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Abstract

Purpose—Activation of the phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR pathway has 

been implicated in anti-estrogen resistance in breast cancer. We tested the therapeutic potential of 
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the novel PI3K/mTOR dual inhibitor P7170 in a panel of anti-estrogen-sensitive and -resistant 

models of ER+ breast cancer.

Methods—Estrogen receptor-positive (ER+) breast cancer cells were treated +/− P7170. Fresh 

cores from primary ER+/HER2− tumors from two patients were treated +/− P7170 ex vivo. Mice 

bearing breast cancer xenografts were randomized to treatment with vehicle, fulvestrant, P7170, or 

combinations, and tumor volumes were measured. Tissues and cells were analyzed for markers of 

pathway activity, cell viability, and apoptosis.

Results—In cell lines, P7170 exhibited IC50 values in the range of 0.9-7 nM and induced 

apoptosis. P7170 potently inhibited mTOR activity (≤25 nM), and inhibited PI3K at higher 

concentrations (≥200 nM). P7170 completely inhibited MCF-7 tumor growth, significantly 

inhibited growth of fulvestrant-resistant T47D tumors, and suppressed tumor cell proliferation but 

did not induce apoptosis.

Conclusions—While P7170 inhibits PI3K and mTOR in ER+/HER2− human breast cancer cells 

and tumors ex vivo, in vivo data indicate that the primary mechanism of P7170 anti-tumor action is 

inhibition of mTOR and cell proliferation. P7170 is a novel agent worthy of further investigation 

for the treatment of ER+ breast cancer.
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Introduction

Each year, an estimated 900,000 women worldwide are diagnosed with invasive breast 

cancer that expresses estrogen receptor α (ER) and/or progesterone receptor (PR) (herein 

collectively referred to as ER+), but does not overexpress the HER2 (ERBB2) 

protooncogene [1]; this subtype constitutes approximately 65% of breast cancer cases. Due 

to the high frequency of ER+/HER2-disease, this subtype accounts for more recurrences and 

deaths than all other breast cancer subtypes combined [2-4]. Patients with stage I-III ER+/

HER2− disease at the time of diagnosis are typically treated with five years of adjuvant anti-

estrogen therapy to neutralize ER signaling. This therapy may be in the form of a selective 

ER modulator (e.g., tamoxifen) or an aromatase inhibitor (e.g., letrozole, anastrozole, 

exemestane). However, nearly 20% of such patients are expected to develop advanced/

metastatic disease within 10 years following surgery [5]. Thus, ~180,000 women diagnosed 

this year will ultimately develop anti-estrogen-resistant advanced breast cancer that is almost 

uniformly fatal.

We and others have demonstrated that activation of Class IA phosphatidylinositol 3-kinases 

(PI3Ks) and downstream signaling pathways, including AKT and mechanistic target of 

rapamycin (mTOR), promotes resistance to anti-estrogens in ER+ breast cancer. The 

PI3K/AKT/mTOR pathway is the most frequently aberrantly activated pathway in human 

cancer, and ~80% of primary breast tumors harbor a genetic lesion that can promote 

pathway activation (extracted from refs. [6,7]). Anti-estrogen-sensitive and -resistant breast 

cancer cells and tumors are typically sensitive to PI3K/AKT/mTOR pathway inhibition 
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[8-15], and these findings have prompted clinical development of PI3K pathway-targeted 

agents.

We sought to determine whether dual targeting of PI3K and mTOR is beneficial for the 

treatment of ER+ breast cancer. Herein, we evaluated the efficacy the novel ATP-

competitive PI3K/mTOR dual inhibitor P7170 [16,17] as a single agent and in combination 

with the anti-estrogen fulvestrant in preclinical models of ER+ breast cancer.

