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Enhanced prostaglandin E, production by monocytes in atopic dermatitis (AD)
is not accompanied by enhanced production of IL-6, IL-10 or I1L-12
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SUMMARY

AD is associated with a bias of the T helper cells to show increased IL-4 and reduced interferon-gamma
(IFN-v) production. The production of IFN-and IL-4 and the development of Th cells into either high
IFN-v or high IL-4 producers is strongly influenced by factors produced by antigen-presenting cells
(APC), like 1L-12 and prostaglandinE(PGE,). IL-12 selectively enhances IFM-production and
favours the development of IFMproducing Thcells, whereas PGEelectively inhibits IFNy
production by Th cells. The aim of this study was to test whether the increased IL-4/F¥Nduction

ratio by Th cells in AD can be explained by an increased FIEEL2 production ratio by the APC.
Monocytes were used as APC source. BGHd IL-12 production by lipopolysaccharide (LPS)-
stimulated monocytes from 12 AD patients and 12 non-atopic controls was determined using two
complementary experimental systems, whole blood cultures and purified monocytes. In addition, we
determined IL-6 production as a measure of monocyte activation, and IL-10 production because IL-12
production by monocytes is highly influenced by endogenously produced IL-10. The monocytes from
AD patients showed normal production levels of IL-6 and IL-10, a two-fold, but non-significant
decrease in IL-12 production, and a significantly (three-fold) higher Rts&duction than those from
non-atopic controls. Here we show for the first time that enhanced, P& uction by monocytes in

AD is not accompanied by a general rise in cytokine production. We conclude that AD is indeed
associated with an increased PME-12 production ratio by monocytes.
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INTRODUCTION highly influenced by factors produced by antigen-presenting cells
APC), such as monocytes and dendritic cells. Important factors in
is respect are IL-12 and prostaglandip (PGE). IL-12 selec-
tively enhances IFN¢production and favours the development of
.IlFN-y-producing Th cells [8,9]. PGEselectively inhibits IFNy

Various studies indicate that AD is associated with the occurrenc
of Th cells showing a high IL-4 (and IL-5) to interferon-gamma
(IFN-y) production ratio. IL-4 production is enhanced and IfN-
E;cl)lgl:‘félr?]nA%eczra?iZi?g T_;n';%%elrll_jlmrlggi?n p:;z?eeril_sblgggc production [10,11] and is reported to favour the development of
P [1-4] P 9 9 P IL-4- and IL-5-producing T cells [12]. Previousl ided
Th cells (Th2) can be cloned from the skin and blood of these . producing 1 . X viously we provide
patients [5,6]. Reduced IFN-production by mononuclear cells of evidence that the production ratio between IL-12 and PG¥
neonates even precedes the development of atopy [7], indicati
that the reduced IFN-producing capacity of the T cells is a cause
and not a consequence of the development of atopy. The IL-4 t?F
IFN-y production ratio and the development of naive Th cells into
either high IFNy or high IL-4-producing memory Th cells is

nAPC during T cell activation is highly predictive for the level of

%N-'y production by Th cells [13].

The aim of this study was to test whether the increased IL-4/
N-y ratio by T cells in AD is indeed associated with an increased
PGEy/IL-12 production ratio by APC. Monocytes were used as a
source of APC. Results of others using peripheral blood mono-
Correspondence: Dr A. Snijders, Laboratory of Cell Biology and Nuclear cell (PBMC) cultures indicated that PGgfoduction by

