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Abstract

Background—Endothelial microparticles (EMP) are membrane vesicles shed from endothelial
cell in response to injury, activation or apoptosis. Kidney transplantation (KTx) is the treatment of
choice for patients with end stage kidney disease (ESKD). The aim of this study was to analyze
changes in EMP and serum creatinine (SCr) in patients following KTx.

Methods—BIlood was periodically collected from patients before (pre-KTx) and after KTx for
two months. EMP were identified as CD31*/CD42b™ microparticles and quantified by
fluorescence-activated cell scanning.

Results—This study included 213 KTx, 14 kidney/pancreas (KPTx) recipients and 60 healthy
donors prior to donation. The recipients were divided into 5 groups based on the cause of ESKD.
No differences in the quantity of circulating EMP were seen in the pre-KPTx or KTx recipient
sera and healthy donor sera. Patients with ESKD secondary to diabetes mellitus, obstructive/
inherited kidney disease and autoimmune disease had a decrease in both circulating EMP and SCr
by day 60 after KTx.

Conclusion—Reduction in both circulating EMP and SCr was seen after kidney KTx in patients

with selective ESKD.
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Introduction

Annually, more than 27,000 solid organ transplants are performed in the USA, which
includes more than 18,000 kidney transplants, more than 6,000 liver transplants and more
than 2,000 heart transplants (1). Over the past few years, graft survival rates have improved
due to more efficient immunosuppressive therapies and transplantation techniques. Thus, the
population of patients with a functioning solid allograft has significantly increased.
However, allograft rejection remains one of the main causes for allograft failure. Usually,
monitoring of renal allograft function is evaluated by serum creatinine (SCr) levels in
patients. Unfortunately, SCr level elevation is a nonspecific marker of renal allograft
dysfunction, as it may occur in many different conditions. Elevated SCr is seen in acute
kidney injury secondary to extrarenal etiologies (such as disturbances in systemic circulation
and renal blood flow, urinary outlet obstruction) or non-rejection related causes (such as
infection) (2). The “gold standard” test for the assessment of allograft rejection is renal
allograft biopsy, which is an invasive, expensive and relatively risky procedure (3).
Therefore, the need for a reliable and clinically significant marker of renal allograft rejection
is emerging, as early detection of graft rejection is important for efficient patient care and
management.

Microparticles are submicron (0.1-1 pm) membrane vesicles released from the plasma
membrane during their activation, injury and (or) apoptosis (4-6). They express cell surface
proteins and cytoplasmic components of their parent cell (7). Formation of microparticles is
a tightly regulated process and the levels of circulating microparticles is increased in patients
with vascular diseases, diabetes, infection, metabolic diseases and cancer (4, 8-10).

The pool of circulating microparticles is contributed to by several different cell types,
including platelets, leukocytes and endothelial cells, where endothelium-derived
microparticles (EMP) represent about 10-15% of the total microparticle population (4-6). It
has been previously demonstrated that levels of circulating EMP may be used as a surrogate
marker of endothelial cell dysfunction (6, 8, 11).

Kidney allograft rejection occurs via cellular, humoral or combined mechanisms. In many
cases, the endothelium is the main target of the recipient immune system. We had previously
demonstrated that circulating EMP levels decrease in patients following liver allograft
implantation (12). There is evidence that in patients with kidney allografts, EMP also change
after transplantation, but these data were obtained from a limited population of patients (13).

The aim of the current study was to investigate changes in circulating EMP and SCr levels
in a large population of patients after kidney transplantation and determine whether these
changes are different in patients with various underlying causes of end stage kidney disease
(ESKD).
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Material and Methods

Subjects

Antibodies

Statistics

The study population consisted of consecutive patients admitted to The Ohio State
University Wexner Medical Center for kidney transplantation between October 2011 and
May 2013. In addition, blood samples were collected from consecutive living donors before
nephrectomy and used as healthy control. The study was approved by the Institutional
Review Board and all participants were considered eligible after their written informed
consent. The patient population is described in the Results.

