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CASE REPORT

Pulmonary adenocarcinoma in a slaughtered female Hanwoo
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1Jeju Self-Governing Provincial Veterinary Research Institute, Jeju 63344, Korea
2College of Veterinary Medicine, Veterinary Medical Research Institute, Jeju National University, Jeju 63243, Korea

Abstract: Pulmonary masses were observed in the thoracic cavity of a 9-year-old female Korean native cattle (Hanwoo) encountered
at a Jeju, Korea slaughterhouse. Grossly, the thoracic cavity was filled with pulmonary masses. Histologically, the neoplastic masses
were composed of many abnormal papillary structures lined by single to double columnar neoplastic cells and formed arborizing
fronds supported by significant fibrovascular stroma. The neoplastic cells showed strong destructive and infiltrative growth to
adjacent tissues and were strongly positive for pan-cytokeratin (CK), CK 7 and sporadically positive for CK MNF116. The masses in
the female Hanwoo were diagnosed as a papillary pattern of pulmonary adenocarcinoma.
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Primary lung carcinomas of domestic animals are classified into adenocar-

cinoma, bronchioloalveolar carcinoma, squamous cell carcinoma, adenosqua-

mous carcinoma, combined carcinoma, large cell carcinoma, small cell

carcinoma, and ovine retroviral pulmonary carcinoma [1]. Pulmonary adeno-

carcinoma (PA) represents by far the most frequent type of primary pulmo-

nary tumor in domestic animals [2]. PAs are generally very malignant, and

intrapulmonary metastases in several lobes, as well as in bronchial lymph

nodes, pleura, and even the brain, are not uncommon. Clinically, these neo-

plasms are associated with coughing, dyspnea, and sometimes fever due to

secondary infections. In previous reports, histological features of primary epi-

thelial lung tumors were reported for cattle in a British and Denver abattoir

survey [3, 4]. In Korea, there have been reports of PA in dogs [5, 6], but not

in other domestic animals including cattle. Herein, we report a case of PA of a

slaughtered female Korean native cattle (Hanwoo) in Jeju.

Pulmonary masses distributed throughout all lung lobes were observed in

the thoracic cavity of a 9-year-old female Hanwoo encountered at a Jeju

slaughterhouse. The cow exhibited severe coughing, dyspnea, and extreme

emaciation for several months before slaughter. Pulmonary mass samples

were fixed in 10% neutral buffered formalin and embedded in paraffin wax,

sectioned at 3 µm, and stained with hematoxylin and eosin (H&E) for histo-

logical examination. In addition, Ziehl-Neelsen (ZN) stain was used to distin-

guish bovine tuberculosis. Additional paraffin-embedded sections were maintained

for immunohistochemistry (IHC) assessment. After mounting on silane-coated

glass slides, each pulmonary mass section was stained by using a labeled

streptavidin-biotin peroxidase method. To clarify the origin of the tumor cells,

primary antibodies such as pan-cytokeratin (CK) clone AE1/AE3 (Dako, Den-

mark), CK clone MNF116 (Dako), CK 7 (Dako), vimentin (Dako), and chro-

mogranin A (Dako) were used.

Grossly, the thoracic cavity was filled with massive pulmonary masses. The

masses adhered to the thoracic pleural wall and pericardium (Fig. 1A). The

pulmonary masses were variably sized, present in all lung lobes, yellowish in

color, moderately firm, and rugged (Fig. 1B). Histologically, the neoplastic

masses were composed of many abnormal papillary structures (Fig. 2A and

B). These papillary structures were lined by single to double columnar neo-

plastic cells and formed arborizing fronds supported by significant fibrovascu-
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lar stroma. The papillary structures disintegrated under varying

degrees of necrosis, leaving a mass of cellular or amorphous

debris with inflammatory cells (Fig. 2B). These neoplastic

epithelial cells showed strong destructive and infiltrative

growth to adjacent tissues (Fig. 2A). Many neoplastic cells

emboli were located in lymphatics and occasionally in blood

vessels (Fig. 2C). The number of neoplastic cell mitotic fig-

ures (0–1 per high power field, on average) varied in differ-

ent areas. The columnar epithelial cells lining the papillary

structures had large ovoid basal nuclei and sometimes

secreted mucus (Fig. 2D). The result of ZN staining for acid-

fast bacilli was negative in the pulmonary masses. The neo-

plastic cells were strongly positive for pan-CK (Fig. 3A), CK

7 (Fig. 3B and C), sporadically positive for CK MNF116

(Fig. 3D), and negative for vimentin and chromogranin A.

