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ABSTRACT. Rspol belongs to the Rspo family, which is composed
of 4 members (Rspol-4) that share 40 to 60% sequence homology and
similar domain organizations, and regulate the WNT signaling pathway
via a common mechanism. Rspol plays a key role in vertebrate
development and is an effective mitogenic factor of gastrointestinal
epithelial cells. We report the cloning of chicken Rspol and its gene
expression distribution among tissues. It contained an open reading
frame of 783 bp encoding a protein of 260 amino acids, and its
molecular weight was predicted to be 28.80 kDa. Reverse transcription-
polymerase chain reaction-based gene expression analysis indicated
that chicken Rspol was highly expressed in the stomach muscle tissue,
but was expressed at low levels in the lung, brain, jejunum, cecum,
ileum, spleen, pancreas, kidney, and glandular stomach. These results
suggest that Rspo! plays a major role in muscular immune protection.
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INTRODUCTION

R-spondinl (Rspol) belongs to the Rspo family, which is composed of 4 members
(Rspo1-4) that share 40 to 60% sequence homology and similar domain organizations (Kim
et al., 2000), and regulate the WNT signaling pathway via a common mechanism (Kim et al.,
2008). All four Rspo family members contain a leading N-terminal signal peptide, two furin-
type cysteine-rich domains, one thrombospondin-type domain, and a C-terminal region rich
with positively charged amino acids (Kazanskaya et al., 2004; Kamata et al., 2004). The Rspo
family of secreted ligands, similar to canonical WNT family members, activates B-catenin
signaling (Kazanskaya et al., 2004; Kim et al., 2005, 2006; Nam et al., 2006). Expression of
Rspo proteins overlaps with expression of WNT ligands during development (Kazanskaya
et al., 2004; Nam et al., 2007), indicating that signaling of Rspo and WNT proteins may be
closely linked. Rspo genes function as ligands of the orphan receptors - leucine-rich repeat
domain-containing G protein-coupled receptor 4 (LGR4) and LGRS - to regulate WNT/pB-
catenin signaling (Carmon et al., 2011; de Lau et al., 2011). Additionally, the Rspo genes
promote the proliferation of cells in the intestinal epithelium (Kim et al., 2005). They are also
key-positive regulators of skeletal myogenesis via the WNT/S-catenin signaling pathway
(Han et al., 2011).

Rspol is a novel regulator of the WNT/f-catenin signaling pathway, and its disrup-
tion can lead to complete female-to-male sex reversal (Parma et al., 2006; Tomizuka et al.,
2008). Rspol is a candidate female sex-determining gene, which participates in suppressing
the male pathway in the absence of the sex-determining region of the Y chromosome (SRY)
and in maintaining oocyte survival by positively regulating WNT-4 signaling. Rspol is con-
served in mammals (human and mouse), birds (chicken), and reptiles (turtle), and all Rspo
genes are upregulated during ovarian differentiation (Smith et al., 2008). Furthermore, Rspol
may promote the proliferation and differentiation of intestinal stem cells and play an important
role in the repair process after mucosal damage. Intestinal endocrine cells have high expres-
sion of Rspol, which activates the WNT/f-catenin paracrine signaling pathway. Subsequently,
the intestinal epithelial stem cells begin to differentiate, proliferate, and repair the damaged
intestinal mucosa (Gang, 2009). Rspol itself may protect mice from experimental colitis or
from chemotherapy or radiotherapy-induced mucosal injury (Zhao et al., 2007, 2009; Bhanja
et al., 2009) and is necessary for normal ductal development in breasts (Chadi et al., 2009).
Additionally, Rspo! plays a key role during vertebrate development (Kim et al., 2005) and an
effective mitogenic factor of gastrointestinal epithelial cells. We cloned the cDNA sequence
and observed the distribution of Rspo/ gene expression in chicken tissues.

