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10 BACKGROUND INFORMATION

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
disease is detected or suspected, systemic therapy is
instituted, such as chemotherapy or hormonal therapy.
Among women with early-stage breast cancers 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 (Fischer et al.
18%81, Lancet 338:327-~331).



estrogen receptor and progesterone receptor status, (3) 5 the size of the
primary tunor, and (4) stage of disease at diagnosis. It has al so been

reported th % aneupl oidy and proliferative rate (percjﬁplt - e) can
help in preg‘}% |ng43t he course of disease. In addition, the &%P@%?essi on

of the HER2/ Neu oncoprotein has been 10 shown to predict breast cancer
patients at risk for netastatic disease and novel therapeutic strategies

have been devel oped tacarRt tiBhemERECREOTs (AR ehadliqudd S Patent
No. 4,968,603; Slanon et al. 1989, Science 244:707-712). However, even
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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 patients 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 breast
cancer which has not progressed to the axillary lymph
nodes. There is now evidence in prospective randomized

25 clinical trials that adjuvant endocrine therapy and
adjuvant chemotherapy beginning immediately after
surgical removal of the primary breast tumor can be of
benefit in some of these node~negative 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 long-term survival following surgery and/or

radiotherapy without further treatment, it may be



i nappropriate to recomend adj uvant therapy for all of these patients.
Accordingly, there is a need for nethods to distinguish those
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30 nethods for determ ning the proper course of treatment for a patient
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met hods. WO 01/ 04343 PCT/ USQh@R&380F THE INVENTION

In accordance with the present invention, there
are provided methods for determining 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 or 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 for tumor
recurrence or spread will permit aggressive early
treatment 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.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows that high BAGi Protein
|l evel s are associated with |onger patient survival in breast 5 cancer
patients, a\? S0 3Isorth in Exanple 1. Kapl an-Meier survi vgk: 558

cont ai ni ng ﬁe proportion of early stage breast cancer ients vanose
tumors contain high (0; referred to inghe figure as BAGl positive)
versus low (!; referred to as BAGi negative) |levels of BAG 1l 10 protein
is plotted against time (years) for overall survival (OS) (top; A) and

di stant netastasis-free _survi vaI Figure 2 shows the
resul ts of Rel apse- Free BBGEE{RESC ents with
tunor-position 15 |ynph- nodes as set forth in Exarrple 2. Figure 3 shows
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10 protein is plotted against time (years) for overall

survival (0S) (top; A) and distant metastasis-free

survival (DMFS} (bottom: B).

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 INVENTION

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 comprising:

(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



suffering tunor recurrence or spread than said second group of patients
having |l ow | evel s of expression of the BAG gene. 5 The invention nethod
takes advaphapgsf 2 newy discovered correlation betwe | evel s
of BAG expr eg@?on in cancerous cells, and the |ikeli hoo?kg?&ga@ré r-free
survival in patients (see, e.g., the Exgnples section). The invention

nmet hod conprises determning the 10 | evel of expression of BAGin the

cancerous tissue of acipakienéd J@%Mﬂf@_d@fé&% hexehagsbhi e as
belonging to a first ﬁ%?ggbg(fa Eatl ents having high |l evels of expression

of BAG or alternativé& WO FTHHFE® OFaftPéRed RBINNTRI®wW | evel s
of expression of BAG s&bohetgroumadf qirtiferdtie Nakaggosbs Levet heopati ent

suffering from cancer_nay be nad termni ng whether the group to
whi ch the patient haseﬁgﬁésﬁég?g%idtqieo%egteﬁ'vvith a higher or |ower

| i kel i hood of disease-free or overall survival with respect to the group
to whichdgh at. | . t signed. .For exanple, ,in one enbodi nent
of the i%v?r?% gh,%lh%lﬁgsM%gkéﬁnga??z%évgar%&qtﬁgte %e?ppgmﬁti on or a high

| evel of expiesovencdfcarBAzyerr hefwesintebnoroalpaeivehssohaBA®g a
decreased rissk kst HADE 4T read (e : | _recurrence or
spr ead and/orlﬁrmetsastas?s?%ﬁ%ﬁ@%ei%lt#s%gﬁbg Frrgﬁg?lﬁ)gﬁ&gn fs bel ongi ng
to a first §EBEEThAVRAGSHTGhVak\vidl Pagfiendspriessi on- of , at BAGExmwe ear e

classified agchavhpg arhdecheaserbd inderfa LUBLiEECUS €£‘&Fir‘?£ FRgad
conpared to 30 a second group of patients having [ow |evels ot expression
of a BAGYerd&€VethrE exBBEFFEIR 95 BARarin theafrycasersl tissewafua i ng t he

prognosi s obakieast TRECSitNaid ey tnéR B 84343: PEIA USOOSJBARE ng
to a first group of patients having high levels of
expression of BAG, or alternatively, to a second group of
patients having low levels of expression of BAG.

15 Determination of the prognosis for the patient suffering

from cancer may be made by determining 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 having 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 patients 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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In another embodiment of the invention, high
levels of expression of a BAG gene correlate to patients
having an increased risk of tumor recurrence or spread.
Thus, in this embodiment, patients belonging to a first
group of patients having high levels of expression of the
BAG gene are classified as having an increased risk of
tumor recurrence or spread compared to a second group of

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 spread.
Thus, in this embodiment, patients belonging to a second
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 expression of the BAG

gene.

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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WO 01/ 04343 PCT/ US00/ 18758 7 Thus, in this enbodi nent, patients bel ongi ng
to a second group of patients having |ow | evels of expression of the BAG
gene are ¢l assified as having an increased risk of tunor recurrence or

spr ead co%%?lé%:’?o a first group of 5 patients having hi F¢TIUSIH IS
expression of the BAG gene. The invention nethods are useful in the
prognosi s of disease-free or overall sufvival of individuals with

neopl asti c diseases, +i nel udi ng: | i,d tunors. and hemat opoi etic

cancers. Exgh;ﬁ)sér sg %ﬂégj%l%%r%ﬁgéai%ﬁ%% ugde 2BPtFhohas? %‘”tfg‘ﬁ‘das
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parti cul ar | fUBPEaSECREIRFe s sPFedcheocaparetdheot @r fbr St agmmip rodcur rence”

and "tumgr peeyshesCiavimy thiGAMEREIGAk £V akb Bt S: dhes £l e EEI{H er to further

grow h of neogl astic or cancerous cells 20 after diagnosis of cancer.
Particul arl §¥"fecurrence may occur when further cancerous cell growth
occurs in the cancerous tissue. "Tunor spread,” simlarly, occurs when
the cells of a tunor dissem nate into | ocal or distant tissues and organs;

therefore tunor spread erdOifpdsdss "5hedRopraetsRivsii the used herein, the
phrase "di spasgrbsie ofsulisasale-fricef ersoversthe $w@ekiwfl gech tunor

espect to Hhet fudpL BbRERIRes o e ato 8y | B sohe patient
The phra8e Solkdatumens Andalhemateperiettio thecérmd e dxdnfpagpati ent after

di agnosi s, neoplastic diseases include carcinomas, such as
adenocarcinomas and melanomas; and sarcomas, such 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 recurrence,” and grammatical variants thereof,
refer to further growth of neoplastic or cancerous cells

20 after diagnosis of cancer. Particularly, recurrence may
occur when further cancerous 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 recurrence
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



despite the possibility that the cause of death in a WO 01/04343
PCT/USO4118758 8 patient is not directly due to the effects of the cancer .
The phrases el i hood of disease-free survival", "risk rence
and vari ant OtHgéﬁ%f refer to the probability of t unor FE%&@‘%%!

spread in a patient 5 subsequent to di agposis of cancer, wherein the
probability is determ ned according to the process of the invention.
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| ynphocyt es oinvdrgul@ni c cells will be obtained and appropri at eI y
prepared. Simlarly, in the case of any netastasized cancer, cells may be
drawn froma body fluid such as Ilynphatic fluid, blood, serum or a
distally infected 25 oogpenain@xatdaﬂ@ tntaelueef ofWhhé ecaBA@ﬂ e\aal s wll
typical | y3a$e measured, wt e_cancer, ous el.ls of I evel s of
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tumors which have not metastasized, a tissue sample from
the surgically removed tumor will typically be obtained

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

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 within the cancerous cells of a
patient, levels of BAG will also be measured in a body
fluid sample (e.g., serum} as a result of BAG having been
secreted 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



determ ning the prognosis of a cancer patient conprises: (a) determ ning
the I evel of BAG gene expression in cancerous tunor cells of a patient, and
(b) classhkﬂh% 4 01/ 04343 PCT/ US00/ 18758 9 the patient as having a
either a l'ow or high Iikelihood of tumor recurrence or $STES8YEE%d on the
| evel of BAG gene expression in the tugor sanpl e or body fluid sanple
(e.g., serum) of the patient relative t0 the reference 5 level. Determ ning

evel s of BAGC0gAC 18XPT 835haP; (PCL LN DAL Ay USBUEROn 1 RELLnSagPI € T

obt ai ned, prognosis of disease free or overall survi I'ncl ude
det erm nat | GHMPReTPEVEFSNE? BAGRIART tasedhoas$hen levednpfiBAGation in a

cancerous t k. exafeagyisﬁenﬁ ©fie BAE QPR 83Sheayl %19?&1‘95;51}?%
quantltatlvel such that the | evel of gene expression can et er mi ned.

The BAG expré@glonsﬁévg? P5 FW@NPQE&RPQ(§e%ﬁﬁﬁgﬁnﬁﬁetpﬁerﬁﬁ%@%%%¢s of
di sease- fsr eaeqeloveral | 15 survival of a cancer patient based on the
correlations provided herein.- This is possible because the Iikelihood of
tumor recurrence or spread correlates with the I evel of BAG expression in

tunor cel | s DeEerméranpl tevéls has BAEerfcowrtrichatowhen the | evel of BAG

expression is high, 20 the likelihood of netastasis of certain cancers,
such as breast cancer, is low The |level of BAG expression may be used as
t he sol e factor i n asemssi tige tiheet iirgeds@sust atruseldr sahphg s th the

addi tional {a¢hohsa, 'a%g%@s of WidWSJel UL B! ¥Go£a5¢ Of Progst cancer,

| ynph node 25 Status rogen recep Tor status and
her ei n, "BAGngéHéesré¢é¢§m%@ﬁtiﬂﬁ Qﬁuﬂh§ dexeild oéqBafcegemacodi ng a protein

conprishng 2xPAEssUBARE P ARp B dA iR Jaka@ERoEL flmoA999, Journal of

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 survival 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,



Bi ol ogi cal Chem stry 274:781-786, which is incorporated 30 herein inits
entirety. Exenplary BAG proteins include the various isoforns, preferably

human, of BAG ] ncluding isoforns such as BAG 1N, BAG GIL, WO
01/ 04343 PG@’%@&%W% 10 see discussion bel ow), BAG 2, %&f@g@%}a
BAG 5 proteins, and any other protein v% ch contains a BAG donmain and any
mut ati on or partial deletion thereof, including a nutation or parti al

del etion whi cherestlds. 4,5 2RRANCegsQl, dagi@asednBAG ggRe_expression or in

the expression of overactive, underactive, or 'inactive BAG protein. Qher
BAG pr ot ei ns Preteirs BAGA aand oBAEr 20 r ¢ ke iWis Ghr 6ANEAERSI& tis el egans,

and BAG | A angomBAG 2B férﬂ{%%%ﬁk%@ﬁaéﬁgﬁéﬁﬁyﬂe%eﬁ%’@%(ﬂ'ﬁi@é’@ﬂﬁ et al. 10
1999, supra). Thus, as uséd herein a BAG protein has a, conserved 45-am no

aci d regi on néBFIYRNTa EliHARASN OF P2ttt (AP UFEAOPNYASCR e BN HdMai n. A

preferred BAGRRAED dOTddésRaBBHEBAG | erdWiMBIbreBAGoR oBAGY Ity Ot i n was
originally identified as a 15 novel regqgul ator .of apoptosi s%\g% virtue of its

ability to bFpRFERIion of SyEERACLhYBcKkEdratdlve - daat hagihite BAS initial
charact eri zat j8:e BAG bthRs Baenptetdithd cindiRier aat-w &hd netc-anl y Bel - 2,
but al so a nunber of other proteins which are known to be critical in
control ling 2Preedirsiddiar Gasapglrhgl Hp 7Ie%sd?e, 2raf BAG- Mok cept or,

