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Characteristics of surfactant proteins in tumorigenic and 
inflammatory lung lesions in rodents
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Abstract: Surfactant proteins (SPs) are essential for the proper structure and respiratory function of the lungs. There are four subtypes 
of SPs: SP-A, SP-B, SP-C, and SP-D. The expectorant drug ambroxol hydrochloride is clinically used to stimulate pulmonary surfactant 
and airway serous secretion. In addition, previous studies showed that ambroxol regulated SP production and attenuated pulmonary 
inflammation, with ambroxol hydrochloride being found to suppress quartz-induced lung inflammation via stimulation of pulmonary 
surfactant and airway serous secretion. In this study, we investigated the expression of SP-A, SP-B, SP-C, and SP-D in neoplastic 
and inflammatory lung lesions in rodents, as well as their possible application as potential markers for diagnostic purposes. SP-B and 
SP-C showed strong expression in lung hyperplasia and adenoma, whereas SP-A and SP-D were expressed in the mucus or exudates of 
inflammatory alveoli. Rodent tumorigenic hyperplasic tissues induced by various carcinogens were positive for napsin A, an aspartic 
proteinase involved in the maturation of SP-B; this indicated a focal increase in type II pneumocytes in the lungs. Therefore, high ex-
pression of napsin A in the alveolar walls may serve as a useful marker for prediction of the tumorigenic potential of lung hyperplasia 
in rodents. (DOI: 10.1293/tox.2018-0025; J Toxicol Pathol 2018; 31: 231–240)
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Introduction

Surfactant proteins (SPs), originally known as human 
lung surfactants, are essential for the proper structure and 
respiratory function of the lungs. They are unique in com-
position, consisting of approximately 90% lipids, mostly 
phospholipids, and 8–10% surfactant-associated proteins1. 
SPs line the alveolar surface and reduce surface tension at 
the air-fluid interface2. They are stored mainly in type II al-
veolar epithelial cells in the form of densely packed bilayers, 
namely lamellar bodies, which are secreted and efficiently 
transferred to the interface1, 2. There are four subtypes of 
SPs: SP-A, SP-B, SP-C, and SP-D. Of these subtypes, SP-A 
and SP-D probably play more important roles in host defense 
mechanisms, whereas SP-B and SP-C are crucial for lower-
ing of surface tension in the lungs3, 4. SP-A, SP-B, and SP-D 
are synthesized in alveolar type II epithelial cells and Clara 

cells, whereas SP-C expression is restricted to type II cells4. 
The expectorant drug ambroxol hydrochloride is clinically 
used to stimulate pulmonary surfactant and airway serous 
secretion, enhance airway ciliary movement, and facilitate 
the removal of sputum5, 6. Previous studies showed that am-
broxol regulated SP production and attenuated pulmonary 
inflammation. However, studies on the expression of SP-A, 
SP-B, SP-C, and SP–D in lung tumors are lacking.

In this study, we reviewed the functions of SPs and in-
vestigated the expression of SP-A, SP-B, SP-C, and SP-D 
in neoplastic and inflammatory lung lesions in rodents, as 
well as their possible application as potential markers for 
diagnostic purposes.

The Role of Pulmonary SPs

Many studies have showed the role of SPs in lung in-
flammation and chronic obstructive pulmonary disease 
(COPD). Pulmonary surfactants constitute a lipoprotein 
complex that lines the alveolar surface. Its main function is 
to reduce alveolar surface tension7. In addition, it acts as a 
modulator of immune responses. The two principal surfac-
tant components involved in innate immunity in the alveoli 
are SP-A and SP-D8. SP-A/interferon (IFN)-γ interaction 
plays a significant role in maintaining the immune balance 
to protect the alveolar epithelium9.

