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SUMMARY

There are reports of immaturity of the neonatal immune system, which may explain the low

incidence of graft-versus-host-disease (GVHD) after cord blood transplantation. The CD40

ligand (CD40L)–CD40 interaction is important in regulating the cellular immune response. We

hypothesized that the neonatal immune system may show immaturity in this interaction. We

studied the function of the CD40L–CD40 interaction in the T-cell interaction with B cells and

monocytes in cord blood compared with adult blood in vitro. Consistent with previous reports,

CD4+ T cells do not express CD40L after T-cell activation. In whole blood, adult monocytes,

but not neonatal monocytes, were activated following T-cell activation. However, the activation

of adult monocytes was not dependent on the CD40L–CD40 interaction. Using the CD40L

trimer (Lt), we showed that cord B cells have comparable responses to CD40 ligation to those of

the adult B cells. Both cord and adult monocytes do not respond as well as B cells and this is

probably related to low density of expression of CD40. However, interferon-c up-regulated

CD40 on adult monocytes but not on cord monocytes. This potentiated the adult monocyte

response to CD40 ligation by CD40Lt. Our findings suggest that the neonatal CD40L–CD40

pair is immature in the cellular immune response involving monocytes and that interferon-c fails

to activate neonatal monocytes for a response to CD40L. These findings suggest that in the

inflammatory microenvironment of cord blood transplantation neonatal monocytes may play a

minor role in the effector arm of the immune response. This finding may be one of several

mechanisms for the low incidence of GVHD that is observed following cord blood transplan-

tation. Also the ligand-receptor immaturity may contribute to the increased susceptibility of

newborns to certain infections.
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INTRODUCTION

A successful activation of resting T cells to effector T cells
in an immune response requires co-ordinated interactions

of several ligand–receptor pairs between T cells and anti-
gen-presenting cells (APCs). The important APCs are
B cells, monocytes, or dendritic cells. An important

costimulatory pair is the B7–CD28 pair that is crucial in
stimulating proliferation, cytokine secretion and prevention
of T-cell anergy.1 Other APC T-cell signalling molecular

pairs are the adhesion molecules CD58 (LFA-3)–CD2 and
CD54 (ICAM-1)–CD11a. Although these can provide the
second signal for proliferation they do not prevent the

induction of peripheral anergy2 but are more important in
lowering the threshold for T-cell activation.3 These mole-
cules mediate the physical interaction between the T-cell
and the APC, leading to the formation of the immunolo-

gical synapse. Within this synapse interaction of the T-cell
receptor with the agonist major histocompatibility com-
plex–peptide occurs, leading to the formation of a central

cluster of these complexes.4
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A third costimulatory pathway involves the CD40 lig-
and (CD40L)–CD40 pair, members of the tumour necrosis
factor(TNF) ⁄TNF receptor (TNFR) superfamilies of mol-
ecules, respectively.5,6 This ligand–receptor pair regulates

multiple phases of the immune response6 and is important
in triggering resting B cells to proliferate, to switch
immunoglobulin class, and to up-regulate costimulatory

molecules CD80 ⁄CD86.5,6 Furthermore, this pair is critical
in the development of a competent cellular effector immune
response through activation of dendritic cells and mono-

cytes ⁄macrophages.7,8 T cells, in turn, through their inter-
action with monocytes ⁄macrophages via this pathway, are
activated to a type 1 response.7 In addition, several studies

have confirmed the importance of the CD40L–CD40
pathway in the in vivo immune response and its importance
in the control of viral infections and intracellular killing of
pathogens, graft-versus-host reaction and the generation of

anti-leukaemia effects.7–11 Blockage of the interaction of
this ligand–receptor pair has resulted in a decrease in both
the incidence and the severity of graft-versus-host-disease

(GVHD) and inflammatory diseases but stimulation of
their interaction has enhanced anti-leukaemia or anti-
tumour effects.12–14

Following cord blood transplantation the incidence
and severity of GVHD are less. We hypothesize that a
possible mechanism is an immature neonatal CD40L–
CD40 interaction compared with the adult interaction.

