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Abstract

Growth hormone (GH) plays a key role in regulating postnatal growth and can
stimulate growth of animals by acting directly on specific receptors on the plasma
membrane of tissues or indirectly through stimulating insulin-like growth factor
(IGF)-I synthesis and secretion by the liver and other tissues. IGF-I and IGF-II are
polypeptides with structural similarity with proinsulin that stimulate cell proliferation
by endocrine, paracrine and autocrine mechanisms. The initial event in the metabolic
action of IGFs on target cells appears to be their binding to specific receptors on the
plasma membrane. Current evidence indicates that the mitogenic actions of both
IGFs are mediated primarily by binding to the type I IGF receptors, and that IGF
action is also mediated by interactions with IGF-binding proteins (IGFBPs). Six
distinct JGFBPs have been identified that are characterized by cell-specific
interaction, transcriptional and post-translational regulation by many different
effectors, and the ability to either potentiate or inhibit IGF actions. Nutritional
deficiencies can have their devastating consequence during growth. Although IGF-I
is the major mediator of GH's action on somatic growth, nutritional status of an
organism is a critical regulator of IGF-I and IGFBPs. Various nutrient deficiencies
result in decreased serum IGF-I levels and altered IGFBP levels, but the blood levels
of GH are generally unchanged or elevated in malnutrition. Effects of protein,
energy, vitamin C and D, and zinc on serum IGF and IGFBP levels and tissue
mRNA levels were reviewed in the text. Multiple factors are involved in the
regulation of intestinal epithelial cell growth and differentiation. Among these factors
the nutritional status of individuals is the most important. The intestinal epithelium
is an important site for mitogenic action of the IGFs in vivo, with exogenous IGF-I



stimulating mucosal hyperplasia. Therefore, the IGF system appears to provide an
important mechanism linking nutrition and the proliferation of intestinal epithelial
cells. In order to study the detailed mechanisms by which intestinal mucosa is
regulated, we have utilized IEC-6 cells, an intestinal epithelial cell line and Caco-2
cells, a human colon adenocarcinoma cell line. Like intestinal crypt cells analyzed in
vivo or freshly isolated intestinal epithelial cells, IEC-6 cells and Caco~2 cells possess
abundant quantities of both type I and type II IGF receptors. Exogenous IGFs
stimulate, whereas addition of IGFBP-2 inhibits IEC-6 cell proliferation. To
investigate whether endogenously secreted IGFBP-2 inhibit proliferation, IEC-6 cells
were transfected with a full-length rat IGFBP-2 ¢cDNA anti-sense expression
construct. IEC-6 cells transfected with anti-sense IGFBP-2 cDNA contain less
IGFBP-2 mRNA and secrete lower amounts of IGFBP-2 protein in medium. These
cells grew at a rate faster than the control cells indicating that endogenous IGFBP-2
inhibits proliferation of IEC-6 cells, probably by sequestering IGFs. IEC-6 cells
express many characteristics of enterocyte, but do not undergo differentiation. On
the other hand, Caco-2 cells undergo a spontaneous enterocyte differentiation after
reaching confluency. We have demonstrated that Caco-2 cells produce IGF-II,
IGFBP-2, IGFBP-3, and an as yet unidentified 31,000 M; IGFBP, and that both
mRNA and peptide secretion of IGFBP-2 and IGFBP-3 increased, but IGFBP-4
mRNA and protein secretion decreased after the cells reached confluency. These
changes occurred in parallel to and were coincident with differentiation of the cells,
as measured by expression of sucrase-isomaltase. In addition, Caco-2 cell clones
forced to overexpress IGFBP-4 by transfection with a rat IGFBP-4 ¢cDNA construct
exhibited a significantly slower growth rate under serum-free conditions and had
increased expression of sucrase-isomaltase compared with vector control cells. These
results indicate that IGFBP-4 inhibits proliferation and stimulates differentiation of
Caco-2 cells, probably by inhibiting the mitogenic actions of IGFs.

Insulin-like growth factors (IGFs)

IGF-12} IGF-IIE= o 8t 2| Al&2 O[O0 Z! polypeptide2 A proinsulin®| 00| &4t
Txe Ut ZRFe oy VX MESS SME HTsis 2 Y 22o0|ch
(Cohick and Clemmons, 1993; Jones and Clemmons, 1995). SomatomedinO|2t31 T
g2 Qlztel IGF-12t IGF-TI&= 242 70042 6712 ofo|=4t&=2 TAMEI0 ACH A,
B, C, D2ta Ast= 442 domain22 FYEINH U=Ol A2t B domain® 242}
insulin® A%} B chain?t v|xstch HAME IGF= ME tol MasIX| 2 HYEsl=
2 2H|=I22 CH® peptide hormone& A= ©2| 58 552 IGFE |Asts 7|32
Hud ERstx] t=ct YoM =¥ElE IGF S22t 713 E20, ol F2
2ol A Easlof ulgicta Y3 Ut



IGF receptors

IGFel &3l MZ HE™Q| plasma membraned| =X{sl= R[St +EXE
(receptors)0f IGF&0| Z&Elof a2 zgo| ME ol MY=IB2AM OIFHZICH (Czech,
1989; Rosen, 1987; Rechler and Nissley, 1985). Type I IGF receptort insulin
receptor®t 2 T =V} |8t glycoprotein@2 2282 2l heterotetramer®

