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Variations in Histiocytic Differentiation
of Cell Lines From Canine Cerebral
and Articular Histiocytic Sarcomas

A. Thongtharb1, K. Uchida1, J. K. Chambers1, and H. Nakayama1

Abstract
Two newly established canine histiocytic sarcoma (HS) cell lines, designated as PWC-HS01 and FCR-HS02, were obtained from
brain and articular tumors, respectively. These 2 HS cell lines had phagocytic ability and modal chromosome aberrations.
Although morphologic features of both HS cells were similar, immunocytochemical examinations revealed that the PWC-HS01
cell line expressed both dendritic cell (ie, S100, CD208, CD1, and CD4) and macrophage (ie, CD68, CD163, and CD204)
markers. In contrast, the FCR-HS02 cell line was immunonegative for CD204 and CD68 but consistently positive for the dendritic
cell markers. Moreover, reverse transcription polymerase chain reaction analyses confirmed histiocytic differentiation of both HS
cell lines. These results suggest that HS from the central nervous system may have a tendency to be more undifferentiated
compared with cases from other organs. In addition, the 2 newly established HS cell lines were also tumorigenic and metastatic in
immunodeficient mice, supporting that these cell lines can be used as new tumor models for investigating canine histiocytic
diseases.
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Histiocytic sarcoma (HS), a form of histiocytic proliferative

disorder (HPD), is a life-threatening, aggressive malignant

tumor derived from histiocytes. Histiocytes can be classified

into dendritic cells (DCs) and macrophages, and they play

important roles in antigen presentation and phagocytosis,

respectively, in the mononuclear phagocyte system. Unlike in

humans, HSs in dogs have either a DC or macrophage origin,

based on the findings of immunohistochemical studies of the

neoplasms.2,9 However, the majority of HS cases in dogs have

DC differentiation, whereas macrophage differentiation is

rarely illustrated. In the veterinary literature, primary HS in the

central nervous system (CNS) is uncommon and can be classi-

fied into localized and disseminated forms similar to those in

other organs. In the CNS, the localized form is more common

in canine HS.6,15,27,29,35

Tumor cell lines isolated from both human and animal

sources have been widely used for many purposes including

cancer and toxicologic research and novel antitumor drug

development. To date, a few studies have demonstrated the

establishment of canine HS cell lines isolated from the bone

marrow, skin masses, and synovial masses.3,25,31 To our knowl-

edge, the morphologic characteristics as well as biological

properties of canine HS cell line isolated from the CNS have

not been described. Therefore, in the present study, an HS cell

line (PWC-HS01) obtained from a brain tumor is compared with

another new HS cell line (FCR-HS02) from an articular tumor.

Cellular morphologic and immunocytochemical characteristics

as well as molecular and biological behaviors of the cell lines are

elucidated. The tumor xenotransplantation and metastasis assay,

moreover, are performed using immunodeficient mice to evalu-

ate biological properties of the 2 cell lines.

Materials and Methods

Animals

Tumor samples were obtained from 2 dogs. Dog No. 1 was an

11-year-5-month-old female Pembroke Welsh Corgi with a

history of right hemiplegia and convulsion. Magnetic reso-

nance imaging of the brain revealed a solitary multilobulated

mass located in the left frontal lobe (Supplemental Fig. 1). No

1Department of Veterinary Pathology, Graduate School of Agricultural and Life

Sciences, The University of Tokyo, Bunkyo-ku, Tokyo, Japan

Supplemental material for this article is available on the Veterinary Pathology

website at http://journals.sagepub.com/doi/suppl/10.1177/0300985817690211.

Corresponding Author:

K. Uchida, Department of Veterinary Pathology, Graduate School of Agricul-

tural and Life Sciences, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku,

Tokyo 113-8657, Japan.

Email: auchidak@mail.ecc.u-tokyo.ac.jp

Veterinary Pathology
1-10
ª The Author(s) 2017
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0300985817690211
journals.sagepub.com/home/vet

http://journals.sagepub.com/doi/suppl/10.1177/0300985817690211
http://www.sagepub.com/journalsPermissions.nav
https://doi.org/10.1177/0300985817690211
http://journals.sagepub.com/home/vet


evidence of distant metastases was observed. Brain surgery

requested by the owner was performed. Dog No. 2 was an

8-year-6-month-old male Flat-Coated Retriever suffering from

right forelimb stiffness and non–weight bearing. A computed

tomography scan revealed a mass located around the articular

area of the right shoulder joint and proximal part of the

humerus (Supplemental Fig. 2). Limb amputation as well as

lymphadenectomy of the regional lymph nodes were per-

formed. It is unfortunate that no follow-up data were available.

