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Summary

The aim of the present study was to elucidate the impact of liver transplan-
tation (LTX) on myeloid dendritic cell (MDC) homeostasis. We observed a
threefold reduction of circulating CD1c+ MDC immediately after LTX (n = 16;
P < 0·01), and normalization between 3 and 12 months after LTX. This
decline was not due to recruitment of MDC into the liver graft, as numbers of
MDC in post-LTX liver graft biopsies were not increased compared to pre-
LTX biopsies (n = 7). Moreover, no change in chemokine receptor expression
on circulating MDC was observed, suggesting that their homing properties
were not altered. Normalization of circulating MDC was associated with with-
drawal of corticosteroid therapy, and not with changes in calcineurin inhibi-
tor intake, indicating that corticosteroids are responsible for the observed
changes in numbers of circulating MDC. During high-dose corticosteroid
treatment early after LTX, circulating MDC showed a lowered maturation
status with decreased expression of human leucocyte antigen D-related (HLA-
DR) and CD86 compared to pre-LTX values (P < 0·01). However, when MDC
from blood of LTX recipients were matured ex vivo, they up-regulated
HLA-DR and co-stimulatory molecules to a comparable extent as MDC from
healthy individuals. In addition, ex vivo matured MDC from both groups had
equal allogeneic T cell stimulatory capacity. In conclusion, during the first
months after LTX numbers and maturational status of circulating MDC are
impaired significantly, probably due to a suppressive effect of corticosteroids
on MDC. However, corticosteroid therapy does not imprint MDC with an
intrinsic resistance to maturation stimuli.
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Introduction

The earliest stage of the T cell response against allogeneic
grafts consists of priming the recipient’s T cells against
donor antigens by dendritic cells (DC). In humans there are
two main types of DC: myeloid DC (MDC) and plasmacy-
toid DC (PDC). Both donor- and host-derived MDC can
activate allogeneic T cells after organ transplantation.
Donor-derived MDC migrate from the graft via the blood
circulation into the recipient’s spleen and lymph nodes, and
activate T cells of the recipient by direct presentation of
donor alloantigens [1–4]. Host-derived MDC are recruited
into the graft in response to ischaemic injury [5], and
migrate subsequently to the recipient’s spleen and lymph
nodes to prime recipient T cells by indirect presentation of

donor antigens [3]. In contrast, PDC in the transplantation
setting are probably involved in the development of allograft
tolerance [6,7].

Whereas considerable knowledge is available on circulat-
ing donor-specific T cells after organ transplantation, only
few studies have investigated changes in DC homeostasis.
Longitudinal studies that have been performed show that
numbers of circulating MDC and PDC decrease immedi-
ately after cardiac [8], kidney [9,10] and liver (LTX) [11]
transplantation, but considerable differences in the duration
of DC impairment have been reported. After renal [9] and
cardiac [8] transplantation, numbers of circulating MDC
and PDC remained consistently lowered during the
follow-up of 3 and 8 months. We reported that after LTX
circulating PDC numbers decrease immediately and are only
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restored partially during the first year after transplantation
[12]. This was confirmed by cross-sectional studies, which
showed consistently that numbers of circulating PDC are
reduced in patients late after organ transplantation com-
pared to those in healthy controls [10,13–15]. Study results
regarding the duration of MDC impairment after organ
transplantation are, however, not uniform. Some studies
reported reduced [10,13], whereas others found normal
[14,15] numbers of circulating MDC in organ transplant
recipients late after transplantation. Moreover, one study
found that circulating MDC numbers were already restored
to pretransplant values 1 month after transplantation [11].
Besides, it is unclear whether the maturational status and
functional capacity of MDC are altered after organ
transplantation.

We found that the decrease in circulating PDC numbers
after LTX was due to induction of apoptosis in PDC by
corticosteroids [12]. Whether corticosteroid treatment is
also responsible for the observed decline in circulating MDC
numbers after organ transplantation is unknown. One cross-
sectional study found that the decline in circulating MDC
numbers after organ transplantation was associated with
corticosteroid therapy [14], while two other studies did not
[13,15].

