
Summary. To investigate characteristics of malignant
melanomas with various pathobiological features, a
homotransplantable tumor line (RMM) was established
from a spontaneous amelanotic melanoma found in the
pinna of an aged F344 rat. RMM tumors were
transplanted in syngeneic rats by serial subcutaneous
implantation with 100% intake. The original and RMM
tumors consisted of spindle-shaped cells arranged
mainly in interlacing bundles. Immunohistochemically,
the neoplastic cells were positive to PNL-2 (melano-
cytes), nestin (neuroectodermal stem cells), S-100
(neurogenic cells) and vimentin (mesenchymal cells).
Electron microscopically, tumor cells possessed single
membrane-bound pre-melanosomes. Further, a cell line
(RMM-C) was induced from an RMM tumor. RMM-C
cells and the induced tumors in syngeneic rats showed
immunohistochemical reactions similar to the original
and RMM tumors. Interestingly, serum level of galectin-
3 expression was increased with growing RMM tumors,
and the expression was influenced by TNF-α (increase)
or TGF-β1 (decrease), indicating a possible biomarker of
amelanotic melanomas. The RMM tumors and RMM-C
cell line could become useful tools for studies on the
pathobiology, including tumor immunity, and
development of therapeutic strategies against this
malignancy. These tools are the first tumor lines of
amelanotic melanomas in the rat. 
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Introduction

Malignant melanoma is a skin cancer which arises
from melanocytes; the cells generate ontogenetically in
the neural crest (Goding, 2000; Sommer, 2011; Yaar and
Park, 2012). In humans, melanoma is one of the most
devastating tumors. The tumor has a high tendency to
invade and subsequently metastatize to distant sites,
mainly of the lungs and brain, resulting in high mortality
rate (Puzanov et al., 2013; Yin et al., 2014). Human
amelanotic melanoma is a form of melanoma in which
pigmentation does not occur; generally, amelanotic
melanomas are greater in malignant potential than
pigmented melanomas (Notani et al., 2002).
Spontaneous amelanotic melanomas have been
described in various species, including dogs (Smedley et
al., 2011), cats (van der Linde-Sipman et al., 1997),
rabbits (Zerfas et al., 2010), mice (Tolleson et al., 2005)
and rats (Yoshitomi et al., 1995; Nakashima et al., 1996);
of these, rabbits, mice and rats are albino strains. In
F344 rats, an albino strain commonly used in
carcinogenicity studies, amelanotic melanomas have
been reported to occur in the skin of the pinna, eyelid,
scrotum and perianal area (Kurotaki et al., 2008). The
diagnosis is often difficult because the tumor cells do not
have melanin pigments. Therefore, additional immuno-
histochemical and ultrastructural investigations are
necessary for the definitive diagnosis.

There have been attempts to establish cell lines from
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human, mouse, hamster, rabbit and dog melanomas to
find out the patho-biological nature of neoplastic
melanocytes with the object of development of therapies
(Inoue et al., 2004; Herlyn and Fukunaga-Kalabis,
2010). The most used cell lines are derived from human
melanomas (Su et al., 2009; Caputo et al., 2011) or
murine melanomas (Ha et al., 2005). To our knowledge,
there are no cell lines established from rat pigmented or
amelanotic malignant melanomas.

Tumor models “in vivo” can be divided into two
broad groups: xenograft models or syngeneic models.
The merit of syngeneic models transplanted with tumor
tissues is in that the hosts are sharing the same genetic
background, including immune system. This is the
greatest advantage in considering the close interaction
between the tumor and host in neoplastic diseases
(Khanna and Hunter, 2005). F344 rats are an inbred
strain with a genetically homogenous nature, and they
have been used to establish tumor lines (homo-
transplantable and culture cell lines with tumorigenicity)
from spontaneous tumors found in F344 rats (Yamate et
al., 2003, 2007). In the present study we aimed to
characterize a transplantable tumor line (RMM) in F344
rats established from a spontaneous malignant melanoma
and its cell line (RMM-C); the original tumor was found
in the pinna of an aged male F344 rat and diagnosed as
amelanotic melanoma. Additionally, we focused on the
expression of galectin-3 in RMM melanoma cells, along
with an increased level of serum galectin-3 in rats
transplanted with RMM tumors. Galectin-3 is a
galactoside binding protein with multiple roles in tumor
development, such as cell-cell adhesion, growth
regulation and angiogenesis (Brown et al., 2012).
Modulation of galectin-3 expression in tumor cells has
been reported, especially in thyroid and prostate cancers
(Califice et al., 2004; Wang et al., 2009). 
Materials and methods

