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INTRODUCTION TO THE PRDM PROTEINS & THEIR ROLE IN CANCERS
There at 16 PRDM proteins, many of which are known as master epigenetic regulators of cellular
differentiation, especially in hematopoietic, epithelial and neural cells. The PRDMs are also known for
driving the development of specialized cells, such as antibody secreting plasma cells and conferring
survival, movement and rapid growth to these critical cells from the embryonic period to the adult and
the old-aged periods in humans. PRDM proteins are among the most widely de-regulated proteins
involved in the early transformation of normal cells to cancer cells. For this reason, drugs that modulate
the PRDM proteins are potentially very valuable therapeutic agents. This is especially true, when
therapy is supported by PRDM related diagnostic biomarkers for drug development guidance, patient
selection, and to institute individualized medicine.
ARIZ BioPharma is an early stage drug development company with PRDM (protein modulation) drug
studies planned in several blood and solid tumor types that kill millions of people annually. We believe
that modulation of de-regulated PRDM Proteins can save lives, with fewer side effects and offer an
improved quality of life to cancer patients. As an example of the normal and abnormal activities
associated with the PRDM proteins, the following pages describe the development of a targeted drug
delivery system to counteract the over-expression of PRDM14, a ‘proteo-ongenic-driver in breast
cancer development, metastasis and cancer cell survival.
INSPIRATION AND DESTINATION: ‘PERSONALIZED MEDICINE’ IN CANCER THERAPY
At the American Association of Cancer Researchers (AACR) annual meeting held recently in
Washington, D.C. Arul Chinnaiyan, M.D. Ph.D., Professor of Pathology and Urology at the University
of Michigan Medical School chaired a plenary session on the complexity of the cancer genome. Dr.
Chinnaiyan spoke of the “need for comprehensive analysis to dissect molecular differences between
tumor and normal cells and between different tumor subtypes. Enabling technologies such as
amplification techniques, high-throughput parallel sequencing, and, more recently, single molecule
sequencing are making this possible. Now the focus is moving to the transcriptome, as well as to
epigenetics and understanding the methylation states of normal versus cancer genomes.” As an
example, Dr. Chinnaiyan said “it is estimated that only about 15 out of 100 women with breast cancer
treated with chemotherapy achieve any benefit. Current cancer treatments have limited efficacy, are
toxic, and are typically quite costly.” He suggested that answers to this problem are likely to be found
in unraveling genomic and epigenomic complexities leading to personalized medicine. He stated “the
goal of personalized medicine is to identify novel therapies that more effectively target a well-defined
population of tumor cells and to pinpoint the patients in whom these treatments will be more likely to
produce positive outcomes, thereby improving efficacy, limiting toxicity, and reducing treatment costs.
Although no one drug is likely to stop cancer, the hope is that combinations of compounds that target
multiple sites in a relevant biochemical pathway or signaling cascade will be efficacious.”1
BACKGROUND ON THE ROLE OF PRDM14 IN BREAST CANCER AND ITS’ INHIBITION
In 2007, Nishikawa, et. al., performed a study similar to the studies suggested by Dr. Chinnaiyan. This
comprehensive study, which included analyses of molecular genetics, gene transcription, and functional
characterization of PRDM14, provides compelling evidence that amplification of PRDM14 is involved in
breast carcinogenesis. “Overexpression of PRDM14 was observed in 75.0% of ductal carcinoma in situ
and 64.7% of invasive breast tumors suggests that its amplification may occur at a relatively early stage of
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tumorigenesis. Moreover, our finding that overexpression of PRDM14 significantly increases the growth
of breast cancer cells whereas knocking down PRDM14 reduces their growth and induces apoptosis
suggests that PRDM14 could be a useful therapeutic target for treating primary breast cancers. In the
present study, we analyzed the expression profiles of PR domain family genes in a panel of breast
cancers. Our results indicate that expression of PRDMs in malignant breast tumors differs from that in
normal breast tissues. For instance, we found that PRDM5 was down-regulated in breast tumors, which is
consistent with the earlier finding that PRDM5 is methylated in breast cancers and confirms that our highthroughput approach was reliable enough for valid characterization of the gene expression profile. In
addition, we found that although there is little or no expression of PRDM14 in noncancerous tissues, it
was frequently overexpressed in human breast cancer tissues and that this up-regulation is associated with
gene amplification. Our results are consistent with the report by Hu et al. showing that PRDM14 is
expressed in breast cancer but not in normal breast epithelium. Amplification of regions of chromosome
8q is frequently detected in malignant tumors, including tumors of the breast, which are often associated
with amplification of the 8q24 region where c-myc is situated. Studies have suggested that several other
candidate oncogenes are also located on chromosome 8q. The 8q13 region, where PRDM14 is located, is
known to be amplified in breast cancer. Given that there is often a correlation between copy number and
expression level, it is not surprising that breast cancer tissue in which we detected increased copy
numbers of PRDM14 gene also showed significantly higher levels of the transcript (P = 0.014).”2
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Normal Transformation of A Breast Epithelial Cell to A Breast Ductal Cell
Prdm14 Induces Gata-3; It Binds Foxa1, Activates Er-Alpha-Leads To Ductal Elongation
This transformation requires that the epithelial cell must be able to proliferate, differentiate, overcome
anoikis, detach, migrate, re-attach and survive normal tumor suppressor controls mechanisms
(apoptosis, stress responses, etc.). GATA-3 is expressed in association with estrogen receptor in breast
cancer. Theoretically, in normal epithelial breast cells PRDM14 expression is induced during ductal
elongation. PRDM14 induces GATA3 activation. GATA3 binds to the promoter of FoxA1, a forkhead
factor that is required for chromatin binding of estrogen receptor. This indicates a transcriptional
network in which GATA3 regulates the transcriptional activity of estrogen receptor α, and identifies
GATA3 as a potential master regulator of ductal elongation at puberty. The transcription factor network
composed of the estrogen receptor alpha (ERalpha), FOXA1 and GATA3 may control the gene
expression pattern in luminal subtype A breast cancers.
Gata-3 and mammary cell fate--Gata-3 binds to the promoter of FoxA1, a forkhead factor that is
required for chromatin binding of estrogen receptor. This indicates a transcriptional network in
which Gata-3 regulates the transcriptional activity of estrogen receptor α, and identifies Gata-3 as a
potential master regulator of ductal elongation at puberty. “To better understand the molecular basis
for the hormone-responsive phenotype in breast cancer, we have used a human cDNA array to compare
patterns of gene expression between breast carcinoma cell lines discordant for estrogen receptor (ER)
expression. These experiments indicated abundant expression of the transcription factor GATA-3 in the
ER-positive cell lines MCF7 and T-47D, with minimal or no expression in the ER-negative cells lines
MDA-MB-231 and HBL-100. A panel of 47 primary breast cancers was characterized for expression of
ER and GATA-3 using immunoperoxidase assay. In primary tumors, a statistically significant correlation
between ER and GATA-3 expression was established (p < 0.0001, 2). Our results indicate that GATA-3,
in association with ER, is likely to regulate genes critical to the hormone-responsive breast cancer
phenotype.” 3
“Genomic regulatory networks specify how cellular gene expression responds to external temporal and
spatial stimuli, ensuring that correct cell fate decisions are made and the appropriate cell phenotypes are
adopted. In mammary epithelial cells, the hierarchy of stem and progenitor cells and the genetically
specified program of transcriptional activity are beginning to be elucidated and integrated. A novel role
for Gata-3 in specifying and maintaining mammary cell fate has recently been identified. These reports
offer an understanding of how mammary cells assume and maintain a variety of cell behaviours and
functions, and how a mammary cell may potentially subvert these constraints during carcinogenesis.
The Gata family comprises six zinc-finger transcription factors that have a well-defined role in cell-fate
specification in the immune system, kidney and other tissues. Constitutive null mutation of Gata-3
results in embryonic lethality. In the mammary gland Gata-3 is expressed only by the epithelium and its
expression increases during early pregnancy. Recent work from Zena Werb's laboratory reports that
Gata-3 was the most highly enriched transcription factor in a microarray analysis of terminal end-buds
and ducts compared to epithelium free stroma. Gata-3 expression can be detected as early as E12.5 in
primordial mammary buds of Gata-3/LacZ knockin mice. Expression in mammary epithelium continues
throughout puberty and pregnancy and Gata-3 expression is restricted to luminal cell lineages. The
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expression and localisation of Gata-3 indicates a potential role in the regulation of epithelial cell
phenotype throughout several stages of mammary gland development. In addition to regulating
mammary placode formation and ductal elongation, a direct requirement for Gata-3 in epithelial cell
differentiation was demonstrated. Deletion of Gata-3 following mammary ductal development resulted
in failure of the expansion of the luminal progenitor population required for lobuloalveolar development
during pregnancy. This finding was supported by the ability of Gata-3 expression to drive a stem cell
enriched population along the alveolar luminal lineage. This is one of the first findings linking a
transcription factor to the enriched luminal cell progenitor population it regulates.4
As one reads the remainder of this report, it may be helpful to consider that each PRDM14 genetic interaction appears to fit
into a general framework of normal epithelial cell differentiation into ductal cells. On the abnormal side of cell proliferation
and survival is a dysfunctional cell control system, caused by PRDM14 gene duplication, which is now known to go awry in
two of three breast cancers.Nishikawa found that overexpression of PRDM14 led to up-regulation of 116

genes and down-regulation of 107 genes in both the SK-P8 and SK-P9 clones. These results were
confirmed by real-time PCR, which showed that the expression levels of CEACAM6, CEACAM7, CCDC3,
PEG10, POT1, and GATA3 were all significantly higher in cells stably expressing PRDM14. Nishikawa
also pointed out that RNAi of PRDM14 induced cell death and significant reduction of up-regulated genes
and increased expression of suppressed genes.

Role of PRDM14 in cell transformation, growth, and apoptosis.
A, PRDM14 enhanced Ha-ras–induced anchorage-independent growth of MCF10A cells. MCF10A cells
were transfected with mutant Ha-ras, PRDM14, or mutant Ha-ras + PRDM14 and then plated in soft agar.
After incubation for 3 wk, colonies were analyzed by Metaview software.
B, numbers of colonies of Ha-ras, PRDM14, and Ha-ras + PRDM14 transfectants were counted. Columns,
mean from three independent experiments; bars, SE; *, P < 0.05; **, P < 0.01.
C, knockdown of PRDM14 by siRNA in the cancer cell lines. PA-1 and SK-P8 cells, which constitutively
express high levels of PRDM14, were transfected with control or PRDM14-targeted siRNA (si-control
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and siPRDM14, respectively). After 48 h, the cells were harvested and expression of PRDM14 was
assessed by quantitative real-time PCR.
D, knockdown of PRDM14 suppresses cell growth. PA-1 and SK-P8 cells treated with either si-control or
siPRDM14 were grown for 48 or 96 h, after which cell numbers were counted. Columns, mean from three
independent experiments; bars, SE. *, P < 0.05; **, P < 0.01, versus si-control.
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Delivery of siRNA into breast cancer cells via phage fusion protein-targeted liposomes5
PRDM14 has been shown to be a ‘driver’ of breast cell proliferation, differentiation and survival. This
role is partially mediated by up or down regulation of key genes and pathways. In the sections that
follow, a detailed analysis and comments about the key genes and pathways that PRDM14 influences in
the normal and dysregulated settings will be provided.
PRDM14 has also been shown to be a ‘driver’ of oncogenesis when over-expressed, which seems to occur
in 2 of 3 advanced breast cancer patients and 3 of 4 luminal type A breast cancer patients. Multiple
independent studies have confirmed the oncogenic properties of over-expressed PRDM14 genes and
proteins. Studies have demonstrated that key cancer causing genes, proteins and oncogenic pathways (cMYC, GATA, PI3K/AKT, MAPK, etc.) can be activated by PRDM14 over expression and key pathways
that promote anoikis and apoptosis (CEACAM, p53, Caspases, etc.) can be down-regulated to increase
cancer cell survival. Growth hormones and angiogenesis pathways are impacted as well by the overexpression of PRDM14. Independent growth of cancer cells, migration, metastasis, implantatation
and survival are properties conferred on cancer cells with over-expression of PRDM14. These hallmarks
of cancer are critical to understand and rectify to effect a significant and lasting diminution of cancer
cells.
As shown in the above figure, the overall goal in cancer therapy is to eliminate cancer cells using modern
techniques and novel approaches to therapy. Two independent studies have confirmed, via proof of
principle studies, that PRDM14 protein can be targeted for destruction through RNA inhibition. In the
first case, shRNA was used in a research-appropriate, but clinically inappropriate vector by Nishikawa. In
the second case to be discussed next, by Petrenko, et. al., a clinically acceptable vector, a breast cancer
targeted and pegylated liposome containing siRNA to PRDM14 was used to knockdown over-expressed
mRNA and block PRDM14 protein production. This resulted in cancer cell death, increased cancer cell
sensitivity to chemotherapy and a synergistic combined effect of targeted delivery of PRDM14 siRNA
and doxorubicin.
siRNA-targeted-liposomes were tested for their ability to inhibit expression (silencing) of target PRDM14
gene and synthesis of its product—PRDM14 protein in breast cancer cells (MCF-7). Cells were treated
with siRNA–protein (targeted) liposomes for 72 hrs, in parallel with control plain liposomes, siRNAliposomes and protein-liposomes. Total RNA was isolated from treated cells and analyzed by RT-PCR
with primers specific for PRDM14 gene. Relative expression of the gene was normalized against GAPDH
gene. It was found that targeted siRNA-protein targeted-liposomes down-regulated PRDM14 gene by
44% (p<0.01) close to the level of down-regulation of PRDM14 gene by siRNA-lipofectamine mix
(46%, p<0.02), while control liposomes had no effect on PRDM14 gene expression. Similarly, Western
blot analysis revealed that siRNA-protein-liposomes down-regulated PRDM14 protein expression as
compared to controls.
These results prove the superiority of the selected phage protein and the targeting delivery of siRNA
versus non-targeting. To enhance a potential anticancer efficiency of liposome-encapsulated siRNAs, we
specifically targeted them via fusion with preselected phage protein specific for cancer cells MCF-7. To
simplify the procedure and exclude any chemical conjugation reactions, we used spontaneous insertion of
the phage proteins and siRNA into parental liposomes, followed by their fusion in mild conditions. The
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tumor-specific protein was isolated from the phage that was affinity selected from multibillion-clone
landscape phage library f8/8 by their ability to bind very specifically breast cancer cells. The phage
demonstrates high selectivity and specificity towards target cells versus control unrelated cells. The novel
siRNA-nanopharmaceuticals targeted to the breast cancer cells MCF-7 via their association with phage
fusion proteins down-regulated PRDM14 gene expression and inhibited PRDM14 protein synthesis in
MCF-7 cells as effectively as lipofectamine-siRNA complex considered as a “gold standard” for delivery
of siRNAs into cells in vitro. siRNA-liposomes alone showed no effect on PRDM14 gene expression
implying the specific cell-targeting role of the fusion proteins through its anchoring to the cells and
mediating delivery of siRNA-liposomes into the cells.

DMPGTVLP-siRNA-DOXO
VEEGGYIAA-siRNA-DOXO

Cell viability percentage

DOXO

4

8

16

32

Doxorubicin concentration (ng/ml)

64

Fig. 10. Cell viability percentage. The
phage-DMPGTVLP-siRNA-DOXO liposome
formulation shows a higher cytotoxicity
efficiency
compared
to
phageVEEGGYIAA-siRNA-DOXO
for
same
concentration of protein, siRNA and DOXO.
The efficacy becomes much higher when
compared to phage-free/siRNA-free/DOXO
for same DOXO concentration. P value for
comparison of phage-DMPGTVLP-siRNADOXO and phage-free/siRNA-free/DOXO:
0.001, P value for comparison of phageVEEGGYIAA-siRNA-DOXO and phagefree/siRNA-free/DOXO: 0.018. Both were
calculated as two tailed t-test by Excel. The
corresponding plain formulations only made
of lipids did not show any cytotoxic effect.

