VHZ FOR DIAGNOSIS AND TREATMENT OF CANCER FIELD 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 5treatment and diagnosis of diseases such as breast cancer, as
well as compositions for such 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 10cytosol and in nucleoli (Alonso et al., 2004a). However, the role

of VHZ was largely unknoyfz @esRig1ii0e0sesvaiipmtRioaghgreiutgnawiarkologues in frogs, fish,
fly, and the Archaea. VHZ, as well as VHR, belongs to a separate subgroup of VH I-like PTPs (Alonso

et al, 2004b)gVHR has been reported to have a function in regulating cell cycle progression
(Rahmouni &tar.; 2006). 15In the Western world and the developed countries of Asia, breast
carcinoma is the sdtentckeatimguterses bfasdan chyfieldted teditinie, vedhbero@otyalec2@ObiolBgrast

cancer tops ifg canger kL RS HRSNgARCREI VL LUR0 G CaRe eI diagnosed each
year (Singapore Cancer Registry Report, 2000). In the USA, 180,000 women are diagnosed annually

with new cadesstorntanddiagness o diyeaseoerh)ausiitcapetle AHNEY hBSTOBARSIMRRHTRI 208 reening
around a quggter of the cases will die from their disease. Accordingly, there is a need for improved
breast cancer detection and therapy. SUMMARY According to a | aspect of the present invention, we
provide VHZfor Use g method of treatment, prophylaxis or alleviation of a cancer, such as breast
cancer, in an individual. 25There is provided, according to a 2nd aspect of the present invention, an
anti-VHZ agent for Vit treatrinesphaprsgptinlaskis orabbiet ko anhoatosksequeaasddertttmaipicomprise breast

cancer. The IDd%mWW&@@&W@X&@&%@%&%@MWG&@& IpVABRAPHER
arcinoma .
10 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 of VH1-like PTPs (Alonso et al, 2004b). VHR has been reported to

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

15 In the Western world and the developed countries of Asia, breast carcinoma is the
second leading cause of cancer-related death in women (Polyak, 2001). Breast cancer tops the
cancer list for women in Singapore, with 700-800 new cases being diagnosed each year
(Singapore Cancer Registry Report, 2000). In the USA, 180,000 women are diagnosed
annually with new cases of breast cancer {Polyak, 2001). Despite better diagnosis and routine

20 screening around a quarter of the cases will die from their disease.
“Accordingly, there is a need for improved breast cancer detection and therapy.

SUMMARY

According to a 1% aspect of the present invention, we provide VHZ for use in a method

of treatment, prophylaxis or alleviation of a cancer, such as breast cancer, in an individual.

25 There is provided, according to a 2" aspect of the present invention, an anti-VHZ
agent for the treatment, prophylaxis or alleviation of cancer. The cancer may comprise breast
cancer. The cancer may comprise an invasive or metastatic cancer such as Invasive Ductal

Carcinoma (IDC).



2 The anti-VHZ agent may be capable of down-regulating any combination of the expression, amount
or activity of a VHZ sequence shown as GenBank accession number NM 017823 or NP 060293, or a
sequence which has at least 90% sequence identity to that sequence. The anti-VHZ agent may
comprise an anti-VHZ antibody. 5The anti-VHZ antibody may comprise an anti-peptide antibody
generated against RRLRPGSIETYEQEK corresponding to amino acid residues (126-140) of human
1/HZ. The anti-VHZ antibody may comprise chicken anti-human VHZ antibody (catalogue numbers

LS-C32281, aminoAgigs371e A0ek: Sn&ARARBabIS AASRA- A LA SRSk Srada2s b feSpan Inc,
Seattle, Washington, USA), rabbit anti-human VHZ antibﬁéﬁ%@tglo%ue number DS-PB-00676,

RayBiotech FPTRUPE GELMBLSTE VIR EMERSAYSALH CHARYUE humber
XW-7857, Pragci ITeospanse @B ay: CaliiamiawbiSi\has alo biba 9% seqaenviHdeantibodiacatalogue
number F4560 and D%§40-6 niteg r%atceos%%irgsjggli%c%ﬁw sealf, Massachusetts, USA), chicken

) . fi- o :
anti-human \Sﬁﬂzegcn%bogf?éata og&l & number 4 United States Biological, Swampscott,

Massachusetts, Usll'A), 15 it anti-human 1/HZ.antibody (catalogue number AI—&P11.42 AdB
Serotec? Oxford, URREARINGHORT 9% W%”n‘fﬁﬁ'@?ﬁ%ﬂ?ﬁ%ﬁeﬁﬁgg yt&%%l%%nféaﬁeu%aé?%B
110-40452, RBVIRXBRIBHICANE K itdetospo @by adonidGA)d chicken dab-hétdhahhubznditiBody (catalogue
number NB 100-75328, Novus Biologicals, Littleton, Colorado, USA). The anti-VHZ agent may be

capable of downregulaiing WHHZ ey’ M AnintardarehneahicRéh mal aenapride Zaasbiiballyl néetiargng RNA
(siRNA), Short Hairpi hRNA) or Chime ' a P23 Pre-design Chimera RNAI
(catalogue nﬁ?ﬂ%&?%@%@@ﬁ& : 6d\%ugsgn?c@)g%|§$séﬁ§§éz?b%ﬁ A@@?é"d@@ﬁ?‘ﬁ B e provide,
according toGE2&speieSanbnpr8sstititVesidugion kit for btataniy ibreast\ddhcetitedn individual or
Suscep%""%%ﬁ&%d@‘i{ﬁﬂﬁ!é?ﬁ@?ﬁ‘%@é&?‘é}'}(@ﬁaﬂ%@%h&?ﬁ%ﬁ)w@%iﬁ%mﬁﬁ}{ﬁ dpiceatgstion of VHZ

expression in the individual or a sample takeh from him or her. The means for detection may be

selected frofuthangybifpeatibeistisalpaaammbiiticidstideichlnegreentdnBoast. £ ebiriémentary
nucleotide segueNetn Middnvsiciaacikh@safragmeptdharesi pYEIZpoypemiidegriamitagment

Lse. 1 ay SURTTHP GBS EPAD VHEE BT or WAt it P S o MGUeH of brosst
cancer, suchastomprising rT29R6kiten dnitdé Befptimiological, Swampscott, Massachusetts, USA),
15  rabbit anti-human VHZ antibody (catalogue number AHP1142, 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).

The anti-VHZ agent may be capable of downregulating VHZ by RNA interference. It
20 may comprise a Small Interfering RNA (siRNA), Short Hairpin RNA (shRNA) or Chimera
RNAI such as a DUSP23 Pre-design Chimera RNAI (catalogue number HO0054935-R01,
Novus Biologicals, Littleton, Colorado, USA).

We provide, according to a 3™ aspect of the present invention, a kit for detecting breast

cancer in an individual or susceptibility of the individual to breast cancer. The kit may

25  comprise means for detection of VHZ expression in the individual or a sample taken from him
or her. The means for detection may be 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 an anti-VHZ
antibody, or an anti-VHZ agent as set out above, and optionally instructions for use. It may

30  further comprise a therapeutic drug for treatment, prophylaxis or alleviation of breast cancer,

such as comprising Tamoxifen or Herceptin.



3 As a 4th aspect of the present invention, there is provided a method of detecting a cancer cell
such as a breast cancer cell. The cancer cell may comprise invasive or metastatic cancer cell such as
Invasive Ductal Carcinoma (IDC). The method may comprise detecting modulation of expression,
amount or activity of VHZ in the cell. The modulation may 5 comprise up-regulation. The expression of
VHZ may be compared to the expression, amount or=activity of VHZ in a control cell known to be
non-cancerous. The method may comprise detecting a VHZ nucleic acid. This may be by means of

a probe comprising ¢ Jegsta.Lostian pfl-ALloinfsidhavingasesyentauraas&EaNBank
accession number NM 017823 or NP_060293 or a sequence having at least 90% sequence 10identity

to such a sedERssEESbFIRNARERTTAY FARSALTF Lo FeResHEst Ry RIS BKAS KRS SAtA s by
means of ananteMIFE antilke tyvsatoDuttaClairirbma (ITIGR. Mkihodhmbin iy tbaposetseitistological

grading. The histglogical.grading may be by means o Elston-Ellis.modified Scarff, Bloom,
Richardson 5?8%??\%%9&%%%&?8%%ﬁﬁlgrlﬁn&%a%ﬁ%‘é%fgtg]rﬁ&(Mé%)f%g/g%%?g\l}%%?%&dgrding to a 5th
aspect df thecprgseatipventiaimna The thxpesfi etetd rvtiidimpyHee seoipersditettapeprsissios kgt termining
the likelihood, thaf; &Celk Wl AECPBEIVAH & Sk AAPFE SRl Barddfpaethod comprises detecting

modulation of expression, amount or activity of VHZ in the cell. The present invention, in a 6th

aspect, provides a methad of predicting. a survival r. f an individual with,c Themethod
comprises detectinglﬁ1 moau 3%(%%? %?Egrggsa]%{ﬁcolg%é in a‘? %@ "of gﬁé%&v&égﬁeﬁ Ettiiﬁngtgpect of the
present inve ptide, abrapsising roleded aomiethetiagiusivie shid ha ingrassansnemsiinivias Slawitinkancer, the

method compgising, deleaiINDOHIHRL9NALLXPEEs5AN 968 RueR of IhRDEMiduAkRROOSINg an

appropriate therapy based on the 25aggressiveness of the cancer. The therapy may comprise an
anti-VHE agéifrsidydeserbe seaBave: AdBYRIRY hs e 801 SepeEset dRe st T IHRMIBITHNR provide a

method of delesminngibedikelihasd vHsLgatssipba particQlaltierapy in an individual with a cancer.
The method comprises comparing the therapy with a therapy determined by a method as set

The method may further comprise histological grading. The histological grading may
be by means of the Elston-Ellis modified Scarff, Bloom, Richardson grading system
(Nottingham Grading System (NGS)).

™ aspect of the present invention, a method of

15 We provide, according to a 5
determining the proliferative state of a cell, or determining the likelihood that a cell will
become invasive or aggressive. The method comprises detecting modulation of expression,

amount or activity of VHZ in the cell.

The present invention, in a 6" aspect, provides a method of predicting a survival rate
20  of an individual with cancer. The method comprises detecting modulation of expression of

VHZ in a cell of the individual

In a 7" aspect of the present invention, there is provided a method of choosing a
therapy for an individual with cancer, the method comprising detecting modulation of
expression of VHZ in a cell of the individual choosing an appropriate therapy based on the

25  aggressiveness of the cancer. The therapy may comprise an anti-VHZ. agent as described

above,

According to an 8™ aspect of the present invention, we provide a method of
determining the likelihood of success of a particular therapy in an individual with a cancer.
The method comprises comparing the therapy with a therapy determined by a method as set

30 out above.



30out above. 4 Each of these methods may further comprise a feature set out above in any of the
i to 3rd aspects of the invention. We provide, according to a 9th aspect of the invention, a method
of manipulating a cancer cell, such as a breast cancer cell. The cancer cell may comprise an invasive
or 5 metastatic cancer cell such as Invasive Ductal Carcinoma (IDC). The method may comprise
modulating the expression, amount or activity of VHZin the cell. The modulation may comprise
down-regulation. The method may comprise exposing the cell to an siRNA or shRNA capable of

specifically bindinggig.i bzl A ERRIS e8P SIREhIRE £7lL10 20l 5% AnliRasuguphigs set out

above. The cancer cell may become non-cancerous or the 10 invasive or metastatic cancer cell may
become nondingéRG¢E o A MKsEESStatic as a result of the manipulation. There is provided, in

accordance with a 10th aspect of the present invention, a method of manipulating a cell, the method
comprising the step¥eafrqeifdetenstifigdrieredSesratol Sxprassiven. armstimdos aeavirylatieecell; and (b)

reducing thegyel of |V Eigindhafak dnes sl il asrertal e ipyaptionygaidde a method of
identifying a molecule capable of binding to a Vgé@Eolyp_eptlde the method comprising contacting a

VHZ polypepieiestiia el Wt A JoapTas dpueioh GG emec iR ik eBs oA SA0MHlate

molecule angha@iREminRY-whetbion b aandidaie/ Mol Uz hinds teltiehy hédolyupeptige or sequence
having at least 90% sequence identity thereto, 20We provide, accordin a 12t ect of the
rg\(}%% % corg ﬂ&%é? tk%zg or

invention, th%?gl%lfbe ﬁegurlr?%ﬁ%lo St e IFr?é a m%%ﬁgf&&o ofy etomagtﬁod comprising
contacting asb&Nitralzrdistze frod g dinding th détectingalevatpdse e xpdsing the xplidesiviapamount or
actvity of Vit o 8bIS Gl AseRIg e 3kl aaneslabiieaigeeh BMRUAR Y hprovide &
method of identitying 25a molecule suitable for the treatment, prophylaxis or alleviation of cancer, the
method©  invasive or metastatic cancer cell may become non-invasive or non-metastatic as a result of

the manipulation.

There is provided, in accordance with a 10" aspect of the present invention, a method
of manipulating a cell, 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.

15 As an 11" aspect of the invention, we provide 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.

20 We provide, according to a 12 aspect of the invention, there is provided 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.

According to a 13" aspect of the present invention, we provide a method of identifying

25 amolecule suitable for the treatment, prophylaxis or alleviation of 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. The method may comprise 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.



comprising determining if a candidate molecule is an agonist or antagonist of VHZ or a sequence
having at least 90% sequence identity thereto. The method may comprise 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 5 There is provided, according to a 14th
aspect of the present invention, a method of identifyigg an agonist or antagonist of a VI-IZ or a
sequence having at least 90% sequence identity thereto, the method comprising administering a

candidate moIeculer;g@qsaﬁ;mgg,nggﬁa%g}mmmwgﬁ;g@gmgeqﬁgmlt axhikitsincrirRasadspr decreased

expression, amount or activity 5 of VHZ. =~ We provide, according to a 15th aspect of the present
invention, a ARG APSHORIhET SRS Bralie PAisiAe e Thind®? i SHindiatRICRRE method
comprising m@gidigtingrére Bxpressid Boapiatnt Mhdaiiviyngfaciididdr meklbhué ananaivishland he
cancer may comprise breast cancer, such as.invasive ar metastatic cancer such as Invasive Ductal
Carcinoma (A I AR B T P L S SFRARIy SRA, ST
decreaséd irrhWBrast cell of the individual. We provide, according to a le aspect of the present
invention, a method of diagnosis of a cancer or susceptibility to cancer in an individual or prognosis of
an individual with cahcgioie, metidncanapisSingpaatettingraedulation af, expedssiar, tamont, or
activity of VHZ 15in a.cell of the.individual. The cancer. omprise hreast cancer 3 % invasive
or metastaticd’ E(g)rl?géarxésu% ’as | ﬁ%‘é‘%_i‘\}ea %!}:ctfgll S?éfﬁﬁg‘r%@%%ﬁ .f“?{h?%/g"g%%fg’g‘% glgggr(éj{l% _?%ea 1711
aspect of theeypeessinpinventioar ackethetieof détayAtalhel whawisidal hsLrarrei-MAY SOEURISS, or is

likely to be, qp.invasive o meiasiliG LR awLtheimaihedeemrriaing defscinamediiatome).

expression, amount or activity of 20 VHZ in a tumour cell of the individual. .= We provide, according
to a 18t asptta Bt FrassaeHeiche SRTetHon sPPRERTASH irophY LS drdratiddBa of cancerin
an individualptfetrathdehe eraprigiag detecting modulation of 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 g gro JHIXIQELNE: IS ARY ABRCANMRIsesaR alkinvibly AeRMALHaReHbEd above.
The cancer may comprise breast cancer, such as jn asé've or metastatic canc%suc as, Invasive

Ductal CarcifbifRFEiy. SuscepBIpA ghBHeT PFgHBLIN B 5 BN PABY ALY BBt br determined
by assessingihe:si#e aidiheduongpisiop tee:tyimpmahdetistagb: xprdscitin, aptionady dagethef GHA
combiniagion 30wit gttt[\?r.ri Kk f&lctf? . The diargnosis grog osi§ or_choice,of thera&yemay be further

inace 2 INdIviaua. € Cancer may comprise’preast cancer, such as v, or

metastatic cancer such as Invasive Ductal Carcinoma (IDC).

We provide, according to a 17% aspect of the present invention, a method of
determining whether a tumour in an individual is, or is likely to be, an invasive or metastatic
tumnour, the method comprising detecting modulation of expression, amount or activity of

20  VHZ in a tumour cell of the individual.

We provide, according to a 18" aspect of the present invention, a method of treatment,
prophylaxis or alleviation of cancerin an individual, the method comprising detecting
modulation of 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

25  tumour. The therapy may comprise an anti-VHZ agent as described above. The cancer may
comprise breast cancer, such as invasive or metastatic cancer such as Invasive Ductal

Carcinoma (IDC).

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
30  with other risk factors. The diagnosis, prognosis or choice of therapy may be further

determined by assessing the oestrogen receptor {ER) status of the tumour.



determined by assessing the oestrogen receptor (ER) status of the tumour. 6 We provide,
according to a 19th aspect of the present invention, molecule, agonist or antagonist of a VHZ
polypeptide identified by a method or use as set out above. We provide, according to a 20th aspect of
the present invention, a molecule capable of modulating, such as down-regulating, the expression of a
VHZ for use in the treatment, 5 prophylaxis or allevigtion of cancer. The molecule may comprise an
anti-peptide antibody generated against RRLRPGSIETYEQEK corresponding to amino acid residues

(126-140) of humaﬂ%&ﬂ&%&@ﬁﬂ@&;w REFSE e RV SREQR N SMPIOHoWRS S.gthgivise

indicated, conventional techniques of he_mist]%/, molecular biology, microbiology, recombinant DNA 10
and immundiBggoRiHieheay &l ralnentide Kaptifiribyrsthed oIS A s W RIPY the art. Such
techniques are explained in the literature. See, for example, J. Sambrook, E. F. Fritsch, and T.

Maniatis, 1989, Mokecuerridsiorsienyding sl spencofithe ISesesh inEition, aBelre ik sarablel S pring

Harbor LaborginiREe ssu Ml ExdYiah ahd L290:804 PEAIQAIT SUPRISRENI SicaiHiERt Protocols in
Molecular Blolo%yl ch. 9, 13, and 16, John Wiley & Sons, New York, 15 N.Y.); B. Roe, J. Crabtree, and

A. Kahr? 1096PBREK I atiBYaon Slenerciy: BaeeHsanPetHRRiiFEn ORI 8AK; 3. M. Polak
and James @RurMaGesnd IO RPSRIBT YR HizationsPointiples anthPiadtiesid@xfartbUniersity Press;
M. J. Gait (I%ditoi%,g‘lﬁ 4, Oligonucleotide Synthesis: A Practical Approach, In Press; D. M. J. Lilley and

J. E. Dahlber‘gff,n Viethods of Enzymology: DNA Structure Part A: Synthesis and Physical Analysis

of 20 DNA Methods in Enzymology, Academic Press; Using Antibodies : A Labgratory Manual :

Portable Protocol NE§ AT ERIAP PIeSTo SRURT rafsme Y1 TR (18831 Hfhg Harbor
Laboratory RoassytiGRN&HBIQEI-Gzhemistnlibbottiagar Aiblahgratany hitdogig o bikdar DWW AEditor),

David Lgne (Editor) (1988, Cald, Spring.Harbo ory Pr I - 87969-314-2), 1855.
Handbl(r)%k o%léjrlll}}g §%?i0é!],‘{ n‘a?ug i;t%j“&hgé%agﬁ gﬁrﬁ?&éﬁiﬁgs%é&%%ﬁg%ﬁfgﬁ&%ergr‘?réndes (2001,
New York, N¥¢ciMeshehmsiike exigB8neOig e Aigsaerg Sem bt atprele.A. Hambitsobkis fREGpds,

Reagents, ang PNELBRICIORSEMALLIN R N BEREHH IR NG RIBRIDS BRdiinde
Rodgers, 2002, Cold Sﬁgng Harbor Laboratory, ISBN 0- 87969-630-3. Each of these general texts is

herein incorpSI&&RIIBS Rarbrs kot gk fesspfseelFT e G G p1é pRRREC sUPPISHERSSIA and
Figure 1B awe.figuressbowng thataxeosnmis b, loxalizesaidhe Bakly dseos, aghviikaughout the

R g S e e o SO L0 S S M R AR oA R
Techniques, John Wiley & Sons; J. M. Polak and James O°D. McGee, 1990, /n Situ
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

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

; Portable Protocol NO. | by Edward Harlow, David Lane, Ed Harlow (1999, Cold Spring

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,

25  Prabhavathi B. Fernandes (2001, New York, NY, Marce] Dekker, ISBN 0-8247-(562-9); and
Lab Ref: A Handbook of Recipes, Reagents, and Other Reference Tools for Use at the Bench,
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.



S5Figure 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-localizes 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 pericentrin (c). Bar, 20 tun. 10Figure
1B. 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 agshEpYasWilE eGP fide Rpdlue (a'-d’). The images are merged as shown (a"-d").
Bar, 10 pm. Figure 2A and Figure 2B are figures showing that endogenous VHZ localizes in the

15 centrosome andFiiereytbplashigure 1Biger&gutesEhelvparibaisxagznmny ¥hidlisglieamridi¢a-c, bar, 10
pm) and MCEs10A (g al?&lm%%@mt‘iﬁy%fyp%ﬁp'&ﬁ&%ﬂ%m&&tafﬁfmgyewgiﬁdvéa@ﬂ@ﬁ&hwz and

mouse anti-y-tubulin antibodies followed by anti-rabbit 1gG conjugated with anti-rabbit-FITC (green)
and anti-mouSB4dERoFfaate™SNith anti-mouse-Texas Red. Endogenous VHZ is also 20 detected in

A431 cells (g-i, bar, 20 pm) by double staining with mouse monoclonal antibody anti-VHZ (clone #25)
and rabtit anti-peri€égwien AnSBEHESHBIGwen) by tamsisaist datog R Koy ansterhthigranpgire-FITC
(green) and gptisaRitilgGisRANINO Aledwithi A IRBRitiRXaT Red: §iguesRsmadoganeusyHZ is
visualized in serum-starved NRK (a-c, bar, 20 pm) by 25double staining with rabbit anti-VHZ and
mouse anti-ﬂ&%@ﬁﬁ‘éiﬁ]ﬁBﬁ@%ma‘wgfﬁﬁr‘@ﬂﬁwI@@ééh}u@ﬁf@%’iﬁ/iiﬂdﬁﬁ&%ﬁFch (green)
and anti-mouse:ii: aocidatsdewith sistirad irmegdestasvRiatiat 8/ Highre I giwenjest loedivgai otain (0.675
picomoles) for its PT.P(?Qe c}ti ity. The PTPase activity of VHZ is completely abolished by adding 10
e (Vﬁ@

uM sodium dHRGVARA fe153) +Vanadate) in the reaction or by point mutation of Cys 95 to Ser

IN/HZ (C95S)-GST)] Figure 3B. a. Three total cell rived from MCF-7 cells expressing

lysates are Tﬂf
VHZ- 5'8GFP, VHZ (6§83 REGEPEGE Edﬁ'rﬁlﬂ‘%ﬁ&%‘i‘ﬁéﬁﬁé LRSS GG SFtsalyzed by
western blot vaiimariéEG HP staidooilye rphANE, Brusied«a® p idteapHadicigandrifetdpbas® RA content is

measured by BrdU incorporation a (gl,:_ S apalysis, ABC-Brdl) incorporation.to fﬁ newly.
synthesizedygfi{fﬁ\e’(aﬁ]f éso%g‘évf)}olﬁﬁg t athéej(}aaﬁéﬂ:?#%%f fec H?ngpe‘gggrr?ﬁoesg g&%‘%&’l‘ I‘ﬁ?{\ééms that
stably expreSdedriagesamentitasd exghessieri-doh$irnd8 wo.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 M3g&s28W pibBRuFEB are figures showing that endogenous VHZ localizes in the

15  centrosome and the cytoplasm.

Figure 2A. Endogenous VHZ is visualized in NRK (a-c, bar, 10 pm} and MCF-10A
{(d-f, bar, 20 um) cells by double staining with affinity-purified 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. Endogenous VHZ is also

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

anti-VHZ (clone #25) and rabbit anti-pericentrin antibodies followed by anti-mouse 1gG
conjugated with anti-mouse-FITC (green) and anti-rabbit IgG conjugated with anti-rabbit-
Texas Red.

Figure 2B. Endogenous VHZ is visualized in serum-starved NRK (a-c, bar, 20 pum) by
25  double staining with rabbit anti-VHZ and mouse anti-y-tubulin antibodies followed by anti-
rabbit IgG conjugated with anti-rabbit-FITC (green) and anti-mouse 1gGG conjugated with anti-

mouse-Texas Red.

Figure 3A, Figure 3B and Figure 3Care figures showing that VHZ has protein tyrosine

phosphatase activity and is involved in cell cycle regulation



graph showed typical results obtained for a proliferating cell population when the DNA content of its
individual cells is determined by FACS analysis. Figure 4A and Figure 4B are figures.showing
that VHZ enhances GI/S transition in 15MCF-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 GI/S
cell cycle control. There are p21 Wafl/Cipl, Cdk4, ancgRb phosphorylated at Ser780, 5er795 and
Ser807/811. Figure 4B. A proposed model is shown to illustrate how the VHZ might coordinate

20with these molecylg&éwllﬁmﬁﬁ%@aﬁt@m{) 675FRISORA) Flgwe BB andFigyres@argsligures

showing that overexpressed VHZ protein is distributed in the centrosome or in the cytoplasm of

epithelial tunfSHEEHS T Smivcoraistebanbalisbadhyaddies AR M sodigm QEsyARRHAtE ded breast

cancer samplesareaasassraiorMdElid e iginexpragsin. dafigurader(Vid 75 6e59)-BIvgalize to the
centrosome of cells in breast cancer by indirect double immunofluorescence labeling on the same

tissue section. VHZPG@):@@%AUM& (bhpEeicRdncalizashad dng:cantiesoma ek as-dadicatlag/by the

white arrowheads. Im%?ecs ows the merged |mag§saand b. Bar: 100pm. 9 Figure 5B. Two

consecutive $EHONSHAGERIRGRR PR i evector %@é%@éﬂ%ﬁ%ﬁﬂﬂﬁ%ﬁ@@éﬁ@?ﬁﬁ&%ﬂq%elmg to
detect VHZ augkperiibral mﬂesme@(yewamw@o&mmﬂgmés@iepietaﬁtaﬁcbygs&aﬁmalgtwmlmA

3,3'-diaminobenzidine chrom E( Similar ¢ e tterns of VHZ éa and
y-tubulin Iocaﬁ%%ﬁs(ﬁl)e%srgerqgg mc F%OB 38 %nr%ror%tvl\bf?% r%?evé%%ng%ég ap O?rte e2?|ved from
two adjacentthemwiessﬁfdneﬁzrédﬁh‘glﬁlh} eresespbioiedd ﬁhﬁm@afwd:ﬂ@ﬂ@gwﬂ@@tlon x630) are further
enlarged (x5) and shown in panels a to c, respectively where centrosomes are indicated by black

arrows. Panel c' anfligusb 8@, AINK Ze e gativaisigrpieasdahcosirel thee asgiosli@verusencimage is shown

i (Figuye 8A), Fiduie 56 7 prolsin s Qverexplessed naughout e cyloplasm of gispersed
10epithelia in'some A LS Samplés. An orlglna Verview image is shown in{Figure 8B).

Selected sectionskoftidifaeaidiesstis AMPE GlerbtrowyiIn onvkassanditdag 68/0d rhasebieThree

rectangular ageas G 19 e QUeIION FRRY 6 @g&@mﬁg nagniisatien xtAQharsurther enlarged
(x5) and shown'in pangels a, b and c, respectively. Panel ¢ and c' is a VHZnegative sample shown as a

control, 15F|§8Pée%§4’%‘|‘rﬁ“ﬁt¥ﬂﬁléaéﬁeg§és Eﬁ%‘%’%lﬁé?ﬁﬂ’\?ﬁ% expression in E-cadherin negative

cells and overexpression of VHZ enhances motility of MCF-7 cells
Figure 4A and Figure 4B are figures showing that VHZ enhances G1/S transition in

15 | MCF-7 cells

Figure 4A. MCF-7 cells expressing EGFP vector, VHZ(C958)-EGFP or VHZ-EGFP
are analyzed for several molecules that are involved in G1/S cell cycle control. There are p21
Wafl/Cipl, Cdk4, and Rb phosphorylated at Ser78(), Ser795 and Ser807/811.

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

20 with these molecules in G1/8 phase transition.

Figure SA, 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
breast cancer samples. Formalin-fixed and paraffin-embedded breast cancer samples are

assessed for VHZ protein expression.

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

¢ shows the merged images a and b, Bar: 100um.



Figure 6k Two adjacent formalin-fixed and paraffin-embedded breast cancer samples tissue sections
showed VHZ positive cells that are E-cadherin negative (a, magnification x 400) and VHZ negative
epithelia are E-cadherin positive (b, magnification x 400). 20Figure 6B. To assess MCF-7-VHZ-EGFP
and MCF-7-VHZ (C95S)-EGFP cell motility, cells 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-VIZ-EGFP cells (a, a') and for MCF-7-VHZ (C95S)-EGFP (b,

b’). Panel a' showeg; M1 - Mid4dnsoRicelscman opmis(uussinsitated) jrassssiadgrneath the

25overlaid coverslip. Immunofluorescent images (a, b). Phase-contrast images (a', b’ magnification
x200).  Fiforenobispeheenldpalinsdqigeist ¥ Yfﬂﬁi“&ﬁzeﬁﬁﬁiﬁﬁeig‘%ﬂb%ﬁ‘rﬁl‘é&%?@é@ d in
tissues and ¢edlgedOibduaniMadliple: Tissurminayentiantd Chihndiar Babiainstama&osiastience
(San Jose, .. JThe arrays in 73 mRNAs.derived from 65 different humgn tissues and 8 human
coll ines. FOREIPR PRHETISH BB i HIoHRR VR OIS 1Y (b aEa i &
32P-dCTFP acrerdieg imibe (aamlifant deehedristrn ctional (Catt 2GRS SThiRorkeniadnrdreisn, Germany).
VHZ mRNA expression patterns are shewn. VHZ s predominantly expressed. in. the. ots: 4A,
aC-ab) and IO AR Bl o o e B e I R ETS o
7B. A compl&te.mespesfivtlimereml citiphs issuee Ardigated DFhjerk B wnhd FigureadB ayeofiires showing

that VIJZ profgif 5 gyeiexRigisadd R die.comirosome snahindhemeyiqpiemhiieastkaancers by

inununohistochemistry Figure 8A. Overexpression of VHZ protein is revealed in the centrosome of

breast cancer. Cenfigsormes ol a0 IR ALANS NRAICRNBDIAC AN ipersed 901 BB

Overexpression of VAZ protein is toplasm of breast cahcer 15cells (magnification x
200). 10 Figemigholie amsorig brerg BaarerfrgoTRISSs eV Onei R AMEEYENTy Anaee dF FhpmR BridigitedBanti-VHZ

antibodies  Sejected sections from different breast samples are shown in overview images (a2’ and b”).
Three rectangular areas boxed in the overview tmages (a’, b’ and ¢’ magnification x 400} are
further enlarged (x5) and shown in panels a, b and ¢, respectively. Panel c and ¢’ isa VHZ-

negative sample shown as a control.

15 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

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

20 Figure 6B. To assess MCF-7-VHZ-EGFP and MCF-7-VHZ (C958)-EGFP cell
motility, cells 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 O-hour and 48-
hour for MCF-7-VHZ-EGFP cells (a, a’) and for MCF-7-VHZ (C955)-EGFP (b, b’). Panel &’
showed MCF-7- VHZ-EGFP cells moving out (arrows indicated) from underneath the

25  overlaid coverslip. Immunofluorescent images (a, b). Phase-contrast images (a’, b’

magnification x200).

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

tissues and cells



Figure 9A. Western blots analysis with rabbit and mouse anti-VHZ antibodies. Total cell lysates are
derived from A431, HalLa, NRK, and MCF-7 cells. MCF-7 total cell lysate is 20 pre-incubated with 2 ug
VHZ-GST (lane 1). The detection of VIIZ 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). Figure 10 is a figure
showing that by wound-healing assay, MCF | OA celig expressing VHZ displayed enhanced migratory
property than MCF 10A cells expressing VHZ(C95S). We 25 have expressed VHZ and VHZ(C955) in

MCF10A cells (5O>|<k@@ﬂ?ﬂﬁth{@ém%ﬂ&emﬁﬁﬂ(ﬂwsdwg%Mﬁ@&%&iﬁgmm@%%ﬂﬂESE;%LO(A ceII§
expressing VHZ dis ed enhanced mjgratQry property than 10A cells expressing VHZ(C95S
by wound-he ﬁg%?&%%fe%’ﬂﬁ’ﬁ?réﬂ%&‘?ﬁ g%eﬂvﬁﬁ/é%ﬁo#ﬁ ’éelﬁetﬁﬁ??ﬁﬂwﬁ%gﬁraﬁ Ser panels)

and at the erduypeinte(Blhetower panels) can be observed. || DETAILED DESCRIPTION The

present invention is based on the demonstration, for the first time, that VHZ phosphatase plays a role
in cancer. VHZ is thegumallesTiknayyblagstive giai i astinenohagpiiatas hionlyadb kbaiandibbelongs

to the grQup gf s Vaccipia virys VH1-related dual specific ph . The,gene encoding VHZ
o locatod) on TN TG B BN B A i Eieres NOTBEET . 2004, 1t 3
Biochem CelGBimlar86(8I54RIS 3. expradéich ghtwvesdistisicive Nhs phatdesemetiiyespwascganitrophenyl

phosphate, at%é%%ﬁrﬁfsgéQPIE’EPAI'@'-%%J?QH&WEB%P‘Ei%@é&?ﬁéﬂ?eﬂ%g RINSRNG trERRINg Jgfidues.
Furthermore, 10 VHZ can dephosphorylate p44ERKI but not p38 and p54SAPKbeta in vitro (Alonso et

al (2004). J Bist-ARéH{spY;299}34):35768-74).  We show that VHZ is predominantly associated with
invasive human epithelial breast cancer cells. Overexpression of VHZ protein is found in the
centrosome (6/65 ckiges) G3-throvmpisist e of idprasmhidins Hases)ottsuman breast cancer samples
examined. 15Accordingly, VHZ may be used as a marker for detection of breast cancer. The level of
VHZ expression m&jgoe: Bgeshd Fanrintiatofighreanbewing fartictiaphreastscanoapstsstilas theetastatic,

aggressive of; é gg}{% Q&gqlsftﬂ%mgré%‘meokeo\f%gfcméﬁﬁg&ﬁggh@ﬂ@%%% used as an indicator of

likelihood of such a cancer. We ore provide for me ilagnosis or detection of a cancer,

particularly breast qancer XV%further rovid hods .of 20 diglgnosg and detectio? of the
. 1gure 8A Overexpression o g{o{em is revealed 1%. ¢ centrofs(tywe 0 br]past
aggressiveness or invasivériess of thé metastatic state, or any combination of these, of such a cancer.

The methods:meyr-domipeisenanaly sidioftpddteivldey eteoies gnagmiigaiartistdéiemistry) or RNA levels
(e.g., by in situ hybridisation). Such diagnostic and detection methods are described in further detail
below. Using Igire GiHinimenefiusieacdi¢EZpeostiow fhatdotihexpgehonsodbeandagenous

15 cells {(magnification x 200).

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

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
20  pre-incubated with 2 ug 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).

Figure 10 is a figure showing that by wound-healing assay, MCF10A cells expressing
VHZ displayed enhanced migratory property than MCF10A cells expressing VHZ(C95S). We
25  have expressed VHZ and VHZ(C955) in MCF10A cells (SXIOS) via retrovirus-mediated
transduction using pBABEpuro vector. MCF10A cells expressing VHZ displayed enhanced
migratory property than MCF10A celis expressing VHZ{C958) by wound-healing assay. The
clear differences in cell migration at the beginning (Obr upper panels) and at the end point (8

hr lower panels) can be observed.



25VHZ proteins are localized in the centrosome in addition to its cytoplasmic distribution. Accordingly,
VFIZ may be used as a marker for detection of eentrosomal structures. We demonstrate that VHZ
regulates cell-cycle progression and that it has the capacity to enhance the G | -S phase transition. We
demonstrate that over-expression of VHZ contributes to breast cancer development. FACS analysis of
BrdU-labeled MCF-7 cells 30engineered to express YHZ indicates that VHZ is able to accelerate the
01 to S phase 12 transition. Analogous results from FACS analyses of NRIC cells that stably express
the same threg ExRISSHRF-RASHNCES shows that VHZ accelerates Gl to S phase transition by
reducing 01 butincreasing S populations. Accordingly, we provide for methods of treatment or
prophylaxis of an intheiduatBsoffering sdasakerctc Rastostiibonofoy BiF fleysiweoithv¥élih normal
tissue may aF}Q) @,é{é&dpg%aa%q@{g}scggc@storing normal function of breast cells. We therefore provide
for the use of VI-[Z nucleic’acids and polypeptides for the treatment of cancers, including breast
cancer. Our metho ay.be us I treatment ¢ is of br c K OF § jye cancer
such as invasive b%?;#sgt ggﬁ%é@'@%&%@%@ﬁ 5?0%%(’%{%5? %(é%ébe g]rog?ﬁ\/gH[%%e |€1g}§(%3?ré§%ﬁ?a%{r¥ drugs

against ancelorgsdgin sl inefsmel Naseinthaitem¥b rrdgtebvalisnssifierhvsrbreasss cHitcer. Cells

over- and ur&g&re%ﬁeéaﬁfgnm‘éﬁ;meaéﬂ%m ArisSURRNERAS AP PrHRNSISRICOMIIIS G hrsg,may be
used as models for cancer or in screens for anti-cancer a(%ents. Overexpression of VHZ in MCF-7 cells

causes dowrfaINEF G p2 284k A B ipsbpirdgilldtish S kX" AL a result, an accumulation of
phosphorylated (inactivated) retinoblastoma protein (Rb) is observed as assessed by immunoblotting
with phospho-specifEl&itiBpaidistizsEng ehgspbaisacttaytemd Rartvaheryy fosssicars Webaired in
the above ViZsmeghiaies:evenisninditatipg RabihesadmBsHesHeamte Rhasa aiaarasthdty.
Mutation of the catalytic cysteine residue (C95S) in VHZ @ﬁolishe %s Protei_n tyrosine 20phosphatase
(PTP) adtivity FZ cHKsPAGrRheEYHe LRE PRI S AR B é’é RheEe fé‘é?ﬁWFé sequence,

including a VE@4r.at&nioCleMHD;AUH B¢ Hld8aft).any fragment, variant homologue, derivative, variant
thereof

We show that VHZ is predominantly associated with invasive human epithelial breast
cancer cells. Overexpression of VHZ protein is found in the centrosome (6/65 cases) or

throughout the cytoplasm (11/ 65 cases) of human breast cancer samples examined.

