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Abstract
The STAMP1 expression is a highly prostate enriched and is significantly higher in prostate
tumors compared to normal prostate glands. Consistently, STAMP1 increases the
proliferation rate in prostate cancer cells, and this effect was attributed to mechanisms
involving both cell cycle regulation and inhibition of apoptosis. Despite its largely prostatespecific expression, preliminary data from our laboratory has indicated a role for STAMP1 in
breast cancer as well based on expression analysis in human breast cancer specimens. Similar
to prostate cancer, which is the most deadly male-specific cancer, breast cancer is the leading
cause of cancer death in women. Surprisingly, STAMP1 levels seemed to decrease during
breast cancer progression, which is inconsistent with the normal expression pattern of
oncogenes in cancer progression. This indicated that STAMP1 may have a different role in
breast cancer than in prostate cancer, and the work presented here represents the beginning
steps towards unraveling the role of STAMP1 in breast cancer cells.
First, STAMP1 transcription was found not to be under control of the sex steroid hormone
estrogen in MCF-7 breast cancer cells. In terms of intracellular localization, STAMP1 was
shown to have a distribution in T47D breast cancer cells which is somewhat similar to what
is reported in prostate cancer LNCaP cells. However, in T47D cells, STAMP1 also localizes
to large circular structures in the cytosol, and the plasma membrane localization is weaker. In
addition, shRNA mediated STAMP1 knockdown did not affect sensitivity of T47D cells
towards the commonly used breast cancer drug tamoxifen. Lastly, a possible proliferationrelated effect of STAMP1 in breast cancer cells was assessed: MCF-7 and T47D cells stably
expressing STAMP1 showed significantly reduced growth compared to their respective
controls, indicating an anti-proliferative effect of STAMP1 in these cells. However, shRNA
mediated STAMP1 knockdown in T47D cells showed significant reduction in growth
compared to control cells, inconsistent with the findings from the overexpression systems.
Taken together, these results indicate that the STAMP1 has effects on breast cancer cell
growth. However, additional work is required to explore these findings further to be able to
make definitive statements and gain insight into the mechanisms involved.
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Introduction
Breast cancer
Breast cancer is the most frequently diagnosed cancer among women world-wide and
represents a great challenge in society today, as it is the leading cause of cancer death in
women [1] [2]. In 2008 it accounted for 23% of the total new cases and 14% of the total
cancer deaths in females [2]. The presumed chance that a woman will develop breast cancer
between age 0 and 74 is 7% [2], and the rate of incidence is increasing [3].
Cancer is a condition in which some cells of a tissue start dividing in an atypical fashion. For
cancer to arise, the cells need to possess a combination of abnormal traits, which can be
either acquired or inherited as germline mutations (reviewed in [4] and [5]). If not treated, the
cancerous cells may obtain the ability to spread to other parts of the body, disrupting normal
functions and leading to death of the patient.
Cancer can arise in several parts of the female breast, but the most common places of origin
are the lobules (15% of invasive breast cancers) and ducts (75% of invasive breast cancers)
[6] (see figure 1). It is not clear what kind of cells within these structures are the origin cancer
cells, nor how these cells can change and give rise to genetically different clones within the
tumor. Different theories exist, and it is likely that more than one of them are possible routes
of cancer progression in breast cancer (reviewed in [7] and [8]).
The increased cell growth in the beginning stages of breast cancer will lead to the formation
of a mass, which may be detected by self-examination or mammography. If the tumor is
operable, breast conserving surgery or full mastectomy is normally performed, supplemented
with a combination of chemotherapy, hormonal therapy or radiotherapy [9]. The treatments
are often associated with many undesired side-effects and are not always sufficient to cure
the cancer: A recent study of 582 medical records shows that 26,1% of breast cancer patients
receiving modern systemic therapy and post-mastectomy radiation are dead within 5 years of
the diagnosis [10].
Clearly, there is a great need for a better understanding of breast cancer, which could lead to
the development of better therapeutic strategies, increasing life expectancy and quality of life
for breast cancer patients.
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Figure 1: Anatomy of the adult female breast
The female breasts are attached to the chest wall with suspensory ligaments. They contain subcutaneous adipose
tissue and specialized structures in which milk production and secretion can happen upon hormonal stimulation.
These structures are composed of a lobe, which branch out into several milk-producing sacs called lobules, and
a duct which terminates in the nipple, where the milk is secreted. Each breast contains about 15-20 lobes
arranged in a circular fashion, but for simplicity only two are shown in the figure.
The figure is adapted from [11].

It should be noted that men can also develop breast cancer, but this represents only 1% of the
total estimated new cases [12]). Male breast cancer is not comprehensively studied, but
genomic profiling [13] and studies of hormonal therapy response (reviewed in [14]) have
shown male breast cancer to be different from that of females. This thesis only concerns
cancer of the female breast.

Breast cancer markers and important pathways
Breast cancer is a very heterogenic disease and can be divided into several different subtypes,
which differ in progression pattern, aggressiveness, therapy response and outcome. Few
tailored-treatment options exist today, which imposes a challenge in the clinical setting,
leading to patients being over- and under-treated [15]. The evaluation of expression of certain
molecular markers in breast cancer samples can give insight into the state and progression of
the cancer, as well as information on responsiveness to available drugs, and thus aiding in
7

therapeutic decisions. These marker molecules are proteins involved in important molecular
pathways leading to cell growth in breast cancer. The following molecular markers will be
described in the next sections: estrogen receptor (ER), progesterone receptor (PR), ErbB2,
Breast cancer type 1/2 susceptibility protein (BRCA1/2) and tumor protein 53 (gene TP53,
protein p53).

ER
Estrogens and their action-mediating receptors the estrogen receptor alpha (ERα) [16] and
estrogen receptor beta (ERβ) [17], play important roles in breast cancer biology. Estrogens
are steroid hormones that are secreted from the ovaries, enter the circulatory system, diffuse
through cell membranes and binds to their receptor in the cell cytoplasm. This is followed by
receptor dimerization and translocation into the nucleus, where the activated steroid receptors
bind to estrogen response elements (EREs) in promoters and/or enhancers of target genes and
in association with cofactors regulate transcription [18], [19] (reviewed in [20]).
ERα has also been shown to elicit a non-genomic rapid effect upon estrogen activation,
leading to growth proliferation in MCF-7 breast cancer cells through activation of the ErbB
pathway [21] (discussed later). A membrane-bound isoform of ERα – mERα – which has
been detected in breast cancer MCF-7 cells [22] [23], amongst others, has been proposed to
be responsible for this effect. There is however no studies directly linking mER to the
observed rapid pathway activation by estrogens in breast cancer model systems. The net
effect of ERα signaling on breast cancer cells is increased growth [24].
The alternate estrogen receptor ERβ [17] has also been shown to be expressed in breast
tissue, but this receptor has an inhibitory effect on breast cancer cell growth: Estrogen
stimulation of ERβ-transfected MCF-7 and T47D cells has been shown to induce cell cycle
arrest [25] [26] and ErbB2/3 receptor downregulation [27]. Moreover, it has been shown to
activate the caspase-3 pathway for apoptosis in a non-genomic fashion in other cancer cell
lines [28]. ERα and ERβ share a relatively high number of target genes, but at some of these
common genes ERα and ERβ show differential activation potencies [29]. Several studies
show that the expression of ERβ decreases in breast cancer progression [30-33].
The most commonly used breast cancer drug, tamoxifen, is an inhibitor of both ERα and ERβ
[34]. Tamoxifen also has other uncharacterized growth inhibiting effects which are ER
independent (reviewed in [34]). Another way of inhibiting ER signaling in breast cancer
8

patients is the use of aromatase inhibitors, which inhibit the enzyme responsible for
converting testosterone to estrogen (reviewed in [35]). Consequently systemic and
intracellular estrogen levels will decrease, leading to decreased tumor growth.
Breast cancer tumors typically start out as ER positive, hormone responsive types, which are
also responsive to ER-targeting cancer therapy. However, the tumors almost inevitably
transition to a therapy resistant stage, possibly by means of several different mechanisms [3639], likely as a consequence of the selective pressure inferred by the drug. Breast cancer
progression is also associated with ER downregulation, the reason for which is not fully
understood, but it is shown that it may involve epigenetic silencing mediated by Rb protein
[40] [41]. ER downregulation is, however, not a necessary event for tamoxifen resistance to
occur, as therapy resistance also can be observed in ER positive tumors [36]. These tumors
grow in an estrogen-independent fashion, possibly through activation of downstream
components of the estrogen signaling pathways or alternate pathways for growth, such as the
ErbB pathways.

PR
The PR gene is upregulated by estrogen receptor signaling [42] (reviewed in [43]), and as
such its expression often follows that of ER. Like the ER, PR is also a steroid hormone
receptor, and it is activated by progesterone in a way very much like ER by estrogens. PR
dimers bind to progesterone response elements (PRE) in target gene promoters, deregulating
a specific set of genes (depending on the PR isoform) [44]. Also, progesterone treatment
results in upregulation of genes without progesterone response elements in their promoters,
such as cyclin D [45] and p21 [46], possibly through indirect pathways. In fact, in addition to
its role as a transcription factor, PR has also been demonstrated to signal directly through
cytoplasmic pathways, and a PR-mutant study has attributed the growth promoting effect of
PR mainly to the latter type of signaling [47].
In cell culture experiments, progesterone treatment leads to a short-term acceleration in cell
cycle, which is followed by a cell cycle arrest, at which the cells are no longer responsive to
further progesterone stimulation [45] [48]. This is however followed by an upregulation in
ErbB growth factor receptors, and it has been proposed that progestin signaling potentiates
mitotic signaling through the associated growth promoting ErbB pathways [45] [49].
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ErbB2
ErbB2 (derived from gene symbol ERBB2, also known as Neu and Her2; Human Epidermal
growth factor Receptor 2), is a receptor tyrosine kinase part of the ErbB family, which in
addition to ErbB2 comprises ErbB1 (also known as EGFR; epidermal growth factor
receptor), ErbB3 and ErbB4. ErbB2 has long been known to be over-expressed in breast
cancer tumors (20-30% of primary breast cancer cases [50]), and in 1987 it was determined a
significant negative predictor of overall survival and a significant predictor for shorter relapse
time in breast cancer patients [50]. Transgenic studies in mice with mammary-specific
expression of an activated ERBB2 allele provided evidence that erbB2 is directly responsible
for tumor induction in the mammary gland [51] [52], as well as being a driver of metastatic
processes [53].
No ligand has been identified for ErbB2, but it has been shown to heterodimerize with other
ErbB-family members: EGF (epidermal growth factor)-induced stimulation of ErbB1 leads to
tumor formation via heterodimerization with ErbB2, as shown by double transfection in
fibroblast cell lines [54]. ErbB2 and ErbB3 heterodimerize in mammary carcinoma cell lines
[55] [56], resulting in proliferation. ErbB2-ErbB4-signalling has not been comprehensively
studied, but a mouse-model study indicates that this signaling may not have a tumorigenic
effect in breast cancer [57].
The ligands of ErbB1, 3 and 4, are the various isoforms of the neuregulins, EGF and
transforming growth factor α (TGF-α), amongst others (reviewed in [58, 59]). The resulting
response of ErbB2 may depend upon the combinatorial effect of the type of heterodimer it
forms and the type of activating signal. Studies have shown ErbB2 to be implicated in
activation of the mTOR (mammalian target of rapamycin) and the MAPK/ERK (mitogen
activated protein kinase / extracellular regulated kinase)-pathway ([60], [61] reviewed in
[59]), which are established as being growth-promoting in breast cancer.