PDGF recept or gpa@itlhs SEMEf &enstesabanhPsiPnes RERR! QT8 kayHieVdtous st udi es
have shown that in both nouse and humans, there is only a single size of

BAG 1 nRNAC mbP22ulBREd)ansdhPBedas biteh HRAFa Pt PABIPEPLRY dFPBAG- 1 25

pol ypepti des apgsdFeatslad-achindakayanbeflomineak998e CapsatiiRasearch
58:3116-3131). noyse, .two.i sof orns e, been identified: the nornal

n
| ength BAG 1 ’E?t%?‘? ¢ SeFErBi ps the £KY o3

A preferred BAG protein for use herein is human

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

15 novel regulator of apoptosis by virtue of its ability to
bind Bcl=-2, a potent blocker of cell death. Since its
initial characterization, BAG-1 has been found to
interact with not only Becl-2, but also a number of other
proteins which are known to be critical in controlling

20 cell death, including Hsp70/Hsc70, Raf-1, 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 polypeptides are translated (Takayama et al. 1998, Cancer

Research 58:3116~3131). In mouse, two isoforms have been
identified: the normal length BAG-1 (referred to herein
as “"BAG-1N”); 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



as "BAG 1N'); and a |onger BAG i polypeptide, or BAG 1L. In human, in
addition to the presence of the 30 correspondi ng BAG 1N and BAG I L
isoforms, @ nmediumlength BAG 1 polypeptide, referred to as BAG 1M is
also tran¥ ﬁ’gﬁfﬁ The cDNA conpl enentary to the BAG 1 nRNECT/HP0/I1RTSBse and
human are set forth in U S. Patent 5,539, 094 WO 01104343 PCTI US00118758 11
and in Takayama et al. 1998, supra, (ea:H'n of which are incorporated herein

by reference,in their iLretyls T po tide se nces,for the two
nouse i sof orérrljé&IéLAr\{g}%llal\yTa?ghé % G%‘llL 253821 L B%C}m%%ng‘ s 3F6ng,

respect i vel i qeparatgkapgraiot bdl refgognce upr dheikhensdlrppept i dehe
sequences f j’!;ﬁaﬁ' Ge r i i qure L Takayama
et al. 1998,%osu ra ,l%%A(s}é%ll‘i‘/léﬁg%g ESB%GEQ?_@%%%\%GJ 9‘72%%5‘532§Ea%1ﬁn0 aci ds
in length, 3ESREEItePye 269BAT P3P Y papineearcidmdopant iresbart yvBAG 1

(especialdy BAG IM@REmBAGt1k). 8568PreseRd) | M THATRLY opgal human
ti ssues. Both BAG 1N and BAG I L_have been )f ound toobgispgsent at abnor mal

|l evel s in nUFfFBICEScAREPUMRRaRAG MY Efetfrredi dggassBpFal and Yang et al .,
15I 1999, Exptargum;m] iﬁeirlakByéﬁérQE 287 2948 2Q0bra)nChidi-ng, LR ex?rrpl e:
col on cancer, |l eykeni a y na, st . cancer, prostate cancer, |ung
cancer, mel %ﬁi &V a&r ?éh’ nggﬁc%?c} %lg?\ﬁ’@zﬂo CaiOSr 1nghgngthal cancer.
However, a mwexpesdtdtviean.of BAG expression |evels with prognosis of 20

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

Det erm nati on of BAG gene expression or anplification |evels may be
per f or med® by one or nBRE pblypépt hthodsndkpawt ittalardyoBaertinary skill in

the art. 25 RanLexaMR|epa8ithalRh i dASAH1 0N Qe PXRLERE 00 LSVEl S, Y
normal human tissues. Both BAG-1N and BAG-11 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, a
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”



be determ ned by detection of (a) a BAG pol ypeptide, (b) nRNA encoding a
BAG protein, (c) a portion of DNA which constitutes a BAG gene, or (d) any
combi nat i onyd\g . For exanple, |evels of BAG gene expreﬁ# 30 be
detected by nea;s(}g:git'ng | evel s of BAG protein using agents t “?gagl ng&
specifically to a BAG pol ypeptide. As wusged herein, the term"agent that

bi nds BAG protein" WO 01/04343 PCT/USOQ 18758 12 refers to any nol ecul e
thgt_ EpeEIA fGI- lc%léfarght;tdsﬁﬂplnaal%ﬁlgpt§&§l@edlmﬂdﬁciwg%oﬁagde%sﬁgngs gBiAtG 1{\1
BAG i and/ or pept | ragnents_thereo an ere etects
the | evel of %ﬁ%t%%{b're’s%‘ﬁ&%“@ucﬁoﬁg%ﬁ? Lo BG by aBRG-5Lt aBAF 2! or

det ecti on usi sgdret Wp@ﬂldlén@wﬂgﬁl@ntflmréﬁf skindl edeirBb{ heettddts A

variety of age ts. ar co ated for erein to_specif] caIIy det ect
BAG ph ot ei n EBt obEFEhi S BRE BXBERER LI ng St AORICRAGRE PESLBIRE
speci fical by Leb&&g fort |dm@ce§oh0uBA€i;(rsamecas weQ 1deaowhbed th‘bsléﬂ ted
St at es Pat ent 6 Qrgotate her ref erence inits
of, SR G 4 5 oL n by Leferene

entirety), or speC| f caéi‘ i pr%ferred agent for
binding to Bé@qtemgslﬁcﬂedalidrhesanher%ﬂo eaﬁad:xddyaﬂnigddhéeeﬁ BAGSee, for
exanpl e, Tak S a, f [ tj body
preparati on) se(% oaAa]ﬁrJe‘l%gl% rgngéo B%&lq‘l%%%é %&O?Qﬁﬁg g{l] &E y pr ot ei ns,
may al so be ulseldd seecidjentld v' tPoBAGX aarpl ioodBAG proBabnssack down to
speci fi cahby Qég&mg@rﬂp%neftghes@émé At BCleud, oal - l&coﬁéac REePI Or
PDGF-receptor, Hsp7/C, Hsc70, steroid 20 hornoné receptors t i ke.

a result, anyhefeln %Séeéﬁéﬁéicﬁslnoﬂ%&ﬁt\ﬁée&é@ bPﬁdPﬁ@H@%@ﬁéﬁt@ thereof

may be used t%@@ﬁ@léfdﬁ@l ¥ nbi BAGBAG d¥k exens %@¥nta§5kvl§1rmﬂﬂj Rg fragment

of a protein |ch bi nds BAG1 (and also BAG 2 and BAG 3) BAG bi ndi ng
domai n of G-1, such as the anti-BAG-1 antibody used hereln (See,

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

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

Other, non-antibody proteins, may also be used
as “agents.” For example, BAG proteins 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
active 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 peptide-~
binding domain. 1In 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 a
protein known to specifically bind BAG may be used as an

“agent” which specifically binds BAG protein.



25 Hsp70. The ATPase domain of Hsp70 may be expressed in a truncated form
| acki ng the carboxy-term nal peptide- binding domain. In this form Hsp70

will not ¥%ﬂg imnantly bind proteins in non-native j.ons;
however , e &%&%se domai n of Hsp70 is 30 still capable g&@ﬁ%ﬁ#ﬁ BAG 1
(or BAG 2 or BAG3) protein. Thereforgy an actively binding fragnent of a
protein known to specifically bind BAG may be used as an "agent" which

speci fical Iy binds BAGpneiald, YOcA1hAA3430RET/ MO0 R/ERnaS Al bodi s,

bot h nmonocl onal and pol ycl onal as specifical |y binding agents
GRS B T T TR M e T P
cont enpl at egr&es £h no:aSa BAG Jpepdiicie Egeninsnar ehapyofiut It 5 of proteins

whi ch fi II BA! del et b lified
i 11 on (g TP PO SBs PR RAT AL BF  SORRE dorai Y, "Bf sBeduence
nodi fi cabi oof(prgtelm tveh:squecspfelcafrmaagynbi;nd)BAendmekteueﬂ !Hyga 10 It is
al so cont enpl al ed d‘t‘e{]eé aboaet e%df ?Ef?@d? ohalle éﬁ ggfg:a‘;;#dfgg:ggg' ng

agents may D€ USe glé assa fre33ur & BA For
exanpl e, aoteat@$h qlnmﬁm rDrklaoth“Pt domauevacorv\md;uemcsspeci fic portion of

t he BAG_lnP%ﬁ#f%%Faé&gﬁlag f org; ?éaggggkégiléu{éééﬁegggfb dy tai.sed agai nst

the N-ter am no aC|ds 0 ein e coupled wth
anot her spktk¢ically binding protein, such as a second antlbody rai sed
agai nst 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
transl at8d BAG 1 pol¥pet iddse ﬁﬁ?tB@PEé‘é@@rhﬁrW difate o8t 0% MPrAeasuri ng

the two antbpogh&SBAG 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 as, for example, a

15 first antibody raised against 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 cf 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 using

25 the methods of one of ordinary skill in the art, such as
the methods exemplified in the Current Protocols in
Molecular Biology, and in U.S. Patent No. 5,882,864.
Similarly, detection of BAG protein levels may be carried
cut 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



Preparation of the agent for use in the detection of BAG protein |evels
wll be carried out using 25 the nethods of one of ordinary skill in the
art, such as.the t hods exenplified in the Current Proto | ecul ar
Blology, aﬁﬁOPHwﬁﬁp Patent No. 5,882,864. Simlarly, %%%ﬁpéﬁs BAG
protein levels may be carried out using any of the nethods known to one of
ordinary 30 skill in the art including hrstochem cal staining West ern

Bl ot _anal ysi e hiTRURBAPHEELOLIAL I (3ol 180U Yl oMLy UhehathShay
g 8% éﬁﬁa ? dg &%o g t he

non- anti body agents), I'n a preferre nent 0
i nventi on, tHéuwlc)aSOﬂOHBY@Z\PGJW@S@@P@@?SBndIHhﬁE%Hw rof"*’hdélhectl ng BAG

protein |eVeH§mﬂ%d@§ hHHU@Q@$§@Mﬂ:Q§M%Q 38eaBnELbAY . | MM BEBhtand the
like), which 1ncludes the use of at |east one anti’body. Measurenent of

t he poIypeptFH%t@ﬁc&&éﬁpﬁ@t%ﬁﬁyﬁ§§$§%§ Pﬁyalﬁeﬁu@%n%lﬁﬁh§dFéN§ﬁts of

fragment s of fdheuralyneptbdesr fish otrth@ hef ?aggisesﬁ@l&él $Relte@A the
transcriptional or trans|ationa variants o ene; or alternatlvely

differently sﬁﬁﬂﬁﬂenﬁél?ﬁéfﬁlﬁﬁﬁﬁ‘éﬁﬁ§§°§§pﬁlP@§&I?rcﬁrﬁﬂiﬁﬁtﬂP§ﬁ | ati onal
rmldl ficat :j onSrAalrlmhudl BY PROtEHYSicT @ﬁtérhaﬁgeélpprdﬁmrelﬁl@c sazBAGh g
pol ypept i de exenpl.ary i mmuno assay for use in the .invenfion nethods
for detecting X@eﬁgggﬁ?na¥%ﬁﬁﬂ%§ asrﬁﬁua nﬁg nB2PbI §AAaE Bﬁéﬁn reaction
i nmuno- PCR a&mfltdescﬁs bt IudildgSprBateny s bs 665, H3A%rgati pbrisodd

i ncor porated here ts ent rety). Imuno-PCR wutilizes an antibody (or
ot her aggH1 ﬁ& @hggpnﬁgi <% detect the BAG protein, wherein the

anti body (or other agent) is linked to a nolecule (typically biotin) which

specifically binds a bgj t I avid wherein this
bri dgi ng ol ecul e i s Cépa%}éh%%@ye%hﬁné ¥055a! Fyr AR AIALRL.
invention methods for detecting BAG protein levels is an

immuno~polymerase c¢hain reaction immuno-PCR assay
{(described in U.S. Patent 5,665,539, which is

15 incorporated herein in its entirety). Immuno-PCR
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 molecule 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,

detection of BAG in serum.

