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Lack of promoting effects from physical pulmonary collapse in a female A/]
mouse lung tumor initiated with 4-(methylnitrosamino)-1-(3-pyridyl)-
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Experimental identification of potential chemopreventive or tumor promotive agents in the lung is
important. Establishment of short-term bioassay models is therefore a high priority. In an attempt to
induce strong promotion effects, in Experiment 1, left thoracotomy was performed on A/] mice at week
3 after initiation with 4-(methylnitrosamno)-1-(3-pyridyl)-1-butanone (NNK) (2 mg/0.1 ml saline/
mouse i.p.) at weeks 0 and 1. In Experiment 2, at week 3, 0.2 ml of polymer gel was infused directly into
the left cavity of the thorax with thoracotomy to occupy certain thoracic cavity volume and to examine
the influence of physical pulmonary collapse. The experiments were terminated after 8, 10, 12 and 16
weeks in Experiment 1, and 12 weeks in Experiment 2 but no clear promotion effects in either
experiment or pulmonary collapse due to infused polymer were apparent. However, a pronounced
mesothelial cell reaction to the infused polymer was evident on the left lung surfaces and parietal
pleura in Experiment 2. In conclusion, the present experiments did not demonstrate any clear lung
tumor promotion effects of thoracotomy or physical left lung collapse. It remains possible, however,
that alternative approaches might have greater efficacy and these need more consideration. In addition,

mesothelial cells reaction was observed with the infused polymer.

© 2009 Elsevier GmbH. All rights reserved.

Introduction

In smokers, the risk of lung cancer development remains
elevated even after giving up the habit and environmental
tobacco smoke from others continues to be a problem (Mitchell
and Sanders, 2002). Therefore, identification of potential chemo-
preventive or tumor promotive agents is important. Previously,
we demonstrated that 8-methoxypsoralen (8-MOP) treatment
during the initiation phase strongly inhibits lung tumorigenesis
induced by a single intraperitoneal injection of 4-(methylnitro-
samino)-1-(3-pyridyl)-1-butanone (NNK) in female A/] mice
(Takeuchi et al., 2003). NNK is a tobacco-specific N-nitrosamine
which conceivably plays an important role in tobacco-related
human lung cancer, given its strong potential to induce lung

* Corresponding author at: Onco-Pathology, Department of Pathology and
Host-Defence, Faculty of Medicine, Kagawa University, 1750-1, Ikenobe, Miki-cho,
Kita-gun, Kagawa, 761-0793 Japan. Tel.: +8187 891 2111; fax, +81 87 891 2112.

E-mail address: imaida@med.kagawa-u.ac.jp (K. Imaida).

0940-2993/$ - see front matter © 2009 Elsevier GmbH. All rights reserved.
doi:10.1016/j.etp.2009.11.007

155

tumorigenesis in rodents (Belinsky et al., 1992). CYP2A6 is
involved in the mutagenic activation of promutagens such as
tobacco-specific N-nitrosamines (Kushida et al., 2000) and is also
responsible for metabolism of 70-80% of nicotine to the inactive
metabolite cotinine in humans (Messina et al., 1997). 8-MOP is
reported to inhibit CYP2A6 (Draper et al.,, 1997; Ono et al., 1996)
and we earlier demonstrated that 3 days intake of 100 ppm
8-MOP strongly reduced induction of lung tumors (Takeuchi et al.,
2006).

We have focused on establishing a short-term bioassay model
for identification of chemopreventive agents acting during the
initiation phase of lung carcinogenesis (Yokohira et al., 2008).
Examination of the time course of NNK-induced lung tumor
development to determine the most appropriate shortest period
to assess effects of test agents, with 8-MOP as a typical example
showed that two treatments with NNK and 12 weeks duration are
effective for detection of lung cancer chemoprevention (Yokohira
et al., 2008).

This present study was conducted in an attempt to reduce the
experimental period needed by incorporating procedures with
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strong tumor promotion effects. Left lobe pneumonectomy is
reported to activate cell proliferation and to enhance lung
tumorigenesis induced by 3-methylcholanthrene (Brown et al,,
1999) and was therefore chosen for assessment. However, since
pneumonectomy is a complex surgical procedure we performed
thoracotomy in its place in Experiment 1. This is known to be
induced hepatocyte growth factor (HGF), which stimulates
proliferation of respiratory epithelial cells after pneumonectomy
or thoracotomy (Sakamaki et al, 2002). In Experiment 2, a
polymer was infused directly into the left cavity of the thorax
with thoracotomy to occupy certain thoracic cavity volume to
examine the effects of physical pulmonary collapse on lung
tumorigenesis.