Histology, Academic Medical Centre, University of Amsterdam, Meiberg- monocytes of AD patients is increased compared with that of non-
dreef 15, 1105 AZ Amsterdam, The Netherlands. atopic individuals [4,14]. From those studies it is, however, still
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unclear whether the enhanced PGitoduction by monocytes Whole blood cultures
from atopic persons is selective, and not the result of a highekVhole blood was obtained from the selected donors by venepunc-
activation state. ture in sodium heparin-containing blood collecting tubes (VT100H
In this study, PGEand IL-12 production by unstimulated and tubes; Venoject; Terumo Europe, Leuven, Belgium). The blood
lipopolysaccharide (LPS)-stimulated monocytes from AD patientswas diluted five-fold in endotoxin-free Iscove’s modified Dulbec-
and non-atopic controls were determined using two complemeneo’s medium (IMDM; BioWhittaker, Walkersville, MD) supple-
tary experimental systems, whole blood cultures and isolatednented with 0-1% FCS and 30U/ml of sodium heparin (Leo
monocytes. At first, the production of PGEnd IL-12 was Pharmaceutical Products B.V., Weesp, The Netherlands). Diluted
determined in purified monocyte cultures. However, with thesewhole blood was cultured in triplicate in 96-well flat-bottomed
cultures a comparison of IL-12 production between patients andissue culture plates (Costar, Cambridge, MA). The period between
controls proved impossible, because IL-12 production was belowlood collection and start of the culture was between 1 and 2h,
detection level for most donors. Since the monocyte isolatiorbecause prolonged standing of the blood selectively hampers
procedure is known to selectively hamper the ability of monocytessubsequent IL-12 production. Supernatants were harvested after
to produce IL-12 [15,16], we changed to whole blood cultures for20 h of culture and stored at20°C until determination of cytokine
the determination of IL-12 production. The production of IL-6 and concentrations.
IL-10 was determined in both systems. IL-6 production was used
as a measure of monocyte activation. IL-10 production wasMonocyte cultures
determined, because IL-12 production by monocytes is highlyMonocytes were purified from whole blood in two density cen-
influenced by endogenously produced IL-10 [17]. The use oftrifugation steps as described previously [17]. In short, mono-
whole blood cultures for the determination of monocyte IL-12, nuclear cells were isolated using Ficoll-Hypague and monocytes
IL-6 and IL-10 production was justified by the argument that using Percoll. After the isolation procedure monocyte purity was
monocytes are the major producers of these three cytokines iB5-90% as assessed by CD14 staining and FACS analysis.
LPS-stimulated whole blood cultures [15,17-19]. BGiEoduc-  Monocytes were allowed to adhere to the culture plate for 1h,
tion was only determined in purified monocyte cultures, becausesubsequently washed and, after overnight culture in endotoxin-free
granulocytes can produce large amounts of PE®,21] and IMDM with 10% FCS, the medium was replaced by fresh medium
because plasma interferes with the RGIEsay, complicating an containing the indicated stimulatory agents.
accurate determination of PGRproduction in whole blood cul-
tures. Using the two systems, we found a significantly enhance€ytokine and PGEdeterminations
production of PGE, which was not accompanied by a rise in IL- The IL-12 p70 ELISA, based on the MoAbs 20C2 and biotinylated
12, IL-10 or IL-6 production by monocytes from AD patients C8.6, and the IL-12 p40 ELISA, based on the MoAbs C11.79 and
compared with controls. biotinylated C8.6, were performed as described [15,17]. The p70
ELISA used in this study is highly specific for IL-12 p70, as
indicated by our unpublished finding that 30 ng/ml p40 was still not
detectable in this assay. Furthermore, a good correlation was found
Selection of patients and control donors between IL-12 concentration measured in a MoAb-capture bioas-
The control group consisted of non-atopic, healthy persons withousay and in this p70 ELISA [23,17], indicating that the p70 ELISA
any symptoms or history of atopy. Their serum IgE titre wasdetects biologically active IL-12. The IL-10 ELISA was performed
<50U/ml and their serum showed no positive RAST for either as described [24], using the IL-10-specific MoAb JES3-9D7, the
food or inhaled antigens. biotinylated IL-10-specific MoAb JES-12G8 and the IL-10 stan-
The patients suffered from exacerbations on a background oflard from Pharmingen. The IL-6 ELISA was performed using an
chronic moderate to severe AD according to the criteria of HanifinlL-6 compact kit (Central Laboratory of the Red Cross Blood
& Rajka [22] and had a marked elevation of serum IgEEQ00U/  Transfusion Service, CLB, Amsterdam, The Netherlands). Inter-
ml). None of the patients was receiving oral steroids in the 6 week$erence of plasma and heparin in the cytokine ELISAs was
preceding blood collection. prevented by the use of a high-performance ELISA buffer devel-
The donors in both groups were aged between 18 and 50 yearsped at the CLB. Detection levels of the assays were 2 pg/ml for
Only persons without overt clinical symptoms of bacterial, viral or IL-12, 20 pg/ml for p40, 10 pg/ml for IL-10 and 10 pg/ml for IL-6.
parasitic infections were included. All persons gave their informed  PGE concentrations were determined using the Enzyme Inhi-
consent to participate in the study. bition Assay from Boehringer (Mannheim, Germany), which has a
detection limit of 0-2 m.