BRCA1/2
Mutations in the BRCA1 [62] or BRCA2 [63] genes are common causes of hereditary breast
cancer. For these carriers, the chances of having developed breast cancer by the age of 80 are
about 80% [64]. Both the BRCA1 and the BRCA2 gene products have been implicated in
DNA repair processes [65-68], and consequently it is shown that BRCA1/2 mutation
contributes to deficient DNA repair in a cell-free system [69]. This will lead to accumulation
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of mutations if the DNA damage surveillance machinery (such as TP53, described later) is
disrupted. Genomic instability is considered an enabling hallmark of cancer, as the acquired
mutations may render the cell cancerous [4].

p53
Studies have shown that mutations in the TP53 gene predict poor prognosis [70] and are
associated with poor response to systemic therapy in breast cancer patients [70] [71]. Women
with Li-Fraumeni syndrome, of whom half of the patients carry mutations in one allele of
TP53 [72], have a high frequency (approx. 50% of the tumors observed [73]) of early-onset
breast cancer, indicating that it is an especially important tumor suppressor in breast.
p53 is activated through multiple pathways in response to stresses such as DNA double
strand breaks, expression of certain oncogenes, drugs and UV radiation (reviewed in [74]).
Upon activation through post-translational modifications, p53 functions as a transcription
factor [75]. In addition to this, p53 possesses 3’à5’ exonuclease activity [76], which may
contribute to fidelity in DNA replication. The net effect of p53 activation is dependent on the
magnitude of the stress [77], but the general result is induction of apoptosis, cell cycle
inhibition, and reduced angiogenesis (reviewed in [74]).
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Figure 2: Molecular pathways in breast cancer
This figure visualizes the molecular pathways of breast cancer which have been described in this section. Tumor
suppressors are shown in red squares, oncogenes in blue. Their effects on transcription, genomic instability and
cytoplasmic pathways are indicated by arrows. Crossed arrows indicate inhibiting effects.

Breast cancer classification
The use of breast cancer markers alone is not enough to give an accurate prognosis for
survival, progression and therapy response. Traditionally, some of these markers, along with
information about tumor size and lymph node metastasis, have been key determinants in
prognostic predictions and adjuvant therapy recommendations for patients with early stage
breast cancer. In addition, histological classification of breast cancer tumors is a wellestablished way of assessing cancer progression (reviewed in [78-80]). The Nottingham
grading system [81] for determination of breast cancer grade is the grading method
recommended by the World Health Organization (WHO) [82]. With this three-grade-based
system, a pathologist assigns the tumor tissue section a value dependent on how much
12

similarity the tissue section has with that of normal breast, through semi-quantitative
determination of tubule formation, nuclear pleomorphic count and mitotic count. Grade 1
represents the most normal-like, and grade 3 represents the most dissimilar, indicating highly
progressed cancer [81].
In addition to grading, histological analysis can also distinguish between different types of
breast cancer; the most common being invasive ductal and -lobular carcinomas [6]. (The
other types of breast cancer are termed “histological special types” and are all quite rare, as
reviewed in [79]). This classification, made by a pathologist, is based on morphological
criteria. Therefore, one could argue that despite the fact that the names given (“lobular” and
“ductal”) reflect regions of the breast, the difference in morphology may result from
differential mechanisms of carcinogenesis rather than the tumors place of origin. Regardless
of this, clinical follow-up data [83], metastasis patterns [84] [85], and gene expression
profiling [86] suggests that there are differences in their progression and development.
Some of the clinical variables mentioned have been used to in multivariate outcome
prediction models, such as Adjuvant! Online (http://www.adjuvantonline.com), and these
models represent the most commonly utilized tools to aid in medical decisions today. Also,
gene expression profiling is being established for use in prediction of outcome and response
to treatments. Clustering analysis of gene expression profiles has led to the identification of
five different classes of breast cancer expression profiles; luminal A, luminal B, normal-like,
basal-like and Her-2 enriched [87], which have some differential correlations to certain
clinical parameters. The current usefulness of gene expression profiling in the therapeutic
setting, has, however been debated [88-90].
From this it is clear that the identification of new prognostic markers of breast cancer is
essential to improve our current predictive abilities. Also, mapping of breast cancer-related
proteins remains an important task to help identify new targets for cancer therapy, giving a
more efficient treatment with minimal side effects.
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The STAMP family of proteins
The six transmembrane protein of prostate (STAMP) family comprises the three members
STAMP1-3. As the name indicates these proteins are membrane proteins, with
transmembrane domains spanning the membrane six times. The transmembrane part of the
proteins has a predicted iron reductase activity [91], which has been demonstrated in HEK293T cells [92], as well as predicted heme-binding capabilities [93]. In addition, the STAMP
family members colocalize with transferrin receptor 1 (TfR1), and their ectopic expression
increases cellular uptake of iron [92]. Also, common to all STAMP family members, is that
they have a conserved N-terminal domain which has been proposed to possess coenzyme
F420 dependent NADPH oxidoreductase activity [91] [92].
Despite high sequence similarities, members of the STAMP family have been assigned
different roles and molecular functions, and are under different types of expressional control.
This will be reviewed briefly in the next sections.

Figure 3: Sequence alignment of the STAMP family and homologs
Reproduced from [94]

STAMP2
STAMP2 (Six transmembrane protein of prostate 2, also known as STEAP4; sixtransmembrane epithelial antigen of the prostate 4) has a tissue restricted expression pattern,
with places of expression including the placenta, adipose tissue, lung and the prostate.
Intracellularly it is primarily localized to the Golgi apparatus, the plasma membrane,
vesicular-tubular structures in the cytosol, early endosomes and the endoplasmic reticulum
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(ER), but not late endosomes or lysosomes. Imaging has shown that STAMP2 shuttles
between the plasma membrane and the Golgi, which suggests that it may be involved in
secretory or endocytic pathways. [95].
Androgens, the male sex hormones, have a proliferative effect in prostate cancer cells, which
is partially exerted through the androgen receptor (AR) [96] [97]. The AR mechanism of
action very much resembles that of ER and PR discussed earlier. In the AR positive prostate
cancer cell line LNCaP, STAMP2 expression is upregulated by androgen. Conversely, in two
AR negative cell lines, its expression was not detected, indicating that STAMP2 may be
upregulated by androgens in an AR-dependent manner [95]. STAMP2 is enriched in human
prostate cancer cells compared to normal prostate epithelial cells from the same tumor,
implicating a possible role in cancer progression. Furthermore, ectopic expression of
STAMP2 in prostate cancer cells shows a proliferative effect in colony formation assays and
FACS analyses, which supports this possibility [95].
In adipose tissue, STAMP2 is shown to be important in inflammatory responses, and
STAMP2 knockout mice spontaneously develop metabolic disease on a regular diet,
indicating that that STAMP2 participates in integrating inflammatory and metabolic
responses [98]

STAMP3
STAMP3 (Six transmembrane protein of prostate 3, also known as TSAP6; tumor suppressor
activated pathway, STEAP3; six-transmembrane epithelial antigen of the prostate 3, in
mouse, and pHyde in rat) is suggested to have the opposite role of STAMP2 and STAMP1 in
prostate cancer, as adenoviral delivery of STAMP3 into human prostate cancer cells causes
growth suppression and induction of apoptosis [99]. Also, its expression is induced by the
tumor suppressor protein p53 [100]. In addition to this, STAMP3 has been shown to be the
major iron reductase and to be important in the uptake of iron in erythrocytes [91].

STEAP
As seen from the sequence alignment, STEAP (Six-transmembrane epithelial antigen of
prostate, also known as STEAP1; Six-transmembrane epithelial antigen of prostate 1) lacks
the N-terminal domain found in STAMP1-3, and formally, it is not considered a part of the
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STAMP family. STEAP is upregulated in several cancer cell lines compared to their normal
counterparts, such as from prostate, bladder, colon and ovaries [101]. One study [102] has
looked at the role of STEAP in breast cancer. Here STEAP was found to be negatively
correlated with ER levels and positively correlated with tumor grade in patient samples. Also,
they found that its expression is downregulated by estrogen, in a fashion independent of
nuclear ER, which was present when the estrogen was conjugated with BSA (non-permeable
to the plasma membrane). This indicated that mER could be responsible for the
downregulation.