MATERIAL AND METHODS
Animals and sample collection

Gushi chickens (15 days old) were obtained from the animal husbandry station at the
Henan Agricultural University. Tissues of the heart, liver, spleen, lung, kidney, muscular stom-
ach, glandular stomach, pancreas, jejunum, rectum, cecum, ileum, duodenum, brain, thymus,
and testis were immediately dissected from chickens, frozen in liquid nitrogen, and stored at
-80°C until RNA extraction.
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RNA isolation and cDNA synthesis

Total RNA was extracted from tissues of the heart, liver, spleen, lung, kidney,
muscular stomach, glandular stomach, pancreas, jejunum, rectum, cecum, ileum, duodenum,
brain, thymus, and testis using a standard Trizol RNA isolation protocol (Invitrogen, Carlsbad,
CA, USA). Total RNA was checked by electrophoresis of 1 pL. RNA on 1.0% agarose gels
stained with ethidium bromide. One microgram of RNA was reverse transcribed with oligo-dT
primer (TIANGEN, Beijing, China) and M-MLV reverse transcriptase (Promega, Madison,
WI, USA). The cDNA product was stored at -20°C.

Amplification of the chicken Rspol gene

Reverse transcription-polymerase chain reaction (RT-PCR) was performed
to isolate chicken Rspol using cDNA from the stomach muscle tissue. The primers
(5'-ATGCAGCTTGGACTGTTTG-3"; 5'-CTATTGGGCAGGGCTGG-3') used for the
amplification of Rspol mRNA were based on the open reading frame (ORF) of the in silico
sequence assembly and were determined using the Primer Premier™ Version 5.0 software
(PREMIER Biosoft International, Canada) and checked by BLAST. Each of the primers,
including those for the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene used as an
internal control, and those for the tissue distribution analysis, were synthesized by Shanghai
Sango Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). The 20-
uL reaction system was composed of the following: 3.0 uL ¢cDNA (100 ng/uL), 0.5 puL 20
uM forward primer, 0.5 pL 20 uM reverse primer, 10 pL. Premix Tag DNA polymerase (1.25
U/25 uL; TaKaRa, Dalian, China), and 6.0 pL sterile water. PCR was conducted under the
following conditions: 95°C for 5 min; 30 cycles of 95°C/30 s, 60°C/30 s, and 72°C/50 s; 72°C
extension for 10 min; and finally a termination step at 14°C. The PCR products were analyzed
by electrophoresis on a 1% agarose gel and then visualized with the GelDoc-It™ Imaging
System (Ultra-Violet Products Ltd., UK).

Molecular cloning and sequence analysis of chicken Rspol

The PCR products were purified and then cloned into the pMDI19-T vector
(TaKaRa). The recombinant plasmids were transformed into competent Escherichia coli
DHS5a using standard molecular techniques. White colonies were checked by PCR, and
plasmid DNA was extracted from the positive cultures and verified using restriction enzyme
digestion, and the digestion products were analyzed by electrophoresis on a 1% agarose
gel. Colonies with the correct sizes were named pMD19-T-Rspol and five independent
plasmid clones were sequenced by Sangon Biotech Co., Ltd. (Shanghai, China). The
complete coding sequence of chicken Rspo/ has been deposited in the GenBank database
and was assigned GenBank accession No. KC858867. The cDNA sequence was searched
using BLAST and the web servers of the National Center for Biotechnology Information
(http://blast.ncbi.nlm.nih.gov/). The protein prediction and analysis were performed using
the BioX 2.6 software.
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Tissue distribution of chicken Rspol

Expression analyses using RT-PCR were carried out on total RNA extracted from 16
tissues and organs of Gushi chickens. The cDNA from the housekeeping gene GAPDH was
used as an internal control. The control primers (5'-TCAAGAAGGGGAACGAGGAC-3';
S-TTCTTGGTGCCAGACTTTGC-3") resulted in a 179-bp product. The primers
(5'-GGTGGTGCTAAGCGTGTTA-3"; 5'-CCCTCCACAATGCCAA-3") used to perform RT-
PCR for the tissue distribution analysis were designed and synthesized based on the alignments
of the Rspol sequence, resulting in a PCR product of 220 bp. The 20-uL reaction system was
composed of the following: 2.0 pL pooled cDNA for each tissue (100 ng/uL), 0.5 uL 20 uM
forward primer, 0.5 pL 20 uM reverse primer, 10 pL Premix Taq DNA polymerase (1.25
U/25 pL; TaKaRa), and sterile water (the remaining volume). PCR was conducted under the
following conditions: 95°C for 5 min; 30 cycles of 95°C/30 s, 53°C/30 s, and 72°C/20 s; 72°C
extension for 10 min; and a termination step at 14°C. The RT-PCR products (10 pL) from each
tissue were electrophoresed on 1.5% agarose gels, and the Rspol gene expression profiles of
Gushi chicken were essentially identical.

