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Abstract Cord blood (CB) is an important alternative
source of hematopoietic stem cells (HSCs) for transplanta-
tion today. The principal drawbacks of cord blood
transplantation are the limited number of hematopoietic
stem cells and a long time to engraftment. Several
promising approaches for engraftment enhancement are
under intensive investigation. Such are transplantation with
two cord blood units, co transplantation of cord blood and
haploidentical HSCs and different methods for expansion of
cord blood hematopoietic stem cells. In addition there are
several ways for improving of homing of HSCs such as co-
infusion of CB hematopoietic stem cells and mesenchymal
stem cells, administration of parathyroid hormone (PTH),
intra- bone transplantation and targeting the CXCR4/SDF1
system. These strategies are expected to increase the
availability of transplantation to adults, for whom the
chance to find a cord blood suitable for a single unit
transplant is small. Recent advances in elucidation of the
molecular mechanisms responsible for the proliferation and
self-renewal of hematopoietic stem cells may bring further
improvement of the outcomes of cord blood transplantation.
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Introduction

The first umbilical cord blood (CB) transplantation (CBT)
was reported by Gluckman in 1989 [1]. Since then nearly
20,000 CB transplants have been performed worldwide in
pediatric and adult patients. Hematopoietic stem cells
(HSCs) derived from CB are superior compared to their
counterparts from mobilized peripheral blood (PB) or bone
marrow (BM) in several ways. They are less mature [2, 3]
and have greater telomere length [4, 5], which may
contribute to their superior proliferation potential [6—8].
They are immediately available and their collection is
simple with no risk to mother or newborn (Fig. 1).
However, the amount of nucleated cells in the cord blood
unit is ten times smaller than in BM or PB grafts. This
translates clinically into a higher incidence of engraftment
failure and longer time to cell recovery — the major default
of CBT. Transplants with CB result in significantly lower
rates of acute and chronic graft versus host disease (GVHD)
[9, 10], in spite of broader human leukocyte antigen (HLA)
disparity between CB unit and recipient. This is possibly
due the lower number and relatively naive repertoire of the
cord blood T cells [11, 12]. The role of dendritic cells was
not excluded and is intensively studied [13]. It is of great
importance that the graft versus leukemia (GVL) effect is
preserved, most probably due to the unique natural killer
(NK) subsets [14, 15].
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Advantages:

Simple collection that poses no risk for a mother or a newborn
Lower GVHD rate in spite of greater HLA disparity

No donor attrition

Low risk of viral transmitting

Immediate availability when emergent HST is needed

Easy delivery process compared to freshly harvested BM
Flexible changing of transplantation date

Greater proportion of rare haplotypes present in CB banks then
in BM registries

\:;_’;—_,”:’/:’,:j
Disadvantages:
Low cell dose

No access to additional stem cells or lymphocytes
Potential congenital disease transmission

Fig. 1 Advantages and disadvantages of CB as a source of HSC

Today there are about 600,000 CB units frozen in public
cord banks in 25 countries. This enables selection of an
optimal CB unit that is crucial for a successful transplan-
tation [16]. For patients with hematological malignancies
the order of priority should be a unit with the biggest cell
dose, seconded by maximal HLA matching. While in
patients with genetic diseases, for which no GVL activity
is necessary, maximal HLA matching is of first concern
[17]. Cumulative clinical data have demonstrated the
growing importance of the cell dose with increasing HLA
mismatch. Researchers from the University of Minnesota
have defined adequate single units as: >3 x10’ nucleated
cells’kg (NC/kg) for 6/6 HLA-matched units,>4x 107 NC/
kg for 5/6 HLA-matched units and >5x 10’ NC/kg for 4/6

HLA-matched units [18]. Since counting total nucleated
cells (TNC) may involve also subsets that are not
contributing directly to engraftment, there is increasing
emphasis on the number and quality of the CD34 positive
cells in CB graft. Wagner and coworkers demonstrated
correlation between a CD34" cell dose of 1.7x10° cell/kg
and a faster neutrophil recovery [19]. The data of Sanz et al.
may indicate that the CD34" cell count is the most
important factor dictating and predicting a CBT outcome
[20]. Unfortunately, the total CD34" cell count is still not
routinely used in comparative studies due to lack of
sufficient common standardization of the CD34 assays
among the various laboratories.

CBT - Clinical Practice

In 2004 two major registry reports [21, 22] and one single
institution analysis [23] compared outcomes of transplants
of unrelated CB and bone marrow to adults with leukemia.
The results are shown in Table 1.

