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Abstract
Background and objectives Kidney transplantation is the preferred treatment for ESRD, and donor kidney
shortage urges proper donor-recipient matching. Zero-hour biopsies provide predictive values for short- and
long-term transplantation outcomes, but are invasive and may not reﬂect the entire organ. Alternative, more
representative methods to predict transplantation outcome are required. We hypothesized that proteins
accumulating in preservation ﬂuid during cold ischemic storage can serve as biomarkers to predict posttransplantation graft function.
Design, setting, participants, & measurements Levels of 158 proteins were measured in preservation ﬂuids from
kidneys donated after circulatory death (Maastricht category III) collected in two Dutch centers (University
Medical Center Utrecht and Erasmus Medical Center Rotterdam) between 2013 and 2015. Five candidate
biomarkers identiﬁed in a discovery set of eight kidneys with immediate function (IF) versus eight with delayed
graft function (DGF) were subsequently analyzed in a veriﬁcation set of 40 additional preservation ﬂuids to
establish a prediction model.
Results Variables tested for their contribution to a prediction model included ﬁve proteins (leptin, periostin,
GM-CSF, plasminogen activator inhibitor-1, and osteopontin) and two clinical parameters (recipient body mass
index [BMI] and dialysis duration) that distinguished between IF and DGF in the discovery set. Stepwise
multivariable logistic regression provided a prediction model on the basis of leptin and GM-CSF. Receiver
operating characteristic analysis showed an area under the curve (AUC) of 0.87, and addition of recipient BMI
generated a model with an AUC of 0.89, outperforming the Kidney Donor Risk Index and the DGF risk calculator,
showing AUCs of 0.55 and 0.59, respectively.
Conclusions We demonstrate that donor kidney preservation ﬂuid harbors biomarkers that, together with
information on recipient BMI, predict short-term post-transplantation kidney function. Our approach is safe, easy,
and performs better than current prediction algorithms, which are only on the basis of clinical parameters.
Clin J Am Soc Nephrol 12: 817–824, 2017. doi: https://doi.org/10.2215/CJN.10701016

Introduction
Kidney transplantation is the preferred treatment for
patients with ESRD. It is expected that the need for
donor organs will increase in the coming years as life
expectancy increases in the Western world, with a concomitant rise in age-related renal disease. The availability
of donor organs is lagging, and a partial solution to bridge
this gap is the increased use of extended criteria donor
(ECD) organs and improved pre- and post-transplantation
care to reduce loss of transplanted grafts (1). However,
delayed graft function (DGF) is much more prevalent in
patients receiving such organs, and is associated with high
costs and poorer long-term graft function and survival
(2,3). To optimize donor potential, it is important to predict
which donor kidneys will function directly (immediate
function; IF), and which lead to DGF, or even graft failure.
www.cjasn.org Vol 12 May, 2017

This will improve patient-tailored care, and allow rational
decisions in acceptance and allocation of donor kidneys.
Especially in ECD kidneys, predictive information on
organ function could drastically increase transplant availability (4).
Many methods to predict DGF on the basis of
biomarkers or clinical parameters have been explored.
In 2010, the DGF risk score, predicting DGF on the
basis of donor and recipient parameters, was published (5). Zero-hour biopsy specimens are a rich
source for morphologic and molecular information to
predict short- and long-term kidney function (6–8).
However, the information obtained from biopsy specimens is inherently limited due to the focal nature: The
procedure carries a risk for damaging the donor kidney,
and implementation is under debate (9). Alternative,
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noninvasive sources for biomarkers are preservation ﬂuid,
blood, and urine. Nevertheless, despite the identiﬁcation of
several markers associated with transplant outcome (7,8,10–
17), no routine biomarker testing is currently performed.
Here, we explored whether donor kidney preservation
ﬂuid, which can be easily obtained through a noninvasive
procedure, harbors biomarkers for DGF. We hypothesized that
proteins (cytokines, growth factors) secreted into transplant kidney preservation ﬂuid by the donor kidney reﬂect its
condition, and may therefore serve as biomarkers to assess
donor kidney quality and predict post-transplantation function.
Cytokines and growth factors are important to maintain
homeostasis by mediating communication between different cells and organs. ILs, for example, are secreted during
infection and inﬂammation, eliciting immune responses
(18,19), and hypoxia induces growth factor release (20).
Donor kidneys, including donation after circulatory death
(DCD) kidneys, are perfused with cold preservation ﬂuid
and stored on ice. Preservation ﬂuid, which is in direct
contact with the kidney’s vasculature during this entire
period, accumulates such secreted proteins.
In this study, we interrogated the protein content of
organ preservation ﬂuid aiming to identify biomarkers and
establish a prediction model for DGF.