The aim of the present study was to establish the longitu-
dinal course of numbers and maturational status of circulat-
ing MDC during the first year after LTX. In addition, we
compared the functional capacity of blood MDC of LTX
recipients with healthy individuals. In an attempt to explain
our observations, we analysed chemokine receptor expres-
sion on circulating MDC, quantified MDC in liver grafts,
investigated associations between changes in circulating
MDC and alterations in immunosuppressive therapy, and
studied whether immunosuppressive drugs induce apoptosis
of blood MDC.

Patients and methods

Patients and materials

Circulating MDC after LTX were analysed in peripheral
blood mononuclear cells (PBMC) obtained pre-, and at
different time-points post-transplantation from 16 LTX
recipients transplanted between 1999 and 2001. Paraffin-
embedded and frozen pre- and post-LTX liver graft biopsies
were available from seven patients. Pre-LTX biopsies had
been collected at the end of the cold preservation of the graft.
Post-LTX biopsies had been obtained as protocol biopsies or
suspicion of graft dysfunction. The clinical characteristics of
the included patients are summarized in Table 1. Immuno-
suppressive therapy consisted of a calcineurin inhibitor
[either cyclosporin A (CsA) or tacrolimus (Tac)] and
corticosteroids. Before reperfusion the patients were given a
single intravenous dose of 500 mg methylprednisolone
(Solu-Medrol®, Pfizer, Capelle aan den IJssel, the

Netherlands). During the first week after LTX intravenous
prednisolone was given according to the following scheme:
100 mg on days 1 and 2, 75 mg on days 3 and 4, 50 mg on
days 5 and 6 post-LTX. Thereafter, treatment was changed to
oral prednisone (15 mg per day) for the next 3 months. Sub-
sequently, corticosteroid medication was tapered slowly over
time, and was discontinued completely in 10 of 16 patients
between 6 and 12 months (median: 10 months) after LTX.
Ten patients were treated with CD25 antibody during the
early post-transplant period.

For functional studies with purified blood MDC, fresh
blood was collected from eight LTX recipients at 2 weeks
after transplantation, and from 11 healthy volunteers. These
LTX recipients were transplanted for hepatitis B virus (HBV)
cirrhosis (n = 3), acute fulminant HBV infection (n = 1) or
hepatitis C virus (HCV) cirrhosis (n = 4). Mean age was 47
(range: 23–61) years, and immunosuppressive therapy con-
sisted of Tac or CsA supplemented with corticosteroids and
CD25 antibody. The Medical Ethical Committee of the
Erasmus Medical Center, Rotterdam approved the study pro-
tocol, and informed written consent was obtained from all
patients.

Analysis of numbers and maturation status of
circulating DC and monocytes

PBMC were isolated by Ficoll density centrifugation from
heparinized venous blood and stored in liquid nitrogen until
analysis. After thawing, PBMC were incubated with combi-
nations of the following monoclonal antibodies (mAb):
CD1c-phycoerythrin (PE), CD14-peridinin chlorophyll
(PerCP), CD20-PerCP, CD80-fluorescein isothiocyanate
(FITC), CD86-allophycocyanin (APC), CCR7-FITC,

Table 1. Characteristics of liver transplantation (LTX) recipients in

which the longitudinal course of numbers and maturation status of

circulating myeloid dendritic cells (MDC) were studied.

