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Kidney transplantation is the therapy of choice for most
patients with end-stage renal diseases. Although current
immunosuppressive strategies yield excellent 1-year graft
and patient survival and low-acute rejection rates (commonly <20%), long-term outcomes still need to be
improved. Indeed, chronic allograft nephropathy leading
to progressive graft dysfunction and loss is not prevented
and may be due, at least in part, to chronic calcineurin
inhibitor (CNI) use [1–3]. Furthermore, immunosuppressive drugs are associated over the long term with relatively high rates of complications because of their
potential adverse renal, cardiovascular, and metabolic
side-effects [4–7]. Thus, to improve outcomes, new therapeutic strategies must be investigated that may allow minimization of chronic immunosuppression, while achieving
long-term graft acceptance with normal organ function.
Despite its great difficulties and relatively slow progress
over the years, the ultimate goal in transplantation
remains the induction of operational tolerance, which is
defined by a state of durable donor-specific unresponsiveness, in the absence of immunosuppressive drug therapy.
T cells are crucial in the initiation and the coordination
of the rejection response and, to achieve immunological
unresponsiveness, it is important to deplete or minimize

the peripheral alloreactive effector T-cell pool [8]. Various
strategies that target T-cell activation, expansion and
effector functions have been explored in experimental animal models to promote peripheral tolerance, and some
such as costimulatory blockade or lymphocyte-depletion
induction therapies are now also being evaluated in clinical trials [9–11].
It is known that the events related to organ implantation
and the resulting ischemia-reperfusion injury (‘danger’ signals) will potentiate alloantigen presentation and the activation of the immune system [12]. Given at the time of
transplantation, induction strategies using cell-depleting
approaches can result in a profound reduction of circulating lymphocytes capable of mounting an alloresponse at a
time when the allograft is already susceptible to inflammatory damage. Lymphocytes will gradually repopulate the
recipient weeks to months later, i.e. at a time when the
innate immune response has resumed and the allograft is
more quiescent [13–15]. Thus, initial T-cell depletion reduces the risks of early acute rejection episodes and it may
help promoting the induction of tolerance.
Depletion strategies using anti-T-cell monoclonal antibodies (mAbs) have been extensively studied in nonhuman primate (NHP) transplantation models, alone or in
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combination with other immunomodulatory drugs.
Encouraging results in these animal models paved the
way to the clinical trials by using alemtuzumab (Campath-1H) in kidney transplant recipients as a means of
minimizing the immunosuppression [9,16,17]. Campath1H is a humanized CD52-specific mAb that profoundly
depletes mature T cells, and to a lesser extent B cells,
monocytes, macrophages and natural killer (NK) cells
from the peripheral blood and lymph nodes.
In this issue of Transplant International, Barth et al. [18]
report the use of Campath-1H in an approach to minimize
the maintenance immunosuppression in low-risk kidney
transplant recipients of primary cadaveric and living donor
allografts. The short-term results were previously reported
[19] and these are now the 3-year follow-up outcomes.
Although they have studied a relatively small cohort (29
patients), these extended results contribute, together with
previous reports, to a better understanding of the mechanisms of action of Campath-1H and they also highlight the
advantages and limitations of drug-minimization approaches based on the lymphocyte-depletion strategies.
Previous extensive studies in NHP models using antiT-cell agents such as rabbit ATG or the anti-CD3-immunotoxin had shown that, despite profound peritransplant
T-cell depletion, consistent transplantation tolerance was
not achieved, as most treated animals eventually lost their
grafts through chronic rejection [20–22]. Similar results
were reported in a selected group of seven human kidney
transplant recipients from living donors, who received
