ORIGINAL PAPERS

Adv Clin Exp Med 2015, 24, 2, 257-266
DOI: 10.17219/acem/40463

© Copyright by Wroclaw Medical University
ISSN 1899-5276

JoERN E. DoPHEIDE! AF GERALDINE C. ZELLER? & E-F)
MARTIN KUHLMANN? EF, MAaTTHIAS GIRNDT® E°F, MARTINA SESTER> & G E-F
URBAN SESTER® &> G E-F

Differentiation of Monocyte Derived Dendritic Cells
in End Stage Renal Disease is Skewed Towards
Accelerated Maturation

! Medical Department 11, Johannes-Gutenberg University, Mainz, Germany

2 University Hospital of the Johannes Gutenberg University Mainz, Germany

3 Department of Internal Medicine-Nephrology, Vivantes Klinikum im Friedrichshain, Berlin, Germany
* Medical Department II, Martin-Luther University, Halle-Wittenberg, Germany

5> Department of Transplant and Infection Immunology, Institute of Virology, Saarland University,
Homburg/Saar, Germany

Department of Internal Medicine IV, Saarland University, Homburg/Saar, Germany

A - research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D - writing the article; E - critical revision of the article; F — final approval of article; G - other

Abstract

Background. Dendritic cells (DC) play an important role in the induction of immune responses. Patients with end
stage renal disease (ESRD) suffer from chronic inflammation, leading to a secondary, uremic immunodeficiency
associated with alterations in monocyte subpopulations with increased proinflammatory capacities.

Objectives. The aim of this study was to examine, under isolated conditions, whether alterations in monocyte
subpopulations may affect in vitro maturation of dendritic cells (DC) in patients with ESRD, thus allowing us to
draw conclusions for the situation in vivo.

Material and Methods. Monocytes from 30 patients undergoing hemodialysis (HD) and 15 healthy volunteers
were enriched from peripheral blood leukocytes, differentiated into immature DC (iDC) in medium containing
IL-4 and GM-CSF, and were induced with LPS to differentiate into mature DC (mDC). Monocyte subpopulations
and DC maturation stages were phenotypically characterized using flow-cytometry.

Results. Although phenotypically indistinguishable, the number of both iDC and mDC that were generated from
uremic monocytes was significantly higher compared to those from healthy controls (p = 0.02 and p = 0.03, respec-
tively). This was associated with an increased number of CD14+ CD16+ monocytes (p = 0.02) and by a higher
maturation efficiency of mDC in patients (p = 0.04).

Conclusions. A high percentage of CD14+ CD16+ monocytes in patients with ESRD is associated with an increased
propensity to differentiate into DC. This indicates that chronic inflammation may substantiate the biased consis-
tence of monocyte subpopulations leading to profound alteration in DC generation and maturation in ESRD (Adv
Clin Exp Med 2015, 24, 2, 257-266).
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Patients with end stage renal disease (ESRD)
frequently suffer from infectious complications
that account for increased morbidity, hospitaliza-
tion and mortality. According to the 2010 U.S. Re-
nal Data System Report, infections are still among
the top three causes of mortality in ESRD patients,

next to cardiovascular events and cancer. Never-
theless, the overall 5-year survival rate for ESRD
patients has improved since the early 1990s due to
improved treatment and disease management [1].

