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FI ELD OF THE | NVENTI ON The present invention relates generally to

determ ning the risk of progression or spread of cancers 10 BACKGROUND

| NFORMATI ON Prognosis in clinical cancer is an area of t co rn and
interest. It is inmportant to know the aggressiveness of th nHﬁW

cells and the likelihood of tunor recurrence or spread in order to plan
the nost 15 effective therapy. Breast gtancer, for exanple, is nmanaged by
several alternative strategies. One of every nine wonen currently devel ops

breast CaACRETHODSFOR DETERMININGITHE BROGNOSOSEOE ASATFCE BT F@gHNal

therapy is utilized, consisting of mastectony or |unpectomy with or 20
without radiation, Wi MERSYRING LEGS QR ARG DRERRES BION di sease s
det ect ed or suspected, system c therapy is instituted, such as

chenot herapy or hornonal therapy. Anbong wonen with early-stage br east
‘cancers treated w tPortiuopecobdmphandnivesdionadiesidrdbapy het@d 20 Uewicl

. experien C r nges 30:40% wi_| | develop a met astatic
o Pense ifadd 18°8he [ COUELE 8?FF§§%““ SHPPOrLGsl 14, R B, 331). 7
January 290n2 Clw6%3ﬁ9treﬁhee@bvdenmenmnma@ohawedtemduah rigpast cancer
patients aLe ﬂl?qHEQ ng based on (1) the nunber of axillary |ynph nodes
i nvol ved mnt% di sease % ? estrogen receptor and progesterone receptor
status, (3) 5 the: si ze of the primary tunmor, and (4) stage of disease at
~diagnosis- It has al so been_yep réﬁd hat DNA aneupl oidy and proliferative
rate (percent S-phase) can &5 Fr T 1PHe course of disease. In
.addition, the overexpression of t he HER2/ Neu oncoprotein has been 10 shown

to predict breast cancer patients at risk for nmnetastatic di sease and novel
t her apeut i ¢ strate qg% ent invention relates generally to

determining the risk of progression or spread of cancers.

10 BACKGROUND INFCRMATION

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

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

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

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

1991, Lancet 338:327-331).



. been developed to -target this. receptor (Slanobn et al. U S. Patent No.
4,968, 603; Slanon et al. 1989, Science 244:707-712). Fbmever even with
these additional 15 factors, practitioners are still unabl 028 rately
predi ct the course of disease for all breast cancer patie?e ﬁ%ﬁ
clearly a need to identify new markers, in order to separate patlents mnth
good prognosis who nmay not require fyrther therapy fromthose 20 nore
likely to recur who m ght benefit fromnore intensive treatnents.. This is

particularly true i®uthentagLeffmbhieagbcicanaer fold Ghdiasdwell pr ogressed to
the axillary |ynph nodes. There is now evidence in rospectl e random zed

25 cl i ni &Hcash AFanEpht LAk} BVERHt 2ERJBERARENERY: BEPEhAD ddiu:
cherot herapy, hedl néﬁ?llmdlﬁﬁﬁYH@aégr1n§6ﬁ.9‘l‘a@alw1t%em\é@as@:f t(rzq pri mary

breast tunor can benefit I n sonme of these node-negative patients.
Thi s ha@ﬂ&ﬁpgﬁﬂcﬁ¢¢%P§9raﬁ@duﬂé@geétaroﬂécéﬁﬁﬁﬁﬁéFi@ﬁ@ t (30 nost if

not ald node-negat fetlt?éeﬁfErﬁ?gC@umet'sﬂhs (sshadh e considgred for som

form of adjuvant t er apy ince the majority (about 709% of these
pati ent s ateri;giengst er it shagi ghsof beeowiragosiegertpaan®ér  radi ot her apy

w t.hout f rth%f i Fa%era%roiifg?¥FP rﬂ@@“?ﬁ%r%@%ﬁ 3 ﬁ%%%rogr ate to

recomren uvan these patients. “"Accordingly, there
is a needaeflqr iretpoedict ongdi shéngoishet hfsdisedsenegdin weldidtiicant s who are

"cured" fromthose desti u t r are
treat ed. tﬁ1 V??ﬁﬁefegsggg égt£§%egE?§9ﬁgu %g%e Td%é¥%1€§§ %?Edlctlng
tunnmireeﬂknend@ooprs@Leadbremsthesacpatpamusnamdamnra@MCébrpat|ents I n
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.been developed to target this receptor {(Slamon et al.
U.S. Patent No. 4,968,603; Slémon ét al. 1989, Science
'244'707—712) However, even with these additional

15 factors, practltloners are still unable to accurately

| predict the course of disease for all breast cancer
patients. There is clearly a need to identify new
markers, in order to separate batients with good
prognosis who may not require further therapy from those

20 more likely to recur who might benefit from more

intensive treatments.

This is particularly true in the case of breast
cancer which-has not progressed to the axillary lymph
nodes. There is now evidence in prospective randomized

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

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

radiotherapy without further treatment, it may be



10 well. SUMVARY OF THE I NVENTION I n accordance with the present invention,
there are provided nethods for determ ning a prognosis of disease free or
overall survival in a patient suffering 15 from cancer. Ig fne eg&gginent,
it has been found that. high Ievels or "overproduction" df 3BAEY eins in
primary tunmor tissue show an unexpected and surprisingly high correlation
with ack of tunor recurrence or spreasl, and therefore |Iong-term di sease
free or overall survival. 20 Thus, the present invention advantageously
provi des anappgepiriesst tadvancemend m«dmetr ’urtmagn_,rreﬁur tm]c]ausre early

|dent|f|0@hbg@ @atﬁﬁhkgntsA%Eo dﬂﬁiﬁ%. gcurren lggﬂ%“”!l

permt aggressi earl treat 'h S|gn|f|cantq%? nti al
for 25 s@pvdu&t1nAhs@hpthms@e@u@e&nagdﬁmkﬁprtanﬂh(nhduaﬁéma ri sk of

‘tunor recurienge QEoﬁpEﬁgge an |ng%vggﬁfhelgﬁguygb% %pcer tu r; methods

for screeni’ng a cancer — pati ent R astasis:
-~ 30 netEodéatmerdeternraangdLheTmmmpethnﬂwﬁs(ﬁ gféﬁﬂrﬁﬁﬁd ﬂdﬁ £ patient

suffering_f an klts for. practi ci t he i nvention

ot hods, 9°F8R55r JERBBE"RY BreR: AR SHRA TAE FAERARINGSHAGhr o 1 shovs
t hat hi ghiBAf:—ZhésEr pteiienktevehs iar e:aammCI;ﬁtﬁdanw tith |gam@era paddant
survival iLn_breast ,cancer

et forth Ex le 1.
Kapl an- NbPePr§EF5Vv5Pm8Er%§p%F&ﬁF%eﬂ ﬁhﬁaﬂﬁgﬁﬁﬂ|36Wéagi§;Iy st age

breast casaetspatsenhasshasedisuamEs pczwlaiers RHedhrt ddDadviagfteidead 40 in the
flgur 02S iﬁ;l positive) versus low (; referred to as BAG -1 negative)
IeveI 0ot "8 1 10 protein is plotted agalnst time (years) for overal

SUMMARY OF THE INVENTION

In accordance with the present invenfion, there
are provided methods for detéfmining'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 dr 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 fbr tumor
recurrence or spread will permit aggressive early
Lreatment with significantly enhanced potential for

25 .survival.

Also brovided 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.



survival (0S) (top; A and distant netastasis-free survival (DVFS)
(bottom B). Figure 2 shows the results of Rel apse-Free Survival in breast
cancer patients with tunor-position 15. |ynph-nodes as se%\forthgjp4Exanple
2. Figure 3 shows the results of Cause Specific Survival i BPHPE AP cancer
patients with tunor-position |ynph-nodes as set forth in Exanple 2.
. DETAI LED DESCRI PTI ON OF TEE I NVENTI ON 20 In accordance with the present

i nvention, nmethods are provided for 'determining a prognosis of disease
free or overall survival in a patient suffering fromcancer, said nethod
conprising: (a) determ ning a BAG gene expression 25 1evel in a cancerous
ti ssue sanpl e from spRUEFPRESERIPTAON OF THFE)DRAWANEE sai d patient as
belonging to either a first or second group of patients, wherein said
first group of patients having 30 high | evels of expression of the BAG gene
is 7 January 2004 p; ghassi figgwaschayi Rgga ghGher eabtlkiikellidvedd of
suffering tunor recurrence or spread than said .second %I%V§50f patients
havi ng | ave | asebeiated oxbiskPpaebf PRheeBAGSHEREVES Hhe ifti on net hod
takess adyant age, of ignpew ¥s dbecpyprrd:corkaliption betugammonarml | evel s
of B&E expression I n cancerous cells, and the Ilkellhooq_ cancer-free
surV|vaIsuanmaleﬂuSVQ%e@OnéaQHlnghEhExQﬁ8P8§tl§@cP¢oﬁF Phe® 53R ent i on

met hod Cﬁﬂgéééeéaﬂgéfr%wwﬂt&hﬁ 30e! gyl ral coxpRasSHARIOf (BAG in the
.cancerous {IsSsué o t1ent e pati ent may then be classified as
bel ongi ngeferred to in the figure as BAG-l positive) wversus low

(@; referred to as BAG-1 negative) levels of BAG- 1
10 protein is plotted against time (years) for overall
.survivél (0S) (top; A) and distant metastasis-free

survival (DMFS) (bottom; B).

Figure 2 shows the results of Relapse-Free
Survival in breast cancer patlents with tumor—p031tlon

15 lymph-nodes as set forth in Example 2.

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

lymph-nodes as set forth in Example 2.

DETAILED DESCRIPTION OF THE ImION

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

30 ' high levels of expression of the BAG gene is



to a first group of patients having high |evels of expression of BAG or
alternatively, to a second group of patients having |low | evels of
expression of BAG 15 Deternination of the prognosis for gh‘ﬁ Bati@@a
suffering fromcancer nay be made by deternini ng whet her ‘{843 a to
whi ch the patient has been assigned correlates with a higher or |ower

| i kel i hood of disease-free or overall 5survival with respect to the group

to which the patient 20 was not assigned. For exanple, in one enbodi ment
of the invention, FCta§8dfE@sh afi Jeicied tHatfonventprbiietilerdrof a hi gh

| ovel of expressi on soiera 3G a8ap U Sl A Gr PALLEM AR 06,8

decreased risk of tunor recurrence or 25 sprea i recurrence or
spread and/ or et aS€&SNS) XS of pPathientantieirimentlopaléwnts obel ongi ng

to a first group ha\ég{lg)ge%isqtgﬂ evelis,Pfra @n%SSi on of a BAG gene are
classified as having a decreased risk o unor recurrence or - spread

conpared to 30 a second group of patients having | ow | evel s of expression

of a BAG €. L§ 4 ' ' rij |y useful jn evaluating the
pr ognoéi s@g1 %ngg:lgtggﬁggg%p@at%a}rﬁsgéa@ajgﬁ% yojgoabép%dl%r exanple, in this
-enbodi mentlisgherrBAGCgeme 1 adimme s tove sox aéedbernza ld et el esk [HEs@l | evel

(also re 0 _her.ei ef er.ence .| evel e been _found to
becone a TE?‘E’%? Fgga;rrllt g"L%a((:: (r)lr%%lr%ﬁ(feccreelgsséd atnLﬂmqiﬂ ]rjel?:%?ﬁé‘?%g Ur spread. Wen
tunor cel cadeeerfireed sbavalvall evelps taremtex derdsd, e oy BAGlex @i lads | evel is

tho case SFOBFERdr RSl E Hac caoa o0 (<aR P T seEtir st W spr ead.
Wher eas, fkeeiepé &@ppeesénceofWBATOUN mher praythetdon,t s BAG Drot ei n
' . patient. The patient may then be classified as bélongiﬁg
to a first group of patients having high levels of
expression of BAG, or alternatively; to a second group of
patients having le levels of éxpression of BAG.
15 Determination of the prognosis for the patient suffering
from cancer may be made by deterﬁining whether the group
to which the patient has been assigned correlates with a
higher or lower likelihood of disease-~free or overall
survival with respect to the group to which the patient

20 was not assigned.

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

cancer patients.



expression has not previously been correlated with any risk of tunor
recurrence or spread. In another enbodi nent of the invention, high Ievels
of expression of a BAG gene correlate to patients 15 haviﬁg an ig@pgased
risk of tunor recurrence or spread. Thus, in this enmbodi reff“ay nts
belonging to a first group of patients having high | evels of expression of
the BAG gene are classified as having an increased risk of tunor
recurrence or spread conpared to a sednd group of 20 patients having | ow
1 evel s of expression of the BAG gene. In yet another enbodi ment of the
invention, low |evEPs dXamRpeessNohhds gmBACigend  cothedl P& tgensati ents

having 2 dgsrepenth e 98e0hs! HMBLLEEREREANER QN SRLRA. (IS, 10 this
enbodi nent,” patients belonging to a second- group o?.patlents havi ng | ow
| evel s ofrefgreaditon érehn aBAG yeferancecllaysilili,ed tahasabiesp a decreased

risk of t r r | to.a fjrst ar f _patients'
havi ng hig C%Jgfgg%§g@§p$egggggégggﬁggééggO&géﬁeQ%£§eﬁhe%ﬁ%ﬁ%gF enbodi nent
of thé i megunxmnce oovr $pevedd. of Wbrpr tespaon cefl 1a dBAGrgemedc barsellat e t o

patients i in dri of .. r..recyrrence or spread.. 7
January %@%ﬁ%éﬁ?\é%ﬁ?g’ e‘ﬁb% Frr%}n;{bggggtliogn §5 It'}r?gi ng to a second
group of gqlatnasritesr head ngs | DigkVebs bBbvexpressiced "obnithdnd@AGtgene are
classified,_.as Vi an jncreased risk of tunor recurrence or spread
conpar ed B3 A5 A 1Y, B0 LBF B85 Lo R8s, ERGCRran S Goereagerpr ossi on
of the BAGslgenke.tuder i rwentiencaebhogdpraad.usdhelreas,t ke peggnosi s of

di -f all ival _of jndivid i th | astic di ,
el 08 g AL 1 1P S S BRRURG AL Bpor e, PACCROLPSR Examplary

. expression has not previously been correlated with any

risk of tumor recurrence or spread.

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

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

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

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

gene.

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

having an increased risk of tumor recurrence or spread. .



neopl asti c di seases include carcinomas, such as adenocarci nomas and

nmel anonmas; and sarcomas, such as various |eukem as or |ynphomas. O
particular interest are breast cancer, prostate cancer, HQE& &gg@@r, col on
15 cancer, |eukem a, |ynphoma, and oral cancer; nore particha Y ﬁreast
cancer. As used herein, the terns "cancer recurrence" and "tunor
recurrence,"” and grammatical variants thereof, refer to further growh of
neopl astic or cancerous cells 20 after diagnosis of cancer. Particularly,

recurrencghomy inochis eheodfimetiter praneerolHedeidgifiPWd DEEHEHd N t he
cancerous tissue. "T ead, " z%ﬁilar%¥, occurs when the cells of a

tunor di sSERPRaPE Pﬁ?gg%B%g a¥ing; dOxht SV IS Pds SIRF SoTHATs OF Hdvef or e

tunor sprBad emeenpassesazbifyeel aRetasiias) sn Andisedhensidk dfe phrase
"di sease-free survival," refers to the |ack of such tunor recurrence

and/ or spFBRATah§ tRECPERe Ot SRIFAM SMpamast T dgfddist ImAuh Gfespect to

the efgecpat@bntbenaanagr hegnt NevdQ d ifreespar afi dihe PatieMag The phrase
"overall survival" refers to the fate of the patient after diagnosis,

despite tHB Bossibility that the cause of death in a 7 January 2004 8
patient is. not directly due to the effects of the cancer. The phrases,

"“l'i kel i hood of disease-free survival", ""risk of recurrence" and variants
thereof, refer to tRhBepiBEEBELPRYMEhodsoRreetiFefedcdothepread in a

patient Brsyhsaquent Hosdhagnesks Qf CANGEN] WeKSRMAt g probability is
determ ned according to the process of the -invention. Depending on the
nature of iRAévédHadr, wARh1DeapprEfiicacd sgasiegnt iowdpidd. nigs betrhai ned. As used
hereifg LHeiRhtanersCaNEChRMathb3TYe iSR! e ES 18}y, cel ls

neoplastic diseases include carcinomas, -such as |

adenocarcinomas aﬁd melanomés; and- sarcomas, suéh as

various leukemias or lymphomas. Of particular intereSt

are breast cancer, prostate cancer, lung cancer, colon

15 cancer, leukemia, lymphoma, and oral cancer; more

particularly breast‘cancer.