15 Accordingly, VHZ may be used as a marker for detection of breast cancer. The level of
VHZ expression may be used as an indicator of cancer, in particular breast cancer such as
metastatic, aggressive or invasive breast cancer. The level of VHZ expression may also be
used as an indicator of likelihood of such a cancer. We therefore provide for methods of
diagnosis or detection of a cancer, particularly breast cancer. We further provide methods of

20  diagnosis and detection of the aggressiveness or invasiveness or the metastatic state, or any
combination of these, of such a cancer. The methods may comprise analysis of protein levels
(e.g., immunohistochemistry) or RNA levels {(¢.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
25  VHZ proteins are localized in the centrosome in addition to its cytoplasmic distribution.

Accordingly, VHZ may be used as a marker for detection of centrosomal structures.

We demonstrate that VHZ regulates celi-cycle progression and that it has the capacity
to enhance the G1-8 phase transition. We demonstrate that over-expression of VHZ
contributes to breast cancer development. FACS analysis of BrdU-labeled MCF-7 cells

30  engineered to express VHZ indicates that VHZ is able to accelerate the G1 to § phase



The properties and activities of VHZ are described in this document, for example, in 25the references.
VHZ POLYPEPTIDES The methods and compositions described here make use of VHZ
polypeptides, which are described in detail below. 13 VHZ is also known as DUSP23, MOSP,
LDP-3, DUSP25, FLJ20442 and RP 11- 190AI2.1 As used here, the term "VHZ polypeptide" is
intended to refer to a sequence having GenBank Acggssion number NP 060293.2, NP_081001.1, XP
341157.1, XP_001170819.1, 5XP 001170835.1, XP_545747.2, NP 001076078.1, NP_001011371.1,

NP_783859.d N (20 A2 £88s e stis GRAABA (X ulalyRs DONRK AR tha' By Qpkld dRBekne A "VHZ

polypeptlde may comprise or consist of a human VHZ polypeptlde such as the sequence having
accession nifRISEFRIBSEBD SORstructs shayshaioRiiéasrsimits ﬁot?jgﬁ’\l?ﬁfﬁlggnﬁﬁré‘?ﬁg’V 6?%W%ome or all
of these polypeplidasrifare Slspinsivded. VHZ polypeptides may be used for a variety of means,
for example, administration to an individual suffering from, or suspected to be suffering from, breast

cancer, for the treapensinaiet FheueRY ARBEHIRAFIERIRGHEHRNAlSereehiggiahanti-VHZ
agents such as specific VHZ bindin ents y}g% rtic Iar anti-VHZ an}tbodles Th%%%are escribed in

15further defH B OG5 ES §8‘ﬁ’ &5t 3&"&‘?&9 PR ARG TEY GIEYROEE Or detection
of cancer, |naparﬂﬁuiarolﬁiemhﬁgmahd\ﬁxpedmeﬂmhteééss Yoeahwrefoptiplevdpfatéin eemprising two

or more aming aaidsiginedhio sAch ot by eRide hands o medlisn RERIS Bordsie ofepUde

isosteres. "Polypépti é refers to ort chains, commonly referfed to as peptides, oligopeptides or
200ligomersetitds neyder ushdifes, t@éﬁ@&ﬂl@'lﬁf@hﬂdﬁ'@ ﬁsbp%ﬁ%@ﬁ%‘?qv@rylﬁéﬁm%%aﬁﬁﬁy &in amino

acids other thanfbe20.gengzencoded amino acids.

10 We further provide for the user of VHZ in screening for drugs against cancer, for
example breast cancer. The cancer may comprise invasive breast cancer. Cells over- and
under-expressing VHZ, as well as tissues, organs and organisms comprising these may be

used as models for cancer or in screens for anti-cancer agents.

Overexpression of VHZ in MCF-7 cells causes downregulation of p21Cip! and
15 upregulation of Cdk4. As a result, an accumulation of phosphorylated (inactivated)
retinoblastoma protein (Rb) is observed as assessed by immunoblotting with phospho-specific
antibodies. Cells expressing catalytically inactive VHZ (C9585) are impaired in the above

VHZ-mediated events, indicating that these properties require phosphatase activity.

Mutation of the catalytic cysteine residue (C955) in VHZ abolishes its protein tyrosine
20  phosphatase (PTP) activity.

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

25  the references.

VHZ POLYPEPTIDES

The methods and compositions described here make use of VHZ polypeptides, which

are described in detail below.



"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 25 monographs, as well as in
a voluminous research literature. Modifications can occur anywhere in a polypeptide, including the
peptide backbone, the amino acid side-chains and the amino or carboxyl terrnini. 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. #i3p ;2.8 eRRalRantgemayconaiFman ypes pLmodificatans: 114
Polypeptides may be branched as a result of ubiquitination, and they may be cyclic, with or without
branching. Cwﬁ,l%tlanched and branched cyclic polypeptides may result from posttranslation natural
processes or may be made by synthetic methods. Modifications include acetylation, acylation,

ADP-ribosylation, arideddisredialent attithrabriestifavihimeeipd éntdtrdererteataiéne moiety,
SOV_alent atta@&ilBﬁﬂﬁ chéehEHil@JﬁQ' Hﬁﬁe’f pr%@@gmg,%ﬂmu@mgi@gm ﬁtsgqup_mm?tfngi%nrgpid
erivative, covalent attachment of phosphaotidyli ross-inking,.cyclization, disulfide bon
formation, OTREBLL Toreds B couShefl LR e ol L Er Bty St 8 i o
pyroglutamaié? fopmipkion] , gamooa4@ar3oxy Eion) blycasyhtoX PGl ahe2idr formation, hydroxylation,
10iodination, methylation, myristoylation, oxidation, proteolytic processing, phosphorylation,
prenylation, racemizatigny selepayatiomasbatiniie baosisicRNAnnesiavel addibeptiat aminasacids to
proteins such as ar%iq%lgtion, and ub%itin%éiolqp%%%zggr instance, Proteins - Structure and Molecular

Properties, 8EY ?E?éiﬁ%ct%sﬁl, T eeman and Company, New York, 1993 and Wold, F.,

Posttranslational Protein Modifications: Perspectives and 15Prospects, pgs..1-12 in Posttranslational
Covalent ModificatfoATt eFeRsEieRts @nd iy Eeraal 20 MY PREY Ml VB REXABRE e Sitter et al.,
"Analysig forgpsateiinladiications and nonprotein cofactors”, Meth Enzymol (1990) 182:626-646 and
Rattan et alL, "Protein Synthesis: Posttranslational Modifications and Aging”, Ann IVY Acad Sci (1992)

663:48-62. The termHPYRBRHISIEs IelBesstasial kRS ThRliapeptisenvaEaiidnainame to the 20
art, such as a retroinverso D peptides. Theppeg%de may. pe. angntigt?nictdetermpam and/or a T-cell
epitoptle_. Theaﬁim _’i};ﬁ it fﬁgﬁ;; emli g; Lf;%;mgbﬁ%h mayfgs Cg:ﬁ%?;;n%ucwgay X
neutralising ae: ditwviVDhey othetiesuitantenmip ofaci Frigiin s ave
one or more Actilies e Aaiiologicel ARIERI LGB0 ME LB AV AP PARUdR [ example a
25 human Vﬁfzg%ofypeptl e. For example, omologue may have an increased expression level

in brea$f carfoeheedisaibraloarcBhtoenpiesradbps ALy nePPdes coarbeidstested fofohseBsie covers

identity with seapech g sitdctuie Bhekarfunetivrapreyiding the resultant amino acid sequence has VHZ
activity. With respect to sequence identity (i.e. similarity), there may be at least 70%, such as at least

75%, such as at leagt-8aig, SaB-a3 Al aAshI0R:E0 GFHRICEIHERLN, Eﬁvhl%{ezﬂa@a/mﬁ Jeqst 95%,

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

amino acids JRfRdhiefackRshen Rt betteoymediirdarpdibeaddficdcpiige isosteres.

“Polypeptide” refers to both short chains, commonly referred to as peptides, oligopeptides or
20  oligomers, and to longer chains, generally referred to as proteins. Polypeptides may contain

amino acids other than the 20 gene-encoded amino acids.

“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

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

may contain many types of modifications.



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, including similar activities
or improved activities or these activities with decreased undesirable side effects. Also included are
antigenic and immunogenic activities of VHZ. 5Examples of such activities, and methods of assaying
and quantifying these activities, are known in the artjand are described in detail elsewhere in this
document. For example, such activities may include any one or more of the following: hydrolase
activity, protein tyrogingdRasphalasermaiibs Aretelivosine/spEnsAiernineRhosphatase activity
and protein amino acid dephosphorylation. Assays for these activities are known in 10the art, and are
for example ¥& B’é‘&‘ﬁ‘l“\g‘ﬁ’@ﬁéﬂg( Aics |%%F8&?&rﬁf@8h%i@f?%%&)‘%&?%%f&ﬂ’dfﬁﬁso et al
(2004). J Biokr6H@nit2R:2AtR434ataT pidokdsdO thandy binRadypeplidhaic madkddsvMigiifisati@mologues,
derivatives and, fragments.are alsg.of use, in the methods compositi escribed,here. 15The
terms "variaﬁ?‘fiuf%)garﬁé%a%ﬁ%n‘, ap&/zer‘ﬂ/%}i\%&g]rrﬂ?% faf?lé’ﬁlt'alrﬁl rgga%?éﬁd%a%ﬁfr%%ﬂn ) {8?231 &Ubstitution of,
variatiorSof, modifiatirhofereplademe mottdeletidenioftaeauieitiof ofwientide vroredlenilso acid from or
to a sequencg, Wnless g cUEARN b ORIV AaRIGHRARGS B VMHE ekt gferences to such

variants, homologues, derivatives and fragments of VHZ. 20As used herein a "deletion" is defined as a
change in eifffosphatiddinnsiolsramocne selisriaidivnics berd dpmstenskrpetildet amino acid
residues, respaaliNelsfas ABSERbsARMKSTHrRRAIRIA ANy laseriamaabnad iR liadhnat,change in a
nucleotide or.amino.acid seque%e which ha reSL{Ited [ %ﬁ&%%ifn of one or more nucleotides or

amino acid rESRBLOR SHBEIRE S &rEEPEs EHa™ OFRAYCLU BRI ysed herein
"su bstitpﬂion'idziﬁrﬁ_mﬂtmmm;mmmmﬁmbmmtmmeMyﬁmm@Mgavhﬁs;ﬂaatﬁdtbsimy different
nucleotides of ANINR AU EARSE RN oy 1 oft yRRIRSRIARS. AR AR hekt Bt alsgrave
deletions, indertibns of substitutions o ar%lno acid residues which produce a silent change and result
in a functionafligetuiveking wetine aeitdaiprened uDanbiBaienaPsihdoacndtautss firiois may be made on
the 30basis gfr%m}@@%im%myﬁléﬁé%§%@ﬁtﬁhﬂd@&@ﬁwﬁjtw.hmr%mﬁﬁianmﬂﬁgaﬁp,e

0

amphipathic nature of the residues. For example, negatively charged amino_acids include
New York, 1993 and Wold, F., Postiransiational Protein Modifications: Perspectives and

15 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
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
20 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

inducing neutralising antibodies in vivo.

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

25 human VHZ polypeptide. For example, a VHZ homologue may have an increased expression
level in breast cancer cells compared to normal breast 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 at least 75%, such as at least 85%, such as at Jeast 90%

30  sequence identity. There may be at least 95%, such as at least 98%, sequence 1dentity. These
terms also encompass polypeptides derived from amino acids which are allelic variations of

the VHZ nucleic acid sequence.



16 aspartic acid and glutamic acid; positively charged amino acids include lysine and arginine; 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. 5Conservative substitutions may be made, for example according to the table below. Amino
acids in the same block in the second column and injthe same line in the third column may be
substituted for each other: ALIPHATIC Non-polar GAP 1LV Polaruncharged NQ

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 funciion of VHZ,
including similar activities or improved activities or these activities with decreased
undesirable side effects. Also included are antigenic and immunogenic activities of VHZ.

5  Examples of such activities, and methods of assaying and quantifying these activities, are

known in the art, and are described in detail eisewhere in this document.

For example, such activities may include any one or more of the following: hydrolase
activity, protein tyrosine phosphatase activity, protein tyrosine/serine/threonine phosphatase
activity and protein amino acid dephosphorylation. Assays for these activities are known in

10 -the art, and are for example 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.

Orther VHZ Polypepfides

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

and compositions described here.

15 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
otherwise, references to “VHZ” includes references to such variants, homologues, derivatives

and fragments of VHZ.

20 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.
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”
25  results from the replacement of one or more nucleotides or amino acids by different

nucleotides or amino acids, respectively.

VHZ polypeptides as described here may also have deletions, insertions or
substitutions of amino acid residues which produce 2 silent change and resuft in a functionally
equivalent amino acid sequence. Deliberate amino acid substitutions may be made on the

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

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



Polar - charged D E KR AROMATIC 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 10sequences that affect intra or extracellular protein targeting
(such as leader sequences). Heterologous sequences may also include sequences that increase the
immunogenicity of the VHZ polypeptide and/or which gacilitate identification, extraction and/or
purification of the polypeptides. Another heterologous sequence that may be used is a polyamino acid

sequence sughagPadusidineRicRdnaske My tarmieabARCKRISTIIRASEIHRNAE flakirast 10

amino 15acids, such as at least 17 amino acids but fewer than 50 amino acids may be employed, The
VHZ polypeptidetingyntidsit itheahanest rlorhead sromnd having vialpne drprhiisiy 14148t protein such
as a fusion prefRids IkisinfiewRavaatageRUBRing ude &) Agaitignal aomromrcidsaqueseshich
contains secretory, or leader sequences, pro-sequences, sequences which aid in purification such as
multiple histiBT}?él @iﬁﬂwgs%(f%ﬂ)%ﬁeditional sequence for 20stability during recombinant production.
VHZ polypeptides as described here are advantageously made by recombinant means, using known
techniques. HowevEPHEY % SHRSB BRI B BAthdae s¥Remps %W&‘f@cﬁﬁhﬁ?@glm}%own to
skilled persopsnsatchcai g0l phaseicinih s se&udhplalipaptide thelséme line in the third column

may be substituted for each other:

ALIPHATIC Non-polar GAP

ILV

Polar - uncharged CSTM
NQ
Polar - charged DE

KR

AROMATIC HFWY

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
10 sequences that affect intra or extracellular protein targeting (such as leader sequences).
Heterologous sequences may also include sequences that increase the immunogenicity of the
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

15 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
a larger protein such as a fusion protein. It is ofien advantageous to include an additional
amino acid sequence which contains secretory or feader sequences, pro-sequences, sequences
which aid in purification such as multiple histidine residues, or an additional sequence for

20 stability during recombinant production.

VHZ polypeptides as described here are advantageously made by recombinant means,
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 p-galactosidase. It may also be convenient to include a
proteolytie cleavage site between the fusion protein partner and the 5 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 prof in of interest sequence. The VHZ
polypeptides may be in a substantially isolated form. This term,is intended to refer to alteration by the
hand of man"BrA A hEREFt AU SHPTRIBIR R EARPSSIRGHIIP T eGRRAREPHARERER nature, it
has been changagley sefadurgbam jsnaginrleRvionmhzn-Srholierker (S&IN) BB, gahiricleotide,
nucleic acid lypeptide naturally. present in a.living animal is not "isolated.” but the same
polynucleoti eﬁ]fﬁgfé%ngc?ﬂ%é?ﬁgf%%ﬁ%ﬁgﬁ3%5‘%{83 (ilror%i g}eagg i%at}%cgmﬁ%é?%?ié S8 i?lssﬂijteural state
is "isolated", s thdderm ischriployedtigteinleltvagl iovkeneedatiunticistpoa dngtativeeiddd theotein may

be mixed wil safrsnaSH e DIEAVIL A PRSI anded Auinesa gl e protei

and still be regarded as substantially isolated. oolypeptide r so be in a substantially
purified formelateitchteaBee ifuritingsnisiamardmprisehisd prsteatiiizder disdrassaneiiheaiaissie than
90%, for exa(gm{gwgs@%qggl%pr 99% of the protein in the preparation is a VHZ polypeptide. By

aligning VHZ sequences from different species, it is possible to determine which 20 regions of the

amino acid Seq%”?ﬁe%ﬁ%b%é’?fd%&%?%@ ﬂiﬁ%ﬁ%%ﬁﬂmgo@mmmgqgﬂg (808 Shlefad Which

regions vary between the differen cies ("heterologous régions"). .JThe VHZ polypeptides may
therefore coftpAss ta sbeauprebxirdmebridapoRaa B atiiyat Pal of 3 hEMerRRsRASIEAD AT

homologpusgagignsbessasighdeqies pi-nemnalagobesneen atdpas! dwaisnesiemmanexample, the
homologous re?é%ré may show at Jeast 70%, at 25least 80%, agvleas 90% or at least 95% identity at

Hebar 6P e RUS RS 8 USSR A% B 8 B dRY BARILIF QB PSSR Th e hich

the amino adi
corre_spondSatdzﬂahimmml dipolsebyinn me_@aﬂne ;nxﬂgnhhidtt_hmpmumcsmmeg iﬁ_fly@sm‘ecbla&padtml further
detail below. Allomaliehe e /AR ReRI M COMPISRASERUENER WAIER CaiesRandsp at least
part of a heteroIPogous reglor%l}& eterologous region shows a low degree of homology between at
30least two speciesH 18 VHZ Hor}geolo ues. The %§?A¥$e%ide§ disclgsed for use include

t will however he understood that n mixed with carmiers or .
homologous seque cas St & Trom any source, for ek mple rerated Virai/oac erlgﬂlpro?elns, cellular

homolotu escﬁlmdmnﬂh_ieﬁ@vﬁiépddms;r&sa/véthahe\iaﬁadw pmqbesi;/aﬁ_tl@s)rh_eie@héﬁtiﬂépmgp&\sdd es also
include thosg&mfgqgg%g)@%méa%%&f Wb BINPLISRRC g Saluding ArmaiR aYG op mammals

(e.g. mice, rats or r , especially primates, more e€specially humans. More specifical(l)y,
homologues‘ff’i’(iﬁbdfésﬁ dirra gﬁ;}ﬁ'glgfmrise the protein in a preparation in which more than 90%, for

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
20  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
least part of 2 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

25 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.
Alternatively, the VHZ peptide may comprise a sequence which corresponds to at ]east.pan: of
a heterologous region. A heterologous region shows a low degree of homology between at

30  least two species.



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 10least 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. In particular, homology should typically be considered with respect to those regions of
the sequence known to be essential for protein funclli)gn rather than non-essential neighbouring
15sequences. This is especially important when considering homologous sequences from distantly
related organisms. N fé%&%the cysteine residue at or corresponding to residue number 95 of the
human VHZ proteirf;ehodin jiohhesskantisdléeedfoo sph atelsécfinmiiirgoan degueroanobng mekidumes.

Although horannolggé{rgear% also be coqsgggred]}gatc ms o fc,%msila(:rg}(lg} .O%lrg'igou% ng%,realigtlijces having

f
similar chemical propérﬁreg tn lt‘fgﬁs , in'the contextof the present document hom Iggy may be

expressed inpeptives ofssee]Lanvaimenotyerivativosmbiiagy. ddwipeiypendidesalse mshilschaddy eye, or
more USB""”lyeﬁ%ﬁ]&%ﬁﬂgl%ﬁ@?gﬂwﬂﬁﬁﬂ@ﬁl9&%@&9&9&“&?@@%&9@&(@{?§ mERgsEIPWblicly and
a

commercially available computer programs can calculate % identity between two _or more sequences.
25% identity Friggy 196 eafehRiDesves A bnRIguBlss Sefnerresllhurrs MoEesstigibhed with the
other sequenfm alRcheRanREYRAPaithieigseguence directly compared with the corresponding
amino acid in the other sequence, one residue at a time. This is called an "ungapped" alignment.

Typically, such unganpe,alisnBIants ReReL i Med PR \RL&Aelal valyshaH-nigRekalfesidues
(for example less than 50 contiguous aming acids)R Although this is,%f\'/{er simple and

, 19
consistent m#HoETERSAMY G dnsideratidt ffar b exAniiar i 4r S fhiiftcal pair of
sequenpes, (et PSerigm ddasieliantihadussith&folldorngaampinovacid kesidides tdhe plit out of
alignment, t iall ing, rge,r tion.in.% ogy.whemn,a global alignment is
performed. gﬁ%ﬁj&%{ﬁy},{%&rﬁggt g%%u%?c&%b?n%ér@é%ﬁ’eﬂtﬁgg;%re 55&3%%%‘%6“%?‘8 1 usgglrtgptimal
alignments titzt sedustipte Corslidenafidhpsauitsiesinsertions and deletions without penalising unduly the
overall homology score. This is achieved by inserting "gaps" in the sequence alignment to try to

maximise local idemtipyanicsiajhitolbtyvwbwad thess!miorecositiptekwitbtirstis @esigne gagiopentlties” to
each gap th%g gﬁ?q%ré%ce known to be essential for protein function rather than non-essential neighbouring
15 sequences. This is especially important when considering homologous sequences from
distantly related organisms. An example is the cysteine residue at or corresponding to residue
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
20  residues having similar chemical properties/functions), in the context of the present document

homology may be expressed in terms of sequence identity.

Homology comparisons can be conducted by eve, 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.

25 % identity may be calculated over contiguous sequences, i.¢. one sequence is aligned
with the other sequence and each amino acid in one sequence directly compared with the
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).



10 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 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 1§§ystem. 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 may be used when usi uch.software. for sequence
comparisons. For eA glrﬂU%{\%ﬁelﬁ %‘s’ﬁ% ﬁ‘ﬁé%@tﬂs |§%Beﬁ§ﬁ%%gs§ﬁt p%gﬁ(té)g%i slengo t():gpog\llv e Befault
gap penalty fbatafmirsaagit.sequenbesvise-li2nfiormhmgap byed udnfos eachexténsiorickdGaleillation of

maximum % Jomalogyherefars st aomies s preguctPnih AR RRIMal AlRMERL fRing into

consideration gap penalties.”A suitable computer program for carrying out such an alignment is the

GCG Wisconsihl Beathevaiskaye s bemelpsrdrnastehididignmsen ipesérensdet-anserogdnucleic Acids

Research 12:381 3. fa¥at0eifspatiothersrbivare dbamea b RROQID SRaHANSR GARBANHSORR: RRIde, but
are not limited to, the BLAST 25 package (see Ausubel et al., 1999 ibid - (Eh pter 1 f FASTA
(Altschul et £P*T8981197 RRSHTIPSAHSDI 187 SFIE IS BAEIQE PFRFRREE B MM Batison tools. Both
BLAST and kéfoldxasectadileible fohietdtheydnchoinkriggediatingségeendauditmetet al.1r$ 999 ibid, pages
7-58 to 7- 60%&%5%%6211@&%& rogram may be used. Although the final % homology can be
measured in terms o |3entlty, the alignment 30process 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
B g HiAcks

pairwise comparison DAL R & R PRI BTSN BT8RN SRA IR L RTSERHHCE R ich a

matrix ¢6mmiottity al@dneZ@ ds the, mwmz:mmsj tﬂmddhuhin@cﬁﬁs‘m st BleA DR uitet of
programs. GG dviscenglo gaiame seneiall st AMBLIREDHbR el AlNEB ALp custom symbol

comparison fab _ See user manuar for further details). The public default yalues for the
GCG packagedausagebe widberhinn ahicbeise ot Sk promitareanh gansfanifiinagm «oseh 48 5

BLOSUMG62ypicdPastaseiiace RasiRepdupad an priimakalicnment disressipiade calculate %
homology, such as % sequence identity. The software typically does this as part of the sequence

comparison BFEGEiE RAESSUORRANEN CETAYE It TREERe IS R KRS HORER0L NS iBPPISRdIR to amino
acid sepienegscinciligas anyehisisb stitutideooisemiodhianoefimiedifiiatimerns, wabB:eemens of, deletion of
or addition oM%rslte aft%%ment programs allow the gap penalties to be modified. However, the default values
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.

20 Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer program for
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 compatrisons include, but are not limited to, the BLAST

25 package (see Ausubel ef al., 1999 ibid — Chapter 18), FASTA (Altschul ef al., 1990, J. Mol.
Biol., 403-410) and the GENEWORKS suite of comparison tools. Both BLAST and FASTA
are available for offline and online searching (see Ausubel er 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
30  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

on chemical similarity or evolutionary distance. An example of such a matrix commonly used



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 15homologues 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 ifi uence retains the hiological activjty. of.the unmadifie uence.
AIternativeIy,lﬁ%%rﬁﬁgé@&gé%tﬁé h%%%ge?gu e g})é{gffﬁ:ﬁ%ﬁgé%ﬁ%%ué? Hore %ﬁgﬂonal domains
of the polypeﬁﬁdmﬂmsm@n@s@mrmm a’dirdrshdastibli&dﬁ&niawlmﬂmg ﬂwetmse;pﬁmin-naty r_aIIyr
occurring a”%!a?%&‘?ﬁo&%ﬁé@f@%@ﬁ?d@&é@é&? RigedilsRalAliiR P heHRRGIRA Y Alninistered
polypeptide. VHZ Fragments Polypeptides for use in the methods and compositions described here
also include $BfegyFfentragkagrenial herigad sugndbreatst efihst feévenz %I?%@Blid@@ﬂdeﬁ{?ﬁéﬁ above.

Fragments mgyycgaimpgise 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. Includsg 215 AATE0T cORANSIBG 5 AR A ANSIG fodil Mealided 3 14,15
3016, 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, ABomglogy, sugh a8 Ysgsagenastideptity A Thassafgvare tupacally dggs B aop@8oEdees,

sequence comparison and generates a numerical resalt.

The terms “variant” or “derivative” in relation to amino acid sequences includes any
10 substitution of, variation of, modification of, replacement of, deletion of or additior of one (or
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
15 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 biclogical activity of the
| unmodified sequence. Alternatively, modifications may be made to deliberately inactivate one
20 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 Fragmenis

Polypeptides for use in the methods and compositions described here also include
25  fragments of the full length sequence of any of the VHZ polypeptides identified above.
Fragments may comprise at least one epitope. Metheds 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,
30 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, 31, 52, 33, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,



21 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,

21

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.

We further describe peptides comprising a portion of a VHZ polypeptide as described
5  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

be made by recombinant means, or synthesised synthetically.

10 Such VHZ fragments may be used to generate probes to preferentialiy 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.

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

15 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
and/or transcriptional activation domains) and B-galactosidase. It may also be convenient to

20  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.

The VHZ polypeptides, variants, homologues, fragments and derivatives disclosed
25  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 1t will generally
comprise the protein in a preparation in which more than 90%, e.g. 95%, 98% or 99% of the

30  protein in the preparation 1s a protein.



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. We further describe peptides comprising a portion of a
VHZ polypeptide as described 5here. 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 d gved from a VHZ polypeptide as disclosed here,
for example by digestion with a suitable enzyme such as trypsin. Alternatively the peptide fragment,

etc may be made by.re ans, or s thesised syatheticall Suc ents may be
used to generate pr¥) es?gg Boe’fg %al’l ect %‘0 uerségs%me gsrxélégr)%n & t’rﬁ?ou fJlgrqlbodies
generated a@lamst@u‘wﬁﬂa@ndemh.ﬁmrwﬁb@dﬁs W@tﬂdﬂgdabxhemfd@ W)bmd@bel@imatﬂyctm VHZ,
and are usefy i, the. msthodsqof diagRosisand EeAImENdisHioRad Bfsotopes, e.g. 1,
enzymes, antibodies, polynucleotides and linkers such as biotin. Labelled polypeptides may be
5  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 celbmediated

immune assays for the detection of immune reactivity to said polypeptides in animals and

humans using standard protocols,

A VHZ polypeptides, variants, homologues, fragments and derivatives disclosed here,
10 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.
Such polypeptides and kits may be used in methods of detection of antibodies to the polypeptides

or their allelic or specics variants by immunoassay.

15 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
formation of an antibody-antigen complex; and (c¢) determining whether antibody-antigen

complex comprising said polypeptide 1s formed.

20 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
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

25  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.

The use of appropriate host cells, such as insect cells or mammalian cells, s expected
to provide for such post-translational modifications (e.g. myristolation, glycosylation,
30 truncation, lapidation and tyrosine, serine or threonine phosphorylation} as may be needed to

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



VHZ and its fragments, homologues, variants and derivatives, may be made by 15 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)Rinding and/or transcriptional activation domains)
and p-galactosidase. It may also be convenient to 20 include a proteolytic cleavage site between the
fusion protein partner an equ nce r in
sequences. %Qta fusion’ prok}ggﬁp\rr/?e{y BO%ygngg\fi\/ i %o%t%ﬁr%cljeéﬁ% ﬁé%%%oﬁ%@%ggfﬁ{g%ﬁ of interest
sequence. Pdisdinedhens atwmﬂémm@dWriﬂ@éﬁbfﬁbﬁ@@ﬁ xidaridrenddpipfabsansesThe VHZ
polypeptidesyNaHanis chomalogussafiaameaniz @it demvalivesgirelosagd.SRhere may be in a
substantially isolated form. It will be understood that such polypeptides may be mixed with carriers or
diluents Whir‘l;xl_y# lgtuﬁqkeig;g Jwith 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 whitie mmﬁswﬂﬂgenmmomcﬁbemwm@mm@prmmm forvttistimgore than
90%, e.qg. 95‘V 98% r %f){, in.in | ha?

polypeptides, vaﬁﬁléﬁ){lsq omolo gues%&% o ﬁ%lsc %?’1 Seerl?\&ia%v@g %i%}gdh"g??%u%eg %elled with a
revealing labe¢!Eheanysalimieloakepadehenivss gnﬁé@@naeiémmwé#mﬁrs Imadgsigpeptide, etc to be
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linkers such as biotin. Labelled po peptides m E/?p?gﬁs uged in diagnostic I;i;‘écg:edur SsS h as
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polypeptides may also be used in serological or cell-mediated immune assays for the detection of

immuné&eactivity tBhsdrapoiIapRaba s artideals YR Rureatdeising SYAHaardpiroteidoinax 8z

polypeptides,ariqeish HRIvloguessHiamrpe nitasd siedvplivar disclased Benechi apkianally labelled,
may also be fixed 10 I|d phase, Fﬁ%example th surfacg: fani |Enmunoa say W II or di stlck Such

labelled andﬁf’r“ﬁ‘ﬁ’r‘ﬁ é%qﬂ?ﬂﬁf)se A B& %cké%%& D RHEIR LPUGIRIHIE S SRISRISE along with

suitable reagﬁpaslecamtﬁhmméﬁbmﬁmﬁtw\edﬂd@rﬁddgmtypéq:rir@seahdtkdis'gnayrbammed in
methods of d%t%ctlon of antibodies to the polypeptides or their allelic or species variants by
immunoassay lmmunoassay methods are well known in the art and will generally comprise: (a)

providing a polype[wﬁe comprisin |to k_p#n Ie b ant against said roteln (b)
incubaﬁgg a biologicdfsal ?5“\% 4y oﬁ/pge ity C’OHIC?I on‘lg&/%qakeﬁlasa SHSA Y0 mation of
an antibody- amigxemmmblh«\fémf@ldewémhmgmmépmuﬁ@dyﬂamgen Yblhptexatonephising said
polypeptide iz forpaegh, aQHd) G&&E%&%‘&Rﬁﬂﬂdm@m@a hQmolpgyes s fragmentesgnd derivatives
disclosed here may be usedin in vitro or in vivo cell culture systems to studythe role of their

XM _001170819.1, XM_001170835.1, XM_545747.2, NM_001082609.1, NM_001011371.1,

NM _175732.1, NM_001039620.1, XM_001480680.1, XM_001117253.1 or

20 XM_001117256.1.

Also mcluded are any one or more of the nucleic acid sequences set out as “Other

VHZ nucleic acid sequences” below.

For example, the VHZ nucleic acid may comprise a human VHZ sequence having
GenBank Accession Number NM_017823.3.

25 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, breast cancer, for the
treatment thereof. The expression of VHZ nucleic acids may be detected for diagnosis or
detection of cancer, in particular breast cancer. VHZ nucleic acids may also be used for the

expression or production of VHZ polypeptides.



corresponding genes and homologues thereof in cell function, including their function in 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 25the cell by in situ
expression of the polypeptide from a recombinant expression vector (see below). The expression
vector optionally carries an inducible promoter to cogjrol the expression of the polypeptide. The
use of appropriate host cells, such as insect cells or mammalian cells, is expected to provide for such

pogt-translatlonql I‘npdllflr(lil?.tllé)o sd(%;-;- ) ﬁls}g I%QEQ, agéyégﬁfﬂgggnd go(gltr%gatl_on, Igpldathn. and tyrosine,
serine or threonine pﬁgspﬂorylla ion) as may be nee 0 confer optimal biological activity on

recombinantpekplessibmpebuitidts vSirdhnue| bevinmedifgdsiaténas INiHie medeivdHENA paPides,
variants, homglagiies, fraamsntsandideivatea disperedeis He- SXHE BN M Haed in assay

systems to identify candidate substances which interfere with or enhance the functions of the
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addition, we%lﬂ'@érb@h?ﬁﬁ% B &ﬁ?é’rﬁs%?b‘f e menods of diaghosis dedcfibed here.
The VHZ nusigid@atidssiayical sephes deddttit ohe“puéthodscoidr atfersric oiplecphptidisedassribed.
10The terms_"VHZ pol leotide,", " legtiden;and, "V, I TaHy : d
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VHZ qupeF?H&’cﬁf@a%ogt@ofrr?ﬁm?&te@miv@aﬂyﬁs. harginsverRsananiQfitishaherereierence is

made to a VHZ nucleic acid, this should be taken as a reflgrenc_e to,an%‘lm%mber of the VHZ family of
nucleic acid$26ss Badusaleressbe P TR ALE! SBRHEA BRI B PIURCE SRS Mg of:
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15 relatively short polynmucleotides, often referred to as oligonucleotides.

It will be understood by the skilled person that numerous nucleotide sequences can

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
20  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-
stranded whether representing the sense or antisense strand or combinations thereof. The term
nucleotide sequence may be prepared by use Iof recombinant DNA techniques (for example,

recombinant DNA).
25 The term “nucleotide sequence” may means DNA.

Other Nucleic Acids

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,

30 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,



For example, the VHZ nucleic acid may comprise a human VHZ sequence having GenBank Accession
Number NM 017823.3. 25VHZ nucleic acids may be used for a variety of means, for example,
administration to an individual suffering from, or suspected to be suffering from, breast cancer, for the
treatment thereof The expression of VHZ nucleic acids may be detected for diagnosis or detection of
cancer, in particular breast cancer. VHZ nucleic acidg may also be used for the expression or
production of VHZ polypeptides. 24 "Polynucleotide" generally refers to any polyrihonucleotide or

polydeoxriban egéﬁ&é'g%wpﬂfh M- madiied RN LRNA egrmg,iﬁgﬂ}gf&%}egr@%ms

"Polynucleotides” include, without limitation single- and double-stranded DNA, DNA that is a mixture of
single- and dodbreswaR@Ed Fbions, single- and double-stranded RNA, and RNA 5that is mixture of
single- and double-stranded regions, hybrid molecules comprising DNA and RNA that may be
single-stranded or, Tinorestjipicaiiy leitidolsesteacmindyomaodiamayprBitg basing doueie-wtrmpided regions.

In addition, "pelynuElEatide: ISIErs BB AR FRAIRIES CTRFRIBERNARRNA @ both RNA and

DNA. The term polynucleotide also includes DNAs or RNAs containing one or more modified bases

and DNAs oFtRRAS 3dfPhBBIgbioRaucoR Hifiseh 1Rt misirgt e ReaueREs rasrdsi S PAIGERIEE bases
include, for exapaRlg: itylaterbages angnyRusiahhases sWChr 331D esiRede areaedmodifications

has been made to DN d RNA; thus, g lynueleotide" embﬁ)ces ch(? i&gl%enzglmatically or
metabolical ST ef‘é% ???6%8@5?‘%8%“5’5 iR AN TEURT IR ﬁ%t{ss;re,%s WRi4®the chemical
forms of DN@ewdRMéndl}atmtsimtkﬁQf)vihﬂmm aglmst'P%@rmq&eetiWadstt@nﬁﬁféwgtlSrelatively
short polynugleptessallenSieiad Pias laohealiies, sudi Wifeuiaislagaiy the skiled

person that numerous rucleotide sequences tan encode the same polypeptide as a result of the
degendrdicy demtib denatievcotiecanengs delther MHZFRIvEPRS TS SikIBaak Assedon SERbeH nucleotide

sequences, Rigonugentide saguencefsPelrpRetidecaaransrs Ak Ridsshomologues,
fragments and 20 derivatives thereof (such as portions thereof). The nucleotide sequence may be

DNA or RNA of ge%ﬁ}jﬁt@ﬁéﬁﬂ?ﬂ%& g;lgqgf%l;gggé}t origin which may be double-stranded or

single-stranded whether representing the sense or antisense strand or combinations thereof. The term
nucleotide seq uené’é%&?"@é%ﬂé’%@% fregrsnis TR B R RSS SLR SPER Y ple,

recombinantiidMAg: RNA. They may be single-stranded or double-stranded. They may also be
15  polynucleotides which include within them synthetic or modified nucleotides. A number of
different types of modification to oligonucieotides are known in the art. These include
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
20  modifications may be carried out in order to enhance the in vivo activity or life span of

polynucleotides of interest.

