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Effects of insulin resistance and hepatic lipid accumulation
on hepatic mRNA expression levels of apoB, MTP
and L-FABP in non-alcoholic fatty liver disease
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Abstract. Non-alcoholic fatty liver disease (NAFLD) is
considered a hepatic manifestation of metabolic syndrome,
which is known to be associated with insulin resistance (IR).
NAFLD occurs when the rate of hepatic fatty acid uptake from
plasma and de novo fatty acid synthesis is greater than the
rate of fatty acid oxidation and excretion as very low-density
lipoprotein (VLDL). To estimate the effects of IR on hepatic
lipid excretion, mRNA expression levels of genes involved in
VLDL assembly were analyzed in NAFLD liver. Twenty-two
histologically proven NAFLD patients and 10 healthy control
subjects were enrolled in this study. mRNA was extracted
from liver biopsy samples and real-time PCR was performed
to quantify the expression levels of apolipoprotein B (apoB),
microsomal triglyceride transfer protein (MTP) and liver fatty-
acid binding protein (L-FABP). Hepatic expression levels of the
genes were compared between NAFLD patients and control
subjects. In NAFLD patients, we also examined correlations
between expression levels of the genes and metabolic factors,
including IR, and the extent of obesity and hepatic lipid accu-
mulation. Hepatic expression levels of apoB, MTP and L-FABP
were significantly up-regulated in NAFLD patients compared
to control subjects. The expression levels of MTP were corre-
lated with those of apoB, but not with those of L-FABP. In the
NAFLD liver, the expression levels of MTP were significantly
reduced in patients with HOMA-IR >2.5. In addition, a signifi-
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cant reduction in MTP expression was observed in livers with
advanced steatosis. Enhanced expression of genes involved in
VLDL assembly may be promoted to release excess lipid from
NAFLD livers. However, the progression of IR and hepatic
steatosis may attenuate this compensatory process.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinicopatho-
logical disease characterized by elevated accumulation of
triglycerides in the liver. In more than 10% of patients with
NAFLD, liver disease progresses to non-alcoholic steatohepa-
titis (NASH), which is characterized by hepatic inflammatory
cell infiltration and ballooning of hepatocytes. Liver cirrhosis
and hepatocellular carcinoma occur in certain patients with
NASH (1).

Many studies have attempted to investigate the mechanisms
involved in the progression of hepatic steatosis to control lipid
content in NAFLD. Steatosis occurs when the rate of hepatic
fatty acid uptake from plasma and de novo fatty acid synthesis
is greater than the rate of fatty acid oxidation and excretion
as very low-density lipoprotein (VLDL) (2). Insulin resistance
(IR), which is frequently accompanied by obesity and T2DM,
is known to promote the progression of hepatic steatosis (3).
Of note, insulin activity to suppress triglyceride hydrolysis in
adipose tissue is diminished in IR, eventually causing fatty
acid accumulation in the liver (4). Moreover, enhanced hepatic
lipid production is induced by IR. Hyperglycemia induces
the transactivation of transcriptional factors, carbohydrate
responsive element binding protein and Liver X receptor,
which are known to activate de novo hepatic lipid synthesis
(5,6). Furthermore, triglyceride hydrolysis in the liver is also
modified by IR. Hepatic mRNA expression levels of lipolytic
enzymes, hormone-sensitive lipase and adipose tissue triglyc-
eride lipase were found to be suppressed in NAFLD with IR
(7). These observations suggest that IR may adversely affect
multiple mechanisms regulating hepatic lipid contents and
promote the progression of NAFLD.
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Triglyceride release as VLDL requires coordinated func-
tions of apolipoprotein B (apoB) and microsomal triglyceride
transfer protein (MTP) (8). ApoB is an essential protein
required for assembly and secretion of VLDL from the liver
and chylomicron from the small intestine (9). MTP transfers
free cholesterol, phospholipids, triglyceride and cholesterol
esters to apoB during translation, allowing apoB to attain a pre-
VLDL conformation, which supports the subsequent fusion of
apoB with MTP-stabilized triglyceride droplets and the forma-
tion of mature VLDL (10). Genetic analyses confirm the crucial
roles of MTP in lipid metabolism; liver-specific Mttp-knockout
induced striking reductions in VLDL triglyceride and caused
hepatic steatosis (11). In addition, liver fatty-acid binding
protein (L-FABP) is known to facilitate intracellular traf-
ficking of long-chain fatty acids (LCFAs) (12). This property of
L-FABP modulates diverse cellular functions, including fatty
acid uptake and intracellular lipid contents and metabolism.

