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Brain dead donor kidneys are immunologically active:
is intervention justified?
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Abstract
The improvement in the field of kidney transplantation, during the last decades, has brought kindey transplantation
to the top of patient preference as the best kidney replacement therapy1. The use of marginal kidney grafts, which are
highly immunogenic has become common practice because of lack of kidney donors.
Inflammatory activity in the kidneys after brain death is an ongoing phenomenon. The inappropriate treatment of
brain dead donor may result to primary non function (PNF) of the graft, delayed graft function (DGF) or to long term
graft dysfunction and shortened graft survival. Therefore correct handling of the brain dead donor is of paramount
importance. The impact of various pharmacologic agents (catecholamines, glucocorticoids, carbamylated recombinant
human erythropoietin, recombinant soluble P-selectin glycoprotein ligant, heme oxygenase-1, carbon monoxide, and
mycophenolate mofetil) on the immunogemicity of brain dead donor kidneys is discussed.
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Significant electrocardiographic, hemodynamic and
hormonal disturbances, the sum of which has been characterised as “storm of autonomic nervous system“ occur
during the induction of brain death2-4. The result is initially an increase of systemic vascular resistance followed
by loss of vascular tone, hypotension, endocrine organ
failure and cellular metabolism derangement.
Brain death induces an inflammatory activation ending to vascular endothelial injury. Blood-brain barrier
dysfunction results in peripheral circulation of cytokines
produced in the damaged brain (complement activation,
S100A9, S100β, IL-6, coagulation disorders). IL-6, IL8, IL-10 and monocyte chemoatractant protein (MCP-1)
are increased in the serum after brain death. These cytokines activate NF-κB, selectins adhesion molecules causing production of chemokines leading to cellular influx
in the kidneys. P- and E- selectins attract leukocytes in
the kidneys and generate direct alloimmune responses that
later may mediate allograft rejection5. Mitogen activated
protein kinases (MAP-kinases) mediate inflammatory responses and seem to play important role in the inflammatory reactions in the kidney6. Brain death is associated
with significant increase in blood neutrophil integrins
CD11b and CD187.
At the same time there is increased expression of
HLA class I and II antigens, B7 co-stimulatory molecule,
cytokine desregulation and adhesion molecule upregulation in the kideys7-14. Self antigens seem to play a role
in alloimmunity15-19 of the brain dead patient because
hypoxia of kidneys happening in this setting can signifi-

cantly alter the nature of self peptides and break down
immune tolerance mechanisms. Immune reaction against
self antigens in these kidneys can develop through both
allorecognition pathways. Donor passenger antigen presenting cells (APC) may have the potential to induce an
immune response against self-proteins in these kidneys
through the direct pathway20,21.
Endothelial cells express also significant pro-coagulant activity that may have a significant negative impact
on graft behaviour (Aα/Bβ fibrinogen mRNA from the
first 30 min after brain deafh, fibrinogen localization
on the peritubular capillaries and significant increase
of plasma von Willebrand factor). The new markers of
tubular damage heart-fatty acid- binding protein and Nacetyl-glucosaminidase are maximally increased at four
hours after brain death22.
The above mentioned mechanisms, during brain
death, result in dense infiltration of the kidneys by leukocytes, macrophages and dendritic cells before kidney harvesting9,12,13,23. These non specific inflammatory
events cause vacuolization, atrophy and necrosis of renal
tubules, glomerulitis and interstitial inflammation in the
kidneys of the brain dead donor24 and may amplify native
and recipient alloresponsiveness and influence early and
late allograft function irrelevant of the presence of donor
systemic normotension5,25.
Infammatory activity after brain death is an ongoing
phenomenon and kidney procurement should be done as
soon as possible after death declaration13. This inflammatory activity might justify pharmacological immune intervention on brain dead donor before renal transplantation25-27.
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Intervention to suppress the non-specific
inflammation in the kidney of the brain-dead donor
Catecholamines
Dopamine causes in vitro decreased production of a)
chemokine (C-X-C motif) ligand 1 (CXCL-1), epithelial neutrophil activating peptide-78 (ENA78), and IL8 in proximal tubular epithelial cells28 b) CXCL-1 and
ENA78 reduced production in endothelial cells and c) delayed expression of ICAM-1, and VICAM-1 after TNF-α
stimulation in these cells. Dopamine, also, induces heme
oxygenase-1 (HO-1), inhibits P-selectin expression, and
decreases mononuclear infiltration in experimental brain
dead models29. These immunological effects seen in experimental conditions might explain in part the improved
renal transplantation outcome after catecholamine treatment of the brain dead donor.
