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Abstract.

The overall aim of this thesis is to understand better the control of triglyceride
metabolism in both human and rat models.

Triglyceride metabolism is governed to a large part by the action of two
enzymes, lipoprotein lipase (LPL) and hormone-sensitive lipase (HSL), whose activities
are co-ordinately regulated by insulin. This thesis has two inter-related aims: firstly to
investigate the effect of postprandial chylomicronaemia on the metabolism of VLDL
subfractions in both normal and diabetic subjects and secondly to investigate the
antilipolytic mechanism of action of several agents on HSL activity and adipocyte
lipolysis in isolated primary rat adipocytes. Nicotinic acid was administered to Alderley
Park (Wistar-derived) and Zucker rats to study its effects on plasma free fatty acid
(FFA) levels in vivo with a view to using it as a model compound to influence the
postprandial chylomicron-VLDL interaction in man.

Postprandial lipoprotein metabolism has been extensively studied in normals,
hypertriglyceridaemics and diabetics using oral fat loads and measuring plasma
triglyceride levels. It is only in recent years that immunoaffinity chromatography
techniques have been developed and implemented by a few groups, with studies
concentrating on normal and hypertriglyceridaemic subjects. Before the present human
studies could begin an immunoaffinity chromatographic method using a monoclonal
(LDL A4) antibody for the separation of triglyceride-rich lipoproteins (TRL)
(chylomicrons and VLDL) had to be developed and tested to ensure it was operating
under optimal conditions.

In normal subjects, mean plasma, apoB48, apoB100 and VLDL; triglyceride
concentrations were significantly elevated (p <0.05) above the fasting concentration 1 to
8, 1to 8, 2to5 and 2 to 4 hours respectively, postprandially. ApoB100 and VLDL]
triglyceride concentrations decreased rapidly after 8 hours. VLDL triglyceride
concentrations did not change significantly during the course of the experiment. The
increase in apoB48 TRL triglyceride was 5 times greater than the increase in apoB100
TRL triglyceride. = Seventy nine percent of the postprandial increase in TRL
(d<1.006g/ml) triglyceride was due to apoB48 TRL, with apoB100 TRL accounting for
15%. The increase in VLDL triglyceride was 11 times greater than the increase in
VLDL, triglyceride. Seventy five percent of the postprandial increase in total apoB100
triglyceride was due to VLDL{, with 10% accounted for by VLDLj. Plasma FFA
concentrations were significantly increased (p <0.05) above fasting levels 3 - 11 hours



postprandially with a consistent initial decrease in plasma FFA concentrations 1 - 2
hours after ingestion of the fat meal in virtually all subjects followed by the subsequent
rise and a fall back towards baseline concentrations. Plasma insulin concentrations were
significantly elevated above fasting levels 2 hours postprandially. This increase was
significantly correlated with apoB100 and VLDL{ areas under the curve and also with
the changes in apoB100 and VLDL triglyceride concentrations.

Twenty five diabetic subjects were screened and from those, 5 diabetic subjects
agreed to take part in the fat feeding study. From the initial fasting blood sample
obtained from the normal and diabetic patients during the screening procedure, plasma
triglyceride, cholesterol and apoB concentrations were found to be significantly elevated
(p <0.005) in the diabetic patient population.

In diabetic subjects, triglyceride response curves showed similar behaviour to
those observed in normal subjects with the mean plasma, apoB48, apoB100, and
VLDL triglyceride concentrations significantly elevated (p<0.05) above fasting
concentrations from 2 to 5 hours postprandially. VLDL; triglyceride concentrations
remained unchanged and relatively constant. In the latter hours of lipaemia, differences
were observed between diabetic and normal subjects, diabetic triglyceride response
curves were elevated and prolonged. Diabetic mean apoB100 and VLDL triglyceride
response curves were significantly elevated above that of the normal subject group
throughout the course of the experiment (0 - 11 hours postprandially). The increase in
apoB48 TRL triglyceride was again almost 5 times greater than the increase in apoB100
TRL triglyceride. Eighty three percent of the postprandial increase in TRL (d <1.006
g/ml) triglyceride was due to apoB48 TRL, apoB100 TRL accounted for 16%. The
increase in VLDL] triglyceride was 12 times greater than the increase in VLDLp
triglyceride. ~Seventy three percent of the postprandial increase in total apoB100
triglyceride was due to VLDL], with 13% accounted for by VLDL5. Plasma insulin
concentrations were significantly elevated above fasting concentrations 2 hours
postprandially. Mean FFA concentrations were not increased significantly but there was
a significant correlation between FFA area under the curve and apoB48 area under the
curve; a relationship which failed to reach significance in the normal subjects.

In vitro rat adipocyte studies to elucidate the antilipolytic mechanism of action of
a series of compounds on HSL showed insulin to be the most potent antilipolytic agent,
nicotinic acid (and analogues) were found to be G; receptor agonists (depending on
adenosine removal to exert their antilipolytic effect), and compound 304205 was
observed to be a direct inhibitor of HSL. Thiazolidinediones (TZD), fibrates and a 83



agonist had no inhibitory effects on HSL activity in the isolated rat adipocyte. Studies
administering nicotinic acid to Zucker rats were conducted and allowed the in vivo
antilipolytic effects of nicotinic acid, primarily on plasma FFA concentrations, to be
observed.

This thesis extends the current knowledge of the regulation of triglyceride
metabolism, namely the effects of postprandial chylomicronaemia on VLDL subfraction
metabolism in normal and diabetic subjects, and on the antilipolytic mechanism of action
of a series of compounds on adipocyte lipolysis. It demonstrates that the lipid and
lipoprotein responses to a fat meal in normal and NIDDM subjects depends on the
fasting triglyceride concentration and not necessarily the underlying diabetic state. In
vitro adipocyte work targeting HSL showed that not even the best antilipolytic agent was
as potent as insulin.
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Chapter I  Introduction.

1 The regulation of triglyceride metabolism.

1.1 An overview.

The regulation of triglyceride metabolism is complex. Transport of this lipid
through the circulation involves the plasma lipoprotein system, while the adipose tissue,
liver and muscle are the most important tissue sites of triglyceride storage and utilisation
(Coppack, Jensen and Miles 1994). The plasma lipoprotein system comprises 5 major
groups: chylomicrons, VLDL, IDL, LDL, and HDL, which can be differentiated by
size, density, and composition (Alaupovic 1971). Two enzymes have a particular
involvement in lipolysis, lipoprotein lipase (LPL) and hormone-sensitive lipase (HSL).

Lipolysis refers to processes in which triglyceride is hydrolysed, via di- and
monoglyceride intermediates, to fatty acids and glycerol. Fatty acids (derived from the
action of two different lipases; LPL and HSL) circulate in plasma bound to albumin
(Fredrickson, Levy and Lees 1967, Spector 1975 and Coppack et al 1994). Lipolysis
occurs both intra- and extracellularly, and is an essential component of both lipid storage
and mobilisation.

LPL (Goldberg 1996) is an extracellular enzyme associated with the luminal side
of capillaries and arteries where it hydrolyses triglyceride in triglyceride-rich
lipoproteins (TRL) to produce glycerol and free fatty acids (FFA). Fatty acids, from
either dietary or endogenous lipoproteins (chylomicrons and VLDL respectively), can be
released and delivered to the adipose tissue for storage or taken up by the muscle or
liver for their metabolic requirements. LPL (Eckel 1989) is therefore of prime
importance for the regulation of fat deposition in adipose tissue.
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HSL is responsible for the mobilisation of fatty acids in adipose tissue which are
then transported to the liver. It (Yeaman 1990, Frayn et al 1993) is an intracellular
enzyme, which hydrolyses the adipose tissue stores of triglyceride and is the major
source of FFAs used for fuel in the fasting state. The fatty acids liberated by lipolysis
may also be re-esterified into newly synthesised triacylglycerol (Armer 1990, Edens,
Liebel and Hirsch 1990). Adipose tissue lipolysis is the major regulator of the body's
supply of lipid energy because it controls the release of FFA into the plasma, (the rate
limiting step of adipose tissue triglyceride lipolysis being HSL), which are transported
back to the liver bound to albumin (Spector 1975). Both LPL and HSL are under
hormonal control, and are co-ordinately regulated by insulin. The hormone activates
LPL activity and inhibits HSL activity (Eckel 1989).

Triglyceride-rich lipoproteins (TRL) are a heterogeneous population of
lipoprotein particles comprising chylomicrons and VLDL, which compete for a common
lipolytic pathway (Brunzell et al 1973), involving LPL. Chylomicrons are formed in the
intestinal cells (Green and Glickman 1981) during fat absorption, and are released into
the intestinal lymphatic system entering the bloodstream via the thoracic duct. They
appear as a wave of particles following a fatty meal and are cleared rapidly from the
bloodstream. Triglyceride-rich VLDL are secreted by the liver to provide tissues with a
source of lipoprotein triglyceride in the absence of chylomicrons i.e. in fasting
conditions. The regulation of hepatic VLDL production is primarily substrate driven,
the most important regulatory substrate being fatty acids (Lewis 1997). Hepatic fatty
acids are derived from 4 sources (figure 1.1):

de novo lipogenesis,

cytoplasmic triglyceride stores,

fatty acids derived from lipoproteins taken up directly by the liver or
plasma free fatty acids.

In the postprandial state the plasma is flooded with chylomicrons. They are
delipidated by the action of LPL (mediated by apolipoprotein CII as cofactor) and the
remnants produced are cleared rapidly by the liver. Chylomicrons and VLDL compete
for a common lipolytic pathway. Chylomicrons are the preferred substrate for LPL,
therefore postprandially VLDL, mainly large VLDL{, accumulates in the plasma as a
result of increased synthesis and/ or decreased catabolism (Karpe et al 1993), but the
majority of the triglyceride increase is due to the presence of chylomicrons in the
plasma. HDL exchanges neutral lipid with chylomicrons by the action of CETP. The
longer chylomicrons reside in the plasma the more cholesterol enriched they become.
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These cholesterol rich chylomicrons are believed to be highly atherogenic (Packard and
Shepherd 1990). Conversely, HDL becomes triglyceride rich. VLDL are secreted into
the plasma by the liver in response to hormonal control of hepatic triglyceride synthesis,
entering at the top of the delipidation cascade. They are sequentially delipidated first to
IDL by LPL and then to LDL by hepatic lipase (HL). LDL are then cleared from the
plasma by the LDL receptor, with binding mediated by apolipoprotein (apo) B on the
particles surface.

The homoeostasis of triglyceride metabolism and the metabolism of lipoproteins
between fasted and fed states is largely controlled by local factors such as lipid
concentration, but also responds to more distant hormonal influences such as sex
steroids and more importantly insulin.

Insulin is the major antilipolytic hormone (Coppack et al 1994) functioning,
primarily in the postprandial state, to produce the following (Frayn 1993):

inhibition of HSL, thereby suppressing fatty acid release from adipocytes,

decreasing hepatic VLDL production and

increasing LPL activity in adipose tissue, so clearing triglyceride from the
circulation.

Primary hyperlipidaemias are genetically determined while secondary
hyperlipidaemias such as those seen in diabetes and obesity, account for approximately
40% of all hyperlipidaemias, with the lipid abnormalities being reversible on correction
of the underlying condition. In insulin resistant states where the antilipolytic action of
insulin is lost (Reaven 1988, Garg 1996, and Lewis and Steiner 1996) e.g. diabetes,
obesity and coronary heart disease (CHD), increased hepatic triglyceride production and
secretion of VLDL is observed, as a result of increased lipolysis in adipose tissue, and
increased delivery of FFAs to the liver. Decreased clearance of TRL and low HDL
levels result also from reduced LPL activity in these insulin resistant states (Howard
1987, Bianchi and Erkelens 1994, Boden 1996). Thus the development of antilipolytic
drugs, directed at selective inhibition of HSL and hereby improving insulin resistance
and lowering fasting plasma triglyceride levels, are attractive targets.
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1.2 Epidemiology of triglyceride and CHD.

Large intra-individual variation in triglyceride, relatively imprecise
measurements, individual genetic susceptibility and the inverse correlation with HDL-
cholesterol all play a role in masking the relationship between plasma triglyceride levels
and CHD (Lippel et al 1981, Austin 1991). In univariate analysis, fasting plasma
triglyceride levels are associated significantly with the risk of coronary artery disease
(CAD). However in multivariate analyses including other lipid parameters, this
association is often not maintained, primarily because HDL cholesterol, by virtue of its
strong inverse association with triglycerides eliminates triglyceride as a risk factor for
CAD (Hulley et al 1980, Austin 1991). The large variability of triglyceride
measurements and the correlation of triglyceride values with other lipid measurements
appears to result in the underestimation of the association between triglyceride and
disease in multivariate analyses.

A relationship between postprandial lipaemia and coronary heart disease (CHD)
was originally suggested in the 1950's. A recent study (Patsch et al 1992) reaffirmed
this idea. It provided evidence that the postprandial triglyceride concentration is an
independent predictor of CAD, finding that postprandial but not fasting triglyceride
levels exhibited an association with CAD that was statistically independent and stronger
than that of HDL cholesterol.

As humans spend most of their lives in a postprandial state, in order to to look at
the effects of postprandial lipaemia on the progression of CAD, research should include
postprandial studies of TRL metabolism in addition to the study of traditional fasting
state levels of plasma risk factors (Patsch et al 1992).

2 Lipids, lipoproteins and their metabolism.
2.1 Lipids (Feher and Richmond 1991).

Three unique lipid families are found in the human body: cholesterol and its
esters, triglycerides and phospholipids (Fredrickson et al 1967). As a group they are
water insoluble organic molecules characterised by the hydrocarbon nature of a major
portion of their structure. Fatty acids (FA) are simple lipids classified into three groups
according to the presence of double bonds in their hydrocarbon chain: saturated (no
double bonds), monounsaturated (1 double bond) and polyunsaturated (2 or more double
bonds). Fatty acids are an important energy source and an integral component of
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complex lipids. FFA are the form in which fatty acids are transported from their
storage site in adipose tissue to their sites of utilisation in the liver and muscle. Fatty
acids are stored in the adipose tissue as triglyceride. The rate limiting step in the
mobilisation of this triglyceride is HSL. Lipolysis (via the action of HSL) releases FFA
and glycerol into the plasma, where the FFA circulate bound to albumin (Spector 1975).
Once in the plasma the FFA are taken up by liver and muscle and oxidised or re-
esterified to triglyceride (figure 1.2).

Complex lipids are produced when fatty acids combine with molecules
containing alcohol (-OH) groups to form esters. The major complex lipids in the plasma

are cholesteryl esters and glyceryl esters (triglycerides and phospholipids).

2.1.1 Cholesteryl esters.

Cholesterol with its free alcohol group is relatively polar but becomes non-polar
when esterified with fatty acids. The majority of plasma cholesterol (75%) is esterified
with cholesteryl linoleate (43%) and cholesteryl oleate (24 %) being the most abundant
forms.

2.1.2 Glyceryl esters.

Triglycerides.

When all 3 hydroxyl groups of glycerol are esterified with fatty acids the
molecule becomes non-polar and is called triacylglycerol (or triglyceride). Triglycerides
(TG) are stored in adipose tissue and represent an energy source from which fatty acids
can be released during periods of starvation.

Dietary triglycerides (exogenous) are lipolysed, absorped, and packaged into
chylomicrons which transverse the intestinal lymphatics and enter the systemic
circulation via the thoracic duct. Triglycerides derived from endogenous fatty acids also
originate in the small intestine but their chief source is the liver where they are secreted
in the form of VLDL.
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Phospholipids.

They differ from triglycerides in that the terminal hydroxyl group of glycerol is
esterified to phosphate containing molecules rather than fatty acids. Possession of a
polar phosphate ester head group together with a non-polar hydrocarbon tail, enables
phospholipids to play an important structural role in cell membranes and lipoprotein
complexes.

2.1.3 Cholesterol. (Grundy 1991)

Cholesterol is an insoluble lipid containing a steroid ring nucleus. Cholesterol is
structurally different from the other major lipids of the body, triglycerides and
phospholipids, both of which have fatty acids as their major constituent. Cholesterol
has several vital functions in the body: it is an essential component of cell membranes,
important for stability and transmembrane transport functions. It also plays an
important role in the transport of triglyceride in the plasma by being an essential
component of plasma lipoproteins. It is the precursor of bile acids (required for fat
absorption), adrenal steroids and sex hormones (oestrogens and androgens). Cholesterol
entering the intestine originates from either bile or the diet, with about 50% being
reabsorbed and returning to the liver while the remainder is excreted in stool.

Lipids (triglyceride, cholesterol, cholesterol ester and phospholipids) being
insoluble in aqueous solution are transported in plasma in association with specialised
proteins, apolipoproteins, in spherical lipoprotein complexes.

2.2 Lipoproteins: structure and function.

The basic structure of lipoproteins consists of a core of neutral lipids, consisting
of cholesterol ester and triglycerides and a surface coat of more polar lipids (unesterified
cholesterol and phospholipids) and apolipoproteins (Grundy 1991) (figure 1.3).

Plasma lipoproteins are routinely fractionated by ultracentrifugation into 5 major
groups: chylomicrons, VLDL, IDL, LDL and HDL (Alaupovic 1971) which can be
differentiated according to size, density (table 1.1) and composition (table 1.2). The
main cholesterol carrying lipoproteins are LDL and HDL. In a normal individual LDL
and HDL contain approximately 70% and 20% respectively, (Thompson 1989) of the
total plasma cholesterol. The main triglyceride carrying lipoproteins are chylomicrons
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and VLDL. Chylomicrons are not normally present in the blood after a 12 hour fast; in
the fasting state VLDL accounts for 60% of the total plasma triglyceride.

Table 1.1:  The density classes of plasma lipoproteins (Thompson 1989).

