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Original Article 
Angiopoietin-like 2 has auxo-action in atherosclerosis by 
promoting atherosclerotic calcification
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Abstract: Objective: To study the effects of angiopoietin-like 2 (Angptl2) on atherosclerotic calcification in aortic 
artery of ApoE-/- mice. Methods: Twelve 6-week-old male mice were randomly divided into control group (n=6) and 
interventional group (n=6), the control group were fed with high fat diet and the interventional group were fed 
with high fat diet and at the eighth week interventional group mice were infused (intravenously) with purified re-
combinant Angptl-2 once a week for one month. All mice were sacrificed when the mice were 16 weeks old, blood 
was collected and plasma triglyceride (TG), total cholesterol (TC), low density lipoprotein cholesterol (LDLC) were 
measured, aortic sections were stained with hematoxylin and eosin (HE) or Von Kossa and were observed under 
microscope. Calcium content and alkaline phosphatase activity of aorta were measured to measure the degree of 
vascular calcification. The expressions of Runx2 protein and mRNA levels in aortic sections of mice were detected 
by immunohistochemistry, Western Blot and qRT-PCR respectively. Results: The plasma TG, TC and LDLC level in 
interventional group was significantly higher than that in control group and the expression of Runx2 in aortic had 
the similar results. HE staining demonstrated significant thickening of the intima, with typical atherosclerotic plaque 
formation in interventional group mice, and Von Kossa staining showed spotty black clumps of aortic calcification 
under the fibrous cap plaque, while control group had atherosclerotic plaques without significant calcium deposits 
formation; The quantitative analysis showed that aortic vascular wall calcium and alkaline phosphatase activity 
were significantly higher in the intervention group than that of the control group (P<0.01). Conclusions: Angptl-2 
could increase ApoE-/- mice plasma lipid level, it also facilitate the expression of Runx2, calcium content and ALP 
activity in aortic and then accelerate atherosclerotic calcification. Our experiments demonstrated that Angptl2 could 
accelerate atherosclerotic calcification. It reminded us that by controlling or decreasing the Anglt-2 level in plasma 
could help inhibit atherosclerotic calcification and then provides a new target to prevent coronary heart disease. 
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Introduction 

Angiosteosis may reduce the compliance of 
diabetes, nephrosis and blood vessels of elder-
ly people, as well as increase mortality. Some 
scholars believed that the level of arterial calci-
fication is one of the optimal index for predict-
ing cardiovascular mortality [1]. Current studies 
believe that inflammatory reaction plays an 
important role in the development of athero-
sclerosis and even the formation of angioste-
osis [2]. However, the specific physiopathologic 
mechanism of angiosteosis is yet to be illumi-
nated thoroughly. Angiopoietin-like proteins 2 
(Angptl-2) is a member of the recently discov-
ered angiopoietin-like proteins family. As a spe-
cies of circulatory glycoproteins, Anpgtl2 is 
widely distributed in tissues and organs, includ-
ing cardiovascular system, lung as well as kid-

ney, etc. [3]. Fafhat et al [4] reported that 
Angptl2 is capable of inducing leukocytes and 
macrophages to gather on the vascular wall, 
increasing the level of cholesterol circulating in 
the blood so that the formation of atheroma-
tous plaque is quickened during the develop-
ment of atherosclerosis. Documents reporting 
whether Angptl2 promotes the development of 
atherosclerotic intimal calcification as a power-
ful pro-inflammatory factor are yet to be found. 
The purpose of this paper is to study the 
impacts of Angptl2 on the atherosclerotic inti-
mal calcification of ApoE-/- mice. 

Materials and methods

Main materials

Twelve 6-week-old male ApoE-/- mice were pur-
chased from the Department of Laboratory 
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Animal at Peking University Health Science 
Centre (batch number: SCXK(BJ)2011-00012). 
High-fat fodder (15% fat, 1.25% cholesterol, 
0.5% cholic acid) was bought from Jiangsu 
Xietong Medical Bio-engineering Ltd. Recom- 
binant Angptl2 were sourced from R&D in the 
United States. Trizol mRNA extract was from 
Sangon company. Runx2 (core-binding factor 
α1) antibodies were provided by Proteintech 
Group. Reverse transcription kits were bought 
from TaKa Ra company. PCR upstream and low-
stream primers were synthesized by Shang- 
hai Generay Co., Ltd. Goat-anti-rabbit-HRP ma- 
rked secondary antibodies were purchased 
from CW Biotech. Von Kossa staining kits were 
from Shanghai Genmed. Lastly, calcium ion 
detection kits, protein quantification kits and 
alkaline phosphatase testing kits were all 
sourced from BioAssay Systems. 

