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The phosphoinositide 5-kinase PIKfyve and 5-phosphatase Sac3 are scaffolded by ArPIKfyve in the
PIKfyve-ArPIKfyve-Sac3 (PAS) regulatory complex to trigger a unique loop of PtdIns3P-PtdIns(3,5)P,
synthesis and turnover. Whereas the metabolizing enzymes of the other 3-phosphoinositides have
already been implicated in breast cancer, the role of the PAS proteins and the PtdIns3P-PtdIns(3,5)P, con-
version is unknown. To begin elucidating their roles, in this study we monitored the endogenous levels of
the PAS complex proteins in cell lines derived from hormone-receptor positive (MCF7 and T47D) or tri-
ple-negative breast cancers (TNBC) (BT20, BT549 and MDA-MB-231) as well as in MCF10A cells derived
PtdIns(3,5)P,/PtdIns5P . . . . .
PIKfyve from pon-tumorlgemc mast'e.ctomy. We report profound upre;gula}tlon of SaF3 and ArPIIffyve in thfe triple
Sac3 negative vs. hormone-sensitive breast cancer or non-tumorigenic cells, with BT cell lines showing the
ArPIKfyve highest levels. siRNA-mediated knockdown of Sac3, but not that of PIKfyve, significantly inhibited prolif-
eration of BT20 and BT549 cells. In these cells, knockdown of ArPIKfyve had only a minor effect, consis-
tent with a primary role for Sac3 in TNBC cell proliferation. Intriguingly, steady-state levels of
PtdIns(3,5)P, in BT20 and T47D cells were similar despite the 6-fold difference in Sac3 levels between
these cell lines. However, steady-state levels of PtdIns3P and PtdIns5P, both regulated by the PAS com-
plex, were significantly reduced in BT20 vs. T47D or MCF10A cell lines, consistent with elevated Sac3
affecting directly or indirectly the homeostasis of these lipids in TNBC. Together, our results uncover
an unexpected role for Sac3 phosphatase in TNBC cell proliferation. Database analyses, discussed herein,
reinforce the involvement of Sac3 in breast cancer pathogenesis.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Enhanced signaling through class I phosphoinositide 3-kinase
(PI3K)/Akt signaling cascade promotes oncogenesis and has been
manifested in many human cancers [1,2]. In primary human breast
cancers, alterations in one or more components of this pathway are
described in more than 70% of the cases [3]. Thus, the p110 alpha
catalytic subunit of class IA PI3 kinase (gene symbol PIK3CA),
synthesizing PtdIns(3,4,5)P; from PtdIns(4,5)P, at the plasma

Abbreviations: PtdIns, phosphatidylinositol; PI, phosphoinositides; PIKfyve,
phosphoinositide kinase for position five containing a fyve domain; ArPIKfyve,
associated regulator of PIKfyve; Sac3, Sacl domain-containing phosphatase 3; PAS
complex, PIKfyve-ArPIKfyve-Sac3 complex; GroPIns, glycerophosphorylinositol;
TNBC, triple negative breast cancer.
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membrane, and/or Akt1, activated downstream of PtdIns(3,4,5)P3
are frequently upregulated in breast cancer by somatic mutations
or gene amplification [1-5]. Concordantly, loss of function of PTEN
(phosphatase and tensin homolog on chromosome 10) that ceases
the PI3K signaling by hydrolyzing PtdIns(3,4,5)P3 to PtdIns(4,5)P,
is found in a number of breast carcinomas as a result of mutation
or loss of heterozygosity [6,7]. Intriguingly, the metabolism of an-
other 3-phosphorylated PI, i.e., PtdIns(3,4)P,, that could be pro-
duced through 5-dephosphorylation of PtdIns(3,4,5)P; is also
implicated in breast cancer [7,8]. Concordantly, the inositolpoly-
phosphate 4-phosphatases INPP4A/B, hydrolyzing PtdIns(3,4)P,
to PtdIns3P, are found to function as tumor suppressors as
evidenced by studies in both mouse and human models of breast
cancer [1,2]. These data indicate that proper regulation of the phos-
phatases that turn over PtdIns(3,4,5)P, and PtdIns(3,4)P, plays a
pivotal role in mammary tumorigenesis.

