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long-chain fatty acids (LCFA) are readily absorbed in the mammalian
small intestine. In addition to serving as a major energy source for most tissues in the body, LCFA function
as building blocks for phospholipids (26), signaling
molecules (49), protein modulators (11, 37), and regulators of genes involved in lipid metabolism and cell
differentiation (9, 23, 31). As a result of their multiple
functions, LCFA have been implicated in conditions
such as inflammation (15, 16), atherosclerosis (18),
immune responses (17, 20), cancer, and cell differentiation (6, 7, 36). Therefore, the process by which LCFA
move from the intestinal lumen into the enterocyte is a
critical first step in delivering these important biological molecules to their in vivo sites of action.

The mechanism(s) responsible for the movement of
LCFA across cellular plasma membranes, including
that of enterocytes, is a subject of controversy (2, 32).
Because of their lipophilic nature, LCFA have been
expected to diffuse freely through the plasma membrane. However, given the general physiological importance of LCFA, it should be expected that cells would
be able to regulate LCFA uptake to adapt to changes in
utilization demands. Over the past 15 years, a wealth
of information has been obtained arguing for the existence of a protein-facilitated component in membrane
transport of LCFA. Several proteins have been proposed as candidates for plasma membrane LCFA
transporter proteins. Three of these candidate LCFA
transporters are expressed in the small intestine:
plasma membrane fatty acid binding protein (FABPpm),
fatty acid transport protein (FATP), and fatty acid
translocase (FAT), the rat homologue of human CD36.
FABPpm was isolated from rat hepatocytes (47) and is
expressed in rat enterocytes (46). Several lines of investigation suggest a role for FAPBpm in transport of
LCFA (44, 46, 50); however, there are also studies that
cast considerable doubt regarding this function (13,
24). FATP is another promising candidate for a cellular
LCFA transporter (41). FAT/CD36 is an 88-kDa integral membrane protein isolated from rat adipocytes
(33, 34), which has been shown to inhibit LCFA transport when bound by synthetic reactive LCFA derivatives (34) and to increase cellular uptake of LCFA
when expressed in fibroblasts (35). A recent report
suggests that FAT/CD36 deficiency may underlie the
defective fatty acid metabolism in the insulin-resistant
syndrome, such as in type 2 diabetes (8).
The role that FAT/CD36 might play in the intestinal
absorption of LCFA is unknown; however, FAT/CD36
has been shown to be expressed in the rat small bowel
mucosa. In addition, intestinal FAT/CD36 mRNA levels were reported to be increased in rats on a high-fat
diet (38). To further investigate the possible role of
FAT/CD36 in the intestinal absorption of LCFA, this
study investigates the expression of FAT/CD36 mRNA
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Chen, Min, Yingkui Yang, Evan Braunstein, Keith E.
Georgeson, and Carroll M. Harmon. Gut expression and
regulation of FAT/CD36: possible role in fatty acid transport
in rat enterocytes. Am J Physiol Endocrinol Metab 281:
E916–E923, 2001.—Fatty acid translocase (FAT)/CD36 is
one of several putative plasma membrane long-chain fatty
acid (LCFA) transport proteins; however, its role in intestinal
absorption of LCFA is unknown. We hypothesized that FAT/
CD36 would be differentially expressed along the longitudinal axis of the gut and during intestinal development, suggesting specificity of function. We found that intestinal
mucosal FAT/CD36 mRNA levels varied by anatomic location
along the longitudinal gut axis: stomach 45 ⫾ 7, duodenum
173 ⫾ 29, jejunum 238 ⫾ 17, ileum 117 ⫾ 14, and colon 9 ⫾
1% (means ⫾ SE with 18S mRNA as control). FAT/CD36
protein levels were also higher in proximal compared with
distal intestinal mucosa. Mucosal FAT/CD36 mRNA was also
regulated during intestinal maturation, with a fourfold increase from neonatal to adult animals. In addition, FAT/
CD36 mRNA levels and enterocyte LCFA uptake were rapidly downregulated by intraduodenal oleate infusion. These
findings suggest that FAT/CD36 plays a role in the uptake of
LCFA by small intestinal enterocytes. This may have important implications in understanding fatty acid absorption in
human physiological and pathophysiological conditions.
