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Case Report

Spontaneous histiocytic sarcoma originating from the epididymis in 
a CD-1 mouse
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Abstract: We report a histiocytic sarcoma originating from the epididymis observed in a 110-week-old male CD-1 mouse in a carcino-
genicity study. At necropsy, no lesions were observed in the epididymis. Histologically, a neoplastic lesion was observed in the cauda 
of the epididymis that was well demarcated from the surrounding tissues. The lesion mainly consisted of spindle-shaped tumor cells 
with oval to elongated nuclei and abundant eosinophilic or foamy cytoplasm. The tumor cells were arranged in a fascicular pattern, 
interlacing bundles, or a whorl pattern. The nuclei showed mild atypia with irregular shapes and varied sizes, whereas few mitotic 
figures and no typical multinucleated cells were observed. The epididymal ducts remained within the neoplastic lesion, and the tumor 
cells invaded between the epithelium and the smooth muscle layer of the epididymal duct. Immunohistochemically, the tumor cells 
were positive for vimentin and macrophage markers (Iba1, CD204, F4/80, and Mac-2) but negative for cytokeratin and other mesen-
chymal cell (α-smooth muscle actin, desmin, CD31, and platelet-derived growth factor receptor-β), neural cell (S-100 and nestin), or 
Leydig cell markers (calretinin). Proliferating cell nuclear antigen-positive tumor cells were sporadically observed in the lesion. Based 
on these results, the tumor was diagnosed as a histiocytic sarcoma originating from the epididymis. This report provides additional 
histopathological evidence of spontaneous histiocytic sarcomas originating from the epididymis of aged mice. (DOI: 10.1293/tox.2024-
0022; J Toxicol Pathol 2024; 37: 133–137)
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Histiocytic sarcomas are common neoplasms arising 
from the hematolymphoid system in aged mice1, and inva-
sion by these tumors can occur in lymphoid organs as well 
as non-lymphoid organs, such as the liver, uterus, vagina, 
and skin2, 3. However, histiocytic sarcomas originating from 
the epididymis in mice are rare4–8, and in case of experi-
mental animals, these have only been observed in mice4. 
Previous reports on histiocytic sarcomas of the epididymis 
have described the morphological and ultrastructural char-
acteristics of the tumor and the differences between epididy-
mal histiocytic sarcoma and uterine or systemic histiocytic 
sarcoma6, 7. Although immunoreactivity for proliferating 
cell nuclear antigen (PCNA) and S-100 has been reported in 
these tumors, detailed immunohistochemical evaluations of 
other antibodies have not been reported. Herein, we describe 

our experience with a histiocytic sarcoma originating from 
the epididymis in an aged mouse. This report describes the 
histological and immunohistochemical characteristics of the 
tumor.

The animal was a 110-week-old male Crl:CD-1(ICR) 
mouse (Charles River Laboratories, Raleigh, North Caro-
lina) in the low-dose group of a carcinogenicity study. No 
treatment-related neoplastic lesions, including histiocytic 
neoplasms, were observed in any treated animals. The ani-
mal was individually housed in a suspended stainless-steel 
cage, under barrier conditions of 22 ± 4°C with 50 ± 20% 
relative humidity, 10 times or greater air changes per hour, 
and a 12-hour light-dark cycle. The animal had free access 
to a standard laboratory diet (PMI Certified Rodent Diet® 
#5002) and tap water provided via an automatic water sup-
ply system. The animal was observed twice daily (morn-
ing and afternoon) for clinical signs, mortality, and mori-
bundity. All animal handling procedures were performed 
in accordance with the animal welfare bylaws of a contract 
research organization that is now accredited by AAALAC 
International.