To understand the effects of IR on the mechanism of triglyc-
eride release from the liver, we conducted this study to estimate
hepatic mRNA expression levels of apoB, MTP and L-FABP in
patients with NAFLD using RT-PCR. We examined the effects
of metabolic factors, including IR, and the extent of obesity and
hepatic lipid accumulation on the expression of the genes. We
found that the expression levels of all genes examined in the
NAFLD liver were significantly increased compared to those
of the healthy controls. Furthermore, IR or advanced hepatic
steatosis significantly reduced the expression levels of MTP in
the NAFLD liver. These observations may be helpful to under-
stand the effects of IR on the progression of NAFLD.

Materials and methods

Patients and samples. Liver tissue samples were obtained by
biopsy from 22 patients with histologically diagnosed NAFLD
who were admitted to the Kyushu University Hospital between
2004 and 2006. To avoid the effects of fibrosis on metabolic
parameters, patients histologically diagnosed with NASH
were not included. Liver tissue samples were obtained from
living donors during liver transplantation and used as healthy
controls. Written consent was obtained from all of the patients.
Characteristics of the enrolled subjects, including gender, age,
body mass index (BMI), serum levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), y-glutamyl
transpeptidase (yGTP), lactate dehydrogenase (LDH), total
cholesterol, triglyceride, fasting plasma glucose, C-reactive
protein (CRP), platelet count and prothrombin time, were
documented.

RT-PCR. Total RNA was prepared with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), and cDNA was synthe-
sized with GeneAmp™ RNA PCR (Applied Biosystems.
Branchburg, NJ, USA). Real-time PCR was performed using
LightCycler-FastStart DNA Master SYBR Green 1 (Roche,
Basel, Switzerland) according to the manufacturer's instruc-
tions. To control for variations in the reactions, all PCR data
were normalized against [3-actin expression. PCR primers for
apoB were forward 5-GCCGAGTTTGCCTTGCTCA-3' and
reverse 5S"-TCCGGAGGCTCACCAGTTTC-3'; the primers for
MTP were forward 5-GGCTCCTGCCTACAGCTTCT-3' and
reverse 5'-CAGCCAGTGGATCACCACA-3'; the primers for
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Table I. Clinical characteristics of the patients with NAFLD
and control subjects.

Control NAFLD p-value

(n=10) (n=22)
Male/female 6/4 12/10 0.77000
Age (years) 32.6+7.06 38.0+14.1  0.06600
BMI (kg/m?) 21.3+2.58 253+6.94  0.00261*
AST (U/) 15.0+3.35 399+47.1  0.15100
ALT (U/) 12.3+4.09 54.2+69.6  0.10300
YyGTP (U/) 17.9+3.18 61.3+82.0  0.12900
LDH (U/1) 138+27.6 217+832  0.01450°
Total cholesterol (mg/dl) 164+26.7 191451 0.12600
Triglyceride (mg/dl) 77.0+£22.0 130+112 0.20200
Fasting plasma 87.6+4.90 108+32.2  0.09690
glucose (mg/dl)
Platelets (x10*/mm?) 24.2+4.39 21.6+£3.77  0.13600
Prothrombin time (%) 88.8+6.65 94.3+9.32  0.13700
CRP (mg/dl) 0.062+0.13  0.081+0.1 0.69000

BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; YGTP, y-glutamyl transpeptidase; LDH, lactate dehy-
drogenase; CRP, C-reactive protein. p-values were calculated to compare
the subjects in the control and NAFLD groups (*p<0.05).

L-FABP were forward 5'-CAGCTGCGGGATGAGATTGA-3'
and reverse 5-"AAACGCTGGTGTGTGATGGGTA-3'.

Statistical analyses. The results were expressed as the
means + standard deviation. Significant differences between
two groups were assessed using unpaired two-tailed t-tests.
A value of p<0.05 was considered significant.

Results

Subject characteristics. We studied 22 NAFLD patients
(12 males and 10 females) and 10 control subjects (6 males
and 4 females) (Table I). Since control samples were obtained
from healthy donors for transplantation, the age of this group
was younger compared to the NAFLD group, but the differ-
ence was not significant. BMI was significantly higher in the
NAFLD group than in the control group. AST, ALT and yGTP
were higher in the NAFLD group than in the control group, but
the differences were not significant. Nutritional parameters,
including total cholesterol, triglyceride and fasting plasma
glucose, were higher in the NAFLD group than in the control
group, but the differences were not statistically significant.

