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Abstract We succeeded to establish cell lines from

endemic fish species Honmoroko Gnathopogon cae-

rulescens, which inhabits Lake Biwa, the third oldest

lake in the world. Two cell lines designated as RMT1

and RMO1 were established from testis and ovary of

G. caerulescens, respectively. These cell lines were

initially cultured in Leibovitz’s L-15 medium supple-

mented with fetal bovine serum (FBS), fish embryo

extract, epidermal growth factor, and basic fibroblast

growth factor. Further addition of forskolin and b-

mercaptoethanol was required to establish and main-

tain these cell lines for more than 60 passages. RMT1

and RMO1 cells showed fibroblast- and epithelial-like

morphology, respectively. From immunocytochemi-

cal staining and gene expression patterns, RMT1 cells

showed a characteristic of testicular Sertoli cells and

RMO1 cells did that of ovarian theca cells. Both

RMT1 and RMO1 cells multiplied well in the medium

supplemented with 10 % FBS at 28 �C and their

minimum population doubling times were 24.4 and

28.8 h, respectively. At the 45th passage, most of

the RMT1 and RMO1 cells had a hyperploid set of

chromosomes (67.3 and 96.1 %, respectively). Cells

with normal diploid chromosome set were not

observed. RMT1 cells were transfected with an

enhanced green fluorescent protein (EGFP) expression

vector and human elongation factor 1 a promoter

worked efficiently to express EGFP. In addition,

EGFP-expressing cell lines were also established,

suggesting that the cell lines could be utilized as an

in vitro monitor system (biosensor) for the evaluation

of endocrine disruptors which might affect gonadal

function.
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Introduction

In vitro systems such as cell lines are growing

importance in ecotoxicology, because the cell lines

are rapid and cost-effective tools for the assessment of

adverse effects of chemicals and environmental sam-

ples with high reproducibility. The cell lines from
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different tissues of various species are valuable for

studying tissue- and species-specific responses to

chemicals at the cellular level, especially gonadal

cells which links to reproductive performance will be

useful to validate chemicals as gonad is known to be

sensitive and frequently affected by chemicals such as

endocrine disruptors (Hotchkiss et al. 2008). More

than 280 teleost fish cell lines have been developed

from a broad range of species and tissues (Fryer and

Lannan 1994; Lakra et al. 2011; Wolf and Mann

1980); however, there is limited number of cell lines

(about 20 gonadal cell lines) originating from gonadal

tissues in fish (Fryer and Lannan 1994; Lakra et al.

2011; Wolf and Mann 1980; Zhang et al. 2011).

Honmoroko Gnathopogon caerulescens is a small

cyprinid fish that is endemic to Lake Biwa in Japan.

Although the necessity of stock maintenance has been

emphasized, the natural stock has rapidly decreased

for several decades. In recent years, several endocrine-

disrupting chemicals, such as 4-nonylphenols and

4-tert-octylphenol, were found in water and fish from

the lake (Tsuda et al. 2000). Endocrine disruptors are

believed to have adverse effect on the sexual devel-

opment and fertility through their multiple hormone-

like activities (Scholz and Klüver 2009). However,

these effects are poorly understood at the cellar level

in fish due to the lack of appropriate cell lines to

analyze their mechanism. Since gonadal cell lines of

G. caerulescens could be used not only as ideal tools

for in vitro studies for the mechanism of endocrine

disrupters but also as biosensors to detect them, it is

necessary to develop the cell lines.

The present study reports two new cell lines from

testis and ovary of G. caerulescens (RMT1 and

RMO1, respectively) and their characterizations. In

addition, transfection of foreign DNA and establish-

ment of stable cell line expressing green fluorescent

protein were also investigated in RMT1 cells.

Materials and methods

Primary cell culture

Establishment of the testicular and ovarian cell lines

was based on the procedure described in male germ

cell cultures of zebrafish (Sakai 2006) with slight

modifications in cell culture condition. Namely, cells

were cultured in growth factors-supplemented med-

ium under feeder cell-free condition.

