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Abstract

Background: Kidney transplantation has improved survival and quality of life for patients with end-stage renal disease.
Despite excellent short-term results due to better and more potent immunosuppressive drugs, long-term survival of
transplanted kidneys has not improved accordingly in the last decades. Consequently there is a strong interest in
immunosuppressive regimens that maintain efficacy for the prevention of rejection, whilst preserving renal structure
and function. In this respect the infusion of mesenchymal stromal cells (MSCs) may be an interesting immune suppressive
strategy. MSCs have immune suppressive properties and actively contribute to tissue repair. In experimental animal studies
the combination of mammalian target of rapamycin (mTOR) inhibitor and MSCs was shown to attenuate allo immune
responses and to promote allograft tolerance. The current study will test the hypothesis that MSC treatment, in
combination with the mTOR inhibitor everolimus, facilitates tacrolimus withdrawal, reduces fibrosis and decreases the
incidence of opportunistic infections compared to standard tacrolimus dose.

Methods/design: 70 renal allograft recipients, 18-75 years old, will be included in this Phase II, open label, randomized,
non-blinded, prospective, single centre clinical study. Patients in the MSC treated group will receive two doses of
autologous bone marrow derived MSCs IV (target 1,5x10°% Range 1-2x10° million MSCs per/kg body weight), 7 days apart,
6 and 7 weeks transplantation in combination with everolimus and prednisolone. At the time of the second MSC
infusion tacrolimus will be reduced to 50% and completely withdrawn 1 week later. Patients in the control group will
receive everolimus, prednisolone and standard dose tacrolimus. The primary end point is to compare fibrosis by
quantitative Sirius Red scoring of MSC treated and untreated groups at 6 months compared to 4 weeks post-transplant.
Secondary end points include: composite end point efficacy failure (Biopsy Proven Acute Rejection, graft loss or death);
renal function and proteinuria; opportunistic infections; immune monitoring and “subclinical” cardiovascular disease
groups by assessing echocardiography in the different treatment groups.

Discussion: This study will provide information whether MSCs in combination with everolimus can be used for
tacrolimus withdrawal, and whether this strategy leads to preservation of renal structure and function in renal recipients.

Trial registration: NCT02057965.
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Background

Kidney transplantation has improved life expectancy and
quality of life for patients with end-stage renal failure.
However, despite the impressive improvements in short-
term outcome parameters due to better and more potent
immunosuppressive drugs, the long-term survival of
renal allografts has changed little during the past de-
cades [1]. A number of factors, such as quality of the
graft, ischemia/reperfusion (I/R) injury, ongoing cellular
and humoral alloreactivity and/ or calcineurin inhibitors
(CNI) may adversely affect renal structure causing early
tubular atrophy and interstitial fibrosis (IF/TA). CNI
have been the cornerstone of immunosuppressive ther-
apy for many years, due to their efficacy in preventing
acute rejection. However, CNI have nephrotoxic side ef-
fects that can directly contribute to renal dysfunction
and compromise long-term outcomes. Consequently,
there is a clear need for immunosuppressive regimens
that maintain efficacy for the prevention of rejection,
whilst preserving renal function and structure. The im-
mune regulatory properties of mesenchymal stromal
cells (MSCs) in both cellular and antibody mediated in-
flammatory models have highlighted their potential to
regulate the immune response after solid organ transplant-
ation [2]. In addition, MSCs have been shown to amelior-
ate I/R injury and to exert reparative properties. The
administration of MSCs might be an optimal strategy to
facilitate CNI withdrawal and to minimize immune sup-
pression. In addition, both MSCs and everolimus might
improve cardiovascular status and this strategy might be
an opportunity to reduce the toll of cardiovascular disease
following kidney transplantation.

Mesenchymal stromal cells

MSCs are multi potent cells that can be isolated from the
bone marrow (BM) and many other sources. There is cur-
rently not a single marker that can distinguish MSCs from
other cell types. Functional characterization of MSCs re-
lies primarily on their ability to adhere to plastic and their
differentiation potential. The International Society of Cel-
lular Therapy stated that MSCs should bear at least the
stromal markers CD73, CD90 and CD105, in addition to
the absence of the hematopoietic markers CD14, CD34
and CD45 [3,4]. Important for their possible clinical appli-
cation is that MSCs are easily isolated as they adhere to
plastic and are capable of substantial proliferation and ex-
pansion in culture [5]. Another advantage is that MSCs
can be cryopreserved with no loss of phenotype or differ-
entiation potential [6].

Several studies suggest that MSCs may play a role in
modulation of immune responses as extensively reviewed
[7,8]. Indeed, MSCs can down regulate many immune ef-
fector functions and have also been found to induce regu-
latory cells [9,10]. These immune modulatory properties

Page 2 of 11

make MSCs especially attractive for potential use in treat-
ing disease driven by an immune response, including
transplant rejection [7,8,11,12]. In addition, MSCs have
been shown to improve tissue damage in response to in-
jury. In animal models, MSC administration decreased
fibrosis in the heart [13], and other organs such as the
lung, liver and kidney [14-18]. Several cytokines have been
shown to mediate the anti-fibrotic properties, including
BMP-7 [18] and HGF [19]. In addition, various models
have shown reparative properties in cardiovascular disease
[20]. This is of importance for transplant recipients since
cardiovascular disease causes significant morbidity and
mortality in these patients. Different studies have sug-
gested that the capacity of MSCs to produce paracrine fac-
tors plays a prominent role in affecting tissue repair and
immune modulation [11,21].

Mesenchymal stromal cells and solid organ
transplantation

Beneficial immune modulatory effects of MSCs have
been shown in experimental models of allo immune dis-
orders. In the case of solid organ transplantation, the
use of MSCs for several indications have been tested, in-
cluding treatment of I/R injury, prevention of IF/TA,
minimization of immune suppression and reversal or
stabilization of chronic transplant inflammation and fi-
brosis as recently reviewed [22]. Ongoing immune injury
to the graft may be caused by cellular and/or humoral
mechanisms accompanied by de novo donor specific
antibody (DSA) formation [23-25]. The importance of
these de novo DSA as a major cause of allograft failure
in the long term has recently been confirmed in numer-
ous studies [23,25]. Importantly, it was shown that DSAs
with the ability to activate complement, as determined by
binding of Clq, are associated with greater risk of acute
rejection and allograft loss [24]. By their immunosuppres-
sive properties, MSCs may possibly serve an important
role to control lymphocyte and antibody induced damage
to the kidney.

In a rat heart transplantation model donor MSCs sup-
pressed allogeneic T-cell responses in vitro and in vivo
and intravenous administration of MSCs prolonged the
survival of transplanted hearts, possibly by induction of
allograft tolerance through changing the Th1/Th2 bal-
ance [26]. Interestingly, a recent study showed that heart
grafts, which were tolerized through third-party multi-
potent adult progenitor cells, could be retransplanted to
secondary hosts without immunosuppression [27]. In a
study by Casiraghi et al., pre transplant infusion of
MSCs prolonged the survival of semi-allogeneic (B6C3
in B6) murine heart transplants through the generation
of regulatory T cells. A single recipient-derived MSC in-
fusion given peri transplant was marginally effective, and
a single MSC dose given one day after transplantation
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was not effective at all, emphasizing the importance of
timing. The same group investigated the optimal timing
for MSC infusion to promote immune tolerance in a
murine kidney transplant model [28]. Pre-transplant
MSC infusion induced a significant prolongation of kid-
ney graft survival by inducing T regs [28], however post-
transplant infusion caused premature graft dysfunction
and failed to prolong graft survival. These results suggest
that the inflammatory milieu is of importance for the
mechanistic function of MSCs.

