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ABSTRACTS 

Hepatic transcription of insuiin-like growth factor binding protein-l (IGFBP-1) is 

enhanced in hypophysectomized (hypox) rat and cm be rapidly down regulated by 

administration of GH. Here we have used DNase-l protection and transient transfection 

studies to identify DNA sequences mediatiag the suppressive effect of GH on the IGFBP- 

1 promoter- Hepatic nuclear extracts prepared fkom pituitirry intact, hypox and GH-treated 

hypox rats were analyzed. Three DNase-l protected regions were identified where there 

were reproducible merences in the footprbt pattern obtained with nuclear extracts fkom 

pituitary intact and hypox rats. These regions, F4, F3 and F2, correspond to the 

nucleotides -235 to -245, -447 to -500 and -748 to -788, nspectively. F4 was not 

responsive to GH whereas the F3 and F2 footp~ts were acutely responsive to GH, in that 

a revenion to the normal pattern was apparent within 30 min after administration of GH, 

at 50 &100g body weight to hypox rats. In each case the response after a single injection 

of GH was transient with a reversion to the hypox pattem apparent after lh. When F2 

region was removed by deletion of hgment -824 to -557 bp, the suppressive effect of GH 

on the IGFBP-1 promoter CAT activity was Io*. Since GH induces hepatic expression of 

c-fos and c-jun, the e f f i  of AP-1 on the IGFBP-1 promoter was dso investigated by CO- 

transfection of the IGFBP-I promoter CAT plasmid with c-€os or c-jun expression 

vectors. Co-expression of c-fos suppressed IGFBP-1 CAT activity 4 to 6 fold, while c-jun 

suppressed activity by less then 2 fold. Co-transfeaon of c-fos and c-jun together 

suppressed activity 5 to 7 fold. However, the IGFBP-1 promoter 5' and intemal deletion 



consmias stiU retained c-fos suppresive effkct. These r d t s  indicate that the rat IGFBP-1 

promoter GH response eiement may locate within the region -788 to -748 bp upstream of 

transcription a m  site and AP-1 has a suppresive effm on the IGFBP-1 promoter CAT 

activiîy- 
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V. INTRODUCTION 

V. 1. Molecular mechanism of growth hormone action 

Growth hormone (GH), a polypeptide hormone, is synthesized and secreted from 

anterior pituitary cells. Cücuiating GH is bound to a plasma protein whose structure is 

virtually identical to the extraceUuIar portion of the GEX receptor and is carried to target 

organs. The most strikïng and specific efFect of GH is the stimulation of linear growth that 

results âom GH action on the epiphyseai c d a g e  or growth plates of long bones. GH 

also increases the activity and probably the number of bone modehg units. Visceral 

organs ( liver, kidney, pancreas, intestines), endocrine giands (adrenals, parathyroids, 

pancreatic islets), skeletal muscle, heart, skin, and comective tissue al l  undergo 

hypertrophy and hyperplasia in response to GH. Furthemore, GH has several actions on 

carbohydrate and lipid metabolism. 

V. 1. 1. CH binding, receptor dimeriution and activation of Janus kinase and other 

signal pathways 

CH starts its actions by binding to specific receptors localized in celi membranes. The 

human GH receptor (GHR) is a protein of 620 amino acids consisting of an extracellular 

hormone binding domain of 246 amino acids, a single 24-amino acid transmembrane 

region and a long cytoplasmic domain (Leung et al., 1987). In addition to the membrane 

bound full-length receptor, a soluble GHR is present in blood (Baumann et al., 1986) and 

other biological fluids (Pastel-Vmay et ai., 1991), which is named GH bindiig protein 



(GHBP). GHBP corresponds to the extracellular domain of the membrane receptor and is 

thus a soluble short fom of the GHR (Baumann et al., 1986; Ymer et al., 1985). The 

human GH molecuie has two receptor binding sites. B a d  on crystdography, size 

exclusion chromatography, caiorimetry, and fluorescence quenching experiments uskg the 

solubilized extracellular domain of the GHR, one m o l d e  ofGH binds to two GHRs and 

induces GHR dimerization (Cunningham et al., 1991; de Vos et al., 1992). Receptor 

dirnerization is crucial b r  GH signal transduction @uqyemoy et ai., 1994; Berg et al., 

1993; Savage et al., 1993). One of the most rapid cellular responses to GH is the binding 

of the tyrosine kinase Janus kinase2 (JAK2) to GHR (Argetsinger et al., 1993; Vander et 

ai., 1994). JAIU is a member of the Janus W y  which consists of cytoplasmic tyrosine 

kinases that currentiy includes JAKI, JAKZ, JAK3, and tyK2 Qmbach-Kraft et al., 1990; 

Harpur et al., 1992; Wilks et aL, 1991; Witthuhn et ai., 1994). JAIS2 appears to be the 

primary JAK family member activated by GEL JAKl and IAK3 may aiso be activated by 

GH and thereby mediate at least some effects of GH- JAK2 is also involved in 

erythro poietin, prolactin, IL-3, IL-5, GM-CSF and y-interferon signallng. Activation of 

JAK2 after GH bindimg is a very rapid and transient event. JAK2 serves in signai 

transduction by phosphoryiating itseif and GHR or other proteins that associate with the 

receptor (Argetsinger et al., 1993; Foster et ai., 1988; Silva et al., 1993). 

In addition to J A I U  , some other kinases and substrates have been demonstrated to be 

tyrosyl phosphorylated in response to GH. The rnitogen-activated protein (MAP) kinases 

are reported to be activated by GH (Anderson et ai., 1992; Campbell et ai., 1992; 

Winston et al., 1992; Moller et ai., 1992). However, the pathway which mediates the GH 

activation of MAP kinase has not been defined. It is possibie that both the Ras pathway 



and the protein kinase C (PKC) route are involved, and other protein kinases, 

phospholipaseA2, cytoskeletal prote& and transcription factors have been considered 

as MAP kinase substrates (Davis et al., 1993). 

Some evidence fkom several studies suggest that PKC may play a role in GH-initiated 

signai transduction. Diacyigiycerol ( DAG), a known activator of PKC, is reported to be 

rapidly and transiently induced by GH (Doglio et ai., 1989; Johnson et al., 1990; Rogers et 

al., 1989; Tollet et al., 1991). However whether GH-dependent PKC activation lies 

downstream of JAK2 or is a JAK2-independent pathway remains to be detemiiaed. Shc, 

one of the SEI2 domain-containing proteins, has been observed to be tyrosyl 

p hosphorylated by GH (Vanderkuur et aL, 1995). Upon tyrosine phosphorylation, Shc can 

serve as a signahg molecule in pathways such as that of the M A .  kinase. Another 

mechanism of signaüag for GH codd be related to an increase Ui calcium influx GH is 

able to increase the cytosolic fiee calcium ion concentration in IM-9 ceils (Ilondo et al., 

1994) and in fieshly isolated rat adipocytes (Schwarts et al., 1990; Schwarts et al., 1992). 

which is independent of protein tyrosine phosphorylation or PKC activation. 

V. 1.2. Nuclear events in response to GH 

Recently, a f d y  of transcription factors that serves as a signal transducer and 

activator of transcription ( Stat ) was found to participate in GH signal transduction. Stat 

proteins, onginaliy identified in the IFN-signaling pathway (Darne11 et al., 1994), are latent 

cytoplasmic factors containhg SEI2 and SH3 domains. Cytoplasrnic Stat proteins, upon 

tyrosyl phosphorylation, ofken Ma a IAK kinase-initiated cascade, form complexes with 

other Stat and/or non-Stat proteins. These Stat protein complexes then translocate into 



nucleus and modulate the transcription of target genes by binding to specific DNA 

regdatory elements. GH bas been shown to induce tyrosyl phosphoryiation of several Stat 

(or Stat-related) proteins. Statlfp91 which was originally identined in IFN signaling. 

Stat3IAPR.F (acute-phase response factor) involved in IL6 and LIF signaiing, and/or 

StatS/MGF (mamma~~ gland factor) involved in Pn signahg are tyrosyl phosphoryiated in 

GH-treated 3T3-F442A fibroblasts and in b e r  of hypophysectomized rats treated with 

GH (Campbell et al., 1995; Gronowski et al., 1994; Gronowski et al., 1995; Meyer et ai., 

1994). Consistent with their role as transcription factors, Stat proteins are involved in GH- 

induced DNA-binding complexes for several genes. 

Three complexes induced by GH binding to the sis-inducible element (SIE) of the c- 

fos gene prornoter (Campbell et al., 1995; Gronowski et al.. 1995; Meyer et al.. 1994). 

These three GH-induced SIE-binding complexes are thought to contain Statl and Stat3 

homodimers and heterodimers, respectively. in BBaM ceUs transfected with GHR, GH 

induces the binding of Statl-containhg complexes to SIE and IFNy-response region 

(GRR) (Wang et ai., 1995). GH also stimulates the binding of StatS to the IMy-activated 

sequence (GAS)-like response element in the serine protease inhibitor 2.1(Spi 2.1) 

promoter (Wood et al., 1995; Bergad et al., 1995), insulin promoter (Galsgaard et al., 

1996), acid-labile subunit promoter (Ooi et al.. 1997) and cytochrome p450-3A10 gene 

(Subramanian et al., 1995). DNA binding of Stat-containing complexes may represent an 

important contribution to modulation of gene expression by GH and suggests a direct 

signal transduction pathway (GHR+ JAK+ Stats* target gene) by which GH can 

elicit nuclear events. Activation of Stat proteins is also observed upon ligand bindiig to 

many members of the cytokine receptor superfamily (DarneIl et al., 1994), suggesting that 



activation of Stat proteins is a common mechanism by which cytokines and growth 

factors regulate gene transcription. 