Materials and Methods
Study Design, Sample Collection, and Processing
Sample and data collection were approved by local ethical
committees and in agreement with the Declaration of
Helsinki. All recipients provided informed consent to
retrieve data from medical records for The Netherlands
Organ Transplantation Registry. Samples were prospectively collected from DCD-derived donor kidneys (Maastricht category III) transplanted between January of 2013
and July of 2015 in the University Medical Center Utrecht
(Utrecht, The Netherlands; n=37), and between November
of 2014 and August of 2015 in the Erasmus University
Medical Center (Rotterdam, The Netherlands; n=19). After
cold static preservation, kidneys were inspected in the
hospital for transplantation and intravascular preservation
ﬂuid was harvested by perfusion of 40–60 ml of preservation ﬂuid (University of Wisconsin solution) or physiologic salt solution with 20 U/ml heparin into the renal
artery. Preservation ﬂuid, ﬂowing out from the renal vein
(1.5–27 ml), was collected sterile. Cells and platelets were
removed by centrifugation (2000 3 g for 30 minutes or
4000 3 g for 15 minutes, depending on center), and the cellfree supernatant was aliquoted and stored at 220°C or
280°C until further analysis.
For initial analysis (discovery), we selected eight samples
from kidneys with IF and matched these on the basis of
donor age and cold ischemic period with eight samples
from kidneys with DGF, deﬁned as “need for dialysis
indicated by poor kidney function (low urine output, high
serum creatinine) within the ﬁrst week after transplantation.” After sample collection for the discovery set was
complete, we continued sample collection to establish a
cohort for veriﬁcation and subsequent deﬁnition of a DGF
prediction model. Sample size calculation for the veriﬁcation
cohort was on the basis of the method by Hsieh et al. (21)
for logistic regression as employed in the powerMediator

