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Figure 4. In vitro anti-angiogenic activity of tumor-derived ANGPTL4 and its molecular mechanisms. (a) Suppression of vascular tube
formation by ANGPTL4. A conditioned medium was prepared by mixing the medium of subconfluent MKN28 cells expressing control or
ANGPTL4 and the HUVEC medium with VEGF-A (10ng/ml) at 1:2. HUVECs on feeder neonatal normal human dermal fibroblast cells
(Angiogenesis Kit, Kurabo, Osaka, Japan) arrived from the manufacturer on day 0, and the conditioned medium was supplemented on days 1,
4,7 and 9. On day 11, cells were fixed and endothelial tubes were stained with anti-CD31antibody (BD Pharmingen, San Diego, CA, USA). The
experiment was conducted in triplicate. Scale bars, 50 um. (b) Quantification of the extent of vascular tube formation. Four parameters were
scored in nine visual fields per well using the angiogenesis quantification software (Kurabo), and all the four parameters were shown to be
suppressed by ANGPTL4. The results are shown as a mean +s.d. *P<0.001 (Student’s t-test). (¢) Suppression of the HUVEC growth by
ANGPTL4, but not by its mutant with the deletion. HUVECs were seeded at a density of 1 x 10° cells/10-cm dish on day 0, and the conditioned
medium prepared as in a was supplemented on days 1, 3 and 5. The number of cells was counted on day 3 and day 6 by a Countess
Automated Cell Counter (Invitrogen, Carlsbad, CA, USA). Each culture was carried out three times, and the result is shown as a mean +s.d.
*P=84x 10" **P=55x 10~ ° (Student’s t-test). (d) The effects of ANGPTL4 and its mutant with the deletion on the cell cycle of HUVECs.
The HUVECs on day 6 of ¢ were stained with propidium iodide, and cell populations in different phases of the cell cycle were determined by a
FACS Caliber flow cytometer (Becton Dickinson, San Diego, CA). S-phase arrest was observed in HUVECs exposed to ANGPTL4, but not to its
mutant with the deletion. *P<0.05, **P <0.01 (Student’s t-test). (&) Immunoblot analysis of various signal molecules in HUVECs on day 6 of ¢.
Decrease of pERK1/2 and increase of pMEK1/2 were induced by ANGPTL4 and also by its mutant with the deletion. This was considered
because the deletion mutation affected mainly the interaction between ANGPTL4 and extracellular matrix, which was not necessary for this
analysis. Primary antibodies used include anti-phospho-ERK1/2 (1:100, Cell Signaling Technology, Danvers, MA, USA), anti-total ERK1/2 (1:100,
Cell Signaling Technology), anti-phospho-MEK1/2 (1:1000, Cell Signaling Technology), anti-total MEK1/2 (1:100, Cell Signaling Technology),
anti-p21 (1:200, Cell Signaling Technology), anti-cleaved Caspase-3 (Asp175) (1:200, Cell Signaling Technology), anti-cleaved PARP (Asp214)
(1:200, Cell Signaling Technology) and anti-actin (1:1000, Santa Cruz Biotechnology, Santa Cruz, CA, USA). Secondary antibodies conjugated to
horseradish peroxidase were obtained from Cell Signaling Technology.

Figure 3. Inhibition of tumor angiogenesis by ANGPTL4, but not by its mutant with the deletion. (a) Macroscopic view of the Matrigel plugs
recovered in the Matrigel plug assay. Matrigel (Matrigel basement membrane matrix high concentration, phenol red-free, BD Biosciences) was
mixed with the MKN28 cells (5 x 10° cells) expressing control, ANGPTL4, or its mutant with the deletion. The Matrigel plug was subcutaneously
injected into 5-week-old female athymic nude mice on day 1, and was recovered on day 10. Marked inhibition of tumor angiogenesis by
ANGPTL4, but not by its mutant with the deletion, was observed. Brown color shows infiltration of blood vessels into the Matrigel plugs.
(b) Hemoglobin content in the Matrigel plugs (N = 10). The plugs were homogenized in red blood cell-lysing buffer (Sigma-Aldrich, St Louis,
MO, USA), and the supernatants were measured with Drabkin’s reagent (Sigma-Aldrich) to quantify the hemoglobin content in the plug.
The content is shown as a mean £ s.d. (N=10). *P=8.0x 10~ % **P=12 x 10~ * (Student’s t-test).
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demethylated the promoter and restored the ANGPTL4 expression
(Supplementary Figure S4). This showed methylation silencing of
ANGPTL4 in these cell lines.

