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Objective.

 

Cyclosporin A (CsA), effective in prophylaxis and treatment of graft-vs-host dis-
ease (GVHD) after human allogeneic transplantation, blunts T-cell responses by inhibiting nu-
clear factor of activated T cells–1 (NFAT1) activation. This laboratory has shown that NFAT1
protein expression is severely reduced in human UCB (umbilical cord blood) T cells. Since
UCB is increasingly used as a hematopoietic stem cell source in allogeneic transplantation, it is
important to determine whether CsA sensitivity in UCB differs from that of adult T cells.

 

Methods.

 

Surface flow cytometric analysis, intracellular cytokine staining, flow cytometric
analysis of cell death, and thymidine incorporation were used in this study to determine T-cell
activation and effector functions during primary and secondary stimulation in the presence of CsA.

 

Results.

 

Although we observed differential CsA sensitivity of T-cell activation marker (CD69,
CD45RO, CD25) upregulation comparing UCB and adult, we did not observe any significant
difference in CsA sensitivity of T-cell effector functions. Importantly, we observed reduced
IFN-

 

�

 

 and TNF-

 

�

 

 expression in UCB T cells both in primary and secondary stimulation, as
well as increased rates of activation-induced cell death (AICD).

 

Conclusion.

 

Thus, our studies do not support the previous hypothesis that reduced GVHD ob-
served after UCB transplantation is attributable to increased CsA sensitivity of UCB T cells.
Rather, reduced UCB T-cell cytokine production and increased AICD may be important cellu-
lar mechanisms underlying these favorable rates of GVHD in UCB transplant recipients.

  

The immunosuppressive effect of cyclosporin A (CsA) on
human T cells is mediated by forming complexes with cy-
clophilins, abundant intracellular enzymes possessing pepti-
dyl-prolyl isomerase activity, which function as protein
chaperones within the cell. This complex can bind to the
calcium-dependent serine/threonine phosphatase calcineurin,
thus preventing it from dephosphorylating and activating its
substrate, the transcription factor NFAT1 (nuclear factor of
activated T cells–1) [1,2]. NFAT1 regulates the transcrip-
tional activation of a large number of inducible genes en-

coding cytokines and cell-surface receptors that are essen-
tial for effective T-cell responses [3,4].

Allogeneic stem-cell transplant recipients receive CsA
immunosuppressive therapy as GVHD (graft-vs-host dis-
ease) prophylaxis and treatment [5]. Although CsA is effec-
tive in reducing the incidence and severity of GVHD, para-
doxical GVHD flare has been observed upon abrupt
withdrawal of CsA treatment, possibly due to the fact that
CsA inhibits T-cell cytokine production but not antigen-
specific priming [6]. Moreover, administration of CsA can
aggravate delayed type hypersensitivity (DTH) responses
and certain autoimmune diseases [7,8].

Umbilical cord blood (UCB) from related and unrelated
donors has recently emerged as a novel source of blood
stem cells for human allogeneic transplantation. Despite hu-
man leukocyte antigen (HLA) mismatching, the incidence
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and severity of acute and chronic GVHD in UCB recipients
is low [9–11]. One possible basis for this observation is the
finding that activated UCB T cells produce reduced proin-
flammatory cytokines, as well as reduced alloantigen-spe-
cific cytotoxicity and proliferation, when compared to adult
T cells [12–16]. A second possible basis for reduced GVHD
has been suggested by McDouall et al., who observed in-
creased CsA sensitivity of PHA-induced upregulation of
CD25, interleukin (IL)-2 production and proliferation in
UCB T cells. Since UCB transplant patients receive CsA for
GVHD prophylaxis, increased CsA sensitivity of UCB T
cells may contribute to the low incidence and severity of
GVHD observed [17].

This laboratory recently reported severely reduced to ab-
sent NFAT1 protein expression in unstimulated UCB T
cells, with significantly reduced upregulation upon primary
stimulation, when compared to adult T cells [14]. It is there-
fore possible that in the absence of normal NFAT1 protein
expression, the immunosuppressive effects of CsA may be
altered in UCB T cells. It is thus important to further charac-
terize UCB T-cell sensitivity to CsA, as UCB is increas-
ingly used as a stem cell source for human allogeneic trans-
plantation.