In cadaveric kidney transplantation catecholamines
stabilize hemodynamically the brain dead donor. This effect combined with their anti-inflammatory action renders
catecholamines independent beneficial factors in early
graft function and long term renal transplant outcome in
the clinical setting30-33 (Table 1).
Glucocorticosteroids
Experimentally, glucocorticosteroid treatment (10
mg/kg bw) of brain dead rats improved kidney graft survival after transplantation to a level comparable to living donor transplants. In this study, steroids suppressed
cellular infiltration and expression of cytokines and the
intensity of morphological changes were noticeably different in the recipients of untreated brain dead donor
kidneys34.
In this experimental model MHC class II antigens
were already expressed before the organ removal in untreated animals34. This finding suggests that steroid pretreatment with pulses (one pulse at induction of brain
death or at donation approval and another one hour
Table 1: Suggested management of brain dead donor to suppress non-specific inflammation.
1. Dopamine infusion (< 5 μg/kg/min) or adrenaline
(< 0.1 μg/kg/min).
(Preferred MBP 80 mmHg and diurisis of 1 ml/
kgBW/h).
3. Use of immunosuppressive agents (corticosteroids,
MMF).
4. Use of monoclonal antibodies against cytokines
(TNF-a, IFN-γ, IL-2, IL-6)??
Inhibitors of chemokines (MCP-1, MIP-1a, ΜΙΡ1β)?
5. Use of Carbamylated recombinant human Erythropoietin (CRHE).
6. Use of Recombinant P-Selectin Glycoprotein Ligand-lg (rPSGL-lg).
7. HO-1 induction (Cobalt Protoporphyrin (CoPP)).
8. Carbon monoxide (CO).

before harvesting the kidneys) might be more efficacious34.
High corticosteroid dose inhibits the expression of
NF-κB-mediated IL-1, IL-2, TNF-α, IFN-γ synthesis in
cultured cells and in mice35.
In the only prospectively designed human study on
liver transplantation it is reported that serum and tissue
expression of pro-inflammatory cytokines were reduced
after steroid therapy of the brain dead donor36. In kidney
transplantion, the best time to give steroid pulses before
harvesting and the best dose are not known37. Long-term
results after kidney transplantation, and have not been
reported yet.
Carbamylated recombinant human erythropoietin
(CRHE)
CRHE is a derivative of erythropoietin without hematopoietic action, which can reduce the non-specific
inflammation of the kidneys of the brain dead donor (attenuate the increase of E-selectin and P-selectin mRNA,
reduce VCAM-1 expression in the kidney) and improve
creatinine clearance in anesthetized rats38,39.
Recombinant soluble P-selectin glycoprotein ligand
(sPSGL)
P-selectin is translocated within minutes from intracellular stores to the surface of vascular endothelial cells
and/or platelets in response to inflammatory stimuli in a
brain death mice model and E-selectin is expressed on
the endothelial surfaces after transcriptional induction
of its mRNA. These adhesion molecules react with their
ligands on circulating polymorphonuclear leukocytes
(PMN) to promote transient sticking (tethering) and
slowing (rolling) along vessel walls. With stronger attachment to endothelium and diapedesis into the tissues
via the sequential activity of other adhesion molecules,
PMN become activated by locally produced chemokines
and cytokines and trigger a further cascade of inflammatory /immunologic events40-42.
Treatment of the donor with the recombinant soluble
P-selectin glycoprotein ligand, an inhibitor of P-, E- and
L-selectin, has been shown advantageous in experimental models9,42. sPGL and the Cytotoxic T lymphocyte
antigen 4 (CTLA4-Ig) treatments blocked expression of
brain death – induced macrophage associated (IL-1, Il6, IFNγ) and T-cell associated (IL-2, IL-2R, IL-4, IFNγ)
factors9 .
Three days after transplantation, untreated brain
dead donor kidneys showed severe tubular necrosis and
mononuclear infiltration, whereas recipients of whom
the donor was treated with recombinant soluble P-selectin glycoprotein ligand showed similar serum
creatinine levels to living donor iso- and allograft recipients. Pre-treatment with recombinant soluble P-selectin
glycoprotein ligand affects chronic transplant function in
animals transplanted with brain dead donor kidneys and
reduces long-term graft injury to a level seen in the living
donor situation42.