Marked suppression of in vivo tumor growth by ANGPTL4, but not
by a mutant with the deletion

The function of ANGPTL4, along with its mutant with the deletion,
was examined by stably introducing wild-type or mutant ANGPTL4
complementary DNA into MKN28 and AGS. The expression levels
of the exogenous wild-type ANGPTL4 and its mutant were kept in
the range comparable to its physiological expression in gastric
mucosae (Supplementary Figure S5a), and expression of ANGPTL4
with the deletion mutation was confirmed by the amplification of
a shorter size fragment (Supplementary Figure S5b).

Regarding in vitro effects, the ANGPTL4 expression did not affect
cell morphology, motility or cell growth (Supplementary Figures
S6-58). However, in vivo, sizes of engrafted tumors were strikingly
suppressed by the wild-type ANGPTL4, markedly in AGS and
almost completely in MKN28 (Figure 2). In contrast, when the
mutant ANGPTL4 was expressed in MKN28, it did not show any
anti-tumorigenic effect. The presence of ANGPTL4 mRNA and
protein expression in the transplanted tumors was confirmed
(Supplementary Figures S9 and S10). The role of ANGPTL4 in tumor
development and progression has been highly controversial, but
our data clearly showed that ANGPTL4 suppresses tumor forma-
tion, at least in gastric cancers.

Inhibition of tumor angiogenesis as a mechanism for tumor
suppression

As a mechanism for tumor suppression by ANGPTL4, anti-
angiogenic activity of tumor-derived ANGPTL4 was examined.
We performed an in vivo Matrigel plug angiogenesis assay to
observe the vascularization that invades into a Matrigel®' using
MKN28 cells with control (EGFP), ANGPTL4, and its mutant with the
deletion. Ten days after subcutaneous transplantation, the
Matrigel plugs containing the control cells showed a high
degree of blood vessel recruitment, as visualized by the high
content of hemoglobin (Figure 3) and by the staining of CD31-
positive vascular endothelial cells (Supplementary Figure $11). In
contrast, the Matrigel plugs containing the ANGPTL4-expressing
cells showed a marked suppression of the blood vessel recruit-
ment. However, ANGPTL4 with the deletion mutation did not have
such activity. The lack of the suppressive effect was in accordance
with a report that the CCD was essential for the interaction with
the extracellular matrix and for its in vivo suppressive activity.'®
These results strongly indicated that the marked anti-angiogenic
activity of tumor-derived ANGPTL4 was the cause of the marked
suppression of tumor growth by ANGPTL4.

Mechanisms for the anti-angiogenic activity of the tumor-derived
ANGPTL4

The mechanisms of how tumor-derived, secreted ANGPTL4 exerts
its anti-angiogenic effect were analyzed. First, we conducted a
vascular tube formation assay using human umbilical vein
endothelial cells (HUVECs). A conditioned medium from
ANGPTL4-expressing cells suppressed vascular tube formation of
HUVECs, as visualized by staining with anti-CD31antibody
(Figure 4a), and all the parameters to assess vascular formation
were markedly suppressed (Figure 4b). This result showed that a
large part of the anti-angiogenic activity of tumor-derived
ANGPTL4 was mediated by the suppression of vascular tube
formation in the tumor microenvironment.

The effect of the conditioned medium on the growth of HUVECs
was then analyzed. The conditioned medium from cells expressing
ANGPTL4, but not that from cells expressing its mutant with the
deletion, suppressed the growth (Figure 4c). Cell cycle analysis
showed that the conditioned medium from ANGPTL4-expressing
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cells significantly increased the number of cells in the S phase,
suggesting that it induced an S-phase arrest (Figure 4d). However,
the amount of p21, a potential inducer of the S-phase arrest,*? was
not increased (Figure 4e). No induction of apoptosis was observed
by western blot analysis of apoptosis-related proteins, cleaved
Caspase-3 and cleaved PARP (Figure 4e), or by terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay (Supplementary Figure $8).

