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ABSTRACT

In this study, the abundance of IGF-II and bFGFnBeripts was estimated in the chicken embryos utig
competitive RT-PCR analysis. Significant enhancésriarthe abundance of IGF-Il mMRNA were observestages
HH1 and 5, and a new accumulation in these levels @bserved at stage HH18 in comparison to theldasals.

The abundance of bFGF mRNA increased significaitistages HH18 and 20, followed by an upregulatiothe

expression of these transcripts at stage HH26. dliieslings provided important information about tieenporal

expression pattern of IGF-1l and bFGF transcriptsthe whole chicken embryos during in ovo developme
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INTRODUCTION stimulate the proliferation, differentiation and
protein accretion of the cells derived from the
The animal embryogenesis is remarkably equippeavian embryos (Szebenyi and Fallon, 1998).
for precise mechanisms of the cellularvitro analysis shows that IGFs promote the
proliferation and differentiation until the formation terminal cellular differentiation for an expression-
of functional tissue. Insulin-like growth factors and secretion-dependent autocrine mechanism.
(IGFs) and fibroblast growth factors (FGFs) areContrary to that observed in the mammals, IGF-I
mitogenic agents that play fundamental regulatorgnd -1l exert similar effects in the chicken embryos
roles during the embryo development, since thesgue to the absence of type-Il IGF receptors. The
peptides regulate cell fate by activating thdGF-Il gene is essential for the normal embryonic
multiple transduction pathways. and postnatal growth and plays an important role
Somatomedins (IGF-I and —II) comprise a familyin the functioning of a healthy immune system,
of the polypeptides with the growth-promotinglymphopoiesis, myogenesis and bone growth
effects in a wide variety of the cultured cellsamong other physiological functions (Denley et
(Florini et al., 1991; Florini et al., 1996; Pirskanenal., 2005).
et al., 2000). It has been shown that these factofdie members of the FGF family are important

Author for correspondence

Braz. arch. biol. technol. v.51 n.5: pp.949-955t8act2008


https://core.ac.uk/display/296629509?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

950 Gabiriel, J. E. et. al.

molecules involved at the early steps of theRNA bands was observed on agarose gels under
morphogenetic processes and include the majdine denaturant conditions (Sambrook et al., 1989).
regulators of the embryonic development (Sanchez

et al., 2001). They influence the formation of theRT-PCR analysis

primary body axis, neural axis, limbs and otheiSingle-strand cDNA synthesis was carried out
embryonic structures. The activities of the FGF$rom 1 pg of the total RNA by the reverse
depend on their coordination of the fundamentajranscription (RT) reaction. After the denaturation
cellular functions, such as survival, replication,at 70C for 10 min, RNA samples were incubated
differentiation, adhesion and motility, through thein 1X PCR buffer (10 mM Tris-HCI, pH 9.5, 50
effects on gene expression and on the cytoskeletgam KCI, 0.1% Triton X-100), 2.5 mM MgG| 1
(Szebenyi and Fallon, 1999). The basic fibroblastnm dNTPs mix, 500 ng oligo(dT) primer, and 200
growth factor, also known as bFGF or FGF2, is & SuperScriptll enzyme (Invitrogen) in a final
particularly potent mitogen and promotes the ceNolume of 20pl. This reaction was maintained at
survival by inhibiting the apoptosis. At the tissues2°c for 50 min and subsequently incubated with
level, it is involved in wound repair and induces; U of RNase H for 20 min at 2Z for the RNA
the angiogenesis (Muramatsu et al., 2002)template digestion.

Additionally, bFGF is a significant target in the the amplification reactions were conducted using
cancer research because it is over-expressed il sense and antisense primers as shown in Table
some cancers and may enhance a tumors pj the primers were designed to flank an intron
metastatic potential (Castelli et al., 2004). to avoid the same-size amplification of the
Although the effects of the growth factors on thecontaminating genomic DNA. The PCRs were
cultured cells have been extensively reportedle formed with 10% of total RT reaction volume,

(Florini et al., 1996), their expression pattern an(b_5 UM specific primers (Table 1), 1X PCR buffer
relationship with the development processes of th 0 mM Tris-HCI, 1.5-2.5 mM MgG) 50 mM

embryogenesis has not been well developed. Thu Cl), and 1 UTaqDNA polymerase (Invitrogen).

the aim of this study was to estimate theT .
.“These reactions were denatured at®4or 30
abundance of the IGF-Il and bFGF mRNAs Inseconds, followed by annealing for 40 seconds and

chicken embryos throughout different extension corresponding to “R2 for 40 seconds.

developmental stages in order to verify th :
temporal expression pattern of these growtirhe annealing temperatures for IQF-II and bFGF
enes were 57 and 8B, respectively and the

| ini | . 9 . .
regulatory genes duririg ovodevelopment cycle number ranged from 20 to 40 in function of

the mRNA abundance. The identity of the

MATERIAL AND METHODS ar_nplified prc_)dl_Jcts was confirmed by digestion
with the restriction enzymes (Table 1).