Cell Cultivation

Fresh tumor samples were finely minced and washed twice with

sterile phosphate buffered saline (PBS; pH 7.4) containing 1%
penicillin-streptomycin. The samples were then suspended in

Dulbecco’s modified eagle medium (DMEM; Gibco™; Invitro-

gen, Tokyo, Japan) containing 0.25% crude trypsin and incubated

at 4�C for 16 to 18 hours. After centrifugation, the pellets were

resuspended in new DMEM supplemented with 10% heat-

inactivated fetal bovine serum (FBS; GE Healthcare Life

Sciences, South Logan, UT, USA) and 1% penicillin-

streptomycin (Wako Pure Chemical, Osaka, Japan), and filtered

through a cell strainer (70 mm nylon; Falcon, Tokyo, Japan). The

suspended cells were seeded into 100-mm petri dishes (Nunc™
delta surface; Thermo Scientific, Tokyo, Japan) and subsequently

incubated at 37�C in an atmosphere of 5% CO2 and 95% air.

Three months after the initial cultivation, tumor cells were

cloned by a serial dilution method. After cells had grown to

cover a cell culture plate, cloned cells were removed and

seeded into 60-mm petri dishes with DMEM supplemented

with 10% FBS. Media were replaced every 4 days and cell

passages were performed weekly. Population-doubling time

was determined using the procedure described previously.8,25

The newly established canine HS cells from the 30th passage

were used for all in vitro experiments and each study was

repeated at least 5 times to verify the results.

Morphologic Characterization of the Established Canine
HS Cell Lines

PWC-HS01 and FCR-HS02 cells (1 � 104 cells/ml) were

seeded into 2-well chamber slides (Nunc™ Lab-Tek™ II

CC2™ chamber slide system; Thermo Scientific, Rochester,

NY, USA) and incubated at 37�C in an atmosphere of 5%
CO2 and 95% air. One week after cultivation, the cells were

stained with Giemsa.

Immunophenotypic Characterization of the Established
Canine HS Cell Lines

PWC-HS01 and FCR-HS02 cells were inoculated at 1 � 105

cells/ml in 100-mm petri dishes (Thermo Scientific, Tokyo,

Japan) and incubated at 37�C in an atmosphere of 5% CO2 and

95% air. One week after cultivation, these cells were detached

by trypsinization and then centrifuged at 1000 rpm for 6 min-

utes using a cytocentrifuge (StatSpin1 Cytofuge1 2

Cytocentrifuge; Beckman Coulter, Tokyo, Japan), and the

slides with the cells were fixed with 4% paraformaldehyde.

In cases of the detection of intracellular markers, cell mem-

brane permeabilization was then performed by incubating the

cells with 0.25% Triton X-100 prior to a blocking step. After

rinsing with PBS, all slides were treated with 1% bovine serum

albumin in PBS with Tween1 20 (PBST) to block nonspecific

reactions. Primary antibodies listed in Supplemental Table 1

were applied at 4�C overnight. The slides were subsequently

incubated with fluorochrome-labeled secondary antibodies

including fluorescein horse antimouse immunoglobulin G

(IgG), fluorescein goat antirabbit IgG, or fluorescein streptavi-

din (Vector Laboratory, Tokyo, Japan) at room temperature for

1 hour and counterstained with DAPI (Vectashield1; Vector

Laboratory). All slides were observed under a Zeiss LSM 700

laser scanning confocal microscope (Carl Zeiss Meditec,

Tokyo, Japan).

Phagocytosis Assay

PWC-HS01 and FCR-HS02 cells (1 � 105 cells/ml) were

seeded into 2-well chamber slides and incubated at 37�C in

an atmosphere of 5%CO2 and 95% air overnight. The medium

was substituted by serum-free DMEM with zymosan A fluor-

escent BioParticle1 (Invitrogen), and then the cells were incu-

bated at 37�C for 2 hours in an atmosphere of 5% CO2 and 95%
air. Cultured cells were fixed in 4% paraformaldehyde and

counterstained with DAPI. Phagocytosis (tumor cells engulfing

the fluorescent particles) was observed under a Zeiss LSM 700

laser scanning confocal microscope.

Chromosome Analysis

One week after initial seeding (initial cell concentration; 1 �
105 cells/ml) within the 100-mm petri dishes, cultured HS cells

were incubated with colcemid (KaryoMax1; Invitrogen), with

the final concentration of 0.02 mg/ml at 37�C for 2 hours in an

atmosphere of 5% CO2 and 95% air, and subsequently treated

with a prewarmed hypotonic 0.075 M KCl solution. After cen-

trifugation, the pellets including cell lysates were resuspended

in a fixative solution (methanol-acetic acid; 1:1), dropped

down on a slide, and subsequently stained with the Giemsa

solution. Two hundred metaphases were counted under a light

microscope in an oil-immersion field (1000�) to estimate the

modal chromosome numbers.

