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Abstract: (−)-Epigallocatechin 3-gallate (EGCG) is a natural polyphenol from green tea with reported
anticancer activity and capacity to inhibit the lipogenic enzyme fatty acid synthase (FASN), which is
overexpressed in several human carcinomas. To improve the pharmacological profile of EGCG,
we previously developed a family of EGCG derivatives and the lead compounds G28, G37 and G56
were characterized in HER2-positive breast cancer cells overexpressing FASN. Here, diesters G28, G37
and G56 and two G28 derivatives, monoesters M1 and M2, were synthesized and assessed in vitro for
their cytotoxic, FASN inhibition and apoptotic activities in MDA-MB-231 triple-negative breast cancer
(TNBC) cells. All compounds displayed moderate to high cytotoxicity and significantly blocked FASN
activity, monoesters M1 and M2 being more potent inhibitors than diesters. Interestingly, G28, M1,
and M2 also diminished FASN protein expression levels, but only monoesters M1 and M2 induced
apoptosis. Our results indicate that FASN inhibition by such polyphenolic compounds could be a new
strategy in TNBC treatment, and highlight the potential anticancer activities of monoesters. Thus,
G28, G37, G56, and most importantly M1 and M2, are anticancer candidates (alone or in combination)
to be further characterized in vitro and in vivo.

Keywords: triple-negative breast cancer; fatty acid synthase; FASN inhibition; polyphenolic FASN
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1. Introduction

Breast cancer is the most widespread cancer in women worldwide [1]. Although mortality has
diminished in recent years owing to the programs of early diagnosis and to the improvement in
treatment, this disease is still the first cause of death in women. Triple-negative breast cancer (TNBC)
is a subtype of breast cancer in which the estrogen and the progesterone receptors are not expressed,
and the human epidermal growth factor receptor 2 (HER2) is not amplified or overexpressed [2–5].
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TNBC comprises about 15–20% of all breast cancers diagnosed. It tends to have an aggressive clinical
course and to metastasize, resulting in early relapse and poor overall survival [2]. Patients with TNBC
do not benefit from the targeted therapies used in other breast cancer subtypes, such as hormonal and
anti-HER2 receptor therapies, thus leaving systemic cytotoxic chemotherapy as the sole treatment
option [3–5]. The aggressiveness of this cancer and the scarcity of effective treatment options evidence
the need of developing new therapeutic agents.

Metabolism deregulation is considered a hallmark of cancer [6,7]. In this sense, some metabolic
enzymes such as fatty acid synthase (FASN) have been identified as valuable therapeutic targets
for cancer treatment [8]. FASN is a homodimeric multienzymatic protein responsible for de novo
fatty acid synthesis. It has a low or absent expression in normal tissues, but it is overexpressed and
hyperactivated in many carcinomas such as breast cancer [8,9]. This overexpression correlates with
a malignant phenotype and a poor disease prognosis. Therefore, the pharmacological inhibition of
FASN is recognized as an attractive therapeutic approach. Blocking FASN activity triggers apoptosis
in cancer cells and inhibits tumor growth in xenograft models [10], by disrupting lipid membrane
synthesis, protein palmitoylation, and signalling of major oncogenic pathways [11,12]. Remarkably,
FASN inhibition has minimal effect on non-malignant cells. Moreover, a recent study has shown that
FASN is expressed in TNBC patient samples and that TNBC preclinical models benefit from FASN
inhibition [13].

The most representative FASN inhibitors are cerulenin, its synthetic derivative C75, and orlistat [9,11].
Even though these compounds have proven effective at controlling the progression of breast cancer,
they have limitations that restrict their clinical development. These include chemical instability,
low bioavailability, and stimulation of carnitine palmitoyltransferase-1 (CPT-1), which causes the
acceleration of fatty acid β-oxidation and undesirable side effects such as body weight loss. On the
other hand, epigallocatechin-3-gallate (EGCG, Figure 1a), the main polyphenolic catechin of green tea,
has been described to inhibit FASN, to induce apoptosis in vitro and to reduce tumor size, without
parallel CPT-1 stimulation or weight loss [9,13–16]. Specifically, the antiproliferative effects of EGCG
have been widely reported in MDA-MB-231 TNBC cells [13,17–19], and such effects have also been
associated, besides to FASN inhibition, to β-catenin downregulation [17,20]. Nevertheless, EGCG
displays low potency, poor bioavailability, and limited stability in physiological conditions [21,22].

Considering this profile, EGCG’s structure inspired the design and synthesis of a novel collection
of polyphenolic compounds, containing two galloyl moieties (3,4,5-trihydroxybenzoyl group) linked
by a variable cyclic subunit (Figure 1b) [21,22]. The collection was screened for cytotoxicity and FASN
inhibition against a HER2-positive human breast cancer cell line overexpressing FASN, and three
lead compounds were identified, G28, G37, and G56 (Figure 1c), which improved the properties of
their precursor molecule EGCG without affecting mice body weight [21–23]. G28 has been the most
studied lead to date, proving effective in different HER2-positive breast cancer models, both in vivo
and in vitro [10,24], and recently in TNBC in vitro models [25]. In addition, in vivo pharmacokinetic
analyses have showed that G28 is hydrolyzed into two metabolites, M1 and M2 (Figure 1d) [23].
These compounds have already been tested for potential antibacterial activity [26] but, interestingly,
not for anticancer activity. The purpose of the current study was to assess FASN inhibition by synthetic
polyphenolic compounds as a potential therapeutic approximation for the clinically challenging TNBC.
We synthesized diesters G28, G37 and G56 together with G28-derived monoesters M1 and M2, and we
evaluated their cytotoxicity and capacity to inhibit FASN activity and to induce apoptosis in the
MDA-MB-231 TNBC cell model.
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Figure 1. Structures of (−)-epigallocatechin 3-gallate (EGCG) (a), EGCG derivatives (b), the lead 
diesters (c) and the monoesters of G28 (d) [21,22,26]. 

2. Results 

2.1. Synthesis of EGCG Analogues 

The synthesis of diesters G28, G37 and G56 [21,22], and of monoesters M1 and M2 [26] was 
performed using procedures adapted from previously described protocols (Supplementary 
Materials) [23,26,27]. The synthesis encompassed the esterification of the corresponding aromatic diol 
with the conveniently protected acyl chloride derivative of gallic acid and the subsequent removal of 
the protecting groups. Diesters G28, G37 and G56 were obtained in 46, 65 and 61% overall yield, 
respectively, and monoesters M1 and M2 in 24 and 20% overall yield, respectively. All compounds 
were fully characterized by NMR and mass spectrometry. Additional NOESY and HMBC 
experiments allowed the unambiguous assignment of the regioisomeric monoesters M1 and M2. 