Finally, the effect of tumor-derived ANGPTL4 on the MAPK
signaling was analyzed. The conditioned medium from the
ANGPTL4-expressing cells clearly inhibited the phosphorylation
of ERK1/2 (pERK1/2) (Figure 4e), and the phosphorylation of its
immediate upstream mediator, pMEK, was in contrast increased.
The conditioned medium from the cells expressing the mutant
with the deletion showed a similar activity to that of the ANGPTL4-
expressing cells. As CCD is not important for the delivery to target
cells in vitro and the fibrinogen-like domain is important for
inhibition of the Raf/MEK/ERK signaling,'’ it was considered that
the deletion mutation did not affect the inhibition activity.

This study demonstrated that ANGPTL4 is a mutated and
methylation-silenced tumor suppressor whose product is secreted
and inhibits angiogenesis. ANGPTL4 mutation (loss-of-function)
was identified for the first time in any type of cancers, and the
anti-angiogenic activity of tumor-derived ANGPTL4 was shown
here also for the first time. These data warrant further research
into utilizing ANGPTL4 as a target of anti-angiogenesis cancer
therapy.
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There are 2 types of bronchiolo-alveolar hyperplasia found in rat lungs. One is ‘inflammatory hyperpla-
sia’ with a potential to recover in future with removal of the stimulating insult and the other is ‘latent
tumorigenic hyperplasia’ as an independent preneoplastic lesion for adenocarcinoma. In the present
experiment, we focused on rat lung bronchiolo-alveolar hyperplasia induced by 4-(methyl-nitrosamino)-
1-(3-pyridyl)-1-butanone (NNK), which decreases with time after induction and reverts to normal, or by
N-bis(2-hydroxypropyl)nitrosamine (DHPN), with tumorigenic potential to progress to adenoma and
adenocarcinoma. Though NNK is a typical carcinogen inducing lung adenocarcinoma in female A/] mice,
the tumorigenic potential by NNK in rats is weak. Differences between hyperplasias induced by DHPN
and by NNK were here examined immunohistochemically.

Formalin fixed paraffin embedded lung samples with hyperplastic and inflammatory lesions were
obtained from rats exposed to DHPN or NNK and from lung inflammation models induced with fine
particles like CuO, NiO and quartz. The 19 markers were examined immunohistochemically.

Napsin A, in the inflammatory lesions and hyperplasia induced by NNK, was positive for macrophages
and secretions in the alveoli spaces but less so in the walls of the alveoli. In the proliferative lesions
including hyperplasia induced by DHPN, strong positive staining for napsin A was observed in the walls of
the alveoli. Thus high expression was suggested to be possibly useful for detecting tumorigenic potential

of rat lung hyperplasia.

© 2013 Elsevier GmbH. All rights reserved.

1. Introduction

Lung cancer is one of the most common cancers in the
world, with cigarette smoking regarded as the predominant cause.
The risk of lung cancer development remains elevated even
after giving up smoking and second-hand environmental tobacco
smoke from others is also considered to be a problem (Mitchell
and Sanders, 2002). Therefore, identification of potential chemo-
preventive agents in animals models is important. In rodents,
4-(methyl-nitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and N-
bis(2-hydroxypropyl)nitrosamine (DHPN) are well known lung
carcinogens, but their effects differ between rats and mice. Pre-
viously, in order to establish an appropriate bioassay for detection
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Defense, Faculty of Medicine, Kagawa University, 1750-1, Ikenobe, Miki-cho, Kita-
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E-mail address: imaida@med.kagawa-u.ac.jp (K. Imaida).

0940-2993/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/j.etp.2013.11.002

of promoting potential to lung tumor after intratracheal instillation
of fine particle in rats, sequential histopathological changes were
examined after initiation of lung tumorigenesis by 3 intraperitoneal
injections (IPs) of 10 mg NNK or 0.1% DHPN in drinking water for 2
weeks and intratracheal instillation (IT) to quartz, as a typical lung
toxic agent (Yokohira et al., 2005, 2007, 2009b), into F344 male
rats (Yokohira et al., 2009a). Lung proliferating lesions were seen by
NNK and by DHPN in rats. However, whereas DHPN induced hyper-
plasias whose size, number and malignancy increased with time,
NNK induced hyperplasia with inflammation proved reversible.
Thus their multiplicity was 3.2 +2.6 (20 rats) at completion of
treatment, but only 0.2+ 0.4 (20 rats) and 0.8 +0.8 (20 rats) at 23
and 30 weeks, respectively. This is in line with the earlier finding
that tumorigenic potential of NNK in rats is weak (Yokohira et al.,
2009a). In contrast, NNK is well known as a strong lung carcinogen
when administered to mice, especially to the A/J strain with high
susceptibility to lung tumor induction (Takeuchi et al., 2003, 2006,
2009; Yokohira et al., 2008b). From our data there appear to be
2 types of bronchiolo-alveolar hyperplasia in the rat lungs. One is
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Table 1
Antibody for immunostaining in Experiments 1 and 2.

