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Cord blood - from a disposable byproduct of human birth
into a precious source for life saving therapies
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Abstract

The review article concerns the transplantation of hematopoietic stem cells (HSCs) derived from cord blood (CB). This
approach was previously used in pediatric settings. In partu procedures of CB HSCs harvesting, along with the routine
methods of their quality control (i.e., HLA typing, testing for infectious pathogens) are listed in brief. Ca. 250,000 CB
units are now stored in 35 blood banks in 21 countries worldwide. Some ethical problems with application of CB cells
could arise during their long-term storage. The authors point to the controversies associated with the development of
private cord blood banks (capacity is estimated at 600,000 CB units), due to indefinite and/or indefensible terms of
their storage for eventual transplants. The specific potential of CB HSCs is limited by small sample volume; however
relatively low numbers of HSCs with high proliferative activities, along with lower counts of T lymphocytes and their
higher immunological tolerance enable HSC transplants at reduced rejection risk and lower GvHD rates.

Clinical experience with CB HSC transplantation is compared for different centers, where the high efficiency of this
approach is shown, being, however, associated with longer terms of hematopoietic recovery when compared to bone
marrow transplants. A minimal acceptable HSC CB dose is estimated as1.5-2.5x107 nucleated cells per kg body mass
of a patient. The main areas of CB HSC transplantation are described, i.e., related or unrelated transplants, performed
in non-cancer and malignant disorders. The authors point to scarce data comparing the efficiency of HSCs derived
from cord blood versus bone marrow samples.

Special attention is paid to CB HSC transplantation in non-malignant conditions with bone marrow aplasia associated
with unacceptably high non-engraftment risk. Good results of CB HSCT are demonstrated in hemoglobinopathies and
mucopolysaccharidoses. When administering CB HSCs to adult patients, non-myeloablative conditioning regimens
are proposed, despite the poorly defined efficiency of such an approach. An opportunity for simultaneous transplants of
two or more HSC units is considered, including a unit of CB HSCs. An option of intraosseous CB HSC injection is also
discussed. In vitro techniques of CB HSC expansion are under development, in spite of scarce data on their proliferative
rates and differentiation ability. As an additional stimulus, injection of mesenchymal stem cells together with CB HSCs
was recently proposed. In conclusion, the possible usage of normal CB HSCs to correct genetic deficiencies in children
is described. CB HSCs’ pluripotency may be also applied to the repair of various tissue lesions, e.g., myocardial
infarction, or vascular defects.
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Introduction

The birth of every newborn human produces a precious
byproduct. In the expelled placenta there is a sufficient amount of
Cord Blood (CB), in which there is abundance of hematopoietic
elements. In1988 Elaine Gluckman showed that a Hematopoietic
Stem Cell Transplantation (HSCT) can succeed by using CB as
a source for the graft [Gluckman,]. Gradually thousands of such
transplantations began to be performed all over the world. Up until
recently most transplantations with CB had been done in children;
however the main progress in the field in the last 2 years has been
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achieved in adults with hematological malignancies. But even
though HSCT is still the major indication for using CB, there is
a growing interest in finding it as a source for non-hematopoietic
stem cells (SC) for regenerative medicine, gene therapy vector,
and other potential uses.

Collection of cord blood in the delivery room
CB’s collection is done in the delivery room. The blood is drawn

from the umbilical vein, before or after the expulsion of the
placenta.



The main advantage of the collection process of CB is its simplicity.
It poses no danger and causes no pain to the laboring mother or
the newborn. Before the collection itself consent is given by the
mother. Some centers also addend a short interview, and others use
questionnaires for identification of high risk mothers [Elchalal].

Cryopreservation

After its collection CB undergoes cryopreservation. The most
widely used method is the one reported by Rubinstein et al
[Rubinstein]. It is based on red blood cell depletion and volume
reduction. At the end of the process the total volume of each unit
is 25 milliliters.

Cord blood public banks

Before freezing, CB samples undergo several tests. Every unit is
screened for infectious agents, and in some banks, for relevant
inherited diseases. HLA typing is usually done for A, B in serology,
and DR in DNA. Some diversity exists between banks with regard
to the routine tests that each unit undergoes. Additional samples
are maintained in small plastic segments attached to the frozen
unit in case future tests are needed.

It is estimated that today there are about 250,000 CB units frozen
in 35 banks in 21 countries [Bone marrow Donors, Annual report].
CB banking is facing some challenges. The first is the scarcity
of space, which is dealt with by volume reduction methods and
selection of presumed optimal units, usually with higher volume.
Another issue is the uncertainty regarding the period of time
which units can be preserved without damage to the viability of
the cells. The banks also face ethical issues. For example, if an
adult disagrees with the usage of CB that his parents gave consent
for donation for decades ago, what is the value of such consent?
Another concern is the fate of the information that is stored in
CB banks regarding donors* infectious status or the presence of
genetic diseases. Is this sensitive data protected as it should be?
The need for follow up is understandable, but it could also affect
the diversity of ethnic pool of the donors. The ability to detect the
donors might also put their families under pressure to donate more
cells when the need for it might come.

