladder wall. Non-invasive papillary urothelial tumors grow towards the center of the bladder. 

15 While a non-invasive, flat urothelial tumor (also called a'flat carcinoma in situ) is confined to 
the layer of cells closest to the inside hollow part of the bladder, an invasive flat urothelial 
carcinoma invades the deeper layer of the bladder, particularly the muscle layer. 

To treat bladder cancer, surgery, radiation therapy, immunotherapy, chemotherapy, or 
a combination thereof may be applied. Some possible surgical options are a transurethral 

20 resection, a cystectomy, or a radical cystectomy. Radiation therapy for bladder cancer may 

include external beam radiation and brachytherapy. 

Immunotherapy is another method that may be used to treat a bladder cancer patient. 

Typically this is accomplished intravesically, which is the administration of a treatment agent 

directly into the bladder by way of a catheter. One method is Bacillus Calmete-Guerin (BCG) 

25 where a bacterium sometimes used in tuberculosis vaccination is given directly to the bladder 

through a catheter. The body mounts an immune response to the bacterium, thereby attacking 
and killing the cancer cells. 

Another method of immunotherapy is the administration of interferons, glycoproteins 

that modulate the immune response. Interferon alpha is often used to treat bladder cancer. 
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Anti-cancer drugs that may be used in chemotherapy to treat bladder cancer include 

thitepa, methotrexate, vinblastine, doxorubicin, cyclophosphamide, paclitaxel, carboplatin, 

cisplatin, ifosfamide, gemcitabine, or combinations thereof. 

The methods and compositions described here are suitable for the detection, diagnosis, 

5 treatment or prevention of bladder cancer. They may be combined with any of the methods 

described above for treating bladder cancer. 

SKIN CANCER 

Skin cancer is described in detail in US Patent 6,792,137, from which the following 

paragraphs are adapted. 

10 Skin cancer, the most deadly form of which is melanoma, typically is diagnosed by a 

dermatologist examining pigmented skin lesions (colloquially known as "moles") and/or other 
skin abnormalities on a patient. Typically, a dermatologist makes a determination based on 

visual inspection of each skin lesion's morphology, whether it is likely to be skin cancer or a 

potential precursor of skin cancer. This determination is made in the context of a patient's 
15 clinical history, risk factors for skin cancer, and other information. The dermatologist then 

decides if a pigmented lesion should the excised for histopathological evaluation. 

Cutaneous melanoma starts growing in the top layer of the skin—the epidermis. If it is 

detected and completely removed while still confined to the epidermis, it can be completely 

cured, and has a very high cure rate if it has just entered the next skin layer, the papillary 

20 dermis. Thus screening and early detection are critical to lowering the morbidity and mortality 

of this cancer that has been increasing rapidly in incidence and is one of the most common 

cancers of young people, especially young women. 

In 1992 a Consensus Conference sponsored by the National Institutes of Health 

recommended that skin cancer screening be initiated in the United States, but recognized that 
25 primary care physicians do not have sufficient training to perform it well. 

The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of skin cancer. They may be combined with any of the methods 

described above for treating skin cancer. 
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The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of skin cancer. They may be combined with any of the methods 

described above for treating skin cancer. 

OVARIAN CANCER 

5 Ovarian cancer is described in detail in US Patent 7,321,030, from which the following 
paragraphs are adapted. 

In Europe and the United States, ovarian cancer has been considered one of the five 

major cancers. In Japan, ovarian cancer kills about 4,000 people every year, and the number of 

casualties have rapidly increased by about 30-fold in the last 40 years, and it is one of the 

10 cancers most growing in number together with lung cancer and pancreatic cancer. Since 

ovarian cancer is present in the abdominal cavity, is difficult to diagnose early, and the 
capsule of ovarian cancer is easily broken and thus tends to metastasize early to the abdominal 
cavity, 60% of the patients die eventually, and thus it is one of the cancers having bad 

prognosis together with pancreatic cancer. Improved performance in therapy has been 

15 recognized due to the development of surgical methods and anti-cancer agents such as 
cisplatin and taxol, but none of the subsequent improvements in therapeutic regimens have 

been effective, and thus there is a need for the development of a new therapeutic method. 

The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of ovarian cancer. They may be combined with any of the methods 
20 described above for treating ovarian cancer. 

PROSTATE CANCER 

Prostate cancer is described in detail in US Patent 7,470,514, from which the following 
paragraphs are adapted. 

Cancer of the prostate is the most prevalent malignancy in adult males, excluding skin 

25 cancer, and is an increasingly prevalent health problem in the United States. In 1996, it was 

estimated that in the United States, 41,400 deaths would result from this disease, indicating 

that prostate cancer is second only to lung cancer as the most common cause of death in the 

same population. If diagnosed and treated early, when the cancer is still confined to the 
prostate, the chance of cure is significantly higher. 
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Treatment decisions for an individual are linked to the stage of prostate cancer present 

in that individual. A common classification of the spread of prostate cancer was developed by 

the American Urological Association (AUA). The AUA classification divides prostate tumors 

into four stages, A to D. Stage A, microscopic cancer within prostate, is further subdivided 

5 into stages Al and A2. Sub-stage Al is a well-differentiated cancer confined to one site within 

the prostate. Treatment is generally observation, radical prostatectomy, or radiation. Sub-stage 

A2 is a moderately to poorly differentiated cancer at multiple sites within the prostate. 

Treatment is radical prostatectomy or radiation. Stage B, palpable lump within the prostate, is 

further subdivided into stages B1 and B2. In sub-stage Bl, the cancer forms a small nodule in 
10 one lobe of the prostate. In sub-stage B2, the cancer forms large or multiple nodules, or occurs 

in both lobes of the prostate. Treatment for both sub-stages B1 and B2 is either radical 

prostatectomy or radiation. Stage C is a large cancer mass involving most or all of the prostate 

and is further subdivided into two stages. In sub-stage CI, the cancer forms a continuous mass 

that may have extended beyond the prostate. In sub-stage C2, the cancer forms a continuous 
15 mass that invades the surrounding tissue. Treatment for both these sub-stages is radiation with 

or without drugs. The fourth stage is metastatic cancer and is also subdivided into two stages. 
In sub-stage Dl, the cancer appears in the lymph nodes of the pelvis. In sub-stage D2, the 

cancer involves tissues beyond lymph nodes. Treatment for both these sub-stages is systemic 
drugs to address the cancer as well as pain. 

20 However, current prostate cancer staging methods are limited. As many as 50% of 

prostate cancers initially staged as A2, B, or C are actually stage D, metastatic. Discovery of 

metastasis is significant because patients with metastatic cancers have a poorer prognosis and 

require significantly different therapy than those with localized cancers. The five year survival 

rates for patients with localized and metastatic prostate cancers are 93% and 29%, 
25 respectively. 

The methods and compositions described here are suitable for the detection, diagnosis, 

treatment or prevention of prostate cancer. They may be combined with any of the methods 
described above for treating prostate cancer. 
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Testicular cancer is described in detail in US Patent 6,989,253, from which the 
following paragraphs are adapted. 

Testicular cancer represents only about 1% of all cancers in males, but it is the most 

5 common cancer in young men between the ages of 15 and 35 years old. In the year 2000, an 

estimated 7,600 cases of testicular cancer was diagnosed in the United States, and 

approximately 400 deaths. Caucasians are more likely to get testicular cancer than Hispanics, 

and much more likely to get it than Blacks or Asians. The incidence of testicular cancer is 

highest in Denmark, and lowest in the far east. Disturbingly, the incidence of testicular cancer 
10 around the world has almost doubled in the past 30 to 40 years. 

Typically, there are no early symptoms. Most testicular cancers are found by men 

themselves, either as a painless lump, a hardening or a change (increase or decrease) in size of 

the testicle, a feeling of heaviness or a sudden collection of fluid in the scrotum, a dull ache in 
the lower abdomen or in the groin, or pain or discomfort in the scrotum or testicle. 

15 Generalized symptoms are usually indicative of metastasis, such as pulmonary metastasis, 

causing dyspnea or hemoptysis, abdominal mass, or urethral obstruction by lymph node 

involvement. Sometimes other symptoms may be present, such as backache, stomach-ache, 

breathlessness, a persistent dry cough, and tender nipples. Nevertheless, early diagnosis of 

testicular cancer is especially important because testicular cancer is almost always curable if it 
20 is found early. If the cancer is not treated, cancer cells from the original site may break away 

and spread to nearby lymph nodes but, rarely, to Other organs. 

The only sure way to know whether testicular cancer is present is by performing a 

biopsy. To date, the cause of testicular cancer is unknown. Children born with an undescended 

testicle or cryptorchidism have an increased risk (3 to 14 times) of getting testicular cancer 

25 regardless of whether surgery is done to correct the problem. (Farer et al., 1985, J. Urol. 

134:1071 1076). Research has also shown that testicular cancer is sometimes linked to certain 
other rare conditions in which the testicles do not develop normally. Studies indicate that 
some men whose mothers took a hormone called DES (diethylstilbestrol) during pregnancy to 

prevent miscarriage may develop testicular abnormalities. Some patients with testicular cancer 

30 have a history of injury to the scrotum. There is no evidence that an injury or a sporting strain 
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increases the risk of developing testicular cancer. Other risk factors include previous testicular 

cancer in one testicle, infection with the human immunodeficiency virus (HIV), particularly if 

acquired immune deficiency syndrome (AIDS) has developed, and the sex chromosome 

disorder Klinefelter's syndrome, which results in low levels of male hormones, sterility, breast 

5 enlargement, and small testes. If cancer does arise in the second testicle, it is nearly always a 
new disease rather than a metastasis from the first tumor. 

In men under the age of60, 95% of testicular tumors originate in the germ cells, the 

special sperm-forming cells within the testicles. There are two main types of testicular cancer, 

seminomas and nonseminomas (also called teratoma). Pure Seminomas account for about 40 

10 percent of all testicular cancer and are made up of immature germ cells. Usually, seminomas 

are slow growing and tend to stay localized in the testicle for long periods. On the other hand, 

nonseminomas are a group of cancers that often occur in combination with one another, 

including choriocarcinoma, embryonal carcinoma, immature teratoma and yolk sac tumors. 

Nonseminomas arise from more mature, specialized germ cells and tend to be more aggressive 

15 than seminomas. Other forms of testicular cancer include Leydig and Sertoli cell tumors. Rarer 
tumors such as PNET, leiomyosarcoma, rhabdomyosarcoma, mesothelioma and others can 

arise in the testicle. 

The staging of testicular cancer is based on the revised criteria of TNM staging by the 

American Joint Committee for Cancer (AJCC) published in 1988. Staging is the process of 
20 describing the extent to which cancer has spread from the site of its origin. It is used to assess 

a patient's prognosis and to determine the choice of therapy. The stage of a cancer is 

determined by the size and location in the body of the primary tumor, and whether it has 

spread to other areas of the body. Staging involves using the letters T, N and M to assess 

tumors by the size of the primary tumor (T); the degree to which regional lymph nodes (N) are 

25 involved; and the absence or presence of distant metastases (M)--cancer that has spread from 
the original (primary) tumor to distant organs or distant lymph nodes. Each of these categories 

is further classified with a number 1 through 4 to give the total stage. Once the T, N and M are 

determined, a "stage" of I, II, III or IV is assigned. Stage I cancers are small, localized and 

usually curable. Stage II and III cancers typically are locally advanced and/or have spread to 

30 local lymph nodes. Stage IV cancers usually are metastatic (have spread to distant parts of the 

body) and generally are considered inoperable. 
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Testicular cancer is almost always curable if it is found early, even if it has spread to 

other parts of the body. Specifically, the survival rate for men diagnosed with Stage I 
seminoma is about 99%. The survival rate for men with Stage I non-seminoma is about 98%. 
Cure rates for Stage II tumors range above 90%, while cure rates for Stage III tumors vary 

5 between 50 80%. Moreover, there is a very low recurrent rate for both seminomas and 
nonseminomas (less than 5%) after a patient has been free of the disease. 

Testicular cancer can be treated with surgery, radiation therapy, chemotherapy, 
surveillance, or a combination of these treatments. The most common surgical operation to 

treat testicular cancer is complete removal of the testicle (called an Inguinal Orchiectomy). 
10 The surgeon does not just remove part of the testicle because of the risk of spreading the 

disease. Sometimes it is also necessary to remove lymph nodes deep in the abdomen (called 

RPLND surgery) since testicular cancer usually spreads via a very predictable route through 

the lymph nodes upwards to the lungs, and then outward to the liver, brain, and elsewhere. 

Additionally, tumors that have spread to other parts of the body may be partly or entirely 

15 removed by surgery. Unfortunately, although surgery to remove the lymph nodes does not 

change a man's ability to have an erection or an orgasm, but the operation can cause infertility 

because it may interfere with the nerves involved in ejaculation. 

Radiation therapy, like surgery, is a local treatment and affects only the cells in the 

treated area. Seminomas are highly sensitive to radiation while nonseminomas are much less 

20 sensitive to radiation. Further, radiation therapy may interfere with sperm production, 

although the effect is usually temporary. Some other unpleasant effects of radiation therapy 
include diarrhea and vomiting. There may also be skin reactions in the area being treated. 

Several drugs are typically used to treat testicular cancer: Platinol (cisplatin), Vepesid 

or VP-16 (etoposide) and Blenoxane (bleomycin sulfate), Bleomycin, Etoposide, and 

25 Cisplatin. Additionally, Ifex (ifosamide), Velban (vinblastine sulfate) and others may be used. 

Many medical professionals regard Platinol as the "magic bullet" for treating testicular cancer. 

It is the primary reason that testicular cancer is considered to be a curable disease. However, 

chemotherapy causes many side effects because it damages not only cancer cells, but other 

rapidly growing cells as well, such as hair and gum tissue. Undesirable side effects include 

30 temporary hair loss, mouth sores, anemia (decreased numbers of red blood cells that may 
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cause fatigue, dizziness, and shortness of breath), leukopenia (decreased numbers of white 
blood cells that may lower resistance to infection), thrombocytopenia (decreased numbers of 

platelets that may lead to easy bleeding or bruising), and gastrointestinal symptoms like 

nausea, vomiting, and diarrhea. 

5 Oftentimes, chemotherapy with radiation in adjunct to surgery is used. In general, 

chemotherapy can achieve long-term survival rates of up to 15% to 20%, even in patients with 

recurrent or metastatic disease (Ali et al., 2000, Oncology 14(8): 1223 30). Unfortunately, the 

high initial response rates to first line chemotherapy does not appear to translate into a 

survival benefit (Kohno and Kitahara, 2001, Gan To Kagaku Ryoho 28(4):448 53). Moreover, 
10 there are many undesirable side effects associated with chemotherapy such as temporary hair 

loss, mouth sores, anemia (decreased numbers of red blood cells that may cause fatigue, 

dizziness, and shortness of breath), leukopenia (decreased numbers of white blood cells that 

may lower resistance to infection), thrombocytopenia (decreased numbers of platelets that 

may lead to easy bleeding or bruising), and gastrointestinal symptoms like nausea, vomiting, 
15 and diarrhea. 

The identification of active chemotherapeutic agents against cancers traditionally 
involved the use of various animal models of cancer. The mouse has been one of the most 

informative and productive experimental system for studying carcinogenesis (Sills et al., 

2001, Toxicol Letters 120:187 198), cancer therapy (Malkinson, 2001, Lung Cancer 32(3):265 
20 279; Hoffman R M., 1999, Invest New Drugs 17(4):343 359), and cancer chemoprevention 

(Yun, 1999, Annals NY Acad Sci. 889:157 192). Cancer research started with transplanted 

tumors in animals which provided reproducible and controllable materials for investigation. 

Pieces of primary animal tumors, cell suspensions made from these tumors, and immortal cell 

lines established from these tumor cells propagate when transplanted to animals of the same 
25 species. 

To transplant human cancer to an animal and to prevent its destruction by rejection, the 

immune system of the animal are compromised. While originally accomplished by irradiation, 

thymectomy, and application of steroids to eliminate acquired immunity, nude mice that are 

athymic congenitally have been used as recipients of a variety of human tumors (Rygaard, 
30 1983, in 13.sup.th International Cancer Congress Part C, Biology of Cancer (2), pp37 44, Alan 
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R. Liss, Inc., NY; Fergusson and Smith, 1987, Thorax, 42:753 758). While the athymic nude 

mouse model provides useful models to study a large number of human tumors in vivo, it does 

not develop spontaneous metastases and are not suitable for all types of tumors. Next, the 

severe combined immunodeficient (SCID) mice is developed in which the acquired immune 

5 system is completely disabled by a genetic mutation. Human lung cancer was first, used to 

demonstrate the successful engraftment of a human cancer in the SCID mouse model (Reddy 

S., 1987, Cancer Res. 47(9):2456 2460). Subsequently, the SCID mouse model have been 

shown to allow disseminated metastatic growths for a number of human tumors, particularly 

hematologic disorders and malignant melanoma (Mueller and Reisfeld, 1991, Cancer 
10 Metastasis Rev. 10(3): 193 200; Bankert et al., 2001, Trends Immunol. 22:386 393). With the 

recent advent of transgenic technology, the mouse genome has become the primary 

mammalian genetic model for the study of cancer (Resor et al., 2001, Human Molec Genet. 

10:669 675). 

The methods and compositions described here are suitable for the detection, diagnosis, 
15 treatment or prevention of testicular cancer. They may be combined with any of the methods 

described above for treating testicular cancer. 

SCREENING FOR ANTI-VHZ AGENTS 

Identifying VHZ Modulators, Agonists and Antagonists 
Antagonists, in particular, small molecules may be used to specifically inhibit VHZ for 

20 use as anti-VHZ agents. 

We therefore disclose VHZ antagonists and small molecule VHZ inhibitors, as well as 

assays for screening for these. Antagonists of VHZ may be screened by detecting modulation, 

such as down regulation, of binding or other VHZ activity. We therefore provide a compound 

capable of down-regulating the expression, amount or activity VHZ polypeptide. Such a 

25 compound may be used in the methods and compositions described here for treating or 

preventing cancer, particularly colon cancer, lung cancer, squamous cell carcinoma including 

lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal 
cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate 
cancer and testicular cancer. 
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VHZ may therefore be used to assess the binding of small molecule substrates and 

ligands in, for example, cells, cell-free preparations, chemical libraries, and natural product 

mixtures. These substrates and ligands may be natural substrates and ligands or may be 

structural or functional mimetics. See Coligan et al., Current Protocols in Immunology 
5 1(2) .'Chapter 5 (1991). Furthermore, screens maybe conducted to identify factors which 

influence the expression of VHZ, in particular in colon, lung, squamous cell including lip, 

larynx, vulva, cervix and penis, pancreatic, brain, oesophageal, stomach, bladder, kidney 

cancer, skin, ovary, prostate and testicular cells. 

In general, the assays for agonists and antagonists rely on determining the effect of 

10 candidate molecules on one or more activities of VHZ. An assay may involve assaying VHZ 
activity in the presence of a candidate molecule, and optionally in the absence of the candidate 

molecule, or in the presence of a molecule known to inhibit or activate a VHZ activity. 

