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ABSTRACT: Chlorogenic acid (CGA) is a major polyphenol in primary human diet, displaying a wide range of
biological activities such as anti-oxidant, anti-inflammatory and anti-cancer effects. Several studies reported the
chemopreventive effects of CGA on different types of cancers including breast cancer, which is the most common cancer
among women worldwide. In this comprehensive study, we determined the anti-proliferative and cytotoxic effects of
pure CGA on the phenotype of various breast cancer cell lines (MCF-7, SKBR-3, MDA-MB-231, MDA-MB-468 and BT-
20) with well-defined molecular classification and characteristics, in a time and dose dependent manner by using
iCELLigence real-time and label-free cell analysis technology. Cells were plated on iCELLigence system-specific E-plate
L8 and treated with CGA for 72 hours at concentrations ranging from 250 pM to 8 mM. Obtained data were analyzed
by RTCA data analysis software 1.0 and IC50 values of 952+32.5 pM for MCF-7, 940+21.2 puM for SKBR-3, 590.5+10.6 pM
for MDA-MB-231, 882.5+12.0 pM for MDA-MB-468 and 1095+121.6 uM for BT-20 cell lines were calculated at the end of
72-hour assay. Based on our findings, CGA did not have cytotoxic activity on breast cancer cell lines, and IC50 values
and growth curves displayed similar anti-proliferative patterns with slight variation.

KEYWORDS: Chlorogenic acid; phenolic compound; natural extract; breast cancer; proliferation; cytotoxicity;
xCELLigence; RTCA.

1. INTRODUCTION

Natural products have health-beneficial effects through the many phytochemicals as their ingredients. By
characterizing their phytochemical structures, a large number of bioactive constituents have been identified.
The effects of these constituents on various diseases have been studied for many years and remarkable results
have been obtained [1-2]. Functional foods in the primary human diet contain a wide variety of
phytochemicals and their preclinical studies and clinical trials continue to increase intensively [3-8]. Russo et.
al. summarized ongoing clinical trials of dietary phytochemicals on cancer prevention and therapy [9]. It
appears that the use of the major phytochemicals, either solely, or in combination with other therapeutics,
have effects on different types of cancers. In spite of all these developments, the therapeutic effects of the
already identified chemicals are being analyzed for more effective drugs with fewer side effects. Besides,
studies are underway for the discovery of new bioactive chemicals.

Chlorogenic acid (CGA) is a polyphenolic compound and it is the major constituent of many natural
products, such as the coffee beans [10-11]. CGA, is also one of the most common components of the primary
human diet, and has significant anti-oxidant, anti-inflammatory, anti-diabetic and anti-cancer effects due to
its biological and pharmacological activity [12-15]. Focusing on cancer, several studies on different cancer
types reported the chemopreventive effects and cell death mechanism regulation through CGA or natural
extracts containing CGA [16-21]. However, the majority of these studies demonstrated the biological activity
of CGA when applied within the total extract. Although natural extracts are beneficial to health and that this
benefit comes from the major components of the product, it is not known whether this effect is due to the
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synergistic effects of the constituents or by another mechanism. Therefore, when evaluating a natural product,
the phytochemicals must be isolated and comprehensive biological analyses must be carried out.

In vitro tests are important for shaping future studies in a more meaningful way, reducing the number of
experimental animals and eliminating artifacts. Among them, proliferation and cytotoxicity assays are one of
the pharmacological activity tests required to evaluate a component as a candidate drug. Each of the existing
in vitro cell viability tests measures cellular events by different mechanisms [22-23]. According to these
measurement results, anti-proliferative effect / cytotoxicity profiles are revealed. However, all conventional
endpoint tests require additional markings on the cells or cellular fixation and this can lead to possible artifacts.
Real-time cell analysis systems provide continuous viability measurements without additional marking of the
cells by quantitative high-throughput measurements. Unlike conventional endpoint assays, continuous
measurements can be taken from each well in the real time cell analysis system without any additional
processing. For example, if a measurement is taken every 30 minutes in the standard 72-hour viability test, it
is measured 144 times during this process, which allows real-time monitoring, and the results are calculated
quantitatively [24-25].