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

25  complementary sequence of that polynucleotide is also included.

The terms “variant™, “homologue” or “derivative” in relation to a nucleotide sequence
include any substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or more) nucleic acid from or to the sequence. Said varnant, homologues or
derivatives may code for a polypeptide having biological activity. Such fragments,

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

above.



25The term "nucleotide sequence” may means DNA. Other Nucleic Acids 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, 30modification of, replacement of, deletion of or addition of one (or more)
nucleic acids from or to the sequence of a V147_ nugjeotide sequence. Unless the context admits
otherwise, 25 references to "VHZ" and "VHZ" include references to such variants, homologues,

derivatives and fragme VHZ. The i ence, G lypeptide
having any one or %’%;@3& dggt%y/ﬁ’yt%%?%g%%p{%%%%%%%%%é&mﬂ% %ﬁn@% ed t?)gﬁ)?}é%ggntity with

respect to 59atfreidantiisr FlsesidR%udpntiiz shicrdsiitaidantitieatigessedrdAeiiBnablfas a
polypeptide wiichubas,V kif-a6tty iEQkieXampie, SHomelogus elsofMbiddnay,hewaa sereased

expression level in breast cancer cells compared tg normal breast cells. With respect to sequence
identity (i.e. &) 1At 1R AP B, AdERT 7608 IR P789% Ol Riden e s Pt fodat 90%
sequence idafityty [qeasnrayigeatiteast @600 530 alkmghidasi 88% ideniuered44 tdentity to a

relevant sedupnce (¢9..3 Y2 asauenee havingsGenBank aseession nUmber NM 017835,3). These
terms also encomﬁ‘ass Allelic variations of the sequences: Variants, Derivatives and Homologues

VHZ nucleic sqigenea taving fosgRrsktacaesivanvadendMomodg des may comprise DNA or RNA. They
may be single-stranded or double-stranded. They may also be 15 polynucleotides which include within

them synthetic or nTbeitiechn beladtishe §5% ndember ofcisiéEntitgpey oft ieadifi¢ M iniertotpl gdenstleotides
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polynucleotides of interest. Where the polynucleotide Is_double-stranded, both strands of the

duplex, eithePSRURALREAS HAS DM BN sreh iR orhp deaul BIPHETRRSEREHE 28R efions
described hetga\iharcetha siotypumaleotide fsrsinglensiianided, it is to be understood that the

Hybridisation
15 We further describe nucleotide sequences that are capable of hybridising selectively to
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
20 of nucleic acid joins with a complementary strand through base pairing” as well as the process

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
25  least 63% homologous, at least 70% homologous, at least 75% homologous, at least 80%
homologous, at least 85% homologous, at least 90% homologous, or at least 95% homologous
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% homeologous to the corresponding nucleotide
30  sequences over a region of at least 20, such as at least 25 or 30, for instance at least 40, 60 or

100 or more contiguous nucleotides.



25complementary sequence of that polynucleotide is also included. The terms "variant”,
"homologue" or "derivative" in relation to a nucleotide sequence include any substitution of, variation
of, modification of, replacement of, deletion of or 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, 30 homologues, variants an€é derivatives of VHZ may comprise modulated
activity, as set out above. 26 As indicated above, with respect to sequence identity, a "homologue™

may have a least S deringialieas AR nahlonst 4% I0RAIR AL RREAY rigently, at least
25% identity, at least 30% identity, at Ieast 35% identity, at least 40% identity, at least 45% identity, at
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5 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 ideniify or detect similar or related polynucleotide sequences.

20 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 0.1xSSC (1xSSC = 0.15 M NaCl, 0.015 M Na; Citrate pH 7.0)).

Generation of Homologues, Variants and Derivatives
Polynucleotides which are not 100% identical to the relevant sequences (e.g., a human
25  VHZ sequence having GenBank accession number NM_017823.3) but which are also
included, as well as homologues, variants and derivatives of VHZ can be obtained in a number
of ways. Other variants of the sequences may be obtained for example by probing DNA
libraries made from a range of individuais, for example individuals from different populations.
For example, VHZ homologues may be identified from other individuals, or other species.

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



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 30sequences over a region
of at least 20, such as at least 25 or 30, for instance at least 40,60 or 100 or more contiguous
nucleotides. 27 The term "selectively hybridizablg' 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 ggqgggﬁqhg?bgﬁgnlﬂet%ﬁ@%%’%shmi@Eﬁi&ﬁi Bﬁf&&&g%&‘%ﬁb%@@%

polynucleotides present, for example, in the A or genomic DNA library being 5screening. In this
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Polynucleotides which are not 100% identical to the relevant sequences (e.g., a human 25 VHZ

sequence having Canfaplc AGRESSIAN BATIAE MG TAZIMBHENBIED A1E AlsR.Dgluict oo wel as

homologues, variants and derivatives o Z can be obtained in a number of ways. Other variants of
the sequencéy rriyrsetstenmedserdoasaysre ey idpiAg ISKA libraries made from a range of
individuals, for example individuals from different populations. For example, VHZ homologues may be
identifigd from otheV andivicual strainistveies peaielpgues may also be obtained using degenerate PCR

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

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

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

The primers used in degenerate PCR will contain one or more degenerate positions and
will be used at siringency conditions lower than those used for cloning sequences with single
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 fo

25  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.

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

30  characterised sequences, for example, VHZ nucleic acids, or variants, homologues, derivatives



30 Further recombinant VHZ nucleic acids and polypeptides may be produced by identifying 28
corresponding positions in the homologues, and synthesising or producing the molecule as 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 5 obtained and such homologues and fragmgnts thereof in general will be capable of
selectively hybridising to human VHZ. Such homologues may be used to design non-human VHZ

nucleic acid%rffﬁ%m&ﬁgﬁhmﬁﬁtﬁiéﬂﬁwm@@%rm@%@%ﬂaﬁme&%mméa%@%@ﬁa@s known
u

in the art to produce further variety. Sequences of VHZ homologues may be obtained by probing

cDNA librarié® feaced PRt isRrsiend siasnssfee protT YardesherHaP suekele and probing such

libraries withjaiohes-eamndgirgel ot parohanseiitRiEdoeeieithasids nfiagnenisedariants and
homologues, oy other fr% ments.of VHZ under conctlitionst of m?di m }g higoh S ring(?nc j fSimilar
consideratioRE SN OBta S IGERR & HEAETSHUSE And-dllefidVaranrid grtve Polseptide or
nucleotide selpprigpsptibelosaddikbe tHbhdyiantsoades strain/species homologues may also be
obtained using degenerate PCR which will use primers designed to target sequences within the
variants and homolpgiigsheetding: consebsahantng deidsséqupraasoridtimthe: seqieirces of the VHZ

nucleic acids. Conserved Is?quen(ft%% % {jel%% @gggggglgfe%rtigéagn rl(%el:&/ g{i gipe% th%]a}imino acid

Tner, a primer 1o 1 .
sequences fIOM eeddral vanantshomologaes. sequence afighments can be performed using
computer 20rsoftling daknidwreimitriians! BForexening mdre @O Wistokiadtive abgsoyrthe is widely

used. Thgowmsé&a%sm HEQRRERIRRERWILCANRIN ARG PSRN dege retateROSIiPRs and wil

be used at stringency conditions lower than those used for cloning sequences with single sequence
primers 8gaitisersidnh $eqidiesschan lsesathiotriennly thisaskited DersOmusesdetam nucleotide

homology betygan.seauensesftompaistantitielatad prganisesidedikalydal 2erba. very low and thus in
these situations degenerate PCR may be the method of choice rather than screening libraries with

labelled fragments Hag, MidERAYSRIES a DNA fSldHIRIOAABIIRIRIDASALEBEBRTIAYADE identified by

searching nucleotide and/or protein databases using search algorithms such as the BLAST suite of
programs. orgcombinantly, synthetically, or by any means available tothose of skill in the art. They may

also be cloned by standard techniques.

15 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

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
20  associated with breast cancer. Suitable primers for amplification of VHZ may be generated
from any suiiable stretch of VHZ. Primers which may be used include those capable of

amplifying a sequence of VHZ which is specific.

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.

25 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
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, 1solating the

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



or fragments thereof. This may be useful where for example silent codon changes are required 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 5the polypeptides encoded
by the polynucleotides. The polynucleotides desggibed here may be used to produce a primer, e.g.
a PCR primer, a primer for an alternative amplification reaction, a probe e.g. labelled with a revealing

iabel by conyrrypnah FIT0R IR IANAGGIY 6L 0en:AR aRtIYe JaRRIS el Bl plotides may be

cloned into vectors. primers, probes and othef fragments will be 10at least 8, 9; 10, or 15, such
as at least 2(EcRengigaite st et dhosmpldfisd ZNGuLraa SeEEY R vy uliAbl O HIb eRS mpassed by
the term "polynucleotides” as used herein. Polynucleotides such as a DNA polynucleotides and
probes may be proteigedctessatehimanitiycrs prith etica by cvedbya fapeh Salisble/ libalsientduthiose of skill in the

art. They ma,sgoqiﬁg)mfg!%L%dapwﬁt&rﬁﬂgfgiésgg@m%&éé&gﬁmawym@r&w@} HemadisRshby

synthetic means, invélving a step wise manufacture of the desired nucleic acid sequence one

nucleotide atakeinsecechiiiiudysblzistonmyiRniddehie ey slsrtidesepidapmmsudaardseadily
available in {he.aild ReiRass comP|isirhiraments Riiyiidaredeasigagy usafgiribansedtods of

detection of VHZ expression, such as up-regulation OIS' \I%ﬁ expression, for example, as 20.associated
Wit breast AR GBS M CTAr ol ROHeETOh B G ABrbE Ut B abie
stretch of VHEeEimersayhétingay hewsdad des ndbethosencapaipteabba@inplifying a sequence of VHZ
which is specific. Although VHZ primers may be provided on their own, they are most usefully
provided as primerguaif festoopéisinga: igwant pimpri diagiay ersi pfing sarplongasipblynucleotides
e R B e iR oML Eans. [ SATRISRR0,2 RER, (olymerase chain
reaction) cloning tec nlques.cﬁ1 Wit hi8ve ma’l?%g a‘pair of primers (e.d). of about 15 to 30
nucleotides)hiprintsivg thadtinemihteteomgetndiploRiNmed bOM&ottanelt frodmagicanigidlior human
cell, performipg. .9l BEIRSE AhalN Ao taRMHIe cRRLiaRR MBI Pnscberh AmBGeRNAR of the
desired region, isolating the 30amplified fragment (e.g. by purifying the reaction mixture on an agarose
gel) and recé}wrﬁge 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

15 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 WO89/03891 and WO90/13667.

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
20 comprising a polynucleotide or primer under hybridising conditions and determining the

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

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

25  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
has cccurred. Suitable reagents include a DNA polymerase enzyme, the deoxynucleotides
dATP, dCTP, dGTP and dTTP, a buffer and ATP. Dideoxynucleotides are used for selective

termination.



30 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 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 5 labels such as biotin. Such labels may be added to
polynucleotides or primers and may be detected usipg by techniques knovvnper 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 fo& t@g’q}}gl%g%%encing polynucleotides in the human or animal body. Such tests
for detecting generally comprise Bringing a biological sample containing 10 DNA or RNA into.contact
with a probe compr’f§rnij’faeril}l§1f?ﬂ§é¥e8tfﬁ%}’6¥’ﬁﬁ?ﬁ%ﬁa{}’ﬁaéﬁtlﬁ%ﬂﬂlﬁﬁﬁ%’@mﬁﬁgl spEgeRicting any
duplex formegiheturgRrdeopransrananidelsicAsisdntenser pir. IStgh-datertigmanpg achieved
using technigues iuch as PCRor b immobgising the probe on a %olid_su Et’ r%%n}é)vuw nucleic acid
in the sampl &SRR ot AR SH L tHAS BriSBRIER AT REHCHEECR Y FUeAt's PR RS
hybridiséd totthexprodstnAdfernatiue lysdimed&Swdach o preteic pbikeday tve 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 formaigagalcbeotatndeiridor axarapleiV\RBS/A3I a0t WARRHLBSG&pressing ests for
sequencing tides, for example, the VHZ nuclei¢ acids, involve bringing a biologi ample
containing ta%%egmﬁ%ﬁ?ﬁpg) comtact with héf BFS%teO ngé%epﬁ?i{ ﬁéséo %8 yr?gg g%%%g%riprimer
under hybridiSingsotesdithed srafud lhe datailiielgwhe sequence by, for example the Sanger dideoxy chain
termination method (see Sambrook et al.). Such a method generally comprises elongating, in the
presence of suitablel¢siferiis tfiequivsiesfivsyiiNésisohaigtdndvaainpid mentsr yatoiciedanget DNA or

RNA ang selectively erminging e lonaalien eaction.abqpior moge f AN A ey G or T/U residue;
allowing 25strand efongation an MINAtoN rEaction 1o occur: separating out according to size the

elongated prowgacistoodeterening ae® iy libncewinge huetectidestas Whidis3blastqeersgaivation has
occurred. S '%Bé?:fe&%ﬁéﬁéem RN PEYMELARE SRAYMEyTR deMRUAeaydesgATP, dCTP,

dGTP and dTTP, a buffer and ATP. Dideoxynucleotides are used for selective termination. 31 VHZ
Control RegiB&er exiepiepAtdpRIIJRERS Arinag e REERSENHy 26 InmeRe siaiARRsE g AhitFol regions of

VHZ. Such canpiel¢eBons 3nsdddenpEo Mkl syt anmhiaesSeandeol segilige Ryiarsontrol region
gture which.is caggblfe of modulating 5the egqar ssion of a
g oic ms, 1o 1de ti%y

we me%g a WELC aCiqlse%u%gC?c Orisgé‘]( ¢, or with the omputer progr
coding sequence W8P eratven iked s it PUICT prog
sequence motifs which indicate the presence of promoter and/or enhancer regions.
Furthermore, sequence alignments may be conducted of VHZ nucleic acid sequences
from two or more organisms. By aligning VHZ sequences from different species, it is possible
to determine which regions of the amino acid sequence are conserved between different
20  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
25 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.

30 Deletion studies may also be conducted to identify promoter and/or enhancer regions
for VHZ.



For example, control regions are useful in generating transgenic animals expressing VHZ.
Furthermore, control regions may be used to generate expression constructs for VHZ. This is
described in further detail below. Identification of control regions of VHZ is straightforward, and may be
carried out in a 10 number of ways. For example, the coding sequence of VHZ may be obtained from
an organism, by screening a cDNA library using a hygan or mouse VHZ cDNA sequence as a probe.
5' sequences may be obtained by screening an appropriate genomic library, or by primer extension as

known in the art. Database.searching of gen . al e h5'
sequences which a?éeﬁg?ﬁéaaﬁy}? %%%Fe?ggt‘ﬂ%%%?ﬁ%pﬁiﬁ%?%ﬁ%??ﬁg . ?%@I%@{S% g:Oeig ns may be
examined byesgesinenstin thbiclidhsfceofifriecieprorfiesnes ke tifreamdive gerciutikogRmesiflicate the
presence of prERQIerARYQELLRhancer regions. Furthermore, sequence alignments may be
conducted of VHZ nucleic acid sequences from two or more organisms. By aligning VHZ sequences

from differenfyspecie NiRL%Rﬂiﬂp@chqﬂﬁﬂHB? which regions of the amino acid sequence are

conserved between different 20species. Such conserved regions are likely to contain control regions
for the gene in quegiianAbe of \iidddsdibe gnpEge and human generale sequences as disclosed here, for

example, a mouse YHZ genomic, sequence, may be emplo r.this purpose. Furthermore, VHZ
homologues from o ee%?%%gg@ﬁgﬁ%éﬁg%%éarﬁ%ﬁl Id%ﬁa‘?n%%r‘&%ﬁ%% 15485F S8Feehifg using
appropriate mgﬁe&@mhgnmdpﬁwmmmub@mdﬂawnAmV&d@SEqwemqeéda’ he gertme df the 25
pufferish (T gl dbeiheel HAGRAINAARARG Sersanacio ldepllya ielamgioaye; thus

several zebrafish sequences of VHZ have been identified (noted above). Comparison of the 5'
non-coding rEEeT: 6PMEIEDgG dattcHaBangRIAPAN Hfereditiva thdlike sichumanmgetaist YHZ sequence

may be;ysed igridentifyroansenestregianscontainiageamrol regions. 32 The identity of putative
control regions may be confirmed by molecular biology experiments, in which the candidate

sequences are linkgd 0,2 [eP/IEF GENEE0H QE@@WP&%%P&%%%@@% sletestednREREETION
AND DIAGNOSTIC METHODS 5Detection of Expression of VH We show in the Examples that

the expressi@fGME fapelidetive staisefe 46 dhugutardigne s res th elshdr ekt tissue.
Accordingly, weznrovisieifar aimathacelbdingbesisaf Ganeaminclidivgnlireash GongRsIskekias

Uhi, such U RGATEN O 100 RS 51 AP LAat B AT o

15 cell.

Such detection may also be used to determine whether a cell wili 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 10 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

20 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
rate or probability and low levels of VHZ indicating a higher survival rate or probability, both
25  as compared fo 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



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 15cell. 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, Metastalic OmNaSNE, SITIALYh 65 RA3 A PelS Y bor MHE RARIGSSiAnsaount of
activity, the cellis notor is notlﬁEePy {0 be aggressive, metastatic or invasive. It will be
appreciated tbaokthe 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 dizgicatingnathovedesarilivdiraie dopubatbitity snebfobired/eighohy/HZ indicating a
higher survivgl(ale, ot RIORAIIkRBLE. 45,82 GemBaladlp Jrliiduais b cadnalR prAuiatigns with

normal levels of VHZ. Detection of expression, amount or activity of VHZ may therefore be used as a
method &f prefivéntistos taaertividndrditided nbsrmebodsaspriining drisetmer2eiboR M an individual is,
or is likely to hera5iavashi Qs netasialioMmers.cell of e diggnnstisinethodseescthed in this
document may be combined with the theraﬁgét%gic methods described. ﬂlus, we rr}zgid&l for a method of
treatment, proBEORERIS BFERId0 LRy AuH ST A RASRIET Y ERESH P 8&“&%%r Shy' Gét&cting

modulation ahexpsagsienuamowvitl Bragetivitydeforibiet ibaveell of the individual and administering an
appropriate therapy to the individual based on the aggressiveness of the tumour. The therapy may

comprise an anti-Vilghrgentpsseseshathahaver hypieadhsnd N sisahexamipationiotisbe toreast and
X-ray mammeography is, used for the, 1Qdetectian of breast cancer. A biopsy :of the tumour is typically
taken ?ﬁhis%g%&ﬁ%%’ési%% AR Ra |(labnl%%ytH%%a?garﬁlggfslso?rglrgagtt@é%ncé)rlf Set?gg |(§)er10 Kz
expression, araouindtameotititydcmmdses uf bttt dmgao Stetastifur tHar Idd mfipre thend rerunsier of, breast

%%%éa&% Bistopathg'adicel PiesadwesERRiTRY heasRaei! 'M%eﬁgwen the

cancer, alongcwj){%tg
histopathological analysis does not yield a clear result. 15The presence and gquantity o

polypeptidestbitiandard i tienstholpgjpbnaeseded-if hisdami S sreqede mseivhsR A detail below. Thus,

the VHZ assggigiashdisgesamalnsisiaiag reastdcaresr s&¢an. be diagnosed by methods comprising
determining from a sample derived from a subject an abnormally decreased or increased expression,

amount;gr activity, siich A NGIEasadiS<pr 830 o IpRaNML:Aha Glivily. afithand i pelypsptide or VHZ
MRNA. 20The sample may comprise a cell or tissue sample from an organism or jndividual suffering
or suspectecds#BIE & AsARBEAIh{utirs detad helogtidhus Wi HERSeA L HEa oS tERRIse abnormal
VHZ expressiefsednigntoarn aetivibnond beling dpadiabpieny ocaicldng ésin deuelpdt dpaiteth of
expression, q'{gx%uangu%jre%% Qr\{ g. h(-)rrrzlneai yv ealc:?era éacltgrr?ngrfeased expression, amount or activity, such asa

increased expression, amount or activity, of the VHZ polypeptide or VHZ mRNA.

20 The sample may comprise a cell or tissue sample from an organism or individual
suffering or suspected 1o 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
expression, amount or activity of VHZ in an organism suffering from or suspected to be

25  suffering from such a disease may be usefully compared with the level or pattern of

expressicn, 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 breast cancer, such as a breast tissue or cell sample.

In some embodiments, an increased level of expression, amount or activity of VHZ is

30  detected in the sample. The level of VHZ may be increased to a significant extent when



expression, amount or activity of VHZ in an organism suffering from or suspected to be 25suffering
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 breast cancer, such as
a breast tissue or cell sample. 34 compared to normgl cells, or cells known not to be cancerous. Such
cells may be obtained from the individual being tested, or another individual, such as those matched to

the tested indiidyaly Ag IOt leRbIB,Blelh SUVERERAIBENIS. S IRVEI Bl axpession

amount or activity of VHZ Is increased 5 by 10%, 20%, 30% or 40% or more. |h some embodiments,

the level of expredisidiisidin hee LsRinpompter ipdivduabayahes Busomaidied Kubs ksteHo or more,
as judged by, el Yrigisalianhe, lifekRegpression, 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 10 sample,of fissugfEamafsitividdpbis MRASE dnfRt CRMRRIRLMIRA Ramplgsfiom an

unaffected individual. Both VHZ nucleic acid, as well as VHZ polypeptide levels may be measured.
Detection of e Hhadrt; 3t A8 elinessidhserme 19 hedinse . 8l $5ch PA GBI 69 AR G or
example, a high/lgvef vigmeolteact Biy4orexpssietchhY B raainindiealamedlbagoressive, invasive
or metastati%\ycgnﬁeri.Similarly, a low level of amount, activity or expression of VHZ may indicate a
non-aggress oA AVasive or non-metastatic cancer. Such a grading system may be used in
conjunction with established grading systems such as the Elston-Ellis modified Scarff, Bloom,
Richardson grading B§&teHsssifth #Reihoa e ek sthghdr g badrig st APHIEE) o 8 S Ay bittle et al,
1982). 20Thignsysiaimtis dheambsl sswdibel antmtidels tasedinetiogiefiprersimunarogrdtibg. dhe NGS
IS baseg on a atE_Jnh(-inopﬁoic sct:r%%ngnpr gf?%it%e;stg}a% grl]i\r/gdves thg: mic};ﬁgg%\% Eilcsgr\éa g%t(i)on a%f morphologic
and cyto%gié EAiTires of tumor cells inclu ing egree’gfnfiu%ur%) ormation, nuclear gf'eomorphism and
mitotic count@ffeEted sudividhehddeshs¥blé swsticitifie sl brewsitaniong. ipely prpidide ley@s may be
(well-differenfjaigd.glow-growing), grade 11 (G2) (moderately

Detection of the amount, activity or expression of VHZ may be used to grade breast
cancer. For example, a high level of amount, activity or expression of VHZ may indicate an
15 aggressive, invasive or metastaﬁc 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 such as
the Elston-Ellis modified Scarff, Biloom, Richardson grading system, also known as the
Nottingham grading system (NGS) (5, 6, Haybittle et al, 1982).

20 This system is the most studied and widely used method of breast tumor grading. The
NGS is based on a phenotypic scoring procedure that invelves the microscopic evaluation of
morphologic and cytologic features of tumor cells including degree of tubule formation,
nuclear pleomorphism and mitotic count (6). The sum of these scores stratifies breast tumors
into grade I (G1) (weli-differentiated, slow-growing), grade II (G2} (moderately

25 differentiated), and grade [l (G3) (poorly-differentiated, highly-proliferative) malignancies.

Levels of VHZ gene expression may be determined using a number of different

techniques.

Measuring Expression of VHZ at the RNA level
VHZ gene expression can be detected at the RNA level.



25differentiated), and grade Il (G3) (poorly-differentiated, highly-proliferative) malignancies. Levels
of VHZ gene expression may be determined using a number of different techniques. Measuring
Expression of VHZ the RNA level VHZ gene expression can be detected at the RNA level. 35 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 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 niiolcio ARSAIRNE A SepaslRAINDINIR NG VIZ BMPIlc geld,or g porion of it

and binding between the Two detec ecﬁ e presence of the complex itselffma

Thus, in onerenitiodindervmnthsiagnoMitZoneieZ atidisie surbina. thecraiasbiabEZRNA ] be
measured inig,gamPif M2 aRNA AR 3peaYR I Y il RubedizafiomaNipsthernplating and

reverse transcriptase--polymerase chain reaction. Nucleic acid sequences may be 10identified by in
situ hybridizAfERIeSBUIRPREBABEIIN RN ralser ciskdith StiBmBI dig PrsTSIiSRid PRERe Bplification

and DNA-chipairalyBisbiing SRECH Ritery scidanasakion 809, manthinnkbekaod; tHeley et al, 1990;
Orita et al, 1989; qu—]d r etal., 1993: Pease,et al.,.,1994). VHZ Jg%@ay be extracted from cells using
Y

RNA extraction tee 'r‘ﬁlﬁl%%s?ﬁ’g Ut ir%e, ?Loé?glre&gﬁ%p%?yuagf’ﬁgb&| E:(a\hollguanidine isothiocyanate

extraction (RNAzol_B; Biogenesis), or RNeasy RNA preparation kits (Qiagen).Typi ssay formats
utilising ribonucleic’ &4 Wcﬁ@gﬁﬂmﬁﬁdﬁ‘é%@a?fr%pﬁfl%ﬂ% 5%3%%5%%3)/@5%% ection

assays (MeligaydicaheNuedAcisaiple. VHZ03ENN ethpds dasugatdstiarsiwltighrchrmbtiencMplbyed include

radioactive Iapeis chayme ancis, shemiluminescent dabels, IHoreReentabalsandhalgl gGauitable

labels. EACH OF fhese methous allows quantitative determinations to be ma ) and are well known

in the alf Dedestified torimetedsbdisatooxpratisiorblaiies: singlctvid ceafoimetsfile be measured at

the RNA 'GV%H%%QFﬂ%%éﬁ@a’?&ﬁiﬁﬁ%ﬁ&ﬂ%ﬂ&%ﬂdﬁﬁ%ﬂ%i@%ﬁ%@ %ﬂéﬁi&tﬁﬁ%l@f pelvugleotides.
obe

Any suitable pr rom a VHZ sequence, for example, any portion of a
1990; Sambrook, 1992; Lichter et al, 1990; Orita et al, 1989; Fodor et al., 1993; Pease et al.,

1994),

VHZ RNA may be extracted from cells using RNA extraction techniques including,
15 forexample, 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
al., Nuc. Acids Res. 12:7035. Methods for detection which can be employed include
radioactive labels, enzyme labels, chemiluminescent labels, fluorescent labels and other

20 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
measured at the RNA level using any of the methods well known in the art for the quantitation
of polynucieotides. Any suitable probe from a VHZ sequence, for example, any portion of a

25 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.

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.

30 Many DNA amplification methods are known, most of which rely on an enzymatic

chain reaction (such as a polymerase chain reaction, a ligase chain reaction, or a self-sustained



25 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 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. 36 sequence
replication) or from the replication of all or part of thg yector 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 Landegr . et al. lence 242:229-237 5(1988) and Lewis, . tic
Engineering Sﬁ%ﬁ%cibﬁl,l f%@ ?i%ré)gs .ﬁlﬂieorr%%;é]trﬁ% é),z%t iﬁ%g ym%éégev%%gﬁﬁﬁgéz%g%may g gemployed
to detect VHAMERNA. 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 nucleicMeiq iarged imgiistid sopbéicaimonehads h994b@yrasudiolic Gnbtiegye, for
1052:247-252), S6lt susianed scauFce. mplcalan ERRN s ay aalion LA whichypuolves the

isothermal amplifi n of a nucleic acid template via sequential rounds of reverse transeriptase (RT),

polymerase Hi8% getchewiadiviticsetiabaeddirdienso\dn Ehzytid®Wektail and appropriate
oligonucleotide primers (Guatelli et aL, 1990, Proc. NatL Acad. Sc!. USA 87:1874). Ligation
amplification reactioer exdigpkiothapehificzaso nhsystermtigoenay N layadsoatete o Mt bligdidleotides,
two per target strand. This technique is described by Wu, D. Y. and Wallace, R. B., 1989, Genomics
4:560. In the Q11 Raeplipasenteatinitisie, reabiAneptitAER Tos theublastecidpinadd @pomdnishadplicates
single-stranded RNA, is usged.t VA t ib [ ' ,

Bio/Tech noI(((];i%%fn@:]ﬁ31;?.3 %“g%‘&q;%)c%%?@%%%%ﬁ? %g I%’Seégg(??%reﬁaeg%agE%%%é?c&%l\nﬁgfform single-

20stranded eoyiplevmantelsjosteithins: (9eaasingoaipsi(Moblig oAutiO4titengaenmgic Wesdidone primer of
the pai is supsightially cemplsmispiayteRartpidhinsemence s sensesrandandvhegther

primer of each pair is substantiall%/_ complementary to a different pan of the same sequence in the

4

complement spiimid aapifichtion A eslfig aHd BRSNS YOIt FfSEry sequence:
(4) simultanerushexée (RINgible rasnaasiad prifeisdonas3hatate Mmitlas:obeaskpimer to synthesize

an extension praduict sompismentany. [0 e slrands anpealef to spctprimer wherein sgidexiension
products aft& csepara I6R ro?’n%e C mpfement erve s%mp‘lafes”fort e synthesis of an extension
product for thE.68Tel§iHimbigefienempiafical®ngepdiertinylgaitbn xropkitatpmeistts fvern Idbid templates to

producessingle; Sirands - BeleatesrRd (5) sRRliina.Said siglecRHRRIRGABEYIRS WY rppeating at
least 30once Said annealing, extending and separating steps. _ )

Y. and Wallace, R. B., 1989, Genomics 4:560. In the 86 Replicase technique, RNA replicase

for the bacteriophage Qp, which replicates single-stranded RNA, is used to amplify the target

DNA, as described by Lizardi ef al., 1988, Bio/Technology 6:1197.

A PCR procedure basically involves: (1) treating extracted DNA to form single-

20  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) simultancously extending the annealed primers from a 3’

25  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-
stranded maolecules; and (6) amplifying said single-stranded molecules by repeating at least

30  once said annealing, extending and separating steps.



37 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. Alternative amplification technology can also be exploited. For
example, rolling circle 5amplification (Lizardi a aL, 1998, Nat Genet 19:225) is an amplification
technology available commercially (RCATTIvi) which+s driven by DNA polymerase and can replicate
circular oligonucleotide probes with either linear or geometric kinetics under isothermal conditions. A

further technique, stgand. disnlangmanaRRIcAtom SRARIE Gl A 392-BIgedNalL Acad. Set

USA 80:392) begins with a specifically defined sequence unique to a specific target. 10Measuring

Expression Gugntiagyshel & alsq B upsdHel P ehnans R sldeea e paTy3Bptde level.

In a further epabedipi@niniheiefBesrithbé Rxpre s3NseamRackt or activity may be detected by detecting
the presence or amount of VHZ polypeptide in a sample. This may be achieved by using molecules

which bind to VHZ pplyperiide,myitabis malrcuisstagantsnbawinelding sithapdiretiy.qideirectly to
the VHZ polypig‘tide_in order to detect its presence include naturally occurring malecules such as

peptides andBrbfasALon S} EaEthpIala ABRANEE CEPehdy mali DR RBIEGaYMR fEEnaloey avaighly e
disclose a mefhagefdetieating thevirerencaehawbiApsljpeptideday cantagliageaieall#ample with an

antibody capable of binding the polypeptide and monitoring 20said sample for the presence ,of the
polypeptide.ﬁge c)("rleé)%gﬁr%é{?%%@ﬁ ngilxbeg‘f)ﬁld ePnr%%/r cg( ggt?é%stgggﬁg%%t%er%%tﬁ Oélgftl‘%ody. Such
antibodies nfaxtve tnchuigusy stresind sphowmdnt drephificgsioniétonh dalkeiurtivér tRR2IIetoWyIIFor

example, an anfi-\H7 antigpshy may;compriseRe can e Aailabls ariBadydanig.such as

but not limited to chicken anti-human VHZ antibody (catalogue numbers LS-C32281, 25amino acids

35t0 90, LS-C42458, LS-A6806 and LS-A530 L%?jg%ég gg§pan Inc, Seattle, Washington, USA),
rabbit zfgti-human é?lgﬁ?ﬁ)gxq@rié% éﬁgf uégélﬁ%r,rﬁ%eero - B%%%?g, RayBiotech Inc, Norcross, Georgia,
USA), chicken anti M dARipresiey teciediaiie rRivRBRYdR\IGYEB57, ProSci Incorporated, Poway,
California, USA), rabbit antihuman VHZ antibody (catalogue number F4560 and D9840-66A, United

States Biological, 36 Svampsudtidinassdatiatetsy USapreksike arapnhomssiviiHRaMibody
(catalogue nymbgn BORA:0R. WRijecies MAlolagigeliBanRssale MasaaghuselS o), rabbit

anti-human 38 ) )
achieved by using molecules which bind to VHZ polypeptide. Suitable molecules/agents

15  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
contacting a cell sample with an antibody capable of binding the polypeptide and monitoring

20  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,
such as but not limited to chicken anti-human VHZ antibody (catalogue numbers LS-C32281,
amino acids 35 to 90, L.8-C42458, LS-A6806 and LS-A6803, LS-C32281, LifeSpan Inc,
Seattle, Washington, USAY), rabbit anti-human VHZ antibody (cataiogue number DS-PB-
00676, RayBiotech Inc, Norcross, Georgia, USA), chicken anti-human VHZ antibody

[N
wh

(catalogue number XW-7857, ProSci Incorporated, Poway, California, USA), rabbit anti-

human VHZ antibody (catalogue number F4560 and D9840-66A, United States Biological,
30 Swampscott, Massachuseits, USA), chicken anti-human VHZ antibody (catalogue number

D9840-66, United States Biological, Swampscott, Massachusetts, USA), rabbit anti-human



VHZ antibody (catalogue number AHP1142, MB 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 NB 100-75328, Novus Biologicals, Littleton, Colorado,
USA). 5This may conveniently be achieved by monitoring the presence of a complex formed between
the antibody and the polypeptide, or monitoring the Rinding between the polypeptide and the antibody.
Methods of detecting binding between two entities are known in the art, and include FRET

(luorescence, Eonice ROBIAYIAIRD SHIPES DBTGRJEQIAGE SifSIaRdat AR tHOY

techniques such as immuno ing as described above can be I0used to detect altered levels of VHZ

protein, as centigaradn )itz anttibatyd estlo gHenansbanb B EI Opiddithieus Bidegieadshi&iditih may also
be determined,by.deterting ghandesittRnsktansiaional Rracsssikeahid P olvreRideR (s

post-transcriptional modification of VHZ nucleic acids. For example, differential phosphorylation of
VHZ polypegﬁi‘ﬂgg,“fﬁ]é&Eﬁ?fﬁﬁe%’lk‘lmiﬁfégﬁéiypeptides 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-translatioHt5 maxiFreyaaisnHY-Re Behietet by dnesitRy iedPrBtar B atbRrasRiiystometnniques
such as 2D peivrepirmidsas) slecHophopRsific \sSAYIRARINME Siliah €8 RN SRIKGettidine levels

of VHZ protein in a sample 20derived. from a host are well-known to those qf skill in the art. Antibodies
can be assafBdi fsrapBad oMsEReHE %ﬁﬁﬂfﬁﬁ'ﬁ%g@dﬂ@?ﬁgﬁﬁ%eﬁ‘f&?/ﬁ THYFRPL COVRrR G S assays
which can béndield FRORTOE et srentxotenmideck tenexpnpetiivs). andave pleompetitivaassae systems using
techniques such as western blots, radioimmunoassays, ELISA, sandwich immunoassays,
immunoprecipitatiop.arsay fateracipitiscraagliontcgel bdiffietioniptesipiiorieacians, dmmenodiffusion

assays, agglutination assays, comple - fixation assays, immunoradiometric assays, fluorescent
immun §ssa %Wa%ﬁ%f@i%ﬁ?‘cng%#ﬁ8%??%3?%%%&55% &t grae“?({)u m%clant gﬁg%tl?s%%? ?glreecflgample,
Ausubel et ahopdsid094, Current Protocols in Molecular Biology, 'Vol. |, John Wiley & Sons, Inc., New
York, which is incorporated by reference herein in its entirety). 39 The specimen may be assayed

for polypeptides/praieiss:prssiot mapistodaisieahiand inisuisy ioeheeitapainininda(zealgenerally
i T .
Other assay Fnetheugle, differential phosphorylation of VHZ polypeptides, the cleavage of VHZ
15 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
modification, may be detected using proprietary protein assays or techniques such as 2

polyacrylamide gel electrophoresis.

Assay techniques that can be used to determine levels of VHZ protein in a sample
20  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.

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

25  diffusion precipitin reactions, immunodiffusion assays, agglutination assays, complement-
fixation assays, immunoradiometric assays, fluorescent immunoassays and protein A
immunoassays. Such assays are routine in the art (see, for example, Ausubel ef al., eds, 1994,
Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York, which

is incorporated by reference herein in its entirety).