Embryo collection and total RNA extraction . . .
. . Construction of native and competitor
Fertilized chicken eggs from Cobb500ne were fragments

incubated at 37+0°%& and 60% relative humidity. 1.0 \RNA expression levels of IGF-II, bFGF and
Fifteen embryc_)s were surgically collected .an%-actin genes were estimated using a modified
staged according to Hamburger and Hamilto xperimental procedure of the quantitative-
(1951). The analyzed developmental stages wey mpetitive RT-PCR initially described by Tsai

HH1 (blastoderm stage, unincubated embryo), and Wiltbank (1996) and reported in detail by

8, 10, 12, 15, 18, 20, 21, 23, 24 and 26 (fifth da :
of incubation). After the removal of the Gabriel et al. (2003). Two cDNA fragments for

b the whol b . diat Ieach gene were generated in order to construct the
membranes, the whole embryos Were Immediately;, nqarq curves. To synthesize the native cDNA
dissolved in TRIZOL reagent (Invitrogen). Total

. : fragments of the genes of the interest, the RT
RNA extraction was performed as described b g d

. : Yeaction was performed exactly as described
Chomczynski and ,SaCCh' (1987). .These Samplea?oove, since these fragments were identical in size
were resuspended in 20-1QDof sterile nuclease-

. and nucleotide sequence to the cDNA obtained by

free water for the determination of theiryo Rt pCR of the embryos. The competitor
concentrations. The integrity of the ribosomal.pya fragments were generated using the

identical primer binding sites with the native
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template and these fragments were produced lprimers bind was common, the competitor and
mutational PCR with the antisense deletiomative DNA fragments competed equally for the
primers (Table 1). The deletion primers werdimiting reaction components (nucleotides, primers
composed of 19 bases complementary to aand enzyme).

internal region of the target template in addition toThe native and competitor fragments were
20 bases identical to the antisense primer. Aftemmplified from 10% of RT reactions, eluted from
the amplification, the region downstream from thehe agarose gel using the Sephaglass Elution kit
deletion primer site was eliminated in the(Amersham Pharmacia Biotech) and cloned in the
competitor, resulting in a smaller fragment.expression vectors using the SureClone Ligation
However, the deletion primer contained thekit (Amersham Pharmacia Biotech). To confirm
complete sequence of the antisense primer site atfte identity and the deletion of the desired
this stretch was rescued in the copied fragmensequences, these clones were sequenced with the
Consequently, the same primer pairs could bBigDye Terminator kit (Applied Biosystems)
employed to amplify both the native andusing an ABI PRISM 377 automated DNA
competitor cDNAs. Since the region to whichsequencer.

Table 1 -Primer sequences, restriction sites and fragments.

Amplified Restriction sites
Gene products (bp) Primer sequences and fragments
IGF-1I & 330 (S) 5’TGCCAAGTCCGTCAAGTCAGAGCE EcaRl
(AS) 5’CCGGCTGGTCACAGTTCATTCC3 230 + 100
290 (C) 5TGCCAAGTCCGTCAAGTCAGAGCEBCAACAAGGAGAGCTY
bFGF® 270 (S) 55GATCCGCACATCAAACTGCS' Hinfl
(AS) 5’GATAGCTTTCTGTCCAGGTCG’ 158 + 112
240 (C) 5 GATAGCTTTCTGTCCAGGTCCTTTTCAGTGCCACAS3’
B-actin® 409 (S) 5’ AATGAGAGGTTCAGGTGCCC3’ Hindlll
(AS) 5’ATCACAGGGGTGTGGGTGTYE 280 + 129
319 ©)

5'ATCACAGGGGTGTGGGTGTIGTGGACAGGGAGGCCAGGAZ

Underlined sequences correspond to same anchorage sites afrsamssense primers. S, AS, C: sense, antisense anidnlele
primers, respectively. a. Darling et al. (1996). b. Borjal.&t1993). c. Kost et al. (1983).

Construction of standard curves and The amount of the competitor fragment used for
determination of expression levels of interest each gene was determined by the titration
genes experiments, in which a different amount of the
The transcript abundance was estimated by theompetitor cDNA was co-amplified with the
direct comparison with the standard curvesxperimental sample. The co-amplification range
obtained from increasing and known amounts ofor IGF-II and bFGF genes was “10The B-actin

the native cDNA in the presence of the constanéxpression levels were determined in order to
amount of the competitor cDNA (Gabriel et al.,correct the variations in the total RNA
2003). Serial dilutions of the native cDNA gquantification and in reverse transcription
fragment were performed in the water containingfficiency, and thus, normalize the mRNA
10 ngpul of the plasmidial DNA (with no insert) as abundance of genes of interest.

the carrier. The amount of the native cDNA added known amount of the competitor was directly
to each PCR varied from 25.6 X1 0.1 X 10' added to the 1 X PCR master mixture to assure
while a fixed amount of 1 X I0of the competitor that an equal amount was present in all the
fragment was maintained, where n corresponded 8amples analyzed. To monitor the possible DNA
co-amplification range in which each standardcontaminations, negative controls were included in
curve was constructed. each batch of the PCR. Sense primers were 5'-
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labelled with the fluorescein and aliquots of thesignificance were based on P<0.05 unless
amplified products were submitted to theotherwise noted.

