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Abstract
Ischemia reperfusion injury (IRI) is pivotal for renal fibrosis development via peritubular
capillaries injury. Coagulation represents a key mechanism involved in this process. Melagatran®
(M), a thrombin inhibitor, was evaluated in an autotransplanted kidney model, using Large White
pigs. To mimic deceased after cardiac death donor conditions, kidneys underwent warm ischemia
(WI) for 60 min before cold preservation for 24 hours in University of Wisconsin solution.
Treatment with M before WI and/or in the preservation solution drastically improved survival at 3
months, reduced renal dysfunction related to a critical reduction in interstitial fibrosis, measured
by Sirius Red staining. Tissue analysis revealed reduced expression of transforming growth factor-
β (TGF-β) and activation level of its effectors phospho-Smad3, Smad 4 and connective tissue
growth factor (CTGF) after M treatment. Fibrinolysis activation was also observed, evidenced by
downregulation of PAI-1 protein and gene expression. In addition, M reduced S100A4 expression
and vimentin staining, which are markers for epithelial mesenchymal transition, a major pathway
to chronic kidney fibrosis. Finally, expression of oxidative stress markers Nox2 and iNOS was
reduced. We conclude that inhibition of thrombin is an effective therapy against IRI which reduces
chronic graft fibrosis, with a significantly positive effect on survival.
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INTRODUCTION
Kidney transplantation remains the therapy of choice for end stage renal diseases. Due to the
shortage of organs of deceased donors available for transplantation, organs from older and
more ‘marginal/extended’ donors are collected. Uncontrolled deceased after cardiac death
donors (DCD) are becoming an increasing source of organs. Kidneys from such donors are
exposed to much greater ischemia reperfusion (IR) damage before recovery and show
reduced chances for proper early as well as long-term function.

Organ transplantation raises a number of important issues regarding microcirculation
conditions, hemorheology and coagulation (1,2). In such a situation, stasis induces
microthrombosis and further deterioration of capillary integrity which contributes to the
impairment of capillary perfusion (2). Regional alterations in kidney blood flow persist after
ischemic injury and play a central role in the extension of ischemic injury during reperfusion
(3–5). When blood flow is restored during reperfusion, the critical phenomenon of “no
reflow” can arise and a large number of capillaries fail to reperfuse. Several hypotheses are
plausible: 1. IR induced microvascular thrombus production; 2. IR induced neutrophils
activation and their adhesion on vascular endothelium. Both phenomena can induce
endothelial swelling and “no reflow” via reduction of the capillary diameter (6–8). Thus,
altered coagulation and inflammation contribute to IRI. Kidney fibrosis following
transplantation has become recognized as a main contributor of chronic allograft
nephropathy (9,10).

This dynamic and complex process is classically defined as a reparative mechanism in
which tissue growth is counterbalanced by a high rate of extracellular matrix (ECM)
turnover. Several mechanisms and fibrogenic factors are implicated, such as TGF-β, CTGF,
or plasminogen activator inhibitor-1 (PAI-1) (11–14). Epithelial-mesenchymal transition
(EMT) is also an important mechanism characterized by a tubular cell differentiation to
mesenchymal cell able to produce ECM. Our team demonstrated that in a large white pig
autotransplantation model, severe IRI could lead to chronic fibrosis and subsequent renal
failure (15,16). IRI thus appears to be strongly linked to chronic deleterious events in the
graft, validating the renewed interest in the study of this event and the search for therapeutic
strategies to alleviate it.

Melagatran® (M) is a low molecular weight molecule, specific inhibitor of thrombin
generation (17–19) and potent inhibitor of platelet activation (20,21). We have previously
demonstrated that: 1. M decreases tissue factor (TF) expression in platelet/monocyte
heterotypic complexes from healthy human donors and 2. M was demonstrated to be directly
protective against endothelial cell activation and inflammation in vitro and 3. M
administration in the peri-preservation period improved graft outcome and ameliorated the
early consequences of IRI in a model of pig kidney autotransplantation (22,23), however the
chronic effects of this treatment remained unknown. We thus designed the present study to
assess the effect of M treatment on the development of chronic graft fibrosis, through its
potential action on injury mechanisms of hypoxia, oxidative stress, and EMT.

