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Abstract There is doubt whether spontaneously hyperten-
sive rats (SHR; North American strain) are null for fatty acid
translocase (FAT/CD36). Therefore, we examined whether
FAT/CD36 is expressed in heart, muscle, liver and adipose
tissue in SHR. Insulin resistance was present in SHR skeletal
muscle. We confirmed that SHR expressed aberrant FAT
mRNAs in key metabolic tissues; namely, the major 2.9 kb
transcript was not expressed, but 3.8 and 5.4 kb tran-
scripts were present. Despite this, FAT/CD36 protein was
expressed in all tissues, although there were tissue-specific
reductions in FAT/CD36 protein expression and plasma-
lemmal content, ranging from 26-85%. Fatty acid transport
was reduced in adipose tissue (—50%) and was increased in
liver (+47%). Normal rates of fatty acid transport occurred
in heart and muscle, possibly due to compensatory upregu-
lation of plasmalemmal fatty acid binding protein (FABPpm)
in red (+123%) and white muscle (+110%) A In conclusion,
SHRs (North American strain) are not a natural FAT/CD36
null model, the North American strain of SHR express
FAT/CD36, albeit at reduced levels.—Bonen, A., X-X.
Han, N. N. Tandon, J. F. C. Glatz, J. Lally, L. A. Snook,
and J. J. F. P. Luiken. FAT/CD36 expression is not ablated
in spontaneously hypertensive rats. J. Lipid Res. 2009. 50:
740-748.
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Flux of long chain fatty acids (LCFA) across the plasma
membrane, in adipose tissue, liver, heart, and skeletal mus-
cle, occurs largely via a protein-mediated mechanism [cf
(1-3)]. A number of fatty acid transport proteins have been
identified including fatty acid translocase (FAT/CD36),
plasma membrane associated fatty acid binding protein
(FABPpm), and fatty acid transport protein 1 (FATP1) [cf
(1, 4)]. Among these, FAT/CD36 is thought to be key, as
in mammalian tissues its ablation (5—9) or inhibition (8,
10, 11) markedly reduces LCFA transport and metabolism,
while its overexpression increases LCFA transport and me-
tabolism (12—14).

Because insulin resistance is known to be associated with
high concentrations of circulating fatty acids and intra-
muscular lipid accumulation, it has been of interest to
examine the regulation of LCFA transport and transport-
ers in obesity and type-2 diabetes. In FAT/CD36 null mice,
insulin sensitivity is increased (15). In contrast, in insulin
resistant animal models of obesity (16—18) and type 2 dia-
betes (19), as well as in human obesity and type 2 diabetes
(20), the rates of LCFA transport are increased in skeletal
muscle, heart, and adipose tissue (16—20). This increased
LCFA influx was associated with an increase in plasma-
lemmal FAT/CD36 in muscle (16—18, 20), and in plasma-
lemmal FAT/C36 and FABPpm in heart and adipose tissue
(16). However, except in severe, untreated type 2 diabetes
(19), the protein expression of these fatty acid transporters
was unaltered in insulin resistant animals and humans (16,
17, 20), indicating that these proteins can be relocated
within heart, muscle, and adipose tissue (16, 17, 20). Taken
altogether, there is strong evidence linking insulin resis-
tance with increased rates of LCFA transport and increased
plasmalemmal content of FAT/CD36 in metabolically im-
portant tissues in obesity and type 2 diabetes.