Antibody Product code Company Antigen retrieval®  Dilution Reaction time (min)
Cell proliferation
PCNA(PC10) sc-56 Santa Cruz Biotechnology, Inc., CA, USA D 1:100 15
Ki67 NCL-Ki67p Leica Microsystems Newcastle Ltd., Newcastle Upon Tyne, A 1:2000 15
United Kingdom
EGF-R M 3563 Dako North America, Inc., CA, USA G 1:200 15
Cell cycle
Cyclin D1 413531 Nichirei Biosciences Inc., Tokyo, Japan B 1:100 15
p27 M 7202 Dako Denmark A/S, Glostrup, Denmark A 1:400 15
p53 M 7001 Dako Denmark A/S, Glostrup, Denmark A 1:50 15
pl6 CINtec p16 Roche mtm laboratories AG, Heidelberg, Germany A Fully diluted 15
Tumor producing
CEA Al15 Dako Denmark A/S, Glostrup, Denmark D 1:100 15
Alveolar epithelium
Napsin A NCL-L-napsin A Leica Microsystems Newcastle Ltd., Newcastle Upon Tyne, D 1:100 15
United Kingdom
TTF-1 M 3575 Dako North America, Inc., CA, USA B 1:200 15
SP-A M 4501 Dako Japan Co., Ltd., Kyoto, Japan A 1:500 15
Cell membrane
Cytokeratin 7 NCL-CK7-OVTL Novocastra Laboratories Ltd., Newcastle Upon Tyne, United A 1:500 15
Kingdom
Cytokeratin 20 NCL-CK20 Leica Microsystems Newcastle Ltd., Newcastle Upon Tyne, A 1:75 15
United Kingdom
Endocrine receptor
Estrogen receptor a NCL-ER-6F11 Leica Microsystems Newcastle Ltd., Newcastle Upon Tyne, A 1:100 15
United Kingdom
Progesterone receptor ~ NCL-PGR-312 Leica Microsystems Newcastle Ltd., Newcastle Upon Tyne, A 1:600 15
United Kingdom
Chromogranin A A 0430 Dako Denmark A/S, Glostrup, Denmark A 1:100 15
Synaptophysin NCL-SYNAP-299  Leica Microsystems Newcastle Ltd., Newcastle Upon Tyne, A 1:100 15
United Kingdom
Squamous cell
Cytokeratin 34BE12 M 0630 Dako Denmark A/S, Glostrup, Denmark A 1:50 15
Cytokeratin 5/6 M 7237 Dako Denmark A/S, Glostrup, Denmark A 1:50 15

2 Antigen retrieval: A: heat treatment with pH7 reagent; B: heat treatment with pH 9 reagent; C: enzymatic treatment; D: non-treatment.

‘inflammatory hyperplasia’ with the potential for reversion to nor-
mal and the other is ‘latent tumorigenic hyperplasia’ considered as
a preneoplastic precursor for adenocarcinoma.

In the present experiment, we focused on comparing rat lung
hyperplasias induced by NNK and DHPN immunohistochemi-
cally. Experiments were conducted to find suitable marker(s) for
prospective tumorigenic and malignant potential of early stage
lung hyperplasia. To choose probable markers, preliminary staining
of hyperplasias, adenomas and adenocarcinomas induced by DHPN
after 30 weeks in F344 rats was performed (Experiment 1). Selected
examples were then examined with hyperplasias induced by NNK
or DHPN (Experiment 2). Additionally, expression of napsin A was
examined in inflammatory lesions in lung induced by fine particles
for comparison. Previously, lung toxicity of fine particles from var-
ious materials was examined in our in vivo bioassay using the IT
method (Yokohira et al., 2007, 2008a, 2009b). With the same dose
of 2 mg/rat IT, fine particles of quartz, CuO and NiO all caused severe
toxicity with severe inflammatory changes featuring neutrophil
infiltration and edema.