Lipoprotein | Sf values | Density Sources Mean
class or (g/ml) diameter
F values* (nm)
Chylomicron | >400 <0.95 Intestine 500
VLDL 20 - 400 <1.006 Liver 43
IDL 12 - 20 1.006 - 1.019 | VLDL delipidation 27
LDL 0-12 1.019 - 1.063 | VLDL delipidation 22
HDL 0-9* 1.063 - 1.21 | Chylomicron and VLDL |8
catabolism; intestine and
liver

*Sf values are measured at a background solute density of 1.063g/ml: F values at a
density of 1.21g/ml.

Table 1.2:  Composition of human plasma lipoproteins by weight (% of total).

Constituent | Chylomicron | VLDL | IDL LDL | HDL
Protein 2 10 18 25 55
Triglyceride | 85 50 26 10 4
Cholesterol 1 7 12 8 2
Cholesterol 3 13 22 37 15
ester

Phospholipid | 9 20 22 20 24
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Table 1.3:  Apoprotein distribution in human lipoprotein classes.

Chylomicrons | VLDL | IDL LDL HDL
B48 B100 B100 B100 | Al
CI CIII B48* All
CII E E D
CIIL CI Cl

E CIl Cll
Al Al E
All All

*Chylomicron remnants only.

2.2.1 Chylomicrons.

Chylomicrons (Sf > 400) are triglyceride-rich lipoprotein (TRL) particles formed
in the intestine during lipid absorption (Fredrickson et al 1967, Green & Glickman
1981). They are heterogeneous with a size range from 100 - 1000 nm (Fraser 1970).
Size is largely determined by the flux of triglyceride through the intestinal cell.
Chylomicrons are small at the beginning and larger during the peak of lipid absorption.
The major lipid is triglyceride, reflecting the role of chylomicrons in lipid absorption
(Zilversmit 1965, Fredrickson et al 1967) (table 1.2). Several apolipoproteins are found
in the surface coat (figure 1.4, table 1.3). The major structural apolipoprotein of
chylomicrons is apoB48 (chylomicrons are referred to as apoB48 containing particles).
Apolipoproteins of the A series (AI, AIl, AIV) are also secreted on chylomicrons. As
chylomicrons leave the thoracic duct and enter into the plasma they undergo rapid
structural changes essential for subsequent metabolism, acquiring apoC and E primarily
by transfer from HDL (Patsch et al 1987). Chylomicrons are the form in which most of
the dietary triglyceride is transported from its intestinal site of absorption into the
systemic circulation. Peak chylomicronaemia normally occurs between 3 - 6 hours after
ingestion of a fat rich meal and then generally declines with a return to near fasting
levels at 8 hours post ingestion.

ApoCll, as a cofactor, (Eckel 1989, Goldberg et al 1990) activates LPL. The
major sites of LPL activity in human subjects are adipose tissue and skeletal muscle,
which are also the most important determinants for the removal rate of triglyceride-rich
particles. LPL does not circulate freely in plasma but is attached to the surface of cells
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where its action occurs (Taskinen and Kuusi 1987). LPL hydrolyses the triglyceride
core of the chylomicron and liberates FFA and glycerol for utilisation by these tissues.
As chylomicron delipidation proceeds much of the surface coat becomes redundant,
with loss of part of the surface coat to HDL. The particle shrinks to a so-called
'remnant' while selectively retaining all of its apoB and the majority of the apoE. The
LDL receptor binding site is absent from apoB48 but apoE is able to recognise and bind
specific receptors on hepatocyte membranes, triggering remnant uptake and delivery of
dietary cholesterol to the liver (Mahley et al 1981, Sherrill 1980) (figure 1.5).

2.2.2 Very low density lipoprotein (VLDL).

In the fasting state, VLDL is the main carrier of triglyceride (Sata, Havel and
Jones 1972). In contrast to the pattern of intermittent chylomicron production by the
intestine, VLDL secretion by the liver is continuous. Both particle types share many
metabolic characteristics. VLDL (Sf 60 - 400) has a size range from 25 - 100 nm
(Thompson 1989). The major structural apolipoprotein is apoB100 (hence they are
referred to as apoB100 containing lipoproteins) (figure 1.6, table 1.3), but apoC & E
are also present, acquired as for chylomicrons, primarily by transfer from HDL. VLDL
are similar to chylomicrons, in that they are TRL but they have two important
differences. Firstly, the triglyceride transported by VLDL is of endogenous origin
(Havel 1961), and secondly, the major apolipoprotein is apoB100 rather than apoB48.
The major lipid component of the non-polar core of VLDL is triglyceride but cholesterol
ester is also present (Sata et al 1972). The surface coat contains unesterified cholesterol
and phospholipids. Hepatic VLDL production is primarily substrate driven, the most
important regulatory substrate being fatty acids (Lewis 1997). Fatty acids can be
derived from either de novo synthesis in the liver, cytoplasmic triglyceride stores, fatty
acids derived from lipoproteins taken up directly by the liver, or from exogenous fatty
acids (plasma free fatty acids) (figure 1.1).

VLDL is composed of a heterogeneous population of particles (Streja, Kallai and
Steiner 1977) which can be usefully divided into 2 major subfractions with distinct
metabolic properties i.e. larger, triglyceride-rich VLDL| (Sf 60 - 400) and a smaller
relatively cholesterol-enriched VLDLy (Sf 20 - 60) (Shepherd & Packard 1987). Both
VLDL{ and VLDL5 can be synthesised directly by the liver and, in addition, VLDL)
are formed by the delipidation of VLDL{. It appears that smaller VLDLy particles
continue through the lipolytic cascade to IDL, while large VLDL] remnants are more
likely to be cleared directly from the circulation (Packard et al 1984). Following
hepatic synthesis the VLDL are released into the systemic circulation where they acquire
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apoC and E before undergoing a stepwise delipidation by LPL (in a similar manner to
chylomicrons). As the triglyceride core is hydrolysed, the particle becomes smaller
forming a remnant particle or IDL. This is then delipidated further to LDL by hepatic
lipase or cleared by the LDL receptor (figure 1.7).

2.2.3 Intermediate density lipoprotein (IDL).

Intermediate density lipoproteins (IDL) are formed in an intermediate step in the
conversion of VLDL to LDL. The plasma concentration of IDL is usually low (one
tenth that of LDL) due to the rapid turnover rate of these particles. IDL are smaller,
denser (1.006 - 1.019g/ml) and more cholesteryl ester enriched than VLDL with the
main protein component being apoB100 (table 1.3). As with VLDL, IDL can be further
divided into several subfractions (Musliner, Giotas and Krauss 1986).

2.2.4 Low density lipoprotein (LDL).

Low density lipoprotein (LDL) is the major cholesterol carrying lipoprotein of
normal plasma. LDL consists of a lipid core composed almost entirely of cholesteryl
esters, and is formed by the delipidation of IDL. The only protein is apoB100 (table
1.3). LDL is cleared from the plasma by receptor uptake and by non-receptor
pathways. LDL can be fractionated into several subfractions varying in size, density
and composition (Shen et al 1981, Krauss & Burke 1982) with small, dense LDL being
particularly atherogenic.

2.2.5 High density lipoprotein (HDL) (Thompson 1989).

High density lipoproteins (HDL) are the most abundant lipoproteins in particle
number, in the plasma, isolated at a density of 1.063 - 1.21g/ml. HDL is subdivided
into HDLy (1.063 - 1.125g/ml) and HDL3 (1.125 - 1.21g/ml). They are synthesised in
both the liver and small intestine. Over 90% of the protein on HDL is apoAl, and
apoAll (table 1.3). The surface coat of HDL also contains apoC's and E which can be
readily transferred to TRLs (chylomicrons and VLDL). HDL acts as a reservoir for apo
C derived from chylomicrons and VLDL during lipolysis (Patsch et al 1987), the apoC
being picked up by chylomicrons entering the blood via the thoracic duct during
alimentary lipaemia.
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2.2.6 Lipoprotein (a).

Lipoprotein (a), (Lp(a)), is a relatively recently discovered lipoprotein whose
physiological function is unclear. It is linked not only to coronary artery disease but
also to stenosis of the carotid and cerebral arteries. Lp(a) has both atherogenic and
thrombogenic potential (interference in several reactions involving plasminogen due to
its lysine binding capability). Lp(a) is structurally related to LDL; both have 1 molecule
of apoB100 per particle and similar lipid compositions. The distinctive feature of Lp(a)
is that it contains a second polypeptide chain, disulphide linked to apoB100 and referred
to as apolipoprotein (a). Lp(a) particles are spherical in shape, with an average diameter
of 21 nm and a density pattern consistent with a low density core surrounded by a high
density shell. Apo(a) is synthesised by the liver and has a high degree of sequence
homology with plasminogen. It is a highly glycosylated, hydrophilic protein, composed
of a kringle-containing domain and a serine protease domain, that has very little affinity
for lipids. Lp(a) is recognised by the LDL receptor, although its affinity is considerably
lower than that of LDL (Marcovina & Morrisett 1995). As a consequence, little, if any,
is metabolised by the LDL receptor in vivo.

2.3 Apolipoproteins.

Alaupovic (1971) was responsible for the classification and introduction of the
alphabetical nomenclature that is now widely used for apolipoproteins. Lipoproteins
cannot be synthesised and secreted from the liver or intestine without the corresponding
structural apolipoprotein. In addition to their structural role in lipoprotein metabolism,
apolipoproteins play a dynamic role as enzyme activators and receptor ligands. The
apolipoproteins serve several important functions (Thompson 1989, Grundy 1991,
Mabhley et al 1984). They are required for secretion of lipoproteins, stabilisation of the
surface coat and hence maintain the structure of the whole lipoprotein transport system
(table 1.4). They also serve as cofactors for activation of enzymes that modify
lipoproteins (table 1.5) and finally they interact with specific cell-surface receptors that
remove lipoproteins from the circulation thus determining the sites of uptake and rates
of degradation (apoB100 and E mediate interactions of lipoproteins with receptors).
There are 4 major classes of apolipoproteins A, B, C and E (table 1.6).



Table 1.4:  The structural apolipoproteins (Grundy 1991).

Apolipoprotein | Lipoprotein Source

Al HDL Liver, Intestine
B100 VLDL, IDL, LDL | Liver

B48 Chylomicrons Intestine

Table 1.5:  Apolipoproteins involved in enzyme activation.

Apolipoprotein

Lipoprotein

Enzyme

Al

HDL3, nascent HDL | Lecithin cholesterol

acyl-transferase (LCAT)

cn

Chylomicrons, VLDL | Lipoprotein lipase
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Table 1.6:  Human apolipoprotein classification.
Apolipoprotein | Molecular Lipoprotein Source Plasma
weight association concentration
(kDa) (mg/dD)

B48 264 Chylomicrons | Intestine -

B100 550 VLDL, IDL, Liver 80 - 100
LDL

Al 28 HDL, Intestine, 100 - 150
Chylomicrons | Liver

All 17 HDL, Intestine, 30-40
Chylomicrons | Liver

AIV 46 HDL, Intestine 15
Chylomicrons

CI 5.8 Chylomicrons, | Liver 6
VLDL, IDL,
HDL

cl 9.1 Chylomicrons, | Liver 4
VLDL, IDL,
HDL

c 8.7 Chylomicrons, | Liver 12
VLDL, IDL,
HDL

E's 35 Chylomicrons, | Liver, 3-7
VLDL, IDL, Peripheral
HDL tissues
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2.3.1 Apolipoprotein A.

The A apolipoproteins consist of 3 main proteins; apoAl, AIl and AIV (table
1.6). ApoAlI circulates in the plasma primarily as a component of HDL but it is also
present on chylomicrons (being rapidly transferred to HDL during lipase-mediated
hydrolysis of chylomicrons). The protein has two major sites of synthesis; the intestine
and the liver. Since apoAl binds lipid and is the major protein constituent of HDL it is
clear that it must be an important structural component of lipoproteins. Its other major
function is to serve as a cofactor for lecithin cholesterol acyl-transferase (LCAT).
ApoAII occurs primarily as the second most abundant protein component of HDL. It is
a dimer with its major site of synthesis being the liver. It activates LCAT and appears
to enhance the lipid binding properties of apoAl. ApoAlIV is present on newly secreted
chylomicrons, although the majority of apoAIV is found free in the plasma.

2.3.2 Apolipoprotein B.

Apolipoprotein B is the primary apolipoprotein of chylomicrons, VLDL, IDL,
and LDL. It is heterogeneous and exists in 2 forms; apoB48 and apoB100 (table 1.6).
ApoB100 is synthesised by the liver and is found on VLDL, IDL and LDL. ApoB100
is the protein determinant on LDL that recognises the LDL (apoB/ E) receptor. ApoB48
is synthesised by the intestine and secreted on chylomicrons. It is identical to the amino
terminal 48% of apoB100 (hence the nomenclature), being formed by post-translational
modification of apoB100 mRNA (Scott 1990). The metabolism of apoB48 and apoB100
is different. In man apoB100 is produced by the liver (Edge et al 1985), secreted on a
nascent particle of VLDL and transferred with the particle to IDL and finally LDL.
ApoB48 is produced by the intestine and secreted on a chylomicron particle. The
triglyceride in chylomicrons is partially hydrolysed and the resulting remnants are taken
up by the liver. In the rat, apoB48 and apoB100 are both synthesised in the liver with
apoB48 found on both chylomicrons and VLDL.

2.3.3 Apolipoprotein C.

The C apolipoproteins are 3 low molecular weight apolipoproteins; CI, CII and
CIII (table 1.6) that are surface components of chylomicrons, VLDL and HDL. The C
apolipoproteins appear to be diverse in their metabolic functions but they share a
common property of redistributing among lipoprotein classes (like apoE and apoAl, II
and IV). The liver appears to be the major site of apoC protein synthesis. In the fasting
state C apolipoproteins are mainly associated with HDL. During absorption of dietary
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fat by the intestine and chylomicron production or during active VLDL synthesis by the
liver, the C apolipoproteins redistribute to the surface of the triglyceride-rich
chylomicrons and VLDL. In reverse, as the triglyceride core of chylomicrons and
VLDL is hydrolysed and depleted by the action of LPL, C apolipoproteins are
transferred back to HDL (Patsch et al 1987). ApoCl is the smallest of the three and
acts as an activator of LCAT. ApoCll is a cofactor of LPL (Goldberg et al 1990, Eckel
1989), while apoCIIl has an inhibitory effect on the hydrolysis and clearance of
chylomicrons and VLDL (Thompson 1989). CIII exists in 3 forms CIlIlg, CIII} and
CIII, depending on the number of sialic acid residues that are present.

2.3.4 Apolipoprotein E.

Apolipoprotein E is a constituent of chylomicrons, chylomicron remnants,
VLDL and HDL (table 1.6). Its major site of synthesis is the liver. ApoE functions as
a ligand for the hepatic uptake of chylomicron remnants and VLDL. Isoelectric
focussing reveals three common apoE isoforms; E2, E3, and E4 (Davignon, Gregg and
Sing 1988). The 3 isoforms differ by an amino acid residue at one or both sites
(residues 112 and 158) on the 299 amino acid chain of the mature apoE molecule.

The six common phenotypes revealed by isoelectric focussing, are homozygotes
for E4/4, E3/3 and E2/2, the most common phenotype in the human population being
E3/3 (present in approximately 60% of the population) and heterozygotes for E4/3,
E4/2, E3/2. The different isoforms have varying effects on plasma lipoprotein
metabolism, in particular on the metabolism of LDL precursors.

2.4 Enzymes involved in lipoprotein metabolism.

Lipoprotein metabolism is regulated by various enzymes.

2.4.1 Lipoprotein lipase.

Lipoprotein lipase (LPL), an extracellular lipase (Olivecrona et al 1993),
functions to hydrolyse triglycerides in TRLs (both chylomicrons and VLDL) (Eckel
1989, Goldberg 1996) circulating in the blood and requires apoCII as a cofactor
(Goldberg et al 1990). Fatty acids can thus be released from either dietary or
endogenous lipoproteins and delivered to adipose tissue for storage or to skeletal muscle
and the liver for their metabolic requirements (figure 1.2). The dominant tissues in LPL
production are the muscle and adipose tissues, where it is attached by heparan sulphate
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proteoglycans to the endothelial lining of the capillaries perfusing these tissues. LPL
(Nilsson-Ehle, Tornquist & Belfrage 1972) is of prime importance for the regulation of
fat deposition in adipose tissue. Its activity (Braun & Severson 1992) can be altered in a
tissue specific manner, which is important because it directs fatty acid utilisation
according to the metabolic demand of the individual tissues i.e. the degradation of TRL
can be targeted to specific sites. Multiple factors seem to be involved in the regulation
of LPL activity. LPL is bound to the endothelial surface where it acts, and its binding
appears to be weakened by the fatty acids released by the enzymatic hydrolysis of
triglyceride (Saxena, Witte and Goldberg 1989, Olivecrona et al 1993, Coniglio 1994),
thus feedback control of LPL by released fatty acids may be one factor involved in LPL
regulation.

On fasting and feeding (Doolittle et al 1990), LPL activity alters in adipose
tissue compared to muscle and heart tissue. In the latter state, LPL activity increases in
adipose tissue compared to heart and muscle, resulting in a channelling of circulating
triglyceride-fatty acids into lipid depots. However during fasting the inverse is true.
Thus the co-ordinated regulation (Sugden, Holness and Howard 1993) of LPL in
adipose tissue and muscle during fasting and feeding is critical for maintaining
triglyceride levels. LPL is bound to the vascular endothelial cell surface via attachment
to heparan sulphate proteoglycans (Goldberg et al 1990) which provide high affinity
binding sites on the endothelium for LPL (Cisar et al 1989). LPL is thought to mediate
binding of lipoproteins (Eisenberg et al 1992) to the heparan sulphate proteoglycans on
the cell surface. This interaction brings the lipoproteins into close proximity with the
cell surfaces and may promote metabolic events that occur at the cell surface. LPL can
be released from the endothelial cell surface and removed from the circulation (Saxena
et al 1989) as part of an LPL remnant particle complex (Vilella et al 1993). Active LPL
is a non-covalent homodimer (Vilella et al 1993) which, when converted to the
monomeric form, loses its catalytic activity. Once bound to the endothelial cells, LPL
activity must be modulated by cellular uptake or release of LPL protein from the cell
surface into the circulation (Cisar et al 1989).