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Heme oxygenase-1 (HO-1)
Heme oxygenase is the rate limiting step in heme
degradation and the oxidation of the α-meso carbon of the
protoporphyrin ring leads to the formation of free iron,
biliverdin and carbon monoxide. The inducible isoform
of HO, HO-1, is a heat shock protein (HSP32) induced
by diverse stress related conditions43. The HO and HO-1
system provides generalized endogenous anti-inflammatory protection against oxidative stress. The mechanism
is not clear44,45.
HO-1 is a cytoprotective and anti-oxidant substance.
The immunomodulating effects of upregulated HO-1
could be of use in the improvement of deceased donor
transplantation. Selective up-regulation of HO-1 has
been proven to be beneficial in different models of stress
or damage, including ischemia/ reperfusion46 and experimental renal transplantation47. Because of its antioxidative, antiapoptotic, and immune regulatory effects, HO-1
has been used in experimental transplantation after upregulation by cobalt protoporphyrin (CoPP) treatment (a
selective HO-1 inducer) in the brain dead donor48. The
CoPP treated animals showed a reduction in the infiltration of ED1+ monocytes/macrophages, CD4+ T cells and
CD8+ T cells which was combined with improved renal
allograft survival48. Therefore, the application of HO-1
induction in the setting of kidney brain dead donor can
be regarded a possible option to improve renal transplant
outcome.
Carbon monoxide
It has been shown in transplant induced ischemia/reperfusion injury experimental models that the exposure
to 20-250 parts per million of CO has cytoprotective effect. At these concentrations CO acts as a signal molecule
and presents anti-inflammatory, anti-apoptotic and vasodilating properties49,50.
Low-dose inhalation of carbon monoxide in a rodent
experimental transplant model has shown protection of
kidneys from the development of chronic allograft nephropathy51. The application of low-dose CO as anti-fibroinflammatory agent in the setting of brain dead donor
should be possibly beneficial in the long-term after kidney transplantation.
Immnosuppressive agents
Effects of MMF in vitro
MMF seems to reduce significantly the release of soluble E-selectin expressed by Human Ubilical Vein Endothelial Cells (HUVECs) after stimulation with TNF-α52
and monocyte binding to HUVEC and inhibits the upregulation of ICAM-1 and MHC-II expression on monocytes after stimulation. Experimentally, donor treatment
with MMF demonstrated less primary non-function and
less ischemia/ reperfusion injury53. According to Glomsda et al MMF could be used as anti-adhesive treatment to
prevent inflammatory cell infiltration54. In lymphocytes
and monocytes MMF decreases the synthesis of man-
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nose and fucose of membrane glycoproteins which are
ligands of the selectin adhesion molecules on the vascular endothelium55. MMF down-regulates the co-stimulatory and adhesion molecules CD40, CD54, CD80,
CD86 and the cytokines IL-8, TNF-α, IL-10, IL-12 of
MDDC (monocyte derived dendritic cells)56. Allison et
al first published data demonstrating that MMF altered
cell adhesion in activated human peripheral blood lymphocytes57. Mycophenolic Acid (MPA) reduces attachment of human monocytes to endothelial cells58. At a
therapeutic dose monocytes treated with MPA were less
adherent to living HUVECs by approximately 30%. If
the endothelial cells were stimulated with IL-1β then the
effect was more pronounced at 50% reduced adherence.
Under phase contrast microscopy MMF reduced peripheral blood lymphocyte (PBL) adhesion to HUVEC
cultured monolayers by up to 70-80%59,60. MMF blocks
both T lymphocytes and WiDr colon adenocarcinoma
cells binding to HUVEC by 80%. Surface expression
of the endothelial cell T cell receptors was reduced by
MMF in a dose dependent manner. MMF specifically
suppressed T cell attachment to ICAM-1, VCAM-1 and
P-selectin61. It has been proven that MMF inhibits cytokine-induced NO synthesis in vitro62. Blaheta et al59 have
shown strong inhibition of CD4+ and CD8+ adhesion to
and penetration through endothelial cells by MMF. The
main mechanism of action proved to be reduced binding capacity of VLA-4, LFA-1 and PSGL to VCAM-1,
ICAM-1 and P-selectin respectively. The expression of
cell adhesion molecules requires > 12 hours pretreatment and is half-maximal at 1μM MPA. Pre-treatment
of EC do not reduce the expression of ICAM-1 induced
by TNF-α. There is 2-3 fold increase of VCAM-1 and
E-selectin63.
