
to parents or teachers. School health professionals have neglected

this area of prevention, so that most affected young people are not

recognized until serious complications such as school failure,

substance abuse and suicidal behaviors emerge [9].

One of the important dynamics in adolescent suicide is

narcissistic injury, when even a cry for help is felt to be

unacceptable to the ego ideal. In our psychological postmortem

study of suicide among 18 to 21 year old male soldiers [10], we were

impressed by the fact that many of the unexplainable suicides

occurred among the most highly functional and successful young-

sters who had committed suicide after the most minimal failures. In

addition, many of these youngsters were described as being very

"private" people for whom a "stiff upper lip" code did not allow for

complaining or asking for help. The possibly greater acceptance of

"crying for help" in girls may partly explain why attempted suicide is

more common in boys [11]. Like for smoking, public health

campaigns directed at the male population may prove to be

effective.

Human beings have an extraordinary propensity to join hands

with external forces in the attack upon their own existence [12]. The

world today is a dangerous place, replete with sickness and

accident, beasts and bacteria, the malignant forces of nature and

the vengeful hands of human enemies. We could expect that

surrounded by these overwhelming stresses from all sides, people

would unite in a universal brotherhood of beleaguered humanity.

Instead, however, we are faced with yet another enemy ± this one

from behind the lines, for one of the major forces that threaten

man's existence is man himself, through self-destruction. Our

understanding of this aspect underlies the challenge of the

prevention of suicide and other high risk behaviors of adolescence.
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Until recently, autologous as well as allogeneic stem-cell trans-

plantation derived from the marrow compartment, granulocyte

colony-stimulating factor-mobilized blood or cord blood sources

was based on mandatory myeloablative doses of combinations of

chemotherapy or chemoradiotherapy designed to eliminate un-

desirable cells of host origin (malignant, malfunctioning or

genetically abnormal). In preparation for allogeneic bone marrow

transplantation, the goal of the conditioning was also to eliminate

the immune system cells of the host in order to prevent rejection of

the allograft by residual immunocompetent T cells of host origin.
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Consequently, BMT was associated with procedure-related toxicity

and mortality, which were prohibitive for elderly patients in need of

BMT or for patients with poor performance status [1]. Consequently,

for many clinicians, the BMT procedure was unacceptable as a

modality for treatment of patients at an early stage of their disease.

It was used as a last resort for patients exhausting all available

alternative options. This meant selecting the worse possible

patients with resistant or relapsing disease, frequently heavily

beaten by prior cytoreductive chemoradiotherapy and frequently

colonized with resistant infectious agents acquired during periods

of prior repeated courses of chemotherapy that resulted in

neutropenia. Such patients were clearly at high risk to develop

complications following exposure to myeloablative chemora-

diotherapy, which was further complicated by prolonged pre- and

post-transplant immunosuppression due to prophylactic treatment

against graft-versus-host disease. GVHD caused further dysregula-

tion of the newly emerging immune system cells derived from

uncommitted stem cells or from treatment of established GVHD.

Many of the potential problems and existing obstacles can be

overcome by using reduced intensity BMT, non-myeloablative stem-

cell transplantation or as is frequently called, `mini-transplant'

[2±6]. Consequently, as shown in two reviews in this issue of IMAJ

[7,8], NST is gradually becoming an acceptable treatment for all

patients in need of BMT for both malignant and non-malignant

indications [5,6]. For patients not eligible for conventional BMT,

such as the elderly or patients with poor performance status [1],

NST not only represents the treatment of choice but is most likely

the only possible option for cure. In contrast, for patients eligible

for conventional BMT, the option of NST exists and seems most

attractive, although some still argue that only randomized

prospective trials will determine the role of NST as a logical

replacement of myeloablative BMT.

NST was conceived in preclinical animal models as early as 1976

[9±14] and pioneered as a clinical modality at the Hadassah

University Hospital in Jerusalem in the early 1990s. The rationale for

developing this treatment was based on observations dating back

to January 1987, starting in a patient who underwent a most

aggressive `̀ supra-lethal'' conditioning in preparation for BMT from

his fully matched sister for resistant acute lymphocytic leukemia

[15±17]. Despite the use of maximally tolerated doses of

chemoradiotherapy, initial full engraftment with donor cells and

initial conversion of host (male) to donor (female) cells, the patient

experienced early and aggressive myeloid and extra-myeloid

relapse, and normal female cells were replaced with male blasts.

