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Abstract
A new Sertoli cell line (POSC) that consisted predominantly of fibroblast-like cells was derived from

The culture of Sertoli cells has become an indispensable resource in studying spermatogenesis.

the testis of the olive flounder Paralichthys olivaceus and sub-cultured for 48 passages. Analysis of the
mtDNA COI gene partial sequence confirmed that the cell line was from P. olivaceus. Cells were optimally
maintained at 25°C in DMEM/F12 medium supplemented with fetal bovine serum, basic fibroblast growth
factor, and epidermal growth factor. The growth curve of POSC showed a typical “S” shape. Chromosome
analysis revealed that the cell line possessed the normal P. olivaceus diploid karyotype of 2n=48t. POSC
expressed dmrtl but not vasa, which was detected using RT-PCR and sequencing. Immunocytochemistry
revealed that the cells exhibited the testicular Sertoli cell marker FasL. Therefore, POSC appeared to consist
of testicular Sertoli cells. Bright fluorescent signals were observed after the cells were transfected with
pEGFP-N3 plasmid, with the transfection efficiency reaching 10%. This research not only offers an ideal
model for further gene expression and regulation studies on P. olivaceus, but also serves as valuable material
in studying fish spermatogenesis, Sertoli cell-germ cell interactions, and the mechanism of growth and

development of testis.
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1 INTRODUCTION

In vitro cell culture has grown substantially as an
essential biological method to study specific cellular
physiology and molecular mechanisms without
individual variability. Unlike primary cultures,
permanent cell lines are easy to manipulate and can
produce highly reproducible research (Lakra et al.,
2011). More than 280 cell lines from freshwater and
marine fish species have been established (Lakra et
al., 2011; Zhang and Chen, 2011; Higaki et al., 2012;
Qi, 2014). These cell lines are derived mainly from
fish tissues such as fin, heart, brain, kidney, liver,
spleen, and embryos (Tong et al., 1997a; Chen et al.,
2005; Zhou et al., 2007; Ku et al., 2009; Wang et al.,
2010a). However, there is a limited number of cell
lines (about 20 gonadal cell lines) originating from
testicular and ovarian tissues in fish (Lakra et al.,

2011; Zhang et al., 2011; Higaki et al., 2012; Qi,
2014), among them, only about four testicular cell
lines.

Testicular cells primarily contain Sertoli cells and
germ cells. Sertoli cells create a microenvironment to
control the self-renewal of germ cells in the process
of spermatogenesis and orchestrate the structural
organization and differentiation of testis particularly
through formation of the blood-testis barrier (BTB)
(Cheng and Mruk, 2012; Smith and Braun, 2012;
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Sekido and Lovell-Badge, 2013; Su et al., 2014).
However, compared with mammals, there are fewer
studies on Sertoli cells from lower vertebrates
especially fish. To date, research has mainly focused
on the establishment of spermatogenesis in Japanese
eel (Anguilla japonica) (Miura et al., 1991), primary
culture of spermatocytes (Saiki et al., 1997) and a
stable stem cell line SG3 (Hong et al., 2004) in
medaka (Oryzias latipes), and functional sperm
obtention in co-culture with Sertoli-like cells in
zebrafish (Danio rerio) (Sakai, 2002). There are four
in vitro somatic cell lines from the testis of fish
including CCT from color carp (Cyprinus carpio) (Ku
and Chen, 1992), RMT1 from Honmoroko
(Gnathopogon caerulescens) (Higaki et al., 2012),
SCT1 from Southern catfish (Silurus meridionalis
Chen) (Qi, 2014), and CSGC from the half smooth
tongue sole (Cynoglossus semilaevis) (Zhang et al.,
2011). Among them, only RMT1 was verified as a
Sertoli cell.

