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Abstract

The majority of Remnant Lipoproteins (RLP) in the post-
prandial plasma have been believed to be chylomicron (CM) 
remnants (exogenous remnants; RLP-apoB48) derived from 
the intestine, not VLDL remnants (endogenous remnants; 
RLP-apoB100) derived from the liver. However, we propose 
that the majority of CM remnants are first incorporated into 
the liver by endocytosis via the LDL receptor and LDL-re-
ceptor-related protein (LRP) and reused for the reconstitu-
tion of VLDL as VLDL apoB48 formation. Therefore, most of 
the postprandial remnants with apoB48 in the postprandial 
plasma are not the escaped CM remnants from the hepatic 
capture along with lipids and other apolipoproteins. Subse-
quently, apoB48 is reconstituted in VLDL as VLDL apoB48 
through the recycling endosome and Microsomal Transfer 
Protein (MTP) itinerary, which is similar to that of VLDL 
apoB100 formation in the liver, and it is secreted into the cir-
culation as VLDL apoB48. Because these particles are newly 
reconstituted in the liver as a portion of VLDL, we propose 
that both RLP-apoB100 and RLP-apoB48 are endogenous 
VLDL remnants secreted from the liver after fat-rich meal 
intake. Furthermore, we predict the presence of a metabolic 
pathway for the formation of VLDL apoB48 functionally ac-
tive for several hours after fat-rich meal intake along with 
the processing of VLDL apoB100 in the liver in humans.
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Introduction

Plasma apoB48 is a component of intestinal chylomicrons 
(CM) which are metabolized to CM remnants by lipoprotein li-
pase (LPL) at the endothelium, and incorporated into the liver 
with a very short half-life after a fat-rich meal [1]. The particle 
size of CM remnants is significantly smaller than CM and is of 
similar size to VLDL and its remnants. Therefore, the CM rem-

nants with apoB48 have been thought of different origin from 
VLDL remnants with apoB100, which are produced and secret-
ed from the liver. Both of these remnant lipoproteins (RLP) in 
the postprandial plasma are simultaneously isolated and deter-
mined by means of an immuno-separation method (RLP-C and 
RLP-TG assay) [2,3]. Therefore, we have long believed that the 
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RLP in the postprandial plasma contain both CM remnants (ex-
ogenous remnants; RLP-apoB48) and VLDL remnants (endog-
enous remnants; RLP-apoB100) of different origin site, i.e. were 
produced and secreted from the intestine and liver, respective-
ly. However, as we found there to be a well synchronized fluc-
tuation of apoB48 and RLP-C, RLP-TG in the postprandial plasma 
after a fat load (Table 1) [4,5], we suspected that the apoB48 
in the postprandial plasma detected as RLP–apoB48 may be 
derived from the liver along with RLP-apoB100. RLP-apoB48 
in plasma may be composed of newly reformed VLDL derived 
from CM remnants in the liver, which is not directly secreted 
from the intestine or the CM remnants that have escaped he-
patic capture. In an effort to understand the characteristics of 
remnants, we have paid attention to the postprandial remnants 
reported by others as well as ourselves to clarify if there really 
are two kinds of RLP with different origins in plasma, as is gener-
ally accepted. 

Early studies of CM and VLDL metabolism 

Nestel et al [6,7] and others [8-10] have reported the impor-
tance of the liver for the clearance of CM in hepatectomized 
dogs and rats in the 1960s and ‘70s. The hepatectomized ani-
mals in these studies displayed significantly delayed clearance 
of CM remnants from the circulation (Figure 1). When similarly 
isotope-labeled CM were infused into normal dogs, the liver 
removed almost all of the infused CM cholesterol radioactivity 
with a half-life of 10 min, but only a smaller and variable fraction 
of the triglyceride fatty acid radioactivity was detected. How-
ever, in the hepatectomized dogs in which the liver was either 
completely or partially excluded from the circulation, radioac-
tivity was removed considerably more slowly in the cholesterol 
fraction than in the triglyceride fatty acid and phospholipid frac-
tions [7] (Figure 1). TG and phospholipids are metabolized by 
Lipoprotein Lipase (LPL) in extrahepatic tissue, but cholesterol 
and apolipoproteins are removed by the liver via endocytosis of 
CM remnants. Therefore, apoB48 is incorporated into the liver 
and metabolized at VLDL production. (As apoB48 was not dis-
covered until 1980, we have compared RLP-C with cholesterol 
in plasma) 

We examined the relationship between CM remnants and 
VLDL apoB100 after fat load in healthy and unhealthy humans.
We found a close parallelism between apoB 48 and RLP-C in 
the postprandial plasma in 4 h and 6 h after a fat load, both in 
healthy- and unhealthy- volunteers (unpublished data) (Figure 
2). 