The immaturity may be related to a reduced up-regulation
of CD40L on neonatal T cells, which has been des-
cribed.15,16 Recent reports, however, showed that CD40L

expression on neonatal T cells depends on the strength of
the T-cell stimulus. A sustained CD40L expression can
follow a T-cell stimulus supplemented by interleukin-2

(IL-2) and ⁄or IL-4 or an allogeneic stimulation by dend-
ritic cells.17,18 In this situation, it is possible that any
immaturity of the pathway may be the result of a poor

response to CD40 ligation on APCs.
We tested this hypothesis and this paper reports on

and compares the CD40L–CD40 interaction of T–B cells
and T monocytes from adult and cord sources. It was

found that monocytes of both adult and cord blood
showed a reduced response to CD40L stimulation com-
pared to B cells and that neonatal monocytes were less

responsive than adult monocytes to CD40L stimulation.
Interferon-c (IFN-c) enhanced the response of adult
monocytes, but not of neonatal monocytes, to CD40L

ligation. These data indicate that the functional imma-
turity of the CD40L–CD40 interaction of neonatal
monocytes would be more apparent in the context of an
inflammatory response.

MATERIALS AND METHODS

Blood samples

Cord blood was collected from healthy term babies into
20 U ⁄ml of preservative-free heparin. Adult blood for
comparative study was similarly collected from healthy

individuals into heparin following institutional ethics
approval. Functional studies were performed with diluted

whole blood or with mononuclear cell preparation
after density separation on LymphoprepTM (Nygaard,
Denmark). Isolated cells were resuspended in RPMI-1640
supplemented with insulin ⁄transferrin ⁄selenium (Gibco

BRL, Grand Island, NY), 2 · 10)5 m 2-mercaptoethanol
and 30% of either adult AB blood serum or cord serum
depending on cell source. Serum was used at a concentra-

tion of 30% as this was found to minimize apoptosis of
monocytes and B cells during culture.19

Flow cytometry analysis
The expression of costimulatory and adhesion molecules
on resting and stimulated cells was determined by flow

cytometry using a fluorescence-activated cell sorter scan
(FACScan; Becton Dickinson Immunocytometry Systems,
San Jose, CA). Fluorescein isothiocyanate (FITC) or

phycoerythrin (PE) or PECy5 (PC5) conjugated monoclo-
nal antibodies (mAb) against CD4, CD19, CD40, CD40L,
CD54, CD58, CD86 (Coulter-Immunotech, Brea, CA),

CD8, CD11a, CD25, HLA-ABC (Dakopatt A ⁄S, Copen-
hagen, Denmark), CD69 and CD154 (BD Biosciences, San
Jose, CA, USA) were used. Negative controls were stained
with the relevant conjugated c1 ⁄c2a mAbs from BD Bio-

sciences. Phytohaemagglutinin (PHA) was obtained from
Sigma Chemicals (St Louis, MO). Unlabelled aCD28 was
obtained from Coulter-Immunotech. Unlabelled aCD3

(Orthoclone OKT*3) was obtained from Janssen-Cilag
(North Ryde, NSW, Australia).

T- and B-cell and monocyte interaction in whole blood
Whole blood was used for study where possible as this
in vitro model may mimic the in vivo situation best.19

Heparinized whole blood was diluted 1 : 1 with RPMI
containing 10% AB serum for adult blood or 10% cord
serum for cord blood. PHA (10 lg ⁄ml) and aCD28

(10 lg ⁄ml) were added to stimulate T cells and up-regulate
CD40L both on the surface of T cells and internally,
costimulatory molecules CD80 ⁄CD86 and adhesion mole-

cules CD11a, CD58 on B cells and monocytes. These were
examined using immunofluorescence flow cytometry. To
determine whether the expression of these molecules on
B cells and monocytes was up-regulated through CD40L–