We investigated the modulatory effects of ambroxol hy-
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drochloride in quartz-induced lung inflammation in F344 
rats. Animals were maintained at the Division of Animal 
Experiments, Life Science Research Center, Kagawa Uni-
versity. All animal experiments were carried out in accor-
dance with the Institutional Regulations for Animal Ex-
periments, which assure the best considerations on animal 
welfare and good practice of animal handling regarding 
the replacement, refinement, and reduction of animal test-
ing (3Rs). The experimental protocol was approved by the 
Animal Care and Use Committee of Kagawa University. A 
previous study showed that iv administration of two doses 
(20 mg/kg each) of the expectorant drug ambroxol hydro-
chloride with a 6-hour interval stimulated the synthesis and 
secretion of exogenous pulmonary surfactant in the lungs 
and protected Sprague Dawley (SD) rats against Pseudomo-
nas aeruginosa pneumonia10. In addition, administration 
of ambroxol for 28 consecutive days at 35 mg/kg reduced 
paraquat-induced lung damage11.

Lung toxicity of fine particles of various materials was 
previously studied in an in vivo bioassay by using an intra-
tracheal instillation (IT) approach12–14. In humans, construc-
tion workers, who had been exposed to quartz dust, exhibit-
ed obstructive and restrictive loss of lung capacity15, as well 
as COPD16, 17. IT of quartz into rats resulted in inflammatory 
reactions followed by histological changes characteristic of 
lung fibrosis18, similar to the pathological changes observed 
in humans. IT of fine particles of quartz at a dose of 2 mg/rat 
induced severe inflammatory changes in the lungs charac-
terized by neutrophil infiltration and edema after 28 days13.

Male 6-week-old F344 rats were exposed to 2 mg 
quartz particles suspended in 0.2 ml of saline via IT instil-
lation. Ambroxol hydrochloride (CAS 23828-92-4) was ad-
ministered at 0, 12, and 120 ppm in rat basal diet for 28 
days. The mean ambroxol intake in each group was 12 ppm 
(0.91 mg/kg/day), which is proportionally comparable to the 
conventional dose in human subjects (45 mg/day, assuming 
a mean human body weight of 50 kg). Inflammation scores 
of the lungs in this experiment are summarized in Table 1. 
Inflammation scores of pulmonary edema and lymph fol-
licle proliferation around the bronchiole, as well as the total 

scores, were significantly lower in quartz-exposed rats that 
received 120 ppm ambroxol hydrochloride than in untreated 
quartz-exposed animals (Fig. 1).

In this study, ambroxol at a supra-clinical dose sig-
nificantly reduced IT quartz-induced inflammation. At this 
dose level, there was no concern about ambroxol toxicity. 
Immunohistochemical analysis showed that the expression 
of inducible nitric oxide synthase (iNOS) and heme oxy-
genase-1 (HO-1) increased in the lungs following quartz IT 
instillation19 20. In addition, an in vitro study showed that 
exposure of NR8383 macrophages to quartz induced reac-
tive oxygen species (ROS), interleukin-1 beta (IL-1β), and 
tumor necrosis factor alpha (TNF-α) release20. Thus, quartz-
induced lung inflammation was most probably attributed to 
both oxidative stress and the proinflammatory signaling 
pathway involving nuclear factor kappa-B (NF-κB)21. Inhi-
bition of quartz-induced release of ROS, reactive nitrogen 
species, and inflammatory mediators is expected to exert an-
ti-inflammatory effects. Ambroxol administration has been 
shown to suppress lipopolysaccharide-induced production 
of TNF-α, IL-1β, interleukin-6 (IL-6), superoxide radical, 
hydrogen peroxide, and nitric oxide from rat macrophages 
in vitro22. In paraquat-induced lung fibrosis in rats, the pro-
tective effects of ambroxol were histologically prominent 
and presumably mediated by its free radical-scavenging and 
antioxidant activity11. Similar findings were obtained after 
ambroxol treatment in quartz-induced lung inflammation 
in rats. The anti-inflammatory effects of ambroxol might be 
also associated with the reduction of oxidative stress and 
inhibition of inflammatory cytokine production. It has been 
shown that ambroxol could reduce the adhesion of viscous 
sputum and enhance the movement of the cilia in the lepo-
rine trachea and tracheal mucosa exposed to sulfur diox-
ide23. Recently, ambroxol hydrochloride was shown to sup-
press quartz-induced lung inflammation24.