Effects of MMF on experimental models
Experimental studies in rats have shown that the
use of mycophenolate mofetil, is beneficial when given
to the donor before harvesting of the kidneys. MMF
was associated with the least proteinuria at twelve
weeks after transplantation compared to steroids, FK506 and CsA. Best time interval before harvesting and
drug dose and combination are not known64. In heart
grafts, donor treatment with MMF protects against
primary non-function53. MMF can reduce the generation of reactive oxygen species reducing in this way
cytokine production and apoptosis65. MMF treatment
of 5/6 nephrectomized rats prevents or slows down the
increment of serum creatinine and proteinuria65. The
final result is inhibition of lymphocyte and monocyte
infiltration in the damaged or ischemic tissue area58,66,67.
MMF suppresses the lymphocyte and macrophage
cytokine production68 and abrogates the talk between
macrophages and renal cells inhibiting cell proliferation and matrix expansion and finally glomerulosclerosis and interstitial fibrosis69-72. Insufficient IL-12 and
CD80 expression by antigen presenting cells has been
incriminated for anergy and tolerance and T cell func-
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tional unresponsiveness73. Oral MMF administration to
rats exerts its maximal inhibitor action on T cell proliferation and surface antigen expression (LFA-1 and
ICAM-1 included) 6 hours after dosing which is dose
related74. When kidneys were transplanted into Lewis
rats treated with or without MMF, infiltration of neutrophils and macrophages was considerably lower in the
MMF-treated animals75. It has been proven that MMF
inhibits NO generation in a rat renal model of ischemia
reperfusion injury (IRI)76. MMF prevents macrophage
infiltration of the kidney in a model of anti-GBM nephritis in the rat when applied in the early stages of
GN77. VCAM-1 expression in kidney cortex biopsies
of patients with SLE was significantly decreased after
treatment with MMF78.
Effects of MMF on clinical grounds
MMF suppresses the lymphocyte and macrophage
cytokine production preventing chronic scarring79, is not
associated with renal toxicity80 and inhibits up-regulation
of CD18+ in lymphocytes66. MMF can reduce the generation of reactive oxygen species reducing in this way
cytokine production and apoptosis81.
Effects of Cyclosporin A
It is well known that the CsA use is associated with
significant renal toxicity82. Interstitial fibrosis is produced by activated fibroblasts and their origin is central
to understanding the pathogenesis of progressive renal
transplant damage. Epithelial to mesenchymal transition
(EMT) is a highly regulated process whereby epithelial cells go through a series of programmed phenotypic
changes, characterised by a loss of epithelial markers
and function, migration into the extracellular space and
metamorphosis into myofibroplast phenotype expressing
α-smooth muscle actin (α-SMA).
A substantial proportion of infiltrating myofibroplasts within the neointima, adventitia and interstitium
of graft biopsies are of donor origin83. It is known that
CsA up-regulates TGF-β1. It has been claimed that CsA
is factor responsible at least partly for this myofibroplast transformation84,85. Ischemia/reperfusion injury
may be the cause of the early interstitial fibrosis and
missed EMT-induced interstitial fibrosis at later time
points. In this setting the use of CsA in the brain dead
donor is not indicated.
In conclusion inhibition of the immunologic activation due to brain death is one of the strategies to improve
transplant outcome in experimental models and should be
in human transplantation. Many challenging options exist to counteract the deleterious effects of brain death on
the donor kidney. The i.v. infusion of corticosteroids in
combination with MMF possibly could be the first option
since they are easy to use, there is great experience, they
are cheap and the most significant they lack deleterious
effects on the other organs in man.

References

1. Wolf RA, Asbby VB, Milford EL, et al. Comparison of mortality
in all patients on dialysis, patients on dialysis awaiting transplantation and recipients of a first cadaver transplant. N Engl J Med.
1999; 341: 1725-1730.
2. Novitsky D, Wicomb WN, Cooper DKC, Rose AG, Fraser RC,
Barnard CN. Electroardiografic, hemodynamic and endocrine
changes during experimental brain death in the Chacma baboon.
J Heart Transplant. 1984; 4: 63.
3. Eicbaum FW, Bissetti PC. Cardiovascular disturbances following increases in intracranial pressure. Cadiovas Res. 1971; 5:
63.
4. Cushing H. Some experimental and clinical observations concerning states of increased intracranial tension. Am J Med Sci.
1902; 124: 375-400.
5. Kreisel D, Krupnick AS, Gelman AE, et al. Non-hematopoietic
allograft cells directly activate CD8+ T cells an trigger acute rejection: an alternative mechanism of allorecognition. Nat Med.
2002; 8: 233-239.
