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Abstract

AIM: To evaluate the possible role of Tribble 3 (TRB3)
in a rat model of non-alcoholic fatty liver disease
(NAFLD) and its signal transduction mechanism.

METHODS: Thirty Sprague-Dawley rats were
randomized into three groups: normal control group,
non-alcoholic fatty liver group A (fed on a high-
fat diet for 8 wk) and group B (fed on a high-fat
diet for 16 wk). To determine the degree of hepatic
steatosis in rats of each group, livers were stained
with hematoxylin and eosin, and evaluated; real-
time fluorescent quantitative reverse transcriptase-
polymerase chain reaction was performed to measure
the expression levels of TRB3 mRNA; and Western
blotting analysis was done to determine the expression
levels of protein kinase B (Akt) and phosphorylated
protein kinase B (p-Akt-Thr308, p-Akt-Ser473).

RESULTS: Hepatic steatosis was evident in both
NAFLD groups: mild to moderate hepatic steatosis
occurred in group A, mainly as mild steatosis.
Moderate to severe hepatic steatosis occurred in group
B, mainly as severe steatosis. The expression level of
TRB3 mRNA in group B was significantly higher than
in the control group (122.28 + 95.37 vs 3.06 £ 2.33,
P =0.001) and group A (122.28 + 95.37 vs 5.77 £ 4.20,
P = 0.001). There was no significant difference in the

expression levels of Akt (1.03 £ 0.53 vs 1.12 £ 0.77,
P = 0.729) and p-Akt-Thr308 (0.82 + 0.45 vs 0.92 +
0.38, P = 0.592) between group A and the control
group. The expression level of Akt and p-Akt-Thr308
in group B was significantly lower than in group A (Akt
0.41 £ 0.16 vs 1.12 £ 0.77, P = 0.008; p-Akt-Thr308
0.47 £ 0.19 vs 0.82 £ 0.45, Z = 0.036) and the control
group (Akt 0.41 + 0.16 vs 1.03 = 0.53, # = 0.018;
p-Akt-Thr308 0.47 + 0.19 vs 0.92 = 0.38, P = 0.010).
The expression level of p-Akt-Ser473 in group A was
significantly higher than in group B (1.48 + 0.50 vs 0.81
+ 0.39, P = 0.041) as well as the control group (1.48
+ 0.50 vs 0.45 £+ 0.26, 2 = 0.003).

CONCLUSION: TRB3 blocks insulin signaling by
inhibiting Akt activation, which contributes to insulin
resistance. It may be an important factor in the
occurrence and development of NAFLD.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Three pseudo kinases of the Tribble family“’2J have been
recognized recently, which include Tribble 1 (TRB1),
TRB2 and TRB3. Different from the typical kinase
domain structure, tribbles lack a conventional ATP
binding site and activity domain of protein kinases.
Thus, no kinase activity by tribbles has been detected.
They are classified as members of the family of pseudo-
kinases"”. TRB3 is 2 mammalian homolog[4J of Drosphila
tribbles and is also called a neuronal cell death-inducible
putative protein kinase gene in rodents. TRB3 is located
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on the 20p13 region of the human chromosome'”. Tts
full-length translated region in mRNA is 1074 bp, its
protein product is made of 358 amino acids and it is a
kind of nucleoprotein.

Studies indicate that TRB3 is involved in many
biological processes, including insulin resistance (IR),
blocking of insulin signaling pathwaym, endoplasmic
reticulum stress responsesm and the regulation of cell
growth and differentiation®”. Du ez a/” have found that
the expression of hepatic TRB3 increased in a rat model
of diabetes. It inhibits the activation of the Akt/PKB
signaling pathway by insulin, resulting in IR. TRB3
inhibits the phosphorylation of Thr-308 and Ser-473 by
binding with them, thus inhibiting the activity of Akt.
Then, the insulin signaling pathway is blocked.

Research by Chitturi ez @/" indicates that IR exits
in about 98% of patients with non-alcoholic fatty liver
disease (NAFLD). IR is possibly of key importance
in inducing NAFLD. Therefore, any factor related to
IR may play an important role in the development of
NAFLD. Therefore, TRB3 may not only be a cause of
IR, but also an important factor in the occurrence and
development of NAFLD. Rat models of NAFLD have
been developed by feeding them a high-fat diet. The
objective was to study the expression of TRB3 mRINA
using reverse transcriptase-polymerase chain reaction
(RT-PCR) in rat models of NAFLD, and to evaluate the
role of TRB3, using Western blotting analysis, in the
occurrence and development of NAFLD.