At that time we introduced the use of donor lymphocyte infusion in

an attempt to induce graft-versus-leukemia effects with alloreactiv-

ity against differences in minor histocompatibility antigens,

regardless of resistance to chemoradiotherapy, following induction

of donor-specific transplantation tolerance. Following DLI, this

patient developed mild, self-limited acute GVHD, after which he

was again converted to female phenotype [4]. This patient and

hundreds of others with a variety of indications for BMT similarly

treated in many other transplant centers all over the world,

particularly patients with chronic myeloid leukemia [16,18,19],

confirmed the efficacy of DLI for the treatment of otherwise

incurable blood cancer. Later on, we also documented that DLI

could also be applied for displacement of non-malignant hemato-

poietic cells of host origin in patients with genetic diseases and

other non-malignant indications for BMT [20]. Similar to experi-

ments performed in preclinical animal models of human disease,

graft-versus-tumor effects, in analogy to GVL effects, were also

documented in mice conditioned with total lymphoid irradiation,

which is also a non-myeloablative, primarily lymphoablative

conditioning [13]. The role of DLI in highly immunosuppressed

recipients was then extended and confirmed in patients with

lymphoma [21] and metastatic breast cancer [22]. Based on the

above, it became obvious that tumor cells fully resistant to

myeloablative chemoradiotherapy could be eradicated by DLI, thus

suggesting that the hazardous conditioning prior to BMT may be

replaced with a much safer lymphoablative procedure, with the goal

of inducing host-vs-graft transplantation tolerance by engraftment

of donor stem cells. This allows durable engraftment of immuno-

competent donor T cells, at the time of grafting or after, for

induction of optimal GVL effects at a later stage post-transplanta-

tion. We have previously documented that as the interval from BMT

to cell therapy increases, the risk of developing GVHD decreases

[10]. It appeared that the standard therapeutic strategy in bone

marrow transplantation overestimated the anti-cancer potential of

high doses of chemotherapy and radiotherapy and underestimated

the efficacy of immunotherapy mediated by allogeneic donor

lymphocytes, already suggested by Weiden and colleagues in the

early 1980s [23,24].

NST was initially pioneered successfully by using cytoxan and

anti-T lymphocyte globulin [6] and later on by using various

combinations of well-tolerated doses of conventional chemother-

apy [2±6], or alternatively, using low dose total body irradiation

alone with intensive post-transplant immunosuppression [25,26] or

with more intensive pre-transplant lymphoablation with fludarabine

[25]. Other investigators chose to perform a tandem transplant,

applying autologous bone marrow or blood stem-cell transplanta-

tion following high dose chemotherapy for optimal tumor cell

debulking, followed by NST for eradication of minimal residual

disease [26], especially for multiple myeloma [28]. Thus, NST was

based on clinical application of a new therapeutic principle rather

than a single well-defined protocol. However, clinical application of

NST became most attractive when the use of fludarabine was

introduced, because it became apparent that well-tolerated non-

myeloablative conditioning could be used for safe engraftment of

donor hematopoietic cells, alloreactive lymphocytes included [2±4].

Since then, the use of NST, once acceptable only for patients with

definite indication yet not eligible for conventional BMT, is

becoming increasingly popular for clinical application for all
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BMT = bone marrow transplantation

GVHD = graft-versus-host disease

NST = non-myeloablative stem-cell transplantation

DLI = donor lymphocyte infusion GVL = graft versus leukemia
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indications of BMT [5,6]. However, results must be cautiously

interpreted, and prospective randomized clinical trials are certainly

indicated to confirm possible advantages of NST over conventional

BMT.