Campath-1H in the immediate pre- and post-transplant
period. Indeed, all patients experienced reversible acute
rejections and some maintenance immunosuppression
(sirolimus monotherapy) had to be introduced after the
treatment of the episode of rejection [23]. Taken together,
these earlier results pointed out that although anti-T-cell
mAbs greatly reduced the requirements for maintenance
immunosuppression, they could not induce true tolerance. Kirk’s group subsequently investigated the combination of polyclonal rabbit antithymocyte globulin with
sirolimus in clinical kidney transplantation [24].
As reported in this issue, Knechtle’s group chose to use
sirolimus in combination with Campath-1H induction in
human kidney transplant recipients. This was a logical
choice as long-term immunosuppression based on sirolimus, besides having a positive impact on kidney function
when compared with cyclosporine [25], may add a beneficial effect as this mTOR inhibitor is thought to favor the
induction of peripheral transplantation tolerance. Sirolimus was shown experimentally to facilitate peripheral deletion of effector alloreactive T cells by promoting
activation-induced cell death, leaving a small pool of residual alloreactive T cells, which could be regulated by
CD4+CD25+ regulatory T cells (Tregs) [26,27]. Further882
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more, recent data have demonstrated that sirolimus can
selectively expand Tregs in vitro and in vivo [28,29], while
CNIs appear to have an inhibitory effect of Tregs expansion
and function [30]. Campath-1H induction combined with
sirolimus from day 1 resulted in excellent graft (96%) and
patient (100%) survival at 3 years, with good graft function, and 12 of 28 patients (43%) could remain on the original sirolimus monotherapy. Moreover, 67% of patients
were on steroid-free immunosuppression at 3 years. However, Barth et al. report a relatively high rate of acute rejection (46%), characterized as humoral rejection with C4d
positivity in more than half of these episodes. Many of
these humoral rejection episodes occurred early, within
1 month after transplantation, despite the initial profound
T- and B-cell depletion in the peripheral blood. The addition of thymoglobulin at induction in four patients did not
appear to modify this trend. In view of this unexpected rate
and type (antibody-mediated) of acute rejection, one can
wonder if the small amount of remaining T- and B cells
were sufficient to mount an alloimmune response, or whether other effector cells should have been targeted as well.
Previous data have suggested that the rejection episodes
seen after Campath-1H induction therapy may differ
from that seen under conventional CNI-based immunosuppressive protocols [15,23,31]. In accordance to previous studies, Barth et al. report that peripheral T-cell
depletion in their series was near complete during the
first year after transplantation (77% depletion of CD3+ T
cells at 12 months) and was sustained with over 50%
depletion still at 3 years. B-cell depletion in the periphery
was also very effective in the first months, but the recovery started within 3–6 months with reconstitution to
baseline values by 2 years. Furthermore, it is known that
most plasma cells are not depleted by Campath-1H. Thus,
the B-cell lineage may need to be more efficiently targeted
when using an immunosuppressive approach combining
Campath-1H with sirolimus.
Perhaps importantly, it has also been shown that Campath-1H is less effective at depleting monocytes/macrophages and NK cells. When using Campath-1H alone in
kidney transplant recipients, Kirk et al. [23] described
early rejection episodes with predominantly monocytic
infiltrates and only rare T cells, coinciding with peripheral
monocyte repopulation. These monocytes might have been
activated following the ischemia-reperfusion injury and
could have mediated rejection in part by secreting
cytokines that in turn recruited residual effector T cells or
NK cells. To corroborate this hypothesis, the authors
found a high level of HLA-DR expression and elevated
transcript levels for TNF-a and interferon-c in the rejecting allografts. However, combining lymphocyte-depletion
with deoxyspergualin (DSG), a drug which inhibits monocytes/macrophages, did not induce tolerance clinically, as