Western Blot Analysis

Extracted whole cell proteins by RIPA buffer (50 mM Tris-

HCl, 150 mM NaCl, 1% Triton X-100, 0.5% sodium deoxy-

cholate, 0.1% sodium dodecyl sulfate, 5 mM EDTA, 2 mM

Na3VO4, 1 mM phenylmethylsulfonyl fluoride, 10 mM sodium

fluoride, and complete tablets, mini EDTA-free, EASYpack;

Roche Diagnostic, Mannheim, Germany) were used in this

experiment. Twenty mg of protein samples diluted (1:1) with

a loading buffer were electrophoresed on a 15%
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polyacrylamide gel (e-PAGEL1; ATTO Corporation, Tokyo,

Japan) at 600 volts, 20 mA, for 90 minutes. The protein bands

were transferred onto a polyvinylidene fluoride (PVDF) mem-

brane (Immibilon1-P transfer membrane; Millipore Corpora-

tion, Billerica, MA, USA) at 20 volts, 200 mA, for 25 minutes.

A chemiluminescence method (Amersham™ ECL™ prime

Western blotting detection reagent; GE Healthcare, Little Chal-

font, UK) was used for the detection of immunoblotting bands.

Primary antibodies used were anti-CD204 (1:500; TransGenic,

Kobe, Japan) and anti-b-actin (1:2000; Cell Signaling Technol-

ogy, Tokyo, Japan).

Reverse Transcription Polymerase Chain Reaction

Total RNA was extracted from PWC-HS01 and FCR-HS02

cells using an RNA extraction kit (RNeasy Mini Kit; Qiagen,

Tokyo, Japan) according to the manufacturer’s protocol. RNA

concentration was then quantified using a NanoDrop 2000

spectrophotometer (Thermo Scientific, Wilmington, DE, USA)

at a wavelength of 260/280 nm with an absorbance ratio

between 1.8 and 2.0. In the reverse transcription process,

cDNA was synthesized from RNA of each sample using a

reverse transcription polymerase chain reaction (RT-PCR) kit

(Prime Scipt™; Takara Bio, Tokyo, Japan) according to the

manufacturer’s protocol.

RT-PCR amplification for canine CD11b, CD11c, and

CD204 genes was performed. In addition, glyceraldehyde-3-

phosphate dehydrogenase was also used as an internal control.

The primers were constructed using the sequences appearing in

the Primer 3Plus (www.bioinformatics.nl) or a previous

report.33 The sequences are detailed in Supplemental Table 2.

For PCR analysis, DNA polymerase was activated at 95�C for 3

minutes, and cDNA followed by 40 cycles of denaturation at

94�C for 30 seconds, annealing at 52�C or 60�C for 1 minute,

and extension at 72�C for 30 seconds. The PCR products were

mixed with a DNA loading buffer (Excellgen, Rockville, MD,

USA) and then electrophoresed on a 2% agarose gel. To visua-

lize the bands, a molecular imager, GelDoc™ XRþ System

(BIO-RAD, Tokyo, Japan), was used.

Tumorigenicity and Metastasis Assays

Twelve 5-week-old female C.B-17/Icr-scid/scidJcl (SCID) mice

(CLEA Japan, Tokyo, Japan) were randomly divided into 2

groups for PWC-HS01 and FCR-HS02 cell lines, respectively.

The experiments regarding animal utilization were approved by

the Animal Care and Use Committee of the Graduate School of

Agricultural and Life Sciences at The University of Tokyo.

For determining tumorigenicity, 200 ml of cell suspension

(3 � 106 cells/ml) in Hanks’ balanced salt solution (HBSS;

Gibco; Invitrogen) were subcutaneously injected into the lower

flank of the immunodeficient mice. Tumor formation at the

injection site was observed for 2 months. The tumor volume

was evaluated using the following equation: Tumor volume

(mm3) ¼ (Length � Width2) / 2.16 For determining metastatic

properties, 200 ml of cell suspension (5 � 105 cells/ml) in

HBSS were injected into the lateral tail vein of the SCID mice.

Two months after injection, all animals were euthanized with

isoflurane and grossly examined for tumor development

including the presence of distant metastases. Visceral organs

and tumor masses were immediately fixed in a 10% neutral-

buffered formalin solution and subsequently embedded in par-

affin. Immunohistochemistry (IHC) was performed as

described previously.27 Antigen retrieval methods and primary

antibodies used for IHC are listed in Supplemental Table 3.

Results

Histologic Features of the Original Tumors From the
Brain and Shoulder Joint

Both tumors contained numerous round- to polygonal-shaped

cells with eosinophilic cytoplasm and a distinct cell border.

Cytoplasmic vacuolation was occasionally observed. Their

nuclei were round to polygonal with prominent nucleoli, mild

to moderate atypia, and frequent atypical mitoses. Multinu-

cleated giant tumor cells were sparsely present (Figs. 1, 2).

Moderate infiltration of small lymphocytes was interspersed

among the neoplastic cells and necrosis was common. In dog

No. 2, tumor metastasis was present in adjacent lymph nodes.

Morphologic Characteristics of the Established Canine
HS Cell Lines

In both HS cell lines, most cells were round to polygonal with

abundant cytoplasm. Their nuclei were round with prominent

single or multiple nucleoli, frequent atypical mitoses, and mild

to moderate anisocytosis, anisokaryosis, and anisonucleoliosis.

