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ABSTRACT
Diabetic Nephropathy (DN) is considered a serious capillary complication of diabetes mellitus (DM)
which leads to end-stage renal disease. Endostatin (EST) is considered as collagen XVIII fragment
formed during extracellular matrix remodeling (ECMR). EST acts as an anti-angiogenic factor.
Angiopoietin-2 (Ang II) is a growth factor that increases in several conditions, such as hyperglycemia.
The present study was to scrutinize the association of EST and Ang II serum levels with nephropathy in
patients with type 2 diabetes mellitus (T2DM). A total of 30 healthy individuals (control) and 120 T2DM
patients classified into 60 patients with microalbuminuria and 60 patients without microalbuminuria),
aged 45-65 years were included. Fasting Plasma Glucose (FPG), HbA1C%, lipid profile, urinary
albumin/creatinine ratio of 30-300 mg/g (UACR), serum urea and creatinine levels were assessed. Both
EST and Ang II were measured using the ELISA technique. Ang II and EST levels were elevated in
patients with T2DM groups compared with the healthy control group (P<0.001). EST and Ang II were
significantly correlated to UACR (r= 0.753, P<0.001) (r= 0.685, P<0.001) and therefore indicate progress
to DN. Circulating EST and Ang II were significantly associated with T2DM and predict progression of
DN and therefore can be used as biomarkers for the prediction of DN in such a group of patients.
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1. INTRODUCTION
DN is a serious capillaries complication of
diabetes which leads to end-stage renal
disease(ESRD) [1]. It is considered as the main
cause of cases requiring dialysis or renal
transplantation in the developing countries [2].
DN progression and pathogenesis are probable to
be a result of metabolic and hemodynamic
pathways interactions, which are disturbed in the

case of diabetes [3]. One of the most important
mechanisms involved in the pathophysiology and
progression of DN is angiogenesis [4].
The process of angiogenesis is the formation
of new blood vessels from existent vasculature.
This process plays a significant role in both
physiologic and pathologic events, including
embryonic development, menstruation, wound
healing, tumor growth, and diabetes [5].
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Angiogenesis is a process needs several steps by
endothelial cells, starting via basement
membranes detachment, proliferation, migration,
and maturation [6]. In the normal status, these
events are strictly regulated by two main factors
called pro-angiogenic and anti-angiogenic
factors. Vascular endothelial growth factor
(VEGF) and angiopoietins are the main
characterized pro-angiogenic growth factors that
play a role in angiogenesis [7], while EST is one
of the main anti-angiogenic factor involved in the
angiogenesis process [8].
The angiopoietins, the seven glycoproteins
secreted ligands, including angiopoietin-1 to 7,
play an important role in vasculature formation
[9] where Ang I and II are the most famous
members [10]. DM raises Ang II, which leads to
vascular walls destabilization and promotes
neovascularization when it is bound to VEGF
[11]. Ang II is elevated in patients with DM and
to be associated with endothelial damage and
dysfunction [12]. However, the exact role of Ang
II in the development of DN disease needs
further exploration.
Breakdown of kidney endothelial, tubular and
glomerular matrix collagen plays a crucial role in
DN progression [13]. Collagen degradation
releases EST an active derivate of collagen XVIII
into the circulation [14]. EST level was
considered a valuable marker for the patient with
hypertension and end-stage organ damage
especially in the heart, kidney, and vasculature
[14]. Also, EST level was shown to be parallel
with the renal function impairment, and the
elevation of mortality risk in different settings
[15]. The clinical importance of EST as a risk
biomarker in diabetic patients with nephropathy
still needs further investigations.
Therefore, the aim of this study is to
investigate the association between endostatin
and angiopoietin-2 with DN in T2DM patients
with urinary albumin/creatinine ratio [UACR] of