Two experimental studies are of particular interest
for our clinical protocol. After kidney transplantation,
Franquesa et al. observed a therapeutic effect of MSCs
attenuating the progression of IF/TA when this process
was already in progress [17]. Besides a reduction in IF/
TA, MSC-treated animals demonstrated fewer macro-
phages infiltrating the parenchyma, lowered expression of
inflammatory cytokines in combination with increased ex-
pression of anti-inflammatory factors [17]. In another ex-
perimental model, the combination of mTOR inhibitor
and MSCs was shown to attenuate alloimmune responses
and to promote allograft tolerance in heart transplants
[29]. Indeed, combination therapy of MSCs and low-dose
mTOR inhibitor rapamycin achieved long-term heart graft
survival (>100 days) with normal histology. The treated re-
cipients did accept donor skin grafts but rejected third-party
skin grafts, indicating the establishment of donor specific
tolerance. Tolerant recipients exhibited neither intragraft
nor circulating DSA, but demonstrated significantly higher
frequencies of both tolerogenic dendritic cells (Tol-DCs)
and CD4"CD25"Foxp3™T cells in the spleens [29].

A limited number of clinical studies have investigated
the role of MSCs in the transplant setting. Two studies
have focused on the role of MSCs in the early induction
phase. In a pilot study of safety and clinical feasibility, au-
tologous MSCs were tested in renal transplant recipients.
MSC infusion was shown to be feasible, allowing an in-
crease of T-reg in the peripheral blood and control of
memory CD8"T cell function [30]. In these patients, tim-
ing of the infusion seemed of major importance. Adminis-
tration of MSC in the early phase after transplantation
negatively affected kidney graft function, which was not
the case when MSCs were administered before transplant-
ation [31]. In a trial among 159 patients undergoing renal
transplantation, the use of autologous MSCs compared
with anti-IL-2 receptor antibody induction therapy re-
sulted in lower incidence of acute rejection, decreased risk
of opportunistic infection and better estimated renal func-
tion at 1 year [32]. Moreover, in a clinical pilot study allo-
geneic MSCs were administered in 6 renal transplant
recipients. Allogeneic donor derived MSCs combined with
low dose tacrolimus was safe and prevented acute rejec-
tion after renal transplantation [33], however immune
monitoring was not performed in this study.
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In our phase 1 clinical study safety and feasibility of
autologous MSC therapy was tested in HLA-DR mis-
matched patients with subclinical rejection (SCR) in
their renal biopsy at 4 or 24 weeks after renal transplant-
ation [34,35]. In total 6 patients received MSC infusion
which was feasible and well tolerated without adverse
events related to the treatment itself. In addition, initial
results suggested immune suppression after MSC ther-
apy. All patients that received MSCs demonstrated a
profound reduction in proliferation of patient peripheral
blood mononuclear cells (PBMCs) 12 weeks after MSC
infusion upon stimulation with donor specific PBMCs,
while the response to third party PBMCs was more
variable. Three patients developed opportunistic viral in-
fections, which might have been related to the MSC
treatment. In 2 patients with allograft rejection the infil-
trate had disappeared after the MSC infusion. In
addition, in patients diagnosed with IF/TA, the areas of
IF/TA disappeared after treatment with MSCs, indicat-
ing that MSCs might play a role as antifibrotic and rep-
arative treatment, which is one of the objectives in the
current study. Effects of MSC therapy in cardiovascular
disease have not been studied in previous clinical trials
in renal transplant recipients.

Methods and design

Objectives and endpoints

The primary end point of the current study is the level of
fibrosis, as determined by quantitative Sirius Red (SR) scoring
of biopsies of MSC treated and untreated groups at 6 months
compared to 4 weeks post transplantation. Other endpoints
include: composite endpoint efficacy failure (Biopsy Proven
Acute Rejection (BPAR), graft loss) at 6 months; renal func-
tion measured by eGFR (MDRD formula and iohexol clear-
ance) and proteinuria at 6 months; cytomegalovirus (CMV),
BK infection (viremia, disease and -syndrome) and other op-
portunistic infections; adverse events; the presence of DSA
and other phenotypical and functional aspects of the donor
specific immune response; to compare the progression of
“subclinical” cardiovascular disease in the different treatment
groups by assessing echocardiography.

Study design

The current trial is a 6-month, randomized, open-label,
non-blinded, prospective, single-center study of efficacy
and safety comparing concentration-controlled everoli-
mus and MSCs to everolimus with standard tacrolimus.
The protocol has been authorized by the Dutch Govern-
ment (CCMO) and by the Committee Medical Ethics of
the LUMC (Leiden University Medical Center).

In total, 70 de novo renal recipients, 18-75 years of age
will be recruited from the transplant clinics of the LUMC
and enrolled into the study if they meet the eligibility
criteria.
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Inclusion criteria
For entry in the study, the following criteria must be met:

1. Female or male, aged between 18 and 75 years.

2. Subject is willing to participate in the study, must be
able to give informed consent and the consent must
be obtained prior to any study procedure.

3. Recipients of a first kidney graft from a deceased,
living-unrelated or non-HLA identical living related
donor > 50 years of age.

4. Panel Reactive Antibodies (PRA) < 10%.

5. Patients must be able to adhere to the study visit
schedule and protocol requirements.

6. If female and of child-bearing age, subject must be
non-pregnant, non-breastfeeding, and use adequate
contraception.

Exclusion criteria

1. Double organ transplant recipient.

2. Biopsy proven acute rejection (according to the
Banff criteria) in the first 6 weeks after
transplantation.

3. Patients with evidence of active infection or
abscesses (with the exception of an uncomplicated
urinary tract infection) before MSC infusion.

4. Patients suffering from hepatic failure.

5. Patients suffering from an active autoimmune
disease.

6. Patients who have had a previous BM transplant.

7. A psychiatric, addictive or any disorder that
compromises ability to give truly informed consent
for participation in this study.

8. Use of any investigational drug after transplantation.

9. Documented HIV infection, active hepatitis B,
hepatitis C or TB according to current
transplantation inclusion criteria.

10. Subjects who currently an active opportunistic
infection at the time of MSC infusion (e.g., herpes
zoster [shingles], CMV, Pneumocystis carinii
(PCP), aspergillosis, histoplasmosis, or
mycobacteria other than TB, BK) after
transplantation.

11. Malignancy (including lymphoproliferative disease)
within the past 2-5 years (except for squamous or
basal cell carcinoma of the skin that has been treated
with no evidence of recurrence) according to current
transplantation inclusion criteria.

12. Known recent substance abuse (drug or alcohol).

13. Contraindications to undergo a BM biopsy.

14. Patients who are recipients of ABO incompatible
transplants.

15. Cold ischemia time >30 hrs.
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16. Patients with severe total hypercholesterolemia
(>7.5 mmol/L) or total hypertriglyceridemia (>5.6
mmol/L) (patients on lipid lowering treatment with
controlled hyperlipidemia are acceptable).

Thirty five of the patients will be included in the everoli-
mus/MSC group and 35 patients in the everolimus/stand-
ard dose tacrolimus group (Figure 1, study scheme). All
patients will receive steroids and induction treatment with
alemtuzumab at day 0 and day 1 (15 mg subcutaneously).
BM will be harvested just prior to the renal transplantation
only from patients randomised to the MSC treatment
group. MSCs will be cultured in the GMP laboratory, as
previously described [34]. Patients will receive 2 doses of a
target of 1,5x10° MSCs per/kg body weight (range 1-
2x10°) at weeks 6 and 7 after transplantation. The dose of
tacrolimus will be reduced to 50% at the time of the second
MSC infusion and completely withdrawn 1 week later. At
that time point the patient will receive 15 mg prednisolon.
The expected period of patient accrual is approximately
24 months. All study procedures will take place at the
LUMC.

Study procedures
Subjects will be seen in accordance with the assessment
schedule listed below (Table 1).

