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Abstract: Chicken oviduct epithelial cells synthesize and secret most egg albumin can be a cell bioreactor or
take part i preparation of intravital bioreactor, alse are a good model for studying chicken oviductal gene
expression regulation. Researchers established a chucken oviduct epithelial cell line named XYF-142, meanwhile,
developed a new method, obturated interior digesting for efficiently procuring uncontaminated primary cells.
The population doubling time of XYF-142 was 106.67 h. About 92.5% of 5th XYF-142 cells were diploid in
chromosome analysis. The results of real-time PCR indicated that the expression level of oviductal
epithelia-specific gene-SERPINB3 was higher in cells than in oviduct tissue and higher m 5th and 15th epithelia
than in primary epithelia. In immunofluorescence cytochemistry detection for XYF-142, all cells expressed the
marker protein-cell keratin 18. XYF-142 cells were competent to be transfected with vector DN A and transfection
efficiency can reach 60%. Therefore, researchers concluded that researchers have successfully established a
chicken oviduct epithelialcell line, provided a model for studying gene expression regulation and tissue-specific

detection of chicken oviduct.
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INTRODUCTION

Transgenic animals were referred to as potential
substitute sources of therapeutic recombinant proteins
for human medicine (Han, 2009) and have been used as
platforms for the production of human biopharmaceuticals
(Harvey et al., 2002; Tomita et al., 2003; Zhu et of., 2005;
Lillico et al., 2007, Houdebine, 2009). As a bioreactor,
transgenic chicken have several advantages over other
species, lower expense, higher prolificacy and the
purification of recombinant proteins was predicted to be
much easier. Most important of all, the glycosylation
patterns of most chicken proteins have been reported to
be more similar to those of humans (Raju et al., 2000).
Therefore, the chicken oviductal magnum, a major region
for generation of glycosylated proteins was regarded as
an important target tissue for transgenesis (Kwon ef al.,
2010, Kaleri et al., 2011; Jung et al., 2011; Kodama et al.,
2012). Further, most of eggproteins are synthesized and
secreted by Chicken Oviduct Epithelial Cells (COECs)
(Muramatsu et al., 1995). Thus, compared to intravital
bioreactor, the chicken oviduct epithelial cells will be a
preferred bioreactor which research expenseis cheaper,
research cycle 1s shorter. In addition, COECs can be
applied to be a model to study oviduct-specific
regulation and hormonal induction of protem synthesis.
Hence, it 13 necessary to establish a chicken oviduct
epithelial cell line.

MATERIALS AND METHODS

Multiple cell cultures: The 40 week old hen used in
expeniments was a Hy-Line Vanety Brown egg-laying hen.
The oviduct was obtained and placed into physiological
saline that contained antibiotics (100 U penicillin mIL.™
and 100 u gstreptomyc in mL™"). The surrounding tissue
of oviduct was trimmed off. The inner and outer of
oviduct were rinsed with PBS containing antibiotics using
a syrmge. Then researchers used the method-OID
(Obturated
developed for obtaining the primary oviductal epithelial
cells with few contaminants. The detailed procedures of

Interior Digesting) which researchers

OID were as followed. The lower end of the oviduct
magnum region was tied withthread. Then oviduct
mjected with 0.25% trypsin
dissociation solution from the upper end which was tied

Maguum region was

as well afterwards. The sealed magnum bag was placed
into ncubator for 45 min digesting at 38.5°C. The
digested liquid was drawn out with a syringe into a new
tube and added 500 pL FBS m the tube. The primary cells
were collected after centrifugalization, then resuspended
in primary growth medium (DMED/F12, 25% FBS,
100 U penicillin mL™ and 100 u gstreptomycin mL ™",
2 mM glutamine, 0.1 mM estrogen) in 60 mm culture dish
and cultured at 38.5°C with 5% CO,.
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Monolayer cell cultures: These primary cells were
subculhuredat a 1:2 split ratio when they reached
90% confluence and cultured with growth medium
(DMED/F12, 153% FBS, 100 U penicillin mL™" and
100 p gstreptomycin mI.~", 2 mM glutamine, 0.1 mM
estrogen) in 60 mm culture dish. Although, there were a
few contaminating fibroblasts in the primary culture, the
contaminants were absent after passage. The COEC line
was named XYF-142.

