
Summary. The original tumor, 4 cm in diameter, was
found in the left testis of a 2-month old SD rat. The
tumor consisted of well-differentiated, mature tissues
such as bone, cartilage, adipose tissue, smooth and
skeletal muscles, skin, hair, glands (salivary, sebaceous,
apocrine and pancreatic exocrine glands) and trachea, as
well as nerve tissues. The tumor was diagnosed as a
mature type of teratoma, a rare in rat testis. Cloned cell
lines (named TSD-B4S and TSD-F9R) were established
from the tumor; cellular properties of these cell lines
were similar to each other; basically, their cultured cells
exhibited vimentin-positive mesenchymal nature with
occasional cells reacting to α-smooth muscle actin, glial
fibrillary acidic protein and CD163 (a macrophage
marker). The cell lines showed tumorigenicity when
inoculated into nude mice, being composed of immature
mesenchymal cells arranged mainly in a sheet. In TSD-
B4S cells treated with differentiation factors, we
demonstrated mesenchymal differentiations towards
adipogenic, osteogenic and myofibrogenic cells. The cell
line (TSD-B4S) would become a useful tool for studies
on stem cell differentiation, because the teratoma arises
from primordial germ cells like embryonic stem cells. 
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Introduction

Teratoma is a tumor derived from the primordial
germ cells which have ontogenetic potential to
differentiate into three different germ layers, such as the
ectoderm, endoderm and mesoderm (Bujons et al., 2011;
Chiang et al., 2011; Jamadagni et al., 2011; Cukurova et
al., 2012). Therefore, the teratoma consists of
components of neoplastic cells which resemble normal
derivatives of all three germ layers; particularly, tissues
resembling skin, hair, bone, brain, muscle, and glands
are often found as well-differentiated derivatives
(Morinaga et al., 1994; Nagashima et al., 2000;
Cukurova et al., 2012). Therefore, the teratoma is
histologically mature, and considered to be
oncologically benign (Nagashima et al., 2000;
Hisamatsu et al., 2010; von-Walter and Nelken, 2012).
On the contrary, some cases of teratomas may harbor
malignant components, and have the potential to exhibit
an aggressive biological behaviour (Morinaga et al.,
1994; Chiang et al., 2011). The former is diagnosed as
mature teratoma, whereas the latter is regarded as
malignant teratoma. In humans, the majority of
teratomas are found in childhood and adulthood, and
considered congenital (Hisamatsu et al., 2010; Chiang et
al., 2011). The gonad is the most common organ for
teratomas, because the ovary and testis produce eggs and
sperms differentiated from oocytes and spermatocytes,
respectively (Hisamatsu et al., 2010; Bujons et al., 2011;
Chiang et al., 2011; Jamadagni et al., 2011). In addition,
in humans, it has been reported that squamous cell
carcinoma and adenocarcinoma arise from some parts of
teratomas, of which cases may be diagnosed as
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teratocarcinomas (Morinaga et al., 1994; Chiang et al.,
2011), suggesting the malignant potential of the
epithelial elements in teratomas. 

In contrast to the ovary in females, the occurrence of
testicular teratoma seems to be extremely rare in
laboratory rats and mice (Tokar et al., 2010; Bujons et
al., 2011; Jamadagni et al., 2011). We encountered a
teratoma arising in the testis of a juvenial SD rat which
had been kept in the laboratory of theriogenology of our
university. In the present study, we investigated
histopathological and enzyme/immunohistochemical
characteristics of the tumor, and attempted to establish
cell lines in vitro from the tumor, because the
pluripotential of the tumor remains to be clarified (Han
et al., 2011). 
Materials and methods

The original tumor and animals

The original tumor was found in the left testis of a 2-
month old male SD rat; the affected rat clinically showed
abdominal swelling, and was euthanized with ether
inhalation. 

To investigate the tumorigenicity of cultured cell
lines, four male BALB/cAnNCrj-nu/nu mice (5-week-
old; Charles River Japan, Shiga, Japan) were used. The
mice received an intraperitoneal injection of the
established cultured cells as mentioned below. The
animals were fed with a standard diet for mice (MF;
Oriental Yeast Co. Ltd., Tokyo, Japan) and provided
with tap water ad libitum. The experiment was in
compliance with institutional guidelines for animal care.
All animals used in this study were humanely killed
under ether anesthesia.
Histopathology and immunohistochemsitry

Samples from the original tumor and tumors
developed in nude mice which were injected with

cultured cell lines were fixed in 10% neutral buffered
formalin or in Zamboni’s solution (0.21% picric acid and
2% paraformaldehyde in 130 mM phosphate buffer, pH
7.4) (Yamate et al., 2007a,c). The fixed tissues were
embedded in paraffin wax and sectioned at 3-5 μm in
thickness. For histopathological examination, formalin-
fixed, dewaxed tissue sections were stained with
hematoxylin and eosin (HE) and by the azan-Mallory
stain for collagens, periodic acid Schiff (PAS) reaction,
Watanabe’s silver impregnation stain, alcian blue stain
(pH 2.5), and phosphotungustic acid hematoxylin
(PTAH) methods. 