6. Bouma HR, Ploeg RJ, Schuurs TA. Signal transduction pathways involved in brain death – induced renal injury. Am J Transplant. 2009; 9: 989-997.
7. Avlonitis VS, Wigfield CH, Kirby JA, Dark JH. The hemodynamic mechanisms of lung injury and systemic inflammatory
response following brain death in the transplant donor. Am J
Transplant. 2005; 5: 684-693.
8. Shuurs TA, Gerbens F, van der Hoeven JA, et al. Distinct transcription changes in donor kidneys upon brain death induction
in rats: insights in the processes of brain death. Am J Transplant.
2004; 4: 1972-1981.
9. Takada M, Nadeau KC, Hancock WW, et al. Effects of explosive
brain death on cytokine activation of peripheral organs in the rat.
Transplantation. 1998; 65: 1533-1542.
10. Kusaka M, Pratschke J, Wilhelm MJ, et al. Activation of inflammatory mediators in rat renal isografts by donor brain death.
Transplantation. 2000; 69: 405-410.
11. Lopau K, Mark J, Schramm L, et al. Hormonal changes in brain
death and immune activation in the donor. Transpl Int. 2000; 13
(Suppl 1): S282-S285.
12. van der Hoeven JA, Ploeg RJ, Postema F, et al. Induction of
organ dysfunction and up-regulation of inflammatory markers in
the liver and kidneys of hypotensive brain dead rats: a model to
study marginal organ donors. Transplantation. 1999; 68: 18841890.
13. van der Hoeven JA, Molema G, Ter Horst G, et al. Relation between duration of brain death and hemodynamic (in)stability on
progressive dysfunction and increased immunologic activation
of donor kidneys. Kidney Int. 2003; 64: 1874-1882.
14. Koo DD, Welsh KI, McLaren AJ, et al. Cadaver versus living
donor kidneys: impact of donor factors on antigen induction before transplantation. Kidney Int. 1999; 56: 1551-1559.
15. Lombardi G, Sidhu S, Batchelor JR, Lechler RI. Allorecognition
of DR1 by T cells from a RD4/DRw13 responder mimics selfrestricted recognition of endogenous peptides. Proc Natl Acad
Sci USA. 1989; 86: 4190-4194.
16. Demotz S, Sette A, Sakagushi K, Buchner R, Appella E, Grey
HM. Self peptide requirement for class II major histocompatibility complex allorecognition. Proc Natl Acad Sci USA. 1991;
88: 8730-8734.
17. Marrack P, Kappler J. T cells can distinguish between allogeneic major histocompatibility complex products on different cell
types. Nature. 1988; 332: 840-843.
18. Heath WR, Hurd ME, Carbone FR, Sherman LA. Peptide-dependent recognition of H-2Kb by alloreactive cyotoxic T lymphocytes. Nature. 1989; 341; 749-752.
19. Malarkannan S, Afkarian M, Shastri N. A rare cryptic translation
product is presented by Kb major histocompatibility complex
class I molecule to alloreactive T cells. J Exp Med. 1995; 182:
1739-1750.

HIPPOKRATIA 2009, 13, 4
20. Crotzer VL, Blum JS. Autophagy and intracellular surveillance:
Modulating class II antigen presentation with stress. Proc Natl
Acad Sci USA. 2005; 102: 7779-7780.
21. Denjel J, Schoor O, Fischer R, et al. Autophagy promotes MHC
class II presentation of peptides from intracellular source proteins. Proc Natl Acad Sci USA. 2005; 102: 7922-7927.
22. Morariou AM, Schuurs TA, Leuvenink HGD, van Oeveren W,
Rakhorst G, Ploeg RJ. Early events in kidney donation: Progression of endothelial activation, oxidative stress and tubular injury
after brain death. Am J Transplant. 2008; 8: 933-941.
23. Nijboer WN, Schuurs TA, van der Hoeven JW, et al. Effect of
brain death on gene expression and tissue activation in human
donor kidneys. Transplantation. 2004; 78: 978-986.
24. Nagareda T, Kinoshita Y, Tanaka A, e al. Clinicopathology of
kidneys from brain dead patients treated with vasopressin and
epinephrine. Kidney Int. 1993; 43: 1363-1370.
25. Pratschke J, Wilhelm MJ, Laskowski I, et al. Influence of donor
brain death on hronic rejection of renal transplants in rats. J Am
Soc Nephrol. 2001; 12: 2474-2481.
26. Pratschke J, Wilhelm MJ, Kusaka M, et al. Accelerated rejection
of renal allografts from brain-dead donors. Ann Surg. 2000; 232:
263-271.
