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The plasma membrane of the  ce l l  serves to  provide anatomi- 
cal l imi t s  fo r  the functions of the ce l l  while providing ready 
access in to  the ce l l  of metabol i t e s  required by the  ce l l  for  
normal a c t i v i t y .  I t  has been known for  many years t h a t  passage 
in to  the ce l l  , and from the  c e l l ,  of n u t r i t i v e  and breakdown 
metabol i t e s  i s  governed by highly complex systems of diffusion 
and energy dependent t ransport  t h a t  may be spec i f i c  for  indi-  
vidual o r  re la ted  groups of molecules. In recent  years the 
plasma membrane has a lso  been found t o  be endowed with highly 
developed cognitive powers in terms of recognizing signal s from 
the ext racel l  ular  milieu tha t  regulate the metabol i c  functions 
of the c e l l .  This capabi l i ty  to  receive s ignals  i s  now known 
to  be accompl ished by complex proteins o r  glycoproteins t h a t  
a re  integral  uni ts  of the ce l l  membrane. Among the most impor- 
t a n t  regulatory s ignals  received by c e l l s  a re  those transmitted 
through the endocrine system. 

Among the  most extensively studied receptors for  protein 
hormones i s  the insul in  receptor.  I t  has been found i n  a vari-  
e t y  of c e l l s  t h a t  a r e  known targets  of insul in action including 
hepatocytes, adi pocytes, ce l l  s of skel eta1 and cardiac muscle 
and placenta, erythrocyte precursors and erythrocytes,  mono- 
cytes and vascular endothelial c e l l s .  A variety of tumor c e l l s  
a1 so bear insul in receptors i n  t h e i r  plasma membranes incl uding 
lymphoid tumors and erythroleukemic ce l l  s .  Fibroblasts growing 
in t i s sue  cul ture  bind insulin and t h i s  binding i s  enhanced i f  
they assume the phenotypic functions of adipocytes (3T3 ce l l  s ) .  

I t  i s  abundantly c l ea r  t h a t  the insul in  receptors a re  i n  
a s t a t e  of continuous dynamic f lux.  Following exposure to  high 
concentrations of insul in ,  a sharp diminution i n  the number of 
receptors occurs, This phenomenon of mediation of receptor 
binding by insulin i t s e l f  i s  referred t o  a s  "down regulat ion" 
of insul in  receptors. I t  has been shown t o  occur i n  v i t r o  in 
lymphoblastic c e l l s  and f ib rob las t s .  In vivo, a diminution of 
binding occurs in subjects with hyperinsulinism such as i s  
found with insul inoma. Conversely, when insul in deficiency i s  
induced in animals with agents such as  s treptozotocin,  in- 
creased receptor binding i s  found in c e l l s  such as hepatocytes, 
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The mechanisms u n d e r l y i n g  r e c e p t o r  1  os~s a r e  n o t  c l  e a r l y  
understood b u t  they  may i n v o l v e  i n t e r n a l i z a t i o n  o f  t h e  r e c e p t o r -  
i n s u l i n  complex f o l l o w e d  by i n t r a c e l l u l a r  degradat ion o f  t h e  
i n s u l  i n .  I t  i s  n o t  c l e a r  i f  t h e  r e c e p t o r  can then r e t u r n  t o  t h e  
su r face  o f  t h e  c e l l  f o r  f u r t h e r  b i n d i n g  w i t h  i n s u l i n  o r  i f  t h e  
r e c e p t o r  i t s e l  f i s  destroyed. I n  t h a t  c a f e  a l l  r e c e p t o r  a c t i v -  
i t y  o f  t h e  c e l l  would r e q u i r e  new p r o t e i n  s  n t h e t i c  mechanisms, E P r o t e i n  syn thes is  i n h i b i t o r s  such as cyc ldh x imide have been 
shown t o  i n h i b i t  t h e  reappearance o f  r e c e p t b r  b i n d i n g  f o l l  owing 
down r e g u l a t i o n  b u t  these experiments must be i n t e r p r e t e d  w i t h  
cau t ion .  Cycl oheximide e x e r t s  a  general i n h i b i t o r y  a c t i o n  on 
p r o t e i n  s y n t h e t i c  a c t i v i t y  o f  t h e  c e l l  and l a c k  o f  reappearance 
o f  i n s u l i n  b i n d i n g  a c t i v i t y  may be a  conseq 1 ence o f  i n t e r f e r e n c e  
w i t h  syn thes is  o f  o t h e r  c e l l u l a r  p r o t e i n s ~  ~ 