Characteristics of SP-A, SP-B, SP-C, and SP-D

Four specific SPs have been designated as SP-A25, SP-
B, SP-C, and SP-D. They are produced by alveolar type II 
cells and Clara cells. SP-B and SP-C are hydrophobic pro-
teins, which are essential for surface tension reduction26. 
SP-A and SP-D are hydrophilic proteins that belong to the 
C-type lectin superfamily26. Studies on the expression of 
SP-A, SP-B, SP-C, and SP-D in lung tumors are rare. We 
examined and compared the expression of SP-A, SP-B, SP-
C, and SP-D in rat neoplastic lung lesions induced by 0.1% 
N-Nitrosodiisopropanolamine (DHPN)27 and in rat inflam-
matory lung lesions induced by IT exposure to quartz par-
ticles using immunohistochemical analyses12–14.

The lungs of the rats exposed to quartz showed inflam-
matory lesions after 28 days (Fig. 2A) compared with the 
control group. The main findings were neutrophil infiltra-
tion in the walls and spaces of the alveoli, pulmonary ede-
ma, pulmonary fibrosis, alveolar macrophage infiltration, 
restructuring of the alveolar walls, and granulation-like 
changes with giant cells and macrophages in the alveoli. 

Table 1. Inflammation Scoresa in the Lungs

Group
Treatment

No. of rats Total scorea
Quartz Ambroxol 

(ppm)

1 − 0 5 0.6 ± 0.9
2 + 0 5 13.4 ± 2.5
3 + 12 5 13.2 ± 1.8
4 + 120 5 6.8 ± 3.8b

aTotal score represent the summation of the points (0, no change; 1, 
weak; 2, moderate; and 3, severe) of seven parameters for inflamma-
tory findings, neutrophil infiltration in the alveolar wall or spaces, 
histiocytic macrophage infiltration in the alveoli, pulmonary ede-
ma, pulmonary fibrosis granuloma, and lymph follicle proliferation 
around the bronchiole. bSignificant difference vs. group 2 (Steel test, 
P<0.05)
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Fig. 1. Histopathological findings in quartz-induced inflammatory lesions in F344 rat lungs (H & E). A, lungs treated with 0 ppm ambroxol 
hydrochloride; and B, lung treated with 120 ppm ambroxol hydrochloride. The figure shows neutrophil and histiocytic macrophage infil-
tration (A), whereas treatment with 120 ppm ambroxol hydrochloride decreased all these inflammatory signs (B).

Fig. 2. Histopathological and immunohistochemical findings in quartz-induced inflammatory lesions in F344 rat lungs (×200). A, H & E; B, 
SP-A; C, SP-B; D, SP-C; and E, SP-D. The figure shows strongly positive staining in the alveolar mucus (B and E), alveolar and bronchial 
epithelial cells (C), and alveolar epithelial cells (D).
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The lesions were strongly positive for SP-A in the alveo-
lar mucus (Fig. 2B), whereas they were weakly positive for 
SP-B in the mucus and strongly positive for SP-B in the al-
veolar and bronchial epithelial cells (Fig. 2C). In addition, 
they were weakly positive for SP-C in the mucus and strong-
ly positive for SP-C in the alveolar epithelial cells (Fig. 2D). 
Moreover, they were strongly positive for SP-D in the mu-
cus and partially positive for SP-D in the alveolar epithelial 
cells (Fig. 2E). The bronchiolar epithelial cells were strongly 
positive (++) for SP-B and weakly positive (+) for SP-A, SP-
C, and SP-D. Furthermore, DHPN-induced proliferative le-
sions, hyperplasia, and adenomas in the lungs of F344 rats 
were weakly positive (+) for SP-A (Fig. 3B), strongly (++) 
positive for SP-B (Fig. 2C), strongly positive (++) for SP-C 

