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Description
Field of the Invention

[0001] The present invention relates to the fields of medicine and oncology. More specifically, the invention provides
compositions and methods useful for the prognosis, diagnosis and treatment of cancer, particularly breast cancer.

Background of the Invention

[0002] Several publications and patent documents are cited throughout the specification in order to describe the state
of the art to which this invention pertains.

[0003] Ferroportin (ferroportin 1, also termed Ireg1, MTP1, SLC40A1) is a cell surface transmembrane protein and is
the only known export protein for non-heme iron (7-3). Ferroportin is expressed at high levels on duodenal enterocytes,
placenta, hepatocytes, and macrophages (7-3), and is an essential component of systemic iron homeostasis (4). Fer-
roportin is regulated by at least three mechanisms: transcriptional regulation, which controls levels (5) and splice variants
(6) of the mRNA,; translational regulation, which regulates ferroportin through an iron regulatory element in the 5 UTR
of ferroportin mMRNA(7); and organismal iron status, which regulates ferroportin mediated iron efflux through a direct
interaction of ferroportin with the peptide hormone hepcidin(8). Hepcidin is secreted by the liver and binds to a specific
extracellular loop domain on ferroportin(9). This results in phosphorylation(70) of ferroportin on the cell surface, which
in turn leads to internalization and proteosome-mediated degradation of ferroportin(8).

[0004] Ferroportin has not been extensively studied in cancer (11, 12), and only limited examination has been made
of ferroportin outside the tissues generally thought to be important in systemic iron homeostasis, such as the intestine,
the liver, the bone marrow, and the reticulo-endothelial system(713).

[0005] WO2008077165 provides a 374-gene- signature for the recurrence of breast cancer. US2006/0286565 relates
to predicting the likelihood of breast cancer recurrence using differential gene expression, in particular a ten-gene set.
WO02008046182 relates to predicting the recurrence of breast cancer using at least 20 genes, including ferroportin.

Summary of the Invention

[0006] In accordance with the present invention, a method of predicting the likelihood of long-term survival of a cancer
patient without the recurrence of ovarian or breast cancer, following surgical removal of the primary tumor is provided .
[0007] There is provided a method of predicting the likelihood of long-term survival of a cancer patient without the
recurrence of ovarian or breast cancer, comprising:

a) determining the expression levels of at least two iron homeostasis associated (IHA) markers provided in Table |
in a sample obtained from said patient; and

b) comparing the expression levels of said at least two IHA markers in said sample to predetermined expression
levels of IHA markers observed in a cohort of cancer patients having a known clinical outcome of recurrent or non-
recurrent disease, thereby determining said patient’s risk for recurrence of cancer; wherein

a) said cancer is breast cancer and the two or more IHA markers are selected from the group consisting of

(i) ferroportin and hepcidin,
(ii) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR, or
(iii) DcytB, TFRC and LTF; or

b) said cancer is ovarian cancer and the two or more IHA markers include ferroportin.

[0008] Optionally, the predetermined levels are mean expression levels across the patient cohort.

[0009] The method may further comprise determining levels of additional iron homeostasis associated marker mole-
cules selected from the group consisting of ferritin L protein, IREB2 protein, transferrin receptor protein 1, transferrin,
TMPRSS6 and ferritin H.

[0010] Further, the determining step may comprise contacting said sample with an agent having affinity for said IHA
markers, said agent forming a specific binding pair with said IHA marker and further comprising a detectable label,
measuring said detectable label, thereby determining expression level of said marker in said sample.

[0011] Optionally, the markers are selected from the group consisting of polypeptides, nucleic acids or fragments
thereof.

[0012] Further, the molecules may comprise polypeptides or fragments thereof, said agent is an antibody or fragment
thereof and said polypeptide is detected by a method selected from the group consisting of flow cytometric analysis,
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immunohisto-chemical detection and immunoblot analysis.

[0013] The molecules may comprise nucleic acids or fragments thereof, said agent is complementary nucleic acids
which hybridizes to said molecules and said iron homeostasis associated nucleic acid is detected by a method selected
from the group consisting of in situ hybridization assay, hybridization assay, gel electrophoresis, RT-PCR, real time
PCR, and microarray analysis.

[0014] In some embodiments the biological sample is a biopsy.

[0015] The biological sample may be selected from the group consisting of formalin fixed paraffin embedded tissue
or cells, frozen tissue, blood cells, breast cancer cells, and ovarian cancer cells.

[0016] The method of the invention may optionally comprise the step of determining at least one parameter selected
from the group consisting of estrogen receptor (ER) status, her2-neu status, progesterone receptor status, histological
grade, tumor size, patient age, tumor stage and nodal status of the patient.

[0017] In some embodiments, the patient is diagnosed with breast cancer and:

a) is undergoing treatment for breast cancer; or
b) has completed treatment for cancer; or
c) is in remission.
[0018] Also provided here in is the use of two or more reagents for determining the expression levels of two or more
iron homeostasis markers selected from Table | in ovarian or breast cancer cells for predicting the likelihood of long-
term survival of a cancer patient without recurrence of ovarian or breast cancer, wherein
a) said cancer is breast cancer and the two or more IHA markers are selected from the group consisting of
(i) ferroportin and hepcidin,
(ii) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR, and
(iii) DcytB, TFRC and LTF; or
b) said cancer is ovarian cancer and the two or more IHA markers include ferroportin.
[0019] Insome embodiments the reagents are capable of detecting the iron homeostasis marker proteins, polypeptides
or nucleic acids encoding said markers or fragments thereof.
[0020] The reagents may be antibodies or nucleic acid molecules, e.g. reagent nucleic acid molecules that are immo-
bilised on a gene chip.
[0021] There is further provided use of a gene chip for practising the method of the invention on which a plurality of
nucleic acid molecules are immobilised, said plurality of nucleic acid molecules consisting of nucleic acid molecules
capable of detecting
(i) ferroportin and hepcidin,
(ii) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR,
(iii) DcytB, TFRC and LTF,
(iv) two or more iron homeostasis markers selected from Table | including ferroportin; or
(v) the iron homeostasis associated markers provided in Table .
[0022] Theinvention also provides a gene chip for use in practising the method of claim 1 on which a plurality of nucleic
acid molecules are immobilised, said plurality of nucleic acid molecules consisting of nucleic acid molecules capable of
detecting

(i) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR,

(ii) DeytB, TFRC and LTF, or
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(iii) the iron homeostasis associated markers provided in Table I.

[0023] Further disclosed is a method for identifying agents which modulate iron homeostasis in cancer cells selected
from breast cancer cells and ovarian cancer cells wherein said cancer cells comprise at least two iron homeostasis
related proteins as set forth in Table 1; wherein

a) for breast cancer cells the at least two iron homeostasis related proteins are selected from the group consisting of

(i) ferroportin and hepcidin,
(ii) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR, and
(iii) DcytB, TFRC and LTF; or

b) for ovarian cancer cells the at least two iron homeostasis related proteins include ferroportin;

said method comprising contacting said cancer cell with said agent and assessing the effect of said agent on modulation
of iron homeostasis relative to untreated cells.

[0024] Optionally, the modulatory effects of said agent on a parameter selected from the group consisting of iron
transport, iron metabolism or cellular iron levels is determined.

[0025] The method can also include creating a report summarizing the data obtained by the determination of said IHA
marker expression levels. This report can also include a prediction of the likelihood of long term survival of said patient
without the recurrence of breast cancer following surgical removal of the primary tumor or any other procedure suitable
to remove the cancer. Finally, the report can include a recommendation for a treatment modality of said patient. The
method of the invention can be performed at any time following a diagnosis for cancer, e.g., when a patient has been
diagnosed with breast cancer is undergoing treatment for breast cancer, when the patient has completed treatment for
cancer or when the patient diagnosed with breast cancer is in remission. The biological sample includes without limitation,
formalin fixed paraffin embedded tissue or cells, frozen tissue, blood cells, breast cancer cells, ovarian cancer cells and
prostate cancer cells. In a preferred embodiment, the sample is a biopsy sample.

[0026] Described herein is a kit for practicing the method described above. Such kits include reagents for detection
of either marker proteins or polypeptides or marker encoding nucleic acids or fragments thereof. A kit for determining
ferroportin and hepcidin protein levels includes for example, antibodies immunologically specific for ferroportin and
hepcidin or fragments thereof, means for detecting immune complex formation between said ferroportin, hepcidin and
said antibodies and instructional materials comprising ranges of expression levels associated with aggressive metastatic
breast cancer and ranges of expression levels associated with non-aggressive non metastatic breast cancer. A kit for
determining ferroportin and hepcidin nucleic acid levels in said sample, includes for example, nucleic acids which spe-
cifically hybridize to ferroportin and hepcidin encoding nucleic acids, means for detecting hybridization between said
ferroportin, hepcidin nucleic acids and instructional materials comprising ranges of expression levels associated with
aggressive metastatic recurrent breast cancer and ranges of expression levels associated with non-aggressive non
metastatic non recurrent breast cancer.

Brief Description of the Drawings
[0027]

Figure 1. A decrease in ferroportin in breast cancer cell lines is associated with an increase in the labile
iron pool. (A) Levels of ferroportin in normal and malignant breast cells. 50 pg of protein from each cell type was
analyzed for ferroportin expression by Western blotting. Equal loading was confirmed by probing with antibody to
GAPDH and by staining with Ponceau S. (B) Labile iron pool in normal and malignant breast cells. Cells were loaded
with calcein using acetomethoxyl-calcein, and fluorescence was measured before and after addition of iron chelator
(SIH). Labile iron was calculated based on the fractional increase in fluorescence and the intracellular calcein
concentration as described in Materials and Methods. Graphs show mean and standard deviation of triplicate de-
terminations.

Figure 2. Increased ferroportin expression decreases ferritin in breast cancer cells. MDA-MB-231 breast
cancer cells were transfected with a vector encoding a functional ferroportin-GFP fusion protein (8). Two separate
clones were analyzed by Western blotting using antibodies to ferritin H as described in Materials and Methods.

Figure 3. Hepcidin is expressed and regulates ferroportin in breast cells. (A) Western blot of prohepcidin protein
in normal and malignant breast cells. (Prohepcidin was detected in all cells on prolonged exposure [not shown]).
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(B) Hepcidin treatment increases the labile iron pool. HME cells were treated with 700 nM hepcidin or vehicle control
and the labile iron pool measured as described in Materials and Methods. (C) Hepcidin treatment increases levels
of ferritin protein. HME cells were treated with vehicle, 300 nM or 700 nM hepcidin for 6 hours and ferritin H assessed
by Western blotting. GAPDH was used as a loading control. (D) Ferroportin is degraded in normal mammary epithelial
(HME) cells treated with hepcidin. Cells were incubated with vehicle, 300 or 700 nM hepcidin for 6 hours and
ferroportin measured by Western blotting. GAPDH was used as a loading control.

Figure 4. Ferroportin mRNA and splice variants in breast epithelial cells. (A) Feroportin variant | mRNA was
quantified in primary human mammary epithelial cells and breast cell lines by real-time RT-PCR as described in
Materials and Methods. (B) Ferroportin mRNA splice variants were assessed by non quantitative RT-PCR in the
same cell lines. All splice variants were observed in K562 cells; in contrast, none were observed in breast cells.
Variant lIB corresponds to the IRE-negative FPN IB previously described (6). GAPDH was used as a positive control.

Figure 5. Increased levels of ferroportin decrease growth of breast cancer xenografts. MDA-MB-231-luc
breast cancer cells were transfected with an expression vector for ferroportin or control empty vector. Two inde-
pendent ferroportin clones were isolated (FPN7 and FPN 13). 2 x 106 control or ferroportin-expressing cells were
suspended in matrigel and injected orthotopically into the mammary fat pad of nu/nu mice. Tumor growth was
monitored in a subset of mice by bioluminescent imaging. Tumors were also weighed at the conclusion of the
experiment. (A) Final tumor weights (n=10, 8, 13 for controls, FPN7, and FPN13, respectively); *p=0.013; **p=0.029
difference from controls, Student’s t-test. (B) Representative bioluminescent images of individual mice within each
group; (C) Quantified bioluminescence in control and FPN tumors. Means and standard deviations are plotted. p-
value represents test for the time by group interaction indicating a highly significant difference among the 3 groups.

Figure 6. Assessment of hepcidin mRNA in breast cells by RT-PCR. Expression of hepcidin was analyzed in
normal and malignant breast cells by non-quantitative RT PCR as described in Materials and Methods. K562 eryth-
roleukemia cells are a positive control; these cells exhibit levels of hepcidin mRNA that are roughly comparable to
those of HepG2 cells (data not shown).

Figure 7. Ferroportin is decreased in human breast cancer tissue. (A-C) Ferroportin staining in tissue. Tissue
was isolated from a patient diagnosed with invasive ductal carcinoma. Within this single tissue, normal epithelium,
ductal carcinoma in situ and invasive breast cancer cells were observed. The tissue was stained with antibody to
ferroportin-1. Original magnification X220. (A) Normal tissue exhibits strong staining of ferroportin (B) Ductal carci-
noma in situ exhibits an intermediate staining intensity; (C) invasive breast cancer exhibits lowest staining intensity
relative to normal epithelium and ductal carcinoma in situ. (D-F) Ferroportin staining of breast tissue microarrays.
Breast tissue microarrays were stained with antibody to ferroportin and intensity of staining scored as described
hereinbelow. Range of scores was 0- 2 (low to high). (D) Mean and standard deviation of intensity score of normal
breast tissue versus cancer tissue.; (E) Percent of cells with a staining intensity of 2; (F) Percent of tissue specimens
with a staining intensity of 1.

Figure 8. Relative levels of ferroportin protein in MDA-MB-231 cells and transfectants and specific detection
of ferroportin by Western blotting. (A) Levels of ferroportin protein were assessed by Western blotting in normal
human mammary epithelial cells (HME) and MDA-MB-231 breast cancer cells; ferroportin protein is decreased in
MDA-MB-231 cells relative to HME. *ns; non-specific band. (B) Levels of ferroportin protein in MDA-MB-231 cells
stably transfected with a ferroportin expression vector were compared to HME cells by Western blotting. (C) Ferro-
portin protein was analyzed by Western blotting in normal and malignant breast cells in the presence and absence
of 5 pg blocking peptide. (D) Hela cells were transiently transfected with a ferroportin expression vector or empty
vector. 24 hours post-transfection, ferroportin protein was analyzed by Western blotting.

Figure. 9. Ferroportin expression is correlated with clinical and molecular features of breast cancer. (A)
Ferroportin expression in Sorlie-Perou molecular subtypes. Shown are box and whisker-plots of ferroportin gene
expression as a function of molecular subtype in consecutive breast cancer patients from Uppsala Sweden(21). Of
the 251 tumors in this cohort, 228 showed correlation of>0.1 with at least one subtype; the remaining 23 were
classified as "no subtype" and were censored. Shaded rectangles represent interquartile range; line in the middle
of each rectangle represents median value. Lines extending from the interquartile range mark the 5th and 95th
percentile values and the individual open circles represent values that are either above the 95th percentile or below
the 5th percentile for each distribution. Molecular subtypes were assigned by Calza et al. (22). P-values are shown
above bridges linking the subtypes. LumA=luminal A, LumB=luminal B, ERBB2+=ErbB2/HER2 neu-positive-like.
(B) Ferroportin expression is correlated with histologic grade. Shown are box and whisker-plots of ferroportin gene
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expression as a function of histologic grade (1,2,3) in the Uppsala cohort. P-values (Student’s t-test) are shown
above bridges linking grade categories. (C) Ferroportin expression is correlated with breast tumor ER status. Shown
are box and whisker-plots of ferroportin gene expression as a function ER status (+,-) in the Uppsala cohort.P-values
(student’s t-test) are shown above bridges linking grade categories. (D) Ferroportin expression is correlated with
lymph node (LN) status. Shown are box and whisker-plots of ferroportin gene expression as a function LN status
(+,-) in the Uppsala cohort. P-values (student’s t-test) are shown above bridges linking grade categories.

Figure 10. Ferroportin protein is decreased in breast cancer. Two normal and two malignant breast specimens
were examined for ferroportin expression by immunehistochemical analysis. Original magnification X 72.

Figure. 11. Ferroportin expression in primary breast tumors is prognostic of low risk of recurrence in multiple
independent microarray datasets. Breast cancer patients were ranked according to ferroportin expression levels,
and disease-specific survival or distant metastasis-free survival of patients with below-mean expression was com-
pared to that of patients with above-mean expression by Kaplan-Meier (KM) analysis. KM plots are shown for (A)
the Norway/Stanford cohort(23) (included were 103 tumors with reported expression values for ferroportin; data for
19 tumors was reported as "missing" in the original dataset and these were excluded from the analysis); (B) the
Netherlands Cancer Institute (NKI) cohort(24); The Uppsala cohort(25); and (D) the Stockholm cohort(27). Log rank
tests were used to compare the survival curves between groups and generate the p-values for these comparisons.

Figure 12. Signal intensities of ferroportin and hepcidin relative to control genes and other breast cancer
genes in the Uppsala cohort. Gene expression distributions from the Uppsala cohort dataset are shown. Rectangles
represent interquartile range; mid-line represents median expression. Lines extending from the interquartile range
mark the 5th and 95th percentiles of expression; open circles indicate cases with >95th percentile or <5th percentile
expression. In cases where multiple probe sets map to the same gene, average expression intensities are plotted.
Both ferroportin and hepcidin expression distributions (unshaded boxes) are significantly higher than that of the B.
subtilis negative control, lower than housekeeping genes GAPDH and beta actin, and comparable to other genes
important in breast cancer.

Figure 13. Ferroportin and hepcidin prognostic interactions. (A) Associations between distant metastasis-free
survival and high/low ferroportin and hepcidin expression levels (based on mean partitioning) in a combined multi-
institutional population-based cohort consisting of 504 breast cancer cases. Kaplan-Meier plots and log rank p values
are shown for (1) ferroportin expression, (2) hepcidin expression, (3) high ferroportin dichotomized by low versus
high hepcidin, and (4) low ferroportin dichotomized by low versus high hepcidin. (B) Prognostic value of high ferro-
portin-low hepcidin expression in a combined multi-institutional cohort of 518 ER+ breast cancer cases. The Kaplan-
Meier plot compares the combined effects of ferroportin and low or high hepcidin expression on distant metastasis-
free survival in patients treated with tamoxifen monotherapy.

Figure 14. Figure 14A provides a Kaplan-Meier survival curve of tumors divided by dCytB expression. Figure 14B
provides Kaplan-Meier survival curve of tumors divided by LTF expression. Figure 14C provides a Kaplan-Meier
survival curve of tumors divided by dCytB, LTF and TFR expression. For Figures 14A-14C: high = tumors with
expression levels at or above the mean, low = tumors with expression levels below the mean. Figure 14D provides
a diagram of iron gene expression groups. Good FP/HAMP expression profile = tumors expressing high FP and
low HAMP. Good dCytB, LTF, TFR expression profile = tumors expressing high dCytB, high LTF, low TFR. Good
iron union group = tumors expressing both high FP and low HAMP and high dCytB, high LTF and low TFR. Poor
iron signature = all tumors that do not fall into the good iron expression groups. Figure 14E provides Kaplan-Meier
survival curves of tumors with poor FP/HAMP signature divided by dCytB, LTF and TFR expression. High = tumors
with expression levels at or above the mean, low = tumors with expression levels below the mean.

Figure 15. Results of Kaplan-Meier analysis on different patient cohorts which reveals three distinct statistically
significant low, intermediate and high risk survival curves using the genetic signatures described herein.

Figure 16. Kaplan-Meier plot is shown for 741 patients divided into two groups: low risk group and high risk group.
The low risk group (green survival curve) is defined as those patients whose tumors express 1) high Feroportin (Fp)
and low Hepcidin (Hep), or 2) high DcytB (also known as CYBRD1) and low transferring receptor (TFRC) (n=338).
The high risk group (red survival curve) is defined as patients with tumors whose gene expression patterns do not
meet the low risk criteria (n=403).

Figure 17. Kaplan-Meier plot is shown for Tamoxifen-treated, LN- patients divided into two groups: low risk group
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and high risk group. The low risk group (green survival curve) is defined as those patients whose tumors express
1) high Feroportin (Fp) and low Hepcidin (Hep), or 2) high DcytB (aka, CYBRD1) and low transferring receptor
(TFRC) (n=101). The high risk group (red survival curve) is defined as patients with tumors whose gene expression
patterns do not meet the low risk criteria (n=116).

Figure 18. Kaplan-Meier plot is shown for Tamoxifen-treated, LN+ patients divided into two groups: low risk group
and high risk group. The low risk group (green survival curve) is defined as those patients whose tumors express
1) high Feroportin (Fp) and low Hepcidin (Hep), or 2) high DcytB (aka, CYBRD1) and low transferring receptor
(TFRC) (n=91). The high risk group (red survival curve) is defined as patients with tumors whose gene expression
patterns do not meet the low risk criteria (n=120). High and Low expression of the genes is defined as above and
below the mean of the population of the original 759 breast cancer cases (only 741 have associated outcome data).
Outcome is defined as distant metastasis-free survival).

