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Abstract

Context: Angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2) play divergent roles in myocardial ischemia and

reperfusion injury.

Objective:To investigate serum Ang-1 and Ang-2 levels in ST-segment elevation myocardial infarction (STEMI) patients
treated with primary percutaneous coronary intervention (PCl).

Methods: Serum Ang-1 and Ang-2 were measured in 85 STEMI patients in the first week after PCI.

Results: Ang-1, Ang-2 and Ang-2/Ang-1 ratio (Ang-2/1) were allincreased at admission, and had dynamic changes after
PCl. Ang-2 and Ang-2/1 at admission and 2 h'after PCl were positively correlated with peak cardiac troponin T levels.

Conclusion: The extent of myocardial damage may be linked to circulating Ang-2 and Ang-2/1.
Keywords: Acute myocardialinfarction, angiopoietin, cardiovascular disease

Introduction

Myocardial ischemia and reperfusion can injure cardio-
myocytes and endothelium, leading to vascular leakage,
which promotes myocardial edema and aggravates
cardiomyocyte death (Bijnens et al., 2008; Turer et al.,
2010).Angiopoietin-1(Ang-1)and Angiopoietin-2(Ang-2),
initially implicated in embryonic vasculogenesis and
angiogenesis (Suri et al., 1996; Maisonpierre et al., 1997),
have been shown to play divergent roles in mediating
cell survival and endothelial integrity in recent years
(Harfouche et al.,, 2002; Dallabrida et al., 2005; Lee
et al., 2009; Tuo et al., 2011; van der Heijden et al., 2011).
Angiopoietin-1 (Ang-1), a secreted 70-kDa glycopro-
tein primarily expressed by mesenchymal cells, is

the major agonist for the tyrosine kinase receptor
Tie-2. Angiopoietin-2 (Ang-2), also a secreted 70-kDa
glycoprotein, is exclusively expressed by endothelial
cells, and acts as an antagonist for Tie-2 (Suri et al.,
1996; Maisonpierre et al.,, 1997). In animal myocardial
infarction and ischemia/reperfusion (I/R) models,
adenoviral vectors carrying Ang-1 could not only promote
angiogenesis, but also increase cardiomyocyte survival,
inhibit vascular leakage, and finally reduce infarct size
(Sun et al., 2007; Tuo et al., 2008; Lee et al., 2011), whereas
adenoviral vectors carrying Ang-2 have been shown to
have opposite effects (Tuo et al., 2008). These results
suggest that Ang-1 and Ang-2 may play important roles in
myocardial infarction and I/R injury.
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Former studies showed plasma Ang-2 levels are sig-
nificantly increased, and correlate with peak total cre-
atine kinase (CK) levels in patients with acute myocardial
infarction, but patients receiving urgent percutaneous
coronary intervention (PCI) were excluded in these stud-
ies (Lee et al., 2004; Pannitteri et al., 2006). Therefore,
circulating Ang-1 and Ang-2 levels in patients with
ST-segment elevation myocardial infarction (STEMI)
treated with primary PCI are unknown.

We hypothesized that circulating Ang-1 and Ang-2 lev-
els may have similar changes in STEMI patients receiving
primary PCI. Also, because Ang-1 and Ang-2 have oppo-
site pathophysiological effects in animal models, this
study will also investigate Ang-2/Ang-1 ratio (Ang-2/1) in
these patients.

Methods

Patient selection

A total of 85 consecutive patients with first STEMI admit-
ted to the Department of Cardiology, Peking University
Third Hospital, from October 2010 to September 2011
were included. STEMI was diagnosed according to the
2004 American College of Cardiology/American Heart
Association guideline. All patients received primary PCI
within 12 h from symptom onset, and Thrombolysis In
Myocardial Infarction (TIMI) flow grade was >2 at the
end of procedure. Exclusion criteria were: age >80 years,
cardiogenic shock at admission, TIMI flow grade <2 at the
end of procedure, previous history of myocardial infarc-
tion, significant valvular heart disease, peripheral vascu-
lar disease, chronic heart failure, chronic inflammatory
diseases, significant kidney or hepatic diseases, tumor.