Up-regulation of genes involved in VLDL assembly and fatty
acid trafficking in the NAFLD liver. nRNA expression levels
of apoB and MTP were significantly higher, 3-fold and 2-fold,
respectively, in the NAFLD than in the control liver (Fig. 1A
and B). L-FABP was also significantly higher in the NAFLD
liver than in the control (Fig. 1C). Since all three genes were
up-regulated in the NAFLD liver in a similar manner, we
evaluated the correlations among the expression levels of
these genes. As shown in Fig. 2, the expression levels of MTP
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Figure 1. RT-PCR analyses of the expression levels of genes involved in VLDL assembly and fatty acid trafficking in NAFLD and control livers. Total RNA
was extracted from liver biopsy samples of NAFLD patients (n=22) and control subjects (n=10). Samples were analyzed by RT-PCR and normalized for -actin
expression. (A) apoB; (B) MTP; (C) L-FABP. The mean expression in the control liver was set as 1. “p<0.05.
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Figure 2. Correlations between the expression levels of genes involved in VLDL assembly and fatty acid trafficking in NAFLD liver. (A) apoB and MTP;
(B) L-FABP and MTP. Expression levels of MTP were significantly correlated with those of apoB (r=0.614, p=0.0006), but not with those of L-FABP.

were significantly correlated with those of apoB (r=0.614,
p=0.0006; Fig. 2A), but not with those of L-FABP (Fig. 2B),
suggesting that a common mechanism may be involved in the
transcriptional regulation of MTP and apoB in the NAFLD
liver. Moreover, enhanced expression of these genes suggests
that a compensatory mechanism to release excess lipids is
activated in the NAFLD liver.

Effects of IR on the expression levels of apoB, MTP and
L-FABP in the NAFLD liver. We analyzed whether IR modifies
the expression levels of these genes in NAFLD. In 22 patients
with NAFLD, 12 had homeostasis model assessment of insulin
resistance (HOMA-IR) values >2.5 and were considered to
have IR. Expression levels of all of the genes measured were
reduced in patients with IR. Of note, the expression levels
of MTP in patients with HOMA-IR >2.5 were significantly
reduced compared to those with HOMA-IR <2.5 (Fig. 3). To
evaluate the effects of obesity, we compared the expression
levels of genes between patients with BMI <30 kg/m? (n=9)
and those with BMI >30 kg/m? (n=13). However, significant
differences were not observed (Fig. 4).

Effects of the extent of lipid accumulation on the expression
levels of apoB, MTP and L-FABP in the NAFLD liver. The
numbers of lipid-laden hepatocytes in the NAFLD liver were

histologically counted on biopsy sections. mRNA expression
levels of genes were then compared between liver samples
with mild steatosis (<30% of hepatocytes showed marked
lipid accumulation; n=12) and advanced steatosis (>30% of
hepatocytes showed marked lipid accumulation; n=10). The
expression levels of MTP in livers with advanced steatosis were
significantly reduced compared to those with mild steatosis
(Fig. 5). A similar tendency was observed in the expression
levels of apoB, but the difference was not significant. These
results suggest that the reduced expression of MTP in the
liver with advanced steatosis is involved in the mechanism
to exacerbate hepatic lipid accumulation in the NAFLD liver,
through the reduction of lipid excretion as VLDL.

Discussion

In this study, the hepatic mRNA expression levels of apoB,
MTP and L-FABP were increased in the NAFLD liver
compared to those in the control livers, suggesting that a
compensatory mechanism to release excess lipid as VLDL is
promoted in the steatotic liver. However, in patients with IR or
advanced steatosis, this compensatory mechanism seems to
be disrupted via the down-regulation of MTP. This process to
attenuate the compensatory mechanism may be involved in the
progression of NAFLD.
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Figure 3. Effects of IR on the expression of genes involved in VLDL assembly and fatty acid trafficking in NAFLD liver. Patients with HOMA-IR >2.5 were
considered to have IR. The expression levels of genes were compared between patients with HOMA-IR <2.5 (n=10) and those with HOMA-IR >2.5 (n=12).
All PCR reactions were normalized for [3-actin expression. (A) apoB; (B) MTP; (C) L-FABP. The mean expression in the patients with HOMA-IR <2.5 was

set as 1. "p<0.05.
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Figure 4. Effects of BMI on the expression of genes involved in VLDL assembly and fatty acid trafficking in NAFLD liver. The expression levels of genes
were compared between patients with BMI <30 kg/m? (n=9) and those with BMI >30 kg/m? (n=13). All PCR reactions were normalized for -actin expression.
(A) apoB; (B) MTP; (C) L-FABP. The mean expression in the patients with BMI <30 kg/m? was set as 1. ‘p<0.05.

