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Tribbles homolog 3 is induced by high glucose and
associated with apoptosis in human endothelial cells
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Abstract. Tribbles homolog 3 (TRIB3) is an intracel-
lular kinase-like molecule that modifies cellular survival
and metabolism. The present study aimed to investigate
the function of TRIB3 regulation in the process of high
glucose-induced apoptosis in endothelial cells, with the aim
of identifying a novel intervention target for the prevention
and treatment of diabetes mellitus. Human umbilical vein
endothelial cells (HUVECs) grown in medium with various
concentrations of glucose (5.5, 10, 20, 30 and 40 mmol/l) were
assessed for mRNA expression of TRIBI, TRIB2 and TRIB3
using reverse transcription quantitative polymerase chain reac-
tion. In addition, protein expression of TRIB3 was examined
using western blot analysis. Immunofluorescence staining was
performed in order to determine the distribution and local-
ization of TRIB3 in HUVECs. Furthermore, cells grown in
normal (5.5 mmol/l) or high glucose (HG; 30 mmol/l) medium
were subjected to TRIB3 inhibition through small interfering
(si)RNA knockdown. These cells were then examined in order
to determine whether TRIB3 upregulation was associated
with endothelial cell apoptosis. HUVECsS treated with 30 and
40 mmol/l glucose for 48 h and 72 h showed significantly
lower survival rates compared with those treated with normal
glucose levels. In addition, slight but not significant increases
in TRIB1 and TRIB2 mRNA expression were observed in
HUVEC:s incubated with various concentrations of glucose
for different durations. By contrast, TRIB3 mRNA expression
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was increased 7.2-fold following incubation with HG. Western
blot analysis revealed a 5.44-fold increase in TRIB3 protein
levels in cells grown in HG medium for 24 h compared with
those grown in normal medium. Immunostaining assays
revealed a markedly higher and well-defined nucleolar fluores-
cence intensity for TRIB3 expression at 24 h in HG medium
compared with that of the control group. Furthermore, the
apoptotic rate of HG-treated TRIB3 siRNA-transfected
HUVECs was significantly increased compared with that of
those transfected with control siRNA In conclusion, the results
of the present study suggested that TRIB3 was associated with
high glucose-induced HUVECs apoptosis, which was attenu-
ated following transfection with TRIB3 siRNA.

Introduction

Macroangiopathy is a major cause of mortality and morbidity
in diabetes mellitus. In addition, atherosclerotic and/or arte-
riosclerotic changes in the cardiovascular system may result
in the development and progression of cardiovascular diseases
associated with diabetes (1). Endothelial dysfunction is recog-
nized as one of the early and prominent stages in the formation
and development of atherosclerotic lesions (2), in which endo-
thelial proliferation and apoptosis have been observed (3).
Impairment of endothelial function has been reported to occur
in the early stage of diabetes, prior to clinically detectable
angiopathy and hypertension (4). Hyperglycemia has been
demonstrated to disrupt the cell cycle, increase DNA damage,
delay cell replication and induce apoptosis in endothelial
cells (5-8). The Akt (protein kinase B)/phosphatidylinositol
3-kinase (PI3K) pathway has a critical role in insulin signaling
as well as cell apoptosis (9,10). Molecular events linking high
glucose with endothelial cell apoptosis were reported to be
involved in the nuclear factor-kB-associated upregulation
of cyclooxygenase-2 as well as the increased production of
reactive oxygen species via the Akt/PI3K pathway in human
umbilical vein endothelial cells (HUVECs) (9,11).

A previous study reported that tribbles homolog (TRIB) 3,
a mammalian homolog of Drosophila tribbles, may be asso-
ciated with modulated glucose metabolism through directly
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binding to Akt in the livers of diabetic mice (10).In addi-
tion, TRIB3 protein overexpression was reported to result in
hyperglycemia and inhibit the activity of Akt (10). Subsequent
clinical studies have proposed that functional TRIB3 missense
polymorphisms may be associated with hyperinsulinemia,
dyslipidemia and cardiovascular disease (12,13). Another
previous study demonstrated that the TRIB3 Q84R polymor-
phism increased the risk of metabolic syndrome and insulin
resistance (14). In addition, the R84 allele was found to be asso-
ciated with a predisposition to carotid atherosclerosis. These
previous studies demonstrated a link between TRIB3 and
atherosclerosis in diabetes; therefore, the present study aimed
to investigate the involvement of TRIB3 protein in endothelial
cell dysfunction. In order to investigate the effect of TRIB3
on endothelial cell dysfunction, the present study stimulated
HUVECs with high glucose concentrations and transfected
with an anti-TRIB3 inhibitor. The expression levels of miR-21
and HUVECs dysfunction were subsequently measured.

