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FIELD OF THE INVENTION

The present invention relates generally to

determining the risk of progression or spread'of carncers.
10‘ BACKGROUND INFCRMATION

Prognosis in clinical cancer is an area of
great concern and interest. _It-is important to know the
aggressiveness of the malignant cells and the likelihood
of tumor recurrence or spread in order to plan the most

15 effective therapy. Breast cancer, for example, is ‘
managed by several alternative strategies. One of every
nine women currently develops breast cancer at some point
in her life; In some cases local-regional therapy is
utilized, consisting of mastectomy or lumpectomy with or

20 without radiation, while in other cases when spread. of
diséase is detected or suspected, systemic therapy is
instituted, such as chemotherapy or hormonal therapy.
Among women with early-stage breast cancexs treated with
lumpectomy and local radiotherapy, 10-20% will experience

25 local recurrences and 30-40% will develop distant
metastatic disease which is often fatal (Fischéi et al.

1991, Lancet 338:327-331).
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1989, Scimwre developed to target this receptor (Slamon et al.
- U.S. Patent No. 4,968,603; Slamon et al. 1989, Science
'244:707—712). However, even with these additional
15 factors, practitioners are still unable to accurately
| predict the course of.disease for all breast cancer
patients. There is clearly a need to identify new
markers, in order to separate batients with good
prognosis who may not require further therapy from those
20 more likely to recur who might benefit from more

intensive treatments. .

This is particularly true in the case of b;east
cancer which-has not progressed to the axillary lymﬁh
nddés. There is now evidence in prospective randomized

25 cliniéal trials that adjuvant endocrine therapy and -
adjﬁvant chemotherapy beginnihg immediately after
surgical.removal of the primary breast tumor can be of
benefit in some of these node—négative.patients. This
has led to official and unofficial'recommendations that

30 most if not all node-negative breast cancer patients
should be considered for some form of adjuvant therapy.
But since the majority (about 70%) of these patients
enjoy longéterm survival following surgery and/or

radiotherapy without further treatment, it may be
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there
SUMMARY OF THE INVENTION

In accordance with the present invention, there
are provided methods for detefmining'a prognosis of
disease free or overall survival in a patient suffering

15 from cancer. In one embodiment, it has been found that.
high levels or "overproduction™ of BAG proteins in
primary tumor tissue show an unexpected and surprisingly
high correlation with lack of tumor recurrence er spread,
and therefore long-term disease free or overall survival.

20 Thus, the present invention advantageously provides a
significant advancement in cancer management because |
early identification of patients at risk fer tumor
recurrence or spread will permit aggressive early
Lreatment with significantly enhanced potential for

25 .survival.

Also provided are methods for predicting the
risk of tumor recurrence or spread in an individual
having a cancer tumor; methods for screening a cancer
patient to determine the risk of tumor metastasis; _

30 methods for determining the proper course of treatment
for a patient suffering from cancer; and kits for use in

practicing the invention methods.
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Figure 2 shows the results of Relapse-Free
Survival in breast cancer patients with tumor~position

15 lymph-nodes as set forth in Example 2.

Figure 3 shows the results of Cause Specific
survival in breast cancer patients with tumor-position

lymph-nodes as set forth in Example 2.

DETAILED DESCRIPTION OF THE ImION

20 In accordance with the present invention,
 methods are provided for determining a prognosis of
disease free or overall survival in a patient suffering
from cancer, said method compiising:
(a) determining a BAG gene expression
25 level in a cancerous tissue sample from said
patient; and
(b) classifying said patient as belonging
to either a first or second group of patients,
wherein said first group of patients having

30 ' high levels of expression of the BAG gene is
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10 level of expression of BAG in the cancerous tissue of a
. patient. The patient may then be classified as bélongiﬁg
to a first group of patients having high levels of
expression of BAG, or alternatively; to a second group of
patients having le levels of éxpression of BAG.
15 Determination of the prognosis for the patient suffering
from cancer may be made by deterﬁining whether the group
to which the patient has been assigned correlates with a
higher or lower likelihood of disease~free or overall

survival with respect to the group to which the patient

20 was not assigned.

For example, in one embodiment of the
invention, it has been discovered that overproduction or
a high level of expression of a BAG gene correlates to
patients héving a decreased risk of tumor recurrence or
25 spread (e.g., local recurrence or spread and/or
‘ metastasis). Thus, in this embodiment, patients
belonging to a first group having high levels of
expression of a BAG gene are classified as having a
decreased risk of tumor recurrence or spread compared to
30 a second group of pétients having low levels of
expression of a BAG gene. This embodiment is
- particularly useful in evaluating the prognosis of breast

cancer patients.
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risk of tumor recurrence or spread.

In another embodiment of the invention, high -
levels of expression of a'BAG gene correlate to patients
15 having an increased risk of tumof‘recurrence or spread.
Thus, in this embodiment, patients belonging to a first
group of patients having high levéls of expression of the
BAG gene are classified as having an increased risk of
tumor recurrence or spread compared to a second group of

20 patients having low levels of expression of the BAG gene.

In yet another embodiment of the invention, low
levels of expression of a BAG gene correlate to patients
'having a decreased risk of tumor recurrence or Spreaq;
Thus, in this embodiment, patients belonging to a second -

25 group of patients having low levels of expression of the
BAG gene are classified as having a decreased risk of
tumor recurrence or Spread compared to a first group of
patients having high levels of_expressidn of the BAG

gene.

30 In another embodiment of the invention, low
levels of expression of a BAG gene correlate to patients

having an increased risk of tumor recurrence or spread. .
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l'ow | eyel paelefixpr aastiag 8fighheevBAG FNe. e Giassidd ade dadraving an

i ncreased risk of tunor recurrence or spread conpared to a first -group of

5 patient8®R&ving high levels of expression of the BAG gene. The invention
met hods are useful in the prognosis of disease-free or overall survival of
i ndividuals with neoplastic diseases, including both 10 solid tunors and
henat opoi eti c cancef§¢ ERERPLAPE MRESSIOSsELE disedadesnt Adleude carci nomas,

such as pdggacaksi BeMassaRYeIBLAROMRS 02N 198100 A% 154 as  various
| eukem as or | ynphomas. OF particular interest are breast cancer, prostate

cancer, |tRgi¥afbels wdrBnnesréantéc, disgeesisa, inyipiddmg bavdh oral cancer
mor e j garkheyhatlimoRsCail RBRGEbpoAR USRSl HIRALIE, " cancer
recurrencgeoplastic diseases include carcinomas, -such as |
adenocarcinomas aﬁd melanomés; and- sarcomas, suéh as
various leukemias or lymphomas. Of particular intereSt
are breast cancer, prostate cancer, lung cancer, colon
15 cancer, leukemia, lymphoma, and oral cancer; more

particularly breast‘cancer.

As used herein, the terms “cancer recurrence”
and “tumor recurrenée,” and grammatical variants thereof,
refer to further gfowth of neoplastic or cancerous cells

20 after diagnosis of cancer. -Particularly, recurrence may
' occur when furthérrcancerous cell growth occurs in the
cancerous tissue. “Tumor spread,” similarly, occurs when
the cells of a tumor disseminate into local or distant
tissues and organs; therefore tumor spread encompasses

25 tumor metastasis.

As used herein, the phrase “disease-free
survival,” refers to the lack of such tumor recurrénce
and/or spread and the fate of a patient after diagnosis,
with respect to the effects of the cancer on the

30 life-span of the patient. The phrase “overall survival”
refers to the fate of the patient after diagnosis,

despite the possibility that the cause of death in a



and "tunor recurrence,"” and grammatical variants thereof, refer to further
grow h of neoplastic or cancerous cells 20 after diagnosis of cancer.
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The phragesbablilkehi kaod eiodi saaserdieae sorypyahd, in" ki pktiehtr ecurrence”
and variants thereof, refer to the probability of tunpr recurrence or

spread i FUBSHERAt To5 HAERAHOT FANRhosYRebeiRahB8r, wherein the
probabi | pt¥bksidetsr m@%@ﬁw@dﬁ%&ﬁ&%gr@@eﬁﬁe%rwessl B¥emhkon.
Dependi ng on the nature of the cancer, an 10 appropriate patient sanple is
obt ai ned1nX&NG3€& -herein, the phrase "cancerous tissue sanple" refers to
any cells obtained froma cancerous tunmor. In the case of solid tunors
whi ch have not netastasized, a tissue sanple from the surgically renoved
tunor will typical Bprsadimaigiedhs midiys cphreldef erncesti 8§ by

conveRpt i Mol PR td viel flyid ch as a
I ynp%ta %nggbgggs@'gr %%%sl(fnp egnyléanl%exou%%%? ui dﬂéaﬁré)%gpgggﬁigé- t he
cancer ousher ghwagrudaaaqarqys Warke eampket heeforeate) anwycbélsol | ect ed

and used s, ReSFMEE 4 CMerous tumor. In the case of solid |

tumors which have not metastasized, a tissue sample from
the surgically removed tumbr will typically be obtained

15 and prepared for testing by conventional techniques; |
Alternatively, a body fluidAsample, such as a lymph,
blood or serum sample, or an exudate fluid éample such as
the cancerous organ exudate (e.g., exudate from the
breast)'may be collected and used as the sample to bé

20 analyzed. 1In the case of leukemias, lymphocytes or
leukemic cells will be obtained and appropriately
prepared. Similarly, in the case of any metastasized
cancer, cells may'be'drawn from a body. fluid such as
lymphatic fluid, blood, serum, or a distally infected

25 organ or exudate thereof. While BAG levels will
typically be measured withiﬁ the cancerous cells of a
patient, levels of BAG will élso be measufed in a body
fluid sample (e.g., serum) as a result of BAG having been
secieted or otherwise released from cells (e.g., by cell

30 rupture).

As set forth herein, the invention method for
determining the prognosis of a cancer patient comprises:
(a) determining the level of BAG gene expression in

cancerous tumor cells of a patient, and (b) classifying-



20 anal yzed: In the case of |eukem as, |ynphocytes or |eukemc cells wll
be obtai ned and appropriately prepared. Simlarly, in the case of any

nmet ast asi zed cancer, cells may be drawn from a body f|Uig‘FUCh ?%
|ynphatic fluid, blood, serum or a distally infected 25 érgaH¥r 8% udat e
thereof. While BAG levels will typically be neasured within the cancerous
cells of a patient, levels of BAGw |P also be neasured in a body fluid
sanple (e. serum) as a result of BAG having been secreted or otherw se
rel eased fﬁ%@mpééqlleélt( &Sy hawypacd 118wy iptiee)or ARight likeibhordein, the

i nvent i on grethef oecudsleridd HMNG ﬁf@acpr%wélén ofh@ £BPSEropatAENt
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fluid Sampledel(-e.g., serun) of the patient relative to the reference 5

| evel . Determ ning | evel s of BAG gene expression Once the patient tissue or
cell sample is obt ai ned prognosr s of disease free or overall survival

i ncl udes defterm £13 ffe RAGP e o) expressi on or
anpllflcatlon in a cancerous tunor. Measurenment of BAG gene expression is
performed quantitatively such that the level of gene expression can be
det erm ned. The BAGOetx:presm @ratlle\rﬂd tisdderorisesll I osadpeierig ne t he
prognosi s Qf r, Quer 15 survival of a ncer patjent based
on the coro(r%eﬁg"#ll or‘is g’\%s Oherelsr‘raas”lgi'n 9% PoRYpie ge%% Vahe

li kel i hoodncdildﬂsrmlletleemdmraen@ex of Srecdcwdlry el ARG Wyéke t he | evel of BAG

eXprei%LO%xb@eggq%% %%lg%pll 5 catd A‘%nlt ggncerous tumor.

Measurement of BAG gene expression is performed

quantitatively such that the level of gene expression can
be determined. The BAG expression level is then used to
determine the prognosis of disease—free or overall

15 suxvival of a cancer patient based on the correlations
provided herein. This is possible because the likelihood

- of tumor recurrence or spread correlates with the level

of BAG expression in tumor cells. For example, it has
been found that when the level of BAG expression is high,

20 the likelihood of metastasis of certain cancers, such as
breast cancer, is low. The level of BAG expression may
be used as the sole factor in assessing the disease
status, or along with the additional factors, including,
in the illustrative case of breast cancer, lymph node

25 status, estrogen receptor status, and the like.

As used herein, “BAG gene” refers to the .
nucleic acid sequence encoding a protein comprising a BAG
domain as set forth in Takayama et al. 1999, Journal of
Biological Chemistry 274:781~786, which is.incorporated

30 herein-in its entirety. Exemplary BAG proteins include
the various isoforms, preferably human, of BAG-1
{including isoforms such as BAG-1N, BAG-1M, and BAG-1L,



been found that when the | evel of BAG expression is high, 20 the |ikelihood
of netastasis of certain cancers, such as breast cancer, is |low The |evel
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i's incorporated 30 herein-in |ts entlrety mplary proteins include
t he vari @ECtebrdr nandprateribley mpedeinoWhBASG contiatglaudi MAG sof orns such

as BAG ;%%? 2QQ e CUSSi on bel ow) ,
BAG 2, BA]%I% A%, gﬂg(ﬁé‘@a%r&&nelor{g%% )ée%ny Aht%cegr&pﬁ:odeerlsn%s\/\’/hl ch contains
a BAG dovd g aaymabaatiioon cor gamtmadl dedledtiicon whiertreofesulitelindi ng a
nutatugn(%hgﬁ%éaagrdg%ﬁEegge%hﬁﬂb Its g&sgﬁmggced or]def[sgsed BAG

gene expression or r 6851 AV 0 verac or
i nacti ve BffGepsbori aof. avlaeacBA@epr Mmcm&mdmﬁ&(&abamb BX& 2 proteins

from Caenor habdi tis a and BAG 1A and . BA ro

Schi zosad®Hars Cesoggﬁg B%?a?& LR NS 18 q f§5§%'§ﬂ¥#2?5G ~2rhus, as used
herei.n a [BAGE P10 eF FoRaBadnoeRRIRIMET @egﬂrﬁ,o afid HrepigD HRpr the
C--terminus,.  referred to herein as the-BAG domain. A preferred BAG

protein fRAGTLR HEPR; ﬁcfhézrsaéﬁﬁﬁhagmmessmr@qormaéﬁwm Gdir iagi -nal | y
i dent{ i ep9@§ agd9rd pvel Thegul %tsoﬁs%fd FRIRLPSIS BN ¥d ﬁjst s ability to
pot en e initia

bi nd Bcl - bl ocker "of ¢ death. Since -
char act er@Qra‘i?%‘iﬁedBM}'imhég Bedsl fregAe™ eeamtdreadt-taimimst, only Bcl- 2,

but al so g, faupbes. pf ALbEE 4 ngk%ynﬁﬂﬂhﬂg&aqre known to be critical in

controlllng

A preferred BAG protein for use herein is human

BAG-1. BAG-1 protein was originally identified as a

15 novel regulator of apoptosis bijirtue of its abiliﬁy to

- bind Bcl-2, a potent blocker of cell death; Since its

initial characterization, BAG-1 has been found to
interact with not only Bcl-2, but also a number of other
proteins which are known to be critical in controlling

20 <cell death, including Hsp70/Hsc70, Raf-1l, HGF receptor,

PDGF receptor, and several steroid hormone receptors.

‘Previous studies have shown that in both mouse
and humans, there.is only a single size of BAG-1 mRNA
molecules transcribed, but a plurality of sizes of BAG-1

25 polfpeptides-are translated (Takayama et al. 1998, Cancer
'Research'58:3116f3131). In mouse, two isoforms have been
identified: the normal length BAG-1 (referred to herein
aS_“BAG—lN”): and a longer BAG-1 polypeptide, or BAG-1L.
In human, in addition to the preSence of the _-

30 corresponding BAG-1N and BAG-1L isoforms, a medium length
BAG-1 polypeptide, referred to as BAG-1M, is also
translated. The cDNA complementary to the BAG-1 mRNA for

mouse and human are set forth in U.S. Patent 5,539,094



20 'cell death, including Hsp70/Hsc70, Raf-1, HGF receptor, PDG- receptor,
and several steroid hornone receptors. .Previous studies have shown that in

both nobuse and hunmans, there is only a single size of BA rrRNé8 _
nol ecul es transcribed, but a plurality of sizes of BAG 1 ?3'%‘55?? Bti des

are transl ated (Takayama et al. 1998, Cancer Research 58:3116-3131). In

nmouse, two isoforms have been identifipd: the normal |ength BAG1

(referred to herein as "BAG 1IN'); and a |onger BAG 1 pol ypepti de, or

BAG 1L. Ianduﬂnurakay&mkﬁéﬂCHqulﬂﬂa,ps@gﬁmpe(@échhefBthfhaggeon?rng i
ide, referred to

BAG 1N and, BAG 1L i.sof orms,. a .nedium |l ength, BAG 1 pol ype

as BAG 1|\/1d”|‘é§Dr sroatet‘:{ g‘r?sﬁédt%&?yﬁ%g%mg%oh%ﬂé ﬁFa??X%BgFHé-BA'@E TRNA
for rmousedlybdninate anaaicdorfdr i the) SvoRabest $s589rR94pAclanuary 2004
11 and in Ta et_al.,.1998, 's a, (each of which are incorporated
herein by 3 SO AFS ik aé?ﬁi:#l%ﬁml%eacb‘éisyb%gidé?%@ﬁﬁ*éh&%%ﬁor t he
two nodse (ssef TakmBAE N and BAE3 llsapea P19 aRd $§§y§g%99dgc!ds | ong,
respectively 5 (see Tak%yana et_al, 1998, supra). heﬁgo ipeptlde
sequencesﬁQQHQHﬁﬁ§1q@%G-HW?§e§%§T¥% {¥efarred 40j as RhguteiBC in Takayama
et al . 1998quepsD) iBAGIdNamgn bt BAG 1168 & 230ra P/ 4pR0CHEIOAg1 No aci ds
inlength,  respectively. 10 BAG pol ypeptides, and particularly BAG 1

. (especi aﬁ%ﬁ%&gam &nd BAG4 13nd a?‘b%/pﬁ%’s%fhtaq:hdﬁuh%rb@@gtfmor mal hunan
tissues. BeidpeRAGvENand BAG 1L have been found to be present at abnorma
level s in numerous cancers (Takayane et al., 1998, supra; and Yang et al.,
15 1999, Experinental Cell Research 247:200-207), including for exanple:

col onigancer, |eukemag, JoRRRIELJdY eaSId pLANCEN1 2 PIOSEAL € cancer, |ung
cancer, me| anoma, Qvarian_ cancer, cervical cancer, ahd renal cancer.

