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Abstract: 1) Background: Studies indicate that caffeic acid (CA), caffeic acid phenethyl ester 27 
(CAPE) are compounds with potent chemopreventive effects. Breast cancer is a common cancer 28 
among women worldwide. The study shows comparison of caffeic acid and its ester activity in the 29 
cells of breast cancer line MDA-MB-231; 2) Methods: The cells of MDA-MB-231 were treated by CA 30 
and CAPE with doses from 10 to 100 µM in time 24 h and 48 h. Cytotoxicity MTT test, apoptosis by 31 
Annexin V and cell cycle with Dead Cell Assay were performed; 3) Results: The cytotoxic activity 32 
was greater for CAPE comparing to CA, in both incubation time (same dosage). IC50 values for CAPE 33 
were 27.84 (24h) and 15.83 (48h) and >10000 (24h) and >1000 (48h) for CA. Polyphenols induced 34 
apoptosis, higher apoptotic effect observed for CAPE (dose dependent). CAPE induced cell cycle 35 
arrest in S phase (time and dose dependent). Dose dependent decline G0/G1 phase (48h) and 36 
elimination of phase G2/M (100 µM of CAPE). For CA, only after 48 hours, small effect of cell cycle 37 
at phase S (however dose dependent), and slight decline of phase G0/G1 and G2/M only for highest 38 
doses (50 and 100 µM); 4) Conclusions: Comparing CA and CAPE activity, on the MDA-MB-231, we 39 
clearly see better activity of CAPE, with the same dosage and experiment time. 40 

Keywords: caffeic acid; caffeic acid phenethyl ester; CAPE; apotosis; cell cycle; proliferation; breast 41 
cancer; propolis. 42 

 43 

1. Introduction 44 
Breast cancer is a common cancer and is the leading cause of cancer-related deaths among 45 

women worldwide. Breast cancer studies have shown that this is a heterogeneous tumor with 46 
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different response to treatment. Radiation therapy is particularly effective in the treatment of breast 47 
cancer, but it carries the risk of normal cell damage and radioresistance of tumor cells. The 48 
development of radioresistance leads to a cancer recurrence with a more aggressive phenotype in 49 
patients [1-4]. 50 

Chemopreventive agents act as cell cycle inhibitors. Cellular stress can lead to the cell cycle 51 
inhibition as a result of activation of check points. G1/S phase control prevents replication of damaged 52 
DNA, while G2/M phase control does not allow segregation of damaged chromosomes into daughter 53 
cells during mitosis. Many chemopreventive factors inhibit the growth and proliferation of tumor 54 
cells by modulating the expression and/or activation of cell cycle regulatory proteins [5-7]. 55 

Apoptosis is a process of programmed cell death that plays a major role in the preservation of 56 
tissue homeostasis and the elimination of neoplastic cells. Chemopreventive agents can affect many 57 
effector and regulatory elements of the apoptosis process [8-10]. 58 

Many studies have shown that chemopreventive agents induce apoptosis in various cancer cell 59 
types by affecting multiple proteins involved in programmed cell death [11, 12]. 60 

The need for new compounds with effective antitumor action and high cancer cell selectivity 61 
and low normal cell toxicity is conducive to testing a wide variety of chemically and structurally 62 
related compounds. Recently, the interest in natural compounds has increased significantly and they 63 
show cytotoxic, antiproliferative and proapoptotic effects essential for cancer cell growth inhibitory 64 
effect. 65 

Recent studies indicate that caffeic acid (CA), its phenethyl ester (CAPE) are compounds with 66 
potent chemopreventive effects, inter alia by cell cycle inhibition and proapoptotic action [13-16]. 67 

Caffeic acid phenethyl ester (CAPE) is the one of the polyphenol which is a component of 68 
honeybee propolis. Known CAPE properties are antiviral, anti-inflammatory, anti-cancer and 69 
antioxidant effects [17-19]. 70 

CAPE showed its anticancer effects on different cancer cell lines; however, it exhibited differen-71 
tial cytotoxic activity against cancer normal cells around [20-24].  72 

Some researchers notified a significant role of CAPE in apoptosis and cell cycle arrest [25-27].  73 
It has also been shown that CAPE can reduce expression of the mdr-1 gene and thereby increases 74 

the sensitivity of cancer cells to chemotherapy. A decrease in VEGF concentrations inhibits 75 
angiogenesis and cancer growth [28-30]. 76 

Inhibition of the nuclear factor κB (NF-κB) cell signalling pathway by CAPE is also known; it 77 
reflects in resistance to radiotherapy [31, 32].  78 

Caffeic acid has been showed as a factor influencing in a variety of potential pharmacological 79 
effects in in vitro researches and in animal models, and also, it’s been reported, that caffeic acid has 80 
an inhibitory effect on cancer cell proliferation [33-35]. 81 