Therefore, we measured UCB T-cell activation marker
upregulation and effector functions and their sensitivity to
CsA inhibition, and compared this to adult T cells. Also,
since unprimed UCB, compared to adult T-cell populations,
lack significant numbers of memory CD45RO

 

�

 

 T cells [18],
we measured secondary UCB T-cell responses, hypothesiz-
ing that after priming UCB would contain a larger propor-
tion of T cells with memory phenotype. Interestingly, we
did not observe a significant difference in CsA sensitivity of
effector functions such as proliferation and activation-in-
duced cell death (AICD) comparing UCB and adult T cells.
Furthermore, cytokine production was in both cases inhib-
ited to basal levels. However, we found that upon restimula-
tion UCB T cells expressed reduced amounts of tumor ne-
crosis factor–

 

�

 

 (TNF-

 

�

 

) and interferon-

 

�

 

 (IFN-

 

�

 

), while
exhibiting stronger AICD, when compared to adult T cells.
Our observations suggest that reduced GVHD after UCB
transplantation is not attributable to an overall increased
sensitivity of UCB T cells to CsA, but rather point to com-
plex differences in gene regulation between UCB and adult
T cells that may underlie the low incidence and severity of
GVHD observed after UCB transplantation.

 

Materials and methods

 

Cells and reagents

 

Human umbilical cord blood and adult peripheral blood from
healthy donors were collected according to institutional guidelines
after informed consent. Mononuclear cells (MNC) were separated
and used immediately, without freezing, as previously described
[14]. Concanavalin A (ConA) (Sigma Chemical Co., St. Louis,
MO, USA) titration (1–5 

 

�

 

g/mL) was performed to establish an

optimal concentration of 2 

 

�

 

g/mL, at which the cells proliferate
robustly while maintaining viability, as assayed by thymidine in-
corporation and trypan blue exclusion. Cyclosporin A (CsA,
Sigma) was used at the manufacturer’s recommended dose of 1

 

�

 

g/mL, at which we observed a complete inhibition of prolifera-
tive response up to 5 

 

�

 

g/mL of ConA. All stimulations were per-
formed at 2 

 

�

 

g/mL of ConA in the presence of 1 

 

�

 

g/mL of CsA,
where indicated.

 

Total CD69 staining

 

Resting T cells express intracellular stores of CD69, which upon
stimulation are transported rapidly to the cell surface [19]. This
suggests that additional regulation of CD69 expression occurs at
the posttranscriptional level. We therefore measured total CD69
expression after permeabilization of the cells, as described [14],
thus capturing surface and intracellular CD69 expression.

 

Surface staining

 

MNC were stimulated with ConA in bulk culture, at a concentra-
tion of 2 

 

�

 

 10

 

6

 

 cells/mL in complete RPMI (Gibco BRL, Gaithers-
burg, MD, USA) containing 10% fetal bovine serum (Gibco BRL),
1 mM sodium pyruvate (Gibco BRL), 0.1 mM nonessential amino
acids (Gibco BRL), 10 mM HEPES (Gibco BRL), and 58 

 

�

 

M
2-mercaptoethanol (Sigma), for the indicated time periods, in pres-
ence or absence of CsA. At the indicated time points, 1 

 

�

 

 10

 

6

 

MNC were stained with monoclonal antibody (mAb) against CD3-
APC, CD25-PE, and CD45RO-FITC (Pharmingen, San Diego,
CA, USA) and 15,000 gated CD3

 

�

 

 events were acquired on an
Elite ESP flow cytometer (Beckman Coulter, Miami, FL, USA).
Data were analyzed with WinList (Verity Software House Inc.,
Topsham, ME, USA) and expressed as percent of gated CD3

 

�

 

 T
cells. Inhibition by CsA was calculated as percent reduction of to-
tal positive staining after stimulation with ConA.

 

Intracellular cytokine staining

 

During primary or secondary stimulation 5 

 

�

 

g/mL of Brefeldin A
(BFA, Sigma) was added for the final 16 hours of stimulation.
Cells were washed, permeabilized, and stained as previously de-
scribed [14] with anti-CD3-APC, anti-CD69-PE (Pharmingen),
anti-IFN-

 

�

 

-FITC, or anti-TNF-

 

�

 

-FITC (R & D Systems, Minneap-
olis, MN, USA). 15,000 gated CD3

 

�

 

 events were acquired on an
Elite ESP flow cytometer and data were analyzed with WinList.
Cells expressing positive cytoplasmic cytokine staining were cal-
culated as percentage of gated CD3

 

�

 

 cells.

