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Prosaposin, a secreted protein, is a well-known pleiotropic
growth factor. Although a previous report has indicated that pro-
saposin is overexpressed in breast cancer cell lines, the role of
prosaposin in the development of breast cancer remains to be
identified. Here, we first revealed that prosaposin upregulated
estrogen receptor alpha expression, nuclear translocation and
transcriptional activity by western blot, immunofluorescence
assay and dual luciferase reporter gene assay, respectively.
Furthermore, we demonstrated prosaposin upregulated estrogen
receptor alpha expression through MAPK-signaling pathway
using MAPK inhibitor. Proliferation assay and tumor xenograft
experiments in nude mice (n = 6 per group) further confirmed
prosaposin could promote breast cancer growth significantly in
vitro and in vivo. These findings suggested that prosaposin
might enhance estrogen receptor alpha-mediated signaling axis
and play a role in breast cancer development and progression.
(Cancer Sci 2012; 103: 1820–1825)

B reast cancer is the most common malignancy and the
main cause of death from cancers in women.(1) The carci-

nogenesis of breast cancer is frequently hormone-dependent.
The female sex-steroid hormone estrogen 17b-estradiol (E2)
plays a prominent role in mediating the maturation, prolifera-
tion, differentiation, and influences the growth and develop-
ment of breast cancer.(2) Numerous studies have indicated that
E2 can induce and promote breast cancer and this process is
mediated primarily by estrogen receptor alpha (ERa).(3–5)

Estrogen receptor (ER) is a member of the steroid/nuclear
receptor family of transcription regulators, while ERa is the
predominant receptor isoform expressed in breast cancer.
Approximately 70% of breast cancer patients score positive for
ERa at diagnosis.(6–9) Estrogen receptor alpha promotes cell
growth, metastasis and also mediates resistance to apoptosis or
immunosurveillance in breast cancer.(10–12)

Prosaposin (PSAP) exists as a secretory protein (70 kDa) as
well as a lysosomal protein (65 kDa). The molecular weight
difference depends on the post-translational glycosylation.(13)

Lysosomal PSAP is the precursor of four sphingolipid activator
proteins (saposin A–D) and is involved in hydrolysis of sphin-
golipids within lysosome.(14) Secretory PSAP is a well-known
pleiotropic growth factor found in secretory body fluid, such
as seminal plasma, bile, cerebrospinal fluid, human milk,(15,16)

as well as neuronal surface membrane.(17) The distribution of
PSAP suggests it may have some specific extracellular func-
tions. PSAP-deficiency in human and mice is lethal.(18,19) Pro-
saposin knock-out mice also present with a series of
developmental abnormalities in the nervous system and male
reproductive organs.(18,20) Recent investigations show that
PSAP could prevent cell death or apoptosis and promote cell
survival.(21,22) Koochekpour et al.(23) focus on the function of

PSAP in prostate cancer and find PSAP is overexpressed in
prostate cancer, and also upregulates androgen receptor (AR)
and prostate specific antigen (PSA) expression and activity in
prostate cancer cells.(24) Serum secreted PSAP levels signifi-
cantly decrease in primary prostate cancer, but increase in met-
astatic prostate cancer. So it might be possible to take secreted
PSAP in patients’ serum as a bio-marker to differentiate pri-
mary and advanced prostate cancer.(25) Prosaposin protein
purified from human milk has been widely used in experi-
ments.(26,27) The expression and secretion of PSAP is also
detected in breast cancer cells,(28) while the biological effect
of PSAP in breast cancer is not known.
In the present study, we intended to clarify the role of PSAP

in breast cancer and uncover the possible molecular mecha-
nism. First of all, we demonstrated that PSAP could upregulate
mRNA and protein expression level of ERa in breast cancer
cells. It also enhanced the nuclear translocation and transcrip-
tion activity of ERa. Moreover, PSAP upregulated ERa
through MAPKs signaling pathway. These results led us to
hypothesize that as a pluripotent growth factor and a regulator
of ERa, PSAP may play a role in the progression of breast
cancer. Then, we confirmed the role of PSAP in subcutaneous
tumor xenografted nude mice. Local injection of recombinant
PSAP in tumor promoted the expression of ERa as well as the
growth of breast cancer, which may shed new light into the
molecular mechanisms of PSAP in breast cancer.