Laboratory animal grouping and sample acqui-
sition

The mice were fed in a specific-pathogen-free 
barrier, where they ate and drank freely with 
temperatures between 19 and 22°C, as well as 
relative humidity between 50% and 70%. The 
mice were adaptive my fed with ordinary fodder 
for one week prior to the introduction of high-
fat feed. They were randomly divided into two 
groups, namely the treatment (n=6) and the 
control group (n=6). While being fed with high-
fat fodder, the mice of the treatment group 
were given intravenous injections of recombi-
nant human Angptl2 100 μg during the eighth 
week, whereas the control group was intrave-
nously injected with normal saline 100 μg. Both 
injections were operated once a week, for four 
weeks in a row. During the 16th week of the 
experiment, all mice had to fast for 12 hours 
and then had abdominal anesthesia with 0.5-
1.0 mL 1% pentobarbital. Blood was taken from 
their eye sockets afterwards. Following a 3 kr/
min centrifuge that lasted for ten minutes, 
serum was separated and the mice were given 
euthanasia. The vessels from the aortic root to 
the aortic arch were taken out. Some of the aor-
tas were fixed with 10% neutral formalin after 
the adipose tissues on the outer membrane 
were removed. Such aortas were then wrapped 
with paraffin and sliced, being used for the 
chemical analysis of HE staining and immuno-
logic tissues. The other aortas were placed in 
clean EP tubes and frozen at -70°C for Western 
blot as well as qRT-PCR. 

Testing the lipid levels of ApoE-/- mouse serum

After taken blood from the eye sockets of the 
ApoE-/- mice, they were then left static under 
room temperature for one hour. Subsequently, 
they were centrifuged in a speed of 3 kr/min at 
4°C for 10 minutes. Afterwards, the mouse se- 
rum was separated. The levels of triglyceride 
(TG), total cholesterol (TC), high density lipopro-
tein cholesterol (HDLC) and low density lipopro-
tein cholesterol (LDLC) of the mouse serum 
were tested with BECKMANCOULTE R Au2007. 

HE and Von Kossa staining on the aortas

Blood vessels of the mouse aortas were fixed 
with 10% neutral formalin and wrapped with 
paraffin for serial sections. After routine dewax-
ing and dehydration, hematoxylin and eosin 
(HE) staining, the blood vessels were placed 
under the light microscope for observation as 
well as photography. Von Kossa staining: the 
paraffin wrapped sections of mouse aorta were 
dewaxed and dehydrated. They were then 
placed into the 2% silver nitrate buffer in accor-
dance with the user instruction. After being 
exposed directly to strong sunshine for 40 min-
utes, the vessels were washed three times with 
distilled water. As soon as the distilled water 
was all dried up, photographic fixing took place 
with 5% sodium sulphate for 2 minutes. Aft- 
erwards, the blood vessels were washed with 
distilled water again for 3 minutes and restained 
with neutral magenta for another 3 minutes. 
Finally, having been dehydrated, transparen-
tised and sealed, the blood vessels were placed 
under light microscope to be observed for the 
deposition of calcium salt in the aorta. 

Content of calcium and the activity of alkaline 
phosphatase in mouse aorta tissues

Measuring the content of calcium: approxi-
mately 5 mg aorta tissues that had been stored 
at -70°C were dried and placed into 1 mmol/L 
diluted hydrochloric acid at 37°C to be decalci-
fied for 12 hours. Following that, the content of 
calcium was measured according to the instruc-
tion of the kit. The protein content was mea-
sured by BCA. Eventually, the calcium content 
was standardized by the protein content.

The measurement of alkaline phosphatase 
(ALP) activity: approximately 5 mg aorta tissues 
were extracted and made into homogenate. 
Next, mixed it with 12000 g phosphate as well 
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as centrifuged for 10 minutes. Following that, 
the supernatant was extracted for the quanti-
fied test of protein with BCA kit. The remaining 
was used to test the ALP activity based on the 
instruction of the kit. Finally, the ALP activity 
was standardized by the protein content. 

