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FIG. 2C

Fig 2 D. ChIP PCR SERPINA1 ER binding.
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MARKERS OF BREAST CANCER AND
METHODS FOR THE USE THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the benefit U.S. Provisional
Appl. No. 62/104,595, filed Jan. 16, 2013, the contents of
which is incorporated herein by reference in its entirety and
for all purposes.

REFERENCE TO A “SEQUENCE LISTING,” A
TABLE, OR A COMPUTER PROGRAM LISTING
APPENDIX SUBMITTED AS AN ASCII FILE

[0002] The Sequence Listing written in file 48440-
543001US_ST25.TXT, created Jan. 19, 2015, 6,140 bytes,
machine format IBM-PC, MS-Windows operating system, is
hereby incorporated by reference.

FIELD OF THE INVENTION

[0003] The present invention relates to novel markers of
human breast cancer, and methods for the use thereof. In
certain aspects, the invention relates to complexes, kits and
compositions comprising the above-described markers. In
certain aspects, the invention relates to methods of treating
breast cancer.

BACKGROUND OF THE INVENTION

[0004] The information provided herein and references
cited are provided solely to assist the understanding of the
reader, and does not constitute an admission that any of the
references or information is prior art to the present inven-
tion.

[0005] The estrogen receptor alpha (ER) is a crucial
transcription factor that is required for cell proliferation in
the majority of breast cancer cases, accounting for about
70% of all breast cancers. A major treatment of ER+ breast
cancer is endocrine therapy using anti-estrogens like tamox-
ifen or aromatase inhibitors (Als). However, a significant
number of ER+ patients are not responsive to such treatment
(i.e., de novo resistance) and some patients develop resis-
tance during endocrine therapy (i.e., acquired resistance).

[0006] Previous studies have shown that the ER is
required for growth in both endocrine (therapy)-responsive
and endocrine-resistant breast cancer cells, but only endo-
crine-responsive cells require estrogen for the proliferation
(1). The global genomic binding profile of ER has been well
documented in hormone-responsive breast cancer cells but
not in hormone-resistant cells (2). Genomic profiling and
data mining using large patient cohorts can broaden the
current view of biomarkers involved in ER-mediated regu-
latory mechanisms and clinical relevance.

[0007] About 10% of all breast cancer patients are ER+/
HER24+, and these patients have a worse outcome compared
to ER+/HER2- patients. Currently there is a lack of effective
prognosis biomarkers for the prediction of outcome in
ER+/HER2+ patients, and the treatment options are limited.

SUMMARY OF THE INVENTION

[0008] In accordance with one aspect of the present inven-
tion, a novel biomarker, SERPINA1, has been identified for
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the prediction of the outcome in ER+ and ER+/HER2+
breast cancer patients. Patients expressing high levels of this
gene have better outcome.

[0009] As a result of extensive ER ChIP-seq analysis, the
inventors have identified a gene, SERPINA1, that has a clear
ER binding site in its promoter region and higher expression
level in LTEDaro DMSO (i.e., in the absence of E2). The
levels of SERPINA1 mRNA have been found to be signifi-
cantly higher in LTEDaro DMSO than in E2-treated MCF-
7aro E2 (1). Based on survival analysis results using the
publicly available large panel of The Cancer Genome Atlas
(TCGA) 779 breast cancer patient cohort (6) with clinico-
pathological information, it has been determined that the
high expression of SERPINAL1 in endocrine-resistant cells
requires HER2 and has significant association with better
survival outcome for ER+ and ER+/HER2+ breast cancer;
thus SERPINAI1 can be used as a molecular predictor of
drug response in breast cancers.

[0010] SERPINAL, also known as a.1-AntiTrypsin (AAT),
is a protease inhibitor that can act on a variety of targets such
as serine proteases. It has been demonstrated that SER-
PINALI expression can be stimulated by E2 in MCF-7 cells,
and high expression of this protein inhibits colony formation
[7]. SERPINA1 has been proposed as a biomarker for
various diseases such as Cutaneous Squamous Cell Carci-
noma [8], Hepatitis B [9], insulinomas [10], NSCLC [11],
papillary thyroid carcinoma [12] lung cancer [13] and breast
carcinoma [14-16]. The results presented herein support the
proposition that the single gene SERPINAL is a significant
predictor of survival in ER+ and ER+/HER2+ breast cancer
patients. Patients with ER+/HER2+ breast cancer generally
have a worse outcome compared to ER+/HER2- patients
[17,18]. Currently there is no known predictive marker for
the treatment outcome of ER+/HER2+ breast cancers (19),
thus the ability of SERPINAL1 to predict the survival of this
intrinsic subtype of breast cancer patients is valuable.
[0011] Thus, in order to advance the present invention, an
aromatase-overexpressing MCF-7 cell line, i.e., MCF-7aro
(3), has been generated and the resulting MCF-7aro cells
used as a model for endocrine-responsive breast cancer. In
addition, Long Term Estrogen Deprived (LTEDaro) cells are
used as a model for endocrine-resistant breast cancer (4).
[0012] In the endocrine-responsive breast cancer cells,
17B-estradiol (E2) acts as a ligand and binds to ER, acti-
vating the ER and causing its translocation from the cytosol
to the nucleus. The E2-bound ER then binds to the chromatin
to regulate the expression of target genes.

[0013] In the endocrine-resistant cells, the ER can be
activated by other mechanisms such as phosphorylation, so
even in the absence of H2, the ER is able to bind to
chromatin and activate target genes. The ligand-independent
activation of ER is thought to play a key role in endocrine-
resistant breast cancer because the ER degrader, fulvestrant
(ICI 182,780), is able to suppress the expression of ER-
regulated genes (5). In accordance with the present inven-
tion, ER binding sites and target genes have been identified
which assist in understanding the role of ER in endocrine
resistant cancer.

[0014] Therefore, to better understand the physiological
action of ER-target genes, chromatin immunoprecipitation
with deep sequencing (ChIP-seq) genome-wide profiling
was used as a tool to identify differences in ER binding
between endocrine-responsive and endocrine-resistant cell
lines. In previous studies, Affymetrix GENECHIP®
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genome-wide microarray gene expression analysis has been
performed to detect differentially expressed estrogen-regu-
lated genes (1), but these target genes include direct and also
indirect ER targets. The combination of ChIP-seq with
microarray gene expression analyses allows identification of
the direct ER target genes. Without wishing to be bound by
any theory, it is believed that the identification of such genes
would allow for the identification of a gene that acts as a
biomarker for endocrine-resistant breast cancer. Such a
biomarker would be valuable for the prediction of patient
response to endocrine therapy and could facilitate the selec-
tion of the most effective treatment options for patients.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGS. 1A-1C collectively demonstrate that ER is
able to bind chromatin independently of E2 in LTEDaro
cells. FIG. 1A demonstrates the distribution of ER binding
sites relative to the closest TSS. It is observed that MCF-
7aro DMSO binding sites are almost evenly distributed and
MCF-7aro E2 binding sites are more abundant close to the
TSS. LTEDaro DMSO binding sites are abundant close to
the TSS with a similar trend as the MCF-7aro E2. FIG. 1B
provides a correlation between the number of binding sites
and binding intensities of LTEDaro DMSO and MCF-7aro
E2. FIG. 1C provides a comparison of LTEDaro DMSO and
MCF-7aro E2, and shows that a majority of ER binding sites
occur at the same location, although the intensities may be
different.

[0016] FIGS. 2A-2C collectively illustrate the identifica-
tion of SERPINALI as an ER target gene with a distinctive
ER binding site in the promoter region. FIG. 2A presents a
summary of bioinformatics analysis of ILLUMINA® ChIP-
seq and Affymetrix GENECHIP® gene expression microar-
ray data, leading to the discovery of SERPINAI and its
potential regulation by ER and HER2. FIG. 2B illustrates the
fact that SERPINA1 has an ER binding site proximal to the
TSS with higher level of ER binding in the LTEDaro DMSO
cells compared to MCF-7aro E2 cells. In contrast, other
well-known ER target genes have higher level of ER binding
in the MCF-7aro E2 cells instead. FIG. 2C provides ChIP
PCR validation of ER binding site proximal to the TSS of
SERPINAL confirms the ER binding in LTEDaro, as
detected by ChIP-seq.

[0017] FIGS. 3A-3B collectively demonstrate that E2 and
HER?2 regulate the expression of SERPINA1 through the
ER. FIG. 3A presents gene expression analysis of SER-
PINAI by gPCR, and shows that SERPINAI expression in
MCF-7aro E2, HER2-aro E2, and LTEDaro DMSO can be
suppressed by ICI treatment. FIG. 3B presents a comparison
of SERPINAI expression in control-siRNA treated cells,
and demonstrates that HER2-aro and LTEDaro cells have a
higher expression compared to MCF-7aro. siRNA knock-
down of HER2 shows that SERPINALI is downregulated by
about 40% when HER2 levels are reduced.

[0018] FIGS. 4A-4D collectively support the position that
SERPINAIL expression level is a predictive marker for
patient survival in ER+ but not ER- patients. FIG. 4A
presents a survival analysis in the TCGA cohort of ER+ and
ER- patients, and shows that SERPINA1 has a significant
predictive value only in the ER+ patients but not the ER-
patients. FIG. 4B presents validation with ER+ and ER-
patients in the Curtis cohort, confirming that SERPINA 1 has
a significant predictive value in ER+ but not ER- patients.
FIG. 4C summarizes the overall survival in TCGA ER+
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patients with high and low expression of 3 common ER
target genes: pS2, PGR, GREB1 by Kaplan Meier survival
analysis. FIG. 4D summarizes the overall survival in TCGA
ER+/HER2+ patients with high and low expression of 3
common ER target genes: pS2. PGR, GREBI by Kaplan
Meier survival analysis.

[0019] FIGS. 5A-5B collectively present a survival analy-
sis of SERPINA1 in TCGA and Bild patient cohorts with
ER+/HER2+ status. FIG. 5A demonstrates that the SER-
PINALI gene has a significant predictive value in the ER+/
HER2+ but not the ER+/HER2- patients from the TCGA
cohort. FIG. 5B presents validation with ER+/HER2+ and
ER+/HER2-patients in the Bild cohort. Disease-free survival
analysis of ER+/HER2+ patients in the Bild patient cohort
shows that patients with high expression of SERPINA1 has
a better outcome.

[0020] FIG. 6 demonstrates that the ER binding site at the
SERPINALI promoter contains an ERE. Known motif map-
ping of the ER binding site in the SERPINA1 promoter
reveals the ERE motif in the center of the binding sites.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] ER is a key player in estrogen (or hormone)-
dependent breast cancer, and its action can be modified
through many mechanisms (see a recent review by Mana-
vathi et al. 2013) (33). Ross-Innes et al (34) provided an
excellent example to show that changes in ER binding is
associated with clinical outcome in breast cancer. There
have been extensive studies of ER binding in estrogen-
responsive cells/tissue through ChIP-on-chip and ER ChIP-
seq analyses (30,35-38). From the ILLUMINA® ChIP-seq
and Affymetrix microarray data presented herein, it is clear
that the ER in LTEDaro cells behave differently from that in
the MCF-7aro cells. The analysis of distance to transcription
start site (TSS) shows that in the estrogen-responsive MCF-
7aro cells, ER recruitment proximal to the TSS is dependent
on E2, but in the resistant cells the ER recruitment to the
same region can occur without E2. Comparison of the
intensity and number of peaks reveals that in the MCF-7aro
cells most of the ER binding is very weak without E2, and
the ER binding is greatly enhanced when E2 is present.
[0022] On the other hand, in LTEDaro DMSO cells, a
significant number of ER binding sites can be detected. ER
binding data presented herein support previous proliferation
studies (see, for example, (39). In the MCF-7aro cells,
proliferation is entirely dependent on the E2-mediated acti-
vation of ER, and other growth factor pathways are not
essential for the proliferation of these cells. LTEDaro cells
are still dependent on the ER pathway for proliferation, as
indicated by the fact that fulvestrant (ICI 182,780) is able to
partially suppress the proliferation of LTEDaro (5). How-
ever, several signal transduction pathways have been acti-
vated leading to crosstalk with ER in this Al-resistant line
).

[0023] HER2 is one of the important signaling proteins
that play a role in the phosphorylation of ER, as in luminal
B breast cancer (40). In accordance with the present inven-
tion, a MCF-7 cell line has been generated that over-
expresses aromatase and HER?2, i.e., HER2-aro. It has been
shown that this line is resistant to both Als and ICI (5).
Comparison of ER binding sites between MCF-7aro DMSO
and MCF-7aro E2 reveals that all the sites without E2 are
very weak and in common with E2. Furthermore, addition of
E2 to LTEDaro DMSO provides additional binding sites.
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[0024] Through bioinformatics analysis, in combination
with gene expression microarray data, SERPINA1 has been
identified as one such ER target gene that clearly has
E2-dependent ER binding in the hormone-responsive cells
and E2-independent ER binding in the endocrine-resistant
cells. Its expression in both types of cells is significantly
suppressed by treatment with the ER degrader, fulvestrant.
In accordance with the present invention, it is established
that SERPINA1 is a direct ER target gene, as supported by
ER ChlIP-seq, ChIP PCR validation, microarray, and gene
expression gPCR data.

[0025] Based on the ChIP-seq data, the binding of ER to
the promoter of the SERPINA1 gene is stronger in the
LTEDaro DMSO cells compared to the MCF-7aro E2 cells.
Considering the fact that SERPINA1 is highly expressed in
LTEDaro, its expression must be up-regulated by ER
through cross-talk with growth factor-regulated pathways.
From a search of GEO data, it has been found that SER-
PINAL is also a HER2-regulated gene. This is supported by
the fact that HER2-aro cells have much higher levels of
SERPINALI than MCF-7aro cells. The expression of SER-
PINALI in these resistant cells is reduced upon the treatment
of HER2 siRNA (see FIG. 3B). Based on the results pre-
sented herein, it is believed that in endocrine resistant cells
(e.g., LTEDaro and HER2-aro), ER is activated through
phosphorylation by signaling pathways activated by HER2
(5), and that SERPINAL1 is a unique gene whose expression
can be induced by phosphorylated ER (FIGS. 5A and 5B).
[0026] The present results provide an excellent example of
how one can correlate ER binding data from bioinformatics
experiments to patient outcome information. There are,
however, some limitations to drawing such correlations. For
example, multi-variate statistical analyses reveal that SER-
PINALI expression has a significant association with patient
survival in ER+ patients using the TCGA and Curtis cohorts,
and with ER+/HER 2+ patient survival in the TCGA and Bild
patient cohorts. However, it was not possible to reach the
same conclusion using four other patient cohorts (i.e., Chin,
Pawitan, Desmedt, Sotiriou). This could be due to differ-
ences in the cohort size and/or composition of patient
population of ER/PR/HER? status in these cohorts.

[0027] The preceding observations point out the need for
large cohorts with clinical outcome information for more
meaningful prediction. Since the majority of breast cancer
patients are ER+, the finding that SERPINAI1 can predict
survival in ER+ patients suggests that it may be a very useful
prognostic marker; it is expected that many patients may
benefit from this additional knowledge. Since the results
described herein were not expected originally, the potential
predictive value of SERPINAI transcript expression levels
in the ER+/HER2+ breast cancer is a particularly exciting
development, especially since these patients have relatively
pOOr Progunosis.

