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The concept of reprogramming immune cells in a way thétrm graft survival (2). In addition, the drugs are expensive (3)
would eliminate pathogenic responses while preserving nornazald have limited usefulness in autoimmunity and asthma,
immune function has excited immunologists for decades. Oftarnere long-term toxicity is not wanted in these usually non—
promised but never fully realized, these highly specific tolerdife-threatening diseases. The agents that have permitted the
genic therapies would replace current immunosuppressive regpst significant advances in the short-term success of trans-
imens and their often debilitating side effects. plants, calcineurin inhibitors, are themselves nephrotoxic. As
It now seems that the more detailed understanding of tQell, other limiting side effects may occur; for instance, in
molecular events associated with T-cell recognition and acfiondiabetic kidney patients, the combination of calcineurin
vation may provide unprecedented opportunities to test thgggibitors and prednisone is associated with the development of
approaches in humans. As a result of these advances, ji{iglin-dependent diabetes in up to 25% of transplant recipi-
Immune Tolerance Network (ITN) was created to identify angnts (4,5).
promote the use of these tolerogenic therapies in the clinic-rgjerance therapies, conversely, are selectert-term

Funded by a $144 million contract from the National Institut&g,m notherapies that are targeted toward eliminating only the
of Health (in collaboration with the Juvenile Diabetes Fourbathogenic immune response, leaving the beneficial functions

dation International), the ITN is examining new and innovaﬁvﬁntouched. Advances in the development of tolerogenic strat-
therapeutic approaches and bioassays to treat a range of ag%g

. di th I d reiection in kid es for transplantation have been fueled by multiple anec-
immune diseases, asthma, aflergy, and rejection in kidney al cases in which transplant recipients have discontinued all
islet transplantation.

immunosuppression therapies and still not rejected their trans-
plants (6). Although most cases in which immunosuppression
The Basis of Tolerance has been discontinued result in either fulminate acute or
The need for more effective treatments for immune-medthronic rejection, these successful examples indicate that tol-
ated diseases has never been greater as the incidence ofgifince is indeed a realistic goal in clinical transplantation and
munologic diseases has increased at an alarming rate. M@jgggest that allograft tolerance using intentionally designed
over, kidney, liver, and heart transplantation has becomeyfrapies is a viable clinical strategy (7,8).
routine surgical procedure limited only by the shortage of gych therapies are now a very real possibility as basic
organs and the risk of graft rejection. Over the past 40 yeajgmunology research has helped to unravel the fundamental
improved treatment of these diseases has been achieved Rficesses that are responsible for immune regulation. In fact,
marily through the development of increasingly potent Nonspgyer the past few years, unparalleled progress in our concep-
cific immunosuppressive drugs to inhibit immune responsgs,| nderstanding of the mechanisms at work in the induction
(1). Although immunotherapies such as steroids, cyclospofygiarance and the restoration of self-tolerance has led to the
A, and panreactive antibodies have resulted in considera elopment of some unique and selective immunomodulatory
clinical success in treating organ transplant rejection, the&?ategies that are making their way into the clinic. The dem-
approaches require life-long treatment and nonspecifically Suc%istration of long-term kidney and islet allograft survival in

press th@ntlrglmmune system, exposing patlents o InCreas e nhuman primates that receive anti-CD154 antibody mono-
risks of infection and cancer. Surprising is that these nons

cific therapies have only a limited beneficial impact lamg- Qﬁerapy (9,10), the new generation of anti—T-cell monoclonal
antibodies (mAb) (11,12), the use of bone marrow transplan-
tation to tolerize (13), and selective inhibition of the inflam-
- matory subset of primed autoreactive effector T cells (14,15)
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Specific Targets for Immune Intervention protein tyrosine kinases. Recruitment of the CD4 (or CD8)

The normal processes that generally are thought to regulagereceptor and its associated tyrosine kinase, Lck, into the
tolerance are based on four mechanisms: clonal deletion, cloviginity of the TCR complex is believed to induce phosphor-
inactivation, cytokine-dependent immune deviation, and sugation of CD3 proteins, which ultimately leads to downstream
pression (16). Each operates to varying degrees in the gergighal progressionn vitro studies have suggested that inter-
ation and maintenance of tolerance, although their relativgption of this signaling pathway at a number of points may
contribution may vary depending on the nature of the antigégad to tolerance. Thus, mAb that are directed at the TCR and
and the location in which “tolerization” occurs. co-receptor molecules, altered TCR ligands, and MHC-derived

