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I Cholesterol synthesis in freshly isolated~humanleukocytes 
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Summary .  Cholesterol  syn thes i s  has  been  s tud ied  in h u m a n  leukocytes  shor t ly  af ter  the  isolat ion f rom h e a l t h y  subjects .  
No t  de l ip ida ted  h u m a n  serum reduced the  cholesterol  syn thes i s  when  added  to  t he  incuba t ion  medium.  A similar 
effect  was ob ta ined  when  the  leukocytes  were incuba ted  in the  presence  of physiological  concen t ra t ions  of low dens i ty  
l ipoproteins .  

In  the  last  few years,  there  has  been a growing in te res t  
in t he  s t u d y  of t he  regula t ion of cholesterol  b iosynthes is  
in h u m a n  cells growing in cul ture  1-5. Recen t  s tudies  
carr ied out  in cul tured  h u m a n  f ibroblas ts  have  demon-  
s t r a t ed  t h a t  cholesterol  b iosynthes is  in these  cells is 
unde r  the  contro l  of se rum low dens i ty  l ipoprote ins  (LDL). 
L D L  bind  to specific ceils receptors ,  are in ternal ized by  
endocytos i s  and  then  catabol ized.  Free  cholesterol  der ived 
f rom L D L  regulates  t he  syn thes i s  of cholesterol  by  
suppress ing  the  ac t iv i ty  of the  enzyme 3-methyl -3-glu tary l  
Coenzyme A reduc tase  (HMG-CoA reductase ,  E . I . I . I . I .  34) 
which  is t he  ra te  l imi t ing  enzyme  of cholesterol  bio- 
syn thes i s  6, ~. In  cul tured  f ibroblas ts  isolated f rom pa t i en t s  
wi th  homozygous  familial  hypercholes tero lemia ,  the  
regula t ion of cholesterol  b iosynthes is  is lacking because 
of a defec t  in t he  specific h igh  aff in i ty  receptors  for 
LDLS-10. 
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Fig. 1. Leukocytes isolated from 2 healthy donors were incubated in 
Eagle's medium supplemented with 10 % delipidated anddefibrinated 
human AB serum which had been inactivated at 56 ~ for 1 h. Full 
(not delipidated) AB serum was added to the incubation mixture at 
the start of the incubation at a final concentration of 10 and 20% 
respectively. Incubation time: 4 h. The inset shows the percent 
reduction of the incorporation of 3H20 into cholesterol by leukocytes 
incubated with 10% full AB serum. The concentration of total 
cholesterol in the full serum was 131 mg m1-1. 
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Fig. 2. Freshly isolated leukocytes isolated from 3 healthy donors 
were incubated in Eagle's medium supplemented with 10% delipid- 
ated AB serum with or without the addition of LDL at a final 
concentration of 560 [xg of LDL protein per ml of incubation mixture. 