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and protein along the rat gut longitudinal axis as well
as during intestinal maturation. Also, the rapid effects
of intraduodenal oleate infusion on FAT/CD36 expression and on LCFA uptake by isolated jejunal enterocytes are reported.
MATERIALS AND METHODS

AJP-Endocrinol Metab • VOL

mucosal cells was filtered through nylon gauze (70 m pore
size). After centrifugation (765 g), the isolated cells were
rinsed twice and resuspended in Krebs-Ringer-Henseleit
(KRH) buffer (2 ⫻ 106 cells/ml or 3 mg protein/ml). Light
microscopy of the cell suspension showed that ⬃90% of the
cells displayed typical features of villus-tip cells. Viability
was assessed by trypan blue exclusion capacity (12).
Immunoprecipitation. Immunoprecipitations were carried
out using the method described by Courtneidge and Smith
(21). Briefly, intestinal mucosal tissue was homogenized in
lysis buffer [0.15 mM MgCl2, 0.05 M HEPES, 0.15 M NaCl,
0.02 M EDTA, 1 mM Na-orthovanadate, 10 mM Na-pyrophosphate, 10 mM Na-fluoride, 1 mM 4-(2-aminoethyl)-benzenesulfonyl fluoride hydrochloride (AEBSF; ICN, Costa
Mesa, CA)], 10% glycerol, 1% Triton X-100, and 10 g/ml of
aprotinin and leupeptin, with temperature maintained at
4°C throughout all procedures. The homogenate was centrifuged at 15,000 g for 20 min at 4°C. The concentration of
supernatant protein was analyzed spectrophotometrically at
595 Vis light. Supernatant protein (3 mg) was incubated
with 12.5 g of anti-human CD36 mouse monoclonal antibody overnight at 4°C while it was gently rotating. On the
next day, 40 l of 50⫻ protein A-agarose was added and
incubated at 4°C for 2 h while the mixture was gently rotating. Immunoprecipitates were collected by centrifugation at
7,000 rpm at 4°C, and the pellets were washed four times
with 0.5 ml fresh lysis buffer for 10 min at 4°C. After the
supernatant had been carefully aspirated and discarded, the
pellets were resuspended in 20 l of electrophoresis sample
buffer. The samples were boiled for 5 min before analysis by
7.5% SDS-PAGE and then electrotransferred to an Immobilon-P transfer membrane (Millipore Intertech, Bedford,
MA) according to the manufacturer’s protocol. The membrane was blocked for 2 h with 5% nonfat dry milk (Bio-Rad),
incubated overnight at 4°C with a 1:500 dilution of antiCD36 antibody, washed, and then incubated for 1 h with a
1:1,500 dilution of horseradish peroxidase-conjugated antimouse IgG. The immune complexes were detected by following the ECL manufacturer’s protocol.
Fatty acid transport assay. Membrane permeation of labeled oleate was measured as previously described in detail
(3, 4). Briefly, KRH media containing labeled and unlabeled
oleate at a final concentration of 100 M (3,000 cpm/l),
complexed to BSA (50–400 M), were pipetted into the bottom of polystyrene tubes. The assay was performed as previously described in adipocyte and jejunal cells (3, 46). Briefly,
125 l of the isolated mucosal cells suspended in KRH (2 ⫻
106 cells/ml) were added to the isotope solution and swirled
gently to ensure mixing. At desired times (2–60 s), 5 ml of
ice-cold KRH “stop solution” containing 0.5% albumin were
pipetted rapidly into the reaction tubes to stop cellular influx
and efflux of LCFA. Cells were immediately recovered by
quickly pipetting the cell solution onto the center of glass
fiber filters (type A/E, 25 mm) at a rate equal to the rate of
filtration under 50 mmHg vacuum pressure by use of filtration apparatus (model 7H, Hoefer Scientific, San Francisco,
CA). The cells were washed with an additional 5 ml of stop
solution. Next, the filters were placed in scintillation fluid
(Ecolite, ICN, Costa Mesa, CA). Cell-associated radioactivity
was quantified using a Beckman LS-3300 Liquid Scintillation Counter. Nonspecific association of radioactivity adhering to the filters and cells was determined in each experiment
by adding the cold stop solution before addition of corresponding aliquots of cells and [3H]oleate working solutions.