Studies (Olivecrona et al 1993) suggested that adipocytes contain inactive forms
of LPL which can be recruited and released into the medium as active LPL by
incubating cells with appropriate signals e.g. insulin, under conditions such that
synthesis of the new enzyme molecules was blocked, concluding that insulin increases
LPL active secretion. It appears that newly synthesised LPL is either released rapidly or
degraded within the cells. The release of LPL from the cell surface of the adipocytes
(Cisar et al 1989) prevents its degradation. Binding of LPL to the cell surface can be
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eliminated by two treatments either addition of heparin or removal of heparan-sulphate
with endoglycosidases, both treatments preventing LPL degradation. Cells appear to
produce LPL in excess so that the tissue is able to respond quickly to meals and during
food deprivation most of the newly synthesised LPL is degraded. LPL activity may also
be regulated post-translationally (Ashby et al 1978) and these mechanisms appear to be
involved in the acute changes of LPL activity in adipose tissue. Activation of LPL is
an intracellular event. It seems enzyme activity can be either protein synthesis
dependent (synthesis of LPL, control at a pre-translational mRNA level) or protein
synthesis independent (post-translational).

2.4.2 Hormone-sensitive lipase.

Hormone-sensitive lipase (HSL) catalyses the mobilisation of fatty acids from
adipose tissue (Fredrickson et al 1981, Yeaman 1990, Frayn et al 1993 and Yeaman et
al 1994), thereby generating substrate for hepatic VLDL-triacylglycerol synthesis (Lewis
1997). HSL catalyses the rate limiting step in the breakdown of triglyceride and its
activity is regulated in the short term via reversible phosphorylation, involving a signal
transduction pathway. HSL is phosphorylated and activated in response to a variety of
lipolytic hormones (Yeaman 1990) with insulin (Egan et al 1990) exerting a major
antilipolytic action. HSL activity is under both neural and hormonal control and
stimulatory or inhibitory agents exert their effects via the adenylate cyclase-A-kinase
signal transduction pathway (figure 1.8). After fasting (prolonged) HSL activity in
adipose tissue increases (Sztalryd and Kraemer 1994 a).

The stimulatory/ inhibitory compounds bind to receptors on the adipocyte cell
membrane. These receptors are coupled to either stimulatory (Gg) or inhibitory (Gj) G
proteins which in turn activate/ inhibit adenylate cyclase. Adenylate cyclase activation
is reflected in intracellular levels of cyclic adenosine monophosphate (CAMP), the
second messenger which activates CAMP protein dependant kinase A (Stralfors and
Belfrage 1983) which in turn catalyses the phosphorylation and resulting activation of
HSL at the regulatory site (serine 563). HSL phosphorylation is paralleled by an
enhanced triglyceride lipase activity (Fredrickson et al 1981), while the antilipolytic
effect of insulin (Yeaman 1990) involves the dephosphorylation of HSL. Two serine
residues are phosphorylated on HSL, cAMP-dependent protein kinase acts at the
regulatory site (serine 563) of HSL. The basal site (serine 565) has no apparent direct
effect on the enzyme activity but inhibits subsequent phosphorylation of the 'regulatory
site'. The basal site is phosphorylated by adenosine monophosphate (5' AMP) activated
protein kinase (Garton and Yeaman 1990, Hardie 1992) under basal conditions of
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lipolysis (Okuda, Morimoto and Tsujita 1994). These two phosphorylations on the
regulatory (serine 563) and basal (serine 565) sites are mutually exclusive (Garton et al
1989) meaning that phosphorylation by AMP kinase on the basal site would prevent
further phosphorylation on the regulatory site and HSL activation.

The dephosphorylation and inactivation of HSL in adipocytes in response to
insulin has been proposed to involve the action of protein phosphatases (Wood et al
1993) upon HSL. Protein phosphatases (PP2A and 2C) were the only protein
phosphatases to display activity towards HSL phosphorylated at the regulatory site.
PP1, PP2A and PP2C were detected within rat adipocytes at significant levels.

Rat HSL preferentially releases polyunsaturated FA from triglyceride (Gavino
and Gavino 1992). Rat HSL structure (Fredrickson et al 1981, Smith et al 1993) has
been elucidated (Gabriele et al 1993). 1t is an 84 kDa polypeptide of 768 amino acids,
with an active site at serine 423.

2.4.3 Hepatic lipase.

'Hepatic lipase (HL) is involved in the catabolism of chylomicron and VLDL
remnants (IDL). Hepatic lipase hydrolyses triglyceride and phospholipids in HDLy and
in doing so mediates the conversion of HDLy to HDL3. Additionally, hepatic lipase
delipidates IDL to form LDL and is thought to be involved in the interconversion of
LDL subclasses. Hepatic lipase mRNA is detected in the liver only. Unlike LPL, this
enzyme does not require a cofactor.

2.4.4 3-hydroxy-3-methyl glutaryl coenzyme A reductase (HMG Co A-
reductase) (Feher and Richmond 1991).

Most of the cholesterol present in tissues is either absorbed from the diet or
generated by de novo synthesis which occurs in many tissues. Cholesterol is derived
from acetate, with the rate limiting step in the sequence catalysed by HMG CoA-
reductase; this enzyme is suppressed by cholesterol, the end product, via feedback
inhibition.
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2.4.5 Lecithin cholesterol acyl-transferase (LCAT). (Glomset & Verdery 1977)

LCAT is synthesised in the liver and circulates in plasma. The enzyme requires
apoAl as cofactor, and esterifies free cholesterol acquired by HDL9 and HDLj3 particles
by transfer of a fatty acid from lecithin. The esterified cholesterol is transferred to the
core of the particle, forming mature, cholesteryl ester rich HDL5.

2.4.6 Cholesterol ester transfer protein (CETP).

CETP transfers a proportion of cholesteryl esters from mature HDLy to TRL
particles. Triglyceride is transferred by the same protein simultaneously in the reverse
direction to modify HDLy  Both CETP and LCAT are involved in reverse cholesterol
transport.

2.5 Receptors (Feher and Richmond 1991).

2.5.1 The LDL (apoB/ E) receptor,

The LDL receptor recognises as ligands both apoB100 and apoE, and will thus
bind LDL and VLDL remnants (IDL). The role of the LDL receptor is to provide
cholesterol to cells throughout the body and to deliver excess cholesterol to the liver for
recycling or excretion as bile acids. Receptors are synthesised in response to a fall in
cellular free cholesterol concentration.

2.5.2 The LDL receptor-related protein (LRP).

LRP in its function as a lipoprotein receptor, appears to bind mainly chylomicron
remnants and B-VLDL, through apoE and lipases; LPL and HL, which mediate binding
of chylomicrons to LRP. The liver expresses high levels of LRP; appropriate for the
main site of chylomicron remnant catabolism (Beisiegel 1995). Expression of LRP in
other tissues might indicate an additional non-hepatic removal of TRLs. LRP in
macrophages and smooth muscle cells might be important in the clearance of
lipoproteins in the arterial wall, thus contributing to the development of atherosclerotic
plaques (Lupu et al 1994).
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2.5.3 The VLDL receptor (Beisiegel 1995).

The VLDL receptor is most abundant in muscle and adipose tissue, suggesting
that it may be involved in delivering endogenous triglycerides carried in VLDL or IDL
from the liver to sites of fatty acid metabolism. As a result the VLDL receptor might
play a major role in VLDL catabolism.

3 Postprandial lipoprotein metabolism in normal subjects.

Plasma triglyceride is gaining increased recognition as a risk factor for CHD,
although the mechanisms underlying this association have not been settled (Austin 1991).
Lipid and lipoprotein studies have traditionally been confined to the post-absorptive
(overnight fasting) state, but interest in analysing lipoproteins in the postprandial state
has increased since it has been demonstrated that triglycerides in the postprandial state
can serve as an independent predictor/ risk factor for CHD (Patsch et al 1983, Patsch et
al 1992). 1t was Zilversmit (1979) who first hypothesised that postprandial lipoproteins
(chylomicrons and their remnants) (Zilversmit 1995) were important in atherogenesis in
humans. Both chylomicron and VLDL levels have been shown to increase after a fat
intake (Cohn et al 1988 b, Karpé et al 1993 and Schneeman et al 1 993). The increment
in TRL particle number is mainly accounted for by VLDL (Schneeman et al 1993),
whereas 80% of postprandial triglyceride is carried by lipoprotein particles containing
apoB48 (chylomicrons).

Karpe and Hultin (1995) reaffirmed in rats that accumulation of endogenous
VLDL in the plasma was due to competition (for a common lipolytic pathway) between
chylomicrons and VLDL (Brunzell et al 1973), and not due to increased synthesis of
VLDL. As a result of delayed clearance of VLDL, the presence of chylomicrons and
their remnants may lead to increased risk of atherogenesis. When considering the direct
atherogenic potential of TRLs the question as to whether they can enter the artery wall is
of importance, with lipoprotein size an important determinant of arterial wall flux. Rapp
et al (1994) showed that VLDL and remnants can indeed cross the endothelial wall, but
these apoB containing lipoproteins differed in size from plasma lipoproteins. Thus the
postprandial state has been postulated to be atherogenic on the basis that intestinal
chylomicrons and their remnants have the potential to cause lipid deposition in the cells
of the artery wall (Zilversmit 1979). There is evidence that apoE is involved in the
metabolism of TRLs. It is a key protein in the modulation of the metabolism of the
highly atherogenic apoB containing lipoproteins. The findings of Brown and Roberts
(1991) suggested that controlling for apoE phenotype may help to decrease inter-
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individual variation in the postprandial response to a fat meal. Possible genetic variation
in apoE could be a major component in the accumulation of chylomicron and VLDL
remnants related to triglyceride metabolism and is associated with increased risk of
atherosclerosis (Davignon et al 1988).

4 Diabetes mellitus and triglyceride metabolism.

The current classification and diagnosis of diabetes was developed by the
National Diabetes Data Group (NDDG) and published in 1979, which recognised 2
major forms of diabetes, termed insulin-dependent (IDDM) and non-insulin-dependent
diabetes mellitus (NIDDM), now termed type 1 and type 2 diabetes respectively. It is
considered to be important to move away from a system that appears to base its
classification of the disease, in large part, on the type of pharmacological treatment used
in its management toward a system based on the disease etiology where possible. The
vast majority of cases of diabetes fall into 2 broad categories. In one category (type 1
diabetes), the cause is an absolute deficiency of insulin secretion resulting from a
cellular-mediated autoimmune destruction of the B-cells of the pancreas. In the other,
(type 2 diabetes), the cause is a combination of resistance to insulin action and an
inadequate compensatory insulin secretory response (relative insulin deficiency). The
current expert committee (1997) have now proposed changes and modifications to the
NDDG diagnosis and classification scheme (Report Committee 1997). The revised
criteria for the diagnosis of diabetes mellitus are a casual plasma glucose (PG) (casual is
defined as any time of the day without regard to time from last meal) concentration >
200 mg/dl (11.1 mmol/L, or a fasting (fasting defined as no calorie intake for 8 hours)
PG > 126 mg/dl (7.0 mmol/L) or a 2 hour PG >200mg/dl during an OGTT (oral
glucose tolerance test). This new criteria would not alter the status of the diabetic
patients recruited here (appendix 35).

4.1 Insulin resistance.

Insulin is the major antilipolytic hormone (Coppack et al 1994) functioning
primarily in the postprandial state. The normal effects of insulin on lipid metabolism
are (Frayn 1993): inactivation of HSL resulting in suppression of NEFA release from
adipose tissue, suppression of hepatic VLDL triglyceride secretion and activation of
LPL in adipose tissue to clear triglyceride from the circulation.

In states of insulin resistance (NIDDM, obesity), described by Reaven (1988)
subjects have impaired glucose tolerance and the antilipolytic effects of insulin are
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diminished, with excess circulating fatty acids released from adipose tissue resulting in
increased hepatic triglyceride-rich VLDL synthesis and with reduced LPL activity
impeding the removal of triglyceride from the circulation. Insulin is overproduced by
the pancreas to try to compensate for the insulin resistance.

4.2 Non insulin dependent diabetes mellitus (NIDDM) (Type 2 diabetes).

Individuals with NIDDM are insulin resistant and often have high concentrations
of insulin, both fasting and postprandially. FFA are also elevated in these individuals,
although it is not certain if this is as a result of their insulin resistance or a cause of it
(Boden 1996). Individuals with NIDDM are not dependent on insulin therapy, allowing
it to be possible to study lipoprotein metabolism in NIDDM in the absence of hormone
therapy.

4.3 Lipid and lipoprotein abnormalities in Type 2 diabetes (NIDDM).

The basic dyslipidaemia that accompanies diabetes was described several years
ago (Howard 1987). Recent work has focussed on abnormalities in lipoprotein
alterations, composition and apolipoprotein content and the metabolic mechanisms that
govern these changes. In states of insulin resistance (NIDDM); first described by
Reaven (1988) the antilipolytic effects of insulin are diminished (Frayn 1993). Indeed
the most common abnormality of lipid metabolism in patients with diabetes is
hypertriglyceridaemia with an elevation in VLDL (Laws 1996), accompanied by a
decrease in HDL cholesterol concentrations. Abnormalities in both production and
clearance of VLDL triglyceride have been reported in NIDDM. Several studies
(Abrams, Ginsberg and Grundy 1982, Kissebah et al 1982, Reaven 1987) have reported
an over-production of VLDL triglyceride. Defective clearance of VLDL triglyceride,
with decreased fractional catabolic rates for triglyceride is seen in more severe
hypertriglyceridaemia (Abrams et al 1982, Kissebah et al 1982, Howard et al 1983,
Taskinen et al 1986). Kissebah (1982) also found that the hypertriglyceridaemic
diabetics had elevated rates of VLDL apoB production but there also appeared to be
changes in the composition of VLDL (Schonfeld et al 1974 a, Taskinen et al 1986),
suggesting that diabetics had larger, triglyceride-rich VLDL, as indicated by a higher
triglyceride: apoB ratio which reverts to normal on sulphonylurea therapy. The driving
force for the increased synthesis of VLDL particles seems to be an increased substrate
flux of FFA (Bjorntop 1994).
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The magnitude of postprandial lipaemia is known to be highly dependent on the
fasting plasma triglyceride concentration (Patsch 1987); since NIDDM patients
generally have a higher fasting plasma triglyceride, a disturbed postprandial triglyceride
metabolism would be expected.

5  The Zucker (fa/fa) rat.

Humans and rats share similar triglyceride metabolism pathways. Both produce
apoB48 containing chylomicrons from the intestine and liver synthesised VLDL.
Human livers only make apoB100 containing VLDL particles. However, the rat liver,
unlike the human liver, secretes apoB48 VLDL containing particles. Rats also have
decreased levels of CETP, resulting in increased HDL levels. These differences limit
the amount of extrapolation that is possible between rat experimental work and humans.
However, as yet there appear to be no substantive differences in FFA metabolism
between humans and rats that would invalidate the use of the rat model for the studies
described here.

The two strains of rat used in the current work were the Alderley Park and
Zucker rat. The Alderley Park rat is Wistar-derived and is considered to have a normal
genetic make up. Some studies have shown the genetically obese Zucker (fa/fa) rat to
have increased levels of leptin due to a defect in the leptin receptor (Zimanyi IA, Fathi
Z, Parker E 1997).

The Zucker rat inherits obesity as an autosomal Mendelian recessive trait (Bray
1977). This characteristic autosomal recessive obesity is linked to an allele termed fa
which has been mapped to chromosome 5. The Zucker rat is homozygous for this trait,
and cannot be distinguished from normal animals until the 3rd or 4th week of life. By 5
weeks of age, there are visible differences in body fat content and shape (Zucker 1965).
The genetically obese Zucker rats (fa/fa) were first described by Zucker and Zucker in
1961 and are frequently used as models of early onset human obesity and NIDDM. An
increase in plasma triglyceride and lipoproteins is one of the earliest abnormalities
described in the Zucker rat (Barry and Bray 1969). The model displays
hyperinsulinaemia and hyperlipidaemia; in contrast blood glucose levels are normal.
Livers from these mutants are characterised by an increased glycolytic flux, abnormally
high fatty acid synthesis and esterification, triglyceride accumulation and an excessive
output of VLDL. It has been suggested that the hypertriglyceridaemia which
characterises these animals is due to hypersecretion of hepatic VLDL (Schonfeld, Felski
and Howald 1974b, Wang, Fukuda and Oruko 1984) without any defect in clearance



(Bray 1977); plasma levels of all lipids were elevated including LDL, HDL and FFA.
Attempts to alter plasma lipids in Zucker rats have produced variable results, as
summarised by Cleary et al (1987) and Fukuda, Azain and Ontto (1982) who have
suggested that the altered hepatic metabolism of FFA in this strain of rat was an
underlying factor in the hypersecretion of VLDL. Adipocytes appear to be increased in
size (Johnson et al 1971) and number, with the subcutaneous fat depot showing the
largest increase in the number of fat cells. Both in vitro and in vivo studies are
consistent with the conclusion that Zucker rats mobilise fat at an above normal rate with
a greater output of FA from the adipose tissue and in terms of cellularity of the tissue
there is also increased fat mobilisation per cell (Zucker 1972). The increased flux in
FFA may come from the adipose tissue since these rats are hyperinsulinaemic; i.e. HSL
activity in the adipose tissue may be elevated. Bray, Mothon and Cohen (1970) showed
that mobilisation of FFA from adipose tissue was normal or increased both in vivo and
in vitro in Zucker rats. In a recent study (Kasim et al 1992) it was shown that in the
Zucker rat model, HMG CoA-reductase inhibitors can reduce the rate of secretion of
VLDL. The disturbed metabolism displayed by the Zucker rat may provide useful
information on the mechanism of action of hypolipidaemic drugs, in particular on FFA
metabolism.