STAMP1
STAMP1 (Six transmembrane protein of prostate 1, also known as STEAP2; Sixtransmembrane epithelial antigen of prostate 2), was characterized in human prostate cancer
cells in 2002 [94]. STAMP1 was found to have a largely prostate specific expression, and
furthermore it was shown that its expression is significantly increased in prostate tumors
compared with normal glands, indicating a role in prostate cancer progression [94]. In a
mouse xenograft experiment with androgen-dependent prostate cancer cells, castration of
androgen-treated mice and the subsequent decrease in circulating androgen had no effect on
STAMP1 expression. This indicated that STAMP1 may not be regulated by androgens [94].
In LNCaP prostate cancer cells, STAMP1 was shown to localize to the plasma membrane,
and to colocalize with markers for early endosomes and the trans-Golgi network, which
suggests that it may be involved in the secretory/endocytic pathways. [94].
In a recent paper from our group [103], STAMP1 was found to be both a proliferative and an
anti-apoptotic factor in prostate cancer. STAMP1 was shown to deregulate genes positively
regulating cell cycle progression and proliferation, such as p21, cyclin H1 and Ki67, and to
induce extracellular regulated kinase (ERK) activation in response to EGF, which has been
attributed a proliferative function in prostate. Moreover, STAMP1 desensitized cells to
apoptosis induced by the apoptosis-inducing agent TRAIL (Tumor necrosis factor-related
apoptosis-inducing ligand), which indicated that the proliferative effect of STAMP1 is
mediated by different means. Even though these studies have extensively studied the role of
STAMP1 in the prostate, the exact molecular function of STAMP1 is still unknown, both for
the normal prostate and prostate cancer, and tissues and cancers of other origin.
16

Although STAMP1 until now has mostly been studied in the context of prostate cancer, this
thesis work concerns the discovery of a putative role for STAMP1 in breast cancer biology,
which is a novel finding. To get a better understanding of STAMP1’s role in breast cancer it
is essential to compare it to its function in prostate cancer, and to keep in mind the
characteristics of prostate cancer. Cancer of the prostate and cancer of the breast share some
common features despite being derived from tissues of different function. In fact, prostate
cancer shows a quite similar progression to that of breast cancer, as they both start off as
being hormone-dependent, and transition to hormone-independent stages (reviewed in [104]).
Also, effects of estrogens in prostate cancer and androgens in breast cancer have been
reported the last couple of years (reviewed in [104]).

As mentioned, STAMP1 expression is significantly higher in prostate tumors compared to
their normal counterparts [103]. Yet, preliminary data from our lab indicated that STAMP1
expression is decreased in breast cancer samples when compared to that of normal breast
tissue. This finding was surprising, but at the same time it gave a new clue about the possible
mechanism of STAMP1: The observations indicate that the regulation or actions of STAMP1
could involve elements that are different in cancer of prostate and the female breast.
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Aim of study
The aforementioned findings opened a lot of questions, such as, could the decrease in
STAMP1 expression be a result of altered STAMP1 transcription factor levels in the course
of cancer progression? Is it an effect of the breast cancer treatment? Or is it due to a different,
anti-proliferative role of STAMP1 in the breast cancer setting? And importantly, could this
information give clues about the molecular mechanism of STAMP1’s action in breast cancer?
In order to find some clues about the answers to these questions, different strategies have
been employed:
-

Exploring the possibility of an estrogen-regulated transcriptional control of
STAMP1 in breast cancer, using qPCR to assess STAMP1 mRNA levels in
estrogen-treated cells.

-

Comparing intracellular distribution of STAMP1 in breast cancer with what has
been observed in prostate cancer cells, with immunofluorescence staining and
confocal microscopy.

-

The creation of stable STAMP1 knockdown and -overexpression breast cancer
cell lines with lentiviral technology: These were used in the assessment of
STAMP1’s possible role in drug sensitivity and effect on cellular growth, as
evaluated with 1) a reagent-based assay for relative cell numbers, 2) cell counting
assays, and 3) colony formation assays with crystal violet staining.

This thesis represents the beginning of the process of unraveling the function of STAMP1 in
breast cancer progression, and its function in normal breast tissue. Possibly, the combined
information of the role of STAMP1 in breast and prostate cancer could shed new light on the
molecular function of this protein, information which may be utilized in the treatment of both
types of cancers.
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Materials and methods
Materials
Skimmed milk
Acumedia Manufacturers Inc., Lansing, MI,
USA.
40 % polyacrylamide
AppliChem, Darmstadt, Germany.
Absolute ethanol
Arcus Kjemi, Vestby, Norway.
DMEM media
L-glutamine
Myco Alert® Mycoplasma Detection Kit
Penicillin/streptomycin
RPMI 1640 media
SeaKem® LE Agarose
Trypsin -EDTA
BioWithaker-Lonza, Verviers, Belgium
Precision Plus Dual Color protein standard
Bio-Rad protein assay
Immunoblot ™ PVDF (polyvinylidene fluoride)
membrane
Bio-Rad Laboratories Inc., Hercules, CA, USA.

Glycerol
One Shot®TOP10 chemically competent E. coli
cells
pcDNA4/HisMax© TOPO® vector
pCR™4-TOPO® vector
pGIPZ lentiviral vector
Puromycin
Superscript II Reverse transcriptase
TRIzol® reagent
Invitrogen, CA, USA.
2-propanol
Acetic acid
di-sodium hydrogen phosphate dihydrate
(Na2HPO4)
sodium dihydrogen phosphate monohydrate
(NaH2PO4)
Merck, Darmstadt, Germany.
AlexaFluor 488-conjugated α-rabbit IgG antibody
Molecular probes, Eugene, OR, USA.

ERK rabbit antibody
Cell Signaling Technology ®, Boston, MA, USA.

2-Log DNA Ladder
DNA loading buffer
dNTP (deoxyribonucleotide) mix
Restriction enzyme buffers
Restriction enzymes
T4 Ligase
New England Biolabs ® Inc., Ipswich, MA,
USA.

Glass slides
Corning, NY, USA.

RNAsin®
Promega, Madison, WI, USA.

Glycine
Duchefa biochemie, Haarlem, The Netherlands.

Control AllStars siRNA,
siRNA targeting STAMP1
QIAEX ® II Gel Extraction kit
QIAGEN, Hilden, Germany.

MDA-MB-436
Cell lines service, Eppelheim ,Germany

Paraformaldehyde
Electron Microscopy Sciences, Hatfield, PA,
USA.
ECL™ Western Blotting Detection Reagents
Hyperfilm ™ ECL chemoluminescence film
GE healthcare Bio-Sciences Corp., NJ, USA.
JETStar 2.0 plasmid mini- and midiprep kit
GENOMED, Löhne, Germany.
0.1 M DTT
5X first strand buffer
D-MEM/F12 medium
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Lightcycler ® 480 multiwell 96 plates
Lightcycler ® 480 SYBR green master mix
PCR grade H2O
Sealing foils
Magnesium chloride (Mg2Cl)
Roche Diagnostics Corp., IN, USA.
α-GAPDH antibody
Santa Cruz Biotechnology, Inc., Santa Cruz,
CA, USA.
0,45uM filter

Cell scrapers
Sarstedt, Nümbrecht, Germany.
Fetal bovine serum (FBS)
Saveen & Werner AB, Limhamn, Sweden.
17β-estradiol
4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic
acid (HEPES),
4’, 6-Diamidino -2-phenylindole (DAPI)
Activated carbon (charcoal stripped serum)
Ammoniumpersulfate (APS)
Ampicillin sodium salt
Bovine serum albumin
Chloroform
Crystal violet
Dimethyl sulfoxide (DMSO)
Dithiothreitol (DTT)
Ethidium bromide
Horseradish peroxidase (HRP)-conjugated α-mouse
IgG antibody
HPR-conjugated mouse antibody
HPR-conjugated rabbit antibody
oligo-dT
PMSF (phenylmethylsulfonyl fluoride)
Primers
Protease inhibitor cocktail
Sodium azide (NaN3)
Sodium dodecylsulfate (SDS)
Tamoxifen
Tetramethylethylenediamine (TEMED)
Triton® X-100
Tween ® 20
WST-8 reagent [2-(2-methoxy-4-nitrophenyl)-3(4-nitrophenyl)-5-(2,4-disulfophenyl)-2Htetrazolium, monosodium salt]
β-actin antibody
Sigma-Aldrich, St. Louis, MO, USA.
Trans-Lentiviral™ shRNA Packaging System
SuperSignal® West Dura Extended Duration
Substrate
Thermo Scientific, Rockford, IL, USA.
Ethylenediamintetra-acetic acid disodium salt
(EDTA)
Methanol
Sodium chloride (NaCl)
Sodium hydroxide (NaOH)
Tris-(hydroxymethyl)aminomethane (Tris-HCl)
VWR International, Leuven, Germany
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Methods
Cell culture
Human breast cancer cell lines (MCF-7, T47D and MDA-MB-231) were kindly provided by
Gunnhild Mælandsmo’s group, (Department of Tumor Biology, Institute for Cancer
Research, The Norwegian Radium Hospital, Oslo, Norway). MDA-MB-436 was purchased
from CLS (Cell Lines Service, Germany). The cells were cultured according to
manufacturer’s specifications. MCF-7 and MDA-MB-231 were routinely maintained in
DMEM, T47D in RPMI 1640 and MDA-MB-436 in D-MEM/F12, all of which were
supplemented with 10% fetal bovine serum (FBS), 50 U/mL penicillin/streptomycin and
2mM L-Glutamine (except RPMI 1640 which contained gluta-max upon purchase). Such
medium is hereafter noted as standard culture medium. For hormone induction experiments,
phenol-red-free medium was used. HEK293T cells (Human embryonic kidney), used in virus
production, were maintained according to manufacturer’s recommendations in DMEM
standard culture medium. Cells used in experiments were between passage number 10 and
19. All cells were subcultured by trypsination (cell detachment using Trypsin/EDTA), except
MDA-MB-436 cells, which were subcultured by cell scraping.
Cells were kept at 37oC in a humidified incubator supplied with 5% CO2. Cell stocks were
kept in aliquots containing 5% DMSO in a liquid nitrogen tank. MycoAlert ® Mycoplasma
detection kit was used to test all cell lines for mycoplasma contamination, with negative
results.

