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Introduction : Blood cells as medicine

Blood and its various components, red blood cells (RBC), serum, plasma and protein derived
products have been major providers of discovery in human biology and contributed to
unprecedented medical development in the XXth Century. The most developed substitutive
therapy is red blood cell transfusion, which is now commonly used and has proved to be
highly beneficial on a worldwide basis. It has had a major impact in medicine and health care

and has led to new logistics and public health policies, both national and international (1).

For the first time, a biological product obtained from one individual could be used as a
therapeutic tool in unrelated individuals, hence breaking the “allogenic” barrier. This medical
revolution was made possible by the discovery of the red blood cells ABO genetic system,
allowing typing and matching of the product with the patient in order to avoid adverse

transfusion reactions (2).

RBC transfusion also paved the way for deferred use of a biological product following

storage, based on what was known about the life span of RBC in vitro.



In the wake of the worldwide success of RBC transfusion, however, the other major cellular
component of blood, the white blood cells (WBC), were forgotten. Not only was their colour
less visible, their concentration in blood lower, but also their genetic complexity, a very early

observation, precluded the successful transfer of WBC between unrelated individuals.

The discovery of the HLA system (the major genetic system of WBC) (3) and the ever
growing knowledge of HLA allelic diversity confirmed the idea that safe transfusion of WBC
between unrelated individuals would be impossible. Interestingly, it was the febrile reactions
due to the WBC contamination during red cell transfusion that led to the original
identification of the HLA system. Therefore these WBC were considered as “evil” for RBC
transfusion and blood transfusers focused on the development of procedures to eliminate
contaminating WBC in RBC units (4). Moreover, the finding that WBC were the major
reservoir of life-threatening viruses, such as HIV, hepatitis, HTLV, obviously meant that
WBC had to be discarded for safety reasons. These procedures were very successful and

improved the safety of RBC transfusion to current very high levels (5).

The combined effect of the extreme complexity of WBC biological genetic system and the
iatrogenic risk of allogenic transfusion transmitted diseases prevented WBC being viewed as
a useful biomedical resource. The risk of infection has now been almost completely
eliminated in developed countries by donor selection and product safety procedures.
Nevertheless, only a change in paradigm could lead to a change in opinion regarding the use

of WBC for human therapy.

Although timid and scarce, attempts to use WBC in transfusion nevertheless occurred in the

70’s. Granulocyte transfusion from allogenic donors was used to fight infections in aplastic



patients (after chemotherapy particularly in leukaemia) (6). The allogenic nature of these
transfusions led to the expected allo-immunization, so that programs to select donors were
developed to prevent or avoid this. Such schemes are used nowadays in the clinic for platelet

transfusion as well and are very efficient (7).

Since the HLA barrier remains so “uncrossable” without major immunosuppressive therapy, it
seems both logical and timely to re-explore autologous procedures. A new area of interest
emerged with the identification of haematopoietic stem cells (HSC). These pluripotent non-
differentiated cells are seen as a possible autologous biomedical tool capable of restoring the
different blood cell lineages. Autologous Bone Marrow Transplantation (ABMT) was also
used to overcome the aplasia induced by high dose chemotherapy (8). Initially, emphasis was
only on haematopoietic reconstitution (myeloid), since it is the major first line concern for
recovery of the patient, as it is the case in allogenic bone marrow transplantation.

Data on immune reconstitution and how to improve it after HSC transfer are relatively new
and the tools to investigate post-graft immune dysfunction have only recently becoming
available (9). Clearly, transplantation medicine is now aiming at enhancing the immune
response to significantly improve overall survival and quality of life of patients after HSC

transfer.

A breakthrough in WBC adoptive immunotherapy was made in 1990 when DLI (Donor
Lymphocyte Infusion) was introduced as a clinically effective treatment of relapsing
leukaemia after HSCT (10). This adoptive immunotherapy, which validates the use of
autologous transfer of immune cells, was first used and proved successful in treating relapsing
chronic myeloid leukaemia (CML). The procedure was based on the transfusion of buffy coat

cells (WBC) from the original donor of a transplanted CML that had relapsed (11). DLI was



instrumental in demonstrating that an anti-leukemic allogeneic graft versus leukaemia (GVL)
effect was effective, together with the initial myeloablative treatment, when used prior to bone
marrow transplantation (BMT). These clinical results provided the rationale for the
development of non-myeloablative HSCT in which the primary anti -leukemic modality is the
donor T cell (12).

