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1.INTRODUCTION:
The development of HER2-targeted therapies has altered the natural course of HER2+ metastatic breast cancer
(MBC) with a more favorable trajectory. The monoclonal HER2-directed antibody, trastuzumab (Trz), in
combination with taxane-based chemotherapy such as paclitaxel (PXL) has an established clinical benefit for
the treatment of HER2+ MBC. However, resistance inevitably ensues even for those with initial response, and
novel approaches to overcome Trz-resistance remain an unmet clinical need. No FDA-approved drug that
reverse resistance to trastuzumab (Trz) or other HER2-directed therapies are currently available.
Our preliminary data show that Fatty Acid Synthase (FASN) plays a major role in the maintenance of an
aggressive BC phenotype. FASN inhibition interferes with BC tumor growth and augments the cytotoxicity of
Trz and PXL, indicating that its inhibition has a chemo-sensitizing effect in BC. Most importantly, this is also
true in vivo as FASN inhibition reduces tumor volume and synergizes with Trz in Trz-resistant, HER2+ BC
xenograft models. Extending upon our prior studies of FASN and its role in tumor progression and response
to therapy, we aim to develop novel, rationally-designed therapeutic approaches for BC.
In this proposal we will evaluate a potentially revolutionary BC therapy, TVB-2640, that targets cancer
metabolism and inhibits BC growth in part through induction of cellular apoptosis. Resistance to standard
therapies further stimulates BC progression, and our preclinical work suggests TVB-2640 can overcome Trzand PXL-resistance in HER2+ BC models. We will conduct a phase II trial of TVB-2640 in combination with
PXL and Trz in patients with breast cancer who have disease resistant to Trz. We will evaluate the clinical
efficacy of TVB-2640, as well as the value of serum and tissue FASN as novel biomarkers of response in
HER2+ BC.
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3. ACCOMPLISHMENTS:
3.1. What were the major goals of the project?
Specific Aim 1: To assess the clinical activity of a novel FASN inhibitor, TVB-2640, in combination with
paclitaxel and trastuzumab in a phase II clinical trial of patients with HER2+ metastatic breast cancer
resistant to taxane and HER2-directed therapy.
Specific Aim 2: To examine the clinical value of serum and tissue FASN expression as a novel theranostic
marker in HER2+ breast cancer.
Aim 1 and 2 are under the direction of Dr. Tufia Haddad. Please see separate annual progress report for
details related to Specific Aims 1 & 2.
Specific Aim 3: To determine the mechanistic link between FASN inhibition-induced Bcl-2 pro-apoptotic
BH3-only proteins and develop preclinical models in PDX mice based on targeting FASN and Bcl-2.
 Major Task 8: Mechanism of apoptotic synergy between FASN inhibition and PXL
Milestone in progress: Determine the effect of FASN inhibition on lipid composition of the mitochondrial
membrane (In different models of FASN expression in breast cancer)
Study completed to be reported
 Major Task 9: Linking FASN inhibition to increased ROS production
Milestone in progress: Completed
 Major Task 10: Preclinical assessment of the FASN inhibitor TVB-3166 (the form of TVB-2640 for
animal use) in combination with ABT263
Milestone in progress: Study is partially completed.
3.2: What accomplished under these goals?
•

Major Task 8: Mechanism of apoptotic synergy between FASN inhibition and PXL
• Determine the effect of FASN inhibition on lipid composition of the mitochondrial membrane
(In different models of FASN expression in breast cancer)

•

Major Task 10: Preclinical assessment of the FASN inhibitor TVB-3166 (the form of TVB-2640
for animal use) in combination with ABT263
• Continues preclinical studies in vivo studies to assess TVB3166+ ABT199 and TVB3166+
ABT263
• Histopathological assessment of Tumor derived from the in vivo studies

REPRESENTATIVE RESULTS
Task 8: Subaim: Determine the effect of FASN inhibition on lipid composition of the mitochondrial
membrane (In different models of FASN expression in breast cancer)
FASN regulates sphingolipid metabolism in HER2 overexpressing breast cancer cells: We determine the
effect of FASN inhibition on lipid composition of the mitochondrial membrane using TBV3166 lipid profile of
breast cancer cells. Isolated mitochondrial membranes pre- and post-treatment were analyzed for lipid
composition for the inner mitochondrial membranes, as opposed to the untreated control membranes. After a
thorough analysis, we concluded that one specific sphingolipid, S1P-Sphingolipid 1-phosphate was
substantially regulated by inhibition of FASN in breast cancer cells expressing high levels of FASN. Fig. 1
shows two BC cell lines, BT-474 and MCF-7/HER2-18, in both cases TVB3166 significantly block the

