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Establishment and biological characteristics of fibroblast cell lines
obtained from wild corsac fox
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Introduction

Animal genetic resources are basic materials for life science
studies and are important resources for the survival and eco-
nomic development of humanity (Min 2010; Liu 2011; Cheng
et al. 2018). Wild animal resources are important components
of China’s natural resources (Qu 2018). The low-temperature
preservation of animal cells is an effective method for the
protection of animal genetic resources and is particularly im-
portant in the conservation of endangered animal species
(Shang 2018). Isolation and cultivation of fibroblasts from
different animal tissues for the establishment of fibroblast cell
lines are commonly used methods for the preservation of live
tissue genetic materials. These cell materials can be stored for
“half-permanent” in a – 196°C liquid nitrogen environment
(Daorna et al. 2013). Preserved animal genetic resources can
be used for animal cloning to revive corresponding species
and provide materials for experiments in the fields of stem
cells, genetic engineering, cell engineering, and molecular bi-
ology (Min 2010).

Corsac fox (Vulpes corsac) is mainly lhabitated in
Central Asia and is the smallest species among foxes

(Zhao et al. 2016b) (Zhao et al. 2016a, b). Previous studies
on corsac were mainly focused on their genetics and sys-
tematic taxonomy (Graphodatsky et al. 2008; Zhao et al.
2016a; Shang et al. 2017), biochemistry, and physiology
(I V et al. 1900; Pozio et al. 1992; Tang et al. 2001;
Kuzmin et al. 2004; Botvinkin et al. 2008; Odontsetseg
et al. 2009; Ito et al. 2013), as well as ecological distribu-
tion (Mal'kova 2000; Tang et al. 2004). Presently, there is
no report available on the establishment of fibroblast cell
lines in corsac fox and its biological characteristics.

Results and discussion

One female corsac fox from Horinger County of Inner
Mongolia was used to obtain the required tissue samples.
The prepared tissue samples were cut into 0.1–0.5 mm3

tissue blocks and were placed at the bottom of T25 culture
flasks (Corning, Shanghai, China). Six- to 8-mL culture
medium (MEM-Alpha containing 10% FBS and 1% P/S)
(Gibco, Shanghai, China) was slowly added to each culture
flask and cultivated in an incubator with 38°C and 5% CO2

for 6–8 h to obtain primary cell line culture (Li et al. 2013).
When cells reached 80% confluency, the cell culture me-
dium was discarded, and the cells were gently rinsed by
2 mL of DPBS(Gibco). Subsequently, 1 mL of 0.25%
trypsin(Gibco) was added, and the cells were digested for
3 min, and then 2 mL of culture medium (MEM-Alpha
containing 10% FBS and 1% P/S) was added to terminate
the digestion. Cells were collected before centrifugation at
1500 r/min for 5 min and seeded at a density of 105/mL in
6-well plates (Corning, Shanghai, China) and were culti-
vated continuously in an incubator at 38°C and 5% CO2

(Wang 2011). Observations indicated that 13 and 11 days
are required to establish a primary fibroblast cell line from
corsac tracheal and cartilage tissues, respectively (Fig. 1a1
and b1). At passages P0–P3, the two types of fibroblast
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cells appeared highly three dimensional. As culture dura-
tion and passage number increased to P4–P7, cells gradu-
ally become flat (Fig. 1a2 and b2).

Viability of fibroblast cells was measured before and after
cryopreservation. According to the instructions of the manu-
facturer (Mu 2018), 10 μL trypan blue (Gibco) was added to

Fig 1 Culture and establishment of primary fibroblasts from corsac fox.
(a1–a2) Character of trachea fibroblasts in P0, P7. (b1–b2) Character of
cartilage fibroblasts in P0, P7; Bar = 100 μm. (c1) Growth curve of
trachea fibroblasts from p2–p7 for 0–24 h. (c2) Growth curve of cartilage

fibroblasts from p2–p7 for 0–24 h. (d1) Growth curve of trachea fibro-
blasts from p2–p6 for D1–D8. (d2) Growth curve of cartilage fibroblasts
from p2–p6 for d1–d8.
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40 μL cell suspension, and incubation took place for 5 min.
After the staining was completed, the cell color was observed.
Transparent cells were regarded as viable cells, while pale
blue cells were dead cells. The viability of P3–P7 tracheal
fibroblast cells before and after cryopreservation ranged from
91.30 to 96.30% and from 61.10 to 80.00%, respectively. The
viability of P3–P7 cartilage fibroblast cells before and after
cryopreservation ranged from 90.53 to 98.08% and from
76.67 to 90.20%, respectively. The viability of fibroblast cells
obtained from the two different tissues after cryopreservation
and thawing was significantly decreased in comparison with
the viability rates obtained before cryopreservation, and also
the cell viability was also decreased following the number of
passages increased. The adherence rate was used to determine
the growth and proliferation status of the cells (Mu 2018). The
adherence rate of the two types of fibroblast cells significantly
increased from 60% at around 6 h of cultivation to more than
90% after 12 h of cultivation, which was maintained after
24 h. The statistical results for the adherence rate of the two

types of fibroblast cells show that tracheal fibroblast cells
proliferated faster than cartilage fibroblast cells (Fig. 1c1 and
c2).