The primary tumor and the homotransplantable tumor
line RMM 

The primary tumor developed spontaneously in the
pinna of a 24-month-old male F344 rat. A tissue
fragment of 2 mm, cut aseptically by scissors, was
transplanted into the scapular region of syngeneic male
F344 rats, through a trocar (2 mm in diameter). Serial
transplantations were then made at 6- to 8-week intervals
for each generation, until the 28th generation, using the
same method. In each passage, 2 or 3 F344 male or
female rats were used. The transplantable tumor line was
designated RMM. 

The rats were housed in an animal room at a
controlled temperature of 21±3°C, with a 12 h light-dark
cycle. The experiment was in compliance with
institutional guidelines for animal care. All rats used in
this study were sacrificed by exsanguination under deep
isoflurane anesthesia. 

Tissue culture

Tissue fragments from RMM tumors at the 8th
passage were cut aseptically into small pieces with
scissors, dispersed with 0.1% trypsin solution containing
0.53 mmol EDTA (Nacalai Tesque, Kyoto, Japan) and
incubated in Dulbecco’s Modified Eagle’s Medium
(DMEM; Thermo Fisher Scientific, Waltham, MA,
USA), supplemented with 10% fetal bovine serum,
penicillin (100 U/ml), and streptomycin (100 μg/ml).
The cultured cell line established from the RMM tumor
was named RMM-C. RMM-C cells at the stage of
subconfluency were serially sub-cultured at 5- to 10-day
intervals, by treatment with 0.1% trypsin solution
containing EDTA, until the 95th generation. 

RMM-C cells (2×107) were inoculated into the
subcutis of F344 rats for tumorigenicity assay. Cell
growth was assessed by counting viable cells,
demonstrable by trypan blue dye exclusion, at intervals
after seeding each well of a 24 well multidish with 104
cells. Doubling time was determined from cell numbers
at 2 and 4 days after seeding (Yamate et al., 2001). For
the estimation of chromosomal numbers, RMM-C cells
at the stage of subconfluency were exposed to
Colcemid™ solution (Thermo Fisher Scientific,
Waltham, MA, USA) at a concentration of 0.1 μg/ml for
4 h. After suspension in 0.075 M KCl solution (Sigma-
Aldrich, St. Louis, MO, USA), the cells were fixed in a
mixture of methanol:acetic acid (3:1), and stained with
Giemsa. Chromosome numbers in 100 cells were
counted.
Morphological and immunohistochemical analyses

In vivo
The primary tumor, RMM tumors and tumors

induced by inoculation of RMM-C cells were fixed in
10% neutral buffered formalin. Tissue sections were
stained with hematoxylin and eosin (HE), periodic acid-
Schiff (PAS), azan-Mallory, Fontana-Masson and
Watanabe’s silver impregnation. 

The immunohistochemical analyses were performed
with the primary antibodies listed in Table 1. The
primary tumor, RMM tumors at passage 8, 11 and 26
and tumors induced by RMM-C cells at passage 15 were
examined. To find out the distribution of amelanotic
melanocytes, tissues from the pinna, palpebral
conjunctiva, muzzle, dorsal, ventral, scrotal and perianal
skin, from 10 week-old male F344 rats were fixed in
10% neutral buffered formalin and examined
immunohistochemically with antibodies to PNL-2.

In vitro
RMM-C cells cultured on tissue culture glass slides

were fixed in 10% neutral buffered formalin and stained
with HE for morphology. For immunocytochemistry,
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antibodies against vimentin, desmin, α-SMA, S-100,
nestin, PNL-2, CD68, CD163, galectin-3, GFAP and
Schwann/2E were applied. RMM-C cells at passages 15
and 25 were examined. Cells grown for 48 h on glass
slides were fixed in cold acetone:methanol (1:1) at 4°C
for 10 min. After fixation, slides were allowed to dry at
room temperature for 30 min, washed with PBS and
incubated with 10% normal goat serum for 30 min. Cells
were incubated with primary antibodies for 1 h at room
temperature. Subsequently, the cells were reacted with
the secondary antibody conjugated with Alexa fluor®
488 (Invitrogen, Carlsbad, CA, USA) for 45 min at room
temperature. The slides were covered with Vecta-
shield™ mounting medium containing 4’6’diamino-2-
phenylindole (DAPI) (Vector Laboratories Inc.,
Burlingame, CA, USA) for nuclear staining and
observed by a laser scanning confocal microscope
system (C1Si, Nikon, Tokyo, Japan) or a virtual slide
scanner (VS-120, Olympus, Tokyo, Japan).