MATERIALS AND METHODS

Antibodies and reagents

LPS fromEscherichia coli0111:B4 Westphal was obtained from Statistical analysis

Difco (Detroit, MI). Endotoxin-low fetal calf serum (FCS) was a All data comparisons were performed by calculating the two-sided

kind gift from Bodinco BV (Alkmaar, The Netherlands). P values using the Mann—-Whitnely-test. Two-sidedP values
rhIFN-y (specific activity 10U/mg) was a kind gift of Dr P.  <0-05 were considered significant.

v.d. Meide (TNO, Rijswijk, The Netherlands), and rhIL-10 (sp. act.

5x10° U/mg) was obtained from Pharmingen (San Diego, CA). RESULTS

The IL-12 p70-specific MoAb 20C2 and human rIL-12 (sp. act.

17x10° U/mg) were kindly provided by Dr M. K. Gately (Hoff- IL-12, IL-10 and IL-6 production in whole blood cultures

mann-LaRoche, Nutley, NJ). The hybridomas producing the IL-12Whole blood samples obtained from 10 AD patients (five men, five

p40-specific MoAbs C8.6 and C11.79 were kindly provided by Drwomen) and 12 non-atopic individuals (six men, six women) were

G. Trinchieri (The Wistar Institute, Philadelphia, PA). diluted five-fold and stimulated with increasing concentrations of
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LPS (ng/ml) LPS (ng/ml) inter-donor variation the difference was not significaht<(0-159

at all LPS concentrations). Production of p40, the non-bioactive
Fig. 1. No enhancement in IL-12, IL-10 or IL-6 production in whole blood subunit of IL-12 that is produced in excess, also tended to be
cultures from AD patients compared with those from non-atopic personsgdecreased (Fig. 1b) non-significantl £0-180 at all LPS con-
Five-fold diluted whole blood was stimulated with the indicated concen-centrations) in the patients. IL-10 and IL-6 production (Fig. 1) was
trations of lipopolysaccharide (LPS). Af_ter 20h culture_ supernaFants Wergimilar (P >0-346 and>0-417, respectively), indicating that the
collected. Results are the mean cytokine concentrationse.m. in the activation level of the monocytes in both groups was similar.
C.UIture supernatants from 10 d'ﬁeren.t AD (ﬁve. men, five women) and 12Statistical calculations showed that, assuming no change in the
different non-atopic control donors (six men, six women). observed difference and s.d., at least 50 individuals in each group

would be necessary to determine whether the reduction in IL-12

LPS. Production of IL-12 (p70 and p40), IL-10 and IL-6 was production was significant.

determined in 20-h culture supernatants. Unstimulated cultures

showed no or very low cytokine production. Stimulation with LPS Sensitivity of monocytes to IFN-

induced IL-6, IL-10 and IL-12 production, which increased with IFN-y is known to enhance IL-12 production strongly, to inhibit
increasing LPS concentration. LPS-induced production of IL-12IL-10 production, and to affect IL-6 production only slightly
p70, the bioactive dimer, tended to be decreased in cultures frofi7,25]. To determine whether there is a difference in sensitivity

AD patients compared with controls (Fig. 1a), but due to the largefor IFN-y between AD patients and non-atopic persons, we tested
the effect of IFNy on the production of IL-12 (p70 and p40), IL-10

and IL-6 in LPS-stimulated whole blood cultures from both groups.
The results show (Fig. 2) that IL-12 p70 and p40 production by

240 — 24— : -
= | @ | (b monocytes from AD patients and that from non-atopic persons, as
T =6l observed in whole blood cultures stimulated with 10 ng/ml LPS
= %, and IFN<, was similar. The increase in IL-12 p70 production
%_ B g B (expressed as mean increases.e.m., calculated from the indivi-
5 80— T 8 dual increase factors) was 49-fald11 for patients and 39-fold:
4 - L - T 14 for controls, which was not significantly differer®$0-314).
: The effect of IFNy on LPS-induced IL-10 and IL-6 production in
0 100 3001000 3000 0 100 3001000 3000 . s .
cultures from AD patients was also similar to that in cultures from
1200 — 60— control donors (Fig. 2), indicating that monocytes from AD

