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Abstract

Background: Endostatin is a 20-kDa C-terminal fragment of
collagen XVIII, known for its ability to inhibit the prolifera-
tion of capillary endothelial cells. Previous studies suggest-
ed that circulating endostatin independently predicts inci-
dent chronic kidney disease. However, the impact of end-
ostatin on graft loss level in kidney transplant recipients
(KTRs) remains unknown. Methods: We conducted a pro-
spective observational cohort study in 574 maintenance
KTRs. Patients were followed for kidney graft loss and all-
cause mortality during a median follow-up of 48 months.
Serum-, and urine-samples and clinical data were collected
at baseline. Serum Endostatin concentration was analyzed
by an ELISA. Results: Among 574 patients, 37 patients had
graft loss and 62 patients died. For graft loss, the optimal
cut-off value based on receiver operating characteristics
analysis (area under the curve 0.79, 95% Cl 0.71-0.86, p <

0.001) of endostatin was 147.3 pmol/L. Kaplan-Meier curves
revealed that higher serum endostatin concentrations posi-
tively correlated with graft loss (p < 0.001). Multivariable Cox
regression analyses showed that baseline endostatin con-
centrations were significantly associated with graft loss after
adjusting for graft loss risk factors (adjusted hazard ratio
[HR] 8.34; 95% Cl 2.19-31.72; p = 0.002). The adjusted HRs
for classical graft loss risk factors such as baseline estimated
glomerular filtration rate and urinary protein excretion were
lower (1.91 and 5.44, respectively). In contrast to graft loss,
baseline endostatin concentrations were not associated
with all-cause mortality. Conclusion: Increased serum end-
ostatin at baseline is independently associated with the risk
of graft loss in KTRs. ©2020 5. Karger AG, Basel

Introduction

The global burden of kidney disease is driven by the
population growth, aging and increased prevalence of
type 2 diabetes [1].
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Kidney transplantation, if possible, is the preferred
way of treatment patients with end-stage kidney disease,
because this treatment modality improves both the qual-
ity of life and reduces mortality as compared to renal re-
placement therapy by either hemodialysis or peritoneal
dialysis [2-4]. In the 2018 update of the KDIGO Clinical
Practice Guideline it is therefore recommended that all
patients with advanced chronic kidney disease (CKD),
who are expected to reach end-stage kidney disease
should be considered for kidney transplantation [5].

Over the past decade, the rate of early graft loss after
kidney transplantation was reduced substantially,
whereas the rate of chronic graft loss was not signifi-
cantly improved [6-8]. The underlying mechanism of
long-term graft loss is complex and not fully under-
stood. Common risk factors associated with graft loss
include alloantigen-dependent factors, such as episodes
of acute rejection and human leukocyte antigen mis-
matching, and alloantigen-independent factors such as
tissue injury, inadequate renal mass, and inadequate im-
munosuppressive therapy [9-11]. The pathology of graft
loss is characterized by interstitial fibrosis and tubular
atrophy [12].

Endostatin is a 20-kDa C-terminal fragment generated
from collagen XVIII, which is a component of the endo-
thelial basement membranes. Endostatin is released
through the action of proteases, such as matrix metallo-
proteinases [13]. Endostatin is known for its ability to in-
hibit proliferation of capillary endothelial cells [14]. An-
giogenesis is the formation of new micro vessels from
pre-existing vessels. It is essential for tissue regeneration
after ischemic damage, and organ development [15-17].
With respect to kidney function, it was shown that loss of
glomerular function is associated with the presence of tu-
bulointerstitial fibrosis, which is characterized by a sub-
stantial rarefaction of peritubular capillaries. Dysregulat-
ed expression of endogenous angiogenic inhibitors such
endostatin might influence the balance between capillary
formation and regression, resulting in capillary rarefac-
tion [18-20]. Lin et al. [21] reported that endostatin is
increased in aging kidneys, suggesting that elevated end-
ostatin levels are linked to kidney injury in the aging kid-
neys by promoting renal interstitial fibrosis. Several clin-
ical studies are in line with this hypothesis demonstrating
that endostatin is an independent biomarker predicting
incident CKD [22-26]. Based on the pre-clinical as well
clinical reports of endostatin in CKD, we hypothesized
that elevated serum endostatin concentrations might be
associated with graft loss, independent of well-established
common graft loss risk factors.
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Materials and Methods

