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Abstract The skin of the amphibian Bombina maxima

is rich in biologically active proteins and peptides, most

of which have mammalian analogues. The physiological

functions of most of the mammalian analogues are still

unknown. Thus, Bombina maxima skin may be a

promising model to reveal the physiological role of

these proteins and peptides because of their large

capacity for secretion. To investigate the physiological

role of these proteins and peptides in vitro, a fibroblast

cell line was successfully established from Bombina

maxima tadpole skin. The cell line grew to form a

monolayer with cells of a uniform shape and abundant

rough endoplasmic reticulum, which are typical charac-

teristics of fibroblasts. Further identification at a molec-

ular level revealed that they strongly expressed the

fibroblast marker protein vimentin. The chromosome

number of these cells is 2n = 28, and most of them were

diploid. Growth property analysis showed that they grew

well for 14 passages. However, cells showed decreased

proliferative ability after passage 15. Thus, we tried to

immortalize the cells through the overexpression of

SV40 T antigen. After selecting by G418, cells stably

expressed SV40 large T antigen and showed enhanced

proliferative ability and increased telomerase activity.

Signal transduction analysis revealed functional p42

mitogen-activated protein (MAP) kinase in immortal-

ized Bombina maxima dermal fibroblasts. Primary

fibroblast cells and the immortalized fibroblast cells

from Bombina maxima cultured in the present study can

be used to investigate the physiological role of Bombina

maxima skin-secreted proteins and peptides. In addition,

the methods for primary cell culturing and cell immor-

talization will be useful for culturing and immortalizing

cells from other types of amphibians.
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Introduction

The red-bellied toad is an Anura amphibian

with ecological significance in southwest China.
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Amphibians have long been used as animal models

for scientific research. For example, Xenopus laevis

and Xenopus tropicalis are useful in developmental

studies. Salamanders are widely used for regenera-

tion biology research. Amphibian skins contain both

granular glands and mucous glands that can secrete a

number of proteins and peptides with various

activities. Many proteins and peptides have been

cloned and purified from the skin of Bombina

maxima in our previous studies (Lai et al. 2002b,

c, 2003; Zhang et al. 2005; Liu et al. 2008; Gao

et al. 2011b). Among them are low molecular weight

peptides such as bradykinin (Lai et al. 2001b),

proline-rich bombesin (Lai et al. 2002c), Bv-8-like

peptides (Lai et al. 2003), and antimicrobial peptides

(Lai et al. 2002a, d). In addition to these peptides, a

trefoil protein containing a two trefoil domain

termed Bm-TFF2 (Zhang et al. 2005, 2011), a

bc-crystalline and trefoil peptide complex termed

bc-CAT (Liu et al. 2008; Gao et al. 2011a) and a

skin albumin (Zhang et al. 2006) have also been

identified and characterized from the skin of Bom-

bina maxima. These peptides and proteins may play

an important role in maintaining skin function by

killing pathogens, facilitating wound repair and

promoting innate immunity. However, no continuous

cell lines derived from the skin of Bombina maxima

are currently available; thus, it is impossible to

investigate the physiological function of these

secreted proteins and peptides in vitro. Fibroblast

cells synthesize the extracellular matrix, including

collagen, which is the structural framework for

animal tissues. Dermal fibroblasts play a vital role in

maintaining skin function. They are also involved in

the process of wound repair (Darby and Hewitson

2007) and can act as sentinel cells by synthesizing

chemokines and regulating inflammation (Smith

et al. 1997), at least in mammals and in bony fish

(Ingerslev et al. 2010; Ossum et al. 2004). Thus,

fibroblast cell lines derived from Bombina maxima

skin may be very useful for studying the physiolog-

ical roles of its skin secretions. In the present

study, a dermal fibroblast cell line was established

from the skin of Bombina maxima tadpoles. To

prolong the lifespan of this cell line, a retroviral

vector expressing SV40 large T antigen was

constructed and introduced into primary Bombina

maxima dermal fibroblasts, and the cells were

successfully immortalized.

