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Overexpression of STAMP2 suppresses atherosclerosis and
stabilizes plaques in diabetic mice
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Abstract

Our research aims to evaluate the function of the STAMP2 gene, an important trigger in insulin resistance (IR), and explore its role in macro-
phage apoptosis in diabetic atherosclerotic vulnerable plaques. The characteristics of diabetic mice were measured by serial metabolite and
pathology tests. The level of STAMP2 was measured by RT-PCR and Western blot. The plaque area, lipid and collagen content of brachioce-
phalic artery plaques were measured by histopathological analyses, and the macrophage apoptosis was measured by TUNEL. Correlation of
STAMP2/Akt signaling pathway and macrophage apoptosis was validated by Ad-STAMP2 transfection and STAMP2 siRNA inhibition. The
diabetic mice showed typical features of IR, hyperglycaemia. Overexpression of STAMP2 ameliorated IR and decreased serum glucose level. In
brachiocephalic lesions, lipid content, macrophage quantity and the vulnerability index were significantly decreased by overexpression of
STAMP2. Moreover, the numbers of apoptotic cells and macrophages in lesions were both significantly decreased. /n vitro, both mRNA and
protein expressions of STAMP2 were increased under high glucose treatment. P-Akt was highly expressed and caspase-3 was decreased after
overexpression of STAMP2. However, expression of p-Akt protein was decreased and caspase-3 was increased when STAMP2 was inhibited
by siRNA. STAMP2 overexpression could exert a protective effect on diabetic atherosclerosis by reducing IR and diminishing macrophage
apoptosis.

Keywords: STAMP2/Akt signalling pathway e apoptosis of macrophage e Type 2 diabetes mellitus @
insulin resistance e vulnerable plaque e vascular

Introduction

The type 2 diabetes mellitus forms a growing public health problem
worldwide. In Western countries, about 60% patients with coronary
heart disease also have diabetes mellitus, and the number has
reached to 80% in China. Even with many medical therapies, the mor-
tality is still as high as 70%. Therefore, atherosclerotic cardiovascular
disease has become the most serious complication of diabetes [1, 2].
Patients with diabetes are at a high risk for developing acute coronary
syndrome (ACS) [3]. Diabetic patients with ACS suffer from increased
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mortality due to rupture of vulnerable atherosclerotic plaques com-
pared with their non-diabetic peers [4, 5]. The patients with diabetes
have more serious vulnerable plaques and higher incidence. However,
the mechanism remains to be elucidated. Diabetes mellitus and ath-
erosclerotic cardiovascular disease increase the medical cost directly,
also increase the economic burden of society indirectly. With the
increasing health consciousness and development of preventive med-
icine in recent years, the mortality of coronary heart disease has
declined. However, the mortality of diabetic coronary heart disease
increased year by year. Therefore, it is necessary to explore the mech-
anism for ACS treatment and take advantage of medical resources
reasonably.

Insulin resistance (IR) plays a causal role in the pathogenesis
and development of type 2 diabetes [6, 7] and atherosclerotic
cardiovascular disease [8]. Studies have shown that IR is involved
in impairment of glucolipid metabolism [9], thus increasing
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atherosclerotic plaque formation and decreasing plaque stabilization
[10]. In advanced lesions, macrophage apoptosis promotes the
development of the necrotic core, a key factor in rendering plaques
vulnerable to disruption [11-13]. Analysis of culprit lesions from
diabetic patients of sudden coronary death has shown that the
majority of cells at the rupture site were macrophages and that the
apoptosis in macrophages was more frequent at the rupture site as
opposed to areas of intact fibrous cap [14]. Akt signalling pathway
is a key step in signal transductions of apoptosis in macrophages
[15]. Akt inhibition leads to macrophage apoptosis, abnormal glu-
cose tolerance and IR [15-17]. Therefore, insulin-resistance macro-
phages are more susceptible to apoptosis in atherosclerotic
lesions, probably predisposing to plaque rupture [9, 18, 19]. Carlos
suggests that special treatment of activated Akt1 could increase
stability and reduce formation of atherosclerotic plaques in vivo. On
the other hand, Akt1 reduction could reduce the LDL intake of mac-
rophages, suggesting Akt1 may have a role in atherogenesis [15].
PI3K/Akt activation enhances macrophage survival in lesions, and
the persistent activation of Akt promotes cellular hypertrophy and
hyperplasia, thereby promoting atherogenesis [15]. Therefore,
exploring a new biomarker to regulate Akt signalling pathway
exactly through adjusted insulin pathway is necessary.

Studies have shown that six-trans membrane protein STAMP2
[20, 21] may be the key molecule. STAMP2 is involved in regulation
of glucose metabolism. Its deficiency induces impairment of Akt sig-
nalling pathway and insulin exocytosis that lead to glucose metabo-
lism disorder and IR [22]. Moreover, STAMP2 is expressed in human
and mouse macrophages, and regulates foam cell formation.
STAMP?2 is expressed in both human and mouse atherosclerotic pla-
ques, and its deficiency promotes atherosclerosis in mice [23]. There-
fore, we propose that STAMP2/Akt signalling pathway may be the
common intermediary among macrophage apoptosis, IR and vulnera-
ble plaques in the diabetic state.

Here, we investigated the role of STAMP2 in macrophage apopto-
sis of vulnerable atherosclerotic plaques and determined the molecu-
lar mechanism whereby STAMP2 modulates Akt signalling pathways
in RAW264.7. Regulating STAMP2 appears a promising novel thera-
peutic approach in patients with ACS.

Materials and methods

Mice

All animal procedures were in accordance with the institutional guide-
lines of Qilu Hospital of Shandong University and approved by Shan-
dong University Institutional Animal Care and Use Committee.

Induction of diabetes and atherosclerosis in
mice

Three-week-old male ApoE~'~/LDLR™'~ mice were fed a high-fat diet
(HFD; 20% fat, 20% sugar, 1.25% cholesterol; Beijing HFK Bio-Technol-
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ogy, China). At the age of 9 weeks, any mouse who exhibited IR was
injected once with low-dose streptozotocin (STZ, Sigma-Aldrich, St.
Louis, MO, USA; 75-80 mg/kg i.p. in 0.1 mol/l citrate buffer, pH 4.5).
After 2 weeks, most mice displayed hyperglycaemia, IR and glucose
intolerance, as previously reported [24]. At age 11 weeks, similar ani-
mals were randomly divided into two groups, one will be treated with
the STAMP2-expressing adenoviruses, referred to as the diabetes model
(DM) STAMP2 group (n = 10), and the other treated with the express-
ing vector control adenovirus, referred to as the DM Vehicle group
(n=10; see later for the details of the adenovirus used). The mice fed
a normal diet were used as non-diabetic controls, divided into two
groups. One will be treated with the STAMP2-expressing adenovirus,
referred to as the Control STAMP2 group (n = 10), and the other trea-
ted with the expressing vector control adenovirus, referred to as the
Control Vehicle group (n = 10).