However, d&<SB&cidiidyi BAGOT NBADD ERESEion d%s abeesdnth Dt owrosicuDf
' normal human tissues. Both BAG~1N and BAG-1L have been |

found to be present at abnormal levels in numerous

cancers (Takayama et al., 1998, supra; and Yang et al.,
15 1999, Experimental Cell Research 247:200-207), including

for example: colon cancer, leukemia, lymphoma, breast

cancer, prostate'cancer, lung cancer, melanoma, ovarian

cancer, cervical cancer, and renal cancer. However, é

correlation of BAG expression levels with prognosis of

20 disease-free or overall survival has heretofore been

unavailable.

Determination of BAG gene expression or
amplification levels may be performed by one or more of
the methods known to one of ordinary skill in the art.

25 For example, BAG amplification or expression levels may
be determined by detection of (a) a BAG polypeptide, (b)
mRNA encoding a BAG protein, (c¢) a portion of DNA which

constitutes a BAG gene, or (d) any combination thereof.

For example, levels of BAG gene expression can
30 be detected by measuring levels of BAG protein using
agents that bind specifically to a BAG polypeptide. As

used herein, the term “agent that binds BAG protein”



20 di sease-free or overall survival has heretofore been wunavail able.

Det erm nation of BAG gene expression or anplification |evels may be
performed by one or nore of the nethods known to one of ggegnary Eill in
the art. 25 For exanple, BAG anplification or expression | F@V&§® be
determ ned by detection of (a) a BAG pol ypeptide, (b) nRNA encoding a BAG
protein, (c) a portion of DNA which ggnstitutes a BAG gene, or (d) any
conbi nati on thereof. For exanple, |evels of. BAG gene expression can 30 be

det ect ed i I I f pr.otej u3| s t hat

specifica ?£$%Sg53%g¥p§¥$8§ﬁgl Qﬁgkss Egég g¥¥é%% t%?n?"g%gnt t hat

bi nds BMPxﬂtﬂknn"incIudangarfoZO@&ambleef@mﬂ{knzﬂBAGEﬂE¥n$EE$IMu
specifically,bin BAG _protein, ¢l udi ng, exa BAG 1N,

sae 1L, SR EEHPoPe SO, FarGE e KRRRRAL L ASET S S (SRFEESS det ect s
the | eveltiod JB*A@chpfeBAGOExpSHGblagent Sualte Jyeaftey ad)_’re' Prépdeisoy, f or
detectio si.n t hods_wel |, known e, of skilled in the art. A

vari et g%%ﬁagﬁ%ng%fegeESHFéﬁﬁlHFéBngFt&9§QN¥%%%1KQ?@HMEﬁf?QQR?y det ect
'BAG proteef rsk:plbé@raﬁl yhBAGrt. i AcCkudibg yigH eigshtdiaweto bind

speC|f|cah%ﬁito apti bodi es to BAG (such as 10 descri bed |n Unlted
States Pdt ‘ie%a OT; HEBr PEFEL8d CohSPEH T arlaie daiact rBA

entiret Y)prdﬂem,pt;bﬂéﬁe%b@b BaBee) i 6ah Ll b BAG 1 s DERRS r@dj agent for
bi nding to EAG—l such as the anti-BAG -1 anti body used herein (See, for

exanpl e, VRCEYLGR 111068, BAGpr antibpddesc tiopBAsn (@ amt i body
prepar@t ideBc vkl 19 @hhtéaofs@w&s%a%éﬁtl 5, @486 NONCAN dy ot ei ns,

may al so be used as "agents." For exanple BAG protelns are known to
speC|f|cmﬂ?%?%ﬂrﬁyrﬁﬁ@@69§cﬁréﬂeFﬁ§ eBgakeay)Bc Prl peRifiders YHareh ecept or

PDG-- reC%&Lfl‘Mﬂy bi8sd0past er @i grg@egg%@%‘nge'iﬁc%rorﬁn&% the like. As

a result, any of
'BAG-1, such as the anti-BAG-1 antibody used herein (See,

for example, Takayama et al. 1998, supra, for description

15 of antibody preparation) binds to all isoforms of BAG-1.

Other, non¥antibody proteins, may also beAused
as “agents.” For example,-BAG prdteins are known to
specifically bind numerous proteins, such as Bcl-1, Raf- -
1, HGF-receptor, PDGF-receptor, Hsp70, Hsc70, steroid

20 hormone receptors,’and the like. As a result, any of
these proteins, or active BAG binding fragments thereof,
may be‘used to specifically bind BAG. An exemplary
activg binding fragment of a protein which binds BAG-1
(and also BAG-2 and BAG-3) is a BAG binding domain of

25 Hsp70. The ATPase domain of Hsp70 may be expressed in a
truncated form, lacking the carboxy-terminal ﬁeptide—
binding domain. In this form, Hsp70 will not
indescriminantly bind proteins in non-native
conformations; however, the ATPase domain of Hsp70 is

30 still capable of binding BAG-1 (or BAG-2 or BAG-3)
protein. Therefore, an actively binding fragment of é
protein known to specifically bind BAG may be used as an

“agent” which specifically binds BAG protein.



these proteins, or active BAG binding fragnents thereof, may be used to
specifically bind BAG An exenplary active binding fragment of a protein
whi ch binds BAG1 (and also BAG 2 and BAG 3) is a BAG bI? %n&ﬂggg@#n of 25
Hsp70. The ATPase domai n of Hsp70 nmay be expressed in a runca

l'acki ng the carboxy-term nal peptide- binding domain. In thIS form FBp?O
wi [l not indescrimnantly bind protelhs in non-native conformations;
‘however, the ATPase domain of Hsp70 is 30 still capable of binding BAG 1
(or BAG 2 or BAG 3) Anpibodias, Thetkforrpcdnnadt andl pobiyndonglfraggent of a

proteln KooWisLa S0eGhLERRl Ly by s BAG IRYoRE UsE 3R Ao BHENC " whi ch.

specifica ern ies, both
nDnocIona@randlpobychopakypapyldbefnagmea$ $pecebfcalhysb|nd|ng agents

whi ch bind B t or.a ptide.fra thereo

cont enpl av2at e SrhedReRrad; B8 HBEORAATLAG ATRAL o AR PRy SPBESRES: i ns
whi ch spe@ffptatéynblnﬂlaﬁﬁsprﬁfhenlby bdaBeBhGn @aetabﬁvbyexenplified)
addi tion a, G-P domain I uence
mod 11 ont ferdrbof” tag; fhouBieferbl hhtATbnearett TR (Bna- | sRELeig T ¢
al so contefphated Hemnein bhas epe @bmamhe, of- sbgquBAGespeci fi c bi ndi ng
agent s X 8 used.in z single assag ? neas re BAG, g ot ei vels For
exanpl e, MQAEEFEAFLOPr b€ ef nr KALWA~FBSFh éFa@P fPeERSgL gec?? ct 5ortion of
t he BAG lipketein, such as, for exanple, a 15 first antibody rai sed agai nst
the N-termnal 60 amno acids of the BAG 1L protein, may be coupled with
anot her specifically binding protein, such as a second anti body raised

agai ngy a sequence ¢@niai fedoi BoROkhp BAGedNhardinBAfratLlonklsbROmbRese two
antlbodles in a single assay, 20 the specific Ievels of the differently
translatéﬂ BRe 1 BAG specific binding agents may be used in a
single assay to measure BAG protein levels. For example,
a certain protein known to interact with a specific
portion of the BAG-1 protein, such aé, for example, a
15 first antibody raised égainst the N-terminal 60 amino
acids of the BAG-1L protein, may be coupled with another
specifically binding protein, such as a second antibody
raised against a sequence contained in both BAG-1N and
BAG-1L. Using these two antibodies in a single assay,
20 the specific levels of the differently translated BAG-1
polypeptides may be measured by differentially measuring

the two antibodies.

Preparation of the agent for use in the
detection of BAG protein levels will be carried out usihg
25 the methods of one of ordinary skill in the art, such as
the methods exemplified in the Current Protocols in
Moleéular Biology, and in U.S. Patent No. 5,882,864.
Similarly, detection of BAG protein levels may be carried
.out'using any of the methods known to one of ordinary
30 skill in the art including histochemical staining,
Western Blot analysis, immunoprecipitation (or the
equivalent thereof for non-antibody agents}, and the

like. 1In a preferred embodiment of the invention, the



pol ypeptides may be neasured by differentially nmeasuring the two

anti bodies. Preparation of the agent for use in the detection of BAG
protein levels will be carried out using 25 the mnethods ogcﬁge of grdinary
skill in the art, such as the nethods exenplified in the F¥t20B% ot ocol s
in Molecular Biology, and in U S. Patent No. 5,882,864. Simlarly,
detect.ion of BAG protein |evels may he carried out using any of the nethods
known to one of ordinary 30 skill im4he art i ncl udi ng hi st ochem cal

st ai ni ng ter l,ot .anal ysj.s, 1nmmnoprecipitation (or the equivalent
her of CFEE AR SR aR) et PAETRoLSPrRe. Tpnl SPBrBPESESanbod nont
of the ingaeh as, arhe&lLISAlanuaiync08ZR 14angt bhd mikdﬁteahﬁag BﬁG Frﬁtsin

| evel s is_an inmunoassa (such as an ELI SA i no- PCR, and the |ike),
whi ch | REFHESS OSSP RE T dRAS o anthboAySY NeaUGPERERRSBE { he

pol ypept bde taRac pdaddapta RAGIIaRdayy | Ickdeganaeasyr eABNLseof fragnents
of the pol ypeptide, wherein the frggnents artse fromtranscriptional or

t r ansPat PERELCSRENEE FragReYehet orhal PRLKBEPVARG, Hheredienthy sized'

pol ypept irdagmanit&e 25 s el te indosipd 18nsh abkorahnsMREibheat i ons
i ncl udi ng proteolysis of a larger portion 10 _of a_BAG polipepplden An
~ exenpl ar YarARih§ &fsde genge 9 alHernavinelvn defheasntédy adeeeti ng BAG

protein b%\l%%ﬁitid@% TR 4P WEBIASE Shaphst eaehhONat FBHAY- PCR assay
(described in U S Patent 5,665,539, which is 15 incorporated herein inits
ent i r et yRodifpgasioperinqiudineprptemiypbdyofor dahepragentiehi ch bi nds

BAG) 150 ¢eteghat %l@?@ rQiLi N, wherein the antibody (or other agent) is
| i nked tg aanDPécgﬁe t&%ﬁba ly biotin), which specifically binds a

bridging nolecule (typically 20 avidin), wherein this bridging nolecule is
capabl e of An exemplary immuno assay for use in the
invention methods for detecting'BAG protein levels is an
immuno~-polymerase chain reaction immuno—PCR assay
{described in-U0.S5. Patent 5,665,539, which is
15 incorporated herein in its entirety). Immuno~PCﬁ,
utilizes an antibody (or other agent which binds BAG) to
detect the BAG protein, wherein the antibody (or other
agent) is linked to a molecule (typically biotin} which
specifically binds a bridging molecule {typically
20 avidin), wherein this bridging ﬁolecule is capable of
binding a second molecule (typically biotin) attached to
a nucleic acid marker. This nucleic acid marker is then
amplified using PCR methods. This sensitive .detection
' method is particularly useful when BAG levels are often
25 difficult to detect by other methods, for example,

deteétion of BAG in serum.

Measurement of the polypeptide encoded by a BAG
gene may furthér.be carried out to specifically measure:
(a) the level of BAG produced in the entire cell, (b) the
30 level of BAG produced in the cytosol, {c) the level of
BAG produCed in the nucleus, (d) level of BAG present in
cell-free extract (e.g., serum), and (e) any combination

therecf. Exemplary methods which can be used in such -



bi ndi ng a second nol ecule (typically biotin) attached to a nucleic acid
mar ker. This nucleic acid marker is then anplified using PCR nethods. This

sensitive
often 25

-detection nethod is particularly useful when B vel
difficult to detect by other methods, for exanplzsahggygép

‘&II’G

I on of

BAG in serum Measurenent of the pol ypepti de encoded by a BAG gene may
e carried out to specificallyTeasure: (a) the |level of BAG

in the .entire cell, (b) the.30 |evel of BAG produced in the
cytosol , FERIHENSARS GiCclWERG 7 otiteediethede sueheas, (d) |evel of BAG

i Gt i€ 104 AGls, i Qpartﬁfém%lf”&iﬁf%rgﬂgigfnbi nation

further b
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present i
t her eof .

Exenpl ary net hods | can be use n suc
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measur emestt@ inigidude tivessi tihareaonsok wtd athe mactoghenardl i8t ai ni ng,
parti cul ar).y. di ffenr ' st_al nj th osol .and 1 he nucl eus,
i"{lrtolqzl rr\en{eﬁtcglg)s%I gsag'c%Chasaa%/&%]%%%},%fg%n% a;‘/ 5?{ %1%]:01;“1&1'1%%?&;% extracts,

and in v

Cyt 0solS c esdttmeanttss, ayrtcsmylim eDetmsattion @f semahs of NMRNA encodi ng BAG may
e as an indicator of BAG expression.. The nethods used to detect

al so. serv
nMRNA | eve

s will include the detection of hybridization or anplifi

cation

~with the nRNA 10 en®ediet: iBAG.ofThievelet ent i MRNABYnbed Tag ' BEC may by

anal ysi s
usi ng one

of

MRNA eith in .vif. ' ' 0., | ti I
30120 WA ROk A T e A ES S5 L8R 11 P tho arl s

exenpl i fi et thodshes@Gdr rentdetrat oA 1evdds eeid BriBtvhagytKdohn Wiley &
9); 15.n U.S. Patent No. 5,6882,864; and the |jke. A BAG nmRNA
\ﬂ?eltle & Ohhy TR IR AT AHNG GEFRELP iR gMSTRYer eof .
Det ectuoon epfcddiegDEAGRNC adiing RAG dEdordlgdy se tsedi @8 @i imgi cat or of BAG

Sons, 199
det ect ed

expressi o
DNA whi ch

15

20

25

30

n. Aplurality of° 20 changes, fromwld type in the porti
anal sis of &%NA either ig vitro or in si g {e.qg., ié)a

tissue sample) using one of the methods known to one of
ordinary skill in the art aé exemplified in the Curfent
Protocols in Molecular Biology (John Wiley & Sons, 1999);
in U.S. Patent No. 5,882,864; and the like. A BAG mRNA
detected will be aﬂy RNA transcript of a BAG gene, or
fragment thereof.

Detection of the DNA encoding BAG may also be

used as an indicator of BAG expression. A plurality of

- changes from wild type in the portion of DNA which

constitutes a BAG gene may influence. levels of gene
expression.  For exémple, gene amplification will provide
more copies of a BAG gene within each cell, thereby
facilitating the manufacture of an increased number of
mRNA molecules encoding BAG, which may result in an
increased level of BAG protein within the cell. 1In
ancther example, gene translocation or partial gene
deletion may have an effect on the rate of gene
expression by, for example, decreasing the ability of a
repressor protein to repress BAG‘trénscription, resulting
in higher levels of BAG protein within the cell.
Detection of the portion of DNA which constitutes a BAG

gene may have application by indicating the occurrence of

on of



constitutes a BAG gene may influence. |evels of gene expression. For
exanpl e, gene anplification will provide nore copies of a BAG gene within
each cell, thereby facilitating the manufacture of an ingépased Bpgber of
25 nRNA nol ecul es encodi ng BAG which may result in an iAcPRATEEWEvel of
BAG protein within the cell. In another exanple, gene translocation or
partial gene deletion may have-an effiect on the rate of gene expression
by, for exanple, decreasing the ability of a 30 repressor protein to

repress BAGLr L EPLhORonl e | | ' S BAG, protein
w thin the celfmﬁ Det Iéct iagrr\1 oﬂideg%oﬁiﬁo%%w&%Ey ii:hlg%:%nstltut es a BAG
gene may Bavetippti et Pohely matiaatien f ddraireepgenunbe?, January 2004

1.0 gene QUphLALEA!LBRA L EANSIACAd LS HIAL PML e PATEAR! qoflel ShiOR. Of

ot her nodifrcation of the cdpy nunber,”  Sequehce, Toca |%n, or

accessi bi resyltafin Bacguad Wewdls reSdtpressabmorfind BAGeysnef

'expression of a BAG gene. 5 Detection of the DNA constituting a BAG gene

may take place by a variety of nethods known to those of skill in the art.

Such nethods wi |l tPpteatliyn rmd ude ONke detscitwninod aybiEdyeaei on to the
cati.on of. the DNA constituyting a

DNA constjtuting a_ .BAG gene, or_.anplifi
BAG 10 geie! 1hEs RATRONag BERAT &F SRUBPRIATE s-of C0SF [t ar DNA
either inskilloimrthe srtu. [Nusr eesthotet Widisl fofpTad I Yy nphelidé hi s
detection_are known.to. _those .of. ordinary skill_in the art, as exenplified
in the ijl??e‘%?tﬁmgf%o?g Eﬁ%%&ﬁ%ﬂ%%&gﬁ M TP EUEE PR ent No.
5, 882, 864pA@hgertie ] Sot namppafatced iker &M ghe i0MR efdh el yut Ghassigagng t hﬁ
ati.ent The clasgjficatjon of particular, patients requires conparing the
Pevelf%f %&E?gen h%§pp%t§pgnq4% be carrlé) out by an§&§51s cn‘frrp g
cellular DNA either in vitro or-in - -situ. Numerous

methods for carrying out this detection are known to. A

those of ordinary skill in the art, aS exemplified in the

Current Protocols in Molecular Bi010§y, and in U.S. N
15 Patent No. 5,882,864, which is incoqurated herein in its -

entirety.

