Predicting Plasma Lipoprotein Profiles

Supplement S3. Explanations to the
Model Parameter Values

Basically, in all processes (except birth and death of
lipoprotein complexes) a lipoprotein component either
newly enters or is removed from a lipoprotein com-
plex. The rate depends on the amount of a kind of
reservoir/transporter available in plasma and/or on the
amount of the lipoprotein component in the appropriate
lipoprotein complex, respectively. The underlying reaction
mechanism can either be monomolecular (e.g. EffluxA) or
bimolecular (e.g. ExchangeC 4) which is important to know
while comparing the stochastic rate constant with parame-
ters obtained from, e.g. tracer kinetic studies. In case of a
monomolecular reaction both constants are equal. Since bi-
molecular reactions depend on the collision probability of
both reaction partners the rate constant even depends on
the volume in that the reaction takes place (Eq. ).
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where ¢, and k; are the stochastic and kinetic rate con-
stants of reaction y, respectively. Ny is the Avogadro con-
stant and V' denotes the small sample volume used in the
stochastic simulation. Most of the transfer and exchange
processes in plasma are bimolecular.

We obtained a set of parameters that entail best agree-
ment of the computed lipoprotein distribution with the ex-
perimental data. The estimated parameters agree in the or-
der of magnitude compared to the kinetic data we found in
the literature with some exceptions (see parameter table).
For example, the estimated value for the selective uptake
of HDL cholesteryl ester (CE), in our model called EffluxA,
is a magnitude less than what is proposed in published
data (0.01 vs. 0.31 day !, respectively) [1]. This might
be caused by summarizing free cholesterol and cholesteryl
ester in one component. The preferred physiological sub-
strate of that efflux reaction is cholesteryl ester and the rate
depends proportional on its concentration. Taking the sum
of total cholesterol instead increases the substrate concen-
tration available. To transport equal amounts of substrate
(e.g. per day) out of the plasma a lower fractional catabolic
rate would compensate a higher substrate concentration.

The comparison of calculated and measured rate con-
stants for elevated processes such as the exchange of
apolipoproteins, cholesteryl ester and triglycerides is diffi-
cult. In the model, the rate constants concern to elementary
processes while kinetic measurements settle on compart-
ment analyses. However, an attempt to relate those kinetic
data to the estimated model parameters is proposed in the
following for some examples. Each of them is marked in
the parameter table with an appropriate index.

a) Transfer of cholesteryl ester from HDL to apoB-100 carry-
ing lipoproteins, e.g. VLDL, by the CETP. This process is
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comparable to the bimolecular reaction we modeled in
ExchangeC 4 which follows the rate law

2)

Jarnagin et al. characterized the specificity of a
cholesteryl ester transfer protein from human plasma
with a molecular weight of 74,000 Dalton [2]. The
total transfer activity Ueycnangec, wWas assayed with

110.52 mg/dl - day~! as the rate of loss of H3-labeled
cholesteryl ester in HDL (50 ug/ml in 0.5 ml incu-
bation volume). The CETP mass is given with 0.049
mg/dl (= 6.6- 10-6 mmol/l). The kinetic rate con-
stant kexchangec,, €quals according Eq. Plthe total trans-
fer activity divided by the concentration of cholesteryl
ester in HDL and by that CETP mass being in its non-
lipid bound form CETP(0) (in our calculations ap-
proximately 25.3 % of total CETP mass). Most of the
CETP is loaded with C while the T-loaded form of
CETP is very rarely with approximately 73.3 % and 1.4
%, respectively.

UexchangeCn = CexchangeCy * C- CETP(O)

UexchangeCA
[CE] - [CETP(0)]
110.52(mg/dl) - day !
10mg/dl - 1.67 - 10~®mmol/1
6.63 - 10° 1/ (mmol - day)

kexchangeCA

According to Eq. [the kinetic rate constant is scaled to
the volume (factor 60220 1/mmol) in that the simula-
tion takes place and agrees in the order of magnitude
to the calculated stochastic rate constant coyxcpangec, in

our model (110.6 vs. 397.1 day’l). However, the ref-
erence HDL-CE concentration is approximately one
third of that in our simulation and the CETP mass
is much less even. Thus, comparing the fluxes (to-
tal transfer activities) instead being 110.52 vs. 72.13
mg/dl - day~! might be more useful.

Transfer of triglycerides (TG) from VLDL to, e.g. HDL by
the CETP. Similarly, Jarnagin et al. provide the rate
value of this process relative to the CE transfer (0.11
nmol TG relative to 1 nmol CE per ml per h). We mod-
eled this bimolecular process in ExchangeTp; which
follows the rate law

®)

UexchungeTgl = CexchungeTgl T CETP(O)

The total transfer activity veycnangets, is 15.87 mg/dl -

d~!, accordingly. From the given CE (100 ug in 0.5
ml incubation volume) to TG ratio for VLDL (0.15)
follows the VLDL-TG concentration of 133.3 mg/dL
By taking the CETP(0) mass given above the (volume
scaled) kinetic rate constant is more than two mag-
nitudes less than the estimated model parameter (1.2
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vs. 887.75 day~!). However, in this case the refer-
ence VLDL-TG concentration is approximately double
of that in our simulation and even the CETP mass is
less. Thus again, comparing the fluxes (total transfer
activity) instead being 15.87 vs. 297.45 mg/dl - day !
might be more useful.