Several a t tempts  have been made t o  i i o h a t e  t h e  r e c e p t o r  
and t o  determine i t s  phys ica l  c h a r a c t e r i s t i  s. P u r i f i c a t i o n  o f  
t h e  i n s u l  i n  r e c e p t o r  by s o l  u b i l  i z a t i o n  and u a n t i  t a t i v e  po ly -  
acry lamide g e l  e l e c t r o p h o r e s i s  has y i e l d e d  band w i t h  i n s u l  i n  
b i n d i n g  a c t i v i t y .  The a c t i v e  p r o t e i n  had an est imated mo lecu la r  
mean geometr ic r a d i u s  o f  68 A  co r respond idg  t o  a  g l o b u l a r  pro- 
t e i n  w i t h  an est imated weight  o f  l o 6 .  The ecep to r  appears t o  F be composed o f  sma l le r  subuni ts  w i t h  moledu a r  weights  o f  
135,000 and 45,000. It has been est imated t h a t  t h e  n a t i v e  r e -  
c e p t o r  i s  composed o f  two each o f  such subuni ts .  For t h e  pres- 
ent ,  i t  i s  n o t  p o s s i b l e  t o  r e s o l v e  t h e  appabent d i sc repanc ies  
between these d i f f e r e n t  methods o f  e s t i m a t i  prop- 
e r t i e s  o f  t h e  recep to r .  

S p e c i f i c  r e c e p t o r s  f o r  i n s u l i n  l i k e  g r  '!I wth f a c t o r s  i n c l u d -  
i n g  IGF I and 11, somatomedins and mu1 t i p 1  i d a t i o n  s t i m u l a t i n g  
a c t i v i t y  occur  i n  many c e l l s .  These r e c e p t  r s  have weak a f f i n -  9: i t i e s  f o r  i n s u l i n  and t h e  i n s u l i n  r e c e p t o r  as weak a f f i n i t i e s  
f o r  t h e  growth f a c t o r s .  It has been suggelsted t h a t  acu te  
metabo l i c  e f f e c t s  o f  i n s u l i n  and t h e  growth f a c t o r s ,  such as 
glucose o x i d a t i o n ,  a re  mediated through thle i n s u l i n  r e c e p t o r  
whereas t h e  more prolonged growth e f f e c t s  o  bo th  c lasses o f  
hormones a r e  mediated through t h e  growth f a  ! t o r  recep to rs .  Th is  
a t t r a c t i v e  hypothes is  s t i l l  r e q u i r e s  adequate c o n f i r m a t i o n .  

I 

The human f e t u s  synthes izes i n s u l i n  a4 l e a r l y  as seven weeks 
o f  age and a  r a p i d  increase i n  t h e  pancreat 'c  con ten t  o f  t h e  
hormone f o l l o w s  between 11 and 20 weeks. I a t h e  f e t u s ,  i n s u l i n  
i s  an i m p o r t a n t  anabol i c  agent. The inadebdate ly  c o n t r o l  1  ed 
pregnant d i a b e t i c  woman t r a n s f e r s  excess ive q u a n t i t i e s  o f  g l u -  
cose t o  t h e  f e t u s  across t h e  p lacenta,  l e a d  ng a l s o  t o  f e t a l  
hyperglycemia. As a  consequence, t h e  i s l e t  o f  t h e  f e t a l  pan- 
creas a r e  s t i m u l a t e d  t o  produce i n s u l  i n  i n  i xcess ive q u a n t i t i e s  
and t h i s  f e t a l  h y p e r i n s u l i n i s m  leads t o  f e t d l  macrosomia. Induc- 
t i o n  o f  f e t a l  hyper insu l inemia  by i n f u s i o n  d f  i n s u l i n  d i r e c t l y  
i n t o  t h e  f e t u s  o f  t h e  rhesus monkey leads kd marked macrosomia 
and organomegaly. On t h e  o t h e r  hand, human i n f a n t s  w i t h  " t r a n -  
s i e n t  d iabe tes  o f  t h e  newborn" due t o  conge i t a l  i n s u l i n  d e f i -  
c iency  a r e  undersized both  i n  weight  and l e  i g t h  b u t  grow t o  
normal p r o p o r t i o n s  w i t h  adequate i n s u l  i n  therapy.  The potency o f  
i n s u l i n  as an anabo l i c  hormone i s  d i f f i c u l t  t o  demonstrate post -  
n a t a l l y  because o f  t h e  assoc ia ted hypoglyce i a .  Fe ta l  hyper- 
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d i n s u l  inemia, however, i s  n o t  a t tended by severe f e t a l  hypoglyce- 
mia because o f  t h e  c o n t i n u i n g  supply  o f  g luc~ose across t h e  
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placenta,  The long- term anabo l i c  e f f e c t s  o f  hyper insu l inemia on 
the  f e t u s  can be ascer ta ined  t h e r e f o r e  w i t hou t  t h e  comp l i ca t ing  
e f f e c t s  o f  hypoglycemia, There i s  ample evidence t h a t  i n s u l i n  
enhances t r a n s p o r t  o f  amino ac ids i n t o  c e l l s  and increases DNA- 
d i r e c t e d  RNA and p r o t e i n  synthes is  i n  a  v a r i e t y  o f  c e l l s  and 
s u b c e l l u l a r  systems. 

