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A b strac t

This s tu d y  co n cern s  th e  m easurem ent and  com position of h igh  

d en sity  lipop ro te in  (HDL) and  m echanism s th ro u g h  which HDL m ight 

e x e r t the  p roposed  p ro te c tiv e  e ffec t a g a in s t co ro n ary  h e a r t  d isease 

(CHD). The com position of HDL, p a rtic u la r ly  in  re sp e c t of p a rtic le s  

con tain ing  apoA-I b u t no t apoA -II (LpAI) was s tu d ied  a f te r  

p rec ip ita tio n  of apoB -contain ing  lip o p ro te in s. D ifferences in HDL 

cho leste ro l, apoA-I and  LpAI betw een commonly u sed  m ethods w ere 

m odest and  th o se  d iffe ren ces  w ere no t due to  selec tive  p rec ip ita tio n  

of LpAI. All p rec ip ita tio n  m ethods w ere equally  e ffec tive  a t 

p re c ip ita tin g  Lp(a).

Families w ith a h is to ry  of p rem a tu re  CHD b u t w ithou t p e rce iv ed  r isk  

fa c to rs  showed an enhanced  ex p ression  of two e s tab lish ed  r isk  

associations -  hypercho lestero laem ia  a n d /o r  red u ced  levels of HDL. 

LpAI co n cen tra tio n s  w ere red u ced  in  males w ith p rem a tu re  CHD and  

LpAI was m arginally  su p e r io r  to  apoA-I and  HDL ch o leste ro l in 

c o rre c tly  d iscrim inating  betw een th o se  w ith CHD and those  w ithout. 

M oderate exercise , su ffic ien t to in c rease  HDL cho leste ro l, could 

po ten tia lly  red u ce  CHD risk . However tw elve m onths of m oderate 

exercise  in p rev io u sly  s e d e n ta ry , m iddle-aged  men did no t p roduce  

an y  s ig n ifican t ch an g es  in serum  lip id s o r apo lipop ro te in s su g g es tin g  

th a t  the  po ten tia l fo r m odifying lipop ro te in  p ro files  in men using  low 

in te n s ity  exercise  is modest.

Exercise m ight p roduce  ch an g es  in  lip o p ro te in  co n cen tra tio n s  by 

m odifying lip o p ro te in  lipase (LPL) and  hepatic  lipase (HL) ac tiv ity . 

In  ind iv idua ls  with low and  h igh  HDL cho leste ro l, apoA-I and  HDL 

ch o leste ro l co n cen tra tio n s  w ere co rre la ted  w ith p o s t h ep arin  plasm a



LPL and  in v e rse ly  co rre la ted  w ith HL. F u rth erm o re  HL, b u t no t LPL, 

ac tiv itie s  w ere in v e rse ly  co rre la ted  w ith LpAI co n cen tra tio n s  in bo th  

g roups.

The mechanisms by  which HDL may p ro te c t a g a in s t a th e ro sc le ro s is  

a re  unc lear. However th e  d a ta  re p o rte d  h e re  on th e  d iscrim inating  

pow er of LpAI p a rtic le s , th e  fa ilu re  of exercise  to  in fluence  LpAI 

p a rtic le  co n cen tra tio n s  and  th e  fa c to rs  w hich may in fluence LpAI 

co n cen tra tio n s  in plasm a, ind ica te  th a t  fu r th e r  w ork will be re q u ire d  

before  LpAI can tru ly  be d e sc rib ed  as th e  an ti-a th e ro g en ic  frac tio n  

of HDL.
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I.1 Ob jec tives of th e  w ork d e sc rib ed  in  th e  th e s is

C oronary h e a r t  d isease  (CHD) is th e  commonest sing le  cause  of dea th  

and  a m ajor cause  of m orb id ity  in  bo th  men and  women in  th e  U nited 

Kingdom. S tu d ies  th a t  have shown th a t  h ig h  d e n s ity  lip o p ro te in  (HDL) 

ch o les te ro l is in v e rse ly  co rre la ted  w ith  th e  r is k  of CHD. A ccurate and 

p rec ise  m easurem ents of HDL ch o leste ro l a re  th e re fo re  im p o rtan t in 

determ in ing  th e  r is k  of p rem a tu re  CHD. However, d esp ite  th e  

a p p a re n t sim plicity of th e  p rec ip ita tio n  p ro c e d u re s  u sed  to  iso late  

HDL, ex te rn a l q u a lity  a ssessm en t schem es have re p o r te d  ü n accep tab ly  

h igh  coeffic ien ts  of v a ria tio n  betw een  p a rtic ip a tin g  lab o ra to rie s . 

T here  is th e re fo re  a  case  fo r  re-exam in ing  HDL iso lation  p ro c e d u re s , 

in co rp o ra tin g  re c e n t m odifications, to  de term ine  if betw een lab o ra to ry  

v a ria b ility  is due to  incom plete p re c ip ita tio n  of apoB -contain ing  

lip o p ro te in s  o r due to  in a p p ro p ria te  p re c ip ita tio n  of HDL. T here  a re  

a t  le a s t two su b -p o p u la tio n s  of HDL w hich con tain  apo lipopro te in  

(apo)A-I; those  p a rtic le s  con tain ing  apo A-1 in  association  w ith apoA-

II, d e sig n a ted  LpAItAII and  th o se  con ta in ing  apo A-1 b u t no t apoA -II, 

d esig n a ted  LpAI. I t  is im p o rtan t to  determ ine if some of th e  re p o rte d  

d iffe ren ces  betw een HDL ch o les te ro l a re  due to  selec tive  p rec ip ita tio n  

of LpAI, a  po ten tia lly  a n ti-a th e ro g e n ic  lip o p ro te in  p a rtic le . Sim ilarly, 

fa ilu re  to com pletely p re c ip ita te  Lp(a), a  p o ten tia lly  a th e ro g en ic  

apoB -contain ing  lip o p ro te in , would lead  to  o v e r estim ation of HDL 

ch o les te ro l and  h igh  b e tw een -lab o ra to ry  im precision. P rec ip ita tio n  

p ro c e d u re s  will be in v e s tig a te d  to  determ ine th e  com position of HDL 

iso la ted  by  v a rio u s  p ro c e d u re s  and  to  a s s e s s  th e  ab ility  of each 

p ro c e d u re  to  p re c ip ita te  apoB -conta in ing  lip o p ro te in s .

Much of th e  c o n tro v e rsy  ab o u t CHD has c e n tre d  on th e  re la tiv e  

im portance of each in d iv id u a l r is k  fa c to r an d  th e  m echanism s th ro u g h
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w hich those  fa c to rs  o p e ra te . Some in d iv id u a ls  may develop p rem atu re  

CHD w ithou t any  obvious involvem ent of th e  m ajor r is k  fa c to rs . A 

r e g is te r  of families w ith  a h is to ry  of p rem a tu re  CHD b u t w ithout 

p e rce iv ed  r isk  fa c to rs  was e stab lish ed . The aims w ere to  s to re  

m aterial fo r fu tu re  genetic  s tu d ie s  and  to  re -a s s e s s  known r isk  

fa c to rs  in  fam ilies w ith  sev e re  ex p ress io n  of CHD. Male family 

members w ith p rem a tu re  CHD w ere s tu d ied  in  more detail to 

determ ine if th e re  w ere an y  a sso c ia ted  ch an g es  in  lip id  p ro files , 

specifica lly  LpAI and  to  determ ine if LpAI p a rtic le s  could d iscrim inate  

betw een those  w ith CHD an d  th o se  w ithout.

As serum  HDL ch o les te ro l co n cen tra tio n s  a re  in v e rse ly  re la ted  to  th e  

r isk  of developing  CHD, an y  in te rv e n tio n  w hich would In c rease  HDL 

ch o les te ro l could p o ten tia lly  red u ce  th e  r is k  of developing  CHD. A 

s tu d y  was u n d e rta k e n , u s in g  m oderate exercise  in  p rev io u s ly  

s e d e n ta ry  middle aged  men, to  determ ine if re g u la r  m oderate exercise  

could in fluence  serum  lip id  and  apo lipop ro te in  co n cen tra tio n s , 

p a r tic u la r ly  HDL and  HDL su b fra c tio n s  co n ta in in g  apo A-1.

One of th e  m echanism s by  w hich ex erc ise  may p ro d u ce  fav o u rab le  

ch an g es  in  serum  lip id s  and  ap o lipop ro te in s is by  in fluenc ing  th e  

a c tiv ity  of lip o p ro te in  lipase  (LPL) a n d /o r  hep atic  lipase (HL) and  by  

a lte r in g  th e  p ro cess in g  of tr ig ly c e r id e - r ic h  lip o p ro te in s . In  add ition , 

g iven  th a t  HDL2 ch o les te ro l co n cen tra tio n s  a re  linked  to  th é  tu rn o v e r  

of tr ig ly c e r id e - r ic h  lip o p ro te in s , in v e s tig a tio n s  w ere u n d e rta k e n  to 

determ ine if th e  levels of LpAI p a rtic le s  w ere c o rre la ted  w ith  p o s t 

h e p a rin  plasm a lipoly tic  ac tiv ity . A m ethod fo r m easuring  LPL and HL 

a c tiv itie s  was developed  and  va lid a ted  fo r  normolipaemic a d u lts  and  

th e n  u sed  to  s tu d y  th e  re la tio n sh ip  betw een  plasm a lipoly tic  a c tiv ity  

and  plasm a HDL cho leste ro l, apoA-I and  LpAI co n cen tra tio n s .
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1.2 The lip o p ro te in s

The lip o p ro te in s  a re  m acrom olecular complexes co n sis tin g  of a 

hyd ro p h o b ic  core of ch o les te ro l e s te r  and  tr ig ly c e rid e  s tab ilised  by  

po lar com ponents of phospholip id  and  cho lestero l. The p ro te in  

com ponent of lip o p ro te in  p a rtic le s  a re  specia lised  p ro te in s  called 

apo lipop ro te in s. The m ajor lip o p ro te in  fra c tio n s  a re  conventionally  

c lass ified  acco rd in g  to  th e  floa ta tion  p ro p e r tie s  in sa lt so lu tions 

d u rin g  u ltra c e n tr ifu g a tio n  (Havel e t  a l., 1955) o r  by  th e ir  re sp ec tiv e  

e lec tro p h o re tic  m obility (Blix e t al., 1941), th e  five  m ajor c lasses  

be ing  chylom icrons (d en s ity  <1.006g/ml and  w hich rem ains a t  th e  

o rig in  on e lec tro p h o res is ), v e ry  low d e n s ity  lip o p ro te in  (VLDL, 

d e n s ity  <1.006g/ml, p re -0  e lec tro p h o re tic  m obility), in te rm ed ia te  

d e n s ity  lip o p ro te in  (IDL, d e n s ity  1.006-1.019g/m l), low d en sity  

lip o p ro te in  (LDL, d en s ity  1.019-1,063g/m l, 13 e lec tro p h o re tic  mobility) 

an d  h igh  d e n s ity  lip o p ro te in  (HDL, d e n s ity  1.063-1.21g/m l, 

a e lec tro p h o re tic  m obility). A polipoproteins w ere o rig inally  c lassified  

in to  g ro u p  A w hich w ere found  to  be a sso c ia ted  w ith lip o p ro te in s  

w ith  a -e lec tro p h o re tic  m obility and  g ro u p  B w hich w ere found  to  be 

asso c ia ted  w ith lip o p ro te in s  w ith 13-electrophoretic mobility. O ther 

ap o lipop ro te in s w ere d e sig n a ted  C, D an d  E as  th e y  w ere d iscovered . 

This system  has been  ra tio n a lised  in to  a  nom enclature, re fe r re d  to 

as th e  ABC nom enclature (Alaupovic, 1971), w hich d esig n a te s  

apo lipop ro te in s by  cap ita l le t te r s ,  n o n -id en tica l po ly p ep tid es  w ith in  

th e  g ro u p s  w ith  Roman num erals and  polym orphic form s by  Arabic 

num bers.

I t  is  now a p p a re n t th a t  th e  in d iv id u a l lip o p ro te in  c lasses  con tain  a 

complex m ixture of lip o p ro te in s  of v a ry in g  p ro te in  and  lip id  co n ten t 

r a th e r  th a n  d isc re te  p a rtic le s  of fixed com position.
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(a) Chylom icrons

Chylom icrons a re  se c re te d  by  th e  in te s tin e  and  e n te r  th e  bloodstream  

v ia  th e  th o rac ic  duc t. Chylom icrons a re  th e  la rg e s t  lipop ro te in  

p a rtic le s  and  c o n sis t m ostly of tr ig ly c e r id e  w ith m uch sm aller 

am ounts of cho leste ro l, ch o les te ro l e s te r ,  phospholip id  an d  p ro te in . 

The main p ro te in  com ponents of n a sc e n t chylom icrons a re  apoB-48, 

apoA -I and  apoA-IV. Each chylom icron p a rtic le  p ro b ab ly  con ta in s  only 

one molecule of apoB-48 w hich un like  some o th e r  apo lipop ro te in s, 

does not t r a n s fe r  to o th e r  lip o p ro te in  p a rtic le s  (Elovson e t  al., 1988). 

A fter sec re tio n  of th e  p a rtic le , o th e r  apo lipop ro te in s, apoE and th e  

C apo lipop ro te in s, a re  acq u ired  from HDL.

The f i r s t  s tep  in  th e  catabolism  of chylom icrons is  th e  h y d ro ly s is  of 

t r ig ly c e r id e s  by  LPL w hich is p re s e n t  on th e  su rfa ce  of cap illa ry  

endo thelia l cells. D uring th is  p ro cess , some su rfa ce  com ponents su ch  

a s  phospho lip id , and  apo lipop ro te in s A and  C a re  tr a n s fe r r e d  to  HDL, 

th e  rem aining c o n s ti tu e n ts  of chylom icrons form ing chylom icron 

rem n an t p a rtic le s . The rem n an ts  a re  ra p id ly  rem oved by  th e  liv e r, 

p o ssib ly  by  a re c e p to r  b ased  p ro ce ss  invo lv ing  a p u ta tiv e  apoE 

re c ep to r , also known as  th e  rem nan t re c e p to r  (Mahley e t  al., 1981).

(b) V ery low d en sity  lip o p ro te in

VLDL p a rtic le s  a re  sec re te d  by  th e  liv e r  and  p ro v id e  a  pa thw ay  to 

ex p o rt endogenously  sy n th e s ise d  tr ig ly c e r id e  from th e  liv e r. The 

p a rtic le s  con ta in  le ss  tr ig ly c e r id e  b u t p ro p o rtio n a te ly  more 

cho leste ro l, ch o les te ro l e s te r ,  phospho lip id  an d  p ro te in  th a n  do 

chylom icrons. The main p ro te in  com ponents of n a sc e n t VLDL 

p a rtic le s  a re  apoB-100 w ith small am ounts of E an d  C apo lipop ro te in s, 

fu r th e r  am ounts of apoE and  apoC apo lip o p ro te in s  being t r a n s fe r re d
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from HDL a f te r  sec re tio n . The in itia l p h a se s  of th e  catabolism  of VLDL 

a re  sim ilar to  th a t  of chylom icrons w ith  LPL h y d ro ly s in g  VLDL 

tr ig ly c e rid e  and  th e  su rfa ce  com ponents of VLDL, inc lud ing  

phospho lip id s, fre e  ch o les te ro l and  C ap o lipop ro te in s t r a n s fe r r in g  to 

HDL. As tr ig ly c e rid e  is rem oved, VLDL sim ultaneously  a cq u ire s  

ch o les te ro l e s te r  from HDL, th e  ov era ll p ro cess  lead ing  to  the  

form ation of VLDL rem nan t p a rtic le s .

The ultim ate fa te  of th e  VLDL d ep en d s  on bo th  th e  in itia l size and  

com position of th e  p a rtic le . The la rg e r  VLDL p a rtic le s  p ro d u ce  la rg e r  

VLDL rem nan ts, con tain ing  sev e ra l apoE m olecules, w hich b ind  to th e

hepatic  apoB,E re c e p to r  lead ing  to  ra p id  rem oval of th e  la rg e

rem nan ts  from th e  b loodstream . However, h y d ro ly s is  of th e  sm aller 

VLDL p a rtic le s  p ro d u ces  sm aller VLDL rem n an ts , con tain ing  few er

apoE molecules th a n  th e  la rg e r  rem n an ts. These sm aller rem nan ts

rem ain in th e  c ircu la tio n  lo n g er b ecause  of red u ced  a ffin ity  fo r the  

hepatic  re c ep to r . The sm aller VLDL rem n an ts  con tain  IDL p a rtic le s  

w hich a re  co n v e rted  to  LDL p a rtic le s  (P ack ard  e t  al., 1984).

(c) In te rm ed ia te  d e n s ity  lipop ro te in

As su g g es te d  by  th e  name, IDL p a rtic le s  have bo th  d e n s ity  and 

com position betw een th a t  of VLDL and  LDL and  a re  p ro d u ced  d u rin g  

th e  catabolism  of VLDL. Some IDL p a rtic le s , p ro b ab ly  th o se  r ic h e s t 

in  apoE and  w hich will in te ra c t  more read ily  w ith  th e  apoB,E (LDL) 

re c e p to r , a re  rem oved by  th e  liv e r. However, th e  m ajo rity  of th e  IDL 

p a rtic le s  a re  co n v erted  to  LDL p a rtic le s , p ro b ab ly  by  th e  action  of 

h ep a tic  lipase  (G oldberg e t al., 1982), a lth o u g h  th e  p ro p o rtio n  of 

VLDL p a rtic le s  th a t  go on to  form LDL p a rtic le s  v a r ie s  betw een 

in d iv id u a ls  (P ackard  e t  al., 1984).
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(d) Low d e n s ity  lip o p ro te in  .

LDL is th e  main ch o les te ro l c a r ry in g  lip o p ro te in  in  hum ans and  has 

a t  le a s t fo u r d isce rn ab le  su b c la sse s  w ith in  th e  d e n s ity  ran g e  of 

1.019-1.063g/m l, d esig n a ted  LDL-I to  LDL-IV (K rauss and  B urke, 

1982), The la rg e r  su b c la sse s , LDL-I and  LDL-II (p a tte rn  A), 

predom inate in  approxim ately  75% of th e  population  w ith  LDL-III 

(p a tte rn  B) p redom inating  in  th e  rem ainder. P a tte rn  B, w hich a p p ea rs  

to  be in h e rite d  as a  sing le  gene t r a i t  w ith  a  dom inant mode of 

in h e ritan ce , has been  term ed  th e  a th e ro g en ic  lipop ro te in  profile  

(A ustin e t  al., 1990) as e levation  in  plasm a ch o leste ro l and  apoB a re  

fa r  more common in  in d iv id u a ls  w ith p a t te rn  B th a n  p a tte rn  A.

Each LDL p a rtic le  is norm ally de riv ed  from  one VLDL p a rtic le  d u rin g  

th e  p ro g re s s iv e  rem oval of tr ig ly c e rid e  and  o th e r  com ponents from 

VLDL, a lth o u g h  th e re  is some ev idence  th a t  LDL may be d irec tly  

sec re te d  by  th e  liv e r a t  le a s t in  c e r ta in  d iso rd e rs  of lipop ro te in  

metabolism (S ou tar e t a l., 1977). Unlike VLDL, LDL con ta in s  only  one 

apo lipopro te in  (apoB-100), is re la tiv e ly  r ic h  in  ch o les te ro l and 

ch o leste ro l e s te rs  and  has a  much sm aller tr ig ly c e rid e  c o n ten t th a n  

VLDL. LDL can  be tak en  u p  by  cells e ith e r  by  a  n o n -re c e p to r  

m ediated pathw ay  o r v ia  a  specific  re c e p to r  called th e  apoB,E o r LDL 

re c e p to r  w hich can  be ex p re ssed  on th e  su rfa ce  of many ty p e s  of 

cell. S y n th es is  of new LDL re c e p to rs  is  down re g u la ted  by  h igh  

in tra c e llu la r  ch o les te ro l co n cen tra tio n s , p o ssib ly  due to  th e  

in te ra c tio n  of s te ro ls  w ith s te ro l re g u la to ry  elem ents w ith in  th e  

prom otor reg io n  of th e  LDL re c e p to r  gene (G oldstein and  Brown, 

1990). However n o n -re c e p to r  m ediated u p ta k e  of ch o les te ro l con tinues 

an d  th is  ro u te  is  p ro b ab ly  of in c reas in g  m etabolic im portance as th e  

ex trace llu la r LDL ch o les te ro l co n cen tra tio n  in c rease s .
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(e) High d e n sity  lip o p ro te in

HDL is th e  sm allest of th e  lip o p ro te in  p a rtic le s . HDL p a rtic le  

co n cen tra tio n s  in  plasm a a re  u su a lly  sim ilar to  th o se  of LDL b u t 

p a rtic le s  num bers in  tis su e  flu id s  a re  u su ally  much g re a te r  th an  

th o se  of LDL because  th e  small size of HDL enab les th e  p a rtic le  to 

c ro ss  th e  v a sc u la r  endothelium  more read ily  th a n  LDL. Two m ajor 

HDL su b fra c tio n s  can  be iso la ted  by d e n s ity  g ra d ie n t u l tr a 

cen tr ifu g a tio n . The sm aller of th e  two m ajor p a rtic le s  is called HDL3 

(d en s ity  ran g e  1.12-1.21g/m l) and  th e  la rg e r  p a rtic le , called HDL2 

(d en s ity  ra n g e  1.063-1.12g/m l), con ta in s  more lip id  b u t le ss  p ro te in  

th a n  HDL3. HDLl (d en s ity  ra n g e  1.053-1.063g/ml) is a  th ird , minor, 

re la tiv e ly  lip id -ric h , HDL su b frac tio n . The re levance  of HDLl in  lipid 

metabolism is unc lear.

HDL p re c u rso r s  a re  se c re te d  by  b o th  liv e r and  in te s tin e , bo th  

making an approxim ately  equal co n trib u tio n  to  th e  c ircu la tin g  plasm a 

HDL pool. HDL has been  tra d itio n a lly  th o u g h t to  be se c re te d  as 

lam ellar d iscs com posed m ainly of phospho lip id  and  p ro te in , w ith 

apoA -I an d  apoA -II p re s e n t  as  th e  m ajor apo lipopro te ins. HDL is  th e n  

co n v e rted  to  m ature sp h e rica l HDL by acq u ir in g  su rface  com ponents, 

inc lud ing  phospho lip id s, ap o lipop ro te in s an d  ch o leste ro l, re leased  

d u rin g  lipo lysis  of t r ig ly c e r id e - r ic h  lip o p ro te in s . R ecent ev idence, 

from  experim ental w ork w ith  rats^ s u g g e s ts  th a t  small sp h e rica l HDL 

can  be se c re te d  d ire c tly  by  th e  liv e r  an d  th a t  la rg e r  tH g ly c e r id e - 

r ic h  sp h erica l HDL p a rtic le s , a lso  se c re te d  by th e  liv e r, become disc 

sh ap ed  d u rin g  lipo lysis of tr ig ly c e rid e  con tained  w ith in  th e  p a rtic le  

an d  su b se q u e n tly  become small sp h e re s  following en richm en t of th e  

p a rtic le  w ith ch o les te ro l (W inkler and  M arsh, 1989). Sim ilarly, th e  

in te s tin e  may sec re te  small sp h e rica l HDL p a rtic le s  d ire c tly  and  i t
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may also se c re te  la rg e r  t r ig ly c e r id e - r ic h  lip o p ro te in  con tain ing  

com ponents of HDL w hich a re  th e n  re leased  as  d isc sh ap ed  HDL 

p re c u rso r s  (F orte  e t  al., 1979) o r as  small sp h erica l HDL p a rtic le s  

(S chaefer e t al., 1982) d u rin g  lipo lysis  of tr ig ly c e r id e - r ic h  

lip o p ro te in s .

A lthough th e  exact mechanism by  w hich HDL is sec re te d  is s till 

u n c lea r, once sec re te d  HDL a cq u ire s  p h o spho lip id s, apo lipop ro te in s 

and  free  ch o les te ro l from VLDL d u rin g  th e  lipo lysis of VLDL 

tr ig ly c e r id e  (P atsch  e t  al., 1978; T ask inen  e t al., 1982), C holesterol is 

e s te r if ie d  by  lecith in : ch o leste ro l acy l tra n s fe ra s e  (LCAT) and  

e s te r if ie d  ch o leste ro l may e ith e r  be tr a n s fe r r e d  to  o th e r  lip o p ro te in  

p a rtic le s  by  th e  action  of ch o les te ro l e s te r  t r a n s fe r  p ro te in  (CETP), 

o r  be in co rp o ra ted  in to  th e  core  of HDL p a rtic le s . This p ro ce ss  of 

lipo lysis  of tr ig ly c e r id e - r ic h  lip o p ro te in s  and  t r a n s fe r  of com ponents 

betw een  lip o p ro te in s  is asso c ia ted  w ith  th e  p ro d u c tio n  of HDL 

p a rtic le s  of in c reas in g  size and  d ec rea sin g  d e n sity , ev en tu a lly  

p ro d u c in g  HDL2. The form ation of HDL2 from  HDL3 d ep en d s  th e re fo re  

a t  le a s t in p a r t  on th e  a c tiv ity  of LPL an d  th e  ra te s  of h y d ro ly s is  

of tr ig ly c e r id e - r ic h  lip o p ro te in s . This is  su p p o rte d  by  clinical 

o b se rv a tio n s  th a t  HDL co n cen tra tio n s  in  plasm a a re  p ro p o rtio n a l to 

bo th  ad ipose tis su e  (Nikkila e t al., 1978a) an d  p o s t h ep a rin  plasm a 

(Kekki, 1980) LPL a c tiv ity  and  to  r a te s  of VLDL tr ig ly c e r id e  lipo lysis 

(H uttunen  e t  al., 1976). As HDL2 a c q u ire s  more lipid i t  may also 

acq u ire  apoE leading  to  th e  d isp lacem ent of apoA-I (Blum, 1982; 

R ub instein  e t  al., 1982) and  th e  form ation of HDLl. This lip o p ro te in  

is p ro b ab ly  only  form ed w hen laJrger q u a n titie s  of lip id  a re  c a rr ie d  

as  a  sim ilar lip o p ro te in  called  HDL  ̂ accum ulates in th e  plasm a of 

anim als fed  c h o le s te ro l-r ich  d ie ts  (Mahley, 1982).
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Removal of lip id  from HDL2 p a rtic le s , p ro b ab ly  m ediated by  hepatic  

lipase  (HL), is p a r t  of th e  p ro cess  co n v ertin g  la rg e r  HDL2 p a rtic le s  

to  sm aller HDL3 p a rtic le s . In vitro  HL h y d ro ly se s  HDL phospho lip ids 

and  HDL tr ig ly c e rid e  w hich in vivo  may c re a te  su itab le  conditions 

fo r t r a n s fe r  of ch o les te ro l e s te r s  to  th e  liv e r w ithou t th e  need  to 

in te rn a lise  th e  p a rtic le  (Groot e t a l., 1983). F u rth erm o re , HDL 

ch o les te ro l e s te r  may be tr a n s fe r r e d  to  tr ig ly c e r id e - r ic h  lip o p ro te in s  

in  exchange fo r tr ig ly c e rid e  molecules g e n e ra tin g  a ch o les te ro l e s te r -  

poor, tr ig ly c e r id e -r ic h  HDL in te rm ed ia te  p r io r  to  th e  action  of HL. 

The overa ll e ffec t of th is  p ro cess  would be th e  conversion  of HDL2 

to  small, dense  HDL3 and  th e  rem oval of ch o les te ro l acq u ired  by  HDL 

from th e  c ircu la tio n  by  tra n s fe r r in g  ch o les te ro l e s te r s  to  o th e r  

lip o p ro te in  p a rtic le s  w hich will ev en tu a lly  be ta k en  up  by  th e  liv e r 

o r by d ire c t t r a n s fe r  of ch o leste ro l e s te r s  from  HDL to  liv e r cells. 

These m echanism s p ro b ab ly  acco u n t fo r  th e  low plasm a co n cen tra tio n s  

of human HDLl as ch o les te ro l e s te r  is t r a n s fe r r e d  from 11DL2 to  o th e r 

lip o p ro te in s  o r th e  liv e r, red u c in g  th e  need  to  form  c h o les te ro l-r ich  

HDLl.

(f) L ipoprotein(a)

L ipopro tein (a) [Lp(a)] p a r tic le s  can be iso la ted  by  d en sity  g ra d ie n t 

u ltra c e n tr ifu g a tio n  in  th e  d e n s ity  ra n g e  from  1.047-1.lOg/ml and  

co n sis ts  of LDL linked  to  one molecule of apo(a) by  a  sing le  

d isu lp h id e  bond (F less e t a l., 1984). The m ajor s ite  of sy n th e s is  of 

Lp(a) is th e  liv e r  (K raft e t  al., 1989) a lth o u g h  th e  p ro c e sse s  involved  

in  th e  in trac e llu la r  form ation of th e  apoB-lOO-apo(a) complex and  th e  

assem bly and  sec re tio n  of Lp(a) p a r tic le s  a re  no t y e t known. Apo(a) 

does no t c ircu la te  exclusively  w ith LDL a s  apoB- 100-apo(a ) complexes
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have also been  found  in  tr ig ly c e r id e - r ic h  p a rtic le s , especially  p o s t-  

p ran d ia lly  (P fa ffin g er e t al., 1991). T r ig ly c e rid e -r ic h  Lp(a) p a rtic le s  

p ro b ab ly  a rise  d u rin g  in tra v a sc u la r  rem odelling of lip o p ro te in s  in 

ad d ition  to  de novo sy n th e s is  by  th e  liv e r. The s ite  of catabolism  of 

Lp(a) is no t c lea r a lth o u g h  th e  LDL re c e p to r  a p p e a rs  to  be much less  

im p o rtan t in  th e  catabolism  of Lp(a) th a n  th a t  of LDL, even  th o u g h  

bo th  lip o p ro te in s  con tain  apoB-100 (Scanu and  F less, 1990).

A lthough th e  m echanism s by  which Lp(a) in c re a se s  th e  r is k  of 

p rem atu re  ca rd io v ascu la r d isease  is unknow n, i t  may be a th e ro g en ic  

because  of th e  LDL co n ten t o r i t  may in fluence  throm botic  and  

fib rin o ly tic  ev en ts  th ro u g h  apo(a) w hich has c e r ta in  s t ru c tu ra l  

sim ilarities w ith plasm inogen. However a lth o u g h  Lp(a) p a rtic le s  have 

been  found in  a th e ro sc le ro tic  p laq u es , i t  is  no t c lea r if n a tiv e  Lp(a) 

is a th e ro g en ic  o r if complex form ation w ith p ro teo g ly can s  (K ostner 

and  B iharri-V arga , 1990) and  glycosam inoglycans (B iharri-V arga  e t 

al., 1988) o r if oxidation of Lp(a) (H aberland e t al., 1989) is  re q u ire d  

befo re  Lp(a) becomes a th ero g en ic . Also, a lth o u g h  Lp(a) may m odulate 

f ib rin o ly tic  ev en ts  on th e  su rfa ce  of endo thelia l cells in v itro  (Scanu 

and  F less, 1990), th e re  is no co rre la tio n  betw een plasm a Lp(a) 

co n cen tra tio n s  and  th e  a c tiv ity  of th e  fib rin o ly tic  system  in vivo  

(A rm strong e t  al., 1990).

1.3 The apo lipop ro te in s

A polipoproteins a re  im p o rtan t in  m aintain ing th e  s t ru c tu ra l  in te g r ity  

of lip o p ro te in  p a rtic le s  and  th e y  also have  im p o rtan t fu n c tio n s  as 

lig an d s  fo r spec ia lised  re c e p to rs  on th e  su rfa ce  of cells an d  as co

fa c to rs  fo r c e r ta in  key enzym es invo lved  in  lip o p ro te in  metabolism.
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(a) The A apo lipop ro te in s

(i)  Ap o A - I

The m ajor p ro te in  com ponent of HDL is apoA-I. Following in trac e llu la r  

c leavage of p rep roapoA -I, i t  is  sec re te d  as  p ro -apoA -I by  th e  liv e r 

in to  plasm a in  association  w ith  n a sc e n t HDL p a rtic le s , and  in to  lym ph 

by  th e  in te s tin e  in  association  w ith  chylom icrons (K ara thanasis e t al., 

1983). ProapoA -I is th e n  cleaved  ex trace llu la rly  by  p ro te a se s  

c ircu la tin g  in  th e  plasm a to  p ro duce  m ature  apoA -I (B ojanovski e t al., 

1985). ProapoA -I acco u n ts  fo r  approxim ately  4% of to ta l apoA -I in 

plasm a (S p re ch e r e t  a l., 1984). ApoA-I a sso c ia ted  w ith chylom icrons 

t r a n s fe r s  to  HDL d u rin g  th e  in tra v a sc u la r  lipo lysis  of chylom icron 

p a rtic le s . A la rg e  p e rc en ta g e  of th e  s t r u c tu r e  of apoA-I is  composed 

of a -helixes which co n sis t of tandem ly re p e a te d  22 amino acid 

segm ents in te r ru p te d  by  p ro line  re s id u e s  (B aker e t al., 1975). These 

helical reg io n s  a re  p ro b ab ly  im p o rtan t in  lip id  b in d in g , m aintenance 

of th e  s tru c tu ra l  in te g r ity  of HDL an d  th e  ac tiv a tio n  of LCAT 

(F ielding e t ah , 1972). The lip id  com position a n d /o r  size of th e  HDL 

p a rtic le s  p ro b ab ly  de term ines th e  conform ation and  epitope 

exp ress io n  of th e  apo lipop ro te in s asso c ia ted  w ith  th e  p a rtic le .

(ii) ApoA-II

ApoA-II is th e  second most a b u n d a n t p ro te in  in HDL and  is 

sy n th e s ise d  by  th e  liv e r an d  in te s tin e  as  a p re p ro p e p tid e  w hich is 

c leaved  to  p ro d u ce  a  p ro p ep tid e  (Knott e t  al., 1984, L ackner e t al., 

1985). However, un like  apoA -I w hich is p ro d u ced  in tra v a sc u la r ly  from 

proapoA -I, proapoA -II is cleaved  p o s t- tra n s la tio n a lly  w ith in  th e  cell 

to  p ro d u ce  m ature  apoA -II befo re  sec re tio n  in to  plasm a and  lym ph 

(L ackner e t a l., 1985) as a  dim er co n sis tin g  of two id en tica l su b u n its
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covalen tly  linked  by a  d isu lph ide  b rid g e  (Lux e t al., 1972). ApoA-II 

is an  im portan t s t ru c tu ra l  com ponent of HDL and  can  ac tiv a te  hepatic  

lipase  (Jahn  e t  al., 1983). However a  m utation cau sin g  familial apoA -II 

defic iency  a p p ea rs  to  have little  e ffe c t on lip o p ro te in  metabolism or 

on th e  o ccu rren ce  of co ro n a ry  a r te ry  d isease  (Deeb e t al., 1990).

( i i i )  Ap o A -IV

ApoA-IV is sy n th es ised  in  th e  in te s tin e  and  is  se c re te d  in 

association  w ith chylom icrons (K ara thanasis  e t  al., 1986). Some apoA- 

IV is p ro b ab ly  t r a n s fe r re d  to  HDL d u rin g  th e  lipo lysis  of 

chylom icrons. A small q u a n tity  can  be found  in  th e  lip o p ro te in - 

defic ien t frac tio n  of plasm a. Early  s tu d ie s  w hich showed th a t  th e  

m ajo rity  of apoA-IV was asso c ia ted  w ith th e  lip id  defic ien t frac tio n  

of plasm a w ere p ro b ab ly  cau sed  by  a r tifa c tu a l loss of w eakly bound 

apoA-IV from  HDL d u rin g  seq u en tia l u ltra c e n tr ifu g a tio n  (L ag ro st e t 

a l., 1989). A lthough apoA-IV will a c tiv a te  LPL (G oldberg e t  al., 1990a) 

and  LCAT (Steinm etz and  U term ann, 1985) in v itro , th e  p rec ise  

metabolic ro le  of apoA-IV is un c lea r. The a -h e lica l s t ru c tu re  su g g e s ts  

i t  is  involved  in  th e  m aintenance of th e  s t ru c tu ra l  in te g r ity  of HDL 

and  in  lip id  b ind ing  (W einberg and  S p ec to r, 1985).

(b) ApoB

ApoB has two main isoform s, d esig n a ted  apoB-lOO and  apoB-48 (Kane 

e t  al., 1980). Apo B-lOO, m olecular w eigh t (MW) 549,000, is  found  in 

LDL and VLDL. All o th e r  apoB frag m en ts  an d  su b -sp e c ie s  a re  

d esig n a ted  on a  cen tile  scale acco rd in g  to  th e ir  m olecular w eight 

com pared w ith apoB-100, as de term ined  u sin g  sodium 

d o d ecy lsu lpha te -po lyacry lam ide  gel e lec tro p h o re s is  (Kane, 1983). The
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apoB (MW 264,000) found  in  chylom icrons, is approxim ately  48% of th e  

m olecular w eigh t of apoB-lOO and  is th u s  d esig n a ted  apoB-48. Both 

form s of apoB à re  sy n th e s ise d  from tr a n s c r ip ts  of th e  same gene 

located on th e  sh o r t  arm  of chromosome 2 (Law e t ah , 1985). A stop  

codon in se r te d  p o s t- tra n s la tio n a lly  in  in te s tin a l mRNA, te rm in a tes  

sy n th e s is  of in te s tin a l apoB p ro d u c in g  apoB-48 w hich is to ta lly  

homologous w ith th e  amino term inal p o rtio n  of apoB-100 (Powell e t  al., 

1987, Chen e t al., 1987). S tu d ies , u s in g  monoclonal an tib o d ies, ind ica te  

th a t  th e re  is  one copy of apoB-100 p e r  molecule of LDL (Wiklund e t 

al., 1985) a lth o u g h  th e  num ber of copies of apoB-48 in  chylom icrons 

has been  more d ifficu lt to  determ ine because  of th e  h e te ro g en e ity  of 

th e  p a rtic le  size.

ApoB is more h y d rophob ic  and  co n ta in s  a  sm aller p ro p o rtio n  of 

helical s t ru c tu re s  th a n  th e  o th e r  ap o lip o p ro te in s  (Scanu and  Hirz, 

1968). These h yd rophob ic  reg io n s  in te ra c t  w ith  lip id  a t  th e  core  of 

th e  lip o p ro te in  p a rtic le  leav ing  hy d ro p h ilic  reg io n s  to  e x ten t in to  th e  

aqueous phase . B inding s ite s  on apoB-lOO w hich in te ra c t w ith th e  

apoB,E re c e p to r  a re  no t p re s e n t  in  apoB-48 (Marcel e t al,, 1987), This 

lack of th e  apoB,E b ind ing  domain in  apoB-48 p ro b ab ly  e n su re s  rap id  

d e liv e ry  of d ie ta ry  lip id  in  chylom icron rem n an ts  to  th e  liv e r  (Brown 

and  G oldstein, 1987), F u rth erm o re  chylom icron, VLDL and  VLDL 

rem nan ts  defic ien t in  apoE b ind  poorly  to  th e  apoB,E re c e p to r  (Krul 

e t a l., 1985; S ch aefer e t a l., 1986), in d ica tin g  th a t  conform ational 

ch an g es  to  apoB-100, b ro u g h t ab o u t d u rin g  in tra v a sc u la r  conversion  

of VLDL to  LDL, a re  re q u ire d  to  expose and  re -o rg a n is e  th e  re c e p to r  

b ind ing  domains of apoB-100.
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(c) The C apo lipop ro te in s

The C apo lipop ro te in s a re  a  g roup  of low m olecular w eigh t p ro te in s  

(MW 6,600-8,800) th a t  a re  m ostly a sso c ia ted  in  th e  fa s tin g  s ta te  w ith 

HDL b u t w hich t r a n s fe r  from HDL to  VLDL and  chylom icrons when 

th e se  tr ig ly c e r id e - r ic h  lip o p ro te in s  e n te r  th e  c ircu la tion . The C 

apo lipop ro te in s th e n  t r a n s fe r  back  to  HDL along w ith o th e r  su rface  

com ponents d u rin g  th e  lipo lysis an d  metabolism of VLDL and  

chylom icrons,

( i)  A p o C -I

ApoC-I is th e  sm allest of th e  C ap o lip o p ro te in s  (MW 6,600). ApoC-I 

can  ac tiv a te  LCAT in v itro  and  may explain th e  norm al plasm a 

e s te rif ied  ch o leste ro l levels in  in d iv id u a ls  w ith apo A-1 defic iencies 

(S ou tar e t al., 1975)

( i i)  A p o  C -I I

The apoC -II gene is on chromosome 19, c losely  linked  to  th e  genes 

fo r  apoE and  apoC-I (H um phries e t a l., 1984) and  is  sy n th e s ise d  as 

p rep ro ap o C -II which is  cleaved  to  p ro d u ce  p roapoC -II. This 

u n d e rg o e s  f u r th e r  p o s t- tra n s la tio n a l m odifications b e fo re  m ature 

apoC -II is sec re te d  (Fojo e t a l., 1986). ApoC-II c irc u la te s  in 

association  w ith  HDL and  is t r a n s fe r r e d  to  n a sc e n t chylom icrons and  

VLDL (Havel e t al., 1973). ApoC-II is  an  a c tiv a to r fo r  LPL and  

co n ta in s  b ind ing  s ite s  fo r LPL a t  th e  carboxy l term inal. ApoC-II 

co n cen tra tio n s  in  plasm a g re a tly  exceed th a t  w hich is re q u ire d  to 

a c tiv a te  of LPL and  i t  has been  estim ated  th a t  only  10% of 

c ircu la tin g  apoC -II is re q u ire d  fo r com plete ac tiv a tio n  of LPL 

(Jackson  e t al., 1986).

35



( i i i )  Ap o C -I I I

ApoC-III is th e  most a b u n d a n t of th e  C ap o lipop ro te in s and  c ircu la te s  

in  plasm a in  th re e  form s d esig n a ted  apoC-IIlQ, apoC -IIIj an d  apoC-III^ 

d epend ing  on th e  num ber of sialic acid  re s id u e s  a tta ch e d  (Brew er e t 

al., 1974). ApoC-III is s ia ly la ted  in trac e llu la r ly  and  is s e c re te d  as 

d is ia ly la ted  apoC-IIIg, in d ica tin g  th a t  apoC -III| and  apoC-IIlQ a re  

p ro d u ced  by  desia ly la tion  in  plasm a (H ussain and  Zannis, 1990). The 

d isia ly la ted  form, apoC-IIIg, acco u n ts  fo r  approxim ately  27% of plasm a 

apoC -III while th e  m onosialylated apoC -IIIj and  th e  n o n -s ia ly la ted  

apoC-IIIjj acco u n t fo r 59% and  14% re sp e c tiv e ly  (Zannis and  Breslow,

1985). The physio logical s ign ificance  of th e  p re sen ce  o r ab sence  of 

sialic acid  g ro u p s  is  unknow n. ApoC-III may re g u la te , p o ssib ly  by 

in h ib itin g  LPL, th e  catabolism  of t r ig ly c e r id e - r ic h  lip o p ro te in s , as 

tra n sg e n ic  mice o v e re x p ress in g  hum an apoC -III become sev e re ly  

h y p e rtrig ly ce rid aem ic  (Ito  e t al., 1990). Plasma apoC -III levels a re  

p ro b ab ly  too low to  in h ib it LPL in vivo  (C ardin  e t al., 1982), b u t 

more re c e n t w ork has shown th a t  LPL is  in h ib ited  by  physio logical 

co n cen tra tio n s  of sy n th e tic  p o ly p ep tid es  of apoC -III (McConathy e t 

al., 1992).

ApoC-III may also in h ib it th e  u p tak e  of tr ig ly c e r id e - r ic h  rem n an ts  by  

hepatic  re c e p to rs  (S helbourne  e t  al., 1980, W indier e t  al., 1980) o r  i t  

may a c t a s  a  c o -fac to r fo r  LCAT a lth o u g h  i t  is  much le ss  e ffec tive  

th a n  apo A-1 a s  an  a c tiv a to r of th e  enzym e. (Jonas e t  a l., 1984). The 

sign ificance  of an y  of th e se  possib le  m etabolic ro les  fo r apoC -III is 

no t y e t c lear.
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(d) ApoD

ApoD is a  g lycop ro te in  w hich norm ally c irc u la te s  in  association  w ith 

HDL. The m ajor s ite  of sy n th e s is  is unknow n a lth o u g h  m essenger 

ribonucle ic  acid  (mRNA) has been  d e tec ted  in  ad ren a l, k idney , 

p a n c rea s  and  small in te s tin e  w ith le s s e r  am ounts of mRNA in liv e r 

(D rayna e t al., 1986). I t  is  p ro b ab ly  p a r t  of th e  ch o les te ro l e s te r  

t r a n s fe r  complex, co n sis tin g  of LCAT, apoA -I, apoD and  CETP, and  

w hich is th o u g h t to  e s te r ify  ch o les te ro l and  d is tr ib u te  ch o leste ro l 

e s te r  betw een lip o p ro te in  p a rtic le s  (F ielding an d  F ield ing , 1980).

(e) ApoE

ApoE is sy n th e s ised  by  many tis su e s , th e  liv e r being  q u a n tita tiv e ly  

th e  most im portan t so u rce  of plasm a apoE (Blue e t  al., 1983). ApoE is 

p rim arily  asso c ia ted  w ith chylom icrons, VLDL and  HDL and  a c ts  a s  a 

ligand  fo r th e  apoB,E (LDL) re c e p to r  and  fo r th e  p u ta tiv e  apoE 

(rem nant) re c ep to r . I t  is a  genetica lly  polym orphic p ro te in  w ith  th re e  

common alleles (6-4, 6-3 and  6-2) coding  fo r th re e  p ro te in s

d esig n a ted  E-4, E-3 and  E-2 ( Zannis e t  a l., 1982). Single amino acid 

s u b s titu tio n s  o ccu r a t  two s ite s  (amino acid  re s id u e s  112 and  158) 

p ro d u c in g  ch a rg e  d iffe ren ces  in  th e  apo E isoform s. E-4 (a rg in in e  a t 

amino acid re s id u e s  112 and  158) is th e  m ost basic  (pl=6,0) and  E-2 

(cy ste in e  a t  amino acid  re s id u e s  112 and  158) is th e  m ost acidic 

(pl=5.7). E-3 is  th e  most common isoform  (cy ste in e  a t re s id u e  112 and 

a rg in in e  a t re s id u e  158). O ther much r a r e r  v a r ia n ts  w hich may cause 

ty p e  III hyperlipop ro teinaem ia  inc lude  apoE-2* (cy ste in e  in s te a d  of 

a rg in in e  a t re s id u e  145) (W eisgraber e t a l., 1981) and  apoE -3 /E -3  

hom ozygotes who have an  amino acid su b s titu tio n  th a t  does no t a ffec t 

th e  iso e lec tric  po in t of p ro te in  (Havel e t  al., 1983).
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S u b s titu tio n  of n e u tra l amino ac ids fo r  basic  re s id u e s  w ith in  th e  

re c e p to r  b ind ing  domain of apoE a lte rs  b ind ing  to  th e  apoE re c e p to r 

( In n e ra r ity  e t  al., 1983, W eisgraber e t  al., 1983). The d iffe re n t apoE 

p h en o ty p es  a re  one of th e  m ajor genetic  d e te rm in an ts  of th e  

v a ria tio n  in  plasm a ch o les te ro l c o n cen tra tio n s  due to  k inetic  

d iffe ren ces  in  th e  metabolism of th e  d iffe re n t form s of apoE w ith 

apoE-2 being  catabo lized  more slowly th a n  apoE-3 w hich in  tu r n  is 

catabolized  more slowly th a n  apoE-4 (G regg and  B rew er, 1988). The 

€-2 allele is asso c ia ted  w ith low er to ta l and  LDL cho leste ro l 

co n cen tra tio n s  and  th e  6-4 allele w ith h ig h e r co n cen tra tio n s  th a n  th e  

popula tion  mean (D avignon e t  al., 1988). The low er plasm a LDL 

ch o leste ro l co n cen tra tio n s  asso c ia ted  w ith  apoE-2 a re  due to  bo th  a 

d ecreased  p ro d u c tio n  ra te  an d  an  in c re a se d  frac tio n a l catabolic  ra te  

of LDL (G regg e t al., 1984).