Materials and methods

Primary cell culture

Bombina maxima tadpoles were raised in our labora-

tory. Body skins, not including the tails, were

dissected with forceps from one tadpole and then

washed three times with 60% L15 medium (Gibco)

supplemented with 200 IU/mL penicillin (Sigma),

200 lg/mL streptomycin (Sigma), and 240 lg/mL

gentamicin (Sigma). The skins were chopped into

1 mm3 pieces and then incubated with type I collage-

nase (Gibco) at 25 �C for 4 h. The isolated cells and

the remaining tissue pieces were then washed twice

with 60% L15 medium and seeded in flasks (Corning).

They were then cultured at 25 �C in 60% DMEM/F12

medium (Gibco) with 10% fetal bovine serum (Hy-

clone). Logarithmic phase cells were harvested and

split into new flasks at a ratio of 1:2–1:3 and incubated

at 25 �C with 5% CO2.

Cryopreservation and recovery

Cells were frozen and recovered in a manner similar to

the methods used to preserve mammalian cells but

with an osmotic pressure change in freezing medium

(Li et al. 2010) to acquire the same osmotic pressure as

the culturing medium (Ellinger et al. 1983). After three

passages, the cells were centrifuged at 1,000 rpm for

5 min. The supernatant was discarded, and the cell

pellet was re-suspended in a freezing medium con-

taining 10% dimethyl sulfoxide (DMSO) (Sigma),

50% FBS and 40% distilled water. The final cell

concentration of cells was about 3 9 106 per mL. The

cell suspensions were then kept in cryovials (Corning)

that were then put into a programmed cryopreserva-

tion system (Nalgene) for 20 h and then transferred to

liquid nitrogen for long-term storage. When recovery

was needed, the frozen vials were taken from the

liquid nitrogen and thawed in a 30 �C water bath. Cell

suspensions were then transferred into a flask con-

taining medium and cultured at 25 �C.

Electron microscopy

Cells were collected by digestion with 0.125% trypsin

and were then centrifuged. The cells were fixed and

processed (Fan et al. 2010) as previously described.

Ultrathin sections were stained with 2% uranyl
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acetate-lead citrate and observed with a transmission

electron microscope (PHILIPS CM120).

Growth kinetics

Cells (4 9 104) were seeded on 12-well microplates

(Corning) and cultured for 7 days. Cells were counted

every 24 h until reaching the plateau phase. Mean

values were used to plot a growth curve and to

calculate the population doubling time.

Chromosome and karyotype analysis

Immortalized or non-immortalized cells were grown

at 25 �C in medium containing 60% DMEM/F12, 10%

FBS and 30% distilled water. After treating the cells

with 50 lg/mL colchicine (Sigma) for 2 h, the cells

were harvested by trypsinization. Chromosome prep-

arations were made following standard procedures

according to the method used by Nie et al. (2002).

Approximately 100 spreads were sampled in order to

count the chromosome number per initial spread.

Molecular cloning of vimentin

and immunohistochemistry

The construction of a directional cDNA library of

Bombina maxima skin and the random sequencing of

cloned cDNAs were performed as described previ-

ously (Lee et al. 2005). DNA sequencing was

performed on an ABI Prism 377 DNA sequencer

(Applied Biosystems). The nucleotide sequence data

reported in this paper are available from the GenBank

database (accession number: HQ874648).

Logarithmic phase cells were cultured on glass

coverslips for 24 h. After they were washed three times

with ice-cold PBS, cells were fixed with 4% parafor-

maldehyde for 15 min, permeabilized with 0.05% NP-

40 for 20 min at room temperature and blocked with

1% BSA in PBS. The cells were subsequently

incubated with mouse monoclonal antibodies against

vimentin (Santa Cruz Biotechnology, sc-58901) over-

night at 4 �C. The cells were then washed three times

with PBS and incubated with FITC-labeled goat anti-

mouse IgG secondary antibodies for 30 min at room

temperature. The cells were then washed three times,

stained with PI, and observed under the confocal

microscope. Images were acquired using a confocal

system (LSM 510 Image Examiner, Zeiss).