We conducted a cross-sectional analysis of a prevalent cohort
in 574 prevalent kidney transplant recipients (KTR), coming for
routine check-ups to the transplant outpatient clinic Charité-Mitte,
Berlin, Germany. Patients with active infections, malignancy, and
acute rejection, a recent cardiovascular event at the time of collect-
ing samples or unwilling to participate were excluded from this
observational cohort. Local Ethics Committees approved this
study, and informed consent was obtained from all study partici-
pants. Serum endostatin was measured using a sandwich enzyme
immunoassay (Human Endostatin ELISA, cat. no. BI-20742, Bio-
medica, Austria) according to the instructions of the manufacturer.
The limit of detection of the kit was 4 pmol/L, and the average in-
tra- and inter-assay coefficients of variation were <6 and 5% respec-
tively (described in detail on https://www.bmgrp.com/wp-content/
uploads/2019/01/BI-20742-Endostatin-US-ED-190402.pdf).

Blood and urine samples were collected from patients during
routine visits from April 2012 until December 2012. Samples were
kept frozen at —-80 °C until use. Baseline data, that is, post-trans-
plant duration, cold ischemia time, ages, genders of donor and re-
cipient, panel reactive antibodies and human leukocyte antigen
mismatches, and transplant survival were collected from patients’
records. Baseline clinical parameters such as serum albumin, cre-
atinine, total cholesterol, fasting blood glucose, calcium, phospho-
rus, as well as urinary protein excretion were all analyzed in the
central clinical laboratories of Charité. Patients were followed for
graftloss and all-cause mortality during the follow-up of 48 months.
Graft loss was defined as return to dialysis, graft removal, re-trans-
plantation, based on the judgment of the treating physicians. Pa-
tients’ death with a functioning graft was considered death.

Descriptive statistics is expressed as medians (interquartile
ranges) or numbers (%). Optimal cutoff values were calculated as
described. We analyzed the median and interquartile ranges for
baseline characteristics. Comparisons were assessed by Mann-
Whitney U test or Kruskal-Wallis test, as appropriate. Graft sur-
vival and time-to-event analysis was estimated by the Kaplan-
Meier and differences were evaluated with a stratified log-rank
test. Univariate analysis was used to determine the association be-
tween the endostatin concentration and graft survival. Multivari-
ate Cox regression analysis was used to estimate the simultaneous
effects of established and emerging graft risk factors on graft sur-
vival. Model A was adjusted for age, gender, and estimated glo-
merular filtration rate (eGFR), model B was adjusted for same
factors as model A, but endostatin and eGFR were analyzed as
binary variables based on receiver operating characteristics (ROC)
analysis for graft loss. Model C was adjusted for post-transplanta-
tion, optimal cut-off eGFR, serum phosphorus, and urinary pro-
tein excretion. p value <0.05 was regarded statistically significant.
All analyses were performed using SPSS version 25.0 (Chicago, IL,
USA).

Results

Participants
A total of 574 stable KTRs were included in the study.
Patients were followed for graftloss and all-cause mortality;
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Table 1. Baseline characteristics of patients by endostatin concentration

Variables All patients (n = 574) Ist tertile (n = 192)  2nd tertile (n = 191) 3rd tertile (n = 191)  p value

Gender, male 353 (62) 114 (59.4) 120 (62.8) 119 (62.3) 0.756

Death 62 19 17 26 0.295

Graft loss 37 2 10 25 <0.0001
Primary kidney diseases 469 (82) 159 (82.8) 158 (82.7) 152 (79.6) 0.069

Secondary kidney disease 42(7) 11 (5.7) 10 (5.2) 21(11.0)

