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Abstract

We are now aware that extracorporeal photopheresis (ECP) – in which a patient’s leukocytes are isolated, passed

through an ultrathin clear plastic plate, and exposed to 8-methoxypsoralen (8-MOP) and ultraviolet A light prior to

reinfusion – is a simple and efficient dendritic cell (DC) therapy and the first FDA approved selective immunotherapy

for cancer. DCs, as the most effective antigen presenting cells (APCs), are central to many ongoing efforts to stimulate

immune responses to cancer cells. Moreover, ECP has not only demonstrated efficacy in the treatment of a T cell

malignancy – namely cutaneous T-cell lymphoma (CTCL) – but also in treatment of oligoclonal T-cell-mediated dis-

eases such as graft-versus-host-disease (GVHD) and organ transplant rejection. Recent advances in the understanding

of DC/T-cell interactions provide insight into how ECP-induced DCs (EI–DCs) can be utilized to stimulate specific T-

cell (i.e. anti-tumor) responses, or down-regulate a pre-existing potent T-cell response. The mechanism of this apparent

paradox of EI–DC functionality is likely dependent on several fundamental principles: (1) the status of existing in vivo

T-cell reactions, (2) the temporal stage of EI–DC differentiation, and (3) the affinity of the available repertoire of T-cell

receptors (TCRs) for the antigen(s) in question. Further investigation into DC/T-cell interactions will help to shape the

future of ECP and the ability to optimize this therapy for the desired immune effect. To this end, we are developing and

testing Transimmunization to replace conventional ECP. � 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Extracorporeal photopheresis (ECP) was origi-
nally introduced by Edelson et al. in 1987 for the
management of patients with cutaneous T-cell
lymphoma (CTCL) [1]. Today, ECP remains the
only FDA approved tumor-targeting selective im-

munotherapy for the treatment of any cancer, and
it is in use in over 150 centers worldwide [2–8].

The reported full and persistent responses of
CTCL to ECP are provocative for several reasons.
First, spontaneous remissions do not occur in
erythrodermic (leukemic) CTCL, indicating that
such observed clinical results are due to ECP.
Second, since approximately five percent of any
particular patient’s malignant cells are extracor-
poreally altered and returned by the ECP, the
elimination of the untreated CTCL cells implies
an induced anti-cancer immunization. Third, such
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a selective immunotherapeutic response suggests
that CTCL cells may display tumor specific anti-
gens. Fourth, if the mechanism underlying the
efficacy of ECP can be deciphered, the therapy
might be applicable to other forms of cancers, in-
cluding solid tumors.

In addition to CTCL, ECP has been shown to
have significant efficacy in the management of
other T-cell mediated diseases, including graft-
versus-host disease (GVHD) after allogeneic bone
marrow transplantation [9–16], and progressive
systemic sclerosis [17–19]. In multiple studies it has
also ameliorated, reversed or prevented rejection
of transplanted organs [20–26]. For example, a
multi-institutional controlled trial, reported in a
1998 article in the New England Journal of Medi-
cine, determined that combination of ECP with
conventional immunosuppressive medication was
substantially more efficacious than conventional
therapy in the prevention of heart transplant re-
jection [20]. A paper in Blood, also in 1998, re-
ported that ECP was particularly effective as well
in the reversal of acute GVHD [9].

These studies underscore the ability of ECP to
treat both T-cell malignancy, (e.g., CTCL), as well
as T-cell mediated diseases (e.g., GVHD, and
organ transplant rejection). Until recently, as will
be discussed later in this review, it remained puz-
zling as to how a single treatment modality could
both activate the immune system in the protection
against a dangerous cancer and suppress T-cell
activity in autoreactive disorders.

2. ECP as dendritic cell immunotherapy

While ECP has been used wordwide in numer-
ous centers for over 20 years, and has shown effi-
cacy for selected patients with CTCL and several T
cell-mediated diseases, much additional investiga-
tion is necessary before the full potential of this
immunotherapy can be harnessed. Several major
investigative questions are reasonably posed, in-
cluding the following: (1) What is the nature of DC
induction by ECP, and can this be applied to
malignancies other than CTCL? (2) How can the
ability of ECP to down-regulate GVHD and lessen
dependence on global immunosuppression post-

transplant be utilized in protocols that take full
advantage of the graft-versus-tumor effect? (3)
How are activated clones of T-cells suppressed by
ECP, and how can this effect be improved upon?