6  Aims and objectives.

The aim of this thesis was to better understand the role of the regulation of
triglyceride metabolism in both man and rat models. Triglyceride metabolism is
controlled by two enzymes, LPL and HSL whose activity is regulated by insulin. Most
of the research concentrated on two questions; the first to study the effect of
postprandial chylomicronaemia on the metabolism of VLDL subfractions in both normal
and diabetic patient groups, the second to investigate the antilipolytic mechanisms of
action of selected agents on HSL.

(1)  In human subjects, the study of triglyceride metabolism focussed upon
postprandial metabolism, more specifically the effect of postprandial chylomicronaemia
upon the metabolism of VLDL subfractions (large VLDL, (VLDL]) and small VLDL,
(VLDL9)). This was to be investigated in both normal and diabetic (NIDDM) subjects.
NIDDMs are insulin resistant, and as such have elevated triglyceride levels due to
increased VLDL levels, so it would be of interest to observe the reaction of this system
when it was challenged with chylomicrons (a naturally occurring postprandial
phenomenon). In order to do this, a method to separate chylomicrons and VLDL had to
be developed. Chylomicrons and VLDL share many structural similarities, size and
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density, making their separation by sequential ultracentrifugation, particularly in the
postprandial state, difficult. Thus an immunoaffinity chromatography method for the
separation of chylomicrons and VLDL on the basis of their differing apoB proteins had
to be developed (see chapter III).

(2)  HSL is the rate limiting enzyme in adipocyte lipolysis. In normal individuals
insulin exerts an antilipolytic effect on HSL, which is lost in insulin resistant disease
states. As a result, subjects have increased triglyceride levels due to increased VLDL
synthesis and secretion which is driven by increased levels of FFA the product of HSL
lipolysis. This makes HSL an attractive target for drugs to help treat this and other
conditions characterised by insulin resistance. Abnormally high rates of adipocyte
lipolysis are thought not only to result in elevated plasma lipid levels linked to an
increased risk of atherosclerosis and the development of CHD, but are closely linked to
the metabolic disturbances characterised by insulin resistance. Thus the selective
inhibition of HSL which catalyses the rate limiting step of triglyceride hydrolysis may
contribute towards the therapeutic control of excessive adipose tissue lipolysis in various
disease states. The antilipolytic mechanism of action of a series of compounds was
investigated in isolated rat adipocytes in vitro, with in vivo dose response experiments
using nicotinic acid carried out in Zucker rats after initial experiments in Alderley'Park
rats.

The objectives of the research were therefore

e To develop a method for the separation of chylomicrons and VLDL.

e To use this method to investigate VLDL subfraction metabolism in the postprandial
state in both normal and diabetic subjects.

e To investigate the antilipolytic mechanism of action of selected compounds on HSL.

* To investigate and construct dose response curves for nicotinic acid in both Alderley
Park and Zucker rats (NIDDM model).
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Chapter Il General methods.

1 Materials.

Names and addresses of manufacturers and suppliers of reagents, hardware and
software used for this thesis are given in appendix 1.

2  Laboratory methods.

2.1 B-Quantification of lipids and lipoproteins.

Blood was collected into NapEDTA tubes (final concentration 1 mg/ml), plasma
was separated by centrifugation (3000 rpm (1300 g), 4°C, 15 minutes), and kept at 40C
until analysis. Plasma cholesterol and triglyceride concentrations were measured using
reagent kits (704121 and 704113 Boehringer Mannheim GmbH) on an automated
discrete analyser (BM/Hitachi 717). Quality control was monitored using Seronorm
lipid (Nycomed Pharma AS) and Precipath U (Boehringer Mannheim GmbH). Plasma
cholesterol, VLDL, LDL and HDL cholesterol concentrations were analysed according
to the Lipid Research Clinics Program Manual of Laboratory Operation (1975), by a
combined ultracentrifugation/ precipitation technique. Five ml of plasma was placed in
a 6.5 ml thermoplastic ultracentrifugation tube (Ultraclear Beckman Instruments, Inc)
and overlayered with normal saline until a meniscus appeared at the top. The tubes
were sealed, placed in a 50.4 rotor (Beckman Instruments, Inc) and centrifuged (35000
rpm (130000 g), 49C, 18 hours). The supernatant was then removed by tube slicing
and transferred to a 3 ml volumetric flask, the cutter was washed with normal saline and
the washings used to make up 3 ml. The infranatant was transferred to a 5 mi
volumetric flask and made up to volume with normal saline. One ml of the infranatant
was then transferred to a second ultracentrifuge tube and the apoB containing
lipoproteins were precipitated by adding 50 ul of sodium heparin (5x10° units)-
manganese chloride reagent (92 mM). This was made up by mixing 9.56 grams
MnCly.4H,0 in 6 ml dHyO with 1.05 grams heparin (5x107 units; Sigma H - 3125)
dissolved in 12.5 ml normal saline, made up to 25 ml with dH7O and stored at 4°C.
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The tubes were mixed, vortexed and incubated (4°C, 15 minutes), then spun (10000
rpm (11000 g), 30 minutes) in the Ti 50.4 rotor with the vacuum off to pellet the
precipitate. Aliquots of the VLDL fraction, the original infranatant (LDL and HDL)
and the second supernatant (HDL) were transferred to autoanalyser cups and their
cholesterol concentrations determined as above and in section 2.2.1. The LDL
cholesterol concentration was calculated as the difference between that in the infranatant
and the second supernatant.

This routine analysis is a globally accepted standard method used to produce
patient lipid profiles. It was kindly performed by staff of the Routine Lipid Section of
the Biochemistry Department of the G.R.I.

2.2 Compositional analysis.

2.2.1 Cholesterol.

Cholesterol was determined using a Boehringer kit (kit number 704121) in which
cholesteryl esters in the sample were converted to cholesterol by an esterase. The
enzyme cholesterol oxidase then oxidised all the cholesterol to form 4-cholesterenone
and hydrogen peroxide, which is then converted in the presence of the enzyme
peroxidase, phenol and 4-aminophenazone to produce 4-(p-benzoquinone-mono-imino)-
phenazone. Absorbance of this product was measured at 505 nm on a Hitachi 704 or
717 autoanalyser. Coefficient of variation was 1.6%.

2.2.2 Triglyceride.

Triglyceride was determined using a Boehringer kit (kit number 704113). The
assay was performed on the Hitachi 717. Triglyceride is converted to glycerol by lipase
enzyme. In the presence of ATP, glycerol kinase further converts glycerol to glycerol-
3-phosphate which is oxidised by a third enzyme, glycerol phosphate oxidase to form
dihydroxyacetone phosphate and hydrogen peroxide which is converted in the presence
of the enzyme peroxidase, phenol and 4-aminophenazone to produce 4-(p-benzoquinone-
mono-imino)-phenazone. Absorbance of this product was measured at 505 nm on a
Hitachi 704 or 717 autoanalyser. Coefficient of variation was 2.1%.

Both triglyceride and cholesterol assays were performed by the staff of the
Routine Lipid Section of the Biochemistry Department of the G.R.I.
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2.3 Protein (modified Lowry) assay.

The measurement of protein was performed on lipoprotein fractions using a
modification of the method of Lowry et al (1951), involving measurement of proteins
with the Folin phenol reagent (BDH 19058B 3Q) after alkaline copper treatment. Biuret
reagent was made freshly from stock solutions; 100 ml 2% NapCO3 (BDH 10240) in
0.1 M NaOH (BDH 10252), 1 ml 2% NaK tartrate in deionised water and 1 ml 1%
CuSO4 (BDH 10091), with 1 ml SDS (Bio-Rad 161-0416) (added if sample to be
assayed was turbid). Stock Folin Ciocalteu was diluted 1:1 with deionised water. A
stock solution of human albumin (Fraction V, Sigma) 1 mg/ml, stored at -70°C, was
used to prepare a working standard curve in the range of 0 - 50 ug protein, by taking
volumes of stock standard (0 - 50 ul) then adjusted to a final volume of 400 ul.
Volumes of two stock (quality control) solutions, (15 and 30 ug/ 100 ul) of bovine
serum albumin (BSA) (Fraction V, Sigma) stored at -709C, were adjusted to a volume
of 400 ul. Samples requiring dilution should be adjusted to a final volume of 400 ul
with deionised HpO. Two ml Biuret reagent was added to 400 ul standard, quality
control and sample, tubes were vortexed and left to stand for 10 minutes. Tubes were
mixed immediately after addition of 200 ul Folin Ciocalteu reagent, and left to stand for
30 minutes. The optical density at 750 nm was read within two hours. The within
batch coefficient of variation was 1.9% and between batches was 2.4%.

2.4 Measurement of apolipoprotein B and Al.

Apolipoprotein B and Al in plasma and the TRL (d<1.006g/ml) fraction was
quantified by immunonephelometry using kits from Orion Diagnostica (catalogue
numbers 67249 for apolipoprotein B and 67265 for apolipoprotein AI). The method is
based on the measurement of immunoprecipitation in the liquid phase at 292 nm on the
Encore clinical chemistry centrifugal analyser (Baker instruments). In conditions of
antibody excess, the amount of precipitate is proportional to the apolipoprotein
concentration (Riepponen, Marniemi, Rautaoja 1987). The sensitivity of the assay was
0.3 g/L with a coefficient of variation of 5%. Quality control was monitored using
lyophilised materials from Immuno (code nos 4977006) and Behring (catalogue number
OUPG).

This assay was performed on a semi-routine basis by Mr Michael McConnell of
the Lipid Research Group.
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2.5 Apolipoprotein E phenotyping.

Three isoforms of apoE (E2, E3 and E4) can be separated by isoelectric
focussing gel electrophoresis. These are then transferred to nitrocellulose by Western
blotting. The apoE bands are visualised using a monoclonal antibody to apoE followed
by an anti-IgG antibody linked to horse-radish peroxidase (HRP) and completed by the
addition of 4-chloronaphthol which produces an insoluble dark blue stain.

ApoE phenotypes were determined by isoelectric focussing followed by Western
blotting using an adaptation of the method of Havekes et al (1987). Ten ul of plasma
was incubated with 28.5 mU neuraminidase (Sigma N-3001) in 20 mmol/L sodium
acetate buffer, pH 5.1 (BDH 10235), then delipidated overnight with pre-cooled
ethanol: ether (3:1, v/v) at -200C. The mixture was precipitated (3000 rpm, 30 minutes)
and further washed with ether and incubated for a minimum of one hour at -200C.
Again the mixture was precipitated as before. The precipitate was next dissolved in
solubilising buffer (0.1 M Tris base (Sigma T-1503), 1% SDS, 8 M Urea, pH 10.0
(Pierce Chem Company 29700)) to which 10 ul 8-mercaptoethanol (Sigma M 7154) was
added and incubated at 49C for 30 minutes. Thirty ul of sample was applied to a
vertical slab gel of 5% polyacrylamide in 8 M urea containing 1% (v/v) ampholines pH
4 - 6 (Serva). Electrophoresis was carried out in a Hoefer SE 600 tank (Pharmacia) at
250 V, 12 mA per gel overnight at room temperature, with water cooling and then at
500 V for 60 minutes. The upper buffer was 0.08% NaOH (w/v), pH 10.1 and lower
buffer 0.1 M sodium phosphate, pH 2.3 (BDH 10248). Transfer from acrylamide gel to
nitrocellulose was carried out at room temperature with water cooling at 100 V for 3
hours in 0.2 M glycine (BDH 101196X), 0.02 M Tris base, 20% (v/v) methanol, pH
9.0 in a Biorad transblot cell (figure 2.1). The nitrocellulose strips were first soaked in
blocking buffer (0.01 M Tris HCI, 0.05% (v/v) Tween 20 (Sigma P1379), 0.15 M
NaCl (BDH 10241), pH 7.4) containing 5% (w/v) milk powder (Marvel) as a blocking
agent. The nitrocellulose was washed for 20 minutes with 3 changes of buffer.
Incubation with the first antibody (mouse monoclonal anti-apoE) was overnight at room
temperature with slow shaking. The nitrocellulose was washed for 20 minutes with
buffer and incubated with the second antibody (goat anti-mouse horseradish peroxidase
conjugate) for 2 hours at room temperature with gentle shaking. After a final 20 minute
wash with buffer, the nitrocellulose was developed by incubation in the dark, at room
temperature, with 4-chloro-naphthol and hydrogen peroxide (BDH 101284N) in 0.9%
saline with buffer. ApoE isoforms were identified by reading against a known apo E2/
E2 phenotype.
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ApoE phenotyping was carried out on a semi-routine basis by Mrs Dorothy
Bedford or Mrs Liz Murray.

2.6 Free fatty acid (FFA) assay .

FFAs were quantitatively determined using a Wako NEFA C (enzymatic
colorimetric) kit (code no. 994-75409 E). The principle of the assay is described below.
When FFA in plasma are treated with acyl-Co A synthetase (ACS) in the presence of
ATP, magnesium cations and Co A, thiol esters of CoA known as acyl CoA are formed.
The by-products AMP and pyrophosphate (PPi) are also formed. In the second part of
the procedure, the acyl Co A is oxidised by added acyl CoA oxidase to produce
hydrogen peroxide which in the presence of added peroxidase allows the oxidative
condensation of 3-methyl-N-ethyl-N-(8-hydroxy-ethyl)-aniline with 4-aminoantipyrine to
form a purple coloured adduct with an absorption at 550 nm. The amount of FFA in the
sample can be determined from the optical density measured at 550 nm. A standard
curve from O - 1 mmol/L was prepared. Coefficient of variation was <5%.

2.7  Sequential flotation ultracentrifugation for isolation of chylomicrons,
VLDL, IDL and LDL.

Since plasma lipoproteins have lower hydrated densities than that of other plasma
proteins and since the densities of each class are discrete from one another,
progressively raising the solvent density of plasma between ultracentrifugation steps
allows the isolation of defined lipoprotein classes. This provides the simplest method of
simultaneously isolating lipoproteins from a number of samples in a form that does not
require further concentration.

Chylomicrons and VLDL, IDL, and LDL were isolated at the density limits of
1.006, 1.019 and 1.063g/ml as originally described by Havel, Eder and Bragdon
(1955). The density solutions were prepared from stock solutions at d=1.006g/ml
(0.195 M NaCl (BDH 10241), 0.001% NayEDTA (BDH 10093)) and d=1.182g/ml
(0.195 M NaCl, 2.44 M NaBr (BDH 3011645), 0.001% NapEDTA). Densities were
measured to 3 decimal places on a Paar scientific (DMA 35) density meter.

For fed samples, 4 ml of plasma was placed in a 6.5 ml thermoplastic
ultracentrifuge tube (Ultraclear; Beckman Instruments, Inc) overlayered with 2 ml
normal saline and centrifuged in a Beckman Ti 50.3 rotor (10000 rpm, (7100 g) 49C,
30 minutes). The top 2 ml containing chylomicrons was aspirated using a finely drawn
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glass Pasteur pipette. The remaining 4 ml was overlayered with 2 ml d=1.006g/ml
solution and centrifuged overnight in a Beckman Ti 50.3 rotor (39,000 rpm (108000 g),
16 hours, 150C). The top 2 ml containing VLDL was aspirated as previously. The
remaining 4 ml was adjusted to d=1.019g/ml by the addition of 0.32 ml d=1.182g/ml
solution and overlayered with 1.68 ml d=1.019g/ml. After an overnight centrifugation
(39000 rpm (108000 g), 16 hours, 15°C), IDL was removed in the top 2 ml. The
infranatant (4 ml) was adjusted to d=1.063g/ml by the addition of 1.47 ml
d=1.182g/ml and overlayered with 0.5ml d=1.063g/ml. After an overnight
centrifugation (39000 rpm (108000 g), 16 hours, 150C), LDL was harvested in the top
1 - 2 ml. Note in fasting samples the chylomicron ultracentrifugation step is not
necessary. Alternatively after feeding, chylomicrons and VLDL can be isolated in the
same fraction by overlayering 4 ml plasma with 2 ml d=1.006g/ml solution, and after
overnight centrifugation (39000 rpm (108000 g), 16 hours, 15°C) removing the top 2
ml.

2.8 Cumulative flotation for isolation of VLDLl (Sf 60 - 400) and VLDI@(S{ 20 -
60).

This method allows the fractionation of VLDL1, VLDLy, IDL and LDL from
plasma by a modification of the cumulative ultracentrifugation density gradient
technique described by Lindgren and Jensen (1972), using a Beckman SW40 rotor and
tubes pre-coated with polyvinyl alcohol. This method was used to separate VLDL] and
VLDL, from a total VLDL sample previously isolated by immunoaffinity
chromatography (chapter III). Density solutions were prepared from stock solutions at
d=1.006g/ml (0.195 M NaCl, 0.001% NajEDTA) and d=1.182g/ml (2.44 M NaBr,
0.195 M NaCl, 0.001% NapEDTA). The densities were measured to 3 decimal places
on a Paar scientific (DMA 35) density meter.

The density of 2 ml of 1 M NaSCN (Sigma S 7757) eluted VLDL, obtained by
immunoaffinity chromatography, was adjusted to d=1.118g/ml by the addition of 0.224
grams NaCl, calculated from the equation below;

NaCl (g) = 2(1.118 - x)/ (1 - 0.34) at 200C, where x = density of NaSCN (0.4)
and this was carefully layered over 0.5 ml d=1.182g/ml NaBr solution in an ultraclear

Beckman SW40 ultracentrifuge tube which had been coated with polyvinyl alcohol
(Holmquist 1982). A discontinuous salt gradient from 1.0988 - 1.0588g/ml
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(d=1.0988g/ml (1 ml), d=1.0860g/ml (1 ml), d=1.0790g/ml (2ml), d=1.0722g/ml (2
ml), d=1.0641g/ml (2 ml), d=1.0588g/ml (2 ml)) was carefully constructed above it
(figure 2.2). Tubes were centrifuged in a Beckman SW40 rotor in a Beckman L8
centrifuge, (39,000 rpm, 239C, 1 hour 38 minutes). One ml containing large VLDL
(8f 60 - 400) was aspirated using a finely drawn glass Pasteur pipette and replaced with
1 ml d=1.0588g/ml solution. VLDLy (Sf 20 - 60) was removed in the top 0.5 ml
following a second centrifugation (18,500 rpm, 15 hours 41 minutes, 239C). Rotors
were decelerated without the brake.