Preparation of microparticles from Plasma—Blood samples were collected from the
patients into EDTA-containing tubes and processed for microparticle isolation as described
earlier (9, 12). Briefly, platelet-free plasma (PFP) was obtained after an initial centrifugation
at 1500g for 10 minutes followed by a second centrifugation at 15009 for 15 minutes.
Samples were aliquoted and frozen at —80°C until further use.

The following antibodies were used: fluorescein isothiocyanate-Annexin V (FITC-Annexin)
(Invitrogen, Carlsbad, CA), phycoerytherin-conjugated anti-CD31 (PE-CD31), anthocyanin-
conjugated anti-CD45b (APC-CD45b) (BD Biosciences, San Jose, CA), 1um polystyrene
beads (Sigma, St. Louis, MO).

Immunolabeling and Flow Cytometry of Microparticles—Endothelial-derived
microparticles were labeled in 100pl of PFP using PE-CD31 and APC-CD45b for 45
minutes at room temperature. In addition, these samples were labeled with FITC-Annexin
according to the manufacturer’s protocol (18) and analyzed on a Becton-Dickinson
FACScan flow cytometer (Becton-Dickinson, Franklin Lakes, NJ). Gating parameters were
defined using 1um standard polystyrene beads. Microparticles were defined using forward-
scatter analysis. The time necessary for counting 10000 events was determined and
microparticle concentration was calculated using the formula MP= (1000 x Num x 60)/(V x
t), where MP is concentration of microparticles (mL/1); Num is number of particles passed
through flow cytometer; V is volume speed (60 uL/min); and t is time (seconds), as we
described earlier (11, 12, 14).

Descriptive statistics was used to characterize patient’s demographic data. Data are
presented as mean + standard deviation, unless specified otherwise. Mixed models were
applied to the data using the EMP percent change from baseline as the outcome variable and
the following as potential predictor variables: baseline EMP, day, ESKD group and SCr
percent change from baseline.
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Demographics of patients and immunosuppression

During the study period, 257 recipients of kidney or simultaneous Kidney/pancreas allograft
were recruited, which represents 86% of the patients who received renal allografts at The
Ohio State University Wexner Medical Center (OSUWMC) within the same period of time.
In addition, blood samples were obtained from 60 consecutive living donors before
nephrectomy. For the final analysis, only recipients of the first renal allograft were included
to avoid confounding the EMP changes that may be associated with sensitization,
development of donor specific antibodies or previous immunosuppression therapy. The
demographic characteristics of patients included into the final study cohort (227 patients) are
provided in Table 1.

The 227 patients were divided into groups based on the cause of ESKD as following: Group
1 — patients with ESKD secondary to diabetic nephropathy because of diabetes mellitus type
I, who received a simultaneous kidney/pancreas transplant; Group 2 - patients with ESKD
secondary to diabetic nephropathy (diabetes mellitus type | or type 1), who received kidney
allograft only; Group 3 — patients with ESKD secondary to congenital causes or acquired
obstructive nephropathy; Group 4 — patients with ESKD secondary to immune-complex
mediated glomerulonephritides (IgA nephropathy, membranous glomerulonephritis, lupus
nephritis); Group 5 — patients with unknown/unclassified ESKD.

Baseline immune suppression consisted of rabbit antithymocyte globulin (ATG) induction
(1.25 mg/kg/day) with a short, 5 day course of steroid treatment. Maintenance immune
suppression consisted of rapamune (Sirolimus) started on post-transplant day 0 and delayed
cyclosporine (Neoral) begun on day 2 or 3 following recovery of renal function. Rapamune
was dosed to achieve a target serum level of 10 ng/ml and cyclosporine was dosed to
achieve a C2 (concentration 2 hours after the last dose) of 1000 ng/ml.