Dendritic cells (DCs) are antigen presenting
cells (APCs) which can express an array of co-
stimulatory molecules to become potent activators
of T-cell immune responses [27]. Several strategies
are being assessed which expose DCs to tumor
antigens ex vivo before returning them to the pa-
tient in attempt to stimulate anti-tumor immunity
[28]. Recent work by Berger et al., [29] has shown
that ECP – in which a patient’s leukocytes are
isolated, passed though an ultrathin clear plastic
plate, and exposed to 8-methoxypsoralen (8-MOP)
and ultraviolet A (UV) light prior to reinfusion – is
in fact an efficient dendritic cell immunotherapy
for cancer. In the treatment of CTCL, ECP si-
multaneously induces monocyte-to-dendritic cell
differentiation and malignant T-cell apoptosis. The
ECP-induced DCs (EI–DCs) actively phagocytose,
process, and present tumor-specific CTCL anti-
gens. (This work is reviewed in detail in this issue
of Journal of Apheresis and Transfusion Science in
a separate paper by Berger et al.)

Although more than 10,000 ECP treatments
have been administered at the Yale Medical Center
over the past 12 years, as well as nearly 250,000
worldwide, two major factors have limited its
broad application to the treatment of malignan-
cies other than CTCL and prevention/reversal of
rejection of transplanted organs. First, the mech-
anism underlying its capacity to activate the im-
mune system to effectively control aberrant
(malignant or autoreactive) cells was not clearly
elucidated. This lack of complete understanding
precluded further refinement of the method. Sec-
ond, ECP in its current state was not amenable to
further manipulation (i.e., in order to optimize its
immunomodulatory effects).

Berger et al. [29] demonstrated that two major
effects on peripheral leukocytes occur after passage
through the ECP apparatus: the induction of
apoptosis within the lymphocyte population, in-
cluding the malignant CTCL cells, as well as the
initiation of a large scale monocyte-to-DC differ-
entiation. (The major component of ECP which
drives this monocyte-to-DC differentiation is the
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sheering forces and repeated contact with the large
plastic surface of the exposure plate. For more
details of this phenomenon, see Berger et al., in
this issue.) Furthermore, the new DCs readily
phagocytose the apoptotic T cells, and begin to
express low levels of co-stimulatory molecules such
as B7.1 and B7.2 required for the initiation of
cellular immunologic reactions. Hence, ECP pro-
vides an apparently ideal means to simply stimu-
late anti-tumor (anti-T-cell) immunity after
antigen processing. This is the first plausible ex-
planation of the observed clinical impact of ECP.

In the case of CTCL, the relevant antigens
likely include those that are T-cell receptor (TCR)
derived [30,31]. Each malignant clone of T-cells
expresses a TCR unique to that clone, which
therefore represents a potential tumor-specific an-
tigen. Previously, Berger et al., had shown that
MHC-I motif-conforming TCR peptides (but not
motif-confirming non-TCR peptide controls) from
two different CTCL patients selectively stimulated
CD8+ T-cells isolated from the same patient when
loaded onto autologous immortalized B cells serv-
ing as APCs). In the analogous situation of B cell
malignacies, peptides derived from the clone-spe-
cific immunoglobulin gene sequences have been
successful targets of immunotherapy [32].

While TCR-peptides may provide tumor-spe-
cific antigens, any peptide distinguishing the ma-
lignant clone from normal T-cells may also serve
as potential tumor antigens. Thus, a major ad-
vantage of ECP-stimulated anti-tumor immuno-
therapy is that there is potential for any and all
CTCL tumor antigens to be processed and pre-
sented – as opposed to other tumor vaccine strat-
egies which may use a single or limited number of
known peptides. For example, some investigators
have demonstrated in CTCL cells the presence of
HTLV tax-related sequences, another potential
source of tumor antigens [33].

The ECP approach provides a clinically prac-
tical means of developing tumor-loaded cells ma-
turing DCs without a requirement for exogenous
cytokines, identification and isolation of tumor
antigens, or excessive cellular manipulation. This
notwithstanding, in its current state, ECP does not
allow for manipulation of the key cellular players
which could otherwise lead to novel therapeutic

approaches. For example, modification to the
ECP procedure might allow for the development
of patient-specific vaccines against solid tumors
(Fig. 1).

