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Abstract

We previously reported the inhibitory profiles of naproxen and cromolyn against glycogen
synthase kinase-3b, which partly explain the molecular mechanisms of their anti-cancer
properties. In this study, we performed a detailed biochemical evaluation of the two drugs
against colorectal adenocarcinoma (Caco2), hepatocellular carcinoma (HepG2), mammary
gland carcinoma (MCF7), epitheloid cervix carcinoma (Hela), lung carcinoma (A5W9) and
epidermoid larynx carcinoma (Hep2) cell lines. Additionally, we performed cellular viability tests
using trypan blue, proliferation MTT assay, apoptosis, p53 and real-time polymerase chain
reaction for gene expression of survivin and caspase-3. Not only the two drugs were found to
significantly reduce the viability of different cell lines, but they also were shown to have potent
dose-dependent reduction of cellular proliferation. They exhibited cytotoxicity IC50 values of
3.69 and 4.16mM for naproxen and cromolyn, respectively. Viability and proliferation results
clearly correlated with apoptosis and p53 experiments in showing that both drugs significantly
raised apoptotic percentages. Furthermore, we observed a significant reduction in survivin and
elevation of caspase-3 gene expression upon exposure to the two drugs. It can be concluded
that both naproxen and cromolyn have significant anti-cancer properties.
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Introduction

Glycogen synthase kinase-3b (GSK-3b) is a multitasking serine/
threonine kinase that controls various cellular pathways through
inhibitory phosphorylation of different substrate proteins1–3.
Different studies have correlated GSK-3b with human cancer4,5.
Inhibition of GSK-3b can be useful in the treatment of several
types of cancer, such as colorectal6, ovarian7, prostate8 and skin
cancer9. GSK-3b has been shown to participate in nuclear factor-
kB (NF-kB) mediated cell survival10–12, thus behaving as a tumor
promoter. GSK-3b directly promotes NF-kB stability and
activation through both the degradation of p105 and activation
of the p65 subunit13,14. Furthermore, inhibition of GSK-3b
prevents p53 degradation and promotes apoptosis15.

In a previous publication, we reported that both naproxen, the
non-steroidal anti-inflammatory drug (NSAID) cyclooxygenase
(COX-2) inhibitor16, and cromolyn, the mast cell stabilizer/anti-
allergic agent17,18, potently inhibit GSK-3b, and therefore, we
decided to deeply explore the anti-cancer properties of these drugs

(Figure 1A and B). Our exploration included detailed biochemical
evaluation of the two drugs against colorectal adenocarcinoma
(Caco2), hepatocellular carcinoma (HepG2), mammary gland
carcinoma (MCF7), epitheloid cervix carcinoma (Hela), lung
carcinoma (A5W9) and epidermoid larynx carcinoma (Hep2) cell
lines. Additionally, we performed cellular viability tests using
trypan blue, proliferation MTT assay, apoptosis, p53 and real-time
polymerase chain reaction (RT-PCR) for gene expression of
survivin and caspase-3.

Materials and methods

Cell culture and reagents

The human cancer cell lines: colorectal adenocarcinoma (Caco2),
hepatocellular carcinoma (HepG2), mammary gland carcinoma
(MCF7), epitheloid cervix carcinoma (Hela), lung carcinoma
(A5W9) and epidermoid larynx carcinoma (Hep2) cell lines were
obtained from the Egyptian Company for Vaccine and Serum
(VACSERA, Cairo, Egypt) (Figure 2).

The cells were cultured in RPMI 1640 (Sigma, St. Louis, MO)
supplemented with 10% fetal bovine serum (Sigma, St. Louis,
MO) and 100mg/mL streptomycin, 100 U/mL penicillin.
Subsequently, the cells were distributed in 96-well plates at
37 �C and 5% CO2 in air and incubated for 24, 48, 72 and 96 h
with changing of medium and drug every 24 h.
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Preparation of drugs doses

For in vitro experiments, the cells were subjected to different
naproxen and cromolyn concentrations. Naproxen, cromolyn and
GSK-3b inhibitor LiCl were added from a 1000-fold concentrated
stock in the solvent, dimethyl sulfoxide (DMSO) (Sigma, St.
Louis, MO) and diluted in culture media to reach 100mL/well
with final well plate concentrations 10, 100, 1000 and 10 000 nM
for the compounds in triplicate. LiCl was prepared in 10, 100,
1000 and 10 000mM. Control cultures received similar amounts of
the solvent in culture media only100 mL/well in triplicate. Final
concentrations of the solvent did not exceed 0.1%.