The animal showed no clinical signs until terminal 
necropsy. Necropsy revealed bilateral atrophy of the testes, 
however, there were no gross findings in the epididymis. 
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After gross postmortem examinations, all organs routinely 
assessed in carcinogenicity studies were fixed in 10% neu-
tral-buffered formalin, embedded in paraffin, sectioned at 
4 µm, and stained with hematoxylin and eosin (H&E) for 
histopathological examination. Serial sections of the epi-
didymal lesion were stained with periodic acid-Schiff (PAS) 
reaction with diastase digestion, Masson’s trichrome stain-
ing, and immunohistochemically with antibodies for vimen-
tin (clone: D21H3, dilution 1:200, Cell Signaling Technol-
ogy, Danvers, MA, USA), Iba1 (rabbit polyclonal, dilution 
1:500, Fujifilm Wako, Osaka, Japan), macrophage scavenger 
receptor A (MSR-A: CD204, clone: SRA-E5, dilution 1:200, 
Transgenic Inc., Kobe, Japan), F4/80 (rabbit polyclonal, dilu-
tion 1:500, Proteintech, Rosemont, IL, USA), Mac-2 (clone: 
M3/38, dilution 1:500, Cedarlane, Burlington, NC, USA), 
α-smooth muscle actin (α-SMA, clone: 1A4, dilution 1:100, 
Dako, Glostrup, Denmark), desmin (clone: D33, dilution 
1:100, Dako), CD31 (rabbit polyclonal, dilution 1:50, Abcam, 
Cambridge, UK), platelet-derived growth factor receptor-β 
(PDGFR-β: vascular pericyte marker, clone: C82A3, dilu-
tion 1:200, Cell Signaling Technology), S-100 (rabbit poly-
clonal, dilution 1:1,000, Dako), nestin (Schwann cell marker, 
clone: Rat-401, dilution 1:200, Abcam), calretinin (Leydig 
cell marker, clone: DAK Calret 1, dilution 1:100, Dako), wide 
spectrum cytokeratin (rabbit polyclonal, dilution 1:100, Ab-
cam), and PCNA (clone: PC10, dilution 1:500, Dako) using 
Histofine® Simple Stain mouse MAX-PO (mouse stain kit, 
Nichirei, Tokyo, Japan). Antigen retrieval for immunohisto-
chemical staining was performed using a microwave oven at 
98°C with a HistVT One solution (pH 7.0; Nacalai Tesque, 
Kyoto, Japan) for 10 min. Tissue sections of the normal liver, 
kidney (renal artery), sciatic nerve, small intestine, and tes-
tes from aged mice were concurrently stained immunohis-
tochemically as positive controls of macrophages (Kupffer 
cells), blood vessels, Schwann cells, proliferating cells, and 
Leydig cells, respectively.

Histologically, a neoplastic lesion was observed in the 
cauda of the epididymis, which was well demarcated from 
the surrounding tissues, replacing the normal epididymal tis-
sue (Fig. 1A). The lesion mainly consisted of spindle-shaped 
tumor cells with abundant eosinophilic or foamy cytoplasm, 
indistinct cell boundaries, and oval to elongated nuclei. 
The tumor cells, resembling fibroblasts, were arranged in 
a fascicular pattern, interlacing bundles, or a whorl pattern 
(Fig. 1B). The nuclei of the tumor cells had delicate chro-
matin and distinct nucleoli, and showed mild atypia with ir-
regular shapes and variations in size (Fig. 1C), whereas few 
mitotic figures or erythrophagocytosis (Fig. 1C, inset) in fo-
cal hemorrhages, and no typical multinucleated giant cells 
were observed. The epididymal ducts remained within the 
neoplastic lesion, and the tumor cells invaded between the 
epithelium and the smooth muscle layer of the epididymal 
duct (Fig. 1D). Mild neutrophil or lymphocytic infiltration 
was sporadically observed. Histopathological examination 
of the other organs showed no proliferative lesions, except 
in the epididymis.

