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AB S TRACT

Insulin-like growth factor-I (IGF-I) plays an irnportant role

ín prornoting gro\,¡th. IcF-I is bound to insulin-Like growth factor

bindinq proteins (IGFBPs) in the circulation and tissue fluids, and

the actions of IGF-I are believed to be modulated by IGFBPS. Both

IGF-I and IcFBPs are regul-ated by hornones and nutrition. Poor

gror,Jth and decreased expression of IGF-I in growth hormone (GH)

deficiency are r^/eI1 docurnented. clucocorticoid excess and diabetes

are associated with retarded growth but the mechanisrns ínvolved are

poorly understood. In this thesis, I have examined the expression

of genes encoding IGF-I and IGFBPs in three anirnaL nodels:

hypophysectomi z ed (hypox) rat, glucocorticoid trêated rat and

diabetic rat. rn al-l- of the three animal rnodels, impaired growth

is a comrnon phenomenon but is attributable t.o the disturbance of

different hormones in each ¡nodeL. I tested the hypothesis that the

perturbation of both IcF-f and IGFBP gene expression nay contribute

to the stunted growth in these animals, Serun fcF-I and IGFBPs

were neasured by radio immunoassay, innunobJ.otting or ligand

blotting methods. IGF-I, IGFBP-1-, -2, -3 and -4 nRNA abundance was

deter¡nined by Northern analysis or slot blot analysis, and the

transcriptionaf rate of IGFBP-1 was deterrnined by nuclear run-off
assay.

In hypox rats, hepatic IGFBP-1 nRNA level and transcription
rate q¡ere elevated 4 to 5-fo1d compared to sham-operated pituitary-

aÌ



intact rats. After a single injection of GH (100 pg/LOO g body

weight) , the hepatic IGFBP-1 transcription rate in hypox rats was

reduced within 30 min to the Ievel-s seen in the sham-opèrated

control rats. Sj.nilarly, hepatic fGFBP-1 nRNÀ abundance was

reduced after acute GH injection.

In hypox rats, acute administration of a gLucocorticoid,

dexan'ìethasone (DXM), inhibited GH induction of serun IGF-I and IGF-

T nRNA abundance in a dose-dependent manner in rnultiple tissues

including liver and tibia. Injection of DXM at hÍgher doses

acutely reduced steady state IGF-I nRNA abundance in multipJ-e

tissues in pituitary- intact rats. rn addition, dose-dependent

increases in hepatic IGFBP-l- and -3 nRNA abundance, and seru¡n

IGFBP-3 levels h¡ere seen in p ituitary- intact rats after the

adrninistration of DXM. When DXM was adrninistrated daily for 6 days

to pituitary- intact rats, body weight gain and hepatic and tibial

IGF-I nRNA abundance were significantly reduced, whereas hepatic

IGFBP-l-, -3 nRNA and serum IGFBP-1 and -3 levels were significantly

increased.

In streptozotocin (STZ)-induced diabetic rats, IGF-I mRNA

abundance was reduced in various tj-ssues including liver, kidney,

Iung, diaphragm, quadriceps, heart, and adipose tissue. As earl-y

as 7 days after STz administration there v¡as a rnodest reduction

(10-302) in IGF-I nRNA abundance in the tissues exarnined. À

furLher reduetion in IGF-I nRNÀ abundance was seen in nany tissues,

r -I.l



32 and gL days after STz administration' In contrast to the

decrease in IGF-r nRNA, the IGFBP-1 mRNA levels were significantly

increased in the l-iver and kidney of diabetic rats. Treatnent of

diabetic rats with insul-in for 1 r,/eek resulted in a significant

decrease in renal IGFBP-L nRNA abundance. In spontaneousfy

diabetic rats, signifì-cant increases in the a¡nount of hepatíc

IGFBP-L and -2 nRNA were seen 1 month and 3 nonths after the onset

of diabetes. Intensive insul-i.n treatment for 3 weeks norrnalized

the arnount of hepatic IGFBP-1 nRNA in diabetic rats and resuLted in

a decrease in hepatic IGFBP-2 nRNA. Tn contrast to the increase in

IGFBP-l- and -2 nRNA, a significant decrease in hepatic IGFBP-3 nRNA

and serum IGFBP-3 v/as seen in diabetic rats. Intensive insulin

treatnent for 3 \deeks did not restore the IGFBP-3 nRNA level- in

diabetic rats.

The findings ârè consistent with the hypothesis that

inhibition of IGF-I gene expression together with reduced IGF-I

action due to the perturbation of expression of IGFBP genes tnay

contribute to the growth retardation seen in GH deficiency,

glucocorticoj.d excess and diabetes. The information obtained fron

the studies described in this thesis is useful for further

developing additj-onal experiments ained at elucj.dating the

nofecular mechanisrns invotved in regulation of IcF-I and IGFBPs in

cH deficiency, glucocorticoid excess and diabetes. The

understanding of these nechanisms may lead to ner,/ therapeutic

approaches, with the hope of improved growth in children with these

1V



disorders.
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Chapter 1. Revie\.¡ of the Literature

1.1 lnsuLin-like growth factor-I

1. 1. 1 Historical perspective

The insufin-tike growth factors (IcFs) were discovered by

three different lines of research. In 1-957, Sa1mon and Daughaday

(l-957) reported an important observation. They found that the GH-

inducible factor in serum r,/as able to stimulate the incorporation

of ¡35s¡ sulphate into incubated cartilage. The serum of hypox rat

lacked this suJ"phation factor or 'rsulphation activity".

Adninistration of cH to hypophysectomi zed (hypox) rats restored the

serum sulphation activity despite GH itsetf having no direct effect

on incorporation of ¡35s¡ sulphate into cartilage, The nornal rat

serun also contained such sulphation activity, The serum

containing this cH-dependent sulphation factor al-so stirnulated the

incorporation of thynidine into DNA (Daughaday & Reeder, 1966) and

proline into the hydroxyproline of collagen (Daughaday & Mariz,

7962). The name rrsulphation activity" was subsequently changed to

'tsomatomedin" to designate these GH-dependent gro\,Jth factors in

serum (Daughaday et al ,, L972').

By using different bioassays for identification of somatonêdin

and using different purification procedures/ three different



sornatomedins were purified, The purified neutral polypeptide,

which stimul-ated the sulphate incorporation into chick cartilage,

was designated somatomedin A (Uthne, 7973; Sievertsson et aL,,

L975) , Using the same purification procedure, a second

polypeptide, r,rhich was cH-dependent and with a more acidic

isoelectric point, was purified, It was designated sornatornedin B

(Uthnel-, !973; Sievertsson et af ., I975). Another group of

researchers identified a factor, which was responsible for

stimulation of sulphate uptake and thymidine incorporation by rat

cartilage, and called it somatomedin C. This polypeptide is GH-

dependent and has a basic isoelectric point (Van Wyk et af,, 7974).

Independently, Froesch et a7. (1963) observed that serum

insulin-like effects are much greater than would be expected on the

basis of the insulin content of serum. Furthermore, most of the

insulin effects of serum rvere not neutralized by the use of anti-

insulin serum. This insulin-Iike activity was ter¡ned

rrnonsuppress ible insulin-like activity" or rrNSILArr, During the

purificatíon procedure of NSILA, two kinds of NSILA were found.

NSILA-S wâs present in the supernatant and NSILA-P was present in

the precipitate after an acid-ethanol extraction. NSII-,A-P was

shown to be less stabLe than NSILA-S and difficult to purify

further, In 1976, two related poJ.ypeptides having insulin-like

effects and ceLL-grorvth pronoting effects in vitro were purified

fron NSILA-S by Rinderknecht and Hunbel (1976a) . They caIIed these

two polypeptides NSILA-I and NSILA-II, which are different in



moLecuLar weight and amino acid composition' After amino acid

sequences of the N-terminaL of NSILA-I .and IT were deternined, a

striking structural similarity was found between NSILA and the

insulin B chain. They renamed NSILA-I and fI IGF-I and IGF-II

(Rinderknecht & Humbel, L976b),

The third Line of investigation h¡as conducted by Pierson &

Ternin (eierson & Tenin L972). In 1972, they extracted a growth

prornoting activity fron serun, which they named rnult ipt ication-

stimulating activity (MSA) . This activity was found to be abLe to

stinulate DNA synthesis and cell division in chicken embryo

f ibrobl-asts/ and had non-suppress ible insulin-tike activity. In

l-973, Dul-ak and Temin (1973) found that Buffalo rat liver cells

(BRL-34) secrete MSA into the culture rnediurn and these conditioned

rnedia supported growth in chick embryo f ibrobl-asts. Later MSA was

shown to have functional sirnilarities to insulin and somatomedin

(srnith & Tenin, 1,974). In 1980, Moses et aJ. (L980) reported that

MSA v/as present at higher fevel in fetal rat sera conpared to

maternal sera, and gradually declined after bírth, suggesting that

MSA may function as a gror^/th factor in the fetal rat.

It became apparent that most of the activities that have been

described by various nanes (sonatomedin A¡ somatomedin c, fcF-I,

IGF-II, MSA) represented t!./o different peptj.des: IGF-I and IGF-II.

Analysis of amino acid sequence of somatonedin C purified by Van

I^¡yk reveafed that it is identical to IGF-I purified by Rinderknecht



(Klapper et af ., 1983). Somatomedin A appeared to be a deaminated

form of IGF-I (Enberg et a7., L984). MSA was denonstrated to be

the rat honologue of hunan lcF-rr, differing in only five amino

acid residues (Marquardt et a1.., LgaL). It was renamed rat IGF-II.

The prirnary structure of somatomedin B was determined and showed

that sornatonedin B is a protease inhibitor unrelated to somatomedin

(Fryklunk et af ,, L978). fn 1987, the terrns IGF-I and IGF-II $/ere

recomnended to avoid confusion in nornencl-ature (Daughaday et a.7..,

7eB7 ) ,

1. 1.2 Protein structuxe

IGF-I is a single chain, basic polypeptj-de of 70 anino acids

with three intrachain disutphide bridges. The cafculated molecular

weight is 7 t649. IGF-II is a singfe chain, slightly acidic
polypeptide cross-linked by three intrachain disulphide bonds

consisting of 67 amino acids, v¡ith a calculated mol-ecular weight of

7,471- (HuÌnbel l-984). These two peptides have about 702 identity in

their amino acid sequences/ and the homol-ogy in B, C, A, and D

domains are 762, 382, 772 and 8OU, respectively. Also they are

related closely to proinsulin in structure sharing at least 60å

sequence homology (Rinderknecht & HumbeI L978). The honoLogy

betleen human IGF-I¡ IcF-Ir and proinsulin in each domain Ís shown

in Tabl-e 1-1. Similar to proinsulin, the IGFS contain an amino-

terminal B domain and an A dornain that are separated by a short

eonnecting C domain. In the A and B dornains, the hornology between



Table 1-1. gomology between IGF-I, IGF-fI ancl proinsulin in

varj.ous clomains. N - no homology,

DOMÀI NS

BCÀD

rcF-r/rcF-rT 762 382 772 80å
IcF-I/Proinsulin 482 N 522
IcF-rr/Proinsulin 4Oz N 572



TGFS and insulin is approxirnately 45U, The C donains of IGF-I and

TcF-ff are \2 and I a¡nino acids respectively, being shorter and not

honol-ogous with the C domain of proinsulin, In contrast to
proinsulin, there is no evidence that the IGFs undergo cleavage to

release a c-peptide. AIso unl-ike proinsulin, the IGFs contain an

additional D-dornain which extends from the c-terminal, The D-

domain is I and 6 amino acids j.n length for fcF-f and IGF-If,

respectively. Amino acid sequences derived fron the nucleotide

sequences indicate that both IcF-I and IGF-II protein precursors

contain E-domains at the carboxyl termini. In the rat, IGF-II E-

domain is 89 amino acids, Two different IcF-I E-domains which

arose by alternate RNA splicing v/ere identified ín the rat. IGF-IA

propeptide contains 35 amino acids in E-domain while IcF-IB

propeptide contains 4l- anino acids in E-domain. They share the

same amino acid sequence of 16 a¡nino acids in N-terminus of E-

donain but are different in other a¡nino acids in c-ter¡ninus, The

cornputer-aided ¡nodel1j.ng analysj.s of the IcFs suggests that. the

IcFs and proinsulin have sirnilar three-d imens iona I structures

(Blundell & Hunbef t L980; Blundell et aL., 1983). Another ¡nember of

insulin-like gror,/th factor family is rel,axin which is a polypeptide

hormone from the corpus luteum and is responsible for dj.lation of

the symphysis pubis prior to parturition. Relaxin has A and B

chains linked by disulphide bridges. The similarity in the

tertiary structure of insulin and relaxin was suggested by modêL

building, although they have low (20%) sequence hornology (B]undelL

& Humbel, 1980).



Mature IGF-I is hiqhly conserved in different species (Fig. l--

1). Bovine, porcine and hunan IGF-I are identical, whereas rat and

nouse IGF-I differ from human by three and four amino acid

residues, respectively. only one amino acid residue difference Ís

seen betr¿een rat and mouse IGF-I. chicken and xenopus IGF-I differ

frorn hurnan IGF-I by I and 11 amino acid residues. IGF-II is also

highly conserved, but shows somewhat greater variability \,/ith the

coding sequence of the nature peptide. Bovine, rat and nouse IGF-

II differ from human fGF-II at positions B32t C35/ and c36. fn

addition, rat and mouse IGF-II substitute glycine for serine at

position 22, and nouse fcF-II also substitutes arginine and serine

for gtycine at position 3 and 5, respectively (Rechler & Nissley

1-989). Remarkâble conservation of sequence and structure of IGFS

in several species indicates that there have been strong

constraints inhi.bitinq evolutionary divergence of these proteins

(Daughaday & Rotwein, l-989 ) .

Variant forms of both IGF-I and IGF-II have been identified.

A truncated form of IGF-I \,/hich lacks the first three residues at

N-terminus has been isoLated ( car I sson-Skwirut et 4]., 1986; Sara

et aL., L986) and this amino-terrninus truncation presumably results

fron post-trans lat iona I ¡nodification of profGF-I or of mature IGF-

I. Variants of IGF-II have also been identified. These variants

contain either a tetrapeptide substitution at ser-29 or a

tripeptide substitution at ser-33 and a 2l--amino acid residue

extension peptide at carboxyl-terminus (Zumstein et aL./ L985). A
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variant form of IGF-II lacking an N-terminal alanine has been

identified and it comprises approxirnateJ-y 252 of the IGF-II in

human plasma (Rinderknecht & Humbel, 1978), Since ny project is

related to IGF-I and IGFBPs, in the following sections I will

concentrate on IGF-I and IGFBPs rather than IGF-fI.

Analysis of rnutant IcF nol-ecules generated by ìn vitro

nutagenesis and chemical synthesis has determined the role of

varj-ous parts of IGF structure, The B donain of IGF-I is required

for IGFBP binding. De Vroede et aL, (L985) reported that insul-in-

IGF hyl:rid molecules containing the B dornain of IGF-I \^/ere

recognized by binding proteins, A truncated form of IGF-I

nol-ecuLes tacking the N-ter¡ninaJ" tripeptide of the B domain has a

markedly reduced affinity for binding proteins (Szabo et a7.,

1988). Four-point mutations (cln3, Ala4, Tyr15, Leu16) in B domain

of IGF-I reduced the affinity for binding proteins 600-f ol-d (Bayne

et a7./ 1988), Sone amino acids in B, C, and A domain of IGF-T are

inportant for naintaining high-affinity binding to the IcF-I

receptor. The mutants of IGF-I altered ât Tyr24 decreased the

affinity for the IGF-I receptor (Cascieri et a-l ./ 1988a; Bayne et

a7., L99o). Bayne et al.. (f989; L990) found that the replacement

of the c domaj.n of IGF-I with four glycine bridge or single point

rnutatÍon at Tyr31 in C domain decreased the affinity for IGF-I

receptor. Tyr60 replaced t¡ith Leu in A domain resul-ted in 2O-fold

loss in affinity for IGF-I receptor (Bayne et aL,, f99O). Several

regj"ons of A domain of IGF-I are involved in recognition to the



IcF-II receptor. The nutant of IGF-I changed in Thr49, Sers0,

Il-e51 has at least 2o-fold lov¡er affinity for the IGF-II receptor,

but has no effect on affinity for IGF-I receptor (Cascieri et a7,,

l-989) . Mutâtion at Tyr6o resulted in the loss of affinity with

IGF-ff receptor (Bayne et af., L990).

1.1.3 Gene anal nRNA structure

The human, ovine, rat, and chicken IGF-I genes have been

characterized (Rotwein et a-2., 1986ì Shinatsu & Rotwein, 7987aì

Dickson et af ., r99Iì Kajinoto & Rotwein, 199f), The rat. IGF-I

gene is a single copy gene and is very large, extending over at

Least 70 kb (Shinatsu & Rotwein, L987a). It consists of at least

sj.x exons ( Shimatsu & RotweÍn, L987a; Bucci et af., L989). Parts

of exon 3 and exon 4 encode the 70 arnino acid nature peptide. Exon

1 and 2 encode the 5' untranslated region, and each contain

transcription initiation sites, with either exon I or exon 2 being

spliced to exon 3. Exon 5 and 6 encode the E domain and exon 6

contains the particularly long 3'-untranslated region. The

processing of the primary IGF-I gene transcrj.pt in the rat appears

to be complicated. Alternative nRNA splicing occurs at both 5/ and

3' ends of the gene, and there are at l-east 5 functional

polyadenyìation sites at the 3/ end of exon 6. cDNA clones with

three distinct 5t untranslated regions Ín the rat have been

identified, and designated class A/ Bt and c (Roberts et aL,,

i.987a) " The class B sequence diverges from the cl-ass A sequence 72

10



bp upstream from the ATG at Met-22 of the pre-pro-IGF-I amino acid

sequence, whil-e the class C sequence diverges from the class A and

B sequences 15 bp upstrean of this codon, The cLass c 5l

untranslated region has been identified in the exon l- of rat rGF-r

gene (Shirnatsu & RotvJein 1987a) , while class B 5/ untranslated

region has been l-ocated in the exon 2 in the rat IGF-I gene (Bucci

et aJ.., 1989). Hor,Jever, the class A 5/ untranslated region has not

yet been positioned on the rat IGF-I genomic map, and the sèquence

uníque to class A CDNA was thought recently to be artifactual

(Adano et a7,, L99L). In addition, differential splicing of the

primary IGF-f gene transcript results in either IGF-Ia (exon l-, 3,

4 and 6) or IGF-Ib (exon 1. 3t 4t 5 and 6) which contains a S2-base

insertion after residue 16 of the E dornain. The structure and

expression of the rat fcF-I gene are shor,rn d iagrammat ica I Iy in Fig.

t-2 .

In Northern blot analysis, 3 major groups of rGF-I transcripts

of 0.8-l-.2, L7-2.0 and 7.o-7.5 kb in rat have been detected (Lund

et aL,, J,986; Murphy et af ., L987a), The intermediate forns of 2.6

and 3.9 kb also have been observed. The major size heterogeneity

of IGF-I RNAS occurs at the 3/ end (Lund et al ., 1-989). The 7.0-

7.5 kb IcF-I mRNAs have an unusually Iong 3/ untransl-ated region of

greater than 6 Kb (Lund et a7,, 1989), The class B and C IGF-I

nRNAs and IGF-IA, IGF-IB mRNAs in rat are present in all sizes of

transcripts (Shimatsu & Rotlein 1987b/' Lowe et af ., L987; 1-988).

The 7.0-7,5 kb IGF-I mRNAs have been shown to have shorter half-

L1
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Iives than the smaller IGF-l nRNAs both in vitro and in vivo

studies (Hepler et af .t 1,990). These 7.0-7.5 kb IGF-I mRNAs were

essentialJ-y undetectabLe in polysomal RNA, while only the short.er

species of IcF-I nRNA were found in polysornes, suggesting that some

aspect of the long 3¿ untransfated regíon rnay prevent translation
(Foyt et a7., 1991) .

1.1.4 Regulation of gene expression

Developmental express ion

IGF'-I plays an important role in growth and devefopnent,

especially in the postnatal period, The changes in fGF-I gene

expression during development have been observed by many

investigators. It was demonstrated that IcF-I nRNA is present in

11-day whole rat enbryos, and IGF-f nRNA increased by 9-fold

between day 1,1 and day 13 of gestation. By l-4-l-9 days of gestation,

fcF-I mRNA was detected in several fetal rat tissues, includj.ng

intest ine / stomach, 1ì.ver, lung and brain (Lund et a7., L986, Hoyt

et aL./ 1988). IGF-I mRNA is lor,¡er in fetal and neonatal- rat l-iver

than in adult liver (Lund et af ,, 1986ì Roberts et a7,, 1986; Hoyt

et af ., L988). This is consistant with the low leveÌ of IGF-I in

rat fetal and neonatal serum (Daughaday et a7,, L982). The gene

expression of IGF-I in fetal liver is fess than that in certain
extra-hepatj.c tissues. Liver IcF-I nRNA fevels increase

dra¡natically between birth and adulthood (Lund et ãf . , 1986;

13



Rotwein et al .t L9a7; Beck et aL., l-988; Adano et al,. / 1989), and

the fiver becomes a quantitatively predominant source of IGF-I.

This results in the large postnatal- increase in serurn IGF-I. The

differential expression of IGF-I in extra-hepatic tissues occurs

during development. IGF-I nRNA levels in stomach, intestine and

testis decline, while those in heart and kidney increase (Lund et

a7., t986; Hoyt et af ., L988; Adamo et af .¡ L989).

Serun rGF-I concentrations have been extensively studied in

man, particularÌy in childhood because of the regulatory role of

IGF-I in gro\'rth (Furlanetto et af ., L977, L987; HaIi. et a] ., 7979,

L98O; BaIa et al ., L98Lì Zapf et al-., 198l"; Sibergeld et a7.,

1986) , At birth, the concentration of IGF-I in cord bl-ood is about

half of that in normal adult serum (Bala et aJ-,, L98Lr. Serum IGF-

I concentrations rise progressively during childhood and reach the

level" of normal adults just before puberty (Bala et 4].,. L98l-;

Sibergeld et af ., L9a6). During puberty, 2 to 3-fold rise in serurn

IGF-I concentrations is seen and is be]ieved to be related to the

increase in sex steroíds which occur at this time (Bala et a7.,

l-981; RosenfieLd et a] ./ L9B5; sibergeeJ-d et aL,t !9a6). A gradual

decl-ine of the high pubertal IGF-I concentrations occurs and after

age 25 year serum IGF-I concentrations remain relativeJ.y constant

at adult Ievels untiÌ the age of 60. Thereafter/ there is a

progressive decline in serunr rcF-r levels due to a decrease ín GH

secretion t+ith age (Rudman et âf., 1981; Sara et ãf., L982ì

Cl"emmons & Van-Wyk/ 1984; Florini et al..t L985'i Hammerman. 1987).

I4



Growth hormone

The plasna IGF-I l-evels are dependent on the gronth hornone

status of animals, being Iow in cH-deficient animal-s and elevated

in anirnal-s with GH-secreting pituitary tunours (Clemmons & Van wyk,

L984; Scott et a7., 1985). Administration of GH to hypopituitary
animals results in the increase in plasma IcF-I levels (Furlanetto

et a7., L977; Froesch et a1 ./ L982). Plasma IGF-I and tissue IGF-f

then stinulate longitudinal gro\rth, and as such mediate the gro\,rth

prornoting effect of cH, Although rcF-I is synthesized by rnultiple

tissues (Murphy et af., I9B7at L987bì Robert et af ,/ l-987b), the

Iiver appears to be quantitatively the most irnportant source of

plasma IGF-I (Sch\dander e¿ a7,/ 1983,' D'Ercole eù a-l ., !984; Scott

et af./ 1985). Circufating cH interacts with hepatic cH receptor

and resul-ts in the stimulation of synthesis and secretion of fcF-I.
The effect of cH on IGF-I synthesj"s in liver involves changes in

IGF-I nRNA. The anount of IGF-I mRNA is markedly decreased in l-iver

from hypox rat, and all of the IGF-I rnRNA specÍes were affected.

Adninistration of cH to hypox rat restores hepatic IcF-I nRNA

levels (Roberts et a-2., L9B6; Hynes et af ./ \987; Murphy et al-.,

L987at 1987b). All three sizes of IGF-I nRNA are increased

(Roberts et af .t L986; Murphy et al ., L987a). A time course study

of hepatic IGF-I mRNA accumulation after cH administration showed

that the increase of IGF-I mRNA levels was seen at 1-3 h after cH

and fGF-I mRNA fevefs reached to the maxirnal at 6-12 h. which



paralleled the changes in serum immunoreactive IGF-] (Murphy et

aL., L987a). The increase in hepatic IGF-I nRNA levels after the

GH adninistration rvas demonstrated to be at feast partially due to

the increase in transcription rate of IGF-I gene (Mathews et a7,,

1986,' Johnson et a1.., 1,989). Furthernore, the direct effect of cH

on IcF-I nRNA abundance has been demonstrated on hepatocytes

(Norstedt & MoIIer 1987; Johnson et a1.., 1989). Different species

of IGF-I mRNA differing in their 5/ UTR and in 3, regions are

differentially regulated by cH. fn Iiver, class B transcripts were

increased 6.4-foLd by cH treatrnent, while class c transcripts were

elevated only 2.2-fold (Lowe et af., 1,987), GH treatnent increased

IGF-IB mRNA levels about B-f ol-d, but only increased IGF-IA nRNA

levels 2.4-foId (Lorve et a-2./ 19BB).

The GH reguJ.ation of IcF-I nRNA in extra-hepatic tissues has

afso been reported. Increased IcF-I mRNA Ievel after cH treatment

was observed in a varÍety of tissues including heart, tung, kidney,

spleen, pancreas, muscle, uterus, testis, fat, bone, and pituitary

(Mathews et af., L986; Doglio et a7., L987; Hynes et aL., 1"987 ì

Murphy et af ., I987a; Roberts et al-,, L987; Turner et al-., !988,

Fagin et af ,, L988 | 1,989a; fsgaard et aL., 1988a, L989; Closset et

af ,, 1,989; Mccarthy et af ,, 1989; Gaskins et af ., 1990) .

Furthermore, IcF-I mRNAs are regulated by GH in a tissue-specific
manner. Murphy et aI . (l-987a) reported that the increase in ]GF-I

nRNAs by cH \,r'as most marked in skeletal and cardiac nuscles (9 to

1o-foì-d) and least ¡narked in the brain. In their report, cH

16



induced 4-fold increase in IGF-I mRNAs in the Iiver. The different

effects of various nodes of GH administration on IGF-I mRNA lêvels

have been described. In hypox rats, pul-satil-e cH administration

(which mimics the pattern of cH secretion in male rats) is nore

effective than continuous cH infusion in increasing IcF-I nRNA

Ìeve1s in skeletal muscle and rib growth plate, but not in liver
(Isgaard et af ,/ 1988b) . In a human study, it was shown that smaLl

but frequent i.v. boluses and continuous infusíon of cH are equally

effective in increasing serum IcF-I in cH-deficient patients,

tthereas the same amount of cH given as two Iarge boluses results in

a significantl-y smaller increase in serurn IGF-I (Jorgensen et ai.,

1_990).

Es trogen

In the uterus, estrogen is a more potent stirnulus to fcF-I

mRNA expression compared to cH, Murphy et al-. (l-987d; L988c)

reported that l-7ß-estradiol (E,) increased uterine IGF-I nRNA by 14

to 22-fold in ovariectomized or ovariectomized hypophysectorní z ed

rat (ovx-hypox) , while GH increased uterine IGF-I nRNA only by 4-

fold in ovx-hypox rat. Bonus injection with E2 alone had no

significant effect on hepatic IGF-I gene expression and serun IGF-I

level-s (Murphy & Friesen, 1988c) . It has been reported that E2

treatnent increased the steady state levels of IGF-T nRNA 2- to
2.S-fol-d in bone cell-s r,¡hich might explain the anabolic ef fects of

E2 on bone (Ernst et af.¿ f9a9), The autocrine or paracrine actions
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of IGF-I in bone and other tissues after Ez treatment may play an

important role since estrogen replacernent decreased or did not

change the circulating IGF-I levels in the rat and in

postnenopâusaL wonen (Davrson-hughes et a7., 1986; Bell-antoni et

a7,, f99I). chronic estrogen treatnent resulted j"n a decLine in

serum IcF-r levels and reduces the nagnitude of cH stinulation of

hepatic IGF-I mRNA in the rat (Murphy & Friesen, 1988c) .

Insulin

Circulating IGF-I levels are low in diabetic rats in

association with growth retardation (Maes et a-2., 1983; 1986).

Decreased IcF-I mRNA levels in IÍver, Iung, kidney and uterus have

been found in STZ-induced diabetic rats (Goldstein et af., 7988i

Murphy, 1988c; Fagin et a] ., L9a9yr; Boni-Schnetzler et a7,, 1989).

Reduced fGF-I nRNA levels in multiple tissues suggest that the

growth retardation seen in diabetic rats may be associated with

dininished tissue availability of IGF-I from both endocrine and

autocr ine / paracr ine sources. coldstein et aL, (L988) conpared the

effects of different doses of STZ and found that with higher

dosages of STZ (144 and 288 mg/mg), hepatic fcF-I mRNA levels fell
632 and 882 beIor,J control leveIs. Furthernore, reduction of

hepatic IGF-I mRNA was better correlated with ketonernia than

hyperglycemia (Goldstein et a-L., L988). Interestingty, there is a

recent report that kidney IGF-I nRNA levels increased 50-100U in
postpubertal diabetie r:ats conpared v¡ith postpubertaf controfs 12
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h after STz injection, and feII to approximately 50U of control

l-evels betv¡een day 2 and 7 (Bach et af ., t99L). It has been shown

that exogenous cH was ineffectj-ve in inducing tissue fcF-I nRNA

levels in the presence of diabetes (Fagin et al ./ l-999b), A1so,

estrogen-stimulated uterine IGF-I expression was dininished in

diabetic rats (Murphy, 1-988c) . Insulin treatment of STZ-induced

diabetic rats restored basaI, cH-stinulated and E2-stirflulated IGF-I

nRNA l-eveÌs (Murphy, 1988c; Boni-schnetzl-er et al-., L989, Fagin et

a7., 1989b) , suggesting a perrnissive role for insulin. Acute

injection (L0 U) or chronic infusion (2.4 U/day) with insulj.n

increased hepatic IcF-I mRNA Ievels in normal rats (Salanon et a7,,

1-989) . The direct stimulating effect of insulin on fcF-I nRNA

content was demonstrated in cultured hepatocytes (Johnson et a7.,

l-989). Effect of diabetes on pituitary IGF-I may be dífferent. It
v/as reported that pituitary fcF-I content increased by 692 in STZ-

induced diabetic rats with no change in IGF-I nRNA. Insulin

treatment completely reversed the rise of pituitary IGF-I peptide

content. Elevated TGF-I levels in the pituitary may suppress GH

synthesis and secretion seen in STZ-induced diabetic rats
(olchovsky et af ., L99L) .

other hornones

The glucocorticoid, DXM decreased steady state IGF-I nRNÀ

levels in rat neuronal and glial cells in culture (Adano et a7,,

1988) . ft was shoç¡n that cortisol decreasecì IGF-I nRNA level-s by
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60? in osteoblast cuÌtures vrith 6 hours of treatrnent, and the

concentrations of immunoreactive IcF-I by 50? after 24 hours.