Spontaneously hypertensive rats (SHR) are a well-known
model of insulin resistance (21, 22). However, in contrast
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to the reports linking increased FAT/CD36 to insulin resis-
tance (16-20), there have been other reports (23-27)
that have concluded that an FAT deletional mutation is
at the root of insulin resistance in SHR sublines originating
from the National Institutes of Health in North America.
Specifically, in this SHR strain there was a differential hy-
bridization signal for FAT mRNA and an apparent lack of
any FAT/CD36 protein in adipocytes (23). This was ac-
companied by adipocyte insulin resistance and impaired
catecholamine-stimulated fatty acid release, which was
taken to be an index of plasmalemmal fatty acid transport
(23). However, a subsequent study in the same SHR strain
found that B-methlyiodophenylpentadecanoic acid uptake
was only reduced in some tissues, namely heart (—25%)
and adipose tissue (—60%), but not in liver or skeletal
muscle (28). This may suggest that FAT/CD36 was not
necessarily absent in these tissues, as had been reported
originally (23). Indeed, close inspection of the data in
SHR reveals a faint 2.8 kb transcript in the SHR heart
(23), suggesting that some FAT/CD36 protein is expressed
in SHR heart, and possibly in other nonadipose tissues. In
addition, with aberrant FAT splicing, FAT/CD36 protein
may still be formed (29). Others have shown that there ap-
pear to be no differences in lipid metabolism, or in basal
and insulin-stimulated glucose transport in the SHR strains
that harbored either the mutant FAT mRNA (SHR main-
tained in North America) or the normal FAT transcript
(SHR maintained in Japan) (29). In WISTAR-KYOTO
(WKY) and stroke-prone SHR animals, lipid metabolism
differed, despite similar protein expression of adipocyte
FAT /CD36 protein (30). Thus, questions have been raised
as to whether @) the North American SHR strain are null
for FAT/CD36, and b) whether a FAT/CD36 deficiency
underlies insulin resistance in these animals.

We have examined in the North American WKY and
SHR strains the expression of FAT/CD36 at the mRNA
and protein expression level, as well at the plasma mem-
brane, in metabolically important tissues (liver, adipose tis-
sue, heart, and red and white skeletal muscle). We also
examined the rates of fatty acid transport into giant vesi-
cles prepared from all these tissues. To confirm that the
North American SHR strain is insulin resistant, we deter-
mined the rates of insulin-stimulated glucose transport in
skeletal muscle, a tissue that constitutes ~40% of body
mass and is the major site for insulin-stimulated glucose dis-
posal. Although we confirm the presence of skeletal muscle
insulin resistance and the FAT mutation in the SHR strain
in all tissues examined, our data demonstrate that this
SHR strain is not an FAT/CD36 null model, as these ani-
mals express FAT/CD36 protein, albeit at reduced levels,
in heart, muscle, liver, and adipose tissue.

METHODS

Materials

[9,10-3H]palmitate (American RadioChemicals St. Louis, MO),
[**C]mannitol, and [*H] 3-O-methyl glucose (ICN, Oakville, Ont)
were purchased from commercial sources. Collagenase type II

was from Worthington Biochemical Co. (Lakewood, NJ), and col-
lagenase VII was from Sigma-Aldrich (St. Louis, MO). Fat-free
BSA was obtained from Roche Diagnostics (Laval, Quebec).
The cDNAs For FAT/CD36 (31), FATP1 (32), and mitochondrial
aspartate aminotransferase/FABPpm (33) were kindly provided
by Dr. N.A. Abumrad (Washington University School of Medicine,
St. Louis, MO), Dr. J. Schaffer (Washington University School of
Medicine, St. Louis, MO), and Dr. A. Iriarte (University of Missouri,
MO), respectively. For mRNA determinations selected materials
were obtained from Promega BioSciences (San Luis Obispo, CA),
Bio-Rad Laboratories (Mississauga, Ontario), and Boehringer-
Ingelheim (Burlington, Ontario), as we have noted for the spe-
cific procedures (see later discussion). Antibodies against human
CD36 (MO25) (34) and anti-FABPpm antiserum have been used
in our previous work (16, 17, 19, 20, 35). We also used another
antibody to detect FAT/CD36 (Abcam, Cambridge, MA), Similarly,
a commercially available antibody was also used to detect FATP1
(Santa Cruz Biotechnology Inc., Santa Cruz, CA). All other re-
agents were from Sigma-Aldrich (St. Louis, MO).

Animals

We used the same SHR strain that was used by Aitman et al.
(23) and others (25, 26) in which they reported an apparent de-
letion of FAT/CD36. These hypertensive rats and their controls
(WKY) were obtained from Charles River (Montreal, Quebec).
At 3 months of age, animals were anesthetized with an intraper-
itoneal injection of Somnotol (6 mg/100 g weight). Subsequently,
hindlimb muscles (red and white gastrocnemius), liver, epididymal
adipose tissue, and heart were removed for fatty acid transport
studies and for the determination of fatty acid transporters
(FAT/CD36, FABPpm, FATP1) at the mRNA and protein expres-
sion level, and at the plasma membrane. In WKY and SHR sub-
groups of animals, we determined the rates of basal and insulin
stimulated glucose transport in perfused hindlimb muscles.

