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Abstract

Abstract (English)

End-stage renal disease (ESRD) patients receiving hemodialysis (HD) continue to have
a low quality of life and face severe mortality. Biomarkers involved in deterioration and
predicting the clinical outcome in ESRD patients on HD are needed. Abnormal
angiogenesis has been noted in kidney diseases, characterized by a disruption of balance
in the expression of pro-angiogenic and anti-angiogenic factors. The most dominant pro-
angiogenic factor, vascular endothelial growth factor, has shown a critical effect in the
pathogenesis of kidney diseases in past studies. Moreover, Angiopoietin-2 (Ang-2), as
one of the most well-characterized vascular growth factors, its circulating level is
increased in HD patients and has been reported to have a prognostic significance for
mortality in patients with chronic kidney disease. Together with previous evidence of
sexual dimorphism in endothelial cell-derived growth factors, this study evaluated the
prognostic value of Ang-2 in HD patients and its sexual difference. Prevalent HD patients
were recruited and followed up for five years for all-cause mortality. Circulating Ang-2
concentrations were assessed by validated ELISA. Survival analysis was performed
using Kaplan-Meier analysis and Cox proportional hazards regression analysis. There
were 157 deaths among 313 participants during the follow-up. The median level of Ang-
2 was 91.20 pmol/l (interquartile range 63.35, 140.65 pmol/l). Ang-2 concentration was
significantly lower in survivors than in non-survivors (p<0.0001), and this finding was
significant in male patients (p<0.0001), but not in female patients (p=0.249). Male HD
patients with lower Ang-2 levels (<111.0 pmol/l) were associated with a decrease in all-
cause mortality (p<0.0001). In multivariate Cox regression analyses, after adjusting for
factors known to be associated with Ang-2 and mortality, elevated Ang-2 was
independently associated with an increased risk of all-cause mortality in male HD patients
(HR, 3.294, 95% CI, 1.768-6.138, p=0.0002 for males, HR, 1.084, 95% ClI, 0.476-2.467,
p=0.847 for females). In conclusion, this study revealed a significant sex difference in the

association between serum Ang-2 levels and all-cause mortality in prevalent HD patients.



The risk of death was increased in male patients with elevated Ang-2 levels. Furthermore,
Ang-2 may not only be a biomarker for predicting the outcome but is likely a potent
vascular hormone that contributes to the pathophysiology of vascular injury in kidney
disease. Present study after independent validation may inspire the development of Ang-

2 antagonists to improve outcomes in male ESRD patients.



Zusammenfassung (Deutsch)

Patienten mit terminaler Niereninsuffizienz, die eine Hamodialyse (HD) erhalten, haben
nach wie vor eine geringe Lebensqualitat und eine hohe Mortalitat. Es werden Biomarker
bendtigt, die an der Verschlechterung der Lebensqualitat beteiligt sind und das klinische
Ergebnis bei Patienten mit terminaler Niereninsuffizienz vorhersagen. Bei
Nierenerkrankungen wurde eine abnorme Angiogenese festgestellt, die durch eine
ausgewogene Storung der Expression von pro- und anti-angiogenen Faktoren
gekennzeichnet ist. Angiopoietin-2 (Ang-2), einer der am besten charakterisierten
vaskularen Wachstumsfaktoren, ist im Blutkreislauf von HD-Patienten in erhohter
Konzentration vorhanden und hat Berichten zufolge eine prognostische Bedeutung fur
die Mortalitat von Patienten mit chronischen Nierenerkrankungen. Zusammen mit
friheren Hinweisen auf Geschlechtsunterschiede bei den aus Endothelzellen
hergestellten Wachstumsfaktoren untersuchte diese Studie den prognostischen Wert von
Ang-2 bei HD-Patienten und dessen Geschlechtsunterschiede. Pravalente HD-Patienten
wurden rekrutiert und funf Jahre lang nachbeobachtet, um die Gesamtmortalitat zu
untersuchen. Zu Beginn wurden demografische und medizinische Daten erhoben, und
die zirkulierenden Ang-2-Konzentrationen wurden mit einem validierten ELISA bestimmt.
Wahrend der Nachbeobachtungszeit starben 157 der 313 Teilnehmer. Der Medianwert
von Ang-2 betrug 91,20 pmol/l (Interquartilsbereich 63,35 bis 140,65 pmol/l). Die Ang-2-
Konzentration war bei den Uberlebenden signifikant niedriger als bei den Nicht-
Uberlebenden (p<0,0001), und dieser Befund war signifikant bei mannlichen Patienten
(p<0,0001), aber nicht bei weiblichen Patienten (p=0,249). Mannliche HD-Patienten mit
einem niedrigeren Ang-2-Spiegel (<111,0 pmol/l) waren mit einem Rulckgang der
Gesamtmortalitdt verbunden (p<0,0001). In multivariaten Cox-Regressionsanalysen,
nach Anpassung an Faktoren, von denen bekannt ist, dass sie mit Ang-2 und der
Sterblichkeit in Zusammenhang stehen, war ein erhdhter Ang-2-Wert bei mannlichen HD-
Patienten unabhangig mit einem erhdhten Risiko fur die Gesamtsterblichkeit verbunden
(HR, 3,294, 95% Cl, 1,768-6,138, p=0,0002 fir Manner, HR, 1,084, 95% Cl, 0,476-2,467,

p=0,847 fur Frauen). In dieser Studie wurde ein signifikanter geschlechtsspezifischer



Unterschied im Zusammenhang zwischen den Ang-2-Serumspiegeln und der
Gesamtmortalitat bei HD-Patienten festgestellt. Das Sterberisiko war bei mannlichen
Patienten mit erhdhtem Ang-2-Spiegel erhoht. AulRerdem kdnnte Ang-2 nicht nur ein
Biomarker fir das Ergebnis sein, sondern wahrscheinlich auch ein starkes Gefalthormon,
das zur Pathophysiologie der Gefalischaden bei Nierenerkrankungen beitragt. Die
vorliegende Studie konnte nach unabhangiger Validierung die Entwicklung von Ang-2-
Antagonisten anregen, um die Ergebnisse bei Patienten mit terminaler Niereninsuffizienz

Zu verbessern.
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1 Introduction

1.1 Angiopoietin-2 in vascular physiology and pathophysiology

Angiogenesis is involved in many physiological situations and pathological situations with
endothelial dysfunction in response to tissue damage or deficiencies of oxygen and
nutrients (1, 2). Acommon pathological situation is a tumor-induced angiogenesis, where
new vascular networks are rapidly developed to support the high proliferative rate of
cancer cells (3). Tumoral microvascular density is an independent predictor of metastasis
and overall survival in cancer patients (4). In addition, angiogenesis also has wide-ranging
effects on ischemic diseases and inflammatory disorders (1). Angiogenesis is induced by
an imbalance between pro-angiogenic and anti-angiogenic factors (5), and angiopoietins
are regarded as one of the most important angiogenic factors (4).

Angiopoietin-2 (Ang-2) is one of the most well-characterized vascular growth factors
belonging to the angiopoietin/Tie signaling system. All molecules of this system are
signaling toward the vascular-specific receptor tyrosine kinase pathway that plays a
fundamental role in angiogenesis (6). Ang-2, a 496 amino acid long protein with
approximately 60% amino acid homology to angiopoietin-1 (Ang-1), was shortly identified
after Ang-1 by homology screening (7). Ang-1 and Ang-2 regulate vascular remodeling,
maturation, and stabilization via counteracting actions (8). Ang-1 is a potent agonist of
the Tie2 receptor, combines and phosphorylates Tie2 receptor, which then signals anti-
inflammatory to the endothelium, thus, regulating the survival of endothelial cells (ECs)
and therefore stabilizing vascular structure. Ang-2 binds to the Tie2 with the same binding
affinity as Ang-1. However, Ang-2 acts as a natural antagonist of Ang-1 and competes
with Ang-1 for combining with Tie2, thus, leading to degradation of the basal lamina and
vascular instability (8-10).

Ang-2 is mainly generated by ECs and deposited in endothelial Weibel-Palade bodies
(WPBs) (11), acts in an autocrine manner, and its expression is highly regulated (6). The
Ang-2 expression may be upregulated in various conditions, such as inflammation (12),

hypoxia (13), and cancer (14). Increased Ang-2 level has been published in patients with
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endothelial dysfunction and vascular inflammation, such as diabetes mellitus (15), chronic
kidney diseases (CKD) (16), cardiovascular diseases (CVD) (17), systemic lupus

erythematosus (18) and systemic inflammatory response syndrome (19, 20).

1.2 Role of Angiopoietin-2 in kidney

Ang-2 is widely expressed during kidney development and plays considerable roles in the
maturation of glomeruli and renal blood vessels. However, it is significantly
downregulated in the adult kidney, so Ang-2 is very low in normal mature glomeruli (21,
22). In chronic kidney injury with nephron reduction, significant remodeling and
proliferation of peritubular capillaries in the renal cortex were accompanied by increased
renal vascular endothelial growth factor (VEGF) protein levels (23). Furthermore, past
studies discovered that regression of glomerular endothelial cells is associated with
apoptosis, which may affect the progression of glomerulosclerosis and has been reported
as a feature of experimental models of glomerular disease, including remnant kidneys
(22, 24). Thus, Ang-2, as a crucial regulator of glomerular vascular remodeling and ECs
stabilization, has been implicated in the pathological process of glomerular diseases.

It has been shown that Ang-2 expression is significantly increased in glomeruli of
animal models of several kidney diseases. Yuan HT et al. (22) reported that glomerular
capillaries loss was associated with upregulated Ang-2 during anti-glomerular basement
membrane glomerulonephritis (anti-GBM GN) in a mice model. In acute anti-Thy1.1
glomerulonephritis, there was a higher expression of Ang-2 within the glomeruli with the
disease than in controls, and it played a pivotal role in disrupting endothelial homeostasis
(25). Lu YH et al. (26) found that increased Ang-2 in plasma and glomeruli may mediate
the permeability of proteins through the glomerular filtration barrier in a daunorubicin-
induced progressive glomerulosclerosis rat model. In addition, local expression of Ang-2
may promote the progression of glomerulosclerosis by upregulating the expression of
components of the extracellular matrix. Moreover, the expression of Ang-2 was also
increased in the animal model of diabetic nephropathy (27, 28).