Methods
Chemicals

NNK was purchased from Toronto Research Chemicals (Toronto,
Canada) and the polymer, with high molecule (FD-1000), sodium
salt cross-linkage in the acrylic acid polymerization, was from
Japan Tanner Corporation (Osaka, Japan). This polymer material
absorbs moisture and brings about lung collapse by occupying the
thoracic cavity through expansion. The polymer is a white powder
form with 10% moisture content, pH 6-8, 150-300 mm average
particle size and 60-75 g/g 0.9% NaCl water extraction efficiency.

Animals

Female A/] mice (5 weeks of age), purchased from Shizuoka
Laboratory Animal Center (Shizuoka, Japan), were maintained in
the Division of Animal Experiment, Life Science Research Center,
Kagawa University, according to the Institutional Regulations for
Animal Experiments. The protocols of the experiments were

Table 1
Effects of thoracotomy with NNK on A/] mice.
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approved by the Animal Care and Use Committee for Kagawa
University. The animals were housed in polycarbonate cages with
white wood chips for bedding, and given free access to drinking
water and a basal diet, Oriental MF (Oriental Yeast Co., Ltd., Tokyo,
Japan), under controlled conditions of humidity (60 + 10%),
lighting (12 h light/dark cycle) and temperature (24 + 2 °C). The
experiments were started after a 2-week acclimation period.

Experimental design and tissue preparation

Experiment 1: A total of 65 mice at 7 weeks of age were divided
into 2 groups of 31 (Group 1) and 34 (Group 2) mice pretreated
with NNK (2 mg/0.1 ml saline/mouse i.p.) at weeks 0 and 1. At
week 3, 34 mice of Group 2 underwent a left thoracotomy. The
procedure was as follows. Each mouse was given i.p. of 0.2 ml
pentobarbital sodium (Nembutal, Dainippon Sumitomo Pharma
Co., Ltd.., Osaka, Japan) with 10 times dilution (0.06-0.1 ml/10 g
body weight). Under deep anesthesia, a skin incision (about
7 mm) was performed on the left axilla. After confirmation of the
location of the thoracic wall, thoracotomy was completed with
the incision (about 5 mm) between ribs. Left lung was observed
directly through this opened hole and also confirmed its
atelectasis. The skin was clipped to close the thorax. The
experiment was terminated after 8, 10, 12 and 16 weeks when
7, 8 and 9 mice of each group were sacrificed, under deep
anesthesia.

Experiment 2: A total of 30 mice at 7 weeks of age were divided
into 2 groups of 16 (Group 1) and 21 (Group 2) mice pretreated
with NNK (2 mg/0.1 ml saline/mouse i.p.) at weeks O and 1. At
week 3, 59 mice of Group 2 were given a left thoracotomy (the
procedure was almost the same as Experiment 1) and infused
with 0.2 ml polymer gel into the left cavity of the thorax. The
polymer gel was made up with 1 g polymer powder and 30 ml
saline. The experiment was terminated after 12 weeks and all
mice of each group were sacrificed under deep anesthesia.

Weeks 8 . 10 12 16

Groups 12 2° 1 2 1 2 1 2

Number of mice : 8 8 8 8 8 9 8 9

Body weight:(g) 2223 41.22 20.70 + 1.47* 2265+1.28 .  21.11+1.14* 22.72 4253 21.88+1.59 2348 +1.51 22.06 +2.15
Lung weight - S . . :

Right' S : : : : :
Absolute (mg) 90.4+10.4 - 82.7+11.8 889472 81.14+9.9 86.8 9.1 833+114 97.5+11.5 101+ 74
Relative (%) ©041+0.03 0.40 +0.05 ©039+0.04 0.3940.05 038+ 0.05 0.38+0.04 041 +0.03 -.0.46+0.02
Absolute (mg) 47.6+23 374+ 3.3* o A48+14 36.4+54% 44.04 4.0 419477 521+84 458 +6.2
Relative (%) 0.2140.02 0.18 £ 0.01% 0.20 +0.02 0.17 +0.03 0.19 + 0.02 0.19 +0.03 0.22+0.04 0.214+0.03

Macroscopic nodules i o i o ;

Left lung ) : o ; :

Incidence 37.5%.(3/8) 25.0% (2/8) 0.0% (0/8) 25.0% (2/8) - 75.0% (6/8) 88.9% (8/9) 100% ;(8]8) 100%:(9/9)
Multiplicity 09+1.7 04407 0.0+0.0 03+0.5 15414 . 26+20 5.1+3.8 33416

Right lung g : s . }

Incidence 12.5% (1/8) 50.0% (4/8) 50.0% (4/8) 87.5% (7/8) 100%(8/8) . 88.9% (8/9) 100% (8/8) 100% (9/9)
Multiplicity 01+04 05405 1.1+17 1.9+15 3.84+23 31420 79454 49434