Electron microscopy
Small tissue fragments of RMM tumor at the 8th

generation and pelleted RMM cells at passage 42 were
fixed in 2.5% buffered glutaraldehyde and postfixed in
1% buffered osmium tetraoxide. The samples were then
embedded in epoxy resin and thin-sectioned. The
ultrathin sections were stained with uranyl acetate and
lead citrate, and examined with an electron microscope
(Hitachi H-7500) at 75 kV (Golbar et al., 2011a). 
Galectin-3 in RMM 

Western blotting for galectin-3
Blood serum and tumor tissues from rats bearing

RMM tumors with size of 1, 2 and 3 cm, which were
transplanted at generation 11, were used for galectin-3
expression. Antibodies against β-actin (Sigma-Aldrich,

St. Louis, MO, USA) and transferrin (Inter-Cell
Technologies Inc., Hopewell, NJ, USA) were used as
loading controls. The sample protein concentration was
detected by an absorption spectrometer using Bio-Rad
Protein Assay (Bio-Rad Laboratories, Hercules, CA,
USA). The supernatants were incubated at 95°C for 5
min with beta-mercaptoethanol-added SDS sample
buffer. The samples were run on 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to PVDF membrane (Immuno-Blot
PVDF Membrane; Bio-RAD, Hercules, CA). These
membranes were blocked by 5% skimmed milk in
phosphate buffered saline with Tween 20 (PBST) and
reacted with antibodies to galectin-3 (1:2,000; Santa
Cruz Biotechnology Inc.), rat β-actin (1:20,000; Sigma-
Aldrich) or transferrin (1:5,000, Inter-Cell Technologies
Inc.) for 12-16 hours at 4°C. After reaction with
horseradish peroxidase-conjugated polymer (Histofine
simplestain MAX PO®; Nichirei), the membranes were
incubated with ECL™ Prime Western Blotting Detection
Reagent (GE Healthcare, Piscataway, NJ, USA). Signals
were detected by using CDD camera (LAS-3000
imaging system, GE Healthcare). The intensity of these
bands was analyzed semiquantitatively using image
analysis software (MultiGauge v3.0, Fujifilm, Tokyo,
Japan), and compared to that of β-actin for RMM tissue
samples and to transferrin for blood serum samples.
Measurement was performed using three different
samples per group. 

Effects of TGF-β1 and TNF-α on the expression of
galectin-3 in RMM-C cells

RMM-C cells at passage 85 grown at subconfluency
level were incubated in 1% serum-containing DMEM
with recombinant TGF-β1 (0, 5, 10, 20 ng/ml) (R&D
Systems, Minneapolis, MN, USA) or recombinant TNF-
α (0, 1, 5, 10 ng/ml) (R&D Systems) for 24 h.
Thereafter, the cells were washed in PBS twice, and total
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Table 1. Primary antibodies used for the in vivo and in vitro immunohistochemical observations.

Antibody Dilution Pretreatment Source

Vimentin 1:1,000 Microwave Dako Corp., Glostrup, Denmark
Desmin 1:200 Microwave Dako Corp., Glostrup, Denmark
α-SMA 1:1,000 No treatment Dako Corp., Glostrup, Denmark
Nestin 1:500 Microwave Millipore, Billerica, MA, USA
GFAP* 1:1,000 100 µg/ml Proteinase K Dako Corp., Glostrup, Denmark
Schwann/2E 1:1,000 100 µg/ml Proteinase K Cosmobio Co., Carlsbad, CA, USA
S-100* 1:1,000 No treatment Dako Corp., Glostrup, Denmark
PNL-2 1:500 Microwave Abcam, Cambridge, UK
CD68 1:300 100 µg/ml Proteinase K Serotec, Oxford, UK
CD163 1:300 100 µg/ml Proteinase K Serotec, Oxford, UK
Galectin-3* 1:300 Microwave Santa Cruz Biotechnology Inc., Dallas, TX, USA

α-SMA, α-smooth muscle actin; GFAP, glial fibrillary acidic protein; Schwann/2E, Schwann cells and peripheral myelin; S-100, S-100 protein; PNL-2,
melanoma antigen; CD68, exudate macrophages; CD163, resident macrophages; Galectin-3, β-galactoside binding lectin. *, polyclonal antibody, and
the remainder are monoclonal.



