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Abstract

Liver injury linked to insulin resistance is characterized by mild to moderate increases in aminotransferase activity. A soluble form of
CD36 (sCD36) was recently identified in human plasma. The aim of this study was to evaluate the relationships among plasma sCD36,
insulin sensitivity (SI) and indicators of liver health. We evaluated a cohort of men from the general population (n=117). As expected, serum
(ALT), aspartate aminotransferase (AST) and gamma-glutamyltransferase (GGT) were associated positively with body mass index (BMI) and
age and negatively with SI (minimal model method). Circulating sCD36 was positively associated with ALT, AST and GGT in subjects with
altered glucose tolerance, but not in those with normal glucose tolerance. The difference in the slope of the relationships was significant
(P=.01). Age, BMI and triglycerides (but not sCD36) contributed independently to 29% of ALT variance in subjects with normal glucose
tolerance. In contrast, SI and sCD36 contributed independently to 39% of ALT variance in subjects with altered glucose tolerance. The
correlation between ALT activity and sCD36 was confirmed in an independent, replication study. In summary, circulating sCD36 could
represent a novel marker of liver injury in subjects with altered glucose tolerance.
© 2009 Elsevier Inc. All rights reserved.
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1. Introduction

More than 20% of Americans have nonalcoholic fatty
liver disease (NAFLD), and this is, by far, the leading cause
of abnormal liver enzymes in the United States. Nonalco-
holic steatohepatitis, a more serious form of NAFLD, can
proceed to cirrhosis and even hepatocellular carcinoma.
These liver diseases represent the hepatic component of the
metabolic syndrome, and this spectrum of liver disease
represents a major health problem both in the United States
Abbreviations: sCD36, soluble CD36; BMI, body mass index; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; GGT, Gamma-
glutamyltransferase; FFAs, free fatty acids.
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and worldwide. Hepatic steatosis is closely linked to
nutrition, including obesity and consumption of certain
types of fats. There are a variety of second insults or “hits”
that appear to transform simple steatosis into nonalcoholic
steatohepatitis, with some of these second hits including
certain proinflammatory cytokines and oxidative stress. The
interactions of cytokines with oxidative stress and lipid
peroxidation have been postulated to play a key role in the
induction of liver injury [1]. Cytokines can induce liver
damage by different ways. In vivo and in vitro infusion of
different cytokines increase fatty acid levels by stimulating
adipose lipolysis [2–4]. This increased lipolysis results in a
greater free fatty acid (FFA) flux to the liver leading to
hepatic steatosis [21]. Inflammatory gene expression
increases in liver with increasing adiposity suggesting that
hepatocyte fat accumulation might induce a low-grade
inflammatory response in liver similar to that induced in
adipose tissue by fat accumulation [5–7].
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CD36, also known as fatty acid translocase (FAT) [8] and
platelet glycoprotein IV or IIIb, is a multispecific, integral,
88-kDa membrane glycoprotein expressed on the surface of
a wide variety of cell types including adipocytes, skeletal
muscle cells, platelets, endothelial cells and monocytes/
macrophages [9,10]. Additionally, CD36 has been proposed
to be a surrogate of macrophage activation and inflammation
[10]. A soluble form of CD36 (sCD36), a marker of altered
tissue CD36 expression, was recently identified in human
plasma, and elevated levels were found in obesity and type 2
diabetes [11].

CD36 was identified as a facilitator of fatty acid (FA)
uptake in muscle and adipose tissue [12,13]. Homozygous
disruption of the CD36 locus led to hepatic insulin-
resistance with high plasma FFAs and triglycerides
[14,15]. The CD36-deficient mouse also exhibits greater
than a 60% decrease of FA uptake and utilization by
heart, oxidative skeletal muscle and adipose tissues
[16,17]. In contrast, mice with muscle CD36 overexpres-
sion [13] have enhanced FA oxidation in response to
contraction [14].

The liver was not believed to be a major site for FAT/
CD36 expression. However, CD36 has been proposed to be
involved in the hepatocyte uptake of fatty acids after the
discovery of CD36 expression in the liver of animal models
[18,19] and humans [20].