The primary mediators of immune reactivity in autoimmunegeptides present novel approaches to tolerance induction. A
allergy, asthma, and transplant settings are T and B lymphuasmber of these are ready to be applied clinically. Promising
cytes. T lymphocytes have antigen-specific receptors that reltugs include nonmitogenic anti-CD3 mAb, anti-CD4 mAD,
ognize foreign and self antigens, and B lymphocytes produggstemic and oral peptide therapies (Copaxone and MHC pep-
antibodies that are reactive against foreign and self tissuigdes), Campath-1H (anti-CD52), and DNA vaccination for
Accessory cells known as antigen-presenting cells (APC) aallergy therapy,e.g., ragweed. One of the most successful
tivate naive T cells by presentation of the antigen together wigtrategies for tolerance induction in nonhuman primate renal
major histocompatibility complex (MHC) antigens, the pritransplantation has been depletion of immune cells at the time
mary targets for allorecognition. However, as illustrated iaf the transplantation. Gradual repopulation of the immune
Figure 1, the activation of T and B cells requires signaling neells occurs after the organ transplantation, often in the absence
only through the T and B cell receptors (TCR/BCR; Signal Xf inflammation and associated rejection. Pilot studies have
but also through co-stimulatory pathways (Signal 2) (17). Aftdeen initiated in transplant recipients to test these new drugs in
activation, a number of cell surface and soluble molecules dreémans. As an example, nonmitogenic anti-CD3 mAb have
known to regulate further the immune response. The numbersfen used in several phase | kidney transplant trials with
cell surface molecules that are known to regulate T-cell acgimilar efficacy as the original mitogenic OKT3 mAb without
vation is growing, and more complete descriptions of th&e severe associated side effects (11,18). Similar early clinical
molecular actions of proapoptotic molecules such as Fa&tydies have been performed with Campath 1 (19). Although it
Trance, and tumor necrosis factor (TNF) have been compilidearly in the study, the results are promising and may repre-
(16). Each of these mechanisms provides potential targets $ent an alternative approach to the development of tolerance.
therapeutic interventions, many of which are rapidly nearing

clinical application. Sgnal 2
The additional co-stimulatory signal required for complete
Sgnal 1 T-cell activation, cell cycle progression, survival, and maxi-

An increasing knowledge of the various steps in T-cethum effector function presents a number of additional thera-
activation through the T-cell receptor (TCR) has provided peutic targets. Candidate co-stimulatory molecules are under
number of opportunities for intervention. It is now known thainvestigation for tolerance induction. Some of these are soluble
the process requires binding of the antigen/MHC complex factors, such as interleukin-2 (IL-2) and IL-12, and many are
the TCR/CD3 complex. This event initiates a cascade of sig=cell surface receptors, such as CD28, lymphocyte function-
naling that begins with the activation of several cytoplasm@ssociated antigen-1, 4-1BB, CD2, CD30, CD44, and CD40

ligand (CD40L). Each has the ability to augment the T-cell
proliferative response to antigenic stimuli. It is likely that each
Signal 1 o of these acts through different mechanisms, some delivering
(frﬂ)ﬂzng g g CPregrPtor tgationinduees co-stimulatory biochemical signals to the T cell, some enhanc-
ing adhesion to antigen-presenting cells, and still others medi-
ating homing to target tissues. Specifically, blockade of T-cell
co-stimulatory targets CD28 and CD40L during TCR engage-
ment has been shown to induce a state of antigen-specific
tolerance (20). Prevention of CD28/B7 and CD40L/CD40 in-
teractions with anti-CD40L and CTLA4Ig during kidney trans-
plantation in monkeys results in greatly prolonged allograft
survival without the need for other immunosuppressive drugs
Signal 2 (21). Additional approaches may include alloantigen pretreat-
Cognate T-professional APC costimulation ment,e.g., donor-specific transfusion, under the cover of short-