V. 1.3. Gene response to GE at the transcription level 

Several genes have been reported to be acutely induced or suppressed by GH at the 

transcriptional level (Gronowski et ai.. 1995). Early response genes, c-€os and c-jun, are 

rapidly induced by GH (Gronowski a al.. 1995; Gurland a al., 1990; Slootweg et ai., 

1991)- C-fos and c-jun proteins are combined to form jw'jun homodimers or c-fos/c-jun 

heterohers which are designateci as activator protein-l (AP-1). AP-I serves as a 

transcription factor to regulate the expression of many genes. AP-1 is also considered to 

participate in the regdation of genes that bave a long-term response to GH. For example, 

in 3T3-F442A adipocytes, bindîng of Fos-containing DNA-binding complexes is required 

for expression of tissue-specific genes (Spiegelman et al., 1988). Rat hepatic c-fos and c- 

jun mEWA abundance is increased by GH (Gronowski et al., 1995). h GH-deficient 

hypox rats the hepatic transcripts of c-fos are almost undetectable. Administration of GH 

to hypox rats markedly increases the accumulation of hepatic c-fos mRNA (Gronowski 

et al., 1995). One senun response element (SRE) presented in the c-fos gene promoter 

was observed to bind to semm response factor (SRF) and TCFs (Treisman, 1992). The 

SRE has been shown to mediate stimulation of c-fos by GH ( ~ e *  et al., 1993). A rapid 

and transient induction by GH of binding of SRF-containhg complexes to the SRE (Liao 

et al., 1995) may be related to the regdation of c-fos by GH. MAP kinases, activated by 

GH and a number of other growth factors, are reported to phosphorylate SRF and TCFs, 

and therefore stimulate their transcriptional activity (Anderson et al., 1992; Campbell et 



al., 1992; Winston et al., 1992; Molier et ai., 1992). These observations niggest that 

another pathway imrolvhg GER-MAP kinase+SRE-associateci proteins+Fos may 

exist W1th this pathway the signal of GH is ükely to resuit in nudear events conrn%utùig 

to the ability of GH to prornote cell growth and differentiatioa 

The transcriptional levels of a Iiver-specinc serine protease inhibitor 2.1 (Spi 2.1) are 

hcreased by administration of GH both in viw and in vitro ( L a m  et ai., 1987; Yoon et 

al., 1990). The GH activation of Spi 2.1 gene transcription is mediated via two GfI- 

response elements. One is a GAS-Uce element, which biads to StatS iike proteins induced 

by GH (Sliva et al., 1994; Thomas et al., 1995). Similar elements are also identified in 

rat insulin and mouse ALS gene promoters and have the ability to interact with StatS 

containhg DNA-binding complexes Uiduced by GH (Galsgaard et al., 1996; Ooi et al., 

1997). The other element is GA-rich box, which binds to Janus kinase24ependent, but 

Stat protein-independent, DNA binding complexes (Legraverend et al., 1996). 

Insulin-like growth factor4 (IGF-I), which mediates some of GH actions, is 

stimulated by GH predorninantiy at the gene transcription level (Biche11 et al., 1992; 

Mathews et al., 1986). Although the mechanism is proved difncult to deheate, a DNase 

hypersensitive site induced by GH has been identifieci in the second intron of the IGF-1 

gene that parallels the pattern of stimulation of IGF-1 transcription by GH Recently, 

an Spl binding site present in the IGF-1 gene has been observed to be involved in the 

regulation of IGF-1 gene transcription by metaboiism (Zhi et al., 1997). Whether Spl 

participates in mediating the regulation of GH on IGF-1 gene expression remain unknow. 

Insulin-like growth factor binding protein-l (IGFBP-1) is negatively regulated by GH. 

The regulation of IGFBP- 1 by GH is at the transcriptional level. Compared to insulin, GH 



has a modest suppressive effect on IGFBP-1 gene transcription under normal 

circurnstances Wchra et al., 1994). However, in food-deprived rats and hypox rats, 

hepatic IGFBP-1 mRNA is markedly increased and the injection of GH but not insulin 

rapidly reduces IGFBP-1 mRNA accumulation (Murphy et al., 1991; Ooi a al., 1990; 

Senevirante et al., 1990; Hu et ai., 1996). Several experiments ushg cultured hepatocytes 

also reported that GH administration acutely decreases IGFBP-1 transcription (Gronowski 

et ai., 1995; Kachra et al., 1994; Thissen et al., 1994). Using the rat IGFBP-I promoter 

inserted in a chloramphenicai tramferase (CAT) reporter vector in this laboratory 

demonstrated that IGFBP-1 promoter activity is suppressed by GH in rat primary 

hepatocytes. Progressive 5'-deletion and in vitro transfection studies identified that the 

GH response sequence is located between -930 and -277bp upstream of the transcription 

start site (Hu et al., 1996). Within this region no GAS-iike element, SRE like element or 

GAGA box was found. It is more îikely that the negative regdation of GH on IGFBP-I 

gene expression is mediated by different signal transduction pathways. 



V. 2. Fonctions and regulation of IGFBP-1 

ltL2.1. The functioas o f  IGFBP-1 

Insulin-iike growth factor bindiig proteins (IGFBPs) are a group of stnicturdy 

homologous proteins that specificaiiy bind to IGFs and modulate their biological effects 

on target tissues. Complementary DNA sequences for eight IGFBPs have been identified 

(Baxter et ai., 1989; Ooi et ai., 1990; Ooi et ai., 1988; Rosenfdd et al., 1990; Rutanen et 

ai., 1990; Shimasaki et al., 1991; Shimaski et al., 199 1; Oh et al., 1997; Synthesis et ai., 

1997). Most of the circulating plasma IGF-1 and IGF-II is associated with IGFBP-3 and 

an acid-labile subunit (AU) in a growth hormone-âependent te- complex which may 

serve as a relatively static and usuaily saturated IGF resewoir (Baxter et al., 1986; Blum et 

ai., 1990). Like IGFBP-3, IGFBP-1 is also present in plasma at a concentration sufncient 

to aiter the fûnctions of IGFs. However, IGFBP-1 contains unsaturated semm IGF 

binding sites (Guler et al., 1989). To date, Whiaiiy all of the known nuidons of IGFBP- 1 

are related to its ability to specificaiiy bind and modulate the actions of IGFs. 

Several experiments in vitro show that IGFBP-1 &bits the actions of IGF when 

present in moiar excess or in its phosphoryiated form. IGFBP-1 inhibits IGF-1 stimuiated 

aminoisobutycic acid uptake (Ritvos et ai., 1988), IGF-1 stimuiated PHI thymidine 

incorporation (Busbywh et al., 1988) and mediated mitogenesis (Franuman et al., 1989; 

Liu et ai., 1991; Angervo et al., 1991). IGF-I elicits its anaboiic effiects via binding to its 

membrane bound receptors. The mechankm of the IGFBP-I inhiibitory effect on KGF4 is 

considered to competite the binding of IGF-1 to its receptor by fomiing a 1GF:IGFBP 

complex (Rutanen et al., 1988; Campbell et al., 1991). Some results demonstrated that 



IGFBP-1 ais0 enhances IGF-1 stimuiated DNA synthesis in several cell ünes (Elgin et al., 

1987; Koistinen et al., 1990). 

in vivo studies have shown that injection ofIGFBP-1 into rats induced a small increase 

in blood ghicose concentration (Lewitt et aL, 1992). In rats with dexamethasone-induced 

fetai growth retardation, IGFBP-1 mRNA abundana is increased by 8.5 fold compared to 

that of sham-injecteci controls (Pricewa et al., 1990). Studies on transgenic mice that 

overexpress rat IGFBP-1 have presented a phenotype characterized by modest reduction 

in birth weight, reduced brain size and fasting hypergiycemïa (Rajkamar et al., 1995a; 

Rajkarnar et al., 1995b). These data suggest that in vivo, IGFBP- 1 may fbnction to inhibit 

the action of IGF and this inhibition selectively impairs the development of organs. 

V. 2.2. Moleculor characterizrition of IGFBP-1 

Human IGFBP-1 consists of 234 amino acids and has a predicted molecular mass of 

25.3 kDa (Brinkman et al., 1988; Julkunen et al., 1988; Luthman et al., 1989). The 

IGFBP-1 protein can be divided into three regions accordmg to structural characteristics. 

Region 1 contains the first 79 residues including the N-temllnal cysteine cluster (Lee et 

al., 1988; Brinkman et al., 1991a); Region 2 spans residues 80-144 containhg a typical 

Pro-Glu- Ser- Thr (PEST) dornain (Lee et al., 1988), which includes clusters of these four 

amino acids flanked on each side by a positively charged amino acid. PEST domains are 

also present in region 2 of rat and bovine IGFBP-1. The presence of PEST regions 

coupled with the negative charge of the IGFBP-1 protein suggests that IGFBP-1 is rapidly 

metabolized. Region 3 of IGFBP-1 spans residues 145-234 and includes the C-terminal 



cysteine cluster. Both N- and C- terminal regions, and particuiarly the cysteine residues, 

contribute detenninants required for optimal IGF binding (Brinkman et al., 1991b). 

Human LGFBP-1 cDNA isolated fkom severai organs are essentiaily identical (Lee et al*, 

1988; Brùllmian et al., 1988; Juikunen et d, 1988; Luthman et ai., 1989; Bremer et al., 

199 191). The IGFBP-1 transcription start site was idensed via primer extension studies 

using RNA extracted from HepG2 human hepatoma and uterine decidual celis (Cubbage 

et al., 1989; Tseng et al., 1992). Human IGFBP-1 mRNA is a transcript of around 1 S5kb 

consisting of 165 bp of 5'-untransiated sequence, 777 bp of codhg sequence, and at least 

6 12 bp of 3'-untranslated sequence. The 3'-untranslateci region contaias five ATTTA 

motifs that are characteristic of mRNA species with a very short half-life (Show et al., 

1986). The presence of PEST regions mentioned above in the IGFBP-1 protein and the 

ATTTA motifs in the IGFBP-1 mRNA may explain the rapid and rnarked fluctuation of 

IGFBP-I levels in vivo. 

The human IGFBP-1 transcript is expressed in normal fetal liver, postnatal tissues 

primarily in secretory endometrium, and in pregnancy decidua and liver. Low levels of 

expression have been found in Wilm's tumor, but not in n o d  human fetal or postnatal 

kidney. In the rat, IGFBP-1 mRNA is also found as a single 1.5 kb traascript with four 

ATTTA motifis in the 3'-untranslated region (Mohn et al., 1991; Murphy et al., 1990). In 

contrast to the hurnan, rat kidney expresses easity detectable arnounts of IGFBP-1 (Mohn 

et al., 1991; Murphy et al., 1990; Chin et al., 1992). The expression of rat IGFBP-1 

mRNA in other tissue organs are similar to those in human. 



The human IGFBP-1 chromosomal gene haJ been isolated and completely sequenced 

(Cubbage et al.,1989; Powell et al., 1989; Brinkman et al., 1988; Ehrenborg et al., 1992). 