“After 72 h incubation, the cell survival was analyzed and it showed that both phage-siRNA-DOXO
formulations possess a higher cytotoxic efficacy compared to the phage-free/siRNA-free-DOXO
liposomes. Moreover, the phage-DMPGTVLP-siRNA-DOXO liposome formulation also demonstrated to
be more efficient compared to phage-VEEGGYIAA-siRNA-DOXO for same concentration of protein,
siRNA and DOXO (Fig. 10). The higher targeted activity of the phage DMPGTVLP protein correlate well
with the higher silencing activity of the siRNA liposomes targeted with this protein (Fig. 10). The
corresponding plain formulations (made only of lipids) did not show any cytotoxic effect. It was found
also that at the maximum concentration of doxorubicin control cells (we tested both normal and cancer cardiomyocytes, fibroblasts and prostate cancer) die exactly as MCF-7 (i.e. 60-70%) but phage protein
does not increase this level of death. Thus, the results displaying the stronger proapoptotic activity of
phage-siRNA-DOXO liposomes compared to the phage-free/siRNA-free-DOXO liposomes that showed
the efficacy of siRNA in inducing gene-silencing effect combined to the known apoptotic effect
determined by the doxorubicin.
In this project we explored novel advanced siRNA-based
nanopharmaceuticals targeted to the breast cancer cells via their association with phage fusion proteins—
substitute antibodies with high selectivity, affinity and stability. The tumor-specific peptides genetically
fused to all 4,000 copies of the phage’s major coat protein pVIII have been affinity selected from
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multibillion clone libraries by their ability to bind very specifically breast cancer cells and/or penetrate
into the cells. The selected tumor-specific phage was converted into the drug-loaded liposomal vesicles in
which the fusion phage proteins span the lipid bilayer displaying the tumor-binding peptides on the
surface of the vesicles.
Thus, the major principle of the proposed innovative approach is that the synergistic composition of
siRNA and anticancer drugs, such as doxorubicin encapsulated into a targeted liposome can be delivered
to the cancer cells that have been used for selection of the precisely targeting phage. The major
hypothesis that targeting of the siRNA-loaded liposomes with cancer-specific phage proteins can increase
their down-regulating activity towards the target gene PRDM14 has been proven in the described
experiments. Developed targeted siRNA preparations were shown to enhance cytotoxic effects of
doxorubicin towards the breast cancer cells.”6

THE PRDM GENOMIC AND PROTEOMIC NETWORK
Mechanism of Action-Chemosensitivity and Chemoresistance
An analysis of the expression of target genes after knockdown of PRDM14 was reported by Nishikawa.
Expression of CEACAM6, GATA3 and IGFBP7 was examined using real-time PCR with cDNA
prepared from PA-1 cells transfected with si-control or si-PRDM14. CEACAM6 and GATA3 expression
were decreased by 40% and 50%. IGFBP7 expression was increased by 90% (see supplemental data).
1. PRDM14 over-expression leads to increased expression of CEACAM6. CEACAM6 expression
makes it possible for epithelial cells that are becoming ductal cells to migrate without inducing
apoptosis by conferring resistance to anoikis. CEACAM6 expression leads to increased activation
of the PI3K/AKT and MAPK cell proliferation pathways. Resistance to chemotherapy is common
due to activation of these pathways. PI3K/AKT and MAPK pathways may also account for the
emergence of hormone insensitivity of breast cancer and increased oncogenic activity in advanced
cancer. CEACAM6 expression leads to increased breast cancer cell survival and metastasis. A
proven action of RNAI of PRDM14 is decreased expression of CECAM6, which makes this effect
a possible mechanism of action.
2. PRDM14 over-expression leads to increased expression of GATA3. The ability of GATA3
expression to drive a stem cell enriched population along the alveolar luminal lineage is an
important consideration. The down-regulation of PRDM14 leads to decreased expression of
GATA3, which may shut down the proliferate process induced by over-expressed PRDM14.
3. PRDM14 over-expression leads to decreased expression of SEMA3B. SEMA3B is a tumor
suppressor and inhibitor of the PI3K/AKT pathway. Decreased SEMA3B expression leads to
increased activation of the PI3K/AKT cell proliferation pathway and blockage of apoptotic
pathways. SEMA3B down-regulation leads to activation of the estrogen receptor, resistance to
tamoxifen and independence of estrogen for growth and cell proliferation. Decreased SEMA3B
expression leads to increased Bcl2, an anti-apoptotic gene and decreased cleavage of caspase
3.
6
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4. PRDM14 over-expression down-regulates p21(aka CDKN1A cyclin dependent kinase inhibitor
1A.). Decreased p21 leads to decreased apoptosis in the p53 pathway. P21 inhibits cyclin CDK2
and negatively regulates cell cycle progression. Loss of p21 is associated with cancer and drug
resistance (taxol and tamoxifen) via AKT phosphorylation.
5. PRDM14 over-expression increases the expression of PEG10 resulting in the decreased activation
of TGF-beta and SIAH1. Experiments revealed that PEG10 protein associated with SIAH1, a
mediator of apoptosis, and that overexpression of PEG10 decreased the cell death mediated by
SIAH1. PEG10 is also associated with cell proliferation through the c-myc pathway. SIAH1
is a key final step of activation in the p53 apoptosis pathway. PRDM14 may block apoptosis in
this manner. Up-regulated PEG10 expression and function, subsequently stabilize caspase-3 and
caspase-8 in cells and further rescue the cells from TNF--mediated apoptosis.
6. PRDM14 over-expression increases the expression of POT1 increasing cell survival and resistance
to radiation.
7. PRDM14 over-expression increases the expression of CTNND2. CTNND2 is known forgiving
cells motility, increased survival by increasing Bcl2 and survivin. Cells with CTNND2 overexpressed display adhesion-independent cell scattering.
8. OVER-EXPRESSION OF PRDM14 UPREGULATES Wnt5-Activation of Wnt5 leads to
activation of AP-1/c-Jun. Wnt5a is a natural ligand of Fzd3 that triggers the PI3K/Akt signal and
promotes adhesion. Wnt5A leads to PI3K activation. WNT5A is a cancer-associated gene
involved in invasion and metastasis of melanoma, breast cancer, pancreatic cancer, and gastric
cancer.
9. OVER-EXPRESSION OF PRDM14 suppresses Angiopoietin-like 4 (ANGPTL4). Angiopoietinlike 4 prevents metastasis through inhibition of vascular permeability and tumor cell motility and
invasiveness.
10. PRDM14 DOWNREGULATES Aldehyde dehydrogenase 1A1 (ALDH1A1).
Aldehyde
dehydrogenase as a marker for stem cells. Multiple aldehyde dehydrogenase genes have been
identified in many tissues. Aldehyde dehydrogenase class 1A1 (ALDH1A1) has been identified as
highly expressed in embryonal tissue as well as in adult stem cells isolated from bone marrow,
brain, breast and possibly other tissues.
11.

SEMA3B IS DOWNREGULATED BY OVER-EXPRESSION OF PRDM14. AS SEMA3B IS
DOWNREGULATED BY PRDM14. IN BREAST CANCER, THIS RESULTS IN AN
UNINHIBITED PI3K/AKT PATHWAY. SEMA3B induces apoptosis in tumor cells: SEMA3B
inhibited their growth; induced apoptosis; and was associated with decreased Akt phosphorylation,
increase in cytochrome c release and caspase-3 cleavage, as well as increased phosphorylation of
several proapoptotic proteins, including glycogen synthase kinase-3beta, FKHR, and MDM-2.
PRDM14 OVER-EXPRESSION LEADS TO DECREASED LEVELS OF SEMA3B-a blocking
ligand for NEUROPILIN-1: SEMA3B-mediated inhibition of proliferation and induction of
apoptosis in cancer cells were blocked by expressing a constitutively active Akt mutant and are
linked to tumor cell expression of neuropilin-1 (Np-1). PRDM14 OVER-EXPRESSION LEADS
TO INCREASED LEVELS OF neuropilin NRP and Tolloid-like 2 TLL-this leads to angiogenesis
through VEGF.
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12. OVER-EXPRESSION OF PRDM14 down regulates WISP-2/ CCN5. WISP-2./CCN5 is a
negative regulator of migration and invasion of breast cancer cells, and these events could be
regulated by CCN5 through the modulation of the expression of genes essential for an invasive
front. These include Snail-E-cadherin signaling and matrix metalloproteinase (MMP)-9 and MMP2. CCN5/WISP-2 expression in breast adenocarcinoma is associated with less frequent
progression of the disease and suppresses the invasive phenotypes of tumor cells.
13. OVER-EXPRESSION OF PRDM14 suppresses IGFBP7. Down-regulation of IGFBP7 by
PRDM14 leads to several normal and oncogenic functions. IGFBP7 up regulates BNIP3L a
proapoptotic BCL2 family protein and induces apoptosis. IGFBP7 activates BRAFV600E, a
BRAF oncogene and inhibits BRAF-MEK-ERK cellular proliferation. IGFBP7 treatment
suppressed VEGF-induced tube formation, proliferation, and the phosphorylation of mitogenactivated protein kinase kinase (MEK) and extracellular signal-regulated kinase (ERK) 1/2 in
HUVECs. IGFBP7 attenuated VEGF-enhanced cyclooxygenase (COX)-2 and VEGF mRNA
expression, and prostaglandin E(2) secretion. Down-regulation of IGFBP7 by PRDM14 leads to
decreased apoptosis via BCL2, increased proliferation via BRAF-MEK-ERK derepression,
increased angiogenesis via increased VEGF mRNA expression and enhanced Cox2 expression.
Down-regulation of IGFBP7 by PRDM14 leads to derepression of the MAP kinase/ERKs
signaling pathway resulting in cell division and sustained proliferation. RNAI to PRDM14
increased IGFBP7 expression by 90%.
In terms of chemosensitivity and chemoresistance, it has been proven that increased PRDM14 expression
leads to chemo resistance and this effect may include radio-resistance as well. Many potential
mechanisms of actions exist to account for the resistance to therapy due to over-expression of PRDM14
and increased sensitivity of cancer cells due to RNAI of PRDM14 and restoration of ‘normalized’ genetic
pathways. Nishikawa showed that knockdown of PRDM14 sensitizes PA-1 cells to chemotherapeutic
drugs. Forty-eight hours after transfection with si-PRDM14, PA-1 cells were treated with 50 µM CDDP
or 1 µM docetaxel, after which the incidence of apoptosis was determined by flow cytometry (see
Supplemental Data).
PRDM14 OVER-EXPRESSION LEADS TO:
PRDM14 over-expression leads to increased expression of CEACAM6. CEACAM6 expression makes it
possible for epithelial cells that are becoming ductal cells to migrate without inducing apoptosis by
conferring resistance to anoikis. PRDM14 regulates other key genes involved in conferring resistance to
anoikis and metastatic properties. CEACAM6 expression leads to increased activation of the PI3K/AKT
and MAPK cell proliferation pathways. Resistance to chemotherapy is common due to activation of these
pathways. PI3K/AKT and MAPK pathways may also account for the emergence of hormone
insensitivity of breast cancer and increased oncogenic activity in advanced cancer. CEACAM6
expression leads to increased breast cancer cell survival and metastasis.
PRDM14 over-expression increases the expression of PEG10 resulting in the decreased activation of
TGF-beta and SIAH1. Experiments revealed that PEG10 protein associated with SIAH1, a mediator of
apoptosis, and that overexpression of PEG10 decreased the cell death mediated by SIAH1. PEG10 is
also associated with cell proliferation through the c-myc pathway. SIAH1 is a key final step of
activation in the p53 apoptosis pathway. PRDM14 may block apoptosis in this manner. Up-regulated
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PEG10 expression and function, subsequently stabilize caspase-3 and caspase-8 in cells and further
rescue the cells from TNF--mediated apoptosis.
PRDM14 over-expression increases the expression of POT1 increasing cell survival and resistance to
radiation.
PRDM14 over-expression increases the expression of CTNND2. CTNND2 is known forgiving cells
motility, increased survival by increasing Bcl2 and survivin. Cells with CTNND2 over-expressed display
adhesion-independent cell scattering.
PRDM14 over-expression leads to decreased expression of SEMA3B. SEMA3B is a tumor suppressor
and inhibitor of the PI3K/AKT pathway. Decreased SEMA3B expression leads to increased activation
of the PI3K/AKT cell proliferation pathway and blockage of apoptotic pathways. SEMA3B downregulation leads to activation of the estrogen receptor, resistance to tamoxifen and independence of
estrogen for growth and cell proliferation. Decreased SEMA3B expression leads to increased Bcl2, an
anti-apoptotic gene and decreased cleavage of caspase 3.
PRDM14 over-expression down-regulates p21: aka CDKN1A or cyclin dependent kinase inhibitor 1A.
Decreased p21 leads to decreased apoptosis in the p53 pathway. P21 inhibits cyclin CDK2 and
negatively regulates cell cycle progression. Loss of p21 is associated with cancer and drug resistance
(taxol and tamoxifen) via AKT phosphorylation.
PRDM14 over-expression down-regulates Inhibitor of DNA Binding 4 (ID4), a tumor suppressor gene.
The ID4 promoter is methylated AND SILENCED in 69% of breast cancers.
PRDM14 INTERACTS AND MODULATES HUNDREDS OF GENES, PROTEINS AND
SEVERAL KEY ONCOGENIC PATHWAYS, ESPECIALLY THE PI3K/AKT PATHWAY
In greater scientific detail, the following section holds information about the role of many other genes in
PRDM14 associated breast cancer. At the end of this report, there is more information given about cancer
cell pathways with emphasis on some mechanism of resistance to chemotherapy induced by activation of
these key pathways. The PI3K/AKT pathway stands out as a commonly activated pathway due to
PRDM14 over-expression.
PRDM14 over-expression activates the PI3K/AKT pathway in many ways. It is very likely that the
apoptotic effect of siRNA to PRDM14 in breast cancer cells is caused by the reactivation or release from
inhibition of this pathway.
PRDM14 over-expression leads to increased expression of CEACAM6.
PRDM14 INCREASES CEACAM6 WHICH RESULTS IN DYSREGULATION OF CELLS, TISSUE AND ONCOGENESIS
MAJOR POINTS--Unregulated CEACAM6 induces the increased activity in the PI3K/AKT pathway. PRDM14 siRNA
decreased the level of CEACAM6, thus reducing the activation of the PI3K/AKT pathway.

The PTEN/PI3K/AKT signaling pathway in cancer, therapeutic implications
PTEN/PI3K/AKT constitutes an important pathway regulating the signaling of multiple biological processes such as apoptosis,
metabolism, cell proliferation and cell growth. PTEN is a dual protein/lipid phosphatase which main substrate is the
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phosphatidyl-inositol,3,4,5 triphosphate (PIP3), the product of PI3K. Increase in PIP3 recruits AKT to the membrane where it
is activated by other kinases also dependent on PIP3. Many components of this pathway have been described as causal forces
in cancer. PTEN activity is lost by mutations, deletions or promoter methylation silencing at high frequency in many primary
and metastatic human cancers. Germ line mutations of PTEN are found in several familial cancer predisposition syndromes.
Activating mutations, which have been reported for PI3K and AKT, in tumours are able to confer tumourigenic properties in
several cellular systems. Additionally, the binding of PI3K to oncogenic ras is essential for the transforming properties of
ras. In summary, the data strongly support the view of the PTEN/PI3K/AKT pathway as an important target for drug
discovery. Curr Cancer Drug Targets. 2008 May;8(3):187-98
Increased CEACAM6 expression is associated with Anoikis resistance. Anoikis resistance confers metastatic properties
to cells and protects cells from apoptosis.
CEACAM6-specific short interfering ribonucleic acid (siRNA), but not control siRNA, increased susceptibility to
caspase-mediated anoikis, an effect abrogated by Z-VAD-fmk, and decreased Akt phosphorylation (Ser-473) under
anchorage-independent conditions. Suppression of CEACAM6 expression using small interfering RNA (siRNA)
completely reversed migration and invasion of MCF-7:5C and MCF-7:2A cells and it significantly reduced
phosphorylated Akt and c-Src expression in these cells. In conclusion, our findings establish CEACAM6 as a unique
mediator of migration and invasion of drug resistant oestrogen-deprived breast cancer cells and suggest that this
protein could be an important biomarker of metastasis

Expression of carcinoembryonic antigen cell adhesion molecule 6 oncoprotein in atypical ductal
hyperplastic tissues is associated with the development of invasive breast cancer.
BACKGROUND: Epidemiologic studies have established that women with prior atypical ductal hyperplastic (ADH) lesions
have a 5-fold increased risk of developing invasive breast cancer (IBC). However, there is currently no means of identifying a
subclass of ADH from women who will most likely develop cancer. The purpose of this study is to investigate whether
elevated expression of carcinoembryonic antigen cell adhesion molecule 6 (CEACAM6) in ADH tissues is associated with the
development of IBC. METHODS: A retrospective study was conducted with archival ADH tissues and clinical information on
the development/nondevelopment of IBC. The control group was ADH from patients who had no prior history of IBC and did
not develop cancer within 5 years after the diagnosis of ADH (n = 44). The test group was ADH from patients who either
developed cancer concurrently or subsequently after diagnosis (ADHC; n = 44). The expression of CEACAM6 was studied by
immunohistochemistry and the results were statistically analyzed for significant association to develop cancer (P value),
specificity, sensitivity, positive predictive value, and negative predictive value. RESULTS: Of the 44 control ADH tissues from
patients with no history of cancer, 9 were positive for CEACAM6. Among the ADHC tissues, 40 of 44 samples were positive.
Statistical analysis of CEACAM6 expression data showed a significant association between its expression and cancer
development, high sensitivity, specificity, positive predictive value, and negative predictive value. CONCLUSIONS: The
expression of CEACAM6 in ADH lesions is strongly associated with the development of IBC, therefore, it can be applied as a
diagnostic marker either singly or in combination with other marker(s) to predict IBC development in women with ADH
lesions. It could also be a potential molecular therapeutic target for preventing IBC. Clin Cancer Res. 2006 Aug 1;12(15):477383.

Overexpression of CEACAM6 promotes migration and invasion of oestrogen-deprived breast
cancer cells.
Lewis-Wambi JS, Cunliffe HE, Kim HR, Willis AL, Jordan VC. Department of Medical Sciences, Fox Chase Cancer
Center, 333 Cottman Avenue, Philadelphia, PA 19111, USA.
Carcinoembryonic antigen-related cell adhesion molecule 6 (CEACAM6) is an intercellular adhesion molecule that is
overexpressed in a wide variety of human cancers, including colon, breast and lung and is associated with
tumourigenesis, tumour cell adhesion, invasion and metastasis. In this study, we showed that CEACAM6 was
overexpressed in a panel of oestrogen receptor (ERalpha)-positive human breast cancer cell lines (MCF-7:5C and MCF-7:2A)
that have acquired resistance to oestrogen deprivation, and this overexpression was associated with a more aggressive
invasive phenotype in vitro. Expression array analysis revealed that MCF-7:5C and MCF-7:2A cells overexpressed
CEACAM6 mRNA by 27-fold and 12-fold, respectively, and were 6-15-times more invasive compared to non-invasive wildtype MCF-7 cells which expressed low levels of CEACAM6. Suppression of CEACAM6 expression using small interfering
RNA (siRNA) completely reversed migration and invasion of MCF-7:5C and MCF-7:2A cells and it significantly
reduced phosphorylated Akt and c-Src expression in these cells. In conclusion, our findings establish CEACAM6 as a
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unique mediator of migration and invasion of drug resistant oestrogen-deprived breast cancer cells and suggest that
this protein could be an important biomarker of metastasis. Eur J Cancer. 2008 Aug;44(12):1770-9.

Expression patterns of CEACAM5 and CEACAM6 in primary and metastatic cancers.
Blumenthal RD, Leon E, Hansen HJ, Goldenberg DM. Garden State Cancer Center, Center for Molecular Medicine and
Immunology, Belleville, NJ 07109, USA. Rblumenthal@gscancer.org Rblumenthal@gscancer.org
BACKGROUND: Many breast, pancreatic, colonic and non-small-cell lung carcinoma lines express CEACAM6 (NCA-90)
and CEACAM5 (carcinoembryonic antigen, CEA), and antibodies to both can affect tumor cell growth in vitro and in vivo.
Here, we compare both antigens as a function of histological phenotype in breast, pancreatic, lung, ovarian, and prostatic
cancers, including patient-matched normal, primary tumor, and metastatic breast and colonic cancer specimens. METHODS:
Antigen expression was determined by immunohistochemistry (IHC) using tissue microarrays with MN-15 and MN-3
antibodies targeting the A1B1- and N-domains of CEACAM6, respectively, and the MN-14 antibody targeting the A3B3
domain of CEACAM5. IHC was performed using avidin-biotin-diaminobenzide staining. The average score +/- SD (0 =
negative/8 = highest) for each histotype was recorded. RESULTS: For all tumors, the amount of CEACAM6 expressed was
greater than that of CEACAM5, and reflected tumor histotype. In breast tumors, CEACAM6 was highest in papillary >
infiltrating ductal > lobular > phyllodes; in pancreatic tumors, moderately-differentiated > well-differentiated > poorlydifferentiated tumors; mucinous ovarian adenocarcinomas had almost 3-fold more CEACAM6 than serous ovarian
adenocarcinomas; lung adenocarcinomas > squamous tumors; and liver metastases of colonic carcinoma > primary
tumors = lymph nodes metastases > normal intestine. However, CEACAM6 expression was similar in prostate cancer and
normal tissues. The amount of CEACAM6 in metastatic colon tumors found in liver was higher than in many primary colon
tumors. In contrast, CEACAM6 immunostaining of lymph node metastases from breast, colon, or lung tumors was similar to
the primary tumor. CONCLUSION: CEACAM6 expression is elevated in many solid tumors, but variable as a function of
histotype. Based on previous work demonstrating a role for CEACAM6 in tumor cell migration, invasion and adhesion,
and formation of distant metastases (Blumenthal et al., Cancer Res 65: 8809-8817, 2005), it may be a promising target for
antibody-based therapy. BMC Cancer. 2007 Jan 3;7:2.

