
The induction of immunological tolerance to solid
organ allograft is currently a subject of major inves-
tigation due to the morbidity and mortality related
to immunosuppressive therapy. Immunosuppression
induction by recipient treatment may allow to tailor-
ing the timing and dosage of standard therapy not
only reducing adverse reactions but also improving
the graft outcome. Depletion of recipient T cells with
polyclonal antithymocyte globulins is one of the
methods nowadays investigated both in experimen-
tal and clinical procedures, demonstrating a better
outcome of organ engraftment. Our intention is to
give an overview of the literature about the mecha-
nisms of action of polyclonal ATGs, the status of
induction treatment in clinical and experimental
transplantation as well as of the possible pathophys-
iological relationships with acquired tolerance,
delayed graft failure and ischemia-reperfusion injury.
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Polyclonal ATGs
Antileukocyte sera (ALS) were first described in 1899
by Metchnikoff. He proposed that xenoantibodies coat
foreign cells, leading to their destruction [1,2], a pro-
posal that led to the application of animal antihuman
polyclonal antibodies to reduce rejection reactions in
the clinical practice decades later. Several species were
tested to find the best source of ALS for its application

on human beings. Horse would be "a priori" the first
choice due to the large quantity of product available in
an individual animal. However, the efficacy of horse
antibodies varies considerably additionally causing
undesirable adverse reactions. Sheep and goats were
also dismissed due to their immunological unreliabil-
ity. Rabbits were identified as the best antibody pro-
ducers despite the small quantity of serum available
per animal. The antigens used for ALS-production
were total leukocyte preparations. They were soon
replaced by pure lymphocytes, predominantly T-cell
lymphocytes [3]. The new preparations were called
polyclonal antithymocyte or antilymphocyte globu-
lins (ATGs) depending on the source of the antigen,
whether human thymocytes or cultured human lym-
phocytes. 

These polyclonal antibodies present a broad spec-
trum of immunological properties. They bind to cell
surface receptors, thereby opsonizing lymphocytes for
complement-mediated lysis or reticuloendothelial
cell-dependant phagocytosis [3-6]. ATGs recognize
most of the molecules involved in the T-cell activation
cascade such as CD2, CD3, CD4, CD8, CD11a, CD18,
CD25, HLA DR and HLA class I [7]. Although lym-
phocyte depletion constitutes the primary mechanism
of the immunosuppressive effects of ATGs, other
mechanisms such as blocking of adhesion molecules
and apoptosis induction are involved. T-cell depletion
involves active cell death, demonstrated by annexin V
binding [8] and TUNEL analysis [9]. A second mecha-
nism of T-cell depletion would be an activation-asso-
ciated apoptosis, being independent from Fas and
Tumor Necrosis Factor-alpha (TNF-alpha) [10]. Profound
immunosupression achieved is evidenced by a
peripheral blood T-cell lymphocyte count of less than
150 T-cells/ml [11]. Monitoring of the lymphocyte
subsets (CD2, CD3, CD4, CD5, CD7, CD8, CD14,
CD19 and CD25) confirmed the broad range of T-cell
specificities of ATG [12-15]. Over 85% depletion of
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CD2, CD3, CD4, CD8, CD25, CD56 and CD57 lym-
phocytes was shown after the first two weeks of treat-
ment while monocytes underwent less marked deple-
tion and B-cells were almost unaffected [16]. ATGs
present also functional effects on preactivated T-cells,
which may be relevant in their activity on acute cellu-
lar rejection. ATG induce Fas-Ligand (Fas-L) (CD95L)
and TNFα expression on resting T-cells [17]. OKT3
shares this property although it is more active on pre-
activated than on resting T-cells [18]. Induction of Fas-
L expression on resting cells is completely inhibited by
Cyclosporine, decreased by corticosteroids but only
marginally affected by Rapamycin. Preactivated T-cell
blasts as well as NK-cells may also be attacked by ATG
by a mechanism of Antibody-Dependent Cellular
Cytotoxicity (ADCC) [19]. In addition to depletion
and apoptosis induction, some major functional
effects are also achieved by ATG such as modulation
of leukocyte surface antigens and adhesion molecules
such as CD11a, CD18, CD102 or CD45 [20,21] being
these effects relevant in transplantation. Further stud-
ies are followed on to exactly assess the influence of
polyclonal ATGs on the expression of integrins and
adhesion molecules in vivo as well as the mechanisms
of interaction of these molecules with endothelial
cells.

