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Abstract. The potential role of non‑steroidal anti‑inflam-
matory drug (NSAID) therapy in the prevention and 
treatment of cancer has generated considerable research 
interest. Phosphatidylcholine (PC)‑associated NSAIDs 
decrease the gastrointestinal side effects of NSAID therapy, 
and may be more effective than traditional NSAIDs in limiting 
tumor growth. In the present study, human cells representing 
three major breast cancer subtypes were cultured with aspirin, 
indomethacin and PC‑associated forms of each drug, with 
PC alone as a control. All tested drugs decreased the tumor 
cell number after 8 days of culture, with PC‑NSAIDs having 
the greatest inhibitory effect, and NSAIDs alone, particu-
larly aspirin, having the least effect. PC alone was effective 
in limiting the proliferation of all cell lines, suggesting that 
the two components of PC‑NSAIDs have an additive effect. 
The ELISA results did not support a strong role for inhibi-
tion of cyclooxygenase enzymes in the decrease in cancer cell 
proliferation, which may account for the limited effectiveness 
of aspirin alone. PC‑NSAIDs, particularly indomethacin‑PC, 
are attractive candidate drugs in the prevention and treatment 
of different types of breast cancer, including triple negative 
breast cancer.

Introduction

Aspirin and other non‑steroidal anti‑inflammatory drugs 
(NSAIDs) have been demonstrated to decrease the 

incidence, progression and mortality of several types of 
cancer in randomized trials  (1‑4). As previously reported, 
phosphatidylcholine‑associated NSAIDs (PC‑NSAIDs) may 
be more effective than NSAIDs alone in inhibiting tumor 
growth in vitro and in vivo, in addition to their improved 
gastrointestinal safety relative to unmodified NSAIDs (5‑8).

Several observational studies have demonstrated that 
NSAIDs were associated with decreased risk, recurrence 
and mortality in breast cancer (9‑11); however, other cohort 
studies observed no effect (12,13). A number of randomized 
controlled trials are currently underway that aim to investigate 
the effect of aspirin on the treatment and secondary prevention 
of breast cancer (14‑16); these results should shed light on the 
inconsistent epidemiological data.

Breast tumors are classified into subtypes based on a 
number of factors, including hormone receptor status and 
amplification of the human epidermal growth factor receptor 
2 (HER2) gene. These subtypes may reveal variations in 
cyclooxygenase (COX) expression (17,18) or other factors that 
impact their susceptibility to NSAID therapy. Limited obser-
vational and in vitro studies have investigated the response 
of specific breast cancer subtypes to NSAID therapy, but a 
consistent pattern has not yet been unveiled (19‑22).

To the best of our knowledge, the antitumor effects 
of PC‑NSAIDs in breast cancer have not been previously 
reported. Likewise, the potent NSAID, indomethacin, has been 
largely disregarded in breast cancer research, although it has 
been demonstrated to be highly effective against the growth 
of colon and pancreatic cancer both in vitro and in vivo (5,23). 
Therefore, the present study was performed in order to inves-
tigate the inhibitory effect of NSAIDs and PC‑NSAIDs in 
cell lines representing three major breast cancer subtypes. 
Antitumor activity was measured as a decrease in cell 
number following culture with aspirin, indomethacin and the 
PC‑associated preparations of the two drugs.

Materials and methods

Preparation of test drugs. For the NSAID trials, aspirin was 
purchased from Solvay Pharmaceuticals and indomethacin 
from Spectrum Chemicals, Ltd. PC (S‑100 from Lipoid LLC) 
was dissolved in chloroform (Thermo Fisher Scientific, Inc.), 
which was then evaporated under nitrogen at 22˚C. NSAID 
and PC stock solutions were prepared by diluting each drug 
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in serum‑free culture medium and sonicating for 20 min at 
30˚C in a bath‑type sonicator. Aspirin‑PC was prepared by 
combining the aforementioned stock solutions of aspirin 
and PC in serum‑free medium at an equal mass ratio, and 
sonicating for an additional 10 min. Indomethacin‑PC was 
prepared by combining indomethacin and PC at a 1:2 mass 
ratio, dissolved in acetone (Thermo Fisher Scientific, Inc.). 
The acetone was then removed by vacuum processing using 
a rotary evaporator and stock solution prepared by dilution 
and sonication, as aforementioned. Complete descriptions 
of the drug preparation procedures are available in previous 
publications under patent (5,24,25).