In d iv id u a ls  who a re  e-2 hom ozygotes may develop Type III 

hyperlip idaem ia, c h a ra c te r is e d  by  th e  accum ulation of abnorm ally 

ch o les te ro l-e n ric h e d  VLDL and  chylom icron rem n an ts , know n a s  B- 

VLDL, which has th e  h y d ra te d  d e n s ity  of norm al VLDL b u t w hich has 

B r a th e r  th a n  p re-B  e lec tro p h o re tic  m obility. However a n o th e r  fa c to r 

w hich p re d isp o se s  to  hyperlip idaem ia, su ch  as a  genetic , horm onal 

o r d ie ta ry  fa c to r m ust u su a lly  be p re s e n t  in  €-2 hom ozygotes befo re  

h yperlip idaem ia  and  th e  clin ical fe a tu re s  asso c ia ted  w ith  Type III 

hyperlip idaem ia develop (Havel e t al., 1980; G regg e t  al., 1981).

(f) ApoJ

ApoJ is a  re c en tly  d isco v ered  apo lipop ro te in  w hich c irc u la te s  in 

plasm a in association  w ith  HDL, tig h tly  asso c ia ted  w ith apo A-1 (de 

Silva e t al., 1990a; Jen n e  e t al., 1991). The liv e r is  th o u g h t to  be th e
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m ajor sou rce  of plasm a apoJ a lth o u g h  apoJ mRNA has been  d e tec ted  

in many tis su e s  inc lud ing  b ra in , te s t is ,  o v a ry  k idney , h e a r t, sp leen  

and  thym us (de Silva e t al., 1990b). ApoJ has, in  common w ith o th e r 

apo lipop ro te in s, am phipath ic helices th o u g h t to  be im p o rtan t in  lipid 

b ind ing  b u t un like  o th e r  apo lipop ro te in s, apoJ c irc u la te s  a s  a 

d isu lp h id e -lin k ed  heterod im er (de S ilva e t al., 1990b) an d  sh a re s  

some homology w ith complement p ro te in s  C7, C8 and  C9 (K irszbaum  

e t al., 1989). The physio logical fu n c tio n  of apoJ is unknow n.

(g) Apo (a)

Apo(a) is a  g lycopro te in , sy n th es ised  mainly if no t exclusively  by  th e  

liv e r (K raft e t  al., 1989). The s t ru c tu re  of apo(a) is qu ite  unlike th a t  

of an y  of th e  o th e r  apo lipop ro te in s, con ta in ing  s t ru c tu re s  called 

k rin g le s , sim ilar to  th o se  found  in  p ro te in s  of th e  throm botic, 

fib rin o ly tic  and  com plem ent sy stem s (P a tth y , 1985). P ro te in  

sequ en c in g  (Eaton e t  al., 1987) and  com plem entary DNA sequencing  

(McLean e t al., 1987) in d ica tes  a  h ig h  d eg ree  of homology betw een 

th e  s t ru c tu re s  of plasm inogen and  apo(a). Plasm inogen h as a  domain 

w ith p ro tea se  ac tiv ity  and  five  k rin g le  domains each held  to g e th e r  

by th re e  in te rn a l d isu lp h id e  bonds, while apo(a) con ta in s a p ro tea se  

domain and  one copy of a k rin g le  w ith  a  h ig h  d eg ree  of homology to 

k rin g le  5 of plasm inogen and  m ultiple re p e a ts  of a  k rin g le  

homologous to  k rin g le  4 of plasm inogen. Apo(a) can  ex ist as sev e ra l 

isoform s, ra n g in g  in  m olecular w eigh t from  400,000-800,000, cau sed  by 

v a ria tio n s  in  th e  num ber of k rin g le  4 re p e a ts  (L indahl e t  al., 1990). 

U sing sodium d o d ecy lsu lpha te -po lyacry lam ide  gel e lec tro p h o res is , the  

isoform s can  be c lassified  acco rd ing  to  th e  m obility of apo(a) 

com pared w ith  th e  m obility of apoB-100 a s  F ( fa s te r  m obility), B
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(sim ilar mobility) and  fo u r isoform s, S1-S4, w ith  slow er mobility 

(U term ann e t al., 1987). R ecently , 23 apo(a) isoform s have been 

id en tified  u sin g  h igh  re so lu tio n  SD S-agarose gel e lec tro p h o res is  and  

im m unoblotting (Kamboh e t  al., 1991).

The in vivo  fu n c tio n  of apo(a) an d  Lp(a) is  unknow n. The p ro tea se  

domain of apo(a) does no t have p lasm in-like a c tiv ity  a g a in s t 

f ib rin o g en  and  th e  plasm inogen a c tiv a to rs  s tre p to k in a se , u ro k in ase  

and  tis su e  plasm inogen ac tiv a to r (tPA) will no t ac tiv a te  th e  p ro tea se  

domain of apo(a) (Eaton e t al., 1987). Both apo(a) and  Lp(a) will bind 

to  f ib r in  (Harpel e t al., 1989) and  also in h ib it th e  ac tiv a tio n  of 

plasm inogen by com peting w ith plasm inogen fo r b ind ing  to  endo thelia l 

cell re c e p to rs  (Gonzales-Gronow e t al., 1989; H ajjar e t al., 1989; Miles 

e t al., 1989). I t  has been  su g g es te d  th a t  th e  b ind ing  of apo(a) to 

f ib r in  helps wound healing  by  d e liv e rin g  ch o les te ro l to  s ite s  of 

re c e n t in ju ry  (Brown and  G oldstein, 1987). W hether any  of th ese  

actions have im p o rtan t e ffe c ts  in vivo  rem ains to  be e s tab lish ed .

1.4 L ipoprotein  p ro cess in g  enzym es

L ipoprotein  lipase , hep atic  lipase an d  lecith in : ch o leste ro l acy l 

t ra n s fe ra s e  have key  ro les  in  th e  in tra v a sc u la r  metabolism of 

lip o p ro te in s  and  th e  d is tr ib u tio n  of lip id s  and  apo lipop ro te in s 

betw een lip o p ro te in  p a rtic le s .

(a) L ipopro tein  lipase

LPL is sy n th es ised  by  v a rio u s  tis su e s  inc lud ing  ad ipose  tis su e , 

sk e le ta l m uscle, h e a r t, lung  and  la c ta tin g  mammary g lands. The 

enzym e is sy n th e s ise d  in  th e  endoplasm ic re ticu lum  as  an  inactive  

proenzym e and  is th e n  ac tiv a ted  in  th e  Golgi a p p a ra tu s  by

40



g lycosy lation  p r io r  to  sec re tio n  a lth o u g h  some sec re tio n  of in activ e , 

n o n -g ly co sy la ted  enzyme p ro b ab ly  o ccu rs . ApoC-II is re q u ire d  fo r 

maximum a c tiv ity  of LPL a lth o u g h  th e  b ind ing  s ite  on LPL has no t 

y e t been  iden tified .

Following sec re tio n , LPL is bound to  h ep a ran  su lp h a te  on th e  su rface  

of endo thelia l cells (K linger e t al., 1985). This enab les LPL to  ex tend  

in to  th e  cap illa ry  lum en w here  tr ig ly c e r id e s  in  chylom icrons and  

VLDL a re  h y d ro ly sed , th e  1 and  3 e s te r  bonds in tr ig ly c e rid e  and  

th e  1 bond in  m onoglyceride being  th e  p re fe r re d  s u b s tra te s .  The 

lip id  b ind ing  domains a re  v e ry  sim ilar in  LPL, HL and  p an crea tic  

lipase (Wion e t al., 1987). In tra v e n o u s  in jec tio n  of h ep a rin  re leases  

LPL (and HL) in to  th e  c ircu lation .

Total LPL defic iency  is ra re , th e  inc idence  of hom ozygous LPL 

defic iency  being  ab o u t 1 p e r  million an d  is  c h a ra c te r is e d  by  fa s tin g  

chylom icronaem ia, e ru p tiv e  xanthom a, r e c u r r e n t  p a n c re a titis  and  

hepatosplenom egaly  (O llvecrona an d  B eng tsson-O livecrona, 1990). 

A bsence of apoC -II p ro d u c e s  a  syndrom e clin ically  in d is tin g u ish ab le  

from LPL defic iency  (B recken ridge  e t a l., 1978; Yamamura e t al.,

1979).

H eterozygous LPL defic iency  o ccu rs  in  ab o u t 1 in  500 in d iv id u a ls  

(B runzell, 1989). Such h e te ro zy g o u s  in d iv id u a ls  would be expected  to 

have approxim ately  half th e  LPL a c tiv ity  of a  h ea lth y  re fe re n ce  

population . However some h e te ro zy g o te s  a re  hyperlip idaem ic while 

o th e rs  a re  normolipaemic, su g g es tin g  th a t  some in d iv id u a ls  w ith 

re d u c ed  LPL a c tiv ity , can  m etabolise tr ig ly c e r id e - r ic h  lip o p ro te in s  

ad eq u a te ly  (O livecrona and  B eng tsson-O livecrona, 1990).
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(b) H epatic lipase

HL is sy n th es ised  in  h ep a to cy te s  and  a c tiv a te d  by  g lycosy lation  p r io r  

to  sec re tio n  (V erhoeven and  Jan sen , 1990). The enzym e is th e n  

tra n s p o r te d  to  hepatic  endo thelia l cells w here  i t  is  bound  to  h ep aran  

su lp h a te  and  can  be d isp laced  from  th is  b ind ing  s ite  by  in trav e n o u s  

in jec tion  of hep arin . A lthough HL h as been  le ss  ex tensive ly  s tu d ied  

th a n  LPL, th e re  is some ev idence  th a t  HL is involved  in  th e  la te r  

s tag e s  of th e  h y d ro ly s is  of tr ig ly c e r id e s  in  chylom icron rem n an ts  and 

IDL (Demant e t al., 1988) and  more im p o rtan tly  in  th e  h y d ro ly s is  of 

phospho lip id s and  tr ig ly c e r id e s  in  HDL (Clay e t  al., 1989). The role 

of HL in th e  metabolism of HDL p a rtic le s  is su p p o rte d  by  a  s tu d y  

w hich has shown a s tro n g  n eg ative  co rre la tio n  betw een HL ac tiv ity  

an d  plasm a levels of HDL, p a rtic u la r ly  HDL2, in d ica tin g  th a t  HL 

p a rtic ip a te s  in th e  co n v ersion  of HDL2 to  HDL3 (Kuusi e t  al., 1989). 

Homozygous HL defic iency  is v e ry  ra re  a lth o u g h  a  few cases  have 

been  re p o rte d  (B recken ridge  e t  al., 1982; C arlson e t  al., 1986). 

L ipopro tein  abnorm alities in  th is  syndrom e include cho leste ro l 

en richm en t of VLDL, tr ig ly c e rid e  en rich m en t of LDL and  accum ulation 

of tr ig ly c e rid e  in  HDL re su ltin g  in  th e  c ircu la tio n  of HDL p a rtic le s  

alm ost exclusively  c o rre sp o n d in g  to  th e  size of HDL2 (C arlson e t al.,

1986). A ffected in d iv id u a ls  may have an  in c re ase d  r isk  of developing  

p rem a tu re  a th e ro sc le ro s is .

(c) L ec ith in -ch o le ste ro l acy l tra n s fe ra s e

LCAT is sy n th es ised  in  h ep a to cy tes  (McLean e t al., 1986) and  

c irc u la te s  in  plasm a in  association  w ith  HDL (A lbers e t  al., 1981). 

C holesterol e s te r s  a re  g e n e ra te d  by  LCAT by  th e  t r a n s fe r  of a  fa tty  

acid , u su ally  lino leate, from th e  sn-2  position  of lec ith in  to  th e  3-6
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hydroxy l position  of ch o les te ro l to  p ro d u ce  e s te r if ie d  ch o les te ro l and  

lyso lecith in  (Glomset, 1968). The reac tio n  o ccu rs  in  two s tag e s , th e  

f i r s t  s tag e  being  th e  form ation of ly so lec ith in  and  acy la tion  of LCAT 

by a phospho lipase  Ag reac tio n  (Aron e t  al., 1978) followed by th e  

t r a n s fe r  of th e  acy l g ro u p  to  ch o les te ro l (Yokoyama e t al., 1980). The 

e s té rif ica tio n  reac tio n  p ro b ab ly  ta k e s  p lace on th e  su rfa ce  of HDL 

w here th e  reac tio n  is ac tiv a ted  by  apo A-1 (F ielding e t  al., 1972). 

LCAT can  be ac tiv a ted  by  sev e ra l o th e r  ap o lipop ro te in s inc lud ing  

apoA-IV, apoE and  apoC -I (S o u tar e t a l., 1975) a lth o u g h  c o -fa c to rs  

o th e r  th a n  apo A-1 a re  p ro b ab ly  only  of physio log ical im portance in 

d iso rd e rs  su ch  as T ang ier d isease  w hen apo A-1 levels in  plasm a a re  

red u ced  (Chen and  A lbers, 1985).

LCAT e n rich es  n a sc e n t d iscoidal and  small sp h erica l HDL p a rtic le s  

w ith ch o leste ro l e s te r ,  co n v e rtin g  th e se  p a rtic le s  in to  m ature 

sp h e rica l HDL (Norum e t al., 1975). Some of th e  ch o les te ro l e s te r  is 

re ta in ed  w ith in  th e  n o n -p o la r co res of HDL lead ing  to  th e  p ro d u c tio n  

of HDL p a rtic le s  w ith in c reas in g  size an d  d ecreasin g  d e n sity , while 

a  p ro p o rtio n  of ch o les te ro l e s te r  is  t r a n s fe r r e d  to  VLDL and 

chylom icrons by th e  action  of CETP.

LCAT may also ca ta ly se  th e  p a rtia l re v e rsa l  of th e  reac tio n  by 

acy la tin g  LD L-associated ly so lec ith in  to  p ro d u ce  lec ith in  an d  acy la ted  

enzym e (S ubbaiah , 1986), th e  acy l g ro u p  coming from an o th e r lec ith in  

molecule. The physio log ical sign ificance  of th is  p a r tia l re v e rsa l  of th e  

LCAT reac tio n  is u n c lea r as n e t p ro d u c tio n  of f re e  ch o leste ro l does 

no t o ccu r (Sorci-Thom as e t  al., 1990). However su ch  a  reac tio n  may 

have a  role in  com pleting th e  re p a ir  of oxidatively  dam aged LDL 

phospho lip id s a f te r  phospho lipase  A2 h as rem oved oxidized acyl 

ch ain s from phospho lip id s (P a r th a sa ra th y  and  B arn e tt, 1900).

43



1.5 Lipid t r a n s fe r  p ro te in s

T here  a re  a t  le a s t two p ro te in s  in  plasm a w hich t r a n s fe r  lip ids 

betw een lipop ro te in  p a rtic le s  (Morton and  Zilversm it, 1982; Tall e t al., 

1983a; H esler e t al., 1987).

(a) C holestero l e s te r  t r a n s fe r  p ro te in

CETP, also known as lip id  t r a n s fe r  p ro te in  I o r LTP-I, is  a 

g ly cop ro te in  w hich prom otes th e  t r a n s f e r  of ch o les te ro l e s te r s  from 

HDL to VLDL and  chylom icrons and  th e  rec ip ro ca l exchange of 

tr ig ly c e rid e  from tr ig ly c e r id e - r ic h  p a rtic le s  to  HDL (Marcel e t al.,

1980). CETP may add itionally  prom ote th e  exchange of ch o leste ro l 

e s te r s ,  w ith no n e t t r a n s fe r ,  betw een HDL and  LDL (Sniderm an e t al.,

1978). L ittle is  known ab o u t th e  s ite s  of sy n th e s is  of CETP a lthough  

c u ltu re d  hum an m onocy te-derived  m acrophages a p p ea r to  sy n th es ise  

and  sec re te  a  lipid t r a n s f e r  p ro te in  w ith  p ro p e r tie s  sim ilar to  CETP 

(Tollefson e t  al., 1985). CETP c irc u la te s  in assoc iation  w ith HDL, 

m ainly in  th e  HDL p a rtic le s  th a t  con ta in  apo A-1 b u t n o t apoA -II 

(C heung e t al., 1986), a lth o u g h  i t  is no t c lea r if CETP is  s e c re te d  in 

assoc iation  w ith  HDL o r  if f re e  CETP is  sec re ted .

(b) Lipid t r a n s fe r  p ro te in -I I

Lipid t r a n s fe r  p ro te in -I I  (LTP-II) t r a n s f e r s  p h o sp h atidy lcho line  from 

tr ig ly c e r id e - r ic h  lip o p ro te in s  to  HDL b u t is  unab le  to  prom ote th e  

t r a n s fe r  of ch o les te ro l e s te r s  (A lbers e t  al., 1984). LTP-II has been  

shown, u s in g  u ltra c e n tr ifu g a tio n , to  asso c ia te  in  plasm a w ith  small 

HDL p a rtic le s  w ith v e ry  h igh  d en s ity  (d en s ity  1.20-1.26 g/m l) (Tall 

e t  a l., 1983b). S tu d ies  of th e  assoc iation  of CETP and  LTP-II w ith 

lip o p ro te in  p a rtic le s  in  plasm a have been  d iff icu lt due to  th e  e ffec ts
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of p ro longed  u ltra c e n tr ifu g a tio n  w hich is known to  d is ru p t  

lip o p ro te in  p a rtic le s  (K unitake and  Kane, 1982) and  w hich re s u lts  in 

a t  le a s t some CETP an d  LTP-II be ing  reco v ered  in th e  lipop ro te in  

free  frac tio n  (P attna ik  e t al., 1979; Tall e t  a l., 1983b).

1.6 L ipopro tein  re c e p to rs

(a) The apoB.E (LDL) re c e p to r

The apoB,E o r LDL re c e p to r , a sso c ia tes  w ith  a  p ro te in  called c la th rin  

on th e  cell su rface  and  th e n  c lu s te rs  to g e th e r  to  form c la th rin  

coated  p its . The re c e p to rs  a re  qu ick ly  re - in te rn a lis e d  by  in v ag in a tio n  

of th e  coated  p it and  an y  bound  LDL is d isso c ia ted  from th e  re c e p to r  

befo re  th e  re c e p to r  itse lf  is recy cled  to  th e  cell su rface  (Brown and  

G oldstein, 1986). ApoB-100 from in te rn a lise d  LDL is d eg rad ed  to  amino 

acids. LD L-associated ch o leste ro l in te rn a lise d  by th is  mechanism 

s u p p re s s e s  th e  tra n s c r ip tio n  of 3 -h y d ro x y , 3 -m ethy l-g lu  ta r  yl 

coenzyme A (HMGCoA) re d u c ta se , th e  enzym e ca ta ly s in g  th e  ra te  

lim iting s tep  of endogenous ch o les te ro l sy n th e s is  (G oldstein and  

Brown, 1990). Secondly, i t  a c tiv a te s  acy l CoA -cholesterol acyl 

tra n s fe ra s e  w hich re -e s te r i f ie s  free  ch o les te ro l, enab ling  excess 

cho leste ro l to  be s to re d  w ith in  th e  cell as  ch o les te ro l e s te r  d ro p le ts  

(Goldstein e t al., 1974) an d  finally  in te rn a lis e d  ch o les te ro l red u ces  

re c e p to r  mRNA co n cen tra tio n s  causing  su p p re ss io n  of f u r th e r  apoB,E 

re c e p to r  sy n th e s is  (Brown and  G oldstein, 1975). D efects in  LDL 

re c e p to r  sy n th e s is , t r a n s p o r t ,  ligand  b ind ing  o r in te rn a lisa tio n  of th e  

receptor-L D L complex cause  in c reased  co n cen tra tio n s  of plasm a LDL 

which may accum ulate in connective  tis su e  and  scav en g er cells 

p ro d u c in g  xanthom as and  atherom as re sp ec tiv e ly .
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(b) The apoE (rem nant) re c e p to r

This re c e p to r  is sy n th es ised  and  ex p re ssed  on th e  su rfa ce  of hepatic  

parenchym al cells b u t un like th e  apoB,E re c e p to r  does n o t a p p ea r to  

be ex p re ssed  by  e x tra -h e p a tic  tis su e s . The re c e p to r  b in d s  

chylom icron rem n an ts , VLDL rem nan ts  an d  HDLl, all of w hich contain  

apoE. Binding of newly sec re te d  chylom icrons and  VLDL does no t 

o ccu r p ro b ab ly  because  th e  b ind ing  s ite s  on apoE a re  only  unm asked 

in th e  rem nan t p a rtic le s . Unlike th e  apoB,E re c e p to r , apoE re c e p to r  

sy n th e s is  is no t down re g u la ted  by in te rn a lisa tio n  of ch o les te ro l and  

th e re fo re  chylom icron rem n an ts  a re  in te rn a lise d  ir re sp e c tiv e  of th e  

size of th e  in tra c e llu la r  ch o les te ro l pool. The rem nan t re c e p to r  may 

acco u n t fo r th e  o b serv a tio n  th a t  apoE -con ta in ing  lip o p ro te in s  a re  

u su ally  no t e leva ted  in  in d iv id u a ls  w ith d efec tive  apoB,E re c e p to rs  

(Brown and  G oldstein, 1983; R ub inste in  e t  a l., 1990).

L ittle is known ab o u t th e  m olecular s t ru c tu re  of th e  apoE re c e p to r  

o r th e  gene con tro lling  its  sy n th es is . However a  re c e p to r , known as 

th e  L D L -receptor re la te d  p ro te in  (LRP), b in d s  chylom icron rem nan ts  

and  has close s t ru c tu ra l  and  biochem ical sim ilarities to  th e  LDL 

re c e p to r  b u t is  much la rg e r  th a n  th e  LDL re c e p to r  and  is th e  la rg e s t  

mem brane p ro te in  y e t id en tified  (Herz e t  a l., 1988). T here  is some 

ev idence  th a t  th e  LRP may be th e  rem n an t re c e p to r  a s  i t  b in d s  

ap o E -rich  lip o p ro te in s  (Kowal e t a l., 1989), u n d e rg o es  en docy tosis  

(Herz e t  a l., 1990) an d  is found  in  in tra c e llu la r  com partm ents 

asso c ia ted  w ith end o cy to sis  (Lund e t  al., 1989). S tu d ies  of th e  LRP 

in  f ib ro b la s ts , u s in g  B -m igrating VLDL co n sis tin g  of a  m ixture of 

chylom icron rem nan ts  and  VLDL rem n an ts  th a t  accum ulate in  th e  

plasm a of ch o leste ro l fed  ra b b its , s u g g e s ts  th a t  chylom icron rem nan t

like p a rtic le s  a re  tak en  up  only  a f te r  en rich m en t by apoE (Kowal e t
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al., 1989). The reaso n  w hy (3-VLDL m ust be en rich ed  w ith apoE before  

b ind ing  to  th e  LRP is unknow n b u t i t  may be due to  in h ib ition  of 

apoE b ind ing  by apoC -I and  apoC -II w hich can d isp lace a n d /o r  

complex apoE re n d e rin g  i t  in active  (W eisgraber e t  al., 1990).

LRP also a p p e a rs  to  a c t as  a  re c e p to r  fo r ag-m acroglobulin and  may 

have evolved  as a re c e p to r  fo r th is  p ro te in  r a th e r  th a n  fo r apoE 

(S trick lan d  e t al., 1990). C learly f u r th e r  w ork is re q u ire d  on th is  

re c e p to r  to  determ ine w h e th er o r n o t LRP a c ts  in vivo  as  a dual 

fu n c tio n  re c e p to r  fo r chylom icron rem n an ts  and  a^-m acroglobulin.

(c) The sca v e n g e r (acetv l LDL) re c e p to r

Native LDL is not tak en  up  to  any  g re a t e x ten t by  m acrophages in 

vitro  b u t if LDL is modified by  oxidation o r acé ty la tion , th e n  i t  is 

rap id ly  tak en  up  by  a  re c e p to r  term ed  th e  scav en g er o r acetyl-LDL 

recep to r . This re c e p to r  is no t down re g u la te d  as th e  in tra c e llu la r  

ch o leste ro l co n cen tra tio n  in c re a se s , so th a t  th e  m acrophages can 

accum ulate la rg e  am ounts of ch o les te ro l and  form foam cells. The 

p a th o g en es is  of atherom a is  d iscu ssed  la te r , b u t u p tak e  of modified 

LDL may be one of th e  m echanism s of a therom a form ation.

(d) G-VLDL re c e p to r

This re c e p to r , p re s e n t  on m acrophages, will b ind  and  in te rn a lise  B- 

VLDL (lipopro te in  p a rtic le s  w ith  d e n s ity  <1.006g/ml b u t w ith  B r a th e r  

th a n  pre-B  e lec tro p h o re tic  mobility) b u t as  in  th e  scav en g e r 

re c e p to r , is  no t down re g u la te d  as  th e  in tra c e llu la r  cho leste ro l 

co n cen tra tio n  in c rease s . In  Type III hyperlipopro teinaem ia, B-VLDL 

accum ulates in  th e  plasm a and  is ta k en  u p  by  m acrophages v ia  th is  

recep to r.
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(e) The p ro posed  HDL re c e p to r

HDL and  HDL3 bo th  stim ulate efflux of u n e s te r if ie d  ch o leste ro l from 

many ty p e s  of cells in  c u ltu re  in c lu d in g  fib ro b la s ts  (S tein  e t al,, 

1976; Daniels e t al., 1981; Oram e t al., 1981), a r te r ia l  smooth muscle 

cells (S tein  e t al., 1976) and  endo thelia l cells (Graham and  Oram

1987). The n a tu re  of th e  in te ra c tio n  betw een HDL and  th e  cell 

m em branes rem ains in  some doubt. Efflux of free  ch o les te ro l may no t 

n e ce ssa rily  re q u ire  a  specific  re c e p to r  fo r  HDL. O ther m echanism s by 

w hich HDL could be rem oved from cell m em branes inc lude  simple 

d eso rp tio n  of free  ch o les te ro l in to  th e  u n s t i r r e d  w ater la y e r from 

ch o le s te ro l-r ich  plasm a mem brane dom ains o r a lte rn a tiv e ly  collisions 

betw een accep to r molecules and  plasm a m em brane fre e  cho leste ro l 

w ith in  ch o les te ro l-p o o r plasm a mem brane domains could r e s u l t  in  n e t 

ch o les te ro l efflux from th e  cell (R othblat e t  al., 1992).

N ev erth eless  th e re  is some ev idence  w hich s u p p o rts  th e  ex istence  of 

a  HDL re c ep to r . A p ro te in  (MW 110,000) th a t  b in d s  HDL3 has been  

iso la ted  from a v a r ie ty  of cell ty p e s  (Graham and  Oram, 1987). This 

p ro posed  re c e p to r  fu lfils  some of th e  req u irem en ts  of a  HDL re c e p to r  

in  th a t  b ind ing  is specific  and  of h igh  a ff in ity  fo r  HDL3, th e  b ind ing  

ac tiv ity  is  In c reased  w hen cells a re  loaded w ith ch o les te ro l and  

try p s in  tre a tm e n t of cell m onolayers ab o lishes b ind ing  of HDL3. The 

b ind ing  of HDL to  th e  cell su rfa ce  re c e p to r  is re v e rs ib le  and  

end o cy to sis  does no t o ccu r in d ica tin g  th a t  e fflux  of ch o les te ro l from 

cells can occu r w ithou t in te rn a lisa tio n  of HDL3 (Oram e t al., 1987). 

F u r th e r  s tu d ie s  have shown th a t  th e  in te ra c tio n  of th e  re c e p to r  w ith 

HDL involves th e  b ind ing  of HDL apo A-1 to  th e  p ro p o sed  cell su rface  

re c e p to r  (S lotte  e t a l., 1987; Aviram e t  al., 1989).

However HDL will a ssoc ia te  w ith more th a n  one c lass  of b ind ing  s ite
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on f ib ro b la s t m em branes. The av e rag e  m olecular w eigh t (16,000) of 

th e se  s ite s  is much low er th an  th a t  of o th e r  c lassica l re c e p to r  

p ro te in s  (Mendel e t al., 1988b). O thers  have su g g es te d  th a t  b ind ing  

is m ediated by membrane lip id  and  is  d ire c tly  re la ted  to  th e  cellu lar 

ch o les te ro l co n ten t (Tabas an d  Tall, 1984; Mendel e t  a l., 1988a).

The two opposing  view s of th e  ex istence  of th e  HDL re c e p to r  could 

be som ewhat reconciled  by  th e  o b se rv a tio n s  th a t  tran s lo ca tio n  of 

ch o les te ro l to  th e  cell mem brane is an  e n e rg y  d ep en d an t mechanism 

(Kaplan and  Simoni, 1985) and  th a t  b ind ing  of HDL may ac tiv a te  

t r a n s p o r t  of ch o les te ro l from  in tra c e llu la r  com partm ents to  th e  cell 

su rface . The signal prom oting th e  in tra c e llu la r  tran s lo ca tio n  of 

ch o leste ro l is th o u g h t to  involve p ro te in  k inase  C (PKC) as  ac tiva tion  

of PKC by phorbo l e s te r s  s tim ulates tran s lo ca tio n  of in tra c e llu la r  

s te ro ls  and  ch o les te ro l efflux from ad ipose  cells (T h ere t e t  al., 1990), 

while sp h ingosine , a PKC in h ib ito r , b locks in tra c e llu la r  tran s lo ca tio n  

of s te ro l to  th e  plasm a mem brane b u t  h as no e ffec t on th e  efflux of 

plasm a mem brane ch o leste ro l (Mendez e t  al., 1991). In  th is  model, 

a f te r  b ind ing  by  apoA -I, th e  HDL p a rtic le  in te ra c ts  w ith  cell su rface  

re c e p to rs  s tim ulating  th e  tran s lo ca tio n  of u n e s te rif ie d  ch o les te ro l to 

th e  cell su rface  w here i t  is  p icked  up  by  p a rtic le s  sep a ra te  from 

th o se  w hich o rig inally  bound  to  th e  cell su rfa ce  re c e p to r  and 

involv ing  th e  lip id  com ponents of HDL r a th e r  th a n  the  

apo lipopro te ins. The ra te  lim iting s te p  would th e re fo re  be th e  

tr ig g e r in g  of in tra c e llu la r  s te ro l tran s lo ca tio n  by  means of a  PKC- 

d ep en d en t pathw ay.

E ssen tia lly , a  specific  re c e p to r  fo r HDL has no t y e t been  c lea rly  

id en tified  a lth o u g h  th e re  is in c reas in g  c ircu m stan tia l ev idence th a t  

a  re c e p to r  may exist.
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1.7 C oronary h e a r t  d isease

CHD is th e  commonest sing le  cause of d ea th  and  a  m ajor cause  of

m orbid ity  in  th e  U nited Kingdom (S h ap er e t  al., 1981). Clinical

fe a tu re s  of CHD, w hich a re  co n seq u en t to  th e  form ation of

a therom atous p laques and  th e  form ation of th rom bi on th e  su rface  of 

those  p laques, inc lude  ang ina, acu te  m yocardial in fa rc tio n , s tro k e  and  

su d d en  d ea th  (McGill, 1988).

(a) A therogenesis

A theroscle rosis  beg in s  in  ea rly  childhood w ith th e  form ation of fa tty  

s tre a k s  co n sis tin g  of lip id , p rin c ip a lly  ch o les te ro l and  cho leste ro l 

e s te r s ,  in  th e  intim a of medium and  la rg e  a r te r ie s . These fa t ty  

s tre a k s  may re g re s s ,  a t  le a s t in  anim als (Eggen a t  al., 1974), o r may 

p ro g re s s  to  form fib ro u s  p laques co n sis tin g  of a lip id  core

su rro u n d e d  by  cap su les  of smooth m uscle an d  connective  tis su e . 

Complicated lesions a re  fib ro u s  p laq u es  w ith  calcified , n ecro tic  co res  

th a t  con tinue  to grow u n til th e  a r te r ia l  lum en is  s ten o sed . U lceration 

and  haem orrhage in to  th e  p laque p re d isp o se s  to  th rom bus form ation 

on th e  su rface  of th e  p laque.

The in itia l e v en t lead ing  to  th e  form ation of f a t ty  s tre a k s  is  unknow n 

b u t may involve in ju ry  to  th e  endothelium  causing  in c reased  

perm eability  of th e  cells o r exposure  of th e  su b -en d o th e lia l su rface . 

In c re a se d  in f iltra tio n  of lip o p ro te in s  in to  th e  a r te r ia l  sub in tim a can  

o ccu r th ro u g h  th e se  s ite s  of in ju ry . L ipopro te ins a re  th e n  in g e s ted  

by  m onocytes form ing lip id - r ic h  m acrophages, also known as foam 

cells. Growth fa c to rs  sec re te d  by  m acrophages, endo thelia l cells o r 

p la te le ts  a sso c ia ted  w ith  an y  th rom bus a tta c h e d  to  th e  p laque, cause  

m igration and  p ro life ra tio n  of smooth m uscle cells and  collagen
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form ation w hich t r a p s  th e  foam cells. This cycle is p e rp e tu a te d  

leading  to  th e  form ation of f ib ro u s  p laq u es  and  com plicated lesions.

(b) Throm bogenesis

Form ation of th rom bus on an  a th e ro sc le ro tic  p laque may cause 

occlusion of co ro n a ry  a r te r ie s  re su ltin g  in  m yocardial in fa rc tio n  and 

su d d en  death . P la te le ts  a d h e re  to  f ib r in - r ic h  m ateria l in  th e  p laque 

re su ltin g  in  re lease  of adenosine  tr ip h o sp h a te  and  throm boxanes 

w hich cause  a g g reg a tio n  of p la te le ts . Throm bin and  f ib r in  form ed 

s tab ilise  th e  th rom bus and  prom ote f u r th e r  p la te le t a g g reg a tio n  

causing  th e  th rom bus to  in c rease  in  size. T hrom bus form ation is 

a ffec ted  by many blood com ponents inc lud ing  th e  coagulation  fa c to rs , 

fib rin o ly tic  a c tiv ity  and  p la te le t ag g reg a tio n .

(c) Risk fa c to rs

A num ber of fa c to rs , te rm ed  r is k  asso c ia tio n s  o r r isk  fa c to rs , a re  

asso c ia ted  w ith CHD. Much of th e  c o n tro v e rsy  ab o u t CHD has 

c e n tre d  on th e  re la tiv e  im portance of each  in d iv id u a l r is k  fac to r and  

th e  m echanism s th ro u g h  w hich th o se  fa c to rs  o p e ra te . The iden tified  

risk  fa c to rs  fo r co ro n a ry  h e a r t  d isease  may be more involved  in  th e  

p ro g re ss io n  of fa t ty  s tre a k s  to  fib ro u s  p laq u es  and  com plicated 

lesions th a n  in  in itia tin g  th e  intim ai deposition  of lip id  (Solberg  and 

S tro n g , 1983). One s u rv e y  re p o r te d  246 su g g es te d  co ro n a ry  r is k  

fa c to rs  which inc luded  serum  lip o p ro te in s , blood p re s s u re , c ig a re tte  

sm oking, family h is to ry , age, g e n d e r, d ie t and  p h y sica l a c tiv ity  

(Hopkins and  Williams, 1981).
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(i) Serum  lip o p ro te in s

The ev idence  th a t  lip o p ro te in s  a re  r is k  fa c to rs  fo r th e  developm ent 

of CHD is d e riv ed  from a  num ber of so u rces  in c lud ing  human 

epidem iology, animal experim entation , ce llu lar biology, clinical 

o b se rv a tio n s  and  in te rv e n tio n  tr ia ls . Epidemiological ev idence 

accum ulated  so fa r  is  mainly based  on m easurem ents of serum  to ta l 

ch o leste ro l, tr ig ly c e r id e s  and  h igh  d e n s ity  lip o p ro te in  cho leste ro l, 

a lth o u g h  th e  exact ce llu la r and  m olecular p ro cesses  by  w hich th e se  

lip o p ro te in s  a re  linked  to  a th e ro g en e s is  is  u n c lea r. C oncern has been  

ex p re ssed  ab o u t th e  wisdom of low ering serum  ch o leste ro l 

co n cen tra tio n s  because  of th e  assoc ia tion  betw een low blood 

ch o leste ro l and  n o n -ca rd io v ascu la r d e a th s  due to  a  v a r ie ty  of cau ses  

su ch  as lung  can cer, o th e r  non-colon c an c e rs  and  d ig estiv e  d isease  

(Hulley e t al., 1992)

(ii) Blood p re s s u re

H ypertension  has been  shown to be asso c ia ted  w ith acce le ra ted  

p ro g re ss io n  of a th e ro sc le ro s is  (Solberg an d  S tro n g , 1983), possib ly  

due to  th e  d ire c t e ffec t of in c reased  p re s s u re  on th e  a r te r ia l  wall. 

While low ering blood p re s s u re  by  v a rio u s  a n ti-h y p e r te n s iv e  d ru g s  

has re d u c ed  th e  inc idence  of s tro k e s , th e re  has been  le ss  im pact on 

c o ro n a ry  m orb id ity  (Collins e t  al., 1990).

(iii) C igare tte  smoking

C igare tte  sm oking in c re a se s  r is k  of CHD, c e re b ro v a sc u la r  d isease, 

p e r ip h e ra l v a sc u la r  d isease  an d  ao rtic  an eu ry sm s (Doll e t  al., 1990). 

A lthough th e  p rec ise  m echanism s th ro u g h  w hich sm oking a ffec ts  th e  

c a rd io v asc u la r and  haem ostatic  system  a re  no t c lea r, th e  in c reased
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fib rin o g en  co n cen tra tio n  o b se rv ed  in  sm okers (Ogston e t al., 1970; 

Meade e t al,, 1987) is likely  to  be one of th e  m ajor m echanism s 

th ro u g h  w hich sm oking m ediates i ts  harm ful e ffec ts  on th e  

ca rd io v ascu la r system  (Bain, 1992).

(iv) Family h is to ry

A family h is to ry  of p rem a tu re  CHD may be ex p re ssed  th ro u g h  genetic  

d e fec ts  su ch  as familial hypercho leste ro laem ia  o r may be due to 

in te ra c tio n  of m ultiple genetic  and  env ironm enta l r isk  fa c to rs  as in 

Type III hyperlipopro teinaem ia.

(v) Age, g e n d e r and  e th n ic  b ack g ro u n d

The inc idence  of CHD in c re a se s  w ith age in  bo th  sexes an d  men a re

a t  g re a te r  r is k  of developing  CHD th a n  p re -m en o p au sa l women 

a lth o u g h  th e  inc idence  of CHD in  p o st-m enopausa l women is  equal to 

o r  g re a te r  th a n  th a t  of men (S h ap er e t  a l., 1985). The inc idence  of 

CHD v a rie s  betw een na tiv e  popu la tions a lth o u g h  th e  inc idence  r is e s  

in  m ig ran ts  who move from na tio n s  w ith  a  low incidence  to  na tions

w ith  a  h igh  inc idence  of CHD (Marmot e t  a l., 1975).

(vi) Diet

High in tak es  of s a tu ra te d  fa t a re  a sso c ia ted  w ith  in c reased  inc idence  

of CHD (Keys, 1975), p ro b ab ly  due to  in c re a se d  serum  ch o les te ro l and  

com positional ch an g es  in d u ced  ih  lip o p ro te in  p a rtic le s . However, a  

rev iew  of th e  long term  efficacy  of d ie ts  in  low ering serum  

ch o les te ro l re p o r te d  th a t  th e  re sp o n se  to  th e  s tep  1 d ie t (to ta l fa t 

le ss  th a n  30% of to ta l calo ries, p o ly u n sa tu ra te d  fa t:s a tu ra te d  fa t  ra tio  

of 1 and  ch o leste ro l le ss  th a n  SOOmg daily) was clin ically  in s ig n ific an t
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in  th e  m anagem ent of a d u lts  w ith serum  ch o les te ro l co n cen tra tio n s  

g re a te r  th a n  6.5mmol/L (Ramsey e t al., 1991),

M oderate alcohol in ta k e s  p ro b ab ly  p ro te c t  a g a in s t CHD (Marmot e t al.,

1981) p o ssib ly  by  d ila ting  co ro n a ry  a r te r ie s  a n d /o r  in c reas in g  HDL 

ch o les te ro l (B elfrage e t al., 1977) a lth o u g h  ch ron ic  alcohol ab u se  is 

a  common cause of hyperlip idaem ia.

(vii) P hysical a c tiv ity

R egular aerob ic  exercise  seem s to  p ro te c t  a g a in s t CHD. The ev idence 

and  m echanism s fo r th e  p ro te c tiv e  e ffe c t of exercise  a re  review ed 

la te r.

1.8 Possible p ro te c tiv e  m echanism s m ediated by  lip o p ro te in s  

The clin ical im plications and  some of th e  ev idence  from 

epidem iological s tu d ie s  th a t  has  shown th a t  serum  HDL ch o leste ro l 

co n cen tra tio n s  a re  in v e rse ly  co rre la ted  w ith  th e  r isk  of CHD, have 

re c en tly  been  rev iew ed  (Gordon and  Rif k ind , 1989; G ordon e t al.,

1989). O verall, an  in c rease  in  HDL ch o les te ro l of 0.03mmol/L was 

asso c ia ted  w ith a  d ecrease  of 1% in  CHD risk . F u rth erm o re , while 

p ro g re ss io n  of a th e ro sc le ro s is  may be a sso c ia ted  w ith  h ig h  serum  

co n cen tra tio n s  of LDL cho les te ro l, Lp(a) and  o th e r  a th e ro g en ic  

lip o p ro te in s , re g re ss io n  of a th e ro sc le ro s is  o r  p ro tec tio n  ag a in s t 

fu r th e r  p ro g ress io n , is  asso c ia ted  w ith h ig h  serum  HDL cho leste ro l 

co n cen tra tio n s  (B arth  and  A rn tzen iu s, 1991). T here  a re  a t  le a s t two 

p ro posed  m echanism s by  w hich HDL, o r a  su b fra c tio n  of HDL, may 

p ro te c t a g a in s t CHD. One mechanism invo lves ra p id  in te rc o n v e rs io n  

and  recy c lin g  of HDL b u t th e re  a re  o th e r  m echanism s invo lv ing  HDL 

w hich may no t re q u ire  ra p id  cycling  betw een su b frac tio n s .
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(a) High d en sity  lip o p ro te in

The most a ttra c t iv e  of th e  ra p id  recy c lin g  h y p o th ese s  is th e  p ro cess , 

called re v e rse  ch o les te ro l t r a n s p o r t ,  by  w hich ch o les te ro l is rem oved 

from p e rip h e ra l cells and  re tu rn e d  to  th e  liv e r (Glomset, 1968). 

U n este rified  ch o leste ro l, p icked  up  by HDL from cell m em branes is 

re -e s te r if ie d  by  LCAT. Some of th e  ch o les te ro l e s te r  so p ro d u ced  is 

re ta in ed  w ith in  th e  co re  of th e  HDL p a rtic le  and  some is t ra n s fe r re d , 

by CETP, in to  th e  co re  of o th e r  lip o p ro te in s , u su ally  VLDL. 

C holestero l rem oved from  cells th e re fo re  can  be tra n s p o r te d  back  to 

th e  liv e r e ith e r  d ire c tly  in  association  w ith  HDL o r by  t r a n s fe r  to 

o th e r  lip o p ro te in s  w hich may be ev en tu a lly  ta k en  up  by  th e  liv e r. 

An a lte rn a tiv e  mechanism, again  invo lv ing  in te rc o n v e rs io n  of HDL 

su b fra c tio n s  and  known as  th e  rem n an t h y p o th esis , s ta te s  th a t  HDL 

a c ts  as a  m arker fo r th e  ra te  of lipo lysis of tr ig ly c e r id e - r ic h  

lip o p ro te in s  b u t does no t itse lf  p ro te c t  a g a in s t CHD. Im paired 

lipo lysis  of t r ig ly c e r id e -r ic h  lip o p ro te in s  would lead to  accum ulation 

of a th e ro g en ic  rem nan t p a rtic le s  and  low levels  of HDL as  re lease  of 

su rfa ce  com ponents norm ally acq u ired  by  HDL is im paired (Zilversm it,

1979). Evidence from clin ical s tu d ie s  su p p o r ts  th is  h y p o th e sis  as it 

has been  shown th a t  th e re  is  a  c u rv ilin e a r  in v e rse  re la tio n sh ip  

betw een HDL ch o les te ro l an d  VLDL tr ig ly c e r id e  (Phillips e t  al., 1981). 

Lipid t r a n s fe r  p ro te in s  t r a n s f e r  ch o les te ro l from  HDL to  VLDL and 

would be im portan t in  b o th  th e  re v e rse  ch o les te ro l t r a n s p o r t  

h y p o th esis  and  th e  rem n an t p a rtic le  h y p o th esis . In  re v e rse  

ch o les te ro l tr a n s p o r t ,  LTPs p ro v id e  a  m echanism to  tr a n s fe r  

ch o les te ro l to  p a rtic le s  w hich will be u ltim ately  ta k en  up  by  th e  liv e r 

b u t in th e  rem n an t p a rtic le  h y p o th esis  LTPs p ro v id e  a  m echanism to 

t r a n s fe r  ch o les te ro l in to  a th e ro g en ic  rem nan ts.
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o th e r  m echanism s, no t n ecessa rily  re q u ir in g  ra p id  recy c lin g  betw een 

HDL su b fra c tio n s  b u t w hich may p ro te c t a g a in s t CHD, inc lude  

com petition by HDL fo r n o n -re c e p to r  m ediated LDL u p tak e , p ro tec tio n  

of LDL from oxidation (P a ra th a sa ra th y  e t  al., 1990) and  ag g reg a tio n  

(Khoo e t al., 1990) o r p re v e n tio n  of th rom bi form ation on 

a therom atous p laques by HDL s tab ilisa tio n  of p ro s tacy c lin  in th e  

v esse l walls (Yui e t al., 1988).

Any o r all of th e se  m echanism s may be im p o rtan t in  p ro te c tin g  

a g a in s t c a rd io v ascu la r d isease. Clinical o b se rv a tio n s  in  c e r ta in  

d iseases  which a re  asso c ia ted  w ith a lte re d  levels of HDL s u g g e s t th a t  

tu rn o v e r  r a th e r  th a n  th e  abso lu te  level of HDL is im portan t. For 

example in T ang ier d isease, when HDL is v e ry  low, p ro b ab ly  due to  

ra p id  tu rn o v e r  and  catabolism  ra th e r  th a n  due to  re d u c ed  sy n th es is  

of HDL, th e  r is k  of co ro n a ry  h e a r t  d isease  is  only  s lig h tly  in c reased  

while in cond itions w ith  low HDL due to  defec tive  sy n th e s is  of HDL 

su ch  as familial hypoalphalipopro teinaem ia, th e re  is a  m arked in c rease  

in  th e  r is k  of co ro n a ry  h e a r t  d isease.

A lthough th e  re v e rs e  ch o leste ro l t r a n s p o r t  h y p o th esis  and  th e  

rem n an t p a rtic le  th e o ry  a re  bo th  a ttra c t iv e , i t  is  s till u n c lea r how 

HDL ex e rts  th e  p ro te c tiv e  e ffe c t shown in  epidem iological s tu d ie s  and  

th e  ev idence su p p o rtin g  th e se  h y p o th e se s  is s till m ostly 

c ircum stan tia l.