Growth curve: The XYF-142 cells were seeded on a
12-well plate at 3.88>10" cells mL~". Cell density and cell
numbers of each well were counted and recorded daily
until the plateau phase was reached. Growth medium was
changed every 2 days. Cell viability, 1e., percentage of
viable cells was shown by dyeing with 0.4% trypan blue
and counted under a microscope using a hemocytometer
(Ruetal, 2012). Cell growth curves were plotted and the
Population Doubling Time (PDT) was calculated based on
the growth curve (Gu et al., 2006).

Cryogenic preservation and recovery: Prior to freezing,
the culture should be maintained in an actively growing
state (log phase or exponential growth) to ensure
optimum health and good recovery. Harvested cells in the
sealed vials by centrifugation and suspended at a
density of 1x10° viable cells mL™" in crycgenic medium
(10% DMSO+90% FBS). The cryogenic tubes were placed
mto boxes filled with an appropriate amount of
1sopropyl alcohol frozen overnight at -80°C and the cells
were transferred mto a liquid mitrogen storage system
(Guan et al., 2010).

For thawing, the cryogenic tubes were taken from
the liqmd mitrogen and quickly plugged mto a
38.5°C water bath until the cells were dissolved.
About 1 mL DMEM F12™' medium was added into these
cryogenic tubes which was followed by centrifuging at
300=g for 5 min. Then, the cells were resuspended in
growth medium and seeded mto 60 mm culture dishes.

Chromosomal analysis: For chromosome analysis, the
XYF-142 cells at 5th and 15th were used. The cells
were dosed with 0.2 pg colchicine with 5% CO, at 38.5°C
m 60 mm dish 25 h and harvested by centrifugal
separation (300xg, 5 min), single cells were suspended in
hypotonic solution of 0.075M pre-warmed KC1 for 10 min
at 37°C in water bath. After then 1 mI. Carnoy’s fixative
(Ethanol: Acetic acid = 3:1) was added in cells and cells
were agam harvested by centrifugation. About 2 times
fixing in 8 mL. Carnoy’s fixative for 30 min each at room
temperature was performed then and harvested the cells
by centrifugation. Slides had been placed m ice-water.
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Slides were prepared using the conventional drop-splash
technique and then air dried (Freshney, 1994).
Chromosomes were stamed with Giemsa according to
the method of Suemori et al (2006). Total 40 spreads
were counted under an oil immersion objective and
chromosome karyotype was analyzed according to the
protocol of Sun et al. (2006) and Kawarai ef al. (2006).

Real-time PCR analysis: Total chicken oviduct RNA and
celluar RNA of primary epithelia, 5th and 15th epithelia
was 1solated using TRNzolA+reagent according to
the manufacturer’s mstructions (TTANGEN), respectively.
Then, these RNA were quantified with a
spectrophotometer (Thermo). ¢DNA was synthesized
from 1 pg of total RNA using Prime Script TM RT
reagent Kit with gDNA Eraser (perfect real time)
(TaKaRa). RT-PCR was performed to detect the
expression levels of oviduct epitheliaspecific expression
gene-SERPINB3 with P-actin used as a normalization
factor. The cDNA was diluted (1:5) in sterile water before
use in RT-PCR. One microliter of cDNA was amplified with
each of the forward and reverse primers and each test
sample was run i triplicate. For SERPINB3, 40 cycles
(5 sec at 95°C, 34 sec at 60°C) of amplification was
performed with senseprimer (5-GAG CAT GTT GGT GCT
GTT GC-3") and antisense primer (5'-TTG AACCTG TCG
CCT CAG TG-3"), amplified a 317-bp product. For p-actin,
40 cycles (5 sec at 94°C, 34 sec at 60°C) of amplification
was performed with senseprimer (5'-CTC TAT CCT GGC
CTC CCT GT -3') and antisense primer (5'-GGA ATG GTG
AAG GTG TCA GC-3), amplified a 256-bp product. PCR
amplification was performed as follows: 95°C for 30 sec,
followed by 40 cycles at 95°C for 5 sec, 60°C for 34 sec,
using a melting curve program (increase in temperature
from 60-95°C at a rate of 0.11°C sec™) and continuous
fluorescence measurement. A relative quantification of
gene expression was calculated after normalization of
the P-actin transcript and the nonspecificcontrol as a
calibrator using the 27 method. For the control, the
relative quantification of gene expression was normalized
to the CT of the control oviduct.

