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In human peripheral blood the classical CD14**DR* monocytes and the pro-inflammatory
CD14"CD16'DR** monocytes can be distinguished. In erysipelas we found strongly in-
creased numbers of CD14*CD16* monocytes on the day of diagnosis (day 1) in 11 patients
with an average of 150.5+76.0 cells/ul, while 1 patient had low levels (35 cells/ul, control
donors 48.8+19.8 cells/ul). The classical monocytes were only moderately elevated in the
erysipelas patients (factor 1.7 as compared to controls). Patients exhibited increased body
temperature, erythrocyte sedimentation rate and increased serum levels for C-reactive pro-
tein (CRP), IL-6 and macrophage-colony-stimulating factor. Among these, body temperature
and CRP showed a significant correlation to the numbers of CD14°CD16* monocytes. In 4 of
4 patients with high levels of CD14*CD16* monocytes, these levels returned to that seen in
controls by day 5 of antibiotic therapy. Determination of intracellular TNF was performed by
three-color immunofluorescence and flow cytometry after ex vivo stimulation with lipotei-
choic acid, a typical constituent of streptococci. Here, patient CD14*DR** pro-inflammatory
monocytes showed a twofold lower level of intracellular TNF. By contrast, expression of TNF
was unaltered in the classical CD14"" monocytes. These data show that in erysipelas the
pro-inflammatory CD14*CD16"DR*" monocytes are substantially expanded and selectively

tolerant to stimulation by streptococcal products.
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1 Introduction

Erysipelas is an infectious disease of the skin that typi-
cally is caused by 3-hemolytic streptococci group A. The
painful lesions are characterized by areas of intense
inflammation with sharp edges and they are usually
located in the face or the lower limb. After proper diagno-
sis antibiotic treatment will control infection but the dis-
ease tends to recur in spite of an immune response as
evidenced by increasing antibody titers. The mecha-
nisms leading to inflammation in the skin are understood
only in part. Here the streptococcal pyrogenic exotoxin
(SPE) superantigens or lipids like lipoteichoic acid (LTA)
may be crucial for activation of T cells and monocytes,
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Abbreviations: BFA: Brefeldin A CRP: C-reactive protein
ESR: Erythrocyte sedimentation rate LPS: Lipopolysaccha-
ride LTA: Lipoteichoic acid PMB: Polymyxin B SPE:
Streptococcal pyrogenic exotoxin WPB: Whole peripheral
blood
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respectively. The cytokines released by these cells may
induce local inflammation but they may also be responsi-
ble for the systemic response that includes increased C-
reactive protein (CRP) and fever. The release of cytokines
can lead to activation of the different types of leukocytes
that can then be recruited to the site on infection.

Among the monocytes in human blood we recently
described the novel population of CD14*CD16*DR**
monocytes [1, 2]. Based on their high expression of the
pro-inflammatory cytokine TNF and their low expression
of the anti-inflammatory cytokine IL-10 these cells were
termed pro-inflammatory monocytes. These cells have
been shown to be expanded in systemic inflammatory
diseases including sepsis and acute HIV infection [3-6].
Based on their pro-inflammatory properties and their
high capacity to present antigen to T cells [7] the
CD14*CD16" monocytes may be instrumental in fighting
infection.

In the present report we have asked whether in a local-
ized infection like erysipelas the pro-inflammatory mono-
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cytes may also be expanded. The strong increase of the
pro-inflammatory CD14*CD16* monocytes that we
report herein for most erysipelas patients may be part of
an effective immune response against the streptococcal
skin infection.

Still, the pro-inflammatory monocytes show a decreased
TNF production in erysipelas patients whereas in the
classical monocytes the expression of this cytokine is
unaltered.

This is the first report to show a selective state of toler-
ance in the pro-inflammatory monocytes in patients with
infectious disease, indicating that the activity of these
cells is stringently controlled.

