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AN IMPROVED METHOD FOR THE PURIFICATION 
OF INSULIN-LIKE GROWTH FACTORS I AND I1 

The somatomedins insulin-like growth factors I 
and I1 (IGF-I and IGF-11) were originally isolated 
from human plasma by use of acid/ethanol extraction, 
gelfiltration and isoelectric focusing (IEF). With a 
semi-automated chromatography system we have 
similarily isolated IGF-I and I1 from human plasma. 
In this system the separation between IGF-I and I1 
was achieved by ion-exchange chromatography and notwi- 
th IEF. The crossreaction of native IGF-I in the 
radioimmunoassay (RIA) for IGF-I1 has generally been 
found to be about 10%. Biosynthetic IGF-I has, 
however, a crossreaction of only 1-2% in the RIA for 
IGF-11. The difference is most likely due to a 
contamination of IGF-I1 in the native IGF-I 
preparations. 

By use of a Mono-S column (FPLC system) eluted 
with a salt gradient at pH 5.0, we have now achieved 
a complete separation between IGF-I and IGF-11. This 
finding might be of importance when interpreting 
results from earlier receptor studies with IGF-I and 
IGF-I1 . 
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THE POLYMO~;PHIC PATTERN OF SOMATOMEDINS DURING 
DEVELOPMENT 

Human somatomedins (Sm) show cons ide rab l e  he t e rogene i ty  on 
s e p a r a t i o n  b ctiromatofocusing (CF). Besides t he  major forms 
e l u t i n g  a t  ~ $ 4 . 3  (IGF;I/SmC) and a t  p I ~ 6 . 3  (IGF-11) a number of 
minor peaks emerge which can be c l a s s i f i e d  a s  IGF-I-like o r  a s  
IGF-IILlike. The -aim of t h e  cu r r en t  s tudy was t o  i n v e s t i g a t e ,  
whether t h e r e  i s  an age-dependence of t he  polymorphic 
du r in  human development. Serum (2nd) e x t r a c t s  from c l ? : ~ ~ ~ ~  
(n=15? and a d u l t s  (n=9) where f r a c t i o q a t e d  by HPLC-CF. The 
f r a c t i o n ?  were s c r eened , fo r  Sm-like pep t ide s  by CPBA. The t o t a l  
Sm-act iv i t  of the  va r ious  peaks was u a n t i t a t e d  e i t h e r  by a 
s p e c i f i c  ~ G F - I I S ~ C - R I A  o r  b a IGF-11-R?A g iv ing  t h e i r  r e l a t i v  
c o n t r i b u t i o n  t o  t o t a l  IGF-I/&& and ICE-I1 imnlunoactivity r e sp .  
The r e s u l t s  show t h a t , t h e  va r ious  Sm-like e p t i d e s  a r c  p r e sen t  
i n  a l l  age grou s s t ud i ed .  Although serum I & - I / S ~ C  r i s e s  con- 
s i d e r a b l y  a t  tRe time of  puber t  t he  r a t i o  of  t he  va r ious  IGF- 
-I/SmC-like pep t ide s  t o  t o t a l  P A F - I / S ~ C - I R  d id  not  vary .  There 
was a sma l l  but  s i  n i f i c a n t  i nc rea se  of t he  two very bas i c  Sms 
(pI=9.2  and pI-8.77 from 3.4% a t  uber ty  t o  6.7% (p<0.002)  i n  
a d u l t s  and from 9.3% t o  14:5% (p<0.82)  r e s  . The ma'or com onent 
a t  1114.3 decreased a c c o r d i n ~ l y  from 83. I! t o  72 .d% (p<8.0  I ) .  
When-CPBA-active peaks were- tes ted  f o r  IGF-11-like pep t ide s  a 
r a t h e r  broad peak a t  pI-8.1 conta ined an unex ec t ed ly  h:$h 
amount of  IGF-11-like m a t e r i a l  (?=2 1 .  1%).  The r e y a t i v e  c o n t r i -  
bu t ions  of  t h e  va r ious  o t h e r  IGF-11-like components t o  t o t a l  
IGF-11-IR were 4.5% ( ~ 1 ~ 6 . 7 )  36.7% ( ~ 1 ~ 6 . 3 )  14.6% (p I=6 .  IS ) ,  
3.2% ( ~ 1 = 6 . 0 ) ,  and 19.6% ( s a l t  peak) wlthoui any s i g n i f i c a n t  
d i f f e r e h c e  between age groups. These r e s u l t s  demonstrate.  t h a t  
he t e rogene i ty  of somZtomZdini i s  a common phenomenon throughout 
human development with some a e dependence f o r  IGF-IISmC-like 
pep t ide s  and no obvious age-iependence with IGF-11-like compo- 
nen t s .  
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COMPARATIVE EFFECTS OF HUMAN GROWTH HORMONE (GH) A N D  
INSULIN-LIKE GROWTH FACTOR I/SOMATOMEDIN C ( IGF I /  
SMC) ON ERYTHROPOIETIC CULTURES FROM NORMAL CHILDREN. 

