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Intestinal lipid transport is a highly evolved and astonishingly efficient process whose
genetic basis and metabolic regulation continues to provide surprises. The essence of the
process (Figure 1) involves uptake of micellarized dietary long chain fatty acids (FA) and
monoglyceride across the microvillus membrane, transport through apical cytoplasmic
domains, and enzymatic reassembly into complex lipid droplets within membrane profiles of
the endoplasmic reticulum (ER) 1. These lipid droplets then fuse with a requisite structural
protein, apolipoprotein B48 (apoB48), in a process involving physical interaction of the
nascent apoB48 protein at its amino terminus with a resident ER chaperone, microsomal
triglyceride transfer protein (Mttp), thereby initiating formation of a primordial lipoprotein
particle 1. Further addition of neutral lipid within the ER allows progressive enlargement of
the lipoprotein particle, which is surrounded by a single molecule of apoB48 1. The
maturing lipoprotein particles (prechylomicrons) undergo vectorial vesicular transport
through Golgi membranes 2 where they undergo terminal modifications and are secreted as
mature chylomicron (CM) particles into the lacteal for transport into the mesenteric lymph.
Among the continuing mysteries is the nature and identity of the microvillus membrane FA
carrier(s) and the role of paracrine and endocrine influences on the dynamics of intestinal
lipoprotein assembly and secretion.

One of the leading candidates proposed to mediate facilitated FA uptake across the
microvillus membrane is the multi-ligand scavenger receptor CD36, which is expressed on
the plasma membrane of many tissues including adipose tissue, skeletal muscle, and liver as
well as on the apical membrane of enterocytes lining the small intestine 3. Just how CD36
participates in the regulation of intestinal lipoprotein assembly and secretion is the focus of
considerable investigation (discussed below), but studies in the current issue of
Gastroenterology by Adeli and colleagues 4 add further insight by demonstrating that
hamsters and mice treated with the intestinotrophic hormone glucagon-like peptide 2
(GLP-2) manifest increased CM secretion and increased accumulation of post-prandial
serum lipids within 30 minutes of GLP-2 treatment. GLP-2 induced augmentation of lipid
trafficking was not observed in Cd36 −/− mice, implying that GLP-2 stimulates lipid uptake
and secretion via a pathway requiring CD36. New questions concerning intestinal lipid
metabolism are raised by the current work, including the identity of the receptor(s) and other
trans-acting factors required for signal transduction following acute GLP-2 administration,
as well as the biochemical role of CD36 in modulating intestinal CM formation and
secretion and the intracellular compartment(s) involved.
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GLP-2 is a 33 residue peptide produced by posttranslational proteolytic cleavage of
proglucagon from intestinal L cells [Reviewed in 5]. In addition to its intestinotrophic
actions, GLP-2 stimulates glucagon secretion, reduces gastric acid secretion and increases
post-prandial serum triglyceride (TG) when administered to humans 6. Adeli and colleagues
found increased serum TG and apoB48 levels after GLP-2 treatment of hamsters and
increased apoB48 secretion from isolated jejunal segments 4. However, the signaling
pathways by which GLP-2 treatment induces alterations in intestinal CM production remain
obscure. Enterocytes do not express GLP-2 receptor (GLP-2R) and the trophic effects of
chronic GLP-2 administration likely occur through liganding of GLP-2R on nearby cells,
including enteroendocrine L cells, resulting in increased production of growth factors such
as IGF-1 (Figure 1). Recent studies in Glp2r−/− mice suggest that the downstream effects
GLP-2 on intestinal growth are mediated by ErbB signaling 7, while GLP-2 mediated
increases in intestinal blood flow—which occur within minutes of GLP-2 administration—
are blocked by inhibitors of nitric oxide production 8. Future studies will presumably
address whether similar signaling pathways mediate the acute effects of GLP-2 on intestinal
lipid metabolism.

Adeli and colleagues observed that serum TG and apoB48 levels increase in parallel
following GLP-2 treatment, which most likely reflects an increase in CM number rather than
a change in the size or lipid content of CM particles 4. Interestingly, GLP-2 did not augment
CM production through enhanced ApoB48 synthesis or increased Mttp mRNA expression,
proteins required for the rate-limiting step in intestinal lipoprotein synthesis and secretion 4.
Instead, augmented intestinal lipid secretion appears to correlate with increased
glycosylation of CD36, a modification shown to alter CD36 localization 9, although these
conclusions are tempered by the finding that apical intestinal membranes from GLP-2
treated and control animals contained comparable amounts of glycosylated CD36 4 (Figure
3E). The observation that the GLP-2 induced increase in post-prandial TG was lost in
Cd36 −/− mice suggests a role for this gene in modulating intestinal lipid secretion.