 

T-cell proliferative response to ConA

 

MNC were stimulated in triplicate at 0.2 

 

�

 

 10

 

6

 

 cells/round-bottom
well in 200 

 

�

 

L complete RPMI medium with ConA in absence or
presence of CsA for up to 96 hours. Cells were pulsed with 1 

 

�

 

Ci/
mL of 

 

3

 

H-thymidine (Amersham, Buckinghamshire, UK) for the
final 24 hours of stimulation, harvested onto fiber mats, and 

 

3

 

H-
thymidine incorporation measured.

 

Seconday T-cell stimulation and AICD

 

MNC were stimulated as described above, in absence of CsA. Sec-
ondary stimulation was carried out as described previously, with
modifications [20]. Briefly, after 48 hours the cells were washed in
10 mg/mL of 

 

�

 

-methylmannoside and resuspended at 2 

 

�

 

 10

 

6

 

cells/mL in complete RPMI with 50 U/mL of IL-2 (Chiron, Em-
eryville, CA, USA). After 72 hours of IL-2 treatment, T-cell per-
centage increased to greater than 80% of viable lymphocytes, as
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assessed by flow cytometry (data not shown). Cells were washed
and restimulated in complete RPMI with 2 

 

�

 

g/mL of ConA at a
cell concentration of 2 

 

�

 

 10

 

6

 

 cells/mL, in presence or absence of 1

 

�

 

g/mL of CsA. For quantification of AICD, 1 

 

�

 

 10

 

6

 

 cells were
stained with 5 

 

�

 

g/mL of propidium iodide and percent of apoptotic
cells was acquired immediately on an XL-MCL flow cytometer
(Beckman Coulter).

 

Statistical analyses

 

All experiments were repeated a minimum of three times, each
with two different adult controls and UCB units. Values are the
mean 

 

�

 

 SEM. Statistical significance was determined between the
indicated values by two-tailed, nonpaired, unequal variance Stu-
dent’s 

 

t

 

-test.

 

Results

 

Differential CsA sensitivity of UCB T-cell
activation marker upregulation during primary stimulation

 

Upregulation of the activation markers CD69, CD45RO,
and CD25 was measured in gated CD3

 

�

 

 cells by flow cy-
tometry after stimulation with ConA in the presence of CsA
(see Materials and Methods). As previously described [21],
we found equivalent percent of CD69 expressing T cells in
cord and adult. Interestingly, we found a significantly re-
duced CsA sensitivity of CD69 upregulation in UCB when
compared to adult T cells (Fig. 1A). In contrast, while CsA
sensitivity of CD45RO upregulation was equivalent in UCB
and adult during the first 48 hours of stimulation, there was
significantly higher CsA sensitivity in UCB T cells at 72
and 96 hours of stimulation (Fig. 1B), when CD45RO ex-
pression on UCB T cells became equivalent to adult expres-
sion. Furthermore, we found decreased CsA sensitivity of
CD25 upregulation in UCB T cells at 24 hours, but equiva-
lent CsA sensitivity comparing cord and adult at time points
48 hours, 72 hours, and 96 hours of primary stimulation
(Fig. 1C).

 

Equivalent CsA sensitivity of proliferation 
and cytokine production after primary stimulation

 

In accordance with previous reports [17,18], we measured
equivalent percentages of CD25 expressing T cells in UCB
and adult after 24 hours of stimulation. However, signifi-
cantly higher percentages of T cells expressing CD25 were
observed in UCB after 48 hours and 72 hours of primary
stimulation (Fig. 1C). CD25 is the high-affinity chain of the
T-cell growth factor IL-2. Accordingly, at these same time
points, increased proliferation, as assessed by 

 

3

 

H-thymidine
incorporation, was observed upon stimulation with ConA,
when compared to adult. Despite equivalent percentages of
CD3

 

�

 

 lymphocytes in UCB and adult at onset of prolifera-
tion, proliferation was found to be more than twofold stron-
ger in UCB than in adult (Fig. 2). Moreover, in both UCB
and adult, proliferation was effectively suppressed in the
presence of CsA.