During the same study period, 25 age and sex matched
subjects who were admitted to the same hospital because
of atypical chest pain but with normal coronary arteries
confirmed by coronary angiography were included as
controls.

This study was approved by the ethics review boards
of Peking University Health Science Center. All patients
gave their consent to use part of their blood for scientific
purposes.

Treatment and procedures

STEMI patients were treated with a loading dose of aspi-
rin 300 mg and clopidogrel 300-600 mg at admission,
and a bolus of 5000 IU of heparin before PCI. The PCI
procedure was then completed according to standard
technique (Kolh et al., 2010). After PCI, patients received
standard therapy including aspirin, clopidogrel, statins,
f-blockers and angiotensin-converting enzyme (ACE)
inhibitors if there were no contraindications. The control
subjects received aspirin 100 mg and clopidogrel 75 mg
per day before angiography.

Laboratory assays
Venous blood samples were taken from STEMI patients
at admission (baseline), and at 2 h, 6 h, 24 h, 48 h and

1 week after PCI. In the control subjects, venous blood
samples were obtained in the morning of the same day
when angiography was performed. All samples were col-
lected into vacuum blood collection tubes with clot acti-
vator and were immediately placed in 4°C refrigerators.
Within 30 min after collection, samples were centrifuged
at 3000 rpm for 10 min at 4°C, divided into aliquots, and
stored at —-80°C until analysis. Repeated freeze-thaw
cycles were avoided.

Serum Ang-1 and Ang-2 were measured by enzyme-
linked immunosorbent assay (ELISA) according to the
manufacturer’s instruction (ELISA kit, R&D Systems).
The minimal detection limits were 156 pg/ml for both
Ang-1 and Ang-2. These assays were performed by
an investigator blinded to the sources of the samples.
Ang-2/1 ratio was calculated.

Serum cardiac troponin T (cTnT) levels were mea-
sured at admission and every 6 h during the first and
second days after PCI using a high-sensitive assay (Roche
cTnT hs; cutoff >0.014 ng/ml).

Statistics

Clinical parameters and angiopoietins levels of STEMI
patients and the controls were compared using
Student’s unpaired t-tests or y>-tests. Changes of angio-
poietins levels of STEMI patients were analyzed by
repeated measures. Spearman or Pearson correlation
was used to identify the bivariate correlations. Statistical
significance was defined as p < 0.05. All analyses were
performed with SPSS for Windows version 15.0 (SPSS,
Chicago, IL).

Results

Clinical characteristics

The clinical characteristics and laboratory findings
at baseline, and medications before admission of
STEMI patients and control subjects are summa-
rized in Table 1. The proportion of current smoking
and nitrites treatment in STEMI patients was higher
than in control subjects. STEMI patients had lower
high density lipoprotein cholesterol (HDL-C), higher
glucose, higher high-sensitivity C-reactive protein
(hs-CRP) levels, and higher white blood cell (WBC)
count than control subjects. There were no significant
differences in other clinical parameters such as age,
sex, body mass index (BMI), concomitant illnesses,
systolic blood pressure, heart rate, lipid profile other
than HDL-C, medications other than nitrites between
the two groups.

Presentation characteristics of STEMI patients are
shown in Table 2. Median (inter-quartile range) time
from symptom onset to admission and to PCI were
132 (92-263) and 218 (128-344) min separately. Serum
cTnT levels were lower than 0.014 ng/ml at admission in
57 patients (67.1%). Median (inter-quartile range) peak
cTnT after PCI were 4.6 (3.1-6.5) ng/ml.
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Table 1. Patient clinical characteristics, laboratory findings and
medications at baseline.

