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Summary

Purpose. Among the lung cancer types, non-small cell lung cancer (NSCLC) is prominent and less responsive to chemo-
therapy. The current chemotherapeutics for NSCLC are associated with several dose-limiting side effects like bone-marrow
suppression, neurotoxicity, nephrotoxicity, and ototoxicity, etc. which are causing non-compliance in patients. Many tumors,
including breasts, lung, ovarian, etc. overexpress PPAR-y receptors and COX-2 enzymes, which play a crucial role in
tumor progression, angiogenesis, and metastasis. Lack of PPAR-y activation and overproduction of prostaglandins, result in
uncontrolled activation of Ras/Raf/Mek ultimately, NF-kB mediated tumor proliferation. This study aimed to investigate the
anti-cancer potential of PPAR-y agonist Pioglitazone combined with COX-2 inhibitor Celelcoxib in NSCLC. Methods. Sixty
adult Balb/C male mice were classified into sham control, disease control, and treatment groups. Mice were treated with
Nicotine-derived nitrosamine ketone (NNK) (10 mg/kg), pioglitazone (10 & 20 mg/kg) and celecoxib (25 & 50 mg/kg).
Weekly body weight, food intake, mean survival time & % increased life span were determined. Tumor weight and histo-
pathological analysis were performed at the end of the study. Results. The significant tumor reducing potential of pioglitazone
combined with celecoxib was observed (p < 0.05). The treatment groups (treated with pioglitazone and celecoxib) showed a
remarkable decrease in lung tumor weight, improved life span and mean survival time (p < 0.05). Histopathological studies
confirm that treatment groups (treated with pioglitazone and celecoxib) reframed the lung architecture compared to disease
control. Conclusion. Preliminary results revealed that pioglitazone adjunacy with celecoxib may be an effective chemo-
preventive agent against NNK induce NSCLC.
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Introduction

Lung cancer is one of the major malignancies, affecting more
than 2.1 million people every year worldwide [1]. Based on
the cellular architecture, there are two types of lung cancer,
i.e., non-small cell lung cancer (NSCLC) and small cell lung
cancer (SCLC). NSCLC accounts for about 85% of total lung
cancer cases [2, 3]. Chemotherapeutics such as Docetaxel,
Gemcitabine, Vinorelbine, Etoposide, Paclitaxel, Cisplatin
and Carboplatin used in the treatment of NSCLC associate
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with severe side effects such as bone marrow suppression,
cardiotoxicity, neurotoxicity, nephrotoxicity, and ototoxicity
[4-6]. In NSCLC, mutations in KRAS, ALK, and PTEN
genes cause abnormal cell proliferation, angiogenesis, and
metastasis. In general, these mutations promote activation of
RAS/RAF/MEK, PI3K/Akt, and mTOR, leading to NF-xB
mediated NSCLC proliferation, metastasis, angiogenesis,
and resistance to apoptosis [7-9].

Peroxisome proliferator-activated receptor-y (PPAR-y) is
a ligand-activated transcription factor that belongs to nuclear
receptor superfamily. In addition to its metabolic role, it also
regulates cellular proliferation, angiogenesis, and metastasis
[10-12]. PPAR-y agonist, pioglitazone, used in the treatment
of type 2 diabetes inhibits cancer cell proliferation, invasion,
migration, and resistance to apoptosis by downregulating the
gene expression of NF-kB and, hence, interferes with carci-
nogenic cell pathways such as RAS/RAF/MEK and mTOR.

@ Springer


http://orcid.org/0000-0003-2666-0878
http://crossmark.crossref.org/dialog/?doi=10.1007/s10637-021-01158-7&domain=pdf

Investigational New Drugs (2022) 40:1-9

(Fig. 1) [13-18]. Although NSCLCs overexpress PPAR-y,
due to a limited activation by endogenous ligands (such as
15-deoxy-A12,14 prostaglandin J2), its beneficial anticancer
effects are curtailed [19-21]. Activation of PPAR-y, using
exogenous ligands, therefore, can significantly benefit in
NSCLC.

NF-kB mediated upregulation of cyclooxygenase-2
(COX-2) enzyme expression is well established in breast,
lung, colon, cervical, and prostate cancers [22—-27]. Recent
studies show that overexpressed COX-2 in cancer cells can
indirectly promote tumor metastasis and angiogenesis via
thromboxane-A2 mediated activation of the PI3K/Akt path-
way (Fig. 1) [28]. Celecoxib, a selective COX-2 inhibitor,
has shown the ability to reduce tumor metastasis by inhibit-
ing the epithelial-mesenchymal transition (EMT) process in
oral, breast, and gastric cancers [27-32]. In this study, we
investigate the anti-tumor benefits of pioglitazone (PGZ),
either alone or combined with celecoxib (CXB) in nicotine
nitrosamine ketone (NNK) induced non-small cell lung can-
cer model of mice (Fig. 1).