The immunohistochemical analyses were performed
using the avidin-biotin complex method (ABC method:
LSAB kit, Dako Corp., Carpinteria, Calif. USA) with the
primary antibodies listed in Table 1. Formalin-fixed,
dewaxed sections were used for cytokeratin, vimentin,
desmin, CD68, α-smooth muscle actin (α-SMA), glial
fibrillary acidic protein (GFAP), and S-100 protein, and
Zamboni’s solution-fixed, dewaxed sections for CD163
and rat major histocompatibility complex (MHC) class
II. The immunohistochemical methods were described
previously (Yamate et al., 2007a,c; Mori et al., 2009).
Briefly, sections were pre-treated as described in Table
1, and then incubated with 3% H2O2 for 10 min to
quench endogenous peroxidase. The sections were
incubated with 5% non-fat milk for 15-30 min, and
incubated with each primary antibody for 14 h at 4℃. A
1 h-incubation with biotinylated goat anti-mouse
antibody for monoclonal antibody or with goat anti-
rabbit antibody for polyclonal antibody followed. Final
incubation was carried out for 1 h with an avidin-
horseradish peroxidase complex (VectaStain ABC kit,
Vector Lab., Burlingame, CA, UAS), and positive
reactions were visualized with 3,3’-diaminobenzidine
(DAB). Sections were counterstained lightly with
hematoxylin. Non-immunized mouse or rabbit serum in
place of the primary antibody served as negative
controls, and appropriate tissues were used as positive
controls (Table 1). 
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Table 1. Primary antibodies used in vivo and in vitro observations for the immunohistochemistry.

Antibody Dilution Pretreatment Positive control Source

CD68 1:500 0.1% tripsin Spleen macrophages Chemicon International Inc., Temecula, CA, USA
CD163 1:500 0.1% tripsin Kupffer cells Serotec, Oxford, UK
MHC II 1:500 0.1% tripsin Spleen dendritic cells Serotec, Oxford, UK
Cytokeratin prediluted Microwave Epidermis Dako Corp., Glostrub, Denmark
Vimentin 1:200 Microwave Mesenchymal cells Dako Corp., Glostrub, Denmark
Desmin prediluted Microwave Vascular smooth muscles Dako Corp., Glostrub, Denmark
a-SMA 1:100 0.1% tripsin Vascular smooth muscles Dako Corp, Glostrub, Denmark
GFAP* 1:1000 0.1% trypsin Peripheral nerve/Brain tissue Dako Corp, Glostrub, Denmark
NF-L* 1:500 0.1% Trypsin Peripheral nerve Serotec, Oxford, UK
S-100 protein* 1:500 0.1 % tripsin Brain tissue Dako Corp, Glostrub, Denmark

MHC class II; major histocompatibility complex class II, a-SMA; a-smooth muscle actin. GFAP; glial fibrillary acidic protein, NF-L; neurofilament-light
molecule. *, polyclonal antibody, and the remainder are monoclonal.



Establishment of in vitro cell lines (TSD-B4S and TSD-
F9R)

Tissue fragments cut aseptically from the original
tumor were incubated in tissue culture flasks at 37℃ in
a humidified 5% CO2 atmosphere. The growth medium
was Eagle’s minimum essential medium (MEM; Nissui,
Tokyo, Japan) containing 10% fetal bovine serum (FBS;
Bioserum, UBL, Japan), 0.03% L-glytamine (Nissui),
penicillin (100 U/ml), and streptomycin (100 μg/ml).
Adhesive cells growing outwards from the tissue
fragments were treated with 0.1% trypsin and 0.02%
ethylene diamine tetraacetic acid in phosphate-buffered
saline (PBS). The dispersed cells were serially cultured
at 5- to 10-day intervals until 35th generation. Cultured
cells (named TSD-P) at the 20th generation were cloned
twice using a limiting dilution technique (Yamate et al.,
2007a,c). Two cloned cell lines (TSD-B4S and TSD-
F9R) were isolated and serially cultured until the 20th
generation. To examine tumorigenicity, 7×106 cells of
TSD-B4S or TSD-F9R were inoculated intraperitoneally
each into two nude mice. The developed tumor tissues
were examined histopathologically and immuno-
histochemically as mentioned above.
In vitro observations of TSD-P, TSD-B4S and TSD-F9R
cells

Doubling time was determined from viable cell
numbers at 1, 2, 3, 4, 5, 7, 9, 11, and 13 days after
seeding 0.5×104 cells/ml; the viable cells evaluated by
0.1 % trypan blue dye exclusion were counted with a
hemocytometer (Yamate et al., 2007a,c). For
chromosome numbers, subconfluent cell sheets were
exposed to colchicines (0.5 mg/ml) for 6.5 h. After being
suspended in a hypotonic solution, cells were fixed in a
mixture of methanol 3: acetic acid 1, and stained with
the Giemsa. Chromosome numbers were counted in 100
cells by methods described elsewhere (Yamate et al.,
2007a, c). 

Cells cultured for 24 to 48 h on tissue culture glass
slides were fixed in Bouin’s solution, and stained with
HE for morphological observations. Cultured cells were
also fixed in cold acetone for 5 min, and enzyme-
histochemically stained for acid phosphatase (ACP) and
non-specific esterase (Non-SE). The acetone-fixed cells
were also immunostained using the ABC method with
the primary antibodies (Table 1). For electron
microscopy, pelleted cells collected from cultures as well
as the induced tumor pieces were fixed in 2.5% buffered
glutaraldehyde, and post-fixed in 1% buffered osmium
tetroxide. Ultrathin sections from epoxy resin-embedded
samples were stained with uranyl acetate and lead
citrate, and examined with a Hitachi H-600
electronmicroscope at 75 kV (Yamate et al., 2007a).
Mesenchymal differentiations 

Because TSD-B4S and TSD-F9R cells showed an

almost similar nature to each other, we used TSD-B4S
cells in the mesenchymal differentiation analyses. 

