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Short Communication

Immunohistochemical characterization of urethane-induced lung 
tumors in CB6F1-Tg rasH2 mice
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Abstract: The purpose of this study was to define the histopathological characteristics of pulmonary neoplastic lesions, especially 
focusing on the origin of tumor cells, in urethane-treated Tg rasH2 mice. Bronchiolar-alveolar adenomas/adenocarcinomas were ob-
served in the lungs from all of the urethane-treated animals. Immunohistochemically, these tumors showed an alveolar epithelial type 
II (AE2) cell phenotype demonstrating positive staining of surfactant protein C (SP-C). Cells expressing Clara cell 10 (CC10), a Clara 
cell marker, were also observed in a scattered manner in some tumors. Several SP-C and CC10 double-positive cells were observed in 
these tumors. Most of the urethane-induced pulmonary tumors were considered to have an AE2 cell phenotype, but the presence of 
SP-C and CC10 double positive cells in the tumors of Tg rasH2 mice suggests that some tumors arose from bronchioalveolar stem cells, 
which are known to express both SP-C and CC10. (DOI: 10.1293/tox.2016-0066; J Toxicol Pathol 2017; 30: 177–181)
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Urethane, a well known pulmonary carcinogen in 
mice, has been used as a positive control for carcinogenicity 
studies in Tg rasH2 mice1, 2. Rodent pulmonary tumors are 
classically believed to arise from alveolar epithelial type II 
(AE2) cells or Clara cells, but are generally considered to 
arise from AE2 cells3. Recently, the cells expressing both 
surfactant protein C (SP-C) and Clara cell 10 (CC10) were 
identified in the bronchioalveolar duct junction as bron-
chioalveolar stem cells (BASCs), which have the potential 
to differentiate into AE2 and Clara cells, in Lox-K-ras mice, 
and BASCs were also considered to play an important role 
in pulmonary tumorigenesis4, 5. However, there are no re-
ports that define the cellular origin of urethane-induced lung 
tumors in Tg rasH2 mice, particularly the involvement of 
BASCs. Therefore, we evaluated the histopathological char-
acteristics of urethane-induced lung neoplastic lesions in Tg 
rasH2 mice using pulmonary epithelial markers in the pres-
ent study.

The experimental procedures were approved by the 
Institutional Animal Care and Use Committees of Shonan 
Research Center, Takeda Pharmaceutical Company Ltd. 
Six-week-old CB6F1 Tg rasH2 mice (15 mice/sex) obtained 
from CLEA Japan (Shizuoka, Japan) were housed in metal 

cages in an animal room at Takeda Pharmaceutical Com-
pany Ltd. (Kanagawa, Japan). The room was maintained at 
20°C to 26°C with a relative humidity of 40% to 80% and 
a 12-hour light/dark cycle. All mice were fed a commercial 
diet (CE-2, CLEA Japan, Tokyo, Japan) and tap water ad 
libitum. Urethane was purchased from Tokyo Chemical In-
dustry Co., Ltd., and dissolved in saline (Otsuka Pharma-
ceutical Factory, Inc.). After a 7-day acclimatization period, 
the 7-week-old mice received 3 intraperitoneal (i.p.) injec-
tions of urethane (1000 mg/kg/day, 10 mL/kg in saline, ev-
ery other day), which is a regimen known to cause lung and 
splenic tumors6. Two male and 2 female mice were found 
dead, and 4 moribund male mice were euthanized between 
19 and 24 weeks of age. At 24 weeks of age, the remain-
ing animals were euthanized by exsanguination via the ab-
dominal aorta under inhalation anesthesia with isoflurane. 
At necropsy, all mice including those found to be moribund 
and euthanized and found dead showed multiple white and/
or dark-red nodules in the lungs (Fig. 1), and hydrothrax 
was noted in some cases. Lungs were fixed by intratracheal 
instillation and immersion in 10% (v/v) neutral buffered for-
malin, paraffin-embedded in toto with the ventral surface 
down, sectioned in the longitudinal-horizontal axis, and 
stained with hematoxylin and eosin (H&E). Histopathologi-
cal changes in the lung were diagnosed according to the In-
ternational Harmonization of Nomenclature and Diagnos-
tic Criteria (INHAND) for respiratory lesions in rats and 
mice3. To identify phenotypes of the tumor cells, lung sec-
tions were stained immunohistochemically with anti-CC10 
and anti-pro-surfactant protein C (anti-proSP-C) antibodies. 
Details of the staining conditions for each primary antibody 
are summarized in Table 1. Furthermore, double staining of 
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Fig. 1. Macroscopic features of the lung in urethane-treated Tg 
rasH2 mice. Multiple white nodules in the lung can be seen 
(bar: 10 mm).

Table 1. Primary Antibodies and Reaction Conditions for Immuno-
histochemistry

Antigen Clonality Manufac-
turer

Antigen 
retrieval Dilution

Detection system 
and secondary  

antibody

Human 
proSP-C

Poly AbCam
(ab90716)

AC/TR 
solution

1:1,000 ENVISION+/
HRP, anti-rabbit

Mouse 
CC10

Poly Santa 
Cruz

(SC-9772)

AC/TR 
solution

1:5,000 Elite ABC kit, 
Biotinylated anti-

goat lgG

AC, Autoclave (121°C, 20 min); HRP, horseradish peroxidase; PO, 
peroxidase; TR solution, Target Retrieval solution (DAKO), Poly, 
polyclonal antibody.

Fig. 2. H&E staining showing proliferative lesions in a urethane-treated Tg rasH2 mouse. A: Bronchiolar-alveolar hyperplasia (bar, 200 
μm). B: Bronchiolar-alveolar adenoma (bar, 200 μm; inset, higher magnification image). C: Bronchiolar-alveolar adenocarcinoma 
(bar, 200 μm; inset, higher magnification image). D: Hemangiosarcoma in the lung (bar, 200 μm; inset, higher magnification image).