2 Results

2.1 Monocyte populations in erysipelas at the
day of admission

We have studied 12 patients with erysipelas with the
diagnosis based on typical skin inflammation, increased
erythrocyte sedimentation rate (ESR) and antibody titers
against S. pyogenes antigens. Nine patients had skin
infection of the lower limb and 3 infection of the facial
skin (Table 1). Eight patients had primary disease and 4
patients had recurrent erysipelas. In these patients we
studied monocyte subpopulations by two-color flow
cytometry at the day of admission (day 1). As shown in
Fig. 1 the patient with erysipelas (right panel) had
strongly increased numbers of CD14*CD16" monocytes
(182 cells/ul) as compared to a control donor (34 cells/ul,
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left panel). Numbers of CD14*CD16" monocytes were
increased in 11 of 12 patients. Only 1 patient (p3)
showed low CD14*CD16* monocyte numbers of 35/ul
which is within 1 standard deviation of the control values
(29-69 cells/ul, Table 1). In average of all patients the
CD14*CD16" monocytes were increased to 140.8+74.1
cells/ul (Fig. 2) which was significantly higher than the
values in control donors (48.8+19.8 cells/ul, p <0.05).
This threefold expansion of the CD14°CD16" monocytes
was much stronger than what was seen for the classical
CD14** monocytes which increased from 285+96 to
480+197 cells/ul (factor 1.7, p <0.05). Therefore, when
looking at the percentage among all monocytes
(CD14*CD16" plus CD14**) the CD14*CD16* cells were
increased from 13.6+3.5% in controls to 21.5+8.0% in
erysipelas patients (p <0.05).

All patients tested showed an increased ESR and CRP
and some showed increased body temperature (Table 1).
Among these parameters CRP and body temperature
significantly correlated with the number of CD14*CD16*
monocytes (p <0.05), while ESR did not.

2.2 Monocyte populations in erysipelas over time

We determined the numbers of CD14*CD16* monocytes
for up to 5 days of antibiotic therapy in five patients with
three examples shown in Fig. 3. While in one example
the patients CD14*CD16* monocytes decreased imme-
diately, another one showed some increase on day 2, but
in both examples numbers of CD14*CD16" monocytes
reached the control range by day 5. The same pattern
was seen for two additional patients (not shown). The

182 cells/pl
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Fig. 1. Example of increased CD14*CD16* monocytes in erysipelas. After lysis of erythrocytes whole-blood samples were
stained with CD14 and CD16 antibodies and monocyte subsets were analyzed by FACS. Shown is an example from a control
donor and from an erysipelas patient p1 on day 1. The absolute number of CD14*CD16* monocytes is given in the upper right

corner of each histogram.
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Fig. 2. Absolute numbers of CD14*CD16* monocytes in
control donors and in erysipelas patients on day 1.
CD14*CD16" monocytes were determined by FACS analysis
in 12 control donors and patients each. —: mean value. The
difference is significant at p <0.05.

patient with low numbers of CD14*CD16* monocytes to
begin with remained low for the entire time of observa-
tion (Fig. 3).

2.3 Serum cytokines in erysipelas

To analyze which mediators might be involved in the pro-
nounced expansion of the CD14*CD16* monocytes in
erysipelas we studied serum samples from all 12
patients taken on day 1 for IFN-v, IL-10, IL-6 and M-CSF.
In these studies no serum IFN-y and IL-10 was detected
(detection limit 28 pg/ml and 18 pg/ml, respectively).
By contrast, serum M-CSF was 652+319 pg/ml, which
was significantly higher as compared to control donors
(855+135 pg/ml, p <0.05). The levels of IL-6 were found
increased (66+135 pg/ml) as compared to control
(5+3 pg/ml) as well, but the difference was not significant
(p =0.08).

When serum cytokines were plotted against CD14*
CD16" numbers then we found no significant correlation
for both M-CSF and IL-6 (o >0.05).