2. Materials and methods
2.1. Animals

Experimental animals (Experiments 1 and 2) were maintained
in the Division of Animal Experiments, Life Science Research Cen-
ter, Kagawa University, according to the Institutional Regulations
for Animal Experiments. All of the animals were housed in poly-
carbonate cages with white wood chips for bedding and given free
access to drinking water and a basal diet, CE-2 (CLEA Japan Inc.,

Tokyo, Japan), under controlled conditions of humidity (60 + 10%),
lighting (12-h light/dark cycle) and temperature (24 +2°C).

2.2. Experiment 1. Analysis of various markers for the lung
proliferative lesions

2.2.1. Tissue samples

Formalin fixed paraffin embedded (FFPE) lung samples includ-
ing neoplastic lesions (hyperplasia, adenoma and adenocarcinoma)
were obtained with the rat DHPN induced lung carcinogene-
sis model (Yokohira et al, 2009a). Briefly, male 6-week old
F344/DuCrlCrlj rats (Japan Charles River, Inc., Kanagawa, Japan)
were given 0.1% DHPN (Nacalai Tesque Inc., Kyoto, Japan) in drink-
ing water for 2 weeks, and sacrificed at week 30. At autopsy, the
lungs were removed and the lungs, including the trachea and heart,
were infused from the trachea with 10% phosphate buffered forma-
lin and then rinsed in 10% phosphate buffered formalin. The lungs
were immersed in 10% phosphate buffered formalin for approxi-
mately 48 h, and slices were routinely processed for embedding in
paraffin for histopathological examination. The method to develop
FFPE lung samples from harvested lungs was the same in Experi-
ments 1 and 2.

2.3. Experiment 2. Validation of the selected markers from
Experiment 1

2.3.1. Tissue samples

FFPE lung samples with hyperplastic lesions and inflammatory
lesions were obtained with rat DHPN or NNK (Toronto Research
Chemicals, ON, Canada) induced lung carcinogenesis models on
week 12 and 30 (Yokohira et al., 2009a), respectively, and with
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Fig. 1. Histopathological findings for the lung proliferative lesions in Experiment 1 analyzed with various markers. A, H.E.; B, cyclin D1; C, ERa; D, napsin A; E, TTF-1; F, p27; G,
cytokeratin 5/6; H, cytokeratin 34BE12. Bar =A, 50 wmand B-H, 100 pm. In figure 1-A, yellow arrow-heads, black arrow-heads and yellow arrows indicate adenoma, squamous
cell differentiation and hyperplasia, respectively. The markers, cyclin D1, p27, ERe, TTF-1 and napsin A, demonstrated clear staining and were selected for examination in
Experiment 2. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of the article.)

rat fine particle, CuO, NiO and quartz, induced lung inflamma-
tion models on day 28 (Yokohira et al., 2008a). Male 6-week old
F344/DuCrlCrlj rats were given 0.1% DHPN in drinking water for
2 weeks or 3 intraperitoneal injections of 10 mg NNK suspended
in 1ml saline on weeks 0, 1 and 2, and sacrificed at week 12
and 30 (Yokohira et al., 2009a). Male 10-week old F344/DuCrlCrj
rats were exposed by IT to quartz with a particle diameter less
than 7 wm (DQ-12, Deutsche Montan Technologie, DMT GmbH,
Germany), CuO with a particle diameter less than 5 um (CAS1317-
38-0, Sigma-Aldrich, MO, USA) or NiO with a particle diameter
less than 10 wm (CAS1313-99-1, Sigma-Aldrich, MO, USA) with
the dose of 2 mg/rat suspended in saline (0.2 ml) (Otsuka Isotonic
Sodium Chloride Solution from Otsuka Pharmaceutical Factory, Inc.,

Tokushima, Japan)onday 0, and sacrificed at day 28 (Yokohiraetal,,
2008a).

