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The fat side of prostate cancer
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Relevance of lipogenesis in prostate cancer



Essential Fatty Acids

• The human body can produce all but two of the fatty acids it 
requires. Linoleic acid (LA, C18:2n-6) (precursor to the n-6 
series of fatty acids) and α-linolenic acid (ALA, C18:3n-3) 
(precursor to the n3 series of fatty acids) are the simplest 
members of each family of PUFA and are termed essential fatty 
acids as the body cannot synthesize these
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Ancestry genetics and environmental 
factors drive prostate cancer disparities

• Past 50 years: reduced saturated fats replaced by w-6 
PUFAs (w6:w3 ration in diet 15:1)

• Differential metabolism of w-6 PUFAs -> pro-
tumorigenic lipid signaling intermediates due to genetic 
variants in desaturase genes 

• AR binding intensity to DNA higher and different in AA 
relative to EA prostate cancer: enriched for lipid 
metabolism genes driving upregulation of lipid 
metabolism gene expression



Role of lipids in prostate cancer progression
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Why target lipogenesis in cancer?
• Most fatty acids are made by tumor cells despite

adequate nutritional supply

• Very low fatty acid synthase (FASN) expression in
normal tissues except liver and lactating mammary
glands; highest expression in metastatic castration
resistant prostate cancer

• Prostate cancer cells have a peculiar metabolism
resulting in abundance of citrate, which fuels
lipogenesis



Zn/aconitase metabolism in prostate cancer cells
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FASN in prostate cancer
• Germline variation in FASN are associated with risk of lethal 

prostate cancer in overweight patients.

• FASN is regulated by testosterone

• Increased FASN activity leads to increased proliferation and 
growth in genetically-engineered mice

• Myc-driven tumors (30% of metastatic prostate cancer) are 
lipogenic.

• FASN genetic ablation blocks PTEN driven tumorigenesis (~70% 
of metastatic prostate cancer)

Graner, Cancer Cell, 2004; Rossi, MCR 2003; Migita, JNCI 2009; Nguyen, JCO, 2010; Priolo, Cancer 
Res 2014; Schultz (TCGA), Robinson (SU2C), Cell, 2015; Bastos, J Pathol 2020



High-fat diet fuels prostate cancer progression

Nat Comm 2019

Obesity is linked with increased risk of prostate cancer progression and mortality
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• 51,529 male health 
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Prostate cancer patients with increased saturated fat intake were more 
likely to die of their disease



MUFA PUFA

FASN inhibition induces PUFA uptake and lipid remodeling
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PUFA supplementation (DHA – w-3) potentiate 
FASN and ACC inhibitors
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FASN inhibition-induced ROS increase
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FASN inhibitors downregulates AR and AR splice variants 
by inducing ER stress

FASN Inhib.
FASN Genetic 
ablation



Suppression of FASN activity reduces tumor growth in 
preclinical models of CRPC

-20

0

20

40

60

80

FA
SN

 ac
tv

ity
cp

m
/u

g 
pr

ot
ein

****

Vehicle IPI

Vehicle
IPI-d

7

IPI-d
11

IPI-d
14

0.00

0.02

0.04

0.06

0.08

No
rm

al
ize

d 
ex

pr
es

si
on

 

**

AR-V7

No
rm

al
ize

d 
ex

pr
es

si
on

  

Vehicle
IPI-d

7

IPI-d
11

IPI-d
14

0.0

0.5

1.0

1.5
AR-FL

0 4 8 12 16 20 24 28
0

2

4

6

8

Days

Tu
m

or
 V

ol
um

e 
(n

 fo
ld

)

Vehicle
IPI

**

Mean TGI= 33.03%

LNCaP-95 xenografts 

0 4 8 12 16 20 24 28
0

2

4

6

8

10

Days

Tu
m

or
 V

ol
um

e 
(n

 fo
ld

)