For adipogenic differentiation, the 15-deoxy-Δ12,14-
PGJ2 (15-dPGJ2) was obtained from BIOMOL
International (Pa, USA) (Lecka-Czermik et al., 2002),
and adipogenic supplement (including insulin, 3-
isobutyl-1-methylxanthin, indomethacin, and
dexamethasone (DMSO)), which was developed as an
adipogenic stimulus for bone marrow stem cells
(Janderová et al., 2003), was purchased from Dainippon
Sumitomo Pharma Co., Ltd. (Osaka, Japan). For the
experiment of 15-dPGJ2, TSD-B4S cells (0.5×104/ml)
were incubated in MEM containing 15-dPGJ2 (5 μM)
(diluted in DMSO) or an equivalent DMSO (vehicle
control). MEM containing 15-dPGJ2 or vehicle was
changed every two days. After addition, cells were fixed
in 10% neutral-buffered formalin at 4 or 8 days, and
stained with oil red O. For adipogenic supplement, cells
(0.5×104/ml) were incubated in MEM added the
supplement (0 or 50 μl/ml) (Janderová et al., 2003); after
addition, cells were fixed in 10% neutral-buffered
formalin at 4, 8 and 12 days, and stained with oil red O.
The number of cells with oil red O-positive lipid
droplets was counted in 4 different fields at ×200, and
the ratio of lipid droplets per cytoplasm was evaluated in
10 randomly-selected cells with lipid droplets by the
color image analyzer (Mac SCOPE, Mitani Inc., Fukui,
Japan) (Yamate et al., 2007b). Because adipose tissue
was often observed in the original tumor, we considered
that TSD-B4S cells may develop lipid droplets
spontaneously; TSD-B4S cells were incubated for 25
days in MEM without adipogenic stimuli, and the cells
were fixed in formalin and stained with oil red O. 

For osteogenic differentiation, we used an
osteogenic supplement (including beta-glycero-
phosphate, ascorbic acid phosphate and DMSO)
obtained from Dainippon Sumitomo Pharma; the
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Table 2. Immuno-/enzyme-histochemical stainings in cultured cells
(parent TSD-P, and its cloned TSD-B4S and TSD-F9R).

Antibody TSD-P TSD-B4S TSD-F9R

CD68 - - -
CD163 1+ 1+ 1+
MHC II - - -
Cytokeratin - - -
Vimentin 3+ 3+ 3+
Desmin - - -
a-SMA 2+ 2+ 1+
GFAP 1+ 1+ 1+
Enzyme
ACP 3+ 3+ 3+
Non-SE 1+ 1+ 1+

MHC class II; major histocompatibility complex class II, a-SMA; a-
smooth muscle actin, GFAP; glial fibrillary acidic protein, ACP; acid
phosphatase, Non-SE; non-specific esterase. -, negative; 1+, slightly
positive; 2+, moderately positive; 3+, strongly positive.



supplement was developed as an osteogenic inducer for
marrow stem cells (Ohgushi et al., 1996). TSD-B4S cells
(0.5×104/ml) were incubated in MEM added the
supplement (0 or 50 μl/ml). At 4, 8, 12 and 25 days after
addition, culture supernatants were collected, and values
of alkaline phosphatase (ALP) and calcium were
measured by a Clinical Analyzer (Hitachi 7170, Tokyo,
Japan); cells fixed in 10% formalin were stained with
von Kossa’s method for calcification (Ohgushi et al.,
1996).

For myofibrogenic differentiation, transfoming
growth factor-β1 (TGF-β1) plays a central role in the
induction of myofibroblasts (Li et al., 2004; Yamate et
al., 2004; Juniantito et al., 2013). Immunophenotypical
change for α-SMA was examined by the addition of
rhTGF-β1 (R&D system, Minneapolis, MN, USA). α-
SMA is a marker for the development of myofibroblasts
(Desmoulière et al., 2003; Yamate et al., 2004); TSD-
B4S cells (3×104/ml) were incubated in 2% serum-
containing MEM for one day. The medium then was
changed to 2% serum-containing MEM added with
rhTGF-β1 (0, 1 and 5 ng/ml). In the same manner, other
chambers containing 5 ng/ml of TGF-β1 were incubated
with anti-TGF-β1 antibody (5 ng/ml) (R&D system).
Twenty four h after addition, the cells were fixed in cold
acetone 1: ethanol 1, and stained by immunohisto-
chemistry with α-SMA antibody. The percentage of cells
reacting with the antibody was assessed five times by
examining 300 cells at each assessment (Yamate et al.,
2004). To further investigate the expression levels of
proteins, the immunoblotting with monoclonal
antibodies against α-SMA, vimentin, and β-actin
(control; SIGMA) was conducted in TSD-B4S cells
incubated with TGF-β1 (0, 1 and 5 ng/ml) or TGF-β1 (5
ng/ml)/anti-TGF-β1 antibody (5 ng/ml) in the same
fashion described above. The cells were homogenized
with CellLytic (SIGMA) for 30 min. The crude
homogenate was centrifuged for 10 min at 13,000 rpm at