Rejection episodes occurred within the first year after the transplantation were included.
Initial treatment of acute cellular rejection episodes consisted of steroids. ATG was
administered for steroid resistant episodes. Antibody-mediated rejection or combined
cellular and antibody-mediated rejection episodes were treated with combinations of ATG,
steroids, IVIG, and apheresis.

Endothelial microparticles and serum creatinine levels before and after kidney
transplantation

EMPs and SCr levels were analyzed in blood plasma before (baseline) and periodically at
days 7, 14 and 21 after transplantation and monthly thereafter. Unfortunately, the number of
follow ups beyond 2 months post-transplant was low; therefore we report herein only
changes in EMP and SCr up to 2 months post-transplant. Blood samples from living donors
collected before nephrectomy were used as healthy controls.

There were no significant differences between baseline EMP levels in healthy controls and
patients with ESKD, even when the patients were stratified by ESKD. SCr levels were
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significantly higher in all ESKD patients as compared to healthy controls, regardless of the
ESKD etiology.

We analyzed EMP and SCr changes from baseline in each individual patient two months
post-transplant. EMP levels did not change significantly 2 month post-transplant when they
were analyzed for all patients. However, when patients were stratified by ESKD etiology,
there was a decrease in circulating EMP levels in patients with diabetes mellitus who
received kidney allograft only (group 2), patients with obstructive/inherited isolated kidney
disease (group 3) and patients with immune-complex mediated glomerulonephritides (group
4).

Changes in circulating EMP and SCr levels stratified by ESKD are shown in Figure 1. In all
patients SCr significantly decreased after transplantation, typically by week 1. There was a
decrease in circulating EMP levels in patients with ESKD secondary to diabetes mellitus
(Figure 1, B and C) and obstructive/inherited isolated kidney disease (Figure 1, D) two
weeks post-transplant. EMP levels steadily decreased in patients with immune-complex
mediated glomerulonephritides (Figure 1, E), though these changes did not reach statistical
significance due to low patient numbers. No trends in EMP posttransplant changes were
seen in patients with unclassified ESKD (Figure 1, F).

Statistical modeling of endothelial microparticles and serum creatinine changes in
patients with kidney transplantation

Mixed models were applied to the data using the EMP percent change from baseline as the
outcome variable and the following as potential predictor variables: baseline EMP, day post-
transplant, ESKD group and SCr percent change from baseline. Two models were run in
total: 1. First 60 days not including SCr percent change from baseline as a predictor. 2. First
60 days including SCr percent change from baseline as a predictor (Table 2).

The results of this modeling point out that neither day post-transplant nor SCr percent
change from baseline are significant in either model, indicating that the time and SCr
percent change are not significant predictors of EMP percent change. However, baseline
EMP and ESKD group were significant predictors in all models. The interaction between the
baseline EMP levels and ESKD group was found to be significant, indicating that the
relationship between EMP baseline levels and the EMP percent change differ by ESKD

group.

Endothelial microparticle changes associated with acute rejection

During the study period, 24 (11%) patients had indication kidney allograft biopsies.
Fourteen (58%) kidney allograft biopsies showed morphologic features of acute cellular
rejection (4 with negative peritubular capillary (PTC) C4d staining and 10 with positive PTC
C4d staining) and ten biopsies had other morphologic findings not associated with acute
rejection, mainly acute tubular necrosis or suggestive of acute pyelonepbhritis.

Analysis of EMP changes associated with the allograft biopsy revealed that there is an
increase in circulating EMP levels associated with rejection, whereas in patients with no
rejection the levels of circulating EMP did not change (Figure 2, A). When we stratified
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patients by the PTC C4d staining, we found that after treatment for rejection, circulating
EMP were rapidly decreased in patients with negative PTC C4d, but circulating EMP levels
decrease was slower in patients with positive PTC C4d (Figure 2, B).

