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ABSTRACT: Insulin-like growth factor-binding protein-5 (IGFBP-5) is one of the six members of IGFBP family, important for cell
growth, apoptosis and other IGF-stimulated signaling pathways. In order to explore the significance of IGFBP-5 in cells of the Inner
Mongolian Cashmere goat (Capra hircus), IGFBP-5 gene complementary DNA (cDNA) was amplified by reverse transcription
polymerase chain reaction (RT-PCR) from the animal’s fetal fibroblasts and tissue-specific expression analysis was performed by semi-
quantitative RT-PCR. The gene is 816 base pairs (bp) in length and includes the complete open reading frame, encoding 271 amino acids
(GenBank accession number JF720883). The full cDNA nucleotide sequence has a 99% identity with sheep, 98% with cattle and 95%
with human. The amino acids sequence shares identity with 99%, 99% and 99%, respectively. The bioinformatics analysis showed that
IGFBP-5 has an insulin growth factor-binding protein homologues (IB) domain and a thyroglobulin type-1 (TY) domain, four protein
kinase C phosphorylation sites, five casein kinase Il phosphorylation sites, three prenyl group binding sites (CaaX box). The IGFBP-5
gene was expressed in all the tested tissues including testis, brain, liver, lung, mammary gland, spleen, and kidney, suggesting that
IGFBP-5 plays an important role in goat cells. (Key Words: Cashmere Goat, IGFBP-5, Expression Pattern, Tissue-specific, Hair, Gene)

INTRODUCTION

Insulin-like growth factor-binding proteins (IGFBPs)
are a family of secreted proteins that bind insulin-like
growth factors I and 1l (IGFs | and I). IGFBPs are capable
of modulating IGF actions on target cells (James et al.,
1993). Insulin-like growth factor-binding protein-5 (IGFBP-
5) is a critical member of IGFBP family (Beattie et al.,
2006) and it is the most evolutionarily conserved member
of the IGFBP family (Allander et al., 1994). IGFBP-5 plays
an important role in several biological processes including
bone, ovary, mammary gland and kidney physiology
(Kelley et al., 1996). The function of IGFBP-5 is mainly
emphasized on cell growth and the protein either suppresses
or induces cell proliferation (Andress and Birnbaum, 1992;
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Ewton et al., 1998; Meadows et al., 2000; Schneider et al.,
2001). In addition, it interacts with several extracellular
matrix proteins including thrombospondin-1 (Nam et al.,
2002), osteopontin (Nam et al., 2002), vitronectin (Nam et
al., 2000) and plasminogen activator inhibitor-1 (Nam et al.,
1997). In the past few years, it has been shown that the
effect of IGFBP-5 on cell survival seems to be based on
interactions with specific soluble or cell-associated ligands
(Beattie et al., 2006; Hung et al., 2008; Schneider et al.,

2002).
Until recently, the mechanisms controlling the
development and differentiation of hair remained

unexplored. However, studies have demonstrated that
IGFBP-5 is associated with hair differentiation. During
embryogenesis and early postnatal development, four
different hair types were designated guard, awl, zigzag and
auchene hair (Dry, 1926). Segmental IGFBP-5 expression is
specifically associated with the bent structure of zigzag hair
and can be identified as a central regulator of hair shaft
differentiation and hair type determination (Schlake, 2005b).
Otherwise, IGFBP-5-mediated = FGFR2-11lb  signals
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represent a key regulator of the genetic program that
controls the structure of the hair shaft medulla (Schlake,
2005a). IGFBP-5 has been seen as a key molecule in
formation of the bent hair structure of zigzag hair.
Sriwiriyanont et al. (2011) reported that twisted hair shafts
as well as an unusual deposition of hair cuticle resulted
from overexpression of IGFBP-5 in human hair xenografts,
the mechanism for which is the disturbance of normal
proliferation and differentiation (Sriwiriyanont et al., 2011).
IGFBP-5 has an effect on human hair shape, and that
lentiviral transduction regimen can be used for functional
analysis of genes involved in human hair morphogenesis
(Sriwiriyanont et al., 2011).