4℃. The supernatant was precipitated with acetone and
used as a sample. According to the methods described
(Tanno et al., 2004), the sample (2.5 μg of protein/well)
was subjected to SDS-PAGE in a 7% gel and proteins in
the gel were transferred to a PVDF membrane by
electron blotting. Membranes were incubated with an
antibody to α-SMA, vimentin or β-actin. Immuno-
reactive proteins were then detected by incubating for 30
min with Histofine simple stain Kit (Nichirei, Tokyo,
Japan). The intensity of these bands was evaluated
semiquantitatively using image analysis software (Image
J), and compared to that of β-actin. Measurement was
performed using three different samples.
Statistical evaluation

Paired samples were evaluated using Student’s t-test.
Significance was accepted at P<0.05.
Results

The original tumor

At necropsy, the original tumor, 4 cm in diameter,
occupied the abdminal cavity (Fig. 1A). The cut surface
of formalin-fixed sample showed intermingled whitish
and yellowish areas with occasional variously-sized
cysts containing yellowish fluid (Fig. 1B). The right
testis and other organs did not show any lesions. 

Histologically, the tumor consisted of a wide variety
of tissue/cell elements with mesenchymal and epithelial
nature. The mesenchymal elements involved bone (Fig.
2A), cartilage (Fig. 2A), striated muscles (Fig. 2B),
smooth muscles and fatty tissues (Fig. 2C), as well as
interventing areas comprising polygonal and spindle-
sheaped cells with hyperchromatic nuclei (Fig. 2D); the
bone occasionally included marrow (Fig. 2A), and the
PTAH stain revealed irregular stripes in the striated
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Fig. 1. Gross findings of the original testicular teratoma. A large nodule, 4 cm in diameter, is seen in the left testis (A). The cut surface of the formalin-
fixed tumor shows intermingled whitish and yellowish areas with various-sized cysts (B). Bar: 1 cm.



muscles (Fig. 2B, inset); the interventing areas consisted
of mesenchymal tissues supported by a various amount
of collagen fibers staiend blue by the azan-Mallory stain
or by reticulin fibers demonstrable with the Watanabe’s
silber stain. The epithelial elements included stratified
squamous epithelial cells (apparently skin) (Fig. 3A),
glands (such as pancreatic exocrine gland (Fig. 3B),
salivary gland (Fig. 3C), apocrine glands (Fig. 3D,
arrows) and sebaceous gland (Fig. 3A, arrow), hair
follicles (Fig. 3D), tracheal epithelial cells (including
Goblet cells) (Fig. 3E) and intestinal mucosa forming
crypts (Fig. 3F). In salivary glands, there were acinar
cells having PAS- and alcian blue-positive mucinous
materials in the cytoplasm (Fig. 3C, inset). Cystic
spaces, which were observed grossly, were lined
histologically by keratinizing squamous cells or
monolayered cuboidal epithelial cells; some cysts were

filled with desquamated squamous cells and hairs, as
well as cell debris. Additionally, there were areas
resembring brain tissues (Fig. 4A), choroid plexus (Fig.
4B, arrow) and ganglion (Fig. 4C), as well as retina-like
structure (Fig. 4D). Necrotic tissues with inflammatory
cell reaction were sporadically present throughut the
tumor tissue. 

To characterize the well-differentiated, mature tissue
elements, immunohistochemical stainings with
antibodies specific for mesenchymal, epithelial and
neurogenic cells were conducted. In the mesenchymal
cell areas, spindle-shaped smooth muscles reacted to
desmin (Fig. 5A). Striated muscles also reacted strongly
to desmin (Fig. 5B). There were mesenchymal cells
reacting both to vimentin (Fig. 5C) and α-SMA (Fig.
5D), presumably indicative of mesenchymal
myofibrobalstic cells. Vascular smooth muscle also
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Fig. 2. Histopathological findings of the teratoma showing areas consisting exclusively of bone with marrow and cartilage (A, *; marrow, arrow;
cartilage), sketetal muscles (B; inset shows stripes) or adipose tissue including smooth muscles (C) and lesion comprising polygonal and spindle-
shaped cells with abundant collagen fibers (D). HE stain; inset in B, phosphotungustic acid hematoxylin stain.
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Fig. 3. Histopathological findings of the teratoma showing skin (stratified squamous cells with hyperkeratosis) with underlying sebaceous glands (arrow)
(A), pancreatic exocrine gland (B), salivary gland (C; inset shows mucin-producing cells), areas with apocrine glands (arrows) and hair follicles (D) in
adipose tissue, tracheal epithelial cells including goblet cells (E), and intestinal epithelial cells forming crypts (F). HE stain; inset in C, alcian blue stain.
Bars: A, B, E, 150 µm; C, D, F, 80 µm; inset in C, 50 µm



reacted to α-SMA (Fig. 5D, arrows). Epithelial cells
such as stratified squamous cells and acinar cells
forming glands or ducts showed a positive reaction to
cytokeratin in varying degrees (Fig. 5E). Interestingly,
brain parenchyma-like tissues reacted strongly to S-100
protein (Fig. 5F), and cartilagenous cells and adipose
cells also reacted variously to S-100 protein. Ganglion
cells reacted to NF-L (Fig. 4C, inset), and retina-like
tissues showed a positive reaction to S-100 protein (Fig.
4D, inset). It was found that there were astrocytes
reacting to GFAP in the brain parenchyma-like tissues
(Fig. 5G), and that GFAP-reacting peripheral nerve
tissues were sporadically present in the interventing
adipose tissues (Fig. 5H). CD68-positive macrophages
were seen exclusively in and around necrotic tissues,
indicating that these cells might be infiltrating cells; on

the contrary, CD163- and MHC class II-positive cells
were not seen in tumor tissues. 
Characteristics of the parent TSD-P cells and its cloned
TSD-B4S and TSD-F9R cells