We have demonstrated that expression of VHZ is increased in colon cancer, lung 

cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

15 pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 
cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer cells; accordingly, 
control of VHZ expression may be employed to treat colon cancer, lung cancer, squamous cell 

carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain 

cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 
20 cancer, prostate cancer and testicular cancer and other cancers. Therefore, it is desirous to find 

compounds and drugs which stimulate the expression and/or activity of VHZ, or which can 

inhibit the function of this protein. In general, agonists and antagonists are employed for 

therapeutic and prophylactic purposes for any known cancer, in particular, colon cancer, lung 

cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

25 pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 
cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

By "down-regulation" we include any negative effect on the behaviour being studied; 

this may be total or partial. Thus, where binding is being detected, candidate antagonists are 

capable of reducing, ameliorating, or abolishing the binding between two entities. The down-

30 regulation of binding (or any other activity) achieved by the candidate molecule may be at 
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least 10%, such as at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 

70%, at least 80%, at least 90% or more compared to binding (or which ever activity) in the 

absence of the candidate molecule. Thus, a candidate molecule suitable for use as an 
antagonist is one which is capable of reducing by 10% more the binding or other activity. 

The term "compound" refers to a chemical compound (naturally occurring or 
synthesised), such as a biological macromolecule (e.g., nucleic acid, protein, non-peptide, or 
organic molecule), or an extract made from biological materials such as bacteria, plants, fungi, 
or animal (particularly mammalian) cells or tissues, or even an inorganic element or molecule. 
The compound may be an antibody. 

Examples of potential antagonists of VHZ include antibodies, small molecules, 

nucleotides and their analogues, including purines and purine analogues, oligonucleotides or 

proteins which are closely related to a binding partner of VHZ, e.g., a fragment of the binding 

partner, or small molecules which bind to the VHZ polypeptide but do not elicit a response, so 
that the activity of the polypeptide is prevented, etc. 

Screening Kits 
The materials necessary for such screening to be conducted may be packaged into a 

screening kit. 

Such a screening kit is useful for identifying agonists, antagonists, ligands, receptors, 
substrates, enzymes, etc. for VHZ polypeptides or compounds which decrease or enhance the 

production of VHZ. The screening kit may comprise: (a) a VHZ polypeptide; (b) a 

recombinant cell expressing a VHZ polypeptide; or (c) an antibody to VHZ polypeptide. The 

screening kit may comprise a library. The screening kit may comprise any one or more of the 
components needed for screening, as described below. The screening kit may optionally 
comprise instructions for use. 

Screening kits may also be provided which are capable of detecting VHZ expression at 

the nucleic acid level. Such kits may comprise a primer for amplification of VHZ, or a pair of 

primers for amplification. The primer or primers may be chosen from any suitable sequence, 
for example a portion of the VHZ sequence. Methods of identifying primer sequences are well 

known in the art, and the skilled person will be able to design such primers with ease. The kits 
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may comprise a nucleic acid probe for VHZ expression, as described in this document. The 
kits may also optionally comprise instructions for use. 

Rational Design 
Rational design of candidate compounds likely to be able to interact with VHZ may be 

based upon structural studies of the molecular shapes of a VHZ polypeptide. One means for 
determining which sites interact with specific other proteins is a physical structure 

determination, e.g., X-ray crystallography or two-dimensional NMR techniques. These will 

provide guidance as to which amino acid residues form molecular contact regions. For a 

detailed description of protein structural determination, see, e.g., Blundell and Johnson (1976) 

Protein Crystallography, Academic Press, New York. 

Polypeptide Binding Assays 
Modulators and antagonists of VHZ activity or expression may be identified by any 

means known in the art. 

In their simplest form, the assays may simply comprise the steps of mixing a candidate 

compound with a solution containing a VHZ polypeptide to form a mixture, measuring 

activity of VHZ polypeptide in the mixture, and comparing the activity of the mixture to a 
standard. 

Furthermore, molecules may be identified by their binding to VHZ, in an assay which 
detects binding between VHZ and the putative molecule. 

One type of assay for identifying substances that bind to a VHZ polypeptide described 

here involves contacting the VHZ polypeptide, which is immobilised on a solid support, with 

a non-immobilised candidate substance determining whether and/or to what extent the VHZ 

polypeptide of interest and candidate substance bind to each other. Alternatively, the 

candidate substance may be immobilised and the VHZ polypeptide as set out in this document 

non-immobilised. 

The binding of the substance to the VHZ polypeptide can be transient, reversible or 

permanent. The substance may bind to the polypeptide with a Kd value which is lower than 

the Kd value for binding to control polypeptides (e.g., polypeptides known to not be involved 

in cancer growth or progression). The Kd value of the substance may be 2 fold less than the 
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Kd value for binding to control polypeptides, such as a Kd value 100 fold less or a Kd 1000 
fold less than that for binding to the control polypeptide. 

In an example assay method, the VHZ polypeptide may be immobilised on beads such 

as agarose beads. Typically this may be achieved by expressing the VHZ polypeptide as a 

5 GST-fusion protein in bacteria, yeast or higher eukaryotic cell lines and purifying the GST-

VHZ fusion protein from crude cell extracts using glutathione-agarose beads (Smith and 

Johnson, 1988; Gene 67(10):31-40). As a control, binding of the candidate substance, which is 

not a GST-fusion protein, to an immobilised polypeptide may be determined in the absence of 

the VHZ polypeptide. The binding of the candidate substance to the immobilised VHZ 

10 polypeptide may then be determined. This type of assay is known in the art as a GST 

pulldown assay. Again, the candidate substance may be immobilised and the VHZ 

polypeptide non-immobilised. 

It is also possible to perform this type of assay using different affinity purification 

systems for immobilising one of the components, for example Ni-NTA agarose and histidine-

15 tagged components. 

Binding of the polypeptide to the candidate substance may be determined by a variety 

of methods well-known in the art. For example, the non-immobilised component may be 

labeled (with for example, a radioactive label, an epitope tag or an enzyme-antibody 

conjugate). Alternatively, binding may be determined by immunological detection techniques. 

20 For example, the reaction mixture can be Western blotted and the blot probed with an 
antibody that detects the non-immobilised component. ELISA techniques may also be used. 

Candidate substances are typically added to a final concentration of from 1 to 1000 

nmol/ml, such as from 1 to 100 nmol/ml. In the case of antibodies, the final concentration 

used is typically from 100 to 500 f-tg/ml, such as from 200 to 300 |ig/ml. 

25 Modulators and antagonists of VHZ may also be identified by detecting modulation of 

binding between VHZ and any molecule to which this polypeptide binds, or modulation of 

any activity consequential on such binding or release. 
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Cell Based Assays 
A cell based assay may simply test binding of a candidate compound wherein 

adherence to the cells bearing the VHZ polypeptide is detected by means of a label directly or 

indirectly associated with the candidate compound or in an assay involving competition with a 

5 labeled competitor. 

Further, these assays may test whether the candidate compound results in a signal 

generated by binding to the VHZ polypeptide, using detection systems appropriate to the cells 

bearing the polypeptides at their surfaces. Inhibitors of activation are generally assayed in the 

presence of a known agonist and the effect on activation by the agonist by the presence of the 

10 candidate compound is observed. 

Another method of screening compounds utilises eukaryotic or prokaryotic host cells 

which are stably transformed with recombinant DNA molecules expressing a library of 

compounds. Such cells, either in viable or fixed form, can be used for standard binding-

partner assays. See also Parce et al, (1989) Science 246:243-247; and Owicki et al. (1990) 

15 Proc. Nat'l Acad. Sci. USA 87;4007-4011, which describe sensitive methods to detect cellular 
responses. 

Competitive assays are particularly useful, where the cells expressing the library of 

compounds are contacted or incubated with a labelled antibody known to bind to a VHZ 

polypeptide, such as i25I-antibody, and a test sample such as a candidate compound whose 

20 binding affinity to the binding composition is being measured. The bound and free labelled 

binding partners for the VHZ polypeptide are then separated to assess the degree of binding. 
The amount of test sample bound is inversely proportional to the amount of labelled antibody 

binding to the VHZ polypeptide. 

Any one of numerous techniques can be used to separate bound from free binding 

25 partners to assess the degree of binding. This separation step could typically involve a 

procedure such as adhesion to filters followed by washing, adhesion to plastic following by 
washing, or centrifugation of the cell membranes. 

The assays may involve exposing a candidate molecule to a cell, such as a colon, lung, 

squamous cell including lip, larynx, vulva, cervix and penis, pancreatic, brain, oesophageal, 

30 stomach, bladder, kidney, skin, ovary, prostate and testicular cell, and assaying expression of 
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VHZ by any suitable means. Molecules which down-regulate the expression of VHZ in such 

assays may be optionally chosen for further study, and used as drugs to down-regulate VHZ 

expression. Such drugs may be usefully employed to treat or prevent colon cancer, lung 

cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

5 pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 
cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. 

cDNA encoding VHZ protein and antibodies to the proteins may also be used to 
configure assays for detecting the effect of added compounds on the production of VHZ 

mRNA and protein in cells. For example, an ELISA may be constructed for measuring 
10 secreted or cell associated levels of VHZ polypeptide using monoclonal and polyclonal 

antibodies by standard methods known in the art, and this can be used to discover agents 
which may inhibit or enhance the production of VHZ protein (also called antagonist or 

agonist, respectively) from suitably manipulated cells or tissues. Standard methods for 

conducting screening assays are well understood in the art. 

15 Activity Assays 
Assays to detect modulators or antagonists typically involve detecting modulation of 

any activity of VHZ, in the presence, optionally together with detection of modulation of 

activity in the absence, of a candidate molecule. 

Assays which detect specific biological activities of VHZ, such as phosphatase 

20 activity, may be used. The assays typically involve contacting a candidate molecule (e.g., in 
the form of a library) with VHZ whether in the form of a polypeptide, a nucleic acid encoding 

the polypeptide, or a cell, organelle, extract, or other material comprising such, with a 

candidate modulator. The relevant activity of VHZ (such as phosphatase activity, as described 

below) may be detected, to establish whether the presence of the candidate modulator has any 

25 effect. 

Phosphatase assays are known in the art and are described in Wu et al (2004), Int J 

Biochem Cell Biol. 36(8):1542-53 and Alonso et al (2004). J Biol Chem. 20;279(34):35768-

74. Such assays comprise assaying the ability of VHZ to de-phosphoiylate a suitable substrate 

such as p-nitrophenyl phosphate, or as oligopeptides containing phospho-tyrosine and 

30 phospho-threonine residues. The assays may be performed in the presence or absence of a 
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candidate modulator and the appropriate activity detected to detect modulation of VHZ 
activity and hence identification of a candidate modulator and/or antagonist of VHZ. 

Promoter binding assays to detect candidate modulators which bind to and/or affect the 
transcription or expression of VHZ may also be used. Candidate modulators may then be 

5 chosen for further study, or isolated for use. Details of such screening procedures are well 

known in the art, and are for example described in, Handbook of Drug Screening, edited by 

Ramakrishna Seethala, Prabhavathi B. Fernandas (2001, New York, NY, Marcel Dekker, 

ISBN 0-8247-0562-9). 

The screening methods described here may employ in vivo assays, although they may 

10 be configured for in vitro use. In vivo assays generally involve exposing a cell comprising 

VHZ to the candidate molecule. In in vitro assays, VHZ is exposed to the candidate molecule, 

optionally in the presence of other components, such as crude or semi-purified ceil extract, or 

purified proteins. Where in vitro assays are conducted, these may employ arrays of candidate 

molecules (for example, an arrayed library). In vivo assays may be employed. Therefore, the 

15 VHZ polypeptide may be comprised in a cell, such as heterologously. Such a cell may be a 
transgenic cell, which has been engineered to express VHZ as described above. 

Where an extract is employed, it may comprise a cytoplasmic extract or a nuclear 
extract, methods of preparation of which are well known in the art. 

It will be appreciated that any component of a cell comprising VHZ may be employed, 

20 such as an organelle. One embodiment utilises a cytoplasmic or nuclear preparation, e.g., 

comprising a cell nucleus which comprises VHZ as described. The nuclear preparation may 

comprise one or more nuclei, which may be permeabilised or semi-permeabilised, by 

detergent treatment, for example. 

Thus, in a specific embodiment, an assay format may include the following: a 

25 multiwell microtitre plate is set up to include one or more cells expressing VHZ polypeptide 

in each well; individual candidate molecules, or pools of candidate molecules, derived for 

example from a library, may be added to individual wells and modulation of VHZ activity 

measured. Where pools are used, these may be subdivided in to further pools and tested in the 
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same manner. VHZ activity, for example binding activity or transcriptional co-activation 
activity, as described elsewhere in this document may then be assayed. 

Alternatively or in addition to the assay methods described above, "subtractive" 
procedures may also be used to identify modulators or antagonists of VHZ. Under such 

5 "subtractive" procedures, a plurality of molecules is provided, which comprises one or more 

candidate molecules capable of functioning as a modulator (e.g., cell extract, nuclear extract, 

library of molecules, etc), and one or more components is removed, depleted or subtracted 

from the plurality of molecules. The "subtracted" extract, etc, is then assayed for activity, by 
exposure to a cell comprising VHZ (or a component thereof) as described. 

10 Thus, for example, an 'immunodepletion' assay may be conducted to identify such 

modulators as follows. A cytoplasmic or nuclear extract may be prepared from a suitable cell. 

The extract may be depleted or fractionated to remove putative modulators, such as by use of 

immunodepletion with appropriate antibodies. If the extract is depleted of a modulator, it will 

lose the ability to affect VHZ function or activity or expression. A series of subtractions 
15 and/or depletions may be required to identify the modulators or antagonists. 

It will also be appreciated that the above "depletion" or "subtraction" assay may be 

used as a preliminary step to identify putative modulatory factors for further screening. 

Furthermore, or alternatively, the "depletion" or "subtraction" assay may be used to confirm 

the modulatory activity of a molecule identified by other means (for example, a "positive" 
20 screen as described elsewhere in this document) as a putative modulator. 

Candidate molecules subjected to the assay and which are found to be of interest may 

be isolated and further studied. Methods of isolation of molecules of interest will depend on 

the type of molecule employed, whether it is in the form of a library, how many candidate 
molecules are being tested at any one time, whether a batch procedure is being followed, etc. 

25 The candidate molecules may be provided in the form of a library. In one embodiment, 

more than one candidate molecule may be screened simultaneously. A library of candidate 

molecules may be generated, for example, a small molecule library, a polypeptide library, a 

nucleic acid library, a library of compounds (such as a combinatorial library), a library of 

antisense molecules such as antisense DNA or antisense RNA, an antibody library etc, by 
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means known in the art. Such libraries are suitable for high-throughput screening. Different 

cells comprising VHZ may be exposed to individual members of the library, and effect on the 

VHZ activity determined. Array technology may be employed for this purpose. The cells may 

be spatially separated, for example, in wells of a microtitre plate. 

In an embodiment, a small molecule library is employed. By a "small molecule", we 

refer to a molecule whose molecular weight may be less than about 50 kDa. In particular 

embodiments, a small molecule may have a molecular weight which is less than about 30 kDa, 
such as less than about 15 kDa or less than 10 kDa or so. Libraries of such small molecules, 

here referred to as "small molecule libraries" may contain polypeptides, small peptides, for 

example, peptides of 20 amino acids or fewer, for example, 15, 10 or 5 amino acids, simple 
compounds, etc. 

Alternatively or in addition, a combinatorial library, as described in further detail 

below, may be screened for modulators or antagonists of VHZ. Assays for VHZ activity are 

described above. 

Libraries 
Libraries of candidate molecules, such as libraries of polypeptides or nucleic acids, 

may be employed in the screens for VHZ antagonists and inhibitors described here. Such 

l ibraries are exposed to VHZ protein, and their effect, if any, on the activity of the protein 

determined. 

Selection protocols for isolating desired members of large libraries are known in the 

art, as typified by phage display techniques. Such systems, in which diverse peptide sequences 

are displayed on the surface of filamentous bacteriophage (Scott and Smith (1990 supra), have 

proven useful for creating libraries of antibody fragments (and the nucleotide sequences that 

encoding them) for the in vitro selection and amplification of specific antibody fragments that 

bind a target antigen. The nucleotide sequences encoding the VH and VL regions are linked to 

gene fragments which encode leader signals that direct them to the periplasmic space of E. 
coli and as a result the resultant antibody fragments are displayed on the surface of the 
bacteriophage, typically as fusions to bacteriophage coat proteins (e.g., pill or pVIII). 

Alternatively, antibody fragments are displayed externally on lambda phage capsids 

(phagebodies). An advantage of phage-based display systems is that, because they are 
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bio logical systems, selected library members can be amplified simply by growing the phage 

containing the selected library member in bacterial cells. Furthermore, since the nucleotide 

sequence that encodes the polypeptide library member is contained on a phage or phagemid 

vector, sequencing, expression and subsequent genetic manipulation is relatively 

5 straightforward. 

Methods for the construction of bacteriophage antibody display libraries and lambda 

phage expression libraries are well known in the art (McCafferty et al. (1990) supra; Kang et 
al. (1991) Proc. Natl Acad. Sci. U.S.A., 88: 4363; Clackson et al (1991) Nature, 352: 624; 

Lowman et al (1991) Biochemistry, 30: 10832; Burton et al (1991) Proc. Natl. Acad. Sci 
10 U.S.A., 88: 10134; Hoogenboom etal (1991) Nucleic Acids Res., 19: 4133; Chang et al 

(1991 )J. Immunol, 147: 3610; Breitling etal (1991) Gene, 104: 147; Marks et al (1991) 
supra; Barbas et al. (1992) supra; Hawkins and Winter (1992) J. Immunol,, 22: 867; Marks et 

al., 1992, J. Biol Chem., 267: 16007; Lerner et al. (1992) Science, 258: 1313, incorporated 

herein by reference). Such techniques may be modified if necessary for the expression 
15 generally of polypeptide libraries. 

One particularly advantageous approach has been the use of scFv phage-libraries 

(Bird, R.E., etal (1988) Science 242: 423-6, Huston et al, 1988, Proc. Natl. Acad. Sci 
U.S.A., 85: 5879-5883; Chaudhary et al. (1990) Proc. Natl. Acad. Sci U.S.A., 87: 1066-1070; 

McCafferty et al (1990) supra; Clackson et al. (1991) supra; Marks et al. (1991) supra; 
20 Chiswell etal. (1992) Trends Biotech., 10: 80; Marks etal. (1992) supra). Various 

embodiments of scFv libraries displayed on bacteriophage coat proteins have been described. 

Refinements of phage display approaches are also known, for example as described in 

W096/06213 and W092/01047 (Medical Research Council etal) and W097/08320 
(Morphosys, supra), which are incorporated herein by reference. 