Progress has been made in the identification of the
IGFBP-5 gene in humans, mice and rats, but little is known
about the role of the gene in small ruminants. Specifically,
we have little knowledge of the role of IGFBP-5 in goat
cells. In the present study, we cloned the code sequence
fragment of the IGFBP-5 gene cDNA from the Inner
Mongolia Cashmere Goat (Capra hircus) and used basic
bioinformatics to analyze this gene and its gene product in
order to study the molecular characterization. To study the
expression pattern of the IGFBP-5 gene, semi-quantitative
reverse transcription polymerase chain reaction (RT-PCR)
was used to detect the relative expression levels in various
tissues of the Inner Mongolia Cashmere goat. Furthermore,
a eukaryotic expression vector of the goat IGFBP-5 gene
was constructed and then transferred into Inner Mongolia
Cashmere goat fetal fibroblasts to obtain a transgenic cell
clones. The transgenic cells will be used to produce an
increased cashmere production from transgenic goats and to
produce a new variety of genetically modified cashmere
goats.

MATERIALS AND METHODS

Animal and tissue samples

The Inner Mongolia Cashmere goat aged 1.5 yr used in
this study was bred on a natural diet in Inner Mongolia,
China. Tissues including testis, brain, liver, lung, mammary
gland, spleen, and kidney were collected from the goat after
slaughter in a commercial goat slaughter farm in the spring.
Tissue samples were immediately frozen in liquid nitrogen
and stored at -80°C.

Cell culture conditions

Inner Mongolia Cashmere goat fetal fibroblasts (GFb
cells) were maintained as monolayer cultures in DMEM/F12
(D-MEM/F-12, Gibco, Paisley, PA49RF, Scotland, UK)
supplemented with 10% fetal bovine serum (FBS) and 100
U/ml penicillin G and 100 mg/ml streptomycin (FBS,
Hyclone Laboratories, Inc. Logan, UT USA and
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penicillin/streptomycin, Sigma-Aldrich, Inc. St. Louis
USA). Cell cultures were maintained and incubated at 37°C
in humidified air with 5% CO..

Total ribonucleic acid (RNA) extraction and 1st strand
cDNA synthesis

Total RNA was isolated from Inner Mongolia goat fetal
fibroblasts, using an RNAzol (RNAiso Plus, Takara Co. Ltd,
Dalian, China). RNA concentration was determined
spectrophotometrically. RNA was reversely transcribed with
an AMV 1st strand cDNA Synthesis kit, and an oligo d (T)1s
primer was used according to manufacturer’s protocol
(Takara Co. Ltd, Dalian, China). An input of 1 pg total
RNA was used for the reaction.

Cloning and sequencing of IGFBP-5 gene cDNA

To amplify the Inner Mongolia Cashmere goat IGFBP-5
gene cDNA fragments, a pair of specific primers was
designed based on the Ovis aries IGFBP-5 sequence
(EUT727460). The forward primer (fw): 5'-GCGAATTCGT
CGACATGGTGCTCACCGCGSTC-3' (S means G or C),
containing EcoRI and Sall restriction sites at 5’ site. The
reverse primer (rv): 5'-CGGCATGCCGCATCACTCAA
CRTTRCTGCTG-3' (R means A or G), containing Sphl
restriction sites in the 5’ site. PCR was conducted at 94°C
for 4 min; followed by 35 cycles of 94°C for 30 s at 58°C
for 1 min, and 72°C for 1 min; 72°C for 10 min. PCR
reaction mixture (10 pl) containing TaKaRa LA Taq
(TaKaRa Taqg Version, Takara Co. Ltd., Dalian, China) 0.1
ul, 2xGC Buffer | (TaKaRa Taq Version, Takara Co. Ltd.,
Dalian, China) 5 pl, dNTP Mixture (2.5 mm each) 1.6 pl,
template cDNA 1.0 pl, fw primer (10 um) and rv primer (10
pum) mixture 0.8 pl, d3H,O 1.5 pl. PCR products were then
electrophoresed and photographs were taken by an
electronic UV transilluminator (UVItec, London, UK). The
PCR products were purified and cloned into pMD19-T
vector (Takara Co. Ltd, Dalian, China) followed by
sequencing. The predicted length was 816 bp.