The importance of public CB banking gained an official
acknowledgment when the American congress decided to add $30
million for collection of an additional 150,000 units.

Apart from the above, one of the most controversial issues is
private CB banking.

Private cord blood banks

This is an ever growing trend that emerged in the early 90s. These
private firms offer storage of CB units against a future need for
autologous or related allogeneic transplantations. Questions have
been recently being raised about whether overanxious parents are
truly aware that there are no indications today for autologous cord
blood transplantation (CBT). Are they informed about the slim
chances for a family of ever needing a sibling CBT, and do they
know about the lack of knowledge regarding the how long CB’s
hematopoietic SC preserve their viability while frozen?

The pace of collection in the private banks exceeds the one in the
public banks. It is estimated that approximately 600,000 units are
frozen privately. These facts raise questions about whether this
limited source of hematopoietic SC should not be solely in public
hands.

The unique properties of cord blood

Aspirates of bone marrow (BM), or the more recently used
Peripheral Blood Stem Cell Collection (PBSC) product, have been
traditionally used as sources for HSCT. CB has a few different
qualities.

It had long been acknowledged that the more nucleated cells in
a graft, the better the chances of engraftment. When taking CB
into account as a hematopoietic SC source for transplantation, it is
evident that it has fewer nucleated cells than other sources. Each
aspirate of BM yields 750-1000 milliliters. This volume usually
gives a nucleated cell dose of 2x10%/kg for an average weight
adult. The product of PBSC yields similar number of SC. The
volume of a typical CB unit is usually only 75-150 milliliters. The
nucleated cells dose is only one tenth of the BM dose, usually no
more than 2x107/kg, for an adult.

Another relevant component of the graft that marks the difference
between CB and BM is T cells. These are considered to have a
deleterious effect regarding the immune response of the graft
against the recipient. The total dose of T cells (CD3+ cells) in
CB units is less than a fifth of the amount in BM grafts. When
comparing it to mobilized peripheral blood grafts, CB units have
less than 2% of T cell dose. But while less hematopoietic SC in
CB is a setback regarding HSCT, the scarceness of T cells is an
advantage, with respect to the risk of graft versus host disease
(GVHD) [Bensienger, Bittencourt].

The low number of SC in CB graft is masked by an excellent
proliferative response. When these cells are in a dormant state
and cytokines are introduced into their environment, they expand
much better than hematopoietic SC of BM. This trait enables CB
to produce full hematopoietic recovery of BM in myeloablated
recipients [Mayani, Lewis].

The naive nature of the immune system‘s cells in CB is a different
issue.

The lymphocytes in CB grafts have a more tolerant nature [Nitsche,
Risdona’b Roncarolo, Cohen, Garderet]. Other components of
the system, such as dendritic and Natural Killer cells also have
different properties, when compared to BM or adult peripheral
blood [Leung, Kedereit, Sorg, Canque, Liu, Dalle]. Because of
this, CB allows greater human leukocyte antigen (HLA) disparities
in transplantations, with less rejection and lower rates of GVHD.

Cord blood transplantation, clinical experience

Reports on a series of CBT started to appear at the beginning of
the end of the 1990s and at the beginning of the third millennium.
These were based mostly on the American and the European
registries, with some reports from Japanese and other institutes.
Table 1 & 2 summarizes the largest clinical trials of CBT using
unrelated donors [Rubinstein, Gluckman,, Wagner, Michel,
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Locatelli , Laughlina,b, Rocha, Takahashi , Long]. A few important
concepts could be built upon results from these works. First was
the notion that CB, with its limited nucleated cells dose, can
produce full hematopoietic reconstitution after myeloablative
conditioning. Secondly, the median time of myeloid recovery
in CBT ranged from 22 to 33 days. This is a far longer period
than the time in bone marrow transplantation (BMT) experience.
When BM aplasia is prolonged, morbidity and mortality rates rise.
The third notion was that despite the existence of a significant
proportion of HLA disparity between donors and recipients,
rejection and GVHD rates were surprisingly low.

So these trials proved that CB is a legitimate source for HSCT,
with problematic engraftment kinetics, but less restriction to HLA
matching when compared to BM.

Since each placenta contains a limited volume of blood, it follows
that there is also a limited amount of nucleated cells per unit.
The correlation between nucleated cell dose and transplantation
outcomes was evaluated. A positive impact of cell dose on time to
engraftment, and hence the overall survival, has been demonstrated
in both pediatric and adult series. It is probably agreed that the
minimal acceptable threshold of nucleated cells dose should be
1.5x107 nucleated cells/kg, but an association between dose of
3.7x107 nucleated cells/kg and more and faster time to neutrophil
engraftment was suggested by the Eurocord [Gluckman,, Arcese].
The New York Blood Group reported that 2.5x107 nucleated cells/
kg is the minimal threshold for transplantation [Rubinstein].