Materials and methods
Reagents and chemicals

Nicotine nitrosamine ketone (NNK), pioglitazone
(5-{4-[2-(5-ethylpyridin-2-yl) ethoxy]benzyl}-1,3-
thiazolidine-2,4-dione), Celecoxib (4-[5-(4-methylphenyl)-
3-(trifluoromethyl)- 1H-pyrazol-1-yl]benzene-sulfonamide)
were purchased from Sigma Chemical Co. Ltd., Bengaluru,
Karnataka. All the other reagents (purity above 98%) were
purchased from Himedia Co. Ltd., Bengaluru, Karnataka.

Animals

Sixty male Balb/c mice were housed in standard labora-
tory conditions (22 +2 °C, light: dark cycle of 12:12 h;
Relative humidity: 30-70%) with normal pellet diet (M/s.
Amrit feeds Ltd., Bengaluru, India) and water ad libi-
tum. The experiment was performed with prior approval
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cer effects of pioglitazone and
celecoxib: RAS/RAF/MEK,
PI3K/Akt, and mTOR medi-
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NSCLC proliferation, metasta-
sis, angiogenesis and resistance
to apoptosis. PPAR-y activa-
tion by pioglitazone decreases
NF-kB expression and hence
inhibits NF-kB mediated activa-
tion of carcinogenic pathways.
Celecoxib, by inhibiting the
COX-2 enzyme, can block
NF-xB mediated angiogenesis
and metastasis
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from the Institutional Animal Ethics Committee (IAEC)
(Approval No. JSSCP/OT/M.PHARM/05/18-19).

Preparation of test solutions

A stock solution of Nicotine nitrosamine ketone (NNK)
was prepared in sterile saline (1 mg/ml) and administered
at a dose volume of 10 ml/kg body weight intratracheally
to achieve 10 mg/kg dose.

Celecoxib and Pioglitazone were prepared as a suspen-
sion in CMC (0.5%) at a stock solution concentration of 1
& 2 mg/ml. These stock solutions were administered orally
at a dose volume of 10 ml/kg body weight to achieve 10 &
20 mg/kg dose, respectively.
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Nicotine-derived nitrosamine ketone (NNK)

Induction of NNK

In vivo anticancer study

Induction of NSCLC in mice

NSCLC was induced in mice by intratracheal instillation
of NNK (10 mg/kg). Intraperitoneal ketamine (80 mg/kg)
& xylazine (10 mg/kg) cocktail was used to anesthetize
mice. The hair around the neck region was depilated using
depilatories (cosmetic depilatory) and cleansed with 70%
alcohol. A 10 mm incision was made on the skin above the
trachea to expose it. A 0.2 ml of prepared NNK solution
was injected into the trachea using a 29G needle (Fig. 2).
After NNK installation, the incision was stitched, and the
surgical area was covered with beclomethasone ointment.

NNK solution

Intratracheal Administration

>Trachea

(@)

Initiation of treatment

Termination of study

0 week 4t week

8 week

12 week 16" week  (b)

A J

|

|

Treatment Period

Period for development of NSCLC

Fig.2 (a) Intratracheal administration of Nicotine-derived nitrosamine ketone (NNK) via trachea (b) Anticancer study schedule
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All the animals receive a single dose of levofloxacin
(40 mg/kg, i.v.) to prevent any post-surgical infections.
A set of ten animals were subjected to sham surgery,
where the animals received sterile saline instead of NNK
solution.

Animal grouping and treatment

Four weeks after NNK induction, animals except the sham
control were divided into 6 groups of 10 each. Group 1
& 2 received distilled water, 10 ml/kg, p.o., and serve as
sham control and disease control, respectively. Group-3 &
4 received PGZ at a dose of 10 & 20 mg/kg, p.o., respec-
tively. Group-5 received a low dose of PGZ (10 mg/kg
p.o.) & CXB (25 mg/kg p.o.). Group-6 received a high
dose of PGZ (20 mg/kg, p.o.) & CXB (50 mg/kg, p.o.).
In this study design, we did not consider a separate group
for CXB alone treatment as it is used only as an adjuvant
to PGZ. All the animals received the assigned treatment
for a period of 12-weeks (starting from 4th week to 16th
week) (Fig. 2b).