Tissue distribution of Cashmere goat IGFBP-5 mRNA
Tissue distribution of IGFBP-5 messenger RNA
(mRNA) was performed using semi-quantitative RT-PCR
analysis. Total RNA from testis, brain, liver, lung,
mammary gland, spleen, and kidney was extracted and
reverse-transcribed. The PCR amplifications were
performed in 10 pl total volume for 35 cycles at the
appropriate annealing temperature with the primers similar
to that of the coding sequence (CDS) fragment. IGFBP-5
MRNA was detected in different tissues with B-actin as a
loading control. PCR amplification of B-actin gene was
performed for 30 cycles at the appropriate annealing
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Figure 1. Phylogenetic tree for IGFBP-5 genes in seven species. The cloned goat IGFBP-5 gene nucleotide sequence was alighed with

other homologous animal IGFBP-5 genes. The phylogenetic tree

was constructed by the neighbor-joining method using MEGA 4.1

software. The species and GenBank accession numbers are Ovis aries (EU727460), Capra hircus (JF720883), Bos taurus
(NM_001105327), Sus scrofa (SSU41340), Homo sapiens (NM_000599), Equus caballus (XM_001490309), Rattus norvegicus
(NM_012817) and Mus musculus (BC057447). The genetic relationship between goat and sheep is very close.

temperature with the following pairs of primers, forward: 5’
-TGGCACCACACCTTCTACAACGAGC-3', reverse: 5'-
CGTCCCCAGAGTCCATGACAATG-3'. The predicted
fragment was 229 bp.

Bioinformatics analysis

Nucleotide sequence of Cashmere goat IGFBP-5 cDNA
and deduced amino acid sequence were identified by the
National Center for Biotechnology Information (NCBI)
Basic Local Alignment Search Tool (BLAST) program
(http://www.ncbi.nIm.nih.gov/BLAST/).  Open  reading
frames (ORFs) and theoretical molecular weight of deduced
polypeptides were predicted by the Protein property
calculator (http://www.basic.northwestern.edu/biotools/
proteincalc.html). The protein isoelectric point was
predicted using the calculation of protein isoelectric point
(http://isoelectric.ovh.org/). Protein domain analysis was
identified by the Simple Modular Archtitecture Research
Tool (SMART) program (http://smart.embl-heidelberg.de/).
Protein prosite patterns were identified by the Psite program
(http:/lwww.softberry.com). A phylogenetic tree was
constructed by using the MEGA 4.1 program.

RESULTS

cDNA cloning and sequence analysis of IGFBP-5 gene
cDNA

The IGFBP-5 gene cDNA (GenBank accession number
JF720883) from the Inner Mongolia Cashmere goat was
amplified by RT-PCR. The cloned cDNA fragment was 816
bp in length and included completed ORF encoding-
deduced 271 amino acid residues. The full cDNA
nucleotide sequence showed a 99%, 98%, and 95% identity
with sheep, cattle, and humans, respectively. The amino
acid sequence shares identity with 99%, 99% and 99% of
those groups, respectively. To elucidate the phylogenetic

relationships of the IGFBP-5 gene, their nucleotide
sequences were aligned with other homologous animal
IGFBP-5 gene sequences and a phylogenetic tree was
constructed as shown in Figure 1. As a result, we can infer
that the genetic relationship between goat and sheep is close.

Primary structure and secondary structure of the
Cashmere goat IGFBP-5 protein

The deduced IGFBP-5 protein of the Inner Mongolia
Cashmere goat consists of 271 amino acid residues and its
predicted molecular weight is 30.42 kDa for the unmodified
protein and the estimated isoelectric point (pl) is 8.32.
IGFBP-5 has 18.8% acidic amino acids and 26.2% basic
amino acids. The basic amino acids comprise 7.75% lysine,
8.49% arginine, 2.95% histidine and 7.01% proline.
IGFBP-5 has a low complexity amino acid starting at 3 and
extending to 21, an IB domain at positions 24 - 101, which
is made up of amino acids Val68, Tyr69, Pro81 and Lys87-
Leu94. Amino acids 215 to 266 form a thyroglobulin type-1
(TY) domain (Figure 2). The N terminus is the primary
binding site for IGFs. There is one cAMP- and cGMP-
dependent protein kinase phosphorylation site, four protein
kinase C phosphorylation sites, five casein kinase Il
phosphorylation sites, three prenyl group binding sites
(CaaX box), three microbody C-terminal targeting signals
and one thyroglobulin type-1 repeat signature. The protein
prosite compared with IGFBP-5 in other animals was
constructed as shown in Figure 3