The growth curve is an important parameter for the mea-
surement of the cell viability as well as other biological char-
acteristics (Blackburn et al. 1998). 2.4 × 105 cells were seeded
at a density of 1 × 104 cells per well in a 24-well plate
(Corning). Three wells constituted one group, and 8 groups
were placed in the incubator for cell cultivation. This procedure
was carried out for 8 consecutive d. A cell growth curve was
plotted using the number of days of culture as the x-axis and the
daily cell count as the y-axis. The calculated results were used to
plot a line chart of changes in adherence rate at different time
points. Growth curve results showed that the proliferative ca-
pacity of tracheal fibroblasts was faster than that of the cartilage.
On days 4–6 after seeding, the two types of fibroblast cells
entered the logarithmic growth phase. In P2-P6, as the number
of passages increased, the growth rate of cells decreases (Fig.
1d1 and d2).

Fig 2 Karyotype and G-band
analysis of chromosome in corsac
fox. (a) Metaphase of chromo-
some in corsac fox(2n = 36, XX),
the left is metaphase, the right is
the karyotype arrangement. (b) G-
band of chromosome in corsac
fox (17 chromosomes were auto-
somal. The chromosome mor-
phology was 1st + 10 m + 6sm,
another was sex chromosomes
XX, which had a morphology of
m). (c) Statistics analysis of chro-
mosome karyotype and G-
banding in corsac fox.
A.Maximum group, B. medium
group; C. minimum group; SM,
Submetacentric chromosome; M,
central kinetochore chromosome;
ST, acrocentric chromosome.
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Chromosome karyotype and G-banding were ana-
lyzed. The analysis and comparison of the arrangement
and the number of chromosomes were conducted using
a banding technique based on chromosome length, cen-
tromere position, the ratio of long and short arms, and
the presence/absence of satellite chromosomes (Mu
2018). Manual interpretation combined with automatic
sorting using a cytogenetic workstation was applied for
chromosome karyotyping. Cooled chromosome slides
were added to pre-heated 0.0125% trypsin and incubat-
ed in a 37°C water bath for 40–50 s for digestion and
followed by 10–15 min of Giemsa staining. After the
slides were rinsed and dried, the cytogenetic workstation
was used for photography and G-banding analysis. P4
trachea-derived fibroblast cells with stable passage were
used to prepare chromosome samples. Fifty cell samples
showing well-separated chromosomes with a high divi-
sion index were observed. Statistical results show that
the number of chromosomes in Corsac fox fibroblasts
obtained from this study was 2n = 36 (Fig. 2a and b),
among which 17 chromosomes were autosomal, with a
morphology of 1st + 10 m + 6sm, and the pair of sex

chromosomes were XX with a morphology of m (Fig.
2c). In this study, among the 50 dividing cells with
metaphase chromosomes, 42 dividing chromosomes
were identified with normal diploid characteristics,
showing that the chromosome phase of the established
fibroblast cell line is stable.

Transfection, the process of introducing target genes into
cells, was used as a technique for studying gene function
and genetic stability (Zhang et al. 2017). Two types of car-
tilage and tracheal fibroblast cells were used in this experi-
ment, and the transfection reagent Lipofectamine™ 2000
(Invitrogen, Shanghai, China) and cells were mixed for
transfection according to the instruction of the manufactur-
er. Six hours after transfection, the expression status of
green fluorescent protein was examined under 488 nm
green laser before cells were cultured for 12–24 h in a
CO2 incubator. We selected five different views at the cor-
responding time points for photography and calculated the
associated transfection rate. Results of the experiment show
that the transfection rates of cartilage and tracheal fibroblast
cells reached the highest at 12 h of transfection, with 35%
and 20% cells transfected (Fig. 3a, b, and c), respectively.

Fig 3 Fibroblast fluorescent
protein expression transfected
plasmid in corsac fox. (a1–a3)
Fluorescent protein expression
transfected plasmid in tracheal
fibroblasts at 0 h, 12 h, and 24 h
after transfection. (b1–b3)
Fluorescent protein expression
transfected plasmid in
chondrocyte fibroblasts at 0 h,
12 h, and 24 h after transfection.
c Comparison of transfection rate
of in corsac fox two fibroblasts at
0 h, 12 h, and 24 h after
transfection (more than 20%).
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Conclusions

Corsac fox used in this study was obtained from Horinger
County in Inner Mongolia. The tracheas and cartilage tissues
were collected and used to establish of primary fibroblast cell
lines. The morphology, growth rate, adherence rate, cryopres-
ervation viability, karyotype, and G-banding of fibroblasts
derived from two types of tissues were investigated, and the
liposomal transfection rate was used to evaluate the genetic
stability of the fibroblasts. This is the first report for establish-
ment and biological characteristics of the fibroblast cell lines
obtained from wild corsac fox.
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