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Cell cycle arrest and cell death correlate with the
extent of ischaemia and reperfusion injury in
patients following kidney transplantation – results
of an observational pilot study
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SUMMARY

A prolonged cold ischaemia time (CIT) is suspected to be associated with an
increased ischaemia and reperfusion injury (IRI) resulting in an increased
damage to the graft. In total, 91 patients were evaluated for a delayed graft
function within 7 days after kidney transplantation (48 deceased, 43 living
donors). Blood and urine samples were collected before, immediately after
the operation, and 1, 3, 5, 7 and 10 days later. Plasma and/or urine levels of
total keratin 18 (total K18), caspase-cleaved keratin 18 (cc K18), the soluble
receptor for advanced glycation end products (sRAGE), tissue inhibitor of
metalloproteinase-2 (TIMP-2) and insulin-like growth factor-binding pro-
tein-7 (IGFBP7) were measured. As a result of prolonged CIT and increased
IRI, deceased donor transplantations were shown to suffer from a more dis-
tinct cell cycle arrest and necrotic cell death. Plasmatic total K18 and urinary
TIMP-2 and IGFBP7 were therefore demonstrated to be of value for the
detection of a delayed graft function (DGF), as they improved the diagnostic
performance of a routinely used clinical scoring system. Plasmatic total K18
and urinary TIMP-2 and IGFBP7 measurements are potentially suitable for
early identification of patients at high risk for a DGF following kidney trans-
plantation from deceased or living donors.
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Introduction

A large number of congenital and acquired diseases ulti-

mately lead to terminal renal failure with the requirement

of renal replacement therapy (RRT). RRT is known to

result in a high level of dependency and a potential hand-

icap for patients in their everyday lives [1]. To break this

vicious circle, many patients decided to undergo kidney

transplantation. The majority of kidney transplantations

are carried out with organs from deceased donors (DD)

[2]. In Germany, kidneys from living donors are removed

and transplanted in the same hospital; therefore, living

donor (LD) grafts only suffer from a short cold ischaemia

time (CIT). The problem with grafts from DDs is that

they are usually removed in a different hospital and then

have to be transferred to the transplantation centre,

which inevitably leads to a prolonged CIT. Furthermore,

it is well known that prolonged CIT is one crucial factor

predisposing for ischaemia and reperfusion injury (IRI)

as well as delayed graft function (DGF) development

[3,4]. However, other variables of organ quality such as

donor age, serum creatinine, comorbities (hypertension,

diabetes mellitus) and manner of death (cardiac arrest,

brain death) influence the organ susceptibility for DGF

and IRI essentially [5–7]. Interestingly, the degree of

acute tubular necrosis (ATN) in renal transplant biopsies

does not predispose for DGF [8]. In fact, rather chronic

histological findings in the form of interstitial fibrosis

and vascular intima thickening seem to be of major rele-

vance [5]. In addition, the interaction of recipient and

donor characteristics only explains a fraction of the risk

for DGF. Significant differences in treatment protocols of

transplantation centres are considered to result in varying

DGF prevalences [9]. According to the literature, the

number of patients with a DGF varies between 20% and

40% [7,10]. Moreover, these organs are at high risk to be

irreversibly damaged, so that they will never be able to

achieve a sufficient function. The impact of prolonged

CIT on the clinical course, the immunoinflammatory

response, as well as the related cell cycle arrest and cell

death, has not been fully clarified yet. TIMP-2 and

IGFBP7 are both biomarkers for cellular stress, which are

involved in the G1 cell cycle arrest. The combination of

both biomarkers [(TIMP-2) 9 (IGFBP-7)] has recently

been shown to be of potential value for the prediction of

a DGF in patients following deceased donor transplanta-

tion [11]. Moreover, in a small pilot study, a work group

from the Netherlands reported a relation between CIT

and the ensuing cell death mechanisms [12]. Depending

on the type of cell death (apoptosis vs. necrosis), specific

keratin 18 (K18) isoforms (caspase-cleaved vs. full-length,

uncleaved K18) are released into the bloodstream. Quan-

tification of isoform-specific epitopes therefore enables

the assessment of the predominant mode of cell death in

the individual patient. Thus, the aims of this study were

(i) to assess the impact of CIT on the extent of IRI by the

use of cell cycle arrest and cell death biomarkers and (ii)

to evaluate their use for early diagnosis of a delayed graft

function in patients undergoing kidney transplantation

from deceased or living donors.