In clinical studies, increased blood Ang-2 level was discovered in CKD patients and
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was associated with advanced pathological features and deterioration of renal function.
David S et al. (29) found that plasma Ang-2 level steadily increased in parallel to the
progression of CKD, and there is a significant negative correlation between Ang-2 level
and GFR in patients with stages 1-4 CKD. Over a four-year observation period of patients
with stages 4-5 CKD, elevated circulating Ang-2 levels strongly predicted long-term
mortality, and this predictive value is independent of conduit arterial stiffness or vascular
calcification (30). Later, Chang FC et al. (31) reported the independent association of
circulating Ang-2 level with albuminuria and micro-inflammation, both of which are
associated with increased risk of CVD and mortality in CKD patients. Besides, Tsai YC et
al. (32) evaluated the association of Ang-2 level with adverse renal outcomes in patients
with CKD during a three-year observation period. They reported that Ang-2 level was
associated with a composite renal outcome (initiation of dialysis or creatinine doubling)
even after adjusting for baseline renal function and relevant risk factors. Furthermore,
high Ang-2 levels were positively associated with structural cardiac abnormalities in
patients with stages 3-5 CKD, implying that Ang-2 might participate in cardiovascular
burdens (16).

1.3 Dialysis and Angiopoietin-2

The incidence of end-stage renal disease (ESRD) is increasing globally. According to the

latest annual report 2019 from European Renal Association (https://www.era-

online.org/reqgistry/AnnRep2019.pdf ), 89,579 people out of a population of 680 million

started renal replacement therapy (RRT) for ESRD in 2019, resulting in an overall
unadjusted incidence of 132 per million population (pmp). On 31 December 2019, 607,
320 patients were receiving RRT for kidney failure, corresponding to an overall
unadjusted prevalence of 893 pmp. Of all patients, 61% of the patients were male, 55%
were under 65 years old, and the top four known causes of primary renal diseases were
glomerulonephritis/sclerosis (18%), diabetes mellitus (15%), miscellaneous (14%) and
hypertension (10%). When RRT was initiated, hemodialysis (HD) was the primary

treatment modality (84%). In prevalent patients, 58% of patients were on HD, 5% were


https://www.era-online.org/registry/AnnRep2019.pdf
https://www.era-online.org/registry/AnnRep2019.pdf
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on peritoneal dialysis, and 37% had kidney transplants. As a result, patients with ESRD
continue to suffer a low quality of life and face severe mortality. For patients who initiated
RRT during 2010-2014, the unadjusted five-year probability of survival was 51.9% (95%
Cl, 51.6-52.1). For patients who started RRT with dialysis during this period, the
unadjusted five-year probability of survival was 42.3% (95% Cl 42.1-42.6).

The major cause of death was cardiovascular disease in ESRD patients on HD
treatment (33). At the same time, conventional risk factors, like diabetes, dyslipidemia,
hypertension, aging, etc., are insufficient to predict the higher risk of cardiovascular
disease in ESRD patients on HD patients than in the general population or renal
transplant recipients (RTRs) (34, 35). There is growing evidence of increased circulating
Ang-2 levels in patients treated with dialysis (30, 36, 37), and its prognostic significance
for cardiovascular disease has been reported only in children on chronic dialysis (37).
Interestingly, David S et al. (36) found that kidney transplantation normalized circulating
Ang-2 levels after three months. The mechanism of this discrepancy of Ang-2 levels in
different RRT is unclear so far. It is believed that dialysis is related to a critical imbalance
of angiopoietins, which may reflect a perpetual destructive activation of the endothelium
(36). In addition, Ang-2 may act as a mediator of micro-inflammation in the HD population
(38). Furthermore, prior studies indicated that Ang-2 is involved in cardiovascular
disorders, which could account for accelerated atherosclerosis in ESRD patients on HD;
however, it but did not correlate with atherosclerosis in RTRs (36, 37). So far, the
association of Ang-2 levels with all-cause mortality in adults on HD treatment has not

been investigated yet.
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2 Methods

2.1 Study Population

To determine associations of Ang-2 with all-cause mortality in hemodialysis patients, a
prospective cohort study was conducted. We recruited a total of prevalent 340 patients
on hemodialysis from different dialysis centers associated with our inpatient facility at the
Campus Charité Mitte (KfH Dialysezentrum-Neukdlln, Berlin, Germany, and KfH
Dialysezentrum-Moabit, Berlin, Germany). The patients were followed up for all-cause
mortality for five years. All patients underwent dialysis at least three times a week for four-
five hours each time, utilizing standard bicarbonate dialysis and biocompatible
membranes. Dialysate flow rates were 500 mL/min, and blood flow rates were 250-300
mL/min. All patients had a functioning permanent vascular access. Patients were
excluded from the study if they were pregnant or had any malignancy or active infections,
were unwilling or unable to participate, or were unable to provide written informed consent.
In addition, patients who had a kidney transplant during the period of follow-up were
censored at the point of transplant. The local ethics committee authorized the study and

informed consents were acquired from all patients before enrolling in this study.

2.2 Data Collection

Baseline demographics and medical data were obtained, i.e., age, sex, weight, height,
body mass index (BMI, weight in kilograms divided by height in meters squared),
underlying kidney disease, dialysis vintage, systolic and diastolic blood pressure (SBP
and DBP), comorbidity (presence of diabetes, hypertension, or coronary heart diseases),
smoking status, medication [use of renin-angiotensin-aldosterone system (RAAS)
inhibitors, beta-blockers, calcium channel blockers, and erythropoietin]. Blood samples
were collected from patients before the HD session at the study entrance. The following
parameters, hemoglobin (Hb), ferritin, transferrin, serum albumin, low-density lipoprotein
(LDL), high-density lipoprotein (HDL), serum cholesterol, serum triglycerides, C-reactive

protein (CRP), serum urea, serum creatinine (sCr), serum potassium, serum calcium,



Methods 10

serum phosphate and intact parathyroid hormone (iPTH) were assessed in the clinical
laboratory using standardized methods. Kt/V (K, dialyzer clearance of urea; t, the dialysis
time; V, the volume of distribution of urea, approximately equal to the total body water of

the patient), a number used to quantify dialysis treatment adequacy, was calculated.

2.3 Measurement of Angiopoietin-2 concentrations

Ang-2 concentrations were measured using Human Angiopoietin-2 ELISA kit (cat. no. Bl-
ANG2) from Biomedica (Vienna, Austria) with manufactural instruction
(https://www.bmgrp.com/wp-content/uploads/2019/11/BI-ANG2-Angiopoietin-2-ELISA-

Validation-Data-191128.pdf). The detection limit of the ELISA kit was 3.7 pmol/l. The

average intra- and inter-assay coefficients of variation were <8% and <6%, respectively.
All reagents, standard dilutions, control, and samples were prepped following the
manufactural instruction. The well positions of standards/controls/samples were marked
on a protocol sheet. First, previously prepared standards/controls/samples were pipetted
into the wells of pre-coated microplate. The plate was then sealed airtight and incubated
for two hours at room temperature on a 500-rpm horizontal orbital shaker. Second, the
content of each well was discarded, and each well was aspirated and washed five times
with wash buffer. After the last wash, the plate was inverted and tapped on absorbent
paper to remove excess liquid. Third, 100 uL of the detection antibody solution was
pipetted into each well and then incubated with the plate for two hours with constant
gentle shaking (~500 rpm). In this step, the target antigen in the
standards/controls/samples is attached to the pre-coated antibody in the well and then
built as a sandwich with the antibody. Then the washing (second) step was repeated. In
the washing step, all non-specific and non-binding substances were cleared. Fourth,
100pl conjugate (Streptavidin-HRP) was added to each well, and the plate was then
sealed and incubated for two hours on the shaker. In this process, the conjugate reacted
with the biotinylated antibody. Then the washing (second) step was repeated. Fifth, 100uL
tetramethylbenzidine (TMB) substrate solution was pipetted into each well. The color

change of the substrate catalyzed by the enzyme is proportional to the quantity of the


https://www.bmgrp.com/wp-content/uploads/2019/11/BI-ANG2-Angiopoietin-2-ELISA-Validation-Data-191128.pdf
https://www.bmgrp.com/wp-content/uploads/2019/11/BI-ANG2-Angiopoietin-2-ELISA-Validation-Data-191128.pdf
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target protein existing in the sample. After incubating for 30 minutes at room temperature
in the dark, 100uL stop solution was pipetted into each well and thoroughly mixed. Last,
the optical density of each well was measured within 30 minutes on a standard microplate
reader, which was set to 450 nm, to determine concentrations of the target protein in

samples from a dose-response curve.