[0028] Therefore, in certain embodiments of the present
invention, in view of the clear correlation between SER-
PINALI expression in ER+/HER2+ breast cancer, a subtype
of breast cancer, the predictive value of SERPINA1 expres-
sion in ER+/HER2+ breast cancer has been fully established.
[0029] ER and HER2, two major regulatory pathways,
cross-talk when they co-exist (41,42). Approximately 10
percent of breast cancer patients are ER+ and HER2+, and
these patients have worse survival compared to ER+/HER2-
and ER-/HER2+ patients (43). The ER+/HER2+ breast
cancer is an important subtype of luminal B breast cancer
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(40). Tt has been also observed that a major number of
recurring tumors from luminal A cancer are converted to
luminal B HER2+(40). Overexpression of HER2 in ER+
breast cancer is well recognized to affect the effectiveness of
endocrine therapy, as observed preclinically (5) and clini-
cally (44). Similarly, co-expression of ER is known to result
in a poor trastuzumab response (45).

[0030] Previous studies have shown that in HER2+ breast
tumors, the mRNA levels of HER2 is correlated with patho-
logical complete response (pCR) rate only in ER+ patients
but not in ER- patients (46). Extensive studies have been
performed to demonstrate how ER-regulated pathways and
HER2-regulator pathways can modulate each other (42).
Preclinical experiments have found that LTEDaro, an Al-
resistant model, is still partially responsive to ICI, but
HER2-aro, a HER2-overexpressing line, fails to respond to
either Al or ICI. These studies point out that in ER+ and
HER2+ cancer(s), it is essential to suppress both regulatory
pathways; as well as possibly suppressing additional mecha-
nisms regulated by both of these pathways.

[0031] In ER+ breast cancers, the expression of SER-
PINA1 could be an indication of estrogen-mediated ER
activation and its expression levels correlate to projected
patient survival. An important finding described herein is the
observation that SERPINAL1 is an ER and HER2 regulated
gene. While the level of SERPINA1 expression was found
to be higher in endocrine resistant cells than responsive
cells, survival analysis results suggest that the SERPINALI
gene can be a useful predictor of survival in ER and HER2
positive subgroup of breast cancer. A high expression of this
gene is thought to be a strong indicator for the cooperative
activation by both signaling pathways and to be a “good”
response to both anti-ER and anti-HER2 therapies. Many
ER-regulated genes, such as TFF1 (pS2), PGR and GREBI,
are known to be induced in endocrine-resistant cancer. It is
important to point out that the expression of these genes is
not useful to predict the outcome of ER+/HER2- nor
ER+/HER2+ cancer.

[0032] In early stage breast cancer, women with ER+ and
HER2+ cancers are treated with adjuvant trastuzumab.
Recent data suggest that a subset of these patients may not
benefit from trastuzumab (47). Clinical data has shown that
ER+/HER2+ patients generally have worse outcome than
ER-/HER2+ or ER+/HER2- patients (17,18), and a predic-
tive marker to predict a subgroup of patients with better
outcome will be valuable.

[0033] Therefore, to investigate whether there are any
differences in the treatments received by the patients with
better survival compared to those with worse survival, the
treatment information of ER+ and HER2+ patients in the
TCGA cohort has been examined. The limited treatment
information available for patients with high and low levels
of SERPINAL1 expression, which corresponds to better and
worse survival groups, respectively, was compared. Most of
the drugs used can be categorized under chemotherapy or
endocrine therapy (see Table 1).

TABLE 1
# of SERPINA1  SERPINAIL
Drug name patients high low
Chemo 5-Fluorouracil 4 3 1
Chemo ac 1 1 0
Chemo Adriamycin 5 1 3
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TABLE 1-continued

# of SERPINA1  SERPINAIL
Drug name patients high low
Chemo adriamycin + 1 0 1
cyclophosphamide
Endo Arimidex 8 4 4
Endo Aromasin 2 2 0
Chemo Carboplatin 3 0 3
Chemo Cyclophosphamide 6 1 2
Chemo Cyclophosphane 4 3 1
Chemo Cytoxan 7 2 4
Chemo Docetaxel 3 1 2
Chemo Doxorubicin 9 4 2
Chemo doxorubicin + 1 0 1
cyclophosphamid
Endo Exemestane 1 1 0
Herceptin 9 4 5
Lapatinib 2 0 2
Endo Letrozole 2 1 1
Endo Lupron 1 0 0
Chemo Paclitaxel 5 1 1
Chemo Paclitaxel 1 1 0
(Protein-Bound)
Endo Tamoxifen 14 6 4
Chemo Taxol 4 2 2
Chemo Taxotere 5 2 3
Trasmuzumab 4 2 1
Endo Zoladex 2 1 1
Zometa 1 1 0
Total number 105 44 44
of treatments:
Endo 135 10
Chemo 22 26
[0034] Based on the comparison of the available treatment

information of the patients with high and low levels of
SERPINAL expression, which corresponds to better and
worse survival groups respectively, there are no major
differences in the treatment strategies between good and bad
responders, suggesting that SERPINA1 is an outcome pre-
dictor independent of treatment options. Chemotherapy and
HER2-directed therapy is widely used as systemic treatment
for patients with ER+ and HER2+ disease. Current molecu-
lar assays have not been able to distinguish a subset of
HER2+ patients with better prognosis. Anti-HER2 therapy
has been shown to improve endocrine therapy in ER+ and
HER2+ positive cancer, as demonstrated in preclinical mod-
els (48,49).

[0035] A recently completed trial has revealed that a
combination of anti-HER2 therapy and endocrine therapy
can be valuable to treat ER+ and HER2+ patients (50).
Furthermore, from the EGF30008 and TAnDEM (TrAstu-
zumab in Dual HER2 ER-positive Metastatic breast cancer)
trials, lapatinib+letrozole and trastuzumb+anastrozole were
shown to improve time to progression versus Al mono-
therapy, respectively (51). A detailed analysis was reported
by Delea et al. (51) that lapatinib+letrozole is not likely to
be cost-effective than trastuzumab+anastrozole. Therefore,
for those ER+ and HER2+ patients with high levels of
SERPINAL expression, a cost-effective treatment can be
also considered.

BRIEF SUMMARY OF THE INVENTION

[0036] In one aspect, a method of determining an expres-
sion level of a SERPINAI gene in a breast cancer patient is
provided. The method includes (i) obtaining a biological
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sample from a breast cancer patient; and (ii) determining an
expression level of a SERPINA1 gene in the biological
sample.

[0037] In one aspect, a method of treating breast cancer in
a subject in need thereof is provided. The method includes
(1) determining whether a subject expresses an elevated level
of a SERPINA1 gene relative to a standard control; and (ii)
when an elevated expression level of the SERPINA1 gene is
found relative to the standard control, administering to the
subject an effective amount of an anti-ER therapy or an
effective amount of an anti-HER2 therapy, thereby treating
the subject.

[0038] In one aspect, a method of treating breast cancer in
a subject in need thereof is provided. The method includes
(1) determining whether a subject expresses an elevated level
of a SERPINA1 gene relative to a standard control: and (i)
administering to the subject an effective amount of an
anti-ER therapy or an effective amount of an anti-HER2
therapy, thereby treating the subject.

[0039] In one aspect, an in vitro complex is provided. The
in vitro complex includes a labeled nucleic acid probe
hybridized to a nucleic acid including a SERPINA1 gene
sequence, wherein the nucleic acid is extracted from a breast
cancer patient or is an amplification product of a nucleic acid
extracted from a breast cancer patient.

[0040] In one aspect, an in vitro complex is provided. The
in vitro complex includes a SERPINAI polypeptide or
fragment thereof bound to a SERPINAI binding agent,
wherein the SERPINA1 polypeptide or fragment thereof is
extracted from a breast cancer patient.

[0041] In one aspect, a kit is provided. The kit includes (a)
a labeled nucleic acid probe capable of hybridizing to a
nucleic acid including a SERPINA1 gene sequence within a
biological sample from a breast cancer patient, wherein the
nucleic acid is extracted from the breast cancer patient or is
an amplification product of a nucleic acid extracted from the
breast cancer patient; and (b) a detecting reagent or a
detecting apparatus capable of indicating hybridizing of the
labeled nucleic acid probe to the nucleic acid.

[0042] In one aspect, a kit is provided. The kit includes (a)
a SERPINA1 binding agent capable of binding to a SER-
PINALI polypeptide or fragment thereof within a biological
sample from a breast cancer patient; wherein the SERPINA1
polypeptide or fragment thereof is extracted from the breast
cancer patient; and (b) a detecting reagent or a detecting
apparatus capable of indicating binding of the SERPINAI
binding agent to the SERPINA1 polypeptide or fragment
thereof bound.

Definitions

LIRS 35 <l

[0043] The terms “subject,” “patient,” “individual,” and
the like as used herein are not intended to be limiting and can
be generally interchanged. That is, an individual described
as a “patient” does not necessarily have a given disease, but
may be merely seeking medical advice.

[0044] The term “subject” as used herein includes all
members of the animal kingdom prone to suffering from the
indicated disorder. In some aspects, the subject is a mammal,
and in some aspects, the subject is a human.

[0045] A “control” sample or value refers to a sample that
serves as a reference, usually a known reference, for com-
parison to a test sample. For example, a test sample can be
taken from a patient suspected of having breast cancer and
compared to samples from a known breast cancer patient, or
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aknown normal (non-disease) individual. A control can also
represent an average value gathered from a population of
similar individuals, e.g., breast cancer patients or healthy
individuals with a similar medical background, same age,
weight, etc. A control value can also be obtained from the
same individual, e.g., from an earlier-obtained sample, prior
to disease, or prior to treatment. One of skill will recognize
that controls can be designed for assessment of any number
of parameters.

[0046] One of skill in the art will understand which
controls are valuable in a given situation and be able to
analyze data based on comparisons to control values. Con-
trols are also valuable for determining the significance of
data. For example, if values for a given parameter are widely
variant in controls, variation in test samples will not be
considered as significant.

[0047] As used herein, the terms “pharmaceutically”
acceptable is used synonymously with physiologically
acceptable and pharmacologically acceptable. A pharmaceu-
tical composition will generally comprise agents for buff-
ering and preservation in storage, and can include buffers
and carriers for appropriate delivery, depending on the route
of administration.

[0048] The terms “dose” and “dosage” are used inter-
changeably herein. A dose refers to the amount of active
ingredient given to an individual at each administration. For
the present invention, the dose will generally refer to the
amount of breast cancer treatment. The dose will vary
depending on a number of factors, including the range of
normal doses for a given therapy, frequency of administra-
tion; size and tolerance of the individual; severity of the
condition; risk of side effects; and the route of administra-
tion. One of skill will recognize that the dose can be
modified depending on the above factors or based on thera-
peutic progress. The term “dosage form” refers to the
particular format of the pharmaceutical, and depends on the
route of administration. For example, a dosage form can be
in a liquid form for nebulization, e.g., for inhalants, in a
tablet or liquid, e.g., for oral delivery, or a saline solution,
e.g., for injection.

[0049] As used herein, the terms “treat” and “prevent” are
not intended to be absolute terms. Treatment can refer to any
delay in onset, reduction in the frequency or severity of
symptoms, amelioration of symptoms, improvement in
patient comfort and/or respiratory function, etc. The effect of
treatment can be compared to an individual or pool of
individuals not receiving a given treatment, or to the same
patient prior to, or after cessation of, treatment.

[0050] “Treating” or “treatment” as used herein (and as
well-understood in the art) also broadly includes any
approach for obtaining beneficial or desired results in a
subject’s condition, including clinical results. Beneficial or
desired clinical results can include, but are not limited to,
alleviation or amelioration of one or more symptoms or
conditions, diminishment of the extent of a disease, stabi-
lizing (i.e., not worsening) the state of disease, prevention of
a disease’s transmission or spread, delay or slowing of
disease progression, amelioration or palliation of the disease
state, diminishment of the reoccurrence of disease, and
remission, whether partial or total and whether detectable or
undetectable. In other words, “treatment” as used herein
includes any cure, amelioration, or prevention of a disease.
Treatment may prevent the disease from occurring; inhibit
the disease’s spread; relieve the disease’s symptoms, fully or
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partially remove the disease’s underlying cause, shorten a
disease’s duration, or do a combination of these things.
[0051] “Treating” and “treatment” as used herein include
prophylactic treatment. Treatment methods include admin-
istering to a subject a therapeutically effective amount of an
active agent. The administering step may consist of a single
administration or may include a series of administrations.
The length of the treatment period depends on a variety of
factors, such as the severity of the condition, the age of the
patient, the concentration of active agent, the activity of the
compositions used in the treatment, or a combination
thereof. It will also be appreciated that the effective dosage
of an agent used for the treatment or prophylaxis may
increase or decrease over the course of a particular treatment
or prophylaxis regime. Changes in dosage may result and
become apparent by standard diagnostic assays known in the
art. In some instances, chronic administration may be
required. For example, the compositions are administered to
the subject in an amount and for a duration sufficient to treat
the patient.

[0052] The term “therapeutically effective amount,” as
used herein, refers to that amount of the therapeutic agent
(e.g., anti-ER therapy or anti-HER2 therapy) sufficient to
ameliorate breast cancer, as described above. For example,
for the given parameter, a therapeutically effective amount
will show an increase or decrease of at least 5%, 10%, 15%,
20%, 25%, 40%, 50%, 60%, 75%, 80%, 90%, or at least
100%. Therapeutic efficacy can also be expressed as “-fold”
increase or decrease. For example, a therapeutically effec-
tive amount can have at least a 1.2-fold, 1.5-fold, 2-fold,
5-fold, or more effect over a control.

[0053] Theterm “diagnosis” refers to a relative probability
that a breast cancer is present in the subject. Similarly, the
term “prognosis” refers to a relative probability that a certain
future outcome may occur in the subject. For example, in the
context of the present invention, prognosis can refer to the
likelihood that an individual will develop a breast cancer, or
the likely severity of the disease (e.g., severity of symptoms,
rate of functional decline, survival, etc.). The terms are not
intended to be absolute, as will be appreciated by any one of
skill in the field of medical diagnostics.

[0054] “Nucleic acid” or “oligonucleotide” or “polynucle-
otide” or grammatical equivalents used herein means at least
two nucleotides covalently linked together. Oligonucle-
otides are typically from about 5, 6, 7, 8, 9, 10, 12, 15, 25,
30, 40, 50 or more nucleotides in length, up to about 100
nucleotides in length. Nucleic acids and polynucleotides are
apolymers of any length, including longer lengths, e.g., 200,
300, 500, 1000, 2000, 3000, 5000, 7000, 10,000, etc. A
nucleic acid of the present invention will generally contain
phosphodiester bonds, although in some cases, nucleic acid
analogs are included that may have alternate backbones,
comprising, e.g., phosphoramidate, phosphorothioate, phos-
phorodithioate, or O-methylphophoroamidite linkages (see
Eckstein, Oligonucleotides and Analogues: A Practical
Approach, Oxford University Press); and peptide nucleic
acid backbones and linkages. Other analog nucleic acids
include those with positive backbones; non-ionic backbones,
and non-ribose backbones, including those described in U.S.
Pat. Nos. 5,235,033 and 5,034,506, and Chapters 6 and 7,
ASC Symposium Series 580, Carbohydrate Modifications in
Antisense Research, Sanghui & Cook, eds. Nucleic acids
containing one or more carbocyclic sugars are also included
within one definition of nucleic acids. Modifications of the
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ribose-phosphate backbone may be done for a variety of
reasons, e.g., to increase the stability and half-life of such
molecules in physiological environments or as probes on a
biochip. Mixtures of naturally occurring nucleic acids and
analogs can be made; alternatively, mixtures of different
nucleic acid analogs, and mixtures of naturally occurring
nucleic acids and analogs may be made.

[0055] The terms “identical” or percent “identity,” in the
context of two or more nucleic acids (e.g., genomic
sequences or subsequences or coding sequences) or poly-
peptide sequences, refer to two or more sequences or sub-
sequences that are the same or have a specified percentage
of amino acid residues or nucleotides that are the same (i.e.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more
identity over a specified region), when compared and
aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the
following sequence comparison algorithms or by manual
alignment and visual inspection. Such sequences are then
said to be “substantially identical.” This definition also
refers to the compliment of a test sequence. Optionally, the
identity exists over a region that is at least about 10 to about
100, about 20 to about 75, about 30 to about 50 amino acids
or nucleotides in length.