Methods

Cell lines and growth assay

All parental cell lines were obtained from ATCC. MCF-7/fulvestrant-resistant (MCF-7/FR) 

and T47D/fulvestrant-resistant (T47D/FR) cells were gifts from Matthew Ellis (Washington 

University). Parental and fulvestrant-resistant cells were maintained in DMEM/10% FBS 

(Hyclone) in the absence or presence of 1 μM fulvestrant (Tocris and Abmole), respectively; 

this concentration of fulvestrant is used to ensure complete inhibition of ER transcriptional 

activity. Long-term estrogen-deprived (LTED) cells were previously described in ref. [8] 

and maintained in hormone-depleted medium [phenol red-free DMEM with 10% dextran/

charcoal-treated FBS (DCC-FBS; Hyclone)]. For growth assays, cells were plated in 

triplicate in respective growth media at 5×103 cells/well in 96-well plates. The next day, 

cells were treated with 0-30 nM P7170. Five to eight days later, relative quantities of 

adherent cells were determined by sulforhodamine B (SRB) assay [18].

Apoptosis assay

Cells seeded in triplicate in 6-well plates at 0.6-1×106 cells/well were treated for 3-4 days as 

indicated in Fig. 2B. Floating and adherent cells (dislodged by trypsinization) were 

processed using ApoScreen Annexin Apoptosis kit (Southern Biotech), then analyzed by 

flow cytometry. Cells staining positively for Annexin-V and/or propidium iodide were 

considered apoptotic.

Human tumor analysis

Breast tumor samples were obtained under an IRB-approved protocol, and patients provided 

written informed consent for study participation. Untreated primary tumors from two 

patients with early-stage ER+/HER2-breast cancer (confirmed by diagnostic biopsy; no 

neoadjuvant therapy) were surgically resected. Within 1 hour post-resection, 1-mm punch 

core biopsies (tool from Miltex) were taken from the tumor specimen and put into serum-

free DMEM ± 200 nM P7170. After 6 h of ex vivo culture, tissue cores were snap-frozen in 

liquid nitrogen and stored at −80°C.

Mouse studies

All animal studies were approved by the Dartmouth IACUC. Female NOD-scid IL2Rγ−/− 

(NSG; NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ) mice (5-6 wks old; obtained from the Norris 

Cotton Cancer Center Transgenics & Genetic Constructs Shared Resource) were 

subcutaneously injected with 5-10×106 MCF-7 cells suspended in 50% growth factor-

reduced matrigel (BD Biosciences) and a 17β-estradiol pellet (0.72 mg, 60-day-release, 
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Innovative Research of America). A second group of mice was injected with T47D/FR cells 

in 50% matrigel without 17β-estradiol supplementation, and subcutaneously injected weekly 

with 5 mg fulvestrant. Tumor dimensions were measured twice weekly using calipers, and 

volumes were calculated using the formula: volume = length x width2/2 (width is the shorter 

dimension). Mice bearing MCF-7 tumors ~200 mm3 were randomized to treatment with 

vehicle, fulvestrant (5 mg/wk s.c. in 100 μL), P7170 (5 or 15 mg/kg/d p.o. in 100 μL), or 

fulvestrant plus 5 mg/kg/d P7170. P7170 was suspended in 0.5% methylcellulose. 

Fulvestrant was either obtained in the clinical formulation (Astrazeneca), or in powder form 

(Abmole), dissolved in ethanol, then diluted 10-fold with castor oil (both formulations 

contained 50 mg/mL fulvestrant). Tumors were harvested after 3 days of treatment, or at the 

end of the study (4-6 wks), and cut in pieces for snap-freezing or formalin fixation followed 

by paraffin-embedding (FFPE).