Matured (approx. 2-year-old) male and female G.

caerulescens were obtained from Shiga Prefectural

Fisheries Experimental Station. They were euthanized

by a quick blow to the head and disinfected with 70 %

ethanol. The male and female gonads were aseptically

dissected out from the fishes and dissociated sepa-

rately in Leiboviz’s L-15 medium supplemented with

500 U ml-1 collagenase (GIBCO/Invitrogen, Carls-

bad, CA, USA). Following the removal of undissoci-

ated fragments by passing through a nylon mesh, the

cells in the suspension were washed with HEPES-

buffered Leiboviz’s L-15 medium (pH 7.9) supple-

mented with 1 % (w/v) bovine serum albumin fraction

V (BSA: Sigma-Aldrich, St. Louis, MO, USA) by

10-min centrifugation at 1009g. The cell pellet was

suspended in TCCM-FBS (testicular cell culture

medium containing 3 % (v/v) fetal bovine serum)

(Sakai 2006) supplemented with 10 IU ml-1 human

chorionic gonadotropin (HCG, Sigma-Aldrich),

10 IU ml-1 pregnant mare’s serum gonadotropin

(PMSG, Sigma-Aldrich), 100 ng ml-1 epidermal

growth factor (EGF: Peprotech, Rocky Hill, NJ,

USA), 100 ng ml-1 basic fibroblast growth factor

(bFGF: Peprotech), and plated at four paired gonads

per 35-mm plastic culture dish coated with 0.1 % (w/v)

gelatin. Fish embryo extract, which was contained in

TCCM-FBS, was prepared from Ischikauia steenackeri

embryos according to the procedure as described

previously (Westerfield 2007). The dishes were incu-

bated at 28 �C, and the medium was changed every

3 days.

Subculture and maintenance

When the cells reached 90 % confluency, the cells

were detached from culture dishes using phosphate-

buffered saline (PBS) supplemented with 0.06 % (w/v)

trypsin and 1.32 mM ethylenediaminetetraacetic acid.

Each culture was examined under an inverted micro-

scope and as soon as the cell shape had changed, the

cells were washed with Leibovitz’s L-15 medium

supplemented with 3 % FBS by 3-min centrifugation at

1009g. To establish cell lines, testicular and ovarian

cells at the 6th and 3rd subcultures, 10 lM forskolin

(Sigma-Aldrich), 0.1 mM b-mercaptoethanol (Sigma-

Aldrich), and 10 % FBS were added in the media

described above.
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Morphological confirmation

by immunocytochemistry

Confirmation of the morphologies of testicular and

ovarian cell lines was made by immunocytochemistry

with antibodies directed against vimentin and cyto-

keratin. In brief, cells were grown to confluency in

gelatin-coated 4-well dishes and were fixed for 15 min

with 4 % (w/v) paraformaldehyde in PBS on the

culture dishes. Following the permeabilization with

0.2 % (v/v) Triton X-100 for 10 min, cells were

incubated for 30 min in PBS containing 4 % (v/v) goat

serum. Then, the cells were incubated with the primary

antibodies, mouse anti-vimentin (clone V9: Dako,

Glostrup, Denmark; diluted 1:25), and mouse anti-

cytokeratin (clone AE3: American Research Products,

Waltham, MA, USA; diluted 1:50), overnight at 4 �C.

The cells were incubated with secondary antibodies,

Alexa Fluor 488-conjugated goat anti-mouse IgG

(Invitrogen; diluted 1:500), for 45 min. Nuclei of the

cells were counterstained with 40,60-diamidino-2-

phenylindole (DAPI: Dojindo Laboratory, Kuma-

moto, Japan) for 20 min. Fluorescent images were

obtained using a confocal microscope (FLUOVIEW

FV1000, Olympus, Japan). Appropriate controls for

autofluorescence and secondary antibodies were

performed.