Measurement of the polypeptide encoded by a BAG
gene may further 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

thereof. Exemplary methods which can be used in such



bi nding 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 n method is particularly useful when are
often 25 d‘????ﬁ%ﬂ‘f to detect by other nethods, for exarrpﬁ?‘q-/{’%éﬁé%fl on of

BAG in serum Measurenent of the pol ypeptide encoded by a BAG gene may
further be carried out to specifically neasure: (a) the |level of BAG

produced in rhd?@s@f‘érﬁé’rﬁ:ilﬁhﬂc,lu(dé) ihheidf ﬁl@h’l@&d@fswa{?ﬁr()duced in the
cytosol, (c). the |evel roduced.in the nucl eus, (d) |level of BAG

: f  BAG,
present in REFTRFHEES @3‘[ PAEEPE8y. paEEfﬁ‘r‘r}arJa%odJ(%f)erﬁrWléénbl nati on
t her eof . Exemtpﬂm:;mgr&idmﬁ&nV\Anheh_cgangE ahs@dtlzél rﬁit%lrf]bu\déi? Qiqhﬁé%43
PCT/ US0O0/ 18758, 15 asyrenments include in situ nethods such_as
hi st ocheni cal* sf &MY szﬂ‘f:?’cﬁisaﬂ??tﬁfff‘f%}%ﬁt?r};ﬁly%‘tsalor’ﬁ RYCBERReen t he
cytosol aBd édterantcd,euytoandikcnexvrbeos pebhasisraich as Western bl ot
anal ysis of nuclear 5 extracts, cytosolic extracts, or serum Detection of
Il evel s of mRNA encoding BAG may also serve as an indicator of BAG
expressi on. The methddsegsednt of dbeeels rﬁ’\lAnRIm/eirﬁ:ddihlg BAG| md¢ t he

detection of, iy(prgedgbvzeatal ogno H?‘LEHC V%xtphr t he nRNAFﬁO encodi ng BAG
ou anha ei

This detection ma ecarr|e VSi's & in vitro or
insitu (e. g“ethwsausﬁds§9edsaﬁptel)ﬂ2%|hgveﬂm voflli Hecietibodseknown to one

of  ordinar ygskdddidn otfhwami\éaewmff gﬁ Eéar%?ﬁglcv&gﬂtthg ,&1&90' sin

Mol ecul ar Bi ol ogy. (John Sons
5, 882, 8649 fRfe q iBRE - ATBA@ HERECT R gt deanidalrriedanyt INA transcript of

a BAG gene, #falydiag@ntriAcEepher Det eldan Hf tzﬁ"sl%‘A(@E‘S?Ej' g BAG may

al so be , .
tissue sample) using one of the methods known to one of

ordinary skill in the art as exemplified in the Current

Protocols in Molecular Biology (John Wiley & Sons, 1999);
15 in U.S. Patent No. 5,882,864; and the like. A BAG mRNA

detected will be any 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

20 changes from wild type in the portion of DNA which
constitutes a BAG gene may influence levels of gene
expression. For example, gene amplification will provide
more copies of a BAG gene within each cell, thereby
facilitating the manufacture of an increased number of

25 mRNA molecules encoding BAG, which may result in an
increased level of BAG protein within the cell. 1In
another 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

30 repressor protein to repress BAG transcription, 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



used as an indicator of BAG expression. A plurality of 20 changes from
wild type in the portion of DNA which constitutes a BAG gene may i nfluence

| evel s of g ression. For exanple, gene anplificatio 1 vi de
nor e copi es%ok?méo%G gene within each cell, thereby faci IF‘E%%JH@%ﬁe
manufacture of an increased nunber of 25,aRNA nol ecul es encodi ng BAG which

may result in an increased |evel of BAG protein within the cell. In
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incorporated herein inits entirety.
methods for carrying out this detection are known to

those of ordinary skill in the art, as exemplified in the
Current Protocols in Molecular Biology, and in U.S.
15 Patent No. 5,882,864, which is incorporated herein in its

entirety.

Classifving the patient

The classification of particular patients
requires comparing the level of BAG gene expression in
20 the tumor cells of a patient to a reference level (also
referred to as a basal 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 considered to have a
30 high level of expression, or overproduction, of BAG.
Conversely, when the level of BAG expression in the

cancerous cells of a patient are lower than the reference



Classifying the patient The classification of particular patients requires
conparing the | evel of BAG gene expression in 20 the tunor cells of a
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reference level. This reference level is a 25 | evel of expression of BAG

used to evallegte,t bRel e¥bls 0filley eeisidedledBAG hAvEaRNCESPURwLl | s of a
patient. Sg%ciefi cal | f, BAG %x% ssion in the cancerous
c

wh the | | .
cells of a patl ’e‘ﬁfe?\?gbﬂl g%gruricﬁeaﬁ?er\tlor%é‘c(%llé’f‘erg evel, the cells will be

considered to have a 30 high | evel of expression, or overproduction, of

BAG. Conversely, whep_t vel .of xpression in the, cancerous cells
of a patient are Iomegstlgg%ét engerle erl%g%cge 01 63%4%832@/ oo/ 18758 17

| evel , the Tevpspwpliichion’omsi diGedene kapeeasliow Levedlatodd expraessi on, or
under product rLein e " hi l.evel." or
g &b@@l Q% éééé%fﬁﬁ é?%lgh ab%gg Fa?%ﬁef%aégh

“over production” of B/ ene expression is re P4%&fel of BAG
gene expres$PBalapodeis Hdtahmrididdepgoal frevekchndanser ithade. di fferent for

each cancer ThyBe. in THdSorddhACGARGARGR WrkBehPeiprESEN, iyvention a
reference or basal |evel of BAG gene expression In a particular cancer

cel | type i §°f8ERRFEi @F RAsal "leveds P BOGvgPOe, SupEResf cin there is a
significantpgetiehabi Ofandiet WRAN thBePL8SERERt OFi BAG JaNO XYF@SSi on and
increas% or .decreased tumr recurrence or spread. Those of__ skill in the
art wil 0 eXBONF 22 PR%E “ékb’r?g‘ therst £ GaPheRl S €N FFOHAAF IR t hat
clinical cobetkatnotise asressdridd o¥5BAGYgEhECERpro¥Eiom dritndcdbakalues on
ei ther Sldeogfdé£¥%ased 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 select an optimal
cutoff value (e.g. varying H-scores, and the like) of BAG
gene expression for each cancer cell type. It is
understoocd that improvements in optimal 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" is not typically
25 calculated in terms of absolute BAG gene expression or
protein levels, but is determined using relative
measurements. These relative measurements are
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 external standards, BAG mRNA

measurements, measurement of the DNA constituting a BAG



cutoff; however, it is possible to select an optinmal cutoff value (e.g.
varying Hscores, and the like) of BAG gene expression for each cancer

cell type. nder stood that inprovenents in optinal f ues 20
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nmet hods used and on the nunber and source,of sanples used to determ ne
reference or basal values for the different cancer cell types. Such

"over product i gan Isa@@élawlv%theg 82 £RECHEAIET, it hRRAB.Pf pigsol ute BAG
gene expression or protein lLevels, but is determ ned using relative

measur enents. —?H%é%f ranhtinfe LiEgsur ements are illustrated for quantitation
purposes with an "internal standard;" however, it wll be appreciated that

ot her 30 standards or t hods determ pati on be used, such as
comparison with exter n%estrﬁrfr&&feage Y&t g %%ﬁ?é%ﬂ?% D¥refsur enent  of

the DNA constplutaDgt@ &A\Ge%ﬁ)iso1#94{3%&’%&5(12@1%@5[811:ilrﬁ’g %ﬁne ?bsol ute
val ues of the ot ei and _the_li e reference
vl oy Bo BErSTete d o AR Er AP LY o Rt SVET b AP f bt b
resulting 5 reiprmﬁoﬂ ea\z:e;lveaevhmcntek.ysm callﬂﬁefastaghreuploﬁfpﬁ%@nt@(prﬁss;on
above V\/mchelstsaf tients having a differe risk o

t unor recurreﬁ PN pref;f[(? %agl?% ‘?? Fur%lorsé:ce&lil&'raﬁgﬁpo%fs%%ﬁ(%nts havi ng
BAG expressi phaxh et/hadts dfelaowethadr efeue ncie ﬂaeazielntsThevixﬁ)g ref@r ence | evel

may be det er npek byy of Ol @XAMBLEoy RESHIIDILARYGL,Q] xpession of BAGin

non-tunorous cancer ce fomthe sane tissue as the tissue of the
cancer celPs ref¢rencstieyelThayr et edeteanimaclbymayfoal svamilee,a | evel of BAG

expr essi on Ofmééhﬂ@fﬁd)f@#eﬁuﬁ@de§§£é§sion 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 expressiocon of in 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 reference level amounts
of BAG gene expression (e.g., BAG protein, BAG mRNA, and
the like) that occur in 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



15 which may or may not have been nmanipulated to sinulate tunor cells, or
may have been mani pul ated in any other rmanner which yiel ds expression

| evel s whi rately determine the reference level. It _is inportant to
. 0 .

recogni ze that reference 20 levels are not necessarily gﬁg/qsgq/ggs of BAG

expression found in cultured cell lingg used to provide internal

standards. Rather, these nay be reference | evel anbunts of BAG gene
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cells. It is, for _exa ossi bl e that a high_level of BAG gene

le, 25
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| evel than eheressiespomtd ng RBAGHY elxdisn reppeesst oNtheViehmbd N & i nt er nal
st andar d. Thgtrieltlggeﬂ(l:etrlleevceg MRy ﬁﬁlsoso Qe deterﬂned b% 30 conpari son of
BAG expr essFPori Favel i P popitady SHOSsr TUBREi SRELS naSPTRST PG &ife &cancer .
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01/ 04343 P U 7 .C t..0f .patients tested ar raphical ly
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tunor cel | s;gypfessr Bz at Aﬁebt%rg‘{-\ﬁ%rg_il evel. t;[gxo%_gé%]ggs)réc?%sleeovae%a%k%_ roups of

patients may be determ ne identification o popu ons of
t he cohort WAPBhPhFIRAe Rasathwroensieapbrassaspr bev¢brwhidydiestof BAG

Det er ni Rat i gsefnghesi&] anee Jpvueht@Byrohfigh be made based on an
expression | evel which best 10 di stinguishes these separate groups.

