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Summary

 

The effects of immunosuppressive agents on T cell function have been well
characterized but virtually nothing is known about the effects of renal trans-
plantation on human dendritic cells (DCs). With the use of flow cytometry, we
studied the kinetics of myeloid and plasmacytoid DCs in peripheral blood of
24 kidney allograft recipients before and after transplantation, and in 23
donors before and after kidney donation. All patients were treated with tac-
rolimus, mycophenolate mofetil and prednisone. Surgery resulted in a strong
decline in the number of myeloid and plasmacytoid DCs, both in kidney
donors and in their recipients. However, in donors this effect was transient, as
the numbers of both DC subsets had normalized completely by the third post-
operative month. In contrast, the recovery of myeloid DC counts in kidney
transplant recipients was only incomplete at the end of the 3-month follow-
up, despite tapering of immunosuppression. The seven patients who required
additional immunosuppressive treatment because of acute rejection experi-
enced an even more marked decrease in DC counts in the early postoperative
period compared with patients who remained rejection-free. Surgical proce-
dures markedly affect the numbers of circulating myeloid and plasmacytoid
DCs. Immunosuppressive drugs have important additional 

 

in vivo

 

 effects
on this cell type and impair the reconstitution of the myeloid DC subset in
peripheral blood after renal transplantation.
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Introduction

 

Dendritic cells (DCs) are antigen-presenting cells (APCs)
that can initiate and regulate T-, B- and natural killer lym-
phocyte immunity against foreign & aberrant antigens [1].
Physiologically, DCs are important for the protection against
invading pathogens and tumour surveillance. In addition,
DCs are thought to maintain tolerance to self, possibly by
inducing the differentiation of regulatory T cells [2–4].

DCs originate from bone marrow progenitors and travel
via blood to non-lymphoid tissues, where they reside as
immature DCs that have a high capacity for phagocytosis.
Antigen uptake in combination with an appropriate inflam-
matory stimulus causes DCs to ‘mature’, switching these cells
into an immunostimulatory mode. This maturation (or acti-
vation) process is characterized by the loss of their ability to
capture antigens and an increased expression of distinct

chemokine receptors, major histocompatibility complex
(MHC) classes I and II and diverse adhesion and costimula-
tory molecules. This enables DCs to traffic to secondary lym-
phoid tissue and stimulate effector cells from both the innate
and adaptive immune system [1,5].

For transplantation medicine, DCs are of special interest.
First, the direct or indirect presentation of donor antigens by
DCs is critical for the occurrence of antidonor responses [6].
Secondly, DCs are considered to be the key to the develop-
ment of allograft acceptance [7,8]. Finally, the high incidence
of infectious complications and malignancies after trans-
plantation may be explained partly by the interference
of immunosuppressive drug treatment with normal DC
function.

In recent years, the effects of immunosuppressive drugs on
specific DC functions, such as antigen uptake, maturation,
migration and T cell stimulation, have been characterized
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extensively 

 

in vitro

 

 (reviewed in [9]). However, only few
studies have addressed the actions of immunosuppressive
agents on DC number and function in human organ trans-
plant recipients [10,11]. A better understanding of DC biol-
ogy 

 

in vivo

 

 is essential if we are to exploit the potential of
DCs to induce tolerance in the clinical setting. Therefore, the
aim of the present study was to characterize the DC kinetics
in patients receiving a renal transplant and who were treated
with a ‘standard’ immunosuppressive regimen consisting of
tacrolimus, mycophenolate mofetil (MMF) and prednisone.
More specifically, we determined the numbers of the two
main DC subsets present in human peripheral blood, mye-
loid (m) and plasmacytoid (p) DCs [12,13], before and after
transplantation. In addition, the activation status and hom-
ing potential of these cells was determined by studying their
expression of CD83 and the chemokine receptor CCR7.
CD83 is a cell surface molecule that is up-regulated upon
antigen capture and functional maturation of DCs [14]. Like
CD83, the expression of CCR7 increases upon activation and
allows the DC to respond to the CCR7 ligands CCL19 and
CCL21, enabling the cell to traffic to secondary lymphoid
organs [5,15,16].