Cortisol also opposed parathyroÍd hormone (PTH)-induction of IGF-I

nRNA ând peptide levels. The inhibitory effect of cortisol on IGF-

I nRNA vJas seen in f ibrob Iast / proosteoblast culture as weIl.

Cortisol- inhibíted the GH-induction of IGF-I nRNA levels in these

ceJ-ls (Mccarthy et a] ., I99o). These effects rnay contributes to

the inhibitory influence of glucocorticoid on bone forrnation.

Acute administration of ovine prolactin (PRL) resulted in an

increase in hepatic IGF-I nRNA and a modest increase in serun IGF-I

(Murphy et af, 1988d) . ovine PRL vras about 50å as potent as ovine

cH. In contrast to this result, it was reported that rat PRI-, did

not increase hepatic IGF-I mRNA (Isgaard et af ., 1988b). Kleinberg

et af. (1990) reported that hPRL increased rat nammary IGF-I nRNA

content but was less potent than hGH.

Acute injection of thyroid hormone to hypox rats slightLy

increased hepatic fcF-I mRNA leveLs, while chronic administration

of thyroid hormone had no effect on hepatic IcF-I InRNA 1eve1s.

Thyroid horrnone treatment prior to cH treatment did not inf l-uence

the effect of cH/ while adrninistration of thyroid horrnone after a

chronic GH treatment decreased IGF-I nRNA l-evel-s. Injection of

thyroid hormone and cH at the same tirne resulted in hepatic IGF-I

nRNA levels greater than those seen after cH âlone (Wolf et a]..,

1989) . Similar effect of potentiation of the GH-lndueed fcF-f
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expression by thyroid hormone in prinary rat hepatocytes was

reported by ToIlet et af. (1990) . Tr i iodothyron ine (T3) stj-nulated

IcF-f mRNA contents in the rat pituitary celJ- line cH3, although it
may be mediated by stinulating endogenous cH secretion (Fagin et

af ,, L9a9a) .

PTH increased IGF-I mRNA abundance and IcF-f leveLs in
cultured osteoblast/ ând as such regul"ated bone growth (Mccarthy et

al ., l-989; l-990) . Follicle-stimulating horrnone (FSH) and

luteinizing hormone (LH) stimulate testicular IGF-I nRNA level-s in
rats r+ithout stimulating an increase in serum IGF-I concentrations

(Closset et a] ., L989) .

Nutritíonal states

Nutritional status play an important rol-e in IGF-f gene

expressÍon. Emler and Schalch (1987) reported that hepatic IGF-I

nRNA ]evels fall to 392 of control in rats after 30 h of fasting.
Refeeding fasted rats resulted in a rnarked rise in major hepatic

IGF-I nRNA transcript (8Kb) by 6 h, and an l-8-fold increase at 30

h. Simil-ar results were reported by Lowe et aL. (1989). Lov/e et

aI . (1989) have also shown that the response of fcF-T nRNA levels

to fasting \,ras quantitatively different in different tissues. The

lower levels of fcF-I mRNA in starvation are consistent with the

effect of fasting on circulating IcF-I leveIs (clennons et a7.,

1-981-; Emier & schalch, 1-987), The nofecufar Ìnechanisns for



regulation of hepatic IGF-I mRNA by fasting were reported to be at

transcriptional as well as post-transcr ipt iona I levels (Straus &

Takemoto, 1990) . Decreased hepatic GH receptor nRNA l-eveIs in

fasting rats v¡ere described (Bornfeld et af., L989; straus &

Takenoto, L99o) which may contribute to the hepatic GH resist.ance

seen in fasting rats. In the rat, maternal- fasting caused a

decrease in fetal hepatic IGF-I mRNA levels and the fetal growth

retardation (Straus et aJ-,, 199la).

Dietary protein also effects the IcF-I gene expression.

Neonatal- or young rats fed !./ith prote in-restr i cted diets had

decreased IGF-I mRNA levels in Iiver and skeletal muscl-e (Bornfeldt

et a7,, 1-989; Moats-staats et af ,, L9a9; VandeHaar et a7,, !99o),

and a decreâsed serum IGF-I concentrations (Prewitt et aL,, L982';

VandeHaar et al . / 1990) .

Tissue regeneration

Jennische et a] . (1987) reported that ischenic danage to a

skel-etaI muscle in rats resulted in an increase in imrnunoreactive

IcF-I in skeletal rnuscle. Increased IGF-I nìRNA leveIs in the

damaged muscLe rvas denonstrated by Ed\,JaI1 et al-, (1989). Following

unilateral nephrectomy/ hypertrophy of the remaining kidney occurs.

Increases in both IGF-I content and IGF-f mRNA levels in rernaining

kidney v¡ere observed (Stiles et af .t I985j Fagin & MeÌned, L987).

However, another ínvestigator reported no inereases in kidney IGF-J
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nRNA levels following unilateral

After partial hepatectomy, no

regenerating Iiver v¡as observed

x. 1.5 Biological actions

In vivo

l-. lnsulin-f ike gro!.Jth action

nephrectorny (Lajara et aL., l9a9).

change in IGF-I nRNA leve1s in
(Norstedt et al-,, 1988).

Some earlier experiments by Froesch et a-2. (1966) and oelz e¿

al . (L970) demonstrated that non-suppress ib le insulin-like activity
containing IcF-I and II Ìowered the blood sugar and stirnulated

glycogen and lipid synthesis in rats when injected intravenously.

Sinilar results were obtained by intravenous bolus injections of

pure IGF-I in rat: the blood sugar was decreased with a nadir

between l5-30 nin¿ the disappearance of U-['1C] g]ucose fron serum

r^¡as enhanced, UIr4c] gJ.ucose incorporation into diaphragm glycogen

was íncreased (Zapf et af.t f9S6). In a human study, both insulin
and IGF-I induced hypoglycaemic responses, but on a molar basis

IGF-I was only 6? as potent as insulin in this regard (cu]er e¿

ãf., L987), The hypoglycaemic response after intravenous IGF-I

injection was demonstrable only with large amounts of IGF-I that
override the binding capacity of the binding proteins (Zapf et a7, I

l-986; Guler et af ,, 1987).



2. cro\rth-promot ing action

The stirnutating effect of IGF-I on animal grov/th was

denonstrated at an earlier tine v¡ith IGF-I preparations purified

froTn humân serum. The IGF-I preparation was able to increase body

length and vreight in p itu itary-def ic ient Snefl dwarf Tnice (Buul-

Offers et af., L979) , similar stimulating effects of fGF-I

preparation on body gronth were reported in hypox rats (schoenle et

ã7,, 1982) . RusselI and Spencer (1985) found that tibial

epiphyseal width increased after the injection of IcF-I directly

into the grovrth plates of hypopituitory rats. The avail-ability of

J.arge quantities of recombinant IcF-f facilitated such studies and

confirmed the earJ.y findings. subcutaneous infusions of

recombj.nant IcF-I stimulate the growth of hypox rat (Skottner et

â7., l-987 /' culer et aL., 1988), neonatal rat (PhiIlips et aJ..,

1-988), growing postweaning normal rat (Hizuka et a-2./ 1986), as

weII as Snell dnarf rnice (Buul-offers et af ,, 1986). The growth-

promoting effect of IcF-I was afso demonstrated in transgenic rnice

carrying IGF-I gene (Mathervs et a] . / L988; Behringer et af., f99O) .

Transgenic rnice which carry both Ic¡'-I transgene and di.phtheric

toxin gene ablating cH gene expression, express IGF-I in the

absence of cH. These nice grevr larger than their cH-deficient

transgenic Iittermates and exhibited weight and Iinear growth

indistinguishabLe from that of their nontransgenic siblings
(Behringer et a7., L99o). Although IGF-I can minic the growth-

pronoting effects of GH/ specific distinct patterns for the qrowth-
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promoting actions of IGF-I and GH may exist. For exampfe, GH

induced a significant weight gain of the J.iver, kidney, heart,

thyrnus and spleen in SneÌÌ Dltarf mice, whereas IGF-I only produced

a significant vreight gain in kidney and spleen (Buul-offers et a7,,

1-988) , Analysis of the independent effect of GH and IGF-I in

transgenic rnice reveals that cH is necessary for the attainnent of

normal Iiver size, while IGF-f can sti¡nul-ate the weight gain of the

brain (Behringer et aL., L99o).

3. other actions

In addition to the insulin-Iike metat¡oIic action and growth-

pronotíng actions of IGF-I, some other biol-ogical response to IGF-I

in vivo r,/ere al-so reported. For instance, infusion of IGF-I

pronptly increased glonerular filtration rate and effective renal-

plasma f lor,/ (Rilz et af., 1991). Infusion of IGF-f into the

nanmary arterial supply enhanced miÌk secretion and nammary bl-ood

ftow in intact, conscious goats (Prosser et af ,, 1,990). IGF-I at

physiological concentration is a potent inhibitor of both gLucose-

and arg in ine- induced insulin secretion (Leahy, r990) .

I-I--r¿i!re

1. Insufin-like action

The insufin-lrke effects of the IGF-I in vitro can be seen in
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all typical target tissues of insulin. In the adipose tissue, IGF-

I stimulated glucose transport, glucose oxidation, Iípogenesis frorn

gLucose¿ and inhibited lipolysis (Zapf et af ,t I97A). The IGF-I

appears to act via the insulin receptor in adipose tissue (Zapf et

â7., l-98Lb) . However, insulin-like action of IGF-I in rnuscle

appears to be mediated ìcy the IGF-I receptor since IGF-I is rnuch

rnore potent with regard to insulin like activity in muscle [MeuIÍ

et a7., 1,975; Poggi et af., 1979).

2, Cell proliferation

The stirnulating effects of IcF-I on DNA synthesis and cell
proliferation have been dernonstrated repeatedly in primary ceI1

culture, established cell lines, or organ explants (Zapf et al .,

I978; Froesch et aL., I979; r985; Takada et af ., 'L99O). For

instance, IGF-I stimulated DNA synthesis 3-4-fold in hunan

fibroblasts and chick embryo fibroblasts. IGF-I increased the cefl
number of chick embryo fibroblasts by f50å in 4 days compared with

an increase of 252 in control cultures (Rechler et al-,, :-978),

HorJever, IGF-I alone could only account for less than L0? of

mitogenic effect of whole serun (CLemmons & Van Wyk,, L984). ft
has been suggested that pLate let-der ived growth factor (PDGF)

initiate the celt cycle and aIIo\,J these competent ce1ls to respond

to IGF-I. The IGF-I acts as a progression factor to stimufate

these competent cells through the DNA synthesis phase of the cell
cycle (StiJ"es et al ., I979). The mitogenic effects of IGF-T are



believed to act via the IGF-I receptor (Froesch et a-2., 1985). It

has been shown that IGF-I can stimulate the expression of c-fos in

rat skeletal muscle cells and ¡nurine osteobfasts (Ong et a7., !987;

Merriman et af ., I99o) and stimulate c-myc and c-fos in rat thyroid

cel-l"s ( Isozaki & Kohn, 1,987 ) .

3. cell differentiation

fcF-I plays a rol-e in stinul-ating cellular d i fferent iatíon.

It was demonstrated that IGF-I can prornote the differentiation of

myoblasts, osteoblasts, adipocytes and oligodendrocyte (Schnid, et

al ., f983; L984:' Florini et af ., L986; McMorris, et a7., t986;

Sníth et a-2., 1988). For example, Schmid et aL. (l-983) showed that

the IovJ concentration of IGF-I can stimulate the differentiation of

myoblasts and the formation of myotubes in primary cultures of

chick eml:ryonic cells. In the presence of IGF-I, nore myotubes

were seen. Acety l cho I inestera se activity, v¡hich serves as a narker

enzyme of muscle cell-s, rose in the presence of IGF-I, indicating

that the cells v¡ere nuscl-e cells. It was shown recentl-y that the

phorbol L2-ûìyristate 13-acetate (PMA) induced differentiation of

adrenergic neuroblasto¡la ceLÌ is strongly potentiated by IGF-I, as

determined by morphology and markers for neuronal differentiation
(Pahlnan et aI ./ L99I). IGF-I also is a differentiating factor for
testicuÌar and ovarian function (Adashi , et a7., L984 /' Veldhuis et

aL., L986; ChateJ.ain et af .t 1,987). IGF-I has been identified as

an erythroid cell gro\,ith and colony formation fâctor both jn vj t.¿"o



and vÍvo (Kurtz et af., L982; 1988)

TGF-f are summarized in Table 1-2.

The bioJ-ogical actions of

1.2 Insulin-Like growth factor binding proteins (IGFBPS)

It has been recognized that both IcF-I and IGF-II in serurn and

tissue fluids are tightly bound to specj.fic IGF binding proteins.

IGFBPS are Ì:elieved to be abfe to modulate IcF actions. At least

six distinct IGFBPS exist in tissue fluids and plasma fron nan and

rat. These six IcFBPs v¡ilÌ be revierved in the follovring sections.

1.2.1 IGFBP- 1

Human fcFBP-l- \das isolated from mid-term hurnan a¡nniotic fluid
and characterized by Povoa et al-. (l-984a) . They also reported the

amino acid cornposition and sequence of the first ten arnino acids.

Subsequently, about 4oZ of the amino acid sequence \{as deterrnined

by Brerver et af. (1988). An IcF-binding protein was isolated from

the conditioned media of the human hepatocarcj-noma cell line HepG2

by Povoa et aL, (19e5) and \,ras shown to have identical ainino acid

conposition and amino-terminal protein sequence, The protein

pfacenta protein 12 / PP-I2 | r,Jhich was the product of secretory

endometriun and decidua (Rutanen et aL., 1985; 1986) and purified
from human placenta, was reported to be able to bind IGF-I and have

the same N-terminal amino acid sequence and cornposition to the

IGFBP-l- from amniotic fluid (I(oistinen et aL./ 1-986). Another

protein caIIed pregnancy-as soc iated ct-globulin purifièd from hurnan



Tab1e 1-2. BiologicaL actions of IG!'-I

In vivoz

insul-in-fike action:

growth-pronoting action :

other actions:

In vitror
insulin-Iike action:

ce11 proJ.iferation:

cell differentiation:

other action:

hypoglycaenia; clearance of U- ¡rac ¡
glucose from serum; U-['uc] gtucose
incorporation into glycogen.

increase of body Ìength and weight;
increase of epj.physeal width; increase of
weight gain in certain organs, e.g.
kidney, spleen, brain,

increase of glomerular filtration rate and
effective renal plasma flow; enhanced milk
secretÍon and marnmary blood flow;
inhibition of glucose- and arginine-
induced insulin secretion,

stimulation of gfucose transport;
increased synthesis of lipid, glycogen
and protein; inhibition of lipolysis.
stimulatj.on of DNA synthesis and ceLl
replication in rnany primary cell culture,
cefl lines or organ explants; stimulation
of expression of the oncogene c-fos and c-
nyc.

stimulation of the differentiation of
myoblasts, osteoblasts, adj-pocytes,
o I igodendrocytes ; differentiatíng factor
for ovarian and testicular function;
induction of erythropoiesis and
granulopoiesis.

enhanced catecholamine secretion fron
chromaffin ceIIs.



endometriun wâs also shown to be identical to IcFBP-l- (BeIl &

Keyte, 19BB) , ft became apparent that the human arnniotic fluid
binding protein, Hepc2 binding protein, PP-12 and the pregTnancy-

associated al--gtobuLin are identicaL, and designated IGFBP-L.

IGFBP-I- has an apparent molecular rnass of 32-34 KDa (reduced) or 28

KDa (nonreduced) on SDS-PAGE,

Molecular bíology

Human IGFBP-1 CDNA r,Jas cloned by several groups from CDNA

libraries of human placenta (Brinkman et aL., 1988a) , decidua

(Brewer et aL, / 1988; Julkanen et aJ-. / l-988), liver (Brinknan et

af ., 1988a) and Hepc2 hepatocarcinoma celfs (Lee et aJ./ 1988).

The sequence of each clone predicts a mature protein of 234 amino

acids and a signaÌ peptide of 25 arnino acids. The calculated

rnofecular mass of mature IGFBP-1 protein is 25 KDa. The deducêd

anino acid sequence is consistent with that determined by protein

sequencing (Brewer et a1.., L988). Human IGFBP-1 gene is a single

copy gene (Brewer et a-2./ 19BB; Brinkman et aL., fgAAbì Julknnen et

al-,, L988) and is Ìocated on chromosone 7 (Brinkman et al-., L988bì

Al-italo et af., L989). It is organÍzed in four exons and spans 5.9

Kb (Brinkman et a-Z ., 1988b) . Sur.¡anichkul et al.. (1990) have

characterized the pronoter of hIGFBP-t gene, They identified the

CCAAT box region which begins 72 bp upstream from cap sj.de as the

najor cis elenent involved in basal- IGFBP-L promoter activity in
HepG2 cells, The liver factor 81 is the major trans-acting factor
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r,¡hich st.inulate basal IGFBP-L promoter activÍty in Hepc2 ceJ.1s by

ínteracting with CCAAT box region. The predicted IGFBP-I- nRNA Êíze

is 1.5 Kb v¡hich is consistent with the size seen on Northern blot.

Rat IGFBP-I CDNA nas isolated by Murphy et af, (1990) fro¡n rat
decidual- and fiver CDNA libraries. The predicted protein is 272

anino acids in Iength and contain a 25-residue hydrophobic region

at the N-terminal end v¡hich presumably represents the signal

peptide, Rat IGFBP-1 and human counterpart share 66U amino acid

identity with greatest similarity in N-terminal and C-terninal

region of mature protein. Rat IGFBP-I CDNA has been expressed in
cos-1 cell, and produced a 29 KDa r2sI-rGF-I binding protein

identified by ligand blotting. This rat IGFBP-], oDNA hybridized

nith a 1.6 kilobase transcript in RNA blot. Rat IGFBP-I gene and

5' flanking sequence v¡ere recently cloned in Murphy/s laboratory.

It contains 4 exons similar to human IGFBP-I gene (Seneviratne et

a-2. . / personal comnunication) ,

Both hIGFBP-1 and TIGFBP-1 contain 18 cysteine residues in an

identical position. There are no classical N-g lycosyl-at ion sites
in both hIcFBP-l and TIGFBP-I, However/ there are five and two

potential o-glycosylation sites in hIGFBP-L and TTGFBP-i-,

respectively (Brinkman et af ., 1988a; Murphy et a7,, 1990), An

Arg-cly-Asp (RGD) sequence which has ben identified as a consensus

sequence for interacting with ceLl surface integrin receptors, is
present, in the COOH sequence of hIGFBP-I and TIGFBP-1. Human IGFBP-
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t had higher affinity for IGF-I than for fcF-II (D/Ercole et a7,,

l-985; Baxter & cor,iell/ 1987a) . The affinity of human IGFBP-L for
IGF-I is Lorver compared to the that of IGFBP-3 for IGF-I (Martin &

Baxter, 1986) . It was reported that there is a single binding site
for IGF per IGFBP-1 moLecule (Baxter et al-,, I987c),

The tissue distribution of IcFBP-t nRNA in adult and fetal
rats has been reported. In adult rat, the order of abundance of

TIGFBP-I nRNA was decidual tissue > liver >> kidney >> uterus >

brain. No TIGFBP-I mRNA signal vJas detected ín diaphragn¿ heart

and lung in Northern bJ-ot analysis (Murphy et af., L99O). IGFBP-]-

nRNA is more abundant in liver than in other tissues in the 2L-day

gestation rat. Other tissues in rvhich IGFBP-I nRNA can be cl-earl-y

detected incl-ude stomach, lung, heart, and kidney, High levels of

IGFBP-L nRNA persists at I day of age, but are greatly reduced in
livers from 21-day postnataL and adult rats (Ooi et af ./ 1"990).

Pos t-trans Iat iona I modifications

It has been reported that different preparations of IGFBP-l- that
appeared to have identical amino acid sequences and rnolecular sÍzes

showed contrasting biologic activity, It has been proposed that an

unidentified post-trans Ì at iona ] nodification may account for these

differences (Busby et a-l ., 1988a). Frost and Tseng (1991) have

sho\tn that IcFBP-l- is present in human endometrial st.rornal cell
conditioned medium in nonphosphoryJ.ated and phosphoryl-ated forns.
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Phosphovariants of IGFBP-1 are also found in anniotic fIuid,
suggesting that IGFBP-1 .is phosphorylated in vivo, phosphorylation

of fcFBP-l occurs exclusively on serine. Another group (Jones et
a7,, l-991-) have shovrn that human hepatoma (Hepc2) ceLls secrete

phosphorylated IcFBP-1, and this form of IGFBp-i. has 6-fold higher

affinity for IGF-I than it does after dephosphorylat ion . It also

v/as demonstrated that hurnan amniotic fluid and human fetal_ serurn

contain a large proportion of nonphosphoryl-ated IGFBp-l-f whereas

Hepc2 cell and human decidual cell- secrete predominantly the
phosphorylated IGFBP-l-, suggesting that IGFBP-1 ís secreted as a

phosphoprotein and is subsequently dephosphory lated in vivo, Thè

lower affinity¡ dephosphory lated IGFBP-1 may potentiate the effects
of IGF-I on stimulated DNA synthesÍs, v¡hereas phosphorylated IcFBp-

l- may not because of its hiqh affinity for fcF-L

Regulation

Deve l opnent

Fetal serum IGFBP-] levels are l-3-fold hígher than those in
term cord serum that are 5-fo1d higher than those in adult serurn

(Drop et a7., 1984). Serunì IGFBP-I levefs decline fro¡n birth to
puberty (Drop et af., 1984; HalI et af ,/ i-988). The mean level is
4 times higher during the first year of life than in the age group

14-16 year. In adults aged 20-66 years/ no significant change in
serum IGFBP-1 is found (HaII et a1.., 19BB).
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Diurnal variation and fasting

The serun IGFBP-1 Levels display a pronounced diurnal rhythn

in norma] subjects (Baxter & co\.Jelf , L9g7ö-; Degerblad et a7.,

l-989). Baxter and Cov¡elI (1987a) reported that serun IGFBP-I

levels started to rise at about 24oo ht reaching a peak at 0600-

0700 h and falling rapidly after 0800 h, The mean peak-to-basal

difference was about 13-fold. Neither peak nor basal IGFBP-1

Levels were signj"ficantly associated with mean or peak nocturnal GH

secretion. A light ¡neaÌ taken at 0130 h interrupted the increase

in IGFBP-I levels, whereas prolonged fasting sustained the increase

in IGFBP-I levels, indicating that diurnal- variation is not a true

circadian rhythm. Instead, it is related to feeding tine
(cotterill et af ./ 1988).

Several studies have demonstrated that human IGFBP-1 levels in

serum were increased 4- to l2-fold during fasting (Busby et a7,,

1988b; cotterill et af ., 1988). The serum IGFBP-l level in the

fasting state v¡as decreased after a neaì (Suikkari et aJ-,, L988),

Similar results vJere reported in rats. Fasting for 24 h resulted

in an increase in serum IGFBP-I l-evels in rat, and about a l-o-fo1d

increase in hepatic IGFBP-1 nRNA abundance (Murphy et aL., L99L) .

Refeeding caused a rapid decrease in hepatic IGFBP-1 nRNA abundance

to an undetectable fevel for at l-east 24 h. Injection of cH, but

not insulin resulted in a decÌine in elevated hepatic IGFBP-L mRNA

level-s in fasted rats, suggesting that enhanced expression of
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IGFBP-L in fasted rat may be a consequence of GH deficiency rather

than insulin deficiency (Murphy et af ., L99f).

Insulin

Several earlier clinicaì studies suggested that insulin plays

a role in the regulation of the serum IGFBP-L concentratj-on: serum

IGFBP-l- Ievel-s are elevated in diabetic patients, decreased in
acute hyper insu I inemia as v¡e11 as insufinoma patients (Brismar et

ai., 1-988; SuikkarL et af., 1988). In vivo studies, exogenous

insulin caused a 3- to 4-fold increase rather than a decrease in
serum IGFBP-1 IeveIs due to the insulin-induced hypoglycaernia

(Cotterill et a7./ 19BB; Yeoh & Baxter, l-988). the stimulating

effects of lower glucose in medium and Iower intracellular glucose

on production of IGFBP-1 \",'ere also denonstrated in vitro (Lewitt &

Baxter, L989; 1990), In glucose clamping studies, exogenous

insulin caused a dose-dependent decrease in the serun fcFBP-1

Levels during hyper- and normoglycernic conditions (Suikkari et a7.,

1988; 1989). Also the insulin effects v/ere independent of the

glucose Ievels. The direct effects of insulin on IGFBP-1-

production have been demonstrated in an in vitro system. Studies

with explants of human fetal liver (Lewitt & Baxter, l-989), hunan

hepatorna celIs (Conover & Lee, 1990a; Singh et a7., L990), human

decidual cells (Thraikitl et al ,, L99o) and rat H4fIE hepatoma

cells (Unterman et al . / L99)") showed that insutin can dírectly
reduce the production of IGFBP-I. Powell et a_f. (1991) proved Èhat
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the effect of insulin on IGFBP-I occurred at the l-evel of IGFBP-1

gene transcription. Treatment wj.th L00 nM insulin markedfy fo\4¡ered

the abundance of IGFBP-I mRNA Lo 4oZ of control levels after 2 h,

and to 9Z of control- IeveIs after 4 h in human Hepc2 hepatona

cells, Transcription rate of IcFBP-1 gene from these insulin
treated celIs r,/as approximately one third of the control. The

region spanning fron l-03 to 529 Lrase paj.rs 5, to the IGFBP-I- mRNA

cap site in IGFBP-1 gene v/as necessary to demonstrate the

inhibitory effect of insulin in a cAT assay, Unterman et a7.

(1991) demonstrated the inhibitory effect of insutin on IGFBP-1

gene transcription rate and/or processing of IGFBP-I- nRNA in rat
H4IIE hepatoma celfs. In their experirnent, insulin l-orvered the

IGFBP-1 nRNA levels but did not effect the half -li.f e of IGFBP-]

nRNA. The inhibitory effect of insul-in on IGFBP-1 synthesis in
human HepG2 cell \,/as shovJn to be mediated through specific
interaction with the insufin receptor (Conover et af ./ 1990). It
r,tas reported that insulin caused an increased novement of fcFBP-L

from the vascular space to tissues of the rat heart (Bar et aJ.,

r.990) ,

fn patients rvith i nsu I i n-dependent diabetes, serun IcFBP-L

LeveÌs are elevated (Brisnar et af ,/ 1988; Suíkkarj. et al-. / 1988).

Suikkari et af, (1988) reported that the mean serum IGFBP-1 levels

were 4-foLd higher in type-1 diabetic patients cornpared with normal

subjects, Elevated serum IGFBP-1 levels were also found in
streptozotocin- i nduced diabetie rats by ligand blotting and



irnrnunoblotting (Untêrman et af., L989; f99O; craubert et a7, ,

L991). craubert et aL, (1991) examined the dose-response effects
of sTZ on serum IGFBP-1 levels in rats. When rats received 721

144/ and 288 Tîg/kg STZ, serum IGFBP-1 l-evels increased 3-, 8-, and

L7-fold/ respectively, At the time v¡hen the research work of this
thesis \das conducted, there were no data on IGFBP-1 gene expression

in diabetic anÍmals. subsequentLy, there were some reports in
IGFBP-I- gene expression in diabetic rats. ooi et al . (1-990)

denonstrated that hepatic IGFBP-1 mRNA was increased more than 100-

fold in sTz-Índuced diabetic rats, suggesting that hepatic
production of fcFBP-1 was increased and contributed to elevated

circulating levels of IGFBP-1 in these aninals. However, there is
not other data at present to indicate that the elevated IGFBP-I-

nRNA levels in STz-induced diabetic rats is due to the changes in
transcription rate of IGFBP-L gene or in stability of IcFBp-l- nRNA.

Treatnent with insulin normalized serum IGFBP-1 l-evels in both

insu I in-dependent diabetic patients and STZ-induced diabetic rats.
Treatment with insulin for 4 days Iowered the serum IGFBP-l- Levels

in sTZ-induced diabetic rats. T\,ro days after insul-in was

discontinued, serum fcFBP-1 levels rose again (Unterman et a7.,

L990) , The elevated serun IcFBP-l- l-evels can be reversed by

insul-in in STz-induced diabetic rats, indicating that the increased

levels of IGFBP-1 is not a nonspecific toxic effect of STZ.

Graubert et af. (1991) found that serurn IcFBP-t level"s in diabetic
rats receiving low-dose insul-in declined significantJ.y tess than in
diabetic rats receiving high-dose insulin. It was reported that
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treat¡nent with insulin for 4 days completely restored the hepatic

TGFBP-L nRNA l"evef s in diabetic rats (Ooi et aL., 1,990).

Serum from diabetic patients and rats contains elevated levels

of somatomedin inhibitors (PhiJ-J-ips et a]., !979; Phillips et a1 ,,
L985i Avasthy et al ., 1986; Taylor et a7., I9B7 ì L990). These

inhibitors are able to inhibit IGF-I action in cartÍlage bioassays.

Two groups described these inhibitors with molecular masses in the

ranges of 1, 20-30, 30-50, and >150 KDa (Phillips et a-2., I979;

Taylor et aL., 1,987). The relationship between these ínhibitory
factors and fcFBPs is not clear. Taylor et al , (1990) proposed

that IGFBP-I is one of the IGF-I inhibitors observed in diabetic
patient's serum. They showed that both serurn fcFBP-l-

concentrations and inhibitory bioactivity reached a peak at 0800 h

and displayed similar changes over the 24-h period. Both serun

IcFBP-1 and IGF-I inhibitor levefs shovied a similarity j-n the

insulin dependence. craubert et aL, (199L) found that the profile

of rising IGFBP-1 levels in diabetic rats (IGFBP-1 rise before

Levels of IGFBP-L fall) strongly resembl"es the rise in IGF-I

inhibitor activity/ suggesting that IGFBP-1 nay be an IGF-I

inhibitor. It is likely that IGF-I inhibitors in diabetic animals

not onl-y contain IGFBP-1, but also other molecules. For exanple,

it was reported that one protein j"n IcF-f inhibitor preparation in
diabetic rats has a unique N-terminal amino acid sequence different
from that reported for IGF-binding proteins (cagliardi et aJ.,,

r.990) .



crôwth hormone

Severaf clinical studies documented that serum fcFBP-1 is
eLevated in cH-deficiency pati-ents and reduced in patients with

acromegaly (Drop et aL,, 1984; Povoa et a7,, L984bì Busby et aJ..,

1988b; HalI et a-2./ 1988). Hall et af. (1988) reported that serum

IGFBP-1 concentrations in cH deficient patients v/ere 2-fol-d

elevated, whereas the serun IGFBP-1 levels in patients with

acronegaly vrere reduced by 50?, HoIIy et aL, (1991) anal"yzed thê

inter-rel" at ions between cH, insuLin, IGF-I and IGFBP-1 in patients

with acromegâfy, They found that serum fasting insulin levels

remained significantly elevated in acromegaly patients, and aLso

the insulin Ievels were unrel-âted to mean cH IeveLs but correlated

with those of serum IGF-I . Furthernore, the Io\^/ levels of serum

IGFBP-L were unrelated to mean cH but were inversely related to

fasting insulin levels. They proposed that low IGFBP-1 in
acromegaly patients is the consequence of high insufin l-evels which

result from hypersecreting cH-induced elevated IGF-I IeveLs in
these patients. In another study in which cH was given on

afternate days, the serum levels of both IGF-I and insul-in were

signÍficantly higher in cH-treated than in placebo-treated rvonen

during the 11-day follow-up period (Tapanainen et aL., L99L).