An increased incidence of infectious com-
plications in patients with ESRD arises from
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a secondary immune defect [2] that is frequently
observed as non-responsiveness to standard vac-
cinations [3-5]. On the cellular level, this immune
defect is at least partly related to an impaired ac-
tivation of T-lymphocytes and reduced secretion
of the T-cell growth factor interleukin-2 (IL-2) [6].
Interestingly, the immune defect is rather localized
to antigen presenting cells (APC) than on T-cells,
as an impaired T-cell function may be restored in
the presence of APC from healthy donors [7, 8].
Moreover, we have previously shown that the de-
fect seems to be associated with an impaired co-
stimulatory signaling of B7 molecules (CD80 and
CD86), as anti-CD28 mediated supplementation
of B7/CD28 signals in vitro led to a normalization
of T-cell functions [7]. In line with these findings,
we indeed found significantly lower levels of the
costimulatory molecule CD86 on uremic mono-
cytes as compared to healthy controls [9]. More-
over, chronic inflammation in uremic patients was
shown to be associated with an increased percent-
age of monocytes that are characterised by a high ex-
pression of CD16 and increased proinflammatory ac-
tivity [10]. Although these CD14+CD16+ cells have
been characterised as a more mature subpopulation
of monocytes [11] with an increased migratory ca-
pacity and ability to differentiate into DC in healthy
individuals [12, 13], the maturation potential of
monocytes from uremic patients is less well stud-
ied. This may be of particular importance, as defi-
ciencies in APC function are among the key con-
tributors to uremic immunodeficiency in patients
with ESRD.

When analyzing costimulatory defects, mono-
cytes were chosen as model system for APC, al-
though dendritic cells (DC) represent the most po-
tent APC in vivo. DC are of myeloid origin and can
be derived either from CD34+ mononuclear pro-
genitor cells or directly from monocytes, especial-
ly from the proinflammatory CD14 low CD16 +
+ monocyte subpopulation [14-16]. They are be-
lieved to play a crucial role in the regulation of
both the adaptive and the innate immune system.
DC are in general divided into immature (iDC)
and mature DC (mDC). iDC are mainly located in
the peripheral tissues proceeding with antigen-up-
take and - processing. In response to inflammato-
ry signals, iDC migrate to the peripheral regional
lymphoid organs while differentiating into mDC.
When reaching the lymphoid tissue, mDC have
lost the ability of antigen-uptake and are main-
ly specialized in antigen-presentation to naive
T-cells, which takes place in the T-cell areas of the
lymphoid organs [17]. These distinct stages of DC
may be diagnostically separated by their expres-
sion of functionally relevant cell surface molecules
such as HLA-DR, CD1a, CD80 and CDS86.

Based on the impaired function and alterations in
subpopulations of uremic monocytes, this study was
carried out to analyse both the maturation efficiency
and the phenotypical properties of monocyte derived
DC from ESRD patients undergoing hemodialysis.

Material and Methods

Patients

Thirty chronic hemodialysis patients from our
outpatient dialysis clinic and 15 healthy control per-
sons from our clinical and laboratory personnel were
included in this study after giving informed con-
sent. The mean age of the hemodialysis patients was
61.9 + 11.4 years, and the mean age of controls was
34.4 + 11.2 years. No aged matched controls were re-
cruited for the study, as it was difficult to recruit old-
er subjects not suffering from any cardiovascular dis-
ease or risk factor, as well as not taking any necessary
medication in this regard, potentially influencing the
analysed expression pattern on monocytes or DC. Ex-
clusion criteria were clinical signs for the presence of
an acute inflammatory process, current immunosup-
pressive therapy or evidence of malignancy. Patients
were examined for present infections, and were ex-
cluded if leukocyte count exceeded 10.000 per pL or
if CRP levels were more than 10% above mean values
of the last 10 months. Patients were dialysed 3 times
weekly, undergoing dialysis for 38.9 £ 27.5 months in
average, with a weekly Kt/V 3.67 £ 0.74 and a Kt/V of
1.17 + 0.27 per dialysis session (calculated accord-
ing to Daugirdas and Ing; double-pool urea kinet-
ics) [18]. Dialysis quality was tested monthly and met
the criteria of the association for the Advancement of
Medical Instrumentation (AAMI) [19]. Renal failure
occurred because of the following diseases: diabetic
nephropathy (n = 13), chronic glomerulonephritis
(n=7), nephrosclerosis (n = 2), cystic disease (n = 2),
renal tuberculosis (n = 2), systemic lupus erythe-
matosus (n = 1), analgesic nephropathy (n = 1) and
chronic pyelonephritis (n = 1). The cause of the re-
nal disease was unknown in 1 case (n = 1). The in-
vestigation conforms to the principles outlined in
the Declaration of Helsinki and was approved by
the local ethics committee.