Immunofluorescence assay: XYF-142 cells were
seeded on a 60 mm culture dish until achieving 40~60%
confluence. After fixing the cells with 4%
paraformaldehyde for 10 min at room temperature, the
cells were rinsed with PBS 3x5 min. The cells were then in
0.5% Triton-X100 m PBS and rinsed as above. After
blocking with 1% BSA in PBS for 1 h at room
temperature, the cells were incubated with the primary
antibody (anti-CK18, 1:50) at 4°C overnight, following
which the cells were incubated with secondary
antibody (Goat Anti-rabbit IgG/FITC, 1:100) for 1 h and
rinsed with PBS.
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Transfection of vector DNA to XYF-142 cells: The ability
of XYF-142 cells to be transfected was estimated using
PACGFP1-N1 plasmid and pIRES2-EGFP plasmud. The cells
were seeded at a density of 1.5x10° cells well™ in 12-well
plates individually. The same quantity of fluorescent
protein vectors were transfected into the XYF-142 cells
with reagent (LipofectamineTM 2000 (Invitrogen) or
Calcium Phosphate Transfection Kit (Beyotime) or
DNAfectin TRANSfection (Tiangen) according to the
instruction. After 24 h, the non-antibiotics growth medium
was removed and growth medium with antibiotics was
added. The transfected XYF-142 cells were observed at
24, 48 and 72 h, respectively to estimate transfection
efficiency (Guan et al., 2010).

RESULTS

Multiple cell cultures: The cells isolated from chicken
oviduct magnum showed several shapes, e.g., polygon,
spindle shape, strip shape. The cells showed various
shapes in small number (Fig. la) but formed uniform
cobblestone-like structure in large number (Fig. 1b) in
passage 1. The contaminate cells, especially fibroblasts,
were absent (Fig. 1b). Primary cell growth was not fast
until they converged with each other and formed
some islands (Fig. 1c¢) which made contact with each
other later on (Fig. 1d). A cell monolayer formed after
around 20 days, these cells were subcultured when they
reached 90% confluence and the first subculture
was conductedata 1:2 split ratio. After passaging, cell

population growth reached 90% confluence within
20 days in 60 mm culture dish. No microorganism was
detected t1ll 15th XYF-142 cells.

Growth curve: The PDT was 106.67 h for the cells at a
seeding-density of 3.88%10" cells well™ at 38.5°C. After
slow growth, the cells proliferated rapidly and entered
the exponential phase. As the cell density increased,
proliferation was retarded by contact inhibition and since
the 17th day, the cells entered the plateau phase and
began to degenerate. After 15 days, the cells number
reached 3.2x10° cells well™. The growth curve of the
XYF-142¢ell line appeared as a typical *S” shape (Fig. 2).

Cryogenic preservation and recovery: Before freezing and
after thawing, the average cell viability was approximately
90 and 70%, respectively. The cells were as well
cobblestone-like structureafter thawing (Fig. 1e). The cells
displayed a umform shape i the serial sub-cultivations
(15th) (Fig. 1f). Results indicated that cryopreservation
and recovery have a little effect on the vitality status of
the cells.

Chromosomal analysis: [t was shown here that most of
XYF-142 cells were diploid and the modal number of
chromosomes was 2n = 78 (Fig. 3), including 10 pairs of
macrochromosomes and 29 pairs of microchromosomes.
The clromosome number of 40 XYF-142 cells that
selected randomly from each of the 5th and 15th was
counted and the proportion of normal karyotin were 92.5

Fig. 1: Culture and morphelogy of epithelia: a) The cells showed various shapes m small number; b) Epithelia showed
uniform cobblestone-like structure in large number and there was nearly no fibroblasts in the culture; ¢) Some cell
islands were formed, it can be accelerated; d) Many cell islands contact with each other that indicated that the
growth speed of epithelia would be faster than before; e) After freezing and thawing, epithelia were as well
cobblestone-like structure after thawing; f) Epithelia displayed a uniform shape in the serial sub-cultivations