The gene is divided into four exons and spaas 5.2 kb of chromosomal DNA The IGFBP-1 

gene has been locaiized to human chromosomal region 7p14-pl2 (Alita10 et al., 1989; 

Ekstrand et al., 1990). IGFBP-1 and -3 genes are contiguously arranged in a tail-to-taii 

fashion separated by oniy 20 kb of cbromosomai DNA (Ehrenborg et al., 1992). 

The region 5' to the human IGFBP-I mRNA cap site fiinctions as a gene promoter 

(104, 109). Beginning 28 bp upstream from the cap site is a TATA element, which is 

important for accurate initiation of transcription in genes transcnbed by RNA polymerase 

II. In addition, a CCAAT upstream pmmoter element is Iocated 72-68 bp 5' to the cap 

site. The kst 1205 bp 5' to the cap site can diiect efficient expression of the reporter 

genes chloramphenical acetyltransferase and luciferase (Poweil et aL, 1989; Suwanichkul et 

al., 1 990; Powell et al., 199 1). A similar location br the rat IGFBP-I mRNA cap site was 

reported and the first 470 bp 5' to this cap site is highly conserved in the human sequence 

(Unterman et al., 1992). These observations suggest that many of the elements which play 

an important rote in IGFBP-1 gene transcription are located within this 470-bp region. 

Three sites have been shown to be involved in optimal basal activity of the rat IGFBP-1 

promoter in H4-11-E cell. They are the site nt -6Z -50 that binds the hepatic nuclear 

factor-1 (HM;-l), the site nt -108/ -99 that is a partial insulin response element and the 

site nt -293/ -286 that is homologous to the putative binding site for transcription factor 

activator protein-2 (AP-2) (Suh et al., 1996). 



Developmeatai regdation 

S e m  IGFBP-1 levels in human are elevated in fetal life and decline postnatdy (Drop 

et ai., 1984% Drop et al., 1989; Pancai-Roessler a ai., 1989). Fetal senim IGFBP-I levels 

appear to rise in the t h e  of midgestation and are about 10-20 fold highet than matemal 

senun levels vant et al., 1988). An elevated IGFBP-1 level in amniotic fluid in 

rnidgestation was also reported (Baxter et al., 1987). Fetai and amniotic LGFBP-1 levels 

fdi in Iate gestation. After birth, senim IGFBP-1 levels decline progressively untii puberty 

and remah at Iow levels constantly in adulthood (Giudice et al., 1992). Similar variations 

in hepatic IGFBP-1 mRNA abundance following development stages were also 

demonstrated in human and rats (Brinkman et al., 1988; Murphy et al., 1990; Ooi et ai., 

1990). 

Metabolic and hormonal regulation 

Human IGFBP-1 levels in plasma are reported to have rapid daily fluctuations ranging 

as much as 10-fold or higher in nomai, healthy individuals (Baxter et al., 1987; Cotterrill 

et al., 1988). The f d  in IGFBP-1 levels occurs immediately after a meai, while increases 

occur d u ~ g  fasthg (Yeoh et al., 1988). IGFBP-1 levels also appear to be abnomally 

regulated in some disease States. Elevated IGFBP- 1 levels were reported after prolonged 

exercise (Suikkari et al., l989), in children with chronic rend fdure (Lee et al., 1989) and 

in insulin-dependent diabetes meilitus (Batch et al., 1981; Crosby et al., 1992). Low 

plasma levels of IGFBP-1 are obsemed in individuals suffering nom obesity, polycystic 



ovary syndrome (Suikkari et ai., 1989; Pekonen et ai., 1989; Conway et al., 1990; 

Lwashita et al., 1990) and ammegaly (EU  et aL, 1988; HoUy et al., 1991). 

To date, IGFBP-1 is reguiated by several hormones at the gene transcription level. 

Insulin is the dominant inhibitory agent in the regdation of human and rat IGFBP-1 gene 

expression. In vitro studîes demoastrated that the transcription of IGFBP-1 is Uihr'bited by 

insulin administration Ïn rat H35 hepatoma celis (Poweii et al., 1991), rat primary 

hepatocytes (Villafberte et ai., 1991), human HepG2 ceUs (Orlowski et al., 1991) and 

human fetal liver explants (Lewitt a al., 1989). insulin aiso ùihiiits IGFBP-1 transcription 

in vivo. Increased hepatic IGFBP-1 mRNA abundance was reported in streptozotocin 

induced diabetic rats and insuiin intiision was found to decrease hepatic and kidney 

IGFBP- 1 gene transcription (Unterman et ai., 1990; Ooi et ai., 1992). An insulin response 

element has been identifieci in human and rat IGFBP-1 gene promoters, which is located in 

the rat promoter region 435/ -92bp upstream of the transcription start site (Robertson et 

al., 1994; Goswarni et al., 1994; Suh et al., 1994). This sequences is conserved in the 

human IGFBP-1 promoter (Suwanichkul et al., 1993) and is homologous to the insulin 

response element of the phosphoenolpyrwate carboxykinase gene, which is also rapidly 

inhibited by insulin (O'Brien et al., 1990; O'Brien d ai., 1991a; O'Brien et ai., 1991). 

Glucocorticoids have been shown to increase circulating levels of IGFBP-1 in 

experimental animais and hum& subjects (Luo et al., 1990; Conover et al., 1993). 

Glucocorticoids directly stimulate hepatoceiiular expression of IGFBP- 1 at the level of 

transcription (Unteman et al., 1991; Orlowski et al., 1990). Four cis-elements in the rat 

IGFBP-1 promoter were shown to be involved in mediating the effects of glucocorticoids 



on the regulation of IGFBP-1 gene tnmmiption. One is a potential glucocorticoid 

response element (GRE) which is Iocated berneen nt -91 and -77 bp. The other three 

sites: hepatic nuclear factor-1(HNF-l) binding site (du -50), a partiai insulin response 

element (-IOSI -99) and site -2531 -236 are aiso involved in mediathg dewmethasone 

stimulatory effkct under some, but not dl, circullstances. Those cis-elements in rat 

IGFBP-1 promoter cooperate, in varyUrg combinations to d o w  optimal dexamethasone 

stimulated promoter activity (Suh et al., 1996). Ianilin inhibits the basal and 

dexamethasone stimulated IGFBP-1 promoter activities. 

Several other hormones, such as glucagon, IGF-1 and progesterone, are also imrolved 

in the regulation of IGFBP-1. In vitro studies, glucagon was found to have a stimulatory 

effect on hepatocyte IGFBP-1 transcription (Lewitt et ai., 1989; Kachra et al., 1994). In 

vivo studies, dserent results have been reported. Some investigators found that different 

glucagon concentrations in plasma had no consistent effm on IGFBP-1 levels (Jensen et 

al., 1991). Othen dernonstrated that a single subcutaneous dose of glucagon 

administration to faning, GH-deficient adults resulted in a smali, but significant increase in 

IGFBP-1 levels (Hilding et al., 1992). 

V. 2.4. Regdation of IGFBP-1 by CH 

IGFBP-1 has been found to be negatively regulated by GH at the transcriptional level. 

Elevated hepatic IGFBP-1 mRNA abundance was observed in GH-deficient hypox rats 

(Senevirante et al., 1990) while low levels were observed in acrornegaly (Hall et al., 1988; 

Holly et al., 1991). Several laboratories have reported that IGFBP-1 expression is 



decreased after GH treatment in rat p r i m q  hepatocytes (Senevivante et al., 1992; Kachra 

et ai., 199 1; Kachra et al., 1994; Thissen et ai., 1994). Compared with the effect of insulin, 

GH has a modest inhibitory e f f i  on IGFBP-1 gene transcription under nomai 

circumstances. In fiuthg rats and hypox rats, in whidi hepatic IGFBP-1 transcription was 

up-regulated, injection of GH, but not insulin suppressed IGFBP- 1 transcription (Murphy 

et ai., 1991; Hu et al., 1996). However, the GH signai transduction pathway for IGFBP-1 

gene regdation is stiU not clear. Previous studies in tbis laboratory have localized the GH 

response eIement(s) of the rat IGFBP-1 promoter to the region -930 to -270bp upstream 

of the transcription start site (Hu et al., 1996). But the GE? response cis-eIement(s) 

haslhave not yet been identified. In this project, DNase-1 protection assay and deletion 

mutation analysis were used to identify the GH response as-eIernent(s) in the rat IGFBP-1 

promoter. 



VLMaterials and Methods 

VI. 1. Materials 

Hypox or sham-operated pituitary intact male Sprague-Dawley rats of approximately 

1OOg body weight ( BW ) were obtained fiom Charles River Canada ( Quebec, Canada ). 

Animais were provideci with standard laboratory chow and water and observed for 

changes in body weight for at least 4 weeks before the begumiag of the experimentai 

protocol. Human pituitary GH (3 U/mg ) was kindly provided by Dr. 1. Worsley ( 

University of Manitoba, Manitoba, Canada ). GH ( 1 pg, 10pg, SOpg or lOOC(g1100 B W) 

or equivalent volume of saline was administrated i-p. to groups of hypox rats- The animais 

were sacrificed 0.5, 1, 3 and 12 h later. The livers were rapidly removed and used for 

preparation of nuclear extracts. Al1 animal experiments was performed in accordance with 

protocols approved by the animal care cornmittee of the ficulty ofMedicine. University of 

Manitoba 

Radioisotope 32~-labeled nucleotides were obtained from ICN Biochemical Canada 

Ltd. (Mississauga, Ontario) and Amersham Canada Ltd (Oakville, Ontario). PHI acetyl 

Co-enzyme A was obtained from NEN products (Boston, USA). Restriction enzymes 

were purchased from Pharmacia (Canada) Inc. (Baie dYUrfk, Quebec). Poly(dI- 

dC).Poly(dI-dC), collagen, coiiagenase and transfemin were purchased from Sigma 

Chernical Co. (St louis, USA). The protein assay dye reagent was bought fiom Bio-Rad 

laboratories (CA, USA). Ketaiean was obtained from MTC Pharmaceuticais (Ontario). 



Rompun was obtained £kom MILES Canada Inc. (Ontario). CelI microsieves were bought 

from BioDesign Inc. (New Y 0 4  USA). Rat IGFBP-1 promoter luciferase plasmids 

containhg native IRE or mutations of IRE consûuct were kindly sent by Dr. Unterman 

from Chicago. 