synthesis of S1P. BT-474 and MCF-7/HER2-18 cells express high levels of FASN, HER2 and ER. No change
in S1P levels was seen, when MCF-7/neo cells were tested. MCF-7/neo cells are ER+ but do not express
detectable levels of either HER2 or FASN. Isolated mitochondrial
Figure 1
membranes after treatment with TVB3166 were analyzed for S1P
levels.
Figure 1: FASN expression and activity controls sphingosine
metabolism via regulation of S1P synthesis. Cells were tested to
determine whether pharmacological inhibition of FASN is associated
with S1P synthesis. S1P synthesis was measured in BT4-474 and
MCF-HER2 cells treated with TVB3166 (200 nM). Isolated
mitochondrial membranes were analyzed for S1P levels by the
Metabolomic Facility.
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FASN regulates sphingolipid metabolism in Aggressive breast cancer cells: To explore the link between
FASN and sphingolipid metabolism, we used a FASN-knockdown model, previously developed in our
laboratory. This model consists of tumorigenic cell lines, MCF-10A-CAID and MCF-10A-CAIA, derived from
non-tumorigenic MCF-10A cells. MCF-10A-CAID and MCF-10A-CAIA cells express higher levels of FASN
than MCF-10A derived cells. We showed that, while MCF-10A-CAID-shFASN and MCF-10A-CAIA-shFASN lost their tumorigenic potential when implanted in athymic nude mice, their control scramble-sh-control
maintained tumorigenic capacity in the laboratory, which indicates that FASN was a key regulator of tumor
growth. We next measured total ceramide, sphingosine, and S1P FASN knockdown in BC cell lines. According
to the ceramide-sphingosine-S1P rheostat model both ceramide and sphingosine are apoptotic, whereas S1P
enhances cell survival. Thus, we measured total ceramide, sphingosine, and S1P in FASN-knockdown MCF10A-CAID and MCF-10A-CAIA cells. A slight increase in total ceramide and sphingosine was associated with
knockdown of FASN (data not shown). Conversely, a significant decrease in S1P levels was seen in the
shRNA-FASN cells (Fig 2A), indicating a link between FASN and S1P synthesis. We then assessed whether
pharmacological inhibition of FASN would also reduce the synthesis of S1P, thus, MCF-10A, MCF-10A-CAID
and MCF-10A-CAIA cells were treated with TVB3664 (a preclinical FASNi) (200 nM) and S1P levels were
0.7
measured (Fig 3B). Inhibition of FASN resulted in a
A
Figure 2A-B
0.6
significant decrease in S1P synthesis in the FASN
0.5
expressing cells (Fig 2B), which infers that
0.4
pharmacological inhibition of FASN also abrogates
0.3
S1P synthesis.
0.2
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0
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Figure 2A-B: FASN expression and activity controls
sphingosine metabolism via regulation of S1P
synthesis. Cells were tested to determine whether genetic
or pharmacological inhibition of FASN is associated
with S1P synthesis. (A) S1P synthesis was measured in
FASN-knockdown MCF-10A, MCF-10A/CAID and
MCF-10A/CAIA cells and compared with sh-Control
(scramble-shRNA) cells.
(B) S1P synthesis was
measured in MCF-10A, MCF-10A/CAID and MCF10A/CAIA cells treated with vehicle (control) or with
TVB3664 (200 nM). Isolated mitochondrial membranes
were analyzed for S1P levels.

0.8

MCF-10AshControl

MCF-10AshFASN

MCF-10A/
MCF-10A/
MCF-10A/
MCF-10A/
CA1A-shControl CA1A-shFASN CA1D-shControl CA1D-shFASN

B

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

MCF-10A- MCF-10AMCFMCFMCFMCFControl
TVB3664 10A/CA1A- 10A/CA1A- 10A/CA1D- 10A/CA1DControl
TVB3664
Control
TVB3664

FASN regulates sphingolipid metabolism in endocrine -resistant breast cancer cells: To explore the link
between FASN, sphingolipid metabolism and endocrine resistance in HR+ BC, we assessed the effect of the
preclinical FASNi, TVB3664 on S1P levels in HR+ BCC. The studies were performed with MCF-7/WT, MCF7/Tam-R, MCF-7/FVT-R, and MCF-7/Tam-R1 cells (Table 1). We measured levels of FASN expression in the

cells and showed that, while the Tam and FVT sensitive MCF-7/WT cells express low levels of FASN, the
Tam-R and FVT-R MCF-7/Tam-R, MCF-7/FVT-R, and MCF-7/Tam-R1 cells express high levels of
FASN (Fig 3A). These is consistent with our data showing that FASN is involved in the acquisition of Tam
resistance. The results in Fig. 3, together with the increased FASN expression in the more aggressive cells, we
wondered whether there is also a link between FASN and S1P in the setting of acquired endocrine resistance.
Thus, MCF-7/Tam-R, MCF-7/FVT-R, and MCF-7/Tam-R1 cells were treated in the presence or absence of
FASNi, TVB3664 (200 nM). While inhibition of FASN significantly decreased S1P in Tam and FVT resistant
cell lines, little or no effect was noted in endocrine sensitive cells (Fig. 3B). These results are indicative of a
link between endocrine resistance and FASN mediated regulation of S1P. Given the results in Fig. 3, together
with the increased FASN expression in the more aggressive cells, we wondered whether there is also a link
between FASN and S1P in the setting of acquired endocrine resistance. Thus, MCF-7/Tam-R, MCF-7/FVT-R,
and MCF-7/Tam-R1 cells were treated in the presence or absence of FASNi, TVB3664 (200 nM). While
inhibition of FASN significantly decreased S1P in Tam and FVT resistant cell lines, little or no effect was noted
in endocrine sensitive cells (Fig. 3B). These results are indicative of a link between endocrine resistance and
FASN mediated regulation of S1P.
Table 1: Description of the cell lines used for the studies
Cells/Hormone
Response