30-300 mg/g and explore their suitability as risk
biomarkers for the prediction of DN, which is
considered one of the major complications of DM
particularly in Egypt.
2. PATIENTS AND METHODS
2.1. Study Design
A total of 120 T2DM patients [66 men and 54
women] treated at the Diabetes and
Endocrinology Clinic, Ain Shams Hospital, Ain
Shams University, Cairo, Egypt, were recruited
in the study for 4 months. Laboratory
investigations were carried out at the
Biochemistry Department laboratories, Faculty of
Pharmacy, Ain Shams University, Cairo, Egypt.
The average patient age was 45–65 years. They
were enrolled in the study with at least 5 years‟
disease duration.
The patients were classified into three groups:
group I consisted of 30 healthy control as 20 men
and 10 women, and each of the eligible diabetic
patients was randomly assigned by simple
randomization to either Group II or Group III.
Group II consisted of 60 T2DM patients without
microalbuminuria and group III consisted of 60
T2DM patients with DN in the form of
microalbuminuria (UACR: 30-300 mg/g) that
were measured in two of three samples over 3
months before the study. All patients were on
regular visits to the diabetes clinic. All diabetic
patients were on Glimepiride as oral
hypoglycemic drug and each one received his
suitable dose according to his case. All
participants signed their informed consent and
the study was approved by the Human Ethical
Review Committee, Faculty of Pharmacy, Ain
Shams University, Cairo, Egypt (ENREC-ASU240, date at 20/3/2019)
2.2. Exclusion Criteria
Patients were excluded if they have any of the
following: patients with a history of liver disease
or any disorder likely to impair liver functions or
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elevated liver enzymes, hepatitis virus infection
HBV or HCV or any evidence of infection,
patients with any evidence of kidney impairment
due to other causes than diabetes.
2.3. Blood Sampling and Biochemical Assays
Laboratory investigations: Venous blood
samples were obtained from available
participants on hospital admission after fasting
overnight, plasma samples were collected on
sodium fluoride-containing tubes to estimate
fasting plasma glucose (FPG), while ethylene
diamine tetra-acetic acid (K2-EDTA) in sterile
vacutainer tubes were used for HbA1C%
assessment. Serum creatinine (S Cr) and lipid
profile parameters were assessed using vacutainer
serum collecting tubes that were centrifuged for
15 min at 1000x for serum separation. Serum
samples were then stored at -80 °C for
subsequent assessment of (EST and Ang II).
Morning urine samples were obtained from all
participants for measurement of UACR using
immuno-turbidimetric method (Cobas Integra
800; Roche Diagnostics, Mannheim, Germany).
FPG and
S Cr were measured by using
commercial spectrophotometric kits (Bioscope
Diagnostic, Cairo, Egypt). HbA1C% was obtained
with ion-exchange chromatography by Crystal
Chem's HbA1C kit. Lipid profile parameters were
measured by commercial spectrophotometric kits
(Spectrum, Cairo, Egypt). All spectrophotometric
assays were performed by a UV⁄visible 1650
spectrophotometer (Shimadzu, USA). Serum
EST and Ang II were measured using kits from
Sino Gene Clon Biotech Co., Ltd, Hangzhou,
China using ELISA reader (Chromate®, USA).
2.4. Statistical Analysis
Data were collected, revised, coded, and
entered into the Statistical Package for Social
Science [IBM SPSS] version 20. The comparison
between three groups with quantitative data was
done using One Way ANOVA. The mean
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difference between the three groups is confirmed
using post-hoc least significant difference (LSD)
test. Spearman's rank correlation coefficient (r)
was carried out between two measured
parameters of the study groups. P values <0.05
were considered statistically significant and
<0.01 was considered highly significant.
3. RESULTS
3.1. Baseline Clinical and Laboratory
Characteristics of the Studied Population
Clinical and laboratory parameters: A total of
120 T2DM patients and 30 healthy controls were
recruited. All these participants‟ age and sex
ratios were compared. FPG, HbA1c, total
cholesterol, triglyceride, and low-density
lipoprotein cholesterol levels were signiﬁcantly
higher, and high-density lipoprotein cholesterol
was signiﬁcantly lower than their levels in
diabetic patients. Moreover, UACR, serum Ang
II, and EST were highly elevated in the DN
group in comparison to their levels in the T2DM
group and control group (P<0.01). In contrast,
serum creatinine levels did not show a significant
difference between the three groups (p= 0.67)
(Table 1).
3.2. The relation
Biomarkers.