Quantitative polymerase chain reaction (qPCR)
Total RNA was extracted from cell samples in triplicate, using the Trizol® Reagent
according to manufacturer’s instructions. RNA purity and concentration was measured with a
NanoDrop 1000 instrument (Thermo Scientific, NanoDrop Technology, Wilmington, DE,
USA) and quality was confirmed by 1% agarose gel electrophoresis.

cDNA was synthesized from 5 to 10 µg total RNA (for each experiment the same amount
was used for all samples) according to instructions from the SuperScript™ II Reverse
Transcriptase protocol (Invitrogen). To generate first strand cDNA, total RNA was mixed
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with 10mM dNTP mix and 0.5uM oligo-dT primer and incubated at 65oC for 5 min. This was
followed by addition of the following components: 1x first strand buffer, 0.01M DTT, 40 U
RNAsin RNase inhibitor, H2O for cDNA and 200 U SuperScript™ II Reverse Transcriptase.
cDNA synthesis was carried out at 42oC for 60min, following a 15min enzyme inactivation at
72oC.

qPCR was performed using a Lightcycler® 480 machine (Roche Diagnostics) with the
Lightcycler® 480 SYBR Green 1 Master technology (Roche Diagnostics). The analysis was
carried out in 96-well plates with total reaction volumes of 10uL. The reactions are described
in table 1, and the primer sequences are listed in table 2. Table 3 shows the qPCR program
used.
Lightcycler® 480 SYBR Green 1 Master

5uL

0,5uM forward primer

0.5uL

0,5uM reverse primer

0.5uL

PCR-grade H2O

2uL

cDNA sample
Table 1: qPCR reactions

2uL

STAMP1 forward

5’-TCGCTATGGTCCATGTTGCCTAC-3’

STAMP1 reverse

5’-GAAGTGACTGCCAGGAGGGAAAG-3’

TBP forward

5’-GAATATAATCCCAAGCGGTTTG-3’

TBP reverse

5’-ACTTCACATCACAGCTCCCC-3’

TFF1 forward

5’-TTGTGGTTTTCCTGGTGTCA-3’

TFF1 reverse
5’-CCGAGCTCTGGGACTAATCA-3’
Table 2: Sequences qPCR primers
Temp
Preincubation
Amplification

Hold

Ramp rate

o

95 C

5 min

4.4oC/sec

95oC

10 sec

4.4oC/sec

60oC

10 sec

4.4oC/sec

20 sec

2.2oC/sec

72oC
Melting curve

Acquisition

Single

95oC

5 sec

o

1 min

65 C
o

97 C

Continuous

0.5oC/sec

Cooling
40oC
10 sec
1.5oC/sec
Table 3: qPCR program
(Block size: 96, reaction volume: 10uL. The number of amplification cycles was 40)

For each sample the Cp value (crossing point value) was detected, and used in further
analysis. The Cp value represents the number of cycles completed when the SYBR green
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peak was detected by the software, as calculated according to the 2nd derivative max method.
It is inversely proportional to the number of cDNA in the original sample that could be
amplified by the primers added.
Each sample was run in duplicate to ensure pipetting accuracy. Melting curve analysis was
performed to exclude possible non-specific PCR by-products or primer-dimer signals.
Negative controls were included for each primer pair: 1) a lightcycler reaction with PCRgrade H2O instead of cDNA template, 2) an RNA sample treated as above but without the
addition of reverse transcriptase to control for genomic DNA amplification. cDNA from each
primer pair was ran on an agarose gel to confirm the size of the final product, and all primer
pairs produced only products of their expected size [data not shown].
Computer analysis of the data was done using Microsoft Excel (2007 and 2010 edition). For
each primer pair, cDNA from LNCaP in a dilution series (1, 1/10, 1/100, 1/1000) was
included, and a standard curve was made with these values. Each sample value was
quantified by interpolation of its Cp value from its respective standard curve. The
interpolated values of the gene(s) of interest were normalized to the interpolated value of a
housekeeping gene, the TATA-binding protein (TBP) gene.

Western blot analysis
Cells were collected by scraping, and the pellets were resuspended in 2-3 times the pellet
volume of lysis buffer (20nM HEPES pH7.7, 300nM NaCl, 0.2nM EDTA, 0.1% TritonX100, 1.5mM MgCl2, 0.5mM DTT, 0.5mM PMSF, 1x protease inhibitor cocktail). The
samples were rotated at 4oC for 30min before centrifugation at 10,000 revolutions per minute
to collect the protein-containing supernatants.

SDS-PAGE: Protein concentrations were measured using the Bio-Rad Protein Assay reagent
according to the protocol. Samples were adjusted to equal concentrations. Protein
denaturation was performed with 30-60min incubation at 37oC in 1x urea loading buffer
(50nM Tris-HCl pH 6.8, 2% SDS, 0.1% bromphenol blue, 10% glycerol, 8mM urea) with
0.1M DTT. Protein samples were separated on a 10% SDS polyacrylamide gel (Stacking gel:
6% polyacrylamide, 125mM Tris-HCl pH6.8, 0.1% APS, 0.1% SDS, 0.1% TEMED.
Separating gel: 10% polyacrylamide, 0.375 M Tris-HCl pH 8.8, 0.1% APS, 0.1% SDS,
0.04% TEMED), in SDS buffer (0,13M tris, 1,25M glycine, 0,005% SDS) at 85V for 4-5
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hours using a Bio-Rad PowerPack HC electrophoresis machine. Precision Plus Dual Color
protein standard was included as molecular weight marker.
After separation by SDS-PAGE, proteins were transferred onto a Bio-Rad Immun-BlotTM
PVDF membrane using a Bio-Rad PowerPack HC electrophoresis machine. The transfer was
done overnight at 4oC in Towbin transfer buffer (25nM Tris-HCl, 192mM glycine, 20%
methanol, 0.06% SDS).

Membranes were washed in H2O, blocked in TBST (Tris-buffered saline with Tween; 0.2 M
Tris-HCl, 1.4 M NaCl, 0.1% Tween) containing 5% skimmed milk for 1 hour, and incubated
with primary antibody in TBST with 5% BSA and 0.02% (w/v) sodium azide overnight.
Primary antibodies used were: STAMP1 (non-commercial, raised in rabbit [103]), GAPDH,
β-actin, ERK. Membranes were then washed and incubated with their respective secondary
HRP (horse radish peroxidase)-conjugated antibodies in TBST with 0.5% skimmed milk for
1h at room temperature. Between the incubations the membranes were washed with TBST.
Secondary antibodies used were α-mouse (1:10,000) and α-rabbit (1:10,000).
Development was done using 1) the Protec Optimax® X-ray film processor machine and
ECL (Enhanced Chemoluminescense) Western blotting detection reagent (on Hyperfilm), or
2) Kodak Image Station 4000R using the Super Signal ® West Dura Extended Duration
substrate, both according to manufacturers’ descriptions.

Cloning of the pGIPZ-HMSTAMP1 overexpression vector
The creation of stable overexpression cell lines was done using pGIPZ lentiviral technology
(Invitrogen). In short, this involves the creation of a vector, production of virus in host cells,
collection of virus, transduction of target cells with the virus and selection of transduced
cells. The methods will be elaborated in the next sections.

Starting materials: The pGIPZ empty control vector, pGIPZ-CTRL, was available in our
group. The pGIPZ-HMSTAMP1 vector was created as shown in the cloning map in figure 4,
using the starting vectors depicted in figure 5 and methods of molecular cloning as described
below. Images of the agarose gels from the different steps of the procedure are presented in
the results section.
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Restriction was done using restriction enzymes as indicated in figure 4, in their recommended
buffers according to protocol (New England Biolabs). Since the STAMP1 gene has an
internal HindIII cutting site, a HindIII enzyme titration was done in step 1 figure 4, using
concentrations indicated in figure 17, and a shorter incubation time (10 min)
The restriction reactions were mixed with DNA loading buffer, and run on 0.8-1.1% agarose
gels in a standard TAE (Tris-acetate-EDTA) buffer together with 2-Log DNA Ladder.
Isolation of the desired DNA fragments from the agarose gel was performed using the
QIAGEN gel extraction kit according to protocol. Ligation of isolated fragments was done
using T4 Ligase according to manufacturer’s instructions.
Ligation reaction products were transformed into chemically competent E. Coli bacteria
(Invitrogen) by heat-shock transformation: A 1:20 ratio of DNA and competent cells was
mixed, followed by a 30min incubation on ice, a 40s heat shocking at 42oC, and a 2min cooldown before LB addition and incubation 37oC for 1h with shaking. Transformed cells were
spread on LB (Luria-Bertani medium) agarose plates containing 100µg/mL ampicillin. Both
pGIPZ and PCR4 vectors harbor an ampicillin resistance gene, and thus only successfully
transformed bacteria will grow. Plates were incubated overnight at 37oC.
Resulting clones were picked and cultured overnight in LB containing 100µg/mL ampicillin
at 37oC with shaking, after which DNA was isolated using the JETstar kit for Mini, Midi and
Maxi prep with the mini prep protocol. The final vector was midi prepped using the same kit,
and kept at -80oC in glycerol stocks.

DNA sequencing
The presence of the insert in the vector was confirmed with DNA sequencing performed by
the in-house ABI lab core facility (Department of Molecular Biosciences, University of Oslo,
Norway). 8µl of template and 2µl of a 5µM primer per reaction were used. Sequence analysis
was performed using a sequence alignment software available online, the LALIGN
(www.ch.embnet.org).
Sequencing primers were:
Forward:

5’-ACAGAATCGTTGCCTGCACA-‘3

Reverse:

5’-TGTGCAGGCAACGATTCTGT-‘3
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Figure 4: Cloning of pGIPZ-HMSTAMP1

A

(HindIII)
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B

C

Figure 5: Starting vectors used in cloning of pGIPZ-HM-STAMP1
A: Vector map of pcDNA4/HisMax-STAMP1 (created in our lab). STAMP1 ORF = STAMP1 open reading
frame
B: Vector map of pCR®4-TOPO®-CMV (created in our lab)
C: Vector map of pGIPZ-Gene X (created in our lab)
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Creation of stable overexpression cell lines
The pGIPZ system (Invitrogen) for lentiviral transduction was used, which leads to an
integration of a DNA fragment into the recipient cell’s genome, by homologous
recombination of LTR (long terminal repeat) regions. The integration confers an advantage
over methods of transient transfection, as the expression will persist as the cells divide. When
this overexpression vector is introduced into breast cancer cells, the active CMV promoter
will drive a strong, constitutive expression of HM-STAMP1 mRNA. This will lead to a
higher number of STAMP1 encoding transcripts than in the control cell lines, and thus also a
higher expression of STAMP1 on protein level. The pGIPZ control vector, pGIPZ-CTRL, is
an empty vector which was available in our lab. This was used as control vector in order to
exclude any effects on the cells caused by the transduction process.

