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Abstract

Cord blood transplantations successfully reconstituted
hemopoiesis in patients treated with myeloablative therapies.
These transplantations were associated with a low rate of
acute graft-versus-host disease (aGVHD), a major life-threaten-
ing complication of allo-transplantation. The physiopatholo-
gy of aGVHD implies the recognition of host alloantigens by
donor T cells but also invelves a cytokine cascade. In this cas-
cade, interleukin (IL)-1, IL-2, IL-6, tumor necrosis factor o
(TNF-&), and interferon vy (JFN-vy) produced by donor T cells
and monocytes/macrophages play a major effecter role.
Therefore, we investigated whether the lower percentage of
aGVHD in cord blood transplants could be related to a lower
ability to produce these cytokines in vitro compared with
adult blood. Menonucleated cells (MNCs) isclated from term
cord blood and adult peripheral blood were stimulated with a
combination of lipopolysaccharide and phytohemaglutinin
and incubated for 96 hours. Levels of IL-13, [L-2, IL-3, IL-4, IL-
6, TNF-w, IFN-y, and granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) were measured in the supernatants
after various times of incabation. The productions of IL-1p,
I1-6, and GM-CSF were similar in stimulated cord and adult
blood and IL-3 fevels, though lower and delayed in cord
blood, were not statistically different. On the other hand, we
found markedly lower levels of IFN-y, TNF-a, and IL-4 in cord
blood throughout the incubation period. The stimulated [ev-
els of IL-2 were similar in cord and adult sampies throughout
the first 48 hours of incubation but became significantly
lower in cord blood after 72 and 96 hours. We suggest that
the cytokine production pattern that characterizes cord blood
could provide an explanation for the lower occurence of
aGVHD following cord blood transplants,
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Introduction

Primitive hemopoietic cells in cord blood from neonatal sib-
lings or unrelated donors have the capacity to reconstitute
hematopoiesis in patients treated with myeloablative therapies
for genetic inherited diseases [1,2] or malignancies {3]. These
transplantations were asscciated with a low incidence of
aGVHD {4], though probably partly because they were mainly
performed in children. As aGVHD is one of the most serious

allo transplant-related complicaticns, this feature of cord
blood transplants could, therefore, be very important. The
physiopatholegy of aGVHD implies the recognition of host
allo-antigens by donor mature T cells. Several risk factors have
been described, including older donors and recipients, sex mis-
match, infections, and diagnosis. Most of the clinical manifes-
tations, however, could be secondary to an inappropriate pzo-
duction of cytokines [5,6]. Several cytokines like IL-3 [7-9],
IL-2 [5,6], IL-6 {7,8,10,11], TNF-« [8,10,12,13,14], and [FN-y
[10,12,15] have been recognized as involved in the cytokine
cascade that leads to aGVHD. Therefore, we investigated
whether the lower clinical expression of aGVHD following
cord blood transplantations could be related to a lower in vitro
production of cytokines by cord bloed ceils, We used separat-
ed MNCs stimulated with a combination of lipopolysaccharide
(LPS) and phytohemaglutinin (PHA). After various incubation
periods, we measured the levels of IL-1, IL- 2, IL-3, IL-4, IL-6,
TNF-g, [FN-v, and GM-CSF in the supernatants of stimulated
and unstimulated cord MNCs. These results were compared
with those obtained with adult MNCs studied according to the
same protocol.

Materials and methods

Samples

Cord blood samples from term babies were collected shortly
after delivery through the umbilical vein into bags containing
citrate-phosphate-dextrose A (Baxter Laboratories, Irvine, CA)
as anticcaguiant. Adult blood samples were collected from six
healthy adult volunteers aged 25 to 58. Informed consent was
obtained before biood collection from the adult volunteers
and from the mothers. The investigations were approved by
the Ethical Committee of the University of Liege. All samples
were kept at room temperature before processing. The average
delay between collection and incubation was 4 hours and
never exceeded 8 hours.

For the first 11 cord and all adult blood samples the pro-
duction of cytokines was measured both in 1:10 diluted
whole blood and in separated MNCs. From cord blood sample
#12, only separated MNCs were used.

Whole blood was diluted 1:10 in RPMI 1640 (Gibco BRL,
Gaithersburg, MD) supplemented with L.glutamine (2 mM),
penicillin (100 U/mL}, and streptomycin (100 pg/mL).



