
J Toxicol Pathol 2023; 36: 193–198

Case Report

Smooth muscle hamartoma of the lungs in a Wistar Hannover rat
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Abstract: Hamartomas are tumor-like masses comprising disorganized normal tissue elements. To date, spontaneous hamartomas 
have been reported in several organs and tissues in rodents but not in the lungs. Here, we report the first case of a hamartoma in the 
lungs of a 108-week-old female Wistar Hannover rat. Grossly, a white spot, 7 mm in diameter, was observed on the costal surface of the 
left lung. Histopathologically, the nodular lesions adjacent to the bronchioles comprised mature smooth muscle cells. The lesion was 
not encapsulated and spread along the alveolar walls and ducts without compression of the surrounding tissue. In the nodules, elastic 
fibers enclosed small lumens lined with factor VIII-related antigen-positive endothelial cells. This structure suggested that the nodule 
mimicked an artery. Moreover, structural abnormalities were observed within the bronchioles and arterioles owing to the increased 
number of smooth muscle cells in the surrounding tissues. These features suggested that this was a case of tissue malformation rather 
than a neoplasm, leading to the diagnosis of a smooth muscle hamartoma of the lung. (DOI: 10.1293/tox.2023-0056; J Toxicol Pathol 
2023; 36: 193–198)
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Hamartomas are tumor-like masses comprising dis-
organized normal tissue elements that can occur at any lo-
cation1, 2. In rodents, spontaneous hamartomas have been 
reported in several organs and tissues including the skin, 
brain, small intestine, and uterus, but not in the lungs3–6. 
In domestic animals, however, several cases of pulmonary 
hamartoma have been reported7, 8. They are sequestered 
from the normal airways and contain excessive amounts 
of alveolar tissues. In humans, pulmonary hamartomas are 
typically characterized as benign neoplasms rather than 
tissue malformations caused by clonal chromosomal muta-
tions9, 10. It is a well-circumscribed mass composed of two 
or more types of mesenchymal tissues and epithelium, with 
cartilaginous tissue being the most frequently observed mes-
enchymal tissue10, 11. Moreover, pulmonary fibroleiomyoma-
tous hamartomas, which mainly consist of smooth muscles 
and connective tissues, have been previously reported12–14. 
In this study, we describe the first case of hamartoma occur-
ring in the lungs of a Wistar-Hannover rat and compare its 
histopathological features with those of a human pulmonary 
hamartoma.

A specific pathogen-free female Wistar Hannover rat 

[BrlHan:WIST@Jcl (GALAS)], purchased from the Fuji-
yama Breeding Center, CLEA Japan Inc. (Shizuoka, Japan), 
was used in a combined chronic toxicity and carcinogenic-
ity study as part of the middle-dose group. The animal was 
housed in a wire-mesh stainless steel cage in a barrier-sus-
tained animal room controlled at a temperature of 22 ± 2 °C; 
humidity of 50 ± 20%; ventilation for 10 times or more per 
hour, and illumination for 12 h/day. Pulverized MF Mash 
(Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water were 
provided ad libitum. The animal was handled in testing fa-
cilities accredited by AAALAC International in accordance 
with the Animal Care and Use Program of the Institute of 
Environmental Toxicology (approval No. AC16060).

The animals were euthanized under isoflurane anes-
thesia and necropsied because of the deterioration of their 
condition at 108 weeks of age, which turned out to be due 
to spontaneous pituitary adenoma. Necropsy revealed a 
white spot, 7 mm in diameter on the costal surface of the 
caudal end of the left lung. This macroscopic lesion was 
considered a spontaneous lesion because there was no dose-
response relationship between the lesion and treatment. The 
lung was fixed in 10% neutral-buffered formalin following 
the instillation of fixative through the trachea, embedded 
in paraffin wax, and sectioned at 4 µm of thickness. Sec-
tions were subjected to hematoxylin and eosin (H&E) and 
Elastica Van Gieson (EVG) staining. Immunohistochemis-
try was performed using antibodies against S-100 (1:400), 
α-smooth muscle actin (α-SMA) (1A4, 1:100), desmin (D33, 
prediluted), factor VIII-related antigen (FVIII-RAg) (predi-
luted), and proliferating cell nuclear antigen (PCNA) (PC10, 
1:5,000). The dilution ratios were based on the data from 
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the database15. All primary antibodies except anti-FVIII-
RAg were purchased from Dako (Agilent, Santa Clara, CA, 
USA). The anti-FVIII-RAg antibody was purchased from 
BioGenex Laboratories (Fremont, CA, USA). Antigen re-
trieval for PCNA and FVIII-RAg immunostaining assays 
were performed using a microwave at 98 °C with a citrate 
buffer (pH 6.0) for 5 min and proteinase K treatment (Dako) 
at 20 °C for 15 min, respectively. For the other antibodies ex-
cept for the anti-α-SMA antibody, samples were autoclaved 
at 121 °C with a citrate buffer (pH 6.0) for 5 min as part of 
antigen retrieval. Antigen retrieval was not performed for 
α-SMA immunostaining. Blocking was performed using 
4% Block Ace (DS Pharma Biochemical, Osaka, Japan) at 
20 °C for 30 min, followed by incubation with the primary 
antibodies at 4 °C overnight. Subsequently, sections were 
incubated with EnVision+System-HRP anti-mouse or anti-
rabbit (Dako) secondary antibodies at 37 °C for 30 min. Pos-
itive reactions were visualized using 3,3-diaminobenzidine 
solution (Wako Pure Chemical Industries, Osaka, Japan) 
and nuclei were stained with Gill’s hematoxylin. An area 
without lung lesions was used as the control tissue. Good 
reactivity was achieved without nonspecific reactions.