Isolation of giant vesicles and palmitate transport

Giant vesicles from heart, and red and white skeletal muscle
were prepared as previously described (11, 35, 36). Minor modi-
fications were introduced to prepare giant vesicles from liver and
adipose tissue (16, 37). Briefly, all the tissues were cut into thin
layers (1-3 mm thick) and incubated for 1 h at 34°C in 140 mM
KCI-10 mM MOPS (pH 7.4), aprotinin (30 wg/ml), and collage-
nase in a shaking water bath. Collagenase type VII (150 U/ml) was
used for skeletal muscle and liver tissues; collagenase type II
(0.3%, wt/vol) was used for heart, and adipose tissue (0.05%,
wt/vol). At the end of the incubation, the supernatant was col-
lected, and the remaining tissue was washed with KCI-MOPS and
10 mM EDTA, which resulted in a second supernatant. Both super-
natant fractions were pooled, and Percoll, KCI, and aprotinin
were added to final concentrations of 3.5% (v/v), 28 mM, and
10 wg/ml, respectively. The resulting suspension was placed at
the bottom of a density gradient consisting of a 3-ml middle layer
of 4% Nycodenz (wt/vol) and a 1-ml KCI-MOPS upper layer. This
sample was centrifuged at 60 g for 45 min at room temperature.
Subsequently, the vesicles were harvested from the interface of
the upper and middle layers, diluted in KCI" MOPS, and recen-
trifuged at 12, 000 g for 5 min. Respective red and white muscles
from the same animal were pooled (i.e., pooled red muscles: red
gastrocnemius, red vastus lateralis, and red tibialis anterior; pooled
white muscles: white gastrocnemius, white vastus lateralis, and
white tibialis anterior).

Palmitate uptake studies were performed as we have previously
described (11, 16, 35-37). Briefly, 40 wl of 0.1% BSA in KCI-
MOPS, containing unlabeled (15 wM) and radiolabeled 0.3 nCi
[*H]palmitate, and 0.06 p.Ci ["*C]mannitol, were added to 40 wl of
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vesicle suspension. The incubation was carried out for 15 s. Palmi-
tate uptake was terminated by addition of 1.4 ml of ice-cold
KCI-MOPS, 2.5 mM HgCI2, and 0.1% BSA. The sample was then
quickly centrifuged and the supernatant fraction was discarded.
Thereafter, radioactivity was determined in the remaining pellet.
Nonspecific uptake was measured by adding the stop solution be-
fore addition of the radiolabeled palmitate solution.

Fatty acid transporters

Northern blots. The FAT mRNA was measured using previously
described procedures (10, 16, 38, 39). Briefly, total RNA was iso-
lated from tissues using the GIT/CsCl centrifugation method (40),
with some modifications. The tissues were homogenized in 10 ml of
4M guanidine isothiocyanate, and layered on top of 3.3 ml of 5.7M
cesium chloride solution. The samples were centrifuged in an SW-
41 Ti rotor (Beckman), at 30K rpm for 23 h. The RNA pellets were
recovered and purified by two precipitations in ethanol. For North-
ern analysis 5 ug of total RNA was used for electrophoresis on 1.2%
formaldehyde agarose gels (41), and then transferred to positively
charged nylon membrane (Boehringer-Ingelheim). The Northern
blots were UV cross-linked with a GS-Gene linker (Bio-Rad).

FAT cDNA (31) was subcloned into EcoRI site of pBluescript
(KS). The orientation was checked by digestion of template
DNA with Accl restriction enzyme. DIG-labeled antisense ribo-
probe, 1.6 kb long, was generated by digestion of the template
DNA with Asel restriction enzyme, and in vitro transcription with
T3 RNA polymerase. The orientation was checked by digestion of
template DNA with HindIII restriction enzyme. DIG-labeled anti-
sense riboprobe was generated by in vitro transcription with T7
RNA polymerase after linearization of template DNA with Xhol
restriction enzyme.