Another 3-phosphorylated PI is the low abundance
PtdIns(3,5)P, whose metabolism is controlled by an elaborate
mechanism. It requires a triple protein complex that incorporates
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two enzymes with opposing activities, i.e., the phosphoinositide
5-kinase PIKfyve, synthesizing PtdIns(3,5)P, from PtdIns3P, and
the phosphoinositide 5-phosphatase Sac3 (Sacl domain-contain-
ing phosphatase 3, gene symbol FIG4), hydrolyzing PtdIns(3,5)P,
to PtdIns3P [9,10]. The enzymes are held together with the aid of
a scaffold, i.e., ArPIKfyve (Associated regulator of PIKfyve; gene
symbol VAC14) that binds them both and selectively prevents
Sac3 rapid degradation [11-13]. The triple complex, referred to
as the PAS complex (for PIKfyve-ArPIKfyve-Sac3) promotes both
synthesis and turnover of PtdIns(3,5)P, [9,12,14]. PtdIns(3,5)P;
functions primarily in the endosomal system where, by regulating
endosomal fusion and multivesicular body formation/fission, it
controls endocytic trafficking to various destinations, such as lyso-
somes or the TGN and membrane recycling to the plasma mem-
brane [10]. Compromised function of PIKfyve in the endosomal
system has been already implicated in human cancers. Thus, im-
paired PIKfyve functionality attenuates EGFR nuclear trafficking,
gene regulation and cell proliferation in human bladder carcino-
mas [15]. Likewise, perturbation of PIKfyve is found to reduce inva-
siveness in human NPM-ALK-positive lymphoma cells due to
disturbed proper MMP9 maturation and intracellular localization
[16]. The potential role of endosomal PtdIns(3,5)P, and its metab-
olizing enzymes/regulators in breast cancer pathogenesis is cur-
rently unknown. To begin shedding some light on this issue, in
the present study we examined the relative levels of the PAS com-
plex proteins and related them to the steady-state levels of
PtdIns(3,5)P,/PtdIns3P in several malignant neoplastic epithelial
cells from primary human breast cancers, both hormone-receptor
positive and triple-negative (TNBC). We report here that whereas
PIKfyve protein levels only mildly varied among the breast cancer
cells lines, levels of ArPIKfyve and Sac3 were markedly higher in
the triple negative vs. hormone-sensitive cell lines. We further re-
veal that siRNA-mediated silencing of Sac3, but not that of PIKfyve,
in the TNBC cells is associated with dramatic reduction of cell pro-
liferation. These results, taken together with available database
information from functional genetic screening [17] suggest that
the Sac3 phosphatase could be a new therapeutic target in triple
negative breast cancer.

2. Materials and methods
2.1. Cell lines

Human breast cancer cell lines were maintained as follows:
MCF7, T47D, and MDA-MB-231 cells, in DMEM containing 10%
FBS, 1% amphotericin B and 0.05% gentamicin; BT20 cells, in mod-
ified Eagle’s medium (MEM) containing 10% FBS, 1% amphotericin
B, 0.05% gentamicin, 2% sodium bicarbonate, 1% sodium pyruvate,
and 1% non-essential amino acids; BT549 cells, in RPMI 1640 med-
ium containing 10% FBS, 1% amphotericin B, 0.05% gentamicin,
1 mM Hepes, pH 7.4, 2% sodium bicarbonate, 1% sodium pyruvate,
4.5 ¢g/L glucose, and 23 mU insulin (Humalog). Spontaneously
immortalized MCF10A mammary gland cells were grown in 1:1
DMEM/Hams F12 medium, supplemented with 5% horse serum,
20 ng/ml epidermal growth factor, 10 pg/ml insulin, 1% L-gluta-
mine, 0.5 pg/ml hydrocortisone and 1% penicillin/streptomycin.
Rat pheochromocytoma PC12 cells and differentiated mouse
3T3L1 adipocytes were maintained as specified previously [18].

2.2. siRNA-mediated silencing and cell proliferation assays

Smart Pool siRNA duplexes targeting human PIKfyve (#M-
005058-03), Sac3 (cat. #M-019141-01) or ArPIKfyve (#M-
015729-02) sequences and control cyclophilin B (#D-01136-01),
purchased from ThermoFisher, were characterized previously