MATERIAL AND METHODS
Surgical procedures and Experimental groups

Large white male pigs (INRA, GEPA, Le Magneraud, Surgères, France) weighting 30 to 35
kg were prepared as previously described (24–26). Animal protocol was in accordance with
INRA ethical guidelines. Surgical teams were blinded regarding the treatment applied to
each graft. To mimic conditions found in DCD donors, renal warm ischemia (WI) was
induced by clamping the right renal pedicle for 60 min with a vascular nontraumatic clamp.
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These conditions has been already described as a model inducing consistent damage (26) in
conditions reproducing DCD (27). Then, the kidney was collected, cold flushed, and
preserved for 24 hours before transplantation. In each experimental group, the left kidney
was removed during transplantation to mimic the nephron mass in transplanted situation.
Time for vascular anastomosis was 30±5 min. Six groups were studied: 1-UW: kidneys
preserved in University of Wisconsin (UW) solution; 2-UW+Hc: kidney preserved in UW
to which is added Heparin (5,000 IU/L); 3-UW+Hc+Hiv: kidneys from pigs treated with
Heparin (500 IU/Kg) IV 10 min before WI and preserved in UW to which was added
Heparin (5,000 IU/L); 4-UW+Mc: kidney preserved in UW to which was added 0.3 mg/L
M; 5-UW+Mc+Miv: kidneys from pigs treated with M (3mg/kg/10min intravenously) 30
min before WI and preserved in UW to which was added 0.3 mg/L M; 6- Normal animals
(Control; age, and weight mass matched group). Seven animals were studied in groups UW
and UW+Hc, ten animals were studied in M groups as well as in Control and eleven animals
were studied in the UW+Hc+Hiv group. High mortality in groups 1 and 2 lead us to
ethically limit the number of animals used.

Functional parameters
Pigs were placed in a metabolic cage to allow specific 24 h urine collections. Plasma
creatinine and urinary proteins were measured using an automatic analyzer (Modular
automatic analyzer, Roche Diagnostic, Meylan, France).

Histopathological studies
Pigs were euthanasied at 3 month, date at which we previously demonstrated development
of chronic fibrosis in these grafts (26). All sections, covering both cortex and medulla, were
examined under blinded conditions by a pathologist and a nephrologist. As described
previously, a standard procedure was used to estimate the level of tubulointerstitial fibrosis
using Picro Sirius staining (28). Briefly, on 5 non-overlapping sections the percentage of the
fibrotic area was measured by a image analysis software, and mean±SEM was calculated.
Vimentin (1:100, Dakopatts, Stockolm, Sweden) and α-smooth muscle actin (α-SMA; 1:50;
Sigma, St Louis, MO, USA) were employed as marker of EMT. Immunoreactivity was
expressed in a semiquantitative score as percentage of stained cells per high power field
(x200). Five fields were surveyed for each graft.

Western blotting procedure
A standard Western blotting protocol was used, as described previously (26,29). Antibodies
against TGFβ (1:600), pSmad3 (1:1000), Smad3 (1:200), Smad4 (1:200), Smad7 (1:200)
and tPa (1:120) were purchased from Santa Cruz Biotechnology (Santa Cruz, USA);
antibodies against CTGF were from Biovision (1:500, Mountain View, CA, USA), against
PAI-1 was from BD Bioscience (1:200, San Jose, CA, USA), and loading control β actin
antibody was purchased from Sigma (1:3000, Sigma, Lyon, France). Proper secondary
antibody coupled with horseradish peroxydase (HRP) was used (all from GE Healthcare,
Bordeaux, France) and bands were revealed using standard procedures. Intensities of the
protein bands were determined and quantified using AlphaEase FC software (AlphaInnotech
Corporation, San Leandro, CA,USA).

Determination of mRNA expression by quantitative Real Time PCR
Tissues obtained at three month were snap frozen in liquid nitrogen and processed for RNA
extraction using Trizol (Fisher Scientific, Illkirch, France) according to the manufacturer’s
recommandations. Genomic DNA was removed using DNA-free kit (PE Applied
Biosystems, Foster City, CA, USA). Each cDNA template for RT-PCR was prepared by
first-strand reverse transcription using random primers (Applied Biosystems). Real Time
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PCR assays were performed in du/triplicate with 10ng total cDNA templates in 96-well
optical plates on an ABI Prism7300 Sequence Detection System following the
manufacturer’s recommendations (Applied Biosystems). Porcine primers were designed
using OligoPerfect ™ (Invitrogen, Carlsbad, CA, USA), with the sequences detailed in Table
1. Finally, mRNA expression level in the sample relative to expression in normal tissue was
obtained with the 2(-Delta Delta C(T)) Method (30).

