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Selective depletion of CD14" CD16" monocytes by glucocorticoid therapy
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SUMMARY

Glucocorticoids (GC) are potent anti-inflammatory and immunosuppressive agents that act on many
cells of the body, including monocytes. Here we show that a 5-day course of high dose GC therapy
differentially affected the CD1%" and the CD14 CD16" monocyte subpopulations in 10 patients
treated for multiple sclerosis. While the classical (CDI¥monocytes exhibited a substantial increase
from 495+ 132 to 755+ 337 cellsil, the CD14" CD16" monocytes responded with a pronounced
decrease from 36 15 to 2+ 3 cellspul (P<0-001). In 4/10 patients the CD1£D16" monocytes fell

below detection limits €0-2 cellsgl). This observation was confirmed when the CDT2D16"
monocytes were identified by virtue of their low CD33 expression as these cells decreased as well.
After discontinuation of GC therapy the CD1€D16" monocytes reappeared and reached normal
levels after 1 week. The profound depletion of CO1ZD16" monocytes by GC as described here is a
novel effect of GC actioin vivo and may contribute to GC-mediated immunosuppression. Determina-
tion of the number of this monocyte subset may also serve to monitor the effectiveness of GC therapy in
patients requiring immunosuppressive treatment.
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INTRODUCTION contrast to the regular blood monocytes (CD1} these cells are

o . e . characterized by low expression of the endotoxin receptor (CD14)
Glucocorticoids (GC) are physiological inhibitors of inflammatory %r_\d additional expression of the-Feeceptor type IIl (CD16). In

responses and are widely used as immunosuppressive and A althy subjects the CDI4D16" cells with 45 cells4l blood
inflammatory agents. GC inhibit many steps in the inflammatory y ! o . )
(r;count for about 10% of all monocytes. This subpopulation has

process, e.g. synthesis of cytokines such as tumour necrosis factﬁ .
een shown to represent a mature version of the regular monocytes

(TNF) [1,2], ”".1 [3.4] "’?”d IL-6 [5], expression of cel! sur_face [17]. Furthermore, it exhibits several features which may point
molecules required for immune functions [6,7] and migration of . . . .
towards an important role of this subset in generating a pro-

leucocytes into inflamed sites [8,9]. . . . ; .
High dose GC therapy induces a short monocytopenic phas'@ﬂammatory immune r_eacnon, since the_se cells show a higher
followed by transient monocytosis [10]. The monocytopenia i expression of HLA-DR, intercellular adhesion molecule-1 (ICAM-
) and they lack IL-10 synthesis [17,18]. Consistent with these

thought to be a consequence of reduced release of newly forme]ci) .
monocytes from the bone marrow [11,12], the following mono- © servations, CDI4CD16" monocytes have been shown to be

. . R expanded in several inflammatory diseases such as sepsis [19],
cytosis can be explained by a diminished egress of these cells fro . . )
the peripheral blood. rI‘£|IV infection [20,21] and tuberculosis [22].

While these gross changes of monocyte numbers after GC Here, we report on_the selective suppression of :.E1@16+
. . onocytes during anti-inflammatory therapy with high dose GC
therapy have been reported repeatedly, few studies are avallabﬂe1

regarding changes of monocyte subpopulations after GC adminis-eatmem'
tration [13,14].
In previous experiments we identified the subpopulation of

CD14" CD16" monocytes in peripheral blood of man [15,16]. In PATIENTS AND METHODS

Patients
Correspondence: G. Fingerle-Rowson, The Picower Institute for Med-The study group consisted of 10 patients (two males, eight females,
ical Research, 350 Community Drive, Manhasset, NY 11030, USA. mean age 44 11years) who underwent high dose GC therapy
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(methylprednisolone (Urbason; Hoechst, Frankfurt, Germany) RESULTS
500 mg intravenously for 5days) for an acute exacerbation o
multiple sclerosis (MS) at the Department of Neurology, Gros-
shadern Hospital, Munich Uplversny. No °thef IMMUNOSUPPTES- 0 6 \within normal limits, but five patients exhibited leucocytosis
sive agent except GC was given before or during the observatio >100004l) without any apparent infectious focus. On average
period. Each patlt_ent gave informed consen_t. Therapy was starte_d tucocytes of all donors (98802255 cellstl) were at the upper

6 p.m. after the diagnosis had been established, and the foIIownnFimit of healthy controls. GC treatment induced a marked leuco-
four doses were administered at 8 a.m. on the next four consecutive , . g ) .
days. Blood leucocytes were analysed on day O (before therap ylosis, peaking on the second day (18718852 cellsil;

and then at daily intervals whenever possible.

