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Indomethacin and juglone inhibit inflammatory molecules to
induce apoptosis in colon cancer cells

Alagesan Seetha? | Halagowder Devaraj? | Ganapasam Sudhandiran?

1Department of Biochemistry, University of
Madras, Guindy Campus, Chennai, India

Abstract

2Department of Zoology, University of Colorectal cancer (CRC) is the third most common fatal cancer. Indomethacin,

Madras, Guindy C , Chennai, Indi . .. .
adras, uindy --ampus, -hennal, india a nonsteroidal anti-inflammatory drug, is known to reduce the occurrence of CRC.

Correspondence This study evaluated the potential anticolon effects of
Ganapasam Sudhandiran, Cell Biology
Laboratory, Department of Biochemistry,
University of Madras, Guindy Campus,
Chennai 600 025, India.

Email: sudhandiran@yahoo.com and

sudhandiran@unom.ac.in

cancer juglone
(5-hydroxy-1,4-naphthoquinone) in combination with indomethacin. Human colon
adenocarcinoma cells (HT29) were subjected to treatment with indomethacin, juglone,
and a combination of both. Morphological analysis, cell cycle regulation, and dual staining
using acridine orange and ethidium bromide in control and treated cells revealed the
Funding information apoptotic potential of these compounds. Bcl2 and inflammatory molecules (tumor necrosis
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factor-a, nuclear factor kappa B, and Cox-2) were found to be decreased with a
concomitant increase in the expression of proapoptotic molecules (Bad, Bax, cytochrome c,
and PUMA) as a result of the molecular regulation of Wnt, Notch, and peroxisome
proliferator-activated receptor-y signaling. Treatment with juglone was not as effective as
with indomethacin; however, a combination of both was shown to be more effective,
suggesting that juglone may be considered for therapeutic intervention of colon cancer.
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1 | INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed and lethal
form of cancer ! Risk factors include chronic infection, familial history of
CRC, and westernized lifestyle. The estimated prevalence rate of CRC is
higher in Indian population!? The equilibrium between proliferation,
differentiation, and apoptosis maintains tissue homeostasis and the
deregulation of these processes determines the development of CRC.F!
Wnt and Notch signaling pathways control cell proliferation,
differentiation, and development; hence, perturbations in these signaling
mechanisms act as a hallmark in a majority of cancers.* Peroxisome
(PPARy) is a
transcription factor, belonging to the nuclear hormone receptor super

proliferator-activated receptor-y ligand-inducible
family, which shows antitumorogenic activity.[6] Therefore, studies
identifying the link between PPARy, Wnt, and Notch signaling pathways
may contribute to the development of new therapeutic targets against
colon cancer.

Indomethacin, a nonsteroidal anti-inflammatory drug, is widely

prescribed for fever, inflammation, and pain.[7'8] Clinical studies have

apoptosis, HT29 cells, indomethacin, inflammation, juglone

demonstrated that indomethacin inhibits the proliferation of colon cancer
cells in patients regularly administered this drug/”'®! Regular intake of
indomethacin may, however, result in side effects, especially, gastric
ulceration™ by decreasing blood flow into the mucosal regions and
increasing gastric juice volume, leading to decrease in gastric pH.[12'13] A
regimen using natural diet, rich in greens, fruits, and nuts potentially
reduces the risk of cancer progression through their anti-inflammatory,
antiproliferative, and immunomodulatory properties along with altered
molecular signaling pathways.[14'16] Recently, compounds isolated from
natural products were found to be beneficial in treating various metabolic
diseases, including cancer.!*”*® Juglone (5-hydroxy-1,4-naphthoquinone),
present in the roots, leaves, nut hulls, bark, and wood of the black
walnuts, possesses antimicrobial, anti-inflammatory, immunomodulatory,

(29] Juglone has been shown to inhibit

diuretic, and laxative properties.
ulcer formation in the gastric region?°?Y Juglone also acts as a natural
inhibitor of Pin1, which is elevated in cancerous conditions.?? Recently,
several approaches have been made to increase the efficacy of anticancer
drugs. For example, methyl-B-cyclodextrin, a cholesterol-depleting agent

has been shown to improve the efficacy of tamoxifen and doxorubicin in
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several cancers!®*?* The present study aims to investigate the

synergistic effect of indomethacin and juglone in regulating
Wht/B-catenin, Notch, and PPARy molecular signaling mechanisms
in altered inflammatory cascades associated with colon adenocarcinoma,

in vitro.