However, the precise reports concerning cytotoxicity and apoptotic activity of propolis 82 
components: caffeic acid and its caffeic acid phenethyl ester in human cancer cells, still remain 83 
inconsistent and leave the field for further exploration. 84 

Our in vitro study has been conducted in order to investigate and compare the cytotoxic effects 85 
of two phenolic substances of propolis: caffeic acid and caffeic acid phenethyl ester on the viability, 86 
apoptosis, and cell cycle arrest of breast cancer cell line MDA-MB-231. 87 

2. Results 88 

2.1. MTT 89 
The effect of inhibiting growth of cell line MDA-MB-231 treated with caffeic acid (CA) and caffeic 90 

acid phenethyl ester (CAPE) was assayed by MTT cell viability. Accordingly, data were normalized 91 
and expressed as % of viability over controls.  92 

For the MDA-MB-231, for CA, cell viability decreased with dose increasing from 97.9% for dose 93 
10 µM, via 95.4% and 91.4% for 25 µM and 50 µM respectively, to reach the value 80.9% with the dose 94 
of CA 100 µM, all after 24-hours’ time of incubation (Figures 1a and 1d). Comparing CAPE cytotoxic 95 
activity to CA for the MDA-MB-231 cell line in the same time (Figures 1a and 1c), cell viability values 96 
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for the dose of 10 µM was similar to CA (97,3%), what suggest yet low cytotoxic effect in this time of 97 
experiment. However, the value took even 50.3% at 25 µM, 11.9% for 50 µM and 11.6% for 100 µM.  98 

After 48 hours of incubation time (Figures 1b and 1d), for the CA cell viability had dose-99 
dependent effect, and the values were, as follow:  99.0% for the dose 10 µM, 93.6% for 25 µM, 89,2 100 
for 50 µM, and finally 78.0% for 100 µM. However, if we compare CAPE vs. CA viability effect after 101 
48-hours of incubation time (Figures 1b and 1c) the values were statistically different, starting from 102 
71.2% for 10 µM of CAPE dose, via 27.2 per cent for 25 µM, 9.6% for 50 µM and reaching 5.6% for 100 103 
µM, the strongest cytotoxic effect. For CAPE we see high dose-dependent effect.  104 

Comparing CA vs CAPE, the cell viability values were statistically lower for CAPE (it means 105 
CAPE has higher cytotoxic effect than CA). Our results showed dependent trend in dose domain, for 106 
both substances, and time dependent for CAPE with one remark, that CAPE reached lower viability 107 
for higher doses earlier, it means CAPE cytotoxic activity occurs earlier, respectively. 108 

 109 

Figure 1. Cytotoxic effects of caffeic acid phenethyl ester (CAPE) and caffeic acid (CA) at concentrations of from 110 
10 to 100 µM by 24- and 48-hours’ incubation time of the breast cancer cell line MDA-MB- 231 with the tested 111 
compounds.  Visible dose-dependent effect for both substances.  Stronger activity of CAPE vs. CA starting 112 
from dose of 25 µM of tested compound (Figure 1a) for 24-hour incubation time. For 48-hours’ time of 113 
experiment (Figure 1b), all doses of CAPE resulted much stronger cytotoxic effect than CA with corresponding 114 
doses. In Figure 1c, for dose 10 µM of CAPE, 48h-experiment gave visible cytotoxic effect comparing to 24 hours, 115 
and conspicuous stronger effect for 25 µM; however, succeeding dose increase of CAPE (50 and 100 µM) didn’t 116 
give significant difference in viability factor but both reached very low level of viability. CA cytotoxic activity 117 
has no significant difference in the time manner and generally, has low cytotoxic activity (Figure 1d) for the 118 
MDA-MB-231 cell line. The cell viability was analyzed by MTT assay. The results were presented as mean and 119 
standard deviation of three independent experiments, 12 wells each (p <0.05; Friedman ANOVA test). 120 

During the experiment, the half maximal inhibitory concentration (IC50) was calculated, for both 121 
substances on the MDA-MB-231 breast cancer line. The results are showed in Table 1.  122 

50%-mortality of breast cancer cells of MDA-MB-231 were obtained at a dose of CAPE 27.84 µM 123 
for 24-hours’ time of incubation, and for 48-hours - 15.84 µM.  For CA, the values reached more than 124 
10000 µM for 24 hours and more than 1000 µM for 48-hours’ experiment time. These results showed 125 
that CA has lower cytotoxic activity than CAPE on MDA-MB-231 cells during 24-hours’ and 48-hours’ 126 
experiment.  127 
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Table 1. IC50 values of caffeic acid (CA) and caffeic acid phenethyl ester (CAPE) in relation to breast cancer 128 
MDA-MB-231 for 24 h and 48 h. The obtained data allow to conclude that CAPE has far bigger activity than CA 129 
on the line MDA-MB-231, during 24h and 48h. 130 

