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Abstract:

Introduction: Chronic kidney disease (CKD)
is associated with high overall and cardiovascular
(CV) mortality that increases as kidney functions
decrease. Angiopoietins have been recognized
mostly for their involvement in endothelial dysfunction,
and inflammation, and it was incriminated in the
pathogenesis of atherosclerosis, all these
processes are highly prevalent in patients with
CKD. High serum angiopoietin-2 (Ang-2) was found
in acute kidney injury (AKIl) and was a strong
independent predictor of mortality. Also, Ang-2 was
showed to be markedly elevated in patients on
maintenance dialysis and was closely associated
with the extent of coronary artery disease (CAD)
and peripheral arterial disease (PAD). Aim: This
study was done to investigate the relationship
between the circulating levels of angiopoietin-2 and
renal function throughout all stages of CKD and to
assess correlations between serum Ang-2 and
known CV risk factors. Subjects and methods: Serum
levels of angiopoietin-2 was measured in 75 CKD
patients divided into 5 equal groups representing
the five stages of CKD according to K/DOQI
guidelines and were compared with angiopoietin-2
levels in 15 nonsmokers healthy control matching
the patients group as regard, age, sex, and body
mass index (BMI). All participants in the study were
subjected to full history taking, thorough clinical
examination and routine laboratory investigations.
Informed written consent was obtained from every
subject. Results: The circulating Ang-2 was significantly

higher in CKD patients compared to the healthy
controls, when we further assessed Ang-2 levels
according to CKD stages, Ang-2 levels steadily
increased across the following groups: healthy
controls, CKD 1, CKD 2, CKD 3, CKD 4, and CKD 5,
respectively. However, the Ang-2 levels in patients
with CKD stages 1 and 2 were not statistically
different from the Ang-2 levels in healthy control
but at higher stages a significant increase in
circulating Ang-2 compared to healthy controls was
found. Next, we performed correlation analyses for
Ang-2 and several CV risk factors. A significant
direct correlation between Ang-2 and serum
phosphorus level was detected. All other tested CV
risk factors including patients, age, intact
parathyroid hormone (iPTH), mean arterial blood
pressure (MAP), serum calcium, cholesterol and
triglycerides were not correlated with serum Ang-2
level. Furthermore, there was no detectable
influence of erythropoietin or vitamin D treatment
on circulating Ang-2 levels. Conclusions: circulating
Ang-2, a putative marker and potential mediator of
accelerated atherosclerosis, is inversely related to
GFR and increases with progression of CKD. The
finding of the study may serve as a basis for more
research to elucidate the mechanisms of release,
action of Ang-2 and its interplay with other
mediators in patients with CKD.

Keywords: Chronic kidney disease, Endothelial
dysfunction, Angiopoietin.

Introduction:

Approximately 50% of individuals with
end stage renal disease (ESRD) die from CV
cause, a CV mortality that is 15 to 30 times
higher than the age adjusted CV mortality in
the general population.(! This disparity is
present across all ages, but it is most marked
in the younger age group (25 to 34 years old),
where the CV mortality is 500 fold greater in

ESRD patients compared with age matched
controls with normal renal function.® Studies
showed that 40% of patients who have started
dialysis treatments have evidence of CAD, and
85% of these patients have abnormal left
ventricular structure and function.® In fact, the
majority of patients with stage 3 to 4 CKD die
of CV causes rather than progress to ESRD.
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A growing number of studies have demonstrated
that the relationship between renal dysfunction
and increased CV morbidity and mortality
extends across the spectrum of renal
dysfunction to encompass the mildest degrees
of renal impairment. ®