Intraperitoneal glucose tolerance test (IPGTT)

Glucose tolerance was assessed by IPGTT. Mice fasted overnight were
challenged intraperitoneally with glucose at 1.5 g/kg bodyweight. Blood
samples were collected sequentially from the tail vein at 0, 15, 30, 60
and 120 min. and tested for glucose. Plasma glucose of every animal
was measured with the OneTouch SureStep glucometer (LifeScan Inc.,
Milpitas, CA, USA). The mean area under the receiver operating charac-
teristic curve (AUC) was calculated for glucose.

Construction of STAMP2-expressing adenovirus

The recombinant pAdxsi adenovirus constitutively expressing STAMP2
was constructed using the pAdxsi Adenoviral System (SinoGenoMax,
Beijing, China). The STAMP2 cDNAs from mouse were inserted into
pShuttle-CMV-EGFP vector. The pAdxsi vector adenovirus was used as
the control vehicle virus. The STAMP2-expressing adenovirus of
5 x 10° plaque-forming units (PFU) were injected to the mice (the DM
STAMP2 group and the Control STAMP2 group) by jugular vein injec-
tion at 20 weeks and another 5 x 10° PFU of virus by jugular vein
injection at 22 weeks. The control vehicle virus of the same PFU was
also injected to the mice (the DM Vehicle group and the Control Vehicle
group) by jugular vein injection. All mice were killed for further bio-
chemical and histological study at 24 weeks.

Blood analyses

At the end of all experiment, we collected the murine samples to mea-
sure the levels of fasting blood glucose, total cholesterol, triglyceride
and free fatty acids. Fasting serum insulin level was measured by
enzyme-linked immunosorbent assay. The homeostasis model assess-
ment (HOMA) method was used to calculate IR [25].

Histology and morphometric analysis

After paraformaldehyde (4%)-fixed mice aortas overnight, the aortas
were cut open longitudinally and stained with Oil Red O (Sigma-
Aldrich) to calculate the lesions area. Brachiocephalic arteries (BCA)
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were embedded in optimal cutting temperature compound (OTC;
Sakura Finetek, Beijing, China). Sections were cut every 5 um along
the BCA and stained with haematoxylin and eosin, Picrosirius red,
Masson’ trichrome staining and Oil Red 0. A Nikon microscope (Ni-
kon, Melville, NY, USA) was used to capture the images. The mean
was obtained by quantitative morphometry with automated image
analysis (Image-Pro Plus, Version 5.0; Media Cybernatics, Houston,
TX, USA).

Immunohistochemical staining and TUNEL

The following primary antibodies were used: rabbit polyclonal anti-SMCs
(o-actin, 1:150; Abcam, Cambridge, MA, USA), and anti-macrophage
antibodies (MOMA-2, 1:100; Abcam). Paraffin sections underwent
immunohistochemistry by a microwave-based antigen retrieval method.
The results were viewed under a confocal FV 1000 SPD laser scanning
microscope (Olympus, Tokyo, Japan).

For the detection of oligonucleosomal DNA cleavage, a stringent
TUNEL (terminal deoxynucleotidyl transferase end labelling) technique
was used (Roche, Mannheim, Germany). In brief, sections were
immersed in PBS for 15 min. at room temperature, incubated in per-
meabilization solution for 2 min. on ice, then transferred into the TUNEL
reaction mixture, and incubated for 60 min. at 37°C in a humidified
atmosphere in the dark.

Adhesion assay

The Costar culture plates were precoated with poly-lysine (50 pg/ml,
Sigma-Aldrich). Added 5 x 10° macrophages into plates, after 10 min.
incubation at 37°C, the adherent cells were stained by DAPI and
counted under a fluorescence microscope.

Migration assay

Cell migration assays were performed with 24-well Costar Transwell
plates (5 pm). After overnight starvation in DMEM with 2% foetal
bovine serum, 7.5 x 10* cells were loaded into the upper chambers.
The lower chambers were filled with solution of monocyte chemoattrac-
tant protein-1 (100 ng/ml; PeproTech Inc, Rochy Hill, NJ, USA) in
DMEM. After 6 hrs incubation at 37°C, macrophages were stained with
crystal violet (Sigma-Aldrich). The macrophages on the upper side of
the membrane were removed by a cotton swab. Then we counted the
average number of macrophages on the lower side.

Phagocytosis assay

Cells (1 x 10° cells/well) were seeded to glass bottom microwell dishes
(MatTek Corporation, Ashland, MA, USA). After macrophages were incu-
bated 10 min. at 37°C in dark with Alexa Fluor 488 Ac-LDL (10 pg/ml;
Molecular Probes, Invitrogen, Eugene, OR, USA), excessive Ac-LDL was
washed away and cells stained by DAPI in 5 min. Then the cells were
observed under a laser scanning confocal microscopy (Leica TCS SP2;
Leica, Wetzlar, Germany) and analysed by a flow cytometry (FACSCalib-
er; BD Biosciences Franklin Lakes, NJ, USA).
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Apoptosis assay

Cells (1 x 10° cells/well) were incubated 15 min. at 4°C in dark with
Annexin-V (10 pg/ml). After added propidium iodide (PI; 5 pg/ml) to
DMEM 5 min., the Annexin-V-positive and PI -positive cells were analy-
sed by a flow cytometry.

Cell Culture

The murine monocyte/macrophage cell-line Raw264.7 were grown in
DMEM medium (Gibco, Carlshad, CA, USA) supplemented with 10%
foetal bovine serum, 100 U/ml penicillin, 100 pg/ml streptomycin. The
Raw264.7 macrophages were cultured in vitro and divided into three
groups: low glucose group (LG; 5.5 mmol/l glucose), high glucose
group (HG; 25 mmol/l glucose) and hypertonic group (5.5 mmol/l glu-
cose+19.5 mmol/l mannitol, HO). The Raw264.7 macrophages were
harvested for mRNAs and proteins at different time points of treatment
by the PI3K inhibitor LY294002, STAMP2 siRNAs or recombinant
STAMP2-expressing adenovirus.