Patients (n = 16)

Age, years, mean (range) 48 (16–66)

Gender, male/female 7/9

Indication for liver transplantation

Hepatitis B 3

Hepatitis C 3

PBC 3

PSC 3

Alcoholic liver cirrhosis 1

Insulinoma with liver metastasis 1

Autoimmune hepatitis 2

Immunosuppression

CsA + prednisone 3

CsA + prednisone + aCD25 4

TAC + prednisone 3

TAC + prednisone + aCD25 6

CsA: cyclosporin; PBC: primary biliary cirrhosis; PSC: primary scle-

rosing cholangitis; Tac: tacrolimus.
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CXCR4-FITC, anti-human leucocyte antigen D-related
(HLA-DR)-FITC or anti-HLA-DR-PerCP. MDC were
defined as CD1c+CD14–CD20– cells. For determination of
the relative numbers of monocytes and MDC, and for analy-
sis of expression of HLA-DR and co-stimulatory molecules
on monocytes, 50 000 events were collected on a fluores-
cence activated cell sorter (FACS)Calibur flow cytometer. To
analyse the expression of cell surface molecules on MDC, at
least 200 CD1c+CD14–CD20– events were live-gated. Appro-
priate isotype control mAb were used to set gates for analysis.
All mAb were obtained from BD Biosciences, Erembodegem,
Belgium, except CD1c PE (Miltenyi Biotech, Bergisch Glad-
bach, Germany), CD80-FITC (Beckman Coulter Immuno-
tech, Marseille, France), CCR7-FITC and CXCR4-FITC
(R&D Systems, Abingdon, Oxon, UK). Analysis was per-
formed using CellQuest Pro software.

Effect of immunosuppressive drugs on MDC survival
in vitro

PBMC (2 ¥ 106/ml) from healthy individuals were cultured
for 18 h in RPMI-1640 supplemented with penicillin
(100 U/ml), streptomycin (100 mg/ml) (all from Gibco BRL
Life Technologies, Breda, the Netherlands) and 10% fetal
bovine serum (Hyclone, Logan, UT, USA), with or without
CsA, Tac, prednisolone or methylprednisolone. After 18 h,
expression of active caspase 3 was determined by flow
cytometry after intracellular labelling with anti-active
caspase 3-FITC mAb (BD Biosciences) using Intraprep per-
meabilization reagent (Beckman Coulter Immunotech).
Before intracellular staining, surface antigens were labelled
with CD1c-PE and CD20-APC mAb to determine MDC,
CD14-PE mAb to determine monocytes or anti-blood den-
dritic cell antigens (BDCA)-4-PE (Miltenyi Biotech) and
CD11c-APC (BD Biosciences) to determine BDCA-
4+CD11c– PDC.

Quantification of intragraft MDC and macrophages

Consecutive cryosections were stained with CD1c mAb
(Miltenyi Biotec) and secondary peroxidase-conjugated goat
anti-mouse Envision complex (Dako, Glostrup, Denmark)
as described previously [4], or with DC-Lamp mAb (CD208;
clone 104.G4) followed by rabbit anti-mouse antibodies and
alkaline phosphatase–anti-alkaline phosphatase complex
(APAAP; Serotec, Oxford, UK), as described previously [16].
Sections of paraffin-embedded biopsies were stained with
CD68-Envision-peroxdiase (Dako, Glostrup, Denmark)
after blocking for endogenous peroxidase by incubation with
0·2% sodium azide and 0·05% H2O2 in citric acid/phosphate
buffer (pH: 5·8), and antigen retrieval by Pronase (Sigma,
Zwijndrecht, the Netherlands) incubation for 15 min and
37°C. CD1c and CD68 mAb were visualized using 3-amino-
9-ethylcarbazole, and DC-Lamp mAb using Fast Blue/ASBI-
phosphate substrate. Sections were examined only if stains

with appropriate isotype-matched control mAb were
negative. Positive cells were counted simultaneously by two
observers. Numbers of positive cells in the parenchyma were
counted in six randomly chosen microscopic fields of 400 ¥
magnification. In addition, positive cells in portal fields were
counted. If the difference in counts between the two observ-
ers exceeded 15%, recounting was carried out. For each
biopsy the mean number of positive cells per portal field and
per microscopic field of 400 ¥ magnification of the paren-
chyma were calculated, and these numbers were used in the
analysis.