Both traditional and non-traditional risk
factors have been implicated in the development
of CVD in CKD.® Traditional risk factors are
those defined in the Framingham heart study
and used to predict CAD outcomes in the
general population. It includes DM, Hypertension,
smoking, dyslipidemia, physical inactivity, and
left ventricular hypertrophy. © Non-traditional
risk factors are uremia related factors that
increase in prevalence or severity as kidney
function declines and may contribute to the
excess risk of CVD seen in CKD. Non-traditional
risk factors include, anemia, albumiuria, abnormal
calcium and phosphorus metabolism, sympathetic
over activity, homocysteine, lipoprotein a, and
chronic inflammation. @

Endothelial dysfunction and accelerated
atherosclerosis are almost universal in CKD;
impairment of kidney function is responsible
for creation of atherogenic milieu. Retention of
toxic substances and/or metabolic changes
leads to increased oxidative stress and
subclinical low grade inflammatory state. These
changes result in endothelial dysfunction. ®

Reduced nitric oxide synthesis due to the
accumulation of the endogenous inhibitor of
NOS, asymmetric dimethylarginine (ADMA)
has been accused of accelerating progression
of endothelial dysfunction in CKD.®High levels
of ADMA were reported in CKD and were
associated with higher intima-media thickness
and CV events.('?

Angiopoietins are protein growth factors that
promote angiogenesis, there are four identified
angiopoietins: Ang-1, Ang-2, Ang-3, and Ang-4.
Of them, Ang-1 and Ang-2 are the most
studied. These ligands bind to the
transmembrane receptor Tie 2 and possibly

Tie1, members of a family of receptor tyrosine
kinases expressed primarily in vascular
endothelium. M The angiopoietins have been
recognized mostly for their involvement in
endothelial activation, angiogenesis and
inflammation, the major processes which lie at
the core of atherogenesis,'? and so; the
angiopoietins/Tie2 system has been identified
as a potential new player in the pathogenesis
of CKD associated atherosclerosis.('®

Ang-2 was discovered by sequence
homology to Ang-1,it is secreted by
endothelial cells as it is stored in endothelial
Weibel-Palade bodies from where it can be
rapidly released upon stimulation. A broad
range of factors has been reported to
modulate Ang-2 expression, including hypoxia,
vascular endothelial growth factor (VEGF),
angiotensin I, and leptin."In contrast to the
widespread expression of Ang-1, Ang-2
expression occurs in areas of endothelial
activation and angiogenesis, for example, in
ovaries and tumor vessel endothelia, where it
coincides with vessel destabilization during
angiogenesis.('41%)

Ang-1 and Ang-2 have opposing effects
on receptor activation, while Ang-1 stimulates
Tie2; Ang-2 is capable of antagonizing this
effect. Genetic evidence verified that Ang-2
can counteract Ang-1 activity as Ang-2 over
expression in transgenic mice leads to
embryonic death with a phenotype similar to
Ang-1 or Tie2 deletion. " Signaling through
Tie2 appears to depend on the balance
between Ang-1 and Ang-2. Ang-1 has
powerful vascular protective effects; it
suppresses plasma leakage, inhibits vascular
inflammation, and prevents endothelial death.
In studies in which Ang-1 is directly
administered or overexpressed, it leads to
marked improvements in vascular integrity in
both growing and adult mice. There is now
strong evidence to support the concept that
Ang-1 provides a paracrine constitutive tonic
signal to promote quiescence of the
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endothelium, and this is modified by the more
actively regulated autocrine antagonistic
signals from Ang-2.(1®

Ang-2 has been shown to be a key
regulator of vascular inflammation. Ang2 is
required for TNF-a induced monocyte adhesion
to cultured human vascular endothelial cells
and expression of ICAM-1 and VCAM-1. Mice
deficient in Ang-2 have a markedly attenuated
inflammatory response to staphylococcus
aureus, and other stimuli and administration of
Ang-2 reverses this.('®)

High serum Ang-2 was found in acute
AKI and was a strong independent predictor of
mortality. (”David S et al. showed that
circulating Ang-2 is also markedly elevated in
patients on maintenance dialysis and that
Ang-2 is closely associated with the extent of
CAD and PAD. (®