Blood Sampling and Generation
of Immature and Mature DC
from Isolated Monocytes

Blood samples were drawn from the arterial line
before start of hemodialysis treatment or by venipunc-
ture in healthy individuals. The blood was collected
into heparinized syringes (200 IU sodium heparin per
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20 mL blood). All specimens were placed on ice im-
mediately, and further proceedings were performed
at 4°C. Peripheral blood mononuclear cells (PBMC)
were prepared by density gradient centrifugation (Fi-
coll; Linaris, Bettingen, Germany) and washed twice
with phosphate buffered saline (PBS)-EDTA. PBMC
yield was assessed by microscopical counting and
their monocyte content was determined by flow cy-
tometry. For this an aliquot of PBMC was stained im-
mediately and processed for analysis. For DC gener-
ation the PBMC were subjected to plastic adherence
for monocyte enrichment. This was performed by
plating up to 3 x 10® PBMC/well into 6-well culture
plates at a density of 1 x 10%/mL and incubating for
1 hat 37°C and 6% CO,. During this time monocytes
adhered to the bottom of the well and non-adherent
cells were washed off with PBS thereafter.

The in vitro generation of immature and ma-
ture DC was performed as previously described [20].
In brief, iDC were generated for 6 days in complete
DC medium (RPMI 1640 containing 5% fetal calf se-
rum (FCS, low endotoxine grade) supplemented with
100 ng/mL granulocyte-macrophage colony-stim-
ulating factor (GM-CSF) and 500U/mL IL-4 (both
Strathmann Biotech, Hannover, Germany). On day
6 cells were divided in half and washed on time with
PBS and resuspended in complete DC medium. Then,
one half of the culture was stimulated with 100 ng/mL
lipopolysaccharid (LPS, Sigma, Deisenhofen, Germa-
ny) to differentiate into mDC, whereas the other half
was mock-treated and remained immature. iDC and
mDC were then further cultivated for 2 days. On day
8, iDC and mDC were harvested. Cell yield was as-
sessed by counting DC numbers microscopically, and
phenotypical properties as well as maturation efficien-
cy were analysed using flow cytometry.

Cell Counts

The number of PBMC and DC were determined
microscopically. To achieve the absolute monocyte
count/mL among PBMC, monocytes were gated
using flow cytometry based on scatter properties
(FSC/SSC dotplot). Subsequently, monocytes were
further identified by gating on CD14+ cells, includ-
ing both cells showing high and low expression of
CD14. The percentage of gated monocytes was fi-
nally calculated in relation to the total PBMC count.

Phenotypical Characterisation
of Monocyte Subpopulations
and DC

Phenotypical characterisation of monocytes,
iDC and mDC was carried out using flow-cy-
tometry. Monoclonal antibodies conjugated to

fluorescent dyes were used to detect the following
cell surface antigens: CD1a (clone HI149), CD40
(clone 5C3), CD86 (clone IT2.2, all from BD, Hei-
delberg, Germany), CD14 (clone RM052), HLA-
DR (clone B8.12.2, all from Coulter-Immunotech,
Krefeld, Germany), CD80 (clone BB-1, Cymbus
Biotechnology LTD, Hamburg, Germany) and
CD16 (clone DJ130c, DAKO, Hamburg, Germa-
ny). Cells were washed twice with PBS contain-
ing 0.75% bovine serum albumin, 5% FCS, 1 mM
CaCl, and 1 mM MgCl,, and finally resuspended
in 200 uL of PBS containing 1% of paraformal-
dehyde. Flow-cytometric analysis was performed
on a FACScan using the CellQuest® software sys-
tem (BD).