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

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

25 tumor metastasis.

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

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

despite the possibility that the cause of death in a



obt ai ned froma cancerous tunor. In the case of solid tunors which have
not netastasized, a tissue sanple from the surgically renoved tunor wll
typically be obtained 15 and prepared for testing by convzq{ionaboo
techniques. Alternatively, a body fluid sanple, such as a?ﬁ%ﬁ, 6Iood or
serum sanpl e, or an exudate fluid sanple such as the cancerous organ
exudate (e.g., exudate fromthe breagt) may be col |l ected and used as the

" sanple to be 20 analyzed. In the case”of |eukem as, |ynphocytes or

| eukem c_cel.l s, wi.l | be ohtained and rapri agel prepared. Simlarly, in
the. cascPOELER]. Mot AStadl ARF L Oanbtt TheiTe GepoBES P RN PFr 6APGSBody 11 ui
such as Thgnphatisesf,| tild kdllidathd sef Wi sedse-trskakhyvinbect edrdgkor gan or
exudate thereof. VWhile BAG |levels will typically be nmeasured wi-thin the

cancer ouStcEFFYIFENS S pAb e jaRfet Shft weFeh €8 bBSneasured in a

body fl girdbaBaplie W &0 tunssf WcdsSrehdesolt tsPfeBAG hayi parhegr secreted or
otherwi se released fromcells (e.g,, by cell 30 rupture). As set forth

herei R, FHESPAVERE &F BABPTIST CWetGRNi ngheReiBrbBRosi s of a cancer
patient geEBEbLIQSty (@) HiSmidddGdhe-davel tof tBAGH8BRs8XBEESHEON i N
cancerous tunor cells of a patient, and (b) classifying 7 January 2004 9
the pati 8RVeRS1RAving a either a low or high likelihood of tumor ~
recurrence or spread based .on the |level of BAG gene expression in the
tunor sanple or body fluid sanple (e.g., seru of the patient relative to
the reference 5 | eW@PenOEMs MhiHip Inakdize 9t geaecexpr @8si on Once the

oLl I8 Shpsesacieldo SR S ot R LI oRL s 0L pess v o
the phrase “cancerous tissue sample” refers to any cells
obtained from a cancerous tumor. In the case of solid
tumors which have not metastasized, a tissue sample from
the surgically removed tumbr will typically be obtained

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

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

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

30 rupture).

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

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



i 0 expression or anplification in a cancerous tunor. Measurenent of BAG
gene expression is perfornmed quantitatively such that the |evel of gene
expression can be determ ned. The BAG expression | evel |$ hen #ﬁ 9

det ernine the prognosis of disease-free or overall 15 survi%al®%¥ g cancer
patient based on the correlations provided herein. This is possible
because the likelihood of tunor recurfence or spread correlates with the
l.evel of BAG expression in tunor cells. For exanple, it has been found

that when tife PRAVENToR SBRG VNS e SgHe% i ke 20 Rhgh| Liise] Hooed of
Met ast asi $ Ok uaRNH AR GIURIS oS WP A USRS oG 0GET 1481 | QW pAbe | evel of
BAG expression may be used as the sole factor 1n assessing the di sease
st at us, .oI9S&ICoRFPHSEE 10 laddifﬁ Grvano X At ke ¢hcﬂ3<ud}’n§lulqinsalt@le
i1l ustrati (42 9285 @ethunl)’ RASTHEANE il SERLUS.rESLEOgen T eceptor
st at us, and the I'i ke. use reln " gene ers t nucl ei c
. acid séhuéﬁ@@lencodlng a protein conprising a BAG donaln as set forth in

Takayane et al. 1999, Journal of Biological Chemistry 274:761-786, which
i s incorporated 30 hereln in |ts entlrety Exenplary BAG proteins include
t he vari oletiest 4L Sfley 2 ) ‘ g fincluding isofornms such
as BAG - 1N, BAG-lNl and BAG 1L. 7 January 2004 10 see di scussion bel ow,
BAG 2, BAG 3, BAG 4, BAG5 protelns and any ot her protein which contains
a BAG domain and afpceuttitsl @ratdrenparttuﬂluejeizetmemlthanpbé isincluding a
mut ati on ial n ch resu ts in enhanced. or decreased BAG
gene expre%s'bé:}gg%teg? P%%IQE' S(?Lexpresds‘f“lso fSoei/eer%t"?‘(‘/ P undBrattYae, or
i nactive BA@lupeatdemgr@nhemlaAGqﬁwﬁhﬂrrevamﬁlmtaﬁﬂm}demmd BAG 2 proteins
from Caenqy, it | ega nd . BAG 1A and . BAG 1B from
Schlzggac% %r%%fégg %o ?+§a§€£&$“btfbﬁi cancerous tumor.

Measurement of BAG gene expression is performed

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

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

- of tumor recurrence or spread correlates with the level

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

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

25 status, estrogen receptor status, and the like.

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

30 herein-in its entirety. Exemplary BAG proteins include
the various isoforms, preferably human, of BAG-1

{including isoforms such as BAG-1N, BAG-1M, and BAG-1L,



10 1999, supra.): Thus, as used herein a BAG protein has a conserved
45-am no acid region near the C--termnus,. referred to herein as the-BAG

dormain. A preferred BAG protein for use herein is hunman
protein was originally identified as a 15 novel regul atorgggérg%ggls by

virtue of its ability to bind Bcl-2, a potent blocker of cell death Si nce
its initial characterization, BAG1 S been found to interact with not
only Bcl-2, but also a nunber of other proteins which are known to be

critical éé’bc@{'ééﬁééieﬂ BR10GS!, | sdeabh, ga%dyd'm TP HHdisc 70, Raf-1, HG

receptor, DGF receptor, and deveral 'steroi’d hornore receptors. . Previous
st udi es mt%mn ghdt ahy bébie mprsg e iandtiwrarmntdiere 4 S$AMly a single

size of | e ra b si zes of
BAG 1 25 po ypept| QH rglutkrggrjffsol a{%gl ( I kgl}a#fae e #{% foCancer Resear ch
58: 3116- mrml)udimgn@umetatmm sof @ammav@eﬂamlon demitdf irsckulttee ivor mal

| engt h. B erre rei AG- IN'); .and a l.onger BAG 1.

pol ypggpt ;Aégﬁﬂa &%Aéflﬁ?ggﬁgl% ﬁna%r‘?‘c’a %d%)&%lroe)ns’stlgr} e dﬂes e of the 30
corr esporﬁrp@e%ﬂhbﬁndvaﬁécthwaommmaca:umji we liergiti veBAEGL

| ypepti d f t BAG. | | 5o translated The cDNA
Compt onerE 5 £ 1 He BAG PAARRAHLr el Sty o 20 B4 or th in U S.

Pat ent 5,539 &8s 7f£@muaé}én%9%bhli tqrsd dIegbalay af efacilia B3RP, supra,

(each of which are incorporated herein by reference in their entirety).
The pol ﬁ“e%ﬂ%efE@'auéﬁéé@ﬁércqhﬁarO@W%mh%dfl&wasmem\laJand BAG 1L

are 219 apsh 3555 @0t A0. aCfs| 0BG JsRIPeLiMel b DA Jakay al. 1998,
supra). The poI YPEP ?)de sesuencesus ur?an BAG 1IN roeferre to as BAG 1

in Fi gurc‘eora@mecrakéyamn@t agpd maons@maar) EIBAG-Trremds BAG 1L are 230,
274 and 345¢ &45-89. QG'HéréEnlgggE%E BAG domain.

A preferred BAG protein for use herein is human

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

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

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

PDGF receptor, and several steroid hormone receptors.

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

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

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

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



respectively. 10 BAG pol ypeptides, and particularly BAG1 . (especially
BAG 1N and BAG 1L), are present in nunmerous nornmal human tissues. Both
BAG 1N and BAG 1L have been found to be present at abnorgg% Iev30§
numerous cancers (Takayamm et al., 1998, supra; and Yang'eBndgY 2094 1999,
Experimental Cell Research 247:200-207), including for exanple: colon
cancer, |eukem a, |ynphoma, breast. camcer, prostate cancer, |ung cancer,
mel anoma, ovarian cancer, cervical cancer, and renal cancer. However, a

correl atic&ncbfirBA@lm@tan&ssétoralevwsswi_xhrp_p__pgroeai:ﬁ oF “Ridhsgase-free or

N t of b i | ab) e, Det t f BAG
ene. expr RN BB T HT Ea T bk T EVEPAChah bERBAET BREAECBY) oneTBF more of

theI rrtcat ho?mllgpmtﬂdb mm;mn@ésdlf@f Ytﬁéltlzod:o Id xﬁ?hsé @égf%%ﬁ% thﬁefmrml fe (B)AG

anplificatio pressi ev e determ ned by detection of (a) a

BAG pol ypéft ‘{?2“3 913) STn % r?crbfg i%ﬁm BRS RGtEFnione) AepRRERbHedY DNA

whi ch zcongtdd Ut varBAGgerne, m9t{,d) %ﬂapon‘ﬂmét%@t)yﬁéﬁff&é For exanpl e,
etected by neasuring |evels of

| evel s of BAG ene e Ssion can

BAG pr ot eiF q"rﬁf g{é’tﬁ Wt %%dl%pé’é‘???%%?qiyt@oaa BA& bolypepti de. As

used her eimigurhe 3erm Mg a1t tﬁpd51@t€5 p&%&@éﬁ m&—fﬁ”“éﬁé{ 2004 12
S 10 a

refers to nol ecul e that specifically BAG Dprotein,

i ncl udi ng, A%t ﬁ%ﬁb@@ fB@@ﬁﬂ@nqyﬁ§§1?m¥ﬂQ}QR&d5ah@/b@n®bmypept|de
fragment s dgyerafiveaRd thereby detects the |evel of BAG expression. Such
agents are preferably 5 labeled for detection using nethods well known to
those of skilled in the art. A variety of agents are contenplated for use

herei no o speci fi calshy; deliylefti@ePr Uil ha P EESTAP Y BT, 1 ncl uding

proteins known to
{especially BAG~1N and BAG-1L), are present in numerous

normal human tissues. Both BAG~1N and BAG-1L have been

found to be present at abnormal levels in numerous

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

for example: colon cancer, leukemia, lymphoma, breast

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

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

correlation of BAG expression levels with prognosié 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”



bi nd specifically to BAG antibodies to BAG (such as 10 described in United
States Patent 5,641,866, incorporated herein by reference inits
entirety), or peptides which specifically bind BAG A prﬁéﬁgredzgg nt for
binding to BAG 1, such as the anti-BAG -1 anti body used ( for
exanpl e, Takayama et al. 1998, supra, for description 15 of anti body _
preparation) binds to all isoforns of A(}I O her, non-anti body proteins,
may al so be used- as "agents." For ex& - BAG proteins are known to

ecific r r.Qtei eceptor,
ISDIICI))GFI recg%%%rpé Eﬁ 7%%@83881‘@%ng1%5 %g’%h&?fs 5i g ryecejpl% 7 st gz% e like.
a result,pameiof, iheiedpngtefns eaam@dblv@H@MEMMrEhGEﬂE[a?Mﬁ?M tpereof,
b ficall ind BA enpl a ctive bi ndi r agnment
o a pr ot H G SR B RS BAGEF S SR aRG *alt B BEAL 2 S S | S5 A by ni ng
domai n oftis }s\pam ocFhpAATRapecdaiBnN OB uklip dyams lm:@w@ﬁéﬁ@bm a

t f Ki th arbox ter a ent.i de- b|nd|n domain. In
tLFgcf g& or ; IQ%B?C%F%BegéF ﬁ]ﬂ&EbRAQJ Iorit¥ st nt native

“confor rratdﬂ)nﬁclm\@vm thBeaftPasa G}Qﬂ‘&b&yofoﬂ'i%@@lﬁ§ a¥estill capabl e of
bi ndi ng BAG-l é}% or BAG 3) _protein. Therefore, an actively binding
fragment SR Qi Rﬁoﬁﬁet86§5é8|FPC&H?FH%%%?%#KB@&SE%% BAed as an

"agent” wdﬂmzs,peﬁréfgahbyybeﬁdsﬁA@n@&%@d@ p}ol;éélq% Yerd QM 3
Ant|b0d|§ Poth nopocl onal "and pol ycl.onal, nmay be used as specifically

bi ndi ng SREfFthi bR h4YBAG BFet énﬁlépdaeﬁol%@&q desyemgent thereof

Al s0 1 cordeyat aied herehncas 54:\&@5”%'&%%9%”%34 13188 AnY;, r{EB %
proteins which speci ficall'y bind BAG whether by deletlon ove

exenpl i f iR&PHeLtady tyoherenge, igddtsi BAtLsPty)GSPrdmasidsas avrem domai n),
Or sequendcifically bind BAG. A preferred agent for binding to

BAG-1, such as the anti-BAG-1 antibody used herein (See,
for example, Takayama et al. 1998, supra, for description

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

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

20 hormone receptors,’and the like. As a result, any of
these proteins, or active BAG binding fragments thereof,
may be‘used to specifically bind BAG. An exemplary
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 ﬁeptide—
binding domain. In this form, Hsp70 will not
indescriminantly bind proteins in non-native
conformations; however, the ATPase domain of Hsp70 is

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

“agent” which specifically binds BAG protein.



nodi fication (e.g., site-specific nutagenesis), and the like. 10 It is

al so contenpl ated herein that one or nore of the BAG specific binding
agents may be used in a single assay to neasure BAG protgign& v§b 4 FOr
exanple, a certain protein known to interact with a speci# C ortron of
the BAG 1 protein, such as, for exanple, a 15 first antibody rai sed agai nst
the N-terminal 60 am no acids of thelBAG 1L protein, may be coupled with
‘anot her specifically binding protein, such as a second anti body raised
agai nst a sequence Bophikhodees) nbbbh hmBAGc1lMnandanBAGolkcliBahg mhgse two

ant i bodi in sLpgle. cLiLc. levels . of.the.differently
translatgﬁeEﬁigf 5%o%§%§%§?%%%fgaébﬁgiﬁgaééF§5Sbéﬁg?Pfé%éﬁtPgFly measuri ng
the two amtobeilnesr Prppaypepbdidef frhgmagenthbarodse Rhsbhe detection of
BAG protein Jevels wl] be.carri out _uysing.2 he _net hods_of _opne of

ordi hary STFRREERY RePELETRR B Hhat TR s8Rt eamE: FrLamRReRRS Cur r ent
Pr ot oc®l sof npribeensl anhiBhospgyifandlin Yifd BaGenthhaheb, B2, 864.
Simlarly etection of BAG protein_leyels be carried out .using any of
The ot hote RhEGH (850RROEF BFATRL S 90: SRPRLERA, RE 4t AHELbAPHG

hi stochenp£ai ‘sE@i dbRgin ¥ési eGRPBiohadnal ysirs seyjgraepr eci pitation (or the
equi val ent %hﬁreof,for non- ant | bod agegts), gnd t he, bike. In a preferred
enbodi nenPORt L RELEAVe At B FHES™FPIahbAFYMS669°1E5h&! hod 8t “BEt ecti ng BAG
protein leyets is an inmmunoassay (such as an ELISA, i muno-PCR, and the

i ke), which includes the use of at |east one antibody. Measurenment of the
pol ypepti de encoded by a BAG gene nmay include 5 neasurenents of fragnents

of thegpol ypeptide, wheseanséhgontempiBots Beireenf ERALt bABSEE pbirenal or
tranS|atlggaLhe_BAG specific binding agents may be used in a
- single assay to measure BAG protein leve;s.‘ For example,
a certain protein known to interact with a specific
portion of the BAG-1 protein, such aé, for example, a
15 first antibody raised égainst the N-terminal 60 amino
acids of the BAG-1L protein, may be coupled with another
specifically binding protein, such as a second antibody
raised against a sequence contained in both BAG-1N and
BAG-1L. Using these two antibodies in a single assay,
20 the specific levels of the differently translated BAG-1
polypeptides may be measured by differentially measuring

the two antibodies.