This value was typically 10–20% of the 12-s time point and
was routinely subtracted from the uptake values.
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Materials. Oleate, bovine serum albumin (BSA, essentially
fatty acid free), HEPES, and other chemicals were purchased
from Sigma Chemical (St. Louis, MO). [3H]oleate was obtained from Du Pont-NEN. SDS-PAGE molecular weight
standards were obtained from Bio-Rad Laboratories (Hercules, CA). Enhanced chemiluminescence (ECL) reagents,
[␣-32P]dCTP, and random-primer cDNA labeling kits were
from Amersham (Arlington Heights, IL). Horseradish peroxidase-conjugated anti-mouse IgG and anti-human CD36
mouse monoclonal antibodies were obtained from Transduction Laboratories (Lexington, KY). Glass fiber filters (type
A/E) were from Gelman Sciences (Ann Arbor, MI). NucTrap
Probe purification columns were purchased from Stratagene
(La Jolla, CA). Normal mouse IgG was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA).
Animal preparation. Male Sprague-Dawley rats (Harlan
Industries, Indianapolis, IN), weighing 250–300 g, were
housed in an animal care facility and fed standard rat chow.
For the intraduodenal oleate infusion experiments, rats were
fasted overnight and anesthetized with a mixture of xylazine
(13 mg/kg) and ketamine (87 mg/kg). Supplemental doses
were used every 2 h as needed to maintain adequate anesthesia. Through a midline incision, a polyethylene catheter
was placed in the duodenum, slightly above the ampulla. The
abdominal wound was covered with a saline gauze, and the
animal body temperature was monitored by a rectal thermal
probe and maintained at 37°C with a heating pad. After 1 h
of stabilization, the rats received an intraduodenal infusion
of 10% oleate at the rate of 3 ml/h for 1 h. Fresh oleic acid
emulsion was prepared by emulsifying oleic acid (Fisher,
Pittsburgh, PA) with 3% polysorbate 80 (Sigma) and diluting
it with 0.15 M NaCl to a concentration of 10% (vol/vol) with
a final pH of 6.
Tissue sampling and preparation. In the adult rats, 5-cm
intestinal segments were harvested from the duodenum,
proximal jejunum (5 cm beyond the ligament of Treitz), and
distal ileum (8 cm proximal to the cecum) and immediately
rinsed twice with phosphate-buffered saline solution (PBS).
The distal half of the gastric mucosa and the proximal colonic
mucosa were harvested in certain experiments. The mucosa
was scraped from the underlying submucosa. One-half of the
mucosal scrapings was frozen in liquid nitrogen and stored at
⫺80°C for subsequent RNA analyses. The remaining one-half
of the mucosal scrapings was homogenized and assayed for
protein content as described by Bradford (14). In the neonatal
rat experiments, the entire small intestine was used for RNA
isolation.