Statistical Analysis

For data management and statistical analysis
GraphPad Prism V4.03 statistical software pack-
age was used (Graphpad, San Diego, CA, USA).
All data was given as means + SD. Significance of
differences between the groups was calculated us-
ing the Mann-Whitney test. Correlation of con-
tinuous data among the general study population
was performed using Spearman correlation coef-
ficients (r).

Results

Correlation of Age and Time
Under Dialysis Treatment

To evaluate the influence of age and hemo-
dialysis we performed a correlation analysis with
relative and absolute cell numbers, as well as with
major stimulatory and co-stimulatory surface mol-
ecules on DC.

For the correlation with age we found no cor-
relation with the analysed study parameters. Sole-
ly, for the relative amount of the CD14+/CD16+
monocyte subpopulation and iDC population after
8 days of cultivation a trend for a direct correlation
was observed (Table 1).

In contrast, for the time under hemodialysis
treatment, we observed a significant direct corre-
lation for the CD14+/CD16+ monocyte subpop-
ulation, as well as for the absolute and relative
numbers of iDC and mDC and with CRP levels.
PBMC numbers correlated inversely with dialysis
time, as did the expression for CD1a on iDC and
mDC. Similar results were obtained for the corre-
lation with the weekly kt/V, except for the correla-
tion with the CD14+/CD16 monocyte subpopula-
tion, CD1a on iDC and mDC and CRP (Table 1).
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Table 1. Correlation of age, time under dialysis treatment and weekly kt/V

Age Time under dialysis (months) Weekly kt/V
CD14+/CD16+ monocytes [%] r=0.3224 r=0.4215 r=0.2609
p=0.08 p =0.02 p=0.19
Spontaneous maturation [- LPS%] r=-0.0370 r=-0.0252 r =0.0507
p=0.82 p=0.87 p=0.77
Induced maturation [+ LPS%] r=0.2293 r=0.3468 r =0.3960
p=0.15 p=0.03 p = 0.02
PBMC/mL r=-0.1934 r=-0.3653 r=-0.3351
p=0.20 p=0.01 p=0.03
Monocytes/mL r=0.055 r=0.0293 r=0.0473
p=072 p =085 p=0.77
Monocytes [%] r=0.1595 r=0.2675 r=0.2817
p=0.29 p =0.07 p=0.07
iDC/mL r=0.2265 r=0.3228 r=0.4254
p=0.13 p =0.03 p<0.01
mDC/mL r=0.2089 r=0.3579 r =0.4448
p=0.17 p = 0.02 p<0.01
iDC [%] r=0.2699 r=0.294 r=0.3574
p=0.07 p = 0.04 p =0.02
mDC [%] r=0.2422 r = 0.3605 r=0.3757
p=0.11 p=10.01 p =0.02
HLA-DRiDC r =-0.0487 r =0.0487 r=0.0157
p=0.77 p =051 p=0093
HLA-DR mDC r =-0.1505 r=0.0842 r=-0.0171
p=0.39 p=0.63 p=0.93
CD1aiDC r=-0.1930 |r=-0.3673 r=-0.1628
p=021 p =0.01 p=032
CDla mDC r=-0.2050 r=-0.2994 r=-0.2010
p=0.18 p = 0.04 p=021
CD40 iDC r=-0.0105 r=0.2572 r =0.3055
p=0.96 p=0.18 p=0.13
CD40 mDC r=-0.0077 r=0.2198 r=0.1712
p=0.97 p=0.24 p=10.39
CD80iDC r=0.021 r=0.2529 r=0.1326
p=0.89 p=0.11 p=043
CD80 mDC r=-0.1591 r=0.1067 r=0.0247
p=0.32 p=0.51 p=0.88
CD86 iDC r=-02249 | r=-0.1581 r=-0.1095
p=0.14 p =031 p=0.50
CD86 mDC r=-0.0780 r=-0.0213 r=-0.0262
p=0.62 p=0.89 p=0.87
CRP [mg/dL] r=0.1929 r =0.4091 r=0.2823
p=020 p <0.01 p=0.07