2.4 Cytokine production by monocyte
populations

We next asked whether the expanded CD14*CD16*
monocytes would respond to ex vivo stimulation. For
this, whole-blood samples were stimulated with LTA at
100 pg/ml for 4 h in the presence of BFA and cells were
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Fig. 3. CD14*CD16" monocytes in erysipelas patients. Given
are CD14*CD16" monocyte numbers in three patients that
were studied daily for 5 days. Of the two additional patients
not shown, one had high numbers of CD14*CD16" mono-
cytes on day 2 while the other showed a continuous
decrease in time and in both patients the numbers of
CD14*CD16" monocytes returned into the control range by
day 5.

then stained for cell surface markers and for intracellular
TNF. In these experiments cells were stained with CD14
and HLA-DR antibodies since the CD16 antigens disap-
pear with in vitro stimulation and therefore cannot be
used for identification of the monocyte subpopulati-
ons [8].

When gating on the CD14*DR** monocytes 95.4 % were
found positive for CD16 as shown for patient p1 in Fig. 4.
In average of 6 patients 90.2+4.1% of the CD14*'DR"
cells were CD16 positive. For comparison among the
CD14""DR* monocytes in the example in Fig. 4 only
3.2% were positive for CD16 (average of 6 patients:
8.6+2.5%). Thus, the majority of CD14*DR** monocytes
are identical to the CD14*CD16* monocytes.

Using CD14-DR-staining for identification of the pro-
inflammatory monocytes we found that in control donors
LTA induced a strong TNF production in the CD14"DR*™*
monocytes (401 channels) but in the erysipelas patient
TNF production in these cells was substantially reduced
(170 channels), reflecting a 2.4-fold decrease (Fig. 5).
Treatment with polymyxin B (PMB) for neutralization of
LPS had no effect on LTA-induced TNF expression, dem-
onstrating that the stimulation was not due to contami-
nant lipopolysaccharides (LPS) (data not shown). In aver-
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Table 1. Characteristics of erysipelas patients and control donors
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Patient Age Gender ESR1h Temp CRP Serum Affected CD14* Concurrent diseases
(years) (mm) °C  (mg/100 antibodies to site  CD16" (cells/
ml)  ASL/ASDNaseB wl)
p1 65 m 72 <37.0 145 Decrease? Leg 182 None
(ASDNaseB)
p2 60 m 40 <37.0 2.7 Increase Leg 118 None
(ASDNaseB)
p3 71 f n.d. <37.0 3.7 Decrease (ASL) Leg, rec® 35 Skin ulcer
p4 71 m 78 39.4 297 Increase (ASL) Leg 345 Adipositas, venous
insufficiency, fungus infection
of the feet
p5 64 m 50 378 26.9 Increase (ASL) Leg 121 Deep vein thrombosis,
adipositas
p6 65 m 70 374 3.7 Increase (ASL) Leg, rec 116 Skin ulcer, diabetes,
hypertension
p7 31 m 52 <37.0 4.8 >1000 Leg, rec 91 Eczema, planta pedis contact
(ASDNaseB) dermatitis both feet, adipositas
p8 56 m nd. <37.0 6.2 Decrease (ASL) Face 129 None
P9 59 f 50 <37.0 8.9 Increase Face 117 Streptococcal folliculitis of the
(ASDNaseB) Leg
p10 64 m 34 <370 3.2 >1000 (ASL) Leg, rec 127 Pediculosis corporis
pi1 44 78 38.4 6.0 >1000 Leg, rec 171 Lymphangitis of the Leg, skin
(ASDNaseB) ulcer, rosacea
p12 37 f 22 <370 5.4 Increase (ASL) Face 138 None
57+139 3f/9m 140.8+74.19
Control donors
57+7.19 5f/7m 48.8+19.8%

a) Increase or decrease by more than factor 3 over up to 3 months.

b) Reccurent disease.
c) Average = SD

age, the LTA-induced TNF-production of 5 patients with
expanded CD14*DR*™ monocytes was reduced by factor
2 (p <0.05). At the same time TNF production by the
classical CD14*" monocytes was similar for patients and
controls (Fig. 6). Also, unstimulated cells did not show
any TNF expression (Fig. 6, left columns). Taken to-
gether, LTA-induced TNF production is selectively re-
duced in the CD14*DR** monocytes.

