Acta Med. Okayama, 2023
Vol. 77, No. 1, pp. 65-70

Copyright(©2023 by Okayama University Medical School.

Acta Medica
Okayama

Original Article

http:/escholarship.lib.okayama-u.ac.jp/amo/

Effect of a Cyclooxygenase-2 Inhibitor in Combination
with (-)-Epigallocatechin Gallate or Polyphenon E
on Cisplatin-Induced Lung Tumorigenesis in A/] Mice
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We investigated the effects of celecoxib combined with (-)-epigallocatechin-3-gallate (EGCG) or polyphenon E
in a cisplatin-induced lung tumorigenesis model. Four-week-old female A/] mice were divided into seven
groups: (i) Control, (ii) 150 mg/kg celecoxib (150Cel), (iii) 1,500 mg/kg celecoxib (1500Cel), (iv)
EGCG + 150 mg/kg celecoxib (EGCG +150Cel), (v) EGCG+ 1,500 mg/kg celecoxib (EGCG +1500Cel), (vi)
polyphenon E+150 mg/kg celecoxib (PolyE+150Cel), and (vii) polyphenon E+ 1,500 mg/kg celecoxib
(PolyE+1500Cel). All mice were administered cisplatin (1.62 mg/kg of body weight, i.p.) 1x/week for 10 weeks
and sacrificed at week 30; the numbers of tumors on the lung surface were then determined. The tumor inci-
dence and multiplicity (no. of tumors/mouse, mean+SD) were respectively 95% and 2.15+1.50 in Control,
95% and 2.10+1.29 in 150Cel, 86% and 1.67 +1.20 in 1500Cel, 71% and 1.38+1.24 in EGCG + 150Cel, 67%
and 1.29+1.38 in EGCG+1500Cel, 80% and 1.95+1.36 in PolyE+150Cel, and 65% and 1.05+0.10 in
PolyE + 1500Cel. The combination of high-dose celecoxib with EGCG or polyphenon E significantly reduced
multiplicity in cisplatin-induced lung tumors.
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C isplatin is widely used in the treatment of malig-

nant diseases, but it has also been shown to be a
carcinogen in experimental animals [1]. We reported
the outcomes of 92 patients who underwent radiation
and cisplatin-containing chemotherapy for unresectable
stage III non-small-cell lung cancer, with a mean fol-

low-up of 8.9 years. The incidence of second primary
cancer was 2.4 per 100 patient-years [2]. More recently,
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the long-term results of the International Adjuvant
Lung Cancer Trial evaluating adjuvant cisplatin-based
chemotherapy in resected lung cancer were published
[3], and they confirmed the significant efficacy of adju-
vant chemotherapy at 5 years. However, second malig-
nancies were observed in 9 of 932 patients in the che-
motherapy arm and 2 of 935 patients in the control arm.
Although there was no significant difference in inci-
dence between the two arms, survivors should be fol-
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lowed carefully over a long term, and chemoprevention
should be considered for patients who have received
previous cisplatin treatment.

In chemoprevention research, there is considerable
evidence that (-)-epigallocatechin-3-gallate (EGCG)
inhibits enzyme activities and signal transduction path-
ways, resulting in the suppression of cell proliferation
and the enhancement of apoptosis, as well as the inhi-
bition of cell invasion, angiogenesis, and metastasis [4].
We observed that EGCG partially prevented cispla-
tin-induced lung tumorigenesis in A/] mice [5], and the
multiplicity of lung tumors in the mice treated with
cisplatin+ EGCG was reduced to 55% of that of the
mice treated with cisplatin alone.

Polyphenon E, which is a standard green tea poly-
phenol containing EGCG, reduced the progression of
lung adenomas to adenocarcinomas [6]. It was also
reported that the synergistic inhibitory action of a com-
bination of polyphenon E and atorvastatin (a lipid-low-
ering agent) against 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanone induced lung carcinogenesis in A/J mice [7].