Carcinoembryonic antigen cell adhesion molecule 6 predicts breast cancer recurrence following
adjuvant tamoxifen.
Maraqa L, Cummings M, Peter MB, Shaaban AM, Horgan K, Hanby AM, Speirs V.
Leeds Institute of Molecular Medicine, University of Leeds, Leeds, UK.
PURPOSE: Tamoxifen remains therapy of choice for premenopausal estrogen receptor alpha-positive breast cancer. However,
resistance and recurrence are serious problems. Our previous work indicated that carcinoembryonic antigen cell adhesion
molecule 6 (CEACAM6) was significantly up-regulated in tamoxifen-resistant (TAMr) MCF-7 derivatives. The aim of
this study was to determine the functional role of CEACAM6 in endocrine-resistant breast cancer and to retrospectively test
whether it was predictive of resistance in a large cohort of breast cancers with long-term follow-up. EXPERIMENTAL
DESIGN: siRNA silencing of CEACAM6 was done in TAMr cells and effects on clonogenicity and endocrine sensitivity were
determined. CEACAM6 immunohistochemistry was done on a tissue microarray comprising 108 relapsed primary human
breast cancers and 243 tamoxifen-sensitive controls. RESULTS: siRNA-mediated silencing of CEACAM6 reduced both
clonogenicity and anchorage-dependent and anchorage-independent growth of TAMr cells. Importantly, CEACAM6 silencing
restored sensitivity of TAMr cells to 4-hydroxytamoxifen and proliferative response to 17beta-estradiol.
Immunohistochemistry showed significantly more CEACAM expression in the relapsed group compared with nonrelapsed
controls [35 of 108 (33.3%) and 32 of 243 (13.2%), respectively; odds ratio, 3.16 (95% confidence interval, 1.83-5.47); P <
0.0001]. Additionally, we derived an outcome predictor model based on CEACAM expression that restratified patients in the
Nottingham prognostic index intermediate-risk group into either higher-risk or lower-risk group. CONCLUSIONS: Our data
support an important role for CEACAM6 in endocrine resistance, which can serve as a powerful predictor of future
recurrence. Clin Cancer Res. 2008 Jul 1;14(13):4355-6.

A co-clustering model involving alpha5beta1 integrin for the biological effects of GPI-anchored
human carcinoembryonic antigen (CEA).
Camacho-Leal P, Zhai AB, Stanners CP. Department of Biochemistry and McGill Cancer Centre, McGill University,
CEA functions as an intercellular adhesion molecule and is up-regulated in a wide variety of human cancers, including colon,
breast and lung. Its over-expression inhibits cellular differentiation, blocks cell polarization, distorts tissue architecture,
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and inhibits anoikis of many different cell types. Here we report results concerning the molecular mechanism involved in
these biological effects, where relatively rapid molecular changes not requiring alterations in gene expression were
emphasized. Confocal microscopy experiments showed that antibody-mediated clustering of a deletion mutant of CEA
(DeltaNCEA), normally incapable of self binding and clustering, led to the co-localization of integrin alpha5beta1 with patches
of DeltaNCEA on the cell surface. Activation of alpha5, as defined by an anti-alpha5 mAb-sensitive increase in cell adhesion
to immobilized fibronectin, and an increased binding of soluble fibronectin to cells, was also observed. This was accompanied
by the recruitment of integrin-linked kinase (ILK), protein kinase B (PKB/Akt), and the mitogen-activated protein kinase
(MAPK) to membrane microdomains and the phosphorylation of Akt and MAPK. Inhibition of PI3-K and ILK, but not
MAPK, prevented the alpha5beta1 integrin activation. Conversely, anti-alpha5 antibody inhibited the PI3-K-mediated
activation of Akt, implying the involvement of outside-in and inside-out signaling in integrin activation. Therefore we propose
that CEA-mediated signaling involves clustering of CEA and co-clustering and activation of the alpha5beta1 and associated
specific signaling elements on the internal surfaces of membrane microdomains. These changes may represent a molecular
mechanism for the biological effects of CEA. J Cell Physiol. 2007 Jun;211(3):791-802.

OVER-EXPRESSION OF PRDM14 leads to UPREGULATION of PEG10
PEG10 expression is upregulated by PRDM14 in breast cancer cells. PEG10 shows significant oncogenic
function in both solid tumors and B cell acute and chronic lymphocytic leukemia through its apparent
ability to prevent apoptosis and promote cell proliferation.7 Additional experiments revealed that PEG10
protein associated with SIAH1, a mediator of apoptosis, and that overexpression of PEG10 decreased
the cell death mediated by SIAH1.8
PEG10 is a c-MYC target gene in cancer cells.
Li CM, Margolin AA, Salas M, Memeo L, Mansukhani M, Hibshoosh H, Szabolcs M, Klinakis A, Tycko B.
Institute for Cancer Genetics, Columbia University Medical Center, 1150 St. Nicholas Avenue, New York, NY 10032, USA
In a mouse mammary tumor virus (MMTV)-MYC transgenic mouse model of breast cancer, most but not all of the
mammary carcinomas had strongly increased Peg10 mRNA compared with normal mammary gland. By
immunohistochemistry, normal human breast and prostate epithelium was negative for the major isoform [reading
frame-1 (RF1)] of PEG10 protein, but this cytoplasmic protein was strongly expressed in a subset of breast carcinomas
in situ and invasive ductal carcinomas (approximately 30%) and in a similar percentage of prostate cancers. As in the
mouse model, we found positive, but not absolute, correlations between PEG10 and c-MYC in tissue arrays containing 161
human breast cancers (P < 0.002) and 30 prostate cancers (P = 0.014). Immunostaining of human placenta showed PEG10 and
c-MYC proteins coexpressed in proliferating cytotrophoblast and coordinately lost in postmitotic syncytiotrophoblast. These
findings link cancer genetics and epigenetics by showing that a classic proto-oncogene, MYC, acts directly upstream of a
proliferation-positive imprinted gene, PEG10. Cancer Res. 2006 Jan 15;66(2):665-72
Cancer genetics and epigenetics have generally been studied as separate topics and unifying these research areas is an
interesting challenge. It will be important to understand how genetic pathways intersect with epigenetic gene regulation in the
multistage evolution of human cancers. The paternally expressed gene-10 (PEG10) gene was identified based on its location in
an imprinted domain on human chromosome 7q21 and characterized as paternally expressed/maternally silenced (1). Peg10 is
also imprinted in mice (2). The major open reading frame of PEG10 encodes a protein with distant homology to retroviral gagpol proteins, suggesting that the gene arose from an ancient retroviral insertion event and then became fixed in mammalian
evolution (1, 3, 4). Presumably related to its viral origin, the PEG10 mRNA encodes two protein isoforms (RF1 and RF2) via
translational frameshifting (4). Recently, two groups have reported overexpression of PEG10 in hepatocellular carcinomas and
in proliferating cells of regenerating normal liver, and using cell transfections, both concluded that this gene has growthpromoting activity (5, 6). PEG10 is also overexpressed in the embryonic form of biliary atresia, a disease associated with cell
proliferation (7). Additional reports have suggested that PEG10 protein may act by blocking transforming growth factor ß
(TGF-ß) signaling in epithelial cancers via binding to TGF-ß receptor II (8) or by blocking the apoptotic factor SIAH1 (5). It
7
8

J. Biol. Chem., Vol. 282, Issue 52, 37359-37369, December 28, 2007
Cancer Research 63, 3043-3048, June 15, 2003]

PRDM14 Overexpression & Proof of Principle: RNAi of PRDM14 in Breast Cancer

15

was recently found that specific chemokines induce PEG10 in normal B-lymphocytes and in B-cell leukemias, correlating with
increased cellular resistance to apoptosis (9). However, the transcriptional pathways that activate this gene in proliferating cells
have not been previously reported.
The c-MYC transcription factor heterodimerizes with MAX and activates a large number of downstream target genes, many of
which are essential for cell growth and proliferation. In an expression profiling experiment in which researchers created a cMYC knockdown in human carcinoma cells and reported that PEG10 was reproducibly down-modulated. This finding
implicatates c-MYC as an activator of PEG10 and showing recurrent acquisition of PEG10 protein expression in primary
human breast and prostate cancers. 9

The finding that PEG10 is a c-MYC-responsive gene in MYC RNA interference experiments, validated
this gene as a direct downstream target of c-MYC. This was shown by functional, biochemical, and
correlative criteria (i.e., induction after c-MYC activation in EREB.TC-MYC cells, chromatin
immunoprecipitation with anti-c-MYC, E-box-dependent promoter activity in reporter assays, and
positive correlations with c-MYC expression in a mouse model of breast cancer and in human primary
breast and prostate carcinomas). The positive correlation of cytoplasmic PEG10 protein with nuclear cMYC in a specific tissue compartment of the normal human placenta further supports PEG10 as a c-MYC
target gene. How PEG10 protein acts in the cytoplasm to promote or support cell proliferation is not yet
certain but data have been reported for two candidate pathways—inhibition of apoptosis and inhibition of
TGF-ß signaling.10

OVER-EXPRESSION OF PRDM14 leads to UPREGULATION of MLF1.
As shown below over-expressed MLF1 combines with another nuclear-cytoplasm shuttle
and this leads to p53 pathway inactivation and gives cells a survival advantage.
PRDM14 up regulates POT1
A mechanism of radioresistance is caused by an increase in POT1. POT1 protection of telomeres 1 homolog (S. pombe),
also known as POT1, is a human gene. This gene is a member of the telombin family and encodes a nuclear protein involved
in telomere maintenance. Specifically, this protein functions as a member of a multi-protein complex that binds to the
TTAGGG repeats of telomeres, regulating telomere length and protecting chromosome ends from illegitimate recombination,
catastrophic chromosome instability, and abnormal chromosome segregation. Increased transcriptional expression of this gene
is associated with stomach carcinogenesis and its progression. Alternatively spliced transcript variants have been described.
WIKI

Human protection of telomeres 1 (POT1) is a negative regulator of telomerase activity in vitro.
The telomeric single-strand DNA binding protein protection of telomeres 1 (POT1) protects telomeres from rapid degradation
in Schizosaccharomyces pombe and has been implicated in positive and negative telomere length regulation in humans. Human
POT1 appears to interact with telomeres both through direct binding to the 3' overhanging G-strand DNA and through
interaction with the TRF1 duplex telomere DNA binding complex. The influence of POT1 on telomerase activity has not been
studied at the molecular level. We show here that POT1 negatively effects telomerase activity in vitro. We find that the DNA
binding activity of POT1 is required for telomerase inhibition. Furthermore, POT1 is incapable of inhibiting telomeric repeat
addition to substrate primers that are defective for POT1 binding, suggesting that in vivo, POT1 likely affects substrate access
to telomerase. Mol Cell Biol. 2005 Jan;25(2):808-18

PRDM14 up regulates prolactin induce protein PIP or GCDFP-15
9
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Gross cystic disease fluid protein (GCDFP-15), also known as prolactin-inducible protein (PIP), is a specific breast
tumor marker. GCDFP-15/PIP is also identified as gp17 and/or seminal actin-binding protein (SABP) from seminal
vesicles and as extraparotid glycoprotein (EP-GP) from salivary glands. It is an aspartyl proteinase able to specifically
cleave fibronectin (FN), suggesting a possible involvement in mammary tumor progression and fertilization. Other
functions were attributed to this protein(s) on the basis of its ability to interact with an array of molecules such as CD4,
actin, and fibrinogen. Prolactin is anti-apoptotic, increased PRL leads to chemo. insensitivity and activates Ras, ERK 1/2,
MAPK, STAT3 and overcomes radiation therapy through up-regulaiton of PI3K pathways.

Prolactin and heregulin override DNA damage-induced growth arrest and promote
phosphatidylinositol-3 kinase-dependent proliferation in breast cancer cells.
Heregulin (HRG), a ligand of ErbB receptor tyrosine kinases, is a potent mitogenic factor for breast cancer cells. Prolactin
(PRL) has also been reported to regulate proliferation in breast cancer cells through its receptor, a member of the type I
cytokine receptor family. Cytokine receptors are potent mitogens in hematopoietic cells, where they also override DNA
damage-induced growth arrest checkpoints through activation of a phosphatidylinositol-3 kinase (PI3K) signaling pathway. In
this study, we assessed the effect of gamma-irradiation on the mitogenic activity of HRG and PRL in breast cancer cells. HRG
and PRL enhanced the proliferation of non-irradiated breast cancer cell lines in association with their ability to activate PI3K
signaling pathways. Both growth factors also overrode irradiation-induced growth arrest in T47D cells, which resulted in
decreased viability after irradiation. An inhibitor of PI3K, LY294002, abrogated growth factor-induced proliferation and the
activity of cell cycle-dependent kinases in non-irradiated and irradiated cells. Thus, growth factors acting through distinct
receptor families share a similar PI3K-dependent ability to promote proliferation and override DNA damage-induced growth
arrest in breast cancer cells. These observations also suggest that selective activation of PI3K-dependent signaling can enhance
radiosensitivity in breast cancer cells. Int J Oncol. 2005 Feb;26(2):509-14.\

A novel aspartyl proteinase from apocrine epithelia and breast tumors.
GCDFP-15 (gross cystic disease fluid protein, 15 kDa), also known as prolactin-inducible protein (1), gp17 (2), secretory actinbinding protein (3), and extraparotid glycoprotein (4), is a protein secreted by various exocrine glands, including the seminal
vesicle, salivary gland, and sweat glands. This protein is, in addition, expressed by cancer cells derived from a limited number
of tissues, among which are prominent primary and secondary breast carcinomas exhibiting an apocrine differentiation (5). The
factor exists as a dimer and a tetramer of a glycosylated 17-kDa subunit in various body fluids (6, 7). GCDFP-15 is a highly
specific marker for differential cytological diagnosis of metastatic mammary tumors (8), and its expression is upregulated by androgens, glucocorticoids, and progesterone (9). However, its role in tumors and the prognostic value of its
expression are not yet clearly established (10). Studies from our laboratory on the gp17 protein purified from human seminal
plasma have shown that it is a ligand for CD4 (11), in turn a T-cell co-receptor playing a key role in antigen recognition and Tcell activation. Further analysis has indicated that early exposure of peripheral blood T-cells to GCDFP-15/gp17 results in the
inhibition of CD4+ T-cell apoptosis due to CD4 cross-linking and subsequent T-cell receptor triggering (12). GCDFP15/gp17 was also found in the post-acrosomal region of ejaculated spermatozoa and remains bound to the sperm cell surface
after capacitation, thus implying a possible role in fertilization (13).
In this work, we further defined the properties of GCDFP-15/gp17 with the aim of gaining a deeper understanding of its role in
tumor progression and reproduction. We found, in fact, that the factor is a retrovirus-like aspartyl protease and has the
potential to modify the extracellular matrix by fibronectin degradation. The finding that a significant percentage of
breast carcinomas have the ability to synthesize and secrete GCDFP-15/gp17 (14), together with its absence in normal
resting mammary gland, raises the possibility that this proteinase might play a role in the lytic processes associated with
invasive breast cancer lesions, as already found for other proteinases, including matrix metalloproteinases (15), plasminogen
activators (16), and secreted lysosomal enzymes (17).
GCDFP-15 (gross cystic disease fluid protein, 15 kDa) is a secretory marker of apocrine differentiation in breast carcinoma. In
human breast cancer cell lines, gene expression is regulated by hormones, including androgens and prolactin. The protein is
also known under different names in different body fluids such as gp17 in seminal plasma. GCDFP-15/gp17 is a ligand of CD4
and is a potent inhibitor of T-cell apoptosis induced by sequential CD4/T-cell receptor triggering. We now report that GCDFP15/gp17 is a protease exhibiting structural properties relating it to the aspartyl proteinase superfamily. Unexpectedly, GCDFP15/gp17 appears to be related to the retroviral members rather than to the known cellular members of this class. Site-specific
mutagenesis of Asp(22) (predicted to be catalytically important for the active site) and pepstatin A inhibition confirmed that the
protein is an aspartic-type protease. We also show that, among the substrates tested, GCDFP-15/gp17 is specific for
fibronectin. The study of GCDFP-15/gp17-mediated proteolysis may provide a handle to understand phenomena as diverse as
mammary tumor progression and fertilization. J Biol Chem. 2000 Mar 17;275(11):7935-41.
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Diagnostic utility of mammaglobin and GCDFP-15 in the identification of metastatic breast
carcinoma in fluid specimens.
Morphologic differentiation of breast carcinoma from nonmammary malignancies in fluid specimens can be a diagnostic
challenge. Immunocytochemistry is often employed in the differential diagnosis. In this study, we evaluated the expression of
mammoglobin (MGB1) in body-cavity fluid specimens and compared its efficacy as a marker for metastatic breast carcinomas
with that of gross cystic disease fluid protein-15 (GCDFP-15). Cell blocks from 40 fluid specimens were immunostained with
monoclonal antibodies against MGB1 and GCDFP-15. They included 15 breast carcinomas and 25 nonmammary carcinomas
(10 lungs, 10 ovaries, 3 gastrointestinal tracts, 1 kidney, and 1 urinary bladder). Positivity was defined as the presence of
cytoplasmic staining in 10% or more carcinoma cells. Thirteen (87%) and seven (47%) breast carcinomas showed positive
staining with MGB1 and GCDFP-15, respectively. Three (12%) nonmammary carcinomas (2 ovarian and 1 colonic) showed
positive MGB1 staining; one (3%) nonmammary carcinoma demonstrated positive GCDFP-15 staining. The differences of
MGB1 and GCDFP-15 staining between breast and nonmammary carcinomas were statistically significant (P < 0.05). Both
MGB1 and GCDFP-15 are specific markers for metastatic breast carcinomas in cell block fluid specimens (88 vs. 96%).
However, MGB1 is more sensitive than GCDFP-15 as a marker for metastatic breast carcinoma (87 vs. 46%). Diagn
Cytopathol. 2009 Jul;37(7):475-8

Co-expression and prognostic value of gross cystic disease fluid protein 15 and mammaglobin in
primary breast cancer.
.
Gross cystic disease fluid protein (GCDFP-15) and mammaglobin are both widely used and accepted markers for epithelia of
breast origin. We aimed to evaluate their relation of expression on parallel whole tissue sections in primary breast cancer by
immunohistochemistry and also to correlate it with clinico-pathological parameters including patient survival. Primary breast
carcinomas from 165 patients with a mean clinical follow-up of 73 months were immunostained using commercially available
antibodies against GCDFP-15 and mammaglobin. An immunoreactive score (IRS) was calculated based on the cytoplasmic
staining intensity and the number of cells stained. Cytoplasmic expression of GCDFP-15 and mammaglobin was observed
in 73.3% and 72.1% of invasive breast carcinomas respectively. 91.8% of breast cancer cases expressed at least one of
both markers. Both markers strongly correlated with each other and were significantly associated with lower tumour
grading. Additionally, GCDFP-15 negativity was significantly associated with shortened disease-free survival times in
univariate and multivariate analyses. We demonstrated the strong correlation of GCDFP-15 and mammaglobin with each other
and showed that only very few primary breast cancers are completely negative for both markers. The significantly longer
disease free survival times for patients with GCDFP-15 positive tumours clearly warrants further study. Histol Histopathol.
2007 Nov;22(11):1221-30.