STEMI patients  Controls
(N=85) (N=25) p Value

Age (years) 57.2+11.2 62.0+9.6 0.09
Male (%) 87.1 76.0 0.18
Current smoker (%) 80.0 36.0 <0.001
Hypertension (%) 44.7 64.0 0.09
Diabetes mellitus (%) 23.5 24.0 0.96
Stroke (%) 12.9 4.0 0.17
BMI (kg/m?) 25.6+4.9 25.6+3.0  0.99
Systolic blood pressure 137.1+30.6 130.7+16.6  0.32
(mmHg)
Heart rate (beats/minute)  73.7 + 14.6 67.6 +10.6 0.05
TC (mmol/1) 44+1.0 45+1.0 0.94
LDL-C (mmol/1) 2.8+0.7 2.6+0.8 0.35
HDL-C (mmol/1) 0.9+0.2 1.0£0.2 <0.01
TG (mmol/1) 2.0+13 1.740.8 0.33
Creatinine (pmol/1) 74.7+13.2 75.8+9.5 0.69
Glucose (mmol/1) 9.1+4.3 5.3+0.8 <0.001
Hs-CRP (mg/1) 6.2(2.9-15.1) 1.4(0.8-2.2) <0.001
WBC count (10°/1) 10.7+3.1 6.3+1.2 <0.001
Medications (%)

Antiplatelet 47.1 40.0 0.53

ACE inhibitor/ARB 41.2 44.0 0.80

B-blocker 21.2 16.0 0.57

Statin 48.2 36.0 0.28

CCB 329 36.0 0.78

Nitrates 28.2 8.0 0.04

Insulin 8.2 8.0 0.97

Values represent mean + SD, median (inter-quartile range), or the
percentage of STEMI patients and control subjects.

ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; CCB, calcium channel blocker;
STEMI, ST-segment elevation myocardial infarction; BMI, body
mass index; TC, total cholesterol; LDL-C, low density lipoprotein
cholesterol; HDL-C, high density lipoprotein cholesterol; TG,
triglyceride; Hs-CRP, high-sensitivity-CRP; WBC, white blood cell.

Table 2. Presentation characteristics of STEMI patients (n = 85).
Characteristic

Value
132 (92-263)
218 (128-344)
4.6 (3.1-6.5)

Values represent median (inter-quartile range) or the percentage
of STEMI patients.

Time from symptom onset to admission (min)
Time from symptom onset to PCI (min)
Peak cardiac troponin T (ng/ml)

Dynamic changes in serum Ang-1, Ang-2 and

Ang-2/1 ratio

Serum Ang-1, Ang-2 levels and Ang-2/1 ratio of STEMI
patients and control subjects are shown in Table 3. STEMI
patients exhibited significant higher Ang-1 and Ang-2
levels from baseline to 1 week after PCI, and higher Ang-
2/1 from baseline to 48 h after PCI (p < 0.001). At 1 week
after PCI, Ang-2/1 was not significantly different between
the two groups (p = 0.516).

Dynamic changes in serum Ang-1, Ang-2 and Ang-2/1
in STEMI patients from baseline to 1 week after PCI were
observed (analysis of repeated measures, each P < 0.001,
Figure 1). Both Ang-1 and Ang-2 decreased during the

© 2012 Informa UK, Ltd.
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Table 3. Serum Ang-1, Ang-2 and Ang-2/1 in all subjects.

STEMI patients
(N=85) Controls (N=25) pValue
Ang-1, pg/ml
Baseline 20076.8 £1767.1 3000.0 +431.8 <0.001
2h 15563.2 + 1493.7 <0.001
6h 14372.4 + 1561.5 <0.001
24h 11455.7 + 1647.4 <0.001
48 h 9402.9 + 2011.3 <0.001
1 week 4087.1 £1027.3 <0.001
Ang-2, pg/ml
Baseline 2113.2+116.2 198.9+25.1 <0.001
2h 1710.6 + 148.9 <0.001
6h 1622.6 +170.4 <0.001
24h 1357.7 +185.3 <0.001
48h 1029.8 + 255.4 <0.001
1 week 245.5+74.0 <0.001
Ang-2/1,107
Baseline 10.6 £ 0.9 6.7+1.4 <0.001
2h 11.0+0.9 <0.001
6h 114+1.3 <0.001
24h 12.0+2.2 <0.001
48h 10.8+2.6 <0.001
1 week 6.5+25 0.52

Values represent mean + SD.