Preparation of intestinal cells. Fasted Sprague-Dawley
male rats were killed by cervical dislocation. Intestinal cells
were isolated according to a modification of the method of
Gore and Honiara (28). Briefly, the jejunum was removed,
rinsed thoroughly with 0.154 M NaCl and 1 mM dithiothreitol, filled with solution A (in mM: 1.5 KCl, 96 NaCl, 27
sodium citrate, 8 KH2PO4, and 5.6 Na2HPO, pH 7.3), and
incubated for 15 min at 37°C. After solution A had been
discarded, the intestine was filled with solution B (PBS
without Ca2⫹ or Mg2⫹ and with 1.5 mM EDTA and 0.5 mM
dithiothreitol), incubated for 3 min at 37°C, and then gently
palpated with the fingers for 2 min. The buffer containing
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Northern blot analysis. RNA was isolated as described by
Chomczynski and Sacchi (19) by use of the Total RNA Isolation Reagent (GIBCO BRL, Grand Island, NY). Total RNA
was electrophoresed on 1% agarose gels containing formaldehyde and transferred to nylon membranes by the Rapid
Downward Transfer System (Schleicher & Schuell, Keene,
NH). The membranes were prehybridized for ⱖ4 h and then
hybridized with randomly primed ␥-32P-labeled cDNA for rat
FAT (8 ⫻ 106 cpm/ml) for 16 h at 42°C in a rotary hybridization incubator (Lab-Line Instruments, Melrose Park, IL).
The membranes were washed twice in 2 ⫻ standard sodium
citrate (SSC) containing 0.05% SDS (30 min each) at 23°C
and then washed once at 65°C in 0.1 ⫻ SSC containing 0.1%
SDS buffer. The membranes were then exposed to Hyperfilm
at ⫺80°C for 24–72 h. Messenger RNA for 18S ribosomal
RNA was used as a control to ensure that equivalent
amounts of RNA were loaded and transferred. Autoradiographs were quantified with an automatic densitometric
scanner by use of NIH Imaging software.
Statistical analysis. Results of FAT/CD36 mRNA levels
are expressed as a percentage (means ⫾ SE) of ribosomal 18S
mRNA levels determined as a control for each sample.
ANOVA was used to test for significant differences between
groups. Initial rates of oleate uptake were determined from
the best-fit curve for time course data by utilization of nonlinear regression analysis (33). Significant differences for
kinetic parameters [the Michaelis-Menten constant (Km) and
maximum velocity (Vmax)] were assessed by Student’s t-test.
P values ⬍ 0.05 were considered significant.
RESULTS

Expression of FAT/CD36 mRNA and protein along
the gut axis. To investigate the tissue distribution of
FAT/CD36 mRNA along the gastrointestinal tract, total RNA was isolated from rat stomach, duodenum,
jejunum, ileum, and colon and then analyzed by NorthAJP-Endocrinol Metab • VOL

Fig. 2. Western blot analysis of FAT/CD36 along the longitudinal
intestinal axis of the adult rat. After total protein isolation from
intestinal mucosa and immunoprecipitation, solubilized protein was
separated by SDS-PAGE, transferred to Immobilon-P membranes,
labeled with anti-human CD36 mouse monoclonal antibody, and
detected by conjugated anti-mouse IgG by use of enhanced chemiluminescence and autoradiography. Rat adipose tissue was used as a
known positive control.
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Fig. 1. Distribution of fatty acid translocase (FAT)/CD36 mRNA
along the longitudinal intestinal axis of the adult rat. Northern blot
analysis of total RNA (20 g/lane). Membranes were probed with rat
FAT cDNA and 18S rRNA as a control. FAT/CD36 mRNA levels were
quantified by densitometry and standardized to an 18S rRNA signal.
A representative Northern blot is also presented. Values are
means ⫾ SE (n ⫽ 4). Except for stomach vs. colon, all other results
are statistically different from one another by ANOVA, P ⬍ 0.05.

ern blot analysis. It was found that FAT/CD36 mRNA
was differentially expressed along the gut axis, with
the highest mRNA levels found in the jejunum and
duodenum and lower levels noted in the ileum, consistent with the expected distribution of LCFA absorption
(Fig. 1). These findings are consistent with those
reported previously by Poirier et al. (38); however,
unlike their study, our results indicate that FAT/CD36
mRNA is also expressed in the gastric and colonic
mucosa (Fig. 1).