[11,12,14]. Cells (~80% confluent 60 mm dishes) were transfected
by the Lipofectamine RNAIMAX reagent and 0.2 nmol of siRNA, fol-
lowing manufacturer’s protocol (Invitrogen). In experiments using
a combination of ArPIKfyve and Sac3 siRNAs, the control cells re-
ceived 0.4 nmol cyclophilin B siRNA. Twenty-four hours post-
transfection cells (150,000/dish) were reseeded in duplicate
35 mm dishes for each time point and counted on days 2, 4, 6
and 8 post-transfection by standard hemocytometer (Baxter). In
parallel, 15,000 cells/well were seeded in triplicates in a 24-well
dish for the MTT assay. On the indicated days, yellow MTT
(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide)
(Sigma M2128) solution [100 pl of 5 mg MTT/ml PBS] was added
to each well and cells were incubated for 4 h. After medium
removal, the intracellular water-insoluble purple product was
dissolved in 1.0 ml of isopropanol, containing 4 mM HCI and 0.1%
Nonidet P-40. The absorbance was read within 15 min on a
spectrophotometer at 590 nm. Values were normalized from a
standard curve of MTT formazan (Sigma M2003). Wells containing
only medium were processed similarly in every experiment.
Silencing was determined on day 3 and 6 after siRNA treatment
by immunoblotting.

2.3. Western blot analysis

Cell lysates were collected in RIPA+ buffer (radioimmunoprecip-
itation assay buffer; 50 mM Tris HCI, pH 8.0;150 mM NaCl; 1%
Nonidet P-40; 0.5% Na deoxycholate), supplemented with 1x pro-
tease inhibitors as previously described [18]. Protein concentra-
tions were determined by the bicinchoninic acid protein assay kit
(Pierce). Equal amounts of protein were separated by SDS-PAGE,
transferred to nitrocellulose membrane and immunoblotted with
the indicated antibodies as detailed [19]. Equal loading was veri-
fied by staining of the nitrocellulose membranes with Ponceau S
solution (Sigma) prior to immunoblotting and by immunoblotting
of stripped membranes with anti-GDI1 antibodies. Protein levels
were normalized for the respective protein band signal in PC12
cells by laser scanning densitometry (Epson V700) and UN-SCAN-
IT software (Silk Scientific). Several films of different exposure time
were quantified to assure that the signals were within the linear
range of sensitivity.

2.4. Myo-[2->H] inositol cell labeling and HPLC analyses

BT20 and T47D breast cancer or MCF10A mammary epithelial
cells were maintained overnight in glucose- and inositol-free cell
type-specific medium and labeled for 30 h with 25 pCi/ml follow-
ing previously published protocols [20]. Cellular lipids were
extracted, deacylated, and analyzed by HPLC (Waters 5215) on a
5-micron Partishere SAX column (Whatman). [*?P] GroPIn stan-
dards were synthesized and co-injected as described elsewhere
[18,20,21]. Fractions, collected every 0.25 min, were used for deter-
mination of [*H] and [*?P] radioactivity after the addition of scintil-
lation mixture. The integrated area of individual peak radioactivity
was calculated as a percentage of the “total radioactivity”, i.e., the
sum of all detected peaks for [*H]-GroPIns (-3P; -4P; -5P; -(3,5)Py;
and -(4,5)P,), as detailed elsewhere [18].

2.5. Statistics

Data are given as mean + SE. Statistical analysis was done by
Student’s t-test for independent samples with p < 0.05 considered
as significant.
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3. Results and discussion

