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Abstract

Like IGF-I, progranulin (pgrn) is a growth factor involved in tumorigenesis and wound healing. We report here the identiWcation and
characterization of pgrn cDNA in tilapia and the regulation of its expression by growth hormone (GH). The tilapia pgrn cDNA was
cloned by RT-PCR ampliWcation, using gene speciWc oligonucleotides as ampliWcation primers. The cDNA contains an open reading
frame encoding a peptide of 206 amino acid residues (aa) that contains a presumptive signal peptide (23 aa) and two repeat units of gran-
ulin (grn, 51 and 52 aa, respectively) franked by a GAP of 49 aa and the carboxyl terminus with 31 aa. The two predicted grn peptides are
arranged in tandem repeats interrupted by a GAP peptide. RT-PCR analysis revealed that high levels of prgn mRNA were present in sev-
eral tissues such as spleen, gastric cecum, intestine, fat tissue, gill, kidney, eye and pancreas, and lower levels in liver, muscle, heart, brain,
skin and stomach. Administration of a single dose (500 ng/g body weight) of recombinant seabream growth hormone (rbGH) by intra-
peritoneal (ip) injection into one-month-old tilapia resulted in an obvious increase of IGF-I and pgrn mRNA (2.7-fold and 2.5-fold,
respectively) in the liver at three hours post-GH treatment. The peptide levels of pgrn in the liver of GH-treated Wsh also were substan-
tially induced over controls at 12 h post-GH treatment as detected by western immuno-blot analysis. The co-induction of IGF-I and pgrn
following GH treatment may suggest the involvement of pgrn in GH regulated growth in tilapia.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Growth in vertebrates involves complex interactions of
genes, metabolism, nutrition and hormones (Nijhout, 2003). It
was previously believed that body growth in vertebrates was
controlled by GH produced in the pituitary gland and medi-
ated by circulating IGF-I or somatomedin C produced in the
liver (Le Roith et al., 2001). In Wsh and other higher verte-
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brates, liver production of IGF-I is a major point of body
growth control via the GH/IGF axis (Le Roith et al., 2001;
Shamblott et al., 1995). However, the somatomedin hypothe-
sis did not consider the possible involvement of IGF-I
produced by paracrine or autocrine sources. In liver speciWc
IGF-I gene knock-out mice, postnatal growth and develop-
ment are nearly normal, despite the marked reduction of
circulating IGF-I and IGF-binding protein levels (Butler and
LeRoith, 2001). Moreover, the importance of GH and IGF-I
in controlling postnatal growth was demonstrated further in
GH receptor/IGF-I double knock-out mice in which the body
weight retardation was more severe than that observed from a
single knock-out of GH or IGF-I. In fact, the body weight of
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these double knock out mice is only 17% of the wild type
(Lupu et al., 2001). Based on these studies, it is obvious that
the body growth is controlled not only by the GH and IGF-I
source (83%), but also by a non IGF-I and GH source (17%).

Gene inactivation in a rodent model clearly indicates the
importance of type 1 insulin-like growth factor receptor
(IGF-IR)2 in fetal growth. Studies conducted by Liu et al.
(1993) and Baker et al. (1993) showed that the introduction
of disrupted IGF-IR into mice resulted in animals weighing
45% of the normal weight and failed to survive at birth. It
has been known for years that the action of insulin-like
growth factors (IGF-I and IGF-2) are mediated primarily by
the activation of the IGF-IR, which is the key regulator of
IGF signaling (Chen et al., 2004; Le Roith et al., 1995).
Although IGF-IR is ubiquitously expressed in many cell
types, mature B cells and hepatocytes do not express IGF-IR
(Rechler, 1997; Romano, 2003). Xu et al. (1998) recently
demonstrated that the granulin/epithelin precursor is a
growth factor, secreted by a variety of epithelium cells, hemo-
poietic cells and hepatocytes, and it is the only growth factor
that can stimulate growth in the IGF-IR¡ cells. The granulin/
epithelin family of protein molecules is a novel class of
growth regulators with possible roles in development, inXam-
mation, wound healing and tissue remodeling (Ashcroft
et al., 2000; He et al., 2003; Shoyab et al., 1990). Results of
in vivo and in vitro studies further indicated that cell growth,
regulated by pgrn, is dependent upon the phosphorylation of
the mitogen-activated protein kinase (MAPK) (He and Bat-
eman, 1999; Liau et al., 2000; Nijhout, 2003; Romano, 2003;
Xu et al., 1998). Although the multifunctionality of pgrn has
been well demonstrated, the factor(s) that regulate pgrn have
yet to be identiWed. While the cDNA corresponding to IGF-I
has been studied in many teleost species (Chen et al., 2001),
the cDNA of pgrn only has been isolated from only a few
Wsh species (Barreda et al., 2004; Belcourt et al., 1993;
Hanington et al., 2006). Furthermore, though both pgrn and
GH are members of the hemopoietin superfamily (Miller and
Eberhardt, 1983), it is unclear whether GH regulates the
expression of pgrn. Using tilapia as experimental animals, we
have attempted to determine the functional relationship
between GH and pgrn. In this paper, we report the cDNA
sequence of pgrn and the expression of pgrn mRNA and
protein in response to induction by GH.