(15th) (x40)
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Fig. 2: Growth curve of 5th epithehia. The inoculum was

3.88%10" cells mL~". The growth curve appeared as
a typical S’ shape and included a long latency
phase, exponential growth phase and stationary
phase. The PDT was 106.67 h
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Fig. 3: Chromosomal analysis of epithelia at 15th. The
modal nmumber of chromosomes was 2n = 78
including 10 pairs of macrochromosomes and
29 pairs of microchromosomes. The type of sex
chromosomes was ZW (2). 7, chromosome which
was the chromosome 5 was a macrochromosome.
W chromosome was heteropycnosis and the
length was similar to chromosome 8

and 87.5%, respectively (Table 1). Tn XYF-142 cells,
chromosomes 5 and 8 were Metacentric chromosomes
(M), chromosomes 1 and 2 were Sub-Metacentric
(SMD), chromosomes
Sub-Telocentric chromosomes (ST) and the remamung

chromosomes 4 and 7 were
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Fig. 4: Real-time PCR analysis of SERPINB3 gene in

oviduct and cells. Compared to the overall
expressionlevels of SERPINB3 in oviduct tissue,
the expression level was significant higher in
primary epithelia and 15th cells, extremely
significant higher m 5th cells. The expression level
1n 5th cells was significantly higher than in primary
epithelia but there was no significant difference

between 5th and 15th cells
Table 1: Chromosome No. of epithelia
Chromosome No.
Total Percentage
Passage Hypodiploid Diploid Hyperdiploid cell score  of 2n =78
5 3 37 0 40 92.5
15 3 35 1 40 87.5

The hypodiploid; dipleid and hyperdiploid chromosome No. of 40 cells was
counted in 5th or 15th

chromosomes considered to be Telocentric
chromosomes (T). The type of sex chromosomes was
ZW (?). Z chromosome which was the chromosome 5 was
a macrochromosome. W chromosome was heteropycnosis
and the length was similar to chromosome 8. These results
suggested that themajority of XYF-142 cells were diploid

and maintammed a normal karyotype.

Wwere

Real-time PCR analysis: Expression of SERPINB3
whichis an oviductal epithelia-specific gene was
determined in chicken oviduct total mRNA, primary
epithelia, 5th and 15th epithelia and these expression
conditions was indicated in Fig. 4. Compared to the
overall expressionlevels of SERPINB3 in oviduct tissue,
the expression level was sigmficant higher in primary
epithelia and 15th epithelia, extremely significant higher in
5th epithelia. The expression level in 5th epithelia was
significantly higher than i primary epithelia but there was
no significant difference between 5th and 15th epithelia.

Immunocytochemical identification of epithelial cells: To
validate the cells researchers cultured were epithelial cells,
researchers examined expression of Cell Keratinl 8 (CK-18)
by immunocytochemistry. All of the cultured cells
expressed the epithelial specific intracytoplasmic CK-18
protems (Fig. 4). The result suggested that the
established cell line was an epithelial cell line (Fig. 5).
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Fig. 5: Immunocytochemical identification of epithelia.
The expression of mtracytoplasmic markers was
positive in vast majority of epithelia

Fig. 6: Expression of GFF gene and distnbution of GFP in
epithelia at 48 h after transfection with vector
DNA: a) Transfection with pAcGFP1-N1, the
transfection efficiency was approximately 60%; b)
Transfection with pIRES2-EGFP, the transfection
efficiency was approximately 47%

Transfection of vector DNA to XYF-142 cells: Out of the
3 transfection reagents researchers used, Lipofect
TRANSfection Reagent was the only one that got the
transfection efficiency >10%. The 2 fluorescent protein
genes pAcGFP1-N1 and pIRES2-EGFP were all highly
expressed mn most cells. At 24 h after transfection,
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researchers could observe the GFP expression in
XYF-142 cells. The number of positive cells increased
significantly afterwards and reached the maximum at 48 h
and the fluorescence intensity enhanced at 72 h and then
gradually faded, mostly disappearing 2 weeks after
transfection. The fluorescent signal of a few cellscan
maintain 1 month mndicating that the exogenous genes n
XYF-142 cells can be transcribed and translated. The
viabilities of cells transfecting with pAcGFP1-N1 and
PIRES2-EGFP were 60%, 47%, respectively (Fig. 6a, b).