Bizarre binucleated and multinucleated giant cells were occa-

sionally present. PWC-HS01 cells proliferated in monolayer,

whereas FCR-HS02 cells usually formed proliferating clumps

in culture (Figs. 3, 4). The population-doubling time of PWC-

HS01 and FCR-HS02 was approximately 64.8 and 56.5 hours,

respectively (Fig. 5, Table 1). Furthermore, the cells of both

lines had adhesive properties to the cell culture vessel.

Immunocytochemical Characterization of Canine HS
Cell Lines

Immunocytochemical examination revealed that cells of both

cell lines were consistently positive for HLA-DR, Iba-1,

CD163, iNOS, lysozyme, S100, CD208, vimentin, CD34,

CD4, CD1a, CD11b, and CD273. Variable or weak CD54

immunoreaction on the cell membrane was also observed. How-

ever, the cells of both lines were negative for cytokeratin AE1/

AE3. PWC-HS01 cells were positive for CD68 and CD204, but

FCR-HS02 cells were negative (Figs. 6, 7, Table 1).

Phagocytosis and Chromosome Analyses

Both PWC-HS01 and FCR-HS02 cell lines had the capacity to

engulf zymosan A, consistent with a histiocytic origin (Figs. 6, 7,

Thongtharb et al 3
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Table 1). The modal chromosome number of the PWC-HS01

cell line was 63–88 (mode¼ 75, mean¼ 74.7), and that of FCR-

HS02 was 42–49 (mode ¼ 46, mean ¼ 45.4) (Table 1).

Western Blot and RT-PCR Analyses

Extracted proteins from both HS cell lines were examined for

the expression of CD204 by Western blotting. The result

revealed that CD204 (72 kDa) was detected only in PWC-

HS01 cells and not in FCR-HS02 cells (Fig. 8). The expression

of CD11b mRNA was observed in both cell lines. Strong and

moderate expression of CD11c mRNA was observed in PWC-

HS01 and FCR-HS02 cells, respectively. FCR-HS02 cells

showed a low expression of CD204 mRNA (Fig. 9).

Xenotransplantation to Immunodeficient Mice

Subcutaneous masses were observed in all SCID mice injected

with either cell line, 1 month after cell inoculation (Fig. 10,

Supplemental Figs. 3, 4). The masses were dome-shaped and

usually firm. Mild to moderate hemorrhage and necrosis were

observed in the center of the masses. No distant metastases

were detected in any of the mice. Tumors from the 2 cell lines

showed the same histopathologic features. Numerous round- to

polygonal-shaped anaplastic cells were arranged in a sheet with

a solid pattern. Bizarre mononuclear cells were common. The

cells had abundant eosinophilic cytoplasm. Their nuclei were

mainly round to pleomorphic with 1 or multiple prominent

nucleoli. Mitotic figures were frequent (> 100 mitoses/10 high

power fields, 400�). Cytoplasmic vacuolation was notable in

Figures 1–4. Histiocytic sarcoma. Dog. Figure 1. Cerebrum. Original tumor of PWC-HS01. The tumor contains neoplastic histiocytes and a
mixed population of inflammatory cells, particularly small lymphocytes. Tumor cells are round- to polygonal-shaped with eosinophilic cytoplasm.
Some of them contain large vacuoles. Multinucleated giant tumor cells are occasionally observed (inset, arrow). HE, hematoxylin and eosin.
Figure 2. Right shoulder. Original tumor of FCR-HS02. The tumor contains numerous neoplastic histiocytes together with a large amount of
small lymphocytes. Tumor cells are round to polygonal and variably sized. HE. Figure 3. Morphologic appearances of PWC-HS01 cell line. The
cultured cells are round and variably sized. Atypical mitoses are commonly observed (arrowhead). Multinucleated giant cells are occasionally found
(arrow). Giemsa stain. Figure 4. Morphologic appearances of FCR-HS02 cell line. The cultured cells are round or polygonal and often form clumps.
Pseudopodia are commonly seen. Atypical mitoses (arrowhead) and binucleated cells are occasionally found (arrows). Giemsa stain.
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FCR-HS02 cells xenografted into SCID mice. Multinucleated

giant cells in the original tumors were rarely detected in the

xenotransplanted tumors. Moreover, necrosis was common in

the center of the tumor tissues (Figs. 11, 12).

Immunohistochemistry examination revealed that both

tumor cell lines transplanted were consistently positive for

HLA-DR, CD204, CD163, and vimentin. Immunoreactivities

to Iba-1 and lysozyme were variable. None or very few cells

were positive for S100. Furthermore, all the tumor cells were

negative for CD208, unlike the original tumor. The IHC fea-

tures are summarized in Table 2.