[0056] An example of algorithms suitable for determining
percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al., Nuc. Acids Res. 25:3389-3402 (1977) and
Altschul et al., J. Mol Biol. 215:403-410 (1990), respec-
tively. As will be appreciated by one of skill in the art, the
software for performing BLAST analyses is publicly avail-
able through the website of the National Center for Biotech-
nology Information (nchi.nlm.nih.gov).

[0057] The terms “polypeptide,” “peptide” and “protein”
are used interchangeably herein to refer to a polymer of
amino acid residues. The terms apply to amino acid poly-
mers in which one or more amino acid residue is an artificial
chemical mimetic of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid
polymers, those containing modified residues, and non-
naturally occurring amino acid polymer.

[0058] The term “amino acid” refers to naturally occurring
and synthetic amino acids, as well as amino acid analogs and
amino acid mimetics that function similarly to the naturally
occurring amino acids. Naturally occurring amino acids are
those encoded by the genetic code, as well as those amino
acids that are later modified, e.g., hydroxyproline, y-car-
boxyglutamate, and O-phosphoserine. Amino acid analogs
refers to compounds that have the same basic chemical
structure as a naturally occurring amino acid, e.g., an a
carbon that is bound to a hydrogen, a carboxyl group, an
amino group, and an R group, e.g.. homoserine, norleucine,
methionine sulfoxide, methionine methyl sulfonium. Such
analogs may have modified R groups (e.g., norleucine) or
modified peptide backbones, but retain the same basic
chemical structure as a naturally occurring amino acid.
Amino acid mimetics refers to chemical compounds that
have a structure that is different from the general chemical
structure of an amino acid, but that functions similarly to a
naturally occurring amino acid.

[0059] Amino acids may be referred to herein by either
their commonly known three letter symbols or by the
one-letter symbols recommended by the TUPAC-IUB Bio-
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chemical Nomenclature Commission. Nucleotides, likewise,
may be referred to by their commonly accepted single-letter
codes.

[0060] “Conservatively modified variants™ applies to both
amino acid and nucleic acid sequences. With respect to
particular nucleic acid sequences, conservatively modified
variants refers to those nucleic acids which encode identical
or essentially identical amino acid sequences, or where the
nucleic acid does not encode an amino acid sequence, to
essentially identical or associated, e.g., naturally contiguous,
sequences. Because of the degeneracy of the genetic code, a
large number of functionally identical nucleic acids encode
most proteins. For instance, the codons GCA, GCC, GCG
and GCU all encode the amino acid alanine. Thus, at every
position where an alanine is specified by a codon, the codon
can be altered to another of the corresponding codons
described without altering the encoded polypeptide. Such
nucleic acid variations are “silent variations,” which are one
species of conservatively modified variations. Every nucleic
acid sequence herein which encodes a polypeptide also
describes silent variations of the nucleic acid. One of skill
will recognize that in certain contexts each codon in a
nucleic acid (except AUG, which is ordinarily the only
codon for methionine, and TGG, which is ordinarily the only
codon for tryptophan) can be modified to yield a function-
ally identical molecule. Accordingly, often silent variations
of a nucleic acid which encodes a polypeptide is implicit in
a described sequence with respect to the expression product,
but not with respect to actual probe sequences.

[0061] As to amino acid sequences, one of skill will
recognize that individual substitutions, deletions or addi-
tions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single amino acid or
a small percentage of amino acids in the encoded sequence
is a “conservatively modified variant” where the alteration
results in the substitution of an amino acid with a chemically
similar amino acid. Conservative substitution tables provid-
ing functionally similar amino acids are well known in the
art. Such conservatively modified variants are in addition to
and do not exclude polymorphic variants, interspecies
homologs, and alleles of the invention. Typically conserva-
tive substitutions for one another: 1) Alanine (A), Glycine
(G); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine
(N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5) Isoleu-
cine (I), Leucine (L), Methionine (M), Valine (V); 6) Phe-
nylalanine (F), Tyrosine (Y), Tryptophan (W); 7) Serine (S),
Threonine (T); and 8) Cysteine (C), Methionine (M) (see,
e.g., Creighton, Proteins (1984)).

[0062] A “label” or a “detectable moiety” is a composition
detectable by spectroscopic, photochemical, biochemical,
immunochemical, chemical, or other physical means. For
example, useful labels include P, fluorescent dyes, elec-
tron-dense reagents, enzymes (e.g., as commonly used in an
ELISA), biotin, digoxigenin, or haptens and proteins or
other entities which can be made detectable, e.g., by incor-
porating a radiolabel into a peptide or antibody specifically
reactive with a target peptide. Any method known in the art
for conjugating an antibody to the label may be employed,
e.g., using methods described in Hermanson, Bioconjugate
Techniques 1996, Academic Press, Inc., San Diego.

[0063] A “labeled protein or polypeptide” or a “labeled
nucleic acid probe” is a protein or nucleic acid that is bound,
either covalently, through a linker or a chemical bond, or
noncovalently, through ionic, van der Waals, electrostatic, or
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hydrogen bonds to a label such that the presence of the
labeled protein or nucleic acid may be detected by detecting
the presence of the label bound to the labeled protein or
nucleic acid. Alternatively, methods using high affinity inter-
actions may achieve the same results where one of a pair of
binding partners binds to the other, e.g., biotin, streptavidin.

[0064] In some examples of the disclosed methods, when
the expression level of a SERPINAI gene is assessed, the
level is compared with control expression level of the
SERPINAL gene. By control level is meant the expression
level of SERPINA1 gene from a sample or subject lacking
a disease (e.g. breast cancer), at a selected stage of a disease
or disease state, or in the absence of a particular variable
such as a therapeutic agent. Alternatively, the control level
comprises a known amount of a SERPINA1 gene. Such a
known amount correlates with an average level of subjects
lacking a disease, at a selected stage of a disease or disease
state, or in the absence of a particular variable such as a
therapeutic agent. A control level also includes the expres-
sion level of a SERPINA1 gene from one or more selected
samples or subjects as described herein. For example, a
control level includes an assessment of the expression level
of a SERPINAT1 gene in a sample from a subject that does
not have a disease (e.g. breast cancer), is at a selected stage
of progression of a disease (e.g. breast cancer), or has not
received treatment for a disease. Another exemplary control
level includes an assessment of the expression level of a
SERPINAL gene in samples taken from multiple subjects
that do not have a disease, are at a selected stage of
progression of a disease, or have not received treatment for
a disease.

[0065] When the control level includes the expression
level of a SERPINAI gene in a sample or subject in the
absence of a therapeutic agent, the control sample or subject
is optionally the same sample or subject to be tested before
or after treatment with a therapeutic agent or is a selected
sample or subject in the absence of the therapeutic agent.
Alternatively, a control level is an average expression level
calculated from a number of subjects without a particular
disease. A control level also includes a known control level
or value known in the art.

[0066] A SERPINAI1 protein as provided herein includes
any of the recombinant or naturally-occurring forms of the
SERPIN PEPTIDASE INHIBITOR, CLADE A, MEMBER
1 (SERPINAL) also known as ALPHA-1-ANTITRYPSIN
(AAT), PROTEASE INHIBITOR 1 (PL; PIl), ANTI-
ELASTASE or ANTITRYPSIN, or variants or homologs
thereof that maintain SERPINA1 protein activity (e.g.
within at least 50%, 80%, 90%, 95%, 96%, 97%, 98%, 99%
or 100% activity compared to SERPINA1 protein). In some
aspects, the variants or homologs have at least 90%, 95%,
96%, 97%, 98%, 99% or 100% amino acid sequence identity
across the whole sequence or a portion of the sequence (e.g.
a 50, 100, 150 or 200 continuous amino acid portion)
compared to a naturally occurring SERPINAI protein. In
embodiments, the SERPINAT1 protein is substantially iden-
tical to the protein identified by the UniProt reference
number P01009 or a variant or homolog having substantial
identity thereto. In embodiments, the SERPINA1 protein
encoded by the sequence corresponding to NCBI reference
number GI:383286745 or a variant or homolog having
substantial identity thereto. In embodiments, the SERPINA1
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protein is encoded by SEQ ID NO:9. The sequence of SEQ
ID NO:9 is the sequence of NCBI reference number
G1:383286745.

Methods

[0067] In one aspect, a method of determining an expres-
sion level of a SERPINAI gene in a breast cancer patient is
provided. The method includes (i) obtaining a biological
sample from a breast cancer patient; and (ii) determining an
expression level of a SERPINA1 gene in the biological
sample. In embodiments, the determining includes (a) con-
tacting a nucleic acid including a SERPINA1 gene sequence
with a labeled nucleic acid probe, thereby forming a SER-
PINA1-labeled nucleic acid complex; and (b) detecting the
SERPINAI-labeled nucleic acid complex.

[0068] In another aspect, a method of determining an
expression level of a SERPINAI gene in a breast cancer
patient is provided. The method includes (i) obtaining a
biological sample from a breast cancer patient; and (ii)
determining an expression level of a SERPINA1 gene in the
biological sample, wherein the determining includes (a)
contacting a nucleic acid including a SERPINA1 gene
sequence with a labeled nucleic acid probe, thereby forming
a SERPINA1-labeled nucleic acid complex; and (b) detect-
ing the SERPINA1-labeled nucleic acid complex.

[0069] In embodiments, the nucleic acid is an amplifica-
tion product of a nucleic acid extracted from the breast
cancer patient. In embodiments, the labeled nucleic acid
probe is fluorescently labeled. In embodiments, the labeled
nucleic acid probe has at least 10 nucleotides. In embodi-
ments, the labeled nucleic acid probe includes at least 10
contiguous nucleotides of the sequence of SEQ ID NO:9 or
the complement thereof. In embodiments, the labeled
nucleic acid probe includes the sequence of SEQ ID NO:3
or SEQ ID NO:4. In embodiments, the biological sample is
a blood-derived sample. In some further embodiments, the
blood-derived sample is whole blood, serum or plasma. In
embodiments, the biological sample is a tissue-derived
sample. In further embodiments, the tissue-derived sample is
a breast tissue-derived sample.

[0070] In embodiments, the breast cancer patient is an
HER2+ breast cancer patient. A HER2+ breast cancer patient
as provided herein is a breast cancer patient including
HER2-expressing breast cancer cells.

[0071] A HER2 protein as provided herein includes any of
the recombinant or naturally-occurring forms of the receptor
tyrosine-protein kinase erbB-2 (HER2), also known as
CD340 (cluster of differentiation 340), proto-oncogene Neu,
Erbb2 (rodent), or ERBB2, or variants or homologs thereof
that maintain HER2 kinase activity (e.g. within at least 50%,
80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% activity
compared to HER?2 kinase). In some aspects, the variants or
homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or
100% amino acid sequence identity across the whole
sequence or a portion of the sequence (e.g. a 50, 100, 150 or
200 continuous amino acid portion) compared to a naturally
occurring HER?2 kinase. In embodiments, the HER2 kinase
is substantially identical to the protein identified by the
UniProt reference number P04626 or a variant or homolog
having substantial identity thereto. In embodiments, the
HER?2 kinase is encoded by the sequence corresponding to
NCBI reference number GI:584277101 or a variant or
homolog having substantial identity thereto.
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[0072] AER protein as provided herein includes any of the
recombinant or naturally-occurring forms of the estrogen
receptor protein (ER), or variants or homologs thereof that
maintain ER protein activity (e.g. within at least 50%, 80%,
90%, 95%, 96%, 97%, 98%, 99% or 100% activity com-
pared to ER protein). In some aspects, the variants or
homologs have at least 90%, 95%, 96%, 97%, 98%, 99% or
100% amino acid sequence identity across the whole
sequence or a portion of the sequence (e.g. a 50, 100, 150 or
200 continuous amino acid portion) compared to a naturally
occurring ER protein. In embodiments, the ER protein is
substantially identical to the protein identified by the Uni-
Prot reference number P03372 or a variant or homolog
having substantial identity thereto. In embodiments, the ER
protein is substantially identical to the protein identified by
the UniProt reference number Q92731 or a variant or
homolog having substantial identity thereto.

[0073] In embodiments, the breast cancer patient is an
ER+/HER2+ breast cancer patient. A ER+/HER2+ breast
cancer patient as provided herein is a breast cancer patient
including breast cancer cells expressing ER and HER2.
[0074] In embodiments, the expression level of the SER-
PINAIL gene is elevated relative to a standard control. In
embodiments, the method includes administering to the
patient a therapeutically effective amount of an anti-ER
therapy or a therapeutically effective amount of an anti-
HER2 therapy. In embodiments, the method includes admin-
istering to the patient a therapeutically effective amount of
a combination of an anti-ER therapy and an anti-HER2
therapy. An anti-ER therapy is commonly known in the art
and refers an effective therapeutic amount of a substance
capable of detectably decreasing the expression or activity
of a ER gene or ER protein. The substance can decrease
expression or activity 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90% or more in comparison to a control in the
absence of the substance. In certain instances, expression or
activity is 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 10-fold or
lower than the expression or activity in the absence of the
substance. Likewise, an anti-HER2 therapy is commonly
known in the art and refers an effective therapeutic amount
of a substance capable of detectably decreasing the expres-
sion or activity of a HER2 gene or HER2 protein. The
substance can decrease expression or activity 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90% or more in com-
parison to a control in the absence of the substance. In
certain instances, expression or activity is 1.5-fold, 2-fold,
3-fold, 4-fold, 5-fold, 10-fold or lower than the expression
or activity in the absence of the sub stance.

[0075] In one aspect, a method of treating breast cancer in
a subject in need thereof is provided. The method includes
(1) determining whether a subject expresses an elevated level
of a SERPINA1 gene relative to a standard control; and (i)
when an elevated expression level of the SERPINA1 gene is
found relative to the standard control, administering to the
subject an effective amount of an anti-ER therapy or an
effective amount of an anti-HER2 therapy, thereby treating
the subject. In embodiments, the method includes adminis-
tering to the patient a therapeutically effective amount of a
combination of an anti-ER therapy and an anti-HER2
therapy.

[0076] In one aspect, a method of treating breast cancer in
a subject in need thereof is provided. The method includes
(i) determining whether a subject expresses an elevated level
of a SERPINA1 gene relative to a standard control; and (i1)
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administering to the subject an effective amount of an
anti-ER therapy or an effective amount of an anti-HER2
therapy, thereby treating the subject. In embodiments, the
administering occurs when an elevated expression level of
the SERPINALI gene is found relative to the standard con-
trol.

In Vitro Complexes

[0077] In one aspect, an in vitro complex is provided. The
complex includes a labeled nucleic acid probe hybridized to
a nucleic acid including a SERPINA1 gene sequence,
wherein the nucleic acid is extracted from a breast cancer
patient or is an amplification product of a nucleic acid
extracted from a breast cancer patient. In embodiments, the
labeled nucleic acid probe includes a detectable moiety as
defined herein. Thus, in embodiments, the labeled nucleic
acid probe is labeled with an isotope (e.g., **P), a fluorescent
dye, electron-dense reagents, enzymes (e.g., as commonly
used in an ELISA), biotin, digoxigenin, or haptens and
proteins or other entities which can be made detectable. In
embodiments, the labeled nucleic acid probe is fluorescently
labeled. In embodiments, the labeled nucleic acid probe has
at least 10 nucleotides. In embodiments, the labeled nucleic
acid probe includes at least 10 contiguous nucleotides of the
sequence of SEQ ID NO:9 or the complement thereof. In
embodiments, the labeled nucleic acid probe includes the
sequence of SEQ ID NO:3 or SEQ ID NO:4. In embodi-
ments, the more than one nucleic acid probe hybridized to
the nucleic acid.