DISCUSSION

COECs
oviduct-specific regulation be applied as a cell bioreactor
or have important functionon preparation of intravital
bioreactor. No matter what kind of application, the COEC
line 13 essential. A successful cell line is dependent up on
several factors: No microorgamsms, no contaminants and
the proliferation potential of cells (Drewa et al, 2006,
2009). The most common contaminate in epithelial culture
15 fibroblasts. Many alternative methods had been
suggested for obtaining more primary cells which
however, followed by an increase of amount of fibroblasts
(Kasperczyk et al, 2012), such as the most approved
method, magnum mincing (Liu ef af., 2001; Pang and L1,
2005). Another wildly used method was magnum
scrapping which was time-consuming and laborious,
leading slightly increasing of primary epithelial cells
without elimmating contaminates. For as much as that was
crucially necessary to purify the epithelial cells by
passage again and again for those methods. Researchers
developed a method IOD for obtaining purer primary cells
which can efficientlylessencontaminants of epithelial
cells. The digestion time, a factor that was easier to
control, mainly determined type and quantity of the cells
in the method TIn Kasperczyl’s reserch, serum-free
medium was suggested as the optimal medium
because of good attachment of cells and few fibroblasts
(Kasperczyl et al., 2012). In contrast, researchers used a
more common medium-DMEM/F12 1:1 which can achieve
good attachment of XYF-142. In another word, if OID
was adopted it can be easier, faster and practical to
obtain qualified chicken primary epithelial cells and a
conventional growth medium could be used.

In addition to the earliar, researchers were also
concerned about cell preservation. XYF-142 cells viability
of thawed cells reduced to 70% after cryopreservation
in liqud nitrogen. The viability of XYF-142 cells was
lower than chicken fibroblasts after freezing and thawing
{Guan et al., 2010). The reason of the different results may
due to the different cell type mn the same species. Because

can be a model for research of
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there was always a loss of some cells during XYF-142
cells passages (approx. 10-15%) which suggested that
trypsin and low temperature had a little impact on
XYF-142 cells.

The karyotype of chicken was consisted of
2MH2SM+28T+32T (Ladjali-Mohammedi et al., 1999). A
large measure of XYF-142 cells had 2n = 78 chromosomes.
And in XYF-142 cells, the karyotype of identifiable
chromosomes 1s the same to Ladjali-Mohammed:’s results
(Ladjali-Mohammedi et al., 1999). However, the different
ratio of normal karyotype between 5th and 15th
passages shown that the number of cell chromosome was
time-varying, accompanied by more frequently occurring
of hypediploid and hyperdiploid. Hence, cell application
15 the earlier the better.

In order to detect the expression of oviductal
epithelia-specific gene, researchers choose SERPINB3
gene as the maker gene. SERPINB3 mRNA was most
abundant in the glandular epithelia of magmun and
isthmus, as well as luminal epithelia of the infundibulum
n chicken oviduct (Lium ef af., 2012). The expression levels
in cells were significant higher than in oviduct tissue,
because the proportion of epithelia 1s higher in cells, the
different between primary and 5th epithelia was probably
also for this reason. As the result of no significant
difference between 5th and 15th epithelia, there were
probably no differece. In addition, SERPINB3 gene may
bedown-regulated in vitro culture. Tt needs to detect more
passages toprovide more evidence.

In the case of transfecting vector DNA, XYF-142 is
not an easy to transfect cell line (only one of three
transfection reagents was available). The result was
similar to bovine oviduct epithelial cells. The sameness
may be a character of oviduct epithelial cells. Although,
the XYF-142 cells were selective to the transfection
reagent if the appropriate transfection reagent was
applied, the efficiencies for DNA of over 60% are
completely satisfied.

CONCLUSION

This result indicated that the appropriate transfection
reagents for XYF-142 are cationic liposomes rather than
complexes of calcium phosphate-DNA. Thus, XYF-142
had the potential to be a research tool of exogenous
genes in vitro. As to whether the XYF-142 could be
applied as a cell bioreactor, it depends on its capacity of
secreting biologically activity proteins.
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