(b) L ipopro te ins con tain ing  apoA-I b u t n o t anoA -II 

Removal of ch o les te ro l from cells is  th e  f i r s t  s tep  in  an y  p roposed  

m echanism of re v e rs e  ch o les te ro l t r a n s p o r t  and  th e re  have been  

in ten s iv e  in v es tig a tio n s  to  d isco v er th e  p a rtic le s  th a t  a re  th e  most 

e ffic ien t a ccep to rs  of cho leste ro l. One can d id a te  fo r th e  accep to r
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p a rtic le  is LpAI. T here  a re  a t le a s t two su b -p o p u la tio n s  of HDL w hich 

contain  apoA -I, LpAI an d  LpAI:AII (N orfeldt e t  al., 1981; C heung and  

A lbers, 1982; N estru k  e t al., 1983). N either LpAI o r LpAI: All 

co rre sp o n d  exactly  to  HDL su b tra c tio n s  c lassified  by  d e n sity , as HDL3 

and  HDL2 w hen sep a ra te d  by  d en s ity  floa ta tion  con tain  a  m ixture of 

bo th  LpAI and  LpAIiAII (Cheung and  A lbers, 1982), a lth o u g h  

sim ilarities ex ist betw een LpAI and  HDL2 in th a t  bo th  have re la tiv e ly  

low p ro te in  co n ten t and  re la tiv e ly  h igh  to ta l ch o leste ro l co n ten t 

(Kilsdonk e t al., 1990). Molar ra tio s  ra n g in g  from  1.4 to  1.6 fo r th e  

ra tio  of apoA-I to  apoA -II have been  re p o rte d  in  LpAI:AII p a rtic le s  

(Ohta e t al., 1988; Jam es e t al., 1988; K ilsdonk e t  al., 1990), w ith LpAI 

p a rtic le s  re p o rte d  to  con tain  from 2 to  8 m olecules of apoA-I (Nichols 

e t al 1985; C heung e t al., 1987; Kilsdonk e t al., 1990).

The two p a rtic le s  a re  a ffec ted  d iffe ren tly  by alcohol (Puchois e t al.,

1990) and  by  lip id  low ering d ru g s , n ico tin ic  acid  in c reas in g  LpAI and 

d ecreasin g  LpAIiAII while p robuco l d e c rea se s  LpAI b u t h as  no e ffec t 

on LpAIiAII (Atmeh e t al., 1983). A pproxim ately 80% of plasm a CETP 

and  70% of plasm a LCAT is asso c ia ted  w ith LpAI p a rtic le s  (Cheung e t 

al., 1985) an d  k inetic  s tu d ie s  in d ica te  th a t  LpAI an d  LpAIrAII 

p ro b ab ly  have  d iffe re n t metabolic ro les  (R ader e t al., 1991).

LpAI b u t no t LpAIrAII p a rtic le s  have been  re p o r te d  to  prom ote 

ch o les te ro l efflux from c h o les te ro l-e n ric h e d  OB 1771 mouse ad ipose 

cells (B arb aras  e t al., 1987). Clinical ev idence  has shown th a t  male 

su b je c ts  w ith ang io g rap h ica lly  defined  CHD have lower levels  of LpAI 

p a rtic le s  w hen com pared w ith in d iv id u a ls  who do no t have CHD while 

th e  co n cen tra tio n s  of LpAIrAII p a rtic le s  a re  sim ilar betw een  th e  two 

g ro u p s  (Puchois e t a l., 1987). This clin ical ev idence  along w ith in 

vitro  s tu d ie s  of LpAI p a rtic le s  and  apoA -I have led to th e  p roposal
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th a t  apoA -I is an  a g o n is t and  apoA -II an  an tag o n is t of ch o leste ro l 

efflux (B arbaras e t al., 1990).

Within th is  g roup  of apoA-I only con tain ing  p a rtic le s , th e re  is a  

su b se t of HDL p a rtic le s  w hich con tain  apoA-I b u t no t apoA -II and  

have p re -b e ta  r a th e r  th a t  a lp h a  e lec tro p h o re tic  m obility (K unitake e t 

al., 1985). This su b se t of p a rtic le s  may be im p o rtan t in  prom oting 

ch o les te ro l efflux from cells a s  th e se  p a rtic le s , w hich a re  en rich ed  

in  bo th  phospholip id  and  p ro te in  b u t re la tiv e ly  d ep le ted  in 

cho leste ro l, have been  shown to  be th e  p rim ary  ch o les te ro l a ccep to rs  

from fib ro b la s ts  in c u ltu re  (C astro  an d  F ielding, 1988). These 

p a rtic le s  may have th e  p o s tu la ted  h in g ed  domain of apoA -I in  th e  

"open" position  (S eg re s t e t a l., 1992), enab ling  th is  ex tended  h inged 

reg ion  to  in te ra c t w ith plasm a m em branes (R othblat e t al., 1992). P re -  

B HDL and a-HDL p ro b ab ly  u n d e rg o  in te rc o n v e rs io n  and  HDL p a rtic le  

size is re g u la ted  by  lip o p ro te in  p ro c e ss in g  enzym es an d  t r a n s fe r  

p ro te in s  inc lud ing  LPL, HL, LCAT and  CETP (K unitake e t al., 1992).

1.9 L ipids and  ap o lipop ro te in s as  d isc rim in a to rs  fo r 

a th e ro sc le ro s is

Serum  ch o les te ro l is  now g en era lly  accep ted  as  a  r is k  fa c to r fo r CHD, 

a lth o u g h  serum  ch o les te ro l co n cen tra tio n s  a re  re la tiv e ly  poor a t  

d iscrim ina ting  betw een th o se  in d iv id u a ls  who will develop p rem atu re  

CHD and  th o se  who a re  un like ly  to  develop p rem a tu re  CHD. The 

d is tr ib u tio n s  of serum  ch o les te ro l c o n cen tra tio n s  in men in  th e  

Fram ingham  S tu d y  shows co n sid erab le  o v e rlap  betw een those  

in d iv id u a ls  who develop CHD and  in  th o se  who do no t (Kannel e t al., 

1964).

While i t  is  c lea rly  v e ry  im p o rtan t to  be ab le to  id e n tify  those
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p a tie n ts  who a re  a t  h igh  r is k  of developing  p rem a tu re  CHD, th is  

o v erlap  of d is tr ib u tio n s  and  th e  poor p re d ic tiv e  value of serum  

ch o les te ro l co n cen tra tio n s  even  a t  h ig h  va lu es , means th a t  i t  canno t 

be p re d ic ted  u sin g  serum  ch o les te ro l co n cen tra tio n s  alone w hich 

in d iv id u a ls  will develop CHD and  th o se  who will not. O ther lipid r isk  

fa c to rs  su ch  as LDL ch o les te ro l and  HDL ch o les te ro l have been  found 

to be only s lig h tly  b e t te r  d iscrim ina to rs  th a n  to ta l ch o les te ro l (Wilson 

e t al., 1980). O ther r is k  fa c to rs  su ch  as apoA-I (Maciejko e t  al., 

1983), apoB (Sniderm an e t al., 1980; D u rrin g to n  e t al., 1986) o r both  

apoA-I an d  apoB (Avogaro e t al., 1979) and  Lp(a) (Dahlen e t al., 1986; 

Seed e t al., 1990; W iklund e t al., 1990) have been  p ro p o sed  as 

d iscrim ina to rs  of CHD risk .

Some in d iv id u a ls  may develop p rem a tu re  CHD w ithou t any  obvious 

involvem ent of th e  m ajor r is k  fa c to rs . A re g is te r  of fam ilies w ith 

p rem a tu re  co ro n ary  h e a r t  d isease  and  w ithou t p e rce iv ed  r is k  fa c to rs  

was th e re fo re  e s tab lish ed  to  fac ilita te  iden tifica tio n  of r is k  fa c to rs  

and  to  p rov ide  a  s to re  of genetic  m ateria l fo r  s tu d y  w ith  ex isting  

p ro b es  and  so th a t  an y  fu r th e r  ad v an ces  in  genetic  an a ly s is  could 

be app lied  re tro sp e c tiv e ly . F u rth erm o re , in  th o se  p a tie n ts  w ith 

p rem a tu re  co ro n a ry  h e a r t  d isease, i t  is  im p o rtan t to  in v e s tig a te  

w hich lip o p ro te in  p a rtic le s  a re  th e  b e s t  d isc rim ina to rs  of CHD risk . 

Most s tu d ie s  have m easured  to ta l apoA -I r a th e r  th a n  selec tive ly  

m easuring  th o se  p a rtic le s  w hich con tain  apoA -I b u t no t apoA-II. 

Sim ilarly s tu d ie s  of HDL su b fra c tio n s  have  c lassified  HDL by d en sity  

r a th e r  th a n  apo lipopro te in  co n ten t. As LpAI p a rtic le s  may be th e  

a n ti-a th e ro g en ic  frac tio n  of HDL, i t  is  im p o rtan t to  determ ine if 

ind iv id u a ls  w ith p rem a tu re  CHD have re d u c ed  serum  LpAI 

co n cen tra tio n s . M iddle-aged jnen w ith  e a r ly  o n se t CHD w ere selec ted
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from th e  co ro n a ry  h e a r t  d isease  re g is te r . More detailed  lipop ro te in  

s tu d ie s  w ere u n d e rta k e n  to  examine if an y  ch an g es  in  to ta l apoA-I 

a re  accom panied by sim ilar ch an g es  in LpAI and  to  determ ine if LpAI 

is a  b e t te r  d iscrim inato r of CHD th a n  to ta l apoA -I o r HDL cholestero l. 

A s tu d y  of m idd le-aged  men a f te r  m yocardial in fa rc tio n  re p o r te d  th a t  

Lp(a) co n cen tra tio n s  w ere as  good as  family h is to ry  a t d iscrim inating  

betw een p a tie n ts  and  co n tro ls  (D u rrin g to n  e t  al., 1988) and  o th e rs  

have re p o r te d  th a t  plasm a Lp(a) levels above 30m g/dl a re  assoc ia ted  

w ith a  two fold in c rease  in th e  r is k  of p rem atu re  CHD (Hoefler e t al.,

1988). F u rth erm o re  in  in d iv id u a ls  w ith  familial hypercho lestero laem ia  

(FH) and  in c reased  LDL ch o les te ro l levels, Lp(a) was th e  b e s t 

p re d ic to r  of ang io g rap h ica lly  docum ented CHD (Seed e t  al., 1990). 

These re s u lts  w ere su p p o rte d  by  a  a n o th e r  s tu d y  of FH p a tie n ts  

(Wiklund e t al., 1990), a lth o u g h  o th e rs  have shown th a t  Lp(a) 

c o n cen tra tio n s  w ere no t s ig n ifican tly  h ig h e r  in  those  w ith  FH and 

CHD com pared w ith th o se  w ith  FH b u t  w ithou t CHD (Mbewu e t al.,

1991). Lp(a) co n cen tra tio n s  will also be m easured  in th e  p re s e n t  

s tu d y  to determ ine if co n cen tra tio n s  a re  ra ise d  in  in d iv id u a ls  w ith 

p rem a tu re  CHD and  to  determ ine if d iscrim ination  betw een th o se  w ith 

CHD and  th o se  w ithou t can  be im proved by  m easuring  Lp(a) in  

ad d itio n  to  apoA-I and  LpAI.

1.10 The e ffe c ts  of exerc ise  on serum  lip id s , lip o p ro te in s  and  

lip o p ro te in  p ro ce ss in g  enzym es 

In  view of th e  association  of serUm lip o p ro te in  co n cen tra tio n s  and  

CHD r isk , many s tu d ie s  have been  u n d e r ta k e n  to  modify lipop ro tein  

p ro files  u s in g  p ro c e d u re s , su ch  as exerc ise , w hich a re  accep tab le  to 

th e  g en era l population .
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(a) L ipopro teins

A num ber of c ro ss  sec tional s tu d ie s  have shown th a t  ind iv id u a ls  who 

re g u la r ly  p a rtic ip a te  in p h y sica l a c tiv ity  su ch  as ru n n in g , sk i-in g  o r 

ten n is  have h ig h e r serum  HDL ch o les te ro l co n cen tra tio n s  w hen 

com pared w ith in active  co n tro l g ro u p s  (Wood e t  al., 1977; L ehtonen 

and  V iikari, 1978; Vodak e t al., 1980), even  w hen fa c to rs  su ch  as 

d iffe ren ces  in d ie t betw een a th le te s  and  in active  co n tro ls  a re  tak en  

in to  accoun t (H artung e t al., 1980). Physical a c tiv ity  may th e re fo re  

be an  e ffec tive  and  physio logical m ethod of in c reas in g  serum  HDL 

ch o les te ro l co n cen tra tio n s . However most lo n g itu d in a l s tu d ie s  

co n d u cted  usin g  re la tiv e ly  in active  b u t h ea lth y  in d iv id u a ls  have been 

re la tiv e ly  b rie f  and  have been  te rm in a ted  a f te r  two to  fo u r m onths 

(H uttunen  e t al., 1979; S tu b b e  e t  al., 1983; Sopko e t al., 1985; Raz e t 

al., 1988) w ith one s h o r t  term  s tu d y  la s tin g  le ss  th a n  th re e  w eeks 

(D espres e t al., 1988).

In  ad d ition  to  th e  problem s of th e  d iffe ren ces  in  d u ra tio n  of th e  

s tu d ie s , th e re  may be a  th re sh o ld  limit fo r exercise  w hich m ust be 

exceeded before  any  beneficia l e ffe c ts  on plasm a lip o p ro te in s  a re  

o b se rv ed . A y e a r long s tu d y  re p o rte d  a  s tro n g  co rre la tio n  betw een 

HDL ch o les te ro l and  th e  av erag e  d is tan ce  ru n  p e r  w eek, once a  

d is tan ce  th re sh o ld  of 8 miles p e r  week was exceeded (Wood e t al., 

1983). This implies th a t  i t  m ight be possib le  to  o b se rv e  a  re la tio n sh ip  

betw een f itn e s s  and  serum  HDL ch o les te ro l co n cen tra tio n . However 

ind ices of p h y sica l f itn e s s  su ch  as maximum oxygen u p tak e  (VOg max), 

do no t a p p ea r to  be c o rre la ted  w ith HDL ch o les te ro l (Brownell e t  al., 

1982; Haskell, 1986), p o ssib ly  because  VO2 max is la rg e ly  genetica lly  

p re -d e te rm in e d  (K lissouras e t  al., 1973) an d  while i t  does in c rease  

som ewhat w ith in c re ase d  p h y sica l a c tiv ity , i t  does no t fu lly  re fle c t
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im provem ents in  stam ina and  en d u ran ce . However while some s tu d ie s  

u sing  in ten se  p h y sica l exercise , w hich would be expected  to  p roduce  

th e  most b en efit in te rm s of in c reased  stam ina an d  en d u ran ce , serum  

HDL cho leste ro l has in c reased  (Thompson e t al., 1988), o th e r  s tu d ie s  

u s in g  com parable exercise  ro u tin e s  have been  unab le  to  dem onstrate  

any  in c rease  in  HDL ch o leste ro l (S tu b b e  e t al., 1983; F indlay  e t al., 

1987) and  co n v erse ly  th o se  u sin g  le ss  in te n se  exerc ise  reg im es have 

been  able to  dem onstra te  fav o u rab le  ch an g es  in  serum  HDL 

ch o les te ro l co n cen tra tio n s  (Sopko e t  al., 1985; B aker e t  al., 1986). 

Quite c lea rly  th e re  is some d o ub t ab o u t th e  in te n s ity  of exercise  and  

th e  d u ra tio n  of th e  exercise  p rogram  th a t  is re q u ire d  to  p ro duce  

fav o u rab le  ch an g es  in  lip o p ro te in  p ro files . A s tu d y  of long term , low 

in te n s ity  exercise  showed th a t  i t  was asso c ia ted  w ith  im proved 

lo n g ev ity  and  red u ced  r is k  of d ea th  due to  ca rd io v ascu la r o r 

re s p ira to ry  cau ses  (P a ffen b a rg e r e t  a l., 1986). A nother s tu d y  

re p o r te d  th a t  th e re  was a  re la tio n sh ip  betw een miles w alked p e r  day 

by  po sta l w o rk e rs  and  serum  HDL2 ch o les te ro l co n cen tra tio n s  (Cook 

e t al., 1986). These s tu d ie s  ind ica te  th a t  f r e q u e n t low in te n s ity  

ex erc ise  may have fav o u rab le  e ffe c ts  bo th  in  in c reas in g  life 

expec tancy  and  in m odifying serum  lip o p ro te in  p ro files.

Many p rev io u s ly  in ac tiv e  people fin d  h ig h  in te n s ity  exercise  

p rog ram s d ifficu lt to  a d h e re  to  and  a re  more likely  to  su s ta in  

in ju r ie s  th a n  in  low in te n s ity  p rog ram s (rev iew ed by  M artin and  

D udert, 1982), i t  th e re fo re  seems reaso n ab le  to  s tu d y  th e  e ffec ts  of 

f r e q u e n t low in te n s ity  exercise , su ch  a s  b r isk  w alking, on serum  

lip o p ro te in  co n cen tra tio n s . In  de term in ing  th e  am ount of exercise  

needed  to  p rovoke ch an g es  in  serum  lip o p ro te in  co n cen tra tio n s , th re e  

s tu d ie s  w ere tak en  in to  accoun t. A s tu d y  of H arvard  alum ni re p o rte d
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th a t  men expending  more th a n  8.4 MJ p e r  week on low in te n s ity  

exercise  had a low er inc idence  of c o ro n a ry  a r te ry  d isease  w hen 

com pared w ith  le ss  ac tiv e  in d iv id u a ls  (P a ffen b a rg e r e t al., 1978) and  

a second s tu d y  showed th a t  men w alking more th a n  9 miles p e r  

week had a 21% lower r is k  of d ea th  from  all cau ses  th a n  th o se  who 

w alked less  th a n  3 miles p e r  week (P a ffen b a rg e r e t a l., 1986). Using 

th e  approxim ation th a t  in d iv id u a ls  expend 420 KJ of e n e rg y  p e r  mile 

d u rin g  b r isk  w alking, an  in d iv idua l would need  to  walk approxim ately  

20 miles p e r  week to  expend 8.4 MJ of en erg y . Finally  i t  has been  

su g g es te d  th a t  an  exercise  p rogram  lead ing  to  an  in c rease  in 

e n e rg y  ex p en d itu re  in  excess of 5 MJ p e r  week will p rovoke 

in c re a se s  in  serum  HDL ch o leste ro l co n cen tra tio n s  in  p rev io u s ly  

s e d e n ta ry  in d iv id u a ls  (Haskell, 1986). Taking th e  fin d in g s  of th e se  

s tu d ie s  to g e th e r , i t  m ight be expected  th a t  some b en efit in  te rm s of 

ca rd io v ascu la r r is k  and  fav o u rab le  ch an g es  in  serum  lipop ro te in  

p ro files  m ight be expected  in  ind iv id u a ls  w alking betw een 9 and  20 

miles p e r  week.

Most s tu d ie s  of exerc ise  tra in in g  have been  concluded  a f te r  w eeks 

o r m onths and  all th e  lo n g e r term  tr ia ls  have invo lved  h igh  in te n s ity  

exerc ise  (Wood e t al., 1983; Wood e t  a l., 1988; Thom pson e t  al., 1988). 

I t  th e re fo re  seems ju s tif ie d  to  ev a lu a te  th e  p o ten tia l of socially 

accep tab le , m oderate exerc ise  to  modify serum  lip o p ro te in  p ro files  as 

it  is  more likely  th a t  in d iv id u a ls  will con tinue  w ith  a  m oderate 

exercise  jprograms th a t  may acc ru e  long term  b en e fits  in  te rm s of 

CHD risk . Serum  Lp(a) co n cen tra tio n s  will also  be m easured  as  no 

s tu d ie s  so fa r  have examined th e  e ffe c t of exercise  on th is  

lip o p ro te in  p a rtic le . A lthough serum  Lp(a) co n cen tra tio n s  a re  la rg e ly  

genetica lly  determ ined  and  cpmmonly u sed  lip id  low ering (iru g s  and
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d ie ts  have no t p ro d u ced  su b s ta n tia l ch an g es  in  Lp(a) co n cen tra tio n s , 

i t  is im portan t to  determ ine if exerc ise  can  modify serum  Lp(a) 

co n cen tra tio n s .

(b) A polipoproteins

Most s tu d ie s  have re p o rte d  th e  e ffe c ts  of exercise  on lip o p ro te in s  

b u t re la tiv e ly  few have m easured  ap o lip o p ro te in s  and  w hen apolipo

p ro te in s  have been  m easured , conflic ting  re s u lts  have been  re p o rte d . 

Thus some s tu d ie s  re p o rtin g  a  s ig n ific an t in c rease  in  serum  HDL 

ch o leste ro l co n cen tra tio n s  d u rin g  tra in in g  p rog ram s have found th a t  

serum  apoA-I is u n ch an g ed  (Marti e t  a l., 1990; H u ttunen  e t  al., 1979) 

while o th e rs  have found  th a t  bo th  HDL ch o leste ro l and  apoA-I a re  

in c reased  (S chw artz , 1987). This a p p a re n t d isc rep an cy  could be 

explained if one e ffec t of exercise  is to  re d is tr ib u te  apoA -I betw een 

HDL su b frac tio n s . R eports of th e  e ffe c t of exerc ise  on HDL 

su b fra c tio n s  d iffe r to  some ex ten t, some fin d in g  serum  HDL2 

ch o les te ro l in c reased  w ith  (Nye e t  al., 1981; Wood e t al., 1983) and  

w ithou t (S tubbe  e t al., 1983) a  d ec rease  in  serum  HDL3 cho leste ro l, 

while o th e rs  have found  th a t  bo th  serUm HDL2 ch o les te ro l and  HDL3 

ch o les te ro l in c rease  (Thompson e t al., 1988; Wood e t al., 1988; Marti 

e t  al., 1990). However, in  g en era l if a n y  e ffec t is  o b se rv ed , th e re  

te n d s  to  be a re d is tr ib u tio n  of HDL su b fra c tio n s  in  fav o u r of HDL2. 

Any ch an g es  in serum  apoA-I c o n cen tra tio n s  may th e re fo re  be 

m asked by  a  re d is tr ib u tio n  of apoA -I betw een HDL su b fra c tio n s , 

HDL2-associated apoA -I in c reas in g  and  HD L3-associated apoA-I 

decreasin g . I t  is  th e re fo re  im portan t to  examine if an y  ex erc ise - 

induced  ch an g es  in  HDL su b c la ss  d is tr ib u tio n  tow ards a  po ten tia lly  

an ti-a th e ro g en ic  p a tte rn , w ith o r w ith o u t a  change  in  to ta l apoA-I
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co n cen tra tio n , is accom panied by  any  change  in  LpAI co n cen tra tio n s . 

As th e se  p a rtic le s  a re  th o u g h t to  be th e  a n ti-a th e ro g en ic  frac tio n  of 

HDL, any  re d is tr ib u tio n  of apoA -I in to  th e se  LpAI p a rtic le s  is 

p o ten tia lly  a m ajor b en e fit of exerc ise  p rogram s.

(c) L ipopro tein  lipase  and  hepatic  lipase

One of th e  m echanism s by  w hich re g u la r  exercise  may p ro duce  

fav o u rab le  ch an g es  in  serum  lip o p ro te in  p ro files  is  by  im proved 

p ro cess in g  of tr ig ly c e r id e - r ic h  p a rtic le s  due to  in c re a se s  in  sk e le ta l 

and  adipose tis su e  LPL a c tiv ity  (Nikkila e t a l., 1978b). The h ig h e r 

co n cen tra tio n s  of serum  HDL ch o les te ro l co n cen tra tio n s  in  en d u ran ce  

a th le te s  com pared w ith  se d e n ta ry  co n tro ls  and  th e  in c re a se s  in  serum  

HDL ch o les te ro l co n cen tra tio n s  asso c ia ted  w ith exercise  p rog ram s may 

p a r tly  be due to  in c re a se d  lipo lysis of t r ig ly c e r id e - r ic h  lip o p ro te in s  

by  LPL, w ith th e  su rfa ce  com ponents of th e se  p a rtic le s  be ing  p icked  

u p  by  HDL3, lead ing  to  an  in c rease  in  HDL mass and  th e  form ation 

of HDL2.

1.11 The e ffec ts  of lip o p ro te in  lipase  an d  hepatic  lipase  on HDL 

com position and  metabolism 

Serum  co n cen tra tio n s  of HDL ch o les te ro l depend  on th e  balance 

betw een  th e  sy n th e s is , in te rc o n v ers io n  of HDL su b fra c tio n s  and  

catabolism  of HDL. LPL and  HL a re  located  p rim arily  on th e  

endo thelià l su rfa ce s  an d  in fluence  in te rc o n v e rs io n  of HDL su b c la sse s  

and  th e  catabolism  of HDL r a th e r  th a n  th e  sy n th e s is . Experim ental 

ev idence  has shown th a t  HDL2-like p a rtic le s  a re  p ro d u ced  in vitro  

from HDL3 p a rtic le s  w hen lip ids and  ap o p ro te in s  a re  re leased  d u rin g  

lipo lysis  of hum an VLDL by  bovine LPL (P atsch  e t al., 1978). The

65



form ation of t ru e  HDL2 p a rtic le s  re q u ire s  en richm en t of HDL w ith 

ch o leste ro l w hich may e ith e r  be acq u ired  from cell m em branes o r 

t r a n s fe r r e d  from o th e r  lipop ro te in  p a rtic le s  by  th e  action  of CETP, 

C holesterol acq u ired  by  HDL is e s te r if ie d  by  LCAT and  moves in to  

th e  core of th e  p a rtic le . The form ation of HDL2 from HDL3 th e re fo re  

dep en d s on th e  ac tiv itie s  of th re e  key  enzym es, LPL, CETP and  LCAT 

(E isenberg  e t al., 1984). The catabolism  of HDL2 is mainly d ep en d en t 

on th e  ac tiv ity  of hep atic  lipase  w hich h y d ro ly se s  HDL phospho lip id s 

and  tr ig ly c e rid e s  an d  p ro b ab ly  c re a te s  su itab le  conditions fo r th e  

t r a n s fe r  of ch o leste ro l from HDL2 to th e  liv e r. The two lipolytic  

enzym es th e re fo re  a p p e a r  to  have opposite  e ffec ts  on HDL metabolism, 

lipop ro te in  lipase in fluenc ing  th e  form ation of HDL2 an d  hepatic  

lipase  in fluencing  th e  d eg rad a tio n  of HDL2.

HDL and  HDL2 levels also depend  on th e  apo lipop ro te in s p re s e n t  in 

th e  p a rtic le . However HDL p a rtic le s  u n d e rg o  con tinuous re-m odelling  

by  u p tak e  and  rem oval of lip id  com ponents befo re  th e  complete HDL 

p a rtic le  inc lud ing  HDL apo lipop ro te in s a re  rem oved from th e  

c ircu la tion . N ev erth eless, apo lipopro te in  metabolism p ro b ab ly  re g u la te s  

th e  co n cen tra tio n  and  su b frac tio n  d is tr ib u tio n  of HDL p a rtic le s  as th e  

conversion  of HDL3 to  HDL2 re q u ire s  th e  in co rp o ra tio n  of one e x tra  

apoA -I molecule (E isenberg  e t  al., 1984). Clinical ev idence  has shown 

th a t  apoA-I co n cen tra tio n s  a re  n eg a tiv e ly  c o rre la ted  w ith plasm a HL 

a c tiv itie s  and  p o sitive ly  co rre la ted  w ith  LPL ac tiv itie s  (Kuusi e t  al.,

1989). If th e  ac tiv itie s  of LPL and  HL in fluence  th e  levels  of HDL3 

cho leste ro l, HDL2 ch o les te ro l and  serum  apoA -I, i t  is  reaso n ab le  to 

assum e th a t  th e se  enzym es may also a ffe c t th e  d is tr ib u tio n  of apoA-I 

w ith in  th e  HDL p artic le .

K uusi e t al (1989) show ed th a t  th e  apoA -I/apoA -II ra tio  was e levated
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in  women, b u t no t in  men, w ith hypera lphalipop ro te inaem ia  and  

su g g es te d  th a t  LPL and  HL may m odulate th e  metabolism of LpAI and  

LpAI:AII p a rtic le s  a lth o u g h  n e ith e r  p a rtic le  was m easured  d irec tly . 

A method was th e re fo re  developed and  v a lid a ted  to  m easure LPL and  

HL ac tiv ity  in p o s t h ep a rin  plasm a so th a t  a  s tu d y  could be 

u n d e rta k e n  to  determ ine if ac tiv itie s  of th e se  enzym es w ere re la ted  

to  HDL cho lestero l, apoA -I, apoA -II an d  th e  d is tr ib u tio n  of apoA-I 

w ith in  th e  HDL p a rtic le s .

LPL and  HL can bo th  be re leased  from in tra v a sc u la r  b ind ing  s ite s  by 

in trav e n o u s  in jec tio n  of hep arin . The recom m ended sam pling time fo r 

m easurem ent of LPL and  HL is te n  m inutes a f te r  in jec tio n  of h ep arin  

(Mount e t al., 1982), a lth o u g h  HL a c tiv ity  has been  re p o r te d  to reach  

maximum a t  betw een 2 and  5 m inutes a f te r  h ep a rin  ad m in istra tion  

(lOOU/kg body w eigh t), w ith  th e  maximum ac tiv ity  fo r LPL being  

approxim ately  20 m inutes la te r  (H uttunen  e t al., 1975). The re lease  of 

lipo ly tic  enzym es in to  th e  plasm a will be m onitored in normolipaemic 

in d iv id u a ls  fo r 30 m inutes following adm in is tra tio n  of h ep a rin  to 

determ ine th e  optimum sam pling time.

1.12 High d en sity  lip o p ro te in  iso la tion  p ro c e d u re s  

I t  is a p p ro p ria te  to  rev iew  th e  m ethods u sed  to  iso la te  and  m easure 

HDL ch o leste ro l as m uch of th e  w ork p re se n te d  invo lves th e  

m easurem ent of HDL cho lestero l. V arious te ch n iq u es  have been  u sed  

to  iso late  HDL inc lud ing  u ltra c e n tr ifu g a tio n  (Havel e t  al., 1955), 

e lec tro p h o res is  (Conlon e t  al, 1979), gel f il tra tio n , im m uno-affinity  

column ch ro m atog raphy  (Cheung and  Wolf, 1989) and  specific  

p rec ip ita tio n  te ch n iq u es  (B urste in  and  Samille, 1960; B u rs te in  and  

Scholnick, 1973; W arnick e t al., 1982; Grove, 1979).
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(a) U ltracen trifu g a tio n

U ltracen trifu g a tio n , a lth o u g h  used  as a  re fe re n ce  m ethod, su ffe rs  

from incom plete re c o v e ry  of HDL (W arnick e t al., 1979a), contam ination 

of HDL frac tio n  (d en s ity  < 1.063 g/m l) by  apoB asso c ia ted  cho leste ro l, 

m ostly Lp(a) (A lbers e t al., 1972) and  loss of apoA-I from HDL 

(K unitake and  Kane, 1982). U ltra c en tr ifu g e s  a re  no t w idely available 

and  a re  u n su itab le  fo r  an a ly sin g  la rg e  num bers of sam ples.

(b) E lec tro p h o resis

L ipoprotein  e lec tro p h o res is , u s in g  p a p e r , cellulose a ce ta te , ag aro se  

an d  polyacrylam ide gels, may be u sed  to  q u a n tita te  lip o p ro te in s  u s in g  

scan n in g  d ensitom etry  r a th e r  th a n  to  p re p a re  lip o p ro te in  frac tio n s  

fo r  fu r th e r  an alysis . A lthough re s u lts  fo r R and  pre-13 lip o p ro te in s , 

u s in g  e lec tro p h o res is  followed by  scan n in g  d ensitom etry  com pare well 

w ith those  ob ta ined  by  u ltra c e n tr ifu g a tio n , re s u lts  fo r  HDL and  

chylom icrons com pare le ss  fav o u rab ly  (M cIntyre and  H arry , 1991) and  

add itiona lly , e lec tro p h o re tic  and  densitom etric  te ch n iq u es  a re  

u n su itab le  fo r p ro cess in g  la rg e  num bers of sam ples.

(c) Gel filtra tio n  and  immuno a ffin ity  column ch ro m atog raphy

Gel f il tra tio n  and  immuno a ffin ity  column ch ro m ato g rap h y  cause  le ss  

d is ru p tio n  to  lip o p ro te in  p a rtic le s  and  a re  u se fu l w hen u n d e rta k in g  

com positional and  s t ru c tu ra l  s tu d ie s  of in ta c t lip o p ro te in s . Both 

m ethods a re  r a th e r  time consum ing an d  a re  only  app licab le  to  small 

scale sep a ra tio n  of lip o p ro te in s .
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(d) P rec ip ita tio n  p ro c e d u re s

P rec ip ita tion  te ch n iq u es  a re  more o ften  u sed  th a n  th e  o th e r  

te ch n iq u es , especially  in  la rg e  scale s tu d ie s , as th e  p ro c e d u re s  a re  

rap id , inexpensive and  more app licab le  to  analy sin g  la rg e  num bers 

of sam ples. P rec ip ita tio n  may how ever a lte r  th e  s t ru c tu re  and  

biological p ro p e rtie s  of p re c ip ita te d  lip o p ro te in s .

B u rste in  and  Samille (1960) f i r s t  d e sc rib e d  p rec ip ita tio n  m ethods fo r 

iso lating  lipop ro te in  frac tio n s  and  Cornwell and  K ruger (1961) showed 

th a t  h igh  m olecular mass p o ly sacch arid es  a t  n e u tra l pH form ed 

complexes w ith serum  LDL. Lower m olecular mass p o ly sacch arid es , fo r 

example h ep arin  and  d ex tran  su lp h a te , will also p re c ip ita te  

lip o p ro te in s  b u t re q u ire  th e  p re sen c e  of a  d iv a le n t . cation  su ch  as 

m anganese, m agnesium  o r calcium. O ther po lyanions su ch  as sodium 

p h o sp h o tu n g s ta te  (w ith magnesium ch lo ride) and  anionic d e te rg e n ts  

su ch  as po lye thy lene  glycol have also  been  u sed  to  p re c ip ita te  

lip o p ro te in s .

The exact n a tu re  of th e  in te ra c tio n  of th e  p re c ip ita tin g  re a g e n ts  w ith  

lip o p ro te in s  is unknow n. For p o ly an io n -d iv a len t cation  p ro c e d u re s , 

th e  p rec ip ita tio n  is p ro b ab ly  fac ilita ted  by  in te ra c tio n  of d iv a len t 

cations w ith n eg a tiv e ly  c h arg ed  g ro u p s , su ch  as phospho lip id s, on 

lip o p ro te in s  o r by  in te ra c tio n  of po lyan ions w ith  p o sitive ly  c h arg ed  

domains of apoB (Kim an d  Nishida* 1979). F u rth e rm o re , th e  spec ific ity  

of th e  p rec ip ita tio n  a p p e a rs  to  d epend  on th e  lip id :p ro te in  ra tio  of 

th e  lip o p ro te in  (B u rste in  e t al., 1970). T hus complex form ation is more 

likely , u n d e r  g iven  conditions, to  o ccu r most easily  w ith 

chylom icrons, th a n  w ith  th e  o th e r  lip o p ro te in s  VLDL, LDL or HDL 

w hich a re  p ro g re s s iv e ly  more d iff icu lt to  p re c ip ita te  from serum . 

O ther fa c to rs  w hich in fluence  th e  sp ec ific ity  of th e  p rec ip ita tio n
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include th e  p ré c ip ita n ts  u sed , ionic s t r e n g th  and  re a g e n t 

co n cen tra tio n s . T hus h ep a rin  and  m anganese ch lo ride  will p re c ip ita te  

all apoB -contain ing  lip o p ro te in s  b u t if m agnesium  rep lace s  m anganese 

as th e  d iv a len t cation , th e n  chylom icrons and  VLDL b u t no t LDL a re  

p re c ip ita te d  from serum  (B urste in  e t  al., 1970).

(i) H eparin -m anganese ch lo ride

The h ep arin -m an g an ese  ch lo ride  m ethod of iso la ting  HDL has been  

ex tensive ly  s tu d ied  (Bachorik e t  al., 1976; W arnick and  A lbers, 

1978b) and  re s u lts  by  th is  m ethod a re  in  good ag reem en t w ith 

u ltra c e n tr ifu g a l te ch n iq u es  (Bachorik e t  a l., 1976). F u rth erm o re , th e  

h ep arin -m an g an ese  ch lo ride  m ethod has  been  w idely u sed  in  

epidem iological s tu d ie s  (review ed by  Heiss e t al., 1980).

In  th e  o rig inal d e sc rip tio n s  of th e  m ethod (B urste in  e t  al., 1970), 

m anganese ch lo ride  a t  a  fina l co n cen tra tio n  of 0.046 mol/L was used . 

This m anganese ch lo ride  co n cen tra tio n  was la te r  shown to  be optim al 

fo r serum  b u t b o rd e rlin e  w hen plasm a, u s in g  EDTA as an tico ag u lan t, 

is  u sed . C helation of m anganese by  EDTA, re su ltin g  in  a  fre e  

m anganese co n cen tra tio n  below th a t  w hich is  re q u ire d  fo r  complete 

p rec ip ita tio n  of apoB -contain ing  lip o p ro te in s , cau ses  small am ounts of 

th e se  lip o p ro te in s  to  rem ain in  th e  s u p e rn a ta n t (W arnick and  A lbers, 

1978b). Using m anganese ch lo ride  a t  a  fina l co n cen tra tio n  0.092 mol/L 

e n su re s  complete p rec ip ita tio n  of apoB -conta in ing  lip o p ro te in s  from 

EDTA-plaSma while cau sin g  neglig ib le  p rec ip ita tio n  of HDL.

(ii) D extran su lphate-m agnesium  ch lo ride

The m olecular w eigh t of d ex tran  su lp h a te , a  sy n th e tic  h ep arin  

analogue, de term ines th e  sp ec ific ity  of lip o p ro te in  p rec ip ita tio n .
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D extran su lp h a te  (MW 15,000) u sed  in  ea r ly  s tu d ie s  (B urste in  e t al., 

1970), was la te r  shown to  incom pletely p re c ip ita te  apoB -contain ing  

lip o p ro te in s  (W arnick e t al., 1982). C onversely , h ig h e r m olecular 

w eigh t (MW 500,000) d ex tran  su lp h a te  (F inlay e t al., 1978) te n d s  to 

p re c ip ita te  HDL as well as apoB -contain ing  lip o p ro te in s , th e re b y  

u n d e restim atin g  HDL ch o les te ro l co n cen tra tio n  (W arnick e t  al., 1979a). 

Magnesium ch lo ride  is u sed  in com bination w ith d e x tra n  su lp h a te  as 

m agnesium , unlike m anganese, does no t in te r fe re  w ith  enzymic 

ch o les te ro l m ethods u sin g  p h o sp h a te  b u ffe rs .

(iii) P h o sp h o tu n g stic  acid-m agnesium  ch lo ride

The co n cen tra tio n s  of p h o sp h o tu n g stic  acid  and  m agnesium  ch lo ride  

o rig inally  recom m ended (B urste in  e t a l., 1970) w ere la te r  shown to 

p re c ip ita te  some HDL (W arnick e t  al., 1979a). O thers  have shown th a t  

th e  pH of th e  p h o sp h o tu n g stic  acid-m agnesium  ch lo ride  re a g e n t is  as 

im p o rtan t as th e  re a g e n t co n cen tra tio n s  as incom plete p rec ip ita tio n  

of apoB -contain ing  lip o p ro te in s  o ccu rs  w hen th e  p h o sp h o tu n g s ta te  

so lu tion  pH is g re a te r  th a n  7.6 (Grove e t  al., 1979). P h o sp h o tu n g stic  

acid , a d ju s te d  to  pH 6.15 u sin g  1 mol/L sodium hydrox ide  was found  

to  com pletely p re c ip ita te  apoB -contain ing  lip o p ro te in s , a lth o u g h  

o th e rs  have d e sc rib ed  m ethods u s in g  re a g e n ts  a t  pH ra n g in g  from 

pH 2.5 (Assmann e t  al., 1983) to  pH 7.4 (K ostner e t  a l., 1979). 

P ro longed s to rag e  of p h o sp h o tu n g stic  acid  may re s u l t  in  form ation 

of iso p h o sp h o tu n g stic  acid , e ffec tiv e ly  re d u c in g  th e  p h o sp h o tu n g stic  

acid  co n cen tra tio n . S tab ility  of th e  re a g e n ts  can  be im proved by  

u sin g  p h o sp h o tu n g stic  acid a t  pH 2.5 an d  co n cen tra tio n  1.06 g /L  

(D raeger e t al., 1982).
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(iv) Polyethy lene glycol

P olyethylene glycol (PEG) cau ses  la rg e , re la tiv e ly  lip id -r ic h  

lip o p ro te in s  su ch  as VLDL and  LDL to  p re c ip ita te  due to  s te r ic  

exclusion while leav ing  sm aller lip o p ro te in  p a rtic le s  su ch  as HDL in 

solution. The se lec tiv ity  of th e  p re c ip ita tio n  reac tio n  is determ ined  

by bo th  th e  final pH of th e  PEG-serum  m ixture (Poison e t  al., 1964) 

and  th e  fina l co n cen tra tio n  of th e  PEG solu tion  (Demacker e t al., 

1980). PEG 6000 a t  a  co n cen tra tio n  of 120g/L was o rig inally  

recom m ended (Viikari e t  al,, 1976), b u t th is  was shown to  p re c ip ita te  

HDL as well a s  apoB -contain ing  lip o p ro te in s  (W arnick e t al., 1979a). 

This co n cen tra tio n  was su b se q u e n tly  re d u c ed  to  lOOg/L to red u ce  

p rec ip ita tio n  of HDL (Allen e t al., 1979) and  even  th is  lower PEG 

co n cen tra tio n  was shown to p re c ip ita te  some HDL u n le ss  PEG 

solu tion  a d ju s te d  to  pH 10 was u sed  (Izzo e t  al., 1981).

O thers , u sing  a fina l PEG 6000 co n cen tra tio n  of 75g/L , have shown 

th a t  th e  final pH of th e  PEG-serum  so lu tion  dep en d s upon th e  in itia l 

serum  pH ra th e r  th a n  th e  in itia l pH of th e  PEG so lu tion , aged  serum  

w ith h igh  pH cau sin g  small b u t s ig n ific an t in c re a se s  in  HDL 

ch o les te ro l p ro b ab ly  due to  incom plete p rec ip ita tio n  of apoB- 

con tain ing  lip o p ro te in s  (Demacker e t a l., 1980). However a d ju s tm en t 

of th e  pH of th e  PEG solu tion  is no t n e c e ssa ry  p ro v id ed  th a t  f re s h  

sam ples a re  analy sed . PEG 6000 from d if fe re n t so u rces  re su lte d  in  

th e  pH of th e  PEG solu tion  v a ry in g  from pH 5.1-7.05 a lth o u g h  again  

th e  final pH of th e  PEG-serum  solution dep en d ed  on th e  in itia l serum  

pH ra th e r  th a n  th e  so u rce  of PEG 6000 (Demacker e t al., 1980).
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(e) Sedim entation of inso luble  a g g fe g a te s

Incom plete sedim entation  of p re c ip ita te d  apoB -contain ing  lip o p ro te in s , 

re su ltin g  in  su sp en sio n  of th e  a g g re g a te s  in  so lu tion  o r floata tion  of 

th e  a g g re g a te s  o v e r a  c lea r in fra n a ta n t, is  a m ajor problem  w ith 

p rec ip ita tio n  p ro ced u res . Incom plete sedim entation  usually  o ccu rs

when serum  tr ig ly c e rid e  co n cen tra tio n s  exceed 4.5mmol/L b u t

incom plete sed im entation  of th e  p re c ip ita te  may occu r a t  lower 

co n cen tra tio n s  and  co n v erse ly  some sam ples w ith  h igh  tr ig ly c e rid e  

co n cen tra tio n s  y ield c lea r s u p e rn a ta n ts  (W arnick and  A lbers, 1978b). 

Sedim entation of th e  inso lub le  a g g re g a te s  d ep en d s  on th e  d en sity  of 

th e  a g g re g a te s  com pared w ith th e  d e n s ity  of th e  su p e rn a ta n t. 

S u spension  of a g g re g a te s  in  so lu tion  o ccu rs  w hen th e  d en sitie s  of 

th e  VLDL/LDL a g g re g a te s  a re  approxim ately  th e  same as o r le ss  th a n

th a t  of th e  s u p e rn a ta n t and  a lth o u g h  u su a lly  seen  a t  h igh

trig ly c e rid e  co n cen tra tio n s , i t  can o ccu r a t  any  serum  tr ig ly c e rid e  

co n cen tra tio n , p ro b ab ly  due to  th e  la rg e  v a ria tio n  in  h y d ra te d  

d en s itie s  of th e  VLDL p artic le .

T echn iques w hich can  be u sed  to  overcom e th e  problem  of 

incom plete sed im entation  of inso lub le  a g g re g a te s  include p re 

tre a tm e n t of th e  sample before  p re c ip ita tio n  and  tre a tm e n t of th e  

s u p e rn a ta n t a f te r  th e  p rec ip ita tio n  s tag e . In  th e  p re - tre a tm e n t 

tech n iq u e , t r ig ly c e r id e - r ic h  lip o p ro te in s  a re  rem oved from  serum  by 

u ltra c e n tr ifu g a tio n  a t  d en s ity  1.006g/ml and  th e  p re c ip ita tin g  

re a g e n ts  ad d ed  to  th e  in fra n a ta n t. In  th e  p o s t-p re c ip ita tio n  

te ch n iq u es , th e  tu rb id  s u p e rn a ta n t can  e ith e r  be d ilu ted  w ith 

O.15mol/L sodium ch lo ride  so lution to  red u ce  th e  d e n s ity  of th e  

s u p e rn a ta n t and  a p p ro p ria te  volum es of p re c ip ita tin g  re a g e n ts  added  

to  give th e  recom m ended final re a g e n t co n cen tra tio n s  o r th e  tu rb id
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su p e rn a ta n t is c lea red  by  u ltra f i ltra tio n  th ro u g h  a 0.22pm filte r . 

However, incom plete re c o v e ry  of HDL-containing frac tio n s  can occu r 

following u ltra c e n tr ifu g a tio n  and  u ltra f i ltra tio n  can r e s u l t  in  the  

rem oval of both  HDL and  insoluble  a g g re g a te s  if th e  f il te r  becomes 

blocked while d ilu tion  of tu rb id  s u p e rn a ta n ts  by sodium ch lo ride  

re d u c es  low co n cen tra tio n s  of HDL ch o les te ro l even  fu r th e r .  C learly 

no tech n iq u e  sa tis fa c to rily  deals w ith  th e  problem  of incom plete 

sedim entation  of inso lub le  a g g re g a te s .

To e n su re  th a t  th e  com parison of th e  p rec ip ita tio n  tech n iq u es  was 

not u n d u ly  in fluenced  by  tu rb id ity  p ro d u ced  by  incom plete

sedim entation  of inso lub le  a g g re g a te s , sam ples w ith  serum

trig ly c e rid e  co n cen tra tio n s  >4.5mmol/L w ere excluded. All

su p e rn a ta n ts  w ere c losely  in sp ec ted  an d  any  tu rb id  su p e rn a ta n ts  

w ere re je c te d .

(f) P rec ip ita tio n  of apoE -con ta in ing  HDL

HDLl is a  minor su b fra c tio n  of HDL th a t  con ta in s  apoE in  add ition  to 

th e  o th e r  ap o p ro te in s  norm ally found  in  HDL. ApoE asso c ia ted  w ith 

apoB -contain ing  lip o p ro te in s  is p re c ip ita te d  from  serum  by  h e p a r in -  

m anganese ch lo ride  while HDLl rem ains in  so lu tion  b u t dex tran  

su lp  h a te -  mag ne siu m ch lo ride  p re c ip ita te s  bo th  apoE asso c ia ted  w ith 

apoB -contain ing  lip o p ro te in s  and  HDLl (Gibson e t  al., 1984).

P h o sp h o tu n g stic  acid  p ro c e d u re s  p re c ip ita te  neg lig ib le  am ounts of
195HDLl w hen rad io labelled  I-HDLl is ad d ed  to  normo and  

hyperlip idaem ic s e ra  (Assmann e t al., 1983). No re p o r ts  have ap p ea red  

co n cern ing  th e  e ffec t of PEG 6000 on HDLl.