MNCs were isolated from whole blood diluted 1:2 in PBS
(Gibco BRL) using Fcoll-Pague (Pharmacia LKB, Uppsala, Swe-
den). MNCs were then washed twice in 5% autologous plas-
ma-PBS before being resuspended in RPMI 1640 supplement-
ed with L-glutamine (2 mM), penicillin (100 U/mL),
streptomycin (100 pg/mi), and autologous plasma (5% v/v).
The MNC concentration was adjusted to be equivalent to that
of the corresponding 1:10 diluted whole blood and was rang-
ing from 230 to 2100/pL with a mean value of 710/uL. From
cord blood sample #12, the MNC concentration was adjusted
to 400/uL. The white cell counts were obtained using a Tech-
nicon H1 cell counter (Tarrytown, NJ).

Cell cultures

Cell suspensions were distributed (2 mL/well) into 24-well
plates {Faicon, Bedford, MA). A combination of LPS (from
Salmonella enteridis, Sigma, St. Louis, MO), 25 pg/mb final
concentration and PHA (HA15, Wellcome Diagnostic, Dart-
ford, UK), 5 pg/mlL final concentration was added as a poly-
clonal activator to half of the wells. The remaining cnes
served as controls.

Plates were incubated at 37°C in 8% CO, in air. At each
time point (0, 4, 24, 48, 72, and 96 hours of incubation), the
contents of two test and iwo control wells per point were cen-
trifugated at 800g for 10 minutes. Supernatants were recov-
ered and stored at ~20°C until cytokine assays.

Cytokine assays

Concentrations of IL-1@, 1L-2, IL-3, [L-4, IL-6, GM-CSF, IFN-vy,
and TNF-« were measured in the supernatants using specific
ELISA assays (Medgenix Diagnostics, Fleurus, Belgium) accord-
ing to the manufacturer’s instructions. Minimal detectable lev-
els of IL-1B, iL-2, IL-3, IL-4, IL-6, GM-CSF, IFN-y, and TNF-u
were 2 pg/mL, 0.1 IU/mL, 5 pg/mL, 2 pg/mL, 3 pg/mL, 3
pg/mL, 0.03 IU/mL, and 3 pg/mL, respectively. Intra-assays
and inter-assays variabilities are below 5.7% and 9.9%, respec-
tively. Results obtained per mL were divided by the MNC con-
centration and expressed per 1X10° MNCs.

Statistical analysis

Mann-Whitney U test was used to compare cord vs. adult
blood production of cytokines by stimulated or unstimulated
MRNCs. This analysis was performed using MINITAB statistical
software (MINITAB, State College, PA). p values <0.05 were
considered significant.

Results

In preliminary experiments we demonstrated that the produc-
tion of cytokines from separated MNCs from cord and adult
blood was always at least equal to that from 1:10 diluted
whole blood and that their kinetics were very similar (data
not shown). Therefore, the results presented here are those
obtained from MNCs only.

Following stimulation with LPS + PHA, a rapid increase in
the production of IL-1R, IL-6, and GM-CSF from cord and
adult MNCs was observed (Fig. 1). Plateau levels were reached
within 24 hours of stimulation and overall were maintained
up to 96 hours. There was no appreciable difference in the
production of these three cytokines in unstimulated and stim-
ulated cord vs. adult blood,

Experimenial Hematology vof. 25 (1997}

The levels of TNF-« were not different between cord and
adult unstimulated MNCs {data not shown). The production
of TNF-a by stimulated cord MNCs, however, was signifi-
cantly lower than by adult MNCs at all time points (Fig. 2). In
both cord and adult, the main increase occurred during the
first 24 hours and was followed by a plateau.

Baseline IFN-y levels in cord blood were significantly lower
than in adult blood {Median [range], 0.10 [0.02-0.21] vs. 0.44
[0.06-0.60] U/10° MNCs; p = 0.0077) and no further produc-
tion was evidenced in unstimulated samples. Maximum pro-
duction of IFN-y was obtained after 72 hours of stimulation in
both cord and adult samples. Figure 3 shows that regardless of
the duration of the stimulation, there was significantly less
IFN-v produced by cord than by adult MNCs.

IL-4 production by unstimulated cord and adult MNCs
could not be detected with our ELISA test at any incubation
time. Stimulated cord and adult cells produced detectable
amounts of IL-4 after 24 hours and up to 96 hours, maxi-
mum titers being obtained after 48 hours. IL-4 production
by cord MNCs was significantly lower compared with adult
MNCs (Fig. 4).

In common with IL-4, IL-3 production by unstimulated
cord and adulf MINCs was undetectable. After stimulation, 24
hours were needed to detect IL-3 in: adult blood and 48 hours
in cord blood. Despite this delayed production in cord blood,
we could not find any significant difference between I1-3
titers in stimulated cord and adult MNCs.