RESULTS
Molecular cloning of chicken Rspol

Based on in silico sequence assembly, the Rspol gene was identified from the muscu-
lar stomach cDNA library of chickens (Figure 1). It was then isolated, purified, and cloned into
the pMD19-T vector (TaKaRa). After transformation and overnight culture, white colonies
were confirmed by colony PCR (Figure 2A) and purified pMD19-T-MID1IP1 plasmids of
positive colonies were analyzed by digestion with Pst¢ (Figure 2B).

M 1

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

783 bp

Figure 1. RT-PCR results for chicken Rspol. Lane M, DL2000 DNA marker; lane 1, PCR product for chicken Rspol.
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Figure 2. [dentification of pMD19-T-Rspo ! by colony PCR and digestion with Pst. A. The colony PCR identification
of pMD19-T-Rspol is shown as follows: Lane M, DL2000 DNA marker; lanes 1-6, PCR results for pMD19-T-
Rspol using amplification primers. B. Digestion-based identification of pMD19-T-Rspo is shown as follows: Lane
M, DL2000 DNA marker; lanes -5, results for digestion of pMD19-T-Rspo! by Pst.

Sequence analysis

The ORF of this gene clone was obtained by RT-PCR. The 783-bp ORF was predicted
using the BioX 2.6 software; it encoded a 260-amino acid protein with a putative molecular
weight of 28.80 kDa, and the isoelectric point was 9.72. The predicted protein had 48 acidic
amino acids and 50 basic amino acids. The nucleotide and predicted amino acid sequences of
the ORF of Rspol are shown in Figure 3. These cDNA nucleotide sequence analyses revealed
that the gene was not homologous to any known chicken genes; the sequence was then submit-
ted to the GenBank database (GenBank accession No. KC858867).

1 atgcagcttggactgtttgtggtggtggtttttctaagctcgatggatctaacaggcgge
MQLGLEFVVVYVFLSSMDLTGG
61 agcaaagtggtgaagggcaagaggcaaaggcgaattagcactgagctgagccagggetgt
S KVV&KGEKRQRRTISTETLSGO QGC
121 gccaggggctgcgacctgtgetctgagttcaacgggtgectgagatgttcccccaagete
ARGCDTLTECSEFNGCLRC CSFPK
181 ttcatccttctggagaggaacgatatccggcaaattgggatctgectcccatectgteca
F' T L L ERON.D T R O F 6L €L P S &P
241 ctgggatactttggccttcgcaatacagacatgaacaagtgcatcaaatgcaaaatcgag
LGYFGLRNTDMNTEKTETIGKCK
301 aactgtgagtcctgcttcagccgaaacttttgcacaaaatgtaaggaaggtttgtatttg
N CESCFGSRNTF CTE KT CEKETG GLY.L
361 cacaaagggagatgttacgtcacgtgccccgaaggctactctgetgccaatggcaccatg
HKGR CYVTC CPEGTYSAANG GTHM
421 gagtgcagcagtcctgegcaatgtgaaatgagtgagtgggggecctgggggecctgetec
Ecs sPAQGCEMSTEMWGEPWGEP CS
481 aagaagaggaagctgtgtggcttcaagaaggggaacgaggaccgaacgcggcggatccty
K KR KLCGFIKTEKTGNTETDTRTERP RTEI.L
541 caggctccctetggggacgtgtcectgtgecccgecaccacggaggtgegecagatgeact
@ APSGDJVSLC CPATTEVRE RTCT
601 gtgcagaagagccaatgccccgaagggaaaaggaagaaaaaggacgagcaaggaaagcaa
Vg K S C P EGKRTEKTEKEKTDE G K
661 gataatacaaacgggaacagaaatcggaaagacaccaaagatgcaaagtctggcaccaag
D N N N R K G T K
721 aagaggaagagcaaacagaggggggctgtggcccccaccacatccgecagecctgeccaa
KRKSTEK®QRTGAVAFPTTSASFPADQ
781 tag
Figure 3. Sequence of the chicken Rspol gene (GenBank accession No. KC858867). The entire deduced amino

acid sequence is depicted in single letter code beneath the corresponding nucleotide sequence. The stop codon TAG
is shown with an asterisk.
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Tissue distribution of the chicken Rspol gene