 

Materials and methods

 

Patients

 

Twenty-four adult patients (

 

≥

 

18 years) who were admitted to
our hospital to undergo deceased or living-donor kidney
transplantation were asked to participate in the study. After
obtaining informed consent, blood was drawn on the day of
hospital admission (usually the day before transplantation)
and on day 7 (

 

±

 

1 day), day 30 (

 

±

 

5 days) and day 90
(

 

±

 

21 days) after renal transplantation for flow cytometric
analysis. Twenty-three living kidney donors [seven males
and 16 females; mean age 51 years (range 23–75 years)]
served as controls for transplant recipients. In this group,
blood was drawn on the day before donation, on the day of
hospital discharge (usually the third day after surgery) and
90 days (

 

±

 

21 days) after donation. Nineteen healthy volun-
teers [seven males and 12 females; mean age 34 years (range
22–59 years)] served as a second control group. In these sub-
jects all the parameters of interest were measured and this
was repeated 3 months later.

 

Immunosuppressive regimen

 

All renal transplant recipients were treated initially with tri-
ple immunosuppression consisting of tacrolimus, MMF and
corticosteroids. Tacrolimus was dosed twice daily aiming
at target predose concentrations of 15–20 ng/ml during the
first 14 days, 10–15 ng/ml between weeks 3 and 7, and 5–
10 ng/ml hereafter. MMF was started 2 days after renal trans-
plantation with a dose of 1000 mg twice daily. After 14 days
the MMF dose was tapered to 750 mg twice daily in patients

with a body weight below 90 kg. All patients were treated
with 100 mg prednisolone intravenously on the first 3 post-
operative days, and were subsequently given prednisone
orally, according to body weight (20 mg once daily for a
patient with a body weight between 50 and 70 kg). The pred-
nisone dose was tapered over time and discontinued at
month 3 after transplantation. Cytomegalovirus (CMV)
seronegative patients who received a kidney from a CMV-
positive donor were treated with CMV hyperimmunoglob-
ulins (Megalotect) according to local protocol.

 

Antibodies for staining

 

Fluorescence-activated cell sorter (FACS) analysis was per-
formed using the following mouse antihuman monoclonal
antibodies: fluorescein isothiocyanate (FITC)-conjugated
CD34 (clone 8G12), FITC-conjugated lineage cocktail 1
[containing CD3 (SK7), CD14 (m

 

F

 

P9), CD16 (3G8), CD19
(SJ25C1), CD20 (L27) & CD56 (NCAM16·2)], phycoeryth-
rin (PE)-conjugated anti-interleukin (IL)-3 receptor 

 

a

 

 chain
(CD123) (9F5), allophycocyanin (APC)-conjugated CD11c
(S-HCL.3), peridinin chlorophyll protein (PerCP)-conju-
gated anti-HLA-DR (L243) (all purchased from Becton-
Dickinson Biosciences, San Jose, CA, USA), PE-conjugated
CD83 (HB15A17·11; DPC, Serotec, Oxford, UK), PE-conju-
gated anti-CCR7 (CDw197) (150503; R&D Systems Europe,
Abingdon, UK) and PE-conjugated IgG2a (X39) and IgG2b
(27–35) isotype control monoclonal antibodies (Becton-
Dickinson).

 

Immunofluorescence staining and flow cytometric 
analysis

 

Analysis of DC numbers was performed as described
recently [11]. In brief, peripheral venous blood samples
were collected in standard lithium-heparinized tubes and
processed within 3 h after collection. Blood from patients
undergoing haemodialysis was collected immediately before
the start of a dialysis session. Whole blood samples were first
incubated with the above-mentioned monoclonal antibodies
for 30 min in the dark at room temperature. Next, erythro-
cytes were lysed by incubating the samples for 10 min with
FACS lysing solution (Becton-Dickinson). Cells were then
washed twice using FACS flow and subsequently 300 000
events were measured on a FACScalibur flow cytometer
using 

 

cellquest pro

 

 software (Becton Dickinson). As illus-
trated in Fig. 1, cells that stained negative for the lineage
cocktail (Lin

 

–

 

) and positive for HLA-DR were gated and
analysed for CD11c and CD123 expression. mDCs and pDCs
were identified as Lin

 

–

 

, HLA-DR

 