Classifving the patient

The classification of particular patients
requires comparing the level of BAG gene expreésioh in
20 the tumor cells of a patient to a reference level (also
referred to as a basél'level). For example, after
measuring the BAG expression level of the cells in a
cancerous tumor of a patient, the measured level is
compared to a reference level. This reference level is a
25 level of‘expression of BAG used to evaluate the level of
expression of BAG in cancerous cells of a patient.
Specifically, when the level of BAG expression in the
cancerous cells of a patient are higher than the
reference level, the cells will be considergd to have a
30 high level of expression, or overproduction, of BAG.
Conversely, when the lével of BAG expression in the

cancerous cells of a patient are lower than the reference



20 the tunor cells of a patient to a reference level (also referred to as
a basal level). For exanple, after neasuring the BAG expression |evel of
the cells in a cancerous tunor of a patient, the neasure evel i
conpared to a reference level. This reference level is a QZ%nV%V@PB%f
expressi on of BAG used to evaluate the_|l evel of expression of BAG in
cancerous cells of a patient. Specifi&glly, when the | evel of BAG
expression in th cancerous.cells of a patient are higher than the
referencef?gﬁér,%pﬁec glst%#ﬁlkﬁec88ﬁépﬁﬁFﬁthb Qamﬁy Higg® Y evel of
expressi 08f okpoeesfodJuslti aRdeebrBAGetiGenVersan:. when the | evel of BAG
expression in the cancerous cells of a patient are |ower than the
reference 7 January 2004 17 level, the cells will be considered to have a

low | evel of expreasi @BedOhetRdar PEadUGrAR “0fi BAGeRAI~USRd herein, the
~ternms "high level” or "gverproduction" -of BAG gene expression is related
r

to a 5 | eveleBPTRABCERE" eRpr 848G GRNEHEFELESFERY fiheE Isdsed tA ével and is

li kel ysdi {éeeentrf 8nceaeheCaRpeEsEYBE abbidS a IR RGEAMRNER Mt h the
present invention a reference or basal |evel of BAG gene expression in a

parti cul at€¥ahcapdcdp Liygeyi difderenti deragash qanser tyPeval ue, above

whi ch thefguts anShgRirieaBE GRERCLAL PResAlNaeR dig Y gsence of BAG gene
expression and 1 ncreased or decreased tunor recurrence or spread. Those of

skill inreherapeewplr] brsadgheyelt Rt Béengeneuadresgdiotesnage not sharp
VAl uog ont 6 FRer e SR e e T FAPE. Ronrar T Sopdes BIe o ol oct an
opti mhf €alwei ghPue wbigh vheyengsHa- sdgndficamd ceereilleg)iosf BAG gene
ot efe ko REer ESHRERL L HRY sbhe Septiishond LA pcaverent
sophi sti ca¥i @acopased tumor recurrence or spread. Those of skill
in the art will recognize that some "cutoff“ values are
not sharp in that clinical correlations are still
15 significant over a range of values on either side of the
cutoff; however, it is possible to seleqt‘an optimal
cutoff value (e.g. varying H-scores, and the like) of BAG
gene expression for each cancer cell type. It is
understood that improvements in optimél'cutoff values
20 could be determined, depending on the sophistication of
statistical methods used and on the number and source of
samples used to determine reference or basal values for

the different cancer cell types.

Such "overproduction" 1s not typically
25 'calculated in terms of absolute BAG gene expression or
proteiﬂ levels, but ié determined using relative
measurements. These relative measurements are 7
illustrated for quantitation purposes with an "internal
standard; " however, it will be appreciated that other
30 standards or methods of determination may be used, such
as comparison with ekternal standards, BAG mRNA

measurements, measurement of the DNA constituting a BAG



statistical nethods used and on the nunber and source of sanples used to

determ ne reference or basal values for the different cancer cell types.

Such "overproduction” is not typically 25 calculated in ter of B olute
TuRHEY 204

BAG gene expression or protein levels, but is determ ned tive
measurenents. These relative neasurenents are illustrated for quantitation
purposes with an "internal standard;jghowever, it will be appreciated that

ot her 30 standards or methods of determ nation nay be used, such - as

conpar i sagewd | hasxb e8! v 5188825 8s nBAGBRNA waTEasur ement of
t he DNA é'%bnstltutl n B‘,&G 7 January 2%64 8ngg%2MN%sol ute vaI ues of the

protein o¥SHIRRAY oD elé#bﬁs and the like. The reference | evel may be
determ ned by a. plurality of methods, provided that the resulting 5
reference | evel accurately provides a Ievel of BAG .expression above which
exists a first grouphe olre@%reeaeslewaﬂu mgyabei f:ifealeemumeldsbyofa t unor

recurren a C gLgup of t.i ents havi ng BAG
expr essi gﬁLﬁre f:Pg E{éi)F h%a!’r:'e ?Ee“rrlggé egggt e 16 P@%&Pgnce | evel may be
det er i nexpinrefos be(‘aeﬁ)lzec;cum‘aehyi pgoiredels af iexplessi @acof BAG in
non- t unor My m lLssue-as the tissye of the
cancer Hi %scsa%&? (i% El‘hgh %?%15 ﬁc?—j f%éﬁ# LR 85 Pﬁ‘zlgf%te%a of BAG
expr essi d‘ra\OIfng ravdiff)emﬂm ur £k cef | BuﬂBeréchrm‘Eyic@r oift¥piteadhave been

t unor ce been nanipul ated in any

mani pul at t ate e

‘ot her rrtg%ne?c% Ay e?%l%o%(;(p?léggﬁ’oﬂgl ngﬁ/%n%ﬁ BRYABEUPAFel y  deternmi ne

t he refereermésm/@h lé\tels bém@mt’aﬁilé tereeengsi 2evehat mrekerence 20 levels
are necessarily,t ejnl evel s BAG flgl(gresm ogof ound in cultured cell

Ilnes UséF 10 PHOvi Y $ B hdre determ d by, for example,
measuring level of. expression of BAG in non-tumorous

cancer cells from the same tissue as the tissue of the
cancer cells to be tested. The reference level may also
be a level of BAG expression of ih vitro cultured cells
15 which may or may not have been manipulated to simulate
tumor cells, or may have been manipulated in any other
-manner which yields expression levels which accurately

determine the reference level.

It is important to recognize that reference

20 levels are not necessarily the levels of BAG expression
found in cultured cell lines used to provide internal
standards. Rather, these may be referehce level amounts
of BAG gene expression (e.g., BAG protein, BAG mRNA, and
the like) that occur ih'tumor_cells. It is, for example,

25 possible that a high level of BAG gene expression in a
‘tumor sample will have a relatively lower expression
'level than the corresponding BAG protein expression level

in an internal standard.

The reference level may also be determined by
30 comparison of BAG expression levels in populations of
- patients having the same cancer. This may be

accomplished by histogram analysis, in which the entire



standards. Rather, these may be reference | evel amounts of BAG gene
expression (e.g., BAG protein, BAG nRNA, and the |like) that occur in tunor
cells. It is, for exanple, 25 possible that a high | evel gf, BAG

wdr 2By 8 o1

expression in a .tunor sanple will have a relatively lo 8%%?
"l evel than the correspondi ng BAG protein expression level in an internal

standard. The reference level may al sé°be deternined by 30 conparison of

BAG expressjion |leyels in Eopulations of patients having the sane cancer.
This may BeNaEtonbhl PRReBhy RPSTEGr AFcatdapdiicalily wHsgentrdentire 7

January 2QR4rd9nceheitsef aRaki erbsekesi-ad take 19hanhig@ldag present ed,
wherein a first axis represents the lLevel of BAG expression, and a second

axi s. repPBBERTSIPRe ADFDBr SEFONAKieN TSP et S W thRee afunor cel | s

express BAGx aénfsSifll VRE 8MBkt THRsQM tTRIS SRAAALE PG fati ents may
be determ ned by identification of subsets popul ations of the cohort which
have the GaHeN ole%Ehi | aFWexpPreB9ren sepayats GroRpRG CetRatiiandts aryof

(he. ref ergocget el ndBYpy! NABNRE £TRARRASBE QRALL X UARAILN drfd/ g Whi Ch

best 10 distinguishes théese separate groups. Verific hat
t he-ref ereheecPoer whishi hgueshbs shael pielsividé ofexnpessigcur rence or

spread in) canger,paghgNt SpEXRLESS gg.oplelo%wt'h%f,erre%%l néfee\é%gel()fma G versus
cancer patients expressing above TS5 Fef &rence Ievels o I's cdrried out
usi ng si nghen parhageebasedubni anaekabkssiral ysivel MWidsh fetdiods det er mi ne
the I kel : r [ e or nore variables and a given
outco%g..?gggﬁggéﬁggggiEﬁég%sggp?%é%%egﬁgggam |1 determne the Iikelihood
of a 20 correlation between BAG expression |evels (or BAG expression

evel s coupl ed wi thyapothes:yah 3hhe) oAl rdhstane figa or overall survival

of cancer patients. ,
distinguishes the likelihood of tumor recurrence or

‘spread in cancer patients expressing below-reference
levels of BAG versus cancer patients expressiﬁg above-

15 reference levels of BAG is carried out using single
variable or multi-variable analyéis. These methods 7
determine the likelihood of a correlation between one or
more variables and a given oﬁtcome. In the specific
case, the methods will determine the likelihood of a

20 correlation between BAG expressidn,levels (or BAG
expression levels coupled with another variable} and
disease~freé or overall survival of cancer patients. Any
one of a plurality of methods well known to those of |
ordinary skill in the art for carrying out these analyses

25 may be used. Examples of single variable analysis is the
Kaplan-Meir method or the log-rank test. An example of
multi-variable analysis is the Cox proportional-hazards

regression model.

Population-based determination of reference
30 levels {(e.g., histogram analysis) is carried out using a
cohort of patients sufficient in size in order to
determine two or more separate groups of patients haﬁing

different BAG expression levels. Typically, such a



one of a plurality of methods well known to those of ordinary skill in the
art for carrying out these anal yses 25 may be used. Exanples of single

vari able analysis is the Kaplan-Mir method or the Iog-rgqr tes%@ ﬁn
exanpl e of multi-variable analysis is the Cox proportiondl*2R43¥49
regressi on nodel. Popul ati on-based determ nation of reference 30 |evels
~(e.g., histogramanalysis) is carriedygut using a cohort of patients
sufficient in size in order to determne two or nore separate groups of

patients handRg cothd F £5£81 2 BAGSXR 8851aR 1 kBY¥E!, S p B Lally sBuch a 7
January 2004 20 cohort conprises at_|east 25 patients, preferably 50

pati ent s, PHOFO 1T iR ED| Hrobepabilent §, rakdepss momel YiteMamfbl y at | east
- 100 pati. 108 y I § heat,L, 0k det et nj; reference levels wll
‘also 5 ?@#%??§§9%¥a%%a%?¥§% %g?iE%gg?ﬁgféfe§ég%gggadgatients, nor e

pr ef er abl 4275 izt kon sof addteyningdr sefecskacablgvatls [widslt alG® patients.
-The refer leve Sj : nmb I _ J .C e to every
pat i eﬁ% , or it hleseér/e%%%%gglgsl g\%gkgﬂgé’ @%F&f‘??‘%ﬁc!’?a)r écﬁgj[ytﬂoleg‘?esdi fic
subpopul admnprEfepavl en?S. patiBoks, erdnpkt, morengmrefanajity lave. a '
di fferent |§¥e¥§@ce Ievg{%than wonen for the same cancer. Furthernore,

t he refer%%%e Ievelp%gb%t e sone level determned for each patient

i ndi vidual | y. For exanple, 15 the reference level mght be a certain ratio

of BAG expression jn the tunor cells.of a patient. relative to BAG

expressi on in now&%ﬁ%rr%E?anﬁFtﬁﬁﬁe}h@a¥a apgﬁqgi? ?Hﬁh?ﬁ%e ref erence
| evel foreqadipaipehicadye be preserphedehy,aoreftéteentef edeaatded. of BAG

' wherein the reference ratio be det er.m ned b%ﬁgny of the

ore g _
ot TRvelor i Ty (RECPERARENER PROGLE T SRR o AARS

patients. For example, -men might have .a different
reference level thah women for the same cancer.
Furthermore, the reference level might be some level
determined for.each patient individually. For example,

-15 the reference level might be.a certain ratio of BAG
expression in the tumor cells of a'patient relative to
BAG expression in non-tumor cells within the same
patient. Thus the reference level for each patient may
be proscribed by a reference ratio of BAG expression,

20 wherein the reference ratio may be determined by any of
the methods for determining the reference levels

described above.

Further, while the reference level described

above discusses a number which separates two groups of

25 patients, it is within the scope of the invention that
numerous reference values might exist which separate a
plurality of populations. For example, two reference
values may separate a first group of patients with high
levels of BAG expression from a second group of patients

30 with intermediate levels of BAG expression, and from a
third group of patients with low levels of BAG
expression. The number of different reference levels may

be sufficient to proscribe a curve, such as a continuous



Further, while the reference | evel described above discusses a nunber

whi ch separates two groups of 25 patients, it is within the scope of the

i nvention that nunerous reference val ues m ght exi st mhi9h se aﬁ@é a
plurality of popul ations. For exanple, two reference valué@ Wﬁy %arate a
first group of patients with high Ievels of BAG expression froma second
group of patients 30 with intermedi ateil evel s of BAG expression, and from a
third group of patients with low |levels of BAG expression. The nunber of

di f ferentlieéerentehl deekbsiivey the sukkildheotd tod pricsesdbE reascwrve, such as

a continu a 04_21 line Lch _descrihes t | i kel i hood of
disease-f&gér%%f iAgs %QsﬁpvﬁvgﬁtﬁﬁnghﬁgtFe%&ngglgnf cﬁﬁﬁﬁ of BAG
expressi oexpegesion lLbawelpahi ehbt Pacheatcur Baich lal curerskiiiute a

"continuOusﬁ EM$%#eferencetLevel,”mg re the 5 likelihqgod of disease free or
overal | stufVfval"th & paFF&RECNS porti SARTSASR o “EHE e VO TST tBEG

expr essi ohi kéeilebodnofhdl spakieeireeThe bekenenceureMelalcam al so represent
the |evel of B@G, rotein in one or re_conpartments of the 10 cell.

Typi cal | y?2THhE" e+§r835t1P8&8Pa i IFP Egﬁré§§ﬁ Ore BAG FEPLESSAAA protein in
(a) the whetelcehl théb)pkbeentycl eus, or (c) the cytosol. This level will
be useful when cell conpartnentalization of BAG protein correlates wth
the risk of tunmor recurrence or spread of a certain 15 cancer. For exanple,

it has been observetshéhatfbhenkevebvedf cBAGaRER! @kl reschicdhek i n the
cytosol of patients with |owrisk of breast cancer recurrence or, spread

than the 1&Ytbsotfi BARARTBFBLE| AN EEI O5f MBEEI ERER AR RiSgR L t8R of breast

cancefor egsl1r enceypicspl 9adendespickechhe flagkit hat12Q e skaveknel BAG
expression in_the nucleus can be roughly equivalent. Simlarly, the

an b g
r ef er encel $8%k| ChulABePHEOLRARI dT0f(a) elBP s WHP LBAGSBHot i ithet he di f fer ent

nucleus, or (c) the cytosol. This level will be useful
when cell compartmentalization of BAG protein correlates
with the risk of tumor recurrence or spread of a certain

15 cancer. For example, it has been observed that the level
of BAG protein is higher in the cytosol of patients with =~
low risk of breast cancer recurrence br‘spread than the
cytosolic BAG protein ievel of patients with high risk of -
breast cancer recurrence or spread, despite the fact that

20 the level of BAG expression in the nucleus can be roughly
equivalent. Similarly, the reference level may be a
ratio of levels of BAG protein in the different
compartments (e.g., the ratio of nuclear BAG protein to
whole cell BAG protein, or the ratio of nuclear BAG

25 protein to cytosolic BAG protein).

It is alsoc contemplated Herein that the
reference level can represent the level of expression of
a single form of BAG (e.g., BAG-1N, BAG-1M, BAG-1L,
BAG-2, BAG-3, BAG-4, OR BAG-5). This reference level
30 will be useful when a single translated form of BAG
correlates with the risk of tumor recurrence or spread of
a certain cancer. For eXample, it may be observed that

the level of BAG-1lL expression is higher in patients with



conpartments (e.g., the ratio of nuclear BAG protein to whole cell BAG
protein, or the ratio of nuclear BAG 25 protein to cytosolic BAG protein).
It is also contenplated herein that the reference |evel an &égr Ent t he
| evel of expression of a single formof BAG (e.g., BAG 1K@ fﬁﬁ BAG 1L
BAG 2, BAG 3, BAG 4, OR BAG5). This reference level 30 will be useful when
a single translated formof BAG correglbates with the risk of tunor
recurrence or spread of a certain canCer. For exanple, it nay be observed

Lhat  theibgvel 597 oBAGAL EXREESSLANL S NG, I, Rald el WAD 7 January
2004 22 low risk of | ling”cancer "récurrénce or sprea ham the | evel of
BAG 1L expewssi ofi BAGpali erpsewistibnhiigh patsiendfs Wity Ioiagicerislecaf rence or

spread, d It fact that the level of fotal BAG 1 expression (i.e.,
he aum ot iRt pfeht8x ek Rhes: BEacP iR diling, s dast [T he same
for all paheeheselSofii tathy, BAbe Ir ekerescd drevidl. etgy tee sumi adf 0 of | evel s
of expressian. for_different r of BAG (e.q.,, the ratio qf BAGIN to
Bac 105 s RAETANT oBBE LincPs PREEAL SxBhar At LatBLY 0SSR 98 er ence
level of BAEG exprpasientsay shimitlbellyhe e d ok r@oitjalmedvean wd ¢ lbanot her
variable _fou tatistically significagnt_indicator of the

d to_be a
li kel i hooQ B?QaP58£s$?¥?ia BF SverssEion: idralditderents ji™s Cancer. Such

i ndi cat or BaAGN¢kuge, t BRepreEEBCBFOBAGLAN avelmefiihi ey kersiofosuch as

ot her protein ge. ., ras, Bcl-2, and the like), or may be. clinical or
pathologi@%ﬁ'?n ch%GFé'(%Qﬁ.Fhﬁgé}kﬁdnnr si ze, tunmor histology, clinical
'stage, and.the like). For exanple, «clinical stage of the cancer is also be

~a statistically 20 significant indicator of disease-free or overal
Csurvi¥3l (in addit TR FRIBAENERpLEYSLoRT EFE PXPRFEEIAN Y reference

level of BAE-RXPreesihoadMy ¥ahYudeeqbdl R tho another variable
fqund to be a statistically significant indicator of the
likelihood of disease-free or overall survival for a
specific éancer. Such indicators include the presence or
15 levels of biomarkers of such as other proteins (e.g.,
ras, Bcl-2, and the like), or may be clinical or
pathological indicators (e.g., age, tumor size, tumor
histology, clinical stage, and the like). For example,
clinical stage of the cancer is also be a statistically
20 significant indicator of disease-free or overall survival
(in addition to BAG expression level), wherein the
reference level of BAG expression may vary according to
the clinical stage of the Cancer. For example, levels of
BAG expression, preferably high levels of BAG-1, in
25 conjunction with clinical stage I of a cancer for a given
patient, are particularly preferred indicators for
increased likelihood of disease free or overall survival.
Hence, the reference level of BAG expression may vary as
a function of another statistically significant indicator
30 of disease-free or overall survival for a specific

cancer.