74



(g) A nalytical in te rfe re n c e  w ith ch o les te ro l a ssay s  

The hep arin -m an g an ese  ch lo ride  p ro c e d u re  can  cause  in te rfe re n c e  in 

th e  analy tica l p h ase  as m anganese p re c ip ita te s  w ith ph o sp h ate  

p re s e n t  in  ch o les te ro l m ethods u sin g  p h o sp h a te  based  re a g e n t 

b u ffe rs  and  by d ire c t in te rfe re n c e  w ith  th e  co lour developm ent by 

m anganese ch loride  (S teele e t al., 1976). Both of th e se  e ffe c ts  cause 

overestim ation  of HDL cho lestero l. A lthough in te rfe re n c e  by 

m anganese ch lo ride  can  be red u ced  by add in g  EDTA (S teele e t al., 

1976) o r sodium b ica rb o n a te  (B achorik e t  al., 1984) to  th e  HDL 

su p e rn a ta n t to  rem ove excess m anganese, in te rfe re n c e  by  m anganese 

ch lo ride  in enzym atic ch o les te ro l m ethods is one of th e  fa c to rs  why 

o th e r  p re c ip ita tin g  re a g e n ts , su ch  as  d ex tran  su  Ip hate-m agnesium  

ch lo ride , p h o sp h o tu n g stic  acid-m agnesium  ch lo ride  and  PEG 6000 

w hich do not in te r fe re  w ith enzym atic ch o les te ro l m ethods, a re  being  

in c reas in g ly  used .

(h) Com parisons of p rec ip ita tio n  p ro c e d u re s

A num ber of com parisons of p rec ip ita tio n  te ch n iq u es  fo r iso la ting  HDL 

have been  p u b lish ed , some of th e  more com prehensive  com parisons 

u sin g  apo lipopro te in  m easurem ent to  a s s e s s  p rec ip ita tio n  (W arnick e t 

a l., 1979a; Demacker e t  a l., 1980; Izzo e t  al., 1981). Most evalua tions 

show a  h igh  d eg ree  of in te rc o rre la tio n  betw een m ethods an d  a lth o u g h  

th e re  is b ias betw een m ethods, th e  m agnitude and  d irec tio n  of th e  

b ias is in co n sis ten t. F u rth erm o re , d esp ite  th e  a p p a re n t sim plicity  of 

th e  te ch n iq u es , in te r la b o ra to ry  su rv e y s  have  shown poor ag reem en t 

betw een lab o ra to rie s  m easuring  HDL ch o leste ro l (W arnick e t  al., 1983), 

w ith betw een la b o ra to ry  coeffic ien ts  of v a ria tio n  ra n g in g  from 8-48%
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fo r d iffe re n t sam ples (McMillain and  W arnick, 1988).

A com parison of HDL isolation p ro c e d u re s , in co rp o ra tin g  re c e n t 

m odifications to  th e  p ro c e d u re s , seems ju s tif ie d . The e ffec tiv en ess  of 

p rec ip ita tio n  will be m onitored by  m easuring  apoA -I and  apoB in  th e  

su p e rn a ta n ts  and  in add ition  th e  e ffe c t of p rec ip ita tio n  p ro c e d u re s  

on LpAI p a rtic le s  will be a sse ssed  as  no s tu d ie s  have been  made so 

fa r  on th e  e ffec ts  of p rec ip ita tio n  p ro c e d u re s  on th e se  p a rtic le s . No 

com parisons w ere made betw een p re c ip ita tio n  m ethods and  m ethods 

u sin g  u ltra c e n tr ifu g a tio n  as HDL iso la ted  by  u ltra c e n tr ifu g a tio n  is 

o ften  contam inated by  non-HDL lip o p ro te in s  (A lbers e t al., 1972) and  

th e  h igh  ionic s t r e n g th  so lu tions u sed  to  form d en s ity  g ra d ie n ts  

a lte r  th e  com position of HDL (K unitake an d  Kane, 1982). The aim of 

th is  s tu d y  is to  determ ine th e  re la tiv e  re la tio n sh ip s  betw een 

d iffe re n t p rec ip ita tio n  te ch n iq u es  and  to  determ ine if an y  d iffe ren ces  

betw een th e  iso la tion  p ro c e d u re s  a re  due to  se lec tive  p rec ip ita tio n  

of LpAI p a rtic le s .

P rev ious s tu d ie s  have u sed  co rre la tio n  coeffic ien ts  an d  re g re ss io n  

eq u atio n s  even  th o u g h  su ch  s ta tis tic a l m ethods may be m isleading 

and  conceal d iffe ren ces  betw een an a ly tica l m ethods (Bland and  

Altman, 1986). For example th e  slope of th e  line, calcu la ted  u sin g  

le a s t sq u a re s  re g re ss io n  an a ly sis , in d ica te s  th e  d eg ree  of ag reem en t 

betw een th e  two m ethods b u t th e  slope an d  th e  co rre la tio n  coeffic ien t 

may be a ffec ted  by  th e  ran g e  of v a lu es  s tu d ied . A wide ran g e  of 

v a lu es  in  many cases  may p ro d u ce  a  b e t te r  co rre la tio n  and  d iffe re n t 

slope to  th a t  which would be p ro d u ced  by  a n a rro w er ra n g e  of 

va lues. Also a  h igh  d eg ree  of co rre la tio n  is o ften  ta k en  a s  ev idence 

of good ag reem en t betw een m ethods b u t i t  would be v e ry  u n u su a l if 

r e s u lts  from two m ethods m easuring  th e  same an a ly te  w ere not
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re la ted . D ifference p lo ts , r a th e r  th a n  co rre la tio n  coeffic ien ts  and  

re g re ss io n  eq u a tio n s, will be u sed  to  h ig h lig h t d iffe ren ces  betw een 

HDL isolation m ethods.
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CHAPTER 2. M ethods
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2.1 Chemicals, d iagnostic  k its , m ateria ls  and  equ ipm ent

(a) Chemicals and  su p p lie rs

Chemical 

Acrylamide 

A garose lEF

Albumin, fa tty  acid free  

Ammonium p e rsu lp h a te  

B arbitone b u ffe r  

Boric acid 

Bromophenol blue 

Chloroform

Coomassie b rillian t blue R-250

D extran su lp h a te

Diethyl e th e r

D ith io threito l

E thanol (95%)

F at Red 7B 

Glycerol

G lycerol tri[9,10(n)-^H ]oleate

H eptane

L iqu isc in t

L ysophosphatidy lcho line, ty p e  I 

M anganese (II) ch lo ride  4 -h y d ra te  

M ethanol

N euram inidase, Type V 

[9,10(n)-^H] Oleic acid

S u p p lie r

BDH

Pharm acia Ltd

Sigma Chemical Co. Ltd

BDH

Ciba C orning D iagnostics

BDH

BDH

BDH

BDH

Sochibo

BDH

BDH

BDH

Ciba C orning D iagnostics 

BDH

Amersham In te rn a tio n a l pic 

BDH

National D iagnostics

Sigma Chemical Co. Ltd

BDH

BDH

Sigma

Amersham In te rn a tio n a l pic
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Chemical 

Pharm aly te pH 4-6.5 

Phosphoric  acid 

Polyethy lene glycol 6000 

R epel-S ilane 

Sodium ace ta te  

Sodium chloride 

Sodium dodecyl su lp h a te  

Sodium hydrox ide 

Sulphosalicylic  acid 

T e tram ethy le thy lene  diamine 

T rich loroacetic  acid 

T rizm a-hydroch lo ride  

U rea (A ristar)

S u p p lie r 

Pharm acia Ltd 

BDH 

BDH

Pharm acia Ltd

BDH

BDH

BDH

BDH

BDH

BDH

BDH

Sigma Chemical Co. Ltd 

BDH

(b) D iagnostic k its  and  su p p lie rs

D iagnostic Kit 

A polipoprotein A-I & B 

C holesterol CHOD-PAP

S u p p lie r 

In c s ta r  Ltd.

B oeh ringer Mannheim Ltd.

C holesterol, u n e s te rif ie d  CHOD-PAP B o ehringer Mannheim Ltd.

HDL ch o les te ro l (PTA/MgCl2) Sigma D iagnostics

Lp(a), Immunozym Immuno Ltd

Phospholip ids B o eh ringer Mannheim Ltd.

T rig ly cerid e  GPO-PAP B oehringer Mannheim Ltd.
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(c) M aterials and  su p p lie rs  

M aterial 

A garose gels 

LpA-I h y d rag e l 

M ulti-level QC se ra  

Precinorm  L 

P recilip  EL 

Wellcome One 

U ltracen tr ifu g e  tu b e s

S u p p lier

C iba-C orning D iagnostics Ltd. 

Labm edics Ltd.

Randox L abo ra to ries  Ltd. 

B oehringer Mannheim Ltd. 

B oehringer Mannheim Ltd. 

Wellcome D iagnostics 

Beckman In s tru m e n ts  Ltd.

(d) Equipm ent and  su p p lie rs  

Equipm ent 

B -coun ter, LKB 1219 

C en trifuge , lEC C en tra  7R 

Cobas Mira

E lec tro p h o resis  u n it, v e rtic a l 

E lec tro p h o resis  u n it, ho rizon ta l 

M icroplate re a d e r , MCC/340 

M icroplate sh ak e r, T ite r tek  

Micro p la te  w asher, T ite r tek  

P ip e tte s , Gilson 

P ip e tte s , p a s te u r  

Power pack . M ultidrive XL 

S pectropho tom eter 

U ltracen tr ifu g e  L8-60M 

U ltracen trifu g e  ro to r  SW 41T| 

U ltrasonic d is in te g ra to r , Soniprep

S u p p lier

Pharmacia-LKB Ltd 

Damon/IEC Ltd.

Roche P ro d u c ts  Ltd. 

Pharm acia Ltd 

Labm edics Ltd.

ICN Flow 

ICN Flow 

ICN Flow 

Anachem Ltd.

Alpha Labs 

Pharm acia Ltd.

P erk in -E lm er Ltd.

Beckman In s tru m e n ts  Ltd. 

Beckman In s tru m e n ts  Ltd. 

F isons Scientific  Equipm ent
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(e) Names and  a d d re s se s  of su p p lie rs

Name of S upp lier 

Anachem Ltd.

Alpha Labs

Amersham In te rn a tio n a l pic 

BDH /  R & L S lau g h te r 

Beckman In s tru m e n ts  Ltd. 

B oehringer Mannheim Ltd.

Ciba Corning D iagnostics Ltd. 

Damon/IEC Ltd.

F isons Scientific  Equipm ent 

ICN Flow 

In c s ta r  Ltd.

Immuno Ltd.

Labm edics Ltd.

National D iagnostics 

Pharm acia 

P erk in-E lm er Ltd.

Randox L abora to ries  Ltd.

Roche P ro d u c ts  Ltd.

Sigma Chemical /  D iagnostics Co. 

Sochibo

Wellcome D iagnostics

A ddress 

Luton, Beds 

E astle igh , H am pshire 

A y lesbu ry , Bucks 

U pm inster, Essex 

High Wycombe, B ucks 

Lewes, E ast S ussex  

H alstead, Essex 

D unstab le, B ed fo rdsh ire  

L oughborough , Leics 

High Wycombe, Bucks 

Wokingham, B erk sh ire  

Sevenoaks, Kent 

S to ck p o rt, C hesh ire  

A y lesbu ry , Bucks 

Milton Keynes, Bucks 

B eaconsfield , B ucks 

Crum lin, Co. Antrim  

Welwyn G arden City, H erts 

Poole, D orset 

Boulonge, F rance  

D artfo rd , Kent

All su p p lie rs  based  in  UK u n less  s ta te d  o therw ise
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2.2 S u b jec ts  and  sample collection

(a) Comparison of p rec ip ita tio n  p ro c e d u re s  u sed  to  iso late  HDL 

Blood sam ples w ere collected  in to  p lain  tu b e s  from 30 fa s tin g  

normolipaemic su b je c ts  (mean ch o les te ro l 5.2mmol/L, ra n g e  4.0- 

5.8mmol/L; median tr ig ly c e rid e  0.9mmol/L, ra n g e  0.5-1.6 mmol/L) and 

from 10 dyslipoproteinaem ic su b je c ts  (mean ch o les te ro l 8.4mmol/L, 

ran g e  6.2-9.8mmol/L; median tr ig ly c e rid e  1.9mmol/L, ran g e  0.5- 

3.8mmol/L). The su b je c ts  inc luded  some in d iv id u a ls  w ith  h igh  Lp(a) 

co n cen tra tio n s  (median Lp(a) 17m g/dl ra n g e  <5-58m g/dl).

S u b je c ts  w ith tr ig ly c e rid e  co n cen tra tio n s  >4.5mmol/L w ere excluded 

as  incom plete sedim entation  of th e  p o ly an io n -d iv a len t ca tion - 

lip o p ro te in  complex u su ally  o ccu rs  a t  th e se  tr ig ly c e rid e  

co n cen tra tio n s  (W arnick e t  al., 1978b). Serum  was rem oved a f te r  

c en tr ifu g a tio n , s to re d  a t  4 ’C and  an a ly sed  th e  same day to  e n su re  

maximal p rec ip ita tio n  of apoB -contain ing  lip o p ro te in s  while minimising 

p rec ip ita tio n  of HDL (Bachorik e t al., 1980).

(b) D vslipoproteinaem ia in  UK fam ilies w ith  sev e re  exp ression  of 

co ro n a ry  h e a r t  d isease

P ro b an d s w ith a  p e rso n a l and  family b ack g ro u n d  of p rem atu re  CHD 

w ere re c ru ite d  o v e r a  two y ea r p e riod , mainly th ro u g h  cardiological 

u n its  in  S o u th e rn  England. O ther family m em bers w ere th e n  followed 

up  in  the  UK and  ab road . The minimum c r ite r ia  fo r inc lusion  w ere 

th a t  p ro b an d s  m ust have had a m yocardial in frac tio n  o r docum ented 

an g in a  below age 55 y e a rs  and  have e ith e r  two liv ing  a ffec ted  family 

m em bers in two g en era tio n s , o r a  minimum of one liv ing  a ffec ted  p lu s  

two liv ing  u n a ffec ted  members in families fo r w hich only one
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g en era tio n  was accessib le . The re fe r r in g  u n its  re g a rd e d  th e  p ro b an d s  

as hav ing  no p e rce iv ed  r isk  assoc ia tions and  th u s  welcomed an 

in te re s t  in th e  "unexplained" p rem a tu re  CHD.

T w enty-six  families com prising 20 male and  6 female p ro b an d s  w ere 

re c ru ite d  w ith blood sam ples and  clin ical d a ta  ob ta ined  from 276 

a d u lts  from th e  366 a d u lt family m em bers aged  15 y e a rs  and  above. 

F ailu re  to  re c ru i t  all family m em bers was mainly due to  th e  

unw illingness of th e  v e ry  young o r v e ry  e ld erly  to  p a rtic ip a te  in 

th e  s tu d y  and  due to  some family m em bers liv ing  ab road . Only one 

(large) single g en era tio n  family was s tu d ie d , w ith d a ta  being  mostly 

co llected  from two g en era tio n  families (21/26 families s tu d ied ), th re e  

g en era tio n  (3/26) o r fo u r g en era tio n  families (1/26). P ro b an d s w ith 

known familial hypercho lestero laem ia, ty p e  III hyperlipopro teinaem ia, 

d iab e tes , th y ro id , re n a l o r hepatic  d iso rd e rs  w ere excluded from th e  

re g is te r .

P a rtic ip a n ts  com pleted a q u estio n n a ire  co vering  g en era l health , 

known r is k  assoc ia tions su ch  as tobacco h a b its  and  alcohol 

consum ption and  any  p rev io u s  d ie ta ry  advice. A fu ll p h ysica l

exam ination and  review  of lip id  stigm ata  was perfo rm ed  by a

card io logy  n u rs in g  s is te r . R esting blood p re s s u re , e lec tro -ca rd io g ram  

and  body mass index  w ere reco rd ed . Venous blood was collected , 

e ith e r  a f te r  an  o v e rn ig h t fa s t  o r p re -p ra n d ia lly , in to  tu b e s

con tain ing  EDTA as an tico ag u lan t and  plasm a se p a ra te d  a f te r

cen trifu g a tio n . Samples fo r ch o les te ro l, tr ig ly c e r id e s  and  HDL 

ch o les te ro l w ere s to re d  a t  4"C and  an a ly sed  w ith in  two days. Samples 

fo r apoE p h en o ty p in g  w ere u ltra c e n tr ifu g e d  and  th e  floated  

lip o p ro te in s  delip idated . The p ro te in  p e lle t was s to re d  u n d e r  n itro g en  

a t -7 0 *C and  p h en o ty p ed  w ithin one month.
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(c) L ipopro teins and  apoA-I only  con ta in ing  p a rtic le s  in  early  

o n se t co ro n a ry  h e a r t d isease  

Men (age ra n g e  41-55 y ea rs) w ith ea rly  o n se t CHD w ere selec ted  from 

th e  co ro n a ry  h e a r t  d isease  r e g is te r  d e sc rib ed  above. Sixteen male 

p ro b an d s  and  te n  male a ffec ted  male family m em bers who had a 

co ro n a ry  a r te ry  b y p ass  g ra f t  (CABG) below age 55 y ea rs  w ere 

se lec ted  fo r inclusion  in  th is  s tu d y . F our men had p rev io u sly  had 

a m yocardial in fa rc tio n  p r io r  to  CABG and  all men had co ro n a ry  

an g io g rap h y  p rio r  to  CABG. M yocardial in fa rc tio n  was d iagnosed  

u sin g  e lec tro ca rd io g rap h ic  c r i te r ia  and  c h a ra c te r is tic  serum  card iac  

enzym e changes. P a tien ts  w ith known familial hypercho lestero laem ia, 

ty p e  III hyperlipopro teinaem ia, d iab e tes , th y ro id , ren a l o r hepatic  

d iso rd e rs  o r who w ere tak in g  a n ti-h y p e r te n s iv e  o r lip id  low ering 

d ru g s  w ere excluded from th e  s tu d y . Venous blood sam ples w ere 

ta k e n  a t le a s t six m onths a f te r  CABG to  exclude any  tem porary  

e ffec ts  of th e  s u rg e ry  on lip o p ro te in  p ro files. F astin g  venous blood 

sam ples from bo th  su b je c ts  and  co n tro ls  fo r  ch o leste ro l, tr ig ly c e r id e s  

and  HDL ch o leste ro l w ere s to red  a t  4*C and  an a ly sed  w ithin  two 

days. Samples fo r apo lipopro te in s , Lp(a) and  LpA-I p a rtic le s  w ere 

s to re d  a t  -7 0 *C fo r up  to  six m onths and  d e fro s ted  a t 37’C 

immediately befo re  an aly sis . C ontrols w ere re c ru ite d  from sim ilar 

social g ro u p s  and  m atched w ith th e  CHD g ro u p  fo r age and  body 

mass index. All co n tro ls  u n d e rw en t m edical sc reen in g  befo re  

accep tance  in to  th e  s tu d y . C ontrols w ith  clin ical CHD w ere excluded: 

o th e r  exclusion c r ite r ia  w ere as fo r th e  CHD group . Details of d ie ta ry  

in tak e  and  alcohol consum ption w ere re c o rd ed  fo r bo th  g ro u p s. Any 

p a tie n ts  o r co n tro ls  whose declared  alcohol consum ption exceeded 20 

u n its  of alcohol p e r  week w ere excluded  from th e  s tu d y .
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(d) The e ffec ts  of m oderate exercise  on serum  lip id s and  

apo lipop ro te in s in  p rev io u s ly  se d e n ta ry  m iddle-aged  men.

Men (age ran g e  41-61 y e a rs ) , who did  no t p a rtic ip a te  in  re g u la r  

exercise , no r who w ere employed in  a  s tre n u o u s  job , w ere re c ru ite d  

and  u n d e rw en t medical sc reen in g  befo re  accep tance  in to  th e  s tu d y . 

Ind iv id u a ls  w ith to ta l serum  ch o les te ro l co n cen tra tio n s  g re a te r  th a n  

6.5mmol/L and  th o se  who smoked o r consum ed in  excess of 20 u n its  

of alcohol p e r week w ere excluded from  th e  s tu d y . A dditionally, any  

ind iv id u a ls  w ith clin ical CHD, re s tin g  a r te r ia l  blood p re s su re  

>160/95mm Hg, d iab e tes , th y ro id , re n a l o r hepatic  d iso rd e rs  o r who 

w ere tak in g  a n ti-h y p e r te n s iv e  o r lip id  low ering d ru g s  w ere excluded 

from th e  s tu d y . Men w ere random ly allocated  in to  co n tro l o r exercise  

g ro u p s , w ith s lig h tly  more men in  th e  exercise  g ro u p  to  com pensate 

fo r any  d ro p o u ts  d u rin g  th e  tw elve m onths. All p a r tic ip a n ts  

su b se q u e n tly  com pleted th e  tw elve m onth s tu d y , a lth o u g h  one 

ind iv idua l in  th e  exercise  g ro u p  was excluded due to  poor ad h eren ce  

to  th e  exercise  p rogram . All men w ere a sk ed  to  keep th e ir  d ie ta ry  

and  o th e r  liv ing  h a b its , w ith th e  exception of following th e  se t 

exerc ise  p rogram , as c o n s ta n t as possib le  d u rin g  th e  tw elve m onths 

of th e  s tu d y .

All p a rtic ip a n ts  w ere a sk ed  to  com plete a  q u estio n n a ire  concern ing  

exerc ise  h ab its  o v e r th e  fo u r w eeks p r io r  to  th e  s ta r t  of th e  s tu d y . 

W alkers w ere in itia lly  su p e rv ise d  d u rin g  a  timed 1.6km walk a ro u n d  

an  a th le tic s  tra c k  and  w ere th e n  a sk ed  to  s ta r t  w ith  th re e  20 m inute 

b r isk  w alks p e r  week, g rad u a lly  in c reas in g  th e  am ount of b r isk  

w alking u n til a t  th re e  m onths th e y  w ere w alking two miles p e r  day 

in  approxim ately  th i r ty  m inutes and  a t  six m onths, th re e  miles p e r  

day  in approxim ately  fo r ty -f iv e  m inutes. Exercise d ia ries  detailing
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time ta k en  and  d is tan ce  w alked w ere m aintained by  th e  p a rtic ip a n ts  

and collected a t m onthly in te rv a ls . D iaries w ere s tu d ied  and  all 

p a r tic ip a n ts  con tac ted  re g u la r ly  to  o ffe r  encouragem ent and  advice. 

C hanges in en d u ran ce  f itn e s s  w ere a sse sse d  by Drs Hardman and  

S tencil a t  L oughborough  U n iv e rs ity  u s in g  an  increm ental uph ill 

w alking te s t  on a  m otorised treadm ill. Each s u b je c t w alked a t  a 

co n s ta n t speed  (e ith e r 1.34 o r 1.56 m /s) fo r 4 m inutes up  each of 4 

in c reas in g ly  s teep  g ra d ie n ts . The treadm ill speed  and  g ra d e s  w ere 

selec ted  to e lic it approxim ately  50, 60, 70 and  80% of each  m an’s 

p re d ic ted  maximal oxygen u p tak e . F in g e rp rick  sam ples of cap illa ry  

blood w ere tak en  befo re  exercise  and  a t  th e  end  of each 4 m inute 

te s t  s tage . These sam ples w ere im m ediately d ep ro te in ised  and  s to red  

a t -7 0 'C p rio r  to  lac ta te  an aly sis . Body w eigh t (and d en sity  by 

h y d ro s ta tic  w eighing) was reco rd ed  and  blood sam ples w ere tak en  a t 

0, 3, 6, 9, 12 m onths. Serum  fo r ch o leste ro l, tr ig ly c e rid e , HDL 

cho leste ro l, apo lipop ro te in s, Lp(a) and  LpAI p a rtic le s  was s to re d  a t 

-70 "C fo r up  to  tw elve m onths and  d e fro s te d  a t  37*0 immediately 

befo re  an aly sis . D ietary  in ta k e s  w ere a sse sse d  by  Drs Hardman and  

S tencil from 7 -day  w eighed food in v e n to rie s  (Bingham e t  al., 1987).

(e) E ffects of lip o p ro te in  lipase  and  hep atic  lipase  on HDL 

com position and  metabolism 

To determ ine th e  re fe re n c e  ra n g e s  fo r LPL and  HL, normolipaemic 

a d u lts  (11 males and  12 females) w ere re c ru ite d  from la b o ra to ry  s taff. 

In d iv id u a ls  (13 males an d  13 fem ales) w ith low HDL ch o les te ro l (serum  

HDL ch o les te ro l co n cen tra tio n  <5th p e rcen tile ) and  th o se  (12 males 

and  13 fem ales) w ith h igh  HDL ch o les te ro l (serum  HDL ch o leste ro l 

co n cen tra tio n  >50th p e rcen tile ) w ere re c ru ite d  from norm al v o lu n tee rs
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and  th ro u g h  lip id  clin ics. In d iv id u a ls  on lip id  low ering m edication or 

w ith familial h y p e rtrig ly ce rid aem ia , d iab e tes , re n a l d isease  and  those  

w ith  declared  alcohol in tak es  w hich exceeded 20 u n its  of alcohol p e r  

week w ere excluded from th e  s tu d y . Following an  o v e rn ig h t fa s t, 

blood sam ples w here tak en  in to  tu b e s  con tain ing  EDTA from co n tro ls  

and  su b je c ts  before  and  5, 10 20 and  30 m inutes a f te r  an

in trav e n o u s  in jec tio n  of h ep a rin  (lOOU/kg body w eight). Samples 

w ere k e p t on ice and  plasm a sep a ra te d  w ith in  10 m inutes of sample 

collection. Plasma was s to re d  a t  -70 *C befo re  m easurem ent of lipolytic 

a c tiv ity , apo lipop ro te in s and  LpAI co n cen tra tio n s . Samples fo r 

cho leste ro l, tr ig ly c e rid e  and  HDL ch o les te ro l w ere s to re d  a t  4 ’C and  

an a ly sed  w ithin  2 d ays of collection. ApoE p h en o ty p es  w ere 

perform ed  using  delip ida ted  lip o p ro te in s  sep a ra te d  by 

u ltra c en trifu g a tio n . The p ro te in  p e lle t was s to re d  u n d e r  n itro g en  a t  -  

70*C and  p h en o ty p ed  w ithin  one month.

2.3 A nalytical m ethods

A ssays fo r to ta l ch o leste ro l, HDL ch o les te ro l, tr ig ly c e r id e s , Lp(a), 

apoA -I, apoB and  LpAI was m onitored u sin g  commercial q u a lity  

co n tro l se ra , human serum  frozen  a t  -70 *C and  by p a rtic ip a tio n  in 

th e  a p p ro p ria te  qu a lity  assessm en t schem es w hen available.

(a) Total ch o leste ro l a ssa y

C holestero l was m easured  usin g  th e  ch o leste ro l o x id ase -p e ro x id ase-4 - 

am inophenazone m ethod (CHOD-PAP) in w hich ch o leste ro l e s te r s  a re  

h y d ro ly sed  by th e  enzym e ch o les te ro l e s te ra se , th e n  fre e  cho leste ro l 

is  oxidised and  th e  h y d ro g en  peroxide g e n e ra te d  is m onitored u sin g  

a  chrom ogenic oxygen accep to r. R eagents w ere supp lied  in a
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commercial k it  by  B oehringer Mannheim UK and  th e  an a ly ses  

perform ed on a Cobas Mira. Quality co n tro l s e ra  w ith C en ter fo r 

D isease C ontrol (CDC) a ss ig n ed  v a lu es  w ere re g u la r ly  a ssay ed , in 

add ition  to  m onitoring th e  perfo rm ance by  s ta n d a rd  in te rn a l and  

ex te rn a l qu a lity  co n tro l p ro c e d u re s . Between b a tch  im precision, 

ex p ressed  as p e rc en ta g e  coeffic ien t of v a ria tio n  (CV%), was 2.8, 2.4 

and  2.0 a t co n cen tra tio n s  of 3.4, 6.8 and  10.3mmol/L re sp ec tiv e ly .

C holestero l e s te r  + H2O cholesterol esterase^ ch o les te ro l + RCOOH

C holestero l + O2 cholesterol oxidase^ A^~cholestenone + H2O2

H2O2 + 4-am inophenazone + phenol P^roxidase^ 4 -(p -b en zo q u in o n e -

m o n o i m i n o ) -  

phenazone + 4H2O 

Form ation of th e  co loured  p ro d u c t, 4 -(p-benzoquinone-m onoim ino)- 

phenazone is m onitored a t 500 nm a g a in s t a  re a g e n t b lank.

(b) F ree  ch o leste ro l a ssay

Free ch o leste ro l was m easured  in  th e  HDL su p e rn a ta n ts  u sin g  th e  

same a ssay  as th a t  u sed  fo r to ta l ch o les te ro l excep t th a t  in  th is  

a ssay , ch o leste ro l e s te ra se  is om itted so th a t  ch o les te ro l e s te r s  a re  

no t h y d ro ly sed  and  only  free  ch o les te ro l is oxidised by  cho leste ro l 

oxidase. Between b a tch  im precision, ex p re ssed  as p e rc en ta g e  

coeffic ien t of v a ria tio n  (CV%), was 4.8 a t  mean co n cen tra tio n  of 

0.25mmol/L.

C holestero l + O2 cholesterol o x i das^ A ^-cholestenone + H2O2 

H2O2 + 4-am inophenazone + phenol P6:^oxidas^ 4-  ( p -b en zo q u in o n e-

m o n o i m i n o ) -  

phenazone + 4H2O
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Form ation of th e  co loured  p ro d u c t, 4 -(p -benzoquinone-m onoim ino)- 

phenazone is m onitored a t  500nm a g a in s t a  re a g e n t b lank.

(c) Calculation of LPL cho leste ro l

LDL ch o leste ro l was calcu la ted  u sin g  th e  Friedew ald form ula

(Friedew ald  e t al., 1972).

LD L-cholesterol = TO -  HDL-C -  TTG
2.19

w here: TO: Total ch o leste ro l (mmol/L)

HDL-C: HDL ch o les te ro l (mmol/L)

TTG: Total tr ig ly c e r id e s  (mmol/L)

LDL ch o leste ro l was no t calcu la ted  fo r those  w ith ty p e  III h y p e r

lipoproteinaem ia, fo r th o se  w ith serum  tr ig ly c e rid e  co n cen tra tio n s  

g re a te r  th a n  4.5mmol/L o r fo r th o se  sam ples ta k en  from  n o n -fa s tin g  

su b je c ts .

(d) HDL ch o leste ro l iso lation  p ro c e d u re s

T h e .fiv e  p ro c e d u re s  w ere u sed  to  iso la te  HDL. The in itia l and  final 

reac tio n  co n cen tra tio n s  (tab le  1) and  th e  te m p e ra tu re  and  time of th e  

incubation  and  c e n tr ifu g a tio n  s tag e s  (tab le  2 ) v a rie d  fo r the  

d if fe re n t lip o p ro te in  p rec ip ita tio n  m ethods. A fter p rec ip ita tio n  and  

c e n tr ifu g a tio n , c lea r su p e rn a ta n ts  w ere reco v e red , f u r th e r  re a g e n ts  

added  to  rem ove in te r fe r in g  su b s ta n c e s  w here  in d ica ted  and  

an alysed . A pprop ria te  c o rrec tio n  fa c to rs , fo r d ilu tion  of th e  sam ples 

by  th e  p re c ip ita tin g  re a g e n ts , w ere app lied  as  n ecessa ry . HDL 

ch o les te ro l was m easured  in  th e  s u p e rn a ta n ts  u s in g  th e  to ta l 

ch o leste ro l m ethod p rev io u s ly  d e sc rib ed  b u t u s in g  a sample volume 

of 15pl in s tead  of 5pl to  im prove p rec is io n  and  lin e a rity  a t HDL 

ch o les te ro l co n cen tra tio n s  below Immol/L.
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Table 1. In itia l and  final co n cen tra tio n s  of p ré c ip ita n ts  u sed  fo r HDL 

isolation

Method In itia l conc. Final conc.

H eparin (U/ml) 5000 175 1
M anganese ch lo ride  1 (mol/L) 0.5 0.044

H eparin (U/ml) 5000 175 1
M anganese ch lo ride  2 (mol/L) 1 0.088

D extran su lp h a te  (g /L ) 10 1.67
Magnesium ch lo ride  (mol/L) 0.5 0.08

P h o sp h o tu n g stic  acid  (mol/L) 0.03 0.005
Magnesium ch lo ride  (mol/L) 0.10 0.017

1 PEG 6000 (g /L ) 450 75

Table 2. Incubation  an d  c en tr ifu g a tio n  cond itions fo r HDL isolation 

p ro c e d u re s  (Temp = tem p era tu re ; RCF = re la tiv e  c en tr ifu g a l force; see 

tex t fo r method ab b rev ia tio n s)

1 Incubation C en trifuga tion

Method Time
(min)

Temp.
(•C)

Time
(min)

Temp.
CC)

RCF
(g)

HMl 30 4 30 4 2000

HM2 30 4 30 4 2000

DS 30 Ambient 30 Ambient 2000

PTA 5 Ambient 30 Ambient 2000

PEG 15 Ambient 30 Ambient 2000 1
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(i) H eparin -m anganese ch lo ride  1 (HMl)

The p ro c e d u re  is e ssen tia lly  th a t  of B u rs te in  and  Samille (1960) w ith 

some minor m odifications. To 1ml of serum , 0.04mL sodium h ep arin

solu tion  (5000 U/ml) was added  and  v o rtex  mixed. Then 0.1ml of

O.5mol/L m anganese ch lo ride  was ad d ed  and  v o rtex  mixed again . 

Samples w ere in cu b ated , c en tr ifu g e d  (tab le  2) and  c lea r su p e rn a ta n ts  

reco v ered . To rem ove excess m anganese, 0.02ml of 0.4mmol/L EDTA 

solu tion  was added  to  0.5ml su p e rn a ta n t. This HDL isolation p ro c e d u re  

was ro u tin e ly  u sed  fo r all s u b se q u e n t in v estig a tio n s  u sing  serum  

u n less  o therw ise  s ta ted . Between b a tch  im precision, ex p ressed  as 

CV%, was 2.2 a t  mean co n cen tra tio n  of 1.3mmol/L.

(ii) H eparin -m anganese ch lo ride  2 (HM2)

The p ro c e d u re  was c a rr ie d  o u t as de tailed  fo r th e  h ep a rin  m anganese 

m ethod 1 b u t w ith an  in itia l m anganese ch lo ride  co n cen tra tio n  of

Im ol/L. This p ro ced u re  was ro u tin e ly  u sed  fo r all su b se q u e n t

in v es tig a tio n s  u sing  plasm a u n le ss  o therw ise  s ta ted . Between b a tch  

im precision (CV%) was 2.4 a t  mean co n cen tra tio n  of l.lm m ol/L .

(iii) D extran su lphate-m agnesium  ch lo ride  (DS)

The p ro c e d u re , p ro p o sed  as  a  re fe re n c e  p ro c e d u re , was u sed  

(W arnick e t al., 1982). A stock  so lu tion  (20g/L) of d ex tran  su lp h a te  

(MW 50,000), pH 7.0, was p re p a re d  and  mixed in  equal volum es w ith 

m agnesium  ch loride  so lu tion  (1 mol/L) to  p ro d u ce  th e  w orking  solution. 

To 1ml of serum , 0.2ml d ex tran  su lphate-m agnesium  ch lo ride  solution 

was added  and  v o rtex  mixed. Samples w ere in cu b a ted , c en tr ifu g e d  

(tab le  2) and  c lear s u p e rn a ta n ts  reco v ered . CV% was 2.7 a t  mean 

co n cen tra tio n  of 1.2mmol/L.
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(iv) P h o sp h o tu n g stic  acid-m agnesium  ch lo ride  (PTA)

A pre-m ixed w orking so lu tion  con ta in ing  p h o sp h o tu n g stic  acid 

(0.03mol/L) and  magnesium ch lo ride  (O.lmol/L) was used . To 1ml of 

serum , 0.2ml of p h o sp h o tu n g stic  acid-m agnesium  ch lo ride  re a g e n t was 

added  and  th e  tu b e s  vo rtex  mixed. Samples w ere in cu b ated , 

c en tr ifu g e d  (tab le  2) and  c lea r s u p e rn a ta n ts  reco v ered . CV% was 1.2 

a t  mean co n cen tra tio n  of 1.2mmol/L.

(v) Polyethylene glvcol 6000 (PEG 6000)

The m ethod d esc rib ed  by Demacker (1980a) was used . To 1ml of 

serum , 0.2ml of PEG solu tion  (450g/L) was added  and  th e  tu b e s  

vo rtex  mixed. Samples w ere in cu b a ted , c en tr ifu g e d  (tab le  2) and  c lear 

su p e rn a ta n ts  reco v ered . CV% was 2.6 a t  mean co n cen tra tio n  of 

1.2mmol/L.

(e) Phospholipid  a ssa y

Phospholip ids w ere m easured  in  th e  HDL s u p e rn a ta n ts  u s in g  coupled 

reac tio n s  in  w hich choline and  p h o sp h a tid ic  ac id s a re  p ro d u ced  by 

h y d ro ly s is  of phospholip id  u sin g  phospho lipase . Choline is oxidised 

by  choline oxidase an d  th e  h y d ro g en  perox ide g e n e ra te d  is m onitored 

u sin g  a  chrom ogenic oxygen accep to r. R eagen ts w ere sup p lied  in  a 

commercial k it by  B oeh ringer Mannheim UK. CV% was 2.1 a t  mean 

co n cen tra tio n  of 1.5mmol/L.

Phospholip ids + H2O phospholipase choline + p h o sp h atid ic  acids

Choline + 20^ + HgO choline oxidase^ be ta in e  + 2H2O2

2H2O2 + 4-am inophenazone + phenol peroxidaa^ 4- (p -benzoqu inone

m o n o i m i n o ) -  

phenazone + 4H2O
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(f) T rig ly cerid e  a ssay

T rig ly cerid es  w ere m easured  u sin g  th e  g ly cero p h o sp h a te  oxidase- 

perox idase-4-am inophenol method in  w hich g ly ce ro l-3 -p h o sp h a te , 

p ro d u ced  from tr ig ly c e r id e s  by  two coupled  enzym ic reac tio n s , is 

oxidised and  th e  h y d ro g en  peroxide g e n e ra te d  is m onitored u sin g  a 

chrom ogenic oxygen accep to r. R eagents w ere su p p lied  in  a  commercial 

k it by  B oehringer Mannheim UK and  th e  an a ly ses  perfo rm ed  on a 

Cobas Mira. Between b a tch  im precision (CV%) was 3.9, 3.7 and  2.4 a t 

mean co n cen tra tio n s  of 0.58, 1.3 and  3.9mmol/L re sp ec tiv e ly .

T rig ly ce rid es  + 3H2O esterase^ g lycero l + 3RC00H

Glycerol + ATP glycerol klnaae^ g ly c e ro l-3 -p h o sp h a te  + ADP

G ly cero l-3 -phosphate  + Og d ih y d ro x y ace to n e -p h o sp h a te  + H2O2

H2O2 + 4-am inophenol + 4-CP peroxidase^ 4 -(p -b en zo q u in o n e -

m onoim ino)-phenazone +

2H2O + HCl

Where: GPO: g ly cero p h o sp h a te  oxidase

4-CP: 4 -ch lo ropheno l 

Form ation of th e  co loured  p ro d u c t, 4 -(p -benzoquinone-m onoim ino)- 

phenazone is m onitored a t 500nm a g a in s t a  re a g e n t blank.

(g) ApoA-I. apoA -II an d  apoB a ssa y

ApoA-I, apoA -II and  apoB w ere m easured  by  im m unoturb id im etry  

u sin g  specific  a n tis e ra  su p p lied  by  In c s ta r  Limited. Samples, 

c a lib ra to rs  and  qu a lity  co n tro l s e ra  w ere d ilu ted  in  0.15mol/L sodium 

ch lo ride  so lution (1:20 v /v )  and  mixed w ith  specific  a n tis e ra  d ilu ted  

in  4% PEG 6000 (1:20 v /v ) .  T u rb id ity  p ro d u ced  by  th e  form ation of 

inso lub le  an tig e n -an tib o d y  complexes was m onitored a t  340nm.
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Between ba tch  im precision fo r apoA-I (CV%) was 2.2 and  2.4 a t  mean 

co n cen tra tio n s  of 1.3 and  2.1g/L  re sp ec tiv e ly , fo r apoA -II was 2.8 

and  2.5 a t mean co n cen tra tio n s  of 0.35 and  0.45g/L  re sp ec tiv e ly  and  

fo r apoB was 1.8 and  1.4 a t  mean co n cen tra tio n s  of 0.77 and  1.3g/L 

re sp ec tiv e ly .

(h) Lp AI a ssay

LpAI p a rtic le s  w ere m easured  by  electro im m unoassay u sin g  p re 

p re p a re d  agaro se  p la te s  su p p lied  by  Labm edics Limited. Samples w ere 

d ilu ted  1:50 (v /v )  in  O.15mol/L sodium ch lo ride  so lu tion  and  app lied  

to th e  agaro se  p la te . E lec tro p h o resis  co n tinued  fo r 4 h o u r a t  50V 

a f te r  which th e  p la te s  w ere p re s se d , w ashed and  th e n  s ta in ed  u sin g  

coomassie blue. A ntibody to  apoA -II was in co rp o ra ted  in  excess into 

th e  gel and  re ta rd e d  th o se  p a rtic le s  con tain ing  apoA -II while th o se  

p a rtic le s  con tain ing  apoA-I b u t no t apoA -II m igrated  f u r th e r  and  

re a c te d  w ith an tib o d y  to  apoAI th u s  form ing th e  ro c k e ts . The h e ig h t 

of th e  ro c k e t was m easured  and  th e  co n cen tra tio n  calcu la ted  u sing  

a s ta n d a rd  c u rv e  p ro d u ced  by  ru n n in g  c a lib ra to rs  su p p lied  by 

Labmedics Limited. Between a ssay  im precision, ex p re ssed  as  CV%, was

6.1 and  5.5 a t mean LpAI co n cen tra tio n s  of 0.35 and  0.70g/L 

re sp ec tiv e ly .

(i) Lp(a) a ssay

Lp(a) was m easured  by  an enzyme linked  im m uno-sorben t a ssay  

su p p lied  by Immuno Limited. Sam ples, d ilu ted  1:500 (v /v )  in  th e  

d ilu en t p ro v id ed , w ere p ip e tte d  in to  th e  wells of a  m icro titre  p la te  

coated w ith a  polyclonal an tib o d y  a g a in s t apo(a) and  sim ultaneously  

in cu b a ted  w ith a second m onovalent an ti-ap o (a ) an tib o d y  co n ju g a ted

95



to  perox idase. A fter incubation , d ilu ted  serum  and  unbound  a n tib o d y - 

enzym e co n ju g a te  w ere rem oved by  w ashing  and  th e  s u b s tra te  fo r 

perox idase , te tra -m e th y l-b e n z id in e , ad d ed  to  th e  wells. The reactio n  

was s topped  by  ad d ition  of su lp h u ric  acid  and  th e  ab so rb an ce  

m easured  a t  450nm. Between a ssa y  im precision, ex p re ssed  as CV% was 

6.8 and  6.5 a t  mean Lp(a) co n cen tra tio n s  of 20 and  45m g/dl 

re sp ec tiv e ly .

( j )  A p o E p h e n o t y p i n g

ApoE p h en o ty p es  w ere determ ined  by  isoe lec tric  focusing  of 

d e lip ida ted  VLDL in polyacrylam ide ro d s  (W arnick et  aL, 1979b) w ith 

some m odifications (B outhillier e t a l., 1983). The m ajor isoform s E-2, 

E-3 and  E-4 focus a t  pH 5.9, 6.0 and  6.1 re sp ec tiv e ly .

(i) Iso lation  of VLDL

VLDL was iso la ted  u sin g  u ltra c e n tr ifu g a tio n  by  lay e rin g  5ml of plasm a 

u n d e r  8ml of O.15mol/L sodium ch lo ride  (density=1.006g/m l) in  a 

cellu lose n itra te  u ltra c e n tr ifu g a tio n  tu b e . T ubes w ere loaded in to  a  

SW41 swing o u t ro to r  and  u ltra c e n tr ifu g e d  a t  10 *C fo r 20 h o u rs  a t 

105,000g. L ipopro teins w ere reco v e red  by  a sp ira tio n  in  approxim ately  

2ml of saline and  lOpl re se rv e d  fo r  lip o p ro te in  e lec tro p h o res is . The 

rem ainder was tr a n s fe r r e d  to  a  cellulose n itra te  tu b e , to p p ed  up  w ith 

O.15mol/L sodium ch lo ride  and  u ltra c e n tr ifu g e d  again  u sin g  th e  same 

cond itions as before . L ipopro te ins w ere reco v ered  from th e  top  of th e  

tu b e , s to red  a t  -2 0 'C fo r  up  to  seven  d ays and  th e n  delip idated .
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(ii) E lec tro p h o resis  of VLDL

Plasma, VLDL iso la ted  from th e  plasm a an d  a  re fe re n c e  plasm a w ere 

e lec tro p h o resed  in  ag aro se  gels u s in g  0.05mol/L b a rb ito n e  b u ffe r , 

pH 8.6. Samples w ere e lec tro p h o resed  a t  room tem p era tu re  fo r 35 

m inutes a t  a  c o n s ta n t vo ltage of 90V. A fter e lec tro p h o res is  th e  gel 

was d ried  u sin g  ho t a ir , th e n  s ta in ed  u sin g  0.225g/L F at Red 7B 

d isso lved  in m ethanol and  d esta in ed  u sin g  m ethy lated  s p ir i t  and

w ater (1:1 v /v ) .  The e lec tro p h o re tic  p a t te rn  of th e  plasm a was

examined fo r a  b road  13 p a tte rn  and  m obility of iso la ted  VLDL was 

examined fo r th e  p re sen ce  of (3-m igrating p a rtic le s .

(iii) Delipidation of VLDL

VLDL tr ig ly c e rid e s  w ere m easured  u s in g  th e  tr ig ly c e rid e  m ethod 

p rev io u sly  d esc rib ed . An a liquo t con ta in ing  0.9mg of tr ig ly c e rid e  

(eq u iv a len t to  approxim ately  150pg of p ro te in ) was mixed w ith an 

equal volume of neuram in idase so lu tion  (5kU /L in O.lmol/L ace ta te  

b u ffe r) and  in cu b a ted  fo r 2 h o u rs  a t  37*C. L ipopro te ins w ere th e n

delip ida ted  by  slowly add in g  3ml of ice-co ld  m ethanol in  a  12ml

cen tr ifu g e  tu b e . D iethyl e th e r  was cooled to  0*C and  7ml ad d ed  while 

v o rtex ing  th e  tu b e . T ubes w ere k e p t in  an  ice b a th  fo r 20 m inutes 

and th e n  c en tr ifu g e d  a t  O’C fo r 20 m inutes a t  2000g a f te r  w hich th e  

so lv en t was a sp ira te d  and  th e  p e lle t re -s u sp e n d e d  in  10ml of ice cold 

d ie thy l e th e r . The tu b e s  w ere p laced  in  an  ice b a th  fo r 15 m inutes 

and  re -c e n tr ifu g e d  u sin g  th e  same cond itions as  before. S o lven t was 

a sp ira te d  and  th e  p ro te in  p e lle t d ried  u n d e r  n itro g en . The p ro te in  

was so lub ilised  by  ad d ing  0.2ml lOmmol/L t r i s  b u ffe r  pH 8.6 

con tain ing  8mol/L u re a  and  lOmmol/L d ith io th re ito l and  le ft to 

d isso lve a t 4*C fo r 1 hour.
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(iv) Iso e lec tric  focusing

A stock  gel re a g e n t con tain ing  500g/L acrylam ide and  13g/L N,N’ 

m ethylenebisacry lam ide was p re p a re d  and  4.8g of u ltr a p u re  u re a  

d isso lved  in  3ml of d is tilled  w ater w ere ad d ed  to  1.5ml of th is  stock  

so lu tion , followed by 0.5ml of Ampholyte pH 4-6.5. The volume was 

a d ju s te d  to  10ml w ith  d is tilled  w a ter, g iv ing  fina l co n cen tra tio n s  of 

75g/L  and 1.95g/L fo r  acrylam ide and  m ethylenebisacry lam ide 

re sp ec tiv e ly . Ammonium p e rsu lp h a te  so lu tion  (lOOg/L) was p re p a re d  

ju s t  befo re  u se  and  40pl added  to  th e  gel m ixture, followed by  lOpl 

of te tram e th y len e  diamine. The re su ltin g  so lu tion  was d e -a e ra te d  

u n d e r  vacuum , p ip e tte d  in to  R epel-S ilane coated  g lass  tu b e s  (12.5cm 

long and  0,5cm in te rn a l diam eter) leaving  a 2cm gap a t th e  top  of th e  

ro d s  and  le ft to  polym erise fo r 1 hour.