[0078] In embodiments, the nucleic acid is extracted from
a blood-derived sample of the breast cancer patient. In
embodiments, the nucleic acid is extracted from a tissue-
derived sample of the breast cancer patient. In embodiments,
the breast cancer patient is an HER2+ breast cancer patient.
In embodiments, the breast cancer patient is an ER+/HER2+
breast cancer patient. In embodiments, the in vitro complex
1s in a detection device.

[0079] In another aspect, an in vitro complex is provided.
The complex includes a SERPINA1 polypeptide or fragment
thereof bound to a SERPINA1 binding agent, wherein the
SERPINAL polypeptide or fragment thereof is extracted
from a breast cancer patient. In embodiments, the SER-
PINALI polypeptide or fragment thereof is extracted from a
blood-derived sample of the breast cancer patient. In
embodiments, the SERPINA1 polypeptide or fragment
thereof is extracted from a tissue-derived sample of the
breast cancer patient. In embodiments, the SERPINA1 bind-
ing agent includes a detectable moiety. In embodiments, the
SERPINALI binding agent is an antibody.

[0080] In embodiments, the breast cancer patient is an
HER2+ breast cancer patient. In embodiments, the breast
cancer patient is an ER+/HER2+ breast cancer patient. In
embodiments, the in vitro complex is attached to a solid
support. In embodiments, the in vitro complex is in a
detection device.

Kits

[0081] The invention provides kits for detection of SER-
PINA1 gene expression in a subject. The kit can be for
personal use or provided to medical professionals. The kit
can be a kit for diagnosing breast cancer, or for monitoring
the progression of disease or the efficacy of treatment. The
kit will generally include at least one vial, test tube, flask,
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bottle, syringe or other container means, into which the
testing agent, can be suitably reacted or aliquoted. Kits can
also include components for comparing results such as a
suitable control sample, for example a positive and/or nega-
tive control. The kit can also include a collection device for
collecting and/or holding the sample from the subject. The
collection device can include a sterile swab or needle (for
collecting blood), and/or a sterile tube (e.g., for holding the
swab or a bodily fluid sample).

[0082] In one aspect, a kit is provided. The kit includes (a)
a labeled nucleic acid probe capable of hybridizing to a
nucleic acid including a SERPINA1 gene sequence within a
biological sample from a breast cancer patient, wherein the
nucleic acid is extracted from the breast cancer patient or is
an amplification product of a nucleic acid extracted from the
breast cancer patient; and (b) a detecting reagent or a
detecting apparatus capable of indicating hybridizing of the
labeled nucleic acid probe to the nucleic acid. In embodi-
ments, the kit includes ¢) a sample collection device for
collecting a sample from a breast cancer patient.

[0083] In one aspect, a kit is provided. The kit includes (a)
a SERPINA1 binding agent capable of binding to a SER-
PINALI polypeptide or fragment thereof within a biological
sample from a breast cancer patient; wherein the SERPINA1
polypeptide or fragment thereof is extracted from the breast
cancer patient; and (b) a detecting reagent or a detecting
apparatus capable of indicating binding of the SERPINA1
binding agent to the SERPINA1 polypeptide or fragment
thereof bound. In embodiments, the kit includes c¢) a sample
collection device for collecting a sample from a breast
cancer patient.

Further Aspects and Embodiments

[0084] Therefore, in accordance with one aspect of the
present invention, there are provided methods of detecting
SERPINAL in a human breast cancer patient, said method
comprising:

[0085] assaying a biological sample from the human
breast cancer patient, and

[0086] detecting the presence of SERPINA1 therein.
[0087] As used herein, the terms “assay” or “assaying”
refer to investigative (analytic) procedures in laboratory
medicine, pharmacology, environmental biology, continu-
ous delivery, molecular biology, and the like, for qualita-
tively assessing or quantitatively measuring the presence or
amount (or the functional activity) of a target entity (the
analyte), which can be a drug or biochemical substance or a
cell in an organism or organic sample. The measured entity
is generally called the analyte, or the measurand or the target
of the assay.

[0088] Generally, assays involve biological material or
phenomena which tend to be intrinsically more complex
either in composition or in behavior or both. Thus reading of
an assay may be quite noisy and may involve greater
difficulties in interpretation than an accurate chemical titra-
tion. On the other hand, older generation qualitative assays,
especially bioassays, may be much more gross and less
quantitative (e.g., counting death or dysfunction of an organ-
ism or cells in a population, or some descriptive change in
some body part of a group of animals).

[0089] As used herein, the terms “detect” or “detecting”
refer to the act of discovering or ascertaining the existence,
presence, or absence of a fact of interest.
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[0090] In certain aspects and embodiments of the present
invention, there are provided methods of detecting SER-
PINAI in a human breast cancer patient, said method
comprising:

[0091] obtaining a biological sample from the human
breast cancer patient, and

[0092] assaying for the presence of SERPINAI therein.
[0093] In certain aspects and embodiments of the present
invention, there are provided methods of detecting SER-
PINAL in a human breast cancer patient, said method
comprising assaying a biological sample from the human
breast cancer patient for the presence of SERPINAL1 therein.
[0094] In certain aspects and embodiments of the present
invention, there are provided methods of detecting SER-
PINAIL in a human breast cancer patient, said method
comprising detecting the presence of SERPINAI in a bio-
logical sample from the human breast cancer patient.
[0095] In certain aspects and embodiments of the present
invention, the human breast cancer patient is an ER+ breast
cancer patient or an HER2+ breast cancer patient.

[0096] In certain aspects and embodiments of the present
invention, the human breast cancer patient is an ER+/
HER2+ breast cancer patient.

[0097] In certain aspects and embodiments of the present
invention, the level of SERPINA1 is determined. In a typical
determination, patient samples with a minimum amount
(e.g., 5 to 15 pg) of RNA can be selected. 1-2 ug of total
RNA can be amplified and labeled for microarray hybrid-
ization. Arrays can be scanned (e.g., with Agilent Scanner)
and probe information can be obtained (i.e., with Agilent’s
Feature Extraction Software). Quality control can be per-
formed. Data can be normalized (e.g., Lowess normaliza-
tion) and the ratio of the sample and reference can be log 2
transformed to create gene expression values. The term “log
2 transformed” refers in the usual and customary sense to
taking the logarithm (base 2) of the argument to be log 2
transformed. The term “reference” in this context means a
gene (other than SERPINA1) which gives rise to RNA in a
cell, which RNA can be quantified by methods disclosed
herein and methods known in the art. In embodiments, the
reference is a constitutively active gene. In embodiments,
the reference is P-actin. Absent express indication to the
contrary, the term “gene expression value” refers to the log
2 transformed ratio of sample to reference results from the
amplification step, as modified by subsequent quality control
and normalization procedures. In studies disclosed herein,
18,624 genes were analyzed, which includes SERPINAL.
For the TCGA ER+ patients (n=570) the median SERPINAL1
gene expression was 4.03715, and for TCGA ER+/HER2+
patients (60 months, n=82) was 3.794205.

[0098] Accordingly, in embodiments the gene expression
value of SERPINA1 is determined. In embodiments, the
SERPINALI gene expression value is compared to a thresh-
old value. As used in this context, the term “threshold” in the
context of SERPINA1 means a numeric criterion for a gene
expression value above which a subject can be deemed to
have a better prognosis for treatment, and below which the
subject can be deemed to have a worse prognosis for
treatment. In embodiments, the threshold can be in the range
0.1 to 10. In embodiments, the range is 1.0 to 10.0, 1.0 to
9.0,1.0108.0,2.01t 8.0,2.0t0 7.0,20106.0,2.2 to 5.8,
2.41t05.6,2.6t05.4,2.8105.2 0r3.0t0 5.0. In embodiments,
the threshold is 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9,
2.0,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9,3.0,3.1,3.2,3.3,
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3.4,3.5,3.6,3.7,3.8,3.9,4.0,4.1,42,43,44,4.5,4.6,4.7,
48,49,50,5.1,52,53,54,55,5.6,5.7,5.8,5.9, or 6.0.
In embodiments, SERPINAL is present at a level above 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 13, 14, 16, 16, 17, 18, 19, 20,
30, 40 or even 50, corresponding to a gene expression value
(log 2) of about 0.00, 1.00, 1.58, 2.00, 2.32, 2.58, 2.81. 3.00,
3.17,3.32,3.46,3.58,3.70,3.81,3.91, 4.00, 4.09,4.17,4 .24,
4.32,4.91, 532 or even 5.64, respectively. In embodiments,
SERPINAL is present at a level above 16, corresponding to
a gene expression value of 4.00.

[0099] In embodiments, the results of microarray analysis
carried out using 1-2 pg total RNA isolated from a breast
cancer specimen predicts a better treatment outcome if the
gene expression value of SERPINAL is above the threshold.
In embodiments, the threshold is 3.0, 3.1, 3.2, 3.3, 3.4, 3.5,
3.6,3.7,3.8,39,40,41,42,43,44,45,4.6,4.7,48,4.9,
5.0, 5.1, 52, 53, 54, 5.5, 5.6, 5.7, 5.8, 59, or 6.0. In
embodiments, the threshold is 3.0. In embodiments, the
threshold is 3.5. In embodiments, the threshold is 4.0. In
embodiments, the threshold is 4.5. In embodiments, the
threshold is 5.0. In embodiments, the threshold is 3.5. In
embodiments, the threshold is 6.0. In embodiments, the
threshold is about 3.0. In embodiments, the threshold is
about 3.5. In embodiments, the threshold is about 4.0. In
embodiments, the threshold is about 4.5. In embodiments,
the threshold is about 5.0. In embodiments, the threshold is
about 5.5. In embodiments, the threshold is about 6.0.
Absent express indication otherwise, the term “about” in the
context of numeric value means the nominal value +/-10%
thereof.

[0100] In certain aspects and embodiments of the present
invention, there are provided methods of identifying a
human breast cancer patient as an ER+ breast cancer patient
or an HER2+ breast cancer patient, said method comprising:
[0101] obtaining a biological sample from the human
breast cancer patient, and

[0102] assaying for the presence of SERPINAI therein.
[0103] In certain aspects and embodiments of the present
invention, there are provided methods of identifying a
human breast cancer patient as an ER+/HER 2+ breast cancer
patient, said method comprising:

[0104] obtaining a biological sample from the human
breast cancer patient, and

[0105] assaying for the presence of SERPINAI therein.
[0106] In certain aspects and embodiments of the present
invention, any of the methods described herein can further
comprise administering an effective amount of a combina-
tion of anti-ER therapy and anti-HER2 therapy to those
human breast cancer patients who express SERPINAL.
[0107] The term “subject” includes living organisms
which express SERPINA1. The term “subject” includes
animals (e.g., mammals, e.g., cats, dogs, horses, pigs, cows,
goats, sheep, rodents, e.g., mice or rats, rabbits, squirrels,
bears, primates (e.g., chimpanzees, monkeys, gorillas, and
humans)), as well as chickens, ducks, peking ducks, geese,
and transgenic species thereof. The term “subject,” includes
to a subject, e.g., a human, specifically chosen to receive
anti-ER therapy and/or anti-HER?2 therapy according to the
present invention, or a composition containing same.
Accordingly, in some embodiments, subjects include sub-
jects who express SERPINAL. In some embodiments, a
preferred subject is a human.

[0108] The terms “treatment” or “treating” of a subject
includes the application or administration of anti-ER therapy
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and/or anti-HER2 therapy according to the present inven-
tion, or a composition containing same to a subject (or
application or administration of anti-ER therapy and/or
anti-HER?2 therapy according to the present invention, or a
composition containing same to a cell or tissue from a
subject) with the purpose of stabilizing, curing, healing,
alleviating, relieving, altering, remedying, less worsening,
ameliorating, improving, or affecting the disease or condi-
tion, the symptom of the disease or condition, or the risk of
(or susceptibility to) the disease or condition. The term
“treating” refers to any indicia of success in the treatment or
amelioration of an injury, pathology or condition, including
any objective or subjective parameter such as abatement;
remission; lessening of the rate of worsening; stabilization,
diminishing of symptoms or making the injury, pathology or
condition more tolerable to the subject; slowing in the rate
of degeneration or decline; making the final point of degen-
eration less debilitating; or improving a subject’s physical or
mental well-being. In an embodiment, the term “treating”
can include increasing a subject’s life expectancy.

[0109] The term “therapeutically effective amount™ refers
to the amount of a compound which is effective to treat a
subject, e.g., treat a subject expressing SERPINAI1. The
therapeutically effective amount may vary based on the
particular disorder(s) the subject is suffering from, the age,
weight, and lifestyle of a particular subject. In addition, the
therapeutically effective amount may depend on the severity
of the disease state, organ function, kidney function, or
underlying disease (e.g., the subject may be suffering from
an inflammatory disease, a malignant neoplasm, a chronic
infection, or the like).

[0110] The dosage administered in the methods of the
present disclosure may be selected such that desired phar-
macokinetic parameters and/or biologically favorable
parameters are obtained after administration of the com-
pound of the disclosure to the subject.

[0111] The term “pharmaceutical formulation” includes
pharmaceutical compositions as described herein. In a fur-
ther embodiment, the pharmaceutical formulations are
designed to have favorable biological properties which
enhance the ability of the compounds of the disclosure to
implement anti-ER therapy and/or anti-HER2 therapy.
[0112] The disclosure also pertains, at least in part, to a
pharmaceutical composition comprising a therapeutically
effective amount of anti-ER therapy and/or anti-HER2
therapy according to the present invention, or a composition
containing same and a second agent. In a further embodi-
ment, the therapeutically effective amount is effective to
implement anti-ER therapy and/or anti-HER?2 therapy.
[0113] In a further embodiment, the disclosure pertains to
a packaged pharmaceutical composition. The packaged
pharmaceutical composition includes a therapeutically
effective amount of anti-ER therapy and/or anti-HER2
therapy according to the present invention, or a composition
containing same, packaged in combination with a label or
insert advising that the composition be administered in
combination with a second agent. In a further embodiment,
the therapeutically effective amount is effective to imple-
ment anti-ER therapy and/or anti-HER2 therapy.

[0114] In yet another further embodiment, the disclosure
pertains to a packaged pharmaceutical composition, which
includes a therapeutically effective amount of a second agent
packaged in combination with a label or insert advising that
the composition be administered in combination with anti-
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ER therapy and/or anti-HER2 therapy according to the
present invention, or a composition containing same.
[0115] The term “label or insert” includes, but is not
limited to all written, electronic, or spoken communication
with the subject, or with any person substantially respon-
sible for the care of the subject, regarding the administration
of the compositions of the present disclosure. An insert may
further include information regarding coadministration of
the compositions of the present disclosure with other com-
pounds or compositions, e.g., second agents. Additionally,
an insert may include instructions regarding administration
of the compositions of the present disclosure with (or
without) food.

[0116] In yet another embodiment, the disclosure pertains
to a packaged pharmaceutical composition, which includes
a container holding a pharmaceutical composition compris-
ing a therapeutically effective amount of anti-ER therapy
and/or anti-HER2 therapy according to the present inven-
tion, or a composition containing same in combination with
a label or insert advising that the composition be adminis-
tered with (or without) food.

[0117] Anti-ER therapy and/or anti-HER?2 therapy accord-
ing to the present invention, or a composition containing
same may be supplied in a solution with an appropriate
solvent or in a solvent-free form (e.g., lyophilized). In
another aspect of the disclosure, the agents and buffers
necessary for carrying out the methods of the disclosure may
be packaged as a kit. The kit may be commercially used
according to the methods described herein and may include
instructions for use in a method of the disclosure. Additional
kit components may include acids, bases, buffering agents,
inorganic salts, solvents, antioxidants, preservatives, or
metal chelators. The additional kit components are present
as pure compositions, or as aqueous or organic solutions that
incorporate one or more additional kit components. Any or
all of the kit components may optionally further comprise
buffers.

