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Background.Donors after brain death develop a systemic proinflammatory state that may predispose the kidneys to injury after
transplantation. Because it is not knownwhether this inflammatory environment similarly affects the kidneys from expanded criteria
donor (ECD) and standard criteria donors (SCD), we sought to evaluate differences in the gene expression of inflammatory cyto-
kines in preimplantation biopsies (PIBx) from ECD and SCD kidneys.Methods.Cytokines gene expression was measured in 80
PIBx (SCD, 52; ECD, 28) and associated with donor variables. Results. Normal histology and chronic histological lesions were
not different between both types of kidneys. ECD kidneys showed significant increase in the transcripts ofMCP-1, RANTES, TGF-β1,
and IL-10 when compared with SCD. Kidneys presenting normal histology had similar inflammatory profile except by a higher ex-
pression of RANTES observed in ECD (P = 0.04). Interstitial fibrosis and tubular atrophy (interstitial fibrosis and tubular atrophy≥ 1)
were associated with higher expression of TGF-β1, RANTES, and IL-10 in ECD compared with SCD kidneys. Cold ischemia time
of 24 hours or longer was significantly associated with upregulation of FOXP3, MCP-1, RANTES, and IL10, whereas longer du-
ration of donor hospitalization significantly increased gene expression of all markers. High FOXP3 expression was also associated
with lower level of serum creatinine at 1 year. Donor age was not associated with any of the transcripts studied. Conclusions.

PIBx of ECD exhibit a higher gene expression of inflammatory cytokines when compared with SCD kidneys. This molecular profile
may be a specific ECD kidney response to brain death and may help to predict the posttransplant outcomes of ECD recipients.

(Transplantation Direct 2017;3: e180; doi: 10.1097/TXD.0000000000000671. Published online 23 June, 2017.)
Ahigh demand and limited supply of organs for kid-
ney transplantation (Tx) has resulted in a growing

waiting list for the procedure, leading transplant centers
to accept “unideal” kidneys recovered from expanded
criteria donors (ECD).1,2 ECD outcomes seem to be infe-
rior to those from standard criteria donors (SCD) and the
tools available to assess organ quality have low predictive
power to be used in clinical practice. For this reason, an
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elevated discard rate of recovered ECD kidneys has been
observed among transplant teams, which has a negative
impact on the waiting list for renal transplantation.3-5

It is known from animal models and clinical studies that
donor after brain death (DBD) generates a proinflammatory
state that can cause damage to the kidney tissue influencing
graft outcomes. The nature of the inflammatory process
seems to be different among the various types of donors
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TABLE 1.

Donor and recipient demographic characteristics and
transplant data

Parameter SCD (n = 52) ECD (n = 28) P

Donor characteristics
Age, yr (mean ± SD) 37 ± 13 57 ± 6 0.0001
Gender M(F) 22 (21) 10 (11) 1
Cause of death
Trauma, n (%) 24 (56) — —

Cerebrovascular accident, n (%) 17 (40) 21 (100) 0.02
Other cause of death, n (%) 2 (4.5) — —

Last donor serum creatinine:
mean ± SD, mg/dL

1.55 ± 1.12 1.65 ± 1.07 0.45

CIT: mean ± SD, h 24 ± 3.5 25.7 ± 3.9 0.09
Arterial hypertension, n (%) 8 (17) 18 (56) 0.001
Diabetes mellitus, n (%) 2 (4.6) 2 (9.5) 0.06
Time hospitalization: mean ± SD, d 5.7 ± 5 4.3 ± 3 0.26