These resufts support the idea that long term eLevated cH increases

serum IGF-I, and insulin r^¡hich results in low Ìevels of IGFBP-I.

The effect of acute cH on production of IcFBP-f may not be

secondary to the elevated fevels of insui.j.n. In the same study by
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Tapanainen et af. (199L) ¡ serum fcFBP-L feveIs decreased

significantly during the first 4 h after cH injection, whereas

serum IGF-I and insulin did not change during this 4 h period. One

evidence that supports the direct cH-mediated rnechanism of IGFBP-1

regulation câme from the study in which octreotide was used to

treat acrornegalic patients (EzzaL et aL,, L99!). Octreotide is a

somatostatin analogue which can effectivel-y control

hypersornatotrop i sm in acromegaly, Injection of 1-00 l.Lg of

octreotide maximally attenuated cH to 1-8å of control IeveIs, and

IGF-I to 462 of controÌ LeveLs after 4 h. Serum IGFBP-L LeveLs

v¡ere increased 1,s-fold after 2 h and 3-fold after 4 h, Serum

insulin Ievel"s did not change during this time, suggesting that the

effect of cH on IGFBP-I may not be ¡nediated by insulin. One study

fron our laboratory (Seneviratne et al-., L99O) demonstrated that
IGFBP-L expression is inversely regulated by cH in the rats.

Hepatic IGFBP-1 nRNA levels were increased 6.5- to 17,g-fold in
hypox rat conpared to that in p ituitary- intact rats. The abundance

of 30 kDa fcP-I binding protei-n was increased ìn both hepatic

extracts and serum f rorn hypox rats. Furthermore, both acutè and

chronic cH treatment reduced hepatic IGFBP-l- nRNA levels. As

described earl-ier in this chapter, a study from Murphy et a7.

(L990) demonstrated that cH, not insulin, lowered the el-evated

hepatic IGFBP-1 nRNA levels in fasted rats. It seems unlikely that.

effect of cH on IGFBP-l mRNA levels is mediated by insulín.
Unterman et a7, (1991) used rat H4IIE hepatoma cell-s to exarnine the

effect of GH on IcFBP-L mRNÀ fevels in vìtro, Three h or 24 h
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treatment nlth 1 pM rat cH had no effect on IGFBP-L mRNA abundance

in these ceIIs, One explanation for these negat.ive results is that
the rat H4IIE hepatoma celfs may have l-ost cH receptors and

therefore do not response to cH. Whether cH has direct effect on

IGFBP-L gene expression wiIÌ ar,¡ait for more investigations.

cLucocorticoicl

It has been reported that the nocturnal rise in seru¡n TGFBP-1

Levels were suppressed in patients \,Jith Cushing,s disease. A

nocturnal- rhythm of serum IGFBP-I occurred in the patient after
treatment \^/ith pituitary adenomectomy or stereotactic pituitary

irradiation. In the patients \,Jith glucocorticoid deficiency, the

norning serum levels of IGFBP-l- did not differ from leveIs in
normal control (Degerblad et af,, L989) . In vitro, dexamethasone

suppressed TGFBP-1 production in hurnan fetal liver explants (Lewitt

et a7., I9B9), but had no effect on IGFBP-I production in Hepc2

hepatorna cells (Conover et aL, 1,989). There has not been any data

concerning the regulation of IGFBP-L nRNA by glucocorticoid at the

tinre of commencing this thesis. orlowski et aL. (1990a) reported

that dexamethasone stimulated the IGFBP-1 gene expression in H4IIE

rat hepatoma celfs, In their study, incubation with 10'ó M DX¡{ for
48 h increased the amount of IcFBP-L in conditional rnediurn by

approxinately 10-f ol-d, ând increased the IGFBP-1 nRNA abundance by

7-fold. DXM at concentrations equivalent to physiological

concentrations hias able to increase the IGFBP-1" concentration in



conditioned medium. The íncreased IGFBP-1 nRNA abundance was

observed as early âs 3 h after the addition of DXM, DXM caused an

increase in half-Iife of IGFBP-I nRNA (from 1.7 h to 2.5 h). The

authors claimed that this small difference in half -l-if e of nRNA can

not account for the 10-fold increase in steady state levels of

IGFBP-1 nRNA, suggesting that DXM stimulate the IGFBP-i- gene

transcription rate. The similar stirnulating effect of DXM on

IGFBP-1 mRNA and protein levels in H4IIE cells was confirrned by

another study (Unternan et a-Z . / L99L). The discrepancy in the

effect of glucocorticoid on IGFBP-1 production in vitro systellìs nay

probabl-y be due to the difference in the target tissues or ceLls.

The increased expression of IGFBP-1 by glucocorticoid was

speculated to contribute to growth retardation seen in
glucocorticoid excess, It was noted that glucocorticoid excess is
associated with an increase in circulating sornatomedin inhibitors
(Unterrnan & Phillips/ f9B5). In sone respectsf these

glucocort ico id- induced somatornedin inhibitors are simifar to IGFBP-

1: they rise in diabetes and fasting. However, the exact

relationship betçJeen these inhibitors and IcFBP-1 rernains to be

deter¡nined.

other horrnones

The effects of other hornones on fcFBP-1" are sumnarized in the

Table 1-3. l{hen boys were given androgens serun IGFBP-I levels

v/ere suppressed, \!¡hereas in girì-s Leceiving estrogens serun IGFBP-I
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Tablê 1-3. Effects of some hormones on fcFBP-l.

Hornone Effect

Estrog en

Androgen s

Progesterone

Relaxin

IGF-I

increased serum IGFBP-L levels in
girls (Drop et a7,, 1,984)

suppressed serurn IcFBP-1 fevels in
boys (Drop et a] ., t9a4)

stimulated IGFBP-L production in
human endometrial- stromal cel1s (BeII
et al-,, 1,991,) and in Hepc2 hepatoma
cells (Conover e¿ al ., L989)

stimulated IGFBP-1 production in
human decidual cel-l- culture
(Thrailkill et aL.t 1,990) and in
endometrial stromal cells (8e11 e¿
a7, / L99L)

inhibited production of IGFBP-1 in
hunan decidual- cel-l- cufture
(Thrailkilt et aJ-., L99o)
enhanced IGFBP-l- production in human
fetal fibroblasts (HiLl- et aL,, 1989)
no effect on IGFBP-I- production in
rat H4IIE hepatoma cells (Orlowski et
aI., 1"990)



l-evels v¡ere increased (Drop et a7.t 19A4), It has been reported

that high dose estrogen antagonizes the action of cH and inhibits
dietary intake, This niay explain v/hy estrogen increased IGFBP-L

levels. In human decidual cell cufture, IGF-I inhibited production

of IcFBP-1 , whereas relaxin stimulated IGFBP-L production.

Furthernore IcF-I coul-d block the rel-axin stimufated IGFBP-1

production (Thrailkill et af ., L99O), Relaxin was also found to

induce IGFBP-1 production in human endornetrial stromal ce11s (8e11

et af ., L99l). In human fetal fibroblasts, addition of exogenous

IGF-I enhanced IGFBP-I production (HiII et aJ-., L989), but in rat
H4IIE hepatoma cells, IGF-I had no effect on IGFBP-1 production

(Orlowski et af./ 1990a). The different effects of IGF-I on IGFBP-

1- production may depend on species or cell types. It has been

noted that progesterone stirnulated the IGFBP-1 production in human

endornetrial stromal cells (BeIJ- et a-2. , I99f) and in Hepc2 hepatona

ceLLs (Conover et aL., L989),

Pregnancy

The serum IGFBP-1 levels are increased during normal pregnancy

(Rutanen et a7, L982; Yeoh & Baxter, 1988; ciudice, et a] ,, L99O).

Rutanen et a7, (1982) used rad io immunoassay to examine the serum

IGFBP-L concentrations in pregnant women. They found that the

serum IGFBP-1 Ìevels in pregnant wonen were higher than those in
nonpregnant vJomen fron the seventh vJeek of gestation, The fcFBp-i_

leveIs gradually increased until 22 to 23 neeks, then slightly
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decl-ined at 32 to 33 vleeks, and rose again tovrard term. IcFBP-l-

levefs al 22 lo 23 r^¡eeks of gestation rcere approximately 5-fo1d

higher compared v¡ith those in nonpregnant women, CiudÍce et a7.

(l-990) reported that serun IGFBP-1 Ievels detected by ligand

bJ.otting and irnmunoprecip itat ion steadily increased throughout

gestation. The origin of IGFBP-1 synthesis in pregnancy \,1¡a s

thought to be decidua. IGFBP-I v¡as believed to play an inhibitory

role ín placental and fetal growth, since rnaternal serun fcFBP-l-

Ievels were inversely related to infant birth weight (HowelI et

a7., L9A5), and were further elevated in preeclampsia (Iino et a7.,

r.986).

Bíological activities of IcFBP-L

The biological role of IGFBP-L is not conpletely defined at

present. The inhibitory effects of fcFBP-1 on IGF-I action jn

yjtro have been de¡nonstrated in endometriurn (Rutanen et a-Z .,

l-988)¡ cultured choriocarcinoma cells (Ritvos et af ./ 1988), rat
FRTL5 thyroid follicular cells (Fraunan et af,, L989) and chick

enbryo peJ-vic cartilage (Burch et a7., 1,990). Burch et al . (l-990)

showed that both basal and I GF- I -stimu Lated cartilage weight gain,

[3H]thymidine incorporation into DNA/ and 35soo incorporation into
proteoglycan vrere inhibited by IGFBP-1. Although most reports

described the inhil¡itory activities of IGFBP-1- in IGF-I actions,

stimulating activities of IcFBP-1 have also been observed. Elgin

et a7, (I987) reported that a preparation of IGFBP-L markedly
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potentiated replication and DNA synthesis on human, mouse, chicken

enbryo fibroblasts and porcine aortic smooth nìuscl-e celLs in
response to IGF-I. The stimulating effect of IGFBP-1 is not just

dependent on the interaction between IGFBP-1, IcF-I and TGF-I

receptor. A factor in platelet-poor plasrna and in cerebrospinal

fluid v¡as reported to be required for the potentiating effect of

IGFBP-L (Clemmons & cardner, 1990) . The discrepancy of bj-ological.

activities of IGFBP-1 is not fully understood, It nay be due to

the differences in preparation of IGFBP-1, experimental conditions,

target cel-fs or different forms of IGFBP-1. The possibility of

different form of IGFBP-I was suggested by the studies of Busby et

af. (1988a) . They purified t\^¡o forms of IGFBP-1 after the ion

exchange chromatography: form B showed the stimulating effect sane

as that reported by Elgin et aL. (1987); form c inhibited both

basal and fcF-f -st imu Iated DNA synthesis, Form B was shown to bind

to the cell surface in association with [125I] rcF-I, whereas forn

C did not bind. The inhibitory action of form c \^/as thought to

compete with receptors for IGF binding and therefore inhibit

binding of fcF-I to ceLl- receptors. In contrast, the stímulating

effect of form B on IGF-I action is not easily explained. It h¡as

suggested that form B may facilitate the ceII growth responses to

IcF-I by altering IcF-I dêgradation or by increasing binding of

fGF-I to the IGF-I receptor (Elgin et aL., 1,987). The inhibitory
effect of IGFBP-I on IGF-I action in the past studies could be due

to the preparation of IGFBP-1 which rnight contain excess amounts of

inhibitory forn of IGFBP-1. The exact difference in the nature of
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these two forms of IGFBP-1 is not clear. These tv/o forns of IGFBP-

1 coufd not be dístinguished by molecuLar mass, isoelectric point,

amino acid composition or N-terminal anino acid sequence, and do

not contain carbohydrate (Busby et al-,, 1988a) , A difference of

these two forms of IcFBP-t is the surface charge properties, since

they can be distinguished from each other by ion-exchange

chromatography. It suggested that some kind of proteín

nodifications nay account for the difference in biological
activities of these two forms of IGFBP-1. It was reported recently
that fcFBP-1 is present in nonphosphory J.ated and phosphorylated

forns (Forst & Tseng, 199L; Tone et af., 1991) . These

rnodifications may occur in forn B or form c IGFBP-1/ al-though

there is no report which demonstrated that the difference between

forn B and form C of IGFBP-I is phosphory lation . ft has been

reported that phosphorylated IGFBP-1 has 6-fold higher affinity
for IGF-I than dephosphory lated IGFBP-]- does. Since form B and

form C of IGFBP-I have simifar affinity for IGF-I (Busby et aL.,

19884), other kind of protein ¡nodification present in form B or

form c IGFBP-r is possible. A role of IGFBP-1 in modulating blood

gLucose levels in vivo was reported recently (Lewitt et aL,, 799!) .

Co-infusion of equimolar concentrations of human IcFBp-1 and IGF-I

inhibited the IcF-I induced fall in plasna gfucose in the rats.
fnjection of IGFBP-I alone increased plasma glucose levels. These

results suggest that IGFBP-1 fevel-s might modulate hypoglycaemic

activity of unbound IGFs in the circulation.



1.2.2 rGABP-2

Rat IGFBP-2 was purified from conditioned nediun of BRL-34 rat

Iiver ceJ.1s, and the N-terminal amino acid sequence of this protein

was determined (Lyons & smith/ 1986; Mottola et aL,t I9a6). It has

an apparent molecular ¡rass of 31.5-33 kDa (reduced) , and 34-36 kDa

(nonreduced) on SDS-PAGE. Rat IGFBP-2 is the predominant IGFBP in

fetal rat serum and is present at greatly reduced Ìevels in adult

rat serum (Lyons & smith, 1986,' Romanus et a-2., L986; Yang et a7,,

1-989) . It has been sho\,Jn that IGFBP-2 is the predorninant form of

IcF-binding proteins in the adult rat cerebrospinal fluid (Tseng et

af ., 1989). IGFBP-2 k¡inds IGF-I and IGF-If with similar high

af f in j.ty ( Bro\^¡n et af . , 1989) .

Molecular bioJ.ogy

Rat IGFBP-2 CDNA was cloned from BRL-34 oDNA Iibrary (Brown et

aL, Lg89l and rat adult liver CDNA library (Margot et aL, L989)

by using oligonucleotide probes. The deduced binding protein

precursor consists of a 34-amino acid prepeptide and a 270-anino

acid mature protein. The predicted molecular weight is 29,500'

Similar to TIGFBP-1, TIGFBP-2 conta.ins 18 cysteine, and an Arg-Gly-

Asp (RcD) trj"peptide motif. It does not contain N-glycosylation

sites. A single TIGFBP-2 RNA species of 1.6 or 2,0 Kb is seen in

Northern blot. IGFBP-2 mRNA is expressed in BRL-34 cell-s and in

multiple fetat rat tissues including liver, kidney, stomach,
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intestine, Ìung and brain (Brovrn et a-2,, I9a9; Margot et a7.t L989 i

Ooi et aL,, L99o). Rat IGFBP-2 nRNA/ like IGFBP-L nRNA, was highly

expressed in fetal and neonatal rat liver. In the term gestation

rats, both IGFBP-2 and IcFBP-l- mRNÀs in liver are more abundant

than in other tissues, The }evels of IGFBP-2 and IGFBP-I- mRNAs in

livers are greatly reduced in 22-day post natal- and adult rats (ooí

et aL,, L990), IGFBP-2 mRNA abundance in many other tissues in

adult rats shov¡ed a similar great reduction compared to that in

fetal tissues. IGFBP-2 mRNA is persistently expressed in adult rat

brain atthough the abundance is reduced, In contrast, IGFBP-1 mRNA

was expressed at very lov,/ levels in adult brain, and in fetal

brain. The relativeJ-y high expression of IG¡'BP-2 mRNA in brain rnay

explaín why IcFBP-2 is present in cerebrospinal fluid in high

concentrations (ocrant et af., I99o).

The cloning of rat IGFBP-2 gene has been reported (Brolvn &

Rechler, 1990) . The rat IGFBP-2 gene spans at least 8 kb and

consists of 4 exons. It ç/as demonstrated that a 1-260 nt fragment

containing 1144 nt of 5/ flanking region has pronoter activity,

Rat IGFBP-2 gene lacks a TATA box immediately up-strearn from the

transcription initlation site. However, several- potential

transcription factor binding sites or motifs were observed in this

5, flanking region. The functional role of these sites rernains to

be deternined. Both human IGFBP-2 gene and CDNA have been cloned.

Human IGFBP-2 gene is located at chronosorne 2 and consists of four

exons (Binkert et aI ./ L992), Hunan IGFBP-2 cDNAs v/ere cloned froÍr
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a human fetal liver CDNA library (Binkert et af ., r9a9) and from

Hepc2 hepatoma cell cDNÀ Iibrary (zapf et af ., 1990) ' The

predicted hunan IGFBP-2 precursor contains a prepeptide region of

39 amino acids and the mature l:inding protein with 289 anino acids

(31- kDa) , Human IGFBP-2 shares extensive amino acid homology

(>852) with the rat IGFBP-2 (Binkert et af ,, !989) ' Both hunan

adult and fetal Iiver contain the 1.6-L.8 kb IGFBP-2 transcript

(Zapf et a7,/ 1990). Human IGFBP-2 appears to be major forrn of

lower molecuJ-ar weight binding proteins in adult serurn (Zapf et

a7., L99o) .

Regulation

Regulation of IGFBP-2 is sumrnarized in Table 1-4. Regulation

of TGFBP-2 is sirnilar to IGFBP-I in many respects, The expression

of IGFBP-2 appears to be elevated in sorne situations refated to

growth retardation. Fasting for 48 h in the rats resul-ts in a l-0-

to 2o-fotd induction of IGFBP-2 mRNA }evels in the liver (ooi et

ãf , , I99o; orlowski et âf . , 1990b) and approximately 7-fold

increase of IGFBP-2 in the serun (Orlorvski et al ., 1990b). ft has

been demonstrated that fasting causes a pronounced reduction in

liver cH receptors and cH binding. one explanation for efevated

IGFBP-2 mRNA in fasted rats is that the impaired signalling fron GH

due to reduction in cH receptor in fasted rats may have si¡nilar

effect on IGFBP-2 gene expression as in hypox rats in which

production of cH is diminished, atthough the direct dernonstration
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Table 1-4. Regulation of IGFBP-2

Fa ctor Effect

Fasting

Re feed i ng

Protein-Iimited
diet

Energy-restr icted
diet

Hyp ophys ect omy

crowth hormone

Streptozotocin-
induced diabetes

-Lnsut Ìn

Dexamethasone

IGF-I

Retinoic acid

Increâse in serum IGFBP-2 fevels and
hepatic IGFBP-2 mRNA

Decrease in el-evated hepatic IGFBP-2 nRNA

Increase in hepatic IGFBP-2 mRNA l-evel-s

fncrease in hepatic IGFBP-2 nRNA levels

Increase in serurn IGFBP-2 levels and
hepatic IGFBP-2 nRNA abundance

No e f fect

Increase in hepatic IGFBP-2 nRNA l-eveIs

Decrease in el-evated hepatic IGFBP-2 nRNA
levels

Decrease in hepatic IcFBP-2 mRNA
levels and IGFBP-2 production
osteoblast-Iike cells
Inhibit IGFBP-2 nRNA l"evels
hepatocyte, but stirnulate IGFBP-2
production in rat osteoblast-like
Stinulate IGFBP-2 mRNA levels
hep atocytes

in rat

in rat
ce11s

in rat



has not been done. Three days after refeeding, efevated hepatic

IGFBP-z mRNA levels compl-etefy return to normal (Ooi e¿ af., !990).

The abundance of hepatic IGPBP-2 mRNA l^ias increased in the rats on

the protein-limited diets (same totaL caloric intake compared t.o

the controL), and on the energy-restr icted diets (straus &

Takenoto/ 1990; L99La). Hypophysectony caused a ¡narked increase in
hepatic IGFBP-2 mRNA levels (20-foLd) and in serutn IcFBp-2

concentrations (Ooi et a7., 1990; Orlorvski et aJ.,, 1990b) . In

contrast to the effêct on IGFBP-1 IìRNA Levels, the cH treatment

alone (4-B days) failed to suppress the eLevated hepatic IGFBP-2

nRNA levefs (Margot et a-2., L989 ¡ Ooi et a7,, 1990). Injection of

GH with cornbination of T4l cortisone acetate and testosterone

decreased hepatic IGFBP-2 nRNA to about 502 of the levels in hypox

rats (Ooi et af ,/ L990), suggesting that other hornones acting

independentJ.y or in conjunction vJith cH can suppress TcFBP-2 nRNA

producti-on. It was also denonstrated that cH has no affect on

IGFBP-2 nRNA IeveIs in rat hepatocytes (Boni -Schnet z:-er et a7.,

1990). fn strepto z otoc in- induced diabetic rats, hepatÍc IcFBp-1

mRNA levels were increased (Boni-Schnetzler et aL., L98g; Ooi et

a7,, l-990) and vJere reduced to control levels by treatnent with

insulin for 7 days (Boni-Schnetzler et af ., 1999). The direct
inhibitory effect of insulin on fcFBP-2 expression was further
denonstrated in rat hepatocytes ( Bon i -schnet zLer et a7,, l-990).

Retinoic acid stimulates IGFBP-2 expression in rat hepatocytes and

insulin suppresses retinoic acid-induced IGFBP-2 expressj.on (Schmid

et a7,, L992). Treatnent with DXM to 4-day-old rats for 4 days



resulted in a 502 decrease in hepatic IGFBP-2 nìRNA abundance

(Orlowski et af ., 1990b) . This effect is in contrast to the

simulating effect of DXM on IGFBP-1 expression. DXM was al-so shov¡n

to reduce the level of IGFBP-2 in rat osteobl-ast- I ike cell cultures
(Chen et aJ-., L99L). The effect of IGF-I on IGFBP-2 expression rnay

depend on t.ypes of tissues or cells. IGF-I in to nM concentration

s1j-ghtIy inhibited IGFBP-2 nRNA l-evels in rat hepatocyte (Boni-

Schnetzler et af ., L99o) | v¡hereas IGF-I stimulated IGFBP-2

production by 3.s-fold in rat osteoblast-Iike cells in the same

concentration (Chen et al ,, 1,99L). It is not known v/hether IGF-I

has an affect on IGFBP-2 transfation rate. In humans, serun IGFBP-

2 decreases steadily throughout gestation and this reduction may be

rel-ated to a pregnancy-re lated protease (ciudice et af ./ 1990). fn

term of regufation/ although IcFBP-1 and IGFBP-2 are similar in
many respects/ there are some obvious differences (e,g, DXM and GH

treatnent, and in pregnancy) , These differences rnay reflect a

distínct biological role of these two binding proteins.

Biotogical actívities

All- documented results sho\.red that IcFBp-2 has inhibitory
effect on IGFS actions. Knauer and Snith (l-980) showed that rat
fcFBP-2 inhibited IGF-II-stimulated glucose transport and DNA

synthesis in chicken embryo fibroblasts Lry inhibiting IGF-fI
binding to the ce11 receptor. Rat IGFBP-2 vras al-so reported to
Ínhibit IGF-fI binding to IcF-II receptor in rat hepatona H3S cel-Ls
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(Mottol-a et af., 19A6). Han et af. (1988) found that fGFBP-2

reduced IcF- I -st imu lated 3H-thymidine incorporation by astrogLiaf

cefÌs in a dose-dependent manner. IGFBP-2 inhibited l-25I-IGF-I

binding to astroglial ce]Is, suggesting that the IGFBP-2 inhibits
the nitogenic actions of IGF-1 by preventing IGF-I binding to its
receptor. These results suggest that IGFBP-2 nay have an irnportant

regulatory rol-e in the development of the nervous system. It was

reported that fcFBP-2 inhibited FsH-stinul-ated DNA synthesis by the

granulosa cells (Bicsak et a],, 1990b) . Since IGF-I had not effect
on FSH-stinulated DNA synthesis, the authors proposed an fcF-

independent mechanism for the effect of IGFBP-2 in granulosa ce11

proliferation. There is a possibility that the IGF-I receptors on

granulosa cell were afready saturated by endogenous IGF-I produced

by stÍnulation of FSH. Therefore, any added exogenous fcF-I r¡rould

not hâve any further effect. This possibility was not discussed

and rul-ed out by the authors. Recently/ Feyen et at. (199L) showed

that a recombinant hunìan fcFBP-Z inhibited both basal and fcF-I-

stinulated DNA synthesis and collagen synthesis in fetal rat
calvaria, suggestÍng that IGFBP-2 nay have an regulatory rol-e in
bone metaÌ:olism wherel¡y the activity of LocaLly produced IGF-I may

be controlled.

1.2 .3 IGFBP-3

IGFBP-3 was knovJn as BP-53 before the introduct,íon of

standardized . nomencLature, It is the nost abundant fcF-krinding
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prot.ein in adult human and rat serum, and is present predominantly

in a ternary conplex of approximately 140 kDa (Baxter & Martin,

1989a). The ternary complex consists of an acj-d-stable

glycoprotein of 40-50 kDa (IGFBP-3/ or ß-subunit), an acÍd-labile
glycoprotein of 85 kDa (û-subunit) , and either IGF-I or IGF-II (?-

subunit). A model of this ternary complex was proposed by

Furlanetto (1980) and was confirmed by Baxter (1988). On SDS-PAGE,

hunan IGFBP-3 (ß-subunit) appears as a glycoprotein doublet bands

of 53 kDa nonreduced (43 kDa reduced ) and 47 kDa nonreduced (40

kDa reduced) . Since the first 15 amino acids of these doublets are

the sarne, it v¡as suggested that these two bands are gJ-ycosyLation

variants of the same protein (Baxter et a]., L986c; Baxter & Martin

l-987b) , IGFBP-3 contains a high affinity binding site (Ka=2-3xLOr0

M-r) for both IGFs with slightly higher affinity for IcF-Il than for
fcF-I (Martin & Baxter 1986) and a lower affinity binding site
(Ka=4-6x108 M'r) for the a-subunit (Baxter et af ./ 1989a), Àcid

Ìabile subunit (a-subunit) appears as a doublet of apparent

molecular mass B6 and B4 kDa under either nonreducing or reducing

conditions on sDS-PAGE. The doublet comprises of glycosylation

variants since the proteins migrate as a single band after
deglycosylation with N-glycanase (Baxter et aL./ 1989a). Studies

on the binding of the three subunits indicate that the interaction
of o-subunit v¡ith ß-subunit binding site requires the presence of

an fGF (Baxter et a-2. / I9a9a; Baxter & Martin, f989b). ß-subunit

does not bind to o-subunit to form a diner. Only when the ß-

subunit binds to 7-subunit, the affinity of the ß-subunit for the
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a-subunit Íncreases and the ternary complex can form. Although the

presence of 7-subunit is required for c-subunit binding to ß-

subunit, T-subunit binding site occupancy is not the only

deterrninant of a-subunit binding. It was shov¡n recently that
binding affinÍty of the a-subunit for ß-y conplexes is strongly

dependent on the structure of the IGF in the complex. Deletion of

D-do¡nain or replacement of Tyr24 of the B-domain in IcF-I nolecule

decreased the binding affinity of ß-7 conpÌex for û-subunit (Baxter

et a7,, 1,992) . TcPs and IGFBP-3 are found in seruln in
approxinately equirnolar concentrations (Baxter & Martin/ 1986b),

whereas the o-subunit is present in a 2-3-foLd nolar excess

(Baxter, 1990) . Much of the circulating o-subunit is present in
the uncomplexed form. This may be irnportant in rnaintaining Tnost of

IGFBP-3 in the ternary form.

When rat serum IcFBPs are analyzed by Western ]igand blotting,
six distinct bands are detected, Three fârge rnolecular mass bands

(49, 45, and 42 KDa) are believed to be related to IGFBP-3, Their

differences in apparent size are due to variable degrees of
glycosylation, since N-glycanase digestj"on converts the 42-49 KDa

triplet into a sJ.ngle band v¡ith an apparent molecufar nass of 37

KDa, and amino acid sequences of 42 and 45 KDa proteins give the

same sequence of the first 31 amino acids (Zapf et a7., l-988;

l-989). It is interesting that a 31-32 KDa binding protein in serurn

was found to have same 3i- N-terminal amino acid sequences as IGFBP-

3 in both hu¡nan and rat. These 31-32 KDa proteins are thought to



be a degradation products of IcFBP-3, which lack the COOH terminus

(zapf et aL./ L988; 1990).

I'foLecular biology

Both human and rât IGFBP-3 cDNAs have been cl,oned (Wood et

a]./ 1-988; Shimasaki et a7., L989). The predicted sequence fron
hunan IGFBP-3 CDNA contains a 27 anino acid putative signaf peptide

followed by a nature protein of 264 amino acids, The predicted

nolecular mass is 28.7 KDa, There are three potential N-l-inked

glycosylation sites and t\,/o o-linked glycosyJ-ation sites. The

discrepancy between predicted molecular vreight and mol-ecular mass

in SDS-PAGE can be explained by glycosylation of IGFBP-3, The

predícted sequence of rat IGFBP-3 from cloned oDNA reveals a rnature

protein of 265 amino acj-d which is one amino acid longer than

mature human IGFBP-3 (Shimasaki et af., 1989) . Rat IcFBp-3

contains four Asn-linked glycosyJ-ation sites. There is
approximately B2U amino acid homology betv,'een human IcFBp-3 and rat
IGFBP-3 , and most of the amino acj"d substitutions occur in the

nid-region of the molecules, Both hunan and rat IcFBp-3 contain 1g

cysteine residues clustered near the N- and C-terminus whj.ch are

conserved in other IcF-binding proteins. UnIike IcFBp-i. and -2,
IGFBP-3 lacks the RGD sequence in, A single 2.5-Z.O kb band of
IGFBP-3 transcript can be detected in Northern blot of hurnan and

rat tissues (i,ùood et a-Z . / 1988; shimasaki et af , , L989). f n rat,
expression of IGFBP-3 occurs in rnultiple tissues, including liver,
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kidney, stomach, heart, adrenal / ovary, testis, spleen/ lung, smaIl

and l-arge intestine. IGFBP-3 nRNA is more abundant in }iver than

in other tissues examined. Humân IGFBP-3 gene has been cloned

(Cubbage et a7.t I99O). It is a singJ.e gene and spans 8.9 kb,

There are five exons in human IGFBP-3 gene ând four of then encode

protein. Hunan IGFBP-3 gene contains a typical- TATA box and

consensus cC upstream promoter elenent. The promoter activity of

IGFBP-3 gene has been demonstrated.