The study of Rocha et al. [21] involved two groups and a
total of 682 adults with acute leukemia. One group included
98 unrelated CB and the second group 584 unrelated BM
(6/6 matched) transplants. The time period was between
1998 and 2002. Both groups behaved similarly in terms of
transplant related mortality (TRM), chronic GVHD, relapse
rate and leukemia free survival (LFS), but the unrelated CB
group had a significantly lower incidence of acute GVHD.
Laughlin et al. [22] compared transplantations performed to
leukemia patients from 1996 to 2001. Their study involved
one group of 150 unrelated CBT with less than 5/6

Table 1 The results of comparative studies of UCB and 6/6 matched unrelated bone marrow transplants in adults with hematological

malignancies

Study Patients (n) Engraftment GVHD,(%) TRM,% Survival,%
(CBT/BMT) ANC (d) PLT (d) Neutrophil (%) Acute 1I-IV Chronic

Laughlin et al'’ 150/367% 27118 60/29 65/90 41/48 33/52 63/46 26/35¢

Rocha et al'® 98/584° 26/19 N/S 75/89 26/39 30/46 44/38 36/42°

Takahashi et al'® 68/39° 22/18 40/25 88/100 30/30 13/14 9/29 74/44°

ANC absolute neutrophil count >500; PLT platelets >20,000; GVHD Graft versus Host Disease; N/S not stated; TRM transplant related mortality;

DFS disease-free survival

* All CBTs were mismatched in 1(34) or 2(116) HLA antigens; all BMTs were 6/6 HLA antigen matched. The study included additional 83 BMT, 5/6

antigen mismatched (their outcomes are not reported here)

® Out of 98 CBTSs - 6 were 6/6 HLA- antigen matched, 4 were 3/6 mismatched and the rest were mismatched in 1-2 HLA- antigen. All BMTs were 6/6

HLA- antigen matched

€Out of 68 CBTs 17 were mismatched in 3-4 HLA- antigens, the rest were mismatched in 1-2 HLA- antigens. Outcomes include 6 5/6 mismatched BM

recipients
dAL3 years after transplantation

© At 2 years after transplantation
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mismatch, a second group of 367 unrelated BMT (6/6
matched) and a third group of 83 unrelated BMT (5/6
matched). Recipients of the 6/6 matched unrelated BM
showed the lowest TRM and overall mortality and no
significant difference in acute GVHD. The results for
unrelated CBT and 5/6 matched unrelated BMT were
similar.

The results of Rocha and Laughlin differ probably due to
difference in HLA antigen matching, as the first analyzed
transplantations performed only after 1998, when the unit
and the recipient selections became better.

In a similar vein Takahashi et al. [23]compared 113
unrelated CB transplants (1/6—4/6 matched) to 45 unrelated
BM transplants (88% matched 6/6). The UCB group
exhibited improved LFS, significantly less TRM and less
acute GVHD. In a pilot report from 2007 the same group
pronounced CBT as the method of choice for unrelated
donor grafts. They pursued the outcome of unrelated CBT
for 100 patients with hematological malignancies [24] and
found the results similar to those obtained with matched
related BM and PBSC transplantations. These results are
encouraging, but do not take into account the ethnical
homogeneity of the Japanese population.

Very recently, Rocha et al. [25] examined the outcomes
of 1240 adults with acute leukemia who received unrelated
CB (148), or unrelated BM (matched- 243; mismatched-
111), or unrelated PBSC (matched -518; mismatched -210).
The time span was 4 years (2002-2006) and the median
follow up was 2 years. In contrast to the previous reports,
all BM and PBSC grafts were matched at allele levels for
HLA-A, -B, -C and —-DRBI. In this analysis the CB
recipients had delayed neutrophil recovery and the lowest
levels of acute and chronic GVHD. They showed a TRM
higher in CB recipients than in matched BM and matched
PBSC recipients (41% versus 26 and 27%, respectively),
but similar to that in mismatched BM and PBSC recipients.
LFS was similar for CB and matched PBSC and BM
recipients. 74% of the CB grafts were 4/6 matched and the
median cell dose was 2.5x10” NC/kg. Today 2.5x10” NC/
kg is considered a rather low TNC threshold for a CB unit
with a high number of HLA mismatches. It is therefore
possible that 5-6/6 matched CB may provide even better
results.