RNA was isolated by RNeasy Mini Kit (Qiagen, Tokyo,
Japan) according to manufacturer’s instructions. One µg
of RNA was reverse transcribed to cDNA with the
SuperScript®VILO™ (Life Technologies, CA, USA) and
amplified for rat specific galectin-3 and 18s rRNA
(control gene) with the SYBR® Green Real-time PCR
Master Mix (Toyobo Co. Ltd., Osaka, Japan) by a
PikoReal®96 real-time PCR system (Thermo Fisher
Scientific); the oligonucleotide sequences used were: the
galectin-3 sense primer 5’-ATCCTGCTACTGGCCC-
TTT-3’ and anti-sense primer 5’-GCGATGTCGTTCCC-
TTTCTT-3’; the 18s rRNA sense primer 5’-
GTAACCCGTTGAACCCCATT-3’ and anti-sense
primer 5’-CCATCCAATCGGTAGTAGCG-3’. The data
were analyzed using the comparative Ct method (ΔΔCtmethod).

Statistical analyses

Obtained data are presented as mean ± standard
deviation (SD). Statistical analysis was performed using
Dunnett’s multiple comparison test. Significance was
considered at P<0.05.
Results

Morphology of the original tumor and RMM tumors

The original tumor, 1 cm in diameter, developed in
the dermis of the pinna, surrounding the auricular
cartilage. No metastatic lesions were observed in any
organ. The neoplasm consisted of spindle-shaped cells
with eosinophilic cytoplasm and indistinct cell borders
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Fig. 1. a. Primary tumor, rat. The neoplastic cells are spindle shaped and arranged in interlacing bundles. Hematoxylin and eosin. b. RMM tumor, rat.
Macroscopic image of an RMM tumor at 7th generation of transplant. c. RMM tumor, rat. The neoplastic cells are spindle shaped, with an interlacing
pattern. The mitotic figures are shown by arrows. Hematoxylin and eosin. d. RMM tumor, rat. Reticular fibers are surrounding clusters of neoplastic
cells. Watanabe’s silver impregnation. Bars: a, c, d, 50 µm; b, 1 cm.



arranged in interlacing bundles or fascicles (Fig. 1a).
Cellular and nuclear atypia were moderate. The mitotic
index was of 1-2 mitoses per high power field. No
pigment was observed in the cytoplasm of the neoplastic
cells. Fontana-Masson technique did not reveal the
presence of mature melanin pigment in the tumor cells.
In the superficial areas of the mass, the tumor cells grew
in contact with the overlying epidermis; however, no
junctional activity between cells was observed. 

Subsequent transplantations of RMM tumors were
carried out, with 100% success at each generation. There
was no difference in tumor growth; tissue fragments
grew into nodules of 3-4 cm in diameter for 6-8 weeks
after the implantation, and the cut surface was grey in
color with occasional whitish or reddish areas (Fig. 1b).
Histopathologically, RMM tumors were similar to the
original tumor. However, cellular atypia appeared to be
more prominent with subsequent generations, having an
increased mitotic index with 3-4 mitoses per high power
field (Fig. 1c). In nodules more than 3 cm in diameter,
there were necrotic areas. PAS-positive materials were
not seen in tumor cells. Watanabe’s silver impregnation
demonstrated reticular fibers surrounding clusters of
neoplastic cells (Fig. 1d). There was a small amount of
collagen fibers demonstrable by the azan-Mallory stain.
Fontana-Masson staining did not demonstrate the
presence of cytoplasmic melanin granules. Electron
microscopically, a few single membrane-bound,
ellipsoidal premelanosomes, which are regarded as the
stage II melanosomes (Kurotaki et al., 2008), were seen
in a neoplastic cell (Fig. 2). Pericytoplasmic basal
laminae were not found. 
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Fig. 2. Electron microscopic image of RMM tumor, rat. A few
premelanosomes are observed in the cytoplasm of a neoplastic cell
(arrows). Uranyl acetate and lead citrate. N, nucleus. Bar: 1 µm.