- patients have a normal sensitivity to IFN-
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PGE, and cytokine production by monocytes
In initial experiments, purified monocytes where stimulated with
varying doses of LPS, and PGRroduction was determined in 24 h
L | culture supernatants. Unstimulated monocytes produced low levels
0 100 3001000 3000 0 100 3001000 3000 of PGE (<1nm), and upon LPS stimulation the production

IFN-y (U/ml) IFN-y (U/ml) increased strongly (Table 1). Production of PGy monocytes

of AD patients =7, three men, four women) proved to be

Fig. 2"'.:N'7. affects lipopolysaccharide (LPS)-induc_ed IL-12 p70 and p4_0 enhanced compared with that in the control gronp=6, three
prec;ggﬁzozir:‘?la‘;‘l'hmﬁ. blc??d C(;’.:t“trzs frr?”; Ab? p(‘;"t'ems i_nd Pc:n(‘jatoﬁ'; men, two women). However, whether the difference was signifi-
b y. rive-lold dilted who'e blooc was stimulated Wit ot depended on the LPS concentration (Table 1). Stimulation of

10 ng/ml LPS and the indicated concentration of iyNAfter 20 h culture ; -
supernatants were collected. Results are the mean cytokine concentrationt® monocytes with 1-100 ng/ml LPS resulted in a three to four-

s.e.m. in the culture supernatants from 10 different AD (five men, fivefold _higher PGE production in the A_D groupR _<0'05): but in
women) and 12 different non-atopic control donors (six men, six women).Unstimulated cultures or cultures stimulated with an abnormally
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Fig. 3. Selectively enhanced prostaglandin (PGE) production by lipopolysaccharide (LPS)-stimulated purified monocytes from AD
patients compared with non-atopic control persons. Monocytéénil)overe either cultured in medium alone)or stimulated with 100 ng/

ml LPS. After 24 h culture supernatants were collected. Results are the mean concentratem. in the culture supernatants from 12
different AD (six men, six womerl) and 10 non-atopic control donors (five men, five wonigp;