Materials and methods

The observational clinical study was approved by the local

ethics committee (Ethics Committee of the Medical Fac-

ulty of Heidelberg, Trial Code No. S-441/2011/German

Clinical Trials Register: DRKS00003483). All study

patients gave written informed consent. In total, 91

patients undergoing kidney transplantation were enrolled

from January 2012 to January 2015. A total of 48 patients

received a graft from deceased donors, whereas 43 under-

went living donor transplantation. ABO incompatibility

was defined to be an exclusion criterion. Relevant baseline

data, clinical data and routine blood parameters were col-

lected, and patients were re-evaluated for short- and

long-term complications 10, 30, 90 and 180 days after the

transplantation. DGF was defined as low diuresis

(<1000 ml excretion/day) despite forced medical stimula-

tion and/or need for RRT up to 7 days following kidney

transplantation. Blood and urine samples were collected

before transplantation (Pre), immediately after the end of

the surgical procedure (d0), and 1 day (d1), 3 days (d3),

5 days (d5), 7 days (d7) and 10 days (d10) afterwards.

Up to d10, we were able to collect urine samples from all

LD patients (number of urine samples at d0 = 31 and at

d1 = 40). In the DD group, one patient was not able to

give an urine sample during the 10-day observation per-

iod due to continuous RRT requirement (number urine

samples at d0 = 29 and at d1 = 36). Prior to transplanta-

tion, no urine samples could be collected in the DD

group due to an absent urinary excretion in all patients.

For quantitative determination of total keratin 18 (total

K18) and caspase-cleaved keratin 18 (ccK18) in plasma

and urine samples, enzyme-linked immunosorbent assay

(ELISA) kits according to the manufacturer’s instructions

(M65 Epideath and M30 Apoptosense: Peviva AB,

Bromma, Sweden/sRAGE: R&D Systems, Minneapolis,

MN, USA) were used. By the use of an antibody array

(Proteome Profiler Human Kidney Biomarker Array:

R&D Systems), plasmatic soluble RAGE (sRAGE) was

identified to be the most suitable marker for the assess-

ment of ongoing kidney damage. For quantitative
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determination of sRAGE in plasma, ELISA kits according

to the manufacturer’s instructions (R&D Systems) were

used. All assays were performed in duplicate. Urinary

levels of TIMP-2 and IGFBP-7 were measured in a com-

bined commercial assay [TIMP-2] 9 [IGFBP7] utilizing

the immunoassay method integrated with the Astute 140

Meter Kit (Astute Medical Inc., San Diego, CA, USA). All

values for [TIMP-2] 9 [IGFBP7] are reported in units of

(ng/ml)2/1000.

The resulting data were entered into an electronic

database (Excel 2010; Microsoft Corp, Redmond, WA,

USA) and evaluated using the SPSS software (Version

21.0; SPSS Inc, Chicago, IL, USA). Categorical data were

summarized using absolute and relative frequencies.

Quantitative data were summarized using median with

quartiles. The Kolmogorov–Smirnov test was applied to

check for normal distribution. Because of non-normally

distributed data, nonparametric methods for evaluation

were used (chi-square test for categorical data and

Mann–Whitney U test for continuous data). Optimism-

corrected, monoparametric receiver operating character-

istic (ROC) analyses were computed by a fivefold cross-

validation procedure. Concerning the prediction of a

delayed graft function within the 10-day observation

period, additional non-optimism-corrected, multipara-

metric ROC analyses were performed. Correlation anal-

yses were performed by calculating the Spearman’s rank

correlation coefficient (Spearman’s Rho/q). A P-value

<0.05 was considered statistically significant.

Results

Patients’ characteristics

A detailed overview of the patients’ characteristics in

the two study groups (DD: n = 48 vs. LD: n = 43) as

well as postoperative graft function is described in

Table 1. Patients undergoing living donor transplanta-

tion were shown to be significantly younger and less

dependent on RRT prior to transplantation (DD group:

100%, LD group: 83.7%). Cold ischaemia time (CIT)

was shown to be significantly prolonged in the DD

group, whereas warm ischaemia time (WIT) did not

differ significantly between the two study groups.