Analysis of the correlation of continuous risk factors for the general study population. Correlation coefficients are adjusted
for case/control status. Significant correlations are highlighted in bold.
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Phenotypical Analysis of iDC
and mDC

After 8 days of culture, typical surface mol-
ecules on DC were analysed that are character-
istic for DC (CD1la), and are necessary and in-
evitable for antigen presentation (HLA-DR) and
costimulation (CD40, CD80, CD86). When com-
paring ESRD patients and healthy individuals,
the expression of the major co-stimulatory mol-
ecules CD40, CD80, and CD86 did not differ on
either iDCs or mDCs (Table 2). Although mono-
cytes from ESRD patients were previously shown
to express less CD86, CD86 expression did not
differ on iDC of both ESRD patients and controls
after 6 days of cell culture (Table 2). Likewise,
there was no difference in CD86 expression on
mDC from patients and controls. Further, when
analysing HLA-DR, we could not detect a signif-
icant difference between patients and controls,
neither on iDC nor mDC (Table 2). Finally, the
non-classical MHC molecule CD1a was analysed
as a marker for DC generation and maturation.
In general, mDC show a lower expression of CD1a
as compared to iDC, which is in line with previ-
ously published results [21]. Analyzing CD1a ex-
pression in respect to ESRD patients and con-
trols, iDC did not show any difference in CD1la
expression levels between both groups (p = 0.19),
whereas CD1a expression on mDC of ESRD pa-
tients was significantly lower (p = 0.02, Table 2).

Taken together, while mDC from ESRD pa-
tients show a significantly lower expression of
the DC marker CDla, all other molecules rele-
vant for antigen presentation (HLA-DR) or co-
stimulation (CD40, CD80, CD86) were similar in
both groups.

Analysis of Maturation
Efficiency of DC from Controls
and ESRD Patients

To assess the efficiency of monocytes differ-
entiating into DC in patients and controls, re-
spective cells numbers were determined before
and after the maturation procedure. To nor-
malise the DC yield to the number of mono-
cytes that was put into culture, the percentage of
monocytes was determined using flow cytome-
try and related to the number of iDC and mDC
harvested at day 8.

We observed a trend towards a reduced yield
of PBMC, which could be isolated from whole
blood in ESRD patients compared to healthy con-
trols (Table 3). However, due to a relative mono-
cytosis in ESRD patients, approximately equal
numbers of CD14 positive monocytes were put in-
to cell culture to differentiate into iDC and mDC
(Table 3). Interestingly, analysis of the total num-
ber of iDC and mDC after 8 days of culture re-
vealed a significantly higher number of both iDC
and mDC in patients undergoing hemodialysis
compared to healthy individuals (Table 3). Since
equal monocyte numbers where put into cell cul-
ture in both groups, this was not due to monocy-
tosis, but rather due to an increased percentage
of monocytes differentiating into DC after 8 days
(Table 3). Together this indicates that monocytes
of patients undergoing hemodialysis show an in-
creased capability to differentiate into DC com-
pared to controls.

Table 2. Cell surface expression of stimulatory and co-stimulatory molecules on iDC and mDC

ESRD Controls P-value
Immature DC HLA-DR 82.48 + 28.5 92.5 + 40.56 0.73
CDla 171.5 £ 96.76 196.7 £ 77.70 0.19
CD40 65.72 + 15.78 62.31 + 15.66 0.65
B7-1(CD80) 24.73 + 10.5 22.82+7.35 0.60
B7-2 (CD86) 152.6 £ 111.6 209.3 £ 127.8 0.17
Mature DC HLA-DR 142.7 + 43.68 154.6 + 59.06 0.56
CDla 98.91 £ 96.73 136.3 + 66.59 0.02
CD40 89.24 + 16.33 87.53 £ 29.55 0.57
B7-1 (CD80) 39.06 = 10.64 41.44 +11.32 0.70
B7-2 (CD86) 1105 + 454.7 882.4 +299.5 0.19

Mean fluorescence intensity (MFI) is given as mean + SD.