Historically CD34+ cells counts were not part of the tests done
routinely on CB units. But it is reasonable to assume that it might
be so in the near future. Counting nucleated cells involves many
cells that do not contribute to the engraftment potential. And
indeed, Wagner et al has shown a correlation between CD34+
dose of 1.7x10%cell/kg and higher to rapid neutrophil engraftment
and probability of engraftment [Wagner].

Table 1. Umbilical cord blood transplantations - children

Related donor transplants

Although the first CBT was done from a sibling donor, related
donors transplants are used less frequently in this setup. For the
cure of malignant diseases CB from a sibling could be used if
there is a perfect timing of a birth in the family, or a if a CB unit
had been cryopreserved earlier, either by chance or by intention.
In non-malignant disease there is usually more time. Families that
are aware of CB as a source for transplantation might act on time
when births are due.

Several reports of large series of trials have been published.
These series have demonstrated that CB is a valid therapeutic
option as a source for pediatric transplantation for malignant and
non-malignant diseases. The probability for survival at 1 year
was 0.63 (95% CI: 0.57-0.69) in the Eurocord study, and 0.61
(95% CI: 0.81-0.49) at 2 years in the ICBTR study [Rubinstein,
Gluckman ].

The largest of the series is a joint European and American work
that compared 113 related donor CBT in children with 2052 cases
of related donor BMT. Neutrophils engraftment in the CB group
occurred at a median time of 26 days, compared to 18 in the BM
group. Probability of myeloid recovery at day 60 was 0.89 and
0.98 in the CB and BM respectively. Children who received CB
had a significantly lower risk of both AGVHD and CGVHD than
those who were transplanted from BM (relative risk 0.41; p=0.001
and relative risk 0.35; p=0.02, respectively). Overall survival at 3
years was 0.64 for the CB and 0.66 for the BM group. This study
demonstrated the role of related donor CBT for malignant diseases
in children [Rocha,]. Related donor CBT for non malignant
diseases will be discussed in the non malignant section.

Comparison to bone marrow

No randomized trials had been conducted to compare CB with
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Table 2. Umbilical cord blood transplantations - adults

Hematopoietic recovery | HLA loci disparity,% Median cell dose
EFS | OS | TRM | Rel AGVHD Median
IV : Pts
% % % % . age in Ref.
O |0 ® [ o] MM e | Medianday years | 7
% o - o CD34+ NC x107/
o, | PLT> | ANC | x107kg kg
50.000 | =500

20 63 22 40/ 17 2.2 .
33| )| 33)| 50 ) ~65 60 27 0 77 123 | 0 NA (1-6.5) NA 150 Laughlin
21 27 38/ 0.8 2.2 26

) 54 0 | NA NA 81 | NA | 32 94 6 00189) | (1273) | (15:53) 108 | Gluckman,
33 44 36 26/ 2.3 24.5

@) 2) 2) 30 23 75 NA 26 4 39 | 51| 6 NA (0.9-6) (15-55) 98 Rocha,
26 28 20/ 5.9 1.2 2.1 31 .
Gy | ay e | @ |0 P [T T3 02167 | (63) |as-ssy | 8 | Lauehlin,
74 9 7/ 16 0.9 2.47 36 .
@ | m NA | o @ 88 48 22 |25 |54 (210 029.0) | (1.15.29) | (16.53) 68 | Takahashi,
15 19 | 16¢/ 1.37 2.12 31

&0 @ || 577 84 26| 5 |77 144 Gty | | asss) | Long

BM grafts. Few retrospective reports have been published. As
for children, it was shown by Eapen that 503 cases of matched
CBT had better 5 DFS than 116 matched unrelated donor (8/8)
BMT. Even the 5/6 matched CBT had comparable results with the
BM group. An important factor was the cell dose. The group that
received more than 3x107 nucleated cell/kg had better DFS and OS
[Eapen]. It was Rocha and Gluckman who assessed leukemia-free
survival at 5 years after CBT or BMT in children. 503 children
received CB—either matched or mismatched. The outcome of
these transplantations was compared to BMT of 282 children.
Allele-matched bone-marrow transplants had similar outcomes
to transplants of umbilical cord blood mismatched for either one
or two antigens. Higher survival rates were demonstrated after
transplants of HLA-matched umbilical cord blood [Rocha ].