2.2. Effect of EGCG Analogues on Cell Proliferation 

The cytotoxic activity of G28, G37, G56 [21,22], M1 and M2 [26] was evaluated in the MDA-MB-
231 human TNBC cell line. The IC50 values of compounds were determined from their dose-response 
curves (Table 1). This line has lower constitutive FASN expression levels than the SK-Br3 HER2-
positive breast cancer cell line against which compounds were previously screened [21,22]. 

Diesters G28, G37 and G56 were more cytotoxic than their parent molecule EGCG (IC50 = 149 µM 
[13]), in particular being 1.9-, 1.4- and 3.3-fold more potent respectively. Monoesters M1 and M2 turned 
out to inhibit cell proliferation. In comparison to their parent compound G28 (77 µM), M2 exhibited the 
same cytotoxic activity (79 µM) and, interestingly, M1 doubled such cytotoxicity (41 µM). 
  

Figure 1. Structures of (−)-epigallocatechin 3-gallate (EGCG) (a), EGCG derivatives (b), the lead
diesters (c) and the monoesters of G28 (d) [21,22,26].

2. Results

2.1. Synthesis of EGCG Analogues

The synthesis of diesters G28, G37 and G56 [21,22], and of monoesters M1 and M2 [26] was performed
using procedures adapted from previously described protocols (Supplementary Materials) [23,26,27].
The synthesis encompassed the esterification of the corresponding aromatic diol with the conveniently
protected acyl chloride derivative of gallic acid and the subsequent removal of the protecting groups.
Diesters G28, G37 and G56 were obtained in 46, 65 and 61% overall yield, respectively, and monoesters
M1 and M2 in 24 and 20% overall yield, respectively. All compounds were fully characterized by
NMR and mass spectrometry. Additional NOESY and HMBC experiments allowed the unambiguous
assignment of the regioisomeric monoesters M1 and M2.

2.2. Effect of EGCG Analogues on Cell Proliferation

The cytotoxic activity of G28, G37, G56 [21,22], M1 and M2 [26] was evaluated in the MDA-MB-231
human TNBC cell line. The IC50 values of compounds were determined from their dose-response
curves (Table 1). This line has lower constitutive FASN expression levels than the SK-Br3 HER2-positive
breast cancer cell line against which compounds were previously screened [21,22].

Diesters G28, G37 and G56 were more cytotoxic than their parent molecule EGCG
(IC50 = 149 µM [13]), in particular being 1.9-, 1.4- and 3.3-fold more potent respectively. Monoesters M1
and M2 turned out to inhibit cell proliferation. In comparison to their parent compound G28 (77 µM),
M2 exhibited the same cytotoxic activity (79 µM) and, interestingly, M1 doubled such cytotoxicity
(41 µM).
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Table 1. Cytotoxicity in MDA-MB-231 cancer cells of diesters and monoesters.

Compound IC50 (µM) a

EGCG 149.0 ± 6.7 b

G28 c 77.3 ± 3.4
G37 c 103.7 ± 1.9
G56 c 45.4 ± 3.4
M1 d 41.4 ± 1.5
M2 d 78.9 ± 4.6

a Data are mean ± SE from six independent experiments performed in triplicate. b Datum taken from [13].
c Compound described in [21,22]. d Compound described in [26].

2.3. Effect of EGCG Analogues on FASN Activity and on FASN Protein Expression

The capacity of G28, G37, G56 [21,22], M1 and M2 [26] to block FASN enzymatic activity in
MDA-MB-231 cells was analyzed after a 48-h treatment with a concentration equal to the IC50 value of
each compound. The inhibition is represented as the percentage of remaining activity with respect to
untreated cells (Figure 2). The previously reported FASN-specific inhibitor C75 (IC50 = 46.6 ± 2.2 µM
in MDA-MB-231 [13]) was used as a positive control.

Diesters G28, G37 and G56 significantly reduced FASN activity to 1.99 ± 0.27%, 2.39 ± 0.48%,
and 0.86 ± 0.20% of untreated (control, CTRL) cells, respectively (all p = 0.000), to an equivalent
extent as C75 (1.81 ± 0.39%). Monoesters M1 and M2, besides their cytotoxicity, were also able to
reduce FASN activity in an even more powerful way than their parent G28. M1- and M2-treated cells
displayed remaining FASN activities of 0.07 ± 0.01% and 0.04 ± 0.01%, respectively (both p = 0.000).
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Figure 2. G28, G37, G56 [21,22], M1 and M2 [26] inhibit fatty acid synthase (FASN) activity in
MDA-MB-231 TNBC cells. Cells were treated for 48 h with an IC50 concentration of G28, G37, G56, M1,
M2, C75 or with dimethyl sulfoxide (DMSO). FASN activity was assayed by counting radiolabelled
fatty acids synthesized de novo. Bars represent the remaining activity as percentage in treated cells
versus untreated (control, CTRL) cells considered 100% activity. Data are mean± SE from at least 4
assay points per condition in 3 independent experiments. ***, p < 0.001 versus control cells (DMSO).
#, p < 0.05; ####, p < 0.001 versus C75-treated cells. Statistics were performed through Student’s t-test.
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In parallel, in order to check whether the observed FASN activity decrease was related to changes
in FASN protein levels, cells were treated with diesters and monoesters as described in the next
Section 2.4 and FASN expression was analyzed by Western blot (Figure 3a). G37 and G56 did not
modulate FASN protein levels, whereas G28 and its derivatives M1 and M2 displayed a tendency to
reduce such levels (Figure 3b), which was more noticeable for M2.
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Figure 3. (a) G28, G37, G56 [21,22], M1 and M2 [26] differentially affect FASN protein expression in
MDA-MB-231 TNBC cells, and only M1 and M2 induce apoptosis, as determined by poly(ADP-ribose)
polymerase (PARP) cleavage. Cells were treated for 24 h with a 5-fold IC50 concentration of G28,
G56, M1 and M2, a 2-fold IC50 concentration of G37, or with DMSO. Equal amounts of lysates were
immunoblotted with anti-FASN and anti-PARP antibodies (the latter identified intact and cleaved
PARP at 116 and 89 kDa, respectively). Blots were reproved for β-actin as loading control. Gels shown
are equivalent to those obtained from two or three independent experiments. (b) G28, M1 and M2
downregulate FASN protein expression. FASN and β-actin immunoblot bands were quantified by
densitometry and FASN/β-actin ratios of treatments are represented relative to those of controls.
Data are mean ± SE from two or three independent experiments.