Patients and methods:

This study was conducted on 90 subjects;
they were subdivided into two groups: group
A: included 75 patients from Alexandria Main
University Hospital, they subdivided into five
equal groups representing the five stages of
CKD according to the K/DOQI guidelines
(group Al, All, Alll, AlV, and AV) and group B:
included 15 apparently healthy nonsmoking
subjects. They were matched with respect
to age, gender, and body mass index
(BMI) to group A. Smokers, patients having
diabetes mellitus, CAD, PAD, systemic
lupus erythematosus, vasculitis, and patients
positive for hepatitis B surface antigen (HBsAg)
or hepatitis C virus antibodies (HCV Abs)
were excluded from the study. The study
was conducted in accordance with ethical
guidelines of the declaration of Helsinki and an
informed consent was obtained from every
subject.

All  subjects were interviewed and
subjected to thorough history taking, complete
physical examination, and routine laboratory
investigation, in the form of CBC, blood urea

and serum creatinine and estimated GFR
using MDRD formula, liver functions tests,
fasting and postprandial blood glucose, serum
cholesterol and triglyceride, and serum
calcium, phosphorus and intact parathyroid
hormone

Determination of serum levels of
angiopoietin-2 was done using commercially
available enzyme linked immunosorbent assay
(ELISA) kit purchased from R&D systems
(Quantikine, R&D Systems Inc., Minneapoalis,
USA,; catalog number (Dang20)) following the
manufacturer’s instructions.

Ultrasound examination of abdomen and
pelvis was done to assess kidney shape and
size and any abnormalities consistent with
kidney disease and to exclude presence of
liver cirrhosis or fibrosis.

ECG and assessment of ankle: brachial
pressure index (ABPI): was done for all
participants in the study to detect signs of
myocardial ischemia and to exclude PAD
respectively.

Results:

The mean of age were 39.87+10.46,
37.00+13.55, 38.2049.99, 41.67+£13.25,
40.20£12.65 and 38.20+13.07 years for
Group Al, II, I, IV, V and group B
respectively, there were no statistical
significant differences between the studied
groups regarding age. (P=0.919).

There were no statistical significant

differences between the studied groups
regarding sex. (P=0.197).

The mean of BMI was 27.13t1.74,
26.97+0.61, 26.22+1.21, 26.31+1.90, 25.39+2.12
and 26.15+1.86 kg/m?for Group Al, II, IIl, IV, V
and group B respectively, there were no
statistical significant differences between the
studied groups regarding BMI. (P=0.068).

Angiopoietin-2 ranged between 290-660 pg/ml
and 361-3222 pg/ml with the mean of
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447.67111.63 pg/ml and 1510.9676.275 pg/ml
for group B and group A respectively, patients
group had values statistically higher than
control group. (P=0.0001).

Angiopoietin-2 ranged between 361-616,
490-867, 423-3184, 373-2542, 809-3222 and
290-660 pg/ml with the mean of 494.4771.85,
543.5361.57, 1722.33910.46, 1838.67744.33,
1939.07988.74 and 447.67111.63 pg/ml for
group Al, II, lll, IV, V and group B respectively,
there were statistical significant differences
between the studied groups regarding
angiopoietin-2 (P=0.001). Group Alll, AlV and
AV had values statistically higher than group B

Table | showed the relation between
angiopoietin-2 levels and drugs received, it
illustrated that: In those who were receiving
vitamin D, serum angiopoietin-2 ranged
between 361 and 3200 pg/ml with a mean of
1468.2 701.3 pg/ml and in those who were
not receiving vitamin D, it ranged between
380 and 3222 pg/ml with a mean of 1605.3
608.3 pg/ml, with no statistically significant
difference between them and in those
who were receiving erythropoietin, serum
angiopoietin-2 ranged between 366 and 3222

pg/ml with a mean of 1506.2 586.9 pg/ml and
in those who were not receiving erythropoietin,
it ranged between 361 and 3205 pg/ml
with @ mean of 1525.6 652.3 pg/ml, with
no statistically significant difference between
them.