The distribution of Rspol gene expression in chicken tissues was analyzed with RT-
PCR. A total of 16 different tissues from Gushi chickens were included in the study. As shown
in Figure 4, the Rspol gene was highly expressed in the stomach muscles, but it was expressed
at low levels in the lung, brain, jejunum, cecum, ileum, spleen, pancreas, kidney, glandular
stomach, and testis. In other tissues, no band was observed. As an internal control, a GAPDH
fragment of 179 bp was amplified in all samples by RT-PCR (Figure 4).

GAPDH

1 2 3 4 & 6 F &8 9 10 11 12 13 14 15 16

Figure 4. Tissue distribution of chicken Rspol gene expression, determined by RT-PCR analysis. GAPDH
expression served as an internal control. The products of Rspol and GAPDH were 220 and 179 bp, respectively.
The lanes indicate tissue types as follows: 1, heart; 2, liver; 3, spleen; 4, lung; 5, kidney; 6, muscular stomach; 7,
glandular stomach; 8, pancreas; 9, jejunum; 10, rectum; 11, cecum; 12, ileum; 13, duodenum; 14, brain; 15, thymus;
16, testis.

DISCUSSION

We cloned the cDNA of the chicken Rspol gene, which contains a complete ORF
of 783 bp encoding a protein of 260 amino acids. Rspol encodes a protein that increases
Wnt/f-catenin signaling and has pleiotropic functions in development and stem cell growth.
Disruption of the human Rspol gene is associated with XX sex reversal, palmoplantar hyper-
keratosis, and a predisposition to squamous cell carcinoma of the skin (Parma et al., 2006). In
another study, Rspol was demonstrated to be a potent and specific mitogen for the gastroin-
testinal epithelium, and promotes the proliferation of intestinal crypt cells (Kim et al., 2008).
A recent study indicates that S/it2 (a nerve migration factor) and Rspol cooperatively induce
intestinal stem cells for intestinal homeostasis and repair and significantly prolong overall
survival following lethal doses of chemoradiotherapy (Zhou et al., 2013).

Various tissues were collected from chicken for RNA extraction and cDNA synthesis,
and were used as templates for RT-PCR analysis. The tissue distribution analysis revealed
that the expression of Rspo! differs among the tissue types. We only observed significant ex-
pression of Rspol in the stomach muscle. In the lung, brain, jejunum, cecum, ileum, spleen,
pancreas, kidney, glandular stomach, and testis, Rspol expression is moderate. These data
indicated that Rspol, a potent growth factor, markedly increases the efficacy of intestinal cul-
tures (Kim et al., 2005). By contrast, Rspo/ is ubiquitously expressed in the brain, liver, heart,
intestine, kidney, ovary, and testis, with dominant expression in the brain, liver, and ovary in
medaka (Zhou et al., 2012). An RNA blot analysis of adult human tissues showed that Rspol
is abundantly expressed in the adrenal glands, ovary, testis, thyroid, and trachea, but not in
the bone marrow, spinal cord, stomach, leukocytes, colon, small intestine, prostate, thymus,
and spleen (Parma et al., 20006). In zebrafish gonads, Rspol expression in ovaries is 3.84-fold
higher than that in the testes. Rspol is also differentially expressed in kidney and muscle
tissue. Weak expression is detected in male hearts, but expression is not detected in female
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hearts, suggesting that Rspol is specifically involved in the development of the male heart
(Hang et al., 2011). Taken together, these data indicated that the Rspol gene was differentially
expressed among tissues in various organisms, suggesting that it plays a role in various tissues
and performs multiple functions, even though the Rspo family is evolutionarily conserved
(Kim et al, 2006). However, despite the variation in expression level, Rspol is expressed,
without exception, in the brain, kidney, ovary, testis, and intestine of different organisms. Our
results showed that the Rspol was mainly expressed in smooth muscle tissues, which indi-
cated that it is expressed in a tissue-specific manner in chickens. Therefore, Rspol may play a
major role in muscular immune protection. Because we did not study gene function or protein
expression, further studies regarding are required.
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