Johanson et al. [11] employed an 8-h meal tolerance test (919 
kcal, 51 g fat) in which lipoproteins were separated by a density 
gradient ultracentrifugation method [12,13]. They separated 
the TG-rich lipoproteins such as CM apoB48 and CM apoB100, 
VLDL1 apoB100 and VLDL1 apoB-48, and VLDL2 apoB100 and 
VLDL2 apoB48. ApoB-48 and apoB-100 were found in all of the 
fractions, which were separated by Svedberg flotation (Sf) rate 
ultracentrifugation (CM >sf 400, VLDL1 (sf 60-400) and VLDL 2 (sf 
20-60)) [11]. As shown in the AUC analysis after a fat rich meal, 
the CM apoB48 and CM apoB100 concentrations were very low, 
while the VLDL 1 apoB48 and VLDL1 apoB100 concentrations 
were parallel and the highest after meal intake. A similar trend 
was observed for VLDL2 after a fat-rich meal intake, which is a 
smaller VLDL fraction with a much higher apoB48 concentration 
than CM apoB48. These results suggest that apoB48 is mostly 
present in the VLDL fraction after fat-rich meal intake, while a 
small amount of CM apoB48 remains in the circulation for an 8 
hour period. These highly synchronized apoB48 and apoB100 

fluctuations suggest that VLDL apoB48 and VLDL apoB100 may 
be formed simultaneously in the liver after the intake of a fat-
rich meal intake. Johanson el al. [11] also reported that elevated 
VLDL1- TRL in the postprandial state is a potentially atherogenic 
trait before any changes in fasting lipid parameters, body com-
position or lifestyle are detectable, and may well contribute to 
an excessive risk for future coronary events. These clinical re-
sults are very similar to those reported for RLP-C as a risk factor 
for atherosclerosis [14,15]. 

Kinetics of apoB48 and apoB100 after a fat-rich meal

Schaefer [16] observed that the plateau for TRL apoB48 ap-
proached that of VLDL apoB-100. They investigated TRL apoB-
48 and apoB-100 kinetics within VLDL-, IDL-, and LDL-containing 
lipoproteins. Primed-constant infusion of deuterated leucine 
was used for subjects maintained in a constantly fed state. Mul-
ticompartmental modeling was performed to assess the differ-
ence in the kinetic parameters between apoB48 and apoB100. 
The overall results of human stable isotope kinetics studies re-
ported in the 1990s indicated that the average residence time 
of CM apoB-48 and VLDL apoB-100 in plasma was similar [4-5 
h]. However, VLDL apoB-100 production was approximately 10-
fold higher than CM apoB-48 in the fed state.

Recently Björnson E et al. [17] published a kinetic study 
of apoB48 and apoB100 after a fat-rich meal (Figure 3). They 
showed human apoB48 metabolism using a new, integrated 
non-steady-state model of apoB48 and apoB100 kinetics. Mass 
spectrometric techniques were used to determine the mass and 
trace enrichment of apoB48 in the CM, VLDL1 and VLDL2 den-
sity intervals. An integrated non-steady-state multi-compart-
mental model was constructed to describe the metabolism 
of  apoB48- and apoB100-containing lipoproteins following a 
fat-rich meal, as well as during prolonged fasting. The kinetic 
model analyzes the metabolism of apoB48  in CM, VLDL1 and 
VLDL2. It predicted a low level of basal apoB48 secretion and, 
during fat absorption, an increment in apoB48 release into not 
only CM, but also directly into VLDL1 and VLDL2. ApoB48 par-
ticles with a long residence time were present in VLDL, and in 
subjects with high plasma triglycerides, these lipoproteins con-
tributed to the apoB48 measured under fasting conditions. The 
fractional catabolic rates for apoB48 in VLDL1 and VLDL2 were 
substantially lower than for apoB48 in CM. They displayed very 
similar kinetic results for plasma apoB48 VLDL 1 and 2 along 
with apoB100 VLDL1 and 2 after a fat-rich meal, as Johanson 
el al. [11] reported. However, we realized that Björnson et al. 
[17] still defined VLDL1 apoB48 as the origin of CM remnants 
because of the presence of apoB48 in the lipoprotein fraction. 