Statistical methods
Results are shown as mean ± SEM. For the statistical analysis among groups, we used an
ANOVA analysis with Newman Keuls test for multiple comparisons. Student T-test as well
as Unpaired t test with Welch correction was used for Real Time PCR data. Statistical
significance was accepted for P <0.05.

RESULTS
Melagatran® preserved graft function and promoted survival

Survival at 3 month post transplant is presented in Table 2. Primary non function defined by
absence of urine production at day 7 after reperfusion was observed in all animals in groups
UW and UW+Hc with a plasma creatinine level ranging between 2100 and 2850 μmol/L;
these were not included in the remainder of the study. Survivals of pigs with kidneys
preserved in UW+Hc+Hiv was 27.3%, whereas pigs with grafts preserved in M-added
solution had 90% survival (UW+Mc, p<0.05 to UW+Hc+Hiv). Addition of M IV prior to
WI achieved the same survival (90%, UW+Miv+Mc, p<0.05 to UW+Hc+Hiv). Animals lost
to surgical complications were excluded from the analysis. Animal loss was due to graft
failure, showing necrosis and extensive tubular atrophy, fibrosis and absence of efficient (or
adapted) regenerative process. No sign of graft thrombosis was detected.

This striking survival difference was reflected by plasma creatinine measurements: whereas
UW+Hc+Hiv grafts showed high levels of creatinine (435.0 ± 47.5 μmol/L), grafts in the
UW+Mc group displayed significantly improved filtration capabilities (167 ± 8.5 μmol/L,
p<0.05 to UW+Hc+Hiv), which were significantly further ameliorated in UW+Mc+Miv
grafts (130 ± 6.5 μmol/L, p<0.05 vs. UW+Hc+Hiv, p<0.05 vs. UW+Mc). Similar findings
were found regarding proteinuria: while UW+Hc+Hiv grafts presented high levels of
proteins in urine (3.76 ± 0.47 g/24h), UW+Mc and UW+Mc+Miv grafts showed reduced
levels of proteins excretion (0.48 ± 0.05 g/24h and 0.40 ± 0.04 g/24h respectively, p<0.05
vs. UW+Hc+Hiv).

Therefore, M IV prior to WI as well as in the cold storage solution appeared to further
protect the graft regarding long term outcome.

Treatment with Melagatran® prevented interstitial fibrosis
In order to determine the impact of graft treatment with M on chronic fibrosis, we evaluated
the degree of interstitial collagen deposition using Picro sirius staining (Fig 1, Table 3). We
found that control pigs display less than 5% of renal fibrosis. Kidneys preserved with UW
+Hc+Hiv showed extensive interstitial fibrosis (47.09 ± 4.26%, Fig 1A), while kidneys
preserved with UW+Mc displayed more moderate staining (18.71 ± 2.97 %, Fig 1B) and
kidneys preserved with UW+Mc and Melagatran IV injection showed little fibrosis of the
parenchyma, close to levels found in controls (7.43 ± 0.23 %, Fig 1C, p<0.05 versus UW
+Hc+Hiv). Similarly to the serum creatinine, fibrosis was inferior in UW+Mc+Miv
compared to UW+Mc (p<0.05), indicating a possible additive effect of M. Therefore,
treatment with M in the peri-IRI period seemed to protect efficiently against the
development of chronic interstitial fibrosis three months post transplant.
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Melagatran® impacted TGF-β signaling in the graft
To further define the impact of treatment with M on tissue fibrosis, we analyzed TGF-β
signaling, a critical pathway involved in graft chronic fibrosis (Fig 2). We demonstrated that
the high degree of collagen deposition in grafts from the UW+Hc+Hiv group was paralleled
with high TGF-β expression compared to control (1.48±0.36, p<0.05 versus 0.07±0.03 in
Control). Grafts from the two M-treated groups displayed lower levels of TGF-β expression.
The intensity of the decrease seemed to correlate with the intensity of the treatment: M in
the preservation solution appeared to decrease TGF-β expression to a lesser degree than M
both in the solution and IV injection.

