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Abstract
Estrogen signaling plays an important role in breast carcinogenesis. An increased understanding of
estrogen gene targets and their effects will allow for more directed and effective therapies for
individuals with breast cancer, particularly those with estrogen receptor positive tumors resistant
to tamoxifen therapy. Here, we identify YPEL3 as a growth suppressive protein down-regulated
by estrogen in estrogen receptor positive breast cancer cell lines. Estrogen repression of YPEL3
expression was found to be independent of p53 but dependent on estrogen receptor alpha
expression. Importantly, YPEL3 expression, which is induced by the removal of estrogen or
treatment with tamoxifen triggers cellular senescence in MCF-7 cells while loss of YPEL3
increases the growth rate of MCF-7 cells. Taken together these findings suggest that YPEL3 may
represent a potential target for directed hormonal therapy for estrogen receptor positive breast
cancer patients.
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Introduction
Breast cancer is the second most common cancer occurring in women with nearly 200,000
women diagnosed annually 1. Of those women who develop breast cancer, approximately
two-thirds are estrogen receptor positive 2. Estrogen is a steroid hormone which binds to its
receptor in the cytoplasm and is then translocated into the nucleus to induce its many pro-
growth actions. One of the available therapies for individuals with estrogen receptor positive
tumors is tamoxifen, a selective estrogen receptor modulator (SERM). Tamoxifen
competitively binds the estrogen receptor and can have either pro-estrogenic or anti-
estrogenic effects. In mammary epithelium, tamoxifen forms a nuclear estrogen receptor
complex that inhibits DNA synthesis and pro-estrogenic effects. Recently it was reported
that in several ER+ breast cancer cell lines, tamoxifen can trigger a senescent phenotype 3
suggesting a mechanism by which it may induce growth repression in breast epithelium 4.
When successful, five years of tamoxifen therapy has been shown to decrease the incidence
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of local recurrence by 50% 5. However, approximately 40% of women with estrogen
receptor positive tumors demonstrate tamoxifen resistance and develop local or distant
disease while on chemo-preventative therapy, and this significantly limits the treatment
options for these patients. The current prognosis and disease free survival for women who
develop tamoxifen-resistant tumors is significantly less than their tamoxifen-sensitive
counterparts highlighting the need for a better understanding of the molecular events leading
to this effect 6.

Estrogen receptor signaling causes a plethora of effects. While estrogen receptor alpha has
been studied extensively, estrogen receptor beta has been discovered more recently and its
effects and interactions are still largely unknown. It is thought, in some cases, that estrogen
receptor beta may antagonize the alpha receptor and ultimately have anti-proliferative
effects 7. In the classic view of estrogen signaling, the bound estrogen receptor interacts with
estrogen response elements (EREs) in genomic DNA. Estrogen receptor binding can lead to
the recruitment of other transcription factors or be recruited through association with other
transcription factors resulting in either induction or inhibition of transcription. Additionally,
some components of estrogen signaling are activated independent of DNA binding, the so-
called non-genomic regulation. For example, estrogen signaling can cause rapid
phosphorylation of ERK and activation of its downstream effects independent of
transcriptional activity 8. In addition, the estrogen receptor has been shown to modulate
microRNA expression in MCF-7 cells and microRNA expression patterns may correlate
with tamoxifen sensitivity 9. In general, estrogen increases the expression of genes involved
in pro-growth pathways and has been shown to decrease expression and downstream effects
of growth inhibitory genes 7. It has been reported that estrogen can inhibit the functional
activity of p53, one of the most studied tumor suppressor proteins. Estrogen signaling causes
the intracellular redistribution of p53 confining it to the cytoplasm in ER+ breast cancer
cells 10.