Although there is general consensus that CD36 plays a role in the uptake and intracellular
metabolism of long chain FA and cholesterol in the small intestine 3, 10–12, it is still unclear
exactly how CD36 might regulate intestinal CM production. Genetic, biochemical and
functional evidence all suggest that Mttp-dependent fusion of lipid droplets with apoB48 in
the ER represents the crucial restriction point in intestinal CM formation 13. Mttp activity,
not FA availability, is generally believed to be limiting in this process. Adeli and colleagues
suggest that glycosylated CD36 facilitates lipidation of apoB48 by increasing FA transport,
although the cellular compartment(s) involved in such facilitated lipidation (ER or Golgi)
remains to be defined. While further study is needed to confirm the significance of intestinal
CD36 glycosylation, it has been demonstrated that CD36 translocates from an intracellular
compartment to the plasma membrane in skeletal and cardiac muscle, increasing long chain
FA uptake 14, 15.

Previous studies in Cd36 −/− mice demonstrated impaired intestinal CM secretion,
particularly in response to bolus lipid administration, and showed that the effects of CD36
deletion are regionally selective, preferentially involving the proximal small intestine 11, 12.
Other work has expanded our understanding of the functional role of intestinal CD36 in the
facilitated transport of dietary very long chain FA by demonstrating that the transport
efficiency of FAs with chain lengths greater than C20 was significantly decreased in
Cd36 −/− mice, and transport of C24:0 FA was virtually eliminated 10. The functional
interpretation and physiological impact of these findings, however, is balanced against
observations that net fat absorption (both cholesterol and FA, as revealed by fecal output or
dual isotope labeling studies) is unimpaired in Cd36 −/− mice, suggesting that recruitment of
more distal regions of the intestine may compensate for the subtle loss of function resulting
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from CD36 deletion in the proximal small intestine 11, 12, 16. To make matters even more
confusing, recent studies demonstrated that CM secretion into mesenteric lymph of Cd36 −/−

mice was actually increased rather than decreased 17. Taken together, the findings suggest
that intestinal CD36, while not required for lipid absorption, may play a facilitative role in
the proximal intestinal absorption of long and very long chain FAs, and perhaps provide a
mechanism to acutely upregulate intestinal lipid secretion.

Among the factors contributing to the ambiguity surrounding the role of CD36 in promoting
intestinal CM production is the systemic role of CD36 in regulating FA uptake into adipose
tissue, liver, and skeletal muscle. Cd36 −/− mice display increased fasting serum FA levels
that cause accumulation of chylomicron remnants, evidenced by elevated TG levels and
increased abundance of apoB48, despite normal lipase activity 3, 17. Elevations of both
fasting TG and apoB48 were noted in Cd36 −/− mice by Adeli and colleagues 4,
complicating interpretation of the effects of GLP-2, since the background influence of
reduced hepatic CM clearance is difficult to discern from acute augmentation of intestinal
CM production. Unambiguous resolution of the role of CD36 in regulating CM production
will thus require examination of an intestine- or even duodenum-specific Cd36 knockout
mouse. Beyond its local role in modulating enterocyte FA transport, other data suggest that
CD36 participates in orosensory lipid detection 18 and in mediating the satiety response to
lipid feeding through production of oleoylethanolamide 19. These findings have broad
implications for intestinal lipid biology and imply that CD36 plays a potential role in dietary
lipid preferences and feeding behavior.

Finally, it is worth pointing out that the loss-of-function phenotypes encountered in Cd36 −/−

mice have a relevant counterpart in human CD36 deficiency 17, 20. CD36 deficient patients
were identified by the absence of CD36 on monocytes or platelets and were found to have
elevated serum TG levels with low levels of high density lipoprotein and elevated systolic
blood pressure, collectively features of the metabolic syndrome 17. In addition, there was
increased accumulation of chylomicron remnants (TG and apoB48) in these patients
following an oral fat bolus and, as noted above, no distinction could be made regarding
increased CM secretion versus delayed clearance 17. However, regardless of whether one or
both of these mechanisms is in play, there is emerging evidence that chylomicron remnants
likely play an important role in atherosclerotic cardiovascular disease 21. Against this
background, studies of the regulation of intestinal CM production are timely, relevant and
important. These most recent findings suggest that there is yet more to learn about the
genetic regulation of intestinal lipid transport.
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Figure 1. GLP2 enhances intestinal lipid absorption, but how?
Glucagon like peptide 2 (triangles) binds its receptor (GLP-2R) on intestinal L cells,
generating mediators including insulin-like growth factor 1 (IGF-1) which signals via IGF-1
receptors (IGF-1R) on epithelial cells. These various signals promote CD36 glycosylation,
in turn altering epithelial long chain fatty acid (LCFA) and monoacylglycerol (MAG)
processing into triglyceride (TG) via diacylglycerol acyltransferase 1 (Dgat1) and
monoacylglycerol acyltransferase (Mgat). The rate-limiting step in chylomicron formation is
fusion of nascent apolipoprotein B48 (apoB48) with the luminal endoplasmic reticulum
(ER) chaperone microsomal triglyceride transfer protein (Mttp). GLP-2 mediated
enhancement of intestinal lipid transport was attenuated in Cd36 −/− mice, but further work
is required to define the mechanisms involved.
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