CD40 interaction, 10 lg ⁄ml of anti-CD40L mAb was ad-
ded to the blood prior to the addition of the stimuli. The
changes in the expression of these molecules were monit-

ored using flow cytometry at 24, 48 and 72 hr of incubation
at 37� in an atmosphere of air containing 5% CO2. The
changes in the surface expression of the molecules studied

on the various cell subsets were identified by FACS ‘gating’
using aCD3-PC5, aCD19-PC5 and aCD14-PC5. Cord
blood samples contain significant numbers of nucleated red
cells. Gating of a minimum of 10 000 events based on PC5

versus side-scatter gating allowed exclusion of all nucleated
red cells.20 The up-regulation or down-regulation of the
studied molecules was assessed by calculating the difference

of percentage (%) expression between stimulated and un-
stimulated (control) samples: % increase or decrease ¼
% expression on stimulated ) % expression on control

cells at the stated time points.
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Up-regulation of costimulatory molecules using
isolated MNCs
The use of whole blood has certain drawbacks, a require-
ment to use higher doses of immune stimuli and the diffi-

culty of lysing red cells with prolonged incubation at 37�.
Experiments were also performed using a 106 ⁄ml MNC
preparation stimulated with aCD3 ⁄aCD28 at 200 ng ⁄ml

and 200 ng ⁄ml, respectively. Conditions of incubation were
as for whole blood studies. MNCs were suspended in RPMI
containing 30% AB serum or cord serum depending on the

MNC source. Cells were harvested at 24 hr, 48 hr and, in
some studies, at 72 hr for phenotypic study using flow
cytometry. The changes in the surface expression of the

molecules studied on the various cell subsets were identified
by FACS ‘gating’ using aCD3-PC5, aCD19-PC5 and
aCD14-PC5. The percentage difference was calculated as
indicated above.

CD40L trimer (CD40Lt) stimulation of B cells

and monocytes
The direct effect of CD40Lt (Immunex, Seattle, WA) sti-
mulation of B cells and monocytes was examined using
MNCs isolated by density gradient centrifugation. MNCs

were resuspended at 2 · 106 cells ⁄ml and stimulated with
CD40Lt at 1Æ0 lg ⁄ml. Cells were harvested at 24 hr, 48 hr
and, in some studies, at 72 hr for phenotypic study using

flow cytometry.

Intracellular staining for cytokine and other antigens

When whole blood was studied, cells were fixed and ren-
dered permeable using the following reagents in sequence:
2 ml FACS lysing solution for 10 min followed by centrif-

ugation and then the addition of 500 ll FACSPerm to the
cell pellet. Five microlitres of IntragamTM (60 g ⁄ l IgG,
CSL, Melbourne, Australia) was added to the cell suspen-

sion to block non-specific binding. After 10 min of block-
ing, the appropriate conjugated antibody was added and
incubated for 30 min. The cells were then washed twice

with 0Æ5% bovine serum albumin in Isoton II (Coulter ⁄
Immunotech). Cells were resuspended in the same buffer
and analysed by flow cytometry.

Statistics
A two-way analysis of variance (anova) was used to ana-

lyse and compare the adult and cord data. The computer
program used was obtained from graphpad Software,
San Diego, CA.

RESULTS

Expression and up-regulation of CD40L molecule on T cells

Resting CD4+ and CD8+ T cells from both adult and cord
blood did not express CD40L. On stimulation with PHA

and aCD28, expression of CD40L was up-regulated on
adult CD4+ T cells but not CD8+ in a time-dependent
manner, with a peak at 24 hr. The percentage of CD4+

T cells expressing surface CD40L was 36Æ61±3Æ12% at
24 hr (n ¼ 3) and 27Æ38±3Æ45% at 48 hr (n ¼ 3). The

percentage of CD4+ T cells expressing intracellular CD40L
was 10Æ47±1Æ05% at 24 hr (n ¼ 3) and 17Æ72±4Æ05% at
48 hr (n ¼ 3). In contrast, up-regulation of CD40L was
very minimal on cord CD4+ cells. Similar findings were

observed with either adult MNCs or cord MNCs stimulated
with aCD3 ⁄aCD28 (data not shown). As IL-2 is poorly
produced by cord T cells compared to adult, exogenous