Construction of retroviral vector containing SV40

LT and the production of retroviruses

To clone the open reading frame of SV40 LT antigen

into the retroviral vector pDON5-neo, a polymerase

chain reaction (PCR) was performed with pW2TT,

which contains SV40 LT template cDNA. The primers

used were as follows: 50-gcg agatct ACCATGGATA

AAGTTTTAAAC-30 and 50-ccg gtcgac TTATGTTTC

AGGTTCAGGG-30. PCR was performed with an

initial denaturation at 95 �C for 5 min, followed by 30

cycles of 94 �C for 30 s, 50 �C for 30 s, 72 �C for

3 min, and a final extension at 72 �C for 7 min. After

digestion with BglII (Takara Biotechnology) and SalI

(Takara Biotechnology), the products were cloned into

pDON5-Neo (Takara Biotechnology). The HEK293T

packaging cells were co-transfected with pDON5-neo-

SV40LT and pCL-ampho by using lipofectamine 2000

(Invitrogen). The supernatants containing the recom-

binant retrovirus were harvested, filtered through a

0.45-lm filter, and frozen at -80 �C until use as the

infectious source for immortalization.

Immortalization of dermal fibroblasts

After three passages, logarithmic phase cells were

seeded on 35-mm dishes. After overnight incubation at

25 �C, cells were infected with a 100 lL viral stock

per plate. Twenty-four hours later, the virus-contain-

ing medium was replaced with culture medium. After

another 24 h, neomycin-resistant cells were selected

by adding 300 lg/mL G418 (Invitrogen) into the

medium. G418-resistant colonies were isolated and

subcultured. After more than 20 passages, the growth

properties and karyotypes of the immortalized cells

were analyzed.

Western blotting of vimentin and SV40 LT

Immortalized or non-immortalized cells were grown

on 35-mm dishes. After reaching confluency, cells

were collected, washed, and then immediately lysed on

ice with a lysis buffer containing 50 mM HEPES (pH

7.4), 5 mM EDTA, 50 mM NaCl, 1% Triton X-100,

50 mM NaF, 5 mg/mL aprotinin, 5 mg/mL leupeptin

and 1 mM phenylmethylsulfonyl fluoride. Proteins

(30 lg) were electrophoresed in SDS–polyacrylamide

gels and transferred onto PVDF membranes. The
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membrane was subsequently blocked with 3% BSA

and incubated with the appropriate primary and

secondary antibodies. Protein bands were visualized

with Super Signal chemiluminescence reagents

(Pierce, Rockford, IL, USA), as previously described

(Taupin and Podolsky 1999).

Measurement of telomerase activity

Telomerase activity was determined using the TRA-

Peze telomerase detection kit (Chemicon, Temecula,

CA, USA). After washing in PBS, 106 viable cells

were resuspended in 200 lL CHAPS lysis buffer

(10 mM Tris–HCl, pH 7.5, 1 mM MgCl1, 1 mM

EGTA, 0.1 mM Benzamidine, 5 mM b-mercap-

toethanol, 0.5% CHAPS, 10% Glycerol), incubated

on ice for 30 min, and then centrifuged at 13,000 rpm

at 4 �C for 20 min. Supernatants were used for the

detection of telomerase activity. The detection of

telomerase activity in the supernatants was carried out

as previously described (Ossum et al. 2004). After

telomerase extension for 30 min at 30 �C, extension

products were amplified by a two-step polymerase

chain reaction (PCR) (94 �C for 30 s, 60 �C for 30 s)

for 30 cycles. The products were separated by 10%

polyacrylamide gel electrophoresis then exposed to

X-ray film (Kodak) for varying periods for

autoradiography.