Figure 1. T-cell activation requires signaling through the T-cell reteM immunotherapy with anti-CD154, CTLA4lg (anti-B7

ceptor (TCR) (Signal 1) and co-stimulatory pathways (Signal 2). FQ?Ab)' or nondepleting anti-CD4 mAb. Furthermore, .the CDZ.
example, antigen/MHC binding to the TCR and CD28 interaction witﬂathwaY has repeatedly been found to exert a major role n
B7.1 or B7.2 expressed on the surface of the antigen presenting cBi§Nan immune responses, out of proportion to its effects in
(APC). Both of these signal pathways allow opportunity for interverfodents (which lack lymphocyte function-associated antigen-3
tion in immune-mediated diseases. and only engage CD2 with CD48). Finally, combined targeting

CcD28/B7
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of Signal 1 and Signal Z.g., nonmitogenic anti-CD3 plus B7 induction through a complementary mechanistic study and
or CD40L blockade, should result in a synergistic effect dnioassay research program.

tolerance induction. These therapies are some of the mosClinical trials and mechanistic studies adopted by the ITN

promising and exciting candidates for clinical tolerance induere generated through an investigator-driven process that is

tion in transplantation and autoimmune diseases. open to all investigators who are interested in immune toler-
ance. The two-step application process, designed to allow fast
Targeting Clonal Inactivation/Deletion and efficient peer review of submitted proposals, begins with

It is clear that the least pathogenic T cell is a dead T cethe submission of a short “concept proposal” through the ITN
Thus, multiple therapeutics have been developed to promateb site (www.immunetolerance.org). Complete review of all
clonal deletion either centrally within the thymus or in th@roposals takes approximately 3 mo, and there are two funding
periphery. One approach that can be applied clinically is tlogcles each year. Initially, the ITN is primarily seeking pro-
use of autologous or allogeneic bone marrow transplantationgosals for Phase |, Il, or Il trials of novel therapies that have
“re-educate” the immune response and promote deletion aftrong biologic basis for inducing tolerance and for which
autoreactive cells in the thymus. In addition, mixed chimerispreclinical investigation is complete, with encouraging results.
with nonmyeloablative conditioning holds promise for the in©Of particular interest are trials that combine existing agents that
duction of transplant tolerance. This approach has been shdwave not yet been tested together. Proposals for tolerance
to achieve reliable and robust tolerance in rodents, and recassays or mechanistic studies should complement the clinical
studies in large animals and humans show that mixed chimportion of the research and may either be of broad clinical
ism can also be induced with tolerable, nonmyeloablatiapplication or disease or be protocol specific.
conditioning (22). Regimens that combine extrathymic T-cell Research in each disease area is managed by a team of
deletion (using mAb) followed by central T-cell tolerancespecialists, or subgroups, in each disease area (Figure 2). The
induced by donor bone marrow under the cover of combinéfN has already completed three review cycles and has begun
co-stimulatory blockade and low-dose total body irradiatiodeveloping clinical protocols in each of its targeted disease
are in the planning stage. Another, distinct approach usa®as.
proapoptotic therapies that take advantage of the Fas, TNF, and
Trance pathways to promote activation-induced programmkdidney Transplantation
cell death to eliminate antigen-stimulated T cells. These ther-Although the Kidney Transplantation subgroup is commit-
apies can be combined with other T-cell inhibitors, such #&sd to developing protocols that will promote tolerance induc-
anti-CTLA-4 agonists, to shut down the ongoing immune
responses and promote tolerance. In more direct approaches,