Furthermore, while in UW+Hc+Hiv group there was intense phosphorylation of Smad 3
(1.65±0.24, p<0.05 versus all other groups), the detected levels of phospho-Smad3 in UW
+Mc was lower (0.63±0.11, p<0.05 versus control) and moreover the activation of the
protein was almost suppressed in the UW+Mc+Miv group (0.35±0.02, NS versus control).
The protective effect of M treatment was even more obvious on the downstream effectors
and targets of TGF-β signaling: indeed both the expression of Smad4 and connective tissue
growth factor (CTGF) was suppressed in UW+Mc and UW+Mc+Miv groups, while it was
found to be elevated in the UW+Hc+Hiv group (0.64±0.14 for Smad4, p<0.05 to all other
groups, 0.67±0.19 for CTGF, p<0.05 to all other groups). Finally, expression of the protein
level of Smad 7, inhibitor of the TGF-β signaling pathway, was decreased in all groups
(p<0.05 to control). Therefore, treatment with M significantly reduced the activation of the
TGF-β signaling pathway in the transplanted kidney 3 months later, with a further protection
offered to the graft by the injection of M IV prior to WI..

Melagatran® protected against tPA/PAI-1 imbalance
The deposition of fibrin in the small vessels and capillaries of the graft is a critical element
in the development of chronic kidney fibrosis (Fig 3, A and B). Analysis of the expression
of tissue plasminogen activator (tPA), an enhancer of fibrinolysis and thus protective of the
graft, revealed that the protein was critically suppressed in grafts of the UW+Hc+Hiv group
(0.25±0.04, p<0.05 to all other groups), whereas downregulation was less extensive in the
M-treated groups (0.46±0.06 in UW+Mc and 0.51±0.05 in UW+Mc+Miv, versus 0.75±0.04
in Control, p<0.05 for both). Supporting this observation, we found that plasminogen
activator inhibitor 1 (PAI-1), inhibitor of tPA, was overexpressed in UW+Hc+Hiv group
(p<0.05 to all other groups), whereas it was not altered significantly in grafts treated with M.
Modulation of PAI-1 expression was confirmed by real time PCR: in UW+Hc+Hiv grafts,
expression of PAI-1 mRNA was significantly increased (5.48±1.83 folds to Control, p<0.05
to Control), whereas it was decreased in M treated groups: UW+Mc was 0.31±0.15 folds
(p<0.05 to Control) and UW+Mc+Miv was 0.27±0.05 folds (p<0.05 to Control), with both
groups being significantly different from the UW+Hc+Hiv group (p<0.05 in both cases). We
thus demonstrate that M exposure in the peri-preservation period has a long term protective
effect on the graft against the inhibition of fibrinolysis in the vessels, underlined by tPA
downregulation and PAI-1 upregulation, also known to promote fibrosis.

Melagatran® limited EMT within the graft
To investigate the effect of the treatment on epithelial to mesenchymal transition, a critical
injury mechanism in chronic fibrosis, we measured the expression of αSMA and Vimentin
in kidney grafts 3 months after transplantation (Fig 4). As shown in Table 4, UW+Hc+Hiv
grafts showed extensive staining for αSMA (23%) and Vimentin (Vim, 50%), indicating
EMT. On the other hand, UW+Mc kidneys showed significantly reduced staining for αSMA
and Vimentin (14% and 30% respectively, p<0.05 vs. UW+Hc+Hiv for both). Further
staining reduction was observed in UW+Mc+Miv grafts (αSMA=8% and Vim=15%, p<0.05
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vs. UW+Hc+Hiv for both). Moreover, αSMA staining was reduced in UW+Mc+Miv
compared to UW+Mc (p<0.05).

Furthermore, we performed Real Time PCR analysis for S100A4, a well described marker
of EMT, in grafts preserved with our three different conditions (Fig 5A). We determined
that whereas S100A4 was over expressed in grafts preserved with UW+Hc+Hiv (3.43±0.84
folds, p<0.05 vs. control), presence of M in preservation solution allowed this expression to
remain at control levels (1.01±0.40 folds, p<0.05 vs. UW+Hc+Hiv) and further exposure to
M through IV injection before WI allowed downregulation of this marker (0.41±0.13 folds,
p<0.05 vs. UW+Hc+Hiv). Use of M in the peri-transplant period is thus able to prevent the
onset of EMT in the graft and fibrosis development.