25 Alternative library selection technologies include bacteriophage lambda expression 

systems, which may be screened directly as bacteriophage plaques or as colonies of lysogens, 

both as previously described (Huse et al. (1989,) Science, 246: 1275; Caton and Koprowski 

(1990) Proc. Natl Acad. Sci. U.S.A., 87; Mullinax et al (1990) Proc. Natl Acad. Sci. U.S.A., 

87: 8095; Persson et al. (1991) Proc. Natl Acad, Sci. U.S.A., 88: 2432) and are of use in the 

30 methods and compositions described here. These expression systems may be used to screen a 
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large number of different members of a library, in the order of about 106 or even more. Other 

screening systems rely, for example, on direct chemical synthesis of library members. One 

early method involves the synthesis of peptides on a set of pins or rods, such as described in 

W084/03564. A similar method involving peptide synthesis on beads, which forms a peptide 

5 library in which each bead is an individual library member, is described in U.S. Patent No. 

4,63 3. ,211 and a related method is described in W092/00091. A significant improvement of 

the bead-based methods involves tagging each bead with a unique identifier tag, such as an 

oligonucleotide, so as to facilitate identification of the amino acid sequence of each library 
member. These improved bead-based methods are described in W093/06121. 

10 Another chemical synthesis method involves the synthesis of arrays of peptides (or 

peptidomimetics) on a surface in a manner that places each distinct library member (e.g., 

unique peptide sequence) at a discrete, predefined location in the array. The identity of each 

library member is determined by its spatial location in the array. The locations in the array 

where binding interactions between a predetermined molecule (e.g., a receptor) and reactive 

15 library members occur is determined, thereby identifying the sequences of the reactive library 

members on the basis of spatial location. These methods are described in U.S. Patent No. 

5,143,854; W090/15070 and W092/10092; Fodor et al. (1991) Science, 251: 767; Dower and 
Fodor (1991) Ann. Rep. Med. Chem., 26: 271. 

Other systems for generating libraries of polypeptides or nucleotides involve the use of 

20 cell-free enzymatic machinery for the in vitro synthesis of the library members. In one 
method, RNA molecules are selected by alternate rounds of selection against a target ligand 

and PGR amplification (Tuerk and Gold (1990) Science, 249: 505; Ellington and Szostak 

(1990) Nature, 346: 818). A similar technique may be used to identify DNA sequences which 

bind a predetermined human transcription factor (Thiesen and Bach (1990) Nucleic Acids 
25 Res., 18: 3203; Beaudry and Joyce (1992) Science, 257: 635; W092/05258 and 

W092/14843). In a similar way, in vitro translation can be used to synthesise polypeptides as 

a method for generating large libraries. These methods which generally comprise stabilised 

polysome complexes, are described further in W088/08453, W090/05785, W090/07003, 

W091/02076, W091/05058, and W092/02536. Alternative display systems which are not 

30 phage-based, such as those disclosed in W095/22625 and W095/11922 (Affymax) use the 
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polysomes to display polypeptides for selection. These and all the foregoing documents also 

are incorporated herein by reference. 

Combinatorial Libraries 
Libraries, in particular, libraries of candidate molecules, may suitably be in the form of 

5 combinatorial libraries (also known as combinatorial chemical libraries). 

A "combinatorial library", as the term is used in this document, is a collection of 

multiple species of chemical compounds that consist of randomly selected subunits. 
Combinatorial libraries may be screened for molecules which are capable of inhibiting VHZ. 

Various combinatorial libraries of chemical compounds are currently available, 

10 including libraries active against proteolytic and non-proteolytic enzymes, libraries of agonists 

and antagonists of G-protein coupled receptors (GPCRs), libraries active against non-GPCR 

targets (e.g., integrms, ion channels, domain interactions, nuclear receptors, and transcription 

factors) and libraries of whole-cell oncology and anti-infective targets, among others. A 

comprehensive review of combinatorial libraries, in particular their construction and uses is 

15 provided in Dolle and Nelson (1999), Journal of Combinatorial Chemistry, Vol 1 No 4, 235-

282. Reference is also made to Combinatorial peptide library protocols (edited by Shmuel 
Cabilly, Totowa, N.J. : Humana Press, cl998. Methods in Molecular Biology v. 87). Specific 

combinatorial libraries and methods for their construction are disclosed in United States 

Patent 6,168,914 (Campbell, et al), as well as in Baldwin et al. (1995), "Synthesis of a Small 
20 Molecule Library Encoded with Molecular Tags," J. Am. Chem. Soc. 1I7:5588-5589, and in 

the references mentioned in those documents. 

In one embodiment, the combinatorial library which is screened is one which is 

desi gned to potentially include molecules which interact with a component of the cell to 

influence gene expression. For example, combinatorial libraries against chromatin structural 

25 proteins may be screened. Other libraries which are useful for this embodiment include 

combinatorial libraries against histone modification enzymes (e.g., histone acetylation or 

histone metylation enzymes), or DNA modification, for example, DNA methylation or 

demethylation. 

Further references describing chemical combinatorial libraries, their production and 

30 use include those available from the URL http://www.netsci.org/Science/Combichem/, 

http://www.netsci.org/Science/Combichem/
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including The Chemical Generation of Molecular Diversity. Michael R. Pavia, Sphinx 

Pharmaceuticals, A Division of Eli Lilly (Published July, 1995); Combinatorial Chemistry: A 
Strategy for the Future - MDL Information Systems discusses the role its Project Library plays 

in managing diversity libraries (Published July, 1995); Solid Support Combinatorial 

5 Chemistry in Lead Discovery and SAR Optimization, Adnan M. M. Mjalli and Barry E. 

Toyonaga, Ontogen Corporation (Published July, 1995); Non-Peptidic Bradykinin Receptor 

Antagonists From a Structurally Directed Non-Peptide Library. Sarvajit Chakravarty, Babu J. 

Mavunkel, Robin Andy, Donald J. Kyle*, Scios Nova Inc. (Published July, 1995); 

Combinatorial Chemistry Library Design using Pharmacophore Diversity Keith Davies and 

10 Clive Briant, Chemical Design Ltd. (Published July, 1995); A Database System for 
Combinatorial Synthesis Experiments - Craig James and David Weininger, Daylight Chemical 

Information Systems, Inc. (Published July, 1995); An Information Management Architecture 

for Combinatorial Chemistry, Keith Davies and Catherine White, Chemical Design Ltd. 

(Published July, 1995); Novel Software Tools for Addressing Chemical Diversity, R. S. 

15 Pearlman, Laboratory for Molecular Graphics and Theoretical Modeling, College of 

Pharmacy, University of Texas (Published June/July, 1996);. Opportunities for Computational 

Chemists Afforded by the New Strategies in Drug Discovery: An Opinion, Yvonne Connolly 

Martin, Computer Assisted Molecular Design Project, Abbott Laboratories (Published 

June/July, 1996); Combinatorial Chemistry and Molecular Diversity Course at the University 

20 of Louisville: A Description, Arno F. Spatola, Department of Chemistry, University of 
Louisville (Published June/July, 1996); Chemically Generated Screening Libraries: Present 

and Future. Michael R. Pavia, Sphinx Pharmaceuticals, A Division of Eli Lilly (Published 

June/July, 1996); Chemical Strategies For Introducing Carbohydrate Molecular Diversity Into 

The Drug Discovery Process.. Michael J. Sofia, Transcell Technologies Inc. (Published 

25 June/July, 1996); Data Management for Combinatorial Chemistry. Maryjo Zaborowski, 

Chiron Corporation and Sheila H. DeWitt, Parke-Davis Pharmaceutical Research, Division of 

Warner-Lambert Company (Published November, 1995); and The Impact of High Throughput 

Organic Synthesis on R&D in Bio-Based Industries, John P. Devlin (Published March, 1996). 

Techniques in combinatorial chemistry are gaining wide acceptance among modern 

30 methods for the generation of new pharmaceutical leads (Gallop, M. A. et al., 1994, J. Med. 

Chem. 37:1233-1251; Gordon, E. M. et al, 1994, J. Med. Chem. 37:1385-1401.). One 
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combinatorial approach in use is based on a strategy involving the synthesis of libraries 

containing a different structure on each particle of the solid phase support, interaction of the 

library with a soluble receptor, identification of the 'bead' which interacts with the 

macromolecular target, and determination of the structure carried by the identified 'bead' 

5 (Lam, K. S. et al, 1991, Nature 354:82-84). An alternative to this approach is the sequential 

release of defined aliquots of the compounds from the solid support, with subsequent 

determination of activity in solution, identification of the particle from which the active 

compound was released, and elucidation of its structure by direct sequencing (Salmon, S. E. et 

al., 1993, Proc.Natl.Acad.Sci.USA 90:11708-11712), or by reading its code (Kerr, J. M. et al., 

10 1993, J.Am.Chem.Soc. 115:2529-2531; Nikolaiev, V. et al., 1993, Pept Res. 6:161-170; 
Ohlmeyer, M. H. J. et al., 1993, Proc.NatI.Acad.Sci.USA 90:10922-10926). 

Soluble random combinatorial libraries may be synthesized using a simple principle 

for the generation of equimolar mixtures of peptides which was first described by Furka 

(Furka, A. et al., 1988, Xth International Symposium on Medicinal Chemistry, Budapest 

15 1988; Furka, A. et al, 1988, 14th International Congress-of Biochemistry, Prague 1988; 
Furka, A. et al., 1991, Int. J. Peptide Protein Res. 37:487-493). The construction of soluble 

libraries for iterative screening has also been described (Houghten, R. A. et all991, Nature 

354:84-86). K, S. Lam disclosed the novel and unexpectedly powerful technique of using 

insoluble random combinatorial libraries. Lam synthesized random combinatorial libraries on 
20 solid phase supports, so that each support had a test compound of uniform molecular structure, 

and screened the libraries without prior removal of the test compounds from the support by 

solid phase binding protocols (Lam, K. S. et al, 1991, Nature 354:82-84). 

Thus, a library of candidate molecules may be a synthetic combinatorial library (e.g., a 

combinatorial chemical library), a cellular extract, a bodily fluid (e.g., urine, blood, tears, 

25 sweat, or saliva), or other mixture of synthetic or natural products (e.g, a library of small 
molecules or a fermentation mixture). 

A library of molecules may include, for example, amino acids, oligopeptides, 

polypeptides, proteins, or fragments of peptides or proteins; nucleic acids (e.g, antisense; 

DNA; RNA; or peptide nucleic acids, PNA); aptamers; or carbohydrates or polysaccharides. 

30 Each member of the library can be singular or can be a part of a mixture (e.g, a compressed 
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library). The library may contain purified compounds or can be "dirty" (i.e, containing a 

significant quantity of impurities). 

Commercially available libraries (e.g, from Affymetrix, ArQule, Neose Technologies, 
Sarco, Ciddco, Oxford Asymmetry, Maybridge, Aldrich, Panlabs, Pharmacopoeia, Sigma, or 

5 Tripose) may also be used with the methods described here. 

in addition to libraries as described above, special libraries called diversity files can be 

used to assess the specificity, reliability, or reproducibility of the new methods. Diversity files 

contain a large number of compounds (e.g, 1000 or more small molecules) representative of 
many classes of compounds that could potentially result in nonspecific detection in an assay. 

10 Diversity files are commercially available or can also be assembled from individual 

compounds commercially available from the vendors listed above. 

ANTIBODIES 

Anti-VHZ agents, including antagonists or modulators of VHZ, which may be used to 

regulate the activity of this protein (for example, for methods of treating or preventing 

15 diseases such as cancer as described in this document) may include antibodies against the 
VHZ protein. 

We therefore provide for antibodies which bind to a VHZ polypeptide, fragment, 
homologue, variant or derivative thereof. Such antibodies are useful in detecting VHZ 

expression, and in particular in diagnosing a VHZ associated disease such as colon cancer, lung 

20 cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 
cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. Other antibodies 
include those which have therapeutic activity, i.e, which are may be used in a therapeutic manner 

to treat, manage or prevent any VHZ associated disease, including colon cancer, lung cancer, 

25 squamous cell carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic 

cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 
cancer, ovary cancer, prostate cancer and testicular cancer. 
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An antibody against VHZ may be generated as described in the Exmaples, by 

immunisation with a peptide RRLRPGSIETYEQEK (SEQ ID NO: 3) corresponding to amino 
acid residues (126-140) of human VHZ. 

Examples of antibodies capable of binding to VHZ include chicken anti-human VHZ 

5 antibody (catalogue numbers LS-C32281, amino acids 35 to 90, LS-C42458, LS-A6806 and 

LS-A6803, LS-C32281, Lifespan Inc, Seattle, Washington, USA), rabbit anti-human VHZ 

antibody (catalogue number DS-PB-00676, RayBiotech Inc, Norcross, Georgia, USA), 
chicken anti-human VHZ antibody (catalogue number XW-7857, ProSci Incorporated, 
Poway, California, USA), rabbit anti-human VHZ antibody (catalogue number F4560 and 

10 D9840-66A, United States Biological, Swampscott, Massachusetts, USA), chicken anti-
human VHZ antibody (catalogue number D9840-66, United States Biological, Swampscott, 
Massachusetts, USA), rabbit anti-human VHZ antibody (catalogue number AHPI 142, AdB 

Serotec, Oxford, United Kingdom), rabbit anti-human VHZ antibody (catalogue number 

NB110-40452, Novus Biologicals, Littleton, Colorado, USA), chicken anti-human VHZ 
15 ahtibody (catalogue number NB100-75328, Novus Biologicals, Littleton, Colorado, USA). 

Furthermore, antibodies which are specific for VHZ may be generated against any 

suitable epitope, for example, an epitope derived from the VHZ protein. The sequence of a 

suitable fragment of VHZ may comprise residue C95 of VHZ and any epitope from this 

sequence may be used for the generation of specific VHZ antibodies. 

20 For the purposes of this document, the term "antibody" refers to complete antibodies or 

antibody fragments capable of binding to a selected target. Unless specified to the contrary, the 

term includes but is not limited to, polyclonal, monoclonal, natural or engineered antibodies 

including chimeric, CDR-grafted and humanised antibodies, and artificially selected 

antibodies produced using phage display or alternative techniques. The term also includes 

25 single chain, Fab fragments and fragments produced by a Fab expression library. Such 

fragments include fragments of whole antibodies which retain their binding activity for a target 

substance, Fv, F(ab') and F(ab')z fragments, as well as single chain antibodies (scFv),fusion 

proteins and other synthetic proteins which comprise the antigen-binding site of the antibody. 

Small fragments, such as Fv and ScFv, possess advantageous properties for diagnostic and 
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therapeutic applications on account of their small size and consequent superior tissue 
distribution. 

The antibodies and fragments thereof may be humanised antibodies, for example as 

described in EP-A-239400. Furthermore, antibodies with fully human variable regions (or their 

5 fragments), for example, as described in US Patent Nos. 5,545,807 and 6,075,181 may also be 

used. Neutralizing antibodies, i.e., those which inhibit any biological activity of VHZ, may be 
used for diagnostics and therapeutics. 

The antibodies described here may be altered antibodies comprising an effector protein 

such as a label. Labels which allow the imaging of the distribution of the antibody in vivo or in 
10 vitro may be used. Such labels may be radioactive labels or radioopaque labels, such as metal 

particles, which are readily visualisable within an embryo or a cell mass. Moreover, they may 

be fluorescent labels or other labels which are visualisable on tissue samples. 

Antibodies may be produced by standard techniques, such as by immunisation or by 
using a phage display library. Such an antibody may be capable of binding specifically to the 

15 VHZ protein or homologue, fragment, etc. 

Polyclonal Antibodies 
If polyclonal antibodies are desired, a selected mammal (e.g, mouse, rabbit, goat, 

horse, etc.) may be immunised with an immunogenic composition comprising a VHZ 

polypeptide or peptide. Depending on the host species, various adjuvants may be used to 

20 increase immunological response. Such adjuvants include, but are not limited to, Freund's, 

mineral gels such as aluminium hydroxide, and surface active substances such as lysolecithin, 

pluronic polyols, polyanions, peptides, oil emulsions, keyhole limpet hemocyanin, and 

dinitrophenol. BCG (Bacilli Calmette-Guerin) and Corynebacterium parvum are potentially 

useful human adjuvants which may be employed if purified the substance amino acid 

25 sequence is administered to immunologically compromised individuals for the purpose of 
stimulating systemic defence. 

Serum from the immunised animal is collected and treated according to known 

procedures. If serum containing polyclonal antibodies to an epitope obtainable from a VHZ 

polypeptide contains antibodies to other antigens, the polyclonal antibodies can be purified by 

30 immunoaffinity chromatography. Techniques for producing and processing polyclonal 
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antisera are known in the art. In order that such antibodies may be made, we also provide VHZ 

amino acid sequences or fragments thereof haptenised to another amino acid sequence for use as 
immunogens in animals or humans. 

Monoclonal Antibodies 
5 Monoclonal antibodies directed against epitopes obtainable from a VHZ polypeptide 

or peptide can also be readily produced by one skilled in the art. The general methodology for 

making monoclonal antibodies by hybridomas is well known. Immortal antibody-producing 

cell lines can be created by cell fusion, and also by other techniques such as direct 

transformation of B lymphocytes with oncogenic DNA, or transfection with Epstein-Barr 

10 virus. Panels of monoclonal antibodies produced against orbit epitopes can be screened for 
various properties; i.e., for isotype and epitope affinity. 

Monoclonal antibodies may be prepared using any technique which provides for the 

production of antibody molecules by continuous cell lines in culture. These include, but are 

not limited to, the hybridoma technique originally described by Koehler and Milstein (1975 

15 Nature 256:495-497), the trioma technique, the human B-cell hybridoma technique (Kosbor el 
al fl983) Immunol Today 4:72; Cote etal (1983) Proc Natl Acad Sci 80:2026-2030) and the 
EBV-hybridoma technique (Cole et al. Monoclonal Antibodies and Cancer Therapy, pp. 77-

96, Alan R. Liss, Inc, 1985). 

Recombinant DNA technology may be used to improve the antibodies as described 

20 here. Thus, chimeric antibodies may be constructed in order to decrease the immunogenicity 
thereof in diagnostic or therapeutic applications. Such techniques comprise splicing of mouse 

antibody genes to human antibody genes to obtain a molecule with appropriate antigen 

specificity and biological activity (Morrison et al (1984) Proc Natl Acad Sci 81:6851-6855; 

Neuberger et al (1984) Nature 312:604-608; Takeda et al (1985) Nature 314:452-454). 

25 Moreover, immunogenicity may be minimised by humanising the antibodies by CDR grafting 
[see European Patent Application 0 239 400 (Winter)] and. optionally, framework 
modification [EP 0 239 400], 

Alternatively, techniques described for the production of single chain antibodies (US 

Patent No. 4,946,779) can be adapted to produce the substance specific single chain 
30 antibodies. 
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Antibodies, both monoclonal and polyclonal, which are directed against epitopes 

obtainable from a VHZ polypeptide or peptide are particularly useful in diagnosis. 