T cells used in DLI regimens were either fresh or cryopreserved from the BMT donor
noticeably after T cell depletion. DLI was extended to treat other haematological
malignancies: acute lymphoblastic leukaemia (ALL) (13), Acute myeloblastic leukaemia
(AML) and myelodysplasia, as well as multiple myeloma lymphoma (14) and Chronic
lymphocytic leukaemia (CLL) (15, 16, 17). Life threatening viral infections occurring in T
cell depleted BMT patients were subsequently treated by DLI in transplanted patients.

The donor lymphocytes used therapeutically can be considered as immunologically
autologous, since the transplanted recipient is fully reconstituted with the haematopoietic
immune system of the same donor and demonstrates the clinical efficacy of “autologous” DLI
in restoring anti viral immunity leading to prevention and care (18, 19, 20). This was
documented using adoptive transfer of T cell clones in cytomegalovirus (21, 22, 23, 24) and
Epstein Barr virus infections (in this later setting also preventing the occurrence of EBV
induced lymphoma). Interestingly, persistence of CMV specific T cell clones for over 12
weeks in the peripheral blood of the receiver has been reported (20, 21). We have learnt from
DLI that these collected lymphocytes are functionally efficient. Furthermore, these data
provide the rationale for banking T cells and using these “off the shelf” to treat patients with
viral infection. Autologous T cells but also T cells sharing HLA antigens, haplotype and fully
HLA matched were proposed, although alloimmunization remains a limiting factor. Therefore

the autologous immunocompetent cell infusion appeared definitely to be the safest choice.



Blood derived cells principally T lymphocytes (25) and dendritic cells (DC) (26) cells are the
major cell types used in development of cell therapy. The vast increase in the number of
clinical trials currently using adoptive immunotherapy in cancer and/or infectious diseases,
indicates that adoptive immunotherapy will become a common medical procedure —at least in
treatment of cancer — in the next 5 to 10 years (27). Thus, the availability of autologous
immune cells collected before the onset of the disease and reinfused when needed, could be
extremely useful. In this editorial review we will explore new avenues of autologous cryo-
preserved WBC as a bio-resource for ulterior therapy and the starting point of a certain type

of anticipatory medicine.



Immune functions are achieved by WBCs

Circulating white blood cells contain all of the essential cells needed for establishing
immunity against infectious pathogens (viruses, bacteria, parasites) and tumor cells. In
addition to granulocytes, they include B lymphocytes, T lymphocytes, natural killer (NK)
cells, monocytes and dendritic cells (3).

These distinct cell categories control different aspects of the immune system that lead the
fight against the targeted pathogen, infected cell or tumor cell. T cells are comprised of
subtypes that are involved in either helping effector/killer T cells (Th1 cells) or B cells (Th2
cells), or in preventing/limiting effector responses (regulatory T cells). Individuals lacking T
cell function, as for example patients with congenital or acquired immune deficiencies, are
highly susceptible to various infections (28), showing the important protective role of these
cells. Several autoimmune conditions (29), including juvenile diabetes and multiple sclerosis,
are secondary to the inappropriate activation of T cells, which aberrantly turns against normal
tissues, a type of immune response that is inhibited in a normal immune system.

T cells are essential for the elimination of virus-infected cells and tumor cells. It is well
established that the absence of T cells or the presence of dysfunctional T cells leads to the
inability to control common viruses (30) (e.g., EBV), greater disease morbidity or mortality
(e.g., influenza) (31) or persistence of infection (e.g., chronic hepatitis) (32). In the case of
cancer, it is now well established that tumors arising in mice lacking T cells or mice bearing T
cells deficient in the capacity to secrete gamma-interferon, are more immunogenic and less
aggressive when transferred to an immuno-competent mouse (33), demonstrating the positive
role of the immune system in shaping the genetic profile and decreasing the malignancy of

progressing tumors (34).



A central feature of the immune system is its ability to respond more rapidly and more
efficiently to a subsequent challenge with a specific antigen/pathogen — a phenomenon known
as immunological memory. This implies that the immune system is first educated and then
retains memory, which leads to a better capacity to fight infections and to respond to
vaccination leading to protective immunity. In this respect, the role of neutralizing antibodies
is essential (3).

Dendritic cells, the most efficient professional antigen presenting cells, are paramount to jump
start the T cell mediated immune response and benefit from NK cells stimuli to develop a

robust innate immunity (35).