Melagatran® reduced oxidative stress markers expression within the graft
To explore possible changes in oxidative stress, another critical injury pathway, we
measured the changes in gene expression of Nox2, an element of NADPH oxidase,
responsible for the production of reactive oxygen species (ROS); and the inducible form of
nitric oxide synthase (iNOS), responsible for the production of nitric oxide (NO) under
inflammatory conditions (Fig 5B). Expression of Nox2 was elevated in grafts preserved by
UW+Hc+Hiv (1.58±0.11 folds), whereas in grafts exposed to M the expression was lower
than in control (0.39±0.09 folds in UW+Mc, p<0.05 to Control; and 0.43±0.28 folds in UW
+Mc+Miv, p<0.05 to Control); these levels were significantly inferior compared to the UW
+Hc+Hiv group (p<0.05 for both). A similar pattern was found for iNOS gene expression:
grafts of the UW+Hc+Hiv group exhibited a significant overexpression (2.11±0.25 folds,
p<0.05 vs. Control), while treatment with M was significantly protective against such
overexpression: UW+Mc: 0.48±0.33 folds; and UW+Mc+Miv: 0.30±0.11 folds (p<0.05 vs.
UW+Hc+Hiv for both). In conclusion, we detected a moderate increase expression of
oxidative stress markers in UW+Hc+Hiv grafts, while M treatment reduced this expression.

DISCUSSION
This study demonstrates that in a pig model mimicking the conditions found in DCD,
anticoagulant therapy by antithrombin added to the standard UW flush and preservation
medium substantially improved survival and renal functional recovery, with a decrease in
interstitial fibrosis at 3 months. This work is one of the few studies shedding light, on the
mechanistic level, on the long term consequences of IRI: we show that several pathways are
implicated such as the TGF-β, PAI1/tPA pathways as well as EMT, and possibly oxidative
stress, and determined that M treatment reduced their activation. Moreover, this study is
conducted in a large mammal model, and presents an efficient therapeutic strategy to
alleviate IRI.

This is particularly relevant when considering that mechanistic results obtained at 3 month
on grafts preserved with UW+Hc+Hiv were obtained only from the remaining pigs (27.3%
survival rate) and thus represent the situation in the grafts of the survivors. This implies that
the processes we observed in these grafts were likely even more intense in the other grafts of
this group, leading to the early death of the animals and outlines the weak impact of heparin
when compared to M. Our results appear in conflict with a study on the effect of M
treatment in a rat model of IRI in which it was observed that treatment did not have any
effect on injury development (31). However, the use of 35 min WI in rats does not induces
as extensive an injury as 60min WI and 24h cold storage in pig kidneys, moreover there are
important anatomical differences between rat and pig kidney. These considerations render
difficult the comparison between the two studies.
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The current study demonstrates that relative increases of TGF-β and expression in the
kidney was accompanied by upregulation and activation of its Smad effectors. TGF-β
receptors dimerize and change their conformation upon binding TGF-β then receptor-
regulated Smad-2 and Smad-3 are phosphorylated by the TGF-β receptor, a process that
induces linking to Smad-4 and therefore initiates recruitment of transcriptional cofactors
involved in cell proliferation, tissue growth, and matrix remodeling by enhanced collagen
synthesis (12). In this study, we show that concomitantly with increased TGF-β expression,
there was increased Smad 3 phosphorylation and Smad 4 expression in graft with intense
interstitial fibrosis. Furthermore, we show upregulation of CTGF, an important downstream
effector of TGF-β involved in fibrosis (32,33) and EMT (11). Smad 7, inhibitor of the TGF-
β pathway, was downregulated in all groups. The regulation of the TGF-β pathway during
chronic kidney injury is complex and still unclear, and no direct link is drawn between M
and TGF-β. The correlation between intensity of IRI and chronic injury has been
demonstrated (34,35), however the mechanisms through which such correlation is possible
remain unclear. In the present study, we show that decreasing the intensity of IRI by peri-
preservation treatment with a thrombin inhibitor plays an active role in limiting the chronic
activation of TGF-β; this provides a possible area of study to link IRI and chronic fibrosis
mechanistically, and reinforce the pivotal role of the coagulation cascade in the mechanisms
of IRI.