package in R. For calculation, we used a baseline DGF risk of
65%, the lowest odds ratio among factors identiﬁed in the
ﬁrst discovery cohort (GM-CSF, odds ratio, 4.0), a of 0.01,
and a b of 95%, to provide for multiple hypotheses,
indicating that 40 samples were required which were
collected at both participating centers. In a low immunologic
risk situation, no induction was given and immunosuppression in general consists of tacrolimus and mycophenolate.
Steroids were tapered to zero if no problems arose. In
intermediate immunologic risk, induction was performed
with basiliximab, and immunosuppression in general consists of tacrolimus, mycophenolate, and steroids. In high
immunologic risk situations (very high panel-reactive
antibodies), alemtuzumab is used as an induction agent.
Donor and Recipient Data
For calculations using prediction algorithms, donor and
organ data were obtained from the Eurotransplant database, and recipient data were retrieved from The Netherlands Organ Transplant Registry. Apart from cold ischemia
time, donor age, and outcome, no information was available
until cytokine analyses were performed. Kidney Donor Risk
Index (KDRI), which is on the basis of donor age, height,
weight, race, hypertension, diabetes, cause of death,
serum creatinine, hepatitus C virus status, and donor
type (here: DCD), was calculated using the online KDRI
calculator (https://optn.transplant.hrsa.gov/resources/
allocation-calculators/kdpi-calculator/). The DGF risk
calculator (https://www.transplantcalculator.com/
Transplant-Calculators/Delayed-Graft-Function.aspx),
on the basis of recipient (panel-reactive antibodies, dialysis
duration, body mass index (BMI), race, sex, age, previous
[extrarenal] transplants, diabetes, and pretransplant blood
transfusion), donor (terminal creatinine, age, weight, donor
type, hypertension status, and cause of death [stroke/
anoxia]), and organ (HLA mismatches, cold ischemia time,
warm ischemia time, and machine perfusion) parameters,
was used to calculate the DGF risk score (5).
Multiplex Immunoassay
Measurements were performed using an in-house developed and validated multiplex immunoassay on the basis
of Luminex technology (xMAP; Luminex, Austin, TX). The
assay was performed as described (22,23). Brieﬂy, samples
were thawed (without any previous freeze-thaw cycle) and
incubated with antibody-conjugated MagPlex microspheres
for 1 hour at room temperature while shaking, followed by
1 hour of incubation with biotinylated antibodies, and
10 minutes of incubation with phycoerythrin-conjugated streptavidin diluted in high-performance ELISA buffer (Sanquin,
The Netherlands). Each cytokine assay contained a standard
curve on the basis of custom-made control peptides and
controls for heterophilic antibodies. Acquisition was performed with the Biorad FlexMAP3D (Biorad, Hercules)
using xPONENT software version 4.2 (Luminex). Data
were analyzed by 5-parametric curve ﬁtting using Bio-Plex
Manager software, version 6.1.1 (Biorad). All samples were
analyzed before matching to recipient characteristics.
For the discovery phase, samples were studied for the
presence and abundance of 158 secreted proteins. Proteins
signiﬁcantly different between IF and DGF groups were
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selected for subsequent Luminex analysis in a veriﬁcation
cohort of 40 additional samples (UMC Utrecht: n=21;
Erasmus Medical Center: n=19).
Statistical Analyses
For analysis of Luminex data, values below the standard
curve that could not be extrapolated were set to zero.
Values out of range above the standard curve were set to
the highest value in the standard curve.
Cluster analysis was performed as described (24). Brieﬂy,
measured values were normalized within a 0–1 range. The
distance measure used to quantify the distance between two
data points was (12rho), where rho is the pair-wise complete
Pearson correlation coefﬁcient between patients. The Ward
(minimum variance) method was used for hierarchic clustering of donor samples. Heat maps were created with colors
corresponding to the relative cytokine abundances.
Prediction models on the basis of raw measured values
were made using multivariable logistic regression, with backand forward stepwise factor inclusion. Different models were
compared with a chi-squared test; model discriminative
potential was assessed by receiver operating characteristic
(ROC) curves. Robustness of ROC curves to patient population variations was assessed by internal resampling with
replacement (bootstrapping, 10,000 iterations). P values ,0.05
were considered statistically signiﬁcant. Analyses were conducted
using Microsoft Excel, SPSS statistics 21, and R (v.3.1.2).
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creatinine levels remained high during the ﬁrst week after
transplantation, whereas the expected reduction is observed
in the IF group. Accordingly, urine production increased in
the IF group and did not in the DGF group (Figure 1A).
Patients in the DGF group underwent a median of two
(range, 1–8) dialysis sessions after transplantation.
Identification of Differentially Abundant Proteins
Of the 158 secreted proteins measured in the discovery
panel, three proteins were not detected in any sample, and
26 proteins were detected in fewer than 12 samples. For
eight proteins, values were above the standard curve and
could not be extrapolated in more than four samples.
Undetected proteins and out-of-range values were evenly
distributed between groups (Supplemental Table 1).
Five proteins were differentially abundant between DGF
and IF groups: leptin, periostin, GM-CSF, plasminogen activator
inhibitor-1 (PAI-1), and osteopontin (Figure 1B). Five markers
that have previously been associated with DGF in blood and
urine, kidney injury molecule-1 (KIM-1), IL-18, YKL-40, cystatin C,
and neutrophil gelatinase-associated lipocalin (NGAL), did not
differ between groups (Supplemental Figure 1).
To investigate whether these proteins are potential
biomarkers for DGF, unsupervised hierarchic clustering of
the signiﬁcantly different proteins was performed, showing
that on the basis of protein proﬁles, most donor samples
cluster together, with six correctly clustered individuals for
IF group and all in the DGF group (Figure 1C).