Studies o f  b ind ing  o f  i n s u l i n  t o  plasma membranes o f  l i v e r s  
o f  human fe tuses were c a r r i e d  o u t  i n  our  l a b o r a t o r i e s .  We demon- 
s t r a t e d  t h a t  the  l i v e r  o f  t h e  human f e tus  has s p e c i f i c  recep to rs  
f o r  i n s u l i n  a t  l e a s t  as e a r l y  as t he  f i f t e e n t h  week o f  ges ta t ion .  
The capac i t y  o f  t he  l i v e r  t o  b i nd  i n s u l i n ,  however, i s  r e s t r i c t e d  
a t  t h i s  t ime as compared t o  l a t e r  i n  pregnancy. Between 15 and 
18 weeks o f  f e t a l  age, human l i v e r  membranes bound l e s s  than one- 
f o u r t h  as much i n s u l i n  as "phys io l og i ca l "  concen t ra t ions  o f  i nsu-  
l i n  as d i d  membranes from fe tuses aged 26 t o  31 weeks, The 
a f f i n i t y  o f  t h e  recep to r  f o r  i n s u l i n  was s u b s t a n t i a l l y  l e s s  be- 
tween 15 and 18 weeks than i t  was i n  o l d e r  fetuses. These stud- 
i e s  on humans were r e s t r i c t e d  because t he  a v a i l a b i l i t y  o f  the  
ma te r i a l  was l i m i t e d  t o  fe tuses between 15 and 31 weeks o f  
ges ta t ion .  

I n  s tud ies  on r a t  fe tuses we found a  s i m i l a r  increase i n  
hepa t i c  recep to r  b i nd ing  of i n s u l i n  w i t h  advancing age o f  t h e  
fe tus .  O f  i n t e r e s t  was our  observa t ion  t h a t  recep to r  b ind ing  a t  
term i n  the  f e t u s  exceeded the  b i nd ing  capac i t y  o f  pos t  n a t a l  
animals by subs tan t i a l  amounts. I n  these s tud ies  i t  was n o t  pos- 
s i b l e  t o  determine whether the  i n s u l i n  recep to rs  were on c e l l s  o f  
hematopoiet ic o r i g i n  o r  on hepatocytes. The increase i n  i n s u l i n  
b i nd ing  occurred j u s t  be fo re  term a t  a  t ime when t he  
hematopoiet ic c e l l s  undergo a  r educ t i on  i n  mass wh i l e  t h e  hepato- 
cy tes  increase s u b s t a n t i a l l y .  Hematopoietic c e l l s  c o n s t i t u t e  
about 61% o f  t he  l i v e r  volume i n  t h e  r a t  a t  day 15 o f  ges ta t i on  
decreasing t o  about 46% a t  term. On t he  o the r  hand, hepa t i c  
parenchymal c e l l s  which c o n s t i t u t e  about 35% o f  the  l i v e r  on day 
15 o f  ges ta t i on  increase t o  about 46% a t  term. It i s  u n l i k e l y ,  
therefore,  t h a t  increased i n s u l i n  b i nd ing  a t  term i n  t h e  r a t  
l i v e r  i s  a  r e f l e c t i o n  o f  increased b ind ing  t o  hematopoiet ic 
c e l l s .  Increased b i nd ing  o f  i n s u l i n  t o  f e t a l  t i s sues  as compared 
t o  a d u l t  t i s sues  i s  a l s o  found i n  o the r  f e t a l  t i s sues  bo th  human 
and subhuman, as we s h a l l  see p resen t l y .  