Whereas endogenous levels of the evolutionarily conserved PIK-
fyve, ArPIKfyve and Sac3 proteins have been documented in a num-
ber of mammalian cell types [11,14,19,22], insights about their
expression and abundance in malignant cells, including human
breast cancer cells, is elusive. In fact, among tumor cells, endoge-
nous levels of the three proteins have been investigated only in
pheochromocytoma tumor cells (PC12), where each of the three
proteins was found to be expressed at high levels [11,14,23]. To start
elucidating a potential role of the PAS complex proteins in breast
cancer, we examined the presence and abundance of the three
endogenous proteins in several human breast cancer cell lines, both
hormone-sensitive (MCF7 and T47D) and triple negative (BT20,
BT549 and MDA-MB-231), by Western blot analysis with specific
antibodies. As controls for Western blot normalization across exper-
iments and protein quantification, we analyzed simultaneously
MCF10A, a non-transformed epithelial cell line derived from human
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fibrocystic mammary tissue and/or PC12 tumor cells (Fig. 1A). Ly-
sates from differentiated 3T3L1 adipocytes were also analyzed, as
these cells express the three proteins at the highest levels among
all cells tested thus far [19,23,24]. Quantitative analysis from five
to seven independent experiments was performed for each cell line
(Fig. 1B). Unexpectedly, we found that the hormone-sensitive MCF7
or T47D and the triple-negative BT cell lines exhibited relatively low
levels of the PIKfyve protein, comparable to those of the control
non-transformed MCF10A cells (Fig. 1). Only in the MDA-MB-231
cell line were the PIKfyve levels significantly elevated vs. the
MCF10A control cells, reaching those of the PC12 cells but still be-
low the 3T3L1 adipocytes’ high levels (Fig. 1). Surprisingly, levels
of ArPIKfyve and Sac3 showed more pronounced differences among
the cancer types. Thus, they both were significantly greater in the
three TNBC cell lines compared to hormone-sensitive MCF7 and
T47D cell lines. Intriguingly, whereas the relatively higher
ArPIKfyve/Sac3 levels in MDA-MB-231 TNBC cells were counterbal-
anced by proportional increases of the PIKfyve protein, ArPIKfyve
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Fig. 1. ArPIKfyve and Sac3 are up-regulated in BT20, BT549 and MDA-MB-231 TNBC cell lines. Equal amount of cell RIPA* lysates (150 pg protein) derived from indicated
TNBC or hormone-sensitive breast cancer cell lines as well as from rat PC12 or differentiated mouse 3T3L1 adipocytes were used to determine protein levels of PIKfyve,
ArPIKfyve and Sac3 by immunoblotting. (A) Chemiluminescence detections of representative blots in duplicate samples for each of the three proteins out of five to seven
experiments per cell line. Probing with anti-PIKfyve and anti-ArPIKfyve was performed on the upper and lower part of the same blot, respectively, subsequent to cutting the
membrane horizontally at the 120 kDa protein marker. Equal loading was verified by probing with anti-GDI1. (B) Quantitation of the band intensity for each protein
expressed as a percentage of the corresponding band in PC12 cell lysates run in the same experiment. Asterisks (*) denote statistical significance vs. MCF10A cells (p < 0.05).
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and Sac3 in the BT20 or BT549 TNBC cell lines were elevated by 5-6-
fold when normalized for their PIKfyve content (Fig. 1). These data
indicate unprecedented increases of both ArPIKfyve and Sac3 vs.
PIKfyve selectively in the triple negative BT cell lines.

ArPIKfyve and Sac3 stably associate with each other indepen-
dently of PIKfyve, which stabilizes the phosphatase and prevents
its rapid degradation by the proteasome [13]. Concordantly, fibro-
blasts from mice with ArPIKfyve knockout (KO) have undetectable
levels of Sac3, whereas HEK293 cells overexpressing ArPIKfyve
have higher Sac3 [13,25]. The profound and coordinated upregula-
tion of ArPIKfyve/Sac3 protein levels observed in the TNBC cells
suggest the possibility that the two proteins may be involved in
initiation/progression of triple-negative breast carcinomas. To test
this hypothesis we assessed BT20 and BT549 cell proliferation
subsequent to siRNA-mediated silencing of ArPIKfyve and Sac3
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proteins, separately or in combination. We monitored cell prolifer-
ation over a period of 2-8 days subsequent to the siRNA treatment
by two independent approaches: cell counting and MTT assays.
Depletion of either protein was significant and stable, typically,
60-80% reduction vs. control levels, as determined on day 3 and
6 post-transfection with the siRNA of individual proteins and with
control siRNA (Fig. 2A and not shown). Consistent with the require-
ment of ArPIKfyve for preventing Sac3 degradation [13], silencing
of ArPIKfyve caused specific reduction in Sac3 levels (Fig. 2A) in
agreement with our previous observations [14]. Cell proliferation
analyses by both approaches yielded similar results (Fig. 2B and
C). Thus, as illustrated in Fig. 2B for BT20 cells and Fig. 2C, for
BT549 cells, Sac3 silencing markedly inhibited cell proliferation
as evidenced by the significant reduction in cell number or the
MTT formazan absorbance vs. control cells over the time period
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Fig. 2. siRNA-mediated silencing of Sac3 but not ArPIKfyve significantly inhibits BT20 and BT549 and breast cancer cell proliferation. (A-C) BT20 and BT549 cells were
transfected with control (human cyclophilin B), human Sac3 and ArPIKfyve siRNAs to knock down the individual endogenous protein. (A) Aliquots of fresh RIPA+ lysates
(45 pg) derived from BT20 cells were analyzed by immunoblotting with the indicated antibodies on day 3 post-transfection. Chemiluminescence detections of representative
blots revealing ~60-80% decreases in the levels of the targeted proteins upon transfection with the corresponding siRNAs but not with control siRNA. Co-depletion of Sac3 by
ArPIKfyve siRNA is specific as the presence of ArPIKfyve protects Sac3 from degradation. The slight diminution of ArPIKfyve by Sac3 siRNAs is unspecific off-target effect. (B)
and (C) BT20 and BT549 cell proliferation quantified by cell counting (upper panels) and MTT assays (lower panels). At the indicated times post-transfections, cells were
trypsinized and counted (upper panels) or processed by the MMT assay and absorbance (590 nM) measurement as described in Section 2. Note the significant arrest in cell
proliferation under Sac3 siRNA. The time course upon PIKfyve silencing overlaps the control, and is omitted for clarity. Combined ArPIKfyve + Sac3 depletion overlapped the
curve for Sac3 and is also omitted for clarity. The data are from 3 separate experiments per cell line (mean + SEM). (*) Difference between control and Sac3; (*) difference