(Fig. 2D), and almost negative (−) for SP-D (Fig. 2E), al-
though the normal alveolar epithelium was positive for SP-
D. For evaluation of the expression of the SPs, the histopath-
ologically normal area of DHPN-treated lungs was used as 
a control. The results of the immunohistochemical analysis 
are summarized in Table 2. SP-B and SP-C were strongly 
expressed in the proliferative lesions, hyperplasias, and 
adenomas, whereas the expression of SP-A was weak and 
that of SP-D was lacking. However, SP-A and SP-D were 
strongly expressed in the mucus of the alveoli with inflam-
matory changes.

The expression levels of SP-A and SP-D were simi-
lar, with strong expression in the mucus of the alveoli with 
quartz-induced inflammatory lesions. SP-A and SP-D both 

Fig. 3. Histopathological and immunohistochemical findings in DHPN-induced proliferative lesions, hyperplasias, and adenomas in F344 rat 
lungs (×200). A, H & E; B, SP-A; C, SP-B; D, SP-C; and E, SP-D. The figure shows weak expression (+) of SP-A (B), strong (++) expres-
sion of SP-B (C), strong expression (++) of SP-D (D), and almost no expression (−) of SP-D (E).



Yokohira, Yamakawa, Nakano-Narusawa et al. 235

play significant roles in surfactant homeostasis and pulmo-
nary immunity. Additionally, they are known to bind to 
various microbial pathogens that invade the lungs and label 
them for phagocytic clearance by the resident alveolar mac-
rophages. They are also involved in the removal of apoptotic 
and necrotic cells and subsequent resolution of pulmonary 
inflammation28, 29. The strong expression of SP-A and SP-D 
suggested the activation of macrophages to deal with the in-
stilled quartz particles. It is noteworthy that the expression 
of SP-A was weak in the proliferative lesions because SP-A 
has been clinically used as a serous marker for human lung 
cancer in Japan. Some studies suggested that SP-A might 
have a role in the suppression of lung cancer progression, 
and SP-A expression by tumor cells leads to recruitment and 
activation of natural killer (NK) cells and tumor-associated 
macrophages30.

Moreover, SP-B was highly expressed in neoplastic 
lesions. The main function of SP-B is acceleration of the 
formation of a surface-active film composed of phospho-
lipids at the air-water interface by increasing the adsorp-
tion rate31, 32. SP-B has anti-inflammatory activities, and it 
may be involved in protecting the lungs against oxidative 
stress31, 33, 34. Moreover, circulating pro-SP-B was reported 
to be a potential biomarker for early detection of non-small 
cell-lung cancer (NSCLC)35. Pro-SP-B quickly undergoes 
proteolytic cleavage by cysteine proteases in the endoplas-
mic reticulum, resulting in the production and secretion of 
the 9-kD noncollagenous hydrophobic SP-B, which is the 
functional mature form36. Lung tumor cells, particularly 
adenocarcinoma, exhibit dysregulated SP-B synthesis, lead-
ing to overexpression of pro-SP-B with defective posttrans-
lational modification of the precursor form into the mature 
hydrophobic form37, 38.

SP-C, which is a specific marker of type II epithelial 
cells in the lungs39, showed strong expression in the prolif-
erative lesions (Table 2). SP-B and SP-C possess physico-
chemical properties that reduce the surface tension of bio-
logical interfaces3. In a lung tumorigenesis model induced 
by a mixture of 4-(methyl-nitrosamino)-1-(3-pyridyl)-1-bu-

tanone (NNK) and benzo[a]pyrene (BaP) in A/J mice, pul-
monary SP-A, SP-B, and SP-C were expressed in the mouse 
lungs; however, only SP-C levels were higher in carcino-
gen-treated mice compared with the levels in the untreated 
mice40.