Activation of p42 MAPK by FGF2

Confluent non-immortalized or immortalized Bombi-

na maixma dermal fibroblasts in 6-well plate were

treated with recombinant human FGF2 (Invitrogen)

(10 ng/mL) for 0 min, 15 min and 30 min. Then the

collected cells were washed, and immediately lysed on

ice with the lysis buffer containing 50 mM HEPES

(pH 7.4), 5 mM EDTA, 50 mM NaCl, 1% Triton

X-100, 50 mM NaF, 5 mg/mL aprotinin, 5 mg/mL

leupeptin, 1 mM Na3VO4, and 1 mM phenylmethyl-

sulfonyl fluoride. Proteins (20 lg) were electrophore-

sed in SDS–polyacrylamide gels and transferred onto

PVDF membranes. The membrane was subsequently

blocked with 3% BSA and incubated with anti-pERK

(Santa Cruz, sc7383) or anti-ERK2 (p42 MAPK)

(Santa Cruz, sc154) primary and then secondary

antibodies. Protein bands were visualized with super

signal reagents (Pierce, Rockford, IL, USA) as

described (Taupin and Podolsky 1999).

Results

Establishment and characterization of the Bombina

maxima dermal fibroblast cell line

The partially digested small skin pieces attached to the

flasks 6 h after seeding. Fibroblast-like cells and other

types of cells migrated out from the skin pieces 5 days

later (Fig. 1a). Cells continued to proliferate and

became approximately 80% confluent in another

6 days. The cells were then subcultured. After three

passages, purified fibroblast-like cells were obtained

based on their faster growth rate relative to other types

of cells (Fig. 1b). These cells were spindle shaped.

Ultrastructural analysis of these cells showed that they

possessed abundant rough endoplasmic reticulum

(Fig. 1f), which is typical of fibroblasts. After thaw-

ing, more than 80% of the cells were viable and grew

well (Fig. 1c). Unfortunately, after 15 passages, cells

showed a decreased ability to proliferate (Fig. 1d).

We generated growth curves of different passages

of the Bombina maxima dermal fibroblast cell line.

The growth properties of cells that were between

passage 3 and passage 10 were not significantly

different from one another. However, after passage 15,

cells showed a decreased proliferative ability (Fig. 2).

Growth curves were also generated for cryopre-

served cells. We found that cryopreservation had no

influence on cell growth properties. The appearance of

the cells also remained the same as those cells that

were not cryopreserved (Fig. 1c).

The chromosome number of Bombina maxima was

2n = 28. We observed six pairs of large chromo-

somes, one pair of medium chromosomes and seven

pairs of small chromosomes (Fig. 3b). These results

were consistent with those previously reported by Liu

and Yang (1994). Chromosomes were counted at the

third and fifth passage, and 93% of the analyzed cells

were diploid in 100 cell spreads (Fig. 3c).

Identification of Bombina maxima dermal

fibroblast cell line

The intermediate filament vimentin has long been

considered a reliable fibroblast marker (Sappino et al.

1990). Thus, the coding sequence of Bombina maxima

vimentin mRNA was cloned in the present study. The

deduced protein sequence of Bombina maxima vimen-

tin was 84% identical (93% similar) to Xenopus laevis
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vimentin. The sequence was also 77% identical (90%

similar) to human vimentin (Fig. 4a).

To identify the Bombina maxima dermal fibro-

blasts, lysates were probed with a vimentin antibody.

As shown in Fig. 4b, a 57 kD band was detected that

corresponds to the calculated molecular weight of

Bombina maxima vimentin. Bombina maxima vimen-

tin has a molecular weight similar to human vimentin.

Indirect immunofluorescence demonstrated that Bom-

bina maxima dermal fibroblasts were positive for

vimentin and that the vimentin is mainly located in the

cytosol (Fig. 4c).

Immortalization of Bombina maxima dermal

fibroblasts

To construct the retroviral vector expressing the SV40

T antigen, a fragment containing the SV40 T coding

sequence was cloned into the pDON5-neo vector.