This study aimed to investigate the anti-proliferative and cytotoxic properties of the chemically
synthesized pure chlorogenic acid, by high-throughput, real-time and label-free monitoring on different breast
cancer cell lines, which is the most common cancer among women.

2. RESULTS AND DISCUSSION

Phytochemicals have been one of the ideal agents to develop a common treatment protocol in cancer
therapy. The first example was Paclitaxel, also known as Taxol, isolated from Taxus brevifolia barks in 1971, a
chemotherapeutic agent that is being used in the clinic, which inhibits cell division. Another more cytotoxic
chemotherapeutic agent, Docetaxel (Taxotere) was semi-synthesized from 10-diacetyl baccatin III which was
isolated from European yew tree (Taxus baccata) leaf extracts. These nature-originating chemotherapeutic
agents are being used in the clinic for treatment of certain cancer types, especially breast cancer [26-27].

Breast cancer is a highly heterogeneous disease with several subtypes, different immunological profiles
and various tumor structure from patient to patient. Under these circumstances, different treatment strategies
must be developed for each patient, since treatment options are limited, especially in advanced tumors. In
particular, cases with no receptors, so-called triple negative breast cancers are more aggressive and have
limited treatment options [28-31]. In addition to the current therapeutics, ongoing efforts focus on to develop
less toxic and easier-to-obtain agents, with fewer side effects.

In this study, we performed a real-time and label-free high-throughput screening in order to analyze the
effects of pure chlorogenic acid on breast cancer cell lines for the first time. As shown in Table 1, we have
worked with five widely used breast cancer cell lines with different classifications and receptors types. We
treated all the cells with 6 different doses of CGA in a time and dose dependent manner under the same
conditions. We used 5% DMSO and FBS-free DMEM as controls. We observed that 8, 4 and 2 mM CGA
completely killed the cells in all of the cell lines tested (Figure 1). We also observed that 1 mM CGA inhibited
cellular growth of all cell lines except MDA-MB-231 (Figure 1, C). A slight induction of cellular growth was
observed upon 1 mM CGA treatment of MDA-MB-231 cells but around 50 hours, growth inhibition ratio
pattern was similar to other cell lines. At 0.5 and 0.25 mM doses, a slight inhibition was observed after 50 hours
in the BT-20 cells (Figure 1, E), whereas in other cell lines the cells continued their normal growth. IC50 values
were calculated with cell index values obtained at the 72-hour time point by RTCA software 1.0. IC50 values
of 952+32.5 pM for MCF-7, 940+21.2 pM for SKBR-3, 590.5+10.6 pM for MDA-MB-231, 882.5+12.0 pM for MDA-
MB-468 and 1095+£121.6 pM for BT-20 cell lines were obtained (Table 2). According to these results, CGA was
not cytotoxic on the breast cancer cell lines used in this study. However, although not satisfactory, CGA had
variable anti-proliferative effects on different cell lines, as observed in Figure 1. When IC50 values and growth
curves were evaluated, CGA had the most anti-proliferative effect on the MDA-MB-231 cell line
(IC50=590.5£10.6 pM) in concordance with the literature: Palmioli ef. al. demonstrated that coffee extracts and
its main component chlorogenic acid affects Ras proteins in MDA-MB-231 cells. They treated MDA-MB-231
cells with 25-500 pM pure CGA and observed 330 pM CGA inhibited 50% of cell viability with RealTime-Glo™
MT (Promega, Madison, Wisconsin, USA) cell viability assay [17]. In another study, Mileo and colleagues
investigated the therapeutic effects of artichoke and its polyphenols on breast cancer cell lines. The major
phenolic acid in the artichoke extract was found to be chlorogenic acid. They observed cellular inhibition of
MDA-MB-231 cell line due to elevated CGA concentrations (200 to 100 ptM), which was tested by trypan blue
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exclusion method [32]. Further, to elucidate the anti-cancer mechanism of CGA in breast cancer with in vitro
and in silico approaches, Deka et al., analyzed the cell viability-reducing effect of CGA on MCF-7 and MDA-
MB-231 cells by MTT assay and reported that CGA caused apoptosis-mediated cell-death in the MDA-MB-231
cell line. They also demonstrated that CGA caused morphological deformation in both cell lines, which we
also have noticed [33]. Considering the results of these studies with our results, the effects of CGA on MDA-
MB-231 cells was being revealed through four different methods. Moreover, Suberu et al. reported that CGA
inhibited cell growth of MCE-7 breast cancer cell line by using SRB test in a combinatorial study [34] Naso et
al. observed no cytotoxicity following treatment of MDA-MB-231 and SK-BR-3 cells with 10 pM CGA [35].
Regarding all the results in the current literature, earlier studies with CGA have focused on the most popular
model cell lines MCF-7 and MDA-MB-231. In our study, in addition to these two cell lines, different breast
cancer cell lines were also included and the most effective result was obtained with an aggressive and difficult-
to-treat breast cancer type in the clinical phenotype, MDA-MB-231 cell line, consistent with the literature.
Another unique aspect of our study is that CGA was not solubilized in toxic solvents such as ethanol and
DMSO, but dissolved directly in serum-free cell culture medium. Thus, cells were not affected with an
additional chemical treatment; they were directly exposed to the specific effect of pure CGA.