The tumor cells had diastase-resistant PAS-positive 

granules in their cytoplasm (Fig. 2A). Masson’s trichrome 
staining revealed no obvious proliferation of collagenous 
fibers. Immunohistochemically, the tumor cells were posi-
tive for vimentin (Fig. 2B) and the macrophage markers 
Iba1 (Fig. 2C), CD204, F4/80, and Mac-2 (Fig. 2D) but were 
negative for cytokeratin (Fig. 2E) and other cell markers, 
such as α-SMA (Fig. 1E), desmin, S-100, nestin (Schwann 
cell marker) (Fig. 2F), CD31, PDGFR-β (vascular pericyte 
marker) (Fig. 2G), or calretinin (Leydig cell marker). PC-
NA-positive tumor cells were sporadically observed in the 
lesion (PCNA labeling index, 17.2%; 5 high-power fields) 
(Fig. 2H).

Based on the results of the histopathological examina-
tions described above, the proliferative lesion of the epidid-
ymis in the present case was a histiocytic neoplasm. The 
tumor cells had malignant properties because they invaded 
beyond the smooth muscle layer into the epithelial side of 
the normal epididymal ducts and showed mild nuclear atyp-
ia. Furthermore, the proliferative activity of the tumor cells 
was confirmed by PCNA staining. Therefore, the tumor 
was diagnosed as a histiocytic sarcoma originating from 
the epididymis. The histological findings of the present case 
were mostly consistent with the diagnostic features of epi-
didymal histiocytic sarcomas in mice in the International 
Harmonization of Nomenclature and Diagnostic Criteria 
(INHAND)4: (i) pleomorphic cells ranging from round to 
fusiform in shape comprising the tumor; (ii) multinucle-
ated giant cells may be present; (iii) eosinophilic foamy 
cytoplasm with PAS-positive granules; (iv) erythrophago-
cytosis with the presence of pigments such as hemosiderin; 
(v) pleomorphic nuclei displaying sharp cleavage and fre-
quent mitotic figures; and (vi) invasion of epididymal tis-
sues and systemic growth, primarily in the liver. However, 
multinucleated giant cells and systemic growth were absent, 
and mitotic figures were rarely observed in the present case. 
Itagaki et al. reported that multinucleated giant cells were 
not observed in epididymal histiogenic tumors, and that 
there was no systemic growth in organs other than the epi-
didymis6. The incidence of histiocytic sarcomas originat-
ing from the epididymis in mice is generally very low, and 
only a few cases have been reported in B6C3F1 mice (eight 
animals out of 1,970 animals; 0.40%) and CD-1 mice (one 
animal out of 1,189 animals; 0.08%)9. In addition, histiocytic 
sarcomas in mice are difficult to diagnose because of their 
variable cellular morphologies, growth patterns, and organ 
distributions10. Therefore, epididymal histiocytic neoplasms 
can be misdiagnosed as malignant Schwannoma, undiffer-
entiated sarcoma, or Leydig cell tumor3, 8.

Histiocytic sarcomas originating from the epididymis 
should be differentiated from these tumors. In the present 
case, the tumor was composed of spindle-shaped cells re-
sembling those of tumors derived from Schwann cells. How-
ever, the tumor cell morphology and cellular arrangement in 
the present case differed from those of malignant Schwan-
nomas, which typically form nuclear palisades and Verocay 
bodies with adjacent palisades and intervening cytoplasm. 
In addition, the tumor cells showed negative immunoreac-
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tivity for S-100 and nestin. In undifferentiated sarcomas, the 
tumor morphology shows highly pleomorphic patterns with 
bizarre spindle-shaped cells and giant cells. However, the 
present case showed mild nuclear atypia, few mitotic fig-
ures, and no multinucleated giant cells, therefore, the pres-
ent case was different from an undifferentiated sarcoma. In 
Leydig cell adenoma and carcinoma in mice, the tumor cells 
are round or polygonal in shape with eosinophilic or vacu-
olated cytoplasm and poorly differentiated basophilic cells, 
respectively4, 11. However, the tumor in the present case was 
mainly composed of spindle-shaped cells with abundant eo-
sinophilic cytoplasm, showing no invasion into the capsule 
or adjacent tissues, and the tumor cells showed negative im-
munoreactivity for calretinin. Other differential diagnoses 
included granulomatous inflammation (sperm granuloma), 
leiomyosarcoma, and hemangiopericytoma (perivascular 