Immunoblotting

Cells were treated as indicated in figures, then lysed in RIPA buffer [50 mM Tris pH 7.4, 

150 mM NaCl, 1% NP-40, 0.5% deoxycholic acid, 0.1% SDS, 1 mM EDTA, 1 mM EGTA, 

5 mM NaPPi, 50 mM NaF, 10 mM β-glycerophosphate (Sigma), 1 mM Na3VO4 (New 

England Biolabs), protease inhibitor cocktail (Pierce)] on ice. Frozen patient-derived tumor 

samples and xenografts were also homogenized in RIPA buffer. Lysates were sonicated for 

10 sec. and centrifuged at 18,000 × g for 10 min. Protein concentrations of supernatants 

were determined by BCA assay (Pierce). Samples were reduced and denatured by addition 

of 1.25% β-mercaptoethanol in NuPage sample buffer (Invitrogen). Samples were heated for 

1 min. at 95°C before SDS-PAGE. Proteins were transferred to nitrocellulose membranes, 

which were blocked with 5% BSA/TBS-T and probed using antibodies against P-AKTT308, 

P-AKTS473, Actin, P-S6S240/244, PARP, cleaved caspase-3, PR (Cell Signaling), and ER 

(Santa Cruz). Antibody binding was detected using HRP-conjugated secondary antibodies 

against mouse or rabbit Ig (GE Healthcare), and ECL substrate (Pierce).

Immunohistochemistry (IHC) and TUNEL

Five-micron sections of FFPE tumor tissue were used for H&E staining, IHC with 

antibodies against Ki67 (Biocare Medical) or P-PRAS40T246 (Cell Signaling), or TUNEL 

(Promega). For Ki67 IHC and TUNEL, 4-5 high-power (400x magnification) microscopic 

fields were used to count the numbers of positively-stained and total cells. Percentages of 

positively stained cells/field were used to calculate a single score for each tumor. In P-

PRAS40 IHC, the majority of staining occurred in the tumor periphery, while tumor cores 

showed little/no staining. We scored P-PRAS40 signal in tumor periphery using the formula: 

Histoscore = (% cells with weak staining × 1) + (% cells with moderate staining × 2) + (% 

cells with strong staining × 3).

Statistical analyses

Numbers of apoptotic cultured cells, Ki67- and TUNEL-positive tumor cells, and P-PRAS40 

Histoscores were compared between treatment groups by ANOVA with Bonferroni post-hoc 

test (for MCF-7 tumors), or t-test (for T47D/FR tumors). Tumor volumes were expressed as 

percentage relative to baseline for each mouse, and analyzed by mixed modeling using JMP 
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software, with Standard Least Squares personality, Restricted Maximum Likelihood method. 

Relative tumor volumes at individual time points were compared between groups by t-test 

with Sidak-Bonferroni multiple testing correction using Graphpad Prism software. p≤0.05 

was considered significant.

Results

P7170 inhibits PI3K and mTOR in ER+ breast cancer cells

P7170 inhibits the in vitro enzymatic activity of the p110 isoforms of Class IA PI3K and 

mTOR with IC50 values of 2.2-203 nM and 4.4 nM, respectively [16]. We tested the effects 

of treatment with P7170 for 16-24 h on PI3K/AKT/mTOR pathway activation over a range 

of concentrations in a panel of anti-estrogen-sensitive ER+ breast cancer cell lines. Lower 

concentrations of P7170 (25-50 nM) potently inhibited mTORC1 signaling as indicated by 

reduced levels of phosphorylation of the downstream effector S6 (Fig. 1). Similar results 

were observed in ER+ cells adapted to growth in the presence of 1 μM fulvestrant 

(MCF-7/FR, T47D/FR) or long-term estrogen deprivation (LTED; mimics resistance to 

aromatase inhibition [8]). Inhibition of mTORC1 relieves negative feedback on activators 

upstream of PI3K (e.g., insulin-like growth factor-1 receptor (IGF-1R), insulin receptor 

substrate-1 (IRS-1), HER3 [19-21]). In line with these findings, we observed that low 

concentrations of P7170 induce PI3K activation as evidenced by increased P-AKTT308 

(readout of PDK1 activity) in ZR75-1, HCC-1428, HCC-1428/LTED, and MCF-7/LTED 

cells. Thus, inhibition of PI3K may require higher concentrations of P7170 in some 

contexts. Indeed, treatment with 200-400 nM P7170 partially or completely decreased P-

AKTT308.