IL-2 was added to cord MNCs to determine if it would
enhance CD40L expression following aCD3 ⁄aCD28 sti-
mulation. Addition of IL-2 at 100 U ⁄ml enhanced the

expression of CD40L on cord CD4 T cells but not to the
incidence of positivity of adult CD4 T cells stimulated with
aCD3 ⁄aCD28 without the addition of IL-2: CD40L (cord

with IL-2) 11Æ96±9Æ32% at 24 hr (n ¼ 3); CD40L (cord
with IL-2) 9Æ77±8Æ76% at 48 hr; compared to adult
CD40L (without IL-2) 35Æ0±1Æ14% at 24 hr, (n ¼ 3);
CD40L (without IL-2) 21Æ60±7Æ7% at 48 hr, (n ¼ 3),

respectively.

CD40L is an important regulator of B cells rather than

monocytes following T-cell stimulation in whole blood

To study further the role of the CD40L–CD40 receptor
ligand pair in the multi-step interaction of T cells with

APCs, blood from either source was stimulated with PHA
and aCD28. Following T-cell activation the up-regulation
of costimulatory CD80 ⁄CD86 (B7 molecules) and adhesion
molecules CD11a, CD58 on B cells and monocytes was

determined. The expression of these molecules is given in
Table 1. Up-regulation of CD25 was used as an indication
of cell activation. Baseline expression of CD25 on adult B

cells was 24Æ64±6Æ74%, (n ¼ 5) and that of cord B cells
was 6Æ76±1Æ96%, (n ¼ 5). Baseline expression of CD25 on
both cord and adult monocytes was less than 2%. In the

presence of aCD40L up-regulation of CD25 was inhibited

Table 1. Baseline expression of surface molecules on cord and

adult B cells and on cord and adult monocytes

CD80 CD86 CD11a CD58 CD40

B cells*

Adult
% 6Æ9±4Æ9 31Æ6±7Æ9 93Æ7±1Æ6 35Æ0±10Æ3 97±4Æ5
MFI 42Æ3±21Æ1 4Æ1±0Æ2 32Æ6±6Æ2 6Æ9±1Æ0 1300±490

Cord
% 0 23Æ9±3Æ1 97Æ0±0Æ9 38Æ8±5Æ9 99±1Æ2
MFI 0 2Æ3±0Æ5 39Æ8±7Æ6 7Æ1±2Æ8 1200±190

Monocytes*

Adult
% 0 98Æ4±0Æ7 98Æ0±1Æ8 99Æ1±0Æ3 84±10

MFI 0 104Æ6±29Æ6 456Æ5±96Æ6 147Æ0±20Æ4 110±69

Cord
% 0 93Æ8±1Æ8 99Æ0±0Æ1 99Æ1±0Æ1 64±11

MFI 0 48Æ7±7Æ4 175Æ5±42Æ4 137Æ2±2Æ7 86±48

% indicates the percentage of cells expressing the surface molecules; MFI,

mean fluorescence intensity.

*Results of n ¼ 3 experiments±1SD.
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on B cells of adult blood indicating an inhibition of B-cell
activation. There was an initial (24 hr) increase in the

expression of the CD80 ⁄CD86, CD58 on B cells and a
subsequent decrease in their expression. CD11a which was
highly expressed on resting B cells, decreased following

T-cell stimulation in adult blood (Fig. 1). In the presence of
aCD40L, the changes in their expression were inhibited
(Fig. 2).

Expression of CD80 ⁄CD86 on adult monocytes in whole

blood was up-regulated initially (24 hr) and subsequently
decreased. The expression of CD11a and CD58 remained
unchanged at 24 hr and then decreased subsequently

(Fig. 3). However, the addition of aCD40L did not inhibit
the changes in expression of the studied molecules on
monocytes (data not shown) suggesting that factors other

than CD40L, possibly cytokines, are more important in the
activation ofmonocytes. Generally the changes in expression
of these molecules were greater on B cells than monocytes.