wall tumor). The chronic response to the escape of sperm 
into epididymal interstitial tissues can mimic neoplasia, 
but organization with a central area of sperm surrounded 
by a granulomatous capsule composed of epithelioid giant 
cells and mixed inflammatory cell infiltration differentiates 
granulomatous inflammation from the present case4, 12. The 
present case resembled tumors derived from smooth muscle 
cells as well as Schwann cells. However, the shape of the nu-
clei in the tumor cells in the present case differed from that 
of leiomyosarcomas, which typically exhibit blunt-ended 
or cigar-shaped nuclei. In addition, the tumor cells showed 
negative immunoreactivity for α-SMA and desmin. In peri-
vascular wall tumors, particularly in dogs, spindle-shaped 
tumor cells are characterized by a perivascular concentric 
arrangement13, 14. However, the present case did not show 
a perivascular concentric arrangement, although the tumor 

Fig. 1.	 Histopathological findings of the tumor in the cauda of the epididymis. (A) Low-power magnification of the tumor in the cauda of the 
epididymis. The tumor is well demarcated from the surrounding tissues and replaced normal epididymal tissue. H&E. Bar=500 µm. (B) 
Middle-power magnification of the tumor. The tumor mainly consists of fibroblast-like spindle-shaped cells with abundant eosinophilic 
or foamy cytoplasm. These tumor cells are arranged in a fascicular pattern, interlacing bundles, or a whorl pattern. H&E. Bar=100 µm. 
(C) High-power magnification of the tumor. The nuclei of the tumor cells have delicate chromatin and distinct nucleoli and show mild 
atypia with irregular shapes and varied sizes. H&E. Bar=20 µm. Inset: erythrophagocytosis (arrows) is rarely observed. Bar=5 µm. (D) 
High-power magnification of the tumor. The tumor cells invade (asterisks) between the epithelium (Ep) and the smooth muscle layer 
(SM) of the epididymal duct. Bar=20 µm. (E) Immunohistochemical staining for α-smooth muscle actin (α-SMA). Note the invasive 
growth of tumor cells (asterisks) between the epithelium (Ep) and the smooth muscle layer (SM; α-SMA-positive) of the epididymal duct. 
The tumor cells are negative for α-SMA. Bar=20 µm.
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cells were arranged in a whorl pattern. Hemangiopericy-
tomas are extremely rare in rodents, and there have been 
no reports of primary epididymal tumors. In addition, the 
tumor cells in the present case showed negative immunore-
activity for PDGFR-β15. Considering the differential diagno-
ses, the present case was a histiocytic sarcoma.

To our knowledge, there are no case reports of his-
tiocytic sarcoma of the epididymis at a single site in aged 
mice with detailed immunohistochemical staining results. 
In the present case, it was difficult to diagnose histiocytic 
sarcoma of the epididymis using only H&E staining, there-
fore, four histiocyte markers, F4/80 and Mac-2, which are 
recommended by INHAND, and Iba1 and CD204, which 
are common histiocyte markers for immunohistochemical 