Interestingly, in a similar analysis, that included 619
children with acute leukemia, the same group demonstrated,
that LFS after 6/6 matched CB was higher, (60%) than after
the current “gold standard” 8/8 matched unrelated BM,
(38%) [26]. This indicates that 6/6 matched CB with an
adequate cell dose may be the superior HSC source for
children with hematological malignancies (the probability
to find such a graft is only 10%).

This finding is of vast importance taking into account
that in the US only 30% of the patients for whom a search

for unrelated matched BM was initiated ultimately received
a transplant. This is mainly due to deterioration of the
patients’ condition or death during the search period. In
view of this statistics, for patients with high risk hemato-
logical malignancies, such as acute leukemia, a search for
unrelated CB and BM donors should be started simulta-
neously. CB, matched or with up to 2 HLA mismatched
antigens, should be preferred if a matched BM donor
cannot be found within 2-3 months.

Strategies for Engraftment Enhancement

Engraftment failure and prolonged time to cell recovery
remain major challenges for CBT. There are two principal
approaches for engraftment hastening. One is to augment
the cell dose; the other is to improve the stem cells homing.
Different strategies aiming at these goals are detailed below.

How to Increase the Cell Dose?
Transplantations with Two Cord Blood Units

Transplantation with two CB units gained much publicity
during the last 4 years and has the potential to become a
major leader in the field. It was pioneered by the group of
the University of Minnesota when in 2005 Barker et al.
[27] published the pilot study of a double CBT to 23 adults
with leukemia after myeloablative conditioning (Cytoxan
and total body irradiation). The median TNC dose infused
was 3.5x107/kg. Most of the patients received CB units
mismatched in 1 or 2 out of 6 HLA antigens. The median
time to neutrophil recovery was 23 days. The incidences of
grade II-1V and II-1V acute GVHD were 65% and 13%,
respectively. The rate of chronic GVHD was 23% and the
TRM was 22%. After 10 months of follow up the predicted
disease free survival (DFS) was 57%. Twenty one of 23
consecutive patients (all evaluable patients) achieved donor
engraftment. Such an elevated engraftment rate for adults
was unprecedented and exciting. The time to neutrophil
recovery was similar to that after single CBT (23 days). A
potential rise in GVHD was anticipated and indeed, the rate
of moderate acute GVHD seems higher, but the frequency
of severe acute and chronic GVHD is comparable for
double and single CBT. There is an opinion, that the choice
of a CB unit for transplant should include consideration of
the partial inter-unit match [28, 29] in addition to the unit-
recipient match. This recommendation is yet to be validated
by multicenter studies.

Subsequently, Veneris et al. [30], also from the Minne-
sota group, published the results of single (n=67) and
double (n=29) CBTs for patients with acute lymphatic and
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myeloid leukemia, who underwent a myeloablative condi-
tioning with Cytoxan, Fludarabine and total body irradia-
tion. The most fascinating discovery was the low -11% risk
of relapse for patients in complete remission (CR) 1/2, who
were transplanted with two CB units. For single unit
recipients the risk of relapse is (54%, p<0.01). Extension
of this study to 177 patients [31] showed similar results.

These reports suggest that reduced risk of relapse of
acute leukemia is associated with double CBT. A putative
explanation is that in the double CB the GVL effect is more
prominent, due to the higher HLA disparity and reduces
relapse. A different explanation is a non-HLA disparity,
such as the Killer Inhibitory Receptors (KIR) mismatch,
between the CB units and the recipient, or between the 2
CB units themselves [32]. Altogether these data presents
DCBT as a feasible curative procedure that will extent
application of CBT to adults.

In accordance, two randomized phase 1II clinical trials in
adults with acute leukemia and one phase III prospective
pediatric experiment comparing double versus single CBT
have been recently initiated by the Minnesota group.

A curious observation well documented, but not under-
stood is that about 1 month after myeloablative condition-
ing and by day 100 after nonmyeloablative double CBT,
only one of the administered CB units sustains the
hematopoiesis. Even when multiple (up to 7) CB units
were infused at the same time, only one single CB unit is
responsible for the long-term engraftment [33]. In the
settings of DCBT, the unit which disappears, possibly
contributes to hematopoiesis during the first weeks, hastens
neutrophil recovery and contributes to the higher rate of
engraftment. It is not yet possible to predict which of the
multiple CBT units will be the one to prevail and sustain
hematopoiesis.