Olive flounder Paralichthys olivaceus, which is
mainly found in coastal waters of Japan, Korea, and
China, is one of the most important mariculture fish
species. Because the females grow faster than males
when cultured under the same environmental
conditions, its developmental and reproductive
biology, especially sex determination and
differentiation have been extensively studied.
However, little is known about the mechanism of sex
determination and differentiation, in particular at the
cellular level owing to the lack of appropriate cell
lines. Although four P. olivaceus cell lines from gill
(FG-9307, Tong et al.,, 1997b), spleen (FSP), fin
(FFN) (Kang et al., 2003) and embryo (FEC; Chen et
al., 2004) have been established, there was no cell line
from flounder gonads including ovary and testis. To
reveal the related molecular and cellular mechanism,
an in vitro cell line from the testis of P. olivaceus
would be indispensable. In this study, a Sertoli cell
line from the testis of P. olivaceus termed POSC was
developed and characterized. The efficiency of
transfection and expression of foreign DNA were also
examined. The established cell line will be valuable
in biotechnological research as an in vitro biological
system.

2 MATERIAL AND METHOD

2.1 Tissue isolation and cell culture

A healthy live flounder weighing 347.5 g was
purchased from Nanshan market (Qingdao, China)

and temporarily kept in a 500-L aerated seawater tank
at the institute aquarium with filtered seawater and
fed with commercial bait every day. Before sampling,
the fish was anaesthetized by 40 mg/mL
3-aminobenzoic acid ethyl ester methanesulfonate,
and the outer surface of the fish was disinfected with
70% (v/v) ethanol. The testis tissue was immediately
removed and immersed in DMEM/F12 medium
containing 400 U/mL penicillin and 400 pg/mL
streptomycin. The tissue was washed twice with
phosphate-buffered saline (PBS, Hyclone, Ca*" and
Mg?* free) and cut into small pieces (<1 mm?) in a
new cell culture dish. The tissue fragments were then
transferred into a 25 cm? tissue culture flask containing
1 mL of DMEM/F12 with 20% fetal bovine serum
(FBS), 10 ng/mL basic fibroblast growth factor
(bFGF), 15 ng/mL epidermal growth factor (EGF),
100 U/mL penicillin and 100 pg/mL streptomycin.
The suspension was incubated at 25°C. All animal
work was conducted according to relevant national
and international guidelines and approved by the
Institute of Oceanology, Chinese Academy of Science.
After 24 h of attachment, |-mL DMEM/F12 complete
medium was carefully added to the flask. Every 3-5
days, one-half of the medium was changed until
passaged.

When cell clusters formed and stopped growing,
the old medium was removed and the cell sheets were
dispersed with trypsin digestion (0.25% trypsin and
0.2% EDTA in PBS) and seeded in the original culture
flask again. When a complete cell monolayer was
obtained, the cells were sub-cultured every 3—5 days at
a split ratio of 1:2 according to the cells’ growth status.

2.2 Cryogenic preservation and recovery

Cells reached up to 90% confluence at passages 15,
20, 25, 35, and 45, and were used for cryostorage.
Single cell suspensions by trypsinization from each
flask were collected and centrifuged at 2 200xg for
3 min. The cell pellet was re-suspended in frozen
stock solution (DMEM/F12 complete medium
containing 10% dimethyl sulfoxide [DMSO, Sigma,
USA])) at a density of (2-3)x10° cells/mL. The cell
suspension was dispensed into 2 mL sterile cryogenic
vials and kept in a NALGEBE™ Cryo 1°C Freezing
Container (Invitrogen, USA) at 4°C for 30 min, -20°C
for 2 h, and -80°C overnight. Then these vials were
transferred to liquid nitrogen (-196°C) for cryostorage.
To recover and reseed the frozen cells, vials from
liquid nitrogen were thawed quickly in a 42°C water
bath until all cells dissolved and centrifuged (2 200xg,
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3 min). The cells were transferred to a flask and
resuspended in complete DMEM/F12 medium, and
cultured at 25°C.

2.3 Growth curve of cells

Cell growth was assessed by counting cell numbers
with a hemocytometer. Cells of passage 27 at a density
of 3.5x10% cells/mL were seeded into two 12-well
plates and incubated at 25°C. After culturing for 8
days, three wells of cells were counted everyday
using a hemocytometer. The cell growth curve was
plotted, and the population doubling time (PDT) was
calculated according to the equation PDT=zx(lg2/
[IgN—lgN,]) (N,, the number of cells 24 h after
seeding; ¢, incubation time; N,, the number of cells at
th) (Pan et al., 2012).