VI.2. Nuclear extracts prepamtion 

Nuclear extracts were prepared from rat iiver as previously described (Gorski et 

ai.,1986). Ail steps were perfomed at 4OC or on ice. Phenylmethylsulfonyl fluoride 

(PMSF) and ditbiothreitol @TT) were added to the bufEers just prior to use. Animais 

were sacrificed by decapitation Fresh rat livers were quickly removed and transferred to a 

container with $0 ml of PBS buf5er. The livers were cut to small pieces and thaa 

transferred to a motor driven 30 ml Tefion-giass homogenizer. The volume was brought 

up to 20 ml with homogenization b a e r  ( 10 mM HEPES-KOH, pH 7.6, 25 mM KCL, 

0.15 mM Spermine, 0.5 mM spermidine, ImM EDTA, 2M Sucrose, 1 mM DTT, 0.1 

rnM PMSF, 10% glycerol). The minced livers were homogenized by approximately 10 

up-down strokes. Mer that, the homogenate was diluted to 60 ml with the 

homogenization buffer. Two 30 ml homogenate aiiquots were layered over two 12 ml 

cushions of the sarne hornogenization b a e r  in two uitracentrifuge tubes and centrifuged 

at 33,000 rpm for 45 min at 4OC in a Ti 60 Wortmen rotor. The combined nuclear pellets 

were resuspended in 20 ml of Iow-salt buffer ( 20 mM HEPES-KOH, pH 7.9, 1.5 m M  

MgCLz, 20 rnM KCL, 0.2 m .  EDTA, 1 mM DTT, 0.1 mM PMSF, 25% Glycerol ) and 

centrifuged at 4000 rpm for 10 min at 40C in a PR-7000 rotor. Packed nuclei were 



resuspended in 1 ml of the same low-sait buffer. WMe the suspend nuclei was vortexed, 

high-salt b s e r  ( 20 mM HEPES-KOR pH 7.9, 1.5 m M  MgCL, 1.6 M KCl, 0.2 mM 

EDTA 1 mM DTT, 0.1 mM PMSF, 25% glycerol ) was added in a dmpwise fashion to a 

final concentration of KCl of approxhately 380 mM. Nuclear proteins were exttacted 

nom the nuclei by contindy gentle mMng for 1 h. Nuclei were precipitated by 

centrifugation at 13,000 rpm in a microcentrifûge for 30 min at 4OC. The supernatant was 

transferred to a dialysis bag and diaiysed against 500 ml of dialysis b s e r  ( 20 ml 

HEPES-KOH, pH 7.9, 100 mM KCl, 0.2 mM EDTA, 1 m .  DTT, 0.1 m .  PMSF, 20% 

glycerol ) for 2 h. At the end of diaiysis a precipitation was formed and that was removed 

by centrfigation at 13,000 rpm for 30 mia Nuclear extracts were aliquoted and quickly 

fiozen on dry ice and then storeâ at -700 C. Protein concentration was determined using 

the Bio-Rad protein assay. 

VI. 3. Probe labeling 

5'-protmding DNA fragments or synthesked double strand oligonucleotides were end- 

labeled with 3 2 ~  as previously describeâ (Sambrook et al.,1989). Plasrnid DNA was cut 

by appropnate restriction enzymes which produce a 5' protmdhg end. The 

radionucleotides [ ~ - ~ Z P ] ~ C T P  or [ ~ - ~ ~ P I ~ A T P  were incorporated onto the 3'- end by 

M-MLV reverse transcriptase at 370C for 1h- The radionucleotide [y-%?] ATP was also 

used in some cases by incoqorating it into the S'-end by T4 polynucleotide kinase at 37OC 

for 3 0 minutes. Radioisotope end-labeled DNA fragments were obtained by digestion with 

a second restriction enzyme and isolation of the appropriate fiegrnent by agarose gel 



electrophoresis. The radioactivhy of probes were measured using a Beckrnan scintillation 

counter. 

VI. 4.DNase-1 footprinting 

The DNase-1 footprint assay was perfonned according to the protocol as descriied 

(AUegro et al., 1990) with some modifications. Nuclear extracts ( 10-20 ~g ) were 

incubated on ice for 20 min in a volume of 20 pl coataining 10 mm HEPES-K, pH 7.9, 1 

pg of Poly(dI-dC)Poiy(dI-dC), 50 mM KCi, O. 1 mM EDTA, 0.25 mM dithiothreitol, O. 1 

rnM phenylrnethysuIfony1 fluoride and 10,000 cpm of DNA probe. Tubes were placed at 

room temperature for 2 min. Two microliter of DNase-l ( 2-20 ng ) solution with 25 m M  

CaCk was introduced and Uinibated for 70 seconds. The digestion reaction was 

terminated by adding 180 pl of a stop solution ( 0.2 M NaCl 20 mM EDTA, 1% SDS, 50 

pg/d yeast total RNA ). The reaction mixture was extracted with an equal volume of 

phenol-chlorofonn ( 1:l ). DNA was precipitated with 0.3 M sodium acetate and 70% 

ethanol. M e r  washing with 70% ethanol, packed DNA was dried in a speedvac for 15 

min. The pellets were dissolved in 4 pl of formamide buffer, boiied for 3 min and quickly 

quenched on ice. The probes were separated by electrophoresis though a 7% 

polyacrylamide-7 M urea gel at 30 W for 2 h. Gels were dried at 80% under vacuum for 2 

h and subjected to autoradiography at -700C with intensifLing screens. 

VI. 5. Gel mobTty shift assay 



Gel mobility shift assays were performed as descnied (Galsgaard et al., 1996) with 

some modifications. Two double-stmd oügonucleotides were used as probes: footprint 

region FI oligonuciîotide: top strand 5'- AGmCCTTGCAATATAAA AGAATGAA- 

3 ' ; bottom sûand' 5'-TTCATTmATATI:GCAAWAA-3 ', and footprint region F2 

oligonuclio tide: top strand 5 '-TAGGAGTTATTCATAGACCG GG-3 ' ; bottom strand 5'- 

CCCGGTCTATGAATAACT-3'. The probes were radiolabeled with [ad*P]dATP or 

dCTP in a 'fill-in' ceaction using M-MLV reverse transcriptase. 10 pg of hepatic nuclear 

extracts were incubateci with 10,000 cpm probe in a volume of 15 pl containing 20 mM 

KEPES, pH 7.9, 50 m .  KCl, 5 mM Mgch, 1 mM EDT4 1 mM dithiothreïtol, O. lmM 

phenyhethylsulfonyl fluoride, 10% glycerol for 30 min at room temperature. Free and 

bound probes were separated on a 5% polyacrylamide gel containing 2% giycerol and 

0.25xTBE (25 mM TridHCI, 25 mM boric a d ,  0.25 mM EDTA; pH 7.9). The gel was 

preelectrophoresed for 90 minutes at 4OC, lOV/cm with 0.25xTBE buffer. After samples 

were loaded, electrophoresis was contïnued for 2-3 h. The gel was dned at 80°C under 

vacuum for 2 h and exposed to x-ray film at -7BC with intensifling screens. 

VI. 6. Isolation and preparation of rat hepatocytes 

Male Sprague-Dawiey rats of approximately 300g BW were anesthetized with an i-p. 

injection of a mixture of KetaIean (130 pg1100g BW) and Rompun (50 pg/100g BW). The 

livers were pernised via the portal vein to the right atrium with Swim's S-77 medium 

supplemented with penicillinlstreptomycin (100 u/ml and 100 ~ g l m l ,  respectively) as 

described (Bissel1 et al., 1980) with modifications. A single-pass (nonrecirculation) 



perfusion was penormed. Approltimately 200 ml of Swirn's S-77 medium 6 t h  0.5 mM 

EDTA was first perfused through the b e r  to wash away blood. Collagenase (40 mg) 

dissolved in 1OOml of the same medium supplemeated with 5 mM calcium chlonde was 

then pefised into the b e r  for 10 to 15 minutes. Duriag liver perfusion the temperature 

of the medium was maintained at 37OC and the pH was kept between 7.4-7.6. 

Collagenase digested liver was carefbily removed £tom the ligaments, washed with the 

same Swim's S-77 medium then transferred to a clan container containing 50 ml DMEMl 

F-12 cell culture medium Hepatocytes were separated gentiy and isolated by filtration 

through a cellmicrosieve. The cell suspensioa was centrifûged at 1000 rpm with a PR- 

7000 rotor for 1 minute at 4OC. The supernatant was discarded by aspiratioa CeUs were 

washed hkrice with basal DMEW-12 medium (without serum or hormones) and finally 

resuspended in DMEW F-12 medium with 10% fetal calfserum (FCS). 

Collagen was dissolved in a diiute acidic acid solution to a h a 1  concentration of 0.8 

mgW. twenty-five pl of this solution was spread over the surface of a 60 mm ceii culture 

dish and dned at room temperature. Hepatocytes were plated at a deasity of 4x 10Vdish in 

DMEM-Ham's F- 12 medium with 10% FCS. Nonadherent ceils were removed afler a 1 h 

incubation, and medium containing 3% FCS, 1 mghi bovine senun albumin (BSA), and 

0.1 mglml transfenin was added. On the foilowing day, the medium was replaced with 

fresh medium and DNA transfection expeeents were perfomed. 

VI.7. Plasmids and transfection 



The IGFE5P-11 CAT plasmid was constnicted by ligating a Pstl-SEiN1 fiagrnent of the 

rat IGFBP-1 gene, encompassing the sequence -1627 to +148, h o  a pCAT-Basic vector 

(Promega Corp., Madison, WI). In the plasmid A-824/-557-CAT, a fiagrnent -824 to - 
557bp upstream of the transcription start site was deleted fiom the 1627-CAT construct, 

in the plasmid A-557/-320-CAT , a fhgment -557 to -320bp was deleted and in the 

plasmid A-277/-81-CAT , a fragment -277 to -81 bp was deleted fiom the 1627-CAT 

plasmid. A c-fos expression vector was constnicted by inserting human c-fos cDNA into a 

pBK.28 plasmici, which uses the FBJ murine sarcoma Wus LTR as its prornoter. A c-jun 

expression vector was constnicted by inserthg human c-jun cDNA into pUC18 plasmid, 

which uses RSVLTR as its promoter. AU the plasmids were prepared by a large-scale 

preparation and purifiai by cesium chioride gradient ultracentrinigation. 