Age at study entry, years 54.7 (44.7-66.4) 54.0 (43.0-62.8) 54.0 (46.0-68.0) 57.0 (48.0-70.0) 0.017

Time post-transplantation, month 70.4 (34.7-125.0) 79.5 (39.5-126.1) 65.6 (34.2-121.4) 68.3 (33.9-129.8) 0.223

Time on dialysis, month 46.0 (19.0-75.0) 42.0 (17.0-70.0) 42.5 (18.0-79.3) 51.5 (22.0-78.0) 0.076

Donor age, years 51.0 (39.5-60.5) 46.0 (35.0-54.0) 52.0 (40.8-62.0) 53.0 (45.0-66.0) <0.0001
Cold ischemia time, h 8.6 (3.3-14.1) 7.7 (2.5-14.2) 8.5 (3.6-13.7) 9.8 (5.5-15.5) 0.016

Serum albumin, g/dL 4.6 (4.3-4.8) 4.6 (4.4-4.8) 4.6 (4.3-4.8) 4.6 (4.4-4.8) 0.668

Total cholesterol, mg/dL 217.0 (185.0-254.0) 211.5(179.0-245.3)  215.00 (191.5-256.5) 222.5(189.3-269.0) 0.029

Serum creatinine, mg/dL 1.6 (1.3-2.1) 1.3 (1.0-1.5) 1.5 (1.3-1.9) 2.1(1.7-2.6) <0.0001
eGFR, mL/min/1.73 m? 43.0 (32.0-58.0) 58.0 (46.0-67.0) 44.0 (35.0-57.0) 30.0 (23.0-37.0) <0.0001
Serum calcium, mmol/L 2.47 (2.37-2.59) 2.48 (2.34-2.66) 2.47 (2.37-2.59) 2.47 (2.39-2.57) 0.769

Serum phosphorus, mmol/L 0.86 (0.71-1.02) 0.80 (0.7-0.9) 0.84 (0.67-0.99) 0.94 (0.79-1.11) <0.0001
Fasting blood glucose, mg/dL 87.0 (75.3-104.0) 85.5 (75.0-100.3) 86.0 (73.5-101.0) 89.0 (78.0-108.5) 0.095

Urinary protein excretion, mg/24h  163.0 (98.5-308.0) 120.0 (83.0-235.0) 172.5(109.0-313.3) 214.5 (126.5-489.0)  <0.0001

Data are given as median (interquartile ranges) or # (%).

p values were calculated by Kruskal-Wallis H test. Tertiles of endostatin: 1st: 39.60-120.07 (pmol/L); 2nd: 120.08-168.06 (pmol/L);

3rd:168.07-465.03 (pmol/L).
eGFR, estimated glomerular filtration rate.

during the 48 months follow-up period, 37 patients (6%)
had graft loss and 62 patients (11%) died.

Descriptive Data

Table 1 presents the baseline demographic and clini-
cal data of all patients. Baseline serum endostatin con-
centrations ranged from 39.60 to 465.03 pmol/L (median
142.83 pmol/L). The distribution of baseline endostatin
in the study population is shown in Figure 1. We divided
our KTRs into tertiles according to endostatin concen-
trations (1st: 39.60-120.07; 2nd: 120.08-168.06; 3rd:
168.07-465.03). Patients in the 3rd tertile of endostatin
were older, had older graft donor and longer cold isch-
emia time. In addition, serum creatinine, total choles-
terol, phosphorus and urinary protein excretion were
higher in these recipients. Median serum endostatin was
higher in the graft loss group compared to that in the
functioning graft group (207.72 [162.03-303.87] vs.
138.88 [106.81-178.55], p < 0.001; online suppl. Table 1;
for all online suppl. material, see www.karger.com/
doi/10.1159/000507824, Fig. 2). Interestingly, the medi-
an (interquartile range) of endostatin was significantly
lower in Tacrolimus-treated recipients compared to
CyA-treated recipients (127.99 [104.08-165.43] vs.

Endostatin and Graft Loss
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Fig. 1. Distribution of endostatin concentrations in the cohort. n
= 574, mean = 154.29 pmol/L; SD 63.09; median (interquartile
ranges) 142.83 (108.71-183.20) pmol/L.