2.4 Chromosome analysis

Cells at passage 31 were prepared to analyze the
chromosomal karyotype. In brief, 1.0x10%mL cells
were seeded into a 25 cm? culture flask and incubated
at 25°C overnight. After 24 h, colchicine (1.0 pg/mL)
was added and the cells were incubated at 25°C for
3.5 h. The monolayer was trypsinized and harvested
by centrifugation (2 200xg, 3 min). The cell pellets
were suspended in 5 mL hypotonic solution of
0.075 mol/LKCI for 30 min at 37°C, then prefixed for
2 min in 1 mL of cold Carnoy’s fixative (methanol:
acetic acid=3:1). After 6 min centrifugation at
1 000xg, the cells were fixed in three changes of 5 mL
of cold Carnoy’s fixative, 15 min for each change.
Cells were re-suspended in 0.5 mL of cold Carnoy’s
fixative after the last centrifugation (1 000xg, 6 min).
Slides were prepared using the conventional drop-
splash technique and air dried. Chromosomes were
stained with 10% Giemsa for 30 min. The chromosome
numbers per spread were counted for 100 spreads
under an Eclipse 80I fluorescence microscope (Nikon,
Japan). Chromosomal karyotype for POSC cells was
analyzed as described with some modifications
according to Levan et al. (1964).

2.5 Species identification of POSC

Total genomic DNA was extracted from POSC
cells at passage 34 using a DNA isolation kit
(TIANGEN, China). Primers FishF1 and FishR1 of
fish cytochrome oxidase subunit I (COI) (Ward, et al.,
2005) were used for amplification (Table 1). The COI
gene was amplified in a 25-uL. reaction volume
containing 1 uL (100 ng) of total genomic DNA as a
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Table 1 Primers used in this study

Primer Primer sequence (5'—>3') Product size (bp)
name and target gene

FishFl TCAACCAACCACAAAGACATTGGCAC
707 bp, COI
FishRl TAGACTTCTGGGTGGCCAAAGAATCA

DmtlF GCTTCTGCAACTGGAGGGACTG

277 bp, dmrtl
DmtIR GAGGATGATGCCGAGCGACT
VSrF GATGACGGAATGTGTGGGTTTAG

665 bp, vasa

VSrR CCATAAACAACCACTGGACGC
actin-F ACTACCTCATGAAGATCCTG

517bp, f-actin
actin-R TTGCTGATCCACATCTGCTG

template, 0.5 pL of each primer (10 umol/L), 10.5 uL
nuclease-free water, and 12.5 pL of 2% Pfis MasterMix.
The PCR cycling conditions involved an initial
denaturation step at 94°C for 5 min followed by 35
cycles of 94°C for 30 s, 52°C for 30 s and 72°C for
1 min with a final extension phase at 72°C for 10 min,
and a holding temperature of 4°C after completion.
PCR product was electrophoresed on 1% agarose gels
and visualized under a UV transilluminator.
Sequencing of the PCR product was performed by
Invitrogen Co. Ltd. (Shanghai, China). The PCR
fragment sequence was aligned against known
sequences in the National Center for Biotechnology
Information (NCBI) database using the Basic Local
Alignment Search Tool (BLAST, http://blast.ncbi.
nlm.nih.gov/Blast.cgi).

2.6 RT-PCR analysis of dmrt1 and vasa expression
in POSC cells

Specific primers of the male related gene, double
sex and mab-3-related transcription factorl (dmrtl)
and germ cell gene marker, vasa, were used for the
RT-PCR method (Table 1). S-actin was used as the
internal control (Table 1). Total RNAs were extracted
from muscle, ovary, and testis tissues, and POSC cells
at passage 24 using an RNA isolation kit (TIANGEN,
China) and incubated with RNase-free DNase I
(Promega, USA) to eliminate contaminating genomic
DNA. First strand cDNAs, which were synthesized
using oligodT primers (Takara, Japan) and M-MLV
reverse transcriptase (Promega, USA) according to
the manufacturers’ instructions, were taken as
templates. PCR was carried out in a volume of 25 puL
containing 1 pL (300 ng) of cDNA as the template,
0.5 pL of each primer (10 pmol/L), 10.5 puL nuclease-
free water and 12.5 pL of 2xPfu MasterMix (CWBIO,
China). Thermal cycling included an initial
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Fig.1 Photomicrographs of the POSC cells
a. primary culture on day 13 following seeding of tissue explants; b. sub-cultured at passage 25, both appeared predominantly fibroblast-like and a small

number of epithelial-like cells could be seen. Scale bar: 100 um.

denaturation at 94°C for 5 min, followed by 35 cycles
0f 94°C for 30 s, 60°C for 30 s and 72°C for 30 s, and
72°C for 10 min for elongation. The PCR products
were analyzed by 1% agarose gel electrophoresis.