Since the  metabol ic  s t a t e  of the  cu l tured  cells does no t  
necessar i ly  reflect  the  in vivo s i tuat ion,  we have  in- 
ves t iga ted  the  synthes is  of cholesterol  and  its regulat ion 
ill f reshly  isolated leukocytes  on the  a s sumpt ion  t h a t  
the i r  me tabo l i sm b e t t e r  r ep resen ted  the  s i tua t ion  in vivo. 
Materials and methods. 40-60 ml  of hepar in ized  h u m a n  
blood were collected in si lanized glass cyl inders  f rom 
fas t ing h e a l t h y  subjec ts  of b o t h  sexes. Leukocytes  were 
separa ted  by  the  d e x t r a n - m i x i n g  t echn ique  n a t  4 ~ and 
ha rves t ed  b y  low speed cent r i fugat ion .  Af te r  the  removal  
of the  co n t ami n a t i n g  e ry th rocy t e s  12 and 2 washings  in 
cold isotonic p h o s p h a t e  buffer  (pH 7.5), the  cells were 
suspended  in sterile Eagle ' s  med i u m up to a f inal  con- 
cen t ra t ion  ranging f rom 4 to 15X10 s cells per  ml. 
Leukocy tes  were t h e n  incuba ted  in Eag le ' s  med ium 
conta in ing  10% l ipoprote in  f ree- inac t iva ted  h u m a n  serum 
a t  37~ in an a t m o s p h e r e  of 95% 02 and  5% CO v As 
cholesterol  precursors ,  we used e i ther  ace ta t e - l - l iC  
(specific ac t iv i ty  266 FCi/0.1 mmole) or mevalonate-2-14C 
(specific ac t iv i ty  10/FCi/0.1 mmole) or ~H tO (2 mCi/mmole) .  
The incorpora t ion  of labelled ace ta te  into CO v f a t t y  
acids and digi tonin  prec ip i tab le  sterols was carried out  
as descr ibed previous ly  13. Serum low dens i ty  l ipoproteins  
were isolated by  p repa ra t ive  u l t racen t r i fuga t ion  14. Lipo- 
prote in-f ree  se rum was ob ta ined  b y  u l t racen t r i fuga t ion  
af ter  the  isolat ion of the  var ious  l ipoprote in  classes. 
Results and discussion. Fresh ly  isolated h u m a n  leukoeytes  
were  capable  of incorpora t ing  labelled ace ta te  in to  CO~, 
f a t t y  acids and  cholesterol  (digitonin precipi table  sterols,  
DPS)  for several  hours  af ter  the  isolat ion f rom the  donors.  
The ra te  of incorpora t ion  of aceta te ,  meva lona te  and 
t r i t i a t ed  wa te r  in to  cholesterol  was found to be l inear 
over  a 4-h-period.  I t  should be po in ted  out  t h a t  the  
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a m o u n t  of choles tero l  a n d  f a t t y  acid s y n t h e t i z e d  f rom 
a c e t a t e  was  v e r y  low (from 100 to  160 pmoles  • 107 cells 
pe r  h a n d  f rom 345 to  743 pmoles  • 107 cells pe r  h respec-  
t ive ly)  as c o m p a r e d  to  t h e  a m o u n t  of a ce t a t e  i n c o r p o r a t e d  
in to  CO 2 (0.166 to  0.301 txmoles • 107 cells pe r  h). U n d e r  
our  e x p e r i m e n t a l  condi t ions ,  choles tero l  syn thes i s  was  
d i r ec t ly  r e l a t ed  to t he  c o n c e n t r a t i o n  of l eukocy tes  in  t he  
i n c u b a t i o n  mix tu re .  
W h e n  l eukocy tes  were i n c u b a t e d  in a m e d i u m  c o n t a i n i n g  
ful l  h u m a n  se rum (figure 1), t he  r a t e  of choles tero l  syn-  
thes i s  f rom ace t a t e  was  g r ea t l y  r educed  w i t h o u t  a n y  
s ign i f i can t  r educ t i on  in t he  p r o d u c t i o n  of CO s. The  in-  
c o r p o r a t i o n  of t r i t i a t e d  w a t e r  in to  choles tero l  was  also 
r educed  b u t  to  a lesser e x t e n t  (figure 1, inset) .  The  
a d d i t i o n  of f a t ty -ac id - f ree  a l b u m i n  (40 m g  m1-1) to  the  
i n c u b a t i o n  m e d i u m  fai led to reduce  t he  syn thes i s  of 
choles terol .  
The  a d d i t i o n  of s e rum low dens i t y  l ipopro te ins  (LDL) 
a t  t he  c o n c e n t r a t i o n  usua l ly  found  in n o r m a l  s e rum 
caused  a 50% r e d u c t i o n  of t h e  r a t e  of i nco rpo ra t i on  of 
a c e t a t e  in to  choles tero l  a n d  a s l ight  (10-20%)  r educ t i on  
of t he  p r o d u c t i o n  of CO s. W h e n  l eukocy tes  were in- 
c u b a t e d  w i t h  lower c o n c e n t r a t i o n s  of L D L  (from 25 to  
170 ~gm1-1 of L D L  pro te in) ,  t he  r a t e  of choles tero l  
syn thes i s  changed  v e r y  l i t t le .  The  degree of suppress ion  
va r i ed  f rom 0 to 15% in l eukocy tes  i so la ted  f rom d i f fe ren t  
donors .  H i g h e r  c o n c e n t r a t i o n s  of L D L  did  no t  cause  a 
f u r t h e r  r educ t i on  of choles te ro l  synthes is .  The  add i t i on  
of e t h a n o l :  ace tone  so lu t ions  of free choles tero l  up  to  
100 ~gm1-1 was ineffec t ive  in suppress ing  s terol  syn thes i s  
in  l eukocy tes  u n d e r  our  e x p e r i m e n t a l  condi t ions .  
Our  f ind ings  conf i rm t he  o b s e r v a t i o n s  of Wi l l i ams  e t  al. 1 
a n d  F o g e l m a n  et  al. 15, le, who or ig ina l ly  d o c u m e n t e d  t he  
i n h i b i t o r y  effect  of full  s e rum on choles tero l  syn thes i s  
f rom ace t a t e  in f resh ly  i so la ted  h u m a n  leukocytes .  I n  
a d d i t i o n  we found  t h a t ,  as i t  h a s  been  obse rved  in cu l tu red  
h u m a n  ceils, choles tero l  syn thes i s  in  f resh ly  i so la ted  
l eukocy tes  is r educed  b y  se rum low dens i t y  l ipoprote ins .  

