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Histiocytic sarcoma is a malignant proliferation of cells with 
morphologic and immunophenotypic features similar to those 
of mature histiocytes.17,46 The disease is extremely rare in the 
human population and accounts for less than 1% of all hema-
tolymphoid neoplasms.45,46 Histiocytic sarcoma is diagnosed 
more frequently in men than women, with a median age at di-
agnosis of 46 y, although this neoplasm has been diagnosed in 
a 6-mo-old child.17,46 Lymph nodes are the most commonly af-
fected site, but the gastrointestinal tract, skin, and soft tissues 
can be involved.3,20,39,46 The first reported human case of primary 
histiocytic sarcoma with primary esophageal involvement was 
described recently.38 The disease course is very aggressive, with 
a limited response to chemotherapy and high mortality, in the 
human population.31,38,46

Histiocytic sarcoma lacks a definitive morphologic appear-
ance,38 which has complicated characterization and often has 
led to misdiagnosis.17,20,31,38,39,45,46,48 This neoplasm must be dis-
tinguished from other histiocytic processes such as monocytic 
leukemia,12,18,28,48 hemophagocytic syndrome,12,18,24,25,43 and ma-
lignant histiocytosis.9,10,18,24,25,43 In light of the absence of defini-
tive morphologic traits, diagnosis is based on histologic and 
immunohistochemical evidence of histiocytic differentiation.38,46 
A hemoglobin scavenger receptor protein, CD163, is a recently 
identified immunohistochemical marker of monocytes and histio-
cytes that has shown high specificity when used to diagnose true 
histiocytic malignancies.27,46,48,49 CD163 has considerable potential 

as a diagnostic tool because its expression is limited primarily to 
neoplasms of macrophage–histiocytic derivation, as well as non-
neoplastic monocytes.46 CD68 has also been used as a marker to 
highlight the macrophage–histiocytic derivation of tumors, but it 
is less specific than is CD163.46

Siberian dwarf (also called Djungarian) hamsters (Phodopus 
sungorus) are an animal model with unique biologic character-
istics and numerous research applications. The use of Siberian 
hamsters as research models of cancer and cytogenetic studies 
began in the late 1960s and early 1970s.40,41,47 This species has the 
most compressed reproductive cycle of any placental animal, 
and the reproductive biology in adult hamsters is completely 
dependent on environmental photoperiod.14 Biologic data for 
this species, such as reference ranges for hematology and clini-
cal chemistry as well as background pathology, have become 
more readily available recently.6,11,26,34,40,41,44 Here we describe the 
concurrent presence of a histiocytic sarcoma, a renal cell carcino-
ma, severe thrombosis of craniofacial veins, and several marked 
age-related changes in an aged Siberian hamster. To our knowl-
edge, this report is the first description of a histiocytic sarcoma 
in a Siberian hamster.

Case Report
This 21-mo-old, male Siberian hamster (body weight, 32.2 g) 

was housed at The Ohio State University (Columbus, OH), an 
AAALAC -accredited institution. This animal was on an IACUC-
approved protocol, and management was consistent with all 
applicable regulations as prescribed in the Animal Welfare Regu-
lations4 and in accordance with the Guide for the Care and Use of 
Laboratory Animals.23 The hamster was housed as a member of a 
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bundles and streams of these neoplastic cells also were found 
on the serosal surface of the gastrointestinal tract, on the vagi-
nal tunic of the vas deferens, seminal vesicles, and epididymis, 
and effaced approximately 50% of the hepatic parenchyma. The 

breeding pair, without undergoing any additional research ma-
nipulations, in static microisolation caging. Its diet consisted of 
pelleted rodent chow (Teklad 8640, Harlan Laboratories, India-
napolis, IN) with reverse-osmosis–purified water supplied in a 
hanging water bottle. Based on quarterly health surveillance of 
dirty-bedding–exposed hamster sentinels, the animals were free 
from pneumonia virus of mice, reovirus, Sendai virus, simian 
virus 5, lymphocytic choriomeningitis virus, Encephalitozoon cu-
niculi, and ecto- and endoparasites. The hamster was reported to 
the veterinary staff because of substantial left-sided facial swell-
ing, proptosis of the left eye, and blepharospasm of the right eye 
(Figure 1). Ibuprofen-medicated (30 mg/kg) drinking water was 
initiated to manage clinical signs, but they did not resolve despite 
24 h of treatment. In light of the poor prognosis, the hamster was 
euthanized via CO2 asphyxiation without additional treatments 
or medical diagnostic procedures. The animal was submitted for 
pathologic evaluation.