Gels w ere p re fo cu sed  a t  a  c o n s ta n t vo ltage  of llOV fo r 1 h o u r a t  4*C 

u s in g  lOmmol/L pho sp h o ric  acid  in  th e  anode cham ber and  20mmol/L 

sodium hydrox ide in  th e  u p p e r , cathode cham ber. O verlay so lution 

was p re p a re d  by d ilu tin g  t r i s  b u ffe r -u re a -d ith io th r ie to l  sample 

d ilu en t w ith d is tilled  w a ter (1:1 v /v ) .  F re sh  e lec tro ly te  so lu tions w ere 

added  to  th e  e lec tro p h o res is  ta n k  and  0.1ml of o v erlay  so lu tion  was 

p ip e tte d  onto th e  top  of each ro d , followed by  th e  sam ples which 

w ere ca re fu lly  lay ered  u n d e r  th e  o v erlay  solution. The p ro te in s  w ere 

focused  a t  a  c o n s ta n t vo ltage  of 250V fo r 16 h o u rs  a t  4*C. Samples 

of known apoE p h en o ty p e  w ere inc luded  to  aid in te rp re ta tio n .

(v) Fixing and  s ta in in g  of gels

Gels w ere fixed u sin g  115g/L trich lo ro ace tic  acid  so lu tion  con tain ing  

35g/L su lphosalicy lic  acid  a f te r  w hich p ro te in s  w ere s ta in ed  u sin g  

0 ,9g/L  coomassie blue d isso lved  in  th e  d e s ta in  so lu tion  co n sis tin g  of
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m ethylated  sp ir i ts ,  glacial acetic  acid  and  d is tilled  w ater (3.1:1:8.4 

v /v /v ) .  A fter s ta in in g  th e  b an d s, gels w ere d esta in ed  u n til th e  

b ack g ro u n d  was c lea r and  th e n  p re s e rv e d  usin g  glacial ace tic  acid , 

g lycero l and  w ater (1:2:17 v /v /v ) .

(k) L ipopro tein  lipase  and  hepatic  lipase  a ssay s

P ost h ep arin  LPL and  HL ac tiv itie s  w ere m easured  u sin g  th e  method 

of N ilsson-Ehle and  Ekman (1977) w ith  some m odifications (lower 

incubation  te m p e ra tu re  and  sodium dodecyl su lp h a te  u sed  to in h ib it 

HL). Labelled oleic acid , h y d ro ly sed  from  g lycero l tri{9 ,10(n)- H}oleate 

by LPL and  HL, was coun ted  a f te r  ex trac tio n  usin g  th e  method of 

B elfrage and  Vaughn (1969). A ctiv ities w ere m easured  a t  28*C ra th e r  

th a n  37 *C as LPL may be p a rtia lly  d e -a c tiv a te d  a t 37 *C and  zero 

o rd e r  k in e tics  a re  o b se rv ed  fo r a  m uch lo nger time a t  28*C ra th e r  

th a n  a t  37"C (G reten e t al., 1968). LPL a c tiv ity  was selec tive ly  

m easured  u sin g  sodium dodecyl su lp h a te  (SDS) to  in h ib it HL and  HL 

ac tiv ity  was m easured  u sing  Imol/L sodium ch lo ride  to  in h ib it LPL 

and  a s u b s tra te  th a t  did no t include th e  a c tiv a to r of LPL, apoC -II 

(B aginsky and  Brown, 1979).

(i) P rep a ra tio n  of LPL s u b s tra te

The s u b s tra te  was p re p a re d  by  ev ap o ra tin g  15yl of g lycero l 

tri{9 ,10(n)- H}oleate in  to luene (eq u iv a len t to  75pCi) to  d ry n e s s  u n d e r 

n itro g en  in a g lass v ia l and  add in g  33mg of un labelled  g lycero l 

tr io lea te  to  give a specific  a c tiv ity  of 2.0pCi/pmol, followed by 

0.168mg of ly so p h o sp h a tid y l choline. Twelve ml of 0.2mol/L t r i s  

b u ffe r , pH 8.2, con tain ing  O.15mol/L sodium ch lo ride  was added  to  the  

vial w hich was th e n  v o rtexed  mixed. The m ixture, k e p t in an  ice
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b a th , was son ica ted  fo r a  to ta l of 6 m inutes by  re p e a te d ly  son icating  

fo r 30 seconds followed by a r e s t  period  of 30 seconds. Following 

sonication , 1.0ml of h e a t- in ac tiv a te d  serum  (cho leste ro l 4.8mmol/L and 

tr ig ly c e rid e  l.Ommol/L) and  2.0mL of O.2mol/L t r i s  b u ffe r , pH 8.2, 

con tain ing  105mg of fa tty  acid fre e  bovine serum  album in and  

O.15mol/L sodium ch lo ride , was ad d ed  p ro d u c in g  a  to ta l album in 

co n cen tra tio n  of approxim ately  lOmg/ml, sodium ch lo ride  co n cen tra tio n  

of 0.14mmol/L and  trio le in  co n cen tra tio n  of 2.5 pmol/ml.

(ii) Inh ib ition  of hep atic  lipase

HL was in h ib ited  by  add ing  50pl of p o s t h ep a rin  plasm a to  50pl of 

70mmol/L SDS d isso lved  in  t r i s  b u ffe r  pH 8.2 and  in cu b a tin g  in a 

shak ing  w ater b a th  fo r 30 m inutes a t  28 *C.

(iii) A ssay of lip o p ro te in  lipase ac tiv ity

A fter p re p a ra tio n  th e  s u b s tra te  was in cu b a ted  a t  37 *C fo r 60 m inutes 

and  th e n  k e p t a t  4*C u n til u se  w hen 0.5ml of s u b s tra te  was p ip e tted  

in to  g lass  tu b e s  fo r p re -in c u b a tio n  a t 28 *C fo r 10 m inutes. The 

reac tio n  was s ta r te d  by  add ing  lOpl of S D S -trea ted  p o s t h ep arin  

plasm a to  th e  s u b s tra te . At 60 m inutes, th e  reac tio n  was te rm in a ted  

by  p ip e ttin g  3.25ml of ex trac tio n  m ixture con tain ing  m ethanol- 

ch lo ro fo rm -hep tane  (1.41:1.25:1 v /v /v )  in to  th e  tu b e . A fter vo rtex in g , 

1.05ml of O.lmol/L potassium  c a rb o n a te -b o ra te  b u ffe r , pH 10.5, was 

added  and th e  m ixture v o rtex ed  fo r 30 seconds. P hases w ere 

se p a ra te d  by  c en tr ifu g a tio n  a t 3000g fo r  30 m inutes. Labelled oleic 

acid was m easured  by  mixing 1ml of th e  u p p e r  m ethano l-w ater p h ase  

w ith 6ml of sc in tillan t and  coun ting  on a liqu id  scin tilla tion  co u n te r 

w ith autom atic quench  co rrec tio n . All in cu b a tio n s  w ere perform ed  in
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duplicate . The effic iency  of th e  ex trac tio n  p ro c e d u re  was m easured  

by ex trac tin g  [9,10 H]-oleic acid from 0.5ml of s u b s tra te  m ixture 

con tain ing  all s u b s tra te  com ponents b u t w ith  labelled  oleic acid  

in s tead  of labelled  trio le in . E x trac tion  e ffic iency  was ty p ica lly  

approxim ately 76%. B lanks w ere ru n  fo r each a ssa y  by  add ing  th e  

ex trac tio n  m ixture immediately a f te r  ad d ition  of serum  to  th e  

su b s tra te .

Enzyme a c tiv ity  =______ C x F______  pm ol/m l/hr
E x S x T x P x V

w here C rad io ac tiv ity  p e r  sample (cpm)

F volume of w ater-m ethano l p h ase  (ml)

E ex trac tio n  effic iency

S specific  a c tiv ity  (cpm/pmol trio le in )

T in cubation  time (h r)

P volume of plasm a u sed  (ml)

V volume of w ater-m ethano l p h ase  coun ted  (ml)

(iv) P rep a ra tio n  of hepatic  lipase  s u b s tra te

The s u b s tra te  was p re p a re d  by  ev ap o ra tin g  15pl of g lycero l 

tri{9 ,10(n)- H}oleate in  to luene (eq u iv a len t to  75pCi) to  d ry n e s s  u n d e r  

n itro g en  in  a  g lass  v ia l and  add in g  33mg of un labelled  g lycero l 

trio lea te  to  give a  specific  a c tiv ity  of 2,0pCi/pmol, followed by  

O.lGSmg of ly so p h o sp h a tid y l choline. F ifteen  ml of O.2mol/L t r i s  

b u ffe r , pH 8.6, con tain ing  Imol/L sodium  ch lo ride  and  150mg fa tty  

acid fre e  bovine serum  album in was ad d ed  to  th e  v ia l w hich was th e n  

v o rtex ed  mixed. The m ixture was son ica ted  as  fo r  th e  LPL s u b s tr a te  

p re p a ra tio n . F inal reac tio n  co n cen tra tio n s  w ere lOmg/ml album in and 

Imol/L sodium ch loride.
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(v) A ssay of hepatic  lipase  a c tiv ity

The s u b s tra te  was k e p t a t  4 ’C u n til u se  w hen 0.5ml of s u b s tra te  was 

p ip e tte d  in to  g lass tu b e s  fo r p re - in c u b a tio n  a t  28 *C fo r 10 m inutes. 

The reactio n  was s ta r te d  by  add in g  lOpL of p o s t h ep a rin  plasm a, 

d ilu ted  1:1 v /v  w ith O.15mol/L sodium ch lo ride , to  th e  s u b s tra te . The 

reac tio n  was te rm in a ted  a f te r  60 m inutes by  e x tra c tin g  and  coun ting  

labelled  fa tty  ac id s as d e sc rib ed  fo r th e  LPL assay .

(vi) Validation of th e  a ssa y s

P ost h ep arin  plasm a w ith p rev io u s ly  determ ined  LPL and  HL ac tiv itie s  

w ere inc luded  w ith each  b a tch  to  m onitor th e  perform ance of th e  

a ssay s . The betw een b a tch  im precision, e x p re ssed  as CV%, fo r mean 

LPL ac tiv itie s  of 1.5 and  3,8 pm ol/m l/hr was 14.3 and  11.0 

re sp ec tiv e ly  and  fo r  mean HL a c tiv itie s  of 11.8 an d  17.5 pm ol/m l/hr 

was 12.8 and  10.2 re sp ec tiv e ly . To e n su re  th a t  fu ll inh ib ition  of th e  

enzym e was o c cu rrin g  w hen usin g  th e  a p p ro p ria te  in h ib ito r , a  "zero  

a c tiv ity  tu b e"  u sin g  1ml of HL s u b s tra te ,  w hich can n o t be h y d ro ly sed  

by  LPL, and  20pl of S D S -trea ted  p o s t-h e p a r in  plasm a, w hich in h ib its  

HL, was a ssay ed  fo r each of th e  p a tie n t’s sam ples. U nder th e se  

cond itions, re s id u a l lipase  a c tiv ity  was le ss  th a n  0.3pm ol/m l/hr.

The a c tiv ity  rem aining a f te r  inh ib ition  of HL by  SDS was a sse ssed  by 

in cu b a tin g  S D S -trea ted  p o s t h ep arin  plasm a w ith v a rio u s  s u b s tra te s  

w ith  in c reas in g  volum es of h e a t- in a c tiv a te d  serum  added . The album in 

co n cen tra tio n  was a d ju s te d  as th e  volume of h e a t- in a c tiv a te d  serum  

in c re a se d  to  m aintain approxim ately  th e  same co n cen tra tio n  of album in 

th ro u g h o u t. L in earity  of some of th e  a ssa y s  was checked  by 

in cu b a tin g  la rg e r  volum es of p o s t h e p a rin  plasm a and  s u b s tra te  and 

rem oving 0.5ml of reac tio n  m ixture a t 15, 30, 60 and  75 m inutes.
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2.4 S ta tis tica l an a ly sis

R esults from th e  s tu d ie s  of HDL isolation te ch n iq u es  w ere an aly sed  

u sing  d ifference  p lo ts  (Bland and  Altman, 1986). S ta tis tic a l an a ly ses  

fo r o th e r  in v estig a tio n s  w ere perform ed usin g  Minitab v e rs io n  6 a f te r  

ex p lo ra to ry  d a ta  an a ly sis  accord ing  to  th e  M initab handbook. 

V ariables which did no t conform  to a  G aussian d is tr ib u tio n  w ere 

norm alised by logarithm ic tran sfo rm atio n . The following s ta tis tic a l 

m ethods w ere u sed :-

(i) Paired  T te s t  

Tables 3, 4.

(ii) U npaired  T te s t

Tables 19, 20, 24-30, 33. F ig u res  29, 30.

(iii) One way an a ly sis  of variance

Tables 3, 4, 25-30. F ig u res  29, 30.

(iv) Spearm an co rre la tio n  coeffic ien t 

Tables 21, 22, 34.

(v) D iscrim inant fu nc tion  analysis  

Table 23.
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3.1 Comparison of p rec ip ita tio n  •procedures u sed  to  iso la te  HDL

(a) HDL com position by  d iffe re n t iso lation  p ro c e d u re s

The mean value, in te rq u a r ti le  ra n g e  and  ra n g e  of v a lues fo r 

cho leste ro l, apoA-I an d  LpAI in  th e  su p e rn a ta n ts  a f te r  rem oval of 

apoB -contain ing  lip o p ro te in s  by  th e  d iffe re n t p rec ip ita tio n  m ethods 

a re  p lo tted  in  f ig u re s  1, 2 and  3 re sp ec tiv e ly . The com position of 

HDL iso lated  by  th e  d if fe re n t p rec ip ita tio n  m ethods showed th a t  

th e re  w ere no s ig n ific an t d iffe ren ces  in  to ta l ch o leste ro l and  

tr ig ly c e rid e  co n cen tra tio n s  betw een th e  p rec ip ita tio n  m ethods b u t 

th a t  free  ch o leste ro l and  phospho lip id  co n cen tra tio n s  w ere 

s ig n ifican tly  lower fo r h ep arin -m an g an ese  ch lo ride  m ethod 2 com pared 

w ith th e  o th e r  m ethods (tab le  3, mean + s ta n d a rd  deviation , s).

Table 3. Lipid com position (mean + s, excep t § median and  ran g e ) 

of HDL iso la ted  by d iffe re n t p rec ip ita tio n  m ethods (^ p<0.001)

Total Chol
e s te ro l 

(mmol/L)

F ree  Chol
e s te ro l 

(mmol/L)

T rig ly 
ce rid e  § 

(mmol/L)

Phospho
lip id
(mmol/L)

HMl 1.5 ± 0.4 0.3 ± 0.1 0.3(0.1-0.5) 1.5 ± 0.2

HM2 1.4 ± 0.3 0.1 ± 0.1$ 0 .2(0 ,l-0 .4) 1.3 ± 0.2$

DS 1.5 ± 0.3 0.3 + 0.1 0.3(0.2-0.5) 1.5 ± 0.3

PEG 1.4 i  0.3 0.3 + 0.1 0.3(0.1-0.4) 1.5 ± 0.2

PTA 1.4 + 0.3 0.3 ± 0.1 0.3(0.1-0.5) 1.5 ± 0.2
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Fi gure  1. P l o t  of  HDL c h o l e s t e r o l  c o n c e n t r a t i o n s  by five p r e c i p i t a t i o n  
p r o c e d u r e s  s h o wi n g  m e d i a n ,  I n t e r q u a r t i l e  r a n g e  a n d  r a n g e  of  v a l u e s
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2.2
HDL apoA-l (g/L)
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Fi gu r e  2. P l o t  of  HDL a poA- l  c o n c e n t r a t i o n  by f ive p r e c i p i t a t i o n  

p r o c e d u r e s  s howi ng  m e d i a n ,  i n t e r q u a r t i l e  r a n g e  a n d  r a n g e  of  va l ues .
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Fi gure  3. P l o t  of  HDL LpA-l  c o n c e n t r a t i o n s  by f ive p r e c i p i t a t i o n  

p r o c e d u r e s  s h o wi n g  m e d i a n ,  i n t e r q u a r t i i e  r a n g e  a n d  r a n g e  of  v a i u e s
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A lthough ApoA-I (p<0.05) and  LpAI (p<0.001) co n cen tra tio n s  w ere 

lower fo r hep arin -m an g an ese  ch lo ride  m ethod 2, th e  p e rcen tag e  of 

to ta l apoA-I c ircu la tin g  in  apoA -I-con ta in ing  p a rtic le s  (LpAI:apoA-I 

ra tio ) was no t s ig n ifican tly  d if fe re n t betw een th e  m ethods (tab le  4).

Table 4. A poprotein and  LpAI co n cen tra tio n s  (mean + s) 

of HDL iso la ted  by d iffe re n t p rec ip ita tio n  m ethods 

and  sign ificance  w hen com pared w ith h ep arin -m an g an ese  

ch lo ride  method 1 (* p<0.05; $ p <0.001)

ApoA-I
(g /L )

LpAI
(g/L )

LpA I/apoA -I 
ra tio  (%)

HMl 1.6 + 0.2 0.54 + 0.1 34.7 + 4.8

HM2 1.5 i  0.2* 0.49 ± O .lt 34.1 ± 5.6

DS 1.6 ± 0.2 0.55 ± 0.1 34.8 ± 4.9

PEG 1.6 + 0.2 0.53 + 0.1 34.8 + 4.9

PTA 1.6 + 0.2 0.55 ± 0.1 34.4 ± 5.5

Lp(a) and  apoB w ere u n d e tec tab le  in  th e  HDL su p e rn a ta n ts , even  

a f te r  co n cen tra tio n  by  u ltra c e n tr ifu g a tio n  a t  d en s ity  1.21g/m l and  

105,000g fo r 16 h o u rs , in d ica tin g  th a t  apoB -conta in ing  lip o p ro te in s  

w ere e ssen tia lly  com pletely rem oved by  all th e  p rec ip ita tio n  

p ro ced u res .

(b) HDL ch o les te ro l d iffe ren ce  p lo ts

Data from each com parison of d iffe re n t m ethods w ere an aly sed  by 

p lo ttin g  the  d iffe ren ce  betw een re s u lts  a g a in s t th e  mean value.
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D ifference betw een re s u lts  (%) = (a -  b) x X 100
(a + b)

w here: a  = r e s u l t  by  p rec ip ita tio n  m ethod A

b = r e s u l t  by  p rec ip ita tio n  m ethod B

The HDL ch o leste ro l d iffe ren ce  p lo ts  show th a t  th e  d iffe ren ces  w ere 

c o n s ta n t th ro u g h o u t th e  ran g e  of v a lu es  s tu d ied  (HMl v e rs u s  HM2 

f ig u re  4, HMl v e rs u s  DS fig u re  5, HMl v e rs u s  PEG fig u re  6 and  HMl 

v e rs u s  PTA fig u re  7). The la rg e s t  mean p e rc en ta g e  d iffe ren ces  

o c cu rred  betw een h ep arin -m an g an ese  ch lo ride  m ethod 1 and  h e p a r in -  

m anganese ch loride m ethod 2 (6.7%, tab le  3) and  betw een h e p a r in -  

m anganese ch lo ride  m ethod 1 and  PEG 6000 (4.1%, tab le  5).

D ifferences betw een h ep arin -m an g an ese  ch lo ride  method 1 and  

d ex tran  su lphate-m agnesium  ch lo ride  and  betw een  hep arin -m an g an ese  

ch lo ride  method 1 and  p h o sp h o tu n g stic  acid-m agnesium  ch lo ride  

w ere modest.

Table 5. P ercen tag e  d iffe ren ces  (mean + s) betw een HDL 

iso lation  m ethods

C holesterol
(p e rcen tag e
d ifference)

ApoA-I
(p e rcen tag e
d ifference)

LpAI I
(p e rcen tag e
d ifferen ce)

HM1-HM2 6.7 ± 5.4 8.6 + 6.3 10.6 ± 5.2

HMl-DS —1.3 + 3.9 —2.7 + 5.2 —2.7 + 5.3

HMl-PEG 4.1 ± 3.7 2.5 ± 5.3 2.2 ± 7.6

HMl-PTA 0.9 ± 4.5 -2 .9  + 4.4 -1 .8  i  7.9
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The lim its of ag reem en t betw een th e  m ethods, calcu la ted  as mean 

d iffe ren ce  + two s ta n d a rd  dev iations, show th a t  th e  w idest ra n g e  of 

d iffe ren ces  in  m easured  HDL ch o les te ro l o c cu rred  betw een h e p a r in -  

m anganese ch lo ride  m ethod 1 and  h ep arin -m an g an ese  ch lo ride  method 

2 w ith 95% of th e  hep arin -m an g an ese  ch lo ride  m ethod 1 va lu es  being  

betw een 0.24 mmol/L h ig h e r and  0.06 mmol/L low er th a n  v a lues 

ob ta ined  by h ep arin -m an g an ese  ch lo ride  method 2 (tab le  6). The 

ran g e  of d iffe ren ces  fo r h ep arin -m an g an ese  ch lo ride  m ethod 1 v a ried  

betw een 0.16 mmol/L h ig h e r and  0.13 mmol/L low er th a n  v a lues by 

th e  p h o sp h o tu n g stic  acid-m agnesium  ch lo ride  method.

Table 6. Limits of ag reem en t, calcu la ted  as mean d iffe ren ce  + 2 

s ta n d a rd  dev iations (d + 2s), betw een HDL iso lation  m ethods

C holesterol ApoA-I LpAI
(mmol/L) (g /L ) (g /L )

d+2s d -2s d+2s d -2 s d+2s d -2 s

HM1-HM2 0.24 -0.06 0.28 -0.04 0.10 0.01

HMl-DS 0.09 —0.13 0.12 -0.20 0.05 -0.07

HMl-PEG 0.18 -0.06 0.19 -0.13 0.09 -0.07

1 HMl-PTA 0.16 -0.13 0.09 -0.18 0.08 -0.10 1
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(c) ApoA-I d iffe ren ce  p lo ts

D ifference p lo ts fo r apoA -I in  th e  HDL s u p e rn a ta n ts  show th a t  th e  

d iffe ren ces  a re  c o n s ta n t th ro u g h o u t th e  ra n g e  of v a lu es  s tu d ied  (HMl 

v e rs u s  HM2 fig u re  8, HMl v e rs u s  DS fig u re  9, HMl v e rs u s  PEG fig u re  

10 and  HMl v e rs u s  PTA fig u re  11). The la rg e s t  p e rcen tag e  d ifference  

(8.6%) o ccu rred  betw een h ep arin -m an g an ese  ch lo ride  m ethod 1 and  

hep arin -m an g an ese  ch lo ride  m ethod 2 (tab le  5). The h e p a r in -  

m anganese ch loride method 2 u n d e restim ated  apoA -I v a lues com pared 

w ith h ep arin -m an g an ese  ch lo ride  method 1.

Modest d iffe ren ces  w ere o b se rv ed  betw een hep arin -m an g an ese  

ch lo ride  method 1 and  th e  rem aining p rec ip ita tio n  m ethods (tab le  6).

(d )  Lp AI d i f f e r e n c e  p l o t s

D ifference p lo ts fo r HDL LpAI show th a t  th e  d iffe ren ces  a re  c o n s ta n t 

th ro u g h o u t th e  ra n g e  of va lues s tu d ied  (HMl v e rs u s  HM2 f ig u re  12, 

HMl v e rs u s  DS fig u re  13, HMl v e rs u s  PEG fig u re  14 and  HMl v e rs u s  

PTA fig u re  15). The la rg e s t  d iffe ren ce  (10.6%) was betw een h e p a r in -  

m anganese ch lo ride  method 1 and  h ep arin -m an g an ese  ch loride method 

2 (tab le  5). D ifferences betw een h ep arin -m an g an ese  ch lo ride  m ethod 

1 and  th e  rem aining p rec ip ita tio n  te ch n iq u es  w ere m odest (tab les  5 

an d  6)
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Figure 4. D i f ference  plot for HDL c ho les t ero l  by h e p a r i n - m a n g a n e s e
chloride 1 (HM1) and  h e p a r i n - m a n g a n e s e  2 (HM2) precipitation
p r o c e d u r e s
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D i f f e r e n c e  HMl -  DS (%)
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Figure 5. D i f ference  plot for  HDL c ho les t ero l  by h e p a r i n - m a n g a n e s e
chlor ide  1 (HM1) and  dextran  s u l p h a t e - m a g n e s i u m  chloride (DS)
prec ipi tat ion p r o c e d u r e s
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Figure 6. D if ference  plot for  HDL c ho les t ero l  by h e p a r i n - m a n g a n e s e
chloride 1 (HM1) a n d  po lyethylene  glycol  6 0 0 0  (PEG) precipitat ion
p r o c e d u r e s
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D i f f e r e n c e  HMl -  PTA (%)
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Figure 7. D i f ference  plot for HDL c ho les t ero l  by h e p a r i n - m a n g a n e s e
chlor ide  1 (HM1) an d  p h o s p h o tu n g s t i c  a c l d - m a g n e s l u m  chloride  (PTA)
precipitat ion p r o c e d u r e s
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Figure 8.  D if ference  plot for HDL o p o A - l  by h e p a r i n - m a n g a n e s e
chloride  (HM1) and  h e p a r i n - m a n g a n e s e  chloride 2 (HM2)
precipitat ion p r o c e d u r e s
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Figure 9.  D i f ference  plot for HDL a p o A - l  by h e p a r i n - m a n g a n e s e
chloride 1 (HM1) and  dextran  s u l p h a t e - m a g n e s i u m  chloride (DS)
precipitat ion t e c h n iq u e s
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Figure 10.  D i f ference  plot for HDL o p o A - l  by h e p a r i n - m a n g a n e s e
chloride  1 ( HMl )  and  polyethylene  glycol  6 0 0 0  (PEG)
precipitat ion p r o c e d u r e s
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Figure 11.  Dif ference  plot for HDL o p o A - l  by h e p a r i n —m a n g a n e s e
chloride 1 (HMl )  and  p h o s p h o tu n g s t i c  a c i d - m a g n e s i u m  chloride (PTA)
prec ipitat ion t e c h n iq u e s
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Figure 12. D i f ference  plot for HDL LpAI by h e p a r i n - m a n g a n e s e
chloride  1 ( HMl )  and  h e p a r i n - m a n g a n e s e  chloride 2 (HM2)
precipitat ion t e c h n iq u e s
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Figure 13.  D i f ference  plot for HDL LpAI by h e p a r i n - m a n g a n e s e
chloride 1 ( HMl )  a n d  dextran s u l p h a t e - m a g n e s i u m  chloride (DS).
precipitat ion t e c h n iq u e s
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Figure 14.  D i f ference  plot for HDL LpAI by h e p a r i n - m a n g a n e s e
chloride  1 (HM1) an d  po lyethylene  glycol  6 0 0 0  (PEG)
precipitat ion p r o c e d u r e s
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Figure 15, Dif ference  plot for  HDL LpAI by h e p o r l n - m o n g o n e s e
chlor ide  1 (HM1) and  p h o s p h o t u n g s t a t e  a c l d - m a g n e s l u m  chloride (PTA)
precipitat ion t e c h n iq u e s
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3.2 D yslipoproteinaem ia in  UK fam ilies w ith sev e re  ex p ress io n  of 

co ro n ary  h e a r t  d isease.

(a) Clinical c h a ra c te r is tic s  in  p ro b a n d s  and  o th e r  family members 

Blood p re s s u re  and  BMI fo r male (tab le  7) and  female (tab le  8) non

p ro b an d s  w ere sim ilar to  those  re c o rd ed  fo r a  m atching UK 

population  re c ru ite d  o p p o rtu n is tic a lly  (Mann e t  al., 1988).

Table 7. Blood p re s s u re  m easurem ents and  body mass ind ices 

(mean + s) in  male p ro b a n d s  (n=20) an d  n o n -p ro b an d s  (n=122)

Blood p re s s u re  (mm Hg) BMI 
(kg/m  )

Systolic Diastolic

1 P ro bands 126 ± 16 81 ± 13 26.6 ± 2.5

1 N on-probands 133 ± 17 80 ± 12 25.2 i  3.8

1 All 132 ± 17 81 ± 12 25.2 ± 3.7

Table 8. Blood p re s s u re  m easurem ents an d  body mass ind ices 

(mean + s) in  female p ro b an d s  (n=6) and  n o n -p ro b an d s  (n=128)

Blood p re s s u re  (mm Hg) BMI 1 
(kg /m  )

Systolic Diastolic

P ro b an d s 134 ± 27 82 ± 10 26.0 ± 3.0

N on-p robands 126 ± 19 79 ± 10 24.7 + 4.6

1 All 126 ± 19 79 ± 11 24.7 ± 4.6
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(b) Male p ro b a n d s  and  o th e r  family members

Data fo r male p ro b an d s  and  o th e r  family members is sum m arised in 

f ig u re s  fo r plasm a co n cen tra tio n s  of to ta l ch o leste ro l (fig u re  16), of 

calcu la ted  LDL ch o les te ro l (fig u re  17), of HDL ch o les te ro l (fig u re  18) 

and  of tr ig ly c e r id e s  (fig u re  19).

The d a ta  is ta b u la ted  by  age in  male p ro b a n d s  fo r  to ta l ch o leste ro l 

and  calcu la ted  LDL ch o les te ro l co n cen tra tio n s  (tab le  9) and  fo r HDL 

ch o les te ro l and  tr ig ly c e rid e  co n cen tra tio n s  (tab le  10) and  in male 

n o n -p ro b an d s  fo r to ta l ch o leste ro l and  calcu la ted  LDL cho leste ro l 

co n cen tra tio n s  (tab le  11) and  fo r HDL ch o leste ro l and  tr ig ly c e rid e  

co n cen tra tio n s  (tab le  12). LDL ch o leste ro l was no t calcu la ted  fo r 

p ro b an d s  and  o th e r  family m em bers w ith  tr ig ly c e rid e  co n cen tra tio n s  

g re a te r  th a n  4.5mmol/L.

Table 9. Plasma to ta l ch o leste ro l an d  ca lcu la ted  LDL ch o leste ro l 

(mean + s) co n cen tra tio n s  by age in  male p ro b an d s . Num bers in 

b ra c k e ts  re fe r  to  num bers of in d iv id u a ls  in  each  age g ro u p  fo r 

w hich LDL ch o leste ro l was calcu lated .

Age g roup  
(y ears)

No.
Total

ch o leste ro l
(mmol/L)

LDL
ch o leste ro l

(mmol/L)

35-39 1 (1) 7.7 5.8

40-44 4 (2) 9.2 ± 1.9 7.4 ± 2.6

45-49 3 (3) 0.5 ± 1.7 4.5 + 1.5

50-54 7 (7) 7.0 ± 1.2 4.9 ± 1.1

55-59 5 (4) 7.2 i  1.1 5.3 ± 0.8

ALL 20 (17) 7.4 ± 1.6
HI' ----------------------------------- "

5.2 + 1.5
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Table 10. Plasma HDL ch o les te ro l (mean + s) and  tr ig ly c e rid e

(median and  ran g e ) co n cen tra tio n s  by  age in  male p ro b an d s

1 Age g roup  
1 (y ea rs)

No.
HDL

cho leste ro l
(mmol/L)

T rig ly cerid e
(mmol/L)

35-39 1 0.9 2.2

40-44 4 1.1 ± 0.2 3.9 (0.9-7.6)

45-49 3 1.3 ± 0.2 1.4 (1.2-2.1)

50-54 7 1.2 ± 0.1 1.7 (1.2-3.3)

55-59 5 1.3 ± 0.6 2.2 (1.4-5.5)

1 ALL 20 1.2 ± 0.3 1,9 (0.9-7.6) 1
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Table 11. Plasma to ta l ch o leste ro l and  calcu la ted  LDL 

ch o les te ro l co n cen tra tio n s  (mean + s) by  age in  male 

n o n -p ro b an d s . Num bers in  b ra c k e ts  r e fe r  to  num bers of in d iv idua ls  

in each  age g roup  fo r w hich LDL ch o les te ro l was calcu la ted .

1 Age g roup  
1 (y ea rs)

No.
Total

ch o les te ro l
(mmol/L)

LDL
ch o leste ro l

(mmol/L)

16-19 4 4.9 ± 0.7 3.0 ± 0.8

20-24 15 4.8 ± 1.0 2.8 ± 0.8

25-29 21 5.3 ± 1.3 3.2 ± 1.1

30-34 15 6.2 ± 1.0 3.9 ± 0.9

35-39 8 6.3 + 1.0 4.3 i  0.7

40-44 13 (12) 7.3 ± 1.7 5.0 + 1.5

45-49 5 (4) 7.0 ± 2.0 4.3 ± 2.1

1 50-54 17 (14) 7.7 ± 1.6 5.4 + 1.5

55-59 12 (11) 6.6 ± 1.3 4.0 ± 0.8

1 60-64 9 6.6 ± 1.5 4.6 + 1.2

1 ^65 3 6.8 ± 2.3 4.3 ± 1.5

1 ALL 122 (116) 6.2 ± 1.6 4.1 ± 1.4

128



Table 12. Plasma HDL ch o les te ro l (mean + s) and  tr ig ly c e rid e

(median and  ran g e) co n cen tra tio n s  by  age in  male n o n -p ro b an d s

Age g roup  
(y ears)

No.
HDL

cho leste ro l
(mmol/L)

T rig ly cerid e
(mmol/L)

16-19 4 1.5 ± 0.3 0.8 (0.5-1.4)

20-24 15 1.2 + 0.3 1.5 (1.1-3.4)

25-29 21 1.4 + 0.4 1.3 (0.5-3.5)

30-34 15 1.4 + 0.2 1.8 (0.9-3.4)

35-39 8 1.4 ± 0.4 1.4 (0.6-3.8)

40-44 13 1.3 + 0.4 1.8 (0.7-7.2)

45-49 5 1.2 ± 0.5 2.9 (0.9-5.1)

50-54 17 1.2 ± 0.3 2.7 (0.8-5.7)

55-59 12 1.3 + 0.5 1.6 (0.8-6.2)

60-64 9 1.2 ± 0.3 2.0 (0.9-3.2)

>65 3 1.7 + 0.6 1.9 (0.8-2.4)

1 ALL 122 1.3 ± 0.4 1.7 (0.5-7.2) 1
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C a l c u l a t e d  LDL c h o l e s t e r o l  ( m m o l / L )
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Fig u re  18.  P l a s m a  HDL c h o l e s t e r o l  c o n c e n t r a t i o n s  In m a l e  p r o b a n d s  
a n d  m a l e  f a m i ly  m e m b e r s

132



Triglyceride (m m ol/L )
10

8

6

4

2

0
50 60 700 10 20 30 40

Age (years)

Others +  Probands

F igu re  19. P l a s m a  t r ig lyc e r ide  c o n c e n t r a t i o n s  In m a l e  p r o b a n d s  
a n d  m a l e  f a m i ly  m e m b e r s

133



(c) Female p ro b an d s  and  o th e r  family members

Data fo r  female p ro b an d s  and  o th e r  family m em bers is sum m arised in 

f ig u re s  fo r plasm a co n cen tra tio n s  of to ta l ch o les te ro l (fig u re  20), of 

calcu la ted  LDL ch o les te ro l (fig u re  21), of HDL ch o leste ro l (fig u re  22) 

and  of tr ig ly c e r id e s  (f ig u re  23). Data is ta b u la ted  in  female p ro b an d s  

fo r to ta l ch o leste ro l an d  calcu la ted  LDL ch o les te ro l co n cen tra tio n s  

(tab le  13) and  fo r HDL ch o les te ro l an d  tr ig ly c e rid e  co n cen tra tio n s  

(tab le  14) and  in  female n o n -p ro b an d s  fo r  to ta l ch o les te ro l and  LDL 

ch o les te ro l co n cen tra tio n s  (tab le  15) and  fo r HDL ch o les te ro l and 

tr ig ly c e rid e  co n cen tra tio n s  (tab le  16). LDL ch o les te ro l was not 

calcu la ted  in th o se  ind iv id u a ls  w ith  tr ig ly c e rid e  co n cen tra tio n s  

g re a te r  th a n  4.5mmol/L.

Table 13. Plasma to ta l ch o les te ro l and  calcu la ted  LDL ch o leste ro l 

co n cen tra tio n s  (mean + s) by  age in  female p ro b an d s

1 Age g roup  
1 (y ea rs)

No.
Total

ch o leste ro l
(mmol/L)

LDL
ch o leste ro l 1 

(mmol/L) 1

40-44 2 7.4 ± 0.6 4.5 ± 0.5

45-49 1 9.1 6.7 1

1 50-54 2 6.2 ± 2.1 3.8 ± 1.8

55-59 1 10.8 7.8 1

1 ALL 6 7.8 ± 2.0 5.1 ± 1.9 1
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Table 14. Plasma HDL ch o leste ro l (mean + s) and  tr ig ly c e rid e

(median and  ran g e ) co n cen tra tio n s  by  age in  female p ro b an d s

Age g roup  
(y ears)

No. HDL ch o leste ro l 
(mmol/L)

T rig ly cerid e
(mmol/L)

40-44 2 1.4 + 0.1 3.2 (3.0-3.4)

45-49 1 1.9 1.2

50-54 2 1.2 ± 0.3 2.8 (2.T-2.9)

55-59 1 1.7 2.8

ALL 6 1.5 ± 0.3 2.9 (1.2-3.4)
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Table 15. Plasma to ta l ch o les te ro l and  calcu la ted  LDL 

ch o leste ro l (mean + s) co n cen tra tio n s  by  age in  female 

n o n -p ro b an d s . Num bers in b ra c k e ts  re fe r  to  num bers of in d iv id u a ls  

in each age g ro u p  fo r w hich LDL ch o les te ro l was calcu lated .

1
Age g ro u p  

(y ea rs)
No.

Total
ch o leste ro l

(mmol/L)

LDL
ch o leste ro l

(mmol/L)

16-19 8 5.2 + 1.3 3.2 ± 1.2

20-24 18 5.4 ± 0.8 3.4 + 0.8

25-29 20 5.4 i  0.8 3.3 + 0.8

30-34 11 5.8 ± 1.0 3.8 + 1.0

35-39 10 6.3 + 1.5 4.1 ± 1.4

40-44 13 6.8 ± 1.4 4.2 ± 1.3

45-49 10 (9) 6.9 + 1.0 4.3 ± 1.1

50-54 9 (8) 7.5 ± 1.7 5.3 ± 1.4

55-59 11 (8) 7.6 ± 1.8 4.9 ± 1.3

60-64 10 (9) 6.7 + 1.3 4.2 ± 1.2

>65 8 8.3 ± 1.0 5.6 + 0.8

ALL 128 (122) 6.3 ± 1.5 4.1 ± 1.4 1
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Table 16. Plasma HDL ch o leste ro l (mean ± s) and  tr ig ly c e rid e

(median and  ran g e ) co n cen tra tio n s  by age in  female n o n -p ro b an d s

Age g roup  
(y ears)

No.
HDL

ch o leste ro l
(mmol/L)

T rig ly cerid e
(mmol/L)

16-19 8 1.3 ± 0.3 1.1 (0.7-4.1)

20-24 18 1.5 ± 0.2 1.0 (0.6-2.4)

25-29 20 1.7 + 0.5 0.8 (0.5-2.1)

30-34 11 1.3 ± 0.4 1.4 (0.5-3.5)

35-39 10 1.8 ± 0.4 0.8 (0.6-1.6)

40-44 13 1.8 ± 0.5 1.4 (0.5-3.5)

45-49 10 1.7 ± 0.6 1.3 (0.6-5.0)

50-54 9 1.3 ± 0.5 1.9 (0.8-15.0)

55-59 11 1.6 ± 0.3 1.4 (0.8-6.6)

60-64 10 1.7 ± 0.5 1.4 (0.7-5.8)

>65 8 1.8 + 0.6 1.7 (1.0-4.2)

ALL 128 1.6 ± 0.4 1.2 (0.5-15.0) 1
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Figure  2 3 .  P l a s m a  t r i g ly c e r id e  c o n c e n t r a t i o n s  in f e m a l e  p r o b a n d s  
a n d  f e m a l e  f a m i ly  m e m b e r s
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(d) Plasma lip id s in  p ro b an d s  and  o th e r  family members 

A lthough the  mean to ta l ch o leste ro l level was sim ilar in bo th  

male (mean=6.2mmol/L, s=1.6mmol/L) and  female (mean=6.2mmol/L, 

s=1.6mmol/L) n o n -p ro b an d s , th e  ch an g es  in  ch o les te ro l co n cen tra tio n  

w ith  age w ere m arkedly  d iffe ren t. Total ch o leste ro l co n cen tra tio n s  

peaked  in males a t  th e  50-54 y e a r old age g ro u p  and  th e re a f te r  

declined , while in  fem ales va lues co n tinued  to  in c rease  w ith age w ith 

no d isce rn ab le  peak  o ccu rrin g . HDL ch o leste ro l showed no d isce rn ib le  

tr e n d s  in e ith e r males o r fem ales a lth o u g h  fem ales had h ig h e r overa ll 

mean HDL ch o leste ro l co n cen tra tio n  (females 1.6mmol/L, males 

1.3mmol/L) and  h ig h e r HDL ch o les te ro l co n cen tra tio n s  th ro u g h o u t 

most age ran g es . T rig ly cerid e  co n cen tra tio n s  (a f te r  norm alisation of 

th e  d a ta  u sing  a log tran sfo rm atio n ) w ere h ig h e r in males th a n  

fem ales and  in c reased  w ith age in males, peak ing  a t  betw een ag es  45 

and  54 y ea rs  and  th e re a f te r  declin ing. T rig ly cerid e  co n cen tra tio n s  

d id not v a ry  w ith age in females.

L ipopro tein  p ro files  w ere determ ined  by th e  same p ro c e d u re s , and in 

one of the  p a rtic ip a tin g  lab o ra to rie s , as th o se  u sed  fo r th e  National 

Lipid S creen ing  P ro jec t (Mann e t al., 1988). The re s u lts  how ever w ere 

m arkedly  d iffe re n t from those  ob ta ined  in  th a t  and  o th e r con tro l 

s tu d ie s . For n o n -p ro b an d s , 22/122 males (18%) and  16/128 fem ales 

(12.5%) had levels of to ta l ch o leste ro l g re a te r  th a n  two s ta n d a rd  

dev ia tions above th e  age re la ted  means determ ined  by th e  National 

Lipid S creen ing  P ro jec t. For HDL cho leste ro l, 21/118 males (17.7%) 

and  8/128 fem ales (6.3%) showed levels below th e  5th. p e rcen tile  (HDL 

ch o les te ro l was not m easured  on 4 male p a tie n ts  w ith tr ig ly c e rid e  

co n cen tra tio n s  exceeding 4.5mmol/L). In  those  ind iv id u a ls  w ith clinical 

CHD (28 males and  12 fem ales), 13 (32%) w ere hypercho lestero laem ic
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w ith levels g re a te r  th a n  two s ta n d a rd  dev iations above th e ir  age and  

g en d er re la ted  means (p<0.01) and  add itionally  in  5/28 males (17%), 

HDL ch o les te ro l level was below th e  5 th  p e rcen tile . From th e  clinical 

exam inations and  family da ta , p ro b an d s  did  not a p p ea r to be a ffec ted  

with clinical familial hypercho lestero laem ia.

(e) ApoE isoform  p a tte rn s

ApoE isoform p a tte rn s  (f ig u re  24 and  tab le  17) in d ica te  th a t  th e  

re la tiv e  allele freq u en c ie s  in n o n -p ro b an d s  a re  sim ilar to  those  

re p o rte d  fo r o th e r  C aucasian popu la tions (D avignon e t al., 1988). 

Num bers in th e  p ro b an d  g roup  w ere too small to  reach  a conclusion 

ab o u t th e  isoform  p a tte rn . No p ro b an d  o r o th e r  family member was 

hom ozygous fo r th e  e-2  allele. F u rth erm o re , e lec tro p h o res is  of 

iso lated  VLDL from all in d iv id u a ls  s tu d ied  did no t rev ea l VLDL of 

abnorm al m obility (so called "floating  13-lipoprotein"), in d ica tin g  th a t  

it is un likely  th a t  th e re  w ere any  p ro b a n d s  o r o th e r  family m embers 

w ith clinically  s ig n ifican t v a r ia n t apoE isoform s (fig u re  25).

Table 17. Number (and freq u en cy ) of apoE isoform s in 

p ro b an d s  (n=26) and  n o n -p ro b an d s  (n=250)

ApoE
Isoform

.....................  1
Number (freq u en cy ) of apoE isoform s

P ro b an d s N on-probands All

E4/E4 0 2 (1%) 2 (1%)

E4/E3 10 (38%) 38 (15%) 48 (17%)

E4/E2 0 3 (1%) 3 (1%)

E3/E3 14 (54%) 163 (65%) 177 (64%)

E3/E2 2 (8%) 44 (18%) 46 (17%)

1 E2/E2 0 0 0
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Figure 24. ApoE phenotyp ing  using isoelectric focusing in 

polyacrylam ide rods.

Apo E phenotypes a re  from left to righ t: lane 1 E4/E4, lane 2 E4/E3, 

lane 3 E3/E3, lane 4 E3/E2, lane 5 E2/E2.

f t

* 9

Cathode 
pH 6.5

Anode 
pH 4.0

144



Figure 25. Agarose e lec trophoresis  showing lipoprotein p a rtic les  with 

(3-mobility b u t with density  less than  1.006g/ml (floating 

13-lipoprotein).

E lectrophoretic  s tr ip s  a re  from left to rig h t: lane 1 normal serum , 

lane 2 serum  from p a tien t with Type III, lane 3 VLDL with abnormal 

mobility from p a tien t with type  III hyperlipidaem ia.

Anode

VLDL

Origin

Cathode
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( f ) P o ten tia l confound ing  e ffec ts  of a n ti-h y p e r te n s iv e  d ru g s  

p re sc r ib e d  fo r p ro b a n d s  and  o th e r  family members

A n ti-h y p e rte n s iv e  d ru g s  p re sc r ib e d  fo r p a r tic ip a n ts  and  which could 

a ffec t lip o p ro te in  metabolism, a re  lis ted  in  tab le  18. 13-blockers w ere 

tak en  by 22 in d iv id u a ls  (7 p ro b an d s  and  15 n o n -p ro b an d s), w ith 

atenolol being  th e  most commonly p re sc r ib e d  (3-blocker (n=17). 

A ngiotensin  c o n v e rtin g  enzyme (ACE) in h ib ito rs  w ere tak en  by 7 

ind iv id u a ls , calcium a n tag o n is ts  by 14 in d iv id u a ls  and  d iu re tic s  w ere 

tak en  by  11 in d iv id u a ls  w ith 3 tak in g  th iaz id e  d iu re tic s . Only 1 

in d iv idua l was ta k in g  bo th  a  (3-blocker and  a th iaz ide  d iu re tic , 

a lth o u g h  18 in d iv id u a ls  (10 p ro b an d s  and  8 n o n -p ro b an d s) w ere 

tak in g  more th a n  one a n ti-h y p e r te n s iv e , most commonly com binations 

of atenolol w ith a calcium an tag o n ist.

Table 18. P ro b an d s and  n o n -p ro b an d s  tak in g  m edications 

w ith possib le  e ffec ts  on lip o p ro te in  metabolism

M edication P robands
Non
p ro b an d s

Atenolol 5 12

Propanolol 1 2

Timolol 1 1

Nifedipine 4 3

Diltiazam 3 4

E nalapril 1 1

C aptopril 3 2

Thiazide 0 3

Frusem ide 5 1

Amiloride 1 1

1 Two o r more d ru g s  (to tal) 10 8
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3.3 L ipopro teins and  apoA-I only con tain ing  p a rtic le s  in  early  

o n se t co ro n a ry  h e a r t  d isease

(a) Clinical c h a ra c te r is tic s  in CHD and  co n tro l g ro u p s 

Clinical c h a ra c te r is tic s  of p a tie n ts  w ith CHD and  m atched co n tro ls  a re  

g iven  in  tab le  19. All su b je c ts  in bo th  CHD and  con tro l g ro u p s  had 

e ith e r n ev e r smoked o r had no t smoked fo r a t  le a s t one y ea r p rio r  

to sam pling.