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

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



variants of the gene; or alternatively, differently sized  polypeptides
arise as a result of post translational nodifications including
proteolysis of a larger portion 10 of a BAG polypeptide.Yﬁp exe %

i mmuuno assay for use in the invention nmethods for detecti g@? tein

| evel s is an inmuno-pol ynmerase chain reaction i muno-PCR assay (described
in U S Patent 5,665,539, which is 15 jncorporated herein in its entirety).
| muno--PCR.  utilizes an anti body (&ﬂ’other agent which binds BAG) to

detect the t mher antib or. . ot her ent) is linked to
2ol ecuPE tOED B et A T A S hebP VRLRI 18 BindERAS8FRaging

mol ecul e (ighi @al layn 20,108 dlmﬁmumcam ahdsthei dgikay, nwheenl e is capabl e
of blndlngga second nol ecu (py |caI blotlgépattached to a nucleic acid

mar ker udgs &e &S ARPLPPA¥d uMPAGUBEReREL hods. This

sensi ti vefdehec biodypdprtihrd erﬁ:dwéd leaarm:c;ug@ﬁul m¥bennBiGdeevel s are
often_25 difficult to detect by other nethods, for exanple,  detection of

BAG i Al sBEERUIRBES e Rt THIMSTE H Ay fept | Bel ¥ReBadEehy WA BRER §Bfe may

further keagakhtgdQulsd C‘f:‘iﬂ?@ﬁifa{r?s%ﬂ%p@f@ﬁﬂleor tainkhechewah of BAG
produced inthe entire cell, (b) the 30 I evel of BAG produced in the

~ cytosol , VR&ERapkE 1ody diheolgemBAG P cksna ki vadynuei Gsrepa)yl skerdof BAG

present bp1veablibieRe Pilda s (ae &sulstewf@pogedtéshsﬁaheﬂaﬁl nation
thereof. Exénplary nethods which can be used in such 7 January 2004 15

neasuren@@@éfllﬁéltad%lsl Ansilindimg ooteakhs b8, ofhaslacaeni paKtsPai ni ng,

partigul gl ¥ ghgf %?tl&géﬂlﬂ ng between t he cytosol and the nucl eus,
and 1n vitro net h as Western blot analysis of nuclear 5 extracts,

cyt OSO|IC extracts OI‘ serum
' An exemplary immuno assay for use in the

invention methods for detecting BAG protein levels is an
immuno~-polymerase chain reaction immuno—PCR assay
{described in-U0.S5. Patent 5,665,539, which is

15 incorporated herein in its entirety). Immuno~PCﬁ,
utilizes an antibody (or other agent which binds BAG) to
detect the BAG protein, wherein the antibody (or other
agent) is linked to a molecule (typically biotin} which
specifically binds a bridging molecule {typically

20 avidin), wherein this bridging ﬁolecule is capable of
binding a second molecule (typically biotin) attached to
a nucleic acid marker. This nucleic acid marker is then
amplified using PCR methods. This sensitive .detection

' method is particularly useful when BAG levels are often
25 difficult to detect by other methods, for example,

deteétion of BAG in serum.

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

therecf. Exemplary methods which can be used in such



Detection of |evels of nRNA encodi ng BAG nay al so serve as an indicator of
BAG expression.. The nethods used to detect nRNA | evels will include the
detection of hybridization or anplification with the mmﬂég”&%(f’%gp g BAG

|

This detection may be carried out by analysis of nMRNA eit O or in
situ (e.g., in a tissue sanple) using one of the nethods known to one of
ordinary skill in the art as exenplifi¥d in the Current Protocols in

Mol ecul ar Biology (John Wley & Sons, 1999); 15 in U S. Patent No.
5, 882, 864 MEAFF NG K L nA RN L dreeheds weiEh besany RNA transcript of

a BAG geng,; Nt rer; . | di ng BAG may
al so be ﬁslesg:r Oz;:shf inﬁ%discga%g{lqg' é%aﬁg%gi%%nabﬁf%gﬁg?y of 20
changes, ftehniinad hewesm e quoresoh aid DNte weiicheesnsand uies a BAG gene
may influ I | 55 Of n ' For_exanple, .gene, anplification
will provids iore Cones o & BAS Yona WA mRAHE bel E THerehy

facili ttat iexg et syamyftactailries efxtamaetney easesenunber of 25 MRNA nol ecul es
encodi ng BAG which may result in'an increased |evel of BAG protein within
the cell. In another exanple, gene translocation or partial gene deletion
- may have an effect a@rtduriat eHflaeses exprremed oambdydiherraxai®y e,

decreasing.the ability of a 0_repres rotein tp repress BAG
transcri p%’l@r?, &SR ﬁysng-“n i ‘:gantecg)r I%’ig%}%@o?x%ﬁ@'ﬁ%?ei MRFthin the cell.
Det ecti onmeftHdals peed o efeddth WRNA bonsld twi BB Bn&BNwie ggie may have
application by i.ndicating the occurrence. of,é\]an,uary 2004 1.6 gene
Aol {1 Al et o L AR LT GTE. 3508 450 o PR L VDR 0F GREh
nodi f i1oat iepre cefinigh@AmpY THilat e GEME ISy BOCEAF Olled ObuBgeEssi bility, of
a BAG gene V\/rli ch results in abnormal |evels of 'expression of a BAG gene.
analysis of mRNA either in vitro or in situ {(e.g., in a
tissue sample) using one of the methods known to one of
ordinary skill in the art as exemplified in the Curfent
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 méy 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 exémple, 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
ancther example, gene translocation or partial gene
deletion may have an effect on the rate of gene
expression by, for example, decreasing the ability of a

30- repressor protein to repress BAG‘trénscription, resulting
in higher levels of BAG protein within the cell.
Detection of the portion of DNA which constitutes a BAG

gene may have application by indicating the occurrence of



5 Detection of the DNA constituting a BAG gene nmay take place by a variety
of nethods known to those of skill in the art. Such nethods will typically
i nclude the detection of hybridization to the DNA constiZutiQ%HQ OEQG
gene, or anplification of the DNA constituting a BAG 10 géndn's¥i¥@%et hod
may be carried out-by analysis of cellular DNA either in vitro or in situ.
Nunmerous methods for carrying out thi,s. detection are known to. those of
ordinary skill in the art, as exenpliﬁied in the Current Protocols in

Mol ecul argBhol a6¥1 1 80datB o, St e TG WP, muBS; 894 x‘PJ'cfQJri S
[ ncorpora(t;ed herein in its entirety. Cassifying tjﬁe pa?l ent The
cl assi fi caetohion, part PEbkar Mol femat iarequf rigze comparhwgbehe | evel of BAG

gene expr ' L n. e tu .qf: @ Jpat i en a er | eve

(al so re%% {fle c%b éégg{:gggél r%vaglq%%g&g;rl%(%(%%,éa%%%rgé_%a%ﬁﬁgﬁg t he BAG
expressi opefeves o ahporwhlls ligvel s caheermusssimmrobHf a aBpGt geme, t he
measured |l evel is conpared to a reference level. This reference level is a
25 |l evel of expression of BAG used to evaluate the |evel of expression of
BAG i n5 cancerous ceDéseoftianpatii ante Beadricaltytinden Bhe devel of BAG
expression_jn ncerous cell.s . of a patien re higher_than the

r ef erencem?%v%%}?gt%ggggl {Dg Wi Ivla?rbleeté’or?% &éerterltf’ci%a]ﬁé?/"éngt%oﬂﬁ?@% ?Pevel of
expressi oskibl Dwetpeodntti osuddf rBAGodsConVier sefyicabhkn ifelbdyel of BAG
expr essi i n,the _cancerous ati e lower.than the

o) cells qof, a nt
ref er ence® eJ%%E%?§l%602flgyP&}é4{zﬁ%t+€% qd Irﬁ‘g%e‘:%ﬁiﬁﬁé?%‘&gt% have a
| ow | evel BA®T gexy essi amp laf iwadeIqy eUaiHed MNOfcE¥E 1 Ast Us@ds hex@i n, the

ternslahiggnésvefﬁigrmethod may be carried out by analysis of
| cellular DNA either in vitro or-in - -situ. Numerous
methods for carrying out this detection are known to. A
those of ordinary skill in the art, aS exemplified in the
Current Protocols in Molecular Bi010§y, and in U.S. N
15 Patent No. 5,882,864, which is incoqurated herein in its -

entirety.

Classifving the patient

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

cancerous cells of a patient are lower than the reference



"over production” of BAG gene expression is related to a 5 | evel of BAG gene
expressi on above a determ ned basal level and is likely different for each
cancer type. Thus, in accordance with the present inventkgp a E@Bgrence
or basal |evel of BAG gene expression in a particular ca PUYE] ype is
identified as a "cutoff” 10 val ue, above which there is a significant
correlation between the presence of BAG gene expression and increased or
decr eased. t unor currence or .spread. Those of skill in the art wll

r ecogni 26 ERAL” SBRE Eter ML 13aPResoRraCaTer difatly 1o & Ha dsviitcal

correl ati gpseapeestkiildn,19rsugdefpeaguceven,a Jmmges . of val ues 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. ifs sisednderst aodthbat: drifar OVERENSWd1~0RY mal  cut of f
- values 20 coul d be determi ned, depending on the sophistication of

stati sti caPVREPREAYCELER aRd BAGt AENRURFEL S&%d WodrcdedPteshisl és used to

det er ngne1 &¢Eer grCEARS _g@ﬁéabxp%g%iohocabo%e diddrengnthLapzenicel | types.
Such "overproduction” i's not typically 25 calculated in terns of absolute

BAG gene &SpPeésdnenisr Lijedverdaffevens, foq sashd@@aGRmMETPEsi ng rel ati ve

measur emegkgs, ThRSg cbelrahh¥e WRRRUEREERLS e idvdistiat gd for quantitation
purposes with an "internal standard;"” however, 1t wll be appreciated that

other 30 5¢hpEards or ReshédieyrldefePAtngenen xpyraseigvedn such as
he DA comer LT Ut LRg 2 BAG 7o JanuPS 3004 T6 danc. aoed) ure Vafues of the
prot el® oV2hRRIA aboPRAWhighekbergndst he siiighd fiTRatr sharedesiloavel may be
determ negoP¥e@n the presence of BAG gene expression and increased
' or decreased tumorx recurrénce or spréad. Those of skill
in the art will recognize that some "cutoff“ values are
not sharp in that clinical correlations are still
15 significant over a range of values on either side of the
cutoff; however, it is possible to seleqt‘an optimal
cutoff value (e.g. varying H-scores, and the like) of BAG
gene expression for each cancer cell type. It is
understood that improvements in optimél'cutoff values
20 could be determined, depending on the sophistication of
statistical methods used and on the number and source of
samples used to determine reference or basal values for

the different cancer cell types.

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

measurements, measurement of the DNA constituting a BAG



plurality of methods, provided that the resulting 5 reference | evel
accurately provides a | evel of BAG .expression above which exists a first
group: of patients having a different risk of tunor recurrgnce pread
than that of a second group of patients having BAG expregéﬁ'BHarlyg?g?s bel ow
the reference |evel. The 10 reference | evel may be determ ned by, for
exanpl e, neasuring |level of-expressipg of BAG in non-tunorous cancer
cells fromthe sane tissue as the tissue of the cancer cells to be tested.

The ref er@ice, | eMeb10BY #h8QesPEratheVakorkiBAG YRGS Y { invitro
cultured cells 15 which nay %? may no‘tshgvelbeeﬁ: %@pﬁ’lrg{bg%\to sinmul ate

tumor celd&veks. ngydhelve bekA- mani pul ated in any other . manner which

yi el ds expression |l evels which accurately determ ne the reference |evel.

It is inportant to recognize that reference 20 |levels are not necessarily
the level s of BAG ekip? essfencfioandeialcuhyubeddetlelrninges bysed t o provi de

i nternal _ S t Ry .be, reference | eyel anmounts of BAG
gene exp#%@élon Eg.%§5?%£§§%?bP§?§YH§§% ﬁ&ﬁi,%éﬁd;eﬁ g%ﬁpﬁé) that occur in

“tunor Telisfengngs, 1évrl exanptate2P possildks thakvalhioghBhevel of BAG gene

expr essi . fu le w ]l gave .re&atively |_ower .expression
'IeveItﬁ%%#%%é?%%#r%gé%ggﬁﬁbgémﬁfb? ?e?n%éfﬁ e§EPER- PV BRSNS i nterna
st andar d.harheng of edefiferércvetismyofl sambe detearmened by s3@esenpari son of
BAG expr | on,l evels in_ populations og patients Haan t he sane cancer.
‘Thi s nayq%%hhgg%%%l?érﬁxf%g'%?s?ﬁ%?%n? nﬁ?%%?g%si_aﬁﬁPghBﬁﬁe entire 7
January 20{ptelfs bohotdvels peélent shé esédraneegiapbical Icnepr esent ed,
wherein a first axis represents the |evel .of BAG expression, and a second
i s 1 ey ety dre deferftfea’hy,” for Shatple!

measuring level of. expression of BAG in non-tumorous

cancer cells from the same tissue as the tissue of the

cancer cells to be tested. The reference level may also

be a level of BAG expression of 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 referehce level amounts
of BAG gene expression (e.g., BAG protein, BAG mRNA, and
the like) that occur ih'tumor_cells. It is, for example,

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

in an internal standard.

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

accomplished by histogram analysis, in which the entire -



patients in the cohort whose tunor cells express BAG at a 5 given |evel.

