
US 20060063190A1 

(12) Patent Application Publication (10) Pub. N0.: US 2006/0063190 A1 
(19) United States 

Fischer et al. (43) Pub. Date: Mar. 23, 2006 

(54) METHODS AND COMPOSITIONS FOR 
EVALUATING BREAST CANCER 
PROGNOSIS 

(75) Inventors: Timothy J. Fischer, Raleigh, NC (US); 
Clark M. Whitehead, Apex, NC (US); 
Douglas P. Malinowski, Hillsborough, 
NC (US); Raphael Marcelpoil, 
Grenoble (FR); Didier Morel, Grenoble 
(FR) 

Correspondence Address: 
ALSTON & BIRD LLP 
BANK OF AMERICA PLAZA 
101 SOUTH TRYON STREET, SUITE 4000 
CHARLOTTE, NC 28280-4000 (US) 

(73) Assignee: TriPath Imaging, Inc, Burlington, NC 

(21) Appl. No.: 11/233,510 

(22) Filed: Sep. 22, 2005 

Related US. Application Data 

(60) Provisional application No. 60/612,073, ?led on Sep. 
22, 2004. Provisional application No. 60/611,965, 
?led on Sep. 22, 2004. 

Publication Classi?cation 

(51) Int. Cl. 
C12Q 1/68 (2006.01) 
G01N 33/574 (2006.01) 

(52) Us. 01. ............................................. .. 435/6; 435/723 

(57) ABSTRACT 

Methods and compositions for evaluating the prognosis of a 
breast cancer patient, particularly an early-stage breast can 
cer patient, are provided. The methods of the invention 
comprise detecting expression of at least one, more particu 
larly at least tWo, biomarker(s) in a body sample, Wherein 
overeXpression of the biomarker or a combination of biom 
arkers is indicative of breast cancer prognosis. In some 
embodiments, the body sample is a breast tissue sample, 
particularly a primary breast tumor sample. The biomarkers 
of the invention are proteins and/or genes Whose overex 
pression is indicative of either a good or bad cancer prog 
nosis. Biomarkers of interest include proteins and genes 
involved in cell cycle regulation, DNA replication, transcrip 
tion, signal transduction, cell proliferation, invasion, pro 
teolysis, or metastasis. In some aspects of the invention, 
overeXpression of a biomarker of interest is detected at the 
protein level using biomarker-speci?c antibodies or at the 
nucleic acid level using nucleic acid hybridization tech 
niques. 





Patent Application Publication Mar. 23, 2006 Sheet 2 0f 5 US 2006/0063190 A1 

2.3: w: ow 

N .QE 





Patent Application Publication Mar. 23, 2006 Sheet 4 0f 5 US 2006/0063190 A1 

Follow-Up Year from Diagnosis 

r 

O 
LD 00 0.75‘ 0.25‘ 00 FIG. 4 





US 2006/0063190 A1 

METHODS AND COMPOSITIONS FOR 
EVALUATING BREAST CANCER PROGNOSIS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application Ser. No. 60/612,073, ?led Sep. 22, 2004, 
and US. Provisional Application Ser. No. 60/611,965, ?led 
Sep. 22, 2004, both of Which are incorporated herein by 
reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods and com 
positions for evaluating the prognosis of a patient afflicted 
With breast cancer, particularly early-stage breast cancer. 

BACKGROUND OF THE INVENTION 

[0003] Breast cancer is the second most common cancer 
among American Women, less frequent only than skin can 
cer. An American Woman has a one in eight chance of 
developing breast cancer during her lifetime, and the Ameri 
can Cancer Society estimates that more than 250,000 neW 
cases of breast cancer Will be reported in the US. this year. 
Breast cancer is the second leading cause of cancer deaths in 
Women, With more than 40,000 Americans eXpected to die 
from the disease in 2004. 

[0004] Improved detection methods, mass screening, and 
advances in treatment over the last decade have signi?cantly 
improved the outlook for Woman diagnosed With breast 
cancer. Today, approximately 80% of breast cancer cases are 
diagnosed in the early stages of the disease When survival 
rates are at their highest. As a result, about 85% percent of 
breast cancer patients are alive at least 5 years after diag 
nos1s. 

[0005] Despite these advances, approximately 20% of 
Women diagnosed With early-stage breast cancer have a poor 
ten-year outcome and Will suffer disease recurrence, 
metastasis, or death Within this time period. The remaining 
80% of breast cancer patients diagnosed at an early stage, 
hoWever, have a good 10-year prognosis and are unlikely to 
need, or bene?t from, additional aggressive adjuvant therapy 
(e.g., chemotherapy). The current clinical consensus is that 
at least some early-stage, node-negative breast cancer 
patients should receive adjuvant chemotherapy, but pres 
ently there are no Widely used assays to risk stratify patients 
for more aggressive treatment. Since the majority of these 
early-stage cancer patients enjoy long-term survival folloW 
ing surgery and/or radiation therapy Without further treat 
ment, it is likely inappropriate to recommend aggressive 
adjuvant therapy for all of these patients, particularly in light 
of the signi?cant side effects associated With cancer chemo 
therapeutics. Compositions and methods that permit the 
differentiation of these populations of early-stage breast 
cancer patients at the time of initial diagnosis into good and 
bad prognosis groups Would assist clinicians in selecting 
appropriate courses of treatment. Thus, methods for evalu 
ating the prognosis of breast cancer patients, particularly 
early-stage breast cancer patients, are needed. 

[0006] Signi?cant research has focused on identifying 
methods and factors for assessing breast cancer prognosis 
and predicting therapeutic response. (See generally, Ross 
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and Hortobagyi, eds. (in press) Molecular Oncology of 
Breast Cancer (Jones and Bartlett Publishers, Boston, 
Mass.) and the references cited therein, all of Which are 
herein incorporated by reference in their entirety). Prognos 
tic indicators include more conventional factors, such as 
tumor siZe, nodal status, and histological grade, as Well as 
molecular markers that provide some information regarding 
prognosis and likely response to particular treatments. For 
eXample, determination of estrogen (ER) and progesterone 
(PR) steroid hormone receptor status has become a routine 
procedure in assessment of breast cancer patients. See, for 
eXample, FitZgibbons et al. (2000) Arch. Pathol. Lab. Med. 
124:966-978. Tumors that are hormone receptor positive are 
more likely to respond to hormone therapy and also typically 
groW less aggressively, thereby resulting in a better prog 
nosis for patients With ER+/PR+ tumors. 

[0007] OvereXpression of human epidermal groWth factor 
receptor 2 (HER-2/neu), a transmembrane tyrosine kinase 
receptor protein, has been correlated With poor breast cancer 
prognosis. Ross et al. (2003) The Oncologist :307-325. 
Her2/neu eXpression levels in breast tumors are currently 
used to predict response to the anti-Her-2/neu antibody 
therapeutic trastuZumab (Herceptin®; Genentech). See, for 
eXample, Id. and Ross et al., supra. Furthermore, approxi 
mately one-third of breast cancers have mutations in the 
tumor suppressor gene p53, and these mutations have been 
associated With increased disease aggressiveness and poor 
prognostic outcome. FitZgibbons et al., supra. Ki-67 is a 
non-histone nuclear protein that is eXpressed during the GI 
through M phases of the cell cycle. Studies have shoWn that 
overeXpression of the cellular proliferation marker Ki-67 
also correlates With poor breast cancer prognosis. Id. 

[0008] Although current prognostic criteria and molecular 
markers provide some guidance in predicting patient out 
come and selecting appropriate course of treatment, a sig 
ni?cant need eXists for a speci?c and sensitive method for 
evaluating breast cancer prognosis, particularly in early 
stage, lymph-node negative patients. Such a method should 
speci?cally distinguish breast cancer patients With a poor 
prognosis from those With a good prognosis and permit the 
identi?cation of high-risk, early-stage breast cancer patients 
Who are likely to need aggressive adjuvant therapy. 

SUMMARY OF THE INVENTION 

[0009] Methods and compositions for evaluating the prog 
nosis of a cancer patient, particularly a breast cancer patient, 
are provided. The methods comprise detecting eXpression of 
at least one, more particularly at least tWo, biomarker(s) in 
a body sample, Wherein the overeXpression of a biomarker 
or combination of biomarkers is indicative of cancer prog 
nosis. OvereXpression of the biomarker or combination of 
biomarkers of the invention is indicative of either a good 
prognosis (i.e., disease-free survival) or a bad prognosis 
(i.e., cancer recurrence, metastasis, or death from the under 
lying cancer). Thus, the present method permits the differ 
entiation of breast cancer patients With a good prognosis 
from those patients With a bad prognosis. The methods 
disclosed herein can be used in combination With assessment 
of conventional clinical factors (e.g., tumor siZe, tumor 
grade, lymph node status, and family history) and/or analy 
sis of the eXpression level of molecular markers, such as 
Her2/neu, Ki67, p53, and estrogen and progesterone hor 
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mone receptors. In this manner, the methods of the invention 
permit a more accurate evaluation of breast cancer progno 
sis. 

[0010] The biomarkers of the invention are proteins and/or 
genes Whose overexpression is indicative of cancer progno 
sis, including those biomarkers involved in cell cycle regu 
lation, DNA replication, transcription, signal transduction, 
cell proliferation, invasion, or metastasis. The detection of 
overexpression of the biomarker genes or proteins of the 
invention permits the evaluation of cancer prognosis and 
facilitates the separation of breast cancer patients into good 
and bad prognosis risk groups for the purposes of, for 
example, treatment selection. 

[0011] Biomarker expression can be assessed at the pro 
tein or nucleic acid level. In some embodiments, immuno 
histochemistry techniques are provided that utiliZe antibod 
ies to detect the expression of biomarker proteins in breast 
tumor samples. In this aspect of the invention, at least one 
antibody directed to a speci?c biomarker of interest is used. 
Expression can also be detected by nucleic acid-based 
techniques, including, for example, hybridiZation and RT 
PCR. 

[0012] Compositions include monoclonal antibodies 
capable of binding to biomarker proteins of the invention. 
Antigen-binding fragments and variants of these mono 
clonal antibodies, hybridoma cell lines producing these 
antibodies, and isolated nucleic acid molecules encoding the 
amino acid sequences of these monoclonal antibodies are 
also encompassed herein. Kits comprising reagents for prac 
ticing the methods of the invention are further provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 shoWs the distribution of percentage of cells 
staining With an intensity of 2 as a function of actual breast 
cancer outcome. Experimental details are provided in 
Example 4. 

[0014] FIG. 2 provides the ROC curve obtained using the 
sequence-based interpretation approach for the SLPI/p21ras/ 
E2F1/PSMB9/src/phospho-p27 combination. Experimental 
details are provided in Example 5. 

[0015] FIG. 3 provides the Kaplan-Meier plot for the 
prognostic performance of the SLPI, src, PSMB9, p21ras, 
and E2F1 biomarker panel. Details are provided in Example 
8. 

[0016] FIG. 4 provides a graphical representation of the 
long-term survival data for the general breast cancer patient 
population, independent of analysis of biomarker overex 
pression. Details are provided in Example 8. 

[0017] FIG. 5 provides the Kaplan-Meier plot for the 
prognostic performance of the SLPI, src, PSMB9, p21ras, 
E2F1, and MUC-l biomarker panel. Details are provided in 
Example 9. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] The present invention provides methods and com 
positions for evaluating the prognosis of a cancer patient, 
particularly a breast cancer patient, more particularly an 
early-stage breast cancer patient. The methods comprise 
detecting the expression of biomarkers in a patient tissue or 
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body ?uid sample and determining if said biomarkers are 
overexpressed. Overexpression of a biomarker or combina 
tion of biomarkers used in the practice of the invention is 
indicative of breast cancer prognosis (i.e., bad or good 
prognosis). Thus, overexpression of a particular biomarker 
or combination of biomarkers of interest permits the differ 
entiation of breast cancer patients that are likely to experi 
ence disease recurrence (i.e., poor prognosis) from those 
Who are more likely to remain cancer-free (i.e., good prog 
nosis). In some aspects of the invention, the methods involve 
detecting the overexpression of at least one biomarker in a 
breast tumor sample that is indicative of a poor breast cancer 
prognosis and thereby identifying patients Who are more 
likely to suffer a recurrence of the underlying cancer. The 
methods of the invention can also be used to assist in 
selecting appropriate courses of treatment and to identify 
patients that Would bene?t from more aggressive therapy. In 
particular embodiments, antibodies and immunohistochem 
istry techniques are used to detect expression of a biomarker 
of interest and to evaluate the prognosis of a breast cancer 
patient. Monoclonal antibodies speci?c for biomarkers of 
interest and kits for practicing the methods of the invention 
are further provided. 