The data of STEMI patients were collected at baseline and 2 h, 6 h,
24 h, 48 h, 1 week after PCI. The data of control subjects were taken
in the morning of the same day when angiography was performed.
Ang-2, angiopoietin-2; Ang-2/1, angiopoietin-2 to angiopoietin-1
ratio Ang-1, angiopoietin-1.

20

% change from baseline

_10{' 1 1 1 L J
baseline 2h 6h 24h 48h 1wk

~Ang-1 = Ang-2  Ang-2/1

Figure 1. Changes of serum Ang-1, Ang-2 and Ang-2/ 1 in STEMI
patients Ang-1, angiopoietin-1; Ang-2, angiopoietin-2; Ang-2/1,
angiopoietin-2 to angiopoietin-1 ratio. The data were collected at
baseline and 2h, 6h, 24h, 48h, 1wk after PCI.

first week after PCI. Ang-2/1 increased slightly after PCI,
reached highest level at 24 h, and then decreased.

Association between angiopoietins and clinical
characteristics

Serum Ang-1, Ang-2 and Ang-2/1 at all time points in
STEMI patients showed no significant association with
age, sex, smoking status, past history of hypertension,
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diabetes mellitus or stroke, time from symptom onset
to admission or to PCI, WBC count, hs-CRP, glucose or
creatinine levels (data not shown).

Relationship of angiopoietins with cTnT levels

Serum Ang-1, Ang-2 and Ang-2/1 in STEMI patients were
not significantly correlated with cTnT at admission (data
not shown).

Ang-2 and Ang-2/1 at admission and 2 h after PCI
were positively correlated with peak cTnT levels after PCI
(Figure 2), but Ang-2 and Ang-2/1 at other time points,
and Ang-1 at all time points were not significantly cor-
related with peak cTnT levels (data not shown).

Discussion

Myocardial ischemia can trigger a compensatory
response to improve myocardial perfusion by the forma-
tion of new vessels (angiogenesis) and by the enlarge-
ment of pre-existing collateral vessels (arteriogenesis)
(Helisch et al., 2003). Angiopoietins are major regulators
of angiogenesis (Suri et al., 1996; Maisonpierre et al.,
1997). The present study demonstrates that both serum
Ang-1 and Ang-2 levels were increased in STEMI patients
within 12 h of symptom onset. Median symptom onset to
admission time was 132 min, and 67.1% of patients had
cTnT <0.014 ng/ml at admission, indicating circulating
angiopoietins may increase earlier than cTnT in STEMI
patients. After successful primary PCI, both of the two
angiopoietins decreased, indicating circulating levels of
angiopoietins may reflect the myocardial ischemia state.

Different from our finding, a former study (Lee et al.,
2004) showed that plasma Ang-2 but not Ang-1 levels
are increased in patients with acute myocardial infarc-
tion. In Lee’s study, both STEMI and non-ST-elevation
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myocardial infarction (NSTEMI) patients were included,
and baseline blood samples were taken within 24 h
of admission. Different from Lee’s study, the present
study included only STEMI patients, and baseline blood
samples were taken at admission. Another former study
(Pannitteri et al., 2006) showed a double wave of release
of Ang-2 in STEMI patients receiving thrombolytic ther-
apy. But in the present study, as mentioned before, both
Ang-1 and Ang-2 decreased during the first week after
PCI. Evidence has shown that STEMI patients treated
with primary PCI have more effective restoration of ves-
sel patency and less re-occlusion than patients receiving
thrombolytic therapy (Kolh et al., 2010), which may be
one of the reasons why this study found different changes
of angiopoietins from the former one. To the best of our
knowledge, the present study is the first to investigate
serum Ang-1 and Ang-2 levels in patients with STEMI
before and after successful primary PCI.