27. Penfield JG, Dawidson IA, Ar’Rajab A, Kielar MA, Jeyarajah
DR, Lu CY. Syngeneic renal transplatation increases the number
of renal dendritic cells in the rat. Transplant Immuol. 1999; 7:
197-200.
28. Kapper S, Beck G, Riedel S, et al. Modulation of chemokine
production and expression of adhesion molecules in renal tubular epithelial and endothelial cells by catecholamines. Transplantation. 2002; 74: 253-260.
29. Schaub M, Ploetz CJ, Gerbaulet D, et al. Effect of dopamine on
inflammatory status in kidneys of brain-dead rats. Transplantation. 2004; 77:1333-1340.
30. Schnuelle P, Lorenz D, Mueller A, et al. Donor catecholamine
use reduces acute allograft rejection and improves graft survival
after cadaveric renal transplantation. Kidney Int. 1999; 56: 738746.
31. Schnuelle P, Berger S, de Boer J, et al. Effects of catecholamine
application to brain-dead donors on graft survival in solid organ
transplantation. Transplantation. 2001; 72: 455-163.
32. Schnuelle P, Yard BA, Braun C, et al. Impact of donor dopamine
on immediate graft function after kidney transplantation. Am J
Transplant. 2004; 4: 419-426.
33. Schnuelle P, Berger S, de Boer J, et al. Effects of catecholamine
application to brain-dead donors on graft survival in solid organ
transplantation. Transplantation. 2001; 72: 455-463.
34. Pratschke J, Kofla G, Wilhelm MJ, et al. Improvements in early
behavior of rat kidney allografts after treatment of the braindead donor. Ann Surg. 2001; 234: 732-740.
35. Auphan N, DiDonato JA, Rosette C, Helberg A, Karin M. Immunosuppression by Glucocorticoids: inhibition of NF-Kappa B
activity through induction of I Kapa B synthesis. Science. 1995;
270: 286-290.
36. Kuecuek O, Mantouvalou L, Klemz R, et al. Significant reduction of pro-inflammatory cytokines by treatment of the braindead donor. Transplant Proc. 2005; 37: 387-388.
37. Reutzel-Selke A, Zschockelt T, Denecke C, et al. Short term
immunosuppressive treatment of the donor ameliorates consequences of ischemia/reperfusion injury and long-term graft
function in renal allografts from older donors. Transplantation.
2003; 75: 1786-172.
38. Leuvenink HG, van Goor H, Navis GJ, et al. Carbamylated
erythropoietin (CEPO) reduces renal inflammation during brain
death [SA-FC112]. J AmSoc Nephrol (Abstracts Issue). 2005;
16: 106A.
39. Coleman TR, Westenfelder C, Togel FE, et al. Cytoprotective
doses of erythropoietin or carbamylated erythropoietin have
markedly different procoagulant and vasoactive activities. Proc
Natl Acad Sci USA. 2006; 103: 5965-5970.

209

40. Vestweber D, Blanks JE. Mechanisms that regulate the function of the selectins and their ligands. Physiol Rev. 1999; 79:
181-213.
41. Springer TA. Traffic signals for lymphocyte recirculation and
leukocyte emigration: The multistep paradigm. Cell. 1994; 76:
301-314.
42. Gasser M, Waaga AM, Kist-van Holthe JE, et al. Normalization
of brain death-induced injury to rat renal allografts by recombinant soluble P-selectin glycoprotein ligand. J Am Soc Nephrol.
2002; 13: 1937-1945.
43. Otterbein LE, Choi AM. Heme oxygenase: colors of defense
against cellular stress. Am J Physiol Lung Cell Mol Physiol.
2000; 279: L1029-L1037.
44. Otterbein LE, Katori M, Anselmo DM, Busuttil RW, KupiecWeglinski JN. A novel strategy against ischemia and reperfusion
injury: cytoprotection with heme oxygenase system. Transpl Immunol. 2002; 9: 27-233.
45. Willis D, Moore AR, Frederick R, Willonghby DA. Heme oxygenase: a novel target for the modulation of the inflammatory
response. Nat Med. 1996; 2: 87-90.
46. Blydt-Hansen TD, Katori M, Lassman C, et al. Gene transferinduced local heme oxygenase-1 overexpression protects rat
kidney transplants from ischemia/reperfusion injury. J Am Soc
Nephrol. 2003; 14: 745-754.