Based on the clinical and gross findings, as well as histo-

pathologic and immunohistochemical results, the masses in

the female Hanwoo in this study were diagnosed as pulmo-

nary papillary adenocarcinoma.

Lung cancer is the most common major cancer type and

cause of human mortality worldwide [7]. However, primary

pulmonary neoplasia is an infrequent finding in domestic ani-

mals with the exception of dogs and cats [8]. Primary pulmo-

nary tumors appear to be quite rare in cattle with surveys at

slaughter indicating an incidence ranging between 2 and 20

cases per million cattle surveyed [3, 4, 8].

The most frequent clinical sign associated with pulmonary

tumors in dogs is reported to be coughing (52%), followed

by dyspnea (24%), lethargy (18%), weight loss (12%), anor-

exia, occasional vomiting, and paraneoplastic syndromes

including hypertrophic osteopathy and hypercalcemia [8,9].

Similar to canine cases, the female Hanwoo with PA showed

severe coughing, dyspnea, and extreme emaciation for sev-

eral months.

In cattle, the usual metastatic sites of lung cancers are the

bronchomediastinal lymph nodes [3], but metastasis fre-

quently involves other nodes in the thorax and abdomen,

such as pleura, liver, kidneys, and adrenals. According to a

British abattoir survey, the detected lung cancers were all

from female cattle, the majority of which were over 5 years

old [3]. Unfortunately, we could not perform a histopatho-

logic examination of regional lymph nodes of the thoracic

cavity in this case. However, there was a possibility of

metastasis of the PA due to the observation of very strong

infiltrative growth of pulmonary neoplastic cells. In the

present case, the cow with PA was 9-year-old, which is in

agreement with observations in previous reports [3].

Further to the classifications of lung cancer published by

Fig. 1. Thoracic cavity and lung. (A) The pulmonary masses

(arrow) adhered to the thoracic wall and pericardium (*). (B)

The pulmonary masses were yellowish in color, moderately

firm, and rugged.

Fig. 2. Pulmonary masses. (A) Neoplastic masses were com-

posed of papillary structures (PS) and showed strong destructive

and infiltrative growth to normal tissue (N) (H&E stain; scale

bar = 200 µm). (B) The papillary structures disintegrated under

varying degrees of necrosis (arrow), leaving a mass of cellular

or amorphous debris with inflammatory cells (H&E stain; scale

bar = 50 µm). (C) Note many neoplastic cell emboli (arrows) in

blood vessels and lymphatics (H&E stain; scale bar = 200 µm).

(D) The epithelial cells lining the papillary structures were

columnar with large ovoid basal nuclei and secreted mucus.

Note mitotic figures (arrows) (H&E stain; scale bar = 20 µm).

H&E, hematoxylin and eosin.

Fig. 3. Immunohistochemical results for CKs in pulmonary

masses. (A) Neoplastic cells show strongly positive reactions

(arrows) for CK AE1/AE3 antigens (IHC stain; scale bar = 200

µm). (B) Numerous CK 7 antigens present in papillary struc-

tures (IHC stain; scale bar = 200 µm). (C) High magnification

image of (B). Note the strongly positive reactions (arrows) (IHC

stain; scale bar = 20 µm). (D) Neoplastic cells were sporadically

positive (arrows) for CK clone MNF116 (IHC stain; scale bar

= 100 µm). CK, cytokeratin; IHC, immunohistochemistry.
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the World Health Organization in 2004, a new classification

strategy, based on a multidisciplinary approach to the diagno-

sis of lung adenocarcinoma, was published in 2011 [7].