We recently reported that the YPEL3 gene is a novel p53 target 11. p53 activation of YPEL3
leads to its growth suppression through a pathway of cellular senescence. We have
previously demonstrated YPEL3 to be down-regulated in human colon tumors 12. In a recent
gene expression profiling experiment examining how estrogen impacts the transcriptional
activity of breast cancer cells, YPEL3 was reported as an estrogen down-regulated gene 13.
Here we report that YPEL3 expression is decreased in the presence of estrogen in estrogen
receptor positive breast tumor cell lines. Estrogen repression of YPEL3 is independent of
p53 and dependent on estrogen receptor alpha. When estrogen receptor positive tumor cells
are treated with tamoxifen, an increase in YPEL3 expression is observed. Consistent with
our recent report that YPEL3 induction triggers cellular senescence in tumor cells 11, we
observed that blocking estrogen signaling triggered a YPEL3-dependent cellular senescence,
while loss of YPEL3 resulted in increased cell growth. Thus we believe that YPEL3
deregulation may play a significant role in tamoxifen resistance in estrogen receptor positive
breast tumors.

Materials and Methods
Reverse transcription-PCR

Total RNA was isolated using the e.Z.N.A. Total RNA kit (Omega Bio-Tek) according to
the manufacturer’s instructions. RNA quantity was assessed using the Nanodrop with
260/280 ratios ranging from 2 to 2.2. One microgram of total RNA was used as a template
for cDNA synthesis using the qScript cDNA SuperMix (Quanta Biosciences). Taqman-
based PCR was performed in triplicate using Assay on Demand probe sets (Applied
Biosystems) and an Applied Biosystems 7900 Sequence Detection System.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an endogenous control.
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All Assay on Demand (AOD) probes used in these experiments (YPEL3, pS2, p21, p53,
ERα and GAPDH) were validated gene targets. Error bars in each Figure represent 95%
confidence interval from a single experiment. All experiments were completed in biological
triplicate with similar results.

Cell lines and reagents
MCF-7 and ZR-75.1 cells were derived from breast carcinomas and express wild-type
estrogen receptor alpha and p53. T-47D cells were derived from a ductal carcinoma and are
wild-type estrogen receptor alpha and express mutant p53. SkBr-3 cells were derived from
breast carcinoma and are devoid of estrogen receptor alpha and express mutant p53. All cell
lines were purchased from American Type Culture Collection. All cell lines passages in
these experiments were grown for no longer than 3 months. MCF-7 and SKBr3 cells were
grown in DMEM with 10% fetal bovine serum. ZR-75.1 and T-47D cells were grown in
RMPI-1640 with 10% fetal bovine serum. Charcoal/Dextran stripped fetal bovine serum was
obtained from Invitrogen. Estrogen and Tamoxifen were obtained from Sigma and MP
Biomedicals, LLC, respectively. Chemical resuspension and storage was per manufacturer’s
recommendations.

Immunoblotting
Whole-cell extracts and Western blotting were performed as previously described with the
following modifications 14. Cell pellets were lysed in three freeze-thaws using RIPA buffer
[25 mmol/L Tris-HCl (pH 7.6), 150 mmol/L NaCl, 1% NP40, 1% sodium deoxycholate]
containing a protease inhibitor cocktail (Sigma). For endogenous YPEL3 Western, 10% to
20% gradient Tricine gels were used to separate protein extracts. For p53 and ER-alpha
Westerns, 12% sodium dodecyl sulfate polyacrylamide gels were used to separate protein
extracts. Proteins were transferred to polyvinylidene difluoride using a Bio-Rad transfer
system. Antibodies were obtained from Proteintech (YPEL3), Neomarkers (ER alpha,
Ab-10), and Calbiochem (p53, Ab-4 and Ab-6).

Lentiviral production
Lentivirus was produced by the cotransfection of 293FT cells with a pLenti vector and
lentiviral packaging mix (Invitrogen) according to manufacturer’s instructions. Lentivirus-
containing supernatant was harvested at 48 hours posttransfection, purified by
centrifugation, and stored at −80°C. Viral transductions were carried out overnight in the
presence of 6 μg/mL Polybrene (Sigma). Following transductions, cells were selected with
750 μg/mL Zeocin or 1μg/mL Puromycin. Plasmids were obtained from Addgene (shCON,
shp53), Sigma (shERα, shYPEL3(B)) and Open Biosystems (shYPEL3(A)).