Two or

nore separate groups of patients nay be determ ned by
i dentification of subsets popul ations of the cohort whic ave
P 2864

simlar expression levels of BAG Determnation of the.r

t hen be nade based on an expression |evel

sanme
vel

or
may

whi ch best 10 di stingui shes these

separate groups. Verification that thé®reference |evel distinguishes the

i kel i hood of tu
bel owr ef 6PRAER

ref erenceyhevels &f tBAGI Sx€ar rie@de@entusivhe SicR@ie ovai@bl e or
mul ti-variabl e anal ysis. These nethods determne the |ikelihood of

correl at.i BHPHRE SRR, 0fBAOR SREPE AXEbFEPTATETE: Syitiien Bk L I n t he
speci fic pgasentshennehBodsnwick! Heker Fune 1 heahikelidonad ofz@ 40

correl ation between_  BAG expression |levels (or BAG expression |levels
coupl e® vEiFeRnbeYiet - vaFvabPE) Mexe sePscase fareainsy

cancer patiefbferfiiedOB

HeftRledakibyn off mRieds uel

ul

dradlierdiy wayal
s‘t fthose of

spread in cancer patients expressing

[ recurrence or _
g?eQ%FéeBFSBﬁésﬁéﬂsG§etéﬁ@%¥t¥ﬁﬁ¥%¥n35%§&ﬂﬁﬁﬁbing above 15

a

of

9 k.;itgvéﬂ}]
ordinary skill 1n the ar? for carrying out these analyé%s 25 may be used.
Exanpl es Bhestolyprt vahiabl bazraths same e sikddlean-apinesssidrod or t he

| 0g-rank 1@@%%5 A g%ﬂfﬂ?' eDQEerH‘ih’aitg\eSﬁr iogglgﬁﬁea'}@f%%'be%des 1R 109%

proporti onal

azar regressi on no at1 on-

ref erenceth@o peverde(eaged hhseogeaprassips dpvied cdvidledenit using a
cohorioofdgg{iggﬁ SﬁggftﬁéggtSEEﬁgg%giF?g?@ er to determine two or

separat e groups”of pafienfs hav
Typi cal |y,

preferably 50 patigopsr; OREEOR" BhekakhY (2 ARl S 0d Yot nore

15

20

25

30

distinguishes the likelihood of tumor recurrence or

‘spread in cancer patients expressing below-reference

levels of BAG versus cancer patients expressiﬁg above-
reference levels of BAG is carried out using single
variable or multi-variable analyéis. These methods 7
determine the likelihood of a correlation between one or
more variables and a given oﬁtcome. In the specific
case, the methods will determine the likelihood of a
correlation between BAG expressidn,levels (or BAG -
expression levels coupled with another variable} and
disease~freé or overall survival of cancer patients. Any
one of a plurality of methods well known to those of |

ordinary skill in the art for carrying out these analyses

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

different BAG expression levels. Typically, such a

nt™ BAG expression | evels.
such a 7 January 2004 20 cohort conprises at |east 25 patients,

nor e

ased etern1ﬁhtion of



preferably at |east 100 patients. Simlarly, verification of determ ned
reference levels wll also 5 conprise at |east 25 patients, preferably 50
patients, nore preferably 75 patients, and 'yet nore preyq{abl¥ 54 | east
100 patients. The reference |evel nmay be a single nunber, @HH%I@@
applicable to every patient, or the reference 10 | evel may. vary, according
~to specific subpopulations of patienyg.. . For . exanple, . -nmen . mght
have. a different reference |evel than wonen for the sane cancer

Furt her Wvé&qoﬁwecclsrﬁﬁ@{%geakeysgsm g5t phei8awR | euelre dgii8F Hged for each

patient individually. For exanple, 15 the reference |evel 'mght be a
certai n reatienis BABrexpressrahliyn’bheatiaspitseeldngd ¢feta Bsatd ent rel ati ve

to BAG. fg%g | I NP c k- t.hi ngt: patient. Thus the
'referencgﬁﬁéve é%# €5c§@%§?F§99 ﬁékieﬁ%gﬁrogggﬁﬁégﬁﬁy a reference -ratio.
of BAG exyruwiskicati®0 ahedetarmnhoedetefencaceatlieyatmy Wwid ldetlerari ned by any
-of t s. fo I BN - fe I ri.hed above.
Furthgf,?%ﬁﬁ%?%%mé%gﬁégéﬁlgglgegﬁgaégérpggg%rggﬁség%%g%ﬁ%ﬁggﬁa nunber

whi ch separmat gere fwr gl bypssopalBepasi enns, yet meonw tduaefarteblscage. of the
inventicnhétug 1d¢nmﬁé&@n{§ference val ues ni ght exist which separate a
plurality © opu I ONS. "For exanple, two reference values nay separate a

first group of patients with high |evels of BAG expression froma second

group of patients with_internediate | evels of BAG.expression, and froma
third group of patﬁ@ﬁ sTF EhePER EVEESmBV EﬁGa EXESs B e nunber  of

di f f er enteqieflenenpepl Byvatbsemay ebersupbitieant, be piesardferemceur ve, such as
whi ch .descri bes the l.ikelihood of

‘a cont | nuous .7 January 2004 21 line
dlsegg%_;i%ﬁ§%ﬂmay vary, according to specific subpopulations o
patients. For example, -men might have .a different

reference level thah women for the same cancer.
Furthermore, the reference level might be some level
determined for.each patient individually. For example,

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

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

described above.

Further, while the reference level described

above discusses a number which separates two groups of

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

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

be sufficient to proscribe a curve, such as a continuous



overall survival in a patient as a function of BAG expression level in
that patient. Such a curve will constitute a "continuous" BAG reference

| evel , where the 5 |ikelihood of disease free or overall survival..ip a
patient is portionional to the |evel of BAG expression IZV@P”?Hzpﬁgt
patient. The reference |level can also represent the |evel of BAG protein
I n one or nore conpartnents of the 102zell. Typically, the reference |evel
will represent the |evel of BAG protein in (a) the whole cell, (b) the
nucl eus, binéc)whhehcgeosolibeFhithel évéklwhblbde fuskfadasemfarrec el

conpart e | zat | AG_protein _correl at i.th t ri sk of tunor
recurrencgég%éégréggvg%ag &8y faPRt18" aﬁEeF.%§8F%%§5hﬁ$§PAﬁf has been
observed ¢hateshiohelelvelofinBAGapr pheienics hisglaty ai mudve ¢pnasol of

patients with_.Jow risk of_ breast,c er recurrence or,spread than the
cytosolicc%ﬂ@$b#%¥%iﬁ ISQBFlBPOBQtig%@srﬁfﬁﬁemcﬁh GV ot N e &8E cancer
recurrgnckikelspoeddofddipeheet feckbaet bhatra2Q tsheviewal ief aBAG expression
in the nucl eus can be rgughL% e uivalgntl Sinil%rl .. the reference |evel
may be a PFRITOEot S| BROEFECBACOBAE HPot8Fn LT etheidiff Ce fERESSEdMPar t ment s
(e.g., theevaliOnothavcheaieBAG protein to whole cell BAG protein, or the
rati o of nuclear BAG 25 protein to cytosolic BAG protein). It is also
contenpl ated herein that the reference |evel can represent the |evel of

expression of a sipgterbgereateBAGvee. Ban BAGolNepBAGhM tBAG 1L, BAG 2,
BAG 3, BAG 4, OR_BAG.5). This reference |level 30 will be useful when a

singl e tra®%eated FREnPEPEBAB 1BoPPEI 8F e¥OWPt FORE TSR ST ofufde recurrence
or spreadc®f1.a eppiabnlganeae. rEeerexaePhayveit winy bepPlsentednkhat the

| evel- of BAG 1L expression is higher in patients with January 2004 22
level of BAG protein in™ (a) the whole cell, (b). 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 observed that the level
of BAG protein is higher in the cytosol of patients with =~
low risk of breast cancer recurrence br‘spread than the
cytosolic BAG protein ievel of patients with high risk of -
breast cancer recurrence or spread, despite the fact that

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

whole cell BAG protein, or the ratio of nuclear BAG

25 protein to cytosolic BAG protein).

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

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



|l ow risk of lung cancer recurrence or spread than the |evel of BAG 1L
expression in patients with high risk of 1lung cancer recurrence or spread,
despite the fact that the level of total BAG 1l expressio % he sum
of 5 BAG-1N, BAG 1M or BAG-IL expression levels) is th Jahiiery 288 o)
patients. Simlarly, the reference level may be a ratio of |evels of
expression for different forns of BAG2 e.g., the ratio of BAGIN to BAG 1L,
the ratio of BAG 2 to BAG 3, and the'Tike). 10 - The reference |evel of
BAG expressi,o Y £f e S nother vari abl e
found to %éhapéggtfgt?ggﬁ EaBEeE %g%%ﬁéh to%ﬂba%tk t ¥ hood of

di sease- fieeebrOévBAGFﬂLsaxpreablbnrxm pﬁhﬂﬂﬁﬂﬂ:wxnnxhlgﬁimiskrmﬁcators

i ncl ude t or .15 Ievels of bio ers of uch. as ot.her proteins
(g abbnfl §8506E BLopdRenfyy ot Bord e R 1 48 e ol e

|nd|cator5heelgvelagé tbuabr BAGzE, ekpm@351hnstd1@gy,uﬂernumﬂoﬁtage and

the |i or ..ex cli stage of .the.can so be a
statisll§ gﬁF 550 Egg ?Mrcaﬁt E#‘ﬁauléa% I8 S L A& atd'\‘Fer%ﬁWesurvi val
(in addi tfop adlBpStexptessi pamiawell), Wier eidgiddegicd afeﬁfeﬁ‘lnci\%}l' avel of BAG
expression na vary acco din t he .clinical e of he cancer For
exanpl e, ?e§@¥§ AGS §p?gs§ﬁBHESEF€PeF§Hiflm AT HAG 1, in 25

conj unct i BPIGWI(éthl, i Bheakastiager! pab-aNcarcend-an.,a tgié’%tinﬁtd@m , are
partlcularlé greferred indicators _for increased |ikelihood of disease free
u

or over al PA8uf vF9aPACréncandt RBer dikfdnce | evel 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 at? will recognFee FREEreRfe deyrdo OFoSHD RIS SFERIUTRY evel s of BAG

proteins EAr#ndanyar¥s€804n conjunction with another variable
fqund to be a statistically significant indicator of the
likelihood of disease-free or overall survival for a
specific éancer. Such indicators include the presence or
15 levels of biomarkers of such as other proteins (e.g.,
ras, Bcl-2, and the like), or may be clinical or
pathological indicators (e.g., age, tumor size, tumor
histology, clinical stage, and the like). For example,
clinical stage of the cancer is also be a statistically
20 significant indicator of disease-free or overall survival
(in addition to BAG expression level), wherein the
reference level of BAG expression may vary according to
the clinical stage of the Cancer. For example, levels of
BAG expression, preferably high levels of BAG-1, in
25 conjunction with clinical stage I of a cancer for a given
patient, are particularly preferred indicators for
increased likelihood of disease free or overall survival.
Hence, the reference level of BAG expression may vary as
a function of another statistically significant indicator
30 of disease-free or overall survival for a specific

cancer.

Those of skill in the art will recognize that

it is also possible to measure levels of BAG proteins in



23 body fluid, such as serum Tunors are known to readily shed cells

whi ch, after release into the bloodstream my burst due to cel

fragility. For exanple, it is contenplated herein that owve ﬁﬁﬁﬁlon of
BAG 1 observed 5 in approxi mtely 2/3 of breast cancer patlents results in
I ncreased secretion and/or rel ease of BAG 1 protein into serum Thus,
detection of any BAG IeVeIs preferabRy high BAG 1 levels, present in body

fluid (e. Boy g nb ontenplated for use in the invention nmethods to 10
det er mi ne”8%¥r @Hb r sSHF dF§eé§é”F¥eeT§F°6§eﬁma kngwri veal réadilyranner

anal ogousshedt bat Lgewnnghl abgdew th1hee thesue | . STl
quantltlegaof BAG can be__neasured in gd? 5§9?35%ﬁ8t m,” may

exanpl e, usihg
ant i - BAG PBhtFbBHEetO; ﬁeﬂﬁnﬁﬁéQPéRtﬂbthgég &§a§®§@n|b¢d1here|n 15

Accor di ngkyntéhplsteQ@nhepek at g hergl e Jsvel s may
represent ,the | evel of BAG presgnt F%eggggggquhl g%%gﬁEObs serum

Invent?onlﬁﬁ?ﬂBH§X1Tﬁ5?lﬁeaéar@fth@eBQVeCaoﬁ8¢lpaﬂuﬁnﬂa;dﬁ%ﬁﬂﬁsein t he
| evel of £%@%é985309@09ét§8ﬁughd/BEeE§ﬁ§QF¥ %ﬁeﬁﬁﬁ W'grg%ﬁugg%%§% ng. and

particularly preferred application to ear I agnosi
early det®fFiRat i BRUSF ¢¢§Rct®©ncaﬁcenyrﬁéﬁrﬁeneésorp&pﬁ@&@bl®or patients

W t h abnog BENEl 5104 BAG hpLgye i,n their 25 serum_ After
t he Ievelsﬂ%¢ expr essi on of %% Qent %g bb Eiééﬁlé o -4 6§ﬁu§Htlﬁave been
det er mi neEPRRYMP cdRPAr Edrtvsa LefEhencavéntebn teehpalsi @t . is then

classifi egat L g c kel i hood_of di.sease free or

overal | sprvi%é&ﬁkT%ga oﬁﬁg%ggeﬁfhgéég%?? 56 8i SEaSESFPeS GPIRERA |

survival ¥®rathenper | amlogoassessebabaderdonstiheeli kekhhead of

di sease-f¢ e f s ST | Sﬁé¥lvg$aigrqggﬁ£egagslgftggE aroup, For
measured in body fluid, for example, using anti- BAG

antlbodles in immuno- PCR methods as described herein.

15 Accordingly, it is contemplated herein that the

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

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

25 : After the levels of expression of BAG in the

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

. disease free or overall survival. Then the likelihood of

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

example, the tumor cells of a specific breast cancer



exanple, the tunor cells of a specific breast cancer 7 January 2004 24
patient may be determ ned to have high | evels of BAG expression relative
to a reference level. This patient would then be classifgqp intgpﬁ group
of patients having high levels of BAG expression. Since, 'i"A"4¥¥& 4nce
with 5 the present invention, it has been discovered that there is an
increased |ikelihood of disease-free or overall survival for the group of
patients expressing high | evels of BA& 1 in breast cancer cells (relative

to those _expressing low. |levels of. BAG 1l in breast cancer_cells), 10 the
speci fi c RteHstt ¥ Pe pdeFentinsd &Ob@aéf@nﬁltﬂg’r 1S b/ EAh i ncreased

| i kel i hoaskmfe sk b@aseeiseever tovar akifersiod ialvell N anptdesaendpdi ment  of
t he present i&vention, a method is provided for prognosis of disease-free
or 15 ovefH1dstheR B 6fasAdtirduansonayideuwr heatianey having

parti cul afigh heev@lH0gs CORRr b&BTedREBAN NigiGiAMeliRelac BAQMH A GHLHS
overproduced in a sanple of such a tunor, wherein-such an overproduction
corr el?at eNHRTIFIRT yLIWERTignsedbehpsebeen sligcaverad whall thpms,

patients My 20; i pEkcEaNi gReh eUBbe of BAGIYLQI 8 N3y cﬁ}él]iﬂcf eased

l'i kelihood of survival relative to patients producing low levels of BAG
prot ei n. SAHOtHERL ehpbdrhengretrt BE pakdrniten epraEsddsida hingt Hedrdlor

Screeni NG, A wANCEer; Pat et t r g t ik f gy netastasis.
The net hod conprié%s detern?ﬁﬂﬁsgtEgﬂﬁgvgﬁéﬁgzhw)iqﬁé% I Oh or expression

-of a BAGHEIRSTING tawcbevadst pEsBAGsaAnpine bine@mtt lvenwatn eretllsA pati ent

f oun o v ' BV £ Is or pression .of the BAG gene,
rel a’?'l({/e to gsé.gec?ie]frieﬁctgkgag% eggﬁgé%sggkéggﬁtf S (i)eéis queeicr?é] leresr 99 K& y to
suf fer tUwore aretincosdsedr lhkelaboadi nér dised sehdnee ofr swedaldl .

survival,

~In another embodiment of the present invention,

a method is provided for prognosis of disease-free or

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

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

levels of BAG protein.

Another embodiment of the invention provides a

method for screening a cancer patient to determine the

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

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

metastasis or having a increased chance of survival.