154.31 [117.51-202.07], p = 0.0003), also significantly
lower when compared to Everolimus-treated recipients;
(127.99 [104.08-165.43] vs. 153.06 [109.31-210.71], p =
0.04; online suppl. Fig. 1).
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Fig. 2. Plots of serum endostatin concentrations. Median serum
endostatin was significantly higher in the graft loss group com-
pared to the functioning graft group using Mann-Whitney U test
(207.72 [162.03-303.87] vs. 138.88 [106.81-178.55] pmol/L, p <
0.001).

Endostatin and Graft Loss

Based on the ROC analysis, the optimal cutoff value of
baseline serum endostatin for predicting graft loss was
147.3 pmol/L (area under the curve [AUC] 0.79, p < 0.001;
online suppl. Fig. 2). Compared to patients with end-
ostatin <147.3 pmol/L (n = 307), patients with endostatin
>147.3 pmol/L (n = 267) had a nearly 15-fold increase in
the odds of for graftloss (OR 14.79, p < 0.001). Similar sta-
tistical analyses were performed to test the optimal cutoff
value of eGFR, serum phosphorus, and urinary protein ex-
cretion resulting in cutoffs of 52.5 mL/min/1.73 m* (AUC
0.81, p <0.001), 0.965 mmol/L (AUC 0.75, p < 0.001), and
233.5mg/24 h (AUC 0.79, p < 0.001) respectively.

Kaplan-Meier survival analysis indicated that patients
in higher baseline endostatin concentrations groups had
significantly lower graft survivals (log-rank test, p < 0.001;
Fig. 3).

A univariate Cox regression analysis (Table 2) indi-
cated that higher endostatin concentrations (>147.3
pmol/L) were positively correlated with an increased risk
of graft loss (unadjusted hazard ratio [HR] 14.09; 95% CI
4.33-45.89; p < 0.001). As endostatin concentration was
correlated with kidney function and age (online suppl.
Fig. 3), to further address whether the effect of endostatin
is independent of kidney function, age and other risk fac-
tors, we applied multiple regression models (Table 3). Af-
ter adjusting for age, gender, and eGFR (Model A), circu-
lating endostatin - treated as a continuous parameter -
multivariate Cox regression analysis showed an