Monoclonal antibodies, in particular, may be used to raise anti-idiotype antibodies. Anti­

idiotype antibodies are immunoglobulins which carry an "internal image" of the substance 

5 and/or agent against which protection is desired. Techniques for raising anti-idiotype 

antibodies are known in the art. These anti-idiotype antibodies may also be useful in therapy. 

Antibodies may also be produced by inducing in vivo production in the lymphocyte 
population or by screening recombinant immunoglobulin libraries or panels of highly specific 

binding reagents as disclosed in Orlandi etal (1989, Proc Natl Acad Sci 86: 3833-3837), and 
10 Winter G and Milstein C (1991; Nature 349:293-299). 

Antibody fragments which contain specific binding sites for the polypeptide or peptide 

may also be generated. For example, such fragments include, but are not limited to, the F(ab')2 

fragments which can be produced by pepsin digestion of the antibody molecule and the Fab 

fragments which can be generated by reducing the disulfide bridges of the F(ab')2 fragments. 

15 Alternatively, Fab expression libraries may be constructed to allow rapid and easy 

identification of monoclonal Fab fragments with the desired specificity (Huse WD et al (1989) 
Science 256:1275-128 1). 

Techniques for the production of single chain antibodies (U.S. Pat. No. 4,946,778) can 

also be adapted to produce single chain antibodies to VHZ polypeptides. Also, transgenic 

20 mice, or other organisms including other mammals, may be used to express humanized 
antibodies. 

The above-described antibodies may be employed to isolate or to identify clones 

expressing the polypeptide or to purify the polypeptides by affinity chromatography. 

Recombinant Techniques of Antibody Production 
25 Recombinant DNA technology may be used to produce the antibodies according to 

established procedure, in bacterial or mammalian cell culture. The selected cell culture system 
may secrete the antibody product. 

Therefore, we disclose a process for the production of an antibody comprising 

culturing a host, e.g. E. coli or a mammalian cell, which has been transformed with a hybrid 
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vector comprising an expression cassette comprising a promoter operably linked to a first 

DNA sequence encoding a signal peptide linked in the proper reading frame to a second DNA 
sequence encoding said antibody protein, and isolating said protein. 

Multiplication of hybridoma cells or mammalian host cells in vitro is carried out in 

5 suitable culture media, which are the customary standard culture media, for example 

Dulbecco's Modified Eagle Medium (DMEM) or RPMI 1640 medium, optionally replenished 

by a mammalian serum, e.g. foetal calf serum, or trace elements and growth sustaining 

supplements, e.g. feeder cells such as normal mouse peritoneal exudate cells, spleen cells, 

bone marrow macrophages, 2-aminoethanol, insulin, transferrin, low density lipoprotein, oleic 
J 0 acid, or the like. Multiplication of host cells which are bacterial cells or yeast cells is likewise 

carried out in suitable culture media known in the art, for example for bacteria in medium LB, 

NZCYM, NZYM, NZM, Terrific Broth, SOB, SOC, 2 x YT, or M9 Minimal Medium, and for 

yeast in medium YPD, YEPD, Minimal Medium, or Complete Minimal Dropout Medium. 

In vitro production provides relatively pure antibody preparations and allows scale-up 

15 to give large amounts of the desired antibodies. Techniques for bacterial cell, yeast or 

mammalian cell cultivation are known in the art and include homogeneous suspension culture, 
e.g. in an airlift reactor or in a continuous stirrer reactor, or immobilised or entrapped cell 
culture, e.g. in hollow fibres, microcapsules, on agarose microbeads or ceramic cartridges. 

Large quantities of the desired antibodies can also be obtained by multiplying 

20 mammalian cells in vivo. For this purpose, hybridoma cells producing the desired antibodies 

are injected into histocompatible mammals to cause growth of antibody-producing tumours. 

Optionally, the animals are primed with a hydrocarbon, especially mineral oils such as 

pristane (tetramethyl-pentadecane), prior to the injection. After one to three weeks, the 

antibodies are isolated from the body fluids of those mammals. For example, hybridoma cells 

25 obtained by fusion of suitable myeloma cells with antibody-producing spleen cells from 

Balb/c mice, or transfected cells derived from hybridoma cell line Sp2/0 that produce the 

desired antibodies are injected intraperitoneally into Balb/c mice optionally pre-treated with 

pristane, and, after one to two weeks, ascitic fluid is taken from the animals. 

The foregoing, and other, techniques are discussed in, for example, Kohler and 

30 Milstein, (1975) Nature 256:495-497; US 4,376,110; Harlow and Lane, Antibodies; a 
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Laboratory Manual, (1988) Cold Spring Harbor, incorporated herein by reference. Techniques 

for the preparation of recombinant antibody molecules are described in the above references 

and also in, for example, EP 0623679; EP 0368684 and EP 0436597, which are incorporated 

herein by reference. 

5 The ceil culture supernatants are screened for the desired antibodies, preferentially by 

immunofluorescent staining of PGCs or other pluripotent cells, such as ES or EG cells, by 

immunoblotting, by an enzyme immunoassay, e.g. a sandwich assay or a dot-assay, or a 
radioimmunoassay. 

For isolation of the antibodies, the immunoglobulins in the culture supernatants or in 

10 the ascitic fluid may be concentrated, e.g. by precipitation with ammonium sulphate, dialysis 

against hygroscopic material such as polyethylene glycol, filtration through selective 

membranes, or the like. If necessary and/or desired, the antibodies are purified by the 

customary chromatography methods, for example gel filtration, ion-exchange 

chromatography, chromatography over DEAE-cellulose and/or (immuno-) affinity 

15 chromatography, e.g. affinity chromatography with the antigen, or fragments thereof, or with 
Protein-A. 

Hybridoma cells secreting the monoclonal antibodies are also provided. Hybridoma 

cells may be genetically stable, secrete monoclonal antibodies of the desired specificity and 
can be activated from deep-frozen cultures by thawing and recloning. 

20 Also included is a process for the preparation of a hybridoma cell line secreting 

monoclonal antibodies directed to the VHZ polypeptides characterised in that a suitable 

mammal, for example a Balb/c mouse, is immunised with a one or more VHZ polypeptides, or 

antigenic fragments thereof; antibody-producing cells of the immunised mammal are fused 
with cells of a suitable myeloma cell line, the hybrid ceils obtained in the fusion are cloned, 

25 and cell clones secreting the desired antibodies are selected. For example spleen cells of 

Balb/c mice immunised with VHZ are fused with cells of the myeloma cell line PAI or the 
myeloma cell line Sp2/0-Agl4, the obtained hybrid cells are screened for secretion of the 

desired antibodies, and positive hybridoma cells are cloned. 
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We describe a process for the preparation of a hybridoma cell line, characterised in 

that Balb/c mice are immunised by injecting subcutaneously and/or intraperitoneally between 

10 and 107 and 10s cells expressing VHZ and a suitable adjuvant several times, e.g. four to six 

times, over.several months, e.g. between two and four months, and spleen cells from the 

5 immunised mice are taken two to four days after the last injection and fused with cells of the 

myeloma cell line PAI in the presence of a fusion promoter, such as polyethylene glycol. The 

myeloma cells may be fused with a three- to twentyfold excess of spleen cells from the 

immunised mice in a solution containing about 30 % to about 50 % polyethylene glycol of a 

molecular weight around 4000. After the fusion the cells are expanded in suitable culture 
10 media as described hereinbefore, supplemented with a selection medium, for example HAT 

medium, at regular intervals in order to prevent normal myeloma cells from overgrowing the 
desired hybridoma cells. 

Recombinant DNAs comprising an insert coding for a heavy chain variable domain 

and/or for a light chain variable domain of antibodies directed to VHZ as described 

15 hereinbefore are also disclosed. By definition such DNAs comprise coding single stranded 
DNAs, double stranded DNAs consisting of said coding DNAs and of complementary DNAs 
thereto, or these complementary (single stranded) DNAs themselves. 

Furthermore, DNA encoding a heavy chain variable domain and/or for a light chain 

variable domain of antibodies directed to VHZ can be enzymatically or chemically 

20 synthesised DNA having the authentic DNA sequence coding for a heavy chain variable 
domain and/or for the light chain variable domain^ or a mutant thereof. A mutant of the 

authentic DNA is a DNA encoding a heavy chain variable domain and/or a light chain 

variable domain of the above-mentioned antibodies in which one or more amino acids are 

deleted or exchanged with one or more other amino acids. The modification(s) may be outside 

25 the CDRs of the heavy chain variable domain and/or of the light chain variable domain of the 

antibody. Such a mutant DNA is also intended to be a silent mutant wherein one or more 

nucleotides are replaced by other nucleotides with the new codons coding for the same amino 

acid(s). Such a mutant sequence is also a degenerated sequence. Degenerated sequences are 

degenerated within the meaning of the genetic code in that an unlimited number of nucleotides 

30 are replaced by other nucleotides without resulting in a change of the amino acid sequence 

originally encoded. Such degenerated sequences may be useful due to their different 
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restriction sites and/or frequency of particular codons which are preferred by the specific host, 

particularly E. coli, to obtain an optimal expression of the heavy chain murine variable 
domain and/or a light chain murine variable domain. 

The term mutant is intended to include a DNA mutant obtained by in vitro 

5 mutagenesis of the authentic DNA according to methods known in the art. 

For the assembly of complete tetrameric immunoglobulin molecules and the 

expression of chimeric antibodies, the recombinant DNA inserts coding for heavy and light 

chain variable domains are fused with the corresponding DNAs coding for heavy and light 

chain constant domains, then transferred into appropriate host cells, for example after 
10 incorporation into hybrid vectors. 

Also disclosed are recombinant DNAs comprising an insert coding for a heavy chain 

murine variable domain of an antibody directed to VHZ fused to a human constant domain g, 
for example yl, y2, y3 or y4, such as yl or y4. Likewise recombinant DNAs comprising an 

insert coding for a light chain murine variable domain of-an antibody directed to VHZ fused to 

15 a human constant domain K or X, such as K are also disclosed. 

In another embodiment, we disclose recombinant DNAs coding for a recombinant 

polypeptide wherein the heavy chain variable domain and the light chain variable domain are 

linked by way of a spacer group, optionally comprising a signal sequence facilitating the 

processing of the antibody in the host cell and/or a DNA coding for a peptide facilitating the 
20 purification of the antibody and/or a cleavage site and/or a peptide spacer and/or an effector 

molecule. 

The DNA coding for an effector molecule is intended to be a DNA coding for the 

effector molecules useful in diagnostic or therapeutic applications. Thus, effector molecules 

which are toxins or enzymes, especially enzymes capable of catalysing the activation of 

25 prodrugs, are particularly indicated. The DNA encoding such an effector molecule has the 

sequence of a naturally occurring enzyme or toxin encoding DNA, or a mutant thereof, and 
can be prepared by methods well known in the art. 
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ANTI-VHZ ANTIBODIES 

The Examples describe the generation and production of antibodies against VHZ 

proteins, i.e, anti-VHZ antibodies. Such anti-VHZ antibodies may be capable of binding 
VHZ, such as intracellular VHZ. 

5 Both monoclonal antibodies and humanised monoclonal antibodies and their properties 

are described in detail in this document and the Examples. The antibodies include monoclonal 

antibody 209 capable of binding to VHZ. Humanised versions of this antibody are also 

disclosed. 

We describe an antibody capable of binding to an VHZ polypeptide, in which the 

10 antibody is capable of binding to an epitope bound by antibody 209, or a variant, homologue, 
derivative or fragment thereof. 

The antibody may be capable of binding to an epitope on a VHZ polypeptide bound by 

antibody 209. The antibody may comprise an anti-VHZ antibody capable of binding to an 

epitope being a sequence comprising residue C95 of VHZ, or a variant, homologue, derivative 
15 or fragment thereof. 

The antibody may comprise the variable region of monoclonal antibody 209. 

We further describe an antibody comprising the variable region of monoclonal 

antibody 209, or a variant, homologue, derivative or fragment thereof which is capable of 
binding VHZ. 

20 The antibody may be capable of binding to an intracellular VHZ polypeptide. The 
antibody may be capable of crossing the plasma membrane of a cell. 

The antibody may be capable of binding to and inhibiting a biological activity of VHZ. 

The antibody may be capable of preventing metastasis of a cancer, such as colon 

cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, cervix and penis 

25 cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, 

kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer. The cancer 
may comprise VHZ expressing cancer. 
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The antibody may comprise a monoclonal antibody or a humanised monoclonal 

antibody. 

We further describe a combination comprising an anti-VHZ antibody and a further 
therapeutic antibody. 

We further describe a pharmaceutical composition comprising such an antibody or 

combination, together with a pharmaceutical^" acceptable excipient, diluent or carrier. 

We further describe an antibody capable of binding to VHZ, which may comprise an 

antibody as described, a combination as set out above or a pharmaceutical composition as set 

out above for use in a method of treatment or prevention of cancer or metastasis thereof. 

The method may comprise exposing a cancer cell to the antibody or combination. The 
method may comprise administering a therapeutically effective amount of the antibody, 

combination or composition to an individual suffering or suspected of suffering from cancer. 

The cancer may comprise a metastatic cancer. The cancer may be a VHZ expressing cancer. 

The cancer may comprise colon cancer, lung cancer, squamous cell carcinoma 

including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, 
oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, 

prostate cancer and testicular cancer. 

The number of metastatic tumours in a treated individual may be reduced by at least 

50% compared to an untreated individual. It may be reduced by at least 60%. It may be 

reduced by at least 70%. It may be reduced by at least 80%. The number of metastatic tumours 
in a treated individual may be reduced by at least 90% compared to an untreated individual. 

We further describe an antibody as set out above, a combination as described or a 

pharmaceutical composition as described for use in a method of diagnosis of a cancer or 
metastasis thereof. 

We further describe a diagnostic kit comprising such an antibody, such a combination 

or such a pharmaceutical composition together with instructions for use in the diagnosis of a 

cancer or metastasis thereof. 
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We further describe a polypeptide comprising a sequence selected from the group 

consisting of SEQ ID NO: 4 and SEQ ID NO: 5, or a variant, homologue, derivative or 
fragment thereof which is capable of binding VHZ. 

We further describe a nucleic acid comprising a sequence capable of encoding a 

molecule as set out above, or a variant, homologue, derivative or fragment thereof which is 
capable of encoding a polypeptide having VHZ binding activity. 

We further describe a cell comprising or transformed with such a nucleic acid 

sequence or a descendent of such a ceil. 

We further describe a method of producing an antibody as described, the method 
comprising providing such a cell and expressing the antibody from the cell. 

We further describe a method of diagnosis of cancer, such as metastatic cancer, in an 

individual, the method comprising exposing a biological sample from the individual to an 

antibody as set out above and detecting binding between the antibody and a VHZ polypeptide. 

We further describe a method of treatment or prevention of cancer, such as metastatic 

cancer, in an individual suffering or suspected to be suffering from cancer, the method 

comprising administering a therapeutically effective amount of an antibody as described, a 
combination as described or a composition as described, to the individual 

The method may comprises a feature as set out in any of the above paragraphs. 

We further describe a method of treatment or prevention of cancer, such as metastatic 

cancer, in an individual suffering or suspected to be suffering from cancer, the method 

comprising diagnosing cancer in the individual by a method as described and treating the 

individual by a method as described. 

We further describe a method of detecting a metastatic cell, the method comprising 

exposing a candidate cell to an antibody as described above and detecting expression of VHZ 
polypeptide by the cell. 

We further describe a method of producing an animal model for metastatic tumours, 

the method comprising: (a) administering a plurality of metastatic cancer cells, such as a VHZ 

expressing cancer cells, into a first animal; (b) allowing the cells to develop into metastatic 
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tumours in the first animal; (c) extracting a metastatic tumour from the first animal and 

deriving a cell line from the metastatic tumour; and (d) administering a plurality of cells of the 
cell line into a second animal. 

We further describe an animal model obtainable by such a method. 

5 We further describe use of an animal model produced by such a method or as set out 

above as a model for metastatic tumours. 

We further describe a method comprising the steps of providing an antibody as 

described and allowing the antibody to bind to a VHZ polypeptide. 

The antibody may be allowed to bind to a cell expressing a VHZ polypeptide. 

10 For the avoidance of doubt, where a specific antibody designation is referred to in this 

document, this should be taken to include a reference to both the mouse monoclonal antibody 

(as secreted by a hybridoma), as well as to the humanised version of it, unless the context 
dictates otherwise. Thus, for example, where antibody 209 is referred to, this includes both the 
monoclonal antibody 209 (i.e, the mouse hybridoma secreted antibody designated 209), as 

15 well as a humanised monoclonal antibody 209. 

The specific antibodies described in this document may be produced by a person 
skilled in the art from the information disclosed in this document, and employing molecular 
biology techniques which we also describe in detail. 

For this purpose, we disclose the sequences of the variable region of monoclonal 

20 antibody 209. We further disclose variants, homologues, fragments and derivatives of the 

variable region. Using this sequence information, a skilled person may produce antibodies 

comprising the variable region or its variants, homologues, fragments and derivatives. 

We further describe nucleic acid constructs for expressing these monoclonal 
antibodies. These constructs enable the production of monoclonal antibodies which have 

25 identical sequences to 209. We further disclose variants, homologues, fragments and 

derivatives of 209. 

Finally, we describe constructs capable of expressing the humanised monoclonal 

antibody 209. We describe methods of expressing the antibodies of interest from cells 
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transfected with the constructs, as well as variants, homologues, fragments and derivatives of 
these humanised constructs. 

Using such sequences and the expression methods, the skilled person may readily 

transfect relevant host cells and cause them to express the whole monoclonal or humanised 

5 anti-VHZ antibodies, or variants, homologues, fragments and derivatives thereof. 

We further provide for polypeptides in general having VHZ binding activity. Such 

polypeptides include anti-VHZ antibodies. The VHZ-binding polypeptides may comprise one 
or more of the same or similar properties as the monoclonal antibodies 209. The polypeptides 
will be referred to for convenience generally as "anti-VHZ antibodies". 

10 It is within the skills of a reader to construct binding molecules which may not be (or 

may not be described as) antibodies or immunoglobulins but which comprise anti-VHZ 

binding activity as described here. Accordingly, and where the context allows the term "anti-

VHZ antibodies" should be taken to include any molecule so long as it is capable of binding 

VHZ. Such molecules may include polypeptides, small molecules, as well as antibodies and 
15 immunoglobulins, and may be identified through various means known in the art, for example 

by screening a suitable library for VHZ binding activity. 

The anti-VHZ antibodies (which include VHZ binding molecules) may comprise 

similar or identical properties may as the monoclonal antibody 209. Such similar or identical 
properties may in particular include binding properties. The anti-VHZ antibody may in 

20 general be capable of binding to VHZ polypeptides, e.g, VHZ. 

Thus, the term "anti-VHZ antibody" will be taken to include monoclonal antibody 209 

(as well as its humanised counterparts). Also included are polypeptides comprising the 

variable regions of antibody 209 or variants, homologues, fragments and derivatives thereof. 