Materials and methods

Cell culture. HUVECs were purchased from the China Center
for Type Culture Collection (Wuhan University, Wuhan,
China). Cells were grown in endothelial cell basal medium
containing M199 (Gibco-BRL, Carlsbad, CA, USA), 10% fetal
calf serum (Tianjin Lisheng Pharmaceutical Co., Ltd., Tianjin,
China), 40 ng/ml growth factors (tHVEGF; cat. no. 676472,
Chemicon, Billerica, MA USA), 100 U/ml penicillin and
100 pg/ml streptomycin (Beyotime Institute of Biotechnology,
Shanghai, China) at 37°C with 5% CO, in a humidified incu-
bator. Confluent HUVECs were used for experiments between
passages 3 and 5.

Assays for cell viability. A methyl thiazolyl tetrazolium (MTT)
assay was performed in order to determine the cell viability
of HUVECs at various concentrations of glucose. Cells were
seeded at a density of 5x10° cells/well into 96-well plates for
24 h. Confluent cells were then incubated in serum-free cell
culture medium with various concentrations of glucose (5.5,
10, 20, 30 and 40 mmol/l) for 24, 48 or 72 h at 37°C with
5% CO,. MTT solution (20 pl/well; Sigma-Aldrich, St. Louis,
MO, USA) was then added and the samples were incubated
for a further 4 h at 37°C with 5% CO,. The absorbance of
the samples was read at 490 nm (Model 1450; Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR). HUVECs were treated with various
concentrations of glucose and for different durations as
follows: 30 mmol/l glucose for 0, 4, 8, 12, 24, 48 or 72 h;
5.5, 10, 20, 30 and 40 mmol/l glucose for 24 h; and control
(5.5 mmol/l), high (30 mmol/lI) and hypertonic mannitol
(25 mmol/l; Shijiazhuang Siyao Co., Ltd., China) concen-
trations for 0, 4, 7, 12, 24, 48 and 72 h. Mannitol was used
to exclue te effect of high glucose osmotic pressiure on
the cells. Total RNA was extracted from HUVECs using
TRIzol reagent (Invitrogen Life Technologies, Waltham,
MA, USA). qPCR with ¢cDNA was performed using a
Real-Time Fluorescent SYBR Green I PCR kit (Takara Bio,
Inc., Dalian, China). The cDNA primers (Shanghai Boya
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Biotechnology Co., Ltd., Shanhai, China) used were as
follows: TRIBI1 sense, 5'-GCTGTGCATCCACACTGGAC-3'
and antisense, 5'-GCGATGGCAGCTGGATGTAA-3"; TRIB2
sense, 5S'-CTCAAGCTGCGGAAATTCATCTTTA-3' and
antisense, 5-TGGTGTTCAAGATCTCTGGGCTTAC-3;
TRIB3 sense, 5'-GTCTGGTCCTGCGTGATCTCAA-3" and
antisense, 5-GTATG AGGCCCGTGAGCTGAGT-3"; -actin
sense, 5'-TGGACATCCGCAAAGAC-3' and antisense,
5'-GAAAGGGTGTAACGCAACTA-3' (Shanghai Boya
Biotechnology Co., Ltd., Shanghai, China). mRNA expression
levels were calculated relative to those of f-actin.