Postprandial remnant lipoproteins; CM remnants and VLDL 
remnants 

We previously reported the characteristics and clinical sig-
nificance of VLDL remnants (i.e. RLP) in the postprandial plas-
ma [4,5]. The RLP level is strongly associated with the habits 
of daily life such as the kind of foods taken and frequency and 
strength of exercise [18], including those that lead to deleteri-
ous conditions such as metabolic syndrome. However, the key 
plasma factor which critically initiates and bridges the “fat-rich 
meal and lack of exercise” life habits and “obesity and insulin 
resistance” has not been established. We hypothesized that 
RLP may be the bridge between life style factors and metabolic 
disorders and that these RLP are originally based on the VLDL 
in the liver that is derived from the CM remnants formed after 
the intake of a fat-rich meal in order to distribute energy to the 
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peripheral tissues. Since it has been shown that the formation 
of VLDL remnants (RLP-C and RLP-TG) after food consumption 
can be controlled by appropriate food intake and exercise [19], 
atherosclerotic disease may be most effectively prevented by 
changing the life style so as to reduce VLDL remnant formation. 
As VLDL remnants precede the manifestation of insulin resis-
tance in the metabolic domino process [18], VLDL remnants are 
a better target for disease prevention than LDL-C, which can-
not be easily reduced by a modulation of exercise or food in-
take. We believe that when elevated VLDL remnant levels in the 
plasma persist, insulin resistance is induced associated with vis-
ceral obesity and this accelerates the initiation and progression 
of various atherosclerotic diseases. Therefore, it may be more 
important to determine the origin of VLDL remnants than any 
of the other lipoproteins, as they constitute the bridge between 
life style factors and metabolic disorders, so serve as an excel-
lent target for preventative measures.

We have reconsidered the role of CM remnants with apoB48 
that are derived from a fat-rich meal and have been commonly 
believed to be the major postprandial remnants since Zilversmit 
first proposed this characterization [20]. CM remnant particles 
are recognized by the liver and rapidly cleared from plasma. 
This process is believed to occur in two steps. (i) An initial se-
questration of remnant particles on hepatic cell surface proteo-
glycans, and (ii) receptor-mediated endocytosis of remnants by 
hepatic parenchymal cells. The initial binding to proteoglycans 
may be facilitated by lipoprotein lipase and hepatic lipase, each 
of which possesses both lipid- and heparin-binding domains. 
The subsequent endocytic process may be mediated by LDL re-
ceptors and/or LRP [21]. Both of these receptors have a high af-
finity for apoE, a major apolipoprotein component of remnant 
particles. CM is hydrolyzed by the LPL in capillary endothelial 
cells, and most CM remnants are incorporated into the liver 
a short time after entering into the blood circulation. The CM 
remnant half-life after intravenous injection is reported to be 
5-13 min in normal controls [6-8]. Grundy et al. [9] reported 
that in 21 patients with normal TG levels, the CM clearance 
rate was extremely rapid (t1/2 for chylomicron-TG=4.5±2.9 (SD) 
min). In 30 patients with lipemia, this clearance was generally 
prolonged (t1/2=23±5.5 min). These results correlate with the 
delay in postprandial remnant clearance found in cardiovascu-
lar diseases [22,23] (Figure 2). However, hepatectomized dogs 
and rats display significantly delayed CM remnant clearance 
from the circulation after fat or CM ingestion [6-10]. This means 
the liver plays the major role in clearing CM remnants bearing 
apoB48 from the circulation by endocytosis. The postprandial 
plasma apoB48 increases in parallel with TG 4-6 h after fat in-
take, the same timing as the RLP-C and RLP-TG increase (Table 
1). We reported previously that the RLP particle size is larger 
than non-RLP VLDL [24], because RLP significantly increases the 
TG content after fat intake. The HPLC profiles of RLP after a fat 
load (0, 4h, and 6 h) monitored by cholesterol and TG in a nor-
mal control and hyperlipidemic patient exhibited a major peak 
of VLDL sized particles, not CM [4,5] (Figure 4), as confirmed 
by ultracentrifugation [11]. Also, the plasma TG, RLP-TG and 
ApoB48 levels after a fat-load test displayed significantly related 
fluctuations of the parameters in cases of normal controls and 
CEPT deficiency. 

