v

Introduction

Transimmunization, a treatment with substantial potential for the management of life-threatening or debilitating antigenic cancers and T cell mediated disorders, is the product of twenty-years of searching for the answers to a tantalizing mystery that began in 1982.  Richard Edelson, MD, then a Professor at Columbia University’s College of Physicians and Surgeons had achieved an astonishing clinical success in the treatment of two patients with extensive cutaneous T cell lymphoma (CTCL), using an experimental therapy which he had invented.  

The challenge presented by those clinical responses would dominate the efforts of the Edelson research group until the close of the century.   How did an experimental form of extracorporeal chemotherapy, initially intended to palliate a therapeutically resistant and devastating lymphoma, lead to clinically potent selective immunization against the malignant cells?  Why did those responses occur in about one quarter of the patients, and why were they not produced in the others?
The research group had labeled the novel treatment “Extracorporeal Photochemotherapy” (ECP).  It has also become known as “Photopheresis” because of the manner in which it is performed.  But somehow the intravenous return to the patient of an altered admixture of malignant and normal leukocytes was capable in a subset of cutaneous T cell lymphoma (CTCL) patients of triggering an immune response that could target the unaltered remainder of the malignant cells.  Since immunologic knowledge at the time could not explain the clinical observations, it was clear that a new set of principles must be responsible.  But what were they?  If the underlying scientific principles could be identified, could they be applied to a broader spectrum of cancer?  Were there additional disorders, such as autoimmune diseases, that might also respond to the treatment?
Retrospectively, we now realize how daunting the challenge to answer those questions really was in the early 1980s:  the scientific knowledge that would be required to resolve them was then largely unavailable.  When the research team began to develop experimental systems, which would progressively unravel important aspects of the mystery over a period of nearly two decades, virtually nothing was known about the structure and function of the clone-specific T cell receptor, dendritic cell biology, class I major histocompatibility complex presentation of antigens or CD8 T cell recognition of those antigens.  In fact, the dogma in 1982 was that “tumor-specific” antigens may not exist at all, and the clinical responses that were being seen should have been impossible to achieve.  Yet, obviously they were occurring, and there had to be an underlying reason.
In short, although the treatment was devised by Dr. Edelson for what were then logical reasons, neither he nor any other medical scientist could have contemplated the scientific and clinical odyssey that was about to begin.  In 1981, ECP was licensed to Johnson&Johnson, which then assigned responsibility for development of the technology to Therakos, a J&J subsidiary established solely for that purpose.  
The early clinical successes generated much interest in the medical and scientific communities, as well as in leading lay publications, ranging from the New York Times to the Wall Street Journal to national television.  Scientific American committed two full articles to ECP, and it was one of the featured accomplishments on the PBS celebration of the 100th anniversary of the birth of the National Institutes of Health.

But by the early 1990s, the frustrating search for the elusive ECP mechanism began to take its toll.  Therakos became an outlier in the Johnson&Johnson family of companies, the company’s research support for the investigative effort dwindled and Dr. Edelson’s team, by that time relocated to Yale University’s School of Medicine, needed to seek other sources of funding for its continued scientific efforts.  
Still, as will be summarized below, progress continued to be made on the clinical and scientific fronts in the 150 university ECP centers throughout the world, as evidenced by the large number of publications listed in the accompanying bibliography.  ECP became the first Food and Drug Administration approved selective immunotherapy for any cancer in 1988, in this case for extensive CTCL.  While numerous other forms of experimental immunotherapies, with firmer intellectual bases, floundered in the clinic, ECP’s surprising clinical successes continued to accumulate.  But the nagging question persisted:  How does it work?