Modulation by polyclonal ATGs applies to mole-
cules that control T-cell activation (T-cell receptors
CD2, CD3, CD4, CD5, CD6, CD8) and also to mole-
cules involved in leukocyte endothelium interaction
such as the β2 integrins, especially LFA1 (CD11a).
Even low concentrations of ATGs induce a nearly
complete disappearance of LFA1 on monocytes, gran-
ulocytes and lymphocytes [22]. Important lymphocyte
activation molecules such as β1 and β2 integrins and
even endothelial inflammatory and adhesion mole-
cules such as ICAM1 are efficiently blocked by ATGs
[20]. This property may reduce one of the most impor-
tant features of IRI, reducing the deleterious effects of
the reperfusion in the microvasculature of tissues and
solid organs. 

These unique properties of polyclonal ATGs, not
achieved by other immunosupressive agents, make
them an interesting subject of study as leukocyte anti-
gens and adhesion molecules play a crucial role in IRI,
delayed organ failure and chronic rejection. 

Clinical Trials
ATGs immunological properties have an outstanding

clinical relevance. Clinical studies have been per-
formed in the last years with ATGs not only as pre-
induction therapy but also as post-transplant
immunosuppression [23-26] in spite of their side
effects [27-30]. Induction of immunosuppression with
ATGs as cyto-ablative drug has proved to ameliorate
the transplantation process and the organ outcome in
many clinical protocols. Szczech et al. performed a
meta-analysis, which showed a benefit of induction
therapy at 2 years, particularly among presensitized
patients in renal transplantation after ATG pre-treat-
ment [31]. These results are concordant with new clin-
ical trials [32-34]. Charpentier et al. performed a three-
arm study comparing standard tacrolimus therapy
with induction therapy with ATGs followed by
tacrolimus or Cyclosporine A (CsA) in an adult renal
transplantation. He concluded that although more
hematologic and infectious adverse events were
observed in both ATG induction groups, acute rejec-
tion was significantly lower in the ATG-Tacrolimus
group in comparison to CsA and to standard
monotherapy with Tacrolimus [32]. Furthermore,
Swanson has communicated excellent results after
induction with ATGs and monotherapy with
Syrolimus in renal transplantation, allowing the with-
drawal of multi-drug treatment [33]. There are some
authors providing evidence of a better outcome of
renal engraftment after induction with Basiliximab, a
chimeric monoclonal antibody binding to the IL-2
receptor [35]. However, other authors show compara-
ble effectiveness to ATGs only with early immunosup-
pression with CsA thus increasing the adverse reac-
tions due to this drug [28]. Furthermore, Lebranchu et
al. have discussed that both immunosuppressive
strategies provide good results, despite the differences
in patterns, in patients receiving their first cadaveric
renal allograft. However, ATG-treated patients show
higher rates of survival and lower tendency to dialy-
sis [24]. 

Induction of immunosuppression with ATGs has
shown to be beneficial in other solid organ transplan-
tations. Eason et al. presented a lower rejection rate in
orthotopic liver transplantation (OLT) enabling avoid-
ance of steroids. In addition, they found a decreased
incidence of post-OLT diabetes, recurrent hepatitis C
and CMV infections rate [36]. Schulack et al. [37] as
well as Tschervenkov et al. [38] demonstrated that
ATG-mediated induction therapy reduced the inci-
dence of early rejection episodes and helped to pre-

80



vent organ failure in adult OLT. However, Neuhaus et
al. studies did not show a significant better outcome
after ATGs induction when compared to tacrolimus
and steroid induction. Both treatments yielded similar
safety and effectiveness after liver transplantation
[39]. ATGs have proved to be useful in pancreas and
combined kidney-pancreas transplantation as induc-
tion therapy. Stratta et al. have documented an
improved rate of survival, lower rate of rejection and
better outcome after inducing immunosuppression
with polyclonal ATGs in pancreas transplantation
[40]. Land, on behalf of the EUROSPK group showed
a low rate of rejections and fewer pancreatic graft loss-
es in the simultaneous kidney-pancreas (SKP) trans-
plantation [41]. Rigotti et al. quote, as advantages of
ATG in SKP, the lower rejection rate as well as the
delayed onset and lower severity of rejection episodes
[42]. 