MATERIALS AND METHODS

Animals

Thirty healthy Sprague-Dawley rats weighing 210-260 g
(15 male and 15 female) were purchased from Shanghai
Slac Laboratory Animal Co. Ltd., Chinese Academy of
Sciences. The rats were fed normal food for 1 wk.

Reagents

The materials for the high-fat-diet rat models and
the reagents for pathological tests were all purchased
from Shanghai Lanji Technology Development Co.,
Ltd.; Trizol and SYBR Green [ wete purchased from
Invitrogen. Akt (A444) antibody, p-Akt (§473) antibody
and p-Akt (T308) antibody were obtained from
Bioworld. Actin and horseradish peroxidase (HRP)-
labeled goat anti-rabbit IgG (H + L) were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). PVDF membranes were supplied by Millipore.
Diaminobenzidine was purchased from Sigma. DEPC-
treated Water, TBE and loading buffer were obtained
from Shanghai Gene and Biotech Co., Ltd. Taq
enzyme and random primers were supplied by Takara
Biotechnology (Dalian) Co., Ltd. RNase inhibitor,
dNTP, Moloney murine leukemia virus and TEMED
were procured from Promega. DTT, SDS, Ttis, Glycin,
N, N'-Methylene bisacrylamide and acrylamide were
obtained from Amresco. BSA was acquired from the

Huamei Biotech Company (packaged separately after
being imported). Protein markers wete purchased by the
Shanghai Institute of Biochemistry, Chinese Academy
of Sciences. Methyl alcohol was purchased from the
Sinopharm Reagent Group (Shanghai, China).

Apparatus

Applied Biosystems 7500 Real-Time PCR System,
Vertical Electrophoresis Tank, Electrophoresis Apparatus
PAC3000 and Semi-Dry Transfer Unit were purchased
from Bio-Rad; high-speed freezing centrifuge, Centrifuge
5417R, was purchased from Eppendorf; Gel Imaging
System (GIS)-2008 was purchased from Shanghai
Tanon Science & Technology Co., Ltd.; electronic
balance BP310P was from Sartorius; pipettes were from
Gilson; glass homogenizer was from Ningbo Scientz
Scientific Instruments Research Institute; UV-VIS
Spectro Photometer Unico UV-2000 was from Unico
(Shanghai) Instruments Co., Ltd.; ultrapure water system
from Millipore; and ultrasonic cell disruption system

Soniprep150 from SANYO.

Animals

The rats were divided into three groups according to
random number tables. The control group (# = 10) was
fed on a normal diet; NAFLD groups (#z = 20) were fed
on high-fat diet, which was prepared by adding 10% lard
and 2% cholesterol to the normal diet. Group A (# = 10)
was fed on high-fat diet for 8 wk and group B (» = 10)
was fed on high-fat diet for 16 wk. All the rats lived in an
air-conditioned room at room temperature at 18-23°C and
60% humidity. All the rats wete fed ad /ibitum and had free
access to watet.

Histopathology

According to the schedule of the experiment, the rats
were anesthetized with 2.5% pentobarbital sodium
solution (1.5 mL/kg), injected into the abdominal cavity
after an overnight fasting. They were sacrificed after
blood samples were taken from the inferior vena cava,
and the livers were removed immediately. Serum and
liver paraffin embedded tissue sections wetre prepared
according to routine methods. The liver specimens were
fixed in a neutral formalin solution. The tissue sections
were hematoxylin and eosin (HE), and the HE-stained
sections were examined under a light microscope for the
evaluation of hepatic steatosis.

Measurements for observation indexes

Fluotescent quantitative RT-PCR for measurement
of TRB3 mRNA expression levels: RNA extraction
and cDNA synthesis: The Trizol method was used
to extract total RNA from tissues and an UV-VIS
Spectrophotometer was used to determine the purity
and concentration. Two micrograms of total RNA was
reverse transcribed into cDNA.