1. The production of virus
For virus production the Trans-Lentiviral™ shRNA Packaging System (Thermo Scientific)
was used according to manual. The packaging system involves co-transfection of HEK293T
cells with the desired pGIPZ plasmid and packaging plasmids. The packaging plasmids
express the enzymes necessary for virus production and plasmid replication, but the
packaging plasmid itself cannot be replicated and packed into viral particles. Thus, the only
viral RNA which is packaged comes from the pGIPZ vector, and the resulting virus will be
replication incompetent and safer to work with.
The virus-containing culture medium was collected after 24h and filtered through a 0.45µm
filter to remove contaminating Hek293T cells. The virus was either used to directly infect
breast cancer cell lines after production, or kept at -80oC until the time of infection.
During virus production and subsequent handling, safety measures according to biosafety
level 2 (Centers for Disease Control and Prevention) were followed.

2. Transduction of breast cancer cell lines
The virus produced was diluted 1:2 in standard culture medium, a total volume of 2mL was
added to each 6cm plate (with recipient cells of the desired cell line) and kept on the cells for
4h, after which standard culture medium was added to a total volume of 5mL. Medium was
fully replaced with standard culture medium the following day.
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3. Puromycin selection
The pGIPZ vector expresses a puromycin resistance gene, and after transduction, transduced
MCF-7 cells were selected for with puromycin selection media. The selection media was
composed of standard culture medium containing 800µg/mL puromycin. Non-transduced
control cells of the same cell line were selected in parallel, and the selection was continued
until all control cells were dead.

Note: The MCF-7-STAMP1 cell line was created in our laboratory by others during the thesis
period, and was also used in experiments. This cell line was made in the same way as the
MCF-7-HMSTAMP1 cell line, but expresses a tag-less STAMP1 instead of the HMSTAMP1
protein.

Creation of stable knockdown cell lines
Virus containing pLKO-shSTAMP1 and pLKO-shCTRL was available in our group (made
with Addgene plasmid). The pLKO-shSTAMP1 vector expresses the shSTAMP1; a short
RNA sequence which folds into a hairpin structure after transcription (see figure 6). This
hairpin is modified and incorporated into the RISC (RNA-induced silencing complex)
silencing machinery of the cell, causing specific degradation of transcripts containing a
sequence identical to the one within the hairpin [105]. shSTAMP1 targets STAMP1, and
shCTRL targets the GFP (Green fluorescent protein), which is not naturally expressed in
mammalian cells.
SENSE

LOOP

ANTI-SENSE

5’-CCGG-GCGCGACAACAGGTTATTGAA-CTCGAG-TTCAATAACCTGTTGTCGCGC-TTTTT-3’
3’-GGCC-CGCGCTGTTGTCCAATAACTT-GAGCTC-AAGTTATTGGACAACAGCGCG-AAAAA-5’

Transcription

5’-CCGG-GCGCGACAACAGGUUAUUGAA-CUCGAG-UUCAAUAACCUGUUGUCGCGC-UUUUU-3’

shRNA folding

Figure 6: shRNA mediated knockdown of STAMP1
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Virus containing the pLKO.1shSTAMP1 vector or pLKO.1shCTRL vector was used to
transduce and select cells as described in point 2 and 3 above, except 1400µg/mL puromycin
was used in the selection media.

Hormone treatment
MCF-7 cells were plated in 6-well plates, treated with phenol red free RPMI 1640
supplemented with 50U/mL penicillin/streptomycin, 2mM L-Glutamine and 5% charcoalstripped serum for 48h starting the following day, and then treated with either
1) 10-8M ethanol-dissolved 17β-estradiol (estrogen) in RPMI 1640 supplemented with
50U/mL penicillin/streptomycin, 2mM L-Glutamine and 2% charcoal-stripped serum
2) the same as this except the estrogen was replaced with equal volume ethanol (control)
for 48h, after which RNA was extracted and qPCR was conducted.

Immunofluorescence microscopy
Cells were grown on glass slides, fixed with 4% paraformaldehyde in PBS (phosphate
buffered saline; 0.02 M phosphate, 0.15 M NaCl in H2O) for 20min, permeabilized (0.2%
Triton-X100 in PBS, 6min on ice), blocked (1% BSA in PBS, 30min), incubated 1h with
primary STAMP1 antibody (diluted 1:50 in PBS with 1% BSA) and 1h with AlexaFluor-488anti-rabbit (diluted 1:500 in PBS with 1% BSA), washed 10min with 0.5µg/µL DAPI in PBS
before mounting with mowiol. In between the steps PBS washes were performed. Imaging
was done using fluorescence microscopy and confocal microscopy.

Tamoxifen treatment
Cells were seeded at 2.5*104 cells/well in 24-well plates and cultured for 24 hr. Cells were
treated with standard culture media containing 0, 3, 6 or 9µg/mL tamoxifen for 24h as
described in literature [106]. Cells were then cultured in standard culture media for 24h, after
which cell viability assay with WST-8 reagent was performed.
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Cell viability assay with WST-8 reagent
For the WST-8 assay, the assay reagent was prepared and added to the cells, following a 1h
incubation, and spectrophotometric reading at 450nm using a 96 well plate, a Victor2TM
multilabel counter (PerkinElmer) and the WorkOut for Windows, version 1.5 software.
There were six samples for each concentration of tamoxifen.

Cell counting experiment
T47DshSTAMP1 and T47DshCTRL cells were plated at 5*104 cells/well in 6-well. After 2,
4, 6 and 8 days the cells were trypsinized and manually counted by loading 10uL of cell
suspension onto a haemocytometer. From this, the total number of cells was calculated. The
samples were in triplicate for each time point and cell line, and each individual sample was
counted six times.

Colony formation assay
Colony formation assay of MCF-7-HMSTAMP1 / MCF-7-STAMP1 MCF-7-CTRL,
T47DshSTAMP1 / T47DshCTRL cell lines:
Cells were plated in 6-well plates at 5*103 cells /well, and the medium changed every 2-3
days.

Colony formation assay of T47D-HMSTAMP1 / T47D-CTRL cells:
The T47D-HMSTAMP1 and T47D-CTRL cells used this experiment were not subjected to
puromycin selection. The T47D cells used for transduction with pGIPZ-HMSTAMP1 and
pGIPZ-CTRL were of equal numbers to start with, and the respective virus was added as
described for MCF-7-HMSTAMP1 and -CTRL cells. Cells were plated for colony formation
assay 24h post-transduction by diluting cells from each 6cm plate 1:600 in standard culture
medium, and using 2mL cell dilution per well of a 6-well plate.
After transduction a similar, very low amount of dead cells were observed for pGIPZ-CTRLtransduced and pGIPZ-HMSTAMP1-transduced cells. This indicates that the cells were not
of unequal number due to differential virus toxicity of the pGIPZ-HMSTAMP1 and the
pGIPZ-CTRL virus (which would lead to differential induction of cell death in the plates). In
addition, some cells of equal amounts were kept and exposed to puromycin selection
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alongside non-transduced parental T47D cells. After 48h all non-transduced control cells
were dead, and a similar, low number of dead cells (~5-10%) were observed in the
transduced cells. It was concluded that the virus efficiency was high and equal for both types
of virus.

Quantification:
After 8 days the cells were fixed with methanol for 5min at -20oC, stained with 1ml 0.005%
crystal violet solution, washed two times with distilled water and dried before pictures were
taken. The surface area stained by crystal violet was assessed by quantification of individual
images with the Carestream MI software. The automatic method for regions of interest was
used, with edge detection of 10%, and no other additional features. Total pixel value of the
detected colonies was summed up. Percent-wise area covered was calculated based on the
circle diameter of the area selected for analysis. Visual inspection confirmed that the software
detected actual colonies very well.

Statistics
Statistical analyses were carried out using two-tailed, type 2 kind Student’s t-tests and pvalues lower than 0.05 were considered significant and are indicated by stars (*).
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Results
STAMP1 gene expression associates with clinical parameters in breast cancer
Microarray-based gene expression assays are useful tools to measure the expression of a high
number of cancer-related genes in patient samples. Multiple studies have generated this kind
of data, with the expression profile for each sample combined with information of the
patients’ clinical features (such as progression state, therapy responsiveness, marker
expression, etc.). Expression data from these kinds of studies has recently become publically
available in online databases, and one such database is the Oncomine [103].
Using the Oncomine online tools [107], STAMP1 expression data was studied to unravel
STAMP1’s relation to clinical parameters in breast cancer patients. Surprisingly, expression
data from study in which ductal breast carcinomas were compared to normal breast samples,
showed markedly lower STAMP1 levels in the breast cancer samples compared to their
normal counterparts.
Figure 7: Bar graph of
STAMP1levels in normal
breast and ductal breast
carcinomas
Expression data from the
Richardson breast 2 study
[108], comparing STAMP1
expression levels in normal
breast and ductal breast
carcinomas

Next, STAMP1’s relation to breast cancer markers was explored. An Oncomine search with
the parameters “Cancer type: Breast cancer” and “Gene: STEAP2” obtained 16 sets of
expression data from breast cancer patient samples with number of female individuals > 50.
One study considered unrelevant and excluded from these, because the samples were taken
from the patients stroma. STAMP1 levels were correlated with different parameters relevant
for breast cancer for each study which included expression data for a given parameter. The
results are summarized in table 4, and representative bar graphs are presented in figure 8.
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Figure 8: Representative bar graphs of STAMP1levels correlated to different parameters
STAMP1 levels in: A: Breast cancer progression (grade), Sorlie Breast [87]. B: ER status, Lu Breast [109]. C: PR status, Bittner Breast [Not Published 2005/01/15].
D: ErbB2 status, Zhao Breast [110]

B

A

Parameter

STAMP1 expression trend

Number of studies showing the trend

Histological grade (1-3)

Grade 3 < grade 2 < grade 1

9/13

ER status

ER- < ER+

11/11

PR status

PR- < PR+

4/7

ERBB2 status

ERBB2+ < ERBB2-

6/7

Table 4: Correlation between STAMP1 expression levels and breast cancer parameters

The results show that the higher the grade of progression, the lower is the expression of
STAMP1. Also, there is a negative correlation between STAMP1 expression and known
markers of breast cancer progression, namely ER and PR downregulation and constituitive
activation of ErbB2. This deregulation of STAMP1 expression in the clinical data indicated
that STAMP1 may have a role in breast cancer biology, and the further experiments
presented was performed to address this possibility.