OVER-EXPRESSION OF PRDM14 RESULTS IN TGF-BETA UP-REGULATION
TGF-beta has oncogenic properties, such as: (a) activating p38 MAPK; (b) stimulating MEC invasion, migration, and EMT;
and (c) inducing early primary tumor dissemination to the lungs.

Transforming growth factor-beta signaling: emerging stem cell target in metastatic breast cancer?
Tan AR, Alexe G, Reiss M. Division of Medical Oncology, Department of Internal Medicine, UMDNJ-Robert Wood Johnson
Medical School and The Cancer Institute of New Jersey, New Brunswick, NJ 08903, USA.
In most human breast cancers, lowering of TGFbeta receptor- or Smad gene expression combined with increased levels
of TGFbetas in the tumor microenvironment is sufficient to abrogate TGFbetas tumor suppressive effects and to induce
a mesenchymal, motile and invasive phenotype. In genetic mouse models, TGFbeta signaling suppresses de novo mammary
cancer formation but promotes metastasis of tumors that have broken through TGFbeta tumor suppression. In mouse models of
"triple-negative" or basal-like breast cancer, treatment with TGFbeta neutralizing antibodies or receptor kinase inhibitors
strongly inhibits development of lung- and bone metastases. These TGFbeta antagonists do not significantly affect tumor
cell proliferation or apoptosis. Rather, they de-repress anti-tumor immunity, inhibit angiogenesis and reverse the
mesenchymal, motile, invasive phenotype characteristic of basal-like and HER2-positive breast cancer cells. Patterns of
TGFbeta target genes upregulation in human breast cancers suggest that TGFbeta may drive tumor progression in
estrogen-independent cancer, while it mediates a suppressive host cell response in estrogen-dependent luminal cancers.
In addition, TGFbeta appears to play a key role in maintaining the mammary epithelial (cancer) stem cell pool, in part by
inducing a mesenchymal phenotype, while differentiated, estrogen receptor-positive, luminal cells are unresponsive to TGFbeta

PRDM14 Overexpression & Proof of Principle: RNAi of PRDM14 in Breast Cancer

18

because the TGFBR2 receptor gene is transcriptionally silent. These same cells respond to estrogen by downregulating
TGFbeta, while antiestrogens act by upregulating TGFbeta. This model predicts that inhibiting TGFbeta signaling should
drive the differentiation of mammary stem cells into ductal cells. Consequently, TGFbeta antagonists may convert basallike or HER2-positive cancers to a more epithelioid, non-proliferating (and, perhaps, non-metastatic) phenotype. Conversely,
these agents might antagonize the therapeutic effects of anti-estrogens in estrogen-dependent luminal cancers. These
predictions need to be addressed prospectively in clinical trials and should inform the selection of patient populations most
likely to benefit from this novel anti-metastatic therapeutic approach. Breast Cancer Res Treat. 2009 Jun;115(3):453-95

OVER-EXPRESSION OF PRDM14 UPREGULATES Wnt5
Activation of Wnt5 leads to activation of AP-1/c-Jun. Wnt5a is a natural ligand of Fzd3 that triggers the PI3K/Akt signal and
promotes adhesion. PRDM14 over-expression leads to increased expression of Wnt5A. Wnt5A leads to PI3K activation.
WNT5A is a cancer-associated gene involved in invasion and metastasis of melanoma, breast cancer, pancreatic cancer, and
gastric cancer. WNT5A transduces signals through Frizzled, ROR1, ROR2 or RYK receptors to beta-catenin-TCF/LEF, DVLRhoA-ROCK, DVL-RhoB-Rab4, DVL-Rac-JNK, DVL-aPKC, Calcineurin-NFAT, MAP3K7-NLK, MAP3K7-NF-kappaB,
and DAG-PKC signaling cascades in a context-dependent manner. SNAI1 (Snail), CD44, G3BP2, and YAP1 are WNT5A
target genes. We and other groups previously reported that IL6- or LIF-induced signaling through JAK-STAT3 signaling
cascade is involved in WNT5A upregulation (STAT3-WNT5A signaling loop). Oncogenic WNT5A activates canonical WNT
signaling in cancer stem cells for self-renewal, and non-canonical WNT signaling at the tumor-stromal interface for invasion
and metastasis

Wnt 5a signaling is critical for macrophage-induced invasion of breast cancer cell
lines
Interactions between neoplastic and stromal cells contribute to tumor progression. Wnt genes, involved in cell migration and
often deregulated in cancers, are attractive candidates to regulate these effects. We have recently shown that coculture of breast
cancer cells with macrophages enhances invasiveness via matrix metalloproteases and TNF-α. Here we demonstrate that
coculture of MCF-7 cells and macrophages leads to up-regulation of Wnt 5a in the latter. This was accompanied by activation
of AP-1/c-Jun in MCF-7. Recombinant Wnt 5a mimicked the coculture effect. Wnt 5a was also detectable in tumor-associated
macrophages in primary breast cancers. Experiments with agonists and antagonists of Wnt signaling revealed that a functional
canonical pathway in the tumor cells was a necessary prerequisite; however, noncanonical signaling via Wnt 5a and the Jun-Nterminal kinase pathway was critical for invasiveness. It was also responsible for induction of matrix metalloprotease-7, known
to release TNF-α. All these effects could be antagonized by dickkopf-1. Our results indicate that Wnt 5a is essential for
macrophage-induced invasiveness, because it regulates tumor cell migration as well as proteolytic activity of the macrophages.
The function of Wnt 5a as either a suppressor or promoter of malignant progression seems to be modulated by intercellular
interactions. Wnt 5a detection in tumor-associated macrophages in breast cancer biopsies supports the assumption that similar
events play a role in vivo. PNAS April 4, 2006 vol. 103 no. 14 5454-5459

Expression of Wnt5A and Wnt10B in non-immortalized breast cancer cells.
Fernandez-Cobo M, Zammarchi F, Mandeli J, Holland JF, Pogo BG.
Department of Medicine, Mount Sinai School of Medicine, New York, NY 10029-6574, USA.
Wnt signaling is usually divided into two pathways: the 'canonical', acting through beta-catenin, and the 'non-canonical' acting
through the Ca2+ and planar cell polarity pathway. Both pathways have been implicated in different types of cancer. Most
results obtained with established cell lines have been contradictory. Here, we have investigated the expression of Wnt10B
(canonical) and Wnt5A (non-canonical) in a panel of finite life-span and established normal and breast cancer cells using
quantitative RT-PCR. It was found that there were both significant overexpression of Wnt5A and underexpression of Wnt10B
in the metastasis-derived finite life-span breast cancer cells when they were compared to the finite life-span normal and
established normal and breast tumor cells. Since expression profiles of primary breast cancer cultures are closer to the original
tumor than the established cell lines, future research in this area should take into consideration these differences. Oncol Rep.
2007 Apr;17(4):903-7.

Transcriptional mechanisms of WNT5A based on NF-kappaB, Hedgehog, TGFbeta, and Notch
signaling cascades. Int J Mol Med. 2009 Jun;23(6):763-9.
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STAT3-induced WNT5A signaling loop in embryonic stem cells, adult normal tissues, chronic
persistent inflammation, rheumatoid arthritis and cancer Int J Mol Med. 2007 Feb;19(2):273-8.
Wnt5a is required for proper mammary gland development and TGF-ß-mediated inhibition of
ductal growth Development 134, 3929-3939 (2007)
Wnt5a Signaling Induces Proliferation and Survival of Endothelial Cells In Vitro and Expression of
MMP-1 and Tie-2
Wnts are lipid-modified secreted glycoproteins that regulate diverse biological processes. We report that
Wnt5a, which functions in noncanonical Wnt signaling, has activity on endothelial cells. Wnt5a is
endogenously expressed in human primary endothelial cells and is expressed in murine vasculature at
several sites in mouse embryos and tissues. Expression of exogenous Wnt5a in human endothelial cells
promoted angiogenesis. Wnt5a induced noncanonical Wnt signaling in endothelial cells, as measured by
Dishevelled and ERK1/2 phosphorylation, and inhibition of canonical Wnt signaling, a known property of
Wnt5a. Wnt5a induced endothelial cell proliferation and enhanced cell survival under serum-deprived
conditions. The Wnt5a-mediated proliferation was blocked by Frizzled-4 extracellular domain. Wnt5a
expression enhanced capillary-like network formation, whereas reduction of Wnt5a expression decreased
network formation. Reduced Wnt5a expression inhibited endothelial cell migration. Screening for Wnt5aregulated genes in cultured endothelial cells identified several encoding angiogenic regulators, including
matrix metalloproteinase-1, an interstitial collagenase, and Tie-2, a receptor for angiopoietins. Thus,
Wnt5a acts through noncanonical Wnt signaling to promote angiogenesis.
MBC in Press, Vol. 17, Issue 12, 5163-5172, December 2006
Expression of Wnt-5a Is Correlated with Aggressiveness of Gastric Cancer by Stimulating Cell
Migration and Invasion
Wnt-5a is a representative ligand that activates a ß-catenin-independent pathway in the Wnt signaling. Although abnormal
activation of ß-catenin-dependent pathway is often observed in human cancer, the relationship between ß-catenin-independent
pathway and tumorigenesis is not clear. We sought to clarify how Wnt-5a is involved in aggressiveness of gastric cancer.
Abnormal expression of Wnt-5a was observed in 71 of 237 gastric cancer cases by means of immunohistochemistry. The
positivity of Wnt-5a expression was correlated with advanced stages and poor prognosis of gastric cancer. Wnt-5a had the
abilities to stimulate cell migration and invasion in gastric cancer cells. Wnt-5a activated focal adhesion kinase and small GTPbinding protein Rac, both of which are known to play a role in cell migration. Cell migration, membrane ruffling, and turnover
of paxillin were suppressed in Wnt-5a knockdown cells. Furthermore, anti-Wnt-5a antibody suppressed gastric cancer cell
migration. These results suggest that Wnt-5a stimulates cell migration by regulating focal adhesion complexes and that Wnt-5a
is not only a prognostic factor but also a good therapeutic target for gastric cancer. Cancer Res 2006; 66(21): 10439-48

DOWNREGULATION OF KEY GENES by PRDM14 Over-Expression
PRDM14 DOWNREGULATES Aldehyde dehydrogenase 1A1 (ALDH1A1)
Aldehyde dehydrogenase as a marker for stem cells.
Multiple aldehyde dehydrogenase genes have been identified in many tissues. Aldehyde dehydrogenase class 1A1 (ALDH1A1)
has been identified as highly expressed in embryonal tissue as well as in adult stem cells isolated from bone marrow, brain,
breast and possibly other tissues. The recent interest in the idea of cancer stem cells (CSC) has resulted in renewed and
vigorous interest in aldehyde dehydrogenase activity as a marker for those stem cells as well. It has been known that ALDH
activity, which may reflect other ALDH isozymes in addition to ALDH1A1, is important for multiple biological activities
including drug resistance, cell differentiation, and oxidative stress response. Purification of viable cells with high ALDH
activity has become relatively easy with the availability of flow cytometry based assay. In this review, we examine the data
available in regarding the importance of ALDH activity in normal and malignant stem cell functions, and the potential
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diagnostic and therapeutic implications. We review the available tools that can impact ALDH activity and may have the
potential to be used therapeutically, specifically targeting the CSC. We raise questions that need to be investigated before a
reasonable therapeutic strategy can be devised that will effectively inhibit ALDH activity. Curr Stem Cell Res Ther. 2008
Dec;3(4):237-46.

OVER-EXPRESSION OF PRDM14 suppresses Angiopoietin-like 4 (ANGPTL4)
Angiopoietin-like 4 prevents metastasis through inhibition of vascular permeability and tumor cell
motility and invasiveness.
Galaup A, Cazes A, Le Jan S, Philippe J, Connault E, Le Coz E, Mekid H, Mir LM, Opolon P, Corvol P, Monnot C,
Germain S. Institut National de la Santé et de la Recherche Médicale, Unit 36, 11 Place Marcelin Berthelot, 75005 Paris
Angiopoietin-like 4 (ANGPTL4), a secreted protein of the angiopoietin-like family, is induced by hypoxia in both tumor and
endothelial cells as well as in hypoxic perinecrotic areas of numerous cancers. Here, we investigated whether ANGPTL4 might
affect tumor growth as well as metastasis. Metastatic 3LL cells were therefore xenografted into control mice and mice in which
ANGPTL4 was expressed by using in vivo DNA electrotransfer. Whereas primary tumors grew at a similar rate in both groups,
3LL cells metastasized less efficiently to the lungs of mice that expressed ANGPTL4. Fewer 3LL emboli were observed in
primary tumors, suggesting that intravasation of 3LL cells was inhibited by ANGPTL4. Furthermore, melanoma B16F0 cells
injected into the retro-orbital sinus also metastasized less efficiently in mice expressing ANGPTL4. Although B16F0 cells
were observed in lung vessels, they rarely invaded the parenchyma, suggesting that ANGPTL4 affects extravasation. In
addition, recombinant B16F0 cells that overexpress ANGPTL4 were generated, showing a lower capacity for in vitro
migration, invasion, and adhesion than control cells. Expression of ANGPTL4 induced reorganization of the actin cytoskeleton
through inhibition of actin stress fiber formation and vinculin localization at focal contacts. Together, these results show that
ANGPTL4, through its action on both vascular and tumor compartments, prevents the metastatic process by inhibiting
vascular activity as well as tumor cell motility and invasiveness. Proc Natl Acad Sci U S A. 2006 Dec 5;103(49):18721-6.

This anti-ANGPTL4 effect may push the metastatic direction towards bone invasion as opposed to lungs.
TGFbeta primes breast tumors for lung metastasis seeding through angiopoietin-like 4.
Padua D, Zhang XH, Wang Q, Nadal C, Gerald WL, Gomis RR, Massagué J.
Cancer Biology and Genetics Program, Memorial Sloan-Kettering Cancer Center, New York, New York 10021, USA.
Cells released from primary tumors seed metastases to specific organs by a nonrandom process, implying the involvement of
biologically selective mechanisms. Based on clinical, functional, and molecular evidence, we show that the cytokine TGFbeta
in the breast tumor microenvironment primes cancer cells for metastasis to the lungs. Central to this process is the induction
of angiopoietin-like 4 (ANGPTL4) by TGFbeta via the Smad signaling pathway. TGFbeta induction of Angptl4 in
cancer cells that are about to enter the circulation enhances their subsequent retention in the lungs, but not in the bone.
Tumor cell-derived Angptl4 disrupts vascular endothelial cell-cell junctions, increases the permeability of lung
capillaries, and facilitates the trans-endothelial passage of tumor cells. These results suggest a mechanism for metastasis
whereby a cytokine in the primary tumor microenvironment induces the expression of another cytokine in departing tumor
cells, empowering these cells to disrupt lung capillary walls and seed pulmonary metastases. Cell. 2008 Apr 4;133(1):66-77.

Chop is down regulated by OVER-EXPRESSION OF PRDM14.
Chop does DNA repair. Down-regulating Chop does not allow repair to occur. Chop protects cells
from apoptosis
Autocrine human growth hormone (hGH) regulation of human mammary carcinoma cell gene
expression. Identification of CHOP as a mediator of hGH-stimulated human mammary carcinoma
cell survival.
Stable transfection of human CHOP cDNA into mammary carcinoma cells demonstrated that CHOP
functioned not as a mediator of hGH-stimulated mitogenesis but rather enhanced the protection from

PRDM14 Overexpression & Proof of Principle: RNAi of PRDM14 in Breast Cancer

21

apoptosis afforded by hGH in a p38 MAPK-dependent manner. Thus transcriptional up-regulation of
chop is one mechanism by which hGH regulates mammary carcinoma cell number. J Biol Chem. 2001
Jun 15;276(24):21464-75.

PRDM14 DOWNREGULATES GDF15 or MIC-1
Gene expression changes during the development of estrogen-independent and antiestrogenresistant growth in breast cancer cell culture models.
Pennanen PT, Sarvilinna NS, Ylikomi TJ. Department of Cell Biology, Medical School, University of Tampere, Tampere,
We have established estrogen-independent and antiestrogen-resistant cell lines from hormone-dependent MCF-7 breast cancer
cells by long-term culture in the absence of estrogen, or in the presence of antiestrogen toremifene, respectively. By using a
cDNA microarray we compared gene expression profiles among estrogen-independent, antiestrogen-resistant and long-term
estrogen-treated MCF-7 cells. We also determined how the expression of the differentially expressed genes has developed
during the long-term culture of the cell lines. Of the screened 1176 cancer-related genes, FOSL1, TIMP1, L1CAM, GDF15,
and MYBL2 were found to be differentially expressed between the cell lines. A change in FOSL1 and TIMP1 expression could
be attributed to the development of antiestrogen resistance, whereas induced L1CAM expression was implicated in the
development of estrogen-independent growth of the cells. Estrogen regulated genes GDF15 and L1CAM became regulated
by toremifene in the later passage number of toremifene-resistant cells, which might be an indication of the developed
estrogen-agonistic activity of toremifene in these cells. Our findings suggest a pattern where the hormone-responsive
cancer cells, which survive E2 deprivation and/or antiestrogen treatment, first acquire necessary changes in gene
expression for transition to maximal growth in the new hormonal environment. Then, after prolonged treatment with
antiestrogen, the antiestrogen-resistant cells may eventually generate an E2-agonistic response to antiestrogen, probably
acquiring additional growth advantage. Anticancer Drugs. 2009 Jan;20(1):51-8.