between control and ArPIKfyve (p < 0.05).
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of the study. Silencing of ArPIKfyve caused a marginal inhibitory
effect, which could be attributed to the associated decrease in
the Sac3 levels (Fig. 2) rather than an effect of ArPIKfyve per se.
This conclusion is corroborated by the data from combined Sac3/
ArPIKfyve protein depletion, which resulted in inhibition of cell
proliferation to a degree similar to that seen by Sac3 silencing
alone as measured by both approaches (Fig. 2). Thus, these data
indicate that the decrease in protein levels of the Sac3 phosphatase
is the primary mechanism for the arrest in cell proliferation and
suggest that the Sac3 levels should be decreased below a certain
threshold for a maximum effect.

Intriguingly, similar analyses in the two BT cell lines revealed
that siRNA-mediated PIKfyve silencing failed to significantly affect
cell proliferation. In fact, the time course was similar to that ob-
served with control siRNAs (Fig. 2B and C). Likewise, PIKfyve deple-
tion in the triple negative MDA-MB-231 cells that exhibit greater
PIKfyve levels (see Fig. 1) also failed to significantly alter the rate
of cell proliferation (not shown). Collectively, these data indicate
markedly attenuated cell proliferation by selective knockdown of
the Sac3 phosphatase in the BT cell lines consistent with the notion
that higher Sac3, and perhaps altered PtdIns(3,5)P,, might be asso-
ciated with breast cancer development and/or progression in TNBC
cells.

As indicated above, the Sac3 phosphatase is required for both
PtdIns(3,5)P, synthesis from and turnover to PtdIns3P [9,12,14].
When Sac3 levels are increased in the HEK293 stable cell line by
overexpression of ArPIKfyve that prevents Sac3 degradation,
PtdIns(3,5)P, turnover overrides synthesis, as judged by the slight
decrease of PtdIns(3,5)P, and the commensurate increase of
PtdIns3P steady-state levels [13]. To reveal whether the observed
greater levels of Sac3 (along with ArPIKfyve; Fig. 1) in the BT20 cell
line will similarly accelerate PtdIns(3,5)P, turnover, we assessed
the phosphoinositide profile by HPLC inositol-headgroup analysis
subsequent to cell labeling with myo-[2->H]inositol. As a control,
we used non-transformed MCF10A mammary epithelial cells that
have about 6-fold less Sac3 and equal PIKfyve levels vs. BT20 cells
(see Fig. 1). Unexpectedly, we observed that the BT20 cells had
significantly elevated steady-state levels of PtdIns(3,5)P, and re-
duced PtdIns3P, consistent with the notion that under the patho-
physiological conditions elevated Sac3 phosphatase promotes
PtdIns(3,5)P, synthesis, rather than turnover (Fig. 3). Steady-state
levels of PtdIns5P that are also controlled, entirely or partially, by