Cell culture. Human cell lines were selected and are presented 
in Table I. MCF‑7, SK‑BR‑3 and MDA‑MB‑231 cells were 
obtained from the laboratory of Dr Jeffrey Chang at McGovern 
Medical School at UTHealth (Houston, TX, USA). MCF‑7 and 
MDA‑MB‑231 cells were cultured in DMEM with 5% fetal 
bovine serum (FBS; Thermo Fisher Scientific, Inc.), and SK‑BR‑3 
cells were cultured in McCoy's medium with 5% FBS. Cells 
were combined with each test drug and plated in 24 well plates at 
an initial density of 4,000 cells/well (MCF‑7 and MDA‑MB‑231) 
or 5,000 cells/well (SK‑BR‑3). Drug concentrations ranged from 
0‑180 µg/ml for aspirin/aspirin‑PC, and 0‑50 µM for indometh-
acin/indomethacin‑PC. Concentrations were selected based on 
previous studies that determined the toxic and therapeutic ranges 
for each drug (5,6). Control wells of PC alone were run for each 
drug and cell line. Cells were incubated for 8 days at 37˚C in 5% 
CO2, with one change of medium on day 4. At least 4 replicate 
wells were plated for each drug and cell line.

MTT assay. On day 8, an MTT assay was performed in order 
to assess cell number. MTT reagent (Sigma‑Aldrich; Merck 
KGaA) was added to the wells at a concentration of 0.5 mg/ml. 
Cells were then incubated for 4 h at 37˚C. MTT and culture 
medium were removed and a solvent (90% isopropanol, 0.2% 
sodium dodecyl sulfate and 0.01 M HCl) was added to extract 
the formazan product. The plates were read at 570 nm. The 
average optical density reading for each well was converted to 
a ratio relative to untreated control wells from the same plate.

ELISA. Cell culture supernatant was collected on day 4 and 
assayed for prostaglandin E2 (PGE2) using the PGE2 ELISA 
kit‑monoclonal from Cayman Chemical Company (cat. 
no. 514010). PGE2 activity was used as a marker of COX‑2 
activity.

Statistical analysis. Data are presented as the mean optical 
density reading relative to the untreated control. StatView 
software (version 5.01; SAS Institute Inc.) was used for the 
statistical analysis. One‑way analysis of variance, with a 
Tukey‑Kramer post‑hoc test, was used to analyze the decrease 
in proliferation at each drug dosage vs. the untreated control, 
and to compare the decrease in cell proliferation as a result of 
each drug tested (NSAID, PC‑NSAID and PC). P<0.05 was 
considered to indicate a statistically significant difference. 
Significant decreases in proliferation relative to the control 
for each drug are indicated by an asterisk (*) in the figures. 
Significant differences between tested drugs are indicated by a 
caret (̂ ) in the figures.