Regulatíon

Regulation of IGFBP-3 is quite different with that of fcFBP-L,

and is summarized in Table 1-5.

Age

Si¡nilar to IGF-I/ serum IGFBP-3 shows strong age-dependence.

Human serum fcFBP-3 levels are Iow at bj.rth, rise during the first
weeks of life, and continue to increase in young children untiL the

end of puberty. A gradual decline in serum IGFBP-3 fevels are seen

from adulthood to old age (Baxter & Martin, f986b; Bl-um et aJ../

1990a) . IGFBP-3 mRNA is present in the kidney and l-iver of

L-day-ol-d rats and rises significantly in both organs by vreek 1,

Thereafter, l-evels remain relatively constant, particularly in the

liver (AIbiston & Herington, 1992) .



Table 1-5. Regul-ation of IGFBP-3

Factor Effect

cH Increase serum IG¡'BP-3 and 150-200 KDa compl-ex
in hypox rat; no effect on production of IGFBP-
3 in human fibroblasts in vitro

IGF-I Increase serum IGFBP-3 and production of IGFBP-
3 both in vivo and in vitro

Fasting Decrease serun TGFBP- 3

Protein- Decrease serufiì IGFBP- 3

restricted diet

Diabetes Decrease serum IGFBP- 3

InsuLin fncrease serum IGFBP-3 at high dose (L0 U/1-00
g per day )

Oestradiol Increase IGFBP-3 production in osteoblast.-
like calvaria cells

Cortisol Reduce IGFBP-3 production in rat osteoblastic
cell ] ine

Bonbesin Increase IGFBP-3 production in Swiss 3T3
f ibroblast

Vasopressin Increase IGFBP-3 production in Srviss 3T3
f i brob I ast

PDGF Increase IGFBP-3 production in Srviss 3T3
f i- brobla st

EcF Increase IGFBP-3 production in Swiss 3T3
fibroblast and human skín fibroblast

TGF-ß Increase IGFBP-3 production in human skin
fibroblast, but inhibit IGFBP-3 production im
porcine granulosa cells

Pregnancy Increase in serum immunoreactive IGFBP-3 | but
decrease in serum IGFBP-3 detected by ligand
blotting



GH ANd IGF-I

Serum IGFBP-3 leveI is increased in active acrornegaly, reduced

in cH-deficiency and raised by cH adninistration (Baxter & Martin,

L986b; Baxter & Martin, 1989c) , In the rats, hypophysectomy causes

a 4.5-fold reduction of serum IGFBP-3. Injection or infusj.on of GH

for B days restores the serurn IGFBP-3 fevels and induces L50-200

KDa conplex in hypox rats, Infusion of IGF-I for 7 or I days

causes a marked increase in the serun IGFBP-3 in hypox ratsf
suggesting that IcF-I rnay mediate the effect of cH on IGFBP-3

synthesis in hypox rats (Clemmons et aL, 1989ì Zapf et aL., 1989).

However/ infusion of IGF-I can not induce 150-200 KDa conplex Ín

hypox rats. It was suggested that cH/ but not fcF-I/ induces a

component which is necessary in the formation of the L50-200 KDa

conplex. a-subunlt could be a such cornponent. A radi o inmunoassay

for measuring o-subunit was developed and the sêrum l-evel-s of d-

subunit was found to be GH-dependent (Baxter, f990). There was a

2,2-fol_d increase in serum a-subunit leveIs in acrornegaly. In GH-

deficient patients, seru¡n levels of a-subunit was reduced to 30U of

normal mean value, It is unknown at present whether IGF-I can

induce serum a-subunit. ff û-subunit is not induced by IGF-I, the

critical dependence of a-subunit on GH nay explain why formation of

the 150-200 KDâ co plex is obligateJ.y dependent. on cH wh.ich cannot

be replaced by IGF-L

The stimufating effect of IGF-I on IGFBP-3 production has been
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dernonstrated in an in vitro system. IcF-I increases the

concentrations of IGFBP-3 in conditioned media froTn rat sertoli
cells (Srnith et aL., I99O), human endometrial carcinoma HEC-18

ce1fs, hurnan breast carcinorna MDA-231 cells (Carnacho-Hubner et al_,,

l99l) t normal and transforned human fibroblasts (Conover, 1991a).

The IGF-I induced increase in IGFBP-3 concentrations in hu¡nan

fibrobl-asts was demonstrated to be a type l- receptor- independent

event by severaf evidences which j-ncLude the oIR-3 antibody against

IGF-I receptor did not block IGF-I effect (Conover/ 1991-a) . In

hurnan fibroblasts, r,/hereas IGF-f markedly increase the productíon

of IGFBP-3 ¿ cH has little or no effect. This may indicate the

possible indirect effect of cH on IGFBP-3 in vivo.

Nutrition and insulin

Serum IGFBP-3 levels v¡as reduced by 182 after a 3 day fast
(Blum & Ranke, 1990b) , fn rats with prote in-restr icted diet, serurn

fcFBP-3 levels \,rere decreased by 34? and restored to normal by IcF-

I infusion (Thissen et af., L99I), It has been reported that serurn

IGFBP-3 levels r.Jere decreased in diabetic patients and

streptoz otoc in- induced diabetic rats (Baxter & Martin 1996a; Zapf

et aL,, I9B9; craubert et af,, 1-991) . In poorly controlled
diabetic patients there wâs a 4OZ decrease in serun IGFBp-3 leveIs
compared to nean value of serum IGFBP-3 in normal subjects, In
STZ-induced diabetic rats, serum IGFBP-3 Ìevels decreased with t.he

increased dosages of STZ, The levels of serun IcFBp-3 were only 7?
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of the control ]evefs in diabetic rats treated r¿ith a dose of 288

ng/kg body r,reight of STZ, In the rat which received simÍlar dosage

of STZ and received insulin (10 U/100 g per day) for 2 days, serum

]GFBP-3 fevels raised to 1602 of untreated values. Lor^¡ dose of

insulin (3 U/100 g per day) treatment had little effect on serun

IGFBP-3 in these animals. Ho\,,/ever, the same dose of insulin had

significant effect in towering the elevated IGFBP-1 levefs in these

diabetic rats. It seems that IGFBP-3 is less sensitive than IGFBP-

L to insulin status. IGFBP-3 feII more slo\,/l-y than IGFBP-I rose in
diabetic rats r^¡ith progressive severity of diabetes, and low-dose

ínsuLin treatrnent had no effect on IGFBP-3 but ]ov/ered IGFBP-1.

since IGFBP-3 has been shown to be IGF- I -dependent, the l-ow fevels

of serum IGFBP-3 may result from the low levels of IGF-I in
diabetíc rats in \dhich the GH secretion is decreased. Consistent

t¡ith this hypothesis, infusion \,/ith IGF-I increased serum IGFBP-3

levels in díabetic rats (Zapf et aL., L9e9).

Other hornones

ft has been reported that estradiol increased the amounts of

IGFBP-3 in conditioned medium from osteoblast-Iike rat calvaria
celIs (Schmid et af ., 1989a) . Addition of IGF-I antibodies
prevented the IGFBP-3 induction by estradiol, suggesting that IGF-I

nay mediate the effect of estradiol on IGFBP-3 productj"on in these

ceLls. Since estradiol \,/as found to stimulate osteoblast

replication via an IcF-T-dependent nechanism, the reguì-at.ion of
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IGFBP-3 by estradiol indicated that estradiol rnay controL l-ocaL

IGF-I action not only by reguJ,ating synthesis of IGF-I but also by

IGFBP, Contrary to estradiol, cortisol markedly reduced IGFBP-3

production in rnedium conditioned by a rat osteoblastic cefL line
(Schmid et a] ., 1989b) . DXI'{ vras reported to be able to inhibit
IcF-binding activity in condltioned ¡nedium from Swiss 3T3

fibroblast cefls. IGFBP-3 was bel-ieved to be a rnajor component of
IGFBP in this lcF-binding activity (Corps & Brown, 199i.) . In these

3T3 fibroblast cells, production of IGFBP-3 was stimulated by 50-

L50Z by the bombesin, vasopressin, p late J-et-der ived growth factor
(PDGF) and epidermaL growth factor (EGF) . Transforming gro\,/th

factor-ß(TGFß) and epidermaf growth factor were shown to stirnulate

the production of IGFBP-3 in human skin fibroblast conditioned

medium (Martin & Baxter, 1988; L99f). In contrast, TGF-ß h¡as

reported to inhibit IGFBP-3 secretion in porcine granulosa cells
(Mondschein et aL., I99O) .

Pr egnancy

In late pregnancy/ serun IGFBP-3 levels measured by

radio im¡nuoassay are elevated almost two-fold (Baxter & Martin,

1986b) . fn contrast, analysis of serum fcFBP-3 by Western ligand

blotting shows extrenely reduced Levels of IGFBP-3 in serurn fron
pregnant women (cuidice et aJ., 1990,' Hossenlopp et a_2,, L99O).

Sirnil-ar reduction of serum IGFBP-3 levels in pregnancy as detected

by Western ligand blottÍng, r\¡as reported in rats (Davenport et aL,,
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l-990) and in mice (Fielder et a-2., L99O), The decreased serum

IGFBP-3 IeveÌs v¡as believed to be related to the protease produced

during pregnancy (Davenport et af.t L990ì Fielder et al ., L99O;

Guidice et aL., L99O; Hossenlopp et af., L99O). This pregnancy-

associated protease degrades IcFBP-3 to smal,l-er fragnents, The

discrepancy betr,¡een high levels of serum IGFBP-3 detected by

radioirnmunoa s say and Ior^/ levels of serum fGFBP-3 detected by

f{estern ligand bJ"otting in pregnancy could be expì-ained by the

possibility that rad io immunoass ay detects not onfy intact IGFBP-3

but also degraded IGFBP-3 v¡hich loses the affinity for IcF ligand

but maintains its irnmunoreact iv ity , The physiological effect of

decreased IGFBP-3 in pregnancy is unknown, It was speculated that
reduced IGFBP-3 may facilitate dissociation of the IcFs and, hence,

increase fcF bioavailability in response to the denands of

gestation and uterine gro\,/th. It was reported that although serum

IGFBP-3 levels measured by Westêrn Iigand blotting was greatly

reduced, the amounts of IGF-I and IGF-II in 150 KDa IGF-IGFBP

conplex were increased during late pregnancy (Gargosky et af .,

i-991) . The increase in 150 KDa IGF-I and TGF-II during late
pregnancy indicates that IGFBP-3 level-s should be increased since

the 150 KDa complex is composed of TGFBP-3, IGF-I or IGF-II and c-

subunit. It was proposed that IGFBP-3 stability or affinity for
IGF radioligands is aftered during the fate pregnancyr and this rnay

explain the failure of the Western ligand Ì:lotting to detect IGFBP-

3. Recently Suikkari and Baxter (1992) denonstrated that fcFBp-3

in hu¡nan pregnancy serurn is functionally normal. Both the fcF



binding function and the a-subunit-Ì¡inding function of IcFBp-3 are

unaffected in pregnancy. A notable difference is that, fcFBp-3 in
pregnancy serum is able to bind IGF-I but unable to bind iodo-IGF-I

1¡1251¡ -tcr-r or nonradioactive iodo-IGF-I) / whereas IGFBP-3 in
nonpregnancy seruÍì binds IcF-I and iodo-IGF-I similarJ-y (suikkari
& Baxter, f991) . This may be the reason for the under estirnating
of IGFBP-3 levels i.n pregnancy by radioligand binding nethods. The

inability of IGFBP-3 in pregnancy serum in binding to iodinated
fcFs may result from the pregnancy protease, but this hypothesis

has not been demonstrated yet. The physiological significance of
the change in IGFBP-3 in pregnancy remains to be determined.

BiologícaI activities

The reported biological activities of fcFBp-3 include

inhibition and enhancernent of IGF-t action depending on the

experimental conditions. DeMellow and Baxter (1998) sho\^/ed that
co-incubation of IGF-I with IGFBP-3 resulted in inhibition of fGF-

I-stimulated thymidine incorporation in human neonatal fibroblasts,
The inhibition was complete h'hen fcF-I and IcFBp-3 were equimolar.

In contrast, preincubation of the ceÌ]s with IcFBp-3 caused a

potentiation of the subsequent IGF-I effect. A si¡ni]ar result was

observed in bovine fibroblasts (conover et af ., 1990b) in t/hich [3H]

arnlnoisobutyric acid uptake was chosen as an evafuating parameter

for the effect of IGF-I . In Conover / s experiinents, the

potentiatì"ng effect of IGFBP-3 v,¡as found to be associated with
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increased me¡nbrane -as soc i ated IGFBP-3 which resulted in the

increase in IGF-I binding. ft \,ias suggested that soluble IGFBP-3

(co-incubation of IGF-I \.iith IcFBP-3) inhibits rcF-I action by

sequestering the IcF-I and preventing receptors interaction,
HovJever, the molecul-ar mechanism for membrane-assoc iated IGFBP-3

(preincubation) in potentiating the action of IGF-I is more

obscure. Conover (1991c) showed that both glycosylated and

nonglycosyl-ated forms of IGFBP-3 potentiate IGF-I action in
cultured bovine fibrobLasts. This ability appears to retate to

change of IGFBP-3 into a fov/er TnoLecular form and to IGFBP-3-

induced nodifications in type I IGI' receptor reactivity (Conover,

!992).

In contrast to above observations, Blum et aL. (1989) reported

that the fcF-I/IGFBP-3 complex stimufated ['H] thymidine

incorporation in baby hanster kidney and hunan neonatal fibroblasts
and there was no indication of IGFBP-3 binding to cells. They also

sho\,¡ed that the hourly repeated addition of smafl anounts of free

IGF-I to the cells stimulated nore DNA synthesis compared to the

addition of a single large concentration of IGF-I. They proposed

that IGFBP-3 may act as a reservoir to supply continuously

appropriate levels of IcF-I to the receptors. Constant low Levels

of fcP-I may vrel1 be more efficient in producing an optimaL

biological response since Ic!'-I receptor has been shown to be down-

regulated by IGF-I. Consistent with this hypothesis, it was

reported that the addition of IGFBP-3 prevented IcF-I induced



receptor do\,¡n-reguf ation and ceIIuIar desensitization in bovine

f ibrobl-asts (Conover & Pov/ef Ì, 199lb) . An IGFBP-: purified frorn

porcine follicular fluid \ras shonn to inhibit estradiol- and

progesterone production as v¡elI as FSH-stimulated [3H] thymidine

uptake in granulosa cells (Bicsak et a7., 1990a) . These

inhibitions were believed to result from the sequestration of

endogenously produced IGF-I by IGFBP-3 and direct interaction with
the cell to elicit the inhiÌ¡ition, although how IGFBP-3 interacts
with the cells is unkno\rn.

In vivo, it has been shown that IGFBP-3 may prolong the haLf-

life of IGF in the circulation. Zapf et al . (1986) showed that. the

half-lives of IcF-1" injected into normal rats and hypox rats in
which IGFBP-3 Ìras drarnatícally decreased t¡ere 4 hours and 2O-30

nin, respectively, TvJo IGF-I mutants, which have normal aff inj-ty
for the IGF-f receptor but drasticalJ-y reduced affinity for the

fcFBP-3, have serum half-lives that are 4 tines shorter than t.hat

of intact IGF-I in the rat (Cascieri et af ., 1988b) , It was

suggested that the IGFBP-3/IGF/a-subunit complex (t5o KDa cornplex)

in circulation may represent a storage form of IcFs. How does IcF

release from 150 KDa compLex and get access to tissues is unknown.

J..2 .4 IGFBP-4

Mohan et al .(1989) purified â lcF-binding protein which L/as

called hIcFBP-4 later on from human osteosarcoma cetl conditioned



medium. This IGFBP-4 is different from the IGFBP-1, -2, and -3 in
size, N-termínaI sequence, and amino acid composítion. Another

group (Shimonakâ et aL., L989) isolated a novel fcFBP froTn adult

rat serum. The N-terminal anino acid sequence of this protein is
essentially identical to the hIcFBP-4. The complete prinary

structures of IGFBP-4 were subsequently obtained from the CDNA

clones for TIGFBP-4 and hIcFBP-4 (Shinasaki et a1.., 1990ì LaTour et

a-2./ 1990a). The deduced amino acid sequence of the CDNA revealed

a signal sequence of 21 residues fof f or,,¡ed by a nature protein

consisting of 233 amino acids for the rat, whiJ-e the hunan homoLog

contains an additional 4 anino acid sequence, The predicted

molecular mass of nature hIGFBP-4 is 26 KÐa. hIGFBP-4 and rlcFBP-4

have 92å homology in amino acid sequences. Both hIGFBP-  and

TIGFBP-4 contain an additional two cysteines at the midportion of

the nolecules, r^/hile the locations of the remaining 18 cysteines

are conserved as other fcFBPs. IGFBP-4 contaíns no RGD sequencef

but a single potential N-Iinked glycosylation site, Hunan fcFBP-4

gene is l-ocated at chromosome 17 (Shirnasaki et af ./ 1991-a), but

both human and rat genes for IGFBP-4 have not been cloned and

characterized yet. The gene expression of IGFBP-4 in rat is
widespread and is hiqhly active in the liver. The size of IGFBP-4

nRNA in rat tissues is about 2.6 Kb. hIGFBP-4 nRNA is expressed in
human bone ce1ls and skin fibroblasts. PTH increases both fGFBP-4

nRNA and protein levels in normal human bone cells, and the effect
of PTH is mediated through a CAMP mechânism. IGF-I and IGF-II
induce a decl-ine in IGFBP-4 levels in the conditioned nediun by



cel-l from the adult human fibrobLast cell line N3652 (Neely &

RosenfeLd, L992) . These changes do not require IGF binding to the

type 1or type 2IGF receptor. Human serum IGFBP-4 l-evels were

shown to decrease dramatically in pregnancy as detected by Western

ligand blotting (Davies et al ,, f99L). The IGFBP-2 and -3 were

also reduced in pregnancy serum. The authors claimed that there

are at least three proteases in pregnancy, each specÍfic for an

IGFBP and activates independently, since differenL inhibitions of

the proteases have differential effeets on each fcFBPs, In

addition, these proteases do not cause complete degradation of

IGFBPS. Instead, they functionally modify IGFBPS with a lower

affinity for the IcFs to prevent their detection by ligand

blotting. There is Iittle information about the biological
activities of IGFBP-4 available at present. Mohan et a]. (1989)

reported that IGFBP-4 could j-nhibit basaI, IGF-stiÏnuLated

proliferation of chicken calvarial ce11s, and serum-st imulated

proliferation of cloned osteoblast cell-s. IGFBP-l had no effect on

proliferation of these cells. Erickson et a7. (1"992) reported that
IGFBP-4 nRNA is present in adult rat ovaries, being localized

alnost exclusively to granulosa cells of atretic craafian (antral)

foIl j.cIes, IcFBP-4 mRNA undergoes changes during the estrous

cycle, v/ith the highest levels of message occurring at 1O0O h on

estrus follov¡ed by a rapid fall to low fevels during diestrous days

1 and 2. The activation of IGFBP-4 gene transcription in the

granulosa cells of cohort craafian follicles may result in their
destruction, because the IGFBP-4 bj"nds fofficular fluid IGF-I,
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rendering it inactive. A purified fcFBp from human colon

adenocarcinoma cell conditioned medium, v¡hich has N-termj.nal 32

anino acid sequence identity with human IGFBP-4, was shown to
inhibit the proliferation of the same cel-l line (Culouscou &

Shoyab, 1991) . Rosen et ä,2. (r992t recently reported that the

servm 24/25 KDa IGFBP levels v¡ere increased in elderly women with
hip and spine fractures. IhlLs 24/25 KDa IGFBP was suspected. as

IGFBP-4. Since the serum irnmunoreactive pTH Ìevels were increased

in these patients and PTH was shov/n to be able to increase both

fcFBP-4 mRNA and protein levels in normal human bone ceLls (LaTour

et aJ-. / 1990b) , the elevated serum 24/25 KDa fcPBp may be due to
the increased serunì PTH levels in these patients.

1.2 .5 IGFBP-5

Shimasaki et aL (1991a) isolated a novel IcFBp which has a
unique N-termina] amino acid sequence from aduft rat serum and

naTned it IGFBP-5. Using the information of N-terminaf anino acid

sequence of IGFBP-5, they performed polymerase chain reaction (pCR)

to construct a hybridization probe and subsequently cloned rIcFBp-s

CDNA from rat ovary Iibrary and hIGFBp-5 CDNA from human pl_acenta

library. Kiefer et af. (1991a) designed primers according to amino

acid sequences in the conserved regions of knor,rn human IcFBps and

performed PcR using hunìan osteosarcona CDNA as a template. One

unique sequence of the PcR product was used to screen the
osteosarcoma eDNA lihrrary, and full length of CDNA clone of hIGFBP-
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5 \,/as found. The deduced amlno acid sequences of hunan and rat
IGFBP-5 cDNAs revealed mature proteins of 252 anino acid residues.

The calculated molecular vreight of the nature proteins are 28,553

and 28,428 fo¡. human fcFBP-5 and rat IGFBP-5, respectively. The

anino acid sequence homology betleen human and rat IGFBP-5 is very

high (972) . Neither of the proteins contains N-Iinked

glycosylatíon site and RDG sequence, The locations of L8 cysteines

in both proteins are conserved as other IGFBPS. The TIGFBP-s gene

is expressed Ín many tissues, including kidney, adrenal, stomach,

intestine, spleen, heart, lung, brain and liver. The expression ís

the highest in kidney among these tissues. The size of TIGFBP-5

transcript in Northern blot is 6 Kb. hIGFBP-5 gene is l-ocated on

chronosome 5. The regulation and biological function of fGFBP-5

are not clear. An IGFBP preparation (containing IGFBP-5 and -6)

purified frorn the conditioned medium of human osteosarcinoma cell
was shown to enhance IGF-I stimulated osteoblast mitogenesis

(Andress et al ., L99L) ,

A novel IGFBP \,/as purified from hunan bone extract (Bautista

et af ., L99L\. This protein has an apparent mofecular mass of 29

KDa and has several fold higher affinity for IGF-II than for IGF-I.

Nine amino acids in N-ter¡ninal amino acid sequence are identicaL to
hunan IGFBP-5. It was shov¡n to potentiate the proliferative

actions of IGF-II on bone cells. Whether this protein represents

a nerv IGFBP or a variant of IGFBP-5 remains to be determined.



1.2 . 6 IGFBP-6

IGFBP-6 \ras originally purified fron human cerebrospinal fluid

v¡here this binding protein predominates (Roghâni et af., L989),

Subsequently, it v¡as purified from the conditioned rnediurn of an

SV4 0 -trans formed human fibroblast cell line (Martin et al-., !99O) |

a human lung fiborbfast celf line (Forbes et aL,, L990), serum

(Zapf et af., I99o; Shinasaki et aJ-., L99Ib), and the conditioned

medium of hunan osteosarcona cells (Andress et aL., L99L). cDNAs

for IGFBP-6 have been cloned from human osteosarcoma , human

pLacenta CDNA libraries, and rat ovary CDNA library (Kiefer et aL.,

l-991b; Shimasaki et aL., 199lb). The deduced amino acid sequence

revealed that human mature IGFBP-6 contains 213 anino acids rvith

a cal-culated molecular weight of 22,610, Mature rat IGFBP-6

contains 201 amino acid , \^/ith a calculated molecular weight of

2!,461, The anino acid sequence homology between human and rat
IGFBP-6 is 722. Human IGFBP-6 contains one potential N-linked

glycosylation site near the C*terminal. N-Iinked gtycosylation

sites are not present in the rat IGFBP-6. A notable feature of

human and rat IGFBP-6 is that they Ìack two and four of the l-8

conserved cysteines, respectively, that are present in al-l- other

five IcFBPs, These missing cysteines result in the absence of the

conserved c ly-Cys -c 1y-Cys -Cys sequence which is present in all
other IGFBPs in the N-terninal region of the ¡nolecule. Human

IGFBP-6 was shown to preferentialJ-y bind to IGF-II compared to IGF-

T (Martin et a1"., 1990). The N-ternìinal differences from the other
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IGFBPS nay contribute to this preferential binding. An

approxirnately 1.1 Kb transcript of IGFBP-6 v/as detected in adult

hunan fiver, Hepc2 cells and human osteosarcoma. Hunan brain

contains 1ow levels of l-.1 I(b IGFBP-6 nRNA but contains a more of

the 2.0 Kb IGFBP-6 nRNA çrhich is also present in adult liver. In

rat, a 1.3 Kb IGFBP-6 nRNA v/as found in many tissues, including

testis, intestine, adrenal, kidney, stomach, spleen/ heart, lung,

brain and liver, The highest expression was found in the lung.

Human IGFBP-6 gene is located on chromosome 12. The regulation

and biofogical function of IGFBP-6 are unknolvn. However, the

presence of IGFBP-6 in the cerebrospinal fluíd and its selective
affínity for IGF-II suggests a specific reguÌatory role of IGFBP-6

Ín the action of IGF-II in the nerve system.

Relationship anong the six cloned fGFBPs

The amino acid sequence comparison shows that the six cloned

IcFBPs are the distinct members of a family of related protein.

Each of mature IGFBPS has 14-20 cysteines which are cfustered in
the N- and the C-terminal thirds of the rnolecules. Both hunan and

rat IGFBP-4 contain 20 cysteines, \rhereas human and rat IGFBP-6

contain 16 and L4 cysteines, respectivel-y, All other IGFBPS

contain 18 cysteines. The positions of cysteines are highly
conserved and may contribute to the formation of particular three

dirnensional structures, Based on amino acid sequence homologies,

the IGFBPS can be divided into three portions. The conserved
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regions are located at the N- and C-terrninal- portions/ r./hereas the

middle portj.ons of the molecules are the most divergent. Both

hurnan and rat fGFBP-3 / -4 as vJell as human fcFBp-6 contain N-Linked

glycosylation sites, rvhereas other IGFBps do not. Onfy IcFBp-L and

-2 have the RGD sites. Human IGFBP-I and -3 genes are l-ocated on

the same chromoso¡ne but are separated genes. Other hunan IGFBP

genes are located on different chromosomes. The most abundant of
nRNAs for IGFBP-1, -2, -3, and -4 are detected in the J.iver,

vhereas the highest expression of IGFBP-S and -6 are found in the

kidney and the lung, respectively. Some characteristics of the six
cloned IGFBPS are outlined in the Table 1-6.

1.3 Research Obj ectives

It is weII known that GH deficiency, glucocorticoid excess

and diabetes are associated with growth retardation, but the

mechanisms involved are poorly understood, Since IGF-I plays an

irnportant rol-e in the postnatal longitudinal growth and its action

is nodulated by the IcFBPS, possible alterations of IGF-I

production and action due to changes of IGFBps may contribute to
the growth retardation seen in GH deficiency, gJ-ucocorticoid excess

and diabetes. Decreased expression of IcF-I in cH deficiency was

well documented but IGFBP-1 r,¡as considered to be GH independent by

sorne ínvestigators. Some clinical- studies suggested that serurn

IGFBP-1 levels may correlate inversely with serun cH

concentrations, I{hether cH can regulate IGFBP-I gene expression
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lable 1-6. some characteristics of six cloneal fcFBps

Mo lecular
IGFBP weight

( calculated)

1 (hurûan) 25 ,27 4
(rat) 29 ,600

2 (hunan)
(rat)

3 (hunan) 2A,7OO
(rat)

29,564

I'I-linked RcD
glycosylation numbe.r
sites

4 (hunan) 25 ,97 A
(rat)

5 (hunìan) 2A ,553
(rat) 2a,42a

6 (hunan) 22,6LO
(rat) 2L,46t

cysteine nRNA size
numþer (Kb)

18
1.6
1.6

chromosome
location

1.6-1. A; 4.4
2-O

20
20

2.6

) '4.

l-11

16
t4

6.0

75

L.I; 2.O
1.3



and at what step are unknown. In gJ_ucocorticoid excess, reported

serum IcF-f level"s are lor'r, normal¡ or high. In addition,
glucocorticoid excess is associated v¡ith the increase in sorne

uncharacter i" z ed IcF inhibitors in serum. Before the studies of
this thesis, there \das no report describing the expression of fcF-f
and IcFBPs in glucocorticoid excess conditions. In diabetes, it
has been shown that serum IGF-I level"s are decreased and IGF-I nRNA

abundance in liver, J-ung, kidney and uterus is reduced. Ho\^¡ever,

it is unknown \,/hether the defect of IGF-I expression is general in
diabetes, and there is no report on expression of IGFBps in
spontaneously diabetic rats.

To answer the al¡ove questions, a

conducted to reach the following specific
series of studies r^¡ere

aims:

IGFBP-1 expression and1. To examine

define the molecular

the GH reguÌation of

mechanisms involved.

2, To exanine the

IGFBP-I and f GI'BP- 3 genes

effects of DXM on expression of IGF-I,

and molecufar mechanisms involved.

3, To examine the

on expressÌon of fcF-I /

effects of diabetes and exogenous insulin
IGFBP-1 ,-2, -3, and -4 genes.



chapter 2: Materials and Methods

2.1 Materials

Restriction enzymes, DNA and RNA modifying enzynes v/ere

supplied by Pharmacia (cânada) Inc. (Baie d,Urfe, Que),

Boehr inger-Mannhe im (indianapolis, IN), and Promega Biotec.

(Madison, wr). IAlpha-32P]dcTP, ¡alpha-32e¡crP and ¡ garnrna-3zp l ATP

were purchased from Neur England Nuclear (Lachire, Que), |25I-JGF-I

was obtained from Amersham canada (oakville, ont) . Nick

translation reagents rvere obtained from Amersham Canada (oakville,

Ont). 3'-end ]abeÌl-ing kit v¡as purchâsed fron Boehr inger-Mannhe im

(Indianapolis/ fN) . Oliqo (dT)-cellulose was suppJ"ied by Sigma (St.

Louis, Mo). N.itrocell-ulose fiLter was obtained fron Micron

Separation INC. (Westboro/ MA) . Kodak X-Onat AR film was purchased

fron Eastman Kodak (Rochester, NY), Human pituitary cH was kindly
provided by Dr, I. l,¡orsley, Department of Physiology, University of

Manitoba. DXM, STZ were obtained from Sigma (St, Louis, MO).

Hurnan insulin was purchased from connaught Novo (novo Industries,

Toronto, Ont) . Glucose oxidase systen was supplied by Sigma (St.

Louis, MO) .

2.2 Animals

Specific protocol of anil¡a1 studies r.¡ill be described in
appropriate chapters, In generâl/ male Sprague-Dawley rats, 80-LO0
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g body weight/ 4 \,/eeks of age, or femal-e Sprague-Dawley rats, 75-

100 9 body r,reight, r,iere obtained from the University of Manitoba

breeding facility (winnipeg, MB) . Hypox male Sprague-Dar^¿Iey rats,
75-1"20 g body r,reight v¡ere obtained from Charl-es River Canada (St.

