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Case Report

A case report of a metastatic yolk sac carcinoma in the pulmonary
artery of a young female Sprague-Dawley rat
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Abstract: Yolk sac carcinoma is an extremely rare tumor in rats and is usually found in the genital system of aged animals. We encoun-
tered a yolk sac carcinoma in the pulmonary artery of an 18-week-old female Sprague-Dawley rat. In a repeated dosing toxicity study
(once weekly for 4 weeks, intraperitoneal), this rat was unexpectedly found dead on the 55th day after the final administration of the
test article. At necropsy, grayish white nodules were found on the lung surface. Histopathologically, tumor emboli were observed in the
trunk and branch of the pulmonary artery. Tumor cells with slightly basophilic vacuolated cytoplasm and large vesicular nuclei formed
nests or clusters and were embedded in a homogenous eosinophilic and periodic acid-Schiff reaction positive matrix. The tumor cells
and matrix were immunoreactive for laminin. The embolic tumor resembled yolk sac carcinoma showing a parietal pattern in rodents.
Although the primary site was unknown, the tumor was considered to be a metastatic yolk sac carcinoma. (DOI: 10.1293/tox.2016-

0025; J Toxicol Pathol 2016; 29: 269-273)
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Yolk sac carcinoma is a very rare malignant tumor in
rodents which is considered to be a variant of germ cell tu-
mors and microscopically resembles a yolk sac, an extraem-
bryonic membrane. The incidence of yolk sac carcinoma in
rats is extremely low, with only 1 case occurring in more
than 40,000 female F344 rats used in previous carcinogenic-
ity studies'. There have been some other reports of yolk sac
carcinomas that developed in the ovary or uterus in aged fe-
male rats”*. Nakazawa and colleagues reported an instance
of testicular yolk sac carcinoma in an aged Sprague-Dawley
(SD) rat’. Yolk sac carcinoma can also be experimentally in-
duced in rats by surgical procedures, such as fetectomy with
or without additional injection of mouse sarcoma virus® ’,
puncture of the pregnant uterus wall in mid gestation®, and
implantation of an embryo under the kidney capsule of a
syngeneic rat’. As described above, yolk sac carcinomas in
rats are generally encountered in older animals and observed
in genital systems. Here, we report a case of metastatic yolk
sac carcinoma in the pulmonary artery of a young female
rat.
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The female SD rat was obtained from Charles River
Laboratories Japan, Inc. (Kanagawa, Japan) at 5 weeks of
age. The rat was housed alone in a stainless-steel cage in
an air conditioned animal room controlled at a temperature
of 24 + 3°C with a humidity of 50 + 20% and a 12 hour
light/dark cycle, was fed a solid diet (CRF-1; Oriental Yeast
Co., Ltd.), and was provided with drinking water ad libitum.
The toxicity study was approved by the Institutional Animal
Care and Use Committee and was performed in accordance
with the animal welfare bylaws of Drug Safety Research
Laboratories, Shin Nippon Biomedical Laboratories, Ltd.
After a 2-week acclimation period, the rat was allocated
to the high dose group in the study, and the test material
(a biodegradative material) was intraperitoneally adminis-
tered via a paramedian incision of 1 to 2 cm once a week for
4 weeks under anesthesia with intramuscular injection (0.2
mL/kg, each) of medetomidine hydrochloride and ketamine
hydrochloride.

On the 55th day of the recovery period after the final
administration of the test material (at 18 weeks of age), the
rat, which had not exhibited any abnormalities in its gen-
eral condition, body weight, or food consumption during
the study, was unexpectedly found dead. At necropsy, small
grayish white nodules were observed on the surface of the
lung (Fig. 1). The heart weight was approximately twice
than the other rats in the study, which were sacrificed at the
end of recovery period (at 23 weeks of age). At necropsy,
the right ventricular wall exhibited hypertrophy. Some of
the remaining test material was observed in the abdominal
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Fig. 1. Gross appearance of the lung. Some grayish white nodules
(enclosed by a circle) were observed on the surface of the left
lobe.

cavity at necropsy, however, this finding was normally ob-
served following the intraperitoneal administration of this
material.