PRDM14 down regulates GSTM3
GSTM3 HAS A ROLE IN METABOLIZING ESTROGEN, TNF-ALPHA RESISTANCE AND CHEMOTHERAPY
GSTM3 is an enzyme that detoxifices carcinogens, therapeutic drugs, and down-regulation of GSTM3 involved in
resistance to cis platin by conjugation with glutathione.
In TNF-α resistant MCF-7 breast cancer cell line MCF-7-MEK5 (in which TNF-α resistance is mediated by MEK5/Erk5
signaling), GSTM3 participates in TNF-α resistance and epithelial-mesenchymal transition (EMT), a process associated with
promotion of invasion, metastasis, and recurrence in breast cancer. In resistant breast cancer cells, glutathione-Stransferase Mu 3 (GSTM3) was downregulated.
GSTM3 may play a role in the availability of trace minerals and antioxidants that are suppressed in cancer. GSTM3 is
glutathione S-transferase mu 3 (brain) GST5; GSTB; GTM3; GSTM3-3; MGC3310; MGC3704; GSTM3
Cytosolic and membrane-bound forms of glutathione S-transferase are encoded by two distinct supergene families. At present,
eight distinct classes of the soluble cytoplasmic mammalian glutathione S-transferases have been identified: alpha, kappa, mu,
omega, pi, sigma, theta and zeta. This gene encodes a glutathione S-transferase that belongs to the mu class. The mu class of
enzymes functions in the detoxification of electrophilic compounds, including carcinogens, therapeutic drugs,
environmental toxins and products of oxidative stress, by conjugation with glutathione. These genetic variations can
change an individual's susceptibility to carcinogens and toxins as well as affect the toxicity and efficacy of certain drugs.
ENTREZ GENE

Expression microarray analysis reveals genes associated with in vitro resistance to cisplatin in a cell
line model.
Watson MB, Lind MJ, Smith L, Drew PJ, Cawkwell L. The Cancer Biology Proteomics Group, Postgraduate Medical
Institute of the University of Hull, University of Hull, Hull, United Kingdom.
We aimed to investigate the mechanisms of cisplatin resistance using an in vitro cancer model. A derivative breast cancer cell
line (MCF-7CR) was established which demonstrated significant resistance to cisplatin at clinically relevant low concentrations
compared to the MCF-7 parental cell line. Expression microarray analysis was used to identify targets from a 3k cancer-related
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oligonucleotide platform which were differentially expressed between the derivative and parental cell lines. Real-time
quantitative PCR was used to confirm the difference in expression of a subset of genes which demonstrated significant up- or
down-regulation. Using expression microarray analysis a total of 28 genes were identified to be differentially expressed (by at
least 2-fold) between the MCF-7 and MCF-7CR cells. Real-time quantitative PCR expression analysis confirmed the
differential expression of a selection of these genes (ACTG2, ARHD, CTSL, GSTM3, GSTM4 and EHF) between the two cell
lines. An in vitro model of cisplatin resistance has been established and expression microarray analysis revealed 28 genes
which may be associated with cisplatin resistance.

PRDM14 OVER-EXPRESSION LEADS TO loss of ID4
ID4 is a key tumor suppressor gene in breast cancer. Frequent ID4 promoter methylation was observed in primary breast cancer
samples (69%, 117/170). Inhibitor of DNA binding/Inhibitor of differentiation 4 (ID4) is a critical factor for cell proliferation
and differentiation in normal vertebrate development. ID proteins can also bind to some important non-bHLH transcription
factors such as the retinoblastoma gene product (RB1) or the paired box (PAX)-proteins, thereby regulating important
pathways in cell proliferation and differentiation

Promoter methylation-associated loss of ID4 expression is a marker of tumour recurrence in human
breast cancer.
Noetzel E, Veeck J, Niederacher D, Galm O, Horn F, Hartmann A, Knüchel R, Dahl E. Molecular Oncology Group,
Institute of Pathology, University Hospital of the RWTH Aachen, Aachen, Germany. enoetzel@ukaachen.de
BACKGROUND: Inhibitor of DNA binding/Inhibitor of differentiation 4 (ID4) is a critical factor for cell proliferation and
differentiation in normal vertebrate development. ID4 has regulative functions for differentiation and growth of the developing
brain. The role of ID1, ID2 and ID3 are expected to be oncogenic due to their overexpression in pancreatic cancer and
colorectal adenocarcinomas, respectively. Aside from these findings, loss of ID3 expression was demonstrated in ovarian
cancer. The aim of the present study was to reveal the factual role of ID4 in carcinogenesis in more detail, since its role for the
pathogenesis of human breast cancer has been discussed controversially, assigning both oncogenic and tumour suppressive
functions. METHODS: ID4 promoter methylation, ID4 mRNA expression and ID4 protein expression were analysed in
primary human breast cancer specimens using methylation-specific PCR (MSP) (n=170), semiquantitative realtime RT-PCR
(n=46) and immunhistochemistry (n=3), respectively. In order to demonstrate a functional association of ID4 promoter
methylation with its gene silencing, we performed DNA demethylation analysis with four human breast cell lines using MSP
and semiquantitative realtime RT-PCR. In addition, we performed correlations of ID4 promoter methylation with ID4 mRNA
and ID4 protein expression in matched samples of breast tumour and corresponding normal tissue. We carried out statistical
analyses in order to find correlations between ID4 promoter methylation and clinicopathological parameters. RESULTS:
Frequent ID4 promoter methylation was observed in primary breast cancer samples (69%, 117/170). We found a tight
correlation (P<0.0001) between ID4 promoter methylation and loss of ID4 expression in primary breast cancer 3 specimens.
Demethylating treatment with breast cancer cell lines was associated with clear ID4 mRNA re-expression. Tumours with ID4
promoter methylation showed distinct loss of ID4 expression on both transcription and protein level. Interestingly, ID4
promoter methylation was a factor for unfavourable recurrence-free survival (P=0.036) and increased risk for lymph node
metastasis (P=0.030). CONCLUSION: ID4 is indeed a novel tumour suppressor gene in normal human breast tissue and is
epigenetically silenced during cancer development, indicating increased risk for tumour relapse. Thus, ID4 methylation status
could serve as a prognostic biomarker in human breast cancer. BMC Cancer. 2008 May 30;8:154.

OVER-EXPRESSION OF PRDM14 suppresses IGFBP7
Down-regulation of IGFBP7 by PRDM14 leads to several normal and oncogenic functions.
IGFBP7 upregulates BNIP3L a proapoptotic BCL2 family protein and induces apoptosis
IGFBP7 activates BRAFV600E, a BRAF oncogene and inhibits BRAF-MEK-ERK cellular proliferation
IGFBP7 treatment suppressed VEGF-induced tube formation, proliferation, and the phosphorylation of mitogenactivated protein kinase kinase (MEK) and extracellular signal-regulated kinase (ERK) 1/2 in HUVECs.
IGFBP7 attenuated VEGF-enhanced cyclooxygenase (COX)-2 and VEGF mRNA expression, and prostaglandin E(2)
secretion
Down-regulation of IGFBP7 by PRDM14 leads to decreased apoptosis via BCL2, increased proliferation via BRAF-MEKERK derepression, increased angiogenesis via increased VEGF mRNA expression and enhanced Cox2 expression. Downregulation of IGFBP7 by PRDM14 leads to derepression of the MAP kinase/ERKs signaling pathway resulting in cell division
and sustained proliferation.

PRDM14 Overexpression & Proof of Principle: RNAi of PRDM14 in Breast Cancer

23

Oncogenic BRAF induces senescence and apoptosis through pathways mediated by the secreted
protein IGFBP7.
Wajapeyee N, Serra RW, Zhu X, Mahalingam M, Green MR. Howard Hughes Medical Institute, Programs in Gene
Function and Expression and Molecular Medicine, University of Massachusetts Medical School, Worcester, MA 01605, USA
Expression of an oncogene in a primary cell can, paradoxically, block proliferation by inducing senescence or apoptosis
through pathways that remain to be elucidated. Here we perform genome-wide RNA-interference screening to identify 17
genes required for an activated BRAF oncogene (BRAFV600E) to block proliferation of human primary fibroblasts and
melanocytes. Surprisingly, we find a secreted protein, IGFBP7, has a central role in BRAFV600E-mediated senescence and
apoptosis. Expression of BRAFV600E in primary cells leads to synthesis and secretion of IGFBP7, which acts through
autocrine/paracrine pathways to inhibit BRAF-MEK-ERK signaling and induce senescence and apoptosis. Apoptosis results
from IGFBP7-mediated upregulation of BNIP3L, a proapoptotic BCL2 family protein. Recombinant IGFBP7
(rIGFBP7) induces apoptosis in BRAFV600E-positive human melanoma cell lines, and systemically administered
rIGFBP7 markedly suppresses growth of BRAFV600E-positive tumors in xenografted mice. Immunohistochemical
analysis of human skin, nevi, and melanoma samples implicates loss of IGFBP7 expression as a critical step in
melanoma genesis.
IGFBP7 blocks cellular proliferation, at least in part, by inhibiting BRAF-MEK-ERK signaling. Collectively, these results
indicate that loss of IGFBP7 expression in BRAFV600E-positive melanomas and cell lines results from epigenetic silencing
involving promoter hypermethylation. We have shown that IGFBP7, but not a RAF or MEK inhibitor, efficiently induces
apoptosis in BRAFV600E-positive melanoma cell lines. IGFBP7 may be a more efficacious anti-cancer agent than a BRAF or
MEK inhibitor because it both inhibits BRAF-MEK-ERK signaling and irreversibly induces apoptosis following transient
exposure. Cell. 2008 February 8; 132(3): 363–374.
From Wiki:
The BRAF gene makes a protein called B-RAF, which is involved in sending signals in cells and in cell growth. This gene may
be mutated[3] (changed) in many types of cancer, which causes a change in the B-RAF protein. This can increase the growth
and spread of cancer cells. This gene encodes a protein belonging to the raf/mil family of serine/threonine protein kinases. This
protein plays a role in regulating the MAP kinase/ERKs signaling pathway, which affects cell division, differentiation, and
secretion. BRAF (gene) has been shown to interact with YWHAB, C-Raf, AKT1 and HRAS.

Insulin-like growth factor binding protein-7 (IGFBP7) blocks vascular endothelial cell growth
factor (VEGF)-induced angiogenesis in human vascular endothelial cells.
Tamura K, Hashimoto K, Suzuki K, Yoshie M, Kutsukake M, Sakurai T.
Department of Endocrine Pharmacology, Tokyo University of Pharmacy & Life Sciences, Horinouchi 1432-1, Hachioji,
Tokyo, 192-0392, Japan. hiro@ps.toyaku.ac.jp
Insulin-like growth factor binding protein-7 (IGFBP7) and vascular endothelial growth factor (VEGF) are expressed in
vascular endothelial cells in several tumor types. In this study, we examined the effect of IGFBP7 on VEGF-induced tube
formation in cultured human umbilical vein endothelial cells (HUVECs) and its potential action in the modulation of VEGF
signaling in vascular cells. IGFBP7 treatment suppressed VEGF-induced tube formation, proliferation, and the phosphorylation
of mitogen-activated protein kinase kinase (MEK) and extracellular signal-regulated kinase (ERK) 1/2 in HUVECs. IGFBP7
attenuated VEGF-enhanced cyclooxygenase (COX)-2 and VEGF mRNA expression, and prostaglandin E(2) secretion.
Knocking down endogenous IGFBP7 enhanced COX-2 and VEGF mRNA expression. A significant increase in IGFBP7induced caspases was not observed in the presence of VEGF. These findings indicate that IGFBP7 can modulate the
stimulatory effect of VEGF on angiogenesis by interfering with VEGF expression as well as VEGF signaling and not by
inducing apoptosis. Eur J Pharmacol. 2009 May 21;610(1-3):61-7.

Reactivation of IGFBP7 by DNA demethylation inhibits human colon cancer cell growth in vitro.
Lin J, Lai M, Huang Q, Ruan W, Ma Y, Cui J.
Department of Pathology, School of Medicine, Zhejiang University, Hangzhou, China.
BACKGROUND: The insulin-like growth factor binding protein 7 (IGFBP7) gene is regulated by DNA methylation in colon
cancer, which was identified in our previous study. In this study, we examined the effects of DNA methylation inhibitor 5-aza2'-deoxycytidine (5-aza-dC) on IGFBP7 reactivation and cell biological behaviors in vitro to investigate a potential role for 5aza-dC in treating colorectal cancer. RESULTS: 5-aza-dC treatment showed induction of IGFBP7 transcription in these
cancer cells. It consequently led to inhibition of cell growth, cell cycle arrest and apoptosis, suppression of cell migration
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and invasion in colon cancer cell lines. METHODS: We examined the effects of 5-aza-dC on reexpression of previously
silenced IGFBP7 and its global effects on cell cycle, apoptosis, migration and invasion in three colon cancer cell lines, SW620,
HT29 and COLO205. CONCLUSION: Our findings indicate that 5-aza-dC may have anticancer function for colon cancer and
restoration of IGFBP7 may involve in the biological effects induced by 5-aza-dC in colon cancer cell lines. These data suggest
that 5-aza-dC has clinical potential in the treatment of colorectal cancer. Cancer Biol Ther. 2008 Dec;7(12):1896-900

Insulin-like growth factor binding protein-7 (IGFBP7) blocks vascular endothelial cell growth
factor (VEGF)-induced angiogenesis in human vascular endothelial cells.
Insulin-like growth factor binding protein-7 (IGFBP7) and vascular endothelial growth factor (VEGF) are expressed in
vascular endothelial cells in several tumor types. In this study, we examined the effect of IGFBP7 on VEGF-induced tube
formation in cultured human umbilical vein endothelial cells (HUVECs) and its potential action in the modulation of VEGF
signaling in vascular cells. IGFBP7 treatment suppressed VEGF-induced tube formation, proliferation, and the phosphorylation
of mitogen-activated protein kinase kinase (MEK) and extracellular signal-regulated kinase (ERK) 1/2 in HUVECs. IGFBP7
attenuated VEGF-enhanced cyclooxygenase (COX)-2 and VEGF mRNA expression, and prostaglandin E(2) secretion.
Knocking down endogenous IGFBP7 enhanced COX-2 and VEGF mRNA expression. A significant increase in IGFBP7induced caspases was not observed in the presence of VEGF. These findings indicate that IGFBP7 can modulate the
stimulatory effect of VEGF on angiogenesis by interfering with VEGF expression as well as VEGF signaling and not by
inducing apoptosis. Eur J Pharmacol. 2009 May 21;610(1-3):61-7.

OVER-EXPRESSION OF PRDM14 represses PSG8.
PSG8 is PSG1 like. In the primordial germ cell, PRDM14 is high in expression. PRDM14 holds back the sperm from getting
psg1 protein to implant in the oocyte to start the fertilization process. Decreased PSG8 may be responsible for infertility.
PRDM14 may cause infertility when it is over-expressed. In cancer, PRDM14 decreases psg8 and its’ normal function: PSGs
induce secretion of IL-10, IL-6, prostaglandin E2, and TGF-ß1 and that CD9 expression is required for the observed induction of
cytokines. The induction of anti-inflammatory cytokines by various PSGs supports the hypothesis that these glycoproteins have
an essential role in the regulation of the maternal immune response in species with hemochorial placentation. By repressing
spg8 in breast cancer cells, PRDM14 diminishes the functions of a key singaling and response pathway of the immune system
to cancer. PRDM14 via repression of PSG8 may dysregulate TGF-beta and immune system response to cancer cells.
Transforming growth factor beta 1 or TGF-β1 is a polypeptide member of the transforming growth factor beta superfamily
of cytokines. It is a secreted protein that performs many cellular functions, including the control of cell growth, cell
proliferation, cell differentiation and apoptosis. TGF-β1 acts as a chemoattractant, directing an immune response to some
pathogens; macrophages and monocytes respond to low levels of TGF-β1 in a chemotactic manner. Furthermore, the
expression of monocytic cytokines (including interleukin-1(IL-1)-alpha, IL-1-beta, and TNF-α), [10] and phagocytic killing by
macrophages can be increased by the action of TGF-β1.
IL-10 is capable of inhibiting synthesis of pro-inflammatory cytokines like IFN-γ, IL-2, IL-3, TNFα and GM-CSF made by
cells such as macrophages and the Type 1 T helper cells. IL-10 also displays potent abilities to suppress the antigen
presentation capacity of antigen presenting cells. However, it is also stimulatory towards certain T cells, mast cells and
stimulates B cell maturation and antibody production. Wiki
Il-10 appears to have a role in reducing the cytokines of the inflammatory process while keeping B cells and ASPC making
antibodies capabilities intact. Interestingly, in embryology, introducing tolerance to the embryo by the maternal immune
system is key to survival. In cancer, decreasing IL-10 may limit the antibody or humoral immune system response to the
cancer, including B and T-cells.