As P7170 is an ATP-competitive inhibitor of mTOR, it can block both mTORC1 and 

mTORC2. We observed that P7170 decreases AKT phosphorylation at the mTORC2 site 

Serine-473. However, higher drug concentrations were sometimes required to decrease P-

AKTS473 compared to P-S6 (Fig. 1). These observations are supported by evidence 

suggesting that PI3K activation and AKT phosphorylation on Threonine-308 can promote 

mTORC2-mediated phosphorylation on Serine-473 (reviewed in ref. [22]). Phosphorylation 

on both Threonine-308 and Serine-473 is required for full AKT activation [23]. Thus, P7170 

likely induces activation of pathways upstream of PI3K, which antagonizes P7170 effects on 

AKT phosphorylation.

P7170-induced apoptosis was assessed by cleavage of PARP or caspase-3/7. We generally 

observed P7170 dose-dependent increases in apoptosis (Fig. 1). Given the finding that low 

doses of P7170 do not effectively inhibit PI3K signaling, these data suggest that mTORC1/

mTORC2 inhibition induces only a modest degree of apoptosis, while inhibition of PI3K, 

mTORC1, and mTORC2 is more effective.

P7170 inhibits ER+ breast cancer cell growth and induces apoptosis

Cells grown in monolayer culture were treated with a dose range of P7170, and relative 

numbers of viable cells remaining after 5-8 days were quantified. Cell lines exhibited IC50 

values for P7170 in the range of 0.9-7 nM (Fig. 2A). We then assessed the apoptotic 
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responses of parental, LTED, and fulvestrant-resistant cells to P7170 with or without 

fulvestrant. Three days of treatment with 200 nM P7170 significantly increased apoptosis in 

all cell lines examined (Fig. 2B). In MCF-7, MCF-7/LTED, T47D, and T47D/FR cells, the 

combination of P7170 and fulvestrant significantly increased apoptosis compared to either 

drug alone.

Treatment with P7170 suppresses growth of ER+ breast tumors

Since P7170 inhibited the growth and viability of ER+ breast cancer cells in vitro, we tested 

anti-tumor efficacy in vivo. Mice bearing 17β-estradiol-stimulated MCF-7 tumors were 

randomized to treatment with fulvestrant, P7170 (5 or 15 mg/kg/d), or the combination of 

fulvestrant plus 5 mg/kg/d P7170. Fulvestrant treatment induced tumor regression, while 

vehicle-treated tumors continued to grow (Fig. 3A). The addition of 5 mg/kg/d P7170 to 

fulvestrant significantly decreased tumor volumes compared to fulvestrant alone after 3-4.5 

wks of treatment (p<0.05). Single-agent treatment with 5 mg/kg/d P7170 significantly 

slowed tumor growth compared to vehicle control (p<0.05), while treatment with 15 

mg/kg/d P7170 completely blocked growth and was significantly more effective than low-

dose P7170 at 4.5-5 weeks (p<0.05).

Analysis of tumors harvested at 4 h after the last dose of a 3-day treatment regimen with 

P7170 revealed that high-dose P7170 more effectively inhibited mTORC1 (assessed by P-

p70S6K and P-S6 levels), mTORC2 (assessed by P-AKTS473), PI3K (assessed by P-

AKTT308), and AKT [assessed by immunohistochemical (IHC) analysis of P-PRAS40] than 

low-dose P7170 (Figs. 3B, S2). Both doses of P7170 decreased mTORC1 and mTORC2 

activities compared to vehicle control. High-dose P7170 decreased P-AKTT308 and P-

PRAS40 compared to vehicle control, while low-dose P7170 had only modest effects (Figs. 