2.8.1 Surface modification of Beckman ultraclear centrifuge tubes.

The procedure for coating the interior of Beckman ultraclear centrifuge tubes
with polyvinyl alcohol to allow salt solutions to gravity feed smoothly down the sides of
the tubes was described by Holmquist (1982). 1t involves coating Beckman ultraclear
tubes with a polyvinyl alcohol solution containing propan-2-ol for 15 minutes, the
solution is removed and tubes left to dry overnight. The tubes were washed overnight
with distilled H7O, then flushed once with HyO and left to dry.

2.9 Apolipoprotein identification.

The apolipoprotein content of the isolated lipoproteins was resolved by sodium
dodecyl sulphate glycerol polyacrylamide slab gel electrophoresis (SDS PAGE)
(Maguire, Lee and Connelly 1989). Electrophoresis was performed using vertical slab
gel apparatus (SE 600; Hoefer Scientific Instruments), 1.5 mm thick gels and a 15 tooth
well former. The gel consisted of 3.6% acrylamide, with an acrylamide (BDH 44353
5P)-bisacrylamide (BDH 44355 5R) ratio of 20:1, 19% glycerol (v/v) (BDH 101186M),
1.2 % SDS, 0.08% TEMED (Electran (BDH) 44308), 0.019% ammonium persulphate
(BDH 44307) in 0.8 M Tris/phosphate pH 6.8 and was made up according to the
author's protocol.

Samples were prepared according to the method of Mindham and Mayes, 1992.
One ml of lipoprotein fraction, obtained by sequential flotation ultracentrifugation
(section 2.7) and containing up to 1 mg protein was shaken with 10 ml diethyl ether
(BDH 10094) for 2 minutes, after which 3.6 mM sodium deoxycholate (0.2 ml) (Sigma
D6750) and 4.9 M trichloroacetic acid (0.2 ml) (BDH 10286) were added, samples were
vortexed briefly and the top layer of diethyl ether was removed by aspiration and a
stream of nitrogen. The bottom layer was centrifuged at 6500 rpm, 10 minutes, 4°C, to
pellet the precipitated apolipoproteins. The supernatant was aspirated with a fine tipped
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Pasteur pipette (Alpha Laboratories Ltd LW 4233). The pelleted apolipoproteins were
dissolved in sample buffer (containing 0.174 M Tris base pH 6.8 (25 ml) (Sigma
T1503), 20% SDS solution (10 ml) (Biorad 161-0418), 10% bromophenol blue (10 ul)
(BDH 44305), glycerol (10 ml) (BDH 10118), 2-mercaptoethanol (5 ml) (Sigma M
7154)), and heated (80°C, 5 minutes) in a Techne heating block. Where necessary 5 M
NaOH (BDH 10252) was added to neutralise samples. The samples were applied to
gels. The lower buffer chamber was filled with 4 litres of 0.1 M sodium dihydrogen
phosphate buffer (BDH 307165 U) pH 7, and the upper chamber with the same buffer
containing 0.1% SDS. Electrophoresis was carried out at a constant current of 20 mA
for 30 minutes and then at 60 mA for 4.5 hours at room temperature, water cooled.
Gels were fixed in 4% formaldehyde (BDH 10113) for 30 minutes, stained overnight in
0.023% Coomassie Brilliant Blue G-250 (Bio-Rad 161-0406) in 45.4% methanol
(Hayman Limited SIN 1230), 9.2% acetic acid (BDH 45001), and then destained with
7.5% acetic acid, 5% methanol and stored in 5% acetic acid.

High and low molecular weight markers (LMW and HMW-SDS Pharmacia AB
(Lot nos. 6080446011. 6010445011, 6080615011) were included in each run. Apo
B100 and apoB48 peptides were identified using molecular weight markers and LDL as
an apoB100 marker (prepared as samples) and also by Western blot analysis. The
method was used to identify the presence of apoB48 and apoB100 in lipoprotein
fractions isolated by immunoaffinity chromatography and in Western blotting of apoB
for screening antibodies to generate the immunoaffinity chromatographic column.

2.10 Staining methods.

2.10.1 Coomassie Brilliant Blue stain.

Coomassie Brilliant Blue staining is based on non-specific binding of Coomassie
Blue dye to proteins. Separated proteins are simultaneously fixed and stained in the gel,
and then destained to remove the background prior to storage and photocopying. The
proteins are detected as blue bands on a clear background (Wilson 1983). For
Coomassie Blue staining the gels were fixed in 4% formaldehyde for 30 minutes,
stained overnight in 0.023% Coomassie Brilliant Blue G-250 in 45.4% methanol, 9.2%
acetic acid, and then destained with 7.5% acetic acid, 5% methanol and stored in 5%
acetic acid. The detection limit of Coomassie Blue was approximately 0.3 - 1.0 ug
protein. Coomassie Blue staining is semi-quantitative, with different proteins having
different dye binding characteristics.
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2.10.2 Ponceau S stain.

This was a rapid reversible staining method, which was used to verify transfer
efficiency after Western blotting before proceeding with immunodetection (Salinovich
and Montelano 1986). The protein bands appeared after the membrane was stained with
Ponceau S with a detection limit of 1 - 2 ug. Protein on nitrocellulose (after Western
blotting) was stained with Ponceau Red S (Sebia) (0.1% w/v Ponceau S, 5% acetic acid)
for 5 - 30 minutes. The nitrocellulose was washed in distilled Hy0 to remove
background staining, colour photocopied and was then completely destained with
distilled HO allowing immunodetection to proceed.

2.11 Preparation of lipoprotein deficient plasma (LPDP).

. Blood was collected into Nap)EDTA tubes, and placed on ice. Plasma was

separated from red cells after centrifugation (3000 rpm, 15 minutes, 49C). The plasma
density was raised to 1.225g/ml by adding 0.35 grams KBr (BDH 10195)/ ml of
plasma, and the density checked using a Paar DMA 35 densitometer (Stanton Redcroft),
placed in 26 ml polycarbonate ultracentrifuge tubes (Beckman instruments Inc.) and
overlayered with 2 ml of KBr solution d=1.225g/ml (approximately 3.49 grams KBr in
dH»O). The tubes were centrifuged (48 hours, 50000 rpm, 4°C) in a Ti 60 rotor on a
L5 ultracentrifuge (Beckman instruments). The lipoproteins were removed in the top 2
ml and the remaining infranatant, the LPDP, dialysed overnight against 0.15 M NaCl,
10 mM Tris base, 1 mM EDTA, 0.05% NaNj pH 7.4 at 40C. A sample of dialysed
LPDP was prepared and run on SDS-PAGE (section 2.9) to check it was free of
lipoproteins.

3 Statistical analysis.

3.1 Human studies.

Mean and standard deviation of means for plasma parameters (lipid,
apolipoproteins and insulin) were reported. Paired t-tests were used to determine the
statistical significance for the plasma parameters between measurements obtained from
fasting (0 hour) and postprandial samples. Unpaired t-tests were used to determine
statistical significance between triglyceride response curves and for area under the
curves obtained from normal and diabetic subjects, where the baseline was the fasting 0
hour concentration. Area measurements were expressed as mmol.hour. The Minitab 10
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statistical package was used to calculate regression and p values for correlations. The
Microsoft Excel package was also used for statistical analysis.

3.2 Animal studies.

For the Zucker rats, the mean and standard deviation of means (before log
transformation) for each plasma parameter were reported. An Anderson-Darling test for
normal distribution was carried out on the data. Where data was not found to be
normally distributed, it was log transformed. An analysis of variance (ANOVA) was
performed on the log transformed data. The significance level was set at p<0.05.
When overall significant differences were observed a Fisher's pairwise comparison was
carried out to identify the groups that contributed to the significant difference. Minitab
10 and Microsoft Excel packages were used for statistical analysis.



Figure 2.1: Diagram of the assembly of an immunobloi
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Chapter III Development of an immunoaffinity
chromatography method to separate
triglyceride-rich lipoproteins (TRL)

into apoB48 (chylomicrons) and apo
B100 (VLDL) TRL species.

1 Introduction.

The postprandial state has been postulated to be potentially atherogenic on the
basis that intestinal chylomicrons and their remnants have the potential to cause lipid
deposition in the cells of the artery wall (Zilversmit 1979). The long term effects of
repeated -and prolonged alimentary lipaemia may also be derangements in the
metabolism of endogenous lipoproteins that are atherogenic. When considering a direct
atherogenic potential for TRL the question as to whether they can directly enter the
artery wall due to lipoprotein size is of importance. A recent study used pauciclonal
sheep anti-human apoB100 antibodies to isolate and characterise apoB containing
lipoproteins from human atherosclerotic plaques and plasma (Rapp et al 1994). Their
results support the view that VLDL and VLDL remnants are potentially atherogenic and
can indeed cross the endothelium and enter both human atherosclerotic plaques and the
arterial wall, but these apoB containing lipoproteins differ in size from their plasma
counterparts. With chylomicrons and VLDL (and their remnants) being potentially
atherogenic, it is of importance to study both chylomicron and VLDL subfraction
metabolism during alimentary lipaemia, since we spend most of our time in the
postprandial state. A recent study by Bjorkegren et al (1996) concluded that
chylomicrons (and their remnants) impede the normal lipolytic degradation of VLDL
and could be indirectly implicated in the generation of atherogenic remnant lipoproteins
after a 60 minute intravenous triglyceride infusion.

Postprandial lipoprotein metabolism has traditionally been evaluated by
measuring triglyceride concentrations in whole plasma and in lipoprotein fractions after
an oral fat load (Foger and Patsch 1993). A few studies have investigated the changes
in concentration of apoB48 and apoB100, the main structural components of TRL of
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both intestinal and hepatic origin respectively (Scott 1990). These are quantified after
ultracentrifugation and separation of TRL, by sodium dodecylsulphate polyacrylamide
gel electrophoresis (SDS PAGE) and subsequent densitometric scanning of the protein
bands (Poapst, Uffelman and Steiner 1987, Zilversmit and Shea 1989, Karpe and
Hamsten 1994, Kotite, Bergeron and Havel 1995). Quantification of apoB48 by
immunological methods has proved to be very difficult because apoB48 is a fragment of
apoB100 (Scort 1990) and only reaches postprandial peak concentrations in plasma of
approximately 2% of those of apoB100. Also the expression of apoB epitopes may vary
depending on the lipid content of the particle, thus restricting the use of
immunochemical techniques to quantify the two apoB species.

Postprandial triglyceridaemia may represent the presence in the plasma of large
apoB48 TRLs (chylomicrons) from the intestine, but also reflects the plasma
accumulation of apoB100 TRLs of hepatic origin (VLDL). In order to investigate this
behaviour, more detailed analysis using immunoaffinity chromatographic techniques was
required. Several groups have already devised methods using monoclonal antibodies to
separate TRL into apoB48 and apoB100 TRL species. Peel et al (1992, 1993) reported
using an antibody specific for apoB48 to develop an immunologically-based assay for
the routine detection of lipoproteins of dietary origin. Schneeman et al (1993) used an
antibody which specifically bound to apoB100 but not to apoB48 or apoB100 VLDL
rich in apoE. The monoclonal antibody J1-H, has been used by this group to study
postprandial levels of apoB100 and apoB48 fractions (Campos et al 1992). The
antibody binds to VLDL, IDL and LDL but fails to recognise a minor fraction of VLDL
that is apoE rich and it also fails to bind apoB48 particles. Milne et al (1984) developed
a series of monoclonal antibodies raised to apoB100 which were used to separate apoB48
and apoB100 TRL fractions in subjects with Type III hyperlipoproteinaemia.

Cohn et al (1988 a and b) initially studied TRLs collectively and then moved on
to study apoB48 and apoB100 associated triglyceride separately. Separation of TRL
fractions by immunoaffinity chromatographic techniques allowed the quantification and
contribution of both apoB48 and apoB100 fractions during postprandial lipaemia to be
determined. More recently, Bjorkegren et al (1997) used two monoclonal antibodies
that recognised apoB100 and not apoB48 epitopes to separate VLDL from chylomicrons
(and their remnants) after an oral fat load, to allow the study of VLDL composition, to
see if its composition influenced its metabolic behaviour.
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2 Principle.

The aim was to establish a method to separate the heterogeneous population of
TRL particles (freshly isolated by sequential flotation ultracentrifugation at a density of
d<1.006g/ml, chapter II, section 2.7), into apoB48 and apoB100 TRL fractions
(chylomicrons and VLDL respectively) using immunoaffinity chromatography. The
approach was to develop an immunoaffinity chromatographic technique that would allow
their separation, by passage through an immunoaffinity column which retains VLDL but
not chylomicrons. The former are dissociated from the column in a second step. This
would allow further isolation of large VLDL{ and small VLDL» by cumulative flotation
from the apoB100 TRL species eluted from the immunoaffinity column.

3 Method development.

A collection of rabbit and sheep polyclonal LDL antisera and mouse monoclonal
antibodies raised to human LDL were available. These had been prepared previously in
the laboratory.

3.1  Preparation of sheep and rabbit polyclonal LDL antisera.

Production of both rabbit and sheep polyclonal LDL antisera was carried out by
Dr. Muriel Caslake and Prof. James Shepherd. LDL was purified from normal
volunteers by rate zonal ultracentrifugation, as described by Patsch et al 1974. Purified
LDL was used to raise antisera in New Zealand White rabbits and sheep. One mg of
apo LDL was emulsified with complete Freunds adjuvant using ultrasonification, prior
to subcutaneous injection in multiple sites. Injections were repeated at monthly intervals
using incomplete Freunds adjuvant until an adequate titre was obtained (usually 3 to 4
injections). The antisera obtained gave a single immunoprecipitin arc with plasma and
LDL, but did not react with albumin, HDL or purified apoAl and AIl. Antisera were
stored in 1 ml aliquots at -70°0C.

3.2 Preparation of mouse monoclonal antibodies to human LDL.

Production of mouse monoclonal antibodies was carried out by Mrs. Isobel
Cameron. LDL was prepared according to the method described in chapter II, section
2.7. Five mice were injected intraperitoneally with 10 ug human LDL emulsified with
complete Freund's adjuvant. Booster injections were applied every 4 weeks using
dosage and route of injection identical to the first injection, until an adequate titre was
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obtained (usually two to three injections). Two weeks later the animals were
anaesthetised with ether and 1 - 2 blood spots from the tail vein were collected on filter
paper for antibody binding tests.

A 6 mm disc was punched from the filter paper dried bloodspot and incubated
overnight in 300 ul saline. Plasma was eluted with 0.9% saline at an estimated dilution
of 1:500. A further dilution of 1:1000 was prepared using the same buffer. Aliquots
(100 ul) were taken in duplicate for each dilution and 200 ul PBS containing 1251 LDL
(about 10000 cpm) added. Samples were mixed thoroughly and incubated at room
temperature overnight. Then 200 ul solid phase sheep anti-mouse immunoglobulin
(prepared using carbonyldiimidazole activated Sepharose-CL 4B) was added and
incubated on an orbital shaker for another 1 hour. After 3 washes with saline plus 0.2%
Tween 20, radioactivity in the Sepharose pellet was determined and expressed as
percentage of initial radioactivity. Non-specific binding of 1251 LDL was determined in
controls containing saline instead of plasma.

Murine immortalised myeloma cells (ICN) and spleen lymphocytes obtained after
LDL immunisation were fused to form hybridoma cells. Metabolic selection of such
hybrids then followed favouring their growth at the expense of unfused cells.
Hybridoma cell lines were screened for secretion of LDL-specific antibodies by a
qualitative enzyme-linked immunosorbent assay (ELISA) using human LDL-coated cell
culture plates.

Two ml LDL was dissolved in 0.3 ml of 0.05 M sodium carbonate buffer, pH
9.6 and protein concentration was measured by the Lowry method (Lowry et al 1951)
(chapter II, section 2.3). Protein concentration was adjusted to 2 ug/ml and aliquots of
150 pl per well were dispensed on 96 well culture plates. Plates were incubated for 4
hours at room temperature, emptied and filled with 3% BSA, in 0.05 M sodium
carbonate buffer, pH 9.6. After another 3 hour incubation, plates were again emptied
and covered with transparent foil and stored at -20°C until required. Screening for anti-
LDL antibodies involved the displacement of 5 ug/ml cold LDL (see previously).

Cloning anti-LDL producing hybridoma cell lines.

Cell lines secreting anti-LDL antibodies had to be cloned to ensure that the
antibody originated from a single hybridoma cell. Cell lines which were found to
secrete anti-LDL antibodies (200 ul from a 96 well plate) together with 2 ml RPMI-
1640, containing peritoneal macrophages (acting as feeders) were placed into 2 ml wells
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(24 well plate) and grown to 50% confluence. One hundred ul of this cell suspension
was transferred into each well of the eight wells of the far left row of a 96 well plate
which had previously been primed with 100 ul RPMI-1640 per well. A serial dilution
of cells ranging from 1:2 to 1:212 was carried out by subsequent transfer of 100 ul
aliquots per well from one vertical row to the next, working left to right. After addition
of another 100 ul of RPMI-1640 containing peritoneal macrophages, the plate was
sealed and incubated for 7 - 14 days at 370C. Then 6 vertical rows with the lowest cell
concentrations were screened for anti-LDL antibodies. Cells in the highest dilution still
positive for anti-LDL antibodies were assumed to be monoclonal.