[0118] Anti-ER therapy and/or anti-HER?2 therapy accord-
ing to the present invention, or a composition containing
same may also be administered in a variety of ways, e.g.,
parenterally, intraperitoneally, intraspinally, intracerebrally,
and the like. Dispersions can be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these prepa-
rations may contain a preservative to prevent the growth of
microorganisms.

[0119] To administer anti-ER therapy and/or anti-HER2
therapy according to the present invention, or a composition
containing same by other than parenteral administration, it
may be necessary to coat the active agent with, or co-
administer the active agent with, a material to prevent its
inactivation. For example, anti-ER therapy and/or anti-
HER2 therapy according to the present invention, or a
composition containing same may be administered to a
subject in an appropriate carrier, for example, liposomes, or
a diluent. Pharmaceutically acceptable diluents include
saline and aqueous buffer solutions. Liposomes include
water-in-oil-in-water CGF emulsions as well as conven-
tional liposomes (Strejan et al., J. Neuroimmunol. 7, 27
(1984)). 1t should be noted that the term “pharmaceutical
composition” includes the “pharmaceutical formulations”
described above.

[0120] Pharmaceutical compositions suitable for inject-
able use include sterile aqueous solutions (where water
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soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or dis-
persion. In all cases, the composition must be sterile and
must be fluid to the extent that easy syringability exists. It
must be stable under the conditions of manufacture and
storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi.

[0121] Suitable pharmaceutically acceptable vehicles
include, without limitation, any non-immunogenic pharma-
ceutical adjuvants suitable for oral, parenteral, nasal,
mucosal, transdermal, intravascular (IV), intraarterial (1A),
intramuscular (IM), and subcutaneous (SC) administration
routes, such as phosphate buffer saline (PBS).

[0122] The vehicle can be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils.
The proper fluidity can be maintained, for example, by the
use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use
of surfactants. Prevention of the action of microorganisms
can be achieved by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascor-
bic acid, thimerosal, and the like. In many cases, isotonic
agents are included, for example, sugars, sodium chloride, or
polyalcohols such as mannitol and sorbitol, in the compo-
sition. Prolonged absorption of the injectable compositions
can be brought about by including in the composition an
agent which delays absorption, for example, aluminum
monostearate or gelatin.

[0123] Sterile injectable solutions can be prepared by
incorporating the therapeutic agent in the required amount in
an appropriate solvent with one or a combination of ingre-
dients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the therapeutic agent into a sterile vehicle which
contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, the methods of preparation are vacuum drying and
freeze-drying which yields a powder of the active ingredient
(i.e., the compound of the disclosure) plus any additional
desired ingredient from a previously sterile-filtered solution
thereof.

[0124] Anti-ER therapy and/or anti-HER?2 therapy accord-
ing to the present invention, or compositions containing
same can be orally administered, for example, with an inert
diluent or an assimilable edible carrier. Anti-ER therapy
and/or anti-HER?2 therapy according to the present inven-
tion, or compositions containing same and other ingredients
may also be enclosed in a hard or soft shell gelatin capsule,
compressed into tablets, or incorporated directly into the
subject’s diet. For oral therapeutic administration, anti-ER
therapy and/or anti-HER2 therapy according to the present
invention, or a composition containing same may be incor-
porated with excipients and used in the form of ingestible
tablets, buccal tablets, troches, capsules, elixirs, suspen-
sions, syrups, wafers, and the like. The percentage of the
anti-ER therapy and/or anti-HER?2 therapy according to the
present invention, or a composition containing same in the
compositions and preparations may, of course, be varied.
The amount of anti-ER therapy and/or anti-HER2 therapy
according to the present invention, or a composition con-
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taining same in such therapeutically useful compositions is
such that a suitable dosage will be obtained.

[0125] The present disclosure therefore includes pharma-
ceutical formulations comprising anti-ER therapy and/or
anti-HER2 therapy according to the present invention, or a
composition containing same, in pharmaceutically accept-
able vehicles for aerosol, oral and parenteral administration.
Also, the present disclosure includes such compounds, or
salts thereof, which have been lyophilized and which may be
reconstituted to form pharmaceutically acceptable formula-
tions for administration, as by intravenous, intramuscular, or
subcutaneous injection. Administration may also be intrad-
ermal or transdermal.

[0126] In accordance with the present disclosure, anti-ER
therapy and/or anti-HER2 therapy according to the present
invention, or a composition containing same may be admin-
istered orally or through inhalation as a solid, or may be
administered intramuscularly or intravenously as a solution,
suspension or emulsion. Alternatively, the agents or salts
may also be administered by inhalation, intravenously or
intramuscularly as a liposomal suspension.

[0127] Pharmaceutical compositions or formulations are
also provided which are suitable for administration as an
aerosol, by inhalation. These formulations comprise a solu-
tion or suspension of anti-ER therapy and/or anti-HER2
therapy according to the present invention, or a composition
containing same, or a plurality of solid particles of the agent
or salt. The desired formulation may be placed in a small
chamber and nebulized. Nebulization may be accomplished
by compressed air or by ultrasonic energy to form a plurality
of liquid droplets or solid particles comprising the agents or
salts. The liquid droplets or solid particles should have a
particle size in the range of about 0.5 to about 5 microns. The
solid particles can be obtained by processing the solid agent
of an anti-ER therapy and/or anti-HER2 therapy according
to the present invention, or a composition containing same,
in any appropriate manner known in the art, such as by
micronization. The size of the solid particles or droplets will
be, for example, from about 1 to about 2 microns. In this
respect, commercial nebulizers are available to achieve this
purpose.

[0128] A pharmaceutical formulation suitable for admin-
istration as an aerosol may be in the form of a liquid, the
formulation will comprise a water-soluble form of anti-ER
therapy and/or anti-HER2 therapy according to the present
invention, or a composition containing same, in a carrier
which comprises water. A surfactant may be present which
lowers the surface tension of the formulation sufficiently to
result in the formation of droplets within the desired size
range when subjected to nebulization.

[0129] Pharmaceutical compositions may also be coated
by conventional methods, typically with pH or time-depen-
dent coatings, such that the subject agent is released in the
gastrointestinal tract in the vicinity of the desired topical
application, or at various times to extend the desired action.
Such dosage forms typically include, but are not limited to,
one or more of cellulose acetate phthalate, polyvinylacetate
phthalate, hydroxypropyl methyl cellulose phthalate, ethyl
cellulose, waxes, shellac, and the like.

[0130] Other compositions useful for attaining systemic
delivery of anti-ER therapy and/or anti-HER2 therapy
according to the present invention, or a composition con-
taining same include sublingual, buccal and nasal dosage
forms. Such compositions typically comprise one or more of
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soluble filler substances such as sucrose, sorbitol and man-
nitol; and binders such as acacia, microcrystalline cellulose,
carboxymethyl cellulose and hydroxypropyl methyl cellu-
lose. Glidants, lubricants, sweeteners, colorants, antioxi-
dants and flavoring agents disclosed above may also be
included.

[0131] Anti-ER therapy and/or anti-HER?2 therapy accord-
ing to the present invention, or compositions containing
same can also be administered topically to a subject, e.g., by
the direct laying on or spreading of a composition containing
same on the epidermal or epithelial tissue of the subject, or
transdermally via a “patch”. Such compositions include, for
example, lotions, creams, solutions, gels and solids. These
topical compositions may comprise an effective amount,
usually at least about 0.1 wt %, or even from about 1 wt %
to about 5 wt %, of an anti-ER therapy and/or anti-HER2
therapy according to the present invention, or a composition
containing same. Suitable carriers for topical administration
typically remain in place on the skin as a continuous film,
and resist being removed by perspiration or immersion in
water. Generally, the carrier is organic in nature and capable
of having dispersed or dissolved therein the therapeutic
agent. The carrier may include pharmaceutically acceptable
emollients, emulsifiers, thickening agents, solvents, and the
like.

[0132] Toxicity and therapeutic efficacy of such agents can
be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., for determining the
LDS50 (the dose lethal to 50% of the population) and the
ED50 (the dose therapeutically effective in 50% of the
population). The dose ratio between toxic and therapeutic
effects is the therapeutic index and can be expressed as the
ratio LDSO/EDS50; usually a larger therapeutic index is more
efficacious. While compounds that exhibit toxic side effects
may be used, care should be taken to design a delivery
system that targets such agents to the site of affected tissue
in order to minimize potential damage to unaffected cells
and, thereby, reduce side effects.

[0133] Itisunderstood that appropriate doses depend upon
a number of factors within the ken of the ordinarily skilled
physician, veterinarian, or researcher. The dose(s) of anti-
ER therapy and/or anti-HER2 therapy according to the
present invention, or a composition containing same will
vary, for example, depending upon the identity, size, and
condition of the subject or sample being treated, further
depending upon the route by which the composition is to be
administered, if applicable, and the effect which the practi-
tioner desires the anti-ER therapy and/or anti-HER?2 therapy
according to the present invention, or a composition con-
taining same to have upon the subject. Exemplary doses
include milligram or microgram amounts of anti-ER therapy
and/or anti-HER2 therapy according to the present inven-
tion, or a composition containing same per kilogram of
subject or sample weight (e.g., about 1 microgram per
kilogram to about 500 milligrams per kilogram, about 100
micrograms per kilogram to about 5 milligrams per kilo-
gram, or about 1 microgram per kilogram to about 50
micrograms per kilogram).

[0134] It is furthermore understood that appropriate doses
depend upon the potency. Such appropriate doses may be
determined using assays known in the art. When an anti-ER
therapy and/or anti-HER2 therapy according to the present
invention, or a composition containing same is to be admin-
istered to an animal (e.g., a human), a physician, veterinar-
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ian, or researcher may, for example, prescribe a relatively
low dose at first, subsequently increasing the dose until an
appropriate response is obtained. In addition, it is under-
stood that the specific dose level for any particular animal
subject will depend upon a variety of factors including the
activity of the specific compound employed, the age, body
weight, general health, gender, and diet of the subject, the
time of administration, the route of administration, the rate
of excretion, and any drug combination.

[0135] Parenteral compositions may be formulated in dos-
age unit form for ease of administration and uniformity of
dosage. Dosage unit form as used herein refers to physically
discrete units suited as unitary dosages for the subjects to be
treated; each unit containing a predetermined quantity of an
anti-ER therapy and/or anti-HER?2 therapy according to the
present invention, or a composition containing same calcu-
lated to produce the desired therapeutic effect in association
with the required pharmaceutical vehicle. The specifications
for the dosage unit forms of the disclosure are dictated by
and directly dependent on (a) the unique characteristics of
the therapeutic agent and the particular therapeutic effect to
be achieved, and (b) the limitations inherent in the art of
compounding anti-ER therapy and/or anti-HER2 therapy
according to the present invention, or compositions contain-
ing same for the prevention of infection with HIV.

[0136] In certain aspects and embodiments of the present
invention, there are provided methods of identifying which
therapeutic regimen is appropriate for a human breast cancer
patient, said method comprising:

[0137] assaying a biological sample from the human
breast cancer patient for the presence of SERPINA1
therein; and

[0138] administering to those human breast cancer
patients which express SERPINA1 an effective amount
of a combination of anti-ER therapy and anti-HER2
therapy.

The presence of SERPINALI therein is indicative of an ER+
or ER+/HER 2+ breast cancer patient. Thus, the physician is
guided toward the use of treating agents and regimens which
are consistent with such genetic profile.

[0139] In certain aspects and embodiments of the present
invention, there are provided kits comprising:

[0140] (a) a SERPINAI binding agent capable of bind-
ing to a SERPINA1 protein within a biological sample
from a human subject with ER+ or ER+/HER 2+ breast
cancer; and

[0141] (b) a detecting reagent or a detecting apparatus
capable of indicating binding of said SERPINA1 bind-
ing agent to said SERPINA1 protein.

[0142] In certain aspects and embodiments, the above-
described kit is employed for the identification of a human
subject as an ER+ or ER+/HER2+ breast cancer patient.
[0143] In certain aspects and embodiments of the present
invention, there are provided kits comprising:

[0144] (a) a SERPINA1 binding agent capable of bind-
ing to a SERPINAL1 protein within a biological sample
from a human subject with ER+ or ER+/HER 2+ breast
cancer, said binding agent selected from the group
consisting of:

[0145] (i) a SERPINAI gene sequence:;

[0146] (i) a SERPINA1 RNA expressed from said
SERPINALI gene sequence or fragment thereof; and

[0147] (iii) a SERPINA1 protein expressed from said
SERPINAI gene sequence or fragment thereof, and
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[0148] (b) a detecting reagent [e.g. a FRET probe] or a
detecting apparatus capable of indicating binding of
said SERPINA1 binding agent to said SERPINAI
protein.

[0149] In certain aspects and embodiments of the present
invention, there are provided in vitro complexes comprising
a SERPINA1 binding agent bound to a SERPINA1 protein,
wherein said SERPINA1 protein is extracted from a human
subject with ER+ or ER+/HER2+ breast cancer.

[0150] In some embodiments of the above-described in
vitro complex, the SERPINA1 binding agent is bound to a
solid support. Exemplary solid supports comprise a protein
chip.

[0151] In certain aspects and embodiments of the present
invention, there are provided in vitro complexes comprising
a nucleic acid probe hybridized to a nucleic acid, said
nucleic acid comprising a SERPINA1 gene sequence,
wherein said nucleic acid is extracted from a human subject
with ER+ or ER+/HER2+ breast cancer or is an amplifica-
tion product of a nucleic acid extracted from a human
subject with ER+ or ER+/HER2+ breast cancer.

[0152] In certain aspects and embodiments of the present
invention, there are provided in vitro complexes comprising
a thermally stable polymerase [e.g. a Taq polymerase] bound
to a nucleic acid, said nucleic acid comprising a SERPINA1
gene sequence, wherein said nucleic acid is extracted from
a human subject with ER+ or ER+/HER2+ breast cancer or
is an amplification product of a nucleic acid extracted from
a human subject with ER+ or ER+/HER2+ breast cancer.

[0153] In certain aspects and embodiments of the present
invention, there are provided methods of treating breast
cancer in a SERPINA1-expressing subject in need thereof,
said method comprising administering to said subject an
effective amount of a combination of anti-ER therapy and
anti-HER?2 therapy.

[0154] In certain aspects and embodiments of the present
invention, there are provided methods of treating breast
cancer in a SERPINA-expressing subject in need thereof,
said method comprising administering to said subject an
effective amount of a nucleic acid or an antibody, wherein
said nucleic acid is capable of hybridizing to a SERPINA1
gene or a SERPINA1 RNA, thereby decreasing levels of
SERPINALI protein in said subject, and wherein said anti-
body is capable of binding to a SERPINA1 protein thereby
decreasing activity of said SERPINAI protein, thereby
treating breast cancer in the subject.

[0155] The following examples are provided to further
illustrate aspects of the invention. These examples are
non-limiting and should not be construed as limiting any
aspect of the invention.

EXAMPLES

Example 1—Cell Lines

[0156] The MCF-7aro cell line was generated as a model
line to study the action of Als (3). The LTEDaro cell line was
generated by a long-term estrogen deprivation of MCF-7aro
and is used as a model of the late stage of endocrine
resistance (4). HER2-aro is a MCF-7 line that over-ex-
presses HER2 and aromatase (5) and is a model of de novo
Al resistance as well as a model of luminal B, HER2-
overexpressing subtype.
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Example 2—FR ChIP-Seq Analysis

[0157] ER ChIP-seq analysis was performed to discover
differences in ER binding between the endocrine-responsive
(MCF-7aro) and endocrine-resistant (LTEDaro, Long-Term
Estrogen Deprivation of MCF-7aro) cells. Comparing the
ER binding sites discovered using deep sequencing and gene
expression microarray data between LTEDaro DMSO and
MCF-7aro E2, it was possible to identify direct ER target
genes and correlate their expression to survival outcome
using TCGA breast cancer patient cohort.