Those of skill in the art will recognize that

it is also possible to measure levels of BAG proteins in



the clinical stage of the cancer. For exanple, levels of BAG expression,
preferably high levels of BAG 1, in 25 conjunction with clinical stage | of
a cancer for a given patient, are particularly preferred- pgi for

i ncreased |ikelihood of disease free or overall survival. ﬁ@hﬁ@tﬁog
reference | evel of BAG expression may vary as a function of another
statistically S|gn|f|cant i ndi cator 28 of disease-free or overall surviva
for a spegific cer. Those of skill in the art will recognize that it
is also p Qg pELUL ' mE4SHr 85 EFELR-of THRGTST Gtiel derdiwn tQ arradil 004 23
body flui gheduchlas GREUA, L¥FRKES r%rl%als'éomttoo RAY 1196 Feld s, which,
after rel ease |8to t he bIoodstrean1 may bur st 5he to ce rd@f?r%y For
exanpl e, PHRIFE Eﬁn?%nﬁ?é@eérﬁéﬁé#ﬁYThafoév@ﬁéﬁmﬂ@smmﬂwnﬁ BAG 1 observed 5
| approxbonteky12tdohebbeasknaanes aaLL eS¢ ereas
secretion,and/ or rel ease of BAG rotre|% %%:520 s%?gur%%dThusbaee‘Eee i on of
any BA® Ié@e?gprﬁ¥éméF§%Vy2/ﬁlgﬁ BA@a@tleeebsr pe¢dentts wasdy o liwi d (e. g.
serum isin€paseanl atedet9hnUsRal/B L n hods .ta 10 determ ne a
prognosis of disease free of AR QE&F\%%\%a%JIfO%#ESHngEﬁé:eléh&nﬁé’ous to
that denoP@FYAt edTREh €fabectiopuefsanpl BAG Wewyelsnaplrecf@&raﬂ:ilty es of BAG
can be neagnreslclin Pogy; §luid a anti-BAG__antibodies in
i mmuno- PCﬁ&%ethods as descfi g?e?ﬁ H§§§ H&I?"l?ei§ oftenpl at ed
herein th‘é‘?n‘fﬁépl@’é@ér@hCeUS@vensthaylnepn'esent mélneoldevelo of BAG present
in a p@dyd&élhﬂl sanpl S,$¢€ Love ntion_nethods. that neasure the
| evel  of C|rcuI%I|ng é§&§%891§ ? s Favel BFeBﬂé Pﬁeﬁﬁi&dSHFV§¥ n ,

pr ef er abl 0 BAGAnNgy | §n2Dogovse aopahatcdémohytpaeédrw&dhamhblCatlon to
early dl@mSS%%léfree@éggenﬁnflearl EgrSmO@aEAgncan I}‘DIeSk of cancer

recurrence or sprea
measured in body flUld for example, using anti- BAG

antlbodles in immuno- PCR methods as described herein.

15 Accordingly, it is contemplated herein that the

' reference levels may represent the level of BAG present
in-a body fluid sample, such as serum. Invention methods
that measure the level of circulating BAG (i.e., the
level of BAG in blood or serum), preferably BAG-1, will

20 'have a particularly preferred application to early
diagnosis and screening, and early determination of risk
of cancer recurrence-or spread, for patients with
abnormal levels of BAG (e.g., high leﬁels) in their
serum.

25 : After the levels of expression of BAG in the

' tumor cells of a patient have been determined and
compared to a reférence level, the patient is then
classified into a group having a certain likelihood of

. disease free or overall survival. Then the likelihood of

30 disease-free or overall survival for the patient is
assessed based on the likelihood of disease-free or
overall survival for patients in that group. For

example, the tumor cells of a specific breast cancer



abnormal |evels of BAG (e.g., high levels) in their 25 serum After the

| evel s of expression of BAGin the tunor cells of a patient have been
determ ned and conpared to a reference level, the patieng. ) tE@
classified into a group having a certain |ikelihood of di {e/380ary Q4or
overal |l survival. Then the |ikelihood of 30 disease-free or overal
survival for the patient is assessed based on the |ikelihood of

di sease-free or overall survival for26atients in that group. For exanple,

the tunor_cells of_a specific breast cancer 7 January 2004 24 patient may
be det or MAEE T HaVeoRI G EPEPARE ot OBAR Y So e e Tl o I A (o a

ref erencecdemed sidhi sepatieat tovwaukd fehemdee 1dwssi fimg 4 B A oup of
patients ha%Lﬂ higg | evel s of BAG expression. Since, in accordance with 5
the presdUthvENT oRe FLargdfheen 18iecvain 1t Ratemnts fawingicr eased

1i kel i hpqﬂiaﬁi RS eofr BRGOExPYBEBkbn . SUMING, TiQf d& AL Qf1 @t i ents

expressin igh levels of BAG 1 in breast cancer cells1égflatLve to those

expreé%iﬁg“f&ﬁ@%ﬁ%ﬁslBVeBﬁepmrihtbbééspaﬁﬂu9¥SQ9ﬂQEﬁé & Hévespreci fi ¢
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of disease free or overall survival. In another enbodi the present
i nvent i orfUr A YRt hERIC i Shpr ¥pupd of opapiegiiss iexrate seiisense-dh dewmrl<l5
overal | s wia@ly Ofn | PELYLEUBLACRAVERY IS GGG WY, rldLarticular, the
met hod conprises determ ning et her G protein s overproduced in a
-sanpl e ofeXREAF UMY levelei nfsBAR-dn iov bmeesductEnee raaldsgt,es

posi tiigel | ESeasSe: e e I, ryj.val. ,.Thus atien who 20
_produlcde/ ht?fb%%%/%%fﬁﬁﬁiéggrSg{elf:%¥hé\%lglgn%i \ré}(?\rﬁggsgﬁ L(j.1d| 52 |ehr(5?'5%scocf
survi val haletdvelneorpasedniskpilotooingfl disease free or overall

survival,

~In another embodiment of the present invention,

a method is provided for prognosis of disease-free or

15 overall survival of individuals having a canéer tumor.
In particulgr, the method comprises determining whether
BAG protein is overproduced in a sample of such a tumdr,
wherein such an overproduction correlates positively with
disease-free or overall survival. rThus, patients who

20 produce high levels of BAG protein have an increased
likelihood of survival relative to patients producing low

levels of BAG protein.

Another embodiment of the invention provides a

method for screening a cancer patient to determine the

25 risk of tumor metastasis. The method comprises
determining the level of amplification or expressioh of a
BAG gene in a cancerous tissue sample from the patient.
A patient found to have high levels of amplification or
expression of the BAG gene, relative to a reference

30 level, is classified as being less likely to suffer tumor

metastasis or having a increased chance of survival.



| evel s of BAG protein. Another enbodi nent of the invention provides a

nmet hod for screening a cancer patient to determne the 25 risk of tunor
nmetastasis. The nmethod conprises deternmning the |evel Bﬁf | i fJ @gtlon or
expression of a BAG gene in a cancerous tissue sanple fr AH r?:g I'ent
patient found to have high levels of anplification or expression of the
BAG gene, relative to a reference 30 kevel, is classified as being |ess
likely to suffer tunor netastasis . or having a increased chance of

survival . 7 JanuaryA2004e@5hAzeused ther eierm Chedertasiget admasis tdefers to

t he growt f cerous tunor in n organ or bod art, which is not
directly %%% ?ﬁgﬂ SE e“organ°sr ? ritgh A [FuLhdarivet ast asi s
will be unﬂdm}stnadnoﬁ ﬁmrentﬂydeomn@mw ast asies oMU f $He presence of

an undet elgl y amount of cgneer ous c% s in an organ or _body part which

i s not difec y coﬁ%%%?ﬁauf'o BR8%or gHAtGE aHe oFilgi e Wsiieataed t unor .

TherefEG)ret;otimcbueserfli.crbméeablt@@:.@(?ntvﬂmhatl%s thdRadRle ¢at @M ning the
ri sk 10 Of urt her e Oor nore cancer ous tunors 1 n an organ or

of
body par t “BAT cRCTEP ﬂ%t a‘B?PE\Et F’ CBRAECPES C&Lthfe Lo meRY 198 ori gi nal

cancer ousbédympart nwiethapst her arkedingntophddtad PEHHODgafPIJI0ds are
provi ded for the detfrn1nat|on of levels of 15 BAG expreSS|on I n cancer

patients Hhe B s?%@EeBPustGH@PrdevgpﬁﬁﬁéﬁFerA§hES@§eﬁ@mé|n the term

"st age", 1mmt@@@l tefitéfpt HABE deyekaBrERf:, dlé@cfe%ﬁﬁﬁgt hedeglsge of
progresm(gf jg%‘? tunmor. Variqus stages of tunmor devel opnent are well known

to thble ef n9Ffwthr pf QBea§reW@#ﬁlPﬁﬂ&@ﬂQ¥SWQWMﬂm$ 19920 Basi c
Cancer Meghgameor $bagesapt ¢hibar €8t n6RNESHE ANS dgfinaed 3C¢Qr %F%T(\J/)to

different criteria, typically using the Tunor-Node- Metastasis
system I'—%Fg%‘?(a%l ghe sthyelnasf cppegspus tumor.

In yet another embediment of the invention,
methods are provided for the determination of levels of
15 BAG expression in cancer patiénts at an early stage of
tumor development. As used herein, the term “stage”,
when applied to tumor deVeIOpment, refers to the degree
of progression of a tumor. Various .stages of tumor
development are well known to those of skill in the art,

20 as exemplified in Markman 1997, Basic Cancer Medicine.

Stages of different cancers are defined according to
diffeient'criteria, typically using the Tumor-Node-
Metastasis (TNM) system. For example, stage 1 of breast
cancer requires no lymph node involvement, and stage II
25 of breast cancer involves éither no lymph node
involvement and a large primary tumor, or initial lymph
node involvement and a small primary tumor (see Markman,
supra, pages 35 and 36). Similar descriptions of the
various clinical stages can be found in Markman, supra,
30 for lung cancer (pages 54 to 55), and prostate cancer
(pages 64 to 65), colon cancer (pages 78 to 79) and
ovarian cancer (page 38 to 39). Early stages of tumor
development shall be understood to refer to stages in

tumor development in which the tumor has detectably



cancer requires no |ynph node invol venent, and stage Il 25 of breast
cancer involves either no | ynph node involvenent and a |arge prinmary

tumor, or initial lynph node involvenent and a small pri tu (see
Markman, supra, pages 35 and 36). Sinilar descriptions o?qkﬁgmygﬁbﬂous
(

clinical stages can be found in Markman, supra, 30 for |ung cancer (pages
54 to 55), and prostate cancer (pageg 64 to 65), colon cancer (pages 78 to
79) and ovarian cancer (page 38 to 3 ?. Early stages of tunor devel opnent

shal | be a4wderstood gfe 0@S | r I ti | ch the
~t unor hagﬂgetectabjgﬁgtégﬁugpéﬁzggg %gmggrgggg%olgﬁgghggﬂ?%§1% Wynph
nodes | ocaf ke tPeimrgvntunprt heTppinaldyyt userlyTypagelsl wildalddey st ages

il oo, coneldered Lo be siages b and (b, AR SedPELgn (R phrase

"prior to node 1 nvol ve érs’fo. esence of
.cancer cebhxase, therbryanoolyinhk npdeminyotusmentbutetfhe sl ok tofe a

det ectabl er.cells in_a | ynph, nodes,. in I ng the
| ynph sanocg%igé‘g?%gietgt&%%s%ﬁ%go?aaﬁa{%?efhgeg¥Isnépy tPﬁr’rﬁ’Fga?h@%lp%g’(ﬁ ctive
val ue of mhimavey hoshmof, tivet 10henteaki ofi wi Hetketpdlti pukaehyecefdffective in

t he case of I e in the early stages of cancer.' This is _because the
net hod ofC?QéE%rﬁé§§%C)ni%n%d€¥ﬂ¥5g88a§Fy éPFiBﬁF?g PR &P ning the
risk of meddess asissest padienésonhan deEnenat patimarg Guasu.abl e netastasis at
the time of 15 exam nation. One of ordinary skill in the art would
appreciate that the prognostic indicators of survival for cancer patients

suffering f][;)m stag%rhé seageet iy beludi bfecnat mfaltﬁlmzit Bgsenkor Capcer
patients suffering fro stage |V cancer. For exanple, prognosis for stage
| 20 emuﬂﬂvﬁﬁﬁ*?§i¥§%igb%ep Frenpear{Bwaf8eFhe VRi kBI FRB0828F Odonti nued

growt h ansiioren®s ant amé @iriflescagesr ofWogheas . Prageosksphenysiage 1V

~cancer paétilgnr;[testhnéaa/ obfe é’ﬂ,_l ej[‘r%sgﬁtion is advantageously éffective
in dete:mining the risk of metastasis in patients who
demonstrate no measufable metastasis at the time of

15 examination. One of ordinary skill in the art would
appreciate that the prognostic indicators of survival for
cancer patients suffering from stage I cancer may be
different from those for cancer patients suffering from
stage IV cancer. For example, prognosis for stage I

20 .cancer patients may be oriented toward the likelihood of
continued growth'and/or metastasis of the cancer, whereas
prognosis for stage IV cancer patients may be oriented
toward the likely effectiveness_of therapeutic methods

for treating the cancer.

25 ' In another embodiment of the invention, a‘kit
is provided to determine the levels of BAG expression in
~ the cancerous tumor cells of the patiént. Such a kit
will comprise a reagent for detecting either the DNA
encoding BAG, the mRNA encoding BAG, the BAG polypeptideg
30 or any combination thereof. The reagent will comprise
one or more molecules capable of specifically binding a
nucleic acid sequence (DNA or RNA) encoding BAG, or the

- BAG polypeptide.



toward the likely effectiveness. of therapeutic nethods for treating the
cancer. 25 In another enbodi nent of the invention, a kit 1is provided to
determ ne the | evels of BAG expression in the cancerous qgfr c§ila of the
patient. Such a kit wll conprise a reagent for detecting HAY<%P%e Dna
encodi ng BAG the nRNA encodi ng BAG the BAG pol ypeptide, 30 or any

conbi nation thereof. The reagent wllz2zonprise one or nore nol ecul es
capabl e of specifically binding a nucleic acid sequence (DNA or RNA)

encodi ng BAG, or tHehe BAXX padypepiptese 7odangar mo2@04udietheakiy may

conprise one or_nore nucleic acjd reagents for the detection of either DNA
encodi ng %&ﬁgenEﬁwé9ﬁnﬁhﬁi%ﬁt?ﬁ\ OBrqgo?ﬁFh?ﬁeDHﬁeeBFoﬁﬁpg.Bﬁﬁc!eic aci d
reagent s mmEyA benatseichd madybsi dbgaki onTee anBl bii fatkoRuB1WitkhaEhg DNA
and/ or nRNA encodi ng BAG The kit na% .conprise one. or nore pairs of
primers fOTAHMLT % NESSPNECENbY BF LARRAL LAR0BE NG BASE 1FRELRNt nay

furthes worpriise mETLeS/OF hRAAl cAEDKI g BXEd f oA kigSHgyof various
physi ol ogi cal states, such as normal, and 10 netastatically”progressive
tunor, for® NG PHENYsR P2 AES coht PHIBSI ThEoki empdyfalsg Ebapri se

buf fers, DIICAROtd:HanaS eSncadtn gt BRE. COTRESKE £ RSyt fubgnesed in .
hybri di zati on and/or anplification reactions. Each™ solution or conposition

may be cofRRRTEF iR IFRICbrtataborkiz dasived framsthebuei afcl ose
conf i nemepiridud diysid g LOATREEh s Sak8cn ANOt HeEngiPodhgent of the

present invention enconpasses a kit for use in detecfing the DNA and/or
RNA Jeth ¢ g% it 1BAG Gk carkerIees $5Ve ntamef ol B9t cakampiapl ocbapussiing

0 afor LS arbes el viofo B0 A MAD Bl 1 1Y Lo 0t
these prigpeectide bases, and other compositions to be used in
- hybridization and/or amplification reactions. Each
solution or composition may be contained in a wvial or
15 bottle and all vials held in close confinement in a box
for commercial sale. Another embodiment of the present
invention encompasses a kit for use in detecting the DNA
and/or mRNA encoding BAG in cancer cells in a biological
sample comprising oligonucleotide probes effective to
20 bind with high affinity to DNA and/or mRNA encoding BAG
in vitro or in situ and containers for each of these

probes.

In a further embodiment, the invention
. encompasses a kit for-use in deteimining the level of BAG
25 expression in a biological sample comprising one or more
agents, such as, for ekample, one or more antibodies,
specific for one or more BAG polypeptides. In one
particular embodiment, the kit will comprise one or more
agents and one or more nucleic acid markers wherein the
30 agents and nucleib acid markers are modified in a fashion
appropriate for carrying out immuno-polymerase chain

reaction assays.