Donor characteristics and graft function

Immediately following kidney transplantation, a satisfying

graft function could be achieved in all LD patients

(n = 43; 100%) and none of these patients required RRT

up to d10 (Table 1). In patients undergoing deceased

donor transplantation, a sufficient early graft function

could only be observed in 29 patients (60.4%). Despite

forced medical stimulation with loop diuretics, 19 patients

(39.6%) had a significantly reduced diuresis alone or in

combination with the requirement of an initial RRT. A

subsequent long-term follow-up was able to confirm that

patients of the DD group require RRT more frequently

and are hallmarked by significantly reduced glomerular

filtration rates as well as higher serum creatinine levels.

Immune response

Acute-phase reactions were shown to be more pro-

nounced in DD patients as assessed by increased plasma

levels of C-reactive protein (CRP) (Table 2). Moreover,

plasma levels of sRAGE were shown to be significantly

increased in DD graft recipients in the early phase after

transplantation with peak concentrations at d5.

Cell cycle arrest biomarkers

As a combinational biomarker for cell cycle arrest in

urine samples, [TIMP-2] 9 [IGFBP7] was shown to be

significantly increased in the DD group in comparison

with the LD group at early stages after kidney transplan-

tation (at d0 and d1) (Fig. 1a). This difference was also

true for patients suffering from a delayed graft function

in comparison with those with a normal graft function

(at d1 and d3) (Fig. 1b). The glomerular filtration rate

(as indirectly assessed by the creatinine-based CKD-EPI

– as well as MDRD-formulas) in patients suffering from

a DGF was shown to be decreased throughout the whole

observation period from d1 up to d10 (Figs 1c and S1).

Cell death biomarkers

Plasma levels of total K18 were significantly elevated

already before transplantation and remained increased up

to d5 in DD graft recipients in comparison with LD graft

recipients (Fig. 2a). Concentrations of total K18 in urine

samples revealed a comparable levelling, whereas signifi-

cant differences could only be obtained at d0 (Fig. 2b).

Plasma levels of ccK18 did not differ significantly between

the two study groups and urine concentrations of ccK18

also failed to be of informative value (Table 2).

Prediction of a DGF in patients following kidney
transplantation

(i) Monoparametric ROC analyses. Concerning the pre-

diction of a DGF within the 10-day observation period,
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Table 1. Patients’ characteristics.

Deceased donors (n = 48) Living donors (n = 43) P-value

Recipient
Age (years) 57.0 (43.0–65.0) 45.0 (36.0–51.0) <0.001
Height (cm) 171.0 (163.0–177.5) 173.0 (164.0–178.0) 0.299
Weight (kg) 70.0 (58.3–84.8) 79.0 (67.0–91.0) 0.066
Dialysis prior to transplantation (n) 48 (100%) 36 (83.7%) <0.001

Donor
Age (years) 57.0 (48.0–73.0) 54.0 (48.0–60.0) 0.110
Height (cm) 170.0 (170.0–175.5) 170.0 (160.0–178.0) 0.219
Weight (kg) 75.0 (70.0–77.5) 79.0 (65.0–87.0) 0.422
Serum creatinine (mg/dl) 0.6 (0.4–0.8) 0.7 (0.6–0.9) 0.175
CRP (mg/l) 102.0 (37.9–180.3) 2.0 (2.0–2.5) <0.001

Graft
Cold ischaemia time (min) 780 (560–960) 175 (152–195) <0.001
Warm ischaemia time (min) 40 (30–59) 33 (28–54) 0.258
Operation time (min) 183 (146–238) 145 (120–184) 0.01

Graft outcome
Immediate graft function* 29 (60.4%) 43 (100%)
Delayed graft function* 19 (39.6%) 0 (0%) <0.001

Up to day 10
Dialysis (n) 19 0 <0.001
Rejection (n)† 10 5 0.271
Serum creatinine (mg/dl)‡ 2.7 (1.6–5.0) 1.8 (1.2–2.0) <0.001
MDRD (ml/min/1.73 m2)‡ 24.6 (11.6–37.5) 40.3 (29.7–59.1) <0.001
CKD-EPI (ml/min/1.73 m2)‡ 27.5 (12–44.2) 42.3 (30.9–64.0) <0.001