Immunofluorescence staining and western blot analysis of
TIRB3 protein levels. In order to investigate effect of glucose
on TRIB3 protein levels, immunofluorescence staining and
western blot analysis were performed. For immunofluores-
cence staining, HUVECs were treated with high glucose (HG;
30 mmol/l) for 24 or 48 h at 37°C with 5% CO,. Cells were
grown on glass coverslips and fixed with 4% paraformaldehyde
(Tianjin Guangcheng Chemical Reagents Co., Ltd., Tianjin,
China) for 30 min at room temperature, then permeabilized
with a blocking solution containing 0.3% Triton X-100 and 5%
bovine serum albumin (both Tianjin Lisheng Pharmaceutical
Co., Ltd.) in phosphate-buffered saline (PBS). Following incu-
bation with rabbit polyclonal immunoglobulin (Ig)G TRIB3
primary antibodies (1:50; cat. no. NB100-56398; Imgenex,
Littleton, CO, USA) overnight at 4°C, fluorescein-isothiocy-
anate (FITC)-conjugated anti-rabbit secondary antibodies
(1:100; cat. no. 35552; Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd., Beijing China) were added and incu-
bated for 1 h at room temperature. Nuclei were counterstained
with DAPI (Nanjing KGI Biotechnology Development Co.,
Ltd, Nanjing, China) for 1 min. Cells were then observed and
fluorescence images were captured using an inverted fluores-
cence microscope (IX71-A12FL/PH; Olympus Corp., Tokyo,
Japan).

For western blot analysis, HUVECs were exposed to
HG (30 mmol/l) for 24, 48 or 72 h. TRIB3 protein concen-
trations were determined using a Bicinchoninic Acid Protein
Assay Kit (Beyotime Institute of Biotechnology) according
to the manufacturer's instructions. Protein samples were
electrotransferred onto 20% SDS-polyacrylamide gels and
then immobilized to nitrocellulose membranes (Bio-Rad
Laboratories, Inc.). The membranes were blocked and
incubated with rabbit polylclonal IgG TRIB3 primary anti-
bodies (1:800; cat. no. NB100-56398; Imgenex) overnight at
4°C. Following washing three times with 1X Tris-buffered
saline containing tween-20 for 5 mins, the membranes were
incubated with goat anti-rabbit IgG secondary antibodies
conjugated to horseradish peroxidase (1:100; cat. no. ZF-0315;
Pierce Biotechnology, Inc., Rockford, IL, USA). The immuno-
reactive bands were quantified using a FluorChem 9900-50 gel
documentation imaging system (Alpha Innotech, San Leandro,
CA, USA).

Small interfering (si)RNA and transfection. siRNA against
humanTIRB3 (sense,5'-CGAGCUCGAAGUGGGCCCCTT-3'
and antisense, 5'-GGGGCCCACUUCGAGCUCGTT-3") were
designed and synthesized by Zimmer Medical International
Trading (Shanghai, China). A nonspecific siRNA duplex
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Figure 1. Survival rate of HUVECs incubated with various glucose concentrations for different durations. An MTT assay was used to determined the viability
of HUVECS following incubation with glucose at various concentrations (5.5, 10, 20, 30 and 40 mmol/l) for 24, 48 and 72 h. Values are presented as the
mean + standard deviation. "P<0.05, ““P<0.01 vs. 24 h. HUVECSs, human umbilical vein endothelial cells.
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Figure 2. Time-dependent expression of TRIB mRNA in HUVECs incubated with high glucose. HUVECs were incubated with
30 mmol/I glucose for 0,4, 7, 12,24,48 and 72 h. Reverse transcription quantitative polymerase chain reaction was then used to analyze the mRNA expression
of TRIB1, TRIB2 and TRIB3. Values were calculated relative to the expression of f-actin and are presented as the mean + standard deviation. "P<0.05 and
“P<0.01, as compared with at 0 h. TRIB, tribbles homolog gene; HUVECs, human umbilical vein endothelial cells.

(sense, 5'-UUCUCCGAACGUGUCACGUTT-3' and antisense,
5'-ACGUGACACGUUCGGAGAATT-3") (Zimmer Medical
International Trading) was used as a control oligonucleotide.
HUVECs were grown to 50% confluence in 12-well plates and
Opti-Minimal Essential Medium (Thermo Fisher Scientific,
Waltham, MA, USA). Cells were transfected with 400 pmol
siRNA molecules (at a concentration of 150 pmol/10cm?)
using Lipofectamine 2000 (Invitrogen Life Technologies).
Following 6 h of incubation at 37°C with 5% CO,, the
medium was replaced with complete cell culture medium or
HG (30 mmol/l) medium for 48 h at 37°C with 5% CO,.