Expression of Runx2 determined by qRT-PCR 
and Western blot

The carotid artery frozen at -70°C was ground 
on ice and had its total RNAs extracted. The 
RNAs were then amplified according to the 
manufacturer’s instruction. The upstream prim-
er of Runx2 was 5’-AAG TGT TCT GTG GTCTCT 
GAG TTGA-3’, and the low-stream primer was 
5’-GCT GTA TGGTGA GGC TGG TAGG-3’. The 
upstream primer of GAPDH was 5’-GGT GAA 
GGT CGG TGT GAA CG-3’, whereas the low-
stream primer was 5’-CTC GCT CCT GGA AGA 
TGG TG-3’. The reaction condition was: pre-
denatured at 95°C for 30 s, and then at 95°C 
for 5 s, as well as 58°C for 30 s, cycling 40 
times in a row. Each group repeated such cycle 
for 6 times. The result was analyzed by 2-ΔΔCt.

The carotid artery frozen at -70°C was ground 
on ice and had its total proteins extracted by 
ultrasound. The proteins were quantified by 
Bradford method. After loading 50 μg of the 
sample, the rest was placed into 10% polyacryl-
amide gel for electrophoresis. The proteins 
were transferred onto a PVDF film and sealed 
for 1 hour with 5% skimmed milk. Subsequently, 
TBST diluted rabbit-anti-mouse polyclonal anti-
bodies Runx2 (1:1000) and β-actin (1:2000) 
were added in and vibrated at room tempera-
ture for 4 hours. Afterwards, the mixture was 
vibrated and washed with TBST for 15 minutes 
and three times in a row. As the washing was 
completed, goat-anti-rabbit secondary antibod-
ies marked with HRP (1:1000) were mixed in 
and incubated on the table concentrator at 
room temperature for 1 hour. Again, they were 
washed with TBST for 15 minutes and three 
times in a row. Finally, exposure liquids A and B 
were evenly mixed in a 1:1 ratio and dropped 
on the PVDF film. The ELC coloration system 

After conventionally dehydrating the paraffin 
sections and repairing the antigens, 5% BSA 
confining liquid was added in, following by 30- 
minute incubation at room temperature. Next, 
rabbit-anti-mouse Runx2 monoclonal antibod-
ies (1:300) were mixed in and placed at 4°C 
overnight. HRP marked secondary antibodies 
were added in and incubated at 37°C for 40 
minutes before the addition of drops of DAB 
color-substrate solution. After restraining with 
hematoxylin, 1% hydrochloric acid solution was 
utilized for differentiating the sections. It was 
then dehydrated with gradient ethanol and 
dried. After being transparentised with dimeth-
ylbenzene, the sections were sealed and placed 
under the light microscope to be observed. The 
immunohistochemical result was identified 
based on both the positive cell density and the 
immunity coloration intensity. Five power fields 
were randomly selected for each section, with 
100 cells in each field counted, so that the pos-
itive cell percentage of Runx2 could be calcu-
lated. If positive cells were less than 5%, the 
score would be 0; 5%-25% scored 1; 26%-49% 
scored 2; 50%-75% scored 3; and more than 
75# scored 4. Coloration intensity scores ra- 
nged from 0 to 3: 0 for non-computation within 
cells; 1 for light yellow; brownish yellow for 2, 
and brown for 3. By adding up two scores, four 
levels were derived, namely negative (-) for 0-1, 
weak positive (+) for 2-3, medium positive (++) 
for 4-5, strong positive for over 5. 

Statistical analysis

All measurement data were presented as x±s 
and analyzed using SPSS 16.0 software. Both 
groups were comparatively tested with inde-
pendent sample t, P<0.05, indicating that the 
difference was statistically significant. 

Results

Blood lipid levels of mice

The contents of TC, TG and LDLC in the serum 
of the treatment group mice, which were treat-
ed with Angptl2 significantly increased in com-

Table 1. Levels of TC, TG, LDLC, HDLC in each group (x±s)
TC

(mmol/L)
TG

(mmol/L)
HDLC

(mmol/L)
LDLC

(mmol/L)
Control Group 24.91±2.80 2.50±0.17 5.62±0.29 15.87±1.24
Intervention Group 35.50±1.18 3.35±0.26 5.39±0.27 20.16±1.76

was used for fixing and color 
rendering as well as observ-
ing stripes. 

Expression of Runx2 detect-
ed by immunohistochemical 
method
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parison with the control group. Such difference 
was statistically significant (P<0.05, Table 1). 