Fig. 3. a. RMM-C cells at passage 15. Cells are spindle shaped, with
ovoid nuclei and disposed in an interlacing pattern. Hematoxylin and
eosin. b. Electron microscopic image of RMM-C cells at passage 42.
Dilated cisterna (arrows) and mitochondria (arrowheads) are seen; no
premelanosomes are observed. Uranyl acetate and lead citrate. N,
nucleus. c. Tumor induced by RMM-C cells. Spindle cells arranged in an
interlacing pattern, with similar histomorphology to RMM tumors are
observed. Hematoxylin and eosin. Bars: a, c, 50 µm; b, 1 µm.



RMM-C tissue culture
The mean doubling time for RMM-C at passages 10

and 30 was of 17.2 and 14.8 h, respectively. The
chromosome number varied from 37 to 50, with a modal
of 45 chromosomes. This result indicates chromosomal
numerical aberrations, since the number in normal rat
cells is 42 (Yamate et al., 2007). RMM-C cultures
examined consisted of spindle-shaped or polygonal cells
with round or ovoid nuclei, arranged in an ambiguous
interlacing pattern (Fig. 3a). Ultrastructurally, RMM-C
cells had dilated cisterna and mitochondria (Fig. 3b).
Clear premelanosomes were not observed. 

All rats inoculated subcutaneously with RMM-C
cells at passage 15 developed tumors at the inoculation
site. During 7-week observation, multiple nodules
varying from 0.5 to 1 cm in diameter were formed in the
scapular area. Histopathologically, the tumors induced
by RMM-C cells were composed of spindle-shaped cells
arranged in interlacing bundles (Fig. 3c), and these
findings bore a close resemblance to those of RMM
tumors. 
Immunohistochemical characteristics of the original
tumor, RMM tumors, RMM-C cells and tumors induced
by RMM-C cells

The immunohistochemical results are shown in

Table 2. The original tumor was strongly positive for
vimentin, PNL-2 (Fig. 4a), S-100 (Fig. 4b) and stained
faintly for nestin (Fig. 4c). PNL-2 reactivity showed a
finely granular pattern in the cytoplasm; a positive
reaction for S-100 was seen in both nuclei and
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Fig. 4. Immunohistochemistry of the original tumor: a. PNL-2, finely granular cytoplasmic reactivity is seen. b. S-100, both nuclear and cytoplasmic
reactivity is seen. c. nestin, a small number of positive cells are observed. Immunohistochemistry of RMM tumors. d. PNL-2, similar reactivity to that in
primary tumor is seen. e. S-100, similar reactivity to that in primary tumor is seen. f. nestin, a large number of positive cells are observed. Bars: 50 µm.

Table 2. Immunohistochemical results in the original tumor, RMM
tumors, cultured RMM-C cells and tumors induced by RMM-C cells.

Antibody Origin RMM tumor RMM-C RMM-C induced tumors

Vimentin 3+ 3+ 3+ 3+
Desmin - - - -
α-SMA - - - -
Nestin 1+ 2+ 3+ 3+
GFAP - - - -
Schwann/2E - - - -
S-100 3+ 3+ 3+ 3+
PNL-2 3+ 3+ 2+ 2+
CD68 - - - -
CD163 - - - -
Galectin-3 2+ 2+ 2+ 2+

α-SMA, α-smooth muscle actin; GFAP, glial fibrillary acidic protein;
Schwann/2E, Schwann cells and peripheral myelin; S-100, S-100
protein; PNL-2, melanoma antigen; CD68, exudate macrophages;
CD163, resident macrophages; Galectin-3, β-galactoside binding lectin.
-, negative; 1+, faintly/ occasionally positive; 2+, moderately positive; 3+,
strongly positive.



cytoplasm of the neoplastic cells. Similarly, RMM
tumors reacted strongly to vimentin, PNL-2 (Fig. 4d)
and S-100 (Fig 4e); moreover, RMM tumors showed
stronger positive reaction to nestin (Fig. 4f); the nestin
reactivity in RMM tumors increased with subsequent
generations. Neoplastic cells in the original tumor and
RMM tumors were negative for desmin, α-SMA, GFAP,
Schwann/2E, CD68 or CD163. 