262

J. DOPHEIDE et al.

Table 3. Cell yield and maturation efficiency of iDC and mDC

ESRD patients Control P-value

PBMC/mL whole blood 4.02 + 1.4 x 107 2.41+0.76 x 107 0.08
Monocytes [%] 10.65 + 5.60 8.86 +5.75 0.1

Monocytes/mL whole blood 4.26 +2.50 x 106 | 4.59 £ 3.59 x 10° 0.66
iDC/mL whole blood day 8 8.3 +3.8x10° 5.6 +3.2 % 10° 0.02
iDC from monocytes [%] 142 +15.2 84+75 0.02
mDC/mL whole blood day 8 7.9 4.1 x 10° 5+3.2x10° 0.03
mDC from monocytes [%] 132+ 129 7.1+58 0.01

Cell counts for PBMC, monocytes, iDC, and mDC isolated and/or generated per mL whole
blood, and relative amount of monocytes put into culture and which successfully differentiated

into iDC or mDC after 8 days of cultivation.

DC of ESRD Patients Show
Enhanced Maturation
After Stimulation with LPS

To more precisely analyse the maturation effi-
ciency from iDC towards mDC, the two DC types
were analysed using flow cytometry, where the
LPS-induced maturation from iDC to mDC may
best be characterised by an increase in CD86 ex-
pression and a concomitant decrease in CDla ex-
pression (Fig. 1). When analysing CD1a/CD86 ex-
pression with and without LPS, iDC cultures [-LPS]
may partially contain cells characteristic of mDC
(Fig. 1, left panel, gate R3), whereas some mDC
cultures in the presence of LPS may still contain
cells that remained in an immature state (Fig. I,
right panel, gate R2). The profile of CDla and
CD86 was then used to comparatively analyse the
spontaneous maturation (proportion of mDCs in
[-LPS] culture) to the induced maturation (pro-
portion of mDC in [+LPS] culture) between ESRD
patients and healthy individuals. The extent of

-LPS

10*

spontaneous maturation was similarly low in both
groups (Fig. 2A: 21.03 + 10.03% in ESRD patients
vs25.27 + 12.50% in controls, p = 0.88). In contrast,
however, induction with LPS led to a significant-
ly enhanced proportion of mDC in ESRD patients
compared to controls (Fig. 2B; 83.82 = 15.87%
in ESRD patients vs: 73.84 + 17.39% in controls,
p = 0.04).

Analysis of Monocyte
Subpopulations of ESRD
Patients and Healthy Controls

An increased maturation efficiency and DC
yield may be due to the presence of a larger fraction
of proinflammatory monocytes in ESRD patients.
As CD16 positive monocytes were shown to have
an increased migratory capacity and ability to dif-
ferentiate into DC in healthy individuals [12, 13],
we elucidated whether the increased efficiency to
generate DC from monocytes in ESRD patients was
based on alterations in monocyte subpopulations

Fig. 1. Characterization of iDC and

07 AC008)
07 XC0e8)

mDC by flow cytometry. iDC (gate R2)
are characterized by a strong expres-
sion of CD1a and a weak expression of
CD86, whereas mDC (gate R3) show

a low expression of CD1a and a strong
expression of CD86. Culture of DC
without LPS (left panel) may contain
spontaneously maturated DC (R3),
while culture of DC stimulated with LPS
(right panel) may still contain immature
DC (R2) at day 8. The proportion of

10 o o* 10°

o 10"
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(=] ]

10! ®  mDC was used to analyse the matura-

tion efficiency of DC
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Fig. 2. Increased maturation efficiency in ESRD patients. Maturation efficiency was assessed using flow cytometric
staining of CD86 and CD1a to identify iDC and mDC in ESRD patients (n = 28) and healthy individuals (n = 13).