Constance, Que) and accfimatized in holding cages for approxinately

1--2 \,,¡eeks, Only animals r.¡hich demonstrated less than 3 g weight

gain/\,Jeek were cons idered hypox . Prediabetic male

Biobreed ing/Worchester (BB/W) rats v¡ere obtained frorn the National

Institutes of Health colony at the University of Massachusetts,

Aqe-matched rats of a non-d i abetes-prone strain of BB/W rats were

obtained from the same source, Diabetes occurred at approximately

3 aonth of age in diabetes-prone BB/W rats.

2.3 MoLecular probes

The cDNA and synthetic oligonucleotide probes used in this
study are listed in Table 2-1. It is needed to mention that pNB29

is a cDNA encoding a constitutiveJ.y expressed rat heat shock-Iike
protein. In some experiments, pNB29 probe or a rat glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) CDNA probe was used as a loading

control-. The sequences of the rat IGFBP-2 , -3 and -4

ol igonuc I eot ides are sholn in Table 2-t-a. Ol- igonucl eot ides with
sèquences ant iconìp ì ementa ry to nucleotides 614-673, 189-248 and

624-683 of the published sequences for rat IcFBp-2 / -3 and -4
respectively (Brovrn et a-2. , I9a9; Shimasaki et af ., i.gïg; Shimasaki

et âf., f990) t"/ere synthesized by DNA Synthesis LaboraLoryf
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University of Manitokra (winnipeg, MB) , It has been shown that
arnino acid sequences of the six knoç¡n IGFBPs are highly hornologous

in the regions located at the N- and C-terminaf portions whereas

the niddLe portions of the molecules are the most divergent

(Shinasaki et al ., 1,99L). Therefore/ the sequences of the rat
IGFBP-2 and IGFBP-4 oligonucleotides were chosen from the divergent

niddle portion of the corresponding proteins. Although the

sequence of the rat IGFBP-3 oligonucleotide was chosen fron the N-

terminal- portion of rat IGFBP-3, this ol" igonuc leot ide probe

appeared to be specific as indicated by the detecting of a single

2.6 Kb band in Nothern blot.

2.4 Labelling of ptobes

A, N ick-trans lat j.on : cel-purified DNA insert and intact
recombinant pJ-asmid r.¡ere labelled with [32P] by n ick-trans lat ion.

In this method, the DNA polymerase I initiates DNA synthesis at

free 3/ OH groups, which are exposed as nicks in the unlabelted

DNA. The nicks are generated in randorn location by a lirnit.ed

digest of the DNA to be tabetled lqith DNase I. Nick-trans lat ion

reaction v¡as carried out as described by the supplier of the kit
and using 7O pci of 3,ooo ci/mmole Ialpha-32p]dcTp. Usua]ly 10o-200

ng of DNA was used per reaction and specific activities of t--5 x l-08

cp¡¡./LLg DNA were obtained. The unincorporated l-al:el was removed by

chronatography of the n ick-trans lat ion reaction over a 4.0 ml,

column of c100 sephadex equilibrated with TE pH 7.5,



Table 2-1. CDNA probes

Probes Source Length Re f erence

IGF-I CDNA Rat

IGFBP-1 CDNA Rat

pNB29 oDNA Rat

c-nyc genomic DNA Human

28S genonic DNA Hunìan

ß-Actin CDNA chicken

GAPDH CDNA Rat

52L bp

1486 bp

1477 bp

8300 bp

5025 bp

2000 bp

r24L bp

Murphy et af ., I987a

Murphy et a7,, L990

deToledo et aJ- ., L987

DaIIa et a7., L9a2

Gonzalez et aL., L985

Cleveland et af ,, L980

Tso et af ,, L9a5
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TabIe 2-!a. The sequences of the rat IGFBP-2, -3 and -4

o1ígonuëIeotíde probes

Probe S equ ence Re f erence

IGFBP-2 5/ CCCTCCGAGTGGTCATCCTCACTGTCTGCA Broln et aL., t989

ACCTG CTGTGGGGTGG CGCCCACGCGTCTC 3 /

IGFBP-3 5/ GCACCAGCTCCGTGCACGCGGGCGCGGTGG Shimasaki et a7., L989

GCGGAGGCGCGCACTGGGCCAGCGCACGCG 3'

IGFBP-4 5 / GGGGCACAGGACGGGGTTCCTCCCGAGGTG Shimasaki et aL, J-990

TCCCCACAACCTTCATCTTGCTCCGATCTC 3 /
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B. End labeìl-ing: 5/ end labelling was used for labelling the

synthetic oligonucJ.eotides, The enzyne T4 polynucleotide kinase

will specifically transfer the gamma 32P label from ATP to a 5/ OH

group of DNA, Usually 300 ng oligonucleotide was incubated at 370

C for L hr r,¡ith T4 polynucleotide kinase and [gamma-32P¡ ATP in the

presence of a kinase buffer (500 mM Tris, pH 7.4t IOO nM MgCl2, 50

mM dithiotreitol (DTT) / 1O mM spermidine) . The reaction was

stopped with 0.5 M EDTA/ pH 8.0 (28 mM final) . The unincorporated

labeL was removed using DE-52 column and 1abel1ed oligonucleotide

nas eluted by 4 ml of high salt solution ( l-0 mM Tris/ pH 7.5, 500

mM NaCl, 0.2 mM EDTA) .

2.5 Large scale plasnidl DNA preparation

Pl-asnid DNA vras prepared by using the method described by

Maniatis et af. (1984) nith modification. A singte bacterial
colony carrying the plasnrid of interest rvas used to inoculate 5 in1

of LB (Luria-Bertani) rnediurn containing ampicillin. The bact.eria

vras grown overnight in a shaking Íncubator at 370 C, This 5 nt of

overnight culture was added to 5oo ml of LB mediurn containing

arnpicillin in a 2-Iiter flask. Incubate the cufture for 2.5-3.o hr

at 370 c with vigorous shaking (3oO cycles/rninute on a rotary
shaker) until the growing bacterial cells had reached an optical
density (o.D. 600) of 0.4-0.7. 2.5 ml of a solution of

chloramphenicol (34 mg/mÌ in ethanot) rlras then added and the

culture allowed to shake for a further 16 hr at 370 c with vigorous



shaking. The broth r.ras then centrifuged at 3,ooo rpn (40 C) for 10

nin in PR7000 centrifuge (fnternational Equipnent conpany, Needham

Hts, MÄ). The supernatant r./as discarded and the bacterial- pellet

rvas then resuspended in 10 ml of lysis buffer containing l-ysozyne

(25 mM Tris, pH 8.0, l-0 mM EDTA, 0.92 glucose, 5 ng/ml- Lysozyme) ,

The solution was transferred to 50 ml- sterile screr^/-cap Oakridge

tubes (Nalgene co,, Rochester, NY) and placed on ice for 15 nin

with occasional swÍrfing and shaking of the tubes. Ten nI of o,2

N NaOH, 0,2U SDS solution nas added and incubated for l-5 nin on

ice. Ten rnf of 3 M sodium acetate pH 5.2 was added ând the rnixture

was left on ice for 30 min, The tube was then centrifuged in a JA-

20 rotor at Ls,ooo rpm for 30 min at 40 C. The approximately 30 ml

supernatant was transferred to a 50 nl cloning tu}:e and the DNA

precipitated v/ith 0,6 vol-ume of isopropanol. After incubating at

room temperature for 20 min, the DNA was recovered by

centrifugation at 3,000 rpm in PR7000 centrifuge for 20 ¡nin at roorn

ternperature. The pellet vJas then desiccated and redissofved in 6.0

nl- of TE pH 7.5. Cesiu¡n chloride (CsCl, 6.6 g) and 0.5 nl ethidium

bromide (10 ng/nl) were added the TE and tube contents mixed. The

tube was then centrifuged at 2,000 rpn (200 C) in PR7OOO centrifuge

for 10 nin. The supernatant r,ias transferred to a Beckrnan quick-

seal Ti75 poLyallomer centrifuge tubes. The Ti75 centrifuge tubes

were filled with nineral oi1, balanced and heat sealed.

centrifugation was at 55,ooo rpm in a Beckman Ti75 rotor at 200 C

for 18 hr. After centrifugation, the }o\,Jer plasmid band tnade

visible by Ìong wavelength uttraviolet light, was renoved by an L8-
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gauge nêedle fitted r{ith 3 ml syringe and transferred to a l-5 mI

steril"e polypropylene tube, It nas then extracted vJith isoanyf

aLcohol 3 times or more to remove the ethj.dium bromide (EtBr) , Tno

nl- of sterile r,/ater vJas added foÌÌorqed by 2 volumes of cold ethanol

and placed at -200 C overnight. The plasmid DNA vJas then

centrifuged at l-O,0oo rpm (40 c) for 30 min, the pellet washed $/ith

70? ethanol, desiccated and dissolved in TE pH 7.5.

2.6 RNA extraction and RNA blot hybÌidization

Two different RNA extraction procedures were used during the

course of these studj.es, The first procedure v¡as the guanidinium

isoth iocyanate-ces ium chloride (CsCI) cushion method (Chirgwin J,

1979). In this method/ the frozen tissue was homogenízei (45-60

sec) using a polytron in a sofution of 4 M guanidiniurn

isothiocyanate¡ 0.005? sarkosyl, 0.025 M sodium citrate and O.OO73

vol-/voL ß-mercaptoethano I (cITC) . The ratio of 0.1-0,2 g tissue/ml

GITC was usually used. The honogenate was then layered onto 3 nl
of 5.7 M Cscl in 0.1M EDTA (pH 7.5) in a Beckman Ti75 polyalloÌner

tube and centrifuged at 25,OOO rpn for 16-20 hours at 200 C. After
the centrifugation, the RNA pellet was dissolved in TE buffer (pH

7.5) and precipitated with ethanol. The second procedure used for
RNA extraction rdas a ¡rodif ied version of that described by

Chornczynski and sacchi (1987). Approxi¡ìateIy one hundred minigran

of frozen tissue was honogenized rvith l ml of GITC sofution.
Sequentially, 0.1mI of 2 M sodium acetate, pH 4.0, l mL of phenoL,
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and 0.2 nl of chloroform-isoarnyl alcohol nixture (49: 1,) v,¡ere added

to the homogenate, i^¡ith thorough nixing by inversion after the

addition of each reagent. The final suspension was shaken

vigorously for L0 sec and cooled on ice for l-5 min. Sample Lras

centrifuged at 10/ooo g for 20 min at 40 C. After centrifugation,

RNÄ present in the aqueous phase was trânsferred to a fresh tube,

nixed with two volune of cold ethano], and then placed at -200 C

overnight to precipitate the RNA. Sedimentation at 1o/oOO g for 2O

min was again perforned and the resulting RNA pel1et was dissolved

in 0.3 nl of cITC soLution, transferred into a 1.5-ml- Eppendorf

tube, and precipitated \rith tv¡o volume of cold ethanol at -700 C for
t h, After centrifugation in an Eppendorf centrifuge for 20 nin at
40 C the RNA pellet r{as resuspended in 75? ethanol, sedimented and

dissolved in TE buffer (pH 7.5). The concentrâtion of RNA rvas

determined by spectrophotometer at O.D. 4260.

Poly (A) +-enriched nRNA vJas isolated from totaL RNA by one

cycle of oligo(dT) celluLose affinity chromatography (Aviv & Leder,

1972). This method relies on base pairing between the poly (A)+

residues at the 3/ end of mRNAs and the olio(dT) residues coupted

to the ceLlulose column natrix, PoIy(A)- RNA species are not bound

and are readily \,/ashed of f the colurnn. The Lìound poly (A) * RNA is
eluted by lovrering the amount of salt in the column buffer.

The RNA was separated by electrophoresis in a 13 agarose/Z.z

M formal-dehyde gel containing 0.5 itglml EtBr in 1X 3-nìorpholino:
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propanesulfonic acid buffer. The RNA geI vJas then photographed by

ultraviolet trans i I Iuminat ion and transferred to nitrocellulose

filters (Thomas, 1980) . In some experiments the abundance of

specific mRNA in individual rat sanìples r,ras quantitated by slot
bLot hybridization. For this purpose appropriate serial dil-utions

of RNA (5-4o pql to yield a linear densitometric signal were

immobilized on nj-trocelfulose paper using a filtration vacuun

manifold (Schleicher and Schuell, Keene, NH). The bl-ot was baked

for 2 h at 800 C under vacuum or at 600 C overnight. Nitrocellulose

filters r,,¡ere prehybridized for at least 2 h at 420 c in a solution

containing 502 formamide, 20 mM NaH2PO4, pH 7, 4XSSC (LX = 0.1-5 M

NaCl/ 0.015 M sodium citrate) , 2 nM EDTA, 4X Denhardt, solution (1X

= 0,022 BSA, f icoJ.1, and polyvinylpyrrolidine), 0.1% sDS and l-00

¡lg/ml sonicated/ denatured salmon sperm DNA. Hybridization was

performed al 42o C overnight in the sarne solution for oDNA probe.

For the oligonucleotide probes hybridization was performed al 420

C overnight in a solution identical to that described above except,

that it contained 25% formarìide. After hybridj-zation the blot
$thich \das probed rvith cDNA, i!¡as vJashed initially at roon

temperature with 2 X SSC and 0.1% SDS for L5-30 min and finally
washed for 30 min at 65(r c in o.1X SSc and o.LZ SDS. The menbrane,

which was hybridized viith oligonucfeotide proÌle/ was washed at room

tenperature in 2 X SSC, 0.12 SDS for 15-30 min, followed by wash at

420 C in the same solution for 15-30 min, The fifters were also

hybridized with 28s ribosomal probe or pNb29 probe as a control- for
RNA ì-oading. Autoradiography \ras performed by exposing Kodak X-
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Omat AR film (Eastman I(odak, Rochester, Ny) to the nitrocel_lulose

filters at -700 C in the presence of an enhancing screen for up to

7 days. Multiple exposures i¿ere obtained to ensure for Iinearity
of autorad iographic signal. Autoradiographs were analyzed using a

Bio-Rad video densitometer v¡ith a programm lDpAcK (Bio-Rad,

Mississauga, ont) . Each densitometric vafue came fron a single
scan .

2.7 Nuclear run-off assay

Liver was homogenized in 3 vol of buffer containing 0.32 M

sucrose/ 3 mM calcium chloride, 2 mM magnesium acetate, O. j- nM

EDTA, 10 mM Tris-HcL (pH 8.0) , O.L Z Triton X-IOO/ 1mM DTT, 1mM

phenylnethyl sul fony I fluoride, and 1 mM spermidine. The homogenate

was filtered through cheesecloth and centrifuged at 1oo0 X g for l-O

nin at 40 c. The crude nucLear pellet was hornogenized ín the same

buffer containing 2 M sucrose and 5.0 nM magnesiurn acetate and

layered over a cushion of 2 lq sucrose in buffer and centrifuged at.

80,000 X g for t h at 40 c, Nuclei, 5 X 107, \¡/ere suspended in 400

pl- of buffer containing 2QZ gLycerol, 3O nM Tris-HCl (pH 8.0), 5 nM

magnesium chloride, 0.05 mM EDTA/ 3 nM DTT, 150 mM potassiurn

chloride, and 0.5 nM each of ATp, GTp, and UTp. The nascent RNA

chains were then elongated in the presence of 250 /.¿ci of [32p]CTp

(800 ci/mmol) at 280 C for 3O min. The incubatj.on v¡as terminated

by the addition of RNase-free DNase (promega Biotec, Madison, Wf)

and proteinase K (25 tLS/nL) / and the RNA rvas extracted using the



guanÍdinium i soth i ocyanate-ces ium chloride technique ( Ch irgwin et
a7, !979). NitroceÌlulose strips containinq 15 pg of irnmobilized,

denatured pJ,asmid DNA \,/ere incubated v¡ith 5 X 1oó dpm/ml of l_abeIl-ed

RNA in a solution containing 10 nìM TES (pH 7.4)/ to mM EDTA, o.2U

SDS, and 0.3 M NacI. After 36 h of hybridization at 6b0 C the

fiLters r^¡ere initially vrashed in 2 X Ssc at 650 C for t h, followed

by wash in 2 X SSC rvith Io pg/nl RNase A at 370 C for 30 mín and

wash in 2 X SSc at 370 C for I h. As a control for nonspecific

hybridization/ pcEtvi-3 DNA vras incJ,uded, while pABB (2BS ribosonal
probe, Gonzalez I et af., 1985) / pc-myc (Dalla et aL,, L9B2), and

pACTIN (Cleveland et a-2,/ 1980) served as a positive control.

Quantitation of RNA was determined by densitometric scanning of

autoradiogrâphs after subtraction of nonspecific background

hybridlzation and normalization for pABB signals.

2.8 IGF-I radíoimmunoassay

IcF-I was measured in acid extracts of serum (Daughaday et a7,

L980) from individual rats by a nonequilibriun rad io imrnunoassay

using antisera distributed by the National Hormone and pituitary

Progran (Baltimore/ MD) . Prior to radioimmunoassay the sera were

extracted by acid ethanol to separate IGF-I from IcFBps. To tOO /-¿ l_

of a nixture of 87.5U ethanol and t-2.58 2 N Hcl (vol/vol) in l-.5-nl
polypropylene Microfuge tubes, 25 ItL of serum was added wit.h

thorough mixing. After standing for 30 nin at roon temperature,

Èhe tubes were centrifuged at 10r0OO rpm in an Eppendorf centrifuge



for 5 min at roon tenìperature. Supernatant (25 /.¿]) was removed and

transferred to a fresh polypropylene tube, and 10 pl of 0.885 M

Tris base was added and rnixed. After neutralization, the extracts

were subjected to rad i o immunoassây . fodinated trace was obtained

from Anersham Canada Ltd., and a serum pool derived fron 10 normaL

nale rats (250-300 g body vreight) was used as a standard. Resul-ts

were expressed as units per ml r.¿here 1U is equiva].ent to 940 ng

hunan recombinant IcF-I (Amgen Biologicals, Thousand Oaks, CA).

The sensitivity of the assay in our laboratory is 0.0L5 U/lnt with

a within-assay varíation of 9 å. AII samples in which a comparison

was nade \,¡ere anâf yzed in the same assay.

2.9 Immunoblotting

A polycLonal antisera raised against a synthetic peptide,

encoding amino acids l.55-1,73 of the predicted sequence of rat
TGFBP-1 (Murphy et a7., L99O) coupled to keyhoJ.e limpet hemocyanin

was used. serum samples \rere analyzed on a 12% SDs -po lyacrylamide

gel e ì.ectrophores i s and transferred to nitrocellulose paper.

Nitrocellulose paper r,¡as incubated overnight at 40 c wiÈh a l- in
1,000 dilution of antisera in Tris-buffered saline containing 0.05å

Tween 20 and 0.1% BSA. Alkaline phosphatase conjugated goat anti-
rabbit immunogJ-obulin r'¡as used to visualize the first antibody

(GIBco/BRL, Burlington/ ont ) .

2.10 Ligand blotting
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Two types of assays as described by Unterman et aL, (1989) and

Hossenlopp et a7, (1986) vJere used. Firstly totaL available serurn

IGF-I binding activity r,ras quantì.fied by a dot-Ì:lot assay. Serial
dilutions (in 150 ÍìM NaCI, 2O mM Tris, pH 7.4) of sera from

índividual rats \,,/ere imnobilized on nitrocellulose paper using a

f il-tratj.on vacuu¡ì manlfold (SchLeicher and SchueII, Keene, NH,

USA). In second type of assay, insulin-like gror,,rth factor-binding
proteins were separated by size. Serun sampLes pooled froa the

various treatment groups r,;ere boiled, resolved on a L2Z sDS-

polyacrylamide gel and transferred to nitrocellulose paper. In
both types of assay, nitrocellulose rnembranes were sequentially
bfocked with 3U (v/v) Nonidet P-40, 1O g/L BSA, and 0.1å (v/v)

Tween 20 in 150 mM NaCf, 10 nM Tris t pH 7,4t then incubated

overnight at 40 c vrith 30O,O0o cpm/ml ¡r25II lcn-t (Anershan canada,

oakvil-l-e, ont) in 10 g/L BSA, O.1Z Tween 20, Lso mM NaCl-, 1o nM

Tris-HCI pH 7.4, and 0.5 ng/ml of sodium azide, After incubation,
menbranes were r,¡ashed 2 times in l-50 mM NaCl, lO nM Tris-HCI pH

7.4, o,1Z Tween 20 at 40 c for 15 min each time, followed by wash

3 tines in 150 nìM NacI, 10 nìM Tris-Hcf pH 7.4 al 40 c for t5 min

each tine. Blot r.Jas dried and then exposed to Kodak X-onat ÃR f il-T[

at -700 c for up to 7 days. Autoradiographs were analyzed by

densitonetry as described in the chapter 2.6.

2.11 Determination of serum gLucose, glycosylated haemogl.obin

Serum gfucose concentrations were measured as described by the
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supplier using a glucose oxidase systern (Sigma, St, Louis, MO). In
briefJ-y, 25 uI of serum \ras diluted vith 5oo i.¿l of viater. Five mt

of combined enzyne-colour Reagent solution containing glucose

oxidase, peroxidase and O-dianisidine dihydrochloride was added and

mixed thoroughly. Samples were .incubated at room temperature for
45 nin. At the end of incubation period, absorbance (A) at 425-475

nn r.Jas read and the glucose concentration vJas cal-culated by

comparing to the glucose standard. clycosyfated haemoglobin was

determined using a Kit (Pierce/ Rockford/ IL) .

2.12 statistical ana lys i s

For comparison betvJeen treatment groups¿ individuat rat RNA

sanples or RNA sarnples fron pooled tissue were treated as

independent observations. The initial sLope of the finear part of

the relationship between the amount of total RNA applied and the OD

area, as determined Lry densitometry of slot-blot autorad i ograrns ,

was used to compare control and treatnent groups. The Tnean sl-ope

of the appropriate control group v/as arbitrarily attributed a value

of 1008 or l and the ratio of the slope obtained for each RNA

sanple to this mean \,/as determined. Significant differences

bet\,,¡een treated and control rats lJere determined for various

parameters using Student/ s t-test.



Chapter 3: TranscriptionaL regulation of rat IcFBp-l expression by

GH

3.1 fntroiluction

cH has L¡een clearly demonstrated to be able to stimulate IGF-f
gene expression, and thereby exert its growth-promot ing effects
(Sara & Ha11, 1990) . In addition/ cH may regulate IcFBps and

therefore modufates the actions of IGF-I. It has been shown that
IGFBP-3 expression is regulated by cH, In hypox rats, serun IcFBp-

3 levels are reduced, Injection or infusion of GH can restore the
serum IGFBP-3 levels and induce 150-200 KDa compLex in hypox rats.
The stimulating effect of cH on IGFBp-3 production may be ¡nediated

by IGF-I, because IcF-I can markedly increase the serum Ic¡'Bp-3

levels in hypox rats and sti¡rulate the production of IcFBp-3 in
nany cells in vitro while cH has ]ittle or no effect in an in vitro
system (Clemmons et af./ 1989ì Zapf et a7,, I9g9; Conover, L99l_a).

The effect of cH on IGFBP-2 is not clear. Although hepatic IGFBP-2

nRNA IeveIs and serum IGFBP-2 concentrations are eLevated in hypox

rats (Ooi et af ,, f99O; Orlovrski et af ./ 1990b) , cH treatment aLone

cannot suppress the elevated hepatic IcFBp-2 nRNA levels (Margot et
a7,, L989; Ooi et af., r99O). IGFBP-1, in contrast to IcFBp-3, was

thought to be cH lndependent (Baxter & Cor.reII, L9B7a; Forbes et
al.,/ 19Bg). Some clinicaL studies showed that serum fGFBp-1 Level-s

are elevated in cH-def j"c.iency patients and reduced in patients with
acronegáIy (Drop et al ,, I9g4; povoa et aL./ rgï4b; Busby et aJ.,
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1988b; HaII et af ., 1-9BB), suggesting that IGFBP-I may be inversely
regulated by cH, Hor'rever, the effect of cH on fcFBp-l gene

expression has not been reported. The present study was

undertaken to examine the gene expression of IGFBp-t in hypox and

pituì.tary- intact rats, and the effect of cH on the IGFBP-j- gene

expression in hypox rats.

3.2 Experimental des ign

Male hypox Sprague-Dar,/1ey rats, B0-100 g body weight and 3

weeks of age, vrere acclimatized in holding cages for approxinatefy

2 weeks, Age-matched sham-operated rats vJere used as controL.

Hypox rats were kiÌÌed at various times after a single i.p.
injection of l-oo pq/Loo g body wt human pituitary cH (3 lulmg).

3.3 Resu1t.s

A significant increase (5.8-fold) in hepatic fcFBp-1 nRNA

abundance was observed in hypox rats compared to that in pituitary-
intact rats. I next examined the effects of cH on hepatic IcFBp-l
transcription and IGFBP-1 InRNA abundance, In hypox rats,
transcription of IcPBP-1 !,ras significantly increased (4-foId)
cornpared to that in p itu i tary- intact sham-operated rats (FÍg. 3-

1A) . The nagnitude of increase in IcFBp-1 transcription in hypox

rats vJas similar to that of increase in IGFBP-I nRNA abundance. cH

administration rapidly reduced IGFBP-1 transcription. Thirty
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Fig. 3-1, The effects of GH on hepatic IGFBP-1 gene expression Ín

hypox rats. A. The effect of GH on IGFBP-I transcription. Thê

insert shoi,/s a representative experiment v¡here nuclei from

untreated and cH treated hypox rats have been used, Data fron four
separatê experiments have been plotted Ì:elow. Data have been

expressed as a percentage of IGFBP-1 transcription in sham-operated

control- rats. B, A representative Northern blot of hepatic RNA

from sham-operated rats (S) or hypox rats at various times after
the administration of cH. Ten micrograns of poly (A) + RNA per lane

rvere loaded. The filters have been hybridj"zed with a IGFBp-l- oDNA

and/ subsequently/ vrith pABB (28S ribosomal probe) as a control for
gel loading. In the lovrer part of B dâta from three separate

experiments have been quantitated and represent the mean t SEM.

IGFBP-L mRNA abundance has been nor¡naLized for the Ioading control
and has been pLotted as a percentage of that in the sharn-operated

controÌ rats. *, p < 0.05; **, p < O.OO5 (for the difference
betr^/een cH-treated and untreated hypox rats, respectively) .
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ninutes after cH administration, IGFBP-l- transcription was not

significantly different from that in p itu itary- intact sharn-operated

rats. There lras a gradual increase in IGFBP-I- transcription over

the subsequent 5 h after GH injection. Similarly, IGFBP-L nRNA

abundance decreased after cH adrninistration; horvever, the pattern

of decline and recovery vras slightly delayed compared to the data

obtained in the in vitra transcription assay (Fiq. 3-18) .

3.4 Discuss ion

The results of this study clearfy showed that IGFBP-I gene

expression .is inversel"y regulated by cH. I believe this is the

first report in rvhich regulation of IGFBP-1 by cH occurring at nRNA

Ievels has been demonstrated. Furthermore, I cl"early proved that

the acute cH inhibits transcription rate of IGFBP-1 gene. Resul-ts

from the coÌfeagues in our laboratory sho\,,¡ed that an increase in

the abundance of a 3O KDa IGFBPs which presumptively present IGFBP-

L r.¡as detected in both hepatic extracts and serum from hypox rats.

When hypox rats r\rere treated with cH for B days/ a decrease in this

30 KDa IGFBP fronì hepatic extracts was seen. These data suggest

that the change in IGFBP-1 mRNA levels in our experimental

condition may resuJ-t in the refevant change in IGFBP-I,

Indeed our results in vivo cannot prove that the inhibitory
effect of cH on IGFBP-1 is direct. It is possible that the effects

of cH are rnediated by other mechanisms. Insulin has been
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consistently reported to inhibit IGFBP-1 production both in vivo

and jn vitro (Suikkari et a-2./ 1988; 1989; Ler.ritt & Baxter. 1989,'

Conover & Lee, 1990a; Singh et a]./ I990,' PowelL et a7,, ]-99fì

Unterman et aJ-,, L99I), Also GH has been shown to stirnulate

pancreatic insulin gene expression and reLease (Sandler et aL.,

1-987; Formby et aJ., I98e). One possible reason for the inhj.bitory
effect of cH on IGFBP-1 gene expression j.s that, GH stinulates
insulin production and release, then high insulin l-eveI inhibits
fGFBP-1 gene expression. lt has been reported that the low levels

of IGFBP-1 in acronegaly !,¡ere unrelated to mean cH but were

inversely related to elevated fasting insulin levels (HoI1y et a7,,

L99I') . In another study in lvhich GH was given on alternate days,

the serum level-s of both IcF-I and insulin were significantly
higher in cH-treated than in placebo-treated v/omen during the i-1-

day follow-up period (Tapanainen et al-., L99L). These results
suggest that long term elevated cH increases serum IcF-I and

insulin nhich results in low levels of IGFBP-1. However, the

effect of acute cH on production of IGFBP-1 nay not be secondary to
the elevated levels of insulin. A rapj.d decrease in IGFBP-L gene

transcription rate and IìRNA levels after cH treatnent argues

strongly against the view that the effect of acute cH on IGFBP-1

gene expression is mediated by insutin. In a study in vitro
(Unterman et aL., L991,), a significant faII of the abundance of

IGFBP-I- nRNA in rat H4IIE hepatoma ceÌìs began at 2 h (not at t h)

after incubation rvith 100 nlvl insulin, v¡hile in our study the fall
of fcFBP-L mRNA abundance after cH injection occurred at nuch



earfier time points: significantly fall at 0.5 h and reached the

lowest level at t h after GH injectÍon, If the effect of acute cH

on hepatic IGFBP-L mRNA is ned.iated by insulin, one shoufd expect

that decreased IGFBP-1 gene expression after GH treatnent starts at

a time after the insulin effect takes place. The result.s to the

contrary suggest that the effects of acute cH on hepatic IGFBP-I

nRNA is unlikely mediated by an increase in insulin levels. A

report, which is consistent with our resufts, carne from the sane

study of Tapanainen et aL (1991-) in hunan, They showed that serun

IGFBP-L Ìevefs decreased significantly during the f j-rst 4 h after
acute cH adrninistration, while serum levefs of insulin did not

change during the same period. In another study, octreotide which

is a sornatostatin analogue \^ias used to treat acrornegalic patients

(Ezzat et al ,, L99I). After one month treatment with octreotide,

an injection of l-00 /-¿g of octreotide maximally attenuated cH to L88

of control Levels, and IGF-I to 46% of control leve1s after 4 h.

Serun IGFBP-I levels were increased 1.5-fold after 2 h and 3-fold
after 4 h, while serurn insulin levels did not change during this
period. These observations suggest a non- insul in-nediated

mechanism of the acute cH effect on IGFBP-I.

UnterTnan et af , ( 1991) sho\^/ed that treatment v¡ith 1- pM rat cH

for 3 h or 24 h did not alter the abundance of IGFBP-I- n'ìRNA in rat
H4IIE hepatoma cells, Hor.rever, these results still could not

excl-ude the possibility of the direct inhibitory effect of cH on

IGFBP-1 gene expression, In rny in vivo study, the l-evef s of
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hepatic IGFBP-I mRNA reached the lolest point at 1- h, but began to

rise at 2 h and reached control (hypox) Ievels at 3 h after the

injectíon of cH. l.,lhile in Unterman/ s in vitro study, IGFBP-I nRNA

levels were measured at 3 h or 24 h after the addition of GH and

they did not exanine the IGFBP-1 mRNA leveIs at earlier ti¡ne

points, Therefore, the possibility of change in IGFBP-1 nRNA

Ievels at earlier time points after the incubation with cH can not

be excluded. Another explanation for the negative resufts of

Unterman is that the rat H4IIE hepatoma cells may have lost GH

receptors and therefore do not response to cH. Undoubtedly, a

suitak¡le system and a detailed study in vitro are needed to

dernonstrate v¡hether cH has direct effects on IGFBP-1 gene

expression.