Figure 1. Differential CsA sensitivity of CD69, CD45RO, and CD25 upreg-
ulation in UCB T cells during primary stimulation. MNC from cord and adult
were stimulated for 96 hours with ConA in presence or absence of CsA. Total
CD69 expression in permeabilized gated CD3 � cells, as well as surface
expression of CD45RO and CD25 on gated CD3 � cells, were measured by
flow cytometry. CsA inhibition was calculated as percent inhibition of expres-
sion in absence of CsA. Data are represented as mean � SEM; asterisks indi-
cate significant difference between UCB and adult. (A) Expression and inhi-
bition of CD69 expression by CsA (cord n � 9; adult n � 6). (B) Expression
and inhibition of CD45RO expression by CsA (n � 7). (C) Expression an d
inhibition of CD25 expression by CsA (cord n � 12; adult n � 8).
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Production of TNF-

 

�

 

 and IFN-

 

�

 

, both pivotal cytokines
in the pathogenesis of GVHD, can be successfully inhibited
in adult peripheral T cells by CsA in vitro and in vivo [22].
However, in UCB T cells it is not clear to what extent TNF-

 

�

 

 and IFN-

 

�

 

 are inhibited at the single-cell level by CsA.
We therefore analyzed expression of cytoplasmic TNF-

 

�

 

and IFN-

 

�

 

 in CD3

 

�

 

 T cells. Although CD69 expression was
equivalent, reduced percentages of cytoplasmic TNF-

 

�

 

(Fig. 3) and IFN-

 

�

 

 (data not shown) expressing T cells in

stimulated UCB were observed up to 72 hours of primary
stimulation, indicating that percentages of cytokine-produc-
ing T cells in UCB are reduced, rather than delayed. Fur-
thermore, in the presence of CsA, TNF-

 

�

 

 and IFN-

 

�

 

 expres-
sion were reduced to basal levels in both UCB and adult T
cells.

 

Differential activation and effector
functions during secondary stimulation, but
equivalent CsA sensitivity between UCB and adult T cells

 

MNC were analyzed by flow cytometry for CD69 and
CD45RO expression after secondary stimulation (Materials
and Methods). We observed only a slight difference in
CD69 expression in UCB T cells after 24 hours of restimu-
lation, 23% (

 

�

 

2.2%) of T cells expressing CD69 in UCB,
compared to 32% (

 

�

 

2.5%) of CD69 expressing T cells in
adult (

 

p

 

 

 

�

 

 0.036). Furthermore, although percentages of
CD45RO

 

�

 

 T cells were found equivalent in UCB and adult
after priming, significantly reduced further upregulation of
CD45RO after 24 hours of secondary stimulation was noted
on UCB T cells, when compared with adult, 22% 

 

�

 

 1.9% vs
37% 

 

�

 

 3.1%, respectively (

 

p

 

 

 

�

 

 0.0028). Upregulation of
both activation markers was inhibited to the same extent by
CsA in UCB and adult T cells (data not shown).

Figure 2. Increased proliferation in UCB during primary stimulation.
MNC from cord and adult were stimulated for 96 hours as described, com-
paring at least 1 UCB and 1 adult in each experiment. Proliferation was
measured by 3H-thymidine incorporation. Asterisks indicate significant
difference between UCB and adult (mean values from 4 individual experi-
ments � SEM; n � 6).

Figure 3. Equivalent CsA sensitivity of TNF-� expression between UCB and adult T cells during primary stimulation. Expression of intracellular cytokines
in UCB and adult T cells during 72 hours of stimulation in presence or absence of CsA was measured by flow cytometry. Numbers r epresent percentages of
CD3� cells positive for cytokine staining. Representative of 4 individual experiments, comparing each 2 UCB and adult samples.



  

907

 

Next, proliferation was measured after restimulation. In
contrast to a previous report describing reduced prolifera-
tion upon allogeneic restimulation [16], we measured a two-
fold greater proliferative response after 24 hours of mitoge-
nic restimulation in UCB T cells compared with that in
adult controls (Fig. 4). After that time point, proliferation
decreased steadily in the cord blood and became equivalent
to adult, which peaked only at 48 hours (data not shown).
Interestingly, after primary stimulation and IL-2 culture,
percentages of CD3

 

�

 

 were found equivalent in UCB and
adult and stayed equivalent through secondary stimulation
(data not shown). Again, the percentage of inhibition of pro-
liferation by CsA was found equivalent between UCB and
adult, 78% (