O AMAULCE o -subunit?t B -subunit® EXM2F2 242} 130,000 90,000 & &[22
B-a-a-B2 &=MZ disulfide bondE2 F&EEIN UCH IGF= extracellular
domain®! @ -subunitOff 2E&}22 0| subunitdlf= cysteine-rich domain= ZEE|{UCH
HzZatg ZI8l= B -subunitdl= cytoplasmic tyrosine-specific protein kinase
domain® &3l QUL (Massague and Czech, 1982, Rechler and Nissley, 1985;
Czech, 1989). 0| kinase domain® C}& hormone receptor&<2| tyrosine kinase
domainZ} 00|24} sequence?t H|X &}l tyrosyl autophosphorylation sites@} CI=
SR O] tyrosine EH7[E Qiitst Al = U= Bofxte|&E 2tX|22 Ut Of tyrosine
kinase domain® epidermal growth factor receptor, platelet-derived growth factor
receptor 12|32 insulin receptor® &2 growth factor receptor® 70z LHXQl0|
ZHE|RUCE (Olson and Lane, 1989). IGF7} extracellular domain®! o -subunitOi
ZESIH intrinsic kinaseO 2/8 receptor X}410[ autophosphorylationZl0{ AjZ 2]
Cle SRS phosphorylation A|7|& tyrosine kinase2 A 3IEICt. Type I IGF
receptore IGF-1 #0t ofL|g}t IGF-II, insulin2tE ZEBtCt.  IGF-IILt insulin®
IGF-12Ct 213132 HX|2t 0| receptor2t HE Alol IGF-12 &2 & & Bich
At & IGF-1, IGF-II, insulin0 2|8{AM O[FO{X|= 47 &E2 0] type I IGF
receptor® BSAM O|F0{zIcta & 4= UCh Type II IGF receptor= £ Xl12f0| &
27500021 Bt JHe| AlmZ O|FOjT! M ZBhE JISt= glycoprotein2 &Xh L0
tyrosine kinase® J}X[21 UX| C} (Czech, 1989; Roth, 1988). Type II IGF
receptore= CIY8t 7|58 J1&l A Z A IGF-II0] ZEHE # oi{2t lysosomal
enzyme2} €2 mannose-6-phosphate® Z %8t ligandsOl= ZEBICE 0] receptors
MZ EMEl lysosomal enzymeS& trans Golgi network28E lysosome2&2 88X
FHL M2 82| lysosomal enzymeS & endocytosis2UHEE B A lysosome22
SHATE HYUE Bl (Kiess et al, 1988; MacDonald et al., 1988; Morgan et al., 1987;
Roth, 1988; Tong et al., 1988). Type II IGF receptort= IGF-II0| *!&t2{o| J}&t 33,
IGF-13t= ZEsIX|ot 213130] W1, Insulin2ts FESHK| Y=rh X2 type 1T
IGF receptor?t IGF-112] &8 XYst= A LXi= ALt oM AZstdz
IGF-1I12] MZE Z4 382 type I IGF receptordf| Z&st=2 MYslE= 2 2ot
(Korner et al., 1995).

IGFBPS| Rxxzol =

IGF&2 insulint= €2l €Y St 0 &3 YO(U extracellular fluid0i free

formZ EXs}= 20| otL|2 IGFol %2130 olF ¥t IGF-binding proteins

(IGFBPs)Oll @&sto] =@l ERECE XX x|t Qlzte]l =Z I extracellular

fluid25 8 {4 JtX| IGFBP7} &% #2|EIQ31 complementary DNAE clone £{iC}
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(Drop et al.,, 1992; Rechler and Brown, 1992; Shimasaki and Ling, 1991). 0| O{Al
7tX| IGFBP&2 222 BR{2t EXt3F M2ty |y, 12|10 Sy |4e 71X %2
SF soluble protein2 M ME Wo SHEIX| g2 YHEI= 2 Bt Ho=z
18712] cysteine Zt7| 8 J(X|22 UL 2} peptide LHOll cysteine®e| IX|I®S LFsict
(Clemmons, 1993). 0| 67X| IGFBP&Zt0ll cysteineOl E5 8 amino £ carboxyl
et £82] amino acid sequence= AMZ B|XBIL S22 cysteine0| U= FES M2
ci2ct IGFBP-12t IGFBP-2t&= carboxyl?| ¥HOl @58, integrin0l ZEE & U=
588 VX2 UE Arg-Gly-Asp (RGD) sequence® &tLt 4 J1X|3 QUcC} (Hynes,
1987). IGFBP-30& 3 2] N-glycosylation consensus sequence?} SR{sl=0]

Hols St glycosylated®l0 UCH (Wood et al, 1988). IGFBP-4% N-glycosylation
site® 8 71X 431 IGFBP-52t IGFBP-6= N-glycosylationti4! O-glycosylation
site® JIX[21 UL

IGFBP?| 7|s

IGFBP-3& 3ol IGF-13t IGF-1I2| T 2UtA0|Ct XA =Xst= IGFSOA
Holz 95%2} IGFBP-30 A&s|of =#sla Ack Lo X] 5% = IGFBP-1, -2, 22la
-40f RS =512 2% 1% D2t0] free form2 EMBICE. IGFIt 2AME &<
barrier® S2tsH=0] IGFBPIt ERsicte | FaoF YWRHEIJUXICH (Bar et al., 1990)
M V|2 ey UX| Sch = EOX] SRS MEOAN MYE IGFE =X
oM ClE /2 MES BH2E FHFE Q8E &Cta F£53%ta Ucth ds
£ IGF peptidet= Cf{$# connective tissue MZE0I 2i8f A sl=d 0| IGF
peptideE S8 IGFBPZ} epithelial cell 2 0|L} epithelial cell2} connective tissue
junctionsOf 8H &= Zi0| opd7} Af2tsta QUch =HE(DLt 2 =X oA AME
IGFBP= IGF7} receptorOfl Efste 28 B0t £ HAA7I22M HE =7oju
=3 £= M=o et IGFR 88 EHZXSIIE AANI7I= 2 (Rosenfeld et al.,
1990). =8| MZ EHO| & 3l= IGFBP-12t IGFBP-3& IGF® IGF receptorOi
20UA B2t22 M IGFe a&8 ELA? = U222 YAE Tt (Clemmons, 1993;
Clemmons et al., 1993). IGFBP-5% extracellular matrix2}2| A& E20| 2sfA
B3t o2 A st= 2 Y} (Camacho-Hubner et al, 1992). MEZ TS0

ZE 3= IGFBPRIE Y2l soluble IGFBPE IGF2H Z88H £ HA¥ o2 Solgs
X2l e oz M IGFO digt Mzl ghee ol A2z 2ot
(Clemmons, 1993; Clemmons et al., 1993).

Endocrine, paracrine, autocrine mechanisms of IGF action

IGFE ZHollM M4 2d|SI0f MEZEZXQ! endocrine hormone2| HEE 8tot Y| IGF

s& & € 0l endocrine hormone=2Ct &f &3 ZtOIML] IGF 442 growth

hormone0i] 2l8iA =F& ¥E=ch =8 IGFU IGFBPE InsulinOlU} CHE & X0l

endocrine hormone&E 2t g2l AU ofad] =3 0A YYE10] autocrineO| Ut paracrine

mechanism22 CIYst MRE S| Mzt HalE FEICHE Atdol 222 MF0f

ofsto] ¥R (Jones and Clemmons, 1995). CH®R o{& =Z| NZS3 &0| &te|
14 -



Mot xZ&e IGF-1, IGF-II 2|2 IGFBP mRNASS Y& &L} (Shimasaki and Ling,
1991; Lund et al, 1986; Han et al,, 1987, Han et al.,, 1988).