Up to day 30
Dialysis (n) 19 1 <0.001
Rejection (n)† 19 6 0.009
Serum creatinine (mg/dl)§ 1.7 (1.2–2.1) 1.4 (1.2–1.8) 0.082
MDRD (ml/min/1.73 m2)§ 41.1 (31–55.1) 46.0 (38.0–60.2) 0.042
CKD-EPI (ml/min/1.73 m2)§ 44.0 (32.7–61.9) 53.3 (42.8–63.5) 0.084

Up to day 90
Dialysis (n) 21 1 <0.001
Rejection (n)† 21 9 0.026
Serum creatinine (mg/dl)¶ 1.6 (1.1–2.1) 1.5 (1.2 -1 .8) 0.412
MDRD (ml/min/1.73 m2)¶ 41.0 (32.6–60.8) 46.0 (38.0–60.2) 0.273
CKD-EPI (ml/min/1.73 m2)¶ 42.0 (34.2–65.3) 49.1 (40.6–62.7) 0.279

Up to day 180
Dialysis (n) 22 1 <0.001
Rejection (n)† 24 14 0.09
Serum creatinine (mg/dl)** 1.6 (1.2–2.5) 1.5 (1.2–1.8) 0.367
MDRD (ml/min/1.73 m2)** 38.9 (25.8–59.9) 47.0 (39.5–54.8) 0.247
CKD-EPI (ml/min/1.73 m2)** 42.0 (26.7–64.5) 50.7 (41.7–57.8) 0.229

CRP, C-reactive protein; MDRD, modification of diet in renal disease, CKD-EPI, Chronic Kidney Disease Epidemiology Collabora-
tion.

Data are presented by median and interquartile range (Q1–Q3). A P-value (bold values) <0.05 was considered statistically sig-
nificant.

*Low diuresis (<1000 ml excretion/day) under forced medical stimulation and/or dialysis up to day 7.

†Borderline or acute rejections.

‡At day 10.

§At day 30.

¶At day 90.

**At day 180.
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optimism-corrected, monoparametric ROC analyses

were performed with plasma levels of total K18 as well

as urine concentrations of [TIMP-2] 9 [IGFBP7] of all

participating patients at d0 as well as d1. Plasmatic total

K18 was shown to be of help for the prediction of a

delayed graft function within the first 24 h following kid-

ney transplantation [d0: ROC-area under the curve

(AUC) = 0.541, (95% CI = 0.400; 0.682); d1: ROC-

AUC = 0.689, (95% CI = 0.571; 0.807)], whereas urinary

[TIMP-2] 9 [IGFBP7] failed to be of prognostic value

within the same timeframe [d0: ROC-AUC = 0.431,

(95% CI = 0.282; 0.580); d1: ROC-AUC = 0.406, (95%

CI = 0.262; 0.550)]. (ii) Multiparametric ROC analyses:

With regard to the prediction of a DGF, an additional

ROC analysis was performed with a routinely used clini-

cal scoring system (including donor age, donor crea-

tinine, recipient body mass index (BMI) and induction

therapy), resulting in a ROC-AUC of 0.702. A combined

use of this scoring system with biomarkers of cell cycle

arrest and/or cell death resulted in an improved identifi-

cation of patients suffering from a DGF following kidney

transplantation (Table 3).

Graphical abstract

An additional graphical abstract summarizes the results

of the presented investigation and is presented in the

supplementary data section (Fig. S2).

Discussion

The present investigation was able to demonstrate that

cell death and cell cycle arrest biomarkers are potentially

suitable to improve early identification of patients at

high risk for the development of a DGF following kid-

ney transplantation from deceased or living donors.