2.4 Statistical analysis

Baseline demographics and medical data are presented as medians (interquartile ranges,
IQR) or numbers (percentage, %). Comparisons between groups were assessed by the
Mann-Whitney U test for continuous variables and by y? test for categorical variables. The
optimal cut-off value of Ang-2 concentration for all-cause mortality was calculated based
on the receiver operating characteristic (ROC) analysis, mapping the sensitivity versus 1-
specificity (39, 40). In continuation, the calculation was done by the Youden index (J)
method (41), and the optimal cut-point was defined as the point at which the Youden
function is maximized, i.e., the difference between the true positive rate and the false
positive rate among all possible cut-point values (42, 43). To avoid potential overoptimism
(bias) in the estimated hazard ratios, we not only use the cut-off value based on the ROC
analysis in all participants, male and female, but also median values of Ang-2 in
multivariate cox regression analysis. Time-to-event analysis was estimated through
Kaplan-Meier analysis with optimal cut-point, followed by a log-rank test to assess
differences. Multivariable Cox regression analysis was conducted in three models (A-C)
with different ROC-derived cut-off values (ROC-based cut-off for the entire patients, ROC-
based cut-off for male patients, and ROC-based cut-off for female patients) and the
median value of Ang-2 level of the entire patients. Model A was adjusted for demographics
data; age, comorbidities (diabetes, hypertension, and coronary heart diseases), and
smoking status. Model B was adjusted for medical data; dialysis vintage, sCr, Hb, CRP,
serum albumin, ferritin, transferrin, iPTH, serum calcium, serum phosphorus, LDL, Kt/V.
Model C was adjusted for all model A and B risk factors, plus ultrafiltration volume. P value

< 0.05 was regarded as statistically significant. Statistical analyses were performed using
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SPSS version 25.0 (Chicago, IL, USA), and figures were created using GraphPad Prism
version 8.0 (California, USA).
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3 Results

3.1 Participants & descriptive data in the entire cohort

Finally, 313 patients were included in the statistical analysis after 27 patients were
excluded because of blood sample limitation for Ang-2 determinations. In this cohort, the
cause of CKD is comprised of hypertensive nephropathy (34.2%), diabetic nephropathy
(31.0%), glomerulonephritis (8.5%), polycystic kidney disease (2.9%), and other or
unknown reasons (24.0%). During a five-year follow-up, 157 patients (50.2%, 102 males
and 55 females) died, and 41 patients (13.1%) had kidney transplants.

Table 1 presents the baseline demographics and medical data of patients by the
median concentration of Ang-2 (91.2 pmol/L). The median age of this cohort was 66 years
old, the median dialysis vintage (time since dialysis started) was 243 days, and the
median dialysis dose (Kt/V) was 1.2. Comparisons between patients whose Ang-2
concentration was below and above the median show that patients with lower baseline
Ang-2 concentrations were on average younger, had shorter dialysis vintage, lower levels
of ferritin, CRP, sCr, and serum potassium, but higher levels of transferrin and LDL
compared to patients with Ang-2 concentrations above the median. Moreover, in the
higher Ang-2 level group, fewer patients took beta-blockers than in the lower Ang-2 group,

but more had erythropoietin treatment than in the lower Ang-2 group.
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Table 1. Baseline demographics and medical data of hemodialysis patients by median
concentration of Ang-2 (91.2 pmol/L).

Characteristic All Ang-2 <91.2 pmol/l Ang-2 >91.2 pmol/l
N 313 158 155
Age, years 66 (56, 75) 65 (55, 72)" 69 (58, 77)

Diabetes mellitus, %
Hypertension, %
CHD, %
Smoker, %
Body mass index, kg/m?
Dialysis vintage, days
Medication, n (%)
RAAS inhibitors
Beta-blockers
Calcium channel blockers
Erythropoietin
Hemoglobin, g/dL
Ferritin, ng/mL
Transferrin, mg/dL
Serum albumin, g/dL
C-reactive protein, mg/dL
Total cholesterol, mg/dL
Triglycerides, mg/dL
HDL, mg/dL
LDL, mg/dL
Urea, mg/dL
Serum creatinine, mg/dL
Serum potassium, mmol/L

Serum calcium, mmol/L

Serum phosphorus, mmol/L

iPTH, ng/L
Dialysis dose, Kt/V
Angiopoietin 2, pmol/L

117 (37.4%)

246 (78.6%)
148 (47.3%)

97 (31.0%)

24.5 (22.0, 27.6)
243 (31, 1172)

82 (26.2%)

186 (59.4%)

98 (31.3%)

158 (50.5%)
10.2 (9.1, 11.5)
517 (244, 1074)
138 (107, 173)
3.3(2.9,3.7)
2.6 (1.0, 5.0)
151 (127, 187)
159 (110, 248)
40 (32, 50)

93 (72, 120)

196 (147, 269)
6.7 (4.3,8.4)
4.7 (4.1, 5.3)
2.2(2.1,2.4)
1.61 (1.20, 2.10)
50.2 (19.0, 129.6)
1.19 (1.07, 1.33)

91.20 (63.35, 140.65)

59 (37.3%)

120 (75.9%)

71 (44.9%)

55 (34.8%)

24.6 (22.0, 28.4)
152 (31, 1142) "

45 (28.5%)

103 (65.2%) *
56 (35.4%)

71 (44.9%) "
10.1 (8.8, 11.3)
446 (194, 856)
150 (122, 176) *
3.4 (3.0,3.7)
2.1(0.7,4.0) ™
161 (134,197)"
167 (117, 270) "
41 (34, 51)

102 (79, 128) "
208 (152, 283)
5.7(3.8,7.9)"
45(4.0,5.1)™
2.2 (2.1, 2.4)
1.50 (1.12, 2.01)
53.5 (22.0, 149.8)
1.17 (1.06, 1.32)

63.55 (46.55, 76.73) ™

58 (37.4%)

126 (81.3%)

77 (49.7%)

42 (27.1%)

24.5 (22.0, 27.0)
366 (64, 1186)

37 (23.9%)
83 (53.5%)

42 (27.1%)

87 (56.1%)

10.3 (9.2, 11.7)
681 (308, 1253)
127 (102, 164)
3.1(2.8,3.7)
3.1(1.2,7.3)

145 (120, 178)
137 (101, 212)
39 (31, 50)

86 (67, 108)

190 (135, 242)
7.1(4.8,8.7)

4.9 (4.3,55)
2.3(2.1,2.4)
1.70 (1.23, 2.10)
44.8 (15.6, 118.6)
1.21 (1.08, 1.36)
141.20 (114.00, 173.30)

Continuous variables are given as medians and interquartile range. Between groups, comparisons were made using

Mann-Whitney U test for continuous variables and by y?2 test for categorical variables. p<0.05; “p<0.01; “"p<0.001,

comparison between patients Ang-2 <91.2 pmol/l and Ang-2 >91.2 pmol/l. Body mass index was calculated as weight

in kilograms divided by height in meters squared. This table was modified from our published paper (44).
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3.2 Serum Angiopoietin-2 and all-cause mortality in the entire cohort

3.2.1 Comparison between survivors and non-survivors

In this cohort, the median serum Ang-2 level was 91.2 pmol/L (IQR, 63.4 to 140.7 pmol/L)
in this cohort. Ang-2 concentration was significantly lower in survivors than non-survivors
during a five-year follow-up [78.6 (53.3, 117.2) pmol/L vs. 112.5 (72.0, 153.8) pmol/L,
p<0.0001] (figure 1).
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Figure 1. Plots of serum Ang-2 concentrations in survivors and non-survivors. Line was presented
at median with interquartile range, 78.6 (53.3, 117.2) pmol/L in survivors and 112.5 (72.0, 153.8)
pmol/L in non-survivors. Ang-2 concentration was significantly lower in survivors than non-
survivors during a five-year follow-up (p<0.0001). This figure is modified from our published paper

(44).

3.2.2 ROC analysis

The optimal cut-off value of baseline Ang-2 for predicting all-cause mortality was 111.0

pmol/L in all participants based on the ROC analysis (AUC=0.65, p<0.0001) (Figure 2).
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Figure 2. Receiver operating characteristic (ROC) curves for all-cause mortality. The optimal cut-
off value for baseline serum angiopoietin-2 to predict all-cause mortality was 111.0 pmol/L

(AUC=0.65, 95%CI 0.59-0.71, p<0.0001). This figure is modified from our published paper (44).

3.2.3 Kaplan-Meier survival analysis

In Kaplan-Meier survival analysis, patients with lower Ang-2 level (<111.0 pmol/L) showed
a significantly higher survival rate than those with higher Ang-2 level (=111.0 pmol/L) (log-
rank test, p<0.0001) (Figure 3).
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Figure 3. Kaplan-Meier survival curve for patients below and above optimal predictive value of
angiopoietin-2 (111.0 pmol/L). The shaded area represents the 95% confidence interval for the

curve. This figure is modified from our published paper (44).

3.2.4 Cox regression analysis

Binary Ang-2 was classified in accordance with the ROC-derived cut-off value of the entire
participants (111.0 pmol/L), and the median of the entire participants (91.2 pmol/L).
Univariate Cox regression analyses revealed that patients with either increased Ang-2 or
in the binary upper half of the Ang-2 group had a significantly higher all-cause mortality
risk. Then, multivariable Cox regression analyses were conducted in A-C models, model
A was adjusted for age, comorbidities (diabetes, hypertension, and coronary heart
diseases), and smoking status. Model B was adjusted for dialysis vintage, serum
creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin, transferrin, iPTH,
serum calcium, serum phosphorus, LDL, Kt/V. Finally, model C was adjusted for all model
A and B risk factors, and ultrafiltration volume. Ang-2 concentrations presented a

consistent and positive association with all-cause mortality in all models (Table 2).
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Table 2. Multiple cox regression models analyzing serum angiopoietin-2 as a predictor of all-

cause mortality.

HR (95% ClI) P value
Univariate Cox regression
Continuous angiopoietin-2 1.002 (1.001-1.004) 0.005
Binary angiopoietin-2 2 1.934 (1.412-2.649) <0.0001
Binary angiopoietin-2 ° 1.697 (1.231-2.338) 0.001
Multivariable Cox regression 2
Model A 1.756 (1.274-2.419) 0.001
Model B 2.613 (1.698-4.023) <0.0001
Model C 2.245 (1.443-3.493) 0.0003
Multivariable Cox regression ®
Model A 1.609 (1.156-2.239) 0.005
Model B 2.108 (1.358-3.271) 0.001
Model C 1.741 (1.110-2.732) 0.016

a Binary Ang-2 was divided by ROC-derived cut-off value of the entire participants (111.0 pmol/l), ® Binary
Ang-2 was divided by median of the entire participants (91.2 pmol/l). Model A was adjusted for age,
comorbidities (diabetes, hypertension, and coronary heart diseases), and smoking status. Model B was
adjusted for dialysis vintage, serum creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin,
transferrin, iPTH, serum calcium, serum phosphorus, LDL, Kt/V. Model C was adjusted for all risk factors

in model A and B, plus ultrafiltration volume. This table was modified from our published paper (44).