HE and Von Kossa staining on aorta

After HE staining on the aorta, thickening was 
identified on the intima of the ApoE-/- mice of 
the control group. Also, atherosclerosis occ- 
urred and projected towards the vessel lumen, 
the size of which shrank (Figure 1A). In terms of 

the treatment group, the intima thickening was 
more significant, accompanied by a large num-
ber of atherosclerotic plaques. Numerous foam 
cells were discovered in the plaques and the 
lumen was more obviously narrow (Figure 1B). 
The result of Von Kossan staining showed that 
the intima and plaques of the mice in the con-
trol group contain a little calcified deposition 
(Figure 2A), whereas black residue was obvi-
ously seen from the mouse intima of the treat-
ment group, with more significant black calci-
fied deposition within the plaques (Figure 2B). 

Effects of Angptl-2 on the calcium content and 
alkaline phosphatase activity of mouse aorta

In comparison with the control group, the calci-
um content of mouse aorta of the treatment 

Table 2. The levels of calcium content activity of 
alkaline phosphatase in different groups

Calcium content 
(μmol/g)

ALP Activity 
(U/g)

Control Group 101.12±6.97 152.42±5.37
Intervention Group 932.18±92.57 1307.60±48.16

Figure 1. Hematoxylin and eosin staining in ApoE-/- mice aorta (×200).

Figure 2. Representative photomicrographs of calcium deposition in mice aorta after Von Kossa staining (black 
calcium particles).
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group increased by 9.22 times (P<0.05), and 
the alkaline phosphatase activity increased by 
8.58 times (P<0.05, Table 2). 

Difference in the expression of Runc2 in the 
vascular plaques of mice

The outcomes of immunohistochemical stain-
ing revealed that there was a small amount of 
Runx2 expression in the vascular wall and 

plaques of the control group mice. By contrast, 
in the mice treated with Angotl2, the Runx2 
expression of the vascular wall significantly 
increased (P<0.05, Figure 3). 

Expression of Runx2 mRNA and protein in the 
vascular plaques of mice 

The results of qRT-PCR showed that micet hat 
were intravenously injected with Angptl2 had 
an increase in their Runx2 mRNA expressions 
(P<0.05). In addition, the outcomes of Western 
Blot also demonstrated that the Runx2 protein 
expression in the aorta of the treated mice 
were significantly increased, compared to the 
control group (P<0.05, Figure 4). 

Discussion

Angiosteosis is highly correlated to kidney fail-
ure, diabetes and advanced ages, etc. Clinically, 
angiosteosis is found in 80% blood vessel dam-
ages and 90% coronary arterial diseases. The 
stability of the calcified fibrous plaque tends to 
be relatively weak. Hence, the plaques break 
easily, largely increasing the probability of 
acute coronary syndrome (ACS) happening in 
CHD patients. Furthermore, angiosteosis also 
drastically enhances the difficulty of operating 
clinical interventional surgery [5].

At present, it is mostly agreed that angiosteosis 
is a process of initiative regulation, including 
the phenotypic switch from vascular smooth 
muscle cells into osteoblasts and the crystal-
lized deposition of hydroxyl phosphate [6], etc. 
The increased phosphate, advanced glycation 
end products, bone morphogenetic proteins, 

Figure 3. Runx2 expression in aortic plaque by immunohistochemical analysis (×200, n=6).