In general, one major reason for discrepancies in these pro-
cesses might be due to the fact that we modeled the ex-
change of CE and TG uncoupled. That means that e.g.
triglycerides (component T) of B-particles can be trans-
ferred as long as triglycerides and an appropriate acceptor
(non-lipid bound CETP) are available independent on the
amount of CE (component C) in A-particles.

The parameters for the transfer and uptake processes of
component F are only slightly interpretable with the cur-
rent state of our model because we do not specify a par-
ticular apolipoprotein. However, Batal et al. investigated
the plasma kinetics of VLDL and HDL apoC-III and apoE,
both are potential candidates for component F [3].

c) Transfer of apolipoprotein F (apoC+apoE) from HDL. We
modeled this process in TransferF, which follows the
rate law

OtransferFy = CtransferFy F- POOZF(O) 4)

Batal et al. have proposed fractional catabolic rates
(FCR) of both apolipoprotein (apo) CIII and E in HDL
with 0.285 and 1.1 day ~!, respectively. The sum of
concentration of apoC-III (5.34 mg/dl) and apoE (2.99
mg/dl) is 8.33 mg/dl. Subsequently, the total transfer
rate of component F is the sum of the transfer rates of
apoC-III (1.52 mg/dl per day) and apoE (3.29 mg/dl
per day) = 4.81 mg/dl per day. This value includes
two elementary processes by which the apolipopro-
teins can disappear: i) by the receptor-mediated up-
take of HDL and ii) by the selective transfer out of
HDL. The uptake rate of F can be calculated from
the FCR (0.2 day_l) and concentration of HDL apoA-I
(118 mg/dl). By taking the proportion of F relative to
apoA-I in a HDL particle we get a HDL apoF uptake
rate of 0.22 mg/dl per day. Accordingly, the transfer
rate out of HDL (difference between the total and the
uptake rate) and the appropriate FCR are 4.59 mg/dl
- day~! and 0.551 day !, respectively. In the model,
the process is formulated in that the monomolecular
transfer reaction also depends on the capacity of the
plasma to accept a further free apolipoprotein of type
F (poolF(0)). The literature reference value, however,
does not consider this factor but can taken from our
calculations (1.2e-3 mmol/l). Thus, the kinetic con-
stant is divided by that factor yielding an experimental
value that agree in one order of magnitude less with
the simulated parameter value (459.2 vs. 56.9 1/mmol
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per day). The volume scaled (factor of 60220 1/ mmol)
values are 7.6e-3 and 9.4e-4 day !, accordingly. Since
this process is monomolecular we scale both constants
equally.

Uptake of apolipoprotein F (apoC+apoE) by HDL.
Apolipoproteins can also newly enter a lipoprotein
complex, e.g. an A-particle. In our model, this bi-
molecular process is called UptakeF, and follows the
rate law

Z7upt1/7kel~"A = CuptakeFA . pOOlF (5)

Batal et al. [3] provide a transfer rate (TR) for
HDL apoC-IIl and apoF of 0.8 mg/kg-day~! and
1.56 mg/kg-day~!, respectively. Thus, for both
apolipoproteins the total transfer activity being 5.24
mg/dl-day~! (0.45 dl/kg body weight). This value
again comprises two processes by which apolipopro-
teins can enter a lipoprotein complex: i) as compo-
nents of newly synthesized A-particles and ii) by the
selective uptake from a free plasma pool. Since in our
model nascent A-particles are free of apoC and apoE
the total transfer activity equals the uptake activity
from a free plasma pool. Thus, the kinetic rate con-
stant yields the value of 4.77 day~! by dividing the
uptake activity by the concentration of the free plasma
pool (approximately 1.1 mg/dl). However, this exper-
imental rate constant does not taking int account the
amount of lipoprotein complexes being available as
acceptor molecules in the plasma. In the simulation
approximately 0.02 mmol/l of A-particles are present
by which the kinetic rate constant is divided. Accord-
ing to Eq. [ the kinetic rate constant is scaled to the
volume (factor 60220 1/mmol) in that the simulation
takes place and agrees in the order of magnitude with
the estimated stochastic rate constant (3.9e-3 vs. 1.9e-3
day 1.