Surprisingly, however, the amount of LDL which is 
needed to cause a 50% reduction of cholesterol synthesis 
(figure 2) is i0 times higher than that found to be capable 
of suppressing HMG-CoA reductase and cholesterol syn- 
thesis in cultured cells 5, s and in uncultured leukocytes 
which had been maintained in a lipoprotein-free medium 
for several hours prior to the incubation with LDLIL 
One possible explanation for this discrepancy emerges 
from recent studies carried out in cultured fibroblasts TM 

which indicate that cells which had been cultured in a 
medium deprived of lipoprotein before being exposed to 
serum LDL possess a high number of high affinity 
receptors for LDL, whereas those cells which have been 
pre-incubated in a medium containing LDL or high 
concentrations of free cholesterol lose their ability to 
bind LDL at the high affinity sites. It is not surprising, 
therefore, that freshly isolated leukocytes which had 
been exposed in vivo to the high concentrations of LDL 
present in the human serum, showed a low rate of 
cholesterol synthesis in vitro and required (figure 2) a 
high concentration of LDL to reduce their synthesis of 
cholesterol. This interpretation seems in accord with the 
observation that the number of high affinity binding 
sites is very low in freshly isolated lymphocytes 19 but 
it increases if these cells are incubated for 72 h in a medium 
deprived of lipoproteins 20. 
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Summary. I n  r a t s  a f t e r  n e o n a t a l  t h y r o i d  des t ruc t ion ,  c y s t a t h i o n a s e  in l iver  a n d  panc rea s  increased,  b u t  t he  e n z y m e  
a c t i v i t y  in k idneys  decreased.  S u b s t i t u t i o n  w i t h  t h y r o x i n e  cor rec ted  these  changes .  Excess  of t hy rox ine ,  too, had  an  
effect  on  t i ssue  cys t a th ionase .  

I n  m a m m a l i a n  o rgan i sm L-cys te ine  is syn thes ized  f rom 
L - m e t h i o n i n e  t h r o u g h  t he  t r a n s s u l p h u r a t i o n  p a t h w a y .  
The  l a s t  s tep  in th i s  p a t h w a y ,  c leavage  of L - c y s t a t h i o n i n e  
i n t o  L-cys te ine  and  L-homoser ine ,  is ca t a lyzed  b y  Vita- 
m i n  B6-dependen t  e n z y m e  c y s t a t h i o n a s e  (L -cys t a th ion ine  
cys te ine lyase  [deamina t ing ]  EC 4.4.1.1.). 
P r e v i o u s  s tud ies  h a v e  d e m o n s t r a t e d  t he  inf luence  of 
t h y r o i d  h o r m o n e s  on t he  a c t i v i t y  of va r ious  enzymes  in 
deve lop ing  m a m m a l i a n  b r a i n  1. Af te r  the  d e s t r u c t i o n  of 
t h y r o i d  g land  b y  rad io iod ine  a t  b i r th ,  d imin i shed  a c t i v i t y  
of c y s t a t h i o n i n e  s y n t h a s e  a n d  decreased  a m o u n t s  of 
L - c y s t a t h i o n i n e  were found  in r a t  b r a i n  t i ssue  d u r i n g  
ear ly  p o s t n a t a l  life, whereas  t h e  a c t i v i t y  of b r a i n  cys ta -  
t h i o n a s e  r e m a i n e d  u n a l t e r e d  s. Thus ,  t h y r o i d  h o r m o n e  
s u p p l y  is necessa ry  for  t he  n o r m a l  d e v e l o p m e n t  of t r a n s -  
s u l p h u r a t i o n  in m a m m a l i a n  c e n t r a l  ne r vous  sys tem.  

The  p r e s e n t  s t u d y  r epo r t s  t he  effects of rad io iodine-  
i nduced  n e o n a t a l  h y p o t h y r o i d i s m  on  t h e  a c t i v i t y  of 
cy s t a th ion ine - c l eav ing  e n z y m e  ( cys t a th ionase )  in liver,  
panc rea s  a n d  k i d n e y  of deve lop ing  r a t s  d u r i n g  3 f i rs t  
p o s t n a t a l  weeks of life. I n  add i t ion ,  t he  effects  of subs t i t u -  
t ion  t r e a t m e n t  w i t h  L - t h y r o x i n e  were eva lua ted .  The  
a c t i v i t y  of c y s t a t h i o n a s e  in p a r e n c h y m a t o u s  o rgans  was 
also i n v e s t i g a t e d  d u r i n g  e x p e r i m e n t a l l y  i nduced  h y p e r -  
t h y r o i d i s m  of n e w b o r n  rats .  
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