Fibrin deposition induces an acute flow blockade and ultimately vasculo-sclerosis, hence
chronically limiting blood flow to the tissue. Plasmin, the protease that catalyzes fibrin
degradation, is activated by a tightly regulated balance between plasminogen activators (tPA
or uPA) and plasminogen activator inhibitors (36,37). Among the latter, PAI-1 drew the
interest of several investigators as the culprit of persistent fibrin deposition in different
animal models of chronic rejection (13,14). Interestingly, plasmin can degrade not only
fibrin but also many extracellular matrix components, indirectly linking plasmin inhibition
by PAI-1 to ECM accumulation. Moreover, PAI-1 complexes tPA and other targeted
proteinases to inactivate them, hence promoting fibrin deposition and fibrosis. We presently
show that IRI induced a chronic upregulation of PAI-1, correlated with a downregulation of
tPA, and further that the mitigation of IRI through inhibition of thrombin had a chronic
positive effect by reversing the pro-injury alterations on the expression of PAI-1 and tPA.

During the development of chronic injury in the kidney, tubular cells are driven to de-
differenciate and alter their phenotype towards that of a mesenchymal cell, thus going from
a polarized, anchored and non dividing cell to an unpolarized, mobile and fast proliferating
cell. This process is named EMT (38) and is thought to be a repair mechanism that can be
deregulated during injury and promote interstitial fibrosis (39–41). We demonstrate herein
that EMT, detected by the increase in S100A4 expression, is present in grafts preserved with
UW+Hc+Hiv, which show a high degree of fibrosis and low survival rate. This increase was
prevented by treatment of the graft by M. Therefore, treatment of IRI with M preserved the
graft outcome against a major pathway towards injury. Since TGF-β is a major inducer of
EMT (42,43), the observed protection may be related to the reduced importance of the TGB-
β pathway demonstrated in M-treated grafts.

After IR, there is overproduction of reactive oxygen species (ROS) and nitric oxide (NO),
which leads to permanent damage to the cell and the tissue (44). A well known producer of
ROS is NADPH oxidase, a protein complex located in the plasma membrane as well as in
the membrane of phagosome, which variation in expression have been linked to the level of
oxidative stress in the tissue and to chronic injury (44). We presently observed that Nox2,
one of the subunit of NADPH oxidase, and the inducible form of nitric oxide synthase
(iNOS), an important producer of NO, tend to be overexpressed in grafts of the UW+Hc
+Hiv group, and also demonstrate the mitigating effect of M therapy: indeed, grafts of the
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UW+MC and UW+Mc+Miv groups displayed a lowering of both pro-deleterious stress
markers. Although expression levels of these genes does not relate directly to protein
activity, decreased expression could indicate a lowering of oxidative stress in the graft.

This supports the assumption that an anti thrombin therapy during preservation has wide
spread effects on graft outcome, by preventing the activation of a large array of pro-injury
mechanisms. Interestingly, PAI-1 expression has been shown to be strikingly upregulated by
TGF-β, linked to EMT and participate in fibrosis development, but PAI-1 can also induce
interstitial fibrosis even in the absence of TGF-β activation (32,33,45). This illustrates the
multicomponent nature of chronic kidney fibrosis and the importance of focusing
therapeutical efforts on strategies with wide repercussions rather than concentrating the
attention on one specific pathway.

This study confirms a novel concept for therapeutic strategies aimed at the better use of
DCD donor grafts for transplantation. Such therapeutic option should be useful for all
different categories of the Maastricht classification, particularly uncontrolled donors
(category 1 or 2). We also report further protection when M is injected prior to the onset of
WI, possibly affecting coagulation mechanisms put in place during WI, indicating potential
use in donor pretreatment strategies. In addition, M is more efficient than heparin treatment
which is not capable to counteract IRI as previously published, probably linked to a longer
half life and a better efficiency at 4°C (1,46).