After verification of the construct by DNA sequenc-

ing, the pDON5-neo vector expressing the SV40 T

antigen was co-transfected with the packaging vector

pCL-ampho into HEK293T packaging cells. The

recombinant retroviruses were then successfully

Fig. 1 Morphology and ultrastructure of Bombina maxima
dermal fibroblasts. a Primary cultured cells from Bombina
maxima tadpole skin pieces. b Subcultured Bombina maxima
dermal fibroblasts (BMDF) at passage 5. c Thawed Bombina
maxima dermal fibroblasts cultured for 24 h. d Bombina

maxima dermal fibroblasts at passage 15. e Immortalized

Bombina maxima dermal fibroblasts. f Ultrastructure of

Bombina maxima dermal fibroblasts, showing abundant rough

endoplasmic reticulum (white arrows)

Fig. 2 Growth curve of Bombina maixma dermal fibroblasts.

Cells at passage 3 (filled triangle) and passage 10 (filled
diamond) showed almost the same proliferative ability. Cells at

passage 15 (filled circle) showed decreased proliferative ability.

Immortalized cells (filled square) showed much higher ability of

proliferation

Cytotechnology (2012) 64:95–105 99

123



obtained from the supernatants of transfected 293T

cells. After incubating with recombinant retroviruses

for 24 h in medium containing G418 for 13 days,

G418-resistant cell colonies were observed (Fig. 5a).

These colonies were then subcultured.

To confirm the expression of SV40 large T antigen

in the G418 resistant colonies, cell lysates were probed

with an SV40 T antigen antibody. As shown in Fig. 5,

there was a clear 94 kD band that corresponds with the

molecular weight of SV40 large T antigen. The growth

curve of the SV40 large T antigen-positive cells

demonstrates that these cells grew much faster than the

non-transfected cells (Fig. 2). These cells were suc-

cessfully propagated for more than 50 passages

without morphological changes (Fig. 1e).

To reveal the mechanism involved in the immor-

talization of Bombina maxima dermal fibroblasts by

SV40 T antigen, telomerase activities on low passage

primary cells (Fig. 6a, lane 1), immortal cells (Fig. 6a,

lane 3) and on cells in passage [15 (Fig. 6a, lane 2)

were assessed. Bombina maxima dermal fibroblasts at

low passage (passage 3) showed low telomerase

activity. And the cells at passage [15 (passage 16)

showed almost no telomerase activity. However,

immortalized cells stably expressing SV40 T antigen

showed much higher telomerase activity than non-

immortalized cells.

Activation of p42 MAP kinase by basic fibroblast

growth factor (FGF)

p42 MAPK phosphorylation level in immortalized or

non-immortalized Bombina maxima dermal fibroblasts

were assessed by western blotting at different times

after stimulation with basic FGF. The results showed

that after stimulation by basic FGF (10 ng/mL) for

15 min and 30 min, both immortalized (Fig. 6b, right)

and non-immortalized (Fig. 6b, left) Bombina maxima

dermal fibroblasts displayed increased phophorylation

level of p42 MAPK. After the same time and dose of

stimulation by basic FGF, the immortalized and the

non-immortalized Bombina maxima dermal fibroblasts

showed almost the same level of p42 MAPK phoph-

orylation level. The results indicated that the

Fig. 3 Karyotype of

Bombina maxima dermal

fibroblasts. a Cells were

treated with 50 lg/mL of

colcemid for two hours, and

chromosomes were then

prepared. b The diploid

karyotype of Bombina
maxima dermal fibroblasts,

and the chromosome

number was 2n = 28.

c Chromosome number of

Bombina maxima dermal

fibroblasts at passage 5

ranged from 24 to 36, and

93% of cells have normal

diploid karyotype
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immortalized Bombina maxima dermal fibroblasts

could be efficiently used as in vitro tools for study of

signal transduction, at least for research on p42 MAPK,

which is a intracellular regulator implicated in many

important cellular events such as cell proliferation

(Zhang and Liu 2002), cell migration (Han et al. 2007)

and cell differentiation (Lai et al. 2001a).