7 January 2004 25 As used herein, the term"netastasis" refers to the
growm h of a cancerous tunor in an organ or body part, which is not
directly connected to the organ of the original cancerous Ernor.éggéastasis
wi |l be understood 5 to include m cronetastasis, which ig aﬂgma nce of
an undet ectabl e anount of cancerous cells in an organ or body part which
s not directly connected to the organsof the original cancerous tunor.
Therefore, the present invention contenplates a nmethod of determ ning the
risk 10 of further Zsowshdoheardngr tiver & eqanterediiss tAHMN”S Hd¥edy tQF gan or
body part [ | S, N irectly connected.to the organ of the origina
canceroustpt(\@un‘%ir].oe"?% §%tgaﬁapﬁ8¥°8r?b53f“ﬁ§ntmofant Iﬁ,;qad'gé?ﬁ 3%%1,3’ Rfdtthods are
provi ded wloich hisdeber dinattdy ebnhevelks o thedBAZERXPIESYHA i n cancer
patients g§'€fn§fr|¥ st age O%B tunor devel opnent., As used herein, the term
"stage", “Wwhen apprTeacteUtufiifdevelGhRete S HefErlsl (Re HeledaHd  of
progression dichudennicrifetassastiagewhafcht UK hdghalopmNt farsg wel | known
to those of skil{ %£ the art, %O as exenplified in Markman 1997, Basic
Cancer MEHIEFneCtakRiggREOYRt 4PET SRBREIORTC SR Idr d M Me@atc &6t di ng to

di f f er entbedy tpaie, whiphcak! Housuagethe yTempnaader M ias! a3igan( TV
system Fgor exanple,. stage | of breast cancer requires no |yrph node

i nvol vemert® Ahtitagecfiicersuss thpasst ARsEELanRvolties PEes®at no | ynph

node i NvDhveENbn aBEn BehBl 8€eB’ BMREYhbUNRYE, Q% driitdidly loHEh 1 sjode
‘|nvolvenen% gnd a small primary tunor (see Markman, supra, pages 35 and
36) . X mi PhriYesReT peFonshop Lt RBS Q&r OGS ERPFICEAVSsttaesscdm Ba found in

Mar kman, stga@, 0B0pb@y HaPY GRDER' i6PAGES 034k 137 orad tRPOTLAL g Lcancer
(pages 64 to 65 col on cancer (pages 78 to 79) and ovarian cancer (page

38 to 39)°TER | 9T stAge’rb¥iraspFancerous tumor.

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

20 as exemplified in Markman 1997, Basic Cancer Medicine.

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

tumor development in which the tumor has detectably



devel opment shall be understood to refer to stages in tunor devel opnent in
whi ch the tunor has detectably 7 January 2004 26 spread no further than the
| ynph nodes | ocal to the organ of the primary tunor. Typlc Ilg 2%ﬁrly
stages will be <considered to be stages | and Il. As used’ W

phrase, "prior to |lynph node involvenent" refers to. the detectable
presence of cancer cells in the organ,ef the primary tumor, but the |ack
of a detectable presence of cancer ce I's in any |ynph nodes i ncluding the

lLymph noglese £4 086kt Pndhecgrgannal 3 RBnP H%fsyﬂo%'gﬁf ol %epf & lve
&

~val ue of e nethod of the 10 1 nventli artlcular ive in
t he case Qﬁ Bag i RAIBAT Y th@oéarlVystagééYOfeeaﬂweﬁtagEhlyldé h&nause t he

et hod ofcdhes AaNERti ool ssA0¥aNt A0gRUSkY ef heclioug (L dgtenqining the

ri sk of netastasis in pafi endnst rate no tastasis at
~the tine Prrase exaprhat i oo. lﬁmghohodednnaoyVSMEht”lmeﬁh&satb waid d

Lcators,of survyival for atients
SOFTort ng s Fom b O PHORANSE SR 0 BER P I PRl FPEnPERGRe STar Heancer
patients gmﬁmamyrmpmmxunbutaghelVacanoéra geteeX?BEprﬁQBQgﬁQSbﬁ'f?f Stgge
I 20 cancer [ oriented toward the like 0 conti nue
growt h and? nég% n%ﬁ%s+% %?ytigme nB8PSSnhePEIELBEog h@sﬁ r stage |V
cancer[xnodﬁﬁsrlmweﬁe o6 i entedrghnvwardthbepkiifraky efineeti veness. of
therapeutic nmethods for treating the cancer. 25 In another embodi ment of
the invention, a kit 1is provided to determne the |evels of BAG expression
in the cancerous tThw@rpcedlstotet helpat bentheSweRhadkbk twel | conprise a

t f det ecting either t encodln .BAG, the nRNA encodi ng BAG
the BAG pﬁi‘gf‘pfgfpk%é"%éo R a%yttsw FL¥i AL ERBAES! inTRBEY gagentivi | |

conpri se patients in the early stages of cancer. This is because

' the ﬁethod of the invehtion is advantageously éffective
in dete:mining the risk of metastasis in patients who
demonstrate no measufable metastasis at the time of

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

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

for treating the cancer.

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

- BAG polypeptide.



one or nore nol ecul es capable of specifically binding a nucleic acid
sequence (DNA or RNA) encoding BAG or the BAG polypeptide. 7 January 2004

27 The kit may conprise one or nore nucleic acid reagent%akpr tﬁ%o
detection of either DNA encoding BAG nRNA encodi ng BAG, H3¥12%he one

or nore. nucleic acid reagents may be used for hybridization or
anplification 5 with the DNA and/or niRNA encodi ng BAG The kit may
conprise one. or nore pairs of priners for anplifying the DNA and/or nmRNA

encodi ng BAG The Krhe nieyt frusay hesmpedsprbse samabes alictetal agRNA derived
i i cal _states, such as normal, and 10

fromtissue of _vari h sjiolo

netastatiE%SQ?FEﬁiiﬁ éﬁ%e ?Eﬁ%?go?o?feﬁbﬁB?E ) S@CB§éBg B&Geontrols. The
kit may ahmmommfdﬁeg tBF&CE,er@;: bﬁtlﬁleo't‘héeoﬁélssﬁ mdkd ahbeeicOpRPgi tions to
be used in % bridi zation an agpllflcatlon reactions. Each solution or

conposi t i off Mo Qi HeRe YBF19+ 235188t Pre2BRd 1AL FaGEANs hel d in

cl ose sonfifenEnd DNR aarﬂﬂ)XorfrﬁRNﬁioéﬂi@é&iﬁb BALE. vf«Het Rek ﬁ odi ment of the
present invention enconpasses a_ kit for use in _detectin e DNA and/or

MRNA  enc ot My BRG 99?(9ﬁu%ﬁr%e9¥§rﬁn°§ BFb?%@ﬁcﬁPr §§ﬁﬁPgYééﬁpth§|ng

ol i gonuc| met i ged psohesnef &essdyegt 8ag0 brrd m%hmﬁygﬁué%lael ty to DNA
and/ or nMRNA encoding BAG in vitro or in situ and tontainers for each of

these proB¥Eiqh EMRIhet chpbal B2 dapivadefirpenticssenplsses a kit
for. use Vo doi LTy decd 2vstaols BAGZR £XPRESAEN Lisa i of ogi cal

sanpl e conprising one or nore agents, such exanp one or nore
antlBthé§3ta%ﬁﬁ§ﬂQQ%9¥(PrQﬂ%ﬁ%ﬁlﬁ®r%u@mE}p@@?p@b@%ﬂég: tﬂ bﬁeusgdrtlcular

embodi nents i ids W 1dnOOBRE] A8y ORESO" cORBEI sBIBREELRRY One or more
nucl eic acid markers wherein th
nucleotide bases, and other comp051t10ns to be used in

hybridization and/or ampllflcatlon reactions. Each
solution or composition may be contained in a wvial or

15 bottle and all vials held in close confinement in a box
for commercial sale. Another embodiment of the present
invention encompasses a kit for use in detecting the DNA
and/or mRNA encoding BAG in cancer cells in a biological
sample comprising oligonucleotide probes effective to

20 bind with high affinity to DNA and/or mRNA encoding BAG
in vitro or in situ and containers for each of these

probes.

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

reaction assays.



30 agents and nucleic acid markers are nodified in a fashion appropriate
for carrying out immuno-polynerase chain reaction assays. 7 January 2004
28 Anot her enbodi nent of the invention provides a nethod Bﬁﬁ de%®bgining
the proper course of treatnent for a patient suffering £/ olfny Thi s
"met hod conprises determning the | evel of expression of a BAG gene in 5
cancerous tissues froma patient. Thegg a first group of patients is

identified as having low | evel s of expression of a BAG gene in the cells.

This first group OfAHBEhS?témb%ﬁX A %uige %reqﬂyggtfgqiﬁioéfﬁegatlents

having a | esser chance of survival .or decrease Unbr- T eturrence
10 or spreaghodhEorednbarniningr thenpriopes ictertsiel Mg reatssmondfgroup of

patients A SSi of .a .BAG gene in the cells.
Thi s secoﬁng?%%ﬁg E?Qgﬁkﬁéﬁtzrgh C%é%u%re ?&%at%éﬁ%éﬁ BPE5i®Pati ent s
having a @iﬁ’@@x@lnthantbeoiesaﬂvb\falexgméslsalomg ofess BAkelahd bt 0o suffer

oroat o or § 88 L HEREERY, o8R! P B e Bl DR e AAI T SHAIP (T opor

great er e5eer° chantes o
consi der gpabient s oi beidéatidied by haeiog l@deQWEﬂsﬂﬁﬂ|eﬁ§té§§iéﬂt

d t I | abl 0 th thods As used herein, "course
of Ol 1 eatbnt AR Ay EhBath s LGt o Mo Cae R R Sy

surgery, maennddnet apytreatinahiopropad the bakeknefs ﬁéﬂﬁﬂ%:ﬁ“lé§§é¥
di agnosi s_for canger an of tinme during which the patient is

nd th
treated. HRWE % pﬁ?ﬁYlvﬁg gﬁ B?ﬁﬁeééﬁgl3&P€dtpoQ&?ORMHQQRfQQRF%ourse of

treatn®ntdr gﬁméidreanéemétBBM Euienhbet weeprikes niddmtiifRf 4 he course
of treatnent and the te£n1nat|on of the course of treatnent. 1 n a further

enbodi mert SoiNd PR R |Bﬁtl§nts as having high levels of
expression of a BAG gene in the cells. This second group

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

15 to suffer tumor recurrence or spread.

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

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

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

treatment.

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

This method comprises:



30 nethod is provided for nonitoring the effectiveness of a course of
treatnent for a patient suffering fromcancer. This nethod conprises: 7
January 2004 29 5 (a) determining a first BAG gene expre%§k¥ &%ﬁﬁ in a
cancerous tissue sanple or a body fluid sanple fromsaid ﬁl

said treatnent; and (b) subsequently determ ning a second BAG gene
expression level in a cancerous tissue® sanple or a body fluid sanple from
said patient during said treatnent. Conparison of said first BAG
expression level with saf@ dot SERHAINBAG EkppEsBREngeagel will then

indicate the effectéxenessioh sebditigalmehhcefSudsed sﬂet Q%r@%t ext of a
course of treatnent, "effectiveness" refers to the ability of the course

of treatment to dectEazeP?®e Fluidosampher Iremcaridnpetéentppeddrand

therefore to increasg sheq &fgg%mggpd of qdi sease-free or overall surviva
of the patient: This method Will have particular utility when the level of

BAG eXpression in the tuk®r %@@$%Q%#n%lbaﬂebﬂtmnslabnarﬁabondnﬁased to the
| evel of BAG 20 expifestirdfside N0pst U 2 CELha by Lhes Ratj ent

Conmparison of the first and second BAG expression [éve FPethereby serve
to indicate whet hers®8aE exf esshody fhybdl ssmpieufnpmgstadt batiehtnon-t unor

cel | s, inmplying a rpre;ffectd vie.cour $§tof treatnent,. or whet her BAG 25
expression level is remaining abnorma increasing in abnormality,

i mpl yi ng omraei w9t eef | said ol set BAG texptessionlbyekd @ﬁtBAEhempression
may Bg defdAdathe Wi & RMTALVY (f1 PAPRLES; L4QaLEDe patient, as

effectlveness of said treatment.

As used in the context of a coursé of

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

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

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

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

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

sample, an exudate sample, and the like.

This embodiment of the invention is

particularly useful when combined with the method of



described herein. A preferable sanple formfor this 30 enbodi nent shall be
a body fluid sanple, such as serum sanple, an exudate sanple, and the

| i ke. This enbodi ment of the invention is particularly use ul w@&a
conbined with the method of 7 January 2004 30 determ ning't QuRRY 6f t unor
recurrence or spread in a cancer patient, and thereby determning the
proper course of treatnent in a cancer patient. Specifically, the proper
course of treatnent of a cancer patiemOmaybe 5 deternined by determ ning

the level ,of BAG expression in a sanple froma patient, then classifying
the pati eAECETMIPREM (5Ed 1915 kiode dHI9F ke BRI BRRFAI P sBPYERAl 1RcRording to

the | evel cahcBAGHax [ . e
c@hcBAGpaxpEasS Q&d'Eﬂéﬁéby5H%£%rﬁiﬁ¥ﬁ%mﬁ#et%€¥?é9 BobEse

noni tored, according tqQ the present 10 enbodi ment of nvention, on one
or nore oPEaSFBREMEHT d&t & FARCYheaFerti vetasl bicahbycothse of

treat ment prbBed bULREr o8MRoUBInOfo 4 N ScdAUeNth O e MBLNED i provi ded
for determ ning a prognosis of disease free or o era?l survival in a

pati enf sterermigef: b fsteamderingriie ke vl ¢OrgAG sesprésjidetenni ning a
BAG acti vit wahsyel fi-ppa - S dy : y id sanmple from
said patient? gnd (E? ngggﬁgﬁﬁﬁgtggﬁﬁqgg?len fgﬁébgﬁgﬁ%%%gégEOSto ei t her
a first otikeébheogr ofipddtsepseidnes or weem bl sstitvivaktagroopimf patients
having high % f BA YA 5. classifi aving. a different

i kel | hooggth§u$ % 2??n8% tgﬁ%%x ertcé/usrérlzorfg‘e iﬁ%pcreog%%% h%ﬁ EPatEbng 25
group of Pavi thes haviegiltoweldevelswmidiBAG tadtiigyesdst used herein, "BAG

activipy LeMehim@ht! §¥€lne invention, on one or more occasions 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:

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

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

activity.

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

BAG, presence of less active or more active forms



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, |evel of aCtiVity?%%ﬁ&éw@ﬁo4
i nfluenced by a plurality of factors including: |evels of presence of

| ess active or nore active fornms 7 January 2004 31 (including isoforns) of
BAG,. presence of less active or nore3active nutants of BAG presence of
proteins or other nolecules. which increase BAG activity, presence of
prot ei ns ¢inolhdingohieoctibemswhiofh BASsr pasecBAG adt ilwistsy ach iker caxanpl e,

-l evel s of a [ 0, BA h as Hi (an. ant agqni st to BAG 1, see

for exanp?ggﬁbﬁéggggaﬁgtgﬁgﬁtg%h§%§97?rﬁﬁ§gpf f%E@§ 2 fGPF\ﬁd%erbe

under st oaflolecutesnehsuhat ety eheee BABAGCaG il iyt Y p@eeRnice BAG protein

| evel s renaig unchange Deternini%ion oth G activity 10 shall therefore
Fi UhEChERLC

be carrid-out by 3ergP3 i REIEGAFg BA%s &% 28 tHi-ol ogi ca

activisy BbrBéGafsLeh asvedbi bift ynt anprgyanktceld pieat Rueh akherpapoptotic

assays, ee, _for exa Ig, ggitii States Patent 5,550,019), assay of BAG

brotei n | LoB| E1-28€87° b1 CPhERRRYA BRE0APRYSHSBRGSLECHEGHEI Aldasshy of the

DNA whi chJenbstht upes, apBAG gene: 60assay1ef , pratiai be (9HetBeBENAL0r. DNA

encodi ng the groteigig ggwother nol ecul es whi ch increase or decrease BAG
n

activity, “AHICRRY2b 6R EREr86F1VAFY Bvsh gt BAGsPEREEAD

“publ i cati peseI®Nté0AeH uREhBAKEHN apetkPROARELALEY s BakhghEi6Akr ety by
reference thfreto. The invention will now be described in greatér detai
by ret®reftdlt othnEeforRoRenGaasASHi AEi RY 2eRARBRS1ItEXAGPEESh2ES]. 0' BAGL

| MANCSTAL NG BRED) 43 Sy HIEER: SLRYL YAk b Bk 1 BREAST sCANGERSRAR! ENTS W TH
TUMOR- NEGAT| VE LYMPH- S. . ‘
ab1lity to prevent cell death or‘other apoptotic assays,

sée, for example, United States Patent 5,550,019), assay.
of-BAG protein levels, assay of the mRNA encoding a BAG
15 prdtein, assay of the DNA which constitutes a BAG gene,
assay of proteins (or the mRNA or DNA encoding the
prqteins)'or other molecules which increase or_decréase

BAG activity, and any combination thereof.