Metastasis Assay

Metastatic lesions in the lung, hilar lymph nodes, and abdom-

inal cavity were grossly observed in 2 of 3 mice intravenously

injected with PWC-HS01 cells (Fig. 13). The lesions micro-

scopically appeared also in the diaphragm, sternum, and car-

diac muscle. The other mouse showed microscopic metastasis

to the brain and meninges without any lesions in other organs

(Fig. 14). Immunohistochemically, contrary to the original

tumor, metastatic tumor cells lacked the expression of S100,

whereas immunoreactivities to HLA-DR, lysozyme, and

CD208 were variable. These metastatic tumor cells were con-

sistently positive for Iba-1, CD204, CD163, lysozyme, and

vimentin as were those in the original tumor (Table 2).

On the other hand, lesions in the thoracic cavity as well as

abdominal cavity were commonly observed in all the mice

injected with FCR-HS02 cells. In addition, metastatic masses

in the skin were detected. Histopathologically, tumor cells

invading the lung parenchyma and bone marrow were also

observed in 1 mouse (Figs. 15, 16). Contrary to the original

tumors, all the metastatic tumors lacked expression of S100 and

CD208. The immunoreactivities to HLA-DR and lysozyme

were variable. However, the metastatic tumor cells were

positive for Iba-1, CD204, and CD163 (Table 2, Supplemental

Figs. 5, 6).

Figure 5. Histiocytic sarcoma cell lines (PWC-HS01 and
FCR-HS02). Dog. Growth curves of newly established canine
histiocytic sarcoma cell lines cultured in Dulbecco’s modified eagle
medium supplemented with 10% fetal bovine serum. The population-
doubling times of PWC-HS01 and FCR-HS02 cell lines are 64.8 and
56.5 hours, respectively.

Table 1. Biological and Immunocytochemical Characteristics of HS
Cell Lines.

Parameter

Present Study

CCTa DH82b
CHS-1–
CHS-7c

PWC-
HS01

FCR-
HS02

Adhesive property
to cell culture
vessel

Yes Yes Yes Yes NA

Population-
doubling time, h

64.8 56.5 30 120 19–49

Markers
HLA-DR þ þ NA NA NA
Iba-1 þ þ NA NA NA
CD204 þ – NA NA NA
CD163 þ þ NA NA NA
Lysozyme þ þ þ NA þ
S100 þ þ – NA NA
CD208

(DC-LAMP)
þ þ NA NA NA

CD1a þ þ NA NA NA
CD11b þ þw NA NA NA
CD54 þw þ NA NA NA
CD68 þ – NA NA NA
CD273 þ þ NA NA NA
Myeloid/

histiocyte
antigen

– – NA NA NA

CD34 þ þ NA NA NA
CD4 þ þ NA NA NA
Cytokeratin – – – NA –
Vimentin þ þ þ NA þ

Chromosomal
number

63–88 42–49 113–128 34–82 NA

Phagocytosis Presence Presence Presence Presence Presence
Tumorigenicity Presence Presence Presence NA Presence
Metastasis Presence Presence NA NA NA

Abbreviations: –, negative; þ, positive; CD, cluster of differentiation;
DC-LAMP, dendritic cell lysosome-associated membrane glycoprotein;
HLA-DR, human leukocyte antigen-DR; Iba-1, ionized calcium-binding adapter
molecule-1; NA, not available; w, weakly positive.
aSakai et al.25

bBarnes et al.4
cAzakami et al.3
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Figure 6. Histiocytic sarcoma cell line (PWC-HS01). Dog. The tumor cells consistently express (a) Iba-1, (b) CD204, (c) CD163, (d) CD68, (e)
S100, and (f) CD208. The expression of (g) CD54 is very weak. Immunocytochemistry with DAPI counterstain. Fluorescent particles are
phagocytized by PWC-HS01 cells. (h) Phagocytosis assay. Figure 7. Histiocytic sarcoma cell line (FCR-HS02). Dog. Immunocytochemistry for
(a) Iba-1, (b) CD204, (c) CD163, (d) CD68, (e) S100, (f) CD208, (g) CD54 with DAPI counterstain, and (h) phagocytosis assay. The tumor cells
are negative for (b) CD204 and (d) CD68. Fluorescent particles are phagocytized by FCR-HS02 cells.

Figures 8–9. Histiocytic sarcoma cell lines (PWC-HS01 and FCR-HS02). Dog. Figure 8. Protein expression of CD204 in PWC-HS01 and FCR-
HS02 cell lines by Western blot. b-actin is used as a loading control. The expected CD204 band is detected in PWC-HS01 cell line but not in
FCR-HS02 cell line. Figure 9. The expression of mRNA in PWC-HS01 shows strong expression of CD11c and moderate expression of CD11b
and CD204. However, moderate to weak expression of CD11b, CD11c, and CD204 is seen in FCR-HS02 cells. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) is used as the internal control. Reverse transcription polymerase chain reaction.
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Discussion