When looking at other cytokines we observed a similar
phenomenon for IL-13. The example in Fig. 7 shows a
3.7-fold lower expression of this cytokine in the patient
cells as compared to the control donor. Data summa-
rized in Table 2 show an average 2-fold lower level while
IL-1p production by the classical monocytes is similar for
patients and controls. The analysis of IL-6 production

did, however, not show any decrease in cytokine expres-
sion in patient monocyte populations (Table 2). Hence,
the decreased response to ex vivo LTA stimulation is
seen only for TNF and IL-1f but not for IL-6.

3 Discussion

In human peripheral blood we have discovered some
years ago a novel type of monocyte that is characterized
by expression of CD16 and low levels of CD14 [1, 9].
These cells, termed CD14*CD16* monocytes, produce
high amounts of the pro-inflammatory cytokine TNF
and little if any of the anti-inflammatory cytokine IL-10
[10]. We therefore consider them to be pro-inflammatory
monocytes. Consistent with this concept, the CD14"



Eur. J. Immunol. 2002. 32: 1319-1327

]
=

3
E
(=]
E
1000
CD1e6
1000
[+
R
<
=
an
1000
CD14
5
E
5
=
E
0 [[NTHNTTTR ]

1 1000

CD16

Fig. 4. Three-color-analysis of monocyte subpopulations in
erysipelas patients. Whole blood samples were stained with
monoclonal antibodies against CD14, CD16 and DR. Shown
is the sample from patient p1 representative of six patients.
The CD14"DR* monocytes in the middle panel are 95.4%
positive for CD16 (upper panel). The CD14**DR* monocytes
in the middle panel are 3.2% positive for CD16 (lower panel).

CD16* monocytes are depleted by anti-inflammatory
glucocorticoid therapy [11]. Conversely, they have been
shown to expand in severe systemic inflammatory dis-
ease like sepsis and post-surgical inflammation [3, 5,
12]. In the present study we have asked whether in a
local type of infection the CD14*CD16* monocytes will
increase, as well, and we have studied the capacity of
these cells to produce cytokines.

Our study demonstrates a pronounced increase of the
CD14*CD16" monocytes in 11/12 patients with erysipe-
las. The single patient without an increase still showed
an inflammatory response with increase of CRP, but she
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Fig. 5. TNF expression by CD14*DR**CD16" monocytes in a
control donor and an erysipelas patient. Whole-blood sam-
ples were stimulated with LTA in the presence of BFA for 6 h
followed by cell surface staining with CD14 and anti-DR
antibodies. Then cells were permeabilized and reacted with
anti-TNF (——) or with anti-TNF plus a tenfold molar
excess of recombinant TNF (- ). Shown are the histo-
grams for the CD14*DR** monocyte from a control donor
and a patient. Specific staining is given in channels in the
upper right corner of each graph.

had recurrent disease. The additional patients with recur-
rent disease also showed less of an increase of the
CD14*CD16" monocytes (see Table 1).