2. Materials and methods

2.1. Injection of recombinant seabream growth hormone (rbGH) 
and tissue RNA preparation

Juvenile tilapia (Oreochromis mossambicus) weighing about 1.2 g were
held at 28 °C for 1 month and fed daily to satiation. After starvation for 2
days, the Wsh were anesthetized in 2-phenoxyethanol (Sigma; P-1126) and
then given an ip injection of 10, 100, or 500 ng of rbGH (Gropep, Austradia)

2 Abbreviations used: GH, growth hormone; proIGF-I, pro-insulin-like
growth factor I; IGF-IR, type 1 IGF receptor; Pgrn, progranulin; grn,
granulin; MAP, mitogen-activated protein; nt, nucleotide; bp, base pair;
kb, kilobase pair; aa, amino acid.
per gram of Wsh body weight or phosphate-buVered saline (PBS; 0.008 M
Na2HPO4, 0.0015 M KH2PO4, pH 7/0.137 M NaCl, 0.0027 M KCl). Principles
of animal care were followed under the regulation of Academia Sinica (Tai-
wan). Tissues samples were collected from three GH-treated and three con-
trol Wsh prior to hormone injection (0 h) and at 1, 3, 6, 12, 24 h after hormone
injection (nD3–4, at each time point). Tissue total RNA was extracted from
100 mg of liver by using RNAzol™ B reagent (Tel-Test, Friendswood, TX)
based on the acid guanidinium thiocyanate phenol-chloroform extraction
method (Chomczynski and Sacchi, 1987), following the manufacturer’s pro-
tocol. Final RNA concentrations were determined by optical density mea-
surement at 260 nm, and the RNA integrity was veriWed by ethidium bromide
staining of 28S and 18S ribosomal RNA bands on a denaturing agarose gel.
Total RNA, after treatments with DNase (10 IU at 37 °C for 10 min, MBI
Fermentas), was divided into aliquots and stored at ¡80 °C.

2.2. Synthesis of the DNA probes and Northern RNA blot analysis

For RNA Northern blot analysis, DNA probes were synthesized from
the cDNA of IGF-I (AF033796) and Est of pgrn (DQ861906). Liver RNA
(25 �g) was electrophoresed in 1% formaldehyde/formamide RNA gel at
90 V for 3 h, and transferred onto nylon membrane with a TURBOBLOT-
TER™ (Schleicher & Schuell). Deoxynucleotide probes were randomly
labeled with [�-32P]dCTP (3000 Ci/mmol; NEN) according to instructions
from Amersham. The probe was adjusted to a speciWc activity of approxi-
mately 4£ 106 cpm/ml. The RNA blot membrane underwent prehybrid-
ization, hybridization and washing at 42 °C according to the
manufacturer’s protocols (ULTRAhyb® from Ambion). The hybridiza-
tion signals were detected in a Typhoon 9410 Imager (Amersham).