Compared to baseline levels, no further production of 1L-2
was detectable in unstimulated cultures. Levels of [L-2 in the
supernatant of stimulated cord and adult MNCs (Fig. 5) were
not significantly different atter 24 and 48 hours of incubation
but, after 72 and 96 hours, cord blood levels dropped signifi-
cantly, while those from adult blood continued to increéase.
Therefore, the differenice between cord and adult samples
became highly significant.

Discussion

The kinetics of production of IL-1 and IL-6 as shown in Fig-
ure 1 are consistent with those described elsewhere [16-19].
As previously reported with a bioassay [20,21], we demon-
strate with a specific ELISA method that IL-1R producticn is
similar in cord and adult stimulated MNCs. Together with
previous studies by Dinarello et al. [22] and Wilmott et al.
[23], we assert that preterm and term cord blood MNCs are
as capable as adult MNCs of producing IL-1B upon appropri-
ate stimulation,

In our study, IL-6 production by LPS + PHA stimulated
MNCs from cord and adult blood is not significantly different.
Similar results were found by Pahwa et al. [3], who compared
the levels of IL-6 production by adult and cord MNCs or T
cells after stimulation with PHA + PMA, as well as by Yachie et
al. [18], who used a whole blood culture technique with stim-
ulation with ConA or LPS.

Constitutive titers of GM-CSF in cord and adult samples
were close to our minimally detectable levels and remained
unchanged with time. With or without stimulation, we could
not find any difference in the production of GM-CSF between
cord and-adult MNGs. Stimulating cord whole blood or T cells
with PHA + PMA, Pahwa et al. [3] also measured similar levels
of production as compared with adults. Laver et al. [24] meas-
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Fig. 1. Median ‘production of IL-1B {A), iL-6 {B} and GM-
CSF {C) in stimulated {stim) and unstimulated (unstim)
cord and adult MNCs after different incubation times.

* = p<0.05 for cord vs. adult samples.

ured higher plasma GM-CSF titers in term neonates than in
adults but their bicassay was not absolutely specific for GM-
CSF. On the other hand, Cairo et al. [25] reported a lower
GM-CSF production by PHA + PMA stimulated cord blood
MNCs after 72 hours of incubation. They attributed this to a
reduced stability of GM-CSF mRNA. In that study, after 72
hours of incubation, adult levels were similar to ours (400
pe/10° MNCs) while cord blood titers were 10 times lower (57
pg/10° MNCs). This couid be due to a lower PHA concentra-
tion (2 pg/mL) compared with ours (5 pg/ml) and Pahwa's
{20 ng/mL), suggesting that there could be a threshold of PHA
to stimulate efficiently cord blood MNCs.

Like IL-1p and IL-6, TNF-a is known to reach high levels
within 24 hours of stimulation [16,17,26]. It is mainly pro-
duced by menocytes and T cells {26] stimulated with LPS and
the additicn of PHA to LPS does not affect its production {16].
We found significantly lower levels of TNF-a in the super-
natants of stimulated cord compared with adult MNCs, These
findings support those by Weatherstone et al. [20] and
English et al. [26], who reported respectively a lower produc
tion of TNF-o by LPS stimulated monocytes from preterm
neonates and by PMA- or PHA-stimulated cord MNGCs from
term neonates compared with adults. English also mentioned
a high subject to subject variability for both adult and cord
samples as regards to TNF-a productior:.
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Fig. 2. Median production of TNF-a by stimulated
{stim) cord vs, adult MNCs after 24, 48, 72, and 96 hours
of incubation.

IFN-v is a cytokine mainly produced by T cells through
interactions with macrophages. As described previously
[27-33], we report a lower production of IFN-y by stimulated
cord blood MNCs compared with adult MNCs. Taylor and
Bryson [29] hypothesized that this defect was mainly because
of functionally immature macrophages in cord bleod, while
Lewis et al. {34] found that it was secondary to a pretranslation-
al defect indrinsic to T cells and was not linked to macrophages.
Engiish et al. [26] also reported lower levels of IFN-y mRNA in
stimulated cord blood. According to Wakasugi et al. [35], this
impaired IFN-y production could be a result of an increased cell
sensitivity to the suppressive effects of PGE-2, and not ¢ a
defect in 1L-2 production. This is consistent with our results
demonstrating impaired IFN~y production from the initiation
of the culture period despite there being no defect in 1L-2 pro-
duction at the early time points. Finally, Kruse et al. [31] sug-
gested recently that the absence of CD4"/CD45RO™ memory T
cells couid be partly responsible for the lower IFN-y production.