2.4. Histopathological analysis

Lung lesions were categorized as bronchiolo-alveolar hyper-
plasia and bronchiolo-alveolar adenoma in accordance with the
established criteria given in ‘International Harmonization of
Nomenclature and Diagnostic Criteria (INHAND) (Renne et al.,
2009). In detail, bronchiolo-alveolar hyperplasia was diagnosed
from the findings of solitary or multiple, segmental (cone-shaped)
foci of increased cellularity, lack of strongly convex or spherical
border, bronchiolo-alveolar architecture still detectable, epithelial
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p i

Fig. 2. Histopathological findings for napsin A in hyperplasias or adenomas in Experiment 2. A, H.E. hyperplasia and inflammation 12 weeks after treatment with NNK; B,
napsin A in lung 12 weeks after treatment with NNK; C, H.E. hyperplasia after 12 weeks in lung treated with DHPN; D, napsin A after 12 weeks in lung treated with DHPN; E,
H.E. hyperplasia and inflammation after 30 weeks in lung treated with NNK and quartz; F, napsin A after 30 weeks in lung treated with NNK and quartz; G, H.E. of hyperplasia
and adenoma after 30 weeks in lung treated with DHPN; H, napsin A after 30 weeks in lung treated with DHPN. Bar =20 pm. In proliferative lesions including hyperplasia,
walls of the alveoli are strongly positive for napsin A. In inflammatory lesions, macrophages in the alveoli are positive for napsin A, but walls of the alveoli less so (A and B).

cells dominant and are the cause of hypercellularity, and epithelial
cells usually single layered. Bronchiolo-alveolar adenoma was from
frequently located at the lung periphery and usually small in size
(in mice less than 3-4 mm in diameter), well-circumscribed areas
of high epithelial cell density, usually with strongly convex bor-
der, underlying alveolar architecture obscured to various degrees,
sharp demarcation from the surrounding tissue, neoplastic epithe-
lial cells relatively uniform mitotic figures are rare or absent, small
foci of mild atypia may be present, and occasionally extend into
adjacent bronchioles.

Lungs were immunostained by the avidin-biotin complex (ABC)
method, all staining processes from deparaffinization to counter-
staining with hematoxylin being performed automatically using

the LEICA BOND-III™ staining system (Leica Biosystems, Nuss-
loch, Germany). In experiment 1, marker antibodies examined were
cyclin D1, napsin A, p27, thyroid transcription factor 1 (TTF-1),
Ki-67, cytokeratin (CK) 7, CK 20, CK 34BE12, CK 5/6, surfactant
proteins-A (SP-A), p53, endothelial growth factor receptor (EGF-R),
estrogen receptor « (ERa), progesterone receptor (PR), carcinoem-
bryonic antigenl (CEA), p16, proliferating cell nuclear antigen
(PCNA), chromogranin A and synaptophysin in the lung prolife-
rative lesions. In experiment 2, cyclin D1, napsin A, p27, TTF-1
and ERa were chosen for investigation of expression in hyperpla-
sia. Staining of napsin A in inflammatory lesions in lung tissues
exposed to fine particles was also conducted. More details of the
antibodies used in the experiments are summarized in Table 1. The
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Fig. 3. Histopathological findings for napsin A in lungs with inflammation in Experiment 2. A, H.E. 28 day lung treated with quartz; B, napsin A in 28 day lung treated with
quartz; C, H.E. 28 day lung treated with NiO; D, napsin A in 28 day lung treated with NiO; E, H.E. 28 day lung treated with CuO; F, napsin A in 28 day lung treated with CuO.

Bar=20 pm.

antigen retrieval was employed 3 kinds of method, heat treatment
in the pressure cooker (110°C, 5 min), enzymatic treatment (37 °C,
10min), and non-treatment. The reagents for the heat treatment
were used pH 7 buffer, instant antigen retrieval reagent (Mitsubishi
Chemical Medience Co. Ltd., Tokyo, Japan), or pH9 buffer, Novo-
castra Bond Epitope Retrieval Solution 2 (Leica Biosystems, Tokyo,
Japan). Novocastra Bond Enzyme Pretreatment Kit (Leica Biosys-
tems, Tokyo, Japan) was for the enzymatic treatment. The reaction
time for the every primary antibody was the same 15 min.

3. Results

Hyperplasias and adenomas partially with squamous cell dif-
ferentiation (Fig. 1A) were noted in Experiment 1. The 10 markers
of cytokeratin 7, cytokeratin 20, p53, p16, synaptophysin, chro-
mogranin A, SP-A, PR, CEA and EGF-R, did not show any positive
areas in neoplastic lesions of the lung. Strong positive staining for
PCNA and Ki-67 was observed, but without differences between
non-neoplastic and neoplastic lesions in the lung. Cytokeratin 5/6
and cytokeratin 34BE12 were positive for lesions with squamous
cell differentiation (Fig. 1G and H). The markers, cyclin D1, ERq,
napsin A, TTF-1 and p27, showed satisfactory staining (Fig. 1B, C, D,
E and F, respectively) and there were seemed to be the difference
between non-neoplastic lesion and neoplastic lesions to a greater
or lesser degree. Therefore, the 5 markers cyclin D1, p27, ER, TTF-1
and napsin A, were selected for examination in Experiment 2.