Materials and Methods

Materials. Dulbecco’s modified eagle medium (DMEM),
phenol red-free (PR-free) DMEM, BSA, Triton X-100 and
Hoechst 33258 were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Lipofectamine 2000, Trizol Reagent, FBS were
purchased from Invitrogen (Carlsbad, CA, USA). Charcoal-
stripped FBS (CS-FBS) was purchased from Biowest (Nuaillé,
France). Polyvinylidene fluoride (PVDF) membrane, leupeptin,
aprotinin and PMSF were purchased from Roche (Indianapolis,
IN, USA). Antibodies to p44/42, phospho-p44/42, p38, phos-
pho-p38, JNK, and phospho-JNK were purchased from Cell
Signaling Technology (Boston, MA, USA). Mouse monoclonal
anti-ERa, anti-GAPDH, HRP-conjugated goat anti-rabbit and
HRP-conjugated goat anti-mouse IgG secondary antibodies
were from Santa Cruz Biotechnology (Heidelberg, Germany).
Rabbit polyclonal anti-prosaposin and anti-H2AFX antibody
were purchased from Protein Tech Group (Chicago, IL, USA).
Fluorescein isothiocyanate-conjugated donkey anti-mouse sec-
ondary antibody was from Jackson Laboratory (Bar Harbor,
ME, USA). Prosaposin recombinant protein was purchased
from Abnova (Taipei City, Taiwan). The ECL assay kit was

3To whom correspondence should be addressed.
E-mails: xjyun@fudan.edu.cn; jxgu@shmu.edu.cn

Cancer Sci | October 2012 | vol. 103 | no. 10 | 1820–1825 doi: 10.1111/j.1349-7006.2012.02374.x
© 2012 Japanese Cancer Association



purchased from Tiangen (Beijing, China). E2 was purchased
from Fluka (St. Louis, MO, USA).

Experimental animals, cell culture and transfections. Four-
week-old female m/m mice, human breast cancer MCF-7 cells
and T47D cells were obtained from the Institute of Cell Biol-
ogy, the Chinese Academy Of Sciences (Shanghai, China).
MCF-7 and T47D cells were cultured in DMEM supplemented
with 10% FBS, 100 units/mL of penicillin and 50 lg/mL
streptomycin. MCF-7 cells were further supplemented with
0.01 mg/mL bovine insulin. Cells were transfected using the
Lipofectamine 2000 with plasmids according to the manufac-
turer’s protocol.

Plasmids construction and RNA interference. Estrogen receptor
alpha expression plasmid, Renilla luciferase plasmid (pRL),
3 9 estrogen response element (ERE)-luciferase reporter con-
structs were kindly provided by Dr. Hongliang Zong. Two
complementary oligonudeotides targeted to the PSAP gene
were designed to knockdown PSAP expression: 5′-GATC
CATCCCTTCCCTGCGACATATTCAAGGAGATATGTCGC
AGGGAAGGGATTTTTTTGGAAA-3′ and 5′-AGCTTTTCC
AAAAAAATCCCTTCCCTGCGACATATCTCTTGAATATG
TCGCAGGGAAGGGATG-3′. Plasmid psilencer-PSAP was
constructed by inserting the annealed complementary oligonu-
cleotides into the psilencer 2.1-U6 neo vector (Ambion, New
York, NY, USA). PcDNA3.1-PSAP was constructed from
pRC/CMV-PSAP plasmid kindly provided by Dr. C.R. Mor-
ales (Department of Anatomy and Cell Biology, McGill Uni-
versity, Montreal, QC, Canada).

Dual luciferase reporter gene assays. T47D and MCF-7 cells
(3 9 104 cells per well in 24-well plates) were incubated in
5% CS-FBS supplemented PR-free DMEM for 2 days prior to

transfection. Cells were cotransfected with 39ERE-luciferase
reporter construct (200 ng), a control pRL (2 ng). Twenty-four
hours after transfection, the culture medium was replaced with
PR-free DMEM containing 5% CS-FBS and supplemented
with PSAP at indicated concentrations and ethyl alcohol
(ETOH) or 100 nM E2. After another 24 h, cells were lysed
using Passive Lysis Buffer according to the manufacturer’s
specifications and assayed immediately for reporter and control
gene activities with the Dual-Luciferase Reporter Gene Assay
(Promega, Madison, WI, USA) using a Lumat LB9507 lumi-
nometer (EG&G Berthold, Bad Wildbad, Germany).