Verification that the reference | evel distinguishes the |ikelihood of
tumor recurrence or ayiEmdatlBARGEE RPALI PAFSr&YEY esSidig bel ow reference

distinguishes the likelihood of tumor recurrence or
spread in cancer patients expressing below-reference
levels of BAG versus cancer patients expressing above-

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

20 correlation between BAG expression levels (or BAG
expression levels coupled with another variable) and
disease-free 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 having

different BAG expression levels. Typically, such a
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PCT/ USQQO 18758ea20 WHhaerettieompri ses at | east 25 patlents, preferably 50
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100 patients. Simlarly, verification of determned reference levels wll
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reference level than 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
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the level ofvBAGPrEA®IEEdHEidNg 0N a0k CONPRLLOBIY S &) the

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 ocbserved that the level
of BAG protein is higher in the cytosol of patients with
low risk of breast cancer recurrence or spread than the
cytosolic BAG protein level 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 also 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-1L expression is higher in patients with



10 cell. Typically, the reference level will represent the |evel of BAG
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may be observgggt Eéf&"tﬁteﬂ g\%gll%onggefltﬁgi%?%{bsﬁoﬁ i%éehlﬁgfl%ar in patients
with WO 01/ 04B38-PCre USBD738 258 the Léketi sk of |ung cancer recurrence or
spread than the |evel of BAG 1L expression in patients with high risk of

| ung cancer recurrence or spread, despite the fact that the level of total
BAG i expission (i.e., Ththeedgrraresiapne 10 BAGCERMressiBA@AY expr essi on

levels) is theusaRBr bOrusAld iPatbBRtfct Db badH Yancktherr ehergpce | evel nmay
be aratio OEoLgXeLS ég ;Dg%2%§2%92a5?§ gié£f¥f¥ghtf?£g§cgzor of the
likelihood of disease-free or overall survival for a
specific cancer. 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
histeology, 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



BAG (e.g., the ratio of BAGIN to BAG 1L, the ratio of BAG 2 to BAG 3, and
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measured in body fluid, for example, using anti-BAG

antibodies 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-1l, 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 levels) 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 reference 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
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In another embodiment of the present invention,

a method is provided for prognosis of disease-free or

15 overall survival of individuals having a cancer tumor.
In particuler, the method comprises determining whether
BAG protein is overproduced in a sample of such a tumor,
wherein such an overproduction correlates positively with
disease~free or overall survival. Thus, 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 expression 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.
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In yet another embodiment of the invention,
methods are provided fcor the determination of levels of
15 BAG expression in cancer patients at an early stage of
tumor development. As used herein, the term “stage”,
when applied to tumor development, 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
different criteria, typically using the Tumor-Node-
Metastasis (TNM) system. For example, stage I of breast
cancer requires no lymph node involvement, and stage II
25 of breast cancer involves either 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 792) 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



original cancerous tunor. Metastasis wll be understood 5 to include
m cronetastasis, which is the presence of an undetectabl e anount of
cancer ous C@b'o?/ 13 an organ or body part which is not dir %q.;dsxwﬁggpect ed
to the organ o e original cancerous tunor. Therefore, the present
i nvention conterrpl ates a nmethod of deterygning the risk 10 of further
grom h of one or nore cancerous tunors in an organ or body part which is

not directly gopnactRd ftthhe% tRESAHhOT] il Ploli@sNAbCERNESTQS By - I N
yet anot her enbodi ment, of the invention, __.methods are provided for the

det er ni nat i onPbftheRARagY CHFOBAG %X@J’rcésléyoneﬁﬁlé‘aﬁ’&%‘?e%a’ﬂlelntb:? at an
early stage oforsiiyredetel BpMBOAgeASI LRIl I6r epB, ubbe fefdin,sttage”, when

applied to tu r devel opne ef t.he ree of progression of a
tunor. Vari Ou% Fyes pd’faot'CUErB qwﬂéi‘/ ‘b%*réﬁ‘t Oir" ?%’g‘?/ﬁgttc? th§se of

skill in the éetect2blas per)eeanbefmﬁobarrtel‘farderme 1H9Ehe Bessgan Ganaere Medi ci ne.
Stages of different gancers aéetdefja eKa COI’dI ng different griteria,
typical |y usiPg e TUHHSF: NBY tadt (‘flﬁﬁ/f %Jf%rﬁrﬁfmncégxé’ l e, stage
| of breast ceavossr reeduisr és anylyqufh rm:dksl n\inb\mmém trendlyadphge |1 25 of

breast cancer é&vsolc\i%%e%ltt Pgrtﬁg hor]foq Iﬁje?\{ t‘glntlorand a large
Ve

prlrraryturmr initiral e invo ahd 42 Sral | primary tunor
(see Markman, supra pages 35 and 36) Si m | ar descriptions of the

various clinical stageg,cag,hg;found Jn Igg i34 gﬁ %.p%% ,&0 +r@r 1ung cancer

(pages 54 to 55), and prostate cancer col on cancer
(pages 78180 mweré;ﬁ@n Ak Bf Rafckrulas: eeéget?‘él?s@)ln&'é?el yaseagés of tunor

devel opment shalilefie undenst 891§ O YRR JlfOcahages ithid qrgoﬁoeésﬁgleopnent in
whi ch the tunor has detectably. 01/04343 PCT/ USO0/ 18758
the method of the invention is advantageously effectlve

in determining the risk of metastasis in patients who
demonstrate no measurable 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 patient. Such a kit
will comprise a reagent for detecting either the DNA
encoding BAG, the mRNA encoding BAG, the BAG polypeptide,

30 or any combination thereof. The reagent will comprise
cne or more molecules capable of specifically binding a
nucleic acid sequence (DNA or RNA) encoding BAG, or the
BAG polypeptide.



spread no further than the |ynph nodes local to the organ of the primary
tunor. Typically, early stages will be considered to be stages | and I1.
As used hg&e&&“ tshe phrase, "prior to |ynph node involvenent"” refers to
the 5 det 64 20 presence of cancer cells in the organ ofPGIHESOVE7s8ary
tunor, but the |ack of a detectable prgzence of cancer cells in any |ynph
nodes, including the |ynph nodes clos&st to the organ of the primary

tunor. The predictivepahy . had invention will be
particularly effective In ?hg;agta?gmg?agga?ﬁéen%gel?%oﬁ hneucglaerllcy as?tléiges of
cancer. Thi5e3%eHet ditge thendefkechd@nop it abthew PNA endsliady @MGageous! y

effective hrNAlelRIdEiHBAG)e o BAl m@ﬁﬁséﬁéiéri :p%tdueélteic 2
denonstrate no neasurabl e netastasis at the tine of 15 exam nation. One of
ordi nary skff39§H S M@YaPe W§eCd fogppreeiaieaticn athemnlddriestioni ndi cat or s

of surviyalwien tHame apal/icenkRNaubhepdgy fEAm stage Wicanger my be
different fromthose for cancer gati ents suffering from stage |V cancer.

For exanpl eSOTogitoSRE Cr MOLEg83L F50°E atbre ity n tagnnddyf YBaJothent ed
toward the bikedridieod n@iNA esabdingdREGOWM Thangdl o mdEtRsikagys of the cancer,

whereas prognosis for stage_lV cancer patients be oriented toward the
likely ef fectiNeness iFﬁePé 58%‘?@ ﬂéyﬁo Tyest ?‘%@‘attilﬁ Ueh@fcancer. 25 In
y g . LTer apet ous = . (
anot her enboatiivers pifystibbd ogheent sbatea, kélich iss picdtiaded aha det ermi ne t he
level s of BAG &XN/85S) ' ﬁ:h ncerous tunor cells of the patient. Such
. 23%3h9 ¢9 . .
a kit WII conmprise a S}eﬁgé’ﬁ “r8r ' de Lé%?’f’ng%joe’? R e ISNAgeeﬁﬁ%@h ng BAG
t he MRNA errD A IRAG. t ABeBAGt pohypapsd degmBii ser barfifexsnbi nati on t her eof .
The reagentyyiidotG@Pbhses, O8R40k HBE S AMESY 185, L aRARLe of yspeci fical | y
binding a nucleic acid seguence lfDNA or lencsogfang)eBﬂé,edo?nthe BAG
polypeptidehybrldlzatlon and/or amplification reactions. Each
solution or composition may be contained in a vial 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 determining the level of BAG
25 expression in a bioclogical sample comprising one or more
agents, such as, for example, one or more antibodies,
specific for one or more BAG polypeptides. 1In one
particular embodiment, the kit will comprise one or more
agents and one or more nucleic acid markers wherein the
30 agents and nucleic acid markers are modified in a fashion
appropriate for carrying out immuno-polymerase chain

reaction assays.



WO 01/ 04343 PCT/ US00/ 18758 27 The kit may conprise one or nore nucleic
acid reagents for the detection of either DNA encodi ng BAG nRNA encoding

BAG or bot kyodftfis@ne or nore nucleic acid reagents nmay bg.
hybri di zation or anplification 5 with the DNA and/ or nRNA encoﬁﬂng %AG The

kit may conprise one or nore pairs of pgamers for anplifying the
and/ or nRNA encodi ng BAG The kit may further conprise sanples of tot aI

NMRNA derived from ti ssugn@fher’ @mbedsmehy Sbo! € clalveslttab@s ré4ehRedsa nor mal ,
and 10 mstastat aII I‘ESSI ve tu r, for exa to be used _as

Cont ol Therek R Yok B A Rge YR p et e SRS LHERS SR of her
conposi tions topbeissedsufitediylyr lfdbzxatam@eﬁnd/mﬁsaméfthfoucabmpﬂm@act| ons.

Each solutio osi t.ion m cont ai ned or 15 bottle and
all vials hel elgﬁrré gis)eg &K |ri nf’% REREBUEC & o& E‘O%r €FAf %l e. Another
enbodi ment Sof ceheepoes entssuasy Embmoa pacbemassahem, kst fiost ugeoum afet ecti ng

the DNA and/ e A ncer eI | s in.a hiolo | cal sanpl e
conpri sing ol ?gonuc o{]g gieg)%ogesgdeg?ec?‘ﬁ/neg 3‘36"918 \?\Aft Rt Sla(?r\‘l nity
to DNA and/ or OﬁRNABZeqﬁlcwmngA@e Eal¥st r dllors |ﬁ11$|tt grang oﬁnpatm for

each of thesen,prpbes, -4 AcWEhbep SO0 SPMa e Le o RYERLE 0D ) SlNGgPasses

a kit for use | erm ni ng expressi
bi ol ogi cal safphRCEOPHIrIEIHFadneroreape@s el dritms t@u@hmas r$mr1@mepl e, one

or nore appi bgdi @ﬁreaépecmé ﬁleftQBdoﬁl?ri%emcﬁnpgAge@Oh)ﬁgﬁpif§i 4n one
particul ar enbodi nent, the 'l conprise one or nore ents and one or

more nucl ei ¢ éﬁFﬂn?ra?w& %@ﬁéﬂﬁnﬁﬁea%d"aa‘@ém dighd lauel & % aci d markers

aLe_ nodi fied bRpRedisdt T 2RREORERAL £n fiie GRNNWI. NOTAYE LEPBHD-JIYJupNEr ase
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cha 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 survival will be determined,
with proper consideration of other factors, by one of
ordinary skill in the art according to the available

20 therapeutic methods. As used herein, “course of
treatment” shall be understood to represent the treatment
(e.g., surgery, chemotherapy, radiation, and the like) of
a patient after diagnosis for cancer, and the span of
time during which the patient is treated. Hence, a point

25 1in 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:



reacti on assays. Wc) 01/04343 PCT/ USOQO 18758 28 Anot her enbodi nent of the
i nvention provides a nethod for determ ning the proper course of treatnent

for a paligsilessyf fering fromcancer. This nethod conpri et er m ni ng
the | evel of expression of a BAG gene in 5 cancerous t.siﬁiémﬂV

patient. Then, a first group of patiepts is identified as having |ow
| evel s of expression of a BAG gene in the cells. This first group of

patients my require trea(taryera@t@rj_ﬂmgﬁngog patsentss hféﬂéﬁg a |l esser chance
of survival or decreased tine t r recurrence 10 or spread. The net hod

further conprises |ckﬁﬁ3?%ﬁﬁﬁ§nage¥8 ohB §r GBPCBFOPRLTRYE £8MRAR ng hi gh

| evel s of expreSS|cnnxﬁazde&Gfgema sampMQ €ebh SsaildigatSeeRNGrdeup  of
patients may reqU|re_great nt Erog for patients having a greater chance
of survival and bei ngd i"REPY™TB  0®8Uf fer tumor recurrence or spread.
Approprifte treatments for&pasub59quhaulpgdegéfmdmﬂngmaIs%b@@ﬁ ghagnces of

survival wll be det n p consi deration ot her factors,
by one of ordinary §¥ﬂ%i%§ﬁ %gggPtiggg%rﬁ?n% ??P%ﬂﬁ?qgvgﬁﬁiﬁﬁe 20
t her apeuti ¢ net hods. sampleedrher bpdy ftoudssampletﬁnHMJﬂaﬁH'pahabhtbe

understood to repres it Lgat , surgery, chenot herapy,
radi ation, and the I|i l %esgé a??gﬁ?eé ter di agnosi s for cancer, and the

span of tld%o%ﬁﬁﬁ#ﬁPﬂMﬂ WaﬂﬁefaaﬁFeﬂ@Gl%erQﬁﬁknh Hqgwdew1ahpsamﬁ 25 in

time copgi deseshd aAe x@iﬂelsggohh@eeeyréﬂpftﬁérﬁaﬁﬁ%"te %Hg' represent any
time between the initiation of the course of treatnent and the term nation

of the courSEfAtivGEsneht SatA Bre@aEPeRt- enbodi ment of the invention, a
30 nethod is provided for nonitoring the effectiveness of a

As used in the context of a course of
treatment, “effectiveness” refers to the ability of the
course of treatment to decrease 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 cells of the patient.
Comparison of the first and second BAG expression levels
will thereby serve to indicate whether BAG expression
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 determined
using a plurality of samples from the patient, as
described herein. A preferable sample form for this

30 embodiment shall be a body fluid sample, such as serum

sample, an exudate sample, and the like.