The observations reported here not only demonstrated that

IGFBP-1 gene expression is enhanced in the hypox rat but afso prove

that cH is able to acutely dovJn-regulate IGFBP-1 gene expression at

the transcriptional level These results clearly indicate that

IGFBP-1- expression is not GH-independent in the rat.



Chapter 43 Regulation of Expression of IGF-I ancl IcFBPs by

Dexamethasone

4.1 Introaluction

cl-ucocorticoid excess, \,/hether iatrogenic or endogenous,

inhibits somatic grov/th in both man and experirnental animaLs

(Blodgett et aL,, 1956; McArthur et af ., t972,' Loeb, L976). Thê

long acting glucocorticoids are particularly potent in this regard

and limit their therapeutic usefulness in children. The mechanisms

whereby glucocorticoids excess exerts this effect are uncl-ear. In

the adult human, glucocorticoid treatment has been found to be

associated tJith attenuated GH responses to a number of

pharmacological and physiological stinuli \'Jhich include cH-

releasing hormone (GHRH) (Frantz et aJ-., 1969; Nakagarva et a7.,

L969; Takeda et aL., 1974; Hotta et a] ./ 1988). However, both

potentiating and inhibitory effects of glucocorticoids on

stinulated cH release have been reported/ depending on the duration

of pituitary exposure (Casanueva et aL., 1988; Burguera et a7.,

L990). Furthermore, a recent report fron Miell- et aL. (L99l-)

showed that basal cH levels significantly increase after
dexamethasone treatrnent in adult nan, In children, there was no

change in serum cH concentration in relation to corticosteroid
therapy (Morris et af., 1968) . fn the rat, glucocorticoid

treatment enhances the pituitary cH response to GHRH both in vitro
and i¡ yivo (Vale et a-2., 1983; i{ehrenberg et a-l ., 1983), In
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addition, the glucocorticoid, dexamethasone has k¡een shown to

stimul-ate cH production in cultured rat pituitary tumour ceIIs by

íncreasing the GH gene transcription rate (MartiaÌ et af., 1,977 ì

Yu et a-2., 1977; SpindLer et aJ., L982). These results suggest

that the effect of glucocorticoid on sonatic growth is unrel-ated to

the inhibitory action on pituitary cH release. The observation

that the administration of cH can not restore normal growth in the

children \'Jith glucocorticoid excess (Ward et al ., 1966; Morris et

a7., 1968) supports the hypothesis that the effect of

glucocorticoid excess may be related to impairrnent of cH action

rather than cH concentration, Glucocorticoid excess is also knorvn

to inhibit bone nineralization, and collagen formation (Daughaday

& Mariz, L962; Silbermann & Maor, l.978). An important factor

involved in the mechanisrns \,Jhereby glucocorticoid excess retards

gro\,/th may be the impairment of either the production or the

actions of IGF-I. Earlier studies demonstrated that
glucocorticoids inhibj-ted sulphate incorporation into cartitage
both jn vivo and in vitro (Bostrom et al-., L964; Phillips et a7.,

l-975; Tessl"er & SaLmon, L975; Keret et a-2., L976). ALthough IGF

activity was consistently reported to be 1ovr, circulating IGF

Levels have been reported to be lovr, normal, or high in patients

with Cushing/ s syndrome or in those receiving gtucocorticoid

therapy (Van der Brande et af., L974; Elders et âf ., 1975ì

Furlanetto et af ./ I977; Thoren et aL / 1981,' Gourmelen et af .,

L982). These dj-fferences nìay/ in part, result from the different.
assay t,echniques used: bioassay, receptor assays, prolein binding
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and immunoassays, courmelen et af. (1982) have shown in a study of

children and adolescents vJith Cushing/s syndrome accompanied by

grotr¡th retardation, that circulating IGF-f levels were not l-ow and

there was no significant difference in IcF-I levefs before and

after treatnent of Cushing/s syndrome despite resumption of growth.

They concluded that the stunted gror.Jth associated \.,Jith

hypercort ico id i sm could not be attributed to IGF deficiency.

Unterman and Phil-Iips (1985) have shown that glucocorticoid

adrninistration is associated \,Jith an increase in cÍrculating
so¡natomedin inhibitors and a consequent steroid-induced faII in net

somatomedin activity. They have suggested these steroid-induced

inhibitors may explain the irnpaired growth observed in children

with hypercort ico id i srn. Hov,¡ever, these inhibitors have not been

completely purified and characterized. The rel-ationship of the IGF

inhiL¡itors to the IGFBPs remains to be determined,

These observations seem to imply that grovJth retardation seen

in glucocorticoid excess resul-ts from the impaired action of the

IcF caused by uncharacterized IGF inhibitors, rather than fcF

production. Recent studies have emphasized the importance of local
tissue IGF-I acting as an autocrine or paracrine fashion in the

growth response (D'Ercole et af .t l9S4), Furthermore, the IGF-I is
complexed with IcFBPs in circufation and tissue fluids, and the

IcF-f actions are believed to be moduLated by these IcFBPs. The

present study r.,ras undertaken to investigate the possibility that
the potent gfucocorticoid/ DXI'{ may have an effect on expression of
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IGF-I and IGFBPS in rats.

4.2 Experi¡nental design

Male Sprague-Dawfey rats/ 80-100 g body wt, 4 weeks of age,

were used. Hypox male rats, 100-120 g body \rt r,Jere acclirnatized in
holding cages for approximateLy L-2 rveeks. For studies in which

hypox rats vJere used, groups of five rats \,./ere killed 6 h after a

single intraperitoneal (i.p.) injection of 1oO pq/LOO g body wt of

human pituitary cH. Control hypox rats received an i.p. injection
of an equivaLent volume of salìne and v¡ere killed 6 h }ater. This

time was chosen since it \"¡as the earliest tine poínt at which an

increase in abundance of IGF-I mRNA can be clearly detected in the

tissues studies. Hypox rats r,iere pretreated with varying doses of

DXM or vehicle (15U ethanol, 852 PBS). DXM was injected i,p. 3 h

before cH administration, such that rats received either It 6t or

60 ug/L00 g body \.Jt. For studies of the effects of DXM on fcF-I
gene expression in pituitary intact rats, groups of six rats
received a singLe i.p. injection of DXM: 1, 6, 60, or 360 pq/t}O q

body wt or vehicle, These animaLs \,/ere killed t h after DXM

injection, a tine point conparable to that used in the hypox rats
study. The protocol of treatment in the study of effects of DXM on

IcF-f gene expression is outlined in Fig. 4-L. In addition, a

group of five hypox rats v¡ere given DXM only 360 pq/L00 g body wt

and killed t h later. For studies of the effects of DXM on fcFBp-l

and -3 gene expression in pituitary intact rats, groups of four or

1,O2



DG

Hypox$
0 3 6 t h time

Intact#
O 3 6 t h time

Fig. 4-1. Protocol of treatnent in the study of effects of DxM on

IGF-I gene expression. Arror.rs labelled D, c and S denote times of

DXM treatnent, cH treatment and death, respectively.



five rats vrere injected i.p. r,rith DXM, 6 pq/L}O g body wt, and

killed at various times: 1,-24 h. In a separate study, groups of

four or five rats r¡ere kil.led t h after a singl-e injection of

varying doses of DXM/ 0.1-60 pg/r00 body vJt, Control rats received

an equivalent volume of vehicle (152 ethanol and 852 PBS). In the

chroníc study groups of five rats received daily injections for 6

days of vehicl-e containing ot It 6t or 60 lJg of DXM. Aninafs r"/ere

al-Lor.Jed food ad libitum, vreighed on alternate days, and killed t h

after the final injectj-on on day 6.

4.3 Results

4.3.1 DXM inhibits GH-induction of IGF-I gene expression in
hypox rats and reduces IGF-I mRNA levels in the pituitary intact
rat s

The effect of increasing anounts of DXM on GH induction of

TGF-I nRNA in hepatic, renal, and pulmonary tissues of the hypox

rat is shown in Fig, 4-2, In each tissue, an increase in IGF-I

nRNÄ.s \,Jas seen in the hypox rats that received cH, with the most

dramatic response apparent in the liver. Pretreatrnent of hypox

rats with DXM diminished the response seen in each of these

tissues. DXM had no apparent differential effect on the rel-ative

abundance of the different sized IGF-I transcripts. In Fig. 4-3

thê data obtained from sfot blot analysis ivas quantified.
Administration of cH increased IGF-I mRNA abundance approximately
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Eig. 4-2, Northern blot analysis of poJ-y (A)+ RNÀ from hypox rats
treateal with GH and DXM. Rats received a single injection of cH,

100 pg/100 g body \rt, or an equivalent volume of vehicle. Ten

nicrograms of poly (A) + RNA extracted from pooJ-ed tissue vrere

anal-yzed. The upper panel depicts the pattern of hybridization
obtained with rat IGF-I CDNA tjhile the lower panel shor^/s

hybridization of the sane filter r.¡ith a rat GAPDH CDNA probe or a

28S ribosomal probe as a control for gel loading. The size of the

major groups of IGF-I transcripts is shov¡n,
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Fig. {-3. The effect of Dx!! on cE'iudluêed ÍncreaEe in IGF-I nRNA

abunalance in various tissues of tbe hypox rat. The relative

abundance of IGF-I nRNA in total RNA extracted from individual rats

was quantitated by slot-blot hybridization and has been expressed

relative to hypox controLs. The data represent the mean t SEM, n

= 5. The significant difference fron the nean of the GH-treated

hypox rats (column 2) is shown as *, **, ¿¡d ***, which represent

p < 0.05, p < 0,0L, and p < 0.005, respectively.
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5-,3-,2-l and 1.5-fold compared to hypox controls in the liver,
proximal tibia, Iung, and kidney respectively. As Iittle as 1 pg

DXM/100 g body rvt significantly reduced GH induction of IGF-I nRNA

in the liver and the proximal tibia. Higher doses of DXM were

required to reduce IcF-I mRNA abundance in the kidney and l-ung of

GH-treated hypox rats. Of the various tissues exatnined the order

of sensitivity to DXM \ras l"iver > tibia > kidney > lung. DXM

aLone, when administered in high doses (360 ug/LOO g body wt),
caused â modest reduction i-n the low levels of IGF-I mRNA detected

in the untreated hypox rat liver (44.5 ! 4,82 of hypox controls, p

< 0.005). The abundance of IcF-I mRNA in other tissues of the

hypox rats was too low to allov¡ for any firm concl-usions concerning

the effects of DXM on IGF-I mRNA in the untreated hypox rat, There

rvas close agreement betr,¡een the data obtained from the Northern

blot analysis (FiS. 4-2) and that o):tained by quantitating RNÂ

abundance by slot-bl,ot hyÌ:ridization (Fig.4-3).

A significant increase in IGF-I concentration/ approximately

2-foldt \,/as apparent in sera from hypox rats killed 6 h after cH

injection (Fig. 4-4). The lor.¡est dose of DXM used, 1 ug/1,OO g body

wt, did not reduce the concentration of IGF-I j.n the serum despite

the significant inhibition of GH-induced increase in hepatic IGF-I

nRNA abundance. Hypox rats that received the higher doses of DXM

had serurn IGF-I }evels not significantly different fron the control
hypox rats.
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The effect of DXM on steady state IGF-I nìRNA abundance was

exanined in p itu itary- intact rats l¡hich r.¡ere killed t h after
varying doses of DXM. Fig. 4-5 shor,is a Northern blot of poly(A)+

RNA pooled from liver, fung, and kidney tissues of rats treated
with differing amounts of DXM. The higher doses of DXM appeared to
rêduce IGF-I mRNA abundance in all tissues exarnined. Data obtained

from sl-ot-blot hybridization are shor.¡n in Fig. 4-6. A sÍgnificant
reduction in IGF-I ÌìRNA vras seen in all of the tissues exarnined,

with the most marked effect apparent in the tibia. The kidney

appeared to be less sensitive to DXM cornpared to the other tissues.
In the liver there !.Jas a suggestion that DXM had a biphasic effect,
with low and high doses having less effect than the intermediate

dose,

The effect of DXM on serum IGF-I concentrations in pituitary-
intact rats is shov¡n in Fig. 4-7. In contrast to the effect of DXM

on tissue IGF-I mRNA abundance/ no significant reduction in serurn

IGF-I was seen in DxM-treated rats, Rather, a significant increase

in serum IGF-I lvas apparent in the pituitary intact rats which

received the Lowest and highest doses of DXM (Fig. 4-7).

The effect of chronic administration of DXM on body wt gain,

serum IGF-I concentration, and hepatic and proximal tj.bial IGF-I

nRNA abundance is shov¡n in Fig. 4-8. The lowest dose of DXM, L

¡Lg/day, had no significant effect on body wt gain; however, the

higher doses of IXM significantly retarded rveight gain (Fig. 4-gÀ) .
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Fig. 4-5. The Northern blot analysis of poly (A)+ RNÀ frorÂ

pituitary- intact rats treated r\rith DXM. Ten rnicrograms of poly

(A) + RNA extracted from poofed tissue v/ere analyzed. The upper

panel depicts the pattern of hybridization obtained v¡ith rat IGF-I

cDNA, while the lot;er panel shorvs hybridization of the same filter
with a rat GAPDH CDNA probe or a 28S ribosomal- probe as a control

for gel loading, The size of the major groups of IGF-f transcripts
i s shor,¡n .
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Fig. 4-8. The effect of chronic adninistration of DXM on boaly r,Jt

gain, serum IcF-I concentration, hepatic and proxinat tibía1 IcF-I
nRNA abundance in p ituitary- intact rats, Panef A depicts the

increase in body lrt over the 6-day period in controf rats (tr), and

rats treated wj-th 1 (0), 6 (¡), and 60 (^) ug DXM/day. Panels B,

C, and D shorv the serum IcF-I concentrations and hepatic and tibial
IGF-I nRNA abundance, respectively, in each group of rats on day 6.

Afl data represent the mean t SEM, n : 5, The significant
difference betrveen treated groups and controfs is shows as * and

**, v¡hich represent p < 0.05 and p < 0.01, respectiveJ.y. The bar

sho$/s the significant difference betleen alI rats that received DXM

and the controf group of rats.
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The change in body rreight nìay not rvel-l ref l-ect the change in growth

in some circumstances because body r,Jeight may also be influenced by

certain factors such as change in fat content. Sínce growth

retardation including a decrease in body vreight in glucocorticoid

treated rats is l¡ell docurnented , the measurenent of body weight in
this study still is an important and convenient way to determine

the growth of DxM-treated rats. Serum lcF-I was not sÍgnificantly

different in any of the treatment groups (FiS. 4-88). A dose-

dependent decrease in hepatic and tibial IGF-I nRNA abundance was

seen in rats that received DXM (Fig. 4-a, c and D) . When the

entire group of DXM-treated rats vJere considered, both hepatic and

tibial IcF-I mRNÀ levels were significantly reduced compared to

vehicl-e-treated controls (p < 0,0L and p < 0.05, respectively) ,

However, because of the J"arge scatter and snafl number of animal

studied, the mean IGF-I mRNA levels in any individual group of DXM-

treated rats did not differ significantly from controf rats except

in the case of hepatic IGF-I nRNA abundance in the rats which

received the highest close of DXM (Fig. 4-8c) .

4.3.2 DXM increases hepatic IGFBP-1 nRNÀ abundance anal seru¡[

IGFBP-I concentrations in the rats

In the studìes of the effect of DXM on the gene expression of

IGF-I, DXM was shor,¡n to be able to inhibit GH induction of IGF-I

expression in various tissues in the hypox rats. In addition, DXM

at a slightl-y higher dose v¡as able to retard growth and reduce
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steady-state IGF-I nRNA Ievels in a variety of tissues. However,

in these studies, despite significant grovJth retardation and

reduced hepatic and peripheral tissue IGF-I mRNA concentrations,

serun IGF-I levels r,Jere not markedly reduced. These observatj-ons

have led me to speculate that DXM mây have some effect on the

cj.rculating IGF binding proteins, Therefore, an investigation of

the effect of DXM on the gene expression of IcFBPs was conducted.

As the first step, the serun IcF total binding activity after the

treatment of DXM \ras nìeasured by the dot-bIot ligand blotting

assay. There was a dose-dependent increase in serum total IGF

binding activities after the acute or chronic treat¡nent of DXM

(FiS. 4-9, A and B). Thereafter¿ v/hether IGFBP-l- and IGFBP-3

contribute to these elevated IcF binding activities was examined.

The effect of a singJ-e injection of DXM, 6 ttg/1,oo g body wt,

on hepatic IGPBP-1 nRNA is shown ín Fig. 4-10. A significant

increase in IGFBP-1 nRNA abundance (2,24 ! O,25, p < 0.05) was

apparent t h after DXM administration. This was followed by a slow

decline to basal levels, The dose-dependence of the DXM effect was

shown in Fig. 4-11. A dose-dependent increase in IGFBP-I nRNA

alrundance was seen rvith as little as 1, pg/1,oo g body wt, resulting

in a significant increase, In these acute experirnents no

detectable increase in IGFBP-1 ruas detected by immunoblotting of

serum sampl-es (data not sho\rn) .

To deterrnine r.¡hether the effects of DXM on IGFBP-L nRNA
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Fí9. 4-9. TbE dose-Clepe¡alent inaluctiotr of serum totat IGF biDaliDg

activities by Dx¡t. r25I-IGF binding activities of sera fron

individual rats, four or five rats per group, has been quantitated

using a dot-bl-ot assay. The data represent the mean t SEM. In
panel A data from each group of rats killed t h after a single

Ínjection of varying arnounts of D)fi have been expressed as a

percentage of the untreated control rats, In panel B, data from

each group of rats kiIled after 6 days of treatnent with varying

a¡nounts of DXM have been expressed as a percentage of the untreated

controf rats. *, ** p < O.O5 and p < 0.01, respectiveJ.y, for the

difference between treated and controL rats.
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Fig. 4-10. The time course of incluction of hepatic IGFBP-I ñRNA

fo1lowíng DxM administration, PaneI A depicts a representative

Northern blot of total RNA (Bo lJg per lane) extraeted from rats at

various times after a single injection of 6 ug/Loo g body wt of

DXM. The pattern of hybridization obtained with a rat IGFBP-L oDNA

is shown in the upper autoradiogram, As a control for gel-loading

the pattern of hybridization obtained with a rat GÀPDH CDNA probe

is depicted in the }ovrer autoradiogram. In this Northern blot RNA

sarnples from t\ro individual rats for each time point were analyzed,

In panel B data from four or five rats per tine point have been

quantitated by densitometry and IGFBP-1 nRNA abundance has been

expressed relative to the time 0 control rats which have

arbitrarily been attriÌ:uted a value of 1 U. The data represent the

nean I SEM. *p<o.oE.
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Fig. 4-11, The effect of DxM on hepatic IGFBP-I nRNA abundanee.

Panel A depicts a representative Northern blot of total RNA (80 pg

per lane) extracted from rats killed t h after administration of

varying amounts of DXM. The pattern of hybridization obtained with

a rat IGFBP-1 CDNA is shoivn in the upper autoradiogarrn. As a

control for geI-Ioading the pattern of hybridization obtained with

the Nb-29 cDNA is depicted in the lor'¡er autoradiogram. In panel B

data from four or five rats per treatment group have been

normalized for the loading control" and IGFBP-1 mRNA abundance has

been expressed relative to the untreated contro] rats which have

arbitrarily been attributed a value of 1U, The data represent the

mean t sEM. *p<0.05; **p<0.0L.
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abundance was due to enhanced transcription I Tneasured

transcription rate in hepatic nuclei fron rats r,/hich had been

pretreated for t h v¡ith 6 pg/Loo g body vit DXM and in untreated

rats. In four separate experiments there was no significant

difference in IcFBP-r transcription rate in DXM treated rats

cornpared to untreated control rats, The results of one

representative experiment are shown in FLg. 4-L2. Although actin

signals in panel A of Fig, 4-12 \.Jere not cl"earÌy seen, faint bands

of actin were observed in the original autoradiograph, More cl-ear

signals of actin \vere seen in other nucLear runoff experirnents

(e,9. in the insert of Fig, 3-1), In general/ transcription rate

of actin detected in rat liver is relatively low compared with that

of c-myc, pABB or IGFBP-1 in our experiment condition.

The chronic effects of DXM on hepatic IGFBP-1 nRNA were

examined in rats which received daily injectj-ons of DXM, A dose-

dependent increase in hepatic IGFBP-1 mRNA was seen; however, the

fold índuction r'¡as considerably greater than that seen in the acute

experiments (Fig. 4-13). i\ihen serum from these rats was analyzed

by immunoblotting us.ing an antisera raised against a synthetic

peptide, a doublet of approximately 30 kDa was detected. The

doublet h¡as detected even in the presence of reducing agents and

nay represent IcF-1 bound and free IGFBP-1. The smaller of these

proteins demonstrated the most marked increase in response to DXM

administration (Fig. 4-r4). !.Jhen quantitated by densitometry after
subtraction of the bac)<ground the fold increase in innunoreactive
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Fí9. 4-L2. The effect of DXI'1 on IGFBP-1 transcription. Hepatic

nucl-ei r,/ere prepared frorì unlreated rats and rats killed l- h after
administration of DXM. Panel A sho\,is the results of a

representative experinent, In panel B, data from four experiments

have been plotted. Transcription rate has been quantitated by

densitometry of autoradiograms and has been expressed relative to

the untreated control rats v¡hich have arbitrarily been attributed
a val-ue of 1,0. The data represent the tnean t SEM.
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Fig. 4-13. The effects of chronic administration of DxM on hepatic

IGFBP-1 nRNA abundance, Panel A depicts a representative Northern

blot of total RNA (80 pg per lane) extracted from rats killed after

6 days of treatment with varying a¡tounts of DXM. The pattern of

hybridization obtained with a rat IGFBP-1 CDNA is shown in the

upper autoradiogram, As a control for gel-loading the pattern of

hybridization obtained with the Nb-29 cDNA is depicted in the lower

autoradiogram. In panel B data from five rats per treatnent group

have been nornalized for the loading control and IGFBP-l- nRNÀ

abundance has been expressed relatj-ve to the untreated controf

rats. The data represent the mean t SEM. * p < o.Os; ** p < 0.01.
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FiS. 4-L4. The effect of chronic DxM admínistration on serum

IGFBP-I concentxation, A l,lestern blot of serurn pooled from each

treatment group is sho\,Jn, Equivalent volumes of serun (9 ¡¿I per

Lane) were Ìoaded. A doublet of approxirnately 30 kDa was detectêd

using antisera directed against a synthetic peptide. The size was

determined by cornparison with protein rnol"ecuf ar mass narkers.
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was 2.27t 3.71, and 4.53 for pooÌed serum fronì rats chronically

treated \tith 1, 6, and 60 LLg of Dxlul, respectively. This increase

in serun IGFBP-I abundance was consistentJ.y seen r,¡hen individual

rat samples were analyzed.

4.3.3 DXM enhances hepatic IGFBP-3 nRNA abunalance and serum

IGFBP-3 concentrations in the rats

When sera from control rats were analyzed by SDS-

polyacryl-amide gel electrophoresis (PAGE) and J-igand blotting, six

bands were detected, These proteins had apparent molecular masses

of 42t Aot 39t 3ot 27 and 24 kDa, '!he 42l 40 and 39 kDa binding

proteins represent IGFBP-3 v¡hich is kno\'Jn to be glycosyl-ated and

consequently poorl-y resolved by SDS-PAGE (Yang et 4.i../ 1989).

IGFBP-3 constituted the majority of the serum r25I-IGF-I binding

capacity and accounted for 62.a ! 7.32 of the totaf densitometric

signal in my studies tvhen ligand lclot autoradiograrns \'/ere

quantitated. The 3o kDa binding protel-n which may represent IGFBP-

1 represent Iess than l-o? of the total serum r25I-IGF-I binding

capacity. The 27 KDa binding protein has been shown to be

glycosylated and correspond to an amino-terminal fragment of IGFBP-

3 (Zapf et al-. / 19BB; Yang et af ., 1989). The nature of the 24 KDa

binding protein is unclear. It nay represent IGFBP-4, an

unidentified binding protein species, or a mixture of several

components of binding proteins, IGFBP-5, rvhich calculated

nolecular weight is 28,553, may be l"ocated in the reqion of 27-30
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KDa. Ho!,/ever, IGFBP-5 has not Ìreên identified in Ìigand blot yet.

Each of six bands detected in serum from control rats was also

present in sera from DxM-treated rats. It has been reported that

ligand btotting analysis nay underestimate the amount of IGFBP-3

(Bicsak et aJ.,, 199okr) . Heating of samples prior to serun IGFBP-I

electrophoresis increases the amount of the IGFBP-3 detected by

ligand blotting but stiIl cannot compJ-etely dissociate binding

protein from IGF-IGFBP conplex. It was suggested that using the

approach of ligand blotting together with immunoblotting provides

a nore cornplete analysis of IGFBPS than either nethod used alone.

Since the antibody against rat IGFBP-3 is not availabJ.e, f used

J.ì.gand blotting method aJ-one (with heating of sample) to detect

serum IGFBP-3.

The effect of a single injection of DXM, 6 p'g/L}) g body wt,

on serun IGFBP-3 is shorvn in Fig, 4-r5. An increase in the 42, 40

and 39 kDa binding proteins i.Jas apparent l-3 h after DXM

administration. Using an antisense oligonucleotide probe, hepatic

IGFBP-3 v¡as detected as a singLe 2.6 kb band on Northern blots. A

representative Northern Ì:Iot of hepatic RNA fron rats killed at

various times âfter Dxlvi treatment is shoq¡n in Fig. 4-16, A

significant increase in IGFBP-3 nRNA abundance was apparent as

early as I h after a singJ-e injection of DXM (FÍq. 4-168) . IGFBP-3

nRNA Levels reached a peak at 3 h (1.9 t 0.2 fold. p < 0.005) and

declined to normâI level-s ín 6-12 h after DXM adninistration,



Fig. 4-x5. The time course of induction of serun rGFBps following

DxM administration. Panel A depicts a ligand blot of serun from

rats at various times after a single injection of 6 pg/LOO g body

wt of DXM. Pooled serum samples (9 ¡lI per lane) were analyzed in

a L2% SDS-PAGE and transferred to nitrocellulose for 1ígand

blotting with r25l-rcF-I. Three pooled serum samples which carne frorn

three separated control groups are analyzed. The apparent

molecular tteights \./ere cletermined by comparison with protein

¡nolecul-ar vleight standards. In panel B, the abundance of 42t 40

and 3g kDa proteins has been quantitated by densitornetry and

expressed as a percentage of the time 0 control rats.
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Fig. 4-16. The time course of induction of hepatic IGFBP-3 nRNA

fol]or^ring DxM administration. Panel A depicts a representative

Northern blot of total RNA (80 ,i/S per lane) extracted fron rats

killed at various times after a singJ-e injection of DXM (6 ug/lO0

g body \rt) . The pattern of hybridization obtained v,¡ith an

antisense oligonucleotide probe is shov¡n in the upper

autoradiogram. As a control for geI Ioading the pattern of

hybridization obtained with a 28S ribosonat probe is depicted in

the Ìower autoradiogram, In panel B data from four or five rats

per time point have been quantitatêd by densitometry and fGFBP-3

nRNA abundance has been expressed as a percentage of the time 0,

control rats. The data represent the mean l SEM. *, ** p < 0.05

and p < O.oo5/ respective.ly/ for the difference between treated and

control rats,
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The dose dependence of the DXM effect on IGFBP-3 r'¡as exa¡nined

ín Fig. 4-L7. A dose-dependent increase in serun fGFBP-3 was

observed with as little as 0.1 uglLOO g body \tt (Fig' 4-17, A and

B) . The nost dramatic increase l'ras seen in the 39 kDa bindj-ng

protein. Smaller increases vrere also consistently seen in the 42

and 4o kDa binding proteins. when IGFBP-3 nRNA vras quantitated in

rats v¡hích received varying doses of DXM a significant increase was

observed only r,rith 6 ug/roo g body wt (Fig. 4-I7c).

The chronic effects of DXM on serum IGFBP-3 levels and hepatic

IGFBP-3 nRNA abundance were also examined. In sera from anirnal-s

treated chronically tiith varying ainounts of DXM, there was a dose-

dependent increase in IGFBP-3, as determined by ligand bJ-otting of

pooled sera (Fig. 4-18, A) . An increase in TGFBP-3 mRNA abundance

was also observed in hepatic tissue from rats treated chronically

ivith DXM (Fiq. 4-1BB).

4.4 Discuss ion

In this study I tested the hypothesis that glucocorticoid-

induced growth retardation is mediated by the decrease in the IGF-I

gene expression and the increase in the expression of IGFBPs.

The first part of our study clearfy demonstrates that DXM

inhibits GH induction of IGF-I expression in the hypox rats and

red.uces steacly-state IGF-I mRNA levels in p itu itary- intact rats.
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Fig. 4-17, The dose-dependent induction of IGFBP-3 expression by

DxM. In panel A sera (9 pI per lane) pooled fron rats killed t h

after injection of varying aììounts of DXM l^Jere analyzed by SDS-PAGE

and l-igand blotting. The apparent molecular neights of the major

binding proteins l,rere determined by comparison with protein

rnolecufar standards, In the panel B., the abundance of |-h'e 42' 40

and 39 kDa proteins have been quantitated by densitornetry. In

panel c, the relative abuncìance of IGFBP-3 mRNA has been deternined

in hepatic total RNA extracted fronr individual rats, four or five

rats per group. In each case data have been normalízed for the

laoding control and expressed as a percentage of the untreated

control rats. The data represent the nean l SEM' * p < 0.05 for

the difference between treated and control rats.
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Fig. 4-18. The effects of chroníc aalminístration of Dx¡,f on fGFBP-3

expression. In panel À, equivalent volurnes (9 ¡¿1) of pooled serun

sanples were analyzed by SDS-PAGE and ligand blotting. Tllè 42, 40

and 39 kDa binding proteins corresponding to IGFBP-3 were

quantified by densitometry. fn panel B' the relative abundance of

hepatic IGFBP-3 nRNA was deterrnined' The data represent the mean

+ SEM, In each case data have been expressed as a percentage of

untreated control rats. * p. o.o5 for the difference between

trêated and control- rats.
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A signifícant inhibition lJas seen at the lov¡est dose used, 1- þg/LOo

g body wt v¡ith alrnost contplete inhibition seen at higher doses of

DXM, of the tissues examined the fiver and proximal tibia

(includÍng the tibia epiphysis) appeared to be particularly

sensitive to DXM. siniìar data lJere obtained v/hen DXM was

administered to p i tu itary- intact rats with a reduction of IGF-I

nRNA abundance apparent in all tissues examined. In the case of

the p itu itary- intact rat, higher doses of DXM were required than in

the hypox rat. A report fronì Binoux et af. (1982) showed that the

IGF-I synthesis by líver explants in organ culture \,r'as reduced by

glucocorticoid. ouring the course of this study, Adamo et af.