Transfer of apolipoprotein F (apoC+apoE) from VLDL. We
modeled this process in Trans ferFg which follows the
rate law

OtransferFg = CtransferFg * E- pOOlF(O) (6)

FCR of apoC-III and VLDL apoE in VLDL proposed
by Batal et al. [d] are 0.85 and 4.76 day~!, respec-
tively. Concentrations are 3.59 mg/dl VLDL apoC-III
and 0.72 mg/dl VLDL apoE - in sum 4.31 mg/dl. The
total transfer activity for both apolipoproteins is 6.48
mg/dl per day. Assuming that the selective transfer of
the apolipoproteins takes a minor part the rate was set
to 0.5 mg/dl per day. The kinetic rate constant is then
divided by the factor poolF(0) (see c)) and agrees well
to the model parameter value (96.67 vs. 120.541/mmol
per day). The volume scaled (factor of 60220 1/ mmol)
values are 1.6e-3 and 2.0e-3 day !, accordingly. Since
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this process is monomolecular we scale both constants
equally.

Uptake of apolipoprotein F (apoC+apoE) by VLDL. In our
model, this bimolecular process is called UptakeFp and
follows the rate law

vuptukeFB = CuptungB . POOZF (7)

Batal et al. [3] provide a transfer rate (TR) for VLDL
apoC-1II and apoF of 1.35 mg/kg -day~! and 1.59
mg/kg -day~!, respectively, yielding a total trans-
fer activity of 6.53 mg/dl -day~! (0.45 dl/kg body
weight). The rate of selective uptake of component F
from the plasma pool (difference of total transfer activ-
ity and fractional synthesis) is assumed to be approxi-
mately half of the total synthesis rate (=3.25 mg/dl per
day). According to d) the kinetic rate constant is ob-
tained by: i) dividing the selective uptake activity by
the concentration of the free ‘apoF’ in plasma (poolF
approximately 1.1 mg/dl), ii) dividing the amount
of lipoprotein complexes being available as acceptor
molecules in the plasma (in the simulation 8.04e-4
mmol/l) and iii) scaling to the volume (factor 60220
1/mmol) in that the simulation takes place. Finally, the
experimental value agrees in one order of magnitude
less t(l) the simulated parameter value (0.061 vs. 3.5e-3
day™")

Transfer of apolipoprotein A from HDL. We modeled this
process in Transfer A which follows the rate law

UtransferA = CtransferA " A- pOOlA(O) 8)

Cohn et al. [4] provide FCR and total transfer activ-
ity of HDL apoA-I of 0.196 day_1 and 24.44 mg/dl
per day. The concentration of HDL apoA-I is given
with 118.4 mg /dl. According to c) the transfer activ-
ity includes two elementary processes by which apoA-
I can disappear: i) by the receptor-mediated uptake of
HDL and ii) by the selective transfer out of HDL. The
receptor-mediated uptake rate is 23.13 mg/dl per day
(FCR times concentration) yielding the selective trans-
fer rate of 1.31 mg/dl per day (difference of total trans-
fer rate and receptor-mediated uptake rate). Accord-
ing to Eq. B the kinetic rate constant is obtained by: i)
dividing the concentration of HDL apoA-1, ii) dividing
by the factor pool A(0) being the capacity of the plasma
to accept a further free apolipoprotein A-I (in our sim-
ulation 0.002 mmol/1). Finally, the experimental value
agrees in the order of magnitude to the model param-
eter value (5.53 vs. 12.62 1/mmol per day). The vol-
ume scaled (factor of 60220 1/mmol) values are 9.2e-
5 and 2.0e-4 day !, accordingly. Since this process is
monomolecular we scale both constants equally.
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h) Uptake of apolipoprotein A by HDL. In our model, this
bimolecular process is called UptakeA and follows the
rate law

OuptakeA = CuptakeA POOZA 9)

HDL apoA-I total transfer activity of 24.44 mg/dl per
day is taken from [4]. This value includes i) apoA-I
as component of newly synthesized A-particles and
ii) the selective uptake of apoA-I from a free plasma
pool. In the model, newly synthesized particles con-
tain two apoA-I molecules. Together with the syn-
thesis rate of 4e-3 mmol/1 per day and the molecu-
lar weight of 28500 g/mol we get a selective synthesis
rate of 22.8 mg/dl per day. Thus, the selective uptake
rate from the plasma is 1.64 mg/dl per day (difference
of total transfer activity and selective synthesis rate).
The kinetic rate constant is obtained by: i) dividing the
selective uptake rate by the concentration of the free
‘apoA’ in plasma (in the model pool A approximately
0.01 mg/dl), ii) dividing the amount of lipoprotein
complexes being available as acceptor molecules in the
plasma (in the simulation 0.02 mmol/1) and iii) scal-
ing to the volume (factor 60220 1/mmol) in that the
simulation takes place. Finally, the experimental value
agrees in one order of magnitude less to the simulated
parameter value (0.136 vs. 0.02 day').

For processes such as EffluxB, ExchangeTy,
ExchangeCp and ExchangeTp, no suitable reference
values could be found.
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