During the study period, all the animals were observed
and recorded for abnormal clinical signs, mortal-
ity, and weekly body weight changes. The lung tissue
was isolated from the animals, which are moribund or
died during the study period. At the end of the study
(at 33 weeks), the surviving animals were culled using
deep isoflurane anesthesia to isolate the lung tissue.
The tissue was washed with saline, blotted, and weighed
before fixing in neutral buffered formalin (10% v/v) for
histopathological analysis. From the survival data, the
percentage increase in lifespan (% ILS) was calculated
using the formulae.
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Histopathological analysis

The lung tissue was fixed in neutral buffered formalin (10%
v/v) processed and embedded in paraffin. Paraffin sections
of 4 um thick were prepared and stained with hematoxylin
and eosin for histopathological examination.

Statistical analysis

All the data were represented as mean + SD and analyzed
by using one-way ANOVA followed by Dunnett’s multiple
comparison test (Graph Pad Prism, V.7, Graph Pad Software
Inc., La Jolla, USA). p <0.05 were considered significant.

Results

Effect of PGZ and CXB on body weight and net
bodyweight change

The results are given in Fig. 3. Group-2, disease control,
treated with NNK (10 mg/kg) alone show a significant
decrease in weekly body weight from Week-10 onwards
when compared to Group-1, normal control (p<0.05).
Group-3 treated with PGZ low dose (10 mg/kg, p.o.),
Group-6 treated with PGZ & CXB high dose (20 & 50 mg/
kg, p.o., respectively) and Group-5 treated with PGZ &
CXB low dose (10 & 25 mg/kg, p.o., respectively) show
a significant effect against NNK induced changes in body
weight (Group-2, disease control) from Week 14, 15, and 16
onwards, respectively (p <0.05). Other groups show only a
non-significant effect (p > 0.05). The weekly net body weight
change (a measure of change in body weight from week 0)
data shows that Group-2, disease control, show a significant
decrease in weekly body weight from Week-7 onwards when
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Fig. 3 Effect of PGZ and CXB on body weight and net bodyweight change in mice induced with NSCLC
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Fig.4 (a) Effect of PGZ and
CXB on MST and %ILS in mice
induced with NSCLC (b) Effect
of PGZ and CXB on percentage
survival in mice induced with
NSCLC
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compared to Group-1, normal control (p <0.05). Group-3
(PGZ-10 mg/kg, p.o.), Group-4 (PGZ-20 mg/kg, p.o.),
Group-5 (PGZ & CXB 10 & 25 mg/kg, p.o., respectively)
and Group-6 (PGZ & CXB 20 & 50 mg/kg, p.o., respec-
tively) treatment groups significantly prevented the NNK
effects on body weight from Week-14, 16, 15 and 8 onwards,
respectively.

Effect of PGZ and CXB on percentage survival, mean
survival time (MST) and % increase in lifespan (%
ILS)

The results are given in Fig. 4a, b. Group-2, disease con-
trol, treated with NNK (10 mg/kg) alone shows a MST of
19.2 weeks. Group 3 & 4 treated with PGZ at a dose of 10
& 20 mg/kg, p.o., increase the MST to 29.3 & 30.1 weeks

L) T T T T 1 L)
10 12 14 16 18 20 22 24 26 28 30 32 34 36

Weeks

(b)

and % ILS to 52.6 & 56.8%, respectively, when compared
to Group-2, disease control. Group 5 & 6 treated with PGZ
& CXB (10 & 25 mg/kg, p.o., and 20 & 50 mg/kg, p.o.,
respectively) show a further increase in MST to 30.7 &
31.4 weeks and %ILS to 59.9 & 63.5%, respectively, when
compared to Group-2, disease control. These results, there-
fore, may suggest combining CXB with PGZ may have
beneficial effects in the treatment of NSCLC. The percent-
age survival graph shows that in Group-2, disease control,
all the animals have died by 24 weeks, and at the same
point in treatment groups, all the animals have survived.
The highest rate of survival was observed in Group-6,
treated with PGZ & CXB (20 & 50 mg/kg, p.o., respec-
tively), where 30% of the animals have survived at week-32
(Fig. 4b).
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Effect of PGZ and CXB on lung tissue weight

The lung tissue weights are recorded to indirectly measure
tumor growth. The results are given in Fig. 5a. Group-2, dis-
ease control, treated with NNK (10 mg/kg) alone shows a
significant increase in lung tissue weight when compared to
Group-1, normal control (p <0.05). All the treatment groups
show only a non-significant effect against the NNK induced
changes in lung tissue weight (p<0.05).