SiRNA transfection

Transfection was performed with Lipofectamine 2000 reagent (0.5 pl, Invi-
trogen). For reporter assays, 1.5 x 10° cells were seeded in 12-well plates
at least 12 hrs before transfection. Cells were transfected with 2 ug of siR-
NA-STAMP2 or 2 ug of negative control (NC) siRNA. Transfection was
performed using the following primers: STAMP2, forward 5-GCA GCA
UCC AAG UCU GAC ATT-3' and reverse 5-UGU CAG ACU UGG AUG CUG
CTT3-3"; NC, forward 5-UUC UCC GAA CGU GUC ACG UTT-3" and reverse
5'-ACG UGA CAC GUU CGG AGA ATT3-3". After incubation for 6 hrs, cul-
ture medium should be changed. Then the cells were observed under a
laser scanning confocal microscopy (Leica TCS SP2; Leica) and the trans-
fection efficiency was calculated. Twenty-four hours after transfection,
cells were re-treated for 16 hrs with HG and harvested for further study.

Transfection of STAMP2 overexpressing
adenovirus

The cells (1 x 10° cells/well) were administered virus in 200 MOI. The
culture medium was changed after 12 hrs. Then the cells were
observed under a laser scanning confocal microscopy. Twenty-four
hours after transfection, cells were re-treated for 16 hrs with HG and
harvested for further study.

Quantitative real-time RT-PCR

Total RNA was isolated from each aorta or 1 x 10° cells with the TRI-
zol reagent (Invitrogen, Carlsbad, CA, USA). RT-PCR was performed
using the following primers: STAMP2, forward 5-TCA AAT GCG GAA
TAC CTT GCT-3" and reverse 5-GCA TCT AGT GTT CCT GAC TGG A-3';
B-actin, forward 5-CAA CTT GAT TGA AGG CTT TGG T-3' and reverse
5-ACT TTT ATT GGT CTC AAG TCA GTG TAC AG-3'. Reactions were
carried out on a real-time PCR thermocycler (IQ5 Real-Time PCR
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cycles; Bio-Rad, Hercules, CA, USA), using SYBR green as fluorescence
dye. Relative expression analysis involved the 2-22T method.

Western blot analysis

Western blot analysis was performed as described previously [26]. We
used antibodies against STAMP2 (Abcam), p-PI3K/PI3K, p-Akt/Akt, cas-
pase-3 and Bcl-2 (Cell Signaling Technology, Beverly, MA, USA), fol-
lowed by anti-lgG horseradish peroxidase-conjugated secondary
antibody. STAMP2, p-PI3K, PI3K, p-Akt, Akt, caspase-3 and Bcl-2 pro-
tein levels were normalized to that of p-actin as an internal control and
phosphospecific proteins to that of total protein.

Statistical analysis

Data are presented as mean + SD (n is noted in the fig legends), and
the statistical significance of differences was evaluated with an anova.
Significance was accepted at the level of P < 0.05.

Results

Diabetic atherosclerosis is induced in ApoE~~/LDLR™/~ mice. We
generated a non-genetic rodent model closely resembling human dia-
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betic atherosclerosis disease by feeding male ApoE~'~/LDLR '~ mice
with high fat diet and by the STZ treatment (referred to as DM mice
hereafter), and normal diet (chow diet) fed mice serve as controls, as
previously reported [24] (Materials and methods). Multiple metabolic
parameters of the mice were examined to confirm the model.

Insulin resistance in the DM mice was confirmed by IPGTT. The lev-
els of blood glucose in the DM group were similar to that of the control
group at the age of 3 weeks (P > 0.05; Fig. 1A). However, at the age of
9 and 11 weeks, the levels of blood glucose in the DM group were sig-
nificantly higher than the control mice at all of the time points tested
(P < 0.05; Fig. 1A). Similarly, at the age of 9 and 11 weeks, the AUC for
glucose level of the DM mice was higher compared with the control mice
compared to that at baseline of 3 weeks (P < 0.05; respectively;
Fig. 1B). Intraperitoneal glucose tolerance test results in the control mice
had no significant changes between week-3 and week-11.

As expected, the bodyweight was significantly higher in the DM
group than in the control group at and after week-9 except at week-11
(P < 0.05 for all pair-wise comparisons; Fig. 1C).

We also confirmed atherosclerosis as previously reported [27] in
the DM mice at the age of 24 weeks after high fat diet and STZ treat-
ment (Fig. 1D).

In summary, the diabetic model induced by a HF diet and STZ
showed typical features of IR, hyperglycaemia, obesity and aorta lipid
accumulation, resembling the state of human diabetic atherosclerosis
disease.
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Fig. 1 Generation of diabetic atherosclerosis mouse model. (A) ApoE~~/LDLR™~ mice were fed on chow diet (Chow) or high-fat diet (DM) and
analysed by IPGTT at 3, 9 and 11 weeks of feeding. (B) Area under curve in 3, 9 and 11-week-old ApoE~~/LDLR'~ mice. (C) Bodyweight at the
ages of 3, 9, 11, 20, 22 and 24 weeks. (D) Representative en face staining of brachiocephalic artery of 24-week-old mice (red indicates positive
staining). Experimental groups are indicated as follows: 1-4: Control+ Vehicle mice (Column 1), Control+ STAMP2 mice (Column 2), DM+ Vehicle
mice (Column 3), DM+ STAMP2 mice (Column 4). Data are mean + SD; *P < 0.05 versus chow (3 weeks).
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Endogenous STAMP2 expression is suppressed
in atherosclerotic aorta

To study the local functional role of STAMP2 in atherogenesis, we
investigated the mRNA and protein expression levels of STAMP2 in
the aorta of the diabetic mice and the non-diabetic mice. The mRNA
level of STAMP2 in aorta was significantly decreased in the DM Vehi-
cle group compared with that in the Control Vehicle group, as
assessed by the RT-PCR (0.27 + 0.08 versus 1.00 + 0.00;
P < 0.01; Fig. 2A). Consistent with the mRNA expression levels, the
protein level of STAMP2 was also significantly decreased by 28%, in
the DM Vehicle group compared with in the Control (non-diabetic)
vehicle group, as assessed by Western blot analysis (0.55 + 0.02
versus 0.76 + 0.04; P < 0.01; Fig. 2B and C). These data demon-
strate the correlation between the atherosclerotic aorta and low levels
of STAMP2 expression.

