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Abstract

Background: Fatty acid synthase (FASN) is a key enzyme in de novo lipogenesis pathway. FASN overexpression is a common feature
of many human cancers like breast cancer. Furthermore, FASN expression in HER2 - positive cell lines like SKBR3 is more than other
cell lines, such as MCF - 7, which are not HER2 - positive. Cichorium intybus is a medicinal herb and methanolic extract of this plant
significantly suppressed cell viability and growth in some cancer cells.
Objectives: In this study, we aimed at investigating the effect of methanolic extract of Cichorium intybus on the FASN expression
and, therefore, lipogenesis pathway in human breast cancer SKBR3 cell line.
Methods: We assessed the cytotoxicity effect of Chicorium intybus on the cell viability of SKBR3 cells, using MTT assay. In addition,
apoptosis rate was assessed by annexinV/PI flow cytometry. Finally, Real time q - PCR was used for the analysis of FASN gene expression.
Results: The results showed that the methanolic extract of Cichorium intybus caused a dose - dependent decrease in the cell viability
of SKBR3 cells. Additionally, the treatment of confluent SKBR3 cells with extract led to reduced FASN expression at mRNA level.
Conclusions: These results suggest that Chicorium intybus not only inhibits cell viability in a dose - dependent manner, but also
presumably inhibits lipogenesis by markedly decreased FASN expression as a key lipogenic enzyme.
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1. Background

It has been demonstrated that flavonoids decrease
breast cancer cell growth, through the inhibition of fatty
acid synthase and, thus, reduces the production of lipids,
which are needed to build cell membranes of cells (1). On
the other hand, Cichorium intybus is known as a good
source of flavonoids and tannins. As a result, since the FASN
gene expression is increased in many cancers, therefore,
Chicorium intybus extract as a flavonoids source can be
considered a new treatment for many of FASN overexpres-
sion - related cancers. Cichorium intybus is a small herb
from Asteraceae family, which is also known as chicory and
it has long been known as a medical plant in Eurasia (2).

Fatty acid synthase is the key enzyme in fatty acid syn-
thesis de novo pathway (3) and it is producing palmitate by
compounding acetyl - coA, malonyl - coA, and consuming
NADPH (4). Thus, this enzyme plays a role in providing nec-
essary lipids for building cell membranes and let cancer
cells have faster growth and higher proliferation (5, 6). The
overexpression of fatty acid synthase is a common feature

of many human cancers and its activity is essential for the
survival of cancer cells (7). Additionally, FASN overexpres-
sion is a poor prognostic factor in many solid tumors and
leukemia (8, 9). FASN gene expression level is different in
various cancer cell lines so that among human breast can-
cer cell lines, SKBR3 has the highest expression of this en-
zyme. Inasmuch as, FASN is overexpressed in cancerous tis-
sue compared to surrounding normal tissue; therefore, al-
teration in expression this gene is tumor - specific and the
inhibition of this enzyme leads to the decreases of de novo
fatty acid synthase pathway in cancer cells with no effect
on non - malignant cells (10).

Therefore, according to the mentioned roles of fatty
acid synthase enzyme in various cancers, the inhibition
of this enzyme by herbal or chemical inhibitors can be
effective in cancer cell growth or even metastasis. Since
previous studies have investigated FASN inhibition by
flavonoids in other cell lines like, MDA - MB - 231 (human
breast cancer cells) and the inhibition of this enzyme by
methanolic extract of Cichorium intybus in Jurkat cells
(human T lymphocyte cells) (11, 12), we decided to study the
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effect of Cichorium intybus extract on fatty acid synthase
expression in SKBR3 cell line (human ER - negative/HER2 -
positive breast cancer cell) for the first time.

2. Objectives

In the present study, we decided to investigate the ef-
fect of Cichorium intybus extract on fatty acid synthase ex-
pression in human breast cancer SKBR3 cell line.

3. Methods

3.1. Chemicals and Materials

Cell culture medium, DMEM (Dulbecco’s Modified Ea-
gle medium), FBS (Fetal Bovine Serum), and PBS (Phosphate
Buffered Saline) were purchased from Gibco (Grand Island,
NY). MTT (3 - 4, 5 - Dimethylthiazol - 2 - yl) - 2, 5 - Diphenylte-
trazolium Bromide) powder was obtained from Sigma (St.
Louis, MO, USA). DMSO (Dimethyl Sulfoxide) was purchased
from Sigma - Aldrich (St. Louis, MO, USA). The RNA extrac-
tion kit was bought from GeneAll Biotechnology CO (Seoul,
Republic of Korea). Annexin V - FITC Apoptosis Detection
Kit was obtained from eBioscience (San Diego, USA). Rever-
tAid First Strand cDNA Synthesis kit was purchased from
Thermo Fisher (Hudson, NH, USA). SYBR Green Master Mix
was obtained from Takara (Japan).