Induction with ATGs has been extensively applied
in heart, lung and combined heart-lung transplanta-
tion. Zuckermann et al. demonstrated a low rate of
rejection accompanied by a good tolerance in first-
heart transplant patients treated with two different
rabbit polyclonal antibodies [43], results confirmed
two years later by Schnetzler et al. [27]. Several differ-
ent groups have reported good outcome of grafted
organs after induction with pATGs in heart transplan-
tation single-center experiences [44,45]. Carrier et al.
induced immunosuppression with an initial 3-day
course of ATG in a cyclosporine based protocol,
demonstrating a lower rate of acute rejection.
Moreover, the risk of infection and of developing can-
cer was not increased and after 10 years follow-up, a
trend towards a lower incidence of coronary athero-
sclerosis was observed [46]. Concordant results were
obtained by Barlow et al. in combined heart-lung
transplantation. The rejection and survival rate after
induction with polyclonal ATGs was significantly
improved in comparison to OKT3 [47]. Palmer et al.
found that ATGs induction in addition to convention-
al immunosuppression decreased the biopsy-proven
rejection in lung transplant recipients [48]. Although
the use of polyclonal ATGs in lung transplantation
remains controversial due to the higher incidence of
cytomegalovirus infections, these authors report no
significant differences of CMV infection or invasive
disease between the patients pre-treated with ATGs
and those treated with standard therapy [48]. These
results are consistent with the previous retrospective

study by Griffith et al. [49]. 
Induction therapy with ATGs is performed nowa-

days with two different protocols. ATGs can be given
as a single intra-operative bolus, which has demon-
strated an increase of the survival rates of transplant-
ed organs. Dosage of these intra-operative bolus,
administrated before opening of the anastomoses,
ranged from 9 mg/kg [11] to 4 mg/kg [50]. ATGs can
also be administered at intervals pre-operatively.
There is no consensus either in the number of the days
in which ATGs should be administered or the ade-
quate dosage. Starzl et al [51] e.g. injected 5mg/kg of a
broadly reacting ATG several hours before the opera-
tion in a wide protocol including pancreas, kidney
and liver. Palmer et al. [48] inducted immunosuppres-
sion before lung transplantation during three days
with a dosage of 1.5 mg/kg/day. Knight et al. used the
same dosage (1.5 mg) during seven days to achieve
immunosuppression in pancreas transplantation [52].
Although Nampoory et al. [34] reported a better out-
come and reduction of side effects with bolus induc-
tion, there is however, no gold standard protocol for
induction of immunosuppression with ATGs, being
the dosage and time of administration dependent of
the transplanted organ and the medical staff’s experi-
ence.

Starzl et al. [51] have recently published a clinical
trial relating induction of immunosuppression with
broad reacting rabbit ATGs and low dose maintenance
treatment to acquisition of tolerance. This study was
performed in kidney, kidney-pancreas, liver, pancreas
and intestine transplantations. Patients survival was
of 95% and graft survival at one year was 89%, show-
ing induction with ATG a beneficial effect in prevent-
ing acute cellular rejection and its further conse-
quences. 

In spite of the presented results, no clinical trial to
investigate the effect of ATGs upon ischemia/reperfu-
sion injury has been performed at the present date. 