Cyclooxygenase (COX)-2 has a variety of roles in the
pathogenesis and progression of cancer including dif-
ferentiation, apoptosis, adhesion, the extracellular
matrix, and angiogenesis [8,9]. We observed COX-2
overexpression in cisplatin-induced lung tumors and
subsequently investigated the efficacy of celecoxib for
preventing cisplatin-induced tumorigenesis in an A/]
mouse model [10]; the results revealed that high-dose
celecoxib (1,500 mg/kg diet) inhibited cisplatin-in-
duced lung tumorigenesis in A/] mice. In the present
study, we investigated the effects of celecoxib combined
with EGCG and those of celecoxib combined with poly-
phenon E.

Materials and Methods

Animals and chemicals. A total of 203 female A/J]
mice (Jackson Laboratories, Bar Harbor, ME, USA),
4-weeks-old and weighing approx. 15g were used.
They were housed five or six per plastic cage and were
given free access to tap water and standard laboratory
chow (ME, Oriental Yeast Co., Tokyo). The mice were
kept in an air-conditioned room maintained at 55+ 10%
humidity with a 12-h light/dark cycle in the Animal
Center for Medical Research, Okayama University
Graduate School of Medicine. The mice were treated in
accordance with the guidelines of the Okayama
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University Institutional Committee on the Treatment of
Experimental Animals. Celecoxib and cisplatin were
kindly provided by Pharmacia (Tokyo) and Nippon
Kayaku Co. (Tokyo), respectively. Both EGCG (>90%
purity) and polyphenon E containing EGCG (60.0%) were
kindly provided by Mitsui Norin Co. (Fujieda, Japan).

The EGCG (1 mg/ml in tap water) and polyphenon
E (1.7 mg/ml in tap water) were provided to the mice as
drinking water. The experimental diets that included
celecoxib (150 mg/kg diet, 1,500 mg/kg diet) were pre-
pared by mixing celecoxib into the standard chow.

Experimental design.  In Experiment 1, sixty mice
were divided into three groups of 20 mice each, who
received the following: (i) no treatment (the Control
group), (ii) treatment with celecoxib 150 mg/kg (the
150Cel group), and (iii) treatment with EGCG (1 mg/ml
in tap water) + celecoxib 1,500 mg/kg (the 1500Cel group).
Mice were administered cisplatin (1.62 mg/kg of body
weight, i.p.) once a week for 10 weeks between 7 and
16 weeks of age. All mice were sacrificed at week 30 and
the number of tumors on the lung surface of each mouse
was determined.

In Experiment 2, 143 mice were divided into seven
groups of 20 or 21 mice each, who received the follow-
ing: (i) no treatment (Control group), (ii) celecoxib
150 mg/kg diet (150Cel group), (iii) celecoxib
1,500 mg/kg diet (1500Cel group), (iv) EGCG 0.1% in
tap water + celecoxib 150 mg/kg diet (EGCG +150Cel
group), (v) EGCG 0.1% in tap water +celecoxib
1,500 mg/kg diet (EGCG +1500Cel group), (vi) poly-
phenon E 0.17% in tap water + celecoxib 150 mg/kg diet
(PolyE + 150Cel group), and (vii) polyphenon E 0.17% in
tap water + celecoxib 1,500 mg/kg diet (PolyE + 1500Cel
group). All mice were administered cisplatin (1.62 mg/kg
of body weight, i.p.) once a week for 10 weeks between
7 and 16 weeks of age.

Mice in the corresponding group freely accessed tap
water (control), EGCG (1 mg/ml in tap water) or poly-
phenon E (1.7 mg/ml in tap water), and the standard
chow (control), low-dose celecoxib (150 mg/kg diet),
or high-dose celecoxib (1,500 mg/kg diet). All mice
were sacrificed at week 30, and the number of tumors
on the lung surface of each mouse was determined.