Western blot analysis. Protein extraction from cultured cells
or tumor tissues and western blotting analysis were performed
as previously described.(29)

Total RNA extraction and real-time PCR. Total mRNA samples
of MCF-7 and T47D breast cancer cells were extracted using
Trizol reagent according to the manufacturer’s instructions. One
microgram of total RNA extracted from the cells was subjected
to reverse transcription (RT). The RT and real-time PCR were
performed by using TaKaRa RNA PCR Kit (AMV) Ver. 3.0 and
SYBR Premix Ex Taq II according to the manual (TaKaRa,
Dalian, China), respectively. Primers used for real-time PCR
were as follows: ERa-F 5′-AGGTGGACCTGATCATGGAG-3′
and ERa-R 5′-AAGCTTCGATGATGGGCTTA-3′; GAPDH-F
5′-GGCTGAGAACGGGAAGCTTGTCAT-3′ and GAPDH-R
5′-CAGCCTTCTCCATGGTGGTGAAGA-3′. Real-time PCR
was performed using 7500 multicolor real-time PCR detection
system (ABI, Carlsbad, CA, USA) with the following cycling
conditions: (i) 30 s at 95°C and (ii) 40 cycles, with one cycle
consisting of 5 s at 95°C, 34 s at 60°C. Glyceraldehyde 3-phos-
phate dehydrogenase was used as an internal reference under the
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(c) (d)
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(f)

(g)
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Fig. 1. Prosaposin (PSAP) upregulated estrogen
receptor alpha (ERa) expression. (a,b) After the
initial 48-h estrogen deprivation, MCF-7 and T47D
cells were treated with increasing concentrations (0,
5, 20 ng/mL) of PSAP protein with or without E2 for
24 h. Estrogen receptor alpha protein level was
detected by western blot. (c,d) MCF-7 and T47D cells
were treated with PSAP (0, 5, 20 ng/mL) for 24 h.
The total RNA was extracted and subjected to real-
time polymerase chain reaction (PCR) analysis of ERa
mRNA level. (e,f) MCF-7 cells were transfected with
pSilencer 2.1 (pSi) or pSilencer-PSAP (pSi-PSAP)
plasmid. 48 h after transfection, cell lysates were
quantified and blotted with anti-PSAP, anti-ERa and
anti-glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) antibodies (e), and the total RNA was
extracted and subjected to real-time PCR analysis of
ERa mRNA level (f). (g) MCF7 cells were treated with
control or conditioned media (CM) from pcDNA3.1-
PSAP transfected MCF7 cells. Estrogen receptor
alpha protein level was detected by western blot.
The amount of PSAP in CM was detected by enzyme
linked immunosorbent assay (ELISA) assay in (h).
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same experimental conditions. Data were analyzed by using
7500 software (ABI). The values were obtained through normal-
izing to GAPDH copies.

Preparation of nuclear and cytoplasmic extract. To extract the
nuclear protein, 1 9 106 MCF-7 cells were collected for
nuclear extraction. Cytoplasmic and nuclear fractions were
extracted with nuclear extraction kit (Thermo, Rockford, IL,
USA) according to the manufacturer’s manual and stored at
�70°C for further analysis.

Immunofluorescence assay. The MCF-7 cells were plated
onto cover slips. After 24 h, cells were treated with ETOH, E2
(100 nM) or PSAP (20 ng/mL) and then washed with PBS,
fixed in 4% polyformaldehyde, permeabilized in 0.2% Triton
X-100 and blocked in 1% BSA for 1 h at room temperature.
Cells were stained with anti-ERa antibody for 2 h at room
temperature followed by incubation with FITC-conjugated don-
key anti-mouse secondary antibody for 1 h at room tempera-
ture. To stain the cell nucleus, the cover slips were washed
with PBS three times and incubated in 25 lg/mL Hoechst
33258 solution for 10 min in a dark chamber. Cells were
washed three times with PBS, inverted, mounted on slides, and
examined in Leica TCS SP5 confocal microscope (Leica,
Wetzlar, Germany).

Cell proliferation assay. Cell proliferation was analyzed using
the Cell Counting Kit (Dojindo, Kamimashiki-gun Kumamoto,
Japan). Briefly, 2 9 103 MCF-7 cells (in 100 lL medium)
were plated per well in a 96-well plate, and allowed to adhere
overnight. The cells were incubated with ETOH or 100 nM E2
and PSAP protein at indicated concentrations, and then

cultured in PR-free DMEM with 5% CS-FBS for 24 h. At the
end of incubation, 10 lL of CCK-8 solution was added to each
well and the cultures were incubated at 37°C for 40 min. Cell
proliferation rate was assessed by measuring the absorbance at
450 nm with the Universal Microplate Reader (Bio-Tek Instru-
ments, Minneapolis, MN, USA). The results were plotted as
means ± SD of three separate experiments having four deter-
minations per experiment for each experimental condition.