Results
Donor, Recipient, and Graft Characteristics
Donor, recipient, and graft characteristics of the discovery panel are presented in Table 1. In the DGF group, serum

Verification of Candidate Biomarkers
A combined panel of ﬁve proteins that were signiﬁcantly different between IF and DGF groups was used for

Table 1. Donor, recipient, and organ characteristics discovery panel

Parameter
Donor
Age, yr
BMI, kg/m2
Hypertension, %
Diabetes, %
Creatinine, mM
KDRI
Cause of death: anoxia, %
Recipient
Age, yr
BMI, kg/m2
Men, %
Peak PRA, %
Dialysis duration, mo
Prior transplants, %
Dialysis type: HD, %
Diabetes, %
Organ
HLA mismatches
CIT, h
WIT, min

P Value

IF (n=8)

DGF (n=8)

54.0 [49.5–65.3]
25.9 (2.2)
37.5 (n=3)
12.5 (n=1)
80.1 (30.2)
1.34 (0.42)
37.5 (n=3)

61.5 [54.5–63.3]
26.3 (4.2)
12.5 (n=1)
12.5 (n=1)
54.8 (17.9)
1.32 (0.27)
25 (n=2)

0.89
0.83
0.28
.0.99
0.06
0.93
0.62

55.5 [50.3–63.3]
24.7 (2.7)
75 (n=6)
0 (0)
24 [18.5–27.5]
0 (n=0)
37.5 (n=3)
12.5 (n=1)

65.5 [57.0–68.3]
24.8 (3.5)
62.5 (n=5)
0 [0–12.3]
25 [26.3–70]
12.5 (n=1)
75 (n=6)
25 (n=2)

0.43
0.96
0.62
0.10
0.12
0.33
0.15
0.55

4 [2.8–4.3]
13.5 [12.9–15.0]
30.0 [29.0–34.5]

3 [1.8–3]
15.8 [11.0–18.1]
29.0 [24.0–30.5]

0.20
0.79
0.25

Clinical parameters relevant for calculation of KDRI and DGF risk score of the samples of the discovery panel. SDs between
brackets; interquartile ranges between square brackets. IF, immediate function; DGF, delayed graft function; BMI, body mass index;
KDRI, kidney donor risk index; PRA, panel-reactive antibodies; HD, hemodialysis; CIT, cold ischemia time; WIT, warm ischemia time.
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Figure 1. | Analysis of secreted proteins in the discovery panel. (A) Serum creatinine (left) and urine production (right) evolution of the immediate
function (IF) and delayed graft function (DGF) discovery sets presented as average6SD. (B) Boxplots representing levels of proteins significantly
different between IF and DGF groups in the discovery panel. (C) Heatmap representing clustering of samples from IF and DGF donor kidneys.

subsequent Luminex analysis in a veriﬁcation cohort of 40
additional samples (Table 2). Two patients underwent one
dialysis session indicated by hyperkalemia, and are classiﬁed as IF; three patients had volume overload or hyperkalemia combined with poor kidney function and were
classiﬁed as DGF; they all received multiple dialysis
sessions. Similar to the discovery set, serum creatinine
levels remained high and urine production remained low
in the ﬁrst week after transplantation in the DGF group,
and reducing serum creatinine and increasing urine production were observed in the IF group (Figure 2A). Patients
in the DGF group underwent 1 to .36 dialysis sessions
(median 3) after transplantation. The incidence of DGF in
the veriﬁcation set is 67.5%, in line with the reported
incidence of DGF of 63.4% in controlled DCD kidney
recipients in The Netherlands (25). At 12 months, overall
survival in the IF group was 92.3%, and 81.5% in the DGF
group.
For all assayed proteins (Supplemental Table 2) no more
than three values were under the quantiﬁcation threshold

