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Background and Objectives. FK506 (tacrolimus) is a
potent immunosuppressive agent that inhibits inter-
leukin-2 (IL-2) and interferon-γ production by CD4+ cells.
The effect of this agent on dendritic cells (DCs), the high-
ly professional antigen-presenting cells for T-cells, has
not been completely defined. We investigated the effect
of FK506 on DC differentiation from monocytes, and on
the shift from immature to mature immunophenotypes.

Design and Methods. DCs were generated in vitro from
monocytes of healthy donors.  Cells were exposed to
lipopolysaccharide (LPS) and two doses of FK506, with
variations in time of exposure and sequence of FK506
and LPS addition. Immunophenotype analysis in imma-
ture and mature DCs under FK506 treatment was per-
formed by flow cytometry at the end of cell culture. The
Student's t-test was used for statistical analyses.

Results. FK506 did not affect dendritic cell generation or
viability. There were no changes in cell surface markers
with addition of FK506 at physiologic concentrations (10
ng/mL). We found a decrease in CD1a median fluores-
cence intensity (MFI) and an increase in percentage of
CD86-positive cells with lengthy exposure (6 days) to
FK506 at 5000 ng/mL. In the sequential study, 5000
ng/mL FK506 before LPS addition resulted in a signifi-
cant decrease in CD1a MFI and in the percentage of cells
co-expressing CD83 and CD86.

Interpretation and Conclusions. Our results indicate that
lengthy exposure to 5000 ng/mL FK506 modified the
expression of some DC-cell surface markers,  maintain-
ing DCs in a low maturity stage. 
©2002, Ferrata Storti Foundation
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The survival of patients with solid-organ trans-
plants has increased significantly since the
introduction of cyclosporine and tacrolimus

(FK506) as immunosuppressive agents. FK506
(Prograf, Fujisawa Pharmaceutical Co., Osaka,
Japan) is a macrolide lactone antibiotic isolated
from a Japanese soil fungus (Streptomyces tsuku-
baensis). This agent, which has the same mecha-
nism of action as cyclosporine, but is 10 to 100
times more potent, was introduced in 1989 by
Starzl et al.1 as an alternative to cyclosporine in liv-
er transplant patients and, subsequently, in other
solid-organ recipients. These drugs bind to vari-
ous immunophilins and inhibit the activity of cal-
cineurin, inducing quantitative limitations in inter-
leukin (IL)-2 production by T-helper cells and in
downstream lymphocyte proliferation.2,3 Despite
improvements in the prevention of rejection pro-
vided by immunosuppressive agents, chronic rejec-
tion remains among the main causes of long-term
graft loss. 

Experimental studies in mice,4 in several rat
strain combinations,5 and in pigs6 have demon-
strated that in successful liver transplants, donor-
specific tolerance across major histocompatibility
complex barriers can be induced without immuno-
suppression. Tolerance to the allograft has also
been observed in some patients after withdrawal
of immunosuppression due to major toxicity, such
as renal dysfunction, neurotoxicity or hyperten-
sion.  This tolerogenicity is attributed to establish-
ment of a stable mixed hematopoietic chimerism
of recipient and donor bone marrow cells.7-12

Apart from microchimerism, professional anti-
gen-presenting cells (APCs), such as dendritic cells
(DCs), can also play an important role in the inher-
ent tolerogenicity of liver allografts.8,13 DCs, first
described by Steinman and Cohn in 1973,14 are the
most potent APCs and are considered potential
modulators of the peripheral immune response
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because of their ability to generate primary and
secondary immune responses against specific anti-
gens.15,16 DCs take up and internalize exogenous
antigens by phagocytosis, macropinocytosis or
adsorptive pinocytosis pathways. Peptides in the
context of major histocompatibility complex (MHC)
class I or class II molecules are then presented on
the DC surface. With antigen exposure, DC imma-
ture phenotypes change to mature phenotypes and
stimulate responses from naive and memory T-cells
in the paracortical area of secondary lymphoid
organs. Although B-cells and macrophages can also
trigger T-cells, only DCs are able to induce prima-
ry responses in naive T-cells.17,18 They efficiently
internalize soluble antigens and constitutively
express high levels of co-stimulatory and adhesion
molecules required for antigen presentation to T-
cells.19,20 Subsequently, immunoregulatory and im-
munomodulatory cytokine production by DCs plays
an important role in the cascade of events during
T-cell priming.21 Several groups have designed
experimental models to determine the effects of
immunosuppressive agents on APCs, based on the
production of IL-12 p70, tumor necrosis factor-α
and IL-6.22-24