3.2. Plant Extract

Chicorium intybus roots were collected from around
Kashan, Iran and were identified by the Traditional
Medicine Research Center, Shahid Beheshti University of
Medical Sciences, Tehran, Iran. The methanolic extract
of Chicorium intybus root was done by the maceration
method for 24 hours with continuous shaking at room
temperature. The filtrate was evaporated to dryness and
used for evaluation.

3.3. Cell Culture

Human breast cancer SKBR3 cells were purchased from
the Pasteur Institute of Iran, Tehran. Cells were cul-
tured in DMEM medium, containing 10% FBS and 1% peni-
cillin/streptomycin and, then, incubated At 37°C in a hu-
midified incubator with 5% CO2.

3.4. Cell Viability Assay

SKBR3 cells were seeded in 96 - well plates at the den-
sity of 5 × 103 cell/well. When the cell confluency reached
to 40% top 50% (24 hours after seeding), cells were treated
with Cichorium intybus (200, 300, 400, 500, and 600
µg/mL) against control (0.1% DMSO without any treat-
ment) for 24, 48, and 72 hours. After the desired time, MTT

assay was accomplished according to ATCC protocol and, fi-
nally, determination of cell viability was done, using ELISA
reader. Absorbance was measured by ELISA reader at 570
and 630 nm.

3.5. Apoptotic Analysis by Flow Cytometric Assay

SKBR3 cells were seeded in 6 - well plates at the density
of 2× 105 cells/well. Twenty - four hours after seeding, cells
were treated with the cited concentrations of Cichorium
intybus extract for 48 hours. Then, the preparation of cells
was performed according to the Annexin V - FITC Apoptosis
Detection kit protocol. At the end, cells were analyzed by
flow cytometry.

3.6. Real Time PCR

For RNA extracting, SKBR3 cells were seeded in 6 - well
plates at the density 2 × 105 cells/well. Twenty - four hours
after seeding, cells were treated with the cited concentra-
tions of Cichorium intybus extract for 48 hours and, then,
RNA extraction was done by GeneAll kit. Next, total RNA
was used to produce cDNA by RevertAid First Strand cDNA
Synthesis kit. The expression of FASN and GUS gene (as a ref-
erence gene) were examined by Real time PCR. The quan-
tity of the RNA samples was analyzed by UV - spectroscopy
(NanoDrop TM 2000 Spectrophotometer, Thermo Scien-
tific, USA) at 260 and 280 nm and the quality of extracted
RNA was tested by the 1% agarose gel electrophoresis. For
the assessment of quantity and quality of Real time PCR
results, a single amplification curve was drawn, using Ro-
torGene device. The assessment of primers sequence was
done, using Primer - BLAST and the primers were designed
exon spanning to only target mRNA. In addition, the Pfaffl
method was used to calculate the relative expression of
each gene (13). Real-time PCR primers sequences are shown
in Table 1.

Table 1. Sequences of Primers for Real - Time PCR

Primer Sequence

GUS - F 5’ - ACGTGGTTGGAGAGCTCATTTG - 3’

GUS - R 5’ - CTGCCGAGTGAAGATCCCCT - 3’

FASN - F 5’ - TGGTAGTGAGTGGGAAGGTGTAC - 3’

FASN - R 5’ - CAGACGCAGCTCCTTGTAAACTT - 3’

3.7. Statistical Analysis

Data analysis was performed, using SPSS 16.0. One - way
ANOVA and Post Hoc tests were applied for the data analy-
sis. P < 0.05 data were considered statistically significant.
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Figure 1. Effect of Cichorium Intybus Extract on Cell Viability of SKBR3 Cells in 24, 48
and 72 Hours

4. Results

4.1. Inhibitory Effect of Cichorium Intybus Extract on Cell Viabil-
ity of SKBR3 Cells

In our previous study, we investigated the cytotoxic-
ity effect of Cichorium intybus extract on cell viability of
SKBR3 cells, using MTT assay (14). As can be seen in Figure
1, the results of this study showed that Cichorium intybus
extract decreases the cell viability of SKBR3 cells in a time-
and concentration - dependent manner. The IC50 value of
Chicory extract on SKBR3 cells was 400 and 300 after 48 and
72 hours treatment, respectively.

4.2. Cichorium Intybus Extract Induces Apoptosis in SKBR3 Cells

The investigation of apoptosis induction, using the an-
nexin V/PI flow cytometry, showed the increased apoptosis
rate in extract treated cells in a dose-dependent manner.
The incubated cells in the presence of different concentra-
tions of the extract for 48 hours showed total apoptosis
4.86%, 7.74%, 18.92%, 21.21%, and 14.61% in concentrations of
200, 300, 400, 500, and 600 µg/mL of extract, respectively
(Figure 2).