staining, were used for definitive diagnosis of the histiocyt-
ic sarcoma. The present report provides useful information 
and additional histopathological evidence for spontaneous 
histiocytic sarcomas originating from the epididymis of 
aged mice.
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Fig. 2.	 Special staining and immunohistochemical staining of the tumor. (A) Periodic acid-Schiff (PAS) reaction with diastase digestion. The 
tumor cells have PAS-positive granules (arrows) in the cytoplasm, which are diastase-resistant. Bar=20 µm. (B) Immunohistochemical 
staining for vimentin. The tumor cells are diffusely positive for vimentin. ED: epididymal duct, Bar=50 µm. (C) Immunohistochemical 
staining for Iba1. The tumor cells are diffusely positive for Iba1. ED: epididymal duct, Bar=50 µm. (D) Immunohistochemical staining 
for Mac-2. The tumor cells are diffusely positive for Mac-2. ED: epididymal duct, Bar=50 µm. (E) Immunohistochemical staining for 
cytokeratin. The tumor cells are negative for cytokeratin. The epithelium (Ep) of the epididymal duct (ED) shows immunopositivity 
for cytokeratin. Bar=50 µm. (F) Immunohistochemical staining for nestin. The tumor cells are negative for nestin. Bar=50 µm. Inset: 
Schwann cells of the sciatic nerve showing immunopositivity for nestin. Bar=10 µm. (G) Immunohistochemical staining for platelet-de-
rived growth factor receptor-β (PDGFR-β). The tumor cells are negative for PDGFR-β. Bar=50 µm. Inset: vascular pericytes (arrows) of 
the renal artery showing immunopositivity for PDGFR-β. Bar=20 µm. (H) Immunohistochemical staining for proliferating cell nuclear 
antigen (PCNA). PCNA-positive tumor cells are sporadically observed in the tumor including in the invasive growth area (asterisks). In 
contrast, the epithelium (arrows) and the smooth muscle layer (SM) of the epididymal duct (ED) are negative for PCNA. Bar=50 µm.



Shimazaki, Yasui, Anagawa-Nakamura et al. 137

References

	 1.	 Bradley A, Mukaratirwa S, and Petersen-Jones M. Inci-
dences and range of spontaneous findings in the lymphoid 
and haemopoietic system of control Charles River CD-1 
mice (Crl: CD-1(ICR) BR) used in chronic toxicity studies. 
Toxicol Pathol. 40: 375–381. 2012. [Medline]  [CrossRef]

	 2.	 Willard-Mack CL, Elmore SA, Hall WC, Harleman J, Kuper 
CF, Losco P, Rehg JE, Rühl-Fehlert C, Ward JM, Weinstock 
D, Bradley A, Hosokawa S, Pearse G, Mahler BW, Herbert 
RA, and Keenan CM. Nonproliferative and proliferative le-
sions of the rat and mouse hematolymphoid system. Toxicol 
Pathol. 47: 665–783. 2019. [Medline]  [CrossRef]

	 3.	 Frith CH. Histiocytic sarcoma, mouse. In: Monographs on 
Pathology of Laboratory Animals: Hemopoietic System. 
TC Jones, JM Ward, U Mohr, and RD Hunt (eds). Springer-
Verlag, Berlin, Heidelberg. 58–65. 1990.

	 4.	 Creasy D, Bube A, de Rijk E, Kandori H, Kuwahara M, 
Masson R, Nolte T, Reams R, Regan K, Rehm S, Rogerson 
P, and Whitney K. Proliferative and nonproliferative lesions 
of the rat and mouse male reproductive system. Toxicol 
Pathol. 40(Suppl): 40S–121S. 2012. [Medline]  [CrossRef]

	 5.	 Baldrick P, and Reeve L. Carcinogenicity evaluation: 
comparison of tumor data from dual control groups in the 
CD-1 mouse. Toxicol Pathol. 35: 562–569. 2007. [Medline]  
[CrossRef]

	 6.	 Itagaki I, Tanaka M, and Shinomiya K. Spontaneous histo-
genic tumors of epididymis observed in B6C3F1 mice. J Vet 
Med Sci. 55: 241–246. 1993. [Medline]  [CrossRef]

	 7.	 Shiga A. Primary histiocytic sarcoma of the epididymis in 
B6C3F1 mouse. J Toxicol Pathol. 7: 95–102. 1994.  [Cross-
Ref]

	 8.	 Yano BL, Hardisty JF, Seely JC, Butterworth BE, McCon-
nell EE, Swenberg JA, Williams GM, Stebbins KE, Goll-
lapudi BB, and Eisenbrandt DL. Nitrapyrin: a scientific 

advisory group review of the mode of action and carcino-
genicity in B6C3F1 mice. Regul Toxicol Pharmacol. 51: 
53–65. 2008. [Medline]  [CrossRef]

	 9.	 Iwata H, Maekawa A, Tsuchitani M, and Harada T. Inci-
dence of spontaneous tumors in control mice. In: New 
Toxicologic Histopathology (in Japanese). Japanese Society 
of Toxicologic Pathology (ed). Nishimura-shoten, Tokyo. 
2017.