Corresponding to the macroscopic white spots in the 
lungs, the nodular lesion consisted of bundles of eosinophilic 
spindle cells running in a convoluted manner adjacent to the 
bronchioles. The nodule was not encapsulated and spread 
along the alveolar walls and ducts without compression of 
the surrounding tissues (Fig. 1A). Eventually, the nodule 
merged into the lamina propria and the muscle layer of the 
bronchioles. The spindle cells forming the lesion had mature 
nuclei with short to long fusiform and abundant eosinophilic 
cytoplasm, including a high frequency of cytoplasmic vacu-
oles (Fig. 1B). Some had large intracytoplasmic vacuoles 
that compressed the nuclei. The cells were well differenti-
ated and showed no nuclear atypia or mitosis. Moreover, 
bundles of spindle cells often concentrically enclosed other 
bundles in the alveolar walls (Fig. 1C). Moreover, the wall of 
the arteriole near the nodule was partially thickened owing 
to spindle cell accumulation (Fig. 1D).

EVG staining revealed a circular arrangement of 
elastic fibers in the nodule and structure, with bundles of 
spindle cells concentrically enclosing another (Fig. 2A, 2B). 
Additionally, the number of spindle cells increased between 
the elastic fibers and epithelial cells of the bronchioli, which 
were connected to the nodule (Fig. 2C). It was also increased 
in the arteriolar subendothelium, causing partial wall thick-
ening (Fig. 2D).

Immunohistochemically, all spindle cells were strong-
ly positive for α-SMA (Fig. 3A) and desmin but negative for 
S-100. The cells containing large intracytoplasmic vacuoles 
were positive for α-SMA. FVIII-RAg immunostaining dem-
onstrated the presence of endothelial cells lining the small 
lumen in the center of the elastic fiber ring, as revealed by 
EVG staining (Fig. 3B). However, similar positive reactions 
for FVIII-RAg were not observed in the structures in which 
the bundles of spindle cells were concentrically enclosed. 
PCNA positivity was rarely observed within the nodules, 

including the spindle cells (Fig. 3C).
Based on their histopathological and immunohisto-

chemical characteristics, spindle cells, including those with 
large intracytoplasmic vacuoles, were mature or degenerat-
ed smooth muscle cells. In this case, the structure of the nod-
ule, in which elastic fibers and smooth muscle cells enclosed 
the lumen lined by FVIII-RAg-positive cells, resembled that 
of arteries. Moreover, the structure of the bundles of spindle 
cells concentrically enclosing another also mimicked the ar-
teries. The lesion was accompanied by structural anomalies 
in the surrounding alveoli, bronchioli, and arterioles owing 
to partially increased smooth muscle cells in the subepithe-
lium or subendothelium. Therefore, the lesion was consid-
ered a malformation of smooth muscle cells in the lung and 
was suspected to be a smooth muscle hamartoma.

For the differential diagnosis, leiomyoma, leiomyosar-
coma, and smooth muscle hyperplasia were considered be-
cause the lesions mostly consisted of smooth muscle cells. 
In this case, the nodule resembled an artery-like structure 
with no neoplastic features such as encapsulation or com-
pression of surrounding tissues, frequent mitosis, and nucle-
ar atypia. In addition, vascular lesions such as proliferation 
of the endothelium and wrinkling of the arterial walls, sug-
gestive of pulmonary hypertension that can induce smooth 
muscle hyperplasia, were not observed16, 17. Additionally, 
structural abnormalities were detected in the surrounding 
tissues, including ectopic smooth muscle cells in unusual 
locations. Therefore, this case was diagnosed as a smooth 
muscle hamartoma of the lung, given the development of a 
tumor-like malformed tissue as a result of the overgrowth of 
disorganized mature tissues or cells1, 2.