Hepatocytes were plated as descnied above. On the second day, fiesh DMEME-12 

medium containing 3% FCS, 1 mglml BSA and 0.1 mglml tratlsferrin were replaced in a 

volume of 2 ml per dish. A total of 3.5 pg plasmid DNA mixed with 240 mM CaCl, in a 

volume of 83 pi was slowiy dropped into a same volume of 2xHBS solution (50 mM 

HEPES, pH 7.1, 280 m .  NaCI, 1.5 mM Na2HP04 ), while bubbling air was introduced 

into the 2xHBS solution through a pipette. At the end of mwn& a slightly opaque 

solution appeared. The reaction was then incubateci at room temperature for 30 minutes. 

A total of 150 pl of the mixture was added dropwise into the ceU culture dish. M e r  6 h of 

incubation, medium was replaced by 1 ml of basal DMEMl F-12 medium contakïg 10% of 

glycerol for 1 minute. CeUs were washed twice with PBS buffer and then cultured in 4 ml 

of DMEM/F- 12 medium containhg 3% FBS, lmglml of BSA and O. 1 mglml of transferin. 



Dexarnethasone (10-7 M) and human GH (0.5 pglml) were administered hediately &er 

glycerol shock Hepatocytes were hawested for a CAT assay 30 h later &er transfèction 

M.8. CAT Assay 

Transfecteâ hepatocytes were rinsed twice with PBS and scraped off the plates with 1 

ml of trypsin/EDTA solution. CeUs were coilected by centrinlgation for 2 minutes at a 

microcentrafbge and resuspended in 250 pl celi lysis b&er (100 mM Tris-HCl p H  7.8, 

0.1% Triton X-100). Celis were lysed for 15 min on ice and the celi debris was 

precipitated by centrattgation for 15 min at 4* C. The protein concentration of the 

supernatant was meaaired. Celi extracts containing 100-200 pg of protein were 

transferred to a new tube and brought to a volume of 0.2 ml with celi lysis baer .  

Endogenous acetylase was heat-inactivateci at 6S°C for 10 min. m e r  cooliiig to room 

temperature, ce1 extracts were transferred into a scintillation vial and mixed with 75 ml of 

PH] acetyl CoA solution containing 3.3 m .  chloramphenicol, 0.1 M Tris-HCL pH 7.8, 

2.5 nCi/mi PH] acetyl CoA Scintillant (3 ml) was added on the top of the mixture and 

CAT activity was quantitated usïng a phase separation liquid scintillation assay in a 

Bechan scintillation counter. 

VI. 9. Statistical analysis 

Statistical analyses were perfocmed with the Student's t test to determine the 

significance of the differences between control groups and GH or innilin treated groups. 

Values are means f SEM. The dennition of statistical significance was p < 0.05. 



VII. RESULTS 

VII. 1. DNase-1 protection analysis of IGFBP-1 promoter region -930 to 

-270 bp upstream of the transcription start site. 

As mentiowd before, rat IGFBP-1 is reguiated by GH at the transcriptional levei. 

IGFBP-1 transcripts were suppres~ed by administration of GH in primaiy hepatocytes 

(Kachra et ai., 1994; Thïssen et al., 1994). and IGFBP-1 mRNA abundance and 

transcription rates were up-reguiated in hypox rats and markediy decreased by a single 

injection of GH (Gronowski et al., 1996; Murphy et aL.1990). Previous studies in this 

Iaboratory, using the rat IGFBP-I promoter ïnserted into a CAT reporter plasmid, have 

localized the GH response element(s) to the promoter region -930 to -270 bp (Hu et al., 

1996). Therefore, DNA-protein interactions were analyzed within this region by DNase-l 

protection assay. As we know, regdation of gene transcription is mediated by specific 

DNA binding proteins. These proteins, d e r  stimulated, bind to or are released Corn the 

corresponding cis-elements located in gene or gene promoter region and enhance or 

suppress gene transcription. Since hypox rats show a marked increase in hepatic IGFBP-1 

transcription and mRNA abundance and these abnormalities c m  be corrected by single 

injection of GH, these rats were used as the animal mode1 in this experiment. Hepatic 

nuclear proteins were extracted fiom pituitary intact sham-operated, hypox and GH 

treated hypox rats. DNA- p rotein interactions were compared among these three groups. 

Within promoter region -930 to -270 bp, fiagrnent -824 to -557 bp and -557 to -270 bp 

were end-labeled with radioisotope and mixed with nuclear proteins prepared nom these 



different groups of rats. DNase-1 protection assay reveded that two regions F2 (-788/- 

748 bp) (Fig.1) and F3 (-500/-447bp) (Fig.2) had Werent footprim patterns between 

sharn-operated rats and hypox rats. Administration of GH to hypox rats rapiâiy reversed 

these two footprint pattern to the normai pattern- These data indicate that these two 

regions may be involved in the GH signal transduction pathway. Besides these two 

regions a third region FI, (-670/630 bp) was apparent with the nuclear proteins extracted 

Eom GH tmited hypox rats, but identicai pattern was observed in sharn-operated rats and 

hypox rats. 

VU. 2. DNase-1 protection analysis of fragment -277 to -81 bp 

Previous studies in this laboratory have found that fiagrnent -277 to -81 bp has 

difFerent nuclear protein binding abilities between sham-operateci rats and hypox rats by 

using electrophoretic mobility analysis (Hu et ai.. 1996). To M e r  investigate the 

interaction of nuclear proteins within this region, DNase-1 protection assay was 

perfonned. As show in Fig3, within the region -245 to -235bp, a footprint F4 was 

identined. The footprhting pattem was different between shamsperated rats and hypox 

rats, but GH had no effect on it. That is, the f o o t p ~ t h g  pattern was identical between 

hypox rats and GH treated hypox rats. Another footprinted region, FS (-277/-258 bp) was 

only apparent with the nuclear proteins extracted fiom GH treated hypox rats. There was 

no DNA-protein interaction obsented when nuclear proteins extracted fiom sham- 

operated rats and hypox rats were used. 



VII. 3. Time course of GH effeets on footprinting pattem of IGFBP-1 

promoter 

Some evidence suggests that the regdation of IGFBP-1 gene transcription by GH is 

rapid and uansient Therefore the time course of GH e f f i  was iwestigated by DNase-1 

protection analysis with the fiagrnent -824 to -557 bp, -557 to -277 bp and -277 to -81 bp. 

Human pituitary GH (50 @1OOg BW) was administered i.p. to hypox rats. AnllnaIs were 

sacrificed O S  h, 1 4 3 h and 12 h after GH administration The livers were rapidly 

removed and used for nuclear extracts preparatioa End-labeled DNA fhgments were 

footp~ted with these nuclear proteins. Within fiagment -824 to -557 bp, as mentioned 

above, two footprinted regions F1 and F2 were observed to have respoases to GH The 

pattem in the F1 region was identical between sham-operated rats and hypox rats. 

However, a diierent pattern was induced within 0.5 h of GH administration and persisted 

for 3 h. This changed pattern mRtched back to the hypox pattern by 12 h of GH treatment. 

Footprïnt F2, in which the footprinting pattem was dif5erent between sham-operated rats 

and hypox rats, revealed an acute response to GY in that a rapid conversion of the 

footprinting pattem to the n o d  pattem was apparent within 0.5 h of injection of GH to 

hypox rats. This response was rapid and transient with reversion to the hypox pattem 

within 1 h (Fig 1). Within fiagment -557 to -277 bp, one footpnnt region F3 was 

observed. As with F2, different footprinting patterns were observed between sham- 

operated rats and hypox rats, conversion to the normal pattem was induced within 0.5 h of 

GH administration and this GH reponse was also rapid and transient with reversion to the 

hypox pattern in 1 h (Fig 2). Ln fiagment -277 to -8 1 bp, two footprints, F4 and F5, were 



found. F4 had no response to GH, while w i t h  the F5 region, no footprint was observed 

with the nuclear extracts âom sham-operated rats and hypox rats, but a footprint was 

induced by GH administration 1 h later and that persisteci fer 12 h (Fig 3A). 

VII. 4. Dose response of GH effect on footprints in IGFBP-1 promoter 

Varying amounts of GH; lpg, IO pg, 50 and LOO Clg/100g BW, were injected i.p. 

into hypox rats. Animals were sadiced 0.5 h and 3 h aAer GH administration. Nuclear 

extracts were prepared and incubated with radioisotope end-labeled hgments -824 to - 
557 bp, -557 to 277 bp. The change in F1 was induced by GH at a dose of 10 pgf100g 

B W  whereas a higher dose of 50 pg/100g BW is nquired to normaiize the footprinting 

pattern of F2 (Fig 1C). The change in F3 induced by GH required a dose of 50 Cig1100g 

B W  (Fig 2B). 

MI. 5. Interna1 deletion constructs from the -1627bp IGFBP-1 CAT 

plasmid. 

Five foo tp~ted  regions were observed in the IGFBP-1 promoter. Four of these were 

rnodulated by GH administration. in order to identify and confinn which footprinted 

region was involved in GH signal transduction, intemal fiagrnent deletions were 

performed. The restriction enzyme map of the IGFBP-1 promoter CAT plasmid and the 

IGFBP- I promoter region -1627/+147 bp that was used in this experiment is show in Fig 

4. Three fragment deletion construas are presented in Fig 5. The procedures used for 

deletion construction are described in Fig 6 and Fig 7. 



VIL 6. The effects of GH on CAT activities of deleted mutants 

To d e t e d e  which footprinted region is hctionalIy involved in the GH sigoal 

transduction pathway, the three fiagrnent deleted constructs were transiently t rdected 

into isolated hepatocytes. CAT activity was rneasured. As shown in Fig 8, GH suppressed 

the 1627bp IGFBP-1 promoter CAT actïvity to around 30% or 20% of the control group. 

Construct C (-557 to -320 bp deleted) and construct D (-277 to -81 bp deleted) retained 

GH responsiveness and demonstrated GH suppresive effects around 17%. 16% of the 

contra1 group, respectively. Construct B (-824 to -557 bp deleted) lost its responsiveness 

to GH, in that the CAT activity of GH treated group was the same as that of the non-GH 

treated group. These results indicate that the GH response element(s) is Likely located 

within the promoter region -824 to -557 bp. 

VII. 7. Effects of in vivo GH administration on the electrophoretic 

mobility of the oügonucleotides correspondhg to the F1 and F2 

footprints. 

To fiirther investigate the DNA-protein interaction, two double strand oligonucleotides 

were synthesized according to the sequences of footprint region FI and F2. The 

sequences of these two oligonecleotides were described in Materials and Methods. 