Experimental Studies
Polyclonal ATGs immunological properties have been
extensively studied, as previously described.  In vitro
experiments have been performed to investigate the
antigen specificity of these preparates against leuko-
cyte surface antigens and adhesion molecules [53] as
well as the toxicity to other blood components [54].
Induction of immunosuppression with ATGs has been
related to their direct lymphocytotoxic properties,
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their ability to block adhesion molecules as well as
leukocyte surface antigens [9] and their induction of
lymphocyte apoptosis [55]. Bourdage et al. investigat-
ed the activity of ATGs against CD2, CD3, CD4, CD5,
CD7, CD8, CD11a, CD18, CD28, CD44, CD45, and
TCR-alpha/beta antigens, showing specificity of posi-
tive reactions to these leukocyte antigens [7]. Potency
of these immunosuppressive agents was tested by
Conrad et al. by in vitro methods: cytotoxic assay and
rosette inhibition assay, both of which were evaluated
by microscopy, showing ATG activity against func-
tional molecules on T-cells, B-cells, NK-cells and
macrophages [56]. Merion et al. investigated the
hypothesis that polyclonal ATGs-mediated effect was
immunologically specific consisting on simultaneous
engagement of multiple T-cell receptors [57]. These
authors showed not only a significant dose-dependent
inhibition of in vitro proliferation of pre-treated T-
cells, but also a significant reduction of inflammatory
cytokines, such as IL-2. These engagements of T-cell
receptors and co-stimulator molecules could be lead-
ing to partial T-cell activation and anergy. Oettinger et
al. studied in an in vitro whole blood model the induc-
tion of cytokine release by ATGs and OKT3, conclud-
ing that the release of cytokines after ATGs treatment
was significantly lower than after OKT3 [58].
Antithymocyte and antilymphocyte globulins, which
contain antibodies directed against CD3 and other
functional molecules on the surface of T and B cells,
generate various transduction signals to the target
cells, which can affect their functions in different
ways. Recent in vitro studies suggest that these anti-
bodies interfere with activation signals [59]. Indeed,
ATGs, at low concentrations inhibit T-cell activation
induced by alloantigens, whereas they induce poly-
clonal T-cell activation at higher concentrations. ATGs
induce in vitro a state of specific unresponsiveness
(clonal anergy) which may contribute to their long-
lasting immunosuppressive effect. Bonnefoy-Berard et
al. hypothesized from their in vitro data that in spite of
their nonspecific immunosuppressive effects, poly-
clonal ATGs may also act on stimulated alloreactive T-
cell clones and therefore contribute to donor-specific
graft adaptation [60].

In vivo experiments have also been performed to
elucidate the mechanisms of action of ATGs in
immunosuppression induction. Most of the experi-
ments have been performed in non-human primates
due to the human nature of these pharmacological

preparations. These antibodies are raised from human
thymocytes or cultured human lymphocytes, which
does not allow experimentation in murine or swine
models. 

Preville et al. studied the mechanisms of polyclon-
al ATGs immunosuppressive activity in non-human
primates, demonstrating a dose-dependent lympho-
cytopenia in blood as well as a dose-dependent T-cell
depletion in spleen and lymph nodes but not in the
thymus, indicating a limited access of ATG to this
organ [9]. Remaining T cells in peripheral lymphoid
organs were coated by antibodies and had down-
modulated surface expression of CD2, CD3, CD4, and
CD8 molecules. The results of this author indicate that
T-cell depletion is achieved rapidly and primarily in
peripheral lymphoid tissues at high ATG dosage. T-
cell apoptosis in peripheral lymphoid tissues is the
main mechanism of depletion of ATGs according to
the same group, since ATG can trigger Fas (CD95)
mediated T cell apoptosis [17]. These authors con-
clude that induction treatments with ATGs in solid
organ transplantation may enhance the efficacy of
maintenance immunosuppressive therapy, thus hav-
ing beneficial effects on the organ outcome. 

ATGs have been employed as induction therapy in
many concordant transplantation and xenotransplan-
tation protocols. Asano et al. observed in a concordant
non-human primate model that an immunosuppres-
sive regimen with ATG induction led to long-term
survival with fewer rejection and infection episodes
by means of suppression of the interleukin 2 pathway
and xeno-antibody production [61]. Other authors
have obtained partial tolerance in concordant models
after induction with ATGs. Bartholomew et al. pre-
sented donor specific T-cell hyporesponsiveness in a
concordant rhesus-cynomolgus monkey renal trans-
plantation, showing an extended graft survival of
more than six months without chronic immunosup-
pression [62].

Summary

Classical induction with polyclonal ATGs adminis-
tered during or shortly after the perioperative period
does not always improve graft survival. However, it
has demonstrated both in clinical and experimental
protocols a high rate of success in preventing acute
cellular rejection and ameliorating graft function.
ATGs applied to the recipient blood before reperfu-
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sion of the grafted organ, react immediately with the
recipients leukocytes and platelets, reducing or block-
ing recognition events, cell activation and thus expres-
sion of adhesion and inflammation molecules.
Hammer suggested that applying polyclonal ATGs
two or three hours before the operation as induction
therapy may have a beneficial influence on the early
mechanisms of reperfusion injury occurring after
ischemia. Among them, downmodulation of the cell-
surface selectins (P- and L-selectin) and integrins such
as ICAM-1 or LFA [63]. The experimental studies per-
formed show a modulation of T-cell surface antigens
and co-stimulatory mediators that lead to partial tol-
erance and clonal anergy. The clinical trials performed
presented a high rate of graft and patient survival and
low rates of rejection after induction of immunosup-
pression with polyclonal ATGs. However, the mecha-
nisms by which ATGs are leading to tolerance remain
unclear. A beneficial influence on ischemia/reperfu-
sion injury (IRI) may be a valid hypothesis to perform
further investigations. Blocking the adhesion mole-
cules, the T-cell receptors responsible for the antigen-
cell interactions and the molecules responsible for
endothelial cells activations may reduce the early graft
dysfunction rate and the appearance of late graft dys-
function, chronic rejection.