Figure 19. Kaplan-Meier plot is shown for Tamoxifen-treated, LN- patients divided into 3 groups: low risk group,
intermediate risk group and high risk group. The low risk group (green survival curve) is defined as those patients
whose 6-gene model scores summed to 5 or 6 (n=55); the intermediate risk group (blue curve) is defined as those
patients whose 6-gene model scores summed to 4 or 3 (n=88); and the high risk group (red curve) is defined as
those patients whose 6-gene model scores summed to 0, 1 or 2 (n=74).

Figure 20. Kaplan-Meier plot is shown for Tamoxifen-treated, LN+ patients divided into 3 groups: low risk group,
intermediate risk group and high risk group. The low risk group (green survival curve) is defined as those patients
whose 6-gene model scores summed to 5 or 6 (n=45); the intermediate risk group (blue curve) is defined as those
patients whose 6-gene model scores summed to 4 or 3 (n=78); and the high risk group (red curve) is defined as
those patients whose 6-gene model scores summed to 0, 1 or 2 (n=88).

Figure 21. Kaplan-Meier survival plot showing that expression levels of ferroportin are also positively correlated
with survival of ovarian cancer patients.

Detailed Description of the Invention

[0028] Many proteins have been identified which modulate iron homeostasis in the body. For example, ferroportin and
hepcidin are critical proteins in the regulation of systemic iron homeostasis. Ferroportin is the only known exporter of
intracellular non-heme iron; its stability is regulated by the hormone hepcidin. We demonstrate that both ferroportin and
hepcidin are expressed in cultured human breast epithelial cells and that hepcidin regulates ferroportin in these cells.
Further, ferroportin protein is substantially reduced in breast cancer cells compared to non-malignant breast epithelial
cells; ferroportin protein expression correlates with metabolically available iron. Ferroportin protein is also present in
normal human mammary tissue and strikingly decreased in breast cancer tissue, with the highest degree of anaplasia
associated with lowest ferroportin expression. Transfection of breast cancer cells with ferroportin significantly reduces
their growth following orthotopic implantation in the mouse mammary fat pad. Gene expression profiles from >800 women
reveal that decreased ferroportin gene expression is associated with a significant reduction in metastasis-free and
disease-specific survival that is independent of other breast cancer risk factors. High ferroportin/low hepcidin gene
expression profiles identify an extremely favorable cohort of breast cancer patients that have a 10-year survival >90%.
Ferroportin is a pivotal protein in breast biology and a strong and independent predictor of prognosis in breast cancer.

Definitions:

[0029] For purposes of the present invention, "a" or "an" entity refers to one or more of that entity; for example, "a
cDNA" refers to one or more cDNA or at least one cDNA. As such, the terms "a" or "an," "one or more" and "at least
one" can be used interchangeably herein. It is also noted that the terms "comprising," "including," and "having" can be
used interchangeably. Furthermore, a compound "selected from the group consisting of" refers to one or more of the
compounds in the list that follows, including mixtures (i.e. combinations) of two or more of the compounds. According
to the present invention, an isolated, or biologically pure molecule is a compound that has been removed from its natural
milieu. As such, "isolated" and "biologically pure" do not necessarily reflect the extent to which the compound has been
purified. An isolated compound of the present invention can be obtained from its natural source, can be produced using
laboratory synthetic techniques or can be produced by any such chemical synthetic route.

[0030] The phrase "iron homeostasis" refers to processes involved in the maintenance of an internal equilibrium of
iron ions at the level of a cell.

[0031] The phrase "iron homeostasis associated (IHA) marker(s)" refers to a class of proteins involved in iron home-
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ostasis, iron transport and iron metabolism. Such proteins include, without limitation, those listed below in Table I. Markers
also include the nucleic acids encoding the proteins listed above.

Table 1: iron homeostasis associated (IHA) markers.

Affymetrix Probe

GENE NAME SYMBOL Genbank Set ID

AL136693;
Cytochrome b reductase 1 CYBRD1 NM_024843 222453 _at
Six transmembrane epithelial antigen of the prostate 1 STEAP1 NM_012449 205542 _at
Six transmembrane epithelial antigen of the prostate 2 STEAP2 BF680588 225871_at

Al799784;
Scavenger receptor class A, member 5 (putative) SCARAS BE787752 229839_at
Lactotransferrin LTF NM_002343 202018_s_at
Transferrin receptor (p90, CD71); Transferrin receptor BE676623;
protein 1 TFRC KM_003234 240686_x_at
Feroportin; Solute carrier family 40 (iron-regulated AL136944;
transporter), member 1 SLC40A1 NM_014585 223044 _at
Iron-sulfur cluster scaffold homolog (E. coli) ISCU AY009128 209075_s_at
Sideroflexin 5 SFXN5 AA725691 241999_at
Sideroflexin 1 SFXN1 NM_022754 218392_x_at
Endothelial PAS domain protein 1 EPAS1 AF052094 200878_at
Hemochromatosis HFE NM_000410 206087_x_at
QTP-blndlng cassette, sub-family G (WHITE), member ABCG? AF098951 209735_ at
Hepcidin antimicrobial peptide HAMP NM_021175 220491_at
Transmembrane protease, serine 6 TMPRSS6 NM_153609 232941 _at
Iron-responsive element binding protein 2 IREB2 KM_004136 225892 at
Ferritin, light polypeptide FTL KM_000146 212788 _x_at
Ferritin, heavy polypeptide 1 FTHA1 NM_002032 214211_at

[0032] Ferroportin (ferroportin 1, also termed Ireg1, MTP1, SLC40A1) is a recently described cell surface transmem-

brane protein and is the only known export protein for non-heme iron. Ferroportin is expressed at high levels on duodenal
enterocytes, placenta, hepatocytes, and macrophages, and is an essential component of systemic iron homeostasis.
Sequence information for ferroportin has been deposited in GenBank, Accession No. NM_014585.

[0033] Hepcidin (also referred to as HAMP) is a peptide hormone produced by the liver, and appears to be the master
regulator ofiron homeostasis in humans and other mammals. Hepcidin directly inhibits ferroportin, a protein thattransports
iron out of the cells that store it. Ferroportin is present on enterocytes and macrophages. By inhibiting ferroportin, hepcidin
prevents enterocytes of the intestines from secreting iron into the hepatic portal system, thereby functionally reducing
iron absorption. Iron release from macrophages is also prevented by ferroportin inhibition. Thus, hepcidin maintains iron
homeostasis. Hepcidin activity is also partially responsible for iron sequestration seen in anemia of chronic disease.
Sequence information for hepcidin has been deposited in GenBank, Accession No. NM_021175.

[0034] The phrase "predetermined expression levels" as used herein refers to mean expression levels measured
across a patient cohort, tertile or quartile ranges observed in the cohort, or other statistical descriptors that are effective
to assign the patients to a particular outcome group.

[0035] The term "genetic alteration" as used herein refers to a change from the wild-type or reference sequence of
one or more nucleic acid molecules. Genetic alterations include without limitation, base pair substitutions, additions and
deletions of at least one nucleotide from a nucleic acid molecule of known sequence.

[0036] The term "solid matrix" as used herein refers to any format, such as beads, microparticles, a microarray, the
surface of a microtitration well or a test tube, a dipstick or a filter. The material of the matrix may be polystyrene, cellulose,
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latex, nitrocellulose, nylon, polyacrylamide, dextran or agarose.

[0037] The phrase "consisting essentially of" when referring to a particular nucleotide or amino acid means a sequence
having the properties of a given SEQ ID NO:. For example, when used in reference to an amino acid sequence, the
phrase includes the sequence per se and molecular modifications that would not affect the functional and novel char-
acteristics of the sequence.

[0038] With regard to nucleic acids used in the invention, the term "isolated nucleic acid" is sometimes employed. This
term, when applied to DNA, refers to a DNA molecule that is separated from sequences with which it is immediately
contiguous (in the 5’ and 3’ directions) in the naturally occurring genome of the organism from which it was derived. For
example, the "isolated nucleic acid" may comprise a DNA molecule inserted into a vector, such as a plasmid or virus
vector, or integrated into the genomic DNA of a prokaryote or eukaryote. An "isolated nucleic acid molecule" may also
comprise a cDNA molecule. An isolated nucleic acid molecule inserted into a vector is also sometimes referred to herein
as a recombinant nucleic acid molecule.

[0039] With respect to RNA molecules, the term "isolated nucleic acid" primarily refers to an RNA molecule encoded
by an isolated DNA molecule as defined above. Alternatively, the term may refer to an RNA molecule that has been
sufficiently separated from RNA molecules with which it would be associated in its natural state (i.e., in cells or tissues),
such that it exists in a "substantially pure" form. By the use of the term "enriched" in reference to nucleic acid it is meant
that the specific DNA or RNA sequence constitutes a significantly higher fraction (2-5 fold) of the total DNA or RNA
present in the cells or solution of interest than in normal cells or in the cells from which the sequence was taken. This
could be caused by a person by preferential reduction in the amount of other DNA or RNA present, or by a preferential
increase in the amount of the specific DNA or RNA sequence, or by a combination of the two. However, it should be
noted that "enriched" does notimply that there are no other DNA or RNA sequences present, just that the relative amount
of the sequence of interest has been significantly increased.

[0040] Itis also advantageous for some purposes that a nucleotide sequence be in purified form. The term "purified"
in reference to nucleic acid does not require absolute purity (such as a homogeneous preparation); instead, it represents
an indication that the sequence is relatively purer than in the natural environment (compared to the natural level, this
level should be at least 2-5 fold greater, e.g., in terms of mg/ml). Individual clones isolated from a cDNA library may be
purified to electrophoretic homogeneity. The claimed DNA molecules obtained from these clones can be obtained directly
from total DNA or from total RNA. The cDNA clones are not naturally occurring, but rather are preferably obtained via
manipulation of a partially purified naturally occurring substance (messenger RNA). The construction of a cDNA library
from mRNA involves the creation of a synthetic substance (cDNA) and pure individual cDNA clones can be isolated
from the synthetic library by clonal selection of the cells carrying the cDNA library. Thus, the process which includes the
construction of a cDNA library from mRNA and isolation of distinct cDNA clones yields an approximately 10-6-fold
purification of the native message. Thus, purification of at least one order of magnitude, preferably two or three orders,
and more preferably four or five orders of magnitude is expressly contemplated. Thus the term "substantially pure" refers
to a preparation comprising at least 50-60% by weight the compound of interest (e.g., nucleic acid, oligonucleotide, etc.).
More preferably, the preparation comprises atleast 75% by weight, and most preferably 90-99% by weight, the compound
of interest. Purity is measured by methods appropriate for the compound of interest.

[0041] The term "complementary" describes two nucleotides that can form multiple favorable interactions with one
another. For example, adenine is complementary to thymine as they can form two hydrogen bonds. Similarly, guanine
and cytosine are complementary since they can form three hydrogen bonds. Thus if a nucleic acid sequence contains
the following sequence of bases, thymine, adenine, guanine and cytosine, a "complement” of this nucleic acid molecule
would be a molecule containing adenine in the place of thymine, thymine in the place of adenine, cytosine in the place
of guanine, and guanine in the place of cytosine. Because the complement can contain a nucleic acid sequence that
forms optimal interactions with the parent nucleic acid molecule, such a complement can bind with high affinity to its
parent molecule.

[0042] With respect to single stranded nucleic acids, particularly oligonucleotides, the term "specifically hybridizing"
refers to the association between two single-stranded nucleotide molecules of sufficiently complementary sequence to
permit such hybridization under pre-determined conditions generally used in the art (sometimes termed "substantially
complementary"). In particular, the term refers to hybridization of an oligonucleotide with a substantially complementary
sequence contained within a single-stranded DNA or RNA molecule of the invention, to the substantial exclusion of
hybridization of the oligonucleotide with single-stranded nucleic acids of non-complementary sequence. For example,
specific hybridization can refer to a sequence which hybridizes to a cancer marker gene or nucleic acid, but does not
hybridize to other nucleotides. Also polynucleotide which "specifically hybridizes" may hybridize only to a ferroportin
encoding nucleic acid, a hepcidin nucleic acid, or both. Appropriate conditions enabling specific hybridization of single
stranded nucleic acid molecules of varying complementarity are well known in the art.

[0043] For instance, one common formula for calculating the stringency conditions required to achieve hybridization
between nucleic acid molecules of a specified sequence homology is set forth below (Sambrook et al., Molecular Cloning,
Cold Spring Harbor Laboratory (1989):
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Tm = 81.5°C + 16.6Log [Na+] + 0.41(% G+C) - 0.63 (% formamide) - 600/#bp in duplex

As an illustration of the above formula, using [Na+] = [0.368] and 50% formamide, with GC content of 42% and an
average probe size of 200 bases, the T,,,is 57°C. The T,,, of a DNA duplex decreases by 1 - 1.5°C with every 1% decrease
in homology. Thus, targets with greater than about 75% sequence identity would be observed using a hybridization
temperature of 42°C.

[0044] The stringency of the hybridization and wash depend primarily on the salt concentration and temperature of
the solutions. In general, to maximize the rate of annealing of the probe with its target, the hybridization is usually carried
out at salt and temperature conditions that are 20-25°C below the calculated T, of the hybrid. Wash conditions should
be as stringent as possible for the degree of identity of the probe for the target. In general, wash conditions are selected
to be approximately 12-20°C below the T, of the hybrid. In regards to the nucleic acids of the current invention, a
moderate stringency hybridization is defined as hybridization in 6X SSC, 5X Denhardt’s solution, 0.5% SDS and 100
prg/ml denatured salmon sperm DNA at 42°C, and washed in 2X SSC and 0.5% SDS at 55°C for 15 minutes. A high
stringency hybridization is defined as hybridization in 6X SSC, 5X Denhardt’s solution, 0.5% SDS and 100 p.g/ml dena-
tured salmon sperm DNA at 42°C, and washed in 1X SSC and 0.5% SDS at 65°C for 15 minutes. A very high stringency
hybridization is defined as hybridization in 6X SSC, 5X Denhardt’s solution, 0.5% SDS and 100 p.g/ml denatured salmon
sperm DNA at 42°C, and washed in 0.1X SSC and 0.5% SDS at 65°C for 15 minutes.

[0045] The term "oligonucleotide," as used herein is defined as a nucleic acid molecule comprised of two or more ribo-
or deoxyribonucleotides, preferably more than three. The exact size of the oligonucleotide will depend on various factors
and on the particular application and use of the oligonucleotide. Oligonucleotides, which include probes and primers,
can be any length from 3 nucleotides to the full length of the nucleic acid molecule, and explicitly include every possible
number of contiguous nucleic acids from 3 through the full length of the polynucleotide. Preferably, oligonucleotides are
at least about 10 nucleotides in length, more preferably at least 15 nucleotides in length, more preferably at least about
20 nucleotides in length.

[0046] The term "probe" as used herein refers to an oligonucleotide, polynucleotide or nucleic acid, either RNA or
DNA, whether occurring naturally as in a purified restriction enzyme digest or produced synthetically, which is capable
of annealing with or specifically hybridizing to a nucleic acid with sequences complementary to the probe. A probe may
be either single-stranded or double-stranded. The exact length of the probe will depend upon many factors, including
temperature, source of probe and use of the method. For example, for diagnostic applications, depending on the com-
plexity of the target sequence, the oligonucleotide probe typically contains 15-25 or more nucleotides, although it may
contain fewer nucleotides. The probes herein are selected to be complementary to different strands of a particular target
nucleic acid sequence. This means that the probes must be sufficiently complementary so as to be able to "specifically
hybridize" or anneal with their respective target strands under a set of pre-determined conditions. Therefore, the probe
sequence need not reflect the exact complementary sequence of the target. For example, a non-complementary nucle-
otide fragment may be attached to the 5" or 3’ end of the probe, with the remainder of the probe sequence being
complementary to the target strand. Alternatively, non-complementary bases or longer sequences can be interspersed
into the probe, provided that the probe sequence has sufficient complementarity with the sequence of the target nucleic
acid to anneal therewith specifically.

[0047] The term "primer" as used herein refers to an oligonucleotide, either RNA or DNA, either single-stranded or
double-stranded, either derived from a biological system, generated by restriction enzyme digestion, or produced syn-
thetically which, when placed in the proper environment, is able to functionally act as an initiator of template-dependent
nucleic acid synthesis. When presented with an appropriate nucleic acid template, suitable nucleoside triphosphate
precursors of nucleic acids, a polymerase enzyme, suitable cofactors and conditions such as a suitable temperature
and pH, the primer may be extended at its 3’ terminus by the addition of nucleotides by the action of a polymerase or
similar activity to yield a primer extension product. The primer may vary in length depending on the particular conditions
and requirement of the application. For example, in diagnostic applications, the oligonucleotide primer is typically 15-25
or more nucleotides in length. The primer must be of sufficient complementarity to the desired template to prime the
synthesis of the desired extension product, that is, to be able anneal with the desired template strand in a manner
sufficient to provide the 3’ hydroxyl moiety of the primer in appropriate juxtaposition for use in the initiation of synthesis
by a polymerase or similar enzyme. It is not required that the primer sequence represent an exact complement of the
desired template. For example, a non-complementary nucleotide sequence may be attached to the 5’ end of an otherwise
complementary primer. Alternatively, non-complementary bases may be interspersed within the oligonucleotide primer
sequence, provided that the primer sequence has sufficient complementarity with the sequence of the desired template
strand to functionally provide a template-primer complex for the synthesis of the extension product.

[0048] Polymerase chain reaction (PCR) has been described in US Patents 4,683,195, 4,800,195, and 4,965,188, the
entire disclosures of which are incorporated by reference herein.
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[0049] The term "vector" relates to a single or double stranded circular nucleic acid molecule that can be infected,
transfected or transformed into cells and replicate independently or within the host cell genome. A circular double stranded
nucleic acid molecule can be cut and thereby linearized upon treatment with restriction enzymes. An assortment of
vectors, restriction enzymes, and the knowledge of the nucleotide sequences that are targeted by restriction enzymes
are readily available to those skilled in the art, and include any replicon, such as a plasmid, cosmid, bacmid, phage or
virus, to which another genetic sequence or element (either DNA or RNA) may be attached so as to bring about the
replication of the attached sequence or element. A nucleic acid molecule of the invention can be inserted into a vector
by cutting the vector with restriction enzymes and ligating the two pieces together.

[0050] Many techniques are available to those skilled in the art to facilitate transformation, transfection, or transduction
of the expression construct into a prokaryotic or eukaryotic organism. The terms "transformation”, "transfection", and
"transduction" refer to methods of inserting a nucleic acid and/or expression construct into a cell or host organism. These
methods involve a variety of techniques, such as treating the cells with high concentrations of salt, an electric field, or
detergent, to render the host cell outer membrane or wall permeable to nucleic acid molecules of interest, microinjection,
PEG-fusion, and the like.

[0051] The term "promoter element" describes a nucleotide sequence that is incorporated into a vector that, once
inside an appropriate cell, can facilitate transcription factor and/or polymerase binding and subsequent transcription of
portions of the vector DNA into mRNA. In one embodiment, the promoter element of the present invention precedes the
5’ end of the iron homeostasis associated marker nucleic acid molecule such that the latter is transcribed into mRNA.
Host cell machinery then translates mRNA into a polypeptide.

[0052] Those skilled in the art will recognize that a nucleic acid vector can contain nucleic acid elements other than
the promoter element and the marker gene nucleic acid molecule. These other nucleic acid elements include, but are
not limited to, origins of replication, ribosomal binding sites, nucleic acid sequences encoding drug resistance enzymes
or amino acid metabolic enzymes, and nucleic acid sequences encoding secretion signals, localization signals, or signals
useful for polypeptide purification.

[0053] A "replicon" is any genetic element, for example, a plasmid, cosmid, bacmid, plastid, phage or virus, that is
capable of replication largely under its own control. A replicon may be either RNA or DNA and may be single or double
stranded.

[0054] An "expression operon" refers to a nucleic acid segment that may possess transcriptional and translational
control sequences, such as promoters, enhancers, translational start signals (e.g., ATG or AUG codons), polyadenylation
signals, terminators, and the like, and which facilitate the expression of a polypeptide coding sequence in a host cell or
organism.

[0055] As used herein, the terms "reporter," "reporter system", "reporter gene," or "reporter gene product” shall mean
an operative genetic system in which a nucleic acid comprises a gene that encodes a product that when expressed
produces a reporter signal that is a readily measurable, e.g., by biological assay, immunoassay, radio immunoassay,
or by colorimetric, fluorogenic, chemiluminescent or other methods. The nucleic acid may be either RNA or DNA, linear
or circular, single or double stranded, antisense or sense polarity, and is operatively linked to the necessary control
elements for the expression of the reporter gene product. The required control elements will vary according to the nature
of the reporter system and whether the reporter gene is in the form of DNA or RNA, but may include, but not be limited
to, such elements as promoters, enhancers, translational control sequences, poly A addition signals, transcriptional
termination signals and the like.