Recent publications have managed to evoke hopes that even in
adults CBT (matched, or 1-2 HLA antigens mismatched) is as
good as matched unrelated donor BMT. The reports of Laughlin,
Rocha and Takahashi in late 2004 compared a large series of adult
patients who received unrelated CB or BM. Outcomes of CBT
were similar, and in certain aspects superior, to unrelated donor
mismatched BMT.

Laughlin found that patients receiving mismatched CB had
similar treatment-related mortality, treatment failure, relapse and
overall mortality rates, to those received mismatched BM. Rocha
compared matched unrelated donor of BM with CB. He found
no differences in treatment-related mortality rates, relapse and
leukemia-free survival rates between them. These results may refine
the accepted approach for unrelated donor search. Many believe
that a search for a BM donor and a CB unit should generally be
started simultaneously and CB (matched or mismatched in up to 2
HLA antigens) should be preferred if matched BM donor can not
be found within a reasonable period of time [Rocha , Laughlin,,
Takahashi ]. In late 2006 Takahashi et al published the first report

of adult transplantation with CB as a first option for non related
donor graft. The Japanese group transplanted 100 adults with
hematological malignancies with CB, if they had no matched
related donor. Results of the CBT were compared to matched
related BM or peripheral SC transplantations. The outcome was
similar in all groups. Whether this interesting approach is feasible
in all cases of patients with no matched related donor, relies upon
further reports from other ethnic groups [Takahashi, ].

CBT for non malignant diseases

HSCT can offer the only true chance for cure in many non-
malignant diseases. CB offers some unique advantages in the arca
of transplantations for non malignant diseases. Many of these
patients are children. This makes nucleated cells doses satisfactory
in most of the cases. Moreover, rareness of GVHD tempts the
preference of CB, especially in an unrelated donor setup. As
opposed to HSCT for malignant disease, there is no presumed
benefit from the Graft Versus Leukemia effect of GVHD. On the
other hand, CB is a less attractive option for transplantation for
bone marrow failure syndromes. There are high rates of graft
rejection in HSCT in these diseases. When adding the negative
impact of CB’s tendency for delayed engraftment, it is regarded
by some as a problematic solution for such patients. This was
demonstrated in the work of Rocha et al. In a related donor setting,
and definitely with unrelated donors, for bone marrow failure
syndrome patients, it was clear that engraftment, and therefore
event free survival (EFS) rates are not acceptable. The probability
of myeloid engraftment at day 60 was not more than 67% for
patients that were given related donor grafts, and it was 36% in
unrelated donor-CBT. Only 33% of the Fanconi anemia patients
engrafted [Aker]. Better results were reported by the European
group when they summarized unrelated CBT for Fanconi patients.
Although only 12 of the 93 cases were HLA identical; 60% of the
patients engrafted by day 60. A positive impact of Fludarabine
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based regimens, cell dose, and CMV negative recipients was seen
[Gluckman ].

Some limited experience was gained by us with a few bone
marrow failure syndromes, namely Fanconi anemia. We observed
high rates of event free survival (EFS), especially in children who
received a matched family donor transplant [Goldstein].

In one case we used a novel strategy of pre-implantation genetic
diagnosis for one of the patients. This method, which is based on
CBT, could pave the way for many malignant and non-malignant
diseases [Bielorai].

Although the role of HSCT for Thalassemia in the era of newer iron
chelating agents is yet to be determined, this strategy is still being
practiced widely in an attempt to cure this hemoglobinopathy.
Locatelli et al reported results of related CBT in 44 children with
hemoglobinopathies (Thalassemia and Sickle Cell Disease), and
showed that this procedure is feasible. High rates of engraftment
(89% at day 60) and EFS (79% for Thalassemia and 90% for
Sickle Cell Disease) were achieved [Locatelli, .

As for CBT in inborn errors of metabolism, Staba et al reported
impressive results in children with Hurler syndrome who were
given unrelated donors CB grafts. Even though 19 of the 20
patients received mismatched grafts, high rates of engraftment
were reported (at 2.4 years follow-up, 85%). This was probably
due to the relatively high nucleated cells doses (median of 10.5x107
nucleated cells/kg). The disease itself was cured, as could be seen
in all 17 patients who were alive, and had normal peripheral-blood
a-L-Iduronidase activity [Staba]. Recently a report of a case of a
child who was cured of Wolman disease by a CBT was published
[Stein].

CBT for the cure of Sickle Cell Anemia was reported recently by
a French group. Importantly the authors noticed that after a 6 year
follow up the group of patients that received a CB graft did not
develop the main contributing factor for the morbidity, GVHD
[Bernaudin].

Investigational approaches in cord blood

Most patients needing HSCT are adults. For these heavier patients
CB is a problematic solution because of the relatively low cell
dose. Various strategies are being attempted in order to lower
the toxicity of the conditioning regimen. This could be achieved
either by lowering its intensity, or by hastening engraftment.