The doubling time of TSD-P (at the 25th
generation), TSD-B4S (at the 5th generation) and TSD-
F9R (at the 5th generation) was 12.1, 13.4 and 15.7 h,
respectively. The modal chromosomal number of TSD-P
(at the 25th generation), TSD-B4S (at the 5th
generation) and TSD-F9R (at the 5th generation) was
between 40 and 44, between 40 and 44, and between 60
and 64, respectively, indicating numerical aberration in
chromosomal number, in contrast to 42 in normal rat
cells (Yamate et al., 2004). At confluency, culture of
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Fig. 4. Histopathological findings of the teratoma showing brain parenchymal tissue (A), brain tissue (asterisk) and choroid plexus (arrow) (B), ganglion
(C; inset shows NF-L-positive nerve cells) in adipose tissue, and retina forming pseudo-rosette (D; inset shows S-100 protein positive retina tissue). HE
stain; insets in C and D, NF-L and S-100 protein immunohistochemistry, respectively. Bars: A, B, 150 µm; C, D, 60 µm; inset in C, 50 µm; inset in D,
100 µm.
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Fig. 5.
Immunohistochemical
findings of the teratoma.
In the interventing areas,
there are desmin-
positive spindle-shaped
smooth muscle cells (A),
desmin-positive striated
skeletal muscles (B),
vimentin-positive cells
(C), and α-smooth
muscle actin (α-SMA)-
positive cells (D; arrows
show vascular smooth
muscles). In the
epithelial elements,
stratified epithelial cells
(E) and salivary glands
cells show a positive
reaction to cytokeratin. In
bran parenchymal tissue,
there are S-100-positive
cells (F) and glial
fibrillary acidic protein
(GFAP)-positive cells
which are irregularly
arranged (G). GFAP-
positive Schwann cells
are present in the
peripheral nerve tissue
(arrows) (H).
Immunohistochemistry,
couterstained with
hematoxylin, for desmin
(A) and (B), for vimentin
(C), for α-SMA (D), for
cytokeratin (E), for S-100
protein (F), and for
GFAP (G and H). Bars:
A-F, 120 µm; G, H, 80
µm.
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Fig. 6. Cellular
characteristics of cloned
cell lines (TSD-B4S and
TSD-F9R). TSD-B4S and
TSD-F9R consist of
spindle-shaped/polygonal
cells (A) and large round
cells with abundant
cytoplasm and cell
projections (B),
respectively. TSD-B4S
cells react strongly to
vimentin (C). There are
some cells reacting to α-
SMA in TSD-F9R (D:
arrows), and GFAP (E:
arrows) and CD163 (F:
arrows) in TSD-B4S.
Additionally, TSD-B4S
cells exhibit a positive
reaction to acid
phosphatase (ACP) (G:
arrows). Electron
microscopically, a cell in
TSD-B4S has some
lysosomes in cytoplasm
and cell projections (H).
HE stain (A, B);
immunohistochemistry,
couterstained with
hematoxylin, for vimentin
(C), for α-SMA (D), for
GFAP (E), and for CD68
(F), ACP enzyme-
histochemistry  (G). Bars:
A-G, 60 µm; H, 2 µm.



TSD-P consisted of a mixture of round, polygonal and
spindle-shaped cells arranged in a sheet. TSD-B4S
culture was composed mainly of spindle-shaped and
polygonal cells with moderate amount cytoplasm (Fig.
6A), and TSD-F9R culture comprised large round cells
with abundant cytoplasm (Fig. 6B). 

Immunohistochemically, TSD-P, TSD-B4S and
TSD-F9R cells showed similar reactivity to each other
(Table 2); the majority of cultured cells reacted strongly
to vimentin (Fig. 6C), and there were cells reacting to α-
SMA (Fig. 6D) and GFAP (Fig. 6E). Interestingly, some
cells gave a positive reaction to CD163 (Fig. 6F). On the
contrary, there were no cells positive for CD68, MHC
class II, cytokeratin or desmin. Enzyme-histochemically,
cells reacting to ACP (Fig. 6G) and Non-SE were seen,

with grater reaction to ACP than Non-SE. 
Electron microscopically, neoplastic cells in TSD-P,

TSD-B4S and TSD-F9R had findings almost similar to
each other; cells showed spindle or polygonal
configuration and characteristically had some
cytoplasmic projections and irregular nucleus (Fig. 6H). 
The cytoplasm had some lysosomes (Fig. 6H).