Discussion

Amphibian skin secretes a large amount of biologi-

cally active peptides and proteins, most of which have

mammalian analogues. The amount of peptides and

proteins secreted by the skin of amphibians is always

much greater than the skin of mammals (Bevins and

Zasloff 1990). Amphibian secretions are often used as

defensive chemicals against predators. However,

some secreted proteins show neither toxic nor antimi-

crobial activities, which indicates that they may target

their own tissues and cells in an endocrine or paracrine

manner. To uncover the physiological roles of these

proteins, the ability to culture amphibian skin cells

such as keratinocytes and fibroblasts seems indispens-

able. In the present study, a fibroblast cell line was

established from Bombina maxima tadpole skins. The

successful establishment of these cells was confirmed

by our observation of cell morphology and vimentin

immunostaining, which is a well-known fibroblast

marker. In addition, these fibroblasts were immortal-

ized by the overexpression of SV40 large T antigen to

enable long-term culturing.

For the primary culturing of Bombina maxima

dermal fibroblasts, lengthy tissue digestion by enzymes

would be hazardous to cells; however, tissue pieces that

had not been enzymatically digested were not easy to

Fig. 4 Amino acid sequence of Bombina maxima vimentin and

identification of Bombina maxima dermal fibroblasts. a Multiple

alignment of deduced amino acid sequence of Bombina maxima
vimentin and vimentin from other species (Homo sapiens and

Xenopus laevis). The identical amino acids were indicated by

white letters on a black background. b Immunoblot detection of

vimentin in Bombina maxima dermal fibroblast (lane 2) lysate

and in human dermal fibroblast (lane 1) lysate. Position of

molecular weight marker is shown on the left. c Immunostaining

of vimentin in Bombina maxima dermal fibroblasts. The green
color represents vimentin immunoreactivity stained with anti-

vimentin antibody, while the red color shows nuclei stained with

propidium iodide
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attach to the culture flasks. In addition, it was difficult

for the cells inside the tissue to migrate out due to the

tight extracellular matrix structure of the undigested

tissue. Thus, the tissue pieces of tadpole skin were

partially digested by type I collagenase in the present

study. The results showed that partial digestion may be

useful for facilitating the migration of cells from the

tissue pieces with little harm to the cells.

Appropriate osmotic pressure and temperature

conditions are important for cellular survival and

proliferation (van der Merwe et al. 2010; Ellinger et al.

1983; Nishikawa et al. 1990). The osmotic pressure of

most amphibian body fluids is lower than that of

mammals (Balls and Worley 1973), which means that

the traditional medium used for mammalian cell

cultures may not be appropriate for culturing Bombina

maxima dermal fibroblasts. Thus, DMEM/F12 was

diluted with ultrapure water to produce the same

osmotic pressure as Bombina maxima body fluids. The

average temperature of the Bombina maxima habitat is

about 25 �C, so we carried out all culturing procedures

of Bombina maxima cells at 25 �C. Our results showed

that the temperature of 25 �C was appropriate for the

growth of Bombina maxima dermal fibroblasts.

Fig. 5 Selection of SV40 LT expressing colonies and immu-

noblot detection of SV40 LT expression in immortalized

Bombina maxima dermal fibroblast. a G418-resistant colonies

were obtained after selection by G418 (300 lg/mL) for 13 days

from retrovirus-transduced Bombina maxima dermal fibroblasts.

b Immunoblot detection of SV40 LT in immortalized Bombina
maxima dermal fibroblasts. Non-immortalized Bombina max-
ima dermal fibroblasts (lane 3) do not express SV40 LT while

immortalized Bombina maxima dermal fibroblasts strongly

express SV40 LT (lane 2). The lysate of HEK293T cells which

stably express SV40 Tag was used as positive control (lane 1).