Overexpression of STAMP2 in aorta

Although we showed a lower STAMP2 expression in atherosclerotic
aorta as compared with normal aorta, it is not known if it contributes
to atherogenesis or merely one of the consequences of atherogene-
sis. Thus, we asked if overexpression of STAMP2 in aorta would be
sufficient to reduce atherogenesis.

As expected, the mRNA expression of STAMP2 in aorta was up-
regulated in the DM STAMP2 mice group by 122% compared to the
DM Vehicle mice group (0.60 + 0.12 versus 0.27 + 0.08; P < 0.05;
Fig. 2A), and the STAMP2 mRNA level was increased in the Control
STAMP2 mice group compared with the Control Vehicle mice group
(1.85 & 0.60 versus 1.00 + 0.00; P=0.22; Fig. 2A). Gonsistent
with the STAMP2 mRNA level changes, the STAMP2 protein level was
also increased in the DM STAMP2 mice group by 27% compared with
the DM Vehicle mice group (0.70 + 0.04 versus 0.55 + 0.02;
P <0.001; Fig. 2B and C), and the STAMP2 protein level was
increased in the Control STAMP2 mice group by 18% compared to
the Control Vehicle mice group (0.90 + 0.03 versus 0.76 + 0.04;
P < 0.001; Fig. 2B and C). The magnitude of protein level changes
was smaller compared with that of the mRNA level changes.

Overexpression of STAMP2 improves metabolism
in ApoE~/~/LDLR '~ mice

STAMP2 was shown previously to play an important role in regulating
metabolism, IR and atherogenesis. We investigated the global effect
of STAMP2 by systemic overexpression of STAMP2 in our mouse
model of diabetes and atherosclerosis. STAMP2-expressing adenovi-
rus was used to treat diabetic and non-diabetic ApoE~'~/LDLR™/~
mice by jugular vein injection and the expression vehicle adenovirus
was used as control.

As expected from our previous results, several metabolic indices
were substantially altered in the diabetic mice. Comparing the DM
Vehicle group to the Control Vehicle group, the bodyweight, the level

© 2014 The Authors.
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Fig. 2 Overexpression of STAMP2 in aorta. Experimental groups are
indicated as follows: (A-C) Control+ Vehicle mice (Column 1), Control+
STAMP2 mice (Column 2), DM+ Vehicle mice (Column 3), DM+
STAMP2 mice (Column 4). (A) Relative mRNA expression of STAMP2.
(B and C) Western blot analysis of STAMP2. Data are mean + SD;
n=4 per group; **P < 0.01, ***P < 0.001 versus Control + Vehicle
mice, TP < 0.05, ¥ P < 0.01 versus DM + Vehicle mice.

of fasting serum glucose and cholesterol were significantly increased
(Table 1). After overexpression of STAMP2, the indices decreased
numerically in the DM STAMP2 group versus DM Vehicle group,
although for most part not reaching statistically significance
(Table 1). Calculation of the HOMA index as a measure of IR in the
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Table 1 Metabolic parameters of ApoE " /LDLR™~ mice

Control + Vehicle

Control + STAMP2

DM + Vehicle

DM + STAMP2

(n = 10) (n = 10) (n = 10) (n = 10) P
22w
Bodyweight (g) 27.82 + 0.92 27.23 + 1.58 31.06 + 2.97** 30.18 + 3.37* 0.003
24w
Bodyweight (g) 2732 + 1.69 2734 + 257 30.90 + 2.61* 29.36 + 1.72* 0.002
FBG (mmoll) 667 + 251 5.01 + 2,01 20.42 + 1210*** 7.06 + 242+t 0.000009
Insulin (ulU/mi) 2859 + 1443 2451 + 10.31 41.00 + 1815 27.90 + 10.35 0053
HOMA-IR 956 + 7.67 6.06 + 3.62 35.07 + 25.37*** 8.27 + 328 0.00005
T6 (mmoll) 152 + 0.45 153 + 0.42 217 + 1.3 156 + 0.76 0233
TC (mmoli) 16.77 + 2.98 17.78 + 4.29 34.94 + 17.82*** 20.99 + 4,601+ 0.0004
FFA (mmol/) 6170 + 32.24 69.86 - 39.14 9354 + 53.40 49.20 + 23.03 0.089

*P < 0.05, **P < 0.01, ***P < 0.001 versus Control+ Vehicle, 1P < 0.01, 1P < 0.001 versus DM + Vehicle.
Data are expressed as mean 4 SD. Serum sampling was taken under fasting condition and measured.
FBG: fasting blood glucose; TG: total triglycerides; TC: total cholesterol; FFA: free fatty acids.

end of this experiment revealed an increase in the DM Vehicle group
versus the Control Vehicle group (Table 1). In contrast, HOMA
decreased in the DM STAMP2 group versus the DM Vehicle group
(Table 1).

Taken together, these data suggest that systemic STAMP2 over-
expression does not have obvious deleterious effect, and can mod-
estly reverse the metabolic disease state of the diabetic ApoE~/~/
LDLR~"~ mice.

Overexpression of STAMP2 stabilizes lesions in
the brachiocephalic artery

Spontaneous plaque rupture has been demonstrated in the BCA of
mice in recent research [28]. We asked whether the overexpression
of STAMP2 is able to affect the stability of atherosclerotic plaque.

The area, lipid content and macrophage quantity in BCA were
known previously to be associated with the plaque stability. We found
that each of the three parameters in DM Vehicle group was signifi-
cantly increased compared with those in the Control Vehicle group
(Fig. 3A1-A3; Table 2). STAMP2 overexpression lead to significant
less area, lipid content and macrophage quantity in the DM STAMP2
group compared with those in the DM Vehicle group (Fig. 3A1-A3;
Table 2). Similarly, STAMP2 overexpression also reduced each of the
three parameters in the non-diabetic mice, the Control STAMP2
group, compared with the Control Vehicle group (Fig. 3A1-A3;
Table 2).