STAMP1 expression in breast cancer cell lines
To be able to directly study the effects of STAMP1 in breast cancer a manipulative model
system was needed, and four breast cancer cell lines were obtained for this purpose. For each
cell line, STAMP1 mRNA (messenger ribonucleic acid) levels and protein levels at basal
conditions were checked (figure 9A and 9B). All cell lines displayed STAMP1 expression,
albeit of different magnitudes. The cell lines’ expression of STAMP1, and their molecular
background (summarized in table 5), were considered when selecting the cell line to use in an
experiment.

MCF-7
T47D
[88, 111, 112]
[88, 113]
+
+
+
+
+
Pleural effusion,
Pleural effusion,
invasive ductal
invasive ductal
carcinoma-derived
carcinoma-derived
Table 5: Molecular background of breast cancer cell lines
References
ER status
PR status
ERBB2 status
Source
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MDA-MB-231
[88, 114]
+
Pleural effusion,
adenocarcinomaderived

MDA-MB-436
[88, 115]
+
Pleural effusion,
adenocarcinomaderived

A

B

Figure 9: STAMP1 mRNA and protein expression in breast cancer cell lines
A: STAMP1 mRNA expression in breast cancer cell lines, as assessed by qPCR. The prostate cancer cell line
LNCaP is included for comparison.
B: STAMP1 protein levels in breast cancer cell lines, as assessed with Western blotting

STAMP1 expression is not regulated by estrogen in MCF-7 cells
As described in the introduction, STAMP1 related proteins have been reported to be
regulated by hormones (STEAP downregulated by estrogen in breast cancer cells [102], and
STAMP2 upregulated by androgens in prostate cancer cells [95]). Also we observed positive
correlation of STAMP1 expression and ER status in breast cancer cohorts, and thus it was of
interest to know whether STAMP1 expression is regulated by estrogens in breast cancer cells.
To assess this possibility, ER positive MCF-7 cells were treated with 10-8M estrogen or
vehicle for 24 h following RNA extraction and qPCR. TFF1 (trefoil factor 1), a wellestablished ER target [116], was used as a control.
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Figure 10: STAMP1 expression is not altered in response to estrogen in MCF-7 cells
A: TFF1 expression is significantly upregulated by estrogen treatment (vehicle is set to 1).
B: STAMP1 expression is not significantly altered by estrogen treatment (vehicle is set to 1).
Both figures represent two individual experiments.

As shown in figure 10, TFF1 expression was significantly induced by estrogen treatment,
indicating that the estrogen treatment had an effect. STAMP1 levels were not significantly
different in estrogen- and vehicle treated cells, suggesting that STAMP1 is not regulated by
estrogens in MCF-7 cells.

STAMP1 localizes to the perinuclear region, the plasma membrane and
spherical structures
In the prostate cancer cell line LNCaP, STAMP1 localizes to early endosomes, the Golgi
apparatus, and the plasma membrane [94]. The subcellular distribution of STAMP1 was
examined in T47D cells by immunofluorescence, in order to compare it to the observations
from LNCaP cells. If a different subcellular localization was found, this could give
indications about differences in STAMP1 function in breast and prostate cancers.
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Figure 11: STAMP1 localizes to the perinuclear region, the plasma membrane and circular structures in
T47D cells
A: plasma membrane B: perinuclear region C: round structures D: control. Scale bar = approximately 1.5µm.
The figure shows a representative picture of the STAMP1 (green) distribution in T47D cells. Nuclei are stained
blue with DAPI. Three individual immunofluorescence experiments were performed.

Figure 12: STAMP1 resides within large sphere-shaped structures in the cytosol
Consecutive pictures (in z dimension, z= 30nm). Scale bar = approximately 300nm

From the immunofluorescence experiments depicted in figure 11 STAMP1 is seen to localize
mainly to the perinuclear region, which over-all is consistent with the findings in LNCaP.
However, STAMP1 was found to localize to a lesser degree to the plasma membrane in
T47D cells. In addition, an estimated 20% of the cells showed STAMP1 staining in large
round structures in the cytosol, of about 300-500nm in diameter. Sequential images in zdimension using confocal microscopy (figure 12) showed an increasing and then decreasing
ring size, indicating that the structures are sphere-shaped.
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The creation of a STAMP1 knockdown cell line
To assess the functions of STAMP1 in breast cancer cells, a T47D cell line with stable
STAMP1 knockdown was made. The T47D cell line was selected because it had showed
relatively high levels of STAMP1 (figure 9), so knockdown is expected to give a larger
effect. The cells were infected with lentivirus carrying the STAMP1 shRNA and control
shRNA vectors, following selection with puromycin. Analysis of the resulting cells showed
that STAMP1 was knocked down on both mRNA and protein level, as shown in figure 13.

A

B

Figure 13: STAMP1 expression is significantly knocked down in T47DshSTAMP1 cells
A: STAMP1 mRNA levels are significantly lower in T47DshSTAMP1 cells compared to T47DshCTRL (54%
reduction in STAMP1 levels), as assessed with qPCR. T47DshCTRL levels are set to 1. The figure is
representative of two experiments.
B: STAMP1 is downregulated in T47DshSTAMP1 cells compared to T47DshCTRL on protein level, as
assessed with Western blotting. The figure is representative of three blots.

As seen from figure 13A, STAMP1 mRNA was significantly knocked down compared to
control T47D cells. Also, there is a clear reduction in STAMP1 protein level (figure 13B).
These cells were used to assess a functional effect of STAMP1.

STAMP1 does not sensitize T47D cells to tamoxifen
In the Oncomine expression data, STAMP1 expression is negatively correlated to ER
negativity. Since a high percentage of ER negative tumors are also resistant to tamoxifen, a
tamoxifen sensitizing role of STAMP1 could be the reason for the observation. Also, the
decrease in STAMP1 levels in cancer progression could be reflecting a sensitizing effect of
STAMP1 towards tamoxifen, since this would lead to a growth disadvantage, and cells with
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high STAMP1 levels would be selected against. Therefore it was of interest to assess whether
the presence of STAMP1 could affect the growth inhibiting effect of tamoxifen. Tamoxifen is
a common breast cancer specific drug, which could explain why STAMP1 levels are
decreased in breast cancer patients (figure 7) and not in prostate cancer patients [103].
The tamoxifen sensitivity of T47D shSTAMP1 and T47DshCTRL cells was therefore
examined. Cells were exposed to 0, 3, 6 or 9 µg/mL tamoxifen for 24 hours, and the cell
viability was measured as described in the materials and methods section.

Figure 14: STAMP1 stable knockdown does not
affect tamoxifen sensitivity in T47D cells
The figure shows relative number of cells as assessed
with WST-8 reagent after exposure to tamoxifen of 0,
3, 6 and 9 µg/mL.
The graph is a representative of two experiments.
Values at concentration 0 µg/mL has been set to 1 for
the respective cell lines.

As shown in figure 14, tamoxifen sensitivity is not affected by STAMP1 levels in T47D cells.

STAMP1 is required for normal growth in T47D cells
Another thing which could explain the observation that STAMP1 levels decrease in breast
cancer progression, is if STAMP1 has a negative effect on breast cancer tumor growth. If this
is the case, cells expressing high levels of STAMP1 would grow slower, and constitute a
decreasing part of the tumor mass. This would lead to a lower total level of STAMP1 within
the tumor.
To assess STAMP1’s effect on cell growth a cell counting experiment was performed, in
which equal numbers of T47DshSTAMP1 cells and T47DshCTRLcells were plated, and
counted every second day for a total of 8 days.
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Figure 15: Cell growth is significantly
impaired in T47DshSTAMP1 cells compared
to T47DshCTRL cells
At day 4, 6 and 8 there is a significantly higher
number of shCTRL cells than shSTAMP1 cells,
as determined by cell counting.
The graph is representative of three individual
experiments.

The counting experiments show a clear decrease in growth of T47DshSTAMP1cells
compared with control cells, indicating that STAMP1 is not a growth inhibiting factor, but in
fact required for normal growth in this cell line. This growth effect is consistent with the
situation in LNCaP [103].

To confirm this observation with a different assay, a colony formation assay was performed.
T47DshSTAMP1 and T47DshCTRL cells were plated at equal numbers and grown for 8
days, followed by crystal violet staining and quantification (figure 16).

A

B

Figure 16: Colony formation ability is significantly impaired in T47DshSTAMP1 cells compared to
T47DshCTRL cells
A: Representative pictures of plates
B: Quantification of one experiment, representative of three independent experiments

From three independent experiments, the average fold of area staining for T47DshSTAMP1
compared to T47DshCTRL was 36%, which corresponds well with the average fold of cell
numbers at day 8 in the cell counting experiment (39% as average of three experiments).
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The creation of the pGIPZ-HMSTAMP1 vector
Having established that knockdown of STAMP1 inhibited growth in T47D cells, it was of
interest to know if overexpression of STAMP1 in the same cell line would give the opposite
effect. To that end a lentiviral vector encoding a HisMax-tagged STAMP1 protein in was
made. The cloning procedure for this vector, hereafter noted as pGIPZ-HMSTAMP1, is
described in the materials and methods section. The constructs were verified at each step by
restriction enzyme digestion followed by agarose gel electrophoresis analysis (figure 17).