Given all this background, we aimed to explore circulating
sCD36 in relation to markers of liver injury and insulin
resistance in subjects with normal and altered glucose
tolerance [21].
2. Subjects and methods

One hundred seventeen consecutive men fulfilling
inclusion criteria and enrolled in a cross-sectional,
population-based study on cardiovascular risk factors in
healthy subjects in Northern Spain were studied. All
subjects were of Caucasian origin and reported that their
body weight had been stable for at least three months
before the study. None of the patients were taking any
medication or had any evidence of metabolic disease other
than obesity. Of these subjects, 73 had strictly normal
glucose tolerance, and 44 showed altered glucose tolerance
during an oral glucose tolerance test, 7 of them with
previously undiagnosed type 2 diabetes mellitus according
to American Diabetes Association criteria. The study was
approved by the Ethics Committee of the University
Hospital of Girona. Enrolled subjects handed in their
written consent after having been previously informed
about the study.

Inclusion criteria were (1) body mass index (BMI) b40
kg/m2, (2) absence of any systemic disease, (3) alcohol
intake less than 40 g/day, (4) negative serologic markers for
viral hepatitis and (5) absence of drugs that could induce
liver disease.
2.1. Insulin sensitivity

Insulin sensitivity was measured using the frequently
sampled intravenous glucose tolerance test on a different
day. In brief, the experimental protocol started between 8 and
8:30 a.m. after an overnight fast. A butterfly needle was
inserted into an antecubital vein, and patency was maintained
with a slow saline drip. Basal blood samples were drawn at
−30, −10 and −5 min, after which glucose (300 mg/kg body
weight) was injected over 1 min starting at Time 0, and
insulin (Actrapid, Novo, Denmark; 0.03 U/kg) was adminis-
tered at time 20. Additional samples were obtained from a
contra-lateral antecubital vein up to 180 min, as previously
described [22].

2.2. Replication study

Ten healthy lean and 9 healthy obese control subjects
carefully age- and gender-matched to 9 obese Type 2 diabetic
patients participated in the replication study. Obese control
subjects and Type 2 diabetic patients were matched for BMI.
Diabetic patients, randomly recruited from the Endocrinol-
ogy Unit of Odense University Hospital, were treated by
either diet alone or diet combined with sulfonylurea,
metformin or insulin; these drugs were withdrawn 1 week
before the study. Control subjects with normal glucose
tolerance and no family history of diabetes were recruited by
newspaper advertising.

2.3. Analytical methods

Blood samples were taken after a 12-h fast. Serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST)
and gamma-glutamyltransferase (GGT) were analyzed by
colorimetry using automated tests (Roche diagnostics,
Manheim, Germany). Intraassay and interassay coefficients
of variation were less than 4% for these tests. Plasma glucose
level was measured in duplicate by the glucose oxidase
method, with a coefficient of variation below 2%. Serum
insulin was measured in duplicate by monoclonal immunor-
adiometric assay (Medgenix Diagnostics). Intraassay and
interassay coefficients of variation have been previously
reported to be less than 7% [22].

2.4. ELISA assay for determination of CD36 in plasma

Determination of sCD36 was determined by ELISA assay
essentially as described in Ref. [11]. ELISA plates were
coated with catcher antibody against CD36, sc-5522
(polyclonal, Santa Cruz Biotechnology, Santa Cruz, CA,
USA), and stored at −20°C until use. Detection antibody sc-
9154 (polyclonal, Santa Cruz Biotechnology) was biotiny-
lated as described in Ref. [11] and stored at −80°C. A pool of
EDTA-plasma served as standard and was applied in
increasing dilutions in duplicates. Other pools of EDTA-
plasma served as high and low controls, and background was
determined by applying phosphate-buffered saline in
duplicates. Patient samples were applied in appropriate



able 1
nthropometrical and biochemical variables of the study subjects

Normotolerant
men

Glucose-intolerant
men

P

73 44 –
ge (years) 48.5±11.8 56.0±11.3 .001
ody mass index (kg/m2) 26.62±3.2 28.7±3.8 .002
aist-to-hip ratio 0.92±0.06 0.96±0.07 .004
lcohol intake (g/week)⁎ 63 (8.4–144) 64.3 (13.9–227) NS
asting glucose (mmol/l) 5.17±0.45 5.85±0.6 .003
asting insulin (mU/l) 8.1±4.4 11.4±6.5 .003
holesterol (mg/dl) 206±42 217±35 NS
riglycerides (mg/dl)⁎ 78 (58.5–112) 100.5 (68.2–146.7) .03
DL-cholesterol (mg/dl)⁎ 52 (45–57) 50 (41–58) NS
LT activity (U/L)⁎ 22 (17.5–26.5) 22 (15.2–27) NS
ST activity (U/L)⁎ 22 (18–24) 21 (17.2–23) NS
GT activity (U/L)⁎ 21 (16–33) 22 (19–32) NS
sulin sensitivity
(10⁎min−1⁎ μU/ml)⁎