376 Am J Nephrol 2020;51:373-380

DOI: 10.1159/000507824

100 +==—r - —
® el B}
S 80
2
2
u"‘é ]
> 60 Log-rank p value <0.001
g
5
40 —— Endostatin <147.3 pmol/L
---- Endostatin >147.3 pmol/L
T T T T
0 1 2 3 4
a Follow-up, years
Number at risk
Endostatin <147.3 pmol/L 307 305 295 280 121
Endostatin >147.3 pmol/L 267 254 236 213 90
100 e —_
R |
§ 80
2
2
-3"@ ]
2 60 A Log-rank p value <0.001
& —— Tst tertile
40 ---- 2nd tertile
~~~~~~~~ 3rd tertile
T T T T
0 1 2 3 4
b Follow-up, years
Number at risk
Endostatin 1st tertile 192 192 186 179 81
Endostatin 2nd tertile 191 186 180 170 69
Endostatin 3rd tertile 191 182 166 145 61

Fig. 3. Kaplan-Meier curves for graft loss. a Patients were grouped
into 2 strands based on the optimal cut-off values of serum end-
ostatin for graft loss. b Patients were grouped into 3 strands based
on the tertile of endostatin.

independent association with graft loss (adjusted HR
1.01; 95% CI 1.00-1.01; p = 0.002). Using endostatin as a
binary parameter based on ROC calculations of the opti-
mal cut-off (Model B), endostatin was likewise found to
be independently associated with graft loss (adjusted HR
14.19; 95% CI 3.94-51.05; p < 0.001). Additional adjust-
ments for risk factors of graft loss, which showed signifi-
cance in univariate Cox regression analysis (Model C), as
post-transplantation time, eGFR <52.5 mL/min/1.73 m?,
serum phosphorus >0.965 mmol/L, as well as urinary
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Table 2. Univariate Cox regression analysis of factors predicting graft loss (n = 574)

Variable Unadjusted HR 95% CI for HR p value
Gender, male 2.01 0.95-4.26 0.07
Primary kidney diseases 1.20 0.29-5.05 0.80
Age at study entry, years 1.00 1.00-1.00 0.79
Time post-transplantation, month 1.00 1.00-1.01 0.03
Time on dialysis, month 1.00 0.98-1.01 0.34
Donor age, years 1.01 0.98-1.03 0.61
Cold ischemia time, h 1.00 0.96-1.05 0.91
PRA, % 0.99 0.95-1.04 0.68
Serum albumin, g/dL 0.61 0.21-1.78 0.36
Total cholesterol, mg/dL 1.00 0.99-1.01 0.89
Serum creatinine, mg/dL 3.56 2.76-4.58 <0.001
eGFR, mL/min/1.73 m? 0.91 0.88-0.94 <0.001
eGFR <52.5 (mL/min/1.73 m?) 3.02 1.17-7.81 0.02
Serum calcium, mmol/L 0.30 0.06-1.50 0.14
Serum phosphorus, mmol/L 12.27 5.16-29.20 <0.001
Serum phosphorus (20.965 mmol/L) 5.10 2.55-10.21 <0.001
Serum endostatin, pmol/L 1.01 1.01-1.02 <0.001
Serum endostatin (>147.3 pmol/L) 14.09 4.33-45.89 <0.001
Fasting blood glucose, mg/dL 1.00 0.99-1.01 0.80
Urinary protein excretion, mg/24 h 1.00 1.00-1.00 <0.001
Urinary protein excretion (233.5 mg/24 h) 8.12 3.32-19.89 <0.001
HLA mismatches
MMA_broad 0.88 0.55-1.40 0.58
MMB_broad 1.16 0.75-1.80 0.51
MMDR_broad 0.97 0.60-1.54 0.88
Medication
CyA Reference Reference 0.64
Tacrolimus 0.96 0.96 (0.42-2.18) 0.91
Everolimus 1.70 1.70 (0.65-4.47) 0.28
Combined medication 0.97 0.97 (0.12-7.54) 0.97

Serum phosphorus, serum endostatin, urinary protein excretion was calculated both continuously and cate-

gorically respectively.

eGFR, estimated glomerular filtration rate; HR, hazard ratio; HLA, human leukocyte antigen; PRA, panel re-

active antibodies.

protein excretion >233.5 mg/24 h, revealed that higher
endostatin concentration, remained both significantly
and independently associated with graft loss (adjusted
HR 8.34; 95% CI 2.19-31.72; p = 0.002 when using end-
ostatin as a binary parameter).

Endostatin and All-Cause Mortality

In contrast to graftloss, baseline endostatin concentra-
tions were not associated with all-cause mortality (online
suppl. Table 2). The baseline median endostatin concen-
trations were 141.62 (108.61-179.86) pmol/L in patients
who died during follow-up and 146.90 (108.33-223.31)
pmol/L in patient who did not die, p = 0.22. ROC curve
analysis for all-cause mortality gave similar findings
(AUC 0.55, p = 0.22, online suppl. Fig. 4).

Endostatin and Graft Loss

Discussion

Our study demonstrated that elevated baseline serum
endostatin seems to be a promising biomarker predicting
graft loss. The association between baseline endostatin
concentrations and graft loss is stable, robust, and strong.
This study confirms earlier findings that endostatin con-
centration was correlated with kidney function and age
[24-27]. To further address whether the effect of end-
ostatin is independent of kidney function, age and other
risk factors, we applied multiple regression models (Table
3), all models demonstrated the same: endostatin is an
independent risk of graft loss after kidney transplanta-
tion. This association between endostatin and graft loss