The ingredients for RNA transcription included 1-2 pg of
DNA template plus the nucleotide triphosphate mix [2.5 mM
rCTP, 2.5 mM rGTP, 2.5 mM rATP, 1.625 mM UTP (Promega)
and 0.875 mM Dig-11 UTP (Boehringer Ingelheim)], 20 mM
DTT (Promega), 1U / 1 pg template DNA of RNase Inhibitor
(Promega), and 1X RNA polymerase buffer [5X buffer: 400 mM
Tris-HCI pH 7.5; 60 mM MgCI2 and 20 mM spermidine-HCl
(Promega)] maintained at room temperature. The appropriate
RNA polymerase [T3 and T7 RNA polymerases (Boehringer-
Ingelheim)] was added (at least 20 IU/1 ug of DNA template)
and incubated for 2 h at 37°C. The DNA template was then
digested for 10 min at 37°C with RNase-free Dnase (1 IU/1 g of
DNA template; Promega). After precipitation in ethanol and cen-
trifugation at 12,000 rpm for 15 min, the probe was resuspended in
10-20 ml DIG Easy-Hyb hybridization buffer (Boehringer-Ingelheim)
at concentrations of 50-100 ng/ml.

After prehybridization of the membrane for at least 4 h at 68°C,
the DIG Easy-Hyb hybridization buffer was replaced with buffer
containing DIG-labeled antisense RNA probe and membrane
was incubated with the probe overnight at 68°C. Chemiluminescent
detection was performed in accordance with the protocol supplied
by the manufacturer (Boehringer Ingelheim), and the membrane
was exposed to Kodak BioMax film. After exposure the film was
developed in Kodak developer and fixed in Kodak fixer.

Western blotting. FAT/CD36 protein content was determined in
both homogenates and in the plasma membrane of giant vesicles
prepared from heart, muscle, adipose tissue, and liver as we have
described previously (10, 16, 37, 39). The antibody against FAT/
CD36 has been used in our previous studies (7, 20, 35). In addi-
tion, FAT/CD36 protein expression was also detected with a com-
mercially available antibody (Abcam, Cambridge, MA). We also
examined fatty acid transport protein levels in homogenates from
muscle, heart, liver, and adipose tissue in Wistar rats, but because
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these were similar to those in WKY animals (data not shown) fur-
ther studies in these rats were not performed.

Varying amounts of protein were loaded for each of the tissues
and fractions studied. For whole tissue homogenates, 20 pug of
adipose tissue protein, 30 g of red muscle and white muscle pro-
tein, 15 pg heart tissue protein, and 40 pg of liver tissue protein
were loaded. For sarcolemmal samples, 15 pg of red muscle and
white muscle vesicle protein, 7.5 pg heart vesicle, 20 pg of
adipose vesicle protein, and 25 pg of liver vesicle protein were
loaded. The samples were separated by SDS-PAGE and transferred
to polyvinylidene difluoride membranes. The membranes were
then blocked for at least 1 h in BSA (7.5% in TBS-T at room tem-
perature) and then incubated with the primary antibody for FAT/
CD36 (MO25, 1:20,000 dilution; commercially available antibody
(Abcam, Cambridge, MA), 1:1,000 dilution) overnight at 4C. After
incubation with appropriate secondary antibodies (FAT/CD36
MO25 1:20,000 anti-mouse), the membranes were detected using
enhanced chemiluminescence (Perkin Elmer, Waltham, MA).
Blots were quantified with densitometry and corrected for load-
ing using Ponceau staining (ChemiGenius 2 Bioimaging system;
SynGene, Cambridge, UK).

Glucose transport

To determine the insulin sensitivity of skeletal muscle basal and
insulin-stimulated glucose transport rates were examined using a
hindlimb perfusion procedure as we have previously described
(42—46). For these purposes the animals were surgically prepared
under anesthesia (65 mg pentobarbital sodium/100 g body wt).
The cellfree perfusate consisted of a Krebs-Henseleit buffer, 2
mM pyruvate, 4% BSA under constant gassing (95% 02/5%
CO2). Initially (5 min) the venous outflow was discarded and
the perfusion flow was adjusted to 18 ml/min. Thereafter, muscles
were preperfused, either without (basal) or with insulin (20 mU/
ml) for 20 min. At that point 3-O-methylglucose, corresponding
to concentrations at which the maximal rate of glucose transport
occurs (40 mM, 10 pCi [’H]3-O-MG), was added to the perfusion
reservoir. Upon completion of the perfusion, the red and white
gastrocnemius muscles were immediately excised, blotted for ex-
cess liquid on paper, and frozen in liquid Ns. In all experiments,
mannitol (2 mM, 10 wCi ["*C]mannitol) was used as an extracel-
lular space marker. Muscle samples were boiled with 1 N NaOH
for 15 min and chilled on ice. Thereafter, 200 pl of aqueous so-
lution as well as perfusate sample were counted in a liquid scin-
tillation counter. Determinations of 3-O-MG transport rate were
performed using standard calculations.