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

EXAMPLES

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

The role of BAGlL (also known as RAP46 and HAP-
1) immunostaining for prognostic evaluation of womén 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 -



The role of BAGL (al so known as RAP46 and HAP- 1) inmunostaining for
prognostic eval uation of wonen with 30 breast cancer was assessed for
patients with negative .l|ynph-node biopsies (i.e. no evige ce_ of b nor in
axi | lary nodes which have been surgically renmoved for 7 J ﬁ%@F?Vf@ 32

hi st ol ogi cal exam nation) by analysis of a cohort of wonen with stage-|I

di sease. This exanple illustrates the determnation of the reference |evel
of BAG 1 expression in breast cancer3patients, and eval uation of the
accuracy of the reference level in predicting disease-free or overal

survi val bistehugbcal gevaptnabiony dHyf tepdsisBaE 2 eopogssiodn | evels. A

retrospectl latiye an LS. wWas r f.Qr. of; 1SN
_ nonoclongﬁégﬁﬁfﬁﬁggs %%%%glg %#gééggétengﬁg%%ﬁggng}lgﬁgﬁ%ﬁﬁgﬁng%G-1L (see
Takayamn @¢tedminatie®8ef stipearefEsenogeheRedeptfo BAGER) exPregedioer one
Recept or po3, : -2, _Sax ' .nav |, } en_inplicated
I n breast£%2%%%r oé%ﬁ ?Bn?g&kgééﬁrs%§éa§¥§§§§Elpﬁn§ﬁgﬁP$t%@ﬁ&%ﬁ@% nmet hods
were carrofdtlatreofiedénaecheval parptédnchbagkslideniseed dercomrl16 women with

early-stage (stage l:..n. & 73, 63% and stage-ll: .n =4 37% breast
cancor Wi SETHL (T akTEtR R 9B FORREeEBngoRe YRS, (LRGN (herapy to
t he int ackabreaskpueiagonalaedian dose of 48 Grays (Gy) followed by an

el ectron 20_ boost to the lunpectony site to yield a total nedian dose of

64 Gy. There were 17/116 (15% patients treated with adjuvant systemc

chenot her apy and 204 12éttd4fRcpaveeBberellbtated analliystiamupsisf en therapy. The
patients had_a nedian followup of 12."4 iears with a mnimum foll ow up

P ,
25 of 4 yREFECYMSH| L 1BAGTLHREIRY endPRECLPREli AR TP 58P2R4RcEE cases 30
10 detecting BAG-1N, BAG-1M and BAG-1lL (see Takayama et al.,

1998, supra). Estrogen Receptor (ER), Progesterone
Receptor (PR}, HER2/Neu, p53, Bcl-2, Bak, which have all
been implicated in breast cancer formation, were also
asséyed. Immunohistochemical methods were carried out on
15 archival paraffin blocks derived from 116 women with
early—stége (stage I: n = 73, 63%; and stage-II: n = 43,
37%) breast cancer who were treated with lumpectomy
followed by radiation therap? to the intact breast using
a median dose of 48 Grays (Gy} followed by an electron
20 _ boost to the lumpectomy site to yield a total median dose
of 64 Gy. There were 17/116 (15%) patients treated with
adjuvant'systemic chemothérapy and 20/116 (17%) patients
treated with tamoxifen therapy. The patients had a
median follow-up of 12.4 yeérs, with a minimum follow-up
25 of 4 years (Table 1). |

Table 1. Characteristics of breast cancer cases

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

30 |Infiltrating ductal cancer 103 (89%)
Infiltrating lobular cancer 9 (8%)
Infiltrating medullary cancer 4 ‘ (3%) #;;
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yare—sumrar T Zzed, _numper (Teft—polurm), percentagde (r1gnt. cg um).
ediar FPLbAeup nlyESt bs the nunpéf-fand 15 percéntthge) of patl ents who

dev|
tr

oped clinpically detectable neta tic disease 4f odi agnosiis and
%Fébﬁ.f{ runost ai ni ng was carriejiégt by caLorinrt@ﬁEhgantibo

detlesta@a Tisi ng di am nobenzi di ne (br p®d) 20 fol | owed [byo3Enat oxyl i (bl ue)

cou
br e

5

gégggéaiflng‘of nuclei'. | munos gini ng of the | lv@sigye compon nt of

Mean pathologic size (cm) ' 1.8 NA

Axillary dissection 62 N (53%)

Positive lymph nodes 13 _ {11%)

10

15

Estrogen receptor'positive ' 49 (42%)

Adjuvant chemotherapy ' 17 {15%)

Adjuvant tamoxifen . 20 ) (17%) .

Metastatic Disease ' 135 {30%)

The characteristics of patients used for this study are
summarized: number {(left column); percentage (right
column). Metastatic disease indicates the number (and
percentage) of patients who developed clinically

detectable metastatic disease after diagnosis and

treatment.

Immunostaining was carried out by colorimetric

"antibody deteéction using diaminobenzidine (brown)

20

25

30

35

followed by hematoxylin (blue) counterstaining of nuclei.

Immunostaining of the invasive component of breast
cancers was scored according to intensity (0-4, wherein O
is no staining and 4 is the most intense staining) and
percentage of immunopositive cells (0—100%; for a minimum
of 200 cells), evaluating the entire tissue—section, with
the pathologist blinded to clinical details. Histo-
staining (H)-scores {0-400) were obtained by determining
the product of intensity (0—4 scale) and percentage (0-
100%). To set cut-offs for dichotomization of data into
groups having high and low levels of expression, the H-
scoie data for the entire data-set were displayed’aé dot-
histograms with H-score on the x-axis and the number of
patient samples.having a given H-score on the y-axis.

An H-score »150 was determined by this approach to be

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



cancers was scored according to intensity (0-4, wherein O is no staining
and 4 is the npost intense staining) and percentage of immunopositive cells
(0-100% for a mninmm?25 of 200 cells), evaluating the entjre
tissue-section, with, the pathol ogist blinded to clinical Tl 2004 <. o-
staining (H)-scores (0-400) were obtained by determ ning the product of
intensity (0-4 scal e) and percent age 0 100% . To set cut-offs for

di chot om zati on of data into 30 groups®having high and | ow | evel s of
expreSS|on t he . e data for the entjre _data-set were displayed as

dot - hi st% r%ﬁﬁ?ﬁWQh F+ s%%?ﬁeoﬂaFﬁew§r3x9§s§ﬁéyﬁﬁeaﬁuﬁ&ﬁtQﬁraﬁﬁu|ent

sanpl es haw niich@iominzdd SCRE€ Biighheeysax Iow RxEhre&ei@r 1R, aas
determ ned b thlsI%fproach to be 35 appropriate for use as a cut-off for

hi gh | evd®® PRGRFSA 2085 -85 Lax fres BRon1 HHsesoa adiisd wer e

di spl ayedsais-hi gi-agicae>1 80y, dighokaw 4ﬁds'c6tr%>|i'49|? versus | ow expression
| evel grougs usi ng, opt|n1zed cut-offs for (H score>150), Bcl-2

 (Hscé OSHRE Bk {IF Selr eBR40P535 ﬁﬁﬁuﬁ@@@dﬂengw\a@r PRREPRE]53, and

HER2/ Neu :%5ggglygﬁgh éy’ i iLeria ng |.., 1985, Cancer
'Researchkﬁg 293-296) . lﬁ@%ggkégaggt%E %gpre%ggF I%E%ﬁ%EhUC|EI of sone

types of %ﬁ%r_c‘éhoqﬁmca%%ﬂ%ﬁmnostal ning is normal 10 for breast

epi thel i um whereas strong cytosolic i munostaining is abnormal here
(Takayama et al. 1998, supra). This phenonenon was confirned in the
present -exanpl e: dﬁﬁ%ﬁheﬁstknmmmnhb beepstseptt hal the aNBExi @&l | s, which

oyt osol | it i e i B e tBer iRy =bp Ba0Pat e PN (e
i nvadiove ﬂsr:eécsteaaj:am@ertlr@n:lm, wharehevatednbevgtssefiprot ei n observed
for 77/1%%m&%%§%é{nfﬂgﬂ¥ﬂ abnorégirggrgf $§La¥a%£a8t al. 1998,
supra). This phenomenon was confirmed in the present
example: compared to normal breast epithelium (NBE)
cells, which were often present albng with tumor cells in
15 the same tissue-sections, cytosolic immunostaining for
BAG-1 was clearly upregulated within the invasive breast
cancer cells, with elevated levels of protein observed
for 77/116 (66%) or roughly two-thirds of early-stage
breast cancers compared with 9/83 (11%) of NBE (p<0.001).

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

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

cytoplasm may be important in cellular transformation.

Immunostaining data were correlated with

30 distant metastasis-free survival (DMFS) and overall

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

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



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

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

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

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

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

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

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

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

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

mul tivari ahengede! sndsipae HgPEFeHesR AL 1Al VA § Wi tfyvarighles incl uding
BAG 1, Bcl-2, Bax, p53tp% J (%'%" ah; & Etﬁ% -

Size; stage; tumor histology), only clinical stage I

versus clinical stageVII'was significant in univariate

analysis for predicting survival.

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

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

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

30 patients with early-stage breast cancer.



ER,. PR, HER2/ Neu, age and clinical stage, only BAG1l retained statistical
significance as a predictor of DVFS (p = 0.008) and CS (p 0.02). A

ot her biomarkers 20 failed to reach clear statistical g&lflcagﬁﬁ and
clinical stage (stage | versus stage I1) was significant &Rl BVES (p
= 0.029) but not OS. Thus, patients whose tunors contain hlgh | evel s of
cytosolic BAG1l protein are nore likely to enjoy |ong-term survival -and 25
freedom from tunor recurrence or spre§ and distant netastases, conpared
to those )| I I of c,gosollc BAG 1. These

resul ts defr SA8S GER eSS ertgent  prognosti c.
factor V\/(’IBRHABS‘ aammamd'mmfs fm:\mamjmwm vE ﬁﬂamlm@ms with
earl|ly-stage breast cancer. 7 January 2004 36 2.0 BAGL T MVIUNOSTAT NI NG

PREDI CTS LONGER SURVI.VAL | N BREAST CANCER PATI ENTS W TH TUMOR- PCsI Tl VE

LYMPH- NODES. To addrressddie sioheofr BAGL i IBRMIDSEAhih &8 £50 Bng PEOTROSE i C
factor for wonen, w th node-positive di sease, 5 an |nnunoh|stochen1cal

eval uat i ORTASNRG CiFe TAREIOIBAGE WARESCIridl Nafls teRyl ke rdbeerser Exanpl e
1.0 was aﬁr&ﬁafnqa@h%twmm%%qcIerxrarl%a%qrdd/% fﬂ#’%@e cobof Lpff 342
patients with node-positive breast cancer, whom were treated with
surgery aP@RecirBa209nGibasymdardarikeat xﬂ)&&#@pb%]lr%S%%ﬁlon fol | owed by
12 nont hl 0 p e, r ("CWF")
adi tvant. TRorapyiThe Smoah ST AR AR (fdh  COMBEOIE K

i MunoposP&t#ERY Swed ths Noget e S ivieg e ad te rasseept ¢ Bl e@itwloom and t he
‘data were,@aLnered bll 0iln QUi Lo JRPTAREMANGL O MR JhaoRib, ol 80%

and >80% I mmunopositive tunor rrelatirons o
rel aps@- f pesgicsdr vevapt@RLﬁS)Eoé,rl@v@ahbeL dgecidrithkyrayalss (€5S) by the

~cyclophosphamide, methotrexate, fluorouracil (“CME")

adjuvant therapy. The percentage of tumor cells with

cytosolic BAGl immunopositivity was estimated by light-

microscopic eValuation, and the data wére gathered into
15 gquartiles, representing 0-10%, 11450%, 51-80%, and >B80%

immunopositive tumor cells.

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

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



Kapl an- Meyer nethod revealed that the first 3 quartiles 20 behaved
simlarily, while the fourth quartile (>80% BAGL i mrunopositive tunor
cells) was significantly different. Exam ning the entire7geport&§& 342
patients, higher |evels of BAGL i mrunost ai ni ng (>80%posit|\?3?ry 3
associated with I onger RFS and CSS, as determ ned by 25 univariate anal ysis
(p = 0.05 for both RFS and CSS) (see 3Figures 2 and 3). For exanple, the
per centage of patients not dead due to cancer was 42% anong patients

whose tundigntbncaneed >G0beBAG rinblirepesirei netnplkiegiant vecelfl s conpar ed

to 34%fo | ent nt ai ned,30 | ower per.cent ages of BAGL
posi tive %% ?%ﬁfTa%?%D§§£n§vﬁ§§§ggaﬁﬁe Si?FERfs Bpﬁroﬁlaﬁd(ﬁotiréﬁbive
adj uvant. GMFsther apycmwhetheothbei bibmapkerexpueased 8el1dpd (M@bhleeXpress
Est rogen fpcg*ﬁ §3(ER), and the nunber of positive nodes ( >3 vs < 3)
wer e "al so of prggnoétic 7 January 2004 37 significance. O her variables
were not predictive of outconme, including nenopausal status, tunor size (<
2 cm yersus > 2 cm, or other biomarkers such as Bcl-2 (Table 2) and p53.
5 TABLE 2 Results at 20 yrs Tot altA84H & (Univariate analysis) 10 15 20
CCS (cause specific survival) Legends: RFS (rel apse-free survival)

OURFSUP. UCCSYP BAGL- 260. 05340. 05 BAGL+2942 Control 220. 003280. 01
Results at 20 yrs o

Total Series (Univariate analysis)

| srFS %P $CCS $P
BAGL- 26 10.05 34 0.05
BAGL+ 29 - 42
10 -|Control 22 - | 0.003 28 - {o0.01
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+ 126 0.58 38 0.02
ER- 29 ' 34
20 |BCL2+ 26 0.94 37 ~{o.26
|scL2- 34 | 37

Legends: RFS (relapse-free survival)

- CCS ” (cause specific survival)

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

30 free at 20 years after initial diagnosis and therapy,



CVMF3143 Premenop270. 67390. 4. 2 Post nenop2734 T<2cnR90. 20370. 38 T>2cnR536
N+1- 3310. 0002410. 0007 N+>31928 ER+260. 58380. 02 ER-2934 BCL2+260. 9437 0. 26

] BCL2-3437 When the 179 wonen treated with surgery agqg um%émowere
eval uated separately, again higher |evels of BAGL i munopositivity were
associated wth longer RFS and CSS (p = 0.027 for RFS; p = 0.039 for CSS)
in univariate analysis (Table 3). Foggexanple, 28% of patients whose
tunmors exhi bited high BAGL i nmunostai ning were rel apse 30 free at 20 years
after iniddmlad | Y a ; n 2 r toonly 19%
of patientgﬁahoégg?ﬁigggaﬁga.h?%wﬁxﬁkéﬁegxgggégig%ﬁfigbﬁgﬁpg)%g' BAGL
i munost &AF h@ERies sidpwdadr L 9wed k- noBAGL ganfipastiey ndogr dladiged wit h

survival noiiied Na/ca0 AL | & S: Ph0ant GCLYCALAd ARG (ENSTRLAGLAPY S were
- exam ned separately, suggestihg tha _ 00Ses i ts pr ognosti
si gni fi cafed ithe QP gatttiiant. s TBLEr@c®byatit sdjuvadty che@onheaapySur ger y