2.4. Effect of EGCG Analogues on Apoptosis

Our group previously reported in SK-Br3 cells the activation of the apoptotic cell death
mechanism by EGCG and its new-generation derivatives [14–16,21,22]. Accordingly, diesters [21,22]
and monoesters [26] were evaluated in MDA-MB-231 cells for their ability to induce caspase activity,
which causes cleavage of poly(ADP-ribose) polymerase (PARP). Cells were incubated for 24 h with
concentrations corresponding to five-fold the IC50 values of G28, G56, M1 and M2, and two-fold the
IC50 value of G37, because of the mortality induced by G37 at higher IC50 multiples (data not shown).
PARP cleavage was analyzed by Western blot (Figure 3a). Apoptosis induction was not detected under
the assayed conditions for any of the three diesters G28, G37 and G56. In contrast and interestingly,
it was detected for both monoesters M1 and M2, with M2 showing a more intense band of cleaved
PARP (89 kDa).

3. Discussion

TNBC is an aggressive cancer lacking a targeted therapy [3–5]. FASN is overexpressed in a variety
of human carcinomas [8,9], including TNBC [28], and its inhibition with polyphenolic compounds
such as EGCG has been demonstrated to be a promising therapeutic strategy, alone and in combination,
for TNBC [13]. In this study, we characterized the anticancer effects of the EGCG analogues G28, G37
and G56 [21,22], and the G28 derivatives M1 and M2 [26], in MDA-MB-231 cells.

Firstly, the cytotoxic activity of compounds was determined. Diesters G28, G37 and G56 [21,22]
displayed moderate IC50 values of 77, 104 and 45 µM, respectively, at 48-h exposure. Our group
has studied the reference FASN inhibitors C75 and EGCG in several cancer cell lines, including
MDA-MB-231 [13], in which the IC50 values were 46.6 ± 2.2 and 149.0 ± 6.7 µM, respectively. Thus,
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the three diesters are more potent than their parent molecule, as reported in SK-Br3 cells, and G56 is
equally potent to C75. On the other hand, from the initial screening of EGCG analogues in SK-Br3 cells,
some structure-activity relationships were inferred [22]. One of them was that cytotoxicity increases
as the distance between the two galloyl moieties augments within the cyclic subunit. This could
explain the superior cytotoxicity of G56, in which galloyl groups are in a relative 4,4′-position within
a biphenyl system, further from each other than in the naphthalene ring of G28 and G37 (Figure 1c).
Concerning monoesters M1 and M2 [26], which are metabolites of G28 in physiological conditions [23],
they proved cytotoxic in MDA-MB-231 cells. M2 (IC50 = 79 µM) retained the activity of G28 while M1
(41 µM) enhanced that activity. This result raised the possibility that the in vivo antitumor efficacy of
G28 is due, at least partially, to the two monoesters.

Beyond the obtained results, a positive correlation between the cytotoxic effects of the
aforementioned inhibitors and cellular FASN expression has been reported [14,21–23], from the
observation that compounds are less potent in MDA-MB-231 triple-negative cells, with low FASN
levels, than in SK-Br3 HER2-positive cells, with high FASN levels. To support the correlation, it was
demonstrated that the addition of exogenous palmitate, the end product of FASN, reduced the
cytotoxicity of EGCG [14], and that the knockdown of FASN suppressed the cytotoxicity of G56 [22].
Hence, FASN inhibition plays a major role in the cytotoxicity of these polyphenolic compounds.

Secondly, the ability of the tested compounds [21,22,26] to block FASN activity was tackled.
Compounds, at 48-h exposure, exerted a significant FASN activity reduction of 98.0%, 97.6% and 99.1%
for diesters G28, G37 and G56, and of 99.93% and 99.96% for monoesters M1 and M2, respectively,
as measured by an enzymatic radioassay. Moreover, G28 and its derivatives M1 and M2 also reduced
FASN protein levels, unlike G37 and G56. Therefore, the observed FASN activity decrease in G28,
M1 and M2 lysates could probably result not only from enzyme inhibition but also from diminished
amounts of FASN protein. Our results show that, as for diesters [21,22], G56 is a more potent FASN
inhibitor than G37 and G28, assuming that for G28 the remaining activity could be slightly higher in the
absence of FASN downregulation (Figure 2). On the other hand, G28 stands out as the most effective
diester due to its dual effect on FASN (activity and expression). Regarding monoesters [26], M1 and
M2 affect FASN protein levels to a similar extent as G28 (Figure 3b) but, remarkably, both are better
FASN inhibitors than G28 (Figure 2). These results indicate that the affinity for FASN of monoesters is
greater than that of their parent molecule, being probably similar between the two monoesters.

In the original characterization, FASN inhibition values in SK-Br3 cells at 24-h exposure were
90 ± 4%, 69 ± 19% and 90 ± 5% for G28, G37 and G56, and 18% for EGCG, as measured
by spectrophotometry, and FASN inhibition was not accompanied by downregulation of FASN
expression [21,22]. These data evidence that diesters inhibit FASN more effectively than their parent
molecule and agree with our results that G37 seems to be the less potent inhibitor. The observed FASN
downregulation by G28 in MDA-MB-231 but not in SK-Br3 could be attributable to the concentration
used, which was five-fold the IC50 value in our treatments against one-fold the IC50 value in the
literature. Anyway, FASN downregulation has also been reported elsewhere, by C75 in A2780 ovarian
cancer cells in a dose-dependent manner [29], and by EGCG, in A549 lung cancer cells [16] and in
chemo-sensitive and -resistant MDA-MB-231 and HCC1806 TNBC cells [13]. A possible mechanism for
this downregulation is that G28, apart from inhibiting FASN, could to some extent also inhibit the EGF
receptor (EGFR), which is overexpressed in TNBC [30], thus impairing the downstream signalling that
ends in FASN expression. This effect could occur at the transcriptional level, through PI3K and MAPK
pathways activating the transcription factor SREBP-1c [31]; and at the translational level, through
mTOR protein activating eIF4E and S6K [32]. Finally, FASN downregulation by monoesters M1 and
M2 [26] is consistent with the result obtained for their parent molecule.