2 | MATERIALS AND METHODS

2.1 | Chemicals and reagents

Indomethacin (MP Biomedicals, LLC), juglone (Sigma-Aldrich),
Dulbecco’s modified Eagle medium (DMEM), and fetal bovine
serum (FBS; HiMedia Laboratories Pvt Ltd, Mumbai, India),
Antibodies against Bcl2, Bad, PUMA, PCNA, f-catenin, cyclin
D1, Hes1, Bax, cytochrome ¢, tumor necrosis factor-a (TNF-a),
Notch intracellular domain (NICD) and B-actin (Cell Signaling
Technology). Nuclear factor kappa B (NFxB), Cox-2, and PPARy
antibodies were purchased from Cloud-Clone Corp (Katy, TX).
All other chemicals, solvents, and reagents used were of

maximum purity grade.

2.2 | Cell culture and drug preparation

Human adenocarcinoma cells (HT29) were obtained from National
Center for Cell Science, Pune, India. The cells were maintained in
DMEM, supplemented with 10% FBS, 1x antibiotic antimycotic
solution at 37°C under 5% CO, and 95% humidity. Ten millimolar
solution of indomethacin and 100 mM juglone stock solutions were
prepared with dimethyl sulfoxide (DMSO) at 0.1% concentration and
diluted using DMEM, as required.

2.3 | Cell viability assay
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

(MTT) colorimetric assay was performed to measure the effect
[25]

bromide

of indomethacin and juglone on cell viability in HT29 cells.
Briefly, HT29 cells (1 x 10%/well) were seeded in a 96-well plate.
Upon reaching 70% confluence, the cells were incubated with
various concentrations of indomethacin (100-1000 uM) and
juglone (10-100 uM) for 24 and 48 hours. After incubation, the
cells were treated with MTT (1 ug/ml/well) for 4 hours at 37°C.
DMSO was added to dissolve formazan crystals and optical

density was measured at 570 nm.

2.4 | Cell treatments

HT29 cells were grown to confluence and transferred to 6- or
24-well plates and treated with indomethacin (150 uM) or juglone
(75 uM) or combination of both.

2.5 | Morphological analysis

Morphological changes were observed using an inverted microscope
(Carl Zeiss). HT29 cells were seeded on 1cm? sterile glass slides
(1 x 10°/well). After the treatment period, the cells were prepared for

scanning electron microscopic (SEM) imaging as described previously.?!

2.6 | Acridine orange-ethidium bromide dual
staining

HT29 cells, after treatment with indomethacin or juglone or combination
of both, were stained with a combination of acridine orange and ethidium
bromide (AO/EtBr) (100 ug/mL). Cells with disrupted nuclei and
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FIGURE 1 The cytotoxic effect of (A) indomethacin and

(B) juglone on HT29 cells was analyzed by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay.
A, HT29 cells were treated with indomethacin at different
concentrations (50, 100, 150, 200, 250, 300, 350, 400, 450, and
500 pM) for 24 and 48 hours, the estimated ICsq value of
indomethacin was found to be 150 uM after 48 hours. B, HT29 cells
were exposed to different concentrations (5, 25, 50, 75, 100,
125,150, 175, 200, and 225 uM) of juglone for 24 and 48 hours, the
ICso value of juglone was found to be 75 uM after 48 hours



SEETHA ET AL

WiILEY-L2®

FIGURE 2 A Morphological analysis (A) C
using inverted microscope (x10, scale

bar = 100 um) and (B) scanning electron
microscopic image (scale bar = 10 um) of
HT29 cells with ICsq concentrations of
indomethacin and juglone treatment.