cytokines, such as transforming growth facgyriL-10, and S = —---__h_\
others, have been shown broadly to suppress pathogenic .~ " W
cells, whereas IL-4 and interferoncan glter the balance of ,.rf Islet ‘\" __;' Autoimmune \\_1
Thl and Th2 responses (immune dewapon) that can pe usec /' Trg nsplantation Diseases .
Egg;ﬂate asthma, allergy, transplantation, and aut0|mmun|- Subgroup .l. Subgroup II
: T |
L .-"'- H"\. II|
Immune Tolerance Network % / LY 7
Because of these advances, the National Institute on Aller ”‘~\ .-"J "'-,' f_;'
?nd Infectious Dlsegses (NIAID) convened an I_Expert Panel ¢ u&h III Tolerance \ ____f,-
mmune Tolerance in the fall of 1997 to determine how best 1 - ﬁ.EEEI_? ==
capitalize on the extraordinary opportunities emerging. Tr il | Subgr-:}up | HH
result of this process was a multiyear contract for the esta b W
lishment of the ITN, aimed at developing a new, comprehel l,.-" % f; '~.__
sive approach to thelinical application of immune tolerance. | K‘h o \
The contract was awarded in October 1999 by the NIAID, witl| e e
additional funds provided by the National Institute for Diabetel. Kidney A Allergy & !
and Digestive and Kidney Disease and the Juvenile Diabet!, Transplantation [\ Asthma /
Foundation International. \ Subgroup /S Subgroup 4
The effort is a collaborative research program that spans ™. v Nz _,f’f
broad platform of diseases, providing a long overdue recogr L e ELL |

tlpn of the common fundamgntal bases of tolerance amonq_.i ure 2. Each of the clinical subgroups is charged with developing
diverse S?t O_f human ?Ond't'ons' The _ITN mahdate Sp artdd managing clinical trials within one of the Immune Tolerance
research in kidney and islet transplantation, autoimmune digsywork's targeted disease areas. Each of these subgroups works
ease, and allergy and asthma. In addition to seeking via|gsely with the Tolerance Assay Subgroup to develop a coordinated
clinical applications in these diseases, the ITN encompassesétof mechanistic studies and bioassays for monitoring the develop-
effort to define further the clinical parameters of toleranc@ent, maintenance, and loss of tolerance in each clinical trial.
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tion in kidney transplant recipients, the high success rate #ll pretreatment under cover of short-term co-stimulatory or
current immunosuppressive protocols places some limits on teereceptor blockade, mixed chimerism without myeloabla-
freedom to develop proactive, potentially tolerogenic stratéen, and anti-CD3 immunotoxin.

gies. The serious side effects associated with existing proto-

cols, however, justify the need for these more specific therAutoimmune Diseases

pies. The Kidney Transplantation Subgroup of the ITN has The ITN will conduct clinical trials and mechanistic studies
prioritized the following concepts for studyl)(bone marrow aimed at alleviating the immune responses that underlie type 1
transplantation trials for patients with multiple myeloma) ( diabetes mellitus, systemic lupus erythematosus (SLE), rheu-
co-stimulatory blockade regimens, ar}) €alcineurin inhibi- matoid arthritis, multiple sclerosis, and other autoimmune dis-
tor-sparing or free regimens. The first proposals have focuseases. The Autoimmune Diseases Subgroup is evaluating the
on myeloablative strategies coupled with donor cell (includingost appropriate concepts and disease settings for trials within
stem cell/lbone marrow/peripheral blood mononuclear cethe group’s mandate. These fall into antigen-specific and non-
transplant along with the allogeneic kidney. Another aven@pecific categories. Initial trials using anti—T-cell mAb are
being pursued by the ITN is the development of a network bking entertained to determine whether nondepleting dosages
tolerant patients (both liver and kidney) for detailed mechanisf newer antibodies can alter surrogate markers of disease
tic analyses to increase our understanding of the tolerant staegression and whether anti—T-cell antibodies synergize with
Finally, efforts are being made to develop a calcineurin-freberapies that block co-stimulation or neutralize proinflamma-
therapy for kidney transplant recipients in the hope of produtery cytokines. There is considerable evidence from animal
ing robust tolerance, and a protocol using rapamycin insteadnobdels of both multiple sclerosis and SLE to indicate that the

cyclosporin A or FK506 is under consideration. B7/CD28 pathway plays an important role in autoreactivity,
and, as such, early stage clinical studies of blockade of the
Islet Transplantation B7/CD28 pathway will therefore be prioritized by the ITN.