FITC-Annexin V and propidium iodide (PI) double staining.
Cells (0.5x10%well) were seeded into 6-well plates, which were
treated with or without TRIB3 or control siRNA in the presence
of normal glucose (5.5 mmol/l) or HG (30 mmol/l), followed
by incubation for 48 h at 37°C with 5% CO,. Following 0.125%
trypsin-EDTA (Gibco Life Technologies, Carlsbad, CA, USA)
digestion, the cell pellet was washed twice with ice-cold PBS.
Subsequently, 400 ul binding buffer (Sigma-Aldrich) and 5 ul
FITC-labeled Annexin V (Bipec Biopharma Corporation,

Cambridge, MA, USA) were added and cells were then incu-
bated in the dark at 4-8°C for 15 min. The PI solution (10 pl;
Bipec Biopharma Corporation, Cambridge, MA, USA) was
added and cells were incubated in the dark for a further 5 min.
A FACScan flow cytometer (Becton Dickinson, Franklin
Lakes, NJ, USA) was then used to determine the apoptotic rate
of cells. The ratio of PI-positive to Annexin V-positive cells
was used as a negative control.

Statistical analysis. Values are presented as mean + standard
deviation. An unpaired t-test and one-way analysis of variance
followed by the least significant difference post hoc test were
used to evaluate the data. Statistical analyses were performed
using SPSS 15.0 software (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference between values.

Results

Effect of various glucose concentrations on HUVEC survival
rates. An MTT assay was used to determine the survival rate
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Figure 3. Dose-dependent effect of glucose on TRIB mRNA expression in HUVECs. HUVECs were incubated with various concentra-
tions of glucose (5.5,10,20,30 and 40 mmol/1) for 24 h.Reverse transcription quantitative polymerase chainreaction was then used to analyze the mRNA expression
of TRIBI1, TRIB2 and TRIB3. Values were calculated relative to the expression of B-actin and are presented as the mean + standard deviation. "P<0.05 vs.

5.5 mmol/l. TRIB, tribbles homolog gene; HUVECSs, human umbilical vein endothelial cells.
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Figure 4. Time-dependent expression of TRIB3 mRNA in HUVECs incubated under control, high glucose and hypertonic conditions.
HUVECs were incubated with control (5.5 mmol/l), high (30 mmol/l) and hypertonic mannitol concentrations for 0, 4, 7, 12, 24, 48 and 72 h.
Reverse transcription polymerase chain reaction was then used to analyzed the mRNA expression of TRIB3. Values were calculated
relative to the expression of 3-actin and are presented as the mean + standard deviation. "P<0.05 and “P<0.01, as compared with at 0 h. TRIB3, tribbles homolog
3 gene; HUVECs, human umbilical vein endothelial cells; Control, normal glucose.

of cells following treatment with various glucose concentrations
(5.5, 10, 20, 30 and 40 mmol/l) for 24, 48 and 72 h. As shown
in Fig. 1, at 24 h no significant differences were identified in
the cell viability of HUVECs treated with 30 or 40 mmol/l
glucose compared with that of the normal glucose control group
(5.5 mmol/l; P>0.05). Under identical conditions, HUVECs
treated with 30 and 40 mmol/I for 48 and 72 h demonstrated
significantly reduced survival rates compared with that of the
control group (P<0.05). No significant differences were observed
in cell viability at glucose concentrations of 10 and 20 mmol/l at
24,48 or 72 h compared with that of the control group. Overall,
the survival rates of HUVECs were found to be decreased in a
concentration- and time-dependent manner following treatment
with glucose (Fig. 1). Of note, the cell survival rate of HUVECs
was <50% at 40 mmol/l glucose; therefore, the HG groups were
treated with 30 mmol/I glucose for subsequent experiments.

Effects of HG on TRIB mRNA expression. HUVECs were treated
with 30 mmol/l glucose for 4,8, 12,24,48 or 72 h. RT-qPCR was
then used to determine the mRNA expression of TRIBI, TRIB2

and TRIB3. The results indicated that mRNAs of each TRIB
gene were present in endothelial cells. In addition, TRIB3 gene
expression was found to increase in a time-dependent manner in
response to HG. TRIB3 expression peaked at 24 h (7.2-fold vs.
control; P<0.01), which then decreased by 48 h; at 72 h TRIB3
expression was not significantly increased. By contrast, under
identical conditions no significant increases were observed
for TRIB1 and TRIB2 mRNA expression in HUVECsSs at any
time-point (Fig. 2).