C i r c u l a t i n g  monocytes possess i n s u l  i n  recep to rs  w i t h  h i gh  
a f f i n i t y  f o r  i n s u l  i n .  Whi le monocytes a re  n o t  t y p i c a l  t a r g e t  
c e l l s  f o r  i n s u l i n  ac t ion ,  i n s u l i n  has been shown t o  e x e r t  e f f e c t s  
on t he  metabol ism and f u n c t i o n  o f  these c e l l s .  Considerable e v i -  
dence a lso  e x i s t s  t h a t  changes i n  i n s u l i n  recep to rs  i n  major t a r -  
ge t  c e l l  systems such as adipocytes and hepatocytes a re  r e f l e c t e d  
by p a r a l l e l  changes i n  monocyte i n s u l i n  receptors- -a  f o r t u n a t e  
c i rcumstance because o f  t h e  ready a v a i l a b i l i t y  o f  monocytes f o r  
s tudy i n  exper imental  sub jects .  

I n  agreement w i t h  t he  s tud ies  o f  r a t  l i v e r  r e f e r r e d  t o  above 
monocyte i n s u l i n  recep to rs  o f  human u m b i l i c a l  co rd  blood a re  much 
more numerous than those o f  monocytes o f  c h i l d r e n  and adu l t s .  
Normal newborn i n f a n t s  have about 38,000 i n s u l  i n  b ind ing  s i t e s  
per monocyte as compared t o  about 25,000 f o r  adu l t s .  The f e t u s  
t he re fo re  appears t o  have an enhanced capac i t y  f o r  b i nd ing  insu-  
l i n .  We have c a l c u l a t e d  t h a t  t he  monocytes o f  normal i n f a n t s  
b ind  n e a r l y  f o u r  t imes as much i n s u l i n  as do t he  monocytes of 
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normal a d u l t s ,  The fe tus ,  however, mani fe  t s  an e x t r a o r d i n a r y  
p r o p e r t y  o f  t h e  i n s u l i n  recep to r ,  U n l i k e  1 he c e l l s  o f  t h e  pos t  
n a t a l  i n d i v i d u a l  t h a t  undergo "down r e g u l  h i i o n "  o f  r e c e p t o r  num- 
ber i n  t h e  face  o f  hyper insu l inemia,  i n s u l  ' n  r e c e p t o r s  o f  t h e  
f e t u s  are  a c t u a l l y  increased o r  "up r e g u l a  !. ed" by h y p e r i n s u l i n -  
emia. The f e t u s  o f  t h e  p o o r l y  c o n t r o l l e d  d i a b e t i c  mother i s  
macrosomic because o f  f e t a l  hyper insu l  inemia, I n  t h e  face o f  
t h i s  hyper insu l inemia,  i n s u l i n  r e c e p t o r  b?dd ing  i s  s u b s t a n t i a l l y  
increased. I n  a  s e r i e s  o f  8 h y p e r i n s u l i n e  i c  i n f a n t s  o f  d i a b e t i c  
mothers, average monocyte r e c e p t o r  s i t e s  p  3 r c e l l  were increased 
from 38,000 ( i n  t h e  normal i n f a n t )  t o  abouq 105,000, A t  an insu-  
l i n  c o n c e n t r a t i o n  o f  1  ng/ml, 10 t imes as many s i t e s  bound insu-  
1  i n  as would be expected i n  t h e  a d u l t  andalbout  3 t imes as many 
as compared t o  t h e  normal i n f a n t .  I I 