Purification of blood MDC and determination of their
functional capacity

MDC were isolated from blood of LTX recipients or healthy
volunteers by immunomagnetic selection of CD1c+CD20–

cells, as described previously [17]. The purity of MDC
(defined as CD1c+ CD20– cells) isolated from LTX recipients
was 94 � 4% and from healthy individuals 96 � 2%, and
viability (determined by trypan blue exclusion) was 88 � 4
and 89 � 3%, respectively. For determination of their matu-
rational capacity, MDC (1 ¥ 104/200 ml) were stimulated for
24 h at 37°C with tumour necrosis factor (TNF)-a (25 ng/
ml) and interleukin (IL)-1b (50 ng/ml) (both from Strath-
mann Biotech, Hannover, Germany) in RPMI-1640
supplemented with penicillin, streptomycin, 10% fetal
bovine serum and granulocyte–macrophage colony-
stimulating factor (GM-CSF) (500 U/ml; Leucomax, Novar-
tis Pharma, Arnhem, the Netherlands). Before and after
culture, MDC were labelled with CD1c-PE, CD20-PerCP,
anti-HLA-DR-FITC, CD80-FITC and CD86-APC or appro-
priate isotype control mAb, and analysed by flow cytometry.

To determine the capacity of MDC to acquire allogeneic
T cell stimulatory capacity, graded numbers (5, 2·5 and
1·25 ¥ 103 cells per well of a 96-well flat-bottomed plate)
were stimulated to mature with TNF-a, IL-1b and GM-CSF
for 24 h. Thereafter, the culture medium was aspirated, MDC
were washed twice to remove additives, and 1·5 ¥ 105 alloge-
neic T cells were added. In all experiments the same batch of
T cells was used, which were enriched by nylon wool filtra-
tion of PBMC from a buffy coat of a healthy blood donor,
and contained 83% CD3+ cells. After 5 days, T cell prolifera-
tion was assessed by determination of the incorporation of
0·5 mCi [3H]-thymidine (Radiochemical Centre, Amersham,
Little Chalfont, UK) during 18 h. Each condition was tested
in triplicate from which means were calculated. These means
were used in the analyses.

Statistical analysis

All data are expressed as mean � standard error of the mean
(s.e.m.). Numbers of DC and macrophages in pre- and post-
LTX biopsies were compared using the Wilcoxon test
for paired data. All other differences were analysed after

MDC after liver transplantation
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log-transformation of data to obtain normal distribution,
using either the independent-samples t-test or the paired-
samples t-test. Statistical analysis was performed using spss
version 11·0 software. A two-sided P-value of less than 0·05
was considered significant.

Results

The longitudinal course of numbers of
circulating MDC after LTX in relation to
immunosuppressive medication

The relative numbers of circulating MDC and monocytes
were determined in PBMC from 16 LTX recipients. To pre-
clude the effects of rejection treatment, only patients who
had never been treated for acute rejection were included. The
frequencies of CD1c+ MDC in liver transplant recipients
before transplantation were comparable to those in healthy
individuals which we have reported previously [17].
Figure 1a shows that as early as 3 days after LTX the relative
numbers of circulating MDC decreased threefold compared
to pre-LTX values. This decline persisted up to 3 months
post-LTX, and between 3 and 12 months after LTX the
numbers of circulating MDC were restored to pretransplant
values.

To investigate the cause of the changes in numbers of
circulating MDC, we compared longitudinal alterations in
immunosuppressive therapy with MDC numbers (Fig. 1c).

All LTX patients received prednisone in combination with
either CsA or Tac. In the CsA-treated group the intake of CsA
was reduced between 1 and 3 months after LTX. This reduc-
tion did not coincide with recovery of circulating MDC.
MDC numbers even tended to decrease in the period of CsA
reduction (Fig. 1b; P = 0·43). During the period that MDC
numbers were restored to pre-LTX values, i.e. between 3 and
12 months, CsA dosage was only slightly reduced. These data
were confirmed in the Tac-treated group, as between months
3 and 12 MDC numbers also increased (from 0·27 � 0·5 to
0·45 � 0·07; P = 0·04) in this group, even though there were
no alterations in the Tac dosage. Together, these observations
support that the changes in circulating MDC numbers after

LTX were not related to treatment with calcineurin
inhibitors.