[0019] By “breast cancer” is intended, for example, those 
conditions classi?ed by biopsy as malignant pathology. The 
clinical delineation of breast cancer diagnoses is Well-knoWn 
in the medical arts. One of skill in the art Will appreciate that 
breast cancer refers to any malignancy of the breast tissue, 
including, for example, carcinomas and sarcomas. In par 
ticular embodiments, the breast cancer is ductal carcinoma 
in situ (DCIS), lobular carcinoma in situ (LCIS), or muci 
nous carcinoma. Breast cancer also refers to in?ltrating 
ductal (IDC) or in?ltrating lobular carcinoma (ILC). In most 
embodiments of the invention, the subject of interest is a 
human patient suspected of or actually diagnosed With breast 
cancer. 

[0020] The American Joint Committee on Cancer (AJ CC) 
has developed a standardiZed system for breast cancer 
staging using a “TNM” classi?cation scheme. Patients are 
assessed for primary tumor siZe (T), regional lymph node 
status (N), and the presence/absence of distant metastasis 
(M) and then classi?ed into stages O-IV based on this 
combination of factors. In this system, primary tumor siZe is 
categoriZed on a scale of 0-4 (T0=no evidence of primary 
tumor; T1= 22 cm; T2=>2 cm—<5 cm; T3=>5 cm; T4=tumor 
of any siZe With direct spread to chest Wall or skin). Lymph 
node status is classi?ed as N0-N3 (N0=regional lymph 
nodes are free of metastasis; N1=metastasis to movable, 
same-side axillary lymph node(s); N2=metastasis to same 
side lymph node(s) ?xed to one another or to other struc 
tures; N3=metastasis to same-side lymph nodes beneath the 
breastbone). Metastasis is categoriZed by the absence (M0) 
or presence of distant metastases (M1). While breast cancer 
patients at any clinical stage are encompassed by the present 
invention, breast cancer patients in early-stage breast cancer 
are of particular interest. By “early-stage breast cancer” is 
intended stages 0 (in situ breast cancer), I (T1, N0, M0), IIA 
(TO-1, N1, M0 or T2, N0, M0), and IIB (T2, N1, M0 or T3, 
N0, M0). Early-stage breast cancer patients exhibit little or 
no lymph node involvement. As used herein, “lymph node 
involvement” or “lymph node status” refers to Whether the 
cancer has metastasiZed to the lymph nodes. Breast cancer 
patients are classi?ed as “lymph node-positive” or “lymph 
node-negative” on this basis. Methods of identifying breast 
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cancer patients and staging the disease are Well known and 
may include manual examination, biopsy, revieW of 
patient’s and/or family history, and imaging techniques, 
such as mammography, magnetic resonance imaging (MRI), 
and positron emission tomography 

[0021] The term “prognosis” is recognized in the art and 
encompasses predictions about the likely course of disease 
or disease progression, particularly With respect to likeli 
hood of disease remission, disease relapse, tumor recur 
rence, metastasis, and death. “Good prognosis” refers to the 
likelihood that a patient afflicted With cancer, particularly 
breast cancer, Will remain disease-free (i.e., cancer-free). 
“Poor prognosis” is intended to mean the likelihood of a 
relapse or recurrence of the underlying cancer or tumor, 
metastasis, or death. Cancer patients classi?ed as having a 
“good outcome” remain free of the underlying cancer or 
tumor. In contrast, “bad outcome” cancer patients experi 
ence disease relapse, tumor recurrence, metastasis, or death. 
In particular embodiments, the time frame for assessing 
prognosis and outcome is, for example, less than one year, 
one, tWo, three, four, ?ve, six, seven, eight, nine, ten, ?fteen, 
tWenty or more years. As used herein, the relevant time for 
assessing prognosis or disease-free survival time begins With 
the surgical removal of the tumor or suppression, mitigation, 
or inhibition of tumor groWth. Thus, for example, in par 
ticular embodiments, a “good prognosis” refers to the like 
lihood that a breast cancer patient Will remain free of the 
underlying cancer or tumor for a period of at least ?ve, more 
particularly, a period of at least ten years. In further aspects 
of the invention, a “bad prognosis” refers to the likelihood 
that a breast cancer patient Will experience disease relapse, 
tumor recurrence, metastasis, or death Within less than ?ve 
years, more particularly less than ten years. Time frames for 
assessing prognosis and outcome provided above are illus 
trative and are not intended to be limiting. 

[0022] In some embodiments described herein, prognostic 
performance of the biomarkers and/or other clinical param 
eters Was assessed utiliZing a Cox Proportional HaZards 
Model Analysis, Which is a regression method for survival 
data that provides an estimate of the haZard ratio and its 
con?dence interval. The Cox model is a Well-recognized 
statistical technique for exploring the relationship betWeen 
the survival of a patient and particular variables. This 
statistical method permits estimation of the haZard (i.e., risk) 
of individuals given their prognostic variables (e.g., over 
expression of particular biomarkers, as described herein). 
Cox model data are commonly presented as Kaplan-Meier 
curves. The “haZard ratio” is the risk of death at any given 
time point for patients displaying particular prognostic vari 
ables. See generally Spruance et al. (2004) Antimicrob. 
Agents & Chemo. 48:2787-2792. In particular embodiments, 
the biomarkers of interest are statistically signi?cant for 
assessment of the likelihood of breast cancer recurrence or 
death due to the underlying breast cancer. Methods for 
assessing statistical signi?cance are Well knoWn in the art 
and include, for example, using a log-rank test Cox analysis 
and Kaplan-Meier curves. In some aspects of the invention, 
a p-value of less than 0.05 constitutes statistical signi?cance. 

[0023] As described herein above, a number of clinical 
and prognostic breast cancer factors are knoWn in the art and 
are used to predict treatment outcome and the likelihood of 
disease recurrence. Such factors include lymph node 
involvement, tumor siZe, histologic grade, family history, 

Mar. 23, 2006 

estrogen and progesterone hormone receptor status, Her 
2/neu levels, and tumor ploidy. As used herein, estrogen and 
progesterone hormone receptor status refers to Whether these 
receptors are expressed in the breast tumor of a particular 
breast cancer patient. Thus, an “estrogen receptor-positive 
patient” displays estrogen receptor expression in a breast 
tumor, Whereas an “estrogen receptor-negative patient” does 
not. Using the methods of the present invention, the prog 
nosis of a breast cancer patient can be determined indepen 
dent of or in combination With assessment of these or other 

clinical and prognostic factors. In some embodiments, com 
bining the methods disclosed herein With evaluation of other 
prognostic factors may permit a more accurate determina 
tion of breast cancer prognosis. The methods of the inven 
tion may be coupled With analysis of, for example, Her2/ 
neu, Ki67, and/or p53 expression levels. Other factors, such 
as patient clinical history, family history, and menopausal 
status, may also be considered When evaluating breast 
cancer prognosis via the methods of the invention. In some 
embodiments, patient data obtained via the methods dis 
closed herein may be coupled With analysis of clinical 
information and existing tests for breast cancer prognosis to 
develop a reference laboratory prognostic algorithm. Such 
algorithms ?nd used in stratifying breast cancer patients, 
particularly early-stage breast cancer patients, into good and 
bad prognosis populations. Patients assessed as having a 
poor prognosis may be upstaged for more aggressive breast 
cancer treatment. 

[0024] The methods of the invention permit the superior 
assessment of breast cancer prognosis in comparison to 
analysis of other knoWn prognostic indicators (e.g., lymph 
node involvement, tumor siZe, histologic grade, estrogen 
and progesterone receptor levels, Her 2/neu status, tumor 
ploidy, and family history). In particular aspects of the 
invention, the sensitivity and speci?city is equal to or greater 
than that of knoWn cancer prognostic evaluation methods. 
The endpoint for assessing speci?city and sensitivity is 
comparison of the prognosis or outcome predicted using the 
methods of the invention (i.e., at or near the time of 
diagnosis) With the actual clinical outcome (i.e., Whether the 
patient remained cancer-free or suffered a recurrence Within 
a speci?ed time period). As used herein, “speci?city” refers 
to the level at Which a method of the invention can accu 
rately identify true negatives. In a clinical study, speci?city 
is calculated by dividing the number of true negatives by the 
sum of true negatives and false positives. By “sensitivity” is 
intended the level at Which a method of the invention can 
accurately identify samples that are true positives. Sensitiv 
ity is calculated in a clinical study by dividing the number 
of true positives by the sum of true positives and false 
negatives. In some embodiments, the sensitivity of the 
disclosed methods for the evaluation of breast cancer is at 

least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, 99% or more. Furthermore, the speci?city of the 
present methods is preferably at least about 40%, 45%, 50%, 
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99% or more. In further 
embodiments, the combined sensitivity and speci?city value 
for the prognostic methods of the invention is assessed. By 
“combined sensitivity and speci?city value” is intended the 
sum of the individual speci?city and sensitivity values, as 
de?ned herein above. The combined sensitivity and speci 
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?city value of the present methods is preferably at least 
about 105%, 110%, 115%, 120%, 130%, 140%, 150%, 
160% or more. 

[0025] As used herein, the de?nitions of “true” and “false” 
positives and negatives Will be dependent upon Whether the 
biomarker or combination of biomarkers under consider 
ation are good outcome or bad outcome biomarkers. That is, 
in the case of good outcome biomarkers (i.e., those indica 
tive of a good prognosis), “true positive” refers to those 
samples exhibiting overexpression of the biomarker of inter 
est, as determined by the methods of the invention (e.g., 
positive staining by immunohistochemistry), that have a 
con?rmed good actual clinical outcome. In contrast, “false 
positives” display overexpression of the good outcome 
biomarker(s) but have a con?rmed bad actual clinical out 
come. “True negatives” and “false negatives” With respect to 
good outcome biomarkers do not display biomarker over 
expression (e.g., do not stain positive in immunohistochem 
istry methods) and have con?rmed bad and good actual 
clinical outcomes, respectively. 

[0026] Similarly, in the case of bad outcome biomarkers, 
“true positives” refers to those samples exhibiting overex 
pression of the biomarker or combination of biomarkers of 
interest that have a con?rmed bad actual clinical outcome. 
That is, “true positive” With respect to both good and bad 
outcome biomarkers refers to samples in Which the actual 
clinical outcome (i.e., good or bad) is accurately predicted. 
“False positives” display overexpression of the bad outcome 
biomarker but have a con?rmed good actual clinical out 
come. “True negatives” and “false negatives” With respect to 
bad outcome biomarkers do not display biomarker overex 
pression and have con?rmed good and bad actual clinical 
outcomes, respectively. 