OVER-EXPRESSION OF PRDM14 DOWNREGULATES p21(aka CDKN1A/ CIP1)
PRDM14 suppresses p21. As p21 is the main target of p53, suppression of p21 leads to diminished apoptosis. p21 is
also the target of other apoptotic pathways independent of p53. p21 activation also leads to cell differentiation. A recent
study has implicated loss of p21 function as one possible cause of a tamoxifen-resistant/agonistic phenotype. This same
mechanism may be responsible for the resistance to taxol. Cyclin-dependent kinase inhibitor 1A (p21, Cip1), also
known as CDKN1A, is a protein which in humans is encoded by the CDKN1A gene located on chromosome 6 (6p21.2
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This gene WAF1/CIP1 on human chromosome 6p, discovered by Wafik El-Deiry in 1993, encodes a potent/universal cyclindependent kinase inhibitor (CKI). The encoded protein p21(WAF1) binds to and inhibits the activity of cyclin-CDK2 or CDK4 complexes, and thus functions as a regulator of cell cycle progression at G1. The expression of this gene is tightly
controlled by the tumor suppressor protein p53, through which this protein mediates the p53-dependent cell cycle G1 phase
arrest in response to a variety of stress stimuli. This was a major discovery in the early 1990's that revealed how cells stop
dividing after being exposed to damaging agents such as radiation. In addition to growth arrest, p21 can mediate cellular
senescence and one of the ways it was discovered was as a senescent cell-derived inhibitor. The p21(WAF1) protein can also
interact with proliferating cell nuclear antigen (PCNA), a DNA polymerase accessory factor, and plays a regulatory role in S
phase DNA replication and DNA damage repair. This protein was reported to be specifically cleaved by CASP3-like caspases,
which thus leads to a dramatic activation of CDK2, and may be instrumental in the execution of apoptosis following caspase
activation.
p21(WAF1) is a CKI that directly inhibits the activity of cyclin-CDK2 and cyclin-CDK4 complexes. p21 functions as a
regulator of cell cycle progression at S phase.[4] The expression of p21 is controlled by the tumor suppressor protein p53.
Sometimes,it is expressed without being induced by P53. This kind of induction plays a big role in p53 independent
differentiation which is promoted by p21. Expression of p21 is mainly dependent on two factors 1) stimulus provided 2) type
of the cell. Growth arrest by p21 can promote cellular differentiation. WIKI

P21 and p27: roles in carcinogenesis and drug resistance.
Abukhdeir AM, Park BH. The Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Breast Cancer Research
Program, Baltimore, MD, USA.
Human cancers arise from an imbalance of cell growth and cell death. Key proteins that govern this balance are those that
mediate the cell cycle. Several different molecular effectors have been identified that tightly regulate specific phases of the cell
cycle, including cyclins, cyclin-dependent kinases (CDKs) and CDK inhibitors. Notably, loss of expression or function of two
G1-checkpoint CDK inhibitors - p21 (CDKN1A) and p27 (CDKN1B) - has been implicated in the genesis or progression of
many human malignancies. Additionally, there is a growing body of evidence suggesting that functional loss of p21 or p27 can
mediate a drug-resistance phenotype. However, reports in the literature have also suggested p21 and p27 can promote tumours,
indicating a paradoxical effect. Here, we review historic and recent studies of these two CDK inhibitors, including their
identification, function, importance to carcinogenesis and finally their roles in drug resistance.
CDK inhibitors act as vital checkpoints during various stages of the cell cycle. An important function of these checkpoints is to
prevent the replication and propagation of damaged DNA to future daughter cells; they act as a fail-safe mechanism to allow
for damaged DNA to be repaired or, if repair is not possible, the initiation of cell death. Since most cancer cells harbour
genetically altered or ‘damaged’ DNA, it logically follows that these cancer cells must have circumvented these checkpoints to
allow for uninhibited cell proliferation. Thus, the search for and identification of these checkpoint mediators naturally led to the
recognition of their potential roles in mediating carcinogenesis.
Concurrent with the identification of p21 as a cyclin-CDK inhibitor, two independent groups simultaneously published the
cloning of its gene in 1993. el-Deiry et al. sought to find proteins that were upregulated by the tumour suppressor p53 (TP53)
(Ref. 42). Using a subtractive hybridisation technique, this group cloned the gene for p21 and found it to be a downstream
target of p53 that was upregulated following p53 activation. They subsequently mapped the gene to the chromosomal region
6p21.2 and demonstrated that it suppressed tumour growth in experimental models. They named this gene wild-type p53
activated fragment 1 (WAF1). At the same time, Harper et al. identified a human gene encoding p21, which they named CDKinteracting protein 1 (CIP1), using a yeast two-hybrid system to identify proteins that interacted with CDK2 complexes (Ref.
41). Because of the concurrent yet independent discovery of p21 by these two groups, p21 is often referred to as p21CIP1/WAF1.
Overexpression of p21 inhibits proliferation in mammalian cells, and has been found to inhibit all cyclin-CDK complexes,
indicating that it is a universal cyclin-CDK inhibitor (Ref. 50). Nuclear p21 is the form of this protein that mediates CDK
inhibition (Ref. 56). Functional mapping of p21 has demonstrated that this inhibitory control on cyclin-CDK complexes is
mediated through its N-terminal domain and is distinct from its ability to bind PCNA (Ref. 57). Further studies have revealed
variable substrate specificity of p21, depending on the system and cells used. For example, p21 has been demonstrated to
inhibit cyclin A or cyclin E bound to CDK2 (Ref. 51), as well as CDK4 bound to cyclin D1 or cyclin D2 (Ref. 41). Similar to
p21, p27 inhibits cyclin-CDK complexes in G0/G1 and is functional in the nucleus
Despite its early recognised association with p53, it has now become clear that p21 can be regulated via many p53-independent
pathways. For example, p21 levels can be transcriptionally regulated by MYC, as microarray analysis has demonstrated that
p21 is a target of this oncogene (Ref. 65). Still other mechanisms of p21 regulation have been reported. Similar to p53, E-box-
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binding proteins have also been shown to activate p21 (Ref. 67). Interestingly, the product of the breast cancer susceptibility
gene BRCA1 has also been associated with p21 and p27 regulation (Refs 68, 69, 70, 71, 72). Since BRCA1 acts as a tumour
suppressor by initiating the DNA-repair pathway, it can indirectly stimulate p21 by activating its upstream partner, p53
In addition to loss of p21 expression, there is a growing body of evidence suggesting that the presence of cytoplasmic p21 or
p27 within a patient’s tumour is an indicator of poor prognosis (Refs 55, 73, 127, 128, 129, 130, 131). It is thought that this is
due to the inability of CDK inhibitors to interact with their cyclin-CDK targets within the nucleus (Refs 2, 132). In the case of
breast cancer, cytoplasmic localisation of p27 was found in up to 40% of primary breast malignancies (Refs 82, 132, 133, 134).
For p27, the underlying mechanism found in the majority of these studies was thought to be phosphorylation of Thr157.
Furthermore, when staining primary tumours with an antibody specific for p27 phosphorylated at Thr157, only cytoplasmic
staining was observed. Similarly, p21 phosphorylation at Thr145 also excludes it from the nucleus as described above. The
main enzyme thought to be responsible for regulating p21 and p27 phosphorylation at these residues is AKT [AKT1; also
known as protein kinase B (PKB)]. AKT is a serine/threonine kinase that is central in mediating cell proliferation and cell
death through several downstream pathways. AKT can be activated through various genetic alterations, including
phosphoinositide 3-kinase activation from oncogenic mutations of PIK3CA, PTEN loss or HER2/neu (ERBB2) amplification.
Interestingly, AKT activation has been shown to correlate with resistance to hormonal therapies used in breast cancers
A recent study has implicated loss of p21 function as one possible cause of a tamoxifen-resistant/agonistic phenotype
(Ref. 147). Withdrawal of tamoxifen in a woman whose primary ER-positive breast cancer had sequentially recurred in her
colon and skin induced a clinical regression at the skin site, indicating that tamoxifen was acting as an ER agonist on her
metastatic skin lesions. IHC labelling for p21 in serial biopsies from all three sites (breast, colon, skin) showed that loss of p21
expression correlated with tamoxifen resistance/agonism. Molecular analysis in isogenic p21-knockout cell lines revealed that
the absence of p21 enabled cyclin-CDK complexes to aberrantly phosphorylate ER when bound to tamoxifen, resulting in a
growth-stimulatory phenotype. These data correlated with the patient’s tissue specimens: the presence of phosphorylated ER in
the patient’s skin lesion (p21-), but not her colonic lesion (p21+), strongly suggesting that loss of p21 led to tamoxifen
resistance and a growth-promoting response in this patient.
Since loss or inactivation of p21 and p27 is seen clinically in primary solid tumours, it is important to target these mechanisms
prior to the development of metastatic drug-resistant disease. However, even with better therapies targeted toward specific
genetic alterations, further genetic changes due to the genomic instability inherent in human cancers may confer a drugresistance phenotype. Therefore, in order to truly eradicate this disease, it will be necessary to define and target new
mechanisms of drug resistance, possibly involving other cell cycle checkpoint regulators. In this way, a multipronged approach
that targets the numerous genetic anomalies present in cancerous but not normal cells will enable effective therapies that
prevent the emergence of drug-resistant malignancies. Expert Rev Mol Med. 2008 Jul 1;10:e19

SEMA3B IS DOWNREGULATED BY OVER-EXPRESSION OF PRDM14.
AS SEMA3B IS DOWNREGULATED BY PRDM14. IN BREAST CANCER, THIS RESULTS IN AN UNINHIBITED
PI3K/AKT PATHWAY
SEMA3B induces apoptosis in tumor cells: SEMA3B inhibited their growth; induced apoptosis; and was associated with
decreased Akt phosphorylation, increase in cytochrome c release and caspase-3 cleavage, as well as increased phosphorylation
of several proapoptotic proteins, including glycogen synthase kinase-3beta, FKHR, and MDM-2. SEMA3B is a tumor
suppressor that induces apoptosis in tumor cells through the Np-1 receptor by inactivating the Akt signaling pathway.

Semaphorin 3B inhibits the phosphatidylinositol 3-kinase/Akt pathway through neuropilin-1 in
lung and breast cancer cells.
Castro-Rivera E, Ran S, Brekken RA, Minna JD. Departments of Internal Medicine, Hamon Center for Therapeutic
Oncology Research-Simmons Cancer Center, University of Texas Southwestern Medical Center, Dallas, Texas 75390-8593,
Semaphorin 3B (SEMA3B), located at 3p21.3, is a secreted member of the semaphorin family important in axonal guidance.
SEMA3B undergoes allele and expression loss in lung and breast cancer and can function as a tumor suppressor. Previously,
we found that SEMA3B induces apoptosis in tumor cells either by reexpression or when applied as a soluble ligand. SEMA3Binduced apoptosis was mediated, in part, by blocking vascular endothelial growth factor autocrine activity in tumor cells. In the
current study, treatment of lung and breast cancer cells with picomolar concentrations of soluble SEMA3B inhibited their
growth; induced apoptosis; and was associated with decreased Akt phosphorylation, increase in cytochrome c release and
caspase-3 cleavage, as well as increased phosphorylation of several proapoptotic proteins, including glycogen synthase
kinase-3beta, FKHR, and MDM-2. Lung and breast cancer lines resistant to SEMA3B did not show these signaling changes
and a tumor-derived missense SEMA3B mutant was inactive in this regard, providing specificity. SEMA3B-mediated
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inhibition of proliferation and induction of apoptosis in cancer cells were blocked by expressing a constitutively active Akt
mutant and are linked to tumor cell expression of neuropilin-1 (Np-1). SEMA3B-insensitive Np-1-negative tumor cells
acquired sensitivity to SEMA3B after forced expression of Np-1, whereas SEMA3B-sensitive Np-1-positive tumor cells lost
sensitivity to SEMA3B after knockdown of Np-1 by small interfering RNA. We conclude that SEMA3B is a potential tumor
suppressor that induces apoptosis in SEMA3B-inactivated tumor cells through the Np-1 receptor by inactivating the Akt
signaling pathway. Cancer Res. 2008 Oct 15;68(20):8295-303.
THROUGH THE PATHWAY NOTED ABOVE PRDM14 CAUSES ACTIVATION OF THE AKT SIGNALING
PATHWAY. THIS PATHWAY HAS VERY SERIOUS IMPACT ON THE OUTCOME OF CANCER THERAPY. THE
FOLLOWING ARTICLE SHOWS HOW THE AKT PATHWAY IS INVOLVED IN RESISTANCE TO TAMOXIFEN AND
LEADS TO VERY POOR THERAPEUTIC OUTCOMES.

Phosphatidylinositol 3-kinase/AKT-mediated activation of estrogen receptor alpha: a new model
for anti-estrogen resistance.
Campbell RA, Bhat-Nakshatri P, Patel NM, Constantinidou D, Ali S, Nakshatri H. Department of Surgery, Indiana
University School of Medicine, Indianapolis 46202, USA.
Estrogen receptors (ERs) mediate most of the biological effects of estrogen in mammary and uterine epithelial cells by binding
to estrogen response elements in the promoter region of target genes or through protein-protein interactions. Anti-estrogens
such as tamoxifen inhibit the growth of ER-positive breast cancers by reducing the expression of estrogen-regulated genes.
However, anti-estrogen-resistant growth of ER-positive tumors remains a significant clinical problem. Here we show that
phosphatidylinositol (PI) 3-kinase and AKT activate ERalpha in the absence of estrogen. Although PI 3-kinase increased the
activity of both estrogen-independent activation function 1 (AF-1) and estrogen-dependent activation function 2 (AF-2) of
ERalpha, AKT increased the activity of only AF-1. PTEN and a catalytically inactive AKT decreased PI 3-kinase-induced AF1 activity, suggesting that PI 3-kinase utilizes AKT-dependent and AKT-independent pathways in activating ERalpha. The
consensus AKT phosphorylation site Ser-167 of ERalpha is required for phosphorylation and activation by AKT. In addition,
LY294002, a specific inhibitor of the PI 3-kinase/AKT pathway, reduced phosphorylation of ERalpha in vivo. Moreover, AKT
overexpression led to up-regulation of estrogen-regulated pS2 gene, Bcl-2, and macrophage inhibitory cytokine 1. We
demonstrate that AKT protects breast cancer cells from tamoxifen-induced apoptosis. Taken together, these results define a
molecular link between activation of the PI 3-kinase/AKT survival pathways, hormone-independent activation of ERalpha, and
inhibition of tamoxifen-induced apoptotic regression. J Biol Chem. 2001 Mar 30;276(13):9817-24.
AS SHOWN ABOVE THE BCL-2 PATHWAY IS UPREGULATED BY THE AKT GENE EXPRESSION. BCL2
EXPRESSION IS A MECHANISM OF RESISTANCE TO DOXORUBICIN. PRDM14 OVER-EXPRESSION LEADS TO
INCREASED LEVELS OF BCL2 AND DOXORUBICIN RESISTANCE.
PRDM14 OVER-EXPRESSION LEADS TO DECREASED LEVELS OF SEMA3B-a blocking ligand for NEUROPILIN-1:
“SEMA3B-mediated inhibition of proliferation and induction of apoptosis in cancer cells were blocked by expressing a
constitutively active Akt mutant and are linked to tumor cell expression of neuropilin-1 (Np-1).”
PRDM14 OVER-EXPRESSION LEADS TO INCREASED LEVELS OF neuropilin NRP and Tolloid-like 2 TLL-this leads to
angiogenesis through VEGF

Structural studies of neuropilin/antibody complexes provide insights into semaphorin and VEGF
binding.
Appleton BA, Wu P, Maloney J, Yin J, Liang WC, Stawicki S, Mortara K, Bowman KK, Elliott JM, Desmarais W,
Bazan JF, Bagri A, Tessier-Lavigne M, Koch AW, Wu Y, Watts RJ, Wiesmann C.
Department of Protein Engineering, Genentech, Inc., South San Francisco, CA 94080, USA.
Neuropilins (Nrps) are co-receptors for class 3 semaphorins and vascular endothelial growth factors and important for
the development of the nervous system and the vasculature. The extracellular portion of Nrp is composed of two domains
that are essential for semaphorin binding (a1a2), two domains necessary for VEGF binding (b1b2), and one domain critical for
receptor dimerization (c). We report several crystal structures of Nrp1 and Nrp2 fragments alone and in complex with
antibodies that selectively block either semaphorin or vascular endothelial growth factor (VEGF) binding. In these structures,
Nrps adopt an unexpected domain arrangement in which the a2, b1, and b2 domains form a tightly packed core that is only
loosely connected to the a1 domain. The locations of the antibody epitopes together with in vitro experiments indicate that
VEGF and semaphorin do not directly compete for Nrp binding. Based upon our structural and functional data, we propose
possible models for ligand binding to neuropilins. EMBO J. 2007 Nov 28;26(23):4902-12.
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OVER-EXPRESSION OF PRDM14 SUPPRESSES SEMA3B WHICH IN TURN UP-REGULATES GSK-3 AND DOWNREGULATES MCL-1 (Myeloid cell leukemia-1). THIS IS ANOTHER ANOIKIS RESISTANCE INITIATOR,
CONFERRING METASTATIC PROPERTIES AND ANTI-APOPTOTIC. MEDIATED CANCER CELL SURVIVAL.

Myeloid cell leukemia-1 inversely correlates with glycogen synthase kinase-3beta activity and
associates with poor prognosis in human breast cancer.
Ding Q, He X, Xia W, Hsu JM, Chen CT, Li LY, Lee DF, Yang JY, Xie X, Liu JC, Hung MC.
Department of Molecular and Cellular Oncology, The University of Texas M. D. Anderson Cancer Center, Houston, Texas.
Myeloid cell leukemia-1 (Mcl-1), an antiapoptotic Bcl-2 family member, is overexpressed in many types of human cancer and
associates with cell immortalization, malignant transformation, and chemoresistance. Glycogen synthase kinase-3beta (GSK3beta), a key component of the Wnt signaling pathway, is involved in multiple physiologic processes such as protein synthesis,
tumorigenesis, and apoptosis. Here, we report that expression of Mcl-1 was correlated with phosphorylated GSK-3beta (pGSK-3beta) at Ser(9) (an inactivated form of GSK-3beta) in multiple cancer cell lines and primary human cancer samples. In
addition, Mcl-1 was strikingly linked with poor prognosis of human breast cancer, in which the high level of Mcl-1 was related
to high tumor grade and poor survival of breast cancer patients. Furthermore, we found that activation of GSK-3beta could
down-regulate Mcl-1 and was required for proteasome-mediated Mcl-1 degradation. Under some physiologic conditions, such
as UV irradiation, anticancer drug treatment, and inhibition of growth factor pathways, Mcl-1 was down-regulated through
activation of GSK-3beta. Our results indicate that Mcl-1 stabilization by GSK-3beta inactivation could be involved in
tumorigenesis and serve as a useful prognostic marker for human breast cancer. Cancer Res. 2007 May 15;67(10):4564-71.