Th is  p r o p e n s i t y  o f  t h e  f e t u s  t o  enhanck i t s  b i n d i n g  c a p a c i t y  
f o r  i n s u l  i n  i n  t h e  face  o f  h i g h  ambient con e n t r a t i o n s  o f  i n s u l i n  
places t h e  f e t u s  o f  t h e  d i a b e t i c  mother i n  b oub le  jeopardy. 
I r r e s p e c t i v e  o f  t h e  mechanism, down r e g u l a t i o n  o f  r e c e p t o r  b ind-  
i n g  i n  t h e  presence o f  hyper insu l inemia  i n  t he a d u l t  i s  a  p ro tec -  
t i v e  mechanism t h a t  p a r t i a l l y  s h i e l d s  t h e  c k l l  f rom t h e  e f f e c t s  
o f  increased i n s u l i n  concen t ra t ions .  The i f a n t  o f  t h e  d i a b e t i c  
mother a f f o r d s  i t s e l  f no such p r o t e c t i o n .  I rl y p e r i n s u l  inemia i n  
t h i s  case enhances i n s u l i n  b i n d i n g  and may ggravate  t h e  t o x i c  
e f f e c t s  o f  t h e  hormone. No wonder t h e  i n f a  1 t exper iences the  
profound e f f e c t s  o f  marked increase i n  s i te l ,  profound p o s t  n a t a l  
hypoglycemia and r e s p i r a t o r y  d i s t r e s s .  

Thi r "up r e g u l a t i o n "  o f  
i n s u l i n  b i n d i n g  i s  n o t  an i n n a t e  f e a t u r e  o f  t h e  d i a b e t i c  s t a t e  
because when t h e  pregnant mother i s  adequatk ly  c o n t r o l l e d  and 
f e t a l  hyper insu l inemia  i s  m i t i g a t e d ,  r e c e p t o r  b i n d i n g  i n  f e t a l  
monocytes r e t u r n s  t o  l e v e l s  comparable t o  t h o s e  o f  normal newborn 
i n f a n t s .  

1 ~ 
I n f a n t s  o f  p o o r l y  c o n t r o l l e d  d i a b e t i c $ o t h e r s  a r e  a t  g r e a t e r  

r i s k  than normal i n f a n t s  f o r  development o f '  r e s p i r a t o r y  d i s t r e s s  
i n  t h e  newborn per iod,  We have developed e  J. idence t h a t  demon- 
s t r a t e s  t h a t  hyper insu l  inemia i n  t h e  f e t u s  's  a t  l e a s t  p a r t i a l l y  
respons ib le .  Lung s l i c e s  from r a b b i t  f e t u d s  d e l i v e r e d  prema- 
t u r e l y  were prepared and i n c o r p o r a t i o n  o f  p d l m i t a t e  and glucose 
i n t o  s a t u r a t e d  phospha t idy lcho l ine  was s t u d ' e d  i n  t h e  presence 
and absence o f  added i n s u l  i n  i n  c o n c e n t r a t i  a ns o f  100 uU/ml. 
I n c o r p o r a t i o n  o f  1 4 ~ - p a l m i t a t e  i n t o  s a t u r a t e d  p h o s p h a t i d y l c h o l i n e  
was s i g n i f i c a n t l y  depressed by exposure t o  dnsul i n  as was t h e  
i n c o r p o r a t i o n  o f  4C-gl ucose, These expert idents were conf i rmed 
i n  a  s e r i e s  o f  i n  v i v o  s tud ies .  Diabetes was induced i n  pregnant 
r a b b i t s  by i n j e c t i o n  o f  a1 loxan  (60 m g l k g )  dn t h e  1 4 t h  day o f  
pregnancy f o r  s tudy o f  i n s u l i n  r e c e p t o r s  fr m t h e  lungs  o f  t h e  
does and t h e  fe tuses  a t  t h e  27th  day o f  geS 1 a t i o n .  The d i a b e t i c  
does and t h e i r  fe tuses  were hyperglycemic as compared t o  normal 
c o n t r o l s .  I n  a d d i t i o n ,  t h e  f e t a l  d i a b e t i c  ~ ~ f f s p r i n g  had plasma 
i n s u l  i n  concen t ra t ions  t h a t  were s i g n i f i c a h t l y  h igher  than con- 
t r o l  fe tuses  (84,8 + 25 vs. 23.2 + 3.7 pU/ml , mean + S.D., 
p<0.05) c o n f i r m i n g  The presence o i  t h e  f e t a l  hyper insu l  inemic 
s t a t e .  I ' 