The up-regulation of the B7 and the adhesion molecules,
CD11a and CD58, on cord blood B cells was similar to adult
B cells following T-cell stimulation except for CD86 and
CD11a. The increase in expression of CD86 on cord B cells

was less than that of adult B cells. A late increase in
expression of CD11a on cord blood B cells was observed
(Fig. 1). However, the maximal increase in density (MFI) of

CD80 and CD86 was higher on adult B cells being 16- and
54-fold compared to two- and 40-fold on cord B cells,

respectively. The changes in density of CD58 and CD11a
were comparable for adult and cord B cells, being five-fold

for CD58 but unchanged for CD11a. There was no activa-
tion of cord monocytes and CD80 was up-regulated min-
imally (Fig. 3). The changes in expression of molecules

CD86, CD58 and CD11a on cord blood monocytes gener-
ally paralleled the changes observed in adult blood but with
cord blood showing a greater decrease in expression except
for CD58 (Fig. 3). In summary, the degree of changes ob-

served was similar in adult and neonatal B cells and
monocytes. The exceptions were CD86, CD11a on B cells
and CD80 on monocytes (Figs 1–3). The inhibitory effect of

aCD40L was not examined as CD40L was not up-regulated
on neonatal T cells stimulated by PHA and aCD28.

Direct effects of CD40 ligation by CD40L on

B cells and monocytes

The lower degree of up-regulation of costimulatory and

adhesion molecules on cord B cells and monocytes fol-
lowing T-cell stimulation is not surprising as CD40L is not
up-regulated well on T cells in both our in vitro systems
using the current stimuli. Cord T cells can up-regulate

CD40L with additional stimuli such as IL-2 or staphylo-
coccal endotoxin A (SEA) (data not shown) or in an allo-
geneic induced response.16 We hypothesized that apart

from minimal up-regulation of CD40L there could be a
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Figure 1. Comparison of the up-regulation of B7 costimulatory molecules and adhesion molecules CD11a and CD58 on adult

and neonatal B cells following stimulation of T cells by PHA (10 lg ⁄ml) and aCD28 (10 lg ⁄ml) in whole blood. Both adult

and cord B cells responded similarly. CD25 was used as a marker of B-cell activation. Adult B cells compared to neonatal

B cells responded differently with respect to CD86 and CD11a; P ¼ 0Æ0031 and P ¼ 0Æ002, respectively.

� 2004 Blackwell Publishing Ltd, Immunology, 113, 26–34

Immaturity of T cell–APC interaction in cord blood 29



poor response to CD40 ligation, and therefore, the response
of B cells and monocytes to direct CD40 Lt stimulation was
examined.

Cord B cells responded as well as adult B cells to direct
CD40Lt stimulation (Fig. 4). Table 1 shows the base-
line expression of the surface molecules on B cells and

CD25 expression on B cells
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Figure 2. The incidence of expression of B7 costimulatory molecules and adhesion molecules CD11a and CD58 on adult B

cells following T-cell activation in whole blood. Addition of aCD40L inhibited the up-regulation of these molecules on B cells.
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Figure 3. Comparison of the up-regulation of B7 costimulatory molecules and adhesion molecules CD11a and CD58 on adult

and neonatal monocytes following T-cell activation in whole blood. Cord monocytes were not activated in whole blood

following T-cell activation whereas adult monocytes were (CD25 up-regulation, P ¼ 0Æ0001). Adult monocytes up-regulated

CD80 significantly compared with cord monocytes, P ¼ 0Æ0001.
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monocytes. CD40L ligation of B cells increased the
expression of CD80, CD86, and CD58. These molecules
were expressed in a small percentage of resting B cells
(Table 1). However, CD11a, which is expressed on nearly

all B cells, was down-regulated (Fig. 4). The expression of
these molecules on cord B cells was similarly increased or
decreased by CD40Lt stimulation except for a smaller in-

crease of CD86 and CD58 (Fig. 4). The MFI of CD80,
CD86 and CD58 on adult B cells was increased 3-, 30- and
10-fold, respectively. MFI of CD11a remained unchanged.