+

 

, CD11c

 

+

 

 and CD123

 

–/low

 

and Lin

 

–

 

, HLA-DR

 

+

 

, CD11c

 

–

 

 and CD123

 

high

 

, respectively.
Absolute counts of mDCs and pDCs were then obtained by
multiplying the proportion of each DC subset within the
total leucocyte population by the absolute number of white
blood cells as determined on an automated microcell
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counter (Sysmex F-300, TOA Medical Electronics Co. Ltd,
Kobe, Japan). For the expression of CD83 and CCR7 on
mDCs and pDCs, CD123

 

PE

 

 was replaced by CD83

 

PE

 

 or
CCR7

 

PE

 

. The Lin

 

–

 

, HLA-DR

 

+

 

, CD11c

 

+

 

 cells were then con-
sidered as the mDC population and within this subset the
percentage of CD83 or CCR7-positive cells was determined
by comparison to their respective isotype control antibodies.
The same was performed for the pDC population (Lin

 

–

 

,
HLA-DR

 

+

 

, CD11c

 

–

 

 cells). Determination of the percentage
CD83 and CCR7-positive mDCs and pDCs was performed

only if a minimum of 100 events was acquired for each DC
subset.

 

Statistical analysis

 

All values are presented as mean 

 

±

 

 standard deviation (s.d.),
unless stated otherwise. To achieve a normal distribution,
the percentage of CD83 and CCR7-positive mDCs and
pDCs, as well as the mDC to pDC ratio, were logarithmically
transformed for statistical analysis. For comparison between

 

Fig. 1.

 

Typical example illustrating the peripheral blood dendritic cell (DC) composition of a healthy volunteer. First, leucocytes were gated using 

their forward and side-scatter characteristics (Fig. 1a, left panel). Next, DCs were identified as leucocytes that stained negative for lineage and positive 

for HLA-DR (a, middle panel). The myeloid and plasmacytoid DC subpopulations were then distinguished based on their expression of CD123 & 

CD11c (a, right panel). The maturation status of the myeloid (filled histograms) and plasmacytoid (grey histograms) DC subsets was determined by 

analysing the expression of CD83 (b) and CCR7 (c).
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different groups at a single time-point, the 

 

t

 

-test, Mann–
Whitney 

 

U

 

-test, one-way analysis of variance (

 

anova

 

) or
Kruskal–Wallis test were used as appropriate. Post-hoc anal-
ysis was performed using Bonferroni’s test for multiple com-
parisons or Mann–Whitney 

 

U

 

-test. For comparisons within
groups, the Wilcoxon matched pairs test or repeated mea-
surements 

 

anova

 

 was performed. Repeated measurements

 

anova

 

 was also used to compare longitudinal changes
between groups. 

 

P

 

-values at 

 

a

 

 

 

=

 

 0·05 were considered statis-
tically significant.

 

Results

 

Baseline

 

The clinical and demographic characteristics of the trans-
plant recipients are depicted in Table 1. At baseline, total leu-
cocyte counts were comparable between the three study
groups (median (range)): 6·0 (4·3–9·7) 

 

versus

 

 6·2 (3·7–13·6)

 

versus

 

 5·2 (3·5–13·6) 

 

¥

 

 10

 

9

 

 cells/l for healthy volunteers, liv-
ing kidney donors and patients with chronic kidney disease
(CKD), respectively (

 

P

 

 

 

=

 

 0·17). There existed a significant
difference in mean total DC counts at baseline between vol-

unteers, donors and patients before transplantation: 23·7 

 

±

 

7·8 

 

versus

 

 18·8 

 

±

 

 6·3 

 

versus

 

 16·7 

 

±

 

 6·3 cells/

 

m

 

l, respectively
(overall: 

 

P

 

 

 

=

 

 0·005) (Fig. 2a). This overall difference was
caused by a difference in plasmacytoid, but not myeloid, DC
numbers between healthy volunteers and patients with CKD
(Fig. 2b,c). As a result, the median mDC to pDC ratio was
highest in patients with CKD and significantly different from
that observed in donors (2·9 

 

versus

 

 1·9, respectively; 

 

P

 

=

 

 0·036) and healthy volunteers (2·9 v

 

versus

 