2.3. 3�RACE of tilapia pgrn cDNA sequence

Rapid ampliWcation (3�RACE) of the pgrn cDNA from the 3� end of the
RNA was performed with the 3�RACE System (Invitrogen, USA) according
to the manufacturer’s protocol. A gene speciWc primer (P1: 5�-TCCAG
GAGCT TAAAGAGAGC CACGTCCC-3�) of tilapia pgrn for 3� RACE
(P1) was designed from the sequence of tilapia pgrn Est clone (DQ861906).
First strand cDNA was synthesized from 1 �g of liver RNA, using oligo(dT)
(Invitrogen, USA) as a reverse transcription primer according to manufac-
turer’s protocol. Double strand cDNA of pgrn was prepared by PCR ampli-
Wcation of the Wrst-strand cDNA using oligonucleotides P2F (5�-GAAGGA
GTAGAAAGAAAGTGTGAAAGGC-3�) and P2R (5�-CCTGTGTCCC
TTCTTCTAGTTTTCTTTG-3�) designed from the sequence of tilapia grn
Est clone (DQ861906) as ampliWcation primers.

2.4. Semi-quantiWcation RT-PCR

Levels of pgrn mRNA were determined by semi-quantitative RT-PCR
using 18S ribosomal RNA as an internal standard. The intensity of the
pgrn ampliWcation product increased up to 45 cycles, whereas 18S rRNA
reached a plateau at 40 cycles with liver RNA samples. Therefore, in order
to best determine the levels of pgrm mRNA and 18S rRNA, the ampliWca-
tion cycle was set at 35 cycles. One microgram of total RNA was dena-
tured at 70 °C for 10 min and converted into cDNA at 42 °C by
Superscript™II RNase H Reverse Transcriptase (Invitrogen, Carlsbad,
CA) using oligo-dT as the reverse transcription primer. After the reaction,
the samples were heated at 70 °C to terminate the reaction. The resulting
cDNA was subsequently ampliWed with 2 units of Taq DNA polymerase
(Prozyme, Finland) in 50 �l of master mix containing 1£ PCR buVer,
1.5 mM MgCl2, 2.5 mM dNTPs, and 10 pmol/ml of pgrn speciWc primers
(Forward: 5�-GAAGGAGTAG AAAGAAAGTG TGAAAGGC-3�;
Reverse: 5�-CCTGTGTCCC TTCTTCTAGT TTTCTTTG-3�) or 18S
rRNA speciWc primers (Forward: 5�-TTTCGAGGCC CTGTAATTGG-3�;
Reverse: 5�-GGGCTGGGAC AGACGGTAG-3�). PCR ampliWcation
was carried out for 35 cycles in an automated thermocycler (PCR, ABI,
2400). RNA samples isolated from three diVerent animals were analyzed
by three diVerent independent RT-PCR reactions and the results were
expressed as the mean of the ratio of pgrn over 18S rRNA§ standard
deviation (SD), using the BioRad™ Quantity One® software.
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2.5. Western blot analysis of liver pgrn protein