A

B

C
6.8kb
5.1kb
5.9kb

1.7kb
900bp
800bp

D

E

F

Figure 17: Fragment sizes were confirmed in the cloning of pGIPZ-HMSTAMP1
A: 2-Log DNA Marker with indicated band sizes
B: Picture of the agarose gel of the restriction reaction from step 1 in the cloning chart (figure 4): Enzyme
titration was performed to get partial digestion because a HindIII site is contained within the STAMP1 DNA
sequence. The lanes (left to right) show HindIII concentrations of: 11, 22, 44 and 89 U/mL (standard
concentration: 200 U/mL). The 1.7bp band was excised, isolated and ligated with the restricted vector from step
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2. (Note: Step 2 in figure 4 was already performed in our lab, and ready-digested vector was used).
C: Expected band sizes in figure B. Linearization: 6.8kb. ECoRV+external HindIII: 5.1kb+1.7kb.
ECoRV+internal HindIII: 5.9kb+900bp. ECoRV+external HindIII + internal HindIII: 5.1kb+800bp+900bp.
D: Transformation of E. coli with the ligation-mix was performed, followed by overnight culturing, plasmid
isolation, and restriction enzyme cutting as depicted in step 3, figure 4. The restriction reaction was run on an
agarose gel and an image of this is shown in figure D. Lane 2, 3 and 4 show the expected band sizes of 2.4kb
and 4kb (figure 4). The lane 3 band was isolated and used further. The band in lane 1 probably represents
linearized PCR4-CMV due to incomplete digestion in step 2, which would give rise to a 4.1kb fragment.
E: pGIPZ-GENE X was digested as indicated in step 4, figure 4. The backbone (10.3kb) was isolated and run on
a gel, seen in lane 1. Lane 2 represents linearized pGIPZ-GENE X (13.9kb) which was included for comparison.
The backbone (lane 1) was used in ligation with the 2.4kb band from lane 3, followed by transformation,
overnight culturing and plasmid isolation.
F: Figure F shows restriction reaction (XbaI NotI) of plasmid from three of the colonies from step 5 of figure 4.
Lane 1 and 3 shows the expected band sizes. These plasmid isolations were sequenced and used to make stock,
and colony 3 (lane 3) was used in the creation of stable cell lines.

T47D cells were transduced with lentivirus containing control vector or HMSTAMP1 vector.
The transduced cells were used for colony forming assay and Western blotting analysis to
confirm overexpression.

A

B

C

Figure 18: Colony formation ability is significantly decreased in T47D-HMSTAMP1 cells compared to
T47D-CRTL cells
A: Western blot confirms overexpression of HM-STAMP1 in T47D
B: Representative pictures of plates
C: Quantification of one experiment, representative of two parallel experiments
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The overexpression of HMSTAMP1 was confirmed by Western blotting as shown in figure
18A. It should be noted that on Western blots two bands are sometimes observed with the
STAMP1 antibody. At present we do not know the reason for this.
The T47D-HMSTAMP1 cells showed significant reduction in growth compared to control
cells. This was unexpected from the previous growth assay with knockdown cells, since
knockdown had also resulted in a reduction in growth.

The creation of an MCF-7 STAMP1 overexpression cell line
The expression of endogenous STAMP1 is relatively high in T47D cells compared to the
other cell lines used in this study (figure 9). Thus, it is possible that enhanced expression of
STAMP1 does not add further proliferative effect on the cells, but instead interferes with the
proper functions of the protein. In addition, the HMSTAMP1 cell line is expressing an Nterminally His-tagged STAMP1 protein. This tag could theoretically affect the transport or
function of STAMP1.
To clarify these issues overexpression was done in the MCF-7 cell line, which was shown to
possess low endogenous STAMP1 levels (figure 9). Furthermore, in addition to the MCF-7HMSTAMP1 generated, an MCF-7 cell line expressing tag-less STAMP1 was included in
parallel experiments. Overexpression of both HMSTAMP1 and tag-less STAMP1 was
confirmed with Western blotting, as shown in figure 19.

Figure 19: Western blot confirms STAMP1 overexpression in MCF-7-HM-STAMP1 / STAMP1
STAMP1 protein overexpression was confirmed with Western blotting using STAMP1 antibody. The figure is
representative of three independent blots

Both overexpression cell lines showed higher STAMP1 protein levels than their controls on
Western blots, confirming the STAMP1 overexpression. It is also observed that STAMP1
protein level in MCF-7-HMSTAMP1 cells is higher than that in MCF-7-STAMP1 cells, for
unknown reasons.
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STAMP1 overexpression has an anti-proliferative effect in MCF-7 cells
The overexpression cell lines created were used in colony formation assays, as presented in
figure 20:

A

B

Figure 20: Colony formation ability is significantly decreased in MCF-7-HMSTAMP1 cells and MCF-7STAMP1 cells compared to MCF-7-CTRL cells
A: Representative pictures of plates
B: Quantification of one experiment, representative of three independent experiments

As figure 20 shows, the STAMP1 overexpression MCF-7 cell lines show significantly
decreased growth compared to control cells (figure 20B). This was consistent with the
observations from HMSTAMP1 overexpression in T47D, indicating that the high
endogenous STAMP1 level in this cell line was not the cause of the growth reducing effect
seen in the HMSTAMP1 overexpression cells. The MCF-7-STAMP1 cells also showed
reduced growth compared to control, implying that the observations with HMSTAMP1
expressing cells was not an artifact of the HisMax tag.
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Discussion and future perspectives
An essential part of cancer research today is the identification and understanding of new
molecular pathways that can serve as therapeutic targets. Also, the discovery of novel
prognostic markers is essential in order to improve prediction models for outcome and
therapy response in cancer patients. Our lab has discovered and characterized STAMP1, a
protein which has potential as both a therapeutic target and a molecular marker in prostate
cancer. This thesis represents a preliminary investigation of the role of STAMP1 in breast
cancer cells.

STAMP1 gene expression in patient samples
As described in the introduction, breast cancer is a heterogenic disease, and it is a challenge
to accurately determine progression state and predict prognosis and therapy response in
breast cancer patients. If STAMP1 levels can be concluded to reflect any of these parameters
in a thorough analysis, it may be used to improve prediction models such as the Adjuvant!
Online. In the Oncomine analysis it was observed that STAMP1 levels correlate to breast
cancer grade and established markers of progression. This indicates that STAMP1 may be
explored as a putative individual prognostic marker in breast cancer. New prognostic markers
for breast cancer are needed in order to improve tailored treatment regimens, and
consequently also the disease situation for breast cancer patients.
Previous studies of STAMP1 have focused on the protein’s role in prostate cancer, in which
it is upregulated compared to normal tissue [103]. Furthermore, STAMP1 has been
demonstrated to have a growth promoting role in prostate cancer [103]. Expression levels of
such oncogenes typically increase in the tumor during cancer progression. This is because the
tumor cells with high expression of the oncogene (due to natural diversity or acquired
changes) will grow faster, and occupy an increasing part of the tumor.
Yet, the STAMP1 expression data from Oncomine indicated the opposite relation in breast:
STAMP1 expression is decreased in breast cancer samples when compared to that of normal
breast tissue. Also, when comparing STAMP1 gene expression in tumors with different
grades of cancer progression, it is observed that the higher the grade of progression, the lower
is the expression of STAMP1. This was unexpected, since it is opposite from the situation in
prostate cancer [103]. In addition, in the Oncomine studies STAMP1 levels correlated
negatively with three markers of cancer progression; ER and PR downregulation, and
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constitutive activation of ErbB2. This further implicates the deregulation of STAMP1 in
cancer progression. It should be noted that the correlations listed here have not been tested
for significance, since this is not an option in the open access Oncomine program. The
findings do, however, show a strong trend for all the parameters listed.
The Oncomine data indicated that STAMP1 could be explored as a putative prognostic
marker in breast cancer. Furthermore, the deregulation indicated a role for STAMP1 in breast
cancer biology. The latter indication was the background of the further work presented in this
thesis. Some possible explanations as to why STAMP1 is oppositely regulated in cancer
progression of prostate and breast was proposed:
First, that STAMP1 could be regulated by a transcription factor which is involved in breast
cancer, but not in prostate cancer. Second, that STAMP1 has an effect on a drug which is
used to treat breast cancer, but not prostate cancer patients. And third, STAMP1 could have a
different function in breast cancer cells, resulting in tumor repression instead of tumor
promotion as seen in prostate.
The work presented further, aimed to explore these options.

Hormone regulation
The first option investigated, was the possibility that STAMP1 is regulated by a transcription
factor which is differentially involved in signaling in breast and prostate cancer. STAMP1
related proteins have been reported to be under hormonal control; with STEAP being
downregulated by estrogen in breast cancer cells [102], and STAMP2 being upregulated by
androgens in prostate cancer cells [95]. For that reason, the ER was a natural candidate to test
for ability to deregulate STAMP1. Also, the Oncomine analysis had shown that ER positive
samples had higher average STAMP1 level, which was an indication that ER could be an
activating transcription factor for the STAMP1 gene. This was, however, only an indication,
since ER and STAMP1 might just as well both correlate to a separate parameter, which is the
underlying cause of the STAMP1 deregulation. ER signaling plays different roles in breast
and prostate cancer [104], so this could help explain why STAMP1 levels decrease in breast
cancer progression even though it has been reported to have a proliferative function in
prostate cancer cells [103]: It could be, that STAMP1 expression is maintained by ER
signaling in early, ER positive breast cancer, but decreases as patients are subjected to ER
targeting therapy in later stages of breast cancer, or when tumors turn ER negative.
To explore this, the MCF-7 cell line was used, since it is known to harbor functional ER
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(table 5). STAMP1 mRNA levels, as assessed by qPCR, were compared for estrogen- and
vehicle-treated cells. Under the experimental conditions, no significant regulation of
STAMP1 was observed, whereas the control gene, TFF1, was significantly upregulated. This
indicates that transcriptional regulation of STAMP1 by estrogens is probably not taking
place, at least not in the breast cancer cell line tested. It does, however, not rule out the
possibility that other transcription factors may affect the transcription of STAMP1.

Intracellular localization
We wished to address if STAMP1 could have a different behavior in breast cancer cells than
in prostate cancer cells. The molecular background of prostate tumors and breast tumors are
different, and therefore STAMP1’s intracellular transport could be different. In the prostate
cancer cell line LNCaP, STAMP1 had been shown to localize to early endosomes, the Golgi
apparatus in the perinuclear area, and the plasma membrane [94].
Intracellular localization of STAMP1 was investigated in T47D breast cancer cells with
immunofluorescence microscopy, in order to see if the localization was any different from
the observations in LNCaP. In terms of perinuclear staining there were no striking
differences, but the plasma membrane staining is weaker in the T47D cells than in LNCaP
cells [103], [FS lab, unpublished data]. Immunohistochemical analysis has shown that the
ratio of STAMP1 plasma membrane localization to cytosolic localization is increased in
prostate cancer samples compared to normal prostate samples [103]. It is not known if the
plasma membrane localization has any effect on cell growth, but theoretically it is possible
that STAMP1 has different roles at the plasma membrane than in the ER-Golgi area due to
the different interaction partners present. How or if this can be related to the low plasma
membrane localization of STAMP1 observed in one breast cancer cell line remains unknown.
STAMP1 was seen to localize to large circular structures in T47D cells, and consecutive
images in z-dimension showed that the structures were sphere-shaped. Localization to early
endosomes (but not late endosomes) has been found in LNCP cells [103] [FS lab,
unpublished data], but vesicles of this strikingly large size has not been observed. The nature
of these structures has not been fully explored, and we do not know if this localization has
any consequences or if it is a general phenomenon in breast cancer cells.