[0056] The introduced nucleic acid may or may not be integrated (covalently linked) into nucleic acid of the recipient
cell or organism. In bacterial, yeast, plant and mammalian cells, for example, the introduced nucleic acid may be main-
tained as an episomal element or independent replicon such as a plasmid. Alternatively, the introduced nucleic acid
may become integrated into the nucleic acid of the recipient cell or organism and be stably maintained in that cell or
organism and further passed on or inherited to progeny cells or organisms of the recipient cell or organism. Finally, the
introduced nucleic acid may exist in the recipient cell or host organism only transiently.

[0057] The term "selectable marker gene" refers to a gene that when expressed confers a selectable phenotype, such
as antibiotic resistance, on a transformed cell.

[0058] The term "operably linked" means that the regulatory sequences necessary for expression of the coding se-
quence are placed in the DNA molecule in the appropriate positions relative to the coding sequence so as to effect
expression of the coding sequence. This same definition is sometimes applied to the arrangement of transcription units
and other transcription control elements (e.g. enhancers) in an expression vector.

[0059] The terms "recombinant organism," or "transgenic organism" refer to organisms which have a new combination
of genes or nucleic acid molecules. A new combination of genes or nucleic acid molecules can be introduced into an
organism using a wide array of nucleic acid manipulation techniques available to those skilled in the art. The term
"organism" relates to any living being comprised of a least one cell. An organism can be as simple as one eukaryotic
cell or as complex as a mammal. Therefore, the phrase "a recombinant organism" encompasses a recombinant cell, as
well as eukaryotic and prokaryotic organism.
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[0060] The term "isolated protein" or "isolated and purified protein" is sometimes used herein. This term refers primarily
to a protein produced by expression of an isolated nucleic acid molecule of the invention. Alternatively, this term may
refer to a protein that has been sufficiently separated from other proteins with which it would naturally be associated, so
as to exist in "substantially pure" form. "Isolated" is not meant to exclude artificial or synthetic mixtures with other
compounds or materials, or the presence of impurities that do not interfere with the fundamental activity, and that may
be present, for example, due to incomplete purification, addition of stabilizers, or compounding into, for example, immu-
nogenic preparations or pharmaceutically acceptable preparations.

[0061] A "specific binding pair" comprises a specific binding member (sbm) and a binding partner (bp) which have a
particular specificity for each other and which in normal conditions bind to each other in preference to other molecules.
Examples of specific binding pairs are antigens and antibodies, ligands and receptors and complementary nucleotide
sequences. The skilled person is aware of many other examples. Further, the term "specific binding pair”is also applicable
where either or both of the specific binding member and the binding partner comprise a part of a large molecule. In
embodiments in which the specific binding pair comprises nucleic acid sequences, they will be of a length to hybridize
to each other under conditions of the assay, preferably greater than 10 nucleotides long, more preferably greater than
15 or 20 nucleotides long.

[0062] An "antibody" or "antibody molecule" is any immunoglobulin, including antibodies and fragments thereof, that
binds to a specific antigen. The term includes polyclonal, monoclonal, chimeric, single domain (Dab) and bispecific
antibodies. As used herein, antibody or antibody molecule contemplates recombinantly generated intactimmunoglobulin
molecules and immunologically active portions of an immunoglobulin molecule such as, without limitation: Fab, Fab’,
F(ab’),, F(v), scFv, scFv,, scFv-Fc, minibody, diabody, tetrabody, single variable domain (e.g., variable heavy domain,
variable light domain), bispecific, Affibody® molecules (Affibody, Bromma, Sweden), and peptabodies (Terskikh et al.
(1997) PNAS 94:1663-1668).

[0063] Chemotherapeutic agents are compounds that exhibit anticancer activity and/or are detrimental to a cell (e.g.,
a toxin). Suitable chemotherapeutic agents include, but are not limited to: toxins (e.g., saporin, ricin, abrin, ethidium
bromide, diptheria toxin, Pseudomonas exotoxin, and others listed above); alkylating agents (e.g., nitrogen mustards
such as chlorambucil, cyclophosphamide, isofamide, mechlorethamine, melphalan, and uracil mustard; aziridines such
as thiotepa; methanesulphonate esters such as busulfan; nitroso ureas such as carmustine, lomustine, and streptozocin;
platinum complexes such as cisplatin and carboplatin; bioreductive alkylators such as mitomycin, procarbazine, dacar-
bazine and altretamine); DNA strand-breakage agents (e.g., bleomycin); topoisomerase Il inhibitors (e.g., amsacrine,
dactinomycin, daunorubicin, idarubicin, mitoxantrone, doxorubicin, etoposide, and teniposide); DNA minor groove binding
agents (e.g., plicamydin); antimetabolites (e.g., folate antagonists such as methotrexate and trimetrexate; pyrimidine
antagonists such as fluorouracil, fluorodeoxyuridine, CB3717, azacitidine, cytarabine, and floxuridine; purine antagonists
such as mercaptopurine, 6-thioguanine, fludarabine, pentostatin; asparginase; and ribonucleotide reductase inhibitors
such as hydroxyurea); tubulin interactive agents (e.g., vincristine, vinblastine, and paclitaxel (Taxol)); hormonal agents
(e.g., estrogens; conjugated estrogens; ethinyl estradiol; diethylstilbesterol; chlortrianisen; idenestrol; progestins such
as hydroxyprogesterone caproate, medroxyprogesterone, and megestrol; and androgens such as testosterone, testo-
sterone propionate, fluoxymesterone, and methyltestosterone); adrenal corticosteroids (e.g., prednisone, dexametha-
sone, methylprednisolone, and prednisolone); leutinizing hormone releasing agents or gonadotropin-releasing hormone
antagonists (e.g., leuprolide acetate and goserelin acetate); and antihormonal antigens (e.g., tamoxifen, antiandrogen
agents such as flutamide; and antiadrenal agents such as mitotane and aminoglutethimide). In a particular embodiment,
the chemotherapeutic agentis selected from the group consisting of: placitaxel (Taxol®), cisplatin, docetaxol, carboplatin,
vincristine, vinblastine, methotrexate, cyclophosphamide, CPT-11, 5-fluorouracil (5-FU), gemcitabine, estramustine,
carmustine, adriamycin (doxorubicin), etoposide, arsenic trioxide, irinotecan, and epothilone derivatives.

[0064] "Sample" or "patient sample" or "biological sample" generally refers to a sample which may be tested for
expression levels of a particular molecule, preferably a ferroportin molecule, hepcidin molecule or both. Samples may
include but are not limited to, cells, including breast cancer cells, prostate cancer cells and blood cells, biopsy tissue,
frozen samples, formalin fixed paraffin embedded tissue or cell samples, body fluids, including blood, serum, plasma,
nipple aspirates, and the like.

METHODS OF DETERMINING LEVELS OF IRON HOMEOSTASIS ASSOCIATED (IHA) PROTEINS AND NUCLEIC
ACIDS IN CANCER DIAGNOSTIC ASSAYS

[0065] The IHA proteins listed in Table | above, may be used to advantage as biomarkers for predicting clinical
outcomes in cancer patients. For example, complementary nucleic acids or fragments thereof which hybridize to the
molecules listed in Table 1 may be used as probes to detect the presence of and/or expression of nucleic acids encoding
these proteins. Methods in which such nucleic acids may be utilized as probes for such assays include, but are not
limited to: (1) in situ hybridization; (2) Southern hybridization (3) northern hybridization; (4) hybridization based assays
such as those available from Panomics and Highthroughput Genomics; (5) assorted amplification reactions such as
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polymerase chain reactions (PCR), RT-PCR and real time PCR and (6) signal detection based assays such as those
available from Luminex. Additionally, new detection technologies are available which enable analysis of small samples
containing as little as 1.g of total RNA. Using Resonance Light Scattering (RLS) technology, as opposed to traditional
fluorescence techniques, multiple reads can detect low quantities of mMRNAs using biotin labeled hybridized targets and
anti-biotin antibodies. Another alternative to PCR amplification involves planar wave guide technology (PWG) to increase
signal-to-noise ratios and reduce background interference. Both techniques are commercially available from Qiagen
Inc. (USA).

[0066] Antibodies to the IHA proteins listed in Table 1 are commercially available. For example, anti-ferroportin or anti-
hepcidin antibodies or immunologically specific fragments thereof can be used in conventional assays (such as ELISA)
to measure ferroportin and hepcidin levels in tissues and bodily fluids of interest.

[0067] Thus any of the aforementioned techniques may be used to detect or quantify IHA marker expression and
accordingly, diagnose cancer, particularly, breast cancer.

KITS AND ARTICLES OF MANUFACTURE

[0068] Any of the aforementioned products can be incorporated into a kit which may contain polynucleotides which
specifically hybridize to one or more nucleic acids encoding the iron homeostasis associated proteins. Optionally, such
nucleic acids may be immobilized on a Gene Chip. Such kits may also comprise an oligonucleotide, a polypeptide, a
peptide, an antibody, a label, marker, or reporter, a pharmaceutically acceptable carrier, a physiologically acceptable
carrier, instructions for use, a container, a vessel for administration, an assay substrate, or any combination thereof.
[0069] Kits useful for detecting IHA protein levels include, without limitation, antibodies immunologically specific for
any or all of the proteins listed in Table 1. For example, the kit may contain antibodies which bind ferroportin and hepcidin
or fragments thereof, means for detecting any immune complex formed between the antibody and ferroportion or hepcidin
as well as means for quantitating the same. Such antibodies are optionally detectably labeled. Alternatively, a secondary
antibody may be employed which contains a detectable label. The kit may also comprise a solid support such as a dish
or filter and positive controls. Finally, reagents suitable for performance of an ELISA assay may also be included.
[0070] Kits for detection of IHA protein encoding nucleic acids include complementary nucleic acids which specifically
hybridize to IHA protein encoding nucleic acids presentin the biological sample being tested, the nucleic acids comprising
a detectable label to facilitate quantitation of the IHA protein encoding nucleic acids present in the sample. These kits
may also comprise reagents suitable for performance of RT PCR, real time PCR and the appropriate positive and
negative controls.

METHODS OF USING IRON HOMEOSTASIS ASSOCIATED PROTEINS AS TARGETS FOR DEVELOPMENT OF
THERAPEUTIC AGENTS

[0071] Since the proteins described herein have been associated with cancer progression, methods for identifying
agents that modulate the activity of the genes and their encoded products should result in the generation of efficacious
therapeutic agents for the treatment of a variety of malignant diseases.

[0072] The iron homeostasis associated proteins, particularly ferroportin and hepcidin, contain regions which provide
suitable targets for the rational design of therapeutic agents which modulate their activity. Small molecules, including
peptides, antibodies or functional fragments thereof corresponding to these regions may be used to advantage in the
design of therapeutic agents which effectively modulate the activity of the encoded proteins.

[0073] Molecular modeling should facilitate the identification of specific organic molecules with capacity to bind to the
active site of these proteins based on conformation or key amino acid residues required for function. A combinatorial
chemistry approach will be used to identify molecules with greatest activity and then iterations of these molecules will
be developed for further cycles of screening. In certain embodiments, candidate agents can be screening from large
libraries of synthetic or natural compounds. Such compound libraries are commercially available from a number of
companies including but not limited to Maybridge Chemical Co., (Trevillet,Cornwall, UK), Comgenex (Princeton, NJ),
Microsour (New Milford, CT) Aldrich (Milwaukee, WI) Akos Consulting and Solutions GmbH (Basel, Switzerland), Ambin-
ter (Paris, France), Asinex (Moscow, Russia) Aurora (Graz, Austria), BioFocus DPI (Switzerland), Bionet (Camelford,
UK), Chembridge (San Diego, CA), Chem Div (San Diego, CA). The skilled person is aware of other sources and can
readily purchase the same. Once therapeutically efficacious compounds are identified in the screening assays described
herein, they can be formulated in to pharmaceutical compositions and utilized for the treatment of cancer, alone or in
combination with agents typically used to treat cancer.

[0074] The polypeptides or fragments employed in drug screening assays may either be free in solution, affixed to a
solid support or within a cell. One method of drug screening utilizes eukaryotic or prokaryotic host cells which are stably
transformed with recombinant polynucleotides expressing the polypeptide or fragment, preferably in competitive binding
assays. Such cells, either in viable or fixed form, can be used for standard binding assays. One may determine, for
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example, formation of complexes between the polypeptide or fragment and the agent being tested, or examine the
degree to which the formation of a complex between the polypeptide or fragment and a known substrate is interfered
with by the agent being tested. In another approach allosteric modulators of the proteins may be identified.

[0075] The polypeptides or fragments employed in drug screening assays may either be free in solution, affixed to a
solid support or within a cell. One method of drug screening utilizes eukaryotic or prokaryotic host cells which are stably
transformed with recombinant polynucleotides expressing the polypeptide or fragment, preferably in competitive binding
assays. Such cells, either in viable or fixed form, can be used for standard binding assays. One may determine, for
example, formation of complexes between the polypeptide or fragment and the agent being tested, or examine the
degree to which the formation of a complex between the polypeptide or fragment and a known substrate is interfered
with by the agent being tested.

[0076] Anothertechnique fordrug screening provides high throughput screening for compounds having suitable binding
affinity for the encoded polypeptides and is described in detail in Geysen, PCT published application WO 84/03564,
published on Sep. 13, 1984. Briefly stated, large numbers of different, small peptide test compounds, such as those
described above, are synthesized on a solid substrate, such as plastic pins or some other surface. The peptide test
compounds are reacted with the target polypeptide and washed. Bound polypeptide is then detected by methods well
known in the art.

[0077] A further technique for drug screening involves the use of host eukaryotic cell lines or cells (such as described
above) which have a nonfunctional or altered iron homeostasis associated gene. These host cell lines or cells are
defective at the polypeptide level. The host cell lines or cells are grown in the presence of drug compound. The rate of
cellular proliferation and transformation of the host cells is measured to determine if the compound is capable of regulating
the proliferation and transformation of the defective cells.

[0078] Another approach entails the use of phage display libraries engineered to express fragment of the polypeptides
encoded by iron homeostasis associated genes on the phage surface. Such libraries are then contacted with a combi-
natorial chemical library under conditions wherein binding affinity between the expressed peptide and the components
of the chemical library may be detected. US Patents 6,057,098 and 5,965,456 provide methods and apparatus for
performing such assays.

[0079] The goal of rational drug design is to produce structural analogs of biologically active polypeptides of interest
or of small molecules with which they interact (e.g., agonists, antagonists, inhibitors) in order to fashion drugs which are,
for example, more active or stable forms of the polypeptide, or which, e.g., enhance or interfere with the function of a
polypeptide in vivo. See, e.g., Hodgson, (1991) Bio/Technology 9:19-21. In one approach, discussed above, the three-
dimensional structure of a protein of interest or, for example, of the protein-substrate complex, is solved by x-ray crys-
tallography, by nuclear magnetic resonance, by computer modeling or most typically, by a combination of approaches.
Less often, useful information regarding the structure of a polypeptide may be gained by modeling based on the structure
of homologous proteins. An example of rational drug design is the development of HIV protease inhibitors (Erickson et
al., (1990) Science 249:527-533). In addition, peptides may be analyzed by an alanine scan (Wells, (1991) Meth. Enzym.
202:390-411). In this technique, an amino acid residue is replaced by Ala, and its effect on the peptide’s activity is
determined. Each of the amino acid residues of the peptide is analyzed in this manner to determine the important regions
of the peptide.

[0080] It is also possible to isolate a target-specific antibody, selected by a functional assay, and then to solve its
crystal structure. In principle, this approach yields a pharmacore upon which subsequent drug design can be based.
[0081] One can bypass protein crystallography altogether by generating anti-idiotypic antibodies (anti-ids) to a func-
tional, pharmacologically active antibody. As a mirror image of a mirror image, the binding site of the anti-ids would be
expected to be an analog of the original molecule. The anti-id could then be used to identify and isolate peptides from
banks of chemically or biologically produced banks of peptides. Selected peptides would then act as the pharmacore.
[0082] Thus, one may design drugs which have, e.g., improved polypeptide activity or stability or which act as inhibitors,
agonists, antagonists, etc. of polypeptide activity. By virtue of the availability of iron homeostasis associated protein
encoding nucleic acid sequences described herein, sufficientamounts of the encoded polypeptide may be made available
to perform such analytical studies as x-ray crystallography. In addition, the knowledge of the protein sequence provided
herein will guide those employing computer modeling techniques in place of, or in addition to x-ray crystallography.

PHARMACEUTICALS AND PEPTIDE THERAPIES

[0083] The elucidation of the role played by the iron homeostasis associated proteins described herein in cellular
transformation facilitates the development of pharmaceutical compositions useful for treatment and diagnosis of cancer.
These compositions may comprise, in addition to one of the above substances, a pharmaceutically acceptable excipient,
carrier, buffer, stabilizer or other materials well known to those skilled in the art. Such materials should be non-toxic and
should not interfere with the efficacy of the active ingredient. The precise nature of the carrier or other material may
depend on the route of administration, e.g. oral, intravenous, cutaneous or subcutaneous, nasal, intramuscular, intra-
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peritoneal and intratumor routes.

[0084] Whether it is a polypeptide, antibody, peptide, nucleic acid molecule, small molecule or other pharmaceutically
useful compound according to the present invention that is to be given to an individual, administration is preferably in a
"prophylactically effective amount" or a "therapeutically effective amount" (as the case may be, although prophylaxis
may be considered therapy), this being sufficient to show benefit to the individual. Such agents can be administered
alone or in combination with agents typically used to treat cancer.

[0085] The following materials and methods are provided to facilitate the practice of the present invention.

[0086] Cell Culture: Human mammary epithelial (HME) cells were obtained from Lonza (Rockland, ME). HME cells
transduced with h-TERT, SV40 T antigen and high levels of H-ras are termed R5 cells in this report and were a generous
gift from the laboratory of Dr. Robert Weinberg, Boston, MA (14). All cells were maintained at 37°C in a humidified
atmosphere containing 5% CO,. Cells were maintained in Dulbecco’s Minimal Essential (DMEM-F12) medium (Gib-
co/BRL [Grand Island, NY]) supplemented with L-glutamine, 10pg/ml insulin, 10ng/ml human epidermal growth factor,
and 0.5pg/ml hydrocortisone for 24hrs prior to harvest. MCF7 and MCF10A cell lines were obtained from the Wake
Forest University Comprehensive Cancer Center Tissue Culture Core facility. SUM 149 and SUM102 cell lines were a
generous gift of Dr. |. Berquin, Wake Forest University School of Medicine. HepG2 and HelLa cells were obtained from
the ATCC and grown in DMEM media. K562 (from ATCC) was cultured in RPMI-1640 medium. Hepcidin was obtained
from Peptides International, dissolved in water, and added to cells at a final concentration of 300 or 700 nM. Cells were
harvested after 6 hours of treatment.

[0087] Western Blotting: Cells were washed once in phosphate-buffered saline (PBS) and scraped. Whole cellular
protein was extracted with NP-40 lysis buffer (25mM Tris pH 7.4,1% Triton X100,1% SDS,1 % sodium deoxychola-
te,150mM NaCl, 2 wg/ml aprotinin, 1mM PMSF) containing Complete protease inhibitor cocktail (Roche Diagnostics).
Total protein concentrations were determined using BCA reagent (Pierce). Protein samples (10-50 ug) were separated
on 12% gels (SDS-PAGE) and transferred on PVDF membrane (Millipore). Equal loading and transfer were confirmed
by staining the membrane with Ponceau S, as well as incubation with anti-GAPDH antibody (Fitzgerald, Cat # RDI-
TRK5G4-6C5, Concord, MA) followed by goat anti-mouse antibody (Bio-Rad ,Cat # 170-6516, Hercules,CA). Ferritin H
was detected as previously described (49). Ferroportin was detected using anti-ferroportin-1 antibody (MTP-1, Alpha
Diagnostics) followed by horseradish peroxidase conjugated goat anti-rabbit secondary antibody (Bio-Rad). Samples
for ferroportin Western blotting were not heated or reduced. Specificity of the ferroportin band detected by the MTP-1
antibody was demonstrated by co-incubation with 5 pg/ml blocking peptide (MTP11-P, Alpha Diagnostics), which pre-
vented binding (Figure 8C), as well as by Western blotting following transient transfection of HeLa cells with a vector
encoding wildtype (non-fusion) FPN (Figure 8D). In one experiment (Figure 8B), SLC40A1 antibody (ab58695-100,
Abcam) was used in combination with MTP-1 antibody. Prohepcidin was detected using a rabbit polyclonal antibody
(Hepcidin-25 antibody, ab75883, Abcam) followed by horseradish peroxidase conjugated goat anti-rabbit secondary
antibody (Bio-Rad). Supersignal West Pico Chemiluminescent substrate was used for detection (Pierce).