Tumor Xenograft experiment. For mouse xenograft experi-
ments, 3 9 106 MCF-7 cells were injected subcutaneously into
the flanks of female nude mice aged 4 weeks. Both groups
(six mice per group) were treated with E2 in a dose of 5 mg/
kg once a week. The nude mice in PSAP group were addition-
ally injected with 10 lg/kg PSAP protein in the tumor site
once a week. The control group was injected with the same
volume of saline instead. Tumors were allowed to grow for
5 weeks before being excised and weighed before protein
extraction by homogenization.

Results

Prosaposin upregulates ERa level in breast cancer cells. In
order to better investigate the effect of PSAP in breast cancer,
we treated breast cancer cells with recombinant PSAP protein.
Interestingly, we found the ERa protein expression level was
positively regulated by PSAP in a dose-dependent manner in
MCF-7 cells and T47D cells (Figure 1a,b). Similar tendencies
were also observed in mRNA level of ERa in MCF-7 and T47D
cells (Figure 1c,d). Meanwhile, ERa protein and mRNA level

(a) (b)

(c)

(d)

Fig. 2. Prosaposin (PSAP) increased the tran-
scriptional activity of estrogen receptor alpha (ERa).
(a,b) MCF-7 and T47D cells were transfected with
pRL and 39ERE-LUC plasmids. After 24 h, cells were
incubated with indicated concentrations of PSAP
protein and ethyl alcohol (ETOH) or 100 nM E2, and
harvested after another 24 h. Luciferase activity
was measured and normalized to Renilla luciferase
activity. (*P < 0.05 compared with ETOH control;
**P < 0.05 compared with E2 control) (c) MCF-7
cells were treated in the presence or absence of
PSAP or E2 in serum- and PR-free Dulbecco’s
modified eagle medium (DMEM) for 3 h. Nuclear
and cytoplasmic extracts were prepared using a
nuclear extraction kit and whole cell lysates were
prepared from parallel tissue culture plates. Protein
sample was subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE).
Immunoblotting was performed using the anti-ERa
antibody. Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH), b-tublin and H2AFX were used as
loading controls of whole cell lysates, cytoplasmic
and nuclear extracts respectively. (d) Immuno-
fluorescence assay was performed in MCF-7 cells.
The subcellular localization of ERa (green) and
nuclear (blue) are shown. Scale bar, 10 lm.
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was decreased when endogenous PSAP was knocked down by
RNA interference in MCF-7 cells (Figure 1e,f). Furthermore,
we treated MCF-7 cells with conditioned media (CM) of PSAP-
transfected MCF-7 cells, which secreted PSAP in high concen-
trations (Figure 1h) and then found the CM of PSAP-transfected
cells could upregulate ERa protein expression (Figure 1g),
which indicated that the secreted PSAP played a role in regulat-
ing ERa expression level in breast cancer cells.

Prosaposin enhances ERa transcriptional activity. To further
study the effect of PSAP in ERa-mediated transcriptional
activity, we took advantage of a dual luciferase assay system
using the 39ERE-Luc reporter plasmid containing multiple

estrogen-responsive elements. Figure 2a,b demonstrates that
PSAP promoted ERa-mediated transcription in a dose depen-
dent manner in MCF-7 and T47D cells. Estrogen treatment
could significantly enhance the transcriptional activity of ERa,
which was consistent with previous studies. However, we
found that the effects of PASP on ERa-mediated transcription
were estrogen-independent in present study.
It has been broadly known that steroid receptors translocate

into the nuclei, bind to the chromatin, and alter gene expres-
sion upon certain stimulation, such as estrogen. We next exam-
ined ERa expression in nuclear, cytoplasmic, and whole cell
extracts in MCF-7 cells, and found that PSAP treatment
increased nuclear ERa content and reduced cytoplasmic-ERa
in 3 h (Figure 2c). In order to further confirm the nuclear
translocation of ERa after PSAP treatment, we conducted
immunofluorescence assay in MCF-7 cells. As shown in
Figure 2d, ERa mainly located in plasma in the control group.
After PSAP treatment for 3 h, most ERa translocated into
nuclear, which was consistent with the positive control: E2
treatment group. Although such a short treatment period was
not sufficient to increase ERa expression, the nuclear translo-
cation of ERa was clearly observed. These findings provided
an indication that the enhancement of ERa-mediated transcrip-
tional activity by PSAP was dependent not only upon increas-
ing total ERa protein level but also upon promoting nuclear
translocation of ERa. Meanwhile, the nuclear morphometry
became loose after E2 or PSAP treatment, suggesting the
occurrence of chromatin remodeling, which might provide
another clue about the transcription activation.