A, Control cells were observed with
monolayer formation. Cytotoxicity was
observed in indomethacin, juglone, and
IND + JUG group. B, Control cells showed
cell to cell interaction and indomethacin, (B)
juglone, and IND + JUG groups indicate
apoptotic features

Control

condensed chromatin were taken as indicative of apoptotic cells. Cells

were viewed using a fluorescence microscope (Carl Zeiss).?”!

2.7 | Cell cycle analysis

Control and treated cells were harvested and prepared as single cell
suspensions in phosphate-buffered saline, fixed with 70% ice-cold ethanol
and stored at 4°C for 24 hours. After fixing, the cells were stained with
propidium iodide (0.05 mg/mL), as described earlier?®! and analyzed using
a FACSCalibur flow cytometer (Becton Dickinson).

2.8 | Reverse transcriptase polymerase chain
reaction

Total RNA was extracted from HT29 cells and cDNA was synthesized,
by subsequent RNA reverse transcription, as per the manufacturer’s
instructions (TagMan Reverse Transcription Reagent; Applied Biosys-
tems). Polymerase chain reaction (PCR) ready mix (Invitrogen) was used
to amplify the cDNA. Primer sequences and amplification conditions
used are shown in Table S1.

2.9 | Western blot analysis

Thirty to forty micrograms of protein samples isolated from control and
experimental cells were subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto nitrocellulose
membrane. The membranes were blocked with 3% BSA, washed, and
incubated with respective primary antibodies (Bcl2, Bad, Bax,
cytochrome ¢, PUMA, PCNA, TNF-a, $-catenin, cyclin D1, NICD, Hes1,
B-actin at a dilution of 1:2000 and NFxB, Cox-2, PPARy at 1:500 dilution),
overnight. The membranes were washed and incubated with horseradish

peroxidase-coupled secondary antibody for 2 hours at room temperature,

IND +JUG

Juglone

Juglone

and washed three times. The specific reactive proteins were captured

using enhanced chemiluminescent kit (Amersham, UK).

2.10 | Statistical analysis

All the data were analyzed with SPSS version 16 software. Hypothesis
testing methods included one-way analysis of variance, followed by least
significant difference test. p<.05 was considered to be statistically

significant.
3 | RESULTS
3.1 | Cytotoxic effect of indomethacin and juglone

in HT29 cells

The cytotoxic effect of indomethacin and juglone in HT29 cells
was examined in a dose- and time-dependent manner. The
estimated 1Cso value of indomethacin was found to be 150 uM
(Figure 1A) and 75 uM for juglone for 48 hours (Figure 1B).

3.2 | Morphological analysis of indomethacin and
juglone in HT29 cells

The morphological appearance of HT29 cells is shown in Figure 2A.
Control cells were undifferentiated, epithelial, significantly proliferating,
and formed a monolayer (Figure 2A). Indomethacin and juglone cotreated
group showed a remarkably reduced number of cells when compared
with treatment with single drug alone. SEM imaging of the treated groups
portrayed multiple membrane blebs, flattened cells, and enlargement of
the perinuclear space and the formation of apoptotic bodies when
compared to control. Cells treated with both the drugs exhibited more
apoptotic changes when compared with single drug treatment
(Figure 2B).



'8 | WiLEY

SEETHA ET AL

3.3 | AO/EtBr staining

HT29 cells of control and treated groups were stained with
AO/EtBr. Green fluorescence cells are indicative of live cells.
A significant number of cells treated with indomethacin and