[0027] Breast cancer is managed by several alternative 
strategies that may include, for example, surgery, radiation 
therapy, hormone therapy, chemotherapy, or some combi 
nation thereof. As is knoWn in the art, treatment decisions for 
individual breast cancer patients can be based on the number 
of lymph nodes involved, estrogen and progesterone recep 
tor status, siZe of the primary tumor, and stage of the disease 
at diagnosis. Analysis of a variety of clinical factors and 
clinical trials has led to the development of recommenda 
tions and treatment guidelines for early-stage breast cancer 
by the International Consensus Panel of the St. Gallen 
Conference (2001). See Goldhirsch et al. (2001) J. Clin. 
Oncol. 19:3817-3827, Which is herein incorporated by ref 
erence in its entirety. The guidelines indicate that treatment 
for patients With node-negative breast cancer varies substan 
tially according to the baseline prognosis. More aggressive 
treatment is recommended for patients With a relative high 
risk of recurrence When compared to patients With a rela 
tively loW risk of recurrence. It has been demonstrated that 
chemotherapy for the high risk population has resulted in a 
reduction in the risk of relapse. Women With a loW risk 
category are usually treated With radiation and hormonal 
therapy. Strati?cation of patients into poor prognosis or good 
prognosis risk groups at the time of diagnosis using the 
methods disclosed herein may provide an additional or 
alternative treatment decision-making factor. The methods 
of the invention permit the differentiation of breast cancer 
patients With a good prognosis from those more likely to 
suffer a recurrence (i.e., patients Who might need or bene?t 
from additional aggressive treatment at the time of diagno 
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sis). The methods of the invention ?nd particular use in 
choosing appropriate treatment for early-stage breast cancer 
patients. As discussed above, the majority of breast cancer 
patients diagnosed at an early-stage of the disease enjoy 
long-term survival folloWing surgery and/or radiation 
therapy Without further adjuvant therapy. A signi?cant per 
centage (approximately 20%) of these patients, hoWever, 
Will suffer disease recurrence or death, leading to clinical 
recommendations that some or all early-stage breast cancer 
patients should receive adjuvant therapy (e.g., chemo 
therapy). The methods of the present invention ?nd use in 
identifying this high-risk, poor prognosis population of 
early-stage breast cancer patients and thereby determining 
Which patients Would bene?t from continued and/or more 
aggressive therapy and close monitoring folloWing treat 
ment. For example, early-stage breast cancer patients 
assessed as having a poor prognosis by the methods dis 
closed herein may be selected for more aggressive adjuvant 
therapy, such as chemotherapy, folloWing surgery and/or 
radiation treatment. In particular embodiments, the methods 
of the present invention may be used in conjunction With the 
treatment guidelines established by the St. Gallens Confer 
ence to permit physicians to make more informed breast 
cancer treatment decisions. The present methods for evalu 
ating breast cancer prognosis can also be combined With 
other prognostic methods and molecular marker analyses 
knoWn in the art (e.g., Her2/neu, Ki67, and p53 expression 
levels) for purposes of selecting an appropriate breast cancer 
treatment. Furthermore, the methods of the invention can be 
combined With later-developed prognostic methods and 
molecular marker analyses not currently knoWn in the art. 

[0028] The methods disclosed herein also ?nd use in 
predicting the response of a breast cancer patient to a 
selected treatment. By “predicting the response of a breast 
cancer patient to a selected treatment” is intended assessing 
the likelihood that a patient Will experience a positive or 
negative outcome With a particular treatment. As used 
herein, “indicative of a positive treatment outcome” refers to 
an increased likelihood that the patient Will experience 
bene?cial results from the selected treatment (e. g., complete 
or partial remission, reduced tumor siZe, etc.). By “indica 
tive of a negative treatment outcome” is intended an 
increased likelihood that the patient Will not bene?t from the 
selected treatment With respect to the progression of the 
underlying breast cancer. In some aspects of the invention, 
the selected treatment is chemotherapy. 

[0029] In certain embodiments, methods for predicting the 
likelihood of survival of a breast cancer patient are provided. 
In particular, the methods may be used predict the likelihood 
of long-term, disease-free survival. By “predicting the like 
lihood of survival of a breast cancer patient” is intended 
assessing the risk that a patient Will die as a result of the 
underlying breast cancer. “Long-term, disease-free survival” 
is intended to mean that the patient does not die from or 
suffer a recurrence of the underlying breast cancer Within a 
period of at least ?ve years, more particularly at least ten or 
more years, folloWing initial diagnosis or treatment. Such 
methods for predicting the likelihood of survival of a breast 
cancer patient comprise detecting expression of multiple 
biomarkers in a patient sample, Wherein the likelihood of 
survival, particularly long-term, disease-free survival, 
decreases as the number of biomarkers determined to be 
overexpressed in the patient sample increases. For example, 
in one aspect of the invention, the expression of at least ?ve 
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biomarkers is determined, Wherein overexpression of none 
of the biomarkers is indicative of an increased likelihood of 
survival, and Wherein overexpression of tWo or more biom 
arkers is indicative of a decreased likelihood of survival. 
Likelihood of survival may be assessed in comparison to, for 
example, breast cancer survival statistics available in the art. 
In other embodiments, methods for predicting the likelihood 
of survival of breast cancer patient comprise determining the 
expression of at least six biomarkers and assessing the 
number of these biomarkers that are overexpressed. Biom 
arkers useful for these methods may be selected from, for 
example, E2F1, SLPI, MUC-1, src, p21ras, and PSMB9. See 
generally examples 8 and 9. 

[0030] The biomarkers of the invention include genes and 
proteins. Such biomarkers include DNA comprising the 
entire or partial sequence of the nucleic acid sequence 
encoding the biomarker, or the complement of such a 
sequence. The biomarker nucleic acids also include RNA 
comprising the entire or partial sequence of any of the 
nucleic acid sequences of interest. A biomarker protein is a 
protein encoded by or corresponding to a DNAbiomarker of 
the invention. A biomarker protein comprises the entire or 
partial amino acid sequence of any of the biomarker proteins 
or polypeptides. Fragments and variants of biomarker genes 
and proteins are also encompassed by the present invention. 
By “fragment” is intended a portion of the polynucleotide or 
a portion of the amino acid sequence and hence protein 
encoded thereby. Polynucleotides that are fragments of a 
biomarker nucleotide sequence generally comprise at least 
10, 15, 20, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 
500, 550, 600, 650, 700, 800, 900, 1,000, 1,100, 1,200, 
1,300, or 1,400 contiguous nucleotides, or up to the number 
of nucleotides present in a full-length biomarker polynucle 
otide disclosed herein. Afragment of a biomarker polynucle 
otide Will generally encode at least 15, 25, 30, 50, 100, 150, 
200, or 250 contiguous amino acids, or up to the total 
number of amino acids present in a full-length biomarker 
protein of the invention. “Variant” is intended to mean 
substantially similar sequences. Generally, variants of a 
particular biomarker of the invention Will have at least about 
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 
more sequence identity to that biomarker as determined by 
sequence alignment programs. 

[0031] A “biomarker” is any gene or protein Whose level 
of expression in a tissue or cell is altered compared to that 
of a normal or healthy cell or tissue. The biomarkers of the 
present invention are genes and proteins Whose overexpres 
sion correlates With cancer, particularly breast cancer, prog 
nosis. In particular embodiments, selective overexpression 
of a biomarker or combination of biomarkers of interest in 
a patient sample is indicative of a poor cancer prognosis. By 
“indicative of a poor prognosis” is intended that overexpres 
sion of the particular biomarker or combination of biomar 
kers is associated With an increased likelihood of relapse or 
recurrence of the underlying cancer or tumor, metastasis, or 
death, as de?ned herein above. For example, “indicative of 
a poor prognosis” may refer to an increased likelihood of 
relapse or recurrence of the underlying cancer or tumor, 
metastasis, or death Within ?ve years, more particularly ten 
years. Biomarkers that are indicative of a poor prognosis 
may be referred to herein as “bad outcome biomarkers.” In 
other aspects of the invention, the absence of overexpression 
of a biomarker or combination of biomarkers of interest is 
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indicative of a good prognosis. As used herein, “indicative 
of a good prognosis” refers to an increased likelihood that 
the patient Will remain cancer-free, as de?ned herein above. 
In some embodiments, “indicative of a good prognosis” 
refers to an increased likelihood that the patient Will remain 
cancer-free for at least ?ve, more particularly at least ten 
years. Such biomarkers may be referred to as “good outcome 
biomarkers.” 

[0032] The biomarkers of the present invention include 
any gene or protein Whose overexpression correlates With 
breast cancer prognosis, as described herein above. Biom 
arkers include genes and proteins that are indicative of a 
poor breast cancer prognosis (i.e., bad outcome biomarkers) 
as Well as those that are indicative of a good prognosis (i.e., 
good outcome biomarkers). Biomarkers of particular interest 
include genes and proteins that are involved in regulation of 
cell groWth and proliferation, cell cycle control, DNA rep 
lication and transcription, apoptosis, signal transduction, 
angiogenesis/lymphogenesis, or metastasis. In some 
embodiments, the biomarkers regulate protease systems 
involved in tissue remodeling, extracellular matrix degrada 
tion, and adjacent tissue invasion. Although any biomarker 
Whose overexpression is indicative of breast cancer prog 
nosis can be used to practice the invention, in particular 
embodiments, biomarkers are selected from the group con 
sisting of SLPI, p21ras, MUC-1, DARPP-32, phospho-p27, 
src, MGC 14832, myc, TGF[3-3, SERHL, E2F1, PDGFRot, 
NDRG-1, MCM2, PSMB9, MCM6, and p53. See Table 43. 
In one embodiment, the biomarkers of interest comprise 
SLPI, PSMB9, phospho-p27, src, E2F1, p21ras, or p53. In 
one aspect of the invention, the methods for evaluating 
breast cancer prognosis comprise detecting the expression of 
E2F1 and SLPI, Wherein overexpression of at least one of 
these biomarkers is indicative of a poor prognosis. In 
another embodiment, the methods comprise detecting the 
expression of E2F1, src, and SLPI, Wherein overexpression 
of at least tWo of the biomarkers is indicative of a poor breast 
cancer prognosis. In a further embodiment, the methods of 
the present invention comprise detecting the expression of 
E2F1, src, PSMB9, and SLPI, Wherein overexpression of at 
least tWo of these biomarkers is indicative of a poor breast 
cancer prognosis. In other aspects of the invention, the 
expression of E2F1, SLPI, PSMB9, p21ras, and src is 
detected, and overexpression of at least tWo of these biom 
arkers is indicative of a poor prognosis. In yet another 
embodiment, the methods comprise detecting the expression 
of SLPI, p21ras, E2F1, PSMB9, phospho-p27, and src in a 
patient sample, Wherein overexpression of at least four of 
these biomarkers is indicative of a poor prognosis. 

[0033] In another embodiment, the biomarkers of interest 
comprise E2F1, SLPI, MUC-1, src, p21ras, and PSMB9. In 
one aspect of the invention, the methods for evaluating 
breast cancer prognosis comprise detecting the expression of 
E2F1 and SLPI, Wherein overexpression of at least one of 
these biomarkers is indicative of a poor prognosis. In 
another embodiment, the methods comprise detecting the 
expression of E2F1, SLPI, and PSMB9, Wherein overex 
pression of at least tWo of the biomarkers is indicative of a 
poor breast cancer prognosis. In a further embodiment, the 
methods of the present invention comprise detecting the 
expression of E2F1, SLPI, MUC-1, and src, Wherein over 
expression of at least tWo of these biomarkers is indicative 
of a poor breast cancer prognosis. In other aspects of the 
invention, the expression of E2F1, SLPI, MUC-1, src, and 
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p21ras is detected, and overexpression of at least tWo of 
these biomarkers is indicative of a poor prognosis. In yet 
another embodiment, the methods comprise detecting the 
expression of E2F1, SLPI, MUC-1, src, p21ras, and PSMB9 
in a patient sample, Wherein overexpression of at least four 
of these biomarkers is indicative of a poor prognosis. 

[0034] Secretory Leukocyte Protease Inhibitor (SLPI) is a 
non-speci?c inhibitor that can inactivate a number of pro 
teases including leukocyte elastase, trypsin, chymotrypsin 
and the cathepsins (e.g., cathepsin G). SLPI is knoWn to be 
involved in in?ammation and the in?ammatory response in 
relation to tissue repair. Protease inhibitors have generally 
been considered to counteract tumor progression and 
metastasis. HoWever, expression of serine protease inhibi 
tors (SPI’s) in tumors is often associated With poor prog 
nosis of cancer patients. Cathepsin G is over expressed in 
breast cancer and is an indicator of poor prognosis. Its 
inhibitory effect contributes to the immune response by 
protecting epithelial surfaces from attack by endogenous 
proteolytic enZymes. The gene location for SLPI is 20q12, 
Which is a chromosomal region implicated in breast cancer 
chromosomal alterations and aneuploidy. 