Effect of various glucose concentrations on TRIB mRNA.
mRNA expression of the TRIB genes was examined in
HUVEC:sS incubated with 5.5, 10, 20, 30 and 40 mmol/l glucose
for 24 h. RT-qPCR analysis of endothelial cells revealed
significant increases in TRIB3 expression at 30 and
40 mmol/l glucose compared with that of the control (P<0.01);
of note, TRIB3 expression was highest following treatment with
30 mmol/l glucose (Fig. 3). Although mRNA expression of
TRIBI and TRIB2 showed slight increases, the values did not
reach statistical significance (data not shown).
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Figure 5. Subcellular localization of TRIB3 was visualized in high glucose-treated HUVECs. Immunofluorescence staining was used to observe TRIB3
expression in HUVECS incubated with high glucose (30 mmol/l) for 24 h and 48 h. TRIB3, tribbles homolog 3 gene; HUVECs, human umbilical vein

endothelial cells.

Oh 24h
TRIB3
actin
8F =
o
~ 6F
w |
<.
E 4

48h 72h

et —

4
I
2k
& |
|
| " " " )
0- .| - . A - . e J

Oh 24h

48h 72h

Figure 6. Time-dependent protein expression of TRIB3 in HUVECs incubated with high glucose. HUVECs were incubated with
30 mmol/l glucose for 0, 24, 48 and 72 h. Western blot analysis was then used to determine the protein expression of TRIB3. Values were calculated
relative to the expression of actin and are presented as the mean + standard deviation of arbitrary densitometric units. 'P<0.05, as compared with at 0 h. TRIB3,

tribbles homolog 3 gene; HUVECs, human umbilical vein endothelial cells.

Effect of hypertonic glucose on mRNA expression of TRIB3.
In order to determine whether high glucose is responsible
for high glucose-induced TRIB3 expression, TRIB3 mRNA
expression was examined in HUVECs treated with HG,
hypertonia and normal glucose conditions for 4, 8, 12,
24,48 and 72 h. RT-qPCR analysis revealed that TRIB3

mRNA expression was significantly increased following
12, 24 and 48 h of HG treatment compared with that of the
normal glucose group at each time-point, with the highest
TRIB3 expression observed at 24 h post treatment (Fig. 4).
By contrast, cells grown in hypertonic glucose showed no
significant differences in TRIB3 mRNA expression levels
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Figure 7. Assessment of HUVECs apoptosis using flow cytometric analysis with Annexin V and PI staining. Cells were treated with and without TRIB3 siRNA
or control siRNA in the presence of normal glucose (5.5 mmol/l) or HG (30 mmol/l) medium for 48 h as follows: (A) Normal glucose; (B) HG; (C) normal
glucose + control siRNA; (D) HG + control siRNA; (E) normal glucose + TRIB3 siRNA; and (F) HG + TRIB3 siRNA. HUVECs, human umbilical vein
endothelial cells; PI, propidium iodide; TRIB3, tribble homolog 3; siRNA, small interfering RNA; HG, high glucose.

compared with those of the normal glucose group at each
time-point (Fig. 4).

Effects of HG on subcellular localization and protein expres-
sion of TRIB3. The distribution and localization of TRIB3 in
the endothelial cells was assessed using immunofluorescence
staining. As shown in Fig. 5, the immunostaining intensity
of TRIB3 showed increased expression in the nuclei of cells
cultured in HG medium compared with that of cells treated with
normal glucose. However, TRIB3 expression was not observed
in the cytoplasm of HUVECs. Furthermore, these immunos-
taining assays confirmed that expression of TRIB3, as measured
by nucleolar fluorescence and immunofluorescence staining,
was strongest at 24 h, followed by exposure for 48 h. Western
blot analysis revealed that HUVECs grown in HG medium for
24 h exhibited a 5.44-fold increase in TRIB3 protein levels,
which then decreased, although expression was still significant
compared with the control group, following exposure for 48 h.
However, exposure of the cells to HG for 72 h had no significant
effect on TRIB3 expression compared with that of the control
(Fig. 6). These results were consistent with the results of the
immunofluorescence experiment.