Variables that seem likely to be involved have been
investigated. Such are the cell dose, the viability of the
cells, the CD3 cell number, the HLA match, the ABO type,
the gender and the order of administration. None of them
has been found to enable prediction of the prevailing unit.

Co-transplantation of CB and Haploidentical HSCs

Magro et al. [34] reported another novel approach that
includes co-transplantation of cord blood together with a
limited amount of HSC from a haploidentical donor.
Transient hematopoiesis from the haploidentical cells
resulted in a faster neutrophil recovery (10 days). Later
on, the HSC from the CB provided the long-term stable
engraftment while the haploidentical cells disappeared
completely. Transient contribution of haploidentical HSC
or even non HLA sharing cells provided the necessary
protection from infections in the early stage of engraftment
and substantially decreased the day 100 mortality.

@ Springer

Ex Vivo Expansion of CB Derived Stem Cells

Preclinical studies demonstrated the superior proliferative
potential of CB derived HSC. Cytokine stimulated prolif-
eration of CB stem cells was found to be 80- fold better
than that of BM progenitors [35]. Vormoor et al. [36]
demonstrated that CB, but not adult BM stem cells, can
repopulate non diabetic severe combined immune deficient
(NOD/SCID) mice without aid by exogenous cytokines.

In 2002 Shpall et al. [37] reported the first safe
transplantation of ex- vivo expanded umbilical stem cells.
CB was frozen in two fractions. CD34+ cells isolated from
one of the fractions were co-cultured with cytokine cocktail
(SCF, TPO and G-CSF). After 10 days in culture the TNC
dose increased 56-fold and CD34" cells increased four-
fold. Thirty seven patients were co-administered with one
expanded and one unmanipulated CB fractions. No en-
graftment hastening was detected.

Later on, McNiece et al. [38] applied a two-step, 14-days
expansion protocol which yields and increase in TNC as
great as 400-fold and a 20- fold increase in the CD34" cells.
The efficacy of this technique was tested in the prospective
trial in MD Anderson. Seventy one patients with hemato-
logic malignancies after myeloablative or reduced intensity
conditioning were randomized for transplantation with two
unmanipulated CB units or one unmanipulated and one
expanded CB unit using a two-step strategy [39]. Both units
were infused on day 0. The engraftment enhancement was
observed in the patients who received one expanded and
one unmanipulated CB units They showed a significantly
faster neutrophil recovery median of 7 days (range 4—
15 days, n=14) compared to 14 days (range 5-32 days,
n=12) for those administered with two unmanipulated CB
units.

Interestingly, several months after transplantation of the
combination expanded/unmanipulated, chimerism analysis
showed only the unmanipulated CB unit. It has been
suggested that ex vivo expansion is associated with cell
cycle abnormalities [40], acquired homing defects [41, 42]
and induction of apoptosis [43—45]. This may explain the
failure to speed engraftment by CB expansion. The
predominance of the unmanipulated unit raised concerns,
that during ex- vivo expansion one may be selectively
expanding a specific subset of stem cells, which are short-
lived, more mature and of lower “quality”. This predomi-
nance could result in initial earlier hematopoietic recovery
followed by later graft failure [46]. Yet, it could be utilized
when ex- vivo expanded and “unmanipulated” CB fractions
are combined for transplantation,. In this case, short- term
progenitors from the expanded portion would provide faster
transient engraftment, reducing early morbidity and mortality,
while the unmanipulated CB would provide sustained
hematopoiesis [47].
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Methods to improve the current expansion protocols
exist. Thus, selection of HSCs for expansion based on the
CD133 rather than the CD34 expression may isolate more
immature stem cells with greater proliferation potential [48,
49]. Transplantation of CD133" progenitors has already
shown excellent engraftment in murine models [50].

Another approach to improve the expansion outcome is
development of new agents to stimulate proliferation of
HSCs. For example, the copper chelator tetraethylenepent-
amine (TEPA) and the histone deacetylase inhibitor
(HDAC) - valproic acid have been shown to transiently
block differentiation of CB stem cells thus enhancing their
proliferation [51]. TEPA and HDAC are now at the stage of
phase II clinical trials [52, 53].