3.3 Sex-related differences

3.3.1 Participants & descriptive data

Table 3 presents all patients’ baseline demographics and medical data by sex. Male

patients comprised 65.8% of the cohort (n=206). When comparing male and female

patients, male patients appeared to be more often diabetic and smoker. They had lower

HDL, total cholesterol levels, and dialysis doses but higher CRP and sCr levels than

females.
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Table 3. Baseline demographics and medical data of hemodialysis patients by sex.

Characteristic All Male Female

N 313 206 107

Age, years 66 (56, 75) 66 (56, 74) 67 (57, 76)
Diabetes mellitus, % 117 (37.4%) 66 (32.0%) #* 51 (47.7%)
Hypertension, % 246 (78.6%) 160 (77.7%) 86 (80.4%)
CHD, % 148 (47.3%) 99 (48.1%) 49 (45.8%)
Smoker, % 97 (31.0%) 75 (36.4%) #* 22 (20.6%)

Body mass index, kg/m?
Dialysis vintage, days
Medication, n (%)
RAAS inhibitors
Beta-blockers
Calcium channel blockers
Erythropoietin
Hemoglobin, g/dL
Ferritin, ng/mL
Transferrin, mg/dL
Serum albumin, g/dL
C-reactive protein, mg/dL
Total cholesterol, mg/dL
Triglycerides, mg/dL
HDL, mg/dL
LDL, mg/dL
Urea, mg/dL
Serum creatinine, mg/dL
Serum potassium, mmol/L
Serum calcium, mmol/L
Serum phosphorus, mmol/L
iPTH, ng/L
Dialysis dose, KtV
Angiopoietin 2, pmol/L

24.5 (22.0, 27.6)
243 (31, 1172)

82 (26.2%)

186 (59.4%)

98 (31.3%)

158 (50.5%)
10.2 (9.1, 11.5)
517 (244, 1074)
138 (107, 173)
3.3(2.9,3.7)
2.6 (1.0, 5.0)
151 (127, 187)
159 (110, 248)
40 (32, 50)

93 (72, 120)

196 (147, 269)
6.7 (4.3, 8.4)
4.7 (4.1,5.3)
2.2(2.1,2.4)
1.61(1.20, 2.10)
50.2 (19.0, 129.6)
1.19 (1.07, 1.33)

91.20 (63.35, 140.65)

24.9 (22.3, 27.4)
271 (31, 1347)

54 (26.2%)

116 (56.3%)

65 (31.6%)

104 (50.5%)

10.1 (9.0, 11.2)
513 (239, 1151)
138 (104, 172)
3.3(2.9,3.7)

3.1 (1.2, 6.0) ##
147 (120, 182) #*
159 (106, 248)
36 (31, 46) ##
93 (70, 114)

205 (146, 280)
6.9 (4.6, 8.7) *
4.8 (4.1,5.3)
2.3(2.1,2.4)
1.63 (1.21, 2.10)
47.7 (19.0, 131.9)

1.16 (1.06, 1.31) *
94.30 (64.48, 143.78)

24.1 (21.6, 28.5)
227 (31, 919)

28 (26.2%)

70 (65.4%)

33 (30.8%)

54 (50.5%)

10.2 (9.2, 11.6)
520 (243, 914)
142 (116, 177)
3.2 (2.8, 3.6)
1.4 (0.7, 3.3)
166 (134, 204)
163 (112, 248)
44 (36, 57)

103 (76, 129)
183 (151, 242)
5.7 (3.8, 7.5)
4.6(4.0,5.2)
2.2 (2.1, 2.4)
1.59 (1.17, 2.01)
52.8 (18.9, 127.4)
1.24 (1.11, 1.44)

86.30 (59.30, 127.70)

Continuous variables are given as medians and interquartile range. Between groups, comparisons were made using

Mann-Whitney U test for continuous variables and by y? test for categorical variables. #p<0.05; #p<0.01; ##p<0.001,

comparison between male patients and female patients. Body mass index was calculated as weight in kilograms

divided by height in meters squared. This table was modified from our published paper (44).
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3.3.2 Comparison between survivors and non-survivors

Serum Ang-2 concentration was significantly lower in survivors than non-survivors of
males [78.40 (51.45, 118.50) vs. 119.80 (76.98, 161.60) pmol/L, p< 0.0001]. However,
there were no significant differences when comparing survivors and non-survivors of

females [80.20 (59.00, 117.70) vs. 91.20 (67.20, 142.9) pmol/L, p=0.249] (Figure 4).
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Figure 4. (A) Plots of serum Ang-2 concentrations in male survivors and non-survivors. Line was
presented at median with interquartile range, 78.4 (51.5, 118.5) pmol/L in survivors and 119.8
(77.0, 161.6) pmol/L in non-survivors. Ang-2 concentration was significantly lower in survivors
than non-survivors during a five-year follow-up (p<0.0001). (B) Plots of serum Ang-2
concentrations in female survivors and non-survivors. Line was presented at median with
interquartile range, 80.2 (59.0, 117.7) pmol/L in survivors and 91.2 (67.2, 142.9) pmol/L in non-
survivors. No statistical significance between survivors and non-survivors during a five-year

follow-up (p=0.249). This figure is modified from our published paper (44).

3.3.3 ROC analysis

The optimal cut-off value was 99.1 pmol/L in male patients (AUC=0.69, p<0.0001), and
85.9 pmol/L in female patients (AUC=0.57, p=0.249) (Figure 5).
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Figure 5. (A) Receiver operating characteristic (ROC) curves for all-cause mortality in male
patients. The optimal cut-off value for serum angiopoietin-2 to predict all-cause mortality in male
patients was 99.1 pmol/L (AUC=0.69, 95%CIl 0.62-0.76, p<0.0001). (B) Receiver operating
characteristic (ROC) curves for all-cause mortality in female patients. The optimal cut-off value

for serum angiopoietin-2 to predict all-cause mortality in female patients was 85.9 pmol/L

(AUC=0.57, 95%CI 0.45-0.68, p=0.249).

3.3.4 Kaplan-Meier survival analysis

In Kaplan-Meier analysis, male patients with lower Ang-2 level (<111.0 pmol/L) showed a
significantly higher survival rate than those with higher Ang-2 level (=111.0 pmol/L) (log-

rank test, p<0.0001), but this significant difference was not found in female patients
(p=0.380).



Results 22

A B
—— Ang-2 <111.0 pmol/L —— Ang-2 <111.0 pmol/L
A100- — Ang-2>111.0 pmollL A100- — Ang-2>111.0 pmoliL
g S
® ®
= 2
2 2
=] =]
(7] (7]
c c
] [+/]
o <
o )
o o
0 Log-rank p value < 0.0001 0 Log-rank p value =0.380
0 5CI)O 10I00 15I00 20IOO 0 5(I)0 10IOO 15IOO 20I00
Follow-up (days) Follow-up (days)
Number at risk Number at risk
Ang-2 <111.0 pmol/L 119 57 42 21 1 Ang-2 <111.0 pmol/L 69 29 21 10 1
Ang-2 >111.0 pmol/L 87 30 15 6 1 Ang-2 >111.0 pmol/L 38 17 10 5 1
Male patients Female patients

Figure 6. (A) Kaplan-Meier survival curves for male patients below and above optimal predictive
value of angiopoietin-2 (111.0 pmol/L). (B) Kaplan-Meier survival curves for female patients below
and above optimal predictive value of angiopoietin-2 (111.0 pmol/L). The shaded area represents

the 95% confidence interval for the curve. This figure is modified from our published paper (44).

3.3.5 Cox regression analysis

In order to avoid potential bias in the estimated hazard ratios, binary Ang-2 was divided
not only by the ROC-derived cut-off value of the entire participants (111.00 pmol/L), but
also the ROC-derived cut-off value of males (99.1 pmol/L), females (85.9 pmol/L) and
median values of Ang-2 (91.2 pmol/L). In Univariate Cox regression analyses, both
increased Ang-2 and the binary upper half of the Ang-2 were positively and significantly
associated with all-cause mortality in males, but this significance was not found in females.
Furthermore, multivariable Cox regression analyses consistently showed a significant
and independent association between Ang-2 level and all-cause mortality only in the

males, not in the females (table 4).
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Table 4. Multiple cox regression models analyzing serum angiopoietin-2 as a predictor of all-
cause mortality in sex subgroups.