Beyond our results, in parallel to FASN inhibition and downregulation, EGCG and
other polyphenols such as quercetin have also been described to reduce β-catenin protein
expression [17,20,33,34]. β-catenin, when bound to E-cadherin complexes, functions as a cell-cell
adhesion molecule, but when translocated to the nucleus acts as a key element in the Wnt signalling
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pathway, activating the transcription of target genes related to cell proliferation and metastasis, thus
contributing to breast cancer progression [17,33]. Therefore, forthcoming studies in our group will
investigate whether diesters and monoesters are able to modulate β-catenin expression and its nuclear
accumulation in TNBC.

This is the first study testing monoesters M1 and M2 as potential anticancer agents. However, both
monoesters have already been tested in another setting, as synthetic inhibitors of bacterial cell division
targeting the GTP-binding site of protein FtsZ [26]. In that study, the affinity for FtsZ of monoesters,
competing with GTP, was one order of magnitude lower than that of diester G28, with the affinity of M2
being slightly higher than that of M1, as determined by Kb comparison. The affinity of EGCG was two
orders of magnitude lower relative to that of G28. Thus, only G28 was included in further biochemical,
structural and antibacterial characterization. In striking contrast, our results suggested that the
affinity for FASN is larger for monoesters than for G28. Aiming to understand this differential affinity,
a future perspective of our group will be to gain insights, through molecular docking analyses, in the
potential binding modes of G28 and monoesters to their target FASN catalytic domains. These domains
are probably the same as those targeted by EGCG, the NADPH-dependent domains ketoreductase
(KR) [35] and enoyl reductase (ER) [36–39], which participate in the saturation of the growing fatty
acid chain [40]. Interestingly, EGCG has been shown to compete with NADPH/NADH for binding to
KR and ER [35–39]. Since both NADPH/NADH (FASN) and GTP (FtsZ) are nucleotides, it is worth
noting that, in the FtsZ study, the galloyl groups and the naphthalene scaffold of G28 were predicted
to replace the interactions by the phosphates and the nucleobase of the nucleotide, respectively [26].
This could also be true in the interaction of G28 with FASN.

Thirdly, the capacity of compounds [21,22,26] to activate apoptotic cell death was addressed.
The superior activity of monoesters was reaffirmed since, at 24-h exposure, monoesters, more
importantly M2, induced PARP cleavage whereas diesters did not have this effect, despite using
IC50 multiples as concentration. In the original characterization of diesters in SK-Br3 cells, an IC50

concentration value was sufficient to perceive truncated PARP as early as 12 h [21,22]. An equal result
was obtained for C75 and EGCG in SK-Br3 and A549 cells [14,16], and for EGCG in chemo-sensitive
and -resistant MDA-MB-231 and HCC1806 cells [13]. In addition, apoptosis has also been reported for
EGCG combined with cetuximab in TNBC xenograft models [13]; and for G28, in other HER2-positive
breast cancer models both in vivo and in vitro, alone and combined with anti-HER drugs [10], and in
several ovarian cancer models in a dose-dependent manner [41,42].

Considering the effect of EGCG and diesters in SK-Br3, it is surprising that only EGCG shows
effect in MDA-MB-231. The above described correlation between cytotoxicity and cellular FASN levels
implies that MDA-MB-231 cells are less reliant on FASN activity than SK-Br3 cells for their survival
and aggressiveness. Then, a possible hypothesis is that inhibition of FASN activity and expression
by diesters in MDA-MB-231 may not be enough to compromise cell survival and reach the threshold
for apoptosis induction, a threshold that may be comparatively lower in SK-Br3. In contrast, the two
monoesters have larger affinities for FASN than those of diesters and both affect FASN expression, thus
being able to overcome the threshold in MDA-MB-231. On the other hand, EGCG has been described to
bind targets other than FASN [43]. Therefore, it may induce apoptosis through FASN inhibition along
with other mechanisms, and so apoptosis may be detected irrespective of the cellular dependence
on FASN.

In summary, in this study we evaluated the previously described G28 derivatives M1 and M2 [26]
for first time as anticancer agents and partially disclosed their pharmacological profile in a TNBC
model. Monoesters M1 and M2 turned out to be equally or more cytotoxic and to have a larger
affinity for FASN than their parent molecule, to affect FASN expression and to induce apoptosis,
which suggests that they could individually contribute to the in vivo antitumor activity of G28 after it
has been hydrolyzed. In order to confirm this hypothesis, a future decisive study will be conducted
to compare the efficacy of each monoester with that of G28 in a TNBC xenograft model. On the
other hand, in the same in vitro model, the previously designed EGCG-derived diesters G28, G37



Molecules 2018, 23, 1160 8 of 12

and G56 [21,22] exhibited cytotoxicity and remarkable FASN inhibition. Diesters, and especially
monoesters, hold promise as target-directed anticancer drugs, either alone or in combination, focused
on TNBC treatment. Furthermore, this work constitutes a starting point in our group for the future
synthesis and evaluation of other polyphenolic compounds, such as the monoesters of G37 and G56,
or computationally optimized compounds derived from the three diesters.

4. Materials and Methods

4.1. Cell Culture

MDA-MB-231 breast carcinoma cells were obtained from the American Type Culture Collection
(ATCC, Rockville, MD, USA). Cells were routinely grown in two-dimensional adherent conditions in
Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco, Waltham, MA, USA) supplemented with 10%
heat-inactivated fetal bovine serum (FBS), 1% L-glutamine, 1% sodium pyruvate, 50 U/mL penicillin
and 50 µg/mL streptomycin (HyClone Laboratories, Logan, UT, USA). Cells were maintained at 37 ◦C
in a humidified atmosphere of 95% air and 5% CO2. The absence of Mycoplasma in cultures was
checked before experiments.