Cultured RMM-C cells showed strong reactivity to
vimentin (Fig. 5a) and S-100 (Fig. 5b). There were many
cells reacting to nestin (Fig. 5c) and PNL-2 (Fig. 5d).
The immunoreactivity for S-100 (Fig. 6a), nestin (Fig.
6b) and PNL-2 (Fig. 6c) in tumors induced by RMM-C
cells was similar to that in RMM tumors, respectively. 

Distribution of PNL-2-positive amelanotic melanocytes in
the rat skin

We investigated the distribution of amelanotic
melanocytes in rat skin tissues by using PNL-2
immunohistochemistry. Amelanotic melanocytes
stainable for PNL-2 were seen in the basal layer of the
epidermis of the palpebral conjunctiva, perianal skin,
scrotum and pinna. PNL-2-positive cells were also
located within the hair follicles in the dermis of
periocular skin, muzzle skin and pinna. In the dermis
outside the hair bulbs, no PNL-2-positive cells could be
seen. In the dorsal and ventral skin tissues, there were no
PNL-2-positive cells. The distribution of PNL-2-positive
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Fig. 5. Immunofluorescent staining for RMM-C cells. a. Vimentin reactivity shows filamentous staining in the cytoplasm. b. S-100 reactivity is seen in
both cytoplasm and nuclei. c. Nestin reactivity is seen in the cytoplasm. d. PNL-2 reactivity appears finely granular in the cytoplasm. Bars: 50 µm.



cells is listed in Table 3. 
Galectin-3 expression

Galectin-3 immunohistochemistry and western
blotting analyses in RMM tumor-bearing rats

Positive reaction to galectin-3 was seen in the

neoplastic cells of RMM tumors (Fig. 7a) and in RMM-
C cultures (Fig. 7b). Galectin-3 reactivity appeared
granular in the cytoplasm.

Galectin-3-positive bands as a 35 kDa-protein were
seen in the blood serum of RMM tumor-bearing rats
(Fig. 8a) and in RMM tumor tissue samples (Fig. 8b).
Serum galectin-3 expression was gradually increased
with growing tumor sizes of 1, 2 and 3 cm, showing a
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Table 3. The distribution of PNL-2-positive melanocytes in normal F344 rat skin.

Region Pinna Muzzle Rhinarium Palpebral Dorsal Ventral Perianal Scrotum

Epidermis 1+~2+ - + 3+ - - 3+ 3+
Dermis 1+ - - 1+ - - - -
Hair follicle 1+ 2+ 2+ 2+ - - - -

-, no positive cells; 1+, few positive cells; 2+, moderate number of positive cells; 3+, large number of positive cells

Fig. 6. Immunohistochemistry for tumors induced by RMM-C cells a. PNL-2. b. S-100. c. nestin. Similar immunoreactivity to that in RMM tumors is
seen. Bars: 50 µm.

Fig. 7. Immunostaining for galectin-3 in RMM tumor (a) and RMM-C cells (b). Galectin-3 reactivity appears granular. Bars: 50 µm.



significant change in rats bearing 3 cm-diameter tumors
(Fig. 8a). On the contrary, there was no significant
difference in the intensity of galectin-3-positive bands
between RMM tumor samples (1, 2 and 3 cm in
diameter) (Fig. 8b).

Effects of TNF-α and TGF-β1 on galectin-3
expression in RMM-C cells

Because TNF-α and TGF-β are reported as possible
factors capable of regulating galectin-3 expression in
inflammation (Jensen-Jarolim et al., 2002; Ohshima et
al., 2003; Henderson et al., 2008), we investigated the
effects of TNF-α and TGF-β1 on the expression of
galectin-3 in cultured RMM-C cells. The addition of
TNF-α at a dose of 1 ng/ml and 5 ng/ml significantly
increased the mRNA expression of galectin-3 in RMM-
C cells (Fig. 9a); although there was no significant
change nor dose-dependent increase, the dose of 10
ng/ml showed a tendency to increase, as compared with
control (0 ng/ml). On the contrary, treatment with TGF-
β1 at a dose of 10 ng/ml and 20 ng/ml significantly
decreased the galectin-3 mRNA expression (Fig. 9b),
and there was a tendency to decrease at 5 ng/ml, in
contrast to control (0 ng/ml). 