One hundred to 400 mg of liver samples were collected from 3-4 GH-
treated or control Wsh at various time intervals (0, 1, 3, 6, 12, 24 h, 3 day and 5
day). The liver samples were washed twice in an ice-cold phosphate-buVered
saline (PBS) containing phenyl-methylsulfonyluoride (PMSF; 200�M),
weighed and then homogenized in a imidazole–HCl buVer (100 mM, pH 7.0,
5) containing 5 mM Na2EDTA, 200 mM sucrose, 0.1% sodium deoxycholate
and 1 CØmplete™ (EDTA-free, a protease inhibitor cocktail tablet) with a
motorized TeXon pestle at 1000 rpm for 2 min. The lysate was incubated at
4 °C for 15 min with rocking and insoluble material was pelleted by microcen-
trifugation for 20 min at 16,000 g. After centrifugation, the supernatant was
kept at ¡70 °C until used for immunoblotting. The total protein was deter-
mined with a Bio-Rad protein assay kit (Bio-Rad, Hercules, CA) and bovine
serum albumin (Fraction V., Sigma, St. Louis, MO) was used as a standard.
The protein samples were denatured in a sample buVer (50  Tris–Cl, pH 7.5)
containing 5% 2-mercaptoethanol and 0.1% SDS by boiling for 10 min and
resolved by electrophoresis in a 4–12% gradient polyacrylamide precast gel
containing 0.1% SDS (NuPage, Invitrogen) at a constant 200V. The proteins
were visualized with staining by the Simply Blue SafeStain (Invitrogen Life
Technologies, La Jolla, CA, USA). The proteins were transferred onto nitro-
cellulose (0.2�m pore size, Amersham) using an XCELL SureLock Minicell
and Blot Module according to the manufacturer’s instructions. The resulting
blots were blocked for 1 h with a gelatin blocking buVer (0.25% gelatin,
50 mM NaCl, 0.05% Tween® 20, 50 mM Tris–HCl, pH 7.5, 5 mM EDTA)
and probed with a 1:300 dilution of anti-human acrogranin (pgrn) goat poly-
clonal Ab (1 h room temp with shaking; 0.2 mg/mL, acrogranin S-15, Santa
Cruz Biotechnology, Santa Cruz, CA) or probed with a 1:3750 dilution of
anti-chicken actin mouse monoclonal Ab (1 h room temp with shaking;
Chemicon Biotechnology) in PBST (PBS plus 0.1% Tween 20)/gelatin. After
washing in PBST (3£, 5–10� each wash), the blots were probed with 1:20,000
HRP-conjugated Anti-goat IgG (Pierce Chemical Company, Rockford, IL)
or anti-mouse IgG (Pierce Chemical Company, Rockford, IL) in PBST/gela-
tin (1 h room temp with shaking), washed in PBST (3£, 5–10� each wash)
again. The SuperSignal® West Femto (Pierce) were prepared by mixing one
part of the Luminol/Enhancer Solution and one part of the Stable Peroxide
Solution. The membranes were incubated with the substrates for various peri-
ods of time and placed in plastic sheet protectors prior to exposure to the
ChemiGenius2 Low Light Imaging System using a F1.2 zoom lens with Gene-
Tools Software (Syngene, Cambridge, UK).

3. Results and discussion

3.1. Isolation of progranulin cDNA

A 701 bp cDNA was cloned from tilapia liver RNA by
3�RACE. Nucleotide sequence determination of the cloned
Fig. 1. (A) Schematic presentation of sequencing strategy used to obtain the tilapia pgrn sequence. Thick closed boxes represent the grn repeats; thin
closed boxes represent the intervening spacer regions (GAP); Thin line represent the 5�UTR and 3�UTR; and the arrow box represents the signal
sequence. 3� RACE primer site (P1) and the PCR primers (P2F and P2R) are shown below.(B) Nucleotide sequence and the deduced amino acid sequence
of the tilapia pgrn. The nucleotides and amino acids are numbered from the GAA and methionine (M), respectively. The stop codon is shown by a number
sign. Double underlined sequences correspond to the grn repeats. Underlined sequences correspond to the signal peptide. Dash line sequences correspond
to the GAP. Amino acid sequence is presented above and the nucleotide sequence is presented below.