The extent of the IRI is one of the most important

influencing factors for early graft function in patients

undergoing kidney transplantation: (i) As a result of lack-

ing oxygen supply and adenosine triphosphate depletion,

as well as a diminished elimination of toxic metabolites,

the ischaemic injury induces necrotic cell death in the

graft. (ii) During the subsequent reperfusion procedure,

further inflammatory responses are initiated, resulting in

an increased cell death due to apoptosis as well as necro-

sis. Accordingly, the extent of IRI is clearly associated

with the incidence of delayed graft functions in patients

undergoing kidney transplantation and therefore repre-

sents an important measure for the prediction of graft

outcome in these patients [13–16]. The extent of IRI

should be assessed as early as possible to adapt theT
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therapeutic concept as soon as possible, including a thor-

ough adjustment of blood pressure and blood sugar

levels. Moreover, potentially nephrotoxic substances

should be avoided resolutely [17].

To investigate the degree of IRI as well as effects on

early graft function, two study groups with different cold

ischaemia times were evaluated. The first group under-

went deceased donor transplantation (DD: n = 48),

whereas the second group underwent living donor trans-

plantation (LD: n = 43). Concerning donor characteris-

tics of both groups, there were only slight differences

concerning donor age and SCr between the two study

groups. However, due to a relevant transfer time in DD

graft recipients, CIT was shown to be significantly pro-

longed in these patients. The resulting IRI is known to be

a potent inductor of innate immune reactions, which can

be demonstrated by the upregulation of pattern recogni-

tion receptors (PRR), the release of various cytokines as

well as an elevated production of reactive metabolites

[e.g. reactive oxygen species (ROS), reactive nitrogen spe-

cies (RNS), reactive carbonyl species (RCS)] [18,19]. An

important member of the PRR family is the receptor for

advanced glycation end products (RAGE), which is only

expressed to a limited extent under physiological condi-

tions, but can be induced by binding of its ligands (e.g.

high mobility group box protein-1, amyloid ß, AGEs and

S100 proteins). Ligation of RAGE may lead to the perpet-

uation of nuclear factor kappa-B activation, resulting in a

propagation of immunoinflammatory responses [20–22].
The relevance of RAGE-mediated inflammation in the

context of IRI has already been described in patients

undergoing orthotopic liver transplantation [18]. How-

ever, these results also seem to hold true for patients fol-

lowing kidney transplantation. Plasma levels of sRAGE

were significantly elevated up to 7 days after the trans-

plantation procedure in patients of the DD group in com-

parison with LD graft recipients. Within the context of

innate immunity, acute-phase reactions (as assessed by

CRP plasma levels) were also shown to be significantly

increased in patients undergoing deceased donor trans-

plantation, giving further evidence for a higher degree of

the immunoinflammatory response in these patients.

C-reactive protein and sRAGE results clearly indicate

that the duration of CIT is closely related to the degree

of the inflammatory response, and the resulting extent

of IRI might be able to affect graft integrity in a “dose-

dependent” manner. Accordingly, DD graft recipients

suffered more frequently from a delayed graft function

in combination with higher serum creatinine levels and

Figure 1 Urinary concentrations of tissue inhibitor of metallopro-

teinase-2 (TIMP-2) and insulin-like growth factor-binding protein-7

(IGFBP-7), as well as corresponding glomerular filtration rates in

patients following kidney transplantation. Urinary concentrations of

[TIMP-2] 9 [IGFBP7] were measured (a) in patients undergoing

deceased donor (DD; grey-shaded bars) or living donor (LD; white

bars) kidney transplantation as well as (b) in patients suffering from

a delayed graft function (DGF; grey-shaded bars) or with a normal

early graft function (Non-DGF; white bars). (c) Moreover, corre-

sponding glomerular filtration rates were estimated by the use of

the CKD-EPI (chronic kidney disease epidemiology collaboration)-for-

mula, a creatinine-based formula in patients suffering from a

delayed graft function (DGF; grey-shaded bars) or with a normal

early graft function (Non-DGF; white bars). Plasma and urine sam-

ples were collected prior to transplantation (Pre), immediately after

the end of the surgical procedure (d0), and 1 day (d1), 3 days (d3),

5 days (d5), 7 days (d7) and 10 days (d10) afterwards. Data in box

plots are given as median, 25th percentile, 75th percentile with the

10th as well as 90th percentile at the end of the whiskers. *p < 0.05;

**p < 0.01; ***p < 0.001.
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lower glomerular filtration rates. In contrast, LD graft

recipients showed an unobtrusive immediate graft func-

tion from d0 up to d30 in all cases. However, these IRI-

associated functional impairments in DD graft recipi-

ents appeared to be a transient effect, especially in the

early phase following kidney transplantation. In the fol-

lowing two investigation periods (up to day 90 and day

180), the two study groups did not differ significantly

with regard to graft integrity as well as the need for

RRT, indicating an at least partial recovery of the graft.