3B, S2), in agreement with our in vitro observation that higher doses are needed to inhibit 

PI3K signaling (Fig. 1). Fulvestrant inhibited ER activity as shown by decreased PR levels 

(PR is encoded by an ER-inducible gene).

IHC analysis of tumors harvested from mice after 6 weeks of treatment revealed that 

fulvestrant with or without 5 mg/kg/d P7170, or 15 mg/kg/d P7170 alone significantly 

suppressed tumor cell proliferation as measured by Ki67 positivity (Fig. 3C-D). However, 

fulvestrant and P7170 alone or in combination did not significantly increase apoptosis 

compared to vehicle as assessed by TUNEL (Fig. 3C,E). Single-agent P7170 (5 and 15 

mg/kg/d) showed a trend toward increased apoptosis compared to fulvestrant alone that did 

not reach statistical significance (Fig. 3E).

P7170 also inhibits the in vitro enzymatic activity of transforming growth factor-β (TGF-β) 

type I receptor activin receptor-like kinase (ALK1) with an IC50 value of 47 nM [16]. ALK1 

can drive oncogenic phenotypes (reviewed in ref. [24]). While we observed that treatment 

with 400 nM P7170 partially decreased phosphorylation of Smad1/5 (readout of ALK1 

signaling) in cultured MCF-7 cells (Fig. S1), we did not observe drug-induced changes in P-

Smad1/5/8 in MCF-7 tumors by immunoblot or IHC (data not shown). Given the order-of-

magnitude difference in P7170 IC50 values between PI3K/mTOR and ALK1 [16], and the 

finding that P7170 only modestly inhibits PI3K in vivo at the doses tested (Fig. 3B), we 
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speculate that the concentrations of P7170 achieved in vivo did not adequately inhibit ALK1 

to affect P-Smad1/5/8 levels.

Treatment with P7170 abrogates fulvestrant-resistant growth of ER+ breast tumors

Regression of MCF-7 tumors in response to fulvestrant hindered our ability to assess benefit 

from P7170 (Fig. 3A). Thus, we tested P7170 in a fulvestrant-resistant model. Mice bearing 

T47D/FR tumors that had been treated with fulvestrant since the time of cell implantation 

were randomized to treatment with vehicle or 15 mg/kg/d P7170, each in the context of a 

fulvestrant backbone. While vehicle/fulvestrant-treated tumors continued to grow, treatment 

with P7170/fulvestrant significantly inhibited tumor growth (Fig. 4A).

Analysis of tumors harvested after 3 days of treatment revealed that P7170/fulvestrant 

decreased mTORC1 and mTORC2 activities (assessed by P-S6 and P-AKTS473 levels, 

respectively), and partially decreased PI3K activity (P-AKTT308 levels) compared to 

vehicle/fulvestrant (Fig. 4B). ER and PR levels continued to be suppressed by fulvestrant 

treatment in all cases (Fig. S3). In tumors harvested after 6 weeks of treatment, the P7170/

fulvestrant group showed significantly decreased Ki67 scores compared to vehicle/

fulvestrant (Figs. 4C, S4), and a trend suggesting that addition of P7170 increased TUNEL 

positivity (Figs. 4D, S4). Thus, P7170 suppressed T47D/FR tumor growth primarily by 

inhibiting proliferation.

P7170 inhibits PI3K and mTOR activation in ER+/HER2-human breast tumors

In order to validate observations from model systems, we tested the effects of P7170 on 

fragments of fresh patient-derived ER+/HER2− breast tumors. P7170 treatment effectively 

inhibited PI3K (assessed by P-AKTT308), mTORC2 (assessed by P-AKTS473), and 

mTORC1 (assessed by P-p70S6K) (Fig. 5). P7170 induced upregulation of IRS-1 levels, 

which occurs as a result of inhibition of p70S6K-induced phosphorylation of IRS-1 that, in 

turn, slows IRS-1 degradation (reviewed in ref. [25]). Interestingly, P7170 decreased P-S6 

levels in one tumor but not the other, suggesting that A) some ER+/HER2-breast cancers 

engage a non-mTORC1/p70S6K mechanism to activate S6, and/or B) the kinetics of S6 

dephosphorylation vary between tumors.