All rats inoculated intraperitoneally with TSD-B4S
or TSD-F9R cells developed numerous nodules less than
3 mm in diameter in the abdominal cavity.
Histologically, these nodules of TSD-B4S and TSD-F9R
showed similar findings to each other. The nodules
consisted of round or polygonal cells with
hyperchromatic nuclei arranged in a sheet or ambiguous
interlacing pattern (Fig. 7A). There were no areas
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Fig. 7. Tumor of TSD-B4S cells in a
nude mouse. The tumor consists of
round and polygonal cells arranged in
a sheet or ambiguous interlacing
pattern (A), and they react
moderately to vimentin (B). Electron
microscopically, a tumor cell shows
round configuration with scant
cytoplasm and some cell projections
(C). HE stain (A); immunohisto-
chemistry, couterstained with
hematoxylin, for vimentin (B). Bars:
A, B, 60 µm; C, 1 µm.



showing well-differentiated tissues such as nerve tissues,
bone/cartilage, epithelial cells and muscles.
Immunohistochemically, neoplastic cells reacted
moderately to vimentin (Fig. 7B); however, they did not
show any positive reactions to other marker antibodies
examined. Electron microscopically, neoplastic cells had
large nucleus and scant cytoplasm with cell projections;
apparently, cytoplasmic organelles were poorly
differentiated (Fig. 7C). 
Adipogenic differentiation

We evaluated the cell number having cytoplasmic oil
red O-positive lipid droplets and the ratio of lipid
droplets per cytoplasm. TSD-B4S cells incubated with
15d-PGJ2 for 8 days significantly increased the lipid-
containing cell number (Fig. 8A) and the lipid ratio in
the cytoplasm (Fig. 8B), as compared with those of

control cells without 15d-PGJ2 addition. There was no
statistical difference in appearance of lipid droplets
between adipogenic supplement-treated and non-treated
cell cultures at each examination day. Interestingly,
TSD-B4S cells incubated for 25 days in MEM without
any adipogenic stimuli came to develop lipid droplets in
cytoplasm, suggestive of adipogenic potential of TSD-
B4S (Fig. 8C). 
Osteogenic differentiation

ALP value in culture medium was significantly
greater than those of controls at 8, 12 and 25 days after
addition of osteogenic supplement (Fig. 9A). In contrast,
calcium value was significantly decreased at 25 day
(Fig. 9B). The von Kossa’s method showed that TSD-
B4S cells incubated for 25 day with the supplement
dramatically developed calcification (Fig. 9C, D). 
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Fig. 8. Adipogenesis in TSD-B4S. At day 8 after addition of 15d-PGJ2, the cell
number of oil-red-O-positive cells (A; inset shows a representative oil-red O-
positive cell) and the ratio of cytoplasmic lipid (B) significantly increased, as
compared with those of control cells without 15d-PGJ2 addition; at day 4, there
were no cells with lipids in cells with or without addition. Interestingly, TSD-B4S
cells incubated for 25 days in culture medium without adipogenic stimuli
developed many lipid droplets in the cytoplasm (C: arrows). *, significantly
different from controls at P<0.05 (A, B). Inset in A and C, oil red O stain. Bars:
Inset in A, 20 µm; C, 60 µm.



Myofibrogenic differentiation

The positive reactions for α-SMA appeared
filamentous in the cytoplasm (Fig. 10A). The addition of
TGF-β1 to TSD-B4S significantly increased the number
of cells reacting to α-SMA at 1 and 5 ng/ml (Fig. 10B),
and the increased number at 5 ng/ml of TGF-β1 was
significantly suppressed by the addition of anti-TGF-β1
antibody (5 ng/ml) (Fig. 10B). By the immunoblot
analysis, TSD-B4 cells expressed proteins of α-SMA
and vimentin at 0, 1 and 5 ng/ml; particularly, α-SMA
expression at 1 and 5 ng/ml was significantly increased
prior to TGF-β1 treatment (0 ng/ml) (Fig. 10C),
although suppression of the protein expression at 5
ng/ml TGF-β1 by anti-TGF-β1 antibody (5 ng/ml) was
not seen (Fig. 10C, D). 
Discussion

The original tumor

Teratoma refers to a tumor, which is usually
enountered in the ovary and testis of juvenal animals,
recapitulates three different germ layers such as

ectodermal, mesodermal and endodermal tissues
(Hisamatsu et al., 2010; Bujons et al., 2011; Chiang et
al., 2011; Jamadagni et al., 2011). The germ cells have
potential to differentiate into divergent mature tissues in
the body (Nagashima et al., 2000; Hisamatsu et al.,
2010). In teratomas, microscopically, a wide variety of
well-differentiated tissues are seen in various degrees. In
the present tumor, the epithelial elements involved
suquamous epithelial cells (skin) and glands (such as
salivary, pancreatic excrine, sebaceous and apocrine
glands), as well as intestinal and respiratory epithelial
cells. These epithelial cells variously reacted to
cytokeratin. The mesodermal components consisted of
fibroblasts, adipocytes, smooth muscle cells, and skeletal
muscle cells, as well as cartilage and bone. Fibroblastic
cells showed a positive reaction to vimentin, and some
spindle-shaped cells in interventing areas reacting both
to vimentin and α-SMA were regarded as myofibroblasts
(Yamate et al., 2004; Golbar et al., 2011; Juniantito et
al., 2013). Smooth muscles reacted to α-SMA and
desmin. The muscles with stripes, demonstrable by the
PTAH stain, also reacted to desmin (Yamate et al.,
2011). Neurogenic tissues are important elements in the
teratoma (Nagashima et al., 2000; Bujons et al., 2011).
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Fig. 9. Osteogenesis in TSD-B4S. Values of
supernatant alkaline phosphatase (ALP) are significantly
greater at days 8, 12 and 25 in TSD-B4S incubated with
osteogenic supplement (A), whereas calcium (Ca)
contents are significantly decreased at day 25 (B). As
compared to cells without the supplement (C), the
supplement addition induced severe calcification at day
25 (D). Solid line (controls), no addition of supplement;
dotted line, supplement addition. *, significantly different
from controls at P<0.05 (A, B). Von Kossa’s stain (C, D).
Bars: 100 µm.