5include radioimmunoassays, competitive-binding assays, Western Blot analysis and ELISA assays.
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 10immunoassays are extensively
described in the patent and scientific literature. See, {gr example, U.S. Pat. Nos. 3,791,932; 3,839,153;
3,850,752; 3,850,578; 3,853,987, 3,867,517; 3,879,262; 3,901,654, 3,935,074; 3,984,533; 3,996,345;

4,034,074, 4,098,876; 4.879,219: 5011,771 4 §\%§3A §§m9r&9§0% 199%4
Diagnostic Kits 15 e%??%“‘é?S‘% 3?/ ‘.Sgﬁsﬁﬁ‘f’%?é? ?(%%(%gtlegﬁ%gobregg? cancer in an ir?(llllril\l/idual, or
susceptibilityireobrecstedhsedeahsiningliSreueanerallsT Ridtel apdh d stic Risin apdcolnems drnamnioesr

detecting exESRIRR ARLHYCO RAYVIYIGRY AN hauiRdivdual fnaBImsans as described in this
document. The diagnostic kit may therefore comprise any one or more of the following: a VHZ

polynucleotid@BUARESIRERIs o fHRF R L e R R IEIR IRcRisTd e &gherssab AP Rucleic acid or

a fragment theseek adbiZRclpsalideanfiitagnianttaeresfsOwasnan iadnidy a\IZ ESIEH as
comprising an antiVHZ antibody against VHZ, e.g., an anti-peptide antibody human VHZ antibody.
The diagnosﬁcszsﬁﬁs‘may comprise instructions for use, or other indicia. The diagnostic kit may further

comprise means for treatment or prophylaxis of breast cancer, such as any of 25the compositions
described in this dochRERSBY Wéﬁ%?ﬁ'ﬁéﬁ?v&"ﬁﬁetﬁi@?g ]I%Iﬂt?é%ﬁi%%r é%’fﬂé’gﬁ %’?gln particular, the

diagnostic kinmeayctaiiprisibodivamis\Hd dsad éntlesiskegeriWeekefoprenprapl ethbt aimadnoysseygening. The
diagnostic kit ay comprise, aherspentie dig sush sscTAnEnNONAASH or s yarian's such as
tamoxifen, tamoxifen citrate or any other anti€strogen or estrogen blocker. The therapeutic drug may
also comfprisarammapaisii+28GAwibvdly. dagribed 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,
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,

Diagnosiic Kiis
15 We also provide diagnostic kits for detecting breast cancer in an individual, or

susceptibility to breast 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
therefore comprise any one or more of the following: a VHZ polynucleotide or a fragment
20  thereof; a complementary nucleotide sequence to VHZ nucleic acid or a fragment thereof; a
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
kit may further comprise means for treatment or prophylaxis of breast cancer, such as any of
25  the compositions described in this document, or any means known in the art for treating breast
cancer. In particuiar, 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
30 antibody.



PROPHYLACTIC AND THERAPEUTIC METHODS We disclose methods of treating an abnormal
conditions, such as breast cancer, related to insufficient amounts of VHZ expression or activity.
Methods of preventing breast cancer (i.e., prophylaxis) also suitably employ the same or similar
approaches. 5In general terms, our methods involve manipulation of cancer cells, by modulating (such
as down-regulating) the expression, amount or activify 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

manipulatiori,ﬁgﬁﬂ)'&%g%&g‘i)opﬂﬁggpmy 89§regulated or down-regulated VHZ expression,

amount or activity. Any of the methods of modulating or down-regulating 10 VHZ, as described in
detail elsewhere inWisidokumashdays reatisgdn abndiheintetidatbmayndom prisatexposingidhel cell to a

suitable siRNA, shRNA or chimer. i. For example, a. D ﬁlzg Prie-%e Ii}gin CA}@@ Q}Ai
(catalogue nﬁ’rh'bsé”rl?ﬁt%b%%% 2 éb?%oe%rg ﬁ%?oogiggtllsv,ltlvfittve%or? : %Igfa\(’jgo, B%A) may be employed
to down-regulatepuinviarin Alexprassiormspirtier saRNA eifs amceatBitmera RNAI) is process by
which small 15 interfering RNA/DNA chimera triggers the destruction of mMRNA for the original gene.

Chimer BNAI is dedegibeddnctetaibin ethedsimbate 2008 IMucsif doids RS byApKHRRO8g 36: 2136 -

2151, Naito al, leic. Aci S | - 33: 3 - Ui-k Qi ; i ic Acids
Res. 2004 FOSO BRI ATEEHATR M SRR Mol ool N T o e e,
issue):W124dgtepirhmadeldiod] Vit ot anpewinganydeing el amy-be-rendusisddirapable of -

specifically bigging. t MEba1s6e 5@ PR BRaX-paRR R eANH GoR MRl Wy alabigant-VHZ
antibody, as set out above. According to our methods, the cancer cell becomes non-¢ancerous or
the invasive SFh EHREETIET AMOSPLRIFRESMA SR PRRRsto BRI R RS AR L RURP8S the
manipuiationvi3z, Ehd«wanbat maytail plastictancdispliserieeasigamcesedt may comprise invasive or
metastatic cancer such as Invasive Ductal Carcinoma (IDC). As VHZ is associated with
aggressiveness antiipyashsanass afnsaneakghsevs) afiMbld smableinatactinaceetiafoan individual
with cancer, jn a cancer or non- cell, and the aggressiveness,of the canc d. A high
level of VHZ%U%%T& gié‘ﬁ?ﬁrgfégf '91%%%%%%3&%%@%&%%%%% ulrngg%a g‘s?'%e%@§§gressive or
invasive cani@i, alacha Blidngienls) LiateharsbaotidrAp§ Anayathier efopbo el te qoireer egwihchoseh.
Similarly, a lg evel may indicat a}gﬁ% | & ' r T ches
described herp\:aﬁ?néf)ﬁjé‘eageg' f%bﬁ%%%py of %%%F%éﬁ%\ér C(I?zli;#e{é(}‘ %E%E%Z%rﬁg%éﬁs&g{ ‘\g%gpr%lgid diseases
include ifrolifiaterforngi BORSEN ghimprartrigensithel deruekb e SHBN Ataniorgal 2epsiated disease
may include Brgast RANGSE RUEHHRE MELBHIMICIITYRARIGE AT 2008, Nucleic Acids Res., April 2008;

36: 2136 - 2151, Naito al. Nucleic Acids Res., Jul 2005; 33: W589 - W591, Ui-Tei K et al.,
2004, Nucleic Acids Res, 2004 Feb 9;32(3):936-48 and Naito et al. Nucleic Acids Res. 2004
Jul 1;32 (Web Server issue):W124-9.

20 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 cell becomes non-cancerous or the invasive or
metastatic cancer cell becomes non-invasive or non-metastatic as a result of the manipulation.
25  The cancer may in particular comprise breast cancer. It may comprise invasive or metastatic

cancer such as Invasive Ductal Carcinoma (IDC).

As VHZ is associated with aggressiveness and invasiveness of 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 aggressiveness of the cancer assessed. A high level of VHZ amount, expression or

30 activity compared with a normal cel! indicates an aggressive or invasive cancer, and a stronger



aggressive breast 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 be by at least 75% relative to controls, such as by 90%, by 95% or 100% relative to
controls. 10 The condition may comprise cell proliferation, or it may comprise cell cycle time, cell
number, cell migration, cell invasiveness, etc. By thgjerm "treatment” we mean to also include
prophylaxis or alleviation of cancer. VHZ polypeptide represents a target for inhibition of its

function for BefaRk. AL Al R RUR.ABE AN AlRLAISHANNE, Sllndalia feinpielierative

disorder is used herein in @ broad sense to include any disorder that frequires control of the cell cycle.
In particular,2dgseciEiErssive endBYauyYibRYs malignant and pre-neoplastic disorders. The methods
and compositions described here are especially useful in relation to treatment or diagnosis of
adenocarcinomas Sletugrsoathed|deatirberbhermmwey, kendseshiveshatphiokion & Grestaicdsieearate, bladder,

ovary, colon g@%@ﬁ%ﬁ FRr&xamnles pip'gpaReias JNehsmay s faatabieiRaideacute and

chronic leukémias, lymphomas, myelomas, sarcomas such as Fibrosarcoma, myxosarcoma,
liposarcdmaFirepiaplgi 6endtridaied ditsrrdnan Bt drdurial GRETHIEABSAFEBRTEChBREFOSHEoma,
osteogenic saiaeR. thald@Redymphangiosarcoma, synovioma, mesothelioma, leimyosarcoma,
rhabdomyosarcoma, colon carcinoma, ovarian cancer, prostate cancer, 25pancreatic cancer, breast

cancer, squamous geliepiciaRsLasal Sei A EIMRIARAURRPCATC RIS AlandigRiKinoma,

sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas, cystadenocarcinoma,
medullary catEristiasisriRcadntitisrtinonty, %}r(ﬁﬁﬁ%‘&%ﬁlﬁﬁY?éﬁﬁ?%ﬁ%ﬂ?ﬁ%@?ﬂ%ﬂ%ma, bile
duct carcinomabsaiminemayerbiyenat sarelsofiidh BeryiselCancststestiottardumals, damgotarcinoma,
small cell lung 30ca gtino_ma, bladder calrlcin ma, & itlg?llizal garg(;pnogils%,cgy ma %%roggltpma, '
ependymom ,efﬁ’ﬂpc{llniec’grgm a?%né%lgena?oﬁg’slo%af, gcousticheuoma, medct}llfo% asf()ma,
craniopharyngiaies, @ligodeatirogiidineaarenasy e By e taroniasrimgiShiastsamdanidoetinoblastoma.
One possible g E%Sghf}%{ﬁe&?me{?ifaﬁ%QQ%&Q‘?rS is to express anti-sense constructs directed

against VHZ polynucleotides as described here, and administering them to tumour 5cells, to inhibit

gone uncion o iyt e TS, 5L o, PN ASSHPSPAR ARR S ey e
particularly in tumour cells and other proliferative cells.

15 The term proliferative disorder is used herein in a broad sense to include any disorder
that requires control of the cell eycle. In particular, a proliferative disorder includes malignant
and pre-neoplastic disorders. The methods and compositions described here are especially
useful in relation to treatment or diagnosis of adenocarcinomas such as: small celf lung cancer,
and cancer of the kidney, uterus, prostrate, bladder, ovary, colon and breast. For example,

20 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,
leimyosarcoma, rhabdomyosarcoma, colon carcinoma, ovarian cancer, prostate cancer,

25 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,
embryonal carcinoma, cervical cancer, testicular tumour, lung carcinoma, small cell lung

30  carcinoma, bladder carcinoma, epithelial carcinoma, glioma, astrocytoma, ependymoma,



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
at), and Neckers et at, 1992, Crit Rev Oncog 3(1-2):175-231, the 10teachings of which document are
specifically incorporated by reference. In a particular example, breast cancer may be treated or
prevented by reducing the amount, expression or 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 daupiauipies Vi RN RIskERce. thearindinadsatBsamprse a Smal 15
Interfering RNA (sIRNA) or Short Hairpin RNA (shRNA). It may comprise a chiméra RNA|, such as a
DUSP23 Pretgigpiroslindan RIaiLiomnal il emm bertinbbstarsamieiinfiitiid Biologicals, Littleton,
Colorado, USA). RNA interference (RNAI) is a method of post transcriptional gene silencing
(PTGS) induced byQirerdisibleinprrdedtion bevonblcwthahsrd sRNNCESRIR paihdehsscentanséd as a
20useful tooht&&@@ﬁ%%& VtpreRiicnalsRReficanesdnay gl peanisienNAbisgescribed by
Fire et aL, Nature 391:806-811 (1998). Other methods of PTGS are known and include, for example,
introduction 6§/t HHRH&HE Tiiion AR PEFNERT S FERO Ui e 1 HRBL AP ERERY BIRFESI Bene is
synthesised but does not accumulate because it is rapidly degraded. Methods for PTGS, including
RNAI are described\iorengrestristthaan bibise do Mkt ke s [Uidiovel Bitem gravdrettory
"/hottopics/” dp,thgsimah filoliferaiitalie Malnods JARNAI Vi RIE AR8GKIbeE Retain. One such

method involves the introduction of siRNA (small interfering RNA). Current models indicate that these
21-23 nucledOIFYESRREPISHEMAIR PYeEsEemtibtre Py grefesis SRR P described,
for example,dr1 ¢h@sdMianaveb Sitendeseiibedalio VRO R KA ectraes Xuch: axsSortidairpin 30 RNAsS
(shRNAs) can also be encoded by all.or a part-of.the VHZ nucleic acid sequence. 43 Alternatively,
doubleﬁs rar?tég%’}?lo%s)%eﬁ%?g %Oﬁg}éqv%rﬁu Wi f’/cf) ﬁﬂt}ér%ﬁ%o\rﬁ%é% rlig?%rgg?g'ssion in a range of
organisms that hasI recently been shiwgto be successfgl in mammals Wigq}gy a§1d,Zernicka-Goetz,
2000, Na! Cell Biol 5:37845%1.1 B SOBTRPLY: SRAELLEIREA Tt %88%& gt%r?ﬁe“g‘ q en 'écbnfgaﬂ\?HZ
polynucleotideacant, kerrtradu oedetitaosfekiessebole SooqdesfanckesijdedfyassiBantlicdataigegeinism to
interfere with VHZ activity hear i . SS| to those
kit in the I gHaE APessp A VIDERIONS M QMR K GERS BIRSHIRP SIS GRNE
nonfunctionaarariegiiaist YHZ poKpeptidripiante dbeameNtihageshnpateomimie Enabgenous gene

product; sesujtingrin;ig kAR RN HH6HBRPRS:SKARIIE f NN funsliebR YAaRhAheHORWAL is a
mutation to cysteine at alg)osition 95 of (or corrﬁgpqndin to) the human sequence. The Examples
show the geftiafidh BHI S 61468 S VA VISR gefe R PRI PhAIg¥ and
associated bRitogitalqdtivites., bldrgdn)@i8apression may also be modulated by as introducing
peptides or small

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
20 usefui tool to knock out expression of specific genes in a variety of organisms. RNAi is
described by Fire er al., Nature 391:806-811 (1998). Other methods of PTGS are known and
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

25  wide web site, in the directory “/hottopics/”, in the “rnai” file.

Suitable methods for RNAi in vitro are described herein. One such method involves
the infroduction 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
30 RNAs (shRNAs) can also be encoded by all or a part of the VHZ nucleic acid sequence.



molecules which inhibit gene expression or functional activity. Thus, compounds identified by 15the
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 pharmaceutically
acceptable carrier in an amount effective to down-reggilate expression or activity VHZ, or by activating
or down-regulating a second signal which 20controls VHZ expression, activity or amount, and thereby

alleviating the abnotgigh aandiian,r. Sullahleeyietadies againsl VEZ.PRNPRRILe.af dererived

herein may also be use erapeutic agents. An anti-VHZ antibody may comggse a rabbit anti-VHZ
antibody agaHBICY9R I i FaTERRbeseanistanthay gs EsapbulesayhetiorRscSusiFBHE BrhiBHaas the

following: chigkenANtkhERaKY G antody (eatalpdis Donbs SHoatle3#a8deARNO acids 35 to 90,
LS- 25C42458, LS-AG806 and LS-A6803, LS-C32281, Lifegepan Inc, Seattle, Washington, USA), rabbit

anti-human YRIESIRRABE SR ARGERER QR e HD 8oPBUSHEYES ARy sitEe Ui TR SReEs Ria,
USA), chickennants bdnahs\oFZ candildadyofgaiainguénnufelerX\WHB 5 RmSci Incorporated, Poway,
California, USA), rabbit anti-human VHZ antibody (catalogue number F4560 and D9840-66A, United
States Biological, Syaéppsanits Massachusgtisrl aik SQrehicken aibhumamodbidkiaat hody

(catalogue number D9840-66, United States BioI%%l;ci, Swampscott, Mgssachusetts, USA), rabbit
anti-human FFy 3 4ARE B (URRIEL IR AR BRP RIS BT 42U AR S 8RR I UEFiH Kingdom), rabbit
anti-human VimzZriantibadipndb {0dtE ggliepeminib er B dbt 0ad04 B2j MovprsBiolb gcaisidgttieton,
Colorado, USA), chicken anti-hu ] ! C er NI - (S
Biologicals, Igﬁtée 5?1(,?"8% 8%21 gkbs%‘gﬂé‘%%%ﬁ%%“%g% %%éu%é}g gn%y;q é)i%%n?p %Ky%?é%t%%%trol the
endogekfbus \Prgdis Eionaim WHZskjnhat papeskion Rl surctraespragiedell dhn eI Eor example,

a polynucleotiglersReaaingra.y HE siRNAGT APastion LS Mambsrangingaladiielpxpresaion in a
replication defective retroviral vectoy, as discussed below. The retroviral expression construct may

then be isolRBOSBRRATARAGERS Ritd B9g8IcaLATy efftransduced with a retroviral plasmid vector
containing RNA encoding an anti-VHZ siRNA such that the packaging cell now produces 10 infectious
viral particles contafiiieane Saesitespinterdsirridaied Rdidaredid e asnsidssdmimatered to a
subject for epgiReaHngIGEHSHRIMIVEANEk[RSIIaHG RxPresAaBRitha MElZRehtaptidr Ad i eyFor

overview of gene therapy, see Chapter 20, Gene Therapy and.other Molecular Gepetic-based
Therapkutic 56?55355}95@?1'(%?{%}‘%?&% & g‘%if%é"tﬁg’t}elﬁﬁ?ﬁ%’l—fﬁ?ﬁéﬁ %8’%’5@% a&ne%'légﬁ:gfn?lg’rachan and

A P Read, B¥ai§oie etificRidalishe/1tdl{ $896)e iinbsadeisniedimemsuthe tevBladtivelZ is
decreased in I, [MOres A qgmgd' S : to, or
specific to, b%éé%gc%eﬁ%é% ﬁlggggc%é%igﬁ%gz\jﬁ%g& y égs%%[tl:giffcoal gg%?éﬁ% %{Elrll‘)i/ﬂl[r% %Itigdgased breast

cells (i.e., thekmeatithwinkdirepecetieribreccaptablg sratisUinsa amamt siGwidreiedansesgsiBreast cells. In

these methods,, expressiani Vi nambennkaHpstantiallydamicrcifaihesicalis wison cells which are
not 20b2rgast cells, Thus, in such embodiments, the level of YHZ remains_su stantiﬁllly the. same or

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 foliowing:
chicken anti-human VHZ antibody (catalogue numbers LS-C32281, amino acids 35 to 90, LS-
25 (42458, 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 D9840-66A, United States Biological, Swampscott, Massachusetts, USA),
30  chicken anti-human VHZ antibody (catalogue number D9840-66, United States Biological,
Swampscott, Massachusetts, USA), rabbit anti-human VHZ antibody (catalogue number
AHP1142, AdB Serotec, Oxford, United Kingdom), rabbit anti-human VHZ antibody



similar in non-breast cells in the course of or following treatment. Breast cell specific reduction of
VEIZ levels may be achieved by targeted administration, i.e., applying the treatment only to the breast
cells and not other cells. However, in other embodiments, down-regulation of VHZ expression in breast
cells (and not 25substantially in other cell or tissue types) is employed. Such methods may
advantageously make use of breast specific expressign vectors, for breast specific expression of for
example siRNAs, as described in further detail below. Breast-specific Expression of a Transgene

(@nti VHZ STENOlogye nurfHAKENIG80OB2RBVIIIR SEIREIMERA R LS HIBRL UsSgacRarPS Lo reduce

undesired 30sI ects in normal tissue. Targeting transgene expression to malignant tissues
requires the ap§-tigaat ¥bciidradi(atbhpie prephsti ﬁ@&@&@é@r&ﬂéﬁ Bisdegistsliibtimiology,
tissue-specificppotersugnd inducible regulatory elements (Al). Promoters based on Tumour Biology
Certain genes are upregulated in breast cancer. The promoters of these genes can be 5used to drive

tumour-selective expression of NANRISHEHSINI adpeomRnatiarticlian:AsiRpuaksiavral

vectors. Examples of such genes include the vascular endothelial growth factor (VEGF), vascular

endothefial ghaWkrydbedeiaaprelssrdEes breast s#l VebsPrRECH R RN g BEsERsgulated in

breast cancegii,aitd NYH7SiaEe AJepe paenh HRMmnah 4/ B« Bedone egpiessisnsial e gtiyedytispregulated

in breast carcinomas (A3, A?). L-plastin, a 10 Eﬂ? an actin-bindng protein is constitutive%and
abundantly U FEUSEEIF Hidl G B RIEHE CaTcB L e T RO A RS SRR Bl v
expression irbersdiatedhedhatophicticicells (@i rghgtocd popisticgbwe ! Boikt®ohas! pbsmiduedao be
upregulated in breast cancer cells (A5). I_u?ﬂ@l S j fMUCI compared
to normal bréas aﬁ%]él&gg\i (ﬁ'?sl.c%léré%%gésgm IC Psrmtégggé{;%g?ggﬁg%ﬁg %Qrg%\l;?}e%gg%gspeciﬁcally in
breast tl§sueifeianplissl opsists geriaisiagchhseuenehotdotgeesiibthenn prduges fetiovrae be

13-lactoglobylip{Bkzda The RREROIST 8iRldehg 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).

15 In some embodiments, the level of VHZ is decreased in a breast cell. Furthermore, in
such embodiments, treatment may be targeted to, or specific to, breast cells. The expression of
VHZ may be specifically decreased only in diseased breast cells (i.e., those cells which are
cancerous), and not substantially in other non-diseased breast cells. In these methods,
expression of VHZ may be not substantially reduced in other cells, i.e., cells which are not

20  breast cells. Thus, in such embodiments, the level of VHZ remains substantially the same or

similar in non-breast cells in the course of or following treatment.

Breast cell specific reduction of VHZ levels may be achieved by targeted
administration, i.e., applying the treatment only to the breast cells and not other cells.
However, in other embodiments, down-regulation of VHZ expression in breast cells (and not

25  substantially in other cell or tissue types) is employed. Such methods may advantageously
make use of breast specific expression vectors, for breast specific expression of for example

siRNAs, as described in further detail below.

Breast-specific Expression of a Transgene (anti-VHZ siRNA)
Cancer gene therapy has to selectively target tumour tissues so as to reduce undesired

30  side effects in normal tissue. Targeting transgene expression to malignant tissues requires the



genes can be used to drive the expression of transgenes in adenoviral vectors in a breast 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 20(MMTV). The
glucorticoid-responsive long terminal repeats (LTR) of this retrovirus can be used as promoter for
glucocorticoid-induced the expression of a transgeng{A9). Inducible Promoters Inducible
promoters are used as mediators of transient transgene expression. Various stress genes are

upregulated iEJO:S??}?éc%@‘&‘é[ﬁaﬂﬂ?@lgﬁ%ﬁ@ﬁm&{ﬁhﬁﬁm&bﬁﬁ%%i&ntfﬁﬁﬁﬁaeﬁb13 “xagples of such
stress genes are héat shock protéin (HSP) (A10) and multidrug resistance gene-I (MDR-1) (All). The

promoters ofSASEHI perraeiers gnf Erdisilcea ke IRARI e Umour specific expression of a transgene
in breast cancers that have been subjected to irradiation or chemotherapy. Transcriptionally targeted

gene therapy is usuityrathidwsedtsy drmeriniafesiiour 30injection of a replication-defective adenoviral

expression vector GHainingdhetranegane Oih 4 itRERsE Athe Mrdnidledy of iR dEaRR5ECH& 63N also be
delivered by intratumoural injection as a lipid compflex with cationic Iiposomes {Al , Algg. BREAST

CANCER AcKSHIRGRS HEMS RO e X e RS G ST S b & S AP R LB HY5 diagnosing
or treating brégsttbanean Wi eretthis oepies off afdr gae? caclade ththiesshibulkehatielkdgtowticlude
metastatic, aggressi invasive cancer. For 1 ) sociated with
UHZ over-ex T B ape an
elevated levetlotlespriseivntobavtivigpisebiothjces\eREe RS ecHpretags damsadeaheenre|(A20There

are several typesiof Breash cancae.(h GoRIAbsAusIakarRnQDaswhichhggins in the lining
of the milk ducts of the (g%gst. Ang_th\g?yt?&%%obular carcinoma, begins in th!g Igé%Jles whﬁ%\?}aireast

milk is pPodubRRANAS IR BARIRRIFR ISiFAYBLNEN B rbundan i SRR L MAERRG B iFUakive
cancer. Wheg:hsershepnaairsrleasds aaisieishihreast, epreeibaet snaftes leradopo@tio ¢aikslymph

nodes underé&: arm, Breast.cancer,cells may sprea ond 15£he reast such as to,ther lymph
odes, tho BENDL ARG IOHE Boo s oA el eSS bR le i eRRLaL e (R D)
Human breast tumours express high levels of MUCI compared to normal breast tissues (A7).

Tissue Specific Promoters
15 Certain genes are expressed specifically in breast tissues. Examples of such genes are
the human a-lactalbumin (ALA) and ovine B-lactoglobulin (BLG). The promoters of such
genes can be used to drive the expression of transgenes in adenoviral vectors in a breast
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
20 (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

Inducible promoters are used as mediators of transient transgene expression. Various
stress genes are upregulated in breast tumours upon irradiation or chemotherapeutic treatment.
25  Examples of such stress genes are heat shock protein (HSP) (A10) and muitidrug resistance
gene-1 (MDR-1) (A11). 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

irradiation or chemotherapy.

Transcriptionally targeted gene therapy is usually achieved by direct intralumour

30  injection of a replication-defective adenoviral expression vector containing the transgene of



Stage 0: Very early breast cancer. This type of cancer has not spread within or outside the breast. It is
sometimes called DCIS, LCIS, or breast cancer In situ or non-invasive cancer. Stage I: The
cancer is no larger than about 1 inch in size and has not spread outside the 70breast. (also described
as early breast cancer.) Stage 11: The presence of any of the following: the cancer is no larger
than | inch, but has spread to the lymph nodes undegghe arm; the cancer is between 1 and 2 inches. It
may or may not have spread to the lymph nodes under the arm, the cancer is larger than 2 inches, but

has not spreqgia,lng &ymP RedrS HPdeL e R3%008 L0 SAgRIHA TG aveseRcg of any of

the following: the cancer is smaller than 2 inches and has spread to the lymph nodes under the arm,
the cancer al83%4SYPPiEIME cAtRRICHPSIRBER B Addes; the cancer is larger than 2 inches and has
spread to the lymph nodes under the arm. 47 Stage IIIB: The presence of any of the following: the
cancer has sSBREASTE AEERS near the breast (skin, chest wall, including the ribs and the muscles in the

chest); the cancer has spread By ades lnsids, the. shestal alona hehieastbene. Stage IV:

The cancer has spr‘eaél)to d%[her parts of the body, most often the bones, slungs, liver, or brain. Or, the
tumor has sphearpiiraily Toating Skpashernigmphersdbis sesiaamiaaiieito neaiicane Botiakbdde

Inflammatory BLeast fc R She B MBANRIRASH CRAMGEEISRT BB RELPRINIREERHS @gﬁ mssive type of
breast cancer. The breast may look red and feel warm. There may be ridges, welts, or hives on the

breast; or th&K EaFiRek WHNKIEE aYsE Sorsatiifte Bniittng msgadas L MsShipleictbiger
Recurrent BrgagkSiancashRacu enitiseasst sneansstat thacaigebhesioane Wack (fenpsred) after it
has been tre%tedblt_(r:ga‘yercome back in the breast, in the soft tissues of the chest (the chest wall), or in
another part ofatﬁe"bocri‘y. Bfeast Cancer in situ - DCIS and LCIS 15Many breast cancers being found
are verx early cancers known aséll;trfast %ncer in situ z;\? noninvasive carger. ost of these.cancers
are found by mammBY PRy RELERE RS BLAT CBTCER i@é’%‘méﬁ’ﬁ%‘%ﬁ? IR ST B R s Eer. Two
types of breasigiariaehdiisity bfahwdaithefal @ivihgbioBS Adudial warcilobnka mrsingmwbehimmsans that
abnormal Cel[ Se%guflce)slzj \Qﬁ%&?’g lyrégst milk is produced. If a malignant ttmmor invades nearby tissue, 1t is
known as infiltrating or invasive cancer. When breast cancer spreads outside the breast, cancer
cells often are found in the lymph nodes under the arm. Breast cancer cells may spread beyond

15  the breast such as to other lymph nodes, the bones, liver, or lungs.
The recognised stages of breast cancer comprise:

Stage 0: Very early breast cancer. This type of cancer has not spread within or outside

the breast. It is sometimes called DCIS, LIS, or breast cancer in sifu or non-invasive cancer.

Stage I: The cancer is no larger than about 1 inch in size and has not spread outside the

20 breast. (also described as early breast cancer.)

Stage II: The presence of any of the following: the cancer is no larger than 1 inch, but
has spread to the lymph nodes under the arm; the cancer is between 1 and 2 inches. It may or
may not have spread to the lymph nodes under the arm; the cancer is larger than 2 inches, but

has not spread to the lymph nodes under the arm.

25 Stage Il and Stage IIIA: The presence of any of the following: the cancer is smaller
than 2 inches and has spread to the lymph nodes under the arm, the cancer also is spreading
further to other lymph nodes; the cancer is larger than 2 inches and has spread to the lymph

nodes under the arm.



20the lining of a milk duct of the breast. The abnormal cells have not spread outside the duct. They
have not spread within the breast, beyond the breast, to the lymph nodes under the arm, or to other
parts of the body. There are several types of DCIS. If not removed, some types may change over time
and become invasive cancers. Some may never become invasive cancers. (DCIS is sometimes called
intraductal carcinoma.) 25LCIS (lobular carcinoma igsitu), which means that abnormal cells are found
in the lining of a milk lobule. Although LCIS is not considered to be actual breast cancer at this

honinvasive stage,gtis.aarpiRGRIGNQfnareasa Aok SEMBIORINGIMYS S)H8:83P GREubGISAS
sometimes found when a biopsy is done for another lump or unusual change that is found on a
mammograrfePagashskimRhce Sl alnsading His oS ABA BB SRS TR BBIFN Bl CRaHEE R 30either
breast duringpifaednexyRphyeatss iskide thd\liesoealtificationstarasvenpsmall specks of calcium that can't
be felt, but can be seen on a mammogram. They are formed by rapidly dividing cells. When they are

clustered in one arga &f thetHeastcdhinsgudde anayinsignteifaBasiaanaes thedhedbout half of
the breast cancers,found by mammography appear s% sters of micrqcalcifications. The other half
5appearas AgSsI S ghB&e: Or’@ﬁ&%‘ﬁ%ﬁ?f“ﬁg?ﬂs E’ A eo%‘ﬂ]saé@(ii e %jlﬁor%ﬁélﬁswﬁﬁhgny known
method of diaghosisrahdvedisttemncer, including detecting of mutations in either or both of the known

breast cancer genes BRCA1 and BRCA2. Alternatively, or in addition, the diagnosis may be 10carried

out by detection ofigsexrieSSien Dircxampladbyase pbantihesRiantibedyu Meatwaenis, Known
treatments for breast cance bng%g conslis g%rgééone orm I‘efgf t(fi’l? ?I‘If\cj)w:qgthur%(]—:'r radiation

f
therapy, che RBHEEpY PR BRSO erapf},xﬁﬁrlﬁ’gné ferapy and immunothe rgﬁfll. Accordingly,

any of the treatmanthiveshoobdesesibedivetis musay heckovnbided 115 vathetimpsonsdrgnoted of the
' precediﬂg known.therapies. In addition, any one or more of the following general therapies known to
be éffective for treatment or alleviation of cancer may be used. Nonspecific Immunomodulating Agents

Nonspecific immunomodulatin nts are substances that sti or indi ment the

CCU H?Er(,gd&% Sr. g urrentf’icﬂsease meané%léi qh% C&ge f’l%g Xl‘gg b%ld
immune system. O en, these agenfg1 argetckey Immune system cells and cause secondary responses
such as incréeasetepyefaciidnobopttkatss hintkirmemmesgobuthesrTas indhepeltifisswsmbifémodulating

agents used n.canceritaalmsnt e haaliusraimgtidsuerin (BCG) and levarnisole. The anti-VHZ

agents described here may be used in conjunction with any of such nonspecific immunomodulating
agents. 25Biologicg) Responss Mosifiersis and Leis

15 Many breast cancers being found are very early cancers known as breast cancer in situ
or noninvasive cancer. Most of these cancers are found by mammography. These very early
cell changes may become invasive breast cancer. Two types of breast cancer in situ include

the following:

DCIS {ductal carcinoma in situ), which means that abnormal cells are found only in
20 the lining of a milk duct of the breast. The abnormal cells have not spread outside the duct.
They have not spread within the breast, beyond the breast, to the lymph nodes under the arm,
or to other parts of the body. There are several types of DCIS. If not removed, some types may
change over time and become invasive cancers. Some may never become invasive cancers.

(DCIS is sometimes called intraductal carcinoma.)

25 LCIS (lobular carcinoma in situ}, which means that abnormal cells are found in the
lining of a milk lobule. Although LCIS is not considered to be actual breast cancer at this
noninvasive stage, it is a warning sign of increased risk of developing invasive cancer. LCIS is
sometimes found when a biopsy is done for another lump or unusual change that is found on a
mammogram. Patients with LCIS have a 25 percent chance of developing breast cancer in

30  either breast during the next 25 years.



Some antibodies, cytokines, and other immune system substances can be produced in 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 30include interferons, interleukins,
colony-stimulating factors, monoclonal antibodies, ang 49 vaccines. The anti-VHZ agents described
here may be used in conjunction with any of such biological response modifiers. Interferons (IFN)

There are three m%&w&@éﬁﬁaﬁﬁ%fﬁ@{?&%ﬁﬁﬁﬁ&@ RRgaifigh aIan £Al8e #Nd RiNtaH 6EQB.gamMmMa;
interferon alpha is the type most widely used in cancer. treatment. Interferons can improve the way a

cancer patieffid Mg e Lhs e Qyarddrcapidly dbnding sslisid¥hentheyard AUSFLSF A2 Lhfrectly on
cancer cells bysiowiobrtasiraiossthOsdue sasiinipthe baleselapraantsinio Oalla Withof s rasmal
behavior. Some interferons may also stimulate NK cells, T.cells, and macro es, b ing the
immune syst(éar‘?lcgr%\%r %a&g erToTuReten” appefﬁgsé:’}\ |S-t€f ﬁ%fgqglgrnét%a é%%%g’é‘g) ?\ggeoﬁin%)% %%t used in
conjunction witkearay bingesch interferons. Interleukins (IL) Like interferons, interleukins are cytokines
that occur naturally in the body. Many 15interleukins have been identified; interleukin-2 (IL-2 or
aldesleukin) has bagaghsmost widely studied in cancer treatment. IL-2 stimulates the growth and

activity of many Imeggallss S B3RP BEGHIESn Al AR APSHRAEARARLEBllthod off e ANK-VHZ
agents described here may be used in conjunction with any of such interleukins.
diagnosis of breast cancer, including detecting of mutations in either or both of the known

breast cancer genes BRCA1 and BRCAZ2. Alternatively, or in addition, the diagnosis may be

10 carried out by detection of Her2 expression, for example by use of anti-Her2 antibody.

Treatment
Known treatments for breast 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
15  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

be used.

Nonspecific Immunomodulating Agents
Nonspecific immunomodulating agents are substances that stimulate or indirectly
20  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
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.

25 Biological Response Modifiers
Some antibodies, cytokines, and other immune system substances can be produced in
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

30 include interferons, interleukins, colony-stimulating factors, monoclonal antibodies, and



20Colony-Stimulating Factors (CSFs) Colony-stimulating factors (CSFs) (sometimes called
hematopoietic growth factors) 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. 25G-CSF
(filgrastim) and GM-CSF (sargramostim) can increage the number of white blood cells, thereby
reducing the risk of infection in patients receiving chemotherapy. G-CSF and GM-CSF can also

stimulate the, graduction efstenycgiinindetenaation fRsystemseehUoRRReIRRIAN HARERIRATS;

Erythropoietin can increase the number of red blood cells and reduce the need for red blood cell
transfusions iplogifehissrerss/nfids&iotherapy; and 300prelvekin can reduce the need for platelet
transfusions in patients receiving chemotherapy. 50 The anti-VHZ agents described here may be
used in conjunctiod#itferry Gf Blich colony-stimulating factors. Monoclonal Antibodies (MOABSs)

Herceptin is used toHspat@iestativorgrs bEaneatithpatinRissinipimoisdiaopiagucad excess
amounts of a pratein called HER- %%A roximately 25 percent of breast cancer tumors produce
excess §moﬂﬁ?§f8‘f)ﬁ Eﬁ%ﬁ 1 gFZfl fg&earﬁsotgai‘ﬁ%n s?g%k%%lgtﬁsoeé{s] of ?ngrir?nr%art}]tnalé%cribed here may
be used in combination with administration of anti-Her2 antibody, for example, Herceptin, to the

individual concerndBterferons eadmprovg the WgE AARE ISR A ETEE SHECTI B ARRBRUREGSN with any
of such 10menpcianabanibadiekrihe iR att dirediyeohl Ere2/ el (erhB-2hgdndr prodticbis a 185-kDA

transmembrane receptor. tyrosine kinase that belongs to the family of receptors for e idermial growth
factor. 1t 15 CRRERN Mok M e et 1oty ngraa bt RRE R Sy AL
incorporatedstimmaineyKl SrkfeTarte, and Riscepitizes honsingsthatortione sz dse e AnYiRANTo the

importapce gf HER-2/neu in breast cancer. HER-2/neu is overexpressed in 20-30% of human breast
cancers and the increased expression has been associated with poor prognosis. The discovery of this

nas led to the develqpment g HERCERTIN. AAARHAR b [RHFR-ANGH MG BFSIS s been found

to
interferons.

Imterleukins (IL)

Like interferons, interleukins are cytokines that occur naturally in the body. Many
15  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

cells, such as lymphocytes, that can destroy cancer celis.