3.2.1 Production of murine ascites containing monoclonal anti-LDL

antibodies.

A hybridoma clone producing an anti-LDL antibody was transferred from a
cloning plate into a 25 cm? flask and grown up in 5 ml RPMI-1640 in the presence of
peritoneal macrophages. After 7 - 14 days, cells were centrifuged (800 rpm, 10
minutes) and resuspended in six 0.5 ml aliquots RPMI-1640. Five female mice (8 - 10
weeks old) who had been primed by an intraperitoneal injection of 0.5 ml pristane
(Sigma) 1 - 3 weeks earlier were injected with 0.5 ml of the above cell suspehsion
(5x10° to 8x106 hybridoma cells) into the peritoneal cavity. Thereafter their weight
was checked every second day. When weight increased by 5 - 10 grams, ascites fluid
was collected via a peritoneal cannula. This procedure was repeated a maximum of two
times. The ascitic fluid was centrifuged (3000 rpm, 10 minutes), aliquoted and stored at
-200C. Hybridoma cell lines not used for intraperitoneal re-injection directly after
cloning were resuspended in FCS, 10% DMSO at a concentration of 104 cells per 0.5
ml and stored in liquid nitrogen.

3.3 Immunodetection of apoB, by Western blotting.

To assess the binding specificity of the rabbit/ sheep polyclonal and mouse
monoclonal antibodies prepared previously, to apoB48 or apoB100, epitopes the
antibodies were screened by Western blotting. TRL particles, (chylomicrons and
VLDL) were isolated separately from plasma samples by sequential flotation
ultracentrifugation (chapter II, section 2.7). Chylomicrons were isolated from
postprandial plasma samples and VLDL from fasted plasma samples. The
apolipoproteins of freshly isolated chylomicron and VLDL samples were prepared for
SDS gel electrophoresis according to the method of Mindham and Mayes (1992)
(chapter II, section 2.9). Apolipoproteins present were resolved by SDS PAGE
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(Macguire, Lee and Connelly 1989). Electrophoresis was performed using vertical slab
gel apparatus (SE 600; Hoefer Scientific Instruments), 1.5 mm thick gels and a 15 tooth
well former. The gel consisted of 3.6% acrylamide, with an acrylamide (BDH 44353
5P) - bisacrylamide (BDH 44355 5R) ratio of 20:1, 19% glycerol (v/v) (BDH
101186M), 1.2% SDS, 0.08% TEMED (Electran (BDH) 44308), 0.019% ammonium
persulphate (BDH 44307) in 0.8 M Tris/phosphate pH 6.8 and was made up according
to the author's protocol. The samples were applied to gels (up to 1500 ug of
chylomicron protein and approximately 500 ug VLDL protein). The lower buffer
chamber was filled with 4 litres of 0.1 M sodium dihydrogen phosphate buffer (BDH
307165 U) pH 7, and the upper chamber with the same buffer containing 0.1% SDS.
Electrophoresis was carried out at a constant current of 20 mA for 30 minutes and then
at 60 mA for 4.5 hours at room temperature, water cooled. ApoB100 and apoB48
peptides were identified using molecular weight markers and LDL as a apoB100 marker
(prepared as samples in chapter II, section 2.9) and also by Western blot analysis.

The method was used to identify the presence of apoB48 and apoB100 in
lipoprotein fractions isolated by immunoaffinity chromatography and for Western
blotting of apoB for screening antibodies to generate the immunoaffinity
chromatographic column.

3.3.1 Western blotting.

Samples and gels were prepared and gel electrophoresis carried out as above.
Antibodies raised to apoB to be used for screening were prepared as in sections 3.1 and
3.2. The efficiency of transfer was assessed by staining blots with Ponceau S (chapter II
section 2.10.2), a total protein stain that does not interfere with subsequent
immunodetection.

For blotting SDS PAGE gels, nitrocellulose membranes, blotting paper
(Whatman 3MM) and Scotch-brite pads were soaked in transfer buffer (192 mM
glycine, 25 mM Tris base, 20%(v/v) methanol, pH 7.9) for 30 minutes, assembled
(chapter II, figure 2.1) and blotted overnight (40C, at 10 - 14 V) using the Transphor
transfer cell (Hoefer Scientific Instruments). The blots were stained with Ponceau S
(0.1% (w/v), 5% acetic acid) for 5 - 30 minutes to visualise the transferred peptides,
and destained with distilled H79O until the background was white, (the gel was also
stained with Coomassie Brilliant Blue, see chapter II, section 2.10.1 to verify that
transfer had occurred). The blot was colour photocopied and then completely destained
with distilled HyO. The blot was then incubated with blocking buffer (0.01 M Tris
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HCI, 0.055% (v/v) Tween 20, 0.15 M NaCl, pH 7.4 containing 5% (w/v) milk powder
(Marvel)) (as in apoE phenotyping chapter II, section 2.5) for 60 minutes, on an orbital
mixer (Denley-Tech Ltd) and washed in two changes of buffer A (10 mM Tris HCI,
0.055% (v/v) Tween 20, 0.15 M NaCl pH 7.4). The blot was incubated with the
primary antibody (either the polyclonal sheep or rabbit anti-apoB antibody or the
monoclonal murine anti-LDL antibody (LDL A4) diluted in buffer A (20 ul serum/
ascites in 20 ml buffer A) overnight at room temperature and washed as before. It was
then incubated with the secondary antibody (either anti-sheep IgG HRP, anti-rabbit IgG
HRP or goat-anti-mouse IgG HRP, depending on the chosen primary antibody) for 2
hours. The blot was washed as before then developed for 45 minutes in a substrate
solution containing 60 mg 4-chloronaphthol (Sigma 8890) in 10 ml methanol, gently
mixed with 60 ml saline and 30 ul hydrogen peroxide (30%) in the dark, washed with
distilled water, dried at room temperature, photocopied and stored in the dark.

3.3.2 Results.

Lanes | - 11 of figure 3.1, contain the apolipoprotein content resolved from
freshly isolated TRL (d<1.006g/ml) fractions. Several repetitions of the Western
blotting procedure were carried out using these antibodies to ensure that the results
obtained were reproducible. The immunoblots showed that the sheep and rabbit
polyclonal antibodies bound to both apoB100 or apoB48 isolated from TRL (d <1.006
g/ml) samples. Figure 3.1 shows examples of rabbit (lanes 6 - 9)/ sheep (lanes 1 - 5)
polyclonal antibodies and a mouse monoclonal LDL A4 antibody (lanes 10, 11) binding
to apoB, with the polyclonal antibodies binding to all apoB fragments on the Western
blot, and the mouse monoclonal antibody seeming to be more specific in its binding. As
a result the sheep and rabbit polyclonal antibodies were discounted as potential tools for
separation, although their lack of specificity made them useful for showing the presence
of both apoB48 and apoB100 protein bands previously isolated from chylomicron and
VLDL fractions respectively, thus allowing the specificity of other antibodies for either
apoB48 or apoB100 to be clearly determined.

Figure 3.2 shows Ponceau S staining of proteins after transfer to a nitrocellulose
membrane before antibody incubations. High and low molecular weight markers are
present at either side of the nitrocellulose membrane. Lanes 1, 2, 3, 9, 10, and 11
contain chylomicron apolipoproteins (apoB48) and lanes 4 - 8 contain VLDL
apolipoproteins (apoB100). The presence of apoB100 protein bands can be clearly seen
in lanes 4 - 8, with faint apoB100 protein bands also present in the lanes containing
chylomicron samples. ApoB48 protein bands can be clearly seen in lanes 1, 2, 3, 9, 10
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and 11. After complete destaining, the blot was cut in half with lanes 1 - 5 in one half
and incubated with the primary mouse monoclonal (LDL A4) antibody followed by a
secondary antibody goat-anti-mouse IgG HRP. The other half containing lanes 6 - 11
was incubated with the primary polyclonal rabbit antibody, followed by the secondary
antibody anti-rabbit IgG HRP.

Figure 3.3 shows immunoblot results after above incubation with both primary
and secondary antibodies. In lanes 1 - 5 there is an apoB100 protein band (faint in lanes
1 - 3) with no detectable apoB48 protein band present in any the lanes which from
figure 3.2 we know should be present in at least lanes 1 - 3 (apoB48 containing
fractions). This indicates that the monoclonal antibody (LDL A4) is specific for
apoB100 with no reaction to apoB48. In lanes 6 - 11, incubated with the non-specific
polyclonal rabbit antibody, there were clearly detectable levels of both apoB100 (in
VLDL and chylomicron samples) and apoB48 (strong protein bands in chylomicron
samples and faint apoB48 protein bands in VLDL samples) present.

It was concluded from Western blotting results that the mouse monoclonal
antibody LDL A4, binds selectively to apoB100 (present on VLDL) and not to apoB48
(present on chylomicrons). On the basis of these results it was decided to set up a
monoclonal antibody column, using LDL A4 to attempt to physically separate TRL
particles into apoB48 and apoB100 TRL species (chylomicrons and VLDL) by
immunoaffinity chromatography.

34 Preparation of an immunoaffinity chromatography column.

The total protein concentration of the ligand (LDL A4) to be coupled to the
CNBr A Sepharose gel was measured and calculated by Lowry assay (chapter II, section
2.3) and was found to be 25 mg/ml.

Lipoprotein fractions were prepared for immunoaffinity chromatography by
sequential flotation ultracentrifugation according to the method described in chapter II,
section 2.7. The required amount of freeze dried CNBr A Sepharose (1 gram = 3.5 ml
final volume of swollen gel, a final volume of 10 ml of gel = 2.86 grams) (Pharmacia
Biotech code no. 17-0430-01) was weighed out and suspended in 1 mM HCI (Sigma H
7020). The gel swells immediately and was washed for 15 minutes with 1 mM HCl on
a sintered glass filter (approximately 200 ml 1 mM HCI/ gram freeze dried powder).
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3.4.1 Coupling the ligand.

The ligand (LDL A4 antibody - 2 ml as determined by Lowry assay, chapter II,
section 2.3) was dissolved in coupling buffer, (0.1 M sodium hydrogen carbonate
(NaHCO3) pH 8.3 containing 0.5 M NaCl, 5 ml coupling buffer/ gram freeze dried
powder). About 5 - 10 mg protein per ml gel was used. The swollen gel and coupling
buffer containing the ligand were placed in a stoppered vessel and the mixture rotated
overnight at 40C on a spiramixer (Denley). Excess ligand was removed by washing on
a sintered filter with 5 gel volumes of coupling buffer (70 ml). Protein levels in the
washings were determined by Lowry assay, (chapter II, section 2.3) to allow
determination of % ligand bound to the gel, using the equation below;

% Ligand bound (total ligand (protein before coupling) - total unbound
ligand (protein in washings x volume of washings)/ total

ligand protein) x100.

The column was prepared and Lowry assays performed to determine the total
protein concentration of the ligand and the washings after coupling of ligand to resin, in
order to estimate the amount of unbound ligand. This value was used to calculate % of
ligand bound to resin. The calculation used is below.

Total ligand protein concentration 25098 pg/ml x 2 ml (volume of ligand
coupled)

= 50196 ug

= 50.2 mg

(10 ml column, 5.2 mg/ml ligand)

Total unbound ligand protein concentration = 43.7 pg/ml x 75 ml (total volume of
washings)
= 3277 pg
= 3.28 mg.
Ligand bound to resin = 50.2-3.28
= 46.92 mg
% ligand bound to resin = (46.92/ 50.2) x 100

= 93.5%
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i.e. 93.5 % of ligand (LDL A4) was coupled to the gel.

The coupled gel was suspended in 0.1 M Tris HCI (Sigma T-3253) buffer pH 8
for 2 hours to block any remaining active groups and washed on a sintered filter with 3
cycles of alternating pH. Each cycle consisted of a wash with 0.1 M acetate buffer
(BDH 10235) pH 4.0 containing 0.5 M NaCl followed by 0.1 M Tris HCI buffer pH
8.0 containing 0.5 M NaCl.

The gel slurry was packed in a column and equilibrated with 10 column volumes
of phosphate buffer (0.0675 M sodium dihydrogen orthophosphate (NaH2POy), 0.01%
NapEDTA, pH 7.3). A 10% LPDP solution (prepared according to the method in
chapter II, section 2.11) was passed down the column to block any remaining non-
specific binding sites followed by a further 10 column volumes of phosphate buffer.
Two ml fractions were collected and the absorbance at 280 nm measured. The
absorbance increased and then decreased to starting levels as the unbound LPDP was
washed from the column. The column was stored at 49C until required for use.

3.5 Testing of the LDL A4 monoclonal antibody immunoaffinity

chromatography column.

Once the LDL A4 monoclonal antibody immunoaffinity column was equilibrated
with phosphate buffer, samples of both human VLDL (as a check of Western blotting
results) and LDL (to which to antibody was originally raised) were applied to the resin
on separate occasions. Once the sample was bound to the resin, an agent for elution had
to be decided upon.

Initially the flow rate was set at 1 ml/ minute. One ml of VLDL isolated from a
fasted plasma sample (according to the method in chapter II, section 2.7) was applied to
the top of the column using a plastic pipette. The sample was allowed to run into the
resin and the resin overlayered (in the same manner as the sample application) with
phosphate buffer and left to stand (1 hour) to allow binding to occur. Five column
volumes (50 ml) of phosphate buffer were passed through the column, with 2 ml eluant
fractions collected. The absorbance of these fractions was read at 280 nm to monitor
protein (sample) elution (figure 3.4).
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The absorbance at 280 nm did not alter, suggesting that the VLDL remained
bound to the column. Several agents for elution of VLDL from the immunoaffinity
column were tested. The possibilities included and tried were solutions with

high pH,
high salt concentrations and
chaotropic agents.

The immunoaffinity column was equilibrated with phosphate buffer, 2 ml
fractions were collected and the absorbance read at 280 nm. Next, 5 column volumes
(50 ml) of phosphate buffer (containing 0.5 M NaCl), followed by 5 column volumes
(50 ml) of phosphate buffer (this time containing 1 M NaCl) were passed through the
column. As previously, 2 ml fractions were collected and their absorbance read at 280
nm. There was no change in the absorbance at 280 nm in the fractions eluted using
either phosphate buffer, phosphate buffer containing 0.5 M or 1 M NaCl (figure 3.4)
detected. That is high salt concentrations did not dissociate VLDL from the affinity
column.

The immunoaffinity column was pre-washed with phosphate buffer as before.
glycine buffer pH 10.3 (15 ml) was passed through the column. Again, 2 ml fractions
were collected and their absorbance read at 280 nm. Phosphate buffer was washed
through the immunoaffinity column until washings returned to pH 7, as determined with
pH paper. There was no alteration in the absorbance at 280 nm (figure 3.4) suggesting
that the VLDL remained bound to the column, thus high pH conditions did not release
VLDL from the immunoaffinity column.

The column was pre-washed with phosphate buffer. It was decided to use 1 M
sodium thiocyanate (NaSCN) to try and dissociate VLDL from the column. Two and a
half column volumes (25 ml) of 1 M NaSCN buffer were passed through the column.
One ml fractions were collected and the absorbance at 280 nm measured. The
absorbance at 280 nm increased, peaked between fractions numbers 4 - 15, then
decreased (figure 3.4). This indicated that VLDL was being eluted from the column.
The eluted fractions (4 - 15) with the highest absorbances at 280 nm, were pooled and
concentrated using the Amicon concentration system in a Ti 60 rotor by centrifugation
(5000 rpm, 20 minutes then 2000 rpm, 2 minutes). The resulting concentrated fraction
was then prepared for gel electrophoresis to determine if there was any apoB100 present
in the fraction to indicate the presence of VLDL. A pooled, concentrated sample of the
phosphate buffer eluted fractions was also prepared for gel electrophoresis.
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An faint apoB100 protein band was detectable in the NaSCN eluted fraction. No
apoB100 protein band was detectable in the phosphate buffer eluted fraction. This
suggested that VLDL had been bound to the monoclonal LDL A4 antibody and could be
dissociated from the column using 1 M NaSCN. For future reference, fractions eluted
using phosphate buffer were designated the apoB48 (unbound) fraction while fractions
eluted with 1 M NaSCN were designated the apoB100 (bound) fraction.

3.5.1 Testing of LDL A4 monoclonal antibody immunoaffinity column using
VLDL and LDL isolated from a fasted plasma sample.

VLDL and LDL fractions were prepared from fasted plasma samples by
sequential flotation ultracentrifugation (chapter II, section 2.7). Both VLDL (1 ml) and
LDL (1 ml) were applied to the immunoaffinity column on separate occasions. On each
occasion, the column was washed with phosphate buffer (2 column volumes) (20 ml)
followed by 2 column volumes (20 ml) of 1 M NaSCN. Eluted fractions (0.5 ml) were
collected and their absorbances read at 280 nm.

In both VLDL and LDL elution profiles, measurement of the absorbance at 280
nm (figure 3.5) detected the presence of 2 elution peaks. The first elution peak was
detected in the apoB48 (unbound) fraction in fraction numbers 10 - 20. The second
elution peak, as expected was detected in the apoB100 (bound) fraction over fraction
numbers 40 - 80.

The absorbance of all eluted fractions was also measured at 500 nm (figure 3.6).
Absorbance at 500 nm is a measure of sample turbidity; lipoproteins scatter light at this
wavelength but free proteins do not, they only absorb at 280 nm. As a result the elution
peak present in the apoB48 (unbound) fraction all but disappeared, while the apoB100
(bound) fraction elution peaks were still detectable. These results indicate that free
proteins, maybe plasma proteins, but not lipoproteins, were responsible for the elution
peak detected in the apoB48 (unbound) fraction. The lipoproteins, VLDL and LDL
were responsible for the elution peak present in the apoB100 (bound) fraction only.