The Islet Transplantation Subgroup is focused on developingAn early trial approved by the ITN involves CTLA4Ig
safe and successful strategies for restoration of self-toleranicerapy in SLE. This study seeks to determine whether treat-
and induction of donor-specific allotolerance in islet allotrangnent with CTLA4Ig alone or in combination with cyclophos-
plantation for type 1 diabetes. The first trial initiated by th@hamide (CTX) can induce remission more effectively than
ITN will be led by Dr. James Shapiro of the University ofCTX alone in severe lupus nephritis. The investigators have
Alberta to conduct a multicenter trial of solitary islet transplarpresented preclinical evidence that administration of CTLA4Ig
tation in type 1 diabetic patients using a novel protocol. Thegether with CTX can lead to improvement in renal function
“Edmonton Group” has achieved exceptional success amd renal histopathology in NZB/W mice with active lupus
achieving sustained insulin independence in multiple type(D.l. Daikh and D. Wofsy, personal communication, May
diabetic patients. In the proposed trial, c-peptide—negative typ@00). Safety and efficacy of CTLA4Ig in nonimmunocom-
1 diabetic patients with failure of insulin therapy will underggromised humans has been demonstrated in a phase | trial of
solitary islet transplantation by a minimally invasive percutgssoriasis, and further safety information will be obtained from
neous transhepatic intraportal approach and will be immura+rial of CTLA4Ig in rheumatoid arthritis by the drug’s man-
suppressed using a combination of daclizumab (anti—IL-2 refacturer. Approximately 100 patients will be enrolled in the
ceptor) induction with low-dose tacrolimus and sirolimudrial at clinical centers around the United States.

Fresh islets derived from a maximum of two cadaveric donors, The ITN is also developing a novel anti-CD3 therapy for
providing at least 10,000 islet equivalents, will be transplantégpe 1 diabetes mellitus. A Phase | toxicity trial in progress has
after minimal cold storage and without culture. Insulin therapghown no evidence of systemic toxicity or commonly observed
will be withdrawn provided blood glucose is maintained at lessde effects. Approximately 30 individuals will be treated and
than 10 mmol/L. The ITN will support 40 transplants at 1@ollowed for 24 mo to evaluate disease progression.

centers in this Phase Il study. In addition, the ITN will support In addition to these trials, the ITN is actively seeking novel
metabolic studies at all participating centers to ensure thagpplications of soluble mediators such as IL-4, IL-10, trans-
detailed analysis of islet cell quality and function can bfrming growth factorg and anti-IL-10/12, anti-TNF, or anti-
determined to provide critical data for the second phase of timerferon+ antibodies in clinical scenarios not currently du-
studies. plicated by the pharmaceutical industry.

Building on the unprecedented success reported using the
Edmonton protocol, the group will seek to establish new staAllergy and Asthma
dards for human islet preparation and quality control. The ITN The goal of the immunologic interventions studied by the
will identify, validate, and implement immune monitoring asAllergy & Asthma Subgroup is to ameliorate allergen-specific
says tailored to the specific challenges posed by islet traf$i2-driven processes and replace these processes with aller-
plantation in autoimmune diabetes mellitus. Successful cogen-specific, protective immune responses. Among the dis-
pletion of the proposed multicenter trial, the first of its kind ireases that fall under the research mandate of the Allergy &
the history of islet transplantation, will provide a platform foAsthma Subgroup are allergic rhinitis (seasonal and perennial)
future tolerance induction protocols in islet transplantatioand allergic asthma. The future focus for treating allergies/
Other protocols of interest to this group include donor/antigersthma moves beyond symptomatic therapies, developing
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treatments that alter the underlying immune system, and de- with cyclosporin and corticosteroids for prevention of acute
veloping protective immunity. Protective immunity consists of ~ rejection.Lancet 345: 13211325, 1995 _
allergen-specific immune deviation and allergen-specific tol2- Cecka JM: The UNOS Scientific Renal Transplant Registry. In:
erance induction. Clinical Transplants, edited by Cecka JM, Terasaki PI, Los
: : P : Angeles, UCLA Tissue Typing Laboratory, 1996, p 1

The ITN is working Wlth. mvgs_tl_gators to d(_avelop a protocol . Begt JH, Sullivan SD: Th}:apchganging cosi/-eﬁectivgness of renal

for the treatment of allergic rhinitis using unique sequences 0 o ; . o
. h . transplantation: The impact of improvements in immunosuppres-