However, the recovery of MDC numbers between 3 and
12 months after LTX did coincide with tapering of pred-
nisone treatment. In the subgroup of patients in which pred-
nisone treatment was completely stopped in this time-period
(n = 10), relative numbers of circulating MDC increased
from 0·28 � 0·10% of PBMC at 3 months to 0·50 � 0·05%

�

Fig. 1. Longitudinal course of the numbers of circulating myeloid

dendritic cells (MDC) and monocytes in liver transplantation (LTX)

recipients. (a) Relative numbers of CD1c+CD14–CD20– MDC were

determined in 16 LTX recipients at baseline, 3 days, 1 and 2 weeks, 1,

3 and 12 months after transplantation. (b) Idem for the LTX

recipients that were treated with CsA (n = 7). (c) Treatment doses of

tacrolimus (Tac), cyclosporin (CsA) and prednisolone/prednisone in

the LTX recipients at the indicated time-points. The left y-axis

indicates daily Tac or prednisone doses, and the right y-axis daily CsA

doses. (d) Relative numbers of CD14+ monocytes in the 16 LTX

recipients. **P < 0·01; *P < 0·05 in comparison with pre-LTX values,

or between indicated time-points.
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at 12 months after LTX (P = 0·008). In the remaining
six patients, prednisone intake was tapered (from
0·17 � 0·03 mg/kg/day at 3 months to 0·11 � 0·04 mg/kg/
day at 12 months), which coincided with an increase in
numbers of circulating MDC from 0·32 � 0·08% to
0·45 � 0·12% of PBMC (P = 0·04). This suggests that the
alterations in numbers of circulating MDC after LTX may be
related to corticosteroid treatment. The strong decline in
MDC numbers immediately after LTX may be caused by
high-dose prednisolone treatment during and shortly after
transplantation.

In contrast to MDC, the relative numbers of circulating
monocytes increased immediately after LTX (Fig. 1d) and
normalized again after 2 weeks, showing that immunosup-
pressive therapy did not reduce all types of circulating APC.

Numbers of intragraft MDC and macrophages before
and after LTX

To investigate whether the decline in circulating MDC after
LTX resulted from MDC recruitment into the liver graft,
MDC and, for comparison, CD68+ monocytes/macrophages
were quantified immunohistochemically in liver graft biop-
sies taken before and after LTX. Paired pre- and post-LTX
biopsies were available from seven patients. The post-LTX
biopsies had been taken, on average, 12 (range: 6–24) days
after transplantation, and did not show significant histologi-
cal rejection activity [mean rejection activity index (RAI)
score 2; range: [0–5]. CD1c mAb was used as a marker for
both immature and mature liver MDC [4,16,18], and
DC-Lamp as a marker for mature MDC [19]. Figure 2a shows
that CD1cbright MDC were located predominantly in portal
fields, while CD68+ macrophages/monocytes were observed
both in portal fields and parenchyma. In the parenchyma
these represent Kupffer cells. In post-LTX biopsies additional
faint staining with CD1c mAb was observed in the paren-
chyma, in a pattern reminiscent of Kupffer cell staining.
Therefore, only CD1cbright cells were considered as MDC.
DC-Lamp+ mature MDC were only observed sporadically
both before and after LTX (not shown). Quantification of
CD1cbright and DC-Lamp+ MDC showed that their numbers
were not increased significantly in post-LTX compared to
pre-LTX liver graft biopsies (Fig. 2b). In contrast, numbers of
intragraft CD68+ monocytes/macrophages increased after
transplantation, the increase being significant in portal fields
and borderline significant in the parenchyma. These data
show that it is unlikely that the decline in circulating MDC
after LTX is due to accumulation in the liver graft.