The scientific community has recently identified regulatory T cells and has started to dissect
their complex role. These cells are potential interesting candidates for immunotherapy as
illustrated by very recent experimental protocols designed for treating autoimmune diseases

(36).

Any dysfunction in the cascade of cellular events involved in mounting an appropriate
immune response against infectious agents or cancer cells is the origin of health threatening
pathologies. These dysfunctions may arise as a result of either a pathogenic process, a viral

infection or aging of the immune system.
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Immune competence is eroded during aging

Aging has profound effects on the function of the immune system (37), leading to the
enhanced susceptibility of the elderly to infections, increased cancer development and
decreased response to immunization. Immunosenecence and how to overcome it or delay its
development has become a major topic of basic and clinical immunology. Besides the
enhanced susceptibility of the elderly to infections, their decreased response to immunization
impairs their protection by vaccination.

Both antibody mediated (humoral) and cell mediated immunity are markedly affected by
aging. It is well documented that the capacity of an individual to develop high affinity
antibodies decrease with age, resulting in antibodies with lower titers and less functional
particularly in neutralizing and opsonizing functions that are essential for protection from
infections.

On the other hand immunological memory acquired during youth (ex. : CD4+ T cell derived
from young naive cells) functions well into old age, in contrast to the memory generated later
in life (derived from older naive cells) which functions less well (38).

Each category of immune cells contributes to immunosenescence.



11

e B lymphocytes

Even though thymic involution and diminished T lymphocyte production are the most striking
changes in the elderly immune system (39), advanced aging is also accompanied by a decline
in B lymphocyte production and consequently impaired humoral immune responses (40).

B lymphocytes are continuously generated in the bone marrow from pluripotent
haematopoietic stem cells (HSC). Commitment to the B lineage and the subsequent
differentiation of B cell progenitors depends on the co-ordinated expression of a series of
transcription factors, including Ikaros, Pul, EBF, E2A and Pax 5, as well as on the assembly
of immunoglobulin genes (41). Antibody producing, immature B cells then exit to the
periphery (spleen, lymph nodes), where they mature in response to antigenic stimulation.

A substantial change in all B cell compartments is observed with age. This defect starts at the
stage of the HSC. Mouse models of aging have shown that although the numbers of
immunophenotypic HSC do not decrease with age there is a decline in stem cell function (42,
43). Notably, HSC and early lymphoid progenitors progressively lose B cell potential with
age and this loss is associated with decreased expression of the B cell transcription factors
EBF and Pax5 (Maes et al submitted). A further age-related block occurs at the pro-B to pre-B
cell transition, the stage at which immunoglobulin heavy chain gene rearrangement takes
place, leading to a 4-fold reduction in pre-B cells and decreased generation of immature B
cells (44, 45, 46). This in turn leads to diminished protective antibody responses with age,
with lower titres of high affinity antigen-specific antibodies and decreased generation of
memory B cells following vaccination. Decreased generation and through put of B cells in the
bone marrow appears to be compensated by increased survival of peripheral B cell pools.

These compensatory homeostatic processes lead to profound shifts in the antibody repertoire
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and probably underlie the appearance of polyreactive and autoreactive antibodies observed

with age (47, 48, 49).

e T Lymphocytes
1. CD4+ memory T cells.

CD4+ T cells are essential in controlling the humoral responses (50) and the function of
CD8+ T cells, both of which are key in the fight against infection. This has been widely
demonstrated in animal models for CMV (51) infections and convincingly in humans
particularly in the decreased efficacy of vaccination against influenza (52) and pneumococcal
pneumonia in the elderly (53). It is clear that while CD4+ memory T cells generated in an
aging individual persist in the periphery their ability to respond to a subsequent challenge to a

given antigen is drastically impaired (54).

2. CD8+ memory T cells.

The generation of protective CD8+ memory T cells relies on an adequate cognate function of
CDA4+ T cells during priming. If no proper help is delivered, the CD8+ memory T cells are
defective upon antigenic recall and undergo activation induced apoptosis (55). While a
stronger primary CD8+ response is seen in young animals following Lymphocytic
ChorioMeningitis Virus infection there is no difference in the number of memory CD8+ T
cells in aged mice (56). Moreover the function of these cells is drastically reduced upon re-
stimulation (secondary response) in aged animal compared to young ones. This was also
observed in humans. Age-related defects in memory CD8+ T cells function contributes to

diminished protective effects of influenza vaccination in the elderly (57).
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Protective immunity against tumors is less efficient with age, as observed in mice tumor
models. Old mice implanted with a tumor do not develop protection to a tumor re-challenge
while young mice do. This defect can then be overcome if the old animals are given extra co-
stimulatory signals at priming, leading to augmentation of CD8+ T cells proliferation and

increase cytotoxic T lymphocyte (CTL) activity (58).