Herein, we report successful establishment of new HS cell

lines, PWC-HS01 and FCR-HS02, which were derived from

brain and articular HS tumors, respectively. Morphologic char-

acteristics of these cells were similar to those of normal histio-

cytes and of other canine HS cell lines established previously

(Table 1).1,3,4,12,22,31

The results of immunocytochemical examination revealed

that PWC-HS01 cells were positive for HLA-DR, Iba-1, and

CD204, similar to those of the original tumor, indicating his-

tiocytic differentiation. It is interesting that the cells expressed

both macrophage (CD204, CD163, iNOS, lysozyme, CD68,

and CD11b) and DC (S100, CD1a, CD4, CD54 [weak], and

CD273) markers. The RT-PCR results also showed the expres-

sion of both CD11b (a macrophage marker) and CD11c (a DC

marker) mRNA.7,9,20,21,24,29 These findings indicate that canine

primary CNS HS expresses both macrophage and DC pheno-

types, which is an aberrant phenomenon in other organ sys-

tems.20,27 Moreover, PWC-HS01 cells were intensely positive

for iNOS and CD163, suggesting that primary CNS HS may

have features of both M1 and M2 macrophages.

Contrary to PWC-HS01 cells, FCR-HS02 cells were immu-

nonegative for macrophage markers such as CD204 and CD68

yet consistently positive for DC markers such as S100, CD208,

CD1a, and CD54. These observations may support that

FCR-HS02 cells have a DC phenotype, which is consistent with

the characteristics of HS derived from the extraneural organs

described previously.9,14,17,19,20 However, FCR-HS02 cells

also expressed the lysozyme antigen, a macrophage marker.

This aberrant phenomenon suggests that cell dedifferentiation

has occurred in the cell line, resulting in a variety of molecular

expressions.13,17 The results of Western blotting and RT-PCR

support the immunocytochemical characters of FCR-HS02

cells. Moreover, the expression of CD11b (low intensity) and

CD11c (high intensity) mRNA was also detected. This strongly

supports the DC phenotype of FCR-HS02 cells.11

In addition, both established cell lines were also strongly

immunopositive for CD34, a marker for hematopoietic stem

and progenitor cells.18 This finding supports that these cultured

HS cells can revert to their progenitor cells.

It is interesting that although the 2 cultured HS cells reverted

to the undifferentiated progenitors, high phagocytic capability

was detected. In accordance with the phagocytosis ability,

Golovkina et al10 have illustrated that the presence of high FBS

in cell culture medium leads to low phagocytic activity of

cells. Furthermore, a high cell culture density also affects the

phagocytosis of macrophages.30 A low cell density as well as

serum-free medium used in the present study may stimulate the

phagocytic activity of both PWC-HS1 and FCR-HS02 cells.

In the xenotransplanted mice, all the tumor masses were

confined to the dermis and/or subcutis. Spontaneous metastases

to distant organs were not detected grossly or microscopically.

These findings suggest that a certain surrounding microenvir-

onment is relevant to tumor escape from the primary injected

sites.23,26 To assess the metastatic activity, suspended cells

were intravenously injected into immunodeficient mice.

Microscopic as well as gross metastatic lesions were observed

in the dermis, subcutis, lung, diaphragm, sternum, cardiac mus-

cle, abdominal cavity, bone marrow, and brain. However, other

visceral organs such as the spleen and liver were not affected. It

is interesting that there was only 1 mouse that developed micro-

scopic metastatic lesions in the brain. Detailed mechanisms of

the brain metastasis of PWC-HS01 remain unclear, although

the cell line might have a tissue-tropism. To clarify the

mechanism, further studies are needed. In addition, Tominaga

et al28 and Wilhelm et al32 demonstrated that cultured tumor

cells from the primary tumor in non-CNS organs can bind to

blood–brain barrier endothelial cells and subsequently induce

endothelial cell destruction, resulting in brain metastasis. These

observations support the invasive capacity of the newly estab-

lished canine HS cell lines.

Variable immunoreaction (negative to strongly positive) to

HLA-DR, Iba-1, lysozyme, S100, and CD208 was observed in

both xenotransplanted and metastatic tumor cells, whereas cul-

tured PWC-HS01 and FCR-HS02 cells (prior to injection into

mice) consistently exhibited all the markers used. It is interest-

ing that both established cell lines also expressed CD34, a

hematopoietic stem and progenitor cell marker, whereas those

of the original tumor were negative (data not shown). Despite

that all the HS cells in the original tumors consistently

expressed CD204, those of the FCR-HS02 cell line were

Figure 10. Histiocytic sarcoma. SCID mice. Thirty to 35 days after
tumor inoculation in the mice, masses are grossly observed in all mice.
Tumorigenicity assay.
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negative for CD204. This observation strongly supports that the

original HSs may revert to their progenitors (dedifferentiation)