Regulation of PSAP on ERa is MAPK pathway depen-
dent. Since evidence has suggested that PSAP activates
MAPK-signaling pathway in prostate cancer cells,(24) and p44/
42 MAPK may be involved in ligand-independent activation of
ERa,(30) we detected the role of the MAPK pathway in the
regulation of ERa by PSAP in MCF-7 and T47D cells. As
shown in Figure 3a,b, PSAP treatment increased phosphory-
lated p44/42 (p-p44/42) rather than p-p38 and p-JNK. To fur-
ther confirm the role of p44/42 in ERa upregulation by PSAP,
MCF-7 and T47D cells were pretreated with U0126 and
PD98059. Then expression of p44/42, p-p44/42 (Figure 3c,d)
and ERa (Figure 3e,f) was detected after PSAP treatment. As
a result, PSAP increased ERa expression, which was substan-
tially inhibited by U0126 and PD98059 (Figure 3e,f). These
findings supported the hypothesis that PSAP could upregulate
ERa expression through the MAPK-signaling pathway.

Prosaposin promotes tumor growth of breast cancer in vitro
and in vivo. Based on the role of ERa in breast cancer and the
correlation between PSAP and ERa we have proven, we
sought to determine the potential role of PSAP in breast can-
cer. To determine whether PSAP affected cell proliferation in
breast cancer, we performed cell proliferation assay using
CCK8 in MCF-7 cells, and found that PSAP stimulated MCF-
7 cells growth in a dose-dependent manner (Figure 4a).
To further investigate the effects of PSAP on breast cancer

in vivo, tumor xenograft experiments were performed in nude
mice with MCF-7 cells. Since MCF-7 xenograft requires estra-
diol for growth in nude mice, it is impossible to achieve a
nonhormone treated group in vivo. The control group was trea-
ted with estradiol only and the PSAP group was treated with
both estradiol and PSAP (10 lg/kg per week). Prosaposin
treatment significantly promoted tumor growth compared with
the control group, as assessed by tumor volume (Figure 4b).
Five weeks after tumor xenograft, mice were killed and tumor
tissues were examined. Significantly, PSAP enhanced tumor
growth compared with control (Figure 4c). Further study also
confirmed that ERa and proliferating cell nuclear antigen
(PCNA) protein level were increased in the xenografts
removed from the nude mice treated with PSAP (Figure 4d).

(a) (c)

(b) (d)

(e)

(f)

Fig. 3. Prosaposin (PSAP) upregulated estrogen receptor alpha (ERa)
expression through MAPK-signaling pathway. (a,b) MCF-7 and T47D
cells starved overnight were treated with PSAP (20 ng/mL) for 15 min.
An equal amount of protein (lysates) was subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Immunoblot-
ting was performed using antibody to p44/42, phosphorylated p44/42,
p38. phosphorylated p38, JNK and phosphorylated JNK. Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) was used as loading con-
trols. (c,d) MCF-7 and T47D cells starved overnight cells were washed
with serum- and PP-free Dulbecco’s modified eagle medium (DMEM)
and pretreated in this medium with U0126 (20 lM) and PD98059
(20 lM) for 2 h. Cells were then washed and treated with PSAP
(20 ng/mL) for 15 min. An equal amount of protein (lysates) was sub-
jected to SDS-PAGE. Immunoblotting was performed using antibody
to p44/42, phosphorylated p44/42. (e,f) MCF-7 and T47D cells were
treated as (c,d) described and treated with PSAP (20 ng/mL) for 24 h
rather than 15 min. Estrogen receptor alpha protein level was
detected by western blot. GAPDH was used as loading controls.
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These data identified that PSAP could increase ERa expres-
sion, induce proliferation and promote tumor growth in breast
cancer.