between

the

Assayed

The study was carried to investigate whether
the levels of the assayed markers (UACR, EST
and Ang II) are correlated with each other or not.
The pooled data of the three markers UACR,
EST and Ang II across the three groups were
tested by using Spearman's rho (r) correlation.
Ang II was positively correlated with UACR (r=
0.899, p<0.001), EST was positively correlated
with UACR (r= 0.681, p<0.01), as well as EST
and Ang II were positively correlated (r= 0.692,
p<0.01) inpatient with DN (Fig. 1)
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Table 1. The main anthropometric and biochemical parameters of the studied groups
Group/numbers of Patients
T2DMGroup
Healthy Control/30
Without DN/60
clinical data
Age (years)
Disease duration
BMI
SBP
DBP
laboratory data
FPG [mg/dL]
HbA1c [%]
TC [mg/dL]
TGs [mg/dL]
LDL-ch [mg/dL]
HDL-ch [mg/dL]
S.Cr. [mg/dL]
UACR [mg/g]
Ang II [pg/mL]
EST [pg/mL]

T2DM Group
With DN/60

47.64 ± 3.71
24.92 ± 2.05
120.00 ± 8.26
78.50 ± 5.27

50.00 ± 4.62
5.44 ± 1.59
27.77 ± 2.87*
141.44 ± 8.45**
88.56 ± 5.23**

50.23 ± 4.61
6.00 ± 1.60
28.70 ± 1.18*
145.64 ± 6.69**
89.00 ± 4.34**

117.71 ± 17.55
6.36 ± 0.47
164.93 ± 13.74
137.29 ±16.21
99.93 ± 15.69
57.43 ± 7.27
0.77 ± 0.14
17.11 ± 1.95
10.83 ± 3.50
1426.81 ± 601.59

152.13 ± 16.24**
8.06 ± 0.28*
191.50 ± 24.66*
148.88 ± 18.06*
132.81 ± 29.57*
50.88 ± 7.46*
0.82 ± 0.16
27.66 ± 4.48**
21.17±5.44**
2329.97±483.94**

155.09 ± 18.26**
8.03 ± 0.43*
185.73 ± 25.35*
141.09 ± 25.30
104.24 ± 32.11 ð
53.27 ± 7.07
0.80 ± 0.15
167.29 ± 36.86**,§
34.04 ± 6.53**,§
3354.09 ± 442.01**,§

Data were expressed as mean ± SD. SBP:systolic blood pressure; DBP:diastolic blood pressure; FBG: fasting blood glucose;
HbA1c:hemoglobinA1c; UACR: Urinary albumin creatinine ratio. HDL-cholesterol: High density lipoprotein-cholesterol; LDLcholesterol: Low density lipoprotein-cholesterol; S Cr.: Serum Creatinine; Ang II: Angiopiotein-2; EST: Endostatin. P-value
>0.05: Non significant
*,** Significant difference from Gp I at p<0.05 and p<0.0, respectively. π, § Significant difference from Gp IIat p<0.01 and at
p<0.01 respectively. One Way ANOVA was used to compare anthropometric and biochemical parameters between 3 groups. The
mean difference between the 3 groups are confirmed using post-hoc least significant difference (LSD) test.