=0-01) with subsequent normalization on day 9 (data not
Three healthy volunteers (two males, one female) who ha

d'shown). At the end of GC therapy leucocytes were still clearly
given informed consent were treated with a single dose of 250 mg

elevated (14 23% 3944 cellsil).
) . Total monocyte count, i.e. CD14 and CD14 CD16" cells
methylprednisolone at 8 a.m. and cells were analysed by immuno
fluorescence before, 6, 12 and 24 h after medication.

(for definition see below), was 535139 cellsil initially. Admin-
istration of GC was followed by transient monocytopenia on day 1
and then by monocytosis in 9/10 patients, with a mean increase in
Cytokine determination monocyte count by about factor 1-4 on days 4 and 5 (7841
Whole blood was rapidly spun at@, 800g for 5 min and plasma  cellsiul) (Fig. 1).
without anticoagulant was stored at =80 For cytokine analysis
plasma was thawed at 37 and coagulated by addition of glass Selective suppression of the CD1@D16" monocytes by GC
beads. Serum (1Q0) was used for analysis of macrophage therapy
colony-stimulating factor (M-CSF) with a commercially available Next we analysed the effect of GC treatment on monocyte
kit (M-CSF-ELISA; DPC Biermann, Bad Nauheim, Germany).  subpopulations that were defined by two-colour immunofluores-

cence using CD14 and CD16 antibodies.

Figure 2a depicts strongly CD14-positive regular monocytes

Leucocyte count . and a population of double-positive cells that exhibit CD16 and low
The absolute number of total leucocytes was analysed using Rvels of CD14. After 5days of GC therapy these CDED16"
Coulter Counter T 840 (Coulter, Krefeld, Germany). cells were hardly detectable in peripheral blood (Fig. 2b). Figure 3

shows the time course for three representative examples (patients
Immunofluorescence studies 1, 6 and 8) in which the CD14CD16" population was completely
Analysis of monocyte subpopulations was done essentially asuppressed during GC therapy in peripheral blood. After discon-
detailed under http://www.med.uni-muenchen.de/imuno/zieglertinuation of GC these cells reappeared. On average, this population
In brief, samples of EDTA-anticoagulated blood were drawn of monocytes, which accounted for 3615 cellsfl in all 10 patients
before initiation of GC therapy and at 8 a.m. before administrationbefore therapy, started to decrease already on day 1 after initiation
of the following GC doses. Samples were immediately stored orof therapy. On day 4 or 5 the cells were strongly reduced+o32
ice for a maximum of 2h. Antibodies to the endotoxin receptorcellsiul (P<0-001, Fig. 4). In 4/10 patients the CD1@D16"
CD14 (My4-PE; Coulter), FgRIll CD16 (3G8-Fitc; Coulter), monocytes fell below detection limits 0-2 cellsil). This decrease
HLA-DR (I2-Fitc; Coulter), CD33 (MD33.6-Fitc; CLB, Amsterdam, was accompanied by a relative and absolute increase in regular
The Netherlands), CD11b (Bear 1-Fitc; Immunotech, Hamburg,
Germany) or the respective isotypic controls were reacted under
saturating conditions on ice with 1@0of whole blood for 20 min.
Erythrocytes were lysed and leucocytes fixed using the Coulter
Q-Prep workstation. Cells were then washed once with cold PBSg
and immunofluorescence was analysed in a FACScan flow cyto-§
meter (Becton Dickinson, San Jose, CA). Leucocytes (13000g . 1000 —
events) or monocytes (5000 events) were acquired by gating or@% 800
forward (FSC) and side angle scatter (SSC) properties. The2 3 600
percentage of non-viable cells detected by staining with propidium g L

kinetics of leucocytes and monocytes under GC therapy
In 5/10 donors initial leucocyte counts before GC administration