	 10.	 Janke LJ, and Rehg JE. The many faces of mouse histio-
cytic sarcoma in C57BL/6J mice. Vet Pathol. 60: 443–460. 
2023. [Medline]  [CrossRef]

	 11.	 Rehm S, Harleman JH, Cary M, Creasy D, Ettlin RA, Eu-
stis SL, Foley GL, LeNet JL, Maekawa A, Mitsumori K, 
McConnell RF, and Reznik G. Male genital system. In: In-
ternational Classification of Rodent Tumors The Mouse. U 
Mohr, P Greaves, N Ito, CC Capen, JF Hardisty, PH Long, 
DL Dungworth, Y Hayashi, and G Krinke (eds). Springer-
Verlag, Berlin, Heidelberg. 163–210. 2001.

	 12.	 Radovsky A, Mitsumori K, and Chapin RE. Male reproduc-
tive tract. In: Pathology of the Mouse. RR Maronpot (ed). 
Cache River Press, Vienna. 381–407. 1999.

	 13.	 Mauldin EA, and Kennedy JP. Chapter 6: Integumentary 
system. In: Jubb, Kennedy and Palmer’s Pathology of Do-
mestic Animals Volume 1, 6th ed. MG Maxie (ed). Elsevier, 
St. Louis. 509–736. 2015.

	 14.	 Avallone G, Helmbold P, Caniatti M, Stefanello D, Nayak 
RC, and Roccabianca P. The spectrum of canine cutaneous 
perivascular wall tumors: morphologic, phenotypic and 
clinical characterization. Vet Pathol. 44: 607–620. 2007. 
[Medline]  [CrossRef]

	 15.	 Du H, Dreier JR, Zarei M, Wu CL, Bronson RW, and Kwi-
atkowski DJ. A novel mouse model of hemangiopericytoma 
due to loss of Tsc2. Hum Mol Genet. 27: 4169–4175. 2018. 
[Medline]

http://www.ncbi.nlm.nih.gov/pubmed/22155928?dopt=Abstract
http://dx.doi.org/10.1177/0192623311428479
http://www.ncbi.nlm.nih.gov/pubmed/31526133?dopt=Abstract
http://dx.doi.org/10.1177/0192623319867053
http://www.ncbi.nlm.nih.gov/pubmed/22949412?dopt=Abstract
http://dx.doi.org/10.1177/0192623312454337
http://www.ncbi.nlm.nih.gov/pubmed/17562489?dopt=Abstract
http://dx.doi.org/10.1080/01926230701347330
http://www.ncbi.nlm.nih.gov/pubmed/8513004?dopt=Abstract
http://dx.doi.org/10.1292/jvms.55.241
http://dx.doi.org/10.1293/tox.7.95
http://dx.doi.org/10.1293/tox.7.95
http://www.ncbi.nlm.nih.gov/pubmed/18367300?dopt=Abstract
http://dx.doi.org/10.1016/j.yrtph.2008.02.001
http://www.ncbi.nlm.nih.gov/pubmed/37132518?dopt=Abstract
http://dx.doi.org/10.1177/03009858231166658
http://www.ncbi.nlm.nih.gov/pubmed/17846233?dopt=Abstract
http://dx.doi.org/10.1354/vp.44-5-607
http://www.ncbi.nlm.nih.gov/pubmed/30124871?dopt=Abstract