We have initiated a clinical trial to assess the
safety and efficacy of Transimmunization, which we
propose as the replacement technology for ECP
(see below). Transimmunization, which incorpo-
rates the crucial step of overnight culture of newly
forming dendritic cells with apoptotic tumor cells,
is being initially tested in CTCL. Development of
anti-tumor vaccines via this method of large-scale
dendritic cell loading with apoptotic tumor cell
antigens is potentially useful in the immunother-
apy of other cancers. In addition, this process may
facilitate the down-regulation of potent antigen-
specific immune reactions. The ultimate goals of

Fig. 1. Modification of ECP for the development of solid tumor

vaccines. In this concept, a solid tumor is incompletely resected.

The tumor cells are released into a single cell suspension.

Apoptosis is induced in the malignant cells (i.e., by exposure to

8-MOP/UVA). ECP is performed on the patient, and the in-

duction of monocyte-to-DC differentiation is stimulated. The

apoptotic malignant cells and the newly forming ECP-induced

DCs (EI–DCs) are co-incubated overnight. Phagocytosis of the

apoptotic malignant cells by the EI–DCs further drives DC

differentiation, and leads to processing and presentation of tu-

mor-specific antigens. The tumor-loaded EI–DCs are inocu-

lated into the patient to stimulate anti-tumor immunity.
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Transimmunization are to further develop a novel
selective immunotherapy for hematologic malig-
nancies, treatment of GVHD, and prevention of
rejection of transplanted organs.

3. ECP as an immunomodulator: theoretical per-

spective

The fact that ECP has clearly shown, in the
clinical setting, the capacity to stimulate appar-
ently diametrically opposed immune effects – the
up-regulation of an anti-tumor immune response
(e.g., against CTCL) and the down-regulation of
autoimmune disease or allogeneic immune re-
sponses (e.g., GVHD, organ transplant rejection) –
has major implications for the understanding of
the mechanisms of ECP. While it is well known
that DCs are critical players in the induction of
anti-tumor immune responses, as observed in
ECP, more recent studies have revealed that these
specialized cells may also play a pivotal role in
ECP-mediated immunomodulation.

How is it possible that EI–DCs can stimulate an
anti-tumor T-cell response, but in the treatment of
GVHD, organ transplant rejection, or autoim-
mune disorders lead to down-regulation of the
disease-mediating T cell response? One hypothe-
sis proposed has invoked the concept of ‘‘T cell
vaccination’’ whereby activated disease-mediating
T-cells, undergo apoptosis, and are presented by
DCs to stimulate an anti-T-cell immune response.
This is supported by animal models of autoim-
munity and GVHD in which T-cell vaccines have
shown efficacy [34–36], and by the demonstration
that TCR peptides can act as antigen [37]. How-
ever, in human GVHD and organ transplant re-
jection, despite the fact that a potent immune
response is occurring within the host, relatively few

disease-mediating T-cells are accessible from the
peripheral circulation. A more likely explanation is
that ECP-induced monocyte-to-DC differentiation
produces cells with the capacity to both stimulate a
new T-cell response or down-regulate an existing
T-cell response (Table 1). The major factor deter-
mining which effect predominates may be the af-
finity of the available repertoire of TCRs for the
antigen(s) in question.

Existing anti-tumor immune responses within a
given patient are likely represented by a relatively
few T-cells with relatively weak specificity. For an
anti-tumor response to be stimulated by ECP, or
by any other ‘‘tumor vaccine’’, DCs need to engulf
tumor cells, process tumor antigens, and present
these in the context of MHC molecules on the
surface while also displaying co-stimulatory mole-
cules. Those tumor-specific peptides that find their
way into MHC class II (i.e. via the endocytic
pathway) or MHC class I (i.e., through a process
called ‘‘cross-priming’’) will represent a subset of
antigens for which there are T-cells of a limited,
low-affinity, TCR repetoire. It is this low-affinity
TCR/peptide interaction, in association with co-
stimulation, that activates the anti-tumor specific
T-cells.