Determination of gene expression and p53 protein

The same conditions mentioned above were applied for the gene
expression and p53 protein measurement. However, the con-
centration of naproxen, cromolyn and LiCl was the maximum
concentration in triplicate and the incubation period also was the
maximum 96 h. The media of these cells was isolated for
the p53 protein measurement, while the cells were harvested

for gene expression determination for survivin and caspase-3
genes.

Cell viability, proliferation and apoptosis

Cell viability

Cell viability measures the percentage of a cell suspension that is
viable. This is generally accomplished by trypan blue dye (Sigma)
exclusion, where viable cells with an intact membrane are able to
exclude the dye while non-viable cells without an intact
membrane take up the coloring agent. Cells were seeded into
24-well plates at a density of 1–2� 105 cells/well and drug
concentration 100mM. After 24, 48, 72 or 96 h, cells were
harvested by trypsinization (trypsin 0.025%/EDTA 0.02%) before
incubating with 0.2% trypan blue solution in PBS for 2 min. A
total of 10 mL from each stained cells suspensions were counted
using hemocytometer chamber with cells that did not incorporate
the dye considered intact19.

Cells proliferation

The measurement of cell proliferation was done by TACS MTT
cell proliferation kit (Trevigen Inc., Wiesbaden-Nordenstadt,
Germany). Cells were seeded in 96-well microtiter plates at the
required concentration of 1–2� 104 cells/well and after overnight
incubation the cells were exposed to the treated media. After 24 h
cells incubation, 10 mL of tetrazolium compound, MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) was
added to the wells and the cells were incubated 2–4 h at 37 �C.
MTT was reduced by metabolically active cells to insoluble
purple formazan dye crystals. When purple precipitate was clearly
visible under the microscope, 100mL of detergent reagent was
added to all wells, including control wells. The covered plate was
left in the dark at 18–24 �C for overnight. After that, plate coverFigure 1. Molecular structure of both naproxen (A) and cromolyn (B).

Figure 2. Pictures of Caco2, HepG2, MCF7, Hela, A5W9 and Hep2 cell lines before inhibition.

2 T. M. K. Motawi et al. J Enzyme Inhib Med Chem, Early Online: 1–9
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was opened and the absorbance was measured of the wells,
including the blanks, at 570 nm with a reference wavelength of
650 nm.

A change of medium and drug was carried out every 24 h, and
the same procedure was done for 48, 72 and 96 h groups20. The
average was calculated and the blank average value was
subtracted, followed by plot survival fraction percentage; the
percentage of the average of each concentration group divided on
the DMSO control average that was without drug treatment;
versus concentration in different time periods.

Cells apoptosis

Programmed cell death, apoptosis was measured for each
group through the subtraction of the survival fraction
percentage for the highest concentration of each group after
96 h from 100 to yield the death percentage which reflects the
degree of apoptosis.

Human p53

Human p53 is a tumor suppressor gene that induces apoptosis.
The initiated p53 protein acts to induce cell cycle arrest or
apoptosis in response to DNA damage. Because of that, p53
protein was measured by human p53 Platinum ELISA kit
(Bioscience, Vienna, Austria). A total of 50mL sample diluent
was added to 50mL samples; the treated and control untreated
groups. Subsequently, 50 mL of biotin conjugate was pipetted and
the wells were incubated for 2 h at 18–25 �C with 100 rpm
shaking. After washing process, 100 mL streptavidin–HRP was
added to each well. Another hour incubation period at room
temperature with shaking was performed. Subsequently, the wells
were aspirated and washed. Finally, a total of 100 mL of TMB
substrate chromogen solution aliquots was added to all wells and
incubated for 10 min. At the end, 100 mL stop solution was added
to terminate the reaction and the absorbances were measured
spectrophotometrically at � of 450 nm.