Then, beginning slowly in 1997 and accelerating ever since, a stream of important breakthroughs occurred.  The dots became connected, and finally the picture came into focus, culminating in the development of Transimmunization, as a now quite logical and exciting replacement for ECP.  In order to put Transimmunization in proper perspective, it is necessary to review how it evolved from the quest for the scientific underpinnings of ECP.  It was the recent cracking of the ECP scientific code by the Yale University research group, including Dr. Edelson and his close Yale associates Carole Berger, PhD, Douglas Hanlon, PhD, Michael Girardi, MD and Robert Tigelaar, MD, that led to the conception of Transimmunization.  

Transimmunization’s evolution from research into the mechanism responsible for ECP’s efficacy has created some confusion about the relationship of this new treatment to Therakos and Johnson&Johnson.  Since the research that led to the invention of Transimmunization was conducted at Yale University, independent of Therakos and Johnson&Johnson funding, the proprietary rights belong exclusively to Yale University.  
Serendipity:  Extracorporeal Photochemotherapy or Photopheresis

To understand how ECP graduated into Transimmunization, let us start with a synopsis of the history of ECP.  The pharmacologic component of the ECP system is 8-methoxypsoralen or 8-MOP, a remarkable drug which, before ECP or Photopheresis, was known almost exclusively to dermatologists.  8-MOP is a naturally occurring tricyclic molecule, belonging to the psoralen family and produced by a variety of fruits and vegetables (figs, limes, parsnips, celery) and in larger quantity by the common weed Queen Anne’s lace.  8-MOP has been known empirically since ancient times to be activated by ultraviolet energy. When activated for just millionths of a second by long wave (low energy) ultraviolet energy, which passes through clear glass and some plastics, 8-MOP cross-links and inactivates DNA.  The 8-MOP which does not immediately bind to a target chemical returns to a harmless resting state and is eliminated from the body within a day.  Since 8-MOP only has a biologic impact after transient activation by ultraviolet energy, it is a fully directed from of pharmacologic therapy, sparing organs which have not been exposed to the activating light adverse reactions.
Our group has not only elucidated 8-MOP’s chemical interaction with DNA, but has recently demonstrated that it also binds extensively to a particular cytoplasmic protein Smac-Diablo, a major regulator of apoptosis (programmed cell death).  Therefore, it is a potent chemotherapeutic agent which can be turned on by a light switch, to affect important cellular control points.  This drug, commonly used in the treatment of psoriasis following oral administration and exposure of skin to ultraviolet A energy, was utilized by our group in devising the procedure originally known at extracorporeal photopheresis or ECP.
8-MOP, because of its capacity to be activated by ultraviolet A energy and because it is biologically inert and safe in its inactivated form, is the most titratable (controllable) potent drug currently in clinical use.  For example, when transiently activated by light it is as powerful a DNA cross-linking agent as is the highly toxic mitomycin C.  But unlike mitomycin C, whose toxicity precludes common clinical use, 8-MOP targets only those cells simultaneously exposed to both the drug and activating light.  Hence, the type of systemic toxicities commonly associated with DNA binding agents, such as bone marrow suppression, hair loss or mucosal erosions are not encountered with 8-MOP.

The precision with which the cellular impact of this drug can be focused can be readily demonstrated.  The impact of the drug can be so finely tuned that a concentration of drug and level of ultraviolet exposure can be achieved that abrogates the capacity of T cells to proliferate in response to stimulatory mitogens, while  leaving T cell viability intact for at least another day.  That is an important feature, to which we will later return.  As discovered with monoclonal antibodies (produced by the Columbia/Yale research team for these studies and which are selective for the 8-MOP/DNA photoadducts), this profound and precise cellular effect is accomplished when merely three 8-MOP molecules become bound per million bases of DNA.

The conventional ECP or Photopheresis procedure which we devised in the early 1980’s has been substantially refined, but was fundamentally unchanged until the Yale research team recently devised its replacement, Transimmunization.  In Photopheresis, the 8-MOP is administered by mouth, or preferably directly into the flow system.  Most of the red blood cells are returned to the patient (without exposure to the ultraviolet A light), while the white blood cell fraction, including the disease causing T cells, is bathed in 8-MOP containing plasma and circulated through an ultraviolet irradiation field.  