According to the latter document, epithelial pulmonary tumors

were reclassified into atypical alveolar hyperplasia, bronchi-

oloalveolar adenoma (adenocarcinoma in situ), minimally

invasive adenocarcinoma, adenocarcinoma, combined carci-

noma, neuroendocrine or carcinoid tumor, and pulmonary

blastoma [7, 8]. Bronchioloalveolar carcinoma was not

included in the 2011 classification of lung tumor. The major

histopathologic patterns of invasive PA have been classified

into 5 categories: lepidic, papillary, micropapillary, acinar,

and solid predominant with mucin. The lepidic growth pat-

tern has tumor cells that appear to replace type II pneu-

mocytes and Clara cells along the surface on alveolar walls.

The lepidic tumor pattern is the classic bronchioloalveolar

tumor pattern, which is composed of cuboidal or mildly flat-

tened epithelial monolayer on alveolar-like structures [8].

Acinar adenocarcinoma presents as malignant glands invad-

ing a fibrous stroma. Papillary adenocarcinoma consists of

malignant cuboidal to columnar tumor cells growing along

fibrovascular cores in a papillary configuration, and the

tumor cells in papillary form are more columnar than those

in the lining cells of the lepidic form. The micropapillary

growth pattern shows small papillary clusters of glandular

cells growing within airspaces, and most clusters did not

show fibrovascular cores. The solid adenocarcinoma with

mucin pattern consists of sheets of tumor cells with abun-

dant cytoplasm and mostly vesicular nuclei with several con-

spicuous nucleoli. Invasive mucinous adenocarcinoma presents

as columnar cells filled with abundant mucin invading with

an acinar pattern. Histopathologically, the pulmonary masses

in the present case were composed of abnormal papillary

structures lined by single to double columnar neoplastic cells

and forming arborized fronds supported by sub-epithelial

fibrovascular stroma. Based on the characteristic histologic

features, especially the pseudostratified appearance with

taller columnar cell linings, the bovine pulmonary masses in

the present case were confirmed as pulmonary papillary ade-

nocarcinoma.

According to the manufacturer, the pan-CK AE1/AE3 anti-

body labels epithelial tissues from simple glandular to strati-

fied squamous epithelium, whereas CK 7 labels PA derived

from bronchial or bronchiolar epithelia but not squamous cell

carcinoma. In addition, the CK MMF 116 antibody particu-

larly labels bronchial epithelium and basal cells in stratified

squamous epithelium. Chromogranin A and synaptophysin

are useful markers for neuroendocrine tumors [8]. Therefore,

the immunohistochemical profile obtained in this case, that

is, pan-CK and CK 7 strongly positive, CK MNF116 positive

sporadically, and chromogranin A negative, indicates that the

pulmonary masses in the lungs of this case were of bron-

chial origin.

PAs in cattle should be differentiated from mesothelioma,

other metastatic tumors of an epithelial origin, and granulo-

matous inflammation caused by Mycobacterium spp. Gross

lesions of primary pulmonary tumors vary from a single solid

mass to multiple masses of variable sizes [8]. Advanced

malignant tumors may produce smaller foci or nodules due to

the invasion and the metastatic events of neoplastic cells.

Metastatic lesions are more uniform in their size and distribu-

tion in the lung. Neoplastic cells in mesothelioma are both

positive for epithelial CK and vimentin, a mesenchymal

marker. Variably sized masses in pulmonary parenchyma and

a negative result for vimentin suggested that the pulmonary

masses in the present case are of primary lung tumor origin.

Bovine uterine adenocarcinoma has a high ability to metasta-

size to parenchymal organs such as the lung and liver [10],

but neoplastic masses of the uterus were not observed in this

case. Presence of bovine tuberculosis was also successfully

ruled out based on the negative result for ZN staining. 

In humans, the common complications associated with pul-

monary fungal or mycobacterial infections in patients with

pulmonary neoplasia have been described [11, 12]. Recently,

there were several reports of PA with fungal infections that

can mimic or coexist with pulmonary neoplasm in dogs [9].

However, there was no evidence of fungal or mycobacterial

infections in this case. 

To our best knowledge, this is the first report of PA in

Hanwoo in Korea. Although bovine PA is very uncommon, it

should be included in the differential diagnosis of cattle with

a pulmonary mass, especially in a slaughterhouse situation.
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