Statistics

Differences in SHR and WKY rats were compared using anal-
yses of variance and Fisher’s least squares difference posthoc test,
when appropriate. All data are reported as mean = SEM.

RESULTS

Glucose transport in skeletal muscle

Because skeletal muscle comprises 40% of body mass
and is a key tissue in which insulin resistance is commonly
observed in SHR (21, 22), we examined the rates of 3-O-
methyl glucose transport into perfused rat hindlimb mus-
cles of SHR and WKY rats. Basal rates of 3-O-methyl glucose
transport did not differ in WKYand SHR (P> 0.05, Fig. 1A).
Insulin-stimulated rates of 3-O-methyl glucose transport
were increased up to 7-fold in both WKYand SHR, depend-
ing on the muscle type (Fig. 1B). However, the insulin-
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Fig. 1. Basal (A) and insulin stimulated glucose transport (B) in hindlimb perfused muscles in WKY and spontaneously hypertensive rats
(SHR). Hindlimb perfusion was performed using controlled flow rates and radiolabeled 3-O-methylglucose with (20 mU/ml) or without
insulin (basal) as described in the Methods. Data are mean = SEM, N = 4 for each treatment * P < 0.05, SHR vs. WKY ** P < 0.05, white

muscle vs. red muscle.

stimulated glucose transport rates were lower in SHR (P <
0.05: white gastrocnemius, —10%; soleus, —19%; red gas-
trocnemius, —24%) (Fig. 1B).

Fatty acid transporters and fatty acid transport in muscle,
heart, liver, and adipose tissue

In several studies it has been reported that FAT mRNA
exhibited aberrant transcripts and that FAT/CD36 protein
expression was not evident in adipose tissue when compar-
ing SHR to WKY rats (23, 25, 26). Therefore, in key meta-
bolic tissues, (liver, heart, red and white skeletal muscles,
and adipose tissue) we examined FAT mRNA, FAT/CD36
protein expression, and FAT/CD36 plasma membrane
content. The rates of fatty acid transport into giant vesicles
prepared from muscle, heart, liver, and adipose tissue were
also determined.

mRNA expression of fatty acid transporters

A major FAT transcript is found in rodents at 2.8—2.9 kb
(23, 31). In WKY rats the major FAT transcript was found at
2.9 kb (Fig. 2A, B). In the SHR, FAT mRNA showed tran-
script variants in all tissues examined. The 2.9 kb transcript
was not detected in the SHR strain (Fig. 2A, B). Instead,
FAT mRNA transcripts in the SHR were observed at 3.8kb
(Fig. 2A, C) and 5.4 kb (Fig. 2A, D). In SHR there were only
differences in FABPpm mRNA and FATP1 mRNA in selected
tissues [FABPpm mRNA: white muscle —45%, liver —66%);
FATP1 mRNA: adipose tissue +72%) (data not shown)].

Protein expression of fatty acid transporters

In all tissues examined, the total FAT/CD36 protein pool
in homogenates was lower in SHR than in WKY rats (P <
0.05, Fig. 3A-C). In heart, red and white muscles from
SHR, FAT/CD36 protein contents were 26%, 40%, and
53% lower (Fig. 3A), respectively, while in adipose tissue

(Fig. 3B) and liver (Fig. 3C), the reductions were 46%
and 75%, respectively. To further confirm that FAT/CD36
protein was indeed expressed in SHR, we also examined
the protein expression using a commercially available anti-
body. With this antibody, FAT/CD36 protein was also de-
tected in all tissues examined in both WKY and SHR (see
Fig. 3 inset). No differences between WKY and SHR were
observed in total FABPpm and FATP1 protein expression
in most instances, but there were exceptions [FABPpm: adi-
pose tissue —35%; FATP1: heart —35% (data not shown)].