Overall, age-related dysfunction of CD4+ and CD8+ memory T cells acts negatively both on
humoral and cellular mediated responses. This explains why efficacy of new vaccination is
diminished in the elderly. Interestingly however, one can predict that age-related diminished

immune responses can be overcome by providing cells that were primed during youth.

Furthermore immunosenescence impacts not only on the function of T cells but also their

diversity.

3. Repertoire diversity.

T cells are generated in the thymus, which they exit as “naive” T cells. The sum of all the
specificities arising through this process is referred to as the “repertoire” (each T cell bears
one antigen receptor that is ultimately specific for one antigen). The production of naive cells
decreases through adulthood, resulting in shrinkage of the T cell repertoire (59). Also
illustrative is the reduced T cell repertoire in patients recovering from an allogeneic bone
marrow transplantation which is the cause of increased susceptibility to infection and
mortality (60).

A diverse repertoire increases the probability of responding to any given antigen and the

chance that more molecules deriving from a pathogen or a tumor cell will be recognized by
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the immune system. This is not only pertinent at the time of the initial immune response, as
elicited by vaccination, but later in the context of an on-going immune response (61).

The benefit of recruiting new naive T cells to fight a chronic infection was recently
demonstrated in murine experiments (62). While not demonstrated yet, it is reasonable to
assume that the same holds true to fight cancer. Consequently, one can expect that any
therapy designed to support and partially restore a diminished repertoire will increase the
chances of mounting an appropriate immune reaction (63).

Overall, immunosenescence makes WBC a valuable biological resource. Younger WBC have
unique “biological” quality with high potential preventative and curative clinical impact.
Intrinsic molecular and metabolic alterations in signal transduction (64), glycosylation
patterns in cytoskeleton and membrane lipid composition and dynamics have been observed
in aged T cells compared to young ones (65, 66). It is therefore preferable to use young T
cells rather than older ones that display an intrinsic immune hypo-responsiveness when
adoptive T cell therapy is considered. It is particularly true in the course of cancer treatment,
where T cells might be not only old but also may have been altered by the anticancer therapy

(chemotherapy/irradiation).

4. Regulatory T cells.

The recent knowledge accumulated about the impact of aging and diseases upon regulatory T
cells will soon be translated into the therapeutical field, for instance in autoimmune diseases

(67, 68, 69).
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* Monocytes / macrophages /dendritic cells

The monocyte/dendritic cells immune compartment is also affected by aging (70). As it has
been observed in ex vivo models the neutrophils ability to phagocyte yeast and bacteria has
been shown to be compromised in healthy elderly humans (71).

In addition Toll like receptors (TLR) ligands produced by antigen presenting cells (APC) to
induce cytokine (particularly TNFa/IL6) production is decreased (72). The subsequent CD80
antigen upregulation is diminished and delayed. TLR1-2 function and expression are affected
in APC (73). This may contribute to the impaired vaccine response and infection morbidity.
As the most potent antigen presenting cells, dendritic cells (DC) play a central role in the
early response to antigenic stimulation. It is important to emphasize that aging DC revealed a
reduced phagocytosis capacity along with an increased secretion of pro-inflammatory
cytokines after LPS stimulation (70). This may contributes to the well-described lower DC
mediated T cell antigen proliferation capacity. These DC defects occurring with age are
critical because dendritic cells are major effector cells in immuno-therapeutical developments

(74).
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Cryopreservation of immune cells, a routine procedure

Maintaining cells alive outside of the body was an early development in cell biology and
subsequently cell cultures techniques have improved during the 20™ century to become
routine procedures. Indeed, blood cells were among the first cells to be cultured ex vivo and
today, the isolation and maintenance of viable blood cells outside of the body are performed

using well-established procedures (75).

Routinely, following blood donation (allogenic) plasma is aspirated and industrially
processed, for manufacture of therapeutically useful factors, while the red blood cells are
concentrated by centrifugation, typed for blood group and stored for later transfusion. During

this procedure white blood cells, can also very easily be collected and stored (76).

