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Summary: The e f fec t  of the i n h i b i t o r  of cholesterol synthesis AY9944 on DNA 
synthesis was tested in phytohemagglutinin st imulated lymphocytes incubated 
in del ip idated serum. AY9944 caused a decrease in cholesterol synthesis from 
[14C] acetate and an accummulation of [14C] 7-dehydrocholesterol. This 
i nh ib i t i on  of cholesterol synthesis resulted in an inh ib i t i on  of DNA 
synthesis in a dose related manner. Inh ib i t ion  could be par t l y  reversed by 
added l ipoprote in .  Inh ib i t ion  of DNA synthesis occurred i f  AY9944 was added 
at the ear ly stages of b last  transformation but not when the response was 
well establ ished. These f indings suggest that some endogenous cholesterol 
synthesis may be required for  the complete phytohemagglutinin st imulat ion 
of lymphocytes. 

Introduct ion: Stimulation of lymphocytes with mitogenic lec t ins  resul t  in a 

l inked sequence of changes resu l t ing in blast transformation, DNA synthesis 

and mitosis ( I ) .  One of the ear ly  changes in lymphocyte metabolism is an 

increase in the rate of endogenous sterol biosynthesis and in the ac t i v i t y  

of the ra te - l im i t i ng  enzyme 3-hydroxy-3-methylglutaryl CoA reductase (HMG- 

CoA reductase). Inh ib i t ion  of th is  enzyme a c t i v i t y  by 25-hydroxycholesterol 

resul ts in i nh ib i t i on  of DNA synthesis (2),  not as a resu l t  of  an inh ib i t i on  

of the i n i t i a t i o n  of b last  transformation but as a resu l t  of  i nh ib i t i on  of 

l a te r  events (3,4).  I t  is s t i l l  unclear which of the end-products of HMGCoA 

reductase is required for  cel l  p ro l i f e ra t i on .  In f ib rob las ts  and smooth 

muscle ce l l s ,  non-sterol products have been shown to be required for DNA 

synthesis, however a requirement for  some endogenous cholesterol synthesis 

cannot be ruled out. In an attempt to c l a r i f y  the s i tuat ion we have used an 

i n h i b i t o r  of the f ina l  step of cholesterol synthesis AY9944 to 
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separate the requirement for  endogenous cholesterol from a requirement for  

other products of HMGCoA reductase. I t  has been found that i nh ib i t i on  of 

cholesterol synthesis reduces mitogenic st imulat ion of lymphocytes by PHA 

when the cel ls  are incubated in cholesterol reduced media. This block can 

be only p a r t i a l l y  re l ieved by addi t ion of saturat ing levels of l ipopro te in  to 

the media. We conclude that some endogenous cholesterol synthesis is 

necessary for  PHA st imulat ion. 

Materials and Methods: 

Materials 

Radiochemicals ([methyl-3H]-thymidine, 68 Ci/mmole,[2'14C] sodium 
acetate, 60 mCi/mmole,and ~,2~(n)3H]  cholesterol 58C~mmole were obtained 
from Amersham, Austra l ia .  AY9944 was a generous g i f t  from Dr. J.R. Sabine, 
Waite I ns t i t u te ,  Univers i ty  of  Adelaide, Austra l ia .  Other materials were 
supplied by (mater ia l :supp l ie r ) :  Ficoll-Hypaq~e: Pharmacia; cel l  cul ture 
media: Gibco; plast icware: Nuclon Denmark. 

Cell cu l ture 

Human peripheral blood lymphocytes were iso lated on a Ficoll-Hypaque 
gradient.  Lymphocyte act ivat ion was monitored by the incorporat ion of [3H]- 
thymidine into acid prec ip i tab le  mater ial .  Cells were incubated in 16 mm 
mult id ish trays (105 ce l ls  per wel l )  in I00 ~I of cul ture media (RPMI1640 
supplemented with 10% l ipopro te in  de f i c ien t  foetal  ca l f  serum. Quadruplicate 
cultures were label led for  1 h with 0.5 ~Ci [3H]-thymidine. In experiments 
with [14C] acetate, 2 x 107 ce l ls  were incubated in 200 ml f la t -bot tom f lasks 
with 20 ml of ce l l - cu l t u re  media containing I0 pg/ml PHA and 2 pCi/ml [14C] 
acetate. 