Positions of molecular weight markers are shown on the right

Fig. 6 Telomerase activity assay and p42 MAPK activation.

a Detection of telomerase activity in the Bombina maxima
fibroblasts. Telomerase activities of low passage (passage 3)

primary cells (lane 1), immortal cells (lane 3) and of cells in

passage[15 (lane 2) were assessed using the telomeric repeat

amplification protocol (TRAP) assay. The presence of active

telomerase is visualized by a characteristic 6 bp ladder after

electrophoresis of the PCR-amplified telomerase products. IC,

the 36 bp internal control, is useful for determining PCR

efficiency. b p42 MAPK activation induced by recombinant

human FGF2 (10 ng/mL). Both immortalized (right) and non-

immortalized (left) Bombina maxima dermal fibroblasts dis-

played increased phophorylation level of p42 MAPK
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Normal cells possess a stable chromosome number;

thus, we analyzed the karyotypes of cultured cells. The

results, on one hand, confirmed that the cells were

indeed derived from the species Bombina maxima

without contamination of other species of amphibian

cells, and on the other hand, demonstrated that most

cells were normal.

Although the cell morphology and ultrastructural

images indicated that the cultured cells were fibro-

blasts, identification at the molecular level was

performed for further confirmation. The intermediate

filament vimentin is used as a marker for mesoderm-

derived cells, including smooth muscle cells, cardiac

muscle cells and fibroblasts. Within the skin, fibro-

blasts are the main cell type that is derived from the

mesoderm. In fact, vimentin is one of the most

commonly used fibroblast markers (Richards et al.

1995). Both western blotting and immunostaining

showed that these cells strongly expressed vimentin,

which further proved that the cells we isolated and

cultured from the skin of Bombina maxima were

indeed fibroblasts.

Growth curve analysis of cells at different passages

indicated that the cells grew well, but unfortunately,

after passage 14, their proliferative ability decreased.

Thus, we then attempted to immortalize the cells for

long-term culture. Several methods have been used for

cell immortalization. Viral genes such as simian virus

(SV40) T antigen (Zhu et al. 1991), Epstein-Barr virus

(EBV) (Tosato et al. 1986), human papillomavirus

(HPV) E6 and E7 (Halbert et al. 1992), and adenovirus

E1A and E1B (Hurwitz and Chinnadurai 1985) can

induce immortalization in many cell types. Among

them, the SV40 T antigen may be the most simple and

reliable agent for the immortalization of many differ-

ent cell types in culture. The SV40 T antigen induces

cell immortalization by inactivating tumor suppressor

genes such as p53, Rb and others. Researchers have

also found that SV40 T antigen can induce telomerase

activity in the infected cells.

Many methods can be utilized for the overexpres-

sion of target genes. These methods include the

transfection of non-viral-based vectors and infection

with viral-based vectors. Viral-based vectors are

always more efficient than non-viral-based vectors.

Retroviral vectors have been successfully used to

overexpress genes in amphibian cell lines (Burns et al.

1996). In the present study, the viral-based expression

vector pDON5-neo was used to overexpress SV40 T

antigen. This method resulted in both a high infection

efficiency and a high level of SV40 large T antigen

expression. Bombina maxima dermal fibroblasts were

successfully immortalized as a result of the overex-

pression of SV40 large T antigen.

SV40 infection induces telomerase activity in

human mesothelial cells (Foddis et al. 2002). Human

primary mammary epithelial cells gradually acquired

telomerase activity after transfection of SV40 large T

antigen (Li et al. 2008). Thus, we assessed the

telomerase activities on low passage primary cells,

immortal cells and on cells in passage [15 and the

results indicated that SV40 T antigen induced telo-

merase activity in Bombina maxima dermal fibro-

blasts, which may contribute to the maintenance of

telomeric DNA.

Signal transduction analysis revealed functional

p42 MAPK in immortalized Bombina maxima dermal

fibroblasts. Thus, the immortalized Bombina maxima

dermal fibroblasts may be useful in research on signal

transduction in Bombina maxima physiology and

pathology. However, to become a powerful in vitro

tool, more details about the signal transduction system

in Bombina maxima dermal fibroblasts need to be

further elucidated.

In conclusion, we successfully cultured and immor-

talized the dermal fibroblasts of Bombina maxima. The

cell line will be useful for further studies of the

physiological role of Bombina maxima skin secreting

proteins and peptides.
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