Discussion

Herein, we present evidence suggesting that the PI3K/mTOR inhibitor P7170 effectively 

abrogates growth of anti-estrogen-sensitive and -resistant ER+ breast tumors. The primary 

mechanism of P7170 anti-tumor action appears to involve inhibition of mTOR and tumor 

cell proliferation. These findings collectively suggest that P7170 is a candidate therapeutic 

for the treatment of patients with ER+ breast cancer.

Histological analysis of MCF-7 tumors revealed that single-agent treatment with fulvestrant 

or 15 mg/kg/d P7170, but not with 5 mg/kg/d P7170 significantly decreased cell 

proliferation (Fig. 3D). Surprisingly, high-dose P7170 treatment did not significantly 

increase tumor cell death (Fig. 3E), suggesting that the primary mechanism of anti-tumor 

action of P7170 involves inhibition of proliferation but not viability. Similarly, P7170 (in the 

context of a fulvestrant backbone) significantly decreased cell proliferation in T47D/FR 
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tumors, but did not significantly increase apoptosis (Fig. 4C-D). In contrast, treatment with 

the PI3K inhibitor BKM120 (buparlisib) induces apoptosis in MCF-7 tumors [14]. However, 

BKM120 robustly inhibits PI3K, which in turn decreases mTORC1 activation in this model 

[14], while P7170 primarily targets mTORC1/mTORC2 in tumors [indicated by drastic 

decreases in tumor P-AKTS473 and P-S6, but not P-AKTT308 (Figs. 3B & 4B); decreased P-

PRAS40 also indicates AKT inhibition (Fig. S2)]. These data suggest that inhibition of 

mTORC1/mTORC2 suppresses tumor cell proliferation, while inhibition of PI3K is required 

to induce apoptosis.

PI3K and AKT inhibition were shown to be critical for induction of apoptosis by the PI3K/

mTOR inhibitor BEZ235 [26]. We previously reported that treatment with BEZ235, but not 

the mTORC1 inhibitor everolimus (RAD001), frequently induces apoptosis in anti-estrogen-

sensitive and -resistant ER+ breast cancer cells [8]. However, Brachmann et al. inferred that 

mTORC2 (but not mTORC1) is involved in such apoptosis, which conflicts with our present 

findings because P7170 effectively inhibited both mTOR complexes in vivo without 

inducing apoptosis (Figs. 3B,E & 4B,D). Alternatively, the different kinetics and binding 

affinities of P7170 vs. BEZ235 may partially account for differences in apoptotic effects in 

vivo. The lack of P7170-induced apoptosis in T47D/FR tumors may also be attributable to 

the apoptosis-resistant phenotype of T47D cells; this cell line expresses low levels of the 

pro-apoptotic protein Bim, and has loss of heterozygosity at the BIM locus [27,28]. 

Inhibition of PI3K/mTOR and mTORC1 have also been shown to decrease tumor 

angiogenesis [29,30]. However, we did not observe P7170 effects on tumor blood vessel 

size or density as assessed by MECA-32 and CD31 IHC (data not shown).

Inhibitors of the PI3K/AKT/mTOR pathway are in clinical development for the treatment of 

ER+ breast cancer (reviewed in ref. [31]). The allosteric mTORC1 inhibitor everolimus was 

recently approved for the treatment of advanced ER+ breast cancer in combination with 

exemestane. Since allosteric mTORC1 inhibition induces feedback upregulation of 

PI3K/AKT [19,20] and is insufficient to block all mTORC1 activities [32-34], an ATP-

competitive mTOR inhibitor that targets both mTORC1 and mTORC2 (e.g., MLN0128, 

CC-223, and AZD2014) may be more effective. Furthermore, acquired mutations in mTOR 

that confer resistance to allosteric mTORC1 inhibitors but retain sensitivity to ATP-

competitive mTOR inhibitors [35,36] provide support for development of the latter. 