Vehicle
IPI

22Rv1 xenografts

** 

Mean TGI=35.2%



Bright 
field

FASN 
&

AR-FL

FASN
&

AR-V7

Abi/EnzaNo Abi/Enza

b

c

g

h

i

No Abi/Enza

e

f

da

f

FASN
AR-FL
AR-V7

+/+ +/- -/+

FASN/AR-FL
Bone 90% 3% 4%
Visceral 83% 5% 5%

FASN/AR-V7
Bone 39% 54% 6%
Visceral 12% 75% 0%

0
20
40
60
80

100

Pa
tie

nt
s 

(%
)

FASN/AR-FL+ FASN/AR-V7+

All

Enza/Abi

No Enza/Abi

Clinical rationale for the use of FASN inhibitors

Zadra, PNAS, 2018



Current status of FASN inhibitors in the clinic

Compound Drug development stage Cancer type Selected references

GSK2194069 Preclinical Prostate cancer Aisenberg (1961), Das and Hoefler (2013)

Triclosan Preclinical Prostate cancer, breast 
cancer

Aisenberg (1961), Alli (2005), DeBerardinis 
(2008), Effert (1996), Fackler and Grosse (2008)

Fasnall Preclinical NA Fritz (2010)

FAS31 Preclinical Ovarian cancer Aisenberg (1961), Gao and Zhang (2008)

C247 Preclinical Non-small-cell lung cancer 
and breast cancer Aisenberg (1961), Hanai (2011), Hatzivassiliou (2005)

FT113 Preclinical Leukemia Martin (2019)

LEG-17649942 Preclinical Breast cancer Nisthul (2021)

IPI-9119 Preclinical Prostate cancer, myeloma Zadra (2019), 
Morelli (2021, in submission)

TVB-2640/ TVB-3166/TVB-
3664 Phase-I Clinical trial astrocytomas, breast cancer 

and colon cancer Oh (2020), Venture (2015), Falchook (2021)



Proposed clinical trials



Phase I Study of TVB-2640 plus Enzalutamide in mCRPC

1. Lipid Profiling 

Enzalutamide 160 mg 
daily Begin TVB-2640

Day  1             8            15                      30                                                    60

Source

Methodology

Aim

Expectation

Serum

Targeted HILIC LC-MS/MS on a Nexera X2 UHPLC system (Shimadzu) coupled with hybrid triple quadrupole/linear 
ion trap mass spectrometer (6500+ QTRAP system; AB SCIEX)

Quantity and quality of lipids

Decrease of tripalmitin levels, increase of malonyl carnitine, decrease of triacyl glycerides levels and increased 
lipid unsaturation as consequence of FASN inhibition.

Source

Methodology

Aim

Expectation

Plasma

VERSA platform and multiplexed RT-PCR assay (collaboration with Dr Scott Dehm, University of Minnesota) 

To study the changes in  mRNA expression in CTC [5’ AR mRNA, 3’ AR mRNA, AR-V7, AR-V9, genes reflecting AR activity 
(TMPRSS2, KLK2, KLK3, FOLH1) and genes that reflect AR bypass/neuroendocrine differentiation (SYP, CHGA, CGHB, and MYCN)]

Downregulation on AR and AR-Vs, as well as downstream targets of AR, such as KLK3, following FASN inhibition. 

2. CTCs Analysis



Key eligibility criteria
• Pts with diagnosis of 

oligometastatic PCa who plan 
radical prostatectomy as primary 
treatment 

• ECOG of 0-1

R
1:1

TVB-2640, 160 mg/m2 
daily, orally for 4 weeks

(n=15)

TVB-2640, 160 mg/m2 
daily, orally

+
PUFA-enriched low-fat 

diet 
for 4 weeks
(n=15)

Radical prostatectomy

Pre-treatment biopsy

Day 1

Blood drawn for 
exploratory studies 

Radical Prostatectomy

Day 28

Tripalmitin level

Blood drawn for 
exploratory studies 

Tripalmitin level

Nutrition counseling and education to improve 
dietary compliance