Bilatéral lungs i : : : ; i ; Ry
Incidence 50.0%(4/8) 50.0% (4(8) 50.0% (4/8) 87.5% (7/8) 100% (8/8) 100% (9/9) --100% (8/8) 100% (9/9)
Multiplicity 1.0+1.7 209411 11+17 0 2117 53420 5.7 43.1 13.0+838 82447

Histopathological tumnors L o :

Bilateral lungs : ;

Hypél‘plasia 0.0+0.0 04+0.7 04+0.7 0.5+0.8 1.8+1.0 17416 16+14 12415
Adenoma 0.34+0.7 0.14+0.4 1.0+ 0.8 0.8+1.0 41416 33425 69+3.2 49427
03407 09+0:9 - 14+1.3 13+13 59+ 16 5.0+3.5. 85439 6.1+3.7

Total

2 Group 1, NNK; Group 2, NNK+thoracotomy.
* P <0.05 vs the NNK control group.
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Experiments 1 and 2: At autopsy, the lungs were excised and
weighed and then infused with 10% neutral buffered formalin, and
carefully inspected grossly. After fixation, all macroscopically
detected lung nodules were counted under a stereomicroscope,
and each lung lobe was examined histopathologically.

Immunohistochemical analysis

In Experiment 2, lungs were immunostained for calretinin and
anti-human mesothelial cell (HMBE-1) by the avidin-biotin
complex (ABC) method, all staining processes from deparaffiniza-
tion to counterstaining with hematoxylin being performed
automatically using the Ventana Discovery™ staining system
(Ventana Medical Systems, AZ, USA). Anti-mouse Calretinin
monoclonal antibody, clone 5A5, purchased from Novocastra
Laboratories Ltd. (Newcastle upon Tyne, UK) and anti-mouse
HBME-1 monoclonal antibody, Lot no. 108, purchased from DAKO
corporation (CA, USA) were used at 1:100 and 1:50 dilutions.

Statistical analysis

The body and lung weights, and multiplicity of lung prolif-
erative lesions were analyzed by the Turkey-krummer test (multi-
comparison test). The incidences of lung proliferative lesions were
analyzed by the Fisher's exact probability test and data for
multiplicity by the Student’s t-test.

Results

Experiment 1: Body and lung weight data are shown in Table 1.
Body weights of the NNK alone group at 8 and 10 weeks were
significantly greater than in the NNK+thoracotomy group. Left lung
weights of the NNK+thoracotomy group at 8 and 10 weeks were
significantly decreased as compared with the NNK group and
adhesion of the left lung to the visceral pleura was observed. Lung
whitish nodules were detected in all groups macroscopically.
Incidences and multiplicities of hyperplasias and adenomas,
diagnosed according to the criteria of ‘International Classification
of Rodent Tumors: The Mouse’ (Dungworth et al., 2001) are also
summarized in Table 1. The lung lesions in each group increased
with time, but with no significant inter-group differences in either
incidence or multiplicity.

Experiment 2: Body and lung weights in 12 weeks are shown in
Table 2. Though body weights demonstrated no significant inter-
group differences, the left lung weights of the NNK+polymer
group were significantly decreased as compared with the NNK
group. Fig. 1 shows macroscopical findings of the NNK+polymer
group at autopsy at 12 weeks. The infused polymer formed a
discrete mass in the cavity of the chest and deflected the heart
slightly to the right. This remaining total mass volume in the left
thorax at the sacrifice day on week 8 was approximately 10-40%
of the primary volume, 0.2 ml, in week 3. Some adhesion with
visceral and parietal pleura was evident. Lung whitish nodules
were detected in each group macroscopically (Fig. 2). And data for
macroscopic lung nodules and microscopic hyperplasias and
adenomas are also summarized in Table 2. The multiplicity of
macroscopic left lung nodules in the NNK+polymer group was
significantly increased as compared with the NNK group, but
there were no other significant inter-group differences in the
incidences and multiplicities of macroscopic lung nodules and
microscopic lung hyperplasias and adenomas.

Interestingly, reaction with the infused polymer was observed
on the surface of the left lung histopathologically (Fig. 3A).
Mesothelial cells immunohistochemically stained positive for
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Table 2
Effect of the polymer with NNK on A/] mice.
Groups 12 28
Number of mice 16 21
Body Weight 228415 213+ 1.6
Lung weight -
Right G
“Absolute (mg) 842 +6.4 80.0 + 10.7
Relative (%) 0.3740.03 0.38 +0.05
Left. :
Absolute (mg) 422 +47 384+58
Relative (%) 0.19 4+ 0.02 0.18 +£0.02
Macroscopic nodules
Left lung
Multiplicity 1.88 +1.59 339+ 1.79*
Right lung
Multiplicity 4814220 572 +3.14
Bilateral lungs. i ;
- Multiplicity 6.69 +2.63 9.11 +4.14
Histopathological tumors o
Bilateral lungs -
Hyperplasia 1.13+1.02 1.39+0.78
Adenoma 3.94+1.24 4.61+2.57
Total "+ ‘ . 506+1.84 6.00 +2.68

@ Group 1, NNK; Group 2, NNK+polymer.
* P < 0.05 vs the NNK control group.