Gene expression analysis

To verify the origin of the cell lines, reverse

transcription polymerase chain reactions (RT-PCR)

were performed to examine the gene expression

patterns of the testicular and ovarian cell cultures

using gonadal somatic (Sox9a, WT1a, Cyp11b, and

Cyp19a1) and germ cell (Dmrt1, Vasa, and Ziwi1)

marker genes. The gene expression patterns of testic-

ular and ovarian tissues were also examined. The

Tuba1 gene was used as an internal control for RT-

PCR.

Total RNA was extracted from the cell cultures and

gonadal tissues using illustra RNAspin Mini Isolation

Kit (GE Healthcare Bio-Sciences, Piscataway, NJ,

USA) according to the manufacturer’s instructions.

After DNase treatment for the samples, reverse

transcription was carried out with PrimeScript RT

reagent Kit (Takara Bio, Shiga, Japan) using 500 ng

total RNA. The cDNAs were amplified using specif-

ically designed primers (Table 1). PCR were carried

out using TaKaRa Ex Taq DNA Polymerase (Takara

Bio) according to the manufacturer’s instructions. The

PCR conditions used were: 2 min initial denaturation

at 95 �C, 35 cycles of 20 s denaturation at 94 �C, 30 s

annealing at 60 or 62 �C, and 1 min extension at

72 �C, followed by 2 min final extension at 72 �C.

The RT-PCR products were separated by agarose gel

electrophoresis, and the gel was stained with ethidium

bromide.

Growth studies

Cell growth was examined at different FBS concen-

trations and incubation temperatures, using testicular

and ovarian cell lines at passages 36–43 and 34–38,

respectively. Testicular and ovarian cells were plated

in gelatin-coated 24-well plates in triplicate at the

concentrations of 8 9 104 cells per well and 6 9 104

cells per well, respectively, and cultured in the

subculture medium containing 0, 5, and 10 % FBS at

18 and 28 �C. Cells were harvested daily by trypsin-

ization and counted using a hemocytometer for 5 days.

Minimum doubling time was calculated from exper-

imental data during the exponential growth phase

(24–48 h of culture) using the algorithm provided by

http://www.doubling-time.com.

Chromosome analysis

Testicular and ovarian cell lines at passage 45 were

used for chromosome analysis. Cells undergoing

exponential growth were treated with 0.05 lg ml-1

colcemid for 4 h at 28 �C. Then, the cells were

trypsinized and pelleted by centrifugation at

1009g for 3 min. The cell pellet was suspended in a

hypotonic solution (0.075 M KCl) for 10 min, after

which the cells were fixed for 20 min by adding four

volumes of a 3:1 mixture of methanol and acetic acid.

A small volume of the cell suspension was dropped

onto clean glass slides, and chromosomes were stained

with 10 % (v/v) Giemsa solution (in 10 mM potas-

sium phosphate, pH 6.8) for 10 min and counted under

a microscope. Chromosome counts were undertaken

in more than 100 metaphase plates.

Transfection with GFP expression vector

The transfection ability of testicular cell line was

determined using a plasmid expressing enhanced
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green fluorescent protein (EGFP) under the control of

human elongation factor 1 a promoter (pCE-EGFP)

(Takada et al. 1997). The plasmid was derived from

pEGFP-1 (Clontech, Mountain View, CA, USA),

which carries neomycin resistance as a selectable

marker. Plasmid DNA of this vector was prepared

using QIAprep spin Miniprep kit (Qiagen) and trans-

fection was performed using a Lipofectamine 2000

(Invitrogen) according to the supplier’s instructions.

In brief, the plasmid (480 ng) and the transfection

reagent (1.2 ll) were dissolved separately in 30 ll

aliquots of Opti-MEM (Invitrogen). The media were

mixed and incubated for 20 min at room temperature.

The mixture was added dropwise onto 80–90 %

confluent testicular cells in 24-well dish, and trans-

fection was carried out for 6 h at 28 �C. After 1-day

culture in the subculture medium devoid of antibiotics,

presumptive transfected cells were cultured with

400 lg ml-1 neomycin (G418: Nacarai Tesuque,

Kyoto, Japan). After 10 days of culture, the neomy-

cin-resistant fluorescent colonies were isolated and

propagated.