Lung membranes from fe tuses  o f  d i a b e t i c '  animal s  bound s i g -  
n i f i c a n t l y  more i n s u l i n  than d i d  those o f  t h e  c o n t r o l  fe tuses.  
Scatchard a n a l y s i s  y i e l d e d  c u r v i l  i n e a r  p l o t s ~ .  Assuming two c l  as- 
ses of recep to rs ,  one o f  h i g h  a f f i n i t y  and 1  w c a p a c i t y  and 
another  o f  low c a p a c i t y  and h i g h  a f f i n i t y ,  w found t h a t  f e t a l  
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membranes had a  f i v e f o l d  inc rease  i n  b i n d i n g  c a p a c i t y  o f  h i g h  
a f f i n i t y  r e c e p t o r s  as compared t o  a d u l t  l u n g  membranes. Once 
again, i n  t h e  o f f s p r i n g  o f  t h e  d i a b e t i c  animals,  t h e  f e t a l  lung,  
f a r  from exper ienc ing  a  down r e g u l a t i o n  o f  i n s u l i n  r e c e p t o r  
b ind ing,  showed a  s i g n i f i c a n t  increase o f  b ind ing,  Thus we have 
produced evidence i n  two separate f e t a l  t i s s u e s ,  lungs and mono- 
cy tes,  t h a t  hyper insu l inemia  i s  assoc ia ted w i t h  an inc rease  i n  
i n s u l i n  r e c e p t o r  b ind ing.  

I n s u l i n  r e c e p t o r s  w i t h  h i g h  s p e c i f i c i t y  and a f f i n i t y  have 
a1 so been descr ibed on c i r c u l a t i n g  e ry th rocy tes .  Th is  c e l l  t y p e  
i s  o f  p a r t i c u l a r  i n t e r e s t  t o  i n v e s t i g a t o r s  s t u d y i n g  i n f a n t s  and 
c h i l d r e n  because o f  t h e  smal l  q u a n t i t i e s  o f  b lood necessary fo r  
a n a l y s i s .  E ry th rocy tes  have o n l y  o n e - f i f t h  t o  one- tenth  o f  t h e  
number o f  recep to rs  o f  monocytes b u t  because they  a r e  so much 
more abundant, complete analyses can be c a r r i e d  o u t  on as 1  i t t l e  
as 10 m l  who1 e  blood. E ry th rocy tes  from c o r d  b lood  b i n d  cons id-  
e r a b l y  more i n s u l i n  than do those o f  o l d e r  c h i l d r e n  and a d u l t s .  
Th is  i s  i n  agreement w i t h  s t u d i e s  o f  i n s u l i n  r e c e p t o r s  and mono- 
cy tes .  We have n o t  y e t  been a b l e  t o  s tudy  t h e  e f f e c t s  o f  hyper- 
i n s u l i n e m i a  on i n s u l i n  b i n d i n g  t o  e ry th rocy tes .  