2.82 (2.05–4.4) 1.32 (0.78–2.39) b.0001

oluble CD36
(arbitrary units)⁎

0.58 (0.40–0.87) 0.54 (0.30–0.79) NS

⁎ Median and interquartile range.
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dilutions in duplicates. Absorptions were calculated relative
to the Standard EDTA plasma pool and expressed as relative
units. The intraassay coefficient of variation (CV), which
was estimated from double determinations of the high
control on 15 different days, was 6%. The interassay CV,
estimated from the controls in each run performed, was
16.4%. Runs were only accepted when controls were within
the range of ±1.96×S.D. (interassay). An interassay CV of
16% on an immunological assay is slightly higher than the
immunological, Food and Drug Administration-approved,
CE-marked routine analyses run on automated equipment
(5–10%) in our ISO 15189 standard-accredited laboratory.
However, in new research analyses involving hand-pipetting
and manual dilutions of both standards and internal controls,
interassay CVs of 16% may be expected. Therefore, we find
the interassay CVof 16% acceptable given the present status
of the sCD36 ELISA as a research assay.

2.5. Statistical methods

Statistical analyses were performed using SPSS 12.0
software. Unless otherwise stated, descriptive results of
continuous variables are expressed as mean and S.D. for
Gaussian variables and median and interquartile range for
non-Gaussian variables. Parameters that did not fulfill
normal distribution (SI, AST, ALT, GGT and sCD36) were
log-transformed to improve symmetry for subsequent
analyses. The relation between variables was analyzed by
simple correlation (Pearson's test) and multiple regression in
a stepwise manner. Levels of statistical significance were set
at Pb.05.

For a given value of P=.05, the study had an 80% power
to detect significant correlations between serum sCD36 and
metabolic parameters (Pearson's coefficient of at least 0.26)
in bilateral tests.
3. Results

Table 1 shows the anthropometrical and biochemical
characteristics of the study subjects. Glucose-intolerant men
were older, heavier and more insulin-resistant than subjects
with normal oral glucose tolerance (Table 1). No significant
differences in markers of liver injury were found.

When all subjects were considered as a whole, serum
ALT activity correlated positively with BMI and plasma
fasting triglycerides and negatively with insulin sensitivity
(SI). Identical associations regarding serum GGT activity
were found except in that the latter was also significantly
linked to waist-to-hip ratio and alcohol intake (Table 2). All
markers of liver injury were significantly associated with
circulating sCD36.

When the analysis was performed separately in men
with normal and altered glucose tolerance, significant
differences emerged. In men with normal glucose tolerance,
only the associations between serum ALT activity and
insulin resistance phenotypes were maintained (Table 3A,
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Fig. 1). In contrast, in subjects with glucose intolerance,
serum ALT activity was simultaneously associated with
insulin resistance and circulating sCD36 concentration
(r=0.48, P=.001, Table 3B and Fig. 1). The difference in
the slope of the relationships (sCD36 and ALT) between
subjects with normal and altered glucose tolerance was
significant (P=.01). In these subjects, sCD36 was also
associated with serum AST activity.

Multiple regression analysis models were constructed to
predict serum ALT, with age, BMI, alcohol intake,
triglycerides, SI and sCD36 as independent variables
(Table 4). Although SI and sCD36 contributed indepen-
dently to 39% of ALT variance in glucose intolerant subjects,
only BMI and triglycerides, in addition to age, contributed to
ALT variance (29%) in subjects with normal oral glucose
tolerance (Table 4).