[0088] Measurement of ferroportinmRNA and splice variants -Real time RT-PCR was performed to measure ferroportin
mRNA level in different breast cell lines. PCR reaction was carried out on the ABI Prism 7000 sequence detection system
(Applied Biosystems, Foster City, CA). The standard curve method was chosen for quantification. Total RNA was isolated
using TRIzol reagent (Invitrogen), according to the manufacturer’s instructions. 30 png of RNA was treated with 40 units
of DNase | (Promega) for 30 min at 37 °C. RNA was then purified using a RNeasy Mini kit(Qiagen) following the
manufacturer’s protocol. Oligo(dT) primer was used in cDNA synthesis. Briefly, 800 ng of RNA was reverse transcribed
in a total volume of 50 pl with a reverse transcription reagents kit (Applied Biosystems). To make a standard curve,
serial dilutions of RNA from one sample were added to the RT reaction. Aliquots (3.5 wl) of cDNA were added to a 31.5-
wl reaction mixture containing 17.5 pl of 2X SYBR® Green PCR Master Mix (Fermentas) and 400 nm primers. Absence
of DNA contamination was confirmed by performing PCR from cDNA without reverse transcriptase. The primers for PCR
were designed with IDT PrimerQuest software (Integrated DNA Technologies, Inc.); for ferroportin, forward, 5'- AC-
CTCGCTGGTGGTACAGAATGTT-3 (SEQ ID NO: 1), and reverse, ’AGCAGGAAGTGAGAACCCATCCAT- 3’ (SEQ
ID NO: 2); for GAPDH, forward, 5- GAAGGTGAAGGTCGGAGTC-3’ (SEQ ID NO: 3), and reverse, 5- GAAGATGGT-
GATGGGATTTC -3’ (SEQ ID NO: 4). To determine whether multiple alternative transcripts of ferroportin are expressed
in breast cells, PCR was performed using primers specific to each potential transcript variant. The cDNA used in PCR
was same as above. PCR products after 38 amplification cycles were run on an agarose gel. The primers used in
detecting ferroportin various splices are listed as below. For variant |: forward, 5- AGGCTTTGCCTTTCCAACTTCAGC
-3 (SEQ ID NO: 5), and reverse, 5-AACAGGAGTGCAAGGAACTGGAGA-3' (SEQ ID NO: 6). The predicted size of
variant | PCR product is 171bp. For variant IIA and variant IIB: forward, 5-GTGTGGCATCTGGTTGGAGTTTCA -3’
(SEQIDNO: 7), and reverse, 5-AACAGGAGTGCAAGGAACTGGAGA -3’ (SEQ ID NO: 8). The predicted size of variant
IIA and variant 1IB PCR product is 293bp and 99bp. For variant lll: forward, 5-CTTTGTCCTGGTGAGCACATCTGA -3’
(SEQ ID NO: 9), and reverse, 5-ATCCTCTCTGGCGGTTGTGATCT- 3’ (SEQ ID NO: 10). The predicted size of variant
Il PCR product is 194bp. To determine whether hepcidin mRNA is expressed in breast cancer cells, RT-PCR was
performed and PCR products after 38 amplification cycles were run on an agraose gel. The primers used in PCR to
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detect hepcidin are:forward,5-CTGCAACCCCAGGACAGAG-3’ (SEQ ID NO: 11), and reverse, 5-GGAATAAATAAG-
GAAGGGAGGGG-3' (SEQ ID NO: 12).

[0089] Tissue Array Staining: Studies on human tissue specimens were conducted with approval from the Wake Forest
University Health Sciences institutional review board. Construction of the breast tissue microarray (TMA) has been
described previously (50). Briefly, hemotoxylin-eosin (H&E) sections of paraffin-embedded blocks were used to define
tumor areas for core sampling. Two 1-mm cores from each patient were cut at multiple levels and placed into eight 60
x 10-mm TMAs by TriPath Imaging, Inc. (Burlington, NC). Slides were placed in a 100°C oven for 20 min, cooled, de-
paraffinized, and rehydrated through xylene and graded ethanol solutions to water. Antigen retrieval was performed
using 0.05% citraconic anhydride (Aldrich) pH 6.1 for 1 hour at 98°C. Slides were treated with 100 p.L of Dual Endogenous
Enzyme Block (Dako) for 5 minutes and then rinsed with distilled water. The sections were then treated with 100 pL of
a 1:50 dilution (20 pg/mL diluted in Dako antibody diluent) of MTP-1 (Ferroportin-1) antibody (Alpha Diagnostics, Intl.)
for 30 minutes. Following a rinse with distilled water, 100 pL of EnVisionTM+ (Dual Link reagent) secondary antibody
(Dako) was applied for 30 minutes and then rinsed. The antigen was visualized with 100 p.L of diaminobenzidine chro-
mogenic substrate (1drop diluted in 1mL of distilled water, Dako) for 10 minutes, rinsed, and counterstained with hema-
toxylin for 2 minutes. The negative control slides were treated in an identical manner except that the primary antibody
was omitted. Semi-quantitative analysis of staining intensity was performed as previously described (50) by two inde-
pendent blinded observers, with 0 representing low or undetectable staining; 1 representing intermediate staining; and
2 representing intense staining.

[0090] Labile iron pool Assay: The cellular labile iron pool (LIP) was measured with the fluorescent metallosensor
calcein, essentially as described (20). Calcein acetoxymethyl ester (CA-AM) was obtained from Molecular Probes (Eu-
gene, Oregon). The iron chelator, isonicotinoyl salicylaldehyde hydrazone (SIH) (a gift from Dr. P. Ponka, Lady Davis
Institute for Medical Research, Montreal,Canada) was prepared as a 50 mM stock solution in dimethyl sulfoxide (DMSO).
Briefly, 25,000 - 50,000 cells were cultured in 96-well plates in F12 medium supplemented with 10 ng/ml EGF, 10 p.g/ml
insulin, and 0.5 n.g/ml hydrocortisone overnight. Cells were washed with phenol red-free DMEM, loaded with 1 to 2 uM
CA-AM for 15 to 30 minutes at 37°C, then washed with PBS. 100 wM starch-conjugated desferrioxamine (DFO; a
generous gift of Biomedical Frontiers, Inc., Minneapolis, MN) was added to cells to remove extracellulariron. Fluorescence
was measured at 485 nm excitation and 535nm emission with a fluorescence plate reader (fmax Fluorescence Microplate
Reader, Molecular Devices). After the fluorescence signal was stabilized, SIH was added to remove iron from calcein,
causing dequenching. The change in fluorescence following the addition of SIH (AF) was used as a measure of the
labile iron pool.

[0091] Transfection and isolation of ferroportin expressing breast cancer cells. An expression vector encoding a func-
tional ferroportin-GFP fusion protein was obtained as a generous gift from Dr. Jerry Kaplan (University of Utah) (8). The
ferroportin-GFP cassette was amplified by PCR and subcloned into a lentiviral vector carrying a puromycin resistance
marker (gift of Guangchao Sui, Wake Forest University Health Sciences). Plasmids were subsequently purified and
sequenced. Lentivirus particles were produced by transient co-transfection of the FPN expression vector and packaging
vectors (VSVG, pMDLG, and RSV-REV) into 293T cells (51, 52). Viral particles containing control empty vector were
prepared similarly. Lentivirus was harvested after 48 hours and used to infect the MDA-MB-231-luc-D3H2LN human
breast cancer cell line (Caliper Life Sciences, Hopkinton, MA). Cells were cultured in Eagle’s Minimum Essential Medium
supplemented with 10% fetal bovine serum, and 1% penicillin-streptomycin (all from Gibco/Invitrogen, Carlsbad, CA) at
37°C in a humidified atmosphere containing 5% carbon dioxide. 8 hours after infection, 0.8.g/ml puromycin was added
to the medium and single clones selected. Stable clones were maintained in medium containing 0.4p.g/ml puromycin.
Ferroportin expression in transfected cells was localized to the plasma membrane, as expected (not shown). For transient
transfections, the ferroportin cDNA cassette without the GFP tag was amplified and cloned into the same lentiviral vector.
Transfections were performed using Fugene 6 (Roche applied biosciences) and cells were harvested 24 hours after
transfection.

[0092] Monitoring of tumor growth in vivo. Female athymic nude mice were purchased through the National Cancer
Institute Animal Production Program (Frederick, MD). Animals were housed in a pathogen-free facility with 12-h light/dark
cycles and received a standard laboratory chow diet. All animal procedures were approved by the Wake Forest University
School of Medicine Animal Care and Use Committee. Mice (approximately 10 weeks of age) were anesthetized by
isoflurane inhalation (2% induction, 1-2% maintenance) and injected with 60 pl of 2 x 106 MDAMB-231-luc-D3H2LN-
FPN cells or MDA-MB-231-luc-D3H2LN-vector cells suspended in 50% Matrigel/50% DPBS (Dulbecco’s Phosphate
Buffered Saline [(Invitrogen, Carlsbad, CA, USA]) into the 4th inguinal mammary fat pad. The rate of tumor "take"
(successfully implanted tumors) ranged from approximately 70 to 90%. Tumor growth was monitored weekly by biolu-
minescent imaging in a subset of animals. Bioluminescent imaging was performed with a cooled CCD camera mounted
in a light-tight specimen box (IVIS™; Caliper Life Sciences). Before imaging, animals were given the substrate D-luciferin
by intraperitoneal injection at 300 mg/kg in DPBS, and anesthetized (1-3% isoflurane) in a plastic induction chamber.
Mice were then placed onto the warmed stage inside the light-tight camera box with continuous exposure to 1-2%
isoflurane. Images were acquired between 10-20 minutes post-luciferin administration, and were imaged at 1 min, 8 bin,
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and 20 cm field of view, for a series of 8 images at 2 minute intervals. Generally, four to five mice were imaged at a time.
Light emitted from the bioluminescent tumors was detected by the IVIS™ camera system, integrated, digitized, and
displayed. Imaging and quantification of signals were controlled by the acquisition and analysis software Living Image®
(Caliper Life Sciences). Regions of interest from displayed images were identified around the tumor sites and were
quantified as total flux or photons/second using Living Image® software (Caliper Life Sciences). Background biolumi-
nescence was in the region 1-2 X 105 photons/second. Tumors were excised and weighed at the termination of the study.
[0093] Ferrroportin-1 Immunohistochemistry. Tissue was obtained as surgical biopsy specimen from a 78 year old
female diagnosed with invasive ductal carcinoma. Antigen retrieval was performed on paraffin-embedded tissue using
0.05% citraconic anhydride (Aldrich, Milwaukee, WI) pH 6.1 for 1 hour at 98°C. Slides were treated with 100 L of Dual
Endogenous Enzyme Block (Dako, Carpinteria, Calif) for 5 minutes, rinsed with distilled water, and then incubated with
100 pL of 20ug/mL of anti-MTP-1 (Ferroportin-1) antibody (Alpha Diagnostics, Intl., San Antonio, TX) for 30 minutes.
Following arinse with distilled water, 100 p.L of EnVisionTM+ (Dual Link reagent) secondary antibody (Dako) was applied
for 30 minutes and then rinsed. The antigen was visualized following incubation with diaminobenzidine chromogenic
substrate (Dako) diluted according to the manufacturer’s instructions for 10 minutes. Slides were counterstained with
hematoxylin. The negative control slides were treated in an identical manner except that the primary antibody was omitted.
[0094] Microarray Datasets. Correlations between ferroportin expression in primary breast tumors and metastatic
recurrence in patients were assessed using gene expression profiles from publicly accessible microarray datasets: (1)
the Norway/Stanford study(23) (genomewww. stanford.edu/breast_cancer/mopo_clinical/data.shtml); (2) the Nether-
lands Cancer Institute (NKI) study(24) (www.rii.com/publications/2002/nejm.html); (3) the Uppsala study(25) (Gene Ex-
pression Omnibus (GEO) accession GSE3494); and (4) the Stockholm study(27) (GEO accession GSE1456). For
analyzing ferroportin and hepcidin interactions, two large combined multi-institutional cohorts were utilized. The first
consists of 3 population-based cohorts totaling 504 breast cancer cases annotated for clinical follow-up: Uppsala
(GSE3494)(25), Stockholm(21) (GSE1456), and Singapore(53, 54)(GSE4922). In this instance, each cohort represents
an unselected population of patients exhibiting a diverse range of breast cancer phenotypes, and each was profiled on
both the Affymetrix U133A and U133B microarray platforms. The ferroportin microarray probeset (233123_at) is found
only on the U133B Genechip, while the hepcidin probeset (220491_at) is found exclusively on the U133A Genechip.
This cohort allowed us to investigate the prognostic interaction between ferroportin and hepcidin in unselected patient
populations. The second large combined cohort, unlike the first, consists exclusively of ER+ breast cancer cases (n=518)
derived from both unselected and selected patient populations: Uppsala (GSE3494)(25), Stockholm(271) (GSE1456),
Singapore (53, 54) (GSE4922), and Oxford (55) (GSE6532). The Oxford collection is a selected cohort comprised of
only ER+ breast cancer cases treated by adjuvant tamoxifen monotherapy (55). The purpose of this combined cohort
was to allow a subset analysis of ER+ breast cancer cases uniformly treated with adjuvant hormonal therapy without
chemotherapy (n=276; Figure 13B).

[0095] Statistical Analyses. Statistical analyses were performed in the core biostatistical facility of the Comprehensive
Cancer Center of WFU by a statistician (RD). The significance of LIP values in cancer and non-cancer cells was assessed
using t-tests. The significance of ferroportin in breast cancer versus normal breast epithelial tissue was calculated using
Fisher's exact test.

[0096] The significance of ferroportin in tumor growth was calculated using a 2-way repeated measures analysis of
variance where group, time and the group by time interaction were included in the model.

[0097] The significance of ferroportin and/or hepcidin expression in 10-year distant metastasis-free survival was cal-
culated by the Kaplan-Meier method. Cases of primary synchronous bilateral breast cancer were censored for event at
date of last follow-up with disease-free diagnosis. For each breast cancer cohort, cases were stratified into two groups
based on an indicator variable for above/below the mean ferroportin level. The log-rank test was then used to determine
whether ferroportin (above/below the mean) was a significant predictor of time to event. To test the validity of the mean
as a cutoff for ferroportin and hepcidin, we examined a range of expression level thresholds. Although in some studies
we were able to identify cutoffs that provided slightly greater statistical associations with metastasis-free survival than
the mean (such as the median or quartile partitioning), the associations were generally robust and comparable to that
of the mean.

[0098] Cox proportional hazards regression models were used to examine the significance of ferroportin plus hepcidin
expression in the presence of established prognostic factors used in current clinical practice: age, grade, tumor size,
lymph-node status, and ER-status (HER2 levels by immunohistochemistry or fluorescent in situ hybridization were not
reported in any of the published studies used in our analysis). The significance of ferroportin in breast cancer molecular
subtypes was determined using a one-way analysis of variance (ANOVA) model to compare the five groups (Basal,
ERBB2, LumA, LumB, and Normal), and found to be highly significant (p<0.0001). Pairwise comparisons were then
made among groups using t-tests within the ANOVA framework.

[0099] The following examples are provided to illustrate certain embodiments of the invention.
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Example |
Ferroportin and Hepcidin in Cancer Prognosis and Therapy

[0100] In accordance with the present invention, ferroportin has been identified as both a pivotal protein in breast
biology and a strong and independent predictor of prognosis in breast cancer patients. This finding provides the clinician
with guidance as to which treatment protocol to pursue.

Ferroportin is decreased in breast cancer epithelial cells compared to breast cells with limited or no malignant
potential.

[0101] To explore whether ferroportin is present in normal human breast epithelial cells and whether its levels are
altered in breast cancer, we compared ferroportin protein levels in three breast cell types with no or low malignant
potential to their more malignant counterparts: (1) primary normal human mammary epithelial cells (HME) and tumor-
forming variants of these cells derived by sequential transformation of HME cells with the catalytic subunit of telomerase,
SV40 T antigen, and high levels of oncogenic H-ras(74) (termed R5 cells in this manuscript); (2) MCF10A cells, spon-
taneously immortalized diploid cells obtained from reduction mammoplasty (75) and MCF7(16), a breast cancer cell line
established from a pleural effusion in a patient with metastatic breast cancer; (3) SUM102 cells, breast epithelial cells
with anormal karyotype isolated from early stage breast cancer(77)and SUM149, a cell line developed from an aggressive
inflammatory breast cancer(78). As seen in Figure 1A, ferroportin protein levels were reduced in all aggressive breast
cancer cell lines when compared to their counterparts with no or low malignant potential.

Ferroportin reduction in breast cancer cells is associated with an increase in labile iron.

[0102] Cell growth is tightly linked to metabolically available iron, also termed the labile iron pool (LIP) (79). Multiple
factors influence the LIP, including iron import and iron export(79). In particular, ferroportin-mediated iron efflux reduces
levels of cellular iron, as measured by levels of ferritin(8). This pathway is preserved in breast cancer cells, since
transfection of MDA-MB-231 breast cancer cells with a ferroportin expression vector similarly decreases ferritin (Figure
2). Thus a decrease in ferroportin such as that observed in breast cancer cells might be expected to increase metabolically
available iron. To test whether the decrease in ferroportin that we observed in breast cancer cells was associated with
an increase in labile iron, we directly measured the LIP in normal breast epithelial cells and fully transformed breast
cancer cells. As shown in Figure 1B, the low levels of ferroportin protein expressed in breast cancer cells were indeed
associated with higher levels of the LIP, suggesting that variations in ferroportin expression have functional consequences
in cellular iron homeostasis.

Hepcidin is expressed and regulates ferroportin in breast cells.

[0103] To assess mechanisms underlying the reduction in ferroportin in breast cancer cells, we performed RT-PCR
analysis of ferroportin mMRNA. Consistent with Western blot analysis, ferroportin levels were lower in malignant R5 and
MCF7 cells when compared to non-malignant HME and MCF10A cells (Figure 4A). However, ferroportin mRNA levels
were lower in non-malignant SUM 102 cells when compared to SUM 149 breast cancer cells (Figure 4A). No ferroportin
splice variants were detected (Figure 4B). These results suggested that non-transcriptional mechanisms might also
contribute to observed ferroportin protein levels. In addition to transcriptional regulation, ferroportin is post-translationally
regulated by hepcidin-mediated degradation of the ferroportin protein. This regulatory axis has been elucidated in cell
types responsible for control of systemic iron, such as the enterocyte, macrophage and hepatocyte(73). To test whether
hepcidin was produced by breast epithelial cells and whether this mechanism of post-transcriptional control might con-
tribute to regulation of ferroportin protein levels in breast cells, we used RT-PCR and Western blotting to measure levels
of prohepcidin mRNA and protein in breast cells. As shown in Figure 3A and Figure 6, prohepcidin mRNA and protein
were detectable in normal breast epithelial cells and in all cancer cell lines tested. Notably, levels of prohepcidin protein
were higher in all breast cancer cells when compared to non-malignant breast cells (Figure 3A). As has previously been
observed in other cell types(8), hepcidin-mediated degradation of ferroportin was associated with increased labile iron
and an increase in ferritin in breast cells (Figure 3B,C). Since ferroportin expressed in breast epithelial cells can be
degraded in response to treatment with exogenous hepcidin (Figure 3D), these results suggest that both transcriptional
and post-transcriptional mechanisms contribute to the decrease in ferroportin levels in breast cancer cells when compared
to their non-malignant counterparts.
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Increased levels of ferroportin reduce breast tumor growth in mice.

[0104] To explore the mechanism by which ferroportin affects the behavior of breast cancer cells in vivo, and to address
whether alterations in ferroportin drive or simply correlate with a more aggressive breast cancer phenotype, we transfected
human MDA-MB-231-/uc cells, which express low levels of ferroportin (Figure 8A), with an expression vector for ferroportin
or with a control empty vector. Stable clonal transfectants were isolated. Transfection restored ferroportin protein levels
to levels somewhat greater than those seen in non-malignant human mammary epithelial cells (Figure 8B). Female nude
mice were injected orthotopically in the mammary fat pad with control or transfected cells, and tumor growth was mon-
itored. As shown in Figure 5A, expression of ferroportin decreased final tumor weights as well as the rate of tumor growth
(Figure 5B and 5C). Thus, ferroportin overexpression reduces growth of breast cancer in vivo.

Ferroportin is decreased in breast cancer tissue.

[0105] To test whether ferroportin levels were also modulated in the tissue of breast cancer patients, we performed
immunohistochemical staining. Figures 7A-7C show a representative image of tissue derived from a single patient that
contains areas of normal epithelium (A), ductal carcinoma in situ (B), and invasive breast cancer (C) within the same
section. The intensity of staining decreases with increasing malignant potential, with highest expression in normal ductal
structures and lowest expression in invasive tissue. Immunohistochemical staining of tissue from an additional 4 patients
revealed a similar trend (Figure 10).