Real-time PCR

Isolation of total mRNA

Total RNA was extracted from Caco2, HepG2, MCF7, Hela,
A5W9 and Hep2 cell lines using SV total RNA isolation system
(Promega, Madison, WI).

cDNA synthesis

The extracted RNA was reverse transcribed into cDNA using RT-
PCR kit (Stratagene, La Jolla, CA). M-MuLV reverse transcrip-
tase was used. A total of 1mL of oligo dT (Roche Applied
Science, Indianapolis, IN) to 10mL of mRNA which was
denatured for 2 min at 70 �C in the thermal cycler (Omnigene,
London, UK). Reaction mixtures contained 10 mM dNTP mix,

40 U RNase inhibitor (Roche), and 50 U MMuLV reverse
transcriptase in reaction buffer. After 1 h incubation for the last
mixture at 37 �C in the programmed thermal cycler, reactions
were stopped by heating at 95 �C, for 10 min.

Analysis of survivin and caspase-3 genes expression using
quantitative RT-qPCR: For quantitative RT reverse transcriptase
(qRT-PCR) analysis, cDNA reaction mixtures were mixed with
twice AB solute qRT-PCR SYBR@ green ROX master mix
(Abgene, Hamburg, Germany) and the appropriate primers then
filled with deionized water to 25 mL. qRT-PCRs were performed
in triplicates in an Applied Biosystems Step One@ RT-PCR
system (Applied Biosystems, Tokyo, Japan) with 15 min as initial
stage at 95 �C to activate the DNA polymerase, followed by
40-PCR cycles of 95 �C for 15 s and 60 �C for 1 min. Dissociation
curves were generated by heating to 95 �C for 15 s, 60 �C for 30 s
and 95 �C for 15 s. Statistical analysis was performed on at least
three independent experiments and the DDCt¼DCT test drug
(CT-treated cells–CT reference home gene GAPDH (glycerol
aldehyde phosphate dehydrogenase))–DCT calibrator (CT control
untreated cells–CT reference home gene GAPDH) were calcu-
lated. Then, 2�DDCt gives the relative quantification gene
expression compared to the control this method was earlier
described21. Standardization was performed by quantification of
the GAPDH gene as an endogenous control. Primers (Invitrogen,
Freiburg, Germany) sequences (forward and reverse, respectively)
were used for conventional and qRT-PCR as follows: survivin; 50-
ATG GCA CGG CGC ACT TT-30, 50-TCC ACT GCC CCA CTG
AGA A-30 and caspase3; 50-CAT GAT TAG CAA GTT ACA
GTG ATG C-30, 50-CAC AGT CTT AAG TGG GGG GA-30.
Agarose gel electrophoresis was performed; 1% agarose gel
containing 0.05% ethidium bromide; and the image was captured
for the resulted products. Survivin and caspase3 expression
amplified bands was visualized in the images.

Results and discussion

In a previously published article, we proved that naproxen and
cromolyn potently inhibit GSK-3b prompting our current
exploration of their anti-cancer activities. Many inhibitors were
developed because of the vital role of GSK-3b inhibition in the
treatment of different types of cancer4–9.

The effect of naproxen and cromolyn on cell viability by
trypan blue is presented in Table 1. The cell number percentage
compared to control were given an average percentage of 44.6,
45.6 and 47.1 after 72 h and 41.2, 42.9 and 44.3 after 96 h for
naproxen, cromolyn and LiCl, respectively. A significant
reduction in the average viability ratios were observed for the
two drugs. These results encouraged us for further evaluation of
the cell line proliferation by MTT assay and determination of
their cytotoxicity IC50 values. The proliferation results were
expressed by survival fraction percentages of Caco2, HepG2,
MCF7, Hela, A5W9 and Hep2 cell lines. Dose-dependent

Table 1. Cell viability (number) of GSK3b inhibitors against different cell lines by Trypan blue assay after 72 and 96 h.