Isolation of bone marrow and infusion of MSCs

BM will be aspirated from the posterior iliac crest
of all patients under general anesthesia during the
renal transplantation. A total volume of 100 a 120 ml
will be harvested. The processing of the cells will take
place at the GMP Stem Cell Laboratory Facility of the
LUMC.

In consented patients, a clinical re-evaluation will be
undertaken before the planned infusion of MSCs. A
target of 1,5x10° MSCs per/kg body weight (range
1-2x10°) will be infused within 30 minutes as indicated.
Actual doses of MSCs administered will be documented for
each patient. Close monitoring of vital signs (temperature,
pulse, respiratory rate, blood pressure, and oxygen satur-
ation) will be measured and documented before MSC
infusion, every 15 minutes in the first hour and every 30
minutes in the second hour after infusion.

Data collection

Patients enrolled in this study will undergo standard pre-
transplant work-up, which consists of baseline clinical
data (demographics, medical history, current medication,
previous blood transfusions, percentage of panel reactive
antibodies, infection status (see below), physical examin-
ation, laboratory examinations, urinalysis, electrocardio-
gram, chest X-ray, infection screening). For women, the
menopausal status will be recorded. The pregnancy test
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Certican® 1.5 mgiday (C0=3-8 ng/mL) + MSCs*

n=35

TX surgery

Bm harvest - Tacrolimus Tacrolimus
C0=8-12 ngimL withdrawal

= Induction
therapy®'+
steroids =35 Certican® 1.5 mglday (C0=3-8 ngimL) + standard-exposure
tacrolimus
i n=70 Tacrolimus Tacrolimus
C0=8-12 ng/mL
Randomisation g Co=6-8ngimL
Time (months)
post-transplantation Baseline 2w 4w 6w Tw 24w
Renal biopsy MSC Renal biopsy

Figure 1 Study scheme. In total 70 patients will be included in the study, 18-75 years old. Patients will be randomised prior to transplantation.
Thirty five of these patients will be included in the Certican®/MSC group and 35 patients in the Certican®/standard dose tacrolimus group. All
patients will receive steroids (100 mg at day 1 to 3, 50 mg at day 4, 20 mg at day 5 to 15, 15 mg at day 15 to 21, and 10 mg after day 22) and
induction treatment with alemtuzumab at day 0 and 1 (15 mg subcutaneously)*. Certican® dose will be 1.5 mg b.i.d. with trough levels between
3 and 8 ng/ml. Tacrolimus will be started orally 3 h before surgery (initial dose 2x5 mg ). In the first 6 weeks target trough levels are aimed at
10 ng/ml (range 8 to 12 ng/ml) for tacrolimus and thereafter 6-8 ng/ml. In the MSC treated group, BM will be harvested just prior to the renal
transplantation and MSCs will be cultured in the GMP laboratory. Patients will receive 2 doses of a target of 1,5x10° autologous BM MSCs per/kg
body weight IV (range 1-2x10°% 7 days apart, 6 and 7 weeks after transplantation. The dose of tacrolimus will be reduced to 50% at the time of
the second MSC infusion and completely withdrawn 1 week later. Patients will receive at that time point 15 mg of prednisolone. In all patients a
renal biopsy will be performed at 4 weeks and at 6 months and scored according to the Banff criteria.

Table 1 Assessment schedule

Baseline Tx Protocol renal  First MSC Second MSC

date biopsy infusion infusion
Week DO W4a5 W6 w7 W8 W9 W10 W12 W14 W16 W20 W24
BM harvesting X
MSC expansion, generating X
Informed consent X
Medical history X X X X X X X X X X X X X
Concomitant medication X X X X X X X X X X X X X
Transplantation information X X X X X X X X X X X X X
Physical examination X X X X X X X X X X X X X
Routine lab X X X X X X X X X X X X X
Viral load CMV and BK X X X X X X X X
Urinalysis X X X X X X X X X X X X X
MSC infusion X
Renal biopsy X X X
Sera for storage X X X X
lohexol clearance X X
Blood for immune monitoring X X X X X X
DSA X X# X
Safety assessment X X X X X X X X X X X X
Echo cardiography and pulse X X

wave velocity

Follow up study visits are planned at baseline, day of transplantation, during the renal biopsy (week 4 a 5), during the first and second MSC infusion at week 6
and 7, week 8, 9, 10, 12, 14, 16, 20, 24 after transplantation.
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will be done prior to transplantation (according to our
standard transplantation criteria). Results must be avail-
able and negative prior to administration.

Intraoperative data (warm and cold ischemia time,
blood loss) and background information of the donor
(age, gender, race, height, weight, type of allograft (living
related or unrelated), infection status, serum creatinine)
and HLA (mis)match will also be documented. All im-
munosuppressive and other drugs used and dosages ad-
ministered will be recorded during the study.

(Opportunistic) infections

HBsAg, Hepatitis C and HIV evaluated for screening will
be performed standard before transplantation. Earlier
tests, within 6 months prior to baseline are acceptable.
CMV (PCR-positive), EBV (PCR-positive), BK-viruria in
urine samples and BK-viremia in blood samples (RT-PCR)
will be measured at baseline, week 4, 6, 7, 8, 10, 14, 20 and
24. Other infections (including urinary tract infections,
pulmonary infections, herpes simplex) will be recorded as
well. Patients are treated routinely with valganciclovir
profylaxis per os for 6 months except for a CMV negative
donor recipient status. In addition, all patients receive
6 months of cotrimoxazole prophylaxis against pneumo-
cystis jirovecii pneumonia.

Renal function

Glomerular filtration rate (GFR calculation) will be used
to measure the renal function. The following abbreviated
MDRD formula will be used for GFR estimation eGFR
[mL/min/1.73 m2] = 186.3x SCr-1.154 x Age-0.203 x
(0.742 if female) x (1.21 if black). In addition we will
measure renal function with iohexol clearance at week 4
and 24. The iohexol clearance will be performed at the
day of the renal biopsies.

Fibrosis scoring by renal biopsy

A standard renal protocol biopsy is performed prior to the
transplantation and at 6 months after transplantation. At
4 weeks after transplantation a study biopsy is taken to as-
sess the renal histology before MSC infusion. Biopsies are
scored according to the Banff criteria and processed for
immunohistochemistry (HE staining; staining for CD3,
CD4, CD68, FOXp3, C4d and CD20). In addition, the
amount of cortical collagen (SR-positive area) will be mea-
sured and finally expressed as the percentage of the total
analyzed cortical surface. Moreover, changes in mRNA ex-
pression of pro- and anti-fibrotic genes (including FGFb
and fibronectin) in renal biopsies taken before and after
MSC infusion through real-time quantitative PCR will be
performed.
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Cardiovascular follow-up

Left ventricular internal dimension and wall thickness
will be measured at end-diastole and at end-systole ac-
cording to recommendations of American Society of
Echocardiography. End diastolic left ventricular septal
and posterior wall thicknesses and internal dimensions
will be used to calculate left ventricular mass. Echocardi-
ography will be performed at week 4 and week 24.

Immune modulating capacities before and after MSC
infusions

DSAs will be measured at baseline (before transplantation),
time of renal biopsy, 12 weeks and 6 months after trans-
plantation and every time a for-cause allograft biopsy is
performed. For immunological monitoring, we will collect
sera and PBMCs at different times post transplantation as
described. Phenotypical analyses of the different leucocyte
subpopulations will be performed on basis of the immune
panels developed and validated for the One Study [36].

In addition mixed lymphocyte reaction assays of recipi-
ent’s PBMCs will be performed sequentially with the use of
frozen cells obtained before transplantation to compare re-
sponses to the donor cells before and after transplantation
[37]. Supernatants of these MLR cultures will be collected
for analyses of cytokine profiles. Direct cross-matches of re-
cipient sera and donor lymphocytes will be done by com-
plement dependent cytotoxicity (CDC) and flow-cytometric
assays. PBMCs will be stimulated using CD3/CD28 and an-
alyzed for TH1 (ie. interleukin-2 and interferon-y), TH2
(IL-10 and IL-4) and inflammatory cytokines (i.e. tumor ne-
crosis factor-a, TGF-B, IL-1 and IL-6).