[0035] PSMB9 is a member of the proteasome B-type 
family, also knoWn as the T1B family, that is a 205 core beta 
subunit. This gene is located in the class II region of the 
MHC (major histocompatibility complex). Expression of 
this gene is induced by gamma interferon, and this gene 
product replaces catalytic subunit 1 (proteasome beta 6 
subunit) in the immunoproteasome. Proteolytic processing is 
required to generate a mature subunit. 

[0036] NDRG-1 (N-Myc doWnstream regulated) is 
upregulated during cell differentiation, repressed by N-myc 
and c-myc in embryonic cells, and suppressed in several 
tumor cells. Overexpression may be related to hypoxia and 
the subsequent signaling to induce angiogenesis. Hypoxia 
causes the accumulation of the transcription factor hypoxia 
inducible factor 1 (HIP-1), culminating in the expression of 
hypoxia-inducible genes such as those for vascular endot 
helial groWth factor (VEGF) and NDRG-1. NDRG-1 is 
found in some breast cancers as an overexpressed mRNA. 
NDRG-1 is located on chromosome 8q24 adjacent to the 
c-myc gene. 

[0037] MUC1 is a heavily O-glycosylated transmembrane 
protein expressed on most secretory epithelium, including 
mammary glands and some hematopoietic cells. It is 
expressed abundantly in lactating mammary glands and 
overexpressed in more than 90% of breast carcinomas and 
metastases. In normal mammary glands, it is expressed on 
the apical surface of glandular epithelium. 

[0038] p27 is a key regulator of the cell cycle and partici 
pates in the G1-to-S phase progression. It interacts speci? 
cally With the cyclin E/cdk2 complex during G1 phase and 
also With D-type cyclin-cdks. p27 can be phosphorylated on 
threonine 187 by Cdks. Phosphorylation of p27 at threonine 
187 is also cell-cycle dependent, present in proliferating 
cells but undetectable in G1 cells. Activation of p27 degra 
dation is seen in proliferating cells and in many types of 
aggressive human carcinomas. Overexpression of p27 may 
lead to an inhibition of apoptosis and resistance to some 
chemotherapy. 
[0039] The Src family of protein tyrosine kinases (includ 
ing Src, Lyn, Fyn, Yes, Lck, Blk, Hck, etc.) is important in 
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the regulation of groWth and differentiation of eukaryotic 
cells. Src activity is regulated by tyrosine phosphorylation at 
tWo sites With opposing effects. Phosphorylation of Tyr416 
in the activation loop of the kinase domain upregulates the 
enZyme. Phosphorylation of Tyr527 in the C-terminal tail by 
Csk renders the enZyme less active. 

[0040] E2F1 is a member of a family of transcription 
factors involved in the regulation of both G1 and S phase 
cyclins, in particular cyclin D1. These proteins participate in 
the Rb pathWay of cell-cycle regulation and control of DNA 
synthesis. During the G1 phase of the cell-cycle, the E2F 
transcription factors are bound in an inactive complex With 
the Rb tumor suppressor protein. During the G1/S boundary 
of the cell cycle, the Rb protein is hyperphosphorylated and 
releases the E2F transcription factor from its inhibitory 
complex. The E2F transcription factor then activates tran 
scription for those genes responsible for the S-phase of the 
cell-cycle, predominantly resulting in initiation of DNA 
synthesis and preparation for mitosis and subsequent cell 
division. Overexpression of E2F1 has been shoWn to lead to 
the induction of apoptosis possibly through the inhibition of 
cyclinD1-dependent kinase activity coupled With the induc 
tion of a p16 related transcript. In addition, regulation of 
E2F1 at the level of transcription, E2F1 protein levels are 
also controlled by the ubiquitin-proteosome dependent deg 
radation pathWay. Ubiquitination is blocked by the Rb and 
E2F1 complex, Which directly controls aspects of cell cycle 
progression. 

[0041] p21ras is a member of a large group of cytoplasmic 
proteins involved in signal transduction. Guanine nucleotide 
binding proteins (G proteins) comprise a large group of 
cytoplasmic proteins present in eukaryotic cells that are 
involved in signal transduction. There are tWo forms, the 
large heterotrimeric G proteins and the smaller monomers. 
The 3 ras oncogenes, H-ras, K-ras, and N-ras are members 
of the smaller monomeric G proteins and are located on 
chromosomes 11, 12 and 1 respectively. They encode 21-kD 
proteins called p21s and contain 188 amino acids. p21 ras 
proteins are involved in normal cell groWth, protease activi 
ties, and cell adhesion. 

[0042] Collectively, the three forms of p21ras function by 
linking ligand-mediated extracellular receptor activation 
With intracellular tyrosine kinase activation and subsequent 
initiation of a number of cellular processes relevant to breast 
cancer progression, including DNA replication, prolifera 
tion, and anchorage independent groWth. The K- and H-ras 
genes are most often implicated in breast cancer. In both of 
these ras genes, mutations at codons 12 and 13 are common. 
These gain-of-function mutations result in constitutive acti 
vation that uncouples the normal ligand-induced signal 
transduction Within the ras signaling pathWays. Less com 
mon in breast cancer is the involvement of N-ras. TWo 
mechanisms have been reported for N-ras associated 
changes in breast cancer: mutation at codon 61 resulting in 
constitutive activation of the oncogene, similar to the muta 
tions mentioned above for K- and H-ras, and chromosomal 
ampli?cation. Moreover, in addition to activation of intra 
cellular signaling pathWays, the ras oncogenes have been 
reported to induce overexpression of proteases important for 
tissue remodeling and invasion. H-ras has been implicated in 
matrix metalloprotease-2 (MMP-2) overexpression, and 
N-ras has been associated With overexpression of MMP-9. 
See generally Correll and Zoll (1988) Human Genetics 
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791225-259; Tong et al. (1989) Nature 337190-93; Watson et 
al. (1991) Breast Cancer Res. Treat. 171161-169; Dati et al. 
(1991) Int. J. Cancer 471833-838; Archer et al. (1995) Br J. 
Cancer 7211259-1266; Bland et al. (1995) Ann. Surg. 
2211706-718; Shackney et al. (1998) Clin. Cancer Res. 
41913-928; and Gohring et al. (1999) Tumor Biol. 201173 
183, all of Which are herein incorporated by reference in 
their entirety. Detection of any form (i.e., H-, K-, N-ras) of 
the p21ras proteins is encompassed by the present invention. 

[0043] Minichromosome maintenance (MCM) proteins 
play an essential part in eukaryotic DNA replication. Each of 
the MCM proteins has DNA-dependent ATPase motifs in 
their highly conserved central domain. Levels of MCM 
proteins generally increase in a variable manner as normal 
cells progress from G0 into the G1/S phase of the cell cycle. 
In the G0 phase, MCM2 and MCM5 proteins are much less 
abundant than are the MCM7 and MCM3 proteins. MCM6 
forms a complex With MCM2, MCM4, and MCM7, Which 
binds histone H3. In addition, the subcomplex of MCM4, 
MCM6, and MCM7 has helicase activity, Which is mediated 
by the ATP-binding activity of MCM6 and the DNA-binding 
activity of MCM4. See, for example, Freeman et al. (1999) 
Clin. Cancer Res. 512121-2132; Lei et al. (2001) J. Cell Sci. 
11411447-1454; Ishimi et al. (2003) Eur. J. Biochem. 
27011089-1101, all of Which are herein incorporated by 
reference in their entirety. 

[0044] DARPP32 is an inhibitor of protein phosphatase 1 
Whose biological function and inhibitory activity are modu 
lated through speci?c amino acid residue phosphorylation 
Within the DARPP32 protein. Threonine 34 (T34) phospho 
rylation renders the DARPP32 protein a speci?c protein 
phosphatase 1 inhibitor. HoWever, threonine 75 (T75) phos 
phorylation renders the DARPP32 an inhibitor of protein 
kinase A The gene location for DARPP32 is 
17q21.2, Which is knoWn to be adjacent to the her2/neu 
(c-erb-B2 receptor tyrosine kinase) gene at 17q12. This 
region has been implicated in breast cancer chromosomal 
ampli?cations and resultant poor outcome Within 25-35% of 
breast cancers. Several publications have demonstrated spe 
ci?c transcriptional activation of this 17q12-21 amplicon in 
breast cancer, With a number of genes located Within this 
amplicon being overexpressed. 

[0045] p53 plays multiple roles in cells. Expression of 
high levels of Wild-type, but not mutant, p53 has tWo 
outcomes: cell cycle arrest or apoptosis. The observation 
that DNA-damaging agents induce levels of p53 in cells led 
to the de?nition of p53 as a checkpoint factor, akin perhaps 
to the product of the fad9 gene in yeast. While dispensable 
for viability, in response to genotoxic stress p53 acts as an 
“emergency brake” inducing either arrest or apoptosis, pro 
tecting the genome from accumulating excess mutations. 
Consistent With this notion, cells lacking p53 have been 
shoWn to be genetically unstable and, thus, more prone to 
tumors. The p53 protein is located in the nucleus of cells and 
is very labile. p53 is mutated in roughly 50% of all human 
tumors, predominantly in the DNA-binding domain codons. 

[0046] Although the above biomarkers have been dis 
cussed in detail, any biomarker Whose overexpression is 
indicative of breast cancer prognosis can be used to practice 
the invention, including biomarkers not yet identi?ed in the 
art. Such biomarkers include genes and proteins that are, for 
example, involved in cell proliferation, cell cycle control, or 
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the generaliZed mechanisms of cancer motility and invasion. 
Biomarkers of potential interest include cyclooxygenase-2 
(cox-2), rhoC, c-myc, urokinase plasminogen activator 
receptor (uPAR), Wilms’ tumor suppressor, akt kinase, and 
osteopontin. See, for example, Perou et al. (2000) Nature 
4061747-752; Sorlie et al. (2001) Proc. Natl. Acad. Sci. 
98110869-10874; Van’t Veer et al. (2002) Nature 4151530 
536; Huang et al. (2003) Lancet 36111590-1596, all of Which 
are herein incorporated by reference in their entirety. 

[0047] In particular embodiments, the biomarkers are 
kinases that are involved in signal transduction pathWays, 
such as P13K regulatory a, LTk, Ser/thr kinase 15, 
MAPK8IPI, MAPKAPK2, and PK428, PRKR. GroWth fac 
tors, extracellular signal transduction proteins, and extracel 
lular matrix proteins are also biomarkers of interest. Such 
proteins include EGFR, TNF receptor associated factor 4, 
GFR bound protein 7, ErbB2 (her 2), VEGF, GDF1, 
IGFBP5, EGF8 ras homolog, MMP 9, MMP 7, SLPI, keratin 
5, keratin 17, laminin gamma 2 (laminin V), troponin, and 
tubulin. 

[0048] In some aspects of the invention, the biomarkers 
comprise genes and proteins that are involved in chromo 
some condensation and maintenance, such as, for example, 
Cc related, HMG non-histone chromosomal 11, MMD5, 
MCM5, MCM6, and SWi/snf related actin. Biomarkers that 
are associated With centromere and centrosome function, 
including CENPA, CENPF, CENPE, Bub 1, polo-like 
kinase, and HsEg5, MCAK, and HSET, can also be used in 
the methods described herein. The biomarkers of the inven 
tion may also comprise transcription factors, particularly 
those associated With cell cycle regulation. Transcription 
factors of interest include but are not limited to E2F1, E2F4, 
NDRG-1, ORC6L, PCNA, nuclear factor 1, EZH2, and 
TFAP2A. Cyclins, such as CDC20, CDC 25B, cyclin A2, 
cyclin E, and cyclin F, may also be used to practice the 
disclosed methods. 