In conclusion, we demonstrate that peri-preservation use of M as anti-IRI therapy has long
range beneficial effects on graft outcome. This work complements our previous study on the
short term beneficial effect of such therapy on kidney graft (23), supporting the clinical use
of antithrombotic drugs during preservation of kidney graft in DCD conditions.
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Figure 1. Histological evaluation of tissue Fibrosis at 3 months
Tissue sections were stained with Picro Sirius. Shown are representative staining of grafts
from Control (A), UW+Mc+Miv (B), UW+Mc (C) and UW+Hc+Hiv (D) groups. Arrows
designate areas with intense interstitial fibrosis. Magnification 100X.
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Figure 2. Western Blot analysis of the TGFβ signaling pathway in kidney graft, 3 months post
transplantation
A: representative blots for each antibody used in the four groups of survivors. B:
Quantitative analysis by densitometry of blots. Psmad3 is expressed related to Smad3
expression. Shown are mean±SEM, * p < 0.05 versus UW+Hc+Hiv; ° p < 0.05 versus
Control, £ p < 0.05 versus UW+Mc. n=3–5.
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Figure 3. mRNA and protein expression of tPA and PAI-1 in transplanted kidneys, 3 months
post transplantation
A: representative blots for each antibody used in the four surviving groups. B: Quantitative
analysis by densitometry of blots, shown are mean±SEM, Statistics: * p<0.05 versus UW
+Hc+Hiv; ° p<0.05 versus Control; n=2–5. C: Quantitative Real Time PCR analysis of
PAI-1 expression normalized to Control. Shown are mean±SEM, Statistics to Control:
°:p<0.05. Statistics inter group: *:p<0.05. n=3–5.
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Figure 4. Histological evaluation of αSMA and Vimentin staining
Shown are representative stainings of αSMA (A–D) and Vimentin (E–H) of kidneys from
Control (A,E), UW+Hc+Hiv (B, F), UW+Mc (C, G) and UW+Mc+Miv (D, H) groups.
Magnification 200X
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Figure 5. Quantitative Real Time analysis of Nox2, iNOS and S100A4 in transplanted kidneys 3
month after reperfusion
A: S100A4 expression normalized to Control. B: Analysis of Nox2 and iNOS expression,
normalized to Control. Shown are mean±SEM, Statistics to Control: °:p<0.05. Statistics
inter group: *:p<0.05. n=3–5.
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Table 1

Primer sequences for RT-PCR analysis in Pig Kidneys.

Gene Forward Reverse

18S AGCCTGCGGCTTAATTTGAC AACCAGACAAATCGCTCCAC

PAI-1 TTGAGGAGAAGGGCATGG CATCGGCCGTGCTG

Nox2 GTGCACCATGATGAGGAGAA AGTTAGGCCGTCCGTACAAG

iNOS CCCCAAATACGAGTGGTTCC CCACCTCGAGCAGCATGT

S100A4 GGAAAAGGACGGATGAAGC GAAGACGCAGTACTCCTGGAA
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Table 2

Survival and renal function evaluation in transplanted animals at 3 month.

Control UW+Mc+Miv UW+Mc UW+Hc+Hiv

Survival (%) N/A 90* 90* 27.3

Plasma creatinine μmol/L 104.8 ± 4.9 130 ± 6.5* £ 167 ± 8.5* 435 ± 47.5

Proteinuria/Creatinuria ratio (mg/mmol) 0.3± 0.1 11.3 ± 0.8* 42.8± 3.5* 176.7± 8.8

Shown are mean±SEM,

*
p<0.05 vs. UW+Hc+Hiv,

£
p < 0.05 versus UW+Mc. n=10–11.
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Table 3

Semi quantitative evaluation of the extend of fibrosis in transplanted kidney grafts at 3 month

Control UW+Mc+Miv UW+Mc UW+Hc+Hiv

Fibrosis (%, Sirius Red) <5 7.43 ± 0.23* £ 18.71 ± 2.97* 47.09 ± 4.26

Shown are mean±SEM,

*
p<0.05 vs. UW+Hc+Hiv,

£
p < 0.05 versus UW+Mc. n=3–5.
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Table 4

Semi quantitative evaluation of αSMA and Vimentin immunostaining in transplanted kidney grafts at 3 month

Control UW+Mc+Miv UW+Mc UW+Hc+Hiv

αSMA 3 8* £ 14* 23

Vimentin 5 15* 30* 50

Shown are % of stained cells per field as explained in methods.

*
p<0.05 vs. UW+Hc+Hiv,

£
p < 0.05 versus UW+Mc. n=3–5.
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