 

�

 

4.76) and 73% (

 

�

 

4.59) respectively.
Since unstimulated UCB T-cell populations lack signifi-

cant expression of the memory phenotype marker CD45RO,
suggestive of naivete, when compared to adult, we next ana-
lyzed cytokine expression in UCB T cells after priming and
restimulation. After primary T-cell stimulation and IL-2
culture, UCB MNC contained equivalent percentages of
CD45RO expressing T cells, when compared to adult (data
not shown), suggesting similar memory phenotype between
UCB and adult T cells. However, concurring with reduced
CD69 and CD45RO upregulation upon restimulation, we
found reduced percentages of cytokine-producing UCB T
cells when compared to adult (Fig. 5). While we found a
higher percentage of TNF-

 

�

 

– and IFN-

 

�

 

–producing cells in
adult T cells after secondary than after primary stimulation,
suggestive of an expansion of cytokine-producing cells dur-
ing primary stimulation, we found no significant augmenta-
tion of TNF-

 

�

 

– and IFN-

 

�

 

–producing T cells in UCB.
Moreover, the difference in percentages of cytokine-pro-
ducing T cells between cord and adult was more pro-

nounced after secondary stimulation than after primary
stimulation. The presence of CsA reduced IFN-

 

�

 

 and TNF-

 

�

 

 production to nearly basal levels in both UCB and adult
(Table 1).

Appropriate AICD is crucial for maintenance of T-cell
homeostasis in the periphery [20,23]. While several reports
describe increased apoptosis in cord blood T cells [24,25], it
is not clear if the presence of CsA during restimulation may
affect this process in UCB T cells. Significantly higher
AICD was measured in UCB T cells, already at baseline af-
ter IL-2 treatment, as well as after 24 hours of restimulation
(Fig. 6). Kinetics of AICD in UCB mirrored the kinetics ob-
served in adult T cells. Interestingly, in spite of inhibiting
upregulation of Fas and FasL both in UCB and adult during
primary and secondary stimulation (data not shown), CsA
did not affect AICD in either UCB or adult (data not
shown).

 

Discussion

 

McDouall et al. previously reported an increased CsA sensi-
tivity of PHA-stimulated UCB T cells, compared to adult T
cells. The authors described an increased inhibitory effect of
low-dose CsA on UCB T-cell proliferation, CD25 upregula-
tion, and IL-2 production [17]. The authors hypothesized
that their observations may underlie the clinical observa-
tions of reduced GVHD after transplantation of HLA-dis-
parate UCB allogeneic hematopoietic stem cells.

In contrast to this report, our findings in UCB T cells of
reduced to absent expression of NFAT1 protein [14], a well
described downstream target of CsA, suggested that UCB T
cells might demonstrate altered sensitivity to the inhibitory
effects of CsA. Furthermore, the effects of CsA on second-
ary T-cell responses had not been previously investigated in
UCB. We therefore investigated several aspects of primary
and secondary T-cell responses in UCB and their sensitivity
to the effects of CsA.

In our studies we did not detect a globally decreased or
increased sensitivity of UCB T cells to the inhibitory effects
of CsA. While there was differential CsA sensitivity of acti-
vation marker upregulation comparing UCB and adult T
cells, we did not observe a significant difference between
UCB and adult T cells in the effects of CsA on effector
functions, including proliferation and AICD. Moreover, al-
though cytokine production was found strongly reduced in
UCB T cells upon primary and secondary stimulation, it
was further reduced to basal levels by CsA, resulting in sim-
ilar percentages of positive staining cells as in CsA-inhib-
ited adult T cells. In the case of IFN-

 

�

 

 production, inhibi-
tion by CsA was less evident in UCB T cells, due to the
already very low percentages of positive staining cells. Our
results strongly suggest that reduced GVHD observed after
UCB transplantation cannot be attributed to increased CsA
sensitivity of UCB T cells.