The procedure used for preserving the viability of cells outside of the body depends on the
expected duration of the conservation. For short term (hours) conservation, cells can be kept
in suspension in saline or plasma at 2 to 10°C. Medium term (days to weeks) requires
incubation of cells at 37°C in a complex medium with or without growth factors. Long term
(months to years) cells can only be preserved unchanged by reducing the metabolism of cells
through lowering the temperature (freezing).

Any damage during the freezing process can be prevented by introducing in the medium in
which the cells are suspended a cryoprotectant (77). Dimethylsulfoxyde (DMSO) (10 %) is
the standard cryoprotectant validated for human cells.

Lowering temperature while optimizing the survival rate of cells requires a fast lowering of

temperature. It can only be achieved by injecting massive amount of cold. The conventional
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way to do this is to use liquid nitrogen (-196°C), which is routinely available in hospitals. The
freezing process has been automated and now gives excellent survival rates (circa 94 %) (78).
Once properly frozen the cells can be kept unchanged for years. Some haematopoietic cells
have been stored for long term (79) and led to successful recovery after thawing. In order to
guaranty the quality of the processes and the safety of the use of preserved cells, guidelines
and accreditations have been set up. In all industrialized countries specific regulations have
been set up (for example FDA and AABB (American Association of Blood Banks) issue
guidelines).

Operators, places, machines, tubings, procedures, storage, ... are governed by rules that
dictate best practices (80). The units running the process are required to obtain dedicated
accreditation to do so and are submitted to periodic audits. As a consequence every process
dealing with the manipulation of blood is subjected to thorough inspection as to safety and
efficacy.

Once stored at -196°C, structure, metabolism and function of the frozen white blood cells are
immobilized and will only be revivified by restoring to a temperature above 0°C.

When needed, the storage bag containing the preserved cells will be retrieved, packed in dry
ice (-70°C) and shipped by courier. All these steps are governed by guidelines edited by
regulatory bodies for the graft of bone marrow (81). Depending on the therapeutic protocol,
the sample is either subjected to a procedure for direct infusion or to a cellular therapy process
(cultivation, stimulation, expansion, priming, ...) Whatever the regime, white blood cell
samples are handled following quality controlled procedure.

Since they are all validated for either allogenic or autologous use from bone marrow,
peripheral blood or umbilical cord blood (CB) (82), these procedures can be readily applied to

the collection, storage and release of autologous WBC.
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Therapeutic benefit associated with autologous

immune cell infusion

T cell responses are “restricted” by the subject’s HLA molecules, which are very diverse and
highly immunogenic. Consequently, T cells from a donor are very unlikely to share all of the
same HLA molecules and are thus unlikely to work in the recipient (because the T cells are
not restricted to the appropriate HLA molecules) and likely to be rejected (because the
recipient will perceive these T cells as foreign and reject them). If the recipient is severely
immuno-deficient, the donor T cells will attack the recipient for the same reason (this attack
can be lethal, as in acute graft-versus-host disease) (3). This is why for white blood cells,
autologous transfer is so essential, in contrast to red blood cells, for which unrelated donors
can serve as a safe and effective source.

WBC contains autologous naive T cells able to replenish the repertoire and therefore the
chance of responding to any antigen and memory T cells, i.e., T cells that were previously
stimulated by vaccination or earlier infection (59). As a consequence elicited T cell clones

will expand more rapidly in response to a new antigenic exposure.

Vaccinations

As individuals age, their ability to respond to and eliminate pathogens decreases, leading to
increased incidence and severity of infectious diseases. Furthermore the efficacy of
vaccinations is frequently reduced in the elderly. Well-documented examples include

influenza vaccine that has only 40-60% efficiency in older individuals (83).
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The rates of complications, hospitalisation and death after influenza infection are then greater
with advancing age, so that of the 30-50 thousand deaths due to influenza each year in the US,
90% are of persons aged 65 years and over (84). In addition to influenza, there is evidence of
reduced responses with vaccinations for tetanus, encephalitis, hepatitis, and pneumonia in the
elderly (85, 86, 87). Increased susceptibility to infections and reduced protection after
vaccination reflect diminished protective antibody responses with age. Indeed there are lower
titres of high affinity antigen-specific antibodies and decreased generation of memory B cells
following vaccination in the elderly (88, 89). This in turn results from profound age-related
changes in the immune system, including decreased generation of B cells and CD4+ T cell

helper function (90, 91).