Discussion

The original tumor

Histopathologically, the original tumor was
characterized by spindle-shaped cells arranged in
interlacing bundles or fascicles. There were some
difficulties in the diagnosis of the original tumor,
because F344 rats are an albino strain and therefore
tumor cells lack mature melanin pigments. Vimentin
reactivity indicated mesenchymal cell-derived tumors
(Painter et al., 2010). Based on histopathological
findings, therefore, the differential diagnosis included
fibrosarcomas and malignant Schwannomas. Immuno-
histochemically, neoplastic cells of the original tumor
were strongly positive for PNL-2; the PNL-2 immuno-
reactivity is reported to be specific for melanocytes,
whereas fibrosarcomas and malignant Schwannomas are
negative (Rochaix et al., 2003; Ramos-Vara and Miller,
2011). Furthermore, the original tumor did not react with
antibodies to GFAP and Schwann/2E; these are markers
for normal Schwann cells and Schwann cell-derived
tumors (Arai et al., 1998; Hirose et al., 2012). The
presence of premelanosomes in RMM tumors clearly
indicated melanocyte-derived tumors of the present
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Fig. 8. a. Western blotting for serum galectin-3 in RMM tumor bearing rats. Serum galectin-3 is gradually increased with tumor size, with a significant
change in rats bearing 3 cm-diameter tumors. b. Western blotting for galectin-3 in RMM tumors. A decreasing tendency with tumor size is observed,
although without statistical significance. *, P<0.05 by Dunnett’s test.



original tumor. Thus, the original tumor was diagnosed
as an amelanotic melanoma. 

Spontaneous amelanotic melanomas consisting of
interlacing growth pattern made by spindle-shaped cells
have been reported in F344 rats that had been used in 2-
year-carcinogenicity studies, with an incidence of less
than 1% and without sex difference (Nakashima et al.,
1991; Yoshitomi et al., 1995); the predilection sites
include the pinna, eyelid, scrotum, perianal and tail areas
(Kurotaki et al., 2008). Amelanotic melanomas in the
pinna appear most frequently and have a higher
metastatic potential than those developed in other parts
of the skin (Yoshitomi et al., 1995). To assess if there is
any correlation between the number of melanocytes and
predilection sites for amelanotic melanoma in F344 rats,
we analyzed the distribution of PNL-2-positive cells in
the skin of F344 adult rats. PNL-2 antibody labels with
normal and neoplatic amelanotic melanocytes (Kurotaki
et al., 2008). There were many PNL-2-positive
amelanotic melanocytes in the perianal skin, scrotum,
palpebral conjunctiva, and pinna; these cells were
distributed along the basal layer of the epidermis or

within the hair bulbs (Kurotaki et al., 2008). In other
regions such as the dorsal or ventral skin, the
melanocytes were completely absent. The predilection
sites for amelanotic melanomas in F344 rats seem to be
related to the distribution of PNL-2-positive cells in the
body. 
Transplantable RMM tumors 

The homotransplantable tumors named RMM could
be established by transplanting a tissue fragment of the
original tumor. Histopathological and immunohisto-
chemical findings of RMM tumors were generally in
agreement with those of the original tumor. Although we
failed to obtain samples for electron microscopy in the
original tumor, the presence of premelanosomes was
confirmed by using RMM tumor tissues, indicating the
usefulness of the established RMM tumors. 

Neurogenic tumors show reactivity for nestin and S-
100; particularly, nestin has been used as a neurogenic
progenitor cell marker (Suzuki et al., 2010), and human
melanoma cells are well known to be positive for nestin
(Florenes et al., 1994; Akiyama et al., 2013). The
reactivity was increased with generation of RMM
tumors. It is reported in human malignant melanomas
that nestin expression was greater in the advanced stages
with metastatic lesions than in the early stages (Ladstein
et al., 2014). Through the serial transplantation,
neoplastic cells of RMM tumors might become more
undifferentiated and immature. 