(L988) reported that DXM reduces steady state IGF-I nRNA in

cultured rat neuronaJ- ancl gJ-iaI cells, These in vit¡o studies

suggest that the glucocorticoids nay have a direct inhibitory

effect on IcF-I gene expression. At present, there is no data to

show whether DXM effects on IGF-I gene transcription or on IGF-I

mRNA stability, Further studies are needed to address this

question,

In addition to the reduced tissue IGF-I mRNA abundance, the

cH-induced rise in serum IcF-I in hypox rats was significantly

inhibited by the higher doses of DXM. Surprisingly, Iittle effect

of DXM on serum lcF-I was seen ín the p itu itary- intact rat. The

discordance betr,¡een serum IGF-I and hepatic IGF-I mRNA a}¡undance

was particularly obvious in the p itu itary- i ntact rat that received

DXM chronically. A similar discordance was also seen in GH-treated
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hypox rats that received the lo\'/est dose of DXM/ suggesting that

DXM had conpÌex and varying actions on the synthesis, secretion, or

clearance of IcF-L A nunìber of possibJ-e explanations could

account for this marked discordance betr'Jeen hepatic IGF-I nRNA

Level-s and serum IGF-I concentrations. First/ at the tj-me I

conducted this study I used an in-tube acid-ethanol extraction

method (Daughaday et al ,, 1980) to remove binding proteins before

radioi¡nmunoassay for IGF-I. It is possible that rnethod used was

not effective enough, and therefore the results of serun IGF-I by

radio immunoa s say \dere interfered by residual binding proteins,

particularly in the case of p i.tu itary- intact rats which had

relativeJ.y high amounts of totaÌ IGFBPS compared to hypox rats. It

is believed now that cofumn chromatography at low pH is a nore

effectíve lray to remove binding protein. Second, glucocorticoids

rnay alter translation and secretion of IGF-I in such a way that

IGF-I mRNA abundance no longer reflects IGF-I protein synthesis.

Finally, glucocorticoids nray effect production of IGF binding

proteins and thereby change the metabolic clearance rate of IGF-I.

IGFBP-3 has been sho\tn to prolong the half life of IGF-I (Zapf et

a7., Lg86; Cascieri et al ,, 19BBlr) . Therefore, change in IGFBP-3

after DXM administration t"¡ould alter the clearance rate of IGF-I

and consequently the serurì IcF-I concentrations. The observation

that IGFBP-3 is rnarkedly reduced in hypox rats compared to

pitu itary- i ntact rats (zapf et aI ., 1989) may account for the

different serum IGF-I response to DXM treatment seen in the hypox

and pituitary- intact rat. Although serun IGþ'-I concentrations were
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not decreased after the DXM in p itu itary- intact rats, circulating

fcF-f leveLs nay not reflect tissue IGF*f levels under this

circurnstance. Because the majority of IGF-I is bound to binding

proteins that nray be regulated by DXM¡ the distril:ution of the IGF-

I in circuÌation and tissues may be al"tered. Regardl-ess of the

explanation for the discordance bet\^Jeen serum IGF-I concentrations

and tissue IGF-I nRNA IeveJ-s, our data clearly demonstrated that,

at teast in the hypox rats, glucocorticoid antagonism of the

growth-proÌnoti ng activ.ity of GH involves irnpaired IGF-I expression

in both hepatic and nonhepatic tissues. Furthermore, in pituitary-

intact rats, DXM, at slightly higher doses, inhibited body wt gain

and hepatic and tibial IGF-I expression' The inhibition of the

production of lcF-I by DXM may be one of the mechanisms underlying

the growth retardation seen in gÌucocorticoid excess.

Since I failed to observe the predicted decrease in

cj.rculating IGF-I levels in Dxlvl-treated p itu itary- intact rats, I

speculate thât DXM may have opposing effects on serum IGFBPS in

these rats. First I exat¡ined the effect of DXM on serun total IGF

binding activity by ligand blotting. Ad¡ninistration of DXM caused

a time- and dose-dependent increase in the serum totaf IGF binding

activity. I further analyzed t¿hether IGFBP-1 and -3 expression are

responsible for this increase in serum total rGF binding activity'

In this study, I have not exarnined the effects of DXM on IGFBP-2, -

4, -5 and -6 expression in detaiÌ. The cDNAs for rat IGFBP-4, -5

and -6 were cloned recently. t,Iy preliminary results using specific

1,3 2



ol- igonuc teot ide probes suggested that DXM increases renal IGFBP-s

nRNA abundance in dose-dependent manner v¡hereas there was no change

in hepatic rcFBP-4 mRNA abundance after the treatment of DXM.

IGFBP-2 expression is high in fetal Iiver but rapidly decreases to

very low l-evels after birth (ooi et ai'l 1990). ]n addition, IGFBP-

2 is not detected in adult rat serun (Yang et af', L989). It was

reported that treatrnent r'¡ith DXM to 4-day-oId rats for 4 days

resulted in a 5oZ decrease in hepatic IGFBP-2 mRNA abundance

(Orlowski et aL./ 199olr) . A more detailed work on the effects of

DXM on IGFBP-1 and -3 expression was done in this study'

In both acute and chronic experiments, DXM at doses as low as

f pg/LOO g body rvt increased hepatic IGFBP-I mRNA abundance. The

effect of DXM appeared to be cu¡nulative since after repeated

injections the fevels of IGFBP-1 mRNA \',¡ere considerak¡Ie greater

than after a single injection particular v¡hen one considers that

the chronically treated rats were kiIIed t h after the last

injection. Although no increases in serum IGFBP-1 concentrations

were detected in acute experiments, the increased IGFBP-l- mRNA

detected in the chronic experiments was translated into protein

since increased IcFBP-1 Ievels were apparent \^Jhen serum was

analyzed by immunoblotting. since no significant effect of DXM on

IGFBP-I transcription \,,/as detected, the effect of DXM on IGFBP-1

nRNA abundance appeared to be post -transcr ipt iona I ' I chose to

exarnine the effect of DXi{ on transcription t h after DXM

adninistration, a time when IGFBP-L nRNA abundance was
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significantly increasecì. I cannot exclude the possibility that an

increase in transcription may have Ì:een detected at earlier tirne

points. It is not clear from my studies v¡hether the effects of DXM

on hepatic IGFBP-I mRNA levels are direct. However, so¡ne jn vjtro

studies from orLowski et a-2. (19904) and Unterman et a-l . (1991)

suggest thât DXM may have direct effects on IGFBP-I- gene

expression, In orlor.iski's study, incubation with 10'ó M DXM for 48

h increased the arnount of IGFBP-1 in conditioned mediurn by

approxirnately LO-fold/ and increased the IGFBP-l- nRNA abundance by

7-fold. DXM caused an increase in half-Life of IGFBP-1 nRNA (fron

L.7 h to 2.5 h) . They clairned that this small difference in half-

Iife of nRNA cannot account for the 1o-foId increase in steady

state levels of IGFBP-1 ¡ìRNA, suggesting that DXM stimulate the

IGFBP-1 gene transcription rate. This conclusion is different frorn

ours that DXM did not increase the IGFBP-t transcription rate, and

is inferentiaL since trânscription rate t¿as not measured directl-y

in their study. The discre¡:ancy may be due to the difference in

the experimental models. In addition, their results could not

exclude the possibility that DXM nìay regulate the IGFBP-L gene

expression at other post-transcr ipt iona I l-ocus/ e.g' the processing

or transport of IGFBP-1 nuclear transcripts, rather than at

transcription level. In contrast to the results of stimulating

effect of DXM on IGFBP-I gene expression, Lewitt and Baxter (1989)

reported that DXM inhibited production of IGFBP-1 in hunan fetal

liver explants. This difference in response nay resul-t from a

species difference or a difference betv¡een fetal and adul-t tissue.
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The physj-oIogicaJ- role of IGFBP-L is not compfetely defined.

fn nìost in vitro studies, IGFBP-1 has been shor,¡n to inhíbit the

actions of the IGF-I (Ritvos et al../ 1988/' Rutanen et a7., L988 i

Frauman et af ,, r9B9 /' Burch et af ., 1990). of these studies, the

nost physiologically relevant are the okrservations of Burch et a7,

(1990), that IGFBP-1 inhibíts gronth in chicken pelvic cartilage.

There are some reports that IGFBP-1 enhances IGF-I action (EIgin et

al ., Ig87 r' Clennrous & Gardner/ 1990) , The discrepancy of biological

activities of IGFBP-1 is not t¡ell understood' It may be due to the

differences in preparation of IGFBP-1, experimental conditions,

target cells or different f or¡ts of IGFBP-1' The inhibitory action

of IcFBP-L vras thought to compete with receptors for IGF binding

and therefore inhibit binding of IGF-I to cel-L receptors. If

IGFBP-1 is able to inhibit IGF-I action, then the enhanced

expression of this protein may be one component of the growth

retardation which accompanies glucocorticoid excess.

Since serurn IGFBP-1 only accounts for smalJ. proportion of

serum total IGFBPS/ and IGFBP-3 is a major component of serum

IGFBPS (accounted fo'r 62,8% of the total densitometric signal in my

Western-J-igand blotting), I next examined the effects of DXM on

IGFBP-3 gene expression. The rat IGFBP-3 is a protein of 265 amino

acids with four potential N-linked glycosyJ.ation sites (Shirnasaki

et aL., :-g9g). Since antisera directed against rat IGFBP-3 is not

available, I used ligand blottj,ng method to detect rat IGFBP-3 in

serun. The 39-42 KDa IcF binding proteins in rat serum have been
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ídentified as IGFBP-3,

glycosylation.

d j,f f ering only ln degree of

Adminístration of DXM caused a tirne- and dose-dependent

increase in IGFBP-3 mRNA and in the serum IGFBP-3. This was

unexpected, because the IGFBP-3 appears to be IGF-I dependent. It

has been reported that IGF-I enhances IGFBP-3 production both in

vit¡o and in vivo (clemmons et aL./ Lg89 ì zapf et a1.., 1989; snith

et a7., I99o; camacho-Hubner et af., l99L; conoverf 1991a). Under

the sane conditions used here, I have shown that DxM decreases

hepatic IGF-I nRNA steady state levels. Thus, it would seem

unlikely that the effects of DXM on IGFBP-3 expression are mediated

via IGF-L The effects of DXM on IGFBP-3 expression appear to

involve a different mechanísm sj-nce inhibition of GH-signal

transduction in the liver should result in a decrease rather an

increase in hepatic IGFBP-3 expression. corps and Brown (199L)

reported that DXM inhibited IGF-binding activity in conditioned

mediurn fron Swiss 3T3 fibroblast cells, and the IGFBP-3 was

believed to be a rnajor conponent of this IGF-binding activity.

This Ínhibitory effect of DXM on IGFBP-3 in vitro is contrary to

the stimulating effect of DXM on IGFBP-3 in vivo. This difference

may be due to the difference in experÍmental systen or nay suggest

that the stirnulating effects of DXM on IGFBP-3 expression is not

direct, Further studies are required to understand the mechanj-sms

underlying the stlmulating effect of DXM on IGFBP-3 expression in

vivo.
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The reported biological activities of IGFBP-3 incfude

inhibition ând enhancenent of IGF-I action depending on the

experimental conditions, DeMello\t and Baxter (1988) shov,¡ed that

preincubation of human neonatal fibroblasts \dith IGFBP-3 caused a

potentiation of the subsequent lGF-r stimul"ated thymidine

incorporation in the cells, In contrast, co-incubation of IGF-I

v/ith IGFBP-3 resulted in inhibition of the IGF-I effect. It ivas

suggested that IGFBP-3 inhibits IGF-I action by sequestering the

fGF-I and preventing receptors interaction, If the function of

IGFBP-3 is to limit the action of the IGFS then enhanced expression

of this binding protein together with IGFBP-1 may reduce

bioavailability of IcF-I. This together with the DXM-induced

inhibition of IGF-I expression may be responsible in part for the

pronounced grovrth retardation which is characteristic of

glucocorticoid excess.



chapter 5: Expression of IGF-I and fGFBPs in diabetic rats

5.1 Introduct ion

It has been knov¡n for a long time that impaired growth is a

characteristic of i nsu J" í n-dependent diabetes in both man and

experimental animals (Pond, 1970; Phillips & Young, 1976; PhillÍps

& orawski t 1977). Poorly controlled diabetes in children is

assocj-ated vJith failure to thrive, delayed puberty, reduced groi^rth

velocity and short stature (Birbect, L972). In the rats, diabetes

causes a decrease in body lieight gain or even loss of body weight.

The rnechanisms responsible for this grovrth retardation are not

full-y understood. Diabetes melfitus in the rat, vrhether occurring

spontaneously or after STz aclninistration, results in decreased

pituitary GH synthesis (Gonzalez & Jolin, 1985) and suppressed GH

secretion with loss of high ampJ-itude secretory pulses (Tannenbaum

i-981a; Tannenbaum et af ./ 198lLr) . A combined defect involving

increased hypothalamic so¡ìatostatin and decreased GH-releasing

factor influence accounts for this decreased pituitary GH synthesis

and secretion (olcìlovsky eù al ./ 1990). However, this rnechanism

alone does not appear to explain growth retardation, since serum GH

levels are normal or elevated rather than decreased in hurnan

diabetes associated with gror.ith retardation (Hansen & Johansen,

1970; Winter et aI ., 1980; Press et a-2., 1984). Furthermore,

diabetic rats are relatively unresponsive to exogenous GH,

suggesting that cH receptor and/or postreceptor defects may play a
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role in the grovith retardation t'rhich accompanies poorly controLled

diabetes (Phillips & orar'rski/ L977; Baxter et aI', L980; Maes et

â7., l-986) , Baxter et aL. (1980) reported that the nunbers of

hepatic GH receptors i.Jere reduced in rats one week after the onset

of severe ketotic, STZ-induced diabetes. In non-ketotic I STZ-

induced diabetic rats, the resistance to GH action is due to post-

receptor defects because GH bìnding has been found to be nornal 1

week after STZ injection (lulaes et al-., L986). A perrnissive role

for insutin in cH-signal transductj-on has been demonstrated

(Daughaday et af ., Lg76; Scott & Baxter/ 1986; Griffen et a1 ',
1987; Salamon et a-I ., 1989) and ntay be mediated by the modufation

of hepatic cH receptors since insulin has been sho\^/n to reverse the

decrease in cH Ìrinding on liver microsomal rnembranes from diabetic

rat (Baxter et aL., 1980) .

IGF-I is an important grolvth factor in postnatal longitudinal

growth and is thought to be the major mediator of the growth

promoting actions of GH. A number of studies have shown that

circutating rcF-I levels are f ot¡ in diabetes both in hurnan and rats

(Winter et af ., L979 /' Blethen et a7'/ L98L; Tamborlane et a7',

L98L; Maes et aI ., 1983; 1986). lt has been demonstrated that TGF-

I TnRNA abundance is diminished in hepatic, pulmonary, renal, and

uterine tissues fro¡r diabetic rats (Goldstein et aLl L9B8; Murphy

et aL./ 1988b; Fagin et a1 ., 1989b) . This defect in IGF-I gene

expression may contribute to the Io\,/ circulating IGF-I leveIs.

since IGF-I gene expression is ubiquitously present in tissues and
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IGF-I is krelieved to be able to act at the sites of its production,

the irnportant roles of autocrine and paracrine effects of IGF-I

have been ernphasized, Ho\,rever/ Ithether the defect of IGF-I gene

expression is general in diabetes is unknot'¡n.

In addÍtion to the reduced circulating levels of rGF-I in

diabetic rats, inhibitors of IGF action are present in increased

anounts in serum from diabetic rats, resultj-ng in an overall

d.ecrease in serum IGF activity t¡hen measured in a cartilage

bioassays (Phillips et a7., 1979; Taylor et aL., L9B7). The nature

and character of these inhibitors have not been clarified. Since

sone of these rcF inhibitors are similar in size to low molecul-ar

weight IcF binding proteins, and the profile of change in IGF

inhibitor activity under sonìe metabolic conditions strongly

resembles the profile of change in IGFBP-I, it is specul-ated that

sone of these IGF inhibitors may actually represent IGFBP-1-.

studies in human subjects have established that circulating IGFBP-1

Ievels are inversely correJ,ated rvith plasma insulin concentration

(Busby et a7., 1988b) . In addition, Unterrnan et a-2. (r989) have

shor.Jn that serunì rcFBP-1 levels is increased in diabetic rats.

However, little is knov¡n of the effects of diabetes on nRNA levels

of IcF binding proteins i!¡hen f ivas conducting this research work.

Therefore r,¡e examined the abundance of IGF-I and IGFBP-1 mRNAs in

various tissues in sTZ-induced diabetic rats. Also, I examined the

levels of hepatic IGFBP-I , -2, -3 and -4 mRNAs and serun IGFBP-L

and -3 levels in the spontaneously dialretic B i obreed ing/l,lorcester
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(BB/I\t) rats.

5,2 Experi¡nental de s ígn

Female Sprague Dawley râts, 85-100 g body wt, i'Jere used. For

induction of diabetes a single i.p. injection of STz, 65 mg/kg body

wt v¡as administered to rats i"¡hich had been fasted overnight.

control rats received an equivalent voÌu¡ne of citrated buffered

saline, pH 3.0. sTz-treated rats, r¿hich had serun glucose less

than 2oo ng/dl at the time of sacrifice, were excl-uded. Using this

criterion, approximatel-y 2BZ of the STz-treated rats were excl-uded

from the study. The mean serum glucose level at the tine of

sacrifice in diabetic rats v/as 672,5 ! 33,5 mg/d]. None of the

STz-treated rats died prematurely. Diâbetic rats vJere killed on

day 7, 32 and 91 post STZ adnrinistration. Age-matched' non-

diabetic râts ttere killed as controfs because of the age-related

changes in IGF*I and IGF binding proteins, In a separate

experiment the effects of insulin on IGF-I and IGFBP-1 mRNA

abundance in diabetic rats r.Jere assessed. For these studies

diabetic rats, 32 days post STZ administration, were randornized

into two groups, Prior to initiation of treatment, each rat was

bled via the tail vein for serurn glucose deterrnination. one group

of 6 diabetic rats rvas injected tç/ice daily with human insulin (3

U/rat) . The other group of 6 diabetic control rats vrere injected

twice per day v¡ith an equivalent volume of phosphate-bu ffer.

Ânimals v¡ere allotsed food and r,/ater ad }ibitum. Rats were weighed
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and killed 6 h after the final injection on the morning of the 7th

day of treatment,

Another model of dial¡etic rat used in these studies was

spontaneously diabetic rat. The BB/w rat provides an excelfent

aninal nodel of autoim¡tune diabetes. The development of autoi¡nrnune

insulitis in this model results in the distruction of pancreatic ß-

ceIIs. Prediabetic nale BB/I'i rats and age-matched rats of a non-

diabetes-prone strain of BB/l{ rat rvere used. After the onset of

diabetes, at approximately 3 lTìonths of age, small doses of

protamine-zinc insulin 0.5-1 unit/day, tvere administered to prevent

ketosis and death. This dose of insulin rnaintains blood glucose

Levels betlveen 270 and 450 mg/dl. Diabetic rats \^¡ere killed 1 or

3 Tnonths after the onset of diabetes and received no insulin for at

least 16 h before death. Age-natched, non-diabetic rats were

kilted as controls, To assess the effects of good ¡netaLrol-ic

control on the IcFBPs, one group of diabetic rats (3 months after

the onset of diabetes) received tvrice-daily insulin injections for

3 weeks to achieve agJ-ycosuria and normoglycaemia. fn this

intensive insulin treatment group, individually adjusted doses of

insulin (3-6 unit/day) t¡ere administered to rats maintained in

rnetabolic cages. The dosage of insulin was adjusted according to

the previous 24-h urinary-glucose excretion, These rats were

killed within 4 h of the norning insulin injection.

5.3 Resulls
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5.3.1 Expression of IGF-I in the sTz-induceal diabetic rats

The effects of STZ-diabetes on body vreight gain and serurn

gl-ucose are outlined in Table 5-1. In each group of diabetic rats

the mean body vreight gain tias significantly reduced compared to

age-matched, non-diabetic control rats (p < 0.0005). The serum

gl-ucose concentration \tas significantly elevated as early as 7 days

post STz ad¡ninistration and the difference between diaL¡etic and

non-diabetic rats increased v;ith increasing duration of diabetes.

The rel-ative abundance of IGF-I mRNA in various tissues at each of

the time points is shown in Fig. 5-1 and Table 5-la, In diabetic

rats on day 7 after STz administration, a decrease in IGF-] mRNA

was observed Ín the lung and diaphragm (p < 0.05 and p < 0.01-

respectively) . Although changes of similar magnitude t-¡ere observed

in other tissues, these changes did not achieve statj.stical

significance. At 32 dâys post sTz-adninistration the difference

between di.abetic and non-diabetic rats in terrns of IGF-I nRNA

abundance in the kidney, dj"aphragm and ¡nuscle was statistj-caIly

significant. A more dramatic decrease in IGF-I mRNA was seen in

diabetic rats 91 days after STZ adnìinistration. In nost of the

tissues examined, there v¡as a trend torvards a decrease in IGF-I

nRNA abundance r¿ith increasing duratj-on of diabetes. This was over

and above the age-related decrease in tissue IGF-I nRNA o}:served in

the non-diabetic age-matched control rats (data not shown).

Representative autoradiograns of Northern blots are shown ín Fig.

5-2, fn each tissue there t¡as good agreement between IGF-I nRNÀ
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Tabl-e 5-1. Effects of sTz-induced aliabetes on body weight, body

weight gain anal serum glucose

Day' Body Body sefum
weiéhtr' weight gain" glucosed
(s) (s)

7 days
Control (6) L47.2!4.6 44.3!L.7
Diabetic (6) I2a,7la.3 25.4!2.7)<

3 2 clays
Control (10) 214 .4!4.5 LL2.L!2.4
Diabetic (B) 173.0114.3 7I.ztLo.0)'

91 ¿lays
Control- (Io) 294. 9J10.0 188. 517.4
Diabetic (L5) 2L7.8t7.I 114.8t5 ' 1x

(ns/dL)

145.115.5
429 .4!4L.3,\

120.315.1
615.8130,2*

rzL . t!2 .4
799.9!29,A*

AII data represent lìean t SEM. The nunber in parentheses indicate

the number of animals per group,

u Nunber of days after STZ administration.
b Body weight at the t j.me of death.

' Body vreight gain over the periocì of the study.

d Serun glucose at the ti¡re of death

* indicates p < 0.0005 f or the dif f erence bett',¡een diabetic and age-

natched non-diabetic control rats,
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Fig. 5-1, The effect, of sTz-induced diabetes on IGF-T nRNÀ

abunalance in various tissues of the rat. The relative tissue

abundance of IGF-I nRNA at 7 | 32 and 9t days after S'IZ

administration v¡as quantitated by slot-blot hybridizatj.on and has

been expressed as a percentage of the age-matched, non-diabetic

control rats. The data represent the nean t SEM for 3 to 6 sanples

per groups, Significant difference betr'¡een diabetic and non-

diabetic rats is indicated as *, ** and ***, v¡hich indicate p <

O.05¡ p < O.01 and p < O.OO1, respectively. Li, liver; K/ kidney,

Lu, Iung; D, diaphragm; M, quadracep femoris; H, heart; F, adipose

tissue,
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Tabl-e 5-1a. The relative values of fGF-I mRNÀ abundance in various

tissues of sTz-induced diabet.ic rats and age-natched non-ËlÍabetic

control rats

Tissue

l iver
contro 1
Diabetic

Kídlney
Contro l-
Diabetic

IJung
contro l
D iabet i c

D iaphragm
contr o I
Diabetic

I'fuscle
contro I
Diabetic

Heart
controL
Diabetic

Fat
contro 1
Diabetic

T alays

1. 00J0. 3 r (6)
o. 6810. 14 (6)

32 days 91 days

L. 00i0. 18
o.75!O.12

1. 0010. 13
0.6410.08

1.0010. 09
0. 6910. 19

L. 0010. 18
0.89t0.34

1_.0010.09
0.8810.05

1. 0010. 08
0. 5610. 15

t_.0010.21
0. 5810. 05

t_.0010. 12
0. 5310.09

1. 0010. 11
o. 63to. o5

1.ooro.09(5)
0.5110.04 (5) S

1. 00t0 .26 (51
o.34to.o7(6\Q

1. 00to. 04 ( 5 )
0.9610.07(6)

r.0010,25(5)
o.66to.2o(5)

1.0010.09(6)
o . 6ero .07 (5) Q

1.0010.13(6)
0,61+0.07(6)ô

1.0010. r"6 (5)
o.4eto.15(5)ø

(6)
(6)

(6)
(6)ø

(5)
(5)ó

(5)
(4)

(5)
(5)

(6)
(s)6

(6)
(4)

(5)
(5)0

(4)
(3)ø

1. oot0 ,26 (6\
0. 65t0. 13 (6)

1.ooto.08 (5)
1. 1710. 15 (4)

1.00t0.03 (4)
o . 3110. 02 ( 3 ) s

AI] data represent mean 1 SEM, The nu¡tìber in parentheses índicate

the nunber of animals per group.

ø, ó, and S indicate p<0.05, p<0,01 and p<0.001, respectively, for

the difference betv,/een diabetic and age-matched non-diabetic

contrôf rats.
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FiS. 5-2, Representative autoradiograms of Nolthern blots

demonstrating IGF-I mRNA abundance in tissues fron diabetic and

non-díabetic rats. In each case the upper panel depicts the

pattern of hybridization obtained tvith a rat IGF-I cDNÃ while the

Iower panel shovrs hybridization of the same filter with a ribosomal

probe (28s) . RNÀ \tas extracted from diabetic (D) rats killed 7

(7D) t 32 (32D) or 91 (91D) days after sTZ administration and from

age-natched, non-diabetic rats (N) ' Ten nicrograns of poly (A)+

RNA per lane were loaded.
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IeveIs as determined by Northern blot analysis and slot-blot

hybridization. Each of the major IGF-I mRNA transcripts appeared

t.o be s imi lar ly

reduced in RNA extracted from diabetic animals. When alI Northern

blots were considered, there are no consistent differences between

diabetic and non-diabetic rats in ter¡ns of the hybridj-zation signal

obtained v¡ith the 28S or pNB29 probes. The rel"ationship between

serum glucose and hepatic IGF-I mRNA akrundance is shown in Fig. 5-

3. There was no significant correlation betleen serum glucose and

hePatic IGF-I mRNA (R=0.24, P=NS) .

5.3,2 Expressi.on of IGFBP-1 gene in the sTZ-inducecl diabetic

rat s

In contrast to the decrease in IGF-l mRNA/ an increase in

IGFBP-I mRNA was seen in the liver (2-9 fold) and kidney (L.6-2.2

fold) in atI groups of diabetic rats (Fig. 5-4). IGFBP-1 mRNA

abundance increased t^¡ith increasing duration of diabetes. In

contrast an age related decrease in IGFBP-I mRNA was observed in

the non-diabetic rats (data not shol'Jn) ' Autoradiograrns of

representative Northern blots are shov¡n in Fig. 5-5. fGFBP-l- mRNA

was also detectabfe at much lo\,Jer levels in a nurnber of other

tissues including diaphragnr, uterus and brain. In both the uterus

and the diaphragm IGFBP-1 mRNA abundance appeared to be increased

in diabetic rats (data not shotrn) . As shown in Fig. 5-6, a highly

significant correlation betl,,¡een serum glucose and hepatic IGFBP-I
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Flg. 5-4. Tbe effect of sTz-induceal aliabetes on IGFBP-I nRNA

abundìanee in the Iiver andl kidtney. The relative tissue abundance

of IGFBP-I ¡nRNA at 7, 32 ar¡ð. 9l- days after sTz ad¡ninistration was

quantitated either by slot-blot or Northern blot hybridization and

has been expressed. as a percentage of the age-natched/ non-diabetic

control rats. The data represent the mean t SEM for 3 to 6 per

group except in the case of the 91 day kídney, which represents a

single observation on a pooled sanple. significant difference

between diabetic and non-diabetic rats is indicated as *, **, ***

and **** which represent p < 0.05, p < o'01, p < 0'005 and p <

o, ooo5, respectivel-Y.
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Fig. 5-5. Northetn blot. anatysis of hepatic and renaL RNA from

diabetic rats at various tintes after sTZ ad¡ninistlatíon. Ten

nicrograrns of poly (A)+ RNA extracted from individual (liver) or

pooled tissue (kidney) rvere analyzed. The upper panel depicts the

pattern of hybridization obtained rvith a rat IGF-I cDNA' the middle

panel shovrs the hybridization obtained tçith a rat TGFBP-1 cDNÀ

while the J-ower panel shovrs hyl:ridization of the same f il-ter with

a ribosonal prolre (28s) or a CDNA probe for a rat heat shock-fike

protein (pNB29 ) .
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Fig. 5-6. Correlation between serum glucose and hepatic IGFBP-1

nRNA abunalance. Data is derived from individual rats at various
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nRNA was observed (R = 0.75, p < o.oOf). There \'Jâs no significant

correlâtion betv.¡een hepatic IGF-I ììRNA and IGFBP-I mRNA (R = o'25t

p = NS).

5.3.3 Effect of insuti.n on IGF-I ancl IGFBP-1 nRNA abundance in

sTz-induced diabetic rat s

In a separate experiuent the effect of insulin on IGF-I and

IGFBP-I mRNA abundance \{as examined. Diabetic rats, 32 days after

STz administration, \,¡ere treated for 7 days rvith insulin. The

insulin-treatecl diabetic rats had a nìean serum gl-ucose

concentration at the time of death rçhich vJas not significantly

different f rorn non-diabetic rats (164 t 28 versus L01 t 3 mg/dI,).

Treatment of diabetic rats tçith insulin resulted in an increase in

hepatic and renal IGF-I mRNA. HolJever, the changes observed were

of smaII magnitude and dicl not achieve statj.stical significance

(Fig. 5-z). In contrast adnrinistration of insulin to diabetic rats

resulted in a significant decrease in renal IGFBP-L nRNA (¡'iq. 5-

7).

5.3.4 cene expression of IGFBP-1, -2, -3 ' anal -4 in the

spontaneously diabetic BB/w rats and the effects of intensive

insulin treatnenÈ on these IGFBPS

The ûìean body l,ieight, blood glucose concentration and

glycosylated haemoglobin in the various treat¡lent groups are sho\'¡n
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ín cliabetic rats foltolting treatnent with insulin. Abundance of

IGF-I and IGFBP-1 nRNAs were quantitated by slot-blot hybridization

and have been expressed as a percentage of the age-rnatched, non-

diabetic controf rats. The data represent the mean I SEM for 6

rats per group. The significant difference (p < 0.05) betlteen

diabetic rats (D) and insulin-treated diabetic rats (I) is

indicated by the asterisks.
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ín Table 5-2. In each group of diabetic rats, the mean body weight

gain vras significantly reduced conpared r'rith age-rnatched' non-

diabetic control rats. The serum glucose concentration and

glycosyl-ated haemoglobin levels liere significantly el-evated in

diabetic rats. Intensive insulin treatment normalized these

biochemical parameters and partiall"y restored body weight in

diabetic rats.