Reduced intensity conditioning

The practice of HSCT with reduced intensity conditioning (RIC)
has emerged in the adult population. These older patients usually
have pre-existing morbidities.

By reducing the intensity of the preparative regimen it has been
shown that treatment-related morbidity and mortality rates could
be lowered. The concept behind this is based on the assumption
that in certain cases the immunological impact of the graft is more
important than the ablative power of the conditioning regimen.

Experience with transplantations using RIC, though follow up
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time is still short, have shown encouraging results. Patients who
benefit the most from RIC are those with diseases of a more in-
dolent nature.

Few studies of RIC-CBT in adult and pediatric patients have been
published. The major conclusion that could be drawn from these
series is that RIC is feasible in CBT. Graft rejection happened
mainly in cases in which the accumulative chemotherapy dose
experienced by the recipients prior to the transplantation itself was
low. Though survival rates are low, it must be emphasized that
most studies included mainly high risk, heavily treated patients.
GVHD rates correlated with unrelated donor BMT. Another
encouraging finding is the lower than expected rates of treatment-
related mortality at 100 days post-transplantation. Because of the
small number of patients, and diversity of methods, conclusions
regarding the optimal RIC conditioning regimen, or the GVHD
prophylaxis, can not be drawn at this point. Even if it is definitely
too early to recruit patients for RIC-CBT outside clinical trials
for selected patients, these protocols could offer an alternative for
selected patients [Miyakoshi, Del Toro, Chao_,, Bradley, Barker ,
Ballen , Yuji]. ’

Engraftment hastening

The idea of shortening the period from transplantation to myeloid
recovery is at the basis of many strategies. Some have shown
preliminary encouraging results in the laboratory, in animal
models, and even in clinical trials.

Transplantations with double cord blood units

Many recipients receive more than one partially matched CB
units where the cell dose in each is not sufficient. In many cases
the sum of these units provides an adequate number of SC. It has
been shown in animal models that two CB units provide high rates
of engraftment [Nauta]. Some studies have used this strategy for
high risk adult patients who received two mismatched CB units.
Many believe that this strategy could pave the way for lowering
treatment-related mortality rates in CBT. In most of these trials
two encouraging facts were observed: stable mixed chimerism,
and no mutual rejection of mismatched units [Barkerb,c, De Lima,,
Gryn, Ballen,,]. Brunstein et al have shown that by using a non-
myeloablative regimen for CBT in adults, the OS of the group that
received 2 units was higher than the patients who received 1 unit.
In this study 92% of the patients achieved neutrophil recovery,
at a median time of 12 days [Brunstein]. Interestingly, sustained
hematopoiesis after double CBT is usually derived from a single
donor. The relative percent viability, the infused number of NC and
CD34" cell doses, and the donor—recipient HLA-disparity are not
helpful in predicting which of the two CB units will predominate.
Although early data suggested that the dominant unit had a higher
median infused CD3" cell dose, this observation has not persisted
with investigation of a larger cohort of patients. Order of infusion,
location of HLA mismatch, ABO blood group and/or sex mismatch
also did not have a predictive effect on engraftment.

Double CBT can potentially produce a better graft versus leukemia
effect. This was demonstrated in a study of the University of
Minnesota. They compared leukemia patients who received 2
units of CB to those who received a single unit. The group who
received the double CBT had a lower risk for relapse. It is still



not known if the relatively high degree of HLA mismatch in this
setting is responsible. It might also be a consequence of non-HLA
disparity, such as KIR mismatch, between the CB units and the
recipient, or between themselves [Verneris].

Double unit transplantation has become a major breakthrough in
the field of CB during the last 2 years. Several 2 arms protocols for
using double units are on their way. Whether these expectations
are justified depends on preliminary results of these trials.

Co transplantation with a Haploidentical donor

Relaying on the assumption that almost every patient has a
donor, namely a parent that has a similar HLA type of one of
his haplotypes, Magro et al have succeeded in transplanting CB
together with a Haploidentical graft. They succeeded in inducing
a rapid engraftment via a BM transplant. By administering only
a small dose of Haploidentical SC, the Spanish team managed to
induce a temporary engraftment only. These cells were rejected
later, due to their low dose and significant HLA disparity, allowing
engraftment of the CB graft. 69% of these high risk patients
survived at 4 years [Magro].

Intra-osseous transplantation

One of the obstacles to a short period of engraftment is the
possibility that the homing process is influenced by anatomical
barriers. It has been suggested that intra BM injection of the graft
could induce a rapid engraftment. This has been shown to be
feasible, and has improved engraftment kinetics in BMT in adults
[Hagglund]. Time will tell if intra osseous transplantation could
shorten the way for CB’s SC into the BM, and therefore improve
time to engraftment, as has been shown in animal models [ Yahata,
Wang].