MLN0128 has been shown to suppress growth of orthotopic MCF-7 xenografts in mice [37]. 

BEZ235 and GDC-0980 are PI3K/mTOR dual inhibitors undergoing clinical evaluation. 

GDC-0980 downregulates mTORC1 and mTORC2 activities upon short-term (4 h) 

treatment at ~100 nM in cultured cells. However, prolonged (24 h) treatment revealed that 

higher concentrations are required maintain suppression of mTORC1 and mTORC2 [38], 

likely due in part to drug-induced feedback activation of PI3K. BEZ235 inhibits mTORC1 

in the low nanomolar range, and requires doses of 100-500 nM to downregulate P-AKT in 

vitro [39]. Signaling responses to P7170 (Fig. 1) are akin to those of BEZ235 and 

GDC-0980, and suggest that the primary mode of anti-tumor action is inhibition of mTOR. 

BEZ235, GDC-0980, MLN0128, and AZD2014 have shown efficacy in early-phase clinical 

trials, and it remains to be determined whether mTOR inhibitor-induced feedback activation 
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of PI3K is clinically important. Indeed, Gokmen-Polar et al. found that MLN0128 and 

rapamycin similarly inhibited the growth of VEGF-expressing MCF-7 xenografts [37].

Activating mutations in PIK3CA (encodes the p110α catalytic subunit of PI3K) and loss-of-

function mutations or decreased expression of PTEN (encodes the lipid phosphatase that 

antagonizes PI3K signaling) are associated with increases sensitivity to PI3K inhibitors in 

preclinical models [40,41]. In agreement with our prior observations [8], PIK3CA-mutant 

(MCF-7, T47D) and PTEN-deficient (ZR75-1) ER+ breast cancer cells exhibit increased 

PI3K signaling (assessed by P-AKT levels) and are more sensitive to PI3K/mTOR inhibition 

(with P7170) compared to PIK3CA/PTEN-wild-type (HCC-1428) cells (Figs. 1-2). Such 

lesions have also been linked with increased likelihood of response to PI3K/AKT/mTOR 

inhibitors in patients with advanced, treatment-refractory cancers [42]; however, 76% of 

patients in this pooled analysis were treated with a regimen containing the mTORC1 

inhibitor everolimus, and only 4.9% of patients had breast cancer. In a Phase I study with the 

PI3K inhibitor BKM120 (buparlisib) in patients with advanced solid tumors, and in a Phase 

Ib study of BKM120 with letrozole in patients with advanced ER+ breast cancer, PIK3CA 

mutations and/or PTEN loss (by IHC) were not associated with clinical benefit [43,44]. 

Thus, it remains to be determined whether PIK3CA/PTEN status is a useful biomarker to 

predict response to PI3K inhibitors in patients.

Conclusions

These findings collectively support further exploration of the therapeutic potential of P7170 

for the treatment of ER+ breast cancer, both as a single agent and in combination with 

endocrine therapy, particularly in cases of anti-estrogen resistance. P7170 is currently being 

tested in dose-finding phase I studies, and if a safe dose/schedule is identified, a phase Ib 

study in patients with advanced ER+ disease is warranted.
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Fig. 1. P7170 inhibits mTORC1 and mTORC2 kinases in anti-estrogen-sensitive and - resistant 
ER+ breast cancer cells
Lysates from cells treated with 0-400 nM P7170 for 16-24 h were analyzed by immunoblot 

using the indicated antibodies. Full-length (FL) and cleaved PARP are indicated by arrows. 