Correlation analysis between serum
levels of angiopoietin-2 and different CV risk
factors, demonstrate that serum angiopoietin-2
levels have a statistically significant positive
correlation with serum creatinine levels
(r =0.54, p =0.011) and with serum phosphorus
levels (r=0.490, p=0.006) while, they showed
a statistically significant negative correlation
with estimated GFR levels (r=-0.632, p=0.002)
as shown in figures Ill, IV, V respectively.

There was statistically insignificant
positive correlation between Ang-2 and age,
mean arterial pressure, intact parathyroid
hormone, calcium phosphorus product, serum
cholesterol a triglyceride.(r = .112, P = .377),
(r =.091, P = .496), (r = .131, P = .655),
(r =.141, P = .624), (r =.030, P = .876), and
(r=.012,P =.949) respectively.

There was statistically insignificant
negative correlation between Ang-2 and serum
calcium(r = -.168, P = .357).

Table I: The relation between angiopoietin-2 levels and drugs received.

With treatment Without treatment p
Vit. D intake
n 10 35 0.109(NS)
Range 361-3200 380 — 3222
Mean 1468.2 1605.3
S.D. 701.3 608.3
Erythropoietin
n 11 34 0.526(NS)
Range 366 — 3222 361 — 3205
Mean 1506.2 1525.6
S.D. 586.9 652.3
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Figure (1): Correlation between serum Ang-2(pg/ml) and serum creatinine mg/dl.
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Figure (2): Correlation between circulating angiopoietin-2(pg/ml) levels and serum phosphorus (mg/dl).
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Figure (3):- Correlation between circulating angiopoietin-2 (pg/ml)levels and eGFR (ml/min).
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Discussion:

Endothelial dysfunction and accelerated
atherosclerosis are almost universal in CKD.
Impairment of kidney function is responsible
for creation of atherogenic milieu. Retention of
toxic substances and/or metabolic changes
leads to increased oxidative stress and
subclinical low grade inflammatory state, these
changes result in endothelial dysfunction. ®

Angiopoietins have been recognized
mostly for their involvement in endothelial
activation, angiogenesis and inflammation, the
major processes which lie at the core of
atherogenesis,(? and so the angiopoietins/Tie2
system has been identified as a potential
new playerin the pathogenesis of CKD
associated atherosclerosis. (¥

Elevated levels of Ang-2 have been
found in arteriosclerosis, ' acute coronary
syndrome,® | PAD @Y as well as acute and
chronic CHF.?? Patients with hypertension
had higher concentrations of plasma Ang-2
that were predictive of MI.?® In a study by
Freestone B et al. they demonstrated that in
patients with atrial fibrillation, the levels of
plasma Ang-2 correlate with VWF, this finding
points to the Ilink between endothelial
damage/dysfunction and Ang-2.?% Increased
concentrations of plasma Ang-2 were detected
in patients with diabetes. Patients who received
intensified diabetes management had a reduction
of plasma Ang-2 if CVD was absent but not in the
presence of CVD. @) Atherosclerotic plaques with
high microvessel density show higher concentrations
of Ang-2 than Ang-1 and plaque Ang-2 levels are
associated with higher concentrations of matrix
metalloproteases (MMPs) which  promote
extracellular matrix degradation,® a phenotype
associated with unstable and rupture prone
plaques. @7

In the present study, serum levels of
Ang-2 were significantly higher in patients with
CKD compared to healthy controls. Indeed, Ang-2
levels steadily increase with the progression
of CKD. The Ang-2 levels in patients with low

CKD stages (i.e. 1 and 2) were not statistically
different from the Ang-2 levels in healthy controls.
However, at higher stages (i.e. CKD 3-5), there
was a significant increase in circulating Ang-2
compared to healthy controls. There was
a strong negative correlation between the
eGFR and the circulating Ang-2 levels and
a strong positive correlation between serum
creatinine and the circulating Ang-2 levels.