47. Tullius SG, Nieminen-Kelha M, Buelow R, et al. Inhibition of
ischemia/ reperfusion injury and chronic graft deterioration by a
single-donor treatment with cobalt-protoporphyrin for the induction of heme oxygenase-1. Transplantation. 2002; 74: 591-598.
48. Kotsch K, Francuski M, Pascher A, et al. Improved long-term
graft survival after HO-1 induction in brain-dead donors. Am J
Transplant. 2006; 6: 477-486.
49. Brouard S, Otterbein IE, Aurather J, et al. Carbon monoxide
generated by heme oxygenase-1 suppresses endothelial cell
apoptosis. J Exp Med. 2000; 192: 1015-1026.
50. Neto JS, Nako A, Kimizuku K, et al. Protection of transplant induced renal ischemia/reperfusion injury with carbon monoxide.
Am J Physiol Renal Physiol. 2004; 287: F979-F989.
51. Neto JS, Nakao A, Toyokawa H, et al. Low-dose carbon monoxide inhalation prevents development of chronic allograft nephropathy. Am J Physiol Renal Physiol. 2006; 290: F324-F334.
52. Raab M, Daxecker H, Pavlovic V, Griesmacher A, Mueller MM.
Quantification of the ifluence of mycophenolic acid on the release of endothelial adhesion molecules. Clinica Chimica Acta.
2002; 320: 89-94.
53. Valentin J, Bruijn JA, Paul LC. Donor treatment with mycophenolate mofetil: protection against ischemia-reperfusion injury in
the rat. Transplantation. 2000; 69:344-350.
54. Glomsda BA, Blaheta RA, Hailer NP. Inhibition of monocyte
/ endothelial cell interactions and monocyte adhesion molecule
expression by the immunosuppressant mycophenolate mofetil.
Spinal Cord. 2003; 41: 610-619.
55. Sintchak MD, Fleming MA, Futer O, et al. Structure and mechanism
of inosine monophosphate dehydrogenase in complex with the immunosuppressant mycophenolic acid. Cell. 1996; 85: 921-930.
56. Colic M, Stojic-Vukaic Z, Palovic B, Jandric D, Stefanovska I.
Mycophenolate mofetil inhibits differentiation, maturation and
allostimulatory function of human monocyte-derived dendritic
cells. Clin Exp Immunol. 2003; 134: 63-69.
57. Allison AC, Kowalski WJ, Muller CJ, Waters RV, Eugui EM.
Mycphenolic acid and brequinar, inhibitors of purine and pyrimidine synthesis, blockthe glycosylation of adhesion molecues.
Transplant Proc. 1993; 25 (Suppl 2): 67-70.
58. Laurent AF, Dumont S, Poindron P, Muller CD. Mycophenolic
acid suppresses protein N-linked glycosilation in human monocytes and their anhesion to endothelial cells and to some substrates. Exp Hematol. 1996; 24: 59-67.
59. Blaheta RA, Leckel K, Wittig B, et al. Inhibition of endothelial
receptor expression and of T cell ligand activity by mycophenolate mofetil. Transplant Immunol. 1998; 6: 251-259.

210

VERGOULAS G

60. Blaheta RA, Leckel K, Wittig B et al. Mycophenolate mofetil
impairs transendothelial migration of allogeneic CD4 and CD8
T cells. Transplant Proc. 1999; 31: 1250-1252.
61. Leckel K, Beeken WD Jonas D, et al. The immunosuppressive
drug mycophenolate mofetil impairs the adhesion capacity of
gastrointestinal tumour cells. Clin Exp Immunol. 2003; 134:
238-245.
62. Senda M, Delustro B, Eugui E, Natsumeda Y. Mycophenolic
acid, an inhibitor of IMP dehydrogenase that is also an immunosuppressant agent, suppresses the cytokine-induced nitric oxide
production in mouse and rat endothelial cells. Transplantation.
1995; 60: 1143-1148.
63. Hauser IA, Johnson DR, Thevenod F, Goppelt-Strube M. Effect
of mycophenolic acid on TNF-α induced expression of cell adhesion molecules in human venous endothelial cells in vitro. Br
J Pharmacol. 1997; 122; 1315-1322.
64. Reutzel-Selke A, Zschockelt T, Denecke C, et al. Short term
immunosuppressive treatment of the donor ameliorates consequences of ischemia/reperfusion injury and long-term graft
function in renal allografts from older donors. Transplantation.
2003; 75: 1786-172.