Brachiocephalic arteries collagen content was known to affect the
stability of atherosclerotic plaques. We used Masson’s trichrome
staining and Picrosirius red staining to measure BCA collagen con-
tent. Comparing to the BCA plaques of the Control Vehicle group, the
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BCA plaques of the DM Vehicle group had lower collagen (51% reduc-
tion), collagen I-1I ratio (14% reduction, P = 0.15) and smooth mus-
cle cell (SMC) content (30% reduction; Fig. 3A4-A6; Table 2),
indicating a highly instable state. STAMP2 overexpression appears to
be able to correct the situation. STAMP2 overexpression increased
the collagen content by 29%, increased the collagen I-IIl ratio by
34% and SMC content by 16% (P = 0.21) in the BCA plaques, when
comparing the DM STAMP2 group with the DM Vehicle group
(Fig. 3A4-A6; Table 2). STAMP2 overexpression also increased the
collagen content by 7% (P = 0.16), the collagen |1l ratio by 50%
and SMC content by 41% in the BCA plaques of the non-diabetic
mice, the Control STAMP2 group, when compared with the Control
Vehicle group (Fig. 3A4-A6; Table 2).

The vulnerability index (VI) was used to describe atherosclerotic
plaque stability in previous studies [29]. In our study, VI was signifi-
cantly higher, by about threefold, in the DM Vehicle group than in the
Control Vehicle group (Table 2). STAMP2 overexpression decreased
VI in the DM STAMP2 group by 41% compared with the DM Vehicle
group (Table 2).

Taken together, these results showed that the BCA plaques are
destabilized in the diabetic mice and that STAMP2 overexpression is
sufficient to increase the stability of the BCA plaques, thereby likely
preventing plaque rupture.

Overexpression of STAMP2 reduces macrophages
apoptosis in the BCA

Cell apoptosis, especially macrophage apoptosis, has significant roles
in the atherosclerosis process. We investigated whether the STAMP2

overexpression exhibited an anti-apoptotic effect.

© 2014 The Authors.
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Fig. 3 STAMP? increases the stability of brachiocephalic plaques in 24-week-old diabetic ApoE~~/LDLR~~ mice. Experimental groups are indicated
as follows: (A-C) Control + Vehicle mice (Column 1), Control + STAMP2 mice (Column 2), DM + Vehicle mice (Column 3), DM + STAMP2 mice
(Column 4). (A) Pathology features of ApoE~'~/LDLR™~ mice with or without STAMP2 overexpression. Five-micrometer sequential sections from
the brachiocephalic artery (BCA) are shown. Representative haematoxylin and eosin staining of brachiocephalic lesions sections (A1). Representative
0il-Red-0-positive staining of brachiocephalic lesions sections for lipid (A2). Representative immunohistochemistry for macrophage (MOMA-2) of
brachiocephalic lesions sections (A3). Representative masson staining of brachiocephalic lesions sections (collagen is green; A4). Representative
Picrosirius Red staining of brachiocephalic lesions sections for collagen (A5). Representative immunohistochemistry for SMC (a-actin) brachioce-
phalic lesions sections (A6); scale bar = 100 um; n =5 per group. (B) Fluorescent imaging of cell apoptosis. Five-micrometer sequential sections
from the BCA were stained for apoptosis (x103 um?). Red, TUNEL; blue, DAPI nuclear stain; scale bar = 100 um; n =5 per group. (C) Fluorescent
imaging of macrophage apoptosis (x103 pm?). Five-micrometer sequential sections from the BCA were stained for apoptosis. Red, TUNEL; green,

macrophage; blue, DAPI nuclear stain; scale bar = 100 um; n = 5 per group.

Thin sections of mice BCA were stained by TUNEL which
labels apoptotic cells. We found that cell apoptosis was signifi-
cantly higher, by 86%, in the DM Vehicle group than the Control
Vehicle group (174.16 + 1355 versus 93.71 + 0.78 x 10° ym?%
P <0.001; Fig. 3B). STAMP2 overexpression significantly reduced
TUNEL staining in the BCA of the DM STAMP2 group compared
with the DM Vehicle group (98.88 + 12.52 versus 174.16 +
13.55 x 10° um% P <0.001; Fig. 3B). The Control STAMP2
group had less cell apoptosis compared with the Control Vehicle
group (82.78 + 1.01 versus 93.71 + 0.78 x 10° um? P < 0.001;
Fig. 3B).

We further analysed the macrophage apoptosis in the BCA pla-
ques by double staining the BCA plaques with TUNEL and an antibody
against MOMA-2, a macrophage marker. There was a significantly

© 2014 The Authors.

higher number of TUNEL* and MOMA-2* macrophages in the DM
Vehicle group than the Control Vehicle group (136.50 + 13.26 versus
52.63 + 4.83 x 10% um% P <0.001; Fig. 3C). Overexpression
STAMP2 significantly reduced macrophage apoptosis in the BCA pla-
ques of the DM STAMP2 group compared with the DM Vehicle group
(65.42 + 6.26 versus 136.50 + 13.26 x 10° ym? P < 0.001;
Fig. 3C) and in the Control STAMP2 group compared with the Control
vehicle (35.24 + 7.45 versus 52.63 + 4.83 x 10° um2 P < 0.01;
Fig. 3C).

These data showed that macrophage apoptosis is substantially
increased in the atherosclerotic plaques of diabetic mice. The result
suggested that one of the cellular mechanisms by which STAMP2
overexpression increases the stability of atherosclerotic plaques is to
decrease the macrophage apoptosis.
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Table 2 Histology analyses of brachiocephalic atherosclerotic plaques

Control + Vehicle Control + STAMP2 DM + Vehicle DM + STAMP2 P

(n=15) (n =5) (n=5) (n=15)
Plaque area (%) 29.56 + 0.42 18.24 + 4.61*** 45.68 + 0.89*** 30.98 + 3.981++ 3 x10°°
Lipid (%) 33.98 + 3.26 24.32 + 2.72*~ 51.82 £ 1.19*** 40.72 £ 2.677 " F17 1 x 10710
Macrophage (%) 14.84 + 0.68 13.72 £ 1.25 28.38 4+ 2.61*** 17.71 £ 1.78" 1t 1x10°°
Collagen content (%) 16.29 + 2.11 17.50 + 0.89 7.98 + 1.25%** 10.32 £+ 0.23*** 5 x 107°
[ collagen ratio 1.39 + 0.17 2.08 + 0.28*** 1.20 + 0.05 1.61 + 0.221+ 2 x 107°
SMC (%) 10.21 + 1.69 14.39 £ 1.35*** 712 +1.34* 8.24 + 0.98* 1x10°6
Vulnerability index 1.87 + 0.31 1.20 + 0.13* 5.37 + 0.63*** 316 £ 0.31*** 7+ 1 x 10710

*P < 0.05, **P < 0.01, ***P < 0.001 versus Control+ Vehicle, 1P < 0.01, 1P < 0.001 versus DM + Vehicle.
Data are expressed as mean + SD. SMC, smooth muscle cell. Vulnerability index = (macrophages + extracellular lipids)/(SMC + collagen

fibres).