electrophoresis in an Automated Laser Fluorescent

DNA Sequencer (A.L.FY Pharmacia LKB

Biotechnology). Following the electrophoresis, theRESULTS AND DISCUSSION

peaks derived from the native and competitor

templates were integrated with the FragmenThe abundance of IGF-Il and bFGF transcripts
Manager software (Pharmacia LKB was estimated in the chicken embryos at different
Biotechnology). The logarithmic proportion of the developmental stages using competitive RT-PCR
native to competitor cDNA peak areas (log N/C)analysis (Fig 1). Three-fold accumulation in IGF-
and the initial concentration logarithm of thell transcript levels was detected significantly at
native cDNA (log Ni) were employed for the stages HH1 (blastoderm) and 5 (p<0.05) (Fig 1A).
standard curve construction. Finally, theThis could be explained by the fact that after the
mathematical equation obtained by the lineahatching, the blastoderm presented thousand of the
regression of the standard curves was used t®lls in an active process of the cellular division
determine variations in the mRNA abundance ofhat mobilized all the information needed by the
genes of interest in the embryonic cDNA samplefunctional ~ developing  chicken  embryos
based on the ratio of the native to competito(Hamburger and Hamilton, 1951). A second

products in individual PCRs. significant peak in these levels was detected in the
chicken embryos at stage HH18 and 20 in
Statistical analysis comparison to the basal levels (p<0.05) (Fig 1A).

The data obtained in the quantitative assays werhus, the enhancements in the levels of IGF-II
statistically analyzed by the regression analysimRNA found in the chicken embryos at early
using the GLM procedure of SAS(1999). The developmental stages could indicate its
data corresponding to bFGF gene were submittefdndamental participation as a potent mitogenic
to the logarithmic transformation, whereas resultagent, regulating the important pathways of the
concerning IGF-Il gene were estimated by theellular proliferation during the embryogenesis.
square root transformation as proposed by Cook

and Weisberg (1994). The statements of
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Figure 1 - Abundance of IGF-1l (A) and bFGF (B) transcriptsdhicken embryos at different

developmental stages. Values are presented asasyhitnits. Significant difference
compared to basal levels: *p<0.05, **p<0.01.

The basal levels in the expression of the bFGHBevelopmental stage. The evidence presented in
gene were detected from stages HH1 until 1%his study suggested that the bFGF gene exerted a
(p>0.05) (Fig 1B). Significant three-fold crucial role in the modulation of the cellular
enhancements in these levels were found at stag@i$ferentiation events in the avian embryogenesis.
HH18 and 20 (p<0.05) compared to the basdlUnder these experimental conditions, the
levels (Fig 1B). Although Hannon et al. (1992)differences in the transcript abundance between
found that this factor was not expressed during thithe both growth factors were detected in the
early mouse embryonic development, the findingembryos at stages 1, 5, 18, 20 and 26 (p>0.01) (Fig
presented in this study showed enhancements k). Except at stage 26, the levels of IGF-Il mMRNA
the levels of bFGF mRNA from stage 18 and 20 irwere higher than those observed in bFGF (Fig 1).
the whole chicken embryos (p<0.05) (Fig 1B). The growth factors act as signaling molecules in a
This accentuated expression could trigger thwide variety of biological events in the vertebrates
cellular differentiation events and the formation ofand several studies have focused on the effects that
the bud limb in the chicken embryos, as alsdhese peptides have on the molecular basis
observed in the chicken embryos at the sam@volved in the deposition of the skeletal muscle
developmental stage by Cohn et al. (1995) antissue (Pownall and Emerson, 1992, Bass et al.,
Ohuchi et al. (1997). 1999). Considering that the FGF signaling
A new significant six-fold peak in abundance ofpathways were intricately intertwined with IGFs
bFGF mRNA was observed for stage HH26(Szebenyi and Fallon, 1999), it could be
compared to the basal levels (p<0.01) (Fig 1B)speculated that these genes could interact
The upregulation of bFGF mRNA at stage HH26synergistically in order to modulate distinct
in the whole chicken embryos reinforced themyogenic events during early avian
findings described by Kocamis and Killefer embryogenesis. Further research is necessary to
(2003), which observed an accentuated expressi@udress the complex modulation network of the
of these transcripts in the skeletal muscle tissuegulatory gene machinery that these growth
isolated from the chicken embryos at the saméactors exerin ovodevelopment.
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In conclusion, the findings described in this studyCook, R.D., Weisberg, S. (1994), Transforming a
provided important insights into the temporal response variable for linearity. Biometrik&l, 731-
expression pattern of IGF-1l and bFGF genes /37

during early avian embryogenesis Darling, D.C., Brickell, P.M. (1996), Nucleotide
' sequence and genomic structure of the chicken

insulin-like growth factor-1l (IGF-1l) coding regio
Gen. Comp. Endocringl102 283-287.
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