Ex vivo expansion of hematopoietic stem cells

In vitro studies had shown that SC proliferate with the addition
of cytokines. But uncontrolled expansion is not biologically
satisfactory, since maturation and differentiation of SC occur in
these conditions. The SC proliferate and become committed to
specific hematopoietic cell lines. Such cells lack what is known
as “long term population ability.” The optimal composition
of the cytokine-rich media of the ex vivo expansion process
is an important challenge for researchers to face. It has been
demonstrated by Shpall et al that co transplantation of ex vivo
expanded and non-manipulated grafts are feasible. But in spite of
this, improvements in engraftment kinetics, are yet to be achieved
[Bruno, Piacibello, Kohler, Shpall, , Jaroscak, Pecora].

Different attitudes have been taken in order to refine the expansion
process, namely: co-culturing with different cells as feeder layers
[Zhang, Chute], selection of SC for the expansion [Forraz], and
multiplying the proliferative potential by performing a two step
harvesting technique [McNiece , Pick]. None of these strategies
have yet been introduced into clinical trials.

A somewhat more promising field is interference with the
differentiation of expanded SC. Reports have been published
recently regarding ex vivo expansion with copper chelator,
Tetracthylenepentamine (TEPA), which enhances the long
term populating ability of the CB cells. Following large scale

experiments, this appealing approach has been introduced into
the clinic in phase I trials. Preliminary encouraging results of this
trial with no significant toxicity were presented recently [Peled , ,
Grynspan, Shpall ]. A Phase II multi center study has just started
and the first 3 adult patients with hematological malignancies
have already been recruited (De Lima,). The same concept was
behind the experiment held by Nolta et al, when they co-cultured
primitive CB’s SC (CD34+ CD38-) together with a feeder layer
of immortalized murine stromal cell-line AFT024. This method
has yielded high rates of myeloid and lymphoid engraftment in a
NOD/SCID mouse xenograft model [Nolta]. Other molecules that
play major roles in the differentiation of hematopoietic cells, and
might be used in the future for ex vivo expansion of CB are Gfi-1
and some of the Notch ligand protein family [Lauret , Hock].

Novel methods have been studied recently with the use of
epigenetic factors. Silencing of genes could be a consequence of
methylation of their promoters or deacetylation of histones. By
trying to inhibit these processes, reactivation of some genes could
augment the hematopoietic SC’s self renewal potential. Recent
publications have shown some success in the in vitro repopulating
potential of CB when using histone deacetylase inhibitors, such
as Valproic acid [Milhem, De Felice]. This strategy is the basis
of a clinical study which has recruited the first patients (personal
communications).

Cord Blood, Umbilical cord, and Mesenchymal Stem Cells

As their unique qualities are revealed, the interest in mesenchymal
stem cells (MSCs) is growing continuously. These cells are non-
hematopoietic stromal cells that are capable of differentiating
into, and contribute to the regeneration of, mesenchymal tissues,
but possibly also to other tissue lineages. They have an in vitro
expansion ability while their growth and differentiation potential
is maintained. Currently it is expected that they could be used for
tissue repair and regenerative medicine. MSCs have shown that
they can modulate immune response both in vitro and in vivo.
Preliminary studies are on their way for using MSCs as an anti
GVHD prophylaxis. It was doubted that these cells could also
play aroll in treating GVHD. It has also been postulated that these
cells could be used for other immune mediated diseases. MSCs
are used as a growing medium for ex vivo expansion of other
cells [McNiece,, Robinson]. Le Blanc et al showed that MSCs
could be transfused in parallel to HSC grafts and demonstrated
fast engraftment [Le Blanc]. Finally, MSCs are considered to be
candidates as a vector for gene therapy.

Until recently only BM and adipose tissue were considered
as a source for MSC. In the last few years it had been shown
that CB contains MSC [Lee]. MSC from other sources has been
demonstrated to have suppressive effect on T cells [Li]. Few
studies have focused on the different properties of MSC originating
from CB. Their tendency to differentiate into specific tissue, their
genomic expression, and proliferative response, are all different
from BM or adipose tissue MSC [Chang, Kern].

When considering the expulsion of the placenta at the end of
delivery as a waste of a precious source of SCs, it is not only the
CB itself that should be regarded as such. The Wharton jelly in
the umbilical cord has also been found to be a source for MSCs
[Friedman, Secco].
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Cord blood uses in other fields

Gene transfer is an exciting new field in which CB could serve
as a vector for correcting inborn genetic errors, or replace
infected hematopoietic SC, such as in the case of HIV. Its
availability, proliferative response, and engraftment potential,
make it an appealing candidate for these uses [Ikeda]. Clinical
trials of gene transfer to Adenosine Deaminase deficient Severe
Combined Immunodeficiency children relied on BM and CB as a
hematopoietic SC source. This method faced some obstacles that
continue to prevent it from curing these patients [Kohn, Aiuti].