Our results indicate that CGA displayed time and dose dependent cell growth inhibitory effects on ER+,
HER2+ and triple negative breast cancer cells. Since we have used real time cell analysis system, this work
presents a more accurate assessment of the effects of natural products containing CGA as a major component,
especially on breast cancer studies.

Table 1. Clinicopathological characteristics, classification and receptor profiles of breast cancer cell lines
used in this study (adapted from 28-31).

Age

Cell line Tumor Type Source Class ER* PR* HER2*
(year)
Invasive ductal . .
MCE-7 69 . Pleural effusion Luminal + + -
carcinoma

SK-BR-3 43 Adenocarcinoma Pleural effusion Luminal - - +
MDA-MB-231 51 Adenocarcinoma Pleural effusion Claudin-low - - -
MDA-MB-468 51 Adenocarcinoma Pleural effusion Basal A - - -
BT-20 74 Invasive ductal Primary breast Basal A - - -

carcinoma

* ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2

Table 2. IC50 values after CGA treatment of breast cancer cell lines included in the study.

Cell line IC50 (pM)
MCE-7 952432.5
SK-BR-3 940421.2
MDA-MB-231 590.5£10.6
MDA-MB-468 882.5+12.0
BT-20 1095+121.6

3. CONCLUSION

Our results demonstrated that CGA did not have cytotoxic activity on breast cancer cell lines and growth
curves displayed similar anti-proliferative patterns with slight variation. Based on our findings, future studies
should aim to characterize cell death mechanisms by CGA, including healthy human breast cells, and
revealing in vivo CGA-treated tumor activity.
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Figure 1. Representative time-and dose dependent effects of chlorogenic acid on different breast cancer cell
lines by real-time monitoring. Cells were seeded on E-plate L8 and treated with various concentrations of
chlorogenic acid for 72h. 5% DMSO and FBS-free DMEM were used as controls.