ª 2006 The Authors
Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 881–884

Golshayan and Pascual

Drug-minimization or tolerance-promoting strategies in kidney transplantation

all patients developed rejection episodes that were similar
in timing and histology to that seen in patients treated
with Campath-1H alone [15]. These disappointing results
in humans, therefore, did not confirm previous promising
data in NHP models [32]. By efficiently depleting most T
cells, Campath-1H might have also affected the homeostasis of Tregs. Indeed, the induction and maintenance of
peripheral immune tolerance is an equilibrium between
pathogenic and regulatory mechanisms and, besides inhibiting the effector function of CD4+, CD8+ T cells and B
cells, Tregs were also shown to exert direct suppressive
effects on monocytes/macrophages [33,34].
Although anti-T-cell antibodies can deplete nearly all
circulating peripheral T cells (>99% depletion), they are
slightly less efficient on cells that have homed to peripheral
tissues and lymph nodes. Furthermore, it appears that
effector memory T cells, that differ from naı̈ve T cells by
their activation requirements and in vivo trafficking patterns, are more resistant to antibody-mediated T-cell
depletion [31]. Thus, this small pool of ‘depletion-resistant
T cells’ could proliferate and contribute to the rejection
process associated with monocytes, as well as provide help
to the repopulating B cells [35]. In fact, pre-existing memory T cells are now considered to be a major hurdle to the
induction of tolerance in adult human transplant recipients
[35–40]. The proportion of memory T cells in the alloreactive human T cell repertoire may also explain the discrepancy between encouraging preclinical transplantation
studies (using animals living in protected ‘cleaner’ environments) and somewhat disappointing tolerance-promoting
clinical trials. However, the relative sparing of memory T
cells may be beneficial in terms of infection control, as the
use of Campath-1H was not associated with a higher incidence of infectious complications in most series.
Overall, in recent years, the Campath-1H induction
studies have indicated that this potent agent is well
tolerated, but it does not induce clinical transplantation
tolerance. Various patterns of rejection (e.g. alloantibodymediated or monocytic) can be observed if monotherapy
with sirolimus or DSG is used as only maintenance
immunosuppression following the Campath-1H induction.
As discussed by Barth et al., the incorporation of a CNI following intense lymphocyte depletion appears to be needed
to prevent early acute rejection [18,31]. An important
question will now be to define the optimal maintenance
drug regimen to be used following the Campath-1H induction [18,19,41–43], if the main objective is to achieve
long-term drug-minimization in solid organ transplant
recipients. Here, it should be emphasized that continued
long-term follow-up and monitoring will be required in
protocols designed to minimize the immunosuppressive
drugs. For example, careful prospective assessment of longterm allograft function and histology, as well as immuno-

logic monitoring of class I and class II alloantibodies and
of donor-reactive T-cell responses, all appear mandatory in
the upcoming years. Cell-depleting induction protocols
with agents such as Campath-1H may or may not allow for
long-term drug-minimization in the majority of transplant
recipients. The report by Barth et al. in this issue is interesting and brings us a step further. However, there is still a
long way to go before we will have all the answers that we
need in order to consistently optimize the long-term outcomes of organ transplant recipients.
Acknowledgements
D. Golshayan is supported by a SCORE grant (No.
3232BO-111370/1) from the Swiss National Science Foundation. In the last 5 years, M. Pascual has received unrestricted grants from Novartis, Roche, Astellas and Genzyme
(previously Sangstat). He was supported by a grant from
the Leenaards Foundation. The Transplantation Centre of
the CHUV is supported by the 2004–2007 strategic plan
of the HOSPICES-CHUV (Lausanre, Switzerland).
References
1. Pascual M, Theruvath T, Kawai T, Tolkoff-Rubin N,
Cosimi AB. Strategies to improve long-term outcomes
after renal transplantation. N Engl J Med 2002; 346: 580.
2. Magee CC, Pascual M. Update in renal transplantation.
Arch Intern Med 2004; 164: 1373.
3. Wong W, Venetz JP, Tolkoff-Rubin N, Pascual M. 2005
immunosuppressive strategies in kidney transplantation:
which role for calcineurin inhibitors? Transplantation
2005; 80: 289.
4. Fishman JA, Rubin RH. Infection in organ-transplant
recipients. N Engl J Med 1998; 338: 1741.
5. Kasiske BL, Vazquez MA, Harmon WE, et al. Recommendations for the outpatient surveillance of renal transplant
recipients. American Society of Transplantation. J Am Soc
Nephrol 2000; 11(Suppl 15):S1.
6. Miller LW. Cardiovascular toxicities of immunosuppressive
agents. Am J Transplant 2002; 2: 807.
7. Briggs JD. Causes of death after renal transplantation.
Nephrol Dial Transplant 2001; 16: 1545.
8. Li XC, Strom TB, Turka LA, Wells AD. T cell death
and transplantation tolerance. Immunity 2001; 14: 407.
9. Kirk AD, Mannon RB, Swanson SJ, Hale DA. Strategies
for minimizing immunosuppression in kidney transplantation. Transplant Int 2005; 18: 2.
10. Bluestone JA, Matthews J. The Immune Tolerance
Network: tolerance at the crossroads. Philos Trans R Soc
Lond B Biol Sci 2001; 356: 773.
11. Ansari MJ, Sayegh MH. Clinical transplantation tolerance:
the promise and challenges. Kidney Int 2004; 65: 1560.