Another—to date only investigational—field is the potential
non-hematopoietic use of hematopoietic SC. In recent years
much interest has been focused on the ability of hematopoietic
SC to differentiate into (or as some claim, to fuse with) cells
of other tissues. It was demonstrated that cells with pluripotent
differentiation potential could be found in CB [Pesce, Newsome,
Goodwin]. CB has been suggested to have a role in improving
performance of rats who were subjected to brain infarct
[Vendrame]. CB is also considered by some to be a source of
SC for regeneration of ischemic heart tissue by differentiation
processes or neoangiogenesis [Ma]. It is too early to define
whether SC’s plasticity might have clinical benefits in repairing
injured tissues, but this application is at the center of great interest
and controversy.

Discussion

CB has become a legitimate source, not only for HSC for
transplantations, but also for other uses. The experience gained
in the last twenty years of work with CBT has shown us its
advantages, as well as its setbacks.

Unlike BM donations, CB‘s collection is easier and poses no
danger to the donor. In CB banks there is a greater proportion
of ethnic minorities than in BM registries. It also has greater
availability in an unrelated donor HSCT due to its shorter donor
search time. Lesser risk for transmission of infectious agents in
the transplantation process is another benefit of CB. There is no
doubt that fewer HLA restrictions in unrelated transplantations is
its main advantage. This fact allows successful transplantations
with acceptable rates of graft failure and GVHD.

On the other hand, there is a slim potential for disease
transmission, namely genetic, in CBT setup. In CBT there is
almost no option for a second transplantation, or any boost
of cells. A troubling disadvantage of CB is its low number
of hematopoietic SC in each unit. This has proven to be a
crucial point that has a direct relationship to relatively high
rates of treatment-related mortality rates in CBT. This point is
further emphasized within the setting of adult transplantations.

From the data collected in several series of CBT for both malignant
and non malignant diseases it appears that CB can be used as a SC
source in several settings.

The most urgent need for SC is transplantation for malignant
diseases from unrelated donors. It is an acceptable approach to
search first for BM donor. If a 5/6 or better HLA match can not
be found, or progressive disease status does not allow completion
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of the search, then a CBT of 4/6 HLA match or better should be
performed. This of course depends on a minimal cell dose of 2x107
nucleated cells/kg per CB unit. Cell dose has greater relevancy
in adult transplantation setup. Skepticism about the possibility
of CBT in heavier patients might fade as newer strategies could
overcome SC scarceness of nucleated cells in CB. At this stage
the most appealing strategy is the double unit CBT. By receiving
2 CB units many adults could be transplanted with a reasonable
time to engraftment. Time will tell if other methods could offer a
solution for a better outcome in CBT for adults.

Impressive progress is constantly being achieved in the field of
CBT. CB is still considered a second best choice for HSCT, but
as newer reports are being published it is not so obvious whether
it could not be preferred over BM. Interesting data in children
showed that a perfect match (6/6) of CB could be the best choice.
If larger studies can confirm this, we might see CB becoming the
first option for transplantation in certain conditions.

For non malignant disease CB is a very good option, especially
for the smaller patients. Caution should be practiced when using
CB for bone marrow failure syndrome, though again it seems that
larger units and better preparative regimens may overcome the
tendency for graft failure.

Future uses of CB may not be just for HSCT. Time will tell if
the fields of gene therapy and non hematopoietic injured tissues
repair also benefit from the use of CB cells.
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ITlynoBuHHASI KPOBb: 0T MOOOYHOI0 MPOAYKTA POIOB
10 HEHHOT0 UCTOYHHMKA KU3HECACAIOIIEro Je4eHust