4.2. Inhibition of Cell Proliferation

Dose-response experiments were done by means of the standard colorimetric MTT
(3-4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide) reduction assay. Cells were plated
out at a density of 4 × 103 cells/well in 96-well microtiter plates and were incubated overnight for
attachment. Then, cells were exposed for 48 h to fresh medium containing a range of concentrations of
the corresponding EGCG derivative (10–140 µM) or were exposed to fresh medium alone. An influence
of the vehicle dimethyl sulfoxide (DMSO) in the cytotoxicity of compounds was discarded. Following
treatment, cells were incubated for 3 h with drug-free medium (100 µL/well) and 5 mg/mL MTT
solution (Sigma-Aldrich, St. Louis, MO, USA; 10 µL/well). The formazan crystals formed by
metabolically viable cells were solubilized in DMSO and their absorbance (Abs) was measured at
570 nm (Benchmark Plus microplate spectrophotometer, Bio-Rad Laboratories, Hercules, CA, USA).
Using test (T) and control (C) average Abs values, the percentage of cell proliferation inhibition (CPI)
at each concentration was calculated from the formula CPI = 100(1−T/C). By interpolation in the
trendline of the resulting data points, the compound concentration that triggered 50% CPI (IC50 value)
was determined. The assay was performed six times per compound.

4.3. Inhibition of Fatty Acid Synthase Activity

Cells were plated out at a density of 5 × 104 cells/well in 24-well plates. Following overnight
cell adherence, the medium was replaced by DMEM supplemented with 1% lipoprotein-deficient FBS
(Sigma-Aldrich) along with the corresponding concentrations of compounds or DMSO. Treatments
were maintained for 48 h, and for the last 6 h (1,2-14C) Acetic Acid Sodium salt (53.9 mCi/mmol,
Perkin Elmer Biosciences, Waltham, MA, USA) was added to the medium (0.5 µCi/mL). The lipid
extraction was done as previously described in [16]. Briefly, cells were harvested and washed twice with
phosphate-buffered saline (PBS, HyClone Laboratories, Logan, UT, USA) and once with MeOH/PBS
(2:3). Cells were then resuspended in 0.2 M NaCl and were lysed with freeze-thaw cycles. Lipids from
cell debris were extracted with CHCl3/phenol (2:1) and 0.1 M KOH, and the organic phase was washed
with CHCl3/MeOH/H2O (3:48:47). After solvents evaporation, pellets were resuspended in EtOH and
transferred to a vial for radioactive counting. The total protein content in cell debris was quantified by
the Bradford assay (Sigma-Aldrich).

4.4. Immunoblot Analysis of Cell Lysates

After a 24-h exposure to the corresponding EGCG derivative or DMSO, culture appearance was
observed under microscope and cells were harvested by treatment with trypsin-ethylenediaminetetraacetic
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acid (EDTA) solution (Linus, Cultek, Madrid, Spain), together with supernatant cell debris. Cells plus
debris were washed with PBS and lysed in ice-cold lysis buffer (Cell Signaling Technology, Danvers,
MA, USA) supplemented with 2 mM phenylmethanesulfonyl fluoride (PMSF, Sigma-Aldrich) by
vortexing every 5 min for 30 min. Particle-free lysates were obtained and their total protein content
was determined by the Lowry-based DC Protein Assay (Bio-Rad Laboratories). Lysates’ equal protein
amounts (30 µg) were heated in LDS Sample Buffer with Sample Reducing Agent (Invitrogen, Waltham,
MA, USA) for 10 min at 70 ◦C, were run on sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE, 7.5% polyacrylamide) and were transferred onto nitrocellulose membranes (Thermo
Scientific, Pierce Protein Biology, Waltham, MA, USA). Blots were incubated for 1 h at room temperature
in blocking buffer [5% powdered skimmed milk in tris-buffered saline with Tween 20 (TBST; 10 mM
Tris-HCl pH 8.0, 150 mM NaCl, 0.1% Tween 20)] to avoid non-specific antibody binding. Then, blot
fragments were incubated overnight at 4 ◦C with the appropriate primary antibody diluted in blocking
buffer. Primary antibodies were rabbit polyclonal antibodies against FASN (Assay Designs, Ann Arbor,
MI, USA; 905-069; dilution 1:1500) and PARP (Cell Signaling Technology; #9542; dilution 1:1000),
and the mouse monoclonal antibody against β-actin (Cell Signaling Technology; #3700; dilution
1:2500). β-actin was used as a control of protein loading and transfer. Next, blots were washed in
TBST and were incubated for 1 h at room temperature with the corresponding horseradish peroxidase
(HRP)-conjugated goat secondary antibody diluted in blocking buffer, against rabbit (Cell Signaling
Technology; #7074; dilution 1:4000) or mouse (Merck Millipore, Darmstadt, Germany; #401215; dilution
1:5000) antibodies. Lastly, blots were washed again and revealed (ChemiDoc MP Imaging System,
Bio-Rad Laboratories) employing a chemiluminescent HRP substrate [Immobilon Western (Merck
Millipore) or SuperSignal West Femto (Thermo Scientific, Pierce Protein Biology)]. The immunoblot
analysis for each compound was repeated two or three times and a representative result is shown.
FASN and β-actin bands were quantified using ImageJ software (version 1.51j8, National Institutes of
Health, Bethesda, MD, USA).

4.5. Statistical Analysis

All data are expressed as mean ± standard error (SE). FASN inhibition data were analyzed
by Student’s t-test and levels of statistical significance were p < 0.001 (***) versus control cells,
and p < 0.05 (#), p < 0.001 (####) versus C75-treated cells.

Supplementary Materials: The following are available online, Synthesis of EGCG analogues.

Author Contributions: M.P., L.F. and T.P. conceived and designed the experiments; J.C.-M., S.P., J.R., C.C. and
Ú.M.-G. performed the experiments; J.C.-M., S.P., J.R., C.C., Ú.M.-G., M.P., L.F. and T.P. analyzed the data; J.R., M.P.,
L.F. and T.P. contributed reagents/materials/analysis tools; J.C.-M., S.P., J.R., M.P., L.F. and T.P. wrote the paper.