In Experiment 2, the selected 5 markers from the results of
Experiment 1 were validated and examined in detail with the
lungs with hyperplasia or adenoma. Lung lesions on 12 and 30
weeks were induced by DHPN or NNK. They were hyperplasia with
inflammation in the lungs treated with NNK after 12 weeks, hyper-
plasia in the lung treated DHPN after 12 weeks, hyperplasia with
inflammation in the lung treated with NNK after 30 weeks, and
hyperplasia and adenoma in the lung treated with DHPN after 30
weeks (Fig. 2A, C, E and G). Cyclin D1 was positive for inflamma-
tion, hyperplasia and adenomas to approximately the same degree,
p27 was positive for inflammation, hyperplasia and adenoma and
the expression in adenoma is slightly stronger than in hyperpla-
sia. ERa was weakly positive for inflammation, hyperplasia and
adenomas but expression increased with malignant potential in
tumors, evidenced by severe structural and nuclear atypia. Expres-
sion of TTF-1 was observed in hyperplasia and adenoma, especially
in the walls of alveoli, to a greater extent than in inflammation.
Napsin A in inflammatory lesions and hyperplasia induced by NNK
was positive for macrophages and secretions in the spaces of the
alveoli but less so in the actual walls. In contrast, the prolifera-
tive lesions including hyperplasia induced by DHPN demonstrated
strong positive staining for napsin A in the type Il cells (Fig. 2D and
H), this decreasing with higher malignant potential. The markers
with differences between hyperplasias induced by DHPN or NNK
were TTF-1 and napsin A. The expression of napsin A in the walls
of alveoli was stronger than TTF-1.
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Fig. 4. Summary of features for discrimination for hyperplasia. Wall thickening of alveoli due to inflammation is not a result of proliferation of type 2 alveolar cells but rather
a reaction of inflammatory cells or fibrosis. This lesion can be called “Reversible hyperplasia (inflammatory hyperplasia)”. Bronchiolo-alveolar hyperplasia is characterized
mainly by focal increase of type 2 cells lining the inter-alveolar septa, this being termed “Nonreversible hyperplasia (latent tumorigenic hyperplasia)”. The strongly positive
staining for napsin A in the walls of the alveoli in such hyperplastic lesions suggests tumorigenic potential with the possibility to progress to adenoma and adenocarcinoma

in future.

Expression of napsin A was also examined in [ung inflammatory
lesions induced by IT of quartz, NiO or CuO at day 28 in Experiment
2 (Fig. 3). Walls of the alveoli were almost negative as in the case
of NNK-induced hyperplasia (Fig. 3B, D and F).

4. Discussion

In Experiment 1, the examined markers were cyclin D1, napsin
A, p27,TTF-1,Ki-67,CK 7, CK 20, CK 343E12, CK 5/6, SP-A, p53, EGF-
R, ERa, PR, CEA, p16, PCNA, chromogranin A and synaptophysin,
chosen as reflecting cell proliferation (PCNA, Ki67 and EGF-R), cell
cycling (cyclin D1, p27, p53 and p16), lung alveolar cell markers
(napsin A, TTF-1 and SP-A), cell membrane proteins (CK7 and CK20)
to examine possibility for the modification of its expression pattern
in the proliferative lesions, endocrine receptors (ERx and PR), neu-
roendocrine (chromogranin A and synaptophysin), squamous cell
markers (CK 34BE12 and CK 5/6) and tumor characteristics (CEA).
Cyclin D1, p27, ERa, TTF-1 and napsin A showed good staining with
differences, to varying degrees, in staining properties between non-
proliferative and proliferative lesions and were therefore examined
for potential to distinguish hyperplasia possessing tumorigenic
potential.