Figure 4. Expression of Runx2 protein and mＲNA 
in aortic artery by intervention of angiopoietin-like 2 
(n=6).
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inflammatory factors, apoptotic bodies and the 
oxidative stress factors of vascular smooth 
muscle cells in the plasma were all capable of 
facilitating the phenotypic switch from vascular 
smooth muscle cells into osteoblasts [7]. ALP is 
a functional market of osteoblasts. It is not only 
an important component of matrix vesicle, but 
also an important enzyme during the formation 
of calcium salt. During biological calcification, 
ALP is able to hydrolyse a variety of phosphate 
ester linkages, as well as increase the concen-
tration of phosphate in local hydroxyapatite 
crystals, providing the development of calcium 
phosphate crystallization with raw materials. 
Moreover, hyper-phosphate can induce cell cal-
cification as well [8]. Runx2 is a factor that 
plays an important role in the switch from 
smooth muscle cells into osteo-like cells and 
the deposition of calcium phosphate. The 
expression of Runx2 may increase when it is 
stimulated by inflammatory factors. Also, bone 
morphogenetic protein 2 (BMP2) can cause an 
increase in the expression of Runx2 by inducing 
the transcription factors in the mesenchymal 
stem cells [9]. Runx2 not only regulates the dif-
ferentiation of osteoblasts, but also adjusts the 
osteogenesis of mature osteoblasts by facilitat-
ing the synthesis of extracellular matrix pro-
teins [10]. Runx2 proteins worked with other 
proteins as compounds to influence the 
response elements of the target genes in order 
to fulfill their regulation function. With gene 
knockout technology, Enomoto et al found that 
the osteoblasts of Runx2-/- mice cannot effec-
tively differentiate, and neither intramembra-
nous nor endochondral ossification happens. 
The absence of Runx2 prevents the bone loss 
presented due to the maturity of osteoblasts. A 
domestic study proves that pioglitazone may 
inhibit the calcification of vascular smooth 
muscle cells by inhibiting Runx2 expression 
[11]. All the above information indicates that 
Runx2 is essential in bone formation. Multiple 
researches suggest that angiosteosis is very 
similar to bone formation, which indirectly 
proves that Runx2 promotes blood vessel calci-
fication. Previous studies often stressed on 
inducing angiosteosis with factors like hyper-
phosphate, which is affected by the imbalance 
of phosphate. Hence, the results were bound to 
be influenced. Atherosclerosis patients tend to 
develop angiosteosis easily, and the expres-
sion of inflammatory factors induced by high fat 
is often considered as the important cause of 
blood vessel calcification [12].  

This paper induced the development of athero-
sclerosis by providing ApoE-/- mice with high fat 
diets. The effects of high fat diets on the calci-
fication of atherosclerotic plaques were ob- 
served through Angptl2, which is an inflamma-
tory factor. Results revealed that the ApoE-/- 
mice developed atherosclerotic plaques after 
being fed with high fat fodder, and the athero-
sclerosis became worse after being tested with 
exogenous Angptl2 [13]. In addition, mice that 
were treated with exogenous Angptl2 had more 
significant calcification in the atherosclerotic 
plaques, accompanied by increases in the cal-
cium contents, ALP activity and Runx2 expres-
sion in the blood vessels. This proved that 
Angptl2 may facilitate the intramembranous 
calcification of atherosclerotic plaques. The 
plaques may become unstable as it is calcified; 
Tazume et al [14] reported that patients with 
higher levels of Angptl2 in plasma are faced 
with more risk of encountering cardiovascular 
accidents, an important factor of which may be 
the plaque calcification promotion ability of 
Angptl2. This study stated that Angptl2 not only 
promotes atherosclerosis, but also facilitates 
the calcification of atherosclerotic blood ves-
sels. As an inflammatory factor, Angptl2 is 
capable of significantly promote the develop-
ment of atherosclerosis in mice. It is mainly 
secreted by intravascular endothelial cells, but 
mostly combined with vascular smooth muscle 
cells [15]. Such physiological characteristic of 
Angptl2 brings a drastic confusion. Regarding 
why it is highly compatible with vascular smooth 
muscle cells and what mechanism it uses to 
affect the physiological and pathological pro-
cess of the latter, further exploration is needed 
to find out the answers. In comparison with 
stable ones, vulnerable plaques contain more 
new vessels. Numerous physiopathologic evi-
dence revealed that new vessels in plaques are 
closely related to the rapid and unstable devel-
opment of plaques. Some reports claimed that 
Angpt can promote angiogenesis by activating 
c-Jun N-terminal kinase (JNK) [16]. This means 
that facilitating angiogenesis is a crucial reason 
that Angptl2 promotes the development and 
deterioration of atherosclerosis [17-19]. 

The result showed that Angptl2 can increase 
blood fat levels and hyperlipidaemia is highly 
correlated to the instability of atherosclerosis 
[20]. To conclude, Angptl2 is capable of facili-
tating the development of atherosclerosis. This 
study proved for the first time that Angptl2 may 
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facilitate atherosclerotic intimal calcification, 
which also demonstrated how Angptl2 pro-
motes the development of coronary heart dis-
ease (CHD) from the perspective of blood ves-
sel calcification. Such conclusion also indicated 
that Angptl2 may work as a potential biological 
index for clinically assessing the hazardous 
degrees of CHD patients with kidney failure, 
diabetes and older ages, etc. In addition, 
attempts can be made to control or block the 
bioactivity of Angptl2 by maintaining and reduc-
ing its level in CHD patients. In this way, the 
development of CHD can be obstructed so that 
a new strategy for preventing such disease can 
be developed. 
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