Immunohistochemistry.  The lungs were inflated
with 10% formalin, embedded in paraffin, and cut into
4-um-thick sections. Tissue sections were deparaffin-
ized in xylene and washed in ethanol. Endogenous
peroxidase activity was then inhibited using 0.3% H,O,
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followed by antigen retrieval. Slides were blocked with
rabbit serum antibody (Vector Laboratories, Burlingame,
CA, USA). A polyclonal rabbit anti-murine COX-2
primary antibody (Cayman Chemical, Ann Arbor, MI,
USA) was added at a 1:200 dilution. Biotin-conjugated
secondary antibody (Vector Laboratories) was applied
and incubated with avidin biotin enzyme reagent
(Vector Laboratories). Primary Ki-67 antibody was
added at a 1:5,000 dilution. Then, diaminobenzidine
(DAB, Vector Laboratories) as a peroxidase substrate
was applied. The sections were rinsed in H,O, counter-
stained with methyl green, dehydrated, and covered
with a xylene-based mounting medium. COX-2 and
Ki-67 expressions were evaluated in >100 cells from
each tumor.

Statistical analyses.  The chi-square test and
Mann-Whitney test were used to assess the tumor inci-
dence and tumor multiplicity, respectively. The differ-
ences in weight loss among the groups were evaluated
by the Cochran Cox test. The results are expressed as
mean + standard deviation (SD), and p-values <0.05
were deemed significant.

Results

Experiment 1. Table 1 shows the tumor incidence
and multiplicity in each group. The tumor incidence
was 20% (4/20) in the Control group, 85% (17/20) in
the 150Cel group, and 75% (15/20) in the 1500Cel
group. In the 150Cel group, 2.50+1.96 lung tumors
per mouse were observed, and in the 1500Cel group,

(8)
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there were 1.60 £ 1.54 tumors per mouse. However, there
was no significant difference in multiplicity between the
150Cel and 1500Cel groups (p=0.066). Treatment with
cisplatin or cisplatin + EGCG did not lead to significant
weight loss compared with the controls (Fig. 1).
Experiment 2.  Table 2 shows the tumor inci-
dence and multiplicity in each group. The tumor inci-
dence was 95% (19/20) in Control group, 95% (19/20)
in the 150Cel group, 86% (18/21) in the 1500Cel
group, 71% (15/21) in the EGCG + 150Cel group, 67%
(14/21) in the EGCG+ 1500Cel group, 80% (16/20) in
the PolyE+150Cel group, and 65% (13/20) in the
PolyE +1500Cel group. Celecoxib (1,500 mg/kg) when
combined with polyphenon E significantly reduced
tumor incidence in mice treated by cisplatin (p <0.05,
Control vs. PolyE +1500Cel group). The tumor multi-
plicity (number of tumors/mouse) values were
2.15+1.50 (Control), 2.10£1.29 (150Cel), 1.67£1.20
(1500Cel), 1.38+1.24 (EGCG+150Cel), 1.29+1.38
(EGCG +1500Cel), 1.95+1.35 (PolyE+150Cel), and
1.05%0.10 (PolyE + 1500Cel). Celecoxib (1,500 mg/kg)

Table 1 The inhibitory effects of EGCG on gross tumor incidence
and multiplicity on cisplatin-induced lung tumorigenesis in A/J mice
Group Incidence? Multiplicity®

1. Control 20% ( 4/20) 0.35+0.75

2. Cisplatin 85% (17/20) 250+1.96] _ 0.066
3. Cisplatin+ EGCG 75% (15/20) 1.60 + 1.54 p=9.

@ Number of tumorigenesis mouse/mouse; °, Number of tumors
per mouse, mean + SD.
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Fig. 1
(i.p._ administration of cisplatin (1.62 mg/kg body weight).
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Change in body weight of the three groups over the treatment period in Experiment 1. Arrows, the time points of the intraperitoneal
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combined with EGCG or polyphenon E significantly
reduced tumor multiplicity in mice treated with cispla-
tin (p<0.05, Control vs. EGCG + 1500Cel, and Control
vs. PolyE+1500Cel). As illustrated in Figure 2, cele-
coxib (150 mg/kg diet) also significantly prevented cis-
platin-induced weight loss (p <0.05, Control vs. 150Cel).