In a further enbodi nent, the invention enconpasses a kit for. use in
determ ning the | evel of BAG 25 expression in a biological sanple

conprising one or nore agents, such as, for exanple, one 0
anti bodies, specific for one or nore BAG pol ypepti des. fgﬁgary(é.gpgl cul ar

enbodi nent, the kit will conprise one or nore agents and one or nore
nucl ei ¢ acid markers wherein the 30 aggnts and nucleic acid markers are
nodi fied in a fashion - appropriate for carrying out inmmuno-polynmerase chain

reaction assays. 7 jaguacy 2AAda2RepRoLher emdidRnt, oo dde ddvent i on

provides a nethod for determning proper course o rea mentSfor a
pati ent s%¢t@¢¢nﬁorr@nt@am¢ennngh§ Pmeﬁhndcmampﬁasn&‘tnhﬂtmentnfmmthe

| evel of n ancerous t| s froma patient.

Then, a f%rg{l@g?%g sQFf&-%ﬁ ?@ﬁll S |§e%t|fﬁ1e tjlﬁcﬁgc%?ﬂ% | s of
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or decfeaé§§é$P £9$uﬁ%? fé@ﬂr?eﬁe lfﬁ% EF 2 i SHetHR LT her

conprlsespatmﬂmt$ylﬂglaenBECQHd gsohpv&hgpabmenb$exs havigp A g devel s of
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expre55|on of - ene_ip the Thi s secon roup atlents may
require t7eat ﬁ% %ﬁefnfgpepﬁ?ﬁiﬁts TRAG £ T8ty Qﬁ] St Surviva

and bei ngné;esmd;mkﬁé yt#oatmentf bebpbtNBor! SetLERRGE HfviSRY ead.e ARPF Opri at e
tr eat nent reater or | esser chances of survival wll

for i ents. hayin
be deterﬁ:%RFe tﬁuBYbﬁﬁ gnggﬂéﬁﬁﬁﬁgnt&WeoFﬁequ%ﬁxﬁ%$u4£FQﬁﬁaof

ordi meoy okisdpreadt herine tm@enoadicngthert bemprakkabligied itdarapeuti
nmet hods. As used herein, "course of treatnent” shall be understood to

r epr esent ST rEEPHRNPE RRTYSNES R§ehe VinAeheOhe @RS & ation, and the
like) of edppaddroh of teraAcagensi snf eheCaBees. AN%ilNe MY Yroup

of patients may require treatment proper for patients
having a greater chance of survival and being less likely

15 to suffer tumor recurrence or spread.

Appropriate treatments for patients having
greater or lesser chances of survivallwill be determined,
with proper consideration of other factors, by one of
ordinary skill in the art according to the available

20 therapeutlc methods. As used herein, “course of
treatment” shall be understood to represent the freatment
(e.g., surgery, chemotherapy, radiation, and the‘like) of
a patient after diagnosis f£or cancer, and the spén of
timerduring which the patient is treated. Hence, a point

25 in time considered to be “during the course of treatment”
shall represent any time between the initiation of the
course of treatment and the termination of the course of

treatment.

In a further embodiment of the invention, a
30 method is provided for monitoring the effectiveness of a
course of treatment for a patient suffering from cancer.

This method comprises:



time during which the patient is treated. Hence, a point 25 in tine
considered to be "during the course of treatnent” shall represent any tine
between the initiation of the course of treatnment and thg‘kﬁpghgﬁb on of
the course of treatnment. In a further enbodi nent of the inven g

method is provided for nonitoring the effectiveness of a course of
treatnent for a patlent suffering froff cancer. This nethod conprises: 7
January 2004 29 5 (a) detern1n|ng a first BAG gene expression level in a
cancerous tissue sanple (3t 4eheEiringdashipPé PREnoeaed patient prior to

said treatnent; andeﬁ}bi‘e§§i3§1@qy@@éiYJ.ﬁieéeEHhEbE‘gug %g%gﬂ@ @éﬁ 1gene.

expr essi on IeveI I n a cancerous tissue sanple or RS sanple from
said patient dur|d@rs%|HO@Ye%%%%%tSambhﬁafFQEnSéﬁds§ﬁdlEmtsprBA@

expression level with said tE&b@ﬁ@ﬁ@dgﬁﬁg expression level will then
i ndicate the effectiveness of said treatment. As used in the context of a

coursé® of treatment, "efPeciibesmeent Fufdeserninhngabi kietpndf BAlle course
of treatment to decy @@§e8§$$éi$fgnoieéoyn o 5e895?@9835°%i§@%§?? and

therefore to increase the I hood | sease-free or 0OVé survi val

of the patient. Thiampee hod aidedhalilupdr sanplear fobil seydwpenithe | evel of
‘BAG expression in t&ﬁ&i 1] atient is abnornmal conpared to the
| evel of BAG 20 expres af % %Q%%%n unor cells of the-patient.
Cbnparlséﬁﬂmaﬁlﬁ9ﬁ|¢%t5%wﬁiE&m&ﬂuﬁ&yxb£gpeessounléeeélslmhlbaﬁhereby serve

Lo 1 caleaieties BAG EXI8PSI A |AVEL LRk CLEATLOR.! grghat of non-turor
effectiveness of said treatment.

As used in the context of a coursé of

treatment, “effectiveness” refers to the ability of the
course of treatment tordecpease the risk of tumor

15 recurrence or spread and therefore to increase the
likelihood of disease-free or overall survival of the
patient. This method will have particular utility when
the level of BAG expression in the tumor cells of a
patient is abnormal compared to the level of BAG

20 expression in the non-tumor cellé of the patient.
Comparison of the first and second BAG expression levels
will thereby serve to indicate whether BAG expréssion
level is.returning to that of non-tumor cells, implying a
more effective course of treatment, or whether BAG '

25 expression level is remaining abnormal or increasing in
abnormality, implying a less effective course of
treatment. Levels of BAG expression may be determinéd
using a plurality of samples from the patient, as
described herein. A preferable sample form for this

30 ‘embodiment shall be a body fluid samplé, such as serum

sample, an exudate sample, and the like.

This embodiment of the invention is

particularly useful when combined with the method of



nore effective course of treatnent, or whether BAG 25 expression |level is
remai ni ng abnornmal or increasing in abnornmality, inplying a | ess effective
course of treatnent. Levels of BAG expression nay be det9&pined #éing a
plurality of sanples fromthe patient, as described herei 9”%?%?%) rabl e
sanple formfor this 30 enbodi nent shall be a body fluid sanple, such as
serum sanple, an exudate sanple, and the like. This enbodi nent of the
invention is particularly useful wherP®onbined with the nethod of 7

January 2Q04 30,deternggin the risk of tumor recurrence or spread in a
cancer paPPERTTIEAG Y eﬁsiﬂ%ﬁ%ﬁrﬁ¥W%@ FPeupFopes @bufBEEadfilraatment in

a cancer pahtent patpeeitl,i cGald ohd iy IOPSFmERiSer 9l LESaLFER a cancer
‘patient.na%Fe 5 determ ned by deter&%ning t%e Ié%el ofﬁngﬁexp%%gé?on in a

sanpl e fr8m ATBAFMERT, iPhén Cangsesi Matkethe preehficallykethéiood of

di sease-f pegper evaidk! cFUh\anarc Yyl : expressi on.
The coursg o? treat nent naye%hgh beqﬁgﬁ?g%ﬁééﬁfgﬁ%%fgindﬁé%qsgg present 10

enbodi frendeberpheednbenteds rnémigie Wre neeeboehsBhsexpregeiennime t he

ef fectivepeggmal ot Bemour farlid © tﬂﬁpt e Loent of this

i nvention, a man::tehodoi S p?’%&?&g f ca)ér etcélraln%]sn?f g%é ;@%%n‘g%?gé%f “Ldi sease
free or okékalihsgdypfatiseaseydiiaston ferahy fuom U5l caocerdiddi s net hod

conprisesi(apad I Qicn [vity lgvel | ancer ous tissue
sanpl e ortgog§efFE?3&L§Ep%§% ?gﬁ%%gﬁﬁé%ﬁuiiﬁﬁ;Cé#kgg(%f-%f%%gm?@ﬁng sai d
patient aBaperbegi hg meoitoreid, herccwddirsy wr ec@ubgeoup of patients,
oo B0 pRadeLheny LRt oIl R et Fontiesattpns eo Y
determine the effectiveness of the course of treatment.

In a further embodiment of this invention, a
method is provided for determining a prognosis of disease
_ free or overall survival in a patient suffering from
15 cancer. This method comprises:

{a} determining a BAG adtivity level in a
cancerous tissue sample or body fluid sample
from said patient; and _ |

| {(b) classifying said patient as belonging
_ 20 to either a first or second group oflpatients,
wherein said first group of patients having
high levels of BAG activity is classified as
having a different likelihood of suffering
tumor recurrence or spread than said second
25 " group of patients having low levels of BAG

activity.

As used herein, “BAG activity level” or.level
of “"BAG activity” refers to the level of active,
- uninhibited BAG polypeptides present in tumor éells or
30 body fluid, and the degree of activity of these
polypeptides. Hence, level of-activity shall be
influenced by a plurality of factors including: levels of

BAG, presence of less active or more active forms



tunmor recurrence or spread than said second 25 group of patients having | ow
| evel s of BAG activity. As used herein, "BAG activity level" or level of
"BAG activity" refers to the level of active, uninhibite epti des
present in tunmor cells or 30 body fluid, and the degree o?"§§§a@?$9wof

t hese pol ypeptides. Hence, level of activity shall be influenced by a
plurality of factors including: |evelsiof BAG presence of |ess active or
nore active forns 7 January 2004 31 (including isoforns) of BAG presence
of |ess a¢ingdudingnmbsefactisve ofuBag, spabsBAGe prfedence aeh ipeolodi ns or

- ot her rea G activit esence of ei ns or

ot her n0|%§g%e§é%hlch QE%E 538 BR% acPF§FF§C% O&LPEQ$ rpS& &L of an
ant agoni stiolecBi&s. sbmbhaanmpaseaBAanhagQﬂusw t @rdAente @qe for exanple
Hohfel d and ents gﬁ; N& J116 6929h6§1%% wi | |__be understood to
commensur&f 8F§* P%M%F ScPPYrEyLEF e NN FRRAECHEESE BAG 8CEAT it mmi n
unchangedFoEbéeamphatlDevelsBAG aat avichyodr9sshald pploer el:eheaengarri ed out

b Turality of met | udi f _biol | activity of BAG
(Lucn’as (aBi IPE3I06 bFebanPhBarly B8 Kb ceMen onfeptstrcadeays,  seo.

for exanpﬁentkbht999ﬁtaEEBOPatQﬂt65255@2Q@?l,w@iiabe QEdEé@tBbat%bn levels,
assay of the nRNA enc dlfgga BAG 15 groteln assay of the DNA whi

const it ut ESECRAE JRRLY eZyBhF BFELELRY EBRNt A BRRAPSPLEDRA encodlng

‘the proteéns)sorembberunBheaykas WokebrnifERASE QF BRGrgaseviBHG activity,
and an% conbgfatlon thereof. All U S patents and all publications
e

ment i bhedS2bl NERRTREAFe PRcEREELGHCAY nPYhai Pleagiliéty ofymeeshedsnce
thereto. ﬂﬁ@lh@ﬂ@?il@ﬁsﬁy|bfngﬁb@8g§§§§rh@@@vh@ygbﬁahﬁﬁ (d8ER hsbY
reference to the tollowing non-limting exanplé
1lity to prevent cell death or other apoptotic assays,
see, for example, United States Patent 5,550,019), assay.
of BAG protein levels, assay of the mRNA encoding a BAG
15 protein, assay of the DNA which constitutes a BAG gene,
assay of proteins (or the mRNA or DNA encoding the
preteins)'or other molecules which increase or decrease

BAG activity, and any combination thereof.

All U.S. patents and all publications mentioned
20 herein are incorporated in their entirety by reference |
thereto. The invention will now be described in greater
‘detail by reference to the following non-limiting
example.

EXAMPLES

25 1.0 BAGl IMMUNOSTAINING PREDICTS LONGER SURVIVAL IN
BREAST CANCER PATIENTS WITH TUMOR-NEGATIVE LYMPH-NODES.

The role of BAGlL (also known as RAP46 and HAP-
1) immunostaining for prognostic evaluation of women with
30 breast cancer was assessed for patients with negative
. lymph-node biopsies (i.e. no evidence of tumor in

axillary nodes which have been surgically removed for -



EXAMPLES 25 1.0" BAGL | MMUNOSTAI NI NG PREDI CTS LONGER SURVI VAL | N BREAST
CANCER PATI ENTS W TH TUMOR- NEGATI VE LYMPH- NODES. The rol e of BAGL (al so
known as RAP46 and HAP- 1) inmmunostaining for prognostic ﬁv‘%l uat |£)§4of
wonen with 30 breast cancer was assessed for patients wt 8 i

. I ynph-node biopsies (i.e. no evidence of tunor in axillary nodes whi ch
have been surgically renoved for 7 January 2004 32 hi stol ogi cal

exanm nation) by analysis of a cohort ® wonen with stage-| disease. This
exanple illustrates the . determ nation of the reference |evel of BAG 1
expressi onistelogibaal ewambrapienenby, anadyevsl ¢dt rogodlornthefaccuracy of
the referggpen eyl Lo.presi 61Logsdi seangs! beardie 9Y9iallagiubvipal of
~separat e groups -havi ng f erent express I"évels retrospectlve
correlatldetemmdwatsomaef phefneﬁedenteBA@W@lu@ﬁn@Aé-ﬁDmu@heﬂahoant|body

capable o C A akayanma et al.

1998, supir%)lgrgg%fo%%ﬁgﬁggé‘%f%%tgm a]]iglr %gg%tg e%#é %E‘;%g:)ét lé'%%{“ 5I3)Cy

HER2/ Neu, Oﬁ5ﬂheBbéf@:eﬁbﬁ lmﬂebhlhapEedhbtlhgemlsmpbee&te@ lor breast cancer
formati on al so a gohlstoche 1%&% re carried out
on 15 ar CHTSSH - pat 8T REb, SbkEHBTFU80TE PORSL 16 R0 RN = Bar - St age
(stage | :BRG=l /@xpbedsiandletabe-I1: n = 43, '37% breast cancer who were
treated with l'unpectony followed by radiation therapy. to the intact breast
using a nedian dose of 48 Grays (Gy) followed by an electron 20_ boost to

the |unpectony sitentpeyir6bgeatiobaborpeilahivesanallysis Was There were
17/ 116 (15 fgg%lents treated with adjuvant systemc chenntherapy and

20/ 116 (158 ¢ents BhFeht BELRAL A Faﬁﬁﬁﬁpéﬁ tﬁ@F&ﬁ?dyTﬁépﬁgﬂﬁeﬁts had a
rr$dlb laino f1 olib o= tn@f BAG- 14, YBAGS1MWahR B8ARL-ILMYRekoa®aridiha 2% gfl 4 years
(Tabl e )1998 supra). BEstrogen Receptor (ER), Progesterone

Receptor (PR}, HER2/Neu, p53, Bcl-2, Bak, which have all
been implicated in breast cancer formation, were also
asséyed. Immunohistochemical methods were carried out on
15 archival paraffin blocks derived from 116 women with
early—stége (stage I: n = 73, 63%; and stage-II: n = 43,
37%) breast cancer who were treated with lumpectomy
followed by radiation therap? to the intact breast using
a median dose of 48 Grays (Gy} followed by an electron
20 _ boost to the lumpectomy site to yield a total median dose
of 64 Gy. There were 17/116 (15%) patients treated with
adjuvant'systemic chemothérapy and 20/116 (17%) patients
treated with tamoxifen therapy. The patients had a
median follow-up of 12.4 yeérs, with a minimum follow-up
25 of 4 years (Table 1). |

Table 1. Characteristics of breast cancer cases

DATA ' , No. 3
Number of patients 116 NA-
Mean age (yrs.) 55 | NA

30 |Infiltrating ductal cancer 103 (89%)
Infiltrating lobular cancer 9 (8%)
Infiltrating medullary cancer 4 ‘ (3%) '#;;




Table 1. Characteristics of breast cancer cases 30 DATANo. % Nunber of
pati ent s116NA Mean age (yrs.)55NA Infiltrating ductal cancer103(89%
Infiltrating | obular cancer9(8% Infiltrating nedullary cg‘gﬁgé&§ﬁ§
January 2004 33 10 Median followup (yrs.)12.4NA Stage |/11 60%
Stage | 73 (63% Stage 1143(37% Mean pathologic size (cm1l.8NA Axillary
di ssection62(53% Positive |ynpihynodesl13(11% Estrogen receptor
positived9(42% Adjuvant chenD erapyl?(lS@@ Adj uvant tanoxifen20(17%

th . (30%—The ciarapterisStics of paglents used 10r this
dian SukdewteRd(YREimber (left EédPufmn): percentdd¥ (right co um).

dovEr ot M i cally  detectabl e mot hAAt ¢ i seace 41rar i agnosib and
tr ﬁ._ﬁ@é.Il nmunostai ning was carriefi78ut by cal ori mgt(63%) anti body
ggL ﬁ’a‘lf‘g‘?afi: Eg g:c anmu(r;;)(ta)?lnm di ne (br )\‘/Ivg) 20 fol | oned (y3_;;ée)rrat oxylip (bl ue)
5 Mean pathologic size (cm) ' 1.8 NA
Axillary dissection 62 N (53%)
Positive lymph nodes 13 (11%)
Estrogen receptor'positive ' 49 (42%)
Adjuvant chemotherapy ' 17 (15%)
10 | Adjuvant tamoxifen . 20 - (17%)_‘ﬁ_
Metastatic Disease ' 135 (30%)

The characteristics of patients used for this study are
summarized: number (left column); percentage (right
column). Metastatic disease indicates the number (and
15 percentage) of patients who developed clinically
detectable metastatic dlsease after diagnosis . and
treatment.