ojopateiof M= HUio IGF IGFBPQ i3}

A &712 0{210]7} protein-calorie ZES0| Hel® K3 JHAl SM7t LEILX|EE 2tE
se3F EME g3 g£z2lojch. GHO| ME hormonel| CHEXQ! 0|22 B2
HATAIEO0| FY WYY XS] el GHE ==& JF3IACL 22U o HXIE2
3ol GHel s=& Y3t 2t FAELD =1 IGF-1 S8&& H2 U=2= =
(Hintz et al, 1978) Z=Z=|0olA] GHOll CHE} resistance?t YOt A2 YAEICL GHE2
IGF-19| M4 2u|& &XIsl21 IGF-10] GHE 3}&& SAEHCE (Rechler and Nissley,
1990) 2 Ye=2z Pk AtHQL HHol IGF-I s=ete| Ao tigh ofgf Jtx| |1t
FY|oFCL FE X & S0{EAL

Clemmons group (1981)2 8|8t AlE&EO| tHAlE 3t= &€ plasma IGF-1 8= 8

B 8IUCE ABIO| urea nitrogen BHAYR THAE AIRSE2| Fof MY =OMAM o|ufel
A MY YUY MR Rl 12 gof =HICE o A L0 HiM2 XAXE
7B O F 4 Y SO ASKEIC HANSZ SoEs FE¥E EUCE 9 Y Fo
CHAlE B CHAl AAME AR [ nitrogen balances= positive2 HEE[ACH
Yool IGF-1 5= tAo| ZgEl= SOt ZHARICHE AAL A Al Fof BotElE=
dE 8 5 UUYLCE MA A KAl ol SHe I F4I0l Y2l IGF-1 25
0| g8 ojzich otefol o A %0 low protein, isocaloric diet® HRY= M2
ool IGF-I level2 normal dietOll B8 2[=|0] =11 low protein, low energy diet2|
refeeding® IGF-12| A&HZQl 248 JIMRUCt (sley et al, 1983).

=8 AMYo s AMHEM Straust Takemoto (1990a)= EF|2] T4l Ao ZiHe
IGF-12} Growth hormone receptor mRNA2| Zt4 2l refeedingAlel H7I8 2o FE
HIE HBESIYCE  BFX[2F B -actin mRNAS} serum albumin mRNAE 4|3}
refeeding SO0l Hs}X] ULt = AT SA2Z2 YRB energy B2l 70, 60, £=
50%2 232 energy M3 & NEMSM IGF-I mRNAS| 22 energy &% 2o
u|d|sto] 2AASIEC (Straus and Takemoto, 1991). Straus@t Takemoto (1990b)E=
ctexzjo| 8gko| CHE isocaloric diet® Sprague-Dawley ratsOff HYS W 2te
mRNAS| ==& EX38ICt Table 10 298t vtoll 2|8tH IGF-I mRNAS| A%
Alo] cteixjof 248 uf 2o ZA2A8=0 7.7-kb species®| B12t7} 0.9-kb species& Ct
Alof srefzlel Brarel wistol of SIZs P28t IGF-Il mRNAS 4% HH3S
ZEst Alo|& IOl F|oAMCt Ro| Moz ZIABIRUCE O] paperol YHE Z0/22
datas= Zte| IGFBP-2 mRNAE 20%¢2t 12% S ZBEH A0[& H2 7|2
oM e H&817]7} ofEiR Lt 8%2t 4% groupOiME & HE8E = UUCH=s
Ataolct



Table 1. Effect of dietary protein deprivation on hepatic mRNA levels. Summary of
the densitometric scans of Northern blots’.

IGF-1
Group 7.7-kb species 0.9-kb species IGF-1I IGFBP-2
20%. protein 330 £ 045 1243 £ 1.49 407 £ 0.38 o°
12% protein 224 + 031° 1128 £ 166 400 + 021 o°
8% protein 0.46 = 0.10° - 808 £ 040° 344 * 042 467 * 183
4% protein 0.44 £ 0.09° 666 £ 065° 176 = 0.33° 645 £ 035

'Results from Straus and Takemoto (1990b). *Significantly lower than 20% protein
group at ¢ = 0.05 level. "Not detectable.

O[3 S&2l JYE = IGFS YYogt IFE 0lXl= 40| ot IGFBPS
Y40z J¥E 0N IGFe| 4% &2 4§ =HslE 2e ¥ 5 Uck FoA
S Eol FYE Aol 10 Y2t HAF o 2+2| IGFBP-1 mRNA2| 20| HA 3|
B718t s 22sIACt (Straus et al, 1993). 20% YT ZEABH MolE H2 Fot
H]223t04 Ztel IGFBP-1 mRNA level2 8% CTHHZ A{0|& H2 FloIM= 14 HY, 4%
A Ao groupOif M e 334 S7IEIACE  0Ololl Bjsf IGFBP-1 primary nuclear
transcriptee 2t 2t 8, 148 &2t AW=22 20} IGFBP-1 mRNAS| &7t= i &0|
transcription®| £7t2 0|0 Fct2 & 5 UACE  8IX[F primary transcripte| S7t7t
mRNA E712t8 23X 42 A2 transcription O|FNE ZHEAE0| Y=22|gt= HES
S SIACH olt 2ol cta FE Al YojLtE IGFBP-1 mRNA S7t7t 712
25 mIolats TS AIES| fls 2 Jiel B otolk=at FEA2| IGFBP-1
mRNA level®| #13}& H4-1I-E rat hepatoma cell@ O|Z3t0 ZAsIUCt Mz
ool §F JHel @ ofol=4to| XN2[E B IGFBP-1 mRNA level2 4-5 Hj
B7181432 & M2 =2l IGFBP-1 primary transcript®] £7HE 2tESIRICL Wty
3 ZEA| IGFBP-1 mRNA &7H= transcriptiont post-transcriptional
mechanismO| Z8Ct FEE W = UCH

Protein2} energy®l C}2 FUL T IGF systemO| F&&E 0[2ICH 1 Ol2& Vitamin
Dol #A4¥Ql 1,25-dihydroxyvitamin D3 (1,25-(OH);D3)&= WA Z& Z33t o2
MzEo BEAg AxNsia 2318 EXIAIZIch o] 2t™ol ofd] JIX| CHE factor&§ %
A7t €l X[St Of vitamin2! Z&& IGF systemO| ZH8CH= A7 B2AVL
Bt Mouse?! osteoblast cultureOfl O] vitamin® 718t MZ2| 5413
IGF-12| #u|8& ZtAA|7(21 IGFBP-32| 2| M7= 2SS & 5 AUCH

(Scharla et al., 1991).