Results

Primary and subsequent culture

In the primary and secondary cultures of the testicular

and ovarian cells, mixture of two cell types was

observed to coexist in both preparations (Fig. 1). In

the testicular cell culture, the first and dominant cell

type was fibroblast-like and the other less abundant

cells were round-shaped and formed tightly packed

colony on the fibroblast-like cells that have attached to

the dishes. In contrast, the dominant cell type of

ovarian cell culture was epithelial-like and the less

abundant cells were rounded-shaped similar to the

cells observed in the testicular cell cultures. After the

3rd passage, the cells became uniformly fibroblast-

and epithelial-like cells in testicular and ovarian cell

cultures, respectively.

At the 6th and 3rd passage of the testicular and

ovarian cells, respectively, cell proliferation was

almost halted. Supplementation to culture medium

with forskolin and b-mercaptoethanol permitted the

proliferation of the cells. After the establishment of

cell lines, these cell lines can be maintained in reduced

concentration of FEE (2 embryos ml-1) with no

obvious effect in cell morphology and proliferation.

Cells were subcultured at a ratio of 1:2 every at 2- to

3-day intervals and have been successfully subcul-

tured more than 60 times since their initiation in

October of 2010. Cells were cryopreserved at different

passages and successfully thawed at high viability

with a commercial cell freezing preservation solution

(Cell Banker; Nippon Zenyaku Kogyo, Fukushima,

Japan) (data not shown). During this period, no change

in phenotype was observed and the cell lines from

testicular and ovarian tissues were designated as

RMT1 and RMO1, respectively.

Morphological confirmation

by immunocytochemistry

Immunocytochemical characterization of the RMT1

and RMO1 cells were examined at passage 41 and 43,

respectively. Both cell lines showed positive reaction

for vimentin and negative reaction for cytokeratin

(Fig. 2).

Table 1 Primers used for reverse transcription polymerase chain reactions (RT-PCR)

Gene Forward primer (50–30) Reverse primer (50–30) Annealing

temperature (�C)

Sox9a GACGTGGATATCGGCGAGCT GGTGTGTACATGGGCCTCTG 60

WT1a ATGGGGGATCAGCAGTATCC CTGTGTGTTTACGGCTGTGCAT 60

Cyp11b2 CGTAACCCTGATGTGCAGGA AGCAGCTGCATCTCGTTCTC 60

Cyp19a1a AGGCAGTGTGTGTTGGAGATG GGCTGGAAGAAACGACTCGG 62

Dmrt1 AAGGGCCACAAACGCTTCTG CCGAGCCCCTGACTCAGGTA 62

Ziwi CAGATGAACTGCAAAATGGGAGG CCCTGCCAGTTGTAGTACATGTG 60

Vasa GCATGCAGTGATGTGGAGCAAAC CTGTTGTGCCATGAGCACTGAA 62

Tuba1 TCCACCCTGAGCAGCTCATCA GAAGGCACAGTCAGAGTGCTC 60
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Gene expression analysis

Gene expression of RMT1 and RMO1 cell lines was

analyzed at passage 20 and 14, respectively. As shown

in Fig. 3, similar in the gonadal samples, both of the

Sox9a and WT1a expressions were observed in RMT1

and RMO1 cells. Although obvious Cyp11b expres-

sion was detected in testicular tissue, very weak

expression was observed in RMT1 and the RMO1

cells and ovarian tissue sample. Ovarian tissue sample

expressed Cyp19a1a strongly, whereas weak expres-

sion was detected in RMT1 cells but not in RMO1

cells and testicular tissue sample. Although expres-

sions of Vasa, Ziwi1, and Dmrt1 were detected in both

testicular and ovarian tissue samples, expressions of

these germ cell markers could not be detected in

RMT1 and RMO1 cells.