Imﬁunostaining was carried out by colorimetric
"antibody detection using diaminobenzidine (brown}
20 followed by hematoxylin (blue) counterstaining of nuclei.
Immunostaining of the invasive component of breast
cancers was scored according to intensity (0-4, wherein O
is no staining and 4 is the most intense staining) and
percentage of immunopositive cells (0—100%; for a minimum
25 of 200 cells), evaluating the entire tissue—section, with
the pathologist blinded to clinical details. Histo-
staining (H)-scores {0-400) were obtained by determining
the product of intensity (0—4 scale) and percentage (0-
100%). To set cut-offs for dichotomization of data into
30 groups having high and low levels of expression, the H-
score data for the entire data-set were displayed as dot-
histograms with H-score on the x-axis and the number of
patient samples.having a given H-score on the y-axis.
An H-score »150 was determined by this approach to be
35 appropriate for use as a cut-off for high levels of BAG-1



| munost ai ni ng of the invasive conponent of breast cancers was scored
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entire dats De difpTagEn detaoterRi SEsglaYednash istamamon t he

X-axi s amhdrﬁndnmﬂnmlzﬁd Dat b eni ghaBlresshawwne xp r@isugRrihissEe on the
y-axis. An H-score, >150 was, determ ned by this approach to be 35

appr opr i #¥1R ‘h%’é“%so%t%%z%@fcflorOﬁrféhfloévg% of (Bascprexjdfiary 2004 34

expr essi @tl+¢ sgprasdlada 8y e Qhépbaxe%%c@r@ﬂ%@”ﬁ and di chot om zed
~into high versus | ow expression |evel groups Using optimized cut-offs for

BAG | Y H-SEBFEAEINBA L RRt sBBr eb280) 2ananHEBAXNER: vesr @=IA0)rmes!
| nmunoscgy r&ﬁéﬁllﬁﬁqu%rP@érlé”@Kkﬁgé%‘eﬁlms 1@@5“ opaedc by established
e

‘criteria (King et al 1985, Cancer search’4 937 BAG 1 is known
to be prdﬁﬁﬁi_ight4ﬁarﬁﬁﬁ1ﬁ9ﬁﬁ sone types of cells and nucl ear

i mrunostaining is normal 10 for breast epithelium whereas strong
cytosolic imunostaining is abnormal here (Takayana et al. 1998, supra).
Thi s phenonenon waBAsorif irsrekhownt he peepestenexanpkthe aawpariedft o nor mal

oreast, eI DL NEELe Lol | ggq MehoET Suglten  Blsssnl ol ong i Luror
was &llearflor uprespi aped heXihim, tmhleereaassrzmbgeaytos6amcrer cells, with
o Cuat o9 RSl i Y S ORSLNEE nL0L TRLERDLHE02L Q1."QugRy two-thirds

ggg;g) This phenomenon was confirmed in the present

example: compared to normal breast epithelium (NBE)

cells, which were often present along with tumor cells in

15 the same tissue-sections, cytosolic immunostaining for

BAG-1 was clearly upregulated within the invasive breast

cancer cells, with elevated levels of protein observed

for 77/116 (66%) or roughly two-thirds of early-stage

breast cancers compared with 9/83 (11%) of NBE (p<0.001).

20 Some.of the same tumor speCimens'also contained
histologically evident'ductal carcinomas in situ (DCIS});
high levels of BAG-1 nuclear immuncstaining were found in
9/12 (75%) and 6/12 (50%) sections had high levels of
cytoplasmic BAG-1 protein levels in DCIS specimens,

25 suggesting that upregulation of BAG-1 can occur as a
relatively early event in tumorigenesis and the
translocation of protein from the nucleus to the

cytoplasm may be important in cellular transformation.

Immunostaining data were correlated with

30 distant metastasis-free survival (DMFS) and overall

survival (0S). Kaplan-Meier analysis revealed that
elevated levels of BAG-1 were significantly associated

{i.e., p<0.05) with longer DMFS (p<0.001) and 0S



breast cancers conpared wth 9/83 (11% of NBE (p<0.001). 20 Some. of the
sane tunor specinens also contained histologically evident ductal
carcinomas in situ (DCS); high levels of BAG 1 nuclear i rng[]%@%'gni ng
were found in 9/12 (75% and 6/12 (50% sections had hi gﬁ e ?
cytoplasmc BAG 1 protein levels in DCI'S speci nens, 25 suggesting that
upregul ation of BAG 1 can occur as a 3J=xlatively early event in’
tunorigenesis and the translocation of protein fromthe nucleus to the

cytopl asm(mw lg@li)rrﬁ(cfrﬂgar%e iT celthd ajrdllpﬁiﬂﬁff as A1t & 0s rhl Sﬁﬁ_ﬁ;ﬁ" 39 data
were correlated with . 30 distan tastasjs-free survjva an

overal | %f@ aPS-" %fp e;lrr':' ,\@.’g&—]:,%%q%vq e\F‘e’éEP%Hl?II*Fé& ‘é’%/%lt ed | evel s
of BAG 1 mz@r—ges:rgmm‘ﬂscmﬁalry 285 QR AU b (pa&en%%wnd\ﬂﬂcmlpéml DMFS

<0. 001 d 2004, 35 <0. 001 F 1 Th f
{()g.tl ents) ﬁ%\gﬁﬁ&"ﬁ) ﬁ?%r}’B' o %eo’trbllré‘fp%]v%lcs?’ "B,(C{G!- :ﬁgéc?‘%ﬁv‘éf)e OlrJ:oe(rjlced

better 5 1Qowealr oS arpod hes Of wigRAld e s M'Msﬂ%
negati ve) . BAGI t&eot ein IeveI S ( 0°o hi gh groeﬁg 40% 0 roup) and OS
(84% hi gh2§P8dp AHef Bﬁlm*?ar"ﬁeﬁrs eval uat ed,

only Bcl - %3. S £ i Saghi fllncaﬁlt \Jaﬁ: Lwé/aarﬂaat ag‘aélé/sd tor of
~ longer % p<0.001) and’ 3 J'<0 Osoqg 3%% PR, HER2/ N%twre%f and Bax were

al | insi gﬁP}“HEénPbﬁF 1(@<r9ré)c91dt gl QU vingd - G th|E§RrC(ﬂfbrt of patients.

Among ¢l bekogheand oot holoimeal Ward ahlieS b dhur A8 DT  size; stage;
tunmor hi'stol ogy), only clinical stage I vers s |n| cal stage [l was

si gni i caﬁ’trefihcﬁﬁmalsluafﬁ?évad-né%s|‘C§1J4‘80rccphct-ﬁiﬁ et r]F@tSil;ﬂﬂhS/al Arkfd n

mul tivari ateniedel $nus g:hgy& re Iy, wi t.h var, |.es including
BAG 1, Bcl - 2? Bax, 85 R grl%l %%%%g&%%ge@az}d “cl |C£L§t§’t age, only

BAG 1 size; stage, tumor hlstology only clinical stage I
versus clinical stageVII was significant in univariate

analysis for predicting survival.

15 , In multivariate models;using Cox?regression‘
analysis with variables including BAG-1, Bcl-2, Bax, p53,
ER,. PR,'HERZ/Neu, age and clinical stage, only BAG-1
retained statistical significance as a ﬁredictor of DMFS
(p = 0.008) and_OS (p = 0.02). All other biomarkers

20 failed to reach clear statistical significance and
clinical stage {stage I versus stage II) was significant
only for DMFS (p = 0.029) but not 0S. Thus, patients
whose tumors contain high levels of cytosolic BAG-1
protein are more likely to enjoy long~-term survival and

25 freedom from tumor recurrence or spread and distant
metastases, compared to those with tumors containing low
‘levels of cytosolic BAG-1. These results demonstrate
that BAG represents a novel and independent prognostic .
factor which is associated with favorable outcome in

30 patients with early-stage breast cancer.



retained statistical significance as a predictor of DMWS (p = 0.008) and OGS
(p =0.02). All other biomarkers 20 failed to reach clear statistical
significance and clinical stage (stage | versus stage II) s SI% b%lcant
only for DVFS (p = 0.029) but not OS. Thus, patients Pﬁ?ﬁﬁ @ ontain
high levels of cytosolic BAG1l protein are nore Iikely to enjoy long-term
survival and 25 freedom from tunor recurrence or spread and di stant

net ast ases, conpared to those with tumfdrs containing low |evels of
cytosolic BAG BAG repr esents a novel and
I ndependefit=pr-oHtios e S=a85501 3 M 4LvBlabl e out cone

in 30 pat BREII—\STWCB\NCE&r PR TS Mﬂ&stTmmoszjmummP@Q@éD% 2.0 BAGL
| MMUNGCSTAI NI NG PREDI CTS LONGER SURVI VAL I N  BREAST CANCER PATI S WTH
TUMOR- PCSI Tl VE LYMPH-.NODES. To address the role of BAGL i mmunostaining as a

prognostic factor fob werBRsswitde neder RASIBAYE HhiseasSsafn as a
I mmunohi st ochem cal eval uati on using the anti-BAGL nonocl onal anti body

descri bedPFAIEREHpFe LcH MRad o aramenned I RAfRTPRpEel verdlsR?$¥ed from a

COhortSOfa§42mgﬁbhggtt%c‘f‘ﬁe§n|1d&qd%vFéQ.%atﬂl‘éﬁl RiLas] CROCHHr 1 JgR&Pf whom were
treated with surgery alone and 209 of whom underwent 10 surgical resection

fol | owed BYNEZ1RBALhPYCAPErys defs criypeicogivo Fptame b, 1 nbtwt r exat e,
fluorouragilrCrEME" br 2edidya Fetctl‘?r{e"i’i%y dem%gfbfﬁma%ec&liow@f sgbls with

cytosolic BAGL i nmunopositivity was estinate M croscopi c
eval uat i op2atAABtEhE 1At AoRerPogditiatee drianss: r&ar@@@x.t |1’é% of egh@sent i ng

0.10% 114,502 -51,80% a0l 300%edyMROROSIH Vi UgET, ! ShadRrd gl ati ons

of the data with rel apse-free ause speC| I'C survival
(CSS)1dy shegirapl aeskefdonméiddwesy &gl d tntta“tthhe ¢yelts Dfuartiles 20

behaved sLyLhgphbypnthishe, ! e chRu k048" i1 AGE80% BAGh cuie )

adjuvant therapy. The percentage of tumor cells with

cytosolic BAGl immunopositivity was estimated by light-
microscopic eValuation, and the data were gathered into
15 gquartiles, representing 0-10%, 11450%, 51-80%, and >B80%

immunopositive tumor cells.

Correlations of the data with relapse-free
survival (RFS) and cause-specific survival (CSS) by the
| Kaplan-Meyer method revealed that the first 3 quartiles
20 behaved similarily, while the fourth quartile (>80% BAGl
immunopositive-tumor cells) Qas significantly differenf.
Examining the entire cohort of 342 patients, higher
levels of BAGl immunostaining (>80% positive) were
associated with longer RFS and CSS, as determined by
25 uniﬁariate analyéis (p = 0.05 for both RFS and CSS) (see
' Figures 2 and 3). For example, the percentage of
patients not dead due to cancer was 42% among patients
whose tumors contained >80% BAGl immunopositive malignant
cells compared to 34% for patients whose tumors contained
30 lower percentages of BAGl positive cells (Table 2).
Whether the patients did or did not receive adjuvant CMF
therapy, whether their tumors expressed or did not
express Estrogen Recepters (ER}, and the number of

positive nodes ( >3 vs < 3) were also of prognostic



I mmunopositive tunor cells) was significantly different. Exam ning the
entire cohort of 342 patients, higher 1levels of BAGL i munostaini ng (>80%
positive) were associated with |longer RFS and CSS, as de nm ne 25
univariate analysis (p = 0.05 for both RFS and CSS) (see %gkﬁﬂwggogxand 3).
For exanple, the percentage of patients not dead due to cancer was 42%
anong patients whose tunors contai negl7>80% BAGL | mmunoposi tive nmal i gnant
cellss conpared to 34% for patients whose tunors contai ned 30 | ower

per cent agetgnif BABIcposi Pthercebirdablabl se2p. nothetrhdd ctheepats ents did or

did not r | adj . I whet her their tunors expressed or did
not exprgggéﬁﬁ%?o%%%fﬁg%e%t%%§8?§E¥?laﬁ§aFH5’ngHEQF StZ8pdSi t “v&Mhodes (
>3 vs < 3yeneue al 3ocwf, poogobsérchbiodapikary 2004 3% scgnbf i(gapee. O her

variableszyegg q@g3predictive of outcome, including nenopausal status,
tunmor size (< % m - versus > 2 cm, or other biomarkers such as Bcl -2
(Table 2) and p53. . 5 TABLE 2 Results at 20 yrs Total Series (Univariate
anal ysis) 10 15 20 CCS (cause specific _survival) Legends: RFS (rel apse-free
survi val ) YRFSYP. %CCSYP BAGL- 260. 05883 E0% BAGL+2942 Cont rol 220. 003280. 01
CMF3143 Prenmenop270. 67390. 4. 2 Post nenop2734 ' '

Results at 20 yrs

Total Series (Univariate analysis)

| srFS %P $CCS %P
BAGL- 26 10.05 34 0.05
BAG1+ 29 - 42
10 -|Control 22 - | 0.003 28 - {o0.01
CMF 31 |43
Premenop 27 0.67 30 0.42
Postmenop |27 : | 34
T<2cm 29 0.20 37 0.38
15 |T>2cm 25 ' 36
N+1-3 31 0.0002 41 0.0007
| N+>3 19 28
ER+ 126 0.58 38 0.02
ER- 29 ' 34
20 |BCL2+ 26 0.94 37 ~{o.26
|scL2- 34 | 37

Legends: RFS (relapse-free survival)

- CCS ” (cause specific survival)

When the 17% women treated with surgery alone
25_ were evaluated separately, again higher levels of BAGI1
immunopositivity were associated with longer RFS and CSS
{(p = 0.027 for RFS; p = 0.039 for CSS) in univariate
- analysis (Table 3). For example, 28% of patients whose
tumors exhibited high BAGl immunostaining were relapse-

30 free at 20 years after initial diagnosis and therapy,



T<2cnm290. 20370. 38 T>2cnm536 N+1-3310. 0002410. 0007 N+>31928 ER+260. 58380. 02
ER- 2934 BCL2+260. 9437 0. 26 ] BCL2-3437 When the 179 wonen treated with
surgery alone 25. were evaluated separately, again highe%CEﬁMQB%QQ% BAGL
I mmunopositivity were associated with longer RFS and CSS "(p = 0. for
RFS; p = 0.039 for CSS) in univariate analysis (Table 3). For exanple, 28%
of patients whose tunors exhibited hjgh BAGL i nmunostai ning were rel apse
30 free at 20 years after initial diagnosis and therapy, 7 January 2004 38
conpar ed degn el k041 patdent 8 whesent iMngsRadurw HBAGY £xpression
(Tabl e. géi'l BAGL |qnunosta|n|ng data, however,were not significantly
 correl at ERGH tIRRASAM]  (Tikeke t Bb. 20BAB4t immnsontte indiageidadad adj uvant
~ chenot hen # ' L ' Jogses its
e e et ST EPEL O Ly UBPRTSLRE (lRh BNEh

- prognostic significance In setting: Vy s Control
( Sur ger y YayEny TheniARd ipstte. etz yweihg) réCei8ed0adiFESaRLYCESUBLtherapy

BAG&‘%90VQ%%?%&A%%%éﬁ*%%%??g%£I§P398858391382§9$%5BAGl looses its’
prognostic significance in this setting. ' '

TABLE 3

Results at 20 yrs

Control (Surgery only; Univariate analysis)

SRES 3P | sces 5P
10 |BAGL- 19 0.027 23 0.039
BAGL+ 28 | 38
Premenop | 20. - }0.23 25 0.25
Postmenop |24 ' 32
T<2cm 24 0.14 | 28 0.46
15 T>2cm 21 . 29
N+1-3 25 0.009 30 0.04
N+>3 17 o 27
ER+ 20 0.70 30 0.038
ER- 27 | 27
20 |BCL2+ 21 - Jo.9s 28 0.76
BCL2- 29 33

Multivariate analysis (Table 4}, using é Cox~—
regression analysis, alsc demonstrated a significant
correlation of higher levels of BAGI immunostaining with

25 _longer CSS when all 342 patients were considered together
(p =~ 0.046). BAGl was also significantly associated
with longer CSS (p = 0.022) when patients treated with

surgery alone (l179) were evaluated, but not among the



Post menop2432 T<2cnR40. 14280. 46 T>2cnR129 N+1-3250. 009300. 04 N+>31727 ER
+-200. 70300. 038 ER- 2727 BCL2+210.95280. 76 BCL2-293.3 Miultivariate anal ysis
(Tabl e 4), using a Cox- regression analysis, also denonstg%%ﬁ&a 2004
significant correlation of higher levels of BAGL i munostarning wth 25

| onger CSS when all 342 patients were considered together (p =- 0.046).
BAGL was al so significantly associatesle with |onger CSS (p = 0.022) when
patients treated with surgery alone (179) were eval uated, but not anong
the 7 Jamwdngr 204 RBPsubgnnepwiod patéenéd abguveaei vRéragjyuvant therapy.
Thus, BA ' I.ndependent  predictor of RFS and in wonen wWth
node-posﬁ%?%% %gggsﬁigéﬁ%e NGRS Mot PFadLrher agfggﬁn?néhgﬁﬁth%rapy af ter

surgery, wewem whidh otdux-foyviriabdlescase cansedewnd, dbngbudiragegytent of
nodal and ER status. TABLE 4 BAGL CASE

i nv@l vement ., ne ausal status,
SERI ES dfﬁgixF?ﬁ?&ﬁgéﬁiP FROCRESEY TR ANRY 931 $°€5 9BR8F SeriesHR (95%
Cl ) . P SRFSErreaioiest Guras (dbrbdi de 860 0. D02ludDdgl cgxegnt d£6864525- 2. 17) 0. 0003

BAGﬂ1.30ng9%§lf7%%g.064 CCSTreat nent 0. 67(0. 51-0. 90) 0. 0068 Nodal
{’(f G )@Wusa status, and ER status.

extent 1.
TABLE 4
BAGl CASE SERIES
RESULTS AT 20 YRS
10° COX REGRESSION ANALYSIS
Total Series HR (95% CI). P
RFS Treatment 0.66(0.51-0.86) { 0.0021
Nodal extent |1.65(1.25-2.17) |0.0003
BAG1 |1.30(0.98-1.73) | 0.064
ccs Treatment 0.67(0.51-0.90) | 0.0068
Nodal extent |[1.61(1.20-2.16) |0.0015
BAG1 1.37(1.01-1.87) | 0.046
ER 0.67(0.49-0.91) | 0.011"
CONTROL (Surgery Only) | '
15 RE'S Nodal extent 1.59(1.05-2.39) {0.028 -
BAG1 1.44(0.96-2.17) {0.079
ces . BAG1 1.68(1.08-2.63) | 0.022
ER 0.55(0.35-0.86) | 0.008
CMF
RFS Nodal extent 1.77(1.23-2.56) {0.0023
ces Nodal extent |1.86(1.24-1.78) |0.0025
Menopause 1.54(1.01-2.29) j0.055




BAGL1. 37(1.01-1.87)0. 046 ERO.67(0.49-0.91)0.011 CONTRCL (Surgery Only)
RFSNodal extent1.59(1.05-2.39)0.028 BAGLl. 44(0.96-2.17)0.079
CCS. BAGL1. 68( 1. 08-2.63)0. 022 ER0.55(0.35-0.86)0.008 CW gﬁ0dal2004
extent 1. 77( 1. 23- 2. 56) 0. 0023 CCSNodal extent 1.86(1.24-1. 78? 25898
Menopausel. 54(1.01-2.29)0. 055 7 January 2004 40 3.0 | MMUNOH STOCHEM CAL
ANALYSI S OF BAGL I N PROSTATE CANCER gathological El evations in BAGLL in
Prostate Cancers. |nmunohi stochem cal nmethods were used to 5 evaluate the
expr essi of ©f HieuRAF NroekEagehi Chnald s TBAGKL Huc! fArdp oLt NS in
primary and metastallC prostate cancer Speci MEns.” Previousty Tt was

det er m neebNGERt BAGIN is cytosolic while BAGIL is nuclear (BAGIN is
"referred to as BAG 1. in Takayama et al. 1998, Cancer Res. 10 58:3116-3131)
and (Packhamet al. -1997, Blochen1 J. 328:807- 813) Usi ng anti - BAGL
nonocl ondathylbodced 5 ) ttte iCAAGEE St ocheni ca
nmet hods and archi val paraffln enbedded prostate cancer specinens were used
to evaluate the expression of the 15 nuclear (BAGLL) and cytosolic (BAG N)
proteins in over - 8@ﬁnaasnss@6caémbauemectalw weEHMMA S s were nmade with
BAGL |nnunosta|n|nghresu ts in nornal prostate and benlgn prostatic

Ahypertﬁc) 193 5S uERfi BXBAPFEY OPeLiinbhEgPARIY ERF St shuch of this

anal ysi s,Baermi {h80ecbhe gBo8RAMYSHS %&ﬁ@ﬂ;urmﬁr wnetfadeis@lc speci nens
(Kononen et al 1998, Nature Med. 4:844-84 npared to nornal prostate,
Cytosoh(9¢§ﬁ§§$e cancer spec1mens Prev1ously 1t was determined

that BAGIN is cytosolic while BAGLL is nuclear (BAGIN-is

referred to as BAG-1 in Takayama et al. 1998, Cancer Res.