The eluted fractions with the highest absorbances at 280 nm, fraction numbers 10
- 20 (apoB48 (unbound) fraction) and fraction numbers 40 - 80 (apoB100 (bound)
fraction) were pooled, concentrated and any apolipoproteins present resolved by gel
electrophoresis. SDS glycerol gel electrophoresis results confirmed previous results
(figures 3.7, 3.8). ApoB100 protein bands were detectable in the apoB100 (bound)
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fractions from both VLDL (figure 3.7) and LDL (figure 3.8) eluted fractions, with no
apoB100 protein bands detectable in either of the apoB48 (unbound) fractions.

In conclusion, both VLDL and LDL bind to the monoclonal antibody, LDL A4,
which is coupled to activated CNBr Sepharose resin. Elution from the column is
accomplished with the use of 1 M NaSCN. Measurement of absorbance at 500 nm is
now no longer required since the presence of the peak in the apoB48 (unbound) fraction
was determined and found to be of no importance in that it was not produced by the
lipoproteins and did not contain detectable levels of triglyceride.

Once the basic immunoaffinity chromatographic methodology was set up, the
next step was to use the immunoaffinity column, now known to bind VLDL, to test
whether physical separation of TRL fractions into apoB48 and apoB100 TRL containing
fractions is possible from a postprandial plasma sample.

3.5.2 Method for elution of lipoprotein samples from the monoclonal antibody

immunoaffinity column.

One ml of lipoprotein sample was applied to the column and overlayered with
phosphate buffer and left to stand for 1 hour. The apoB48 (unbound) fraction was
washed from the column in a first step with 2 column volumes of phosphate buffer. The
apoB100 (bound) fractions were dissociated using 2 column volumes 1 M NaSCN,
0.0675 M NaH2POy4, 0.01% NapEDTA buffer, pH 7.3 and eluted fractions collected.
The column was finally washed with phosphate buffer and stored at 40C. Triglyceride
and cholesterol levels were measured in eluted fractions by the methods described in
chapter II, sections 2.2.1 and 2.2.2.

3.5.3 Testing of the monoclonal antibody immunoaffinity column using

postprandial plasma samples.

A subject was given a fat rich meal. Blood (40 ml) was collected into
Naj)EDTA tubes 3 - 4 hours after ingestion of the meal. Plasma was harvested by
centrifugation (3000 rpm, 15 minutes, 40C). The TRLs (chylomicrons and VLDL)
were isolated together from plasma by a single sequential flotation centrifugation step
(39000 rpm (108000 g), 16 hours, 40C) at a density of d <1.006g/ml and removed in
the top 2 ml.
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After washing the immunoaffinity column with 2 column volumes (20 ml) of
phosphate buffer, 1 ml of the freshly prepared TRLs was applied to the column and left
to stand for 1 hour. Phosphate buffer was passed through the column (2 column
volumes - 20 ml) followed by 1 M NaSCN (2 column volumes - 20 ml) followed by
further washing with phosphate buffer (10 column volumes - 100 ml). The flow rate
was as previously. One ml fractions were collected with the absorbance measured at
280 nm (figure 3.9). Fractions with the highest absorbances were pooled and (for both
unbound and bound fractions) concentrated using the Amicon Centrificon method as
previously. Triglyceride and cholesterol concentrations were measured in pooled
fractions (according to the method in chapter II, section 2.2)

Results.

Absorbance at 280 nm (figure 3.9) showed the presence of 2 peaks. The first
large peak appears during washing with phosphate buffer (fraction numbers 1 - 8) in the
apoB48 (unbound) fraction, suggesting the elution of light scattering chylomicrons from
the immunoaffinity column. The second smaller peak (fraction numbers 24 - 37)
appears during column washing with 1 M NaSCN, in the apoB100 (bound) fraction,
suggesting dissociation of VLDL from the column. The absorbance peak for
chylomicrons is large since these particles scatter more light than VLDL because of their
size. The fractions contributing to both peaks (fraction numbers 1 - 8 and 24 - 37 for
the apoB48 (unbound) and apoB100 (bound) fractions, respectively) were pooled and
concentrated using the Amicon Centrificon system. SDS gel electrophoresis detected
the presence of an apoB100 protein band in the apoB100 (bound) fraction. There was
no apoB48 protein band visible in the apoB48 (unbound) fraction. Triglyceride and
cholesterol levels were measured in the pooled samples and adjusted to plasma levels to
account for any dilutions (chapter II, section 2.2) (table 3.1).

Table 3.1:  Triglyceride and cholesterol levels in pooled samples isolated from
postprandial samples by immunoaffinity (LDL A4 monoclonal antibody)

chromatography.
Sample Triglyceride Cholesterol
(mmol/L) (mmol/L)
apoB48 (unbound) fraction 8.27* 0.09
apoB100 (bound) fraction >11* 0.32




77

*an early problem that was encountered was the very high triglyceride levels, found to
be due to the presence of glycerol, which is measured by the triglyceride assay, in the
Amicon Centrificon concentration filters. This difficulty was overcome by thorough
pre-rinsing of filters with distilled water.

Although triglyceride levels were high and not representative of triglyceride
present in the eluted fractions, the cholesterol levels were of use. The cholesterol
concentrations appear consistent with concentrations found in chylomicron and VLDL
fractions. On the basis of these results it seems possible that TRLs could be physically
separated into apoB48 and apoB100 TRL species (chylomicrons and VLDL respectively)
by immunoaffinity chromatography with further testing required.

3.5.4 Further Testing.

Chylomicron, VLDL and chylomicron and VLDL mixed (TRL d <1.006g/ml)
fractions were prepared by sequential flotation ultracentrifugation (chapter II, section
2.7) from postprandial plasma. Chylomicron and VLDL samples were isolated
separately and also together at d<1.006g/ml. Each sample (1 ml) underwent
immunoaffinity chromatography.  Absorbances of eluted 0.5 ml fractions were
measured at 280 nm. Those fractions with increased absorbance at 280 nm were pooled
and triglyceride and cholesterol levels measured and adjusted back to plasma levels (to
correct for dilution factors)(chapter II, section 2.2).

Results.

The chylomicron sample produced a single elution peak in the apoB48 (unbound)
fraction (figure 3.10) (fraction numbers 4 - 22) while the VLDL sample produced 2
elution peaks (figure 3.11). The first was in the apoB48 (unbound) (fraction numbers 4
- 20) and the second was in the apoB100 (bound) (fraction numbers 45 - 80) fractions.
The TRL (d<1.006g/ml) fraction also produced 2 peaks (figure 3.12), the first in the
apoB48 (unbound) fraction (over fraction numbers 3 - 20) and the second after elution
with 1 M NaSCN in the apoB100 (bound) fraction (over fraction numbers 45 - 70).

The peak detected in the apoB100 (bound) fraction (in fraction numbers 45 - 70/
80) from both the VLDL and the TRL (d < 1.006g/ml), that were originally applied to
the immunoaffinity column, is due to the dissociation of VLDL from the affinity column
by 1 M NaSCN, a phenomenon that has been previously noted and confirmed by gel
electrophoresis results. The elution peak present in the apoB48 (unbound) fraction of
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chylomicron, TRL (d<1.006 g/ml) and VLDL samples, eluted over fraction numbers 4
- 20 in each case, was suggested to be a result of washing of chylomicrons from the
immunoaffinity column, with phosphate buffer. The presence of such a peak in the
original VLDL sample initially applied to the immunoaffinity column could be due to
contamination of the VLDL fraction with chylomicrons during the isolation by
ultracentrifugation, or to the presence of small chylomicron remnants in plasma. This
peak contained low levels of triglyceride. It is very difficult to separate chylomicrons
and VLDL from a postprandial plasma sample by ultracentrifugation alone, which is the
reason for establishing the immunoaffinity column. During centrifugation, large VLDL
may spin up into the density fraction containing chylomicrons, with some of the small
chylomicron remnants spinning down into the VLDL density fraction.

SDS gel electrophoresis (figure 3.13, lanes 1 and 2) showed detectable apoB100
protein bands in the apoB100 (bound) fractions, but no apoB48 protein bands were
detectable in the apoB100 (bound) fractions. Faint apoB48 protein bands were detected
in the apoB48 (unbound) fractions. The immunoaffinity column provides very adequate
separation of chylomicrons and VLDL. The triglyceride and cholesterol concentrations
(table 3.2) reaffirm the results from the elution profiles and SDS gels. However
recovery of initial sample added to the immunoaffinity column was 33 - 47% as
estimated by measuring the recovered triglyceride in the bound and unbound fractions,
adjusted back to plasma levels (to correct for dilution factors). This value was low and
needed to be improved.

Conclusions.

From the triglyceride and cholesterol results, elution profiles and SDS gel
electrophoresis results, the immunoaffinity column appears to be giving adequate
separation of apoB48 and apoB100 TRL species (chylomicrons and VLDL). The
chylomicrons are eluted in a first step using phosphate buffer with VLDL dissociated
from the column in a second step with 1 M NaSCN. However the % recovery of initial
TRL added to the column is low, ranging from 33 - 47%. It is clear that the
methodology is working but modifications are required to improve the recovery in order
to use the method for quantification of postprandial responses.

From the elution profiles, chylomicrons are eluted in approximately the first 11
ml phosphate buffer and VLDL dissociated in approximately the first 15 ml NaSCN (or
in 20 - 35 ml of total volume), therefore instead of collecting all fractions and
measuring absorbances and pooling the relevant fractions, which is very time
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consuming, the stated volumes of buffers representative of the apoB48 (unbound) and

apoB100 (bound) fractions were collected and then concentrated.

Table 3.2:  Triglyceride (TG) and cholesterol (Chol) levels in samples separated by

immunoaffinity (LDL A4 monoclonal antibody) chromatography.
Samples TG Chol TG Chol Lowry % TG
applied (mmol/L) | (mmol/L) | adjusted | adjusted | (ug/ml) recovery
to column to to plasma | adjusted
and eluted plasma levels to
fractions levels (mmol/L) | plasma

(mmol/L) levels

Chylomicrons | 1.04 0.13 0.52 0.065 523 -
apoB48 0.3 0.03 0.24 0.024 102.5 46
(unbound)*
apoB100 0 0 0 0 136.7 -
(bound)*
VLDL 2.09 0.7 1.045 0.35 347.5 -
apoB48 0.25 0.04 0.125 0.02 119.7 33
(unbound)*
apoB100 0.3 0.07 0.225 0.0525 276.71 -
(bound)*
TRL 1.75 0.45 0.875 0.225 660.5 -
d<1.006g/ml
apoB48 0.29 0.04 0.33 0.046 362.5 47
(unbound)*
apoB100 0.11 0.14 0.0825 0.105 167.6 -
(bound)*

*Samples of chylomicrons, VLDL and TRL (d<1.006g/ml) were initially applied to
the resin and separated into apoB48 (unbound) and apoB100 (bound) fractions by
immunoaffinity chromatography with the LDL A4 monoclonal antibody.
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3.5.5 Separation of chylomicrons and VLDL by immunoaffinity chromatography

from postprandial samples (Pilot Study) as a check of method

reproducibility.

TRL (d<1.006g/ml) fractions (chylomicron and VLDL mix) were prepared
from 16 postprandial plasma samples by sequential flotation ultracentrifugation (chapter
II, section 2.7). The freshly isolated TRL fractions were subjected to immunoaffinity
chromatography (section 3.5.2). Triglyceride and cholesterol concentrations were
measured in the TRL (d<1.006g/ml), the apoB48 (unbound) and apoB100 (bound)
fractions (chapter II, section 2.2) then concentrations were adjusted back to plasma
levels (to correct for dilution factors). SDS gel electrophoresis was performed to check
for adequate separation.

Results.

SDS gels show the presence of apoB100 protein bands in the apoB100 (bound)
fractions with no detectable apoB100 and faint apoB48 protein bands in the apoB48
(unbound) fractions. There were no detectable apoB48 bands in the apoB100 (bound)
fractions.

The recovery of initial TRL added to the immunoaffinity column was variable
(table 3.3), ranging from 33 - 88%, with a mean of 58 + 17% (mean + SD). Further
individual recoveries of TRL added to the immunoaffinity column were not very
consistent. A more reproducible method was required to maintain individual sample
consistency of recovery of initial TRL added to the immunoaffinity column.

The major causes of failure to recover triglyceride from the immunoaffinity
column is likely to be the multiple manipulations and concentration step in which some
VLDL and chylomicrons may stick to the filter.



Table 3.3:

Recoveries of initial TRL (d<1.006g/ml) added to the LDL A4
monoclo_nal antibody immunoaffinity column, as estimated by

measuring recovered triglyceride (TG) concentration (mmol/L) in the
TRL (d<1.006g/ml) apoB48 (unbound) and the apoB100 (bound)

Sfractions.
Sample | Fasting TRL ApoB48 ApoB100 TG
Number | Plasma TG | d<1.006g/ml | (unbound) (bound) recovered
(mmol/L) TG (mmol/L) | fraction TG | fraction TG | (%)
(mmol/L) (mmol/L)

1 1.94 1.34 0.12 0.33 33
2 2.02 1.265 0.31 0.12 34
3 2.43 1.34 0.37 0.13 37
4 2.28 1.29 0.43 0.16 46
5 1.7 1.04 0.18 0.36 52
6 1.63 1.05 0.34 0.27 58
7 1.83 1.03 0.48 0.22 68
8 2.43 1.35 0.57 0.19 56
9 1.68 0.77 0.31 0.23 70
10 1.22 0.57 0.18 0.21 68
11 1.07 0.45 0.17 0.23 88
12 0.99 0.48 0.11 0.17 58
13 1.08 0.58 0.13 0.17 51
14 1.74 0.93 0.47 0.21 73
15 1.37 0.8 0.47 0.22 86
16 1.18 0.69 0.26 0.19 65
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3.6 Immunoaffinity chromatography, modified method (Cohn et al 1993).

In the modified approach, separation of apoB48 TRL and apoB100 TRL fractions
was carried out in 1.5 ml Eppendorf tubes. Antibody containing sepharose gel (section
3.4) in phosphate buffer pH 7.3 (approximately 1.4 ml) was aliquoted into the
eppendorf tubes and centrifuged (5 minutes, 1000 rpm). The supernate was aspirated
and TRL (d<1.006g/ml) (0.5 ml) added to the remaining 0.6 ml of packed sepharose
gel. Tubes were mixed for 60 minutes at room temperature on a roller mixer,
centrifuged and the supernate was collected (approximately 0.5 ml was retrieved). The
gel was washed with 1 ml phosphate buffer, rocked for 20 minutes, and after
centrifugation, the supernate was aspirated and added to the first supernate. The
washing procedure was repeated with a second volume of phosphate buffer. This
sample, termed the apoB48 (unbound) fraction contained the apoB48 TRL fraction
(chylomicrons) (final volume = 2.5 ml). Lipoproteins bound to the gel were
dissociated by the addition of 1 M NaSCN buffer (1.0 ml). Samples were rocked for an
hour at room temperature, centrifuged, and the supernate was collected. The gel was
washed with 2 further 1.0 ml aliquots of 1 M NaSCN, and these supernates were added
to the first NaSCN supernate. This sample the apoB100 (bound) fraction (final volume
= 3.0 ml) contained the apoB100 (VLDL) TRL fraction. Recovery of initial TRL
fractions added to the immunoaffinity gel (using Eppendorfs) was estimated by
measuring the recovered triglyceride in the bound and unbound fractions. The identity
of the apoB protein bands was confirmed by either SDS gel electrophoresis or by
Western blotting analysis using a polyclonal antibody, previously shown to react with
both apoB48 and apoB100. Triglyceride and cholesterol concentrations in the TRL
(d<1.006g/ml), apoB48 (unbound) and apoB100 (bound) fractions were measured
(chapter II, section 2.2), and adjusted to plasma levels to allow calculation of the
recovery of initial TRL added to the immunoaffinity gel.

Results and discussion.

Specific monoclonal antibodies for apoB100 have been used previously (Milne et
al 1984, Terce et al 1985) to isolate and characterise the very low density lipoprotein
(VLDL) fraction of dyslipidaemic subjects in the fasted state. Cohn er al (1993) used
the same antibodies to isolate the apoB48 and apoB100 containing TRL from plasma
obtained from subjects in a fed state. In order to obtain reliable quantitative data, Cohn
separated single sample aliquots in individual Eppendorf tubes, containing the antibodies
bound to sepharose, rather than eluting fractions from immunoaffinity chromatography
columns (Milne et al 1984). With certain modifications Cohn et al (1993) achieved an
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acceptable recovery (85 - 95%) of TRL and allowed for the plasma concentration of
different fractions to be estimated. Some contamination of the apoB48 (unbound)
fraction with apoB100 was noted. The adequacy of separation of chylomicrons and
VLDL was monitored by SDS polyacrylamide gel electrophoresis.

In the present work, the method of Cohn et al (1993), which used separate single
sample aliquots in individual Eppendorf tubes containing LDL A4 antibody bound to
sepharose, rather than eluting fractions from the immunoaffinity chromatography
columns (as previously described chapter III, section 3.5.2), was followed. However,
instead of using 3 M NaSCN, 1 M NaSCN was used to dissociate the apoB100
containing TRL (VLDL) fraction from the immunoaffinity gels.

This method was thoroughly and repeatedly tested to ensure reproducibility of
results and of TRL recoveries. Several VLDL (isolated from fasted plasma samples),
chylomicron and TRL (d <1.006g/ml) (isolated from postprandial plasma) samples were
prepared by sequential flotation ultracentrifugation (chapter II, section 2.7) and were
subjected to immunoaffinity chromatography in Eppendorf tubes to separate the TRL
into apoB48 and apoB100 TRL fractions.

There was an apoB100 protein band present in the apoB100 (bound) fraction. A
faint apoB48 protein band was detected in the apoB48 (unbound) fraction (figure 3.13,
lanes 3 and 4), with no apoB48 protein detectable in the apoB100 (bound) fraction,
however there was some contamination of the apoB48 (unbound) fraction with apoB100
noted, but this would only lead to an underestimation of apoB100 TRL lipid
concentrations. This problem was also noted by Cohn et al (1993). Additional
chromatography was not carried out to remove contaminating apoB100 material, as this
would adversely effect recovery.