In contrast, the MFI of these molecules was hardly in-
creased on cord B cells, being <2-fold.

In contrast, adult and cord monocytes responded dif-

ferently to direct CD40Lt stimulation from B cells. CD86,
CD58 and CD11a were expressed on nearly all adult and
cord monocytes (Table 1). Following cell culture (24 hr)
expression of CD86 was down-regulated in the absence of

CD40Lt stimulation of monocytes. However, the expres-
sion of CD86 on monocytes was increased slightly by the
presence of CD40Lt (Fig. 5) and then decreased. CD80,

which was not expressed on monocytes, was minimally
up-regulated on adult and cord monocytes. Adult mono-
cytes increased its expression slightly better than cord

monocytes (Fig. 5). There was little change in CD11a
expression but CD58 was up-regulated in both adult and
cord monocytes. Both adult and cord monocytes expressed
low levels of CD40 compared with B cells which could

explain their poorer response (Table 1). We examined the

effect of priming monocytes first with IFN-c to increase
CD40 expression. The addition of IFN-c increased min-
imally the expression of CD40 on cord monocytes: change
in percentage expression of 22Æ3±18Æ4% (n ¼ 3); MFI of

227±190 after 24 hr incubation. In contrast, although
adult monocytes increased the percentage of expression
by 17Æ8±1Æ2%, (n ¼ 3); MFI increased by 4569±1195.

In the presence of soluble CD40Lt the up-regulation of
costimulatory molecules CD80 and CD86 on the cell sur-
face of cord monocytes was reduced compared with adult

monocytes despite priming by IFN-c (Table 2).

DISCUSSION

The B7–CD28 interaction is closely linked to CD40L–
CD40 interaction. These two ligand-receptor pairs are part
of a sequential multisteps T-cell activation involving APCs
like B cells and monocytes.21 CD40L–CD40 plays an

important role in regulating APC function.5 We examined
in parallel the role of CD40L–CD40 interaction in matur-
ing B cells or monocytes to competent APCs in adult and

cord whole blood and in the MNC fraction. In whole blood
the stimulation of adult T cells with PHA and aCD28 was
associated with the up-regulation of B7 molecules and

CD58 on adult B cells. CD11a initially remained stable and
subsequently decreased. The changes in the expression of
these molecules on B cells were dependent on CD40L
as aCD40L inhibited their up- or down-regulation. The
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Figure 4. Comparison of the up-regulation of B7 costimulatory molecules and adhesion molecules on adult and cord B cells

following stimulation by CD40Lt (1Æ0 lg ⁄ml). Both adult and cord B cells responded similarly. CD25 used as a marker of

B cell activation. The response of adult and neonatal B cells was not significantly different.
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inhibition, however, was not complete, suggesting other
factors are involved in regulating or modifying their
expression. MNCs were also used to examine more directly
the role of CD40L–CD40 interaction in adult B cells. The

response by adult B cells to direct CD40L ligation in MNCs
paralleled that seen in whole blood (Figs 1 and 2). How-
ever, we found that neonatal B cells in whole blood showed

parallel changes to that of adult blood for B7 molecules,
CD58 and CD11a following T-cell stimulation. This was
unexpected as CD40L was poorly expressed on cord blood

T cells following T-cell stimulation in agreement with other
reports.15,16 These findings suggest that CD40L independ-

ent factors could replace CD40L in neonatal B-cell activa-
tion. The molecular mechanisms may involve cytokines or
other ligand–receptor pair interactions possibly other
members of the TNF–TNFR superfamilies. Although

neonatal T cells produce cytokines poorly22 neutrophils and
platelets, which do express adhesion molecules and produce
cytokines, are present in whole blood23 and these may

potentially modify B-cell and monocyte responses. Also a
recent report using CD40L-deficient T-cell clones showed
that a T cell can activate B cells via CD40L-independent

mechanisms.24 The relevance of the CD40L-independent
activation of B cells for the in vivo situation needs further
exploration.