Anoikis, initiated by Mcl-1 degradation and Bim induction, is deregulated during oncogenesis.
Woods NT, Yamaguchi H, Lee FY, Bhalla KN, Wang HG.
H. Lee Moffitt Cancer Center & Research Institute, University of South Florida, Tampa, Florida 33612, USA.
Anoikis, a Bax-dependent apoptosis triggered by detachment from the extracellular matrix, is often dysfunctional in metastatic
cancer cells. Using wild-type and c-Src-transformed NIH3T3 cells as a model, we identified Mcl-1 degradation and Bim upregulation as a critical determinant of anoikis initiation. Detachment rapidly degraded Mcl-1 via a GSK-3beta-dependent
proteasomal pathway and transcriptionally up-regulated Bim expression. Mcl-1 degradation in the presence of Bim was
sufficient to induce anoikis. By analyzing nonmetastatic Saos-2 and metastatic derivative LM7 cells, we confirmed that
dysregulation of Mcl-1 degradation and Bim induction during detachment contributes to decreased anoikis sensitivity of
metastatic cells. Furthermore, knockdown of Mcl-1 or pharmacologic inhibition of the phosphoinositide-3-kinase/Akt and
mitogen-activated protein kinase pathways that suppress Mcl-1 degradation and Bim expression could markedly
sensitize metastatic breast cancer cells to anoikis and prevent metastases in vivo. Therefore, Mcl-1 degradation primes the
cell for Bax activation and anoikis, which can be blocked by oncogenic signaling in metastatic cells. Cancer Res. 2007 Nov
15;67(22):10744-52.
PRDM14 OVER-EXPRESSION CAUSES A REPRESSION OF A GROWTH CONTROL MECHANISM CONTROLLED
BY SEMA3B: INCREASED SEMA3B LEADS TO INCREASED IGFBP-6 EXPRESSION. DECREASED SEMA3B LEADS
TO DECREASED IGFBP-6 EXPRESSION. DECREASED SEMA3B LEADS TO ELIMINATION OF THE growth
suppressive effect of SEMA3B. IGFBP-6 is the effector of tumor suppressor activity of SEMA3B in NCI-H1299 cells.
FROM ARTICLE BELOW:
Inhibition of IGFBP-6 by small interfering RNA diminished the sub-G0/G1 population that was induced by SEMA3B and
abrogated the growth suppressive effect of SEMA3B

Identification of IGFBP-6 as an effector of the tumor suppressor activity of SEMA3B.
Koyama N, Zhang J, Huqun, Miyazawa H, Tanaka T, Su X, Hagiwara K.
Department of Respiratory Medicine, Saitama Medical University, Saitama, Japan. nkoyama@saitama-med.ac.jp
SEMA3B, a member of class 3 semaphorins, is a tumor suppressor. Competition with vascular endothelial growth factor
(VEGF)165 explains a portion of the activity, whereas the VEGF-independent mechanism was not elucidated. We employed a
microarray and screened for the genes whose expression was increased by SEMA3B in NCI-H1299 cells. Insulin-like growth
factor-binding protein-6 (IGFBP-6), a tumor suppressor, showed greatest difference in the expression level. Introduction of
IGFBP-6 cDNA reduced colony formation both on the dish surface and in soft agar. Insulin-like growth factor II, which
antagonizes IGFBP-6, partly abrogated the effect. Inhibition of IGFBP-6 by small interfering RNA diminished the sub-G0/G1
population that was induced by SEMA3B and abrogated the growth suppressive effect of SEMA3B. We concluded that
IGFBP-6 is the effector of tumor suppressor activity of SEMA3B in NCI-H1299 cells. It has been reported that beta-catenin
suppresses the expression of IGFBP-6. Introduction of beta-catenin into the cells partly abrogated the growth suppressive effect
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of SEMA3B. Our result indicates that semaphorin signaling and beta-catenin signaling converge on IGFBP-6 and antithetically
affect their functions. Oncogene. 2008 Nov 20;27(51):6581-9

OVER-EXPRESSION OF PRDM14 DOWN-REGULATES SMAD6
SMAD6 downregulation by PRDM14 may result in the activation of the transforming growth factor
(TGF-beta) gene normal and oncogenic signaling pathway. In normal breast cells, TGF-beta is required
to help regulate breast stem cell growth and over-growth. However, when SMAD6 is suppressed, TGFbeta is capable of over-coming it’s role as tumor suppressive and may cooperate with PRDM14 in giving
the proliferating breast cancer cells metastatic properties.
Smad6 inhibits signalling by the TGF-beta superfamily.
Imamura T, Takase M, Nishihara A, Oeda E, Hanai J, Kawabata M, Miyazono K. Department of Biochemistry, The
Cancer Institute, Tokyo, Japan.
SMAD proteins have been identified as signalling mediators of the TGF-beta superfamily, which is involved in a range of
biological activities including cell growth, morphogenesis, development and immune responses. Smad1, Smad2, Smad3 and
Smad5 are ligand-specific: Smadl and Smad5 transduce signals from bone morphogenetic proteins, and Smad2 and Smad3
mediate signalling by TGF-beta and activin, whereas Smad4 acts as a common signalling component. For example, Smad2 is
phosphorylated by the TGF-beta type I receptor upon ligand binding, forms a heteromer with Smad4, and then translocates into
the nucleus where it activates transcription. Here we report the isolation of Smad6 in the mouse. Smad6 is quite different in
structure from the other SMAD proteins, and forms stable associations with type I receptors. Smad6 interferes with the
phosphorylation of Smad2 and the subsequent heteromerization with Smad4, but does not inhibit the activity of Smad3. Smad6
also inhibits the phosphorylation of Smad1 that is induced by the bone morphogenetic protein type IB receptor. These data
indicate that signals of the TGF-beta superfamily are regulated both positively and negatively by members of the SMAD
family. Nature. 1997 Oct 9;389(6651):622-6.

CEACAM5 and CEACAM6 are major target genes for Smad3-mediated TGF-beta signaling.
Han SU, Kwak TH, Her KH, Cho YH, Choi C, Lee HJ, Hong S, Park YS, Kim YS, Kim TA, Kim SJ.
Laboratory of Cancer Biology and Genetics, National Cancer Institute, National Institutes of Health, Bethesda, MD 20892,
The carcinoembryonic antigen (CEAs) family consists of a large group of evolutionarily and structurally divergent
glycoproteins. The transforming growth factor-beta (TGF-beta) signaling pathway has been implicated in the
stimulation of CEA secretion in TGF-beta-sensitive colon cells, thereby possibly modulating cell adhesion and
differentiation. However, the specific CEAs targeted by TGF-beta signaling or underlying mechanism of the expression of
CEAs has not yet been clarified. In this study, we investigated the specific CEAs targeted by the TGF-beta signaling pathway.
In nine human gastric cancer cell lines examined, TGF-beta-responsive cell lines showed positive expression of CEAs.
Expression patterns of CEA proteins correlated well with the level of CEA (CEACAM5) and CEACAM6 transcripts in
these cell lines, but CEACAM1 expression was not observed in all of these cells. To investigate the role of TGF-beta signaling
in CEA expression, we selected two TGF-beta unresponsive gastric cancer cell lines; SNU638 cells that contain a mutation in
the TGF-beta type II receptor and SNU484 cells that express low to undetectable level of the TGF-beta pathway intermediate
protein, Smad3. Restoration of TGF-beta signaling in these cells induced expression of the CEAs and increased activity
of both CEA (CEACAM5) and CEACAM6 promoters. CEA expression was observed in the epithelium of the stomach of
wild-type mice, but was markedly decreased in Smad3 null mice. These findings suggest that CEA (CEACAM5) and
CEACAM6 are major target genes for Smad3-mediated TGF-beta signaling. Oncogene. 2008 Jan 24;27(5):675-83.

Deregulated Expression of the Human Tumor Marker CEA and CEA Family Member CEACAM6
Disrupts Tissue Architecture and Blocks Colonocyte Differentiation
Aside from the observations of inhibition of differentiation in model systems, the inverse correlation between cell surface
levels of these molecules and differentiation status of tumors, and the general inhibition of anoikis induced by
CEA/CEACAM6 overexpression alluded to in the introduction, there is a generally positive correlation between CEA
expression and the propensity for metastasis by colorectal carcinomas — in fact, CEA expression is invariably high in liver
metastases (A. Fuks, personal communication). Also, expression of tumorigenic Ras has been reported to result in upregulation
of CEA and loss of cellular polarization in HD6-4 colon carcinoma cells [51]. In breast, the correlation of CEA/CEACAM6
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expression with cancer is even more definitive in that normal breast epithelial cells show absolutely no expression of
these molecules, whereas 40% to 70% of carcinomas show such expression [4], which is correlated positively with stage
[52–55]. Neoplasia. 2002 March; 4(2): 151–163.

SOCS2 IS DOWNREGULATED BY OVER-EXPRESSION OF PRDM14.
Favorable prognostic value of SOCS2 and IGF-I in breast cancer.
Haffner MC, Petridou B, Peyrat JP, Révillion F, Müller-Holzner E, Daxenbichler G, Marth C, Doppler W.
Division of Medical Biochemistry, Biocenter, Innsbruck Medical University, Innsbruck, Austria.
BACKGROUND: Suppressor of cytokine signaling (SOCS) proteins comprise a protein family, which has initially been
described as STAT induced inhibitors of the Jak/Stat pathway. Recent in vivo and in vitro studies suggest that SOCS proteins
are also implicated in cancer. The STAT5 induced IGF-I acts as an endocrine and para/autocrine growth and differentiation
factor in mammary gland development. Whereas high levels of circulating IGF-I have been associated with increased cancer
risk, the role of autocrine acting IGF-I is less clear. The present study is aimed to elucidate the clinicopathological features
associated with SOCS1, SOCS2, SOCS3, CIS and IGF-I expression in breast cancer. METHODS: We determined the mRNA
expression levels of SOCS1, SOCS2, SOCS3, CIS and IGF-I in 89 primary breast cancers by reverse transcriptase PCR.
SOCS2 protein expression was further evaluated by immuno-blot and immunohistochemistry. RESULTS: SOCS2 expression
inversely correlated with histopathological grade and ER positive tumors exhibited higher SOCS2 levels. Patients with high
SOCS2 expression lived significantly longer (108.7 vs. 77.7 months; P = 0.015) and high SOCS2 expression proved to be an
independent predictor for good prognosis (HR = 0.45, 95% CI 0.23 - 0.91, P = 0.026). In analogy to SOCS2, high IGF-I
expression was an independent predictor for good prognosis in the entire patient cohort. In the subgroup of patients with
lymph-node negative disease, high IGF-I was a strong predictor for favorable outcome in terms of overall survival and relapse
free survival (HR = 0.075, 95% CI 0.014 - 0.388, P = 0.002). CONCLUSION: This is the first report on the favorable
prognostic value of high SOCS2 expression in primary mammary carcinomas. Furthermore a strong association of high
IGF-I expression levels with good prognosis was observed especially in lymph-node negative patients. Our results suggest that
high expression of the STAT5 target genes SOCS2 and IGF-I is a feature of differentiated and less malignant tumors.
BMC Cancer. 2007 Jul 25;7:136.

Suppressor of cytokine signalling 2 (SOCS-2) expression in breast carcinoma.
Farabegoli F, Ceccarelli C, Santini D, Taffurelli M.
Department of Experimental Pathology, University of Bologna, Via San Giacomo, 14, 40126 Bologna, Italy.
AIMS: To investigate SOCS-2 (suppressor of cytokine signalling 2) protein expression in breast carcinoma samples in relation
to biopathological parameters and survival. METHODS: A polyclonal antibody against SOCS-2 was used to study 50 archival
breast carcinoma samples, collected from 1993 to 1995. The presence of SOCS-2 protein was investigated in relation to clinical
and biological parameters used in breast cancer pathology. Fluorescence in situ hybridisation (FISH) was used to study whether
SOCS-2 expression was related to SOCS-2 gene copy number. RESULTS: SOCS-2 protein was expressed in 34 of 50 breast
carcinoma samples and was positively associated with low grade, low nuclear grade, and p27 protein. SOCS-2 expression was
inversely related to Ki-67, cyclin A, retinoblastoma protein (pRb), and the epidermal growth factor receptor (EGFR). No
relation with overall survival was demonstrated. SOCS-2 amplification was found in three samples. No relation between the
number of FISH signals and SOCS-2 expression was found. CONCLUSIONS: The significant correlation seen between SOCS2 expression, grade, nuclear grade, p27, Ki-67, cyclin A, pRb, and EGFR labelling strongly supports the hypothesis that
SOCS-2 loss might be related to cell proliferation and tumour growth in breast carcinoma. Gene copy number changes
did not seem to play a role in SOCS-2 regulation and expression; other mechanisms might be involved and deserve further
study. J Clin Pathol. 2005 Oct;58(10):1046-50.

TNF-alpha down-regulation by OVER-EXPRESSION OF PRDM14
PRDM14 DOWNREGULATES TNFAIP2. TNFAIP2 tumor necrosis factor, alpha-induced protein 2 or B94. This gene was
identified as a gene whose expression can be induced by the tumor necrosis factor alpha (TNF) in umbilical vein endothelial
cells. The expression of this gene was shown to be induced by retinoic acid in a cell line expressing a oncogenic version of the
retinoic acid receptor alpha fusion protein, which suggested that this gene may be a retinoic acid target gene in acute
promyelocytic leukemia. ENTREZ GENE
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OVER-EXPRESSION OF PRDM14 downregulates WISP-2/ CCN5
WISP-2./CCN5 is a negative regulator of migration and invasion of breast cancer cells, and these events could be regulated by
CCN5 through the modulation of the expression of genes essential for an invasive front. These include Snail-E-cadherin
signaling and matrix metalloproteinase (MMP)-9 and MMP-2.

CCN5/WISP-2 expression in breast adenocarcinoma is associated with less frequent progression of
the disease and suppresses the invasive phenotypes of tumor cells.
Banerjee S, Dhar G, Haque I, Kambhampati S, Mehta S, Sengupta K, Tawfik O, Phillips TA, Banerjee SK.
Cancer Research Unit, Veterans Affairs Medical Center, Kansas City, Missouri 64128, USA.
Although previous in vitro studies predicted that CCN5/WISP-2 may act as an anti-invasive gene in breast cancer, the
distribution pattern of CCN5 in breast cancer samples is conflicting. Thus, we systematically investigated the CCN5 expression
profile in noninvasive and invasive breast tumor samples and its functional relevance in breast cancer progression. The studies
showed that CCN5 expression is biphasic, such that in normal samples CCN5 expression is undetectable, whereas its
expression is markedly increased in noninvasive breast lesions, including atypical ductal hyperplasia and ductal carcinoma in
situ. Further, CCN5 mRNA and protein levels are significantly reduced as the cancer progresses from a noninvasive to invasive
type. Additionally, we showed that CCN5 mRNA and protein level was almost undetectable in poorly differentiated cancers
compared with the moderately or well-differentiated samples and its expression inversely correlated with lymph node
positivity. The result was further supported by evaluating the RNA expression profile in microdissected sections using realtime PCR analysis. Therefore, our data suggest a protective function of CCN5 in noninvasive breast tumor cells. This
hypothesis was further supported by our in vitro studies illuminating that CCN5 is a negative regulator of migration and
invasion of breast cancer cells, and these events could be regulated by CCN5 through the modulation of the expression of
genes essential for an invasive front. These include Snail-E-cadherin signaling and matrix metalloproteinase (MMP)-9 and
MMP-2. Collectively, these studies suggest that the protective effect of CCN5 in breast cancer progression may have important
therapeutic implications. Cancer Res. 2008 Sep 15;68(18):7606-12