[0049] Although the methods of the invention require the 
detection of at least one, more particularly at least tWo, 
biomarker(s) in a patient sample for evaluating breast cancer 
prognosis, 3, 4, 5, 6, 7, 8, 9, 10 or more biomarkers may be 
used to practice the present invention. It is recogniZed that 
detection of more than one biomarker in a body sample may 
be used to evaluate cancer, particularly breast cancer, prog 
nosis. Therefore, in some embodiments, tWo or more biom 
arkers are used, more preferably, tWo or more complemen 
tary biomarkers. By “complementary” is intended that 
detection of the combination of biomarkers in a body sample 
results in the accurate determination of cancer prognosis in 
a greater percentage of cases than Would be identi?ed if only 
one of the biomarkers Was used. Thus, in some cases, a more 
accurate determination of cancer prognosis can be made by 
using at least tWo biomarkers. Accordingly, Where at least 
tWo biomarker proteins are used, at least tWo antibodies 
directed to distinct biomarker proteins Will be used to 
practice the immunohistochemistry methods disclosed 
herein. The antibodies may be contacted With the body 
sample simultaneously or successively. 

[0050] When a combination of tWo or more biomarkers is 
used, the biomarkers Will typically be substantially statisti 
cally independent of one another. By “statistically indepen 
dent” biomarkers is intended that the prognoses generated 
therefrom are independent such that one biomarker does not 
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provide substantially repetitive information With regard to 
the complementary biomarker. This may ensure, for 
instance, that a biomarker is not used in conjunction With a 
?rst biomarker When the tWo are not substantially statisti 
cally independent. The dependence of the tWo biomarkers 
may indicate that they are duplicative and that the addition 
of a second biomarker adds no additional value to the 
prognostic poWer of a given pair of biomarkers. In order to 
optimiZe the prognostic poWer of a given panel of biomar 
kers it is also desirable to reduce the amount of signal 
“noise” by minimiZing the use of biomarkers that provide 
duplicative prognostic information When compared to 
another biomarker in the panel. Methods for determining 
statistical independence are knoWn in the art. Statistical 
independence of biomarkers of interest can be assessed 
using any method, including, for example, the methods 
disclosed in US. application Ser. No. entitled 
“Methods and Computer Programs for Analysis and Opti 
miZation of Marker Candidates for Cancer Prognosis,” ?led 
concurrently hereWith and incorporated by reference in its 
entirety. Where independent, prognostic biomarkers are used 
to practice the present methods, the prognostic value is 
increased by detecting the expression of 2, 3, 4, 5, 6, 7 or 
more biomarkers. In such cases, any combination of inde 
pendent biomarkers can be used. 

[0051] One of skill in the art Will also recogniZe that a 
panel of biomarkers can be used to evaluate the prognosis of 
a breast cancer patient in accordance With the methods of the 
invention. In some embodiments, a panel comprising at least 
tWo biomarkers selected from the group consisting of SLPI, 
p21ras, MUC-l, DARPP-32, phospho-p27, src, MGC 
14832, myc, TGF[3-3, SERHL, E2F1, PDGFRot, NDRG-l, 
MCM2, PSMB9, MCM6, and p53 is provided. One particu 
lar panel of biomarkers may comprise, for example, all or a 
subset of E2F1, SLPI, MUC-l, src, p21ras, and PSMB9. A 
panel of biomarkers may comprise any number or combi 
nation of biomarkers of interest. In certain aspects of the 
invention, a panel comprises at least tWo statistically inde 
pendent, prognostic biomarkers. 
[0052] In particular embodiments, the methods for evalu 
ating breast cancer prognosis comprise collecting a patient 
body sample, preferably a breast tissue sample, more pref 
erably a primary breast tumor tissue sample, contacting the 
sample With at least one antibody speci?c for a biomarker of 
interest, detecting antibody binding, and determining if the 
biomarker is overexpressed. That is, samples are incubated 
With the biomarker antibody for a time sufficient to permit 
the formation of antibody-antigen complexes, and antibody 
binding is detected, for example, by a labeled secondary 
antibody. Samples that exhibit overexpression of at least one 
bad outcome biomarker, as determined by antibody binding, 
are classi?ed as having a poor prognosis. Similarly, patient 
samples that display overexpression of at least one good 
outcome biomarker are categoriZed as having a good prog 
nosis. Furthermore, the overexpression of certain combina 
tions of biomarkers of interest is speci?cally used to distin 
guish breast cancer patients With a poor prognosis from 
those With a good prognosis. In some aspects of the inven 
tion, the methods comprise detecting the expression of tWo 
or more biomarkers in a patient sample and determining if 
said biomarkers are overexpressed, Wherein overexpression 
of all or some subset of these biomarkers is indicative of 
breast cancer prognosis. For example, in one embodiment, 
the methods comprise detecting the expression of SLPI, 
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p21ras, E2F1, PSMB9, phospho-p27, and src, Wherein over 
expression of at least four of these biomarkers is indicative 
of a poor prognosis. In another aspect of the invention, the 
methods comprise detecting the expression of SLPI, E2F1, 
and src, Wherein overexpression of at least tWo of these 
biomarkers is indicative of a poor prognosis. In other 
embodiments, the methods comprise detecting the expres 
sion of E2F1, SLPI, MUC-l, src, p21ras, and PSMB9, 
Wherein overexpression of at least four of these biomarkers 
is indicative of a poor prognosis. In another aspect of the 
invention, the methods comprise detecting the expression of 
SLPI, E2F1, and MUC-l, Wherein overexpression of at least 
tWo of these biomarkers is indicative of a poor prognosis. 

[0053] By “body sample” is intended any sampling of 
cells, tissues, or bodily ?uids in Which expression of a 
biomarker can be detected. Examples of such body samples 
include but are not limited to blood, lymph, urine, gyneco 
logical ?uids, biopsies, and smears. Bodily ?uids useful in 
the present invention include blood, urine, saliva, nipple 
aspirates, or any other bodily secretion or derivative thereof. 
Blood can include Whole blood, plasma, serum, or any 
derivative of blood. In preferred embodiments, the body 
sample comprises breast cells, particularly breast tissue from 
a biopsy, more particularly a breast tumor tissue sample. 
Body samples may be obtained from a patient by a variety 
of techniques including, for example, by scraping or sWab 
bing an area, by using a needle to aspirate bodily ?uids, or 
by removing a tissue sample (i.e., biopsy). Methods for 
collecting various body samples are Well knoWn in the art. 
In some embodiments, a breast tissue sample is obtained by, 
for example, ?ne needle aspiration biopsy, core needle 
biopsy, or excisional biopsy. Fixative and staining solutions 
may be applied to the cells or tissues for preserving the 
specimen and for facilitating examination. Body samples, 
particularly breast tissue samples, may be transferred to a 
glass slide for vieWing under magni?cation. In preferred 
embodiments, the body sample is a formalin-?xed, paraffin 
embedded breast tissue sample, particularly a primary breast 
tumor sample. 

[0054] Any methods available in the art for detecting 
expression of biomarkers are encompassed herein. The 
expression of a biomarker of the invention can be detected 
on a nucleic acid level or a protein level. By “detecting 
expression” is intended determining the quantity or presence 
of a biomarker gene or protein. Thus, “detecting expression” 
encompasses instances Where a biomarker is determined not 
to be expressed, not to be detectably expressed, expressed at 
a loW level, expressed at a normal level, or overexpressed. 
In order to determine overexpression, the body sample to be 
examined may be compared With a corresponding body 
sample that originates from a healthy person. That is, the 
“normal” level of expression is the level of expression of the 
biomarker in, for example, a breast tissue sample from a 
human subject or patient not afflicted With breast cancer. 
Such a sample can be present in standardiZed form. In some 
embodiments, determination of biomarker overexpression 
requires no comparison betWeen the body sample and a 
corresponding body sample that originates from a healthy 
person. For example, detection of overexpression of a biom 
arker indicative of a poor prognosis in a breast tumor sample 
may preclude the need for comparison to a corresponding 
breast tissue sample that originates from a healthy person. 
Moreover, in some aspects of the invention, no expression, 
underexpression, or normal expression (i.e., the absence of 
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overexpression) of a biomarker or combination of biomar 
kers of interest provides useful information regarding the 
prognosis of a breast cancer patient. 

[0055] Methods for detecting expression of the biomark 
ers of the invention comprise any methods that determine 
the quantity or the presence of the biomarkers either at the 
nucleic acid or protein level. Such methods are Well knoWn 
in the art and include but are not limited to Western blots, 
northern blots, southern blots, ELISA, immunoprecipitation, 
immuno?uorescence, ?oW cytometry, immunohistochemis 
try, nucleic acid hybridiZation techniques, nucleic acid 
reverse transcription methods, and nucleic acid ampli?ca 
tion methods. In particular embodiments, expression of a 
biomarker is detected on a protein level using, for example, 
antibodies that are directed against speci?c biomarker pro 
teins. These antibodies can be used in various methods such 
as Western blot, ELISA, immunoprecipitation, or immuno 
histochemistry techniques. Likewise, immunostaining of 
breast tissue, particularly breast tumor tissue, can be com 
bined With assessment of clinical information, conventional 
prognostic methods, and expression of molecular markers 
(e.g., Her2/neu, Ki67, p53, and hormone receptor status) 
knoWn in the art. In this manner, the disclosed methods may 
permit the more accurate determination of breast cancer 
prognosis. 

[0056] In one embodiment, antibodies speci?c for biom 
arker proteins are utiliZed to detect the expression of a 
biomarker protein in a body sample. The method comprises 
obtaining a body sample from a patient, contacting the body 
sample With at least one antibody directed to SLPI, p21ras, 
MUC-1, DARPP-32, phospho-p27, src, MGC 14832, myc, 
TGF[3-3, SERHL, E2F1, PDGFRot; NDRG-1, MCM2, 
PSMB9, or MCM6, and detecting antibody binding to 
determine if the biomarker is overexpressed in the patient 
sample. Overexpression of the biomarker protein is indica 
tive of prognosis, more particularly, a bad breast cancer 
prognosis. In other embodiments, the methods of the inven 
tion comprise detecting the expression of at least tWo 
biomarkers, Wherein overexpression of at least one of the 
biomarkers is indicative of prognosis. Such methods may 
comprise the detection of multiple biomarkers in a patient 
sample Wherein it is the overexpression of all or a subset of 
these biomarkers that is indicative of breast cancer progno 
s1s. 

[0057] One aspect of the present invention provides an 
immunohistochemistry technique for evaluating the prog 
nosis of a breast cancer patient. Speci?cally, this method 
comprises antibody staining of biomarkers Within a breast 
tissue sample, more particularly a breast tumor sample, that 
are indicative of prognosis. One of skill in the art Will 
recogniZe that the immunohistochemistry methods 
described herein beloW may be performed manually or in an 
automated fashion using, for example, the Autostainer Uni 
versal Staining System (Dako). One protocol for antibody 
staining (i.e., immunohistochemistry) of breast tissue 
samples is provided in Example 1. 

[0058] In one immunohistochemistry method, a patient 
breast tissue sample is collected by, for example, biopsy 
techniques knoWn in the art. Samples may be froZen for later 
preparation or immediately placed in a ?xative solution. 
Tissue samples may be ?xed by treatment With a reagent 
such as formalin, gluteraldehyde, methanol, or the like and 
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embedded in paraf?n. Methods for preparing slides for 
immunohistochemical analysis from formalin-?xed, paraf 
?n-embedded tissue samples are Well knoWn in the art. In 
some embodiments, particularly the immunohistochemistry 
methods of the invention, samples may need to be modi?ed 
in order to make the biomarker antigens accessible to 
antibody binding. For example, formalin ?xation of tissue 
samples results in extensive cross-linking of proteins that 
can lead to the masking or destruction of antigen sites and, 
subsequently, poor antibody staining. As used herein, “anti 
gen retrieval” or “antigen unmaksing” refers to methods for 
increasing antigen accessibility or recovering antigenicity 
in, for example, formalin-?xed, paraf?n-embedded tissue 
samples. Any method for making antigens more accessible 
for antibody binding may be used in the practice of the 
invention, including those antigen retrieval methods knoWn 
in the art. See, for example, Hanausek and WalasZek, eds. 
(1998) Tumor Marker Protocols (Humana Press, Inc., 
TotoWa, N.J.); and Shi et al., eds. (2000) Antigen Retrieval 
Techniques." Immunohistochemistry and Molecular Mor 
phology (Eaton Publishing, Natick, Mass.), both of Which 
are herein incorporated by reference in their entirety. 