By utilizing an anti-human mouse monoclonal antibody to CD36, studies were done to determine FAT/
CD36 protein expression in the rat intestine. The pattern and level of mucosal protein expression along the
gut axis also appear to be site specific (Fig. 2).
In samples of total cellular protein from duodenal
and jejunal villus-tip enterocytes, there appear to be
three distinctly labeled protein bands ranging from
⬃57 kDa to the expected 88 kDa. In other cell types, it
is known that FAT/CD36 is modified by posttranslational glycosylation from 57 kDa to an apparent molecular mass of 88 kDa. Because total cell protein was
used in this experiment, it is possible that the lower
bands seen in the duodenum and jejunum identify
FAT/CD36 proteins at different states of posttranslational modification. In distinction from duodenum and
jejunum, only a single, less dense protein band at 88
kDa is identified in mucosal protein samples from
ileum and colon. Total cellular protein isolated from rat
adipocytes was used as a known positive internal control. Densitometric analysis of the 88-kDa labeled protein bands from this Western blot indicates that, relative to the level of expression of the positive adipocyte
control, the expression of FAT/CD36 protein is highest
in the jejunum (72%), followed closely by duodenum
(64%), with ileum and colon having similar, lower levels of protein expression (50% and 58%, respectively).
FAT/CD36 mRNA expression during intestinal maturation. Additional studies were done to investigate
FAT/CD36 mRNA expression during rat intestinal
maturation. FAT/CD36 mRNA levels were measured
from the total RNA harvested from the entire small
intestine of 1-day-, 2-day-, and 5-day-old rats and com-
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Fig. 3. Determination of FAT/CD36 mRNA levels during intestinal
maturation. Northern blot analysis of total RNA samples from the
entire small intestine of neonatal rats and from jejunal mucosa and
adipose tissue of adult rats. FAT/CD36 mRNA levels were quantified
by densitometry and standardized to an 18S rRNA signal. A representative blot is also shown. Values are means ⫾ SE (n ⫽ 3). Values
for adult rat intestinal mucosa and adipose tissue were statistically
higher than the neonatal values. *P ⬍ 0.05.
AJP-Endocrinol Metab • VOL

Fig. 4. Effect of intraduodenal oleate infusion on small intestine
levels of FAT/CD36 mRNA. Northern blot analysis of total RNA
harvested from intestinal mucosa after 1 h of intraduodenal infusion
of 10% oleate (or saline). FAT/CD36 mRNA levels were quantified by
densitometry and standardized to an 18S rRNA signal. A representative blot is also shown, with the sequence of samples paralleling
data in the histogram (D, duodenum; J, jejunum; I, ileum). Values
are means ⫾ SE (n ⫽ 4). **P ⬍ 0.001, *P ⬍ 0.05.

Effect of intraduodenal oleate infusion on LCFA
transport in isolated enterocytes. Because of the rapid
regulation of FAT/CD36 mRNA levels by enteral oleate
infusion, experiments were conducted to determine
whether LCFA uptake would be altered in isolated
enterocytes after oleate infusion. Jejunal enterocytes
were isolated for LCFA transport experiments after a
1-h intraduodenal infusion of 10% oleate. We found
that oleate infusion resulted in a dramatic decrease in
oleate uptake by isolated enterocytes as a function of
time (Fig. 5). Initial rates of [3H]oleate uptake were

Fig. 5. Effect of intraduodenal oleate infusion on the time course of
[3H]oleate uptake by isolated enterocytes. After 1 h of intraduodenal
oleate (or saline) infusion in anesthetized rats, jejunal enterocytes
were isolated, and [3H]oleate uptake was measured as described in
MATERIALS AND METHODS. [3H]oleate/albumin (OA, 100 M) isotope
was incubated with 125 l (1 ⫻ 106 cells). Time courses for uptake
were curve fitted using nonlinear regression. Values are means ⫾ SE
of 3 replicate experiments.