3.1. Replication study

Serum ALT activity was significantly higher in type 2
diabetic patients (35.0±16.9 U/L) compared with obese
subjects (20.0±7.79 U/L) (P=.017) and with lean subjects
(16.5±5.84 U/L) (P=.003). Soluble sCD36 correlated
significantly with ALT activity (r=0.45, P=.014) only
when obese Type 2 diabetic patients were included in
the analysis.
4. Discussion

The prevalence of obesity and insulin resistance has
risen dramatically worldwide. This has led to a marked
increase in the prevalence of liver injury [23–26]. The
identification of early markers of liver dysfunction is very
important. Traditionally, aminotransferase levels are
directly associated with BMI, but the effect of overweight



Table 2
Correlations between circulating soluble CD36 and selected variables in all subjects as a whole.

n=117 Log AST Log GGT Age BMI WHR Alcohol intake Fasting glucose Fasting insulin Log triglyc Log SI Log sCD36

Log ALT 0.525 0.275 −0.267 0.222 0.113 0.011 0.175 0.274 0.228 −0.284 0.233
0.000 0.003 0.004 0.016 0.226 0.906 0.059 0.004 0.013 0.002 0.012

Log AST 1 0.050 −0.129 −0.003 0.081 −0.112 0.038 −0.097 −0.073 −0.026 0.292
0.596 0.166 0.977 0.411 0.246 0.688 0,318 0.436 0.783 0.001

Log GGT 1 0.063 0.228 0.230 0.247 0.096 0.259 0.278 −0.222 0.182
0.498 0.013 0.013 0.009 0.302 0.007 0.002 0.016 0.050

Age 1 0.152 0.116 0.025 0.063 −0.005 −0.038 −0.105 0.048
0.102 0.216 0.798 0.500 0.957 0.683 0.260 0.604

BMI 1 0.492 −0.047 0.195 0.494 0.300 −0.604 0.048
0.000 0.624 0.035 0.000 0.001 0.000 0.607

WHR 1 0.005 0.259 0.400 0.287 −0.450 −0.101
0.959 0.005 0.000 0.002 0.000 0.279

Alcohol intake 1 0.096 −0.081 0.023 0.099 −0.073
0.319 0.411 0.815 0.306 0.45

Fasting glucose 1 0.321 0.002 −0.399 0.012
0.001 0.986 0.000 0.898

Fasting insulin 1 0.401 −0.549 −0.028
0.000 0.000 0.773

Log triglyc. 1 −0.345 0.180
0.000 0.053

Log SI 1 −0.067
0.473

The upper row of each correlation represents the correlation coefficient and the lower row reports P value.
WHR, waist-to-hip ratio; triglyc, fasting triglycerides.
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on markers of liver function seems to be largely
influenced by insulin action, inflammation and character-
istics of the metabolic syndrome [27,28]. Aminotransfer-
ase levels, even at normal levels, correlate positively with
proinflammatory cytokines (tumor necrosis factor α and
interleukin 18) and negatively with anti-inflammatory
cytokines [29–33].
Table 3A
Correlations between circulating soluble CD36 and selected variables in men with

n=73 Log AST Log GGT Age BMI WHR Alcohol Int

Log ALT 0.478 0.189 −0.241 0.328 0.168 −0.042
0.000 0.109 0.040 0.005 0.156 0.734

Log AST 1 0.077 −0.104 0.072 −0.103 −0.141
0.518 0.383 0.545 0.387 0.254

Log GGT 1 0.122 0.109 0.124 0.277
0.302 0.358 0.296 0.023

Age 1 −0.055 −0.011 0.066
0.646 0.927 0.598

BMI 1 0.400 −0.124
0.000 0.317

WHR 1 −0.095
0.446

Alcohol intake 1

Fasting glucose

Fasting insulin

Log triglyc.