Senescence-associated β-galactosidase staining
Cells were processed with the Senescence β-galactosidase Staining kit (Cell Signaling
Technology, Millipore) according to the manufacturer’s instructions and were visualized on
an Olympus 1 × 70 fluorescence microscope. Experiments were completed in biological
triplicate counting at least 100 cells per plate. Error bars represent the standard error of the
means.

ViaCell Counting/MTT Assays
MCF-7 cells or MCF-7 cells transduced with lentivirus expressing a shYPEL3 target were
plated in 35 mM dishes. At each time point, three plates of cells were separately trypsinized
and subjected to ViCell counting following manufacturer’s recommendations. Each time
point represents the average of three biological samples with error bars representing the
standard deviation. For MTT assays the cells were seeded (1000 cells/well) into black 96

Tuttle et al. Page 3

Int J Cancer. Author manuscript; available in PMC 2013 May 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



well tissue culture plates. At the indicated time point, 6 wells per cell type were treated with
Cell Quant-Blue MTT reagent (BioAssay) for 2 hours following manufacturer’s dilutions.
Sample fluorescence was determined using a Tecan Safine2 with an excitation wavelength
of 530 nm and emission wavelength of 590 nm.

Results
YPEL3 expression increases in ER positive cells grown in the absence of estrogen

We initially grew MCF-7 (ER+, p53 wt) cells in charcoal stripped serum (CSS) to determine
if estrogen was playing a regulatory role in YPEL3 mRNA expression. MCF-7 cells grown
in CSS containing media showed a 4.8-fold increase in relative YPEL3 mRNA expression
when compared to cells grown in media with 10% fetal bovine serum (Figure 1A).
Similarly, we saw an increase in YPEL3 protein in MCF-7 cells grown in CSS (Figure 1B).
The induction of YPEL3 was also observed in ZR-75.1 (ER+, p53 wt) and T-47D (ER+, p53
mutant) when these cells were grown in charcoal stripped serum (Supplemental Figure 1).
To determine if the elevation in YPEL3 mRNA expression was a result of interactions with
the estrogen receptor, we performed a similar experiment using SkBr-3 cells (ER-, p53
mutant). In these cells, growth in charcoal stripped serum did not modulate YPEL3 mRNA
expression (Figure 1C).

Estrogen represses YPEL3 expression of endogenous gene
Charcoal:dextran stripping reduces the serum concentration of many hormones and certain
growth factors, such as estradiol, cortisol, corticosterone, the B vitamins, T3, T4 and
prostaglandins. To determine if the elevation of YPEL3 mRNA expression seen with growth
in charcoal stripped serum was specific to estrogen, we added back beta-estradiol to the
experimental conditions. pS2, also known as TIFF1, was used as a positive control. pS2
expression has previously been shown to be increased in the presence of estrogen, and this
effect is regulated by the estrogen receptor 15. MCF-7 cells were grown in the presence or
absence of estrogen. When beta-estradiol was added back to the growth media at a
concentration of 1 nM, YPEL3 mRNA expression was repressed to 30% of that seen in
charcoal stripped serum (Figure 2A). As expected, the addition of beta-estradiol to the
growth media caused a greater than 2-fold elevation in pS2 mRNA expression (Figure 2A).
Addition of ten times more beta-estradiol (10 nM) did not result in a statistically significant
further reduction in YPEL3 or increase in pS2 mRNA expression suggesting that estrogen
signaling was saturated at 1 nM.