 1·6, respectively;

 

P

 

 

 

=

 

 0·002). Total DC numbers and mDC and pDC counts
were comparable between patients treated with haemodial-
ysis (

 

n

 

 

 

=

 

 8), peritoneal dialysis (

 

n

 

 

 

=

 

 12) and patients not
receiving renal replacement therapy before transplantation
(

 

n

 

 

 

=

 

 4) (data not shown).
We found no evidence for DC activation in the circulation

as demonstrated by the low numbers of mDCs expressing
CD83 (percentage of CD83

 

+

 

 mDCs (median): 8·4% 

 

versus

 

9·0% 

 

versus

 

 7·9% for volunteers, donors and patients,
respectively; 

 

P

 

 

 

=

 

 0·64) or CCR7 (8·7% 

 

versus

 

 8·9% 

 

versus

 

7·1%; 

 

P

 

 

 

=

 

 0·29). The majority of pDCs expressed CCR7 at a
low level (‘dim’; Fig. 1) [16]: percentage of CCR7

 

+

 

 pDCs
(median): 56·4% 

 

versus

 

 55·0% 

 

versus

 

 64·3%. However, not
once did we observe markedly elevated CCR7 expression.
Again, the number of CCR7

 

+

 

 pDCs was comparable between
the study groups (

 

P 

 

=

 

 0·52). Analysis of CD83 expression on
pDCs demonstrated a significant difference in the percent-
age of positively staining cells. The highest percentage of
CD83

 

+

 

 DCs was observed in patients with CKD (5·3%),
which was significantly different from that observed in
volunteers (2·1%; 

 

p

 

 

 

=

 

 0·001) and donors (2·8%; 

 

P

 

 

 

=

 

 0·026).
However, the absolute counts of CD83

 

+

 

 pDCs were not sig-
nificantly different between the three study groups (data not
shown). Taken together, our observations indicate that CKD
is associated with a lower number of circulating (p)DCs, but
that renal failure or dialysis treatment does not cause marked
DC activation in peripheral blood.

 

After kidney transplantation

 

During the first 3 months after surgery, immunosuppression
was tapered gradually. Patients were receiving an average
daily dose of 9·7 mg tacrolimus, 2000 mg MMF and 23·9 mg
prednisone at day 7, which was reduced to 9·5 mg tacroli-
mus, 1705 mg MMF and 18·0 mg prednisone at day 30.
At day 90, the mean tacrolimus, MMF and prednisone
doses were reduced further to 6·4, 1450 and 5·9 mg/day,
respectively. Tacrolimus predose concentrations decreased
over time to 15·2, 11·7 and 8·3 ng/ml for days 7, 30 and 90,
respectively. Throughout the initial postoperative period
many of the 24 patients who received a renal transplant expe-
rienced one or more complications, which included acute
rejection (

 

n

 

 

 

=

 

 7), bacterial and viral infections (

 

n

 

 

 

=

 

 13),
acute tubular necrosis (

 

n

 

 

 

=

 

 3) and drug toxicity (

 

n

 

 

 

=

 

 6). Two
patients died during the 3-month follow-up (one patient
because of sepsis, another due to myocardial infarction).

 

Table 1.

 

Characteristics of 24 patients undergoing kidney transplanta-

tion.

No. of patients

Patients (male/female) 24 (15/9)

Age (years) (range)

Previous renal replacement therapy

51 (19–72)

Haemodialysis 8

Peritoneal dialysis 12

None 4

Primary kidney disease

Polycystic kidney disease 5

Hypertensive nephropathy 3

Diabetic nephropathy 2

Obstructive nephropathy 2

Nephrolithiasis 2

Glomerulonephritis 1

Other/unknown 9

Transplantation type

Living related 16

Living unrelated 5

Deceased donor 3

Transplantation number

First 19

Second 5

Number of HLA mismatches

HLA-A 0·92 

 

± 

 

0·12

HLA-B 1·08 

 

± 

 

0·10

HLA-DR 0·96 

 

± 0·14

Recipient negative for CMV, donor positive 2

Patients with PRA > 5% 3

Duration of cold ischaemia (h) (median and range) 0·5 (0·2–25·8)