However, not all of the red blood cells (RBC) can be separated from the leukocyte fraction, and these RBC interfere with the delivery of the ultraviolet energy necessary to activate the drug.  To permit sufficient ultraviolet energy to reach the target leukocytes, it was necessary to develop a transparent plastic UVA exposure plate with a very large surface-to-volume ratio.  By limiting the thickness of the passaged film of blood cells to only 1mm, it became possible to deliver sufficient ultraviolet energy to activate the 8-MOP and target the disease causing T cells.  With intense UVA lights placed below and above the exposure plate, no passaged white blood cell (including the disease causing expanded leukocyte population) is more than 0.5mm from the light source. This is the highest ratio of surface area to volume possible without immediately lysing (bursting) the passaged blood cells.  The treated blood is then returned to the patient, whose blood filtration system (liver, spleen, lungs, etc) removes the damaged lymphocytes cells.  

The UVA irradiation device accomplishes two important purposes.  First, it activates the 8-MOP, thereby inducing apoptosis (programmed cell death) of passaged T and B lymphocytes.  Second, as will be described, it activates passaged monocytes, thereby efficiently inducing their conversion into dendritic antigen presenting cells, the cells which initiate immune reactions.  It turns out that it is the combination of these two phenomena which produces the clinical efficacy of ECP or Photopheresis.
In 1982, the seminal finding that altered the course of events was the surprising clinical response of the first patient CTCL.  Dr. Edelson had initially devised this elaborate system with the sole intention of developing a completely directed chemotherapy for blood leukocytes.  His original goal had been the palliation of leukemic CTCL by decreasing circulating number of malignant T cells.  Because of the limitations of scientific knowledge in the early 1980s, he did not anticipate the possibility that the intravenous return to the patient of the extracorporeally treated leukocytes would lead to an immunologic response capable of targeting residual untreated malignant cells.  
He and his colleagues, then at Columbia University, had anticipated that, after completion of phase I toxicity clinical studies in which a small percentage of the patient’s malignant cells were treated and returned, more frequent treatments would be required to produce a meaningful clinical effect.  The original plan was to progress from the pilot clinical studies to treatment of patients daily for as long as necessary to destroy sufficient numbers of malignant cells to make a clinical difference.  In short, the research group expected that the Photopheresis would be a brute force treatment analogous to chemotherapy, with the sole important special advantage of being directly only at the target blood leukocytes.

To the research group’s astonishment, after only 6 treatments (3 cycles of 2 treatments each on successive days) over a three-month period, the first patient’s debilitating and previously therapeutically resistant T cell lymphoma entered complete remission.  Indicative of the potency of the therapy, seventeen years following cessation of the therapy, that original patient has remained disease free.  
An international multicenter study was begun following pilot study to determine what percentage of patients with extensive cutaneous T cell lymphoma would experience a similar response to Photopheresis.  The results were published in the New England Journal of Medicine five years later and revealed that approximately one quarter of the patients experienced a greater than 75 percent response.  
According to the Archives of Dermatology, because of the tremendous interest that it generated in the medical and scientific communities, that paper has become the most frequently cited paper in the Dermatology literature over the past twenty years and one of the most frequently referenced papers published in the New England Journal of Medicine.  But how did this remarkable result, subsequently reproduced in many centers, occur?  There were important clues from the clinical responses in that initial study.
Photopheresis has now been administered more than 250,000 times at the more than 150 university medical centers in the United States and Europe.  However, the absence of a mechanistic understanding of ECP-induced responses precluded either improvement of the methodology or broad acceptance by the medical and scientific communities.