Fig. 1. Macroscopic findings for the NNK+ polymer group at 12 weeks. The infused
polymer forms a discrete mass in the cavity of the chest (arrow) and is deflecting
the heart slightly to the right (arrow head).
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Fig. 2. Macroscopic findings of the lungs for the NNK group (A) and the NNK+polymer group (B) at 12 weeks. Note part of the left lung adhering to the visceral pleura in the

latter. Lung whitish nodules were detected in each group.

Fig. 3. Histopathological findings for the left lung in the NNK+polymer treated group at 12 weeks. The surface of the left lung demonstrates a reaction to the polymer and
accumulation of mesothelial cells is evident (A: arrow). Note positive immunohistochemical staining of calretin in (B).

calretinin appeared to have accumulated around the polymer
(Fig. 3B). An assessment of HMBE-1 antibody binding was also
performed but it was difficult to detect positive cells because of
strong background staining (data not shown).

Discussion

The present study demonstrated no promotion effects by
thoracotomy or pulmonary collapse with foreign material on NNK
induction of lung tumors. Compensatory lung growth after
pneumonectomy was reported to occur in adult male foxhounds
(Hsia et al., 1994) and rabbits (Cagle et al., 1988) and to enhance
lung tumorigenesis induced by 3-methylcholanthrene in male
BALB/cBy] mice (Brown et al, 1999). Sakamaki et al. (2002)
reported that increase in HGF stimulates proliferation of respiratory
epithelial cells during compensatory lung growth in female Institute
of Cancer Research (ICR) mice. In this report, HGF level in the right
lung of pneumonectomized mice increased on Day 1, although it
thereafter increased to higher levels on Day 10. The HGF levels in
the sham-operated mice were also transiently elevated to a level
similar to that seen in pneumonectomized mice on Day 1, and then
decreased to almost a normal level on Day 10. From this report,
thoracotomy may promote initiated lung tumor by temporal HGF
inducing. The reason for the lack of any promoting effects in our
Experiment 1 is unclear although the fact that the thoracotomy was
only performed once as an acute procedure may be important. For
more continuous promoting effects in the lung we examined lung
collapse by foreign material infused into the left cavity of thorax in
Experiment 2. However, the results were again equivocal, despite
lesions in the NNK+polymer group showing a tendency for
increase. Though pneumonectomy might promote lung tumor
induced by NNK, it is not an appropriate procedure to employ for
bioassay models in which enough numbers of animals should be
treated. With our approach the infused polymer appeared to induce

a foreign-body reaction and seemed to be decreased in amount after
12 weeks. It is possible that more frequent infusions could exert
stronger promoting effects.

However, there were interesting histopathological findings in
Experiment 2 concerning the reaction of mesothelial cells,
immunohistochemically positive for calretinin, with the infused
polymer on the surface of the left lung. Calretinin is a calcium-
binding protein of 29 kD. It is a member of the large family of
EF-hand proteins, to which the S-100 protein also belongs. In a
survey of the distribution of calretinin immunoreactivity in non-
neural tissues, strong and consistent immunoreactivity of normal
and reactive mesothelial cells were reported and the report also
concluded calretinin is a useful marker for the positive identifica-
tion of malignant mesotheliomas (Doglioni et al., 1996). In
present experiment, though the observed mesothelial cells were
not sufficiently atypical to be given a diagnosis of malignant
mesothelioma, these findings should be confirmed whether they
indicate the possibility of pleural mesothelioma or not by future
long-term experiment. Epidemiologically, analyses using an age-
cohort model in Japan showed that there will be about 100,000
deaths due to pleural mesothelioma in the next 40 years from
2006 (Murayama et al., 2006). Using 1973-2000 mesothelioma
incidence data in the United States, the total number of male
mesothelioma cases in 2003-2054 would be approximately
71,000 (Price and Ware, 2004). There are some reports of
peritoneal mesothelioma induced by 5 chemicals or some fibers
in wild rats (Crosby et al., 2000; Kamstrup et al., 2002; Kim et al.,
2006; Krajnow and Lao, 2000) or pleural mesotheliomas in
genetically modified animals, like the p53 knock out mouse
(Jongsma et al., 2008). Lardinois et al. (2006) also reported efficacy
of intrapleural application of cisplatin in an immune-competent
rat model with malignant pleural mesothelioma inoculated with
mesothelioma cells. However, to our knowledge there has been no
report of pleural mesothelioma in experimental animals using the
procedure of directly infusing material into the thoracic cavity.
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