Log SI

The upper row of each correlation represents the correlation coefficient and the lo
The findings of our study suggest that circulating sCD36
may be a marker of liver injury in subjects with altered
glucose tolerance, independent of SI. In more insulin-
sensitive subjects (those with normal glucose tolerance),
only BMI and triglycerides were significantly associated
with markers of liver health. In the two-hit theory of liver
injury, a baseline of liver steatosis induced by obesity
normal oral glucose tolerance

ake Fasting glucose Fasting insulin Log triglyc Log SI Log sCD36

0.112 0.363 0.323 −0.232 −0.005
0.345 0.003 0.005 0.049 0.962

−0.097 −0.026 −0.077 0.010 0.180
0.413 0.834 0.519 0.930 0.128
0.148 0.143 0.202 −0.115 0.154
0.213 0.251 0.087 0.331 0.193
0.034 0.000 −0.161 0.024 0.091
0.777 0.999 0.174 0.842 0.444
0.223 0.533 0.225 −0.591 0.004
0.058 0.000 0.055 0.000 0.971
0.346 0.447 0.239 −0.395 −0.195
0.003 0.000 0.041 0.001 0.099
0.126 −0.035 −0.043 0.240 0.024
0.308 0.786 0.732 0.051 0.847
1 0.395 0.037 −0.233 −0.026

0.001 0.758 0.048 0.829
1 0.337 −0.488 −0.199

0.006 0.000 0.110
1 −0.270 0.102

0.021 0.390
1 0.061

0.607

wer row reports P value.



Fig. 1. Associations between sCD36 and serum ALT activity in subjects with normal (upper panels) or altered glucose tolerance (lower panels).
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requires a second hit capable of inducing inflammation,
fibrosis, or necrosis for significant liver injury to develop.
The first hit is usually envisioned as insulin resistance, and
the second hit, as “inflammation” [34]. We could hypothe-
size that sCD36 forms part of this “second hit” once
established insulin resistance develops in subjects with
altered glucose tolerance.

In the present study we have confirmed the inverse
correlation between sCD36 and SI in glucose-intolerant men
[11]. However, such a relationship was not found in glucose-
tolerant males nor was it present when SI, and sCD36 was
analysed in all study subjects. In the study of Handberg et al.
[11], an inverse correlation between sCD36 and insulin-
stimulated glucose disposal was found both in diabetic as
well in all study subjects as a whole. There was no significant
correlation between sCD36 and glucose infusion rate in
neither glucose-tolerant lean subjects (r=0.16, PN.05, data
unpublished) nor glucose-tolerant obese subjects (r=−.01,
PN.05, data unpublished), and thus, there is no discrepancy
between the SI and sCD36 relationships in our present study
compared to the previous [11]. Furthermore, the measures of
SI in the two studies cannot be readily compared.

sCD36 may be released from degrading cells just like
ALT is increased with liver cell destruction associated with
insulin resistance [7,35,36]. Interestingly, a recent article
disclosed a lower expression of CD36 gene in livers from
Type 2 diabetic subjects [20]. With insulin resistance and
obesity, plasma lipids are disturbed and accumulate in the
liver, potentiating the “low-grade inflammation.” This may
induce release/secretion of CD36 by monocytes or macro-
phages (Kupffer cells) and may even release CD36 from
liver cells.

It has been hypothesised that the lower expression of
CD36 observed in liver might lead to a reduced capacity to
repress hepatic lipogenesis when circulating levels of fatty
acids increase. The livers of CD36−/− mice are severely
insulin-resistant with regard to the suppression by insulin of
endogenous glucose production. In CD36−/− mice, increased
plasma FFA levels lead to an increased flux of fatty acids
toward the liver [37]. The increased FA flux toward the liver



Table 3B
Correlations between circulating soluble CD36 and selected variables in men with altered glucose tolerance

n=44 Log AST Log GGT Age BMI WHR Alcohol Intake Fasting glucose Fasting insulin Log triglyc Log SI Log sCD36

Log ALT 0.580 0.460 −0.283 0.167 0.114 0.099 0.386 0.294 0.197 −0.565 0.481
0.000 0.002 0.062 0.280 0.466 0.535 0.010 0.062 0.199 0.000 0.001

Log AST 1 0.027 –0.114 –0.038 0.113 –0.062 0.304 –0.114 –0.037 –0.220 0.419
0.859 0.460 0.806 0.478 0.698 0.045 0.477 0.811 0.151 0.005

Log GGT 1 −0.146 0.388 0.388 0.212 −0.071 0.389 0.38 −0.386 0.246
0.345 0.009 0.010 0.177 0.647 0.012 0.012 0.010 0.107

Age 1 0.263 0.107 −0.113 0.287 0.219 −0.065 0.066 0.023
0.085 0.493 0.478 0.059 0.168 0.675 0.670 0.882