Early Clues about ECP’s Underlying Basis

An important clue about the mechanism underlying the efficacy of ECP in CTCL patients came from improved comprehension of the variable immunocompetence of CTCL patients.  Persistent clinical responses to ECP are usually accompanied by an increase in the number of normal CD8 T cells, and the large majority of significant responses occur in CTCL patients whose CD8 compartment remains nearly normal in size.  

From the studies of Peter Heald at Yale University, it was learned that, as the number of circulating CTCL cells increases, a disproportionately large deficit in the normal of normal CD8 T cells develops. Since the CD8 T cells can help defend against expansion of the malignant CTCL clone, this suppression of the CD8 cytotoxic T cell population gives the CTCL cells a growth advantage.  Alain Rook’s research at the University of Pennsylvania suggests that IL10 production by CTCL cells may be responsible for this suppression of the CD8 T cell population, a circumstance that can partially reversed by IL12 administration or by anti-IL10 monoclonal antibodies.  

Since generation of increased numbers of CD8 anti-CTCL cells is so critical for a successful clinical response to ECP and since it was learned in the late 1980s that CD8 T cells recognize tumor antigens only when they are presented in physical association with class I major histocompatibility complexes (MHC), attention became focused on how ECP causes improved CD8 recognition of class I MHC presented CTCL antigens.  Recognizing that ECP somehow “taught” the responding patient’s immune system to “see” tumor antigens, the Yale research team examined how the procedure caused CD8 anti-tumor T cells to recognize previously invisible immunologic targets on the CTCL cells.  

By the early 1990s, the site of origin of these CD8 T cell recognizable antigens was becoming clear.  Cytoplasmic proteins are degraded in proteosomes into peptide segments composed of 8-10 amino acids.  These peptides are transported to the cell surface in association with class I molecules, where they can be targeted by anti-tumor CD8 T cells.  This is the manner in which cells normally display non-self antigens (i.e. those derived from an intracellular infectious agent such as a virus) to those T cells capable of eliminating the undesirable cell.   

When the peptides are derived from distinctive proteins produced by the cancer cells, they can serve as tumor specific antigens.  In the cytoplasm, these peptide antigens are transported across the endoplasmic reticulum to the cell membrane, where they bind to the external groove of the class I binding site.  Anti-tumor CD8 T cells can now recognize and destroy the malignant cell, after their specific receptors engage the relevant peptide/class I complex.

As the ECP clinical trials had suggested, the Yale group discovered that cutaneous T cell lymphoma cells do display tumor specific antigens that serve as targets for anti-CTCL clinically relevant immune responses to the treatment.  They found that a major source of these tumor-specific CTCL antigens is the clone specific region of the T cell receptor of the malignant cells, a unique peptide segment for each patient’s malignant cells.  It was these peptide tumor antigens that Photopheresis was “teaching” the patients’ immune systems to recognize and, under certain circumstances, target.
This was a very important finding, since it explained how an immunologic response could attack only the malignant clone and spare the normal T cells of the individual, thereby leaving the patient’s immune system intact.  A feature that further distinguishes ECP from many other forms of anti-cancer therapy is that opportunistic infections are avoided, due to the selective suppression of the malignant clone in the absence of therapeutically induced generalized immunosuppression typical of conventional systemic chemotherapy.
This observation also raised another intriguing possibility.  Since each patient’s cancer had its own set of unique cancer antigens, something now known for many other types of cancers as well, it appeared that ECP was somehow tailoring a powerful patient-specific anti-tumor immune response.  But how was this being accomplished?  The central question therefore came into sharper focus.  How does ECP transfer the tumor antigens from the tumor cell (which cannot itself initiate an anti-tumor immunity) to the dendritic cell which is able to generate such an anti-tumor immune reaction?   