Data safety monitoring committee

The DSMB will monitor the safety of subjects. The
DSMB consists of two independent physicians and one
biostatistician. The DSMB will meet at least after inclu-
sion of 20 and 50 subjects. They will judge on the rate of
rejections and serious adverse events (SAEs) in the
study. We regard a 30% rejection rate and over to be
unacceptable; this will lead to study termination. The
DSMB will review all serious adverse events unblinded
and determine, based on a careful consideration of
the events, whether the SAE is most likely related to
MSCs. This review will take all aspects into account,
including onset of the SAE relative to MSC infusions,
other potential causes for the SAE such as concomitant
medication and underlying conditions, and other previous
adverse events observed over the course of the study. Only
SAE that were assessed by the DSMB as most likely
related to MSC will be taken into account for the decision
to proceed with the study. The DSMB has the right to
terminate the study.
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Sample size calculation

In our study a sample size of 25 in each group (or 50 in
total) will have a 80% power to detect a difference in
mean percentages of fibrosis of at least 25% using a two
group t-test with a 0.05 two-sided significance level
(alpha). In this calculation we used the following as-
sumptions: we expect the control group (no MSC’s) to
have a mean percentage of fibrosis of 18% at 6 months
[38-43]. We assume that both groups show equal vari-
ability in measured fibrosis and that the common stand-
ard deviation is 5% [40]. A mean percentage of 14% in
MSC group (25% less fibrosis) is considered a clinically
relevant difference. We anticipate that 70% of included
patients will have valid measurements (withdrawal in-
cluded). We therefore plan to include 70 patients in
total, 35 in the MSC group and 35 in the control group.

Risk-benefit assessment

The high prevalence of nephrotoxicity suggests that CNI
are unsuitable as long-term immunosuppressive agents
for kidney transplantation and MSCs might offer an al-
ternative treatment modality with the aim to inhibit fi-
brosis and to prolong allograft survival. In previous
studies in transplant recipients, MSC therapy was shown
to be feasible and no major serious side effects have
been reported so far. One of the risks of CNI withdrawal
is an increased risk of acute allograft rejection. Therefore
renal function and trough levels of the immune suppres-
sive drugs will be monitored frequently. In addition, the
type of induction therapy (alemtuzumab) and the timing
of CNI withdrawal (>6 weeks) are chosen to minimize
risks for allograft rejection. We think that early clinical
results, which suggest beneficial effect from MSC ad-
ministration for patients after renal transplantation and
the expected limited possibility on adverse side effects
justify participation in this study.

Discussion
The great potential for MSC therapy to become a new
tool after renal transplantation as immune suppressive
and reparative treatment is strengthened by positive pre-
clinical results, the ease of isolation and expansion of
MSCs and encouraging preliminary trials. Since current
immunosuppressive drugs cannot be withheld from pa-
tients receiving MSC treatment after renal transplant-
ation, it is of importance that an optimal concurrent
immunosuppressive regimen is chosen with minimal
side effects. The objective of the current study is to im-
plement MSC treatment in combination with everolimus
to facilitate CNI withdrawal with the aim to preserve
renal function and structure.

Since the early 1980, the standard approach to immuno-
suppression in transplant recipients has involved the use
of CNI such as cyclosporine (CsA) and tacrolimus. Most
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centres nowadays use a regimen of basiliximab, mycophe-
nolate mofetil (MMF), and corticosteroids in combination
with low-dose tacrolimus, based on the Symphony trial
[44]. However, immune suppressive drug treatment is be-
coming more and more individualized. CNI nephrotox-
icity may account for the paradox that the reduction or
abolition of early episodes of acute rejection has not re-
sulted in commensurate improvements in the long-term
outcome [1,45]. The damage by CNI is not reversed by
mild-to-moderate reductions in the dose of these agents
[45]. However, the optimal treatment strategy to reduce or
eliminate CNI therapy at an early time point after trans-
plantation, without compromising efficacy, is unclear. In
this perspective MSCs might facilitate CNI withdrawal. In
our protocol, we have chosen for the combination of
MSCs with everolimus, prednisolone and alemtuzumab.
The combination of an mTOR inhibitor and MSCs might
be a potential promising strategy since there is experimen-
tal evidence that this combination is tolerogenic [2,9,29]
and capable of increasing regulatory immune cells [29]. Of
importance, complete avoidance and replacement of a
CNI by everolimus in de novo transplant recipients is not
justified, since this strategy previously resulted in un-
acceptable high acute rejection rates even with induction
therapy [46]. Both the Caesar and the Symphony study
showed that reduced CNI-dosing, as opposed to full dose
CNI early after transplantation, are equally efficacious in
preventing acute rejection but only marginally improved
renal function parameters [44,47]. The CONVERT and
the ASCERTAIN study were initiated to replace CNIs
by an mTOR inhibitor at a late time-point i.e., 3,2 and
5,6 years respectively, after transplantation [48,49]. This
strategy proved to be safe but again only minor improve-
ments in renal function parameters were found and if so,
predominantly in patients with still preserved renal func-
tion. Contrastingly, in the Zeus study, renal allograft recip-
ients were converted from CNI to everolimus at 4-5
months after transplantation to triple drug regimen with
mycophenolate and steroids and reported significantly bet-
ter renal function up to 3 years after CNI-elimination
[50,51]. In our study, CNI will be withdrawn at an earlier
time point, namely at 6 weeks after transplantation. To de-
crease the risk for acute rejections, MSCs will be infused
at the time of CNI withdrawal. In addition, alemtuzumab
will be used as induction treatment. This induction treat-
ment has been shown to be superior to traditional anti-
bodies in preventing acute rejection. A recent study
demonstrated that alemtuzumab-based induction therapy
followed by reduced CNI and mycophenolate exposure
and steroid avoidance reduced the risk of biopsy-proven
acute rejection compared with standard basiliximab in a
broad range of patients receiving a kidney transplant [52].
One of the important issues in the MSC-based clinical
trials is defining endpoints, as this is the measure of trial
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failure or success. However, this is very challenging in
patients after solid organ transplantation, where an in-
creased risk for infections and malignancies already ex-
ists and where there is a lack of validated surrogate
markers of disease. The therapeutic aim of MSC-based
trials in renal transplant recipients is to induce immune
suppression and repair of damaged tissue but without
the risk of inducing tumours, infections, or unwanted
tissue development, and obviously without increasing
allograft rejection rates and diminishing allograft sur-
vival. Therefore both safety and efficacy measures have
to be addressed. Efficacy markers in our trial include la-
boratory studies to determine possible development of
donor-specific immunosuppression and histopathologic
evaluation of renal tissue to evaluate both inflammation
and fibrosis before and after the treatment. The primary
endpoint in our study is the comparison of fibrosis by
quantitative SR scoring of MSC treated and untreated
groups at 6 months compared to 4 weeks post-transplant.
Once established, interstitial fibrosis and arteriolar hyalino-
sis lead to progressive glomerulosclerosis over the subse-
quent years. In earlier studies nephrotoxicity, implicated in
late ongoing injury, has been shown to be almost universal
at 10 years, even in grafts with excellent early histologic
findings. By 10 years, severe chronic allograft nephropathy
was present in 58.4% of patients, with sclerosis in 37.3% of
glomeruli. Tubulointerstitial and glomerular damage, once
established, was irreversible, resulting in declining renal
function and graft failure [38,53-56]. Functional studies
underestimate the extent of allograft disease as supported
by longitudinal studies of protocol renal biopsies showing
histologic features of IF/TA in well-functioning grafts
[38,39,56-58]. Therefore, early histologic detection of IF/
TA has been suggested to be helpful in predicting the risk
for subsequent loss of function and time to graft failure
and to estimate the efficacy of therapeutic measures. Semi-
quantitative grading systems such as Banff scores have a
wide inter-observer variation that makes comparison
across centers inaccurate. In contrast, computerized image
analysis of fractional interstitial fibrosis of SR-stained biop-
sies has been shown to be a valid and reproducible method
to measure the degree of fibrosis [40,41,43,59,60]. SR dye is
specific for collagen types I and III, which represent re-
spectively 80 and 20% of total collagen synthesized by fi-
broblasts and thereby important components of renal
matrix. Quantification of renal interstitial volume assessed
by SR nonpolarized technology has been validated and cor-
related significantly with GFR as measured by iothalamate
clearance in cases of established chronic allograft nephrop-
athy [59]. In addition, in 2011 morphometric and visual
evaluation of fibrosis by various techniques was compared
and Collagen III, SR unpolarized had strongest correla-
tions, greatest dynamic range and the best correlation with
estimated GFR [61].
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As secondary endpoints safety measures will be in-
cluded. An important safety issue includes direct toxicity
related to the infusions. Although, to date, no toxicity
has been observed during intravenous MSC infusion
[11], a possible side-effect of MSC transfusion could be
a transfusion reaction (e.g. allergic reaction, fever and
hypotension). Another possible side effect could be an
increased risk of infection; therefore all donors are thor-
oughly screened before BM aspiration. In addition, one
cannot rule out that a renal transplant recipient receiv-
ing MSCs might have a decrease of renal function. In
addition, the change in immune suppressive regimen
might increase the incidence of acute rejection.