Table 19. Clinical c h a ra c te r is tic s  (mean + s) of CHD and  

con tro l g ro u p s

Variable CHD C ontrols

Age (y r) 50.3 + 6.5 51.6 + 6.1

BMI (kg/m^) 26.1 ± 3.8 25.6 ± 3.4

Systolic BP (mm Hg) 132 ± 16 129 ± 12

Diastolic BP (mm Hg) 82 + 10 8 0 + 9

(b) L ipids and  apo lipop ro te in s in CHD and  co n tro l g ro u p s  

S u b jec ts  in  th e  CHD g ro u p  had h ig h e r tr ig ly c e rid e  co n cen tra tio n s  

(p,0.05) th a n  in co n tro ls  while HDL ch o leste ro l (p<0.01) and  apo A-1 

(p<0.05) w ere bo th  s ig n ifican tly  lower in  CHD th a n  co n tro l g roup  

(tab le  20). Lp(a) co n cen tra tio n s  w ere h ig h e r in  th e  CHD group  

com pared w ith co n tro ls  (p<0.05). S ta tis tic a l an a ly s is  was perform ed  

in itia lly  on th e  Lp(a) d a ta  by se ttin g  va lu es  of Lp(a)<5m g/dl to 

Lp(a) = lm g /d l, th is  being  th e  approxim ate low er limit of de tec tion  as
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defined  by th e  m an u fac tu re rs . The sign ificance  te s ts  w ere re p ea ted  

a f te r  deletion of those  in d iv id u a ls  w ith Lp(a)<5m g/dl (One in d iv id u a l 

in  CHD g ro u p  and  fo u r in  con tro l g ro u p  had Lp(a) <5mg/dl). The 

d ifferen ce  in Lp(a) co n cen tra tio n  betw een th e  CHD and  con tro l g roup  

was s till s ig n ifican t even  a f te r  rem oval of th o se  ind iv idua ls  w ith 

Lp(a) co n cen tra tio n s  le ss  th a n  5m g/dl.

Table 20. Lipid and  apo lipopro te in  c o n cen tra tio n s  (mean + s, 

excep t § median and  ran g e ) in CHD and  co n tro l g ro u p s  

(* p<0.05; t  p<0.01; $ p<0.001)

V ariable CHD Controls

Total cho leste ro l 
(mmol/L)

7.1 ± 1.3 7.0 ± 0.8

LDL cho leste ro l 
(mmol/L)

4.9 ± 1.4 4.8 ± 0.7

HDL ch o leste ro l 
(mmol/L)

1.1 ± 0.4 1.4 ± 0 .3 t

T rig ly cerid e  § 
(mmol/L)

2.2 (0.8-4.5) 1.5 (0.6-3.7)

Log ( tr ig ly ce rid e ) 0.32 + 0.23 0.19 ± 0.18*

ApoA-I (g /L ) 1.29 ± 0.24 1.47 ± 0.25*

ApoB (g /L ) 0.92 ± 0.23 0.86 ± 0.16

LpAI (m g/dl) 0.41 ± 0.09 0.49 + 0.11$

Lp(a) (m g/dl) S 26 (5-57) 15 (5-67)

1 Log[Lp(a)] 1.37 ± 0.24 1.15 ± 0.09*
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Lp(a) was no t c o rre la ted  w ith any  o th e r  lip id  o r apo lipopro te in  

m easured  in e ith e r  th e  co n tro l o r CHD g roup  (tab le  21).

Table 21. Spearm an co rre la tio n  coeffic ien ts  of Lp(a) w ith 

o th e r r isk  fa c to rs

Variable CHD C ontrols

Total ch o leste ro l 0.196 0.112

T rig ly cerid es -0.243 -0.070

HDL ch o leste ro l 0.208 0.155

ApoA-I 0.110 -0.018

ApoB 0.082 -0.033

LpAI 0.013 -0.061
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(c) LpAI partic les  in CHD and contro l groups

S ub jec ts  in the  CHD group had significantly  lower LpAI 

concen tra tions (p<0.001) than  contro ls (table 20).

F igure 26. Electroimm unoassay for LpAI (h igher rockets) and apoA-II 

(lower rockets).

Wells a re  from le ft to righ t: well 1 w ater, wells 2-11 samples, 

wells 12-15 s tan d a rd s , well 16 water.

s •

I
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LpAI c o n ce n tra tio n s  accoun ted  fo r approxim ately  37% in co n tro ls  and  

33% in th e  CHD g ro u p  of to ta l apoA -I.(tab le  20). LpAI was c o rre la ted  

(p<0.05) w ith  HDL ch o les te ro l and  apoA-I in  bo th  CHD and  co n tro ls  

b u t no t w ith to ta l ch o leste ro l o r apoB in e ith e r  g roup  (tab le  22).

Table 22. Spearm an co rre la tio n  coeffic ien ts of LpAI 

p a rtic le s  w ith o th e r  r is k  fa c to rs  ( t  p<0.01)

Variable CHD C ontrols

Total ch o les te ro l 0.245 0.176

T rig ly ce rid es —0.131 -0.222

HDL ch o les te ro l 0.715t 0.596t

ApoA-I 0.682t 0.528t

ApoB 0.175 0.142

Lp(a) 0.013 -0.061

(d) D iscrim inant fu n c tio n  an a ly s is  of lip ids and  apo lipopro te ins

U nivaria te  d isc rim in an t fu n c tio n  an a ly sis  of th e  com bined CHD and  

con tro l g ro u p  showed th a t  th e  p ro p o rtio n  c o rre c tly  c lassified , 

ex p re ssed  as  a  p e rc en ta g e , was h ig h e s t u s in g  LpAI co n cen tra tio n s  as 

the  d iscrim ina to r (tab le  23). Serum  tr ig ly c e rid e s , HDL cholestero l, 

apoA-I an d  Lp(a) all had  sim ilar d iscrim inan t power. Combining LpAI 

w ith apoA-I in c reased  th e  p ro p o rtio n  co rre c tly  c lassified  and  th is  

c lassification  ra te  was f u r th e r  im proved by inc lud ing  tr ig ly ce rid e s . 

However ad d in g  Lp(a) to  th e  v a riab les  LpAI, apoA-I and  tr ig ly ce rid e s  

did not im prove th e  c lass ifica tion  ra te .
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Table 23. D iscrim inant an a ly s is  of lip id  r isk  fa c to rs

Variable
P roportion  c o rre c tly  
c lassified  (%)

HDL cho leste ro l 64.5

T rig ly cerid es 62.8

LpAI 69.2

ApoA-I 64.0

Lp(a) 63.5

LpAI + apoA-I 75.0

LpAI + tr ig ly c e rid e s 78.8

LpAI + Lp(a) 69.2

LpAI + apoA-I + 
tr ig ly c e rid e s 80.2

LpAI + apoA-I +
1 tr ig ly c e rid e s  + Lp(a) 78.8
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3.4 The e ffec ts  of m oderate exercise  on serum  lip id s and

apo lipop ro te in s in  p rev io u s ly  se d e n ta ry  m iddle-aged  men

(a) Baseline d a ta  fo r exercise  and  co n tro l g ro u p s

Baseline d a ta  fo r th e  exercise  and  co n tro l g ro u p s  shows th a t  th e  two

g ro u p s  w ere well m atched fo r age and  BMI (tab le  24).

Table 24. Baseline clinical c h a ra c te r is tic s  (mean + s) of 

exercise  and  co n tro l g ro u p s

r
Variable Exercise C ontrol

Number 18 16

Age (y r) 53.3 + 5.9 52.1 ± 6.1

1 BMI (kg /m h 25.4 ± 2.8 24.1 ± 3.3

(b) Serum  lip ids and  ap o lipop ro te in s in  th e  co n tro l g ro u p

T here was no s ig n ific an t ch an g es  in  body w eigh t (or p e rcen tag e  of 

body fa t, d a ta  no t shown) a t  tw elve m onths com pared w ith baseline 

va lues in th e  co n tro l g roup . A lthough th e re  was some seasonal 

v a ria tio n  in  serum  ch o leste ro l, LDL ch o leste ro l, HDL ch o leste ro l and 

tr ig ly c e rid e  co n cen tra tio n s , th e re  was no s ig n ific an t ch an g es  over 

tw elve m onths in  th e  con tro l g ro u p  (tab le  25). T here  w ere sim ilar 

v a ria tio n s  b u t no s ig n ific an t d iffe ren ces  in apoA-I and  apoB (table 

26). T here  w ere no s ig n ific an t d iffe ren ces  betw een baseline and
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tw elve month LpAI and  Lp(a) co n cen tra tio n s . LpAI and  Lp(a) 

co n cen tra tio n s  w ere no t m easured  a t  th re e  and  six m onths (tab le  26). 

S ta tis tic a l an a ly sis  was perform ed in itia lly  on th e  Lp(a) d a ta  by 

se ttin g  Lp(a) co n cen tra tio n s  <5mg/dl to L p(a)= lm g/d l. S ta tis tica l te s ts  

w ere th e n  re p ea ted  a f te r  deletion  of men w ith Lp(a) co n cen tra tio n s  

<5m g/dl (Six men in th e  co n tro l g ro u p  had Lp(a) <5mg/dl). T here  was 

no s ig n ific an t d iffe ren ce  betw een Lp(a) co n cen tra tio n s  a t baseline 

and  tw elve m onths even  a f te r  rem oval of those  in d iv id u a ls  w ith Lp(a) 

co n cen tra tio n s  <5mg/dl.

(c) T rain ing  d ia ries  fo r th e  exercise  g roup

The av e rag e  time s p e n t w alking p e r  day was 28.5 m inutes (ran g e  18 

to 45 m inutes) c o rre sp o n d in g  to  an  av e rag e  d is tan ce  w alked of 

approxim ately  2.1 miles p e r  day (ran g e  1.3 to  3.3 miles). R esults 

from one w alker w ere rem oved from th e  ca lcu la tions due to poor 

a d h e ren ce  to  the  tra in in g  program m .

(d) D ietary  in tak es  and  ch an g es  in en d u ran ce  f itn e s s

Mean e n e rg y  in tak es  w ere un ch an g ed  o v e r 12 m onths in both  

exercise  and  co n tro l g ro u p s. Sim ilarly, in tak es  of p ro te in , 

c a rb o h y d ra te , to ta l fa t  and  ch o les te ro l showed no change in e ith e r  

g ro u p  (d a ta  no t shown). In  w alkers, th e  h e a r t  ra te  and  blood lac ta te  

co n cen tra tio n s  w ere low er d u rin g  s ta n d a rd ise d  treadm ill exercise  

a f te r  12 m onths of exercise  com pared w ith base line  (d a ta  not 

shown).
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Table 25, Body w eigh t an d  serum  lip id  c o n ce n tra tio n s  (mean + s, excep t § m edian an d  ra n g e ) o v e r tw elve 

m onths in  th e  co n tro l g ro u p

I V ariable B aseline 3 m onths 6 m onths 12 m onths

W eight (kg) 75.6 ± 13.4 76.3 ± 13.3 76.0 ± 12.9 75.7 ± 12.9

Total ch o leste ro l 
(mmol/L)

4.9 ± 0.8 4.6 ± 1.0 4.5 ± 0.9 4.6 + 1.0

LDL ch o les te ro l 
(mmol/L)

3.3 ± 0.6 3.2 ± 0.9 2.9 ± 0.7 3.0 ± 0.9

1 HDL ch o leste ro l 
1 (mmol/L)

1.0 ± 0.4 1.1 ± 0.2 1.1 + 0.3 1.0 ± 0.3

1 T rig ly ce rid e  § 
1 (mmol/L)

1.3 (0.3-3.2) 1.2 (0.4-1.9) 1.1 (0.5-1.5) 1.1 (0.5-1.8)
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Table 26. Serum  apo lip o p ro te in s , LpAI an d  Lp(a) co n cen tra tio n s  (mean + s, ex cep t § m edian and  ran g e ) o v e r 

tw elve m onths in  th e  c o n tro l g roup . Lp(a) d a ta  was ca lcu la ted  w ith (#) and  w ith o u t ($) Lp(a) v a lu es  <5mg/dl. 

(H Serum  Lp(a) and  LpAI c o n ce n tra tio n s  w ere n o t m easured  a t 3 and  6 m onths)

1 V ariable Baseline 3 m onths 6 m onths 12 m onths

1 ApoA-I (g /L ) 1.25 ± 0.22 1.27 ± 0.29 1.36 + 0.28 1.49 ± 0.38

ApoB (g /L ) 0.64 i  0.11 0.63 + 0.10 0.64 ± 0.10 0.68 ± 0.12

LpAI (g /L ) 0.43 ± 0.10 H 11 0.43 + 0.14

Lp(a) (m g/dl) § 
n=16 #

5 (5-26) H H 5 (5-30)

Lp(a) (m g/dl) § 
n=10 $

8 (5-26) H 13 (5-30) 1
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(e) Serum  lip id s and  apo lipop ro te in s in th e  exercise  g roup  

There was no s ig n ifican t ch an g es  in  body w eigh t o r p e rcen tag e  of 

body fa t a t tw elve m onths com pared w ith baseline va lues in the  

exercise  g roup . Some seasonal v a ria tio n , w ith no s ig n ifican t ch anges 

ov er tw elve m onths, sim ilar to  th a t  seen in co n tro ls  w ere o b serv ed  

in th e  exercise  g ro u p  fo r serum  cho leste ro l, LDL cho lestero l, 

tr ig ly c e rid e , apoA -I, apoB, LpAI and  Lp(a) co n cen tra tio n s  (tab les  27 

and  28). T here  was no s ig n ifican t d iffe ren ce  in Lp(a) co n cen tra tio n s  

a t  baseline and  tw elve m onths in  th e  exercise  g ro u p  even  a f te r  

rem oval of those  in d iv id u a ls  w ith Lp(a) co n cen tra tio n s  less  th an  

5m g/dl (n=2). Serum  HDL ch o leste ro l co n cen tra tio n s  a t th re e  m onths 

w ere lower th a n  baseline  and  ju s t  reach ed  sign ificance  (p=0.044), 

a lth o u g h  co n cen tra tio n s  a t 6 and  12 m onths w ere not s ig n ifican tly  

d iffe re n t from baseline  values.

F u rth erm o re  no s ig n ific an t ch an g es in body w eight, serum  lip ids and 

apo lipop ro te in s o v e r tw elve m onths w ere seen  in a  su b se t (n=7) of 

th e  exercise  g roup  who did th e  most exercise  (tab les  29 and  30). The 

av erag e  time sp e n t w alking p e r  day in th is  su b -g ro u p  was 35.1 

m inutes (ran g e  31 to  45 m inutes) c o rre sp o n d in g  to  an  av erag e  

d is tan ce  walked of 2.6 miles p e r  day (ran g e  2.2 to  3.3 miles), 

com pared w ith an  av e rag e  time sp e n t w alking of 28.5 m inutes 

(d is tan ce  2.1 miles) w alked by th e  g ro u p  overall.
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Table 27. Body w eigh ts  an d  serum  lip id  c o n c e n tra tio n s  (mean + s, excep t § m edian an d  ra n g e ) o v e r tw elve 

m onths in  th e  exercise  g ro u p  (s ig n ifican tly  d if fe re n t com pared w ith  base line  * p<0.05)

V ariable B aseline 3 m onths 6 m onths 12 m onths |

W eight (kg) 82.6 ± 11.8 82.0 ± 11.7 82.6 + 11.7 82.8 ± 11.8 1

Total ch o les te ro l 
(mmol/L)

5.8 ± 1.0 5.7 ± 0.9 5.6 ± 1.2 5.7 ± 1.0

1 LDL ch o les te ro l 
(mmol/L)

3.9 ± 0.9 3.9 ± 0.9 3.8 ± 1.0 3.7 + 1.0

HDL ch o les te ro l 
(mmol/L)

1.2 ± 0.2 0.9 ± 0.2* 1.0 ± 0.2 1.1 ± 0.3

T rig ly ce rid e  § 
(mmol/L)

1.4 (0.8-4.6) 1.5 (0.6-4.0) 1.4 (0.8-4.0) 1.6 (0.8-4.0)
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Table 28. Serum  ap o lip o p ro te in s , LpAI an d  Lp(a) co n cen tra tio n s  (mean + s, ex cep t § m edian an d  ran g e ) o v e r 

tw elve m onths in  th e  ex erc ise  g ro u p . Lp(a) d a ta  was calcu lated  w ith (#) an d  w ith o u t ($) Lp(a) va lues <5m g/dl. 

Serum  Lp(a) and  LpAI c o n c e n tra tio n s  w ere no t m easured  a t  3 and  6 m onths)

1 V ariable B aseline 3 m onths 6 m onths 12 m onths

ApoA-I (g /L ) 1.40 ± 0.19 1.54 ± 0.23 1.52 ± 0.17 1.50 ± 0.24

ApoB (g /L ) 0.72 ± 0.13 0.69 ± 0.13 0.80 + 0.18 0.80 ± 0.19

LpAI (g /L ) 0.45 ± 0.09 H 0.47 ± 0.12

Lp(a) (m g/dl) § 
n=18 #

20 (5-79) H H 21 (<5-67)

Lp(a) (m g/dl) § 
n=16 $

20 (5-79) H H 22 (5-67)
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Table 29. Body w eigh ts  an d  serum  lip id  c o n ce n tra tio n s  (mean ± s, ex cep t § m edian an d  ran g e ) o v e r tw elve 

m onths in  a  s u b -s e t  of h ig h  mileage w a lk ers  (n=7).

(s ig n ifican tly  d iffe re n t com pared w ith  b ase lin e  * p<0.05)

.........
V ariable Baseline 3 m onths 6 m onths 12 m onths

W eight (kg) 80.9 + 7.4 80.5 ± 7.9 81.2 ± 7.9 82.0 + 8.3

Total ch o les te ro l 
(mmol/L)

5.9 ± 1.2 5.9 ± 1.3 5.9 + 0.8 6.0 + 1.1

LDL ch o les te ro l 
(mmol/L)

3.9 ± 1.3 4.0 + 1.3 4.1 ± 1.0 4.1 ± 1.0

-HDL ch o les te ro l 
(mmol/L)

1.2 ± 0.3 0.9 + 0.3* 1.0 ± 0.3 1.1 + 0.3

T rig ly cerid e  § 
(mmol/L)

1.5 (0.9-4.6) 1.5 (1.0-4.6) 1.4 (0.8-4.6) 1.7 (0.8-3.7)
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Table 30. Serum  apo lip o p ro te in s , LpAI an d  Lp(a) co n cen tra tio n s  (mean ± s, ex cep t § m edian and  ra n g e ) o v e r 

tw elve  m onths in  a  s u b - s e t  of h ig h  m ileage w alk ers  (n=7).

(H Serum  Lp(a) and  LpAI c o n ce n tra tio n s  w ere n o t m easured a t  3 an d  6 m onths)

1 V ariable Baseline 3 m onths 6 m onths 12 m onths

1 ApoA-I (g /L ) 1.45 ± 0.20 1.46 ± 0.23 1.48 ± 0.17 1.48 ± 0.19

1 ApoB (g /L ) 0.80 + 0.22 0.81 ± 0.19 0.71 ± 0.10 0.73 + 0.10

1 LpAI (g /L ) 0.47 ± 0.07 H H 0.49 ± 0.08

1 Lp(a) (m g/dl) § 19 (5-67) H 17 (5-57)
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3.5 E ffects of lip o p ro te in  lipase  and  hepatic  lipase  ac tiv itie s  

on HDL com position and  metabolism

(a) Validation of LPL and  HL a ssa y s

Time co u rse  experim ents, conducted  by  s to p p in g  th e  reac tio n  a t  15, 

30, 60 and  75 m inutes, showed th a t  m easured  LPL and  HL ac tiv itie s  

w ere lin ea r fo r  up  to 75 m inutes in cu b atio n  time (fig u re  27). There 

was e ssen tia lly  zero  ac tiv ity  w hen plasm a HL was in h ib ited  by  SDS 

and  tre a te d  plasm a was in cu b a ted  w ith  th e  LPL s u b s tra te  in  th e  

absence  of h e a t- tre a te d  serum . Maximum LPL a c tiv ity  o c cu rred  when 

th e  s u b s tra te  con tained  5-10% (v /v )  of h e a t- in ac tiv a te d  serum  

(fig u re  28).

(b) R eference ra n g e s  fo r normolipaemic a d u lts

The mean ac tiv itie s  (and s ta n d a rd  dev iation) of LPL and  HL in  th e  

10 m inute p o s t h e p a rin  plasm a from norm al males and  fem ales (tab le 

31) w ere sim ilar to  p rev io u s ly  p u b lish ed  v a lu es  (Gamlen an d  Muller, 

1980).

Table 31. Plasma p o s t h ep arin  LPL and  HL ac tiv itie s  

(mean + s) in  normolipaemic a d u lts

Males Females

Number 11 12

LPL a c tiv ity  
(pm ol/m l/hr)

3.9 ± 0.9 3.8 ± 1.0

HL ac tiv ity  
(pm ol/m l/hr)

9.3 ± 1.7 7.2 ± 1.6 I
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Figu re  27 .  The r e l a t i o n s h i p  of  p o s t  h e p a r i n  LPL a n d  HL ac t iv i t ie s  
to I n c u b a t i o n  t im e
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Figure  28 .  The e f f e c t  of  h e a t  I n a c t iv a t e d  s e r u m  on  S D S - t r e a t e d  
p o s t  h e p a r i n  p l a s m a  lipolytic act ivi ty
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(c) Time co u rse  fo r p o s t h ep a rin  lipo ly tic  a c tiv ity  in  normolipaemic 

a d u lts

HL peak  ac tiv ity  in  normolipaemic males and  fem ales was reach ed  

w ithin  5 m inutes of in tra v e n o u s  in jec tio n  of h e p a rin  and  th e re a f te r  

ten d ed  to slowly decline a lth o u g h  th e re  was no s ig n ific an t d iffe ren ce  

in  HL ac tiv itie s  a t  th e  fo u r time po in ts  of 5, 10, 20 and  30 m inutes. 

The maximum ac tiv ity  of LPL ac tiv ity  o c cu rred  betw een  20-30 m inutes 

a f te r  h ep arin  adm in istra tion  w ith  th e  5 m inute LPL a c tiv ity  being 

sig n ifican tly  d if fe re n t (p<0.01) from th e  10 m inute sample. A lthough 

LPL ac tiv itie s  con tinued  to r is e  from 10 to  30 m inutes th e re  was no 

s ig n ifican t d ifferen ce  in  th e  ac tiv itie s  betw een th e  10, 20 and  30 

m inute sam ples (males fig u re  29; fem ales f ig u re  30).
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(d) Post h ep arin  plasm a lipoly tic  a c tiv ity  and  lip o p ro te in s  in  males 

and  fem ales w ith low and  h igh  HDL cho leste ro l

Serum  lip id  and  apo lipopro te in  co n cen tra tio n s  fo r a d u lts  w ith low HDL 

ch o les te ro l (serum  HDL ch o leste ro l co n cen tra tio n  <5th p e rcen tile ) a re  

g iven  in  tab le  32 and  fo r those  w ith h igh  HDL ch o les te ro l (serum  HDL 

ch o leste ro l co n cen tra tio n  >50th p e rcen tile ) a re  g iven  in tab le  33.

Table 32. Serum  lipid and  apo lipopro te in  co n cen tra tio n s  and

ten  m inute p o s t h ep arin  plasm a lipoly tic  a c tiv ity  in  ad u lts

w ith  low HDL ch o les te ro l (mean + s, excep t § median and  ran g e )

Variable Males
(n=13)

Females
(n=13)

All 
(n= 26)

C holesterol
(mmol/L)

6.6 ± 0.7 5.4 ± 1.7 6.2 ± 1.3

Trig.§ 4.1 1.7 3.2
(mmol/L) (1.5-7.8) (0.7-3.4) (0.7-7.8)

HDL-chol
(mmol/L)

0.80 ± 0.07 0.92 ± 0.13 0.84 ± 0.11

ApoA-I
(g /L )

1.15 i  0.09 1.35 ± 0.11 1.22 ± 0.14

ApoA-II
(g /L )

0.36 ± 0.06 0.34 ± 0.05 0.35 ± 0.06

LpAI
(g/L )

0.34 ± 0.06 0.36 ± 0.07 0.35 + 0.07

10 min LPL 
(pm ol/m l/hr)

3.0 ± 0.6 3.2 ± 0.8 3.1 ± 0.7

10 min HL 
(pm ol/m l/hr)

12.8 ± 2.6 9.6 ± 1.8 11.4 ± 2.9
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Table 33. Serum  lip id  and  apo lipopro te in  co n cen tra tio n s  and  

te n  m inute p o s t h ep a rin  plasm a lipoly tic  a c tiv ity  in  ad u lts  

w ith  h igh  HDL ch o leste ro l (mean + s, excep t § median and  ran g e ) 

and  sign ificance  of low v e rs u s  h igh  HDL ch o les te ro l g ro u p s  

(male v. male, female v. female and  all v. all;

* p<0.05, t  p<0.01, ^  p<0.001)

Variable Males
(n=12)

Females
(n=13)

All
(n= 25) 1

Choi.
(mmol/L)

6.0 ± 1.0 5.2 ± 1.1 5.7 ± 1.1

Trig.§
(mmol/L)

1.9
(0 .8 -4 .6 )t

1.2
(0.4-1.9)$

1.7
(0.4-4.6)$

HDL-chol
(mmol/L)

1.4 ± 0.2$ 1,7 ± 0.1$ 1.5 ± 0.2$

ApoA-I
(g/L )

1.50 i  0.15$ 1.63 ± 0.13$ 1.55 ± 0.15$

ApoA-II
(g/L )

0.46 ± 0 .05 t 0.37 ± 0.07 0.41 ± 0 .06 t

LpAI
(g/L )

0.42 ± 0.08 0.53 ± 0 .09 t 0.47 ± 0.08

10 min LPL 
(pm ol/m l/hr)

4.0 + 0.8* 4.1 i  0.6* 4.0 ± 0.8*

10 min HL 
1 (pm ol/m l/hr)

9.6 + 1 .9 t 7.1 ± 1.6* 8.7 ± 1 .9 t I
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Significance te s t s  of p o s t h e p a rin  lipo ly tic  a c tiv ity  (PHLA) showed 

th a t  LPL was s ig n ifican tly  h ig h e r (p<0.05) in  th e  h igh  HDL

ch o leste ro l g ro u p  com pared w ith  th e  low HDL g ro u p  fo r bo th  male 

and  female while HL was s ig n ifican tly  low er betw een th e  two g ro u p s  

in  males (p<0.01) and  in  fem ales (p<0.05). While apoA -I was

s ig n ifican tly  d iffe re n t (p<0.001) betw een th e  two g ro u p s  fo r bo th  

males and  fem ales, apoA -II was s ig n ifican tly  d iffe re n t in males only 

(p<0.01), b u t not in females. However in males, LpAI co n cen tra tio n s

w ere no t s ig n ifican tly  d iffe re n t betw een th e  low and  h igh  HDL

ch o leste ro l g ro u p s  b u t LpAI co n cen tra tio n s  w ere s ig n ifican tly  

d if fe re n t betw een th e  two g ro u p s  in  fem ales (p<0.01).

(e) Post h ep arin  olasm a lipo ly tic  a c tiv ity  and  lip o p ro te in s  in  

sub  jec ts  w ith  low and  h ig h  HDL ch o les te ro l 

HDL ch o leste ro l and  apoA -I c o n cen tra tio n s  w ere c o rre la ted  w ith  LPL 

and  in v e rse ly  co rre la ted  w ith HL in bo th  th e  low and  h ig h  HDL 

cho leste ro l g ro u p s. The re sp e c tiv e  co rre la tio n s  of LPL and  HL w ith 

apoA -II co n cen tra tio n s  w ere much w eaker and  did no t reach  

sign ificance  fo r e ith e r  g roup . LpAI c o n cen tra tio n s  w ere in v e rse ly  

c o rre la ted  w ith HL ac tiv itie s  in  bo th  g ro u p s  b u t no t co rre la ted  w ith 

LPL a c tiv itie s  in  e ith e r  g ro u p  (tab le  34).
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Table 34. Spearm an co rre la tio n  coeffic ien ts  fo r te n  m inute p o s t 

h ep arin  plasm a lipolytic  a c tiv ity  w ith lip id  and  apo lipop ro te in s 

su b je c ts  w ith low and  h igh  HDL ch o les te ro l co n cen tra tio n s  

(* p <0.05, t  p <0.01, i  p <0.001)

Low HDL— 
ch o leste ro l (n=26)

High HDL 
ch o les te ro l (n=25) |

10 m inute 
LPL

10 m inute 
HL

10 m inute 
LPL

10 m inute 1 
HL

HDL chol 0.645t -0.68&I: 0.436* -0.784$

ApoA-I 0.421* -o .eoot 0.401* “0.452* 1

ApoA-II 0.104 0.144 -0.366 0.080

1 LpAI 0.229 -0.425* 0.150 —0.481* 1
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C h ap ter 4: D iscussion
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4.1 Com parison of p rec ip ita tio n  p ro c e d u re s  u sed  to  iso la te  HDL 

The experim en ts w ere desig n ed  to  te s t  if th e  d iffe ren ces  re p o rte d  

betw een v a rio u s  p rec ip ita tio n  m ethods w ere due to  co -p rec ip ita tio n  

of HDL, p a rtic u la r ly  LpAI p a rtic le s  and  to  determ ine if th e  m ethods 

d iffe red  in  th e ir  ab ility  p re c ip ita te  Lp(a). W arnick et al, (1979a) 

found  th a t  th e re  was s lig h t c o -p rec ip ita tio n  of HDL by all m ethods. 

However com parisons betw een evalua tions by  d iffe re n t in v e s tig a to rs  

a re  d ifficu lt as th e re  a re  o ften  small b u t im p o rtan t d iffe ren ces  in th e  

p ro toco ls used . T hus Wiebe at al. (1985) found  th a t  d ex tran  su lp h a te  

(MW 50,000) and  sodium p h o sp h o tu n g s ta te  u n d e restim ated  serum  HDL 

ch o les te ro l com pared w ith th e  h ep arin -m an g an ese  ch lo ride  method 

(in itial m anganese ch lo ride  co n cen tra tio n  Im ol/L) b u t th a t  th e re  was 

good ag reem en t betw een th e  h ep arin -m an g an ese  ch lo ride  m ethod and  

PEG 6000, while Demacker at al (1980b) found  good agreem en t 

betw een all m ethods w hen u sin g  serum . In sp ec tio n  of th e  p ro toco ls 

shows th a t  th e  fina l co n cen tra tio n s  of PEG 6000 d iffe r (Demacker at 

al. u sed  75g/L  u n b u ffe re d  PEG, Wiebe at al. u sed  lOOg/L PEG 

b u ffe red  to  pH 10) and  some d iffe ren ce  in  th e  way th e  sodium 

p h o sp h o tu n g s ta te  re a g e n t was p re p a re d  (Demacker re a g e n t a d ju s te d  

to pH 6.15, Wiebe pH u n a d ju s te d ) . More re c e n t com parisons have 

involved  a la rg e r  num ber of sam ples (82 EDTA-plasma sam ples) th an  

th is  s tu d y  b u t th e  la rg e r  s tu d y  invo lved  collecting  sam ples o v e r a 

two y e a r p e riod  w ith th e  c o n seq u en t problem s of m aintaining good 

a ssay  p rec isio n  (W arnick e t a l., 1985).

In  th e  p re s e n t  s tu d y , HDL fre e  ch o les te ro l, HDL phospho lip id , HDL 

apoA-I and  LpAI co n cen tra tio n s  w ere low er by  th e  h ep arin -m an g an ese  

ch lo ride  method 2 (in itial m anganese ch lo ride  co n cen tra tio n  Imol/L) 

com pared w ith th e  h ep arin -m an g an ese  ch lo ride  m ethod 1 (Initial
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m anganese ch lo ride  co n cen tra tio n  O.5mol/L). These re s u lts  a re  

c o n s is te n t w ith p rev io u s  re p o r ts  w hich have shown th a t  h e p a r in -  

m anganese ch lo ride  m ethod 2 p re c ip ita te s  some HDL from serum  

(W arnick and  A lbers, 1978b). F u rth erm o re , re s u lts  h e re  show th a t  

LpAI p a rtic le s  a re  p re c ip ita te d  by  th e  h ep arin -m an g an ese  ch lo ride  

m ethod 2, a lth o u g h  th e  p e rc en ta g e  of to ta l apoA-I c ircu la tin g  as LpAI 

an d  th e  mean p e rc en ta g e  d iffe ren ces  fo r  apoA-I and  LpAI betw een 

th e  h ep arin -m an g an ese  ch lo ride  method 1 and  hep arin -m an g an ese  

ch lo rid e  method 2 in d ica te  th a t  LpAI is no t se lec tive ly  p rec ip ita ted  

by th e  h ep arin -m an g an ese  ch lo ride  m ethod 2. Both serum  and  plasm a 

have been  u sed  fo r HDL an a ly s is  and  a re  o ften  u sed  in te rch an g eab ly  

ev en  th o u g h  th e  h ep arin -m an g an ese  ch lo ride  m ethod 1 p ro ced u re , 

o rig in ally  developed fo r serum , is no t su itab le  fo r EDTA-plasma and 

sim ilarly  th e se  r e s u lts  in d ica te  th a t  th e  h ep arin -m an g an ese  ch lo ride  

m ethod 2 p ro c e d u re  should  no t be u sed  to  m easure HDL in  serum  as 

th e  h ig h e r co n cen tra tio n  of m anganese ch lo ride  may cause 

c o -p rec ip ita tio n  of HDL ch o les te ro l from serum .

The ag reem en t betw een h ep arin -m an g an ese  ch lo ride  method 1 and  

d ex tran  su lphate-m agnesium  ch lo ride  m ethods was excellen t w ith only 

m odest d iffe ren ces  fo r HDL ch o leste ro l, apoA -I and  LpAI. O thers  have 

found  good ag reem en t u sin g  d ex tran  su lp h a te  (MW 50,000)-magnesium 

ch loride. This p ro c e d u re  has been  p ro p o sed  as a  se lec ted  m ethod and 

is re p o r te d  to  be le ss  sen s itiv e  to  small ch an g es  in  d ex tran  su lp h a te  

o r m agnesium ch lo ride  co n cen tra tio n s  th a n  o th e r  m ethods u sing  

d ex tran  su lp h a te  of d if fe re n t m olecular m asses (W arnick e t  al., 1982). 

HDL ch o les te ro l co n cen tra tio n s  u sin g  th e  PEG 6000 m ethod w ere on 

av erag e  4.1% lower th a n  re s u lts  by th e  h ep arin -m an g an ese  ch loride 

m ethod 1, in d ica tin g  th a t  th e re  was s lig h t c o -p rec ip ita tio n  of HDL.
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Mean p e rcen tag e  d iffe ren ces  w ere sim ilar fo r apoA-I and  LpAI 

m easured  in  th e  HDL s u p e rn a ta n ts , in d ica tin g  th a t  a lth o u g h  some HDL 

may be c o -p re c ip ita ted , LpAI is no t se lec tive ly  p rec ip ita ted  by  the  

PEG 6000 m ethod. Demacker et al. (1980a) found  th a t  PEG 6000 

co n cen tra tio n s  g re a te r  th a n  80g/L  p re c ip ita te d  HDL while small 

am ounts of apoB -contain ing  lip o p ro te in s  w ere le f t  in  so lu tion  a t  PEG 

6000 co n cen tra tio n s  le ss  th a n  65g/L. A fina l co n cen tra tio n  of 75g/L 

was chosen  a lth o u g h  th e  re s u lts  p re se n te d  h e re  ind ica te  th a t  even  

a t  75g/L small am ounts of HDL may be p re c ip ita te d  and  PEG 6000 

co n cen tra tio n s  of 70g/L  may be more su itab le . Some of the  

d iffe ren ces  o b se rv ed  betw een PEG 6000 m ethods and  o th e r  

p rec ip ita tio n  p ro c e d u re s  may be due to  v a ria tio n s  in  th e  PEG 6000 

p re p a ra tio n s  from d if fe re n t su p p lie rs  (K ostner e t al., 1985), a lthough  

o th e rs  have re p o r te d  only  small d iffe ren ces  betw een m ethods u sin g  

PEG 6000 from d iffe re n t so u rces  (Demacker e t  al., 1980a). The 

optimum PEG 6000 co n cen tra tio n  fo r PEG 6000 from d iffe re n t so u rces  

could be determ ined  u sin g  t itra tio n  experim ents. A nother reaso n  fo r 

the  d iffe ren ces  o b se rv ed  w ith  PEG 6000 m ethods is th e  v isco s ity  of 

the  so lu tions and  c a re fu l p ip e ttin g  of th e  so lu tions u sing  positive  

d isplacem ent p ip e tte s  is re q u ire d  to  ach ieve  good p rec ision , even  

when usin g  re la tiv e ly  low co n cen tra tio n s  of PEG 6000.

HDL cho leste ro l re s u lts  by  th e  p h o sp h o tu n g s ta te  m ethod w ere in  good 

ag reem en t w ith th o se  by th e  h ep arin -m an g an ese  ch lo ride  method 1. 

The final co n cen tra tio n s  of p h o sp h o tu n g s ta te  (5mmol/L) and  

m agnesium (16.7mmol/L) u sed  in  th is  com parison w ere low er th a n  

those p rev io u s ly  u sed  and  w hich have been  found  to  cause  co

p rec ip ita tio n  of HDL (W arnick e t al., 1979a).

M easurem ent of apoB in  th e  HDL su p e rn a ta n ts  a f te r  p rec ip ita tio n
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showed th a t  all apoB -contain ing  lip o p ro te in s  w ere p re c ip ita te d  by th e  

v a rio u s  p rec ip ita tio n  tech n iq u es . Sim ilarly, Lp(a) was u n d e tec tab le  in  

th e  s u p e rn a ta n ts  even  a f te r  co n cen tra tio n  by u ltra c e n tr ifu g a tio n  to 

approxim ately  20% of th e  o rig inal sample volume and  m easuring  Lp(a) 

in  low er d ilu tions th a n  th o se  u sed  fo r th e  s ta n d a rd  Lp(a) assay . 

These re s u lts  ind ica te  th a t  th e re  is good ag reem en t betw een d iffe re n t 

p rec ip ita tio n  p ro c e d u re s , w ith th e  exception  of hep arin -m an g an ese  

ch lo ride  m ethod 2, w hen m ethods in co rp o ra tin g  re c e n t m odifications 

to  th e  m ethods a re  employed. H eparin -m anganese  ch lo ride  2 

(m anganese ch lo ride  Im ol/L) method cau sed  co -p rec ip ita tio n  of HDL 

ch o les te ro l from serum  em phasising  th a t  m ethods canno t be applied  

ind iscrim inate ly  to  serum  o r plasm a and  th a t  th e  a p p ro p ria te  

co n cen tra tio n s  of p rec ip ita tio n  re a g e n ts  m ust be used . O thers  have 

re p o r te d  th a t  ac tiv a tio n  of blood c lo ttin g  fa c to rs  in  plasm a by 

d ex tran  su lp h a te  may red u ce  th e  e ffec tiv e  d ex tran  su lp h a te  

co n cen tra tio n  and  cause  incom plete p rec ip ita tio n  of apoB -contain ing  

lip o p ro te in s  (Demacker e t al., 1987). This in te ra c tio n  may also lead to 

th e  ap p ea ran ce  of f ib r in  w hich in te r fe re s  w ith HDL ch o leste ro l 

m easurem ent d u rin g  th e  an aly tica l ph ase  cau sin g  sp u rio u s ly  h igh  HDL 

ch o les te ro l v a lues (G reenberg  and  W arnick, 1985). These r e s u lts  again  

em phasise th a t  d iffe re n t a ssa y  cond itions may be re q u ire d  fo r  serum  

and  plasma.

In te r la b o ra to ry  su rv e y s  have found  th a t  th e  b e tw een -lab o ra to ry  

v a ria tio n  was h ig h e s t in  h y p e rtrig ly ce rid aem ic  sam ples (McMillan and  

W arnick, 1988). A lthough th e se  experim ents w ere no t d esig n ed  to  

determ ine w hich m ethod is most su itab le  fo r m easuring  HDL 

ch o leste ro l in  h y p e rtrig ly ce rid aem ic  sam ples, o th e rs  have found th a t  

th e  PEG 6000 m ethod y ie lds th e  h ig h e s t p ro p o rtio n  of c lear
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s u p e rn a ta n ts  and  is e ffec tive  a t  p re c ip ita tin g  apoB -contain ing  

lip o p ro te in s  up  to  serum  tr ig ly c e rid e  co n cen tra tio n s  of 18.5mmol/L 

(Demacker e t  al., 1980a). This is p ro b ab ly  due to  re la tiv e ly  g re a te r  

c o -p re c ip ita tio n  of serum  p ro te in s  w hich would d ecrease  th e  

b a ck g ro u n d  d en sity  of th e  s u p e rn a ta n t and  make sed im entation  of 

p re c ip ita te d  apoB -contain ing  lip o p ro te in s  easie r.

The mean size and  d en sity  of LpAI and  LpAI:AII p a rtic le s  v a rie s  

betw een  in d iv idua ls  b u t w ithin  in d iv id u a ls  LpAI is alw ays la rg e r  and  

le ss  d en se  th a n  LpAI:All (Kilsdonk e t al., 1990). Those LpAI p a rtic le s  

w ith th e  low est d e n s ity  and  g re a te s t  p ro p o rtio n  of lip id  would be th e  

p a r tic le s  most likely  to  be p re c ip ita ted  if any  HDL was p re c ip ita ted  

d u rin g  th e  isolation p ro c e d u re s . R esu lts  h e re  in d ica te  th a t  a lth o u g h  

small d iffe ren ces  may occu r betw een th e  m ethods, th e se  d iffe ren ces  

a re  n o t a ssoc ia ted  w ith selec tive  p rec ip ita tio n  of LpAI p a rtic le s . Any 

d iffe ren ces  re p o rte d  in o th e r  s tu d ie s  betw een th e  d if fe re n t isolation 

p ro c e d u re s  a re  un like ly  to  be due to  contam ination of th e  HDL 

s u p e rn a ta n ts  w ith  Lp(a) as  all p rec ip ita tio n  m ethods com pletely 

p re c ip ita te d  Lp(a). F u rth erm o re , a lth o u g h  most epidem iological d a ta  

on HDL ch o leste ro l has been  g a th e red  u sin g  th e  hep arin -m an g an ese  

ch lo ride  method 1, th e  small d iffe ren ces  in  HDL cho leste ro l, apoA-I 

and  LpAI co n cen tra tio n s  betw een th is  method and  th e  d ex tran  

su lp h a te  and  p h o sp h o tu n g s ta te  m ethods in d ica tes  th a t  e ith e r  could 

be ro u tin e ly  u sed  to iso late  HDL. Small d iffe ren ces  w ere also 

o b se rv ed  u sin g  PEG 6000 a lth o u g h  th is  re a g e n t is more d ifficu lt to  

u se  due to th e  v isco s ity  of th e  solution.

Specific recom m endations fo r HDL ch o les te ro l m easurem ent have not 

y e t been  s e t a lth o u g h  th e  L ab o ra to ry  S tan d a rd isa tio n  Panel of th e  

National C holesterol Education Program  has recom m ended th a t  m ethods
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fo r ch o les te ro l m easurem ent should  have a coeffic ien t of v a ria tio n  

below 5% and  b ias below 5%, (com pared w ith  C entre  fo r Disease 

C ontrol re fe re n ce  v a lu es), w ith th e  aim of im proving bo th  p rec isio n  

and  accu racy  to achieve a  ta rg e t  of 3% or le ss  fo r each of th ese . 

R esu lts  h e re  show th a t  w ith ca re fu l a tte n tio n  to  detail, all HDL 

ch o les te ro l iso lation  te ch n iq u es  s tu d ied  a re  also capable of ach iev ing  

good p rec isio n , a lth o u g h  an a ssessm en t of b ias will be more d ifficu lt. 

No com parisons w ere made h e re  w ith u ltra c e n tr ifu g a tio n  as th is  

m ethod itse lf  has sev e ra l d raw backs in c lud ing  contam ination of the  

HDL d en sity  frac tio n  w ith apoB -contain ing  lip o p ro te in s  (A lbers e t al., 

1972), ch an g es  in  lip o p ro te in  com position (K unitake an d  Kane, 1982) 

and  incom plete re c o v e ry  of lip o p ro te in s  due to  m anipulative losses 

d u rin g  frac tio n a tio n . R ather, th e se  experim ents w ere co n d u cted  to 

determ ine th e  re la tiv e  re la tio n sh ip s  betw een th e  p rec ip ita tio n  m ethods 

fo r  iso la ting  HDL. Many fa c to rs  need  to  be ta k e n  in to  acco u n t before  

one method can  be recom m ended. Some have p ro p o sed  d ex tran  

su lphate-m agnesium  ch lo ride  as  a  se lec ted  m ethod (W arnick e t al., 

1982) while o th e rs  have recom m ended PEG 6000 (Demacker, 1985), 

A dditional fa c to rs  w hich may in fluence  th e  selec tion  of a  p roposed  

m ethod, b u t no t s tu d ied  h e re , inc lude  th e  ab ility  to  m easure HDL 

ch o les te ro l in  h y p e r-tr ig ly ce rid aem ic  se ra , in te rfe re n c e  by th e  

p ré c ip ita n ts  in enzym ic ch o les te ro l m ethods and  w h e th er HDL 

ch o les te ro l is m easured  in  serum  o r plasm a. These and  o th e r  fa c to rs  

su ch  as s to rag e  tem p e ra tu re , may acco u n t fo r  th e  la rg e  

in tra la b o ra to ry  v a ria tio n s  in  HDL ch o les te ro l m easurem ents re p o rte d  

in  o th e r  s tu d ie s  (W arnick e t al., 1983; McMillain an d  W arnick, 1988). 

The p re s e n t  s tu d y  has shown th a t  good p rec is io n  can  be ach ieved , 

u s in g  carefu lly  defined  cond itions, fo r all th e  m ethods s tu d ied  here;
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4.2 D yslipoproteinaem ia UK families w ith  sev e re  ex p ress io n  of 

co ro n a ry  h e a r t  d isease 

The families s tu d ied  w ere re c ru ite d  th ro u g h  o u r in te re s ts  in  h idden  

fa c to rs  p red isp o sin g  to  p rem atu re  clin ical co ro n a ry  h e a r t  d isease. 

The aims w ere to  re c ru i t  a ffec ted  fam ilies w ith no p e rce iv ed  r isk  

associations and  to  s to re  m aterial fo r fu tu re  genetic  s tu d ie s . 

However, of 15 fam ilies com pletely s tu d ied  only  one had no lip id  

abnorm ality , and  overa ll th is  26-fam ily s tu d y  showed an  enhanced

ex pression  of two w ell-estab lish ed  dyslipoproteinaem ic r isk

assoc iations -  hypercho leste ro laem ia  w ith LDL excess, o r red u ced  

levels of HDL, o r bo th , in p a tte rn s  c o n s is te n t w ith polygenic

in flu en ces  on lip id  and  apo lipopro te in  levels. Familial com bined 

hyperlip idaem ia may also be invo lved , b u t th e  u n d e rly in g  d efec ts  

have no t y e t been  defined  and  a rig o ro u s  c r i te r ia  fo r th is  d iagnosis 

have no t y e t been  e s tab lish ed . The was no ev idence  th a t

u n reco g n ised  h e te ro zy g o u s  familial hypercho leste ro laem ia  (FH) 

co n trib u te d  to  th e  o b se rv ed  ex p ress io n  of dyslipoproteinaem ia. The 

h e te ro g en e ity  of gene d e fec ts  in  FH re n d e rs  an y  d ire c t genetic  

an a ly sis  im practical a t  p re se n t.