Immunohistochemistry showed the presence of S-100
protein-positive neurogenic tissues in the present tumor.
In the brain parenchyma-like areas, GFAP-positive
astrocytes were irregularly distributed, and retina
forming rosettes and choroid plexus-like structures were
also present. Nerve cells in the ganglion-like sturcture
reacted to NF-L, a filament of nerve cells (Paulussen et
al., 2011). Schwann cells react to GFAP (Yamate et al.,
2007c). There were peripheral nerve-like tissues,
including GFAP-positive Schwann cells in the present
tumor. 

The majority of teratomas is oncologically regared
as benign, because the tumors are characterized by the
predominant presence of mature and well-differentiated
tissues (Bujons et al., 2011; Han et al., 2011; Cukurova
et al., 2012). However, some teratomas may harbor
immature components, particularly in neurogenic
tissues, and have the potential to show an aggressive

behaviors (Chiang et al., 2011; Cukurova et al., 2012).
The present testicular teratoma was well-encapsulated,
and neither invasive nor metastatic lesion was seen in
the rat bearing the original tumor. The present case
might be regarded as the mature type of the teratoma.
However, the presence of neurogenic components is
consided to be an index for the malignacy (Sawaki et al.,
2000). Additionally, cultured cell lines of TSD-B4S and
TSD-F9R exhibited tumorigenicity when injected into
nude mice. Collectively, the present teratoma might have
the malignant potential. 
Characteristics of cultured cells (TSD-P, TSD-B4S and
TSD-F9R)

To our knowledge, there have been no cell lines
established from the teratoma in rats. In the present
study, we succeded in establishment of cell lines from a
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Fig. 10. Myofibrogenesis in TSD-B4S. Myofibroblasts develop cytoplasmic filamentous reactions reacting to α-SMA (A). The addition of TGF-β1
increased the number of cells reacting to α-SMA at 1 and 5 ng/ml, in contrast to non-added cells (0 ng/ml), and the increased number at 5 ng/ml was
suppressed by anti-TGF-β1 antibody (expressed as 5 + 5 ng/ml) (B). By immunoblot analysis, expression levels of α-SMA and vimentin are seen as
bunds (C); the intensity level of α-SMA was significantly increased at 1 and 5 ng/ml of TGF-β1, although the increased expression was not suppressed
by anti-TGF-β1 antibody (5 + 5 ng/ml) (D); there is no significant change in vimentin expression regardless TGF-β1 addition (C).
Immunohistochemistry, counterstained with hematoxylin, for α-SMA (A). Band of each protein (C shows a representative band) is normalized
semiquantitatively by that for β-actin, and expressed relative to the intensity of control (0 ng/ml; level = one) (D). *, significantly different from controls at
P<0.05; #, significantly different from 5 ng/ml TGF-β1 at P<0.05 (B, D). Bar: 40 µm.



rat testicular teratoma. While parent TSD-P cells showed
a variety of cellular shape, its cloned cell lines (TSD-
B4S and TSD-F9R) consisted mainly of spindle-
shaped/polygonal cells and large round cells with
abundanat cytoplasm, respectively. However, cultured
cells of TSD-B4S and TSD-F9R had cellular properties
similar to each other; basically, TSD-B4S and TSD-F9R
cells showed a positive rection to vimentin, but were
negative to cytokeratin, indicating mesenchymal nature.
Enzyme-histochemically, these cultured cells were
positive for ACP and Non-SE. ACP and Non-SE are
lysosomal enzymes, which may be present in cells with
activated lysosomes such as macrophages and
histiocytes (Yamate et al., 2007a). Ultrastructurally, cells
with lysosomal structures were seen in TSD-B4S and
TSD-F9R. CD68 and CD163 are specific antibodies
recognizing rat macrophages and histiocytes (Dijkstra et
al., 1994; Mori et al., 2009; Golbar et al., 2011); MHC
class II is expressed in activated macrophages and
dendritic cells (Mori et al., 2009). Although cultured
cells did not react to CD68 or MHC class II, there were
cells expressing CD163 in TSD-B4S and TSD-F9R
cultures. Additionally, cultured cells exhibited positive
reactions to α-SMA and GFAP in varying degrees;
however, the cultured cells did not react to desmin.
These enzymatical/immunohistochemical findings
indicated that cultured cells established from the
testicular teratoma might have charactersitics of
mesenchymal cells with activated lysosomes in vitro;
partly, some cells could come to express properties of
macrophages/histiocytes (expressing CD163),
myofibroblastic cells (expressing α-SMA) or astrocytic
cells (expressing GFAP). TSD-B4S and TSD-F9R
cultures could exhibit heterogeneous immuno-
phenotypes, which may be dependent on micro-
environmental conditions in vitro. 