SPs are stored in lung type II epithelial cells. In the 
present study, the lung proliferative lesions, hyperplasias, 
and adenomas were also positive for SPs. These results sug-
gested that lung hyperplasias and adenomas might originate 
from type II alveolar cells. SP-B and SP-C showed high ex-
pression in lung hyperplasias and adenomas, whereas the 
expression of SP-A and SP-D was strong in the mucus or 
exudates of inflammatory alveoli. These results suggested 
that SP-B and SP-C might be linked to lung tumorigenesis4.

Potential Marker to Predict Lung Tumorigenesis

Two types of bronchioloalveolar hyperplasia have been 
described in rodent lungs. The first type is inflammatory 
hyperplasia (i-hyperplasia) with a potential to recover in the 
future upon removal of the stimulating insult, and the other 
is latent tumorigenic hyperplasia (t-hyperplasia), which is 
an independent preneoplastic lesion for adenocarcinoma. 
In the present study, we focused on NNK-induced rat lung 
bronchioloalveolar hyperplasia, which decreases with time 
and reverts to normal, as well as DHPN-induced hyperpla-
sia with tumorigenic potential to progress to adenoma and 
adenocarcinoma. Although NNK is a typical carcinogen 
used for induction of lung adenocarcinoma in female A/J 
mice, the tumorigenic potential of NNK in rats is weaker 
than that in mice. In this study, differences between DHPN- 
and NNK-induced hyperplasia were examined using immu-
nohistochemical assays.

Lung samples with hyperplastic lesions were obtained 
from rats exposed to DHPN and fine particles (e.g., quartz), 
and 19 specific markers were examined to identify latent 
tumorigenic hyperplasia. In addition, to validate the most 
suitable marker of these 19 markers that might serve as a 
tumorigenic hyperplastic marker, additional experiments 

Table 2. Ummary of the Expression of SP-A, SP-B, SP-C, and SP-D

SP-A SP-B SP-C SP-D

Typical characteristics from literature
Synthesis Type II and Clara cells Type II and Clara cells Type II cell Type II and Clara cells 
Innate immune defense + − − +

Immunohistochemical findings from the present animal studies
Inflammatory lesions

Mucus in the alveoli ++ + + ++
Type II alveolar cells − ++ ++ +
Macrophages ++ + + ++

Proliferative lesions
Hyperplasia + ++ ++ −
Adenoma + ++ ++ −

Control areaa

Type II alveolar cells − + + +
Bronchiolar epithelial cells + ++ + −

++, strongly positive; +, weakly positive; and −, negative. aHistopathologically normal area of DHPN- or quartz-treated lungs.
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were performed in rats and mice41.
Formalin-fixed, paraffin-embedded (FFPE) lung sam-

ples with neoplastic lesions (hyperplasia, adenoma, and ad-
enocarcinoma) or inflammatory lesions were obtained from 
our previous experiments. In one of the experiments27, male 
6-week-old F344/DuCrlCrlj rats were treated with 0.1% 
DHPN in drinking water for 2 weeks or three ip injections 
of 10 mg NNK suspended in 1 ml of saline at weeks 0, 1, and 
2, and the were sacrificed at weeks 12 and 30. In another14, 
male 10-week-old F344/DuCrlCrj rats were exposed by IT 
instillation to fine particles of quartz, CuO, or NiO at a dose 
of 2 mg/rat suspended in saline (0.2 ml) on day 0, and they 
were sacrificed on day 28. In the lung samples with prolif-
erative lesions, the marker antibodies examined were cyclin 
D1, napsin A, p27, thyroid transcription factor 1 (TTF-1), 
ki-67, cytokeratin (CK) 7, CK 20, CK 34βE12, CK 5/6, SP-
A, p53, endothelial growth factor receptor (EGFR), estrogen 
receptor α (ERα), progesterone receptor (PR), carcinoem-
bryonic antigen 1 (CEA), p16, proliferating cell nuclear an-
tigen (PCNA), chromogranin A, and synaptophysin41. Mac-
rophages and alveolar secretions in fine particle-induced 
inflammatory lesions and NNK-induced hyperplasias were 
positive for napsin A; however, its expression was lower in 
the alveolar walls (Fig. 4A and C). In contrast, DHPN-in-
duced hyperplastic proliferative lesions showed strong posi-