DNA that have been found to haye |mmgnost|mulatory activity ;e therapy Transplant Rev 12: 34—50, 1998
(ISS). Allergens that are chemically linked to ISS can b€ cpyristiansen E, Andersen HB, Rasmussen K, Christiansen NJ,
injected into the skin at 100-fold higher amounts than natural ojgaard K, Kirkgaard P, Tronier B, Volund A, Damsbo P,
allergen, without causing an allergic reaction. In animal models  Burcharth F, et al: Pancreatjg-cell function and glucose me-
of allergic disease, allergen linked to ISS has been found to be tabolism in human segmental pancreas and kidney transplanta-
more effective than the allergen extracts currently used clini- tion. Am J Physiol 264: E441-E449, 1993
cally. The planned study will be the first clinical trial in which 5. Davalli AM, Ogawa Y, Ricordi C, Scharp DW, Bonner-Weir S,
ragweed allergen linked to ISS is used for immunotherapy in Weir GC: A selective decrease in the beta cell mass of human

ragweed-allergic patients with hay fever. islets transplanted into diabetic nude mi€eansplantation (Bal-
tim) 59: 817-820, 1995
6. Starzl TE, Demetris AJ, Trucco M, Murase N, Ricordi C, lldstad

Tolerance Assays S, Ramos H, Todo S, Tzakis A, Fung JJ, et al: Cell migration and
In each of the disease areas, the 13Nolerance Assay Sub- chimerism after whole-organ transplantation: The basis of graft
group (TAG) will support the clinical trials bylj examining the acceptancetiepatology 17: 1127-1157, 1993

mechanisms that create and maintain the tolerant state2ynd {- Mazariegos GV, Reyes J, Marino IR, Demetris AJ, Flynn B, Irish
developing a set of assays that will function as a road map to guide W. McMichael J, Fung JJ, Starzl TE: Weaning of immunosup-
clinicians in their attempt to create and monitor immune tolerance Pression in liver transplant recipientBransplantation (Baltim)

in individual patients. Initially, the TAG is developing studies %3' ?43\]_239;11992 h L Wona T. Donaldson P. P
aimed at establishing baseline measurements of a number of mzx:]nB’Wi(l)li;r:)s/ Rf Degr?zgrlhé Ou?:gmé ofﬁ&amjr?gsui)przrst:
b|omark_ers for clinical trials in _transplantatlon_. The TAG is als_o sion witﬁdrawal after liver transplantatioHepatology 27: 926
developing several core facilities and working to standardize 933, 1998

assays for use at individual clinical centers. ITN core facilities arg, kenyon NS, Chatzipetrou M, Masetti M, Ranuncoli A, Oliveira
being set up for PCR-based gene expression and polymorphisms, M, wagner JL, Kirk AD, Harlan DM, Burkly LC, Ricordi C:
pharmacogenomics and microarrays, MHC peptide complexes, Long-term survival and function of intrahepatic islet allografts in
and cell-based tolerance assays. Cytokine enzyme-linked immu- rhesus monkeys treated with humanized anti-CDE54c Natl
nosorbent assays, antibody detection, pharmacokinetics, and flow Acad Sci USA 96: 8132-8137, 1999

cytometric assaygg., insulin, GAD45, and IA-2 for diabetes, are1l0. Zheng XX, Markees TG, Hancock WW, Li Y, Greiner DL, Li
being standardized for more universal application. For each pa- XC. Mordes JP, Sayegh MH, Rossini AA, Strom TB: CTLA4
tient enrolled in ITN trials, a battery of measurements will be ~ Signais are required to optimally induce allograft tolerance with
performed and tailored to the clinical protocols under investiga- Cognb'?ﬁd;o?or'fpec'g? transflljsllgr21§ Zggsarzggg 1159‘:33“”00'0'
tion. In addition, the ITN is establishing procedures and facilities, rxogglé IC-Z)S>,/ ;S%fnzei\r/]in én:u':ﬁger J,' Chare_tte 3, (5’Laugh|in R,
for b_anklng Qf clinical materials obtalne_d inall sponsqred trialsfor  pegce D, Jollife LK, Haverty T, Bluestone JA, Thistlethwaite JR
use in ongoing tolerance assay and biomarker studies, as well as 3. phase | trial of a humanized, Fc receptor nonbinding OKT3

for retrospective studies of emerging markers. antibody, huOKT31(Ala-Ala) in the treatment of acute renal
allograft rejection.Transplantation (Baltim) 68: 608—616, 1999
L ooking Ahead 12. Waldmaqn TA, O’'Shea J The use_of antibodies against the IL-2
9 receptor in transplantatiorCurr Opin Immunol 10: 507-512,