Nevertheless, to provide best supportive graft care and

to avoid additive harmful effects (e.g. nephrotoxic

drugs, poor hemodynamic circumstances, inadequate

fluid balance), early graft dysfunctions need to be

detected as early as possible. Within this context,

biomarkers of cell cycle arrest, as well as cell death,

might be of important value.

TIMP-2 and IGFBP7 both represent biomarkers for

cellular stress and are expressed in the early phase after

renal tubular damage. They are both involved in the G1

cell cycle arrest, disabling the damaged cells to per-

form cell division. Urinary concentrations of [TIMP-

2] 9 [IGFBP7] have proven to be early and reliable

markers for an acute kidney injury (AKI) in mixed

intensive care populations [23–25] as well as in different

postoperative settings (e.g. major surgery, cardiac sur-

gery) [26,27]. Moreover, these biomarkers have recently

been shown to be of value for the prediction of a

delayed graft function in patients following deceased

donor transplantation [11]. In line with the investiga-

tion of Pianta et al., urine levels of [TIMP-

2] 9 [IGFBP7] were shown to be significantly increased

in patients suffering from a DGF within the presented

investigation. Moreover, [TIMP-2] 9 [IGFBP7] mea-

surements were demonstrated to be at least comparable

(e.g. CKD-EPI) or superior (e.g. MDRD) to the most

widely used creatinine-based estimates for the glomeru-

lar filtration rate. This is due to the fact that urine levels

of [TIMP-2] 9 [IGFBP7] reached the best discrimina-

tive value already at very early stages following kidney

transplantation (at d0 or d1), whereas a creatinine-

based estimation of the glomerular filtration rate

showed significant differences not until d1. However,

although urine levels of [TIMP-2] 9 [IGFBP7] differed

significantly between patients with or without DGF at

early stages following kidney transplantation, an addi-

tional diagnostic value of [TIMP-2] 9 [IGFBP7]

Figure 2 Total keratin 18 (total K18) levels in (a) plasma and (b)

urine of patients following kidney transplantation with a graft from a

deceased donor (DD; grey-shaded bars) or a living donor (LD; white

bars). Plasma and urine samples were collected prior to transplanta-

tion (Pre), immediately after the end of the surgical procedure (d0),

and 1 day (d1), 3 days (d3), 5 days (d5), 7 days (d7) and 10 days

(d10) afterwards. Data in box plots are given as median, 25th per-

centile, 75th percentile with the 10th as well as 90th percentile at

the end of the whiskers. *p < 0.05; **p < 0.01; ***p < 0.001.

Table 3. Multiparametric ROC analyses.

ROC-AUC

Clinical scoring system* 0.702

Timepoint d0 d1

Clinical scoring system* +
CKD-EPI

0.704 0.774

Clinical scoring system* +
[TIMP-2] 9 [IGFBP7]

0.645 0.741

Clinical scoring system* +
total K18 plasma

0.813 0.863

Clinical scoring system* +
[TIMP-2] 9 [IGFBP7] +
total K18 plasma

0.744 0.861

AUC, area under the curve; CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration; K18, keratin-18; ROC, receiver
operating characteristic; [TIMP-2] 9 [IGFBP7], tissue inhibitor
of metalloproteinase-2 and insulin-like growth factor-binding
protein-7.

*Clinical scoring system: donor age, donor creatinine, recipi-
ent body mass index (BMI) and induction therapy.

Transplant International 2018; 31: 751–760 757

ª 2018 Steunstichting ESOT

Cell cycle arrest and cell death



measurements could only be observed in combination

with a routinely used clinical scoring system [6].

Patients with a severe chronic kidney disease are

characterized by an increased cell death, and keratin

measurements in plasma and urine have proven to be

useful within this context [15,28,29]. Keratins belong to

the family of intermediate filament proteins and are

common in both epithelial and endothelial cells [30].