Until now, FK506 exposure has been investigat-
ed mainly in T-lymphocytes, with special focus on
its inhibition of the activation of transcription fac-
tors involved in IL-2 gene expression, such as
nuclear factor (NF)-κB transcription factor.25,26

More recently, Shimizu et al.27 studied the ability of
FK506 to modify the function of DCs derived from
CD34+ hematopoietic progenitor cells. These
authors demonstrated that DCs cultured in the
presence of FK506 display a reduced capacity to
stimulate an allogeneic T-cell response and signif-
icantly lower interleukin-12 production. However,
the effect of FK506 on the shift of monocyte-gen-
erated DCs from immature to mature phenotypes
has been little studied.

Given that: a) APCs are responsible for the initi-
ation of T-cell-mediated immunity, b) DCs are
involved in the inherent tolerogenicity of liver allo-
grafts, c) deficiency or blockade of co-stimulatory
molecules such as CD40, CD80 or CD86 is consis-
tent with DC tolerogenicity, both in allograft mod-
els and experimental autoimmune disease,13,28 and
d) DCs can be generated in vitro from monocytes,29

our group investigated the effect of FK506 on the
immunophenotype and maturative capacity of DCs
generated from monocytes of healthy donors and
exposed to lipopolysaccharide (LPS).

Design and Methods

Monocyte separation
Peripheral blood monocytes were isolated by

Lymphoprep, density=1.077 g/mL (Nycomed)  gra-
dient centrifugation of buffy coats from 10 healthy
blood donors at our hospital Transfusion Center
and Tissue Bank. Briefly, mononuclear cells were
isolated by centrifugation at 300 × g for 30 min at
room temperature, and then washed at 450 × g for
15 min in 35 mL of phosphate-buffered saline
(PBS) without Ca++ or Mg++. The pellet obtained
was washed twice at 250 × g for 15 min in the
same conditions described above to eliminate
platelets.  The monocyte population was further
enriched using MACS technology (MACS, Miltenyi).
Between 3×108 and 4.5×108 mononuclear cells
were labeled with CD14+ microbeads during 15 min
at 4°C and then separated using a high gradient
magnetic separation column placed in a strong
magnetic field.  The monocyte population was ana-
lyzed by flow cytometry (FACS analysis), as
described below.  Monocyte yield was greater than
85% and cell viability was over 90%. Monocytes
were frozen at –80°C until culture. 

Generation of immature DCs
Monocytes were dispensed in 6-well culture

plates (Costar) at a final density of 3 × 106 cells per
well in 2.9 mL of culture medium (RPMI 1640, Gib-
co-BRL, Life Technologies),  supplemented with 1%
L-glutamine, 1% sodium pyruvate, 1% penicillin-
streptomycin, 1‰ 2-β mercaptoethanol and 10%
heat-inactivated fetal bovine serum (FBS) (Gibco-
BR, Life Technologies). In all experiments, incuba-
tion was carried out in a humidified 5% CO2 atmos-
phere at 37°C. To induce immature DCs from
monocytes, the culture medium was supplement-
ed with 800 U/mL of granulocyte/macrophage
colony-stimulating factor (GM-CSF; Leucomax
300) and 1000 U/mL IL-4 (R & D Systems) on the
first day of culture (day 0) and on day 3. Immature
DCs were collected after 7 days of culture by pipet-
ting and were subsequently washed with PBS with-
out Ca++ or Mg++ at 450 × g for 5 min (see Diagram
1). An amount of 2×105 immature DCs was used for
cell morphology and FACS analysis (see below). All
experiments were performed with the same batch
of FBS to avoid variations in the pattern of CD14
and CD1a expression.

Generation of FK506-DCs
After 24 h (d+1) of culture (3×106 cells per well

in 2.9 mL), 100 µL of medium containing FK506
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(Fujisawa Pharmaceutical Co., Osaka, Japan) at a
final concentration of 10 ng/mL (physiologic con-
centration) or 5000 ng/mL were added to each
experimental well and plates were incubated for
the remaining 6 days of the culture protocol. Under
these conditions, we obtained a population of DCs
that had been exposed to immunosuppressant
agent (FK-DCs) for a lengthy period. To study the
effect of a brief exposure to the agent, 10 ng/mL
and 5000 ng/mL of FK506 were added at day 6
(d+6) and plates were incubated for the last day of
the culture protocol. In all experiments, cytokines
(GM-CSF and IL-4) were added on days 0 and 3
(Diagram 1). Control wells received 100 µL of cul-
ture medium and all wells contained a final volume
of 3 mL of culture medium.