¢ C}2 Ol Guinea pigOiA vitamin C7t FEIS! 20| & 3-4 T 22 FL
collageni} cartilage proteoglycan g4 Z4 & &£2ICH= 2i0ICt. Ol &2 HaE
collagen®! proline residue®2| hydroxylation ECH= SEAC At A2AZAT 2
Qe THBIRUCE 0| F2AE= €Yo HE HAYol SS2 M3} HEZ S4S
o3 inhibitor?7t ERstE AE 2A[SH=0 EE0l HYE 3T3 cell® 0|SEH HE



Aol olstH 2AYHHo| A2l guinea pige YO IGF-18 HIISI22M H4txel
82 FHXMY 3T3 celld] S4E EXAIZ == UNUCE @etM 2AEYo 2 S8
3ol IGF-18| &8 inhibitdle EA0] EXBtct= JIdE MHE £ Uch
Peterkofsky et al. (1991)2 vitamin C7} FEE/HU & Guinea pigdA] 29-kD 2}
35-kD IGFBP2| s=7t HA8| Sotst= UE AHSIUCE. P8 S8 Y9 o &
binding protein (IGFBP-12} IGFBP-2)2] s&=&= EX}&f0| & IGFBP-30l H|8] O
X2t 0] § Jix| MEojME =8stE IGFBPYl 40%01 =& sict 22st £E59
HHI Y HHol Qztel fibroblastel collagen &S ERIst= SSHE
SRS 2EY g3 /X sH2 s Yol vldl 50% HzHtol o=t
IGF-I0IL} [1-27,Gly*38-70]hIGF-1g8 AJIM8W A2 &2 2=82Qc.

[1-27,Gly* 38-70JhIGF-I1&= IGF-12] C domain®| 28-37 OtO|=4F Xt7| CH4lof 4 7He]
glycineO| &QUEl iS22 type I IGF receptorOff Cift 2zt 304f A 2L
IGFBPO| gt 21zt #gto| Qictl 21%(%UCt (Bayne et al., 1989). Vitamin C2}
AL El guinea piglME L[} 2| collagen mRNA €& 0| S X5 LAY 7t
IGFBP-12} IGFBP-2 mRNA &80| 88| Sol8 Az BAS|UCH (Gosiewska et al.,
1994). olet &2 FARFH vitamin C ZEE S Y| IGFBP-12t IGFBP-22]
=7t £71510] IGF-12] 28 block¥ 22 A collagen?| XA} 8i¥E ANstcta
dE= Ug = Uch

Zinc?t Y SSolLt Qizte] Mol XHElE WS & 22zl AlMo|Ct (Hambidge
et al,, 1986; O'Dell and Reeves, 1989). GHO| &MF S82| M&0 F Ags
S22 (Lewis, 1992) zinc ZESE GH XtAL} GH signaling pathwayOfl O|AtS
XejgicHe 7Id 8 M# 5 UCH X8t zinc ZEAME{ A E somatotrophs 2§ E 2|
GHE| #8|t} (Focht et al., 1991) A2l GH &=& (Dorup et al, 1991) Bi8}X| %Y=
dez 2=yt 2 Y| IGF-1 8E& zincot BB E AEOA HX 35
HAZE= ZIg HASIHLE (Bolze et al., 1987; Dorup et al, 1991; Droke et al., 1993;
Oner et al, 1984). McNall et al. (1995)2] 2|2 HF0| 2|slH 0|2t &2 IGF-I 5=
&4 IGF-13 GH receptor &3 QIXte] Wi Zia WfEe! 2 2ot IGF-I 32
ZHOIAM 7.5-kb mRNA transcriptE ad libitum groupOl H[3l zinc?} ZEIEl groupOiAe
86% ZAE[RD pair-fed groupdiAME 69%7F 2AAS”ICE 0.8-1.2-kb IGF-I
transcripte ad libitum groupOfl H|8 2t 2} 40%, 25% ZA=IR31 1.8-kb
transcriptofl = #1240t AACE GH receptor mRNA transcriptE zinc ZEA| 83%,
pair-feedingAl 50% 2238t 1 GH binding protein mRNAQ! F$ 2t 2 54%, 35%
HL8 2E0FACE O BARLE zinc B8 Ao S22 M3 X8H= GH receptor
signaling pathway?| O|&te& QI8t IGF-1 MyEu|e| 24 HRojats EES I
Zict

S0 oot Atefel wistyt IGFL IGFBP 44 Hu|& xd¥siezx %

o =2
2 s2| 4% Ygs =Hece 88 JIN2cL

d2i4s
=
=]

zlo|Lt

Pt



2339

27 HUE 235X U Bt MEZEER FYHEIE ayptel =2 23lE
HNEZEZE YOUE villusE2 FHEI0 UCH (Madara and Tier, 1987, Gordon, 1989;
Cheng and Leblond, 1974). Villus epitheliumOiA YASE 471X E/S| MEZS
Z0| M enterocyte2til #®2{= columnar epithelial cellO] 93% & XIX|8tct. 0] At
HZEE cryptoll Al EEE0 villus tipE 810 OIESIHA & Jx| 43t E
S8 #&ECL 0| YU MESO| villus 20l TEHS}IE lumen22 HOiM L7t M2
YR MZIL oISt o] xf2(& MRct of2E AYy22 Lx AU A
2312t E+s58E8 RAISH= o 2AFo| e oo wet ct2X|% 28 3-59
Halch ofg] 7kXf RQIS0| enterocyte2] A2 #zlof I&E O|X| X2 ES59
FJAAE Ot ERE 2ozt & = UCH (Johnson, 1987; Lipkin, 1987).
JLgao S22 HFYFeRE L7 MHIlHEL FAI E3l0] st N2 E
gastrointestinal peptide® H|Z8 0{2] 7}X| hormone2} growth factor, #I &t SHEe|
B2y, == AP XIZ0 HIE JIM22 A AN SR8 &S 0|2ct
(Bragg et al, 1991). O|%J =< Y YHII 27 4I| MZo| S JY¥s=

0| X| X2t 231 E5 S30| XNoigl I U Y LEiFE o|F 7| o2 U2 UZE
It gict. 22 238 STASX| Y FY® B228HE total parenteral nutrition
71=0] 253 YHs|a UX(E o[ HH FYEBZ2 U 7|82 FHE ¥
glch wetM AF Mzl M Zato cift ol AIZ3| Pl UX|SH ofd
R4ttt QIXPIL o AME =Fsh=X| oy ¥ 221 UcCh