With the growing clinical experience using NST for the treatment

of acute and chronic leukemia, lymphoma, multiple myeloma and

certain genetic diseases, such as enzyme-deficiency disorders,

Fanconi's anemia and thalassemia major, it became evident that a

similar modality might be applicable for induction of cell-mediated

immunotherapy of metastatic solid tumors. Indeed, the first

successful application of NST was reported in metastatic renal cell

cancer in patients considered incurable, with a remarkable response

rate and even durable complete remission [29]. The therapeutic

principle used for all indications was the same, including three

main phases: pretreatment with immunosuppressive agents to

prevent rejection of major histocompatibility class-matched hema-

topoietic stem cells obtained from a normal sibling or matched

unrelated donor; engraftment of donor stem cells preferably

obtained by mobilizing blood stem cells, thus containing a large

stem-cell inoculum enriched with donor immunocompetent T cells;

and allowing donor immunocompetent lymphocytes (present in the

graft and/or added later on in the course of DLI) to eradicate all

hematopoietic cells of host origin, including tumor cells. The use of

DLI may be particularly recommended for patients at risk with no

GVHD following discontinuation of post-transplant immunosup-

pression.

While the results of various NST regimens are most encouraging,

one unresolved problem is acute and chronic GVHD, which still

remains as a major barrier to more successful outcome. Clearly,

defining new approaches for better control of GVHD are urgently

needed to improve the already confirmed benefits of NST. Several

approaches may enhance the efficacy and reduce the risks of

immunotherapy with donor lymphocytes. Recent experiments in

our laboratory suggest that anti-cancer effects can be significantly

improved while eliminating or reducing the severity of graft-versus-

host disease by using immune rather than naõÈve donor T cells [30±

32]. Such immune T cells can be generated in vitro by culture of

lymphocytes with dendritic cells pulsed with tumor-specific pep-

tides or the patient's tumor cells. Another approach currently under

investigation, which could also be applied to patients without a

histocompatible sibling, involves the use of T cell-depleted

allografts to induce tolerance with no risk of GVHD, followed by

administration of graded increments of donor T cells or tumor-

specific T cells, with careful titration until elimination of all tumor

cells of host origin or until the first evidence of GVHD. Alternatively,

donor lymphocytes may be transduced in vitro prior to cell therapy

by insertion of a suicide gene, such as the herpes simplex virus

thymidine kinase gene, for limiting the life span of donor

lymphocytes by administration of gancyclovir in cases of uncon-

trolled GVHD [33].

Although much remains to be done for improving the clinical

application of NST, the proof of principle is already confirmed. It

seems acceptable that allogeneic alloreactive lymphocytes can

eradicate and replace the host with a donor immunohematopoietic

system, thus causing curative GVL and occasionally graft-versus-

tumor effects, while avoiding the use of myeloablative conditioning,

thus avoiding or minimizing procedure-related toxicity and mortal-

ity. Future progress in extending the use of NST for a larger number

of patients in need, possibly all candidates for BMT, will depend on

development of improved strategies for safer and better regulation

of cell-mediated immunotherapy independently of anti-host re-

sponses.

Acknowledgments. We wish to thank Baxter International Corporation,

the Gabrielle Rich Leukemia Research Foundation, and the Cancer

Treatment Research Foundation. This work was performed at the Danny

Cunniff Leukemia Research Laboratory.

References

1. Gratwohl A, Hermans J, Goldman JM, et al. for the chronic leukemia

Working Party of the EBMT. Lancet 1998;352:1087.

2. Khouri I, Keating M, Przepiorka D, et al. Engraftment and induction of

GVL with fludarabine based non-ablative preparative regimens in

patients with chronic lymphocytic leukemia and lymphoma. Blood

1996;88(Suppl 1):301a.

3. Giralt S, Estey E, Albitar M, et al. Engraftment of allogeneic

hematopoietic progenitor cells with purine analog-containing che-

motherapy: harnessing graft-versus-leukemia without myeloablative

therapy. Blood 1997;89:4531±6.

4. Slavin S, Nagler A, Naparstek E, et al. Nonmyeloablative stem cell

transplantation and cell therapy as an alternative to conventional bone

marrow transplantation with lethal cytoreduction for the treatment of

malignant and non-malignant hematologic diseases. Blood 1998;91

(3):756±63.