This term should also be taken to include reference to variants, homologues, fragments and 
25 derivatives of the anti-VHZ antibodies, as described below, where the context permits. 

VHZ Epitopes 
The anti-VHZ antibodies may have the same or similar binding specificity, binding 

affinity and/or binding affinity as 209. The anti-VHZ antibodies may specifically bind to an 
epitope bound by antibody 209. 
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Methods are known in the art to determine an epitope that is bound by a particular 

antibody. Such epitope mapping methods are described for example in Hanson et al, (2006). 

Respiratory Research, 7:126. Furthermore, a skilled person will be able to generate antibodies 

and screen them for particular properties. A detailed description of such a method is shown in 

5 Example 27. Accordingly, a skilled person will readily be able to identify anti-VHZ antibodies 

which bind to the same epitope as 209. 

The anti-VHZ antibodies may comprise the variable region of antibody 209, which is 

described in detail below. They may comprise the same or different variable regions in a 

single antibody molecule. They may comprise one variable region, or more than one variable 

10 region. Accordingly, we provide the skilled person with the ability to produce any number of 
antibodies which comprise the same or similar binding reactivity as antibody 209. 

Such antibodies may comprise the full or substantially complete sequences of an 

antibody (i.e., heavy chain and light chain), or they may comprise a fragment of a whole 

antibody (such as Fv, F(ab') and F(ab')2 fragments or single chain antibodies (scFv)). The 

15 antibodies may further comprise fusion proteins or synthetic proteins which comprise the 
antigen-binding site of the antibody, as described in detail below. It will also be evident that 

such antibodies may be engineered for desirable properties, such as lowered host reactivity, 
reduced rejection, etc, 

The engineering could include "humanisation", by which term we mean the inclusion 

20 of (or substitution with) one or more human residues or sequences in an antibody sequence 
such as a mouse antibody sequence. "Humanisation" in the context of this document includes 

"chimeric" antibodies, in which the antibody comprises discrete sections of mouse and human 

sequences, e.g, where one or both of the variable regions comprise mouse sequences, and the 

remainder of the antibody molecule (such as the constant region) comprises human sequences. 

25 In such chimeric antibodies, the whole of the variable regions of, for example, a mouse or rat 

antibody may be expressed along with human constant regions. This provides such a chimeric 

antibody with human effector functions and also reduces immunogenicity (HAMA) caused by 

the murine Fc region. 

Generally, a "chimeric antibody" may refer to an antibody having either a heavy and 

30 light chain encoded by a nucleotide sequence derived from a murine immunoglobulin gene 
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and either a heavy and light chain encoded by a nucleotide sequence derived from a human 

immunoglobulin gene. 

"Humanisation" also includes CDR grafted or reshaped antibodies. It thus includes 

engineering at a more discrete level, e.g, antibodies in which the mouse variable region has 

5 been mutated to include human residues to reduce immunogenicity. In such an antibody, only 

the complimentarity determining regions from the rodent antibody V-regions may be 

combined with framework regions from human V-regions. Such antibodies should be more 
human and iess immunogenic than chimaeric antibodies. 

The anti-VHZ antibody may generally be capable of binding to VHZ polypeptide in a 
10 number of conditions. 

In one embodiment, the binding environment comprises an intracellular condition. 

That is to say, the anti-VHZ antibody may be capable of binding to a VHZ polypeptide in an 

intact or unpermeabilised cell. Such an unpermeabilised cell may comprise a cell which has 

riot been exposed, or not exposed substantially, to a permeabilisation agent such as a detergent 
15 (e.g, Triton X-100) or digitonin. 

An anti-VHZ antibody as described here may be capable of binding to VHZ when it is 

inside the cell, within the cell membrane or encapsulated within the cell. Similarly, a VHZ 

polypeptide may be bound by an anti-VHZ antibody, as described generally in this document, 

in the context of an environment that comprises the interior of a cell. The anti-VHZ antibodies 
20 may in particular be capable of binding to an intracellular VHZ polypeptide. The intracellular 

VHZ polypeptide may be associated with one or a number of cellular structures, for example, 

the inner leaflet of the cell membrane, an organelle, a cytoskeletal structure, the nuclear 

membrane, etc. The VHZ polypeptide may be located within the nucleus. In each of these 

cases, the anti-VHZ antibody may be capable of binding to the VHZ polypeptide within the 

25 intracellular environment. 

The anti-VHZ antibody may be capable of binding to a VHZ polypeptide in an 

intracellular environment in a number of ways. The anti-VHZ antibody may be capable of 

crossing the plasma membrane. It may be capable of otherwise gaining access to a binding 
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region of the VHZ polypeptide, for example by cellular uptake. It may be internalised or 

translocated or otherwise delivered into the cell by any means. 

In another embodiment, the binding condition comprises an extracellular condition. 

The anti-VHZ antibody may therefore be capable of binding to its cognate VHZ polypeptide 

5 in an extracellular environment. 

The anti-VHZ antibody may therefore be capable of binding to a VHZ polypeptide 

extracelluiarly. In other words, an anti-VHZ antibody as described here may be capable of 
binding to VHZ when it is outside the cell. Similarly, a VHZ polypeptide may be bound by an 
anti-VHZ antibody, as described generally in this document, in the context of an environment 

10 that is external to the interior of a cell. The anti-VHZ antibody may be capable of binding to a 

secreted VHZ polypeptide, as the case may be. The VHZ polypeptide may comprise a 

circulating VHZ polypeptide. 

The anti-VHZ antibody may be capable of binding to bind to external or externalized 
VHZ polypeptides. They may bind to secreted VHZ polypeptides in blood circulation. 

15 The binding between the anti-VHZ antibody and its target may be more or less strong 
or weak, transient, semi-permanent or permanent. 

Binding of the anti-VHZ antibody to the VHZ polypeptide may take place within the 
cell. Such binding may inactivate, inhibit or lower an activity of the VHZ polypeptide. The 
binding may neutralise a VHZ activity. The activity may comprise any biological activity 

20 caused by or associated with the VHZ polypeptide. The activity may comprise binding to 

another protein, for example a downstream protein or factor. Binding of anti-VHZ antibody to 

VHZ polypeptide may inactivate, inhibit or lower an activity of a downstream protein or 

factor. The activity may comprise communication with other cells, for example cells such as 

metastatic cancer cells in circulation. Thus, the anti-VHZ antibodies may neutralise VHZ 

25 polypeptides in blood circulation to prevent VHZ-phosphatases from binding with down­
stream factors or from their communicating with other cells in circulation. 

The activity may comprise a biochemical activity or a pathogenic activity. The 

biochemical activity may comprise a catalytic activity. The catalytic activity may comprise 
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phosphatase activity. The activity may comprise growth regulating activity, cancer activity, 
carcinogenic activity or metastatic activity. 

The monoclonal antibody 209 may be used for treatment of disease in humans or other 
animals. We show in the Examples that such anti-VHZ antibodies have anti-cancer activity. 

5 Specifically, the Examples show that the anti-VHZ antibodies are capable of preventing 
metastatic spread of cancer tumours. 

Example 27 shows that animals treated with anti-VHZ antibodies show significantly 

fewer tumours compared to animals not treated with anti-VHZ antibodies. The anti-VHZ 
antibodies are capable of binding to blocking the activity of VHZ polypeptide. 

10 Accordingly, we provide for the use of anti-VHZ antibodies in the treatment or 

prevention of disease, such as cancer. The cancer may comprise a metastatic cancer. The anti-

VHZ antibodies may be used as drugs or therapies to treat metastasis of a cancer, such as an 
established tumour. They may be used to prevent cancer or metastasis thereof 

The cancer which is treatable or preventable may include one which is associated with 
15 expression or over-expression of a VHZ protein. The VHZ protein may be a relevant member 

of the family. By this we mean that a cancer which is associated with expression or over-

expression of VHZ may be treatable or preventable by anti-VHZ antibody such as 209, or an 

antibody having a similar or identical properties. Similarly, a cancer which is associated with 

expression or over-expression of VHZ may be treatable or preventable by anti-VHZ antibody 
20 such as 209, or an antibody having a similar or identical properties . 

The treatment may comprise generally contacting a cancer cell, or a cell suspected of 

being a cancer cell, with an anti-VHZ antibody. The cell may be exposed to an anti-VHZ 

antibody. The exposure may be repeated a number of times. Any combination of anti-VHZ 

antibody in whatever amount or relative amount, in whatever timing of exposure, may be 
25 used. 

We therefore provide for the use of combinations of anti-VHZ antibodies, as described 

above, in the treatment of disease such as cancer. 

The cell may be an individual cell, or it may be in a cell mass, such as a cancer or 

tumour cell mass. The cell may be inside the body of an organism. The organism may be one 
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which is known to be suffering from cancer, or it could be one in which cancer is suspected. 

The treatment may comprise administering the antibody or antibodies to the organism. As 

above, a single antibody may be administered, or a combination of anti-VHZ antibody with 

another therapeutic antibody may be administered. The administration may be simultaneous or 

5 sequential, as described above. Thus, the treatment may comprise administering an anti-VHZ 
antibody simultaneously or sequentially with a further therapeutic antibody to the individual. 

The anti-VHZ antibody may generally comprise any immunoglobulin capable of 

binding to a VHZ molecule, as described in more detail below. 

ANTIBODIES 

10 The terms "antibody" and "immunoglobulin", as used in this document, may be 

employed interchangeably where the context permits. These term include fragments of 

proteolytically-cleaved or recombinantly-prepared portions of an antibody molecule that are 

capable of selectively reacting with or recognising VHZ or an epitope thereof, such as an 
epitope of VHZ bound by 209. 

15 Non limiting examples of such proteolytic and/or recombinant fragments include Fab, 
F (ab') 2, Fab', Fv fragments, and single chain antibodies(scFv) containing a VL and VH 

domain joined by a peptide linker. These Fvs may be covalently or non-covalently linked to 

form antibodies having two or more binding sites. 

By "ScFv molecules" we mean molecules wherein the VH and VL partner domains are 

20 linked via a flexible oligopeptide. A general review of the techniques involved in the synthesis 

of antibody fragments which retain their specific binding sites is to be found in Winter & 

Milstein( 1991) Nature 349, 293-299. 

Whole antibodies, and F(ab') 2 fragments are "bivalent". By "bivalent" we mean that 

the said antibodies and F(ab') fragments have two antigen combining sites. In contrast, Fab, 
25 Fv, ScFv and dAb fragments are monovalent having only one antigen combining site. 

The anti-VHZ antibody may comprise a high affinity antibody with an off rate, from 

10"VJ to I0~VJ. The off rate may be about 2 x 10~V3. 
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The term "off-rate" as used in this document refers to the dissociation rate (koff) of an 

antibody such as an anti-VHZ antibody disclosed here. It may be measured using 

BIAevaiuation software (Pharmacia). A low off rate is desirable as it reflects the affinity of an 

Fab fragment for an antigen. 

5 The term "affinity" is defined in terms of the dissociation rate or off-rate (koff) of a an 
antibody such as an anti-VHZ antibody. The lower the off-rate the higher the affinity that a an 

antibody such as an anti-VHZ antibody has for an antigen such as VHZ. 

The anti-VHZ antibody may comprise a peptide per se or form part of a fusion protein. 

The anti-VHZ antibodies described here include any antibody that comprise VHZ 
10 binding activity, such as binding ability to intracellular VHZ or binding to the same epitope 

bound by 209 as the case may be. 

The anti-VHZ antibodies also include the entire or whole antibody, whether mouse, 

humanised or human, such antibody derivatives and biologically-active fragments. These may 

include antibody fragments with VHZ binding activity that have amino acid substitutions or 
15 have sugars or other molecules attached to amino acid functional groups, etc. 

The anti-VHZ antibody may comprise isolated antibody or purified antibody. It may 

be obtainable from or produced by any suitable source, whether natural or not, or it may be a 

synthetic anti-VHZ antibody, a semi-synthetic anti-VHZ antibody, a derivatised anti-VHZ 

antibody or a recombinant anti-VHZ antibody. 

20 Where the anti-VHZ antibody is a non-native anti-VHZ antibody, it may include at 

least a portion of which has been prepared by recombinant DNA techniques or an anti-VHZ 
antibody produced by chemical synthesis techniques or combinations thereof. 

The term "derivative" as used in this document includes chemical modification of an 

anti-VHZ antibody. Illustrative of such modifications would be replacement of hydrogen by 

25 an alkyl, acyi, or amino group, for example. Thee sequence of the anti-VHZ antibody may be 

the same as that of the naturally occurring form or it may be a variant, homologue, fragment 

or derivative thereof. 
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ANTIBODY VARIABLE REGIONS 

The term "variable region", as used in this document, refers to the variable regions, or 

domains, of the light chains (VL) and heavy chains (VH) which contain the determinants for 
binding recognition specificity and for the overall affinity of the antibody against VHZ (or 

5 variant, homologue, fragment or derivative), as the case may be. 

The variable domains of each pair of light (VL) and heavy chains (VH) are involved in 

antigen recognition and form the antigen binding site. The domains of the light and heavy 

chains have the same general structure and each domain has four framework (FR) regions, 

whose sequences are relatively conserved, connected by three complementarity determining 
10 regions (CDRs). The FR regions maintain the structural integrity of the variable domain. The 

CDRs are the polypeptide segments within the variable domain that mediate binding of the 

antigen. 

The term "constant region", as used in this document, refers to the domains of the light 
(CL) and heavy (CH) chain of the antibody (or variant, homologue, fragment or derivative) 

15 which provide structural stability and other biological functions such as antibody chain 

association, secretion, transplacental mobility, and complement binding, but which are not 

involved with binding a VHZ epitope. The amino acid sequence and corresponding exon 

sequences in the genes of the constant region will be dependent upon the species from which 
it is derived. However, variations in the amino acid sequence leading to allotypes are 

20 relatively limited for particular constant regions within a species. An "allotype" is an antigenic 

determinant (or epitope) that distinguishes allelic genes. 

The variable region of each chain is joined to the constant region by a linking 

polypeptide sequence. The linkage sequence is coded by a "J" sequence in the light chain 

gene, and a combination of a "D" sequence and a "J" sequence in the heavy chain gene. 

25 ANTIBODY: VARIABLE REGION SEQUENCES 

Antibody 209 
The amino acid sequence of the heavy chain of the variable region of monoclonal 

antibody 209 is as follows (SEQ ID NO: 4): 
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LVDMDSRLNLVFLVLILKGVQCDVQLVESGGGLVQPGGSRKLSCAASGFTFSSFGMHW 
VRQAPEKGLEWVAYISSGSSTIYYADTVKGRFTISRDNPKNTLFLQMTSLRSEDTAMY 
YCARWQTARATRGYAMDYWGQGTSVTVSS 

The amino acid sequence of the light chain of the variable region of monoclonal 
5 antibody 209 is as follows (SEQ ID NO; 5): 

VMTQSHKFMSTSVGDRVSITCKASQDVNTAVAWYQQKPGQSPKLLIYSASYRFTGVPD 
LFTGSGSGTDFTFTINSVQAEDLAVYYCQQHYSSPWTFGGGTKLEIKRADAAPTVSIF 
HHPVSLG 

Anti-VHZ antibodies, according to the methods and compositions described here, may 
10 be generated from these variable region sequences by methods known in the art. For example, 

the heavy and light chain sequences may be recombined into a constant sequence for a chosen 

antibody, through recombinant genetic engineering techniques which are known to the skilled 

person. 

Constant region sequences are known in the art, and are available from a number of 

15 databases, such as the IMGT/LIGM-DB database (described in Giudicelli et al, 2006, Nucleic 

Acids Research 34(Database Issue):D78l-D784 and LeFranc et al (1995) LIGM-DB/IMGT: 
An Integrated Database of Ig and TcR, Part of the Immunogenetics Database. Annals of the 
New York Academy of Sciences 764 (1) ,47-47 doi; 10.1111/j.l 749-6632.1995.tb55805.x) 

and the IMGT/GENE-DB database (described in Giudicelli et al, 2005, Nucleic Acids Res. 

20 2005 Jan 1 ;33(Database issue):D256-61). IMGT/LIGM-DB and IMGT/GENE-DB are part of 
the ImMunoGeneTics Database located at www.ebi.ac.uk/imgt/. 

Methods for combining variable regions with given sequences and constant regions to 

produce whole antibodies are known in the art and are described for example in Example 16 

and in Hanson et ah, (2006). Respiratory Research, 7:126. Fragments of whole antibodies 

25 such as Fv, F(ab') and F(ab')2 fragments or single chain antibodies (scFv) may be produced by 
means known in the art. 

Using the disclosed sequences and the methods described in the literature, for 

example, the heavy and light chains of the variable region of antibody 209, having the 

sequences shown above, may be transgenically fused to a mouse IgG constant region 

30 sequence to produce a mouse monoclonal anti-VHZ antibody. 

http://www.ebi.ac.uk/imgt/
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Use 
Anti-VHZ antibodies may be used in method of detecting a VHZ polypeptide present 

in biological samples by a method which comprises: (a) providing an anti-VHZ antibody; (b) 

incubating a biological sample with said antibody under conditions which allow for the 

5 formation of an antibody-antigen complex; and (c) determining whether antibody-antigen 
complex comprising said antibody is formed. 

Suitable samples include extracts tissues such as brain, breast, ovary, lung, colon, 

pancreas, testes, liver, muscle and bone tissues or from neoplastic growths derived from such 

tissues. In particular, a sample may comprise a tissue such as a colon, lung, squamous cell 

10 including lip, larynx, vulva, cervix and penis, pancreatic, brain, oesophageal, stomach, 

bladder, kidney, skin, ovary, prostate and testicular tissue from an individual suspected to be 

suffering from a relevant cancer. 

Antibodies may be bound to a solid support and/or packaged into kits in a suitable 

container along with suitable reagents, controls, instructions and the like. 

15 Antibody Delivery 
The antibodies against the VHZ protein may be delivered into a cell by means of 

techniques known in the art, for example by the use of liposomes, polymers, (e.g, 

polyethylene glycol (PEG), N-(2-hydroxypropyl) methacrylamide (HPMA) copolymers, 

polyamidoamine (PAMAM) dendrimers, HEMA, linear polyamidoamine polymers etc) etc. 
20 The immunoglobulins and/or antibodies may also be delivered into cells as protein fusions or 

conjugates with a protein capable of crossing the plasma membrane and/or the nuclear 

membrane. For example, the immunoglobulin and/or target may be fused or conjugated to a 

domain or sequence from such a protein responsible for the translocation^ activity. 

Translocation domains and sequences may include domains and sequences from the HIV-1-
25 trans-activating protein (Tat), Drosophila Antennapedia homeodomain protein and the herpes 

simplex-1 virus VP22 protein. 

PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION 

While it is possible for the anti-VHZ agent, including an VHZ nucleic acid, 

polypeptide, fragment, homologue, variant or derivative thereof, modulator, agonist or 
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antagonist a structurally related compound, or an acidic salt of either to be administered 

alone, the active ingredient may be formulated as a pharmaceutical formulation. 