In contrast, in a patient with GVHD or organ
transplant rejection, there is already an ongoing,
potent T-cell immunity driven by DCs presenting
allogeneic antigens and allo-reactive high-affinity
CD4 and CD8 recipient T-cells. At the site of tis-
sue damage, monocyte/macrophages are present
and actively engulfing host cellular debris. These
cells can return to the endoreticular circulation,
including the peripheral blood. Once exposed to
ECP, monocytes are initiated to undergo DC dif-
ferentiation and are returned to the peripheral
circulation (Fig. 2). In the setting of GVHD or
organ transplant rejection, these cells may have

Table 1

Disease state Example Relevant

antigens

Pre-existing

T-cell response

TCR/MHC:

peptide affinity

DC effector

function

Malignancy CTCL Tumor antigens Weak to non-existent Low Stimulation

Graft rejection Cardiac transplant Allo-antigens Yes High Inhibition

GVHD Allogeneic stem cell

transplant

Allo-antigens Yes High Inhibition
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powerful antigen-specific down-regulatory effects
for several reasons.

The EI–DCs are early in their maturation pro-
cess, and during their first 24–48 h, most express
very low levels of co-stimulatory molecules. Sev-
eral investigators have recently shown that when
immature DCs presenting antigens, they can
function as antigen-specific inhibitors of an exist-
ing effector T-cell response [38–41]. This effect
appears to be especially true for antigens presented
for which previously activated T cells express high
affinity TCRs [40], as are present in GVHD and
graft-rejection.

Such DC-mediated down-regulation may, for
example, be the result of Fas–Fas ligand killing of
the activated T-cells [40], or interleukin-10 immu-
nosuppression [39]. Such down-regulatory cells
could return to the site, or draining lymph nodes,
of immune destruction to inhibit existing disease-
mediating T-cells, including those with the same

antigen specificity, as well as others via a non-an-
tigen-specific ‘‘bystander effect’’.

As EI–DCs further mature over a five-day pe-
riod, co-stimulatory molecule surface expression
is enhanced, as is thus their ability to stimulate,
as opposed to inhibiting, T-cells. However, this
maturation appears to be facilitated by the pres-
ence of apoptotic tumor cells. (While ECP does
induce apoptosis of T-cells in GVHD, there may
be a fundamental, yet not understood, DC-ma-
turing effect of apoptotic transformed cells.) In any
event, a better understanding of the mechanisms of
these diametrically opposed DC effects will likely
have tremendous implications for further refine-
ment of Transimmunization to produce the desired
outcome.

4. Transimmunization: replacement technology for

ECP

To take advantage of our increased under-
standing of the scientific basis of ECP, we have
developed Transimmunization (Fig. 3). The fun-
damental alteration to conventional ECP is the
addition of an overnight incubation step which, in
the case of CTCL, brings the newly induced
apoptotic malignant T-cells in close proximity with

Fig. 3. Transimmunization. The fundamental steps of the

Transimmunization procedure are (1) leukopheresis, (2) 8-

MOP/UVA-induction of apoptosis of malignant cells, and in-

duction of DC differentiation, (3) co-incubation of DCs with

apoptotic tumor cells, and (4) return of the tumor antigen-

loaded DCs to the patient.

Fig. 2. Potential mechanism of antigen-specific immunosup-

pression by ECP. During cardiac transplant rejection, for ex-

ample, T cells are actively mediating allo-antigen driven tissue

destruction. Infiltrating monocytes (Mo) readily engulf the

damaged tissue, and may return to the peripheral circulation.

Monocytes are induced to undergo differentiation to immature

DCs, which when returned to the circulation my inhibit the

disease mediating T cells.
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the newly differentiating DCs. The steps of Tran-
simmunization are as follows:

Stage 1 Leukapheresis: Venous blood is cen-
trifuged to enrich the leukocyte fraction. 8-
MOP is added to achieve a concentration of
200 ng/ml.
Stage 2 UVA exposure system for Activation of
8-MOP: The leukocytes are passed through 1
mm thick flow channels, between the two walls
of a plastic plate, and exposed to 2 J/cm of
ultraviolet A (UVA) light. The UVA-activation
of 8-MOP initiates apoptosis of the leukemic
T-cells. Simultaneously passaged monocytes
transiently bind to the plastic surfaces, thereby
becoming activated and stimulated to differenti-
ate into dendritic cells (DC).
Stage 3 Overnight cultivation of the ECP-treated
cells: To provide time for the development of
both apoptotic T-cells and monocyte-to-DC
maturation, and optimize their interactions,
the harvested T-cells and monocytes are co-cul-
tivated in a gas-permeable blood storage bag at
37 �C.
Stage 4 Return of tumor antigen-loaded DC: The
ECP leukocytes are intravenously returned to
the patient, to stimulate a CD8 anti-tumor res-
ponse (see Fig. 3).