high LPS concentration (1@/ml) PGE production was not Our finding that IL-10 production by LPS-stimulated and
significantly different from the control group. The enhanced unstimulated monocytes from AD patients is normal contrasts
PGE production at the intermediate, more physiological LPSwith the results of Ohmest al. [28], who reported enhanced IL-
concentrations could not be explained by a higher expression af0 production in unstimulated monocytes from AD patients. The
CD14, the receptor for LPS, on the monocytes from AD patientscontrasting results may be explained by differences in patient
since expression levels were similar (mean fluorescensee.m.:  selection and in experimental procedures.
789 =+ 79 for patientsversus687 + 135 for controls). Our finding that monocytes from AD patients produce signifi-
In subsequent experiments we determined whether theantly more PGEis in agreement with previous studies reporting
enhanced PGEproduction was accompanied by an increasedenhanced PGEproduction by leucocyte cultures [29] and by
production of IL-10 and IL-6. To this aim, monocytes from 12 monocytes in PBMC cultures [4,14]. However, from those studies
AD patients (six men, six women) and 10 non-atopic donors (fiveit was unclear whether the enhanced B@Eoduction by mono-
men, five women) were isolated and either stimulated withcytes from atopic persons was selective and not the result of a
100 ng/ml LPS or cultured without a stimulatory agent. With higher activation state. The selective enhancement in,Ris&
these larger donor groups, we again observed a three-folduction without a concomitant rise in IL-10 production, reported
enhancement of PGEproduction by LPS-stimulated monocytes here, strongly suggests that PS5 largely responsible for the
from AD patients. Unstimulated monocytes from atopic and non-decrease in IFN- production by stimulated T cells in PBMC from
atopic donors produced low amounts of PGHE-10 and IL-6,  AD patients observed by many others [1-4,27]. Furthermore,
similar to that by monocytes from the control group. In contrast toPGE, may exert its effect on IFN- production by T cells not
the enhanced PGEproduction, LPS-stimulated monocytes from only directly, but also indirectly, by inhibiting IL-12 production.
AD patients produced normal levels of IL-10 and IL-6 (Fig. 3), However, in spite of the fact that PGEnd other cAMP-up-
suggesting that the activation state of monocytes from bothregulating agents are known to inhibit IL-12 production by mono-
groups was the same. cytes [15], the effect of enhanced P&Rroduction on 1L-12
production is expected to be small, since complete inhibition of
DISCUSSION PGE production by indomethe_lcin resulted only in a 1-1—1~5_-fo|d
enhancement of IL-12 production (T.vdP.K. and A.S., unpublished
In this study we show that PGEproduction by LPS-stimulated results). In thesdn vitro experiments endogenously produced
monocytes of AD patients was enhanced, whereas concomitaf®GE, is apparently too late in reaching sufficient concentrations
production of IL-6 and IL-10 was normal, indicating that the to inhibit IL-12 production substantiallyln vivo, however,
activation state of the monocytes was normal. IL-12 productionenhanced PGElevels in the microenvironment of the IL-12-
was either normal or decreased in AD, but larger groups of patientproducing cells may still suppress IL-12 production.
and controls are needed to resolve this issue. Nonetheless, our The difference we found in PGEoroduction by monocytes
results clearly show that, in agreement with an increased IL-4/IFNfrom AD patients and those of non-atopic controls was dependent
v production ratio by the Th cells, the PGH-12 production ratio  on the stimulatory LPS concentration. The difference was observed
by activated monocytes was enhanced in AD. only in the range from 1 to 100ng/ml LPS, but not at higher
The question whether atopic disease is associated with aoncentrations. Therefore, the report that BGiEoduction by
decrease in IL-12 production is still controversial. In a collabora-LPS-stimulated monocytes from AD patients is normal, whereas
tive study [26] we found that IL-12 production in whole blood IL-1 production is decreased, may be explained by the high LPS
cultures stimulated with fixe8taphylococcus auressrain Cowan  concentration (Lg/ml) used in those experiments [30].
was reduced for allergic asthma patients compared with controls, Our finding that only LPS-stimulated monocytes show a sig-
while in parallel cultures stimulated with fixe. coli no signifi- nificantly enhanced PGHproduction in AD suggests an increased
cant difference between both groups was observed. Using activity of cyclooxygenase 2 (COX-2), a key enzyme in LPS-
different system, superantigen TSST-1-stimulated PBMC, Lesteinduced PGE production [31,32]. Charetal. [4] reported an
et al [27] found unaltered IL-12 production by AD patients enhanced PGEproduction by resting PBMC, suggesting involve-
compared with that from non-atopic controls. These findingsment of COX-1, which is constitutively expressed. However, the
indicate that the mode of stimulation is critical for the detection results of Jakolet al. [14], who found enhanced PGproduction
of significant differences in IL-12 production. by concanavalin A (Con A)-stimulated PBMC from AD patients
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and not by resting PBMC, also suggest involvement of COX-2. EA, Kapsenberg ML. Accessory cell-derived IL-12 and prostaglandin
Furthermore, corticosteroids, which are the most potent drugs Ezdetermine the IFN-gamma level of activated human CD4ells. J
available for the treatment of AD, selectively inhibit COX-2  Immunol 1996:1561722-7.

without affecting COX-1 activity [33]. The report that monocytes 14 Jakob T, Huspith N, Latchman E, Rycroft R, Brostoff J. Depressed
from newborns have normal COX-1 and COX-2 protein levels, but lymphocyte transformation and the role of prostaglandins in atopic

. dermatitis. Clin Exp Immunol 199(0#9:380—4.
produce less PGEhan those of adults due to altered fatty acid 15 Van der Pouw Kraan TCTM, Boeije LCM, Smeenk RIT, Wijdenes J,

content and reduced COX activity [34], suggests a special protec- Aarden LA. Prostaglandin-Hs a potent inhibitor of human interleukin

tive mechanism against overproduction of RGiE early infancy 12 production. J Exp Med 199581:775-9.

and rgises th_e qu_estion whether monocytes from atopic newbornss van der Pouw Kraan TCTM, Boeije LCM, Snijders A, Smeenk RJT,

are different in this respect. Wijdenes J, Aarden LA. Regulation of IL-12 production by human
In this study, we determined the P@HE-12 balance during the monocytes and the influence of prostaglandi &nn NY Acad Sci

active phase of the disease. Although it is still unclear whether the  1996;795147-57.
disturbed PGHIL-12 balance was present during the development17 Sniiders A, Hilkens CMU, Van der Pouw Kraan TCTM, Engel M,
of allergy and contributed to that development, it is, however, Aarden LA, Kapsenberg ML. Regulation of bioactive IL-12 production

. . . . in LPS-stimulated human monocytes is determined by the expression of
likely to contribute to the chronic character of the disease. in ) Y y P
y ase the p35 subunit. J Immunol 1996561207-12.
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