Fig. 1. Correlation between [A] UACR and angiopoietin 2 [B] UACR and Endostatin and [C] angiopoietin 2 and Endostatin in
patients with diabetic nephropathy using Spearman correlation coefficient (P value< 0.05 was considered significant in all
analyses).
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3.3. Comparison between the studied
angiogenic parameters variables among
T2DM patients with and without nephropathy
compared to control group
Compared to control group values, serum
levels of EST in patients with T2DM with
nephropathy more significantly elevated by
80.66%, while EST levels in patients with T2DM
without nephropathy elevated by 48.09%
(p<0.01). Also, Ang II more significantly
elevated by 103.4% upon comparing with their
levels in the control group, while Ang II levels in
patients with T2DM without nephropathy
changed by 63.59% (p<0.01). These results
reflect that Ang II & EST levels may predict
nephropathy progression.
4. DISCUSSION
DN is considered as the main causative factor
of ESRD in the diabetic patient [6]. DN is
associated with early changes in kidney structure
including glomerular hyperfiltration, extracellular
matrix expansion and glomerular basal
membrane thickening [16]. Microalbuminuria is
the main early sign of DN [1]. One of the main
mechanisms that illustrate DN development is the
renal micro blood vessel proliferation with
increased circulating levels of angiogenic growth
factors, including pro-angiogenic factors (e.g:
angiopoietins) and anti-angiogenic factors (e.g:
endostatin) [6]. The current study highlights the
relationship between EST and Ang II with
nephropathy in T2DM patients and whether or
not both can be used as biomarkers for the
prediction of DN in T2DM patients. EST was
used as an anti-angiogenic drug and has been
tested in patients with lung cancer, without
serious side effects [17]. Also, EST had a
protective action in diabetic nephropathy
experimental animal models [18]. EST levels are
elevated with physical stress [19], and its
overexpression has been observed in profibrotic
conditions in experimental studies [20].
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Renal impairment is associated with
peritubular capillaries loss and tissue hypoxia
[21], also it is reported that up and
downregulation of pro-angiogenic and antiangiogenic factors can occur with the kidney
diseases and renal hypoxia [22]. EST levels have
been observed to be higher in renal impairment
experimental studies [8]. In the current study,
circulating EST levels were found to be higher in
T2DM patients with nephropathy that might
reflect the renal pathological angiogenic response
that could lead to renal impairment progression.
As EST is collagen XVIII cleavage derivative
formed during ECMR, therefore elevated levels
of circulating EST may have considered as a sign
of pathological ECMR, as reported in an
experimental study on mice with fibrosis [8].
Moreover, ECMR is observed in kidney diseases
especially in renal cancers and fibrosis [23] and
may be an important explanation for the
association between endostatin and the present
study outcomes. This is in line with the outcomes
from longitudinal analyses where elevated EST
levels predicted a more renal function
impairment [15].
The process of angiogenesis, maturation, and
remodeling can be stimulated through
angiopoietins by using the N-terminus coiled-coil
domain and a C-terminus fibrinogen-like domain.
Also, angiopoietins may act as vital regulators in
glucose and lipid metabolism [24]. Ang II
overexpression inhibits Ang I binding to the Tie2 receptor, which results in the development of
DN[6]. Abnormal changes in Ang I/Ang II cause
excess angiogenesis and inflammation, which
play a vital role in the pathophysiologic
mechanism of DN [12]. The accumulation of
advanced glycation end products (AGE) due to
chronic hyperglycemia stimulates VEGF
formation through mesangial cells and hence,
VEGF and Ang II mRNA expression can be upregulated [25]. Lip et al., found in a cross-
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sectional and interventional study, that VEGF
plasma levels were significantly correlated with
Ang II plasma levels among the T2DM group
when compared with their levels in the healthy
control [26]. These results are in contrast to the
study conducted by Chen et al., who found that
serum VEGF levels did not significantly change
in the T2DM group compared to the healthy
control group while VEGF urinary levels were
significantly more elevated than their levels in
the healthy control. Also, the study reported that
serum Ang II levels were positively correlated
with Ang II and VEGF urinary levels [27].
Besides, a previous study considering VEGF and
angiopoietins in patients having T2DM with and
without chronic vascular complications, reported
the elevation of VEGF and Ang II levels in
patients with T2DM compared to their levels in
the
healthy
control
regardless
having
cardiovascular disorders [28].
Conclusion
In conclusion, data obtained in this study
showed that both EST and Ang II were
significantly elevated in T2DM patients with
albuminuria compared with healthy control
subjects and could be used as a predictor of
nephropathy progression.
Declarations
Ethics approval and consent to participate
The study was approved by the Human
Ethical Review Committee, Faculty of Pharmacy,
Ain Shams University, Cairo, Egypt (ENRECASU-240, the date on 20/3/2019).
Consent to publish
All participants signed their informed consent
Availability of data and materials
All data generated or analyzed during this study
are included in this published article in the main
manuscript.