ª 2006 The Authors
Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 881–884

883

Drug-minimization or tolerance-promoting strategies in kidney transplantation

12. Matzinger P. Tolerance, danger, and the extended family.
Annu Rev Immunol 1994; 12: 991.
13. Contreras JL, Wang PX, Eckhoff DE, et al. Peritransplant
tolerance induction with anti-CD3-immunotoxin: a matter
of proinflammatory cytokine control. Transplantation
1998; 65: 1159.
14. Hubbard WJ, Moore JK, Contreras JL, et al. Phenotypic
and functional analysis of T-cell recovery after anti-CD3
immunotoxin treatment for tolerance induction in Rhesus
macaques. Hum Immunol 2001; 62: 479.
15. Kirk AD, Mannon RB, Kleiner DE, et al. Results from a
human renal allograft tolerance trial evaluating T-cell
depletion with alemtuzumab combined with deoxyspergualin. Transplantation 2005; 80: 1051.
16. Calne R, Friend P, Moffatt S, et al. Prope tolerance,
perioperative campath 1H, and low-dose cyclosporin
monotherapy in renal allograft recipients. Lancet 1998;
351: 1701.
17. Calne R, Moffatt SD, Friend PJ, et al. Campath 1H allows
low-dose cyclosporin monotherapy in 31 cadaveric renal
allograft recipients. Transplantation 1999; 68: 1613.
18. Barth RN, Janus CA, Lillesand CA, et al. Outcomes at
three years of a prospective pilot study of Campath-1H
and sirolimus immunosuppression for renal transplantation. Transplant Int 2006; 19: 885.
19. Knechtle SJ, Pirsch JD, Fechner JH, et al. Campath-1H
induction plus rapamycin monotherapy for renal
transplantation: results of a pilot study. Am J Transplant
2003; 3: 722.
20. Knechtle SJ, Vargo D, Fechner J, et al. FN18-CRM9
immunotoxin promotes tolerance in primate renal
allografts. Transplantation 1997; 63: 1.
21. Armstrong N, Buckley P, Oberley T, et al. Analysis of
primate renal allografts after T-cell depletion with
anti-CD3-CRM9. Transplantation 1998; 66: 5.
22. Torrealba JR, Fernandez LA, Kanmaz T, et al. Immunotoxin-treated Rhesus monkeys: a model for renal allograft
chronic rejection. Transplantation 2003; 76: 524.
23. Kirk AD, Hale DA, Mannon RB, et al. Results from a human
renal allograft tolerance trial evaluating the humanized
CD52-specific monoclonal antibody alemtuzumab
(CAMPATH-1H). Transplantation 2003; 76: 120.
24. Swanson SJ, Hale DA, Mannon RB, et al. Kidney transplantation with rabbit antithymocyte globulin induction
and sirolimus monotherapy. Lancet 2002; 360: 1662.
25. Mota A, Arias M, Taskinen EI, et al. Sirolimus-based
therapy following early cyclosporine withdrawal provides
significantly improved renal histology and function at
3 years. Am J Transplant 2004; 4: 953.
26. Wells AD, Li XC, Li Y, et al. Requirement for T-cell
apoptosis in the induction of peripheral transplantation
tolerance. Nat Med 1999; 5: 1303.
27. Lechler RI, Garden OA, Turka LA. The complementary
roles of deletion and regulation in transplantation
tolerance. Nat Rev Immunol 2003; 3: 147.