IC50 (MDA-MB-231) [µM]
 Time of Incubation Time of Incubation 
Compounds 24h 48h
Caffeic acid >10000 >1000 
 
Caffeic acid phenethyl ester 

 
27.84 

 
15.83 

2.2. MUSE® ANNEXIN V AND DEAD CELL ASSAY 131 
The cells of the breast cancer line: MDA-MB-231 after exposure to CA and CAPE was stained 132 

with Annexin V bound to FITC and analyzed by flow cytometry to assess the apoptotic cells’ 133 
percentage.  134 

In order to investigate the apoptotic effect of CA and CAPE, MDA-MB-231 cells were treated 135 
with both substances in the time of 24 h and 48 h, and apoptotic cells were assessed by staining with 136 
Annexin V bound to FITC and analyzed by flow cytometry to assess the apoptotic cells’ percentage. 137 
To determine whether CA/CAPE treatment results in apoptosis in MDA-MB-231 cells, we used a 138 
Muse Annexin V and Dead Cell kit to measure the changes in cell apoptosis after experimental times: 139 
24 and 48 hours.  140 

We observed that both investigated substances induced cell death through apoptosis in MDA-141 
MB-231 cells (Figure 2). 142 

For CAPE, after 24 hours of experiment (Figure 2a), the significant decrease in the number of 143 
live cells (with 93.96% for control), starting from 84.33% for 10 µM; via 73.79% for 25 µM and reaching 144 
for 50 and 100 µM respectively 52.90 and 48.52 per cent. Early apoptosis (at a control’s value 0.65%) 145 
reached the value of 7.46 per cent already for 10 µM, and not changed significantly with the dose of 146 
CAPE up to 50 µM, but reached 14.00 for 100 µM. Late apoptosis (control’s value 3.38%) fluctuated 147 
up to 30.11% for highest dose. Taking into the consideration all apoptotic cell phenotype, we observed 148 
that apoptotic number of cells started at 13.33% for 10 µM, having increased value of 24.91 for 25 µM, 149 
and reached significant growth of 32.43% for 50 µM and 44.11 per cent for 100 µM. Similar situation 150 
with live cells number decreasing we observed in longer, 48 hours’ time of incubation (Figure 2b). 151 
However, with control value of 92.24 per cent, after 10 µM-dose treatment of CAPE we reached 152 
decreasing number of live cells number up to 62.23%. Then, respectively, obtained results were as 153 
follows: 49.04 for the dose 25 µM, 43.18 for 50 µM, and for the highest concentration – 100 µM – 24.85 154 
per cent. It resulted also in faster gradient of apoptotic cell number increasing. Early apoptotic cell 155 
number was quite stable with the dose increasing (control: 2.72, but after dosage the values fluctuated 156 
between 9.26 and 12.51), but the late apoptosis was significantly changed. With the control 3.32 per 157 
cent, after dosage of 10 µM we obtained the value 24.15, for 25 µM - 32.85, having similar value of 158 
37.29 for 50 µM, and reached finally 53,35 per cent for 100 µM of CAPE, after 48 hours. Taking into 159 
the consideration all apoptotic cells phenotypes we observed significant apoptotic cells number 160 
growth (control total: 6.04): already after CAPE treatment with the dose of 10 µM, we obtained the 161 
value 33.41 per cent, and this value reached up to 63.76 with the dose of 100 µM of CAPE, for 48h. 162 

For caffeic acid, after 24 hours of experiment (Figure 2c), also significant decrease in the number 163 
of live cells (control value: 93.03 per cent) obtained in the dose depended manner. Starting from 164 
86.15% for 10 µM of CA, via 71.65% and 64.35% for 25 and 50 µM respectively, ending with 57.17 per 165 
cent for the dose 100 µM. Apoptotic effect of CA was not so significant as for CAPE, however we 166 
observed increase of early apoptotic cells number with the treatment of this agent, starting with the 167 
dose of 10 µM and reaching the value of 3.87, then 9.84 per cent for 25 µM. Only for 50 µM we 168 
observed decreasing of early apoptosis (back 3.98), but we clearly saw in the same time unnormal 169 
growth of dead cells number (14.31%, when for the rest of doses fluctuated from 3.56 up to 7.27). For 170 
100 µM, early apoptosis had the highest value of 12.47. Late apoptosis phenotype existed during this 171 
experiment and was dependent in the dose domain, starting from 6.39 per cent for 10 µM and 172 
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reaching max. value for 100 µM – 23.01 (control: 2.77). Total apoptotic cells number increased also 173 
with dose dependent manner, starting from 10.26 per cent for 10 µM and reaching its extremum on 174 
100 µM with 35.47%, for 24-hours’ time of experiment. During the 48 hours of incubation (Figure 2d), 175 
the apoptotic activity of CA was slightly similar in total, the apoptotic cells number reached 36.35 per 176 
cent for 100 µM, however starting from 20.25% for 10 µM. The distribution between early and late 177 
apoptosis was different then in 24-hours’ time, fluctuated for early phenotype only from 5.91 up to 178 
7.35% (with the control: 2.38). The majority of apoptotic cells was given by late apoptosis phenotype, 179 
starting from 14.34% for 10 µM and reaching 29.84% for CA dosage of 100 µM having dose dependent 180 
effect.  181 