Malignant cells, even when displaying tumor antigens at their surface, avoid triggering anti-tumor immune responses, because they lack co-stimulatory surface molecules (such as B7) required to ignite the engine of the immune system, the specifically responsive T cells.  If they initiated such reactions themselves, the malignant cells would have been eliminated prior to becoming clinically evident.  However, once an immune reaction is generated, the malignant cells, because of their surface tumor antigens, can be targets of immune reactions initiated by dendritic cells.  Somehow Photopheresis was enabling the radar of the immune system to recognize and attack the “Stealth Bomber” malignant T cells of CTCL.
Dendritic Cells Move to the Head of the Class

Dendritic cells (DC), unlike typical tumor cells, have the necessary components to ignite such a reaction, if they can display in their own class I complexes the relevant tumor antigen, which must be acquired from the malignant cell itself.  The Yale group researched how ECP causes the transfer of the tumor antigens to the “professional antigen presenting” DC.  Do the antigens get transferred surface to surface, like batons, or do the parent proteins get internalized by the DC and processed and presented as though they were the DC’s own antigens?  Also, since DC are rare in the blood (less than 1/1000 leukocytes), does ECP somehow increase their number, thereby amplifying their capacity to stimulate an anti-tumor immune response?

Since the response to ECP required “transfer” of tumor peptide antigens to dendritic antigen presenting cells (DC), which are normally so rare, the Yale group examined the possibility that the treatment was increasing the number of available DC converting by a more common cell type to DC.  Since DC can be derived from monocytes, which constitute about 20 percent of the blood leukocytes which pass through the ECP device, they wondered whether the treatment enhances the conversion of monocytes to DC.

The researchers were encouraged by their finding that, unlike T cells, monocytes (the larger cells in the accompanying slide) are resistant to the deleterious effects of photo-activated 8-MOP.  After exposure to ultraviolet activated 8-MOP, the monocytes remained healthy and vigorously bound to plastic bottoms of a Petri dishes in their laboratory.  It is common knowledge that monocytes have a tremendous proclivity to stick avidly to plastic.  It is that feature which we now realize plays a central role in the efficacy of ECP.  It was the group’s recognition of this phenomenon that led to their replacement of the relatively crude and empirical ECP with the more logical and efficient new treatment, Transimmunization.
The key turns out to be the ultraviolet exposure plate, in which two synergistic phenomena happen simultaneously.  First, as originally planned, the photoactivated 8-MOP reaches the malignant T lymphocytes causing them, within one day, to begin to undergo programmed cell death (apoptosis).  Second, the passaged monocytes physically interact with the large plastic surface, repetitively attempting to adhere to that surface, but cannot do so because of the continuous flow.  
Over the next day, the monocytes now enter the dendritic cell pathway, becoming immature DC which efficiently internalize the apoptotic malignant cells and process and present the derived tumor antigens to responding anti-tumor T cells.  In this manner, the DC gain access to the full array of tumor antigens produced by the internalized malignant cells.  The DC can then sort and present those antigens to a responsive immune system.

This is an enormous advantage over all other known cancer immunotherapies, which typically feed DC generic “tumor” antigens not unique to the individual patient.  The other methods also require more laborious methods to produce the DC and to load them with tumor antigens.

Although the monocytes are unaffected by the ultraviolet A activated 8-MOP, the malignant cells are gently but irreversibly damaged, initiating their apoptosis or programmed cell death, which begins to become evident overnight following the treatment.  If, after at least 12 hr following treatment, the newly formed immature dendritic cell can achieve direct cell-to-cell contact with the newly apoptotic malignant T cell, it will internalize the malignant cells and digest and present the full range of derived tumor antigens.

After return to the patient, the tumor loaded dendritic cell continues its maturation into an effective presenter of those tumor antigens which it now displays at its own surface.  These tumor antigens can then be recognized by specific receptors on the surface of a quiescent population of anti-CTCL cytotoxic T cells, activated by the fully armed professional antigen presenting cell.  Stimulated by the antigen presented dendritic cell, the anti-tumor CD8 T cells proliferate, reproducing numerous copies of themselves, thereby amplifying the anti-tumor immune response.   These anti-tumor T cells are now capable of recognizing the same antigen on the surface of residual malignant T cells, can bind to the CTCL cells via the clone-specific receptors and can selectively induce malignant cell death.