Tissue distribution of the Cashmere goat IGFBP-5
mMRNA

To determine the steady-state level expression of the
IGFBP-5 gene in different goat tissues, semi-quantitative
RT-PCR analysis was carried out with total RNA extracted
from testis, brain, liver, lung, mammary gland, spleen, and
kidney (Figure 4). The IGFBP-5 gene was expressed in all
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Figure 2. The predicted domain of goat IGFBP-5 protein. IGFBP-5 has a low complexity amino acid starting at 3 to 21. There are two
main domains in the IGFBP-5 including an 1B domain at amino acid position 24-101 and a TY domain at position 215-266. The domains
were predicted using SMART Software (http://smart.embl.de/). The primary binding site for IGF in the N terminus of IGFBP-5 has been
mapped to ten clustered residues, Val68, Tyr69, Pro81, Lys87-Leu94, and form a hydrophobic patch on the surface of the protein. The
amino acids in 220-237 form the NS, containing an HBM at amino acid 225 to 230.

the tested tissues and the highest level of mMRNA

accumulation was detected in the kidney.
DISCUSSION

The IGFBP-5 gene is 17 kb and has been localized on
chromosome 1 in the mouse (Kou et al., 1994). In humans it
has a length of 33 kb and has been localized on
chromosome 2 (Allander et al., 1994). IGFBP-5 has a
highly cysteine-rich N-terminal domain (twelve cysteine
residues) and a cysteine-rich C-terminal domain (six
cysteine residues) (Duan, 2002). The N- and C-domains are
highly conserved among various members of the IGFBP
family in any given species (Duan, 2002). The N-terminal
domain of IGFBP-5 contains the IGF-1 binding region and
caveolin binding sites (Ravid et al., 2008). The C-terminal
domain cannot bind IGF-1, but it can affect the IGF-1
binding affinity (Shand et al., 2003). A highly basic domain
in the C-terminal end of IGFBP-5 (AA220-237) has a

Capree hircus MVLTALLLLLAACAGPAQ GLGSFYHCEPCDEKALS MCPPSPLGCELVEEPGC GCCMTCALAEGQSCCVYTERCAQGLRCLPRODEEKPLHALLHGRGVCL

functional nuclear localization sequence (Schedlich et al.,
1998).

In the deduced goat IGFBP-5 amino acid sequence, the
C-terminal domain of IGFBP-5 contains a region known as
the nuclear localization sequence (NLS) and this sequence
is to be found between amino acids 201 to 218 in humans
(Schedlich et al., 1998; Schedlich et al., 2000), but it is
located from amino acid 220 to 237 in the goat (Figure 2).
The NLS contains a heparin-binding motif (HBM,
consensus sequence BBBXXB, where B is a basic amino
acid and X is any amino acid) at amino acid positions 206
to 211 and carries alternative IGF-binding sites in human
(Abrass et al., 1997; Allan et al., 2006), but it is at positions
225 to 230 in the goat (Figure 2). The thyroglobulin type-1
(TY) domain is between amino acid 215 to 266, but repeat
TY signature is from 214 to 247 amino acids (Figures 2 and
3). Thyroglobulin (Tg) is a large glycoprotein specific to the
thyroid gland and is the precursor of the iodinated thyroid
hormones thyroxine (T4) and triiodothyronine (T3). This
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Figure 3. Predicted P sites of IGFBP-5. Alignment of the amino acids sequences of Capra hircus (JF720883), Ovis aries (EU727460),
Mus musculus (BC057447), Rattus norvegicus (NM_012817) and Bos taurus (NM_001105327). cAMP- and cGMP-dependent protein
kinase phosphorylation sites are marked by a box. Protein kinase C phosphorylation sites are marked by a wavy line. Casein kinase 11
phosphorylation sites are marked by a gray box. Prenyl group binding sites (CaaX box) are marked by underlining. Thyroglobulin type-1
repeat signature is marked by double underlines. Microbody C-terminal targeting signals are marked by a hidden line frame. All these