Maturation of DCs and FK-DCs
DC and FK-DC maturation was performed on

3×106 cells per well in 6-well culture plates (Costar)
using LPS (Escherichia coli, serotype 0128:B12) pur-
chased from Sigma. LPS was reconstituted in RPMI
1640 medium and stored at –20ºC before use.  For
maturation, 1000 ng/mL LPS were added to the cells
on day 6. Cell morphology and cell-surface markers
were analyzed on day 7 (Diagram).

Analysis of cell morphology 
DC and FK-DC morphology with and without

LPS-induced cell maturation was studied in 2×105

cells. Cells on microscope slides were centrifuged
at 600 rpm for 5 min in a Cytospin centrifuge
(Shandon, Cytospin II). Cytospins were stained
using May Grünwald-Giemsa stain, then examined
by light microscopy (Olympus).

Analysis of cell-surface markers and cell
viability by flow cytometry

Analysis of cell surface markers in immature DCs,
LPS-stimulated DCs, FK-DCs and LPS-stimulated
FK-DCs was performed on day 7 of cell culture.
Cells were washed with Ca++ and Mg++ free PBS
before flow cytometry analysis. An amount of
2×105 cells was double-stained with fluorescein
isothiocyanate and phycoerythrin monoclonal anti-
bodies in Ca++ and Mg++ free PBS for 15 minutes
and washed twice before FACS analysis. The pairs
of mouse anti-human monoclonal antibodies used
for immunofluorescence staining of leukocyte pop-
ulation, monocyte yield and DCs were: CD45-FITC
(J.33)/CD3-PE (UCHT1), CD14-FITC (RMO52)/CD1a-
PE (BL6), CD64-FITC (22)/CD54-PE (84H10), CD83-
FITC (HB159)/CD86-PE (HA5.2B7), IgG1-FITC
(679.1Mc7)/IgG1-PE (679.1Mc7) and IgG2b-FITC
(MOPC-195) (Coulter-Immunotech).

Cell viability was determined by a method using
carboxyfluorescein diacetate (CFDA, Sigma). CFDA
is internalized into living cells and subsequently
hydrolyzed into a polar compound whose fluores-
cence is determined by flow cytometry. Briefly, 2×
105 cells were incubated at 37°C for 15 min with
CFDA at a final concentration of 0.5 mg/mL. Cells
were washed twice with Ca++ and Mg++ free PBS
(450 × g, 5 min) before flow cytometry analysis
using a FACSCalibur flow cytometer (Becton Dick-
inson). Generally, 10,000 events were analyzed.
Cell-surface markers were determined by means of
a forward-versus-side scatter gate. All isotype con-
trols were set to be within 2% positive for statis-
tical analysis.

Statistical analysis
Descriptive statistics are used to report the mean

values and standard deviation (SD) of the experi-
mental data. Statistical analysis was performed
using the Student’s t-test with the SPSS computer
software program. Significance for a two-tailed test
was set at a p value of less than 0.05.

Results

Analysis of cell morphology
Figure 1 shows the morphologic appearance of

immature DCs (A), LPS-stimulated DCs (B), FK-DCs
(C) and LPS-stimulated FK-DCs (D). A homogeneous
population of large cells displaying characteristic
DC morphology (abundant cytoplasm, irregular
membrane ruffling and cytoplasm protrusion) was
observed in each experiment. Cell viability studies
yielded results of around 90% viability for each
experiment, indicating that FK506, even at the high
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Diagram 1. Experimental design. The culture medium was
supplemented with 800 U/mL GM-CSF (Leucomax 300) and
1000 U/mL IL-4 on the first day of culture and on day 3.
FK506 was added at concentrations of 10 ng/mL and 5000
ng/mL at the two time points indicated. The concentration
of LPS was 1000 ng/mL. CD14+: monocytes. iDC: immature
dendritic cells. FK-DCs: dendritic cells exposed to FK506 on
day 1 or day 6 of 7 days of culture. LPS-DCs: LPS-stimulat-
ed dendritic cells on day 6 of culture. LPS-FK-DCs: LPS-stim-
ulated FK-DCs.
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dose studied, was not cytotoxic in our experimen-
tal conditions.