[0158] Thus, MCF-7aro and LTEDaro cells were cultured
in hormone-free MEM for 5 days and serum-free MEM for
1 day. When the cell number reached about 1x107, both the
LTEDaro and MCF-7aro cell lines were serum starved for 24
hours followed by treatment with 100 nM E2 or DMSO
vehicle for 45 minutes, and cross-linked with 1% formal-
dehyde at room temperature for 10 minutes. Cells were
enlarged in hypotonic buffer and nuclei were isolated by
addition of NP-40 and centrifugation. The chromatin was
sonicated to yield a majority of fragments with sizes
between 100-300 base-pairs (bp). ERa antibodies (HC-20;
sc-543) and IgG antibodies (sc-2027) from Santa Cruz
Biotechnologies (Santa Cruz, Calif.) were used for the
immunoprecipitation and control respectively. The enriched
chromatin was purified with the QIAGEN® MINELUTE®
PCR purification kit (Valencia, Calif.) and prepared for
high-throughput sequencing.

[0159] The purified ChIP DNA samples were sequenced,
using ILLUMINA® Solexa GENOME ANALYZER® I
(San Diego, Calif.) at the DNA sequencing core facility
(City of Hope, Duarte, Calif.), to generate short reads that
are 36 to 45 bp in length. The short reads were mapped to
human genome (Hgl18) using the Bowtie (20) alignment
tool. Peak-calling software, MACS v1.4.1 (21), was used to
detect binding sites using the alignment results by setting a
statistically significant cutoff (p-value=1.00e-5) comparing
the ER versus IgG sample.

[0160] Most ER binding sites found in LTEDaro DMSO
cells share the same location as those found in MCF-7aro
treated with 17p-estradiol (E2). It was found that expression
of the gene SERPINA1 has a significant predictive value for
the overall survival (OS) of ER+ patients in the TCGA
cohort; this finding was validated in the Curtis cohort.
SERPINALI also has a significant predictive value for the OS
of ER+/HER2+ patients in the TCGA cohort, with validation
in the Bild cohort. The expression of SERPINA1 in LTE-
Daro and MCF-7aro can be suppressed by ER degrader,
fulvestrant (ICI 182,780), and HER2 siRNA.

[0161] The results presented herein indicate that HER2
constitutively activates ER, resulting in an E2-independent
ER binding to the SERPINAI1 gene and up regulating the
expression of SERPINAL. Importantly, results of survival
correlation analysis using large TCGA breast cancer cohort
suggests that high expression of SERPINAI could be pre-
dictive for a better clinical outcome of ER+ (4.03715
(max=11.0022, min=-0.927361)) and ER+/HER2+ (60
months=3.794205 (max=10.1786, min=0.992375)) breast
cancer.

Example 3—Overlap Analysis of ER Binding Sites

[0162] The ER binding sites from MCF-7aro E2 and
LTEDaro DMSO were selected by FDR<0.5%, and the sites
were labeled as “common” if there was at least 1 base-pair
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overlap, and the remainder of the sites were labeled as
“unique”. The ER binding sites associated with resistant
cells were identified by comparing normalized binding site
intensities of LTEDaro DMSO over MCF-7aro E2 with a
change ratio =0.9 as cutoff. A positive fold change of 20.9
indicates that LTEDaro DMSO binding sites have 90% or
greater binding intensity compared to MCF-7aro E2. This
group of “resistance-important” ER binding sites was anno-
tated with genes within +/-20 kb, and were then integrated
with the gene expression data from a previously described
microarray study (1). The genes were filtered based on a
cutoff of 1.2 fold change with FDR adjusted p<0.05; there
were 350 genes that passed all filters.

Example 4—Kaplan-Meier Survival Analysis

[0163] To identify genes with potential survival predictive
power, the 350 genes from the ER-binding site overlap
analysis were ranked based on Cox scores, which represents
the association of gene expression in patient cohorts with
patient survival data. For a single gene survival correlation,
patients were grouped as high expression and low expres-
sion subgroups based on the median expression of that gene.
For a group of genes, patients were grouped as High-Risk
and Low-Risk subgroups based on 2-means clustering of the
selected significant genes for Kaplan-Meier survival analy-
sis (22). Cox scores were calculated using R Bioconductor
v3.0 and 2-means clustering analysis was performed in
Partek Genomics Suite 6.6. Kaplan-Meier survival analysis
was then used to determine the survival differences between
the High-Risk and Low-Risk subgroups with p-values cal-
culated by log-rank test in Partek Genomics Suite 6.6. The
Cox score, which measures the correlation between the
gene’s expression level and patient survival, was calculated
for each of the 350 genes. Based on the study by Bair and
Tibshirani, a Cox score cutoff of 2.39 was used to select top
genes with better survival correlation (22) resulting in a list
of 35 genes. Using the TCGA breast cancer patient cohort as
the training set (6), further analysis was performed, and a
single gene discovered (and validated in the Curtis and Bild
cohorts (23,24). In addition to the TCGA, Curtis and Bild
cohorts, survival analysis has been performed on 4 other
patient cohorts, namely Chin, Desmedt, Pawitan, and
Sotiriou (25-28).

[0164] Additional Kaplan-Meier plots are presented in
FIGS. 4C and 4D.

Example 5—Semi-Quantitative PCR Analysis of
ER Binding

[0165] ChIP DNA was prepared as described above. Prim-
ers were designed to amplify a 166 bp region overlapping
with the center of the peak as detected by ChIP-seq. The
PCR was performed for 30 cycles using PROMEGA®
GOTAQ® Green mastermix (Madison, Wash.) and analyzed
by agarose gel electrophoresis.

Example 6—Quantitative PCR Analysis of
SERPINA1 Expression

[0166] For gene expression quantification, LTEDaro and
MCF-7aro cells were treated for 24 hours with E2, ICI
182780, and/or HER2 siRNA. RNA was extracted from cells
with TRIZOL® reagent, and cDNA was synthesized with
SUPERSCRIPT® I1I kit. Quantification of cDNA was per-
formed using the BIO-RAD® iQ5 system. For the gene
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expression analysis, the delta Ct method was used, with
[-actin as the normalizer. Exemplary primer sequences are
provided in the following table:

SEQ
D

Target Name Primer Sequence (5'-3'}] NO:

SERPINAL F ChIP GCCCGGCATGTCACCTGTTGTA 1

SERPINAL R ChIP CCTGCCAGTTATTGGTGCCAGGT 2

SERPINAL F CACCGTGAAGGTGCCTATGATG 3
expression
SERPINAL R GGCATTGCCCAGGTATTTCATC 4
expression
TFF1 F ChIP TTCATGAGCTCCTTCCCTTC 5
TFF1 R ChIP ATGGGAGTCTCCTCCAACCT 6

TFF1 F expression AARCAAGGTGATCTGCGCCCTG 7

TFF1 R expression GGCGTGACACCAGGAAAACCA 8

[0167] SERPINAI gene expression primer sequences
have been previously published (8).

Example 7—Bioinformatics Analysis of ER
ChIP-Seq and Microarray Expression Data

[0168] The ER binding sites were then annotated with the
genes. and the number of binding sites plotted against the
distance to the closest transcription start sites (TSS). Com-
parison of the number of ER binding sites close to the TSS
demonstrates that the distribution of the number of binding
sites in the LTEDaro DMSO is comparable to that found in
the MCF-7aro E2 (see FIG. 1A). This confirms that the ER
binding in MCF-7aro is dependent on estrogens as expected,
and most importantly, significant ER binding can occur
without any hormones in LTEDaro cells. Analysis of the
correlation between the number of binding sites and binding
intensities also demonstrates that both LTEDaro DMSO and
MCF-7aro E2 has a comparable normal distribution (see
FIG. 1B).

[0169] Based on the overlap analysis of ER binding sites
described above, a comparison was performed between ER
binding sites in hormone-independent LTEDaro DMSO and
hormone-dependent MCF-7aro E2 cells, as shown in FIG.
1C. A majority of the binding sites were in the common
group, but it should be emphasized that although the com-
mon sites shared the same location, the ER binding inten-
sities were not always similar between LTEDaro DMSO and
MCF-7aro E2.

[0170] FIG. 2A shows a comprehensive analysis workflow
to determine the 350 differentially regulated genes, anno-
tated for further validation using large patient cohorts with
survival information.

Example 8—Survival Analysis in Breast Cancer
Patient Cohorts

[0171] To determine the physiological significance of ER-
binding genes in endocrine resistant cells, the resulting list
of 350 genes was further analyzed for the ability to predict
patient survival in TCGA breast cancer patient cohort with
570 ER+ only patients. 2-means clustering was adopted to
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cluster patients into high and low risk subgroups based on
the 350 genes. As a whole, the group of 350 genes did not
have a significant predictive value. As described above,
using a Cox score cutoff of 2.39, the panel of 35 genes was
further filtered for better survival correlation.

[0172] These 35 genes were then inspected individually in
the IGV genome browser for ER binding site quality in order
to narrow down the candidates for further gPCR validation
and survival studies. As described above, ER binding sites
that are of interest are those which are dependent on hor-
mones in the MCF-7aro cells but have significant ER
binding in the LTEDaro cells. During the visual inspection
such factors as the overall intensity of ER binding, the
distance of the binding from the TSS, the ratios of MCF-7aro
E2 to MCF-7aro DMSO binding, and ratios of LTEDaro
DMSO to MCF-7aro E2 binding were taken into account.
Based on these criteria, 3 genes were selected with negative
Cox score and 8 genes were selected with positive Cox score
from the panel of 35 genes.

[0173] The 11 genes were then correlated with survival in
ER+ and ER- patients using Kaplan Meier analysis. Based
on p-values and biological relevance, it was decided to focus
the analysis on one strong candidate with strong ER binding
in LTEDaro DMSO, the SERPINA1 gene from the negative
Cox score group. SERPINA1 was identified as a strong
candidate since it has been reported to be an ER-regulated
gene in breast cancer cells (20). As per the analyses
described herein, SERPINA1 is observed to have a well-
defined ER binding site with the distinctive property that ER
binding in LTEDaro DMSO was found to be stronger than
MCF-7aro E2 (FIG. 2B). According to the microarray data
described herein, the expression level of this gene was about
3.4 fold higher in CTEDaro DMSO compared to MCF-7aro
E2, and this difference is significantly higher according to
the qPCR analysis summarized in FIG. 3A. As indicated by
anegative Cox score, a higher expression of SERPINA1 was
found to associate with a better overall survival in ER+
patients in the TCGA cohort (FIG. 4).

Example 9—the Promoter of SERPINAI has an
ER Binding Site

[0174] Although E2 was reported to up regulate the
expression of SERPINAI twenty years ago (7), the mecha-
nism was unknown at that time. A direct ER-mediated
regulation of its expression in MCF-7 cells was reported by
Simpson et al. (29), and it was reported that E2 addition did
not significantly enhance the ER binding to the ERE in the
promoter of SERPINAI. The ER ChIP-seq analysis
described herein confirms that the SERPINA1 gene has an
ER binding site within the promoter region which overlaps
with the TSS (see FIG. 2B), and the full ERE motif was
found within this binding site by mapping known motifs (see
FIG. 6), which agrees with the previous study by Simpson
et al (20). In the MCF-7aro cells, the binding of ER to this
site is dependent on estrogen, but in the LTEDaro DMSO
cells, the ER binding has a higher intensity than MCF-7aro
E2 even without estrogen. The ChIP PCR validation con-
firms the binding in LTEDaro DMSO (FIG. 2C).

Example 10—FER-Dependent and HER2-Dependent
Regulation of SERPINAL Expression in
Endocrine-Responsive and -Resistant Cells

[0175] In all cell lines examined herein, the SERPINA1
expression is up regulated with E2 treatment and suppressed



US 2018/0264109 Al

by the ER degrader, fulvestrant (ICI 182,780) (see FIG. 3A).
A search for SERPINA1 in the Gene Expression Omnibus
(GEO) database provided support that SERPINA1 expres-
sion is stimulated by E2 in an ER-dependent manner (30,
31), and unexpectedly, by HER2 (32).

[0176] Since ER is known to be activated through ER-
HER?2 crosstalk in ER+/HER2+ cells/cancers, experiments
were performed to determine whether the expression of
SERPINAL could be regulated by HER2. The expression
level of SERPINA1 in two tested HER2-overexpressing cell
lines, HER2-aro and LTEDaro cells, was found to be sig-
nificantly higher than that in MCF-7aro cells, demonstrating
that SERPINA1 is a HER2 regulated gene (see FIG. 3B).
The HER2-dependent regulation of SERPINA1 expression
was confirmed further by the down regulation of its expres-
sion by the treatment of siRNA targeting HER2 (see FIG.
3B).

Example 11—Significance of SERPINA1
Expression in ER+/HER2+ Breast Cancer

[0177] Based on the findings that SERPINA1 is regulated
by both ER and HER2, Kaplan Meier survival analyses were
then performed by dividing the patients into high and low
expression groups based on the median of the single gene
SERPINAL. It was found that this gene has a significant
predictive value (p=0.00020) in 570 ER+ TCGA patient
cohort (see FIG. 4A). In contrast, the same analysis per-
formed on ER- patients was not statistically significant (see
FIG. 4B), confirming that this is an ER-regulated gene. This
finding was validated in the Curtis cohort with 986 ER+
patients (p=0.010) (see FIG. 4B).

[0178] To validate the findings from the TCGA cohort,
survival analyses were carried out in four additional patient
cohorts (24-25) (see Table 1). However, no correlation was
observed between SERPINAL levels and survival in four
other cohorts of ER+ patients, namely Chin, Pawitan, Des-
medt, Sotiriou. Since it has been confirmed that the expres-
sion of SERPINAI can be also regulated by HER2, the
HER?2 status of patients in the six cohorts was checked, and
it was found that only the TCGA, Curtis and Bild cohorts
had a significant number of HER2-positive patients in ER+
subcohorts, whereas the other 4 cohorts had mostly HER2-
negative patients or patients with unknown HER?2 status in
their ER+ subcohorts (Table 1). Such observations suggest
that the HER2 status is related to the predictive value of
SERPINAL on patient survival.

[0179] To verify this hypothesis, further survival analysis
was performed with subgroups of patients by separating the
patients based on ER and HER? status. In the TCGA cohort,
the ER+ patients were subdivided based on HER2 status,
and it was found that the SERPINA1 has a significant
predictive value in the ER+/HER2+ group with 82 patients
(p=0.045) but not the ER+/HER2- (FIG. 5A), ER-/HER2+,
or ER—/HER2- patients.