The present study is also the first to demonstrate that
Ang-2/1 ratio in STEMI patients was increased at admis-
sion, reached highest level at 24 h after PCI, and then
decreased. Ang-2 and Ang-2/1 at both baseline and 2 h
after PCI were positively correlated with peak cTnT in
the present study, indicating that circulating Ang-2 and
Ang-2/1 ratio may predict the extent of myocardial
damage.

Ang-1 and Ang-2 play divergent roles in mediating cell
survival, vascular quiescence and inflammation. Ang-1
has anti-apoptosis (Harfouche et al., 2002; Dallabrida et
al., 2005), anti-permeability (Lee et al., 2009; Tuo et al.,
2011) and anti-inflammatory effects (Kim et al., 2001; Gu
et al., 2010), while Ang-2 seems to have opposite effects
(Tuo at al., 2011; van der Heijden et al., 2011). Ang-1 and
Ang-2 have been shown to be involved in several kinds of
cardiovascular diseases, as well as sepsis. Atherosclerotic
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Figure 2. A. linear regression of Ang-2 at baseline with peak cTnT; B. linear regression of Ang-2/1 at baseline with peak cTnT; C. linear
regression of Ang-2 at 2h after PCI with peak cTnT; D. linear regression of Ang-2/1 at 2h after PCI with peak cTnT.
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plaque microvessels are associated with plaque
hemorrhage and rupture (Di Stefano et al., 2009). Evidence
showed that in plaques with high microvessel density, the
balance between Ang-1 and Ang-2 is in favor of Ang-2,
suggesting arole for Ang-2 in the development of (unstable)
plaque microvessels (Post et al.,, 2008). Clinical studies
showed that higher plasma Ang-2 levels are predictive of
myocardial infarction (Patel et al., 2008; Iribarren et al.,
2011) and stroke recurrence (Chen et al., 2010). In patients
with severe sepsis, lower Ang-1 and higher Ang-2 levels
are correlated with 28-day mortality (Ricciuto et al., 2011).
In animal myocardial infarction and I/R models, shifting
the Ang-2/1 ratio to favor Ang-1 by administration of
adenovirus expressing Ang-1 could prevent myocardial
and endothelial cell apoptosis, reduce vascular leakage
and infarct size (Sun et al., 2007; Tuo et al., 2008; Lee et
al., 2011), while shifting the Ang-2/1 ratio to favor Ang-2
results in a significant increase in myocardial infarct size
(Tuo et al., 2008). The present study shows higher Ang-2
and Ang-2/1 ratio were associated with larger infarct size,
indicating increased Ang-2 may cause myocardial damage,
overcoming the protective effect of Ang-1.

The present study failed to show association of angio-
poietins with risk factors such as hypertension, diabetes
mellitus, or markers of inflammation such as Hs-CRP.
The sample size of this study is small and, therefore, our
data need confirmation in future studies.

In conclusion, serum Ang-1, Ang-2 levels and Ang-
2/1 ratio in STEMI patients were significantly increased
at admission, and had dynamic changes within the first
week after primary PCI. Ang-2 and Ang-2/1 at admission
and 2 h after PCI were positively correlated with peak
cTnT levels, suggesting that the extent of myocardial
damage may be linked to circulating Ang-2 and Ang-2/1.
Further investigation is warranted to determine the rela-
tionship between angiopoietins and cardiac function,
and the role of angiopoietins as biomarkers of reperfu-
sion success and predictors of cardiovascular events in
STEMI patients.

Declaration of interest

This work was supported by the National Natural Sciences
Foundation of China (81070260, to M.C.). The authors
have no financial disclosures.