Electrophoretic mobüity shift assays were perfonned. As shown in Fig 9, radioisotope 

end-labeled double =and oligonucleotide Fl(o) fonns one DNAlprotein complex with the 

nuclear extracts fiom sharn-operated rats and hypox rats. Administration of GH to bypox 



rats resulted in another DNAIprotein complex within 30 minutes as indicated by the 

arrow. Radioisotope end-labeled double strand oiigonucleotide F2(0) fonns four 

DNNprotein complexes with the nuclear extracts ftom sham-operated rats. However, 

oniy two retarted bands were apparent with the nuclear extracts nom hypox rats, as 

shown in Fig 10. The hypox retardation pattern was reverted to the normai pattern within 

30 min after GH administration. This response to GH was transient with a reversion to the 

hypox retardation pattern by 1 h after GH injection 

VIL 8. The relationship of CH and insiilin in the regdation of IGFBP-1 

gene transcription 

As mentioned before, both insulin and GH have suppressive effects on IGFBP-1 gene 

transcription. Under normal circumstances, insuiin is the dominant factor in IGFBP-1 gene 

regdation. However, in some situations insulin loses its inhibitory effect and GH becomes 

the major hormone to suppress IGFBP-I gene transcription. It is postulated that some 

relationship between GH and insulin signai transduction may exin Here two constnicts 

were used , one is the rat IGFBP-IlLuciferase vector containhg the SauIRlgaI fiagrnent 

of the IGFBP-1 promoter which extents -360 bp upstream of the transcription start site. 

This fiagrnent contains the native IGFBP-1 IRE with its two innilùi response sequences 

(AACGCAAAACAAACTTATTI"CGAACA) and it is inserted immediately upstream to 

the luciferase gene in the pGL2 vector from Promega The second one contains mutations 

in both halves of the IRE (AACGCAccgacgcCcaggccTGAACA) and does not respond to 

insulin. Both constructs were transiently transfected into hepatocytes isolated eom 



pituitary intact rats. GH and inmiin were administered 6 h before harvening the ceiIs for 

the measurernent of luciferase activities. As shown in Fig 1 1, with the normal IRE 

constmct, insulin suppressed IGFBP-1 luciferase activity to about 50% of the control 

group, whereas GH had no effea. With the mutant coasmict, there was no response to 

either GH or insulin. 

VIL 9. The effeet of activator protein-1(AP-1) on IGFBP-1 promoter 

CAT activity. 

AP-1 is a JudJun homodimer or FoslJun heterodimer and fiinctions as a transcription 

factor. Several studies have demonstrated that as an early-respoase gene, c-fos cm be 

çtimulated by administration of GH in MH 3T3F442A cells (Gurland et al., 1990; 

Sumantran et al.. 1992), and c-fos mRNA abundance is increased by GH treatment in 

mouse osteoblasts in primary ceii dture (Slootweg et al., 1991) and within rat central 

nervous system ( Minami et al., 1992). The levels of hepatic c-fos mRNA in hypox rats is 

undetectable, but cm be acutely increased by a single injection of GH withh 30 minutes 

and this GH effect is transient with c-fos mRNA deciinhg to baseline Levels in 1 hour 

(Gronowski et al., 1994). The transcription level of c-jun is also increased by GH 

treatment in several cell lines and hypox rats, aithough the induction of c-jun transcripts is 

consistently less than that of c-fos. Therefore the AI?-l complex was hypothesized to be 

involved in the GH signal transduction pathway for regdation of IGFBP-1 gene 

transcription. In this experiment a c-fos expression vector which uses the sarcorna virus 

LTR as prornoter was CO-transfected with the 1627 IGFBP-I promoter CAT plasmid into 

isolated primary niltured hepatocytes. As shown in Fig 12(A), varying arnounts of c-fos 



expression plasmid Born 5 ng to 1 pg were used in the transfection studies. 

Overproduction of c-fos suppressed IGFBP-1 CAT activity si@cantly- The inhiiitory 

effect was observed evai at a dose of 5 ng ofc-fos expression vector. The effect of c-fos 

on transfection efficiency was assessed by CO-trandection with the pCH 110 P- 

galactosidase plasmid. Over production of c-fos had no effect on B-galactosidase activity. 

C-jun and c-fodc-jun were also CO-transfected hto hepatocytes with the IGFBP-I CAT 

promoter vector. As shown in Fig 12@), CO-transfection of c-fos suppressed IGFBP-I 

CAT activity 4 to 6 fold, wMe c-jun suppressed CAT activity Iess than 2 fold. Co- 

transfection with c-fos and c-jun together suppressed CAT activity 5 to 7 fold. 

VII. 10. Localization of AP-1 site 

Previous studies have confimied that the AP-1 binding consensus sequence is 

TGAGTCA In order to identify the AP-1 binding site in IGFBP-1 promoter, 5' deletion 

and intemal fiagrnent deletion constnicts of the IGFBP-1 promoter were CO-transfected 

with the c-fos expression vector- As shown in the right panel of Fig 13, Three plasmids 

were used: IGFBP-1 promoter -1627KAT. IGFBP-1 promoter -277KAT and a 277 to - 
81 bp deletion coostruct. The left panel demonstrates that c-fos inhibitory effect was 

retained in the IGFBP-1 promoter -277KAT constnia. With fkther deletion of 

fiagrnent -277 to -81bp from the 1627bp IGFBP-1 plasmid, the CAT activity was still 

suppressed by overexpression of the c-fos gene. 



VIII. DISCUSSION 

To date, several genes have been found to be regulated by GH at the transcnptional level. 

Some GH response elements including Sis-imduciik etement (SIE) (Compbd et al ,  1995), 

serum response elexnent (SRE) (Meyer et al., 1993). IiWy-response region (GRR) (Wang et 

ai., 1995), m-activateci SeQuence (GAS)-like response dement (GLE-1) ( Wood et ai., 

1995) and a GAGA box (Legraverrend a al, 1996) have been identifid The GH signai 

transduction pathway (GHR+JAK2+Stats+target gene) is involved in the transcriptional 

regulation of c-€os, Spi 2.1, insuh, and ALS gems, and ail of those genes are positively 

regulated by GR IGFBP-1 b negatively reguiated by GEL Previous studies in thk laboratory 

have locaiized GH response eIemmt(s) of IGFBP-1 promoter to the region -930 to -277 bp 

upstrearn of the transcription start site- Ho-, compareci with the above identifieci GH 

response eiements, no homologous sqence  was found within this region 

IGFBP-1 appears to have rapid dynamic regdation in human plasna, with lewls vaxying 

more then 10-fold within a few hours (Baxter et al., 1989; Hall et al., 199 1; HoUy et ai., 199 1). 

Under normal circum~tances, insuiin is the dominant idiiitory agent in IGFBP-1 gene 

reguiation and GH only modestly afiècts IGFBP-I gene expression However, in fasting rats 

and hypox rats, hepatic IGFBP-l mRNA abundance was markedly increased, and the injection 

of GH, not insulin rapidly reduced IGFBP-1 mRNA to n o d  levels (Mrphy et aL, 1991; Hu 

et al., 1996). It seems that normal and fàsting or hypox rats have Mixent regulation 

mechanisms for IGFBP-1 gene transcription, and these difkences are related to the e f f i  of 

GH. Therefore, hypox rats were chosen as the animal mode1 in this study. 



The rat IGFBP-1 promoter GH response element(s) seems to be located within the region 

-788 to -748 bp (FZ) and -500 to 4 7  bp (F3) upstream of tmscrïption start site. The 

footprkt pattem in these two regions were d i f f a  betwcen pihiitary intact rats and h p x  

rats, and injection of GH to hypox rats rapicüy revetfed the fbotpriat pattem to the normal 

pattern. The effcct of GH was transient In each case a reversion to the hypox pattern was 

apparent 1 h after GH admhhation, The IGFBP-1 promoter region -245 to -235 bp (F4) also 

has different nuclear protein binding activates between pmiitary intact rats and hypox rats, but 

these DNA-protein interactions are GH-independeat, since the footprinî pattern of the hypox 

rats didn't change afkr administration of GH Suh et al reported that this region is conditionally 

required for dexamethasone stimulation (Suh et al., 1996). The synthesis of glucocorcortimid is 

stimuiated by adrenocorticotropic hormone ( A m ,  wbich is also synthesized and released 

fkom pituitary. Therefore, the ACTH+giucocorticord axis is a h  impaireci in hypox rats. The 

Werent footprint patterns between pituitaxy intact rats and hypox rats in site F4 rnay be 

glucocoxticoid reIated. 

Wnhui the IGFBP-1 promoter region -670 to -630 bp (FI) a DNA-protein interaction was 

induced by administration of GH to hypox rats, but the pattem in region P l  was identical 

between piaiitacy intact and hypox rats. According to the evidence that GH-deficient hypox 

rats and pituitary intact rats have marked ditlerences in the IGFBP-1 gene expression, nuclear 

protein interaction in region F1 is not iikely to be important in this GH response. In the 

. . 
promoter region -277 to -258 bp (FS), one footpruit was induced by GH admuirstration. In this 

region no footprllrt was observed in pifuitary imact and hypox rats. Previous study bave found 

that diis region is a CAMP responsive element (Suwanichkul et al., 1993) that wnfers at Ieast 



part of the stimulatory &éct of CAMP on the human IGFBP-1 promoter. The data 

demonstrated here uidicate that d p I e  path.ways may be inv01veâ in CnI signal transduction 

GH response eIemem(s) in the rat IGFBP-1 promoter is more kely located within the 

region -824 to -557 bp. A mutant plasmid with deletion of fiagrnent -824 to -557 bp f?om the 

original IGFBP-1 promoter CAT vector d t e d  in total loss of the GH response. However, 

mutant plasmids containhg deletion of hgtnents -557 to -320 bp or -277 to -81 bp retaiwd 

GH responsiveness. Two DNA-protBn interaction sites were obsaved within this region, F1 

and F2. Comparing the sequence of F1 and F2 with other identifid specidc protein biiding 

sequences, we found that the xquence GCAAT witbin the FI region is the same as the core 

sequence of IGF-1 gene footprinsing ngion III and the sequence TTATC within F2 is the 

same as the core sequence of IGF-1 gene fmtprinting mgion V (Pao et aLJ995). Using in 

vitro transcription assays, Pao et ai  found that templates lacking region III or V no longer 

demonstrated differences in transcriptional activity with nuclear extracts nom streptozotocin- 

induced diabetic and n o d  rats. Using gel mobility shift adysis, they M e r  o b s e d  that 

nuclear protein binding to region III and V was reduced with extracts Eom diabetic animais, 

typically 30-50% ofthat of n o d  rats (Pao et al., 1995). IGFBP-1 modulates the actions of 