As additional support of estrogen’s repressive role on YPEL3 gene expression, we utilized
the selective estrogen receptor modulator, tamoxifen. MCF-7 cells were cultured in the
absence of estrogen, with the addition of 1 nM beta-estradiol or with the addition of 1 nM
beta-estradiol and 1 μM tamoxifen 16. A 3-fold increase in YPEL3 mRNA expression was
seen when MCF-7 cells were cultured in charcoal stripped serum when compared to YPEL3
expression in complete media (Figure 2B). As expected, this increase was blocked by the
addition of beta-estradiol. However, with the simultaneous addition of tamoxifen and beta-
estradiol, YPEL3 mRNA expression increased by 185% compared to beta-estradiol alone
consistent with the model where YPEL3 expression is regulated through the estrogen
receptor (Figure 2B). With growth in charcoal stripped serum, pS2 expression was
decreased to 55% of that seen in complete media (Figure 2B). The addition of 1 nM beta-
estradiol allowed for the level of expression to return back to that seen in complete media
(Figure 2B). The addition of tamoxifen caused a 20% reduction in pS2 mRNA expression
(Figure 2B), as expected given its inhibitory effects on the estrogen receptor alpha.
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Elevation in YPEL3 mRNA expression upon removal of estrogen in ER+ breast cancer
cells is p53 independent and ERα dependent

Towards the goal of determining if YPEL3 mRNA induction following estrogen removal in
breast cancer cells was dependent on p53 and estrogen receptor alpha, we used lentiviral
transduction of shRNAs targeting each gene. shCON, a scramble shRNA vector that does
not target any human genes 17, was used as a short hairpin control. p53 and estrogen
receptor alpha knockdown was confirmed by both RNA and Western blot analysis (Figures
3B, 3C, 3D and 3E). In the case of p53, since it is normally expressed at low levels in
MCF-7 cells 18, shp53 knockdown was confirmed following treatment for 24 hours with 0.5
μg/mL doxorubicin (Figure 3C). MCF-7 cells stably selected for the loss of p53 were grown
in complete media or charcoal stripped serum. There was a similar elevation (3-fold) in
YPEL3 mRNA expression in control cells and shp53 cells when grown in charcoal stripped
serum (Figure 3A). Furthermore, p21 expression was monitored to assess whether growth in
charcoal stripped serum induced a p53 response. p21 expression was not modulated by
growth in charcoal stripped serum for 48 hours in either shCon or shp53 cells (Figure 3A).
Taken with the increase in YPEL3 mRNA seen when T-47D cells, which harbor mutant
p53, were grown in charcoal stripped serum (Supplementary Figure 1), these findings
demonstrate that wild-type p53 is not playing a significant role in the estrogen repression of
YPEL3 gene expression.

Next, we tested if estrogen repression of YPEL3 mRNA expression was dependent upon
expression of ER alpha. Attempts to create stable MCF-7 cell lines selected for the loss of
estrogen receptor alpha using lentiviral shERα were unsuccessful likely due to the growth
dependency of estrogen signaling in MCF-7 cells (K. Miller, personal communication).
Instead MCF-7 cells were super-infected (MOI=5) with shERα or shCON and grown in
either complete media or charcoal stripped serum. MCF-7 cells infected with shCON virus
and grown in the absence of estrogen showed a 2.6-fold elevation in YPEL3 mRNA
expression (Figure 3B). Interestingly, MCF-7 cells infected with shERα grown in complete
media also demonstrated an elevation (3.1-fold) in YPEL3 mRNA expression (Figure 3D).
Thus, cells grown in the absence of estrogen or the absence of estrogen receptor alpha both
demonstrated an elevation of YPEL3 mRNA expression suggesting it is the cooperation of
estrogen with its receptor, alpha subtype, that is allowing for the observed modulation of
YPEL3 mRNA expression. Knockdown of estrogen receptor alpha expression in MCF-7-
shERα cells was 35% of MCF-7-shCon cells based on relative mRNA expression (Figure
3B), and confirmed at the protein level by western blot (Figure 3E).