These beneficial effects on the early onset of IRI
could enlighten the mechanisms by which polyclonal
ATGs pre-treatment in solid organ transplantation
improves the outcome of the graft. Previous induction
of immunosuppression with polyclonal ATGs would,
in our opinion, benefit the recipient by lessening the
deleterious effect of the reperfusion injury in a physi-
ological rather than immunological manner. 

References:

1. Metchnikoff E. Immunität. Weyls handbuch Hyg, 1900;9:1-62
2. Metchnikoff E. Etude sur la resorption des cellules. Ann Institut

Pasteur 1899;13:737
3. Starzl TE, Marchioro TL, Porter KA, Iwasaki Y, Cerilli GJ. The use of

heterologous antilymphoid agents in canine renal and liver homo-
transplantation and in human renal homotransplantation. Surg
Gynecol Obstet 1967; 124:301-8

4. Monaco AP. Immunosuppression and tolerance for clinical organ
allografts. Curr Opin Immunol 1989;1:1174-7

5. Russell PS, Monaco AP. Heterologous antilymphocyte sera and some
of their effects. Transplantation 1967; 5: 1086-99

6. Woodruff MF. Antilymphocyte serum: summary and further obser-
vations. Transplantation 1967; 5: 1127-33

7. Bourdage JS, Hamlin DM. Comparative polyclonal antithymocyte
globulin and antilymphocyte/antilymphoblast globulin anti-CD anti-
gen analysis by flow cytometry. Transplantation 1995; 59:1194-200

8. Dubey S, Srivastava A, Nityanan S. Induction of apoptosis of periph-
eral blood mononuclear cells by antithymocyte globulin (ATG) in

aplastic anemia: an in vivo and in vitro study. Ann Hematol
2002;81:249-53

9. Preville X, Flacher M, LeMauff B, Beauchard S, Davelu P, Tiollier J, et
al. Mechanisms involved in antithymocyte globulin immunosuppres-
sive activity in a nonhuman primate model. Transplantation
2001;71: 460-8

10. Genestier L, Fournel S, Flacher M, Assossou O, Revillard JP,
Bonnefoy-Berard N. Induction of Fas (Apo-1, CD95)-mediated apop-
tosis of activated lymphocytes by polyclonal antithymocyte globu-
lins. Blood 1998; 91: 2360-8

11. Kaden J, May G, Strobelt V, Groth J, Muller P. Intraoperative. T-cell
depletion prior to completion of anastomoses by high-dose single
ATG bolus as a new approach to improve long-term results after kid-
ney transplantation. Transplant Proc 1997;29:344-7

12. Raefsky EL, Gascon P, Gratwohl A, Speck B, Young NS. Biological
and immunological characterization of ATG and ALG. Blood 1986;
68: 712-9

13. Talbot D, Shenton BK, Givan AL, Proud G, Taylor RM. A rapid, objec-
tive method for the detection of lymphocytotoxic antibodies using
flow cytometry. J Immunol Methods 1987; 99: 137-40

14. Givan AL, Shenton BK, White MD, Proud G, Taylor RM. Monitoring
of transplant patients' lymphocytes: knowledge of the varying speci-
ficities of anti-lymphocyte antibodies allows the interpretation of
anomalous results. Clin Immunol Immunopathol 1990; 54: 419-30

15. Abouna GM, Kumar MS, al-Abdullah IH, Loose J, Sullivan DK, Phillips
K et al. Induction immunosuppression with antithymocyte globulin
in renal transplantation using a variable dose according to the
absolute number of CD3+ T cells. Transplant Proc 1995;27:2676-8