(A) -
Acridine Orange

Juglone Indomethacin Control

IND + JUG

Ethidium Bromide

juglone projected reddish orange color, indicative of apoptosis.
The indomethacin or juglone treated groups also showed
apoptotic cells; however, the intensity was more in the indo-
methacin group compared with the juglone-treated group
(Figure 3A).
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FIGURE 3 A, Fluorescence images of HT29 cells stained with acridine orange/ethidium bromide (AO/EtBr) after being exposed to
indomethacin and juglone for 48 hours, x10 (100 um). B, Flow cytometric analysis of HT29 cells treated with indomethacin, juglone,
and IND + JUG using propidium iodide staining to analyse cell cycle progression. |, Control; I, indomethacin; Il1, juglone; and IV, IND + JUG
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FIGURE 4 Continued.
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FIGURE 5 Effect of indomethacin, juglone, and IND + JUG on B-catenin, cyclin D1, Hes1, Notch intracellular domain (NICD), and peroxisome
proliferator-activated receptor-y (PPARy). A, Reverse transcriptase polymerase chain reaction (RT-PCR) analysis of f-catenin, cyclin D1, Hes1,
PPARYy, and B-actin as internal control. L-100bp Ladder, 1-control, 2-indomethacin treated, 3-juglone treated, and 4-indomethacin + juglone.
C, Western blot analysis of f-catenin, cyclin D1, NICD, Hes1, PPARy expression, and §-actin served as internal control. 1-control,
2-indomethacin treated, 3-juglone treated, and 4-indomethacin + juglone. B, D, Densitometric analysis of RT-PCR and Western blot analysis
were normalized with f-actin. Hypothesis testing method included one-way analysis of variance. Statistical significance at p <.05. Comparisons
are made with control group and drug treated groups

3.4 | Cell cycle analysis of indomethacin and showed 27.87% of cells in sub GO phase, 3.73% of cells in GO/G1
juglone treated HT29 cells phase, 0.43% and 0.05% in S and G2/M phase, respectively. Cells

exposed to juglone showed 3.42%, 50.89%, 8.81% and 1.77% in
In the control group, 2.80% of cells were in sub GO phase, 65.28% sub GO phase, GO/G1 phase, S phase, and G2/M phase,
of cells in GO/G1 phase, while 5.44% and 1.27% of cells were in respectively. Cells treated with indomethacin and juglone
S and G2/M phase. HT29 cells treated with indomethacin alone revealed 27.72% of cells in sub GO phase, 31.02% in GO/G1

<

FIGURE 4 Effect of indomethacin, juglone, and IND + JUG on inflammatory molecules (tumor necrosis factor-a [TNF-a], nuclear factor kappa
B [NFxB], and Cox-2), apoptotic molecules (Bcl2, Bad, Bax, cytochrome ¢, PUMA, and caspase-3), and proliferative marker PCNA. A, Reverse
transcriptase polymerase chain reaction (RT-PCR) analysis of TNF-a, NFxB, Cox-2, and -actin as internal control. C, RT-PCR analysis of
apoptotic molecules: Bcl2, Bad, Bax, caspase-3, and internal control -actin. L-100bp Ladder, 1-control, 2-indomethacin treated, 3-juglone
treated and 4-indomethacin + juglone. Western blot analysis of (E) TNF-a, NFxB, Cox-2, and B-actin as internal control. G, Bcl2, Bad, Bax,
cytochrome ¢, PUMA, PCNA, and $-actin as internal control. 1-control, 2-indomethacin treated, 3-juglone treated, and 4-indomethacin + juglone.
B, D, F, H, Densitometric analysis of RT-PCR and Western blot analysis were normalized with f-actin. Hypothesis testing method included
one-way analysis of variance. Statistical significance at p <.05. Comparisons were made with control group and drug treated groups
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phase, while 2.69% in S phase, and 0.39% in G2M phase
(Figure 3B).

3.5 | Indomethacin and juglone reduced the
expression of inflammatory molecules and induced
apoptosis

Inflammatory cytokines such as TNF-a, NFxB, and Cox-2 were
evaluated in HT29-treated cells. These inflammatory cytokines were
found to be reduced in the cotreated cells when compared with
indomethacin- or juglone-treated cells. However, indomethacin-treated
cells revealed reduced inflammatory response as compared to those
treated with juglone (Figures 4A and 4E). Proapoptotic molecules such
as Bad, Bax, caspase-3, cytochrome ¢, and PUMA were found to be
significantly upregulated in the cotreated group and cells treated with
indomethacin demonstrated better upregulation than the juglone
treated cells, where juglone treatment also revealed, increased
expression as compared to control. The expression of antiapoptotic
molecule Bcl2 was the opposite when compared with proapoptotic
molecules. The protein expression of PCNA was significantly reduced in
treatment groups as compared with control (Figures 4C and 4G). Both
the gene and protein expression of f-catenin, NICD, cyclin D1, and Hes1
revealed downregulated expression in indomethacin, juglone, and
cotreated cells when compared with control. PPARy was increased in
combination of indomethacin and juglone treated cells when compared
with indomethacin or juglone treatment; the control group showed
decreased expression. PPARy was intensely expressed in the indo-

methacin group compared with the juglone group (Figures 5A and 5C).