and set to zero. Stepwise multivariable logistic regression
(Supplemental Table 3) was performed to generate a
multivariable model, identifying GM-CSF and leptin to
provide the best predictive value, demonstrated by an ROC
curve with an area under the curve (AUC) of 0.87 (P,0.001)
(Figure 2B). Addition of osteopontin slightly, but not
signiﬁcantly, improved the model, shown by an AUC of
0.88 (P,0.001) (Figure 2D, Supplemental Figure 2A).
Biomarkers in Combination with Clinical Parameters
Donor and recipient clinical characteristics show that
recipient BMI and dialysis duration are (nearly) signiﬁcantly different between the IF and DGF groups in the
veriﬁcation cohort (and the complete patient set, Supplemental Table 4), with P values of 0.07 and ,0.01, respectively. Addition of dialysis duration as a third variable
increased the predictive power slightly, but not signiﬁcantly (AUC=0.88; Figure 2D, Supplemental Figure 2B).
Recipient BMI signiﬁcantly increased the predictive power,
resulting in an AUC of 0.89 (Figure 2C).
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Table 2. Donor, recipient, and organ characteristics verification panel

Parameter
Donor
Age, yr
BMI, kg/m2
Hypertension, %
Diabetes, %
Creatinine, mM
KDRI
Cause of death: anoxia, %
Recipient
Age, yr
BMI, kg/m2
Men, %
Peak PRA, %
Dialysis duration, mo
Prior transplants, %
Dialysis type: HD, %
Diabetes, %
Organ
HLA mismatches
CIT, h
WIT, min

IF (n=13)

DGF (n=27)

P Value

56.0 [50.0–59.0]
25.1 (4.6)
15.4 (n=2)
0 (n=0)
62.2 (23.5)
1.22 (0.38)
61.5 (n=8)

58.0 [50.8–62.3]
27.0 (4.4)
33.3 (n=9)
7.4 (n=2)
63.1 (21.8)
1.32 (0.30)
44.4 (n=12)

0.41
0.20
0.17
0.33
0.98
0.39
0.32

63.0 [51–68]
25.6 (4.3)
69.2 (n=9)
7.3 (15.0)
13.0 [2.7–18.0]
15.4 (n=2)
84.6 (n=11)
23.1 (n=3)

65.5 [52.3–72.0]
28.3 (4.5)
63.0 (n=17)
6.1 (10.2)
31.5 [24.25–51.25]
18.5 (n=5)
77.8 (n=21)
25.3 (n=7)

0.77
0.09
0.71
0.76
0.01
0.81
0.62
0.85

4 [3–4]
11.1 [9.8–14.7]
25.0 [20.0–28.0]

3.5 [3–4]
13.6 [10.8–17.2]
26.6 [21.8–31.5]

0.37
0.56
0.55

Clinical parameters relevant for calculation of KDRI and DGF risk score of the 40 samples used for veriﬁcation. SDs between
brackets; interquartile ranges between square brackets. IF, immediate function; DGF, delayed graft function; BMI, body mass index;
KDRI, kidney donor risk index; PRA, panel-reactive antibodies; HD, hemodialysis; CIT, cold ischemia time; WIT, warm ischemia time.

In our cohort, all models, whether on the basis of secreted
proteins alone, or on a combination of secreted proteins
and recipient characteristics, perform signiﬁcantly better
than the currently available algorithms solely on the basis
of clinical parameters. This is illustrated for the model
described by Irish et al. (5) and for the KDRI (26), which
show AUCs of 0.59 and 0.55, respectively, both not
signiﬁcantly different from random chance (Figure 2D,
Supplemental Figure 2, C and D).