16. Block T, Jarck HU, Hammer C, Bernheim C, Gokel M. Analysis of in
situ inflammation of allogeneic canine kidney grafts under antilym-
phocyte globulin treatment. Eur Surg Res 1984;16:340-7

17. Bonnefoy-Berard N, Genestier L, Preville X, Revillard JP. TNF alpha
and CD95-L contribute to apoptosis of activated lymphocytes trig-
gered by ATGs. Transplant Proc 1999; 31: 775-7

18. Ankersmit HJ, Moser B, Zuckermann A, Roth G, Taghavi S, Brunner
M, et al. Activation-induced T cell death, and aberrant T cell activa-
tion via TNFR1 and CD95-CD95 ligand pathway in stable cardiac-
transplant recipients. Clin Exp Immunol 2002;128:175-80

19. Muller C, Schernthaner G, Kovarik J, Kalinowska W, Zielinski CC.
Natural killer cell activity and antibody-dependent cellular cytotoxici-
ty in patients under various immunosuppressive regimens. Clin
Immunol Immunopathol 1987; 44:12-9

20. Bonnefoy-Berard N, Vincent C, Revillard JP. Antibodies against func-
tional leukocyte surface molecules in polyclonal antilymphocyte and
antithymocyte globulins. Transplantation 1991; 51: 669-73

21. Bonnefoy-Berard N, Besnard V, Morel P, Hmama Z, Verrier B,
Mandrand B et al. Second signal for T lymphocyte activation: multi-
ple targets for pharmacological modulation. Dev Biol Stand 1992;
77: 41-8

22. Kirby JA, Lin Y, Browell DA, Clark K, Shenton BK, Forsythe JL et al.
Renal allograft rejection: examination of adhesion blockade by anti-
lymphocyte antibody drugs. Nephrol Dial Transplant 1993; 8: 544-50

23. Charpentier B. A three arm study comparing immediate tacrolimus
therapy with ATG induction therapy followed by either tacrolimus or
cyclosporine in adult renal transplant recipients. Transplant Proc
2002; 34: 1625-66

24. Lebranchu Y, Bridoux F, Buchler M, Le Meur Y, Etienne I, Toupance
O, et al. Immunoprophylaxis with basiliximab compared with
antithymocyte globulin in renal transplant patients receiving MMF-
containing triple therapy. Am J Transplant 2002; 2: 48-56

25. Illner WD, Theodorakis J, Abendroth D, Schleibner S, Stangl M,
Landgraf R, et al. Quadruple-drug induction therapy in combined
renal and pancreatic transplantation--OKT3 versus ATG. Transplant
Proc 1990; 22: 1586-7

26. Barnhart GR, Goldman MH, Hastillo A, Szentpetery S, Wolfgang T,
Thompson J et al. Comparison of immunosuppression therapy fol-
lowing heart transplantation: pretransfusion/ azathioprine/ATG/
prednisone versus cyclosporine/prednisone. J Heart Transplant
1985; 4: 381-4

27. Schnetzler B, Leger P, Volp A, Dorent R, Pavie A, Gandjbakhch I. A
prospective randomized controlled study on the efficacy and toler-

83A Beiras-Fernandez et al. / Experimental and Clinical Transplantation (2003) 2: 79-84



A Beiras-Fernandez et al. / Experimental and Clinical Transplantation (2003) 2: 79-84

ance of two antilymphocytic globulins in the prevention of rejection
in first-heart transplant recipients. Transpl Int 2002; 15: 317-25

28. Jonas S, Rayes N, Neumann U, Neuhaus R, Bechstein WO,
Guckelberger O et al. De novo malignancies after liver transplanta-
tion using tacrolimus-based protocols or cyclosporinebased quadru-
ple immunosuppression with an IL-2 receptor antibody or antithy-
mocyte globulin. Cancer 1997; 80: 1141-50

29 Luciani J, Benalia H, Bitker MO, Mouquet C, Chartier-Kastler E,
Ourhama S et al. Influence of antilymphocyte globulin upon the inci-
dence of malignancies after kidney transplantation. Transplant Proc
1993; 25: 2302

30. Morris RE. New small molecule immunosuppressants for transplan-
tation: review of essential concepts. J Heart Lung Transplant
1993;12: 275-86