Neonatal T cells are not intrinsically deficient but they
do differ qualitatively from adult T cells when stimulated
under standard conditions.25 Under certain conditions
CD40L were up-regulated on neonatal T cells. Although

stimulation by aCD3 and costimulation with aCD28 up-
regulated only marginally the expression of CD40L on cord
T cells, the addition of IL-2 did enhance the expression of

CD40L, the expression was still less than that of the adult
CD4+ T cells in the absence of added IL-2. Also certain
other stimuli like Staphylococcal Endotoxin A (data not

shown), agents that trigger protein kinase A26 or allogeneic
stimulation18 can produce sustained CD40L up-regulation.
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Figure 5. Comparison of the up-regulation of B7 costimulatory molecules and adhesion molecules on adult and cord

monocytes following stimulation by CD40Lt (1Æ0 lg ⁄ml). Both adult and cord monocytes responded poorly. CD25, used as a

marker of monocyte activation, showed significant activation of adult monocytes, P ¼ 0Æ0001. CD80 was up regulated on

adult monocytes (P ¼ 0Æ05) but CD86 was up-regulated on neonatal monocytes, P ¼ 0Æ0072.

Table 2. Up-regulation of CD80 and CD86 following priming with

interferon-c followed by CD40Lt

CD80* CD86*

IFN-c� IFN-c+CD40Lt� IFN-c� IFN-c+CD40Lt�

Adult 59Æ6 ± 8Æ0 22Æ9 ± 12Æ1 32Æ6 ± 3Æ8 11Æ6 ± 10Æ4
Cord 0 0 6Æ7 ± 0Æ7 0

*Results of n ¼ 3 experiments±1SD.

�Increase from control level.

�Increase from IFN-c stimulated level.

� 2004 Blackwell Publishing Ltd, Immunology, 113, 26–34
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Furthermore, priming of neonatal T cells enhanced CD40L
expression on neonatal T cells with subsequent T-cell sti-
mulation.16, 17 The expressed CD40L on activated neonatal
T cells can regulate neonatal B cells.17 In agreement with

these reports, we showed that B cells from cord blood
responded to CD40Lt stimulation similarly to B cells from
adult cells (Fig. 2). Taken together these findings would

confirm that the immaturity of neonatal B-cell functions
relates to more uneducated neonatal T cells in contra-
distinction to adult T cells. Should CD40L be up-regulated,

the T-cell regulation of B-cell function via CD40L would be
reasonably intact in the neonates. However, there is a slight
subtle difference between adult and cord B cells in that the

changes with respect to density of B7 molecules, adult B
cells showed a higher fold increase in both whole blood and
MNC preparations.

Adult monocytes were similarly activated and matured

to competent APCs as evidenced by up-regulating CD25
and CD80 following T-cell stimulation in whole blood.
Surface molecules such as CD86, CD58 and CD11a, which

are highly expressed in the resting state, decreased with
time. This may reflect their down-regulation following their
interaction with their respective cognate ligand suggesting a

molecular activation of these molecules. Surprisingly,
aCD40L had no inhibitory effect on the up-regulation of B7
molecules on adult monocytes. This observation suggests
that CD40L has little role in activating adult monocytes

and that cytokines, for example, IFN-c or other membrane
receptor–ligand interactions, may play a more functional
role. Our findings in whole blood studies suggest that the

CD40L–CD40 ligand-pair possibly plays a lesser role in
regulating monocyte function. This is consistent with our
findings that CD40Lt up-regulated B7 molecules poorly on

adult monocytes in MNC preparations.
In contrast neonatal monocytes were not activated

following T-cell activation in cord whole blood. This could

be because of a lack of CD40L stimulation but also indi-
cates that there were no CD40L-independent factors as
seen in adult whole blood. Similar to adult monocytes,
neonatal monocytes showed little response to CD40Lt

stimulation. The poor response to CD40Lt ligation
by both adult and neonatal monocytes may be in part
explained by the degree of surface expression of CD40 on

the monocytes. B cells from both sources had similar
expression of CD40. Ninety-nine per cent of B cells in
adult and cord blood expressed CD40 with comparable

antigen density based on MFI level. A smaller percentage
of adult and cord blood monocytes expressed CD40
compared to B cells and at a lower density (Table 1). This
may explain the poorer response of adult monocytes to