Discussion

This is the ﬁrst study to systematically investigate the
potential of kidney transplant preservation ﬂuid as a source
for biomarkers to predict DGF. We demonstrate that
proteins in donor kidney preservation ﬂuid can be used
as noninvasive biomarkers in a model to predict DGF.
Using a combination of biomarkers and recipient characteristics, we constructed models that predict the occurrence
of DGF with high accuracy.
Several biomarkers have been previously associated with
DGF, with varying predictive accuracy depending on the
compartment (blood, urine, or preservation ﬂuid) under
investigation. NGAL and IL-18 are the two most commonly reported biomarkers for kidney injury and posttransplantation graft function. Urinary NGAL has been
demonstrated to predict DGF with reasonable accuracy
(AUC approximately 0.8) (27), and also plasma and serum
NGAL levels at day 1 after transplantation are higher in
recipients that develop DGF (16,17,28). An association
between DGF and NGAL levels in donor kidney perfusate
has been described for machine-perfused kidneys (29).

However, similar to our results, no association could be
observed in ﬂuid from cold, statically preserved donor
kidneys (17). In line with this observation, NGAL and
KIM-1 levels in preservation ﬂuid of cold statically preserved donor kidneys also did not show an association
with DGF in our study. In zero-hour biopsy specimens this
marker did show an association with DGF (11), although its
predictive value has been questioned (27,30).
Urinary IL-18, however, has repeatedly been described
as an accurate biomarker for post-transplantation kidney
function, especially in combination with additional biomarkers such as NGAL and serum creatinine (27,28).
Recently, Parikh et al. demonstrated an association between
DGF and several markers in cold machine-perfused donor
kidney perfusates, including KIM-1, IL-18, and liver fatty
acid binding protein (L-FABP) (29), none of which associated with DGF in our discovery panel. Similarly, YKL-40
(in serum and urine) could be detected, but showed no
association with DGF. The fact that none of these biomarkers associated with DGF in our study can be attributed
to the source of these biomarkers. It is clear that donor
kidney preservation ﬂuid is different (in time and source)
from blood and urine samples. Furthermore, preservation
ﬂuid from machine-perfused kidneys appears to have a
different biomarker proﬁle compared with static coldpreserved kidneys. Additionally, biomarkers identiﬁed in
serum or urine after transplantation rather reﬂect a response of the recipient to the donor kidney (or vice versa)
than the condition of the donor kidney at time of transplantation.
Besides biomarkers, several algorithms to predict posttransplantation graft function on the basis of clinical

822

Clinical Journal of the American Society of Nephrology

Figure 2. | Receiver operating characteristic curves of prediction models. (A) Serum creatinine (left) and urine production (right) evolution of
immediate function (IF) and delayed graft function (DGF) verification sets presented as average6SD. Receiver operating characteristic curves
representing prediction models on the basis of (B) GM-CSF and leptin, and (C) GM-CSF, leptin, and recipient body mass index, with 95%
confidence intervals as determined by bootstrap analysis in gray. (D) Area under the curve (AUC) and 95% confidence intervals of prediction
models on the basis of various combinations of factors (indicated); shaded areas indicate bootstrap 95% confidence intervals at all given
sensitivity/specificity thresholds.

parameters have been described. The DGF risk calculator
uses 22 donor, recipient, and organ parameters to calculate
the relative risk at DGF (5). This model has been veriﬁed
and validated in various external cohorts (31,32). However, as stated in the original paper, this algorithm holds
true for (large) patient populations, but has limited value
for individual patients. A well established algorithm to
assess long-term kidney function after transplantation is
the KDRI (26). This algorithm, on the basis of 11 parameters, does not predict short-term kidney function per se, but
given the correlation between DGF and poorer prognosis for

long-term kidney function, a correlation with DGF may
be expected. We could not identify a correlation between
KDRI and DGF, fueling the current debate on the association between DGF and long-term survival (2,3,33). In this
respect, it should be noted that studies on the association
between DGF and long-term survival rates speciﬁcally in
DCD recipients involve relatively small patient populations,
and in the survival curves generally a steep decline can be
observed for DCD kidney recipients with DGF within the
ﬁrst 6 months, which is absent in patients with IF. A more
gradual decrease in survival of the IF groups renders both