Recipient characteristics
Age: mean ± SD, y 45 ± 12 52 ± 9 0.01
Race (white/nonwhite) 26/17 13/8 1
Sex: M (F) 31 (12) 16 (5) 1
DGF, n (%) 29 (67) 15 (71) 0.78
DGF duration: mean ± SD, d 15 ± 6.7 14 ± 6 0.91
AR, n (%) 5 (12) 3 (14) 0.80
HLA mismatches (mean ± SD) 3.11 ± 0.8 3.54 ± 0.7 0.08
Serum creatinine 12 mo, mg/dL 1.4 ± 0.5 1.72 ± 0.6 0.04
GFR 12 mo: mean ± SD), mL/min 68 ± 25 51 ± 17 0.02
Tacrolimus, n (%) 22 (51) 12 (57) 0.79
Everolimus, n (%) 21 (49) 9 (43) 0.79
Patient survival 1 y (%) 97.6 84.6 0.04
Graft survival 1 y (%) 97.6 76.2 0.016
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because distinct patterns of cytokines gene expression were
reported in kidneys recovered fromDBD comparedwith kid-
neys from cardiac death or living donors.6-9 So far, it has not
been reported whether the DBD-induced inflammatory re-
sponse equally affects ECD and SCD kidneys.

In the present study, we hypothesized that ECD kidneys
could have a higher inflammatory burden than SCD. Thus,
we aimed to evaluate differences in the cytokines gene expres-
sion in preimplantation kidney biopsies (PIBx) from ECD
and SCD.

MATERIALS AND METHODS

Biopsies and Clinical Data Definitions

In this prospective, single-center preliminary study, 80
PIBx from DBD (SCD, 52; ECD, 28) were analyzed. Wedge
biopsies were performed immediately before implantation
in kidneys from DBD after obtaining prior permission from
the transplant recipients. The study was approved by the Re-
search Ethics Committee of the Medical School of São José
do Rio Preto (2011-7), in accordance with current standards
for research involving human beings. One half of the preim-
plantation biopsy was used for histological analysis, and
the rest was immediately immersed in RNAlater (Ambion,
Applied Biosystems) for molecular evaluation.

The histopathological diagnosis was assessed by a patholo-
gist blinded to the genomic analysis, and the histological
chronic lesions were classified using the Banff 2007 criteria
and according to the degree of the glomerulosclerosis.10,11

ECD were defined as older than 60 years, or between 50 and
59 years of age, with at least 2 of the following underlying risks:
hypertension, death caused by cerebrovascular accident, or
serum creatinine level higher than 133 μmol/L (1.5mg/dL).12

Delayed graft function (DGF) was defined as the need for
dialysis within the first week after Tx.13 Acute rejection
(AR) was diagnosed in the clinical setting by graft dysfunc-
tion and histology (biopsy-proven AR), according to Banff's
2007 histopathological criteria.10 Graft failure was defined
by the date of return to chronic dialysis.

Quantification of Intragraft Gene Expression Through
Real-Time Polymerase Chain Reaction

Graft preimplantation biopsy fragments were macerated
and processed for the RNA extraction using TRIzol reagent
(Ambion; Applied Biosystems, Foster City, CA) according
to the manufacturer’s instructions. Total RNA (2.0 μg) was
reverse transcribed with the high-capacity cDNA Reverse
Transcription Kit, according to the manufacturer's instruc-
tions, in a final volume of 20 μL (Applied Biosystems).

For the evaluation of gene expression levels, real-time poly-
merase chain reaction quantitative was performed according
to the TaqMan protocols (Applied Biosystems). TaqMan
Assay reagents enable the detection and quantification of
FOXP3, IL-10, TGF-β1, CCL5/RANTES, and CCL2/
MCP-1 genes. All samples were run in triplicate on the
StepOnePlus Real-Time PCR System (Applied Biosystems)
and normalized to the expression levels of glyceraldehyde
3-phosphate dehydrogenase andβ-actin. Relative quantifica-
tion was performed by the 2−ΔΔCt method (threshold cycle).