[0180] For validation, the Bild cohort (24), with 61 ER+/
HER2+ patients (24), and with a p-value is 0.075 (which is
slightly above 0.05, perhaps due to the low number of
ER+/HER2+ patients (Table 1), was used but the trend of
separation can be observed visually (see FIG. 5B). The same
analysis was performed on the Curtis ER+/HER2+ patients,
and a visual separation of the two curves was also observed,
but the curves intersect each other at the earlier timepoints,
and the p-value is 0.14, so these results are not statistically
significant. Similarly, no correlation was observed between
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SERPINALI levels and survival in the other four cohorts of
ER+ patients, namely Chin, Pawitan, Desmedt, Sotiriou.
[0181] Since it has been confirmed that the expression of
SERPINALI can be also regulated by HER2, the HER2 status
of patients in the six cohorts was checked and it was found
that only the TCGA and Bild cohorts had a significant
number of HER2-positive patients in ER+ subcohorts,
whereas the other 4 cohorts had mostly HER2-negative
patients or patients with unknown HER2 status in their ER+
subcohorts, as summarized in the following table:

All patients ER+ patients ER+ patients
Cohort DFS/0S DFS/OS Her2+/-/Unknown
TCGA NA/T79 NA/570 88/318/164
Bild 170/158 114/110 61/40/13
Chin 117 (both) 74 (both) 4/45/25
Desmedt 198 (both) 134 (both) No Her?2 status data
Pawitan 159 (both) 62 (both) 0/62/0
Sotiriou 99 (both) 65 (both) No Her?2 status data
[0182] Such observations suggest that the HER2 status is

related to the predictive value of SERPINAL on patient
survival. To verify this hypothesis, further survival analysis
was performed with subgroups of patients by separating the
patients based on ER and HER?2 status. The results show that
in the ER+/HER 2+ patients in the TCGA cohort, SERPINA1
is able to separate patients into high and low risk groups
(p-value=0.045), but no clear separation was observed in the
ER+/HER2-, ER-/HER2+, or ER-/HER2- patients up to
60 months (see FIG. 5), but a clear separation in the
ER+/HER2- (FIG. 5), ER-/HER2+, or ER-/HER2-
patients was not observed. In the Bild cohort, it was possible
to see a separation visually; however, the p-value is slightly
above 0.05, perhaps due to the low number of ER+/HER2+
patients (see Table above).

[0183] To further establish the value and uniqueness of
SERPINAL as a predictive marker, the predictive ability of
some well-known ER target genes TFF1 (pS2), PGR and
GREB1 was investigated. The survival analyses were pet-
formed by grouping the patients in the TCGA cohort based
on ER status only, and both ER and HER2 status. In ER+ and
ER+/HER2+ patients, the 3 genes were not able to separate
the patients into high and low risk groups. This further
supports the unique ability of SERPINALI to predict patient
survival, because SERPINAL is regulated by both ER and
HER2.

[0184] Although the invention is illustrated and described
herein with reference to specific embodiments, the invention
is not intended to be limited to the details shown. Rather,
various modifications may be made in the details within the
scope and range of equivalents of the claims without depart-
ing from the invention.
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EMBODIMENTS

Embodiment 1

[0237] A method of determining an expression level of a
SERPINAL gene in a breast cancer patient, said method
comprising: (i) obtaining a biological sample from a breast
cancer patient; and (ii) determining an expression level of a
SERPINALI gene in said biological sample.

Embodiment 2

[0238] The method of embodiment 1, wherein said deter-
mining comprises: (a) contacting a nucleic acid comprising
a SERPINAI gene sequence with a labeled nucleic acid
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probe, thereby forming a SERPINA1-labeled nucleic acid
complex; and (b) detecting said SERPINA1-labeled nucleic
acid complex.

Embodiment 3

[0239] The method of embodiment 2, wherein said nucleic
acid is an amplification product of a nucleic acid extracted
from said breast cancer patient.

Embodiment 4

[0240] The method of embodiment 2 or 3, wherein said
labeled nucleic acid probe is fluorescently labeled.

Embodiment 5

[0241] The method of one of embodiments 2-4, wherein
said labeled nucleic acid probe has at least 10 nucleotides.

Embodiment 6

[0242] The method of one of embodiments 2-5, wherein
said labeled nucleic acid probe comprises at least 10 con-
tiguous nucleotides of the sequence of SEQ ID NO:9 or the
complement thereof.

Embodiment 7

[0243] The method of one of embodiments 2-6, wherein
said labeled nucleic acid probe comprises the sequence of
SEQ ID NO:3 or SEQ ID NO:4.

Embodiment 8

[0244] The method of one of embodiments 1-7, wherein
said biological sample is a blood-derived sample.

Embodiment 9

[0245] The method of one of embodiments 1-7, wherein
said biological sample is a tissue-derived sample.

Embodiment 10

[0246] The method of one of embodiments 1-9, wherein
said breast cancer patient is an HER2+ breast cancer patient.

Embodiment 11

[0247] The method of one of embodiments 1-10, wherein
said breast cancer patient is an ER+/HER2+ breast cancer
patient.

Embodiment 12

[0248] The method of one of embodiments 1-11, wherein
said expression level of said SERPINA1 gene is elevated
relative to a standard control.

Embodiment 13

[0249] The method of one of embodiments 1-12, further
comprising administering to said patient a therapeutically
effective amount of an anti-ER therapy or a therapeutically
effective amount of an anti-HER2 therapy.
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Embodiment 14

[0250] The method of one of embodiments 1-13, further
comprising administering to said patient a therapeutically
effective amount of a combination of an anti-ER therapy and
an anti-HER2 therapy.

Embodiment 15

[0251] A method of treating breast cancer in a subject in
need thereof, said method comprising: (i) determining
whether a subject expresses an elevated level of a SER-
PINALI gene relative to a standard control; and (ii) when an
elevated expression level of said SERPINA1 gene is found
relative to said standard control, administering to said sub-
ject an effective amount of an anti-ER therapy or an effective
amount of an anti-HER2 therapy, thereby treating said
subject.

Embodiment 16

[0252] The method of embodiment 14, further comprising
administering to said patient a therapeutically effective
amount of a combination of an anti-ER therapy and an
anti-HER?2 therapy.

Embodiment 17

[0253] An in vitro complex comprising a labeled nucleic
acid probe hybridized to a nucleic acid comprising a SER-
PINALI gene sequence, wherein said nucleic acid is extracted
from a breast cancer patient or is an amplification product of
a nucleic acid extracted from a breast cancer patient.

Embodiment 18

[0254] The complex of embodiment 17, wherein said
labeled nucleic acid probe is fluorescently labeled.

Embodiment 19

[0255] The complex of embodiment 17 or 18, wherein
said labeled nucleic acid probe has at least 10 nucleotides.

Embodiment 20

[0256] The complex of one of embodiments 17-19,
wherein said labeled nucleic acid probe comprises at least 10
contiguous nucleotides of the sequence of SEQ ID NO:9 or
the complement thereof.

Embodiment 21

[0257] The complex of one of embodiments 17-20,
wherein said labeled nucleic acid probe comprises the
sequence of SEQ ID NO:3 or SEQ ID NO:4.

Embodiment 22

[0258] The complex of embodiment 17, comprising more
than one nucleic acid probe hybridized to the nucleic acid.

Embodiment 23

[0259] The complex of one of embodiments 17-22,
wherein said nucleic acid is extracted from a blood-derived
sample of said breast cancer patient.
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Embodiment 24

[0260] The complex of one of embodiments 17-22,
wherein said nucleic acid is extracted from a tissue-derived
sample of said breast cancer patient.

Embodiment 25

[0261] The complex of one of embodiments 17-24,
wherein said breast cancer patient is an HER2+ breast cancer
patient.

Embodiment 26

[0262] The complex of one of embodiments 17-25,
wherein said breast cancer patient is an ER+/HER2+ breast
cancer patient.

Embodiment 27

[0263] The complex of one of embodiments 17-26,
wherein said in vitro complex is in a detection device.

Embodiment 28

[0264] An in vitro complex comprising a SERPINA1
polypeptide or fragment thereof bound to a SERPINA1
binding agent, wherein said SERPINA1 polypeptide or
fragment thereof 1s extracted from a breast cancer patient.

Embodiment 29

[0265] The complex of embodiment 28, wherein said
SERPINAL polypeptide or fragment thereof is extracted
from a blood-derived sample of said breast cancer patient.

Embodiment 30

[0266] The complex of embodiment 28, wherein said
SERPINAL polypeptide or fragment thereof is extracted
from a tissue-derived sample of said breast cancer patient.

Embodiment 31

[0267] The complex of one of embodiments 28-30,
wherein said SERPINA1 binding agent comprises a detect-
able moiety.

Embodiment 32

[0268] The complex of one of embodiments 28-31,
wherein said SERPINA1 binding agent is an antibody.

Embodiment 33

[0269] The complex of one of embodiments 28-32,
wherein said breast cancer patient is an HER2+ breast cancer
patient.

Embodiment 34

[0270] The complex of one of embodiments 28-33,
wherein said breast cancer patient is an ER+/HER2+ breast
cancer patient.

Embodiment 35

[0271] The complex of one of embodiments 28-34,
wherein said in vitro complex is attached to a solid support.
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Embodiment 36

[0272] The complex of one of embodiments 28-35,
wherein said in vitro complex is in a detection device.

Embodiment 37

[0273] A kit comprising: (a) a labeled nucleic acid probe
capable of hybridizing to a nucleic acid comprising a
SERPINALI gene sequence within a biological sample from
a breast cancer patient; wherein said nucleic acid is extracted
from said breast cancer patient or is an amplification product
of a nucleic acid extracted from said breast cancer patient;
and (b) a detecting reagent or a detecting apparatus capable
of indicating hybridizing of said labeled nucleic acid probe
to said nucleic acid.

Embodiment 38

[0274] The kit of embodiment 37, further comprising: ¢) a
sample collection device for collecting a sample from a
breast cancer patient.

Embodiment 39

[0275] A kit comprising: (a) a SERPINA1 binding agent
capable of binding to a SERPINA1 polypeptide or fragment
thereof within a biological sample from a breast cancer
patient; wherein said SERPINA1 polypeptide or fragment
thereof is extracted from said breast cancer patient; and (b)
a detecting reagent or a detecting apparatus capable of
indicating binding of said SERPINA1 binding agent to said
SERPINALI polypeptide or fragment thereof.

Embodiment 40

[0276] The kit of embodiment 39, further comprising: ¢) a
sample collection device for collecting a sample from a
breast cancer patient.

Embodiment 41

[0277] A method of detecting SERPINAI in a human
breast cancer patient, said method comprising: assaying a
biological sample from the human breast cancer patient, and
detecting the presence of SERPINAL therein.

Embodiment 42

[0278] The method of embodiment 41, wherein the human
breast cancer patient is an ER+ breast cancer patient or an
HER2+ breast cancer patient.

Embodiment 43

[0279] The method of embodiment 41, wherein the human
breast cancer patient is an ER+/HER2+ breast cancer
patient.

Embodiment 44

[0280] A method of identifying a human breast cancer
patient as an ER+ breast cancer patient or an HER2+ breast
cancer patient, said method comprising: obtaining a biologi-
cal sample from the human breast cancer patient, and
assaying for the presence of SERPINA1 therein.
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Embodiment 45

[0281] A method of identifying a human breast cancer
patient as an ER+ or ER+/HER2+ breast cancer patient, said
method comprising: obtaining a biological sample from the
human breast cancer patient, and assaying for the presence
of SERPINAL therein.

Embodiment 46

[0282] The method of one of embodiments 41-45, further
comprising administering an effective amount of a combi-
nation of anti-ER therapy and anti-HER2 therapy to those
human breast cancer patients who express SERPINAL.

Embodiment 47

[0283] A method of identifying which therapeutic regimen
is appropriate for a human breast cancer patient, said method
comprising: assaying a biological sample from the human
breast cancer patient for the presence of SERPINALI therein;
and administering to those human breast cancer patients
which express SERPINA1 an effective amount of a combi-
nation of anti-ER therapy and anti-HER?2 therapy.

Embodiment 48

[0284] A kit comprising: (a) a SERPINAI binding agent
capable of binding to a SERPINA1 protein within a bio-
logical sample from a human subject with ER+ or ER+/
HER2+ breast cancer; and (b) a detecting reagent or a
detecting apparatus capable of indicating binding of said
SERPINALI binding agent to said SERPINA1 protein.

Embodiment 49

[0285] The kit of embodiment 48, wherein said human
subject is an ER+/HER2+ breast cancer patient.

Embodiment 50

[0286] A kit comprising: (a) a SERPINAI binding agent
capable of binding to a SERPINA1 protein within a bio-
logical sample from a human subject with ER+ or ER+/
HER2+ breast cancer, said binding agent selected from the
group consisting of: (i) a SERPINAI gene sequence; (ii) a
SERPINAL RNA expressed from said SERPINA1 gene
sequence or fragment thereof; and (iii) a SERPINA1 protein
expressed from said SERPINA1 gene sequence or fragment
thereof, and (b) a detecting reagent [e.g. a FRET probe] or
a detecting apparatus capable of indicating binding of said
SERPINALI binding agent to said SERPINA1 protein.

Embodiment 51

[0287] An in vitro complex comprising a SERPINA1
binding agent bound to a SERPINALI protein, wherein said
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SERPINALI protein is extracted from a human subject with
ER+ or ER+/HER2+ breast cancer.

Embodiment 52

[0288] The in vitro complex according to embodiment 51
wherein the SERPINAI binding agent is bound to a solid
support.

Embodiment 53

[0289] The in vitro complex according to embodiment 52,
wherein said solid support is a protein chip.

Embodiment 54

[0290] An in vitro complex comprising a nucleic acid
probe hybridized to a nucleic acid, said nucleic acid com-
prising a SERPINA1 gene sequence, wherein said nucleic
acid is extracted from a human subject with ER+ or ER+/
HER2+ breast cancer or is an amplification product of a
nucleic acid extracted from a human subject with ER+ or
ER+/HER2+ breast cancer.

Embodiment 55

[0291] An in vitro complex comprising a thermally stable
polymerase [e.g. a Taq polymerase] bound to a nucleic acid,
said nucleic acid comprising a SERPINA1 gene sequence,
wherein said nucleic acid is extracted from a human subject
with ER+ or ER+/HER2+ breast cancer or is an amplifica-
tion product of a nucleic acid extracted from a human
subject with ER+ or ER+/HER2+ breast cancer.

Embodiment 56

[0292] A method of treating breast cancer in a SER-
PINAl-expressing subject in need thereof, said method
comprising administering to said subject an effective amount
of a combination of anti-ER therapy and anti-HER2 therapy.