The induced tumors of TSD-B4S and TSD-F9R in
nude mice were composed of round and polygonal cells
arranged in a sheet or an ambiguous interlacing growth.
Characteristics of TSD-B4S- and TSD-F9R-induced
tumors were similar to each other; neoplastic cells
reacted moderately to vimentin, but were negative to
cytokeratin and other markers for neurogenic,
macrophage/histiocytic, muscle and epithelial cells.
Teratoma is considered to originate from pluripotential,
embryonic stem cells (primordal germ cells) (Hisamatsu
et al., 2010; Tokar et al, 2010). Indeed, stem cell lines
established from human and animal embryos formed
teratomas when inoculated into immunodificient mice
(Baier et al., 2004; Kruse et al., 2006). In the induced
tumors of TSD-B4S and TSD-F9R, well-developed or
mature tissues were not seen; the induced tumors seemed
to retain simply an immature mesenchymal nature (Han
et al., 2011). 
Mesenchymal differentiations of TSD-B4S

TSD-B4S culture consisted exclusively of vimentin-
positive cells, but as mentioned above, teratoma arises
from pluripotential, embryonic stem cells (Han et al.,

2011; Jamadagni et al., 2011). Therefore, we
investigated possible mesenchymal differentiations using
TSD-B4S cells. 

The 15d-PGJ2 accelerates adipogenesis in immature
mesenchymal cells through activation of peroxisome
proliferator-activated receptor-γ2 (PPARγ2) (Lecka-
Czernik et al., 2002). The 15d-PGJ2 addition
significantly increased the number of oil red O-positive
cells and the ratio of lipid droplets in the cytoplasm at 8-
day incubation. Next, we tried to add the adipogenic
supplement by which adipogenesis has been showed in
bone marrow stem cells. (Janderová et al., 2003). By
addition with the supplement, oil red O-positive cells did
not significantly appear in TSD-B4S cultures.
Interestingly, regardless of the absence of such
adiopogenic factors, TSD-B4S cultured for a long time
developed lipid droplets in the cytoplasm. The
accumulation of lipid droplets within stem cells has been
used as an index of adipogenesis (Lecka-Czernik et al.,
2002). TSD-B4S cells may possess potential to
differentiate into adipocytes of which property may be
partly accelerated by 15d-PGJ2. 

The osteogenic supplement used in this study has
been demonstrated to induce osteogenesis when added to
human and rat marrow stem cells (Ohgushi et al., 1996).
With increasing incubation time, the addition of
supplement to TSD-B4S significantly increased ALP
values. Calcium values were significantly decreased in
supplemented TSD-B4S cells at 25 days when
calcification was developed; this suggests that calcium is
probably consumed for increased calcification (Yamate
et al., 2007b). The expression of ALP, a membrane-
bound glycoprotein, is an early marker of osteoblastic
differentiation (Suga et al., 2001). During the maturation
of osteoblasts, ALP activity is increased, and bone is
then formed by calcification (Gilbert et al., 2000; Suga
et al., 2001; Yamate et al., 2007b). These sequential
events were seen in the supplement-incubated TSD-B4S.
TSD-B4S cells appear to be capable of differentiating
into osteoblasts.

The addition of TGF-β1, a fibrogenic factor (Yamate
et al., 2004, 2007b), increased the number of α-SMA-
positive cells in TSD-B4S cells, and the addition of anti-
TGF-β1 antibody decreased the number. Although the
effect by the anti-TGF-β1 antibody was not confirmed,
the western blot analyses also revealed that α-SMA
protein level was significantly increased by addition of
TGF-β1. These findings indicated that TSD-B4S cells
underwent myofibrogenesis under TGF-β1 treatment;
this analysis might reflect the presence of
myofibroblastic cells reacting to α-SMA seen in some
mesenchymal areas of the original tumor. 

In conclusion, in the present study we characterized
testicular teratoma, a rare case in rats. On the basis of
histopathological, enzymatical/immunohistochemical
and electron-microscopical findings, the tumor was
regarded as a mature type of teratoma, which consisted
of well-differentiated tissues such as bone, cartilage,
smooth and skeletal muscles, hair, intestinal and tracheal
epithelial cells, skin and various types of glands, as well
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as nerve tissues. Additionally, we established cloned cell
lines (TSD-B4S and TSD-F9R) from the tumor; cellular
properties of these cell lines were similar to each other;
basically, cultured cells exhibited a mesenchymal nature
and developed tumors when inoculated into nude mice.
By using TSD-B4S cells, we demonstrated
mesenchymal differentiations towards adipogenic,
osteogenic and myofibrogenic cells. Embryonic stem
cells show differentiations into chondro-, osteo- and
adipogenesis in vitro (zur Nieden et al., 2005), and can
induce teratomas in immunodificient mice (Baier et al.,
2004; Kruse et al., 2006). TSD-B4S cell line, which was
characterized particularly in this study, would become a
useful tool for stem cell differentiation, because the
teratoma originates from pluripotential stem cells like
embryonic stem cells and induced pluripotent stem (iPS)
cells. 
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