Representative plots of apoptosis are shown on the Figure 3.  182 

 183 
Figure 2. Apoptotic effect of using CA and CAPE with concentrations 10, 25, 50 and 100 µM after 24h and 48h 184 
incubation on MDA-MB-231 cell lines. For CAPE, after 24 hours of experiment (Figure 2a), the significant 185 
decrease in the number of live cells observed. Early apoptosis stable after the treatment of CAPE (24h) and not 186 
changed significantly with the dose. Late apoptosis reached up to 30.11% for highest dose. Visible dose 187 
dependent effect, also taking into consideration total cells number with apoptotic phenotypes. Stronger 188 
apoptotic effect in the case of 48 hours of incubation (Figure 2b). Similar situation with live cells number 189 
decreasing we observed. Early apoptosis number quite stable, but late apoptosis increasing with the dosage, 190 
reaching 53.35%. In total, for CAPE, 48 h, highly dose depended effect with apoptosis. For CA, 24h of experiment 191 
(Figure 2c), negative gradient of live cells number obtained, decreasing with the dosage of CA. Apoptotic effect 192 
of CA was not so significant as for CAPE, however increase of early apoptotic cells number observed. Dose 193 
dependent effect for late apoptosis. In total, for CA, 24h, with dose dependent manner, apoptotic phenotype 194 
reached the number of 35.47% for the dose 100 µM. 48-hour time of experiment didn’t change significantly the 195 
results with live apoptosis, increased dead cells number and increase of occurring late apoptotic phenotype cells 196 
number reaching with dose dependent effect up to 29.84% for 100 µM. Vertical bars represent the standard 197 
deviation of means (SD) (n=3 experiments), p< 0.05 value. 198 
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 199 
Figure 3. Apoptotic effect of CAPE and CA substances on MDA-MB-231 cell in the 24- and 48-hours’ time of 200 
experiment (representative plots). CAPE and CA induce apoptosis in the breast cancer cells of examined line. 201 
Early apoptotic cells are shown in the lower right quadrant and late apoptotic phenotype cells in the right upper 202 
quadrant of the plot. Dose-dependent effect visible. Measured by Muse Annexin V and Dead Cell assay. 203 

2.3. MUSE® CELL CYCLE ASSAY.  204 
In different series, MDA-MB-231 cells were treated with doses: 10, 25, 50 and 100 µM of CAPE 205 

and CA for 24 and 48 hours and cell cycle progression was determined using flow cytometry. All 206 
results are shown in Figure 4. 207 

For 24 hours’ incubation time, CAPE induced cell cycle arrest in MDA-MB-231 cells at the S 208 
phase, changing from 15.6% at control (0 µM of CAPE) to 60.2 % at 100 µM dosage. CAPE with a 209 
concurrent declined with dosage increasing in the G0/G1 phase from 60.7% at control (0 µM of CAPE) 210 
to 31.1% at 100 µM of CAPE. Parallelly, the G2/M phase decreased from 23.7 at control ((0 µM of 211 
CAPE) to 8.6% at 100 µM of CAPE (Figure 4a). At the same time, CA activity in cell arrest was not so 212 
spectacular. G0/G1 phase started (at control: 0 µM of CA) from 61.0% and didn’t change its value 213 
with increasing the CA dose, ending with 59.4% at 100 µM of CA. The S phase changed from 16.8% 214 
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(at control: 0 µM of CA) up to 22.6% for 100 µM of CA dosage. Parallelly, G2/M phase decreased from 215 
22.0% at control (at control: 0 µM of CA) down to 17.7% for 100 µM of CA (Figure 4c). 216 

For the 48-hours’ incubation time, CAPE induced cell arrest in MDA-MB-231 cells at the S phase, 217 
strongly changing the values from 19.5% at control (0 µM of CAPE) to 89.7 % at 100 µM dosage. The 218 
G2/M phase started from 9.9% (at control: 0 µM of CAPE) to be practically completely eliminated 219 
(0.2%) for the 100 µM of CAPE (Figure 4b). Respectively, for CA, the decline of phase G0/G1 was 220 
observed: starting from 69.6% (at control: 0 µM of CA) to 59.0% for 100 µM of CA. CA induced cell 221 
arrest in MDA-MB-231 cells at the S phase, however the cell arrest activity of CA with results, starting 222 
from 17.2% (at control: 0 µM of CAPE) up to 32.6% for 100 µM of CA dosage weren’t so spectacular 223 
as using CAPE. 224 