 
1 GAAGGAGTAG AAAGAAAGTG TGAAAGGCAT CACAGGAAGC TGCTGAATTT 
                  M  L   R  I  T   L  C  L  S   F  G  V    12 
51 CTTCACTGCC TAAAGATGTT GAGGATCACT CTGTGTTTGT CATTCGGTGT 
   F  L  W   G  F  A  S   C  S  I   T  C  P   D  G  S      28 
101 GTTTCTGTGG GGATTTGCTT CATGCTCTAT CACATGTCCT GATGGGAGTA 
 T  C  S  D   T  A  T   C  C  K  A   K  I  G   F  G  C     45 
151 CTTGTTCAGA CACCGCCACC TGCTGCAAGG CTAAAATCGG CTTTGGCTGC 
  C  P  F  P   H  A  M   C  C  A   D  L  L  H   C  C  P    62 
201 TGCCCATTTC CACATGCCAT GTGCTGTGCC GATCTGCTCC ACTGCTGCCC 
   S  G  Y   R  C  N  L   V  T  M   N  C  E   K  L  D      78 
251 TTCGGGATAT CGCTGTAACC TGGTTACCAT GAACTGTGAG AAATTAGACC 
 Q  P  W  L   T  I  P   M  V  K  K   E  A  A   E  K  P     95 
301 AGCCGTGGCT GACCATACCC ATGGTGAAGA AGGAGGCTGC GGAGAAACCA 
  A  P  P  E   L  P  G   T  P  L   Q  E  L  K   E  S  H   112 
351 GCCCCACCTG AACTGCCTGG AACTCCACTC CAGGAGCTTA AAGAGAGCCA 
   V  P  D   P  I  N  S   S  V  V   Y  C  D   S  Y  T     128 
401 CGTCCCAGAT CCAATAAATA GTTCAGTGGT CTACTGTGAC AGTTACACCT 
 Y  C  P  D   G  T  T   C  C  R  H   P  Q  G   G  W  T    145 
451 ACTGTCCTGA TGGCACTACT TGCTGCAGAC ACCCACAAGG AGGCTGGACC 
  C  C  P  Y   S  P  G   K  C  C   L  D  G  Y   H  C  C   162 
501 TGTTGTCCCT ACTCTCCTGG CAAATGTTGT CTGGATGGCT ACCACTGCTG 
   P  I  G   F  D  C  D   R  T  Y   Q  H  C   V  R  E     178 
551 TCCAATTGGA TTTGACTGTG ACCGCACCTA CCAGCACTGT GTGAGGGAAA 
 K  L  T  Y   P  F  L   R  K  P  A   V  P  S   A  P  A    195 
601 AACTCACATA TCCTTTCCTC CGCAAGCCAG CAGTGCCTTC AGCACCTGCC 
  S  L  I  P   T  S  E   D  K  E   N  #                   206 
651 TCCCTCATCC CAACTTCAGA GGACAAAGAA AACTAGAAGA AGGGACACAG 
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cDNA revealed that the clone contained an open reading
frame of 621 bp preceded by 65 bp and followed by 15 bp of
5�- and 3�-untranslated regions, respectively. The open

Table 1
Sequence homology among grn peptides of diVerent animal species

Comparison of tilapia grn repeats, carp grn repeats and human grn
repeats. Numbers indicate percentage of amino acid similarity (top) and
divergence (bottom) among these grn repeats. The abbreviation of species
represent by species name. Om (Oreochromis mossambicus), Cc (Cyprinus
carpio), Hs (Homo sapiens).

Species Top/similarity, bottom/divergence (%)

Om1 Om2 Cc1 Cc2 Cc3 Hs1 Hs2 Hs3 Hs4 Hs5 Hs6 Hs7

Om1 43 38 38 40 36 48 50 43 46 45 40
Om2 12 57 50 52 36 43 43 50 45 45 46
Cc1 12 7 78 81 34 41 45 46 38 45 40
Cc2 12 9 7 90 31 38 41 43 40 40 45
Cc3 9 7 3 3 34 40 43 46 41 41 45
Hs1 12 10 9 10 10 33 34 41 43 40 36
Hs2 7 5 12 12 9 7 52 48 41 45 40
Hs3 12 9 10 12 9 9 21 50 50 40 36
Hs4 16 3 9 10 9 12 7 12 55 53 50
Hs5 10 9 9 12 10 17 7 10 9 52 41
Hs6 14 9 5 12 10 14 9 16 12 12 41
Hs7 10 3 9 7 7 9 5 9 5 12 10
reading frame of the cDNA encodes a peptide of 206 aa
with a estimated molecular weight of 22,600 (Fig. 1). Tila-
pia pgrn contains two fewer granulin (grn) repeats when
compared with human pgrn, which contains seven and one-
half grn repeats (Bhandari and Bateman, 1992; Bhandari
et al., 1992). Table 1 summarizes the sequence homology of
grns from human, carp and tilapia. As shown in Table 1,
grn1 and grn2 repeats in carp and human share similarities
ranged from 31% to 57% with that of tilapia. The positions
of the cysteine residues are highly conserved among grn1
and grn2 of tilapia, carp and human (Fig. 2A). Further-
more, phylogenetic analysis of grn1 and grn2 from tilapia,
carp and human revealed that while tilapia grn2 is closer to
carp grns, tilapia grn1 is the closest to human grn2 and grn3
(Fig. 2B).