In vivo effects of IGFs and IGFBPs on intestinal mucosa in rats

HOIAM AZB WAEB IGF systemO| SE2| I AEof wet Qs &gt S8
I AEDI Az He MZe| F4 g2ato] FOFQ FES =22 X+ HUS0
2ol MEAMIAME insulin-like growth factor?} A&t 0|X|= J&E
AT A i AES AEe 30%®m AT &I & 0|2} (Vanderhoof et al.,
1992). O] =82 & AIFERE 4 cm®t g|Fe Yo 12 cm 2HE H7]32 80%9)
A2 WSk =0ICh 80% 2% AN I8 43t S5 Yo HLAE
RUste EHHEE Uit f HE Hoz o= 4% MY MEQ
hyperplasiaZ7t Yo{<Ct  IGF-I0|Lt des~(1-3)-IGF-I (des-IGF-1)0| A&t 2fo|
hyperplasia® Z2IA|7|=X] 27] YA 2% FAF #0|A mini-osmotic pump®
m|stoll Atlsto] IGF-I0IL} IGF-I REAQ! des-IGF-I& 8IF0 M= 1 kg™ 15 megS
FAACE O] mini-pumpE 1 AIZHO| 1 18] SYE ASMA 7 Y SO pumpl £
e zx(o|Ct. Des-IGF-12 IGF-I2| N-terminal YUEHOA{ glycine, proline, Z12(32
glutamic acid?t ©AE R 2 IGFBPO| O3t 21220 ¥aie| IGF-I0| sl3f O}F 7|
W20 (Ballard et al., 1987; Francis et al., 1986; Francis et al., 1988; Ross et al.,
1989; Szabo et al., 1988; Carlsson-Skwirut et al, 1989) A&t &= 4] HZ S80| o
Zsicta 425t Act S22 YIE FUE HHEH 2E FS0| £85F 24 Al
FUOIX| HB0| HAWED 1 OlfeE $a HF 72 AIZ S22 S888 VI
HEolct. 1 HR2&s 2E S22 HF0| 7K=2L J(dE gz 5 BX| Y2

— 18 —



groupO| M@ w2 Xt IGF-I0|Lt des-IGF-I& FY2 group&O0| buffer?t we
groupECt MA S=)) bR Zig ¥ 5 UACt IGF-13} des-IGF-Ig HIAYES M=
des-IGF-12| &7} IGF-12Ct ®# EFUCL OIF A IGFBPO| 213130 ZAE
des-IGF-18| &7t2l &2 AUolA 44sl= IGFBPEO| IGF-Iol Z&&38lol IGF-I0|
receptor®i ZEsH= AU YWX[3l22 A IGF-19] 328 UABICH= IIME MBS
SHECL & F 7 Yo| FASt Fol S8 FOA & Mo MEE =AISIUCH
Mucosal DNA data® 221 L0l Al0o|X&2 B&0AE IGF-10ILU des-IGF-I0]
mucosal hyperplasia® SZXIA[ZiE=d 0] FIH2| peptidee| 247t A2 H|8IFCH.

3| Z0ME IGF-I0|Lt des-IGF-10|L4 & C} hyperplasia &2 #3172} ARUCH Serum
IGF-1 s=& MH2Y of48t Of2 resected control groupOifA] X8| HAS g
£ Uct. 0] Yd8oAME IGF-10| endocrine mechanism@2 mucosal hyperplasia®
STAZIcta g&s 3 5 Utk

2 ok MYSEE (Park et al, 1995) IGF-18 IGFBP-12t Z0| &30l o AYe
#ell IGFBP-10| IGF-I2| &8 SZIAIZH Zolet= JtolA Alzts|RACh
SynergenO|2t A2t Z|AIOIA protein-calorie malnourished BXMolH IGF-12} 0]
FO{5IH o HXES 2=EE BEIAMH = USEV 810 recombinant DNA technology &
O|Sslof d¢ts W2 AUAUCE el 23 HAE S8 modelO| protein-calorie
malnourished X2 £& model 0|22 f2| £ modeld]| IGFBP-1 S& Al&s})|
fI8iA 4 group2| Sprague-Dawley rats® ALl 2E ES8 80% 23 HA st
Fol 2™ groupOlH&= buffer, & HM groupol = IGF-1, M ¥® GroupoliJi=
IGF-12} IGFBP-18 £¢ molar HIE2, 12|32 OlX|Y group2 IGF-12} IGFBP-18
1:5 molar 8|22 410{A mini-osmotic pump® O|R8}0] F=FCl Mucosal
hyperplasia= IGFBP-18 &7 =¥t groupOlM IGF-I2F =Bt group2t H|28}10§
M ZALE|Y22 2 IGFBP-12 27 A9tofA IGF-12] endocrine A28 A BtCt
e = Qch

IolM HAZ Bt Bl 2H0| anterior pituitary hormone®! GHE ZHoA IGF-19| AAIg
FTst0] Yo IGF-IS| 5= & S0FE= A0l U0 GHY Y& &z a2
IGF-10ll 2|siM MY EIct 42t5(2 UCh (Rechler and Nissely, 1990). GHg A&
A oA FeE IR Y2l IGF-I8 &0/ 2 A2 mucosal hyperplasia®
FXAZH Zolgks 71 shol O AES AIYSIUCEL ojHolE $ groupS S OlA]
S8t {2 80% resectiong ¥t CI2 SFgroup2 sham operation 8 ¥QUCH Sham
operation2 Z# Al #RORRH 4 cm ElE FEI 33 Yooz EH 12 cm
Ele 82 ATUCHL CN HPstE =0(ACt JI4E 2tctsi) 4HEH GHOY
F&2 mucosal hyperplasiadll O3 Stz QU HAYo| IGF-1 S0l B3}
YUAUACE of A= 43 AT 2 M3, 23, B 52 BF0 o3 Y 5
AEf7F GHOl i3t N& MEE 223t ct= AMMS 2A|SHCE



Effect of exogenous IGFs and insulin on the proliferation of IEC-6 cells in
serum-free medium

S= MES TN YIS SUE HUE O SN AY =POIXIOH Yt
mechanism® HT3I7(0fE O[&4&Ql =0} ofL|ct %8| AXt Mool X7t ofF
st oz 71X Qo] duldzel SARE =F3)| HRol MY I|MS
ARSH=0lE= in vitro model0] WR3BICE 2|71 A $Uzt AFRSE model & F|9]
2% cryptoll A} RSBt IEC-6 cellsOj&}21 ¥ 2= intestinal epithelial cell line0|C}
(Quaroni et al, 1979; Quaroni and May, 1980). 0] MZ&& serum-free mediumOi
o of sHPHol IGF-I& H7I8tS [HlthymidineOl DNAO| &2sl= g
B2 U8 ASIYCE InsulinZt IGF-IIE IEC-6 cell2l DNA M8
BIAZ2U 2 3oLt 50| IGF-10i vsf @M Ho{X[= s 2AAHSIACH (Park
et al,, 1992, Table 1). 0] @it= IGF-1I2t insulin® type I IGF receptorof
zasiezA 189 A28 NYBthe IS ME + UCh