In such a protocol, it may be possible to stim-
ulate anti-tumor immunity against other antigenic
leukemic malignancies (e.g., multiple myeloma) or
even a broad spectrum of solid tumors. As dis-
cussed above, the latter may be accomplished
through the preparation of single-cell suspensions
from surgically removed tumors, whose isolated
cells are subsequently induced to undergo apop-
tosis (i.e., via 8-MOP/UVA exposure) and then co-
cultured with the ECP-induced DCs. While ECP
for CTCL intravenously delivers the treated cells
back to the peripheral circulation, it is as yet un-
clear whether intradermal inoculation (e.g., after
concentrating the cells and freeze-storage as
‘‘personalized anti-tumor vaccines’’), or any other
route of return, may be more advantageous.

As the mechanism of ECP-induced down-reg-
ulation of pathogenic T-cells becomes elucidated,
the ability to control GVHD, graft-rejection, and

autoimmunity may become more readily achiev-
able. If such responses are indeed achievable via
stimulation of anti-T-cell responses, then it may be
possible to augment this effect by expanding the
relevant clones in vitro, prior to the induction of
apoptosis. This could result in a more specific and
more potent responses against the disease-medi-
ating T-cells. Lastly, one can imagine a scenario
incorporating ECP strategies in a comprehensive
anti-tumor immunotherapy: isolation of tumor
cells at the time of surgery, PBSCT to intiate a
graft-versus-tumor (GVT) response against resid-
ual and/or metastatic disease, boosting of anti-
tumor immunity via ECP-derived DCs co-incubated
overnight with apoptotic tumor cells, and control
of any GVHD with ECP. As the T-cell subsets and
the specific targets that mediate GVHD and GVT
are differentiated and better understood, it may be
possible to use Transimmunization to boost anti-
tumor immunity without stimulating GVHD.

In summary, ECP’s substantial clinical record,
coupled with a rapidly improving understanding
of the mechanism underlying its clinical efficacy,
opens potentially quite rich new avenues of im-
munotherapy in the treatment of cancer, GVHD,
transplant rejection, and autoimmunity. The very
low side effect profile of this therapy has made it
a more attractive treatment consideration than
many conventional chemotherapeutic and immu-
nosuppressive medications that are presently used.
As the mechanism of action of ECP is more com-
pletely elucidated and studies investigating differ-
ent strategies are completed, the role of ECP in
modern therapeutics of CTCL and other malig-
nancies, as well as in the treatment of other T-cell
mediated diseases, will be become clearer. For the
past two decades, the increasing use of ECP has
been driven by its clinical successes. Now, it will be
the scientific principles underlying its positive ef-
fects that will propel it forward.

5. Future directions: development of Transimmuni-

zation for clinical application

Initially, we are applying Transimmunization to
the treatment of advanced CTCL, and GVHD
following stem cell transplantation. The responses
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of skin lesions of two CTCL patients, previously
resistant to conventional ECP and subsequently
treated via the intravenous return of tumor-loaded

DC using Transimmunization, can be seen in Fig.
4. Infiltrated cutaneous plaques on the forearm of
one patient clinically resolved, as did lesions in all

Fig. 4. Responses of skin lesions of two CTCL patients to the intravenous return of tumor-loaded DC. (A, D, G, J) Clinical lesions pre-

and post-treatment. Infiltrated cutaneous plaques on the forearm of patient 1 (A) clinically resolved (B), as did lesions in all skin

regions. Papular lesions that were widely disseminated on patient 2 (G) became reduced in number and induration, but remained subtly

evident. (B, E, H, K) Histopathology of the same skin lesions pre- and post-treatment. (B) Pre-treatment skin biopsy from forearm of

patient 1 reveals dense band-like infiltrate of lymphocytes in the papillary dermis, with epidermotropism typical of CTCL. (E) Post-

treatment biopsy from an immediately adjacent site shows marked diminution in the intensity of both intra-epidermal and dermal

lymphocytes. (H) Pre-treatment biopsy of a papular lesion from the arm of patient 2 shows dense nodular and band-like infiltrates of