PtdIns(3,5)P5
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the PIKfyve and Sac3 enzymatic activities [26] were significantly
reduced vs. MCF10A cells. To reveal whether this relative increase
in steady-state levels of PtdIns(3,5)P, is specific for the triple neg-
ative BT20 cells, we further analyzed the phosphoinositide profiles
in the hormone-sensitive T47D breast cancer cells that exhibit sim-
ilar PIKfyve protein levels but nearly 6-fold reduction in Sac3 vs.
BT20 cells (see Fig. 1). Intriguingly, we observed that steady-state
levels of PtdIns(3,5)P, in T47D cells were similar to those in BT20
despite the profound difference in Sac3 levels between the two
cells lines (Fig. 3). These data suggest that in the breast cancer cells,
steady-state levels of PtdIns(3,5)P, are not directly dependent on
the amount of Sac3 protein, implying additional mechanisms con-
trolling PtdIns(3,5)P; levels in breast cancer. The 2-2.5-fold decline
in steady-state levels of PtdIns3P and PtdIns5P in BT20 vs. T47D
cells allows the speculation that dysregulated PIKfyve functional-
ity, and perhaps that of other PI kinases/phosphatases as a result
of Sac3 protein elevation, may account for our observations
(Fig. 3). At any rate, our phosphoinositide analysis does not support
the notion that elevated Sac3 in the TNBC cells results in reduced
steady-state levels of PtdIns(3,5)Ps.

The data presented in this study demonstrate unprecedented
elevation of endogenous Sac3 protein in the triple negative BT
breast cancer cell lines, linked with enhanced proliferative capacity
of these cells. While the molecular mechanism of coordinated Ar-
PIKfyve/Sac3 upregulation and participation of the ArPIKfyve/
Sac3 sub-complex in breast cancer cell proliferation remains to
be elucidated, it is highly significant that a recent high throughput
study using a lentivirus-driven short hairpin RNA library to silence
~16,000 genes [17] has found Sac3 silencing to be associated with
reduced cell proliferation in 45% of the investigated breast cancer
cell lines. This unexpected high frequency could be better appreci-
ated upon comparison to genes considered critical in breast tumor-
igenesis, such as PIK3CA or AKT1 [1], the silencing of which
inhibited significantly (p < 0.1) breast cancer cell proliferation in
only 28% and 24% of the cases, respectively [17]. Furthermore,
our detailed analysis of data in [17] made the stunning observation
that Sac3 was the most frequently implicated in breast cancer cell
proliferation among all known phosphoinositide-metabolizing en-
zymes, including PIK3CA, INPP4, PTEN and MTM/MTMRs. More-
over, this analysis has further indicated a higher frequency for
Sac3 requirement in proliferation of triple-negative breast cancer
cell lines, including the ones tested herein (BT and MDA-MB-231)
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Fig. 3. Steady-state levels of PIs regulated by the PAS complex in triple-negative and hormone sensitive breast cancer cell lines. Indicated cell lines were metabolically labeled
with myo-[2-3H]-inositol. Extracted lipids were deacylated and the GroPIns resolved by HPLC as described in Section 2. Data are presented as % of the total PIs (mean * SE)
from 3 separate experiments per cell line. (*) Statistically significant differences between BT20 and MCF10A cells; (#) statistically significant differences between BT20 and
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and less so, in hormone sensitive MCF7 and T47D. The essential
role of the Sac3 phosphatase, rather than that of the PIKfyve kinase
in breast cancer initiation/progression, as suggested herein by our
observations for the ineffectiveness of the siRNA-mediated PIKfyve
silencing in proliferation of TNBC cell lines, is further substantiated
by findings for similar ineffectiveness of lentivirus shRNA-medi-
ated silencing of PIKfyve in proliferation of TNBC and hormone-
sensitive breast cancer cells [17].

The notion that Sac3 enhances breast cancer cell proliferation
raises the question as to possible human breast cancer-associated
mutations in Sac3 and/or the ArPIKfyve scaffold that enhances
the phosphatase stability and lifespan [13,25]. A search of the avail-
able public database (http://cancer.sanger.ac.uk/cancergenome/
projects/cosmic/) revealed that somatic mutations in Sac3 or
ArPIKfyve are very rare, 2 (0.2%) and 5 (0.5%) out of 962 studied
human breast cancer samples, respectively. Likewise, no cases of
high-level amplification (above 7x) are reported for both genes
in 45 breast cancer specimens. Unexpectedly, loss of heterozygos-
ity (LOH) was found in 33% (15/45; Sac3) and 49% (22/45,
ArPIKfyve) in these specimens. How LOH of ArPIKfyve/Sac3 is
translated to initiation and/or progression of the different breast
cancer subtypes certainly warrants further investigation. In any
case, the present results demonstrate for the first time upregula-
tion of Sac3 protein levels in the TNBC cell lines linked with
enhanced TNBC cell proliferation and provide the prospect that
potential drug targeting of Sac3 may improve therapeutic out-
comes of the more aggressive TNBC subtype.
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