Only;5umd€¥€Eﬁfﬁﬁfﬁﬂ&@%éﬁdf&%é&&?Osuggesting that BAGl looses its’
prognostic significance in this setting. ' '

TABLE 3

Results at 20 yrs

Control (Surgery only; Univariate analysis)

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

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

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

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



URFS. P. %CCS%° BAGL- 190. 027230. 039 BAGL+2838 Prenenop20. 0. 23250. 25

Post menop2432 T<2cnm40. 14280. 46 T>2cnmR129 N+1-3250. 009300. 04 N+>31727 ER
+-200. 70300. 038 ER- 2727 BCL2+210. 95280. 76 BCL2-293. 3 N“|t5YﬁH%§g%O@$alySis
(Tabl e 4), using a Cox- regression analysis, also denonstrate

significant correlation of higher levels of BAGL i munostaining with 25

| onger CSS when all 342 patients weresgzonsi dered together (p =- 0.046).
BAGL was al so significantly associated wth |Ionger CSS (p = 0.022) when
pati ent s subeptce Wit lpatsiemes ywiad onecédv8) aedevewal upkedpybut not anong

the 7 Ja 9. subgroup of patients.who recejved adjuvant therapy.
Thus, BAggﬁ%ﬁ gﬁgﬁhgéﬁéﬁggﬁqg%Q%%?%?grPB?gﬁégpﬁnagC%égiﬁngmﬂﬁénlﬂﬁth

node- posiwicmesn bricds nahngess ihDve b no&st ecehver rHbUMBNhoeheaBLhesapy after
surgery, ew i ncl udi ng extent of

n en.,other, 5 vari apl es are consi dered,
nodal iﬁb&ﬁW@%&hfﬁ%ﬁgﬁﬂﬁﬁﬁﬁﬁ %E%?ﬁs?uﬁﬁﬁrER SYSRu¥ReTARLE®E BAGL CASE
SERI ES RESUIEES eAT 2@ YRS 104 £33 REGRESSH Oy ABRLYSE So25nd@kal  Seri esHR (95%
ca).p ‘ ‘

involvement, menopausal status, and ER status.

TABLE 4
BAGl CASE SERIES
RESULTS AT 20 YRS
10° COX REGRESSION ANALYSIS
Total Series HR (95% CI). P
RFS Treatment 0.66(0.51-0.86) { 0.0021
Nodal extent |1.65(1.25-2.17) |0.0003
BAG1 [1.30(0.98-1.73) [0.064
ccs Treatment 0.67(0.51-0.90) | 0.0068
Nodal extent |[1.61(1.20-2.16) |0.0015
BAG1 1.37(1.01-1.87) | 0.046
ER 0.67(0.49-0.91) | 0.011"
CONTROL (Surgery Only) | '
15 RE'S Nodal extent 1.59(1.05-2.39) {0.028
BAG1 1.44(0.96-2.17) {0.079
ces . BAG1 1.68(1.08-2.63) | 0.022
ER 0.55(0.35-0.86) | 0.008
CMF
RFS Nodal extent 1.77(1.23-2.56) {0.0023
ces Nodal extent |1.86(1.24-1.78) |0.0025
Menopause 1.54(1.01-2.29) j0.055
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BAGL1. 44(0.96-2.17)0. 079 CCS. BAGL1. 68(1.08-2.63)0.022

ERO;55(0.35-0.86)0 008 CMF RFSNodal §5ent1.77(1{23-2.56)0.0023 CCSNodall
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3.0 | MVUNCH) STW%&T&H&EM%&%LOEN%%I@NOD T rat hol ogi cal
El evati ons 1Tn BAGIL 1 n Prost ncers t hods were
used to E&NEHRate the expreSS|on of the BAG N (cytosolic) and BAGLL
(nuclear) proteins in primary and nmetastatic prostate cancer specinens.
Previously it was detern1ned that BAGLN |s cytosollc whi |l e BAGLL is

nucl ear (XN oG bf B j i Eovates

Res. 10 58: 3116 3131) and (Packhamet al. 1997, Biochem J. 328 807-813).
Usi ng anti-BAGL nonocl onal anti bodi es (Takayana et al. 1998, supra),

innunohistochen1CalImﬂﬁhbﬁdst@ﬂﬂeﬁ&@hﬂvﬁbﬂwwd§WUéh£Hﬁﬂﬂﬂ&ﬂ)prOState cancer
to evaluate the expression of the 15' nuclear (BAGLL)

speci nens e used
~and cyt oY mﬁﬁﬂ" HAGRE BrBrEFAioPnobvERe 886 Lths&ytasqdisst &l cancer.
CbnparlSQHHIM@Yﬁnﬁ@ﬂéaﬂ@tbrotelns in primary and metastatic

prostate cancer specimens. Previously it was determined

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

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

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

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

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

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

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

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

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

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



BAGL i munostaining results in normal prostate and benign prostatic
hypertrophy. Tissue mcroarray technology was exploited for nmuch of this

anal ysis, permtting the 20 anal ysis |arge nunbers of tungr [ S
(Kononen et al. 1998, Nature Med. 4:844-847). Conpared Fg‘ﬁﬁp%gfﬁ%?ostate,
cytosolic BAGLN inmunostaining was-elevated in 746 of 876 (85% of
prostate cancers.. Nucl ear BAGL ( BAGLER i mrunost ai ni ng 25 was

i nappropriately increased_in 171 of 676 (25% of prostate cancers,

conpar ed P&rﬁg}/‘ﬁéﬁeﬁr 8t BRE gliamunopsistifidl ieurhun@ 1 niekl s fwdtow- up data or
ot her typesseicialabowatear vl r i r | ] able for sone of these
patients, ennnstratinga“&g?%gigﬁ%}q%%%@éfé?%%%éa%ﬁ %ﬁé%?%&?%mpression

‘Wi th noret8§3RRYsiFE PuRBr - pRefowipds a2 digheax dnpt deride o olifdapf 62
patients wethseasky- sEage ) (di seas nd | pw.d eason grade (gr 2-6),
hi gher _7 Janugny 2004 4%§pg§§%%}§9ég of%Bi Wlﬂ%}ﬁﬂﬁﬁﬂﬁqqﬁ9§%ﬁﬁﬂ cells

. were 3ssBtfFat éMneEtAL AR PSA rdvel 8 sppicdratieat naiditatd ol gHdier apy (p=

0. 05), angnwk high LOci c di_stant netastases after thera
) nwti HBnaehb g ﬁétéggigﬁg-%eQLBEFaﬁ%ﬁﬁj py (p

0. 05). Higher intensity i AN e ddSdamyed with a
hi gher i

Bi efcB0BE) net &nt atdi tichapsemahban stadiniion 1t hekaRkis(P <

0.0001). &@ additi ' Lstqchem cal analysi,s of -722 prostate cancer
specinenséFn g§n$5§%%?$ggygggﬁgtgg?%%@ﬁpédlﬁiGhEPfﬁﬁﬁégﬁﬂa 83maft BAGL

i munoposte¥9aled higheri petaantagén=oF2BRGLONRAIRGHLR RAK ARl AR QST at e

n=54 n : _+t3% nQormal versus 78 +.1 % cancer -(p<0.0001). An
gssoc?%t?%ﬁ 5%2§§%s§&Td%%??f?%%Pﬁé?aeiﬁ NRroRdr PFOstekeaddsodh BAGL

i munoposfeaPett Soritet | 3% andrmbbcaktyuadvanged di sgase,(p = 0.05) (n =

625 pati e d with_ hornone.refractory disease <0. 001 n = 263
patignts)pﬁéé'é§O?Pf Wt N, DQLIDDE, L e wds 1o identifggd betwéeg

higher percentages of BAGL immunopositive tumor cells and .
locally advanced disease (p = 0.05) (n = 625 patients)

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

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

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

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

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

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

refractory disease. Third, unlike the situation with



H gher percentages of tunor cells wth nuclear BAGL-inmunostaining (BAGLL)
as well as higher intensity nuclear BAGLL (BAGLL intensity) staining were
al so 20 associated with hornone-refractory disease: p<0.06l angd 4p4- 0001
respectively (n=263). Hi gher intensity BAGL nuclear innunosta|Wing was

al so correlated with hornone- refractoey (HR) disease in a cohort of 92
prostate cancer patients with |ocally-advanced di sease who were treated 25
with anti g ra ri or sur ger 50% vs 99 R, p<.0.001). From
t hese obsgggg%?oﬁgPEgﬁfegxggﬁgi&§%§%§Sé%§(¥% °?%%%ﬁegégﬁﬁrst, '

t unor - speekpiressroneases aissocyitadsal vt BBAGIE anslraite epoBAGEL s evel s
commonl y Q EHrriE gro%tate gfgancers..Second, i mmunohi st ochem -cal anal ysi s
of BAG N %cy OSOPIE) NG BRGEL PERAI¥ES - expressi on provides prognostic

i nformati on about prostate cancer patients, including information about
progression to horngig- reg;agépny di sease. Third, unlike the situation
with 7 January 2004°45N8H88s{Ehefowentighdras RReR Seseyibedl MetRAGLN

expr essi onefeeengsoebatne Wikl 1wl QB ¥ 0000si & shalihgr nkhan favorabl e
prognosi s Al.t hough the invention has been described with -S reference to

the di scl BEEALERBBHI FBAFs Vot odfoMod il Gatdiearss oorn t hat medei wiishout
modi {1 cat hepareafigherBAdeny! khautic daPaild Nh{doMm e SREELEaRhGIDE |
invention, Accordingly, the inventionis limted only y the 3 ow ng
clai ms. 48NQWARVEBLEPR| iredligdted) amlar w20t ifolleingdclaimdet er ni ni ng
the risk of tunor - recurrence or spread in a patient suffering from.
prostate cancer, said nethod conprising: '



-

(a) détermining a BAG gene expression level in a cancerous prostate-tissue
sanple fromsaid-patient; and (b) conparing said BAG gene expression 10
Tevel in said pat ent to a reference BAG gene expression.) gvel,' Bgid
reference BAG gene. expression |evel being a |evel of BA@‘E@H@Wf@
~expression above whi-ch correlates with afi> increased risk of t unor
recurrence or spread and bel ow which correlates with a decreased risk of
tunmor' recur iate ier capriead, ssthereby determining the risk of tunor
recurrence or. spread in said patient. 20 2. The nethod of claim11l, wherein

said tunor spread conRriseg t unor tastasis. ;3. The nethod of claim1l,
wherein sai d BAG - gene expr 8s8F5HCevor feteypigingntienyinkalir FHHOA BAG

25 ‘. prot ei nrkeuelkendd ér Ebeeaath@daobaehehalaufwagﬁﬁbnf%@hdbﬁégta9%0tein
| evel gs determned with an Entibody specific for BAG protein. 5. The
met hod~of cl SPHCEE  wher8i RE5ard BRMPT4EA896xpr essi on | evel is deternined by

measuring the level of a nya)ekecashdnuhicl BREOLSSBLLBAGRROtein. 35
6. The net hod of clainh5, wherein said nucleic acCid is . January-
2004 44 10~ 7. The nmet h6USHf 1B & FRBCeRREFePROSsare RicEurcsampld is RNA

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

spread in said'patient.

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

spread comprises tumor metastasis.

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

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

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

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

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

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



8 . The nmethod of claim1, wherein said BAG gene encodes a nucl ear BAG
rotein. 9. The method of claim 1, wherein-said BAG gene encodes a
cytosoli'c .BAG protein. 10. The method of claim1, wherein_said BAG .gene
- encodes a protein selected fromthe group, consisting of Bagnyary gResd 1N,
BAG 1M and- BAG 1L. 11. The net hod. of clalﬁ11 wherein said BAG 15 gene

expression level is degern&%%dmgihg%‘%% Eqﬁgno S%*ﬁﬁ%%f%%@-T ‘%ﬁfgggtfgn

claim 11, wherein said 'i miinoassay I s an W ATte]
(i muno- PCR)aasﬁays RBA.The nethod of cLa|n1l, wherein said reference BAG
gene expression level is a |evel of BAG gene expression above which '
correlates with increased risk aof tunor recurrence or spread in a first
group of 25 patients canbareﬁetmeahseceﬁdcgeﬁuplgfw@@ﬁdﬂﬁfsaﬁﬂﬂBAG second
group. gf patlents hav BAG %ﬁne ex reSS|on | evel s bel ow sai d reference
‘Tevel . 714. ASFEENSH P d@tBP GP%g PR PEGHEd™s of 30 survival in a
'patlent suffering fromprostate cancer, sald nmet hod conprising: (a)

det erm ni ng a BAG gene - expre§$|on level_in "a cancerous prostate tissue

sanple fromsaid patiént; a8 me§@°@bec8%ﬁéFiﬂg Yhea B ARG Sgese B®pr essi on

level in sai gepat eaBbdee a eotesence BAG gedee4s.5 7 January 2004
expression |l evel, said reference BAG gene expression |evel being a IeveI

of BAG gene expression above which correlates with
' 10 _ 10. The method of claim 1, wheréin said BAG

- gene encodes a protein selected from the group consisting
of BAG-1, BAG-1N, BAG-1M and BAG—lL;

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

15 gene expression level is determined using an immunoassay.

12. The method of clalm 11, whereln said
immuncassay is an immuno- polymerase chain reactlon
| (immuno-PCR) assay.

20 -
_ _ 13. The method of claim 1, wherein said
- reference BAG gene expreesieﬁ level is a level of BAG
gene expression above which correlates with increased
risk of tumor"recufrence or spread in a first group of
25 -"patients compared to a second group of patients, eaid.
' second group.of_patieﬁts~heving'BAG gene expression

levels below said reference level.

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

level in said patient to a reference BAG gene



decreased suryvival and bel ow which correlates wth increased survival

t hereby determ ning a prognosis of survival in said patient. 15. The
met'hod of claim 14, wherein said 10 survival is overall %qkmh%gl 046. The -
met hod of claim 14, wherein said survival is-distant netastasi ?Pree
survival. 15 17. The nmethod of claim 14, "Wherein said BAG gene expression

evel is determned bycfeasucing 8.0A8 BYQ!ELR.LeYel pif oIfe method of

claim17, wherein said protern’l eve erm ne th an ant i body
specific for. BAG proe¥bnessies. 1&helnbehod ef lelalnof4Ba@hgeren sai d BAG

gene -expression | evel | rm.ned b asuring the 25 | evel of a nucleic.

aci d whi ch encodes sai%§%g§§%$§%e§%9véow th ﬁggﬁ8ga5?scW5Fﬁ119, wher ei n

said nucleic acid is DblAredfed@lsuFhevaitt hnd bélowawmi dB, cobeethbesaid
nucleig acid is RNA Z%i Thg nethoddof claim14, wherein said BAG gene

- encode? a nucl ear BAG P bt el RET38=FA754EK %Py 2004 46 23. The met hod of

cl ai m 14, wheherebysdéteBAGhigene pnogresia oyt sselicaBAGIpegigin. 24. The

met hod of clai€114. wherein said BAG 5 gene encodes a protein selected from
the group coneritfhy of BAG 1, BAG 1IN, BAG 1M and BAG 1L.

15. The method of claim 14, wherein said

io0 ‘survival is overall survival.

16. The'method-of claim 14, wherein said

—. survival is distant metastasis-free survival.

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

protein level.

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

BAG protein. '

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

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

20. The method of claim 19, wherein said

nucleic acid is DNA.