Discussion

Previous research has shown that PSAP knockout mice dis-
played some developmental abnormalities in the nervous sys-
tem and male reproductive organs.(31) Meanwhile, PSAP was
found in cerebrospinal fluid and seminal plasma.(16) The phe-
nomena of PSAP knock-out mice and distribution of PSAP in
the body interested researchers in investigating the role of
PSAP in the nervous system and prostate cancer. Koochekpour
et al.(24) studied the role of PSAP in prostate cancer and found
that PSAP played a role in regulating AR and PSA expression
and cell activity.(32) In addition, PSAP can be secreted by
breast cancer cells(28) and also exists in human milk.(27) But
little is currently known about the molecular and cellular func-
tion of PSAP in breast cancer. In this study, we investigated a
novel function of PSAP in breast cancer.
Estrogen receptor alpha is a steroid hormone receptor indis-

pensable for the development, regulation and maintenance of
female phenotype and reproductive physiology. It also plays
an important role in the development and progression of breast
cancer. Here, we found that PSAP could upregulate ERa
expression and ERa-dependent transcription. As we know,
ERa is a nuclear transcription factor, and it should translocate
into the nucleus in order to exert its transcriptional role, driv-
ing the expression of its target genes. In addition, we still
found PSAP enhanced the nuclear ERa-translocation in breast
cancer cells. Thus, our present results indicated a role of PSAP
in regulating ERa in breast cancer.
Estrogen signaling and the ER are implicated in breast can-

cer progress, and the majority of the human breast cancers
start out as estrogen dependent. As the endogenous ligand of
ERa, estrogen induces receptor transcriptional activity as well
as receptor degredation,(33) which was also detected in our
study (Figures 1 and 2). Meanwhile, our study revealed PSAP
could upregulate ERa expression, which partially counteracted
ERa degradation induced by estrogen (Figure 1a,b). Prosaposin
could also enhance ERa transcriptional activity in the absence
or presence of estrogen. Although the transcription enhance-
ment by PSAP was not such effective as estrogen, it was sig-
nificant and ligand-independent (Figure 2).
It has been reported that ERa-positive breast cancer patients

can benefit from endocrine therapy (e.g., tamoxifen). Neverthe-
less, the activation of ERa due to “crosstalk” with growth fac-

tors leads to ligand-independent ERa acivation,(34,35) resulting
in failure in endocrine therapy. Taking into consideration that
ligand-independent activation of ERa may define a path to
endocrine resistance, enhanced mechanistic insight concerning
the function of its ligand-independent regulator, such as PSAP,
could identify novel prognostic markers of endocrine resistance
and possible targets for therapeutic intervention in breast can-
cer. Furthermore, we confirmed PSAP could promote prolifera-
tion of breast cancer cells in vitro, and tumor growth in vivo.
These results revealed that PSAP might be a novel tumor pro-
moting factor in breast cancer.
On the other hand, endocrine therapy blocks ER-mediated

mitogenic signaling to exert the management of ER-positive
breast cancer. However, therapeutic resistance during treat-
ment remains a significant clinical roadblock to effective
disease management. Recent molecular evidence suggested
that ‘crosstalk’ pathways originating from activated receptor
tyrosine kinases and/or other proliferative and survival sig-
nals may be contributing to this endocrine resistance.(36)

Membrane receptor-initiated signaling through the MAPK
pathway and the phosphatidylinositol-3-kinase (PI3K)-Akt
pathway leads to both ligand-dependent and ligand-indepen-
dent ER-mediated gene activation.(37) In the present study,
we demonstrated PASP regulated ERa through the p44/42
MAPK pathway, which further confirms the crosstalk
between growth factor and ER mediated signaling in breast
cancer.
Since ligand-independent activation of ERa might result in

endocrine resistance, investigating the ligand-independent func-
tion (such as PSAP) could identify novel prognostic markers
of endocrine resistance and possible targets for therapeutic
intervention in breast cancer.
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Fig. 4. Prosaposin (PSAP) promoted tumor pro-
liferation in vitro and in vivo. (a) After the initial
48 h estrogen deprivation, MCF-7 cells were
incubated in increasing concentrations of PSAP
protein with ethyl alcohol (ETOH) or E2. Cell
proliferation was measured using a CCK-8 Counting
Kit. (b) In vivo subcutaneous tumor growth curves of
control group (n = 6) and PSAP group (n = 6). Each
bar represents the mean ± standard deviation (SD).
*P < 0.05 (c) Mice were killed after 5 weeks and
tumor samples were collected, measured, and
photographed. (d) Western blot analysis of estrogen
receptor alpha (ERa) and proliferating cell nuclear
antigen (PCNA) protein levels in xenografts removed
from the nude mice. glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used as loading
controls.
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