On the other hand we observed one patient with
extremely high numbers of CD14*CD16" monocytes
(845 cells/ul) who had the highest febrile response
(39.4°C). We therefore suggest that the increase in the
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Fig. 6. TNF expression by monocyte subpopulations in con-
trol donors and erysipelas patients. Given are the data
for specific anti-TNF staining in the CD14*DR** pro-
inflammatory monocytes and the CD14**DR* classical
monocytes without and with LTA stimulation from five
patients (solid bars) and five control donors (open bars).
* p <0.05 as compared to the control group.
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Fig. 7. IL-1p expression by CD14*DR**CD16* monocytes in
a control donor and an erysipelas patient. Whole-blood
samples were stimulated with LTA in the presence of BFA for
6 h followed by cell surface staining with CD14 and anti-DR
antibodies. Then cells were permeabilized and reacted with
anti-IL-1p (——) or with anti-IL-1 plus a tenfold molar
excess of recombinant IL-1f3 (- ). Shown are the histo-
grams for the CD14*DR** monocyte from a control donor
and a patient. Specific staining is given in channels in the
upper right corner of each graph.

CD14*CD16* monocytes does reflect the degree of the
inflammatory response. To this end we found a positive
correlation between the number of pro-inflammatory
monocytes and body temperature as well as CRP.

This does not mean to say that CRP is involved in the
induction of the CD14*CD16* monocytes. We rather
favor a role for M-CSF in this process. This is based on
three reports that demonstrated an expansion of the
CD14*CD16* monocytes in the patients who were
infused with M-CSF [13-15]. In addition, Saijoni et al. [16]
found a significant correlation between M-CSF levels
and the number of CD14*CD16" monocytes in patients
undergoing hemodialysis. In our study such a correlation
was found not to be significant, but we speculate that it
will become significant when a larger cohort of patients
is being studied. Also, we have to keep in mind that the
patients seen in the hospital on day 1 of the study have
already had ongoing infection for 2-4 days. Therefore,
analysis of cytokines at an earlier point in time may be
required to identify a cause-effect-relationship.

An important question is whether an increase of the
CD14*CD16* monocytes is specific to erysipelas or
whether it will also occur in other localized infections
with group A streptococci like tonsillitis.

We then looked at the cytokines produced by the pro-
inflammatory CD14*CD16* monocytes. With ex vivo
stimulation the CD16 antigen would be down-regulated
and therefore this marker cannot be used for identifica-
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Table 2. Production of IL-1f and IL-6 in monocyte popula-
tions in erysipelas®

IL-18 IL-6
CD14'DR** CD14™DR* CD14'DR"™* CD14"'DR*

Patients 264 +129* 500+318 76+46 85+ 82
(n=3)
Controls 534 +66 597 +131 11665 146+ 92

(n=3)

a) Whole-peripheral blood was stimulated with LTA in
the presence of BFA and intracellular cytokines were
measured with directly conjugated anti-cytokine anti-
bodies after 4 h. Given is specific fluorescence intensity
in channels. *The difference between patient and controls
was p = 0.08 (not significant).

tion of the cells anymore. We have used instead a combi-
nation of CD14 and DR antibodies for identification of
the pro-inflammatory monocytes based on the observa-
tion that prior to culture 96% of the CD14*DR** mono-
cytes carry the CD16 antigen (Belge et al., in press).
Herein we could confirm this finding for the expanded
pro-inflammatory monocytes of erysipelas patients.
When looking at TNF production in the pro-inflammatory
CD14*DR** monocytes we noted a clearly reduced level
of intracellular protein in patients as compared to control
donors (Fig. 5). The down-regulation of cytokines was
not restricted to TNF; we also found decreased levels of
expression of IL-1f (Fig. 7 and Table 2). By contrast, no
such decrease was seen for IL-6.

Such a down-regulation of cytokine expression has been
described earlier in patients with severe sepsis [17-19].
This down-regulation, termed tolerance, is induced by
prior in vivo activation of the cells by microbes and their
products and it is meant to protect the host from the det-
rimental effects of excessive amounts of cytokines [20].
We show here that in erysipelas this tolerance is specific
since it is found for TNF and IL-1f3 but not for IL-6. It will
be of interest to study other pro-inflammatory cytokines
like IL-12, which is associated with Th1 responses.