(A) The extent of spontaneous maturation towards mDC in the absence of LPS was similarly low in ESRD patients
(21.03 £ 10.03% of mDC) and controls (25.27 + 12.50% of mDC, p = 0.88). (B) Induction of maturation with LPS
revealed a significantly higher maturation efficiency in ESRD patients (83.82 + 15.87% of mDC) compared to controls

(73.84 + 17.39% of mDC, p = 0.04)

Fig. 3. Increased percentage of
CD14+ CD16+ monocytes in ESRD
patients. Representative examples

of monocytes subpopulations in (A)
a healthy control and (B) an ESRD-
patient as analysed using co-staining
of CD14 and CD16 on monocytes.
(C) ESRD patients (n = 20) showed
an increased proportion of CD14+/
/CD16+ monocytes compared

to healthy individuals (n =

0* 10) (48.3 * 14.4% vs controls
33.6 £ 10.7%; p = 0.02)
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that were put into the culture. As illustrated in
Fig. 3A and 3B, the percentage of CD14 and CD16
positive monocytes was determined in both patients
and controls using flow-cytometry. Indeed, our co-
hort of patients showed an increased proportion of
CD14+/CD16+ monocytes as compared to healthy
controls (Fig. 3C, 48.25 + 14.4% in ESRD patients
vs 33.62 + 10.71% in controls, p = 0.02). Thus, the
more efficient generation of DC in ESRD patients
may at least in part be due to an increased propor-
tion of CD14+/CD16+ monocytes.

Discussion

The immune defect in ESRD patients is as-
sociated with a reduced T-cell stimulation, lead-
ing to a high susceptibility for infectious compli-
cations [2-5, 22]. This impaired T-cell activation
is related to an impaired co-stimulation by APC.
It was shown that activation of T-cells in vitro re-
mained low in the presence of autologous APCs,
but the proliferative response was restored to nor-
mal in the presence of monocytes from healthy
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donors [7, 8]. Furthermore, the impaired co-stim-
ulatory capacity of the monocytes of ESRD pa-
tients was shown to be related to a decreased ex-
pression of CD86 on monocytes [9]. The present
study extends the characterisation of monocytes
to DC, since monocytes are not considered to be
the most effective APCs. Thus, we reasoned, that
the chronic inflammatory state in ESRD patients
might account for the generation of highly efficient
DC, which might be more potent and effective
T-cell activators than those of healthy individuals.

ESRD patients suffer from a persistent sys-
temic inflammatory response. The uremic state of
ESRD is accompanied by an impaired immune re-
sponse coupled with persistent immune stimula-
tion, which leads to a low-grade systemic inflam-
mation and altered cytokine balance; this may
clinically translate into increased risk for vascular
disease, involving several interrelated processes,
such as oxidative stress, endothelial dysfunction,
and vascular calcification. This milieu of constant
low-grade inflammation further promotes im-
paired function of neutrophils and T cells, as well
as a dysregulated cytokine network. In this respect,
the imbalance between anti-inflammatory cyto-
kines such as IL-10 and proinflammatory cytokines
such as IL-6 and TNF-o, has been shown to play
an important role in the development of T-help-
er imbalance, coronary artery disease (CAD) and
wasting in the uremic milieu [23]. We believe that
this chronic inflammatory state promotes a milieu
that favors a biased differentiation of monocytes
towards more mature subpopulations and towards
DC. We found that, despite the reduced PBMC
count, a relative monocytosis in ESRD patients al-
lowed us to culture equal amounts of monocytes,
which further led to a significantly higher amount
of generated iDC and mDC.