Simultaneously, the G2/M phase decreased from 13.1% (at control: 0 µM of CAPE) down to 8.4% 225 
for 100 µM of CA in the dose-dependent manner (Figure 4d). 226 

 227 

Figure 4. Cell cycle arrest of using CA and CAPE with concentrations 10, 25, 50 and 100 µM after 24h and 48h 228 
incubation on MDA-MB-231 cell line. The representative cytometric plots shown repectively. CAPE induces cell 229 
cycle arrest in S phase, in dose and time dependent manner (Figure 4a and 4b). Decline of G0/G1 phase and 230 
G2/M (Figure 4a), strong dose-dependent decline G0/G1 phase for 48h and complete elimination of phase G2/M 231 
for highest dose of CAPE (both Figure 4b). For CA, in the incubation time of 24 hours no significant effect in cell 232 
cycle arrest within MDA-MB-231 cells observed (Figure 4c). After 48 hours of experiment slight effect of cell 233 
cycle at phase S in dose-dependent manner, and slight but significant decline of phase G0/G1 and G2/M only for 234 
highest dosage (50 and 100 µM) (Figure 4d). Comparison of these two poliphenols evidently shows bigger 235 
influence on cell cycle arrest induction in MDA-MB-231 of CAPE vs. CA. Lower doses, also time testify in favor 236 
of CAPE anticancer activity on breast cancer cells. Cells were stained with Muse Annexin V and Dead Cell kit 237 
and were subjected to flow cytometric analysis collecting 10,000 events. Vertical bars represent the standard 238 
deviation of means (SD) (n=3 experiments), p< 0.05 value.  239 

3. Discussion 240 
Despite the noticeable progress in the treatment of cancer and the introduction of new 241 

chemotherapeutics into the clinic, modern medicine is still struggling with the problem of fully 242 
effective chemotherapy. There is therefore a strong need to make better use of existing knowledge in 243 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2017                   doi:10.20944/preprints201708.0049.v1

Peer-reviewed version available at Molecules 2017, 22, 1554; doi:10.3390/molecules22091554

http://dx.doi.org/10.20944/preprints201708.0049.v1
http://dx.doi.org/10.3390/molecules22091554


 8 of 15 

 

the development and synthesis of new potential chemotherapeutic agents that are characterized by 244 
their efficacy, selectivity and specificity for cancer cells, and therefore interest in natural compounds 245 
has increased significantly [36, 37]. 246 

Many years of research have allowed us to identify the important factors in the breast cancer 247 
diagnosis, its development, and in the choice of dedicated and most effective treatment. There are 248 
biological factors, include the presence or absence of hormonal receptors in cancer cells and 249 
overexpression of the HER2 receptor or even its absence. There are cancers that do not show 250 
hormonal receptors (ER, PGR) and overexpression of the HER2 receptor; these belong to the specific 251 
type of breast cancer, termed triple negative. TNBC can develop much faster than other cancers. It is 252 
therefore important to diagnose this disease and to introduce dedicated and specific patient-specific 253 
treatment because estrogen, progesterone and HER2 therapy are not so effective in that case. [38-41]. 254 

Exceptionally, in the breast cancer, estrogen receptor signalling plays important role in cell 255 
proliferation and vitality. It has been observed, that MDA-MB-231 is the ideal cell line for triple-256 
negative breast cancer since minimal expression of estrogen receptor β and lack of estrogen receptors 257 
α [42]. 258 

In our research, we compared cellular response of breast cancer line MDA-MB-231 to two 259 
constituents which normally occur in propolis: caffeic acid (CA) and its derivative – caffeic acid 260 
phenethyl ester (CAPE), in line with our best knowledge, for the first time. 261 

Natural agents are quite popular in complementary medicine at the moment, and appear to be 262 
well suited as potential novel substances for the treatment support of certain forms of cancer, even 263 
performed with clinical trials [39]. 264 

Our results obtained from flow cytometric assay clearly showed that CA and notably CAPE 265 
induced apoptosis and growth inhibition in time- and dose-dependent manner in the breast cancer 266 
MDA-MB-231 line. Clear changes of cell cycle namely, if compare these two phenolic compounds of 267 
propolis, in CAPE treatment were observed. Cell cycle arrest in the S phase, with reducing (and even 268 
removing) of G2/M phase for CAPE, and with at the same time, weak CA influence on MDA-MB-231 269 
cell cycle (for 24h insignificant, and for 48h slight effect) leads us to conclusion, that CAPE comparing 270 
to CA, induces stronger and faster cell cycle arrest. For our best knowledge, this study presented 271 
comparison of CA and CAPE is one of the first, which compares inducing of cell cycle arrest and 272 
apoptotic effect, in the cells of MDA-MB-231 line. 273 