Male (n=206) Female (n=107)
HR (95% CI) P value HR (95% CI) P value

Univariate Cox regression

Continuous angiopoietin-2 1.002 (1.001-1.004) 0.009 1.003 (0.998-1.008) 0.221
Binary angiopoietin-2 2 2.475 (1.660-3.689) <0.0001  1.273 (0.742-2.184) 0.381
Binary angiopoietin-2 ° 2.449 (1.630-3.681) <0.0001  1.049 (0.613-1.794) 0.863
Binary angiopoietin-2 ¢ 2.227 (1.452-3.415) 0.0002 1.325 (0.772-2.274) 0.307
Binary angiopoietin-2 ¢ 2.257 (1.491-3.415) 0.0001 1.041 (0.613-1.768) 0.880
Multivariable Cox regression 2

Model A 2.467 (1.624-3.747) <0.0001  0.885 (0.503-1.555) 0.670
Model B 2.937 (1.660-5.196) 0.0002 1.990 (0.946-4.186) 0.070
Model C 3.294 (1.768-6.138) 0.0002 1.084 (0.476-2.467) 0.847
Multivariable Cox regression ®

Model A 2.368 (1.544-3.631) <0.0001  0.764 (0.438-1.334) 0.344
Model B 2.700 (1.482-4.919) 0.001 1.447 (0.672-3.115) 0.345
Model C 2.614 (1.414-4.832) 0.002 0.569 (0.247-1.313) 0.186
Multivariable Cox regression °©

Model A 2.374 (1.524-3.697) 0.0001 0.968 (0.547-1.714) 0.912
Model B 2.627 (1.416-4.872) 0.002 1.822 (0.777-4.276) 0.168
Model C 3.103 (1.606-5.996) 0.001 0.492 (0.167-1.447) 0.197
Multivariable Cox regression ¢

Model A 2.283 (1.475-3.533) 0.0002  0.801 (0.465-1.382) 0.425
Model B 2.393 (1.316-4.352) 0.004 1.887 (0.848-4.198) 0.120
Model C 2.553 (1.362-4.785) 0.003 0.618 (0.260-1.466) 0.275

a Binary Ang-2 was divided by ROC-derived cut-off value of the entire study population (111.0 pmol/L), ® Binary
Ang-2 was divided by ROC-derived cut-off value of male population (99.1 pmol/L). ¢ Binary Ang-2 was divided
by ROC-derived cut-off value of female population (85.9 pmol/L), ¢ Binary Ang-2 was divided according to the
median of the entire study population (91.2 pmol/L). Model A was adjusted for age, comorbidities (diabetes,
hypertension, and coronary heart diseases), and smoking status. Model B was adjusted for dialysis vintage,
serum creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin, transferrin, iPTH, serum calcium,
serum phosphorus, LDL, Kt/V. Model C was adjusted for all risk factors in model A and B, plus ultrafiltration

volume. This table was modified from our published paper (44).
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4. Discussion

4.1 Summary of results

The present study demonstrated that baseline circulating Ang-2 level is positively
associated with all-cause mortality during a five-year follow-up in a cohort of patients with
ESRD on HD treatment. Furthermore, this association between baseline Ang-2 levels and
all-cause mortality is significant throughout various statistical method in males only. Our
findings are based on several independent statistical methods,

1. The median baseline Ang-2 concentration was significantly lower in survivors than
non-survivors (p<0.0001). A similar result was also seen in male patients (p<0.0001), but
not in female patients (p=0.249).

2. In the survival analysis, the Kaplan-Meier curve suggested that male patients with
the lower Ang-2 level (<111.0 pmol/l) had a significantly higher survival rate (log-rank test,
p<0.0001), but not in female patients (p=0.380).

3. After multiple Cox regression analyses were performed, this sex-dependent impact
on all-cause mortality was also found, i.e., elevated Ang-2 level was associated with all-

cause mortality in males but not females on HD.

4.2 Angiopoietin-2 and all-cause mortality

The angiopoietin/Tie2 signaling axis plays a crucial role in regulating vascular integrity
and quiescence (45, 46). The loss of vascular quiescence is a typical character of
pathological conditions such as inflammation, atherosclerosis, hypoxia, high glucose, and
various types of vasculopathy. Thus, this signaling is involved in numerous pathological
situations which are associated with the destabilization of the endothelium (45).

We found a robust and significant association between baseline serum Ang-2
concentrations and all-cause mortality using several independent statistic approaches in
this dialysis cohort. In multivariate Cox regression analysis, we adjusted for factors known
to be associated with Ang-2 and mortality in ESRD on HD, i.e., age, comorbidities

(diabetes, hypertension, and coronary heart diseases), smoking status, dialysis vintage,
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serum creatinine, hemoglobin, C-reactive protein, serum albumin, ferritin, transferrin,
iPTH, serum calcium, serum phosphorus, LDL, Kt/V and ultrafiltration volume. We
observed a consistent statistical significance between Ang-2 concentrations and survival.

The association between blood Ang-2 and all-cause mortality has been studied in
several different cohorts before. Lorbeer R et al. (47) reported that increased circulating
Ang-2 level was associated with a higher risk for all-cause and cardiovascular mortality
in a community-based study. In a retrospective case-control study, Ang-2 levels were
associated with retinopathy and predicted mortality in Malawian children with cerebral
malaria (48). Moreover, Allegretti AS et al. (49) reported that circulating Ang-2 levels were
robustly associated with mortality and other clinically relevant outcomes in a cohort of
decompensated cirrhotic patients with acute kidney injury. Additionally, Fisher J et al. (50)
reported that elevated Ang-2 levels were associated with fluid overload, organ dysfunction,
and increased mortality in human septic shock. In a population with chronic kidney
diseases, David S et al. (30) demonstrated that elevated Ang-2 levels are able to predict
long-term mortality, which are independent of conduit arterial stiffness or vascular
calcification, over a four-year follow-up period in patients with stages 4-5 CKD. Later on,
Tsai YC et al. (51) reported that in a cohort of 621 pre-dialysis stage 3-5 CKD patients,
circulating Ang-2 level was an independent predictor of major adverse cardiovascular
events and all-cause mortality. Considering previous studies, one might suggest that
slight elevation in Ang-2 concentrations probably mirrors the vascular remodeling process
related to a higher risk of mortality.

Ang-2 excess has been found in end-organ injury and hemodynamic alterations in
independent studies (49, 52, 53). Ang-2 has a molecular weight of about 55 kDa, so it is
very improbable that it will be cleared by glomerular filtration or dialysis clearance. (36,
37). Furthermore, these proteins exist as either dimers or tetramers and therefore are
even larger in their native state (54). In HD patients, circulating Ang-2 concentration was
elevated compared with healthy controls and pre-dialysis CKD populations (36, 37).
However, the association between circulating Ang-2 levels and all-cause mortality has not
been investigated. We performed several independent statistic approaches as previously

described. In order to clarify this independent association, we performed multivariate Cox
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regression analysis in multiple models. We adjusted for the risk factors known for ESRD
patients’ mortality on HD, and the factors associated with Ang-2, such as inflammatory
situation (C-reactive protein), fluid overload (ultrafiltration volume) and cardiovascular
diseases. We found a significant and consistent prognostic value of baseline serum Ang-

2 levels in ESRD patients on HD.

4.3 Sex-specific findings

One important observation in our study is that elevated Ang-2 levels differ significantly in
their ability to predict all-cause mortality in males and females. To the best of our
knowledge, our study is the first one to present a sex-specific association between serum
Ang-2 levels and all-cause mortality in the HD population.

Sexual dimorphism in circulating Ang-2 levels has been reported in a case-control
study of obese versus non-obese individuals (55), as well as in the general population
(56). This sex-related difference has also been noticed in other endothelial cell-derived
growth factors, such as vascular endothelial growth factor (VEGF) and hepatocyte growth
factor (57). However, these results were not identical; some reported increased level in
males (58), while others observed elevated levels in females (57, 59).

We found a significant association between baseline Ang-2 levels and all-cause
mortality. So next, we wondered and hence analyzed if there is a significant difference
between males and females concerning Ang-2 level and if there is an association between
baseline Ang-2 levels and all-cause mortality, which is sex-dependent based on the
background described above. Interestingly, we found male patients have a non-significant
higher level of baseline Ang-2 concentrations than females [94.30 (64.48, 143.78) pmol/L
vs. 86.30 (59.30, 127.70) pmol/L, p=0.352], but a significant sex-related difference of the
prognostic value of Ang-2 levels for all-cause mortality.

The mechanisms underlying sex-specific differences in circulating growth factors are
still unclear so far. One explanation may be sex differences in endothelial function.
Estrogen promotes the proliferation and survival of vascular ECs not only in reproductive

tissues, but also in non-reproductive organs (60). It has been established that the vascular
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system and reproductive tissue are both important targets for the direct effects of estrogen,
and estrogen receptors have been identified in ECs (61). Previous experimental and
clinical evidence suggests that estrogen may play a key role in the prevention or reversal
of endothelial dysfunction by maintaining and increasing endothelial nitric oxide
production and inhibiting endothelium-derived contractile factor (61). It is known that CVD
is closely associated with endothelial dysfunction and has a greater incidence in males
than females (62). Prior studies revealed that the cardiovascular benefits of estrogen
could be attributed to the positive impacts on traditional CVD risk factors, such as
lipoprotein profile, as well as the direct protective effects on vascular ECs (61, 62).
However, androgens are often suspected to have detrimental effects on CVD (61).
Furthermore, Tsuzuki T et al. (63) showed that female sex hormones regulate Ang-1, Ang-
2, VEGF mRNA, and protein production in human endometrial stromal cells. Therefore,
a possible hypothesis for the current sex-specific findings is that female sex hormones
promote the survival of vascular ECs and regulate the angiopoietin/Tie2 signaling axis;
this may result better regulation of circulating Ang-2 in females. However, males fall short
of this additional regulation and therefore are probably more sensitive than females to
Ang-2, which is involved in the pathogenesis of vascular inflammation, endothelial
dysfunction and atherosclerosis and thus shows a significant association with all-cause

mortality [44].

4.4 Study limitations

We acknowledge several limitations of the present study. First, this observational study
makes it challenging to conclude causality and further independent validation is needed.
Second, according to the ethics committee’s approval, blood samples were only collected
at the beginning of the study, so Ang-2 concentrations were only measured once at the
beginning of the study. Therefore, the association of all-cause mortality and Ang-2
concentrations over time could not be analyzed. In addition, there was no pre-planned
blinded study endpoint committee and only a few deaths where autopsies were performed

at pathology institutes to clarify the cause of death. Thus, we do not have reliable data on
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the cause of death to assess the association of Ang-2 concentrations with cardiovascular

mortality.

4.5 Clinical significance

Our study suggests that circulating Ang-2 might be a worthwhile predictor of all-cause
mortality in male ESRD patients on HD treatment. Furthermore, Ang-2 is probably not just
a biomarker of mortality, but a player in the pathogenesis of vascular dysfunction in male
ESRD patients [44]. Therefore, Ang-2 might be a therapeutic target to improve all-cause
mortality in ESRD patients.