Real-time fluorescent quantitative PCR: The SYBR
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Group Case TRB3 mRNA (107) Akt p-Akt-Thr308 p-Akt-Ser473
Control 10 3.06 £2.33 1.03£0.53 0.92 £0.38 0.45 £ 0.26
A 10 5.77 £4.20 1.12+£0.77 0.82 £ 0.45 1.48 + 0.50°
B 10 122.28 + 95.37° 0.41£0.16" 0.47 £0.19° 0.81 £0.39°
°P < 0.01 vs control group/group A; °P < 0.05 vs group A.
Green I dye method was adopted. GADPH and
¥ P RESULTS

TRB3 were amplified by reverse transcription. After
gel electrophoresis of amplified products, a fully-
automatic Gel Imaging System was used to analyze
mRNA expression to compatre the intensity between the
groups. All the results were normalized to GADPH. The
GADPH primers were used as follows: upstream primer:
5'-ACCACAGTCCATGCCATCAC-3', downstream
primer: 5'-"TCCACCACCCTGTTGCTGTA-3". The
length of the amplified product was 440 bp. The TRB3
primers were used as follows: upstream primer: 5-TCA
TCTTGCGCGACCTCAA-3', downstream primer: 5'-
TCCACCACCCTGTTGCTGTA-3". The length of the
amplified product was 296 bp. Thirty-six cycles of pre-
degeneration at 95°C for 2 min, degeneration at 95°C for
10 s, annealing at 50°C for 10 s, and extension at 72°C
for 45 s were used for all experiments.

Western blotting analysis for the expression levels
of total Akt and phosphorylated Akt (p-Akt-Thr308,
p-Akt-Serd73): Equal samples of tissue were prepared
and put into protein extracts to be ground as plasm
form. Then the plasm was high-speed centrifuged under
freezing conditions for protein extraction. The protein
concentration was determined according to the fixed
steps. The protein samples (30 pL.) were subjected to SDS-
PAGE electrophoresis, transferred to PVDF membranes,
and shaken on a rotary shaker at room temperature for
2 h. After that, a TBST buffer solution was used to wash
the membrane three times. Then, Akt-related antibodies
(Aktl, p-Akt-Thr308, p-Akt-Ser473) were incubated at
4°C overnight under constant shaking on a rotary shaker.
After three washes with TBST buffer solution, HRP-
labeled goat anti-rabbit IgG (H + L) was incubated at
room temperature while shaking on a rotary shaker for 2 h.
NBT/BCIP reagent was applied for color development.
The membrane was rinsed with deionized water. All the
procedures were repeated three times. B-actin was chosen
as an internal control. The GIS was used for data analysis,
and statistical analysis was used to detect differences
between samples and the internal control.

Statistical analysis

SPSS11 software was used for the statistical analysis.
All the statistical data were expressed as mean + SD for
single factor analysis of vatiance and paired comparisons
were performed by the least-square deconvolution
method. Two-tailed tests (a0 = 0.05) were used for

statistical treatment. P < 0.05 was considered a significant
difference.

Histopathological changes

A high-fat diet causes obvious hepatic steatosis in rats,
which was evident for both model groups. Mild to
moderate hepatic steatosis occurred in group A, mainly
as mild steatosis. Moderate to severe hepatic steatosis
occurred in model group B, mainly as severe steatosis.
Mild hepatic steatosis tissue was defined as hepatic
steatosis that accounted for 30%-50% of the total liver
cells in the microscopic field; for moderate hepatic
steatosis, liver cells with hepatic steatosis accounted
for 50%-75% of the total liver cells; and for severe
hepatic steatosis tissues, liver cells with hepatic steatosis
accounted for over 75% of the total liver cells. In portal
areas, severe inflammation featured infiltration of
large numbers of diffuse lymphocytes and neutrophils,
destroyed limiting plates and hepatic lobules were
infiltrated by inflammatory cells that surrounded liver

cells (Figure 1).

Fluorescent quantitative RT-PCR for measurement of
TRB3 mRNA expression levels

We adopted real-time fluorescent quantitative RT-PCR
methods to measure the expression levels of TRB3
mRNA in rats (Figure 2A-C). The relation (» = 0.99)
between amplified results of PCR and Ct value of
standard samples is shown in Figure 2C. From the
melting curve, no primer dimer formation was detected
during the PCR reaction (Figure 2B). We found that
the expression level of TRB3 mRNA in group B was
significantly higher than in the control group (122.28 *
95.37 »s 3.06 £ 2.33, P = 0.001) and group A (122.28 *
95.37 s 5.77 £ 4.20, P = 0.001). There was no significant
difference (5.77 £ 4.20 »s 3.06 £ 2.33, P = 0.914) in
the expression levels of TRB3 between group A and
the control group (Figure 3, Table 1). All these data
indicate that a simple hepatic steatosis pathomorphism
showed no significant difference between group A
and the control group for the expression of TRB3
mRNA. As the time to set up the model increased,
the degree of hepatic steatosis was raised. When the
model deteriorated to show evidence of a fatty hepatitis
pathomorphism, the expression of TRB3 mRNA was
significantly higher.