We therefore also disclose pharmaceutical compositions comprising an anti-VHZ 

agent. Such pharmaceutical compositions are useful for delivery of the anti-VHZ agent such 

5 as in the form of a composition as described, to an individual for the treatment or alleviation 

of symptoms as described. 

A pharmaceutical composition in the context of the present document is a composition 
of matter comprising at least an anti-VHZ agent as an active ingredient. 

The pharmaceutical formulations comprise an effective amount of the anti-VHZ agent 
10 together with one or more pharmaceutically-acceptable carriers. An "effective amount" is the 

amount sufficient to alleviate at least one symptom of a disease as described. 

The effective amount will vary depending upon the particular disease or syndrome to 

be treated or alleviated, as well as other factors including the age and weight of the patient, 
how advanced the disease etc state is, the general health of the patient, the severity of the 

15 symptoms, and whether the anti-VHZ agent is being administered alone or in combination 

with other therapies. 

Suitable pharmaceuticaily acceptable carriers are well known in the art and vary with 

the desired form and mode of administration of the pharmaceutical formulation. For example, 

they can include diluents or excipients such as fillers, binders, wetting agents, disintegrators, 

20 surface-active agents, lubricants and the like. Typically, the carrier is a solid, a liquid or a 

vaporizable carrier, or a combination thereof. Each carrier should be "acceptable" in the sense 

of being compatible with the other ingredients in the formulation and not injurious to the 

patient. The carrier should be biologically acceptable without eliciting an adverse reaction 
(e.g. immune response) when administered to the host. 

25 The active ingredient(s) of a pharmaceutical composition is contemplated to exhibit 

therapeutic activity, for example, in the alleviation of cancer, tumours, neoplasms and other 

related diseases. Dosage regimes may be adjusted to provide the optimum therapeutic 

response. For example, several divided doses may be administered daily or the dose may be 

proportionally reduced as indicated by the exigencies of the therapeutic situation. 
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The active compound may be administered in a convenient manner such as by the oral, 

intravenous (where water soluble), intramuscular, subcutaneous, intranasal, intradermal or 

suppository routes or implanting (e.g. using slow release molecules). Depending on the route 

of administration, the active ingredient may be required to be coated in a material to protect 

5 said ingredients from the action of enzymes, acids and other natural conditions which may 

inactivate said ingredient. 

The anti-VHZ agent may be administered alone, or in combination with other 

therapeutic agents. Other therapeutic agents suitable for use herein are any compatible drugs 

that are effective for the intended purpose, or drugs that are complementary to the agent 

10 formulation. The formulation utilized in a combination therapy may be administered 
simultaneously, or sequentially with other treatment, such that a combined effect is achieved. 

Oral Administration 
In some embodiments, the inhibitor of VHZ activity, expression or amount is provided 

as an oral composition and administered accordingly. The dosage of the inhibitor of VHZ 
15 activity, expression or amount may be between about 1 mg /day to about 10 mg /day. 

The pharmaceutical composition can be administered in an oral formulation in the 

form of tablets, capsules or solutions. An effective amount of the oral formulation is 
administered to patients 1 to 3 times daily until the symptoms of the disease alleviated. 

The effective amount of agent depends on the age, weight and condition of a patient. 

20 In general, the daily oral dose of agent is less than 1200 mg, and more than 100 mg. The daily 

oral dose may be about 300-600 mg. Oral formulations are conveniently presented in a unit 

dosage form and may be prepared by any method known in the art of pharmacy. The 

composition may be formulated together with a suitable pharmaceutically acceptable carrier 

into any desired dosage form. Typical unit dosage forms include tablets, pills, powders, 

25 solutions, suspensions, emulsions, granules, capsules, suppositories. In general, the . 

formulations are prepared by uniformly and intimately bringing into association the agent 

composition with liquid carriers or finely divided solid carriers or both, and as necessary, 

shaping the product. The active ingredient can be incorporated into a variety of basic materials 

in the form of a liquid, powder, tablets or capsules to give an effective amount of active 
30 ingredient to treat the disease. 
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The composition may be suitably orally administered, for example, with an inert 

diluent or with an assimilable edible carrier, or it may be enclosed in hard or soft shell gelatin 

capsules, or it may be compressed into tablets, or it may be incorporated directly with the food 

of the diet. For oral therapeutic administration, the active compound may be incorporated with 

5 excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, 

suspensions, syrups, wafers, and the like. The amount of active compound in such 
therapeutically useful compositions in such that a suitable dosage will be obtained. 

The tablets, troches, pills, capsules and the like may also contain the following: a 

binder such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium 
10 phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the like; a 

lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose or 

saccharin may be added or a flavouring agent such as peppermint, oil of wintergreen, or 

cherry flavouring. When the dosage unit form is a capsule, it may contain, in addition to 

materials of the above type, a liquid carrier. 

15 Various other materials may be present as coatings or to otherwise modify the physical 

form of the dosage unit. For instance, tablets, pills, or capsules may be coated with shellac, 
sugar or both. A syrup or elixir may contain the active compound, sucrose as a sweetening 

agent, methyl and propylparabens as preservatives, a dye and flavouring such as cherry or 

orange flavour. Of course, any material used in preparing any dosage unit form should be 

20 pharmaceutical^ pure and substantially non-toxic in the amounts employed. In addition, the 
active compound may be incorporated into sustained-release preparations and formulations. 

Injectable or Intravenous Administration 
In some embodiments, the anti-VHZ agent is provided as an injectable or 

intravenenous composition and administered accordingly. The dosage of the anti-VHZ agent 

25 inhibitor may be between about 5 mg/kg/2 weeks to about 10 mg/kg/2 weeks. The anti-VHZ 

agent inhibitor may be provided in a dosage of between 10-300 nig/day, such as at least 30 

mg/day, less than 200 mg/day or between 30mg/day to 200 mg/day. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions 

(where water soluble) or dispersions and sterile powders for the extemporaneous preparation 

30 of sterile injectable solutions or dispersion. In all cases the form must be sterile and must be 
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fluid to the extent that easy syringability exists. It must be stable under the conditions of 

manufacture and storage and must be preserved against the contaminating action of 

microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium 

containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and 

5 liquid polyetheylene gloycol, and the like), suitable mixtures thereof, and vegetable oils. The 

proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by the 

maintenance of the required particle size in the case of dispersion and by the use of 

superfactants. 

Topical Administration 
10 The pharmaceutical compositions disclosed here include those suitable for topical and 

oral administration, with topical formulations being preferred where the tissue affected is 

primarily the skin or epidermis (for example, psoriasis, eczema and other epidermal diseases). 

The topical formulations include those pharmaceutical forms in which the composition 

is applied externally by direct contact with the skin surface to be treated. A conventional 

15 pharmaceutical form for topical application includes a soak, an ointment, a cream, a lotion, a 
paste, a gel, a stick, a spray, an aerosol, a bath oil, a solution and the like. Topical therapy is 

delivered by various vehicles, the choice of vehicle can be important and generally is related 

to whether an acute or chronic disease is to be treated. As an example, an acute skin 
proliferation disease generally is treated with aqueous drying preparations, whereas chronic 

20 skin proliferation disease is treated with hydrating preparations. Soaks are the easiest method 

of drying acute moist eruptions. Lotions (powder in water suspension) and solutions 

(medications dissolved in a solvent) are ideal for hairy and intertriginous areas. Ointments or 

water-in-oil emulsions, are the most effective hydrating agents, appropriate for dry scaly 

eruptions, but are greasy and depending upon the site of the lesion sometimes undesirable. As 

25 appropriate, they can be applied in combination with a bandage, particularly when it is 

desirable to increase penetration of the agent composition into a lesion. Creams or oil-in-water 

emulsions and gels are absorbable and are the most cosmetically acceptable to the patient. 
(Guzzo et al, in Goodman & Gilman's Pharmacological Basis of Therapeutics, 9th Ed, p. 

1593-15950 (1996)). Cream formulations generally include components such as petroleum, 

30 lanolin, polyethylene glycols, mineral oil, glycerin, isopropyl palmitate, glyceryl stearate, 

cetearyl alcohol, tocopheryl acetate, isopropyl myristate, lanolin alcohol, simethicone, 
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carbomen, methylchlorisothiazolinone, methylisothiazolinone, cyclomethicone and 
hydroxypropyl methylcellulose, as well as mixtures thereof. 

Other formulations for topical application include shampoos, soaps, shake lotions, and 

the like, particularly those formulated to leave a residue on the underlying skin, such as the 

5 scalp (Arndt et al, in Dermatology In General Medicine 2:2838 (1993)). 

In general, the concentration of the composition in the topical formulation is in an 

amount of about 0.5 to 50% by weight of the composition, such as about 1 to 30%, about 2-

20%, or about 5-10%. The concentration used can be in the upper portion of the range 

initially, as treatment continues, the concentration can be lowered or the application of the 

10 formulation may be less frequent. Topical applications are often applied twice daily. However, 

once-daily application of a larger dose or more frequent applications of a smaller dose may be 

effective. The stratum comeum may act as a reservoir and allow gradual penetration of a drag 
into the viable skin layers over a prolonged period of time. 

In a topical application, a sufficient amount of active ingredient must penetrate a 

15 patient's skin in order to obtain a desired pharmacological effect. It is generally understood 

that the absorption of drug into the skin is a function of the nature of the drug, the behaviour 

of the vehicle, and the skin. Three major variables account for differences in the rate of 

absorption or flux of different topical drugs or the same drug in different vehicles; the 
concentration of drug in the vehicle, the partition coefficient of drug between the stratum 

20 corneum and the vehicle and the diffiision coefficient of drug in the stratum comeum. To be 

effective for treatment, a drug must cross the stratum corneum which is responsible for the 

barrier function of the skin. In general, a topical formulation which exerts a high in vitro skin 

penetration is effective in vivo. Ostrenga et al (J. Pharm. Sci, 60:1175-1179 (1971) 

demonstrated that in vivo efficacy of topically applied steroids was proportional to the steroid 
25 penetration rate into dermatomed human skin in vitro. 

A skin penetration enhancer which is dermatologically acceptable and compatible with 

the agent can be incorporated into the formulation to increase the penetration of the active 

compound(s) from the skin surface into epidermal keratinocytes. A skin enhancer which 

increases the absorption of the active compound(s) into the skin reduces the amount of agent 

30 needed for an effective treatment and provides for a longer lasting effect of the formulation. 



WO 2010/016806 PCT/SG2009/000276 

124 

Skin penetration enhancers are well known in the art. For example, dimethyl sulfoxide (U.S. 

Pat. No. 3,711,602); oleic acid, 1,2-butanediol surfactant (Cooper, J. Pharm. Sci, 73:1153-

1156 (1984)); a combination of ethanol and oleic acid or oleyl alcohol (EP 267,617), 2-ethyl-

1,3-hexanediol (WO 87/03490); decyl methyl sulphoxide and Azone.RTM. (Hadgraft, Eur. J. 

5 Drug. Metab. Pharmacokinet, 21:165-173 (1996)); alcohols, sulphoxides, fatty acids, esters, 
Azone.RTM, pyrrolidones, urea and polyoles (Kalbitz et al, Pharmazie, 51:619-637 (1996)); 

Terpenes such as 1,8-cineole, menthone, limonene and nerolidol (Yamane, J. 
Pharmacy & Pharmocology, 47:978-989 (1995)); Azone.RTM. and Transcutol (Harrison et al, 

Pharmaceutical Res. 13:542-546 (1996)); and oleic acid, polyethylene glycol and propylene 

10 glycol (Singh et al, Pharmazie, 51:741 -744 (1996)) are known to improve skin penetration of 
an active ingredient. 

Levels of penetration of an agent or composition can be determined by techniques 

known to those of skill in the art. For example, radiolabeling of the active compound, 
followed by measurement of the amount of radiolabeled compound absorbed by the skin 

15 enables one of skill in the art to determine levels of the composition absorbed using any of 
several methods of determining skin penetration of the test compound. Publications relating to 

skin penetration studies include Reinfenrath, W G and G S Hawkins. The Weaning Yorkshire 

Pig as an Animal Model for Measuring Percutaneous Penetration. In:Swine in Biomedical 

Research (M. E. Tumbleson, Ed.) Plenum, New York, 1986, and Hawkins, G. S. Methodology 

20 for the Execution of In Vitro Skin Penetration Determinations. In: Methods for Skin 

Absorption, B W Kemppainen and W G Reifenrath, Eds, CRC Press, Boca Raton, 1990, 
pp.67-80; and W. G. Reifenrath, Cosmetics & Toiletries, 110:3-9 (1995). 

For some applications, a long acting form of agent or composition may be 

administered using formulations known in the arts, such as polymers. The agent can be 

25 incorporated into a dermal patch (Junginger, H. E, in Acta Pharmaceutica Nordica 4:117 
(1992); Thacharodi et al, in Biomaterials 16:145-148 (1995); Niedner R, in Hautarzt 39:761-

766 (1988)) or a bandage according to methods known in the arts, to increase the efficiency of 

delivery of the drug to the areas to be treated. 

Optionally, the topical formulations described here can have additional excipients for 

30 example; preservatives such as methylparaben, benzyl alcohol, sorbic acid or quaternary 
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ammonium compound; stabilizers such as EDTA, antioxidants such as butylated 
hydroxytoluene or butylated hydroxanisole, and buffers such as citrate and phosphate. 

Parenteral Administration 
The active compound may also be administered parenterally or intraperitonealiy. 

5 Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof 

and in oils. In some embodiments, the dispersions may be prepared in 30% Capsitol (CyDex, 

Inc., Lenexa, Kansas, USA). Capsitol is a polyanionic B-cyclodextrin derivative with a sodium 

sulfonate salt separated from the lipophilic cavity by a butyl ether spacer group, or 

sulfobutylether (SBE). The cyclodextrin may be SBE7-I3-CD. 

10 Adjuvants 
The composition may be administered in an adjuvant, co-administered with enzyme 

inhibitors or in liposomes. Adjuvant is used in its broadest sense and includes any immune 

stimulating compound such as interferon. Adjuvants contemplated herein include resorcinols, 

non-ionic surfactants such as polyoxyethylene oleyl ether and n-hexadecyl polyethylene ether. 

15 Enzyme inhibitors include pancreatic trypsin. Liposomes include water-in-oil-in-water CGF 

emulsions as well as conventional liposomes. 

Prevention of Microorganism Growth 
Under ordinary conditions of storage and use, these preparations may contain a 

preservative to prevent the growth of microorganisms. 

20 The prevention of the action of microorganisms can be brought about by various 

antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, 

thirmerosal, and the like. In many cases, it is possible to include isotonic agents, for example, 

sugars or sodium chloride. Prolonged absorption of the injectable compositions can be brought 

about by the use in the compositions of agents delaying absorption, for example, aluminium 

25 monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compound in the 

required amount in the appropriate solvent with various of the other ingredients enumerated 

above, as required, followed by filtered sterilisation. Generally, dispersions are prepared by 

incorporating the sterilised active ingredient into a sterile vehicle which contains the basic 

30 dispersion medium and the required other ingredients from those enumerated above. In the 
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case of sterile powders for the preparation of sterile injectable solutions, the methods of 

preparation may include vacuum drying and the freeze-drying technique which yield a powder 

of the active ingredient plus any additional desired ingredient from previously sterile-filtered 

solution thereof. 

5 Pharmaceutically Acceptable Carrier 
As used herein "pharmaceutically acceptable carrier and/or diluent" includes any and 

ail solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 

absorption delaying agents and the like. The use of such media and agents for pharmaceutical 

active substances is well known in the art. Except insofar as any conventional media or agent 

10 is incompatible with the active ingredient, use thereof in the therapeutic compositions is 

contemplated. Supplementary active ingredients can also be incorporated into the 

compositions. 

Dosage Unit Forms 
It is especially advantageous to formulate pharmaceutical compositions in dosage unit 

15 form for ease of administration and uniformity of dosage. 

Dosage unit form as used herein refers to physically discrete units suited as unitary 
dosages for the subjects to be treated; each unit containing a predetermined quantity of active 

material calculated to produce the desired therapeutic effect in association with the required 

pharmaceutical carrier. The specification for the novel dosage unit forms are dictated by and 
20 directly dependent on (a) the unique characteristics of the active material and the particular 

therapeutic effect to be achieved, and (b) the limitations inherent in the art of compounding 

such as active material for the treatment of disease in living subjects having a diseased 

condition in which bodily health is impaired. 

The principal active ingredients are compounded for convenient and effective 

25 administration in effective amounts with a suitable pharmaceutically acceptable carrier in 

dosage unit form. In the case of compositions containing supplementary active ingredients, the 

dosages are determined by reference to the usual dose and manner of administration of the 

said ingredients. 
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EXAMPLES 

Example 1. Generation of VHZ-EGFP, VHZ (C95S)-EGFP, VHZ-GST, and 
VHZ(C95S)-GST Expression Constructs 

The human Universal Quick-clone II cDNA library (BD, Cat#637260) is used as 

5 template in the generation of VHZ fragment. Forward primer A; 

5'gcgaattcaccatgggcgtgcagccccccaacttctcc3' and reverse primer B; 

5'gtggatcccgtttcgttcgctggtag 3' are used to perform PCR (94, 55, 72°C, 40 cycles). The VHZ 

PCR fragment is then inserted into the EcoRl and BamHl sites of the pEGFP-Nl vector, 

resulting in VHZ C-terminally tagged with EGFP (VHZ-EGFP). To construct VHZ (C95S), 
10 the above forward primer A and reverse primer B together with a mid-reverse primer 

5' gccaaagcccagagcagagtgcactcccacagc3' and a mid-forward primer 

5'gcgaattcaccatgggcgtgcagccccccaacttctcc3' are used in a similar strategy as described 

previously (Zeng etal. 2003) to make catalytically inactive VHZ (C95S). The VHZ (C95S) 

PCR fragment is then inserted into the EcoRl and BamHl sites of the pEGFP-Nl vector to 

15 form mutant VHZ C-terminally tagged with EGFP; VHZ-(C95S)~EGFP. The VHZ and 

VHZ(C95S) PCR products are respectively inserted into pGEX-KG to form VHZ-GST and 
VHZ(C95S)-GST. All clones are confirmed by DNA sequencing of the coding region. 

Example 2. Generation of MCF-7 and NRK Cell Pools Stably Expressing VHZ-EGFP, 
VHZ-EGFP (C95S) and EGFP Vector Alone 

20 The three expression constructs are respectively transfected into the human breast 

cancer cell Iine-MCF-7 (ATCC HTB-22) or Normal Rat Kidney cell-NRK (ATCC CRL-

6509), using Lipofectamine 2000 (Invitrogen). The cells are cultured in RPMI 1640 medium 

supplemented with 10% fetal bovine serum and 2 mM L-glutamine (Invitrogen). Cells are 

selected in 1 mg/ml G418 for 20-30 days to establish stable cell pools. The stable pools 
25 (106cells/ml) are then subjected to EGFP sorting by FACS Vantage, SE mode (Becton 

Dickinson) to select for EGFP-positive cells. 