References

Bijnens B, Sutherland GR. (2008). Myocardial oedema: a forgotten
entity essential to the understanding of regional function after
ischaemia or reperfusion injury. Heart 94:1117-1119.

Chen]J, YuH, SunK, Song W, BaiY, Yang T, Song Y, Zhang Y, Hui R. (2010).
Promoter variant of angiopoietin-2 and plasma angiopoietin-2 are
associated with risk of stroke recurrence in lacunar infarct patients.
Biochem Biophys Res Commun 398:212-216.

Dallabrida SM, Ismail N, Oberle JR, Himes BE, Rupnick MA. (2005).
Angiopoietin-1 promotes cardiac and skeletal myocyte survival
through integrins. Circ Res 96:e8-24.

© 2012 Informa UK, Ltd.

Acute myocardial infarction patients treated with primary PCl 445

Di Stefano R, Felice F, Balbarini A. (2009). Angiogenesis as risk factor for
plaque vulnerability. Curr Pharm Des 15:1095-1106.

GuH, CuiM, BaiY, Chen F, MaK, Zhou C, Guo L. (2010). Angiopoietin-1/
Tie2 signaling pathway inhibits lipopolysaccharide-induced
activation of RAW264.7 macrophage cells. Biochem Biophys Res
Commun 392:178-182.

Harfouche R, Hasséssian HM, Guo Y, Faivre V, Srikant CB, Yancopoulos
GD, Hussain SN. (2002). Mechanisms which mediate the
antiapoptotic effects of angiopoietin-1 on endothelial cells.
Microvasc Res 64:135-147.

Helisch A, Schaper W. (2003). Arteriogenesis: the development and
growth of collateral arteries. Microcirculation 10:83-97.

Iribarren C, Phelps BH, Darbinian JA, McCluskey ER, Quesenberry
CP, Hytopoulos E, Vogelman JH, Orentreich N. (2011). Circulating
angiopoietins-1 and -2, angiopoietin receptor Tie-2 and vascular
endothelial growth factor-A as biomarkers of acute myocardial
infarction: a prospective nested case-control study. BMC
Cardiovasc Disord 11:31.

Kim I, Moon SO, Park SK, Chae SW, Koh GY. (2001). Angiopoietin-1
reduces VEGF-stimulated leukocyte adhesion to endothelial cells
by reducing ICAM-1, VCAM-1, and E-selectin expression. Circ Res
89:477-479.

Kolh P, Wijns W, Danchin N, Di Mario C, Falk V, Folliguet T, Garg S,
Huber K, James S, Knuuti J, Lopez-Sendon J, Marco J, Menicanti L,
Ostojic M, Piepoli MF, Pirlet C, Pomar JL, Reifart N, Ribichini FL,
Schalij MJ, Sergeant P, Serruys PW, Silber S, Sousa Uva M, Taggart
D; Task Force on Myocardial Revascularization of the European
Society of Cardiology (ESC) and the European Association for
Cardio-Thoracic Surgery (EACTS); European Association for
Percutaneous Cardiovascular Interventions (EAPCI). (2010).
Guidelines on myocardial revascularization. Eur J Cardiothorac
Surg 38 Suppl:S1-S52.

Lee KW, Lip GY, Blann AD. (2004). Plasma angiopoietin-1,
angiopoietin-2, angiopoietin receptor tie-2, and vascular
endothelial growth factor levels in acute coronary syndromes.
Circulation 110:2355-2360.

Lee SW, Kim WJ, Jun HO, Choi YK, Kim KW. (2009). Angiopoietin-1
reduces vascular endothelial growth factor-induced brain
endothelial permeability via upregulation of ZO-2. Int ] Mol Med
23:279-284.

Lee SW, Won JY, Lee HY, Lee HJ, Youn SW, Lee JY, Cho CH, Cho HJ,
Oh S, Chae IH, Kim HS. (2011). Angiopoietin-1 protects heart
against ischemia/reperfusion injury through VE-cadherin
dephosphorylation and myocardiac integrin-31/ERK/caspase-9
phosphorylation cascade. Mol Med 17:1095-1106.