65. Romero F, Rodriguez-Iturbe B, Parra G, Gonzalez L, HerreraAcosta J, Tapia E. Mycophenolate mofetil prevents the progressive renal failure induced by 5/6 renal ablation in rats. Kidney
Int. 1999; 55: 945-955.
66. Allison AC, Eugui EM. Purin metabolism and immunosuppressive effects of mycophenolate mofetil (MMF). Clin Transplant.1996; 10: 77-84.
67. Heeman U, Azuma H, Schmid C, Tilney N. Effect of mycophenolic acid mofetil on acute rejection of kidney allograf in rats.
Clin Nephrol. 1996; 5: 355-359.
68. Nadeau KC Azuma H, Tilney NL. Sequential cytokine expression in renal allografts in rats immunosuppressed with maintenance cyclosporine or mycophenolate mofetl. Transplantation.
1996; 62: 1362-1366.
69. Arita K, Uozumi T, Oki S, et al. The function of the hypothalamo-pituitary axis in brain dead patients. Acta Neurochir (Wien).
1993; 123: 64-75.
70. Schuurs TA, Gerbens F, van der Hoeven JA, et al. Distinct transcriptional changes in donor kidneys upon brain death induction
in rats: insights in the processes of brain death. Am J Transplant.
2004; 4: 1972-1981.
71. Schlondorff D. The role of chemokines in the initiation and progression of renal diseases. Kidney Int. 1995; 49 (Suppl): S44-S47.
72. Utimura R, Fujihara CK, Mattar AL, Malheiros DM, Noronha
IL, Zatz R. Mycophenolate mofetil prevents the development of

glomerular injury in experimental diabetes. Kidney Int. 2003;
63: 209-216.
73. van Parijs , Perez V, Biuckians A, et al. Role of interleukin 12
and costimulators in T cell anergy in vivo. J Exp Med. 1997;
186: 1119-1128.
74. Barten MJ, van Gelder T, Gummert JF, et al. Pharmacodynamics of mycopenolate mofetil after heart transplantation: New
mechanisms of action and correlations with histologic severity
of graft rejection. Am J Transplant. 2002; 2: 719-732.
75. Heeman U, Azua H, Hamar P, Schmid C, Tilney N, Philipp T.
Mycophenolate mofetil inhibits lymphocyte binding and the upregulation of adhesion molecules in acute rejection of rat kidney
allografts. Trnsplant Immunol. 1996; 4: 64-67.
76. Lui SL, Cham LYY, Zhan XH, et al. Effect of mycophenolate
mofetil on nitric oxide production and inducible nitric oxide
synthase gene expression during renal ischaemia-reperfusion.
Nephrol Dial Transplant. 2001; 16: 1577-1582.
77. Takeda S, Takahashi M, Sado Y, et al. Prevention of glomerular crescent formation in glomerulonephritis by mycophenolate
mofetil in rats. Nephrol Dial Transplant. 2004; 19: 2228-2236.
78. Li LS, Liu ZH, Hong Z, Hu WX. Mycophenolate mofetil showed
inhibitory effect on VCAM expression during successful treatment of diffuse proliferative lupus nephritis with vascular lesions. J Am Soc Nephrol. 1998; 9: 153A.
79. Schena FP, Gesualdo L, Grandaliano G, Montivaro V. Progression of renal damage in human glomerulonephritides: Is there
sleight of hand in winning the game? Kidney Int. 1997; 52:
1439-1457.
80. US Department of Health and Human Services. 2004 Annual Report of the US Organ Procurement and Transplantation Network
and the Scientific Registry of Transplant Recipients: Transplant
Data. 1994-2003 2005.
81. Sugiyama H, Kashihara N, Makino H, Yamasaki I, Ota Z. Apoptosis in glomerular sclerosis. Kidney Int 1996; 49: 103-111.
82. Colvin RB. The renal allograft biopsy. Kidney Int. 1996; 50:
1069-1100.
83. Vitalone M, O’Connel PJ, Jimenez-Vera E, et al. Epithelialto-mesenchymal transition in early transplant tubulointerstitial
damage. J Am Soc Nephrol. 2008; 19: 1571-1583.
84. McMorrow T, Gaffney MM, Slattery C, Campbell E, Ryan MP.
Cyclosporine A induced epithelial mesenchymal transition in human proximal tubular epithelial cells. Nephrol Dial Transplant.
2005; 20: 2215-2225.
85. Slattery C, Campbell E, McMorrow T, Ryan MP. Cyclosporine
A induced renal fibrosis: a role for epithelial mesenchymal transition. Am J Pathol. 2005; 167: 395-407.