Example 3. Confocal Microscopy and Analysis of VHZ-EGFP Subcellular Localization 

NRK cells transfected with VHZ-EGFP expressing vector are grown on coverslips and 

washed once with PBSCM (PBS containing ImM MgCb and ImM CaCfe). Cells are then 
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fixed in 2.7% paraformaldehyde for 20 min at room temperature (RT, 24°C). After two more 

washes with PBSCM, the cells are permeabilized for 15 min with 0.12% Saponin in PBSCM 

and incubated with rabbit anti-Pericentrin antibody from Covance' Inc (Princeton, NJ) for 1 

hour at RT, and then overnight at 4°C. The cells are gently washed three times with PBSCM 

5 and incubated with anti-mouse IgG conjugated with Texas Red (Sigma) for 4 hours at RT. 

The VHZ-EGFP is directly visualized (green) by fluorescence microscopy. Confocal imaging 

is performed (Zeiss LSM 510 Image Browser). 

Example 4. Generation of Mouse Monoclonal and Rabbit Polyclonal Anti-VHZ 

Antibodies 

10 The method is previously described (Li et al., 2005). We used the ClonaCell™-HY 

Hybridoma Cloning Kit (Stemcell Technologies Inc.) to generate VHZ hybridomas 

After fusing spleenocytes, derived from mice immunized with VHZ-GST, with SP2/0 

myeloma cells, 506 surviving hybridoma clones are isolated and grown up. All clones are 
initially tested for VHZ binding by ELISA. 80 clones showed good reaction with VHZ, and 

15 the two specific VHZ clones with strongest reactivity are selected as these two clones can be 

used in several applications (Figure 10). 

Rabbit polyclonal anti-VHZ serum is generated (Genemed Synthesis, Inc.). The 
antibodies are produced by immunizing rabbits with a synthetic peptide C-

RRLRPGSIETYEQEK corresponding to amino acid residues (126-140) of human VHZ. 

20 Antibodies are purified by protein A and then peptide affinity chromatography. A specific 

band of expected size (16 kDa) is detected by this antibody in immunoblot analysis of cell 

lysates derived from several cell lines, and detection of this band is specifically blocked by 

VHZ-GST fusion protein (Figure 10A). 

Example 5. Confocal Microscopy and Analysis of Endogenous VHZ in NRK, MCF-10A, 
25 and A431 ceils 

NRK cells, Human Mammary Epithelia cell-MCF-lOA (ATCC CRL-10317), and 

Human Epithelial carcinoma cell-A431 (ATCC CRL-1555) are grown on coverslips and 

washed once with PBSCM (PBS containing ImM MgCh and ImM CaCfe). Cells are then 

fixed in 100% methanol for 15 min at -20°C. After two more washes with PBSCM, the cells 
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are permeabilized for 15 min with 0.12 % Saponin in PBSCM and incubated with mouse anti-

y-tubulin (Sigma) and rabbit anti-VHZ antibodies (1: 150 dilution) for 1 hour at RT, and then 

overnight at 4°C. The cells are gently washed three times with PBSCM and incubated with 

anti-mouse IgG conjugated with Texas Red (Sigma) and anti-rabbit IgG conjugated with FITC 
5 (Sigma) for 4 hours at RT. Confocal imaging is performed (Zeiss LSM 510 Image Browser). 

Example 6. Tyrosine Phosphatase Assay 

The EnzChek kit (Invitrogen, R22065) is used. As per the manufacturer's protocol, the 

fluorogenic substrate is reconstituted in the assay wells with buffer; the desired potential 

PTPases (0.675picomole for each protein: VHZ-GST, VHZ-GST+Phosphatase inhibitor, 

10 VHZ(C95S)-GST, and control GST) are added to the wells and incubated 30 min or 90 min 

respectively. The fluorescence is then quantified using a Gemini XPS microplate 

spectrofluorometer (Molecular Devices). Fluorescence is measured at 10 minute intervals at 

the excitation and emission wavelengths of 358 and 452nm, respectively. The phosphatase 

inhibitor sodium orthovanadate (10 pM) is used in the assay as a negative control. * 

15 Example 7. Measuring Newly Synthesized DNA by BrdU Labeling 

Cell proliferation is assessed by measuring newly synthesized DNA using APC BrdU 

Flow Kit (BD Pharmirigen) according to the manufacturer's protocol. The FACS data are 

analyzed using WinMDI 2.8 software. The percentage of APC-labeled cells (FL2) is 
determined. 

20 Example 8. Western Blot Analysis 

Detailed steps were as previously described (Li et al., 2005). Rabbit anti-VHZ 

antibody is used at a dilution of 1:500. Phospho-Rb (Ser 780), Phospho-Rb (Ser795), 

Phospho-Rb (Ser807/811), and b-actin antibodies were from Cell Signaling Technology 

(Beverly, MA). GAPDH antibody is from Santa Cruz Biotechnology (Santa Cruz). 

25 Example 9. Immunohistochemistry (IHC) 

We investigated VHZ protein expression on human breast cancer specimens. With 

VECTASTAIN ABC kit (Orton Southgate, Peterborough, England), rabbit anti-VHZ antibody 

(1:300 dilution) is used to perform IHC experiments. A total of 65 formalin-fixed and 
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paraffin-embedded surgical specimens of primary human breast cancer samples are collected 

from the archives of the pathology department of the Henan Medical Hospital. In addition, 

human breast carcinoma tissue arrays TMA (CC08-11-008) is purchased from Cybrdi 

(Frederick) to reconfirm the results. The IHC method is previously described (Li et al., 2005). 

5 E-cadherin antibody is purchased (Cell Signaling Technology). 

Example 10. MCF-7-VHZ-EGFF and MCF-7-VHZ(C95S)-EGFP Cell Motility 

We assessed as previously described (Sherri et al., 2006). By plating cells in a 

confluent monolayer on a coverslip (12 mm), the cell-coated coverslip is then inverted with 
cell side down to a fresh culture dish (35 mm). Fresh culture medium (2 ml RPMI with 10% 

10 FBS) is gently added into the dish. Images are taken at 0- and 48-hours. 

Example 11. Establishment of MCF-10A Stable Pools Expressing VHZ-EGFP and 
VHZ(C95S)-EGFP by Retrovirus Generation and Infection 

VHZ and VHZ(C95S) PCR fragments are respectively cloned into EcoRl and BamHl 

enzyme sites of the retroviral vector (pBABEpuro). The amphotropic Phoenix packaging cells 

15 are transfected with pBABEpuro-VHZ or pBABEpuro-VHZ(C95S) retroviral vectors 
respectively, using Lipofectamine according to manufacturer's instruction (Invitrogen). After 

48 h5 the retroviral supernatants are collected, filtered (0.45 )im; Millipore) and added onto the 
target MCFIOA cells in the presence of 5 jig/ml of polybrene (Sigma-Aldrich) for 6-8 h. 
Infection is done twice. After infection, the cells are selected with puromycin (I ptg/ml) for a 

20 week before being analyzed. 

Example 12. MCF-10A-VHZ-EGFP and MCF-10A-VHZ(C95S)-EGFP Cell Motility in 
Wound-Healing assays 

Assays are performed on monolayer of the cells by creating wounds with yellow 

pipette tips. After washing with PBS, the cells are continuity incubated in fresh culture media.. 

25 The wounded areas are photographed at the beginning (0 hr, upper panels) and at the end (8 

hr, lower panels) of the assay. 
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Example 13. Exogenous VHZ Localizes in the Centrosome and Throughout the 
Cytoplasm 

Determining the intracellular localization of a protein can sometimes provide clues as 
to the possible biological function(s) of the protein. 

5 To assess the subcellular localization of VHZ, we generate NRK cells that stably 

express VHZ-EGFP. Confocal microscopy of these cells shows that VHZ has a range of 

subcellular locations. The EGFP signal is found at the plasma membrane and the cytoplasm 

(Figure I A). Importantly, enrichment of EGFP-tagged VHZ in the centrosome is apparent in 
all stages of the cell cycle, as it co-localizes with the centrosomal marker-pericentrin (Figure 

10 IB). 

Endogenous VHZ localizes in the centrosome and the cytoplasm. The EGFP-tagged 

VHZ protein provides useful information regarding its subcellular localization. To understand 

the causal nature of VHZ, it is essential to examine the subcellular distribution of the 
endogenous VHZ protein. 

15 Using double immunoflourescence labeling with affinity-purified rabbit polyclonal 

anti-VHZ antibody in conjunction with mouse monoclonal (mAb) anti-v-tubulin (another 

centrosomal marker) antibody, endogenous VHZ is clearly seen in the centrosome co-

localized with y-tubulin in NRK cells (Figure 2A, Panels A-C), and in MCF-lOA cells (Figure 

2A, Panels D-F). In addition, anti-VHZ mAb together with rabbit polyclonal anti-pericentrin 

20 antibody shows again that endogenous VHZ is co-localized to the centrosome in A431 cells 

(Figure 2A, Panels G-I). 

Endogenous VHZ is shifted from cytoplasm to the nucleus with enrichment in the 

centrosome after serum starvation. NRK cells are serum-starved overnight. Double 

immunoflourescence labeling with rabbit anti-VHZ antibody and anti-y-tubulin mAb, 

25 endogenous VHZ protein is observed to be more concentrated in the centrosome. 

Furthermore, a decrease in cytoplasmic distribution with concomitant increase in the nucleus 
is surprisingly observed in NRK cells (Figure 2B). 
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Example 14. VHZ is a Protein Tyrosine Phosphatase 

To verify that VHZ is indeed an active tyrosine phosphatase, we assay the PTP activity 
of VHZ-GST or a catalytically inactive VHZ (C95S)~GST fusion proteins comparing with 
GST alone as a control protein. The PTPase activities of VHZ-GST, indicated by increasing 

5 blue fluorescence (excitation/emission maxima -358/452 nm), are abolished either by 

mutation of Cys 95 to Ser or by adding phosphatase inhibitor (sodium orthovanadate) into the 

assay (Figure 3A, Panel A). 

Example 15. VHZ Enhances Cell Proliferation by Facilitating Gl/S Transition 

The association of VHZ with the centrosome suggests to us that VHZ might have 

10 potential function in controlling the cell cycle regulation. To test this, we generated MCF-7 

cells that stably expressed three different expression constructs: 1. VHZ-EGFP; 2. VHZ 

(C95S)-EGFP; and 3. EGFP vector. The three stable pools are analyzed for their cell 

proliferation. VHZ is found to be able to enhance cell proliferation rates (data not shown). To 
Confirm this observation, DNA synthesis rate is measured in these three cell lines using APC-

15 BrdU incorporation into newly synthesized DNA. The experiment showed that BrdU 

incorporation is notably higher in cells that expressed VHZ-EGFP than VHZ(C95S)-EGFP or 
EGFP vector alone (Figure 3B). Analogous results are also obtained from FACS analyses of 

NRK cells that stably expressed the same three expression constructs and implicated that VHZ 

could accelerate G/S transition by reducing G1 but increasing S populations (Figure 3C). This 

20 raised the possibility that wild type VHZ might have a role in Gl/S phase progression. 

Example 16. VHZ Could Indirectly Cause Hyperphosphorylation of Retinoblastoma 

Protein (Rb) 

To understand how VHZ could facilitate Gl/S phase transition and to address the 

possible molecular mechanism, we carried out immunoblot studies on several major 

25 molecules which are important in regulating cell cycle progression from G1 to S phase. We 

found that VHZ could downregulate the tumor suppressor protein p21 Wafl/Cipl and 

upregulate cyclin-dependent kinase (Cdk) 4. Cdk4 is one of the major players governing G1 to 

S phase progression and could phosphorylates the retinoblastoma protein pRB (Sherr and 

Roberts, 1999). Consistent with this, we showed that overexpression of VHZ phosphatase 
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could indirectly lead to an accumulation of phosphrylation of Rb at residues Ser780, Ser795, 
and Ser807/811 as assessed by phospho-specific antibodies (Figure 4A, Lane 3). 

Example 17. Overproduced VHZ Protein is Found Either in the Centrosome (-10%) or 
in the Cytoplasm (-17%) of Epithelia in Human Breast Cancers 

5 VHZ shares 28% amino acid sequence similarity with PRL-3 phosphatase. Based on 

the fact that PRL-3 is a phosphatase associated with metastasis of colorectal cancer (Saha et 

al., 2001), we hypothesized that VHZ phosphatase might have similar functions involved in 

metastasis of some cancers. To investigate the relationship between VHZ and multiple human 

cancer specimens, affinity-purified anti-VHZ rabbit antibody is used for 

10 immunohistochemistry to assess VHZ protein expression. We found that VHZ over-

expression is preferentially associated with breast cancer. Out of 65 breast cancer samples (30 

IDC/ILC stage I, 35 IDC stage II), 6 expressed high levels of VHZ protein in the centrosome, 

which is demonstrated both by double immunoflourescence with rabbit anti-VHZ and a 

centrosomal marker mouse anti-y-tubulin on the same section of the cancer sample (Figure 

15 5A) and by single immunohistochemistry with either rabbit anti-VHZ antibody or mouse anti-

y-tubulin antibody on two adjacent sections (Figure 5B, Panels A-B). Both 

immunoflourescence and immunohistochemistry confirmed that VHZ is overexpressed in the 

centrosome of some breast cancer samples diagnosed as invasive ductal carcinoma (IDC) or 
invasive lobular carcinoma (ILC) Stage I (Figure 8A). Other than the centrosomal staining of 

20 VHZ, we found an alternate staining pattern of VHZ in different subset of breast cancer 

samples diagnosed as IDC Stage II. Out of 65 breast cancer samples, 11 showed high levels of 

VHZ protein distributed throughout the cytoplasm of spread epithelial tumor cells that 
displayed a fibroblast-like morphology (Figure 5C, Panels A-B) (Figure 8B). 

Example 18. Overexpression of VHZ is Correlated with the Loss of E-cadherin 

25 Expression in Breast Cancers 

Since we captured an unexpected phenomenon within some microenvironments where 

VHZ protein is specifically overexpressed in spread fibroblast-like cells of breast cancer 

samples, we investigated if these cells are undergoing Epthielial-Mesenchymal transition 

(EMT). EMT occurs during embryonic development and oncogenesis, in which epithelial cells 

30 acquire fibroblast-like properties and lose epithelial cells adhesion and cytoskeletal 
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components (Thiery and Sleeman, 2006). The loss of E-cadherin results in disassembly of 

cell-cell adhesion junctions and increased tumor cell invasiveness in vivo and is a hallmark of 

EMT (Kang et al., 2004). We observed that the majority of VHZ overexpressing ceils (red 

arrows indicated) had lost the expression of E-cadherin (black arrows indicated) (Figure 6A), 

5 suggesting that these cancer cells might have undergone through EMT process. 

Example 19. Overexpression of VHZ in MCF-7 Ceils Enhances Cell Migration 

Since VHZ appeared to be associated with EMT during breast cancer progression, we 

then tested if VHZ could play a role in triggering cancer cell migration. To study cell mobility 

driven by VHZ, MCF-7 cells expressing VHZ-EGFP, or VHZ(C95S)~EGFP are examined for 

10 cell migratory properties. As migration of MCF-7 cells is difficult to measure using the 

conventional wound-healing or Transwell chamber assays, we used an alterative 'Inverted 

Coverslip' assay previously described (Sherri et al., 2006). As shown, MCF-VHZ cells 

migrated out from the coverslip (Figure 6B, Panel A' white arrows) but MCF-VHZ(C95S) 

cells remain within the coverslip (Figure 6B, Panel B' white arrows). The results suggest that 

15 VHZ is able to promote cell motility. The property of VHZ in promoting cell migration is 

further investigated using immortalized human mammary epithelia-MCFlOA cells (Figure 
10). 

Example 20. Materials and Methods: Generation of Specific VHZ Mouse Monoclonal 
Antibodies 

20 Hybridomas are generated using ClonaCell™-HY Hybridoma Cloning Kit from 

Stemcell Technologies Inc (UBC Canada). The procedures are followed according to the 

manufacturer's directions. Briefly: 1. Immunization of BALB/c mice with GST-VHZ fusion 

protein. 2. Growth of BALB/c parental myeloma cells SP2/0; 3. Preparation of BALB/c mice 

for spleenocytes from immunized mice 4. Fusion of spleenocytes with SP2/0 cells: 5. 
25 Selection and characterizations of the hybridoma clones. 

Example 21. Materials and Methods: Generation of Ascitic Fluids 

Hybridoma cells (5 x 106) are suspended in 200 fxl of serum-free DMEM medium and 

injected with a 26-gauge needle into the peritoneal cavity. 
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After 10 days, the mouse developed a large quantity of ascitic fluid, and the abdomen 

is greatly distended. The mouse is sacrificed and a small shallow is cut to open the abdominal 
cavity. 

The ascitic fluid is drawn with 10 ml syringe fitted with an 18-gauge needle. The fluid 

5 is centrifuged at 200 g for 10 min at 4 °C. The supernatant fluid is collected and frozen at -70 
°C till further use. 

Example 22. Materials and Methods: Immunohistochemistry 

We investigated VHZ protein expression on multiple human cancers from 
fhttp://cvbrdi.comA. 

10 For breast cancer arrays: CC08-02-001 and CC08^02-002; for colon cancer arrays: 
CC05-01-001; for lung cancer arrays: CC04-01-006; for multiple cancer arrays: CC00-01-

006; for Squamous carcinoma arrays: CCOO-01-009. 

We used Dako EnVision™ Systems K 1395 (Dako, Carpinteria, CA) to perform IHC 

experiments. The formalin-fixed, paraffin-embedded slides are de-waxed in fresh xylene for 5 

15 min. The step is repeated one more time. The slides are subjected to rehydration by going 

through sequential 100 %, 95 %, 80 %, and 75 % Ethanol, then PBS (2 min for each change) 

followed by antigen retrieval with 200 ^1 (2.5mg/ml) pepsin (EK000-10K BioGenex, San 

Ramon, CA) on each slide in 37°C water bath for 5 min. 

The slides are transferred to PBS with 2 % glycine for 2 min, and then to PBS with 1 

20 % H2O2 in dark for 5 min. The slides are washed in PBS for several times and treated in PBS 

with 0.1 % Tween 20, 0.1 % TX-100, and 0.1 % saponin (Merck) for 20 min at RT. Each slide 

is then blocked in 300 \i\ PBS with 10 % goat serum, 1 % BSA (Sigma #A-4161) and 0.1 % 

saponin for 2 hrs at RT. The excess blocking solution is wiped off. 

The mAb is diluted with 1:150 in blocking buffer (PBS with 10% goat serum, 1% 

25 bovine serum albumin (Sigma). Appropriate mAb (150 ,uls) is added to each slide and 

incubated at RT for 3 hrs, and then at 4°C for overnight. 