Acknowledgments: This work was partially supported by Spanish grants from Fundación Ramón Areces and
Instituto de Salud Carlos III (PI1400329), the support of the Catalonian government (2017SGR00385) and the
support of the Institute of Nutrition and Food Safety of the University of Barcelona (INSA-UB) (FRI2016).
The authors are also grateful for the financial support from the University of Girona (MPCUdG2016/036).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. DeSantis, C.E.; Lin, C.C.; Mariotto, A.B.; Siegel, R.L.; Stein, K.D.; Kramer, J.L.; Alteri, R.; Robbins, A.S.;
Jemal, A. Cancer treatment and survivorship statistics, 2014. CA Cancer J. Clin. 2014, 64, 252–271. [CrossRef]
[PubMed]

2. Qiu, J.; Xue, X.; Hu, C.; Xu, H.; Kou, D.; Li, R.; Li, M. Comparison of clinicopathological features and
prognosis in triple-negative and non-triple negative breast cancer. J. Cancer 2016, 7, 167–173. [CrossRef]
[PubMed]

3. Yao, H.; He, G.; Yan, S.; Chen, C.; Song, L.; Rosol, T.J.; Deng, X. Triple-negative breast cancer: Is there a
treatment on the horizon? Oncotarget 2016, 8, 1913–1924. [CrossRef] [PubMed]

http://dx.doi.org/10.3322/caac.21235
http://www.ncbi.nlm.nih.gov/pubmed/24890451
http://dx.doi.org/10.7150/jca.10944
http://www.ncbi.nlm.nih.gov/pubmed/26819640
http://dx.doi.org/10.18632/oncotarget.12284
http://www.ncbi.nlm.nih.gov/pubmed/27765921


Molecules 2018, 23, 1160 10 of 12

4. Bianchini, G.; Balko, J.M.; Mayer, I.A.; Sanders, M.E.; Gianni, L. Triple negative breast cancer: challenges and
opportunities of a heterogeneous disease. Nat. Rev. Clin. Oncol. 2016, 13, 674–690. [CrossRef] [PubMed]

5. Denkert, C.; Liedtke, C.; Tutt, A.; von Minckwitz, G. Molecular alterations in triple-negative breast cancer-the
road to new treatment strategies. Lancet 2016, 389, 2430–2442. [CrossRef]

6. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646–674. [CrossRef]
[PubMed]

7. Pavlova, N.N.; Thompson, C.B. The emerging hallmarks of cancer metabolism. Cell Metab. 2016, 23, 27–47.
[CrossRef] [PubMed]

8. Menéndez, J.A.; Lupu, R. Fatty acid synthase and the lipogenic phenotype in cancer pathogenesis.
Nat. Rev. Cancer 2007, 7, 763–777. [CrossRef] [PubMed]

9. Oliveras, G.; Blancafort, A.; Urruticoechea, A.; Campuzano, O.; Gómez-Cabello, D.; Brugada, R.;
López-Rodríguez, M.L.; Colomer, R.; Puig, T. Novel anti-fatty acid synthase compounds with anticancer
activity in HER2+ breast cancer. Ann. N. Y. Acad. Sci. 2010, 1210, 86–93. [CrossRef] [PubMed]

10. Puig, T.; Aguilar, H.; Cufí, S.; Oliveras, G.; Turrado, C.; Ortega-Gutiérrez, S.; Benhamú, B.;
López-Rodríguez, M.L.; Urruticoechea, A.; Colomer, R. A novel inhibitor of fatty acid synthase shows activity
against HER2+ breast cancer xenografs and is active in anti-HER2 drug-resistant cell lines. Breast Cancer Res.
2011, 13, R131. [CrossRef] [PubMed]

11. Jones, S.F.; Infante, J.R. Molecular pathways: Fatty acid synthase. Clin. Cancer Res. 2015, 21, 5434–5438.
[CrossRef] [PubMed]

12. Ventura, R.; Mordec, K.; Waszczuk, J.; Wang, Z.; Lai, J.; Fridlib, M.; Buckley, D.; Kemble, G.; Heuer, T.S.
Inhibition of de novo palmitate synthesis by fatty acid synthase induces apoptosis in tumor cells
by remodelling cell membranes, inhibiting signalling pathways, and reprogramming gene expression.
EBioMedicine 2015, 2, 806–822. [CrossRef] [PubMed]

13. Giró-Perafita, A.; Palomeras, S.; Lum, D.H.; Blancafort, A.; Viñas, G.; Oliveras, G.; Pérez-Bueno, F.; Sarrats, A.;
Welm, A.L.; Puig, T. Preclinical evaluation of fatty acid synthase and EGFR inhibition in triple-negative
breast cancer. Clin. Cancer Res. 2016, 22, 4687–4697. [CrossRef] [PubMed]

14. Puig, T.; Vázquez-Martín, A.; Relat, J.; Pétriz, J.; Menéndez, J.A.; Porta, R.; Casals, G.; Marrero, P.F.; Haro, D.;
Brunet, J.; et al. Fatty acid metabolism in breast cancer cells: differential inhibitory effects of epigallocatechin
gallate (EGCG) and C75. Breast Cancer Res. Treat. 2008, 109, 471–479. [CrossRef] [PubMed]

15. Puig, T.; Relat, J.; Marrero, P.F.; Haro, D.; Brunet, J.; Colomer, R. Green tea catechin inhibits fatty acid
synthase without stimulating carnitine palmitoyltransferase-1 or inducing weight loss in experimental
animals. Anticancer Res. 2008, 28, 3671–3676. [PubMed]

16. Relat, J.; Blancafort, A.; Oliveras, G.; Cufí, S.; Haro, D.; Marrero, P.F.; Puig, T. Different fatty acid metabolism
effects of (−)-epigallocatechin-3-gallate and C75 in adenocarcinoma lung cancer. BMC Cancer 2012, 12.
[CrossRef] [PubMed]

17. Hong, O.-Y.; Noh, E.-M.; Jang, H.-Y.; Lee, Y.-R.; Lee, B.K.; Jung, S.H.; Kim, J.-S.; Youn, H.J. Epigallocatechin
gallate inhibits the growth of MDA-MB-231 breast cancer cells via inactivation of the β-catenin signaling
pathway. Oncol. Lett. 2017, 14, 441–446. [CrossRef] [PubMed]

18. Chisholm, K.; Bray, B.J.; Rosengren, R.J. Tamoxifen and epigallocatechin gallate are synergistically cytotoxic
to MDA-MB-231 human breast cancer cells. Anticancer Drugs 2004, 15, 889–897. [CrossRef] [PubMed]

19. Roy, A.M.; Baliga, M.S.; Katiyar, S.K. Epigallocatechin-3-gallate induces apoptosis in estrogen
receptor-negative human breast carcinoma cells via modulation in protein expression of p53 and Bax
and caspase-3 activation. Mol. Cancer Ther. 2005, 4, 81–90. [PubMed]

20. Amado, N.G.; Fonseca, B.F.; Cerqueira, D.M.; Neto, V.M.; Abreu, J.G. Flavonoids: potential Wnt/beta-catenin
signaling modulators in cancer. Life Sci. 2011, 89, 545–554. [CrossRef] [PubMed]