Fatty acid transporters at the plasma membrane

Due to the fact that the functional pool of fatty acid
transporters are located at the plasma membrane and be-
cause FAT/CD36 can be redistributed to the plasma mem-
brane in skeletal muscle and heart, without altering FAT/
CD36 protein expression (14, 16—18, 20), it was important
to examine the plasmalemmal content of FAT /CD36. In all
tissues examined, plasmalemmal FAT/CD36 was reduced
in SHR (P < 0.05; Fig. 4). Specifically, these reductions
were as follows: heart —36%, red muscle —56%), white skel-
etal muscle —71%, adipose tissue —59%, liver —85%. When
using a commercially available antibody, reductions in SHR
plasmalemmal FAT /CD were also evident (see Fig. 4 inset).
In SHR, plasmalemmal FABPpm was only altered in red
(+128%, P < 0.05) and white skeletal muscle (+110%),
while hepatic plasmalemmal FATP1 was increased mini-
mally, but consistently (+17%, P< 0.05) (data not shown).

Fatty acid transport into giant vesicles in SHR and
WKY rats

Rates of fatty acid transport were measured in giant ves-
icles prepared from heart, red and white muscles, liver, and
adipose tissue. In WKY, fatty acid transport rates differed
among the tissues (adipose tissue>heart>liver>red mus-

FAT/CD36 expression in SHR 743
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Fig. 2. FAT mRNA blot in heart (H), red (R) and white (W) muscle, adipose tissue (A), and liver (L) of WKY and SHR (A) and the
quantification of 2.9 kb (B), 3.8 kb (C), and 5.4 kb (D) FAT transcripts in WKY and SHR. Data were quantified by determining the density
of each blot, which was normalized for loading using 28S RNA. Data are mean = SEM, N = 3—4 for each tissue examined in each group of

animals SHR. ND, not detected.

cle>white muscle; Fig. 5). There was a 50% reduction in
palmitate transport into adipose tissue from SHR compared
with WKY (P < 0.05, Fig. 5). In contrast, no differences in
palmitate transport rates were observed between WKY and
SHR, in heart, or in red and white skeletal muscles (P >
0.05, Fig. 5), while in liver there was a 47% increase in
the palmitate transport rate in SHR (P < 0.05, Fig. 5).

DISCUSSION

We examined whether insulin resistant SHR were null
for FAT/CD36, as had been proposed recently (23, 25,
26). Based on reduced rates of insulin-stimulated glucose
transport into skeletal muscle, we confirmed that the SHR
strain exhibits insulin resistance. Moreover, we also con-
firm that FAT mRNA transcripts differed in heart, muscle,
liver, and adipose tissue of SHR when compared with WKY
animals, as had been reported previously for adipose tissue
(23, 29). This change in the predominant mRNA transcript
in the SHR did not ablate FAT/CD36 protein expression.
Instead, FAT/CD36 protein expression and plasmalemmal
content in heart, muscle, liver, and adipose tissue were re-
duced by 26-85% in SHR. This was accompanied in SHR
by tissue-specific changes in the mRNA and protein expres-
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sion, and plasmalemmal content of other fatty acid trans-
porters, which may compensate in part for the reductions
in plasmalemmal FAT/CD36 in SHR.

FAT mRNA and protein expression

Our observations of differing FAT transcripts in adipose
tissue, heart, muscle, and liver of SHR and WKY rats con-
cur with FAT transcripts observed in adipose tissue in other
studies (23, 25, 29). It is now known that there can be aber-
rant FAT mRNA splicing in SHR strains obtained from dif-
ferent sources. Thus, in the original colony maintained in
Japan both WKY and SHR expressed only the 2.8kb FAT/
CD36 transcript, whereas in the SHR strain maintained in
North America FAT/CD36 transcripts are present at 3.8 and
5.4 kb, but not at 2.8 kb (Refs. 23, 25, 29, and present study).
Allele distribution patterns of chromosome four markers
in the different SHR strains suggest that the FAT/CD36 mu-
tation was introduced as a de novo mutation in SHR housed
in North America but not those maintained Japan (29).