We report undetectable levels of I1.-4 in the supernatant of
unstimulated cord and adult MNCs and a significantly lower
production in stimulated cord than in adult MNCs, These
results are consistent with those obtained by ELISA or bioas-
say after stimulation of cord MNCs by various procedures
[27,32,36], as well as with the report of Andersson et al. [28],
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Fig. 3. Median production of [FN-vy by stimulated (stim)
cord vs. adult MNCs after 24, 48, 72, and 96 hours of
incubation.
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who could not detect IL-4 producing cells among activated
cord blood MNCs. The tmpaired IL-4 production could be a
result of lower numbers of activated T cells in cord blood
compared with adult blood [37].

We could not detect IL-3 in the supernatants of unstimu-
lated MNCs and did not find any significant difference
between stimulated production by cord and adult MNCs.
However, IL-3 production tended to be decreased and delayed
in: cord blood, Other results in the literature are controversial.
Cairo et al. [38] reported undetectable levels of IL-3 in unstim-
ulated MNCs but also found lower IL-3 production and mRNA
expression in stimulated cord compared with adult MNCs.
Pahwa et al. [3] reported opposite results, with the super-
natants of PMA + PHA stimulated cord MNCs producing twice
as much IL-3 than adult MNCs after 48 hours of culture.

IL-2 production by stimulated cord blood cells has been
described as lower [32,36), similar [28,39,40,41], or higher [27]
than by stimulated adult cells. The higher levels obtained by
Pastorelli et al. [27] could be explained by the use of different
stimulators for only 48 hours and the different specificity of
thelr bloassay. Our results have shown similar IL-2 production
by cord and adult MNCs during the first 48 hours of stimula-
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tion. Afterwards, while IL-2 supernatant levels of adult MNCs
continued to increase, 1L-2 titers in cord blood decreased after
72 and 96 hours of stimulation. This is consistent with the
results obtained by Kruse et al. [31] after 72 hours of incuba-
tion with Staphylococcus enterotoxin B. In other experi-
ments, they reported maximum IL-Z levels after 2 or 3 days
followed by a decrease at day 4 in both cord and adult sam-
ples [32]. The apparent late decrease of IL-2 production we
observed could also be caused by an increased consumption
of IL-2 by stimulated cord blood cells after 48 hours. It is
clearly not caused by lower IL-1 levels, as they are similar to
the adult ones throughout the stimulation period.

Taken together, our results describe different cytokine pro-
duction patterns in cord and adult blood. Stimulated cord
blood is characterized by lower levels of TNF-@, IFN-y, 1L-4, IL-
2, and delayed IL-3 production, while that of IL-1pB, IL-6, and
GM-CSF is similar. Variations in the composition of cord and
adult blood populations can be evocated to explain the differ-
ences observed. Similarly, it is also possible that Ficoll-Paque
isolation of MNCs did not recover exactly the same popula-
tions in cord and adult blood. Also, as previously suggested
for IL-2, the higher progenitor cell concentration in cord
blood could account for some ¢ytokine consumption and,
therefore, lower levels at late time points as compared with
adult bleod. The invoivement of TNF-a and IFN-y in the
physiopathology of aGVHD has been described in a skin
explant model [12]. Other authors found increased levels of
TNF-a in serum {7,10,13], or of TNF-o mRNA [8] in MNCs of
patients with aGVHD. Higher serum levels of IFN-y before
and during aGVHD were also described [10,15]. The role of IL-
1 has been evidenced in animal models [6] and inn MNCs from
patients with aGVHD, increased amounts of IL-13 and IL-1p
mRNA were measured [7,8]. IL-2 plasma levels [10], as well as
IL-Z mRNA in peripheral blood MNCs [8], were not found
increased in patients with aGVHD. However, experimental
data [6] supported an early role of IL-2 in aGVIHD, probably
through the stimulation of the production of other cytokines
such as I1-1 and TNF-a. A role for IL-6 inn the cytokine cascade
has been implied [8,11] but remains confroversial [7,42],
while I{-4 seems to be mainly associated with chronic GVHD
[6,43,44]. On the other hand, GM-CSF could have a favorable
impact by reducing the effect of IL-1 through potentiation of
an 1i-1 receptor antagenist production [5]. Antin and Ferrara
[5], in their schematic representation of the role of cytokines
in aGVHD, proposed that the production of [FN-y and IL-2 by
donor T cells and that of -1 and TINF-a by dontor MNCs play
a central role, Therefore, we suggest that the reduced clinical
marifestations of aGVHD observed after cord blood trans-
plantation may be associated with a lower ability to produce
IL-2, TNF-e, and IFN-y and an equivalent production of GM-
CSF despite an eguivalent production of IL-18 and IL-6 com-
pared with adult biood MNCs.
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