MCF-7/WT
MCF-7/Tam-R
MCF-7/FVT-R
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Figure 3A-B: Hormone-Resistant BCC express high
levels of FASN and FASNi reduces S1P
synthesis:(A) MCF-7/TAM-R, MCF-7/FVT-R and
MCF-7/TAM-R1 cells were treated with vehicle or
with TVB3664, and S1P synthesis was measured.
MCF-7/TAM-R, and MCF-7/FVT-R cells expressed
high levels of FASN, HER2 and ER. No change in S1P
levels was seen in MCF-7/neo cells (data not shown).
(B) shows an immunoblot for FASN expression in HR
and sensitive BCC, protein was electrophoresed,
transferred, and probed for FASN. β-actin was used as
a control. MCF-7/TAM-R (1), and MCF-7/FVT-R (2)
express high levels of FASN, whereas MCF-7/WT (3),
MCF-7/S (4) and MCF-10A (5) cell lines express low
levels of FASN. Isolated mitochondrial membranes
after treatment with TVB3166 (200mM) were analyzed
for S1P levels as per Fig 2.
Concomitant inhibition of FASN and S1P induces
maximal ROS production: Our recent published data
reveal that inhibition of FASN induces apoptosis
through mitochondrial damage, which is mediated by
increase of ROS and upregulation of pro-apoptotic
proteins, in particular the BH3-only protein. Here we
show that inhibition of the FASN/S1P axis with the
preclinical FASNi TVB-3664 plus the S1P receptor
modulator FTY-720 results in an increase in ROS
production, significantly exceeding that seen with each
drug separately (Fig. 4). These data suggests that both
pathways are necessary for max ROS production.

Figure 3A-B

Figure 4

Figure 4: Reactive Oxygen Species (ROS) were determined in BCC. Cells were treated with TVB3664 (200
nM) and FYT-720 (2.5 mM). ROS was assessed using the DCFDA / H2DCFDA - Cellular ROS Assay Kit
(Abcam). The kit uses the cell permeant reagent 2’,7’ –dichlorofluorescin diacetate (DCFDA, also known as
H2DCFDA, DCFHDA, and DCFH) to quantitatively assess ROS in live cell samples.
Task 10: Subaim: Continues preclinical studies in vivo studies to assess TVB3166+ ABT199 and TVB3166
+ ABT263:
• The studies were completed using ABT-263 and TVB3664.
A clinical grade FASNi enhances sensitivity to navitoclax/ABT-263 and venetoclax/ABT-199 in vivo: We
finally sought to determine the efficacy of combining navitoclax/ABT-263 or venetoclax/ABT-199 with TVB3664 against BT-474 human breast cancer xenografts in nude mice. BH3 mimetics and TVB-3664 were
administered by oral gavage to mimic human oral drug administration. Both navitoclax/ABT-263 and
venetoclax/ABT-199 failed to elicit any tumor growth delay of BT-474 xenograft tumors; notably, single agent
TVB-3664 was notably efficacious in producing a tumor response (44% tumor growth inhibition) (Fig. 5). The
completely lack of anti-tumor efficacy of navitoclax/ABT-263 and venetoclax/ABT-199 as single agents was
fully circumvented when FASN activity was pharmacologically targeted in BT-474 tumor xenografts; thus,
when administered in combination with the FASNi TVB-3664, navitoclax/ABT-263 and venetoclax/ABT-199
caused strong tumor growth inhibition (80% and 78%, respectively; Fig. 5). Combination therapy appeared to
be well-tolerated, with mice maintaining normal body weight.

Figure 5: FASN inhibition sensitizes human breast tumor xenografts to BCL-2-targeting BH3 mimetics
Left. Growth of BT-474 xenograft tumors in athymic female mice treated with BH3 mimetics navitoclax/ABT263 (top) and venetoclax/ABT-199 (bottom) in the absence or presence of the FASNi TVB-3664. The
maximum length for each treatment was 63 days. Results are presented as the mean tumor volume ± S.D.
(n = 10 mice/experimental group). Tumor growth inhibition (TGI) was calculated as the percentage of tumor
growth, relative to tumor size at the start of treatment, in drug-treated groups compared to vehicles-treated
group. Right. In vivo findings from the HER2 + /FASN-overexpressing breast cancer model BT-474 uncovers a
novel FASN-dependent mitochondrial priming that links de novo FA biosynthesis to the intrinsic apoptotic
threshold in breast cancer cells. The discovery that FASN-inhibited cancer cells exist in an apoptosis-prone state
highly sensitive to BCL-2-targeting BH3 mimetics might warrant clinical exploration in patients with
HER2 + /FASN-addicted breast carcinomas (see the discussion section). FASN inhibition increases
mitochondrial priming and enhances breast cancer cell sensitivity to BCL2-targeting BH3 mimetics: a working
model.
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