The principal organs and tissues from the whole body,
including the lung and heart with the pulmonary artery, were
fixed in 10% phosphate-buffered formalin and embedded in
paraffin. Paraffin sections were stained with hematoxylin
and eosin. Sections from the lung and heart were processed
with periodic acid-Schiff (PAS) reaction and phosphotung-
stic acid-hematoxylin (PTAH) stain. Immunohistochemical
staining was performed in the sections from the lung and
heart with anti-human cytokeratin mouse monoclonal anti-
body (AE1/AE3, x1, Dako North America, Inc., Carpinteria,
CA, USA), anti-laminin rabbit polyclonal antibody (x5,000,
Dako Cytomation, Inc. Denmark), and alpha-fetoprotein
(AFP) antibody (C-19, %100, Santa Cruz Biotechnology,
Inc., Dallas, TX, USA) and the sections were subjected to
a subsequent chromogenic reaction with the streptavidin-
biotin complex method.

In the histopathological examination of the lung, mul-
tiple intravascular emboli were observed in the branches of
the pulmonary artery. Emboli were present in the left and
right (posterior) lobes of the lung. Large and small emboli
appeared to be occlusive, with close approximation or ad-
herence to the vascular endothelium, and were considered to
be the cause of death via obstruction of blood flow (Fig. 2A).
A similar embolus was also seen in the trunk of the pulmo-
nary artery (Fig. 2B). In the heart, fibrosis and mononuclear
cell infiltration were observed in the right ventricular wall
and interventricular septum, respectively. In the liver, con-
gestion was observed. Together with the heart weight in-
crease and right ventricular hypertrophy, these histopatho-
logical findings in the heart and liver suggested circulatory

disturbance.

The intravascular emboli were mainly characterized by
the presence of small nests or clusters of undifferentiated
cells embedded in a prominent homogenous eosinophilic
matrix (Fig. 2C, 2D). In a few areas, it appeared as if simi-
lar cellular foci were growing within the lung parenchyma,
which is indicative of invasion (Fig. 2E). The appearances of
multiple emboli in the trunk and branches of the pulmonary
artery and the evidence of invasion were indicative of me-
tastasis of a neoplastic tumor.

The predominant cell type within the tumor emboli ap-
peared as irregularly shaped slightly basophilic cells with
vacuolated cytoplasm and large vesicular nuclei containing
one or two nucleoli. Tumor cells within the nests or clusters
appeared closely arranged and attached to each other. In-
frequent hyaline droplets were present in tumor cells, sug-
gesting that the eosinophilic matrix around the cell clusters
was produced by the tumor cells (Fig. 2D). Individual cell
necrosis of tumor cells was present throughout the neoplas-
tic process. Mitoses were evident but few (Fig. 2E).

From the appearance of the H&E sections as described
above, we suspected yolk sac carcinoma and conducted a
PAS reaction and immunohistochemistry to cytokeratin,
laminin, and AFP. The characteristic eosinophilic matrix
was intensively positive for the PAS reaction and laminin
(Fig. 3A, 3B). The cytoplasm of tumor cells was intensely
positive for laminin and weakly and partially positive for
AFP and cytokeratin (Fig. 3B, 3C, 3D), respectively. All of
the morphological, histochemical, and immunohistochemi-
cal findings were highly comparable to the previously re-
ported cases of yolk sac carcinoma in rodents>* > 1°, PTAH
staining was performed to differentiate the possibility of
thrombi and produced a negative result.

In the necropsy and histopathological examination, no
other neoplastic lesions were identified in any other organ,
including female reproductive organs, despite additional
sectioning of the ovaries and uterus after the regular histo-
pathological examination. Therefore, the organ in which the
tumor originated was unknown.