PRA, panel reactive antibodies.
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However, despite the clinically highly variable post-trans-
plant course, the DC kinetics displayed a remarkably uni-
form pattern. Total DC counts declined sharply to 6·3 ± 5·1
cells/ml at day 7 after transplantation and stabilized at
5·7 ± 4·0 cells/ml at month 1. Three months after transplan-
tation, the total DC count had increased to 11·1 ± 5·5 cells/
ml, which was significantly different from baseline (P < 0·01;
Fig. 3a). This pattern of initial decrease, followed by stabili-
zation and partial recovery, was observed in both DC subsets
(Fig. 3b,c). Myeloid DC counts decreased from 12·0 ± 4·4
cells/ml at baseline to 5·4 ± 4·5 cells/ml at day 7, stabilized at
4·2 ± 2·9 cells/ml on day 30, and increased to 7·7 ± 3·8 cells/ml
at month 3 after transplantation. Plasmacytoid DC numbers
decreased from 4·7 ± 2·6 cells/ml before transplantation to
0·9 ± 0·9 & 1·5 ± 1·3 cells/ml at days 7 and 30 after transplan-
tation, respectively. The pDC count observed at month 3
(3·4 ± 2·4 cells/ml) was numerically lower compared with
baseline, but this difference was not statistically significantly
different (P = 0·07). Although the numbers of both the mye-
loid and the plasmacytoid DC subsets decreased after trans-
plantation, the initial lowering of pDC numbers was more
pronounced, resulting in a relative increase of the mDC per-
centage from 73% at day 0 to 85% at week 1 (P = 0·001). The
percentage mDC normalized at month 1 (74%) and

decreased slightly at month 3 (69%) (P = 0·025, compared
with baseline).

Next, we analysed if kidney transplantation resulted in
maturation of DCs in the circulation. Comparison of the
percentage of CD83 expressing mDCs over time demon-
strated a small increase in the percentage of CD83+ cells from
day 0 to day 7 (median): 7·9% versus 11·1% (P = 0·020). After
week 1, the percentage of CD83 expressing cells returned
to baseline levels: 9·3% and 7·5%, for days 30 and 90, respec-
tively. A trend towards a similar pattern was observed for
CCR7 expression: the percentage of CCR7 expressing mDCs
increased from 7·1% (day 0) to 9·9% (day 7) and decreased
to 8·5% and 7·4% at months 1 and 3, respectively (overall:
p = 0·057). Because of the limited number of pDCs present
in the circulation during the early postoperative period,
CD83 and CCR7 expression on this DC subset could be reli-
ably measured (i.e. >100 events in a substantial number of
patients) only at baseline and at month 3 after transplanta-
tion. No significant differences existed between these two
time-points for both CD83 and CCR7 expression. These
observations suggest that renal transplantation causes sub-
stantial quantitative changes in DC numbers in peripheral
blood, but that it does not result in a marked change in the
percentage of activated DCs in this compartment.
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Dendritic cells in relation to clinical events

Throughout the 3-month follow-up seven patients were
treated for acute rejection (AR), which was confirmed histo-
logically in five individuals. Anti-AR therapy consisted of
methylprednisolone for 3 consecutive days in case of a tub-
ulo-interstitial rejection, and rabbit (r) ATG in case of vas-
cular rejection. As depicted in Fig. 4a, mean DC counts of
patients treated with anti-AR therapy were significantly
lower throughout the 3-month follow-up period when com-
pared with kidney transplant recipients who did not receive
anti-AR treatment (P = 0·045). When these two groups were
compared at the separate time-points, this difference in total
DC numbers was significant only at day 7 (AR-treatment
versus no AR-treatment (mean ± s.e.m.): 2·6 ± 1·7 versus
8·0 ± 1·1 cells/ml; P = 0·016). The difference in total DC
numbers was caused by a lower mDC number at day 7 (AR-
treatment versus no AR-treatment (mean ± s.e.m.): 2·2 ± 1·5
versus 6·8 ± 1·0 cells/ml; P = 0·019, Fig. 4b), whereas pDC
numbers were comparable between the two groups (Fig. 4c).
When only patients who received methylprednisolone were
included, a similar trend towards lower mDCs at day 7 in the

treatment group was observed (P = 0·052, data not shown).
At no time-point was there a significant difference in the per-
centage of CD83 and CCR7 expressing mDCs and pDCs
between the two groups.