2.7 Immunocytochemistry

The POSC cells at passage 41 were analyzed by
immunocytochemical staining for Fas ligand (FasL)
as a specific marker of testicular Sertoli cells. About
1.0x105 cells were inoculated in one 12-well plate and
incubated at 25°C for about 2 days. Cells were washed
twice in cold PBS, fixed with paraformaldehyde
(4.0% in PBS, v/v) for 15 min at room temperature,
washed for 5 min in PBS, permeabilized for 15 min in
cold 0.2% Triton X-100 PBS, washed twice in PBS,
blocked for 30 min in 1% BSA, and then incubated
with Anti-Fas Ligand antibody (2 pL dissolved in
200 pL 2% goat serum/PBS ab15285, Abcam) at 4°C
overnight. After two washes in PBS, cells were
incubated with Goat Anti-Rabbit IgG HRP Conjug
(2 uL dissolved in 200 uL 2% goat serum/PBS,
CWO0103, CWBIO, China) at 25°C for 1.5 h, then
washed twice in PBS, and detection of the primary
antibodies was performed with 3,
3'N-Diaminobenzidine Tetrahydrochloride (DAB) in
Tris-HCI (pH 7.6) buffer containing H,0,. Labelled
cells were examined under the Eclipse 801 fluorescence
microscope. Negative controls (without the primary
antibody) were included in the experiment.

2.8 Expression of fluorescent protein gene in POSC

POSC cells at passage 45 were seeded at a density
of 5x10° cells/mLin a 24-well plate and incubated for

18 h at 25°C. Sub-confluent monolayers were
transfected with pEGFP-N; eukaryotic expression
vector (Invitrogen, USA) using lipofectamine™ 2000
(Invitrogen, USA). Briefly, 1-uL lipofectamine™
2000 and 2-pL pEGFP-N; (400 ng/pL) were dissolved
in 49 pL and 48 pL of DMEM/F12 (without FBS or
antibiotics), respectively. After 5 min, the two
solutions were mixed and incubated at room
temperature for 25 min. Subsequently, the mixture
was added gently into the well and cultured at 25°C.
After 4.5 h, the supernatant was replaced with fresh
DMEM/F12  complete medium. The green
fluorescence signals were observed regularly over the
following week under an Eclipse TE2000-U
fluorescence microscope (Nikon, Japan).

3 RESULT

3.1 Primary culture and subculture

Cells began to migrate from the edges of the seeded
tissue pieces 3—6 days after explanting, and confluent
monolayers of cells were observed on days 8-13
(Fig.1a). Cells grew continuously and the first
subculture was conducted when they reached 90%
confluence. Cells were sub-cultured in a 1:2 cell
suspension to fresh medium every 3-5 days. In this
way, cells were repeatedly passaged, and a new cell
line from flounder testis was established (Fig.1b). To
date, the cell line has been sub-cultured for 48
passages and is designated as the P. olivaceus testis
Sertoli cell (POSC) line. Morphologically, POSC are
composed primarily of fibroblast-like cells and a
small number of epithelial-like cells.
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3.2 Cryogenic preservation and recovery

POSC cells showed 55%—-65% viability when
recovered from liquid nitrogen (-196°C) after storage
of 4-6 months. The cells successfully grew to
confluence in 10 days. No appreciable morphological
changes were observed after freezing and thawing.

3.3 Growth curve

The growth curve of the POSC cell line had a
typical “S” shape (Fig.2). The cells adhered well to
the substrate and achieved confluence in 8 days. After
5 days, the cell number reached 22.7x10* cells/mL
with the starting cell number of 3.0x10* cells/mL. The
doubling time was 30.10£2.80 h.
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Fig.2 Growth curve of POSC cells in DMEM/F12 supplied
with 20% FBS at 25°C

The cell number was counted every day. The starting cell number
was 3.0x10* cells/mL 24 h after seeding. Values are means+SE (n=3).
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3.4 Chromosomal analysis of POSC cells

The result of chromosome counts of 100 metaphase
POSC cells at passage 31 revealed that the metaphases
displayed normal karyotype morphology, and the
modal number was 48, which was seen in 48 of the
100 metaphase cells counted (Fig.3), the diploid
number in this organism, which meant POSC had
high genetic stability.