Maisonpierre PC, Suri C, Jones PE Bartunkova S, Wiegand SJ,
Radziejewski C, Compton D, McClain J, Aldrich TH, Papadopoulos
N, Daly TJ, Davis S, Sato TN, Yancopoulos GD. (1997).
Angiopoietin-2, a natural antagonist for Tie2 that disrupts in vivo
angiogenesis. Science 277:55-60.

PannitteriG, PetrucciE, Testa U. (2006). Coordinate release of angiogenic
growth factors after acute myocardial infarction: evidence of a two-
wave production. J Cardiovasc Med (Hagerstown) 7:872-879.

Patel JV, Lim HS, Varughese GI, Hughes EA, Lip GY. (2008).
Angiopoietin-2 levels as a biomarker of cardiovascular
risk in  patients  with  hypertension. = Ann  Med
40:215-222.

Post S, Peeters W, Busser E, Lamers D, Sluijter JP, Goumans MJ, de
Weger RA, Moll FL, Doevendans PA, Pasterkamp G, Vink A. (2008).
Balance between angiopoietin-1 and angiopoietin-2 is in favor of
angiopoietin-2 in atherosclerotic plaques with high microvessel
density. J Vasc Res 45:244-250.

Ricciuto DR, dos Santos CC, Hawkes M, Toltl L], Conroy AL,
Rajwans N, Lafferty EI, Cook DJ, Fox-Robichaud A, Kahnamoui
K, Kain KC, Liaw PC, Liles WC. (2011). Angiopoietin-1 and
angiopoietin-2 as clinically informative prognostic biomarkers
of morbidity and mortality in severe sepsis. Crit Care Med
39:702-710.

RIGHTS LI MN Kiy



Biomarkers Downloaded from informahealthcare.com by Changhua Christian Hospital on 11/14/12
For personal use only.

446 S.Chenetal.

Sun L, Cui M, Wang Z, Feng X, Mao J, Chen P, Kangtao M, Chen
E Zhou C. (2007). Mesenchymal stem cells modified with
angiopoietin-1 improve remodeling in a rat model of acute
myocardial infarction. Biochem Biophys Res Commun
357:779-784.

Suri C, Jones PE Patan S, Bartunkova S, Maisonpierre PC, Davis S, Sato
TN, Yancopoulos GD. (1996). Requisite role of angiopoietin-1, a
ligand for the TIE2 receptor, during embryonic angiogenesis. Cell
87:1171-1180.

Thomas M, Augustin HG. (2009). The role of the Angiopoietins in
vascular morphogenesis. Angiogenesis 12:125-137.

Tuo QH, Xiong GZ, Zeng H, Yu HD, Sun SW, Ling HY, Zhu BY, Liao DF,
Chen JX. (2011). Angiopoietin-1 protects myocardial endothelial

cell function blunted by angiopoietin-2 and high glucose
condition. Acta Pharmacol Sin 32:45-51.

Tuo QH, Zeng H, Stinnett A, Yu H, Aschner JL, Liao DE, Chen JX. (2008).
Critical role of angiopoietins/Tie-2 in hyperglycemic exacerbation
of myocardial infarction and impaired angiogenesis. Am J Physiol
Heart Circ Physiol 294:H2547-H2557.

Turer AT, Hill JA. (2010). Pathogenesis of myocardial ischemia-
reperfusion injury and rationale for therapy. Am J Cardiol
106:360-368.

van der Heijden M, van Nieuw Amerongen GP, van Bezu J, Paul MA,
Groeneveld AB, van Hinsbergh VW. (2011). Opposing effects of the
angiopoietins on the thrombin-induced permeability of human
pulmonary microvascular endothelial cells. PLoS ONE 6:e23448.

Biomarkers

RIGHTS LI MN Kiy