Drug sensitivity
A possible cause for the STAMP1 expression differences in breast and prostate cancer could
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lie in the standard treatment regimens for the two cancers. Prostate cancer is treated with
medical or chemical castration to lower systemic androgen levels, often in combination with
AR-specific inhibitors [11]. Breast cancer is commonly treated with tamoxifen, an ERα
inhibitor with other ERα independent effects. When taken up in the liver tamoxifen is
metabolized, mainly by oxidative reactions carried out by the CYP450 (Cytochrome P450)
class of enzymes (reviewed in [117],[118]). Endoxifen and 4-hydroxy-tamoxifen have been
shown to be growth-inhibiting tamoxifen metabolites in breast cancer cells [119] [120].
Since STAMP1 has a predicted oxidoreductase activity [91] [92], it is plausible that it could
have an effect on the tamoxifen drug metabolism within the cancer cells, and thus sensitize
breast cancers to the treatment. If this is the case, cells expressing lower levels of STAMP1
would have a selective advantage when exposed to tamoxifen, which may result in a total
decrease in STAMP1 levels in the tumor over time. In prostate cancer this selective pressure
would be absent, and STAMP1 would have its normal proliferative function.
This possibility was tested by measuring the number of viable knockdown and control cells
after exposure to tamoxifen, using the WST-8 reagent assay. The WST-8 reagent assay used
is in actuality measuring NAD(P)H levels, which should directly correlate to the number of
cells present in a well. We are aware that STAMP1 has a predicted oxidoreductase activity,
and that this may theoretically affect the assay readings. WST-8 assays with equal numbers
of STAMP1 overexpression cells and control cells were conducted to assess this, resulting in
insignificant differences in readings. Consequently, the assay was concluded to not be
affected by STAMP1 levels [data not shown].
In the tamoxifen sensitivity experiment, stable STAMP1 knockdown did not affect the
cytotoxic effect of tamoxifen on T47D cells (figure 14). It should be noted that this does not
exclude the possibility that STAMP1 affects the efficiency of a different breast cancer drug,
or has a different effect in other breast cancer cell lines.

STAMP1’s effect on growth in breast cancer cells
The clinical data had indicated that STAMP1 levels decrease in breast cancer progression,
even though it was reported to be upregulated in prostate cancer tumors compared to benign
prostate tissue [103]. A possible explanation for these observations is that STAMP1 could
have a growth inhibiting effect in breast cancer cells, resulting in tumor suppression instead
of tumor promotion as seen in prostate. Tumor suppressor levels typically decrease in cancer
progression, because cells with lower levels tend to grow faster and dominate the tumor
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mass.
To directly assess effect of STAMP1 on breast cancer cell growth a series of growth assays
were carried out. Overexpression of tagged STAMP1 in MCF-7 and T47D cells, and tag-less
STAMP1 in MCF-7, all resulted in decreased growth in colony formation assays compared to
their control cell lines. This effect is consistent with the possibility of a tumor suppressing
role of STAMP1 in breast cancer. However, knockdown of STAMP1 in T47D cells also
showed significant decrease in growth compared to control cells, as has also been observed in
LNCaP prostate cancer cells with colony formation assays and in xenograft experiments
[103].
Since the growth inhibiting effect of STAMP1 overexpression was observed with expression
of both tagged and tag-less protein, tag-related effects were unlikely to cause the
observations. The growth reduction was larger in the MCF-7-HMSTAMP1 cells than in
MCF-7-STAMP1, but this could reflect the higher STAMP1 expression in the HMSTAMP1
cell line as seen on Western blots (figure 19). Two different cell lines were used for
overexpression with similar results, which strengthens the observation, but we can still not be
sure if these cell lines are optimal for the study of STAMP1. The effect of STAMP1
knockdown in T47D was observed with both colony formation assay and cell counting
experiments. The effect was also quite strong (>60% reduction in growth), which gives an
indication that it is not caused by off-target effects of the shRNA. Taken together the data
indicate, with some degree of certainty, that both a reduction and an increase of STAMP1
expression will lead to reduced growth in breast cancer cells.
This observation does not follow the normal pattern of knockdown and overexpression, since
it logically should give rise to opposite effects. However, such findings are not so
uncommonly described in the literature [121], [122], [123]. An explanation given for such
observations is that the protein in question needs to be at a certain amount in the cells in order
to exert its proper function: When knocked down, an effect will be seen as the reduced levels
of protein leads to a lower amount of total protein activity. This is consistent with the
observations of knockdown in normal cases. However, when the protein is overexpressed, the
individual proteins associate with each other, forming aggregates which disturb with the
normal function of the protein [122]. Alternately, the protein can bind up cofactors which are
necessary in other intracellular processes, such as transcription as seen for PR in HeLa cells
[124]. Or yet another option, the high protein level could theoretically favor protein
homodimerization over heterodimerization, which can result in a different effect on signaling
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or function. Such squelching effects can be observed for some proteins when the amount is
high. Squelching causes the same result as observed when the protein level is lowered by
knockdown, because the overexpression disturbs the proteins normal function.
The data from the growth assays presented in this thesis in accordance with this model. In
addition, a possible squelching effect of STAMP1 could constitute a breast specific
phenomenon not observed in prostate cells, since the cofactors and environment in general is
different between different tissues. This would explain why STAMP1 is differentially
deregulated in breast and prostate cancer as previously mentioned.
From the data at hand this remains speculation. The growth assays presented give an
indication that the STAMP1 protein might require to be present at a certain concentration in
the cell in order to exert its normal effect. This does, however, need further confirmation in
order to be acknowledged as a general biologically significant aspect of the STAMP1
protein..
First of all, the effects of knockdown and overexpression may not reflect biologically
relevant situations: Only one knockdown system was used, so the probability exists that the
observations are caused by off-target effects. Alternately, the expression levels of STAMP1 in
the overexpression cells may be too high, and give effects which are not normally present in
breast cancer tumor cells. Second, all results are obtained using stably expressing cells
created with lentiviral technology, and there is a possibility that the lentiviral transduction has
a different effect on the cells in combination with the subsequent STAMP1 overexpression or
knockdown. Third, it might be that the breast cancer cell lines used do not represent the right
molecular background for the study of STAMP1, and thus show irrelevant consequences of
STAMP1 knockdown and overexpression.
And importantly, even if a given effect is observed in monolayer cell culture experiments, it
does not imply that a direct correlation can be made to the effect of the protein in a
physiological setting. The growth of a tumor is affected by the tumor microenvironment; the
non-cancerous supporting stromal cells, immune cells and the blood vessels [4] to mention
some. Also, reciprocal paracrine interactions between different types of cells within the
tumor can affect the cellular processes, and all of these things are not reflected in standard
cell culture experiments.
Still, the experiments presented here show an indication of the effect of STAMP1 on growth
in cell culture, which needs further confirmations in order to be conclusive.
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Conclusion
This thesis work has indicated STAMP1 as a putative marker for breast cancer, since it was
observed to correlate with clinical parameters. Possible reasons for these correlations have
been explored, and the results indicate that STAMP1 likely has an effect on cell growth in
breast cancer cells. However, this needs to be explored further in order to make a solid
conclusion about STAMP1’s role in breast cancer.

Future perspectives
The Oncomine analysis gave strong indications that STAMP1 is correlated to clinical
features of breast cancer, and as such, it could be proposed as a putative prognostic marker.
Extensive biostatistical analysis of the data is needed in order to investigate this, as well as
immunohistochemistry experiments to relate STAMP1 protein levels with the marker
molecule or clinical state desired. Any predictive ability found must be tested on datasets in
order to determine if it can give an improved prediction in a given model.
Even though STAMP1 was shown not to be under transcriptional control of estrogen, several
other transcription factors could be regulating STAMP1 expression. Since PR and ErbB2
status were found to correlate with STAMP1 expression these are also possible candidates to
test, both for mRNA and protein level regulation. In addition, AR signaling has been shown
to play a role also in breast cancer tumors [125], so regulation of STAMP1 by androgens is
therefore also a possibility worth testing.
In terms of the growth effect, the findings presented here need to be concluded in additional
breast cancer cell lines in order to be conclusive. To exclude off-target effects of knockdown
more stable knockdown cell lines should be made, using shRNA targeting other sections of
the STAMP1 mRNA. Also, an alternate method for knockdown should be utilized in growth
assays, such as transient transfection of siRNA (silencing RNA). The effect of expression
recovery in STAMP1 knockdown cells should be explored, in order to further confirm the
specificity of the growth inhibition induced by STAMP1knockdown. In addition, this should
also be repeated in other cell lines than MCF-7 and T47D. Moreover, in order to better
elucidate the effect of STAMP1 concentration on growth, stable cell lines should be created
with inducible knockdown or overexpression. Using such cell lines, the growth ability of the
cells can be mapped for different levels of STAMP1 protein.
The effect of STAMP1 knockdown or overexpression on breast cancer cells should also be
investigated in vivo. Model systems that reflect the physiological context, such as mouse
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models with xenograft experiments, are needed to better link the cell culture observations to
the true biological setting.
In addition to clarification of STAMP1’s effect on proliferation, the intracellular localization
of STAMP1 in breast cancer cells should also be investigated further, in more cell lines, and
colocalization with markers for intracellular structures should be looked into. It would be
interesting to know what the ratio of plasma membrane to cytosol localization is during
breast cancer progression, to compare it with our previous findings in prostate using
immunohistochemical analysis of cancerous and benign breast tissue.
The combined information from the experiments proposed above may ultimately be utilized
to design drugs to target STAMP1 in breast cancer therapy when STAMP1’s role in breast
cancer is clearly elucidated. Also, this information might bring up clues about the function of
STAMP1 in prostate, which can be used in further studies of this type of cancer. In
conclusion, the findings in this thesis are interesting since they indicate that STAMP1 may
have a role in breast cancer biology, potentially of the non-typical kind. The work presented
has resulted in beginning information about STAMP1’s role in breast cancer, which is worth
to explore further.
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