tive staining for napsin A in type II cells, which decreased 
with the increase in the malignant potential (Fig. 4B and D). 
The expression of napsin A in the walls of alveoli was stron-
ger than that of TTF-1. Napsin A is an aspartic proteinase 
involved in the maturation of SP-B42. It is expressed in the 
cytoplasm of type II pneumocytes and Clara cells in the 
lungs, as well as the proximal tubular renal epithelium and 
exocrine cells of pancreas43, 44.

To validate the possibility that napsin A might serve 
as a tumorigenic hyperplastic marker, further experiments 
were performed using rats and mice45. Various carcinogens 
were used to induce proliferative lesions, and immunohis-
tochemical analysis of napsin A in the hyperplastic lung 
lesions was performed. In rats, the administered carcino-
gens were 0.1% DHPN in drinking water for 2 weeks, 1 g/
kg urethane in saline ip 10 times every week, 30 mg/kg di-
methylnitrosamine (DMN) in saline ip on day 0, and 20 mg/
kg B[a]P in saline IT using an aerosolizer. In mice, the used 
carcinogens were 2 mg/mouse NNK, 5 mg/mouse urethane, 
and 1 mg/mouse B[a]P administrated as a single ip injection.

Histopathological findings of rat and mouse lung le-
sions are summarized in Table 3. In rats, only one hyper-
plastic lesion was detected at 16 weeks in the urethane-treat-
ed group, whereas only i-hyperplastic lesions were detected 
with unclear lesion borders and inflammatory cell induction 

Fig. 4. Histopathological findings of Napsin A in hyperplasia or adenomas in F344 rat lungs. A, napsin A expression 12 weeks after treatment 
with NNK; B, napsin A expression 12 weeks after treatment with DHPN; C, napsin A expression 30 weeks after treatment with NNK and 
quartz; D, napsin A expression 30 weeks after treatment with DHPN. In proliferative lesions, including hyperplasias, the alveolar walls 
are strongly positive for napsin A (B and D), whereas in inflammatory lesions, the macrophages in the alveoli are positive for napsin A, 
although the alveolar walls of the alveoli are less stained (A and C).
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in the B[a]P-treated group. DHPN-induced morphologi-
cal t-hyperplasia was strongly positive (++) for napsin A, 
whereas that induced by urethane and DMN was modestly 
positive (+) for napsin A in the cytoplasm. B[a]P-induced 
morphological i-hyperplasia was equivocally positive ( ± 
), partial and weakly positive, for napsin A. Moreover, in 
DHPN- and DMN-induced morphological t-hyperplasia, 
napsin A expression was observed in the cytoplasm of the 
cells constituting the alveolar wall. Urethane-induced mor-
phological t-hyperplasia exhibited a similar pattern, but it 
was equivocal. However, in B[a]P-induced morphological i-
hyperplasia, napsin A was weakly expressed by histiocytic 
macrophages. The other hyperplastic lesions in this group 

had similar staining properties regardless of the experimen-
tal period. In mice, morphological t-hyperplastic lesions 
induced by urethane and B[a]P were strongly positive (++) 
for napsin A, and those induced by NNK were positive (+, 
diffused) for napsin A. The other carcinogenic hyperplastic 
lesions in all groups had similar staining properties.