The induction of monocyte-to-dendritic cell conversion likely reflects a normal phenomenon, which the transient adherence to plastic mimics.  The most attractive candidate, currently under investigation in our laboratory, is p-glycoprotein, a well studied surface molecule.  Randolph et al (Science 282:480-3, 1998) have shown that p-glycoprotein performs a critical role in causing monocytes, which have scavenged tissue debri, to differentiate into dendritic cells.  It appears that p-glycoprotein is directly or indirectly involved in the membrane-to-membrane interaction between dendritic cells (striving to enter lymphatic vessels from tissue) and the endothelial layers that they must traverse to gain entry into those lymphatic channels.   
P-glycoprotein, best known as a multiple drug resistance pump, may be important to antigen-loaded dendritic cells needing to eliminate from their own cytoplasm toxins released from ingested dying cells.  With these advances, the new poster child of Transimmunization becomes the pivotal dendritic cell, produced and loaded so efficiently by this process.  A recent published article from our group was the cover article in the April 15th issue of Blood, the official journal of the American Society of Hematology.  Our time lapse movie of DC internalizing apoptotic malignant cells can be accessed at http://www.bloodjournal.org/content/vol99/issue8/, the web page of the journal Blood.
Transimmunization:  Correcting the Flaws of ECP

Armed with this cumulative knowledge, we can now recognize a serious flaw in the conventional ECP method.  Clearly, the most efficient means of facilitating the cell-to-cell contact between the newly formed DC and the newly apoptotic malignant cells is to incubate them together overnight.  In conventional ECP, at least some of the monocytes presumably develop into DC one day after their return to the patient, even though this event is difficult to monitor.  Since the treated malignant cells become apoptotic one day after their return  in conventional ECP, the two populations (apoptotic malignant cells and DC) must inefficiently reconnoiter in vivo inefficiently and by chance, if the dying cancer cells and their antigens are to be processed by the DC.  With that realization, it is more surprising that any response occurs in the conventional ECP approach, rather than that every patient does not respond.  This mechanistic understanding now enables us to more efficiently applied to clinical situations.
We have developed a revised procedure (named “Transimmunization”, because it enhances the transfer of relevant antigens to dendritic cells capable of initiating immunization against those antigens).  Following the leukapheresis and UVA exposure phases of conventional ECP, an overnight incubation step has been inserted, to maximize the cell-to-cell contact between the newly apoptotic malignant T cells and the newly formed immature dendritic cells.  Rather than randomly encountering each other after reinfusion, as in conventional ECP, these two cell types quite efficiently contact one another during the overnight incubation step.  The antigen loaded DC are then reinfused to the patient the next day.  
This method has been tested over the past three years in a Phase I/II trial at Yale and appears to be as safe as conventional ECP, but significantly more potent, as indicated in the accompanying Girardi hyperlinked review article (Transimmunization and the evolution of extracorporeal photochemotherapy) in the special Transimmunization issue of the Journal of Transfusion and Apheresis Science.  Expanded clinical trials of the Transimmunization method have begun.
Now that the mechanism of ECP/Transimmunization is coming into sharp focus, multiple logically based improvements and additional clinical applications become possible.  For example, the internalization and processing of these apoptotic malignant cells is enhanced by the coating of the target cancer cells with an IgG monoclonal antibody.  This method would permit the rapid internalization and processing of any type of cancer cell for which a similarly selective antibody is available.  Since carcinomas of the lung, breast, prostate or colon are epithelial cell malignancies for which such antibodies are readily available, this approach should be applicable to numerous types of antigenic cancers, including those forming solid tumors.