Human GH® 2 x 10® - 1 x 10° M8 SZ0IM serum~free medium0 &7 S
IEC-6 cell®! [PHlthymidineolU} [**Clleucine incorporationOf O}22 H&ts oO|X|X|
ARUCL Ol HAUE in vivoOA{2t 0| in vitrodIME IGF7F AZESt At Mz
54 E JYF=22 BEXAIE U8 2HECL

Characterization of the type I and type II IGF receptors in IEC-6 cells

IEC-6 celle| S4{0| IGFU insulinolf 23 BXIEInz S§| 2% ATl MEZSHY
(Laburthe et al., 1988) O] M Z&S IGF receptor&® 71X|31 U=X| BAISIYC (Park
et al, 1990). MZEE 6-well plate0ff 2| ¥ FAlo] £AE Mzof CIUYSH &=
(02 nM ~ 05 zM)2| ["PI-IGF-1& &of 3°COlM 16 AlZ} incubate $Ch [P[-IGF-1
binding data2| Scatchard plot (Scatchard, 1949; Munson and Rodbad, 1980)2

A MolfA=d 2U2 IEC-6 cellO] B 71X| EH2| binding site® 712! 218 2|ol3la
Ko 3.1 * 0.35 nMO|Z Buax= 51 * 6 fmol/10° cell2A A|Z 3t M 2k 30,000
742l IGF-~I binding site@ 7|21 222 $HEICL 09 2R ME ED9
["0-IGF-12) Fge LASS ulX| Y2 IGF-I8 H7istel a2xez ¢x g 5
AU IGF-TIE IGF-I2ChH= 48hX|St ®2AVt YRS insulin® 5 x 107 M S E 0 Af
HP 18%2| 248 SO{FRUCE IEC-6 celle] membranes £2|8HA receptor®
['-IGF-13} cross-linking®t C® sodium dodecylsulfate-polyacrylamide gel
electrophoresis® (laemmli, 1970) 43} S MM M, 270,000, 245,000,
133,0008] 3 7HS| band?t LEL=C] JHE 28 bandE 133,000 M: banddCh
1330002t 270,000 M: band&2] ZE& 107 M unlabeled IGF-12 20| incubate ST}
80% Lt ZASIAUD B2 HUX|S IGF-TI0 AMAME HAEYSY insulin® &
STt SlUCh  mabA 133,000 speciess type I IGF-1 receptor®| e« -subunitO[31
270,000 speciese @ 2-dimer®! 20 @WUCE

['®1)-IGF-118] M ZE®e| binding data®l Scatchard plot® BMS2AM high affinity,



low capacity binding site®} low affinity, high capacity binding site®] 5 7IX| EF2
binding site® 7}& MY BRCh High affinity, low capacity sitee Kp = 0.87 *
0.08 nM, Bmax = 28 * 25 fmol/10° cellO|24 2 low affinity, high capacity site= Kp =
60 % 88 nM, Bmax = 1780 * 230 fmol/10° cellO|R{cCt [®1)-IGF-1Io ZF#2
YAbSE X 42 IGF-IIE HIIsly S35z wX|g £ UYL IGF-IojL
insulin® 712 me o 237} AUt [PI-IGF-UE 0|88 membrane
receptor®| affinity cross-linking®fl 2/8t% F£L bandi= 245,000 M, speciesR =i 0
band?} type 1I IGF receptor®| |4 & UEIHRUCE o AZE F ItX| WS
0|28}0f IEC-6 celle| [P-insulin®| binding site® 22l =2 Y= AHZXO|X|
2%t Affinity cross-linking Z238 23 o 3[0{8} 131,000 M, species® =&HE}
4 AU 012 type I IGF receptordl [*Il-insulin0| PP Uz FHREYC
0] @AE IEC-6 cell® X3 &2l type I IGF receptor?t type II IGF receptor®
JHXi U2 IGFSl E2 & type I IGF receptor® BA] HZ otz MEs|ojzicts
As SAIBIACL

Characterization of IGF-II and IGFBP-2 secreted by IEC-6 cells

IEC-6 cell serum-free mediumOlA growth factor &2t ¢lo| © 7|2t SO EA|EIC)
IEC-6 cell0] serum-free mediumOlA] S4{8l=22 0| MZEO0| growth factor&S
OrSO0{M X7| XAl BAE JBZXIAIF|E autocrine 715 & 7FX2 UCt M2tE o
ULt MetM o] MZ&O| IGF& 44 EH|3H= 754 & protein chemistry
techniques® O|®3}0{ EfX|3IUCH UK MESES serum-free mediumOi incubate}o]
MIZ 2t growth factor@ 2F&S0{ medium® condition 8t 8F CI2 conditioned
medium& E&A|7|31 dialyzedt3 gel filtration chromatography (Bio-Gel P-10
column)& O|&3}0{ molecular size0 2t &2|3}UCt Column2ZFE £2|% 2
fraction & aliquot® 21Z=A|7{ IGF-1 2t IGF-II radioimmunoassay (RIA)® A}®slC}.
0| fraction&& IGF-II RIAZ EAM¥ME O Bio-Gel P-10 fraction® 3 7tX| F=8{Z
peak?t LIEFACE IGF-I, IGF-1I, Z1&|3 Buffalo rat liver cell0| 8H|8t= =4 Ea|=
IGFBP-28 & columnof loads}0{ 0] A 7}X| peak?} 2¢ 2} IGFBPs, high molecular
weight IGF-II, 22|21 mature IGF-1I2}a XY Me2 AFYSIYCH (Marquardt et al.,
1981; Mottola et al., 1986). Column2| void volume2 2 eluteft peak | SAS YE
=310 IGF-I-Sepharose affinity chromatography2} reverse phase HPLC® 0|28}¢
HSd = FANISIUCE. SDS-PAGE #4{0f 23t 34,000 M, € JtZ! buffalo rat
liver cell2 2 E &5 #£2|8t IGFBP-22t L4125 &2 f|R2 o|SH =20 automated
Edman degradation0Ofl 2|3t N-terminal amino acid sequence {0 2|3} o] A
IGFBP-24off M8 O{X|7t ULt Reverse phase HPLC2 O &% &2{3l0{
N-terminal amino acid sequence® #4183t 2 peak 2 &= IGF-1I2| high molecular
~ formO| 2 peak 3& IGF-1I2| mature formO|2t21 ZWEE WHRCL Peak 19| ZI9&
Mol BRE AAKXISH (ZI]-IGF-IE 0/88t ligand blot (Hossenlopp et al., 1987)
0|t bovine IGFBP-2& E£7|0j2 FAISI0{ 22 polyclonal antiserum® 0| S3t=
immunoblot analysis?t 2|02 0lS7Hsst = of Weol flof B wy=ct X
Y22z 0] F JHX| analysis@& AlY3iRE=d O #E2= IEC-6 cell2 IGFBP-2&
-9 —