Discussion

This is the first study analyzing early post-transplant changes in circulating EMP levels after
kidney transplantation in a large population of patients. Long-term changes in circulating
microparticles levels in patients with kidney transplantation were previously reported in a
smaller patient population (15, 16).

Recent evidence indicates increased levels of circulating EMP in patients with different
cardiovascular diseases, including atherosclerosis, coronary artery diseases, systemic and
pulmonary hypertension (17-20). The levels of endothelium-derived microparticles were
altered in patients after a cardiovascular surgery, including cardiopulmonary bypass (21) and
heart transplantation (22). In kidney transplant recipients, levels of circulating EMP were
significantly decreased one year after transplantation, as compared to pretransplant values in
the same patients. Interestingly, patients on cyclosporine and azathioprine
immunosuppressive regimen had lower EMP levels post-transplant, as compared to patients
who were on tacrolimus and mycophenolate immunosuppressive treatment (16).

In our study, we describe not only early post-transplant changes in circulating EMP, but
changes in patients with different causes of ESKD. ESKD has varying etiologies and
pathogenesis, and it may be inappropriate to study all diseases in one group. Indeed, when
we analyzed EMP changes in general or in patients with unknown ESKD, there were no
observed changes in circulating EMP levels. However, when we stratified patients by the
cause of ESKD, we found that in certain ESKD cohorts there is a trend toward a decrease in
posttransplant circulating EMP. Indeed, using mixed model analyses, the ESKD group was a
significant determinant of EMP changes. Unfortunately, follow up data were available for a
limited number of patients, but even these limited data shows differences between patients
with different ESKD.

Of note, in our study there was no difference in circulating EMP levels between healthy
controls and patients with ESKD. It is an unexpected finding, which is difficult to explain.
However, a possible contributing factor may be that the recipients of kidney allograft were
on dialysis, which may affect circulating microparticles (23).

We found that there are different EMP changes in patients with kidney allograft dysfunction.
Thus, in patients with kidney allograft dysfunction not related to acute rejection, circulating
EMP levels did not change, but in patients with biopsy proven acute rejection the number of
circulating EMP associated with rejection was elevated (Figure 2, A). When we stratified
patients by PTC C4d staining, we found that in patients with negative PTC C4d circulating
EMP levels decreased faster than in patients with positive PTC C4d (Figure 2, B). This
finding indicates endothelial cell injury or activation, which is reflected by circulating EMP
changes.

Transpl Immunol. Author manuscript; available in PMC 2015 August 01.
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Our data indicate that there is a decrease in circulating EMP levels after kidney
transplantation in patients with selective ESKD. Circulating EMP change differently in
patients with positive and negative PTC C4d staining on kidney allograft biopsy, suggesting
that circulating EMP levels reflect endothelial cell injury.
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Figure 1. Early posttransplant changes in endothelial microparticles and serum creatinine levels
A - early posttransplant changes in endothelial microparticles (EMP) and serum creatinine

(SCr) levels in all patients. Time 0 depicts baseline (before transplantation).

B - early posttransplant changes in EMP and SCr in patients with kidney/pancreas allografts.
C - early posttransplant changes in EMP and SCr in patients with diabetes received kidney
allograft only.

D - early posttransplant changes in EMP and SCr in patients with congenital/obstructive
kidney disease.
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E - early posttransplant changes in EMP and SCr in patients with immune complex mediated
glomerulonephritides.

F - early posttransplant changes in EMP and SCr in patients with unclassified native kidney
disease.
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Figure 2. Changes in endothelial microparticles in patients with allograft dysfunction who

underwent a kidney allograft biopsy

A - changes in endothelial microparticles (EMP) in patients with allograft dysfunction who
underwent kidney allograft biopsy with (solid circle) and without (solid square) histological
features of acute rejection. Biopsy time is show by an arrow.

B - changes in EMP in patients with acute rejection stratified by the peritubular capillaries
(PTC) C4d staining. Biopsy time is show by an arrow.
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