Estrogen removal causes YPEL3 dependent cellular senescence
Elevated expression of YPEL3 causes an induction of cellular senescence in both primary
and tumor cell lines 11. We questioned whether the elevated YPEL3 expression seen with
growth in charcoal stripped serum was correlated with an elevation in cellular senescence.
To test this, MCF-7 cells were grown in DMEM media with 10% fetal bovine serum or in
DMEM media containing 10% charcoal stripped fetal bovine serum in the presence or
absence of 1 nM beta-estradiol. Cells grown in charcoal stripped serum had a significant
induction of cellular senescence as measured by SA-beta-galactosidase activity at a pH of
6 19 (Figure 4A). Again, induction of senescence after 6 days of treatment in media
containing charcoal strip serum was seen in T-47D cells. Here we monitored senescence
based on increases in SA-beta-galactosidase positive cells and the induction of p21, an
essential senescence activator in breast cancer cells 3 (Supplementary Figure 2). The
addition of 1 nM beta-estradiol to MCF-7 cells grown in charcoal stripped serum brought
the level of cellular senescence down to 35% beta-galactosidase positive cells (Figure 4B).
Increasing doses of beta-estradiol to 100 nM resulted in an inhibition of beta-galactosidase
activity back to levels seen in cells grown in complete media (Supplementary Figure 3). To
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determine if the cellular senescence seen in MCF-7 cells grown in charcoal stripped serum
was dependent upon YPEL3, MCF-7 cells were infected with lentivirus shRNA vectors
targeting YPEL3 (shYPEL3(A) and shYPEL3(B)) or an shLacZ vector as a short hairpin
control. MCF-7 cells stably selected for the loss of YPEL3 grown in charcoal stripped serum
did not demonstrate an elevation in cellular senescence. In contrast, shLacZ expressing
MCF-7 cells did show the expected induction of cellular senescence when grown in charcoal
stripped serum (Figure 4B). Knockdown of YPEL3 expression was confirmed with relative
mRNA expression (Figure 4C). Similar findings were seen with T-47D and ZR-75.1 cell
lines (Supplementary Figures 4 and 5). These results point to an essential role for YPEL3 in
estrogen-dependent cellular senescence in ER+ breast cancer cells.

Loss of YPEL3 triggers increased cell proliferation
Given that induction of YPEL3 triggers a growth suppression in MCF-7 and U2OS cells 11

we next sought to determine the rate of cell growth in MCF-7 cells expressing shYPEL3.
When compared to MCF-7 cells, shYPEL3-expressing MCF-7 cells showed a statistically
significant increase in cell numbers when grown over 10 days (Figure 5A). Using an MTT
based assay, YPEL3 knockdown for 6 days led to an increase in cell numbers while YPEL3
induction over the same period resulted in a decrease in cell number (Figure 5B). These
findings suggest that the while YPEL3 induction triggers growth inhibition through cellular
senescence 11, decreased YPEL3 expression enhances cell proliferation.

Estrogen regulated senescence seen with removal of estrogen in ER+ breast cancer cells
is p53 independent and ERα dependent

While the increase in YPEL3 mRNA expression seen with the removal of estrogen was not
dependent upon the expression of p53, we wanted to determine if the elevation of cellular
senescence seen with the removal of estrogen was dependent on p53. In previous studies, we
have demonstrated that over expression of YPEL3 alone could induce cellular senescence
independent of p53 11. Again, MCF-7 cells stably selected for the loss of p53 or a control
siRNA (shCON) were cultured in complete media or charcoal stripped serum for 6 days. At
the completion of 6 days, beta-galactosidase activity at a pH of 6 was measured. MCF-7
shp53 cells grown in the absence of estrogen had a similar increase in cellular senescence
when compared to control cells (Figure 6A). This corresponds with the resulting increase in
YPEL3 mRNA expression (Figure 3A). These results suggest that both the elevation in
YPEL3 mRNA expression and the elevation in cellular senescence seen with estrogen
removal are independent of p53 expression.

