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SUMMARY

Metastasis is the major cause of breast cancer mortality. Phosphoinositide 3-kinase (PI3K) generated
PtdIns(3,4,5)P; activates AKT, which promotes breast cancer cell proliferation and regulates migration. To
date, none of the inositol polyphosphate 5-phosphatases that inhibit PISBK/AKT signaling have been reported
as tumor suppressors in breast cancer. Here, we show depletion of the inositol polyphosphate 5-phospha-
tase PIPP (INPP5J) increases breast cancer cell transformation, but reduces cell migration and invasion. Pipp
ablation accelerates oncogene-driven breast cancer tumor growth in vivo, but paradoxically reduces metas-
tasis by regulating AKT1-dependent tumor cell migration. PIPP mRNA expression is reduced in human ER-
negative breast cancers associated with reduced long-term outcome. Collectively, our findings identify PIPP
as a suppressor of oncogenic PISK/AKT signaling in breast cancer.

INTRODUCTION PR*, HER2*") breast cancers (Sabine et al., 2014; Cancer

Genome Atlas Network, 2012). Transgenic overexpression of

H1047R i murine

In response to growth factor stimulation, activated class 1 phos-
phoinositide 3-kinase (PI3K) generates phosphatidylinositol
3,4,5-trisphosphate (PtdIns(3,4,5)P3) that facilitates the activa-
tion of many effectors, including the serine/threonine kinase
AKT (Miller et al., 2011; Yuan and Cantley, 2008). PISBK/AKT
signaling drives cell proliferation and survival. PIK3CA, the
gene that encodes the catalytic (p110a) subunit of class 1
PI3K, is mutated and activated in ~35%-45% of luminal A
(ER-positive (ER™) and/or PR*) and 29% of luminal B (ER" and/or

mutant Pik3ca or endogenous knock in of Pik3ca
mammary glands leads to the spontaneous development of
breast tumors (Liu et al., 2011; Meyer et al., 2011; Tikoo et al.,
2012). Many PI3K mutations that occur in cancer are associated
with poor outcomes, however, in breast cancer, the prognostic
role of PIK3CA mutations is still emerging. Indeed, for reasons
that remain unclear, expression of some PIK3CA mutants in
luminal tumors may be associated with improved long-term sur-
vival (Dumont et al., 2012; Kalinsky et al., 2009).

Significance

Breast cancer is the most common cancer in women. Despite advances in treatments, many patients develop metastatic
disease, the leading cause of breast cancer death. The phosphoinositide 3-kinase signaling pathway is frequently hyperac-
tivated in breast cancer and represents a significant target for novel therapies. Here, we show that loss of Pipp, a negative
regulator of PI3K signaling, promotes oncogene-driven breast cancer initiation and growth, but impairs metastasis. PIPP
mRNA expression is decreased in ER-negative primary breast cancers associated with reduced relapse-free and overall
survival. Our studies suggest that analysis of PIPP expression in human breast cancers may identify a subset of patients
that would benefit from therapies targeting the PI3K signaling pathway.
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Figure 1. PIPP Depletion Enhances Cell Proliferation, Survival, and Tumorigenic Potential
(A) Control shRNA, PIPP shRNA (1), and (2) expressing MDA-MB-231 cells were serum-starved for 24 hr or 48 hr. The BrdU incorporation was assessed as a
marker of cell proliferation. The data represent the average percentage of BrdU positive cells + SEM, n = 4.
(B) MDA-MB-231 cells expressing control or PIPP shRNA (1) or PIPP shRNA (2) were grown in serum for 24 hr then treated with 1 uM staurosporine (STS) or DMSO
for 6 hr. The apoptotic cells were identified by TUNEL staining. The data represent mean TUNEL positive nuclei + SEM, n = 3.
(C) Control and PIPP shRNA (1) expressing MDA-MB-231 cells were suspended in soft agar + the pan-AKT inhibitor AktX (5 uM) to assess anchorage independent
cell growth. The number of colonies/well relative to untreated control shRNA expressing cells + SEM was determined from five experiments performed in
triplicate.

(legend continued on next page)
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