[0059] Antigen retrieval methods include but are not lim 
ited to treatment With proteolytic enZymes (e.g., trypsin, 
chymoptrypsin, pepsin, pronase, etc.) or antigen retrieval 
solutions. Antigen retrieval solutions of interest include, for 
example, citrate buffer, pH 6.0 (Dako), tris buffer, pH 9.5 
(Biocare), EDTA, pH 8.0 (Biocare), L.A.B. (“Liberate Anti 
body Binding Solution;” Polysciences), antigen retrieval 
Glyca solution (Biogenex), citrate buffer solution, pH 4.0 
(Zymed), DaWn® detergent (Proctor & Gamble), deioniZed 
Water, and 2% glacial acetic acid. In some embodiments, 
antigen retrieval comprises applying the antigen retrieval 
solution to a formalin-?xed tissue sample and then heating 
the sample in an oven (e.g., 60° C.), steamer (e.g., 95° C.), 
or pressure cooker (e.g., 120° C.) at speci?ed temperatures 
for de?ned time periods. In other aspects of the invention, 
antigen retrieval may be performed at room temperature. 
Incubation times Will vary With the particular antigen 
retrieval solution selected and With the incubation tempera 
ture. For example, an antigen retrieval solution may be 
applied to a sample for as little as 5, 10, 20, or 30 minutes 
or up to overnight. The design of assays to determine the 
appropriate antigen retrieval solution and optimal incubation 
times and temperatures is standard and Well Within the 
routine capabilities of those of ordinary skill in the art. 

[0060] FolloWing antigen retrieval, samples are blocked 
using an appropriate blocking agent, e.g., hydrogen perox 
ide. An antibody directed to a biomarker of interest is then 
incubated With the sample for a time suf?cient to permit 
antigen-antibody binding. As noted above, one of skill in the 
art Will appreciate that a more accurate breast cancer prog 
nosis may be obtained in some cases by detecting overex 
pression of more than one biomarker in a patient sample. 
Therefore, in particular embodiments, at least tWo antibodies 
directed to tWo distinct biomarkers are used to evaluate the 
prognosis of a breast cancer patient. Where more than one 
antibody is used, these antibodies may be added to a single 
sample sequentially as individual antibody reagents or 
simultaneously as an antibody cocktail. Alternatively, each 
individual antibody may be added to a separate tissue 
section from a single patient sample, and the resulting data 
pooled. 
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[0061] Techniques for detecting antibody binding are Well 
known in the art. Antibody binding to a biomarker of interest 
may be detected through the use of chemical reagents that 
generate a detectable signal that corresponds to the level of 
antibody binding and, accordingly, to the level of biomarker 
protein expression. For example, antibody binding can be 
detected through the use of a secondary antibody that is 
conjugated to a labeled polymer. Examples of labeled poly 
mers include but are not limited to polymer-enZyme conju 
gates. The enZymes in these complexes are typically used to 
catalyZe the deposition of a chromogen at the antigen 
antibody binding site, thereby resulting in cell staining that 
corresponds to expression level of the biomarker of interest. 
EnZymes of particular interest include horseradish peroxi 
dase (HRP) and alkaline phosphatase Commercial 
antibody detection systems, such as, for example the Dako 
Envision+ system and Biocare Medical’s Mach 3 system, 
may be used to practice the present invention. 

[0062] In one immunohistochemistry method of the inven 
tion, antibody binding to a biomarker is detected through the 
use of an HRP-labeled polymer that is conjugated to a 
secondary antibody. Slides are stained for antibody binding 
using the chromogen 3,3-diaminobenZidine (DAB) and then 
counterstained With hematoxylin and, optionally, a bluing 
agent such as ammonium hydroxide. In some aspects of the 
invention, slides are revieWed microscopically by a patholo 
gist to assess cell staining (i.e., biomarker overexpression) 
and to evaluate breast cancer prognosis. Alternatively, 
samples may be reviewed via automated microscopy or by 
personnel With the assistance of computer softWare that 
facilitates the identi?cation of positive staining cells. 

[0063] The terms “antibody” and “antibodies” broadly 
encompass naturally occurring forms of antibodies and 
recombinant antibodies such as single-chain antibodies, 
chimeric and humaniZed antibodies and multi-speci?c anti 
bodies as Well as fragments and derivatives of all of the 
foregoing, Which fragments and derivatives have at least an 
antigenic binding site. Antibody derivatives may comprise a 
protein or chemical moiety conjugated to the antibody. 

[0064] “Antibodies” and “immunoglobulins” (Igs) are 
glycoproteins having the same structural characteristics. 
While antibodies exhibit binding speci?city to an antigen, 
immunoglobulins include both antibodies and other anti 
body-like molecules that lack antigen speci?city. Polypep 
tides of the latter kind are, for example, produced at loW 
levels by the lymph system and at increased levels by 
myelomas. 

[0065] The term “antibody” is used in the broadest sense 
and covers fully assembled antibodies, antibody fragments 
that can bind antigen ( e.g., Fab‘, F‘(ab)2, Fv, single chain 
antibodies, diabodies), and recombinant peptides compris 
ing the foregoing. 

[0066] The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a population of substan 
tially homogeneous antibodies, i.e., the individual antibod 
ies comprising the population are identical except for pos 
sible naturally-occurring mutations that may be present in 
minor amounts. 

[0067] “Antibody fragments” comprise a portion of an 
intact antibody, preferably the antigen-binding or variable 
region of the intact antibody. Examples of antibody frag 
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ments include Fab, Fab‘, F(ab‘)2, and Fv fragments; diabod 
ies; linear antibodies (Zapata et al. (1995) Protein Eng. 
8(10):1057-1062); single-chain antibody molecules; and 
multispeci?c antibodies formed from antibody fragments. 
Papain digestion of antibodies produces tWo identical anti 
gen-binding fragments, called “Fab” fragments, each With a 
single antigen-binding site, and a residual “Fc” fragment, 
Whose name re?ects its ability to crystalliZe 35 readily. 
Pepsin treatment yields an F(ab‘)2 fragment that has tWo 
antigen-combining sites and is still capable of cross-linking 
antigen. 
[0068] “Fv” is the minimum antibody fragment that con 
tains a complete antigen recognition and binding site. In a 
tWo-chain Fv species, this region consists of a dimer of one 
heavy- and one light-chain variable domain in tight, non 
covalent association. In a single-chain Fv species, one 
heavy- and one light-chain variable domain can be 
covalently linked by ?exible peptide linker such that the 
light and heavy chains can associate in a “dimeric” structure 
analogous to that in a tWo-chain Fv species. It is in this 
con?guration that the three CDRs of each variable domain 
interact to de?ne an antigen-binding site on the surface of 
the VH-VL dimer. Collectively, the six CDRs confer antigen 
binding speci?city to the antibody. HoWever, even a single 
variable domain (or half of an Fv comprising only three 
CDRs speci?c for an antigen) has the ability to recogniZe 
and bind antigen, although at a loWer af?nity than the entire 
binding site. 

[0069] The Fab fragment also contains the constant 
domain of the light chain and the ?rst constant domain (CH1) 
of the heavy chain. Fab fragments differ from Fab‘ fragments 
by the addition of a feW residues at the carboxy terminus of 
the heavy-chain CH1 domain including one or more cys 
teines from the antibody hinge region. Fab‘-SH is the des 
ignation herein for Fab‘ in Which the cysteine residue(s) of 
the constant domains bear a free thiol group. F(ab‘)2 anti 
body fragments originally Were produced as pairs of Fab‘ 
fragments that have hinge cysteines betWeen them. 

[0070] Monoclonal antibodies can be prepared using the 
method of Kohler et al. (1975) Nature 256:495-496, or a 
modi?cation thereof. Typically, a mouse is immuniZed With 
a solution containing an antigen. ImmuniZation can be 
performed by mixing or emulsifying the antigen-containing 
solution in saline, preferably in an adjuvant such as Freund’s 
complete adjuvant, and injecting the mixture or emulsion 
parenterally. Any method of immuniZation knoWn in the art 
may be used to obtain the monoclonal antibodies of the 
invention. After immuniZation of the animal, the spleen (and 
optionally, several large lymph nodes) are removed and 
dissociated into single cells. The spleen cells may be 
screened by applying a cell suspension to a plate or Well 
coated With the antigen of interest. The B cells expressing 
membrane bound immunoglobulin speci?c for the antigen 
bind to the plate and are not rinsed aWay. Resulting B cells, 
or all dissociated spleen cells, are then induced to fuse With 
myeloma cells to form hybridomas, and are cultured in a 
selective medium. The resulting cells are plated by serial 
dilution and are assayed for the production of antibodies that 
speci?cally bind the antigen of interest (and that do not bind 
to unrelated antigens). The selected monoclonal antibody 
(mAb)-secreting hybridomas are then cultured either in vitro 
(e.g., in tissue culture bottles or holloW ?ber reactors), or in 
vivo (as ascites in mice). 
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[0071] As an alternative to the use of hybridomas, anti 
body can be produced in a cell line such as a CHO cell line, 
as disclosed in US. Pat. Nos. 5,545,403; 5,545,405; and 
5,998,144; incorporated herein by reference. Brie?y the cell 
line is transfected With vectors capable of expressing a light 
chain and a heavy chain, respectively. By transfecting the 
tWo proteins on separate vectors, chimeric antibodies can be 
produced. Another advantage is the correct glycosylation of 
the antibody. A monoclonal antibody can also be identi?ed 
and isolated by screening a recombinant combinatorial 
immunoglobulin library (e.g., an antibody phage display 
library) With a biomarker protein to thereby isolate immu 
noglobulin library members that bind the biomarker protein. 
Kits for generating and screening phage display libraries are 
commercially available (e.g., the Pharmacia Recombinant 
Phage Antibody System, Catalog No. 27-9400-01; and the 
Stratagene SurfZAP9 Phage Display Kit, Catalog No. 
240612). Additionally, examples of methods and reagents 
particularly amenable for use in generating and screening 
antibody display library can be found in, for example, US. 
Pat. No. 5,223,409; PCT Publication Nos. WO 92/18619; 
WO 91/17271; WO 92/20791; WO 92/15679; 93/01288; 
WO 92/01047; 92/09690; and 90/02809; Fuchs et al. (1991) 
Bio/Technology 9:1370-1372; Hay et al. (1992) Hum. Anti 
bod. Hybridomas 3:81-85; Huse et al. (1989) Science 
246:1275-1281; Grif?ths et al. (1993) EMBO J. 12:725-734. 

[0072] Polyclonal antibodies can be prepared by immu 
niZing a suitable subject (e.g., rabbit, goat, mouse, or other 
mammal) With a biomarker protein immunogen. The anti 
body titer in the immuniZed subject can be monitored over 
time by standard techniques, such as With an enZyme linked 
immunosorbent assay (ELISA) using immobiliZed biomar 
ker protein. At an appropriate time after immuniZation, e.g., 
When the antibody titers are highest, antibody-producing 
cells can be obtained from the subject and used to prepare 
monoclonal antibodies by standard techniques, such as the 
hybridoma technique originally described by Kohler and 
Milstein (1975) Nature 256:495-497, the human B cell 
hybridoma technique (KoZbor et al. (1983) Immunol. Today 
4:72), the EBV-hybridoma technique (Cole et al. (1985) in 
Monoclonal Antibodies and Cancer Therapy, ed. Reisfeld 
and Sell (Alan R. Liss, Inc., NeW York, NY), pp. 77-96) or 
trioma techniques. The technology for producing hybrido 
mas is Well knoWn (see generally Coligan et al., eds. (1994) 
Current Protocols in Immunology (John Wiley & Sons, Inc., 
NeW York, NY); Galfre et al. (1977) Nature 266:55052; 
Kenneth (1980) in Monoclonal Antibodies: A New Dimen 
sion In Biological Analyses (Plenum Publishing Corp., NY; 
and Lerner (1981) Yale J. Biol. Med., 54:387-402). 
[0073] The compositions of the invention further comprise 
monoclonal antibodies and variants and fragments thereof 
that speci?cally bind to biomarker proteins of interest. For 
example, monoclonal antibodies speci?c for SLPI (desig 
nated clone 5G6.24), DARPP-32 (8G11.20), MGC 14832 
(1F3.9 and 2D1.14), NDRG-l (10A9.34), PSMB9 (3A2.4), 
and MUC-1 (16E3.3) are provided. The monoclonal anti 
bodies may be labeled With a detectable substance as 
described beloW to facilitate biomarker protein detection in 
the sample. Such antibodies ?nd use in practicing the 
methods of the invention. Monoclonal antibodies having the 
binding characteristics of the antibodies disclosed herein are 
also encompassed by the present invention. Compositions 
further comprise antigen-binding variants and fragments of 
the monoclonal antibodies, hybridoma cell lines producing 
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these antibodies, and isolated nucleic acid molecules encod 
ing the amino acid sequences of these monoclonal antibod 
ies. 