Effect of TRIB3 siRNA on HUVEC apoptosis following HG
treatment. As shown in Fig. 7, the effect of TRIB3 siRNA

on HUVEC apoptosis was examined under high glucose
conditions for 48 h. In the present study, siRNA exhibited
an efficient inhibitory effect on TRIB3 expression and cell
apoptosis at a concentration of 150 pmol/10 cm?. TRIB3 gene
expression was reduced by 90% at 48 h post-transfection. In
addition, cell apoptosis was reduced by 42% in the transfected
cells grown in HG medium for 48 h, as compared with the
cells grown in normal medium. The apoptotic fraction of cells
grown in HG medium was significantly reduced, as compared
with the cells grown in normal glucose medium (P<0.05). In
addition, TRIB3 siRNA-transfected HUVECs cultured in
HG medium had a significantly higher rate of cell apoptosis
compared with that of HG-treated cells transfected with
control siRNA (P<0.05) (Fig. 7).

Discussion

The aim of present study was to obtain insights into the role
of human TRIB genes, particularly TRIB3, in endothelial cell
dysfunction in vitro and provide evidence for the role of these
genes in diabetes-associated atherosclerosis. In the current
study, it was demonstrated that the expression of TRIBI,
TRIB2 and TRIB3 were detected in endothelial cells following
culture in high glucose medium. In addition, the results
showed that genetic ablation of endogenous TRIB3 by siRNA
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reduced endothelial cell apoptosis and promoted cell survival.
Therefore, the present study demonstrated that increased
TRIB3 expression may regulate HG- or diabetes-induced
endothelial cell apoptosis.

In one study of a cell model, high ambient glucose concen-
trations were shown to modulate the mRNA expression of
fibronectin, collagen, tissue-type plasminogen activator and
plasminogen activator inhibitor; in addition, high glucose was
demonstrated to induce delayed replication and excess cell
death in cultured vascular endothelial cells (15). Endothelial
dysfunction has been hypothesized to have an important role
in the progression and pathogenesis of vascular complica-
tions in diabetes. Numerous studies have reported that the
apoptosis of endothelial cells was prominent in models of
hyperglycemia in vitro (16,17). In the present study, high
glucose concentrations were found to induce apoptosis in
HUVECsS, which was in line with previous findings (15-17).
Furthermore, HUVEC survival rates were found to decrease
in a concentration- and time-dependent manner. However, the
specific mechanisms of high glucose-induced apoptotic endo-
thelial cell death remains to be fully elucidated.

The human homolog of Drosophila tribbles (TRIB)
was first identified using a genome-wide functional screen
for components of inflammatory signaling networks (18).
Drosophila tribbles was reported to be involved in the
coordination of entry into mitosis as well as morphogenesis
and cell fate determination during early embryogenesis (19).
Overexpression of tribbles was reported to slow the cell cycle,
while loss of tribbles function was associated with increased
proliferation (20). In humans there are three mammalian
tribbles-like proteins, TRIB1, TRIB2 and TRIB3 (21). TRIBs
appear to function in a cell-type- and stimulus-specific
manner. In response to inflammatory stimuli, it was demon-
strated that TRIB1 was rapidly and transiently upregulated in
aortic smooth muscle cells and monocytes, whilst a profound
but delayed activation was observed in synoviocytes (22). In
addition, TRIB2 expression was reported to be upregulated at
6 h post inflammatory stimuli (interleukin-1) in monocytes,
whereas TRIB2 expression was significantly decreased in
response to identical stimuli in synovial fibroblasts (22).
Furthermore, TRIB3 expression was differentially regulated
in the various cell types examined; low TRIB3 mRNA levels
were detected at 3 and 6 h following inflammatory stimuli
in synovial fibroblasts and vascular smooth muscle cells; by
contrast, in THP-1 cells, TRIB3 expression was significantly
upregulated, with the highest levels observed at 10 h following
stimuli. However, it remained to be elucidated whether the
TRIB genes were involved in the regulation of endothelial cell
apoptosis in response to high glucose or diabetes. The results
of the present study indicated that increasing concentrations
of glucose were able to stimulate TRIB1, TRIB2 and TRIB3
mRNA expression in HUVECs. Of note, TRIB1 and TRIB2
genes were transiently, but not significantly, upregulated in
response to high glucose levels compared with that of the
normal glucose group. However, TRIB3 expression was signif-
icantly upregulated in HUVECs in response to high glucose
concentrations, with the highest levels observed following
24 h of culture or at 30 mmol/l glucose. The pattern of TRIB3
regulation was observed to be time- and concentration-depen-
dent. Furthermore, immunofluorescence staining following
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HG treatment revealed that TRIB3 protein was predominantly
localized in the nuclei of endothelial cells. Comparable results
regarding the subcellular localization of TRIB3 were reported
in a study by Ord et al (23). This previous study demonstrated
that the TRIB3-green fluorescent protein fusion protein
resided primarily in the nuclei of transfected cells, including
cos-7, GT1-7, CHO, HelLa and HEK 293 cells (23).