3.5 Mitochondrial DNA COI gene analysis

The origin of the POSC cell line was verified by
partial sequences of mtDNA COI gene analysis. An
expected 707 bp PCR product was obtained (Fig.4).
Subsequent comparative analysis of the identified
sequence demonstrated a 99% match for COI with the
known flounder mtDNA COI sequence (GenBank
Accession No. AB028664). Therefore the POSC cell
line originated from P. olivaceus.

3.6 Dmrtl and vasa expression in POSC cells

In several fish species such as medaka, dmrtl is
defined as a gene marker of testicular somatic cells
(Brunner et al., 2001; Sato et al., 2001). Unlike the
dmrtl gene, the expression of vasa was restricted to
the germ cell lineage in flounder and most other fish
species (Wu et al., 2014). The expected 277 bp
fragment of dmrtl, 665 bp fragment of vasa, and
517 bp fragment of S-actin (Fig.5) were analyzed by

31 33 39 4 47 48 50 55 62 73 84
Chromosome number

Fig.3 Chromosome analysis of POSC cells

Cellular chromosome of POSC cells at passage 31 arrested in metaphase (a), diploid karyotype (b) and chromosome number distribution in 100 metaphases

(c). Scale bar: 10 um.
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Fig.4 Agarose gel electrophoresis of PCR product of COI
from POSC cells

M: DS™ 2000 Marker; a. expression of COI in POSC cells; b.
without template.

1% agarose gel electrophoresis. Dmrt1 showed a high
expression level in the testis and POSC cells, but low
expression in the ovary, and no expression in the
muscle tissue. However, vasa only appeared in the
testis and ovary, and not in the muscle tissue and
POSC cells. Sequencing results showed 100% match
with the known flounder gene sequences. The above
results showed that POSC appears to be somatic cells
of the testis.

3.7 Immunocytochemical characterization

POSC cells at passage 41 were examined for
protein expression of FasL, which was specific for
Sertoli cells. Positive staining for FasL of POSC cells
were observed, although the intensity of the labelling
varied (Fig.6).

3.8 Transfection with GFP reporter gene

POSC cells were successfully transfected with
pEGFP-N3 plasmid using lipofectamine™ 2000. The
expression of EGFP in these cells was detected at
24 h post transfection (Fig.7). Transfection efficiency
was 10% as determined by counting the fluorescent
protein positive cells as well as total number of viable
cells. Results indicated the suitability of POSC cells
for transfection and gene expression studies.

Fig.5 Detection of dmrtI and vasa expression in POSC cells

a. dmrtl expression; b. vasa expression; c. f-actin. M: DS™ 2000 Marker;
MU: muscle tissue; OV: ovary tissue; TE: testis tissue.

4 DISCUSSION

The structure of Sertoli cells was firstly reported by
Enrico Sertoli in 1865 (Wessel, 2011). As mentioned
by Griswold (1998), Sertoli cells have indispensable
functions in the testis for spermatogenesis, and male
germ cells cannot survive and mature without Sertoli
cells in vivo. Thus, Sertoli cell culture systems have
been established in many species, such as rat (Buzzard
et al., 2002), mouse (Ahmed et al., 2009), human
(Chui et al., 2011) and goat (Su et al., 2014) for the
study of spermatogenesis (Komori et al., 2007), signal
transduction (Zhang et al., 2012), and cytotoxicity
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(Lee et al., 2004; Kim et al., 2011). To date, as far as
we know, there are four testicular somatic cell lines
only in fish, and only one in marine fish termed CSGC
from half smooth tongue sole (Zhang et al., 2011). No
olive flounder Sertoli cell culture has been reported.
In this study, we obtained a testis Sertoli cell line
(POSC) from olive flounder (P. olivaceus). The POSC
cells adapted well to grow in DMEM/F12 medium
supplemented with FBS, bFGF and EGF. The cells,
which have a fibroblastic-like morphology, have been
sub-cultured for 48 passages.