21. Puig, T.; Turrado, C.; Benhamú, B.; Aguilar, H.; Relat, J.; Ortega-Gutiérrez, S.; Casals, G.; Marrero, P.F.;
Urruticoechea, A.; Haro, D.; et al. Novel inhibitors of fatty acid synthase with anticancer activity.
Clin. Cancer Res. 2009, 15, 7608–7615. [CrossRef] [PubMed]

22. Turrado, C.; Puig, T.; García-Cárceles, J.; Artola, M.; Benhamú, B.; Ortega-Gutiérrez, S.; Relat, J.; Oliveras, G.;
Blancafort, A.; Haro, D.; et al. New synthetic inhibitors of fatty acid synthase with anticancer activity.
J. Med. Chem. 2012, 55, 5013–5023. [CrossRef] [PubMed]

23. Turrado, C. Novel Inhibitors of Fatty Acid Synthase (FASN): Validation As a New Therapeutic Target for
Breast Cancer Treatment. Ph.D. Thesis, Universidad Complutense de Madrid, Madrid, Spain, 2013.

http://dx.doi.org/10.1038/nrclinonc.2016.66
http://www.ncbi.nlm.nih.gov/pubmed/27184417
http://dx.doi.org/10.1016/S0140-6736(16)32454-0
http://dx.doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://dx.doi.org/10.1016/j.cmet.2015.12.006
http://www.ncbi.nlm.nih.gov/pubmed/26771115
http://dx.doi.org/10.1038/nrc2222
http://www.ncbi.nlm.nih.gov/pubmed/17882277
http://dx.doi.org/10.1111/j.1749-6632.2010.05777.x
http://www.ncbi.nlm.nih.gov/pubmed/20973802
http://dx.doi.org/10.1186/bcr3077
http://www.ncbi.nlm.nih.gov/pubmed/22177475
http://dx.doi.org/10.1158/1078-0432.CCR-15-0126
http://www.ncbi.nlm.nih.gov/pubmed/26519059
http://dx.doi.org/10.1016/j.ebiom.2015.06.020
http://www.ncbi.nlm.nih.gov/pubmed/26425687
http://dx.doi.org/10.1158/1078-0432.CCR-15-3133
http://www.ncbi.nlm.nih.gov/pubmed/27106068
http://dx.doi.org/10.1007/s10549-007-9678-5
http://www.ncbi.nlm.nih.gov/pubmed/17902053
http://www.ncbi.nlm.nih.gov/pubmed/19189648
http://dx.doi.org/10.1186/1471-2407-12-280
http://www.ncbi.nlm.nih.gov/pubmed/22769244
http://dx.doi.org/10.3892/ol.2017.6108
http://www.ncbi.nlm.nih.gov/pubmed/28693189
http://dx.doi.org/10.1097/00001813-200410000-00010
http://www.ncbi.nlm.nih.gov/pubmed/15457130
http://www.ncbi.nlm.nih.gov/pubmed/15657356
http://dx.doi.org/10.1016/j.lfs.2011.05.003
http://www.ncbi.nlm.nih.gov/pubmed/21635906
http://dx.doi.org/10.1158/1078-0432.CCR-09-0856
http://www.ncbi.nlm.nih.gov/pubmed/20008854
http://dx.doi.org/10.1021/jm2016045
http://www.ncbi.nlm.nih.gov/pubmed/22559865


Molecules 2018, 23, 1160 11 of 12

24. Blancafort, A.; Giró-Perafita, A.; Oliveras, G.; Palomeras, S.; Turrado, C.; Campuzano, O.; Carrión-Salip, D.;
Massaguer, A.; Brugada, R.; Palafox, M.; et al. Dual fatty acid synthase and HER2 signalling blockade
shows marked antitumor activity against breast cancer models resistant to anti-HER2 drugs. PLoS ONE
2015, 10, e0131241. [CrossRef] [PubMed]

25. Giró-Perafita, A. Fatty Acid Synthase Expression and Inhibition in Triple-Negative Breast Cancer.
Ph.D. Thesis, University of Girona, Girona, Spain, 2016.

26. Ruiz-Avila, L.B.; Huecas, S.; Artola, M.; Vergoñós, A.; Ramírez-Aportela, E.; Cercenado, E.; Barasoain, I.;
Vázquez-Villa, H.; Martín-Fontecha, M.; Chacón, P.; et al. Synthetic inhibitors of bacterial cell division
targeting the GTP-binding site of FtsZ. ACS Chem. Biol. 2013, 8, 2072–2083. [CrossRef] [PubMed]

27. Feldman, K.S.; Sambandam, A.; Bowers, K.E.; Appel, H.M. Probing the role of polyphenol oxidation in
mediating insect-pathogen interactions. Galloyl-derived electrophilic traps for the Lymantria dispar nuclear
polyhedrosis virus matrix protein polyhedrin. J. Org. Chem. 1999, 64, 5794–5803. [CrossRef]

28. Giró-Perafita, A.; Sarrats, A.; Pérez-Bueno, F.; Oliveras, G.; Buxó, M.; Brunet, J.; Viñas, G.; Puig, T. Fatty
acid synthase expression and its association with clinico-histopathological features in triple-negative breast
cancer. Oncotarget 2017, 8, 74391–74405. [CrossRef] [PubMed]

29. Grunt, T.W.; Wagner, R.; Grusch, M.; Berger, W.; Singer, C.F.; Marian, B.; Zielinski, C.C.; Lupu, R. Interaction
between fatty acid synthase- and ErbB-systems in ovarian cancer cells. Biochem. Biophys. Res. Commun. 2009,
385, 454–459. [CrossRef] [PubMed]

30. Corkery, B.; Crown, J.; Clynes, M.; O’Donovan, N. Epidermal growth factor receptor as a potential therapeutic
target in triple-negative breast cancer. Ann. Oncol. 2009, 20, 862–867. [CrossRef] [PubMed]

31. Yang, Y.A.; Morin, P.J.; Han, W.F.; Chen, T.; Bornman, D.M.; Gabrielson, E.W.; Pizer, E.S. Regulation of fatty
acid synthase expression in breast cancer by sterol regulatory element binding protein-1c. Exp. Cell Res. 2003,
282, 132–137. [CrossRef]

32. Petroulakis, E.; Mamane, Y.; Le Bacquer, O.; Shahbazian, D.; Sonenberg, N. mTOR signalling: implications
for cancer and anticancer therapy. Br. J. Cancer 2006, 94, 195–199. [CrossRef] [PubMed]

33. Sultan, A.S.; Khalil, M.I.M.; Sami, B.M.; Alkhuriji, A.F.; Sadek, O. Quercetin induces apoptosis in
triple-negative breast cancer cells via inhibiting fatty acid synthase and β-catenin. Int. J. Clin. Exp. Pathol.
2017, 10, 156–172.