We can now plan and test a major variation of this immunotherapy in management of appropriate types of cancers as follows.  We already know that a single passage, with or without light and activated drug, through the narrow (1mm) film in the plastic plate, will lead to the mass conversion of passaged monocytes into immature dendritic cells.  Tumor cells, obtained from surgical specimens (from any potentially antigenic solid tumor or leukocyte malignancy), can be readily influenced to undergo apoptosis by numerous available methods, including many that do not involve light activated drugs.  

The apoptotic malignant cells can then be co-cultured overnight with the patient’s Transimmunization-produced incipient DC, to load them with tumor antigens derived from digestion of internalized dying malignant cells.  There is no need to isolate the cancer antigens, since the patient’s own DC will sort all the available antigens for us.  Aliquots of the tumor loaded DC can then be stored viably in a freezer to be later thawed and administered periodically as immunizing and boosting doses.  Smaller fractions can also be used for intradermal injections to assess and titrate the patient’s level of immunity against the cancer, by simple measurement of the swelling at the site of injection.

This approach requires refinement and clinical testing.  We envision an automated tissue processing unit, which will disperse the malignant cells and initiate apoptosis.  Despite the logistical hurdles, we anticipate that this approach will lead to broad-based cancer immunotherapy.

Any antigenic tumor, to which one can gain access, now becomes a candidate for Transimmunization.  After the tumor is procured, the component cells will be suspended and rendered apoptotic by well-known methods most appropriate to the particular cell type.  These malignant cells can then be cocultivated with the patient’s newly induced dendritic cells, to load the DC with tumor antigens.  Instead of immediate intravenous reinfusion of these tumor-loaded DC to the patient, they can be viably frozen in aliquots and stored for future use.  These individual aliquots can later be intradermally administered, as needed, to boost the anti-tumor immunity.  In addition, the delayed hypersensitivity skin reactions at the skin site of boosting will serve as an in vivo means of monitoring the patient’s anti-tumor response.

Our principal long-term goals include the application of this approach to a broad a spectrum of cancers.  Yet, our substantial experience with ECP, the treatment which Transimmunization was designed to replace, indicate that the new treatment is likely to benefit patients with non-malignant T cell mediated disorders as well.  Multiple uncontrolled studies have suggested that ECP can be efficacious in the treatment of autoimmune disorders, ranging from pemphigus vulgaris (bottom, before and after photos) to lupus erythematosus, to progressive systemic sclerosis, as well as to rheumatoid arthritis.  
Most autoimmune disorders are difficult to study, because the clinical endpoints are not sharply demarcated and because the serological markers are epiphenomena, rather than directly causative.  Pemphigus vulgaris, as discussed in a recent editorial (Edelson RL.  Decoding the cellular language of cutaneous autoimmunity,  N Engl J Med 343:60-1, 2000) offers special advantages.  The anti-epithelial antibodies directly cause the life threatening epidermal destruction in pemphigus, their titers paralleling disease activity, and the clinical endpoints are clear.  
It is, therefore, intriguing that ECP appears to be effective in reducing the titers of the anti-epithelial (anti-desmoglein3) antibodies and improving the skin lesions in some pemphigus patients resistant to general immunosuppressive therapy.  Preliminary reports of ECP efficacy in rheumatoid arthritis, lupus erythematosus and progressive systemic sclerosis suggest that further clinical trials of ECP in autoimmune disorders is warranted.
Several groups have shown that ECP can reverse or ameliorate acute rejection of transplanted hearts, which had been unresponsive to conventional approaches.  With encouragement from the successful ECP interventions in acute rejection of transplanted hearts, an international, controlled, prospective, multi-center preventive trial was conducted and reported by Barr and colleagues. The results of the heart transplantation study clearly revealed that ECP plus conventional therapy was more effective than conventional immunosuppressive therapy alone in limiting the number of rejection episodes, as well as complicating sequelae from rejection.  When compared to controls treated only with conventional triple drug immunosuppression, more than twice as many ECP patients experienced no rejection episodes in the six months following transplantation.  Conversely, more than twice as many control patients had more than 2 rejection episodes during the study period.  Because the ECP group had fewer rejection episodes, those patients required less total conventional immunosuppression and had fewer opportunistic infections as a result.