IGF-I by cornpetition with IGF-1 receptor binding- Circulating IGFBP-1 and IGF-1 are both 

mainly produced fiom liver and are reguhed by GH at the gene transcriptional level. IGF-I 

gene expression is increased whüe IGFBP-1 is suppressed by GH administration (BicheU et al., 

1992; Gronowski et al., 1995). IGF-1 is also considered to mediate most of the physiological 

fiinctions of GH Since these close relationships of ngulation and fûnction between IGF-1 and 



IGFBP-1, the similarity in fbotprint sequences indicates that the regulation of IGFBP-1 and 

IGF-I by GH may be via a same pathway but may result in difkrent effects- 

The DNA-protein interactons in the IGFBP-1 promoter F1 and F2 regions were GH- 

affiected An oligonucleotide with a Seqllence correspondkg to region FI fomed one retarded 

band with the nuclear s<tra*s prepared nom piniitary inMa and hypox rats. After GH 

admlliistration, au extra retarded band was apparent. This comsponds to the data obtained 

from footprint analysiq in that injection of GH to hypox rats resuited in a changeci pattern in 

the F1 region The F2 region oligonucleotide fomed &ur retarded bands with the nuclear 

extracts ftom pituitary intact rats and only two bands with the hypox rat nuclear extracts. This 

seems hard to explain in te- of the footprint pattern in the F2 region, in thaî a strong protein 

interaction was &und. However, these data indicate that there are marked diffaence in DNA- 

protein interaction in the F2 region between hypox and pituitary intact rats. The data f?om the 

F2 oligonucleotide gel SM assay fiuther indicate that some of the nuclear protein interactions 

were GHdependent. Administration of GH to hypox rats reverted the gel retardatioa pattern 

to the normal pattern wÎthin 30 mul The &kt of GH was transient. A reversion to the hypox 

retardation pattern was apparent with the nuclear extmcts h m  hypox rats witfün 1 h after GH 

treatment. These data indicate that some of the nuclear protein interactions in the F2 region 

are GH dependent and that the efEct ofGH is rapid and transient. 

As mentioned before, six nudmtides in the IGFBP-1 promoter fmtprint region F2 are the 

same as that of the IGF-1 gene footp~t region V. Zhu et id reported that an oligonucleotide 

correspondhg to the IGF-1 gene footprint region V Bdu'bited a strong gel shift with the 

nuclear transcription factor Spl, and Spl antibody led to a nipershif€ed band. Mutations in 



region V aboiished Spl binding in gel sbift analyses and also led to gr- reduced 

tmmiptionai actMty (Zhu et ai., 1997). Spl protein is a nuclear transaption Eictor, so 

whether Spl participates in the regdation of IGFBP-1 gene traascription by QI rhrough 

promoter region F2 needs to be M e r  studied. 

The kinetics of the GH eftéds on the IGFBP-1 promoter botprinting pattern were 

performed ushg nuclear proteins smacted fiom lypx rats treated with GH at different times. 

In the F1 region, the change in DNA-protein interaction was hduced within 30 minutes afker 

GH injection, and this aitered nuclear protein bimding aainty persisteci for 3 b In the Fî 

region, DNA-protein interactions wae also modulateci within 30 minutes d e r  GH 

administration, However, this GH response was transie* with the nudear protein interaction 

reverting to the hypox pattern within lh der  GH treatment. These results confïrm previous 

obsewations which showed that IGFBP-1 gene transcription, as measured by nuclear nm-on 

assay, was reduced within 30 min of a single GH injection (Senevirame et ai., 1990). 

Gronowski aiso reportai that the abundance of IGFBP-1 mRNA was diminished to 50% of 

baseline within 30 min d e r  in vivo GH treatrnent (Gronowdci et aL.1995). These r d t s  

indicate that the effixt of GH on IGFBP-1 gene regdation is rapid and transient 

Previous expeximents have demonstrated tbat hepatic qnss ion  of the IGFBP-1 and 

c i r c d a ~ g  IGFBP-1 concentration are reversibly regulated by insulin. In both the human and 

the rat IGFBP-1 gene, a negative inailin response element (RE) has been identified. in the 

human IGFBP- 1 promoter IRE is located between -120 to -96 bp 5' of the rnRNA cap site and 

is 100% conserveci in the rat IGFBP-1 promoter (Goswami et d.,1994). In vitro tranmiption 

studies performed previously in this laboratory demonstrzited that both GH and innilui had 



suppressive effécts on IGFBP-1 promoter CAT activity in hepatoqtes isolated nom pialltary 

intact rats. In con- insulin had no effect on promoter CAT activity in hepatocytes isolated 

5om hypox rats whereas GH resulted in comparable suppression of CAT aaMty in 

hepatocytes fiom both hypox and pituitaq intact nits wu et aLJ996). These obse~ations 

suggest that the suppressive &ect of i d  on IGFBP-1 transrription seerns to be GH- 

dependent or at least these two hormones have some interaction in regulating IGFBP-l gene 

expression. In this expriment, using hepatocytes fiom pituitary intact rats, the r d t s  showed 

that with the nomial IRE construct, IGFBP-1 pmnoter lucihase activity was suppressed by 

insulin to about MO/o of the controi group, but GH bad no efféa. The mutant construct had no 

response to either insulin or GH As mentioned More that the GH reponse eIement(s) may be 

located within the region -824 to -557 bp7 W e r  investigations on the interactions of GH and 

insulin using longer promoter region with mutaut IRE or/and hepatocytes nom hypox rats 

should be perfonned. 

The data fiom CO-transfection of c-fos and c-jun expression vectoa with the IGFBP-1 

reporter plamiid indicate that AP-I has a wppressive &kt on IGFBP-1 promoter activity. 

Previous experiments demonstrateci that the nuc1ear transcripts of c-fos, one of the components 

. . 
OP AP- 1, is rapidly induceci by GH administration within 15 minutes (Gronowski et al, 1995). 

Multiple GH repue as-elements in the c-fos promoter have been identifid (Chen et 

al., 1995). Gronowski et al reported that cycloheximide (Cm, a protein synthesis inhibitor, 

suppressed GH-stimuhted AP-1 DNA b'iding activity, but did not alter the hormone-activated 

JAK-Stat pathway or block GH-induable expression of the IGF-1 and Spi 2.1 genes. In 

contrast, IGFBP-1 mRNA was superinduced by CHX treatment. These observations suggest 



that the symhesis of a new protein may play a role in mediating the inhibitocy &ect of GH on 

IGFBP-1 mRNA accumhtion Ushg in vitro tmdktion studies, we found that 

overproduction of c-hs or c-jun proteins markedy aippnssed the IGFBP-1 promoter CAT 

activity. Most inVestigators codered that the IGFBP-1 promoter region -308 to -302 bp 

upstrearn of tnuiscription start site is AP-1 bh&g site, in which the sequence is TGAGTTG. 

Five neucleotides in that region are identicai to the AP-1 consensus Sequence TGAGTCA (Suh 

et al., 1996). But the data h m  cotransf.ection sbidies showed that coastruct -277CAT stüi 

confemed the c-fos inhibitory &ect. DN-1 protection analysis offkgment -557 to -277 bp 

did not reveal a protected region in the site o f  -308 to -302 bp. Furthemore, Suh et al reported 

that mutation of the sequence nom -308 to -302 bp did not aneCt IGFBP-1 promoter actMty 

(Suh et d., 1996). This evidence indicates that AP-1 has a negative &kt on IGFBP-1 gene 

transcription, but whether AP-1 mediates the suppressin effect of= on IGFBP-I is stiü not 

ciear. 

In summary, the observations in this study demonstrate that the sequence nom -788 to -748 

bp and fiom -670 to -630 bp may represent the GH response cis-elements in the rat IGFBP-1 

promoter, 



VII. TABLES 

Table 1. Sequence of footprints 

Sequence 

5'-TTCTGAAGmCCTTCTCAATAT 

AAAAAGAATGAAAAAAACAA 

5'-CTGGGGACATAGGAGmAmCA 

TAGACCGGGGGGGGGGGG 

S'OAGGTATATAACTGTTTCTTTTGGAATGGGG 

T G A A C A A T G A T G  

5'-CTCCCCCATC 

5 '-CCTTTTGATTTCTCCCTGAAC 



Table 2. Response to GH 

Footprint Dinereuce Between Pituitary CH Response 

Region Intact and Hypox Rats 

No 

Yes 

Yes 

Yes - 

No 

Yes 

Yes 

Yes 

No 

Yes 



X. FIGURES 

Figure 1. DNase-l protection analysis of IGFBP-1 promoter region -824 to -557 bp 

Two livers were pooled to prepare nuclear extracts in each group. Labeled DNA 

fragments (10,000cpm) were incubated with DNase-1 alone or with both nuclear extracts 

and DNase-1. Nucleotide positions, 5' to the IGFBP-1 promoter transcription start site 

are rnarked to the le& of each panel. The autoradiograph was exposed ovemight at -70°C 

with intensifjing screens. 

Footprints of coding (panel A) and non-coding strands (Panel B and C) of fiagrnent - 
824 to -557 bp are pnsented. Two regions, F1 (-670 to -630 bp) and F2 (-788 to -758 

bp), are noted, The pattern in region F1 is identical between nuclear extracts nom sham- 

operated rats and hypox rats. However, a change in the pattern is apparent with the 

nuclear extracts from GH treated hypox rats. This change is induced within 0.5 h of GH 

administration at a dose of 10 mgllOOg BW and persists for 3 h, but 12 h Iater the pattem 

reverts to the hypox pattern. The footprint pattem in region F2 is different between sham- 

operated rats and hypox rats and an acute response to GH is apparent, in that a reversion 

to the normal pattem is also induced within 0.5 h of administration of GH at a dose of 50 

mg/100 BW to hypox rats. This effect of GH on F2 is transient, since the footprint pattem 

reverts to the hypox pattern within 1 h d e r  GH treatrnent. 