1400
1200

iodide (Sigma, Deisenhofen, Germany) was negligikl@%). = 400 -
The number of total monocytes pefrblood was calculated as 3 200~
leucocytesil bloodx percentage cells in monocyte scatter gate 0
among all leucocytes percentage of all CDI% cells within the
monocyte gate divided by 10000. Number of CORD16" Time (days)

monocytesil was calculated as total monocytes perblood x Fig. 1. Effect of glucocorticoid therapy on total monocyte count in

percentage CDI4CD16™ monocytes among all CDT4mono-  peripheral blood. Whole blood from patients before, during and up to

cytes divided by 100. 4days after daily treatment with 500 mg methylprednisolone was stained
with directly fluorochrome-conjugated monoclonal antibodies (PE-anti-
CD14 and FITC-anti-CD16) and the absolute count of all monocytes, i.e.

Statistical.analysis o _ CD14* plus CD14 CD16" monocytes, was determined by FACS. Given
Data obtained from the multiple individual donors are presented inyre mean+ s.d. for 10 patients with multiple sclerosis. The number of

tables and figures as the meass.d. A paired Student'stest was  patients per time point varied from= 10 ton= 3. *Significant compared
used.P< 0-05 was accepted as significant. with day 0 withP < 0-05.
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Cells were determined as given in the legend to Fig. 2. The average
valuest s.d. were 36t 15 cellsiil before therapy and 2 3 cellsil on
CD14 days 4 and 5. The difference is significant wiRk: 0-001.

Fluorescence 2 Fluorescence 2

Fig. 2. Depletion of CD14 CD16" monocytes by glucocorticoid (GC)
therapy. Whole blood from patients before and after 5days of daily . . .
treatment with 500 mg methylprednisolone was stained with directlya daily dose ,Of 100mg gnd 60mg GC, respectively. Both patients
fluorochrome-conjugated monoclonal antibodies (PE—anti-CD14 and€SPonded with a depletion of CD1€D16" monocytes from» 64
FITC—anti-CD16 or FITC—anti-CD33) and 5000 cells per sample weret0 <9 cellsil. Also, three apparently healthy volunteers who were
analysed in the monocyte scatter gate by FACS. (a,b) Patient 3. (c,d) Patietieated with a single dose of 250 mg methylprednisolone showed a
8. Absolute count of CDI4CD16" monocytes in patient 3 decreased from decrease of CDI4CD16" monocytes from 71 18cellspl

52 cellsl to eight cellsjl. CD14" CD33" monocytes in patient 8 before treatment to 4 2 cellsyl after 12h. This indicates that

decreased from 23 celld/to 0-3 cellsil. depletion of CD14 CD16" monocytes is restricted neither to
patients with MS nor to patients with inflammatory disease.

CD14"" monocytes (495 132 cellsjl versus755=+ 337 cellsfl A significant spill-over of neutrophils which can also express

on day 4 or 5, NS). CD14 and CD16 was excluded by carefully gating on the monocyte

The CD14 CD16" cells again increased in number after the population in scatter properties and control staining with HLA-DR
end of therapy (Fig. 3) and reached control range approximatelyand CD33, both markers which are not expressed on neutrophils in
1week later (data not shown). blood (data not shown).

In addition to the 10 patients with MS, we studied one patient
with glomerulonephritis and another with sarcoidosis who received=ffect of GC therapy on CD33monocytes
CD14" CD16" monocytes have previously been shown to express
low levels of CD33 (CD33) when compared with regular mono-

60 —
’ GC \ cytes (CD33™) [17]. Therefore, CD14 CD16" cells can also be
50 L identified as CD14 CD33" cells. In order to demonstrate that GC
treatment leads to a decrease of CDTD16™ monocytes from
a0 ¢ Patient 1 peripheral blood and not just to a disappearance of the CD16 cell
® Patient 6 surface molecules on these cells, we analysed the kinetics of

CD14" CD33' cells in peripheral blood. Again, we could demon-
strate an almost complete suppression of these cells (Fig. 2,
compare Fig. 2c and Fig. 2d)n the course of time these cells
showed a pattern of decrease and increase similar to the
CD14t CD16" cells. On average, the CDi€£D33" cells
decreased from 26 15 cellsfl on day 0 to 5+ 4 cellspl on day

4 0or5 (= 8,P<0-005).