Triglyceride and cholesterol concentrations in each of the fractions were
measured and results were as expected. In the VLDL samples, the majority of
triglyceride was in the apoB100 (bound) TRL fraction (table 3.4). In the chylomicron
samples (table 3.5), the majority of triglyceride was detected in the apoB48 (unbound)
TRL fraction; and finally in the postprandial TRL (d<1.006g/ml) samples the
triglyceride concentrations were split between the apoB48 (unbound) and apoB100
(bound) containing TRL fractions, with levels varying between samples (table 3.6).
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Table 3.4:  Triglyceride and cholesterol concentrations (mmol/L) (adjusted to
plasma levels) and triglyceride recoveries in the apoB48 (unbound) and
apoB100 (bound) fractions separated from VLDL samples were
mixed with Sepharose bound LDL A4 monoclonal antibody in
Eppendorf tubes, based on the method of Cohn et al (1993).

Sample | Eluted TG Chol TG Original TRL | % TG
applied | fractions (mmol/L) | (mmol/L) | adjusted | (d<1.006 recovery
to plasma | g/ml) TG
levels (mmol/L)
(mmol/L) | adjusted to
plasma levels
VLDL | apoB48 0.06 0 0.15 0.75 68
(unbound)*
apoB100 0.12 0.05 0.36
(bound)*
VLDL | apoB48 0.08 0.03 0.20 0.62 85.5
(unbound)*
apoB100 0.11 0.06 0.33
(bound)*

*Samples of VLDL were initially mixed with Sepharose bound LDL A4 monoclonal
antibody in Eppendorf tubes and separated into apoB48 (unbound) and apoB100
(bound) fractions.
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Table 3.5:  Triglyceride and cholesterol concentrations (mmol/L) (adjusted to
plasma levels) and triglyceride recoveries in the apoB48 (unbound) and
apoB100 (bound) fractions separated from chylomicron samples
were mixed with Sepharose bound LDL A4 monoclonal antibody in
Eppendorf tubes, based on the method of Cohn et al (1993).

Sample Eluted TG Chol TG Original | % TG
applied fractions | (mmol/L) | (mmol/L) | adjusted | (d<1.006 | recovery
to g/ml) TG
plasma (mmol/L)
levels adjusted
(mmol/L) | to plasma
levels
Chylomicron | apoB48 0.28 0.06 0.7 0.76 100
1 (unbound)*
apoB100 0.03 0.04 0.09
(bound)*
2 apoB48 0.28 0.03 0.7 0.75 97
(unbound)*
apoB100 0.01 0 0.03
(bound)*
3 apoB48 0.27 0.02 0.675 0.75 97
(unbound)*
apoB100 0.02 0 0.05
(bound)*
4 apoB48 0.26 0 0.60 0.76 83
(unbound)*
apoB100 0.01 0 0.03
(bound)*

*Samples of chylomicrons were initially mixed with Sepharose bound LDL A4

monoclonal antibody in Eppendorf tubes and separated into apoB48 (unbound) and
apoB100 (bound) fractions.




Table 3.6:
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Triglyceride and cholesterol concentrations (mmol/L) (adjusted to
plasma levels) and triglyceride recoveries in the apoB48 (unbound) and
apoB100 (bound) fractions separated from postprandial TRL
(d<1.006g/ml) samples were mixed with Sepharose bound LDL
A4 monoclonal antibody in Eppendorf tubes, based on the method of
Cohn et al (1993) .

Sample Eluted TG Chol TG Original | % TG
applied fractions (mmol/L) | (mmol/L) | adjusted | TRL recovery
to plasma | (d<1.006
levels g/ml) TG
(mmol/L) | adjusted
to plasma
levels
TRL apoB48 0.29 0.04 0.725 1.435 90.2
(d<1.006 | (unbound)*
g/ml)
1
apoB100 0.19 0.05 0.57
(bound)*
2 apoB48* 0.66 0.17 1.65 2.8 94
apoB100* | 0.33 0.12 0.99
3 apoB48* 0.15 0.04 0.375 0.88 90
apoB100* | 0.14 0.10 0.42
4 apoB48* 0.11 0.03 0.275 0.73 91
apoB100* | 0.13 0.06 0.39
S apoB48* 0.07 0 0.175 0.475 93.7
apoB100* | 0.09 0 0.27
6 apoB48* 0.06 0 0.15 0.48 87.5
apoB100* [ 0.09 0 0.27
7 apoB48* 0.05 0.01 0.125 0.475 89
apoB100* | 0.10 0.03 0.30
8 apoB48* 0.05 0 0.125 0.48 88.5
apoB100* ] 0.10 0.02 0.30
9 apoB48* 0.44 0.08 1.1 2.075 86
apoB100* | 0.23 0.09 0.69
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*Samples of TRL (d<1.006gml) were initially mixed with Sepharose bound LDL A4
monoclonal antibody in Eppendorf tubes and separated into apoB48 (unbound) and
apoB100 (bound) fractions.

The individual % recoveries of initial TRL samples added to the immunoaffinity
gel show little variation indicating the method was reproducible. The mean recovery of
the initial TRL added to the immunoaffinity gel was calculated to be 8 + 7% (mean +
SD) based on triglyceride concentration. This value was similar to that obtained by
Cohn et al (1993) of 92 + 4% (based on protein concentration). The individual
recoveries showed the method to be very reproducible, however some minor
contamination of the apoB48 fraction was noted, which prompted a further modification.
Additional chromatography was not carried out to remove contaminating apoB100
material, as this was found to adversely affect recovery. Immunoaffinity
chromatography( using a Sepharose bound LDL A4 monoclonal antibody in Eppendorf
tubes) was repeated on several occasions using the same sample to check for
reproducibility. Chylomicron samples 3 and 4 were repetitions of chylomicrons samples
1 and 2, while postprandial samples 7 and 8 were repetitions of postprandial samples 5
and 6. From the % recoveries of initial triglyceride added to the immunoaffinity gel;
97%, 83%, 100%, 97%, 89%, 88.5%, 93.7% and 87.5% respectively (tables 3.5 and
3.6), it can be concluded that, using this modified method, recoveries are very
consistent and reproducible between samples.

The modified immunoaffinity chromatography method using single sample
aliquots in individual Eppendorf tubes increased the recovery of initial TRLs added to
the immunoaffinity gel to 89 + 7%, while the previous method in which fractions were
eluted from an immunoaffinity column had a recovery of 58 + 17%. Analysis using a
2 sample t-test showed that on using individual sample recoveries for both methods that
recovery of initial TRL added to the immunoaffinity gel was highly significantly
(p<0.0001) improved using the new modified method. The modified method has
several benefits; increased recovery levels, yet using a smaller volume of sample with
none of the sample being lost by concentration steps which were both time consuming
and necessary when fractions were eluted from the immunoaffinity column. This new
method is better for analysis and provides the increased recovery that was necessary to
make using the method feasible. This methodology was used to analyse samples from
oral fat load experiments in normal and diabetic (NIDDM) subjects.
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3.7 Validation of modified Sepharose bound LDL A4 monoclonal antibody
immunoaffinity chromatography method (in Eppendorf tubes).

Due to the noted contamination of the apoB48 (unbound) fraction, a time course
experiment using TRL fractions isolated from plasma from both postprandial (5 hours
postprandially) and fasted (12 hour overnight fast) samples (by sequential flotation
ultracentrifugation (chapter II, section 2.7)) were used to assess the optimum initial
incubation time for samples without affecting recoveries of the initial TRL added to the
immunoaffinity gel.

The time points for initial incubation were 30, 60, 90, 120 and 180 minutes with
no other changes to the methodology. TRL fractions were freshly prepared by
sequential flotation ultracentrifugation (chapter II, section 2.7) and then subjected to
immunoaffinity chromatography, the only change to the methodology being the different
initial incubation times. Triglyceride and cholesterol concentrations in the TRL
(d<1.006g/ml), apoB48 (unbound) and apoB100 (bound) fractions were measured
(chapter II, section 2.2), and adjusted back to plasma levels (to correct for dilution
factors), to allow calculation of the recovery of initial TRL added to the immunoaffinity
gel.

Results.

In the TRL fractions isolated from both the postprandial (table 3.7, figure 3.14)
and fasted (table 3.8, figure 3.15) plasma samples, maximal binding of apoB100
containing lipoprotein fractions to the Sepharose bound LDL A4 monoclonal antibody in
Eppendorf tubes without affecting recovery levels was achieved with an initial
incubation period of 90 minutes, after which time binding of the apoB100 containing
lipoprotein fractions to the immunoaffinity gel seems to decrease with recovery rates
also falling slightly. The binding period was previously 60 minutes.

SDS gel electrophoresis results detected an apoB100 protein band present in the
apoB48 (unbound) fraction even after an initial incubation step of 90 minutes, but this
was reduced to minor levels.
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Table 3.7: Triglyceride concentrations (mmol/L) and recoveries in apoB48
(unbound) and apoB100 (bound) fractions. TRL fractions isolated
Jfrom postprandial plasma samples, with varied initial incubation times,
were mixed with Sepharose bound LDL A4 monoclonal antibody in
Eppendorf tubes .

Sample and Time TG Chol TG % TG

eluate of (mmol/L) | (mmol/L) | adjusted | recovery

fractions initial to plasma

incubation levels
(minutes) (mmol/L)

Plasma 1.62 4.52

TRL (d < 1.006g/ml) 2.06 0.41 1.03

originally applied

apoB48 (unbound)* | 30 0.28 0.03 0.70 91

apoB100 (bound)* 0.08 0.03 0.24

apoB48 (unbound)* | 60 0.27 0.00 0.67 88

apoB100 (bound)* 0.08 0.02 0.24

apoB48 (unbound)* | 90 0.26 0.01 0.65 92

apoB100 (bound)* 0.10 0.03 0.30

apoB48 (unbound)* | 120 0.25 0.01 0.62 86

apoB100 (bound)* 0.09 0.01 0.27

apoB48 (unbound)* | 180 0.27 0.01 0.67 94

apoB100 (bound)* 0.10 0.03 0.30

*TRL fractions, isolated from postprandial plasma samples, were initially

mixed with Sepharose bound LDL A4 monoclonal antibody in Eppendorf tubes and
separated into apoB48 (unbound) and apoB100 (bound) fractions.
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Table 3.8: Triglyceride concentrations (mmol/L) and recoveries in apoB48
(unbound) and apoB100 (bound) fractions. TRL fractions isolated
Jfrom fasted plasma samples, with varied initial incubation times, were
mixed with Sepharose bound LDL A4 monoclonal antibody in

Eppendorf tubes.

Samples and Time TG Chol TG % TG
eluate of initial (mmol/L) | (mmol/L) | adjusted recovery
fractions incubation to plasma

(minutes) levels

(mmol/L)

Plasma 0.74 4.46
TRL (d < 1.006g/ml) 0.95 0.46 0.475
originally applied
apoB48 (unbound)* 30 0.09 0.01 0.225 100
apoB100 (bound)* 0.10 0.04 0.30
apoB48 (unbound)* 60 0.07 0.02 0.175 100
apoB100 (bound)* 0.10 0.03 0.30
apoB48 (unbound)* | 90 0.07 0.00 0.175 100
apoB100 (bound)* 0.10 0.04 0.30
apoB48 (unbound)* 120 0.06 0.01 0.15 88.4
apoB100 (bound)* 0.09 0.03 0.27
apoB48 (unbound)* 180 0.06 0.00 0.15 88.4
apoB100 (bound)* 0.09 0.04 0.27

*TRL fractions, isolated from fasted plasma samples were mixed with Sepharose
bound LDL A4 monoclonal antibody in Eppendorf tubes and separated into apoB48
(unbound) and apoB100 (bound) fractions.

The binding capacity of the gel was also determined experimentally to make sure
that the Eppendorfs were not being overloaded as this could be a reason for the presence
of a faint apoB100 protein band in the apoB48 (unbound) fraction. A saturation curve
was prepared using fasting plasma samples from which VLDL was isolated by
sequential flotation ultracentrifugation (chapter II, section 2.7), the new initial
incubation time was used to ensure maximal binding conditions. Once isolated, the
concentrated VLDL samples were diluted using phosphate buffer to give samples with
triglyceride concentrations (adjusted to plasma levels) of 2.43, 1.23, 0.6, 0.3, 0.125 and
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0.08 mmol/L. Triglyceride and cholesterol concentrations were measured and adjusted
back to plasma levels (to correct for dilution factors), in both the apoB48 and apoB100
containing fractions separated by immunoaffinity chromatography, for each triglyceride
dilution (table 3.9). A saturation curve was plotted for fasted VLDL triglyceride
dilutions (mmol/L) vs actual triglyceride concentrations in the apoB48 and apoB100
TRL fractions (mmol/L) (figure 3.16) (table 3.9).

At the triglyceride dilution concentration of 2.48 mmol/L the triglyceride
concentration in the apoB100 containing fraction is the highest, indicating binding of
VLDL to the immunoaffinity gel is saturated (0.57 mmol/L). The binding levels may
be maximal but the immunoaffinity resin is clearly overloaded with the presence of
triglyceride in the apoB48 (unbound) fraction (2.05 mmol/L). To achieve a triglyceride
concentration for maximal binding, a triglyceride concentration that will give as near
maximal VLDL binding in the apoB100 (bound) fraction with minimal triglyceride
levels present in the apoB48 (unbound) fraction was required.

It is evident from figure 3.16 that as triglyceride concentrations in the apoB48
containing fraction decrease (present as a result of overloading), they were also
decreased in the apoB100 containing fraction, a minor amount of triglyceride being
detectable in the apoB48 fraction even although the immunoaffinity gel was not always
at maximal binding of VLDL. The binding capacity of the gel was determined by
extrapolation to be 0.5 - 0.7 mmol/L VLDL associated triglyceride/ 0.6 ml of gel. This
is the point where near-maximal levels of VLDL appear to have bound to the
immunoaffinity gel, with the least amount present in the apoB48 (unbound) fraction,
without affecting triglyceride recovery levels. There was still minor contamination of
the apoB48 (unbound) fraction.
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Table 3.9: Triglyceride concentrations (mmol/L) in apoB48 (unbound) and
apoB100 (bound) fractions. VLDL fractions isolated from fasted
plasma samples, with various concentrations of apoB100 VLDL TRL
triglyceride, were mixed with Sepharose bound LDL A4 monoclonal
antibody in Eppendorf tubes.

Eluate VLDL Triglyceride | Cholesterol | Triglyceride | % recovery

Fraction triglyceride | (mmol/L) (mmol/L) adjusted to | of
dilution plasma triglyceride
applied to levels
column (mmol/L)

(mmol/L)

apoB438 2.48 0.82 1.31 2.05 100

(unbound)*

apoB100 0.19 0.3 0.57

(bound)*

apoB48 1.235 0.36 0.5 0.90 100

(unbound)*

apoB100 0.16 0.23 0.48

(bound)*

apoB48 0.6 0.14 0.04 0.35 100

(unbound)*

apoB100 0.14 0.06 0.42

(bound)*

apoB48 0.3 0.07 0.01 0.175 100

_(unbound)*

apoB100 0.10 0.03 0.30

(bound)*

apoB48 0.125 0.04 0.01 0.10 100

(unbound)*

apoB100 0.06 0.02 0.18

(bound)*

apoB48 0.08 0.05 0.01 0.125 100

(unbound)*

apoB100 0.06 0.02 0.18

(bound)*
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*Samples of VLDL were mixed with Sepharose bound LDL A4 monoclonal antibody
in Eppendorf tubes.

4 Overall conclusions and future prospects.

The monoclonal antibody LDL A4 showed binding specificity for apoB100 but
not apoB48. TRL (d<1.006g/ml) fractions isolated by sequential flotation
ultracentrifugation can be separated into apoB48 and apoB100 TRL species by
immunoaffinity chromatography, using the monoclonal antibody LDL A4. Good
separations were achieved. ApoB48 protein was not detectable in the apoB100 (bound)
fraction, with apoB48 protein sometimes difficult to visualise in the apoB48 (unbound)
fraction (only accounting for 2% of protein at the peak of postprandial lipaemia). A
faint apoB100 band was often observed in the apoB48 (unbound) fraction and this
contamination was noted, but to proceed with additional chromatography would
adversely affect recovery of the initial TRL added to the immunoaffinity gel. The
modified method using Sepharose bound LDL A4 monoclonal antibody in Eppendorf
tubes, based on the technique of Cohn et al (1993) provided a highly significant increase
in recovery to 89 + 7% compared to the original method of eluting fractions from the
immunoaffinity chromatography column (58 + 17%). The method has been thoroughly
tested and has produced satisfactory results, it provided a much improved recovery of
the apoB48 TRL species, although visualisation of the apoB48 protein band in the
apoB48 (unbound) fraction by SDS gel electrophoresis could be further improved. The
LDL A4 monoclonal antibody coupled to the gel binds VLDL and not chylomicrons,
giving a clean separation of the apoB100 TRL species from the apoB48 TRL species.
The contamination of the apoB48 (unbound) fraction with apoB100 protein was noted,
this would lead to a small underestimation of apoB100 TRL lipid concentrations but this
underestimation would only increase the contribution of apoB100 TRL and as such
enhance the results which would thus be representative of what was actually happening
to VLDL postprandially. In Eppendorfs recovery at 89% is virtually complete. The
inability to recover 100% of triglyceride is due in part to manipulation loses and the
measurement of low concentrations of triglyceride in the washings but mainlyto the fact
that there is a void volume around the gel that accounts for appoximately 10% of
starting volume. Washing the gel reduced this soucre of contamination to 5%.

This methodology was used to study the effect of postprandial chylomicronaemia
of the metabolism of VLDL subfractions after an oral fat load in two different subject
groups; normals and diabetics (see chapters VI and VII).
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