Growth studies

As shown in Fig. 4, both RMT1 and RMO1 cells did

not show obvious growth at 18 �C, regardless of FBS

concentrations. The growth rates of the both cell lines

increased as the FBS concentration increased from 0 to

10 % at 28 �C. When the cells were cultured in 10 %

FBS at 28 �C, both cell lines showed exponential

growth during 24–48 h of culture and the minimum

population doubling times of RMT1 and RMO1 were

calculated to be 24.4 and 28.8 h, respectively. After

5 days of culture in 10 % FBS at 28 �C, cells reached

visual confluence and the cell numbers of RMT1 and

RMO1 were 5.5 9 105 and 2.5 9 105 in a well of

24-well plate, respectively.

Chromosome analysis

No obvious anomaly such as dicentric or ring chro-

mosomes was observed in chromosomes of RMT1

and RMO1 cells (Fig. 5a, b). Both of the RMT1 and

RMO1 cells exhibited aneuploidy in metaphase and

diverse chromosome numbers. For RMT1 cells, the

chromosome number ranged from 28 to 59 with

observed modal chromosome number of 56 (Fig. 5c).

The chromosome number of RMO1 cells ranged from

15 to 74 with observed modal chromosome number of

70 (Fig. 5d).

Transfection with GFP reporter gene

RMT1 cells were successfully transfected with pCE-

EGFP by means of lipofection. The expression of

Fig. 1 Morphology of the cell cultures derived from testicular

and ovarian tissues of Gnathopogon caerulescens. Phase

contrast micrographs of testicular cell cultures were taken at

primary culture (a), at passage 7 (b), and at passage 35 (c). Phase

contrast micrographs of ovarian cell cultures were taken at

primary culture (d), at passage 5 (e), and at passage 20 (f).
Bars = 100 lm (magnification: 9100)
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EGFP in the cells could be detected at 24 h after the

transfection. Following the neomycin selection, we

obtained a stable population of the EGFP-expressing

RMT1 cells (Fig. 6).

Discussion

The fibroblast- and epithelial-like cell populations in

testicular and ovarian cell cultures were observed to

Fig. 2 Immunocytochemical staining for vimentin and cyto-

keratin in testicular (RMT1) and ovarian (RMO1) cell lines of

Gnathopogon caerulescens. Phase contrast and fluorescent

images of the RMT1 (a and c, b and d, respectively) and

RMO1 (e and g, f and h, respectively) cells were taken at

passage 41 and 43, respectively. RMT1 and RMO1 cells were

stained with monoclonal anti-vimentin antibody (green in b
and f, respectively), but not with anti-cytokeratin (d and h,

respectively). Nuclei were counter stained with DAPI (blue).

Bars = 100 lm (magnification: 9200). (Color figure online)
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grow more rapidly than the coexisted round-shaped

cells. From the previous studies of testicular (Sakai

2002; Song and Gutzeit 2003) and ovarian (Fraser and

Hall 1999) primary cell cultures of other species, these

round-shaped cells were considered to be germ line

cells. Since the round-shaped cells attached on fibro-

blast- and epithelial-like cells, fibroblast- and epithe-

lial-like cells presumably provides feeder function on

maintenance of germ cells at an initial stage of primary

culture, same as the culture of spermatogonial stem

cells in zebrafish (Kawasaki et al. 2012). However,

germ cells were gradually disappeared as passage

proceeded. Therefore, culture condition in this study

may exert more selective mitogenic effects on the

fibroblast- and epithelial-like cells than on germ-line

stem cells in the testicular and ovarian cell cultures,

respectively.

Both of the RMT1 and RMO1 cells required

forskolin and b-mercaptoethanol supplementation for

their continuous growth and passage. Although for-

skolin and b-mercaptoethanol are rarely used in fish

cell culture, similar favorable effects have been

observed in various mammalian cell cultures and

hence they are commonly added to the culture medium

(Van Der Valk et al. 2010). Forskolin is considered

capable of altering the intracellular signal transduction

pathways to enhance the intracellular cAMP levels

(Seamon and Daly 1981), thereby promoting the cell

proliferation and protecting the survival of the cells.

Favorable effects of b-mercaptoethanol supplementa-

tion might be resulted from decreasing the oxidative

stress (Martindale and Holbrook 2002) and/or provid-

ing cysteine to the cells as described previously

(Zmuda and Friedenson 1983).