[0106] To confirm the generality of the decrease in ferroportin expression in human breast cancer, tissue microarrays
containing 154 samples of breast tissue from breast cancer patients and 6 samples from normal breast were stained
with anti-ferroportin antibody and scored Semi-quantitatively by two independent blinded observers on a scale of 0-2,
with 0 representing low or undetectable staining and 2 representing intense staining. As shown in Figure 7D, the overall
intensity of staining in the normal samples was higher than that of the cancer samples (1.63 = 0.5 as compared to 0.96
+ 0.5inthe cancer samples (mean = S.D., p=0.001). Even more strikingly, 70% of normal samples received the highest
staining intensity score, whereas only 9% of the cancer samples received this score (p=0.0015, Fisher’s exact test)
(Figure 7E).

[0107] Conversely, staining in 52% of the cancer samples scored less than 1.0; this low level of staining intensity was
seen in none of the normal samples (p=0.028, Fisher’s Exact Test) (Figure 7F). Thus, ferroportin protein levels are
reduced in human breast cancer tissue as well as in breast cancer cell lines.

Breast cancer molecular subtypes differ in ferroportin expression.

[0108] Using hierarchical clustering of microarray expression data, Sorlie et al. (20) classified breast cancers into
molecular subtypes with significant outcome differences: normal, luminal A, ERBB2+, luminal B, and basal. We tested
whether these breast cancer subtypes differed in ferroportin gene expression. Tumors in a cohort of 251 consecutive
breast cancer patients from Uppsala, Sweden(27) were assigned molecular subtypes(22) according to computed cor-
relations with subtype centroids. As shown in Figure 9A, lower ferroportin expression was observed in the basal, LumB
and ERBB2+ subtypes (poorer prognosis), and higher expression was seen in the normal and LumA subtypes (better
prognosis). Differences between expression of ferroportin in subtypes with good prognosis (normal and LumA) and
subtypes with poorer prognosis (ERBB2+, LumB, basal) were all statistically significant (Figure 9A). Low ferroportin was
also significantly associated with classical prognostic indicators of poor outcome, including high histologic grade (p<
0.0009), absence of estrogen receptor (p<0.0001), and spread of disease to lymph nodes (p<0.027) (Figure 9B-D).
Thus, lower ferroportin gene expression is associated with poor prognosis molecular and clinical subtypes.

Ferroportin expression predicts clinical outcome in breast cancer.

[0109] The remarkably consistent decrease in ferroportin protein levels in malignant breast tissue and the association
of decreased ferroportin gene expression with molecular subtypes of breast cancer with poor prognosis led us to ask
whether ferroportin levels were related to breast cancer outcome. To perform this analysis, we leveraged four large
patient cohorts with accompanying gene expression profiling data from studies of breast cancer patients with extensive
clinical follow-up. These represent four of the largest datasets in the public domain for which microarray profiles as well
as long-term patient outcomes are available: (1) 103 patients from the Norway/Stanford study of response to chemo-
therapy of locally advanced cancer (23); (2) 295 consecutive breast cancer patients from the Netherlands Cancer Institute
(NKI)(24); (3) 251 consecutive breast cancer patients from Uppsala, Sweden(25); and (4) 159 surgically resected breast
cancer patients from the Karolinska Institute in Stockholm Sweden(27). Patient outcomes measured in these studies
were either disease-specific survival (death due to breast cancer) or distant metastasis-free survival (recurrence of
cancer at a distant organ site). In each study, we calculated a mean level of ferroportin gene expression. Patient samples
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with levels of ferroportin expression at or above this cutoff were classified as high expressors, and those below were
classified as low expressors. Distant metastasis-free survival (DMFS) or disease-specific survival (DSS) of high versus
low ferroportin expressors was analyzed using Kaplan-Meier survival analysis.

[0110] As seen in Figure 11A-D, in all four studies, low ferroportin gene expression was associated with a statistically
significant and clinically substantial reduction in metastasis-free survival (p value from log rank test = 0.003 (Norway/Stan-
ford); 0.0006 (NKI); 0.036 (Uppsala); 0.007 (Stockholm). The most dramatic effect was seen for the Norway/Stanford
study, where the 4- year disease-free survival rates were separated by over 30% (77% for those with high ferroportin
compared to 43% for those with low ferroportin). The other three studies showed comparable metastasis-free survival
benefits for high ferroportin (89% vs 65% for NKI; 90% vs 76% for Uppsala; and 91% vs 79% for Stockholm).

Hepcidin expression provides incremental predictive value to measures of ferroportin in breast cancer patients.

[0111] Hepcidin-mediated post-translational modulation of ferroportin activity is not directly assessable through gene
expression analysis. However, because protein-level inhibition of ferroportin is linked to high mRNA expression of hepcidin
(26), and hepcidin is expressed in breast cells (Figure 3 and 6), we examined the relationship between hepcidin gene
expression, ferroportin gene expression, and disease outcome in breast cancer patients. We selected for this analysis
a combined population-based (unselected) cohort in which all patients (n=504) had been studied using a microarray
platform containing probesets for both ferroportin and hepcidin (Affymetrix U133A/B). This included the Uppsala and
Stockholm cohorts analyzed in Figure 11 and an additional cohort from Singapore (see Materials and Methods). This
dataset was used because not all the datasets we previously analyzed for ferroportin included information on hepcidin
expression. As seen in Figure 12, signal intensity for hepcidin was substantially above the negative control and roughly
comparable to that of other genes with roles in breast cancer, such as HER2/neu, ER alpha, VEGF, BRCA1 and Ki-67,
confirming the expression of hepcidin in breast tumor tissue.

[0112] AsshowninFigure 13 (panels 1 and 2), ferroportin remains highly significantin this combined cohort (P=0.0004).
Breast tumor hepcidin mRNA is of borderline significance as a prognostic marker by itself (P=0.06). However, in the
presence of high ferroportin (Figure 13A, panel 3), hepcidin expression confers highly statistically significant prognostic
resolution (P=0.001), with the combination of low hepcidin and high ferroportin having 95% 5-year and 91% 10-year
distant metastasis-free survival. Conversely, high ferroportin together with high hepcidin gene expression identifies a
patient population with poor prognosis comparable to that of low ferroportin. As predicted from the iron biology, in the
presence of low ferroportin (Figure 13A, panel 4), differential hepcidin expression adds no additional prognostic value
(P=0.73), (i.e., if little to no ferroportin is made, its post-translational regulation should have little prognostic consequence).
[0113] To further assess the prognostic value of ferroportin plus hepcidin gene expression, we used step-wise Cox
proportional hazards regression to determine whether ferroportin plus hepcidin expression is an independent predictor
of metastasis-free survival after allowing for other conventional prognostic variables (lymph node status, tumor size,
grade, age, ER status) to be considered as covariates. As shown in Table 2, high ferroportin, low hepcidin remained a
significant and independent predictor of metastasis-free survival even in the presence of other traditional risk factors
(p=0.003). These results indicate that assessment of ferroportin and hepcidin expression provides additional prognostic
power beyond that which can be obtained with conventional clinical prognostic factors.

Table 2: Ferroportin predicts outcome in multivariate

analysis
Variable p-value
Hi FP/Low HAMP 0.003
Age 0.312
Size 0.043
Grade 0.018
ER status 0.660
LN status 0.001

[0114] Given the ability of combined ferroportin plus hepcidin mRNA expression to identify a population of breast
cancer patients with a 10-year metastasis-free survival rate 0f>90%, we sought to further define a clinical context in
which this interaction might be useful in therapeutic decision making. ER+ breast cancer is one such context, because
identifying patients who benefit from tamoxifen alone versus those who will require more aggressive combined tamoxifen
+ chemotherapy remains a considerable prognostic challenge. Thus, we assembled a curated collection of ER+ breast
tumor expression profiles for which treatment/outcome data and microarray expression measurements inclusive of
ferroportin and hepcidin were publicly available. From this collection of 518 patients (see Methods) we selected a
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subgroup of 276 who had all received similar therapy (adjuvant tamoxifen monotherapy). Forty-one percent of the patients
in this group were lymph node positive. As shown in Figure 13B, the high ferroportin-low hepcidin expressors (n=76)
demonstrated a significantly better metastasis-free survivalrate (93% at5 years, 89% at 10 years; P=0.0005) as compared
to the remaining population (76% at 5 years, 65% at 10 years).

[0115] As described above, we have demonstrated the importance of two iron regulatory proteins, ferroportin and
hepcidin, in breast cancer. We showed that FP expression is reduced in breast cancer cells. We also showed that FP
and its regulator HAMP are strongly correlated with breast cancer survival. Tumors with high levels of FP and low levels
of HAMP have significantly improved distant metastasis free survival (DMFS).

[0116] Our studies have revealed additional IHA proteins whose expression levels can be correlated with breast cancer
outcomes. These include, dCytB, TFR, and LTF. The discovery that FP and HAMP are highly correlated with breast
cancer survival prompted us to investigate the impact of other genes involved in iron metabolism on breast cancer
outcomes. We assembled a group of 46 genes based on the iron network devised by Hower et al. Tumors were randomly
divided into training and testing groups limiting our analysis to those tumors with at least 5 years of survival data. Using
BRB array tools, Cox-regression analysis was performed and genes correlated with survival were identified. The genes
most significantly correlated with survival were duodenal cytochrome B reductase (dCytB), lactotransferrin (LTF) and
transferrin receptor (TFR). Consistent with the results presented above, FB was also highly correlated with survival, and
HAMP was only significant in the context of FP expression.

High expression of dCytB, high expression of LTF, and low expression of TFR1 are each correlated with increased
survival

[0117] Since we identified these iron genes using different microarray data than previously used in Torti et al., we first
confirmed the previously defined associated between FP and HAMP in breast cancer. Using expression levels divided
on the mean, tumors were separated based on FP and HAMP expression, and the association with survival examined.
As seen in Figure 13, tumors with high FP expression and low HAMP expression had a significantly higher 10-year
DMFS when compared to tumors with alternate FP/HAMP expression profiles. This supports our previous study and
increases evidence that high FP and low HAMP expression is associated with improved survival in breast cancer.
[0118] We then focused on the genes newly identified by Cox-regression analysis as significantly correlated with
survival. dCytB is a newly identified gene associated with iron metabolism. It is a ferric reductase primarily expressed
in duodenal enterocytes and plays a role in reducing iron to facilitate iron uptake into the enterocyte. Transferrin receptor
is a well known transmembrane receptor that binds transferrin and facilitates the import of iron into cells. Transferrin
receptor levels are regulated by intracellular iron levels--decreased intracellular iron leads to an increase in TFR expres-
sion. Lactotransferrin is a secreted iron binding protein which stores extracellular iron and thereby prevents iron usage
by microorganisms and other pathogens. Increased levels of lactotransferrin lead to a decrease in the amount of free
or usable iron. Expression levels of these genes were robust and comparable to other genes important in breast cells,
such as ER alpha, and Ki67.

[0119] We examined each of these genes individually to determine in what way expression influenced survival. Tumors
were divided into high or low expression based on mean expression level (high expression was defined as equal to or
above the mean, low expression was defined as below the mean). Figure 14A shows Kaplan-Myer survival curves of
patients with tumors in the high and low dCytB expression groups. High expression of dCytB was significantly associated
with increased 10-year DMFS (84% DMFS in the high expression group, 66% DMFS in the low expression group,
p<0.001). This indicates that the expression of dCytB conveys a survival advantage, while low levels are correlated with
poor survival. We then examined the effect of lactotransferrin expression on survival using a similar strategy. As shown
in Figure 14B, high expression of LTF was associated with a significant increase in 10-year DMFS (80%) as compared
with the low LTF expression group (68%), p<0.001. This demonstrates that high levels of LTF are also linked to good
breast cancer outcomes. Finally we tested the association between transferrin receptor and survival. In opposition to
dCytB and LTF, low levels of TFR are associated with good survival while high levels of TFR are associated with poorer
survival. The low TFR expression group had a 10-year DMFS of 79% while the high TFR expression group had a 10-
year DMFS of 70%, p=0.012.

Combined analysis of dCytB, LTR, and TFR provides incremental information in defining favorable vs poor
survival groups

[0120] Sinceeachofthese genes was independently associated with survival, we tested whether the combined analysis
of all three genes would convey additional prognostic information. Since dCytB and LTF expression are positively
correlated with survival and TFR is negatively correlated with survival, we divided the tumors into groups that demon-
strated high dCYtB expression + high LTF expression + low TFR expression levels (based on mean expression levels
of the individual genes) and low dCytB expression + low LTF expression + high TFR expression levels.
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[0121] Figure 14C demonstrates the result of this analysis. The combination of dCytB, LTF and TFR expression
significantly differentiated good vs poor outcome breast cancer patients (p<0.001). 10-year DMFS in patients exhibiting
the combination of high dCytB, high LFT and low TFR expression was 89%. This 10-year DMFS is greater than that
seen in either the dCytB or LTF or TFR individual good outcome groups. Conversely, the combination of low dCytB, low
LFT and high TFR expression produced a poor outcome group with a 10-year DMFS of 62%, which was worse than
that seen in either the dCytB or LTF or TFR individual poor outcome groups. The combined analysis of all three genes
provided a statistically significant advantage in differentiating good vs poor outcome patients vs analysis of each gene
individually.

The FP/HAMP gene signature and dCytB, LTF and TFR gene signature define different populations of tumors

[0122] These results identified two different iron gene expression profiles associated with good breast cancer survival:
(1) high FP with low HAMP expression; and (2) high dCytB, high LTF and low TFR expression. We next asked whether
these classifiers identified the same or different patients. For this analysis we compared the identity of all patients with
"good" outcomes by either expression profile (i.e. those tumors contained either in the high FP with low HAMP expression
group or in the high dCytB, high LTF, low TFR expression group, total n=317). As seen in Fig. 14D, only one third of the
patients (n=69) exhibited both signatures. The remaining tumors were unique to either the high FP, low HAMP group
(n=152) or the high dCytB, high LTF, low TFR group (n=96). Thus while there is some overlap in the tumors identified
by the two different iron gene expression profiles, the majority are uniquely identified by each expression profile, sug-
gesting that the expression profiles identify different groups of patients.

dCytB, LTF, TFR expression is able to further separate tumors initially characterized by FP, HAMP expression

[0123] Because the two iron gene expression profiles were largely non-redundant, we asked whether they could be
combined to provide additional prognostic information. Specifically, we queried whether we could use the dCytB/LTF/TFR
signature to identify patients with good prognosis among those who had been classified as poor prognosis using the
FP/ HAMP gene signature. We selected all patients in the "poor" FP/HAMP group (defined as those that did not have
high FP with low HAMP expression) and divided them according to their expression of dCytB, LTF and TFR. Figure 14E
shows the Kaplan-Myer survival curve of this "poor" FP/HAMP group divided into a "good" dCytB, LFT, TFR group (high
dCytB, high LFT, low TFR expression) and a "poor" dCytB, LTF, TFR group (low dCytB, low LTF, high TFR expression).
The good dCytB, LTF, TFR group demonstrated an excellent 10-year DMFS of 90% and the poor dCytB, LTF, TFR
group demonstrated a 10-year DMFS of 61%. When this is compared to the survival of the group as a whole (10-year
DMFS 70%), it is clear that applying the dCytB, LTF, TFR gene expression profile was able to identify a subpopulation
of patients with excellent survival among those predicted to have poor survival based on FP/HAMP. Thus the
dCytB/LTF/TFR gene expression profile significantly improves the ability of FP/HAMP gene expression profile to predict
DMFS of breast cancer patients.

Characteristics of tumors that fall into good and poor outcome groups

[0124] Having identified two different iron gene expression profiles that predict DMFS of breast cancer patients, we
next assessed the characteristics of patients that fall into these groups. We divided all patients into the following outcome
groups: (1) patients with good FP/HAMP expression profile (high FP low HAMP expression); (2) patients with good
dCytB/LTF/TFR expression profile (high dCytB, high LTF, low TFR expression); (3) patients that fall into both good
expression profiles; (4) all remaining patients (poor outcome). The lymph node, ER status, grade, and therapy of these
patient groups was then assessed. The lymph node status, estrogen receptor status, tumor grade and treatment type
across all good outcome groups were very similar. All three groups with a favorable prognostic signature had a similar
proportion of LN + patients, ER + patients, grade distribution and treatment. When compared to the entire population,
the good outcome groups had a slightly higher proportion of LN + and ER + patients and a significantly larger proportion
of grade 1 tumors. The poor outcome group had a slightly lower proportion of LN + and ER + patients and a significantly
higher proportion of grade 3 tumors. The difference in tumor grade suggests that good iron gene expression profiles
identify a group of tumors that are less aggressive while poor iron gene profiles identify a more aggressive group of
tumors. Further, traditional markers associated with outcome such as LN status and ER status are only marginally
different.

Genetic signature predictive of low, intermediate and high risk of metastasis.

[0125] To further characterize iron-related genes (ie, genes with functional roles in iron biology) that are prognostic of
breast cancer patient outcomes, we studied the expression of approximately 50 iron-related genes in a large "super"
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microarray cohort of 759 primary breast tumors derived from 6 independent cohorts. The breast cancer cohorts comprising
the super cohort and corresponding database accession numbers and references are shown in the table below.

Cohort
Breast Cancer GEO Database Size (# Cohort
Dataset Acc# PubMed Reference(s) patients) Characteristics
GEO: GSE3494
’ PMID: 16141321; PMID:
UPP(258) GSE4922, _ - 258 Population based
eambnas 17079448; PMID: 17401012

STO(159) GEO: GSE1456 PMID: 16280042 159 Population based
OXFT(109) GEO: GSE6532 PMID: 17401012 109 ER*, Tamoxifen

monotherapy

OXF(69) GEO: GSE6532 PMID: 17401012 69 LN-, untreated
GUYT(87) GEO: GSE6532 PMID: 17401012 87 ER*, Tamoxifen

monotherapy
GUYT2(77) GEO: GSE9195 PMID: 18498629 77 ER*, Tamoxifen

monotherapy

[0126] Alltumor samples were profiled on the Affymetrix U133A, U133B or U133 PLUS 2.0 series microarray Genechip
platforms. Of 759 cases, 741 had corresponding survival data with distant metastasis-free survival (DMFS; ie, time to
distant-metastasis or last follow-up without recurrence) as the clinical endpoint. Briefly, all microarray data were processed
using the MAS5.0 algorithm (Affymetrix), scaled to a mean target signal intensity of 500, and log, transformed. The
expression data were then corrected for batch-related effects using Partek Genomic Suite batch correction software.
The BRB ArrayTools gene expression analysis software was employed to identify genes with statistically significant
associations with DMFS. Fourteen genes shown in the Table 1 were selected (based on their significant associations
with DMFS, shown in bold in Table 1) for the purpose of developing a prognostic gene expression signature, eg, the
"iron signature”, for predicting DMFS of breast cancer patients. The "survival risk prediction algorithms" were used to
generate a predictive model using these selected genes in a "training set" comprised of half of the tumor population (ie,
337 cases). The model was constructed in this training set (ie, thresholds for each gene and their predictive weights
were defined), and the model was then applied to a "test" set (ie, also 337 cases) that was not previously involved in
the training process. Three risk groups (low-risk, intermediate-risk, and high-risk) were defined in the training process,
and these were based on the upper, middle and lower tertiles of the population defined by the algorithm’s predicted
probability for risk assignment. When applied to the test set, 3 distinct low, intermediate and high risk survival curves
can be seen by Kaplan-Meier analysis. See Figure 15. Figures 16-18 show Kaplan-Meier plots for low risk and high risk
patients, for tamoxifen-treated, lymph node positive patients and tamoxifen-treated, lymph node negative patients re-
spectively.

[0127] In both the training and test sets, the differences in risk group survival were statistically significant at p<0.001
(low-risk=green curve, intermediate-risk=blue curve, and high-risk=red curve). Thus the iron gene signature has a robust
and reproducible prognostic performance, and can distinguish breast cancer patients with low, intermediate and high
risk of future distant metastasis.

[0128] In the microarray studies used to discover the prognostic utility of these genes, RNA was purified from frozen
samples of primary breast tumors and profiled on a DNA microarray. The skilled person is well aware of other methods
for analyzing and quantitating gene transcript levels in a sample. RNA can be derived from a variety of sources, including,
without limitation, fresh frozen issue, or formalin-fixed, paraffin-embedded (FFPE) tissue.

Six Gene Diagnostic Test

[0129]
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6-Gene Model: Fp + DcytB + STEAP1 + STEAP2 + ISCU + TFRC

High Expression=Good Outcome High Expression=Poor Qutcome

SLC40A1; 223044 _at TFRC; 240686_x _at
CYBRD1; 222453 _at
STEAP1; 205542 _at
STEAP2; 225871 _at
ISCU; 209075_s_at

Above-mean expression coded as*1", Below-mean expression coded as“1",
below-mean coded as “0" (mean based above-mean coded as “0" (mean based
on 759 tumors) on 759 tumors)

Adding the Os and 1s, each tumor was classified by the sum
of the 6 genes, creating 7 classes: 6, 5,4, 3,2, 1,0r 0.