Other potential risks which should be considered when
using MSCs for clinical applications include risk for malig-
nancies and opportunistic infections. So far, in clinical tri-
als using MSCs no malignancies have been reported.
However most trials have a short follow up and we are still
awaiting reports on long-term effects [20,62,63]. More-
over, in many trials patients with a poor prognosis are in-
cluded where MSC-related side effects might be obscured.
In addition, due to the concomitant use of immunosup-
pressive medications, patients who received a renal trans-
plant are already at enhanced risk of malignancies.

The risk of over immunosuppression, which may lead
to opportunistic infections, has been studied in a few re-
ports and will be closely monitored in our trial as well.
In a study by Tan et al. on patients undergoing renal
transplantation [32], the use of autologous MSCs instead
of anti-IL-2 receptor antibody induction therapy resulted
in decreased opportunistic infections (including CMV
infections). However, CMV donor recipient status was
negative in 151 of 154 patients, which might have caused
the low incidence of CMV infections in their population.
In our previous trial, 3 out of 6 renal recipients devel-
oped opportunistic infections [34] and also MSC co-
infusion after haematopoietic stem cell transplantation
(HSCT) caused a higher 1-year incidence of (particularly
fungal) infections [64]. It is clear that frequent and ac-
curate monitoring of infectious complications and also
monitoring of the level of immune suppression remains
essential.

A number of factors may adversely affect renal struc-
ture and function, including ongoing alloimmune injury
by cellular and immune reactions. It is therefore of
major importance that the immune status is accurately
measured in our trial population. Our current protocol
will measure DSA at several time points and will encom-
pass a robust immune monitoring strategy, developed by
the ONE study consortium which includes procedures
for whole blood leukocyte subset profiling by flow cy-
tometry [36]. Our hypothesis is that MSCs induce im-
mune suppression by decreasing the amount of effector
cells and increasing the number of regulatory cells. In
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our previous trial, we have shown that patients receiving
MSCs demonstrated a profound reduction in proliferation
of PBMC 12 weeks after MSC infusion upon stimulation
with donor PBMCs, but there were no consistent changes
in immune profiles. In the pilot study by Perico et al. MSC
treatment allowed increased numbers of T regs in the per-
ipheral blood and control of memory CD8'T cell function
[30]. In both studies the amount of included patients was
small and it is therefore difficult to draw firm conclusions.
In addition, both studies were set up as safety and feasibil-
ity studies. In the current trial we anticipate that we can
make meaningful comparisons of leukocyte subset profil-
ing in MSC treated and untreated groups.

Cardiovascular disease exerts a high burden in terms of
morbidity and mortality in renal recipients. The annual risk
of a cardiovascular event is up to 50-fold higher for a renal
recipient compared to the general population [65-67] and
over a third of all deaths following kidney transplantation
are caused by cardiovascular disease [68,69]. Several stud-
ies nowadays focus on the proposed cardio protective
effects of everolimus in transplant recipients. In heart
transplantation everolimus was significantly more effica-
cious than mycophenolate mofetil in preventing cardiac
allograft vasculopathy (CAV) as measured by intravascular
ultrasound (IVUS) among heart-transplant recipients after
1 year [70]. Interestingly, this process might be regulated
by T regs, which are expanded after treatment of an
mTOR inhibitor [71]. However, mTor inhibitors are also
capable to increase the frequency of antigen-specific CD8"T
cells that differentiated into the memory lineage, thus ad-
equate immune monitoring is of major importance [72]. As
MSCs have also been proposed to exert reparative proper-
ties in cardiovascular disease, the combination of MSCs
and everolimus might be an opportunity to reduce the toll
of cardiovascular disease following kidney transplantation.

Taken together, we hypothesize that infusion of MSCs
enables CNI withdrawal and provides a novel treatment
option for renal recipients with a profound effect on the
fibrosis reaction and less side effects than existing im-
munosuppressive therapies. A positive outcome from
MSCs in terms of safety and preservation of renal func-
tion and structure would implicate a major advancement
for renal transplant recipients.

Abbreviations

BM: Bone marrow; BPAR: Biopsy proven acute rejection; CAV: Cardiac allograft
vasculopathy; CMV: Cytomegalovirus; CNI: Calcineurin inhibitors;

CsA: Cyclosporine; DSA: Donor specific antibody; IF/TA: Interstitial fibrosis and
tubular atrophy; DSMB: Data safety monitoring board; GFR: Glomerular filtration
rate; HSCT: Hematopoietic stem cell transplantation; IVUS: Intravascular
ultrasound; I/R: Ischemia reperfusion; MMF: Mycophenolate mofetil;

MSCs: Mesenchymal stromal cells; MTOR: Mammalian target of rapamycin;
SAE: Serious adverse event; SCR: Subclinical rejection; SR: Sirius red;

Tol-DCs: Tolerogenic dendritic cells.

Competing interests
The authors declare that they have no competing interests.

Page 9 of 11

Authors’ contributions

MR designed the study with TR and JF. MR is the principal investigator and
performed the submission to the regulatory authorities, and the ethical
committees. MR, JB and GD contribute to the study design and to the
procedure of patient selection, clinical evaluation and follow-up. HR set up
and coordinates the procedures for the mesenchymal stromal cell GMP
validation, production and quality control. SH together with DR, FC and CK
contributed to design and the implementation of the immune monitoring.
VH and JL take care of bone marrow aspiration prior to the transplantation
and were involved in discussions about the design. CK, FC, WF supported
and contributed to the study design and the clinical protocol with their
knowledge and experience. All authors have read and approved the final
manuscript. Before this protocol MR, JF and TR designed and performed the
phase 1 study, and contributed to set up the procedures for mesenchymal
stromal cell therapy, especially in the context of safety and feasibility.

Author details

'Department of Nephrology, Leiden University Medical Center, Albinusdreef
2, 2300 RC Leiden, the Netherlands. “Einthoven Laboratory for Experimental
Vascular Medicine, Leiden University Medical Center, Albinusdreef 2, 2300 RC
Leiden, the Netherlands. *Department of Immuno-haematology and blood
transfusion, Leiden University Medical Center, Albinusdreef 2, 2300 RC Leiden,
the Netherlands. “Department of Surgery, Leiden University Medical Center,
Albinusdreef 2, 2300 RC Leiden, the Netherlands.