Diabetes m e l l i t u s  t ype  I, t h e  i n s u l i n  dependent t y p e  t h a t  
occurs i n  c h i l d r e n ,  does n o t  appear t o  be assoc ia ted w i t h  s i g n i f -  
i c a n t  d i s tu rbance  o f  i n s u l i n  b ind ing .  Type I 1  d iabe tes  i n  which 
i n s u l i n  r e s i s t a n c e  i s  a  f e a t u r e  may be assoc ia ted  w i t h  d im in ished  
r e c e p t o r  b i n d i n g  i n  c e r t a i n  ins tances,  f o r  example "chemical 
d iabe tes"  and d iabetes w i t h  f a s t i n g  hyperglycemia. Obes i ty  i s  
c h a r a c t e r i s t i c a l l y  assoc ia ted  w i t h  d imin ished i n s u l i n  r e c e p t o r  
b i n d i n g  bo th  i n  a d u l t s  and c h i l d r e n  and w i t h  hyper insu l inemia  and 
i n s u l i n  res is tance .  When obese sub jec ts  undergo l o s s  o f  weight ,  
i n s u l  i n  b i n d i n g  r e t u r n s  t o  normal . It appears t h a t  carbohydrate  
i n t o l e r a n c e ,  hyper insu l inemia  and impai red i n s u l i n  r e c e p t o r  b ind-  
i n g  a r e  a l l  consequences r a t h e r  than t h e  cause o f  t h e  d i s o r d e r .  
Conversely, i n s u l i n  b i n d i n g  i s  increased i n  anorex ia  nervosa, a  
s t a t e  i n  which t h e r e  i s  enhanced s e n s i t i v i t y  t o  admin is tered 
i n s u l  i n .  Increased s e n s i t i v i t y  t o  i n s u l  i n  accompanied by i n -  
creased i nsul  i n  r e c e p t o r  b i n d i n g  a1 so f o l l  ows muscul a r  exerc i se ,  
I n  growth hormone d e f i c i e n c y  increased s e n s i t i v i t y  t o  i n s u l i n  
does n o t  appear t o  be mediated through increased i n s u l i n  b ind ing ,  
accord ing t o  s t u d i e s  r e c e n t l y  completed i n  o u r  l a b o r a t o r y .  Nor 
does increased r e s i s t a n c e  t o  i n s u l i n  i n  s t a t e s  o f  growth hormone 
excess, o r  f o l l o w i n g  i n j e c t i o n s  o f  growth hormone, appear t o  be 
r e l a t e d  t o  impairment o f  i n s u l  i n  r e c e p t o r  b ind ing.  

Disease s t a t e s  may be assoc ia ted  w i t h  r e c e p t o r  an t ibod ies .  
For example, myasthenia g r a v i s  i s  assoc ia ted  w i t h  presence of 
a n t i b o d i e s  t o  t h e  a c e t y l c h o l i n e  r e c e p t o r  and i n  Graves' d isease 
a n t i b o d i e s  t o  t h e  t h y r o t r o p i n  r e c e p t o r  appear t o  be c a u s a l l y  
r e l a t e d  t o  t h e  disease. A n t i  bodies t o  t h e  i n s u l i n  r e c e p t o r  a r e  
r e s p o n s i b l e  f o r  severe carbohydrate  i n t o l e r a n c e  i n  a  form of 
acanthos is  n i g r i c a n s .  Not a l l  sub jec ts  w i t h  acanthos is  and 
carbohydrate  i n t o l e r a n c e ,  however, show evidence o f  c i r c u l a t i n g  
a n t i b o d i e s  t o  t h e  recep to r .  I n  some ins tances  r e c e p t o r  b i n d i n g  
c a p a c i t y  i s  d im in ished  even though no a n t i b o d i e s  t o  t h e  r e c e p t o r  
a r e  demonstrated. I n  y e t  a  t h i r d  category  o f  acanthosis,  carbo- 
hydra te  i n t o 1  erance w i t h  no r e c e p t o r  abnormal i t y  i s  de tec tab l  e. 
I n  t h i s  d i s o r d e r  i n s u l i n  res is tanc,e  i s  due t o  a b n o r m a l i t i e s  i n  
t h e  c e l l  d i s t a l  t o  t h e  recep to r ,  Disturbances o f  i n s u l i n  recep- 
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t o r  b i n d i n g  have a l s o  been desc r ibed  i n  l e p  echaunism, a t a x i a  
t e l a n g i e c t a s i a  and l i p o a t r o p h i c  d iabetes .  r 