Napsin A was shown to be a good marker for detection 
of hyperplastic lesions linked to actual neoplasia (t-hyper-
plasia)41. Interestingly, clinical studies suggested that napsin 
A might be a highly specific marker for adenocarcinoma in 
the lungs46, 47. However, to rule out lung metastasis from 
other organs (e.g., renal, thyroid, and endometrial carcino-
mas), implementation of other biologically specific markers 
should be considered46. In our experiment, the expression 
of SP-B did not completely correspond to that of napsin A.

Hyperplasia is defined as an increase in the number 
of cells in an organ or tissue, usually resulting in increased 
volume of this organ or tissue48. It could be physiological, 
which is usually reversible, or pathological, which varies in 
presentation from incidental to tumor-like lesions49. Alveo-
lar wall thickening associated with inflammation was not 
attributable to the proliferation of type II alveolar cells but 
rather to the reaction of inflammatory cells or fibrosis; there-
fore, it was considered reversible hyperplasia (i-hyperplasia) 
(Fig. 5). This reversible hyperplasia was observed in the rat 
lungs after IT instillation of ZnO50. Our immunohistochem-
ical analysis of napsin A showed an increase in the prolif-
eration of lung alveolar cells. In the lungs, hyperplasia is 

Table 3. Histopathological Findings of Rat and Mouse Lung Lesions

Treatment
Experimental 

duration  
(weeks)

Species Effective no. Napsin A in  
hyperplasiasa

DHPN 32 Rat 5 ++
Urethane 32 Rat 6 +
DMN 32 Rat 6 +
B[a]P 32 Rat 5 +/−
Urethane 26 Mouse 5 ++
NNK 26 Mouse 5 +
B[a]P 26 Mouse 5 ++
aExpression of napsin A in the alveolar wall in hyperplasias: ++, 
strongly positive; +, positive; +/−, equivocal; and −, negative.

Fig. 5. Summary of features for discrimination of lung hyperplasias. Alveolar wall thickening because of inflammation is a reaction of inflam-
matory cells or fibrosis, called reversible hyperplasia. Bronchioloalveolar hyperplasia is characterized mainly by a focal increase in type 
II cells lining the interalveolar septa, called irreversible hyperplasia. Strong expression of napsin A in the alveolar walls in these hyper-
plastic lesions might suggest a tumorigenic potential with possible progression to adenoma and adenocarcinoma.
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characterized by a focal increase in type II cells lining the 
inter-alveolar septa51. This hyperplasia with proliferation 
of type II cells might be considered irreversible hyperpla-
sia (t-hyperplasia). Thus, strong expression of napsin A in 
the alveolar walls could indicate subsequent progression to 
adenoma and adenocarcinoma. t-Hyperplasias induced by 
various carcinogens were positive for napsin A, similar to 
the hyperplasias induced by DHPN in rats and mice. These 
lesions were strongly positive for napsin A in the alveolar 
walls. Therefore, it was concluded that napsin A might be 
a reliable and useful marker to determine the tumorigenic 
potential of lung hyperplasias in rodents45.

Conclusions

Ambroxol hydrochloride was shown to suppress 
quartz-induced lung inflammation via stimulation of pul-
monary surfactant and airway serous secretion. Therefore, 
its administration might be recommended to prevent or 
minimize lung damage in individuals whose occupations 
involve exposure to dust containing quartz or other fine 
particles. SP-B and SP-C showed strong expression in lung 
hyperplasias and adenomas whereas the expression of SP-A 
and SP-D was strong in the mucus or exudates of inflam-
matory alveoli. These results suggested that SP-B and SP-C 
might be linked to lung tumorigenesis. Latent tumorigenic 
hyperplasias induced by various carcinogens were positive 
for napsin A, which is involved in the maturation of SP-B; 
this indicated a focal increase in type II pneumocytes in the 
lungs. Therefore, high expression of napsin A in the alveolar 
walls may serve as a useful marker for prediction of the tu-
morigenic potential of lung hyperplasias in rodents.
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