10 58:3116—3131) and (Packham et al. 1597, Biochem. J. |
328:80&—813). ‘Using anti~BAGl monoclonal antibodies
(Takayama et al. 1998, supra), immunohistochemical
methods andlarchival paraffin-embedded prbstate cancer
specimens weré used to evaluate the expression of the

15 " nuclear (BAG1L) and cytosolic (BAGIN) proteins in over
800 cases of prostate cancer. Comparisons were made with
BAG1 immunostainihg results in normal prostate and benign
'prostatic hypertrophy. Tissue microarray technology was
exploited for much of this analysis, permitting the

20 analysis large numbers of tumor specimens (Kbnonen et al.

. 1998, Nature Med. 4:844-847). | |

Compared to normal prostate, cytosolic BAGLN
immunostaining was elevated in 746 of 876 (85%) of
prostate cancers.. Nuclear BAGl (BAGlL) immunostaining

25 was inappropriately increased in 171 of 676 (25%) of
prostate cancers, compared to normal prostate gland
epithelium. Clinical follow-up data of other types of.
laboratory information were available fgr some-of'these
patients, demonstrating a variety of correlations of BAGI1

30 expressionlwith more aggressive tumor phenotypes. For
example, in a cohort of 62 patients with early-stage

(T1l,T2) disease and low Gleason grade (gr 2-6), higher



| mmunost ai ni ng was el evated in 746 of 876 (85% of prostate cancers..

Nucl ear BAGL (BAGLL) i mrunostaining 25 was inappropriately increased in 171
of 676 (25% of prostate cancers, conpared to nornal prostate gl-asd
epithelium Cdinical followup data or other types of |aboratory
i'-nformati on were avail able for sone-of these patients, denonstrating a
variety of correlations of BAGL 30 expgdessi on with nore aggressive tunor
phenot ypes. For . _exanp in a cohort of 62 patients with early-stage

| e
(T1, T2) dPSESSETARGS OF BAGAsdmmymeme sidrve 6jumdd ghells warwary 2004 41
per cent agessolciBAGH WARHNGREF Ll t ll.s: were associated with higher
PSA | evel's, prior 10 radiatigﬁertﬁgﬁéggR%%ggéhééﬁ?'%%dr 3 Phi gher
i nci dence “BfT@PYt ART RePadrased afitdr at hergmr (imeide® .ofHigharadmt ensity
5 BAGL i nmemastakBsngrpas i at ed »it h a hi.gher, incidence of
netastatic_rel apse after (ggﬁgﬁgﬁlqﬁhergﬁy\%('p %W%@ﬁqt?W%ﬂi tion,
- i munofi sPBERerPBRNCERALPENG wok 222opeestatia teancart ISReHIERS I N a

m croarraynteaaate bevgal L.ghe rcentages of BAGL i mmunopositive cells
10 in tumors (n= 722 con%gFggggoEﬁgsﬁgﬁ 6%%§Féﬁ€“ﬁﬁ£&£ﬁ thessoy SE: 41 +
3% nor mal (Pefsf@s0981k. 1 Tacaddétiofp<AmAdBbhi sAb NIl 20/ 14a3 sal SO

i dentifiedebep L ghe e es _of BAGL i qmmunoposi tive tunor cells
and locally agsgﬂgggég?ségggé%pgégg}ﬁg?s(ﬁn:a6ﬂ§ﬁ£%ﬁ9§ﬁﬂéfofﬂaénd with

hor mone rEevaetedyhtivkenspetpeftfe) 68 BA@@Bimﬁ@hb%@%ikivHiQQQESa
[ [ L) as

perc ag ce WLt h nucl,ear BAGL-i mrunost ai ni-n BA
mellegg h?ghgém%%ggggittéﬁhu% e ?r%ﬂﬁgf PBABEL PrOShatey)ns éSnan wer e

al so 20. 288@ei. ht 86 Wil h+ hdt nnoemakf vaes0sy7di sease: cAr@e@01 and p<0. 0001,

respectivehy T2H3) . H gher intensity BAGL nucl ear inmmunostaining was
al so corrg+a?éggﬁffh H%%n%%%gc+%$?%ﬁt%?§ fLRY driepsiéipd hegwment of 92

prost at e Rb@lkker percentages of BAGL immunopositive tumor cells and .
locally advanced disease (p = 0.05) (n = 625 patients)

15 and with hormeone refractory disease (p<0.001) (n = 263
patients).

‘Higher percentages of tumor cells with nuclear
BAGl—immunostaining {(BAG1L) as well as higher_intensity
nucleqr BAGIL. (BAGI1L intensity) staining were also

20 associated with hormone—refractory disease: p<0.001 and
p<0.0001, respectively (n=263). Higher intensity BAGl
nuclear immﬁnostaining was also correlated with hormone-
refractory (HR) disease in a cohort of 92 prostate cancer
patients with locally-advanced disease who were treated

25 with anti-androgen therapy prior to surgery (50% vs 9%
HR; p<0.001). |

From these observations, three conclusions can
be reached. First, tumor-specific increases in cytosolic
BAGl and nuclear BAGIL levels commonly occur in prostate

30 cancers. Second, immunohistochemical analysis of BAGIN
{cytosolic) and BRAGLL (nuclear) expressibn provides
prognostic information about prostate cancer patients,
including information about progreésion to hormone-

refractory disease. Third, unlike the situation with



patients with | ocal |l y-advanced di sease who were treated 25 with
anti-androgen therapy prior to surgery (50%vs 9% HR, p<.0.001). From

t hese observations, three conclusions can be reached. Fi ré‘la['u 2004
tunor-specific increases.in cytosolic BAGL and nucl ear B,K ?gvel S
comonly occur in prostate 30 cancer S., Second, i nmmunohi stochem cal anal ysis
of BAG N (cytosolic) and BAGLL (nucl ea%') expressi on provides prognostic

i nformati u ta cer tjients i ncl udi L nformati on about
progr essi g%etgggh%?ﬁ%%g-’ ?lg'ig?%cr}t (;elrefpeg]iéseoggsec.ytﬁ?? }Cuﬁgph the situation
with 7 Jardprys2004 42ebressicicamcemith girefavevebseopreyheseki c BAGLN

expr essi Ogi‘ﬁlﬁra% gci ta%d \Mﬁ) h unfavorabl e prognosis rather than favorable
prognosi s Sugh*th& VAT ERt To R HrE et described with S reference to

t he di scl osed enbodi nents, it shoul d be understood that various '

nodi fications can b de wi thout, departing fromthe spirit of the -

i nvention. Accor di ngllg,gou #et' ﬁvéﬂ"iedﬁli@,lrﬁﬁ teeeBnigseyibRE Wothowi ng

cl ai ms5 43e¥Batnte ebaifeddisclbsban Mot ds, ALFesheH: fopedet er mi ning
the risk of tunpr recurrence or spread in a patient suffering from

prost at e “RAREEFOCdaFB2heVREANSNBIAIfiFatinneetar tPai hgda BAChgehe

expr essi Ofephe¥€hgl FramCARGELBYS RS s U Sedier l e am. sak g- pati ent;
and (b) con%ari ngg-sai d BAG ge%e%egp%iz%rgen * 10 Ie?/e i_nA(s:%?gH%g?ight' to a
ref er ence™BAG BERBL L8R pi EsditBh trev @Nly duf dhefiekhoelmacciemms. expression
| evel being a | evel of BAG gene 15 ‘ S : -



-

expressi on above which correlates with an increased risk of tunor
recurrence or spread and below which correlates with a decreased risk of
tunor' recurrence or spread, thereby deternining the ris%ig tuq¥54
recurrence-or. spread in said patient. 2? 2. The nethod of @HPH“ “wherein
~said tunor spread conprises tunor netas dsis. 3. The nethod of claim1,
wherein said BAG gene expression |level is" determ ned by neasuring a BAG.
25 ' protei nilmemelis 3Qadmedhggiet hod of claim 3, wherein said BAG protein
| evel is determned with an antibody specific for BAG protein. 5. The
met hod of claim 1, wherein said ?AEL gen_ exgression'leveL i s determ ned by
measuring the |evel of a nficl&EFEoFeFRTWALERTBARAAES L8 aimkaopr bEBPA. 35
6. The net hodeolirebais by wheeakn isakdpadekatCsudgeding BMAn pfoddgrary -
2004 4% 10~ 7. _The nmethqd of claim5, ;wherein :said nucleic acid Is RNA
8. The et ho§*BFeEr afAtE, “FREPE FORRFESBAG: gene encodes a nucl ear BAG
protein. 9.  The nethod of Cuabnuéteﬁﬂghghg-gaﬁﬁGBégheggggrgggggEs a
cytosolic BAG protein._ 10. _The method of Claim 1, "whereln sal AG . gene
encodes a protein sel e¢B¥81f L8Pt RENGREAPSCHHORFsaERYL 16PUBAGRTIPIBAG 1N
'BAG 1M and BAG 1L. 11.¢#Bf BBLROP.0f <Gtai ghd, Wherein said BAG 15 gene
“expression |level is determ ned usSing an inmunoassay. ‘ .

B comparing sald BAG gene expression
- 10 ' level in said patient to a reference BAG géne
' expression level, said reference BAG gene
expression .level being a level of BAG gene
_ expression above. which correlates with an
| increased risk of tumor recufrence or spread
15 -~ and below which correlates with a .decreased
| risk of tumor recurrence or épread,
théreby determining the‘risk'of tumor recurrence or

spread in said'patient.

20 2., The method of claim 1, wherein said tumor

spread comprises tumor metastasis.

| 3. The method of claim 1, wherein said BAG

_ gene expression level is determined by méasuring a BAG
25 = ‘protein level. o

4, The method of claim 3, wherein said"BAG

protein level is determined with an antibody specific for
_ BAG protein.
30

5. The method of claim 1, wherein said BaG
gene expression level is det&rmined by measuring the
level of a nucleic acid which encodes said BAG prétein.

35 . 6. The method of claim 5, wherein said nucleic
acid is DNA. o |



20. 12 The nethod of claim 11, wherein said imunoassay is an

i mmuno~- pol ymerase chain reaction (immuno-PCR) assay. 13. The method o

claim1, wherein said reference BAG gene expression level js a |leyel of

- BAG gene expression above which correla&gs wi th increased JaPPaR 2884t unor
recurrence.-or spread in a first group of “25 patients conpared to a second

group of patients, said. ond.grau f .patients.havi.ng BAG gene .
expression |evels bel gVV 53?% E‘%Fe?gn%efol%\?ellm %14.“’}1&3%11%09(?]%0%%3@% ni ng
a prognosis ecid3@ss&Mai.val in a patient suffering from prostate cancer,
sai d met hod conprising: (a) determ ning a BAG gene expression level in "a
cancerous prostate tissue sanple. fromsaid patient; and .- 35 (b) conparing
sai d BAG gene expressi én | @hel menhsd dfpatizdht 1t 0 wherefier enGel BAG gene 45
5 7 January 2004 ex%rgssion | evel i d reference BAG gene expression

1 evel Being &°F&vENCEF°Ba8 JER eagxg sEFGhe4Bove which correlates with
‘decreased survival and bel ow which correlates wth increased survival

t hereby determ ning a progngsis of survival in said_ patient. 15. The
net hod of claim 14, whérei nT88 Betheds@fvicdaim 4 oWdexaingdakdy BAC 16. The

met hod of cIgéﬁeléncuh@gegncgabgolggrghmabrb%eq5§tant net ast asi s-free
survival. 15 17. The nethod of claim 14, wherein said BAG -

10 _ 10. The method of claim 1, wheréin said BAG _

- gene encodes a protein selected from the group consisting

of BAG-1, BAG-1N, BAG-1M and BAG—lL;

' 11.',The method of claim 1, wherein said BAG

15 gene expression level is determined using an immunoassay.

12. Thé_method of cladim 11{'Whereiﬂ‘said
immuncassay is an immuno-polymerase chain-feaction
| (immuno-PCR) assay. | o
20 o

_ _ 13. The method of claim 1, wherein said
- reference BAG gene expreSsibﬁ level is a level of BAG
gene expréssion above which correlates with increaséd
risk of tumor"recufrence or spread in a first group of
25 -"patients compared to a second group of patients, said .
' second group.of_patieﬁts~héving'BAG gene expression

levels below said reference level.

14. A méthod for determining a prognosis of
30 survival in a patient suffering from prostate caﬁcer,
' said method comprising: | ‘
~ (a) determining a BAG gene expression
level in a cancerous prostate tissue sample
‘ from said patient; and
35 {(b) comparing said BAG gene expression

level in said patient to a reference BAG gene



gene expre55|on | evel is deternlned by measuring a BAG .protein level. 18.
The nmethod of claim 17, wherein said BAG 20 protein Ievel is determ ned

W t'h an anti body speC|f|c for. BAGprotein. . 19. The ne h r§25b3|n114
wherein said BAG gene expressi-on |evel % determi ned by neasurlng the 25

| evel of a nucleic acid which encodes said BAG protein. 20. The nethod of

clain}19, mhereln sai dgy gggg&éﬁmiégﬁisngé ?gfégeFl Bﬂ&th d of claimJl9,

wherein said nucleic ac cIa|n1 “wherein said
BAG gene encodes a nuexpaesaﬂﬁnp&eVelnbe3ﬁgla71éaehaoﬁ BHG4géﬁe23 The

met hod of claim 14, wh I d ne, encode cytosplic BAG ‘
protein. 24. The ﬂEthO§£§%g %?%1 Ovﬁheﬁé R ggFaEEﬁﬁﬁg 8éﬁ§ encodes a
protein sel ected from flhergaseg sansisbilngndobeBd& dhiBAGdN-eBaAEE&M and
BAG 1L, 25. The- nethod O%h claim 14, wherein.said BAG gene expression

‘level Ts deternined usihg ah*hitRGAsERYYI18126. The method of clai m 25,
wher ei n sai dthénsbipodssaymising &npuognpslyneraserehabd ffaskian

(i mmuno- PCR)_assa 15 27. The nmethod of claim 14, wherein said reference
BAG gene expY %é%?%ﬁ level is a level of BAG gene expression above which
correlates with decreased survival in a first group of patients conpared

to a. second. rou of atients, said second group of patients.
9 P p The method of claim g p erefn said

i0 surv1val is overall surv1val .
16. The'method-of claim 14, wherein said

—. survival is distant metastasis-free survival.

15 : 17. The method of claim 14, wherein said BAG
gene expre851on level is determlned by measurlng a BAG

protein level.

'18. The method of claim 17, wherein said BAG
20 protein level is determined with an antlbody specific for.

BAG protein.

15. The method of claim 14, wherein said BAG
gene expression level is determined by measuring the

. 25 level of a nucleic acid which encodes said BAG protein.

20. The method of claim 19, wherein said

nucleic acid is DNA.

30 o S 21, The method of claim 19, whereln said
nucleic acid is RNA.