Cancer

Autologous WBC — especially T cells and dendritic cells — are increasingly used in adoptive
anticancer immunotherapy (92, 93, 94).

Genetically redirected autologous T cells and in vitro stimulated autologous T cells may soon
prove to be an effective means of targeting tumors (95). There are increasing numbers of
reports on the efficiency of autologous procedures in variety of cancers: melanoma (96), non-
Hodgkin’s lymphoma (97), metastatic renal carcinoma (98), hepatocellular carcinoma (99),
gastric cancer (100), ovarian carcinoma (101), glioma (102), head and neck cancer (103), ...
Recent articles from US and European clinical scientists demonstrate that T cells harvested
from a patient — at a time when immune cells no longer have the best responses — manipulated
and expanded before being re-infused in the same individual displayed a clear cut capacity to

target the cancer cells and mediate tumor regression. Moreover, these empowered cells have
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been shown to remain circulating in the blood a long period of time following re-infusion and
may therefore be able to continue immuno-surveillance long after autologous cell therapy
(104).

Also NK cells have been shown to mediate anti-tumor responses in the context of allogeneic
bone marrow transplantation, and may be used in autologous settings for instance in bladder

cancer (105).

Therapeutic vaccination against cancer

Dendritic cells used in many vaccination strategies currently under development in phase I, 11
and Il studies (106). Marketing authorization for such medical autologous processes are
announced for the forthcoming year in the States to treat resistant prostatic cancers.

Moreover dendritic cells and B cells are often used to expand T cells that are subsequently
infused for therapeutic purposes.

From a global survey of the literature from 1990 to date it has been shown (Sadelain, M. et al.
submitted) a tremendous increase of reports dealing with the use of immune cells in
anticancer trials. T cell subsets and dendritic cells have been confirmed as focusing the efforts
to develop therapeutic protocols. Melanoma, renal carcinoma, lymphoma, leukaemia, gliomas

are the most cited targeted cancer in these trials.

Infections and other diseases

Preliminary results have also been reported showing similar efficacy of autologous adoptive
immunotherapy against infectious agents (Epstein-Barr virus) (107) and a variety of diseases

such as rheumatoid arthritis (108), scleroderma (109), ...
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In addition to the benefit derived from elicited responses of immune selected cells, there is a
well established role of repopulating capacity of haematopoietic stem cells (HCS) circulating
in the blood and present in the buffy coat. Their frequency in peripheral blood is inferior to
that in the bone marrow, but they have been shown to home correctly to haematopoietic
tissues and help restore the different blood cell lineages in patients frequently submitted to
hematosuppressive regimens (chemotherapy, radiotherapy). A better hemato-restoring

capacity has been identified in young cells (110).
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Conclusion / Perspective

Autologous WBC as an unigue bio-resource

Cryo-preserved autologous WBC can today be seen as a unique promising bio-resource. Bio-
banking of WBC has now become a routine procedure with approved standards for collecting,
freezing, storing and releasing the bio-product for DLI as well as CB transplantation.
Industrial procedures are well developed, in use and are totally safe. There is world-wide
consensus among the Scientific / Medical community as to the overall process used for
storing WBC, which is strictly controlled by national and international regulatory bodies. The
whole process of banking — releasing WBC has been fully validated by and is operational in
Cord Blood Banks, including the organisation of worldwide delivery of the bio-product.

WBC cells contain all the necessary cells to fight infectious diseases and tumour
development, hence their exceptional potential in therapy. Nevertheless, WBC function
declines with age. Indeed, immunosenescence is well documented in humans and there is
overwhelming data from animal models. While aging of the immune system starts early in
adult life with the slow decline of thymic function, erosion of immune competence is a
continuous stochastic process throughout adulthood. In order to boost vanishing immunity,
young adult WBC are clearly more competent, educated and diverse as compared to umbilical

CB cells (and Stem Cell derived cells).
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Autologous WBC versus Umbilical Cord Blood Cells

Although the therapeutic value of CB cells is widely recognized, up to now they have only
been used in an allogenic setting for haematopoietic reconstitution/recovery. CB cells are
virgin with respect to immunity, unlike “experienced” adult WBC that have encountered
numerous pathogens during childhood and adult life. Moreover CB collection is a “one time”
opportunity at birth. If missed it is irretrievably lost. Cord stem cells are also quantitatively

limited.