Overexpression of STAMP2 activates the Akt
signalling pathway in aorta plaques of ApoE '~/
LDLR~/~ mice

It was known previously that STAMP2 regulates Akt signalling path-
way [22] and Akt pathway controls cell survival by regulating the
apoptotic machinery such BCL family of anti-apoptotic factors. Thus,
we investigated whether one of the molecular mechanisms by which
STAMP2 affects atherogenesis and cell apoptosis in plaques is
through Akt pathway regulation.

We have shown that the STAMP2 mRNA and protein levels in
aorta were significantly decreased in the DM Vehicle group compared
with the Control Vehicle group (Fig. 2A-C). This appears to cause the
down-regulation of Akt activity in aorta. Phosphorylation of Akt, the
measure of Akt activation, was decreased in the DM Vehicle group by
28% compared with the Control Vehicle group (0.26 & 0.01 versus
0.36 + 0.00; P < 0.001; Fig. 4A and B). Since Akt phosphorylation
activates the BCL family of anti-apoptotic factors, as expected, Bcl-2
was down-regulated by 32% in the DM Vehicle group compared with
the Control Vehicle group (0.38 & 0.01 versus 0.56 + 0.03;
P < 0.01; Fig. 4A and C). Consistent with the Bcl-2 level changes,
caspase-3 protein level was up-regulated by 59% in the DM Vehicle
group compared with the Control Vehicle group (0.89 + 0.00 versus
0.56 + 0.02; P < 0.001; Fig. 4A and D), which may explain the 86%
increase in BCA cell apoptosis observed (Fig. 3B; see above section).
STAMP2 overexpression significantly increased the aorta p-Akt level
by 27% in the DM STAMP2 group compared with the DM Vehicle
group (0.33 + 0.02 versus 0.26 + 0.01, P < 0.001; Fig. 4A and B).
As expected, comparing the DM STAMP2 group to the DM Vehicle
group, the Bcl-2 protein level was increased by 26% (0.48 + 0.01
versus 0.38 + 0.01, P < 0.001; Fig. 4A and C), but caspase-3 pro-
tein level was decreased by 13% (0.77 + 0.02 versus 0.89 + 0.00;
P < 0.001; Fig. 4A and D). Similarly, p-Akt level was up-regulated by
8% in the Control STAMP2 group compared with the Control Vehicle
group (0.39 + 0.02 versus 0.36 + 0.00; P < 0.05; Fig. 4A and B).
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Bcl-2 protein level was increased (0.75 & 0.03 versus 0.56 + 0.03;
P < 0.001; Fig. 4A and C) and caspase-3 protein level was decreased
(0.42 + 0.01 versus 0.56 + 0.02; P < 0.001; Fig. 4A and D) in the
Control STAMP group compared with the Control Vehicle group.

These results suggested that the STAMP2 reduces the pathogene-
sis of atherosclerosis by activating the Akt signalling pathway and
preventing cell apoptosis, including macrophage apoptosis, in the pla-
ques of diabetic mice.

Macrophage cell line model in hyperglycaemic
condition

To further investigate the molecular mechanisms underlining STAMP2
function in diabetic mice, we established a macrophage cell line model
in hyperglycaemic condition in vitro which recapitulates some of the
characteristics of macrophages in the diabetic mouse model.

RAW 264.7 is a mouse monocyte/macrophage cell line. The cells
were cultured under a LG (5.5 mmol/l), HG (25 mmol/I glucose) and
the control hypotonic (5.5 mmol/l glucose+19.5 mmol/l mannitol,
HO) conditions.

We found that cells from the HG treated group had significantly
higher abilities of adhesion, migration and phagocytosis than the LG
and the HO treated group (P < 0.05; Fig. 5A-C).

High glucose treatment also increased RAW 264.7 cell apoptosis.
Caspase-3 protein level showed a time-dependent increase with a
maximum at 72 hrs in the HG treated cells compared with 0 hr
(P < 0.01; Fig. 5D). Flow cytometry analysis based on Annexin-V and
Pl staining showed that the HG treatment induced higher level of
apoptosis at different time points compared with the control cells
(time 0 hr; Fig. 5E).

High glucose treatment effect on cell apoptosis is mediated by the
Akt signalling pathway. As western blot analysis showed, LY294002
inhibited Akt phosphorylation under HG treatment in 20 hrs
(0.86 + 0.01 versus 0.95 + 0.00, P < 0.001), 24 hrs (0.84 + 0.00

© 2014 The Authors.
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Fig. 4 Overexpression of STAMP2 activates STAMP2/Akt signalling pathway in diabetic ApoE~~/LDLR~'~ mice. Experimental groups are indicated
as follows: (A-D) Control + Vehicle mice (Column 1), Control + STAMP2 mice (Column 2), DM + Vehicle mice (Column 3), DM + STAMP2 mice
(Column 4). (A-D) Western blot analysis of p-Akt/Akt, Bcl-2 and caspase-3. Data are mean + SD; n = 4 per group; *P < 0.05, ***P < 0.001 ver-

sus Control + Vehicle mice, T1P < 0.001 versus DM + Vehicle mice.

versus 0.92 + 0.01, P<0.001), 48 hrs (0.81 = 0.01 versus
0.81 + 0.01, P=0.44), respectively, compared with no LY294002
treatment (Fig. 5F). Western blot analysis showed that the protein level
of caspase-3 increased in 20 hrs (1.32 & 0.02 versus 1.30 & 0.03,
P=029), 24 hrs (1.36 + 0.01 versus 1.34 + 0.03, P=0.25),
48 hrs (1.25 + 0.07 versus 1.38 + 0.03, P < 0.05), respectively,
compared with no LY294002 treatment (Fig. 5F). However, the level of
protective protein Bcl-2 decreased compared with no LY294002 treat-
ment in 20 hrs (0.66 + 0.02 versus 0.68 + 0.02, P = 0.15), 24 hrs
(0.68 + 0.02 versus 0.71 & 0.02, P=0.11), 48 hrs (0.49 + 0.01
versus 0.63 + 0.03, P < 0.001; Fig. 5F), respectively.