Flow cytometry analysis of monocytes,
immature and mature DCs

Figure 2 shows the surface phenotypes of mono-
cytes, immature DCs and DCs stimulated by 1,000
ng/mL LPS at day 6 of culture. The process of dif-
ferentiation and maturation of DCs from monocyte
precursors was achieved with loss of CD14 and
acquisition of CD1a. A new marker, CD83, as well as
accessory molecules, such as CD54 and CD86, were
expressed in DCs when they were stimulated by LPS.

Flow cytometry analysis of cell surface
markers in immature DCs, LPS-stimulated
DCs, FK-DCs and LPS-stimulated FK-DCs

The median fluorescence intensity (MFI) values of
CD45, CD1a, CD54, CD83 and CD86 on DCs pro-
duced after exposure to FK506 are listed in Table
1. There were no significant differences in MFI val-
ues between control DCs and FK-DCs exposed to
physiologic concentrations (10 ng/mL) of immuno-
suppressant. However, in cells exposed to the high

concentration of FK506, changes were found in
CD1a, CD86 and CD83/CD86 expression according
to the duration of exposure. Brief exposure caused
a decrease in CD86 MFI values (Table 1), with no
changes in the percentage of CD86-positive cells
(Figure 3B), whereas long exposure reduced CD1a
expression. Additionally, the percentage of cells co-
expressing CD83 and CD86 was slightly decreased
at both experimental times (Figure 3A). In LPS-
pulsed DCs, the CD54 and CD86 FMI values and
percentage of CD83/CD86-positive cells were sta-
tistically increased as compared to those of the
control group (Table 1). However, significant
decreases in CD1a values (Table 1) and percentage
of CD83/CD86-positive cells were found in LPS-
stimulated DCs previously incubated with 5,000
ng/mL of FK506 (Figure 3A). In the same set of
experiments, an increase in the percentage of
CD86-positive cells as compared to control DCs
was observed with 5000 ng/mL FK506 (d+1) (Fig-
ure 3B), suggesting that the surface-marker was
up-regulated by FK506 at this high concentration.  

Figure 1. Morphology of monocyte-generated DCs with GM-CSF + IL-4 (May Grünwald-Giemsa staining). Immature DCs (a); LPS-
stimulated DCs on day 6 of culture (b); FK-DCs on day 1 of culture (c); FK-DCs on day 1 of culture + LPS on day 6 of culture
(d). The final concentrations used were: 1000 ng/mL LPS; 5000 ng/mL FK506. No drastic morphologic changes were seen
under these culture conditions. Magnification × 400. The figure shows representative data from 5 independent experiments.
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Figure 2. Surface phenotypes of monocytes, immature DCs and mature DCs. Monocytes were cultured for 7 days with com-
plete culture medium without cytokines. Immature DCs were cultured with complete medium and GM-CSF plus IL-4. For DC
maturation, 1,000 ng/mL LPS were added to cultures on day 6. Flow cytometry analysis was performed on day 7. The red line
represents the isotypic control. The figure shows representative data from 4 independent experiments.



684

haematologica vol. 87(7):july 2002

J. Cos et al.

Discussion
Immunosuppressive drugs such as cyclosporin A

and tacrolimus are essential for prolongation of
allograft survival. In this context, the persistence of
donor-derived leukocyte populations such as DCs in
recipient tissues seems to play an important role in
the induction of organ tolerance.30 The DCs used in
the present study were generated from monocytes
of healthy donors cultured in the presence of GM-
CSF and IL-4.29 FK-506 concentrations were deter-

mined on the basis of the interaction of this
immunosuppressant agent in monocytes, B-cells,
T-cells, and CD34+-derived DCs, and concentrations
in plasma and whole blood during clinical
use.27,31,32,33 The effect of FK506 on DCs was tested
in a set of experiments evaluating the following:
the concentration of FK506 (10 ng/mL vs. 5,000
ng/mL), the period of exposure to FK506 (6 days vs.
1 day) and the sequence of FK506 treatment and
LPS addition.