Statistical Analysis

The data are presented as absolute numbers, means ± SD,
medians, or percentages. Gene quantifications are displayed
as box-plot graphs with logarithmic transformation of the
data. For continuous variables, statistical significance was
assessed by Student t test or, if the variable deviated from a
normal distribution, by nonparametric test (Mann-Whitney).
Qualitative variables were analyzed by the χ2 test or Fisher
exact test. The Kaplan-Meier log-rank test was used to com-
pare the survival rates. All analyses were performed using
Stats Direct version 2.5.7 (Stats Direct Ltd.). Throughout
the study, a P value less than 0.05 was considered significant.
To prevent false-positive due to multiple comparisons, when
appropriate a Bonferroni correction was applied.

RESULTS

Donor and Recipient Demographics

The variables analyzed for SCD and ECD donors are sum-
marized in Table 1. A comparison between both donor
groups showed that the ECD were significantly older (mean
age of 57 ± 6 vs 37 ± 13 years; P = 0.0001) and had a higher
death rate due to cerebrovascular accident (P = 0.02) and ar-
terial hypertension (P = 0.001). Cold ischemia time (CIT) and
length of hospital stay were similar in both groups.

The demographics of the recipients, the type of kidney
received and the clinical outcomes are shown in Table 1.
Rates of AR for SCD and ECD were 12% versus 14%, re-
spectively (P = 0.8). DGF occurrence (67% vs 71%;
P = 0.78) and duration (15 ± 6.7 days vs 14 ± 6 days;
P = 0.91) were similar for both groups. Serum creatinine
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TABLE 2.

Histological Banff scores and degree of glomerulosclerosis of
kidney biopsies

PIBx

Histological grade SCD, n = 52 ECD, n = 28 P
Normal histology, n (%) 15 (29) 4 (14) 0.1
Interstitial fibrosis/tubular atrophy
Grade I, n (%) 32 (62) 21 (72) 0.3
Grade II, n (%) 2 (4) 4 (14) 0.8

Glomerulosclerosis (mean ± SD) 5.3 ± 15 11.6 ± 22.7 0.1

© 2017 Wolters Kluwer Mazeti-Felicio et al 3
level (SCD, 1.4 ± 0.55 mg/dL vs ECD, 1.72 ± 0.65 mg/dL;
P = 0.04) and the glomerular filtration rate (GFR) (SCD,
68 ± 25 mL/min vs ECD, 51 ± 17 mL/min; P = 0.02) at
1-year post-Tx were worst in the ECD group. One-year pa-
tient and graft survival rates were significantly lower for
ECD (P = 0.04) than for SCD (P = 0.016) recipients (Table 1).

Histological Findings

Normal histology was observed in 29% and 14% of SCD
andECD, respectively, and the percentage of glomerulosclerosis
FIGURE 1. Relative mRNA expression of FOXP3, TGF-B, MCP-1, RAN
quartile values. The whiskers are indicating range and asterisks represen
and IFTAwas also similar in both types of kidneys, although
IFTA II and glomerulosclerosis were numerically higher in
the ECD group (Table 2).

Molecular Profile of PIBx

Gene expression ofMCP-1 (P = 0.01), RANTES (P = 0.008),
TGF-β1 (P = 0.04), and IL-10 (P = 0.0005) was significantly
higher in ECD than in SCD kidneys. FOXP3 gene expression
was similarly upregulated in both types of kidneys (Figure 1).

Analysis of donor variables and genetic expression showed
that upregulation of FOXP3 (P = 0.006),MCP-1 (P = 0.006),
RANTES (P = 0.04), and IL-10 (P = 0.04) were associated
with CIT of 24 hours or longer. Duration of donor hospital-
ization longer than 3 days was strongly associated with up-
regulation of all markers, whereas high FOXP3 expression
(P = 0.002) was only associates with lower level of serum cre-
atinine. Donor age was not associated with any of the tran-
scripts studied (Table 3).