Depending on the type of cell death (apoptosis versus

necrosis), specific K18 isoforms (caspase-cleaved vs.

full-length, uncleaved K18) are released, which can then

be detected by specific antibodies: (i) During apoptosis,

the organism attempts to use a highly regulated system

to make cell death as less harmful as possible for the

organism [31]. During the decomposition processes,

various ATP-dependent caspases are activated leading to

the cleavage of K18 into characteristic fragments

(ccK18), which can then be detected by the M30 anti-

body. Unfortunately, data concerning the role of cas-

pases are conflicting. On the one hand, caspases are

involved in the process of cell proliferation and differ-

entiation [32,33]. On the contrary, the extent of apop-

tosis seems to be closely related to the disease severity

in some chronic liver diseases [34,35]. (ii) In contrast,

several disease states (e.g. ischaemia and severe tissue

trauma) might result in rapid and undirected necrotic

cell death [36], which is anything but harmless due to

its severe proinflammatory side effects. Necrosis is

known to be caspase-independent leading to a release of

full-length K18 into plasma/urine. The M65 Epideath-

ELISA is able to detect all K18 isoforms, indicating the

extent of total cell death. A combined use of both assays

(M30, M65) is able to directly assess the proportion of

apoptosis in relation to total cell death, whereas the

extent of necrosis can be estimated indirectly. Within

the presented investigation, an elevated inflammatory

response in patients of the DD group was paralleled by

significantly increased levels of total K18 in plasma up

to d5. Due to comparable plasmatic levels of ccK18 in

the DD and LD graft recipients, necrosis seems to be

the predominant mode of cell death in patients of the

DD group resulting in the above-described increased

levels of total K18. Moreover, the extent of necrotic cell

death was shown to be directly associated with graft

integrity, as total K18 monitoring was identified to be a

suitable tool for the detection of delayed graft function

in patients following kidney transplantation. The diag-

nostic value of total K18 monitoring was further

increased by its combined use with a routinely used

clinical scoring system [6]. Contrariwise, cell death

caused by apoptosis appears to have a merely

subordinate role in these patients, so that ccK18 moni-

toring was shown to be of minor value. Also, plasma

levels of total K18 in the DD group were shown to be

significantly elevated even before the operation (at Pre),

potentially indicating a longer lasting and more severe

chronic kidney disease before kidney transplantation.

This hypothesis is further supported by the fact that

patients of the DD group were significantly older and

required RRT in a higher number of cases. This is in

line with the results from Roth et al., who were able to

show that patients with advanced chronic renal failure

are hallmarked by elevated total K18 values [29].

Limitations

There are several limitations, which need to be

addressed in connection with the presented manuscript:

First, this is a single-centre study in a relatively small

patient cohort. Therefore, the study design appeared to

be unsuitable for a reliable calculation of cut-off values

of the reported biomarkers for early prediction of DGF

in patients following kidney transplantation. Second, at

the start and over the course of the study neither imag-

ing procedures to calculate the nephron mass nor addi-

tional biopsy samples to assess the organ quality were

taken routinely unless we suspected organ rejection.

Thus, a varying organ quality cannot be ruled out com-

pletely as a contributing factor for DGF development

and divergent graft outcomes, besides CIT. Further-

more, we cannot make any statements regarding the

long-term survival of the grafts. The study was designed

for only a period of 180 days.

Conclusion

To the best of our knowledge, this is the first clinical

study directly assessing the effects of prolonged CIT and

increased IRI on graft dysfunction due to cell cycle

arrest and necrotic cell death. As a result of prolonged

CIT and increased IRI, deceased donor transplantations

were shown to suffer from a more distinct cell cycle

arrest and necrotic cell death. Plasmatic total K18 and

urinary [TIMP-2] 9 [IGFBP7] were therefore demon-

strated to be of value for the detection of a DGF, as

they improved the diagnostic performance of a rou-

tinely used clinical scoring system (including donor age,

donor creatinine, recipient body mass index (BMI) and

induction therapy). However, prior to their implemen-

tation into clinical routine, further adequately powered

investigations with high-quality data collection need to

be recommended.
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