[0130] Here, a different classification strategy was explored, and a prognostic model of DMFS was discovered among
the iron regulatory genes that involved 6 genes only: Fp, DcytB (also known as CYBRD1), STEAP1, STEAP2, ISCU,
and TFRC. This model is of particular interest as itis based on a jury voting method whereby each of the six genes casts
an "outcome vote" based on a binary prediction of whether a tumor case should be assigned to the low risk (good
outcome) or high risk (poor outcome) group. The vote of each gene is determined by: 1) whether the gene was expressed
above or below the mean of the population (n=759 total cases), and 2) whether the gene expression level was associated
with good outcome (ie, a "1") or poor outcome (ie, a "0"). Then, the scores assigned by all 6 genes are summed yielding
7 possible outcome classes: 0, 1, 2, 3, 4, 5 or 6. We found that the outcome classes exhibit a significant linear association
with patient outcome that allow us to define 3 prognostic patient classes with potential clinical utility: low risk (excellent
outcome, defined by sum = 5 or 6), intermediate risk (intermediate outcome; defined by sum = 4 or 3), and high risk
(poor outcome, defined by sum = 0, 1, or 2). See Figures 19 and 20.

IHA marker expression levels can also predict clinical outcome in ovarian cancer patients

[0131] These Kaplan-Meier survival plots show that the expression levels of Feroportin (Fp; SLC40A1) are also pos-
itively correlated with survival of ovarian cancer patients. These data derive from a published microarray analysis from
the Peter MacCallum Cancer Center (PMCC) in Melbourne, Australia. 274 primary ovarian tumors were profiled on the
Affymetrix GeneChip microarray. Following the same procedure previously described for the breast cancer analysis, we
divided ovarian cancer patients/tumors into 2 groups - above-mean Fp and below-mean Fp - and assessed their survival
differences by KM analysis (See Figure 21, left panel). The survival endpointin the published article was disease-specific
survival (DSS), where the endpoint was death due to breast cancer (coded as an event) or no death due to breast cancer
at the time of last follow-up (coded as censored). Left panel of Figure 21 shows that patients with tumors with below-
mean expression of Fp (ie, "low" SLC40A1) have significantly worse DSS (p=0.001) than those with above-mean ("high")
Fp. Shown in the right panel of Figure 21 are the survival curves where patients/tumors were dichotomized to two groups
based on the optimal Fp expression level. This level provides maximal separation of the survival curves (compared to
the arbitrarily assigned "mean" threshold level, used in the left panel). These data indicate that, just as in breast cancer,
the relative expression levels of Fp in ovarian cancer are prognostic of patient outcome.

Discussion
[0132] Iron is essential for normal cell function. Many cancers exhibit increased iron requirements, presumably due

to the need for iron as a cofactor in proteins essential to sustain growth and proliferation (27-29). Misregulation of iron
regulatory proteins affects growth of tumor xenografts(30), and agents that deplete iron are currently under investigation
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as anticancer therapies(37-34).

[0133] Iron availability can be regulated by increased uptake, a shift of iron from storage to active pools, or a reduction
in cellular iron export. Several of these processes are known to be altered in cancer. For example, an increase in
transferrin receptor 1, a cell surface receptor responsible for transferrin-mediated iron uptake, occurs in many cancers,
including breast cancer (35-37). Ferritin, an iron storage protein, is decreased by the c-myc(38) and Ela(39) oncogenes;
reduced ferritin is thought to shift iron from storage to labile, metabolically available compartments. Similarly, antisense-
mediated repression of ferritin increases the labile iron pool(79) and stimulates H-ras-dependent proliferation(40). In
principle, a decrease in iron export could also elevate labile iron and affect breast cancer phenotype and outcome.
Indeed, ferroportin has been shown to be expressed in rat mammary epithelium (47). However, relatively little is known
of iron export in cancer, primarily because the discovery of iron export proteins is quite recent.

[0134] We observed a striking reduction of ferroportin, the only known exporter of non-heme iron, in breast cancer
compared to normal breast epithelium. This reduction of ferroportin protein occurs both in malignant breast cancer cell
lines (Figure 1A) and in breast cancer tissue, particularly in the more aggressive and invasive areas of the cancer (Figure
7). The modulation in ferroportin was sufficient to alter the labile iron pool, a key arbiter of iron availability in cells (Figure
1B) and to affect growth of tumor xenografts (Figure 5). Classically, increases in iron trigger feedback loops that upregulate
iron sequestration to maintain labile iron in a steady state(42). We hypothesize that in breast cancer cells, repression
of ferroportin or up-regulation of hepcidin may occur as proximal events that drive changes in the labile iron pool and
enable these cells to evade classic iron regulatory loops, although this hypothesis will require further study. Our results
are in keeping with emerging evidence of the importance of ferroportin in iron homeostasis, both at an organismal level
in transmitting the signals from hepcidin to the systemic iron regulatory network(43), and in regulating iron homeostasis
in cells(8). These data also suggest that altered iron homeostasis may, at least in part, explain aggressive breast cancer
behavior, although additional investigations will be needed to fully clarify the role of ferroportin and hepcidin in breast
cancer biology.

[0135] Our data also indicate that ferroportin plays an important role in the clinical behavior of breast cancer (Figures
9, 11 and 13). Ourresults reveal that (1) ferroportin gene expression is a previously unrecognized determinant of outcome
that in logistic regression analysis is independent of other prognostic factors; (2) ferroportin not only equals the best
clinical predictors of outcome in breast cancer patients, but also tracks with recently identified molecular subtypes of
breast cancer(20) that can add significant prognostic and predictive information to standard outcome parameters of
breast cancer(44) (Figure 9A); (3) the striking decrease in tumor growth in vivo of ferroportin-overexpressing breast
cancer cells (Figure 5) provides evidence that ferroportin expression is not simply a marker of poor prognosis in primary
breast cancer, but contributes to a clinically aggressive phenotype; (4) the additive value of ferroportin and hepcidin
gene expression provides further support for a critical role of iron homeostasis in breast cancer behavior.

[0136] Ferroportin + hepcidin gene expression identifies a clinical subset of breast cancer patients who should be
evaluated in future studies to determine if they could be spared potentially toxic treatments. The excellent survival of
patients with high ferroportin-low hepcidin gene expression seen in Figure 13B is comparable to that of the ER+, node
negative patients classified into the good outcome group by the Oncotype Dx 21-gene panel(45). The 2008 National
Comprehensive Cancer Network practice guidelines recommend that these patients receive tamoxifen monotherapy.
Analysis of ferroportin + hepcidin expression may provide additional power to discriminate good and poor outcome
patients: using ferroportin + hepcidin gene expression, we were able to identify not only node negative ER+ but node
positive ER+ breast cancer patients who exhibit this good outcome (41% of the high ferroportin-low hepcidin expressors
in our study were node positive at diagnosis). Thus if confirmed in additional patient cohorts, ferroportin activity, as
approximated by a 2-gene model of ferroportin and hepcidin transcript levels, may provide clinical utility as a treatment
indicator for both node-negative and node-positive, ER+ cancer patients.

[0137] Ferroportin may also be important in other tumor types. Ferroportin was among the genes decreased in breast
cancer samples in an in silico analysis of the Unigene database (46). Ferroportin was also 6-fold decreased in an analysis
of global gene expression changes in human hepatocellular carcinoma(47). Our inspection of the Oncomine(48) database
revealed that decreases in ferroportin are observed in prostate cancer and leukemia, although they are not observed in
brain cancer, esophageal cancer or seminoma. The decrease in ferroportin is thus related to tumor type, perhaps
reflecting differences in organ site-specific mechanisms of tumor development.

[0138] In additional studies we have identified IHA gene signature having robust and reproducible prognostic value
which can be used to advantage to distinguish breast cancer patients with low, intermediate and high risk of future distant
metastasis.
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[0140] While certain of the preferred embodiments of the present invention have been described and specifically
exemplified above, it is not intended that the invention be limited to such embodiments. It will be apparent to one skilled
in the art that various changes and modifications can be made therein.

SEQUENCE LISTING

[0141]

<110> Wake Forest University Health Sciences

<120> Diagnostic and Prognostic Markers for
Cancer

<130> JEC/FP6822316

<140> EP 10822794.6
<141> 2010-10-08

<140> PCT/US10/52072
<141> 2010-10-08

<150> 61/249,912
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<150> 61/351,767
<151> 2010-06-04
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<160> 12
<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 24
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<212> DNA
<213> Artificial Sequence

<220>
<223> Primer

<400> 1
acctcgcetgg tggtacagaa tgtt

<210> 2

<211> 24

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer

<400> 2
agcaggaagt gagaacccat ccat

<210> 3

<211> 19

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer

<400> 3
gaaggtgaag gtcggagtc

<210> 4

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 4

19

gaagatggtg atgggatttc 20

<210> 5

<211> 24

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer

<400> 5
aggctttgcc tttccaactt cage

<210> 6

<211> 24

<212> DNA

<213> Atrtificial Sequence

24

24

24
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<220>
<223> Primer

<400> 6
aacaggagtg caaggaactg gaga

<210>7

<211> 24

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer

<400> 7
gtgtggcatc tggttggagt ttca

<210> 8

<211> 24

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer

<400> 8
aacaggagtg caaggaactg gaga

<210> 9

<211> 24

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer

<400> 9
ctttgtcctg gtgagcacat ctga

<210> 10

<211> 23

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer

<400> 10
atcctctctg geggttgtga tet

<210> 11

<211> 19

<212> DNA

<213> Atrtificial Sequence

<220>
<223> Primer
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<400> 11
ctgcaacccc aggacagag 19

<210> 12

<211> 23

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer

<400> 12
ggaataaata aggaagggag ggg 23

Claims

A method of predicting the likelihood of long-term survival of a cancer patient without the recurrence of ovarian or
breast cancer, comprising:

a) determining the expression levels of at least two iron homeostasis associated (IHA) markers provided in
Table | in a sample obtained from said patient; and

b) comparing the expression levels of said at least two IHA markers in said sample to predetermined expression
levels of IHA markers observed in a cohort of cancer patients having a known clinical outcome of recurrent or
non-recurrent disease, thereby determining said patient’s risk for recurrence of cancer; wherein

a) said cancer is breast cancer and the two or more IHA markers are selected from the group consisting of

(i) ferroportin and hepcidin,
(ii) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR, or
(iii) DcytB, TFRC and LTF; or

b) said cancer is ovarian cancer and the two or more IHA markers include ferroportin.
The method of claim 1, wherein the predetermined levels are mean expression levels across the patient cohort.

The method of claim 1, further comprising determining levels of additional iron homeostasis associated marker
molecules selected from the group consisting of ferritin L protein, IREB2 protein, transferrin receptor protein 1,
transferrin, TMPRSS6 and ferritin H.

The method of any one of claims 1 to 3 wherein said determining step comprises contacting said sample with an
agent having affinity for said IHA markers, said agent forming a specific binding pair with said IHA marker and further
comprising a detectable label, measuring said detectable label, thereby determining expression level of said marker
in said sample.

The method of any one of claims 1 to 3 wherein said markers are selected from the group consisting of polypeptides,
nucleic acids or fragments thereof.

The method of claim 1, wherein said molecules comprise polypeptides or fragments thereof, said agent is an antibody
orfragment thereof and said polypeptide is detected by a method selected from the group consisting of flow cytometric
analysis, immunohisto-chemical detection and immunoblot analysis.

The method of claim 1 wherein said molecules comprise nucleic acids or fragments thereof, said agent is comple-
mentary nucleic acids which hybridizes to said molecules and said iron homeostasis associated nucleic acid is
detected by a method selected from the group consisting of in situ hybridization assay, hybridization assay, gel
electrophoresis, RT-PCR, real time PCR, and microarray analysis.

The method of claim 1, wherein said biological sample is a biopsy.
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9. The method of claim 1, wherein said biological sample is selected from the group consisting of formalin fixed paraffin
embedded tissue or cells, frozen tissue, blood cells, breast cancer cells, and ovarian cancer cells.

10. The method of claim 1, optionally comprising the step of determining at least one parameter selected from the group
consisting of estrogen receptor (ER) status, her2-neu status, progesterone receptor status, histological grade, tumor
size, patient age, tumor stage and nodal status of the patient.

11. The method of claim 1, wherein said patient is diagnosed with breast cancer and:

a) is undergoing treatment for breast cancer; or
b) has completed treatment for cancer; or
C) is in remission.

12. Use of two or more reagents for determining the expression levels of two or more iron homeostasis markers selected
from Table | in ovarian or breast cancer cells for predicting the likelihood of long-term survival of a cancer patient
without recurrence of ovarian or breast cancer, wherein

a) said cancer is breast cancer and the two or more IHA markers are selected from the group consisting of
(i) ferroportin and hepcidin,
(ii) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR, and
(iii) DcytB, TFRC and LTF; or

b) said cancer is ovarian cancer and the two or more IHA markers include ferroportin.

13. Useaccording to the method of claim 12 wherein said reagents are capable of detecting the iron homeostasis marker
proteins, polypeptides or nucleic acids encoding said markers or fragments thereof.

14. Use according to claim 12 wherein the reagents are antibodies.

15. Use according to claim 12 wherein the reagents are nucleic acid molecules.

16. Use according to claim 15 wherein the reagent nucleic acid molecules are immobilised on a gene chip.

17. Use of a gene chip for practising the method of claim 1 on which a plurality of nucleic acid molecules are immobilised,
said plurality of nucleic acid molecules consisting of nucleic acid molecules capable of detecting

(i) ferroportin and hepcidin,

(ii) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR,

(iii) DcytB, TFRC and LTF,

(iv) two or more iron homeostasis markers selected from Table | including ferroportin; or
(v) the iron homeostasis associated markers provided in Table I.

18. A gene chip for use in practising the method of claim 1 on which a plurality of nucleic acid molecules are immobilised,

said plurality of nucleic acid molecules consisting of nucleic acid molecules capable of detecting
(i) ferroportin, CyBRD1, STEAP1, STEAP2, ISCU and TFR,
(i) DcytB, TFRC and LTF, or
(iii) the iron homeostasis associated markers provided in Table I.
Patentanspriiche
1. Verfahren zur Vorhersage der Wahrscheinlichkeit des Langzeitiiberlebens eines Krebspatienten ohne Rezidiv von

Eierstock- oder Brustkrebs, das Folgendes umfasst:

a) Bestimmen der Expressionswerte von zumindest zwei Eisenhomdostase-assoziierten (IHA-) Markern, die
in Tabelle | bereitgestellt sind, in einer Probe, die dem Patienten entnommen wurde; und
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b) Vergleichen der Expressionswerte der zumindest zwei IHA-Marker in der Probe mit vorbestimmten Expres-
sionswerten von IHA-Markern, die in einer Kohorte von Krebspatienten mit einem bekannten klinischen Ausgang
einer rezidiven oder nichtrezidiven Erkrankung beobachtet wurden, wodurch das Risiko des Patienten fir ein
Krebsrezidiv bestimmt wird; wobei

a) die Krebserkrankung Brustkrebs ist und die zwei oder mehr IHA-Marker aus der aus Folgendem beste-
henden Gruppe ausgewahlt sind:

(i) Ferroportin und Hepcidin,
(i) Ferroportin, CyBRD1, STEAP1, STEAP2, ISCU und TFR oder
(iii) DcytB, TFRC und LTF; oder

b) die Krebserkrankung Eierstockkrebs ist und die zwei oder mehr IHA-Marker Ferroportin umfassen.

Verfahren nach Anspruch 1, wobei die vorbestimmten Werte mittlere Expressionswerte der gesamten Patienten-
kohorte sind.

Verfahren nach Anspruch 1, das weiters das Bestimmen der Werte von zusatzlichen Eisenhomdostase-assoziierten
Markermolekilen umfasst, die aus der Gruppe bestehend aus Ferritin-L-Protein, IREB2-Protein, Transferrin-Re-
zeptor-Protein-1, Transferrin, TMPRSS6 und Ferritin H ausgewahlt sind.

Verfahren nach einem der Anspriiche 1 bis 3, wobei der Bestimmungsschritt das Kontaktieren der Probe mit einem
Mittel mit einer Affinitat fir die IHA-Marker, wobei das Mittel mit dem IHA-Marker ein spezifisches Bindungspaar
bildet und weiters eine detektierbare Markierung umfasst, und das Messen der detektierbaren Markierung umfasst,
wodurch der Expressionswert des Markers in der Probe bestimmt wird.

Verfahren nach einem der Anspriiche 1 bis 3, wobei die Marker aus der Gruppe bestehend aus Polypeptiden,
Nucleinsauren oder Fragmenten davon ausgewahlt sind.

Verfahren nach Anspruch 1, wobei die Molekiile Peptide oder Fragmente davon umfassen, wobei das Mittel ein
Antikdrper oder Fragment davon ist und das Polypeptid mittels eines Verfahrens detektiert wird, das aus der Gruppe
bestehend aus Durchflusszytometrieanalyse, immunhistochemische Detektion und Immunoblot-Analyse ausge-
wahlt ist.

Verfahren nach Anspruch 1, wobei die Molekiile Nucleinsaure oder Fragmente davon umfassen, wobei das Mittel
aus komplementéren Nucleinsduren besteht, die an die Molekiile hybridisieren und die Eisenhomdostase-assoziierte
Nucleinsaure mittels eines Verfahrens detektiert wird, das aus der Gruppe bestehend aus In-situ-Hybridisierungstest,
Gelelektrophorese, RT-PCR, Echtzeit-PCR und Mikroarray-Analyse ausgewahlt ist.

Verfahren nach Anspruch 1, wobei die biologische Probe eine Biopsie ist.

Verfahren nach Anspruch 1, wobei die biologische Probe aus der Gruppe bestehend aus Formalin-fixiertem, in
Paraffin eingebettetem Gewebe oder Zellen, gefrorenem Gewebe, Blutzellen, Brustkrebszellen und Eierstockkrebs-
zellen ausgewahlt ist.

Verfahren nach Anspruch 1, gegebenenfalls umfassend den Schritt des Bestimmens von zumindest einem Para-
meter, der aus der Gruppe bestehend aus Ostrogenrezeptor- (ER-) Status, her2-neu-Status, Progesteronrezeptor-
status, histologischem Grad, TumorgréRe, Alter des Patienten, Tumorstadium und Nodalstatus des Patienten aus-
gewahlt ist.

Verfahren nach Anspruch 1, wobei bei dem Patienten Brustkrebs diagnostiziert wurde, und:
a) dieser eine Behandlung gegen Brustkrebs durchlauft; oder
b) eine Krebsbehandlung abgeschlossen hat; oder

c) sich in Remission befindet.

Verwendung von zwei oder mehr Reagenzien zum Bestimmen der Expressionswerte von zwei oder mehr Eisen-
homoostasemarkern, die aus Tabelle | ausgewahlt sind, in Eierstock- oder Brustkrebszellen zum Vorhersagen der
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Wahrscheinlichkeit des Langzeitiiberlebens eines Krebspatienten ohne Rezidiv von Eierstock- oder Brustkrebs,
wobei

(a) der Krebs Brustkrebs ist und die zwei oder mehr IHA-Marker aus der aus Folgendem bestehendem Gruppe
ausgewahlt sind:

(i) Ferroportin und Hepcidin,
(i) Ferroportin, CyBRD1, STEAP1, STEAP2, ISCU und TFR und
(iii) DcytB, TFRC und LTF; oder

(b) die Krebserkrankung Eierstockkrebs ist und die zwei oder mehr IHA-Marker Ferroportin umfassen.

. Verwendung gemaR einem Verfahren nach Anspruch 12, wobei die Reagenzien dazu in der Lage sind, die Eisen-
homoostasemarkerproteine, Polypeptide oder Nucleinséduren, die fir die Marker kodieren, oder Fragmente davon
zu detektieren.

. Verwendung nach Anspruch 12, wobei die Reagenzien Antikérper sind.

. Verwendung nach Anspruch 12, wobei die Reagenzien Nucleinsduremolekdle sind.

. Verwendung nach Anspruch 15, wobei die Nucleinsduremolekiilreagenzien auf einem Genchip immobilisiert sind.

. Verwendung eines Genchips zur Ausfiihrung eines Verfahrens nach Anspruch 1, auf dem eine Vielzahl von Nuc-

leinsduremolekiilen immobilisiert ist, wobei die Vielzahl von Nucleinsauremolekiilen aus Nucleinsduremolekilen
besteht, die in der Lage sind, Folgendes zu detektieren:

(i) Ferroportin und Hepcidin,

(i) Ferroportin, CyBRD1, STEAP1, STEAP2, ISCU und TFR,

(iii) DcytB, TFRC und LTF,

(iv) zwei oder mehr aus Tabelle | ausgewahlte Eisenhomdostasemarker, einschliellich Ferroportin;
(v) die in Tabelle | bereitgestellten Eisenhomdostase-assoziierten Marker.