30 o " 21. The method of claim 19, wherein said
nucleic acid is RNA. -

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



25. The method of. claim 14, wherein said BAG gene expression level is
det er M ned usi ng-an i nmunoassay. 10 26. The nethod of claim25, wherein

$ai'd inmmunoassay is an i nmuno-pol ynerase chain reaction - )
assay. 15 27. The nethod of claim 14, mherern sai d refer ﬁ%@U%Q%OBgR

‘expression level is a IeveI of BAG gene @xpressron above which correlates

Wi th decreased surviv in fir roup atient ared to_a.
second. group of patle%Ps ed“§§%8 8361 15at ¥ Bﬁ 25aﬁ§vpﬁ& BAG

gene expressigend evelodesekowysaisdltef snenpeotkevel . . 28. A method for
noni-toring the effectiveness of a course of treatnment for a patient
suffering from25 prostate cancer, said nethod conprising: (a) determ ning

a first BAG gene expressi onThkeygkhba chéﬁlﬁgﬁroﬁé %P%E:%&ﬁ L3 §uEaRr om sai d
patient pri.or to said treatnent; and (b sequént etermning a second

BAG gere 30'958€prESSLEH Pepéptﬁﬁnasééﬁ§§ﬁéu§r9mo§h§tgrPUPsgeanenneald

patient duripg sald.tr@akTeRt . pwherpby,g geereased second BAG expression’
| evel conmpared to said first BAG expression |evel indicates an effective

 treatnent. 7 January 2004 47 5 29. The nethod of claim 28, wherein sard BAG
e e O Vel o 28 e hBEHAEARY JPRU L 942, BOC RLOLELH REXE

The met hod of .cl ai m 29, "wherei n sali ein’lev § gecér i ed mnth
an anti body Q@@@lEﬁ@rﬁﬁleBA@Epﬁétesndeﬁermihedneshng eh mmaunbaesayhereln
. said BAG

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

— {immuno-PCR) assay.

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

7 second group of patients, said second group of patients :

20 . hav1ng BAG gene expression levels below said- reference

_level.

28. A method for monltorlng the effectiveness

‘of a course of treatment for a patient sufferlng from -
25 prostate cancer said method comprising:

(a) determining a first BAG gene expression
level in a cancerous prostate tissue from said patient
prior to said treatment; and

{b) subsequently determining a second BAG gene

30 - expression level in a cancerous prostate tissue from said
patient during said treatment, whereby a decreased second
BAG expression level compared to said first BAG

expression level indicates an effective treatment



10. gene expression level is determ ned by neasuring the |evel of a nucleic
aci d whi ch encodes said BAG protein. 32. The nethod of claim 31, wherein
said nucleic acid is DNA. '15 33. The nethod of Clai”]317\E@E@§Eﬁ0§aid
nucleic acid is RNA. 34. The net hod of clgin128, wher ei n sal G 720 gene
encodes-a nucl ear BAG protein. 25 35.. Th met hod of claim 28, wherein said
BAG 'gene encodes a cytg@sol ic BAG pratein. _36. e t hod _of ¢l.aim 28,
wherein sai d BAG geneEgﬁco &§ 1S %efﬁ §%P&5Egg'fﬁ A2 §PIHpBEENsI sting
of BAG 1, BAGehN, cBAGebMiamd 1BAG11Hs dBTerfieedebiodeakugliagma28acwherein
said BAG 30_gene .expression level is determ ned using an inmunoassay. 38.
The method of Q&M 3% Saterein said inmunoassay is an i rmuno- pol yner ase
“chain reaction (imuno-PCR) assay. 35 | 7 January 2004 48 39. Amethod for
~determ_ning the risk of. tunp recurrence Qr. spread in a. patient .
sufferng fiom breast 3fancél® F&tdofethodliedfprisi W§erein) SaédeBbning a
BAG gene exppestiedm lewel e detar&anedr Qdshbegashtlibsaye spappkrecl kgm said
patient; and b) conparing sai d- BAG gene expression level "in said patient
to a referenE@ BRECYERE -expression |evel, said reference BAG gene
expression level being a |level of BAG gene expression above. 10 which

correlates with decreased risk of tunor
o , 3 The method of claim 28, wherein said BAG

10  gene expression level is determined by measuring the

level of a nucleic acid which enéodes said BAG protein.

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

nucleic acid is DNA.

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

35



recurrence or spread and bel ow whi ch correlates Wi th increased risk of
tunor recurrence or spread, thereby determining the risk of tunor
Yecurrence or 15 . spread in-said patient. 20 40. The ne%h%ﬂ Q&éﬁhgln]SQ
Wwherein said tunor spread conprises tunpg netastasis. od of
claim 39, wherein. said BAG gene expression |evel is determ ned by

measuring a BAG protekg 'eﬁehetﬁédwfgﬁ ALY ﬁl@&g&l%h@. W?g[%hﬁg ai d

BAG 25 protein level is determ ne an an speci
protein. 43. r¥hurwenkedosf sprapm 39, awpeteentsaudeAGnggémemebpeessron

| evel i's detgégégpfOgglge%gghbggCgﬁéfggéhgvel of a nucleic acid which

‘encodes said f claim43, wherein said nucleic
acid is DNA. 35 45. Thdanetkbdrofindchgi m BAG gbaeebxp&abdionudbebd anid is
RNA. 4g 7 Janug Xcé e nethod of Ia m 39’ ard AG

, gene &ncode$ nuc%ear Eﬁ&? Fot &F ﬁue47am? g §39W05 erein
said BAG gene encodes(ba cwmpamhng BAdeBQGeQEne4&xpres&ethéveﬂ @harm
-39, wherein said BAG % %o es: %Pprotern selec%g% fromthe %ﬁ
consisting of BAG 1, ACS Ra BRES 1 MPaftd TBABTERCS 9£§C TRETRECABHE of
cl-aim 39, wherein sai d1B&&l,geaedexpresshea baeehehns depbeerkhed UsiBY an
|nnunoassay 50 The ngthod of c|a&n1%9 wherein said
eing level of BAG gene expression above -
10 - which correlates w1th decreased risk of tumor
recurrence or spread and below which correlates
' with increased risk of tumor recurrence or
R spread, |
 thereby determining the risk of tumor recurrence or

15 .  spread in said patient.

40. The methed_of claim 39, wherein said tumor

spread comprises tumor metastasis.

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

proteih level.

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

BAG protein.

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

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

44. The method of claim 43,'wherein said

- nucleic acid is. DNA.

35 45. The method of claim 43, wherein said

nucleic acid is RNA.



15 i mmunoassay i s an i mmuno-pol ynerase chain reaction (i muno-PCR) assay.
51. The method of claim39., wherein said BAG gene expression level is
determ ned prior to | ynph node 20 involvenent of said caeqﬁhuag%oozhe

met hod of claim 39, wherein said BAG gepg expression |evel eterm ned
after | ynmph node invol venment of said cancer. '2 5 53. The method of claim

39, uherein said BAG genc ohRressien Levehaih 48! cuplkned dudinggiiage | or

Stage.ll of said cancer. 30 54. The net ai‘'m 39, wherein sa

ref erence BAGe§§n€n€@§ﬁ§s§|@ﬁcﬂ@ﬂelBﬂ§ argedn,. of BAG gene expreSS|on
-above which correlates with decreased risk of tunor recurrence or spread
ina first group of patients conpared to a second group of patients, said
35 second group of patﬁentsThavmﬁghBAGogenéaempﬂéssM@nreh@vehsdbemﬁw sai d

referepce le nyar 5. th for determ ning a prognosis
gce | eyghe AMclalanuac g;%%%il% peLheg;

of ,survivaF In a patient errn mPbreast cancer, said method
conpr|5|ng (a) deternlnlng a BAG gene expreSS|on IeveI in 5 a cancerous

breast tissue sanple froms at b) npar,i ng sai d_BAG gene
expression level in gd pib?eﬁFEPB ﬁeF Féﬁc 9BAG &fie Ne XFrEs $P6n

| evel , said geher eﬁeedléeagpaetemr gsseoRcbie¥ebm BBENgraukeen-aktBAG gene
expressi on abqve_.which_correlates with increased. survival and bel ow which

_correl ates wPi hBaEcrealBl- %Hrv?@&llm fRer B~ aéternlnlng the risk of tunor

I’ ecurigence or

49. The method of claim 39, wherein said BAG

gene expression level is determined using an immunocassay.

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

(immuno-PCR) assay.

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

20 ' 1nvolvement of said cancer.

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

Stage II of said cancer.

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

35 second group:of'patients having BAG gene expression

- levels below said reference level.



spread in said patient. 15 56. The nethod of claim55, wherein said

survival i-s overall survival. 20 25 57. The nethod of claimb55, wherein
said survival is distant netastasis-free survival. 58. ThehE éﬂgﬁo f claim
55, wherein said BAG gene expression leygl is determ ned by nmeasuring a
BAG protein level. 59. The method of claim 58, wherein said BAG protein

level is deternined with. a”AaHEEHBQYféEeaéEEEmEBEn F%Bbgéve @9 The

met hod of claim55, wherein sal gene expr
deternlned bﬁuW§a§aﬂ|mg ehpateeak eﬂféemmngeﬁgomcbdeWHtcnaen@@desasdud BAG

protein. 8%@§fge%gggﬁgglﬁéaln160 wherein said .nucleic acid is DNA. 35

7 January 20 hod of clai'm 60, mherein said nucleic acid is
RNA. 63.. The nethod oﬂaélééneﬁﬁinmhgreiBA§agdnBA€Kpﬁegemene&eadésia
nuclea BAG 4. _The t hod of: ain155 ein_sa i d_BAG gene
encodes a cy oso cer@ﬂ% §F8 e?n nESB% S?WB Fﬁ88 gﬁ%§1 &%g& ‘wWherei n said
BAG gene encodes a pr@beinomphe¢hgdsh&dnBAﬂeggﬁeupxpmass&bnngeveﬂ BAG 1,
BAG 1N, BAG 1M and BAG LL. 66 Thg ge g cl ai nggg erein said BAG |5
gene expression |evel FPeHePBFAFREd ﬁsﬁnﬁe R PR s8 76 FXPTRESHEBPhod of

cl ai m 66, wherei n saidlevel, said reference BAG gene expression level
- | being a level of BAG gene expression above
10 | | .which correlates with‘increased survival and
below which correlétes with decreased survival,
thereby determlnlng the rlsk of tumor recurrence or

S spread in said patient.

i5 56. The method of claim 55, wherein said

- survival is overall survival.

57. The method of claim 55, wherein said

survival is distant metastasis-free survival.

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



|nnunoassay is an i nuno- polynerase chain reaction' (immno-PCR) assay. 20

-25 68." The nethod of claimb55, wherein said BAG ..gene expression | evel -

- is determined prior to | ynph node involvenent of sai d cancgy r @%i Ihe

- method of claimb55, wherein said BAG gegﬁ expressron | evel . erm ned
after |ynph node' involvenment of said cance 70. The nethod of cl ai m55,

wherein said BAG 30 gene expression Ie LS ned.during Stage | or
Stage-11 of said cancer%a h@ehg Hoa F18F3I§b55w ﬁﬁgﬁglﬁ %gl

reference BAﬁm§éeeceapdésieonNhevel is a level of BAG 35 gene expression
- above which correlates with increased survival in a-first group of
patients conpared to a 52 5 10 7 January 2004 second group of patients,

~sai d second group of paBi.entrhe havhng BAG-yanfm expreasirefn| exelisshel ow.

sai d reference l evel .. 72. A nethod_for nonitoring the effectiveness of a
courseSof tr8&PReRPPERSa2pBreRRTsBAPePFRESEPom breast cancer, said

met hod conprising: (a) deternmining a first BAG gene expression level in a
cancerous breast tissue fromsaid patient _prior to said treatnent; and (b)
subsequent |y determ ni f§-a <BEoRGtBRE §éneladwpPassiBATEéReFaid BA @ancerous

- br east tlssugekbo@hggags gaby%ggOQQelgggsgkgtggﬁatnent ‘wher eby an
‘I ncreased second BAG expreSS|on Ieve conpared to said first BAG
10 - . 65. The method of claim 55, wherein said BAG

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

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

15 . gene expression level is determined using an immunoassay.

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

. {immuno-PCR) assay.

20 . _

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

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

70. The method of claim 55, wherein said BAG

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

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

35 - gene expression above which correlates with increased

survival in a first group of patients compared to a



15 expression level indicates an effective treatnent. 73. The nethod of
cl'aim72, -wherein said BAG gene expression level is determ ned by .
measuring a BAG protein level. .20 25 74. The nethod of &l ginih{doowherein
said BAG protein level is determ ned with an antibody specific’for BAG
protein. 75.- The method of claim 72, wherein said BAG gene expression
level is det %re,rasb&@dg%uge@%u 2R et , lsauel s%fco?‘ldn‘é&lo%'pc;o%cb‘at‘ﬁ@hQF encodes
said BAG protein. 76. The nethod of claim?75, wheréin said “30 nucleic acid
is DNA 77. PR¥ims: BOG oPTEl SFEwESSsinelevelsaibelawuciadicc rafiedenseRNA. 35
78. "The nmet hqd@f claim 72, wherein said BAG gene encodes a nucl ear BAG
protein.” 53 7 January 2004 79. The nethod-of claim 72, wherein said BAG
, gene encodes a cytosolic BAG protein. 80. The nethod of claim 72, wherein
said BAG 5 gene encodes,a pkot el el-ect f. QM- ro LSt . of
BAG . 1. BAG IN, BAG 1M and BB RoRE B! AEn LD 0e 9l S ROS kR % sai
BAG gene exprfessiconrisevelf ityedémentn Hed aspagismti suifeassgy fro® 82. The
nmet hod of cl a| , rein_said i%gﬁnoassa -1.S_an i mmuno- pol ynerase chain
reaction (i ?rﬁ%u@ﬁ%%Peg%%ggéaﬁﬁfS"@& & fr?l‘ulg&ngf‘ claim72, wherein said
BAG gene expression | da¢l desedetieimgned firiser BRG lgpmeh expdessiowol vemrent
: OT SaFd CanCibvel in a cancerous breast tissue from said patient
10 prior to said treatment; and '
‘ ' (b) subsequently determining a second BAG gene
expression level in a cancerous breast tissue from said
= patient during said treatment, whereby an increased
second BAG expression level compared to said first BAG

15 = expression level indicates an effective treatment .

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

74, The method of'claim 73, wherein said BAG
‘protein level is determined with an antibody specific for
BAG protein.

- 25 75. The method of claim 72, wherein said BAG
gene expression level is determined by measuring the
level of a nucleic acid which encodes said BAG proteih.
_ 76. The method of claim 75, wherein said

30 nucleic acid is DNA.
77. The method of claim 75, wherein said
nucleic acid is RNA.
35 78. The method of claim 72, wherein said BAG

gene encodes a nuclear BAG protein



H

84. The nethod of claim 72, wherein said BAG 20 gene expression |evel

det er m ned after.|ynph node invol verrent of said cancer. 85. The nethod
- claim72, ‘wherein said BAG gene expression level is dete&mdﬂgquMbhng

St age |

10

15

- 20

25

2.5 Stage Il of said cancer g3

79. The method of claim 72, wherein said BAG

gene encodes a cytosolic BAG protein.

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

gene encodes a protein selected from the groﬁp consisting

‘of BAG-1, BAG-1N, BAG-1M and BAG-1L.

81. The method of claim 72, wherein said BAG

gene expression level is determined using an immunoassay.

82. .The methqd of claim 81, wherein said

immunoassay .is an immuno-polymerase chain reaction

{immuno-PCR) assay.

83. The method of claim 72, wherein said BAG

gene expression level is determined prior to 1ymph node

involvement of sald cancer.

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

1nvolvement of said cancer.

B85. The method of clalm 72, whéreln said BAG

gene expre531on level is determined during Stage I or.

‘Stage IT of said cancer.
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