Results

MCF-7 (Luminal A) cell culture. MCF‑7 cells, the estrogen 
receptor positive (ER+)/progesterone receptor positive (PR+) 
cell line, were unaffected by aspirin even at the highest concen-
tration of 180 µg/ml (Fig. 1A). However, they were strongly 
inhibited by aspirin‑PC at much lower doses. A control with PC 
alone demonstrated similar effectiveness, significantly reducing 
cell number even at the lowest dose of 5 µg/ml. Thus, PC was 
determined to have a marked anti‑tumor effect in this cell line, 
which potentially accounted for all the observed effects of 
aspirin‑PC. According to the relative percentage of the decrease 
in cell number vs. control, indomethacin was the more effective 
of the two NSAIDs in the MCF‑7 line across their respective 
dose ranges, with modest but significant reduction of cell number 
at doses as low as 12 µM, and an ~50% decrease in cell number 
at the highest dose of 50 µM (Fig. 1B). Indomethacin‑PC was 
highly effective at limiting MCF‑7 cell number, reaching a 
decrease of 58% at 8 µM and almost complete elimination of 
cells at 50 µM. In contrast to the experiment with aspirin‑PC, in 
which the PC‑NSAID and PC alone showed very similar results, 
the effect of indomethacin‑PC was greater than that of either 
the NSAID or PC alone. It is unclear whether the decreases in 
cell number caused by each drug are attributable to decreased 
proliferation, increased apoptosis or both.

MDA-MB-231 (triple negative) cell culture. MDA‑MB‑231, 
the triple negative cell line, exhibited a very similar response 
to MCF‑7 in the aspirin experiments. Here, aspirin did cause 
a minimal decrease in cell number, but only reached a signifi-
cant decrease at the highest dose of 180 µg/ml with 21% fewer 
cells than control (Fig. 2A). Again, both aspirin‑PC and PC 
alone caused a similar and marked decrease in cell number 
even at low doses. Indomethacin was more effective than 
aspirin at its highest dose (50 µM), leading to a 33% decrease 
in cell number, but had minimal and non‑significant effects 
at lower doses. Indomethacin‑PC was highly effective against 
MDA‑MB‑231 cells (Fig. 2B). A significant decrease in cell 
number was observed at doses as low as 3.2 µM, with a 78% 
decrease at the 50 µM dose. As in the MCF‑7 line, indometh-
acin‑PC was substantially more effective than indomethacin 
or PC alone against the MDA‑MB‑231 tumor cells.

SK-BR-3 (HER2 enriched) cell culture. SK‑BR‑3 cells, the 
HER2/neu+ cell line, were the most responsive of the three 
cell lines to aspirin, with a 48% decrease in cell number at 
180 µg/ml (Fig. 3A). This was also the only cell line in which 
aspirin‑PC was more effective than either aspirin or PC alone, 
although this effect was not observed until doses of 72 µg/ml 
and above were reached. It was also the only cell line in which 
aspirin and aspirin‑PC were more effective than indomethacin 
and indomethacin‑PC, respectively, at their maximum doses 
(Fig. 3B). However, the effects of indomethacin were observed 
at lower concentrations, with significant decreases in cell 
number at doses as low as 8 µM for indomethacin and 3.2 µM 
for indomethacin‑PC. Both PC‑NSAIDs were more effective 
than the NSAID or PC alone in this cell line.

ELISA. In the ELISA assay, native expression of PGE2 was 
low for all cell lines, with values ranging from 5‑30 pg/ml 
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of PGE2 in the collected supernatant. These values were at 
the low end of the ELISA sensitivity and could not be reli-
ably distinguished from the background signal of the culture 
medium + 5% FBS. Thus, the variable effects of the drugs used 
on each cell line in the present study could not be attributed to 
their differences in COX expression or activity.

Discussion

The results from the present study are consistent with those 
from previous publications that demonstrated that NSAIDs 
and PC‑NSAIDs inhibited the growth of colon, ovarian and 

pancreatic cancer cells in vitro (5,6,23). As with the previous 
studies, PC‑NSAIDs were more effective than the NSAID 
alone for all cell lines and drugs tested in the present study, 
and markedly so in certain cases. Furthermore, the results 
from the present study indicate that the PC component of the 
complexed drug possesses an independent anti‑tumor action, 
resulting in an additive or synergistic drug effect, rather than 
PC serving merely to deliver the NSAIDs more efficiently to 
their site of action. Although PC‑NSAIDs have not yet been 
evaluated in an in vivo model of breast cancer, PC‑NSAIDs 
have, in certain cases, exhibited greater antitumorigenic 
effects than the NSAID alone in rodent models of colon and 