Received: 14 October 2014 Accepted: 13 November 2014
Published online: 10 December 2014

References

1. Lamb KE, Lodhi S, Meier-Kriesche HU: Long-term renal allograft survival in
the United States: a critical reappraisal. Am J Transplant 2011, 11(3):450-462.

2. Reinders ME, Rabelink TJ, de Fijter JW: The role of mesenchymal stromal
cells in chronic transplant rejection after solid organ transplantation.
Curr Opin Organ Transplant 2013, 18(1):44-50.

3. Dominici M, Le Blanc K, Mueller |, Slaper-Cortenbach I, Marini F, Krause D,
Deans R, Keating A, Prockop D, Horwitz E: Minimal criteria for defining
multipotent mesenchymal stromal cells. The International Society for
Cellular Therapy position statement. Cytotherapy 2006, 8(4):315-317.

4. Krampera M, Galipeau J, Shi Y, Tarte K, Sensebe L: Immunological
characterization of multipotent mesenchymal stromal cells-The
International Society for Cellular Therapy (ISCT) working proposal.
Cytotherapy 2013, 15(9):1054-1061.

5. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD, Moorman
MA, Simonetti DW, Craig S, Marshak DR: Multilineage potential of adult
human mesenchymal stem cells. Science 1999, 284(5411):143-147.

6. Lazarus HM, Haynesworth SE, Gerson SL, Rosenthal NS, Caplan Al: Ex vivo
expansion and subsequent infusion of human bone marrow-derived
stromal progenitor cells (mesenchymal progenitor cells): implications for
therapeutic use. Bone Marrow Transplant 1995, 16(4):557-564.

7. Aggarwal S, Pittenger MF: Human mesenchymal stem cells modulate
allogeneic immune cell responses. Blood 2005, 105(4):1815-1822.

8. Krampera M, Glennie S, Dyson J, Scott D, Laylor R, Simpson E, Dazzi F: Bone
marrow mesenchymal stem cells inhibit the response of naive and
memory antigen-specific T cells to their cognate peptide. Blood 2003,
101(9):3722-3729.

9. English K, French A, Wood KJ: Mesenchymal stromal cells: facilitators of
successful transplantation? Cell Stem Cell 2010, 7(4):431-442.

10.  Franquesa M, Hoogduijn MJ, Baan CC: The impact of mesenchymal stem
cell therapy in transplant rejection and tolerance. Curr Opin Organ
Transplant 2012, 17(4):355-361.

11. Tolar J, Le Blanc K, Keating A, Blazar BR: Concise review: hitting the right
spot with mesenchymal stromal cells. Stem Cells 2010, 28(8):1446-1455.

12. Di Nicola M, Carlo-Stella C, Magni M, Milanesi M, Longoni PD, Matteucci P,
Grisanti S, Gianni AM: Human bone marrow stromal cells suppress
T-lymphocyte proliferation induced by cellular or nonspecific mitogenic
stimuli. Blood 2002, 99(10):3838-3843.

13. Ohnishi S, Sumiyoshi H, Kitamura S, Nagaya N: Mesenchymal stem cells
attenuate cardiac fibroblast proliferation and collagen synthesis through
paracrine actions. FEBS Lett 2007, 581(21):3961-3966.

14.  Ortiz LA, Gambelli F, McBride C, Gaupp D, Baddoo M, Kaminski N, Phinney
DG: Mesenchymal stem cell engraftment in lung is enhanced in



Reinders et al. Journal of Translational Medicine 2014, 12:331
http://www.translational-medicine.com/content/12/1/331

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32,

response to bleomycin exposure and ameliorates its fibrotic effects.
Proc Natl Acad Sci U S A 2003, 100(14):8407-8411.

Abdel Aziz MT, Atta HM, Mahfouz S, Fouad HH, Roshdy NK, Ahmed HH,
Rashed LA, Sabry D, Hassouna AA, Hasan NM: Therapeutic potential of
bone marrow-derived mesenchymal stem cells on experimental liver
fibrosis. Clin Biochem 2007, 40(12):893-899.

Alfarano C, Roubeix C, Chaaya R, Ceccaldi C, Calise D, Mias C, Cussac D, Bascands
JL, Parini A: Intraparenchymal injection of bone marrow mesenchymal stem
cells reduces kidney fibrosis after ischemia-reperfusion in cyclosporine-
immunosuppressed rats. Cell Transplant 2013, 21(9):2009-2019.

Franquesa M, Herrero E, Torras J, Ripoll E, Flaquer M, Goma M, Lloberas N,
Anegon |, Cruzado JM, Grinyo JM, Herrero-Fresneda I: Mesenchymal Stem
Cell Therapy Prevents Interstitial Fibrosis and Tubular Atrophy in a Rat
Kidney Allograft Model. Stem Cells Dev 2012, 21(17):3125-3135.

Ninichuk V, Gross O, Segerer S, Hoffmann R, Radomska E, Buchstaller A, Huss R,
Akis N, Schlondorff D, Anders HJ: Multipotent mesenchymal stem cells
reduce interstitial fibrosis but do not delay progression of chronic kidney
disease in collagen4A3-deficient mice. Kidney Int 2006, 70(1):121-129.

LiL, Zhang VY, Li Y, Yu B, Xu Y, Zhao S, Guan Z: Mesenchymal stem cell
transplantation attenuates cardiac fibrosis associated with isoproterenol-
induced global heart failure. Transpl Int 2008, 21(12):1181-1189.

Reinders ME, Leuning DG, de Fijter JW, Hoogduijn MJ, Rabelink TJ:
Mesenchymal Stromal Cell Therapy for Cardio Renal Disorders.

Curr Pharm Des 2014, 20(14):2412-2429.

Prodromidi El, Poulsom R, Jeffery R, Roufosse CA, Pollard PJ, Pusey CD, Cook
HT: Bone marrow-derived cells contribute to podocyte regeneration and
amelioration of renal disease in a mouse model of Alport syndrome.
Stem Cells 2006, 24(11):2448-2455.

Griffin MD, Elliman SJ, Cahill E, English K, Ceredig R, Ritter T: Concise review:
adult mesenchymal stromal cell therapy for inflammatory diseases: how
well are we joining the dots? Stem Cells 2013, 31(10):2033-2041.

Everly MJ, Rebellato LM, Haisch CE, Ozawa M, Parker K, Briley KP, Catrou PG,
Bolin P, Kendrick WT, Kendrick SA, Harland RC, Terasaki PI: Incidence and
impact of de novo donor-specific alloantibody in primary renal allografts.
Transplantation 2013, 95(3)410-417.

Freitas MC, Rebellato LM, Ozawa M, Nguyen A, Sasaki N, Everly M, Briley KP,
Haisch CE, Bolin P, Parker K, Kendrick WT, Kendrick SA, Harland RC, Terasaki
Pl: The role of immunoglobulin-G subclasses and C1q in de novo
HLA-DQ donor-specific antibody kidney transplantation outcomes.
Transplantation 2013, 95(9):1113-1119.

Loupy A, Hill GS, Jordan SC: The impact of donor-specific anti-HLA anti-
bodies on late kidney allograft failure. Nat Rev Nephrol 2012, 8(6):348-357.
Zhou HP, Yi DH, Yu SQ, Sun GC, Cui Q, Zhu HL, Liu JC, Zhang JZ, Wu TJ:
Administration of donor-derived mesenchymal stem cells can prolong
the survival of rat cardiac allograft. Transplant Proc 2006, 38(9):3046-3051.
Eggenhofer E, Popp FC, Mendicino M, Silber P, Van't Hof W, Renner P,
Hoogduijn MJ, Pinxteren J, van Rooijen N, Geissler EK, Deans R, Schlitt HJ,
Dahlke MH: Heart grafts tolerized through third-party multipotent adult
progenitor cells can be retransplanted to secondary hosts with no
immunosuppression. Stem Cells Transl Med 2013, 2(8):595-606.