34. Srinivasan, A.; Thangavel, C.; Liu, Y.; Shoyele, S.; Den, R.; Selvakumar, P.; Lakshmikuttyamma, A. Quercetin
regulates β-catenin signaling and reduces the migration of triple negative breast cancer. Mol. Carcinog. 2016,
55, 743–756. [CrossRef] [PubMed]

35. Wang, X.; Song, K.S.; Guo, Q.X.; Tian, W.X. The galloyl moiety of green tea catechins is the critical structure
feature to inhibit fatty acid synthase. Biochem. Pharmacol. 2003, 66, 2039–2047. [CrossRef]

36. Zhang, Y.M.; Rock, C.O. Evaluation of epigallocatechin gallate and related plant polyphenols as inhibitors of
the FabG and FabI reductases of bacterial type II fatty-acid synthase. J. Biol. Chem. 2004, 279, 30994–31001.
[CrossRef] [PubMed]

37. Sharma, S.K.; Parasuraman, P.; Kumar, G.; Surolia, N.; Surolia, A. Green tea catechins potentiate triclosan
binding to enoyl-ACP reductase from Plasmodium falciparum (PfENR). J. Med. Chem. 2007, 50, 765–775.
[CrossRef] [PubMed]

38. Sharma, S.K.; Kumar, G.; Kapoor, M.; Surolia, A. Combined effect of epigallocatechin gallate and triclosan
on enoyl-ACP reductase of Mycobacterium tuberculosis. Biochem. Biophys. Res. Commun. 2008, 368, 12–17.
[CrossRef] [PubMed]

39. Narayanan, S.; Ramesh, K.V. Epigallocatechin gallate, a green tea polyphenol inhibits Mycobacterium
smegmatis: In silico and in vitro studies. Indian J. Pharm. Sci. 2017, 79, 625–632. [CrossRef]

40. Maier, T.; Leibundgut, M.; Ban, N. The crystal structure of a mammalian fatty acid synthase. Science 2008,
321, 1315–1322. [CrossRef] [PubMed]

41. Veigel, D.; Wagner, R.; Stübiger, G.; Wuczkowski, M.; Filipits, M.; Horvat, R.; Benhamú, B.;
López-Rodríguez, M.L.; Leisser, A.; Valent, P.; et al. Fatty acid synthase is a metabolic marker of cell
proliferation rather than malignancy in ovarian cancer and its precursor cells. Int. J. Cancer 2015, 136,
2078–2090. [CrossRef] [PubMed]

http://dx.doi.org/10.1371/journal.pone.0131241
http://www.ncbi.nlm.nih.gov/pubmed/26107737
http://dx.doi.org/10.1021/cb400208z
http://www.ncbi.nlm.nih.gov/pubmed/23855511
http://dx.doi.org/10.1021/jo982477n
http://dx.doi.org/10.18632/oncotarget.20152
http://www.ncbi.nlm.nih.gov/pubmed/29088795
http://dx.doi.org/10.1016/j.bbrc.2009.05.085
http://www.ncbi.nlm.nih.gov/pubmed/19467222
http://dx.doi.org/10.1093/annonc/mdn710
http://www.ncbi.nlm.nih.gov/pubmed/19150933
http://dx.doi.org/10.1016/S0014-4827(02)00023-X
http://dx.doi.org/10.1038/sj.bjc.6602902
http://www.ncbi.nlm.nih.gov/pubmed/16404421
http://dx.doi.org/10.1002/mc.22318
http://www.ncbi.nlm.nih.gov/pubmed/25968914
http://dx.doi.org/10.1016/S0006-2952(03)00585-9
http://dx.doi.org/10.1074/jbc.M403697200
http://www.ncbi.nlm.nih.gov/pubmed/15133034
http://dx.doi.org/10.1021/jm061154d
http://www.ncbi.nlm.nih.gov/pubmed/17263522
http://dx.doi.org/10.1016/j.bbrc.2007.10.191
http://www.ncbi.nlm.nih.gov/pubmed/17996734
http://dx.doi.org/10.4172/pharmaceutical-sciences.1000271
http://dx.doi.org/10.1126/science.1161269
http://www.ncbi.nlm.nih.gov/pubmed/18772430
http://dx.doi.org/10.1002/ijc.29261
http://www.ncbi.nlm.nih.gov/pubmed/25302649


Molecules 2018, 23, 1160 12 of 12

42. Wagner, R.; Stübiger, G.; Veigel, D.; Wuczkowski, M.; Lanzerstorfer, P.; Weghuber, J.; Karteris, E.;
Nowikovsky, K.; Wilfinger-Lutz, N.; Singer, C.F.; et al. Multi-level suppression of receptor-PI3K-mTORC1
by fatty acid synthase inhibitors is crucial for their efficacy against ovarian cancer cells. Oncotarget 2017, 8,
11600–11613. [CrossRef] [PubMed]

43. Colomer, R.; Sarrats, A.; Lupu, R.; Puig, T. Natural polyphenols and their synthetic analogues as emerging
anticancer agents. Curr. Drug Targets 2017, 18, 147–159. [CrossRef] [PubMed]

Sample Availability: Samples of the compounds are not available from the authors.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.18632/oncotarget.14591
http://www.ncbi.nlm.nih.gov/pubmed/28086243
http://dx.doi.org/10.2174/1389450117666160112113930
http://www.ncbi.nlm.nih.gov/pubmed/26758667
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Synthesis of EGCG Analogues 
	Effect of EGCG Analogues on Cell Proliferation 
	Effect of EGCG Analogues on FASN Activity and on FASN Protein Expression 
	Effect of EGCG Analogues on Apoptosis 

	Discussion 
	Materials and Methods 
	Cell Culture 
	Inhibition of Cell Proliferation 
	Inhibition of Fatty Acid Synthase Activity 
	Immunoblot Analysis of Cell Lysates 
	Statistical Analysis 

	References