We also tested whether the expression of estrogen receptor alpha was required for the
observed induction of cellular senescence. MCF-7 cells were infected at an MOI=5 with
shERα and shCON viral constructs. Cells were then grown in the presence or absence of
estrogen. Again, MCF-7 cells cultured in the absence of estrogen had a robust increase in
beta-galactosidase activity. Similar to the mRNA expression (Figure 3C), MCF-7 cells
transduced with lentivirus expressing shERα and grown in the presence of estrogen had an
elevation of cellular senescence, although not to the level seen in control cells grown in the
absence of estrogen (Figure 6B). The incomplete response is likely due to the incomplete
knockdown of estrogen receptor alpha resulting from our inability to create stable pools of
shERα expressing MCF-7 cells (Figure 3D).

Tamoxifen treatment of ER+ breast cancer cells causes induction of YPEL3-dependent
cellular senescence

Tamoxifen treatment of ER+ breast tumors has previously been shown to induce a G0/G1
phase cell cycle growth arrest 4. MCF-7 cells were exposed to tamoxifen treatment to assess
if YPEL3 expression was elevated under these conditions, and further, if YPEL3 was
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required for the growth arrest seen with tamoxifen treatment. MCF-7 cells stably selected
for the loss of YPEL3 (shYPEL3(A) and shYPEL3(B)) or control (shLacZ) were grown in
complete media and treated with 0.5 μM tamoxifen or vehicle control (100% ethanol) for 6
days. There was a 2.3- fold induction of YPEL3 mRNA expression in control cells (shLacZ)
treated with tamoxifen verses vehicle control (Figure 6C). Similarly, there was a 35%
induction of cellular senescence in tamoxifen-treated shLacZ cells that was not observed in
either pool of MCF-7 cells expressing shYPEL3 (Figure 6D). Interestingly, while there was
some induction of YPEL3 mRNA expression in the shYPEL3 cell lines with tamoxifen
treatment, levels did not exceed those observed in shLacZ cells grown in complete media
and thus were insufficient to induce cellular senescence (Figures 6C and 6D).

Discussion
YPEL3 was initially identified as SUAP, small unstable apoptotic protein where it was
noted to be induced upon interleukin-3 removal in a myeloid precursor cell line 20. It was
later renamed YPEL3 due to its inclusion in a 5 member family with homology to the
Drosophila Yippee protein 21. We initially became interested in YPEL3 following a
microarray experiment using MCF-7 cells in which p53 was reactivated using RNAi
approaches to target Hdm2 and HdmX 18. We subsequently identified YPEL3 as a novel
p53-regulated gene capable of triggering cellular senescence 11.

In the present study, we provide data demonstrating that the elevation in YPEL3 mRNA
expression and cellular senescence seen when ER+ breast cancer cells are grown in the
absence of estrogen is independent of p53 expression (Figures 3A and 5A, Supplemental
Figures 2, 4 and 5). We believe estrogen regulation of YPEL3 expression and its inhibition
of YPEL3 dependent senescence represents a novel signaling pathway distinct from our
recent findings that p53 transactivates the YPEL3 gene 11. Consistent with that model,
preliminary studies showed that YPEL3 knockdown was unable to block doxorubicin-
induced senescence in MCF-7 cells 22 (Supplemental Figure 6).

While we were unable to identify an estrogen response element within 5 kb of the
transcriptional start site, YPEL3 was reported in a gene expression profiling study as a gene
down-regulated in the presence of estrogen in both MCF-7 and ZR-75.1 breast cancer
cells 13. In fact, an earlier chromatin immunoprecipitation-paired end diTag cloning and
sequencing study reported YPEL3 as a downregulated gene harboring an estrogen response
element 30kb upstream of the YPEL3 promoter 12. Studies to examine if estrogen binds to
this putative ERE are ongoing. It is possible that estrogen repression of YPEL3 is occurring
through an indirect mechanism such as activation of microRNAs 9 or other estrogen
response genes. However, we do not favor such a model because when MCF-7 cells were
grown in charcoal stripped serum with beta-estradiol, repression of YPEL3 was seen within
8 hours of treatment, the same timepoint where pS2 started to show significant induction
(Supplemental Figure 7). Studies are ongoing to examine estrogen receptor binding
surrounding the YPEL3 gene.