Embodiment 57

[0293] A method of treating breast cancer in a SER-
PINAl-expressing subject in need thereof, said method
comprising administering to said subject an effective amount
of a nucleic acid or an antibody, wherein said nucleic acid
is capable of hybridizing to a SERPINAI gene or a SER-
PINA1 RNA, thereby decreasing levels of SERPINA1 pro-
tein in said subject, and wherein said antibody is capable of
binding to a SERPINA1 protein thereby decreasing activity
of said SERPINA1 protein, thereby treating breast cancer in
the subject.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 9

<210> SEQ ID NO 1

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide
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<400> SEQUENCE: 1

gcceggeaty tcacctgttyg ta

<210> SEQ ID NO 2

<21l> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 2

cctgecagtt attggtgeca ggt

<210> SEQ ID NO 3

<21l> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 3

caccgtgaag gtgcctatga tyg

<210> SEQ ID NO 4

<21l> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 4

ggcattgcce aggtatttca te

<210> SEQ ID NO 5

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 5

ttcatgagct cctteccette

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 6

atgggagtct cctccaacct

«<210> SEQ ID NO 7

«211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 7

aacaaggtga tctgegecct g

22

23

22

22

20

20

21
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<210> SEQ ID NO 8
<211> LENGTH: 21

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 8

ggcgtgacac caggaaaacc a

<210> SEQ ID NO 9
<21l> LENGTH: 3207

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

ggcccacaga
cacacgcecece
gaaccgccaa
ctgcctagte
atcctacgtyg
ggcetecaag
gctecagetyg
gattgatgac
atggaacaag
ggtccaggge
cttttcagag
aggtatgatc
ggtgaatgcece
cegecgecte
caacaagttc
actgcccectac
gcctetetet
catgaccagg
cctcaggaag
cttcacgagt
gatcgaggtg
cecgcatggece
ccecacagga
gcctteatet
ttttagtgtt
gtaaaccaga
cctagtetece

aaaccagacyg

ggagcacagce
cctecageag
tcgcaaggca
ctgggectyy
gcecacctygg
gaccgcaacyg
acaacaggag
aagggcatgg
gatgagatca
tteatgeccee
gtggagagag
agcaacttgce
ctctacttea
ttccacaaat
aactatactg
cacggggaca
gcectcacea
ctygcecegece
ccectagaga
ctttecagacc
aacgagagtg
ccegaggaga
acagteccttt
gggacaaaac
aatgactctt
tctgteteca

acctgagacc

gtgacgecty

tgtgtttgge
ctgaattccet
cctetgagaa
cecttgtett
ccteagactt
tggttttcte
gagaaaccca
ceeecgeect
gcaccacaga
acttctteag
ccagattcat
ttgggaaagg
acggccagtyg
cagacggcag
agttcaccac
ccectecageat
acattctgag
tcetggttet
acctgggaat
aagagcctcet
gcacggtgygce
tcatcatgga
tcatgggcca
tggagatgca
tctgaaggaa
agaccttygge
ctgggagaga

cgggaccate

tgcagggcca
gcagctcage
cttcaggatg
tggtgaaggy
cggggtgagy
accctatggg
gcagcagatt
ccggeatcetyg
cgegatette
gctgttcegy
catcaatgac
agcegtggac
gaagactccece
cactgtetet
gccecgatgge
gttcattget
tgcccagcete
gcccaagtte
gaccgacatyg
ccacgtegeg
ctecteatee
cagaccctte
agtgatggaa
tcgggaaaga
gagaagacat
ctctecttgyg
agtttgaagc

tggggcacct

agagcgetgt
agccgccgec
cagatgtcte
tetgetgtge
gtgtttcage
gtggectegy
caagcagcta
tacaaggagc
gtecageggy
agcacggtca
tgggtgaaga
cagctgacac
ttcececgact
gtgcccatga
cattactacg
gccecttatyg
atcagccact
tecectggaga
ttcagacagt
caggcgcetge
acagctgtca
ctetttgtgy
ccctgacect
agaaacteccg
ttgcettttyg
aggaccttta
acaactccct

gctteccacce

caagaagacc
agagcaggac
cagcecteac
accatcccce
aggtggcgca
tgttggccat
tgggattcaa
tcatggggce
atctgaaget
agcaagtgga
cacacacaaa
ggetggtget
ccagcaccca
tggctcagac
acatcctgga
aaaaagaggt
ggaaaggcaa
ctgaagtcga
ttcaggctga
agaaagtgaa
tagtctcagce

tccggcacaa

ggggaaagac

aagaaaagaa

ttaaaagatyg

ggtcaaacte

taaggtctee

gtetetetge

21

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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-continued
ccactcgggt ctygcagacct ggttecccact gaggcccttt gcaggatgga actacggggce 1740
ttacaggagc ttttgtgtgc ctggtagaaa ctatttcectgt tccagtcaca ttgccatcac 1800
tcttgtactyg cctgccaccyg cggaggaggce tggtgacagg ccaaaggcca gtggaagaaa 1860
cacccectttcea tetcagagte cactgtggca ctggccacce ctecccagta caggggtget 1920
gcaggtggca gagtgaatgt cccccatcat gtggcccaac tctectggec tggccatcete 1980
cctecccaga aacagtgtygce atgggttatt ttggagtgta ggtgacttgt ttactcattyg 2040
aagcagattt ctgcttectt ttatttttat aggaatagag gaagaaatgt cagatgegty 2100
cccagetett caccecccaa tetettggtyg gggaggggty tacctaaata tttatcatat 2160
ccttgoectt gagtgcttgt tagagagaaa gagaactact aaggaaaata atattattta 2220
aactcgetee tagtgtttet ttgtggtetg tgtcaccgta tctcaggaag tcecagecact 2280
tgactggcac acacccctcee ggacatccag cgtgacggag cccacactgce caccttgtgg 2340
ccgoectgaga coctegegece coocogegece ctetttttee ccttgatgga aattgaccat 2400
acaatttcat cctecttecag gggatcaaaa ggacggagtg gggggacaga gactcagatyg 2460
aggacagagt ggtttccaat gtgttcaata gatttaggag cagaaatgca aggggctgca 2520
tgacctacca ggacagaact ttccoccaatt acagggtgac tcacagecgce attggtgact 2580
cacttcaatg tgtcatttcece ggctgcetgtg tgtgagcagt ggacacgtga ggggggggty 2640
ggtgagagag acaggcagct cggattcaac taccttagat aatatttctg aaaacctacc 2700
agccagaggy tagggcacaa agatggatgt aatgcacttt gggaggcecaa ggcgggagga 2760
ttgcttgage ccaggagttc aagaccagcc tgggcaacat accaagaccc ccgtctettt 2820
aaaaatatat atattttaaa tatacttaaa tatatatttc taatatcttt aaatatatat 2880
atatatttta aagaccaatt tatgggagaa ttgcacacag atgtgaaatg aatgtaatct 2940
aatagaagcc taatcagccc accatgttct ccactgaaaa atcctctttce tttggggttt 3000
ttctttettt cttttttgat tttgcactgg acggtgacgt cagccatgta caggatccac 3060
aggggtggtg tcaaatgcta ttgaaattgt gttgaattgt atgctttttc acttttgata 3120
aataaacatg taaaaatgtt tcaaaaaaat aataaaataa ataaatacga agaatatgtc 3180
aggacagtca aaaaaaaaaa aaaaaaa 3207
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That which is claimed is:

1. A method of determining an expression level of a
SERPINAI gene in a breast cancer patient, said method
comprising:

(1) obtaining a biological sample from a breast cancer

patient; and

(11) determining an expression level of a SERPINA1 gene

in said biological sample.

2. The method of claim 1, wherein said determining
comprises:

(a) contacting a nucleic acid comprising a SERPINA1
gene sequence with a labeled nucleic acid probe,
thereby forming a SERPINAIl-labeled nucleic acid
complex; and

(b) detecting said SERPINA1-labeled nucleic acid com-
plex.

3. The method of claim 2, wherein said nucleic acid is an
amplification product of a nucleic acid extracted from said
breast cancer patient.

4. The method of claim 2 or 3, wherein said labeled
nucleic acid probe is fluorescently labeled.

5. The method of one of claims 2-4, wherein said labeled
nucleic acid probe has at least 10 nucleotides.

6. The method of one of claims 2-5, wherein said labeled
nucleic acid probe comprises at least 10 contiguous nucleo-
tides of the sequence of SEQ ID NO:9 or the complement
thereof.

7. The method of one of claims 2-6, wherein said labeled
nucleic acid probe comprises the sequence of SEQ 1D NO:3
or SEQ ID NO:4.

8. The method of one of claims 1-7, wherein said bio-
logical sample is a blood-derived sample.

9. The method of one of claims 1-7, wherein said bio-
logical sample is a tissue-derived sample.
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10. The method of one of claims 1-9, wherein said breast
cancer patient is an HER2+ breast cancer patient.

11. The method of one of claims 1-10, wherein said breast
cancer patient is an ER+/HER2+ breast cancer patient.

12. The method of one of claims 1-11, wherein said
expression level of said SERPINA1 gene is elevated relative
to a standard control.

13. The method of one of claims 1-12, further comprising
administering to said patient a therapeutically effective
amount of an anti-ER therapy or a therapeutically effective
amount of an anti-HER2 therapy.

14. The method of one of claims 1-13, further comprising
administering to said patient a therapeutically effective
amount of a combination of an anti-ER therapy and an
anti-HER?2 therapy.

15. A method of treating breast cancer in a subject in need
thereof, said method comprising: (i) determining whether a
subject expresses an elevated level of a SERPINA1 gene
relative to a standard control; and (ii) administering to said
subject an effective amount of an anti-ER therapy or an
effective amount of an anti-HER2 therapy, thereby treating
said subject.

16. The method of claim 14, further comprising admin-
istering to said patient a therapeutically effective amount of
a combination of an anti-ER therapy and an anti-HER2
therapy.

17. An in vitro complex comprising a labeled nucleic acid
probe hybridized to a nucleic acid comprising a SERPINA1
gene sequence, wherein said nucleic acid is extracted from
a breast cancer patient or is an amplification product of a
nucleic acid extracted from a breast cancer patient.

18. The complex of claim 17, wherein said labeled nucleic
acid probe is fluorescently labeled.

19. The complex of claim 17 or 18, wherein said labeled
nucleic acid probe has at least 10 nucleotides.

20. The complex of one of claims 17-19, wherein said
labeled nucleic acid probe comprises at least 10 contiguous
nucleotides of the sequence of SEQ ID NO:9 or the comple-
ment thereof.

21. The complex of one of claims 17-20, wherein said
labeled nucleic acid probe comprises the sequence of SEQ
ID NO:3 or SEQ ID NO:4.

22. The complex of claim 17, comprising more than one
nucleic acid probe hybridized to the nucleic acid.

23. The complex of one of claims 17-22, wherein said
nucleic acid is extracted from a blood-derived sample of said
breast cancer patient.

24. The complex of one of claims 17-22, wherein said
nucleic acid is extracted from a tissue-derived sample of said
breast cancer patient.

25. The complex of one of claims 17-24, wherein said
breast cancer patient is an HER2+ breast cancer patient.

26. The complex of one of claims 17-25, wherein said
breast cancer patient is an ER+/HER2+ breast cancer
patient.

27. The complex of one of claims 17-26, wherein said in
vitro complex is in a detection device.

28. An in vitro complex comprising a SERPINA1 poly-
peptide or fragment thereof bound to a SERPINA1 binding
agent, wherein said SERPINAI polypeptide or fragment
thereof is extracted from a breast cancer patient.

29. The complex of claim 28, wherein said SERPINAI
polypeptide or fragment thereof is extracted from a blood-
derived sample of said breast cancer patient.
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30. The complex of claim 28, wherein said SERPINAI
polypeptide or fragment thereof is extracted from a tissue-
derived sample of said breast cancer patient.

31. The complex of one of claims 28-30, wherein said
SERPINALI binding agent comprises a detectable moiety.

32. The complex of one of claims 28-31, wherein said
SERPINALI binding agent is an antibody.

33. The complex of one of claims 28-32, wherein said
breast cancer patient is an HER2+ breast cancer patient.

34. The complex of one of claims 28-33, wherein said
breast cancer patient is an ER+/HER2+ breast cancer
patient.

35. The complex of one of claims 28-34, wherein said in
vitro complex is attached to a solid support.

36. The complex of one of claims 28-35, wherein said in
vitro complex is in a detection device.

37. A kit comprising;

(a) a labeled nucleic acid probe capable of hybridizing to

a nucleic acid comprising a SERPINA1 gene sequence
within a biological sample from a breast cancer patient;
wherein said nucleic acid is extracted from said breast
cancer patient or is an amplification product of a
nucleic acid extracted from said breast cancer patient;
and

(b) a detecting reagent or a detecting apparatus capable of
indicating hybridizing of said labeled nucleic acid
probe to said nucleic acid.

38. The kit of claim 37, further comprising:

¢) a sample collection device for collecting a sample from
a breast cancer patient.

39. A kit comprising:

(a) a SERPINALI binding agent capable of binding to a
SERPINAL polypeptide or fragment thereof within a
biological sample from a breast cancer patient; wherein
said SERPINA1 polypeptide or fragment thereof is
extracted from said breast cancer patient; and

(b) a detecting reagent or a detecting apparatus capable of
indicating binding of said SERPINA1 binding agent to
said SERPINALI polypeptide or fragment thereof.

40. The kit of claim 39, further comprising:

¢) a sample collection device for collecting a sample from
a breast cancer patient.

41. A method of detecting SERPINALI in a human breast

cancer patient, said method comprising:

assaying a biological sample from the human breast
cancer patient, and

detecting the presence of SERPINAL therein.

42. The method of claim 41, wherein the human breast
cancer patient is an ER+ breast cancer patient or an HER2+
breast cancer patient.

43. The method of claim 41, wherein the human breast
cancer patient is an ER+/HER2+ breast cancer patient.

44. A method of identifying a human breast cancer patient
as an ER+ breast cancer patient or an HER2+ breast cancer
patient, said method comprising:

obtaining a biological sample from the human breast
cancer patient, and

assaying for the presence of SERPINAL1 therein.

45. A method of identifying a human breast cancer patient
as an ER+ or ER+/HER2+ breast cancer patient, said method
comprising:

obtaining a biological sample from the human breast
cancer patient, and

assaying for the presence of SERPINAL1 therein.
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46. The method of one of claims 41-45, further compris-
ing administering an effective amount of a combination of
anti-ER therapy and anti-HER2 therapy to those human
breast cancer patients who express SERPINAIL.

47. A method of identifying which therapeutic regimen is
appropriate for a human breast cancer patient, said method
comprising:

assaying a biological sample from the human breast
cancer patient for the presence of SERPINA1 therein;
and

administering to those human breast cancer patients
which express SERPINA1 an effective amount of a
combination of anti-ER therapy and anti-HER2
therapy.

48. A kit comprising:

(a) a SERPINAL1 binding agent capable of binding to a
SERPINALI protein within a biological sample from a
human subject with ER+ or ER+/HER2+ breast cancer;
and

(b) a detecting reagent or a detecting apparatus capable of
indicating binding of said SERPINA1 binding agent to
said SERPINA1 protein.

49. The kit of claim 48, wherein said human subject is an

ER+/HER2+ breast cancer patient.

50. A kit comprising:

(a) a SERPINAL1 binding agent capable of binding to a
SERPINALI protein within a biological sample from a
human subject with ER+ or ER+/HER2+ breast cancer,
said binding agent selected from the group consisting
of:

(i) a SERPINAI gene sequence;

(i) a SERPINA1 RNA expressed from said SERPINALI
gene sequence or fragment thereof; and

(ii1) a SERPINAL1 protein expressed from said SERPINA1
gene sequence or fragment thereof, and

(b) a detecting reagent [e.g. a FRET probe] or a detecting
apparatus capable of indicating binding of said SER-
PINAI binding agent to said SERPINA1 protein.
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51. An in vitro complex comprising a SERPINA1 binding
agent bound to a SERPINA1 protein, wherein said SER-
PINALI protein is extracted from a human subject with ER+
or ER+/HER2+ breast cancer.

52. The in vitro complex according to claim 51 wherein
the SERPINA1 binding agent is bound to a solid support.

53. The in vitro complex according to claim 52, wherein
said solid support is a protein chip.

54. An in vitro complex comprising a nucleic acid probe
hybridized to a nucleic acid, said nucleic acid comprising a
SERPINAIL gene sequence, wherein said nucleic acid is
extracted from a human subject with ER+ or ER+/HER2+
breast cancer or is an amplification product of a nucleic acid
extracted from a human subject with ER+ or ER+/HER2+
breast cancer.

55. An in vitro complex comprising a thermally stable
polymerase [e.g. a Taq polymerase] bound to a nucleic acid,
said nucleic acid comprising a SERPINA1 gene sequence,
wherein said nucleic acid is extracted from a human subject
with ER+ or ER+/HER2+ breast cancer or is an amplifica-
tion product of a nucleic acid extracted from a human
subject with ER+ or ER+/HER2+ breast cancer.

56. A method of treating breast cancer in a SERPINA1-
expressing subject in need thereof, said method comprising
administering to said subject an effective amount of a
combination of anti-ER therapy and anti-HER2 therapy.

57. A method of treating breast cancer in a SERPINA1-
expressing subject in need thereof, said method comprising
administering to said subject an effective amount of a
nucleic acid or an antibody, wherein said nucleic acid is
capable of hybridizing to a SERPINA1 gene or a SER-
PINA1 RNA, thereby decreasing levels of SERPINA1 pro-
tein in said subject, and wherein said antibody is capable of
binding to a SERPINA1 protein thereby decreasing activity
of said SERPINA1 protein, thereby treating breast cancer in
the subject.
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