Although the RMT1 and RMO1 cells showed

fibroblast- and epithelial-like morphology, respec-

tively, cell shape cannot predict whether cells are from

fibroblast or epithelial origin in fish cell culture

(Mauger et al. 2009). Despite some differences

between fish species, presence of vimentin together

with the absence of cytokeratin may indicate the

mesenchymal origin of cells (Thompson et al. 1987;

Fig. 3 Gene expression patterns of testicular (RMT1) and

ovarian (RMO1) cell lines and male and female gonadal tissues

of Gnathopogon caerulescens. Gene expression patterns of

RMT1 and RMO1 were examined at passage 20 and 14,

respectively

Fig. 4 Growth curves of testicular (RMT1) and ovarian

(RMO1) cell lines of Gnathopogon caerulescens at different

fetal bovine serum (FBS) concentrations and incubation

temperatures. Growth rates of RMT1 (passages 36–43) (a) and

RMO1 (passages 34–38) (b) were examined in various FBS

concentrations (0, 5, and 10 % v/v) at different incubation

temperatures (18 and 28 �C). Values are mean ± SE from

triplicate assays
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Bunton 1995). Accordingly, the result of immunocy-

tochemical staining was consistent with the fibroblas-

tic morphology in RMT1 cells. On the other hand,

RMO1 cells appeared to be mesenchymal origin, in

spite of their epithelial-like morphology.

Due to limited available information about the

gene expression patterns in G. caerulescens gonads,

we used those of other teleost fish species as

references. RMT1 cells expressed Sertoli marker

genes Sox9a (Chiang et al. 2001; Sakai 2002; Kobay-

ashi et al. 2008) and WT1a (Mohapatra et al. 2011) but

not Leydig marker Cyp11b (Wang and Orban 2007)

and germ cell marker genes such as Dmrt1 (Guo et al.

2005), Vasa (Kobayashi et al. 2002), and Ziwi1

Fig. 5 Chromosome analysis of testicular (RMT1) and ovarian

(RMO1) cell lines of Gnathopogon caerulescens. Metaphase

chromosomes were micrographed after Giemsa staining (a) and

karyotyped (b). Bar in a = 20 lm (magnification: 91,000)

shown is an example of a metaphase plate of a RMT1 cell with

hyperploid (54) chromosomes. Chromosome number distribu-

tions of RMT1 (c) and RMO1 (d) were analyzed at passage 45.

In total, 104 and 128 metaphase of RMT1 and RMO1 cells were

counted, respectively

Fig. 6 Testicular cell line (RMT1) of Gnathopogon caerules-
cens transfected with pCE-EGFP plasmid. Phase contrast (a) and

fluorescent (b) images of pCE-EGFP-transfected RMT1 cells

were taken after 10 days of selection in neomycin. Bars =

100 lm (magnification: 9200)
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(Houwing et al. 2007). Hence, RMT1 cells might

mainly originate from testicular Sertoli cells.

Of interest, RMO1 cells also express Sox9a and

WT1a and expression of these genes were observed in

ovary. Although these genes were used as a Sertoli cell

marker mentioned above, it has been reported that

ovarian gonadal epithelium and theca cells also

express Sox9a (Zhou et al. 2003) and WT1a (Moha-

patra et al. 2011) in other fish species, respectively,

while no expression of granulosa cell marker Cyp19a1

(Rodrı́guez-Marı́ et al. 2005) and germ cell markers

(Dmrt1, Vasa, and Ziwi1) was detected. These results,

taken together with the immunocytochemical staining,

suggest that RMO1 was mainly derived from the

ovarian theca cells.

Both RMT1 and RMO1 cells showed active growth

at 28 �C but not at 18 �C, though the water temper-

ature was reported to be 12–14 �C at the beginning and

25–27 �C at the end of the spawning season of G.

caerulescens (Nakamura 1949). This might indicate

that the cell lines were selected, or adapted, to the

relatively higher incubation temperature through the

establishment and/or subculture at 28 �C as suggested

previously (Wolf and Ahne 1982). When the cells

were cultured at 28 �C, both cell lines required FBS

supplementation in the medium for proliferation. This

demonstrated that FBS plays an important role in the

proliferation of the present cell lines as generally

suggested in the fish cell culture (Bols and Lee 1991).