I t  i s  well e s t a b l i s h e d  t h a t  growth-promoting e f f e c t s  of  GH on 
t a r g e t  c e l l s  i n  v ivo a r e  mediated by a c l a s s  of growth hormone- 
dependent polypept ides  belonging t o  t h e  group of somatomedins. We 
t e s t e d  t h e  e f f e c t s  of human GH ( f rom France-Hypophyse) and 
p u r i f i e d  IGF I/SMC i n  v i t r o  on bone marrow and pe r iphe ra l  blood 
c e l l s  from c h i l d r e n ,  by means of e r y t h r o i d  p rogen i to r  c lon ing  
technique,  according t o  a min i a tu r i zed  me thy lce l l u lo se  assay.  

The e r y t h r o p o i e t i c  p r o l i f e r a t i o n  was eva lua t ed  by t h e  number 
of c o l o n i e s  der ived from CFU-E (Colony Forming Uni ts -Erythroid)  
and BFU-E (Bur s t  Forming Un i t s -E ry th ro id )  and by t h e  biochemical 
de t e rmina t ion ,  i n  t h e  c u l t u r e d  e r y t h r o b l a s t s ,  of  t h e  a c t i v i t y  of 
a c y t o s o l i c  enzyme involved i n  t h e  heme pathway (Uroporphyri- 
nogen I syn thase ) .  In t h e  presence  of e r y t h r o p o i e t i n  (0 .5  IU/ml 
f o r  CFU-E, 1 IU/ml f o r  BFU-E) and f e t a l  c a l f  serum, human GH 
appeared t o  r e q u i r e  very high concen t r a t i ons  (200-250 ng/ml) t o  
s t i m u l a t e  t h e  growth of CFU-E and BFU-E i n  v i t r o .  In c o n t r a s t ,  
e r y t h r o i d  colony format ion was s i g n i f i c a n t l y  increased ( p  d 0 . 0 5 ,  
S t u d e n t ' s  t e s t )  by a s  l i t t l e  as  1 ng/ml of IGF I /  SMC, wi th  peak 
a c t i v i t i e s  occu r ing  with 10-50 ng/ml. 

These r e s u l t s  suggest  t h a t  IGF I/SMC e x e r t s  a d i r e c t  growth 
promoting e f f e c t  on t h e  e r y t h r o i d  l i neage ,  among o t h e r  growth 
f a c t o r s  and could  be involved i n  t h e  r e g u l a t i o n  of e r y t h r o p o i e s i s .  
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CHARACTERIZATION OF IGFI RECEPTORS ON IN VITRO OIFFERENTIA- 
TING G R M H  PLATE (GP) CHONOROCYTES GROWN IN CULTURE. 

Chondrocytes enzymaticaly extracted fran the  res t ing  zone of (;P 
ca r t i l age  fran prepubertal rabbits,  were incubated i n  10% FCS-Dul becco's 
medium f o r  48 h.They were then grcwn fo r  20 days i n  serum-free defined 
medium containing 100 ng/ml FGF as  unique grcwth fac tor .  Chondrocytes 
d i f ferent ia t ion  was observed a t  day 10 t o  12 when cel l  s were di vi di np as  
multilayewd colonies and a t  day 15 t o  20 when c e l l s  hypertrophied and 
developped important Golqi apparatus and ext racel lu lar  matrix a s  obser- 
ved by electron microscopy. A t  both stages of d i f ferent ia t ion ,  Type I1 
collagen was representing 95% of the newly s nthesi zed col l  ageni c pro- 
t e in s  a s  measured a f t e r  incorporation of L3Hy-Pro during 20 h.The speci- 
f i c  binding of 1251-IGFI ( g i f t  of Dr L.  Van den Brande) was studied 
separately on dividing and hypertrophic chondrocytes.The 50% displace- 
ment was the  sane a t  both stages of d i f ferent ia t ion  a t  4.5~10-% concen- 
t r a t i on  of unlabelled IGFI. The presence of several types of receptors 
was suggested by Scatchard analyses with s imi lar  high a f f i n i t y  constant 
( ~ a = 3 . 3 ~ 1 0 % - ~ )  i n  dividinq and hypertrophic chondrocytes. By contras t  
i n  dividing c e l l s  the  maximal speci f ic  binding observed a t  15'C and pH 8 
was 3 times higher than i n  hypertrophic c e l l s  (6% and 2% respectively) 
and the  number of speci f ic  binding s i t e s  was 1.5 times higher than i n  
hypertrophic ce l l s .  These resul ts  suggest t ha t  GP res t ing  chondrocytes 
can divide and hypertrophy in  cul ture  while they synthesize Type I1 
collagen and possess a number of IGFI receptors which was decreasing 
during the  d i f ferent ia t ion  process. 
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Belgium EVIDENCE THAT RABBIT CIJLTURED GRONH PLATE (GP) CHOEIDRO- 
DECREASE OF DNA SYNTHESIS IN CULTURED H U M A N  FIBRO- CYTES SYNTHESIZE 40-60K and 7K PROTEINS WITH IMMUNOREACTIVE 
BLASTS BY A SERUM FRACTION WITH SM/IGF INHIBITING IGFI ACTIVIN (IR-IGFI A). 
ACTIVITY. 