An approximate 10-fold concentration of VLDL remnants 
(RLP-apoB100), not CM remnants (RLP-apoB48), was shown 
to be associated with increased plasma TG after a fat load [5]. 
HPLC analysis also showed that the particle size of postprandial 
RLP-apoB48 is similar to that of RLP apoB100 [25]. These results 

support the notion that the apoB48 incorporated into the liver 
as CM remnants is reconstituted as a portion of VLDL to form 
VLDL apoB48 after fat intake by an unknown mechanism, but 
which may be a physiological pathway that is similar to VLDL 
apoB100 formation. If these increased apoB48 particles are CM 
apoB48 particles that have escaped hepatic capture, the profile 
of related fluctuations after fat intake would not be so well syn-
chronized with the VLDL apoB100 particles. 

Currently accepted concepts regarding CM remnants in the 
postprandial plasma

Although CM remnants are cleared from the blood circu-
lation with a very short half-life, it takes considerable time to 
form CM in the intestine from digested long-chain fatty acid tri-
glycerides (LCT) after fat intake. Because of the hydrophobicity 
of LCT, the formation of CM is necessary in order to distribute 
LCT into the circulation via the lymph ducts. Therefore, the in-
crease of apoB48 in the postprandial plasma may be delayed for 
2-4 h after oral fat intake, which is very similar in timing to the 
increase in VLDL apoB100 and their remnants in the circulation. 
However, certain fatty acids, such as medium chain triglycerides 
(MCT) and diacylglycerol (DG), do not significantly increase the 
plasma TG or RLP levels (including apoB48), because MCT and 
DG barely form CM in the intestine, as they are absorbed in the 
intestine and smoothly incorporated into the liver via the portal 
vein because of their hydrophilicity [26,27]. 

These results suggest that the CM remnants that are origi-
nally formed in the intestine are increased in the circulation 2-4 
hours after oral fat intake, a timing which coincides with the 
increase in VLDL apoB100. These CM remnants have been con-
sidered to be lipoproteins that have escaped hepatic capture. 
Another factor is the presence of small sized apoB48 particles 
in the postprandial plasma. These particles are usually identi-
fied as small CM remnants. Therefore, VLDL or IDL sized apoB48 
particles are believed to be hydrolyzed CM remnants. These 
particles fluctuate similarly in the circulation in parallel with 
VLDL apoB100 particles after fat intake, having escaped hepatic 
capture. These concepts are generally well accepted and are 
ones we have long believed. However, the relationship between 
small CM remnants and VLDL1 apoB48 and VLDL2 apoB48, has 
yet to be well elucidated [28-30].