0 1 2 3 4 5 6 7 s Furthermore, Fig. 2c,d also demonstrates that the disappear-
ance of the CD16 and the CD3%" cells does not lead to an
increase of the CDI¥ cells that are CD16 and CD33,

Fig. 3. Time course of glucocorticoid (GC)-induced depletion of respectively (data not shown). Also, the population of CD14
CD14" CD16" monocytes. The CDI4CD16" monocytes were deter- cells within the monocyte scatter remained constant- 86
mined by flow cytometry as given in the legend to Fig. 2. before therapy and on days 4 and 5). Thus, the disappearance of
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the CD14 CD16" cells cannot simply be attributed to a loss of like sepsis [19]. The disappearance of the CDCD16"
surface marker expression of these cells during GC therapy. monocytes after treatment with GC would therefore be in line
The CD16 antigen is also expressed on blood granulocyteswith the anti-inflammatory action of these steroid hormones.
However, this expression was not affected by GC therapy (data not One might speculate that GC therapy merely down-regulates
shown). the surface expression of CD14 or CD16 on the CDC®D16"
monocytes, so that the cells become invisible when identified by
virtue of their surface marker expression. In our patients we were

GC and surface molecule_ expression on regular monocytes ._unable to detect a significant change in CD14 expression on the
In order to assess other biological effects of GC on the EXPressiOp Ly, ri+ monocytes, and CD14 expression of all CDOldono-

of functionally important monocyte surface markers we studied the

expression of HLA-DR, CD14, CD11b and CD33 on the regularC/teS €ven increased due to the loss of the CB/1gopulation
T . ; (data not shown). Furthermore, there was no increase of cells
CD14"" monocytes. There was no significant change in the

membrane expression of CD11b, CD33 or CD14 during GCnfgaéngéorl\?oitﬁ;Te; ggﬂsr]]grggenr:g nc;(;ytgrst:c;:c;)rr]d:giégusg:éter
treatment (data not shown). Expression of CD14 by all CD14 prop ) ) y rep

monocytes increased slightly due to the loss of the CT¥14 CD14 expression by peripheral blood monocytes in patients with

. o . . acute inflammatory diseases receiving continuous GC therapy. In
population (specific mean fluorescence intensity (sMFI) beforethis study the effect of GC was. however. analvsed beginning on
389+ 57 versus401=+ 53 on days 4 and 5). y ' ' Y 9 9

However, GC induced a significant down-regulation of HLA- day 7 of therapy. Hencg, itis possible that.thellvo decrease of

k X . o cell surface CD14 requires a prolonged period of treatment, so that
DR expression, reaching a nadir of specific mean fluorescenceg” S .
. . It is not detectable within the first 5 days of therapy.
intensity on day 4 or 5 (pre-GC 27720 versus135= 21 on day .

o GC also do not lead to a general down-regulation of CD16,

4 or 5, n= 8, P< 0-001). After termination of GC treatment . . . !
HLA-DR expression rapidly normalized within 1 week since expression of this cell surface molecule on granulocytes is