4.3. Cichorium Intybus Extract Decreases FASN Expression in
SKBR3 Cells

Real time q - PCR technique was done to assess the ef-
fect of Chicorium intybus extract on FASN expression in
SKBR3 cells. The results showed that Cichorium intybus ex-
tract significantly down - regulated the expression of FASN
in SKBR3 cells. As shown in Figure 3, the inhibitory effect
of Chicorium intybus on FASN expression depends on the
concentrations. In SKBR3 cells treated with the concentra-
tions of 200, 300, 400, 500, and 600 µg/mL of extract for
48 hours, the expression of FASN decreased by 1.1, 1.5, 6.5, 4,
and 3.5 folds, respectively.

5. Discussion

Breast cancer is the most prevalent cancer and the sec-
ond cause of death among women around the worlds,
forming 22.9% of all cancers (12, 15). Fatty acid synthase
is a pivotal enzyme in de novo lipogenesis pathway. This
enzyme produces lipids, especially palmitate, which is the
first synthesized lipid in cell membrane and other types
of lipids derived from it. Additionally, the over expression
of FASN is a common feature of many human cancers like
breast cancer. Importantly, fatty acid synthase has a signifi-
cant role in providing needed lipids for building cell mem-
brane and required energy for the high proliferation rate
of cancer cells or metastases (16).

In recent years, the identification of molecular mech-
anisms is involved in intracellular signaling pathways
and development of cancer, leading to the recognition of
molecules or pathways, which are necessary for cancer cell
viability. One of the novel therapeutic approaches is target-
ing these molecules and pathways, which are known as sig-
nal transduction therapy (STT) (17). Given the role of fatty
acid synthase enzyme in signaling pathways regulating li-
pogenesis, it is expected that the inhibition of this enzyme
by chemical and herbal compounds be effective in prevent-
ing the growth of cancer cells.

Various chemical compounds for the inhibition of
fatty acid synthase are used, but recently botanicals are
more interested because of fewer side effects of them. One
of the greatest inhibitor of FASN is flavonoids, which are
found in methanolic extract of Chicorium intybus in a
large amount (1). With regard to the issues raised, this
study was designed to assess the effects of methanol ex-
tract of Chicorium intybus as a chemoprevention potential
alternative agent on fatty acid synthase gene expression in
human breast cancer SKBR3 cell line.

In a study accomplished by Esmaeilbeig et al., it was
reported that IC50 of Cichorium intybus extract on Jurkat
cell line was 138µg/mL after 48 hours and they also stated
that Chicorium intybus extract could decrease the cell vi-
ability in Hela (Cervical Epitheloid Carcinoma) and Fen
(Bladder Carcinoma) cell lines after considered treatment
(18).

As shown in Figure 1, IC50 values of Chicorium inty-
bus extract on SKBR3 cells were 400 and 300 µg/mL after
48 and 72 hours of treatment, respectively, indicating that
the methanol extract of Chicorium intybus impacts on the
survival of SKBR3 cells in a dose- and time - dependent pat-
tern. The results of the current study are in agreement
with other studies, for instance in a study conducted by
Esmaeilbeig et al., IC50 of Cichorium intybus extract on
cell viability of K562 cell line (myelogenous leukemia) ob-
tained 400 µg/mL after 48 hours treatment (18). Addition-
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Figure 2. Chicorium Intybus Induced Apoptosis in SKBR3 Cells

ally, in a study carried out by Gospodinova et al., it was
reported that Chicorium intybus extract with concentra-
tions between 30 to 600 µg/mL has a significant effect on
the viability of MCF - 7 cancer cells in 24 hours and the IC50
of Cichorium intybus was 409 µg/mL (19).

As shown in Figure 2, the different concentrations of Ci-
chorium intybus (300, 400, 500, and 600 µg/mL) caused
apoptosis in SKBR3 cell line after 48 hours treatment. Thus,
500 µg/mL may be considered the most effective dose for
the induction of apoptosis in SKBR3 cells. This result is in
line with another study conducted by Saleem et al. They re-
ported that Cichorium intybus extract induced apoptosis
in Jurkat cells with the most effective dose 25 µg/mL (12).

As shown in Figure 3, treatment with the different con-
centrations of Chicorium intybus extract can reduce the
fatty acid synthase gene expression. Gene expression de-
creased in all concentrations, but there was a significant
reduction in gene expression in the concentrations of 300,
400, 500, and 600 µg/mL after 48 hour treatment. Since
FASN has a significant role in regulating lipogenesis, the
decreased expression of FASN in the increased concentra-
tions of extract may influence on proliferation and metas-
tasis derived from lipogenesis pathway.
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Figure 3. The Eeffect of Cichorium Intybus Extract on FASN Expression in 48 Hour
Time

5.1. Conclusion

In summary, the methanolic extract of Cichorium in-
tybus can induce apoptosis in SKBR3 cells and this extract
also down - regulates the expression of fatty acid synthase
in a dose - dependent manner. Therefore, the inhibitory ef-
fect of Chicorium intybus on fatty acid synthase expression
may decrease proliferation and migration by affecting li-
pogenesis in human breast cancer SKBR3 cell line.
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