Figure 1. Effect of test drugs on MCF‑7 (estrogen receptor positive/proges-
terone receptor positive/human epidermal growth factor receptor 2 
negative) breast cancer cells in vitro. (A) The effect of aspirin, aspirin‑PC 
and PC control. (B) The effect of indomethacin, indomethacin‑PC and PC 
control. Error bars indicate standard error of the mean. *P<0.05 vs. control; 
^P<0.05 vs. NSAID alone. ASA, aspirin; Indo, indomethacin; PC, phospha-
tidylcholine.

Figure 2. Effect of test drugs on MDA‑MB‑231 (estrogen receptor nega-
tive/progesterone receptor negative/human epidermal growth factor receptor 
2 negative) breast cancer cells in vitro. (A) The effect of aspirin, aspirin‑PC 
and PC control. (B) The effect of indomethacin, indomethacin‑PC and 
PC control. Error bars indicate the standard error of the mean. *P<0.05 
vs. control; ^P<0.05 vs. NSAID alone. ASA, aspirin; Indo, indomethacin; 
PC, phosphatidylcholine.

Table I. Characteristics of the breast cancer cell lines selected for use in the present study.

Cell line	 Estrogen receptor	 Progesterone receptor	 HER2/neu amplification	 Subtype term

MCF‑7	 +	 +	‑	  Luminal A
SK‑BR‑3	‑	‑	   +	 HER2‑enriched
MDA‑MB‑231	‑	‑	‑	    Triple negative

HER2, human epidermal growth factor receptor 2.

https://www.spandidos-publications.com/10.3892/ol.2019.10951
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ovarian cancers (5,6). PC‑NSAIDs have an excellent safety 
profile in vivo, as demonstrated in both preclinical and clinical 
trials  (8,26‑28). PC‑NSAIDs have also been demonstrated 
as non‑toxic to the non‑cancerous gingival epithelium (29), 
suggesting a tumor‑selective action. Indomethacin‑PC looks 
particularly promising as a therapeutic agent in breast cancer 
since it was effective at a low dose in all three breast cancer 
cell lines, and it also exhibited a clear synergistic effect with 
the PC and drug components.

Although the results from the present study are quite prom-
ising, there were some limitations. First, the drugs used in the 
present study were not tested in vivo, although this will become 
the focus of future studies. The in vitro results from the present 
study, while suggestive, require additional evidence in order to be 
confirmed before being applied clinically. Secondly, the present 
study was designed with a single incubation time of 8 days 
based on previous successful results studying non‑breast cancer 
cell lines (5,6). This method does not allow the assessment of 
time dependency of the cells' response to the test drugs over 
the course of the experiment. Finally, a control line representing 
normal cells was not included due to concerns that the available 
lines were not truly representative of normal cells and could 
not be accurately compared with tumor lines. Immortalized 

cells, such as the MCF10A cell line, possess genetic modifica-
tions that are typical of cancer cells rather than normal cells, 
including telomerase activation (30), and the MCF10A line was 
demonstrated to be phenotypically unrepresentative of normal 
mammary tissue (31). Both immortalized and primary cell lines 
require potent growth factors not present in tumor cell media, 
limiting comparisons. As an appropriate control was unavail-
able, it is not known how normal mammary cells would respond 
to the drugs tested in the present study. Further research, 
particularly in vivo trials, will be instrumental to address these 
unresolved questions and further assess the clinical utility of the 
tested drugs in breast cancer treatment.