18. Genchip zur Verwendung zur Ausfiihrung eines Verfahrens nach Anspruch 1, auf dem eine Vielzahl von Nuclein-

sauremolekiilen immobilisiert ist, wobei die Vielzahl von Nucleinsduremolekiilen aus Nucleinsduremolekiilen be-
steht, die in der Lage sind, Folgendes zu detektieren:

(i) Ferroportin, CyBRD1, STEAP1, STEAP2, ISCU und TFR,
(i) DcytB, TFRC und LTF oder
(iii) die in Tabelle | bereitgestellten Eisenhomdostase-assoziierten Marker.

Revendications

1.

Procédé de prédiction de la probabilité de survie a long terme d’une patiente cancéreuse sans la récidive d’'un
cancer des ovaires ou du sein, comprenant les étapes consistant a :

a) déterminer les niveaux d’expression d’au moins deux marqueurs associés a I’'hnoméostasie du fer (IHA) fournis
dans le tableau | dans un échantillon obtenu auprés de ladite patiente ; et

b) comparer les niveaux d’expression desdits au moins deux marqueurs IHA dans ledit échantillon a des niveaux
d’expression prédéterminés de marqueurs IHA observés dans une cohorte de patientes cancéreuses ayant un
résultat clinique connu d’une récidive ou d’'une non-récidive de la maladie, en déterminant ainsi le risque de
récidive de ladite patiente cancéreuse ; dans lequel

a) ledit cancer est un cancer du sein et les deux marqueurs IHA ou plus sont choisis dans le groupe
comprenant :

(i) la ferroportine et I'hepcidine,
(ii) la ferroportine, CybrD1, STEAP1, STEAP2, ISCU et TFR, ou
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iii) DcytB, TFRC et LTF ; ou
b) ledit cancer est un cancer des ovaires et les deux marqueurs IHA ou plus comprennent la ferroportine.

Procédé selon la revendication 1, dans lequel les niveaux prédéterminés sont des niveaux d’expression moyens
dans la cohorte de patientes.

Procédé selon la revendication 1, comprenant en outre la détermination de niveaux de molécules de marqueurs
associés a ’'homéostasie du fer supplémentaires choisis dans le groupe comprenant la protéine de L-ferritine, la
protéine IREB2, la protéine 1 de récepteur de transferrine, la transferrine, TMPRSS6 et la H-ferritine.

Procédé selon 'une quelconque des revendications 1 a 3, dans lequel ladite étape de détermination comprend les
étapes consistant a mettre en contact dudit échantillon avec un agent ayant une affinité pour lesdits marqueurs IHA,
ledit agent formant une paire de liaison spécifique avec ledit marqueur IHA et comprenant en outre une étiquette
détectable, mesurer ladite étiquette détectable, et déterminer ainsi le niveau d’expression dudit marqueur dans ledit
échantillon.

Procédé selon I'une quelconque des revendications 1 a 3, dans lequel lesdits marqueurs sont choisis dans le groupe
constitué par des polypeptides, des acides nucléiques ou des fragments de ceux-ci.

Procédé selon la revendication 1, dans lequel lesdites molécules comprennent des polypeptides ou des fragments
de ceux-ci, ledit agent est un anticorps ou un fragment de celui-ci et ledit polypeptide est détecté par un procédé
choisi dans le groupe comprenant une analyse cytométrique en flux, une détection immuno-histochimique et une
analyse par immuno-transfert.

Procédé selon la revendication 1, dans lequel lesdites molécules comprennent des acides nucléiques ou des frag-
ments de ceux-ci, ledit agent est constitué d’acides nucléiques complémentaires qui s’hybrident auxdites molécules,
et ledit acide nucléique associé a 'homéostasie du fer est détecté par un procédé choisi dans le groupe comprenant
un dosage d’hybridation in situ, un dosage d’hybridation, une électrophorése sur gel, une RT-PCR, une PCR en
temps réel et une analyse de micro-dosage.

Procédé selon la revendication 1, dans lequel ledit échantillon biologique est une biopsie.

Procédé selon la revendication 1, dans lequel ledit échantillon biologique est choisi dans le groupe comprenant des
tissus ou des cellules enrobé(e)s dans de la paraffine fixée a la formaline, du tissu congelé, des cellules sanguines,
des cellules de cancer du sein et de cellules de cancer des ovaires.

Procédé selon larevendication 1, comprenant éventuellement I'étape consistant a déterminer au moins un parametre
choisi dans le groupe comprenant un statut de récepteur d’oestrogéne (ER), un statut de her2-neu, un statut de
récepteur de progestérone, un grade histologique, une taille de tumeur, 'dge de la patiente, le stade de la tumeur
et le statut nodal de la patiente.

Procédé selon la revendication 1, dans lequel ladite patiente est diagnostiquée avec un cancer du sein, et :

a) est en cours de traitement contre le cancer du sein ; ou

b) a achevé le traitement contre le cancer ; ou

c) est en rémission.
Utilisation de deux réactifs ou plus pour déterminer les niveaux d’expression de deux marqueurs d’homéostasie du
fer ou plus choisis dans le tableau | dans des cellules de cancer des ovaires ou du sein pour prédire la probabilité
de survie a long terme d’une patiente cancéreuse sans récidive du cancer des ovaires ou du sein, ou

a) ledit cancer est un cancer du sein etles deux marqueurs IHA ou plus sont choisis dans le groupe comprenant :

(i) la ferroportine et I'hepcidine,

(ii) la ferroportine, CyBRD1, STEAP1, STEAP2, ISCU et TFR, et
(iii) DeytB, TFRC et LTF ; ou
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b) ledit cancer est un cancer des ovaires et les deux marqueurs IHA ou plus comprennent la ferroportine.

Utilisation selon le procédé de la revendication 12, dans laquelle lesdits réactifs sont capables de détecter les
protéines, polypeptides ou acides nucléiques de marqueurs de ’'homéostasie du fer codant lesdits marqueurs, ou
des fragments de ceux-ci.

Utilisation selon la revendication 12, dans laquelle les réactifs sont des anticorps.
Utilisation selon la revendication 12, dans laquelle les réactifs sont des molécules d’acide nucléique.

Utilisation selon la revendication 15, dans laquelle les molécules d’acide nucléique de réactif sont immobilisées sur
une puce génique.

Utilisation d’'une puce génique pour la mise en oeuvre du procédé selon la revendication 1, sur laquelle une pluralité
de molécules d’acide nucléique sontimmobilisées, ladite pluralité de molécules d’acide nucléique consistant en des
molécules d’acide nucléique capables de détecter

(i) la ferroportine et I'hepcidine,

(ii) la ferroportine, CyBRD1, STEAP1, STEAP2, ISCU et TFR,

(iii) DcytB, TFRC et LTF,

(iv) deux marqueurs d’homéostasie du fer ou plus choisis dans le tableau |, y compris la ferroportine ; ou
(v) les marqueurs associés a 'homéostasie du fer fournis dans le tableau I.

Puce génique a utiliser dans la mise en oeuvre du procédé selon la revendication 1, sur laquelle une pluralité de
molécules d’acide nucléique sont immobilisées, ladite pluralité de molécules d’acide nucléique consistant en des
molécules d’acide nucléique capables de détecter

(i) la ferroportine, CyBRD1, STEAP1, STEAP2, ISCU et TFR,

(i) DcytB, TFRC et LTF, ou
(iii) les marqueurs associés a 'homéostasie du fer fournis dans le tableau I.

36



EP 2 486 154 B1

p<0.002 p<0003 peO0Z

0.6 [ B —
Q.5 |
5 04
0.3
0.2
G.1
%ﬁ@g@@% S &%@Z@@

Figure 1

37






17k38

38kDa ~

EP 2 486 154 B1

Prohepeliin

Fanpeeu §

(.30
.28
0,20

3.18
.10
.08

B B rodinn sy H
Yiedetive

- hapekiin + hepoidin

Hepcldin (nM) € 300 O
24kDa-

| Fi

17kDa-

e~ _—
29ROz £ SO i Rt

«f € GARPDHM

Hepoldin b}  § 300 ™0

Haxla .

38kDy -
JkDg -~

Figure 3

39



>

redative R NA level

EP 2 486 154 B1

=d

ECPRE S S O R 2 Y

RSN S S 2.2 &\ \\\\\\\\\\\\\\\\ ! &\\\\\\\x& \\\\\\

HME H5 BCF 104 MOFT SLRTIGS SURIEN

Vavant| &

Variant HAR

Varlent {IB®

Varant i B

Figure 4

40



EP 2 486 154 B1

-
o
2z

(o]
5

i
3
5

[

5]

Wit W2 Wk3 Wk4

FRN-13

154 g3 00

Total dux (x 10%

1 2 3 4 5
Weeks post fumor inoculation

Figure 5

41



EP 2 486 154 B1

o S

U YA WY e
*37'%@‘ %&% oo @‘zﬁ‘{: i;?@%ﬁ@\\;@ fg}l &

!

o N W

S

Figure 6

42



EP 2 486 154 B1

p=0.007

R
P T S <

fayun Amsgupe} Aysusng

2
7

Bunigys wipcibinsg. uedyy

et

%@G%ﬁwﬁvﬁwﬁw
&?54321

Aysumiu Buumg
teaubng wim seydumsy,

~e

Cancer

4

g

&

¥

Narmsi

igure 7
43

F



Py B
S2la e

EP 2 486 154 B1

< GAPDH

L FPT PR3 HME

B L
§3 i’\{:‘a“‘

& & kS PN i
o ¥ RSP N S
%@@ %\3@‘ ‘?a&@@ ®§ %é: oy E§”‘ @g’“%ﬁ} '&\Q 8
§ i I N

= Paptids compstitor

102 kg~
72kDa —

82kDa —

T6ka

i
BROG v

+ Paplide competitor

4 PPN

| GAPDH

Figure 8

44



EP 2 486 154 B1

RO g

S ® NG N
* >
TR EWREEe LR
S TN 8 8
: e R typee
R
R
§
X 2 R
S Gnse
EaN
£,
S

& ®
= ¥ 2’
W RS

¥4 RS
ES < ¥
A RSN

S Rk

45



EP 2 486 154 B1

=
L
o)
2.
O
e
@
L

igure 10

°

F

46



EP 2 486 154 B1

oo e . % sroses
v W sy Z Z %
b 5 23 o,
] * w4 Z %
% 44 o Z %
.H\\ 1 e V\ “V
33 3 % 1 25
= “ {61 7 %
o S | \ w
1 P
o M\H \w\w 3 N k3
P % E K s
Ly Pl s\\\\ : 7 4
P drere e g e
7 7 P “y
% e H o
-, % 4 \ ey
v ek e L
2 ] %
o % o ‘i %
2 sl 77 o4
Z iy e es I
JET I erber. 4 s it
> P 7
2 / ort F

38
O
':,:«.‘\:.

33

g ity k4
2 o L %
P s 7
- ? = L+
7 A s p Gy -
H . Br Y% ¥ w4 2 0
\ ey,
7 PII
i By s v
£ b P
e 7 9 @
G Fs e \.\\‘
; # i
§‘ o\\»\. oy
B L . %
P @
s 4 v eign
% % %
LA o, P
&~ . p
% % %
“ % “ g
7 / G
W >
B ‘
d “km s o E4
-y Z \w
%, %
o 27
F231 7
g %
3 %
Z Ly
7 % s el
% i (o
i wesle 7y
“ %4 £
% %5 A
P 2, ‘resd
% 7 el
e, or, o,
] [3 o
P i
Gl i
oy P
vt
: an we 70 40
“ " g
il W, 7]

Figure 11
47



EP 2 486 154 B1

" o

P

Q\§

o,
o Y0 s
e

oy KA
A

B
]
\\\\

N

BN

3\\\\\“\

“““ i
7 7 7 ? g ; 1 T 7 : ¥ i
s s P e 7% e g ) P sy
\\\\W Yr 5 e \\v\\ &\\w\\ wid “\\s“ ws “n
d - \ e P e 7, Pessit Pyeis) IS
= ) i) P % ] e r
7% s e, %, o ngr. Y% gy Yt 7,
Y. %0 o Py 7% 7, o %l ? 7
74 P Pl Yptrs st T, Py “ra
b \\\ it oo P P “rry, sy 7,
oy %, i bl 7 7 Py (5 "t
e d 7y 77 % 5 1, ot} 4
, 4, i i ‘ o /) %))
7 4 A _ 7 i "
£% ¥ 4 A b A e 7 7
Yl o pra bctr ey W \.\\
%7 bt P4 2 i) e
] \\x\ d tent P P b
; . H
- ik o %
it 4%
\\? Py

Figure 12
48



RS
"‘?«wmu\\“\w

w2

Y. ot

=

s

by

4
“,

#

~
N

EP 2 486 154 B1

“

4. 503

A

w

L

”

k7

P

E3

43

RS

%

3

B3N

AR

&AW

ey
Rk

W

Rewwwe

S S—

K

Figure 13

49



DMFS

08 -

oy
B

EP 2 486 154 B1

meeee ity AU WR, n=358
e oy AOWB, A=383

b
Fe
£

Thna

Figure 14A

50



F3

EP 2 486 154 B1

0.8 -~
e il LTF, =307
fo LTF, =00
o4
0.2
0.0 e e — i
{ 2 4 8 ] 4]

Figure 148

51



DMIFS

02

EP 2 486 154 B1

= righ doye B, low TFR, high LTF, n=182

s oy cloviB, hinh TRR, low UTF, n= 182

____________________________________________________________________________________________________________ T —
4 3 8 10
Time
Figure 14C

52



EP 2 486 154 B1

L 1
[

2
A

i 4
5 Yp
A 3
“ b

[

st b R R e e b0 b AR S 0, [EvePP

; p

D, 11 A5 SIS A, S Y R R i R L R, 0187 A A, ,\\\“,\\\\G

1 D insrmsessn, H

% m g2 ,\s\\\\\% g, w4

% i %

% %

% w %

% %

4 P Ea

W y

; s o 13

Y § Yy, Gt oiom %

7 o L % %

% \\ P \@ “\\.\x L] 9% { ]

z 7 » e . 7

%7 E‘C“ [aaid e 5% %4

%/ i A8 7

% L 25 - 1

%% Gl e e 75 -

m % aw\\\“\\ wilbe  oFpe N m -

% s 74 A

7 \\\ P oy WW

7 % SIS LI 7y o

y P o, e %

Z = w5 E

% # 45 B b

% % w\\? s P ]
P lrh

g R 7

i % &

Z Y 2 o

% 7 2 P 4

x\ \ W 2 4 fpd

% 5 %4 :

%7 24

7 7

%% 7%

% ;

) ¥

%y ool i 4

7 % I FE

: e z K

% i % 2

y Ll

Z 4

o, /

A v, %

13 e % % 7

7 e o, . 25 5

% 3 4 i G DS m

Ctls i Ol €O 00 RO Gl ORI Gl bl A Ry S S A e A I

83

Figure 14D

53



DFE

EP 2 486 154 B1

R

Vo
Noidtnnenniidioaddeg i
Tl .y

30 % |

S pe0.001

s 0 FRAARMP signabure with high dOuB, high LTF, lbw TFR, n>83
wecse oy FRAAMP dgngturs, n=832
s meey FRAHAMP slgnaturs with low dOERB, low LTF, high TFR, n=138

Figure 14E

54



EP 2 486 154 B1

Training set (n=337)

o :&\\&&\,\\\\\\\\\'ﬁ\\\\ A0 0
R,
N BRI S
S '
Y
Yo
Z o R,
= .8 \\wm\\\w\_m
3
£2
£
0.4 -
G2
P00
0.0 ey p T : ;
Q 2 4 g 8 10

Distant Metastasis-Fres Survival (Yrs)

Test set (n=337)

ERLE S
AN,
W ‘\"-.\\\-.\\v
0.8:4 iy e
A LY
'\\m R %mm
\““\\ﬁ%«x My .
= .mm%‘,w‘w
R )
8
©
£3
£
3.4~
8.2
p<0.001
QQ Y v N 2 B
¥ 2 4 & 8 0

Figure 15

55

Distant Metastasis-Fres Swvival (Yrs)




EP 2 486 154 B1

P
7%
\\\\\\;
VLSS
ool
i

%,
Ly

A
(4
73

“\\\\\\
S
7
Q\\\\
7%
m\\\“

P
e

7

G,

%y
Y

w nn
P
7
i

ey
Gl
%

|2
2
%
4

s

-t
ok
ey

= o “ g w5
ks 7 % 4 1

%

5

o

L]

e

Figure 16

56



EP 2 486 154 B1

%
-

2
i

«%\
ofadd
P

%
e
7

%
g,
m\

7y
%
\W\\\\s
o]
%
il
s\\\\\\
x\\\\\\\\
&%,
[
sw\\\\“

b4 \N

“

4 A
AR,

Ay

ke
i
g
&4
i
L
P
B o
annni e,
T
“\ %2 cod
Lot s
) 4
Goallss i
% @
i P
. \\\ Mt
# % 7
o, 4%
iy [
Pk, e % -
\\n\\\% 7 \\\\s
e, H P
i, st
7 At -
Cocd? \ oy,
# bo
i % oz
Yarnnds s,
o P
P it
s %,
% e
s
-
.
Wum
£2

357

44

3

f 43

Figure 17

57



EP 2 486 154 B1

o,

g
"l
154
Mm Sy,
) e,
%
“\M\W \\\\\\\ e wwm
” %
L .«\ £
m\ ;\“ m\\\.\“\\
. 4
7" i
% %\5\\\ \\\;
g Bz Gon
’ m\\%\ s
\\\\\\ \\&\\\
Yy % P
- e 7
g % 3
P P
s — 7% s
g § \\\\\\ Gni P2 ,
- i A ¥ 7, e 055
g \\\\\\M \Ww\\ \\\ “
2 U\ % “ LAY
z s .
N\\\“\\\ \“.\R“ HLLLLLD,
5y m\ % \\\\\\\
Yo G i,
k3o Exo o
o < s s 447
. % Z 3
3 e
g
e,
4
v, ”
gy b g
LY
e
L4
7%
7%
X 2
= .
‘\\\\\s i e Tk
i
"% o4
7
Lo z
i
9
X
b
o
“ €3
7, ¥ 7 f
.“\«\\w s sy “ 53
g 4 3 % (5%
G
“\\\ i
<A
W\“\\\\&

Figure 18
58



P

a7

EP 2 486 154 B1

%
P Pl P,
& 2577, &y
774 £
W) 43
P
] o
] Pt
\\\\\ oA “\M
e o4, ;
Htapprh “\\\\n ]
e
7 o
e kS
Py GG
g £
A oz
2 2z
\\\b\\\ . Py
P s s el
2 ke
7 W
7
H
W.
e, Z
b
7 .
e
%A
04
5%
2%
\\\\
“\\\\
ot P 072
%
e
\\\.\\\;
%
k<
gy
% e
e
73
A
G
Vo)
7
% o
| A
W\\\\\ R
£,
%4
s
Ay £%
7, H 3
Lot y
i 7§
.\W\\\\
24
m‘\\\\\\\

S

T
59

3

Figure 19



EP 2 486 154 B1

A rn,

Figure 20

60

Yy
gt g, v\\\\A
% s, Vit Gl
5 guk ’ w\m\
g Yo, i
2 Yag 7
7 % 7
% % S
\\vﬁ \\\\»\n rars:
% K% 7,
Y k2 .s%\\
k3
4 s e
8 £ s
o % %
175 i e %
Gyt %y e
P A P s
s, ] b
s, ety
& A 5 Py
44" g
\\\\..\\\N\;
o
sy 5
%
%
44
4
4%
7
G
st .
5 P23
\\&\.\.\;
%
%
P
W¢ 5
P B
gty 3 B
Y H i
7% 3
G
p 4
K i
&% %
o
%%
23
, b
Gt [ &
a,
%
P
Z
L
7
3]
o ,
Tigpin %
o et %
A ; ¥
] e ¥ Py
x\\\\\\ €3 5% 4
S
P
g
H




Probabiiity

1.0

g2 04 08

oo

0.8

EP 2 486 154 B1

PMOC Ovarian Tumors (n=274)

61

PMCC Qvarian Tumors (n=d74)

Sl Y i
'\v-"“\_&?“: <,
\&V\ljﬂ\%ﬁ'\‘ - N
LS R ) o
A‘\\“‘"‘\\ t"ﬁ,\‘»“ s 2 g‘ © iy
L E e
N, [
1 L3 .
ey 1 £ 3 s
{mean I ioh SLOA0AT (= 110) Siloptimal sty L sicenat (neag)
pelO81 - jow SLC40AT (n=184) ped.0003  — low SLO40AT (n=238)
R 1 2 3 4 5 & 1 2 3 4 5
Disease-Specific Sundval {yrs) Disease-Specific Survival {yrs}
Figure 21



EP 2 486 154 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

WO 2008077165 A [0005]
US 20060286565 A [0005]

WO 2008046182 A [0005]

US 4683195 A [0048]

US 4800195 A [0048]

US 4965188 A [0048]