Table 1. Effect of FK506, LPS, and FK506 plus LPS on DC surface markers. DCs were exposed to 10 ng/mL (FK10) and 5000
ng/mL (FK5000) FK506 for a short period (d+6: FK506 was added on day 6 and incubation was continued for the one remain-
ing day) and a long period (d+1: FK506 was added on day 1 and incubation was continued for the 6 remaining days). Imma-
ture DCs were activated to mature DCs with addition of 1000 ng/mL LPS on day 6. Results are given as mean ± SD of medi-
an fluorescence intensity (MFI) in several independent experiments (n) from 10 healthy blood donors. Immature DCs (control
cells) (n=10), FK10 (d+1) (n=6), FK10 (d+6) (n=4), FK5000 (d+1) (n=7), FK5000 (d+6) (n=5), LPS 1000 (d+6) (n=4), FK10
(d+1) + LPS 1000 (d+6) (n=5) and FK5000 (d+1) + LPS 1000 (d+6) (n=5). *p values of < 0.05 were considered statistically
significant.

Treatments Cell-surface markers
CD45-FITC CD83-FITC Control antibody (FITC) CD1a-PE CD54-PE CD86-PE Control abntibody (PE)

Control cells 92.65±1.64 5.57±1.24 3.10±0.73 105.03±30.97 162.76±38.93 128.97±67.79 2.80±0.91
FK10(d+1) 93.97±1.25 5.10±0.96 3.23±0.81 111.05±27.55 159.16±45.19 113.16±89.08 2.99±1.04
FK10 (d+6) 93±2.60 4.33±0.84 2.79±0.22 111.31±24.17 173.31±20.43 87.56±31.10 2.41±0.22
FK5000 (d+1) 96.08±1.13 4.61±1.20 3.46±1.37 31.99±20.90* 155.18±56.18 143.26±103.19 3.80±1.60
FK5000 (d+6) 92.99±1.90 4.10±0.64 3.22±0.35 86.11±22.13 142.91±19.09 77.27±9.89* 2.82±0.51
LPS1000 (d+6) 96.69±1.89 13.65±6.60 3.24±1 113.93±23.92 280.91±48.22* 272.35±119.67* 2.85±0.52
FK10 (d+1) + LPS1000 (d+6) 95.58±1.61 11.17±5.57 3.02±0.44 107.02±18.52 261.15±45.95* 218.77±138.84 3.07±0.70
FK5000 (d+1) + LPS1000 (d+6) 95.22±1.25 8.57±1.96 3.31±1.19 25.60±5* 234.55±44.48* 294.48±139.27 3.69±1.40

Figure 3. Effect of FK506, LPS, and
FK506 plus LPS on percentage of cells
positive for CD83/CD86 (A) and
CD86 (B). DCs were treated with 10
ng/mL (FK10) and 5000 ng/mL
(FK5000) of FK506, 1000 ng/mL LPS
(LPS 1000) and with sequential treat-
ment consisting in administration of
10 ng/mL (FK10) or 5000 ng/mL
(FK5000) with 1000 ng/mL LPS
(LPS1000). d+1 indicates the longer
exposure time (FK506 concentrations
were added on day 1 of culture). d+6
indicates the shorter exposure time
(FK506 concentrations were added on
day 6 of culture). Data are given as
mean ± SD of MFI in several indepen-
dent experiments (n) from 10 healthy
blood donors. Immature DCs (control
cells) (n=10), FK10 (d+1) (n=6),
FK5000 (d+1) (n=7), FK5000 (d+6)
(n=5), LPS 1000 (d+6) (n=4), FK10
(d+1) + LPS 1000 (d+6) (n=5),
FK5000 (d+1) + LPS 1000 (d+6)
(n=5). *p values < 0.05 were consid-
ered statistically significant.



Under our culture conditions we found the fea-
tures of mature DCs34,35 and typical DC morpholo-
gy without cytotoxic effects in LPS-stimulated DCs,
FK-DCs and LPS-stimulated FK-DCs. There were no
differences in MFI values between control DCs and
FK-DCs exposed to physiologic concentrations (10
ng/mL) of the immunosuppressant. Thus, contact
with FK506 did not influence the generation of
morphologically normal DCs (Figure 1), i.e., high
MFI levels for CD45, CD1a, CD54, CD86, low levels
for CD83 (Table 1), presence of CD83/CD86 (Figure
3A), absence of CD14 and CD64, as well as per-
centage of double staining ≤1.6% for CD45/CD3,
≤3% for CD14/CD1a and ≤5% for CD64/CD54
(data not shown). Similar results were obtained by
Woltman et al.36 when freshly isolated monocytes
were cultured with GM-CSF, IL-4 and 10-6 M (804
ng/mL) FK506 for 6 days,  and by Szabo et al.37