884

Golshayan and Pascual

28. Tian L, Lu L, Yuan Z, Lamb JR, Tam PK. Acceleration of
apoptosis in CD4+CD8+ thymocytes by rapamycin
accompanied by increased CD4+CD25+ T cells in the
periphery. Transplantation 2004; 77: 183.
29. Battaglia M, Stabilini A, Roncarolo MG. Rapamycin
selectively expands CD4+CD25+FoxP3+ regulatory T cells.
Blood 2005; 105: 4743.
30. Zeiser R, Nguyen VH, Beilhack A, et al. Inhibition of
CD4+CD25+ regulatory T-cell function by calcineurindependent interleukin-2 production. Blood 2006; 108: 390.
31. Pearl JP, Parris J, Hale DA, et al. Immunocompetent
T-cells with a memory-like phenotype are the dominant
cell type following antibody-mediated T-cell depletion.
Am J Transplant 2005; 5: 465.
32. Thomas JM, Eckhoff DE, Contreras JL, et al. Durable
donor-specific T and B-cell tolerance in rhesus macaques
induced with peritransplantation anti-CD3 immunotoxin
and deoxyspergualin: absence of chronic allograft nephropathy. Transplantation 2000; 69: 2497.
33. Sakaguchi S. Naturally arising CD4+ regulatory T cells for
immunologic self-tolerance and negative control of
immune responses. Annu Rev Immunol 2004; 22: 531.
34. Taams LS, van Amelsfort JM, Tiemessen MM, et al.
Modulation of monocyte/macrophage function by human
CD4+CD25+ regulatory T cells. Hum Immunol 2005; 66:
222.
35. Wu Z, Bensinger SJ, Zhang J, et al. Homeostatic proliferation is a barrier to transplantation tolerance. Nat Med
2004; 10: 87.
36. Lombardi G, Sidhu S, Daly M, Batchelor JR, Makgoba W,
Lechler RI. Are primary alloresponses truly primary? Int
Immunol 1990; 2: 9.
37. Mason D. A very high level of cross-reactivity is an essential
feature of the T-cell receptor. Immunol Today 1998; 19: 395.
38. Pantenburg B, Heinzel F, Das L, Heeger PS, Valujskikh A.
T cells primed by Leishmania major infection cross-react
with alloantigens and alter the course of allograft rejection.
J Immunol 2002; 169: 3686.
39. Adams AB, Williams MA, Jones TR, et al. Heterologous
immunity provides a potent barrier to transplantation
tolerance. J Clin Invest 2003; 111: 1887.
40. Lakkis FG, Sayegh MH. Memory T cells: a hurdle to
immunologic tolerance. J Am Soc Nephrol 2003; 14: 2402.
41. Shapiro R, Basu A, Henkie Tan H, et al. Kidney
transplantation under minimal immunosuppression after
pretransplant lymphoid depletion with Thymoglobulin or
Campath. J Am Coll Surg 2005; 200: 505.
42. Kaufman DB, Leventhal JR, Axelrod D, Gallon LG, Parker
MA, Stuart FP. Alemtuzumab induction and prednisonefree maintenance immunotherapy in kidney transplantation: comparison with Basiliximab induction – long-term
results. Am J Transplant 2005; 5: 2539.
43. Tan HP, Kaczorowski DJ, Basu A, et al. Living Donor
Renal Transplantation Using Alemtuzumab Induction and
Tacrolimus Monotherapy. Am J Transplant 2006; 6: 2409.

ª 2006 The Authors
Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 881–884