This embodiment of the invention is

particularly useful when combined with the method of



course of treatnment for a patient suffering fromcancer. This nethod
conprises: WD 01/04343 PCT/ US00/ 18758 29 (a) determning a first BAG gene
expressi on vel in a cancerous tissue sanple or a body fluid sanple from
sai d pati entkﬁb&“d%‘a to said treatnent; and 5 (b) subsequerk¢YUPMESH ning a
second BAG gene expression level in a capncerous tissue sanple or a body
fluid sanple fromsaid patient during s Yd treatnent. Conpari son of said

first BAG eXPLEssinfnl £y ClndV il o %edy dd, SEEONM G gipLgaslan;peyel wil]

then indicate the t1veness o trea Pn*tha context
of a course oFZanFEéaPﬁ’émnt " gfrfdedhievehgsgetenhibring dheherabeki cquose t he

course of {1 egeMentatRofeclPase e, baks o Ungie L Laqyyr epge of spread

and therefore to I ncrease t i ke di eas ree”or overall
survival of tREOPPAL FewEse THi SreatRgatwhf| a hearcqramEitdgnar mayiPéty when

the level gf Bé@e%pﬁsé%%méﬂemﬁlhan@ﬁeCfédrél s BacPakbeblsisn apor mal
conpared to the | evel of expréssion in the non-tunor cells of the

patient. Confaff8Bheofrhe fﬂaﬁéﬁnéndtg%oﬁﬁa%ﬁi‘ﬁr &858 pAtien®is will

t hereby ser VelEQe!Lﬂﬂd)@@t@f V@.’(l%telé%é BAce ey Pr &8s QN Ju8N8lal Sab8HiTHNY t O
t hat of non-tunor ce£ r’g\ﬁé g a nore effective course of treatnent, or
whet her BAG Zﬁoeﬁﬁ?e Yoh 9 G FEPFERAIAT ng Hh GY&rEeoPTi RESRESHY i n

abnormality, mapl vhéy e Inessi weirkact byeocoiig e Ofthet peakarnt . Level s of BAG
expr essi og maé be deter {g&cﬂw usi ng a $I urality of sanples from tthe
patient, ad dBEEFIBEY ¢ 1RVEPEF P a2 T "PEELPFGRS TS tO

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:

(2a) determining a BAG activity 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 of patients,
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 cells 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



30 enbodi mrent shall be a body fluid sanple, such as serum sanple, an
exudate sanple, and the like. This enbodi nent of the invention is

particul arly useful when conbined with the nmethod of WD Q1/ 04343

PCTNS00/ 1 434} deternining the risk of tumor recurrenC&ETHE¥SBad in a
cancer patient, and thereby determ ni ng;lthe proper course of treatnent in
a cancer patient. Specifically, the proper course of treatnent of a cancer

pati ent may i Jed t i nj I I ression in
a sanple fré%ﬁ%ﬁ%%ﬁggnlt? thg%)f c%gsglﬁgl Vi hgg?%gg%aﬁgln?é{:‘ a%iglqugr?)ﬁood of
di sease-fre@ope wehreg IMufignkisyvf BOEor BFAgENEd ¢heryahirsinsoforBAGheXpr essi on.

The course gf1dserddBMi cHBRdrRARDBABDAEL OF £y, Gocdidg Jf0 the present 10
enbodi mrent of the invention, on one or nore occasions to determne the

ef f ect i veneBECHH I the L ASE grleruataeiich | deereans RAC afbddif¥nt of this
inventiog, goreihblis Neandidedrf ah dat2ESMNEN0R BHDIMHS a@f Hdbsease

free or overall survival in a_patient syuffering fraom 15 cancer. This net hod
conprises: (&} M IANSaBBEGLacEPEi 9rl%’<7@1gp}t‘?1 I%Ph%&ﬁcéflgus tissue
sanpl e or bogdytddnihspmEMeo fr al: sakd-paléentyiBndbd ndedrassbllykbg sai d

—— e

patient as bgl on iun N 0 toweitggﬁ a_ i.‘rrs or sec.o€1%{%ou %f. patients,
wher ei n sai‘dlf“f‘?ﬁ%o IPYSAr PERt 8Shavi Yy PIGFeBRG activity is
classified asveImWEmgaial dirfdhemngetd .| i Retéhopﬂamomwﬁ @A @cttismby recurrence
or spreaq tQﬁé‘lfgr'_xﬂezse%%d,pé%%&?ggdp{m?%' eziﬁ‘,t,;?hﬁaa]"l'i“ch PVmEhELE, Of BAG
activity. As Use erein, AG actrvity |eve or Tevel

including: assay of biclogical activity of BAG (such as

ability 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
proteins) 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 TMMUNOSTATINING PREDICTS LONGER SURVIVAIL, IN
BREAST CANCER PATIENTS WITH TUMOR-NEGATIVE LYMPH-~-NODES.

The role of BAGl (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



of "BAG activity" refers to the level of active, uninhibited BAG
pol ypeptides present in tunor cells or 30 body fluid, and the degree of

activity of these polypeptides. Hence, level of activity %g
i nfl uenced WP B R rality of factors including: levels of PBACY V& ence of

| ess active or nore active fornms WO 01/ 3451343 PCT/ US00/ 18758 31 (i ncl uding
I sof orns) of BAG presence of |ess acti or nore active mutants of BAG

presence of pr.ot.ei.ns .qr .0 . | ecul heh: LhCEeas tivity,
presence of Sottoélioﬁsl%grl %P%@%n%ﬁ%?ulb&g a&%ﬁigléeﬁ e%scgmﬁ%g g%t ivity. 5 For
exanpl e, | evelsneof winthastagen! sdisarsBAG Thdshesarpi illustamtegonhst to
BAG-1, see fq Pl HANEE! h ANCL coleicach 19970r BYRQ Y 16,802906216).

will be under({seftoo commensurately Tower BAG activity even if BAG
protein | evelrs buegsitn canchanpel et e fdn VRSN bE OB ddte RCCragYshal |

therefore pe &f‘rtrﬂee(}e?égfeh¥ ay PYaN ald b fi HBhHOdSscaddicied RY: assay of
bi ol ogi cal “activity of BAG ?such as ability tdo prevent cell death or other
apoptoti c asseigrallssarvigpl eRbrgtRBrals UEGUBEabeeipatdtferenso 019), assay

of BAG proteighd-avel$redassay 0bvdie NRNA encoding a BAG 15 protein, assay
of the DNA which constitutes a BAG gene, assay of proteins (or the nmRNA or
DNA encoding the proteins) or other nolecules which increase or decrease

BAG activity, and any @owBipgbh&dt {herefre1dklivh). $hapadntwasand al
publ i cations nmenti oned 20 herein, are incorpor aied iir}%%‘pei r eg;i retfy by
reference tREEImeFheL RPERLI WHIRG 13 “}?6\5\’/‘:38”8 SERTHRAFY (FagPRateP” det ai |

by referenge déxddierfolBrewWing Bac-1N rirdd BaG-exanpee. TERAMRAESt 25. 1. 0 BAGL
lNNUNCSTAlNlh%%éﬂ?Eg&%EE)EC“§§%ES%£§AQg¥é£tNr {(ER), Progesterone
Receptor (PR), HER2/Neu, p53, Bcl-2, Bax, which have all
been implicated in breast cancer formation, were also
assayed. Immunohistochemical methods were carried out on
15 archival paraffin blocks derived from 116 women with
early-stage (stage I: n = 73, 63%; and stage~II: n = 43,
37%) breast cancer who were treated with lumpectomy
followed by radiation therapy 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 chemotherapy and 20/116 (17%) patients
treated with tamoxifen therapy. The patients had a
median follow-up of 12.4 years, with a minimum follow-up

25 of 4 years (Table 1).

Table 1. Characteristics of breast cancer cases

DATA No. %
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%)




BREAST CANCER PATI ENTS W TH TUMOR- NEGATI VE LYMPH- NODES. The rol e of BAGL

(al so known as RAP46 and HAP-
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| mmunost ai ni ng for

prognosti c eval uati on

of women with 30 breast cancer was assessed for patients with negative

| yrph- nod@®Pl§3es (i.e. no evidence of tumor in axil | RCF/USGHEISEI ch
have been surgically renoved for WD 01104343 PCTI USO0/ 18758 32

hi st ol ogi cal exami nation) by anaPysis of a cohort of women with stage-|
disease. This exanple illustrates the deterpmination of the reference |evel
of BA»JMéd@éﬂrﬁéﬁl&ﬂ-up nyrsaast cancer |patients, and evmhuation of |the
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nmonoc| onal anti body capable of 10 defe %tl ng BAG 1N, A% M and BAG IL (see
TakayhfR28€ &F. 1098 supra). Estroq Receptor (ER)| ‘PfPgesterore
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The characteristics of patients used for this study are

summarized:
column) .

percentage) of patients who developed clinically
detectable metastatic disease after diagnosis and

treatment.

number {left column); percentage (right
Metastatic disease indicates the number (and

Immunostaining was carried out by colorimetric

antibody detection using diaminobenzidine (brown)

followed by hematoxylin (blue) counterstaining of nuclei.

Immunostaining of the invasive component of breast

cancers was scored according to intensity (0-4,
is no staining and 4 is the most intense staining)

percentage of immunopositive cells

of 200 cells),

the pathologist blinded to clinical details.