The anti-VHZ agents described here may be used in conjunction with any of such

interleukins.

20 Colony-Stimulating Factors (CSFs)
Colony-stimulating factors (CSFs) (sometimes called hematopoietic growth factors)
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 celis.

25 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
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

30  Oprelvekin can reduce the need for platelet transfusions in patients receiving chemotherapy.



20lengthen remission time in metastatic breast cancer. HER-2/neu is a cell-surface receptor that
transmits growth signals to the cell nucleus. HERCEPTIN appears to block these signals thereby
apparently inhibiting proliferation of cells mediated by HER-2/neu in HER-2/neu positive breast cancer.
Overexpression of HER-2/neu has also been found in a portion of ovarian cancers, 25gastric cancers,
endometrial cancers, salivary cancers, pancreatic caggcers, prostate cancers, colorectal cancers, and
non-small-cell lung cancers. The other cancers associated with overexpression of HER-2-neu are

potentiall reatabie i) HEREERT Nescrn APAOAIANNCHE MFLASS 06 SAgROSIS MY ge combined

with detection of over-expression of Her2 in an individual. Likewise; the methods of treatment
described hé@?ﬂhﬁ‘@%lﬁ@@ﬁﬁfﬁinistraﬂon of Herceptin to an individual, in addition to decreasing
activity, amount 51 or expression of VHZ. We therefore provide a combination of VHZ nucleic acid or
VHZ polypeptide, tddetbdengitiraibaditt- Hée218mtibody. We also provide a combination of an anti- VHZ

antibody together withapantitsiel & ¥badistiR IR emkadimeninih e ARtukerathagcomprises
Herceptin. 5 SCREENING FOR ANTI-VHZ AGENTS Identifring VHZ Modulators, Agonists and

Antagonists SXeRARGBASH aRpisincallsd SHBrmdherIEAtely B RREEM O SNEEH EMSEinhibit VHZ for
use as anti-\ilhfoagabiscy\edhe o tad GCITER Y H haatdgaaisis mlinsma|l thealechidds\dfi Z inhibitors, as

well as 10 assays for cregn&r]%rfor these. Anta%%]r{}igts fVH%lrQ%};ibie scgge%d gyl_g%ecting
u a

modulation, 558 mggt oW reeg afftlrgﬁy,eg? Blsﬁgilﬁ]g or Ster V2 HE |V|fly.S e théréfore provide a

compound capéisidvofatewmpdy dlatisgithaeigroskiotyaneogemedt.activity VHZ polypeptide. Such a
compound may be used in the methods and compositions described here for treating or preventing
cancer, particularlyhreasi-SaiiCegedis dtiZrivalmthre refgre: lneedSe dagassiessithi bindigadf small

molecu{% S“bStB%tc‘?gn%f‘in' g(ﬂgss in, for example, cells, cell-free preparations, chemical libraries, and

natural prodLI}é? mixtures. These substrates and ligands may be natural substrates and ligands or may
be structural or fim(}‘}iog/% mimetics. See Coligan et al., Current Protocols in Immunology
er eu
The HER-2/neu (erbB-2) gene product is a 185-kDA transmembrane receptor tyrosine
kinase that belongs to the family of receptors for epidermal growth factor. It is described in
some detail in Reese, D. M., et al., Stem Cells, 15, 1-8 (1997) which is incorporated herein by

15 reference.

Recently, enormous attention has been given to the importance of HER-2/neu in breast
cancer. HER-2/neu is overexpressed in 20-30% of human breast cancers and the increased
expression has been associated with poor prognosis. The discovery of this has led to the
development of HERCEPTIN, an antibody to HER-2/neu, which in tests has been found to

20  lengthen remission time in metastatic breast cancer. HER-2/neu is a cell-surface receptor that
transmits growth signals to the cell nucleus. HERCEPTIN appears to block these signals
thereby apparently inhibiting proliferation of cells mediated by HER-2/neu in HER-2/neu

positive breast cancer.

Overexpression of HER-2/neu has also been found in a portion of ovarian cancers,
25  gastric cancers, endometrial cancers, salivary cancers, pancreatic cancers, prostate cancers,
colorectal cancers, and non-small-cell lung cancers. The other cancers associated with

overexpression of HER-2-neu are potentially treatable with HERCEPTIN.

Accordingly, our methods of diagnosis may be combined with detection of over-
expression of Her2 in an individual. Likewise, the methods of treatment described here may

30  include administration of Herceptin to an individual, in addition to decreasing activity, amount



1(2):Chapter 5 (1991). Furthermore, screens may be conducted to identify factors which 20influence
the expression of VHZ, in particular in breast cells. In general, the assays for agonists and
antagonists rely on determining the effect of 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 presenge of a molecule known to inhibit or activate a VHZ
activity. 25We have demonstrated that expression of VHZ is increased in breast cancer cells;

accordingly, gontral of ¥ i R1RreRsini Ay heeaRloyRdin dnalivensicanestangd othgr cancers.

Therefore, it is desirous to find compounds and drugs which stimulate the expression and/or activity of
VHZ, or whid¥igarpiifaorerbairihsn aritisgrattbedn Jilsargyslsiaconiiraiendy R ftre

employed fox/therap@ulic peiRORhYIAckaPYERDsssHRlyany rewmhbaiaRM3GH padtigalar, breast
cancer. 52 By "down-regulation” we include any negative effect on the behaviour being studied;
this may be ?&fé‘?“éyﬁgmaﬁ‘ﬁ% fTGEPe binding is being detected, candidate antagonists are capable
of reducing, ameliorating, or abolishing the binding between two entities. The down-regulation of

binding for M REHEFSERR ALY B $ e candidate molecule may be at Sleast 10%, such as at
least 20%, at least 30%,.at | %, at least 50%, at t 60%, at least 70%, at least 80%, at least
90% or more compégé'g%"ﬁ?r@%g?é"v@ﬁ%ﬁﬁﬁ %nrz“sé?“é |\7f%§'f}1|§r? ?ﬁglsatﬁsence of the candidate molecule.
Thus, a candidate rhukgomistsiitabiddoan smalbmapieaatonisbisuerbiovimrsiiisadfabiatof Feaiseing by
10% more thg hindipg@i e activity. The term "compound" refers to a chemical compound (naturally
occurring or 10 synthesised), such as a biological macromolecule (e.g., nucleic acid, protein,

non-pepice, of G, Mole Rl A 4 XIAEAIRRKS PE HOIRAIEA OB AR AU aShaciEra

plants, fungi, or animal (particularly mammalian) cells or tissues, or even an inorganic element or

molecul®. THssepnipoinsermrg petkascantiraapisseiniidsioppinsrmarahbigsindiasmeiiritiude
antibodies, smally@lesiesultadeelaniRe Ao dhonARAIRGYe W dnRkning Rutites apspitiae
analogues, oligonucleotides or {oroteins which are closelar/PreIated t&ggg}ging ; rtrEer fVHZ, eqg., a
fragment of SRR GhEPPArTRerAne 1R8I FrRBIEL e BRI P b ot X R[})égp d&’ut do not elicit
a response, &nipairieactvityedfithrepadyipeptice dsrmpesienis deetibdd tree fingdditsg2@The materials

necessary fo};res‘ye%l’tll fg%%?@é{f% atl%ctfx?ar(i?%(rjelég %éjn may be packaged into a screening kit.

15 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
1{2):Chapter 5 (1991). Furthermore, screens may be conducted to identify factors which

20  influence the expression of VHZ, in particular in breast cells.

In general, the assays for agonists and antagonists rely on determining the effect of
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.

25 We have demonstrated that expression of VHZ is increased in breast cancer cells;
accordingly, control of VHZ expression may be employed to treat breast cancer and other
cancers. Therefore, it is desirous to find compounds and drugs which stimulate the expression
and/or activity of VHZ, or whicﬁ can inhibit the function of this protein. In general, agonists
and antagonists are employed for therapeutic and prophylactic purposes for any known cancer,

30  in particular, breast cancer.



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 25 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 ggmponents needed for screening, as described
below. The screening kit may optionally comprise instructions for use. Screening kits may also be

provided which ar%%ﬁ-@g@%&ﬁ“@e\{%@é‘%?%?ﬁ & e Ryslaicaciduersha i dgts may

i
comprise a primer for amplification of VHZ, or a pair of primers for amplification. The primer or primers

may be chodBif FarPaga srasreac G rders Bmgingds bng dsrstadcardidets pagerisEite. Methods

of identifying.psime s eEeREe SAERINEI KNP WhLIRKhE it mRdiheskidatpersaniwillTine ahla-to design
[ EProbe ffé)r VHZl expressi%g s described
I

h pri ith The kit i lei d )
i this, docur SEHESALOL PITIRS GERS TSR AR ARSI S e Sanchp e ndeshle s sl

RationaISdes]g'fstdfO&arsdtdmeammaﬂﬂrd ailikety 1P heartdbhst t@&ﬁtatéeaalvﬂ@f’/kl i daasa p5e, Ia.abfesi upon
stuctura) stuiee SIS MOICGHaLAIARS L2 Yhif el RoRHiR, 0C MERBR ARG iiR0 vhich

sites interact with specific other proteinsis a p al structure determination, e.g., X-ray

crystallograpipyeaeawbtiirrisidide arnrsRl e Ehipichrasdidatsaolerulo syable g wsaiic® as to which
amino acid rgﬁﬁg&&{@mmmﬁet@% regliens. Hyors.datailad dassrptiopdREateiy structural

determination, see, e.g., Blundell and Johnson (1976) Protein Crystallography, Academic Press, New

York. Polypeptide Binding, AsSa¥Sund rerMQQYAIEARE.ANIBARNSIR.AN YIZAHYity,Or expression

may be identified by any 15 means known in the art. In their simplest form, the"assays may simply
comprid8 thestbss simpaiyea thiskaicn BarrmBolserGith 2o BRIGSREGnBERSHY 2OVRSPH ptide to
form a mixtugegMe asERgeasivaly i A dRl Rapbde ch enabribiken R dsaampasingaths, asipvity of the
mixture to a standard, 20Fu tk\grmore, moIeCLﬂes ma be identified.by their inding to VII|Z,1in an
assay which U &8 ERH’{-}%H o) w&gﬁﬂf‘}ﬁﬁ) &R’ the lf) easti%er‘ﬁ%]iggdﬂa.rg&mroen%rff/’beo{)?’gs%élyefor
identifying suthstanopsutitbinbinc: tmanvibitipolypeptide described here involves contacting the VHZ
polypeptide, which is immobilised on a solid support, with a non-immobilised candidate substance
determining whethgxamgley d0pykatisddentdaty EAZEDmYInaptigsbolisiainsall andecakdjdate substance
bind to ]esachn%% gg{ic@é%rrlndat%\églgh%oegues, 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
20 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

25  recombinant cell expressing a VHZ polypeptide; or (c) an antibedy 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
30  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,



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 30the Kd value for binding to control polypeptides (e.g" polypeptides known to not be involved 54
in cancer growth or progression). The Kd value of thggsubstance may be 2 fold less than the 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 10 "t UIRIPENBRBHL 0 onPBmBlE-oRA MEhaie 7 Roocalide Rk

immobilised on beads s as agarose beads ically this may be achieved by expressing the VHZ

polypeptide h@%Sﬁ?tﬁfoWﬂﬁ&?eﬁhﬂW‘bﬁ@?@ﬂdV%W Wgﬁ@ﬂ’éﬁk‘éﬁé‘m@bﬁﬂlﬁ%%@sﬁﬁ@‘%ﬁﬁﬂlng the

GST- VHZ fysiondig P%@af'iﬁm&é%ﬁi?ﬁ@b@%ﬁﬁvmﬁtﬁﬁeﬁi@iﬁ%@BW%&xbﬂa&&r@mMcﬁnd
Johnson, 1988; Gene GP}WH) -40). As a.contrql, binding of the candidate substance, which is not a

OST-fusion § fﬁt‘é*ﬁ‘y Y iFEEESIERt &) & determined in the absence of 10 the VHZ

polypeptide. The blndlng of the candidate substance to the immobilised VHZ polypeptide may then be
determired. This tﬁ%’ é%%‘,gf% known in the art as a (1ST pulldown assay. Again, the candidate
substance may bemmmﬁmlﬁsﬁ@r%ﬁthhﬁaéhzmmnemiﬂeenommlam&)tﬁsietd:rdtﬂsvalsvhﬁsnﬂyledo

perform this t¥§%of asste:e ﬁﬁ"sm% ereptthaffln d‘}é Is%é;h%agggfl%@e%}%%grd%n?blI rﬁé@tﬁﬁ”? of the

components of examy agarose an tagged co nts ndmg of the
polypeptide ﬂmtﬂnmmgzkdacb sitdysrdenset Wy mmmﬂnwmweammkﬁmm well-known in the

o For examplen e andponliserleampane i may i ARl (ke lonGrpmplnaagloacie

label, an epitope tag or an eénzyme-antibo njugate). Alternatively, binding m\’\f\% be determined

by immiholRadeieeidanss %E%W@ﬁhéﬁm%ﬁﬁ@%%éﬁ%ﬁ“mﬂﬁ@%é?ﬁw &&tdrn blotted and

the blot IDFOb@ﬂaﬂéﬁﬁ@&ﬁ;ﬁﬁmgﬂmiﬁleﬁ%@tﬁrﬂnadf@ﬂdmﬂmbkl&ee.gzgmp@mmn&lotﬁébﬁe{mmq ues may
also be used g?and @ate s é m&es a PP ded to a final concentration of from 1 to 1000
nmol/ml, suc YE R SIS S Rivio e rg (S:’ase of antibodies, the final concentration

Polypeptide Binding Assays
Modulators and antagonists of VHZ activity or expression may be identified by any

15  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.

20 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
25  polypeptide of interest and candidate substance bind to cach 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

30  the Kd value for binding to control polypeptides (e.g., polypeptides known to not be involved



25used is typically from 100 to 500 ug/ml, such as from 200 to 300 ug/ml. 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. 55 Cell Based Assays A cell based assay may simply test binding of a candidate
compound wherein adherence to the cells bearing thg 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 Slabeled GamAGHIAN o pr g%g%ﬂ}.hﬂ%@%mg R mwﬂgé%gtnsfm@@%%mpound

results in a signal generated by binding to the VHZ polypeptide, using detection systems appropriate
3

to the cells bRdnAleer buidiseingeaty prirsntidiseudnmigif s alusditalivt st el df0hssayed in

the presencegf a&nauiniag anist A haefteskon efivatids. by the agonist by the presence of the
10candidate compound is observed. Another method of screening compounds utilises eulcaryotic or

prokaryotic host Ceﬂ?a‘?/'@%ﬁf@a’%&@?%éf&é@f@f&%;ﬂ%ﬁﬁﬁﬂé%%%d&%%@%ﬁ%&&@§€§§ing a

library of compounds. Such cells, either in viable or fixed form, can be used for standard

binding-partriérsaiess beadscl Xricaiv s BY2% ha ebdsvet e Bas e N H LRl eRRitdE 2191990)
15Proc. Nat'tAGafhsDsipldeh Sib4@eadOdst whishheeaaibatensiliaesaib pdsidrgateatsellular

responses. titfive assays are particularly useful, where the cells expressing the library of
compounds a cfglﬁfgr(’:tuerate(’)lp ifr?gﬂb%r?eg %L{he)é'}/%‘ffséH%lgg@dﬁ%aglﬂwgﬁ%%ﬁofg%ﬁ t%qg@l-al%%polypeptide,
such as 125Famtbady)Sdntradesi HamptélBush asatthdiding cﬁth@mm@ﬂﬁh Q:lsb:ﬂ@o'tﬁn‘di’r@léﬁinity to
the binding sRPRSFIRIBHEGM St i RROUILantl R aRelad-hinding BRiBarRqirthe VHZ

polypeptide are then separated to assess the degree of binding. The amount of test sample bound is

inversel§ propeNibadsaertidendbnbriasefdbe santidets shsangadethes mmopdiaskbtide. Any one of

numerous teghiniaRg:GaR/ IR R saRRERENRAUANT amm irashinaing Ropartsarsdy assess the
degree of bl e O S YR Y QY G Bnobilised and the VHZ

polypeptide non-immobilised.

It is also possible to perform this type of assay using different affinity purification
15 systems for immobilising one of the components, for example Ni-NTA agarose and histidine-

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

20  conjugate). Alternatively, binding may be determined by immunological detection techniques.
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

25  used is typically from 100 to 500 ug/ml, such as from 200 to 300 ug/ml.

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.



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 breast cell, and assaying expression of VHZ by any suitable means. Molecules which
down-regulate the 30 expression of VHZ in such assays may be optionally chosen for further study,
and used as 56 drugs to down-regulate VHZ expression. Such drugs may be usefully employed to
treat or prevent breast cancer. cDNA encoding VHZ protein and antibodies to the proteins may also be
used to configure asgpyg oy Aelgsting the effect of added compounds on the production of VHZ 5

MRNA and protein in cells. For example, ari ELIS@ r(ﬂ%g bﬁ constructed for m%a uring secreted or cell
associated levels ot P HER BSHTE ST PhiSRoashag § ?j%@gﬁ;ﬁﬁf’g’ﬁﬁ% 1885y standard
methods knadizienthadwmilic asith s tantee libe ddy pisdde/ardegents byhichmmay drithbitdireanhance the
production of \VHZ protein. (also called antagonist or agonist, respectively) from suitably manipulated
cells or tissu'élérg%ggﬁaqasro lé%§%ﬁ!%rcﬁéi&ﬁ%uc&?%) %%&r)e"éﬁ?n%“ 3%55? fg%agr?gl\?\%eﬁoé%rjp ei?gé{%o mgthe art.
Activity Assdykelkdsayepetiidetect 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 candidatenbiseutsaykoAgsayswhiitlr detestdydetifiorhplogicabdativitieszoélVHZ, such as

phosphatase activity,.m used, [ inyol [ idat ule (e.g.,
e form 01 T D o B BB i the

polypeptide, beringdis orlencalideestthet wirbeser phaitoe dowibrating e eansinlly fsarridatbe
modulator. Tﬂ?@s&ﬁ&mﬁ&&%ﬂwﬁ%}éf%c{%lﬁfﬁ&F?Jﬂ%ﬁb@ci@ﬁ%@ﬁ@&%’oﬁ geeRsipre:30: belaw) may be

detected, to establish whether the presence of the candidate modulator has any effect.
Phosphtas&*84ia orapeHBiAT iPSF¥SSt 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/netasimngtrd o Zorscaing FBpAEIIatE ses sREMEoSG s PRk DS B Ritrophenyl

phosphate, Qs AHgoRERtILASBARLAINE RbasBiRrINshareuRResphesieoringyesidues. The
assays may be performed in the presence qr absence of a candidate rf%ggfl%%t%r End the appropriate

activity deteREEPRIRRS Rt ERIHARTAT SR VIR R5dURy S neatReitiésst i2di0didate modulator
and/or antagninistrafsMivs/ See also Parce ef 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

Ie¢sponses,

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 '**I-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 aniibody

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 breast cell,
and assaying expression of VHZ by any suitable means. Molecules which down-regulate the

30  expression of VHZ in such assays may be optionally chosen for further study, and used as



Promoter binding assays to detect candidate modulators which bind to and/or affect the 30
transcription or expression of VHZ may also be used. Candidate modulators may then be chosen for
further study, or isolated for use. Details of such screening procedures are well 57 known in the art,
and are for example described in, Handbook of Drug Screening, edited by Ramakrishna Seethala,
Prabhavathi B. Fernandes (2001, New York, NY, Majgel Dekker, ISBN 0-8247-0562-9). The screening
methods described here may employ in vivo assays, although they may 5be configured for in vitro use.

In VIvo assan AETCRVAROING iRPala ARl saRiog i 4R pedidala alege. In i vitro

assays, VHZ is'exposed to the can olecule, optionally in the présence’of other components,
such as crud&eyeridiiaplfafied-cell 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. Therelfive, ¢heodiddNZ putypisptidantibydies pthprixdelrin mayallsesbehisad Wweterologously.

Such a cell mgy06-8 JaNsasUGE&IhYRIADAS PESRE BANRRIRY 12 BBRRRNEE Asdgscribed above.

Where an extrac? is em%?(?yed, it ma¥ comprise a c%g&lasmlc extract or a nuclear extract, methods of

preparafion 8T raifan Rrfsiim fenaeaamliar Wik Apprs dateastrugiehiPeBisassrant of a cell

comprising ey e1esmpiayed idRrSMasapoaaanalastdpeerobedina piijeraa cytoplasmic or
nuclear preparatiop, e.g., compris%‘rﬁ%% ell nucleys which, comprises Vl_fLZ as described, The nuclear

preparation ATRYXURI PHSERIRIIP Y8 T HIG A AR B ek RS AT o 5F Q8 s heabilised, by
detergent treslife ntafdnidkampdehahbe sd padpecli o Evitibomment ae asidal/fuagatishay include the
following: a 20multiwell microtitee plate is,set u ingl dglll ressing VHZ
polypeptide fireac r\?\fgﬁc ﬁﬁ’/} ﬁoeﬁ' gg%%ﬁga%alrﬁ%gﬁe%%%egg %rg ggso%edf%:%%% Ig@é‘%ﬁ%ﬁ%& derived for
exampld frorradiisng sereayibrassie areo vkl vadaelevd| 18 BRdiodulation of VHZ activity measured.
Where pools are used, these may be subdivided in to further pools and tested in the same manner.
VHZ activity, for exdenpier Bisgimg activity or transcriptional co-activation 25activity, as described

elsewhere in this dacument ax e ReASSEMRE: MR RAIKal Qi RAfiiendp theassay dpethods

described above, "subtractive" ] , . ]
any activity of VHZ, in the presence, optionally together with detection of modulation of

activity in the absence, of a candidate molecule.

15 Assays which detect specific biological activities of VHZ, such as phosphatase
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

20 below) may be detected, to establish whether the presence of the candidate modulator has any

effect.

Phosphatase assays are known in the art and are described in Wu et al (2004), Int
Biochem Cell Biol. 36(8):1542-33 and Alonso et al (2004). J Biol Chem. 20;279(34):35768-
74. Such assays comprise assaying the ability of VHZ to de-phosphorylate a suitable substrate
25  such as p-nitrophenyl phosphate, or as oligopeptides containing phospho-tyrosine and
phospho-threonine residues. The assays may be performed in the presence or absence of a
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
30  transcription or expression of VHZ may also be used. Candidate modulators may then be

chosen for further study, or isolated for use. Details of such screening procedures are well



procedures may also be used to identify modulators or antagonists of VHZ. Under such "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, 30library of molecules, etc),
and one or more components is removed, depleted or subtracted 58 from the plurality of molecules.
The "subtracted" extract, etc, is then assayed for actjyity, by exposure to a cell comprising VHZ (or a
component thereof) as described. Thus, for example, an Immunodepletion' assay may be

conducted t%ﬁ%%fﬁ%ﬁé‘%H,%?ﬁ%@iﬂ(%ﬁia&qg‘a‘é‘é%riﬁeﬁﬂf?%ﬁ%i&%gﬁ? ov‘fﬁ%’ mAxpG prepared

from a suitable cell. 5The extract may be depleted or fractionated to re ve modulators, such
as by use ofmﬁm&ﬁaa@ﬁéﬁ@ﬁlwﬁ’ﬁahémbr tEARATSEHIE80 i theveXeHetts ailsrstd Pekkeodulator, it

will lose the aglityteaffapteydy function or activity or expression. A series of subtractions and/or
depletions may be required to identify the modulators or antagonists. It will also be appreciated that

the above ‘depletiofcQt-SubAGUTIeaARARKLE HALSEHIRS A DIE/IIBADARIRAJR I8Nl putative

modulatory factors for further screening. Furthermore, or alternatively, the "depletion” or "subtraction”
assay may R Geelemseddiniim e Hsdlsisryssstnagrerbniarebin s pettsie 4B\ comishéans (for

example, a "pogityehecipanashissciibad slsewhesan isroeupieatkaha Rutadxe maetirior.
Candidate moleculges su 'éected to t (%ssa and wpich are four%d to be of inlterrgstgna 15be isolated
and further STOEE. MBS FE S0 AR b RIS b it FE& Sl S&%’b’é’ﬁ& 5 £if Fy’%%%’f%olecule
employed, wheifiet jiriscinthé fiorenrofiadibrsays, srowondanigd; dhelid ateyronidoylesagsebeindgdgsted at any
one time, thq

orovided in 55%%5%?@5?@&%@_ UG R PRGOS lGkays J%ib%%%?@ﬁ%ﬁ?%fe? fay be

e tformof a i in one embodiment, more than o ecule may be

screenéd sinfliitapelsnenida merdy eraaiaibiae ek kdgelsepesiye Ruchreciorandinple, a small

molecule libkafyssadobape Riisien Rk PreRMaiRIC AR A ikaswv A ARt aiamRarnds (such as a
combinatorial library), a library of antisense molecules such as antisense DNA or antisense RNA, an

antbody library etoy iy epS KON BIBIEH Ry CBHBIRUG A ARDIR AL Bl Pu

screening. Different cells comprising. ay be’exposed to individual members of the library, and
effect on theeBBag-peearif detsrmiina Al aseRFEISBYYRAY e Employed for this purpose. The

cells may be spatially separated, for example, in wells of a microtitre plate.
[t will be appreciated that any component of a cell comprising VHZ may be employed,

15 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 exampie.

Thus, in a specific embodiment, an assay format may include the following: a
20  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
same manner. VHZ activity, for example binding activity or transcriptional co-activation

25 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
“subtractive” procedures, a plurality of molecules 1s provided, which comprises one or more
candidate molecules capable of functioning as a modulator (e.g., cell extract, nuclear extract,

30  library of molecules, etc), and one or more components is removed, depleted or subtracted



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, 30such 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 59 exggnple, peptides of 20 amino acids or fewer, for
example, 15, 10 or 5 amino acids, simple compounds, etc. Alternatively or in addition, a

combinatoriagl YRy, Rs-A5SSrRB LRI iU -datai hedowamay #e RAIRANEE{el RPHMAIRISHPr

antagonists of VHZ Assays for VHZ activiéy are 5described above. Ljbrarjes Libraries of candidate
molecules, stEWREiSra RIS GrEBIsHE pifded Brrrmrattherrb\rh €easBfdyed in the screens for VHZ
antagonists and inhibitors described here. Such libraries are exposed to VHZ protein, and their effect,

if any, on the activiljhes.thes pionals. podBrsrrmedsactionSeswstivayhe fopd s kst 1 dfsntty gedired
members of jasaglibrasies A KNOWRIRINE: a6 A RifiadbyRhageaisplay teahRituasicQueh

systems, in which diverse peptide sequences are_displayed on the sur ﬁi:e of fila

entous
bacteriophadd ¢ SEiF bRaY S iFPIAS8 6 LRSSt & BV BWerterBIPHAIAI THS ?fZ'%Yd'F%ﬂfibody
fragments (ainechifedepiteotidethepuancas thaibbieeclidirg tiaen)fdegheiofirmsdlbctiont sk
amplification, of specific antib (rmen that bind a target antigen. The nucleot guences
encoding thelmﬁg%ﬁ%fit/{tf)eag{l%g%s are lin Ctggrfg rg%:r{sg??a(grﬁg{ S W |'c% Seerﬁica gﬁﬁ(}:ﬁe%rﬁ g?gnals that direct
them to the pediotadapictiopanwpbEreguirehia Henife SutriedulasurantaagRds. fragments are displayed
on the surface of the bacteriophage, typically as fusions to bacteriophage coat proteins (e.g., pill or
pV111). 20Alternativeli}] alntibodyrfratprdntstiahe sheptalizglettarnalsdrriemirdaphagechpsids
(phageppdie ofphadsshaseg.aisRaRRIRMSIR et PREAHS dagyiAse biological
system?selg%%@églﬁgge?yﬁ me b(te_ cagebgﬁfrﬂbl_ified s?mph/&%)yj gr(gwing the phage coln aining the
selected librévytheamiserdnabamettictcahs “Hemeiiam ove sshiasing asede Sivebssebvertiitiencodes

the polypeptige BrAN: fReRESHSEMBINRAQBAIRAS SRPAREMIGAVEFE, S8GHEAGHT,

expression and subsequentdc_;enetic manlﬁulation is relatively |
screen as described elsewhere m this document) as a putative modulator.

Candidate molecules subjected to the assay and which are found to be of interest may
15  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.

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
20  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
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
25  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 employved. By a “smalil 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,

30  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



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 Cal.
(1991) Proc. Natl. Acad. Set USA., 88: 4363; Clackson et al. (1991) Nantre, 352: 624; 30Lowman et al.
(1991) Biochemistry, 30: 10832; Burton et al. (1991) Proc. Natl. Acad. Sc! U.S.A., 88: 10134;
Hoogenboom et al. (1991) Nucleic Acids Res., 19: 4483; Chang et al. 60 (1991) J. Immunot, 147:
3610; Breitling et al. (1991) Gene, 104: 147; Marks etal. (1991) supra; Barbas et al. (1992) supra;
Hawkins and Bier (882 o| AR 2 PP Bl 4921 d Pk o0, 20007
Lerner et al. (199 cience, 258: 1313, incorporated hereln%y reference). Such techniques may be
modified if néEBYSAAITAEhe expression 5generally of polypeptide libraries. One particularly
advantageous approach has been the use of scFv phage-libraries (Bird, R.E., et aL (1988) Science
242: 423-6, HustonfdteatativeB8oHnawsidiNiatl, AeaubiSuptiaSihra8525870rHee 3 Btherdlséay et al. (1990)
Proc. Natl. Agag SelS &roBaBPRIRTRVGCAlIRE AL Bt VISR R GHADkRAR 3k 1991
supra; Marks et al. (1991) supra; 10Chiswell etal. (1992) Trends Biotech., 10: 80; Marks et al. (1992)
supra). aridiERIGReNts 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 W@92/F1047 (Medical Research Council et at) and W097/08320 (Morphosys, supra),

which are incorporafgehheseinbydieier anteuiaAllemativediiasy salaiandesimelegiesidaciude

bacteriophage lambda expression systems, which may be screened directly. as %act iophage plagues
or as colonie@%?%%&’ “;dd&ﬁ“éﬁ%’r%{ﬁ ﬂs%e%%?%%‘d%—?ﬁée‘%@ﬁfé%@%@gﬁe eé%’,eéifg: 1275; Caton
and Koprowskiritie9aPramshiath. Yddchr@einl il fei8Zfiddull ey stalthgl890)tPod thepmtkecad. Set

USA., 87 8095. Persson et al. (1991) Proc. Natl. Acad. Set U.S.A., 88: 2432) and are of use in the 20
- methods and compositions described here. These expression systems may be used to screen a large

number of differentsnie bers of a Jib ary, Lrll.the orde& of about 106 or even moreknOther§ reening
ee(gion 1O df)CO L 180 tlr}%desgﬁe me I'S 01 1arge 1oraries are Knowi 1n %% .
systems rely, for example, on direct cheémicalsynthesis or library members. One early method involves

the synthesismfayéyified mnphagst bfpingechronss Sush sxsdosciibedinh WoSsH 08B8ke. sequimniksr method
involving pepfidg; sybesis AP Reads o%ﬁ%@eﬁ%ﬁ%&%@ﬂﬂﬁ&ggﬁgﬁ%ﬁ g yyiielbeaethPsatinan

individual library member, is described in U.S. Patent No. 4,631,211 and a related method is described

in W092/0008PVH &5 doh ARAMNE VERER Y P pbadaBRsat HBtHEE 1R\ ORASStALRIFG 8X%Eh bead
with a uniqueddentfialtayiGueb as ah eligenucinatideisranifagiime ideriiicationatdaaamino
acid sequence of cach lbrary member, These Improved bead-pasyd, melhods are depgyibed i
W093/06121-

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., pHI or pVIII).

20 Alternatively, antibody fragments are displayed externally on lambda phage capsids
{phagebodies). An advantage of phage-based display systems is that, because they are
biological systems, selected library members can be amplified simply by growing the phage
containing the selected library member in bacterial cells. Furthermore, since the nucieotide
sequence that encodes the polypeptide library member is contained on a phage or phagemid

25  vector, sequencing, expression and subsequent genetic manipulation is relatively

straightforward.

Methods for the construction of bacteriophage antibody display libraries and lambda
phage expression libraries are well known in the art (McCafferty er al. (1990) supra; Kang et
al. (1991) Proc. Natl Acad. Sci. US.A., 88: 4363; Clackson et af. (1991) Nature, 352: 624;
30 Lowman ef al. (1991) Biochemistry, 30: 10832; Burton et al. (1991) Proc. Nail. Acad. Sci
[/.S.A., 88: 10134; Hoogenboom ef al. (1991) Nucleic Acids Res., 19: 4133, Chang er al.



30Another 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 61 library
member is determined by its spatial location in the array. The locations in the array where binding
interactions between a predetermined molecule (e.ggpa receptor) and reactive library members occur
is determined, thereby identifying the sequences of the reactive library members on the basis of spatial

location. T hg( 8 gqTerhRgR.ALe dascabes! @ryﬂ%xg%%@rg 1)) 304 40851 MR 2070 oYl

W092/1009 or et at (19blé Science, 251:767; Dower and Fodor (1991) Ann. Rep. Med Chem.,
26: 271. @ﬂi@r%‘?‘é@éﬁfs"fo@ %%Pe?‘ﬁﬂﬂﬁﬂﬁ&ﬁ’éé“&ﬁ Vot ofraenebtidésSrliddakhg use of

cell-free enzymatiomachinery.dpr, theyin &iitye, synibesiaof e ligrancaenhess lnmesesnatdod, RNA
molecules are selected by alternate rounds of sel tlon |n t a targe éﬁ?g nd 10 and PCR

amplification"eFEIRRY AREENsR: (1 f%‘i’i‘@ﬁ%%mﬂ ﬁ ?Sﬁeﬁsﬁ ?@‘Pf%ﬁ})ﬂNature 346:
818). A §|mllgdsﬂaehp|qﬁ4ﬁ)ljf;&pﬂm libedtits. identify DNA sequences which bind a predetermined human
transcription factor (Thiesen and Bach (1990) Nucleic Acids Res., 18: 3203; Beaudry and Joyce (1992)

Science, 257: 635;M@g&k@ﬁ&&%aﬂdﬁv&@a&@g&hcmmﬂe@mw ansevopliansiatianssan be used to

synthesise pglypeptides a thod fo Iar lib Th th which generally
comprise sta }@eg gjolffs%?n@%%ﬂef EXES: ‘nggg Eglgo? ?urthé?ﬁlﬁggl §§7§§E ggﬁe%%g%/‘%?%

W090/07003,) \W/BQ BD21376; mfm}ﬁﬁﬁ&yaﬂndmmweﬁmtacmh\ﬁ@tdﬂsﬁléy 8ysiéfts MFich are not
phage-based stigh i )99 asiasl o MOSR 20025 and WSR2 (ATARSse e polysomes

to display po or selection. These and all the forégoing documents also 20are incorporated

herein bY refehésnsdl Géfn@?l%%Tﬁlnéﬂﬁaﬁé%h IOLﬁS)raMéﬂ‘Sle ﬁérﬂ@ﬁ@rﬂiﬁ?&n‘é%ﬁ?ﬂ’éandldate
molecules, nagbsditiaaty HEsER INIRIE ofsraAIBA KR BpIRIe (Al pRoknVIIASIReMIYR ARl

chemical libraries). A "combipatorial I|brary Ethe term_is used | n thl% lclt]FEent, is a collection

of 25muItlple%ﬁgﬁm?&%@ﬁﬁﬁgf%’&%%ﬁw& Aeh gl@%‘f’?a%gﬁﬁvg&g% Hits.

Comblnatorlaﬂiwgmom nay FeOsiee o4 (dedialdtesdesdiviicimailescapebié BOARDBIBAY VHZ.

Various com rlal libraries v%lclgemlca compcigi ge;r?'b?f gntey available, including libraries active
a

[V
against proteo yﬂ% ar?/c? RoN-proteo! yﬁléeé%czci/ brarieso gonlsts and antagonists of G-protein

coupleq feceptors (GECRS [braries acive aganstnon GRCR ARSI, (i disging,fon chanels

systems, which may be screened directly as bacteriophage plaques or as colonies of lysogens,
both as previously described (Huse e al. (1989) Science, 246: 1275; Caton and Koprowski
(1990) Proc. Natl. Acad. Sci. U.S.A., 87; Mullinax ef al. (1990) Proc. Natl. Acad. Sci. U.SA.,
87: 8005; Persson ef al. (1991) Proc. Natl Acad. ‘Sci. U/.S.4., 88: 2432) and are of use in the

20  methods and compositions described here. These expression systems may be used to screen a
large number of different members of a library, in the order of about 10° 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
WO84/03564. A similar method involving peptide synthesis on beads, which forms a peptide

25 library in which each bead is an individual library member, is described in U.S. Patent No.
4,631,211 and a related method is described in W0O92/00091. 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 W0O93/06121.

30 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



factors) and libraries of whole-cell oncology and anti-infective targets, among others. A 62
comprehensive review of combinatorial libraries, in particular their construction and uses is 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, c1998. Methods in Molecular Biology v. 87). gpecific 5combinatorial libraries and methods for
their construction are disclosed in United States Patent 6,168,914 (Campbell, eta!), as well as in

Baldvin et k(0B UGS A2 Al alsrde ks ERsreuiiBMaleRulas Tags." . Am.