In several studies with the North American SHR strain
(23, 25, 28), FAT/CD36 protein could not be detected in
adipose tissue in which the 2.8 kb FAT mRNA was not pre-
sent. Yet, despite observing the same FAT mRNA variants in
the same SHR strain, we easily detected FAT/CD36 protein
in adipose tissue as well as in all other tissues examined
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Fig. 3. Protein expression of fatty acid translocase (FAT/CD36) in heart, red and white skeletal muscle, adipose tissue, and liver in WKYand
SHR. Data are mean * SEM, N = 5-8 for each tissue examined in each group of animals. R, red muscle; W, white muscle; H, heart;
A, adipose tissue; L, liver FAT/CD36 was detected at 88 kDa. Data were quantified by determining the density of each blot and normalized
using Ponceau staining. Ponceau stains are shown below Western blot for FAT/CD36 * P < 0.05, SHR vs. WKY. Inset: FAT/CD36 protein
expression in tissue homogenates using a commercially available antibody.

(heart, liver, and skeletal muscle). We have no obvious ex-
planation for the discrepancies in FAT/CD36 protein ex-
pression observed in adipose tissue in our work and that
of others (23, 25, 28). However, Aitman et al. (23) raised
the possibility that the polyclonal antibody used in their
work may not have detected the FAT/CD36 protein in adi-
pose tissue in SHR (23).

Our observations that FAT/CD36 protein is indeed ex-
pressed in metabolically important tissues in SHR is bol-
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stered by the fact that FAT/CD36 was detected whether
we used the MO25 antibody or a commercially available
antibody. There are also several other lines of evidence
to indicate that the antibodies used in the present study
are well suited to detect FAT/CD36 in mammalian tissues,
as a) the FAT/CD36 protein expression followed the ex-
pected differences in muscle tissues in both SHR and
WKY, as we have observed previously in other rat strains
(10, 11, 16, 39); b) transfection of FAT into muscle upregu-
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SEM, N = 4-8 for each tissue examined in each group of animals. R, Red muscle; W, white muscle; H, heart; A, adipose tissue; L, liver FAT/
CD36 was detected at 88 kDa. Data were quantified by determining the density of each blot and normalized using Ponceau staining. Ponceau
stains are shown below Western blot for FAT/CD36 * P < 0.05, SHR vs. WKY. Inset: plasma membrane FAT/CD36 protein using a commer-

cially available antibody.

FAT/CD36 expression in SHR 745

2102 ‘vT aunr uo “1sanb Aq Bio 1|l mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

60.0
O wky
l SHR

50.0 "

40.0

20.0

PALMITATE TRANSPORT
(pmoVmg prot/15 sec)
]
=)
1

10.0

0.0

HEART RED WHITE

TISSUE

LIVER ADIPOSE
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in WKY and SHR. Data are mean = SEM, N = 6-8 for each tissue
examined in each group of animals * P < 0.05, SHR vs. WKY.

lates FAT/CD36 protein expression (47); and ¢) upon N-
linked deglycosylation of plasma membrane fractions, the
molecular mass detected by the MO25 antibody (34) was
reduced to 53 kDa (Luiken et al., unpublished data), in
agreement with the reported molecular mass of native
FAT/CD36 protein (31). Taken altogether, it appears that
the antibodies used in our studies detect FAT/CD36 in a
satisfactory manner. Therefore, we conclude that SHR are
not null for FAT/CD36 protein.

FAT/CD36 at the plasma membrane

Recent evidence has shown that FAT/CD36 has a key
role in regulating the transmembrane flux of LCFAs and
their metabolism [cf (1)]. Therefore, it was also important
to examine not only FAT/CD36 protein expression, but
also its plasmalemmal content. In the present study, the re-
duced FAT/CD36 protein expression also resulted in a re-
duced plasmalemmal FAT/CD36 content in all tissues in
SHR when compared with WKY rats. The relative reduction
(%) in FAT/CD36 protein expression among the tissues
was highly correlated with the concurrent reduction at the
plasma membrane (r = 0.97). This suggests that FAT /CD36
was not disproportionately redistributed to the plasma
membrane to compensate for its reduced expression, nor
would it seem that FAT/CD36 trafficking to the plasma
membrane was impaired in SHR, as the reduction in plasma-
lemmal content reflected the reduction in expression.