Histologically, yolk sac carcinoma in rodents is de-
scribed as having two components that resemble a parietal
yolk sac and visceral yolk sac. The parietal component is
characterized by a cluster of polygonal or cuboidal tumor
cells with a surrounding PAS-positive eosinophilic matrix.
The visceral component consists of cylindriform tumor
cells arranged in a papillary pattern without an eosinophilic
matrix, and sometimes a thin basement membrane between
the endoderm and the mesenchyme can be observed?. In the
present case, a visceral pattern was not obvious, and the ma-
jority of the components showed a parietal pattern; however,
the results of PAS reaction and immunohistochemistry for
laminin strongly supported the diagnosis of this tumor as a
yolk sac carcinoma. Cytokeratin has also been reported to
be positive in rat yolk sac carcinoma cells*. Increased levels
of AFP were detected in the sera of rats or humans bearing
yolk sac carcinomas. Using immunohistochemistry, it was
found that AFP was secreted by the yolk sac carcinoma cells
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Fig. 2. Photomicrographs of the emboli. Hematoxylin and eosin stain. A) Multiple emboli were observed in the branches of the pulmonary ar-
tery. B) An embolus was also observed in the origin of the pulmonary artery. C) Nests or clusters of the neoplastic cells were surrounded
by an eosinophilic matrix. D) The neoplastic cells exhibited basophilic vacuolar cytoplasm with large vesicular nuclei. Cytoplasmic
hyaline droplets were evident (arrow heads). E) Necrosis and mitosis were present in the neoplastic cells. The presence of tumor cells in

the extravascular space indicated invasion (asterisk).

displaying the visceral type'® . Thus it was reasonable that
AFP was not intensely observed in the present case, which
exhibited a parietal pattern.

This case is interesting and unique because of the ani-
mal’s younger age and the lack of gross or microscopic evi-
dence of a primary tumor. Pirak and colleagues'? reported
that choriocarcinoma, another germ cell tumor variant, de-
veloped in the cervical lymph nodes and lung (pleural sur-
face) of a 15-week-old SD rat; however, its pathogenesis was
considered to be different from our case, in which tumor cells
were only observed in the pulmonary artery. Although it has
not been published in the English literature, Kajikawa and
colleagues'" reported at the annual meeting of the Japanese
Society of Toxicologic Pathology in 2006 that metastatic
yolk sac carcinoma was found in the right ventricle and lung
in a 10-week-old female SD rat. Kajikawa’s case is similar
to the present case in two aspects, namely, the presence of
tumors in the right ventricle and/or pulmonary artery and
the undetected origin of the tumors. Given the intravascular
growth pattern of this tumor, it should be considered that a

primary tumor in the gonads or an extragonadal region be-
come necrotic and resorbed following metastasis.

In contrast to rodents, there are some reports indicating
that yolk sac carcinoma occurred in the lung in humans with
no evidence of a gonadal lesion'*™'®. The origin of pulmo-
nary germ cell tumors in humans is not well known, but it
is possible that primordial germ cells remain in the region
of the mediastinum or lungs at the time of migration along
the gonadal ridge during embryogenesis and become the tu-
mor “seed”, eventually developing extragonadal germ cell
tumor'’"°. The origin of the pulmonary germ cell tumors in
these human cases is more similar to that in Pirak’s report'?
than that in the present case. When a germ cell tumor oc-
curs in the rat lung, we have to consider the following two
possibilities for its origin: metastasis from the gonadal or
extragonadal primary tumor and a locally occurred tumor
which was developed from a migrated primordial germ cell.

It was surprising that the animal did not show abnormal
clinical signs or a decrease in body weight prior to death,
despite a number of emboli in the pulmonary artery. It was
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Fig. 3. Photomicrographs of PAS reaction and immunohistochemistry. A) The extracellular matrix showed a strongly posi-
tive PAS reaction. Some PAS-positive droplets were evident in the cytoplasm of the tumor cells. B) The extracellular
matrix and tumor cells (see insert) were positive for laminin. C and D) A few tumor cells were slightly positive for

alpha fetoprotein (C) and cytokeratin (D).

possible that a large embolus developed in the right ventricle
and dropped into the trunk of the pulmonary artery, deliver-
ing the fatal blow.

The present case was considered to be a spontaneous
tumor for the following reasons: there were no other reports
of chemically induced yolk sac carcinoma, there was only
one case in the study, and it was too early after administra-
tion of the test material, which has no genotoxic potential,
for it to be the cause of induction and development of the
tumor.

In conclusion, this was a very rare case of yolk sac car-
cinoma that developed in and embolized the pulmonary ar-
tery of 18-week-old female SD rat. The tumor cells showed
characteristics of a parietal pattern of yolk sac carcinoma,
such as cluster formation with a surrounding PAS- and lam-
inin-positive, eosinophilic matrix. To the best of our knowl-
edge, this is the first report of a metastatic pulmonary yolk
sac carcinoma in the pulmonary artery without a clear pri-
mary site in a rat in the published English literature.
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