So far, a series of studies have suggested that Ang-2 antagonist has promising
vasculoprotective effects and thus may offer a new therapeutic alternative. Majority data
are from oncology (64). In preclinical data, Ang-2 antagonists successfully reduced tumor
burden and angiogenesis and improved vascular stabilization (64). In the subsequent
early-phase clinical trials, the safety and potential efficacy of several agents targeting the
Ang-2-Tie2 pathway were proven, including Ang-2 inhibitor (MEDI3617, a human
monoclonal antibody targeting Ang-2), Ang-1/2 inhibitor (Trebananib, a peptide fusion
protein targeting Ang-1 and Ang-2), and Ang-2, VEGF-A inhibitor (Vanucizumab, a
bispecific monoclonal antibody targeting Ang-2 and VEGF-A) (65).

In addition, Ang-2 blocking antibodies have likewise emerged as an attractive
therapeutic target in many other diseases associated with Ang-2 dysregulation. Lee SJ et
al. (66) reported that inhibition of Ang-2 significantly improved cardiac hypoxia and
inflammation after ischemia injury in animal models. Moreover, therapeutic effects of Ang-
2 blockade have also been found in atherosclerosis (67), non-alcoholic steatohepatitis
(68), retinal vascular diseases (69) and organ transplantation (70). Given the significant
and very consistent association between Ang-2 levels and all-cause mortality in male
ESRD patients, our study may inspire the further development of Ang-2 antagonists in

this population.
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5 Conclusions

Circulating levels of Ang-2 are independently associated with all-cause mortality in male
patients with ESRD on HD. Ang-2 may not only be a biomarker of all-cause mortality, but
likely a potent vascular hormone that contributes to the pathophysiology of vascular injury
in males with ESRD on HD. Present study after independent validation may inspire the

development of Ang-2 antagonists to improve all-cause mortality in male ESRD patients.
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ABSTRACT

Background. Angiopoietin-2 (Ang-2) plays a pivotal role
in pathological vascular remodeling and angiogenesis. Both
vascular mechanisms are active in patients with end-stage renal
disease (ESRD) and may contribute to the high mortality in
these patients. The aim of this multicenter prospective cohort
study was to investigate baseline serum Ang-2 concentrations
in ESRD patients on hemodialysis (HD) for their ability to
predict all-cause mortality.

Methoeds. We conducted a prospective cohort study in 340
stable HD) patients from different chronic dialysis centers
in Berlin, Germany. The primary endpoint was all-cause
mortality during a 5-year follow-up period. Blood samples
and clinical data were collected at baseline. Serum Ang-2
was measured with a validated enryme-linked immunosorbent
assay (Biomedica, Vienna, Austria).

Results. A total of 313 HD patients (206 men and 107
women) were finally included in the study. Receiver operating
characteristic (ROC) analysis of Ang-2 concentrations yielded
an area under the curve (AUC) of 0,65 (F < 0.0001) for pre-
dicting all-cause mortality in the entire study population and
was used to determine the optimal cut-off (111.0 pmol/L) for
all-cause mortality. Kaplan-Meier survival analysis indicated
that male but not female end-stage kidney disease patients
on HD with higher Ang-Z concentrations had a significantly
lower survival (log-rank test, P < 0.0001 and P = 0.380
for male and female patients, respectively). Multivariable Cox
regression analyses adjusted for age, comorbidity, smoking,
dialysis vintage, serum creatinine, hemoglobin, C-reactive
protein, serum albumin, intact parathyroid hormone (iFTH},

low-density lipoprotein (LDL) and Kt/ V likewise indicated that
elevated Ang-2 concentrations are associated with all-cause
mortality in male {harard ratio [HR] 3.294 [95% confidence
interval (CT) 1.768-6.138]; P = 0.0002) but not in female end-
stage kidney disease patientson HD [HR 1.084 (95% CI 0.476—
2467) P = 0.847].

Conclusion. Ang-2 at baseline is independently associated
with all-canse mortality in male ESRD patients on HID

Keywords: angiopoietin-2, all-cause mortality, hemodialysis
patients, sex-dependent impact

INTRODUCTION

Angiogenesis is the process of forming new vessels on top
of preexisting ones. It is involved not only in physiological
conditions, but also in many pathological conditions with
endothelial dysfunction/microinflammation features such as
tumor metastasis and atherosclerotic plague formation [1].
Angiopoietins (Angs) are vascular growth factors of ~70 kDa
that are involved in angiopenesis and vasculogenesis and
function through the Tie tyrosine kinase receptors. Ang-1
and Ang-2 regulate endothelial cell survival, angingenesis and
maturation through opposing functions. Ang-1 binds to the
Tie2 receptor and induces Tie2 phosphorylation to provide
an anti-inflammatory signal to the endothelium, thereby
promaoting endothelial cell survival and stabilizing endothelial
and vascular structure, whereas Ang-2 competes with Ang-1 to
bind to the Tie2 receptor and therefore destabilizes the vessel
and degrades the basal lamina [2-4].

@ The Author(s) 202 1. Pablished by Oxford University Press on bebalf of the ERA. This is an (Orpen Access article distribuied under the terms of the Creative
Commans Attribution-NooCommencial License (hetps:/f oreativecommens. org/licensesby-nc' 4.V, which permits non-commercial re-ose, distribution, and

reproduction in any medinm, provided the omiginal work is propery cited. Por commercial re-use, please contact journals permissions@oap.com
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KEY LEARNING POINTS

What is already known about this subject?

+ Angiopoieting (Angs) are vascular growth factors involved in angiogenesis and vasculogenesis.

+ Angiopoietin-1 (Ang-1) binds to Tie tyrosine kinase 2 (TieZ) receptors and induces Tie? phosphorylation-mediated anti-
inflammatory signals to the endothelium, thereby promoting endothelial cell survival and stabilizing endothelial and
vascular structure, whereas angiopoietin-2 (Ang-2) competes with Ang-1 to bind to the TieZ receptor, thereby harming
angiogenesis and vasculogenesis.

+ In the general population, elevated Ang-2 concentrations are associated with a higher risk of all-canse and cardiovascular
martality.

What this study adds?

+ Kaplan-Meier survival analysis indicated that male but not female end-stage kidney disease patients on hemodialysis (HD)
with higher Ang-2 concentrations had a significantly lower survival (log-rank test, F = 0.0001 and F = 0.380 for males
and females, respectively).

+ Multivariable Cox regression analyses adjusted for age, comorbidity, smoking, dialysis vintage, creatinine, hemoglobin, C-
reactive protein, albumin, intact parathyroid hormone, low-density lipoprotein and Ki/V likewise indicated that elevated
Ang-2 concentrations are associated with all-cause mortality in male [hazard ratio [HR] 3.294 [95% confidence interval

(CI) 1.768-6.138]; P = 0.0002} but not in female end-stage renal disease (ESRD) patients on HD (P = 0.847).

What impact this may have on practice or policy?

+ The very strong sex dependency of the association of Ang-2 with all-cause mortality may stimulate further clinical and

basic science studies.

+ Ang-2is a small bioactive molecule and hence not just an all-canse mortally biomarker, but rather likely a vascolar powerful
hormone contributing to the pathophysiology of vascular damage in male ESRD patients.
+ Our study after independent confirmation might stimulate the development of Ang-2 antagonists to reduce all-cause

mortality in ESRD patients.

Accumulating evidence has demonstrated that angiopoi-
etins participate in cardiovascular burden. Elevated Ang-2
levels have been associated with traditional risk factors for
cardiovascular diseases (CVDs), such as blood pressure,
smoking, lipid levels and the metabolic syndrome [5. 6]. In
the general population, elevated Ang-2 concentrations are
associated with a higher risk of all-cause and cardiovascular
mortality [7]. The kidney is a highly vascularized organ,
characterized by a remarkable diversity of endothelial cells
(ECs). The renal endothelium is both a target and a driver of
kidney and systemic cardiovascular complications [3]. The
Ang-Tie? system has been shown to play a major role in
injury induced by chronic kidney disease (CKD) and dialysis
[2-11]. In CKS Stages 3-5 patients, high Ang-2 levels have
been positively associated with systemic markers/mediators of
inflammation [9, 10, 12, 13], abnormal cardiac structure [14]
and major cardiac adverse events [15]. In patients with end-
stage renal disease (ESRID), circulating Ang-2 levels have been
found to be increased in patients treated with dialysis, although
the mechanism is unknown. Furthermore, David et al [9]
suggested that Ang-2 might be a mediator and not just simply
a biomarker of CVD events and thus accounts for accelerated
atherosclerosis. They suggested that dialysis treatment is
associated with severe disequilibrinm of the Angs that probably
confers permanent devastating activation of the endothelial
layer.

Thus the aim of this study was to evaluate whether Ang-2
iz associated with all-cause mortality in patients with ESRIY on
hemodialysis (HD).

MATERIALS AND METHODS

Study population

We conducted a prospective cohort study in 340 stable
HD patients from different chronic dialysis centers in Berin,
Germany. The patients were followed up for 5 years. The study
was approved by the local ethics committee and informed
consent was obtained from all participants. Patients with any
malignancy or active infections, pregnant or unwilling to take
part were excluded from the study. All patients were routinely
dialyzed at least three times a week for 4-5 h each time, using
standard bicarbonate dialysis with biscompatible membranes.
Dialysate flow rates were 500 mL/min and blood flow rates
were 250-300 mL/min. All patients had a functioning perma-
nent access. All-canse mortality was documented during the
S-year follow-up period. Patients who received a transplant
during the follow-up period were censored at the time of
transplantation.