Casiraghi F, Azzollini N, Todeschini M, Cavinato RA, Cassis P, Solini S, Rota C,
Morigi M, Introna M, Maranta R, Perico N, Remuzzi G, Noris M: Localization
of Mesenchymal Stromal Cells Dictates Their Immune or
Proinflammatory Effects in Kidney Transplantation. Am J Transplant 2012,
12:2373-2383.

Ge W, Jiang J, Baroja ML, Arp J, Zassoko R, Liu W, Bartholomew A, Garcia B,
Wang H: Infusion of mesenchymal stem cells and rapamycin synergize to
attenuate alloimmune responses and promote cardiac allograft
tolerance. Am J Transplant 2009, 9(8):1760-1772.

Perico N, Casiraghi F, Introna M, Gotti E, Todeschini M, Cavinato RA, Capelli
C, Rambaldi A, Cassis P, Rizzo P, Cortinovis M, Marasa M, Golay J, Noris M,
Remuzzi G: Autologous mesenchymal stromal cells and kidney
transplantation: a pilot study of safety and clinical feasibility. Clin J Am
Soc Nephrol 2011, 6(2):412-422.

Perico N, Casiraghi F, Gotti E, Introna M, Todeschini M, Cavinato RA, Capelli
C, Rambaldi A, Cassis P, Rizzo P, Cortinovis M, Noris M, Remuzzi G:
Mesenchymal stromal cells and kidney transplantation: pretransplant
infusion protects from graft dysfunction while fostering
immunoregulation. Transpl Int 2013, 26(9):867-878.

Tan J, Wu W, Xu X, Liao L, Zheng F, Messinger S, Sun X, Chen J, Yang S, Cai J,
Gao X, Pileggi A, Ricordi C: Induction therapy with autologous mesenchymal

33.

34,

35.

36.

37.

38.

39.

40.

42.

43.

45.

47.

48.

49.

Page 10 of 11

stem cells in living-related kidney transplants: a randomized controlled trial.
JAMA 2012,307(11):1169-1177.

Peng Y, Ke M, Xu L, Liu L, Chen X, Xia W, Li X, Chen Z, Ma J, Liao D, Li G,
Fang J, Pan G, Xiang AP: Donor-derived mesenchymal stem cells
combined with low-dose tacrolimus prevent acute rejection after renal
transplantation: a clinical pilot study. Transplantation 2013, 95(1):161-168.
Reinders ME, de Fijter JW, Roelofs H, Bajema IM, de Vries DK, Schaapherder
AF, Claas FH, van Miert PP, Roelen DL, van Kooten C, Fibbe WE, Rabelink TJ:
Autologous Bone Marrow-Derived Mesenchymal Stromal Cells for the
Treatment of Allograft Rejection After Renal Transplantation: Results of a
Phase | Study. Stem Cells Trans| Med 2013, 2(2):107-111.

Reinders ME, Roemeling-van Rhijn M, Khairoun M, Lievers E, de Vries DK,
Schaapherder AF, Wong SW, Zwaginga JJ, Duijs JM, van Zonneveld AJ,
Hoogduijn MJ, Fibbe WE, de Fijter JW, van Kooten C, Rabelink TJ, Roelofs H:
Bone marrow-derived mesenchymal stromal cells from patients with
end-stage renal disease are suitable for autologous therapy.

Cytotherapy 2013, 15(6):663-672.

Streitz M, Miloud T, Kapinsky M, Reed MR, Magari R, Geissler EK, Hutchinson
JA, Vogt K, Schlickeiser S, Kverneland AH, Meisel C, Volk HD, Sawitzki B:
Standardization of whole blood immune phenotype monitoring for
clinical trials: panels and methods from the ONE study. Transplant Res
2013, 2(1):17.

Kawai T, Cosimi AB, Spitzer TR, Tolkoff-Rubin N, Suthanthiran M, Saidman SL,
Shaffer J, Preffer FI, Ding R, Sharma V, Fishman JA, Dey B, Ko DS, Hertl M, Goes
NB, Wong W, Williams WW Jr, Colvin RB, Sykes M, Sachs DH: HLA-mismatched
renal transplantation without maintenance immunosuppression. N Engl J
Med 2008, 358(4):353-361.

Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Allen RD, Chapman JR: The
natural history of chronic allograft nephropathy. N £ngl J Med 2003,
349(24):2326-2333.

Seron D, Moreso F: Protocol biopsies in renal transplantation: prognostic
value of structural monitoring. Kidney Int 2007, 72(6):690-697.

Rowshani AT, Scholten EM, Bemelman F, Eikmans M, Idu M, Roos-van
Groningen MC, Surachno JS, Mallat MJ, Paul LC, de Fijter JW, Bajema IM, ten
Berge |, Florquin S: No difference in degree of interstitial Sirius red-
stained area in serial biopsies from area under concentration-over-time
curves-guided cyclosporine versus tacrolimus-treated renal transplant
recipients at one year. J Am Soc Nephrol 2006, 17(1):305-312.

Scholten EM, Rowshani AT, Cremers S, Bemelman FJ, Eikmans M, van Kan E,
Mallat MJ, Florquin S, Surachno J, ten Berge I, Bajema IM, de Fijter JW:
Untreated rejection in 6-month protocol biopsies is not associated with
fibrosis in serial biopsies or with loss of graft function. J Am Soc Nephrol
2006, 17(9):2622-2632.

Grimm PC, Nickerson P, Gough J, McKenna R, Jeffery J, Birk P, Rush DN:
Quantitation of allograft fibrosis and chronic allograft nephropathy.
Pediatr Transplant 1999, 3(4):257-270.

Grimm PG, Nickerson P, Gough J, McKenna R, Stern E, Jeffery J, Rush DN:
Computerized image analysis of Sirius Red-stained renal allograft biopsies
as a surrogate marker to predict long-term allograft function. J Am Soc
Nephrol 2003, 14(6):1662-1668.

Ekberg H, Tedesco-Silva H, Demirbas A, Vitko S, Nashan B, Gurkan A,
Margreiter R, Hugo C, Grinyo JM, Frei U, Vanrenterghem Y, Daloze P,
Halloran PF, ELITE-Symphony Study: Reduced exposure to calcineurin
inhibitors in renal transplantation. N £ngl J Med 2007, 357(25):2562-2575.
Naesens M, Kuypers DR, Sarwal M: Calcineurin inhibitor nephrotoxicity.
Clin J Am Soc Nephrol 2009, 4(2):481-508.

Vincenti F, Ramos E, Brattstrom C, Cho S, Ekberg H, Grinyo J, Johnson R,
Kuypers D, Stuart F, Khanna A, Navarro M, Nashan B: Multicenter trial
exploring calcineurin inhibitors avoidance in renal transplantation.
Transplantation 2001, 71(9):1282-1287.

Ekberg H, Grinyo J, Nashan B, Vanrenterghem Y, Vincenti F, Voulgari A,
Truman M, Nasmyth-Miller C, Rashford M: Cyclosporine sparing with
mycophenolate mofetil, daclizumab and corticosteroids in renal allograft
recipients: the CAESAR Study. Am J Transplant 2007, 7(3):560-570.