Chem. Soc. 117:5588-5589, and In the references mentioned in those documents. In one

em bodlmentWﬂPf‘éec@ﬁﬁiEﬁﬁa’Péﬁﬁﬁqtl%WWFﬁBW Rrylseapisad aeisinien i 1ereped te2pdtentially

mcludeI molem#@@ \M'@iﬁlb}af)@@f@ﬁtly\ﬂ%&tﬁﬁﬁﬁpﬂfé&m@%éh@fﬁﬁlﬂﬁd@ﬂd]kﬁih@esgéfﬂ% eewasmmﬁlfolrb
example, combinatorial lioraries nst.chrogmatin struct proteins Y. creened. Other libraries
which are usBRIRPSFRIRSRBY g‘?ﬁ‘?}éﬂf&g"&b ﬁ%ﬂ i §c£é%ﬁ1 ﬁgté)ﬁ‘ée?ﬁ dification

enzymes (e.d, #ﬂﬂ@ﬂam%ylaﬁmm gl ﬂﬂ@ﬁylﬁudm enzly(e3) ) SeibNA Modméatomefomdxample,

DNA methyl%tlgn Jopdemet u} We@t Cheiuggeﬁ,eferences describing chemical combinatorial
libraries, their pro uct| n and use include those available from the URL

http://wvvw.netsci.qQ gﬁSmence/ omblch% 1H;cludln 'I;)he gh mlcal G tion o ecuﬁar
Diversity. Michael N eglﬁh nEPRaTmEceu cas R B'R/ ?on of El (%ubrhs(h uR/ f§95)

Q_ombi_natorilabﬂ?ﬁems@nﬁ@@&mmmh@?mnmﬁ ¢ﬁfb¢d1bnm®9t@msfmgwsses the role
its Project ngf@t%@'ﬁm%mmq%qb\f@{éﬁybgt%@&&ae(ﬁ’olm§fa?geﬁé&sro&ggﬁaséqﬁﬁgéq PRt

Combinatori mistry in Lead Discovery arid SAR Optimization, Adnan M Féa lli and Barry E.

Toyonalfh, OHitbBER wbaﬁaﬁ%@ﬁﬂﬁéwé@wwi 9080 Syianem Hp At BasyRIARReesator
g\gltfllgomsktsl ﬁl_[\?lig)%’fﬁ[ﬂécgl@Mglgﬁﬁﬁ‘l@h&%&ﬁﬁﬁﬁ@ﬁ:@Qﬁﬁﬁyec%?ﬁ@hhﬁ}f@&mﬂyéﬁﬁb%dh I
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Craig Jame inin Da ight, m S ly,
19959) An Irﬁ‘\())erErB;a %w%anaaglr%‘?%t Ar h?t"ecﬁlrgrl%g%ﬁ%c%mEln%':ec%glEgllgu%rﬁ&lgét:&lg%gﬁ%%%geiyand

Catherih® Whinetioddonigenamusisig lae librisishbesg oisthedoshiskaraesdtwarpmssiedisgdidressing
Chemical DiygisiymReompnaat maricsahreaonndpiMetasuian Sraphioseng S eomigaiddlodeling,

College of
J W091/02076, WO91/05058, and W092/02536. Alternative display systems which are not
phage-based, such as those disclosed in W(095/22625 and W095/11922 (Affymax) use the
polysomes to display polypeptides for selection. These and all the foregoing documents also

20  are incorporated herein by reference.

Combinatorial Libraries
Libraries, in particular, libraries of candidate molecules, may suitably be in the form of

combinatorial libraries (also known as combinatorial chemical libraries).

A “combinatorial library™, as the term is used in this document, is a collection of
25  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,
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

30  targets {(e.g., integrins, ion channels, domain interactions, nuclear receptors, and transcription

factors) and libraries of whole-cell oncology and anti-infective targets, among others. A



63 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 5of Louisville: A Description,
Arno F. Spatola, Department of Chemistry, Unlversn&of Louisville (Published June/July, 1996);
Chemically Generated Screening Libraries: Present and Future. Michael R. Pavia, Sphinx

Pharmaceutlcals |v15|on of EI|EL|II Publlsh June/‘]uIXr‘:5 a@)thCheml al tStrate%]les For

Introducing C?ar%%hycln ate Molecdlar \/}3%? {0 The Drh iSCovery focess.. Michael J: Sofia,

Transcell Tephwottsgiasinde grd M@MW?DA#@IMW OiQQ@ﬁtMatMé?h@zgemeﬁf ¢bt Sorhlidatorial
Chemistry. Ma#yiQ £8RQEOVSIL, GREOR %QW%F%? 285 DRV R gg@&l%@a%\ﬂ&ﬁ&@fmaceutlca'

Research, Division of Warner-Lambert Company (Published November 1995); and The Impact of

High Througﬁﬁﬁtlbraﬁmgﬁ%{hﬁ%ﬁaﬁ&qyrﬁ | -B’gg@ﬂafﬁdh‘%{?t’é%“l%ﬁfﬂﬁgb‘é\ﬁﬁ -(Brssi
March, 15996%&%&&1&@&5%@5@%@{@5&@%@6@;@@&@@emﬁﬁoa@ecmféa smeng modem

15methods f r the mace ical I GaII p 199 Chem.
37:1233-1251% %iﬁg"é#\@ r‘i’m % fsl\wgﬁ.aéﬁle ﬁ%ﬁ %ﬁ"eh&s)%%lﬁé%onzf?approach
in use is baséfblmsdcehﬁtegyﬁnmadrrgnﬂmeisymﬂ&siﬁagﬁ leranesc&:emﬁnmg F diR¥enB8tandture on
each particle,Q %F@ééﬂy& PRAsSSHRRAILsIUE AR of the library with a soluble receptor, identification

of the 'bead' which interacts with the 20macromolecular target, and determination of the structure
carried by the |dent fied bea})d dgLan%d F%e?o n?b & 13O%lsgl?lleature %54 82-84), An alte ne tive to this

approach is the sequenf: al release ned aliquots o?%‘evcomlsgﬁrﬁgré rom the solid support, with

subseqint de&mmdq@tlmﬁeoﬁdbtlmpym# sollsioresivdivificstior: Mﬁhe qeaticteritofitiwisidhithe active

compound Wﬁ%ﬁ%lﬁ@ agie@widp&mgag %%Mﬁohm;mw%{gmﬂo@alm&cﬁuﬁ et 25al.,
1993, Proc.Natl.Aca SCI USA 90;11708-11712), or by rea its code (Kerr, J. M. et al., 1993,

J.Am.Chem. seéelﬁe%éeseesqedn%%ev&vewa}chﬁ%s rf?fﬁ%%ﬂle 1mf?bﬂeﬂﬂﬁeyer M. H. J.

etal., 1993, B@ﬁﬂ;mgﬂr&cadrﬁwsu@ﬁ;Q%l@%&&@i%@&oséﬂmﬁeﬁe@gnmmkam;twl@hlkbfarles may be
synthe5|zed Hsm a5|mro r|nC| efort %gﬁeneé |on of |mothg[nj yres o tldes which was
ymp

first descrlbedsby RY E%) IEUZK yﬁl?nternafmﬁ% 05|u R/Iedlcmal

Chemistby, B@ﬂaphslamees, Furka, A. et aI.. 1988, 14th International Congress of Blochemlstry, Prague

1988; Furka, A. et al., 1991, Int. J. Peptide Protein Res. 37:487-493). The construction of soluble
Further references describing chemical combinatorial libraries, their production and

use include those available from the URL http://www.netsci.org/Science/Combichent/,
including The Chemical Generation of Molecular Diversity. Michael R. Pavia, Sphinx
Pharmaceuticals, A Division of Eli Lilly (Published July, 1995}, Combinatorial Chemistry: A
20  Strategy for the Future - MDL Information Systems discusses the role its Project Library plays
in managing diversity libraries (Published July, 1995); Solid Support Combinatorial
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.
25  Mavunkel, Robin Andy, Donald J. Kyle¥, Scios Nova Inc. (Published July, 1995);
Combinatorial Chemistry Library Design using Pharmacophore Diversity Keith Davies and
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
30  for Combinatorial Chemistry, Keith Davies and Catherine White, Chemical Design Ltd.
(Published July, 1995); Novel Software Tools for Addressing Chemical Diversity, R. 8.

Pearlman, Laboratory for Molecular Graphics and Theoretical Modeling, College of



64 libraries for iterative screening has also been described (Houghten, R. A. et al. 1991, 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 solid phase
supports, so that each support had a test compound of uniform molecular structure, 5and screened the
libraries without prior removal of the test compoundssfrom 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

combinatoriapan (€ i é-EQBPRART 9119!1&{311%@%@ AU AHIAC! A o lighip-9. urine.

blood, tears, sweat, or saliva), or other mixture of s etic or naturz;ngroducts (e.g., a library of small

10mo|ecu|es(%heamé$pﬁéﬁ9r§ﬂéﬁ>h%h’@ S&qr%aw@ ehsrexeRah ma@nf&*@)aaﬁ]%@n%lﬁmo acids,

ollgopeptldewmwmg@ér RrRtaisMRILRaNeRis O RpRIdRBHak PrSIRsHBY aMINigedS (e.9.,
antisense; DNA; RNA; 0 tide nucleic acids, PNA); aptamers;_ or carboh drates or ﬁolysacchandes.

e
Each membdFBHRY156) CAmBEsE Greragrand o NS DTN e & horpreesiy
15libraryy. The Libsary]way Demapm@unﬁtad Ecﬁpmoimd&pmwnbﬁ" (Chﬁxyl"s@rﬁ Vedrdaining a significant

guantity of |rﬂpur|t|§§g @ ‘8’& aﬂy a@he%%@ e(ne% dJ ﬁrelgan y tg% gq%gmjl}leose

Technologies, O83H symmiétry, armacopoeia,
Sigma, or Trmd@%m%@@%@d@@@vﬁﬂhmﬂlmmgt@ébmbﬁwmOfZElhlaﬂﬂ(ﬁ’@hltﬁhﬁﬁranes as

described abﬁ\é@n&i@ﬁ@lﬂé}b@fé%ﬁ&@%ﬁqtggv&rﬁﬂyzﬁt?&aﬁaagaem&m&w& pReGiigitmgeliability,

or reproducibility of the new methods. Diversity files contain a large number of compounds (e.g., 1000

or more smallimBBERIGYEsrdEartatiishrhhy s dewsredbhsparmiosian icc A s8Entially result in
nonspepific datedioy M%), axaanbiversiy fleTanmaammeCirlhiavailabigor sanalskipe assembled

from individug] 25compounds commercial il m th vendors lis e. . ANTI-VHZ
ANTIBODIES™", %ﬁfﬁ? agagnts ?ﬁclﬁd%%é%(%us $F r%c%m £l uréc%ff%r%hlcwrsﬁ%obe used to
regulate the &ty lcihistptotepantfdPeXashedl & ofomrhethidds o had e drgrapr e &ingind hroughput

Organic Synthesis on R&D in Bio-Based Industries, John P. Devlin (Pubiished March, 1996).

Techniques in combinatorial chemistry are gaining wide acceptance among modern

15 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
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

20 macromolecular target, and determination of the structure carried by the identified "bead’
(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

25 al, 1993, Proc.Natl. Acad.Sci.USA 90:11708-11712), or by reading its code (Kerr, J. M. et al.,
1993, 1. Am.Chem.Soc. 115:2529-2531; Nikolaiev, V. et al., 1993, Pept. Res. 6:161-170;
Ohlmeyer, M. H. J. et al., 1993, Proc.Natl. 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
30 (Furka, A. et al., 1988, Xth International Symposium on Medicinal Chemistry, Budapest
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



diseases such as cancer as described in this document) may include antibodies against the 30 VHZ
protein. 65 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 breast cancer. Other antibodies include
those which have therapeutic activity, i.e., which aregnay be used in a 5 therapeutic manner to treat,
manage or prevent any VHZ associated disease, including breast cancer. An antibody against VHZ
may be gengjigit an Arsalibe iR e RARIGR:R AT eRleR IS ReRUG001, Naure
RRLRPGSIETYEQEK corresponding To amino acid residues (126-140) of human VHZ. 10Examples of
antibodies capaBe8$0 indinkem Yippoiad e scrcrehuappetisdihropeihissbaigye afiogte numbers

LS-C32281, aRalnpieifgcdo dohMhndistist 4860 s LSnh 630eandd 2nd6B08mbaake3h 8brdiée opan Inc,
Seattle, Washington, USA), rabbit anti-human VHZ antibody (catalo ue,g)umber DS-PB-00676,

RayBiotech fUINBIES SYBPLE TG S SRR SRR GRBRCURY 2 Rt By R RAEAI5E GEHS tSber
XW-7857%, Pradetirardeiibehries Wiavsayphalitoinia) bISK testbinpoihdsufroan thiHzppotitdady
(catalogue number F4560,and D9340-66A, WUnited Stajes:Bi ical . Swampscott, Massachusetts,
USA), chickesﬂrné!?rﬁhﬁfrzr?é% \ rgr?tfégé%a(]gé%ggé%eﬁﬁhfrg %ri%g'gﬁcg%éwu%ni ed States Biological,
Swampscott, Mass%ghusips, USA(?, rahbit anﬁi-rr\#man VHZ antit odg éca alogue InH)mber AHPI 142,
AdB Serotec, Oxford "UAité E'IE(n%)f 3“%,?%?68&% ﬁﬁﬁlr’??fane@ﬁ?aﬁﬁ oarf?1 o arcl)agulerﬁ{f’rrg%é‘r’ 30
NB110-4045&%\&11@@1@11@11@&;Iibmlpmapolmr.@dmdusA&,@UiﬂM(agﬂmaiOVﬁzemtibody
(catalogue nuRer NG00 528, NS B IQBIGRIS, WY 0larady, LSl o Eytinermore,
antibodies which are specific f%r VHZ may be generated against any suitable ep?ope, for example, an
epitopel Beriveeldesles g eaepiBiemIPRE Yequence of a suitable fragment of VHZ may comprise
residue C95 of VHZ and any epitope from this 25sequence may be used for the generation of specific
VHZ antibodies. Aﬁbr@!@ﬁumgséssmahiimi_@@ft.,lrﬁmnﬁa@helceﬁmihambbd@ime]ﬁﬁd@ﬁcomplete
antibodies 05&999&%5{%&%{%9%@5@%@%@&&%@&@Jaﬁ@m@@&fd@t@%s., sResified to the

contrary, the term includes but is not limited toépolyclonal, monoclonal, natural or engineered
antibodies ineR¥YrRehiPepfE GRS KR RA HrABREEH:TTBHRNR alRe A BARaf $ElEtted
30antibodiesspeadusaBersMBIlRas dispavieiniainativesteganiatemitie @I alsarpeiides

15 library). The library may contain purified compounds or can be “dirty” (i.c., 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

Tripose) may also be used with the methods described here.

20 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.
Diversity files are commercially available or can also be assembled from individual

25  compounds commercially available from the vendors listed above.

ANTI-VHZ 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
diseases such as cancer as described in this document) may include antibodies against the

30  VHZ protein.



single chain, Fab fragments and fragments produced by a Fab expression library. Such 66 fragments
include fragments of whole antibodies which retain their binding activity for a target substance, Fv,
F(ab") and F(ab)2 fragments, as well as single chain antibodies (xFv), 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 g'sagnostic and 5therapeutic applications on
account of their small size and consequent superior tissue distribution. The antibodies and

fagments thereof Myt Rumaniiedanibedies, [BIEXAERIe, o5 et ) BRAGRR9400.

Furthermore, antibodies w uman varia é egions (or their fragrhents),
described in oSdepenvatizs: 53461807 dimieel 078 S1ibndigsisousetulondegemaitidizing antibodies,

i.e., those whigh.inhibit any, Biplpaical ARHVINAE Y RiAzRAYRadsaLiar diagnostiss andtherageutics.

The antibodies described here may be altered antibodies comprising an effector protein such as a

label. Labelseiffedicsipalrtsdhonagigtorarrd ienmsitiar i sith bearfiBevsr s maY 8505 Yito may be used.
Such labels mayfeekadisastiverabaltrigasprpatue,abetsasuchtasdneisl, hrhattiglbsavwhich are

readily visualisable within an embryo or a cell mass. Moreover, they may be fluorescent labels or other
labels which &F&isualisable 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 &BARHRAAEHTE NAHZ PRSs 8 BF A G5 R AgHEEBIP15H BYly clonal Antibodies
If polyclonal mtibeieigsnaraide pigilieR Be/REESIRTAMAMEK (eogrospoidae; tabiingoad, thddses etc.) may be
immunised 'l%alrl(') muno eQ)' omposition comprising a VHZ polypeptide or peptide. Depending on
the host speci€s, various adjuvants may be used to increase immunological response. Such adjuvants

mcive Sbstances SHERAS GEUBRRS SRAGAE BOR O pVATH SESTELA" 61 EHI G, keviole
limpet hemoayéinity &rachblinitr ophdrol | BEG2(Bacithicakndit8Gu8in) $0d 2368y h8baetdfiand parvum
e poen R YRS Sexbsn (o s e
systemic defettithedy (catalogue number DS-PB-00676, RayBiotech Inc, Norcross, Georgia, USA),
chicken anti-human VHZ antibody (catalogue number X W-7857, ProSci Incorporated,
15 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 AHP1142, AdB
Serotec, Oxford, United Kingdom), rabbit anti-human VHZ antibody (catalogue number
20  NB110-40452, Novus Biologicals, Littleton, Colorado, USA), chicken anti-human VHZ
antibody (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

25  sequence may be used for the generation of specific VHZ antibodies.

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

30  antibodies produced using phage display or alternative techniques. The term also includes

single chain, Fab fragments and fragments produced by a Fab expression library. Such



67 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 immunoaffinity
chromatography. Techniques for producing and processing polyclonal 5 antisera are known in the art.
In order that such antibodies may be made, we also grovide VHZ amino acid sequences or fragments
thereof haptenised to another amino acid sequence for use as immunogens in animals or humans.
Monoclonal Antibodies I}{IJ(&Q clonal an}i&gd]ies ge&ted %% inst.e itqpﬁlslcfbtaiqtableffrpmag VFIZ

polypeptide %Irlepnésplﬁ € canaé?é%ﬁbsé) rea |f’ya|rolr'oaug%él?V yorﬁelgkl ad in the art. 1Pﬁeogenelﬁgtl

methodologystbstanakifiy Fiaripehdridkbiniiestivsthyhyblidosmsicishuislkkifodies (wfivdrtasion _
antibody-progcing ¢ell J’tﬂ@xssgﬁt‘ﬂé?ﬁ GreaiRd i Gelb IR vangha 93%85“‘%%{98?9{99%!{9}1 as direct

transformation of B lymphocytes with oncogenic DNA, or transfection with Epstein-Barr virus. Panels

of monoclon&midtisaEmeaty Bt ced uaint Sripspicatagrens srpaHed s dEsiasia froperties;

i.e., for isotypeapa.apippaaffinitm accMangelienaantinedios naavcoe-RreRsiest using any technique
which provides f%r the production of antibody molecules by continuous cell lines in culture. These
include, but gf'%trt‘ldit'l%ited to, the hybridoma technique originally described by Koehler and Milstein
(1975 Nature 256:495-497), the trioma technique, the human B-cell hybridoma technique (Kosbor et
20 al (1983) ImmurtdetaiRgtas2d Eapments hareey e Bt NER PO 2606225505 %nd the
EBV-hybridogsetidet tigireA Cota @, aurivanoriamtbAditibetliefiintsran cafidiherapyngor Hhér96, Alan
R. Liss, Inc., 1985). Recompinant D ec 0 a téﬁﬁﬂ,to' ve the antibadies as
described he{%gfg IESS) g%i%‘gﬁg%naﬁbggs |5I}lé“gf¢1§yﬂ§§l %‘gﬁ% rﬁ%tg’g I’ ord@#@%@dfg;snéa?’h%w%
immunad§enioitgd 78thgrdieiip aigiymistic or therapeiuh crapplisatibdoScdadedinidudd Zonaprise splicing
of mouse anum%mmcgmqﬂemggy genes to obtain a molecule with appropriate antigen
specificity and biological activity (Morrison et at (1984) Proc Natl Acad Sci 81:6851-6855; Neuberger o'

at (1984) Nature 312:604-608; Take at (198 tur A52-454). . Mor ' nogenicity
may be minimised]t.[)%y aﬁﬁrﬁ%nlsélsncge% e g§t| e{)ed?é?%%%%%%g?ﬁf‘r%‘%Oﬁ%@gké\{&t%%%\é%ﬁ%%g}r% t/g\igplicaltion

0 239 400 (Wirshesyjed alerl pthstratihidhatheyibk maiitcaiion JEpibuigy o0y asdody Kwévaartively,
techniques dgsgribethiqlsthesardustiones inale chai aniRodieRidS.RRteHN A1946779) can be

adapted to produce the substance specific single chain antibodies.
15  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 capabie of binding specifically to the

VHZ protein or homologue, fragment, etc.

20 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
increase immunological response. Such adjuvants include, but are not limited to, Freund’s,

25  mineral gels such as aluminium hydroxide, and surface active substances such as lysolecithin,
pluronic polyols, polyanions, peptides, 0il 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
sequence is administered to immunologically compromised individuals for the purpose of

30  stimulating systemic defence.



Antibodies, both monoclonal and polyclonal, which are directed against epitopes 5obtainable from a
VHZ polypeptide or peptide are particularly useful in diagnosis. Monoclonal antibodies, in particular,
may be used to raise anti-idiotype antibodies. Antiidiotype antibodies are immunoglobulins which carry
an "internal image" of the substance and/or agent against which protection is desired. Techniques for
raising anti-idiotype antibodies are known in the art. Jpese anti-idiotype antibodies may also be useful
in therapy. 10Antibodies may also be produced by inducing in vivo production in the lymphocyte
population or by sceeenin rec lnjlil%an} [ %%&99!?9&1@44@ ' ar H%@@&?d?r{ 'gﬂ%gﬂecific binding
reagents as discIosge?eéul?[}]t g?f’én%@et 'aII_J&% 9, Proc Nat! Aca 8@56?3833-38 , and Winter G and
Milstein C (199tedusgart SAoRomRo0NE AAtisttnplirathediststovicvicontairispadrie i sites for the
polypeptide o, RepHie: tomasalstbhedan SiaLe dnfRhEXRMIIE cRiENHABRRAISINE AR HRUbIe ot

limited to, the F(ab')2 fragments which can be produced by pepsin digestion of the antibody molecule
and the Fab HAGHRERTENIH RIS BRn et BT LT Ry SIS aRdpfRs BINEgRUYSIRR F(ab')2
fragments. Aliaraadivelknbah expeessinndiiratiessma widehastbetediala) lewalapitoaiild €HgY
identification of‘monoc{ilonal Fak%)frtz;\ %%Httsﬁ‘{\éitgo%g g%iéggos%%ﬁ;gc%%%%%WDuetcglfé%Q%Q%
20Science 255 12 75° Sfguﬁl.wlsec’rhnl UGS Tor the prgcfuc ion of single chain antibodies (U'E: Pat. No.
4,946,778) camalsoebes atapterdster prowiwse single chain antibodies to VHZ polypeptides. Also,
transgenic mice, or other organisms including other mammals, may be used to express humanized
antibodies. 25The aloveidesctibdddntibodies may be employed to isolate or to identify clones

expressing the POYASREGSAY A BUE% %&9&@@{@@We@fﬁﬂgyngmeomﬂw&magmpinant

Techniques of Ant y Production Recombinant DNA technology may be use roduce the

antibodifs acEmamity s st Fredibraretiged an psctated st tex ragreet curtidornss Klected
cell culture sysigr} IVRRYRECARIB AR ABYIREENIBRAEUS tvefi R AR efRkao M AislRseproRieRRSS for the

roduction of an antibody comprisin
P cell lines can ge created by%ell fusion, and also by other techniques such as direct

transformation of B lymphocytes with oncogenic DNA, or transfection with Epstein-Barr
virus. Panels of monoclonal antibodies produced against orbit epitopes can be screened for

15  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
Nature 256:495-497), the trioma technique, the human B-cell hybridoma technique (Kosbor ef
20 al (1983) Immunol Today 4:72; Cote er al (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., 1983).

Recombinant DNA technology may be used to improve the antibodies as described

here. Thus, chimeric antibodies may be constructed in order to decrease the immunogenicity

25 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 ef al (1984) Proc Natl Acad Sci 81:6851-6855;
Neuberger ef al (1984) Nature 312:604-608; Takeda er al (1985) Nature 314:452-454).
Moreover, immunogenicity may be minimised by humanising the antibodies by CDR grafting

30  [see European Patent Application 0 239 400 (Winter)] and, optionally, framework
modification [EP 0 239 400]. |



culturing a host, e.g. E. coil or a mammalian cell, which has been transformed with a hybrid 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 5sequence encoding
said antibody protein, and isolating said protein. Multiplication of hybridoma cells or mammalian
host cells in vitro is carried out in suitable culture meghia, which are the customary standard culture
media, for example Dulbecco's Modified Eagle Medium (DMEM) or RPM! 1640 medium, optionally
replenished by a mammalian Sqri &g Josial Al SEMM. AlIBES Qlsments And rondl ustaining |
Osupplements, e.g. feeder cels Suchas normal mouse peritoneal extudate ceﬁls, spleen c% IS, bone
marrow macPapinadus 424emrdetrabotdimiedits pradude thin sibwiadenspseiipopreleiehatteic acid, or the
like. Multiplicgfifyaffhost cells which are bacterial cells or yeast cells is likewise carried out in suitable
culture media known in the an, for example for bacteria in medium LB, NZCYM, NZYM, NZM, Terrific

Broth, SOB, SOC, 2 x40l ?{L%W%%ﬁ&rgéjl%%@%riﬁ[ &ﬁié’%%%ﬂé&@&%%{l&? ird el D> Minimal

Medium, or Complete Minimal Dropout M . Invitro production provides relatively pure
antibody’prepeieangne Her allowsrstapertigaergiortidg g& apoomesiprsabldadliegnasisibodies. Techniques
for bacterial gglhogash anapadnalidatelsuitiatirnae koL iR RSB andilkdedypmogeneous

suspension culture, e.qg. in an airlift reactor or.in a continuous stirrer reactor, or. immabilised or

: 4

entrapped caliOBRE FIFROLIE 3 HBMARORlRYIRN Wt T JRtagatdEazh ofdbe SRS BP Yeramic
cartridges. and/arggeqitaitia svhicdhprolesiied adéiedict:dariqisoife sbitgned-bogpltiplying
mammalian cells in vivo. For this pur hybridoma, cells producing the desired.antibodies are
injected into is ggg}%g{g@gﬁ%%ﬁﬁ?ﬁhg%gﬂeg@%%yﬁ% ré%l%?géeéy-p?’o&%?ﬁgutst%ﬁa}oﬁrz%ggﬁbnaIIy, the
“animals are primed with a hydrocarbon, especially mineral oils such as 25pristan 7
Cotrambint momad SR TEY 0 RaRie PKARSHE (3 Thre e Re i SR Sre isolated
from the bodyofluisisoafdhiosecraanmmalsonaxample)dyjdindorbradtisooiptaicie d by ghlsiepecifsuitable

myeloma ce 1 i Py i .cel i ansfectec rived from
hybridoma clté?f]\ﬁ%wﬁg ggg%ﬁt%;tﬁgg gigeg?h%gl%%%}r‘gﬁ a(frgt? t%&géwﬁénl I‘%%%?e% l|ari1it%r'a%g;:tr;gt((])ljnea Iyﬂl%to Balb/c

mice optionalkjeeleraadddiltiern SHPAStaNeas d A28 Ao two weeks, ascitic fluid is taken from the

animals. 70 The foregoing, and other, techniques are discussed in, for example, Kohler and
Milstein, (1975) NafnetR86 4850407 WiBMcBTGIL 0ctHarlondangcsitenfor Rntiodxtientide loabeptidery

Manual, {1988), Glo RRiing-kiariey: IGamOraladfpiaIRO-RIAteGErd SShRigRaIOHDE REeparation
of recombinant antibody molecules are described in the above references
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’), fragments.

Alternatively, Fab expression libraries may be constructed to allow rapid and easy

identification of monoclonal Fab fragments with the desired specificity (Huse WD ez o/ (1989)
20 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
mice, or other organisms including other mammals, may be used to express humanized

antibodies.

25 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
Recombinant DNA technology may be used to produce the antibodies according to
established procedure, in bacterial or mammaiian cell culture. The selected cell culture system

30  may secrete the antibody product.



5 and also in, for example, EP 0623679; EP 0368684 and EP 0436597, which are incorporated herein
by reference. The cell culture supematants are screened for the desired antibodies, preferentially by
mmunofluorescent 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 10
radioimmunoassay. For isolation of the antibodigé, the immunoglobulins in the culture
supernatants or in the ascitic fluid may be concentrated, e.g. by precipitation with ammonium sulphate,

dialysis against hygroscopic material such as palyethylene glycol, filtration,through selective
membranes, or the j&%‘?’?‘ﬁﬁé‘é’%géﬁﬁs’gﬁ&lgf & Sg%%iegé%’%ur#bgﬁégna%gg%%igo ;l?%hnég 15 customary

chromatographifaringthbds, fg. éxantite zgmhﬁimtim ceinvéhichhagbeeh tomsitooealotigh edromidtography
over DEAE-Q%MP%@%% QHH%‘H@%}L@@&@&%Q@B%{EBH@%’_ Mime6k RN GhQIRIQgtARhY with the
y

4
antigen, or fragments thereof, or with Protein-A. ] nd%bma cells secreting the monoclonal
antibodies afNdstrarersasacading rivanal ropide inbsAde e rereagadias E2ss dpaasiiddbhal

antibodigs ofsfhe.desindsnecifigitnand conkm astivatediionideepddizen cultures by thawing and
recloning. Also included is a process for the preparation of a hybridoma cell line secreting

monoclonal antibodigg diieaiash O e YddaLPANPEPHdRRRIRAIRNISAH in 1Ass & sifpBlgurammal, for

example a Balb/c mouse, is immunised with a one or more VHZ polypeptides, or 25 antigenic

fragments thBfesHiBBssisduRitlyEe e srawprtandad samRTardife RISSATRA cells of a

suitable myeimmadeetsiedihel Baptichelian piauesl i Re fusisa Gne:dlonedpandlbelkplamigsdecreting
the desired atﬁ,tibodies re selected. Fﬁ)rtgrarﬁple %)Iee?acell of Btalg)é?l mice im{lntunilsned with VHZ are
fused with cels*oFthen ﬁ?é]lg?nma{ncéj’lﬁli & Pihe rh% G ceiffine p%rfa)‘ﬁlgslﬁ,atlﬁle dbtained hybrid
cells arélscreep@enionisecpefisrafictie 80tHasinedamhtitodégsrankpositidedsdbiddsmeancalls.are cloned.

T2 o e OSSR AR SRS R Mo BIERRIAHR ChAAHIIAmaE Dec s s et 2altic

mice are immunised by injecting Subcutaneously and/or intraperitoneally between 10 and 107 and 108
cells expres@ig Hzeditg-a Bitalrataa;olbent selerdrahnse bacterighrells envarecslisverkaviseal
m?cnthséI e.g. é%ﬁtwﬁh&ﬁl Iwgi;ﬁmef@ammgaﬁa%dﬁmm;euﬁﬁ &elh l@fr@mlﬁbl@ ﬁimlilﬁlliﬂéﬂﬁ% ﬂé@%ﬁrggaken tw?
to four days after.the last injection and.fus ith cells of the myeloma cell lin .in the presence o
a fusion p)r/or%}étg#%ﬁigypg%&hifgﬁgég%gﬁ Qﬂ%’rﬁ?go%ﬁ&?il@ Mgfg’g ge‘%%\ﬂﬁnaaﬁ#é%{ to
twentyfold exeessofrsplesnY@ENSYHERD, thBrimal idis@dmic € imalsel diomed Raipingibdutn30 % to
about 50 % polyethylene glycol of a

In vitro production provides relatively pure antibody preparations and allows scale-up

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

20 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
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

25  pristane (tetramethyl-pentadecane), prior to the injection. Afier one to three weeks, the
antibodies are isolated from the body fluids of those mammals. For exampie, hybridoma cells
obtained by fusion of suitable myeloma celis with antibody-producing spieen 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

30 pristane, and, after one to two weeks, ascific fluid is taken from the animals.



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 gs described 15hereinbefore are also disclosed.
By definition such DNAs comprise coding single stranded DNAs, double stranded DNAs consisting of

said coding DNAs and of complementary DN efetg, ort n ingje stranded)
e o for = g

DNAs themselves. ore, DNA encoding a heavy mai
chain variablddiseitait] &f Aniisonids e tdd; H3AY edhtbh Eanoyraeditans. dmshediteally 20
synthesised DNA-havingihaauihanticldNArsequense sesipairidalieavwy GhriRiariablaHamain
and/or for the light chain variable domain, or a mutant thereof. A mutant of the authentic DNA is a DNA
encoding a hf@a%v; EHARTRHTRfi s eRnPiRA ARIBP &Y TBREEHST PSRBT Ebin 1 Boiffer StRESentioned
antibodigs inawhitdd aNeRERAGIEIAPINGEARHIS; B theisted Ardaxe hangisd, withich ae: didngkeapther amino
acids. The n}l%géﬂggtio&%s&r@gy be outside 25 the CDRs of the heavy chain variable domain and/or of
the light chain VAtiable domain of the antibody. Such a mutant DNA is also intended to be a silent
mutant wherein one_or mgre nucleotides are replaced by other nucleotides with the new codons
Coing for the samel i) GG BTEH AT T e PR A P S 2
Degeneratedmaqneieassatatdegang edtPdOvithiotihepineaniagy oflthewbrstitScodindbatban unlimited
number of nucleotides 30are replaced by other nucleotides without resulting,in a change of the amino
acid sequenci:nel%lflrb%r%l §n§h§%§egﬁg&%ﬁgggﬁ%%%%g ’ é?qlsjaénndggg rﬁg%)ﬁlé use?u%écuye’ {0 %heir different
restrictith sitediointfomfresgéiency of particular codons which are preferred by the specific host, 72
particularly E. colt, to obtain an optimal expression of the heavy chain murine variable domain and/or a
light chain murine vEsiaibtdadomafithe antibbrbetethe mutant abtbns ectiio éintlud eupdbmsutamt obtained
by in vitro myfagengsis pf M WNGRUERNA Ao HagiameiNens MAauhin Wikt Shathe
assembly of complete tetrameric iImmunoglobulin molecules and the expression of chimeric antibodies,
the recombifgRnE Nyerasepiccpdiinferdies ppNAbYIgnt elys-Jitagme tepHahsisrE fased with the

corresponding-RtAEEQding fachEamransg il shaineensatitemains prefdmnsipered into
appropriate host cells, for example after ingorporation into, hybrid vectors. 10Also disclosed are

recomblinant BRI RESR M IR eaHifYg F5PRRe 87A gD lon-exchange

chromatography, chromatography over DEAE-cellulose and/or (immuno-) affinity

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
20 cells may be genetically stable, secrete monoclonal antibodies of the desired specificity and

can be activated from deep-frozen cultures by thawing and recloning,.

Also included is a process for the preparation of a hybridoma cell line secreting
monoclonal antibodies directed to the VHZ polypeptide, characterised in that a suitable
mammal, for example a Balb/c mouse, is immunised with a one or more VHZ, polypeptides, or

25  antigenic fragments thereof; antibody-producing cells of the immunised mammal are fused
with cells of a suitable myeloma cell line, the hybrid cells obtained in the fusion are cloned,
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

30 desired antibodies, and positive hybridoma cells are cloned.



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 a human constant domain
x or k, such as K are also disclosed. 15In another embodiment, we disclose recombinant DNAs coding
for a recombinant polypeptide wherein the heavy chajn 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/ar a DNA goding.for a ide facilitating the purification
of the antibody and?,(g)é3 §ecs:¥é§\?aa e S gsa%a or %??é‘f)atlgg gpaag rl’%#&?éﬁi”é%%é?&%%%%éﬁe_ The
DNA coding fut &albieuiesr ardmouieised eimiksting o BNAveHdng dointrpatereat yisiaagies useful
in diagnostic gr hefgpgtitoapalicat Qgsiﬁwﬁf{fﬁ%@ﬁi&aa@gkgmummiﬁ%@go&ﬁjazae?ﬁs,
especially enzymes capable of catalysing the activation of prodrugs, are particularly indicated. The
DNA encodiﬁ%ﬁﬂ%ﬁ%ﬁé‘éf&?‘?ﬂ@b&&lg%ﬂ%%@”?@@e@ﬂéﬂ%@?%ﬁﬂ%ﬁwcﬁgﬁlﬁwméhénzyme or toxin

encoding DNAn@nadnuirphtbeeaf rabdochirkrprepangd by impihossaneikabwithicetha ke Use
Anti-VHZ antibodies may.be used in method of detecting a VHZ polypeptide present in bi ical
camples by THTBARER o R rap SR A e oo By S S A S
biological sampievitbeHaidariibivdyduriden donditmvenihichl siovwsSof shisel elby tnatidheof an

antibody-antige (AR ANC (kA cRInInA ARsIngS anihaduantash COmAlE FRTINYFING said

antibody is forme Suitable samples Include extracts tissues such as’brain, bréast, ovary, lung,

colon, pancresdeadstesighicrrawb i rifisoHe fiuderthordismrheumrdutioroiirhls eived from such

Stissuegy I pRIiicUAleR: SN BISSMBYSRINRHSR ARaBRIHiSSH: Sl R RRI R daye fram an
individual suspected to be suffering from breast cancer. Antﬁifodies Eb%/’ be bound to a,solid

support and/BFHEk b IR0 HRE 54 ORISh I RESHERH Ao Ay MR ER AT ML QAR IS s,
instructions asslHaehlik@doma 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 compiementary 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 aniibodies directed to VHZ can be enzymatically or chemically

20  synthesised DNA having the authentic DNA sequence coding for a heavy chain variabie
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
nucieotides 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

restriction sites and/or frequency of particular codons which are preferred by the specific host,



Antibody Delivery 10The 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, FIEMA, linear polyamidoamine polymers etc) etc. The immunoglobulins and/or antibodies
may also be delivered into cells as protein fusions o415 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.tp a.domain or. se uence.fron'fx ugh a protein respon il%q for the
translocationa a%}fl\a/lrgg%cg?fé gcoall%%ﬁ ?o?ﬁgmg%ﬁﬂ?égagncﬁle%%r%%wfi??]cﬁﬁldrgﬁlom‘érl%slba%d sequences
from the HI\de¢maansdetyashpchrotemTarprBhsépnfile Antennapedia homeodomain protein and the
herpes 20simplex-1 virus VP22 protein. PHARMACEUTICAL COMPOSITIONS AND

ADMINISTRATION Nuhitenit ng:possibiecfolethe matidéHd Ddge ntpiarg| abimgedrby/ i Zitracleic acid,
polypeptide. {i3goasat homolRiE AR L ARANR HEIRAL DAJHIRLoL agoNist or antagonist, a
e

structurally related compound, or an acidic salt of either to be administered 25alone, the active

ingredieglt may be Lormﬁjlated 3.2 Pharmla eu%ical formulation We tper fore §o disclose
. Or the Assem %0 campleie e rar%q% :mmm%o%lobﬁlm molecules c "
pharmaceutical compositions co prlsmg an anti- agent. Such pharmaceutical compositions are

useful for detivprpidting cmieviel Zndhedies bhragintinentdpN Afimatmpdsizider hearesodibiett to an
individual for{he, treatme atanAlevalion Y MPLBMS A dRs R cdifng fof HERRIAAGRItCal

composition in the context of the present document is a composition of matter comprising at least an
anti-VHZ agehtinsaarirmpgietientiansierred{ate ppprapidaigiiost fshn RisAsRIE Mifise an effective
amount of thganioMimRgghieaathewith one or more pharmaceutically-acceptable carriers. An
"effective amount” is the 5amount sufficient to alleviate at least one symptom of a disease as

describgd.  The gffeqiiveamantvithvaR dSRARINEHRAT mﬁmﬁiew%%déwﬁeaoy Sysgrome to be
treated or alleviated, as well as other factors includié:? e age and weight of the patient, how

: _ th
advanced thB¥iesyedabe demaincohpn Jeihady diresied & Biechio fh USRS AYSBRHAOLo I Btoms, and
whether the fiti:Midgiagent isHeing, aaininisiesegdaldrenatd Reconkiat ON bOwiinatkias therapies.

insert coding for a light chain murine variable domain of an antibody directed to VHZ fused to

a human constant domain x or A, such as g are also disclosed.