when myeloid DCs were exposed to 10–8 M FK506.
However, when FK506 was added at the high con-
centration, changes in CD1a, CD86 and CD83/CD86
expression were found according to the duration of
exposure. Although low levels of CD1a were
detected, long exposure to FK506 blocked normal
generation of DCs during their differentiation from
monocytes, as evidenced by the significant
decrease in MFI values for this marker. Recent stud-
ies by Shimizu’s group27 showed high levels of CD1a
on DCs generated from CD34+ hematopoietic prog-
enitor cells cultured for 14 days in the presence of
FK506. Moreover, they found that FK-DCs co-
expressed CD1a and CD14, as if they had the char-
acteristics of an intermediate precursor cell with
the ability to differentiate into either DCs (CD1a+

CD14–) or monocytes (CD1a– CD14+).38 In our
experiments, using the monocyte precursor, these
intermediate precursor cells were not detected.
Though the half-life of FK506 in cell culture con-
ditions is unknown, the different exposure periods
to the immunosuppressive agent and DC-progeni-
tor used in each study could explain the changes
in CD1a and CD14 patterns.

In the present study results for mature DC gen-
eration with or without long exposure to FK506
indicate a loss of maturative capacity in the pres-
ence of the agent. The maturation process, char-
acterized by an up-regulation of co-stimulatory
and adhesion molecules, confers the DCs a greater
capacity for T-cell recruitment and activation.39,40

According to the CD54 and CD86 FMI values and
percentage of CD83/CD86 positive cells (Table 1),
LPS-DCs displayed the characteristic changes to
the mature state41 with 24 hours of exposure to
LPS (Figure 3A). However, significant decreases in

CD1a MFI values (Table 1) and percentage of cells
co-expressing CD83 and CD86 were found when
LPS-stimulated DCs had been previously incubat-
ed with 5,000 ng/mL of FK506 (Figure 3A). Some
features that predispose DCs to tolerogenicity are:
exposure to IL-10, ultraviolet B radiation, inhibition
of IL-12 production by prostaglandin E2, co-stim-
ulatory molecule deficiency, blockade of co-stim-
ulatory molecule expression by CTLA4-Ig and trans-
duction with genes encoding immunosuppressive
molecules.30 Other immunosuppressive agents,
such as corticosteroids, transforming growth fac-
tor-β and IL-10 can render monocyte-derived DCs
tolerogenetic.42,43 However, little is known about
the biochemical pathways that regulate the mat-
uration process in these cells.

Mature DCs express high levels of nuclear factor
(NF)-κB transcription factor. In DC culture systems,
LPS induces nuclear translocation of NF-κB, which
plays an important role in the expression of genes
involved in DC maturation.44-47 In our experiments
the loss of the maturation process could be due to
inhibition of NF-κB activation by FK506. Several
groups have demonstrated that DC antigen pre-
sentation is NF-κB-dependent when this tran-
scription factor is inhibited by serine protease
inhibitor, proteasome inhibitor, SN50 synthetic
peptide and adenoviral transfer of the endogenous
inhibitor of NF-κB. These observations suggest that
NF-κB is an important target for blocking DC anti-
gen presentation and inhibiting T-cell-dependent
immune responses.45,48-51

Though 5,000 ng/mL FK506 is not used in clinical
trials, we conclude that this concentration is not
toxic to DCs and can operate, at least in our exper-
imental conditions, as a drug maintaining DCs in a
low maturity stage to confer immunologic privilege.
Further studies are needed to elucidate the impor-
tance of changes in DC immunophenotype in liver
transplant patients receiving FK506 and the possi-
ble significance of these alterations in the immune
response to the allograft. Along this line, knowledge
of the capacity of DCs for antigen uptake and the
molecular basis underlying FK506's capacity to block
the shift from the immature to mature stage could
contribute to explaining the therapeutic potential of
tacrolimus. The application of these findings might
be useful in future trials aimed toward reducing the
dose of this immunosuppressant agent and, there-
fore, its toxic effects.
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What is already known on this topic
FK506 (tacrolimus) is a potent immunosuppressive
agent that inhibits IL-2 and INF-γ production by CD4-
positive cells. Its effects on dendritic cells are largely
unknown.

What this study adds
This study shows that lengthy exposure to high concen-
trations of FK506 can modify the immunophenotype of
dendritic cells, apparently preventing their maturation. 

Potential implications for clinical practice
These findings may allow better immunosuppressive
strategies after transplantation to be implemented.
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