[0074] Antibodies having the binding characteristics of a 
monoclonal antibody of the invention are also provided. 
“Binding characteristics” or “binding speci?city” When used 
in reference to an antibody means that the antibody recog 
niZes the same or similar antigenic epitope as a comparison 
antibody. Examples of such antibodies include, for example, 
an antibody that competes With a monoclonal antibody of 
the invention in a competitive binding assay. One of skill in 
the art could determine Whether an antibody competitively 
interferes With another antibody using standard methods. 

[0075] By “epitope” is intended the part of an antigenic 
molecule to Which an antibody is produced and to Which the 
antibody Will bind. Epitopes can comprise linear amino acid 
residues (i.e., residues Within the epitope are arranged 
sequentially one after another in a linear fashion), nonlinear 
amino acid residues (referred to herein as “nonlinear 
epitopes”; these epitopes are not arranged sequentially), or 
both linear and nonlinear amino acid residues. Typically 
epitopes are short amino acid sequences, eg about ?ve 
amino acids in length. Systematic techniques for identifying 
epitopes are knoWn in the art and are described, for example, 
in US. Pat. No. 4,708,871. Brie?y, a set of overlapping 
oligopeptides derived from the antigen may be synthesiZed 
and bound to a solid phase array of pins, With a unique 
oligopeptide on each pin. The array of pins may comprise a 
96-Well microtiter plate, permitting one to assay all 96 
oligopeptides simultaneously, e.g., for binding to a biomar 
ker-speci?c monoclonal antibody. Alternatively, phage dis 
play peptide library kits (NeW England BioLabs) are cur 
rently commercially available for epitope mapping. Using 
these methods, the binding af?nity for every possible subset 
of consecutive amino acids may be determined in order to 
identify the epitope that a given antibody binds. Epitopes 
may also be identi?ed by inference When epitope length 
peptide sequences are used to immuniZe animals from Which 
antibodies are obtained. 

[0076] Antigen-binding fragments and variants of the 
monoclonal antibodies disclosed herein are further provided. 
Such variants Will retain the desired binding properties of 
the parent antibody. Methods for making antibody fragments 
and variants are generally available in the art. For example, 
amino acid sequence variants of a monoclonal antibody 
described herein, can be prepared by mutations in the cloned 
DNA sequence encoding the antibody of interest. Methods 
for mutagenesis and nucleotide sequence alterations are Well 
knoWn in the art. See, for example, Walker and Gaastra, eds. 
(1983) Techniques in Molecular Biology (MacMillan Pub 
lishing Company, NeW York); Kunkel (1985) Proc. Natl. 
Acad. Sci. USA 82:488-492; Kunkel et al. (1987) Methods 
Enzymol. 154:367-382; Sambrook et al. (1989) Molecular 
Cloning: A Laboratory Manual (Cold Spring Harbor, NeW 
York); US. Pat. No. 4,873,192; and the references cited 
therein; herein incorporated by reference. Guidance as to 
appropriate amino acid substitutions that do not affect bio 
logical activity of the polypeptide of interest may be found 
in the model of Dayhoffet al. (1978) in Atlas of Protein 
Sequence and Structure (Natl. Biomed. Res. Found., Wash 
ington, D.C.), herein incorporated by reference. Conserva 
tive substitutions, such as exchanging one amino acid With 
another having similar properties, may be preferred. 
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Examples of conservative substitutions include, but are not 

limited to, Gly<I>Ala, Val<I>Ile<I>Leu, Asp<I>Glu, Lys<I>Arg, 
Asn<=>Gln, and Phe<=>Trp<I>Tyr. 

[0077] In constructing variants of the antibody polypep 
tide of interest, modi?cations are made such that variants 
continue to possess the desired activity, i.e., similar binding 
af?nity to the biomarker. Obviously, any mutations made in 
the DNA encoding the variant polypeptide must not place 
the sequence out of reading frame and preferably Will not 
create complementary regions that could produce secondary 
mRNA structure. See EP Patent Application Publication No. 
75,444. 

[0078] Preferably, variants of a reference biomarker anti 
body have amino acid sequences that have at least 70% or 
75% sequence identity, preferably at least 80% or 85% 
sequence identity, more preferably at least 90%, 91%, 92%, 
93%, 94% or 95% sequence identity to the amino acid 
sequence for the reference antibody molecule, or to a shorter 
portion of the reference antibody molecule. More preferably, 
the molecules share at least 96%, 97%, 98% or 99% 
sequence identity. For purposes of the present invention, 
percent sequence identity is determined using the Smith 
Waterman homology search algorithm using an af?ne gap 
search With a gap open penalty of 12 and a gap extension 
penalty of 2, BLOSUM matrix of 62. The Smith-Waterman 
homology search algorithm is taught in Smith and Waterman 
(1981) Adv. Appl. Math. 2:482-489. A variant may, for 
example, differ from the reference antibody by as feW as 1 
to 15 amino acid residues, as feW as 1 to 10 amino acid 
residues, such as 6-10, as feW as 5, as feW as 4, 3, 2, or even 
1 amino acid residue. 

[0079] With respect to optimal alignment of tWo amino 
acid sequences, the contiguous segment of the variant amino 
acid sequence may have additional amino acid residues or 
deleted amino acid residues With respect to the reference 
amino acid sequence. The contiguous segment used for 
comparison to the reference amino acid sequence Will 
include at least 20 contiguous amino acid residues, and may 
be 30, 40, 50, or more amino acid residues. Corrections for 
sequence identity associated With conservative residue sub 
stitutions or gaps can be made (see Smith-Waterman homol 
ogy search algorithm). 

[0080] The antibodies used to practice the invention are 
selected to have speci?city for the biomarker proteins of 
interest. Methods for making antibodies and for selecting 
appropriate antibodies are knoWn in the art. See, for 
example, Celis, ed. (in press) Cell Biology & Laboratory 
Handbook, 3rd edition (Academic Press, NeW York), Which 
is herein incorporated in its entirety by reference. In some 
embodiments, commercial antibodies directed to speci?c 
biomarker proteins may be used to practice the invention. 
The antibodies of the invention may be selected on the basis 
of desirable staining of histological samples. That is, in 
preferred embodiments the antibodies are selected With the 
end sample type (e.g., formalin-?xed, paraf?n-embedded 
breast tumor tissue samples) in mind and for binding speci 
?city. 

[0081] In some aspects of the invention, antibodies 
directed to speci?c biomarkers of interest are selected and 
puri?ed via a multi-step screening process. In particular 
embodiments, polydomas are screened to identify biomar 
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ker-speci?c antibodies that possess the desired traits of 
speci?city and sensitivity. As used herein, “polydoma” 
refers to multiple hybridomas. The polydomas of the inven 
tion are typically provided in multi-Well tissue culture 
plates. In the initial antibody screening step, a set of indi 
vidual slides or tumor tissue microarrays comprising normal 
(i.e., non-cancerous) breast tissue and stage I, II, III, and IV 
breast tumor samples is used. Methods and equipment, such 
as the Chemicon® Advanced Tissue Arrayer, for generating 
arrays of multiple tissues on a single slide are knoWn in the 
art. See, for example, U.S. Pat. No. 4,820,504. Undiluted 
supernatants from each Well containing a polydoma are 
assayed for positive staining using standard immunohis 
tochemistry techniques. At this initial screening step, back 
ground, non-speci?c binding is essentially ignored. Polydo 
mas producing positive staining are selected and used in the 
second phase of antibody screening. 

[0082] In the second screening step, the positive polydo 
mas are subjected to a limiting dilution process. The result 
ing unscreened antibodies are assayed via standard immu 
nohistochemistry techniques for positive staining of breast 
tumor tissue samples With knoWn 5-year outcomes. To do 
this, tissue microarrays comprising normal breast tissue, 
early-stage breast tumor samples With knoWn good 5-year 
outcomes, early-stage breast tumor samples With knoWn bad 
5-year outcomes, normal non-breast tissue, and cancerous 
non-breast tissue are generated. At this stage, background 
staining is relevant, and the candidate polydomas that stain 
positive for abnormal cells (i.e., cancer cells) only are 
selected for further analysis to identify antibodies that 
differentiate good and bad outcome patient samples. 

[0083] Positive-staining cultures are prepared as indi 
vidual clones in order to select individual candidate mono 
clonal antibodies. Methods for isolating individual clones 
and for purifying antibodies through af?nity adsorption 
chromatography are Well knoWn in the art. Individual clones 
are further analyZed to determine the optimiZed antigen 
retrieval conditions and Working dilution. 

[0084] One of skill in the art Will recogniZe that optimi 
Zation of staining reagents and conditions, for example, 
antibody titer and detection chemistry parameters, is needed 
to maximiZe the signal to noise ratio for a particular anti 
body. Antibody concentrations that maximiZe speci?c bind 
ing to the biomarkers of the invention and minimiZe non 
speci?c binding (or “background”) Will be determined. In 
particular embodiments, appropriate antibody titers are 
determined by initially testing various antibody dilutions on 
formalin-?xed, paraf?n-embedded normal and cancerous 
breast tissue samples. The design of assays to optimiZe 
antibody titer and detection conditions is standard and Well 
Within the routine capabilities of those of ordinary skill in 
the art. Some antibodies require additional optimiZation to 
reduce background staining and/or to increase speci?city 
and sensitivity of staining. 

[0085] Furthermore, one of skill in the art Will recogniZe 
that the concentration of a particular antibody used to 
practice the methods of the invention Will vary depending on 
such factors as time for binding, level of speci?city of the 
antibody for the biomarker protein, and method of body 
sample preparation. Moreover, When multiple antibodies are 
used in a single sample, the required concentration may be 
affected by the order in Which the antibodies are applied to 
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the sample, i.e., simultaneously as a cocktail or sequentially 
as individual antibody reagents. Furthermore, the detection 
chemistry used to visualiZe antibody binding to a biomarker 
of interest must also be optimiZed to produce the desired 
signal to noise ratio. One example of optimization of stain 
ing reagents and conditions for immunohistochemistry is 
described in Example 6. 

[0086] Detection of antibody binding can be facilitated by 
coupling the antibody to a detectable substance. Examples 
of detectable substances include various enZymes, prosthetic 
groups, ?uorescent materials, luminescent materials, biolu 
minescent materials, and radioactive materials. Examples of 
suitable enZymes include horseradish peroxidase, alkaline 
phosphatase, [3-galactosidase, or acetylcholinesterase; 
examples of suitable prosthetic group complexes include 
streptavidin/biotin and avidin/biotin; examples of suitable 
?uorescent materials include umbelliferone, ?uorescein, 
?uorescein isothiocyanate, rhodamine, dichlorotriaZiny 
lamine ?uorescein, dansyl chloride or phycoerythrin; an 
example of a luminescent material includes luminol; 
examples of bioluminescent materials include luciferase, 
luciferin, and aequorin; and examples of suitable radioactive 
material include 1251, 1311, 35S, or 3H. 