These data would suggest that HG could suppress Akt signalling
pathway to induce macrophages apoptosis. We showed that in our
diabetic mouse model, endogenous STAMP2 expression was reduced
in aorta. However, it was not known if STAMP2 expression was
directly affected in macrophage cells by hyperglycaemia and if down-
regulation of STAMP? is sufficient to induce the phenotypic changes
of macrophages seen in diabetic mice. To answer these questions, we
studied STAMP2 function in the RAW264.7 cell line model under the
hyperglycaemic condition.

The relative mRNA expressions of STAMP2 were significantly
increased by 16 hrs HG treatment compared with 0 hr HG treatment
(9.90 + 11.45 versus 1.00 + 0.00, P < 0.01; Fig. 5G). Although LG

© 2014 The Authors.

treatment slightly up-regulated STAMP2 mRNA level with a maximum
at 20 hrs (2.32 + 0.98 versus 1.00 & 0.00, P < 0.01; Fig. 5G), in
comparison, the effect of HG treatment is much higher. As expected,
there was no significant change STAMP2 expression by hypertonic
(HO) treatment (P > 0.05). Consistently, the STAMP2 protein levels
under HG treatment also increased at different time points compared
with at 0 hr time point with maximum reached at 20 hrs treatment
(P < 0.05; Fig. 5H). The LG treatment had minimal effect and HO
treatment had no effect (P > 0.05; Fig. 5H).

We investigated the role of STAMP2 in regulating the Akt signal-
ling pathway to control cell apoptosis under HG treatment. Western
blot analysis showed that the protein level of STAMP2 was 20%
lower in the RNAI-STAMP2 group than the RNAi-Normal Control
(RNAi-NC) group (0.78 &+ 0.10 versus 0.97 &+ 0.03; P < 0.05;
Fig. 6A and B). After silence of STAMP2, the phosphorylated PI3K
and phosphorylated Akt were reduced by 1% (0.81 + 0.06 versus
0.82 + 0.01; P=0.84) and 11% (0.76 + 0.06 versus 0.85 + 0.03;
P < 0.05; Fig. 6A, C and D), respectively, in RNAi-STAMP2 group
compared with RNAI-NC group. However, the caspase-3 protein level
resulted in a significant increase by 4-fold in RNAI-STAMP2 group
compared with RNAi-NC group (0.90 + 0.02 versus 0.65 + 0.05;
P < 0.001; Fig. 6A and E). The Bcl-2 protein level was reduced by
57% (0.30 + 0.23 versus 0.70 &+ 0.16; P < 0.05; Fig. 6A and F).
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Taken together, these data showed that STAMP2 silencing
suppresses the PI3K/Akt signalling pathway and increases cell
apoptosis.

STAMP2 silencing in the RNAI-STAMP2 group significantly
increased cell adherence, migrate, phagocytosis and apoptosis abili-
ties compared with the RNAI-NC group (P < 0.01 for all; Fig. 7 A1,
A2; B1,B2; C1, C2; D).

Overexpression of STAMP2 on cell apoptosis
under HG treatment

As seen in Figure 6A and G, western blot analysis showed that the
protein level of STAMP2 was increased by 17% in the STAMP2-
expressing adenovirus (Ad-STAMP2) group compared to Normal
Control-expressing adenovirus (Ad-NC) group (0.82 + 0.06 versus
0.70 £ 0.04; P < 0.05). The phosphorylated PI3K was not changed
in Ad-STAMP2 group compared with Ad-NC group (0.87 + 0.03 ver-
sus 0.86 + 0.03; P = 0.48; Fig. 6A and H). However, the phosphory-
lated Akt was significantly enhanced in Ad-STAMP2 group
(0.76 + 0.04 versus 0.69 + 0.00; P < 0.05; Fig. 6A and I). Mean-
while, caspase-3 protein level resulted in a significantly decrease in
Ad-STAMP2 group compared with Ad-NC group (0.67 + 0.06 versus
0.76 £ 0.06; P < 0.05; Fig. 6A and J). The protein level of Bcl-2 was
increased in the Ad-STAMP2 group (0.72 + 0.02 versus
0.68 + 0.02; P < 0.05; Fig. 6A and K). The results indicate that the

Fig. 5 The effects of hyperglycaemic treatment on macrophage apopto-
sis and functions. Experimental groups are indicated as follows: (A-C)
Low glucose (LG, 5.5 mmol/l) group (Column 1); Hypertonic (HO,
19.5 mmol/l mannitol + 5.5 mmol/l glucose) group (Column 2); High
glucose (HG, 25 mmol/l) group (Column 3). Images and quantification
of macrophages adhesion (A), migration (B) and phagocytosis (C). (A)
High glucose can increase adhesion ability in RAW264.7. Blue, DAPI
nuclear stain; scale bar = 200 um. Data are mean & SD; *P < 0.05
versus LG; P < 0.05 versus HO. (B) High glucose can increase migra-
tion ability in RAW264.7; scale bar = 100 um; data are mean =+ SD;
*P < 0.05 versus LG; ¥P < 0.05 versus HO. (C) High glucose can
increase phagocytosis in RAW264.7. Green, Ac-LDL-488; blue, DAPI
nuclear stain; scale bar = 5 um. Data are mean + SD; ***P < 0.001
versus LG; 1P < 0.001 versus HO. (D) Western blot analysis of cas-
pase-3 by high glucose treatment. Data are mean &+ SD; *P < 0.05,
**P < 0.01 versus HG (0 hr); 1P <0.05 versus LG (0 hr). (E)
RAW264.7 stained for Annexin V-PI to test apoptosis assay according
to the instructions of the manufacturer. Data were analysed using
WinMDI software. Representative dot plots are shown for each group.
(F) After inhibited PI3K activation by LY294002 (10 pmmol/l), western
blot analysis of p-Akt/Akt, caspase-3 and Bcl-2 in RAW264.7. Data are
mean + SD; *P < 0.05, **P<0.01, ***P < 0.001 versus Control
(0 hr); TP <0.05, TP < 0.001 versus Control (20, 24, 48 hrs). (G)
Relative mRNA expression of STAMP2 in RAW264.7. Data are
mean + SD; *P < 0.05, **P < 0.01 versus LG/HG (0 hr); 1P < 0.01
versus LG (20 hrs). (H) Western blot analysis of STAMP2 in
RAW264.7. Data are mean + SD; *P < 0.05 versus HG (0 hr);
P < 0.05 versus LG (16 hrs).
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Fig. 6 Silence or overexpression of STAMP2 under HG treatment. (A-F) After silence of STAMP2 in RAW264.7, western blot analysis of STAMP2, p-
PI3K/PI3K, p-Akt/Akt, caspase-3 and Bcl-2. Data are mean + SD; *P < 0.05, ***P < 0.001 versus siRNA-NC. (A, G-K) After overexpression of
STAMP2 in RAW264.7, western blot analysis of STAMP2, p-PI3K/PI3K, p-Akt/Akt, caspase-3 and Bcl-2. Data are mean + SD; *P < 0.05 versus Ad-NC.

activation of STAMP2/PI3K/Akt signalling pathway is responsible to
reduce cell apoptosis.