In humans, pulmonary hamartoma is recognized as a 
true benign mesenchymal neoplasm caused by clonal chro-
mosomal mutations, according to the World Health Organi-
zation Classification of lung tumors due to clonal chromo-
somal mutations9, 10, despite the use of the term, hamartoma. 
The tumor is composed of two or more types of mesenchy-
mal tissues and entrapped ingrown bronchial epithelium. 
Hyaline cartilage is the main element of the tumor which 
also contains fat, smooth muscle, or spindle cell-producing 
mucus10, 11. As a rare variant of pulmonary hamartoma, a 
pulmonary fibroleiomyomatous hamartoma has also been 
reported12–14. Histopathologically, it is a well-circumscribed 
mass resulting from the proliferation of smooth muscle cells 
and cuboidal respiratory epithelium extending into the al-
veolar septa. Pulmonary fibroleiomyomatous hamartomas 
are similar to pulmonary hamartomas, except that they lack 
cartilage and often present with multiple lesions. Kato et 
al. have reported that fibroleiomyomatous hamartomas are 
characterized by a polyclonal pattern; therefore, their histo-
genesis is unknown13. In the present case, the lesion was not 
encapsulated and the boundaries were unclear. It comprised 
only one element, smooth muscle, which forms artery-like 
structures and causes structural abnormalities in the arteri-
oles and bronchioli. Additionally, the lesion was lined with 
alveolar epithelium. These features suggest that this lesion 
is distinct from human pulmonary hamartoma and fibro-
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leiomyomatous hamartoma and that this case was a malfor-
mation rather than a neoplasm, although its clonality was 
not analyzed. To distinguish this case from the well-known 
human pulmonary hamartoma, which is recognized as a 
benign neoplasm, we avoided using the term, pulmonary 
hamartoma, for diagnosis10. However, the term hamartoma 
has been preferentially used in veterinary pathology for 
malformations5. In this case, smooth muscle cells increased 
not only in the vasculature but also in the bronchioles and al-
veolar septa. Therefore, we diagnosed this case as a smooth 
muscle hamartoma of the lung based on the increase in the 
number of smooth muscle cells in several components. In 

humans, smooth muscle hamartoma is a benign prolifera-
tion of smooth muscle cells that are mainly derived from 
the arrector pili muscle in the dermis18, 19. A similar lesion 
has been reported in dogs as a hamartoma of the arrector 
pili muscles20. These lesions consist of randomly oriented 
bundles of mature smooth muscle cells without encapsula-
tion or compression, unlike neoplastic lesions. Although our 
case occurred in the lung, it had the same features such as 
bundles of mature smooth muscle cells, nonencapsulation, 
and no compression, resulting in the diagnosis of smooth 
muscle hamartoma of the lung. To the best of our knowl-
edge, similar lesions forming artery-like structures in hu-

Fig. 1. The white spots in the lungs were stained with hematoxylin and eosin. A nodular lesion comprising bundles of eosinophilic spindle cells 
is observed adjacent to the bronchioles. The nodule is not encapsulated and spread along the alveolar walls and ducts (arrowheads) with-
out compression of the surrounding tissues and merges into the lamina propria and muscle layer of the bronchioles (arrow) (A). Spindle 
cells have short-to-long fusiform mature nuclei and abundant eosinophilic cytoplasm, which often includes vacuoles. The cells show no 
atypia of nuclei (B). Bundles of spindle cells concentrically enclosing another bundle are observed in some alveolar walls (C). The wall 
of the arteriole near the nodule is partially thickened by the accumulation of spindle cells (arrow) (D). Bars indicate 200 μm (A), 50 μm 
(B), and 20 μm (C and D).
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mans and other animals have not yet been reported.
Embryologically, the lungs develop as lung primordia 

derived from the foregut branching off into the interstitial 
tissue, which gives rise to the pulmonary blood vessels and 
smooth muscles of the bronchioles and alveolar septa. Pul-
monary arteries develop by branching off parallel to the air-
ways and delivering blood to the capillary network of the 
alveoli21, 22. In the present case, the lesion was located adja-
cent to the airways, where there is a pulmonary artery. This 
suggests that the smooth muscle cells of the lesion may have 
originated from the pulmonary arterial wall. Although a 
major part of the lesion formed artery-like structures, it con-
tained smooth muscle anomalies, not only in the blood ves-

sels but also in the bronchioles and alveolar septa. In other 
words, the smooth muscle cells of the lesion originated from 
two components—blood vessels and airways. Therefore 
this lesion might occur in an early stage of pneumogenesis 
before the direction of differentiation of the smooth muscle 
cells branches off.

In conclusion, we report the first case of hamartoma 
resulting from an increase in smooth muscle cells in more 
than one component of the rat lungs. This may have oc-
curred during the early stages of pneumogenesis. To distin-
guish them from human pulmonary hamartomas, we diag-
nosed this case as a smooth muscle hamartoma of the lung.

Fig. 2. Elastica Van Gieson (EVG) staining reveals the circular arrangement of elastic fibers in the nodule (A). The elastic fibers are also ob-
served in the bundles of spindle cells concentrically enclosing another one (B). The spindle cells are increased between elastic fibers 
and epithelial cells of the bronchi which connect with the nodule (C). The spindle cells are also increased in the sub-endothelium of the 
arteriolar wall resulting in partial thickening of it (D). All figures show EVG staining. All bars indicate 20 μm.
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