P pidly ' unaffected in patients treated with methylprednisolone (data not

shown). Also, in vitro experiments with cultured monocytes
showed no decrease of surface CD16 during treatment with
dexamethasone IBm over a period of 5days (data not shown).
GCs are potent anti-inflammatory steroid hormones that act on &urthermore, when CD14CD16" monocytes were identified as
variety of cells in the body, e.g. endothelial cells and the differentlow CD33 cells, then these cells were also depleted (Fig. 2). Taken
populations of leucocytes, including monocytes. GC act by bindingogether, these data indicate that GC therapy, in fact, leads to a
to nuclear and probably also to cell surface receptors [23] and thiglepletion of the CD14CD16" monocytes in peripheral blood.
is followed by reduced transcription of many proinflammatory genes As to the mechanism of this ablation, there are several
[7,24,25]. This down-regulation of gene expression is probablypossibilitiesIn vitro treatment with GC has been shown to increase
mediated by the interference with NdB-mediated transactivation adherence of RM3/L.monocytes to endothelium [39]. Subsequent
of these genes [26—29]. On the other hand, some genes are inducetdgration into tissues is, however, unlikely, since GC rather inhibit
by GC and this includes macrophage migration inhibitory factortransmigration [9]. Apoptosis is an attractive possibility [36], but
(MIF), IL-1 receptor type Il (IL-1RIl) and IL-10 [30-33]. our studies using the TdT-mediated dUTP nick end labelling
MIF is a proinflammatory mediator which restores the cytokine (TUNEL) technique failed to detect any evidence for this mechan-
production in LPS-stimulated macrophages treated with GC [31ism in peripheral blood monocytes of two patients and three
34]. Therefore induction of this protein by GC is thought to healthy volunteers (data not shown).
counterbalance the immunosuppression brought about by GC. With ongoing efflux of CD14 CD16" monocytes from the
IL-1RIl is considered a decoy receptor that binds IL-1 without blood pool, treatment with GC may also operate by blocking the
signalling and thereby prevents this cytokine from binding to andinflux of new CD14" CD16" monocytes by blocking their differ-
activating through the IL-1RI [30]. IL-10 is a potent suppressive entiation.
cytokine that down-regulates a whole series of proinflammatory Differentiation of leucocytes is governed by cytokines like the
genes [35]. Hence the induction by GC of these molecules alsaolony-stimulating factors, and M-CSF is an attractive candidate
serves to suppress the immune response. for induction of the CD14CD16" monocytes, since patient
Other effects of GC that go in the same direction are thetreatment with M-CSF leads to a dramatic increase of these cells
inhibition of cell adhesion and migration [6,8,9] and the induction [40—44]. Levels of M-CSF in four patients, however, did not show
of apoptosis in various types of leucocytes [36]. any consistent pattern during GC therapy (data not shown). Still,
In the present study we report on an almost complete eradiwe consider this kind of mechanism most likely and assume that
cation of the subpopulation of CDI£D16" monocytes in  other signals pertinent to monocyte/macrophage differentiation are
human peripheral blood. The CD1€D16" monocytes [37] blocked by GC.
possess properties of tissue macrophages and share some featuresThe almost complete eradication of the CO1@D16" mono-
with alveolar macrophages [17]. Since these cells are effectiveytes is the most dramatic effect seen in peripheral blood. Most of
producers of TNF but fail to synthesize detectable amounts of thehis decrease occurs within the first 48 h of GC therapy. However, a
anti-inflammatory cytokine IL-10 [18], the CD14CD16" mono- more detailed analysis with hourly intervals early after initiation of
cytes may be considered proinflammatory monocytes. Also thes&C therapy is required. The regular monocytes did, however, also
cells exhibit high levels of MHC class Il and of adhesion mole- respond to GC, since consistent with earlier reports [12] we
cules, all of which may facilitate T cell activation. The concept that observed an initial decrease followed by a pronounced increase
the CD14" CD16" monocytes represent a proinflammatory type of in the number of these cells. Also, we detected a reduced expres-
cell is supported by the finding that CDL€D16" monocytes are  sion of HLA-DR on the CD14" monocytes. This is in line witm
dramatically expanded in diseases with excessive inflammationitro data that show a GC-induced reduction in the expression of

DISCUSSION
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MHC class Il molecules on monocytes [45]. Since DR molecules AC. Glucocorticoids selectively inhibit the transcription of the inter-
are central to antigen presentation and activation of T lymphocytes, leukin 13 gene and decrease the stability of interleul§miRNA. Proc
this effect may contribute to the anti-inflammatory action of GC,as  Natl Acad Sci USA 198885:1204-8.

may the induction of the RM3/1 phenotype [13,14]. 5 Waage A, Slupphaug G, Shalaby R. Glucocorticoids inhibit the produc-