Mechanism underlying the formation of VLDL apoB48 rem-
nants 

VLDL apoB48 is originally proposed because of the high con-
cordance of the postprandial increase and decrease of apoB100 
in VLDL and RLP throughout the course of a large number of 
fat loading tests. It is well known that apoB48 in humans is not 
synthesized in the liver because of the lack of APOBEC-1, un-
like the case in mice and rats [31,32]. Therefore, the apoB48 
protein synthesis in the liver that occurs after fat intake in these 
animals does not occur in humans. The endocytosis of CM rem-
nants through receptors such as LRP in the liver may be associ-
ated with the formation of VLDL apoB48. The mechanism for 
the uptake of CM remnants into non-degrading intracellular 
itineraries for re-secretion (transcytosis, retro-endocytosis) as 
VLDL is largely unknown [33], but we speculate the presence 
of apoB48 recycling endosome pathway after early or late en-
dosome process which functions during several hours after fat-
rich meal intake. It has become clear that most of the CM rem-
nants with apoB48 are very rapidly incorporated into the liver 
from the circulation along with lipids and other apolipoproteins 
via the LDL receptor and LRP. Véniant et al. [34] reported that 
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LRP is most important for the clearance of apo-B48–contain-
ing lipoproteins, but plays no significant role in the clearance of 
apo-B100–containing lipoproteins. Subsequently, apoB48 may 
not be degraded in the liver, but rather, used for the reconstitu-
tion in VLDL as VLDL apoB48 through the recycling endosome 
pathway utilizing Microsomal Transport Protein (MTP) [35]. This 
is similar to the process of VLDL apoB100 formation, and it is 
secreted into the circulation as VLDL1, 2 apoB48 and their rem-
nants [11]. As CM is only scantly synthesized in the intestine 
by MCT and DG, VLDL apoB48 may not be evidently produced 
or increased in the circulation after those fat intake [26, 27]. 
These results suggest that apoB48 and apoE are the ligands of 
the CM remnants used for the endocytosis in the liver, a process 
mediated mainly by LRP [35]. Therefore, VLDL apoB48 is recon-
stituted in the liver and fluctuates in parallel with TG and VLDL 
apoB100 (i.e. RLP) in the postprandial plasma for the formation 
of VLDL remnants (Figure 5). These lipoprotein profiles after fat 
intake display an unexpected concordance. Therefore, most CM 
remnants are incorporated into the liver and reappear in the 
plasma in a small pool of soluble lipoproteins as VLDL apoB48 in 
the form of VLDL1 and VLDL 2 [11]. Although the precise mech-
anism underlying this metabolic pathway for the formation of 
VLDL apoB48 is currently unknown, most of the apoB48 par-
ticles in the postprandial plasma are found in the VLDL1 and 2 
fractions, which are produced in the liver, and they were identi-
fied as VLDL by ultracentrifugation separation and their particle 
size was determined by HPLC. 

Conclusions

It has long been a question for us why the fluctuations of 
apoB48 in RLP after fat intake are always synchronized with 
apoB100 in RLP (RLP-C) in the fat loading studies over the course 
of many years in spite of the different origin and secretion sites. 
Therefore, we hypothesized that the CM remnant apoB48 after 
fat intake in humans is reconstituted or remodeled in the liver 
as VLDL apoB48 along with VLDL apoB100 formation by a spe-
cific pathway that is actively functional for a period of several 
hours after fat-rich meal intake, unlike the case in mice and rats 
which can synthesize apoB48 in the liver. In order to prove this 
hypothesis, it is necessary to clarify the new pathway underly-
ing the incorporation of apoB48 into the VLDL particles in the 
liver after fat intake. The interaction with MTP and the pres-
ence of recycling endosome needs to be investigated to proper-
ly elucidate the role of the apoB48 particle formation pathway 
in the liver. If the new pathway of VLDL apoB48 formation is 
indeed demonstrated, the remnant lipoproteins isolated by an 
immuno-separation method as “RLP apoB48” would be defined 
as VLDL remnants, not CM remnants, because those particles 
are newly reconstituted in the liver as a portion of VLDL, not 
CM remnant particles that have escaped incorporation into the 
liver. Therefore, we propose that RLP-apoB100 and RLP-apoB48 
are both origin of endogenous VLDL remnants produced in the 
liver after fat-rich meal intake. The majority of CM remnants af-
ter fat intake are metabolized in the liver, reconstituted as VLDL 
and VLDL remnants and then provided to the heart, muscles, 
adipocytes, endothelium, etc. as an energy source in the form 
of lipoproteins, similar to the role of blood sugar (Figure 6). 
However, VLDL remnants play the major role as the initiator of 
the metabolic domino effect in cardiovascular diseases when 
supplied continuously in excess [18,19,36].

Table 1: Serum levels of lipids, lipoproteins and its ratio after 
oral fat load in healthy Japanese male volunteers.