Preparation of a l ipopro te in  f rac t ion  

Serum was prepared from fresh c lo t ted human blood. The serum was made 
density 1.25 with KBr and centr i fuged at 150,000 xg for  48 hr in the 30 ml 
tubes in a Beckman 50.2 rotor .  The top 5 ml of  serum was removed, and termed 
the l ipopro te in  r ich f rac t ion ,  the lower I0 ml was removed and termed 
del ip idated serum. Cholesterol measurements were 1350 pg/ml for  the 
l ipopro te in  f rac t ion  and 50 pg/ml for  the del ip idated serum. 

Sterol synthesis 

Sterols were extracted by the method of Anderson and Dietschy (5). 
A f te r  treatment of the d ig i tonide p rec ip i ta te  with pyr id ine,  the free s te ro ls ,  
including authentic carr iers  were separated on T.L.C. AT-dehydrocholesterol 
and cholesterol were separated on argenated s i l i c a  gels developed using 
chloroform/diethyl  e ther /acet ic  acid (97:25:0.5) .  Recovery of the sterols 
was monitored using [3H] cholesterol added before ext rac t ion.  

Results 

3.1 Dose response of PBL to AY9944 

Inh ib i t ion  of cholesterol synthesis with increasing dose of AY9944 and 

the e f fec t  of  these concentrations of AY9944 on ~H]thymidine incorporat ion 
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Figure 1. Effect of increasin 9 concentrations of AY9944 on sterol 
synthesis. 

2 x 107 peripheral blood lymphocytes were incubated with 2 pCi/ml [I"C] 
acetate for 12-36 h af ter stimulation with i0 pg/ml phytohemagglutinin. 
AY9944 at the concentrations shown (pM) was added at time zero. Sterols 
were precipitated with digi tonin and af ter  treatment with pyridine, 
[z4C] J-dehydrocholesterol and [14C] cholesterol were separated by 
T.L.C. 

Fiqure 2. Effect of increasin 9 concentrations of AY9944 on incorporation 
of [3H] thymidine. 

10 s peripheral blood lymphocytes were incubated in I00 pl of media 
containing 10 pg/ml phytohemagglutinin and AY9944. Cells were pulse 
labelled with 0.5 pCi/lO0 pl [3H] thymidine. Points represent means of 
quadruplicate wells. Standard deviation was less than 10% of the mean. 

are shown in Fig. 1 & 2 respec t i ve l y .  The r a t i o  of [14C] l abe l l ed  

7-dehydrocholesterol to [14C] l abe l l ed  cholestero l  was found to be 1:5 

in control  incubat ions.  Addi t ion of  upwards of  7 pM AY9944 decrease 

t h i s  r a t i o  to 7 :1 .  Over the concentrat ion range 2 pM-20 pM, 

incorporat ion of  Z4C acetate in to  t o ta l  s te ro l s  was s l i g h t l y  increased. 

Above 20 pM, there was a marked decrease in incorporat ion ind ica t ing  a 

possible cy to tox ic  e f f e c t .  In subsequent experiments a dosage of  15 mM 

was used. The small amount of cho lestero l  synthesis which appears to 

be un inh ib i ted  by AY9944 is  presumably synthesised by the a l t e r n a t i v e  

pathway v ia  desmosterol. This 35 f o l d  reduct ion in cholesterol  synthesis 

using AY9944 would confirm the f i nd ing  of Dvorkik Gt a l .  (6) tha t  t h i s  

pathway is  of  prime importance. The e f f ec t  of these concentrat ions of 
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Figure 3. Reversal of inhibition of [3HI thymidine incorporation by 
AY9944 with lipoproteins. 

i0 s peripheral blood lymphocytes were incubated with medium containing 
i0 ~g/ml phytohemagglutinin and delipidated serum (cholesterol content 
of the medium 5 ug/ml) ( , ) ,  10% delipidated serum + 15 uM AY9944 ( 0 ) ,  
10% delipidated serum + 15 pM AY9944 + l ipoprot~in r ich f ract ion 
(cholesterol content of the medium 85 ug/ml) ( , } .  Cells were pulse 
labelled with 0.5 pCi [3H] thymidine. Points represent mean ± S.D. of 
quadruplicate determinations. 

Figure 4. Time-Course of i nh ib i t i on  of [3H] thymidine incorporation 
by AY9944. 

10 s peripheral blood lymphocytes were incubated with 10 ~g/ml 
ph.y=tohemagglutinin. 15 pM AY9944 was added 12 h ( A ) ,  24 h ( , ) ,  36 h 
( V )  or 60 h ( 1 )  af ter  phytohemagglutinin. ( Q )  no AY9944. Points 
represent mean oY quadruplicate determinations. Standard deviation was 
less than 10% of the mean. 