31. Szczech LA, Berlin JA, Feldman HI. The effect of antilymphocyte
induction therapy on renal allograft survival. A meta-analysis of indi-
vidual patient-level data. Anti-Lymphocyte Antibody Induction
Therapy Study Group. Ann Intern Med 1998; 128: 817-26

32. Charpentier B, Rostaing L, Berthoux F, Lang P, Civati G, Touraine JL,
et al. A three-arm study comparing immediate tacrolimus therapy
with antithymocyte globulin induction therapy followed by
tacrolimus or cyclosporine A in adult renal transplant recipients.
Transplantation 2003; 75: 844-51

33. Swanson SJ, Hale DA, Mannon RB, Kleiner DE, Cendales LC,
Chamberlain CE, et al. Kidney transplantation with rabbit antithy-
mocyte globulin induction and sirolimus monotherapy. Lancet
2002;360: 1662-4

34. Nampoory MR, Abdulhalim M, Johny KV, Al-Jawad Donia FA, Nair
MP, Said T et al. Bolus anti-thymocyte globulin induction in renal
transplant recipients: a comparison with conventional ATG or anti-
interleukin-2 receptor antibody induction. Transplant Proc 2002; 34:
2916-9

35. Clark G, Walsh G, Deshpande P, Koffman G. Improved efficacy of
basiliximab over antilymphocyte globulin induction therapy in paedi-
atric renal transplantation. Nephrol Dial Transplant 2002; 17: 1304-9

36. Eason JD, Loss GE, Blazek J, Nair S, Mason AL. Steroid-free liver
transplantation using rabbit antithymocyte globulin induction:
results of a prospective randomized trial. Liver Transpl 2001; 7: 693-7

37. Schulak J, May E, Post A, Fasola C, Mulligan D, Sterling R. Reduction
of early rejection in adult liver transplantation with ATG induction
therapy. Transplant Proc 1997; 29: 555-6

38. Tchervenkov J, Flemming C, Guttmann RD, des Gachons G. Use of
thymoglobulin induction therapy in the prevention of acute graft
rejection episodes following liver transplantation. Transplant Proc
1997; 29:13-5

39. Neuhaus P, Klupp J, Langrehr JM, Neumann U, Gebhardt A,
Pratschke J et al. Quadruple tacrolimus-based induction therapy
including azathioprine and ALG does not significantly improve out-
come after liver transplantation when compared with standard
induction with tacrolimus and steroids: results of a prospective, ran-
domized trial. Transplantation 2000; 69: 2343-53

40. Stratta RJ, Lo A, Shokouh-Amiri M, Egidi MF, Grewal HP, Gaber LW,
et al. Improving results in solitary pancreas transplantation with por-
tal-enteric drainage and thymoglobulin induction. Transplant Proc
2002; 34: 1915-7

41. Land W, Malaise J, Sandberg J, Langrehr J. EUROSPK Study Group.
Tacrolimus versus cyclosporine in primary simultaneous pancreas-
kidney transplantation: preliminary results at 1 year of a large mul-
ticenter trial. Transplant Proc 2002; 34: 1911-2

42. Rigotti P, Baldan N, Cadrobbi R, Furian L, Sarzo G, Dall'Olmo L, et al.
Antilymphocyte induction is no longer necessary in simultaneous
pancreas and kidney transplantation. Transplant Proc 2002; 34:
1906-8

43. Zuckermann AO, Grimm M, Czerny M, Ofner P, Ullrich R, Ploner M,
et al. Improved long-term results with thymoglobuline induction
therapy after cardiac transplantation:a comparison of two different
rabbit-antithymocyte globulines. Transplantation 2000; 69:1890-8

44. Chien NC, Lin FL, Chou NK, Hsu RB, Wang SS, Chu SH, et al. Rabbit
antithymocyte globulin induction immunosuppression in heart trans-

plantation. Transplant Proc 2000; 32: 2380-2
45. Di Filippo S, Boissonnat P, Sassolas F, Robin J, Ninet J, Champsaur G,

et al. Rabbit antithymocyte globulin as induction immunotherapy in
pediatric heart transplantation. Transplantation 2003; 75: 354-8

46. Carrier M, White M, Perrault LP, Pelletier GB, Pellerin M, Robitaille
D, et al. A 10-year experience with intravenous thymoglobuline in
induction of immunosuppression following heart transplantation. J
Heart Lung Transplant 1999; 18: 1218-23