[0087] In regard to detection of antibody staining in the 
immunohistochemistry methods of the invention, there also 
exist in the art, video-microscopy and softWare methods for 
the quantitative determination of an amount of multiple 
molecular species (e.g., biomarker proteins) in a biological 
sample Wherein each molecular species present is indicated 
by a representative dye marker having a speci?c color. Such 
methods are also knoWn in the art as a colorimetric analysis 
methods. In these methods, video-microscopy is used to 
provide an image of the biological sample after it has been 
stained to visually indicate the presence of a particular 
biomarker of interest. Some of these methods, such as those 
disclosed in US. patent application Ser. No. 09/957,446 to 
Marcelpoil et al. and US. patent application Ser. No. 
10/057,729 to Marcelpoil et al., incorporated herein by 
reference, disclose the use of an imaging system and asso 
ciated softWare to determine the relative amounts of each 
molecular species present based on the presence of repre 
sentative color dye markers as indicated by those color dye 
markers’ optical density or transmittance value, respec 
tively, as determined by an imaging system and associated 
softWare. These techniques provide quantitative determina 
tions of the relative amounts of each molecular species in a 
stained biological sample using a single video image that is 
“deconstructed” into its component color parts. 

[0088] The methods of the invention can be used in 
conjunction With imaging systems and associated imaging 
softWare for the detection of biomarker expression. Biom 
arkers for use in the methods of the invention can be selected 
based on methods and computer programs such as those 
disclosed in US. application Ser. No. entitled 
“Methods and Computer Programs for Analysis and Opti 
miZation of Marker Candidates for Cancer Prognosis,” ?led 
concurrently hereWith, and incorporated by reference in its 
entirety. The methods disclosed therein can be used to 
develop algorithms for evaluating breast cancer prognosis. 

[0089] In other embodiments, the expression of a biom 
arker of interest is detected at the nucleic acid level. Nucleic 
acid-based techniques for assessing expression are Well 
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knoWn in the art and include, for example, determining the 
level of biomarker mRNA in a body sample. Many expres 
sion detection methods use isolated RNA. Any RNA isola 
tion technique that does not select against the isolation of 
mRNA can be utiliZed for the puri?cation of RNA (see, e. g., 
Ausubel et al., ed., Current Protocols in Molecular Biology, 
John Wiley & Sons, NeW York 1987-1999). Additionally, 
large numbers of tissue samples can readily be processed 
using techniques Well knoWn to those of skill in the art, such 
as, for example, the single-step RNA isolation process of 
ChomcZynski (1989, US. Pat. No. 4,843,155). 
[0090] The term “probe” refers to any molecule that is 
capable of selectively binding to a speci?cally intended 
target biomolecule, for example, a nucleotide transcript or a 
protein encoded by or corresponding to a biomarker. Probes 
can be synthesiZed by one of skill in the art, or derived from 
appropriate biological preparations. Probes may be speci? 
cally designed to be labeled. Examples of molecules that can 
be utiliZed as probes include, but are not limited to, RNA, 
DNA, proteins, antibodies, and organic molecules. 
[0091] Isolated mRNA can be used in hybridiZation or 
ampli?cation assays that include, but are not limited to, 
Southern or Northern analyses, polymerase chain reaction 
analyses and probe arrays. One method for the detection of 
mRNA levels involves contacting the isolated mRNA With a 
nucleic acid molecule (probe) that can hybridiZe to the 
mRNA encoded by the gene being detected. The nucleic acid 
probe can be, for example, a full-length cDNA, or a portion 
thereof, such as an oligonucleotide of at least 7, 15, 30, 50, 
100, 250 or 500 nucleotides in length and suf?cient to 
speci?cally hybridiZe under stringent conditions to an 
mRNA or genomic DNA encoding a biomarker of the 
present invention. Hybridization of an mRNAWith the probe 
indicates that the biomarker in question is being expressed. 

[0092] In one embodiment, the mRNA is immobiliZed on 
a solid surface and contacted With a probe, for example by 
running the isolated mRNA on an agarose gel and transfer 
ring the mRNA from the gel to a membrane, such as 
nitrocellulose. In an alternative embodiment, the probe(s) 
are immobiliZed on a solid surface and the mRNA is 
contacted With the probe(s), for example, in an Affymetrix 
gene chip array. A skilled artisan can readily adapt knoWn 
mRNA detection methods for use in detecting the level of 
mRNA encoded by the biomarkers of the present invention. 

[0093] An alternative method for determining the level of 
biomarker mRNA in a sample involves the process of 
nucleic acid ampli?cation, e.g., by RT-PCR (the experimen 
tal embodiment set forth in Mullis, 1987, US. Pat. No. 
4,683,202), ligase chain reaction (Barany, 1991, Proc. Natl. 
Acad. Sci. USA, 881189-193), self sustained sequence rep 
lication (Guatelli et al., 1990, Proc. Natl. Acad. Sci. USA 
87:1874-1878), transcriptional ampli?cation system (KWoh 
et al., 1989, Proc. Natl. Acad. Sci. USA 86:1173-1177), 
Q-Beta Replicase (LiZardi et al., 1988, Bio/Technology 
6:1197), rolling circle replication (LiZardi et al., US. Pat. 
No. 5,854,033) or any other nucleic acid ampli?cation 
method, folloWed by the detection of the ampli?ed mol 
ecules using techniques Well knoWn to those of skill in the 
art. These detection schemes are especially useful for the 
detection of nucleic acid molecules if such molecules are 
present in very loW numbers. In particular aspects of the 
invention, biomarker expression is assessed by quantitative 
?uorogenic RT-PCR (i.e., the TaqMan® System). 
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[0094] Biomarker expression levels of RNA may be moni 
tored using a membrane blot (such as used in hybridization 
analysis such as Northern, Southern, dot, and the like), or 
microWells, sample tubes, gels, beads or ?bers (or any solid 
support comprising bound nucleic acids). See US. Pat. Nos. 
5,770,722, 5,874,219, 5,744,305, 5,677,195 and 5,445,934, 
Which are incorporated herein by reference. The detection of 
biomarker expression may also comprise using nucleic acid 
probes in solution. 

[0095] In one embodiment of the invention, microarrays 
are used to detect biomarker expression. Microarrays are 
particularly Well suited for this purpose because of the 
reproducibility betWeen different experiments. DNA 
microarrays provide one method for the simultaneous mea 
surement of the expression levels of large numbers of genes. 
Each array consists of a reproducible pattern of capture 
probes attached to a solid support. Labeled RNA or DNA is 
hybridiZed to complementary probes on the array and then 
detected by laser scanning. Hybridization intensities for 
each probe on the array are determined and converted to a 
quantitative value representing relative gene expression lev 
els. See, US. Pat. Nos. 6,040,138, 5,800,992 and 6,020,135, 
6,033,860, and 6,344,316, Which are incorporated herein by 
reference. High-density oligonucleotide arrays are particu 
larly useful for determining the gene expression pro?le for 
a large number of RNA’s in a sample. Techniques for the 
synthesis of these arrays using mechanical synthesis meth 
ods are described in, e.g., US. Pat. No. 5,384,261, incor 
porated herein by reference in its entirety for all purposes. 
Although a planar array surface is preferred, the array may 
be fabricated on a surface of virtually any shape or even a 
multiplicity of surfaces. Arrays may be peptides or nucleic 
acids on beads, gels, polymeric surfaces, ?bers such as ?ber 
optics, glass or any other appropriate substrate, see US. Pat. 
Nos. 5,770,358, 5,789,162, 5,708,153, 6,040,193 and 5,800, 
992, each of Which is hereby incorporated in its entirety for 
all purposes. Arrays may be packaged in such a manner as 
to alloW for diagnostics or other manipulation of an all 
inclusive device. See, for example, US. Pat. Nos. 5,856,174 
and 5,922,591 herein incorporated by reference. 

[0096] In one approach, total mRNA isolated from the 
sample is converted to labeled cRNA and then hybridiZed to 
an oligonucleotide array. Each sample is hybridiZed to a 
separate array. Relative transcript levels may be calculated 
by reference to appropriate controls present on the array and 
in the sample. 

[0097] Kits for practicing the methods of the invention are 
further provided. By “kit” is intended any manufacture (e.g., 
a package or a container) comprising at least one reagent, 
eg an antibody, a nucleic acid probe, etc. for speci?cally 
detecting the expression of a biomarker of the invention. The 
kit may be promoted, distributed, or sold as a unit for 
performing the methods of the present invention. Addition 
ally, the kits may contain a package insert describing the kit 
and methods for its use. 

[0098] In particular embodiments, kits for practicing the 
immunohistochemistry methods of the invention are pro 
vided. Such kits are compatible With both manual and 
automated immunohistochemistry techniques (e.g., cell 
staining) as described herein beloW in Example 1. These kits 
comprise at least one antibody directed to a biomarker 
protein of interest. Chemicals for the detection of antibody 
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binding to the biomarker, a counterstain, and a bluing agent 
to facilitate identi?cation of positive staining cells are 
optionally provided. Alternatively, the immunochemistry 
kits of the present invention are used in conjunction With 
commercial antibody binding detection systems, such as, for 
example the Dako Envision+ system and Biocare Medical’s 
Mach 3 system. Any chemicals that detect antigen-antibody 
binding may be used in the practice of the invention. In some 
embodiments, the detection chemicals comprise a labeled 
polymer conjugated to a secondary antibody. For example, 
a secondary antibody that is conjugated to an enZyme that 
catalyZes the deposition of a chromogen at the antigen 
antibody binding site may be provided. Such enZymes and 
techniques for using them in the detection of antibody 
binding are Well knoWn in the art. In one embodiment, the 
kit comprises a secondary antibody that is conjugated to an 
HRP-labeled polymer. Chromogens compatible With the 
conjugated enZyme (e.g., DAB in the case of an HRP 
labeled secondary antibody) and solutions, such as hydrogen 
peroxide, for blocking non-speci?c staining may be further 
provided. The kits of the present invention may also com 
prise a counterstain, such as, for example, hematoxylin. A 
bluing agent (e.g., ammonium hydroxide) may be further 
provided in the kit to facilitate detection of positive staining 
cells. 

[0099] In another embodiment, the immunohistochemistry 
kits of the invention comprise at least tWo reagents, e.g., 
antibodies, for speci?cally detecting the expression of at 
least tWo distinct biomarkers. Each antibody may be pro 
vided in the kit as an individual reagent or, alternatively, as 
an antibody cocktail comprising all of the antibodies 
directed to the different biomarkers of interest. Furthermore, 
any or all of the kit reagents may be provided Within 
containers that protect them from the external environment, 
such as in sealed containers. Positive and/or negative con 
trols may be included in the kits to validate the activity and 
correct usage of reagents employed in accordance With the 
invention. Controls may include samples, such as tissue 
sections, cells ?xed on glass slides, etc., knoWn to be either 
positive or negative for the presence of the biomarker of 
interest. The design and use of controls is standard and Well 
Within the routine capabilities of those of ordinary skill in 
the art. 

[0100] In other embodiments, kits for evaluating the prog 
nosis of a breast cancer patient comprising detecting biom 
arker overexpression at the nucleic acid level are further 
provided. Such kits comprise, for example, at least one 
nucleic acid probe that speci?cally binds to a biomarker 
nucleic acid or fragment thereof. In particular embodiments, 
the kits comprise at least tWo nucleic acid probes that 
hybridiZe With distinct biomarker nucleic acids. 

[0101] One of skill in the art Will appreciate that any or all 
steps in the methods of the invention could be implemented 
by personnel or, alternatively, performed in an automated 
fashion. Thus, the steps of body sample preparation, sample 
staining, and detection of biomarker expression may be 
automated. Moreover, in some embodiments, the immuno 
histochemical methods of the invention are used in conjunc 
tion With computeriZed imaging equipment and softWare to 
facilitate the identi?cation of positive-staining cells by a 
pathologist. The methods disclosed herein can also be com 
bined With other prognostic methods or analyses (e.g., tumor 
siZe, lymph node status, expression levels of Her2/neu, 




















































































































