Competing interests
The authors declare that no competing interests
exist.
Funding Statement
No funding source was received.
4. REFERENCES
1. Carranza K, Veron D, Cercado A, Bautista N,
Pozo W. Cellular and molecular aspects of
diabetic nephropathy ; the role of VEGF-A.
Nefrol (English Ed. Sociedad Española de
Nefrología.
2015;35(2):131–8.
https://doi.org/10.1016/j.nefro.2015.05.013
2. Tryggestad JB, Willi SM. Complications and
comorbidities of T2DM in adolescents :
findings from the TODAY clinical trial.
Journal of Diabetes and Its Complications.
2014;6–11.
http://dx.doi.org/10.1016/j.jdiacomp.2014.10.
009
3. Dronavalli S, Duka I, Bakris GL. The
pathogenesis of diabetic nephropathy. Nat
Clin Pract Endocrinol Metab. 2008;4(8):444–
52. https://doi.org/10.1038/ncpendmet0894
4. Nazir N, Siddiqui K, Al-Qasim S, Al-naqeb
D. Meta-analysis of diabetic nephropathy
associated genetic variants in inflammation
and angiogenesis involved in different
biochemical pathways. BMC Med Genet.
2014;15(1):103.
https://doi.org/10.1186/s12881-014-0103-8
5. Natale G, Bocci G, Lenzi P. Looking for the
Word „“ Angiogenesis ”‟ in the History of
Health Sciences : From Ancient Times to the
First Decades of the Twentieth Century.
World
J
Surg.
2017;41(6):1625–34.
https://doi.org/10.1007/s00268-016-3680-1
6. Zent R, Pozzi A. Angiogenesis in Diabetic
Nephropathy.
Semin
Nephrol. ,2007;27(2):161–71.

The potential use of Endostatin and Angiopoietin-2 as valuable biomarkers
https://doi.org/10.1016/j.semnephrol.2007.01.
007
7. Gnudi L. Angiopoietins and diabetic
nephropathy. Diabetologia. 2016;59:1616–20.
https://doi.org/10.1007/s00125-016-3995-3

Growth
Factors/Cytokines.
Endocrine
Reviews.
2004;25(6):971–1010.
DOI:10.1210/er.2003-0018
14.

Carlsson AC, Ruge T, Sundström J,
Ingelsson E, Larsson A, Lind L ÄJ.
Association Between Circulating Endostatin,
Hypertension Duration, and Hypertensive
Target-Organ
Damage.
Hypertension.
2013;62(6):1146–51.
https://doi.org/10.1161/HYPERTENSIONAH
A.113.02250

15.

Carlsson AC, Östgren CJ, Länne T,
Larsson A, Nystrom FH, Ärnlöv J. The
association between endostatin and kidney
disease and mortality in patients with type 2
diabetes. Diabetes Metab. 2016;42(5):351–7.
http://dx.doi.org/10.1016/j.diabet.2016.03.006

16.

Ekinci EI, Jerums G, Skene A, Crammer
P, Power D, Cheong KY et al. Renal structure
in normoalbuminuric and albuminuric patients
with type 2 diabetes and impaired renal
function. Diabetes Care. 2013;36:3620–6.
https://doi.org/10.2337/dc12-2572

17.

Biaoxue R, Shuanying Y, Wei L, Wei Z
ZM. Systematic review and meta-analysis of
Endostar (rh-endostatin) combined with
chemotherapy versus chemotherapy alone for
treating advanced non-small cell lung cancer.
World J Surg Oncol.. 2012;10(1):170.
https://doi.org/10.1186/1477-7819-10-170

18.

Bai X, Li X, Tian J ZZ. Antiangiogenic
treatment diminishes renal injury and
dysfunction via regulation of local AKT in
early experimental diabetes. PLoS One.
2014;9(4):e96117.
https://doi.org/10.1371/journal.pone.0096117

8. Seppinen L, Pihlajaniemi T. The multiple
functions of collagen XVIII in development
and disease. Matrix Biol, 2011;30(2):83–92.
http://dx.doi.org/10.1016/j.matbio.2010.11.00
1
9.

Chen S, Guo L, Chen B, Sun L CM.
Association
of
serum
angiopoietin-1,
angiopoietin-2,
and
angiopoietin-2
to
angiopoietin-1 ratio with heart failure in
patients with acute myocardial infarction. Exp
Ther
Med.
2013;5:937–941.
https://doi.org/10.3892/etm.2013.893

10. Li L, Zheng-qing Y, Juan-yu H, Jian-Yong
X, Fan L, Guang-Chun Z, et al. Association
between interleukin-19 and angiopoietin-2
with vascular complications in type 2
diabetes. J Diabetes Investig. 2016;7(6):895–
900. https://doi.org/10.1111/jdi.12519
11.