Naproxen Cromolyn LiCl

Cell line 72 h 96 h 72 h 96 h 72 h 96

Caco2 45� 0.32* 42.1� 0.45* 45� 0.35* 42.8� 0.9* 45.2� 0.15* 43.8� 0.51*
HepG2 46.9� 0.7* 40.6� 0.89* 48.1� 0.69* 43.3� 0.12* 50.3� 0.2* 45.5� 0.36*
MCF7 47.6� 0.89* 42.9� 1* 47.8� 0.32* 47.2� 0.5* 48.31� 0.42* 45.5� 0.35*
Hela 42.35� 1.1* 40.3� 0.29* 43.8� 0.7* 40.8� 0.26* 45.1� 0.2* 43� 0.36*
A5W9 43� 0.36* 39.2� 1.5* 45.3� 0.52* 42.4� 0.36* 45.9� 1.1* 43.3� 1*
Hep2 44.3� 1* 41.9� 0.85* 43.4� 0.05* 41.4� 0.42* 47.7� 0.4* 44.7� 0.75*

Data are expressed as percentage to the control cell number� SD.
Drugs were presented at a final concentration of 10mM for cromolyn and naproxen while, LiCl 10 mM and (*) p value50.05 compared to control.
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inhibition of these cell lines after exposure for naproxen,
cromolyn and LiCl is shown in Figures 3–5, respectively. A
significant reduction in survival percentages appeared after 72
and 96 h by 1 and 10 mM concentrations. Moreover, survival
percentages were supported by their cytotoxicity IC50 values that
inhibit cell growth by 50% after incubation, as given in Table 2.
Overall average IC50 values were yielded 4.37, 4.53 mM and
4.62 mM after 72 h and 3.69, 4.16 mM and 4.20 mM after 96 h
for naproxen, cromolyn and LiCl, respectively. These IC50

results were almost near by the GSK-3b inhibitory IC50 1.5 mM
for naproxen and 2mM for cromolyn. The viability, proliferation
and cytotoxity results were supported together and forced us for
further evaluation of the death ratios or apoptosis. A significant
elevation of 57.07, 52.8 and 54.49 minimum to 60.81, 59.18 and
56.96 maximum apoptotic percentages for naproxen, cromolyn
and LiCl, respectively, compared to the DMSO control group are

clarified in Figure 6(A). To complete the apoptotic process
validation p53 protein was measured for the compounds. p53 is
the most commonly mutated gene in human cancer and is
considered a stress response gene. The p53 protein acts to
induce cell cycle arrest or apoptosis in response to DNA
damage, thereby maintaining genetic stability in the organism.
p53 was shown to be capable of suppressing the proliferation of
transformed cells and its function is essential for the main-
tenance of the non-tumorgenic phenotype of cells. As a result, it
plays a vital role in suppressing the development of cancer22,23.
An elevation of 26.1, 20.0 and 16.75 U/mL, the minimum, and
40.63, 35.38 and 39.63 U/mL, the maximum, in p53 levels
compared to the control for naproxen, cromolyn and LiCl,
respectively, is shown in Figure 6(B). All the obtained results
exaggerate each other that directed us to examine it by the
genetic levels through the determination of survivin and caspase-
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Figure 3. Effects of treatment with naproxen different concentrations and the control DMSO against in vitro proliferation (survival fraction percentage)
of Caco2, HepG2, MCF7, Hela, A5W9 and Hep2 cell lines. Mean survival fraction percentage� SD are the presented data and (*) p value50.05
compared to control.
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3 genes expression. The expression for survivin; the survival
marker for cancerous cells24–26; and caspase-3; the cell death
sequencer27–30; genes participated in our knowledge for
naproxen, cromolyn and LiCl anti-cancer activities. After the
calculation of 2�DDCt relative gene expression compared to
control group (Figure 7A) illustrated that naproxen, cromolyn
and LiCl survivin expression values were markedly reduced. The
lowest relative expression values were 0.048, 0.099 and 0.0064
compared to control. Moreover, the highest relative expression
values were presented as 0.586, 0.981 and 0.845, in the same
order compared to control. The apparent percent less than 1.0
that means a reduction in cell survival for these cells by the
effects of drugs. Caspase-3 that reflects the degree of death was
expressed in this manner to give 2.4, 2 and 2.3, the lowest
relative expression values, and 8.77, 10.36 and 10.34, the highest
relative expression values, for naproxen, cromolyn and LiCl,
respectively, compared to control, as shown in Figure 7(B).