Within the tested conditions, the highest growth

rates of the RMT1 and RMO1 cells were obtained

from the cells cultured in the subculture medium

supplemented with 10 % FBS at 28 �C. Both of the

RMT1 and RMO1 cells exhibited maximum growth

rate during 24–48 h of culture and the minimum

doubling times were 24.4 and 28.8 h, respectively.

These population doubling times were shorter than

that of testicular (Ku and Chen 1992; Zhang et al.

2011) and ovarian (Li and Stewart 1965) cell lines of

other fish species. This difference could be due to

species variance but is more likely related to additives

such as EGF, bFGF, forskolin, and b-mercaptoethanol

which were not used in these previous studies.

The diploid chromosome number for G. caerules-

cens has been determined as 50 (Ueno et al. 1992).

Most of the RMT1 and RMO1 cells had a hyperploid

set of chromosomes (67.3 %: 70/104 and 96.1 %:

123/128, respectively) and the cells with normal

diploid chromosome set were not observed, suggesting

RMT1 and RMO1 cells had low genetic stability.

Aneuploidy was commonly observed in fish cell lines

and the cells with normal diploid chromosomal number

were absent in several fish testicular (Ku and Chen

1992) and ovarian (Bowser and Plumb 1980; Lannan

et al. 1984) cell lines. The cause of such high

aneuploidy rate in the present study, in both cell lines,

remains to be unclear, but may occur as a consequence

of chromosome disjoining during cell division.

To examine the feasibility of using RMT1 cells as

an in vitro tool such as biosensor by means of gene

transfer, transfection with pCE-EGFP plasmid using a

commercial lipofection kit, which adapted to the

mammalian cells, was performed. In this experiment,

RMT1 cell line expressed EGFP efficiently, which

implies lipofection is feasible and human elongation

factor 1 a promoter efficiently drive reporter genes in

fish cell line. We also confirmed that chicken b-actin/

rabbit b-globin hybrid promoter (pCAGGS: Niwa

et al. 1991) works well in this cell line (data not

shown). Although successful GFP transfection was

reported in several fish cell lines (Ku et al. 2009;

Parameswaran et al. 2007; Parameswaran et al. 2006;

Qin et al. 2006; Sun et al. 2011), this is the first

testicular cell line which was successfully transfected

with the foreign DNA in fish. Our results suggest that

gene transfer can be performed like mammalian cells

and mammalian ubiquitous promoter works in RMT1

cells.

In conclusion, endemic fish cell lines from testic-

ular and ovarian tissues of G. caerulescens were

successfully established and designated as RMT1 and

RMO1, respectively. Gene expression patterns and

immunocytochemical staining of RMT1 and RMO1

cells revealed that these cell lines were originated

from testicular Sertoli and ovarian theca cells, respec-

tively. Conventional transfection procedure and ubiq-

uitous promoter adapted to the mammalian cells can

be applied to RMT1 cells. This indicated that this cell

line could be easily modified by gene transfer and

utilized as an in vitro system for the evaluation of

direct effect of environmental chemicals on gonadal

cells of endemic species and provide an useful

biosensors to replace whole animals.
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J Comp Pathol 97:257–266. doi:10.1016/0021-9975(87)

90089-2

Tsuda T, Takino A, Kojima M, Harada H, Muraki K, Tsuji M

(2000) 4-Nonylphenols and 4-tert-octylphenol in water and

fish from rivers flowing into Lake Biwa. Chemosphere

41:757–762. doi:10.1016/S0045-6535(99)00465-8

Ueno K, Ye Y, Umeoka T (1992) A comparative study of

chromosomes in the cyprinid fish genera Gnathopogon and

Squalidus of Japan. Nippon Suisan Gakk 58:1273–1277

Van Der Valk J, Brunner D, De Smet K, Fex Svenningsen Å,
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