Fiedler
U,
&
Augustin
HG.
Angiopoietins: a link between angiogenesis
and inflammation. Angiopoietins: a link
between angiogenesis and inflammation.
Trends
Immunol
2006;27(12):552–8.
https://doi.org/10.1016/j.it.2006.10.004

12. Tsai Y, Lee C, Hsu Y, Kuo M, Chiu Y, Lee
J, et al. Angiopoietin-2, Renal Deterioration,
Major Adverse Cardiovascular Events and
All-Causee Mortality in Patients with Diabetic
Nephropathy. Kidney Blood Press Res..
2018;807:545–54.
https://doi.org/10.1159/000488826
13.

Schrijvers, B. F., De Vriese, A. S., &
Flyvbjerg A. From Hyperglycemia to Diabetic
Kidney Disease: The Role of Metabolic,
Hemodynamic, Intracellular Factors, and

283

19. Li W, Yu Y, He H, Chen J ZD. Urinary
kidney injury molecule 1 as an early indicator
to predict contrast-induced acute kidney
injury in patients with diabetes mellitus

284

Salem et al., Arch Pharm Sci ASU 3(2): 277-284

undergoing
percutaneous
coronary
intervention. Biomed Rep, 2015;3(4):509–12.
https://doi.org/10.3892/br.2015.449
20.

21.

22.

O‟Riordan E, Mendelev N, Patschan S,
Patschan D, Eskander J, Cohen-Gould L,
Chander P GM. Chronic NOS inhibition
actuates
endothelial-mesenchymal
transformation. Am J Physiol Heart Circ
Physiol.
2007;92(1):
H285-94
https://doi.org/10.1152/ajpheart.00560.2006.
Rudnicki M, Perco P, Enrich J, Eder S,
Heininger D, Bernthaler A, Wiesinger M,
Sarközi R, Noppert SJ, Schramek H MB.
Hypoxia response and VEGF-A expression in
human proximal tubular epithelial cells in
stable and progressive renal disease. Lab
Invest..
2009;89(3):337.
https://doi.org/10.1038/labinvest.2008.158
Tanaka T NM. Angiogenesis and
hypoxia in the kidney. Nat Rev Nephrol.
2013;9(4):211.
https://doi.org/10.1038/nrneph.2013.35

23.

Dihazi H, Dihazi GH, Bibi A, Eltoweissy
M, Mueller CA, Asif AR, Rubel D, Vasko R
MG. Secretion of ERP57 is important for
extracellular matrix accumulation and
progression of renal fibrosis, and is an early
sign of disease onset. J Cell Sci.
2013;126(16):3649–63.
https://doi.org/10.1242/jcs.125088

24.

Kitazawa M, Nagano M, Masumoto KH,
Shigeyoshi Y, Natsume T HS. Angiopoietinlike 2, a circadian gene, improves type 2
diabetes through potentiation of insulin
sensitivity in mice adipocytes. Endocrinology.
2011;152(7):2558–67.
https://doi.org/10.1210/en.2010-1407

25.

Yamamoto Y, Kato I, Doi T, Yonekura
H, Ohashi S, Takeuchi M, Watanabe T,
Yamagishi SI, Sakurai S, Takasawa S OH.

Development and prevention of advanced
diabetic
nephropathy
in
RAGEoverexpressing mice. J Clin Invest,
2001;108(2):261–8.
https://doi.org/10.1172/JCI11771
26.

Lip PL, Chatterjee S, Caine GJ, HopeRoss M, Gibson J, Blann AD LG. Plasma
vascular
endothelial
growth
factor,
angiopoietin-2, and soluble angiopoietin
receptor tie-2 in diabetic retinopathy: effects
of laser photocoagulation and angiotensin
receptor blockade. Br J Ophthalmol.
2004;88(12):1543–6.
https://doi.org/10.1136/bjo.2004.048587

27.

Chen S, Li H, Zhang C, Li Z, Wang Q,
Guo J, Luo C WY. Urinary angiopoietin-2 is
associated with albuminuria in patients with
type 2 diabetes mellitus. Int J Endocrinol..
2015;2015
https://doi.org/10.1155/2015/163120

28. Lim HS, Lip GY BA. Angiopoietin-1 and
angiopoietin-2
in
diabetes
mellitus:
relationship to VEGF, glycaemic control,
endothelial
damage/dysfunction,
and
atherosclerosis.
Atherosclerosis.
2005;180(1):113–8.
https://doi.org/10.1016/j.atherosclerosis.2004.
11.004