Expression of chemokine receptors on circulating MDC
before and after LTX

To elucidate whether the migratory potential of circulating
MDC changed after LTX, expression of CCR-7, the chemok-
ine receptor responsible for homing to secondary lymphoid

tissues [20], and of CXCR-4, the receptor for CXCL-12
which is expressed constitutively in lymphoid and non-
lymphoid tissues [21,22] including liver grafts [23], were
analysed. Before LTX, 56 � 9% of circulating MDC
expressed CXCR-4 and 12 � 4% expressed CCR-7. Expres-
sion of these chemokine receptors measured at 3 days and
1, 2 and 4 weeks after LTX, was not altered, suggesting that
the decrease in relative numbers of circulating MDC is not
due to enhanced homing capacity to secondary lymphoid
organs (data not shown).

Effect of immunosuppressive drugs on MDC survival

Previously, we reported that PDC are very sensitive to apo-
ptosis induction by corticosteroids [12]. To study the pro-
apoptotic effects of the immunosuppressive drugs on blood
MDC, PBMC were cultured in the presence or absence of
immunosuppressive drugs and after 18 h, expression of the
active form of caspase 3, the most downstream effector
caspase, was determined in MDC, and for comparison also
in monocytes and PDC. The effects of both corticosteroids
used in the treatment of the LTX recipients (prednisolone
and methylprednisolone) were studied. Different concentra-
tions, corresponding with expected plasma concentrations
in the patients were tested. Figure 3a shows that predniso-
lone or methylprednisolone did not induce expression of
active caspase-3 in MDC or monocytes, but only in PDC
(Fig. 3a). In addition, relative numbers of MDC, monocytes
and PDC were quantified after the cultures. Corticosteroids
had almost no effects on the survival of MDC or monocytes
in vitro (Fig. 3b). In contrast, in accordance with our previ-
ous data, survival of PDC was clearly impaired [12]. No
effects of CsA or Tac on expression of active caspase 3 in
MDC, monocytes or PDC, or on the survival of these cells,
were observed (data not shown). Together, these data show
that the reduction in circulating MDC after LTX, in contrast
to the decline in PDC, is not due to impairment of MDC
survival by immunosuppressive drugs.

Maturation status and functional capacity of
circulating MDC after LTX in relation to
immunosuppressive therapy

The expression of CD80 on circulating MDC was very low at
baseline (0·6 � 0·4% and positive MDC), and did not
change after transplantation. In contrast, all circulating
MDC expressed HLA-DR, and 71 � 4% of circulating MDC
expressed CD86 before LTX. The expression of both mol-
ecules on circulating MDC was reduced significantly during
the first 2 weeks after LTX (Fig. 4a). A similar pattern was
observed for the expression of HLA-DR and CD86 on circu-
lating monocytes (Fig. 4b). These data show that the matu-
ration status of circulating MDC and monocytes was
reduced significantly during the early post-transplant
period. Comparison with the immunosuppressive drug

MDC after liver transplantation
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CD1c; pre-LTX liver graft biopsy (a)

CD1c; post-LTX liver graft biopsy 

CD68; pre-LTX liver graft biopsy 

CD68; post-LTX liver graft biopsy 

Portal fields

(b)

0
1
2
3
4
5
6
7
8

Pre-LTX Post-LTX

N
um

be
r 

of
 c

el
ls

 p
er

 p
or

ta
l f

ie
ld

CD1c+ cells
DC-Lamp+ cells

Parenchyma

0
1
2
3
4
5
6
7
8

Pre-LTX Post-LTX

N
um

be
r 

of
 c

el
ls

 p
er

 4
00

x 
fie

ld

Parenchyma

0
10
20
30
40
50
60
70

Pre-LTX Post-LTX

N
u

m
b

e
r 

o
f 

ce
lls

 p
e

r 
4

0
0

x 
fie

ld

Portal fields

0
10
20
30
40
50
60
70

Pre-LTX Post-LTX

N
u

m
b

e
r 

o
f c

e
lls

 p
e

r 
p

o
rt

a
l f

ie
ld

P = 0·031

P = 0·063

CD68+ cells

CD1c+ cells
DC-Lamp+ cells

CD68+ cells

Fig. 2. Myeloid dendritic cells (MDC) and macrophages/monocytes in pre- and post-liver transplantation (LTX) liver graft biopsies. (a)