A) MCF-7; B) SK-BR-3; C) MDA-MB-231; D) MDA-MB-468; E) BT-20
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4. MATERIALS AND METHODS

4.1. Chemicals and Reagents

Chlorogenic acid was purchased from Sigma, Cat: C3878 (St. Louis, USA). DMEM (Dulbecco's Modified
Eagle’s Medium) was purchased from Lonza (Basel, Switzerland). MEM Eagle with Earle's BSS (Minimum
Essential Medium), McCoy's 5A medium, L-Glutamine, Penicillin/Streptomycin and Trypsin/EDTA were
purchased from Biological Industries (Cromwell, CT, USA). FBS (Fetal Bovine Serum) was purchased from
Biowest (Nuaillé, France). DMSO was purchased from Applichem (Darmstadt, Germany).

4.2. Cell Lines and Culture

MCEF-7 (HTB-22), SK-BR-3 (HTB-30), MDA-MB-231 (HTB-26), MDA-MB-468 (HTB-132) and BT-20 (HTB-
19) human breast cancer cell lines were obtained from American Type Culture Collection (ATCC) (Rockville,
Maryland, USA). MCF-7 and MDA-MB-231 cells were cultured in DMEM supplemented with 10% heat-
inactivated FBS, 2 mM L-glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin. BT-20 and MDA-MB-
468 cells were maintained in MEM Eagle with Earle's BSS containing 10% heat-inactivated FBS, 2 mM L-
glutamine, 100 U/ml penicillin and 100 pg/ml streptomycin. SK-BR-3 cells were maintained in McCoy's 5A
medium with 10% heat-inactivated FBS, 2 mM L-glutamine, 100 U/ml penicillin and 100 pg/ml streptomycin.
All cell lines were cultured in a humidified atmosphere of 5% CO2 at 37°C. Cells were routinely cultured on
T-75 flasks and at least 3-4 passages were performed before starting the cytotoxicity assays. Before each
experiment, the cells were first washed with PBS (phosphate buffered saline), then trypsinized and counted
by the trypan blue exclusion method with the use of a hemocytometer.

4.3. Instrument

The iCELLigence system is a compact version of xCELLigence real-time cell analysis systems (Acea
Biosciences Inc., California, USA), which basically consists of 3 components; station, E-plate L8 and iPad,®
(Apple Inc., California, USA). The iCELLigence station is placed into the standard cell culture incubator where
the experiment takes place. The cellular events such as viability, cytotoxicity, morphological changes and
growth kinetics are measured by gold microelectrodes which are located at the bottom of the E-plate L8. Cells
are seeded on E-plate L8 as they are seeded on standard tissue culture plates and then placed on the
iCELLigence station. The measured values are monitored in real time on the iPad® screen automatically via a
Wi-Fi connection between the station and the iPad which allows the users to observe and analyze ongoing
experiments. In addition to these hardware features, the system has its own software. This software not only
allows the user to monitor the real-time results of experiments but also performs all analyses such as IC50,
EC50 calculations.

4.4. Analysis of Anti-Proliferative and Cytotoxic Effects of CGA with the iCELLigence System

Anti-proliferative and cytotoxic effects of CGA on breast cancer cells were determined by using
iCELLigence technology as we previously described [36-37]. Briefly, after adding 100 pl of growth medium to
all wells, E-plate L8 was placed on the station and a short calibration measurement was taken. The plate was
removed from the station and then seeded at 5 x 104 cells in a volume of 200 pl. The cells were incubated in
the laminar cabinet for 30 minutes for the cells to settle down to the bottom of the E-plate before starting
measurements. After incubation, the plate was reinserted into the station and the system was set to measure
impedance every 30 minutes during 72 hours. After 24 hours of cell seeding, the assay was paused and the
plates were transferred into the laminar cabinet. For treatment of cells 8, 4, 2, 1, 0.5 and 0.25 mM of CGA were
added in 300 pl growth medium. 5% DMSO, which is known to be 100% toxic was used as a positive control
during the assay. The plate was placed in the station again and the analysis was restarted. After completing a
total of 72 hours of analysis, the data were analyzed with RTCA 1.0 software. IC50 values were calculated
according to the values obtained from six doses.
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