A previous study demonstrated that TRIB3 was upregu-
lated in response to fasting and diabetes; therefore, it was
proposed that TRIB3 may have a major role in hepatic insulin
resistance (10). Analyses of TRIB3 expression demonstrated
that TRIB3 levels were highest in liver tissues; however,
TRIB3 was also detected in the heart, kidney, lung, skin, small
intestine and stomach, although it was not found to be located
in skeletal muscle (24). Altered TRIB3 expression induced
by various stimuli was reported to be highly cell- and/or
species-type specific. In PC-3 prostate cancer cells, a glucose
or amino acid deficiency resulted in a substantial increase in
TRIB3 protein levels and this increase was reversed following
the addition of fresh nutrients (25). In addition, hypoxia,
osmotic stress or serum starvation did not exert a significant
effect on TRIB3 expression (25). In another study, TRIB3
mRNA was found to be elevated in 3T3-L1 adipocytes and
L6 myotubes exposed to low glucose or glucose-free medium
and in 3T3-L1 adipocytes exposed to dexamethasone (26).
However, in the present study, the results of the in vitro
analysis of TRIB3 expression in HUVECsS following glucose
stimulation were not consistent with these previous findings.
TRIB3 expression was analyzed using RT-qPCR, western
blot analysis and immunofluorescence staining, the results
of which revealed that TRIB3 expression was highest in cells
incubated in HG medium for 24 h, followed by that of expo-
sure for 48 h. Furthermore, the present study reported that the
increased expression of TRIB3 in response to high glucose
was not mediated by glucose-associated hypertonia. This
therefore indicated that rapid, high glucose and endoplasmic
stress may induce the changes in the expression of TRIB3 in
different histological types, including liver, adiopose tissue,
heart, kidney, lung, skin, small intestine and stomach (24).

A previous study suggested that TRIB3 has important
roles in the coordination of entry into mitosis as well as
morphogenesis and cell fate determination through regulating
the degradation of the CDC25 mitotic activator String (19).
TRIB3 has been reported to be involved in cell death during
endoplasmic reticulum stress due to the downregulation of its
own induction through the repression of CCAAT/enhancer
binding protein homologous protein/activating transcription
factor 4 function (27,28). Therefore, in the present study, a loss
of function experiment was performed using TRIB3 siRNA
knockdown to evaluate the effects of TRIB3 on the regulation of
HUVEC apoptosis. siRNA is used to regulate gene expression
through entering a multimeric nuclease complex that identi-
fies target mRNA (29). In the present study, siRNA efficiently
exhibited a pronounced inhibitory effect on TRIB3 expression
and cell apoptosis at a concentration of 150 pmol/10 cm?.
TRIB3 gene expression was reduced by 90% at 48 h following
transfection. In addition, cell apoptosis was reduced by 42%
in transfected cells grown in HG medium for 48 h compared
with those grown in normal medium. Therefore the silencing
of the TRIB3 gene by siRNA revealed that endogenous levels
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of TRIB3 protected HUVEC:s cells from apoptosis in response
to high glucose.

In conclusion, the present study identified that TRIBI,
TRIB2 and TRIB3 were present in HUVECsS cells. In addi-
tion, these findings suggested that TRIB3 was associated with
HG-induced HUVECs apoptosis and may partially mediate
the formation and/or pathogenesis of atherosclerosis under
diabetic conditions. Therefore, TRIB3 may be a potential
therapeutic target for attenuating the progression of athero-
sclerosis in diabetes.
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