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pared with FAT/CD36 mRNA levels of jejunum from
adult rats (Fig. 3). Adipose tissue from adult rats was
used as a positive internal control. In the adult rat, as
noted for FAT/CD36 protein expression, adipose tissue
has a higher level of mRNA expression than the intestine. In comparing FAT/CD36 mRNA levels in the
neonatal intestine with those in the adult intestine,
there is a significant increase in mRNA levels in the
adult (P ⬍ 0.05). Although there appears to be a trend
toward increasing FAT/CD36 mRNA levels over time
in the intestine from the neonatal animals, the differences do not reach statistical significance (ANOVA).
Effect of intraduodenal oleate on FAT/CD36 mRNA
expression in the small intestine. To test whether luminal LCFA might rapidly regulate intestinal FAT/CD36
expression in vivo, a well-described intraduodenal
oleate infusion animal model was used (29, 43). This
model has been extensively utilized to investigate the
effects of enteral LCFA on pancreatic exocrine secretion, cholecystokinin release (45), and satiety (39). Using this model, we found that intraduodenal oleate
infusion for 1 h rapidly and significantly decreased
FAT/CD36 mRNA levels in the mucosa of the duodenum and jejunum compared with control rats infused
with saline (Fig. 4). The ileum, however, showed no
significant change in FAT/CD36 mRNA levels compared with controls. The effect of oleate infusion on
FAT/CD36 expression did not appear to be related to
enterocyte damage, in that trypan blue exclusion experiments indicated 85–90% cell viability in both the
oleate-infused and saline-infused groups (data not
shown).
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Fig. 6. Effect of intraduodenal oleate infusion on initial [3H]oleate
uptake rates as a function of unbound oleate. After 1 h of intraduodenal oleate (or saline) infusion in anesthetized rats, jejunal enterocytes were isolated, and [3H]oleate uptake was measured, as described in MATERIALS AND METHODS. Isolated enterocytes of 125 l (1 ⫻
106 cells) in suspension were incubated with a fixed concentration of
100 M [3H]oleate bound to various concentrations of albumin (50–
400 M). The unbound oleate concentration, initial uptake rates,
and kinetic parameters were calculated as described in MATERIALS
AND METHODS. Values are means ⫾ SE of 4 replicate experiments.
AJP-Endocrinol Metab • VOL

vested from otherwise normal rats (Vmax ⫽ 2.1
nmol 䡠 min⫺1 䡠 106 cells⫺1, and Km ⫽ 93 nM) (47).
DISCUSSION

The essential step in intestinal absorption of LCFA
is the permeation of the jejunal microvillus plasma
membrane. Previous work has suggested that LCFA
uptake by isolated rat enterocytes (47), as well as by
cultured Caco-2 (48) and IEC 6 enterocytes (M. Chen
and C. M. Harmon, unpublished observations), is saturable, suggesting that a protein facilitates plasma
membrane permeation. Three candidate LCFA transport proteins have been shown to be expressed in rat
small intestine: FABPpm, FATP, and FAT/CD36.
FABPpm has been reported to play a significant role in
LCFA uptake in the rat intestine. However, the finding
that the FABPpm appears to be identical to the mitochondrial glutamicoxaloacetic transaminase protein
(13) and, more recently, conflicting reports regarding
this protein’s ability to facilitate LCFA transport in a
Xenopus oocyte model (24, 50) have cast some doubt
about its physiological role in LCFA uptake. Poirier et
al. (38) have reported that FAT/CD36 mRNA is expressed predominantly in the rat proximal small intestine and that mRNA expression is increased by a
LCFA, high-fat diet. In the present study, we have
demonstrated that FAT/CD36 mRNA levels and the
pattern and level of FAT/CD36 protein are differentially expressed along the longitudinal axis of the rat
intestine. In addition, FAT/CD36 mRNA levels are
developmentally regulated during rat intestinal maturation, with low levels in the newborn period and
increased levels in adults. Furthermore, we have
shown that enteral oleate rapidly regulates both FAT/
CD36 mRNA levels and enterocyte uptake of radiolabeled LCFA.