The ch an g es in plasm a lip id s  w ith in c re as in g  age w ere sim ilar to  

those  p rev io u s ly  re p o rte d  (Mann e t al., 1988). In  th a t  and  th e  

p re s e n t  s tu d y , to ta l ch o les te ro l co n cen tra tio n s  in  women con tinued  

to  in c rease  w ith age and  overtook  levels  in  men a ro u n d  55 y e a rs  as 

levels in  men reach ed  a p la teau  and  th e n  declined. This re v e rs a l  of 

th e  p a t te rn  o b se rv ed  in  y o u n g er a d u lts  w hen ch o leste ro l 

co n cen tra tio n s  a re  u su a lly  h ig h e r in  men th a n  women is p ro b ab ly  due 

to ch an g es  in  lip o p ro te in  m etabolism in post-m enopausa l women.

HDL ch o leste ro l d id no t v a ry  w ith age in  e ith e r  males o r fem ales
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a lth o u g h  o th e rs  s tu d y in g  N orth American popu la tions have shown a 

p ro g re ss iv e  in c rease  in  HDL ch o les te ro l in  women and  a  sh a rp  

in c rease  in  HDL ch o les te ro l in  men o v e r 55 y e a rs  (Heiss e t  al., 1980). 

T rig ly cerid e  co n cen tra tio n s  d id no t v a ry  w ith  age in  fem ales b u t 

in c reased  w ith  age in  males, peak ing  a t  betw een ages 45 and  54 

y e a rs  and  th e n  declin ing. O thers have found  th a t  ch an g es  in 

tr ig ly c e rid e  co n cen tra tio n s  w ith age a re  sim ilar fo r bo th  males and  

females in N orth American popu la tions (Rifkind and  Segal, 1983) 

a lth o u g h  o th e r  s tu d ie s  of B ritish  popu la tions have re p o rte d  sim ilar 

tre n d s  in HDL ch o leste ro l and  tr ig ly c e r id e s  to  those  found  h ere  

(Mann e t al., 1988).

ApoE isoform  freq u e n c ie s  in  n o n -p ro b an d s  w ere sim ilar to th o se  

p rev io u s ly  re p o rte d  (Davignon e t al., 1988). T here  was an  in c reased  

freq u e n cy  of apoE4/E3 and  a re d u c ed  freq u e n cy  of apoE3/E3 and  

apoE3/E2 in  p ro b an d s . The 6-4 allele is known to be asso c ia ted  w ith 

h ig h e r levels of to ta l and  LDL ch o leste ro l th a n  th e  6-3 o r 6-2 alleles 

(Davignon e t al., 1988). ApoE polym orphism  also in flu en ces  plasm a 

Lp(a) and  tr ig ly c e rid e  co n cen tra tio n s  p a ra lle l to  th a t  of LDL. The 6-2 

allele is asso c ia ted  w ith lower co n cen tra tio n s  of Lp(a) th a n  th e  6-3 

o r 6-4 alleles (de K nijff e t al., 1991) and  a  m eta-ana lysis  of 45 

popula tion  s tu d ie s  from 17 d iffe re n t co u n trie s  showed th a t  

in d iv id u a ls  w ith th e  6-2 allele have low er co n cen tra tio n s  of 

tr ig ly c e r id e s  and  h ig h e r co n cen tra tio n s  of HDL ch o les te ro l th a n  those  

w ith th e  6-4 allele (Dallongeville e t  a l., 1992). However th e  num ber of 

p ro b a n d s  s tu d ied  w ere too few to  draw  any  d efin ite  conclusions 

ab o u t apoE isoform  freq u en c ies  in  males w ith  p rem a tu re  CHD a lth o u g h  

th e re  was no la b o ra to ry  o r clin ical ev idence  th a t  u n reco g n ised  

familial Type III dysbeta lipopro teinaem ia  c o n tr ib u te d  to  th e  o b serv ed
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ex p ress io n  of dyslipopro teinaem ia.

Some of th e  p a rtic ip a n ts  w ere tak in g  a n ti-h y p e r te n s iv e  d ru g s  w hich 

may a ffe c t lip o p ro te in  metabolism and  have a confounding  e ffe c t on 

th e  o b se rv ed  association  betw een abnorm al lip o p ro te in  p ro files  and  

p rem atu re  CHD. This p o ten tia l c o n trib u tio n  is now d ifficu lt to  a sse ss  

in  de tail as fu r th e r  follow -up is d ifficu lt owing to  mobility and  dea th  

of some p a rtic ip a n ts . Thiazide d iu re tic s  may in c rease  VLDL and  LDL 

ch o leste ro l levels b u t have little  o r no e ffec t on HDL cho leste ro l, 

a lth o u g h  long term  s tu d ie s  in d ica te  th a t  serum  lip id s may r e tu rn  to 

baseline v a lues (Ames, 1986a). B eta-b lo ck ers  can  in c rease  VLDL levels, 

especially  in in d iv id u a ls  who a re  a lread y  h y p ertrig ly ce rid aem ic , and 

d ecrease  HDL ch o les te ro l co n cen tra tio n s  b u t p ro b ab ly  have little  o r 

no e ffec t on LDL ch o les te ro l levels (D u rrin g to n  e t al., 1985; Ames,

1986b). T here  a re  few er re p o r ts  of th e  e ffec ts  of calcium channel

b lo ck ers  o r an g io ten sin  co n v ertin g  enzym e (ACE) in h ib ito rs  and  

a lth o u g h  th e y  may s lig h tly  d ecrease  serum  to ta l ch o les te ro l and  

tr ig ly c e r id e s  while in c reas in g  HDL cho leste ro l, th e ir  o v era ll e ffe c t on 

serum  lip id  co n cen tra tio n s  is p ro b ab ly  minor (Ames e t al., 1986b).

In  th e  p re s e n t  s tu d y , 7 p ro b an d s  and  17 family members w ere tak in g  

b e ta -b lo ck e rs  a n d /o r  th iaz id es  a t  th e  time of an aly sis . The most 

commonly p re sc r ib e d  d ru g  was Atenolol, a  card io se lec tiv e  b e ta  

b locker, w hich in some s tu d ie s  has  been  shown to  have little  e ffec t 

on to ta l ch o leste ro l and  tr ig ly c e r id e s  w hen g iven  alone (Cham shi- 

P asta  e t al., 1988). While i t  is  d ifficu lt to  a sse ss  th e  p rec ise  e ffec ts  

of a n ti-h y p e r te n s iv e  d ru g s  in th e  p re s e n t  s tu d y , th e  overa ll e ffec t 

was p ro b ab ly  minor. The p o ten tia l a d v e rse  assoc ia tions of an ti

h y p e rte n s iv e  m edication w ere no t commented on by  th e  mainly

card iac  u n its  re fe r r in g  th e  p a tie n ts  fo r th is  s tu d y .
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C oncern has been  ex p re ssed  ab o u t th e  sa fe ty  and  efficacy  of 

low ering serum  ch o leste ro l co n cen tra tio n s  (Smith and  P ekkanen , 1992; 

O liver, 1992) as u s in g  d ru g s  to  modify serum  lip id  co n cen tra tio n s  in 

p rim ary  p rev en tio n  tr ia ls  red u ced  n o n -fa ta l m yocardial in fa rc tio n , b u t 

th e re  was no d iffe ren ce  in  to ta l num ber of d ea th s  betw een 

in d iv id u a ls  on tre a tm e n t and  th o se  tak in g  placebo due to  th e  

in c rease s  in n o n -ca rd iac  m ortality  (F rick  e t al., 1987, World Health 

A u tho rity  C lofibrate T rial, 1980; Lipid R esearch  Clinics P rogram , 

1984). I t  is possib le  th a t  in c re a se s  in  n o n -ca rd iac  m ortality  a re  due 

to chance r a th e r  th a n  some specific  mechanism as th e  in c rease  in 

n o n -ca rd iac  m ortality  was sp re ad  o v e r v a rio u s  u n re la ted  cau se s  

(Jacobs e t al., 1992). However many of th e  non-CHD re la ted  d ea th s  in  

th e  tre a tm e n t g ro u p s  w ere due to  su icide o r v io len t d ea th s  and  i t  

has been  p o s tu la ted  th a t  low ering serum  ch o les te ro l by lip id  low ering 

d ru g s  may a lte r  th e  num ber of se ro to n in  re c e p to rs  on th e  su rface  

of b ra in  cells, lead ing  to  d ecreased  in tra c e llu la r  se ro to n in  and  

a lte ra tio n s  in mood (E ng leberg , 1992). F u rth erm o re  low plasm a 

ch o leste ro l co n cen tra tio n s  in  o ld e r men a re  asso c ia ted  w ith  

d ep ress io n  w hich is a  m ajor r is k  fa c to r fo r su ic ides and  acc id en ts  

(Morgan e t al., 1992) and  w ith in c reased  r is k  of m ortality  from  

in ju r ie s  (L indberg  e t al., 1992). O thers have qu estio n ed  th e  v a lid ity  

of th e se  f in d in g s  as  d e p re sse d  people o ften  have poor a p p e tite s  

leading  to w eigh t loss and  low er ch o les te ro l co n cen tra tio n s  (Smith 

and  Shipley, 1993) and  o th e rs  have been  unable  to  dem onstrate  an  

association  betw een d ep re ss io n  and  low ch o les te ro l (S tra n d b e rg  e t al., 

1993).

However th e se  co n ce rn s  w ith th e  n o n -ca rd io v ascu la r e ffec ts  and  

g en era l sa fe ty  of lip id -low ering  th e ra p y  should  be a d d re sse d  in  th e
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know ledge th a t  unco n tro lled  dyslipopro teinaem ia also has sev ere  

a d v e rse  associations. R esults from HMGCoA re d u c ta se  in h ib ito r tr ia ls , 

d ru g s  which a re  v e ry  e ffec tive  in  re d u c in g  LDL cho leste ro l, should 

determ ine if re d u c tio n s  in  h igh  serum  ch o leste ro l co n cen tra tio n s  a re  

asso c ia ted  w ith in c re a se s  in n o n -ca rd iac  m ortality  o r if th ese  

in c rease s  a re  p u re ly  due to  chance. CHD is th e  commonest single 

cause  of d ea th  in  th e  U nited Kingdom and abnorm al serum  lipopro tein  

p ro files  a re  a  m ajor r is k  association . This s tu d y  has shown th e  

ex ten t of u n reco g n ised  dyslipopro teinaem ia even  in those  families 

w ith sev e re , p rem atu re  CHD.

F u r th e r  genetic  s tu d ie s  a re  p roceed ing  w ith th e  DNA collected  d u rin g  

th e  p re s e n t s tu d y , and  new in s ig h ts  in to  CHD ex p ress io n  may follow 

b u t i t  is un like ly  th a t  some m ajor new fac to r will a p p ea r to explain 

th e  sev e re  ex p ress io n  of CHD in th e  B ritish  families s tu d ied . A lthough 

th e  clinical ex p ress io n  of LDL excess may be en hanced  th ro u g h  

oxidative change to prom ote u p tak e  by  a r te r ia l  wall, o r th e  p re sen ce  

of h igh  levels of Lp(a), LDL excess is th e  base line  req u irem en t 

th ro u g h  w hich su ch  o th e r  p ro posed  m echanism s p ro b ab ly  opera te . 

The association  of CHD w ith dyslipopro teinaem ia and  th e  low 

ap p rec ia tio n  of th is  association  by  th e  card iac  re fe r r in g  u n its  may 

a t le a s t p a rtia lly  explain  th e  o ccu rren ce  of CHD in th e se  ind iv iduals.

4.3 L ipopro te ins and  apoA-I only  con tain ing  p a rtic le s  in  early  

o n se t co ro n a ry  h e a r t  d isease  

LpAI p a rtic le s , con tain ing  approxim ately  40% of to ta l apoA-I (Koren 

e t al., 1987) have been  p ro p o sed  as th e  a n ti-a th e ro g en ic  frac tio n  of 

HDL (Puchois e t al., 1987) and  m ight th e re fo re  be a  b e tte r  index of
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co ro n a ry  r is k  th a n  e ith e r  HDL o r apoA-I. R esu lts  h e re , showing th a t  

th e  co n cen tra tio n s  of LpAI p a rtic le s  a re  re d u c ed  in  ea rly  o n se t CHD, 

a re  in ag reem en t w ith o th e r s tu d ie s  w hich have shown d ecreased  

LpAI co n cen tra tio n s  in  p a tie n ts  w ith an g io g raph ica lly  p ro v en  

c o ro n a ry  a r te ry  d isease  (Puchois e t al., 1987) and  in  p a tie n ts  p r io r  

to co ro n a ry  a r te ry  b y p ass  s u rg e ry  (C oste-B urel e t al., 1990).

An ea rly  s tu d y  m easured  apoA-I and  apoB in male s u rv iv o rs  of 

m yocardial in fa rc tio n  and  re p o r te d  th a t  ap o lipop ro te in s w ere as  good 

as to ta l cho leste ro l, tr ig ly c e r id e s  o r HDL ch o les te ro l below age 50 and  

b e tte r  in  th e  s ix th  to e ig h t decades a t  d iscrim inating  betw een 

a th e ro sc le ro tic  su b je c ts  and  co n tro ls  (Avogaro e t  al., 1979). A la te r  

s tu d y  of m iddle-aged  men w ith and  w ithou t p rev io u s  m yocardial 

in fa rc tio n  found th a t  apoB was a b e t te r  d iscrim ina to r th a n  to ta l 

serum  cho leste ro l, tr ig ly c e r id e s , LDL cho leste ro l, HDL, HDL2 and  HDL3 

cho lestero l. D iscrim ination was m arginally  im proved by com bining 

apoB w ith apoA-I (D urring ton  e t al., 1986).

U n ivaria te  d iscrim inan t fu n c tio n  an a ly s is  of re s u lts  in th e  p re s e n t 

s tu d y  show th a t  th e  d iscrim ination  was s lig h tly  im proved by 

m easuring  LpAI p a rtic le s  r a th e r  th a n  apoA-I: th e  p e rc en ta g e

c o rre c tly  c lassified  was su p e r io r  u s in g  LpAI p a rtic le s  r a th e r  th a n  

apoA-I o r HDL ch o les te ro l alone. However n e ith e r  HDL, Lp(a), apoA-I 

o r LpAI u sed  alone re su lte d  in  a  h igh  d eg ree  of c o rre c t c lassifica tion  

a lth o u g h  m easuring  LpAI p a rtic le s  r a th e r  th a n  apoA-I m arginally  

im proved d iscrim ination  betw een co n tro ls  and  those  w ith  CHD 

(Vallance e t al., 1991). D iscrim ination was f u r th e r  im proved by 

com bining LpAI, apoA-I and  tr ig ly c e rid e s . These re s u lts  d iffe r  from 

th o se  of C oste-B urel et al. (1990) who found  th a t  th e  h ig h e s t ra te  of 

c o rre c t c lassifica tion  u sin g  a sing le  v a riab le  was ob ta ined  u sing
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apoA-I and  th a t  m easuring  LpAI in  ad d ition  to  apoA-I did not 

im prove d iscrim ination  betw een h ea lth y  and  ischaem ic h e a r t  d isease  

g ro u p s. However th e  C oste-B urel s tu d y  d iffe red  in a  num ber of 

a sp e c ts  from o u r s tu d y  inc lud ing  th e  selection  of p a tie n ts  

(p re  CABG v e rs u s  p o s t CABG re sp ec tiv e ly ). In  add ition , while LpAI 

co n cen tra tio n s  in th e  CHD g ro u p s  w ere sim ilar in  bo th  s tu d ie s , LpAI 

co n cen tra tio n s  w ere h ig h e r (mean 0.62 g /L ) and  mean age lower 

(mean 46 y ea rs) in th e  co n tro l g ro u p  of C oste-B ure l’s s tu d y  th a n  in 

o u r s tu d y  (mean LpAI 0.55 g /L , mean age 51.6 y ears). T here  is little  

v a ria tio n  in LpAI levels w ith age in men (S teinm etz e t al., 1990) and  

th e  age d iffe ren ces  betw een th e  two s tu d ie s  a re  un like ly  to  explain 

th e  d iffe ren ces  o b se rv ed  betw een th e  two s tu d ie s . However the  

p e rcen tag e  of to ta l apoA -I c ircu la tin g  in plasm a in  th e  form of LpAI 

was sim ilar to p rev io u s ly  re p o r te d  va lues (Koren e t al., 1987). 

A lthough bo th  apoA -I and  LpAI co n cen tra tio n s  w ere low er in  th e  CHD 

g ro u p  com pared w ith co n tro ls , th e  p e rc en ta g e  of to ta l apoA-I 

c ircu la tin g  as LpAI was low er in  th e  CHD g ro u p  th a n  co n tro ls , 

p ro v id in g  fu r th e r  ev idence th a t  LpAI is a  b e t te r  d iscrim ina to r of CHD 

th a n  to ta l apoA-I.

LpALAII p a rtic le s  w ere no t m easured  in  th is  s tu d y , a lth o u g h  o th e rs  

have shown th a t  in  normolipaemic su b je c ts , th o se  w ith ang io

g rap h ica lly  defined  co ro n a ry  a r te r y  d isease  have low er serum  LpAI, 

b u t no t LpAI:AII, p a rtic le  co n cen tra tio n s , w hen com pared to  those  

w ith norm al co ro n a ry  a r te r ie s  and  to  th e  asym ptom atic g roup  

(Puchois e t al., 1987). L a ter s tu d ie s  showed th a t  bo th  LpAI and  

LpAI:AII w ere d ecreased  in h y p e rtrig ly ce rid aem ic  su b je c ts  p r io r  to 

co ro n a ry  a r te r y  b y p a ss  s u rg e ry  (C oste-B urel e t  al., 1990). The 

d isc rep an cy  in  LpAI:AII co n cen tra tio n s  betw een normolipaemic and
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h y p ertrig ly ce rid aem ic  su b je c ts  w ith co ro n a ry  a r te r y  d isease  may be 

due to  red u ced  form ation of LpAI:AII p a rtic le s  d u rin g  lipo lysis in 

h y p e rtrig ly ce rid aem ic  su b je c ts  (G enest e t al., 1990).

The mechanism by which HDL m ight e x e rt i ts  p ro te c tiv e  e ffec t is 

unknow n, th e  two most a ttra c t iv e  m echanism s being  re v e rse  

ch o leste ro l t r a n s p o r t  h y p o th esis  and  th e  rem nan t p a rtic le  hy p o th esis . 

High co n cen tra tio n s  of LpAI p a rtic le s  could po ten tia lly  b en efit e ith e r 

mechanism. Small, d iscoidal apoA-I con tain ing  HDL w ith pre-D  mobility 

and  LpAI p a rtic le s  (which inc lude  p re -0  HDL) have bo th  been  shown 

to be p o te n t stim u la to rs  of ch o les te ro l efflux from c u ltu re d  

f ib ro b la s ts  and  may th e re fo re  have im portan t ro les  in th e  p ro cess  of 

re v e rse  cho leste ro l tra n s p o r t .  Some have shown th a t  LpAI b u t not 

LpAIiAII p a rtic le s  prom ote ch o les te ro l efflux from c u ltu re d  mouse 

ad ip o cy tes  (B arbaras  e t al., 1987) while o th e rs  have shown th a t  both  

LpAI an d  LpAIrAII fu n c tio n  equally  well a t  rem oving ch o les te ro l from 

a v a rie ty  of c u ltu re d  cells inc lud ing  hum an sk in  f ib ro b la s ts  and  

ra b b it  ao rtic  smooth muscle cells (Johnson  e t al., 1991). LpAI 

p a rtic le s  may be im p o rtan t in  th e  rem nan t p a rtic le  h y p o th esis  as 

p re-B  HDL is g en e ra ted  d u rin g  th e  lipo lysis of t r ig ly c e r id e -r ic h  

lip o p ro te in s  (Neary e t al., 1991) and  those  in d iv id u a ls  who rap id ly  

p ro cess  tr ig ly c e r id e -r ic h  p a rtic le s  would be expected  to  have th e  

low est co n cen tra tio n s  of a th e ro g en ic  rem n an ts  and  th e  h ig h e s t 

co n cen tra tio n s  of LpAI and  p re -B  HDL p a rtic le s .

C learly f u r th e r  w ork is re q u ire d  to  define th e  p re c ise  metabolic 

fu n c tio n  of th e  two ty p e s  of apoA -I con tain ing  p a rtic le s . M easurem ent 

and  use  of LpAI p a rtic le s  in  cell c u ltu re s  and  in  s tu d y in g  th e  

p ro cess in g  of t r ig ly c e r id e - r ic h  p a rtic le s  m ight be u sefu l in 

id en tify in g  th e  p rec ise  m echanism s by w hich HDL ex erts  its
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p ro te c tiv e  e ffec ts  a g a in s t a th e ro sc le ro s is .

N either th e  C oste-B urel s tu d y  o r th e  s tu d y  using  men w ith 

ang io g rap h ica lly  p ro v en  co ro n a ry  a r te ry  d isease  (Puchois e t  al., 1987) 

m easured  Lp(a). However a lth o u g h  Lp(a) co n cen tra tio n s  w ere 

s ig n ifican tly  h ig h e r in  th e  CHD g ro u p  com pared w ith th e  con tro l 

g ro u p , th e  p ro p o rtio n  c o rre c tly  c lassified  was no t im proved by 

ad d in g  Lp(a) re s u lts  to  th e  LpAI re s u lts  o r by ad d in g  Lp(a) to  th e  

o th e r  th re e  v a riab le s  (LpAI, apoA-I and  tr ig ly c e rid e s ) . Lp(a) 

co n cen tra tio n s  w ere no t c o rre la ted  w ith o th e r  known r isk  assoc iations 

su ch  as to ta l ch o les te ro l and  apoB o r w ith HDL ch o les te ro l and  

apoA -I, again  em phasising  th a t  th e re  a re  some d iffe ren ces  in  th e  

re g u la to ry  m echanism s which co n tro l th e  sy n th e s is  and  catabolism  of 

LDL and  those  w hich co n tro l Lp(a) even  th o u g h  bo th  a re  apoB-100 

con tain ing  lip o p ro te in s . C ross sec tional s tu d ie s  have re p o r te d  th a t  

Lp(a) co n cen tra tio n s  a re  h ig h e r in  th o se  w ith CHD com pared w ith 

m atched co n tro ls  w ithou t CHD (review ed by  M orriset e t al., 1987). 

Some c ro ss  sec tional s tu d ie s  have re p o r te d  th a t  h igh  serum  

co n cen tra tio n s  a re  found  in  in d iv id u a ls  w ith FH and  CHD com pared 

w ith th o se  w ith FH b u t w ithout CHD (Seed e t al., 1990; Wiklund e t al., 

1990), while o th e rs  have been  unab le  to  confirm  th is  find ing  (Mbewu 

e t  al., 1991). D ifferences in  th e  fin d in g s  of th e se  s tu d ie s  may a rise  

from th e  m ethods u sed  to  a ss ig n  in d iv id u a ls  to  th e  CHD o r co n tro l 

g ro u p s  as co ro n a ry  a n g io g rap h y  was no t u sed  to  define th e  ex ten t 

of CHD in any  of th e  th re e  s tu d ie s  n o r was an g io g rap h y  u sed  to 

a sse ss  co ro n a ry  a r te r ie s  in th e  co n tro l popula tions. F u rth e rm o re  

Lp(a) was no t a  d iscrim ina to r of fu tu re  co ro n a ry  ev en ts  in  th e  

H elsinki H eart s tu d y  (Jauh ia inen  e t  al., 1991) a lth o u g h  a p ro sp ec tiv e  

s tu d y  of 50 y ea r old Sw edish men followed fo r 6 y e a rs  showed th a t
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those  who developed  clinical CHD had sig n ifican tly  h ig h e r Lp(a) 

levels (R osengren  e t ah , 1990), a lth o u g h  th is  p ro sp ec tiv e  s tu d y  

should  be in te rp re te d  w ith some cau tion  as only men, all of th e  same 

age, w ere s tu d ied .

The num ber of su b je c ts  and  co n tro ls  in  th e  p re s e n t  s tu d y  is small 

and  c ase -co n tro l s tu d ie s  a re  known to be s u b je c t to  many e r ro rs .  All 

men w ith CHD had u n d e rg o n e  co ro n a ry  an g io g rap h y  and  CABG a t 

le a s t six m onths befo re  sam pling. However co n tro ls  did no t have 

co ro n a ry  an g io g rap h y  and  some in d iv id u a ls  in th e  con tro l g ro u p  may 

have had asym ptom atic CHD. Inclusion  of su ch  in d iv id u a ls  in th e  

con tro l g roup  would w eaken th e  d iscrim inating  pow er of th e  lip ids 

and  apo lipop ro te in s m easured. A dditionally , th e  e ffec ts  of d ie ts  on 

lipop ro te in  p a rtic le s  was no t s tu d ied . A lthough d ie ts  commonly u sed  

to  lower serum  lipid co n cen tra tio n s  do no t a p p ea r to  red u ce  Lp(a) 

co n cen tra tio n s , d ie ts  h igh  in  p o ly u n sa tu ra te d  fa t ty  acid s a re  known 

to d ecrease  LpAI co n cen tra tio n s  in  com parison to  d ie ts  h igh  in 

s a tu ra te d  fa tty  ac id s (Fum eron e t al., 1991). No specific  d ie ta ry  

adv ice  had been  g iven  to  th e  men s tu d ied  h e re  a lth o u g h  two men 

had adop ted  a M editerranean  sty le  d ie t w hich was low in  to ta l fa t 

w ith an  in c reased  p ro p o rtio n  of m o n o -u n sa tu ra ted  fa t  and  h igh  in 

ca rb o h y d ra te . Alcohol is known to  in c rease  bo th  LpAI and  LpAIiAII 

co n cen tra tio n s  a t  le a s t d u rin g  sh o r t  term  m oderate alcohol in tak es  

(Valimaki e t a l., 1991), while ch ron ic  alcohol ab u se  cau ses  an  in c rease  

in  LpAIiAlI and  a d ecrease  in  LpAI co n cen tra tio n s  (Puchois e t al., 

1990). The e ffe c t of alcohol on lip o p ro te in s  was minimised by 

m atching th e  two g ro u p s  fo r alcohol consum ption and  by  excluding  

those  w ith excessive  alcohol ponsum ption.

The re s u lts  o b ta ined  h e re , ap d  th o se  from la rg e r  s tu d ie s , show th a t
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LpAI co n cen tra tio n s  a re  red u ced  in  p a tie n ts  w ith  ea rly  o n se t CHD 

and  th a t  LpAI co n cen tra tio n s  may be u se fu l in  d iscrim inating  betw een 

those  who will develop p rem a tu re  CHD and  those  who will not. 

However th e  d iscrim inating  pow er was only m arginally  b e t te r  using  

LpAI r a th e r  th a n  u sin g  apoA-I co n cen tra tio n s  and  a  p ro sp ec tiv e  

s tu d y  would be re q u ire d  to  determ ine if m easurem ent LpAI 

co n cen tra tio n s  (and sim ilarly  Lp(a) co n cen tra tio n s) would be a 

b e tte r  d iscrim inato r of CHD r is k  r a th e r  th a n  th e  serum  lipid and 

apo lipop ro te in s trad itio n a lly  m easured . M easurem ent of LpAI p a rtic le s  

may th e re fo re  be u se fu l in  re se a rc h  to  id en tify  th e  p rec ise  

m echanism s by  w hich HDL may ex e rts  its  p ro tec tiv e  e ffec ts  a g a in s t 

a th e ro sc le ro s is  b u t LpAI m easurem ent can n o t be recom m ended as a 

u se fu l add ition  to  th e  lip id  and  apo lipopro te in  te s ts  c u rre n tly  

availab le  fo r a sse ss in g  th e  r is k  of CHD in p a tie n ts .

4.4 The e ffec ts  of m oderate exercise  on serum  lip ids and

ap o lipop ro te in s in  p rev io u s ly  s e d e n ta ry  m iddle-aged  men 

Samples g e n e ra te d  d u rin g  th e  s tu d y  w ere b a tch ed  up and  m easured  

to g e th e r  a t th e  end  of th e  s tu d y  a f te r  s to rag e  a t  -70"C. P relim inary  

work had shown th a t  th e re  was no d e te r io ra tio n  in lipid 

m easurem ents com pared w ith day 1 (d a ta  no t show n), a  fin d in g  

confirm ed by o th e rs  fo r HDL ch o les te ro l (Nanjee and  Miller, 1990) and 

fo r apoA-I and  apoB (A lbers and  M arcovina, 1989).

Low in te n s ity , m oderate exercise  o v e r a  one y ea r period  in 

p rev io u sly  se d e n ta ry  m iddle-aged  non-sm oking men did no t p ro duce
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any  s ig n ific an t ch an g es  in  serum  lip id s o r apo lipopro te ins. Total 

ch o leste ro l co n cen tra tio n s  w ere no t in fluenced  by exercise  in th e  

p re s e n t  s tu d y , a  find ing  re p o r te d  by  o th e r  lon g itu d in a l s tu d ie s  

(Table 35). Sim ilarly no ch an g es  o c cu rred  in  serum  tr ig ly c e rid e  

co n cen tra tio n s . O thers  have su g g es te d  th a t  exercise  tra in in g  only 

low ers serum  tr ig ly c e r id e s  w hen p re - tr a in in g  v a lu es  a re  g re a te r  th a n  

1.7 mmol/L (Haskell, 1986) and  in th e  p re s e n t  s tu d y  median 

tr ig ly c e rid e  levels w ere below 1.7mmol/L fo r bo th  th e  con tro l and 

exercise  g roup . No ch an g es  in  Lp(a) co n cen tra tio n s  w ere o b serv ed  

w ith th e  p re s e n t  s tu d y , p ossib ly  because  Lp(a) co n cen tra tio n s  a re  

in fluenced  more s tro n g ly  by  genetic  r a th e r  th a n  environm ental 

fac to rs . D ietary  ch an g es  and  d ru g s  w hich may be e ffec tive  in 

m odifying o th e r  serum  lip id  and  apo lipopro te in  co n cen tra tio n s  ap p ea r 

to  have little  o r no e ffec t on Lp(a) co n cen tra tio n s  (Lawn, 1992), 

a lth o u g h  d ie t-in d u ced  w eigh t loss re d u c ed  Lp(a) co n cen tra tio n s  in 

obese p a tie n ts  (S onnichsen  e t al., 1990).

The men p a rtic ip a tin g  in th e  tr ia l  had  re la tiv e ly  low HDL cho leste ro l 

co n cen tra tio n s  (mean HDL ch o les te ro l in  bo th  w alkers and  co n tro ls  

was <50th p e rcen tile ). I t  would be reaso n ab le  to  expec t su ch  a  g roup  

would be more likely  to  show any  ch an g es  r a th e r  th a n  men who 

a lread y  had h igh  HDL ch o les te ro l co n cen tra tio n s . There w ere also no 

s ig n ific an t ch an g es  in  body w eigh t in e ith e r  th e  co n tro l o r exercise  

g ro u p  d u rin g  th e  s tu d y . Men in  th e  exerc ise  g ro u p  (BMI 25.4, mean 

w eight 82.6kg) w ere h eav ie r th a n  th e  co n tro l g ro u p  (BMI 24.1, mean 

w eight 75.6kg) and  again  i t  would be reaso n ab le  to  expect any  

exercise  in d u ced  w eigh t loss to  be g re a te r  in  th is  g ro u p  th a n  in  a  

g roup  of le an e r men. F u rth e rm o re  no ch an g es  in  serum  lipid and 

apo lipopro te in  co n cen tra tio n s  w ere o b se rv ed  in  those  w alkers whb
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showed a d ecrease  in  body fa tn e ss  as  a sse sse d  by  h y d ro s ta tic  

w eighing.

A lthough c ro ss -se c tio n a l s tu d ie s  have shown th a t  p hysica lly  active  

people have h ig h e r HDL ch o leste ro l co n cen tra tio n s  th a n  se d e n ta ry  

co n tro ls , conflic ting  re p o r ts  have a p p ea re d  in  lo n g itu d in a l s tu d ie s  

co n cern in g  th e  e ffe c ts  of exercise  on serum  lip id s and 

apo lipop ro te in s. Most lon g itu d in a l s tu d ie s  have shown th a t  re g u la r  

exercise  is asso c ia ted  w ith fav o u rab le  ch an g es  in  serum  lipop ro te in  

p ro files  (H uttunen  e t al., 1979; Sopko e t al., 1985; B aker e t a l., 1986; 

Schw artz , 1987; Thompson e t al., 1988; M arti e t al., 1990) while o th e r 

s tu d ie s  have failed to  dem onstra te  any  beneficia l e ffec t of exercise  

on serum  lip o p ro te in s  (G aesser and  Rich, 1984; Hagen e t  al., 1986; Raz 

e t al., 1988; D espres e t  al., 1988). These a p p a re n tly  co n tra d ic to ry  

re s u lts  betw een d if fe re n t s tu d ie s  may be due p a r tly  to  d iffe ren ces  

in d esign  and  p a r tly  due to  th e  lack of u n d e rs ta n d in g  of th e  p rec ise  

m echanism s by  w hich exercise  can in fluence  serum  HDL cho leste ro l 

co n cen tra tio n s . Most s tu d ie s  have been  re la tiv e ly  sh o r t  and  many 

s tu d ie s  lack s ta tis tic a l pow er e ith e r  because  of small num bers of 

p a r tic ip a n ts  (Nye e t al., 1981; S tubbe  e t al., 1983; Sopko e t  al., 1985; 

Thompson e t al., 1988) o r because  a  co n tro l g ro u p  was no t p ro p e rly  

a ss ig n ed  (S tubbe  e t al., 1983; S chw artz , 1987; D espres e t al., 1988). 

Some s tu d ie s  have shown th a t  e x e rc ise -in d u ced  in c re a se s  in  serum  

HDL ch o les te ro l co n cen tra tio n s  occu r only w hen th e re  is w eigh t loss 

(Williams e t al., 1983), a lth o u g h  o th e r  s tu d ie s  have dem onstrated  

s ig n ifican t in c re a se s  in  serum  HDL ch o les te ro l co n cen tra tio n s  w ithou t 

w eight loss (Sopko e t  al., 1985; Thompson e t  al., 1988) o r no change 

in serum  HDL ch o leste ro l co n cen tra tio n s  w ith  s ig n ifican t w eigh t loss 

(G aesser and  Rich 1984; F indlay  e t al., 1987; D espres e t al., 1988).
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o th e rs  have re p o r te d  th a t  exercise  and  w eigh t loss induced  by 

d ie ting  could bo th  p ro d u ce  sim ilar in c re a se s  in  serum  HDL ch o leste ro l 

co n cen tra tio n s  (Wood e t ah , 1988). F u rth e rm o re  a  m eta-ana lysis  of 95 

p u b lish ed  re p o r ts  (T ran  and  Weltman, 1985) and  a  s tu d y  of th e  

e ffec ts  of exercise  and  w eigh t loss on plasm a lip o p ro te in s  (Sopko e t 

al., 1985), concluded  th a t  exercise  an d  w eigh t loss in d ep en d en tly  

in c rease  HDL ch o les te ro l co n cen tra tio n s  and  th a t  th e  e ffec ts  a re  

ad d itiv e  when bo th  w eigh t loss and  exercise  occu r to g e th e r. These 

fin d in g s  imply th a t  in c re a se s  in  HDL ch o les te ro l can o ccu r in th e  

early  p h ases  of tra in in g  p rogram s and  th a t  fu r th e r  in c re a se s  in HDL 

ch o leste ro l co n cen tra tio n s  may occu r if w eigh t loss su b se q u e n tly  

o ccu rs  (K rauss, 1989). Indeed  a s tu d y  of th e  e ffec ts  of p ro longed 

exercise  tra in in g  in men found th a t  HDL ch o leste ro l co n cen tra tio n s  

and  apoA-I co n cen tra tio n s  w ere s ig n ifican tly  h ig h e r a f te r  14 w eeks 

of the  exercise  p rogram  b u t a lth o u g h  HDL ch o leste ro l co n cen tra tio n s  

rem ained s ig n ifican tly  in c reased , apoA-I co n cen tra tio n s  w ere not 

s ig n ifican tly  d if fe re n t from baseline levels a f te r  32 w eeks of the  

tra in in g  program  (Thompson e t  al., 1988). The a u th o rs  concluded th a t  

th ese  re s u lts  and  s tu d ie s  on th e  frac tio n a l catabolic  ra te  of apoA-I 

d u rin g  th e  tra in in g  program  in d ica te  th a t  th e  metabolic ch an g es  th a t  

occu r early  in  tra in in g  a re  d if fe re n t from  th o se  th a t  o ccu r w ith 

co n tinued  en d u ran ce  exercise .

The e ffec ts  of exercise  on body w eight, lip id s  and  ap o lipop ro te in s fo r 

some of th e  more im p o rtan t lon g itu d in a l s tu d ie s  a re  sum m arised in 

tab le  35.
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Table 35. Summary of some lo n g itu d in a l s tu d ie s  on th e  e ffec ts  of exercise  on body  w eigh t, serum  lip id s  an d  

ap o lipop ro te in s. (NS n o t s ig n ific an t, S s ig n ific an t, § no t m easured)

■

A u thors Date
(y r)

E xercise No. D uration
(w eeks)

Change in  va] ue  from  b ase lin e No. of 
co n tro ls

Weight T. chol T rig HDL-C ApoAI

H u ttu n en  e t  al 1979 Jo g g in g 50 16 NS NS S S NS 50

Nye e t  al 1981 A erobics 17 10 NS NS NS NS § 0

1 Wood e t  al 1983 Jo g g in g 48 52 S NS NS NS NS 33

1 Williams e t al 1983 Jo g g ing 36 52 s NS NS S § 28

1 Sopko e t  al 1985 Walking 5 12 NS NS S s § 5

B aker e t  al 1986 Walking 20 20 S S s s NS 14

S ch w artz  e t  al 1987 A erobics 14 12 NS NS NS s S 0

1 F ind lay  e t  al 1987 Jo g g in g 51 30 S S NS NS § 0

1 D esp res e t  al 1988 Cycling 12 3 s NS S NS NS 0

1 Thom pson e t al 1988 Cycling 8 48 NS NS S S NS 0
f Wood e t  al 1988 Jo g g in g 47 52 S NS s S § 42

1 Raz e t  al 1988 Jo g g in g 28 9 NS NS s NS § 27

1 W eintraub e t al 1989 Jo g g in g 6 7 NS NS s NS § 0

1 M arti e t  al 1990 Jo g g in g 39 16 NS NS NS S NS 22

to
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Exercise m ight p ro d u ce  fav o u rab le  ch an g es  in  serum  lipop ro tein  

p ro files  as  a r e s u lt  of im proved p ro cess in g  of tr ig ly c e r id e - r ic h  

p a rtic le s . Some lo n g itu d in a l s tu d ie s  have shown th a t  exercise  can 

in c rease  p o s t h ep a rin  plasm a LPL a c tiv ity  (Thompson e t al., 1988; 

W eintraub e t  al., 1989), while o th e rs  have been  unable  to  d e tec t any  

change in LPL ac tiv ity  (S tubbe  e t  al., 1983). C ross sectional s tu d ie s  

have p ro d u ced  conflic ting  re p o r ts  w ith one s tu d y  being  unab le  to 

dem onstra te  any  d iffe ren ce  in  p o s t h ep a rin  plasm a LPL ac tiv ity  

betw een en d u ran ce  a th le te s  and  s e d e n ta ry  men (Sady e t  al., 1988) 

while a n o th e r  s tu d y  found  th a t  plasm a LPL ac tiv itie s  w ere h ig h e r in 

long d is tan ce  ru n n e rs  th a n  in  s e d e n ta ry  men (Nikkila e t al., 1978). 

However even  when th e re  was no d iffe ren ce  in  LPL o r HL ac tiv itie s  

betw een a th le te s  and  se d e n ta ry  co n tro ls , th e  fa t c learance  ra te  

following an in trav e n o u s  in fusion  of a s ta n d a rd  tr ig ly c e rid e  emulsion 

in th e  a th le te s  was alm ost tw ice th a t  of se d e n ta ry  co n tro ls  (Sady e t 

al., 1988) and  p o s tp ra n d ia l lipaem ia was red u ced  in  a th le te s  due to 

sh o r te r  ch y lo m ic ro n -tr ig ly ce rid e  h a lf-life  in  com parison w ith 

se d e n ta ry  co n tro ls  (Cohen e t al., 1989). This in d ica tes  th a t  a th le te s  

can p ro cess  tr ig ly c e r id e - r ic h  p a rtic le s  q u ick e r th a n  se d e n ta ry  

co n tro ls  even  when th e re  was no a p p a re n t d iffe ren ce  in  p o s t h ep arin  

LPL and  HL a c tiv itie s  in plasm a. T here fo re  th e  h igh  serum  HDL 

cho leste ro l co n cen tra tio n s  o b se rv ed  in en d u ran ce  a th le te s  and  th e  

in c rease s  in  serum  HDL ch o les te ro l co n cen tra tio n s  asso c ia ted  w ith 

exercise  p rog ram s may p a r tly  be due to  in c reased  catabolism  of 

tr ig ly c e r id e -r ic h  lip o p ro te in s , th e  su rfa ce  com ponents of th e se  

p a rtic le s  being  p icked  up  by  n a sc e n t HDL (and HDL3) leading  to  an 

in c rease  in  HDL mass. This is su p p o rte d  by a s tu d y  which found  th a t  

p e rip h e ra l HDL3 ch o les te ro l p ro d u c tio n  in  th e  hum an forearm  was
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in c reased  in exercis ing  muscle b u t th a t  th e re  was no m easurable  

p ro d u c tio n  of HDL3 in p a tie n ts  w ith lip o p ro te in  lipase  deficiency  

(Ruys e t al., 1989). T here  a re  two possib le  m echanism s by which 

exercise  m ight in c rease  muscle LPL ac tiv ity . F a tty  ac id s, d e rived  

from in tram u scu la r tr ig ly c e rid e  s to re s , a re  th e  p rim ary  e n e rg y  

sou rce  fo r exercis ing  m uscles and  dep letion  of th e se  in tram u scu la r 

tr ig ly c e rid e  s to re s  may stim ulate LPL sy n th e s is  and sec re tio n  in 

muscle cap illa ries  (H urley e t al., 1986). F u rth erm o re , tra in in g  

en h ances th e  ab ility  of muscle to  oxidise fa tty  acids w hich would 

red u ce  th e  d eg ree  of end  p ro d u c t in h ib ition  of LPL a c tiv ity  (Kiens 

e t al., 1989). Secondly, in c reased  LPL ac tiv ity  d u rin g  p ro longed  

exercise  tra in in g  may also be due to in c reased  cap illa risa tio n  of 

m uscles (Kiens e t al., 1980). The in c reased  ac tiv ity  of m uscle LPL 

leads to  a red u c tio n  in serum  tr ig ly c e rid e  co n cen tra tio n  as lip id  is 

h y d ro ly sed  from VLDL and  su rface  com ponents t r a n s fe r r e d  to  HDL 

leading  to an acu te  in c rease  in  serum  HDL ch o les te ro l co n cen tra tio n  

w ithou t a co rre sp o n d in g  change  in  serum  apoA -I (Sady e t  al., 1986). 

However th e  c o n tro v e rsy  ab o u t w h e th er w eigh t loss is re q u ire d  to 

p ro d u ce  ch an g es  in serum  lip o p ro te in  co n cen tra tio n  and  com position 

is s till un reso lv ed . In  non-obese  people, fa s tin g  is known to decrease  

ad ipose tis su e  LPL b u t muscle LPL e ith e r  in c rease s  o r rem ains th e  

same (Eckel, 1989) and  any  e ffec t on serum  HDL com position may 

depend  on th e  re la tiv e  c o n trib u tio n  to  to ta l lipo ly tic  a c tiv ity  from 

th e se  two tis su e s . In  add ition , ch an g es  in  d ie ta ry  h ab its  can  p roduce  

ch an g es  in  HDL ch o les te ro l co n cen tra tio n s  w ith h igh  c a rb o h y d ra te  

d ie ts  ten d in g  to  decrease  HDL ch o les te ro l and  in c rease  tr ig ly c e rid e  

co n cen tra tio n s . Finally  plasm a volume is known to expand with 

tra in in g  (Thompson e t al., 1988) and  red u ce  w ith w eigh t loss (Reisih
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e t al., 1983). HDL ch o leste ro l co n cen tra tio n s  u n c o rre c ted  fo r ch anges 

in plasm a volume may be u n d erestim ated  d u rin g  exercise  and  

overestim ated  d u rin g  w eigh t loss. Any ch an g es in HDL cho leste ro l 

co n cen tra tio n s  a re  likely  to  be s tro n g ly  in fluenced  by th e  desig n  of 

th e  s tu d y  and  while w eigh t loss may be im portan t to  provoke 

ch an g es , it  is more likely  th a t  ch an g es  in  LPL a c tiv ity  ex e rt a 

s tro n g e r  in fluence  on HDL cholestero l.

In  th e  p re s e n t  s tu d y , th e re  w ere no s ig n ific an t ch an g es  in  serum  

tr ig ly c e rid e  o r HDL ch o les te ro l c o n cen tra tio n s  no r w ere th e re  any  

ex erc ise -in d u ced  ch an g es  in HDL su b c lass  d is tr ib u tio n  tow ards a 

p o ten tia lly  a n ti-a th e ro g en ic  p a t te rn  as th e re  w ere no ch an g es in to ta l 

apoA-I o r LpAI co n cen tra tio n s . The fa ilu re  to dem onstra te  any  

beneficia l ch an g es  in th e  serum  lip o p ro te in s  in  th e  p re s e n t  s tu d y  

may have been  due to a  fa ilu re  to  exceed an exercise  th re sh o ld  limit 

which could re s u l t  in ch an g es  in  LPL a c tiv ity  a n d /o r  w eigh t loss 

leading to  a lte ra tio n s  in serum  lip id  co n cen tra tio n s  and  lipop ro tein  

com position. Similar low in te n s ity  exercise  in  women was able to 

dem onstrate  a  27% in c rease  in  serum  HDL ch o les te ro l a f te r  one y ear 

w ithou t any  s ig n ific an t ch an g es  in  w eigh t o r body fa t (Hardman e t 

al., 1989). However even  men who w alked fo r lo n g e r th a n  th e  av erag e  

fo r th e  exercise  g ro u p  failed  to  show any  ch an g es  in serum  lip ids 

and  apo lipop ro te in s o r lose w eigh t o v er th e  tw elve m onths. Also 

a lth o u g h  12/17 men w alked fo r two o r more miles p e r  day, only 2/17 

men ach ieved  th e  o rig in a l s e t ta rg e t  of 3 o r more miles p e r  day, 

d esp ite  encouragem en t and  psychological b a ck -u p  from th e  exercise 

su p e rv iso rs .

One of th e  m ajor po ten tia lly  u se fu l w ays of m odifying serum  lip ids 

and  apo lipopro te in  co n cen tra tio n s  is by  m oderate exercise . However
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th e  exercise  u n d e rta k e n  by  th e  p a rtic ip a n ts  of th is  s tu d y  m ight not 

have been  of su ffic ien t in te n s ity , even  in  th e  su b -g ro u p  of h igh  

mileage w alkers, to  cause  a  la rg e  enough  change  in  muscle blood flow 

to p ro d u ce  s ig n ifican t ch an g es  in  th e  p ro ce ss in g  of tr ig ly c e r id e - r ic h  

lip o p ro te in s  o r to cause  an  in c rease  in th e  sy n th e s is  and  sec re tio n  

of LPL and  a co n seq u en t in c rease  in HDL.

A lthough o th e r  s tu d ie s  (P a ffen b a rg e r e t al., 1986; S h ap er and  

W annamethee, 1991) have shown th a t  low in te n s ity  exercise  su ch  as 

b r isk  walking may red u ce  th e  r isk  of CHD, th e  p re s e n t  f in d in g s  

p rov ide  fu r th e r  ev idence th a t  th e  red u c tio n  in r isk  may no t be 

re la te d  to ch an g es  in  serum  lip id  and  apo lipop ro te in  co n cen tra tio n s , 

a t  le a s t in normolipaemic men. Low in te n s ity , m oderate exercise  may 

have o th e r  im portan t e ffec ts  su ch  as im provem ents to  psychological 

w ell-being , im proved card iac  func tion  and  ch an g es  to  haem ostatic 

fac to rs . T here  was c lea r ev idence of tra in in g - in d u c e d  ad ap ta tio n s  in 

th e  w alkers. Both h e a r t  ra te  and  blood lac ta te  co n cen tra tio n s  w ere 

red u ced  d u rin g  s ta n d a rd ise d  treadm ill exercise  te s t s  in  w alkers and 

th e  d ecrease  in h e a r t  ra te  was re la ted  to  th e  am ount of w alking done 

b u t d esp ite  th e  im provem ents in  ind ices of en d u ran ce  f itn e s s  in 

w alkers, b r isk  w alking did no t in fluence  serum  lip id  and 

apo lipopro te in  co n cen tra tio n s .