Figure 1: Metabolism of the constituent lipids of canine chy-
lomicrons. When isotope labeled chylomicrons were infused in 
normal dogs, the liver removed almost all the infused chylomi-
cron cholesterol radioactivity with half-life of 10 min, but only a 
smaller and variable fraction of the triglyceride fatty acid radio-
activity. However, in hepatectomized dogs in which the liver was 
either completely or partially excluded from the circulation, the 
radioactivity was removed considerably more slowly in the cho-
lesterol fractions than in the triglyceride fatty acid or phospholipid 
fractions. 

Figure 2: A close parallelism was found between ApoB 48 and 
RLP-C in the postprandial plasma in 4 h and 6 h after a fat load. 
The fluctuation of apoB48 and RLP-C in after a fat load is shown in 
figures (a) to (d). 

0hr 4hr 6hr

TC (mg/dL) 208±7 209±6 208±5

TG (mg/dL) 101±15 210±31** 165±33*

HDL-C (mg/dL) 70±6 68±6 68±8

LDL-C (mg/dL) 121±8 118±8* 119±7

RLP-C (mg/dL) 4.8±0.5 8.2±1.1** 8.0±1.6*

RLP-TG (mg/dL) 13±2 100±20** 69±20**

Apo B (mg/dL) 100±5 100±5 100±6

Apo B-48 (µg/mL) 0.53±0.04 0.99±0.14** 0.92±0.14**

RLP-TG/TG 0.13±0.04 0.46±0.14 0.36±0.13

RLP-TG/RLP-C 2.8±0.4 12.3±1.5** 7.8±0.9**

P.J Nestel et al. Metabolism of constituent lipids of dog chylomicrons.  
Journal of Clinical Investigation. 1963; 42: 1313-21. 

The statistical significance of difference was determined with the 
Mann-Whitney U test. *p<0.05, **p<0.01.
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Figure 3: Kinetics of apoB48 and apoB100 after a fat-rich meal. 
Human apoB48 metabolism was studied using a new, integrated 
non-steady-state model of apoB48 and apoB100 kinetics. Mass 
spectrometric techniques were used to determine the mass and 
trace enrichment of apoB48 in the CM, VLDL1 and VLDL2 density 
intervals. 

E. Bjornson et al. Journal of internal Medicine: 2019; 285: 562-577.

Figure 4: HPLC profiles of RLP after a fat load (0, 2h, 4h, 6 h) 
monitored by TC and TG in a normal control and a hyperlipidemic 
patient. The majority of RLP was detected in the VLDL fraction, not 
the CM fraction.

Nakajima K et al. Clin Chim Acta. 412 (2011)1306

Figure 5: Mechanisms of TRL endocytosis and ApoB48 recy-
cling. TRL endocytosis in a prototypical hepatocyte is presented. 
The mechanism for the uptake of CM remnants into non-degrading 
intracellular itineraries for re-secretion (transcytosis, retro-endo-
cytosis). The presence of apoB48 recycling endosome pathway 
after early or late endosome process together with MTP for the 
formation of VLDL apoB48 is proposed in hepatocyte.

Figure 6: Metabolic pathway of postprandial lipoproteins after 
fat intake. The intestine secretes CM, the triglycerides of which are 
lipolyzed by LPL. The LPL reaction constitutes the initial process 
in the formation of CM remnants. CM remnants interact with the 
LDL receptor and LRP, and are internalized in the liver, where they 
are reformed into VLDL as VLDL apoB100 and VLDL apoB48. The 
VLDL secretion process is partly regulated by the rate of free fatty 
acid formation from CM remnants influx into the liver. VLDL triglyc-
erides are lipolyzed by endothelial-bound LPL and VLDL remnant 
particles are formed. The final VLDL remnant composition contains 
apoB100, apoB48, LPL, Lp(a) and other ligands, and is modulated 
by the cholesterol ester transfer protein (CETP) reaction with HDL 
and hepatic lipase (HTGL) along with the exchange of soluble apo-
lipoproteins such as C-I, C-II, C-III and E. The great majority of the 
remnants are removed from the plasma by VLDL receptor-medi-
ated processes. The principal receptors for CM remnants are the 
LDL receptor and LRP in the liver, whereas the VLDL remnants are 
more likely to bind and be internalized by the VLDL receptor in the 
peripheral tissues such as the heart, adipocytes, muscle, brain and 
endothelium.
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