One aspect of estrogen repression of YPEL3 and senescence that appears to be disconnected
is that while 1 nM beta-estradiol was sufficient to repress YPEL3 mRNA levels back to
levels seen in cells grown in normal serum (Figure 2B), higher doses of estradiol (10–100
nM) were required to inhibit cellular senescence to baseline levels (Supplemental Figure 3).
We are currently assessing how YPEL3 proteins levels are impacted by estrogen regulation.
Nevertheless, we believe the modulation of YPEL3 by estrogen is a significant finding given
that the cellular senescence observed following removal of estrogen, knockdown of the
estrogen receptor alpha or addition of tamoxifen are all dependent on the presence of
YPEL3. From a clinical perspective it is possible that deregulated YPEL3 signaling plays an
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important role in tamoxifen resistance in patients with estrogen receptor positive breast
tumors. Forty percent of women with estrogen receptor positive breast cancers are resistant
to tamoxifen chemoprevention 6. We are currently testing whether the lack of response to
tamoxifen therapy may be, in part, due to YPEL3 deregulation. Further, if wild-type YPEL3
can be directly targeted to tamoxifen-resistant breast tumors, it might provide an alternative
treatment pathway. However, prior to any targeted YPEL3 therapy, an examination of how
estrogen regulation of YPEL3 functions in normal mammary gland development and
differentiation would be warranted. Nevertheless the present study not only highlights the
complexities of estrogen receptor signaling in breast cancer cells but suggests that
understanding YPEL3 signaling may provide a novel targeted breast cancer therapy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
YPEL3 expression increases in ER positive breast cancer cells grown in the absence of
estrogen. RT-PCR analysis demonstrating relative YPEL3 mRNA expression in (A) MCF-7
(breast, ER+, p53 wt) and (C) SkBr-3 (breast, ER-, p53 mutant) cell lines grown for 48
hours in complete media or charcoal stripped serum. (B) Western blot analysis of MCF-7
cells grown in complete media (CM) or charcoal stripped serum (CSS) with the addition of
MG132 for 1 hour prior to lysis. RT-PCR error bars represent 95% confidence interval of a
single experiment. Experiments were completed in triplicate with similar results.
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Figure 2.
Estrogen represses YPEL3 expression of endogenous gene. (A) RT-PCR analysis
demonstrating relative YPEL3 and pS2 mRNA expression in MCF-7 (ER+) cells grown in
charcoal stripped serum (CSS) with the addition of increasing doses of beta-estradiol for 24
hours. (B) RT-PCR analysis demonstrating relative YPEL3 and pS2 mRNA expression in
MCF-7 cells grown in complete media (CM) or charcoal stripped serum (CSS) with the
addition of beta-estradiol (E2) or beta-estradiol and tamoxifen (Tam) for 24 hours. Error
bars represent 95% confidence interval of a single experiment. Experiments were completed
in triplicate with similar results.
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Figure 3.
Estrogen repression of YPEL3 mRNA expression is p53 independent and ERα dependent.
(A) RT-PCR analysis demonstrating relative YPEL3, pS2 and p21 mRNA expression in
pooled MCF-7 cells stably selected for expression of shp53 or control (shCON) grown in
complete media (CM) or charcoal stripped serum (CSS), (C) RT-PCR analysis
demonstrating relative p53 mRNA expression and (D) Western blot analysis in pooled
MCF-7 cells stably selected for expression of shp53 or control (shCON) confirming RNA
and protein knockdown of p53 expression. Doxorubicin treatment was at 0.5 μg/mL for 24
hours. (B) RT-PCR analysis demonstrating relative YPEL3, pS2 and ERα mRNA
expression in MCF-7 cells infected at an MOI=5 with control (shCON) or shERα viral