Clin J Am Soc Nephrol 12: 817–824, May, 2017

groups equal at the 6-year time point (33,34). Similarly, in
our cohort, kidney function at 12 months after transplantation does not differ between groups, in line with the recent
report that no differences in interstitial ﬁbrosis could be
detected between these groups (35). Overall survival at 12
months was higher in the IF group, underscoring the
relevance of early identiﬁcation of DGF allowing for early
interventions such as remote preconditioning or ex vivo
treatment of the donor kidney, preferably during machine
perfusion, which is currently not yet fully implemented in
The Netherlands. It has been proposed that for individualized prediction of post-transplantation kidney function,
reliable biomarkers in combination with clinical data are
essential (36). In our cohort, recipient BMI signiﬁcantly
contributed to the prediction model, in line with the ﬁndings by Irish et al. (5) and the association of body weight
with DGF in a retrospective study (37,31).
We identiﬁed two proteins as important factors: GM-CSF
is higher in the IF group, whereas leptin is higher in the
DGF group. Although our results do not allow mechanistic
conclusions with respect to the pathophysiology of DGF,
our data may suggest a role for recruitment of monocytes
and macrophages in the early engraftment and short-term
function of the donor kidney after transplantation. GM-CSF
induces osteopontin (which was indeed found upregulated
in the IF group) expression and thereby promotes cell
survival (38).
Furthermore, GM-CSF can stimulate tissue regeneration
by promoting angiogenesis through activating VEGFmediated angiopoietin-Tie signaling (39). A synergetic role
for GM-CSF and osteopontin in the recruitment of macrophages and monocytes to the implanted kidney, which
promotes remodeling and better engraftment, is conceivable.
A possible mechanism skewing inﬁltrated monocytes to
M2 (regenerative) macrophages to promote IF is supported
by the lower leptin levels in this group, as, besides an
“energy indicator,” leptin has been reported to promote
a proinﬂammatory environment and skew macrophages
toward the inﬂammatory M1 phenotype, either directly or
through mast cells (40–43).
We have conducted an extensive screen investigating 158
potential biomarkers for DGF. Although extensive, the
screen was not exhaustive, and unbiased methods such as
proteomics may identify additional biomarkers. Because
we chose not to correct for multiple testing in the exploratory stage (discovery) and proceeded with the stringent
conﬁrmative phase of the study, we deliberately took the
risk of including false positives. Also, we realize that the
risk for false negatives is high, and we may have missed
(better) candidate biomarkers for veriﬁcation, and subsequently have not identiﬁed the potential most optimal
model factors here. Importantly, our study included only
56 participants, transplanted in two medical centers; the
ﬁndings of this study should be validated in external,
ideally prospective, cohorts.
Proteins were selected on the basis of the availability of
reliable detection antibodies that would allow fast and
straightforward translation to clinical implementation.
Sample collection is noninvasive and, in contrast with
zero-hour biopsies, without major ethical concerns. Evaluation of these protein biomarkers can be easily achieved
in the time between arrival at the hospital and transplantation
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using an ELISA- or Luminex-based assay, which take about
1 hour from sample delivery to readout, and do not
require a pathologist for interpretation (44). Importantly,
an additional objective test could help in decisions on
acceptance and allocation of donor kidneys, thereby increasing donor potential. Discarding kidneys for transplantation cannot be justiﬁed on the basis of such a test, although
acceptance may be increased for ECD kidneys with a kidney
donor proﬁle index ,85 and standard criteria donor
kidneys with a kidney donor proﬁle index .85, for which
discard rates could be reduced (4).
In conclusion, we describe a noninvasive, easy-toimplement method for the prediction of short-term kidney
function after transplantation, on the basis of levels of
GM-CSF and leptin in donor kidney preservation ﬂuid
and recipient BMI.
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