22. The method of claim 14, wherein said BAG
 gene encodes a nuclear BAG protein.
35 '



20. havi ng BAG géne expression levels below said reference level. . 28. A
met hod for. nonitoring the effectiveness of a course of treatnent for a
batient suffering from 25 prostate cancer, said method cogg@haé&gm éa)
determning a first BAG gene expression level in a cancerous p sp te -
‘tissue fromsaid patient prior to said #?eatnent; and (b) subsequently
determ ning a second BAG ge 30" .expression level in a.cancerous prostate
ti ssue from said pati?ﬁ} Eﬁﬁn&e§§P £ e&bﬁéﬁt}4wh§ E65 17 §8¢FeB8€d second
BAG expr essi grreeaicoderpar egtoe@ocdaicdBhtr ptoBAGnexpressi on | evel indicates
an effective treatnment. 7 January 2004 47 5 29. The nethod of claim 28,
wherein said BAG gene expression |evel ts determ ned by nmeasuring a BAG
protein level. 30. Thejyget hadeofethdliM2dc1uhG! ¢iun FBLIBACaRROERRN | evel
is determned with an antibody specific for  BAG prote?ﬁ.A3fé Thegﬁethod of’
clai m 28, wh&e&ien es5rdeBAG Protgénesexpresdi §nomele prodpt epnishetiby
neasuring thel ewel 10f pacnugl epggasid Wi ghgengodes said BAG protein. 32.
~ The method of ciaim 31, wheréin saﬁg anucﬁe?cﬂgéid is DNA. ' 15 33. The

met hod of claim 31, wherein said -nucleic acid is RNA. 34. The nethod of

A 28 juhereln. oal 92800 TRO AERRCANGRARS:En"YE | OGhe BRBPLOL ST Bac2d 35

‘The nethod of .claim 28, "'wherei'n said B ene encodes a cyto5o0l Ic BAG
protein. - gene expression level is determined using an immunoassay.
10 ' '

26. The method of claim 25, wherein said -
immunoassay is an immuno-polymerase chain reaction

— {immuno-PCR) assay.

15 - j 27. The method of claim 14, wherein said
reference BAG gene expression level is a level of BAG
gene expression above‘which'correlates with decreased-
survival in a first groﬁp of patients compared to a .

7 second group of patients, said sécond_group of patients:

20 . héving BAG gene expression levels below said reference

Clevel.

28. A method for menitoring the effectiveness
‘of a course of treatment for a patient'suffering from -
25 prostate cancer, said method comprising: -
(a) determining a first BAG gene expression
level in a cancerous prostate tissue from said patient
‘ prior to said treatmenf; and |
(b) subsequently determining a second BAG gene
30 - expression level in a cancerous prostate tissue from said
patient during said treatmenﬁ,'whereby a decreased second
BAG expression level compared to said first BAG

expression level indicates an effective treatment.



36. The nethod of claim 28, wherein said BAG gene encodes a protein
sel ect-ed fromthe group consisting of BAG 1, BAG 1IN, BAG 1M and BAG 1L.
+37. The nethod of-claim 28, wherein said BAG 30 gene expr i evel is
determ ned using an i nunoassay. 38. The gethod of clain1§9gﬁah&?%%§ sai d
i nmunoassay i s an i nmuno- pol yner ase chai f reaction (inmmuno-PCR) assay. 35
| 7 January 2004 48 39., Anrethod for deternm.ning_the tisk,of tunor
recurrence or. spread FﬁAa.E% FE%POguF&eﬁlﬁﬁnT?éW1H%@J?En €3ﬁggP%Gsaid
nmet hod conpr igeneg expi@ssdetelrveilng sa BASrgaRe e Xy essisorihevel Bhe 5 a
cancer ous breas& t.i ssue ianple fromsaid patient; and (b) coenparing
sai d- BAG gen& &xpr&ssi®dff'evel in said patient to a reference BAG gene
“expression level, said reference BAG gene expression |evel being a |evel
-of BAG_gene expression_above, 10 which correlates with decreased risk of
tumor recurrence or spPead Rfd MGEPER Wi G a8y Rl atBETelNt RaiAcPAEsed ri sk
of tunor recgroerRi® QevelPhgadetkhariokn %&EﬁrEhnhﬁﬁikﬁayrb%ECQEiEUﬁg&
recurrence or._ 15 . spread in-said patient. 20 40. The nethod of claim 39,
wher ei n sai d BAFnBrOt&dfead conprises tunor netastasis. 41. The nethod of
claim 39, wherein. said BAG gene expression level is determ ned by
measuring a BAG protein level. 42. The nmethod of claim41l, wherein said
BAG 25 protein-level iSldet &Pfi Redhadt pfaslaam B8dy wbpreini safdr BAG

' 10 gene expression level is determined by measuring the

level of a nucleic acid which enéodes said BAG protein.

— ‘ 32. The method of claim 31, wherein said

nucleic acid is DNA.

15
33. The method of claim 31, wherein said
nucleic acid is RNA. | '
_ 34. The method of claim 28, wherein said BAG
20 gene encodes a nuclear BAG protein.
35. The method of claim 28, wherein said BAG
gene encodes a cytosolic BAG protein. ' |
25 . 36. The method of claim 28, wherein said BAG
' gene gnCodes a protein selected from the group consisting.
of BAG-1, BAG-1N, BAG-1M and BAG-1L.
'37. The method of .claim 28, wherein said BAG
30 gene expression level is determined using an immunocassay.
38. The method of claim 37, wherein said
immunoassay is an immuno-polymerase chain reaction
- (immuno-PCR) assay.

35



BAG protein. 43. The nethod of claim 39, wherein said BAG gene expression
| evel i's determned by measuring the 30 level of a nucleic acid which
encodes sai d BAG protein. 44. The method of claim 43, mhe&qkﬂ a?bgo4nucleic
acid is DNA 35 45. The nmethod of claim 43, wherein said nacreréracid is
RNA. 49 7 January 2004 45.' The nethod of claim 39, wherein said BAG

, gene encodes a nucIea§9BAGApEgEﬁEB.Eéé_dgggrﬁghg%%lQ%ﬁgkﬁgghgg,ggﬂg%ein

said BAG gene encodes "a cytosolic protein. aim
39, wherein saFYrBaGceegete spreadesnaappetéentsehbdédfead ntyr dmorhbrgrstp

consi sti ng 1 / A AG- 1L. .10.. 49. The nethod of
ggngég' sg%@ﬁé%@&gg gE% ?QQn :

claim 39, wherein $ai ne expression |l evel is determ ned using an
inmmunoassay. 50. The ndthodebtkroliaing4f, BAMSegene exptestEionmiemedssay i s an

i-mmunogzpol ymer baj.n tion. (inmmuno-PCR) assay. ;51. The methad of
clai m 39. ugegéﬁﬁggaPE E%%%?Eeﬁésé%ﬁrséEPEﬁ g?@ls%§dd39§?ﬁPﬁedaB ior to
| ymph node 20 invol vertbiit cofnpaaiilgcanddr BAB2geTibe eplrieedioh Ckaiem 38,
~wherein said BAG gene exBresgton lgvel is deterni%%% after |ynph- node

i nvol venent of. said caficer. PA5180E3 OTRe TREEREHTE BECaSRPS9 SXRREFSLR s ai d

BAG - gene expression | geekli ssdeteraraedndur BAG Skage ckpeessSbageekblof
said cancer. 30 54. Thg net hod_of claiim 39, wherein saiqdq reference BAG
gene expression |evel §149| 8ydfVeds OBABRG gene expression above

-10 : which correlates with decreased risk of tumor
recurrence or spread and below which correlates
with increased risk of tumor recurrence or

R spread, |

 thereby determining the risk of tumor recurrence or

15 .  spread in said patient.

40. The metth_of claim 39, wherein said tumor

spread comprises tumor metastasis.

20 41. The method of claim 39, wherein said BaG
gene expression level is determined by measuring a BAG

proteih level.

42. The method of c¢laim 41, wherein said BAG
25 protein level is determined with an antibody épecific for

BAG protein.

43. The method of claim 39, wherein said BAG
gene expression level is determined by measuring the

30 level of a nucleic acid which encodeé said BAG protein.

44. The method of claim 43,'wherein said

- nucleic acid is. DNA.

35 45. The method of claim 43, wherein said

nucleic acid is RNA.



gene expressi on above which correlates with decreased risk of tunor
recurrence or spread in a first group of patients conpared to a second
group of patients, said 35 second group of patients havi ng gﬁ%gg@§4
expression levels below said reference |gvel. 50 7 January

met hod-for deternmining a prognosis of ,survival ina patient sufferlng
from breast cancer, saig ”Q%@Oﬁe%ﬂgﬁrb%'anl%ab9deh%ﬁq% |n%a§d5§gtgene
expression level in 5 a cancerous breast tissue sa romsai d patient;
and 10 (b) c6§ﬁ&rﬁﬁ@0§§ﬁdaBAGCé@ﬁ§ BRer protteAanl.evel in said patient to a
-reference BAG gene expression |evel, said reference BAG gene expression -
| evel being a | evel of BAG gene expression above .which correlates with

i ncreased survival and47bel GWewhniethodortekdtés Bt hwhesredas e isuBaGval |

t hereby dete i S f r or spread in said
patlen¥ ggh@ %ﬂcbﬁgﬁog %Vgofgﬂn%5§h%w§ereln%sald survival is overall
survival . 20 25 57. The nmethod of claim55, wherein said survival is

di stant netastasi s- freg sury, vaI %8 Tg t hod of claimb55, wherein said
BAG - gene expression | &del ed@FE fne Sggﬁ@agarlw e5eBRGsaﬁﬁoPé@n | evel .

59. The net hgdn@f eﬁbatimsSa p%@é@.hn s82ie@ t BAGE rBOtBieN ghev® cothisdeiend ned

w th-an antibqd speC|f|c for BAG rotein. 60, The nethod of claimb55,
_wherein sai d°BA G334 g@ﬁ@ éyprgégl PEGePABs1fet er ni ned by measuring the
10

49. The method of claim 39, wherein said BAG

gene expression level is determined using an immunocassay.

50. The method of claim 49, wherein said
15  immunoassay is an immuno-polymerase chain reaction

(immuno-PCR) assay.

51. "The method of claim 39, whereln said BAG
gene expression level is determlned prior té lymph node

20 ' 1nvolvement of said cancer.

_ 52. The method of claim 39, wherein said BAG
‘ gehé'expréssion level is determined after lymph node
‘ inﬁolvement of said cancer. |
25 o . ,
53. The method of claim 39, wherein said BAG
gene expre551on level is determlned during Stage I or

Stage II of said cancer.

30 _ 54. The method of claim 39, wherein said
' reference BAG gene expression level is a_level of BAG
_'gene expression above which correlates with decreased
risk of tumor recurrence or spread in a first Qrbup of
ﬁatients compared to a second group of patients, said

35 second group:of'patients having BAG gene expression

- levels below said reference level.



| evel "of a nucleic aC|d whi ch encodes sai d BAG protein. 61. The method of
claim60, wherein said .nucleic acid is DNA 35 7 January 2004 51 62. The
fret hod of ¢l ai m 60, wherein said nucleic acid i s RNA 637J3ID&XE%?%Od of
cl ai m 55, wherein said BAG 5 gene encodgg a nucl ear BAG protei
The met hod of claimb55, wherein said BAG gene encodes a cytosolic BAG
protein. . 65. The nethggd of ghkahEyd “GEEEk sald B SRe @des a
protein sel ected fron1tﬁe group- cons?gflng lBAGgl AgkgglN l%Aé—ll\/land
BAG LL. 66.. Pugvawehodnof phaiensssufifierdhg §apm BA@aStSCQBnérexpﬂe§8|on
| evel is detﬁ ghggdcgagggsaﬂglnnunoassay 67. The method of clai m 66,
wherein said 1 nmunoas i s¥an i nmuno- pol ynerase chain reaction'
(1 muno- PCR) assay 20 a25d686rmhalngthoBAGfgehalExﬁﬁgswheneﬂavealdnBAG
. gene expr egsi vel eL nlned X0) ol venent of
sai d cancer E 52 % 2 th§8gg F&rm 552 Résrgrﬁ%gga& R tlﬁgﬁé 3X§Eession
| evel .is deternlned abeD bymphrmngesaldnsaﬂvgaaateabraabdonameeel i8. The
met hod of clai m 55, mherehn sg.d Ag 30 ggne exgrggél | evel i
det ermi ned during StagE*tr9oP3t&ERetP| 2oF SESFERE g97Ee ?ﬁ@rﬁﬁﬁﬁ88 of
claim 55, wherein sai dievefereaid BéGegeneceBpGegehenekpyeksisnalkevel - of
BAG 35 gene expreSS|on above i ch correlgtes with increased
being a level of BA gene expression above
10 which correlates with increased survival and
below which correlates with decreased survival,
thereby determlnlng the rlsk of tumor recurrence or

S spread in said patient.

i5 56. The method of claim 55, wherein said

- survival is overall survival.

57. The method of claim 55, wherein said

survival is distant metastasis-free survival.

20
58.l‘The method of claim 55, wherein said BAG
gene expression level is determined by measuring a BAG
‘protein level. -
‘25 ' 59. The method of claim 58, wherein said BAG
protein level is determined with an antlbody specific for
BAG proteln
60. The method of claim 55, wherein said BAG
30 gene expression level is determined by measuring the
level of a nucleic acid which encodes said BAG protein.
61. The method of claim 60, wherein said
. nucleic acid is DNA. ‘
35



survival in a first group of patlents conpared to a 52 5 10 7 January 2004

second ‘group of patients, said second group of patients haV|ng BAG gene -

- expression |evels below said reference .level. 72. A netho P & Qltorlng

- the effectiveness -of a course of treatng t for a patient suP ering from
breast cancer, said nethod conprising ( ? determning a first BAG gene

expression IeveI in a gancer gus F t tligue é n1§a|d tle prior to

said . treatnent; and (bf Subseau@ﬁ ? 8FeF Al'n Yectna s éene

expressi on | aveleinr acddnder BM&.breast tissue fromsaid ‘patlent during

- said treatnent, whereby an increased second BAG expression | evel conpared
to said first BAG 15 expression |level indicates an effective treatnent.

. 73. The nethod of clai BB72, Theemeithosabd BA&imgepe @Kpreshi pAibleBRE is
determ_ned by neasuri % a BAG _protein |evel 20 25 74. The nethod of
clai m 73, wh@FQﬁne§§Pg BAB nBF&F@FnBP§v8F°F§1Hetern1ned with an anti body
specific for. BAG protein. 75. The method of claim72, wherein said BAG

gene expression level is determ ned hy neasurlng the. level of .a nucleic
aci d whi ch. encodes sai §4BAGTPRoMethod76E ThaimebRodWBETELEi AR}S, Bifer ei n

~said 30 nucb@hg @gbgdbg QNe rbéo11BepABt Bedrgfincl @i m 75, wherein said
“hucleic acid’is RNA . ¥he nethod of "claim 72, wherein said BAG -
10 | . 65. The method of claim 55, wherein said BAG
gene encodes a protein selected from the group. consisting
of BAG-1, BAG-1N, BAG-1M and BAG-1L.

:66. The method of claim 55, wherein said BAG

15 . gene expression level is determined using an immunoassay.

_ 67. The method of claim 66, wherein said
immunoassay is an immuno—polyme:aée chain reaction’

. {immuno-PCR) assay.

20 . _

68. The method of claim 55, wherein said BAG
..gene expression level is determlned prlor to lymph node
. involvement of said cancer. '

25 S '69. The method of claim 55, wherein said BAG
gene-expreésion level is determined aftér 1lymph node
involvement of said cancer. ' '

70. The method of claim 55, wherein said BAG

30 gene expression level is determined during Stage I or
Stage II of said cancer.

71. The method of claim 55, wherein said |
reference BAG gene expression level is a level of BAG

35 - gene expression above which correlates with increased

survival in a first group of patients compared to a



gene encodes a nuclear BAG protein. 53 7 January 2004 79. The net hod- of

cl'aim 72, .wherein said BAG , gene encodes a cytosolic BAG protein. 80. The
met hod of claim 72, wherein said BAG 5 gene encodes a pr otzejRuss!eyed from
the group consisting of BAG .1, BAG 1IN, ¢BAG 1M and SAG 1L. 81. "The net hod
of claim 72, wherein said BAG -gene expression |evel is determ ned using an

| munoassay. stdchd gFhepmeihpdrdkntlal Ball JWhRHRl Broal o PAKRGARSAY- IS an
i muno- pol ynerase chai n"reaction (imuno-PCR) assay. 15 83. The nethod of
claim 72, whéfdiindsBRAE BROC §EREcERiOssdieyelisenslows sgdderigifeagngei or to

| ynph -node ijpyehvenment of said cancer. 84. The nethod of claim 72, wherein
said BAG 20 gene expression level is determ ned after.|ynph node :
i nvol venent of said cancer. 85. The method of claim 72, wherein said BAG

gene expression level bs depermined ¢Ui) 99,3499l Ve oFr2cRi998ekk Of

sai d cancer.
: of a course of treatment for a patient suffering from

breast cancer,_Said method comprising:
A | (a) aetermining a first BAG gene expressidn
level in a cancerous breast tissue from said patient

10 prior to said treatment; and '

‘ ' (b) subsequently determining a second BAG gene
expression level in a cancerous breast tissue from said

- patient during said treatment, whereby an increased

second BAG expreséion level compared to said first BAG

15 = expression level indicates an effective treatment .

_ 73. The hethod of claim 72, wherein said BAG
- gene expression level is determined by measﬁring a BAG
- protein level. ' |

74, The method of'claim 73, wherein said BAG
‘protein level is determined with an antibody specific for
BAG protein.
- 25 75. The method of claim 72, wherein said BAG
' gene expression level is determined by measuring the
level of a nucleic acid which encodes said BAG proteih.
_ 76. The method of claim 75, wherein said
30 nucleic acid is DNA.
77. The method of claim 75, wherein said
nucleic acid is RNA.
35 78. The method of claim 72, wherein said BAG

gene encodes a nuclear BAG protein
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- 20
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: 7 January 2004
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79. The method of claim 72, wherein said BAG

gene encodes a cytosolic BAG protein.

' 80. The method of claim 72, wherein said BaAG

gene encodes a protein selected from the groﬁp consisting
of BAG-1, BAG-1N, BAG-1M and BAG-1L.

81. The method of claim 72, wherein said BAG

gene expression level is determined using an immunoassay.

82. .The method of claim 81, wherein said

immunoassay .is an immuno-polymerase chain reaction

{immuno-PCR) assay.

83. The method of claim 72, wherein said BAG

gene expression level is determined prior to 1ymph node

involvement of sald cancer.

_ 84. - The method of claim 72, wherein said BAG
gene expre551on level 1s determlned after lymph node

1nvolvement of said cancer.

85. The’ method of claim 72, wherein said BAG
gene expre531on level is determined during Stage I or.

Stage II of said cancer.