These findings are supported by previous
results by Futrakul N et al. who found that the
circulating levels of Ang-2 were increased in
patients with mildly and moderately impaired
renal function. 2®

David S et al. studied the angiopoietins
levels in patients treated by means of dialysis
and kidney transplantation, the association of
altered angiopoietins levels with atherosclerosis,
and the changes in altered levels after renal
transplantation. They found that, circulating
Ang-2 level was increased in patients treated
with dialysis and its level correlated
significantly with scores of CAD and PAD.
Indeed, Ang-2 levels have been normalized
3 months after kidney transplantation. ('®

In a succeeding study by David S et al.
they showed that, serum Ang-2 levels
steadily increase with progression of CKD as
shown by significant positive and negative
correlations with serum creatinine and GFR
respectively. They further added power to
the relation between CKD and Ang-2 by
investigating the effect of sudden loss of GFR
after unilateral nephrectomy for kidney
donation on the serum Ang-2 levels. They
detected a close inverse correlation between
the mean changes (0-72 h) in Ang-2 level and
the decrease in GFR. 2%

In another study conducted by
David S et al. who investigated the impact
of Ang-2 level on the outcome in CKD, they
prospectively studied 128 CKD patients [43 CKD
stage 4, 85 CKD stage 5 (57 hemodialysis,
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28 peritoneal dialysis)] over a follow-up period
of 4 years. They found that, Ang-2 values were
significantly higher in CKD patients than in
controls. Furthermore, Ang-2 was significantly
higher in dialysis than in stage 4 CKD patients
and correlated with markers of vascular
disease [cholesterol, high sensitivity CRP
(hsCRP), osteoprotegerin (OPG)]. Moreover,
Ang-2 was an independent predictor of
mortality in both unadjusted and models
adjusted for age and vascular calcification. G%

The relation between Ang-2 and AKI was
studied by Kimpers P et al.; they measured
circulating Ang-2 by ELISA in 117 critically ill
patients with AKI at inception of renal
replacement therapy (RRT) in the ICU.
Mortality, length of stay and renal recovery
were prospectively assessed during a study
period of 28 days. They found that, the
circulating Ang-2 levels were significantly
higher in AKI patients with RIFLE category-Injury
or Failure, compared to patients with RIFLE
category-Risk. Elevated levels of circulating
Ang-2 correlated with impaired oxygenation,
low mean arterial pressure and vasopressor
dose. Ang-2 concentrations were significantly
higher in non-survivors than in survivors at day
0 and day 14 after initiation of RRT. There was
a strong independent prognostic impact of
elevated Ang-2 on patients 28 day survival. ('")

El-Banawy HS et al. showed that the
Ang-2 levels were significantly increased in
SLE patients than controls, and it was significantly
higher in patients with lupus nephritis than
in patients without. Ang-2 was significantly
positively correlated with proteinuria and
histological activity index, and was negatively
correlated with C3, eGFR and FMD. "

Similarly, Kimpers P et al. showed that,
Ang-2 levels were increased and Ang-1 levels
were decreased in patients with active SLE
compared to healthy controls and that, this
tendency still present in inactive SLE, although

less pronounced. Ang-2 concentrations correlated
well with SLE disease activity index (SLEDAI)
score, proteinuria, double-stranded DNA (dsDNA)
titre and soluble vascular cell adhesion molecule-1
(sVCAM-1). In this study, renal involvement
was the only independent predictor for
elevated Ang-2 level and serum Ang-2 was
identified as a strong predictor for disease
activity. Additionally, Protein expression of
Ang-2 was upregulated in glomeruli of patients
with lupus nephritis. ¢?