2.0 B 20 C 40
l;|
g
§15F 151 Z30F
‘? w
g g 5
: 10} ;1.0— %2.0-
e
z g £
E : 5
| 05+ 05F 1.0
2 g -
-
0 0 0
lipid-]aden QO‘% >304% lipid-lad&l’l 430% }30% [ipid-[adcn <30% }30%’
hepatocytes hepatocytes hepatocytes

Figure 5. Effects of the extent of lipid accumulation on the expression of genes in NAFLD liver. The numbers of hepatocytes with marked lipid accumulation
were counted on biopsy sections. The expression levels of genes were compared between the liver samples with mild steatosis (<30% of hepatocytes show
marked lipid accumulation; n=12) and in liver samples with advanced steatosis (>30% of hepatocytes show marked lipid accumulation; n=10). All PCR reac-
tions were normalized for B-actin expression. The mean expression in NAFLD liver with mild steatosis was set as 1. 'p<0.05.

Transcriptional regulations of genes examined in this
study are known to be mediated by transcriptional factors,
including hepatocyte nuclear factor (HNF)4a and peroxisome
proliferator-activated receptor (PPAR)a. HNF4a controls the
expression of genes involved in lipoprotein and lipid metabo-
lism, including MTP and apoB (13-15). HNF4a binds long

chain fatty acyl-CoA and this binding stimulates its transcrip-
tional activity (16,17). PPARa, which regulates the expression
of a number of genes critical for lipid and lipoprotein metabo-
lism, is known to transactivate MTP expression in rat liver and
cultured hepatocytes (18,19). PPARa is also responsible for the
induction of L-FABP in hepatocytes in response to HMG-CoA



reductase inhibitor (20). Since our observations showed a
positive correlation between the expression levels of apoB and
MTP, but not between those of L-FABP and MTP, HNF4a
may be more likely to be responsible for the simultaneous and
correlated transactivation of apoB and MTP.

In this study, the expression levels of MTP were reduced
in NAFLD with IR; however, this observation is not consis-
tent with the known effects of insulin on the transcriptional
regulation of MTP. Hepatic expression of MTP is reported to
be down-regulated by insulin (21). In detail, MTP expression
is induced by transcriptional factor forkhead box O1 (FoxOl),
whose activation is down-regulated by exposure to insulin
(10,22). In response to insulin, FoxOl is phosphorylated
by activated Akt, resulting in a reduction in nuclear FoxOl1
and time-dependent decreases in MTP transcription. These
findings suggest that MTP expression would not be down-
regulated in IR. Currently, we cannot explain why the opposite
results were observed in this study. Small sample size may be
the reason for this unexpected MTP expression. However, we
hypothesize that deteriorated cellular circumstances in the
NAFLD liver may be responsible. Of note, oxidative stress,
which is induced by mitochondrial dysfunction in steatotic
cells, has a strong potential to damage various cellular func-
tions, including homeostasis of endoplasmic reaction, control
of cell death and transcriptional regulation of various genes
(23-26). Furthermore, hepatic iron load in the NAFLD liver
would be a factor to enhance cellular damages. Since iron
has a strong potential to produce oxidative stress, hepatic iron
load is known to promote the progression of NASH (27,28).
In the NAFLD liver, reduction in MTP expression levels and
increased iron score were simultaneously observed during the
progression of liver disease (29). Taken together, reduced MTP
expression in NAFLD liver with IR or advanced steatosis may
be induced by enhanced oxidative stress in these cellular
circumstances.

In this study, the expression of genes involved in VLDL
assembly and fatty acid trafficking was enhanced in the liver
with NAFLD. However, the reduced expression of MTP
in livers with IR or advanced steatosis may be factors to
accelerate further steatosis. Further studies are necessary to
determine the effects of IR on the progression of NAFLD.
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