Molecular Profile and Histology

Kidneys presenting normal histology had similar expres-
sion of molecular markers, except by higher RANTES ex-
pression in ECD (P = 0.04; Figure 2). However, it is
TES, and IL-10 genes in PIBx. Box-plot representation of median and
t outliers.



TABLE 3.

Association analysis of genes expression with donor variables in preimplantation biopsies

Genesa Donor variables, n (%) P

Donor age (>50 y) Donor age (<50 y)
FOXP3 17 (42.5) 23 (57.5) 0.2
TGF-β 22 (50) 22 (50) 0.5
MCP-1 21 (52.5) 19 (47.5) 0.8
RANTES 22 (50) 22 (50) 1.1
IL-10 23 (53.5) 20 (46.5) 0.6

Last donor creatinine (≥1.5 mg/dL) Last donor creatinine (<1.5 mg/dL)
FOXP3 13 (32.5) 27 (67.5) 0.002
TGF-β 24 (54.5) 20 (45.5) 0.2
MCP-1 21 (52.5) 19 (47.5) 0.4
RANTES 16 (41) 23 (59) 0.1
IL-10 21 (49) 22 (51) 0.8

CIT (≥24 h) CIT (≥24 h)
FOXP3 26 (65) 14 (35) 0.006
TGF-β 25 (57) 19 (43) 0.14
MCP- 1 26 (65) 14 (35) 0.006
RANTES 27 (61) 17 (41) 0.04
IL-10 26 (60) 17 (40) 0.04

Length of donor hospitalization (≥3 d) Length of donor hospitalization (<3 d)
FOXP3 30 (75) 10 (25) <0.0001
TGF-β 34 (77) 10 (23) <0.0001
MCP-1 29 (72.5) 11 (27.5) 0.002
RANTES 36 (82) 8 (18) <0.0001
IL-10 32 (74) 11 (26) <0.0001

aGenes: Relative expressions of FOXP3, TGF-β, MCP-1, RANTES and IL-10 genes were stratified as above the median value.
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noteworthy that despite presenting normal histology, ECD
kidneys showed a tendency to have higher gene expression
molecules than SCD kidneys (FOXP3, P = 0.06; MCP-1,
P = 0.08; IL-10, P = 0.1). IFTA ≥ 1 were associated with in-
creased gene expression andwere higher in the kidneys ECD
(TGF-β1, P = 0.045; RANTES, P = 0.009; IL-10, P = 0.005;
Figure 2).

DISCUSSION

Our data corroborate reports showing that ECD recipi-
ents had inferior renal function and lower graft and patient
survivals compared to SCD recipients.14,15 Additionally,
we lend support to previous studies showing that kidneys
FIGURE 2. Relative mRNA expression of FOXP3, TGF-B, MCP-1, R
donor type and histological findings. *P < 0.05 vs normal/ECD; **P < 0
IFTA ≥ 1/ECD.
from DBD present a proinflammatory state.8,16-18 The
present findings add new information by showing that
kidneys from SCD and ECD respond differently to the
systemic inflammation induced by brain death, as the
proinflammatory cytokines MCP-1, RANTES and the anti-
inflammatory molecules IL-10 and TGF-β1 were signifi-
cantly over expressed in ECD, in comparison with SCD
kidneys (Figure 1).

The massive release of inflammatory cytokines has been
reported in the plasma and in PIBx of living donors, DBD
and in cardiac dead donors. However, differences in the cyto-
kines gene expression profiles of SCD and so far, ECDkidneys
have not been investigated.8,17
ANTES and IL-10 genes in preimplantation biopsies according to
.05 vs IFTA ≥ 1/ECD; ***P < 0.01 vs IFTA ≥ 1/ECD; #P < 0.001 vs.