Brown-stained tumor cells indicate an overexpression
of COX-2 (Fig.3). The numbers of COX-2-positive cells
were not significantly different among the treatment
arms (A, cisplatin; B, cisplatin+EGCG; C, cisplatin+
celecoxib (1,500 mg/kg) + EGCG; D, cisplatin + cele-
coxib (1,500 mg/kg) + polyphenon E). Figure 4 shows
cells stained with Ki-67 antibody; brown staining indi-
cates an overexpression of Ki-67. There were no signif-

Table 2  Tumor Incidence and multiplicity

Group Incidence? Multiplicity®

1 95% (19/20) 2.15+1.50

2 95% (19/20) 2.10+1.29

3 86% (18/21) 1.67 +1.20 |*
4 71% (15/21) |# 1.38+1.24 | |*
5 67% (14/21) 1.29 +1.38

6 80% (16/20) 1.95+1.36

7 65% (13/20) 1.05+0.10

a, Number of tumorigenesis mouse / mouse; b, Number of tumors per
mouse, mean=+SD; 1, cisplatin; 2, cisplatin+celecoxib 150 mg/kg;
3, cisplatin+celecoxib 1,500 mg/kg; 4, cisplatin+EGCG + celecoxib
150 mg/kg; 5, cisplatin+EGCG + celecoxib 1,500 mg/kg; 6, cisplat-
in+polyphenon E+celecoxib 150 mg/kg; 7, cisplatin+polyphenon
E + celecoxib 1,500 mg/kg; Statistical significance determined by x?
test, #, p<0.05; statistical significance determined by Mann-Whitney,
*, p<0.05
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icant differences in the number of the cell numbers
expressing Ki-67 among the groups (A, cisplatin; B,
cisplatin+ EGCG; C, cisplatin + celecoxib (1,500 mg/kg) +
EGCG; D, cisplatin+celecoxib (1,500 mg/kg) + poly-
phenon E).

Discussion

Our present findings demonstrated that the combi-
nation of high-dose celecoxib with EGCG or polyphe-
non E reduced multiplicity in cisplatin-induced lung
tumors, and the combination of high-dose celecoxib
with polyphenon E decreased the tumor incidence. To
our knowledge, this is the first report showing that the
use of a COX-2 inhibitor in combination with EGCG or
polyphenon E prevented cisplatin-induced tumorigene-
sis in a mouse model.

In patients with familial adenomatous polyposis
(who have a nearly 100 percent risk of colorectal can-
cer), treatment with celecoxib significantly reduced the
number of colorectal polyps [11]. Concerning chemo-
prevention for lung cancer, the intake of selective
COX-2 inhibitors (celecoxib or rofecoxib) for >2 years
produced a significant risk reduction (60%) of human
lung cancer in a case control study [12]. Ki-67, which
is a proliferation marker expressed in all phases of the
cell cycle except in resting cells, has been studied as
surrogate endpoint biomarker in many chemopreven-
tion trials [13]. A placebo-controlled trial showed that
an intervention with celecoxib (400 mg bid for
6 months) for the chemoprevention of lung cancer in
former-smokers significantly reduced the Ki-67 labeling

—--1. CDDP
]*

-»-2. CDDP +celecoxib 150 mg/kg

3. CDDP +celecoxib 1,500 mg/kg
—4. CDDP+EGCG +celecoxib 150 mg/kg

Body weight

-e-5. CDDP+EGCG +celecoxib 1,500 mg/kg
—+6. CDDP +polyphenonE +celecoxib 150 mg/kg
— 7. CDDP +polyphenonE + celecoxib 1,500 mg/kg

Weeks of age

1 5 I Y Y S IR S S|

6w 9w 12w 15W 18W 21W - 24W

Fig. 2

2TW 30w
Change in body weight of the seven groups over the treatment period in Experiment 2.

*p<0.05 by the Cochran Cox text.