During the 3-month follow-up, four patients experienced
clinical CMV syndrome. However, DC counts in these
patients were never different from patients who did not have
symptomatic CMV infection. Similarly, DC numbers of
patients who underwent deceased-donor kidney transplan-
tation (n = 3) were never different from living-donor kidney
transplant recipients.

After kidney donation

The donor kidney explantation procedures were uncompli-
cated, except for one donor who required blood transfusion
and re-laparotomy and was later treated for pneumonia. As
in the patients, total DC counts decreased significantly from
18·8 ± 6·3 cells/ml at baseline to 10·6 ± 5·5 cells/ml on day 3,
and 20·3 ± 5·1 cells/ml on day 90 after surgery (Fig. 5). This
decrease was apparent in the mDC subset [11·9 ± 3·7 (day 0)
versus 6·6 ± 4·4 (day 3) versus 12·7 ± 4·4 cells/ml (day 90)], as
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well as in the pDC subset [6·9 ± 3·6 (day 0) versus 4·0 ± 2·1
(day 3) versus 7·7 ± 2·9 cells/ml (day 90)]. However, in con-
trast to renal transplant recipients, DC numbers had nor-
malized completely at month 3 after donation and the mDC
to pDC ratio was not affected by the surgical procedure. In
addition, kidney donation did not result in a significant
change in the percentage of CD83 or CCR7 expressing mDCs
and pDCs (data not shown). Finally, when comparing open
with laparoscopic kidney donation we found no difference in
the magnitude of the decrease in mDC or pDC counts.

Discussion

In the current study, we investigated the effects of kidney
transplantation and kidney donation on the absolute num-
ber of mDCs and pDCs, as well as the effects of surgery on
their maturation status. Numbers of circulating pDCs were
significantly lower in patients with CKD compared with
healthy volunteers, confirming the decreased DC counts
that were reported recently in haemodialysis patients [17].
Chronic kidney disease is a well-known cause of impaired
immunity. Patients with CKD frequently suffer from infec-
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Fig. 5. Mean (± s.e.m.) total dendritic cell counts in healthy volunteers 

(n = 19; squares), living kidney donors (n = 23; circles) and kidney 

transplant recipients (n = 24; solid circles) throughout the 3-month 

follow-up. **P < 0·001, *P < 0·01; both compared with baseline.
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tious complications and in general have low responses to
vaccination [18,19]. Several explanations for this immuno-
deficient state have been described, including low numbers
of circulating lymphocytes [20] and a decreased antigen-pre-
senting capacity of monocytes [21]. The present data suggest
that decreased numbers of pDCs may also contribute to the
immunodeficiency of CKD because immature pDCs are a
major source of interferon-a and thus important for the
defence against viruses, whereas terminally differentiated
pDCs are potent APCs [22].

The cause of the low numbers of circulating pDCs in
patients with CKD is at present unclear. An increased sus-
ceptibility to apoptosis, that was demonstrated in haemodi-
alysis patients for other leucocytes of lymphoid lineage,
could explain the decreased pDC counts reported here [23].
An alternative explanation is the difference in age which
existed between the volunteer and patient groups. In con-
trast to mDC counts, the number of pDCs decreases slowly
with age [24]. However, analysis of covariance allowing for
age showed that the difference in pDC counts between
healthy volunteers and patients with CKD remained statisti-
cally significantly different (P = 0·03), indicating that renal
failure itself affects circulating pDC numbers.

Interestingly, donor DC numbers resembled those of
patients awaiting renal transplantation, although donor DC
counts were not significantly different from those of healthy
volunteers. It is tempting to speculate that anxiety for the
upcoming surgery influenced circulating DC numbers. An
increased sympathic tone and high plasma levels of cate-
cholamines and cortisol can dramatically affect leucocyte
function and redistribution, but no data on the relationship
between the acute stress response and DC counts have been
published [25].