Western blotting analysis for the expression levels of
total Akt and phosphorylation Akt (p-Akt-Thr308, p-Akt-
Serd73)

The protein bands of Akt p-Akt-Thr308 and p-Akt-
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Figure 1 The degree
of hepatic steatosis in
each group. A: In group A,
mild hepatic steatosis was
observed on histological
examination (HE, x 200); B:
In group A, moderate hepatic
steatosis was observed
(HE, x 200); C: In group B,
hepatocytes showed severe
hepatic steatosis. Liver
cells with hepatic steatosis
accounted for over 75% of the
total liver cells (HE, x 200);
D: In group B, hepatocytes
showed severe steatosis
along with portal inflammation
(HE, x 200).
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Figure 2 Fluorescent quantitative PCR for measurement of TRB3 mRNA expression levels. Real-time PCR was used for absolute quantification analysis. A:
Amplification curve with the threshold value set in the exponential growth phase; B: Melting curve showing no primer dimer in PCR reaction; C: Standard curve for the
relation (r = 0.99) between amplified results of PCR and Ct value of standard samples was in accordance with the requirements of real-time PCR. The intensities of
fluorescent signals indicated the variation of product concentrations.

Ser473 are shown for each group. There was no +0.53 »51.12 £ 0.77, P = 0.729) and p-Akt-Thr308 (0.82
significant difference in the expression levels of Akt (1.03 + 0.45 »50.92 + 0.38, P = 0.592) between group A and
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Figure 3 Comparison of TRB3 expression levels among the three groups.
The TRB3 mRNA expression level in group B was significantly (P < 0.01) higher
than in the control group and group A. There was no significant difference (P > 0.05)
between group A and the control group.

the control group. However, the expression levels of Akt
and p-Akt-Thr308 in group B was significantly lower
than in group A (Akt 0.41 £ 0.16 »s 1.12 = 0.77, P = 0.008;
p-Akt-Thr308 0.47 + 0.19 »s 0.82 £ 0.45, P = 0.030)
and the control group (Akt 0.41 + 0.16 »s 1.03 £ 0.53, P
= 0.018; p-Akt-Thr308 0.47 + 0.19 »s 0.92 + 0.38, P =
0.010). The expression level of p-Akt-Serd73 in group A
was significantly higher than in group B (1.48 + 0.50 »s
0.81 £ 0.39, P = 0.041) as well as the control group (1.48
+ 0.50 25 0.45 £ 0.26, P = 0.003) (Table 1). All these data
indicate that a simple hepatic steatosis pathomorphism
does not produce a significant difference between the
model group and the control group in the expression
of total Akt. As the rats were exposed to longer periods
of a high-fat diet, the degree of hepatic steatosis was
increased. When the rats deteriorated to a fatty hepatitis
pathomorphism, the expression of total Akt, p-Akt-
Thr308 and p-Akt-Serd73 was significantly lower than
the simple fatty liver disease modeled by group A and
the control group.

DISCUSSION

NAFLD has increased in recently years, and is one of
the major causes for cryptogenic cirrhosis' "', The
pathogenesis of NAFLD is complicated. There is an
interaction between genetic susceptibility and multiple
metabolic disorders involved in the disease. The
pathophysiologic basis of the condition is mainly insulin
resistance and oxidative stress. No perfect theory exists
for all its clinical manifestations' ™', At present, IR along
with hepatocyte fatty degeneration is believed to be a
key factor in the occurrence and development of fatty
liver disease™'". Research indicates"” that IR exits in
about 98% of patients with NAFLD. IR is probably of
key importance for the induction of NAFLD. Therefore,
any factor related to IR may play an important role in
NAFLD.