seems to be even stronger as the established classical risk
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Table 3. Multivariate Cox regression analysis for graft loss

HR (95% CI) p value

Model A
Endostatin, pmol/L 1.01 (1.00-1.01) 0.002
Age, years 1.00 (1.00-1.00) 0.10
Gender, male 2.35(1.10-5.06) 0.03
eGFR 0.93 (0.90-0.97) <0.001
Model B
Endostatin (>147.3 pmol/L) 14.19 (3.94-51.05)  <0.001
Age, years 1.00 (1.00-1.00) 0.39
Gender, male 1.95 (0.91-4.20) 0.09
eGFR (<52.5 mL/min/1.73 m?) 1.05(0.37-2.99)  0.92
Model C
Endostatin (>147.3 pmol/L) 8.34 (2.19-31.72) 0.002
Time post-transplantation, month 1.00 (1.00-1.01) 0.91
eGFR (<52.5 mL/min/1.73 m?) 1.91 (0.65-5.63)  0.24
Urinary protein excretion

(=233.5mg/24 h) 5.44 (2.20-13.46) <0.001
Serum phosphorus (20.965 mmol/L)  3.30 (1.45-7.52) 0.005

In model A, circulating endostatin levels were treated as a conti-
nuous parameter. In models B and C, endostatin levels were included
into the model as categorical variable.

eGFR, estimated glomerular filtration rate; HR, hazard ratio.

factors for graft loss: decreased glomerular filtration rate
(GFR) and increased urinary protein excretion.

A recent clinical study showed that the median plasma
endostatin concentrations and interquartile ranges in
CKD patients were significantly higher compared to con-
trols without CKD (265.8 pmol/L, 189.6-363.3 vs. 119.1
pmol/L, 102.7-136.1; p < 0.001). Endostatin concentra-
tions were correlated with the severity of CKD, the occur-
rence of cardiovascular events and mortality in a dose-
response manner [24]. In patients with type 2 diabetes,
elevated levels of endostatin were associated with in-
creased risk of diabetic nephropathy [28].

According to the instructions of the manufacturer, the
median value of serum endostatin from apparently
healthy individuals (n = 59) is 51 pmol/L (https://www.
bmgrp.com/wp-content/uploads/2019/01/BI-
20742-Endostatin-US-ED-190402.pdf). The endostatin
concentrations observed in our study are about 3 times
higher than those in the general population with normal
GFR; however, they were in good agreement with above
measurements in CKD patients. We are of the opinion
that endostatin is a 20 kD peptide, which is freely filtered
by the glomeruli. Thus, its blood concentrations are af-
fected by an impairment of GFR as it was shown for oth-
er peptides of similar size such as troponins [29].
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Animal studies suggest that endostatin might not just
be a biomarker of kidney function rather than being a yet
unknown novel player. Endostatin transgenic mice devel-
op renal interstitial fibrosis. Similar findings were ob-
tained when chronically giving endostatin via minipumps
[21]. These findings were thus in good agreement with
clinical studies showing that higher circulating endostatin
levels are associated with lower GFR and higher levels of
albuminuria [26].

Two small clinical studies analyzed the association of
endostatin in KTRs, but neither of them focused on graft
survival. One study demonstrated that endostatin levels
were higher in KTRs compared with liver transplant re-
cipients and healthy controls, and were associated with
the development of atherosclerosis after kidney trans-
plantation [30]. Another study found a significant nega-
tive correlation between GFR, pulse wave velocity, and
endostatin concentrations in KTRs [31]. Our study is the
first to report an independent association between end-
ostatin and graft survival in KTRs.

The rate of acute graft loss after kidney transplantation
decreased significantly in the past decades [6]. Chronic
graft dysfunction characterized by the development of
glomerulosclerosis, tubular interstitial fibrosis and atro-
phy is nowadays the major clinical challenge [32, 33].

Endostatin is known as a powerful angiogenesis in-
hibitor, and is released from collagen XVIII, which is a
component of subendothelial and subepithelial basement
membranes especially in vessels with fenestrated endo-
thelium, like renal glomeruli and peritubular capillaries
[34, 35]. Elevated blood concentrations of endostatin
were seen under conditions of vascular endothelial dys-
function and extracellular matrix remodeling [23].

Angiogenesis is the proliferation of endothelial and
smooth muscle cells to form new blood vessels from preex-
isting vessels. Angiogenesis is not only involved in patho-
logic situations such as tumor growth and metastasis, but