BMI 1 0.515 −0.040 −0.094 0.365 0.288 −0.514 0.117
0.000 0.801 0.544 0.019 0.058 0.000 0.451

WHR 1 0.057 −0.098 0.265 0.257 −0.367 0.018
0.719 0.530 0.095 0.096 0.015 0.909

Alcohol intake 1 −0.024 −0.198 0.039 0.078 −0.152
0.880 0.220 0.806 0.625 0.338

Fasting glucose 1 0.048 −0.246 −0.203 0.082
0.768 0.108 0.186 0.597

Fasting insulin 1 0.378 −0.527 0.142
0.015 0.000 0.376

Log triglyc. 1 −0.325 0.259
0.031 0.089

Log SI 1 −0.302
0.046

The upper row of each correlation represents the correlation coefficient, and the lower row reports P values.
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(+300%) in CD36−/− mice exceed the increased β-oxidation
capacity (+50%). When fatty acid uptake exceeds utilization,
the fatty acids are stored as TG in CD36−/− mice. Increased
hepatic TG content correlates with impaired suppression of
endogenous glucose production by insulin [38,39]. Epide-
Table 4

Independent
variables

Log alanine aminotransferase (U/L)

Unstandardized Coefficients

B S.E.

Linear Multiple regression of alanine aminotransferase as dependent variable in
Age −0.228 0.064
BMI 0.1675 0.146
Alcohol intake 0.072 0.0826
Triglycerides 0.083 0.088
Insulin sensitivity −14.477 3.6
Circulating sCD36 t7.022 2.812

Linear Multiple regression of alanine aminotransferase as dependent variable in
Age −0.167 0.080
BMI 0.9039 0.2941
Alcohol intake 0.046 0.0545
Triglycerides 0.0378 0.017
Insulin sensitivity −0.1296 −0.119
Circulating sCD36 −0.034 −0.04

Linear Multiple regression of alanine aminotransferase as dependent variable in
Age −0.164 −0.211
BMI −0.03 −0.031
Alcohol intake 0.174 0.221
Triglycerides −0.039 −0.047
Insulin sensitivity −19.204 6.448
Circulating sCD36 10.685 3.676
miological evidence has been presented that liver fat
accumulation is associated with high circulating plasma
FFA levels and hepatic insulin resistance in humans [40,41].

On the other hand, CD36 is regulated by the
peroxisome proliferator-activated receptor (PPAR) gamma
t Sig.

Standardized Coefficients

Beta

all subjects as a whole
−.304 −3.539 .0006
.579 1.507 .134
.967 0.846 .399
.856 0.907 .366
−.3464 −4.021 .0001
.213 2.497 .0141

subjects with normal glucose tolerance
−.223 −2.070 .042
.3357 3.073 .003
.909 0.43 .668
.246 2.214 .030
.598 −0.946 .348
.892 −0.321 .749

subjects with altered glucose tolerance
.893 −1.334 .19
.606 −0.197 .844
.881 1.403 .168
.858 −0.293 .77
−.3915 −2.978 .005
.382 2.907 .006
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and is a gene target of thiazolidinediones, which are
agonists of this nuclear receptor [42]. We could hypothe-
sise that decreased sCD36 is the result of a lower action of
endogenous PPAR. In fact, the presence of functional
CD36 was shown to be essential for the actions of
pioglitazone and roziglitazone to improve SI in general and
that of muscle in particular [43,44].

Finally, increased sCD36 could also reflect increased
shedding of CD36 receptor in muscle and adipose tissues,
with decreased intracellular transport of fatty acids into these
tissues and increased delivery to the liver leading to
increased very low-density lipoprotein production. In
humans, incidence of CD36 deficiency, mostly due to a
Pro90Ser mutation [45], has been reported [46]. Insulin
resistance has been evaluated in this situation of CD36
deficiency. However, the relationship between CD36 and
insulin resistance is controversial in humans [47].

In conclusion, the circulating concentration of soluble
CD36 is associated with markers of liver injury. Further
studies with histological assessment are required to
evaluate the significance of circulating sCD36 levels in
subjects with different degrees of liver damage and to
clarify whether sCD36 could be a specific and noninvasive
marker of liver health.
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