Gross Pathology
At necropsy, major organs were examined for gross abnor-

malities, and selected tissue specimens were collected and 
fixed by immersion in neutral buffered 10% formalin for 48 h 
Fixed samples were processed routinely to produce paraffin-
embedded, hematoxylin- and eosin-stained sections. After the 
initial analysis, additional serial sections of liver were acquired 
for indirect immunohistochemistry to demonstrate selected 
cell-type–specific proteins: cytokeratin (an epithelial marker; 
monoclonal; dilution, 1:200 [clone AE1/AE3, Dako, Carpinte-
ria, CA]); vimentin (a mesenchymal cell marker; monoclonal; 
dilution, 1:200 [clone 2707-1, Epitomics, Burlingame, CA]), and 
CD163 (a macrophage marker; monoclonal; dilution, 1:25 [clone 
AM-3K, TransGenic, Kobe, Japan]), as described previously.37 
A commercial immunofluorescence kit (MaxSAB, Maxvision 
Biosciences, Bothell, WA) was adapted for chromagen-based 
immunohistochemistry, with 3,3′-diaminobenzidine as the 
chromagen.

The primary gross findings at necropsy were exophthalmos 
and presumptive hyphema of the left eye, as suggested by red-
dening that extended 3 mm beyond the orbital rim, and diffuse 
and bilateral facial edema (Figure 1). Additional gross findings in-
cluded multiple pale or white, soft, pedunculated or freely mov-
able nodules within the abdomen, which were associated with 
the mesentery or serosae of major viscera (Figure 2), as well as a 
large, multilobulated, pale tan, firm mass located at the cranial 
pole of the right kidney (Figure 2). This renal mass did not in-
volve the caudal vena cava or the adrenal gland. The right kidney 
weighed nearly 6 times more than did the normal-appearing left 
kidney (right, 0.953 g; left, 0.181 g), because of the presence of this 
mass (Figure 3). The spleen was diffusely enlarged and focally 
expanded in the center by a round, white, friable mass. The lungs 
were normal on gross evaluation.

Histopathologic Findings
Histologic evaluation revealed that the pale or white nod-

ules in the abdominal mesentery and viscera and the renal 
mass were different neoplasms. Unexpectedly, the peritoneal 
polyps and accompanying visceral infiltration (mainly in the 
liver) were discovered to be foci of histiocytic sarcoma, with 
each lesion consisting of dense sheets of markedly pleomorphic, 
moderately proliferating histiocytes (Figure 4). Disorganized 

Figure 1. Left-sided facial swelling, proptosis with reddening (pre-
sumptive hyphema) of the left eye, and blepharospasm of the right eye.

Figure 2. Additional gross findings included a large multilobulated, 
pale tan, firm mass at the cranial pole of the right kidney (*), and mul-
tiple soft, attached or free-floating, white nodules associated with the 
mesentery and visceral serosae (arrows).

Figure 3. Gross depiction of the right kidney mass.
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the retrobulbar space was inundated with hemorrhage, which 
displaced the left globe laterally and dorsally. The thrombi con-
tained alternating laminae of fibrin and intact RBC, indicating 
that they had been present for a considerable period but were still 
expanding. Degenerate neutrophils were associated with many of 
the fibrin-rich layers as well as the margin of the diffusely necrotic 
left Harderian gland. Surrounding structures, such as the adjacent 
lacrimal glands and skeletal muscle, also harbored a moderate 
amount of viable neutrophils and hemorrhage. The lungs were 
normal on histopathologic examination.

Several age-related, marked histopathologic findings were 
present in other organs. Chronic, mild, diffuse glomerulopa-
thy affected most glomeruli of both kidneys. Multiple foci of 
epithelial transformation involved the conversion of preexist-
ing exocrine pancreatic duct epithelium into new islets (that 
is, nesidioblastosis;42,50 Figure 6). Other incidental findings in-
cluded marked degeneration of multiple vertebral discs; focal 
vertebral disc herniation; marked, multifocal osteoarthritis of 
the intervertebral joints; and sternal disc fusion or degeneration 

cells varied from round to polygonal; had indistinct cytoplasmic 
borders; abundant, eosinophilic, vacuolated cytoplasm; and one 
to multiple round to elongate, central nuclei with as many as 2 
prominent, basophilic nucleoli. Rare, randomly dispersed, mul-
tinucleated tumor giant cells containing, on average, 3 nuclei as 
well as moderate anisocytosis and anisokaryosis were present in 
this neoplastic cell population. Immunohistochemistry revealed 
that the neoplastic histiocytes were positive for CD163, whereas 
staining for cytokeratin and vimentin was negative (Figure 4); 
this expression pattern is indicative of a macrophage origin. 
The renal lesion was a well-differentiated renal cell carcinoma 
characterized by variably sized, tortuous tubules and islands 
composed of large, mildly pleomorphic tubular epithelial cells 
(not shown).