47. Barlow CW, Moon MR, Green GR, Gamberg P, Theodore J, Reitz BA,
et al. Rabbit antithymocyte globulin versus OKT3 induction therapy
after heart-lung and lung transplantation: effect on survival, rejec-
tion, infection, and obliterative bronchiolitis. Transpl Int 2001; 14: 234-9

48. Palmer SM, Miralles AP, Lawrence CM, Gaynor JW, Davis RD,
Tapson VF. Rabbit antithymocyte globulin decreases acute rejection
after lung transplantation: results of a randomized, prospective
study. Chest 1999; 116: 127-33

49. Griffith BP, Hardesty RL, Armitage JM, Kormos RL, Marrone GC,
Duncan S et al. Acute rejection of lung allograftswith various
immunosuppressive protocols. Ann Thorac Surg 1992; 54: 846-51

50. Meiser BM, Uberfuhr P, Fuchs A, Schmidt D, Pfeiffer M, Paulus D et
al. A single-center randomized trial comparing tacrolimus (FK506)
and cyclosporine in the prevention of acute myocardial rejection. J
Heart Lung Transplant 1998; 17:782-8

51. Starzl TE, Murase N, Abu-Elmagd K, Gray EA, Shapiro R, Eghtesad B
et al. Tolerogenic immunosuppression for organ transplantation.
Lancet 2003; 361: 1502-10

52. Knight RJ, Kerman RH, Zela S, Podder H, Van Buren CT, Katz S.
Thymoglobulin, sirolimus, and reduced-dose cyclosporine provides
excellent rejection prophylaxis for pancreas transplantation.
Transplantation 2003; 75:1301-6

53. Michallet MC, Preville X, Flacher M, Fournel S, Genestier L, Revillard
JP. Functional antibodies to leukocyte adhesion molecules in antithy-
mocyte globulins. Transplantation 2003; 75: 657-62

54. Lindton B, Markling L, Ringden O, Westgren M. In vitro studies of
haematopoietic colony-forming capacity of human fetal liver cells at
exposure to cytotoxic and immunomodulatory drugs. Fetal Diagn
Ther 2002; 17: 104-9

55. Preville X, Sick E, Beauchard S, Ossevoort M, Tiollier J, Revillard JP,
et al. 6-Methylprednisolone does not impair anti-thymocyte globulin
(ATG) immunosuppressive activity in non-human primates. Transpl
Immunol. 2001; 9: 57-61

56. Conrad C, Janssen O, Schaffner G, Kabelitz D. Potency testing of
antilymphocyte globulins: in vitro alternatives for the monkey skin
graft assay. Dev Biol Stand 1999; 101: 113-8

57. Merion RM, Howell T, Bromberg JS. Partial T-cell activation and aner-
gy induction by polyclonal antithymocyte globulin. Transplan-
tation1998; 65: 1481-9

58. Oettinger CW, D'Souza M, Milton GV. In vitro comparison of
cytokine release from antithymocyte serum and OKT3. Inhibition
with soluble and microencapsulated neutralizing antibodies.
Transplantation 1996;62: 1690-3

59. El-Ouaghlidi A, Jahr H, Pfeiffer G, Hering BJ, Brandhorst D,
Brandhorst H et al. Cytokine mRNA expression in peripheral blood
cells of immunosuppressed human islet transplant recipients. J Mol
Med 1999; 77: 115-7

60. Bonnefoy-Berard N, Fournel S, Genestier L, Flacher M, Quemeneur
L, Revillard JP. In vitro functional properties of antithymocyte globu-
lins: clues for new therapeutic applications? Transplant Proc 1998;
30: 4015-7

61. Asano M, Gundry SR, Izutani H, Cannarella SN, Fagoaga O, Bailey LL
Baboons undergoing orthotopic concordant cardiac xenotransplan-
tation surviving more than 300 days: effect of immunosuppressive
regimen. J Thorac Cardiovasc Surg 2003; 125: 60-9

62. Bartholomew AM, Powelson J, Sachs DH, Bailin M, Boskovic S,
Colvin R et al. Tolerance in a concordant nonhuman primate model.
Transplantation 1999; 68: 1708-16

63. Hammer C. In vivo microscopic assessment of microcirculatory
changes in a concordant xenogeneic primate experimental set up.
Ann Transplant. 2001; 6: 17-24

84