3.2. Tissue distribution tilapia pgrn mRNA

Total RNA extracted from eye, brain, skin, muscle,
heart, gill, kidney, spleen, fat, liver, stomach, intestine,
cecum, and pancreas of tilapia at 1.5-month of age was sub-
jected to RT-PCR analysis using pgrn speciWc oligonucleo-
tides as ampliWcation primers. The resulting PCR products
Fig. 2. Alignment of the deduced amino acid sequence and the dendrogram of granulin family members.(A) Alignment of the deduced amino acid
sequences of grn domains in vertebrates and arthropods. Amino acid residues that are identical in all proteins are showed in light gray box, while residues
conserved in proteins are presented other color. The amino acid of functional domains from various GRN proteins were compared by the Vector NTI 7
program.(B) Phylogenetic tree of GRN proteins was constructed by the UPGMA method using Molecular Evolutionary Genetics Analysis (MEGA 3)
software. Locust GRN served as an out-group to root the tree. Bootstrap values from 1000 replicates were listed above branches. The abbreviation of spe-
cies represent by species name. Om (Oreochromis mossambicus), Cc (Cyprinus carpio), Hs (Homo sapiens), Lm (Locusta migratoria).

               1                                                       58
Omgranulin1    ---CPD-GSTCSDTATCCKAKIG-FGCCPFPHAMCCADLLHCCPSGYRCNLVTMNC--
Hsgranulin3    -VMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHCCPQDTVCDLIQSKCL-
Hsgranulin2    AIQCPDSQFECPDFSTCCVMVDGSWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCI-
Ccgranulin1    -VIHCDAATICPDGTTCCLSPYGVWYCCPFSMGQCCRDGIHCCRHGYHCDSTSTHCLR
Ccgranulin2    -VVYCNARTTCPSRTTCCRSPFGVWYCCPFLMGQCCRDGRHCCRHGYRCDSTSTLCLR
Ccgranulin3    -VVFCDAGITCPSGTTCCRSPFGVWYCCPFLMGQCCRDGRHCCRHGYHCDSTSTLCLR
Omgranulin2    ----CDSYTYCPDGTTCCRHPQGGWTCCPYSPGKCCLDGYHCCPIGFDCDRTYQHC--
Hsgranulin7    -DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPAGFRCAARGTKCL-
Hsgranulin1    -GGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADGRSCF-
 Lmgranulin    ----SCTEKTCPGTETCCTTPQGEEGCCPYKEGVCCLDGIHCCPSGTVCDEDHRRCIQ
Hsgranulin4    -DVKCDMEVSCPDGYTCCRLQSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTQKGTCE-
Hsgranulin5    --VPCDNVSSCPSSDTCCQLTSGEWGCCPIPEAVCCSDHQHCCPQGYTCVAEGQCQ--
Hsgranulin6    --IGCDQHTSCPVGGTCCPSLGGSWACCQLPHAVCCEDRQHCCPAGYTCNVKARSCE-
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were resolved by agarose gel electrophoresis and quantiWed
by densitometric analysis using Quantity One® software.
The data was normalized over 18S rRNA. As shown in
Fig. 3, although pgrn mRNA was detected in all tissues
analyzed, high levels of the pgrn mRNA were detected in
spleen, intestine and pyloric cecum. Recently He et al.
(2003) showed that pgrn may mediate wound healing
response by accumulating neutrophils, marcrophages,
blood vessels, and Wbroblasts in the wound. It could also
promote cell division, migration and the formation of capil-
lary-like tubule structures in wound healing (Thornton
et al., 1999). Our Wndings of high levels of pgrn mRNA in
spleen and pyloric cecum agree with the results presented in
the literature (Ashcroft et al., 2000; He et al., 2003).

The processed products of the pgrn have been identiWed in
a variety of cells and tissues, including rat spleen (Bhandari
et al., 1993), rat kidney cell (Plowman et al., 1992), horse neu-
trophil (Couto et al., 1992), haematopoietic organs of teleost
Wsh (Belcourt et al., 1993), and rat hypothalamus (Suzuki and
Nishiahara, 2002). Therefore, having the highest levels of pgrn
mRNA in tilapia spleen observed in our studies may imply
that grn protein plays a role in haematopoiesis. Grn proteins
also have been detected in the immune cells (Barreda et al.,
2004; Zhu et al., 2002), and grn A and B peptides have been
puriWed from human leukocytes (Bhandari et al., 1992), dem-
onstrating that the grn is translated and some of the precursor
is cleaved into mature peptides. In mice, it has been demon-
strated that the secretory leukocyte protease inhibitor (SLPI)
can bind to the pgrn and inhibit the conversion of pgrn to grn
by elastase (Zhu et al., 2002). However, it is unclear whether
pgrn can be converted to grn in tilapia by the modulation of
elastase, a molecule similar to SLPI.