Overexpression of STAMP2 and macrophage
functions

Results have shown that cells from Ad-STAMP2 group showed signif-
icantly lower adhesion ability and higher phagocytosis ability com-
pared with Ad-NC group (P < 0.01; Fig. 7A3, 4 and C3, 4). However,
migration ability had no change in Ad-STAMP2 group compared with
Ad-NC group (P = 0.09; Fig. 7B3, 4). The cells from Ad-STAMP2
group showed less apoptosis compared with Ad-NC group
(P < 0.001; Fig. 7D). These results suggested that silence or overex-
pression of STAMP2 affect cells abilities of adhesion, migration,
phagocytosis and apoptosis.

Discussion

The major finding of this study is that overexpression of STAMP2
could effectively improve metabolic indices, reduce IR and stabilize

© 2014 The Authors.

the atherosclerotic plaques in the diabetic ApoE~'~/LDLR™~ mice.
Mechanistically, this phenotype is due to STAMP2 regulation of the
Akt signalling pathway, thus diminishing macrophage apoptosis and
stabilizing the vulnerable plaques.

STAMP2 may be causally associated with IR, playing an important
role in the regulation of glucolipid metabolism. For example, after
STAMP?2 is suppressed, glucose transport stimulated by insulin and
Glut4 inversion to membrane mediated by insulin is significantly
reduced [22]. In addition, STAMP2~"~ mice showed IR, glucose intol-
erance and lipid metabolism disorder [22]. We found a significant
increase in bodyweight, blood glucose levels, total serum cholesterol
and triglyceride levels in diabetic ApoE~’"/LDLR™'~ mice. Overex-
pression of STAMP2 effectively improves metabolic indices and
reduces IR in diabetic ApoE ~"~/LDLR '~ mice, although there was no
significant effect on serum insulin, FFA and TG level. Our data provide
evidence that STAMP2 effectively reduces risk factors of atheroscle-
rosis in the diabetic mouse model.

The relationship between macrophage apoptosis and atheroscle-
rosis is complex. Advanced macrophage apoptosis is an important
contributing factor in vulnerable atherosclerotic lesions [13]. STAMP2
was expressed in both human and mouse atherosclerotic plagues
[15]. In line with our observations in the brachiocephalic plaques of
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Fig. 7 The macrophage functions after silence or overexpression of STAMP2 under HG treatment. Experimental groups are indicated as follows:
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**P < 0.01 versus siRNA-NC, 1P < 0.01 versus Ad-NC. (B) Silence or overexpression of STAMP2 is associated with migration in RAW264.7; scale
bar = 100 um. Data are mean + SD; **P < 0.01 versus siRNA-NC. (C) Silence or overexpression of STAMP2 is associated with phagocytosis abil-
ity in RAW264.7. Green, Ac-LDL-488; blue, DAPI nuclear stain; scale bar = 10 um. Data are mean + SD; **P < 0.01 versus siRNA-NC; 1P < 0.01
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ApoE~"~/LDLR™"~ mice, as assessed by staining for TUNEL, macro-
phage apoptosis was significantly higher in diabetes group than in
chow diet group. With the overexpression of STAMP2, the macro-
phage apoptosis in lesions of diabetic ApoE~/~/LDLR™'~ mice was
diminished. The lesions in brachiocephalic artery of diabetic ApoE '~/
LDLR~/~ mice were demonstrated to be vulnerable. Some phenotypic
characteristics of atherosclerotic plaques such as area of plaque, lipid
content and macrophage quantity significantly increased. However,
collagen content, SMC content in lesions were reduced. Usually
increased content of lipid and macrophage or decreased content of
collagen and SMC in patches have been widely used as indicators of
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plaque instability. We confirmed that overexpression of STAMP2
could lead to more contents of collagen, more SMC, less contents of
lipid and less macrophage, thus increasing the stability of the pla-
ques. Consequently, overexpression of STAMP2 could reduce the vul-
nerability of atherosclerotic plaques through diminishing macrophage
apoptosis effectively.

Akt signalling pathway involved in regulation of many cell func-
tions is a key component in the regulation of macrophage apoptosis
[30, 31]. We showed in a cellular model that the expressions of
STAMP2 mRNA and protein are increased initially by HG treatment
but eventually decreased after extended treatment. We also showed

© 2014 The Authors.
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in a diabetic mouse model where serum glucose level is persistently
high, STAMP2 expression is also suppressed. /n vitro, macrophage
cell line RAW264.7 exhibited significantly increased adhesion, migra-
tion and phagocytosis abilities and apoptosis with HG treatment. Cell
apoptosis induced by HG treatment is also induced by the PI3K inhibi-
tor LY294002, indicating that the STAMP2/PI3K/Akt pathway play an
important role in macrophage apoptosis under HG.

We showed that in a macrophage cellular model, STAMP2 expres-
sion is necessary and sufficient to regulate the capabilities of migra-
tion, adhesion, phagocytosis and apoptosis by the loss-of-function
experiment via STAMP2 siRNA and by the gain-of-function experi-
ment via STAMP2 overexpression.

Conclusions

This study revealed that STAMP2 activity is important in increasing
plaque stability in diabetic atherosclerotic mice, which is likely to
function by activating the Akt signal pathway and suppressing apop-
tosis machinery to decrease the macrophage apoptosis in the athero-
sclerotic plaques. In addition to providing important information
about the pathophysiology of atherosclerosis, the data from these
studies might form the basis of novel therapeutic approaches to com-
bat vulnerable plaque.
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