Figure 2. DNase -1 protection aaalysis of IGFBP-1 promoter region -557 to -277 bp 

Two livers wne pooled to prepare nuclear extracts in each group. End-labeled DNA 

fkagments (10,000cpm) were incubated with DNase-1 alone or with both nuclear extracts 

and DNase-1. Nucleotide positions, 5' to the IGFBP-1 gene transcription start site are 

marked to the left of each panel. The autoradiograph was exposed ovemight at -80° C 

with intensmg screeas. 

Footprints of codiig (Paael A) and non-coding strands (Panel B) of fiagment -557 to - 
277 bp are presented. One footprinted region, F3 (477 to -437 bp), is noted. The 

footprint pattem in F3 is different between sham-operated rats and hypox rats and an 

acute response to GH is apparent, in that a reversion to the normal pattern is induceci by 

GH administration within 0.5 h at a dose of 50 pg/100g BW. 







Figure 3. DNase-1 protection analysis of LGFBP-1 promoter region -277 to -81 bp 

Footprint of the coding strand @and A) of the hgment -277 to 81 bp. Two f o o t p ~ t  

regions, F4 (-245 to -235 bp) and F5 (-277 to -258 bp), are apparent. The footprint 

pattern of region F4 is dinaent between sham-operated rats and hypox rats but is not 

afEected by administration of GH to hypox rats, in that the footp~ting pattern is identical 

between hypox rats and hypox rats treated with GH Region F5 show a footprint only in 

nuclear extracts fiom GH treated hypox rats. The effect of GH on F5 is apparent by 1 h of 

GH treatment and persists for 12 h+ There is no f o o t p ~ t  observed in region FS with the 

nuclear extracts nom sham-operated rats and hypox rats. Panel B is the footprint of the 

non-coding strand of the fiagrnent -277 to -81 bp. The sequence fiom -277 to -237 bp, 

within which footprnting region F4 and FS were located, was not separated clearly on the 

top of the gel. 







Fig 4. Restriction enzyme map of rat IGFBP- 1 promoter -1627 CAT plasmid and IGFBP- 
1 promoter fragment -1627 to +148 bp. 



IGFBP-I promoter -1627KAT 

A. -------1 CAT I 

v -1 CAT 1 

Fig 5. Three deletion const~cts B, C and D. 

Plasmid A is the basic IGFBP-1 promoter CAT construa used in these experiments. 

Construct B, C and D are deletion mutants in which fiagrnent -824 to -557 bp, -557 to - 
320 bp, and -277 to -81 bp were deleted, respectively. 



Fig 6. Procedure used for construction of -824 to -557 bp deletion mutant and -557 to - 
320 bp deletion mutant 

The IGFBP-1 promoter -1627 bp CAT plamid was digested with restriction enzyme 

NheI (-824 bp) and CvnI (-320 bp). The fiagrnent co&sponding to nucleotides -824 to - - 
320 bp and the remaining iinear vector were separateci and isolated by electrophoresis in a 

0.8% agarose gel. Fragment -824 to -320 bp was nirther digested with enzyme AvaII (- 

557 bp). Two fkagments, -824 to -557 bp and -557 to -320 bp, were produced. After 

separation and isolation by electrophoresis in 2% agarose, these o ~ ,  fhgments were 

religated to the above deleted vector. After transformation and preparation of plasmid 

DNA, positive constructs were sele& by digestion of plasmid DNA with restriction 

enzymes EcoRl and Bgll 1IStu 1. 



Digest with Miel/Cvnl and separate on agarose gel. 

1 Digest with AvaiI and separate on agarose gel. 

These two fragments were inserted back separately into the linear vector, in which 

fragment -824 to -320 bp had been deleted. 

Construct B was developed by ligation of fragment -5571-320 with the linear vector. 

Constmct C was developed by ligation of fragment -8241-557 with the linear vector. 



Fig 7. Procedure used for construction of -277 to -8 1 bp deletioa mutant. 

Since there are two B a a l  c d g  sites in the IGFBP-1 promoter -1627 CAT 

plasmicl, to delete fiagrnent -277 ( Stul ) to -81( B a d 1  )bp, this vector was first partially 

digested with the enzyme BamH1. Linear plasmids were isolated and then digested with 

Shi 1. The ünear vector, in which the 196 bp of fiagrnent -277 to -8 1 was deleted, was 

separated and isolated by electrophoresis in a 0.8% agarose gel- After ligation, 

transformation and preparation of plasmid DNA, positive commas were selected by the 

enzyme EcoRl or BgI 1 l/BamKl. 



Piasrnid DNA was partially digested with BamHl and hear vectors were isolated by 

electrophoresis in a 0.8% agarose gel. 

-L 
Linear vectors were digested by Stul. The h e u  vector, in which 196 bp of fiagrnent - 
277(Stul) to -8 l(BamH) bp was deleted, was separated aud isolated in a 0.8% agarose 

gel. 

4 
This Eragment deleted linear vector was religated. 



Fig 8. Locdization of GH response element(s) in the IGFBP-1 promoter by deletion 

Panel A. Three intemal deletion constnicts are presented where intemal fkagments were 

deleted from the LGFBP-1 promoter CAT plasnid containhg 1627 bp of the 5' flanking 

DNA of the IGFBP-1 gene. 

Panel B. 3.5 pg of each plasmid was transiently vansfected into hepatocytes isolated f?om 

normal rats. Glycerol shock was perfonned 6 hours post-transfection, then demethasone 

and human pituitary GH, at a final concentration of 1o07 M and 0.5 pglml respectively, 

were added to the culture medium CAT actMty was measured 30 hours after transfîêction 

as described in Materials and Methods. The data represent the mean I SEM relative to 

CAT activity for separate hepatocyte cultures âom 4-6 animais for each of the plasmids as 

indicated. The suppressive effect of GH on IGFBP-1 promoter CAT activity was lost 

when the fiagrnent -824 to -557 bp was deleted. * indicates P < 0.05 for the di&rence 

from the basal untreated hepatocyte culture. 





Figure 9. Eff- of in vivo GH admlliistratiou on the electrophoretic mobility of a double 

strand oligonucleotide correspondiig to the sequence of region FI. 

Hepatic nuclear extracts fiom pituitay intact, &am-operateci rats, hypox rats and hypox 

rats treated with GH 30 and 60 minutes prior to dath, were incubated with the 

radiolabeled oligonucleotide probe and the DNA-protein complexes were resolved by 

native polyacrytamide pl elearophoresis. An arrow indicates the retarded band induced 

by administration of GH to hypox rats. 



Figure 10. Effect of in vivo GH administration on the electrophoretic mobility ofa double 

strand oligonudeotide conesponding to the sequence of region F2. 

Hepatic nuciear extracts from pmiitary intact, sham-operated rats, hypox rats and hypox 

rats treated with GH 30 and 60 minutes prior to death were incubated with the 

radiolabeled oligonucleotide probe and the DNA-proteh complexes were resolved by 

native polyacryIamide gel electrophoresis. Arrows indicate the retarded band induced by 

administration of GEi to hypox rats. 





Figure 11. The relationship between GH and insulin on IGFBP-1 promoter luciferase 

activity 

Two plasmids were used in this experïment. The IGFBP-VLucifierase vector contains 

the S a W g a I  hgment of the rat IGFBP-1 promoter which extends -360 bp upstream 

fiom the transcription initiation site. This fiagrnent contains the native IGFBP-1 IRE with 

its nvo insulin response sequences (AACGCAAAAACAAACTTAmGAACA) and it 

is inserted immediatly upstream nom the luciferase gene in the pGL2 vector nom 

Promega. The other one is a mutant vector wbich contains mutations of both halves of the 

IRE insulin response sequences (AACGCAccgacgcCcaggccTGAACA) and it dose not 

respond to insulin Both plasmids were transiently transfected into pnmary hepatocytes 

isolated tiom pituitary intact rats. Glycerol shock was performed 6 h after transfection. 

GH (0.5 pglml) and insulm (104 M) were administrated 6 h before harvesting the ceils for 

a luciferase activity assay. The data represent the mean f SEM relative luciferase activity 

for separate hepatocyte cultures fiom 5 animals. The level of luciferase activity is 

expressed as a percentage of the level obtained with -360 IGFBP-l Auciferase plasmid 

alone. * indicates P < 0.05 for the difference nom the basal untreated hepatocyte cultures. 
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Figure 12. The effects of AP-1 on IGFBP-I promoter activity 

Primary hepatocytes were isolated from pituitary intact rats. The IGFBP-1 KAT 

reporter plasmid was CO-transfected with the c-€os or c-jun expression vecton. 

Panel A. Hepatocytes were transfected with varying amounts of c-fos expression vector 

together with either the -1627 IGFBP-I/CAT plamid or the pCHllO P-galactosidase 

plasmid. CAT activity and P-galactosidase activicy were measured and expressed as a 

percentage of the basal levels observed in cultures not transfected with the c-fos 

expression vector. Co-expression of c-fos had no effect on f3-galactosidase activity but 

suppressed CAT activity. 

Panel B. The -1627 IGFBP-KAT reporter plasmid was transfeaed either alone or 

together with 0.5 pg of &os, c-jun or c-fos and c-jun expression vector together. The 

data represent the mean f SEM relative to CAT activity for separate hepatocyte cultures 

Eom 3-7 animals. The level of CAT activity is expressed as a percentage of the Level 

obtained with IGFBP-KAT plasmid alone. For cornparison, the effea of the addition of 

GH is dso shown. * indicates P < 0.05 for the difference fiom basal levels with the 

transfection of IGFBP-1 CAT plasnid alone. 
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Figure 13. Locaiization of the AP-1 binding site on IGFBP-1 promoter 

Panel A: Two deletion constmcts are presented. Construct B contains IGFBP-1 5'- 

flanking region -277/+184 bp inserted in CAT reporter plasmid. Construct C contains 

IGFBP-1 5'-flanking region -1627/+184 bp inserted in CAT reporter plasmid with the 

fragment -277 to -8 1 has been deleted. 

Panel B: 3 pg of each c o n m a  plasmid and 0.5 pg of c-fos expression vector were CO- 

transfected into hepatocytes isolated nom no& rats. Glycerai shock were perfomed 6 

hours post-tramfection. CAT a- were measured 30 hours aAer transfection. The data 

represent the mean h SEM relative CAT activity for separate hepatocyte cultures fiom 4-8 

animais for each of the plasmid as indicated. * indicates P < 0.05 for the difference nom 

the IGFBP-1 CAT plasmid transfection alone hepatocyte dtures. - * 
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