Such a tolerance induction with respect to cytokines like
TNF may ensure that damage to local tissue due to
excessive inflammation is limited.

We assume that the low levels of cytokines produced by
the CD14*CD16" monocytes in erysipelas are a result of
a primary in vivo exposure of the cells to S. pyogenes
and its products including LTA. The mechanisms in-
volved may include blockade of MAP kinases [21] and of
NF-kB mobilization [22].
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On the other hand it could involve up-regulation of p50
homodimers, which bind to promoters without transac-
tivation. This then prevents access of the prototypic
p50p65 NF-kB and thereby blocks gene expression
[23-26]. Whatever the mechanism which is operative in
erysipelas monocytes, this mechanism has to be selec-
tive in that it only operates in the CD14*CD16*DR** pro-
inflammatory monocytes.

Such a selective tolerance induction has not been
reported before and we assume that this may be a more
common phenomenon as compared to the global tole-
rance seen in diseases like sepsis. Since the
CD14*CD16* monocytes with their pro-inflammatory
capacity could be very harmful, tolerance induction in
these cells may be of importance for protection of the
host. While we show that tolerance to LTA stimulation is
specific for the pro-inflammatory CD14*CD16*DR**
monocytes as compared to the classical monocytes, it is
unclear at present whether other cells like granulocytes
are rendered tolerant as well in patients with erysipelas.

Recently, we reported that the majority of the
CD14*CD16* monocytes resides in the marginal pool
and that these cells can be mobilized in a catecholamine
dependent fashion [27]. Increases in the number of
CD14*CD16" monocytes may also be due in part to such
a mobilization but we favor a mechanism of expansion
that results from a net increase of these cells due to cyto-
kine driven differentiation. Still, mobilization studies in
erysipelas patients with localized infection will be
required in order to determine whether the CD14*CD16*
monocytes in the central pool are expanded at expense
of the cells in the marginal pool.

Taken together, we have discovered in patients with
localized skin infection a pronounced increase of the
CD14*CD16* monocytes. These pro-inflammatory mo-
nocytes, which express lower levels of cytokines, may
be instrumental in immune defense against streptococ-
cal infection.

4 Materials and methods

4.1 Patients and control donors

Twelve consecutive patients admitted to the Department of
Dermatology at the University of Munich with the diagnosis
of erysipelas were studied after informed consent had been
obtained. Diagnostic criteria were typical skin lesion (painful,
sharp-edged swelling, and redness of the skin) and anti-
bodies against Streptolysin (ASL) or Streptococcal DNase B
(ASDNaseB) being either 1,000 U/ml or showing upon follow
up for up to 3 months an increase or a decrease of anti-
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bodies by more than factor 3. Patients were treated with
either Cefotaxim (3x2 g i.v./day in 8 patients), Flucloxacillin
(8x1gi.v./day in 2 patients), Ciprofloxacin (2x200 mg orally/
day in 1 patient) or Penicillin G (3x1x10° U i.v./day in 1
patient).

Control donors were 12 age-matched volunteers recruited
from staff, relatives and friends.

4.2 Determination of monocyte subpopulations

Whole-blood staining was done on 200 ul samples of EDTA-
blood. After lysis of erythrocytes with ammonium chloride
buffer (0.83% w/v) and one wash step, samples were incu-
bated with directly conjugated monoclonal antibodies at
saturating concentrations for 20 min on ice. The antibodies
used were CD14-FITC (322A-1, clone My-4, #6603511,
Beckman-Coulter, Krefeld, Germany) and CD16-PE
(Leul1c, clone B73.1, #347617, BD, Heidelberg, Germany).

FACS analysis was done on a FACScan (BD) by gating in the
light scatter histogram on monocytes plus the upper portion
of lymphocytes and recording fluorescence signals of
15,000 cells in the monocyte gate (see: www.mono-
cytes.de). Absolute numbers were calculated based on the
percentage of cells among all leukocytes with the leukocyte
count being determined in a Celldyn 3000 hematology ana-
lyzer (Abbott, Wiesbaden, Germany).