Photomicrographs showing CD1c stains of cryosections and of CD68 stains of paraffin sections from pre- and post-LTX liver graft biopsies (200 ¥
magnification). (b) Numbers of CD1cbright and DC-Lamp+ MDC and CD68+ monocytes/macrophages in paired pre- and post-LTX liver graft

biopsies from seven LTX patients. Positive cells were quantified per portal field and per microscopic field of 400 ¥ magnification in the parenchyma,

as described in the Materials and methods section.
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regimen (Fig. 1b) suggests that the depressed maturation
status of MDC and monocytes may be related to high-dose
corticosteroid intake during the first few weeks after
transplantation.

We next examined whether circulating MDC early after
LTX were intrinsically impaired in their maturational capac-
ity, or could still respond to maturation stimuli ex vivo in the
absence of immunosuppressive drugs. For this purpose,
MDC were purified from blood collected prospectively from
eight LTX recipients at 2 weeks after transplantation, and
from blood of 11 healthy individuals. MDC from both
sources were stimulated ex vivo for 24 h with proinflamma-
tory cytokines (TNF-a and IL-1b). Figure 5a shows that
MDC from LTX recipients and healthy individuals
responded equally to the proinflammatory cytokines with
up-regulation of HLA-DR and CD80. Only up-regulation of
CD86 was slightly impaired in MDC from the LTX
recipients. The capacity of the ex vivo matured MDC from
LTX recipients and from healthy individuals to stimulate
proliferation of allogeneic T cells was similar (Fig. 5b).
Together, these data show that circulating MDC of LTX
recipients are not refractory to maturational stimuli, but
functionally competent after they have been removed from
the environment with immunosuppressive drugs.

Discussion

The first key observation in this study is the reduction of the
numbers and attenuation of the maturation status of circu-
lating MDC after LTX. The maturation status was restored
after 1 month, but the lower numbers of circulating MDC
persisted until at least 3 months after LTX. The second key
observation is that the circulating MDC in LTX recipients
were nevertheless functionally competent and responded
well to maturation stimuli ex vivo.

Several factors might contribute to the decline in
circulating MDC after LTX

First, the reduction could be due to recruitment of these cells
into the liver graft. This possibility is contradicted, however,
by our observation that MDC did not accumulate in the liver
graft during the early post-transplant period, when circulat-
ing MDC numbers were most profoundly decreased.

Secondly, the reduction of circulating MDC might be
caused by increased potential of these cells to home into
lymphoid tissues. Immunosuppressive drugs can influence
chemokine receptor expression [24] and migration of MDC
[25]. However, no change in the expression of CCR-7, the
chemokine receptor responsible for homing to secondary
lymphoid tissues [20], and of CXCR-4, the receptor for the
homeostatic chemokine CXCL-12 which is expressed consti-
tutively in many lymphoid and non-lymphoid tissues
[21,22], was observed upon transplantation. Although
migration of circulating MDC into tissues might also be
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dependent upon other factors, these results do not support
the possibility that the decrease of circulating MDC after
LTX is due to altered homing properties.

A third explanation for the reduced numbers of circulat-
ing MDC may be that immunosuppressive drug treatment
influence their survival negatively, although neither corticos-
teroids nor CsA or Tac affected survival of blood MDC in
vitro, nor induced expression of the active form of effector
caspase 3. These observations are in agreement with data
showing that these drugs do not induce apoptosis in MDC
derived from monocytes [26] or CD34+ haematopoietic pro-
genitors in vitro [24,27].