CD40Lt. In the case of neonatal monocytes it may also be
the result of naivety or immaturity related to an undevel-
oped intracellular signal transduction as there was no

increase in CD25 up regulation as observed with adult
monocytes following CD40Lt ligation.

IFNc is a potent activator of monocytes. We examined

the possibility that priming by IFNc may improve neonatal
monocyte response to CD40Lt. IFNc up regulated CD40
on adult monocytes but marginally on neonatal monocytes.

B7 molecules on adult monocytes were also up regulated
and the addition of CD40Lt had an additive effect. As
discussed above, neonatal monocytes in whole blood were
not activated following T-cell activation, negating a role for

other stimuli in activating neonatal monocytes as seen with
adult monocytes. This may be because of lower production
of cytokines like IFN-c by neonatal T and NK cells.22

However, IFN-c also failed to activate or increase expres-
sion of CD40 or adhesion molecules on neonatal mono-
cytes. This failure is not the result of a lack of IFN-c
receptors as we have previously shown that the incidence of
the IFN-c receptor was the same on cord and adult
monocytes.22 The addition of CD40Lt together with IFN-c
also failed to up-regulate B7 or any other adhesion mole-
cules. This is similar to a report that showed that a func-
tional abnormality of phagocytosis became apparent in
cord monocytes following IFN-a stimulation.27 Taken

together, these findings suggest a possible functional
immaturity of signal transduction in neonatal monocytes
and that this becomes more apparent in the presence of an

inflammatory stimulus.
In summary, our findings confirm previous observa-

tions that neonatal B cells are intrinsically functionally

intact.16,17,28 They could be activated by the CD40L–CD40
ligand pair and under certain conditions T-cell help through
CD40L is functional in regulating neonatal B cells.16,17

However, the importance of our studies relates to the

functional immaturity of neonatal monocytes. Our findings
suggest that in the adult, CD40L–CD40L receptor inter-
action has a lesser role in T-dependent activation of

monocytes, however, the pair is active if monocytes are
primed by IFN-c. Similarly, in the neonates, the CD40L–
CD40 ligand interaction involving monocytes is deficient

but IFN-c fails to activate neonatal monocytes for response
to CD40L. Several studies have shown that CD40L–CD40
interaction is an important regulator of the cellular immune

response5,6 and is important in GVHD, graft versus leu-
keamia (GVL) or graft versus tumour (GVT). Monocytes
are considered important in the effector cellular response in
GVHD29 and T-cell and monocyte interaction are import-

ant in regulating the immune response.30 We have previ-
ously shown possible naivety or immaturity of neonatal
monocyte interaction with T cells: compared with adult

cells, neonatal monocytes produced less inflammatory cyto-
kines like IL-1a ⁄b and TNF-a and neonatal T and NK cells
expressed less of the receptors for IL-12 and IL-2.22,31 This

report suggests that immaturity of the CD40L–CD40 lig-
and pair interaction may be an additional mechanism of
deficient T-monocyte interaction. Our findings suggest that
in an inflammatory microenvironment, e.g. cord blood

transplantation neonatal monocytes may play a minor role
in the effector arm of immune response. Taken together,
our findings suggest that poor T-cell : monocyte interaction

may explain the lower incidence of GVHD observed fol-
lowing transplantation of cord blood. It may also predict a
poorer GVL or GVT effect following cord blood trans-

plantation. Furthermore, ligand-receptor pair immaturity
may contribute to the increase susceptibility of neonates to
certain infections.32

� 2004 Blackwell Publishing Ltd, Immunology, 113, 26–34
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