Table 2. Incidences of Proliferative Lesions in the Lung

Sex Male Female

Number of animals examined 15 15
Hyperplasia 13 (87%) 11 (73%)
Adenoma 15 (100%) 15 (100%)
Adenocarcinoma 9 (60%) 10 (67%)
Hemangiosarcoma 4 (27%) 3 (20%)
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SP-C (green: HistoGreen) and CC10 (brown: 3′,3′-diamino-
benzidine-4HCl [DAB]) were conducted for the tumors that 
contained CC10-positive tumor cells. The grade of SP-C or 
CC10 immunohistochemistry was judged as follows: −, tu-
mors negatively stained; +/−, tumors partially stained (SP-
C) or a small number of tumor cells stained (CC10); and 
+, tumor diffusely stained. The incidence rates (%) of tu-
mors negatively or positively (+/− or +) stained with SP-C 
or CC10 and tumors with SP-C/CC10 double-positive cells 
were calculated, respectively.

Microscopically, multiple bronchiolar-alveolar hyper-
plasia, adenomas, and/or adenocarcinomas were observed 
in the lung in all the urethane-treated mice (Figs. 2A–C, 
Table 2). In addition, some urethane-treated animals showed 
hemangiosarcoma in the lung (Fig. 2D, Table 2). Immuno-
histochemically, bronchiolar-alveolar hyperplasia (data 
not shown), adenoma, and adenocarcinoma showed SP-C 
expression, suggesting that the tumors were derived from 
AE2 cells in urethane-treated mice (Fig. 3A, Table 3). Most 
cells in the hyperplastic lesions and neoplastic lesions were 

Fig. 3. Immunohistochemistry for proliferative lesions in a urethane-treated Tg rasH2 mouse. A: Bronchiolar-alveolar adenomas are diffusely 
positive for SP-C, an AE2 cell marker (bar: 100 μm). B: Bronchiolar-alveolar carcinomas contain scattered cells positive for SP-C (bar: 
100 μm). C: Higher magnification of Fig. 3B (bar: 100 μm). D: Section adjacent to that in figure 3C. Bronchiolar-alveolar carcinomas 
contain scattered cells positive for CC10, a Clara cell marker (bar: 100 μm). E: SP-C and CC10 double-positive cells (arrow) in the non-
proliferative area (bronchioalveolar duct junction) of the lung in urethane-treated Tg rasH2 mice (bar, 100 μm; inset, higher magnifica-
tion image). F: SP-C and CC10 double-positive cells (arrows) in the tumor of urethane-treated Tg rasH2 mice (bar, 100 μm; green, SP-C; 
brown, CC10; inset, higher magnification image). The staining intensity of SP-C and CC10 in the double-positive cells in the normal 
bronchiole and tumors is weaker than that in the normal AE2 or Clara cells.
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positive for SP-C; however, some tumor cells were negative 
for SP-C (Fig. 3B, Table 3). Interestingly, a small number of 
CC10-positive cells were also observed in a scattered man-
ner in some adenomas and adenocarcinomas, which con-
tained SP-C-expressing tumor cells (Figs. 3C and 3D, Table 
3). Double staining of SP-C and CC10 showed that most of 
the tumor cells expressed SP-C or CC10 alone; however, 
a small number of double-positive cells were observed in 
these tumors (Fig. 3F). In the non-lesional area of the sec-
tions, small number of double positive cells in a few animals 
were also noted near the bronchoalveolar duct junctions of 
the terminal bronchiole (Fig. 3E). The staining intensity of 
SP-C and CC10 in the SP-C and CC10 double-positive cells 
in the normal bronchiole and tumors was weaker than that 
in the normal AE2 or Clara cells. The presence and im-
munohistochemical staining pattern of the SP-C and CC10 
double-positive cells in the tumors resembled those of the 
BASCs found near the bronchoalveolar duct junctions as 
well as those reported in previous literatures4, 5, suggesting 
that some of the urethane-induced lung tumors in the Tg 
rasH2 mice arose from BASCs.

It has been reported that a small number of BASCs 
were found in lung tumors of Lox-K-ras G12D mice7. On 
the other hand, Mason et al. reported that the expression of 
SP-C but not CC10 was observed in urethane-induced bron-
chiolar-alveolar adenomas of A/J mice, which are known 
to have a high incidence of spontaneous lung tumors8, 9. 
Bioactivated urethane causes mutations in the K-ras and/or 
p53 gene in A/J mice10. In Tg rasH2 mice, point mutation of 
the human c-Ha-ras transgene was frequently observed in 
urethane-induced lung tumor cells11. Therefore, the occur-
rence of BASCs with pulmonary tumors in Tg rasH2 mice 
might be related to the differences in mutated genes and/
or the genetic backgrounds of the mouse strains. However, 
further studies, such as the investigation for the involvement 
of BASCs in the initial phase of pulmonary tumorigenesis, 
will be needed to clarify the significance of BASCs in ure-
thane-induced lung tumor of Tg rasH2 mice.

In the present study, we demonstrated that although 

most of the pulmonary tumors were positive for SP-C only, 
some tumors contained SP-C and CC10 double-positive 
cells, suggesting the association of BASCs with urethane-
induced pulmonary tumorigenesis in Tg rasH2 mice. Under-
standing the characteristics of induced pulmonary tumors 
is important. This study will provide useful information re-
garding lung carcinogenicity evaluation in Tg rasH2 mice, 
especially for genotoxic compounds like urethane.
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