With the recent advances in understanding the molecular
mechanisms involved in proliferation and maintenance of
HSCs, additional candidates for further manipulation of
HSCs have been introduced. Such are Notch-1, Wnt/B-
catenin, the receptor tyrosine kinase Tie2, transcriptional
factor Bmi-1 and homebox genes HoxB. Development of
synthetic compounds in order to target these sites is of
particular interest [54]. Thus, Delaney et al. [55] reported
on five patients with high risk leukemia transplanted with a
combination of one unmanipulated and one expanded CB
units using engineered Notch delta- 1 ligand and cytokines
cocktail. Expansion resulted in the average increase in
CD34" population of 160-fold and in TNC number of 660
fold. The time to neutrophil recovery was 14 days (range 7—
34, n=15) in expansion arm compared to 25 days (range 16—
48, n=17) in recipients of two unmanipulated CB units.
These encouraging results suggest that using Notch delta-1
ligand, may promote expansion of less mature HSCs with
greater proliferation potential.Future clinical trials will
establish the role of the novel techniques of ex vivo
expansion in clinical practice.

How to Improve the Stem Cells Homing?

Principal modalities to enhance a homing of CB HSCs
include application of mesenchymal stem cells (MSCs),
direct intra- bone transplantation and administration of
parathyroid hormone (PTH), as well as modulation of the
CXCR4/SDFI1 system.

Mesenchymal Stem Cells (MSCs) to Facilitate Engraftment

Schofild’s “niche” hypothesis suggests that HSCs reside in
the micro environmental niches [56] which consist of MSC-
derived cells such as osteoblasts, chondrocytes and adipo-
cytes. These cells provide a rich variety of signals
(cytokines, extracellular matrix proteins and adhesion
molecules) regulating proliferation and differentiation of

HSCs [57]. Currently BM is a main source of MSCs for
therapeutic use. However, recently MSC-like cells have
been isolated from Wharton’s jelly of umbilical cords and
named umbilical cord matrix (UCM) stem cells [58, 59].

MSCs may accelerate engraftment in two ways. First,
MSC:s are able to enhance ex vivo expansion of HSCs [60,
61]. Co-culture of bone marrow derived MSCs and cord
blood HSCs resulted in a 16- to 37- fold increase in CD34"
cells [62]. A clinical trial using this strategy is underway at
MD Anderson with CB HSCs expanded on related donor
MSCs combined with an unmanipulated CB unit. Two
units were co- infused to first 6 patients following
myeloablative conditioning. The median time to neutrophil
recovery was 14.5 days (range 12-23) and for platelet
engraftment was 30 days (range 25-51). Two of six
patients developed grade II GVHD that resolved with
steroids. One patient died of pneumonia at day 150. Five of
six patients are alive and in complete remission after 1 year
follow up [39].

The second approach to facilitate an engraftment is a co-
transplantation of HSCs and MSCs. The intriguing observa-
tion is that MSCs have very low immunogenity and therefore
could be transplanted over the HLA barrier. Co-infusion of
ex-vivo expanded “third party” (non donor, not- recipient)
BM derived MSCs and HSCs from PB and BM was tested
in pilot studies [63, 64]. Increased relapse rate in patients
administered with MSCs was reported by Ning et al. [63]
and should be reevaluated in future larger trials.

Regarding cord blood, McMillan et al. [65] co-
administered haploidentical parental MSCs and single CB
unit to 8 children. Three patients received the second dose
of MSCs on day +21. All 8 patients achieved neutrophil
engraftment at a median of 19 days. With a median follow-
up of 6.8 years 5 patients were alive and disease free. In
another study, the “third party” expanded MSCs and cord
blood HSCs were co-administered to 9 patients [66]. The
outcomes were compared these of 46 patients who did not
received MSCs. No significant differences in engraftment
or incidence of acute GVHD were observed. Two patients
in the MSCs group developed steroid refractory grade II
acute GVHD. It is important to note that, repeated infusion
of MSCs caused a complete resolution of GVHD.

The ability of MSCs to control acute GVHD originates in
their ability to modulate the immune response through
interaction with T — lymphocytes, B- lymphocytes, NK-cells
and dendritic cells [67, 68]. The role of MSCs in prevention
and treatment of acute GVHD is extensively studied today
[69-71].

In conclusion, expanded “third party” MSCs may become
a universal donor that will significantly change the field of
cord blood transplantation. However, many questions remain
open, like what are the optimal source, dose and mode of
administration. The concern regarding a possible increase in
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relapse rate and possible tumorogenicity also need to be
addressed

Parathyroid Hormone Treatment (PTH)

Osteoblasts are important supporting components of the
hematopoetic niche. Calvi et al. [72] demonstrated that
stimulation with PTH results in increasing number of
osteoblasts and HSC in a murine model. In view of the
promising results of the phase I trial, the team of Ballen
initiated lately a phase II clinical trial testing the kinetics of
engraftment during PTH treatment following CBT [73].