Clinical data and serum parameters

The following patient characteristics were obtained:
age, sex, weight, height, underlying renal disease, dialysis
vintage, systolic and diastolic blood pressure (BF), presence of
diabetes, hypertension, smoking or coronary heart disease and
medications (use of angiotensin-converting enzyme inhibitors,
beta-blockers, calcium channel blockers or erythropoietin).
Blood samples were collected before one HD' session at
study entry. Serum albumin, cholesterol, triglycerides, urea,

C.Chuaetal
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creatinine, calclum, potassium and phosphate were assessed
in the dimlcal laboratory wsing standardized methods.
Ang-2 concentrations were analyzed using a sandwich
enzyme Immunoassay [human anglopoletin-2 enzyme-linked
immunosorbent asay (ELISA), BI-AMNG2, Blomedica, Vienna,
Austria] according o the instructions of the manufacturer
(hitps:"www bmgrp.comSwp- content’ upload = 20121 1

BI- ANGZ- Anglopoletin- 2- ELISA-Yalidation- Diata- 191 128
pif). The limit of detection of the kit was 3.7 pmol/L, and the
average intra- and Interassay coefficients of varlation were <8

and <6, respectively.

Statistical analysis

Deescriptive variables are shown as medlan |interquartile
range (HJR)] or number (percentage). Comparisons were
assessed by Mann-Whitney U test or Kruskal-Wallis test,
as appropriate. The cut-oif value for all-cause mortality of
baseline Ang-2 concentrations was obtalned with recetver
operzting characteristic (ROC) curve analysis, with the value
maximized by the Youden index. Cumulbstive survival curves
were generated using the Kaplan-Meter method by optimal
prediction valwe and differences were evahested witha log- rank
test. Multtvariable-adjusted survival analysis was performed
using a proportional hazards regression model Model A
was adjusted for age, comorbldities {dishetes, hypertension
and CVIY) and smoking; model B was adjusted for serum
creatinine, hemoglobin, C-reactive protein (CRP), serum albu-
min, ferritin, transferrin, Intact parathyrold hormone (IFTH),
serum calcium, serum phosphorus, bow-density lipoprodein
(LDL) cholesterol and KtV {2 number used to quantfy HD
and peritonezl diakysis treatment adequacy/queslity, where K 1s
the dialyzer clearance of urea, { ks the dialysis tme and V' Is
the volume of distribution of urea, approximately equal to the
patient’s total body water); model C was adjusted for all of the
abeve risk Ectors (moded A + model B} plus ultrafiltration vol-
ume. Hazard rztios (HEs) and thetr 5% confidence intervals
(Cls) were calculated. Furthermore, a serles of multtvariable
Coon regresslon analyses was performed In these three models
with three ROC-derived cut-off values: BOC-based owt-off
for the entire study population (111.00 pmol/L), ROC-based
cut-off for male partictpants (99,05 pmol/L) and ROC-based
cut-off for female participants (85.85 pmol/L), as well as the
median of male and female shedy participants (91,20 pmol/L).
Statistical significance was defined as P < 0.05. All analyses
were performed using SPS5 versbon 250 (IBM, Armonk,
MY, USA) and Prism 8 (GraphPad Software, 52an Diegn,
CA, TTSA).

RESULTS

Initially, 340 HD patients were Inchsded in the study, but
27 patients were excheded due to hmited sample volume for
Ang-2 mezsurements. Finally, 313 patients were Included in
statistical analysts: 206 male patients and 107 female pattents.
The median age was &6 years (IJE 56-75), the median
time since the intbation of dialysis (dialysis vintage) was 243

Argiopoietin.2 i hemodialyss patients

days {(IJR 31-1172) and the median dialysls dose (Ki'V)
was 1.2 (IQR 1.1-1.3). During the 5-year follow-up, 157
pattents (50.2%) died and 41 patients (13.1%) underwent
kidney transplantation. The medlan baseline serum Ang-2
concentration was 91.2 pmol/L (R 63.4-140.7). Patients with
an Ang-I conceniration zbove the medlan value at baseline
were on average obder; had longer dialysts vintage; had higher
levels of ferritin, CRF, serum crestinine and potassium and
had lower levels of transferrin and LDL than the patients with
Ang-2 concentration below the median (Supplementary data,
Table 51). The Ang-2 concentration was sigmificantly higher
In patients who died during follow-up than in those who
did not die [1125 pmol'L (95% CI 72.0-153.8) versus T8.6
(53.3-117.2% P < 0.0001 ). The median serum Ang-2 was also
slgnificantly higher in the male nonsurvivors than the malke
survivors [119.8 (IQR 77.0-161.6) versus 78.4 (51.5-1185); P
< 000001 |, but not in female survivors and female nonsurvivors
[91.2 (IQR. 67.2-142.9) versus 80.2 (59.0-117.7% P = 0.249)
(Fagure 1).

Table | summarizes the baseline clinlcal and bochemical
varizbles for patbents by sex. The cause of CEL was hyperien-
stve nephropathy In 107 cases (34.2%), dishetic nephropathy
In 97 cases (31.0%), glomerulonephritis in 25 cases (B.5%),
polycystic kdney disease In 9 cases (1.9%) and other or
unknown In 75 cases (24.0%). Males comprised 65.8% of the
cohort (206 males, 107 females). Females were less likely to be
dizhetics and smokers than males and had higher high-density

chodesterol, total cholesterol and dialysls doses.
Males had higher CRP and serum creatinine than females.
However, there were netther sex differences mor differences
among the different groups according o the underlying
renal diseases, such as hypertensive renal diseases or diabetic
nephropathy, in baseline Ang-2 concentrations (Figure 2).

The optmal cut-off valee for baseline serum Ang-2 to
predict all-cause mortality was 1110 pmoll. (AUC 065,
P < 0.001; sensiitvity 0.522, specificity 0,727, Youden index
value 0.250) based on the RO analysis (Supplementary data,
Flgure 51).

Kaplan-Meler survival analysis indicated that patients n
the higher Ang-2 concentration group (> 1110 pmol/L) had
a significantly lower survival rate {log-rank test. P < 0.0001),
with simtlar resulis for male patients {Flgure 3).

Mext we performed univariate and multtvadable Cox
regression analyses. Binary Ang-2 was divided according to
the optimal cut-off value (ROC-based cut-off for the eotire
study population 111.00 pmol/L). Univariate Cox regression
analyses showed that both Increasing Ang-2 and the binary
upper half of Ang-2 were positively assoclated with all-cause
moriality in both overall and male patients. Multtvariable Cox
regression analyses were then performed in three models (as
described In the Matertals and Methods section) (Table 2).
Furthermore, multivarizble Cox regression analysts was also
performed in three models with ROC-derived cut-off values
in sex subgroups (ROC-based cut-off for male parficipants
2905 pmod’l, ROC-based cut-off for female participants
#5.85 pmol/L} as well as the median of make and female study
participants (91.20 pmol/L).
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Tabie 1. Basdime clinical and biochemical characteristics of HIY patients by sex

Characeristios

Ape (yearsl 66,00 {56.0075.00)
Primary kidney disezs=, n (%)

Hyperiensive nephropathy 107 (343)

IMzbetic nephropathy ariaLm

Glomerulonephritis = (80

Polycystsc kidney dissase 02.9)

Other or enknown cause 73 (2400
Ddabeles mellius, # (%) 117 (374)
Hyperiension, n {%) 26 (THE)
CHID, m %) 148 (473)
smioker, m (%] a7 (E3m
By mass index kgim®) 2453 {22.01-27.35)
Dealysis vintage (days) 243 (31-1172)
Medictson, n (%)

ILAAS inhibilors 2 (26.3)

Beta-hlockers 185 (39.4)

Caloum charme Blockers 36 (31.3)

Erythropaicin 152 (50.3)
Hemoglobin (mgydL) 1020 {8.05-11.45)
Ferritin {ngy/ml} S1&.50 (243 50 1074.00)
Transferrin (pg'ml) 138,00 {107 00— | 73,00
Serum albumin (gL} 330 {2 90-3.70)
LI imgfdi) 270 (7235~ | 20L.0E)
HDL (mgidL} 39,30 {32.00-50.20)
Total chalester] {mgrdL) 150,50 {12740 LET.085)
Trighycerides (mmol/L) 15530 [ |05 50 24780
CRP {mgrdL) 280 {1.00-5.03)
Urea (mgtdL) 195.52 (147 31-268.57)
Serum creatinime (mgdL) 655 [4.25-2.35)
Serum potasstem (mmel) 470 {4.10-5.26)
Serum caldum (mmaliL} 22z (109-2.40)
Sarum phosphorus {mgidl) 1.1 {1.30-2.13)
IFTH {ng/L) 518 (196 129.560)
Deatysis dosr (KI'VD 119 {1.07-1.33)
Ang-2 (pmalyL) 9120 [£3 35-140.65)

Male {m = 206}

Fermale (a = 187}

6600 [ 56,00 74.00) 67,00 [57.00-76.00) 0617
[\ )

76 (369} 31 {z5.0)

57 (27.3) 40 {37.4)

1346.3) {113}

734 219}

53 (2570 22 {3e)
&6 (3200 51 {47.7) 0.007
160 {77.7) E 0580
59 (451} 15 45.E) 0.7
75 (36.4) 22 {20.6) 0004
2491 (22.35-37.35) 412 (21 .60-28.50) 0306
271 (31-1347) 127 {31-915) 0130
54 (263} % {26.3) 0553
116 {56.3) 70 4E5.4) 0120
&5 (318} 33 (30,8 0857
104 {50.5) 54 (50,5 0958
1000 {5.00- 11.20) 10,20 (9,15 11.60) 0.553
513,00 {235,001 150.50) SO0 (3430051 400) 0.7z
I3E.00 {104.00-172.00) 14200 {1 1635 177.00) 038s
3.30 (290370} 320 (180- 3500 .55
9270 (T4 114.23) 103,00 (75.78-128.£0) n.1a1
36,45 (30,90 46.32) 43,80 [36.43-56.68) =0.001
14670 {119.70-182.35) 166.00 {134, 15-204.00) 0.000
159.30 {106.20-247.30) 16280 {1 1240247 80) n.7e
300 (115555} 140 (067333} =001
0509 (145 54- 27953} 18318 (15067242 35) o1
.90 [4.56-871) 574 (3.76-7.46) 0004
450 [4.10-530) 460 (400520} 0136
235 (208240} 230 (2.10-244) 077
163 [1.21-2.10) 1.55 (L17-201) 0485
4771 (18,56 1 30.55) 5279 {1885 12740} 0769
116 [1.06-131} 124 (L1I-1.84) o017
G430 (64468 1 43.7E) 86,30 (59,30 127.70) 0352

Valura e preseied ax median (HRE enlon daied ciberene. Betwan grouss (mode veow fenake], compasinss weet mode seng 3 rocperasciric Kralkal- Wali o br conacom
varishies and @ie 77 tot o casegani ol verbbla. Body mm indes wn aikoded o exight in klogruma divided by bright in meten squared. CHI), mmaary beart discass LUAS,

reain-anguoienen -aldmiormse npdan.