CD36 is a member of a gene superfamily that includes scavenger receptor B1 (SR-B1), a protein that
binds anionic phospholipids (1, 40) and transports
high-density lipoprotein cholesteryl esters across the
plasma membrane (5), and croquemort, a Drosophila
macrophage receptor for apoptotic cells (25). Although
CD36 has been assigned many possible functions, evidence that it plays a role in the cellular uptake of
LCFA is strong. In an effort to identify potential LCFA
transport proteins in rat adipocytes, covalent labeling
with monofunctional esters of radiolabeled LCFA identified FAT. These reactive compounds irreversibly inhibited subsequent LCFA uptake by 80% (34). The
protein was isolated, and a full-coding clone from an
adipocyte cell cDNA library was obtained on the basis
of the amino-terminal sequence of the protein (1, 33).
The clone coded for a protein with 85% homology to
human platelet CD36 (1). In general, CD36 expression
distribution favors tissues with high metabolic capacity for LCFA, such as intestine, adipose, heart, and
muscle, whereas it is absent from tissues like brain
that do not utilize LCFA (1). CD36 mRNA is induced
during preadipocyte differentiation (10), and when expressed in fibroblasts lacking the protein, saturable
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determined by the best curve fit method and nonlinear
regression analysis, as described in MATERIALS AND
METHODS. Oleate transport kinetics was determined by
plotting initial uptake rates as a function of unbound
oleate concentration (Fig. 6). Using a least squares fit
of the data to the Michaelis-Menten equation, LCFA
permeation of isolated enterocytes from both oleateinfused and control rats predominantly demonstrates
nonlinear saturation kinetics as a function of LCFA
concentration, consistent with protein-mediated transport. However, at the highest unbound LCFA concentrations tested, there appears to be a nonsaturable
linear trend that may reflect a component of simple
diffusion. This finding is consistent with LCFA transport data in other cell types, where it appears that
facilitated LCFA transport occurs at low physiological substrate concentrations, with simple diffusion becoming increasingly significant at higher concentrations (2).
In vivo intraduodenal oleate infusion resulted in a
significant inhibition of enterocyte [3H]oleate uptake
rates as a function of LCFA concentration, with a
fivefold decrease in Vmax (6.9 vs. 1.4 nmol 䡠 106
cells⫺1 䡠 min⫺1, P ⬍ 0.05). The drop in Vmax suggests
that the concentration of transport proteins in the
plasma membrane is decreased in the oleate-infused
group. The transport Km, reflecting affinity of ligand
for its receptor, is not statistically different in the two
groups (25 vs. 45 nM). We believe that the inhibition of
oleate uptake in isolated enterocytes harvested from
this intraduodenal oleate-infused, anesthetized rat
model is due directly to oleate. The oleate uptake
kinetic parameters determined in these experiments
are very similar to those reported in enterocytes har-
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Our study shows a rapid and dramatic decrease in
duodenal and jejunal FAT/CD36 mRNA levels after
intraduodenal oleate infusion. This is in contrast to the
finding that rats fed a high LCFA diet for 3 days
upregulate small intestinal levels of FAT/CD36 mRNA
(38). An explanation for the latter finding could be that,
in response to a high-fat diet, the enterocyte is able to
upregulate expression of genes and proteins that would
be involved in uptake and metabolism of the dietary
substrate. Consistent with this are findings that FAT/
CD36 mRNA is induced by LCFA in preadipocytes (1,
42) and neonatal cardiomyocytes (27). The explanation
for small bowel downregulation of FAT/CD36 mRNA
noted in the oleate infusion model is uncertain. One
possible mechanism is that the large load of LCFA
delivered to the mucosa results in the rapid downregulation of mechanisms specifically involved in the cellular uptake of LCFA.
Additional experiments are required to evaluate
whether oleate infusion alters FAT/CD36 protein expression. However, the rapid inhibition in LCFA uptake by isolated enterocytes after oleate infusion suggests that FAT/CD36 protein levels in the plasma
membrane may be decreased or functionally altered.