Bul|dicte Zig AEelsigct. IGF-1 RIAG 28 & Bio-Gel P-10 columng void
volume2 2 eluteBt IGFBP peakft HBEIAS2S2 IEC-6 cell® IGF-I2 #4|38}X|
feECia HEX|UCH

Effect of IGFBP-2 on DNA synthesis and proliferation of IEC-6 cells

IEC-6 celloil 2(3iAM HYS(= IGFBP-22] &E ZAISH| fI8HA IGFBPO| %isigo|
HA3| A28 IGF-1 A, des-IGF-1 2} [GIn® Ala*, Tyr'® Leu'*JIGF-1
[(QAYL)-IGF-1], 2] &% g IGF-13} H]a38IRCL (QAYL)-IGF-12 ¥de| IGF-12|
ofol &t Z7( 3, 4, 15, 16THAIO glutamine, alanine, tyrosine, leucine0| &El IGF-19
SAHAIO|CE (Bayne et al., 1988; Cascieri et al, 1989). Des-IGF-13} 20| 0] IGF-I
FAId= IGFBPOf| Ci#t 213t20| o HCia 22AS(RUCE o] HFoAME
[H)thymidineOl AMZ2| DNAOI 45l 2§ DNA EHMg A3l YWYoe

AL SIUCE  Des-IGF-12t (QAYL)-IGF-I2 IGF-I0!l H|3{ IEC-6 cell 2] DNA &M S
OlF 22 sz 0N BZAMFH & JAUCE 0l P [EC-6 celldl 2/5t0] MYElE=

IGFBP-27} IGF-I2| &8g wilist= WS LAISELCh

F ¢l JE0AME= [EC-6 cello| EH|8l= IGFBP-28 © #2|3l0 serum-free
sfretoff 2E HIISIKCH IGFBP-2&= IEC-6 cell2l DNA $4 & 2AXNE #Ct ofLzf
HNE Mz oz AXSIACL o F Myl F24= IEC-6 cello| vl
endogenous IGFBP-2L} exogenous IGFBP-2 25 IEC-6 cell?] 5418 2N|st=
Jls& 7HECHe HS AR :

Stimulation of IEC-6 cell proliferation by expression of a reverse IGFBP-2
cDNA construct

ol g8t = MY 92 IGFBP-22] dEE YotlE wiezE i@ Holgiut
IGFBP-28& gz HIIN7| 2o M=ZIF 44 EH[St= endogenous IGFBP-29)
qes dotd= ZFEHQ Yol ofLjat HiHtE BE = UCH w2t M HAY
AMEO|AE (Corkins et al, 1995) recombinant DNA technology® 0|&3%}0{ IEC-6
cell2| IGFBP-2 ¥4 & a7/ YYE AISUCL HelE MFHEXH yuzel
FHQAXE vtals H132 0 expression vectorOfl &f2l8t3 O vector® MZof AFAI7{D
Mz otoflM HAMX Q! mRNAO] A2 AQ! anti-sense mRNAYF MM €ich olE A
MAMEL anti-sense mRNAJF 42X Q! sense mRNAO hybridized £/0{ hybrid®
M A BN translation0l WIMs 8 =I17{Lt double stranded RNAO Z&3%H= nucleasell
oM &M EMEIS2A protein® translation® WXIBHCH= JdoiM AES
ARttt AR A2lA Basel?| Dr. J. Swander?t EUE rat IGFBP-2 ¢cDNAE
(Margo et al., 1989) pcDNA3 2= eucaryotic expression vector0Oll anti-sense
orientation2& AFJAIZiCE O] vector= &&0| OfF ZEH human cytomegalovirus
promotor® 721X US & oiL2} o DX restriction endonuclease® I &5t
polylinker site® 7tX|2 /0| fat= RHAIXHE AASL7|7F B2|Bt vectorOlCh & Of
vector= mRNASE 2t4J8}7| 2(8t bovine growth hormone2| polyadenylation signal®
— 93 —



Zerstn UCk =T YA Q) G4180 AY = UM neomycin resistance marker®
X132 U7] W20l Ol vector?}t transfect® MZ &S G418 sulfate?t ZEE
mediumOfjA] Mg 5 Uct 0o|F A reverse IGFBP-2 cDNA& J}2! vector®
competent E. coli, Max Efficiency DH5 @ F'IQOll transformA|Z) ©}& ampicillinO|

Z &8 agar plateOll spread3t0] 37°COIA] 18 Al2t 9t incubatedst C}E SglE
colony® ME3L0] reverse IGFBP-2 cDNA7} &1J¥l plasmid® & £2{8ILCt. 0
plasmid® Lipopectin reagent (Gibco/BRL)E 0|238}0{ (Whit et al., 1989) M|z Stof
HYAIFCE Plasmid® Z3EH MZ8 G418 sulfate?t ZEE mediumOM 2 FY 2t
MEfSIECE.  Control IEC-6 cell2 pcDNA3 vectorZto| AME!l HEZEZ A G418
sulfate?7t Z&E mediumOA 2 FY2t MYSIRAC)

Reverse IGFBP-2 cDNAE 7}Zl MZ0f ARX2 IGFBP-2 mRNAJ} ZHAERUEX 27|
2/8i M Northern blot analysis® A|&3}C ofAMSt 2 pcDNA3 vector2t transfect®t
MZ &0 B|3 reverse IGFBP-2 cDNAE 71Xl MZE2| IGFBP-2 mRNA 0| XA 3|
ZASIUCE HANZ IGFBP-2 peptide 440i= #3517} [}EX 27| 218 ligand blot=
A= reverse IGFBP-2 cDNAE J}2! M| 22| conditioned medium® IGFBP-22
SEE HXN3 ZAUCL PALRCE 80| U= PiE= o] MEZEL B4 Sx¥=d
IGFBP-28 #H28t0] Hutst= MES0| H4 HMZE 20t 0 ¥el Xjats A8 g
UUCE o B2A2FH Q| Lu|MZEI}L MitsH= IGFBP-2& MZEOAM MME=
IGF-1I L} bovine fetal serumOilA] R2El IGFE2 E4 A28 dislisicis ZE2 AR
= ULt

Identification and characterization of IGFBPs secreted by Caco-2 cells as a
function of differentiation