15 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
purification of the antibody and/or a cleavage site and/or a peptide spacer and/or an effector

20  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
prodrugs, are particularly indicated. The DNA encoding such an effector molecule has the

25  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.

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)

30  incubating a biological sample with said antibody under conditions which allow for the



Suitable pharmaceutically 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, surface-active agents, lubricants
and the like. Typically, the carrier is a solid, a liquid or a 15vaporizable carrier, or a combination
thereof Each carrier should be "acceptable” in the sefse 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 agverse re tioni 0. immune res 0”%%)1 rﬁg administered to '[I:[]% Qp_st. TQg active
ingredient(s)%Igi—‘najl%R%F;E}nfl%élnc.:a(?nut ﬁggf’ c%nr%%%nsft?girﬁesxéo nte\?{: pFa%gal?énéfﬁ?g}%‘ZrO%Ier%geﬁ% activity, for
example, in tenalragemonoicateripodiosfernedplasms and other related diseases. Dosage regimes
may be adjusted to provide the optimum therapeutic response. For example, several divided doses

may be administereuhitihily samiples dodednextisctpriopostivnaky bedudadzas ovdizatenizbyothe exigencies of
the iherapeuie SHiglien] I6ACHHE COMBRLAN MAK0% AUR USIRER I A ARTWENERTAIRG such as

by the oral, 25intravenous (where water soluble), intramuscular, subctitaneous, intranasal, intradermal

or suppositofsTHestds B tieHfant R GESFRINIGH rdsadinuetifb 8 Duprshdissedirthéroute of

administrationqdthe.astivedogedi eptnryiheresiredde.hecoated in a material to protect said
ingredients from the action of enzymes, acids and other natural conditions which may inactivate said

ingredient. 75 The pikyHi< A9¢BE ML ad0NA'SIGHEH Aans pakiRe@TRINGHAR Ydihmer

therapeutic agents. Other therapeutic agents suitable for use herein are any compatible drugs that are
effective for 10EHBShRIRAE B GEEa Y Bragroih sPaTe RTINS tBethikeagent formulation. The

formulation utilized in a combination therapy may be administered Ssimultaneously, or sequentially
with other treatment78be# tRelesombined effect is achieved. Oral Administration In some

embodiments, the iphibiigrefiMH£ a6l iy VEKDIRSRRMAY 30@URkISPravidediasy areaiabeomposition
and administered accardingly. ‘[gt%%os%ge o%% in%tﬁli}%or rj,VHZ activity, expression or amount may
be between SSOUAYSHE My o6l S ML FOTHE PrSHEREL Mol B S tion can be
administerecityathpirmkfoyo RIEG)IMNHiR-hydroxypropyl) methacrylamide (HPMA) copolymers,

polyamidoamine (PAMAM) dendrimers, HEMA, linear polyamidoamine polymers eic) etc.

The immunoglobulins and/or antibodies may also be delivered into cells as protein fusions or

15  conjugates with a protein capablé 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 translocational activity.

Translocation domains and sequences may include domains and sequences from the HIV-1-

trans-activating protein (Tat), Drosophila Antennapedia homeodomain protein and the herpes

20  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
antagonist, a structurally related compound, or an acidic salt of either to be administered

25 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
as in the form of a composition as described, to an individua! for the treatment or alleviation

of symptoms as described.



form of tablets, capsules or solutions. An effective amount of the oral formulation is administered to
patients Ito 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. In general, the daily oral dose of agent is
less than 1200 mg, and more than 100 mg. The daily 15 oral dose may be about 300-600 mg. Oral
formulations are conveniently presented in a unit dosgge form and may be prepared by any method
known in the art of pharmacy. The composition may be formulated together with a suitable

pharmaceutically acgemiaRle CAHIG NS AMGLAG R 003205 AL BreLMRIGALURLLARSAGS UM i Clude

tablets, pills, powders, solutions, suspensions, emulsions, granules, capsules, suppositories. In
general, the DS ReEBRIS B IRashr dBly UHEAERTY &iD ARiaiBES8HRYing into association the
agent composition with liquid carriers or finely divided solid carriers or both, and as necessary, shaping
the product. The acfibe igredpsnties fopautrtonsaenti s £ eries ofdas el hartalsHé agenorm of a
liquid, powdep, lahlets:ifl FRRFYIRTpraiE AR Rliac e SmeLaiactixg BatediRNereekiae disease.
25The composition may be suitably orally administered, for example, with an inert diluent or with an
assimilaBle noREsHisicny i #ﬁv%aérfgam fmaRrLAB A9 Selettehsules, or it may be
compressed into tablets, or it may be incorporated directly with the food of the diet. For oral
therapeutic administhgtisfectine amavet cothpsu senendinseeoisaratiea witisssentadpme8ed in the
form of ingesiibie jrBIsiSIRVEER], [RRIRIP A TAGRE R EAR SRR BHXIS2 RUFIESHEREITIIh SYH4RS:, Wafers, and

the like. The amount of active compound in such therapeutically useful co%}gositions iﬁ%SUCh that a

suitable dosag& RV B EHEE Jigasegic statps RRSRETAIRLE iR RAUSERIES ST TRMKE may also

contain the fellpiings ahineissnisticheasui HIragacdanteimcatdnsanadsiinohoigedattingiwipients such

as dicallcgum QQQEBE?'{E&% disintegrating agent such as corn starch, potato starch, alginic acid and the ™~
suc

. . 1€5. . .
like; a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose or 5

saccharin may be gdded or a flavouring. agent sych as peppermint, oil of.wintergregn, or cherry
flavouring. When th ugﬁ%ﬁﬁgaﬁﬁ]ﬁ%%%? g%%‘?ﬁéh% Sty e e{?tknown

. the ang vary wi
€, itmay gontain, Y 2adlioh T haterial 'of the
above type, shkqgigiiredfoien. and st adsdtiestinatoeriz thozbabepresan fasebditngBooktamopherwise

modly the Pieah B gl iedRsnacsilnEdinsiennes At Rl sanaasmayRg coated with

shellac, 10 sugar or both. A syrup or elixir may contain the active compound, sucrose as a sweetening
agent, methyiuafdepteiiaparabe hbueapresdiaiies ypigalln thel avsisrig sobif adigwerry dr orange

flavour.;Qf coupsgi- a6 aaterial UeesimpisRAIRGLAMLAA0sATRURE S sheuithbr PRatmasrutically
pure and substantially non-toxic.in the amounts e‘[ﬂ)loyed. In addition, the active comp%lémd may be

incorporatedqhhs 88 SRITHREE Y61 &3R5 R BSh B RY DR o dpamyfdion and not injurious to 1

patient. The carrier should be biologically acceptable without eliciting an adverse reaction

(e.g. immune response) when administered to the host.

The active ingredient(s) of a pharmaceutical composition is contemplated to exhibit

20  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.

The active compound may be administered in a convenient manner such as by the oral,
25  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
said ingredients from the action: of enzymes, acids and other natural conditions which may

inactivate said ingredient.



15Injectable 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 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 mg/day, such as at least 30
20 mg/day, less than 200 mg/day or between 30mg/gay to 200 mg/day. The pharmaceutical forms
suitable for injectable use include sterile agueous solutions (where water soluble) or dispersions and
sterile powders for the ext raneous preparati ile inje le ] ispersion. In all
cases the form musT egﬂé%gﬁ}?;%gnmﬂg %g%)i%?l tsg{%hgé %E(gt{egﬁto{hgt% é%lbsb)l/ngf/?#frl]g{;gﬁﬁ% é(g'rxists. It must be
stable underthiseaperiinerrioOrBmbgiaraigreeenis ssisiElg doansehersirbareseprantdyaitiogihe

contaminating AHORRE MICIBPIIaRISHAS A8, RaelgpaRndupghplhs-paryes aanb&a solvent or
dispersion medium containing, for example, water, ethanol, polyol (f%r exampl_e,%ycerol, propylene

ple, W ,
glycol, and li§tayigat&s Ermyrintorilires dle membioation lbsiany ey thermypidiEdegetable oils.
The proper fiiglifly:aecukle, maiejaindaliforigxednpdcdmihe unh thascantivigedudieaddachiirdby the
30maintenance of the required particle size in the case of dispersion and by the use of superfactants.
77 Topical Adminisgsationidhesphasmaceutical compositions disclosed here include those suitable for

topical and oral administration, wih {opical farmulalions,heing preferied where the tissye affected is
primarily the skin or epl‘a‘ermls or example, psoriasis, eczema afgrother epiderma JRSASES). 5The
topical formulatioeszincmdesthios endrdmiriseaicaldadmglin Wi closdse cbthpoditiolerispdied externally

by direct congael; With e SR SUHRGG IR REH 831G derd X GORVERLORA M&ﬁ@f@ﬁ{gﬁdawm for topical

application includés'a soak, an ointment, a cream, a lotion, a paste, a gel, a stick, a spray, an aerosol,

a bath gf a solutioand the HisG, LORIERLINRIARY.IS deliared:Ry Yedous. eGlas . sheice of vehicle
can be important ang eneré’l‘fy IS relateg fb to whether an acute or chronic disease is to be treated.

As an exampietsef tblgts.slkipspies|iferalivangistnslagtrepanury alcbeceral fmagatonus drying

preparations,yhgieae L1y priekinprolitgtationdiserse isdipRiadorih hydmating.praparations. Soaks
are the easiest method of drying acute moist eruptions. Lotions (powder in water suspension) and

solutions (medicatiggs dissaleshi.f S YRADRESIASHH (Re halnv.ershinaridsingis Rieasiintments or
15water-in-oil emulsions, are the most effective hydratlnr?m%égpropnate for dry scalaéeruptlons,
b

but are gready gavarde feriity Upgloth efagsbitiessdam nrradban e & Apprapriate, they
can be gppligehingemiinaligRonitha fandagespastisulaibhyherdhiedesiapletadacieasgienetration

of the agent compaosition into a |esion. Creams or oil-in-water emulsions and gels are absorbable and
are the most TR A MEEE BT EFEHD g ART 50 R Bt AR CLEUHRIER & Himans
Pharmacologh:ab&aﬁs ofa¥ e riapeutics] @@eﬁct Mpth]ﬁ@&ab&i@ﬁh‘h(ﬁ:@%ﬁgﬁnemﬁmﬁmiaﬁ@s generally
nelude compapenieRUeki AR ABU ARy ARA'PRlEIbYIERE AUGBLS. BURCIEOT,dieRIn. Isopropyl

palmitate, glyceryl'stearate, cetearyl alcohol, tocopheryl acetate, isopropyl myristate, lanolin alcohol,
simethicone selils¥ SHSReTEIRY e RIBwSOM s aliNs heapsilehy FSBBNAEBIR oz c@9rabéthicone and

25hydrogyprapyhRaty Rl Hess: AeyWalide D XU ARERMringing 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 hiquid, powder, tablets or capsules to give an effective amount of active

ingredient to treat the disease.

25 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
excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,

30  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.



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 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 30 amount of about 0.5 to 50% by weight of the composition, such as
about Ito 30%, about 2- 20%, or about 5-10%. The cpncentration used can be in the upper portion of
the range initially, as treatment continues, the concentration can be lowered or the application of the

78 formulation mayibe lgss Iredugni. Tepical.arplicatons.ars aftan abplicd duiesdaly, However.
once-daily application ot a fa’rger Jo58 oF more requent app iCations of a smaller dos may be
effective. Théisdatnehcomen imegmmynistaascirewarvioic adzsivw: gradienty endtastiberisierdrug into the

viable skin lgygisoyer-aRinonggreiad il Sm RA0 At RRIGA MR fyificianhameunt of
active ingredient must penetrate a patient's skin in order to obtain a desired pharmacological effect. It
is generally (HIEARCHARRAIHENSHE HHTAIBALY SIS ERNIaRFTY SPRFETUF Sr 1985 of the drug,

the behaviouaedtidit vehide agdud the: Sisulintegdneiosvay isdissnaaeosntfovidiierencas in the rate of
absorption or flux 2{ differenﬁpicagl cg#?%s or th? same dru iln dtiﬁerent \éehic:IeSél &h}e 10concentration
of drug in th& WaRidE RIS MTIEN 06 SATRRS S SHTY b FR S P S Co &L SR P the venhicle
and the diffusiaarcdedichentbotdiypein thpadtratuen. corneum. To be effective for treatment, a drug must
cross the stratum comeum which is responsible for the barrier function of the skin. In general, a topical
formulation which exefiseoktighniateiiss Skip Pepetatian dsadtigcty eibtiveisOsiseifyg shetphl §kaPhartn.

Sci, 60:117% L3O EhLAedemonstiaed ihaf nvig eficacy. ol Lopicall applied siargids was
proportional O The steroid penetration rate nto dermmatomed NUman SKin in vitro. A Skin pehetration
enhancl}l whiegrigtkrthatolpgipaity adec epraptetaindheaeipatibiopathdhaergemseaswgetiningporated into

the formulatigne iRcigesed Be-pERENBlian of e aive. compatadiellinm tieraidarayfage into

epidermal keratinocytes. A skin enhancer which 20 increases the absorption of the active

compound(sPirectHa eRin PEDEES tHY BstMSEhYerfchEdrpnoloses BHToET rdRiHER and provides

for a longer Igsting®ifecinf fae: Mot SKibpenct atigr enbansempissewall kivighinthe art. For
example, dimethyl sulfoxid éU%.ﬁ)Pat. No. 3 7.11,602% ol(gic acid, 1,2-butanedi Jrsurffi\gttant (Cooper, J.
Pharm. Sc., %‘.ﬁ%‘ﬁ?&“ﬁ&g A P RSAIS diS TS FARR S P AYCPTRIAARM AR ArRS (EP
267,617%E 2-ethyl- 251,3-hexanediol (WO 87/03‘4901); decyl methyl sulphoxide and Azone.RTM.
(Hadgrdf, Eur. J. DHRGAAE S BIRrs AHEUsTe085-173 (1996)); alcohols, sulphoxides, fatty acids,
esters, Azone.RTMn gyneodictbodisyanteaterapdliid egefil &ipta edal aPhaimaziblest:619-637 (1996));

Terpenes sugh a3 L ANSAlGo e AN SaliMRROCA0H AEEN AL LYW the anti-VHZ agent
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 mg/day, such as at least 30
20 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 solubie) or dispersions and sterile powders for the extemporaneous preparation
of sterile injectable solutions or dispersion. In all cases the form must be sterile and must be
fluid to the extent that easy syringability exists. It must be stable under the conditions of

25  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
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

30 maintenance of the required particle size in the case of dispersion and by the use of

superfactants.



Pharmacy & Pharmocology, 47:978-989 (1995)); Azone.RTM. and Transcutol (Harrison et al,
30Pharmaceutical Res. 13:542-546(1996)); and oleic acid, polyethylene glycol and propylene glycol
(Singh et al. Pharmazie, 51:741-744 (1996)) are known to improve skin penetration of an active
ingredient. 79 Levels of penetration of an agent or composition can be determined by techniques
known to those of skill in the art. For example, radiolgpeling of the active compound, followed by
measurement of the amount of radiolabeled compound absorbed by the skin enables one of skill in the
art to determine Ievleolsiof th corérj}position absorbed using any of 5several methods of determining skin

penetration of the te gglmpgzlﬁﬁ f’tfﬂ’ﬁlcatlons relating to skin penetration studies include Reinfenrath,

W G and G S HawHirsspireasaussinmhgommasitinns figlascd hoapineirdo sk riRhdaiuripri@bitdtaneous

Penetration. i Swipg:i-Biogmestical RasearehdMnEpdbimplaseny FlenuneNaut ek, 1986, and
Hawkins, G. S. Methadology for the Execution of In Vitro Skin Penetration Det_erminjalti_ons. In: Methods

for Skin 10 ABYBRHtoE B R SMBTEHICRRPRPLE PSTENFaff 2R’ 20E RBePrRCETBY GISERsSESh, 1990,

pp.67-80; and W. G. Reifenrath, Cosmetics & Toiletries, 110:3-9 (1995). For some applications, a long
acting form of agent'sriepiamb&umutnigay BeludsHinrsehamacsuy R ot MRS FITRRSIERE, such as

polymers. The adgad %&QQIWSﬁ’Hﬂ%@@ﬂtﬂ&%ﬂ&fmﬁiﬁ@{ﬁﬁc@w'ﬁﬁ@fad."AEeodﬁbﬁtﬁiﬁaPhafmaCeUtica
Nordica 4:117 15 (1992); Thacharodi et al, in Biomaterjals 16:145-148 (1995); Niedn{ar_R.., in Hautarzt

39:761- 766 ?&%@ﬁ@&“ﬁl{bf&ﬁaﬁ R AR A PR EHS I SO0 AP O IREL R TR 59 YRR Btficiency of
delivery of theageug deél thetiakeasimhevireatad, Opitbndlly, stietiapicd| deriikeldlignsatidsaiiyed here can

have additional. excipients for ex le:.preservatives. C}g me Iayggﬁr Q 0 yls%lﬁ: pol, sorbic
acid or quatgr%greﬁeﬁ%) %%arrﬁ%%slﬁﬁng@gr%gguiﬁ l ‘ﬁg%ﬁfzﬁé%gufﬁ%s éDTA, ant%%&%n%slsucﬁ as butylated
hydroxydluenevbetbetgraseuihgtiebseminsbisasriel b drentede B aancitiame anengawsshite. Parenteral

AdminiStrati%oiiferation disease generally is treated with aqueous drying preparations, whereas chronic
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

15  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
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.

20 (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,
lanolin, polyethylene glycols, mineral oil, glycerin, isopropyl palmitate, glyceryl stearate,
cetearyl alcohol, tocophery! acetate, isopropyl myristate, lanolin alcohol, simethicone,
carbomen, methylchlorisothiazolinone, methylisothiazolinone, cyclomethicone and

25 hydroxypropy! 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

scalp (Amndt et al, in Dermatology In General Medicine 2:2838 (1993)).

In general, the concentration of the composition in the topical formulation is in an
30  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



The active compound may also be administered parenterally or intraperitoneally. Dispersions can also
be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof 25and in oils. In some
embodiments, the dispersions may be prepared in 30% Capsitol (CyDex, Inc., Lenexa, Kansas, USA).
Capsitol is a polyanionic 13-cyclodextrin derivative with a sodium sulfonate salt separated from the
lipophilic cavity by a butyl ether spacer group, or sultgputylether (SBE). The cyclodextrin may be
SBE7-13-CD. Adjuvants 30The composition may be administered in an adjuvant, co-administered with

enzyme inhiiigrs, o 0 IinesaEe Adiie7l 5 UFSh R I RIoRdERL sepsRANdncluses Ak mmune 80
stimulating compoun such as intertéron. Adfuvants contemp‘iatecf eféin inc uge resorcinols, hon-ionic

surfactants serd¢-dsilyolppisremwty kircaegaralorsronmpre-Fexems epbperiethyiéasreater dess2pmidenhibitors

include Pancé?i%gﬁv@yp@%tﬂamﬁl%ﬁﬁc%t@ Eéﬂ%i@ﬂi%aatﬁé@g‘gdﬁm Héﬂ&%@? d&’_@!hﬁ%
conventlonalillﬁ;osomes. 5Prevention of Microorganism Growth Under ordinary conditions of
storage and {148 HA&EYI5 i iREH S A PEolREr iR gied e El%e to prevent the growth of
microorganisms. The prevention of the action of microorganisms can be brought about by various

antibactérial and adtfutegiichaerlisatoraxaiiplsnbarapeti adierdpaiestien pHemsnEEBie acid,

10thirmerosals g RS ol BeMBrab GASE Ae il PRSSIRIR ISLHRE UHR S UM AT IR R¥GMPle,
sugars or sodium chloride. Prolonged absorption of the inje ttﬁé)le compgositions can, be brought about

by the use in#AEORIBRIRSHRYE SrifgBirdaetiing PSSP APIRS ST MR HONSstearate
and gelatin. Sfekie éhjeletalhtbtsobkiinrkharenuzparediy: nmcorpofatidiffthenastivateompofind in the 15
required amaount in.the appropri solvent with various of the, other ingredients enumerated above, as
emired. ol B e T
steriliseld activaderjrachiont iteg ansteriishielaidle phiive eneéliveeth ofdiu idisyrersibmstrasgium and the
required other,ngradienif RN 0 BRUNRIAIEI ARV B thR.castobairricRmNAR STiprdhe

preparation of sterile injectable solutions, the methods of 20 preparation may include vacuum drying
and the free FERAYTRJFSESARA HATR TETHCASORASF I ThE AR THYFB dtdRRoRRCA{Paditional
desired ingregieit Ko preiglkskisten e-diterecsatuli @mierest. which exerts a high in vitro skin

penetration is effective in vivo. Ostrenga et al (J. Pharm. Sci., 60:1175-1179 (1971)
15 demonstrated that in vive efficacy of topically applied steroids was proportional to the steroid

penetration rate into dermatomed human skin i 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

20  increases the absorption of the active compound(s) into the skin reduces the amount of agent
needed for an effective treatment and provides for a longer lasting effect of the formulation.
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-

25 1,3-hexanediol (WO 87/03490); decyl methyl sulphoxide and Azone. RTM. (Hadgraft, Eur. J.
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 (1993)); Azone.RTM. and Transcutol (Harrison et al,
30 Pharmaceutical Res. 13:542-546 (1996)); and oleic acid, polyethylene glycol and propylene
glycol (Singh et al, Pharmazie, 51:741-744 (1996)) are known to improve skin penetration of

an active ingredient.



Pharmaceutically Acceptable Carrier As used herein "pharmaceutically acceptable carrier and/or
diluent" includes any and 25all 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 is incompatible with the active ingredient, ugg thereof in the therapeutic compositions is
contemplated. Supplementary active ingredients can also be incorporated into the 30compositions. 8!

Dosage Unit Form ti ially I O itions in
dosage unit form f}eggéedi?%aggﬁﬂ%rlﬁsﬁtPaﬁ?gnggiﬁfﬁﬁ%g?%%grg%ﬁ%i%%g&é%gggg%% form gi used herein

refers to phykfesy @ighasstefskitsia tecertaEasranls. sskiolgbeling thieagiusommseiteated; each unit
containing a pigdaigsPinesdauaritahastirmaterabralauniemiedosiseentandesiragitherapeutic

effect in association with the r_ec}uired pharmaceutical carrier. The s_%ecification for.the novel dosage
unit forms ar8PaRiea s BYKHLHHE AT QL EHREN SEER IS GATRRASERRARSREPETiCs o 8 Yetive
material and shempsiiebids tfekapauiic e HaatfenbeatochieMbd tan dofhpdhadlithitdtiarisinhesend ia the art

of compounding 10such as active material.for the, tr ent of disease in liviqg subjects,having a
Ciseanb ot TGRS T Ao T DS M AL EIBD " e
for convenieRigncheffattiab MadldisthdtiounneHestitasenobeneativn alsivdbicipBigmediealtically

acceptable capier i AaSRIPUILBIEL) BietAsaehCoOMPOTIONG S RRRIRIRICUPREMERRR, active

ingredients, the 15 dosages are determined by reference to the usual dose and manner of

administratiofdheexesiian gfdaikite S AenstrrRsivpinaticng Ja Mehds o 2 esFp, vHZ
(C95S)15GFRuMpida T waREnPiA (SRR W 3T IRKRIeas S BT Wetss, 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
incorporated into a dermal patch (Junginger, H. E., in Acta Pharmaceutica Nordica 4:117

15 (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
example; preservatives such as methylparaben, benzyl alcohol, sorbic acid or quaternary
20 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 intraperitoneally.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof
25  and in oils. In some embodiments, the dispersions may be prepared in 30% Capsitol (CyDek,
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-B-CD.

Adjuvants
30 The composition may be administered in an adjuvant, co-admmistered with enzyme

inhibitors or 1n liposomes. Adjuvant is used in its broadest sense and includes any immune



20The human Universal Quick-clone Il cDNA library (BD, Cat#637260) is used as template in the
generation of VHZ fragment. Forward primer A; 5'gcgaattcaccatgggcgtgcagccccccaacttetcc3' and
reverse primer B; 5'gtggateccgMcgttcgctggtag 3' are used to perform PCR (94, 55, 72C, 40 cycles).
The VHZ PCR fragment is then inserted into the EcoR1 and BamH1 sites of the pEGFP-N1 vector, 25
resulting in VHZ C-terminally tagged with EGFP (VHgEGFP). To construct VHZ (C95S), the above
forward primer A and reverse primer B together with a mid-reverse primer

S'gccaaagecgagageaga %ﬂﬁEP&ﬁ%%%%{érf%P&aA'@ﬁvﬁEX“&th&ﬁgl‘a%d herein include resorcinols,

5-gcgaattcaccatgggcgtgcagecccecaacttacc3’ are u n a similar strategy as described previously
(Zeng et al. 200391 fasfsterisiyeanyahvastictXismz ¢cobterag W%@gﬂy@@mﬂ:ﬁm@%m is
then insertec:ipig b & FeARd AP Byniddsitas,alithe PolamRsNEnactnte-farm-mutant VdE
C-terminally tagged with EGFP; VHZ-(C95S)-EGFP. The VHZ and 82 VHZ(C95S) PCR products are
respectively ﬁ@gﬂgﬂsﬁﬁé” FEE LRGN HAIRPREST 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
Expressthg VHZ-E P%WWZQE@?F’F"‘((SQF)%T&;('@‘E’GFP Vector Alone 5The three expression constructs
are respectively transieetadiiate toadiivhaofbieagt aad aes, Cedkti pecpdfafiofs(MTConthlBa22) or Normal
Rat Kidney ceII-NR+t< JEA;I'CC %&%ﬁgo%ﬁsi%%%%o;ect%%ne 2000 (Invitrogen). The cells are cultured
in RPMI 1640 Médium s(L)JBlb Emented with Td% tetaf bovine serum and 2 mM L-glutamine (Invitrogen).
Cells are selected in 1 mg/m1 G418 for 20-3Q days to establish stable cell pools. The stable pools 10
(106cells/m1) are thBARGEFEEARLIIE AP rmawggﬂw\‘i%%}é?@@ﬁ%&é BEEEH Dickinson) to
select for EGhitbpasititarckistfingahalend:, Goriaaglid/isnabeopyldnodnalylishehM HbarbiGieR],
Subcellylar Localization lIs transfected with VHZ-EGFP expressing Vector are grown on -
coveratie o ACHAn AR S R s S e T R RO YR, SRt ave
then 15 fixeduaaes yspiaiciitide Rydieterabsamtanrobie tavagebiaGranRItioaCanAfdr ovgiimore
yvashes With_a'B@@ \ héhﬁ&ﬁ'ﬁ@é@rﬂ%ﬁ%ﬁ?@?@é@ﬁ@&@aﬁﬂ% MEB@:M?&§%@£HE&]@1E§§&M and
incubated with rabbit anti-Pericentrin antibody from Covance' Inc (Princeton, NJ) for 1 hour at RT, and
then overnighPaPSIRSr3#hH AR gently washed three times with PBSCM and incubated with

anti-mouse 1gG conjugated with Texas Red (Sigma) for 4 hours at RT. _
Sterile injectable solutions are prepared by incorporating the active compound in the

15 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
dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, the methods of

20 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.

Pharmaceutically Acceptable Carrier
As used herein “pharmaceutically acceptable carrier and/or diluent™ includes any and
25  all 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
is incompatible with the active ingredient, use thereof in the therapeutic compositions is
contemplated. Supplementary active ingredients can also be incorporated into the

30  compositions.



20 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 The method is previously described (Li et al., 2005). We used the
ClonaCellTm-HY 25 Hybridoma Cloning Kit (Stemcell Technologies Inc.) to generate VHZ hybridomas.
After fusing spleenocytes, derived from mice immuniged 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. %90.%'1051%314?'}%\9’:%9 good reaction with VHZ, and the two specific VHZ clones with
strongest reactivity are Selected as these two clones can be used in several 30applications (Figure
10). Rabbit polyclofaisaapetirll advanineseye irfateuliecameradesyrrhesnpoatopicly dpreeaniodies are

produced by {sampRiziag selbis Wit st belsrReRtidesaRRLRPGSIETYEQEK corresponding to
amino acid residues (126-140) of human VHZ. Antibodies are purified by protein A and then peptide

affinity chromatograplyy, ASRa5HF R RRAGEY §58,dESRR B CSiRRiegBY dbis:aRibody in

immunoblot analysis of cell Slysates derived from several cell lines, and detection of this band is
specifically bloeadss By Vrisudsst widfoliepicteractrgiheonoiyne carpresnicghaveaimietasétoy and
Analysis of Engleganaus:Misd dphice ME R34, tBadpAdR) eglla MRKwelisodviman-Mammeary Epithelia

cell-MCF-10A, (ATCC CRL-10317), and 10 Human Epithelial carcinoma cell-A431 (ATCC CRL-1555)
jonpialiet St e S (e R R R i S re A ey
CaC12). Celliiracdsthepefireat im {4)0B6 unepiracteirforetiStivs nfahe20@ cAftaetalandaohe prasbdsrwith

PBSCM, the 3 ili 15 min,with 0. i gq% NG ed with
mouse antiy-ttﬁu%!1 %T%%gfnaq%%é%ﬂﬁg%ﬁ?%\%% é‘%‘l@ﬁ%&%gé& ﬁu%%ﬁﬁ% 11 urrgjt?%, and then
15 overilghtstel & aptisecahisapbiofahay optmpid fiiseasinie B VinthsPBS B IREmg hdistreasd with

anti-mouse lgéadiapitigaiasivituiekasiRedhpiginn) and anti-rabbit IgG conjugated with FITC (Sigma)
for 4 hours at RT. Confocal imaging is performed (Zeiss LSM 510 Image Browser). Example 6.

Tyrosine Phosphatggic Assay,The ENeGRakHLAIeen. BRRPERNSsR dh\SHREs Jpe manufacturer's
protocol, the 20fluorogenic substrate is reconstituted in the assay wells with buffer; the desired
potential administration in effective amounts with a suitable pharmaceutically acceptable carrier in

dosage unit form. In the case of compositions containing supplementary active ingredients, the
15 dosages are determined by reference to the usual dose and manner of administration of the

said ingredients.

EXAMPLES

Example 1. Generation of VHZ-EGFP, VHZ (C95S)-EGFP, VHZ-GST, and
VHZ(C955)-GST Expression Constructs

20 The human Universal Quick-clone I ¢cDNA library (BD, Cat#637260) is used as
template in the generation of VHZ fragment. Forward primer A;
5’gegaaticaccatgggegtgeageececcaactictec3’ and reverse primer B;

5 giggatcecgtticgttegetggtag 3° are used to perform PCR (94, 55, 72°C, 40 cycles). The VHZ
PCR fragment is then inserted into the EcoR! and BamH]1 sites of the pEGFP-N1 vector,

25  resulting in VHZ C-terminally tagged with EGFP (VHZ-EGFP). To construct VHZ (C9358),
the above forward primer A and reverse primer B together with a mid-reverse primer
5’gecaaageccagageagagtecacteecacage3” and a mid-forward primer
5’gcgaattcaccaigggegigeageeccecaactictee3” are used in a similar strategy as described
previously (Zeng e al. 2003} to make catalytically inactive VHZ (C935S). The VHZ (C955)

30 PCR fragment is then inserted into the EcoR1 and BamH]1 sites of the pEGFP-N1 vector to
form mutant VHZ C-terminally tagged with EGFP; VHZ~(C95S)-EGFP. The VHZ and



PTPases (0.675picomole for each protein: VHZ-GST, VHZ-GST+Phosphatase inhibitor,
VHZ(C95S)-GST, and control (}ST) are added to the wells and incubated 30 mm 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 25the excitation and
emission wavelengths of 358 and 452nm, respectivgly. The phosphatase inhibitor sodium
orthovanadate (10 p.M) is used in the assay as a negative control. Example 7. Measuring Newly

Synthesized r abeling 84 analyzed using \WinM 8. saftware. The percentage of
APClaneiod LIy B R R RO B T SR e o
previously desdrte? f)ile$ Bl ARoBBEsResn Amted/ Py bh sbatpinasd dhaceddititiairof 1:500.
Phospho-Rb (Ser 780), Phospho-Rb (Ser795), Phospho-Rb (Ser807/811), and b-actin antibodies were

from Cell SigEsing!¢ @chrnltogliqi e/ BHYFN ApdBIRRDELR Riobdytibly dinpBesstegCrHZ BIGIBEhNology

(Santa Crw)vﬁ@%ﬁ%dﬁﬁ}%@’ﬁ%@?@%ﬁﬁ%wﬁ'@ We investigated VHZ protein expression on
human breast cancer specimens. With 10 VECTASTAIN ABC kit (Orton Southgate, Peterborough,

England), rabbit anJii-V Z antibody (1;30 diIution) IS usfed totper m H 8x erimegts. A total of 65
. he expres dp CONSITICIS are fesped 1vegf ansfected o uma{l rEast
formalin-fixed and paraifin-enmbedded surgical specimens of primary human breast cancer samples

are collectedchmer thdl breHHEE-d{ HECHatidiodp) dearmbRaok iteeHerl BN eidAIHOBpital. In addition,
human bfea%s%%?{{aﬁggﬂaﬂﬁ%&%ﬁﬁ@@&@q&&f&%?HEQQQM%M&E@%e%fm%M&(E&ederick) to

reconfirm the results. The I_I-lComethod is previously described (Li et al,, 2005). E-cadherin antibody is

purchased (CEIPSTRARAG R ARLIEG) PorrsssHe £ mespl L glyampingdnyjpeen). Cells are

MCF-7-VHZ ((eR533-m G it xe G Matitiy X0/ eoanse ssecasidr evislu shilgestrirad (ahepbetk al., 2006). By

\?Jﬁ‘ﬂng B8l 1 R SRS R Nl O S QM IR B, PR RA SELCARIST LOYRISHR s then inverted
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 MgCl,; and 1mM CaCly). Cells are then

15 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
and incubated with anti-mouse IgG conjugated with Texas Red (Sigma) for 4 hours at RT.

20 The VHZ-EGFP is directly visualized {green) by fluorescence microscopy. Confocal imaging
is performed (Zeiss LSM 510 Image Browser).

Example 4. Generatien of Mouse Monoclenal and Rabbit Polyclonal Anti-VHZ
Antibodies

The method is previously described (Li et al., 2005). We used the ClonaCell™M-HY
25  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 the two specific
VHZ clones with strongest reactivity are selected as these two clones can be used in several

30  applications (Figure 10}. Rabbit polyclonal anti-VHZ serum is generated (Genemed Synthesis,



20 cell side down to a fresh culture dish (35 nun). Fresh culture medium (2 ml RPMI with 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 EcoRIl and BamH1
25enzyme sites of the retroviral vector (bBABEpuro)gyhe amphotropic Phoenix packaging cells are
transfected with pBABEpuro-VHZ or pBABEpuro-VHZ(C95S) retroviral vectors respectively, using

Lipofectarming o opIEBR R BRIMELPIpSHHTHOR ATMERGS) ASRARL, he depovial

supernatants aré collected, filtered (0.45 um; Millipore) and added on rget MCF10A cells in the
presence of RRERREDHEIoNISERPSRIATRIMEfe BIBP 68 FesamanfbébidAls ddwentri¥ElAfter infection,

the cells are agled@dsWHhpRHIRINYGIB-Gle0AmAd (REPr8RRK Rafere beind.analpreda Bpeample 12.
MCF-10A-VHZ-EGFP and MCF-lOA-VHZéCt%%%-EGEP Cell Matility in Wound-Healing assays
g

5Assays are PEFGHFRESHNENGIG 21 iy sy SdnAme et L st s etertips. After
washing withRB& dbevee roarecceniinkiityitas Hpdteedstitre sh tis tiiel Ragdéi fhbywibantde dhareas are

photographe%ﬁgag{g%%i@rﬁ%qi&qn%iggge@gjpels) and at the end (8 hr, lower panels) of the assay.