Fourthly, the decrease in circulating MDC numbers might
be due to the surgical intervention. Indeed, numbers of cir-
culating MDC are lowered immediately after abdominal
surgery [9,28], but this reduction is only temporary and
MDC counts normalize within 4 days [28].

Finally, immunosuppressive drugs may impair the
generation of MDC from their precursors. The longitudinal

association with corticosteroid intake strongly suggests that
the impairment in circulating MDC is caused by corticoster-
oid treatment. In vitro, it has been established clearly that
corticosteroids inhibit the differentiation of MDC from
monocytes [29,30] and from CD34+ haematopoietic pro-
genitors [27] with concomitant increased generation of
macrophages [31]. Moreover, in vivo, corticosteroid treat-
ment resulted in reduced numbers of MDC and increased
numbers of macrophages in the spleen in mice [32]. In addi-
tion, corticosteroids inhibit maturation of MDC in vitro,
suppressing the up-regulation of HLA and co-stimulatory
molecules [33,34]. Similarly, corticosteroids suppress matu-
ration of monocytes in vitro [35]. Thus, the observed
decrease in HLA-DR and CD86 expression on circulating
MDC and monocytes may also be caused by corticosteroid
treatment. Therefore, we hypothesize that the lowered
numbers and maturation status of circulating MDC after
LTX is due largely to inhibition of their generation and
maturation by corticosteroid treatment. This hypothesis in
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congruent with the observed increase in numbers of mono-
cytes in the circulation and monocytes/macrophages in the
graft after LTX which may be due, at least partially, to sup-
pression of their differentiation into MDC. Because all LTX
recipients in our centre are treated with corticosteroids, we
were unable to test this hypothesis formally.

Previous cross-sectional studies in LTX and kidney trans-
plant recipients [13–15] were discordant as to whether cor-
ticosteroid therapy influences the numbers of circulating
MDC. These studies investigated the association between
corticosteroids and circulating MDC several years after
transplantation, when only low doses of corticosteroids are

given. In contrast, by investigating the longitudinal course of
circulating MDC early after transplantation, the present
study provided the opportunity to observe a strongly sug-
gestive association between corticosteroid therapy and cir-
culating MDC.

Although circulating MDC during the first few weeks after
LTX showed an impaired maturational status, these cells
were functionally fully competent. Upon isolation they
matured in a comparable way in response to proinflamma-
tory cytokines to T cell stimulatory APC, as did MDC from
non-treated individuals. Apparently, corticosteroid therapy
does not result in MDC that are refractory to maturation
stimuli. The effect of corticosteroid treatment on MDC is
thus quite different from the effect of chronic infection with,
e.g. HBV, which results in an intrinsic impairment, making
MDC resistant to maturation stimuli ex vivo [18]. This
observation shows that circulating MDC in organ transplant
recipients treated with corticosteroids differ from the ‘corti-
costeroid DC’ that have been generated in vitro from mono-
cytes in the presence of corticosteroids. The latter are
refractory to maturation stimuli, and unable to acquire
potent allogeneic T cell stimulatory capacity [30,36]. Indeed,
‘corticosteroid DC’ are macrophage-like cells, with a high
expression of CD14 and no expression of CD1a [29–31].

In conclusion, during the first few weeks after transplan-
tation LTX recipients have reduced numbers of circulating
MDC with an impaired maturational status. The paucity of
circulating MDC persists up to at least 3 months after
transplantation. Our results suggest strongly that the MDC
impairment is caused by corticosteroid treatment. However,
corticosteroid therapy does not result in the generation of
maturation-resistant tolerogenic MDC. The unique role of
corticosteroids in immunosuppressive protocols may be
related at least partly to their inhibitory effects on MDC,
thereby suppressing allogeneic T cell activation by the graft
in its earliest phase, namely by inhibition of donor antigen
presentation. Therefore, in the design of corticosteroid-free
immunosuppressive protocols it should be realized that
omission of a drug that suppresses MDC requires compen-
sational immunosuppressive drug treatment to avoid
rejection.
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