Next day, the slide is washed in PBS containing 0.05 % Tween 20, 0.05 % TX-100 

several times with gently shaking. The slide is then incubated with labeled polymer-HRP. The 

http://cvbrdi.comA
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washing steps are repeated. 200 \i\ of Substrate-Chromogen solution (1ml buffer+20 jxl DAB 

for polymer-HRP) is applied to each slide for 10-20 min in dark. The washing steps are 

repeated. 

Example 23. Results of Examples 20 to 22 

5 Formalin-fixed and paraffin-embedded human multiple cancer samples are assessed 

for VHZ protein expression. 

The VHZ protein is revealed by staining with VHZ specific mouse monoclonal 
antibody using Dako EnVisionTM System with DAB chromogen (in brown coior). VHZ-

positive signals are mainly localized at the plasma membrane and the Golgi-like sub-cellular 

10 structures in the cytoplasm. 

Over-expression of VHZ is closely associated with squamous cell carcinoma in lung, 
bladder, esophagus, skin, lip, larynx, vulva, cervix, penis etc. Selected VHZ-positive cancer 

samples from tissue arrays are shown in Figure 12. Magnification, x200 or x400. X200. VHZ 
protein is detected in multiple human cancers, as shown below in Table El. 

Type of Cancer VHZ+ / total 
samples 

VHZ+% 

Breast 27/200 13.5% 

Colon 25/143 17.5% 

Lung 20/82 24.0% 

Squamous carcinoma* 22/63 35.0% 

Pancreas 17/51 33.3% 

Brain 7/40 17.5% 

Esophagus 4/12 33.3% 

Stomach 5/14 35.7% 

Bladder 2/6 33.3% 

Kidney 2/11 18.1% 
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Skin 2/6 33.3% 

Ovary 2/6 33.3% 

Prostate 3/8 37.5% 

Testis 2/6 33.3% 

Table El. Expression of VHZ in various cancers. Squamous carcinomas refer to 
squamous cell carcinoma such as, lip, larynx, vulva, cervix, penis etc. 

Example 24. Generation of VHZ Human/Mouse Chimeric mAb (Clone #209) 

5 For VHZ chimeric mAb generation, the total RNA is extracted from 6xl06 hybridoma 

cells (clone#209) using the RNeasy Mini Kit (QIAGEN, cat#74104). The RNAs are then 
reverse-transcribed into cDNA using SuperScript II RNase H (Invitrogen, Cat 18064-014). 

The resulting total cDNAs are used as templates to generate the 'universal variable 
region' using Ig-Prime Kits (Novagen, cat#69831-3) for PCR (95°C, 54°C, 72°C) with 30 

10 cycles. The PCR fragment is cloned into the PCRII-TOPO-Vector with a TA cloning kit 
(Invitrogen, part#45-0640). The PCR fragment is cut with Mfel and Xhol, and then inserted 

into the respective sites of a human IgGl constant region expression vector-pCMV-human 

IgGl to join the mouse variable region of heavy chain (clone #209) with the human IgGl 
constant region. 

15 Similar PCR procedures are performed for the mouse variable region of the light chain 

with ends containing restriction sites for ApaLl and Pst 1 (clone #209). The PCR fragment is 
cut with ApaLI and Pst I and then inserted into the respective sites of a human IgGl constant 

region expression vector containing the variable region of the heavy chain of clone #209. 

Figure 13A shows outline steps of VHZ #209 chimeric antibody construction. 

20 Figure 13B shows the sequence of the variable heavy chain of clone 209 (SEQ ID NO: 
4). The sequence is: 

LVDMDSRLMLVFLVLILKGVQCDVQLVESGGGLVQPGGSRKLSCAASGFTFS 

SFGMHWVRQAPEKGLEWVAYISSGSSTIYYADTVKGRFTISRDNPKNTLFLQ 
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MTSLRSEDTAMYYCARWQTARATRGYAMDYWGQGTSVTVSS 

Figure 13C shows the sequence of the variable light chain of clone 209 (SEQ ID NO: 

5). The sequence is: 

VMTQSHKFMSTSVGDRVSITCKASQDVNTAVAWYQQKPGQSPKLLIYSASYRFT 

5 GVPDLFTGSGSGTDFTFTINSVQAEDLAVYYCQQHYSSPWTFGGGTKLEIKRAD 

AAPTVSIFHHPVSLG 

Example 25. VHZ Human/Mouse Chimeric mAb (Clone #209) Production 

The complete construct is transiently transfected into 293T cells cultured in ultra-low 

IgG FBS (Gibco, 16250-078). The chimeric mAb was harvested from the culture supernatant 

10 and concentrated up to 40 times with centrifugal filter devices (Millipore, cat#UFC900596). 

Example 26. VHZ Human/Mouse Chimeric mAb (Clone #209): Indirect 

Immunofluorescence and Western Blots 

The chimeric mAb is tested on NRK (ATCC-CRL-6509) expressed EGFP-VHZ for its 

specificity by indirect immunofluorescence and Western-blot analysis on several cell lines and 

15 on multiple mouse tissues. 

HeLa (ATCC CCL2) is a cervix cancer cell line; CHO-K1 (ATCC CCL61) is a 

Chinese hamster ovary cell line; MCF-7 (ATCC HTB-22) is a human breast cancer cell line, 

HCTl 16 (CCL-247) is a human colorectal carcinoma cell line; MDCK (ATCC® CCL-34™) is 

Canine Kidney cell line; and DLD-1 (CCL-221) is a human colorectal adenocarcinoma cell 

20 line. ATCC: American Type Culture Collection. 

Figure 14A shows the results for indirect immunofluorescence. 

Figure 14B shows the results for Western blot analysis on cell lines. 

Figure 14C shows the results for Western blot analysis on mouse tissues. 

The results of antibody testing on multiple mouse tissues show that VHZ only 

25 expresses low levels in spleen and colon and suggests that VHZ is not ubiquitously expressed 

in tissues. 
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The data indicate that VHZ is a good therapeutic target since VHZ antibody will not 

attack normal tissues and will not cause too many side effects. 

Example 27. VHZ Human/Mouse Chimeric mAb (Clone #209) Effectively Inhibits the 
Formation of Tumours by HCT116 Colon Cancer Cells that Express VHZ 

5 All animal studies have been approved by the Institutional Review Board of the 

IMCB. We follow strictly rules and policies of the Animal Facility Center of The Agency for 

Science, Technology and Research (A* STAR), Singapore. Nine-week old nude mice 

(Jackson Labs, USA) are used. 

By western blot we confirm that HCTl 16 colon cancer cell line is VHZ positive 

10 comparing with MDCK cell line. lxlO6 HCTl 16 cancer cells were injected into the 

circulation of nude mice via the tail vein on day 1. 

Figure 15A shows the results of this experiment. 

Either PBS (untreated) or chimeric mAb (treated) was administrated into tail vein 
starting the first treatment on day 3; followed by two administrations weekly. Experiment 

15 periods: Top two animals starting 11 Feb-2 April 2009 bottom two animals starting 11 Feb-13 

April 2009. 

Figure 15B shows the results of this experiment. As can be seen, VHZ human/mouse 

chimeric mAb (Clone #209) effectively inhibits the formation of tumours by HCTl 16 colon 

cancer cells that express VHZ. 

20 Example 28. Histopathologic Analyses Using Immunohistochemistry (IHC) 

We investigated VHZ protein expression on 648 of human cancer samples. The 

majority of the tissues are purchased from Cybrdi, Inc. (Rockville, Maryland 20850 USA: 

httD://cvbrdi.com/index.php). 

These include a major solid tumors tissue arrays (CCOO-01-006); squamous cell 

25 carcinoma (CCOO-01-009); lung carcinoma (CC04-01-006); colon adenocarcinoma (Grade I ~ 

III) with normal tissue controls tissue arrays (CC05-01-001); Breast carcinoma (CC08-02-

001); pancreatic carcinoma (Duct adenocarcinoma/islet cell carcinoma/mucinous carcinoma) 
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with normal controls tissue arrays (CC14-01-001); Human low density prostate tissue array 

(TS42081004) is purchased from InnoGenex (San Ramon, CA). 

We used Dako EnVision™ Systems K 1395 (Dako, Carpinteria, CA) to perform IHC 

analysis. 

5 Example 29. Detailed Steps for Immunohistochemistry (IHC) 

The formalin-fixed, paraffin-embedded slides are de-waxed in fresh xylene for 5 min. 

This step is repeated once. 

The slides are then subjected to rehydration by going through sequential 100 %, 95 %, 

80 %, and 75 % Ethanol, then PBS (2 min for each change) followed by antigen retrieval with 

10 200 ^1 (2.5mg/ml) pepsin (EK000-10K BioGenex, San Ramon, CA) on each slide in a 37°C 

water bath for 5 min. 

The slides are transferred to PBS with 2 % glycine for 2 min, and then to PBS with 1 

% H2O2 kept in the dark for 5 min. The slides are washed in PBS for several times and treated 

with PBS containing 0.1 % Tween 20, 0.1 % TX-100, and 0.1 % saponin (Merck) for 20 min 

15 at room temperature (RT). Each slide is then blocked in 300 |A1 PBS with 10 % goat serum, 1 

% BSA (Sigma #A-4161) and 0.1 % saponin for 2 hrs at RT. The excess blocking solution is 

wiped off. The VHZ mAb are diluted (1:150) with blocking buffer. 

The diluted VHZ mAb (150 ^1) is added to each slide and incubated at RT for 3 hrs, 

and then at 4°C for overnight. On the next day, slides are washed in PBS containing 0.05 % 

20 Tween 20,0.05 % TX-100 several times with gentle shaking. The slide is then incubated with 

labeled polymer-HRP for 2 hrs. The washing steps are repeated. 

200 \i\ of Substrate-Chromogen solution (lml buffer+20 jil DAB for polymer-HRP) is 

applied to each slide for 10-20 min in the dark. The washing steps are repeated. The results are 

analyzed using microscopy and representative images are shown in Figure 12A-F. 

25 The results are shown in Table El above. VHZ protein is often detected in multiple 

human cancers. Percentages of VHZ positive cancer types are summarized from a total of 648 

human cancer samples. 
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Example 30. Discussion 

We have shown that VHZ is a novel centrosomal phosphatase. The centrosome is an 

organelle that plays a key role in cell-cycle progression and cell division. It organizes 

microtubule arrays throughout the cell cycle and plays a pivotal role in regulating cell division 

5 in meiotic and mitotic cells. Deregulation of the centrosome organelle is linked to human 

genetic diseases and cancer. Indeed, many human tumors show centrosome aberrations 

(Doxsey, 2001; Nigg, 2002). 

Our results of VHZ overexpression in MCF-7 cells and in NRK cells support the 

conclusion that VHZ phosphatase may play a role in facilitating Gl/S transition during the 

10 cell cycle progression. In an attempt to address the mechanistic roles of VHZ in promoting 

MCF-7 cell growth; several important molecules that play critical roles in Gl/S cell cycle 
control are examined. We found that VHZ overexpression could downregulate the tumor 

suppressor protein p21 Wafl/Cipl, an inhibitor of cell cycle progression. p21 Wafl/Cipl 

serves to inhibit kinase activity and blocks progression through Gl/S (Pestell et al., 1999). The 

15 downregulation of p21 Wafl/Cipl by VHZ might release the inhibition of p21 on cyclin 

dependent kinases (Cdk) 4 (Sherr and Roberts, 1999). Consistent with this, we found that 
VHZ could upregulate Cdk4 expression. Eukaryotic cell cycle progression is dependent, in 

part, on the tightly regulated activity of CDKs. The activation of Cdk4 could target 

retinoblastoma protein-Rb for phosphorylation (Lukas, et al., 1996). As a consequence, VHZ 
20 cause indirectly enhancement of Rb phosphorylation. The hyperphosphorylation of Rb is 

known to inactive the function of Rb in controlling progression through the restriction point 

within the Gl-phase of the cell cycle (Lukas, et al., 1996, Sherr, 1996). Thus, VHZ 

overexpression could overcome the Gl/S phase restriction point indirectly via Rb inactivation. 

Although future studies are needed, our results enabled us to propose a working model for 

25 VHZ's role in cell cycle progression (Figure 4B). 

In some breast cancer samples, we found overexpression of VHZ protein either in the 

centrosome (-10%) or in the cytoplasm (-17%) of epithelial tumor cells. VHZ is more often 

overexpressed in cancer cells that displayed migratory fibroblast-like morphology. We 

observed that VHZ-centrosomal-positive cells showed typical epithelia morphology with ILC 

30 or IDC Stage I breast cancer samples; while VHZ-cytosol-positive cells are more often 
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associated with dispersed epithelia in IDC Stage II samples. The results might indicate that 

VHZ could initially be overexpressed in the centrosome and subsequently throughout the 

entire cytosol of the tumor cells that acquired cell motility. Significantly, the strongly stained 

VHZ-cytosol-positive cells are E-cadherin negative. The loss of E-cadherin plays an initial 

5 step in EMT complex process that converts epithelia into migratory mesenchymal cells (Kang 

et al., 2004). The loss of E-cadherin results in disassembly of cell-cell adhesion junctions and 

increases tumor ceil invasiveness. Upregulation of VHZ might serve as one of the driving 

forces to initiate EMT, or to change typical epithelia phenomena to promote cell migration. 

Cancer cells need to acquire enhanced motility in order to overcome the barrier of the 
10 neoplastic epithelia) neighborhood; leading to the invasion and outgrowth of malignant cells 

into new places (Thiery and Sleeman, 2006). Tumor cells infiltrate the surrounding tissue 

matrices in diverse patterns including both individual- and collective-cell-migration strategies 

(Fried!, 2003; Vogelstein and Kinzler, 2004). In our study, we showed that both individual-

figure 5C, Panel A) and collective-cell migrations (Figure 5C, Panel B) are simultaneously 

15 present in VHZ-cytosol-positive cells. These phenomena might recapitulate and represent a 

relatively early onset of local invasion driven by VHZ within microenvironments in vivo. 
Although the precise role that VHZ plays in tumor progression and cancer cell migration is 

not known, our data suggests that overexpression of VHZ or its elevated activity might be a 

crucial early event for local invasion. Consistent with this hypothesis, we are able to show 
20 VHZ could enhance MCF-7 cell migration (Figure 6B). 

Our study here provides evidence that VHZ is a phosphatase involved in cell-cycle 

regulation and breast cancer progression. Our findings reveal new insight into this small 

phosphatase as an important target in future diagnostic and therapeutic strategy. We propose 

that inhibition of VHZ could be the basis for a therapeutic approach to block the spread of 
25 breast cancer metastasis at an early stage. 
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CLAIMS 

1. Use of an anti-VHZ antibody in the preparation of a pharmaceutical composition for 

the treatment, prophylaxis or alleviation of an invasive or metastatic cancer selected from the 

group consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, 

5 vulva, cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach 

cancer, bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular 

cancer. 

2. Use according to claim 1 in which the anti-VHZ antibody is capable of down-

regulating any combination of the expression and/or amount and/or activity of VHZ. 

10 3. Use according to claim 1 wherein the anti-VHZ antibody is an anti-peptide antibody 

generated against RR.LRPGSIETYEQEK corresponding to amino acid residues (126-140) of 

human VHZ. 

4. Use according to claim 3 wherein the anti-VHZ antibody is a chicken anti-human VHZ 
antibody or a rabbit anti-human VHZ antibody. 

15 5. A method selected from the group consisting of: 

(a) a method of detecting a metastatic cancer cell selected from the group consisting 

of: a colon cancer cell, a lung cancer cell, a squamous cell carcinoma cell including 

lip, larynx, vulva, cervix and penis cancer, a pancreatic cancer cell, a brain cancer cell, 

an oesophageal cancer cell, a stomach cancer cell, a bladder cancer eel 1, a kidney 

20 cancer cell, a skin cancer cell, an ovary cancer cell, a prostate cancer cell and a 

testicular cancer cell, the method comprising detecting, in a cell or tissue sample 

obtained from an individual, up-regulation of expression and/or amount and/or activity 

of VHZ in the cell, preferably in which the expression of VHZ is compared to the 

expression and/or amount and/or activity of VHZ in a control cell known to be non-

25 cancerous; 

(b) a method of determining the proliferative state of a metastatic cancer cell selected 

from the group consisting of: a colon cancer cell, a lung cancer cell, a squamous cell 

carcinoma cell including lip, larynx, vulva, cervix and penis cancer, a pancreatic 

cancer cell, a brain cancer cell, an oesophageal cancer cell, a stomach cancer cell, a 
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bladder cancer cell, a kidney cancer cell, a skin cancer cell, an ovary cancer cell, a 

prostate cancer cell and a testicular cancer cell, or determining the likelihood that the 

cancer cell will become invasive or aggressive, the method comprising detecting, in a 

cell or tissue sample obtained from an individual, up-regulation of expression, amount 

5 or activity of VHZ in the cell; 

(c) a method of predicting a survival rate of an individual with a metastatic cancer 

selected from the group consisting of: colon cancer, lung cancer, squamous ceil 

carcinoma including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, 

brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin 

10 cancer, ovary cancel-, prostate cancer and testicular cancer, the method comprising 

detecting, in a cell or tissue sample obtained from the individual, up-regulation of 

expression of VHZ in a cell of the indivi dual; and 

(d) a method, of choosing a therapy for an individual with a metastatic cancer selected 

from the group consisting of: colon cancer, lung cancer, squamous cell carcinoma 

15 including lip, larynx, vulva, cervix and penis cancer, pancreatic cancer, brain cancer, 

oesophageal cancer, stomach cancer, bladder cancer, kidney cancer, skin cancer, ovary 

cancer, prostate cancer and testicular cancer, the method comprising detecting, in a cell 

or tissue sample obtained from the individual, up-regulation of expression of VHZ in 

a cell of the individual and choosing an appropriate therapy based on. the 

20 aggressiveness of the metastatic cancer. 

6. A method of identifying a molecule suitable for the treatment, prophylaxis or 

alleviation of a metastatic cancer selected from the group consisting of: colon cancer, lung 

cancer, squamous ceil carcinoma including lip, larynx, vulva, cervix and penis cancer, 

pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, bladder cancer, kidney 

25 cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer, the method 

comprising determining if a candidate molecule is an antagonist of VHZ or a sequence having 

at least 90% sequence identity thereto, the method involving exposing a candidate molecule to 

a VHZ polypeptide or a cell expressing a VHZ polypeptide in order to determine if the 
candidate molecule is an antagonist thereof 

30 7. A method of determining whether a tumour of a cancer selected from the group 

consisting of: colon cancer, lung cancer, squamous cell carcinoma including lip, larynx, vulva, 
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cervix and penis cancer, pancreatic cancer, brain cancer, oesophageal cancer, stomach cancer, 

bladder cancer, kidney cancer, skin cancer, ovary cancer, prostate cancer and testicular cancer 

in an individual is, or is likely to be, an invasive or metastatic tumour, the method comprising 

detecting, in a cell or tissue sample obtained from the individual, up-regulation of expression, 

5 amount or activity of VHZ in a tumour cell of the individual. 