The ITN is striving to develop a new paradigm in clinical 1998

resea,rCh of immune-quiated_ diseasgs. Through an open f@.d Spitzer TR, Delmonico F, Tolkoff-Rubin N, McAfee S, Sack-
inclusive framework of investigator-driven research, a broad i, R, Saidman S, Colby C, Sykes M, Sachs DH, Cosimi AB:
disease-based focus, a strong government and regulatory inter- combined histocompatibility leukocyte antigen-matched donor
face, and mutually beneficial collaborations with industry, the  pone marrow and renal transplantation for multiple myeloma
ITN hopes to advance our ability to create and maintain clinical with end stage renal disease: The induction of allograft tolerance
tolerance and further define the underlying mechanisms at through mixed lymphohematopoietic chimerisifransplanta-
work in the induction and loss of tolerance. Although the tion (Baltim) 68: 480—484, 1999

project is still in its infancy, the ITN is |ooking forward to 14. Chatenoud L, Thervet E, Primo J, Bach JF: Anti-CD3 antibody

when chronic therapies will yield true cures for immune- induces long-term remission of overt autoimmunity in non-obese
mediated diseases diabetic miceProc Natl Acad Sci USA 91: 123-127, 1994

15. Chatenoud L, Primo J, Bach JF: CD3 antibody-induced dominant
self-tolerance in overtly diabetic NOD micd. Immunol 158:
References 2947-2954, 1997
1. European Mycophenolate Mofetil Cooperative Study Grou@6. van Parijs L, Perez VL, Abbas AK: Mechanisms of peripheral T
Placebo-controlled study of mycophenolate mofetil combined cell toleranceNovartis Found Symp 215: 5-20, 33—-40, 1998



2146

17.

18.

19.

20.

Journal of the American Society of Nephrology

Lenschow DJ, Walunas TL, Bluestone JA: CD28/B7 system of T
cell co-stimulation Annu Rev Immunol 14: 233-258, 1996

Friend PJ, Hale G, Chatenoud L, Rebello P, Bradley J, Thiru &l.

Phillips JM, Waldmann H: Phase | study of an engineered
aglycosylated humanized CD3 antibody in renal transplant re-
jection. Transplantation (Baltim) 68: 1632—-1637, 1999

Calne R, Moffatt SD, Friend PJ, Jamieson NV, Bradley JA, Hale

J, Firth J, Bradley J, Smith KG, Waldmann H: Proper tolerancz2.

with induction using Campath 1H and low-dose cyclosporin
monotherapy in 31 cadaveric renal allograft recipiehligpon
Geka Gakkai Zasshi 101: 301-306, 2000

Larsen CP, Elwood ET, Alexander DZ, Ritchie SC, Hendrix R23.

Tucker-Burden C, Cho HR, Aruffo A, Hollenbaugh D, Linsley
PS, Winn KJ, Pearson TC: Long-term acceptance of skin and

J Am Soc Nephrol 11: 2141-2146, 2000

cardiac allografts after blocking CD40 and CD28 pathways.
Nature 381: 434—-438, 1996

Kirk AD, Harlan DM, Armstrong NN, Davis TA, Dong Y,
Gray GS, Hong X, Thomas D, Fechner JH Jr, Knechtle SJ:
CTLAA4-Ig and anti-CD40 ligand prevent renal allograft rejec-
tion in primates.Proc Natl Acad Sci USA 94: 8789-8794,
1997

Huang CA, Fuchimoto Y, Scheier-Dolberg R, Murphy MC,
Neville DM Jr, Sachs DH: Stable mixed chimerism and tolerance
using a non-myeloablative preparative regimen in a large-animal
model.J Clin Invest 105: 173-181, 2000

Singh VK, Mehrotra S, Agarwal SS: The paradigm of Thl and
Th2 cytokines: Its relevance to autoimmunity and allerigy-
munol Res 20: 147-161, 1999