Intra-bone Transplantation

Frassoni et al. reported recently the results of a phase I/II
study performed on 32 patients with acute leukemia who
received a single intra-bone marrow transplantation of CB
following myeloablative conditioning. The overall survival
was 50% compared to 39% for intravenous CB transplan-
tation. The median transplanted cell dose was relatively
low, 2.6x10"/kg (range 1.4-4.2x10"/kg). The median time
to neutrophil recovery was 23 days with remarkably fast
platelet engraftment at 36 days, in comparison to about
3 months for intravenous transplantation. Extension of the
analysis to 62 patients [74] demonstrated similar results
suggesting that intra-bone transplantation of CB cells may
overcome the problem of delayed platelet recovery following
CBT. Another intriguing and promising discovery was that
the intra-bone approach diminished acute GVHD grade I1I-1V
to 0% while with the conventional intravenous method it was
11%. In accordance, Phase I/Il clinical trials in Minnesota
have evaluated the efficacy of a double CB grafts intra bone
administration to 10 recipients [75]. One of the units was
randomly assigned to intravenous and the second - to intra-
bone marrow infusion. Nine of ten patients engrafted, 5 with
the intravenous unit and 4 with the intra-bone unit. In
contrast to the single CBT model, and the Frassoni data,
intra-bone administration of a single one of two CB units did
not shorten the time to neutrophil and platelet recovery, it
rather caused a high TRM of 50%. This discrepancy may
indicate that this interesting though technically cumbersome
approach may not be the ultimate solution.

Targeting CXCR4/CDF1 system

Stem cell derived factor 1 (SDF1) through its receptor CXCR4
promote homing and retention of HSCs in bone marrow [76].
After transplantation, HSCs traffic to the BM following SDF-
1 gradient, which is increased by the conditioning regimen
(TBI, myeloablative chemotherapy) [77-79]. Thus, optimal
expression of CXCR4 by HSCs and the effective level of
SDF-1 in BM are two important factors regulating an
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engraftment of HSCs in BM. Several molecules, such as
complement protein C3a, hyaluronic acid, fibronectin and
fibrinogen, have been shown to up regulate the expression of
CXCR4 on the HSCs [80—82].The role of pretreatment of a
CB graft with a-C3a in engraftment enhancement is currently
being investigated in preclinical models [83]. CD26/dipepti-
dylpeptidase IV (DPPIV) is an enzyme which is able to
cleave SDF-1 and as a results to alter the migration of HSCs
to bone marrow. Based on the preclinical data CD26/DPPIV
is expressed on the subset of cord blood HSCs. Inhibition of
the CD26/DPPIV peptidase activity may therefore represent
an additional potential approach for improving of homing
and engraftment during cord blood transplantation [84].

Conclusions

Cord blood derived stem cells, as compared to their counter-
parts from bone marrow and peripheral blood, have a bigger
telomerase length and demonstrate a higher proliferation
potential. One of their main drawbacks for transplantation, the
low cell dose is on the way to being resolved. Transplantation
with two cord blood units is the most established strategy and
has already considerably increased the availability of CBT to
adults with hematological malignancies. Another approach,
the feasibility of which was confirmed in the clinic, is
expansion of HSCs using cytokines or differentiation block-
ing agents, such as TEPA.

Double CBT and transplantation of expanded stem cells
have significantly reduced the high incidence of graft
failure traditionally being related to CBT. The recent data
that double CBT may be associated with a reduced risk of
relapse in patients with acute leukemia is especially
encouraging. However, the prolonged time to cell recovery
and the early mortality associated with CB transplants
remain to be improved. Improvement may come from the
development of a new compounds capable to target key
cites of the molecular network responsible for the HSCs
renewal and maintenance. Encouraging results from the
first trial using one of such a compounds, Notch delta-1
ligand, raise the hope that this novel agent may promote
expansion of HSCs with greater proliferation potential.

Application of MSCs is an additional new approach to
enhance engraftment and control GVHD, which is now being
tested in clinical trials. Hopefully, at least some of aforemen-
tioned original and novel strategies will enter our daily clinical
practice soon, changing favorably this extremely interesting
and challenging field — transplantation of cord blood stem cells.
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