In Experiment 2, napsin A was determined to be the best marker
for detection hyperplastic lesions linked to actual neoplasia. Napsin
Ais an aspartic proteinase involved in the maturation of surfactant
B (Beljan Perak et al., 2012), expressed in the cytoplasm of type 2
pneumocytes and Clara cells in the lung, and also in proximal tubu-
lar renal epithelium and exocrine pancreas (Bishop et al.,2010; Stoll
etal., 2010). From human clinical studies, napsin A was reported to
be highly specific marker for adenocarcinoma in the lung (Kadivar
and Boozari, 2012; Masai et al., 2012). However, when there is a
need to rule out lung metastasis from other organs, for example

by renal, thyroid, or endometrial carcinomas, implementation of
other biologically specific markers should be considered (Kadivar
and Boozari, 2012).

Criteria for definition and discrimination of lung hyperplasia
from the results of the present experiments are summarized in
Fig. 4. Hyperplasia is defined as an increase in the number of cells
in an organ or tissue, usually resulting in increased volume of the
organ or tissue (Kumar and Abbas, 2004). It could be physiologic
which is usually reversible, or pathologic which varies in pre-
sentation from incidental to tumor-like lesions (Al-Gahtany et al.,
2003).The wall thickening of alveoli with inflammation is not resul-
tant from proliferation of type 2 alveolar cells but rather from
reaction of inflammatory cells or fibrosis and thus can be called
‘reversible hyperplasia (inflammatory hyperplasia). This reversible
hyperplasia is reported to be observed in the rat lungs after IT of
zinc oxide (ZnO) (Xu et al., 2013). From the results in this exper-
iment, immunohistochemical analysis of napsin A could identify
the proliferation of lung alveolar cells. In the lung, hyperplasia is
characterized mainly by focal increase of type 2 cells lining the
inter-alveolar septa (Gary et al., 1990). This hyperplasia with the
proliferation of the type 2 cells might be termed ‘non-reversible
hyperplasia (latent tumorigenic hyperplasia)'. The strong positivity
for napsin A in walls of alveoli could therefore indicate to subse-
quently progress to adenoma and adenocarcinoma.

Though, the markers of cyclin D1, p27, ERa and TTF-1 demon-
strated strong staining in Experiment 1, they did not appear suitable
for discrimination of hyperplasia types in Experiment 2. Altered
expression of cyclin D1 is an early event in non-small cell lung car-
cinoma development, and cyclin D1 is known to be required for
cells to advance from G4 to S-phase of the cell cycle (Shishodia and
Aggarwal, 2004; Weinstein, 2000). The cyclin-dependent kinase
inhibitor p27 is an integral negative regulator of the cell cycle
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and functions by preventing S-phase entry (Borriello et al., 2011;
Hsieh et al., 2012). Expression levels of p27 protein have been
reported as a significant prognostic factor in malignancies and p27-
deficient mice proved susceptible to MNU induction of hyperplasia
in the lung (Ogawa et al.,, 2011). However, in the present experi-
ment, cyclin D1 and p27 could not distinguish inflammatory and
proliferative hyperplasia. ERx exerts an augmenting effect on cell
proliferation (Shimizu et al., 2012) and since it is known to be
expressed in both normal lung epithelial cells and lung cancers, a
possible role of estrogen has been proposed in lung carcinogenesis
(Shimizuetal.,2012; Stabile etal.,2002). In the present experiment,
the expression of ERa tended to be increased with higher malig-
nant potential in lung tumors, but could not distinguish hyperplasia
types. While TTF-1 is a nuclear tissue-specific DNA-binding protein
mainly expressed in thyroid follicular cells, type 2 pneumocytes
and non-ciliated bronchiolar epithelial cells, functioning in trans-
criptional activation of surfactant proteins and secretory proteins
of Clara cells (Barletta et al., 2009), its expression in hyperplasia
was slightly weaker than that of napsin A.

We focused on comparing rat lung bronchiolo-alveolar hyper-
plasias induced by NNK and DHPN, which were ‘inflammatory
hyperplasia’ with the potential for reversion to normal and ‘latent
tumorigenic hyperplasia’ considered as a preneoplastic precursor
for adenocarcinoma, respectively. Napsin A, in the inflamma-
tory lesions and hyperplasia induced by NNK, was positive for
macrophages and secretions in the alveoli spaces but less so in the
walls of the alveoli. In the proliferative lesions including hyper-
plasia induced by DHPN, strong positive staining for napsin A was
observed in the walls of the alveoli. Therefore, napsin A was con-
cluded to be the better marker, possibly useful as a pointer to
tumorigenic potential of rat lung hyperplasias.
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