P a t i e n t s  w i t h  c y s t i c  f i b r o s i s  o f  t h e  pdncreas a r e  known t o  
have d i s o r g a n i z a t i o n  o f  t h e  pancreas w i t h  e k o c r i n e  i n s u f f i c i e n c y .  
Carbohydrate i n t o 1  erance c h a r a c t e r i z e d  by abnormal g lucose to1  e r -  
ance t e s t s  occurs  f r e q u e n t l y  b u t  f r a n k  d iabe tes  m e l l i t u s  i s  r a r e .  
I n  a  s tudy  o f  seven p a t i e n t s  we found m i l d  hyperglycemia and d i -  
m in i shed  i n s u l i n  s e c r e t i o n .  Th is  was assoc 'a ted w i t h  increased 
numbers o f  r e c e p t o r  s i t e s  and some d i m i n u t i  a n  o f  r e c e p t o r  a f f i n -  
i t y .  Our i n t e r p r e t a t i o n  o f  these f i n d i n g s  1s t h a t  t h e  d isease 
s t a t e  i m p a i r s  r e c e p t o r  a f f i n i t y .  It has been suggested t h a t  
a1 t e r a t i o n s  i n  g l y c o p r o t e i n  s t r u c t u r e  o f  pldsma membranes o r  i n  
c o n c e n t r a t i o n s  o f  g l y c o p r o t e i n s  may a f f e c t  f l r o p e r t i e s  o f  i n s u l  i n  
recep to rs .  Abnorma l i t i es  i n  mucous g l y c o p r a t e i n s  have been r e -  
p o r t e d  i n  c y s t i c  f i b r o s i s  and i t  i s  t h a t  a  more genera l -  
i z e d  d e f e c t  i n  g l y c o p r o t e i n  metabol ism e x i s  s  i n  these p a t i e n t s .  3 I n  any case, t h e  abnorma l i t y  i n  ca rbohydra t  t o l e r a n c e  observed 
i n  c y s t i c  f i b r o s i s  has a t  l e a s t  t h r e e  c o n t r i l b u t i n g  components: 
i n s u l i n o p e n i a ,  d im in i shed  i n s u l i n  r e c e p t o r  f f i n i t y  and inc reased  
i n s u l i n  r e c e p t o r  c a p a c i t y .  
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THE ACTION OF DRUGS ON MEMBRANES 

A . G .  Lee, M. Eas t ,  E .K .  Rooney, I .  Moules and A. Sirnmonds. 

Department o f  Biochemistry,  U n i v e r s i t y  o f  Southampton, 

Southampton, England. 

A s  f a r  a s  membrane a c t i o n  i s  concerned, drugs  can be c l a s s -  

i f i e d  a s  e i t h e r  h y d r o p h i l i c  o r  hydrophobic. Hydrophi l ic  drugs  

a r e  l i k e l y  t o  bind t o  s i t e s  on membrane p r o t e i n s  much l i k e  those  

on normal wa te r - so lub le  p r o t e i n s ,  and t h e y  w i l l  show r e l a t i v e l y  

l i t t l e  n o n - s p e c i f i c  b inding t o  t h e  membrane. Most drugs  having 

an e f f e c t  on membrane p r o t e i n s ,  however, a r e  hydrophobic and 

can be expected t o  show e x t e n s i v e  b ind ing  t o  t h e  membrane. 

A number o f  modes o f  i n t e r a c t i o n  a r e  p o s s i b l e  f o r  t h e  

hydrophobic drugs .  F i r s t l y ,  a c t i v i t y  could fol low i n d i r e c t l y  

from b ind ing  t o  t h e  l i p i d  component o f  t h e  membrane. Two ways 

can be envisaged f o r  l i n k i n g  such b ind ing  t o  an e f f e c t  on pro-  

t e i n  func t ion .  Binding t o  t h e  l i p i d  component o f  t h e  membrane 

could a f f e c t  t h e  f l u i d i t y  of t h e  l i p i d  ( e i t h e r  t h e  bulk  l i p i d  

o r  t h e  annu la r  l i p i d  around t h e  membrane p r o t e i n s )  and it i s  

known t h a t  a t  l e a s t  some membrane p r o t e i n s  a r e  s e n s i t i v e  t o  t h e  

f l u i d i t y  o f  t h e  surrounding l i p i d  ( 3 ) .  A l t e r n a t i v e l y ,  i f  t h e  

drug i s  charged,  then t h e  binding of such a  drug w i l l  a l t e r  t h e  

charge on t h e  membrane. S ince  most enzyme s u b s t r a t e s ,  t r a n s -  

m i t t e r s  e t c .  a r e  a l s o  charged,  t h e i r  c o n c e n t r a t i o n s  c l o s e  t o  t h e  

membrane s u r f a c e  w i l l  be a l t e r e d  wi th  consequent a l t e r a t i o n s  i n  

enzyme a c t i v i t y ,  r e c e p t o r  a c t i v a t i o n  e t c .  F u r t h e r  p o s s i b i l -  
1162 


	THE INSULIN RECEPTOR
	References