There are three theoretical possibilities
for how Ang-2 levels increased in parallel to
loss of renal function. First, this may occur due
to reduced renal excretion of Ang-2 either
due to reduced GFR or diminished tubular
secretion with gradual accumulation of Ang-2
in the circulation but there are several
observations that argue against this theory,
purified recombinant Ang-2 protein exhibits
predominant single bands of a molecular mass
of 62kDa. Furthermore, in vivo Ang-2 exists
mainly as a multimeric protein; so, its glomerular
excretion is rather unlikely.®® Indeed, Ang-2
is neither detectable in urine from apparently
healthy subjects 4 nor cleared by dialysis. ('7:3

A second possibility is that, the damaged
glomerular endothelium may over secrete
Ang-2 into the circulation. This theory is
supported by the finding that, in normal
mature glomeruli, Ang-2 levels are low or
undetectable®®3") but reported to be upregulated
in certain disease models, including diabetic
nephropathy®®and glomerulonephritis.®”) Although
such a scenario is more likely to occur in AKI,
it would not also explain Ang-2 level raising
after the unilateral nephrectomy without
inducing kidney disease in the remaining
healthy kidney described by David S et al.(?%

A third possibility is that, CKD and the
associated uraemic environment might trigger
the release of Ang-2 from distant systemic
endothelium via circulating uraemic toxins.
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This theory may be supported by the decrease
in serum Ang-2 level observed after correction of
uremic environment by kidney transplantation in a
study done by David S et al. ("®

David S et al. found that in their cohort
of CKD patients, that ADMA correlated
significantly with circulating Ang-2. Also ADMA
remained a significant predictor of Ang-2 after
adjusting for GFR, serum phosphate and
homocysteine in a multiple linear regression
model.?® ADMA is the most potent
endogenous inhibitor of NO which starts to
increase at the earlier CKD stages.®® ADMA
has been accused of accelerating progression
of endothelial dysfunction in CKD.® High
levels of ADMA were associated with higher
intima-media thickness and CV events in CKD.("%)
So, it is conceivable to assume that, the
elevated Ang-2 levels in CKD patients might
reflect excess exocytosis from Weibel palade
body in which it is stored. This may be due to
decreased NO bioavailability in the presence
of high ADMA levels, as NO inhibit Ang-2
exocytosis from WPB.

In the present study, there was significant
positive correlation between serum Ang-2
and serum phosphorus level, one of the
non-traditional CV risk factors known to
increase with loss of renal function due to
secondary hyperparathyroidism, reduced GFR
or hypocalcemia, this correlation was also
supported by David S et al. ?%

In the present study, there was no
significant correlation between Ang-2 level and
any of the other tested CV risk factors
including patients' age, iPTH, MAP, serum
calcium, cholesterol or triglycerides. This may
be explained by the effect of drugs that control
or nearly control patients’ blood pressure,
elevate serum calcium to near normal values
and malnutrition that may accompany CKD
with associated negative impact on serum
lipid. Furthermore, there was no detectable
influence of erythropoietin or vitamin D
treatment on circulating Ang-2 levels.

References:

1. Foley RN, Parfery PS, Sarnak MJ. Clinical
epidemiology of cardiovascular disease in
chronic renal disease.Am J Kidney Dis
1998;32:112-9.

2. Sarnak MJ, Levey AS, Schoolwerth AC, et al.
Kidney disease as a risk factor for
development of cardiovascular disease: a
ststement from the American heart association
council on kidney in cardiovascular disease,
high blood pressure research, clinical
cardiology, and epidemiology and prevention.
Circulaion 2003;108:2154-69.

3. Foley RN, Parfery PS, Kent GM, et al.
Clinical and echocardiographic disease in
patients starting ESRD therapy.Kidney Int
1995;47:186-92.

4. Schiffrin EL, Lipman ML, Mann JF. Chronic
kidney disease: effect on the cardiovascular
system. Circulaion 2007;116:85-97.