Autologous WBC versus Haematopoietic Stem Cells

While haematopoietic stem cells have the potential to generate all the blood cell lineages,
reconstitution of WBC is long, taking over 1 year postgraft to generate a fully functional
immune system. Furthermore, the immune cells generated are immunologically immature.
Autologous WBC are immediately functional and immunologically experienced.

The memory of past encounters that only a mature immune system has kept is lacking within
the SC derived lineages. So adult lymphocytes are clearly more suited than CB or HSC to

boost immune function during periods of immunodepression.

Autologous stem cells from bone marrow or peripheral blood of a patient are an alternative
therapeutic source of immune cells, especially as it was long thought that stem cells that have
been quiescent for decades do not age. Recent evidence shows that this is clearly not the case,
so that when possible the use of autologous stem cells stored when the patient was young is
likely to be preferred in forthcoming regenerative medicine. These can be retrieved from an
individual’s WBC preserved at a younger age. WBC may will turnout to a future bio-resource

for autologous « young » stem cells.
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Cryo-preserved autologous WBC in anti-cancer treatment

Several arguments are in favour of the usefulness of these cells in the fight against cancer. An
optimal immune system is clearly a key success-factor in cancer immunotherapy.
Unfortunately at the time when these anti-cancer and anti-micrometastase treatments
(adoptive immunotherapy, vaccines) are given, the patient’s immune system is far from being
at it’s best, either because development of the cancer has diminished the immune response, or
because previous cancer treatments (chemo- / radio-therapy) have impaired immune
integrity.

The availability of cryo-preserved autologous WBC will permit the use of therapeutic
vaccination against cancer which is a far less toxic than current therapies. It will be especially
useful in elderly patients that are particularly frail.

Vaccination has been shown to be more efficient in terms of controlling micro metastasis
frequency and residual tumor cells. Moreover the infusion of young, healthy cells will help to
restore efficient immune function in the host frequently submitted to a cytoreductive therapy.
Adoptive immunotherapy (Al) is developing very rapidly in oncology, for infections and
chronic inflammatory diseases. Numerous innovative preclinical and early clinical trials have
been initiated and favourable outcomes of phase Il clinical trials have been already released.
In the next couple of years, it is probable that Al will be offered to a large population of
patients as a validated therapy. Since Al relies on the patient’s own immune cells, the
availability of these cells at the right time and under optimal functional capacity will be the
limiting factor for this therapy to be apply. The immuno-competent cells will be reinfused
either directly or after expansion and/or genetic engineering processes according to the

appropriate protocols.
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Should the pathologic status of a patients indicate immune therapy, there will be a strong

incentive to choose his own preserved immune cells - when available - for 3 decisive reasons:

These cells are younger. The greater diversity and broader immune repertoire of T and B

lymphocytes observed in younger individuals insure that they are able to target, recognize and

fight better a large number of pathogenic antigens, including tumor antigens.

These cells are healthier.

The use of these cells will avoid and circumvent the functional decline due to an accumulation

of intrinsic metabolic damages which occur during the ageing process.

Theses cells are safer.

The risk of infusing contaminating agents or malignant metastatic circulating cells (including
the very rare but deadly cancer stem cells) present in the blood cells when collected at the
time of diagnosis will be eliminated by thawing cells cryopreserved several years before when

the individual was disease free.

The availability of cryo-preserved fresh WBC will not only circumvent these hurdles but will
also provide elderly patients with more vigorous immune response than their current immune
cells can achieve. WBC transfusion may well impact health in the XXI th century to the same

extent as RBC transfusion did over the XX th century

Copyright Sankhia Inc. Jan. 07
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RBC Red Blood Cells

WBC White Blood Cells

HSC Hematopoietic Stem Cell
ABMT Autologous Bone Marrow Transplantation
DLI Donor Lymphocyte Infusion
HSCT Hematopoietic Stem Cell Transplantation
GVL Graft Versus Leukemia

BMT Bone Marrow Transplantion
ALL Acute Lymphoblastic Leukemia
AML Acute Myeloblastic Leukemia
CLL Chronic Lymphocytic Leukemia
Cmv Cytomegalovirus

EB Epstein Barr Virus

DC Dendritic Cells

NK Natural Killer

CTL Cytotoxic T Lymphocyte

TLR Toll Like Receptor

DM Dimethysulfoxyde

AP Antigen Presenting Cell

CB Cord Blood (umbilical)

HLA Human Leucocyte Antigen
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