5. Slavin S, Nagler A, Aker M, Shapira MY, Cividalli G, Or R. Non-

myeloablative stem cell transplantation and donor lymphocyte infusion

for the treatment of cancer and life-threatening non-malignant

disorders. Rev Clin Exp Hematol 2001;5:135±46.

6. Slavin S. Immunotherapy of cancer with alloreactive lymphocytes. Lancet

Oncol 2001;2:491±8.

7. Kozak T, Rychlik I. Developments in hematopoietic stem-cell transplan-

tation in the treatment of autoimmune diseases. IMAJ 2002;4:268±71.

8. Shimoni A, Nagler A. Non-myeloablative stem-cell transplantation in

the treatment of malignant and non-malignant disorders. IMAJ 2002;

4:272±89.

9. Slavin S, Strober S, Fuks Z, Kaplan HS. Long-term survival of skin

allografts in mice treated with fractionated total lymphoid irradiation.

Science 1976;193:1252.

10. Slavin S, Fuks Z, Kaplan HS, Strober S. Transplantation of allogeneic

bone marrow without graft vs host disease using total lymphoid

irradiation. J Exp Med 1978;147:963±72.

11. Slavin S, Yatziv S. Correction of enzyme deficiency in mice by allogeneic

bone marrow transplantation with total lymphoid irradiation. Science

1980;210:1150±2.

12. Slavin S, Weiss L, Morecki S, Weigensberg M. Eradication of murine

leukemia with histoincompatible marrow grafts in mice conditioned with

total lymphoid irradiation (TLI). Cancer Immunol Immunother 1981;

11:155±8.

13. Moscovitch M, Slavin S. Anti-tumor effects of allogeneic bone marrow

transplantation in (NZB x NZW)F1 hybrids with spontaneous

lymphosarcoma. J Immunol 1984;132:997±1000.

14. Slavin S: Total lymphoid irradiation. Immunol Today 1987;3:88.

15. Slavin S, Or R, Naparstek E, Ackerstein A, Weiss L. Cellular-mediated

immunotherapy of leukemia in conjunction with autologous and

allogeneic bone marrow transplantation in experimental animals and

man. Blood 1988;72(Suppl 1):407a.

Editorials

286 S. Slavin IMAJ . Vol 4 . April 2002



16. Slavin S, Naparstek E, Nagler A, Ackerstein A, Kapelushnik Y, Or R.

Allogeneic cell therapy for relapsed leukemia following bone marrow

transplantation with donor peripheral blood lymphocytes. Exp Hematol

1995;23:1553±62.

17. Slavin S, Naparstek E, Nagler A, et al. Allogeneic cell therapy with donor

peripheral blood cells and recombinant human interleukin-2 to treat

leukemia relapse post allogeneic bone marrow transplantation. Blood

1996;87:2195±204.

18. Kolb H, Schattenberg A, Goldman J, et al. Graft-versus-leukemia effect of

donor lymphocyte transfusions in marrow grafted patients. Blood

1995;86:2041±50.

19. Collins RH, Shpilberg O, Drobyski WR, et al. Donor leukocyte infusions

in 140 patients with relapsed malignancy after allogeneic bone marrow

transplantation. J Clin Oncol 1997;15:433±44.

20. Kapelushnik J, Or R, Aker M, et al. Allogeneic cell therapy of severe beta

thalassemia major by displacement of host stem cells in mixed chimera

by donor blood lymphocytes. Bone Marrow Transplant 1996;19:96±8.

21. Or R, Ackerstein A, Nagler A, et al. Allogeneic cell-mediated and

cytokine-activated immunotherapy for malignant lymphoma at the stage

of minimal residual disease after autologous stem cell transplantation.

J Immunother 1998;21(6):447±53.

22. Or R, Ackerstein A, Nagler A, et al. Allogeneic cell mediated

immunotherapy for breast cancer after autologous stem cell transplan-

tation: a clinical pilot study. Cytokines Cell Mol Ther 1998(4):1±6.

23. Weiden PL, Fluornoy N, Sanders JE, Sullivan KM, Thomas ED.

Antileukemic effect of graft-versus-host disease contributes to improved

survival after allogeneic marrow transplantation. Transplantation

1981;13:248±51.