It is worthwhile to discuss that melanotic
Schwannomas have been reported in humans; this tumor
is a rare tumor of Schwann cell origin, characterized by
cytoplasmic deposition of melanin (Er et al., 2007).
Although malignant melanomas and Schwannomas react
to S-100 (Harpio and Einarsson, 2004; Karamchandani
et al., 2012), the original tumor and RMM tumors did
not react to GFAP and Schwann/2E (as mentioned
above) and lacked pericytoplasmic basal laminae in
electron microscopy. Furthermore, the present
Watanabe’s silver impregnation stain revealed that
reticulin fibers, corresponding to pericytoplasmic basal
laminae, surrounded clusters of neoplastic cells but not
individual cells (Kuwamura et al., 1998; Boonsriroj et
al., 2014). In the original tumor and RMM tumors, there
was no evidence of Schwann cell-derived tumors.
Negative reactions for CD68 and CD163, markers for rat
macrophages and histiocytes, respectively (Mori et al.,
2009; Golbar et al., 2011b), indicated that this tumor was
not derived from histiocytes. 
Characteristics of RMM-C cell line and RMM-C-induced
tumors

RMM-C culture, established from a RMM tumor,
consisted of a uniform population of spindle-shaped
cells, with immunoreactivity similar to the original and
RMM tumors. However, there were no premelanosomes
in electron microscopy in the cultured cells. Abnormal
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Fig. 9. a. Real-time RT-PCR for galectin-3 in RMM-C cells. Addition of
TNF-α at a dose of 1 ng/ml and 5 ng/ml significantly increased the
mRNA expression. b. Addition of TGF-β1 at a dose of 10 ng/ml and 20
ng/ml significantly decreased the galectin-3 mRNA expression. *,
P<0.05 by Dunnett’s test.



chromosome numbers might indicate neoplastic cells; in
fact, inoculation of RMM-C cells developed tumors in
syngeneic rats with 100% intake. The induced tumors
also exhibited histopathology and immunohisto-
chemistry similar to the original tumor and RMM tumors
with greater reactivity to nestin as compared with the
original tumor. 
Galectin-3 expression in RMM tumors

Galectin-3, a β-galactoside-binding protein, is
shown to be involved in cell growth and adhesion of
normal cells, as well as tumor malignancy such as
progression and metastasis (Nakahara et al., 2005).
Galectin-3 was upregulated in thyroid malignancies
(Fernández et al., 1997; de Matos et al., 2012) and
colorectal cancers (Nakamura et al., 1999; Endo et al.,
2005), whereas it was downregulated in prostate cancers
(Pacis et al., 2000; Wang et al., 2009). In the present
study, we analyzed expression of galectin-3, neoplastic
cells of the original tumor and RMM tumors, as well as
cultured RMM-C cells and its induced tumors expressed
galectin-3. It is interesting to note that serum galectin-3
expression was significantly increased with growth of
RMM tumors, although there was no difference in the
expression between tumor size of 1, 2, and 3 cm in
diameter. In humans bearing malignant melanomas, it is
reported that serum galectin-3 expression was increased
at the advanced stages (Vereecken et al., 2006).
Although more detailed investigations are needed, the
levels of galectin-3 expression in serum might be
regarded as a possible biomarker of the progression of
amelanotic malignant melanomas (Vereecken et al.,
2009). 

Furthermore, we showed that increased expression
of galectin-3 in cultured RMM-C cells was induced by
TNF-α, whereas TGF-β1 decreased the expression. In
inflammation, galectin-3 may be expressed in macro-
phages and fibroblastic cells under inflammatory factors
(Henderson and Sethi, 2009; Wijesundera et al., 2014).
Tumor malignancy may be due to macrophage functions
(so-called M1 or M2 macrophage polarization); M1
macrophages suppress tumor growth, whereas M2
macrophages promote tumor malignancy (Hao et al.,
2012). Inflammatory macrophages produce TNF-α or
TGF-β1 (Hao et al., 2012). The present study indicated
that galectin-3 expression might be dependent on micro-
environmental factors in tumor tissues. The relationship
between tumor growth and galectin expression or
between galectin expression and tumor macrophage
infiltration (relating to M1/M2 polarization) should be
investigated further. 

In conclusion, in the present study, in addition to the
original tumor, we characterized a rat transplantable
amelanotic melanoma line (RMM) and its cultured cell
line (RMM-C) established from a spontaneous tumor in
an F344 rat. To our knowledge, RMM is the first
amelanotic melanoma model derived in the rat.
Furthermore, we demonstrated that galectin-3 expression

was related to RMM tumor growth, and its expression
might be influenced by TNF-α (increase) and TGF-β1
(decrease). The RMM tumor line and RMM-C cultured
cell line could become useful tools for pathobiological
studies of amelanotic melanoma development-related
systemic immunity and development of effective
therapeutic strategies against this malignancy.
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