L ifesty le  ch an g es  more com prehensive th a n  simply in c reas in g  th e  

am ount of exercise  tak en  may p re v e n t th e  p ro g re ss io n , and  even  

cause re g re ss io n , of co ro n a ry  a th e ro sc le ro s is . P a tien ts  w ith 

an g io g raph ica lly  docum ented co ro n a ry  a r te r y  d isease  w ere a ss ig n ed  

to a regim e co n sis tin g  of low fa t v e g e ta ria n  d ie t, s t r e s s  m anagem ent 

tra in in g , cessa tio n  of sm oking and  m oderate exercise  of sim ilar 

in te n s ity  to  th a t  u sed  in  th e  p re s e n t  s tu d y  (O rnish e t al., 1990).
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A fter one y ear, o v e r 80% of th e  p a tie n t g ro u p  showed ev idence of 

re g re ss io n  of co ro n a ry  a r te ry  lesions as a sse sse d  by q u an tita tiv e  

an g io g rap h y . Serum to ta l and  LDL ch o les te ro l co n cen tra tio n s  and 

apoB co n cen tra tio n s  fell s ig n ifican tly  in th e  experim ental g ro u p  while 

HDL ch o les te ro l and  apoA-I co n cen tra tio n s  w ere no t s ig n ifican tly  

d iffe re n t from baseline  a f te r  12 m onths. Body w eigh t was 

s ig n ifican tly  lower a f te r  one y ea r com pared w ith baseline . A lthough 

no a ttem p t was made to  determ ine th e  re la tiv e  c o n trib u tio n  of each 

lifes ty le  change  to  ch an g es  in co ro n a ry  a th e ro sc le ro s is , th e se  re s u lts  

s u g g e s t th a t  re g u la r , m oderate exercise  com bined w ith o th e r  lifesty le  

ch an g es  may re v e rse , o r a t  le a s t h a lt p ro g re ss io n  of, co ro n ary  

a th e ro sc le ro s is . However from th is  p re s e n t  s tu d y , i t  a p p ea rs  th a t  th e  

p o ten tia l fo r e x e rc ise -re la ted  ch an g es to  lip o p ro te in  p ro files  using  

low in te n s ity  exercise  is m odest in s e d e n ta ry  m iddle-aged  men. 

F u r th e r  w ork could involve a  c ritic a l evalua tion  of th e  level and 

in te n s ity  of exercise  and  o th e r  life s ty le  ch an g es  w hich may be 

re q u ire d  to  p ro d u ce  fav o u rab le  ch an g es  in  serum  lip id  and 

apo lipopro te in  co n cen tra tio n s , lip o p ro te in  p a rtic le  com position and 

su b c la ss  d is tr ib u tio n  and  ch an g es  to  LPL and  HL activ itie s .

4.5 Post h ep a rin  plasm a lip o p ro te in  lipase  and  hepatic  lipase  

ac tiv itie s  and  HDL com position 

The m odifications, f i r s t  d e sc rib ed  by B aginsky and  Brown (1979), and  

ad ap ted  h e re  fo r u se  in  th e  method d e sc rib ed  by  N ilsson-Ehle and 

Ekman (1977) allow d ire c t m easurem ent of p o s t h ep arin  plasm a LPL 

and  HL ac tiv itie s . LPL a c tiv ity  has trad itio n a lly  been  calcu la ted  by 

m easuring  to ta l lipo ly tic  a c tiv ity  and  th e n  m easuring  re s id u a l
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lipo ly tic  a c tiv ity  (eq u iv a len t to  HL a c tiv ity ) a f te r  inh ib ition  of LPL 

u sing  Imol/L sodium ch loride so lu tion , th e  d iffe ren ce  betw een th e  two 

re s u lts  being LPL ac tiv ity . This in d ire c t m easurem ent of LPL ac tiv ity  

is c lea rly  an  u n sa tis fa c to ry  ap p ro ach  as th e  choice of b u ffe r  pH fo r 

m easurem ent of to ta l lipolytic  a c tiv ity  is a  compromise because  the  

pH optim a fo r th e  two enzym es d iffe rs  (B aginsky and  Brown, 1979) 

and  th e  im precision of th e  calcu la ted  LPL a c tiv ity  is a ffec ted  by  th e  

im precision of both  th e  to ta l and  re s id u a l lipo ly tic  a c tiv ity  assay s . 

LPL can  be d irec tly  m easured  by  u sin g  a specific  an tise ru m  to HL 

(H uttunen  e t al., 1975) o r by  using  SDS to in h ib it HL* However SDS 

has some ad v an ta g e s  o v e r HL an tise ru m  as SDS is w idely available 

and  inexpensive. This ap p ro ach  to  m easuring  plasm a lipolytic  ac tiv ity  

has been v a lida ted  h e re  by  showing th a t  th e  a ssa y s  w ere lin ea r up 

to  75 m inutes, th a t  HL was in ac tiv a ted  by  p re -in c u b a tio n  w ith SDS 

as neglig ib le  lipase a c tiv ity  was m easured  u sin g  th e  HL lipase 

s u b s tra te  w ith S D S -trea ted  p o s t h ep a rin  plasm a, th a t  S D S -resis tan t 

lipo ly tic  a c tiv ity  (which should  be eq u iv a len t to  LPL ac tiv ity ) would 

only h y d ro ly se  th e  s u b s tra te  in  th e  p re sen c e  of serum  a c tiv a to r and 

th a t  re fe re n c e  v a lues fo r normolipaemic a d u lts  w ere sim ilar to 

p rev io u s ly  p u b lish ed  values.

Experim ents d esigned  to  follow th e  re lease  of LPL and  HL in to  the  

system ic c ircu la tio n  following in trav e n o u s  ad m in is tra tio n  of h ep arin  

showed th a t  th e  time to  reach  maximum a c tiv ity  fo r LPL and  HL 

d iffe rs . O thers  have shown th a t  lipo ly tic  a c tiv ity  was d ep en d an t on 

th e  dose of h ep a rin  u sed . With h igh  doses (lOOU h ep arin  p e r  kg), 

th e re  was a more p ro longed  re sp o n se  fo r bo th  LPL and  HL ac tiv itie s  

and  a h ig h e r maximum fo r LPL a c tiv ity  th a n  w ith  lower doses (20U 

h ep arin  p e r  kg) a lth o u g h  th e  maximum HL a c tiv ity  is sim ilar fo r both
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doses (N ilsson-Ehle and  Ekman, 1977). A fter in jec tio n  of h ep arin , th e  

in itia l re sp o n se  (from 2 to 10 m inutes) fo r bo th  LPL and  HL ac tiv ity  

when h igh  doses of h ep arin  w ere u sed  was alm ost id en tica l to  th a t  

when low doses w ere u sed  (N ilsson-Ehle and  Ekman, 1977). A balance 

has to  be s tru c k  betw een ad m in istering  a  la rg e  enough  dose of 

h ep arin  to  e n su re  re lease  of LPL and  HL from endo thelia l b ind ing  

s ite s  and  ad m in istering  a h e p a rin  dose th a t  would cause  excessive 

r isk  to th e  p a tien t. In  th is  s tu d y  lOOU h e p a rin  p e r  kg body w eigh t 

was used . HL peak  ac tiv ity  in normolipaemic males and  fem ales was 

reach ed  w ithin  5 m inutes of in trav e n o u s  in jec tio n  of h ep arin  and  

th e re a f te r  slowly declined  while LPL a c tiv itie s  con tinued  to  r is e  from 

10 to  30 m inutes. T here  was no s ig n ific an t d iffe ren ce  in LPL 

ac tiv itie s  betw een th e  10, 20 and  30 m inute sam ples, a lth o u g h  th e  5 

m inute LPL a c tiv ity  was s ig n ifican tly  d iffe re n t from th e  10 m inute 

sample (Vallance e t al., 1993). These re s u lts  ind ica te  th a t  a lth o u g h  

th e  sam pling time fo r optim al a c tiv ity  of bo th  enzym es d iffe rs , fo r 

convenience 10 m inute sam ples can  be used . R eference ra n g e s  fo r 

normolipaemic a d u lts  a re  sim ilar to  p rev io u s ly  p u b lish ed  v a lues 

(Gamlen and  M uller, 1980), w ith sim ilar LPL a c tiv ity  in bo th  males and 

females and  h ig h e r HL a c tiv ity  in  men th a n  women. This g e n d e r-  

re la ted  d iffe ren ce  in  HL b u t no t LPL ac tiv ity  h as been  d e sc rib ed  by 

o th e rs  (Wang e t al., 1981; Kuusi e t a l., 1989), and  may be due to  th e  

in fluence  of sex horm ones on HL p ro d u c tio n  and  sec re tio n , w ith 

an d ro g en s  ten d in g  to  in c rease  HL p ro d u c tio n  and  o e s tro g en s  ten d in g  

to  decrease  i t  (Applebaum -Bowden e t  al., 1985). Normolipaemic co n tro ls  

used  to  c o n s tru c t th e  re fe re n ce  ra n g e s  fo r te n  m inute p o s t h ep arin  

LPL and  HL ac tiv itie s  w ere no t s tra tif ie d  by age b u t o th e rs  have 

found no ch an g es  in a c tiv ity  w ith in c reas in g  age (Wang e t al., 1981).
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Sim ilarly a lth o u g h  alcohol consum ption and  c ig a re tte  smoking w ere 

no t tak en  in to  accoun t, o th e rs  have found  th a t  LPL and  HL ac tiv itie s  

a re  not re la ted  to  alcohol consum ption o r to c ig a re tte  sm oking in 

e ith e r  men o r women (Applebaum -Bowden e t al., 1985).

M easurem ent of LPL and  HL ac tiv itie s  in  a d u lts  w ith low and  high  

HDL ch o leste ro l showed th a t  LPL ac tiv ity  was h ig h e r and  HL ac tiv ity  

lower (a lthough  d iffe ren ce  in  HL a c tiv ity  did  no t qu ite  reach  

sign ificance  in  women) in  th e  g ro u p  w ith h igh  HDL ch o leste ro l 

com pared w ith th e  low HDL cho lestero l. ApoA-I was also s ig n ifican tly  

h ig h e r in  th e  h igh  HDL ch o leste ro l g ro u p  fo r bo th  males and  fem ales, 

a lth o u g h  apoA -II was s ig n ifican tly  h ig h e r in  males only, b u t no t in 

females w ith h igh  HDL cho lestero l. This in d ica tes  th a t  e leva tions in 

HDL ch o leste ro l a re  asso c ia ted  w ith in c re a se s  in bo th  apoA-I and 

apoA -II in males b u t th a t  in females w ith h igh  HDL cho leste ro l, 

apoA-I is p redom inan tly  in c reased  w ithou t a  p ro p o rtio n a te  in c rease  

in apoA -II. F u r th e r  ev idence  fo r th is  h y p o th esis  is p ro v id ed  by LpAI 

re s u lts . In  males, LpAI co n cen tra tio n s  w ere no t s ig n ifican tly  d iffe re n t 

betw een th e  low and  h igh  HDL ch o les te ro l g ro u p s  b u t LpAI 

co n cen tra tio n s  w ere s ig n ifican tly  d iffe re n t betw een th e  two g ro u p s 

in fem ales (Vallance e t al., 1993). LpAI co n cen tra tio n s  a re  known to 

be h ig h e r in women th a n  men (S teinm etz e t al., 1990) and  a lthough  

th e  num bers in  each g ro u p  s tu d ied  h e re  a re  small, th e  e levation  of 

HDL ch o les te ro l and  apoA-I in  th e  female high^ com pared w ith  low  ̂HDL 

ch o leste ro l g ro u p s  is asso c ia ted  w ith a  p redom inan t in c rease  in LpAI 

p a rtic le s  while in  men th e  e levation  is p ro b ab ly  due to an  in c rease  

in LpAIrAII p a rtic le s , w ith  a  much sm aller in c rease  in LpAI p a rtic le s . 

V ariations in  th e  co n cen tra tio n  of th e  la rg e r  le ss  dense  HDL2 

su b frac tio n  acco u n ts  fo r th e  most of th e  v a ria tio n  in  to ta l HDL
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cho leste ro l while th e  sm aller d e n se r HDL3 p a rtic le s  v a ry  only  w ith in  

narrow  limits. Sim ilarly th e  d iffe ren ce  in LpAI co n cen tra tio n s  would 

accoun t fo r th e  some of th e  d iffe ren ce  seen  in HDL ch o les te ro l 

co n cen tra tio n s  betw een men and  women. S tu d ies  of th e  frac tio n a l 

catabolic  ra te  (FCR) of HDL ap o lipop ro te in s have shown th a t  FCR of 

apoA-I is red u ced  in fem ales w ith h igh  HDL ch o les te ro l and  apoA-I 

while serum  apoA -II co n cen tra tio n s  a re  c o rre la ted  w ith th e  apoA -II 

sy n th e tic  ra te  r a th e r  th a n  th e  FCR (B rinton e t  al., 1989).

In  th e  com bined male and  female g ro u p s , LpAI co n cen tra tio n s  w ere 

in v e rse ly  co rre la ted  w ith HL ac tiv itie s  in bo th  low and  h igh  HDL 

ch o les te ro l g ro u p s  b u t no t c o rre la ted  w ith LPL ac tiv itie s  in e ith e r  

g roup . T herefo re  HL a c tiv ity  a p p e a rs  to in fluence  serum  LpAI 

co n cen tra tio n s  more th a n  LPL a c tiv ity  does and  th o se  in d iv id u a ls  

with th e  h ig h e s t HL ac tiv itie s  a re  likely  to  have th e  low est 

co n cen tra tio n s  of LpAI p a rtic le s . Similar r e s u lts  to  those  d e sc rib ed  

h e re  w ere found in a  s tu d y  w hich examined th e  re la tio n sh ip  betw een 

plasm a HDL ch o les te ro l and  p o s t h ep a rin  LPL and  HL ac tiv itie s  and  

which re p o r te d  th a t  LPL a c tiv ity  was e lev a ted  and  HL re d u c ed  in 

those  in d iv id u a ls  w ith h igh  HDL ch o leste ro l (mean HDL ch o les te ro l = 

2.25 mmol/L) com pared w ith th o se  w ith low HDL ch o leste ro l (mean HDL 

ch o les te ro l = 0.88 mmol/L), th e  d iffe ren ce  in HDL cho leste ro l betw een 

th e  two g ro u p s  being  alm ost e n tire ly  due to  a  fo u r fold d iffe ren ce  

in HDL2 ch o leste ro l (Kuusi e t al., 1989). In  th a t  s tu d y  th e  in fluence  

of LPL and  HL on LpAI p a rtic le s  was no t examined a lth o u g h  th e  

apoA -I:A -II ra tio  was s ig n ifican tly  c o rre la ted  w ith HL b u t no t LPL 

a c tiv ity  in men.

The r isk  of CHD w ith in  and  betw een popu la tions is in v e rse ly  re la ted  

to  serum  HDL ch o les te ro l co n cen tra tio n s . Any fa c to rs  which in fluence
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HDL com position and  metabolism would be a v e ry  im portan t 

d e te rm in an t of HDL ch o leste ro l co n cen tra tio n s  and  th e re fo re  CHD risk . 

H igher HDL2 seen  in  a th le te s  com pared w ith se d e n ta ry  people may be 

due to th e  d iffe ren ces  in  LPL and HL ac tiv itie s  o b se rv ed  betw een th e  

re sp ec tiv e  g ro u p s  (Nikkila e t al., 1987) and  one of th e  m echanism s 

th ro u g h  w hich exercise  may lead to a le ss  a th e ro g en ic  lipop ro te in  

profile  is by  enhanced  p ro cess in g  of tr ig ly c e r id e - r ic h  p a rtic le s , 

possib ly  th ro u g h  ch an g es  in LPL and  HL ac tiv itie s . F u rth erm o re , the  

re la tiv e  ac tiv itie s  of LPL and  HL will s tro n g ly  in fluence  HDL 

com position and  s tu d ie s  in r a ts  have shown th a t  HDL phospho lip id s 

and  HDL ch o leste ro l a re  bo th  in c reased  w hen HL is in ac tiv a ted  by 

an tibod ies  to HL (Kuusi e t a l., 1979; G rosser e t al., 1981) and  a s tu d y  

using  m onkeys has re p o r te d  th a t  inh ib ition  of LPL usin g  monoclonal 

an tibod ies caused  a  fall in HDL p ro te in , HDL ch o les te ro l and  to ta l 

apoA-I (G oldberg e t al,, 1990b). O ther s tu d ie s  have re p o r te d  th a t  the  

LPL:HL ra tio  is low er in  ind iv id u a ls  w ith low HDL ch o les te ro l and  th a t  

th is  ra tio  de term ines HDL com position which is a  m ajor d e te rm in an t 

of apoA-I FCR and  w hich in  tu r n  de term ines HDL ch o les te ro l levels 

(B rin ton  e t al., 1988).

Plasma HDL ch o les te ro l co n cen tra tio n s  a re  determ ined  by  bo th  th e  

sec re tio n  of HDL p re c u rs o r s  and  in tra v a sc u la r  p ro cess in g  of 

tr ig ly c e r id e - r ic h  lip o p ro te in s  by th e  action  of lipo ly tic  enzym es. 

Rapid lipo lysis  of tr ig ly c e r id e -r ic h  lip o p ro te in s  by LPL re lease s  

su rface  rem nan ts  w hich a re  tak en  up  by  HDL, lead ing  to  th e  

form ation of HDL2 and  th e re b y  in c reas in g  th e  ch o leste ro l c a rry in g  

capac ity  of HDL. Im paired lipo lysis  in c re a se s  th e  p o ssib ility  of 

n e u tra l lip id  exchange, m ediated by CETP and  o th e r  lip id  t r a n s fe r  

p ro te in s , in  w hich tr ig ly c e r id e s  a re  tr a n s fe r r e d  from tr ig ly c e r id e -
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ric h  lip o p ro te in s  to  HDL in exchange fo r ch o leste ro l e s te r .

T rig ly cerid es  tr a n s fe r re d  to  HDL (and LDL) a re  h y d ro ly sed  by  HL

while ch o les te ro l e s te r  t r a n s fe r re d  to  tr ig ly c e r id e - r ic h  lip o p ro te in s  

makes th e se  p a rtic le s  more r e s is ta n t  to lipo lysis. The overa ll e ffec t 

of th is  p ro cess  is to  p ro d u ce  th e  "a th ero g en ic  lip o p ro te in  pheno type" 

co n sis tin g  of HDL3, small dense  LDL and  c h o le s te ro l-en rich ed  rem nan t 

p a rtic le s  (A ustin e t al., 1990).

The in fluence  of lipo ly tic  enzym es on HDL2 co n cen tra tio n s  is

co n s is te n t w ith bo th  th e  re v e rse  ch o les te ro l t r a n s p o r t  h y p o th esis  and  

the  rem nan t p a rtic le  h y p o th esis . The t r a n s fe r  by CETP of ch o leste ro l 

from HDL in to  tr ig ly c e r id e - r ic h  p a rtic le s  could be co n sid e red  

beneficial in th e  re v e rse  ch o les te ro l t r a n s p o r t  h y p o th esis  as

ch o leste ro l is t ra n s fe r re d  to  p a rtic le s  which will be ev en tu a lly  taken  

up by th e  liv e r b u t po ten tia lly  harm ful in  th e  rem nan t p a rtic le  

h y p o th esis  as ch o leste ro l would be tr a n s fe r r e d  from an ti-a th e ro g en ic  

p a rtic le s  to  a th e ro g en ic  p a rtic le s . However th e  t r a n s fe r  of ch o leste ro l 

betw een p a rtic le s  is d riv e n  by  lipo lysis of tr ig ly c e r id e - r ic h  p a rtic le s . 

Rapid c learance  of tr ig ly c e r id e - r ic h  lip o p ro te in s , leading  to  HDL2 

p ro d u c tio n  and  low co n cen tra tio n s  of tr ig ly c e r id e - r ic h  p a rtic le s , 

would p re v e n t excessive t r a n s fe r  of ch o les te ro l in to  tr ig ly c e r id e - r ic h  

lip o p ro te in s , b u t im paired c learance  and  accum ulation of tr ig ly c e r id e -  

rich  lip o p ro te in s  would lead to  low levels of HDL2 and t r a n s fe r  of 

ch o leste ro l in to  lip o p ro te in  p a rtic le s  a sso c ia ted  w ith h igh  r isk  of CHD. 

Those in d iv id u a ls  w ith genetic  defic iency  of CETP have h igh  levels 

of HDL ch o les te ro l and  do no t develop p rem a tu re  CHD, possib ly  

because th e re  is little  t r a n s fe r  of ch o les te ro l from HDL into 

a th e ro g en ic  p a rtic le s  and  also because  c ircu la tin g  levels of lip id - 

en rich ed  a th e ro g en ic  LDL a re  also re d u c ed  (Koizumi e t  al., 1985),
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while hypera lphalipop ro te inaem ia  due to  HL defic iency  is assoc ia ted  

w ith p rem a tu re  a th e ro sc le ro s is , p o ssib ly  due im paired metabolism of 

chylom icron and  VLDL rem nan ts  and  ch o les te ro l en richm en t of VLDL 

from HDL2 by th e  action  of CETP. The th re e  enzym es LPL, HL and  

CETP a re , th e re fo re , all im p o rtan t in  th e  in tra v a sc u la r  p ro cess in g  of 

HDL and  may in fluence  th e  developm ent of a th e ro sc le ro s is .

R esults h e re  imply th a t  LPL and  HL have d iffe re n t ro les  in the  

metabolism of LpAI and  LpAIiAII p a rtic le s  and  th a t  th e  lower 

co n cen tra tio n s  of LpAI seen  in  men com pared w ith women a re  due in 

p a r t  to th e  h ig h e r male HL ac tiv itie s . If  th e  p ro te c tiv e  mechanism 

m ediated by HDL is d ep en d en t on in te rc o n v e rs io n  of HDL su b fra c tio n s  

and  u p tak e  of lip id s and  apo lipop ro te in s by HDL3 to p ro d u ce  HDL2, 

th e n  in c rease s  in HDL2 would re f le c t th e  a n ti-a th e ro g en ic  a c tiv ity  of 

HDL and sim ilarly any  sh if t in  th e  d is tr ib u tio n  of apoA-I con tain ing  

p a rtic le s  tow ards a  le ss  a th e ro g en ic  p a t te rn  would be a  m ajor 

p o ten tia l b en efit in re d u c in g  a th e ro sc le ro s is . F u rth erm o re  any  

in te rv e n tio n  which m ight cause  an  in c rease  in  LPL ac tiv ity  a n d /o r  

a decrease  in  HL ac tiv ity  su ch  as exercise  o r tre a tm e n t of 

dyslipoproteinaem ic p a tie n ts  w ith fib ric  acid d e riv a tiv e s  would be 

expected  to  lower serum  tr ig ly c e rid e  co n cen tra tio n s  and  in c rease  HDL 

ch o leste ro l and  apoA-I co n cen tra tio n s .

The fa c to rs  which re g u la te  HDL com position and  metabolism a re  of 

fundam ental im portance to  th e  u n d e rs ta n d in g  of lipop ro te in  

metabolism and  to  th e  m echanism s th ro u g h  w hich HDL may p ro te c t 

a g a in s t CHD. The serum  co n cen tra tio n s  of LpAI p a rtic le s  a re  

determ ined  by  th e  ra te  of apoA -I sy n th e s is , th e  frac tio n a l catabolic 

ra te  of apoA -I and  th e  d is tr ib u tio n  of apoA -I w ith in  d iffe re n t HDL 

p a rtic le s  and  betw een o th e r  serum  lip o p ro te in s . The p re s e n t  re s u lts
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show th a t serum  LPL and  HL ac tiv itie s  in fluence  serum  HDL 

cho leste ro l co n cen tra tio n s  and  d is tr ib u tio n  of apoA-I w ith in  th e  

spec trum  of apoA-I con tain ing  p a rtic le s . However as LpAI 

c o n cen tra tio n s  w ere co rre la ted  w ith HL a c tiv ity  b u t no t LPL ac tiv ity , 

i t  is un like ly  th a t  m oderate exercise , even  if of su ffic ien t in te n s ity  

to  p rovoke ch an g es  in  LPL a c tiv ity , would cause  a  su b s ta n tia l 

a lte ra tio n  in LpAI co n cen tra tio n s . This find ing  has re c en tly  been 

confirm ed by a c ro ss -se c tio n a l s tu d y  which examined th e  d is tr ib u tio n  

of apoA -I in HDL su b fra c tio n s  and  found th a t  LpAI p a rtic le  

co n cen tra tio n s  did no t d iffe r betw een se d e n ta ry  and  en d u ran ce  

tra in e d  normolipaemic men (F rey  e t al., 1992).

The s tu d ie s  re p o rte d  h e re  have shown th a t  LpAI p a rtic le s  a re  not 

se lec tive ly  p re c ip ita ted  by HDL isolation p ro c e d u re s  b u t th a t  LpAI is 

only m arginally  b e tte r  th a n  apoA-I a t d iscrim inating  betw een those  

in d iv id u a ls  w ith CHD and  th o se  w ithout. F u rth erm o re , m oderate 

exercise  did no t a lte r  th e  d is tr ib u tio n  of apoA-I in  th e  HDL p artic le  

spectrum . O bservational d a ta  re p o rte d  h e re  on th e  d iscrim inating  

pow er of LpAI p a rtic le s , th e  fa ilu re  of exercise  to  in fluence  LpAI 

p a rtic le  co n cen tra tio n s  and  th e  fa c to rs  w hich may in fluence  LpAI 

co n cen tra tio n s  in  plasm a, in d ica te  th a t  fu r th e r  w ork will be needed, 

possib ly  u sin g  auto logous I-lab e lled  p a rtic le s , to  c la rify  th e  ro les 

of LpAI p a rtic le s  and  LpAIiAII p a rtic le s  and  th e  role of LPL and  HL 

in th e  metabolism of HDL p a rtic le s  w ith d iffe re n t apo lipopro tein  

com position. The m echanism s th ro u g h  w hich HDL m ight p ro te c t 

a g a in s t a th e ro sc le ro s is  rem ain co n tro v e rs ia l and  more s tu d ie s  will be 

re q u ire d  befo re  LpAI can tru ly  be d e sc rib ed  as th e  an ti-a th e ro g en ic  

frac tio n  of HDL.
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A ppendix A: F ish -ey e  d isease

In tro d u c tio n

F ish -eye  d isease  (FED) is a familial syndrom e with corneal 

opacification and  ocu lar  ap p ea ran ces  resem bling boiled fish. Plasma 

HDL choles te ro l e s te r  and  apo A-1 co n cen tra t io n s  a re  m arkedly  

re d u ced  b u t  cho les te ro l e s te r  con cen tra t io n s  in apoB-containing 

lipopro te ins  a re  normal p ro b ab ly  because  LCAT is able to e s te r i fy  

cho les te ro l in apoB-contain ing  lipopro te ins  b u t  is ineffective  when 

HDL is the  s u b s t r a te .  This may be due to changes  in LCAT s t r u c tu r e  

and  modified s u b s t r a te  p re fe ren ce ,  as  a  f ish -ey e - l ik e  syndrom e also 

a r is e s  in some ind iv idua ls  with normal LCAT b u t  with a v a r ia n t  apoA- 

I s t r u c tu r e  (Funke e t  al., 1991a). Seven cases  of FED have now 

d esc r ib ed , with six cases  from th re e  FED families having  a 

homozygous base change  a t  codon 123 of the  LCAT gene (Funke e t 

al., 1991b). FED may involve s t r u c tu r a l  de fec ts  a ffec ting  LCAT a t 

no n -ca ta ly t ic  s ites , th u s  modifying s u b s t r a te  specific ity  (Funke e t  al., 

1991b), as  recom binant enzyme with th is  de fec t  also shows modified 

s u b s t r a te  specific ity  (Karmin e t  al., 1993). C u rren tly ,  th e  essen tia l  

d iagnostic  p ro ced u re  is dem onstra tion  of negligible  es té rif ica tion  of 

cho les tero l assoc iated  with HDL o r  apo A-1 proteoliposomes, b u t  normal 

es té rif ica tion  of cho les tero l in VLDL and  LDL.

Clinical p re sen ta t io n  of the  p ro b an d

The male p a tien t,  bo rn  in 1916, had a  p robab le  f i r s t  myocardial 

in fa rc tion  (MI) in 1966 age 49 y ea rs ,  hav ing  smoked 30 c ig a re t te s  p e r  

day for 30 y ears .  In  1990 age 73 y ea rs  he was adm itted  with c h e s t  

pain and  ECG ev idence  of in fa rc tion  b u t  w ithout ch arac te r is t ic  

enzyme changes. Mixed lipaemia with v e ry  low HDL, and  cloudy
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corneas , were th e n  noted. A diagnosis  of Tangier d isease  was 

considered . Tonsils had been removed in ear ly  a d u lt  life.

On detailed review  th re e  months la te r  he was genera lly  well, 

overw eigh t b u t  on a  d ie t and  on d iu re t ic s  (Burinex K). Xanthelasmata 

and  cu taneous  o r  tendon  xanthom ata were not p re s e n t ,  a lthough  

co rneas  were hazy. Neck, th ro a t  and  axillae were normal and  liver  

and  sp leen  were not palpable.

Family h is to ry

The p a re n ts  were British , from d if fe ren t  a reas  of th e  UK and  not 

known to be re la ted . The fa th e r  died age 76 y e a r s  (MI) and  the  

mother, r e p o r te d  to have had v e ry  la rg e  tonsils  in h e r  60’s, and  

cloudy corneas  la te r ,  died age 77 (s troke). N either had any  p rev ious  

clinical h is to ry  of ischaemic h e a r t  disease. The p ro b a n d ’s b ro th e r  

died a t  age 76 and  s i s te r  a t  age 81 y ea rs  bo th  from unspecified  

card iac  causes  and  with unrem arkab le  tonsils . The b ro th e r  had 

cloudy co rneas  b u t  th e  corneal s ta tu s  of the  s i s te r  is not reco rded . 

The p a t ie n t  is m arried  to an  u n re la ted  spouse  and  has one son age 

43 y ea rs  and  one d a u g h te r  age 37 y ears ,  bo th  w ithout obvious 

corneal abnorm ality . Both a re  r e s i s ta n t  to v e n ip u n c tu re .

L abora to ry  in ves t iga tions

Routine haematological inves t ig a tio n s  and  renal, e lec tro ly te , l ive r and 

th y ro id  profiles  were within re fe re n ce  ra n g e s  with the  exception of 

a  mildly ra ised  serum  u re a  (7.1-8.0 mmol/L). Serum cholestero l and  

tr ig ly ce r id e  co n cen tra t io n s  were moderately in c reased  with markedly 

red u ced  levels  of HDL choles te ro l (m easured by  a hepar in /m an g an ese  

ch loride p ro ced u re )  and  of apoA-I (table 36).
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Date Cholesterol Trigs HDL-
----------------------

ApoA-I

(mmol/L) (mmol/L)
ch o lestero l

(mmol/L) (g /L )

19.04.90 8.0 4.3 <0.1 t

18.06.90t 5.9 3.5 <0.1

15.07.90 t 4.7 2.1 <0.1 * 1
14.09.90t 4.3 2.2 <0.1

1 3 . l l .9 0 t 4.6 1.9 <0.1 * 1
23.01.91t 5.4 1.8 0.1 * 1
21.01.92 7.1 2.1 0.1 * j

1 07.07.92 6.0 2.0 <0.1 <0.16 J
Table 36. Lipid profiles  on patient with f i s h - e y e  d isea se ,  at 

diagnosis ,  on treatm ent with Sim vastatin  ( t ) ,  and later o ff  active  

therap y  ex c ep t  for d iet advice  (* not m easured).

No bands with a-m obility  were seen  on serum lipid e lec tro p h o res is  

(f igure  31).

F igure 31. E lec trophores is  of serum from proband sta ined  for lipid. 

Note a b se n c e  of band with a-mobility in lanes marked by arrows.
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Ophthalmological examination

There were no ocular or v isu a l  symptoms and ophthalmological  

examination show ed bilateral coarse  pu n cta te  corneal haze ( f ig u r e s  32 

and 33).

F igure 32. The e y e  of proband show ing hazy  cornea.

Figure 33. Slit lamp illumination of e y e  of proband
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Analysis of serum  tota l cho les te ro l and  cho leste ro l e s te r  by  enzymatic 

CHOD-PAP a ssa y  (B oehringer a ssay  kit) , an d  also a f te r  ex traction  

with chloroform: methanol 2:1 (v:v), followed by th in  layer 

ch rom atography  in hexane:d ie thy l e the r :ace tic  acid 80:20:1 (v:v:v) and  

scanning  densitom etry , ind ica ted  th a t  67-72% of to ta l cho les tero l was 

p re s e n t  in e s te r  form.

Table 37 shows th a t  plasma from the  p ro b an d  has v e ry  little 

cho lestero l e s té r if ica tion  ac tiv ity  u s ing  apoA-I proteoliposomes as 

su b s t r a te  (Chen and  Albers, 1982) b u t  (in c o n t r a s t  to the  re s u l t  in 

classic LCAT deficiency) reasonable  ac t iv i ty  when whole plasma was 

used  (Stokke an d  Norum, 1971), p resum ably  because  es té rif ica tion  can 

occur with th e  d<1.063 l ipopro te ins  (LDL,VLDL) as  s u b s t r a te s .

Proteoliposomes* Whole plasma^

Subjec
t

% e s te r if ied  
p e r  30 min

% es te r if ied  
p e r  ho u r

nmol/ml/h

FED 0.18 1.71 31.5

No. 1 4.93 5.41 71.5

No. 2 5.04 4.94 79.2

No. 3 5.52 6.62 52.9

j No. 4 5.25 7.47 53.9

Table 37. Cholesterol e s té r if ica tion  ra te  u s in g  proteoliposomes and 

whole plasma as  s u b s t r a te s  in FED and  normals (num bers  1-4).

* Chen and A lbers method f  S tokke an d  Norum method

These defin itive  f ind ings  of FED were confirm ed by  us ing  specific 

lipoprotein  frac t io n s  (HDL-3 and  th e  d<1.063 frac tion) as s u b s t r a te s  

(Stokke-Norum method modified by  Gillett and  Owen, 1992) and  which 

showed impaired es té r if ica tion  of HDL-cholesterol b u t  normal ac tiv ity  

when VLDL and  LDL were u sed  as  s u b s t r a te s .
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Plasma LCAT mass, m easured  a f te r  isolation using  a ff in ity  column 

chrom atography  and  SDS-PAGE e lec trophores is ,  showed th a t  p a t ien t  

LCAT was of normal mobility b u t  re d u ced  mass in comparison with 

normal re fe ren ce  samples, su g g es t in g  th a t  the  p a t ie n t ’s LCAT 

molecular s t r u c tu r e  was g ross ly  normal. [All plasma LCAT activ ities  

and  mass m easurem ents  were u n d e r ta k e n  by Dr J  Owen, Dept of 

Medicine, Royal Free  Hospital School of Medicine, London.] 

Prelim inary analys is  (Frohlich and  P r i tc h a rd ,  UBC Vancouver) of the  

LCAT gene s u g g e s ts  th a t  the  p ro b an d  is h e te rozygous  for a  C to T 

base change  a t  codon 123 of the  LCAT gene as  r e p o r te d  for o th e r  

families, and  re su l t in g  in a th reon ine-iso leuc ine  su b s t i tu t io n  with 

p resum ably  a second, as y e t  undeterm ined , f u r th e r  defect. No g ro ss  

defec ts  in the  apo A-1 gene coding sequence  were found.

Discussion

The term  f ish -ey e  d isease  is p robab ly  a  misnomer because  u n d e r ly in g  

c a ta ra c t  a ffec ting  v isua l perform ance and  app ea ran ce  was found a t  

corneal s u rg e ry  in an  ear ly  case (Philipson, 1982). S u b se q u en t  cases 

inc lud ing  th e  p ro b an d  r e p o r te d  h e re  have had corneal clouding b u t  

no c a ta ra c t  and  ad eq u a te  vision. Special fe a tu re s  of th is  f i r s t  

re p o r te d  case  of FED in a  B ritish  family include an express ion  of 

p rem a tu re  co rona ry  d isease  b u t  good longevity , an  absence  of 

haematological abnorm alities and  a gene de fec t assoc iated  with a base 

change  a t  codon 123 with a p resum ed  second defec t a t  an o th e r  site. 

The close re la tionsh ip  betw een LCAT defic iency and  FED was 

a p p a re n t  from biochemical ana ly s is  of co rneal b u t to n s  from a p a tie n t  

with FED (Philipson, 1982) which was essen tia l ly  identical to th a t  

r e p o r te d  fo r LCAT defic iency (Winder e t  al., 1985).
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Inves tiga t ion  of p a tien ts  with defec ts  in lipopro tein  metabolism may 

p rov ide  information on the  genera l  re la tionsh ip  and  associated  

mechanisms linking HDL deficiency and  p rem atu re  card iovascu lar  

d isease  and  the  p ro cesses  of re v e r se  cho les te ro l t r a n s p o r t .  P rem ature  

disease  is r e p o r te d  not to be a g ro ss  fe a tu re  of Tangier d isease, 

some apo A-1 s t ru c tu ra l  v a r ia n ts ,  familial LCAT deficiency, and  f ish -  

eye d isease  (Schaefer , 1984). In  th e  family now re p o r te d  th e  p roband  

with defin ite  f ish -ey e  d isease  had a f i r s t  ca rd io v ascu la r  even t, 

p robab ly  an in fa rc t ,  age 50 y ea rs ,  b u t  was th e n  a heavy  c ig a re t te  

smoker. O ther family members, inc luding  a b ro th e r  (who from the  

clinical d esc rip tion  p robab ly  also had f ish -ey e  d isease) , en joyed 

longevity  w ithout p rem a tu re  ca rd io v ascu la r  disease. From the  

p ro b an d  and  the  small num ber of cases  d esc r ibed , i t  a p p ea rs  th a t  

not all ind iv idua ls  with FED and  HDL deficiency a re  free  from 

p rem atu re  ca rd io v ascu la r  disease. Any association with card iovascu lar  

e v en ts  could also be confounded by  var ia tion  in plasma VLDL and 

LDL composition and  con cen tra tio n s  (Assmann e t  al., 1991). Results 

here  also confirm th a t  cho leste ro l t r a n s p o r t  an d  metabolism does 

p roceed  th ro u g h  th e  plasma lipopro tein  pa thw ay, b u t  w ithout 

s ign if ican t involvem ent of HDL.

The f ish -e y e  syndrom e, de sc r ib ed  in association  with an  apoA-I 

s t ru c tu ra l  v a r ia n t  and  th e  codon 123 defec t in LCAT, is co n s is ten t  

with th e  p roposa l th a t  th ro u g h  conformational change  of enzyme, 

e n zy m e -su b s tra te  complex o r  s u b s t r a te ,  the  re su l t in g  modification of 

f i t  a l te r s  s u b s t r a te  specific ity , impairing in te rac t io n  with HDL 

frac tions  b u t  not with o th e r  plasma lipopro teins . F u r th e r  in v i tro  

s tu d ie s  of e x p re ssed  LCAT m utations have iden tified  o th e r  v a r ia n t  

s ites  d is ta n t  from the  active  cen tre ,  poten tia lly  also associated  with
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red u ced  a-LCAT ac tiv i ty  (Klein e t  al., 1992) A spec trum  of s t ru c tu ra l  

changes  and  assoc ia ted  chan g es  in cata ly tic  ac tiv ity  o r  enzyme 

specific ity  have now been  re p o r te d  (P r i tc h a rd  e t  al., 1992). In the  

p re s e n t  family, the  mother was re p o r te d  to have had corneal clouding 

and en larged  tonsils  in la te r  life, again  ra is in g  the  p ro sp e c t  th a t  the  

codon 123 o r more likely the  p resum ed second defec t in th is  family 

can be su ffic ien tly  d is ru p t iv e  to have dominant express ion  in late 

life. From the  gel analy tical da ta  fo r the  p ro b an d , n e i th e r  defec t has 

caused  su b s ta n t ia l  d is ru p tio n  of the  LCAT s t ru c tu re .  F u r th e r  analysis  

of the  LCAT and  apoA-I genes  a re  now being u n d e r ta k en .
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Appendix B: Tangier d isea se

In tro d u c tio n

Tangier d isea se  i s  a r a re  autosomal rece s s iv e  d iso rd e r  a sso c ia ted  

w ith markedly reduced serum c o n ce n tra t io n s  of HDL c h o le s te ro l  and 

apoA-I. LDL and t o t a l  c h o le s te ro l  a re  low but with a normal

p ro p o r t io n  of c h o le s te ro l  in e s t e r  form, and t r i g l y c e r i d e - r i c h  

chylomicrons and VLDL may be in moderate excess (Assmann e t  a l . ,  

1989). The b a s ic  d e fe c t  i s  unknown but c e l l  c u l tu re  s tu d ie s  in d ic a te  

th a t  low le v e l s  of serum HDL may be due to  rap id  catabolism  of HDL 

a s s o c ia te d  with d e fe c ts  in i n t r a c e l l u l a r  l i p i d  and l ip o p ro te in  

t r a f f i c k i n g  (Schmitz e t  a l . ,  1990; Robenek and Schmitz, 1991).

T issues  such as sp leen , l i v e r ,  lymphatic and r e t i c u lo - e n d o th e l ia l  

systems, t o n s i l s  and cornea accumulate phospholip id  and c h o le s te ro l  

e s t e r .  The d is o rd e r  i s  r e l a t i v e l y  benign, with many p a t ie n t s

su rv iv in g  beyond 50 y ears ,  although the degree of d i s a b i l i t y  may

then be severe . H eterozygotes a re  c l i n i c a l l y  u n a ffec ted ,  although 

abnormal s to rag e  of l i p i d  may be d e tec te d  by r e c t a l  biopsy and 

plasma le v e l s  of HDL c h o le s te ro l  (and apoA-I) a re  o f te n  reduced. 

Lipid  accumulates in the  cornea in o th e r  d is o rd e rs  of HDL metabolism 

in c lud ing  f a m i l ia l  LCAT d e f ic ien c y  (Winder e t  a l . ,  1985) and F ish- 

eye d is e a s e  (P h il ip so n , 1982; Winder and Borysiewicz, 1982). The 

f i r s t  s t r u c t u r a l  and biochem ical a n a ly s is  of the  cornea in Tangier 

d is ea s e  i s  rep o r ted  here .

C l in ic a l  d e t a i l s  of the  proband

The Canadian male p a t i e n t  of B r i t i s h  an ces try  and from a 

consanguineous f i r s t  cousin m arriage, d ied  age 62 years  having 

undergone a splenectomy a t  age 38 years  and to n s il lec to m y  in
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childhood. Fasting plasma l ip id s  were t o t a l  c h o les te ro l  1.9mmol/L 

with 62% as e s t e r i f i e d  c h o le s te ro l ,  t r ig ly c e r id e s  3.4mmol/L, HDL- 

c h o le s te ro l  <0.1 mmol/L, apoA-I <0.1g/L and apoA-II <0.1g/L. Corneas 

were removed post mortem and d is sec ted  in to  c e n tra l  buttons and 

ou ter  co rneosc le ra l r ings  p r io r  to an a ly s is .

H is to logy

Corneal t i s s u e  was severely  d isrup ted  with massive vacuoles. Small 

amounts of c h o le s te ro l ,  ch o les te ro l  e s te r  and phospholipids were 

de tec ted  using h is to lo g ic a l  s ta in s  for l ip id .  Transmission e lec tro n  

microscopy showed many membranous lam ellar bodies in the corneal 

stroma (f ig u re  33B).

Figure 33B. E lectron  microscopy of Tangier cornea
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Biochemistry

Lipids were e x t ra c te d  from the  co rneal b u tto n  by homogenising s l i c e s  

of cornea w ith  chloroform:methanol 2:1 (v :v ) .  E x tra c ts  were

evaporated to  d ryness, re -d is so lv e d  in  chloroform and l i p i d s  

separa ted  by th in  la y e r  chromatography in h e x an e :d ie th y l  

e th e r : a c e t i c  a c id  80:20:1 (v :v :v )  followed by q u a n t i t a t iv e  scanning 

densitom etry . Lipid  composition of the  co rn ea l  e x t r a c t  i s  given in 

ta b le  37B. C h o le s te ro l  e s t e r s  accounted fo r  65% of the  t o t a l  

c h o le s te ro l  e x t ra c te d  from the  cornea.

Table 37A. L ipid  composition of co rneal e x t r a c t  in Tangier d is e a se .

Component % l i p i d  e x t ra c te d

T ota l phospholip ids 27

Free c h o le s te ro l 26

E s te r i f i e d  c h o le s te ro l 47

D i f f e r e n t i a l  scanning c a lo r im e try

Corneas were scanned using a Perkin Elmer 7 S e r ie s  Thermal Analysis  

system by Dr D. Johnston [Department of P ro te in  and Molecular 

Biology, Royal Free H osp ita l  School of Medicine, London]. Normal 

cornea w ithout ev iden t a rcus  showed one major t r a n s i t i o n  a t  29’C 

( f ig u re  24B). Cornea w ith a heavy arcus  showed s e v e ra l  d i s t i n c t  

t r a n s i t i o n s  over the  range s tu d ied  ( f ig u re  25B). Tangier c e n t r a l  

cornea showed a bimodal peak w ith t r a n s i t i o n s  in  the  range 25-33'C. 

The coo ling  p r o f i l e s  were no t c o n s is te n t  on re p e a t ,  suggested th a t  

i n te r a c t io n  of l i p i d  with s t r u c t u r a l  elem ents of cornea was 

d is tu rb e d  by tem perature  cy c lin g .
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D iscussion

D irec t  biochem ical and h i s to lo g ic a l  a n a ly s is  has confirmed th a t  

co rneal o p a c i f ic a t io n  in  Tangier d is ea se  i s  a s so c ia te d  with 

accumulation of l i p i d  as has been p rev io u s ly  desc rib ed  fo r  o th e r  

s i t e s .  C h o le s te ro l  was mostly e s t e r i f i e d  in  comparison to  f a m i l ia l  

LCAT d e f ic ie n c y  when c h o le s te ro l  i s  mostly u n e s t e r i f l e d .  By analogy 

w ith l i p i d  accumulation in  t o n s i l s  exposed to  lower ambient airway 

tem pera tu res ,  the  accumulation of l i p i d ,  i n i t i a l l y  in  the  3 and 9 

o ’clock  p o s i t io n s ,  has been a t t r i b u t e d  to  the  reduced tem perature  in 

the  medial and l a t e r a l  cornea (F ie ld e r  e t  a l . ,  1981). L ip id , 

p a r t i c u l a r l y  longer chain s a tu r a te d  c h o le s te ro l  e s t e r s ,  may 

accumulate a t  s i t e s  were the  tem perature  i s  below the  t r a n s i t i o n  

tem perature  fo r  t h a t  l i p i d  (Davis e t  a l . ,  1970).

However the  e x te n t  to  which in g e s t io n  of modified l ip o p r o te in ,  o r 

a l t e r n a t i v e l y  lo c a l  s y n th e s is ,  c o n t r ib u te s  to  the  accumulation of 

l i p i d  i s  no t known, bu t abnormal c i r c u l a t i n g  p a r t i c l e s  a re  more 

obvious a f t e r  splenectomy and decrease  in number a f t e r  d i e t  (H erbert 

e t  a l . ,  1978). Uptake by phagocytosis  in to  macrophages i s  th e re fo re  

l i k e ly  as d e p o s i t s  in  most t i s s u e s  a re  i n t r a c e l l u l a r  and in foam 

c e l l s .  The f in d in g s  in  t h i s  p re se n t  study  a re  c o n s i s te n t  w ith an 

in f lu en ce  of lo c a l  co rnea l tem perature  on the  unusual p a t te r n  of 

accumulation d esc ribed  in some cases  of t h i s  d is o rd e r .
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