4 | DISCUSSION

The initiation and progression of CRC are associated with inflamma-
tion, alteration of signaling pathways, and subsequent inhibition of
apoptosis.?”! Inflammatory cytokines promote growth in cancer cells
and support their survival by interacting with signaling molecules.[3%31
Indomethacin and juglone effectively target the inflammatory mole-

[3233] Therefore, the

cules and induce apoptosis in various cancer cells.
aim of the study was to elucidate the roles of Wnt, Notch, and PPARy
pathways in colon carcinogenesis. In this study, treatment with
indomethacin and juglone inhibits inflammation and cancer cell
proliferation and induces apoptosis in HT29 cells. Indomethacin has
previously been shown to inhibit cancer cell proliferation.[34] However,
it causes side effects like gastric ulcer.

Inflammation plays a critical role in cancer initiation.l®®! 1t
stimulates mediators such as, NFxB, and TNF-a, which activate
multiple downstream proteins, like interleukins and Cox-2, which
lead to cancer cell survival through the activation of antiapoptotic
Bcl2 family proteins.l®®! Overexpression of Bcl2 causes the loss of
proapoptotic molecules Bax, Bad, cytochrome c, and PUMA in
cancer.[®”) The ratio of antiapoptotic and proapoptotic molecules is

dependent on the apoptosis-inducing effect of drugs. Cells treated
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with drugs (indomethacin, juglone, and combination of indometha-
cin and juglone) not only exhibited decreased expression of
antiapoptotic Bcl2, but also showed an increased expression of
proapoptotic proteins, which is in agreement with previous
reports.®41 The results obtained in this study show that
indomethacin, juglone, and cotreatment of these two
drugs, exhibits their action, presumably, by downregulating the
inflammatory mediators, inhibiting the activation of antiapoptotic
molecules and increasing the levels of proapoptotic molecules to
induce apoptosis in HT29 cells. Previous reports have shown that
the activated inflammatory cytokine NFxB may trigger the Wnt/g-
catenin pathway, which could interact with the Notch/NICD
signaling pathway to mediate cancer initiation and progres-
sion.*243] Activation of the Wnt signaling pathway leads to
aberrant translocation of f-catenin and initiating tumor
progression through the upregulation of its target genes such as
cyclin D1, c-jun, c-Myc, and fra-1.14! The activation of the Notch/
NICD signaling pathway causes the accumulation, transcription,
and overexpression of its target gene Hes1, which plays a key role
in tumorogenesis by maintaining stemness and also involved in cell

451 |t has been

proliferation, differentiation, and apoptosis.
previously reported that the overexpression of Notch signaling
alone does not contribute to cancer initiation; however, cross-talk
between the Wnt and Notch pathways is known to increase the
risk of cancer initiation*24¢): while, their interaction with PPARy
decreases the risk of oncogenic upregulation upon its activation by
an external drug as a ligand. Ligand activated PPARy down-
regulates the transcription process of Wnt, Notch, and their target
genes to lead the cells to apoptosis.[4748!

The results of this study indicate that
effectively activates PPARy as compared with juglone alone, but a

indomethacin

combination of the two was also found to be effective in activating
PPARy. The upregulation of PPARy was accompanied with a con-
comitant decrease in the expression of inflammatory cytokines, thereby
inhibiting cancer survival and progression in HT29 cells. The combina-
tion of juglone and indomethacin exhibited better efficacy in a mouse
model of DMH/DSS-induced colon carcinogenesis through regulation of
-catenin and Notch pathways (data not shown). To conclude, juglone, in
combination with indomethacin, induces apoptosis in HT29 cells
through modulation of Wnt, Notch, and PPARy pathways and can
be considered as a therapeutic strategy for the treatment of colorectal

carcinogenesis.
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