A transverse section of the cranium at the level of the caudal 
orbit demonstrated extensive facial swelling due to bilateral oph-
thalmic vein involvement and chronic thrombi that extended into 
the major draining veins (Figure 5). Large thrombi obstructed ve-
nous circulatory return bilaterally caudomedial to each eye, and 

Figure 4. Coalescing foci of histiocytic sarcoma effaced the parenchyma in multiple viscera, especially the liver (shown here), and formed pedunculated 
and free-floating nodules within the abdominal cavity. Neoplastic cells were moderately to strongly labeled by antiCD163 but not by anticytokeratin 
or antivimentin, suggesting that the neoplasm was derived from macrophages instead of either epithelium or mesothelium. Note: The labeling in the 
anticytokeratin section was in residual hepatocytes, whereas that in the antivimentin section was in resident endothelium and fibroblasts. Stains used 
were hematoxylin and eosin (upper left) and single-antibody indirect immunohistochemistry using diaminobenzidine as the chromagen and hema-
toxylin as the counterstain. Bar,100 μm (and applies to all images).
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knowledge, the current report represents the first case of this 
disease in a hamster. In addition, renal cell carcinoma and the 
various age-related findings are common occurrences in aged ani-
mals. Nesidioblastosis has been described previously in the Syr-
ian hamster (Mesocricetus auratus), which is a recognized model of 
pancreatic ductal neoplasia,42 although this lesion had not previ-
ously been reported to occur in Siberian dwarf hamsters.

The more interesting finding in this case was the bilateral, 
marked facial lesions that were the cause of the animal’s initial 
presentation. The exophthalmos and hemorrhage that affected 
the left orbit were direct sequelae of the extensive facial venous 
thrombosis, which resulted in substantial extravasation of fluid 
and cells due to a chronic rise in local intravascular pressure within 
all facial tissues. This condition, in turn, likely was influenced by 
any or all of several factors that probably would have produced 
hypoproteinemia in this hamster. These speculations cannot be 
confirmed definitively because the animal was euthanized for hu-
mane reasons without additional diagnostic procedures, such as 
assessment of serum and urinary protein levels as well as clotting 
times. One obvious mechanism is cachexia of cancer, resulting from 
increased protein consumption by the massive renal cell carcino-
ma and widespread histiocytic sarcoma. A second possibility is 
increased protein loss resulting from bilateral, diffuse glomerulopa-
thy; depletion of albumin and antithrombin III by this route has 
been associated with an increased risk of venous thromboembo-
lism in humans.13 A third option is diminished protein production 
by hepatocytes, given that the amount of structurally unaffected 
(that is, functional) hepatic parenchyma was markedly decreased 
by the invading neoplastic histiocytes. The neoplasms alone could 
have accounted for the hamster’s moribund state, but substantial 
hypoproteinemia provides a compelling pathogenesis that ties to-
gether the entire spectrum of findings in this animal.

Thrombus formation, usually in the left atrium and auricle, are 
common findings that typically are associated with amyloidosis 
or changes in fibrinolytic parameters. The findings we describe in 
this case report have not been reported previously to occur in Si-
berian hamsters. However, Syrian hamsters are used routinely as 
models for investigating the pathogenesis of thromboembolism. 
These studies generally involve using the membranous cheek 
pouch, given its transilluminating capabilities, ease of harvest, 
and numerous small vessels, but the femoral and carotid arteries 
have also been used.8,30,32,33 The Syrian hamster thromboembo-
lism model has allowed researchers to investigate not only the 
pathogenesis of thromboembolism but also neointimal formation 
caused by cardiovascular procedures and the ‘no reflow’ phe-
nomenon, in which tissues fail to perfuse again after the vascular 
obstruction has been alleviated. These studies have improved our 
understanding of endothelial damage and its sequelae and have 
highlighted areas of possible therapeutic intervention in throm-
boembolic states, such as the use of platelet glycoprotein IIb/
IIIa antagonist in microthombi inhibition, combination therapy 
of angiotensin II antagonist and fibrinogen receptor antagonist 
after carotid angioplasty, and tissue plasminogen activator in 
ischemia–reperfusion injury.8,32,33
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(Figure 7). These findings are consistent with common inciden-
tal background findings in adult rodents, although they are 
more severe in this case than usual, given the advanced age of 
this hamster.

Discussion
Histiocytic sarcoma has been diagnosed in numerous an-

atomic locations in various animal species including mice,19 
rats,7 cats,15,16,22 dogs,1,2,5,15,21,22,36 rabbits,29 and camels.35 To our 

Figure 5. The bilateral facial swelling resulted from massive retroorbital 
hemorrhage (indicated by coalescing areas of red blood cell accumula-
tion) intermingled with large, layered plaques of fibrin (arrows), where 
the layering indicates many small bleeding incidents followed by slow 
but continual building of the clot over time. These plaques were contin-
uous with large intravascular thrombi that were partially occluding sev-
eral deep facial veins (not shown). The Harderian gland (H) is greatly 
compressed by the most recent hemorrhagic episode. P, posterior cham-
ber of the eye. Hematoxylin and eosin stain. Bar, 1 mm

Figure 6. Multiple preexisting exocrine pancreatic ducts exhibited evi-
dence that the simple cuboidal lining (arrows) of oval, dark basophilic 
nuclei and dark eosinophilic cytoplasm was reduplicating and trans-
forming into new islet cells (asterisks) that appeared as oval, pale baso-
philic nuclei and very pale eosinophilic cytoplasm (that is, nesidioblas-
tosis). Hematoxylin and eosin stain. Bar, 50 μm
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