Resulls were consistent In 2l moedels and revealed a
significant predictive effect of Ang-2 on all-cause mortality in
the whaole cohort as well as in the male population, but not in
the female population (Supplementary data, Table 52).

DISCUSSION

We assessed the assoclabon of ciroulating Ang-2 at baseline
with all-cause mortality during a folbow-up of 5 years in a
multicenter HIY cohort of patients with ESED. Baseline serum
Ang-2 concentrations showed a consistent positive association
with all-cause mortality and this assoclation was only seen in
malke HD patients.

Ang-2 15 a secreted glycoprotein, synthesized mainky by
endothellal cells but also by other cell types, that plays a
critical role In vascular development. 1t mediates its effect
via Inhibition of Ang-1-medisted phosphorylation of Tie2.
Ang-1 binds to Tle? receptor and induces T2 phosphoryla-
tion to provide an antl-inflammatory stgnal to the endothe-
Hum, therefore Ang-2 release leads o Inflammation and 15
associated with a range of pathological condittons [2-4]. In

Angiopoietin-2 in bemodialysis patients

observational studles, ciroulating Ang-2 levels are elevated in
a varety of diseases known for their common charactenstics
of endothelial dvsfunction andfor vascular inflammation, ssch
as diabetes mellitus [16], cardiovascular diseases [14, 17],
systemibc hupus erythematosus [ 18] and systemic inflammatory
response syndrome (SIRS) [19-22]. Moreover, Ang-2 levels
were posittvely asoclated with cardiovascular disease risk
factors, Including metabolic syndrome [5]. In CED patients,
Ang-2 kevels are assoclated with systemic markers'medlators
of iInflammatton. In addition, circulating Ang-2 increases with
the progresston of CEIY, which s predictive of momality
and correlates with the severtty of vascular disease In dial-
yils patients [9, 10, 13]. Previous studies have found that
glomerular Ang-2 1= upregulated In preciinical models of
glomerubonephritls [23] and podocyte-spectfic expression of
Ang-2 causes protelnuna | 24], suggesting that the mechantsm
lnking endothellal dysfunction, albeminuna and CVD 15
that of endathelial dysfunciion, leading to increased vascular
permezbility and glomerular zlbumin leakage [25]. ESED
pattents on HD have a higher incidence of CVI. In addition
to comwentional cardiovascular risk factors such as age, sex
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FHFURE 2: Flobs of ssram Ang-1 concentrations according bo the
underlying renal diseases. Lines indicate the median valoe of the
Ang-I comcentration in each group.

and comorbidities, risk factors such & chronic inflammation
and endotheltal dysfunction highlight the impact of damage
to thie vascular endothelium in this complex pathophystology.
Endothelial dysfunction 1s associated with a higher incidence
of CVIY, which may be one of the maln causes of the high
morbidity and mortality in ESRD patlents on HIX In the
present stdy, we found a robust and consistent assoclation
between serum Ang-2 and all-cause mortality even afier
adiusting for multiple risk factors. Le., age, comorbidities,
smoking, dialysis vintage, serum creatinine, hemoglobin, CRF,
serum albumin, ferritin, transferrin, (FTH, serum calchem,
serum phosphorus, LD cholesterol, Ki'V and ultrafiliration
volume.

To our knowledge, the presemt study s the first to
demomstrate 3 sex-dependent assoclabion between elevated
Ang-2 concentrations and all-cawse mortality. This finding 1s
based on several independent statistical approaches. Kaplan-
Meter survival analysis showed that male patients i the
higher Ang-2 concentration groups (> 111.0 pmolL) had a
significantly lower survival rate (bog-rank test, P = 0.0001),
but not female patlents. Multivariable Cox regresston models
revealed that Ang-2 has a sex-dependent impact on all-cause
moriality in pattents with ESRIY on HIY Sexual dimorphism
has been reported for serum Ang-2 levels In a relatively
small case-control stiedy of obese versus nonobese individwals
[26) and in the general population [5]. These sex-relabed
duferences have also been observed in other endothel ium-
derlved growth factors, such as vascular endothellal growth
factor (VEGF) and hepatocyte growth factor [27]. However,
some reported higher levels in males [28], whereas some
observed increassd levels in females [27, 29]. The mechanisms

for the sex-related differemces in circulsting growth Ectors
are not fully understood. Previows experimental and dinical
evidence Indicates that at beast a part of cardiovascular benefits
of 178-estradio]l can be attribasted to the direct effect of
the ovartan sex sterold hormone on vasoular endothelial
cells [30]. Furthermore, experimental studles suggest that sex
hormones influence vascular growth factor expression [31].
Tsuzukd ef ml [32] showed that sex hormones are involved In
the regulation of Ang-1, Ang-2 and VEGF messenger BNA
and protein production in human endometrial stromal cells
Teubmer et al |33] demonsirated a proanglogenic effect of
testomsterone, which may be due to stimadation of Ang-2 and
transforming growth factor @ expression [33]. A potential
explanation for our sex-specific finding 15 that in ESRD
patients on HIY, males may be more sensitive than females
o Ang-2, which 15 imvolved In the pathogenesls of vasoular
imflaimmation, endothellal dysfunction and athersderosis
and therefore shows a significant assoclation with all-cause
mertality.

Chur study, after Independent confirmation, might stimulze
the development of Ang-2 antagonists to reduce all-cause
mortality in ESRID patlents. Ang-2 15 a small modecule acting
as a paracrine endothellal hormone with a preside molaoular
target, thiss being most likely not fest 8 mortality blomarker,
bet rather a player in the pathogenesis of vascular damage in
male ESED patients. Given the very strong associzton with
mertality in make ESRD patlents, our shedy might stimulate the
development of Ang-2 anfagonists.

5o far, several studles have shown that Ang-2 blockade
alleviates pathological anglogenesis and hence might ofer a
novel therapeutic approach to treatment. Most data so far
are coming from oncology. Preclinical studies indicate that
blockade of Ang-2 with humanized monoclonal antthodies
imhibited angiogenests and tumor growth and indwced vascular
regression In mubtlple tumor models [34, 35). In zddition to
compelling preclinical data, inhibttion of Ang-2-Tie? has been
evaluated In numerowes eary clinical trizls and demonstrated
sfety and potential efficacy for antitumor activity [36-349].
Furthermaore, this antlangiogenic efficacy also produced en-
couraging results in preclinical studies \n myocardial infarction
[40] and nonalcoholic steatohepatitts [41] as well as in clinical
trials in different retinal vascular disease models [42-45].

We acknowledge Itmitaions of our shedy. First, this study
5 an observational epidemdologic study, which makes it
difficult to draw conchustons on causality, and results should
be validated in an independent cohori. The blood samples
for this study were taken according to the approval of
the ethical commitiee only at study entry, thus the Ang-
1 concentrations were only messured once at study entry,
hence 1t 1= impossibde o Investigate the assoclation of mor-
tality with the longitudinal profile of Ang-2 concentrations
In addition, we have no data on cardiovascular evenis or
cardiovascular morality and therefore cannot clanfy whether
this progmostic significance of Ang-2 15 Independent of
underlying vascular disease or 15 asoclated with coronary
atherasclerosis.

CoChm et al
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Table 2 Cox regression analyses of szrum Ang-2 levels predicting all caus: mortalsty

AN = 313} Male {m = 306} Female (m = 157}

HE [95% 1) Povalue HE {95% 1) P-valne HE (95% CI) P-valne
‘Univariale Cox regression
Comtinuous Ang-I 12 (0631 - 1 D) 0oos 1.002 {1.001- 1004} g 1043 (0558 100 03zl
Binary Ang-2 1934 [LAI2-2 5450 = [0 2475 {15503 £85) <01 1273 (M 742-2 1E5) 0341
Multzvanizble Cox regression
Muodd A 1755 [1274-2415) ool 2457 {1 524-3.747) <01 DLBES: (15031 555) 0D
Muodd B 613 [1.658-403) <= 00 2.537 {1.650-5.196] Dz 1990 (54601 BE) | Lergi]
Muodel 205 (1.443-3.493) 0.0003 32394 {1.75E-5.13E] Dz 1.0B4. (BATE-2467) BT

Rimary Ang-1 was dovided scrording in optimal cus-cif value of Ang-1 comcenizston (|10 preclfl1). Multirensble Cox ngraon snulpes were perbrmed &= fhree modch. Medd A
wan nefuied for age, comariidity end ok modd B ws ad pasted i diadyes vinkage, worum crostmine, henogiohi, CRF seum alburmsin, forits, tredirin, 7TH, soom cldem,
wrm phoaphor, LI and KUV and miode] C wan adusied for the sbove rak Brion (modd & 4+ modd ) phu dirsfikssbon volene.

CONCLUSION

In conchesion, Ang-2 at baseline 15 independently associated
with all-casse mortality tn male ESRD patients on HD.
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