3.3. Dose-dependent and time course induction of pgrn 
mRNA and pgrn peptide induced by GH in tilapia liver

Dose dependency is a fundamental basis of a hormonal
response. To conWrm if the levels of pgrn and IGF-I
mRNA are responsive to induction by exogenous recombi-
nant seabream (rs) GH, tilapia of 1.5 months of age were
fasted for 2 days prior to injection with various doses of
rsGH and the levels of pgrn and IGF-I mRNA were deter-
mined by RNA Northern blotting. As shown in Fig. 4,
while the pgrn and IGF-I mRNA levels exhibited a dose-
dependent increase with increasing levels of rbGH treat-
ment, the magnitude of IGF-I mRNA response to GH is
higher than that of pgrn mRNA.

Fig. 5 presents the results of the time course induction of
IGF-I and pgrn mRNA. The level of IGF-I mRNA reached
a plateau at 3 h after GH treatment and maintained at a
slightly lower level until 6 h, whereas pgrn mRNA reached
its maximum level of induction at 3 h after hormone treat-
ment and diminished thereafter (Fig. 5A). At the peak of
induction, IGF-I and pgrn mRNA levels are at 2.7- and 2.5-
fold increase over mock injected controls. As shown in
Fig. 2A, tilapia and human pgrns are highly conserved in
the cysteine residues (Baba et al., 1993), and the protein
modules are characterized by a motif of X2–3CX4–5
CX5CCX7–8CCX6CCX5CCX5CX6CX1–2 linked by six
disulWde bridges. Due to this motif conservation (about
50% similarity), the anti-human pgrn antibody may be used
to detect pgrn protein in the tilapia liver induced by GH. As
shown in Fig. 5B, the results of immunoblot analysis
showed that pgrn peptide was detected in the tilapia liver
12 h after GH treatment.

To our knowledge, this paper represents the Wrst detailed
analysis of the expression of pgrn gene in a teleost Wsh in

Fig. 3. Semi-quantitative RT-PCR analysis of pgrn mRNA in tilapia tissues.
One microgram of total RNA from each tissue was used as the template for
reverse transcription reaction and the resulting cDNA was PCR ampliWed
for pgrn cDNA, using pgrn speciWc oligonucleotide as ampliWcation primer.
The resulting PCR product was analyzed on 1.2% agarose gels and the sig-
nals were corrected by using 18S rRNA.(A) Electrophoresis patterns of the
PCR products.(B) Relative levels of pgrn mRNA in tilapia tissues.
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Fig. 4. Dose-dependent response of pgrn and IGF-I mRNA in livers after
rbGH administration. The levels of pgrn and IGF-I mRNA were deter-
mined by Northern RNA blotting and each band was normalized with
18S rRNA. About 1.5-month old tilapia were administrated with diVerent
doses of GH (10, 100, 500 ng/g body weight) by i.p. injection. Conditions
of transfer, blotting and hybridization were as described in Section 2.
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response to exogenous rbGH treatment. Although the level
of pgrn mRNA in the liver was low, a signiWcant increase of
pgrn mRNA is observed in the liver of 1.5 months old tila-
pia treated with GH, suggesting that pgrn gene product
may also be involved in the growth performance of the ani-
mal. This notion is further supported by the observation
that high levels of pgrn mRNA are observed in the intestine
and pyloric cecum. Recently, results of preliminary studies
conducted in our laboratory with a transgenic zebraWsh line
(tglZf) expressing green Xuorescent protein (GFP) in the
liver (Her et al., 2003) showed that the knock down of pgrn
gene with a morpholino antisense oligomer resulted in a
signiWcant inhibition of liver growth as compared to the
controls (data unpublished). Although we do not have
direct evidence to show the link of pgrn to Wsh growth, the
co-induction of pgrn by GH in the liver with IGF-I and the
reduction of liver growth in zebraWsh treated with pgrn
morpholino antisense may hint the importance of pgrn in
growth regulation in this Wsh species.
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