Histopathological studies

The histopathological analysis of NNK-induced NSCLC in
mice was shown in Fig. 5b. Group 1 & 2 received distilled
water, 10 ml/kg, p.o., and serve as sham control and disease
control, respectively. Group-3 & 4 received PGZ at a dose
of 10 & 20 mg/kg, p.o., respectively. Group-5 received a
low dose of PGZ (10 mg/kg p.o.) & CXB (25 mg/kg p.o.).
Group-6 received a high dose of PGZ (20 mg/kg, p.o.) &
CXB (50 mg/kg, p.o.). In this study design, we did not con-
sider a separate group for CXB alone treatment as it is used
only as an adjuvant to PGZ.

Group-1, sham control treated with distilled water, 10 ml/
kg, p.o.,show normal lung architecture with distinct alveolar
space. Group-2, disease control induced with NSCLC with
NNK shows significant abnormalities in lung architecture
indicative of proliferating cells obliterating the alveolar
space with a significant number of adenocarcinoma and neu-
trophil infiltration. Group-3 & 4 treated with PGZ at a dose
of 10 & 20 mg/kg, p.o., respectively, show significant pre-
vention of NNK induced changes in lung histology. Group-5
& 6 treated with PGZ (10 mg/kg p.o.) & CXB (25 mg/kg
p.o.) and PGZ (20 mg/kg p.o.) & CXB (50 mg/kg p.o.),
respectively, show dose-dependent prevention NNK induced
changes in lung histology. The highest anticancer activity
was observed with Group-6 treated with a high dose of PGZ
and CXB.

Discussion

The main aim of this investigation was to evaluate the
chemo-preventive effects of PGZ and CXB against the
chemically induced NSCLC. Our results show the dra-
matic suppression of lung carcinogenesis of COX-2
inhibition and PPAR-y activation. It is noteworthy that
the administration of PGZ and CXB did not produce
any toxic side effects such as ulceration, edemas, etc.
These results support the earlier findings suggesting the
potential of PPAR-y agonists and COX-2 antagonists as
chemo-preventive against NSCLC and underscore the
need for a thorough investigation on PGZ and CXB as a
potentially effective approach. It is also important to note

that the anti-tumor effects of PGZ and CXB alone have
been observed against other types of cancer [11, 29-31,
33]. The possibility, therefore, exists that PGZ combined
with CXB may become a general chemopreventive agent
against many malignancies.

The exact mechanism of action by which PGZ and CXB
inhibit lung carcinogenesis remains to be clarified. Our
working hypothesis is that NSCLC is triggered by activa-
tion of a;Ach receptors by NNK, which upregulates the
NFxB, therefore increasing the carcinogenesis and COX-2
levels in the lungs [34]. The aberrant activation of NFxB
could, therefore, result in (a) increase tumor progression
(b) inhibit the anti-apoptotic proteins from mitochondria
(c) and upregulate COX-2 levels which cause angiogenesis
by stimulating VEGF via PGE, and metastasis by PI3K/
Akt pathway via thromboxane mediated activation. There-
fore, blocking of NFkB and COX-2 using suitable agents
could modulate the critical initiation and promotion of
lung carcinogenesis [34]. Previous studies have reported
that PPARY is important in cancer cell growth and PPARYy
agonists could inhibit cell growth and induce apoptosis in
different malignancies including breast, colon, liver, lung,
etc. [15, 33, 35-37]. This tumor inhibition is reported to
be due to PPARy mediated p65 degradation, thus leading
to inhibition of NFkB [15]. In a study, M-Y. Li and col-
leagues reported that pioglitazone prevented smoking car-
cinogen (NNK)-induced lung tumors by inducing apoptosis
by up-regulating PPARY expression [38]. COX-2 has also
been reported to promote tumorigenesis as it is revealed
to be involved in fundamental processes to tumor forma-
tion, including invasion, angiogenesis, and metastasis [22,
39-42]. In a previous study, Nathalie Rioux et.al. reduced
NNK-induced lung tumorigenesis in a dose-dependent
manner by using NS-398, a selective COX-2 inhibitor [43].
Based on the above evidence, inhibition of COX-2 and acti-
vation of PPARy may be useful in treating NNK induced
NSCLC.

Conclusion

In this work, we explored the role of combined adminis-
tration of PGZ and CXB NNK induced NSCLC in swiss
albino mice. The degree of inhibition was more pronounced
with a combination of PGZ and CXB than with PGZ alone.
The possible mechanism may include an increase in PPARy
transcription factors, inhibition of NFkB and COX-2 mRNA
at the nuclear level, and COX-2 inhibition at cytoplasmic
level, therefore decreasing tumor proliferation, survival,
angiogenesis, and metastasis. These results reflect that PGZ
combined with CXB may be an effective chemo-preventive
agent against NNK induce NSCLC.
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