Normal s e rum c o n t a i n s  a s m a l l  m o l e c u l a r  w e i g h t  f r a c t i o n  
(Mr 1200) t h a t  i n h i b i t s  t h e  e f f e c t s  o f  s o m a t o m e d i n s / i n s u l i n -  
l i k e  growth f a c t o r s  (SM/IGF1s) on c a r t i l a g e  segments and e p i d i -  
dymal f a t  pads  ( P e d i a t r .  Res. 18:1212,1984) .  We examined  t h e  
e f f e c t s  of t h i s  somatomedin i n h i b i t o r y  f r a c t i o n  (SmIF) on human 
sk in  f i b r o b l a s t  m u l t i p l i c a t i o n .  The a d d i t i o n  o f  SmIF ( 1 0  
mlEq/ml) r e s u l t e d  i n  a s i g n i f i c a n t  d e c r e a s e  o f  t o t a l  c e l l  
numbers (130.000 c e l l s / d i s h )  a s  compared t o  c o n t r o l  c u l t u r e s  
(500.000 c e l l s / d i s h )  a f t e r  s even  d a y s  o f  i n c u b a t i o n .  T h i s  
i n h i b i t i o n  was p a r t i a l l y  r e v e r s i b l e  when SmIF was added t o  low 
d e n s i t y  c u l t u r e s ,  b u t  r e t u r n e d  t o  c o n t r o l  v a l u e s  w en added 
du r ing  t h e  l oga r i t hmic  growth phase. Sm1F decreased %-thymi- 
d ine  i n c o r p o r a t i o n  i n t o  TCA p r e c i p i t a t e  i n  s e rum and SM/IGF 
s t imu la t ed  synchronized human f i b r o b l a s t s  i n  a dose  dependent 
manner t o  l e s s  t h a n  10  % of  c o n t r o l  v a l u e s .  C e l l  numbers ,  
p ro t e in  con ten t  and c e l l  vi  abi 1 i t y  remained unchanged. Puls ing 
with SmIF a t  d i f f e r e n t  t i m e  i n t e r v a l s  dur ing serum s t i m u l a t e d  
DNA s y n t h e s i s ,  r e v e a l e d  t h a t  i t  o n l y  a c t e d  d u r i n g  t h e  f i r s t  
hours a f t e r  s t imu la t i on .  The presence  of SmIF before  s t i m u l a -  
t i o n ,  d u r i n g  l a t e  p r o g r e s s i o n  o r  d u r i n g  t h e  t h y m i d i n e  p u l s e  
showed no e f f e c t .  We c o n c l u d e  t h a t  SmIF i s  n o n - t o x i c  and 
r e v e r s i b l y  i n h i b i t s  c e l l  m u l t i p l i c a t i o n  by i n t e r f e r i n g  w i t h  
competence i nduc t ion  o r  e a r l y  progress ion.  

The local production of IGFI l i k e  fac tors  by cultured GP chondrocytes 
was studied.IR-IGFI A i n  the  incubation medium of prepuhertal rabbi t  GP 
chondrocytes grcwn in  s e m - f r e e  defined medium during 20 days was eva- 
luated by RIA.Chondrocyte phenotype was follcwed by speci f ic  proteogly- 
can and Type I1 collagen biosynthesis.The mean IR-IGFI A measured every 
48 h fran day 6 t o  day 16 of the primary cul ture  was constant a t  40+18 
1niU/10~ cel ls .  This ac t i v i t y  was fur ther  characterized a f t e r  extractTon 
of the  cul ture  medi un a t  neutral and acid pH successively. A t  neutral pH 
IR-IGFI A of the e luates  of GlOO Sephadex column appeared as  two di s- 
t i n c t  peaks:a major one migrating i n  the  40-60K protein reqion plus an 
additive one i n  the 7K region with a 40-60K:7K r a t i o  =2:1. The 40-60K 
protein peak materi a1 extracted frcm cul ture  medi un corresponding t o  lo6 
c e l l s ,  was able t o  speci f ica l ly  and reversi hly hind 42+10 fmoles 1251- 
IGFI. A t  acid pH,IR-Iff1 A was similarly separate3 as  40-6OK and 7K 
peaks, but t h e i r  respective amount was reversed resul t ing  i n  a 40-60K:7K 
r a t i o  =1:2. When chondrocytes were incuhated i n  the  presence of 3 5 ~ - ~ e t h  
during 20 h, only the 40-60K IR-IGFI protein peak was radiolabeled a f t e r  
chranatoaraphy a t  neutral pH. After acid extraction of the  radiolabeled 
40-60K peak, 60 t o  8IX of the radioactivity was recovered i n  the  7K pro- 
t e i  n peak. This radi o l a k l e d  7K protein peak analyzed by electrophoresis 
on SDS 10% polyacrylamide gel pH 8.3 was canigrating with pure 1251-IGFI. 
These r e su l t s  suagest t h a t  chondrocyte synthesize and secre te  IGFI-like 
pepti de and a pool of higher MW proteins with IGFI hi ndi ng capacity. 
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