CCN5/WISP-2 expression in breast adenocarcinoma is associated with less frequent progression of
the disease and suppresses the invasive phenotypes of tumor cells.
Banerjee S, Dhar G, Haque I, Kambhampati S, Mehta S, Sengupta K, Tawfik O, Phillips TA, Banerjee SK.
Cancer Research Unit, Veterans Affairs Medical Center, Kansas City, Missouri 64128, USA.
Although previous in vitro studies predicted that CCN5/WISP-2 may act as an anti-invasive gene in breast cancer, the
distribution pattern of CCN5 in breast cancer samples is conflicting. Thus, we systematically investigated the CCN5 expression
profile in noninvasive and invasive breast tumor samples and its functional relevance in breast cancer progression. The studies
showed that CCN5 expression is biphasic, such that in normal samples CCN5 expression is undetectable, whereas its
expression is markedly increased in noninvasive breast lesions, including atypical ductal hyperplasia and ductal carcinoma in
situ. Further, CCN5 mRNA and protein levels are significantly reduced as the cancer progresses from a noninvasive to invasive
type. Additionally, we showed that CCN5 mRNA and protein level was almost undetectable in poorly differentiated
cancers compared with the moderately or well-differentiated samples and its expression inversely correlated with
lymph node positivity. The result was further supported by evaluating the RNA expression profile in microdissected sections
using real-time PCR analysis. Therefore, our data suggest a protective function of CCN5 in noninvasive breast tumor cells.
This hypothesis was further supported by our in vitro studies illuminating that CCN5 is a negative regulator of migration and
invasion of breast cancer cells, and these events could be regulated by CCN5 through the modulation of the expression of
genes essential for an invasive front. These include Snail-E-cadherin signaling and matrix metalloproteinase (MMP)-9 and
MMP-2. Collectively, these studies suggest that the protective effect of CCN5 in breast cancer progression may have important
therapeutic implications.
Our studies show convincingly that CCN5 expression is biphasic such that in normal ducts and lobules CCN5 expression is
undetectable, whereas its expression is markedly increased in noninvasive breast lesions, including ADH and DCIS. Further,
CCN5 mRNA and protein levels are significantly reduced as the cancer progresses from a noninvasive to invasive types.
Additionally, we showed that CCN5 mRNA and protein levels were almost undetectable in poorly differentiated cancers
compared with the moderately or well-differentiated samples. CCN5 expression inversely correlated with lymph node
positivity. Therefore, our studies suggest a potentially protective contribution of CCN5 signaling to the invasive front.
This hypothesis is further supported by our subsequent in vitro studies indicating that silencing of CCN5 enhanced the invasive
phenotypes in noninvasive cells through the regulation of pertinent gene signatures, including Snail, E-cadherin, and MMP.
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The development of human breast cancer and its invasion and metastatic spread is a complex, multistep process, which has not
yet been fully elucidated. Several growth factors, oncogenes, and tumor suppressor genes have been known to participate in
regulating the progression of this fatal disease. Several breast cancer models have recently been developed and have already
yielded new information on the molecular network of the progression of breast cancer. However, their effect in terms of
offering new concepts of the molecular network of human breast cancer development, diagnostics, or therapeutic modalities
remains limited. Over the last several years, after the identification of CCN5 in noninvasive human breast tumor cells and
samples by using RNA differential display analysis (14), CCN5 has been implicated as having an important role in human
breast disease and other cancers as well (9, 10, 14, 20, 29–33). The present immunohistochemical and in situ hybridization
analysis studies have shown a differential expression profile of CCN5 in human breast samples. Under normal
conditions, its expression is undetected. Once healthy cells are assaulted by some unknown factors, which cause
noninvasive lesions (ADH or DCIS) in breast cells, the CCN5 expression increases (Fig. 1). In contrast, the expression of
CCN5 gradually decreases as the breast cancer progresses from the well-differentiated to poorly differentiated stage.
Moreover, the expression pattern of CCN5 shows an inverse correlation with lymph node positivity. We therefore
suspect that the distinct patterns and variable expression of CCN5 may not be a secondary consequence of differences
among these tumor samples. It may play a protective effect against the progression of the disease as it was implicit by
previous in vitro studies (13, 16). The present studies are not in agreement with the recent work of Davies and colleagues (15).
Interestingly, previous work of Davies and colleagues (15) contradicted their own in vitro data and our in vivo results. It does
not corroborate our claim and proposed opposite reports. This is because their studies were not designed to evaluate the CCN5
expression profile in the entire spectrum of noninvasive and invasive breast tumor samples.
If overexpression of CCN5 definitely plays a role in limiting breast cancer progression, how might it perform? An obvious
possibility is that the apparent protective effect of CCN5 may be related to its ability to prevent the formation of an invasive
front via regulating the molecular pathways associated with this event. Inhibition of an adhesive property followed by
migration of a cancer cell is the hallmark of an invasive front (3). This feature is regulated by multiple factors, including Ecadherin repression and MMPs, and notably the gelatinases MMP-2 and MMP-9 induction (3, 34). Moreover, E-cadherin
expression is frequently suppressed by a zinc finger transcription factor Snail through the interaction of E-pal element and/or
SNAG domains located in the 5' proximal sequences of E-cadherin promoter (35–38). The suppression of E-cadherin by Snail
is required to control epithelial-mesenchymal transition, which is a debated event (2), but an equally critical episode in the
progression of cancer from a noninvasive to invasive front. The present studies show that the basal level of CCN5 exhibits no
mitogenic response in noninvasive breast tumor cells, but it may protect the cells from gaining invasive phenotypes. For
example, silencing of CCN5 in MCF-7 noninvasive carcinoma cells by CCN5-specific shRNA significantly enhances the in
vitro migration of breast tumor cells, and it modulates the expression of E-cadherin signaling that is associated with the
invasive front development. The study also shows that enforced silencing of CCN5 by shRNA up-regulates Snail expression in
these cells. Thus, we anticipate that the suppression of E-cadherin expression in CCN5-nullified MCF-7 cells could be mediated
through the activation of Snail. Consequently, one intriguing possibility is that the anti-invasive activity of CCN5 might be
mediated through the suppression of Snail signaling.
MMP-2 and MMP-9 (gelatinase A and B) are zinc-dependent endopeptidases of the MMP family (39). These two gelatinases
are involved in cancer invasion and metastasis by tissue remodeling through the degradation of extracellular matrix and
basement membrane (39). They are secreted as zymogens and then cleaved as active forms to perform their function, which is
tightly regulated by different mechanisms (39). In breast cancer, both MMP-2 and MMP-9 are differentially overexpressed in
cancer cells, stromal cells, and circulation (40–45). Our studies found that both MMP-2 and MMP-9 expression are increased in
CCN5-nullified MCF-7 cells. Therefore, we suggest that the anti-invasive activity of CCN5 may also exert through the
regulation of MMP-2 and MMP-9.
In summary, these studies along with earlier findings (9–11, 13, 14, 16, 18, 20, 30–33, 46) suggest that CCN5 is a two-faced
cancer gene that may be one of the key regulators of invasive phenotype of breast tumor cells. Therefore, the protective effect
of CCN5 in breast cancer progression may have important therapeutic implications, particularly in the design of targeted
therapy against breast cancer. However, the precise mechanism of action of CCN5 in the protection of the progression of the
invasive phenotype remains to be elucidated.
Cancer Res. 2008 Sep 15;68(18):7606-12.
WISP-2 is Wnt1 inducible signaling pathway protein 2 also known as CCN5. Reducing WISP-2/CCN5 expression enhances
the proliferative potential of MCF-7 cancer cells and induces estrogen-independent proliferation of these cells, whereas
inducing WISP-2/CCN5 expression inhibits the proliferative potential of both MCF-7 and MDA-MB-231 cells

Role of WISP-2/CCN5 in the maintenance of a differentiated and noninvasive phenotype in human
breast cancer cells.
Fritah A, Saucier C, De Wever O, Bracke M, Bièche I, Lidereau R, Gespach C, Drouot S, Redeuilh G, Sabbah M.
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INSERM 673, Hôpital Saint-Antoine, 184 Rue du Faubourg Saint-Antoine, 75571 Paris cedex 12, France.
WISP-2/CCN5 is an estrogen-regulated member of the "connective tissue growth factor/cysteine-rich 61/nephroblastoma
overexpressed" (CCN) family of the cell growth and differentiation regulators. The WISP-2/CCN5 mRNA transcript is
undetectable in normal human mammary cells, as well as in highly aggressive breast cancer cell lines, in contrast with its
higher level in the breast cancer cell lines characterized by a more differentiated phenotype. We report here that knockdown of
WISP-2/CCN5 by RNA interference in estrogen receptor alpha (ERalpha)-positive MCF-7 breast cancer cells induced an
estradiol-independent growth linked to a loss of ERalpha expression and promoted epithelial-to-mesenchymal
transdifferentiation. In contrast, forced expression of WISP-2/CCN5 directed MCF-7 cells toward a more differentiated
phenotype. When introduced into the poorly differentiated, estrogen-independent, and invasive MDA-MB-231 breast cancer
cells, WISP-2/CCN5 was able to reduce their proliferative and invasive phenotypes. In a series of ERalpha-positive tumor
biopsies, we found a positive correlation between the expression of WISP-2/CCN5 and ID2, a transcriptional regulator of
differentiation in normal and transformed breast cells.
We propose that WISP-2/CCN5 is an important regulator involved in the maintenance of a differentiated phenotype in breast
tumor epithelial cells and may play a role in tumor cell invasion and metastasis.
We show that reducing WISP-2/CCN5 expression enhances the proliferative potential of MCF-7 cancer cells and
induces estrogen-independent proliferation of these cells, whereas inducing WISP-2/CCN5 expression inhibits the
proliferative potential of both MCF-7 and MDA-MB-231 cells. In addition, we have also attempted to explore signaling
molecules associated with these WISP-2/CCN5 activities. These studies suggest a role of WISP-2/CCN5 in epithelial-tomesenchymal transition (EMT). Mol Cell Biol. 2008 Feb;28(3):1114-23.

CCN5/WISP-2 expression in breast adenocarcinoma is associated with less frequent progression of
the disease and suppresses the invasive phenotypes of tumor cells.
Banerjee S, Dhar G, Haque I, Kambhampati S, Mehta S, Sengupta K, Tawfik O, Phillips TA, Banerjee SK.
Cancer Research Unit, Veterans Affairs Medical Center, Kansas City, Missouri 64128, USA.
Although previous in vitro studies predicted that CCN5/WISP-2 may act as an anti-invasive gene in breast cancer, the
distribution pattern of CCN5 in breast cancer samples is conflicting. Thus, we systematically investigated the CCN5 expression
profile in noninvasive and invasive breast tumor samples and its functional relevance in breast cancer progression. The studies
showed that CCN5 expression is biphasic, such that in normal samples CCN5 expression is undetectable, whereas its
expression is markedly increased in noninvasive breast lesions, including atypical ductal hyperplasia and ductal carcinoma in
situ. Further, CCN5 mRNA and protein levels are significantly reduced as the cancer progresses from a noninvasive to invasive
type. Additionally, we showed that CCN5 mRNA and protein level was almost undetectable in poorly differentiated cancers
compared with the moderately or well-differentiated samples and its expression inversely correlated with lymph node
positivity. The result was further supported by evaluating the RNA expression profile in microdissected sections using realtime PCR analysis. Therefore, our data suggest a protective function of CCN5 in noninvasive breast tumor cells. This
hypothesis was further supported by our in vitro studies illuminating that CCN5 is a negative regulator of migration and
invasion of breast cancer cells, and these events could be regulated by CCN5 through the modulation of the expression of
genes essential for an invasive front. These include Snail-E-cadherin signaling and matrix metalloproteinase (MMP)-9 and
MMP-2. Collectively, these studies suggest that the protective effect of CCN5 in breast cancer progression may have important
therapeutic implications. Cancer Res. 2008 Sep 15;68(18):7606-12.

Epidermal growth factor induces WISP-2/CCN5 expression in estrogen receptor-alpha-positive
breast tumor cells through multiple molecular cross-talks.
Banerjee S, Sengupta K, Saxena NK, Dhar K, Banerjee SK. Cancer Research Unit, Research Division 151, VA Medical
Center, 4801 Linwood Boulevard, Kansas City, MO 64128, USA.
Epidermal growth factor (EGF) is a mitogen for estrogen receptor (ER)-positive breast tumor cells, and it has been proven that
EGF occasionally mimicked estrogen action and cross-talks with ER-alpha to exert its activity. Therefore, the present study
was undertaken to explore whether EGF is able to modulate the expression of Wnt-1-induced signaling protein-2/connective
tissue growth factor/cysteine-rich 61/nephroblastoma overexpressed 5 (WISP-2/CCN5), an estrogen-responsive gene, in
normal and transformed cell lines of the human breast and, if so, whether this induction is critical for EGF mitogenesis and
what downstream signaling pathways are associated with this event. Here, we show that EGF-induced WISP-2 expression in
ER- and EGF receptor-positive noninvasive MCF-7 breast tumor cells was dose and time dependent and that expression was
modulated at transcription level. A synergism was seen in combination with estrogen. Moreover, small interfering RNA-
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mediated inhibition of WISP-2/CCN5 activity in MCF-7 cells resulted in abrogation of proliferation by EGF. The multiple
molecular cross-talks, including the interactions between phosphatidylinositol 3-kinase/Akt and mitogen-activated protein
kinase signaling pathways and two diverse receptors (i.e., ER-alpha and EGFR), were essential in the event of EGF-induced
WISP-2/CCN5 up-regulation in MCF-7 cells. Moreover, EGF action on WISP-2/CCN5 is restricted to ER- and EGFR-positive
noninvasive breast tumor cells, and this effect of EGF cannot be instigated in ER-alpha-negative and EGFR-positive normal or
invasive breast tumor cells by introducing ER-alpha. Finally, regulation of phosphorylation of ER-alpha and EGFR may play
critical roles in EGF-induced transcriptional activation of WISP-2 gene in breast tumor cells. Mol Cancer Res. 2005
Mar;3(3):151-62.

Other Genes and Proteins in the PRDM14 Induced Breast Cancer Network
FOXA1 in breast cancer.
Nakshatri H, Badve S. Departments of Surgery, Biochemistry and Molecular Biology, Indiana University School of
Medicine, Indianapolis, IN 46202, USA. hnakshat@iupui.edu
Breast cancer is a heterogeneous disease and classification is important for clinical management. At least five subtypes can be
identified based on unique gene expression patterns; this subtype classification is distinct from the histopathological
classification. The transcription factor network(s) required for the specific gene expression signature in each of these subtypes
is currently being elucidated. The transcription factor network composed of the oestrogen (estrogen) receptor alpha
(ERalpha), FOXA1 and GATA3 may control the gene expression pattern in luminal subtype A breast cancers. Breast
cancers that are dependent on this network correspond to well-differentiated and hormone-therapy-responsive tumours
with good prognosis. In this review, we discuss the interplay between these transcription factors with a particular emphasis on
FOXA1 structure and function, and its ability to control ERalpha function. Additionally, we discuss modulators of FOXA1
function, ERalpha-FOXA1-GATA3 downstream targets, and potential therapeutic agents that may increase differentiation
through FOXA1. Expert Rev Mol Med. 2009 Mar 5;11:e8.

CDK inhibitor p18(INK4c) is a downstream target of GATA3 and restrains mammary luminal
progenitor cell proliferation and tumorigenesis.
Pei XH, Bai F, Smith MD, Usary J, Fan C, Pai SY, Ho IC, Perou CM, Xiong Y.
Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel Hill, Chapel Hill, NC 27599-7295, USA.
Mammary epithelia are composed of luminal and myoepithelial/basal cells whose neoplastic transformations lead to distinct
types of breast cancers with diverse clinical features. We report that mice deficient for the CDK4/6 inhibitor p18(Ink4c)
spontaneously develop ER-positive luminal tumors at a high penetrance. Ink4c deletion stimulates luminal progenitor cell
proliferation at pubertal age and maintains an expanded luminal progenitor cell population throughout life. We demonstrate
that GATA3 binds to and represses INK4C transcription. In human breast cancers, low INK4C and high GATA3 expressions
are simultaneously observed in luminal A type tumors and predict a favorable patient outcome. Hence, p18(INK4C) is a
downstream target of GATA3, constrains luminal progenitor cell expansion, and suppresses luminal tumorigenesis in the
mammary gland. Cancer Cell. 2009 May 5;15(5):389-401.

Notch, Myc and breast cancer.
Efstratiadis A, Szabolcs M, Klinakis A.
Department of Genetics and Development, Columbia University Medical Center, New York, New York 10032, USA.
The involvement of Myc in the development of human breast cancer is known for quite some time, but an analogous role of
Notch signaling is only now emerging from fragmented pieces of information. Recently, a Notch/Myc relationship in
oncogenesis was revealed from a mouse model, in which mammary tumors are induced by the intracellular domain of Notch1
(N1(IC)). In fact, a combination of genetic and molecular data demonstrated that Myc is a direct transcriptional target of
Notch1 participating as an indispensable downstream effector in N1(IC)-induced tumorigenic action. A medically-relevant
correlative observation based on immunophenotyping was the coexpression of Notch1 and Myc in a significant fraction
of human breast cancer specimens. A Notch1/Myc oncogenic association was also observed in T-cell acute lymphoblastic
leukemia. Cell Cycle. 2007 Feb 15;6(4):418-29.
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Myc is a Notch1 transcriptional target and a requisite for Notch1-induced mammary tumorigenesis
in mice.
Klinakis A, Szabolcs M, Politi K, Kiaris H, Artavanis-Tsakonas S, Efstratiadis A.
Department of Genetics and Development, Columbia University, 1150 St. Nicholas Avenue, New York, NY 10032, USA.
To explore the potential involvement of aberrant Notch1 signaling in breast cancer pathogenesis, we have used a transgenic
mouse model. In these animals, mouse mammary tumor virus LTR-driven expression of the constitutively active intracellular
domain of the Notch1 receptor (N1(IC)) causes development of lactation-dependent mammary tumors that regress upon gland
involution but progress to nonregressing, invasive adenocarcinomas in subsequent pregnancies. Up-regulation of Myc in these
tumors prompted a genetic investigation of a potential Notch1/Myc functional relationship in breast carcinogenesis.
Conditional ablation of Myc in the mammary epithelium prevented the induction of regressing N1(IC) neoplasms and also
reduced the incidence of nonregressing carcinomas, which developed with significantly increased latency. Molecular analyses
revealed that both the mouse and human Myc genes are direct transcriptional targets of N1(IC) acting through its
downstream Cbf1 transcriptional effector. Consistent with this mechanistic link, Notch1 and Myc expression is
positively correlated by immunostaining in 38% of examined human breast carcinomas.
By using microarray analysis, we compared a set of expression profiles of murine mammary tumors. In addition to N1ICinduced regressing and nonregressing neoplasms, we examined adenocarcinomas caused either by expression of MMTV LTRdriven oncogenes, including polyomavirus middle T antigen (13), Myc (14), Hras1 (15), and activated Erbb2 (16), or by
ablation of the tumor-suppressors p53 and Brca2 (17). Our results (data not shown) revealed that the N1IC tumors
exhibited a high degree of profile similarity only with the carcinomas induced by Myc overexpression. Moreover,
differentially expressed transcripts corresponding to transcriptional target genes known to be activated or repressed by Myc
were commonly detected in the profiles of Myc- and N1IC-induced. Notably, in addition to MMTV-Myc-induced cancers, Myc
expression was found to be increased in regressing and nonregressing N1IC neoplasms but not in the other examined tumor
types. These observations were confirmed by Northern blot analysis (A). The data showed that the expected high level of N1IC
transgene expression in regressing and nonregressing tumors resulted in up-regulation of known Notch1 transcriptional targets,
such as Hes1 and Hey1 (18), and was paralleled by high Myc transcript levels (A). However, the amount of Myc transcripts
was not as massive as that observed in the case of MMTV-Myc-induced tumors. However, although necessary, Myc is not
the sole downstream effector of N1IC oncogenic action, considering that lactation-dependent regressing neoplasms do not
appear in MMTV-Myc transgenic mice, whereas their carcinomas develop with a latency longer than that of N1IC-induced
nonregressing tumors, despite a 6-fold higher level of Myc expression. Thus, in addition to Myc, N1IC also engages other
effector(s) toward attainment of a preinvasive and, eventually, a malignant state. Nevertheless, highly expressed MMTV LTRdriven Myc appears to exert more pleiotropic effects than Myc up-regulation by way of Notch1/Cbf1 action, as can be surmised
from the significant reduction in latency of nonregressing tumors caused by the combined actions of MMTV-N1IC and MMTVMyc transgenes. Proc Natl Acad Sci U S A. 2006 Jun 13;103(24):9262-7.

Notch directly regulates Gata3 expression during T helper 2 cell differentiation.
Fang TC, Yashiro-Ohtani Y, Del Bianco C, Knoblock DM, Blacklow SC, Pear WS.
Department of Pathology and Laboratory Medicine, Abramson Family Cancer Research Institute, Institute for Medicine and
Engineering, University of Pennsylvania, Philadelphia, PA 19104, USA.
Notch signaling plays multiple roles to direct diverse decisions regarding cell fate during T cell development. During helper T
(Th) cell differentiation, Notch is involved in generating optimal Th2 cell responses. Here, we present data investigating how
Notch mediates Th2 cell differentiation. Notch showed a CD4(+) T cell intrinsic role in promoting IL-4 expression that
required GATA-3. In the absence of Notch signals, Gata3 expression was markedly diminished. Introduction of an activated
allele of Notch1 into CD4(+) T cells led to the specific and direct upregulation of a developmentally regulated Gata3 transcript
that included the exon 1a sequences. Furthermore, Notch acted in parallel with GATA-3 to synergistically activate IL-4
expression. Together, these data implicate Gata3 as a direct transcriptional Notch target that acts in concert with Notch
signaling to generate optimal Th2 cell responses. Immunity. 2007 Jul;27(1):100-10.