http://www.transplantationdirect.com


© 2017 Wolters Kluwer Mazeti-Felicio et al 5
We found that upregulation of all markers was associated
with longer duration of donor hospitalization (Table 3),
corroborating previous report suggesting that an evolving
inflammatory process started before organ retrieval.18 The
higher expression of FOXP3, MCP-1, RANTES and IL-10
were significantly associated with elevated CIT may be due
to prolonged ischemia activations a of complex sequence
of events that sustain kidney damage, through the, release
of proinflammatory cytokines.19,20 On the other hand,
association of increased FOXP3 and lower serum creatinine
suggest a nephroprotective effect of Tregs in response to the
proinflammatory environment.21

Histological findings based on the Banff consensus could
not be correlated with the molecular markers studied be-
cause, in spite of normal histology both types of kidneys
showed increased expression of the molecular marker. Addi-
tionally, ECD kidneys without histological lesions presented
massive RANTES expression and all others markers margin-
ally more expressed than in SCD kidneys. Similarly, both
types of kidney donors with same degree of IFTA had in-
creased transcripts of TGF-β1, RANTES, and IL-10 in
ECD compared with SCD kidneys. Some transcriptomic stud-
ies analyses have provided mechanistic insights about the
value of molecular markers over the histological findings.22

Although the proinflammatory profile found in the PIBx
can be explained as a response to the insult occurring during
recovering of organs from DBD, it does not explain why the
molecular profile of ECD kidneys presents a much more
vigorous inflammatory response than SCD (Figure 1). We
suggest that this difference could be related to ischemia-driven
major histocompatibility complex-independent activation of
innate immunity, because it is accepted that dying cells, under
conditions of cellular stress, can release various damage-
associated molecular pattern molecules into the extracellular
environment, triggering a sterile inflammation.23-25

Another nonmutually exclusive hypothetical factor involv-
ing damage-associated molecular patterns is the degree of
hypoxia occurring before organ retrieval. In this context,
ECD kidneys are likely to release higher amounts of cellular
debris and endogenous signaling molecules due to a longer
hospital stay and more tissue damage, resulting in more po-
tent stimuli for the sterile inflammation and higher produc-
tion of cytokines.23,25,26 Moreover, changes in the number
of infiltrating neutrophils, resident dendritic cells and CD4,
CD8+, and γδTcells into the ECD kidneymay also influence
the intensity of the sterile inflammation associated with the
T cell–mediated adaptive immune response.27,28

Although the panel of cytokine genes that we selected for
the study does not provide a detailed mechanistic expla-
nation for the findings, it was chosen to represent certain
molecules that are essential for directing, positioning or
suppressing cells involved in the inflammatory process.29,30

Our study has several limitations. This was a pilot study with
small sample size, and therefore our results must be validated
independently using larger cohorts. However, the primary
goal of this project was focused on determining whether
ECD kidneys may have tissue-specific characteristics resulting
in a distinct molecular profile from SCD kidneys. Other lim-
itations of this study include some potential bias in the histo-
logical interpretation of PIBx and in the transcriptome
analysis, as well as the cost and feasibility of additional mo-
lecular tests in a clinical setting.
In conclusion, to the best of our knowledge, this is the first
demonstration that brain death causes a heavier inflamma-
tory response in ECD kidneys than in SCD kidneys. These
results strongly suggest that ECD kidneys may have tissue-
specific characteristics resulting in a distinctmolecular profile
from SCD kidneys. Larger studies using molecular markers
may provide a better predictive power analysis and therefore
should be conducted to validate our results. If confirmed, the
present data may also help to clarify the “organ quality” and
to reduce discard rates. Alternatively, it may give an impetus
to revisit donor pretreatment strategies targeting to reduce
the inflammatory molecular profile of ECD kidneys and
thereby to improve the clinical outcomes of ECD recipients.
However, our findings must be interpreted cautiously due
to the fact that the patient sample was relatively small and
we have performed a large number of statistical comparisons.
This may increase the probability of false positives due to the
number of statistical tests performed. Furthermore, the design
of the present study is not suitable to show causality between
gene expression and the type of graft, only that there seems
to be an association.
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