Example 13. Exogenous ocalizés In Centrosome and Throughout the 10 Cytoplasm
Determining {he intracellular localization of a pyotein can sopmetimes E)e the possible
piological fur RS 3TN BRI B S R AP TR T R A et e NI
cells that stabhdexgtbsdivHZ-EGFP. Confocal microscopy of these cells shows that VHZ has a range

of 15 subcellular locations. The EGFP signal is found at the plasma membrane and the cytoplasm
(Figure 1A). Importamrty celtyehmmenhMddontdnPEpiggtd dHEI0THS senTaX0 RIS apParand in all stages

VHZ 100Ul T i BLL S S 0 by T R AL Ao Be SO0 BB vides useful
information regshretirmpétsvadbEBRGIN (BBSlianioninEd miidfgtdndnd 1mM CaCly). Cells are then

fixed in 100% methanol for 15 min at -20°C. After two more washes with PBSCM, the cells

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

15  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
(Sigma) for 4 hours at RT. Confocal imaging is performed (Zeiss LSM 510 Image Browser).

Exampie 6. Tyrosine Phosphatase Assay

The EnzChek kit (Invitrogen, R22065) is used. As per the manufacturer’s protocol, the
20 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,
VHZ(C958)-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
25  the excitation and emission wavelengths of 358 and 452nm, respectively. The phosphatase

inhibitor sodium orthovanadate (10 uM) is used in the assay as a negative control.
Example 7. Measuring Newly Synthesized DNA by BrdU Labeling

Cell proliferation is assessed by measuring newly synthesized DNA using APC BréU

Flow Kit (BD Pharmingen) according to the manufacturer’s protocol. The FACS data are



the causal nature of VHZ, it is essential to examine the subcellular distribution of the endogenous VHZ
protein. Using double immunoflourescence labeling with affinity-purified rabbit polyclonal anti-VHZ
antibody in conjunction with mouse monoclonal (mAb) anti-y-tubulin (another 25centrosomal marker)
antibody, endogenous VI-1Z is clearly seen in the centrosome co- localized with y-tubulin in NRIC cells
(Figure 2A, Panels A-C), and in MCF-10A cells (Figyige 2A, Panels D-F). In addition, anti-VHZ mAb
together with rabbit polyclonal anti-pericentrin antibody shows again that endogenous VHZ is

co-localized %é@%a%‘%ﬂﬁﬁgwpﬁﬁ'oﬁ%%'i‘%éjré%r@é%tagé‘ﬁ?'éi%ilsbeﬁ?d cell?@‘i‘?%‘ous VHZis

shifted from cytoplasm t cleus with enrichment in the centrosome after Serum starvation. NRK
cells are serdi§icseip¢ed overnight. Double irnmunoflourescence labeling with rabbit anti-VHZ antibody
and anti-y-tubulin mAb, endogenous VHZ protein is observed to be more concentrated in the
centrosome. Bramgte inbresteral @doé damlysisytoplasmic distribution with concomitant increase in the
nucleus is surprisingly observed in NRK cells (Figure 2B). Example 14. VHZ is a Protein Tyrosine
Phosphatase TDueildy tteat W€ as pncldeckBrnlectivedylosine. phidspRadba ante WHZay the PTP

activity of VHZ-GST or a catalyfically inact 995 ) j el aring with 10
GST alé)ée a%ng%é’sgﬁtlr% S|‘53r805t1t(t—:'fﬁét Lﬁ'ﬁléxb élgsﬁe8 'ﬁ?éf&%%ﬁi@ﬁ@ﬁﬁ%@g%5%‘3@9ng blue
fluorescenceftmspheatRin{seri 828 hipnandrhzacBs 8rbRdien varrcmboflishcrsirthog Byamplainn of Cys 95 to
Ser or by adgj k ?E@Wﬁ?@%@m@@m{o@@@iHHhPSH&%V@HéCi%T&RHB%I%% as3ay Crigyre 3A, Panel A).

n

Example 15. hances Cell Proliferation by Facilitating GI/S Transition 15The association of VHZ

with the Centm%ﬂt%wﬂﬂﬁﬁlﬁotﬁﬁéﬁéﬁéﬁi m’&kjt have 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-&G&E' % ¥W5®[&En%ﬁpr' %n(gn%. 1C15F&I?1 geecg‘gréa'll'lge ghgee se%abkg,iﬁlools are
analyzed for their ceIFproﬁ?e%aiilon. VALR T ?o e able to enhance ce?fp?oﬁ%'raﬁbn rates (data not
shown)1T o 20E6ARNT #1¥ dBEekitito i sgarhBeis renevishniogbmddrip it (e adidibies using

APC- BrdU incaporation i naudpsoibeaireNtetteexpaimentsined bakiydy
incorporation is notably hlgher in cells that expressed VHZ-EGFP than VHZ(C95S)-EGFP or EGFP

vector alone Ritifiiecatbpdasainmiind veraimsny el AL B EINEE FsATeArsY saRetorNirgedells that
stably expregegf he:fAMes bFER PXRIPSSIQRFAREE ISR THdnR! MR RchtFRISMI In addition,

human breast carcinoma tissue arrays TMA (CCO08-11-008) is purchased from Cybrdi
15  (Frederick) to reconfirm the results. The IHC method is previously described (Li et al., 2005).
E-cadherin antibody is purchased (Cell Signaling Technology).

Example 16. MCF-7-VHZ-EGFP and MCF-7-VHZ(C95S)-EGFP Cell Motility

We assessed as previously described (Sherri et al., 2006). By plating cellsin a
confluent monolayer on a coverslip {12 mm), the cell-coated coverslip is then inverted with
20  cell side down to a fresh culture dish (35 mum). Fresh culture medium (2 ml RPMI with 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 EcoR1 and BamH1
25  enzyme sites of the retroviral vector (pBABEpuro). The amphotropic Phoenix packaging cells
are transfected with pBABEpuro-VHZ or pBABEpuro-VHZ{C958) retroviral vectors
respectively, using Lipofectamine according to manufacturer’s instruction (Invitrogen). After
48 h, the retroviral supernatants are collected, filtered (0.45 pm; Millipore) and added onto the
target MCF10A cells in the presence of 5 ug/ml of polybrene (Sigma-Aldrich) for 6-8 h.



25could accelerate G/S transition by reducing G1 but increasing S populations (Figure 3C). This raised
the possibility that wild type VW might have a role in 01/S phase progression. Example 16. VHZ Could
Indirectly Cause Hyperphosphorylation of Retinoblastoma Protein (Rb) To understand how VHZ
could facilitate G1 /S phase transition and to address the 30possible molecular mechanism, we carried
out immunoblot studies on several major 87 molecujgs which are important in regulating cell cycle
progression from Gl to S phase. We found that VHZ could downregulate the tumor suppressor protein
p21 Wafl/Cipl and upregulate cyclin-dependent kinase (Cdlg) 4. Cdka is one of the majar.players
Governng G 1 o e e d Rl B O BT (et
and 5 Roberteckaggyeomgigtahtzadth this, we showed that overexpression of VHZ phosphatase could
indirectly lead to an accumulation of phosphrylation of Rb at residues Ser780, Ser795, and
Ser807/811 Exanpbst2dvitHRospViH-ERGHE andi DO (AJHEZANSEpRGEP Exiivfldlilky in
ngrprpdyc%(}ﬁﬂé_ﬁg‘g{%&ﬁ&und Either in the Centrosome (-1.0%) or in the Qytoplasm (-47%) of
Epithelia in Human BreastTancers 10VHZ shares 28% amino acid sequence similarity with PRL-3
phosphatase. Based on the fact.that PRL-3 is a phosphat associated with metastasis of colorectal
Cancer (aha ot al ASUBL G HOBRTH LA HEU A5 R R L A Rt & GhfP Kinctions
involved in npgteistais. affsoweshaugoeith. PRS inke stidate: thvatielatyoinshiptiod twéesh Vil inamdedialltiple
human canc ' finit if] Iz | i i

immu nohisto%%%%%%gﬁ%gé é%:s)é\lﬁ#ég é%gﬁgé%éi%%% Qgg %4 8%:@[% élg%%%vsgtrfg?( S?gs(gion is
preferentiallyaseBeiataiie! Bregstrancer. Out of 65 breast cancer samples (30 IDC/ILC stage I, 35
IDC stage 1), 6 expressed high levels of VHZ protein in the centrosome, which is demonstrated both
by double inftxampiie dideEcenerowith Hbbitcakiey MZheridentcesinusandal hrarghontahee anti-y-tubulin
on the ;@me@ﬁg%mﬂf the cancer sample (Figure 20 5A) and by single immunohistochemistry with
either rabbit anti-VHZ antibody or mouse antiy-tubulin antibody on two adjacent sections (Figure 5B,

Panels A-B). Both AN RRSeREe AT I ARNIIR SIS EQUEd BRtWHE 5 o

overexpressed in the centrosome of some breast cancer samples diagnose invasive ductal

carcinoma (IR errikeeirsitabiuaatiershed the opSiage | (Figure 8A). Other than the centrosomal
staining of 25VHZ, we found an alternate staining pattern of VI-1Z in different subset of breast cancer
samples diagnosed as+S Beaybok! idart lof BB dtremst ¥alicevsganphes NRIKstolyduitighlievels of VHZ

protein dist”%%gstbrﬁz%@#%.tasn?xégpﬁ%ms%ggg,?(%&%%'L%wm&{t Sally iRt diaRlayed @

fibroblast-like morphology (Figure 5C, Panels A Figure 8B).

15 subcellular locations. The EGFP signal is found at the plasma membrane and the cytoplasm
(Figure 1A). 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
1B).

Endogenous VHZ localizes in the centrosome and the cytoplasm. The EGFP-tagged
20 VHZ protein provides useful information regarding its subcellular localization. To understand
the causal nature of VHZ, 1t is essential to examine the subceliular distribution of the

endogenous VHZ protein.

Using double immunoflourescence labeling with affinity-purified rabbit polyclonal
anti-VHZ antibody in conjunction with mouse monoclonal (mAb) anti-y-tubulin (another
25  centrosomal marker) antibody, endogenous VHZ is clearly seen in the centrosome co-
localized with y-tubulin in NRK celis (Figure 2A, Panels A-C), and in MCF-10A cells (Figure
2A, Panels D-F). In addition, anti-VHZ mAb together with rabbit polyclonal anti-pericentrin
antibody shows again that endogenous VHZ is co-localized to the centrosome in A431 cells
(Figure 2A, Panels G-1).



88 Example 18. Overexpression of VHZ is Correlated with the Loss of E-cadherin Expression in Breast
Cancers Since we captured an unexpected phenomenon within some microenvironrnents where VHZ
protein is specifically overexpressed in spread fibroblast-like cells of breast cancer 5samples, we
investigated if these cells are undergoing Epthielial-Mesenchymal transition (EMT). EMT occurs during
embryonic development and oncogenesis, in which gpithelial cells acquire fibroblast-like properties
and lose epithelial cells adhesion and cytoskeletal components (Thiery and Sleeman, 2006). The loss

of E-cadherin results in disass ly of cell-cell adhesion junctions and increased tumor, cell
invasiveness in viV(L)‘:s ey glﬁirgg%lg%%i%g%)&g?ﬁé%tﬁﬁe%giﬁsngo nsrgsrv[g?jnfﬁgtﬁfﬁe majority of
VHZ overexprassingresiftetresuar stweindidiits cHidthio setie -sipred sismnadE-Baghlerin (black arrows

indicated) (Fighr Bk SHQeRIIRG NN RESSHaNGRE 0flls MGDEP v HRALeans thraygh EMT
process. Example 19. Overexpression of VHZ in MCF-7 Cells Enhances Cell Migration Since VHZ

appeared to BedggessialEd4 iRt EnT Aspigbirebs ieaneRicprbgielBIshe spetstes tested if VHZ could
play a rote infrigaeriag: cancataelliianptiamid esissel makiitsdrivandeyeYdd & MGhrlaells
expressing VHZ-EGFEP, or VHZ( QSS#é%EnGEP e examined for cell migratory properties. As migration
of MCF-7 cel$ SRiggl ePifsdindy R EGertonal wound-healing or Transwell chamber
assays, we used an alterative 'Inverted Coverslip' assay previously described (Sherri et al., 2006). As
shown, MCFRramle ld 0k ér B retrin fiameiine E59epiatAteigure 6B, Panel A’ white arrows) but
MCF-VHZ(C95S) cells remain within the coverslip (Figure 6B, Panel B' white arrows). The results
suggest that VHZ i abrsify fesvibie iedndasstanyetitretyrspernpesphaimanvsrarrmtihg CeR astyistion is
further investigatgg eRinGIMBQNAZEY HimRe Mamesy eRRelisdi eloldds eelpiRigursa 0).

25Example 20. Discussion We have shown that VHZ is e%novel centrosomal phosphatase. The
15

centrosbine S EhAPaACASIER ey kb Fdfeah 2 bie et prEgrEa o PR EEN FRALIBH % organizes
microtubule aityutiestghe (hiiawealleyickoantplays-a38iveiahr|euin dedistaidngteallbgivision in meiotic
and mitotic cells. Deregulation of the centrgsome organelle s, linked to human tic diseases and
oo L R e e D s e

assay (Figure 3A, Panel A).

Example 15. VHZ Enhances Cell Proliferation by Facilitating G1/S Transition

15 The association of VHZ with the centrosome suggests to us that VHZ might have
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
(C958)-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

20  confirm this observation, DNA synthesis rate is measured in these three cell lines using APC-
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

25  could accelerate G/S transition by reducing G1 but increasing S populations (Figure 3C). This
raised the possibility that wild type VHZ might have a role in G1/8S phase progression.

Example 16. VHZ Could Indirectly Cause Hyperphosphorylation of Retinoblastoma
Protein (Rb)

To understand how VHZ could facilitate G1/S phase transition and to address the

30 possible molecular mechanism, we carried out immunoblot studies on several major



89 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 GI/S transition during the 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 GI/S cell cycle 5control are examined. We found that VHZ
overexpression could downregulate the tumor supprggsor protein p21 Wafl/Cipl, an inhibitor of cell
cycle progression. p21 Wafl/Cipl serves to inhibit kinase activity and blocks progression through GI/S
(Pestell et al,;, 1.999). The nr ion ' ' inhigition of p21
on cyclin depgtéﬁgce%%skﬁggg%y%éﬁl%ﬂ%%hner?r&éar%& rl’%\(l)%gr%e ll%gé/ r C%@]}gg{)ér?? V{/ilﬁf %f%gé%qe@éu nd that

10VHZ couldaypeeigat el ara bsprassplaeehk dnpotcumcsyeroimiegasbalik e@paendent, in part, on
the tightly re%‘l‘é’%ﬁ%@%%ﬁﬁ@&ﬁ%ﬁt lihaaetvgtiorat £akd Copirtregst sRipRasiama prptein Rb for

phosphorylation (Lukas, et al., 1996). As a consecI]uence, VILZ cause indirectlﬁ enhancement of Rb

phosphorylafidReFHE MfEipREEH AEHA ST PRY RIS RifoiiipebIrsiemedipis! SRFRBYN controlling
progression fuBeigh thevjestistiampoint thiwitbihihe GhahasecofihsiaetfyHE ghodmsietal., 1996,
Sherr, 1996). Thus, VHZ overexpression could overcome the GI'S phase restrigti int-indirectly via
Rb nactivat R TG A A e e oo e e R SR
model for VHEGSoROHSIE hepetespbby eboiphaFipgibsB)ibedistiadyre 44 daneds-samples, we found
overexpression of VHZ protein either in the 20 centrosome (-10%) or in the cytoplasm (-17%) of
epithelial tunixaagils. \7HAvis-prodaciicnty BretgiressBchiml Jaitber ipalle Dattdisprayédlffigratory

fibroblast-like ﬁ{@qé%?%ié’vﬁppg$%‘r%%§ﬂ%liyH'Zrﬁ'%ﬁﬁ%g Fgﬁi:té'y? cells showed typical epithelia

in. -,
morphology w age st cancer samples; while VHZ-cytosol-positive cells are more

often associated WU]% ispers pithelia in IDC Stage Il samples. The results mightindicate that
25VHZ?chuId initially %S(E\E}Iearg%%e%%lén fﬁn%sec%lécn ?Sggé)%lénat?{(y gﬁlbl;g%ué)rl?ﬁ)s/p a‘r‘c‘s‘%egr%ﬁ?%ﬁé‘ entire
cytosol of thehtufmo tice R iaeqbivsphaedt motitisteSigitifioatnigsih efsipbmetiaktanseri Saha et

VHZ-cytosolposiiue cellgarsescadein negativenthe Ingholhadiisrinpiaysaniniial gtep in EMT

complex process that converts epithelia into migratory mesenchymal cells (Kang et al., 2004). The loss

of E-cadherimpeastasisipl grsas sanaery bp dniptiargdhrishiisontindisinssn SOharddaalinia i

invasivenessaklraguiatiensoiihlg mightservevasonsnf hetddyinrd.éedges to initiate EMT, or to
change %/pic_al epithelia phenomena to promote cell migration. gr}ger c%lls}?ﬁggoto acquire enhanced
I ,

iR ordBrYaASIRIFRIRT [94558F0 RS SIS &1 R RGHBE Y&5ding to the

motility i
invasion andegptigdovits ptefeadigidlytasaitsat®d with breast cancer. Out of 65 breast cancer samples (30

IDC/ILC stage [, 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

20 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 [ (Figure 8A). Other than the centrosomal staining of

25  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).



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 (Friedl, 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 5present in VHZ-cytosol-positive
cells. These phenomena might recapitulate and reprgsent a relatively early onset of local invasion
driven by VHZ within microenvironments in vivo. Although the precise role that VHZ plays in tumor
progression g ¢354 65l IALAUARS MPHETRUED EAR R Bk BREEIR IR RURIRRRIESSion of VHZ or
its elevated activit mlg'ht be a Crucial early event for local invasion. Consistent with this hypothesis,
we are able Txaressioncin/Breass §lanssrance MCF-7 cell migration (Figure 613). Our study here
provides evidence that VHZ is a phosphatase involved in cell-cycle regulation and breast cancer
progression. Our fifiegweeeparebm wmsigracindptivisosrin pridip sapspistoenvimpoaanthetet in
future diagnagis ARLINGIAREHAC, AR WS QI aPORE.ALIORIER AL A GaMEdIRde bass for a

therapeutic approach to block the spread of 15breast cancer metastasis at an early stage.
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Example 19. Overexpression of VHZ in MCF-7 Cells Enhances Cell Migration

" Since VHZ appeared to be associated with EMT during breast cancer progression, we

15 then tested if VHZ couid play a role in triggering cancer cell migration. To study cell mobility
driven by VHZ, MCF-7 cells expressing VHZ-EGFP, or VHZ(C955)-EGFP are examined for
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

20  migrated out from the coverslip (Figure 6B, Panel A’ white arrows) but MCF-VHZ{C955)
cells remain within the coverslip (Figure 6B, Panel B’ white arrows). The results suggest that
VHZ is able to promote cell motility. The property of VHZ in promoting cell migration is
further investigated using immortalized human mammary epithelia-MCF10A cells (Figure
10).

25 Example 20. Discussion

We have shown that VHZ is a novel centrosomal phosphatase. The centroéome is an
organelle that plays a key role in cell-cycle progression and cell diviston. It organizes
microtubule arrays throughout the cell cycle and plays a pivotal role in regulating cell division
in meiotic and mitotic cells. Deregulation of the centrosome organelie is linked to human

30 genetic diseases and cancer. Indeed, many human tumors show centrosome aberrations

(Doxsey, 2001; Nigg, 2002).
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retinoblastoma protein Rb for phosphorylation (Lukas, et al., 1996). As a consequence, VHZ
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

15 within the G1-phase of the cell eycle (Lukas, et al., 1996, Sherr, 1996). Thus, VHZ
overexpression could overcome the (G1/S phase restriction point indirectly via Rb inactivation.
Although future studies are needed, our results enabled us to propose a working model for

VHZ’s role in cell cycle progression (Figure 4B).

In some breast cancer samples, we found overexpression of VHZ protein either in the

20 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
or IDC Stage 1 breast cancer samples; while VHZ-cytosol-positive cells are more often
associated with dispersed epithelia in IDC Stage Il samples. The results might indicate that

25  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
step in EMT complex process that converts epithelia into migratory mesenchymal cells (Kang
et al., 2004). The loss of E-cadherin results in disassembiy of cell-cell adhesion junctions and

30  increases tumor cell 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

neoplastic epithelial neighborhood; leading to the invasion and outgrowth of malignant cells
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applications precpeieVigd applitatianicsedBoThere pienhaafaani i ardfasidie isd Rgifeeiions or

catalogues forla@/ Prodycts cite lgram%ntiogr?g ige% Cc h‘% tﬁp{g&({g}igﬂ&g&?ﬂgﬂ teigt% ‘%nd in any of

the applicati5?130|té3&’§3rcﬁr?1“esﬁ 8 are ’erveaﬁi/ mc%rporgte erein y refeérence. Furthermaore, all

documents cit@tidugthils:teretiserchlalii2s \ddéurhents tited orastesencedicedorweibmigreiien i this text,

and any maniaGHuer's NS CHONS QuEARIRAUGR IQ6ABY PIRANCES Gilehal BentipRsdhinlyis text, are
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hereby incorporated herein by reference. Various modifications and variations of the described

methods andBpitbeArbfaran Aveieaalinyares. Spmareentith dais Bumbhesis e are ahlpsutparting from

the scope ang33sRlitafthe Nvgtien; Althauan hedrvantion has been described in connection with
specific preferred embodiments, it should be understood that the invention as claimed should not be

unduly limited to sughSRRGIEE BIBORIENtiGeO0RE 0V KET 10 U MGFHHCAIRR RIS @a&%?a@d modes for

carrying out the invention which are obvious to those skilled in molecular, biology 5or related fields are
intended to BeSwREm 858 g@@ﬁ@ﬁ“ﬁfé’ﬁ?&fﬁéﬁon‘ Our findings reveal new insight info 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

15  breast cancer metastasis at an early stage.
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94 CLAIMS 1. VHZ for use in a method of treatment, prophylaxis or alleviation of a cancer, such as
breast cancer, in an individual. 2. An anti-VHZ agent for the treatment, prophylaxis or alleviation of
cancer such as 5Sbreast cancer, for example an invasive or metastatic cancer such as Invasive Ductal
Carcinoma (IDC), preferably in which the anti-VHZ agent is capable of down-regulating any
combination of the expression, amount or activity of g VHZ sequence shown as GenBank accession
number NM 017823 or NP 060293, or a sequence which has at least 90% sequence identity to that
sequence, the anti g BoanipReTRiRY OMRHSED ARl I mARKRALLE. SHemAS Ag ANt peptide
antibody generated against RRLRPGSIETYEQEK corresponding to amino acid residues (126-140) of
human VHZ PatfeRaEsh kel s fErar oyt antibody (catalogue numbers LS-C32281, amino acids
3510 90, LS-C42458, LS-A6806 and LS-A6803, LS-C32281, LifeSpan Inc, Seattle, Washington, USA),
rabbit anti-human \R4Zgahtidosspgeaial@00® dintibdabgerBadgpabirRsiiBistaistiie, Norcross, Georgia,
USA), chicken ailblenf Wi alk Mdigiantihopis (epialpgue number XW-7857, ProSci Incorporated,
Poway, California, USA), rabbit anti-human VHZ antibody (catalogue number F4560 and D9840-66A,

United Syates Biologjgal, SuarpRrol Massasuselio, Y9, chiBkenapta MRy Vilg.anhody

(catalogue number D98 , United Statés Biological, Swampscott, Massachusetts, USA), rabbit
anti-human EZR&ndibewPRathteragdinamped oairntibodizgrs meratiabdiesdordc watss 20r Kingdom),

rabbit anti-hymae: Vid4sartib et (€a1alege numbernhif110-40452, Novus Biologicals, Littleton,
Colorado, USA), chicken anti-human VHZ antibody (catalogue number NB 100-75328, Novus

Blologicals; Litleton, ColpradRnd (BRI Bide £3R99Ne eLAGMIIRGAINGMIHE (e iedsence uch

as comprising a Small Intérfering RNA (siRNA), Short Hairpin RNA (shRNA), or Chimera RNAi such
as a DUSP28maliersiypiasismob racrmgss dheatsbg e tsHibdsnaeboskiges:rBE-auwiriks 8logicals,

LittletonpColgiaai@oldSAds! 8= kb fes.detectirg breast cancer in an individual or susceptibility of the
individual to breast cancer comprising means for detection of VHZ expression in the individual or a

sample taken from Rim enhesofsgierabbsomuiichdhen8ane Rrdaiapiapdsmalteed from the group
consisting of: a VHZ palynucleotide or a fraﬂment thereof; a complementary nucleotide 30 sequence to

VHZ nucleic HEHSHENT tearent 8l polypeptide or a fragment thereof, or an anti-VHZ

antibody or an anti-VHZ agent according to Claim 2, and optionally
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95 instructions for use, preferably further comprising a therapeutic drug for treatment, prophylaxis or
alleviation of breast cancer, such as comprising Tamoxifen or Herceptin. 4. A method of detecting a
cancer cell such as a breast cancer cell, such as invasive or metastatic cancer cell such as Invasive
Ductal Carcinoma (IDC), the method comprising 5detecting modulation (preferably up-regulation) of
expression, amount or activity of VHZ in the cell, pregerably 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. 5.

A method aCCOfdinslﬁ%@J%éwQWH% e methedcempHses FRIECHIY A ZnRrelie acid, such as
ing af least a

by means of a probe compris Bortion of a nucleic acid 10 having a sequence shown as

GenBank act¥SbrPHusHse ANNYi0shasnis# PrepcTtistoofRdr & adbgeniaasmny e84 (s8v% sequence |

identity to sughoaGemiiERea:Aidn wiaichthe methes comprsasdetectng e Mzl polypeptide, such as
by means of an anti-VHZ antibody set out in Claim 2. 6. A method according to Claim 4 or 5, which

further comprises higfelogiealigrading:. Iaaush@mpysing dhes Glstenratispmagifies e ioom,
Richardson grading system (Notti?%?am Gradir[l%lSystem (NGS)). 7. A method of determining the

proliferaéive BEing éfé‘ﬂﬁ??’&% frﬁﬁlj e fiksthood that a cell will become invasive or aggressive,
the method comprising detecting modulation of expression, amount or activity of VHZ in the cell. 20
8.A method of prediessg I&‘%dﬁﬂ%@h- Paetelt BroHBRBBOIRRFCE R Br2enes i tHod ebrifhfsiatF detecting
modulation gfgxpressipasf ¥i%igrna ged of the individual 9.A method of choosing a therapy for an
individual with cancer, the method comprising detecting modulation of expression of VHZ in a cell of

the individual choogipg. AR ARPrRRNAEIRE! BRIN4FUCIHAS BhalbnY thé ﬁg@@gypﬁ%ﬁc&m.em
of suc

aggressiveness of the cancer. 2510.A method of determining the likelihoo cess of a particular
therapy in arMedidHE8Iifth a cancer, the method comprising comparing the therapy with a therapy
determined by a method according to Claim 9. A method according to any of Claims 410 10,

further Edbmprising 3VsatQdiodmeuPinBave b alm Qkovéaxman J. (2002). Analysis of stromal-

epithelial interactions in prostate cancer identifies PTPCAAX?2 as a potential oncogene.

Cancer Lett. 175:63-69,

Zeng, Q, Dong M, Guo K, Li J, Tan HX, Koh V, Pallen CJ, Manser E, Hong WI.
(2003). PRL-3 and PRL-1 promote cell migration, invasion, and metastasis. Cancer Res

15 63:2716-2722.

Zeng Q, Si X, Horstmann H, Xu Y, Hong WJ and Pallen CJ. (2000). Prenylation-
dependent association of protein-tyrosine phosphatases PRL-1, -2, and -3 with the plasma
membrane and the early endosome. J Biol Chem 275:21444-21452.

Each of the applications and patents mentioned in this document, and each document
20 cited or referenced in each of the above applications and patents, including during the
prosecution of each of the applications and patents (“application cited documents™) and any
manufacturer’s instructions or catalogues for any products cited or mentioned in each of the
applications and patents and in any of the application cited documents, are hereby
incorporated herein by reference. Furthermore, all documents cited in this text, and all
25  documents cited or referenced in documents cited in this text, and any manufacturer’s
instructions or catalogues for any products cited or mentioned in this text, are hereby

incorporated herein by reference.

Various modifications and variations of the described methods and system of the

invention will be apparent to those skilled in the art without departing from the scope and



96 12. A method of manipulating a cancer cell, such as a breast cancer cell, such as an invasive or
metastatic cancer cell such as Invasive Ductal Carcinoma (IDC), the method comprising modulating
(preferably down-regulating) the expression, amount or activity of VHZ in the cell, for example by
exposing the cell to an siRNA, shRNA or Chimera RNAIi 5 capable of specifically binding to VHZ, or by
exposing the cell to an anti-VHZ antibody set out in €jaim 2, preferably such that the cancer cell
becomes non-cancerous or the invasive or metastatic cancer cell becomes non-invasive or

non-metastai¢ a3 fie StNE AT SHEANASIRHIBE @Rventiod: M IBeLRQH L RAARINUALING oh Gelh thedmethod

comprising the steps of: (a) detecting increased VHZ expression, amount or activity in a cell; and (b)

reducing thePre{RsTest spbodimenindt sBauld be wodsetiosd @Pfd}é‘?ﬂff%‘?@"é‘ Aislalnrd é%%ﬁﬁl’é%?‘blndlng to a

VHZ polyperaﬂd@!,ythﬁamatfapﬁ@omﬁmmﬁ%ﬁagmavw@aﬁmﬁammaxﬁeﬁwmq@esamemg at least

90% sequence jdentit ereto ha candldahl Hmlec le and c{gterrg8 whe herlth% candidate
molecule b.HB%‘fFS nﬁo(w AR ULEHIEAE eﬁj SaPIE58F BP0 SEGURIEE fantitFthereto.
1515.A metrwdeiﬁwddiﬁ]ﬂﬁlag atmokidlstbe wﬁt‘iﬂﬂmetlaeopmﬁw clmprising contacting a cell with a
candidate molecule and detecting elevated or reduced expression, amount or activity of VHZ in or of
the cell. 16. A method of identifying a molecule suitable for the treatment, prophylaxis or alleviation of
cancer, the method comprising determining if a candidate molecule is an agonist 20or antagonist of
VHZ or a sequence having at least 90% sequence identity thereto, preferably by 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 17. 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 25molecule to an animal and determining whether the animal
exhibits increased or decreased expression, amount or activity of VHZ. 18. A method of treatment,
prophylaxis or alleviation of a cancer (for example, breast cancer, such as invasive or metastatic
cancer such as Invasive Ductal Carcinoma (IDC)) in an individual, the method comprising modulating
the expression, amount or activity of a VHZ in 97 a cell of an individual, preferably in which the
expression, amount or activity of VHZ is decreased in a breast cell of the individual.



19. A method of diagnosis of a cancer or susceptibility to cancer (for example, breast cancer, such as
invasive or metastatic cancer such as Invasive Ductal Carcinoma (IDC)) in an 5individual or prognosis
of an individual with cancer, the method comprising detecting modulation of expression, amount or
activity of VHZ in a cell of the individual. 20. A method of determining whether a tumour in an
individual is, or is likely to be, an invasive or metastagic tumour, the method comprising detecting
modulation of expression, amount or activity of VHZ in a tumour cell of the individual. 1021.A method
of treatment,ggrophylaxis or alleviation of cancer (for example, breast cancer, such as invasive or
metastatic cancer such as Invasive Ductal Carcinoma (IDC)) in an individual, the method comprising
detecting motulatioftst Expessiometinnd ghtrortactivity afhyid@s o teliofaneflindivicradmhds
administeringn@%@‘%@grﬁ%qgg{@ggalsuch as an anti-VHZ agent, to the individual based on the
aggressiveness of the tumour. 1522.A method according to any of Claims 18 to 22, in which the

diagnosis, prognosis or chojee of therapy is further determined by.assessing the size of the tumour, or
the lymph no%e sta[gﬁg,ag(fr\ihkg)li?lg a&gtrtl})%{)ail yﬁ:tt%é g?{bgﬁ%egygm l?noart%{cl)%v\% °%ﬂ?é’???§|‘2 ?3%%5?5, preferably
in which the bieashesiecipfoyriosivigranhpiiesi of eharipsiaserortiser sheterainiedivy lrgeaksing the

oestrogen reggRigh s ¥R RENE HRAIh RO2RXAVIZIGEHICi AR OF &AdepishE Z
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drawing®. 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-C42458, LS-A6806 and [LS-A6803,
L.S-C32281, LifeSpan Inc, Seattle, Washington, USA), rabbit anti-human VHZ antibody
(catalogue number DS-PB-00676, RayBiotech Inc, Norcross, Georgia, USA), chicken anti-
15 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
(catalogue number D9840-66, United States Biological, Swampscott, Massachusetts, USA),
rabbit anti-human VHZ antibody (catalogue number AHP1142, AdB Serotec, Oxford, Uniled
20 Kingdom), rabbit anti-human VHZ antibody (catalogue number NB110-40452, Novus
Bioiogicals, Littleton, Colorado, USA), chicken anti-human VHZ antibody (catalogue number
NB100-75328, Novus Biologicals, Littleton, Colorado, USA), or is capable of downregulating
VHZ by RNA interference, such as comprising a Small Interfering RNA (siRNA), Short
Hairpin RNA (shRNA), or Chimera RNAIi such as a DUSP23 Pre-design Chimera RNAI
25 (catalogue number H00054935-R01, Novus Biologicals, Littleton, Colorado, USA).

3. A kit for detecting breast cancer in an individual or susceptibility of the individual to
breast cancer comprising means for detection of VHZ expression in the individual or a sample
taken from him or her, preferably in which the means for detection is selected from the group
consisting of: a VHZ polynucleotide or a fragment thereof; a complementary nucleotide

30 sequence to VHZ nucleic acid or a fragment thereof, a VHZ polypeptide or a fragment

thereof, or an anti-VHZ antibody or an anti-VHZ agent according to Claim 2, and optionally
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instructions for use, preferably further comprising a therapeutic drug for treatment,

prophylaxis or alleviation of breast cancer, such as comprising Tamoxifen or Herceptin.

4. A method of detecting a cancer cell such as a breast cancer cell, such as invasive or
metastatic cancer cell such as Invasive Ductal Carcinoma (IDC), 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.

5. A method according to Claim 4, 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 NP_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 set out in
Claim 2.

6. A method according to Claim 4 or 5, which further comprises histological grading,
such as by using the Elston-Ellis modified Scarff, Bloom, Richardson grading system
{Nottingham Grading System (NGS)).

7. A method of determining the proliferative state of a cell, or determining the likelihood
that a cell will become invasive or aggressive, the method comprising detecting modulation of

expression, amount or activity of VHZ in the cell.

8. A method of predicting a survival rate of an individual with cancer, the method

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

9. A method of choosing a therapy for an individual with cancer, 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.

10. A method of determining the likelihood of success of a particular therapy in an
individual with a cancer, the method comprising comparing the therapy with a therapy

determined by a method according to Claim 9.

1. A method according to any of Claims 4 to 10, further comprising a feature set out in

any of Claims 1 to 3.
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i2. A method of manipulating a cancer cell, such as a breast cancer cell, such as an
invasive or metastatic cancer cell such as Invasive Ductal Carcinoma (IDC), the method
comprising modulating (preferably down-regulating) the expression, amount or activity of
VHZ in the cell, for example by exposing the ceil to an siRNA, shRNA or Chimera RNAI
capable of specifically binding to VHZ, or by exposing the cell to an anti-VHZ antibody set
out in Claim 2, 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 manipulation.

13. A method of manipulating a cell, 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.

14. 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.

15. 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.

16. A method of identifying a molecule suitable for the treatment, prophylaxis or
alleviation of cancer, the method comprising determining if a candidate molecule is an agonist
or antagonist of VHZ or a sequence having at Jeast 90% sequence identity thereto, preferably
by exposing a candidate molecule to a VHZ polypeptide or a cell expressing a VHZ

polypeptide in order to determine if the candidate molecuie is an agonist or antagonist thereof.

17. A method of identifying an agonist or antagonist of a VHZ or a sequence having at
least 90% sequence tdentity 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.

18. A method of treatment, prophylaxis or alleviation of a cancer (for example, breast
cancer, such as invasive or metastatic cancer such as Invasive Ductal Carcinoma (IDC)) in an

individual, the method comprising modulating the expression, amount or activity of a VHZ in
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a cell of an individual, preferably in which the expression, amount or activity of VHZ is

decreased in a breast cell of the individual.

19. A method of diagnosis of a cancer or susceptibility to cancer (for example, breast
cancer, such as invasive or metastatic cancer such as Invasive Ductal Carcinoma (IDC)} in an
individual or prognosis of an individual with cancer, the method comprising detecting

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

20. A method of determining whether a tumour 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.

21. A method of treatment, prophylaxis or alleviation of cancer (for example, breast
cancer, such as invasive or metastatic cancer such as Invasive Ductal Carcinoma (IDC)) in an
individual, the method comprising detecting modulation of expression, amount or activity of
VHZ in a cell of the individual and administering an appropriate therapy, such as an anti-VHZ

agent, to the individual based on the aggressiveness of the tumour.

22. A method according to any of Claims 18 to 22, in which the diagnosis, prognosis or
choice of therapy is further determined by assessing the size of the tumour, or the lymph node
stage, or both, optionally together or in combination with other nsk factors, preferably in
which the diagnosis, prognosis or choice of therapy is further determined by assessing the

oestrogen receptor (ER) status of the tumour.

23. A molecule, agonist or antagonist of a VHZ polypeptide identified by a method or use

according to any of Claims 14 to 17.

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

25. A method or thing as hereinbefore described with reference to and as shown in Figures

1 to 11 of the accompanying drawings.