The study also identified dead cells tests, and CA/CAPE treatment resulted in diminishment of 274 
life of MDA-MB-231 cells. Novel action of our research was to compare the cytotoxic effects of CA 275 
and CAPE in MDA-MB-231 cell line, with the conclusion that CA and CAPE inhibited the 276 
proliferation and reduced the viability of NDA-MB-231 cells. However, CAPE cytotoxic activity was 277 
stronger, in line of doses, and faster, in line of time than CA, respectively.  278 

These results confirm, the phenolic compounds could be found as supportive chemotherapeutic 279 
agent for certain conditions of breast cancer [40]. 280 

Natural compounds, especially phenolic once, also have been demonstrated to soften the 281 
chemotherapeutic effect in tumour cells and subsequent treatment of caffeic acid and paclitaxel 282 
induce strong synergistic effects, antiproliferative and apoptosis of lung cancer cells, including the 283 
NF-κB pathway [41]. 284 

The results obtained showed that treatment of breast cancer cells with these two phenolic acids 285 
effectively induced apoptosis with condition indicated above, with stronger apoptotic effect. 286 
Chemotherapeutic agents, including propolis constituents, are expected and already confirmed to 287 
inhibit the growth of some cancer types.  288 

Chen et al. showed in the research that CAPE acts as a radiation sensitizer in some types of 289 
cancer. Because CAPE’s activity destination is radioresistance signalling pathway, it improves the 290 
efficiency of the radiation response [43]. 291 

Study of Omene et al. showed, that CAPE, in a dose-dependent manner inhibits MCF-7 292 
(hormone receptor positive, HR+) and MDA-MB-231 cells growth, both breast cancer lines, in vitro 293 
and even in vivo without much effect on normal mammary cells. Additionally, CAPE strongly 294 
influenced gene and protein expression. It induced cell cycle arrest, apoptosis and reduced growth 295 
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expression and transcription factors like e.g. NF-κB. What was significant, CAPE downregulated 296 
mdr-1 gene, which were shown as responsible for the resistance of cancer cells to chemotherapeutic 297 
agents. Furthermore, CAPE in dose dependent manner suppressed VEGF formation in MDA-231 298 
cells and formation of capillary-like tubes by endothelial cells, what implicated inhibitory effect on 299 
angiogenesis. Their results strongly suggested that CAPE inhibits MDA-231 and MCF-7 human 300 
breast cancer growth via its apoptotic effects, and modulation of NF-κB, the cell cycle, and 301 
angiogenesis [44]. 302 

Khoram et al., in their research noted, that CAPE decreased the viability of cell lines: MDA-MB-303 
231 and T47D in a dose- and time-dependent manner. In the clonogenic assay, pretreatment of cells 304 
with CAPE before irradiation significantly reduced the surviving fraction of MDA-MB-231 cells at 305 
doses of 6 and 8 Gy. A reduction in the surviving fraction of T47D cells they observed in at lower 306 
doses of radiation, comparing to MDA-MB-231. Additionally, CAPE maintained radiation-induced 307 
DNA damage in T47D cells for a longer period than in MDA-MB-231 cells. They suggested, that 308 
induction of radiosensitivity by CAPE in radioresistant breast cancer cells might be caused by 309 
prolonged DNA damage [45].  310 

Interesting results were presented by Onori et al. They found, caffeic acid phenethyl ester (CAPE) 311 
inhibited the growth of cancer cells and acts as known inhibitor of NF-κB, which is constitutively 312 
active in cholangiocarcinoma(CCH) cells. They evaluated the effects of CAPE on CCH growth both 313 
in vitro and in vivo. Inhibition of NF-κB DNA-binding activity was confirmed in nuclear extracts 314 
treated with CAPE (at doses 50, 40 and 20 µM). CAPE decreased the expression of NF-κB1 (p50) and 315 
RelA (p65) and decreased the growth of a number of CCH cells but without any activity on normal 316 
cholangiocytes. Cell cycle decrease was seen by a decrease in PCNA protein expression and the 317 
number of BrdU-positive cells treated with CAPE at 20 µM. Inhibition of growth and increased cell 318 
cycle arrest of Mz-ChA-1 cells by CAPE were conjugated with apoptotic effect. Bax expression was 319 
increased, Bcl-2 was decreased in the same time, in cells treated with CAPE. In the in vivo cancer 320 
growth was decreased and tumor latency was increased 2-fold in CAPE compared to vehicle-treated 321 
nude mice. In tumor samples taken, decreased CCH growth was coupled with apoptotic effect. 322 
CAPE, both in vivo and in vitro decreased the growth of CCH cells by increasing apoptosis [46].  323 