The constant inflammation favors alterations
in the composition of different monocyte subpop-
ulations, which could further explain the increased
generation of iDC and mDC. We found a signifi-
cantly higher proportion of CD14+CD16+ mono-
cytes, a monocyte subpopulation which is consid-
ered to be increased in a proinflammatory setting
[10]. They represent a more mature type of mono-
cytes [11] and show an increased migratory capac-
ity and ability to differentiate into DC [12, 13]. An
increase in the CD14+CD16+ monocyte subpop-
ulation is present in many different inflammato-
ry diseases, as well as in coronary artery disease
(CAD) [24], which may account for a favour-
able proinflammatory phenotype of DC in CAD
[25]. We previously described a temporary acti-
vation and sequestration of CD14+CD16+ mono-
cytes during hemodialysis, which might contrib-
ute to the state of chronic microinflammation [26].

Thus, the increased proportion of proinflammato-
ry CD14+ CD16+ monocytes in ESRD patients,
as a consequence of a chronic inflammation, may
more rapidly induce maturation of iDC, thereby
favouring a more proinflammatory type of DC.
In this regard, we found a stronger tendency of
iDC of ESRD patients towards spontaneous matu-
ration to mDC, thus supporting the idea of a more
proinflammatory immune system in a uremic en-
vironment, which might be therapeutically amelio-
rated by renal replacement therapy.

This hypothesis was recently supported in pa-
tients undergoing renal transplantation, where the
afore existing deficiencies in incidence and func-
tion of precursor DC were reversed [27]. More-
over, serum from uremic patients, when added
to culture medium, impaired DC-function in vi-
tro, especially endocytosis and maturation [28].
Furthermore, patients undergoing hemodialysis
showed increased serum levels of IL-12p70. Up-
on LPS stimulation cultured DC in combination
with uremia toxin enriched medium showed a fur-
ther enhanced production of IL-12p70 [29]. In this
regard, we previously described an IL-12 overpro-
duction of monocytes of ESRD patients, as a sign
of chronic inflammation in ESRD [30]. The uremic
milieu is generally thought to be immunosuppres-
sive, not only in regard to maturation or function
[28, 29, 31], but also in regard to decreased num-
bers of circulating DC during ESRD, further en-
hanced by the inflammatory stimulus during he-
modialysis [32]. This led us and others [28, 29] to
the conclusion that the removal of uremic toxins
by a more effective dialysis treatment might ame-
liorate DC function, thus providing a better out-
come of patients undergoing hemodialysis.

In the present patient group, we did not ob-
serve the afore described decreased expression of
CD86 on monocytes in ESRD patients [9] (data not
shown). Most likely, this is due to an improvement
of the hemodialysis therapy in last decade. The pa-
tient cohort, where we described the costimulato-
ry immune defect on monocytes [9], underwent
hemodialysis therapy with a mean weekly kt/V of
0.87, whereas in the present study a mean weekly
kt/V of 1.17 was achieved. The improved dialysis
quality might therefore have ameliorated the im-
mune defect on monocytes and consequently on
DC, despite the still present chronic inflammation.

Limitations

The small number of patients and controls is
a clear limitation of our study. Furthermore, anoth-
er limitation is the fact not having an age matched
control cohort, which gives rise to the speculation,
that age might have influenced our findings in the
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first place. This however, was possible to rule out
after the correlation analysis, where we found the
time under hemodialysis treatment to be of bigger
impact on the results, although, age probably has
still contributed to our findings to some extend.
The authors have concluded that despite an
improved dialysis quality, ESRD patients still show
an increased pro-inflammatory subset of mono-
cytes and in consequence a more effective matu-
ration of iDC to mDC, even spontaneously. This

inflammation in patients with ESRD, leading to
the clinically observed accelerated atherosclerosis.
In addition, the rapid maturation of DC may hin-
der an effective uptake of antigens in the periph-
ery, which is the main task of iDC and can explain
the observed altered immune function of the adap-
tive immune system in ESRD. A novel therapeu-
tic strategy to ameliorate the chronic inflammation
caused by uremia might, therefore, be profitable
for ESRD patients until renal transplantation - as

the ultimate treatment of chronic inflammation -
can be performed.

bias towards a more proinflammatory immune
system might therefore favor the observed chronic
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