5. Menon V, Ambreen G, Sarnak MJ.
Cardiovascular risk factors in CKD.Kidney Int
2005;68:1413-8.

6. Wilson PW, Levy D, Belanger AM, et al.
Prediction of coronary heart disease using risk
factors categories.Circulaion 1998;97:1837-47.

7. Uhlig K, Levey AS, Sarnak MJ. Traditional
cardiac risk factors in individuals with
CKD.Semin Dial 2003;16:118-27.

8. Malyszko J. Mechanism of endothelial
dysfunction in chronic kidney disease.Clin
Chim Acta 2010;411:1412-20.

9. Zoccali C, Bode-boger S, Mallamaci F, et al.
Plasma concentration of asymmetrical dimethyl
arginine and mortality in patients with ESRD:
a prospective study. Lancet 2001;358:2113-7.

10. Nanayakkara PW, Teerlink T, Stehouwer CD,
et al. Plasma asymmetrical dimethylarginine
(ADMA) concentration is independently associated
with carotid intima-media thickness and
plasma soluble vascular cell adhesion molecule-1
concentration in patients with mild to moderate renal
failure.Kidney Int 2005;68:2230-6.

11. Brindle NP, Saharinen P, Alitalo K.
Signaling and functions of angiopoietin-1 in
vascular protection.Circ Res 2006;98:1014-23.

12. Fiedler u, Augustin HG. Angiopoietin: a link
between angiogenesis and inflammation.
Trends Immunol 2006;27:552-8.

13. D Avid S, Haller H, Kumpers P. The
angiogenesis/Tie -2 axis: a novel player in
CKD. Minerva Urol Nefrol 2010;214:237-34.




J. of the Egypt. Soc. Endocrin., Metab. el Diab. 2014 (Tuly); 46 (2): 103 - 112

111

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Maisonpierre PC, Suri C, Jones PFB
artunkova S, et al. Angiopoietin-2, a natural
antagonist for Tie-2 that disrupts in vivo
angiogenesis. Science 1997;277:55-60.

Sratmann A, Risau W, Plate KH. Cell type
specific expression of angiopoietin-1 and
angiopoietin-2 suggests a role in glioblastoma
angiogenesis. Am J Pathol 1998;153:1459-66.

Hanahan D. Signaling vascular morphogenesis
and maintenance. Science 1997; 277: 48-50.

Kumpers P, Hafer C, David S, et al.
Angiopoietin-2 in patients requiring renal
replacement therapy in the ICU: relation to
acute kidney injury, multiple organ dysfunction
syndrome and outcome. Intensive Care Med
2010; 36: 462-70.

David S, Kimpers P, Hellpap J, et al.
Angiopoietin-2 and cardiovascular disease in
dialysis and kidney transplantation. Am J
Kidney Dis 2009; 53: 770-8.

Nykdnen Al, Krebs R, Saaristo A, et al.
Angiopoietin-1 protects against the development
of cardiac allograft arteriosclerosis. Circulation
2003; 107: 1308-14.

Lee KW, Lip GY, Blann AD. Plasma
angiopoietin-1, angiopoietin-2, angiopoietin
receptor tie-2, and vascular endothelial growth
factor levels in acute coronary syndromes.
Circulation 2004; 110: 2355-60.

Findley CM, Mitchell RG, Duscha BD, et al.
Plasma levels of soluble Tie2 and vascular
endothelial growth factor distinguish critical
limb ischemia from intermittent claudication in
patients with peripheral arterial disease. J Am
Coll Cardiol 2008; 52: 387-93.

Chong AY, Caine GJ, Freestone B, et al.
Plasma angiopoietin-1, angiopoietin-2, and
angiopoietin receptor tie2 levels in congestive
heart failure. J Am Coll Cardiol 2004; 43: 423-8.