Holdaas H, Rostaing L, Seron D, Cole E, Chapman J, Fellstrom B, Strom EH,
Jardine A, Midtvedt K, Machein U, Ulbricht B, Karpov A, O'Connell PJ, ASCERTAIN
Investigators: Conversion of long-term kidney transplant

recipients from calcineurin inhibitor therapy to everolimus: a

randomized, multicenter, 24-month study. Transplantation 2011, 92(4):410-418.
Schena FP, Pascoe MD, Alberu J, del Carmen RM, Oberbauer R, Brennan DC,
Campistol JM, Racusen L, Polinsky MS, Goldberg-Alberts R, Li H, Scarola J,



Reinders et al. Journal of Translational Medicine 2014, 12:331
http://www.translational-medicine.com/content/12/1/331

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Neylan JF, Sirolimus CONVERT Trial Study Group: Conversion from calcineurin
inhibitors to sirolimus maintenance therapy in renal allograft recipients:
24-month efficacy and safety results from the CONVERT trial.
Transplantation 2009, 87(2):233-242.

Budde K, Becker T, Arns W, Sommerer C, Reinke P, Eisenberger U, Kramer S,
Fischer W, Gschaidmeier H, Pietruck F: Everolimus-based, calcineurin-
inhibitor-free regimen in recipients of de-novo kidney transplants: an
open-label, randomised, controlled trial. Lancet 2012, 377(9768):837-847.
Budde K, Lehner F, Sommerer C, Arns W, Reinke P, Eisenberger U, Wuthrich
RP, Scheidl S, May C, Paulus EM, Mihlfeld A, Wolters HH, Pressmar K, Stahl R,
Witzke O, ZEUS Study Investigators: Conversion from cyclosporine to
everolimus at 4.5 months posttransplant: 3-year results from the
randomized ZEUS study. Am J Transplant 2011, 12(6):1528-1540.

Group CSC: Alemtuzumab-based induction treatment versus basiliximab-
based induction treatment in kidney transplantation (the 3C Study): a
randomised trial. Lancet 2014, 26:X. ahead of print.

Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Chapman JR, Allen RD:
Calcineurin inhibitor nephrotoxicity: longitudinal assessment by protocol
histology. Transplantation 2004, 78(4):557-565.

Nankivell BJ, Fenton-Lee CA, Kuypers DR, Cheung E, Allen RD, O'Connell PJ,
Chapman JR: Effect of histological damage on long-term kidney
transplant outcome. Transplantation 2001, 71(4):515-523.

Nankivell BJ, Kuypers DR, Fenton-Lee CA, Allen RD, O'Connell PJ, Chapman
JR: Histological injury and renal transplant outcome: the cumulative
damage hypothesis. Transplant Proc 2001, 33(1-2):1149-1150.

de Fijter JW: Rejection and function and chronic allograft dysfunction.
Kidney Int Suppl 2010, 119:538-41.

Nankivell BJ, Borrows RJ, Fung CL, O'Connell PJ, Allen RD, Chapman JR:
Natural history, risk factors, and impact of subclinical rejection in kidney
transplantation. Transplantation 2004, 78(2):242-249.

Schwarz A, Mengel M, Gwinner W, Radermacher J, Hiss M, Kreipe H, Haller
H: Risk factors for chronic allograft nephropathy after renal
transplantation: a protocol biopsy study. Kidney Int 2005, 67(1):341-348.
Diaz Encarnacion MM, Griffin MD, Slezak JM, Bergstralh EJ, Stegall MD,
Velosa JA, Grande JP: Correlation of quantitative digital image analysis
with the glomerular filtration rate in chronic allograft nephropathy. Am J
Transplant 2004, 4(2):248-256.

Roos-van Groningen MC, Scholten EM, Lelieveld PM, Rowshani AT, Baelde
HJ, Bajema IM, Florquin S, Bemelman FJ, de Heer E, de Fijter JW, Bruijn JA,
Eikmans M: Molecular comparison of calcineurin inhibitor-induced
fibrogenic responses in protocol renal transplant biopsies. J/ Am Soc
Nephrol 2006, 17(3):381-888.

Farris AB, Adams CD, Brousaides N, Della Pelle PA, Collins AB, Moradi E,
Smith RN, Grimm PC, Colvin RB: Morphometric and visual evaluation of
fibrosis in renal biopsies. / Am Soc Nephrol 2011, 22(1):176-186.

Casiraghi F, Remuzzi G, Abbate M, Perico N: Multipotent Mesenchymal
Stromal Cell Therapy and Risk of Malignancies. Stem Cell Rev 2012,
9(1):65-79.

Salem HK, Thiemermann C: Mesenchymal stromal cells: current
understanding and clinical status. Stem Cells 2010, 28(3):585-596.
Moermans C, Lechanteur C, Baudoux E, Giet O, Henket M, Seidel L, Lejeune
M, Willems E, Baron F, Beguin Y: Impact of Cotransplantation of
Mesenchymal Stem Cells on Lung Function After Unrelated Allogeneic
Hematopoietic Stem Cell Transplantation Following Non-Myeloablative
Conditioning. Transplantation 2014, 98(3):348-353.

Foley RN, Parfrey PS, Sarnak MJ: Epidemiology of cardiovascular disease in
chronic renal disease. J Am Soc Nephrol 1998, 9(12 Suppl):S16-23.

Kasiske BL: Epidemiology of cardiovascular disease after renal
transplantation. Transplantation 2001, 72(6 Suppl):S5-8.

Kasiske BL, Chakkera HA, Roel J: Explained and unexplained ischemic heart
disease risk after renal transplantation. J Am Soc Nephrol 2000, 11(9):1735-1743.
Matas AJ, Humar A, Gillingham KJ, Payne WD, Gruessner RW, Kandaswamy R,
Dunn DL, Najarian JS, Sutherland DE: Five preventable causes of kidney graft
loss in the 1990s: a single-center analysis. Kidney Int 2002, 62(2):704-714.
Morales JM, Marcen R, Andres A, Molina MG, Castillo DD, Cabello M,
Capdevila L, Campistol JM, Oppenheimer F, Seron D, Vernet SG, Lampreave
I, Valdés F, Anaya F, Escuin F, Arias M, Pallard¢ L, Bustamante J: Renal
transplantation in the modern immunosuppressive era in Spain:
four-year results from a multicenter database focus on post-transplant
cardiovascular disease. Kidney Int Suppl 2008, 111:594-99.

70.

71

72.

Page 11 of 11

Kobashigawa JA, Pauly DF, Starling RC, Eisen H, Ross H, Wang SS, Cantin B,
Hill JA, Lopez P, Dong G, Nicholls SJ, A2310 IVUS Substudy Investigators:
Cardiac allograft vasculopathy by intravascular ultrasound in heart
transplant patients: substudy from the Everolimus versus
mycophenolate mofetil randomized, multicenter trial. JACC Heart Fail
2013, 1(5):389-399.

Hester J, Schiopu A, Nadig SN, Wood KJ: Low-dose rapamycin treatment
increases the ability of human regulatory T cells to inhibit transplant
arteriosclerosis in vivo. Am J Transplant 2012, 12(8):2008-2016.

Araki K, Turner AP, Shaffer VO, Gangappa S, Keller SA, Bachmann MF, Larse
CP, Ahmed R: mTor regulates memory CD8 T-cell differentiation.

Nature 2009, 460(7251):108-112.

doi:10.1186/512967-014-0331-x

Cite this article as: Reinders et al.: Autologous bone marrow derived
mesenchymal stromal cell therapy in combination with everolimus to
preserve renal structure and function in renal transplant recipients.
Journal of Translational Medicine 2014 12:331.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Mesenchymal stromal cells
	Mesenchymal stromal cells and solid organ transplantation

	Methods and design
	Objectives and endpoints
	Study design
	Inclusion criteria
	Exclusion criteria

	Study procedures
	Isolation of bone marrow and infusion of MSCs
	Data collection
	(Opportunistic) infections
	Renal function
	Fibrosis scoring by renal biopsy
	Cardiovascular follow-up
	Immune modulating capacities before and after MSC infusions
	Data safety monitoring committee
	Sample size calculation
	Risk-benefit assessment

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Author details
	References