were determined using the Psite program (http://www.softberry.com).
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Figure 4. Expression of IGFBP-5 gene in different tissues. (A)
Semi-quantitative RT-PCR detection of IGFBP-5 transcripts with
B-actin mRNA as a loading control. (B) The band using gel was
analyzed by BandScan software version 5.0.

protein was found to be a potent inhibitor of cysteine
proteases (Molina et al., 1996). The N-domain activates
transcription independent of IGF (Xu et al., 2004). In the
N-domain, some amino acids, comprised of Val49, Tyr50,
Pro62 and Lys68-Leu75, form a hydrophobic patch on the
surface of the protein in humans (Kalus et al., 1998), but in
goats these amino acids are comprised of Val68, Tyr69,
Pro81 and Lys87-Leu94. Not only are several basic residues
in the IGFBP-5 C-domain necessary and sufficient for
nuclear localization of the intact protein, but IGFBP-5 is
also present in the nucleus and may affect gene expression
independent of the IGF ligand (Zhao et al., 2006). There are
ten phosphorylation sites in goats (Figure 3). Graham et al.
demonstrated that IGFBP-5 is secreted as a phosphoprotein
and O-linked glycoprotein and that there are two main in
vivo phosphorylation sites in human IGFBP-5 at Ser96 and
Ser248 (Graham et al., 2007). The authors also determined
that the majority of secreted IGFBP-5 was phosphorylated
(56%) (Graham et al., 2007). All features indicated are very
similar to those found in previous research on IGFBP-5 in
other species. These findings indicate that the IGFBP-5
gene has been correctly cloned from the Inner Mongolia
Cashmere Goat.

Hair features are affected by many factors, but two
major factors are the follicle’s capacity and hair growth
cycle. It has been demonstrated that IGF-I signalling is an
important mitogenic and morphogenetic regulator in hair
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follicle biology (Weger and Schlake, 2005). IGFBP-5 has
been identified as the first molecular marker expressed in
zigzag hair follicles (Schlake, 2005b). Some data show that
IGFBP-5 regulates hair shaft structure and follicle identity
(Schlake, 2005b). In 2006, Schlake cited Krox-20 as a
molecular marker whose expression in the proximal follicle
appears to be restricted to zigzag hair follicles, and Krox-20
as a nodal point of fibroblast growth factor and IGF
signalling pathways controlling IGFBP-5 expression which
is associated with hair shaft differentiation and may
generate the periodicity of the zigzag hair (Schlake, 2006).

The results of semi-quantitative RT-PCR in adult goat
tissues has indicated that IGFBP-5 gene is expressed in
various tissues and its expression is enriched in the kidney
but restricted to the lung, heart, stomach, adrenal and testis
tissues in the rat (Shimasaki et al., 1991). In human
pancreatic samples, the IGFBP-5 gene was expressed at
higher levels than in normal tissues (Johnson and Haun,
2009). In our study, goat IGFBP-5 mRNA was expressed at
the highest level in the kidney and strongly expressed in the
brain, liver, lung and spleen while its expression was
restricted in the testis and mammary gland. These results
suggest that IGFBP-5 played a more important role in high-
expression-level tissues than in the testis and mammary
gland, so its function in the goat may be different from that
in the rat and in humans.

CONCLUSIONS

In conclusion, our data show that IGFBP-5 cDNA was
cloned from the Inner Mongolia Cashmere goat. It is 816 bp
in length, including a complete ORF corresponding to a
polypeptide of 271 amino acids. The IGFBP-5 gene is
expressed in all the tested tissues and the highest level of
mMRNA accumulation is detected in kidney tissue.
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