Depletion of cD14 cD16" monocytes is not restricted to tion of IL-6 fro_m Imonocytes, endothelial cells and fibroblasts. Eur J
. . . L . . Immunol 1990;20:2439-43.
patlent; with MS.‘ Sln_ce we observgd a similar effect |r_1 pne patient 6 Cronstein BN, Kimmel SC, Levin RI, Martiniuk F, Weissmann G. A
each with sarcoidosis and one with glomerulonephritis. Further- = o hanism for the antiinflammatory effects of corticosteroids: the
more, in three healthy individuals GC treatment also resulted in gycocorticoid receptor regulates leukocyte adhesion to endothelial
depletion of these cells (data not shown), indicating that the effect cells and expression of endothelial-leukocyte adhesion molecule 1
of GC is not dependent on the presence of an inflammatory disease. and intercellular adhesion molecule 1. Proc Natl Acad Sci USA 1992;
Doses of GC in the range of 60—100 mg methylprednisolone/ 899991-5.
day also seem to be effective in depleting the CbCdi16" 7 Van de Stolpe A, Caldenhoven E, Raaijmakers JAM, Van der Saag PT,
monocytes. However, a detailed study of the effects of different Koenderman L. Glucocorticoid-mediated repression of intercellular
doses and of tapering of GC therapy is still required. ad_he5|_on mol(_ecule—l expression in humar_1 monocytic and bronchial
The CD14 CD16" monocytes were reported to be expanded _ SPithelial cell lines. Am J Respir Cell Mol Biol 1998,340-7.
. . . . - . 8 Oda T, Katori M. Inhibition site of dexamethasone on extravasation of
in a variety of inflammatory conditions (reviewed in [3_7])’ but thus polymorphonuclear leukocytes in the hamster cheek pouch microcircu-
far a decrease of these cells has only been observed in athletes after | j;ion 3 Leukoc Biol 199252:337-42.
an ultramarathon run [46]. Here, the same mechanism as reported pancuso F, Flower RJ, Perretti M. Leukocyte transmigration, but not
in the present study may operate, since excessive exercise is rolling or adhesion, is selectively inhibited by dexamethasone in the
associated with a strong increase of endogenous GC [47]. hamster post-capillary venule. Involvement of endogenous lipocortin 1.
When GC treatment was discontinued the CHCH16" J Immunol 1995155377-86.
monocytes returned to the initial level within 1week. The reap-10 Rinehart JJ, Sagone AL, Balcerzak SP, Ackerman GA, LoBuglio AF.
pearance of these cells may therefore be taken as an indication that Effects of corticosteroid therapy on human monocyte function. N Engl J
the immune competence has recovered. Med 1975;292236-41. ) )
Several earlier reports have documented a dramatic expansiolr‘i]' Thompson J, van Furth R. The effect of glucocorticosteroids on the

. . S . proliferation and kinetics of promonocytes and monocytes of the bone
of CD14" CD16" monocytes in sepsis [19,48], which is a disease marrow. J Exp Med 1973137-10-21.

with excessive inflammation, while a more moderate increase of 5 ra.ci AS. Dale DC. The effect of vivo hydrocortisone on subpopula-
these cells was observed in tuberculosis [22], where inflammation  tions of human lymphocytes. J Clin Invest 1958240-6.

is less pronounced. This may suggest that the number of3 zwadlo-Klarwasser G, Bent S, Haubeck HD, Sorg C, Schmutzler W.
CD14" CD16" monocytes in human peripheral blood may be  Glucocorticoid-induced appearance of the macrophage subtype RM3/1
used as an indicator of the severity of an inflammatory response. in the peripheral blood of man. Int Arch Allergy Appl Immunol 1990;
On the other hand, when CD1€D16" monocyte numbers 91:175-80.
decrease, as Shown here Wlth GC treatment’ then thls may be d.ﬁ Zwadlo-Klarwasser G, Neubert R, Stahlmann R, Schmutzler W. Influ-
indicator of the degree of immunosuppression, but the functional ©€"ce of dexamethasone on the RM 3/1-positive macrophages in the
significance of this observation remains to be elucidated. Further pen_phe_ra_l blood and tissues of a New World Monk?y (The Marmoset
. . . . Callithrix jacchug. Int Arch Allergy Immunol 199297:178-80.
studies are required to te_St the hy_pothesus that _suppressmn of tfl% Ziegler-Heitbrock HWL, Passlick B, Flieger D. The monoclonal anti-
C_Dléﬁ CD16" suppppulatlon contributes to the |.mmunosuppres- monocyte antibody My4 stains B lymphocytes and two distinct mono-
sion by GC. For clinical purposes, the determination of the number cyte subsets in human peripheral blood. Hybridoma 198@21—7.
of CD14" CD16" monocytes in blood may be useful for monitor- 16 passlick B, Flieger D, Ziegler-Heitbrock HWL. Identification and
ing of the effectiveness of GC therapy. characterization of a novel monocyte subpopulation in human periph-
eral blood. Blood 198974:2527-34.
17 Ziegler-Heitbrock HWL, Fingerle G, Stoel M, Schraut W, Stelter F,
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