WO 8403564 A, Geysen [0076]
US 6057098 A [0078]

Non-patent literature cited in the description

SAMBROOK et al. Molecular Cloning. Cold Spring
Harbor Laboratory, 1989 [0043]

TERSKIKH et al. PNAS, 1997, vol. 94, 1663-1668
[0062]

HODGSON. Bio/Technology, 1991, vol. 9, 19-21
[0079]

ERICKSON et al. Science, 1990, vol. 249, 527-533
[0079]

WELLS. Meth. Enzym., 1991, vol. 202, 390-411
[0079]

S. ABBOUD ; D. J. HAILE. A novel mammalian
iron-regulated protein involved in intracellular iron
metabolism. J Biol Chem, 2000, vol. 275,
19906-19912 [0139]

A. T. MCKIE; P. MARCIANI; A. ROLFS; K.
BRENNAN ; K. WEHR ; D. BARROW ; S. MIRET ;
A. BOMFORD ; T. J. PETERS ; F. FARZANEH. A
novel duodenal iron-regulated transporter, IREG1,
implicated in the basolateral transfer of iron to the
circulation. Mol Cell, 2000, vol. 5, 299-309 [0139]
A. DONOVAN; A. BROWNLIE; Y. ZHOU; J.
SHEPARD ; S. J. PRATT; J. MOYNIHAN ; B. H.
PAW ; A. DREJER ; B. BARUT ; A. ZAPATA. Posi-
tional cloning of zebrafish ferroportin1 identifies a
conserved vertebrate iron exporter. Nature, 2000,
vol. 403, 776-781 [0139]

A. DONOVAN ; C. A. LIMA ; J. L. PINKUS; G. S.
PINKUS ;L.1.ZON ; S. ROBINE ; N. C. ANDREWS.
The iron exporter ferroportin/Sic40al is essential for
iron homeostasis. Cell Metab, 2005, vol. 1, 191-200
[0139]

S. MARRO ; D. CHIABRANDO ; E. MESSANA ; J.
STOLTE; E. TURCO; E. TOLOSANO; M. U.
MUCKENTHALER. Heme controls ferroportin1
(FPN1) transcription involving Bach1, Nrf2 and a
MARE/ARE sequence motif at position -7007 of the
FPN1 promoter. Haematologica [0139]

62

US 5965456 A [0078]

US 6974667 B2, D. T. Home, Scherf, U., Vockley, J.
[0139]

EP 10822794 A [0141]

US 1052072 W [0141]

WO 61249912 A [0141]

WO 61351767 A [0141]

WO 61370579 A [0141]

D. L. ZHANG; R. M. HUGHES; H.
OLLIVIERRE-WILSON; M. C. GHOSH; T. A.
ROUAULT. A ferroportin transcript that lacks an
iron-responsive element enables duodenal and
erythroid precursor cells to evade translational re-
pression. Cell Metab, 2009, vol. 9, 461-473 [0139]
A. LYMBOUSSAKI ; E. PIGNATTI ; G. MONTOSI ;
C. GARUTI ; D. J. HAILE ; A. PIETRANGELO. The
role of the iron responsive element in the control of
ferroportin1/IREG1/MTP1 gene expression. J Hepa-
tol, 2003, vol. 39, 710-715 [0139]

E. NEMETH ; M. S. TUTTLE ; J. POWELSON ; M.
B. VAUGHN ; A. DONOVAN; D. M. WARD; T.
GANZ ; J. KAPLAN. Hepcidin regulates cellular iron
efflux by binding to ferroportin and inducing its inter-
nalization. Science, 2004, vol. 306,2090-2093 [0139]
|. DE DOMENICO ; E. NEMETH ; J. M. NELSON ;
J. D. PHILLIPS ; R. S. AJIOKA ; M. S. KAY ; J. P.
KUSHNER ; T. GANZ ; D. M. WARD ; J. KAPLAN.
The hepcidin-binding site on ferroportin is evolution-
arily conserved. Cell Metab, 2008, vol. 8, 146-156
[0139]

|. DE DOMENICO ; D. M\. WARD ; C. LANGELIER ;
M. B. VAUGHN ; E. NEMETH ; W. |. SUNDQUIST ;
T. GANZ ; G. MUSCI ; J. KAPLAN. The molecular
mechanism of hepcidinmediated ferroportin
down-regulation. Mol Biol Cell, 2007, vol. 18,
2569-2578 [0139]

P. HOLMSTROM; M. GAFVELS; L. C.
ERIKSSON ; V. DZIKAITE ; R. HULTCRANTZ ; G.
EGGERTSEN ; P. STAL. Expression of iron regula-
tory genes in aratmodel of hepatocellular carcinoma.
Liver Int, 2006, vol. 26, 976-985 [0139]



EP 2 486 154 B1

J. BOULT ; K. ROBERTS ; M. J. BROOKES ; S.
HUGHES; J. P. BURY; S. S. CROSS; G. J.
ANDERSON ; R. SPYCHAL ; T. IQBAL ; C. TSE-
LEPIS. Overexpression of cellular iron import pro-
teins is associated with malignant progression of es-
ophageal adenocarcinoma. Clin Cancer Res, 2008,
vol. 14, 379-387 [0139]

A. T. MCKIE ; D. J. BARLOW. The SLC40 basola-
teral iron transporter family (IREG1/ferroport-
in/lMTP1). Pflugers Arch, 2004, vol. 447, 801-806
[0139]

B. ELENBAAS; L. SPIRIO ; F. KOERNER ; M. D.
FLEMING ; D. B. ZIMONJIC ; J. L. DONAHER; N.
C.POPESCU ; W.C.HAHN ; R. A.WEINBERG. Hu-
man breast cancer cells generated by oncogenic
transformation of primary mammary epithelial cells.
Genes Dev, 2001, vol. 15, 50-65 [0139]

H. D. SOULE ; T. M. MALONEY ; S. R. WOLMAN ;
W. D. PETERSON, JR.; R. BRENZ; C. M.
MCGRATH ; J. RUSSO; R. J. PAULEY; R. F.
JONES ; S. C. BROOKS. Isolation and characteri-
zation of a spontaneously immortalized human breast
epithelial cell line, MCF-10. Cancer Res, vol. 50,
6075-6086 [0139]

S. C. BROOKS ; E. R. LOCKE ; H. D. SOULE. Es-
trogen receptor in a human cell line (MCF-7) from
breast carcinoma. J Biol Chem, 1973, vol. 248,
6251-6253 [0139]

C. . SARTOR; M. L. DZIUBINSKI ; C. L. YU; R.
JOVE ; S. P. ETHIER. Role of epidermal growth fac-
tor receptor and STAT-3 activation in autonomous
proliferation of SUM-102PT human breast cancer
cells. Cancer Res, 1997, vol. 57, 978-987 [0139]

K. M. IGNATOSKI ; S. P. ETHIER. Constitutive ac-
tivation of pp125fak in newly isolated human breast
cancer celllines. Breast Cancer Res Treat, 1999, vol.
54,173-182 [0139]

O. KAKHLON ; Z. I. CABANTCHIK. The labile iron
pool: characterization, measurement, and participa-
tion in cellular processes(1). Free Radic Biol Med,
2002, vol. 33, 1037-1046 [0139]

T. SORLIE; C. M. PEROU ; R. TIBSHIRANI; T.
AAS ; S. GEISLER ; H. JOHNSEN ; T. HASTIE ; M.
B.EISEN ; M.VANDERIJN ; S. S. JEFFREY. Gene
expression patterns of breast carcinomas distinguish
tumor subclasses with clinical implications. Proc Natl
Acad Sci U S A, 2001, vol. 98, 10869-10874 [0139]
P. HALL ; A. PLONER ; J. BJOHLE ; F. HUANG ;
C. Y. LIN; E. T. LIU; L. D. MILLER; H.
NORDGREN; Y. PAWITAN; P. SHAW. Hor-
mone-replacement therapy influences gene expres-
sion profiles and is associated with breast-cancer
prognosis: a cohort study. BMC Med, 2006, vol. 4,
16 [0139]

63

S. CALZA ; P. HALL ; G. AUER; J. BJOHLE; S.
KLAAR; U. KRONENWETT; E. T. LIU; L.
MILLER ; A. PLONER ; J. SMEDS. Intrinsic molec-
ular signature of breast cancer in a population-based
cohort of 412 patients. Breast Cancer Res, 2006, vol.
8, R34 [0139]

T. SORLIE; R. TIBSHIRANI; J. PARKER; T.
HASTIE ; J. S. MARRON ; A. NOBEL ; S. DENG ;
H. JOHNSEN ; R. PESICH ; S. GEISLER. Repeated
observation of breast tumor subtypes in independent
gene expression data sets. Proc Natl Acad Sci U S
A, 2003, vol. 100, 8418-8423 [0139]

M. J. VAN DE VUVER; Y. D. HE; L. J. VAN'T
VEER ; H. DAI ; A. A. HART ; D. W. VOSKUIL ; G.
J. SCHREIBER; J. L. PETERSE ; C. ROBERTS ;
M. J. MARTON. A gene-expression signature as a
predictor of survival in breast cancer. N Engl J Med,
2002, vol. 347, 1999-2009 [0139]

L. D. MILLER; J. SMEDS ; J. GEORGE; V. B.
VEGA ; L.VERGARA ; A.PLONER ; Y.PAWITAN ;
P.HALL ; S. KLAAR ; E. T. LIU. An expression sig-
nature for p53 status in human breast cancer predicts
mutation status, transcriptional effects, and patient
survival. Proc Natl Acad Sci U S A, 2005, vol. 102,
13550-13555 [0139]

P.L.LEE ; E. BEUTLER. Regulation of hepcidin and
iron-overload disease. Annu Rev Pathol, 2009, vol.
4, 489-515[0139]

L. THELANDER ; A. GRASLUND ; M. THELAND-
ER. Continual presence of oxygen and Iron required
for mammalian ribonucleotide reduction: possible
regulation mechanism. Biochem Biophys Res Com-
mun, 1983, vol. 110, 859-865 [0139]

J.L.BUSS ; F. M. TORTI; S. V. TORTI. The role of
iron chelation in cancer therapy. Curr Med Chem,
2003, vol. 10, 1021-1034 [0139]

G. CAIRO ; F. BERNUZZI ; S. RECALCATI. A pre-
cious metal: Iron, an essential nutrient for all cells.
Genes Nutr, 2006, vol. 1, 25-39 [0139]

G. CHEN ; C. FILLEBEEN ; J. WANG ; K. PAN-
TOPOULOS. Carcinogenesis, 2007, vol. 28,
785-791 [0139]

M. WHITNALL ; J. HOWARD ; P. PONKA ; D. R.
RICHARDSON. A class of iron chelators with a wide
spectrum of potent antitumor activity that overcomes
resistance to chemotherapeutics. Proc Natl Acad Sci
USA, 2006, vol. 103, 14901-14906 [0139]

D. A. GREEN ; W. E. ANTHOLINE ; S. J. WONG ;
D.R.RICHARDSON ; C. R. CHITAMBAR. Inhibition
of malignant cell growth by 311, a novel iron chelator
of the pyridoxal isonicotinoyl hydrazone class: effect
on the R2 subunit of ribonucleotide reductase. Clin
Cancer Res, 2001, vol. 7, 3574-3579 [0139]



EP 2 486 154 B1

J.E. KARP; F. J. GILES ; I. GOJO; L. MORRIS ;
J.GREER ; B. JOHNSON ; M. THEIN ; M. SZNOL ;
J. LOW. A phase | study of the novel ribonucleotide
reductase inhibitor 3-aminopyridine-2-carboxalde-
hyde thiosemicarbazone (3-AP, Triapine) in combi-
nation with the nucleoside analog fludarabine for pa-
tients with refractory acute leukemias and aggressive
myeloproliferative disorders. Leuk Res, 2008, vol. 32,
71-77 [0139]

V. RAO ; KLEIN, S.; AGAMA, K.; TOYODA,E.;
ADACHI, N. ; POMMIER, Y. ; SHACTER, E. Theiron
chelator Dp44mT causes DNA damage and selective
inhibition of topoisomerase-Il alpha in breast cancer
cells. Cancer Research, 2009, vol. 69 (3), 948-57
[0139]

W. P. FAULK; B. L. HSI ; P. J. STEVENS. Trans-
ferrin and transferrin receptors in carcinoma of the
breast. Lancet, 1980, vol. 2, 390-392 [0139]

T. R. DANIELS ; T. DELGADO ; G. HELGUERA ;
M. L. PENICHET. The transferrin receptor part II: tar-
geted delivery of therapeutic agents into cancer cells.
Clin Immunol, 2006, vol. 121, 159-176 [0139]
T.R.DANIELS ; T.DELGADO ;J.A.RODRIGUEZ ;
G. HELGUERA ; M. L. PENICHET. The transferrin
receptor part I: Biology and targeting with cytotoxic
antibodies for the treatment of cancer. Clin Immunol,
20086, vol. 121, 144-158 [0139]

K. J. WU ; A. POLACK ; R. DALLA-FAVERA. Co-
ordinated regulation of iron-controlling genes, H-fer-
ritin and IRP2, by ¢c-MYC. Science, 1999, vol. 283,
676-679 [0139]

Y. TSUJI; E. KWAK; T. SAIKA; S. V. TORTI; F.
M. TORTI. Preferential repression of the H subunit of
ferritin by adenovirus E1A in NIH-3T3 mouse fibrob-
lasts. J Biol Chem, 1993, vol. 268, 7270-7275 [0139]
O. KAKHLON ; Y. GRUENBAUM; Z. . CABAN-
TCHIK. Ferritin expression modulates cell cycle dy-
namics and cell responsiveness to H-ras-induced
growth via expansion of the labile iron pool. Biochem
J, 2002, vol. 363, 431-436 [0139]

W. . LEONG ; B. LONNERDAL. Iron transporters in
rat mammary gland: effects of different stages of lac-
tation and maternal iron status. Am J Clin Nutr, 2005,
vol. 81, 445-453 [0139]

F. M. TORTI; S. V. TORTIL Regulation of ferritin
genes and protein. Blood, 2002, vol. 99, 3505-3516
[0139]

E. NEMETH ; T. GANZ. Regulation of iron metabo-
lism by hepcidin. Annu Rev Nutr, 2006, vol. 26,
323-342 [0139]

J. S. PARKER ; M. MULLINS ; M. C. CHEANG; S.
LEUNG ; D.VODUC ; T. VICKERY ; S. DAVIES ; C.
FAURON ; X. HE ; Z. HU. Supervised risk predictor
of breast cancer based on intrinsic subtypes. J Clin
Oncol, 2009, vol. 27, 1160-1167 [0139]

64

S.PAIK ; S.SHAK ; G.TANG ; C.KIM ; J. BAKER ;
M. CRONIN ; F. L. BAEHNER ; M. G. WALKER ; D.
WATSON ; T. PARK. A multigene assay to predict
recurrence of tamoxifen-treated, nodenegative
breast cancer. N Engl JMed, 2004, vol. 351,
2817-2826 [0139]

S. CHEN; B. ZHU; L. YU. In silico comparison of
gene expression levels in ten human tumor types re-
veals candidate genes associated with carcinogene-
sis. Cytogenet Genome Res, 2006, vol. 112, 53-59
[0139]

D. R. RHODES ; S. KALYANA-SUNDARAM ; V.
MAHAVISNO ; R. VARAMBALLY; J. YU; B. B.
BRIGGS ; T. R. BARRETTE ; M. J. ANSTET ; C.
KINCEAD-BEAL ; P. KULKARNI. Oncomine 3.0:
genes, pathways, and networks in a collection of
18,000 cancer gene expression profiles. Neoplasia,
2007, vol. 9, 166-180 [0139]

E. C. PIETSCH ; J. Y. CHAN; F. M. TORTI; S. V.
TORTI. Nrf2 mediates the induction of ferritin H in
response to xenobiotics and cancer chemopreven-
tive dithiolethiones. J Biol Chem, 2003, vol. 278,
2361-2369 [0139]

J. L. WINTER; B. L. STACKHOUSE; G. B.
RUSSELL ; T. E. KUTE. Measurement of PTEN ex-
pression using tissue microarrays to determine a
race-specific prognostic marker in breast cancer.
Arch Pathol Lab Med, 2007, vol. 131, 767-772 [0139]
Z. DENG; M. WAN; G. SUIl. PIASy-mediated
sumoylation of Yin Yang 1 depends on their interac-
tion but not the RING finger. Mol Cell Biol, 2007, vol.
27, 3780-3792 [0139]

D. A. RUBINSON; C. P. DILLON; A. V.
KWIATKOWSKI; C. SIEVERS; L. YANG; J.
KOPINJA ; D. L. ROONEY ; M. ZHANG; M. M.
IHRIG ; M. T. MCMANUS. A lentivirus-based system
to functionally silence genes in primary mammalian
cells, stem cells and transgenic mice by RNA inter-
ference. Nat Genet, 2003, vol. 33, 401-406 [0139]
A.V.IVSHINA ; J.GEORGE ;0.SENKO ;B.MOW ;
T. C. PUTTI; J. SMEDS; T. LINDAHL;
Y.PAWITAN ; P. HALL ; H. NORDGREN. Genetic
reclassification of histologic grade delineates new
clinical subtypes of breast cancer. Cancer Res, 2006,
vol. 66, 10292-10301 [0139]

J. ZHANG; X. LIU; A. DATTA; K.
GOVINDARAJAN; W. L. TAM; J. HAN; J.
GEORGE ; C. WONG ; K. RAMNARAYANAN ; T.
Y. PHUA. RCP is a human breast cancerpromoting
gene with Ras-activating function. JClin Invest, 2009,
vol. 119, 2171-2183 [0139]

S. LOI; B. HAIBE-KAINS ; C. DESMEDT; F.
LALLEMAND ; A. M. TUTT ; C. GILLET ; P.ELLIS ;
A.HARRIS ; J.BERGH ; J. A. FOEKENS. Definition
of clinically distinct molecular subtypes in estrogen
receptor-positive breast carcinomas through genom-
ic grade. J Clin Oncol, 2007, vol. 25, 1239-1246
[0139]



RE(EFR)AGE)
HAT R E(ZFRR)AGE)

FRI& B A

RAAN

£

H b 237 32k

S\EReERE

BE@®F)

patsnap

FEAE Y2 T AT AR S

EP2486154B1 NI (AE)E 2017-03-01

EP2010822794 RiEH 2010-10-08
LRHRMARERENF

SRBRMRERERZ

TORTI FRANK M
TORTI SUZY V
MILLER LANCE

TORTI, FRANK M.
TORTI, SUZY V.
MILLER, LANCE

C12Q1/68 GO1N33/53

C12Q1/6886 C12Q2600/106 C12Q2600/112 C12Q2600/118 C12Q2600/136 C12Q2600/158 GO1N33
/5011 GO1N33/57415 GO1N33/57449 GO1N33/57484 GO1N33/57492 GO1N33/57496 GO1N2500/10
GO01N2800/54 GO1N2800/60

61/249912 2009-10-08 US
61/370579 2010-08-04 US
61/351767 2010-06-04 US

EP2486154A1
EP2486154A4

Espacenet

Table 1: iron homeostasis associated (IHA) markers.

Affymetrix Probe
GENE NAME sYmBoL Genbank SetID
R4 T AT BEN LW ATENES WAL

?IE #\ T Fﬁ 3': RAEHY 12 H:‘ﬁ'*uﬁj A HY gﬂ A *ujilfo CYBRD1 ALl see88: 222453_at
Cytochrome b reductase 1 NM_024843 -
Six transmembrane epithelial antigen of the prostate 1 | STEAP1 NM_012449 205542_at
Six transmembrane epithelial antigen of the prostate 2 | STEAP2 BF680588 225871_at

AI799784;

Scavenger receptor class A, member 5 (putative) SCARAS BE787752 229630 at
Lactotransferrin LTF NM_002343 202018_s_at
Transferrin receptor (p90, CD71); Transferrin receptor BE676623;
protein 1 TFRC KM_003234 240686_x_at
Feroportin; Solute carrier family 40 (iron-regulated AL136944;
transporter), member 1 SLC40AT NM_014585 223044 at
Iron-sulfur cluster scaffold homolog (E. coli) Iscu AY009128 209075_s_at
Sideroflexin 5 SFXN5 AAT25691 241999_at
Sideroflexin 1 SFXN1 NM_022754 218392_x_at
Endothelial PAS domain protein 1 EPAS1 AF052094 200878_at
Hemochromatosis HFE NM_000410 206087_x_at
2ATP—b|nd|ng cassotto, sub-family G (WHITE), member | P 200735 at
Hepcidin antimicrobial peptide HAMP NM_021175 220491_at
Transmembrane protease, serine 6 TMPRSS6 NM_153609 232941_at
Iron-responsive element binding protein 2 IREB2 KM_004136 225892_at
Ferritin, light polypeptide FTL KM_000146 212788_x_at
Ferritin, heavy polypeptide 1 FTH1 NM_002032 214211_at
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