Since it is likely that Transimmunization will be even more effective than ECP in the transplantation milieu, a collaborative clinical and scientific project is in late planning stages.  Under the leadership of Jordan Pober and Marc Lorber, and with the direct involvement of the Heart Transplantation Unity, the Yale Transplantation Program plans to conduct a set of preventive clinical trials of Transimmunization in both renal and cardiac transplant recipients.

Similarly, ECP was quite effective in reversal of acute graft-versus-host disease (GVHD), following stem cell allografts post myelo-ablative chemotherapy for cancers.  All grade II, and more than 60% of grade III, acute GVHD patients had complete responses when ECP was added to a regimen that had been previously ineffective in the same patient.  We will test the possibility that Transimmunization may be even more effective in this milieu and require fewer treatments.
Quite remarkably, ECP has efficacy in both “turning on” immune reactions against at least one cancer and in “turning off” undesirable auto-reactive immune reactions in autoimmune disorders and rejection of transplanted organs.  There is a logical and attractive potential explanation for this apparent inconsistency.  In fact this explanation is not only consistent with current immunologic knowledge and our laboratory data, but suggests that Transimmunization applications will continue to mature as the science of Immunology continues to grow.
The key appears to be the level of maturity of the dendritic cell.  Internalization and processing of cellular antigens, such as those of malignant cells, is most effectively accomplished by immature DC.  The Transimmunization procedure causes large scale transformation of monocytes to DC, beginning at the time of the procedure and becoming evident one day following the procedure.  Therefore, one day following the procedure, nearly all of the DC are quite young and immature.  These immature DC, because of their low expression of co-stimulatory molecules such as B7.1 and B7.2, are known to selectively inactivate those high avidity T cells with specific receptors for the processed and displayed antigen.  
Transimmunization, because of the overnight incubation step, provides ready access to the new DC.  Therefore, unlike in ECP with its immediate return of the treated leukocytes to the patient, in Transimmunization the induced DC can be played like a piano keyboard, depending on the therapeutic tune the physician needs to play in a particular clinical situation.  For example, we already have biologic response agents available to keep the DC immature (as would be most appropriate in autoimmune and transplant situations) or to enhance DC maturation (as would be most appropriate in generating anti-cancer responses).  These agents can be added to the overnight incubation step in Transimmunization, but unfortunately are far more difficult and dangerous to use in conjunction with ECP.

Transimmunization has very substantial advantages over other published competitive approaches.  The two most significant are that it is a logical improvement of a method already known to have clinical efficacy and safety and that it is tailored to each individual patient.

Now that the mechanism underlying the efficacy of Photopheresis has been clarified, permitting the advances which have led to development of the apparently more powerful and controllable Transimmunization, potential applications of the new technology are numerous.  To help our research group select and pursue the most productive and important objectives in the area of cancer, including solid tumors, an outstanding advisory group has been formed.  The potential applications of Transimmunization are broad, ranging from treatment of antigenic malignancies to autoreactive diseases.  We will strive to determine how best to apply this powerful new immunotherapy to the care of patients with these serious disorders.

Having devised ECP and helping so many courageous and inspiring patients over the past twenty years has been the highlight of our careers.  But as rewarding as the victories which we have shared with so many of these extraordinary individuals have been, they have been bittersweet.  We have also been frustrated by the length of our struggle to unravel the mysteries of ECP’s scientific basis and our inability to intelligently improve the therapy so that more people could be helped.

Now with the scientific code cracked, we are running as fast as we can to bring these scientific advances to as many patients as possible, as soon as the treatments are sufficiently mature.  We recognize the new set of major challenges in our path, but the opportunity to face them has been what we have worked for all of these years.
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