4.3 Detection of intracellular cytokines
4.3.1 Cell stimulation

Whole peripheral blood (WPB, 600 ul) anti-coagulated with
heparin at 10 U/ml wase incubated for 4-6 h at 37°C in
15 ml polypropylene-tubes (#188 261, Greiner, Frickenhau-
sen, Germany) in the presence of brefeldin A (BFA) at
10 ug/ml final concentration (#B 7651, Sigma, Muenchen,
Germany). Samples were left untreated or were stimulated
with LTA ( # L-3140, Sigma) at 100 ug / ml. For control of
LPS contamination cultures were set up with and without PB
(Pfizer, Karlsruhe, Germany) at 10 ug/ml.

4.3.2 Cell surface staining

The stimulated samples were treated with ammonium chlo-
ride buffer (0.83% w/v) for about 3 min until erythrocytes
were lysed. After washing the leukocytes with PBS/2% FCS
(staining buffer) cells were resuspended in 100 ul of staining
buffer and antibodies to CD14-FITC at 18 ug/ml final and
HLA-DR-PC-5 (clone Immu357, at 0.06 ug/ml final, #2659,
Beckman-Coulter) were added followed by incubation on
ice for 20 min. After washing the samples with staining
buffer the cells were fixed with paraformaldehyde at 4% in
PBS for 20 min on ice followed by two wash steps.



1326 A. Horelt et al.
4.3.3 Intracellular staining

Paraformaldehyde-fixed samples were permeabilized with
Perm/Wash solution (#2097 KZ, BD, Heidelberg, Germany)
for 5 min at RT. For detection of intracellular TNF we added
phycoerythrin-conjugated anti-TNF antibody (MP9-20A4,
#RHTNFAO04, Caltag via Medac, Hamburg, Germany) or as
isotype control phycoerythrin-conjugated rat IgG1 (#R104,
Caltag) both at 10 ug/ml for 20 min on ice. Samples were
then washed twice and were resuspended in PBS/0.5%
paraformaldehyde and analyzed within 24 h.

For detection of IL-13 we used a phycoerythrin-conjugated
anti-IL-1p antibody (#IC2018, R&D Systems, Wiesbaden,
Germany). For detection of IL-6 we used a phycoerythrin-
conjugated rat antibody (#20655A, Becton Dickinson, Hei-
delberg, Germany).

4.3.4 Specificity control

The specificity of TNF staining was determined by incubat-
ing the phycoerythrin-conjugated anti-TNF for 10 min at
room temperature with a tenfold molar excess of recombi-
nant human TNF (kindly provided by BASF-Knoll, Ludwigs-
hafen, Germany) followed by addition to the permeabilized
cells. Specificity control for IL-1f3 and IL-6 was with tenfold
molar excess of IL-1f (#IL-1$-10, Strathmann Biotech,
Hamburg, Germany) and IL-6 (#200-06, Peprotech, London,
GB), respectively.

4.4 ELISA for serum cytokines

ELISA for serum cytokines were performed according to
manufacturers’ instructions. The following assays were
used: IL-6, PeliKine, Amsterdam, Netherlands # M1916;
detection limit 4.4 pg/ml; IL-10, PeliKine, # M1910; de-
tection limit 18.2 pg/ml; IFN-y, PeliKine, # M1933; detec-
tion limit 28.0 pg/ml; M-CSF: R&D Systems, Wiesbaden-
Nordenstadt, Germany; # DMCO0O0; detection limit 157.5
pg/ml.

4.5 Statistics

For comparison of leukocyte numbers from patients and
controls Student’s t-test was applied. Wilcoxon test was
used for comparison of data on intracellular cytokine
expression. For correlation analysis polynomial regression
analysis was used. All average values are given as mean =
standard deviation.
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