Studies indicate that TRB3 is involved in many
biological processes, including IR and blocking of the
insulin signaling pathway®". In this study, we generated
a rat model of NAFLD using a high-fat diet. Group A

modeled simple fatty liver, and we continued to feed
the rats with the high-fat diet. Simple hepatic steatosis
produced no significant difference between the model
group and the control group in the expression of TRB3
mRNA. As the rats were exposed to longer periods with
the high-fat diet, the extent of hepatic steatosis was
raised. When the condition of the rats deteriorated to a
fatty hepatitis pathomorphism (group B), the expression
of TRB3 mRNA became significantly higher. This result
indicates that TRB3 is involved in the occurrence and
development of NAFLD.

On the basis of recent research, through this
study, we made further efforts to discover the possible
mechanism of TRB3 involved in the occurrence
and development of NAFLD. One study has shown
that IR is related to the insulin signaling pathway
phosphoinositide 3-kinase/protein kinase B (PI3-K/
PKB)"". Akt is a key protein'"” in the PI3-K insulin
signaling pathway. Two of its sites need to be
phosphorylated[zu’zﬂ for its normal physiological function.
One site is Thr-308, located in the kinase domain, and
the other one is Ser-473, located in hydrophobic motif
of the regulatory domain. After the binding of insulin
and its receptors in the cell membrane, the upstream
signaling proteins in this pathway are activated step by
step. Thr-308 and Ser-473%* phosphorylation sites for
Akt are activated, and then endocytose from membrane
to cytoplasm, which starts a cascade of reactions of
the downstream related substrate proteins. Through
this process, insulin contributes to glycogen synthesis,
glucose transport, glycolysis and the inhibition of
gluconeogenesis[m. The quantity of Akt decreases and
its activity changes in rats with IR Tjuin ez al** have
found that TRB3 may inhibit the signal transduction of
insulin-activated PI13-K in CHO cells, which suggests
that TRB3 affects insulin signal transduction and inhibits
uptake and utilization of glucose by cells. Du e# al®
and Matsushima e# 2/°” have found that in the hepatic
cells of TRB3 transgenic rats, TRB3 inhibited the
phosphorylation and activation of Thr-308 and Ser-473
of Akt, but did not affect the protein expression of
Akt. Therefore, TRB3 may decrease glucose tolerance
and cause blood glucose elevation. The phosphorylation
of substrate proteins like glycogen synthase kinase-3[3
by Akt was inhibited, and glycogen synthesis and the
function of insulin on glucose metabolism was also
lowered. TRB3 plays an important role in IR. TRB3
gene knockouts may increase the sensitivity of hepatic
cells to insulin stimulation. The activity of Akt may be
enhanced, and blood glucose levels may be lower™. The
above mentioned studies indicate that TRB3 could block
the insulin signaling pathway through inhibiting Akt
activation”. Since TRB3 inhibits the phosphorylation of
Thr-308 and Ser-473 by binding with them, it inhibits the
activity of Akt. As a result, the insulin signaling pathway
is blocked. Our results also support this hypothesis.
When the pathomorphism was simple hepatic steatosis,
there was no significant difference between the model
group and control group in the expression of TRB3
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mRNA. The expression level of total Akt did not
change much ecither. As the degree of hepatic steatosis
was raised and deteriorated to fatty hepatitis, the
expression of total Akt, p-Akt-Thr308 and p-Akt-Ser473
was significantly lower than that in the simple fatty liver
model group.

The data for p-Akt-Ser473 in Table 1 show that in
mild steatosis (group A), expression levels are much
greater than control while in severe steatosis (group B),
levels go back to the control value. We assume that the
complex regulation of active molecules 7z vivo may lead
to another pathway. Balendran ez al™ have shown that
3-phosphoinositide-dependent protein kinase-1, Akt
and protein-kinase-C-related kinase-2 interact with each
other after the phosphorylation of Thr308, which can
be converted into 3-phosphoinositide-dependent protein
kinase-2 (PDK2) and modify Ser473. Kroner 7 a" have
found that the existence of PDK2 can be proven by
the complex relationship between Thr308 and Ser473,
which is phosphorylated independently. A study by
Ferguson ez al’" has shown that Akt can be activated in a
PI3-K-independent pathway. Therefore, this interesting
phenomenon is worthy of further study.

In conclusion, TRB3 can block the insulin signaling
pathway by inhibiting the activation of Akt®>*]
and contributing to IR. Therefore, TRB3 may be an
important factor in the occurrence and development of
NAFLD. This study provides an experimental basis for
future studies about the role of TRB3 in NAFLD. The
control of the expression level of TRB3 in liver may
become a new target for NAFLD therapy.
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