These results were all approximately over 2.0. Thus, most of
treated drugs groups have been relatively higher in death
sequence than the control. Survivin and caspase-3 expressions
are visulized in Figure 8(A) and (B), respectively via gel
electrophoresis bands.

Naproxen anti-cancer explanation in combination with calci-
triol in recurrent prostate cancer31 was not complete. Genetic and
clinical studies proved that higher expression of COX-2 is one of
the key steps in carcinogenesis and progression32–34 that is
regulated by GSK-3b in gastric cancer cells35. Since naproxen
NSAID inhibits COX-216, the first anti-cancer prevention and
treatment agent in this group was acetyl salicylic acid (Aspirin)
along with sulindac and celecoxib36,37. In the other hand, the mast
cell stabilization by cromolyn participated in the treatment of
some other types of cancers like the pancreatic cancer38–41. In our
study, the significant reduction in viability and proliferation
percentages was supported by the cytotoxicity IC50 values of 3.69
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Figure 4. Effects of treatment with cromolyn different concentrations and the control DMSO against in vitro proliferation (survival fraction percentage)
of Caco2, HepG2, MCF7, Hela, A5W9 and Hep2 cell lines. Mean survival fraction percentage� SD are the presented data and (*) p value50.05
compared to control.
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Figure 5. Effects of treatment with Known GSK3b inhibitor LiCl different concentrations and the control DMSO against in vitro proliferation (survival
fraction percentage) of Caco2, HepG2, MCF7, Hela, A5W9 and Hep2 cell lines. Mean survival fraction percentage� SD are the presented data and (*)
p value50.05 compared to control.

Table 2. Cytotoxicities (IC50 in mM for naproxen and cromolyn, while LiCl in mM) of GSK3b inhibitors against different cell
lines after 72 and 96 h by MTT proliferation assay.

Naproxen Cromolyn LiCl

Cell line 72 h 96 h 72 h 96 h 72 h 96 h

Caco2 4.14 3.79 4.36 3.98 4.28 3.89
HepG2 4.54 3.91 4.69 4.10 4.88 4.36
MCF7 4.56 3.81 4.59 4.31 4.62 4.19
Hela 4.30 3.91 4.39 4.05 4.54 4.30
A5W9 4.30 2.58 4.60 4.23 4.60 4.19
Hep2 4.40 4.14 4.54 4.27 4.80 4.26

6 T. M. K. Motawi et al. J Enzyme Inhib Med Chem, Early Online: 1–9
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and 4.16 mM for naproxen and cromolyn, respectively. Apparently,
these results were close to the inhibitory GSK-3b IC50 values of
1.5mM for naproxen and 2 mM for cromolyn. In the same
direction, apoptotic percentages and p53 values were increased.
Not only the RT-PCR results showed a reduction of cell survival

reflected by survivin gene expression values, but also the cell
death reflected by caspase-3 gene expression values were
observed. This may have contributed, at least partially, to their
anti-cancer effects through their inhibitory properties against
GSK-3b as mentioned.
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Figure 6. Effects of treatment with naproxen, cromolyn and LiCl highest concentrations 10000 nM and the control DMSO after 96 h on in vitro
apoptosis (A) of Caco2, HepG2, MCF7, Hela, A5W9 and Hep2 cell lines and human p53 concentrations for the same conditions and (B) mean� SD are
the presented data and (*) p value50.05 compared to control.
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Figure 7. Effects of treatment with naproxen, cromolyn and LiCl highest concentrations 10 000 nM and the control DMSO after 96 h on in vitro relative
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Figure 8. Agarose gel electrophoresis bands
of survivin (A) and caspase3 (B) genes after
treatment with naproxen, cromolyn and LiCl
highest concentrations 10 000 nM and the
control DMSO for 96 h on Caco2, HepG2,
MCF7, Hela, A5W9 and Hep2 cell lines.
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Conclusion

Based on the naproxen and cromolyn GSK-3b inhibition, the
explored anti-cancer effects against Caco2, HepG2, MCF7, Hela,
A5W9 and Hep2 cell lines show a significant reduction in
viability, proliferation and survivin gene expression percentages.
Supporting these findings, apoptosis, p53 values and caspase-3
gene expression were raised and paralleled with the previous
results. Overall, naproxen and cromolyn had, at least partially,
some effects against cancer.
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