(0-100%, for a

evaluating the entire tissue-section,

wherein 0

and
minimum

with

Histo-

staining (H)-scores (0-400) were obtained by determining

the product of intensity {0-4 scale) and percentage (0-

100%) .

groups having high and low levels of expression, the

score data for the entire data-set were displayed as

histograms with
patient samples
An H-score >150

appropriate for

H-score on the x-axis and the number

To set cut—-offs for dichotomization of data into

H_
dot-
of

having a given H-score on the y-axis.
was determined by this approach to be

use as a cut-off for high levels of BAG-1



Tabl e 1. Characteristics of breast cancer cases DATA No. % Nunber of
patients 116 NA Mean age (yrs.) 55 NA 30 Infiltrating ductal cancer 103

(89% Infiltrati | obul ar cancer 9 (8% Infiltrating ncer 4
(3% WO ou%é’i@‘k%/ US00/ 18758 33 Medi an fol | owup (yrs.) i‘?%w’f\’l%&‘ St age
/11 116 (100% Stage | 73 (63% Stag o 43 (37% 5 Mean pat hol ogi ¢ si ze
(cm 1.8 NA Axillary dissection 62 (53%} Positive | ynph nodes 13 (11%

Estrogen recepiofe §§¥3nt'VeH4gc$§gg@até¥ué9@3@ﬁsﬁﬁg 3h§§aQYS gﬁéH%@ 10
305038

Adj uvant tanoxifen 20 (17% Metastatic D sease
char act eri st i @9 gHig@ticmieedysrte fbigh hV%rSthSUdWaﬁéprgﬁw &%ﬂal nunber

(left col urm) &ﬁf§%t1@%eof>ﬁhlﬁmedcc9imfs et-aghatl i C (Ml seass ididi cates the
nunber (and 1 Eercenta ge) gat i ents who devel o?ed clini caITy det ectabl e

metastatic di2ehse é‘r“tséf’rﬁiééﬂ si 3NGRPX t HeaCRERRL 4P hmunost ai ni ng was
carried ous bmmmdyddmhgl €orapkj beely ght,eGhdOREHS NGy G e firiaiedi ne

(brown) 20 faqll owed 3 H gﬂtox I|n (ﬁl%ﬁ'[‘; counterfgg%nl ng of nucl ei.
| nrunost ai ni %byoefStﬁkP vasFiEt oo St Breas as scor ed
accordi ng to padeAtn M5:0243-adeyein O is no staining and 4 is the nost
I ntense staining) and percentage of immunopositive cells (0-100% for a
m ni mum
BAG-1 is known to be present in the nuclei of
some types of cells and nuclear immunostaining is normal
10 for breast epithelium, whereas strong cytcsolic
immunostaining is abnormal here {Takayama et al. 1998,
supra). 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, cytosoclic 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 immunostaining 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 (08). 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



25 of 200 cells), evaluating the entire tissue-section, with the

pat hol ogi st blinded to clinical details. H sto- staining (H)-scores (0-400)
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optim zed cliteIFtFYe oBPABAL RProFeie ofeealD) (90Bdigh gMospore>180%, and Bax

(H score>l40) | nN@sgobsNPghHry . s perforned
by establi shgcvlv ?rrio!twg?i a_ (Ki ngget algﬁl 1493£8%)51fﬂ)50’a%ncgr%q Egggg%’gﬁpgg: 293-296) .
BAG 1 i s kndWi?T the prBsEnPlpma¥kerfiRVaEluaied,somd vt Bpes2ofasel | s and

nucl ear | MmyieetidichRg if 0RLVELFiadd M1 yieasts %pbkgehi:'lc'gk éggereas strong
normal here (Takayama et al. 1998, supra).

cytosolic i nost ai ni.ng i
T%i s pheno We\ffaghg.éng%ﬁre@&h e Ot eRsiht- 00danpEBr BBnpared to nor nal
breast epit MER2UMeQINBED 3, cehd SBaxhiede iEINe iofdignighesgot i@l ong with tunor
cells i nJ.q15 tr%%isé%”% tissue- s§c{i or%s}wcyt solic _imunostaining for BAG1
was cl earl y Bipre§araPed i thih 1% THAMSIRC T 84sPatiaRter AMIRI with
el evat ed | evdlisicklprotepatobbeyiaxll veaoriabllekl6 (€6§%) 8fef otaghdy two-thirds
of early-st .b .C C red with 9/83 (11% of NBE (p<0.001).
20 Some’ of thedans Paimr ot R S elvarnen oAl stagl

versus clinical stage II 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, HER2/Neu, age and clinical stage, only BAG-1
retained statistical significance as a predictor of DMFS
(p = 0.008) and 0S (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.
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adjuvant therapy. The percentage of tumor cells with

cytosolic BAGl immunopositivity was estimated by light-
microscopic evaluation, and the data were gathered into
15 quartiles, representing 0-10%, 11-50%, 51-8C%, and >80%

irmmunopositive 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 gquartiles

20 Dbehaved similarily, while the fourth guartile (>80% BAG1
immunopositive tumor cells) was significantly different.
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 univariate analysis (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 Receptors (ER), and the number of

positive nodes ( >3 vs < 3) were also of prognostic
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SURVI VAL | N, BREAST. CANCER PATI ENTS W TH TUMOR- POSI T1 VE S. To
address the?} of®3 F#>BAGL i munost ai ning as a prognostic factor for wonen

w th node-positive disease, 5 an inmmnohi stochem cal eval uation using the
ant i - BA nonocl onal anti body described in Exanple 1.0 was perforned of
tunmor spéci mens derived froma cohorfARKE 240 patients with node-positive
breast cancer, 179 of whom were treated with surgery alone and 209 of whom
underwent 10 surgical_resection_followed by 12 nonthly cycl es of

cycl ophospham de, rretﬁﬁf‘tui afé&, 2P| ¥5Four aci | ("CMF") adjuvant therapy. The
percentage of tunor cRital etrhescytnsohicaBAGInd FRINRQPOSI tivity was

esti mated y—H-ght—rieroseopi-c—ey red into
15 quartil gs, repr esenlt%RigS 0-10% | 2B-50% 5118088 and >8@8% i nmunopositive
tunor cell d. ((:Jolr_rel at | opé of tnhe Dﬁ[ 5W| T Teapse-free—survrvar—{ RFS) and
cause- speci A ur vi v csSS) by He® Kapl anf RBver et ho8-Péveal ed|that the
. peciffLe (55)
first 3 qudrgadies 29 42
10 Control 22 0.003 28 0.01
CMF 31 43
Premenop 27 0.67 39 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+ 26 0.58 38 0.02
ER- 29 34
20 |BCL2+ 26 0.94 37 0.26
BCL2- 34 37

Legends: RFS (relapse-free survival)

CCS (cause specific survival)

When the 179 women treated with surgery alone
25 were evaluated separately, again higher levels of BAG1
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,



20 behaved simlarily, while the fourth quartile (>80% BAGL i munopositive
tunor cells) was significantly different. Examning the entire cohort of
342 patient ' r levels of BAGL i nmunostai ni ng (>80% I L wer e
associ at ed v%\ﬁ'?ﬁfﬂﬂ%ﬁger RFS and CSS, as determ ned by 25 un?@glplg(g%g%gnal ysi s
(p = 0.05 for both RFS and CSS) (see Figures 2 and 3). For exanple, the
percentage of patients not dead due to cancer was 42% anong patients

whose tunors gombded>30%yBAGE brmpRopasid iweseak{gpasthagelds conpared
to 34%for patients whose tunprs. coptained 30 | ower percentages of BAGL
posi tive cel | BASABiRFeSSionwEpRLF ?’ne p%q]er‘rfng‘uﬂf’atgimﬂ‘i‘% ot ecei ve

adj uvant CMF hédrerafpy weskehber sigei fitammrs coxpeeased witlli shinoivalexpress
Estrogen Receptors QF%)U ang.thg nugber of. posi,tive nodes é >3 vs < 3)
were also of Proyndst <0 wWeroirbasas ec §938vany ChYmFicab¥e. O her
vari abl es serweerotexandchiedt sepapitebyl compestiakudhay BEEDpRussds Sitat us,
tunor size (< gocnnsversus z %Cc e Or §ﬁperegkggarkers such as Bcl -2
(Table 2) and p%r?:.p. 55 RBEE 5 RSt t's Htt2e yrs Fotal Series (Univariate
anal ysis) 9RFS % %CS % BAGL- 26 0.05 34 0.05 BAGL+ 29 42 10 Control 22
0.003 28 0.01 OCM- 31 43 Prenenop 27.0.64 §9 0.42 Postnmenop 27 34 T_2cm
29 0.20 37 0.38 15 T>2cm 25 36

Results at 20 yrs

Control (Surgery only; Univariate analysis)

$RFS $p $CCS P
10 | BAGl- 18 0.027 23 0.039
BAG1+ 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 27
ER+ 20 0.70 30 0.038
ER- 27 27
20 | BCL2+ 21 0.95 28 0.76
BCL2- 29 33

Multivariate analysis (Table 4), using a Cox-
regression analysis, also demonstrated a significant
correlation of higher levels of BAGl immunostaining with

25 longer CSS when all 342 patients were considered together
(p =- 0.0486). BAGl was also significantly associated
with longer CSS (p = 0.022) when patients treated with

surgery alone (179) were evaluated, but not among the



N+1-3 31 0.0002 41 0.0007 N+>3 19 28 ER+ 26 0.58 38 0.02 ER 29 34 20
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25 were evVa) separately, again higher |evels of BAGFCT{USPRISBWosi tivity
wer e associated with | onger RFS and C8389 (p = 0.027 for RFS; p = 0.039 for
CSS) in univariate analysis (Table 3)°7 For exanple, 28% of patients whose
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after |n|tlﬁjlﬂg§:$gﬂn%ts}| ?%% ?ﬁ‘é?g%y?é 4@4‘%&&&%@? 66‘?8758 38
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correlated with survival when the 209 patients 0 recelve j uvant
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18N PanBRBRP3ES L 28t 3D, ANd Pl SHEAYS 24 32 T<2cm 24 0. 14

0. 039 BAGL+
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TABLE 4
BAG1 CASE SERIES
RESULTS AT 20 YRS
10 COX REGRESSION ANALYSIS
Total Series HR (95% CI) P
RFES 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 RFS Nodal extent 1.59(1.05-2.39) {0.028
BAG1 1.44(0.96-2.17) {0.079
CCs 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
CCs Nodal extent 1.86(1.24-1.78) | 0.0025
Menopause 1.54(1.01-2.29) | 0.055




N+1-3 25 0.009 30 0.04 N+>3 17 27 ER+ 20 0.70 30 0.038 ER- 27 27 20 BCL2+
21 0.95 28 0.76 BCL2- 29 3.3 Miltivariate analysis (Table 4) usi ng a Cox
regressi on 14343, al so denonstrated a significant corr R higher
| evel s of B I mmunostaining with 25 | onger CSS when all a¥| ents
were considered together (p =- 0.046). BAGL was al so si gnificantly
associated wth longer CSS (p = 0.022) when patients treated with surgery
al one (179) were ematundrbToOUEMDOAT, g1 MMOEAEN 0484 BrREETA RSO0/ 18758
39 subgroup of patients who received adjuvant therapy. Thus, BAGL is an

I ndependent p?@gq%‘?—er of RFS and CSS in wonmen with node-positive breast
cancer who do not receive adjuvant chenotherapy after surgery, even when
other 5 variafl e 1.0g f | nvol venent,
menopausal st aFe2=HHe RIS : ‘ EQsEakefancars g | TS AT 20
YRS 10 COX REGRESSI O\I ANALYSI S Tot al Serl es HR (95% CI) P RFS Treat nent

0. 66(0.51-0.86) 0.0021 Noda extent 1.65 0. 0003 BAGL
1.30(0.98-1.73) 0.064 gétsﬁ%ﬁ‘? g 8“%%’0625967?%6 66%‘% t%odal extent
1.61(1.20-8. léx)aﬂlé]fbl&nel?),%ﬁbrésgféﬂ.@ﬂ tha88 BAALNO4Gyt EBo Di 6)7 (dhadl9- 0. 91)
0.011

BAGlL {nuclear) proteins in primary and metastatic
prostate cancer specimens. Previously it was determined
that BAGIN is cytosolic while BAGILL is nuclear (BAGIN is
referred to as BAG-1 in Takayama et al. 1998, Cancer Res.
10 58:3116-3131) and (Packham et al. 1997, Biochem. J.
328:807-813). Using anti~-BAG1l monoclonal antibodies

(Takayama et al. 1998, supra), immunohistochemical
methods and archival paraffin-embedded prostate cancer
specimens were used to evaluate the expression of the

15 nuclear (BAGlL) and cytosolic (BAGIN) proteins in over
800 cases of prostate cancer. Comparisons were made with
BAGl immunostaining 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 (Kononen 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 or other types of
laboratory information were available for some of these
patients, demonstrating a variety of correlations of BAGI

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

(T1,T2) disease and low Gleason grade {gr 2-~6), higher
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mean + SE: 41 + 3% normal versus 78 + 1 % cancer

(p<0.0001). An association was also identified between

higher percentages of BAGl immuncopositive tumor cells and

locally advanced disease {(p = 0.05) {n = 625 patients)

15 and with hormone refractory disease (p<0.001) (n = 263

patients).