Palmitate transport into giant vesicles

It had been proposed that a reduced rate of adipose tis-
sue glycerol release in the SHR strain provide functional
evidence of FAT/CD36 ablation (23). However, rates of
lipolysis would seem to be an inappropriate measure of
fatty acid transport rates across the plasma membrane.
Moreover, in other studies, impaired fatty acid uptake
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B-methlyiodophenylpentadecanoic acid was not observed
in skeletal muscle of SHR (24). Therefore, we examined
the rates of palmitate transport into giant vesicles. Giant
vesicles have been thoroughly characterized as being fully
suitable for determining rates of fatty acid transport
(10, 11), and these vesicles have been used previously to
measure rates of fatty acid transport in heart, muscle, liver,
and adipose tissue (10, 11, 16, 37, 39). In the present study,
the rates of palmitate transport were reduced only in giant
vesicles prepared from adipose tissue, despite reductions in
plasmalemmal FAT/CD36 in all tissues examined in the
SHR strain. This was unexpected, as an increase or de-
crease in plasmalemmal FAT/CD36 is generally associated
with concomitant changes in fatty acid transport [cf (1)].
This suggests that, except for adipose tissue, other fatty acid
transport proteins may have compensated to maintain fatty
acid transport in muscle, heart, and liver in the SHR strain.

Unaltered expression of FATP1 and plasmalemmal con-
tent in skeletal muscle cannot account for maintaining
fatty acid transport in muscle, as this protein has a low fatty
acid transport capacity compared with other FATPs (48)
and FAT/CD36 (47). We have previously shown that an
increase in plasmalemmal FABPpm can increase rates of
palmitate transport (49, 50), and that this transporter
can be induced to translocate from an intracellular depot
to the plasma membrane (18, 51). Given that the transport
capacity of FAT/CD36 is approximately 2-fold greater than
that of FABPpm (47), it would seem that the doubling in
plasmalemmal FABPpm in the present study compensated
for the concomitant reductions of plasmalemmal FAT/
CD36 in red (—56%) and white muscle (—71%), thereby
maintaining the normal rates of palmitate transport.

Plasmalemmal FABPpm was not altered in SHR liver, but
the increase in plasmalemmal FATP1 likely contributed to
the increased rate of fatty acid transport in SHR liver. In
heart, neither plasmalemmal FABPpm (unaltered) nor
plasmalemmal FATP1 (decreased) can account for normal
rate of fatty acid transport in SHR. In this tissue, the heart-
specific transporter FATP6 (52) may have compensated to
maintain rates of palmitate transport.

The large reduction in fatty acid transport into adipose
tissue was attributable to the concurrent reduction in plasma-
lemmal FAT/CD36. In this tissue, neither plasmalemmal
FABPpm nor plasmalemmal FATP1 were altered.

Is FAT/CD36 associated with insulin resistance in SHR

It has been surmised that FAT /CD36 ablation was an un-
derlying cause for diminished insulin-stimulated glucose
uptake by adipocytes in SHR (23, 53). Yet, this linkage be-
tween FAT/CD36 deficiency and insulin resistance would
not seem to be warranted. For example, the SHR strain
that was thought to be FAT/CD36 null, exhibited either im-
paired oral glucose tolerance (24, 25) or no difference in
oral glucose tolerance on either a chow (26) or a high-fat
diet (24). Moreover, in FAT/CD36 null mice insulin sensi-
tivity is improved (5, 15). Still others have shown that insu-
lin resistance is present in other SHR strains in which FAT/
CD36 is expressed normally (30). Thus, our present study
and others (15, 29, 30) indicate that FAT/CD36 ablation/
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reduction per sé is unlikely to be associated with insulin re-
sistance in SHR. Instead, it is the increase in FAT/CD36 at
the plasma membrane, in skeletal muscle and heart, that
has been clearly associated with insulin resistance in animals
(16-19, 54) and in humans (20), as this increases intracel-
lular lipid accumulation.

SUMMARY

The present studies have shown the North American
SHR strain express aberrant FAT mRNAs in key metabolic
tissues, which confirms previous reports in these animals.
Despite these FAT mRNA anomalies, FAT/CD36 protein
was expressed, albeit at reduced levels, the magnitude of
which was tissue-specific. Reductions in FAT/CD36 protein
and its plasmalemmal content in SHR strain resulted in a
reduced rate of fatty acid transport into adipose tissue, but
not in the other tissues examined. In skeletal muscle, main-
tenance of fatty acid transport rates was associated with a
compensatory increase in plasmalemmal FABPpm. This
was not observed in the other tissues. In liver, the increase
in FATP1 may have contributed to the increase in fatty acid
transport. We conclude that the North American SHR
strain is not a naturally occurring FAT /CD36 null model A
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