Patel JV, Lim HS, Varughese GI, et al.
Angiopoietin-2 levels as a biomarker of
cardiovascular risk in patients with hypertension.
Ann Med 2008; 40: 215-22.

Freestone B, Chong AY, Lim HS, et al.
Angiogenic factors in atrial fibrillation: a
possible role in thrombogenesis?. Ann Med
2005; 38: 365-72.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Lim HS, Blann AD, Chong AY, et al. Plasma
vascular endothelial growth factor, angiopoietin-1,
and angiopoietin-2 in diabetes: implications for
cardiovascular risk and effects of multifactorial
intervention. Diabetes Care 2004; 27: 2918-24.

Post S, Peeters W, Busser E, et al. Balance
between angiopoietin-1 and angiopoietin-2 is
in favor of angiopoietin-2 in atherosclerotic
plaques with high microvessel density. J Vasc
Res 2008; 45: 244-50.

Trollope AF, Golledge J. Angiopoietins,
abdominal aortic aneurysm and atherosclerosis.
Atherosclerosis 2011; 214: 23743.

Futrakul N, Butthep P, Futrakul P. Altered
vascular homeostasis in chronic kidney
disease. Clin Hemorheol Microcirc 2008; 38:
201-7.

David S, Kiumpers P, Lukasz A, et al.
Circulating angiopoietin-2 levels increase with
progress of chronic kidney disease. Nephrol
Dial Transplant 2010; 25: 2571-6.

David S, John SG, Jefferies HJ, et al.
Angiopoietin-2 levels predict mortality in CKD
patients. Nephrol Dial Transplant 2012; 27:
1867-72.

El-Banawy HS, Gaber EW, Maharem DA, et al.
Angiopoietin-2, endothelial dysfunction and
renal involvement in patients with systemic
lupus erythematosus. J Nephrol 2012; 25:
541-50.

Kiumpers P, David S, Haubitz M, et al. The
Tie2 receptor antagonist angiopoietin-2
facilitates vascular inflammation in systemic
lupus erythematosus. Ann Rheum Dis 2009;
68: 1638-43.

Kim KT, Choi HH, Steinmetz MO, et al.
Oligomerization and multimerization are critical for
angiopoietin-1 to bind and phosphorylate Tie2. J
Biol Chem 2005; 280: 20126-31.

Kimpers P, Hellpap J, David S, et al.
Circulating angiopoietin-2 is a marker and
potential mediator of endothelial cell detachment
in ANCA-associated vasculitis with renal
involvement. Nephrol Dial Transplant 2009; 24:
1845-50.

Lukasz A, Hellpap J, Horn R, et al.
Circulating angiopoietin-1 and angiopoietin-2
in critically ill patients: development and
clinical application of two new immunoassays.
Crit Care 2008; 12: 1-11.




112

Sherif Aziz Zaki et al; Angiopotetin-2 & Progression of Chronic Kjidney Disease.

36.

37.

38.

Yuan HT, Suri C, Landon DN, et al.
Angiopoietin-2 is a site specific factor in
differentiation of mouse renal vasculature.
J Am Soc Nephrol 2000; 11: 1055-66.

Yuan HT, Tipping PG, Li XZ, et al
Angiopoietin correlates with glomerular capillary
loss in antiglomerular basement membrane
glomerulonephritis. Kidney Int 2002; 61: 2078-89.

Ichinose K, Maeshima Y, Yamamoto Y, et al.
2-(8-Hydroxy-6-methoxy-1-oxo-1h-2benzopyran-3-yl)

39.

propionic acid, an inhibitor of angiogenesis,
ameliorates renal alterations in obese
type 2 diabetic mice. Diabetes 2006; 55:
1232-42.

Kielstein JT, Boger RH, Bode-Boger SM, et al.
Asymmetric dimethylarginine plasma concentrations
differ in patients with end stage renal disease:
relationship to treatment method and
atherosclerotic disease. J Am Soc Nephrol
1999; 10: 594-600.