The activity of NSAIDs against breast cancer is tradition-
ally attributed to inhibition of the COX‑2 enzyme, which is 
overexpressed in certain forms of breast tumor (32) and may 
be associated with poor prognosis  (33‑35). However, the 
results from the ELISA in the present and previous experi-
ments have not convincingly demonstrated a dominant role 
for COX inhibition, despite the effectiveness of the drugs in 
limiting tumor cell number (5). In the Nurses' Health Study, 
the survival benefit of aspirin was revealed to be independent 
of COX‑2 expression in breast tumors  (35). A number of 
COX‑independent mechanisms for the chemopreventive and 
chemotherapeutic effects of NSAIDs have been proposed (36). 
For example, indomethacin can modify the behavior of cell 
membranes, potentially affecting intracellular signaling path-
ways (37). Sulindac and other NSAIDs have demonstrated 
proapoptotic and antiangiogenic effects via non‑COX‑medi-
ated mechanisms (36). In addition, new evidence has suggested 
that the ability of aspirin to decrease breast cancer invasion 
and metastasis may be platelet‑mediated (38). This coincides 
with a previous study, which demonstrated that activated plate-
lets increased proliferation of colon cancer in both in vitro 
and in vivo mouse models, while treatment with aspirin and 
aspirin‑PC decreased platelet counts and activation, which was 
correlated with decreased tumor burden (24). Platelet effects 
may account for the apparent effectiveness of aspirin against 
breast cancer in epidemiological studies despite the minimal 
direct antitumor effect of the drug in previous in vitro studies, 
which were performed in the absence of platelets  (5,6,39). 
The authors of the present study aim to investigate the role 
of platelets and NSAID‑induced platelet inhibition in breast 
cancer in future projects.

The significant and consistent anti‑tumor activity of phos-
phatidylcholine in the present study was unanticipated. PC is 
commonly used to prepare liposomes for the delivery of drugs, 
including chemotherapeutic agents, under the assumption 
that liposomes may help the drug reach its target tissue while 
minimizing systemic toxicity (40). However, the majority of 
currently published studies have not used empty liposomes as a 
control; a few have attempted this and demonstrated that lipo-
somes composed of PC alone exhibited independent antitumor 
activity (41,42). For example, empty PC liposomes decreased 
tumor size and metastasis in a mouse model of pancreatic 
cancer (41). In another study, liposomes containing PC and the 
omega‑3 fatty acid docosahexaenoic acid decreased metastases 
from colon and hepatic cancer in mice (42). Dietary PC was 
also observed to inhibit the growth of hepatocellular carcinoma 
in rats by inducing apoptosis, without impairing liver func-
tion (43). The mechanism underlying the potential anti‑tumor 

Figure 3. Effect of test drugs on SK‑BR‑3 (estrogen receptor nega-
tive/progesterone receptor negative/human epidermal growth factor receptor 
2 positive) breast cancer cells in vitro. (A) The effect of aspirin, aspirin‑PC 
and PC control. (B) The effect of indomethacin, indomethacin‑PC and 
PC control. Error bars indicate the standard error of the mean. *P<0.05 
vs. control; ^P<0.05 vs. NSAID alone. ASA, aspirin; Indo, indomethacin; 
PC, phosphatidylcholine.



ONCOLOGY LETTERS  18:  6243-6248,  2019 6247

effect of PC is currently unclear, but may be attributable to 
affecting the activity of phospholipase enzymes, including 
phospholipase A2 (PLA2), which is highly expressed in certain 
types of breast cancer (44,45). PC cleavage by PLA2 generates 
lyso‑PC, which is cytotoxic in high concentrations (46,47) and 
may accumulate differentially around PC‑exposed tumor cells 
due to their excessive enzyme activity. High concentrations of 
PC may also modify cellular activity by altering membrane 
fluidity and signaling pathways (48‑51). Abnormal phospholi-
pase signaling is known to play a key role in tumorigenesis in a 
number of different types of cancer, and has been suggested as 
a promising pathway for pharmaceutical intervention (52). PC 
may open up this potential, particularly when used in combina-
tion with other effective drugs, such as NSAIDs.
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