FR cells were treated in the presence of 1 μM fulvestrant. LTED cells were treated in 

hormone-depleted medium.
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Fig. 2. P7170 decreases proliferation and viability of ER+ breast cancer cells
A) Cells were treated in triplicate with 0-30 nM P7170 for 5-8 days, then analyzed by SRB 

assay to quantify relative numbers of adherent cells. FR cells were treated in the presence of 

1 μM fulvestrant. LTED cells were treated in hormone-depleted medium. Relative cell 

numbers were used to calculate inhibitory effect. IC50 values are indicated by dotted lines. 

B) Cells were treated in triplicate ± 1 μM fulvestrant and 200 nM P7170 for 3-4 days. 

Fractions of apoptotic cells were determined by Annexin-V/propidium iodide labeling 

followed by flow cytometry. Mean + SEM is shown. *p≤0.05 by Bonferroni post-hoc test 

vs. control, unless otherwise indicated by brackets.
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Fig. 3. Treatment with P7170 inhibits growth of anti-estrogen-sensitive MCF-7 tumors
A) Mice bearing MCF-7 xenografts ~200 mm3 were randomized to the indicated treatments. 

Tumor volumes were calculated relative to baseline volume of individual mice, and mean % 

baseline volumes + SEM are shown. Data were analyzed by mixed modeling, which 

revealed that tumor volumes significantly changed over time and due to treatment, and the 

effects of treatments varied over time (all p<0.0001). All treatment groups exhibited 

significantly (p≤0.05) reduced tumor volume compared to vehicle control at the 3-wk time 

point or earlier by t-test with Sidak-Bonferroni multiple testing correction. *p<0.05, 
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**p<0.01 when comparing fulvestrant vs. fulvestrant/P7170 at each time point. #p<0.05 

when comparing low-vs. high-dose P7170 at each time point. B) Lysates from tumors 

harvested after 3 days of treatment were analyzed by immunoblot using the indicated 

antibodies. All lanes were taken from same film and are exposure-matched. C) Tumors 

harvested after 6 weeks of treatment were analyzed by H&E staining, Ki67 IHC, and 

TUNEL. Representative images are shown. Scale bar = 40 μm. D-E) Quantification of 

fractions of Ki67+ and TUNEL+ tumor cells from (C). Horizontal bars indicate median 

values within each treatment group. *p≤0.05, #p=0.07, ##p=0.1 by Bonferroni post-hoc test 

vs. vehicle control, unless otherwise indicated by brackets.
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Fig. 4. P7170 suppresses growth of fulvestrant-resistant T47D/FR tumors
A) Mice bearing T47D/FR xenografts were treated with fulvestrant since the time of cell 

implantation. When tumors reached ~200 mm3, were randomized to vehicle or 15 mg/kg/d 

P7170 (both with continued fulvestrant). Tumor volumes were calculated relative to baseline 

volume of individual mice, and mean % baseline volumes + SEM are shown. Tumor 

volumes were analyzed as in Fig. 3A. Mixed modeling revealed that tumor volumes 

significantly changed over time (p<0.0001). While treatment did not have an independent 

effect, significant interaction between treatment and time indicated that the effects of P7170 

treatment varied over time (p<0.0001). *p<0.05, **p<0.01 compared to vehicle control at 

each time point. B) Lysates from tumors harvested after 3 days of treatment were analyzed 

by immunoblot using the indicated antibodies. C-D) Quantification of fractions of Ki67+ 

and TUNEL+ cells in tumors harvested after 6 weeks of treatment. Horizontal bars indicate 

median values within each treatment group. Ki67 and TUNEL scores were compared by t-

test between groups.
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Fig. 5. P7170 inhibits PI3K and mTOR signaling in human breast tumors ex vivo
Fresh ER+/HER2-breast tumor samples from patients were treated +/− 200 nM P7170 in 

serum-free medium for 6 h, then frozen. Lysates were analyzed by immunoblot using the 

indicated antibodies.
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