AY9944 are shown in  F ig .2 .  Increas ing concent ra t ions  of  AY9944 r e s u l t  

in  an i n h i b i t i o n  of  [3H] thymidine i nco rpo ra t i on  i n to  DNA. Cel l  

v i a b i l i t y  assessed by t rypan blue exc lus ion  remained constant  a t  80-90% 

throughout  the incuba t ion .  V i a b i l i t y  decreased markedly w i th  

concent ra t ions  of  AY9944 above 20 pM. 

Reversal of  i n h i b i t i o n  w i th  l i p o p r o t e i n  

Lymphocytes were cu l tu red  w i th  PHA and 15 pM AY9944 in de l i p i da ted  

serum. In some samples l i p o p r o t e i n  was added to a cho les te ro l  

concent ra t ion  of  95 ~g/ml.  The resu l t s  o f  these experiments are shown 

in  F ig .3 .  I n h i b i t i o n  by AY9944 was reversed by the add i t i on  of  the 

l i p o p r o t e i n  but on ly  to approx imate ly  30% of  the con t r o l .  Reversal of  

the i n h i b i t i o n  was not increased f u r t h e r  w i th  add i t i ona l  l i p o p r o t e i n .  
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3.3 Time course of i nh ib i t i on  

The timing of the addit ion of the i nh ib i t o r  appeared to be c r i t i c a l  

(F ig.4) .  Addition of the i nh i b i t o r  at time zero 12 h and 

24 h a f te r  PHA severely inh ib i ted  st imulat ion.  Addition of AY9944 

36 h a f te r  PHA had an intermediate e f fec t  and no i nh ib i t i on  

was evident when the i nh i b i t o r  was added 60 h a f te r  PHA. Inh ib i t ion  by 

the AY9944 added at the e a r l i e r  times could be p a r t i a l l y  reversed with 

added l ipoproteins (data not shown). 

Discussion: Resting lymphocytes can be act ivated by mitogenic lec t ins  to 

enter the cel l  cycle, undergo blast  transformation and p ro l i f e ra te .  An ear ly  
~ j  

event in th is  sequence is the increase sterol synthesis. Chen and 

colleagues ( 2 ) f i r s t  noted that i nh ib i t i on  of HMGCoA reductase also inh ib i ted 

DNA synthesis and concluded that sterol synthesis may be required for  DNA 

synthesis and for  cel l  d iv is ion .  But i t  would appear from fur ther  work with 

inh ib i to rs  of HMGCoA reductase, that lymphocytes (3), l i ke  synchronized BHK21 

ce l ls  (7) and cultured monkey smooth muscle ce l l s  (8), have a requirement for  

mevalonate for  DNA synthesis. Enzyme a c t i v i t y  does not appear to be required 

for  i n i t i a l  b last  transformation (3). This study was designed to indicate 

i f  there was a speci f ic  requirement for  cholesterol synthesis in lymphocyte 

ac t iva t ion .  The resul ts presented here would suggest that there is a 

requirement for  some endogenous cholesterol synthesis. AY9944 inhib i ted the 

ac t iva t ion  of lymphocytes by PHA, an i nh ib i t i on  that could only par t ly  be 

overcome with an excess of exogenous cholesterol .  Although possibly cytotoxic 

at higher concentrations, at the concentrations used for  these experiments 

the ef fect  of AY9944 would appear to be through an i nh ib i t i on  of A 7 

dehydrogenase rather than by a cytotoxic e f fec t .  Three points support th is  

view: the continued high rate of sterol synthesis in the presence of less 

than 20 ~M AY9944; the maintenance of a high cel l  v i a b i l i t y ;  and the 

reduced i nh ib i t i on  at the la te  times of the response. One would then conclude 

that the i nh i b i t o r  e f fect  is through a reduction in the supply of endogenous 

cholesterol to the ce l l .  Since th is  block could not be overcome with 
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exogenous cholesterol ,  the endogenous cholesterol synthesis may represent a 

more fundamental role in the growth and div is ion of the lymphocyte. Possibly 

this endogenous synthesis is required for a coordinated synthesis of new 

membranes. The reduced inh ib i t ion  by AY9944 when the inh ib i to r  was added at 

times 60 h af ter  PHA would support th is  concept. 
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