The effects of diabetes and insulin on hepatic levels of

IGFBP-1 nRNA âre shor^rn in Fig' 5-8. A significant increase in

IGFBP-I mRNA \tas seen I nonth and 3 months after the onset of

diabetes (5.96 t 1.92-folcì, p < 0.05 and 4'78 ! 0.67-fold, p <

O.OOO5 respectively) . The Ìevels of hepatic IGFBP-l- nRNA in

diabetic rats v¡ere quite variable rvith one diabetic rat having very

high leveIs of IGFBP-1 mRNA, about 5O-fold greater than control

animals. This animal was cleleted from the calculation of mean data

for the group. The rest of the rats, vrhich had been diabetic for

1 nonth, had IGFBP-1 mRNA levels tv¡o- to ten-fold above controls.

The amount of IGFBP-1 mRNA did not appear to increase with

increasing duration of diabetes and the levels of hepatic IGFBP-l-

nRNA were comparable in rats diabetic for l- and 3 months.

Intensive insulin treatment for 3 rveeks normalized the IGFBP-1 nRNA

levels in diabetic rats. No significant increase in serum IGFBP-L

in diabetic rats \tas detected by immunobJ-otting experiments (data

not shown) ,
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TabLe 5-2. Effects of spontaneous diabetes on body weight, serum

glucose and glycosylated haemoglobin in control rats an'l rats

aliabetic for l and 3 ¡nonths. Values are ¡ìeans t SEM for six rats

per group.

BodY serum G1ycosy]atedl
we igtrt glucose haemoglobin
(s) (msldl,) (%)

1 Month
Control 432 .3t6 . O 42.o!5.9 4'4110'06
Diabetic 32L,2!6 '8** 252.2t48.5** 9.46J0.54**

3 Months
Control 440.a!25.o L02.7!8 '3 5,44!O.34
Diabetic 391.0116.7* 4Q5.4!45.4xx 8.4511-.54*
rnsulin 4r4.7!9.3 7 6. olzL.6+ 4'9510.98+

* p < 0.05, 'k* p < O,OO5 co¡ìpared r.¡ith controL group; { p < 0.05,

* p. 0.005 compared v¡ith the untreated diabetic groups of rats.
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t'iS. 5-8. Ehe effects of spontaneous diabetes ancl insulin

treatnent on hepatic IGIBP-1 nRNA aþundance. (A) A representative

Northern blot of total RNA (80 ,ug per lane) extracted from non-

diabetj-c (N) , diabetic (D) and diabetic rats treated with intensive

insulin for 3 r,reeks (I). Rats \'¡ere killed I month (1 M) or 3

nonths (3 M) after the onset of diabetes. The pattern of

hybridization obrtained. rvith a rat IGFBP-1 eDNA is shown in the

upper autoradiograrn. As a control for gel }oading, the pattern of

hybridization obtained i¡ith Nb29 cDNA is shonn in the lower

autoradiogram. (B) Data from six rats per group were quantitated

by densitometry and r,Jere norntalized for the J"oading control.

IGFBP-1 nRNA IeveIs were expressed relative to those from the age-

matched non-diabetic rats !/hich \,rere attributed an arbitrary value

of 1, The data represent nìeans t SEM. * P < 0.05, 't* P < 0.0005

compared with the non-diabetic rats. For the 3 nonth group, the

difference between diabetic rats and insuLin-treated diabetic rats

was significant (+ P < 0.0005).
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The effects of diabetes ancì insulin on the amount of hepatic

IGFBP-2 mRNA are sholvn in Fig. 5-9' A dramatic increase (32,6-

foLd/ p < o.o1) in hepatic IGFBP-2 ììRNA lvas observed in rats

diabetic for I month. IGFBP-2 nRNA levels decreased with

increasing duration of diah,etes and/ after 3 months of dj-abetes,

IGFBP-2 mRNA levels \,,/ere approximately half that seen in rats 1-

rnonth after the onset of diabetes (14.5 t 9.8-fold versus 32.6 !

l-0.S-fold). Intensive treatnent of diabetj.c rats with insul-in

resulted in a decrease in hepatic IGFBP-2 mRNA levels.

In contrast to the increase in hepatic IGFBP-1 and fGFBP-2

mRNA, a significant decrease in hepatic IGFBP-3 nRNA (Fiq' 5-l-0)

was seen in rats diabetic for 1 month (54,62 of control, p <

O,0oo5) and in those diabetic for 3 months (64'62 of control, p <

O,oo5), fntensive treatnìent with insulin for 3 v¡eeks did not

restore the IGFBP-3 nRNA levels in diabetic rats. Ligand blotting

was used to quantitate changes in various binding proteins present

in the circulation (Fig. 5-11). Consistent \'rith the reduced TGFBP-

3 nRNA level, a significant decrease in 39-42 kDa binding proteins

was observed in rats diat¡etic for 1 month (5L.42 of control-' p <

O.05; Table 5-3). This group of binding proteins, by analogy with

data derj-ved fron human serum, represents IGFBP-3. There was no

significant difference j-n the amount of the 24 kDa binding protein,

as detected by tigand blotting. The anount of 27-30 kDa binding

protein rvas reduced in rats diabetic for 1 month and 3 nonths

compared with the control group (Table 5-3).
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t.ig. 5-9. The effects of spontaneous diabetes and insulin

treatnent on hepatic IGFBP-2 mRNA abundance' (A) A representative

Northern blot of totaÌ RNA (80 pg per lane) extracted from non-

diabetic (N) , diabetic (D) and diabetic rats treated with intensive

insul-in for 3 weeks (I). Rats r'iere killed 1 nonth (1 M) or 3

months (3 M) after the onset of diabetes. The pattern of

hybridization obtained l¡ith a rat IGFBP-2 antisense o I igonucl-eot ide

probe is shov¡n in the upper autoradiogram. Às a control for gel-

loading, the pattern of hybridization obtained v¡ith Nb29 oDNA is

shown in the lo\.ier autoradiogram. (B) The mean t SEM' IGFBP-2

nRNA levels for six rats per group vJere measured by densitometry,

normaLized for the loading control, and expressed refatj-ve to those

frorn the age-nìatched non-diabetic rats ' ì¡r P < O. ol cornpared with

the non-diabetic rats,
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FiS. 5-10, The effects of spontaneous cliabetes anal ínsutin

t,reatrnent on hepatic IGFBP-3 mRNÀ abundance. (A) A representative

Northern blot of total RNA (Bo tlg per lane) extracted from non-

diabetic (N) , diabetic (D) and diaÌ:etic rats treated with intensive

insul-in for 3 vreeks (I) . Rats v¡ere killed 1 month (1 M) or 3

rnonths (3 M) after the onset of diabetes. The pattern of

hybridization obtained \tith a rat IGFBP-3 antisense oligonucleotide

probe is shov¡n in the upper autoradiogram. As a control for gel

loading, the pattern of hybridization obtained with Nbz9 cDNÄ is

shown in the lo\,?er autoradiogran. (B) The mean I SEM. IGFBP-3 nRNA

Levels for six rats per group \'Jere quantitated by densitometry,

normaLized for the Loading control, and expressed relative to those

from the age-matched non-diabetic rats. * P < 0.005' ** P < 0.0005

compared rvith the non-dial¡etic rats.
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Fig. 5-LL. Ligand bl-ot of serum from diabetic and non-díabetic

rats, Pooled serunì samples (9 pl per lane) from each group were

analyzed in a 12 Z SDS-PAGE and transferred to nitrocellulose for

ligand blottinq \,rith 125-I-IGF-I. Rats \,/ere killed L month (1 M)

or 3 months (3 M) after the onset of diabetes. The apparent

rnolecul"ar masses nere deternined by comparison with protein

¡no lecu Ìar mass markers,
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TabIe 5-3, Densitometric quantitation of serum IGFBPs in control-

rats and rats diak¡etic fo¡ l and 3 mönths. Equivalent volumes of

individual rat serunì samples (9 pl per lane) vtere loaded on sDS-

PAGE gels. The data, expressed in arbitrary units, are neans t sEM

of serum salnples from five or six individual rats

Non-cl iabet ic
rats Diabetic rats

IGFBP+
l- month

39-4 2 KDa 1.03J0'18
2B-30 KDa O.69!0,1'2
24 KDa 0.1210'05

3 months
39-42 KDa 0.9110'13
28-30 KDa 0.3610.07
24 KDa 0. 1710. 07

0,5310.13*
0.3210.06*
0.1310.03

0.66t0, 16
o.27!0.Q7
0. 1410.05

* p < o.o5 compared with control rats.

I r25r-Iabelled IGF-r vJas used in J,igand blotting experirnents and the

resulting autoradiogrâms \,'¡ere quantitated by densitometry'
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In contrast to the other binding proteins exa¡nined, the anount

of hepatic IGFBP-4 mRNA v.'as not significantly different in diabetic

compared with non-diabetic rats (Fig. 5-L2t. Intensive treatment

r,/ith insulin had no effect on the hepatic IGFBP-4 nRNA levels in

diabetic rats (Fig. 5-I2).

5.4 Discuss ion

Poor metabolic control in cliabetes mellitus is characterized

by severe gro\tth retardation and irnpaired cellular prolj-feration in

rnany tissues in response to a number of stinuli (Phillips & Young,

l-976; Murphy & Lazarus, 1983; Murphy, 1-988b) . Cfearly rnultiple

factors both hormonal and non-hormonal in nature contri-bute to the

irnpaired growth seen in dj.aÌ¡etic animals. It has J-ong been known

that circulating IGF activity and IGF-I levels are Iow in untreated

diabetic rats (Phillips & Young, r976; Maes et af ./ ]-9a3; 1986).

The important role of IGF-I in grovith of diabetic rats has been

denonstrated in a stucly from Scheiwitler et af' (1986), in which

the ínfusions of recornbinant huntan IGF-I into diabetic rats

restored growth to\,/ard nornìaf without substantialLy lowering blood

gl-ucose levels. Hepatic IGF-I mRNA levels has been reported to be

tow in diabetic rats and may contribute l"argely to the low levels

of IGF-I in serun. Since the IGF-I mRNAs are ubiquitously

distributed throughout the body, it has been suggested that l-ocal

expression of IGF-I contributes to functional activity of this

peptide in nany tissues. Furtherrìore, the relative contribution of
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FiS. 5-72. The effects of spontaneous cliabetes and insulin

treatnent on hepatic IGFBP-4 nRNA abundanee. (A) A representative

Northern blot of total RNA (8o lrS per lane) extracted frorn non-

diabetic (N) , diabetic (D) ancl cliaÌ:etic rats treated with intensive

insulin for 3 \'Jeeks (I)' Rats were kiIIed 1 month (1 M) or 3

months (3 M) after the onset of diabetes' The pattern of

hybridization obtained rvith a rat IGFBP-4 antisense oligonucleotide

proÌ:e is shown in the upper autoradiogram' As a control for gel

loading, the pattêrn of hybridization obtained rvith Nb29 CDNA is

shov¡n in the lo\,/er autoracìiogram. (B) The mean I SEM. IGFBP-4

mRNA levels for sj-x rats per group \'Jere quantitated by

densitometry, nornalized for the loading control, and expressed

relative to those fro¡ì the age-matched non-diabetic rats.
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cÍrculating and tissue-derived IGF-I to the available IGF-I in any

given tissue may vary under different experimental conditions.

The present study tras undertaken to determine v,¡hether sTz-

induced diabetic rats have reduced IGF-I gene expression in

multiple tissues and if so, \dhether such reduction is related to

the duration of their diakretes. The relative abundance of IGF-I

rnRNA in 7 different tissues at various stages after induction of

diabetes vJith STZ was examined ' In each of the 7 tissues, IGF-I

nRNA \^/as reduced and the level of reduction was of sinilar

magnitude in most tissues. It had been previousfy reported that

TGF-I nRNA is reduced in the liver, kidney, and l-ung of diabetic

rats (Goldstein et af ., 1988; Fagin et af' , 1989b) . My

observations confirm their reports and also suggest that the

reduction j-n IGF-I expression is a generalized phenomenon seen in

rnost, if not all, tissues. Furtherlììore/ I shovJed that IGF-I TnRNA

l-eveIs decreased more dranaticaJ-ly in most tissues \'r'hen the

duration of diabetes r"¡as increased. At present, there is no data

to directly address the question as to v¡hether the decreased IGF-I

mRNA Ievels are caused by the decrease in synthesis or stability of

IGF-I transcripts. Whether the lor'¡ insulin aLone or the alteration

of netabolic status in cliabetes is responsible for the decreased

IcF-I nRNA levels has not been clearly clarified yet' Insulin has

been shoç¡n to increase IGF-T mRNA feveLs in cultured hepatocytes

(Johnson et af ., 1989), suggestì-ng that lov¡ insulin in diabetes may

contribute the reduced levels of IGF-I nRNA. The dininished
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hepatic and renal IGF-I gene expression \,/as not compJ-etely reversed

by L week of insulin treatnent in our study. These findings are in

contrast \,Jith the report of Fagin et af. (1989k,) / who demonstrated

that insulin treatment reversed the dirninished IGF-r expression

seen in liver and kidney of STZ-induced diabetic rats' Hot'rever, in

their study insulin treatlììent started early after the onset of

diabetes whereas in my study i nsu Ì i n-treatment was initiated after

l- nonth of untreated diabetes. It is possible that l- week insulin

treatment \tas insufficient to reverse established changes in

chronically diabetic rats.

Studies in human subjects have demonstrated that circulating

IeveIs of IGFBP-1 in patients r,¡ith insulin deficiency are elevated

and rapidly normalized rqith insulin administration (Brismar et a1 .,

1988). In glucose clarnping studies, exogenous insulin caused a

dose-dependent decrease in the serum IGFBP-1 leveIs and these

èffects were independent of the glucose leveLs (suikkari et a7.,

1988; l-989) . These observations inclj-cate that ínsulin plays a role

in regulation of serum IGFBP-1 levels ' In this study, I

denonstrated that expression of IGFBP-L gene is enhanced in both

the liver and kidney of STz-induced dialretic rats. These data are

consistent tvith the human studies and support the report of

Unterman et af. (1989), that increased amounts of the IGFBP-1 are

present in serum frorì STZ-induced diabetic rats. Furthermore. my

findings indicate that the change of IGFBP-L in diaL¡etic rats

occurs at the nRNA Ìevels. hrhen I conpleted this studies and
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submitted to a journal for publication, a report from ooi et aL,

(L990) appeared, They sho!/ed that hepatic rGFBP-1 mRNA levels are

dramaticalÌy increased in sTZ-induced diabetic rats, and this

result confirmed our data. In my studies, treatment v¡ith j.nsulin

for 1 v¡eek significantly <ìecreased the IGFBP-1 nRNA Ievels in

kidney from diabetic rats. the direct effects of insulin on IGFBP-

l- production has been demonstrated in an in vitro system. Studies

with explants of human fetal liver (Ler,/itt & Baxter/ 1989), human

decidual cells (Thraikill et al-., L990), human hepatoma cells

(Conover & Lee, 1990a; Singh et al ., 1990), and rat H4IIE hepatoma

ceIls (Unterman et al , / L99L) shov,'ed that insulin can directly

reduce the production of IGFBP-1, It \,,¡a s recently demonstrated by

Powell et aI . (1991) that the effect of insulin on IGFBP-I occurred

at the leve] of IGFBP-1 gene transcription. A region spanning frorn

l-03 to 529 base pairs 5' to the IGFBP-I nRNA cap site in human

IGFBP-1 gene was proved to be necessary to demonstrate thê

inhibitory effect of insulin in cAT assay (Por'reII et al.,t 1-991),

A 5' flanking region of rat IGFBP-1 genomic DNA was cfoned recently

in our J.aboratory, and the sequencing of this DNA is under way at

present. Further studies wiLL be needed to look whether an

rrinsu I in-response elementrr as reported in the promoter / enhancer

region of other insulin sensitive genes (Forest et af'' l99Oi

Klenm¡ et af ,, fggo; Nasrin et aL., 1990; O'Brien et af ., L990) is

present in this 5/ flanking region.

In these studies, the inverse correLation between hepatic IGF-
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I nRNA and glucose concentrations did not achieve statistical

significance, hor.rever, in a more detailed study reported by

Gol-dstein et aL . ( 1988 ) , uhere graded doses of STZ were

administrated, a significant inverse correlation betl'ieen hepatic

IGF-I mRNA and serum glucose t'las okrserved. While there was no

significant correlation bettteen hepatic IGFBP-1 and IGF-I mRNAs, a

highly signifj-cant correlation i.¿as observed between hepatic IGFBP-L

nRNA levels and serum glucose concentrations. It has been reported

that lower glucose in the nediu¡r and f otrer intracellular gl-ucose

stimulate the productj.on of IGFBP-1 in human fetal liver explants

in vitro (Lewitt & Baxter/ 1989; 1990). The strong correlation

between hepatic IGFBP-1 mRNA levels and serun glucose

concentrations suggests that, in addition to the stimulating effect

of f o\'J insulin on IGFBP-1 gene expression, low intracellufar

glucose levels in diabetic rats, v¡hich had hj-gh serurn glucose

levels, may enhance the IGFBP-I gene expression as well-.

In addition to the studies of STZ-induced diabetic rats, I

investi.gated the expression of IGFBPs in spontaneously diabetic

rats because this model of diabetes may be more relevant to the

human diabetes and the expression of IGFBPs in spontaneously

diakretic rats has not been reported, The present study is the

first report in which the ]evels of IGFBP-I/ -2, -3, and -4 mRNAs

have been sinultaneously exanined in a spontaneously diabetic

anirnal model-, Also, I studied a group of diabetic rats which

received intensive insulin treatment in order to naintain near-
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normal gfyceanic control.

one nonth after the onset of diabetes, the hepatic IGFBP-1

mRNA Level was significantly increased in BB/w rats. No further

increase in hepatic IGFBP-1 nRNA \",'a s observed at 3 months after the

onset of d.iabetes in BB/ri rats. This contrasts with the changes in

hepatic IGFBP-1 mRNA level seen in STZ-induced diabetj-c rats, in

which a nore marked and progressive increase (nine-fold) in IGFBP-L

nRNA levels was seen ivith increasing duration of diabetes. This

difference between the STz-induced diabetic rats and BB/w rats rnay,

in part, reflect the fact that the BB/W rats r+ere treated with a

small amount of insulin. In adilition, no significant increase in

serum IGFBP-1 \,ras detected bry irnmunoblotting and the 27-30 KDa

binding proteins detected by ligand blotting were reduced in BB/W

diabetic rats. These resuÌts are in contrast to those reported by

Unterman et aL (1989) \rho demonstrated a significant increase in

IGFBP-I in the seruìì of STZ-induced diabetic rats by both Western

ligand blot ancl immunoblotting techniques. However, in their

study, the rats receivecl large doses of STZ and were markedly

hyperg J-ycaemic . The smalÌ amount of insulin used in our BB/w

diabetic rats on a daity basis may have been sufficient to prevent

the very marked increase in serun IGFBP-I. It is possible that a

five- to six-fotd increase in hepatic IGFBP-1 nRNA level in BB/W

diabetic rats is not great enough to produce significantly

increased IGFBP-1 levels in the serum. Alternatively, sone

rnodufation of transl,ation and post-trans lat ion processes in BB/W
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diabetic rats nay affect the hepatic production of IGFBP-1.

Enhanced cl-earance of IGFBP-1 from the circulation of diabetic rats

cannot be excluded as a possible mechanism for the discordance

betleen hepatic rGFBP-1 mRNA and serum rGFBP-]- levels. FinaIIy,

the ligand blot and immunoblotting technique nay not be

sufficiently sensitive or precise enough to detect smaII changes in

IGFBP-I. In this regard, it should be noted that a significant

d.ecrease in the intensity of the 27-30 KDa bands identified by

ligand blotting \,Jas observed in BB/W diabetic rats. At Ieast three

binding proteins of approxitttately this size have been j-dentified:

IGFBP-1, -2, and degraded IGFBP-3 r,¡hich lacks the cooH terrninus

(Zapf et a.t./ 19BB; Yang, et a7', IgBg). Presumably a decrease in

the arnount of other IGFBPS of this size may mask modest increases

in the concentration of IGFBP-1 seen in autoradiograms of Western-

Iigand l:lotting. Treatment of BB/W diabetic rats vrj-th intensive

insuLin for 3 weeks completely normalized the hepatic IGFBP-1 nRNA

IeveJ-s, demonstrating the reversible nature of the increase in

hepatic rcFBP-1 mRNA. This is similar to the result seen in STZ-

induced d iaÌ:et i c rats .

A dramatic increase in hepatic IGFBP-2 nRNA l-evels (l-4- to 32-

fold) was seen in BB/H cliabetic rats. Treatment of diabetic rats

with insulin for 3 \teeks decreased the levels of IGFBP-2 mRNA. An

increase in IGFBP-2 nRNA was observed by other investigators in

STZ-induced diabetic rats (Boni-Schnetzler et af ', 1989,' ooi et

af., 1990), fn one study, treat¡lent rvith insulin for 7 days
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reduced IGFBP-2 nRNA to control levels, whereas insulin treatment

failed to decrease IGFBP-2 nìRltA in thê other reported study, The

data in spontaneously diabetic rats in this thesis demonstrated

that intensive insulin treatment can reduce the hepatic IcFBp-2

mRNA levels in diabetic rats. The direct inhíbitory effect of
insulin on IGFBP-2 expression has been demonstrated in rat cultured
hepatocytes ( Bon i -Schnet zler et al ., L99O). The enhanced hepatic
IGFBP-2 gene expression may be caused directly by the low tevels of
insulin in BB/W diabetic rats.

Decreased serun IGFBP-3 has been reported in diabetic patients
and STz-induced diabetic rats (Baxter & Martin/ Lgg6ì Zapf et aJ.,

l-989). Consistent tJith these reports, the ligand bJ"ot experiments

in this study demonstrated that serum IcFBp-3 is reduced in
diabetic BB/W rats. fn pregnancy/ serum IcFBp-3 was found to be

elevated by rad io immunoassay (Baxter & Martin, 1996)/ but decreased.

when assayed by l\iestern - I igand bJ-otting (Davenport et af., fgg}i
Guidice et a] ., I99Oì HossenLopp et af ., LggOl . Reduced serun

IGFBP-3 levels measured by liestern-Iigand bì.otting in pregnancy is
beLieved to be related to the serum protease produced or increased

during pregnancy r,¡hich changes the IGFBp-3 affinity for IGF

radioligands (Davenport et al , , 1990; Guidice et âf ., L990,.

Hossenlopp et a-2. / L990ì cargosl<y et af ., 199L; Suikkari & Baxter,

L991), Therefore, clecreased serum tcFBp-3 levels detected by

Western-ì.igand Ì¡lottj-ng do not correctly reflect the real leveLs of
IGFBP-3 in pregnancy seruÌì, No similar protease activity was found
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in diabetic rat serum, since co-incubation of diabetic rat serun

with normal rat serum clid not reduce the abundance of IGFBP-3 in

normal rat serum cìetectecì by 14estern-Iigand blotting (data no

shorvn) whereas pregnancy serun did. Therefore, decreased IGFBP-3

levels in diabetic serum detected by l{estern-ligand blotting were

due to the reduced levefs of IGFBP-3 rather than protease in serum

of diabetic rats. Furthermore, the decreased hepatic IGFBP-3 nRNA

level in these diabetic rats r"¡as demonstrated in this study. As to

the best of nìy knovrledge, this is a first report showing that

decreased production of IGFBP-3 in diabetic rats occurs at nRNA

levef. Since IGFBP-3 has been shov/n to be an IGF-I-dependent

protein (clemmons et af,, ].9a9 ì zapf et a7', ï989) / the low levels

of IcF-T in diabetic rats may be responsibl"e for the reduced

expression of IGFBP-3. Although intensive insulin treatment

red.uced the elevated IGFBP-1 and -2 mRNA levels in BB/W diabetic

rats/ the level of IGFBP-3 nìRNA r/as not restored by treatment for

3 weeks r.¡ith insulin. Graubert et aI . (199f) have reported a

similar sluggishness in restoring serunì IGFBP-3 Ìevels with insulin

treatment of STz-induced diaÌ¡etic rats.

Rat IGFBP-4 CDNA has been recently cloned fron a rat liver

cDNA library. Also it has been shoi¡n that IGFBP-4 nRNA is hiqhly

expressed in liver. A single 2,6 Kb IGFBP-4 mRNA was detected by

an IGFBP-4 oligonucÌoetide probe in our Northern analysis of Liver

RNA. Ho\^/ever, no significant change in hepatic IGFBP-4 mRNÀ levefs

was found in ee¡lr diabetic rats compared t'¡ith control, rats.
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In this study, the amount of Laboratory chovJ that vJas consuned

by diabetic and control rats t¡as not systenatically determined. It

has been reported that STZ-induced diabetic rats have extreme

hyperphagia, The effects of nutrition on IGF-I and IGFBPS have

been r¿elI studied, In fasted rats, expression of IGF-I and IGFBP-3

is d.ecreased, rvhereas expression of IGFBP-1 and -2 is increased.

Refeeding results in an increase in TGF-I and IGFBP-3 expression,

and a decrease in IGFBP-1, and -2 expression (Emler & Schalch/

1987; BIum & Ranke, 1990b; ooi et aI" !99o; Murphy et af ., L99L).

Hyperphagia observed in STz-induced diabetic rats may have sinilar

effects as refeecìing, although it has not been reported' The

observation that diabetes decreasecl IGF-I and IGFBP-3 expression

and increased IGFBP-1 and -2 expression, suggests that hyperphagia

in diabetic rats is unlikely a cause of these changes.

The functional role of IGFBPS remains controversial- as I

d.iscussed in the previous chapter, In general, IGFBPS restrict the

capillary permeability of IGFs and v¡ouId therefore inhibit the

access of IcFs to receptors and presunably prolong the half-life of

the IGFS. The effects of IGFBPS on IGF action in locaL tissues

have not been directly demonstrated, and the available infor¡nation

of the functions of IGFBPs corìes from the in vitro studies. Most

studies documented the inhibitory effects of IGFBP-1 on IGF action

in vitro. IGFBP-2 ttas reported to be able to inhibit IGF receptor

binding and mitogenic actions of IGF (Knauer & s¡lith/ 1980; Han et

a7., lgag; Feyen et al-., I99I). IGFBP-3 have been shown to have
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both inhibitory and stinulating effects on fGF-I action in vitro

depending on experimental conditions. In addition, IGFBP-3 has

been denonstratecl to prolong half-]ife of IGF-I in circulation

(Zapf et a7., 1986; casciett et a7., 1988b) . IGFBP-4 has been

shown to inhibit basaI, IGF-I-stimulated and serum-st imu lated bone

celI proliferation (Mohan et aL., L9e9) .

In this study, I conclude that: 1) there is a genera] defect

in IGF-I gene expression in diabetic rats; 2) expression of IGFBP-

1, and -2 genes is elevated in diabetic rats, and insulin treatment

can inhibit these elevated gene expression; 3 ) IGFBP-3 gene

expression is diminished and a decrease in serum IGFBP-3

concentration is the rnajor change in circulating IGFBPs in

spontaneously diabetic rats. The grovith retardation seen in

diabetic rats may be explained in part by changes in IGFBP

expression in addition to the general defect of expression of IGF-I

gene. If the overall function of IGFBP-I and -2 is to inhibit IGF-

I actions, \,rhiIe IGFBP-3 prolongs half-life of IGF-I and enhances

IGF-I actions, then the changes in gene expression of these binding

proteins in diabetic rats t¡ould serve to diminish the activities of

circulating and tissue IGF, If the function of IGFBP-3 is to

inhibit the action of IGF-I, the reduced gene expression of IGFBP-3

in diabetic rats may serve to conìpensate the Ìow biological

activities of IcF-I. Further studies are required to investigate

the exact function of each of these binding proteins in growth of

diabetic rats.
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chapter 6! concl-usions and future directions:

The findings of this thesis are consistent v¡ith the hypothesis

that the perturbation of both IGF-I and IGFBP expressions may

contribute to the grol'Jth retardation seen in GH deficiency,

glucocorticoid excess and diabetes. From the observations in this

thesis, I conclude that:

1. IGFBP-1 expression is inversely regulated by GH at

transcriptional level. The overexpression of IGFBP-L in

deficiency may inhibit the actions of already reduced IGF-I,

contribute to the impa.irecì gro!/th observed in this disorder.

2. Glucocorticoids inhibit IGF-I expression and stimulate

IGFBP-l-, -3 expression ' Recìuced tissue expression of TGF-I

together with decreased bioavailability of IGF-I caused by enhanced

production of IGFBP-L and -3 may contrik¡ute to the growth

retardation seen in glucocorticoid excess.

3, The defect of IGF-I expression is present in rnany tissues

of diabetic rats. Expression of IGFBP-1 and -2 is elevated while

expression of IGFBP-3 is di¡tinished in diabetic rats. The changes

in expression of IGFBPS nìay decrease IGF-I activities' This

together rvith inhibition of IGF-r expression may be responsible for

the impaired grorvth observed in diabetic rats.

the

and
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The infornation obtainecl from the studies described in this

thesis is useful for further elucidating the molecular mechanisms

involved in regulation of IGF-I and IGFBPS in GH deficiency,

glucocorticoid excess and diabetes. The understanding of these

rnechanisms may lead to ner,J therapeutic approaches, with the hope of

irnproved growth in children rvith these disorders.

Future studies t¡ould Ì:e a series of experiments in vitto to

address the question whether the effects of GH, DXM or insufin on

expression of IGF-I and IGFBPs seen in our -in vjvo studies are

direct or indirect. cuLtured hepatocyte v¡ould Ì:e a good systen for

these studies. In the cases l¡here the direct effects of hormones

can be demonstrated in vitro, I nould like to furthèr determine the

Ievel at vihich the hornones act to reguJ.ate mRNA levefs by using

nuclear run-on and mRNA stability analysis. If the regulation of

the transcription rate of the IGF-I or fGFBP genes can be proven,

I would like to localize the hornone-response sequences in the 5'

flankíng region of the genes.

Recently, I have cloned a potential 5' flanking sequence of

the rat IcF-I gene, l¡hích contains at least L5 Kb sequence upstrean

of the transcriptional start sites. AIso/ a 5/ flanking seguence

of rat IGFBP-I gene has been cloned in our laboratory. These two

sequences provide fundaNental tools for studying the hornone-

response elernents, Experiments involving deletions and mutations

of 5' flanking sequences may reveal hormone response sequences in

r'1 6



these genes. The infornatlon ok¡tained

footprinting studies v¡hich r,¡ould Iead to

potential trans-acting factors that interact

genes. The results of these studies would

into the molecular nechanisns by r'ihich the

are regulated.

could aIlov¡ for DNA

the determination of

specifically with the

provide sorne insight

IGF-I and IGFBP genes
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