24. Horowitz M, Gale RP, Sondel PM, et al. Graft-versus-leukemia reactions

after bone marrow transplantation. Blood 1990;75:555±62.

25. McSweeney PA, Wagner JL, Maloney DG, et al. Outpatient PBSC

allografts using immunosuppression with low-dose TBI before, and

cyclosporine (CSP) and mycophenolate mofetil (MMF) after transplant.

Blood 1998;92(Suppl 1):519a.

26. Carella AM, Champlin R, Slavin S, McSweeney P, Strob R. `̀Mini-

allografts'': ongoing trials in humans. Bone Marrow Transplant 2000;

25(4):345±50.

27. Slavin S, Nagler A, Naparstek E, et al. A new non-myeloablative protocol

using fludarabine and low-dose TBI in preparation for allogeneic blood

stem cell transplantation for high risk patients with malignant and non-

malignant disorders. Blood 1994;10(1):388b.

28. Maloney DG, Sahbi F, Stockerl-Goldstein KE, et al. Combining an

allogeneic graft-vs-myeloma effect with high dose autologous stem cell

rescue in the treatment of multiple myeloma. Blood 2001;98(11):434a.

29. Childs R, Chernoff A, Contentin N, et al. Regression of metastatic renal-

cell carcinoma after nonmyeloablative allogeneic peripheral-blood

stem-cell transplantation. N Engl J Med 2000;14;343(11):750±8.

30. Morecki S, Yacovlev E, Gelfand Y, Uzi I, Slavin S. Cell therapy with pre-

immunized effector cells mismatched for minor histocompatible

antigens, in the treatment of a murine mammary carcinoma. J Immun-

other 2001;24(2):114±21.

31. Morecki S, Slavin S. Towards amplification of graft vs leukemia (GVL)

effect while minimizing graft vs host disease (GVHD). J Hematother Stem

Cell Res 2000;9:355±77.

32. Slavin S, Ackerstein A, Gelfand Y, Morecki S, Cividalli G. Immunotherapy

of relapsed resistant chronic myelogenous leukemia post allogeneic

bone marrow transplantation with alloantigens pulsed donor

lymphocytes. Bone Marrow Transplant. 2001. In press.

33. Bonini C, Ferrari G, Verzeletti S, et al. HSV-TK gene transfer into donor

lymphocytes for control of allogeneic graft versus leukemia. Science

1997;276:1719±24.

Correspondence: Dr. S. Slavin, Professor and Chairman, Dept. of Bone

Marrow Transplantation and Cancer Immunotherapy, Hadassah Uni-

versity Hospital, P.O. Box 12000, Jerusalem 91120, Israel.

Phone: (972-2) 677-7270

Fax: (972-2) 642-2731

email: slavin@huji.ac.il

Editorials

287IMAJ . Vol 4 . April 2002 Non-Myeloablative Stem-Cell Transplantation

Capsu le

Selectively seeing sugars

Cells use surface receptors to sense their surroundings. Although

many of the best-characterized receptors detect the presence of

small molecules, such as adrenaline, equally important functions

are subserved by receptors that interact transiently (or loosely)

with environmental macromolecules, either located on other

cells or within the extracellular matrix. Feinberg et al. present the

crystal structures of two such receptors, DC-SIGN [dendritic cell

specific intracellular adhesion molecule-3 (ICAM-3) grabbing

nonintegrin] and a related receptor, DC-SIGNR, that recognize

carbohydrate moieties of macromolecules. DC-SIGN grabs onto

ICAM-3, a surface molecule expressed by T cells, and this

interaction forms part of the process of dendritic cell activation of

T cells. DC-SIGNR is an endothelial cell component that may

mediate the initial stages by which circulating cells scan the

surfaces of capillaries and lymph nodes. Both of these receptors

are coerced by the human immunodeficiency virus into binding to

the HIV protein gp120 before the virus enters T cells.

Science 2001;294:2163

The seven sins of Medicine: Obscurity, cruelty, bad manners, over-specialization,
love of the rare, stupidity, sloth.

Richard Asher (1926± ), British artist