Arrows, the time points of the i.p. administration of cisplatin (1.62 mg/kg body weight).
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Fig. 3  Cisplatin-induced tumors were stained with COX-2 antibodly.
Brown-stained tumor cells overexpress COX-2. No significant
difference was produced by the treatment. A, cisplatin; B,
cisplatin+EGCG (0.1% in tap water); C, cisplatin+EGCG (0.1%
in tap water) +celecoxib (1,500 mg/kg diet); D, cisplatin+polyphenon
E (0.17% in tap water) + celecoxib (1,500 mg/kg diet).

index in the specimens of bronchial biopsies [14]. The
Ki-67 response was associated with the computed
tomography-measured response of lung nodules, which
were defined as non-calcified pulmonary nodules
>4-mm-diameter of solid, ground-glass, or part-solid
attenuation. The Ki-67 responders, who were defined
as showing a significant reduction of bronchial epithe-
lial Ki-67 by celecoxib, had a significantly higher ratio
of COX-2 to 15-hydroxyprostaglandin dehydrogenase
mRNA compared to the non-responders. Ki-67 and
COX-2 were thus considered to be important markers in
the chemoprevention trials for lung cancer.

Kim et al. showed that celecoxib could reduce the
Ki-67 expression at a high dose (400 mg bid) but not at
a lower dose (200 mg bid) in the bronchial epithelium of
current and former smokers [15]. In human colorectal
cancer cell lines, EGCG significantly inhibited constitu-
tive COX-2 mRNA and protein overexpression [16,17].
In our present study’s A/] mice, the administration of
celecoxib could not reduce the Ki-67 expression or the
COX-2 expression when used in combination with
EGCG or polyphenon E. The mechanisms underlying
the inhibition of tumorigenesis in our cisplatin-induced
murine lung tumor model by the combination treat-
ment in terms of angiogenesis [18], apoptosis [19], and
inflammation [20] remain to be elucidated.

Our present results demonstrated that low-dose
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Cisplatin-induced tumors were stained with Ki-67 antibody.
The brown-stained tumor cells overexpress Ki-67. No significant
difference was produced by the treatment. A, cisplatin; B, cisplatin+
EGCG (0.1% in tap water); C, cisplatin+EGCG (0.1% in tap water)+
celecoxib (1,500 mg/kg diet); D, cisplatin+polyphenon E (0.17%
in tap water) + celecoxib (1,500 mg/kg diet).

Fig. 4

celecoxib significantly prevented cisplatin-induced
weight loss. The COX-2 inhibitor JTE-522 has been
reported to prevent body weight loss in rats with
N-nitrosomethylbenzylamine-induced tumors [21],
choline-deficient rats, and rats receiving L-amino acid
[22]. A phase II clinical trial showed that celecoxib sig-
nificantly increased the lean body mass, and a signifi-
cant decrease in tumor necrosis factor-a was demon-
strated [23]. Low-dose celecoxib (150 mg/kg) but not
high-dose celecoxib (1,500 mg/kg) significantly pre-
vented cisplatin-induced weight loss (Control vs. 150Cel
groups in Fig.2). High-dose celecoxib seemed to reduce
weight compared with low-dose celecoxib (150Cel vs.
1500Cel, EGCG +1500Cel vs. EGCG +150Cel, PolyE +
150Cel vs. PolyE+1500Cel in Fig.2) although there
were no significant differences. We suspect that high-
dose celecoxib may be toxic in mice. The mechanism by
which low-dose celecoxib prevented the loss of body
weight in our mouse model remains to be clarified.

In conclusion, the COX-2 inhibitor in combination
with EGCG or polyphenon E prevented cisplatin-in-
duced tumorigenesis in our mouse model. The mecha-
nisms of the effect should be further pursued. Notably,
the combination of celecoxib with EGCG strongly
induced the expression of growth arrest and DNA dam-
age-inducible 153 (GADDI153) and apoptosis in lung
cancer cell lines [24]. We plan to examine the signaling
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to apoptosis in our model.
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