atypical lymphocytes. (K) Post-treatment biopsy of the most apparent adjacent papule from patient 2 shows marked diminution of the

lymphocytic infiltrate. (C, F, I, L) Immunostaining of skin biopsies from the same sites. (C, F) Pre-treatment specimens, respectively,

from patients 1 and 2 reveal a marked decrease in both the number of CD3 (red) and CD4 (blue) positive cells compared to the post-

treatment (I, L), confirming that the reduction in the infiltrate represents a decrease in the malignant CD4+ T-cell populations.
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skin regions. Papular lesions that were widely
disseminated on a second patient became reduced
in number and induration, but remained subtly
evident. These clinical changes were confirmed by
histological and immunohistologic examination.

Transimmunization is designed as a replace-
ment technology for ECP. By more efficiently
bringing dendritic cells in close proximity to the
target cells population (i.e., malignant cells, auto-
reactive T-cells), Transimmunization may prove
more efficacious, and require fewer procedures,
than ECP. Furthermore, Transimmunization will
likely result in the ability to minimize hospital
stays due to complications resulting from disease
activity or the detrimental effects of more toxic
therapies (e.g., chemotherapy used in the treat-
ment of CTCL and other malignancies, and potent
immunosuppression used in the treatment of
GVHD and organ graft rejection). Such benefits
were observed in the randomized, controlled study
of ECP in the treatment of cardiac transplanta-
tion. ECP-treated patients not only experienced
far fewer cardiac rejection events, but moreover
they could be tapered to lower doses of immuno-

suppressive medications. In the treatment of
GVHD, several studies have demonstrated in-
creased efficacy with the use of ECP as well as the
ability of patients to tolerate lowering or discon-
tinuation of global immunosuppression. As a tar-
get-specific immunotherapy, Transimmunization,
like its ECP-precursor, has a response-to-risk ratio
that exceeds that of conventional chemotherapy or
broad immunosuppression. The long-term plan for
Transimmunization is therapeutic applications
beyond CTCL and GVHD. These include solid
organ transplant rejection, solid tumor malignan-
cies, and autoimmune disorders (Table 2).

Currently, Transimmunization is not auto-
mated. As such, the process requires manual ma-
nipulation of cells ex vivo, and thus carries a risk
of introduction of infection into the culture bag.
The overnight culture bag is microporous to allow
gas exchange without liquid permeability. Obvi-
ously, further refinement is necessary before
Transimmunization can delivered in a standard-
ized fashion at other centers.

In summary, the major advantages of ECP and
Transimmunization over conventional therapies

Table 2

Clinical considerations of Transimmunization

Transimmunization’s broad appeal

Selective immununotherapy without global immunosuppressive effects

Without the toxicity of conventional treatments of chemotherapy, radiation therapy, or cytokine therapy

Delivered to ambulatory patients, in an outpatient Transimmunization center

Administered by a highly trained, specialized nursing staff dedicated to Transimmunization

Short-term clinical applications – treatment of leukemia/lymphoma

CTCL

Increased numbers of CTCL patients referred and treated

Future application to other leukemias/lymphomas and multiple myeloma

GVHD

Increased number of partially mismatched transplants conducted, and increase the donor pool

Increased therapeutic effects of stem cell transplants due to graft-versus-leukemia effect

Long-term clinical applications – other potential applications of Transimmunization

Extension to solid organ transplantation

Provide a non-immunosuppressive, steroid-sparing, therapy for solid organ transplant rejection

Extension to solid tumor immunotherapy

Treatment of numerous solid organ tumors (e.g., melanoma, breast cancer, colon cancer, prostate cancer, etc.)

Potential use of conveniently delivered, frozen-down, antigen-loaded, stored dendritic cells

Extension to autoimmunity

Treatment of autoimmune disorders (e.g., pemphigus, pemphigoid, multiple sclerosis, scleroderma, etc.)
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for CTCL (and other leukemia/lymphomas), and
GVHD, is selectivity for the pathogenic clones via
a relatively non-toxic, steroid-sparing, therapeutic
alternative. ECP and Transimmunization are not
globally immunosuppressive, but rather are selec-
tively immunotherapeutic, targeting malignant or
pathogenic T cells in their current forms.Moreover,
Transimmunization is a unique and continuously
evolving therapy, with potential applications to the
treatment of solid tumor malignancies, solid organ
transplant rejection, and autoimmune disorders.
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