The finding that the LCFA uptake kinetic parameter,
Vmax, is decreased fivefold in cells from the oleateinfused rats compared with controls supports the suggestion that the concentration or number of plasma
membrane LCFA transport proteins may be decreased
by enteral oleate infusion. The one possible mechanism
might be that LCFA binds to FAT/CD36, resulting in
ligand/receptor internalization, thereby acutely lowering the plasma membrane availability of FAT/CD36 for
subsequently delivered LCFA. In addition, decreased
FAT/CD36 mRNA levels may lead to decreased FAT/
CD36 protein levels.
In conclusion, differential expression of FAT/CD36
along the longitudinal axis of the intestine and during
intestinal development suggests that it has specificity
of function. That in vivo intraduodenal oleate infusion
rapidly downregulates FAT/CD36 mRNA levels and
LCFA uptake in enterocytes adds support to the hypothesis that FAT/CD36 plays a role in intestinal absorption of LCFA. Therapeutic strategies designed to
alter or manipulate intestinal FAT/CD36 expression or
function may have important implications in treating a
variety of pathological conditions, such as morbid obesity, short bowel syndrome, and other lipid malabsorption conditions.
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LCFA transport is induced (35). Regulation of FAT/
CD36 expression in vivo is also consistent with a role in
LCFA transport with increased expression in the muscle of diabetic animals (30), and a recent report demonstrates that CD36 deficiency underlies insulin resistance,
defective fatty acid metabolism, and hypertriglyceridemia in a hypertensive rat model of insulin resistance (8).
The results of the present study add to the body of
evidence that supports a role for FAT/CD36 in LCFA
transport and/or metabolism. The finding that FAT/
CD36 is differentially expressed, both during intestinal
development and along the intestinal axis, argues for
function specificity. In addition to high FAT/CD36
mRNA and protein expression in the jejunum, where
most LCFA absorption is believed to occur, we confirmed the finding by Poirier et al. (38) that high
expression is also found in the duodenum. FAT mRNA
was constitutively expressed in the epithelial cells located in the upper two-thirds of villi, whereas it was
undetectable in the crypt cells and submucosal cells.
Immunochemical studies showed that FAT protein was
limited to the brush border of enterocytes, and no
fluorescence was found in the goblet cells (38). Our
study also indicates that protein expression is moderately high in the duodenum compared with ileum and
colon. These findings might suggest that significant
LCFA absorption occurs in the duodenum as well as
the jejunum, or they may suggest that FAT/CD36
serves as an LCFA receptor or transporter that is
perhaps involved in other events, such as lipid-induced
gut-hormonal signaling as in stimulation of pancreatic
secretion or cholecystokinin release.
Our study also identifies FAT/CD36 expression in
the stomach and colon, unlike the previous report by
Poirier et al. (38). This discrepancy may relate to differences in the male Wistar rat model that was used in
their study compared with the Spague-Dawley rat
model in our experiments. However, our study also
suggests that FAT/CD36 protein is significantly expressed in the colon and highly expressed in the stomach. The functional significance of these findings is
unknown. The mouse monoclonal antibody utilized for
Western blots in this study was raised to a peptide
fragment of human CD36 (Transduction Laboratories),
and therefore the specificity of binding could be questioned. Attempts to raise specific antibodies to rat FAT
have been problematic. A variety of human anti-CD36
antibodies have been tested and appear to have poor
cross-reactivity with proteins from rat tissues. This is
not surprising, given that the peptide sequence to
which most anti-CD36 antibodies bind is more heterogeneous between the rat and the human than the
remainder of the protein (22). Additional experiments
are required to verify our finding suggesting high FAT/
CD36 expression in the gastric mucosa. If this finding
is confirmed, then, as suggested above, FAT/CD36
function in the stomach, and possibly duodenum, may
relate to LCFA transport or binding involved in signaling mechanisms and not necessarily lipid absorption or
metabolism.
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