Chromosome analysis revealed that POSC had a
normal diploid karyotype of 2n=48t, identical to the
modal number of FG-9307 (Tong et al., 1997b), FSP
and FFN (Kang et al., 2003), and FEC (Chen et al.,
2004). The various chromosome numbers and the
aneuploidy were two key indicators of malignant
cells (Zhou et al., 2007; Dong et al., 2008), because
the chromosome number is more stable in normal

= 4 e S
Fig.6 Immunohistochemical detection of FasL in POSC
cells

POSC cells at passage 41 were characterized by protein expression
of FasL. Positive staining is in brown. Scale bar: 100 um.
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cells. In addition, mitochondrial DNA, particularly
COI gene sequence alignment, has been frequently
used as a reliable molecular method to accurately
identify the origin of established cell lines (Cooper et
al., 2007; Swaminathan et al., 2012). In this study, the
partial sequence data of the COI gene confirmed that
the newly established POSC cell line was indeed
derived from flounder, and proved the validity of the
COI sequence as a marker for species identification.
Three separate identification results demonstrated
that POSC was a testicular Sertoli cell line. At first,
POSC expressed the testicular somatic cell marker
dmrtl but not vasa, the candidate gene in identifying
germ cells. A similar result was reported in the CSGC
from half smooth tongue sole that dmrtl was used as
an indicator of somatic cells to identify the cell line
from testis (Zhang et al., 2011). In medaka (Brunner
etal.,2001; Sato et al., 2001; Lutfalla et al., 2003) and
gibel carp (Carassius auratus gibelio) (Li et al.,
2014), dmrtl showed an obviously prominent
expression in Sertoli cells. In our previous study,
flounder dmrtl was also detected in Sertoli cells (Wen
et al,, 2014). While, in most fish species such as
flounder and rare minnow (Gobiocypris rarus), vasa
was used as a candidate gene in identifying germ cells
in view of its specific expression in the germ cells
(Cao et al., 2012; Wu et al., 2014). Secondly, POSC
did have a positive reaction of FasL, which was
specific for testicular Sertoli cells. The same result
was observed in yak Sertoli cells (Zhang et al., 2013).
The Fas system has been confirmed as a key regulator
of germ cell apoptosis (Lee et al., 1997) and FasL
expression is exclusively restricted to Sertoli cells
(French et al., 1996; Lee et al., 1997). Furthermore,
POSC cells were mainly fibroblast-like in morphology
similar to the testicular Sertoli cell line RMT1 (Higaki
et al., 2012), and somatic cell line CSGC (Zhang et

Fig.7 Green fluorescent protein (GFP) expression in POSC cells at passage 45 transfected with pEGFP-N3

Scale bar: 100 um.
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al.,2011) and SCT1 (Qi, 2014), while germ cells were
polygonal or round in culture (Hong et al., 2004).

Application of newly developed cell lines for
exogenous DNA manipulation is useful for both basic
research and biotechnological applications. The
transfection experiment with the pEGFP-N3 vector in
this study revealed that the POSC cell line was
efficient in gene expression. It also showed that the
CMV promoter could drive expression of the GFP
gene in the POSC cells. Successful transfection of
POSC cells suggested the utility of this cell line to
serve as an in vitro system in recombinant constructs,
gene targeting and expression research. Some relevant
studies about gene targeting and expression
applications using fish cells have been reported (Liu
et al., 1990; Fernandez-Alonso and Coll, 1999). In
our experiment, the transfection efficiency was 10%,
the same efficiency of fish cell lines such as CSH
(heart) (Wang et al., 2010b) and TSHKC (head
kidney) (Zheng et al., 2012) from half smooth tongue
sole (C. semilaevis), and higher than 5% in MAF (fin)
from blunt snout bream (Megalobrama amblycephala)
(Zhu et al., 2013), but lower than 27% in PCF (caudal
fin) from dark mahseer (Puntius (Tor) chelynoides)
(Goswami et al., 2014). In future, more attempts will
be needed to improve efficiency by trying a new
transfection method or changing the proportion of
DNA.

5 CONCLUSION

In this experiment, a new marine fish cell line from
testis was established and well characterized. This
cell line could provide an effective experimental
model to study sex-related events and interactions
between male germ cells and somatic cells.
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