Sanderson et al., showed in their interesting research, the activity of caffeic acid (CA) and its 324 
different derivates, including CAPE, on human androgen-dependent prostate cancer cells LNCaP. 325 
They compared them with results, that certain caffeic acid derivatives and, in particular, CAPE had 326 
potent cytotoxic effects in LNCaP cells. They compared 19 synthetic derivatives of caffeic acid and 327 
CA itself, but only three of them decreased the cell viability of LNCaP cells concentration-328 
dependently after a 24 h exposure, including CAPE. CA-related results weren’t definitely so 329 
optimistic than obtained with CAPE, what is in line with our research. Comparing CA and CAPE 330 
IC50 value, IC50 for CAPE was extremely lower than for CA [47]. 331 

The research of Rosendahl et al. showed that in breast cancer cell lines MCF-7, T47D (both ERα+) 332 
and MDA-MB-231 (ERα-), caffeine or caffeic acid reduces human breast cancer cell growth in vitro. 333 
Cell cycle arrest in similar doses of CA (10 and 50 µM) on MDA-MB-231 was in line with our 334 
experiment, not showing big differences. They compared CA with caffeine which this last one 335 
induced cell cycle arrest and decreased G2/M phase and increased G0/G1, but having in mind 336 
completely different dosage than CA: 1 and 5 mmol/L, respectively. With the doses 10 and 50 µM of 337 
CA, they didn’t observe any changes with cell cycle on MDA-MB-231 cell line. Our research also 338 
confirmed only slight effect of caffeic acid on MDA-MB-231 cells [48]. 339 

The caffeic acid was also discovered in HCT 15 Colon Cancer Cells by Jaganathan research. 340 
Antiproliferative effect of caffeic acid against colon cancer HCT 15 cells growth in vitro was showed 341 
in the dose-dependent manner. However, he used in the experiment different doses: 100, 200, 300, 342 
500, 600, 800, 1000, 2500 µM. In the matter of fact, that those big doses could lead him to conclusion, 343 
that caffeic acid could be promoted as a likely candidate in the chemoprevention of colon cancer. 344 
Also, the IC50 calculations showed that fact. Further mitochondrial membrane potential fall was also 345 
observed in the treated cells in his research. Dose- and time-dependent staining by Yo-pro-1 346 
demonstrated increasing accumulation of apoptotic cells after caffeic acid treatment. Caffeic acid can 347 
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be considered as a potential candidate for inducing apoptosis in colon cancer cells through ROS and 348 
mitochondrial mediated mechanism [49]. 349 

Caffeic acid has been also under our consideration in the previous research. In the study of 350 
Dziedzic et al., caffeic acid reduced the viability and migration rate of oral carcinoma cells (SCC-25) 351 
together exposed to low concentration of ethanol. A significant variation of MTT absorbance values 352 
compared to ethanol alone and dose-dependent effect of combination of EtOH with caffeic acid (CA) 353 
on SCC-25 cells proliferation absorbance measurement were showed. The results demonstrated in 354 
this study, that caffeic acid had a cytotoxic effect on the tested oral carcinoma cell line [50]. 355 

Additionally, in our previous research (Dziedzic et al.) we tested induction of cell cycle arrest 356 
and apoptotic response of head and neck squamous carcinoma cells (Detroit 562). In particular, the 357 
results indicated that CAPE had a greater apoptotic effect in Detroit 562 cells than did caffeic acid. 358 
Also, that findings suggest that lower doses of CA and CAPE (up to 25 M) acting for 24 hours may 359 
not affect Detroit 562 cancer cells’ viability and cell cycle. The results show that CAPE at concentration 360 
of 100 M has a mild effect on cell cycle arrest by Detroit 562. However, cell number in the S phases 361 
and G2/M phase was decreased to 31% and 18%, respectively, when exposed to 100 M of CAPE for 362 
48h of experiment time. We see still better potential in CAPE than CA, in the respect of tested cell 363 
lines and the same dosage [13]. 364 

4. Materials and Methods  365 

4.1. Cell lines and Reagents 366 

4.1.1. Breast Cancer Cell Line MDA-MB-231 367 
In our research, we used one breast cancer line: MDA-MB-231 (human breast adenocarcinoma, 368 

TNBC, no. 92020424 SIGMA from Sigma-Aldrich), which is a model of human triple-negative breast 369 
cancer. We fully followed manufacturer’s recommendations and cultured them according to these 370 
recommendations. The breast cancer line type MDA-MB-231 was cultured with Leibovitz’s L-15 371 
medium with 10% of inactivated fetal bovine serum (FBS, Sigma-Aldrich) at 37 °C without CO2. 372 