We observed significantly higher rates of proliferation in

Figure 4. Increased proliferation in UCB T cells after secondary stimula-
tion, but equivalent sensitivity to CsA. MNC from 2 UCB and 2 adults
were restimulated with ConA in presence or absence of CsA and prolifera-
tion assessed 24 hours after secondary stimulation by thymidine incorpora-
tion. Summarizes 4 individual experiments (mean values � SEM; cord n �
8, adult n � 8). Asterisks indicate significant differences between cord and
adult.
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UCB after primary as well as secondary stimulation, associ-
ated with reduced percentages of effector cytokine-produc-
ing T cells. These observations are particularly relevant to
recent reports demonstrating the association of effector cy-

tokine expression with T-cell division [26–28]. Our results
of reduced numbers of cytokine-expressing T cells in UCB
after secondary stimulation suggest that, in contrast to adult
T cells, the already reduced numbers of cytokine-producing
UCB T cells observed after primary stimulation did not ex-
pand further, despite a strong overall proliferation during
primary stimulation.

Furthermore, we observed no differential effect of CsA
on the increased AICD we observed in UCB T cells. In con-
trast, CsA was noted to slightly increase AICD in both UCB
and adult T cells. However, this trend of increased AICD in
presence of CsA was not statistically significant. Further
analyses of AICD in the presence of CsA are warranted, to
verify if an increase in AICD in the presence of CsA may
augment the immunosuppressive effects of CsA. Likewise,
our observations of increased AICD in UCB T cells after
secondary stimulation point to further possible underlying
etiologies to the reduced GVHD observed after UCB trans-
plantation, by rapid elimination of activated alloreactive do-
nor T cells.

Our findings of increased cell division in concert with re-
duced cytokine production support the concept that the neo-

Figure 5. Reduced cytokine expression in UCB T cells after secondary
stimulation. MNC from cord and adult were restimulated in presence or
absence of CsA. Intracellular TNF-� and IFN-� expression were measured
by flow cytometry after 24 hours. Percentages indicate calculated percent-
age of CD3 � cells expressing cytokine. Representative of 3 experiments,
comparing each 2 cords and 2 adults.

Figure 6. Increased AICD in UCB T cells after secondary stimulation.
MNC were stimulated and rested as described in Materials and Methods
and propidium iodide incorporation measured with flow cytometry, before
restimulation (resting) and over 72 hours after restimulation with ConA
(mean values � SEM; n � 7).

Table 1. Reduced cytoplasmic expression of IFN-� and TNF-� by UCB T cells after secondary stimulation

Activated T cells expressing cytoplasmic IFN-� (%)

CB1 CB2 AB1 AB2 CB3 CB4 AB3 AB4 CB5 CB6 AB5 AB6

Resting 0.3 0.1 0.4 0.4 0.7 0.1 0.1 0.0 0.9 0.2 0.0 0.1
ConA 3.2 2.0 7.9 9.9 0.9 1.7 3.6 2.2 4.1 1.2 4.4 3.9
ConA � CsA 3.0 1.1 0.6 0.7 0.5 1.5 0.2 0.6 3.1 ND 0.7 2.2

Activated T cells expressing cytoplasmic TNF-� (%)

CB1 CB2 AB1 AB2 CB3 CB4 AB3 AB4 CB5 CB6 AB5 AB6
Resting 0.4 0.1 0.7 0.5 0.1 0.2 0.1 0.1 0.5 0.1 0.1 0.1
ConA 6.7 4.6 36.0 32.5 0.7 2.3 17.8 10.4 3.1 1.8 12.7 7.3
ConA � CsA 4.5 1.5 1.9 2.4 0.2 1.0 0.1 0.3 2.2 1.2 0.4 1.6

Representation of three individual experiments each comparing 2 UBC (CB) and 2 adults (AB). Percentages are of gated CD 3� lymphocytes (ND, not deter-
mined).
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natal T cell may have a higher self-replicative capacity than
its adult counterpart, in agreement with the necessity to pop-
ulate the periphery of the neonate, while maintaining a win-
dow of tolerance against environmental antigens. In con-
junction with this observation, we and others have described
deficiencies in cellular signaling pathways including defec-
tive activation of Ras, PLC �, CD3 	, p56lck, ZAP-70,
ERK2, SAPK/JNK, and p38 MAPK, as well as decreased
Lck and NFAT1 protein expression [14,29–31]. These pro-
found deficiencies in cellular signaling, in addition to the re-
duced effector functions described herein including proin-
flammatory cytokine production, combined with increased
clearance of activated UCB T cells by AICD, in concert
may underlie the reduced incidence and severity of GVHD
observed after allogeneic transplantation of HLA-mis-
matched umbilical cord blood.
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