by cell cultivation.5,34 Moreover, cultured tumor cells may

redifferentiate into another cell phenotype through in vivo

reproliferation, depending on the tumor microenvironment,

resulting in phenotypic alteration.5

Unlike HS cases in extraneural organs, primary cerebral HS

shares both macrophage and DC phenotypes, indicating that

Figures 11–12. Dermis and subcutis. SCID mouse. Figure 11. Xenotransplanted tumor arising from injected PWC-HS01 cells. Tumor cells
are variably sized, round to polygonal with eosinophilic cytoplasm. HE, hematoxylin and eosin. Figure 12. Xenotransplanted tumor arising from
injected FCR-HS02 cells. Tumor cells are arranged in a solid pattern. Tumor cells are round to polygonal with the eosinophilic cytoplasm.
Atypical mitoses are frequently found (arrowheads). HE. Figures 13–14. Metastatic histiocytic sarcoma arising from injected PWC-HS01 cells.
SCID mouse. Figure 13. Lung. Multiple metastatic masses are observed. HE, hematoxylin and eosin. Figure 14. Meninges and brain. Neoplastic
histiocytes are round-shaped and variously sized with occasional mitoses. HE. Figures 15–16. Metastatic histiocytic sarcoma arising from
injected FCR-HS02 cells. SCID mouse. Figure 15. Skin mass. Tumor cells are arranged in a solid pattern. Atypical mitoses are found. Muscle
fiber degeneration (arrowhead) is occasionally seen. HE, hematoxylin and eosin. Figure 16. Hip joint mass. Neoplastic histiocytes invade the
bone marrow (asterisk) of the femur. HE.
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these tumor cells appear to have progenitor-like or stem-like

features. These observations reflect the biological behavior of

primary HS in the CNS, having a tendency to be poorly differ-

entiated compared with HS from the other organ systems.

However, further prospective studies of canine HS in the CNS

are required to confirm these findings.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

References

1. Abraham S, Indrasingh I, Vettivel S, et al. Gross morphology and ultrastructure

of dendritic cells in the normal human decidua. Clin Anat. 2000;13:177–180.

2. Affolter VK, Moore PF. Localized and disseminated histiocytic sarcoma of

dendritic cell origin in dogs. Vet Pathol. 2002;39:74–83.

3. Azakami D, Bonkobara M, Washizu T, et al. Establishment and biological

characterization of canine histiocytic sarcoma cell lines. J Vet Med Sci. 2006;

68(12):1343–1346.

4. Barnes A, Bee A, Bell S, et al. Immunological and inflammatory characterisa-

tion of three canine cell lines: K1, K6 and DH82. Vet Immunol Immunopathol.

2000;75:9–25.

5. Cai S, Fu X, Sheng Z. Dedifferentiation: a new approach in stem cell research.

Bioscience. 2007;57(8):655–662.

6. Chandra AMS, Ginn PE. Primary malignant histiocytosis of the brain in a dog.

J Comp Pathol 1999;121:77–82.

7. Coomer AR, Liptak JM. Canine histiocytic diseases. Compend Contin Educ Vet.

2008;30(4):202–215.

8. Freshney RI. Culture of Animal Cells: A Manual of Basic Technique and Spe-

cialized Applications. 6th ed. Hoboken, NJ: John Wiley & Sons; 2010.

9. Fulmer AK, Mauldin GE. Canine histiocytic neoplasia: an overview. Can Vet J.

2007;48:1041–1050.

10. Golovkina MS, Skachkov IV, Metelev MV, et al. Serum-induced inhibition of

the phagocytic activity of cultured macrophages IC-21. Biochem (Mosc) Suppl

Ser A Membr Cell Biol. 2009;3(4):417–424.

11. Guilliams M, Ginhoux F, Jakubzick C, et al. Dendritic cells, monocytes and

macrophages: a unified nomenclature based on ontogeny. Nat Rev Immunol.

2014;14:571–578.

12. Hayden DW, Waters DJ, Burke BA, et al. Disseminated malignant histiocytosis

in a Golden Retriever: clinicopathologic, ultrastructural, and immunohisto-

chemical findings. Vet Pathol. 1993;30:256–264.

13. Heinrich F, Contioso VB, Stein VM, et al. Passage-dependent morphological

and phenotypical changes of a canine histiocytic sarcoma cell line (DH82 cells).

Vet Immunol Immunopathol. 2015;163(1–2):86–92.

14. Hirako A, Sugiyama A, Sakurai M, et al. Cutaneous histiocytic sarcoma with

E-cadherin expression in a Pembroke Welsh Corgi dog. J Vet Diagn Invest.

2015;27(5):589–595.

15. Ide T, Uchida K, Kagawa Y, et al. Pathological and immunohistochemical

features of subdural histiocytic sarcomas in 15 dogs. J Vet Diagn Invest.

2011;23:127–132.

16. Jensen MM, Jørgensen JT, Binderup T, et al. Tumor volume in subcutaneous

mouse xenografts measured by microCT is more accurate and reproducible than

determined by 18F-FDG-microPET or external caliper. BMC Med Imaging.

2008;8:16. doi:10.1186/1471-2342-1188-1116.

17. Kato Y, Murakami M, Hoshino Y, et al. The class A macrophage scavenger

receptor CD204 is a useful immunohistochemical marker of canine histiocytic

sarcoma. J Comp Pathol. 2013;148:188–196.