Higher percentages of tumor cells with nuclear
BAGl-immunostaining (BAGlL) as well as higher intensity
nuclear BAGlL (BAGlL intensity) staining were also

20 associated with hormone-refractory disease: p<0.001 and
p<0.0001, respectively (n=263). Higher intensity BAGl
nuclear immunostaining 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, immunchistochemical analysis of BAGIN
(cytosolic) and BAGlL (nuclear) expression provides
prognostic information about prostate cancer patients,
including information about progression to hormone-

refractory disease. Third, unlike the situation with
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00000 '8 Al LGN SLORIIN Cab AORLYSLS 5 Ol RA PLSL AL e cancer
specimens Tn a’‘mcroarray fornat ~rTevea percen ages “of BAGL

i nmunoposi ti \AEﬂdﬁmSthOQOthﬁttmmi@-lS( modZZZ):aCa;crparte@ thee m@dealviphostat e
(n=54) nmean 0 cer ). An
associ ation V\%sp%g—tégl% 5%& ?)% %e%/l\efrezjﬁs téé hng'ergoéff:%gnt z‘al"cecg)l{}o?L gggfl

i munoposi ti Vi umlenéépnsl%mhlmllfcﬁ,chqulYaEVahb%df@l]gé@sml @aimg.05) (n =
625 patients) 15 and with hornone refractory disease (p<0.001) (n = 263
patients). H gher percentages of tunor cells w th nucl ear

BAGL- i nmunost ai ning (BAGLL) as well as higher intensity nuclear BAGLL
(BAGLL intensity) staining were also 20 associated with hornone-refractory
di sease: p<0.001 and p<0.0001, respectively (n=263). Hi gher intensity BAGL



nucl ear i mmunostai ning was al so correlated with hornone- refractory (HR)

di sease in a cohort of 92 prostate cancer patients with |ocally-advanced
di sease oﬁﬁ“g treated 25 with anti-androgen therapy prior to surgery
(50% vs 9% M3<0. 001). Fromthese observations, three RFHI0NEIBHs can
be reached. First, tunor-specific i ncrggses in cytosolic BAGL and nucl ear
BAGLL | evel s conmmonly occur in prostaté”30 cancers. Second,

i mrunohi st oghep gak. anal ysis of BAGIN (cytosolic) and BAGLL (nuclear)
expression provides prognostic information about prostate cancer patients,
i ncludi ng informati on about progression to hornone- refractory disease.

Third, unlike the sityatiaqp m@tmdwoglaggggﬁiggé @%3&7&%3 42 breast

cancer, hi gger | evel s of cytosolic BAGIN expresSion are associated with
unf avor abl edpFEYPDST LS At RSt dn SREVAVEBI &N p? opRlbLeRt SMEfeRUg t he

i nvention hasobeeineescrddied mbthiba 2omgkesenge to the discl osed
enbodi nepts, it should be (&ﬁ]ngi%rstood,that various nodifications can be

made witBRout departing fr CCIPrPERdoR BAR JPRRARIRKESSAGROr dingly, the

invention is limted Iutel by theashekkousngi sbaé BamPpR Gl 34343
PCTI USCQO' 18758 43 uq‘fj"rf{? 1. A net Eod for_determ ning a prognosis of
di sease free or overal 1 SuAiTar3td B2paEPent2ffering from cancer, said

nmet hod conprising: 5 (a) déteclassifyanBAsaensaerxgitess Welohgyal in a
el Yo 2o sort ALk, fh o L5810 ALY 2 10, ()
10 wherein said first group of patients having
high levels of expression of the BAG gene is
classified as having a different likelihood of
suffering tumor recurrence or spread than said
second group of patients having low levels of

15 expression of the BAG gene.

2. The method of claim 1, wherein said first
group of patients having high levels of expression of the
BAG gene are classified as having a decreased risk of
tumor recurrence or spread compared to said second group
20 of patients having low levels of expression of the BAG

gene.

3. The method of claim 1, wherein said first

group of patients having high levels of expression of the
BAG gene are classified as having an increased risk of

25 tumor recurrence or spread compared to said second group
of patients having low levels of expression of the BAG

gene.

4. The method of claim 1, wherein said second
group of patients having low levels of expression of the
30 BAG gene are classified as having a decreased risk of

tumor recurrence or spread compared to said first group
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to either a first or second group of patients, 10 wherein said first group
of patients having high |levels of expression of the BAG gene is classified
as having a different |ikelihood of suffering tunor recurrence or spread
than said YWeIAP4Hroup of patients having |ow | evel s of PII/USHPR¥ES| on of
the BAG gene. 2. The nethod of claim1l1l, wherein said first group of

pati ents having high | evel s of expreSS|6ﬁ of the BAG gene are classified

as having a d creased,ri sk of t.uno yrrence or sprea npared to said
second group® Opgglenfle ?V“H%Jpﬁb ngelgvg seﬁ?r%§% S|o%%§f%9§e BAG

gene. 3. Thegssiehod of claim1l, wherein said first group of patients
havi ng high | evels of expression of the BAG gene are classified as having
an increased risk of 25 tunor recurrence or spread conpared to said second
group of patients havbag |Dwe Imerdios! of edpimssi omhefeirhesaBdGsegend. 4. The

method of ¢l 3@l oehpLel by sainhaee0ndy J6OURs 08 PRI JhagengpLow | evel s

of expressio t he AG gene are classified aving a ecreased risk
of tunor recBAfefgBeoprspebathiddpdaredheyisgi anfineteafesupisk\ PE\ |11 |

VWV 1 1HALL b ol $idD SAI0A343 BEROLISOQ/ 5750 4 44,0k BabLgN S having

hi gh | evel s of expression of the gene. 5. The nethod of "claim1,

wher ei n sa|d°§eééﬁﬂen§?oﬁﬁv%ﬁg ﬁéﬂme%€§eﬁ§vpﬁge¥ENF§%$Rﬂ 9fothexBPEssi on of
the 5 BAG ggeeeare classified as having an increased risk of tunor
recurrence or spread conpared to said first group

6. The method of claim 1, wherein said
10 expression level of the BAG gene is determined by
measuring the amount of the BAG mRNA transcript or BAG

protein.

7. The method of claim 6, wherein said
measuring the amount of BAG protein is with an agent that
15 binds BAG protein.

8. The method of claim 7, wherein said agent

is an antibody specific for the BAG protein.

9. The method c¢f claim 7, wherein said BAG
protein is BAG-1l.

20 10. The method of claim 7, wherein said BAG
protein is BAG-1N.

11. The method of claim 6, wherein said
expression level of the BAG gene is determined by
measuring the amount of BAG protein product using an

25 immunoassay.

12. The method of claim 11, wherein said

immunoassay is an immuno-polymerase chain reaction

AR

(immuno-PCR) assay.



of patients having high |levels of expression of the BAG gene. 6. The

met hod of claim 1, wherein said 10 expression |level of the BAG gene is
deternineg~b¥% neasuring the anount of the BAG nRNA transcript or BAG

pr ot ein. YO ¥ W34 et hod of claim 6, wherein said neasuri RETYURV/ETS Nt  Of
BAG protein is with an agent that 15 binds BAG protein. 8. The nethod of
claim7, wherein said agent 1is an ant Body specific for the BAG protein.
9. The nethod of claim7, wherein said BAG protein is BAG1l. 20 10. The
met hod of claim7, wherein said BAG protein is BAG 1N 11. The met hod of
claim 6, wherein said3-exgihesgiesholdeoél codimht, BAGmme sad ddéteseni ned by

Teasuring the P Ofn BACMEOBRENGRRAUNC aUSLAG Al A8 Jmunoassay. 12

The nethod of cl'aim 11, wherein sai I mrunoassay |s an i mmino- pol yner ase
chai n reactt¥Ph (MARIAGVOEREME8Eagf 323id19angend | 1111111111111 1111 C L M
WO 01/ 04343 PCT/ US00/ 18758 45 13. The nethod of claim1, wherein said

| evel of expression _of the BAG gene is determned prior to |ynph node

i nvol verrent of said c;éncelT.helﬂ?.et%ﬂﬁ fet ARl clWiehein whdédeilgvedi d | evel

5 of expsessf wkpeddionBAG GRBEBAS §6h6T N Nesk dfnlieled RHRA - @?Hlﬁhi nvol vement

of said canceé. 15. .The m%t h%d of .claiml1, wherein said |eve
node involvement o

sald cancer.
15. The method of claim 1, wherein said level
of expression of the BAG gene is determined during Stage

I or Stage II of said cancer.

10 16. A method for prognosis of disease-free or
overall survival of an individual having a cancer tumor,
comprising determining the level of BAG expression in a
sample of said tumor or a body fluid, wherein a high
level of expression correlates positively with disease-

15 free or overall survival.

17. The method of claim 16, wherein said

cancer is breast cancer.

18. The method of claim 16, wherein said level
of BAG expression is determined by measuring the level of

20 mRNA which encode said BAG protein.

19. The method of claim 16, wherein said level
of BAG expression is determined by measuring BAG protein

levels.

20. The method of claim 16, wherein said level
25 of BAG expression is determined by measuring the level of
BAG protein that is detectable in samples selected from
the group consisting of breast tumor tissue, blood,

serum, and plasma.
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of expression of the BAG gene is determ ned during Stage | or Stage Il of
said cancer. 10 16. A nethod for prognosis of disease-free or overal

survival of i hdivi dual having a cancer tunor, conpri si Lg.Ni Ng
the | evel of@ﬁﬁ%@gﬁbression in a sanple of said tunor or gggg§§ﬁ¢ﬁ%id,

wherein a high |level of expression corrglates positively with disease- 15
free or overall survival. 17. The nethod of claim 16, wherein said cancer

is breast cancer. 18. The. nmetthocedhodl aknbiﬁimwr@,reﬂu}tmirdcbaﬁghsi% BAG
expression is determ ned Q%égeas rlgg g?e | evel of 20 nRNA whi ch encode
| G

sai d BAG pr ot &Eh SN 1A%t ety nPAB, XIS P SCRIFEGRFS ¥ BAG

expressi on i s ofekprdtinetidyy trRaAsUls BpobBAGa prof&tdhcd aedles. 0208adhe net hod
of claim 16, wherein,said |level 25 of BAG expression is determ ned by
measuring t he SFBYE&PS 0P BAG protein that is detectable in sanples sel ected
from the group consisting of breast tunor tissue, blood, serum and

plasma. | 1I20EEEE TR EA, V0D VLR LTl L. MS 01/.0434
P Ueo 165758 46 21, Fe e S thpd pE, ‘r’niTé‘,‘ i tREFEEBnF 1 Si ng
determ ni ng i refardntevdvaf BABASXprpsSsoiON el edrirmiand byes producti on

that is above nge J.avel of BAG expression. 5 22. The nethod of
claim 21, whepgfggég%ﬁ rgﬁ§¥§%ce | evel of BAG expression is determ ned by

a histogram analysis. 23. The nmethod of claim?21, wherein said
23. The method of claim 21, wherein said

reference level of BAG expression is determined relative
10 to a level of BAG expression produced by in vitro

cultured cells which produce BAG.

24. The method of claim 21, wherein said
reference level of BAG expression is determined relative

to a level of BAG expression in non-cancerocus cells.