IEC-6 cell2 E#|2| 232 crypt2RE Ftt MEQM 23 AMulM=EZe| o 71X
EMHES XD U2 Y Foff villus cellR2E= 22481X| QH=Ch (Quaroni et al,
1979; Quaroni and May 1980). Of cell line0] MEE Flof WS HAFXS0| 0] MEE
villus epithelial cell2 E2tA|7|2{s =HE S22t OF27tX] 438 Ho| gict =g
M= o8] JIX] Y 2ZE IEC-6 cell@ £3tAl718{ #X|oF AmstACt Caco-2
cell2 12t cf&Ee| adenocarcinoma®fj Al ReiEt cell line22 MZSE plate3l0] HA|E
28| Yl & 7iX= 0|23 crypte] MZLS B4 JiX[2 YCHI ™HA| BHS
HZ7t 715 YoM MEZyje] M2 »E3 EIH A2 E31510] AF9| villus
A#u| MEZLo| 2Rt 23AES UECE E31E Caco-2 cells LS| villus
AT M2 3t0] 7R (Leeper and Henning, 1990; Lorenzsonn et al., 1987; Chandrasena
et al, 1992) sucrase-isomaltase® 7}X|22 QUC} (Pinto et al., 1983; Grasset et al.,
1984). 2|3 o] MEZEEE IGF-], IGF-I, insulin receptor&& 7}X[32 fJCt (Guo et
al., 1992; MacDonald et al,, 1993). H|2 Caco-2 cell0] THELOA 7| HA|
LMZO|ID| = BHXIOH Azte| Atm|xZ[o] FA|I 2al& A8y s HAY»x] o/
2ttt 2 S0l MY XNEB in vitro AE modelOlC} (Evans et al, 1994).

Caco-2 celi2] 40| IGFO| e[siM HIS|=X 27| A Caco-2 celle HYHS



HOIstX| %2 mediumOiA IGF-I& I8t BHYSIRACE. Caco-2 cell@ serum-free
medium Al growth factor £10| S48t FHOIU IGF-I® AIISIH M& £27}
E7lid2y 7t 18| 3K YUCE olet @2 FIH= Caco-2 cellO] growth
factor& & M4 2u|8l0{ XtLIe] B54F autocrine mechanism2 FZXIStCta A2tet
£ QUch IGF-1I RIAZ Caco-2 cell conditioned mediumOiAf IGF-1I peptide® &£ &
4+ AU *P-labeled IGF-II cDNA probe® (Whitfield et al, 1984) 0|88} Northern
blot analysis @28 AHEY Caco-2 celle] IGF-II mRNA level2 seeding$ 30l A
58 Atojofl 21t et Caco-2 cellO] Bt=& IGF-1I7t O MZ SAE FHxIAIZ
2HsAM 8 FAIS{ECE Northern blot analysistd IGF-1 RIAZ2 Caco-2 cell®| IGF-I2
MM FE =AU} IGF-I mRNAL protein® Z@&8 &= SIRU222 Caco-2 cell@
IGF-12 443X| ¢t=Cl= FES UCL

A5 MUME 2310 X|ERA sucrase-isomaltase activity?t 2 mRNA level®
Sx3ct Yol ZEE mediumOiA 100 mm HAlof v E W Caco-2 cell &%
580 XILH confluent EICt. Sucrase-isomaltase mRNA level2 M ZE seeding$® 322}
59 Atololl 64% St 523t 169 Atolof 12vf S718tict. A AL Sucrase
activity® seeding¥® 322t 6Q& Yla8 W 32t Sobsta 1490 7t EUsd
33t 14 2ZHoll= 108H2f Rtof7t UUACE hE2tA Caco-2 cell MZEI} confluentdt
fol 23i3l= g 8 5= U/JCL mRNA 4§ 212 Human pSI2
sucrase-isomaltase cDNA (Green et al., 1987; Chantret et al., 1992)= London<|
Dallas Swallow 8fAI2¢ 22U FUCE

Northern blot analysis2 IGFBP-2, IGFBP-3, IGFBP-4 mRNAE Z &% 1 ligand blot
analysis®} immunoblot analysis®& O|&8}0] IGFBP-2, IGFBP-3, IGFBP-4 protein0]
Caco-2 celloll 2|3{A EB|ElE WS HAME ligand blotofl LIEFH 31,000 M
species?t FUUX = OFE] lg 4 UAUCL O Mo|U= HES IGFBP-2¢%}
IGFBP-3 mRNA 112|321 protein® Caco-2 cell0l 23}5t= =oto] Solste vt
IGFBP-4 mRNA&t 1 protein® Zf4dh= 0[ACE 222{2 IGF-1II mRNAR} peptide
&= Caco-2 cell B3t =5 ¢ ©i3l8® =20 FX| YUCL Northern blot analysis® 2|8t
human IGFBP-22} IGFBP-4 ¢DNA& Dr. Shimasaki2E (Shimasaki et al., 1990)
human IGFBP-3 ¢cDNA& San Francisco2| Genentech Company (Wood et al.,
1988)2F e SZUUCE ol HES L Caco-2 celld] IGF-dependent autocrine
mechanismOlf 2|8 MZe| S4/3 2318 =FBCt= IS M =IAchk 2 IS
SH7| U8t M2l sttt IGFBP-48 overexpressdHE Caco-2 celi® clones
ote = Z40/gcCt 0] AEolAE 1267 bp rat IGFBP-4 ¢cDNA (Shimasaki et al.,
1990)& pcDNA3S! EcoRI siteOll sense orientation S2 418t C}E /2| IEC-6 cellol
A2 b8t Y S 2 Caco-2 celldf| transfect 8tHCE 0] MEOMZ G418 sulfate
(04 mg/m)E O|S5l0{ transfected®! MZ&E® 2 T S MYSIYCt. Tranfected®!
o MEZ2EE RS clone®E cloning cylinderl 0|2310] ®2|8t CI= 0l
HNZSE 0.2 mg/mle G418 sulfate0] ZEE! mediumOfA]l A AIHAM liquid nitrogenOil
XMastHCt IGFBP-4 cDNAJ} transfected®l clone®® IGFBP-4 mRNAS| ¥#o0|
BIISI/US @0 oiLlat A X IGFBP-4 ®ul= F dff ol4t S7IsIUct d=8d
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0|22 A2 IGFBP-48 2422 Y Y8t clone®WS serum-free mediumOi Al
Aete S50 HAS| HAaWE # olLi2} sucrase-isomlatase mRNA ¥ pcDNA3
Ot transfect®t cloneS 0 vi3ll S218IcCt. 0] 3= IGFBP-4= Caco-2 cell?| MXE
S8 ANt 2aE EXCH= AE B0 ELCL
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