18. Krause DS, Ito T, Fackler MJ, et al. Characterization of murine CD34, a marker

for hematopoietic progenitor and stem cells. Blood. 1994;84(3):691–701.

19. Mariani CL, Jennings MK, Olby NJ, et al. Histiocytic sarcoma with central

nervous system involvement in dogs: 19 cases (2006-2012). J Vet Intern Med.

2015;29:607–613.

20. Moore PF. A review of histiocytic diseases of dogs and cats. Vet Pathol. 2014;

51:167–184.

21. Moore PF, Affolter VK, Vernau W. Canine hemophagocytic histiocytic sarcoma:

a proliferative disorder of CD11dþ macrophages. Vet Pathol. 2006;43:632–645.

22. Perrotta I, Carito V, Russo E, et al. Macrophage autophagy and oxidative stress:

an ultrastructural and immunoelectron microscopical study. Oxid Med Cell

Longev. 2011;2011:1–8.

23. Quail DF, Joyce JA. Microenvironmental regulation of tumor progression and

metastasis. Nat Med. 2013;19(11):1423–1437.

24. Rossi S, Gelain ME, Comazzi S. Disseminated histiocytic sarcoma with per-

ipheral blood involvement in a Bernese Mountain Dog. Vet Clin Pathol. 2009;

38(1):126–130.

25. Sakai H, Nakano H, Yamaguchi R, et al. Establishment of a new canine cell line

(CCT) originated from malignant histiocytosis. J Vet Med Sci. 2003;65(6):

731–735.

26. Spano D, Zollo M. Tumor microenvironment: a main actor in the metastasis

process. Clin Exp Metastasis. 2012;29(4):381–395.

27. Thongtharb A, Uchida K, Chambers JK, et al. Histological and immunohisto-

chemical studies on primary intracranial canine histiocytic sarcomas. J Vet Med

Sci. 2016;78(4):593–599.

28. Tominaga N, Kosaka N, Ono M, et al. Brain metastatic cancer cells release

microRNA-181c-containing extracellular vesicles capable of destructing

blood–brain barrier. Nat Commun. 2015;6:6716: doi:10.1038/ncomms7716.

29. Tzipory L, Vernau KM, Sturges BK, et al. Antemortem diagnosis of localized

central nervous system histiocytic sarcoma in 2 dogs. J Vet Intern Med. 2009;

23:369–374.

Table 2. Comparison of Immunohistochemical Features of Primary, Xenotransplanted, and Metastatic Tumors.a

Sample

IHC Marker

HLA-DR Iba-1 CD204 CD163 LZ S100 CD208 MAC387 CD3 CD20 l k CK Vimentin

Original tumor PWC-HS01 þ þ þ þ þ þ þ – – – – – – þ
FCR-HS02 þ þ þ þ þ þ þ – – – – – – þ

Xenotransplanted
tumor

PWC-HS01 þ þ þ þ þ – to þ – – – – – – – þ
FCR-HS02 þ þ þw þ – to þw – – – – – – – – þ

Metastatic tumor PWC-HS01 þf þ þ þ – to þw – – to þw – – – – – – þ
FCR-HS02 þf þf þw þ – to þw – – – – – – – – þ

Abbreviations: CD, cluster of differentiation; CK, cytokeratin AE1/AE3; HLA-DR, human leukocyte antigen-DR; Iba-1, ionized calcium-binding adapter molecule-1;
k, kappa light chain; l, lambda light chain; LZ, lysozyme.
aImmunohistochemical scoring: –, negative; þ, positive; f, focal; w, weak.

Thongtharb et al 9



30. Vishniakova KS, Kireev II, Dunina-Barkovskaya AY. Effects of cell culture

density on phagocytosis parameters in IC-21 macrophages. Biochem (Mosc)

Suppl Ser A Membr Cell Biol. 2011;5(4):355–363.

31. Wellman ML, Krakowka S, Jacobs RM, et al. A macrophage-monocyte cell line

from a dog with malignant histiocytosis. In Vitro Cell Dev Biol. 1988;24(3):

223–229.

32. Wilhelm I, Molnár J, Fazakas C, et al. Role of the blood-brain barrier in the

formation of brain metastases. Int J Mol Sci. 2013;14:1383–1411.

33. Yamazaki H, Takagi S, Oh N, et al. Comparative analysis of mRNA expression

of surface antigens between histiocytic and nonhistiocytic sarcoma in dogs.

J Vet Intern Med. 2014;28(1):204–210.

34. Zhang Y, Li TS, Lee ST, et al. Dedifferentiation and proliferation of mammalian

cardiomyocytes. PLoS One. 2010;5(9):e12559.

35. Zimmerman K, Almy F, Carter L, et al. Cerebrospinal fluid from a

10-year-old dog with a single seizure episode. Vet Clin Pathol. 2006;

35(1):127–131.

10 Veterinary Pathology



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