constructs and placed in complete media (CM) or charcoal stripped serum (CSS) for 48
hours. (E) Western blot analysis of MCF-7 cells infected at an MOI=5 with control (shCON)
or shERα viral constructs and placed in complete media (CM) or charcoal stripped serum
(CSS). Error bars for RT-PCR represent 95% confidence interval for a single experiment.
Experiment was completed in triplicate with similar results.
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Figure 4.
Estrogen removal causes a YPEL3 dependent cellular senescence. (A) Beta- galactosidase
assay of MCF-7 cells grown in complete media (CM) or charcoal stripped serum (CSS) with
the addition of 1 nM beta-estradiol (E2) for 6 days. (B) Beta-galactosidase assay of pooled
MCF-7 cells stably selected for expression of shLacZ (control) or shYPEL3 constructs (A)
and (B) grown in complete media (CM) or charcoal stripped serum (CSS). Images represent
cells grown in charcoal stripped serum. (C) RT-PCR analysis demonstrating relative YPEL3
expression in MCF-7 parental cells and pooled MCF-7 cells stably selected for expression of
shYPEL3 or shLacZ confirming RNA knockdown of expression. Error bars for beta-
galactosidase experiments represent standard error of the means for assays completed in
biologic triplicate. Error bars for RT-PCR represent 95% confidence interval for a single
experiment. Experiment was completed in triplicate with similar results.
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Figure 5.
YPEL3 knockdown leads to increased cell proliferation. (A) MCF-7 cells or cells infected
with a lentivirus expressing a shYPEL3 RNA were plated in 6 well cells (10,000 pe well).
At the indicated days three wells for each cell type were counted and averaged using a
ViCell counter. Inset: RT-PCR analysis of YPEL3 expression in MCF-7 or MCF-7-
shYPEL3 cells. (B) MCF-7-shYPEL3, MCF-7 and MCF-7TetRYPEL3 cells were plated at
500 cells per well in a Costar 96 well tissue culture dish. MCF-7TetR-YPEL3 cells were
treated with 10uM tetracycline. At one or six days post plating, the relative numbers of cells
were determined by using a fluorescence based MTT assay (CellQuanti-Blue, BioAssay
Systems). Relative Cell Number represents the average MTT values (after background
subtraction) of the day 6 wells normalized to the average MTT values taken on day 1. Error
bars represent the standard error of the mean from three separate ViCell counts (A) or from
four wells (B).
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Figure 6.
Estrogen regulated senescence seen with removal of estrogen in ER+ breast cancer cells is
p53 independent and ERα dependent. (A) Beta-galactosidase assay of pooled MCF-7 cells
stably selected for expression of shp53 or control (shCON) and grown in complete media
(CM) or charcoal stripped serum (CSS). (B) Beta-galactosidase assay of MCF-7 cells
infected at an MOI=5 with control (shCON) or shERα viral constructs and placed in
complete media (CM) or charcoal stripped serum (CSS) for 6 days. Error bars for beta-
galactosidase experiments represent standard error of the means for assays completed in
biologic triplicate. Tamoxifen treatment of ER+ breast cancer cells causes induction of
YPEL3-dependent cellular senescence. (C) RT-PCR analysis demonstrating relative YPEL3
and pS2 mRNA expression or (D) beta-galactosidase assay in pooled MCF-7 cells stably
selected for expression of shLacZ (control) or shYPEL3 constructs (A) and (B) treated with
0.5 mM tamoxifen (Tam) or vehicle control (VC). Images represent cells treated with
tamoxifen. Error bars for RT-PCR represent 95% confidence interval for a single
experiment. Experiment was completed in triplicate with similar results. Error bars for beta-
galactosidase experiments represent standard error of the means for assays completed in
biologic triplicate.
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