also in therapeutic angiogenesis. It is essential for tissue
regeneration after ischemic damage and organ develop-
ment [15-17, 36]. A study demonstrated that direct trans-
plantation of bone marrow-derived endothelial progenitor
cells (BM-derived EPCs) into ischemic hearts induces sig-
nificant and sustained increase in various angiogenic, an-
tiapoptotic,and chemoattractant factors during the critical
period of infarct repair and remodeling [17]. One latest
study reported that angiogenesis contributes to the regen-
eration of a transplanted liver in vivo [15], and thus rein-
forcing the impact of angiogenesis in preservation of organ
function of the transplanted liver. However, this was not
investigated after kidney transplantation so far.
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Microvascular rarefaction is a common process ob-
served during fibrotic remodeling seen in all organs. With
respect to kidney function, it was shown that loss of glo-
merular function is associated with the presence of tubu-
lointerstitial fibrosis, which is characterized by a substan-
tial rarefaction of peritubular capillaries. Dysregulated
expression of endogenous angiogenic inhibitors such
endostatin might influence the balance between capillary
formation and regression, resulting in capillary rarefac-
tion [18-20, 25, 37].

So far, there are some studies proving evidence for a
correlation between the endostatin levels and vascular
changes. In vitro studies showed that endostatin blocks
the proliferation and organization of endothelial cells
into new blood vessel [38]. In animal studies, elevated
endostatin levels have shown to be correlated with in-
creased microvascular rarefaction/interstitial fibrosis in
aging mice [21, 39]. In patients with systemic sclerosis,
elevated serum endostatin levels are associated with digi-
tal vascular damage [40].

Taking into account the published data on endostatin
[18-21, 39] and our own findings, we propose the follow-
ing hypothesis: chronic graft failure is characterized by
fibrosis of the transplanted kidney. In the course of fi-
brotic remodeling, there might also be an increased syn-
thesis and later also breakdown of collagen XVIII and
thus an increased release of endostatin. This endostatin
resulting from fibrotic organ remodeling might influence
the balance between capillary formation and regression
in a negative way because endostatin is a known antian-
giogenic factor, resulting in capillary rarefaction. The
endostatin-mediated decrease in capillary density would
worsen the blood and oxygen supply to the transplanted
kidney and thus contribute to further organ failure.

Our study consists of a well-defined cohort of KTRs
without loss of follow-up, and is the first one to present
the independent association between circulating end-
ostatin concentrations and graft loss. Three independent
statistic methods (ROC analysis, Kaplan-Meier analysis,
and Cox proportional-hazards model) were performed,
and all results consistently showing that elevated end-
ostatin concentration was independently and strongly as-
sociated with graft survival. We also acknowledge several
limitations of this study. First, our study was a single cen-
ter study and the number of graft loss events is relatively
small and further independent replication studies are
necessary. Second, the endostatin concentrations were
measured only once at study entry, hence it is impossible
to investigate the alteration in endostatin levels over time
in this cohort. Furthermore, systematic biopsies were not

Endostatin and Graft Loss

done in our study population, so we cannot correlate cap-
illary density in the biopsies to endostatin concentrations,
and this cross-sectional study can only show the associa-
tion between baseline endostatin and graft survival and
further research is needed to prove causality. Moreover,
our cohort was not followed for late acute rejections. Al-
though considering the previous study [10], we thus
would have expected only very few cases of acute rejec-
tions in our stable transplant cohort that might have no
significant effect on our findings.

In conclusion, increased serum endostatin concen-
trations at baseline are independently associated with
the risk of graft loss in prevalent KTRs. Its association
with graft loss seems to be even stronger as compared
the established classical risk factors for graft loss: de-
creased GFR and increased urinary protein excretion
(Table 3).
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