I'a INonbamreiin, Amoc Topen, Apaon Haruep

PacmupenHoe pe3ome

O0630p MOCBSALIEH BOIIPOCaM TPaHCIIJIAHTALMH TEMOMIOITHYECKUX CTBOJIOBBIX KJIETOK U3 Iy TTOBUHHOM
kposH (I'CK 1K), koTopsIii paHee mMpruMeHsLICS B IeTCKO IpakTrke. KpaTko nepeunciieHbl mponeaypol
coopa ['CK 1K Bo BpeMs posioB, a Takke py THHHEIE TECTHI OlleHKH X kKadecTBa (HLA-TunmpoBanmue,
npoBepka WHGEKIHMOHHBIX areHToB). Ceituac B mupe okoino 250000 mo3 I'CK IIK xpanstcs B 35
Oankax 21 ctpaHbl. DTHuyeckue npoOnemMbl ¢ npuMeHeHHeM kieTok I1IK mMoryT Bo3HMKaTh mpu ux
JUTUTETIFHOM XpaHEHUHU. YKa3bIBaeTCsl HAa MPOTUBOPEUHNS, CBA3aHHbBIE C PA3BUTHEM YaCTHBIX OaHKOB
MyTIOBUHHON KpoBH (TI0 olleHKaM, B HuX xpaHsaTcs ok.600000 mo3 I1K), BBuIy HeompemeneHHOCTH
CPOKOB TapaHTHUPOBAaHHOTO XPaHEHHUs CTBOJOBBIX KJIETOK [JIsi BO3MOXKHOW TpaHCIUIAHTALUU.
Csoiictsa [1K kak ncrounuka I'CK orpannyensl HeOOmbIIUM 00beMOM 00pasna U MajblM YUCIOM
I'CK, obmanaromux BICOKOH MponnepaTHBHON aKTUBHOCTHIO, IIPY MEHBIIEM COAepKaHUU T-KIeToK
1 uX O0JbIIeH UMMYHOJIOTHYECKOH TOJIEPAHTHOCTHIO. DTO TaeT BO3MOKHOCTD IPOBOUTH MIEPECATKU,
C MEHBLIUMH orpaHnyeHusIMU 10 HLA-COBMECTUMOCTH, IPH MEHBIIEM PUCKE OTTOPXKEHHUS U Ooree
Hu3ko# gactote PTIIX y 6ombHBIX.

Astopsl 0000maroT knuandecknid onbIT TI'CK 1K B pasnuuHBIX mEHTpax, Te MoKa3aHa BBICOKAs
3¢ (EeKTHBHOCTh 3TOTO0 MeTo/ia MpH OoJiee JIMTENBHBIX CPOKaX BOCCTAHOBIIEHHUS T'€MOIO033a, YeM
TpaHCILIAHTAI[MU KOCTHOTr0 Mo3ra. MunumMainbHo gonyctumoit 1o3oit 'CK IIK cuurtaercs 1,5-2,5X107
MUEIOKapHOIUTOB Ha 1 KT Macchl Tena 6oiabHOro. OMUCHIBAIOTCS OCHOBHEIE OOACTH MPUMEHEHUS
I'CK IIK (pomcTBeHHas WM HEPOACTBEHHAsl TPAaHCILIAHTALMS y AETe NpPH HEOMyXOJEBBIX U
3JIOKAYeCTBEHHBIX H 3aboneBanmsax). lloguepkuBaeTcs HeXBaTKa CpPaBHUTEIBHBIX JAaHHBIX 00
s pexruBHOCTH ['CK M3 MymOBUHHON KPOBH M KOCTHOT'O MO3Ta.

Oco6oe BauManue ynemsercs TT'CK IIK mpu HeomyxoneBsix 3a00JI€eBaHUIX C aria3ueid KOCTHOTO
MO3Ta, I7le pUCK HENPUKUBJICHUS OKa3aJiCsd HEIOMyCTUMO BEICOKMM. OMUCAHBI XOPOIINE PE3yIbTaThl
TI'CK IIK mpu remornoOMHOMATHAX, MyKomonucaxapumo3ax. llpu nmedeHun B3pochbiX OOJBHBIX
nocpeacteom TI'CK TIK mpenmaratoTcss HemMHenoaONaTHBHBIE DPEXHUMBI KOHIUIIMOHUPOBaHWS,
X0Ts1 3¢PEKTUBHOCTh TAKOTO MOAXona IMoka HescHa. OOCyKaaeTcs BO3MOXKHOCTh OIHOBPEMEHHOMN
TpaHcrutanTanuu aByX u 6ornee 103 ['CK ot pasHeIx moHOpoB, Bkitouas no3y I1K. HuckyTupyercs
Bonpoc 0 BHyTpukocTHoM BBeneHun ['CK IIK, paspabaTbiBaioTcs MeTOABI KyJIbTHBHPOBAHUS
I'CK IIK B KkynbpType, XOTsI TEMIIBI UX Pa3MHOXKEHHUS 3THUX KJIETOK IOKAa HENOCTATOYHBI, a UX
CHoCcOOHOCTH K AuddepeHInpoBKe Malo U3ydyeHa. B kadecTBe 100ABOYHOIO CTHUMYIA IMPEAJIOKEHO
BBEJICHHE ME3EHXMMHBIX CTBOJIOBBIX KJeTOK coBMecTHO ¢ I'CK IIK. B 3aknioueHue onmuchiBaeTCs
ucnonbzoBanue HopMalbHEIX I'CK ITK nis koppekinu reHeTndeckux 1eheKToB y AeTe, a TaKKe UX
IUTIOPUTIOTEHTHOCTH JIJIsl penapanuy 1eeKToB ApYTuxX TKaHel (HampuMep, MHOKapAa UM COCYIIOB).

KuroueBble cJi0Ba: MynoBHHHAs KPOBb, CTBOJIOBBIE KPOBETBOPHBIE KJIETKH, 3arOTOBKA, XpaHEHHUE,
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