The cultured cells were supplemented with antibiotics with the following final concentrations: 373 
penicillin 100 U·mL−1, streptomycin 100 µg·mL−1 and a fungistatic amphotericin B with a 374 
concentration of 0.25 µg·mL−1. We changed the medium every 48-72 hours, and the passage was 375 
carried out with a confluence of 80%–90%. 376 

4.1.2. CA and CAPE 377 
Caffeic acid (CA, Sigma: C0625) and caffeic acid phenethyl ester (CAPE, Sigma: C8221) were 378 

purchased from Sigma-Aldrich and they were stored and collected, and used according to the 379 
manufacture ‘s instruction. 380 

4.2 MTT TEST 381 
Cytotoxicity of tested compounds (CA and CAPE) for the MDA-MB-231 line was measured by 382 

MTT (3- (4,5-dimethylthiazol-2-yl) -2-5 diphenyl tetrazolium bromide). Test of viability shows the 383 
cells’ ability to reduce of MTT. After 24-hour and 48-hour incubation of the cells with the test 384 
compounds, medium was decanted and each well of MTT reagent was added at a final concentration 385 
of 1 mg / mL, and then incubated for 4 hours at 37 °C in a 5% CO2. After this time the supernatant 386 
was removed, and the water-insoluble formazan crystals were dissolved in 150 mL of DMSO. We 387 
used an ELISA plate BioTek’s reader at a wavelength of 570 nm in order to absorbance reading. The 388 
same procedure we used when tested 48 hours’ time of incubation. As a control group we used 389 
nutrient medium. 390 

4.3. Muse® Annexin V and Dead Cell Assay 391 
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When taking into consideration the cell population, the degree of apoptosis is one of most 392 
important parameter which can show the state of cells health and the morphological changes. 393 

Changes in the cell membrane structure are one of the significant factors of apoptosis. That leads 394 
to abnormal asymmetry in the membrane phospholipids distribution. In the normal cell, there prevail 395 
inert phospholipids on the surface of membrane. We can mention them: sphingomyelin and 396 
phosphatidylcholine. The inner layer contains the predominant anionic phospholipids, such as it is 397 
phosphatidylserine. In the apoptotic cells, phosphatidylserine is occurred in the outer layer of the cell 398 
membrane. This phenomenon is used in order to mark apoptotic cells using Annexin V, which has 399 
the binding ability itself to the negatively charged phospholipids, such as a phosphatidylserine. In 400 
our study, we used the Muse cell analyzer in order to research apoptosis using Annexin V & Dead 401 
Cell assay. The assay simply detects a phosphatidylserine on the surface of apoptotic cells. 402 

For the analysis of flow cytometric, MDA-MB-231 cells in the amount of 5 × 105 cells / well were 403 
plated in 6 well plates and allowed to stand for 24 and 48 hours to obtain a logarithmic growth. The 404 
cells were incubated in a complete culture medium containing 10, 25, 50 and 100 µM of tested 405 
compounds for 24 and 48 hours. For the apoptotic assay, 1 × 106 of cells in suspension were 406 
transferred to the new tube and incubated with 100 µL of Annexin V & Dead Cell reagent (Millipore) 407 
for 20 minutes at room temperature. The apoptosis was determined by Muse Cell Analyzer (Emission 408 
max.: Yellow- Red- 576 nm and 680 nm, Excitation max.: 532 nm). 409 

4.4. Statistical analysis 410 
All results are expressed as means ±SD obtained from three separate experiments performed in 411 

quadruplicates (n=12). The results were performed with independent sample t-tests. The 412 
experimental means were compared to the means of untreated cells harvested in a parallel manner. 413 
Differences between 24 h-incubated samples and also for 48 h-incubated samples were tested for 414 
significance using the one- and multiple-way Friedman ANOVA test. A p-value less than 0.05 were 415 
considered statistically significant.  416 

5. Conclusions 417 
With all limitations of in vitro study, we are ready to set the thesis, that summarize that the 418 

current evidence of human breast cancer adjuvant therapy and/or chemoprevention with the use of 419 
caffeic acid or CAPE is positive but still inconclusive. However, lot of promising results have been 420 
obtained for selected biologically active substances isolated from bee propolis, especially polyphenols 421 
and propolis itself, but to define the hard conclusions is too early, mainly because of incoherent 422 
results. Further advanced studies are required, in particular clinical trials, to confirm the clinical 423 
effectiveness of polyphenols on breast cancer treatment and prevention. Comparing CA and CAPE 424 
activity, on the MDA-MB-231 we clearly see better activity of CAPE, with the same dosage and 425 
experiment time. 426 
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