Kidney transplantation and kidney donation resulted in a
sharp decrease in the number of mDCs and pDCs in periph-
eral blood. These changes in DC numbers are in line with the
findings of Ho et al. [26], who observed a temporary depres-
sion of absolute DC counts on the second and third days
after cholecystectomy. In addition, Athanassopoulos et al.
[11] have described recently a decline in DC numbers, com-
parable to that in this study, during the first week after heart
transplantation. An issue that requires further investigation
is the cause of these changes in DC counts in response to sur-
gery. A first explanation is that DC numbers decreased sec-
ondary to blood loss. However, we feel that this is an unlikely
possibility because blood loss during most of the surgical
procedures was minimal.

Secondly, DC numbers in peripheral blood may have
decreased as a result of tissue redistribution. Animal exper-
iments have demonstrated that surgical injury or exposure to
an inflammatory stimulus results in a rapid recruitment of
DCs at the site of tissue damage followed by migration of
these cells to regional lymph nodes [27,28]. One of the pos-
sible mechanisms underlying this DC redistribution are the
actions of glucocorticoids. Surgery leads, among others, to

an increased secretion of endogenous glucocorticoids and
catecholamines [29,30]. These alterations in hormone levels
result in turn in granulocytosis and lymphopenia in periph-
eral blood, mobilization of granulocytes to the site of tissue
damage and redistribution of lymphocytes to lymphatic tis-
sue [25,29,30]. Although the effects of surgery on human DC
trafficking have not been investigated, DCs may respond in a
similar way to surgical stress. Further evidence for the impli-
cation of glucocorticoids comes from the study by Shodell
et al. [31], who showed that administration of steroids to
patients or healthy volunteers resulted in a decrease of cir-
culating pDCs. In the current study, the recovery of DC
counts in transplant recipients, but not in kidney donors,
was incomplete by the third postoperative month. In con-
trast to kidney donors, in which cortisol levels probably nor-
malized within the first week after surgery, renal transplant
recipients were treated continuously with prednisone. More-
over, the decrease in DC counts was more pronounced in
patients who received anti-AR therapy compared with
patients who were not treated for rejection.

A third explanation for the postoperative changes in DC
counts is an impaired generation of DCs at the bone marrow
level with or without increased (peripheral) DC turnover
(apoptosis). Again, these processes are likely to have been
influenced by immunosuppression. In vitro, glucocorticoids
strongly inhibit the generation of human immature DCs
from either monocytes or from CD34+ bone marrow pro-
genitors by inducing apoptosis of DC precursors and by
blocking their differentiation into immature DCs [32–34].
In contrast to glucocorticoids, tacrolimus and MMF do not
affect DC generation [34,35].

Finally, no marked DC activation was observed in the cir-
culation in response to surgery or during rejection episodes.
We anticipated that inflammation would cause up-
regulation of CD83 and CCR7 on the DC surface. However,
mature DCs can enter draining lymphatics, which probably
remained largely intact in kidney donors after surgery. In
contrast, the afferent lymphatics of the transplanted kidney
are severed during explantation and the only remaining exit
route from the (rejecting) graft would be via the blood [36].
Nevertheless, the lymphatics may have been the exit route
from the allograft for mature DCs after all. Classic experi-
ments in dogs revealed that lymphatic regeneration occurs as
early as day 3 following kidney transplantation and after
3 weeks the lymphatics of the transplant were almost indis-
tinguishable from normal [37]. Recent evidence shows that
lymphatic neoangiogenesis also occurs in human kidney
transplants but it is unknown how soon after transplantation
this takes place [38]. Alternative explanations for the lack of
DC maturation in the blood are limitations of the detection
technique (due to the very small number of circulating DCs
after surgery) or interference with DC maturation by immu-
nosuppressive agents. Glucocorticoids can block DC matu-
ration both in vitro and ex vivo [32,39,40]. MMF can also
impair murine DC maturation in vitro [35], whereas
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tacrolimus does not markedly influence phenotypic DC acti-
vation [32].

In summary, surgical procedures in living kidney donors
and their recipients result in a marked decrease of myeloid
and plasmacytoid DCs in peripheral blood. In donors this
effect was transient, whereas in transplant recipients the
recovery of myeloid DCs was far from complete. These find-
ings, together with our observations in patients treated for
rejection, suggest an important additional effect of immun-
osuppression.
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