15 25. A nmethod for predicting the risk of tumor
recurrence or spread in an individual having a cancer
tumor, comprising determining whether BAG protein is
overproduced in a sample of said tumor or body fluid from
said individual, such a production correlating with an

20 1increased likelihood of tumor recurrence or spread.
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reference | evel of BAG expression is determned relative 10 to a |level of
BAG expression produced by in vitro cultured cells which produce BAG 24.
The nethogv & claim21l, wherein said reference |evel of BAG expression is
determ ned®I®%%Pve to a level of BAG expression in nonPEABEVHIS cel | s.
15 25. A nethod for predicting the ris% of tunmor recurrence or spread in
an individual having a cancer tunor %nprising det erm ni ng whet her BAG

protein is overproduged iy e, of n, bodyflwdfromsald
i ndi vi dual, such a producti gnm%ggrggl g?l (r:lggivft & fu'%d‘ i'ncreased |ikelihood

of tumpr reeRRREEALT spread. 1\ 1% 111111111\| ItI\. CL MS WO 01/04343
PCT/ USO0/ 18758 47 26. The nethod of claim 25, further conprising: (a)
determ ning an overproduct (on ﬁé?élemwg%q}rQﬁmﬁwumlm Revel being in

excess of 5 a m ni migramaenbrotathst 5584 | Yeflot e3died Nk LQsi gei cate a
| i kel i hood of tunor recurrenci:)e or spread €aZb) eté{rajren ni ng © %e ?gvel of BAG

expression in said t GnBLISENR 8MOYRY S‘i@tj(%t)lfpﬁ]écn é‘teitﬁgmsaraé pPEk of tunor

recurrence or spreadtsheéndiBad8 QVveipsDowsdd ¥F dumedl RLuBAGHREOLLI N in the
tunor sanple is associat gd wi th an increased likelihood of tunor

recurrence or spreadSPf5337. A nmethod for screening a cancer patient to

determne the risk of tu rre taS|s sai d thod conprising: (a)
.. ”9£ ermlnln the level of ng
determ ning the | evel of g ©

expression in said tumor sample; and

10 (c) predicting said risk of tumor
recurrence or spread wherein an overproduction
level of BAG protein in the tumor sample is
associated with an increased likelihood of

tumor recurrence or spread.

15 27. A method for screening a cancer patient to
determine the risk of tumor metastasis, said method

comprising:

(a) determining the level of
amplification or expression of the BAG gene in
20 a cancerous tissue sample or a body fluid

sample from said patient; and

(b) classifying a patient having high
levels of amplification or expression of the
BAG gene, relative to a reference level, as
25 being less likely to suffer tumor metastasis or

having a increased chance of survival.

28. The method of claim 27, wherein said

cancer 1is breast cancer.

L



anplification or expression of the BAG gene in 20 a cancerous tissue
sanple or a body fluid sanple fromsaid patient; and (b) classifying a

pati ent havi ng hi gh | evel s of anplification or expression of the BAG
gene, rel at i"(/‘g“’t’% ® reference level, as 25 being | ess |ikePGI/UEP048AS8 er
tunor netastasis or having a increased chance of survival. 28. The nethod
of claim27, wherein said cancer is brei8t cancer. 11111111111 S
1111111°12121112112111 WO Q4/ 04343 S0Q/ 18758 48 29. The _gethod of claim
27, wherein BAG anpli f?%ét iA‘%]ne in{s%%gsg’%eé%\n“f‘hzé’ pr oebreelélpggﬁi c for the
BAG gene. 30. aTipd idechbdonfiz|mganu@rd wicheanpyere fpexifiiessponthes

det er m ned by B@%agg%rjg t he anobunt of BAG nRNA transcription. 31. The

nmet hod of claim 27, wherein gene expression is determ ned by neasuring the
anount of BAG protein. 10 32. The nethod of claim 31, wherein the anount
of BAG protein is measured using an i mmunoassay. 33. The nethod of claim

32, wherein said imMuNeassapd SR ohMEHN YHE!r 338 ,Shal action assay.
34. A nethod for determ ni Qc%theeprgper cglljgglg ‘chfg' 0 %tr(rée‘glt Qrgﬁg for a

pati ent suf’f eE¥RGeEEAAT chhcEatergdingd Rt MedsebhnT itdiengmopay d€tBRGri ni ng t he
level of BAG g@R8 t8XR5€854©0ibd.N a cancerous tissue sanple or body

31. The method of claim 27, wherein gene
expression is determined by measuring the amount of BAG

protein.

10 32. The method of claim 31, wherein the amount

of BAG protein is measured using an immunocassay.

32. The method of claim 32, wherein said

immunoassay is an immuno-polymerase chain reaction assay.

34. A method for determining the proper course
15 of treatment for a patient suffering from cancer, said

method comprising:

(a) determining the level of BAG gene
expression in a cancerous tissue sample or body

fluid from said patient;

20 (b) identifying a first group of patients
having low levels of BAG gene expression, which
first group of patients may require treatment
proper for patients having a lesser chance of
survival or decreased time to tumor recurrence

25 or spread; and
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fluid fromsaid patient; 20 (b) identifying a first group of patients
havi ng | ow | evel s of BAG gene expression, which first group of patients
may require treatnment proper for patients having a | esser chance of
survi val BP %8 ased time to tunor recurrence 25 or spPERASOMIEESS
111111121121211  2112111212112111 14 S WO 01/04343 PCT/ US00/ 18758 49 (c¢)
identifying a second group of patients4 havi ng high | evel s of BAG gene

expression, which second o] . jents_may require _treatnent proper
for patients having a g(eégérygegﬁéggéﬁgfgs?ﬁ%ﬁﬁéﬁg SE 85i36%98§§slikely to
suffer tunor recurrehé¥ing Bpekatievebs TheBAfetdend expcleaisio84, wherein said
| evel of BAG gene exphefsk@h-h8 46 ] L JPRagS UL ] amount of BAG
MRNA transcript or BAG prote?%. 1% %%§W#ﬂgﬂﬁ§tr§% %%?Lpgﬁkggi, wherein said
| evel of BAG gene eXpPesBfbh PEOBRE efof meat innitser heyingnphonedeer

invol verent. 37. ThecRBhBEUHf s6HRL ¥a BAdandRLi8igN 1881sd1liuel, +8f expression
of the BAG gene is determ ned after |ynph 15 rode involvefent of said

cancer. 38. A kit foFufEeTi HURPE RRFRDEERIe QmisRread-whi ch i ncl udes one or
nore agents, each of which specifically bind to BAG protein, or fragnents
thereof. 39. The kit of claim38, wherein said one or 20 nore agents

conprise one or nore_antibodies. 40. A kit, for use in the nmethod of claim

1, which includes oAe-or IABrEetRRT et Sdids 3deakhesrinnpekd level

of BAG gene expression is determined by measuring the

amount of BAG mRNA transcript or BAG protein.

10 36. The method of claim 34, wherein said level
of BAG gene expression is determined prior to lymph node

involvement.

37. The method of claim 34, wherein said level
of expression of the BAG gene is determined after lymph

15 node involvement of said cancer.

38. A kit for use in the method of claim 1,
which includes one or more agents, each of which

specifically bind to BAG protein, or fragments thereof.

39. The kit of claim 38, wherein said one or

20 more agents comprise one or more antibodies.

40. A kit for use in the method of claim 1,
which includes one or more nucleic acids, each of which
specifically bind to BAG mRNA.

g



specifically bind to BAG nRNA. 1111111212232 ¢ ¢ 0 0 0 0 0 L b1 11 1 1|
CL Ms WO 01/04343 PCT1US00118758 50 41. A reagent for use in the nethod
of claim 1, conpr|5|ng an anti body which specifically binds to the BAG
protein, or W WMt s thereof. 42. The nethod of claim1, RREPEICASHS d
cancer 5 is breast cancer. 43. A nethod for determning a prognosis in a
patient suffering fromcancer, said methe¥ conprising: (a) deternining the
| evel of expression of AG |n cancer aus tlssues of a atle and 10 (b)
g gPbub!

cl assi fyi ng sai d patienflas béiS9§ hgt ok PRart ¢I¢ F5¢ Bt"pati ent s
havi ng hi gh nevebmprﬁsEngwaamanmﬁboﬁyBﬁﬂicbrsgeemﬁmmailgrbmpdsotopemeents

havi ng |OW/|€%§ES ﬁétg Uﬁ%?er ﬁb prgA@hegg wherein said first group and

sai d second group ave ognoses for tunor recurrence or spread.
44. The nethod of claim43, wherein said first group has a | ower
| i kel i hood of tunor recurrence or spread t han said second group 20 45.

The net hod of cl ai m 43, er i n sgb Cf%.ie%brert .cancer,. A net hod
for determining a progn Pgn? St ¥erin ﬁSﬁPciﬂﬁ%rca%ﬁﬁQj net hod
conprisings cﬁasskéa@tmp&ndeﬂst group of cancer patients having high 25

| evel s of anplification or expression of BAG as having a different

| i keli hood of tunor recurrence or spread than a |

PP 1§111212121211121121211111 M s
43. A method for determining a prognosis in a

patient suffering from cancer, said method comprising:

(a) determining the level of expression of

BAG in cancerous tissues of a patient; and

10 {b) classifying said patient as belonging
either to a first group of patients having high
levels of expression of BAG, or a second group
of patients having low levels of expression of
BAG;

15 wherein said first group and said second group have

differing prognoses for tumor recurrence or spread.

44. The method of claim 43, wherein said first
group has a lower likelihood of tumor recurrence or

spread than said second group.

20 45, The method of claim 43, wherein said

cancer is breast cancer.

46. A method for determining a prognosis in
patients suffering from cancer, said method comprising
classifying a first group of cancer patients having high

25 levels of amplification or expression of BAG as having a

different likelihood of tumor recurrence or spread than a

o



WO 01/ 04343 PCT/ USOQO 18758 51 second group of patients having |ow | evel s
of anplification or expression of BAG 47. A nethod for nonitoring the

effecti verw&glmgﬁ a course of treatnment for a patient sugér/%%ﬁ(é;7r5§)m 5

cancer, said nethod conmprising: (a) determning a first

expression level in a cancerous tissuegganple or a body fluid sanple from
said patient prior to said treatnent; and 10 (b) subsequently determ ning
a second BASecgraegexps essiputiamal Haviagcaneerevsisisgue sanple or a body

fluid sanpl e fgogm sa%d atient _ dur.ing aig treatment; and whereby
conpari son SYPSATHCITTYt BASRET SIS 0TI 08 15 with said second BAG

expression |level indicates the effectiveness of said treatnent. 48. A
met hod for determ ning a prognosis of disease free or overall survival in

a patient suffering om.canger, i.d_nmethod. conprising: 20 (a)

deterni ning a BAG act‘ﬁ/'l ty}glnée\cjczﬁocji 2%5 ek 8?6&%%%5‘?1&9%%‘9&5 body

fluid sanpl ef &rovmsse bhatresrtimenandofbp phassnt ysubfemirdy Matdment as

bel ongi ng EQ?Séfheéa f'étﬁ,}oé)rcﬁ%gﬁngn roup of patients, 25 wherein said
i Igh

first group of patients having eévél's of BAG activity is classified as

having a different |ikelihogd @f f, LN r currence or spread than
said second group of pati%ﬁts tae\%l&ﬁﬁéﬁf‘gwglfé%g S %Igc’eé%@e 30 activity.

LILLLLL/ /1 fLilflh/|/efpyession level in a cancerous tissue sample
or a body fluid sample from said patient prior

to said treatment; and

10 (b) subsequently determining a second BAG
gene expression level in a cancerous tissue
sample or a body fluid sample from said patient

during said treatment; and

whereby comparison of said first BAG expression level
15 with said second BAG expression level indicates the

effectiveness of said treatment.

48. A method for determining a prognosis of
disease free or overall survival in a patient suffering

from cancer, said method comprising:

20 (a) determining a BAG activity level in a
cancerous tissue sample or body fluid sample

from said patient; and

(b) classifying said patient as belonging
to either a first or second group of patients,
25 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
group of patients having low levels of BAG
30 activity.
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S WO 41/ 04343 PCT/USQQO 18758 52 49. The nethod of claim48 wherein said
determ ning a BAG activity level conprises determning |evels of

expression of Hip. 50. The nethod of claim25 or 26, wherein said 5 cancer
is prostate S HE¥3 1 111 hiLt 111 111 1111111 Ms  PCT/US00/18758

52

49. The method of claim 48 wherein said
determining a BAG activity level comprises determining

levels of expression of Hip.

50. The method of claim 25 or 26, wherein said

5 cancer is prostate cancer.
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