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Isolation and phenotypic characterization of colonic macrophages

G. ROGI:ER, M. HAUSMANN, D. VOGL, E. ASCHENBRENNER, T. ANDUS, W. FALK, R. ANDREESEN,
J. SCHQ.MERICH & V. GROSS Department of Internal Medicine I, University of Regensburg, Regensburg, Germany

(Accepted for publication 16 December 1997)

SUMMARY

Macrophages play an important role in the intestinal mucosal immune system. However, they are a
poorly defined cell population. We therefore determined their phenotype in normal colonic mucosa.
Macrophages were isolated from colonic biopsies and surgical specimens by collagenase digestion.
Colonic macrophages were positively sorted by anti-CD33 magnetic beads. Flow cytometric triple
fluorescence analysis was applied to study CD14, CD16, CD33, CD44, CD11b, CD11c, CD64, HLA-
DR, CD80, CD86 and CD3/CD19 expression. CD33 was evaluated as a positive marker for intestinal
macrophages. CD33 cells isolated from normal colonic mucosa showed co-expression of the
established intracellular macrophage marker CD68 in FACS analysis. CB&B8 were capable of
phagocytosis. Isolation of this cell population by magnetic anti-CD33 beads and culture resulted in a
4.2-40-fold increase in ILA and 4-5—-44-fold increase in tumour necrosis factor-alpha (&NF-
secretion compared with unsorted lamina propria mononuclear cells (LPMC). Of the'C&4i3,

90-9+ 6-9% (meart s.d.) were CD44. However, macrophages from colonic mucosa showed only a
low expression of CD14 (1053-8%), CD16 (10-1*= 3-9%), HLA-DR (27-3-9-2%), CD11b
(17-4*=6-8%), CD11lc (17-& 10-4%). Furthermore, expression of CD80 (&2-2%) and CD86
(15-1+ 7-3%) was low, suggesting a low ability of normal intestinal macrophages to activate T cells
and T cell-mediated immune responses. We conclude that CD33 is useful for the isolation and flow
cytometric characterization of colonic macrophages. These cells exhibit a single phenotype in normal
mucosa (CD33*, CD44+, CD14", CD167, CD11b, CD11¢, HLA-DR'®%, CD80", CD86) lacking
lipopolysaccharide (LPS) receptor and costimulatory molecules.
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INTRODUCTION (lipopolysaccharide (LPS) receptor) [5] and CD16+HFcrecep-

. . .. tor) [6] were found to be almost absent in normal mucosa. The
Macrophages play a key role in the process of inflammation |nt ical h ker CD11b | t tor 3 (CR3

many different tissues. They are able to secrete proinflammatorg/plca macrophage marker . (complemen recepror ( )
member of the integrin family) was only found 5% of

oy cuch e 1, uout nctos ector (1), 119 19, sl macrophages 1 Less hn 15% cressed Ot
' Y9 P 9 FA-1) and<40% CD11c (complement receptor 4 (CR4)) [7].

enzymes. Intestinal macrophages represent one of the large 4 )
compartments of the mononuclear phagocyte system in the bo 54 (mter_cellular adhe_smn molecule-l (ICAM-1)) was found to
e present in 7% of the intestinal macrophages of normal mucosa

[1]. They are localized preferentially in the subepithelial region o
and constitute 10-20% of mononuclear cells in the intestinal[7]'CD25.(IL.'2 recep_tor) was found to be aimost absarsitu 8],
lamina propria [2,3]. whereas in isolated intestinal macrophages there seemed to be a

A number of studies dealing with phenotypic characteristicsconStitUtive expression [9], Wit.h the exception of the S.tUdY of Doe
suggested that intestinal macrophages differ markedly from blooﬁ.nOI cowor_kers [5], t_hese studies were performed using immuno-
monocytes, from macrophages found in other tissues, or from istochemical techniques. B_eca_luse of the low expression of t_yplcal
vitro differentiated macrophages (for a review see [4]). Themacrophgge markers, application of flow cytometrlc ar?aly3|§ has
classical monocyte-specific surface markers CI:)14been difficult due to the prot_)lem .of recognmon of mtestl_nal

macrophages. Therefore, the first aim of this study was to find a
Correspondence: Dr med. Dr phil. Gerhard Rogler, Department ofP0Sitive marker for intestinal macrophages in flow cytometric

Internal Medicine 1, University of Regensburg, D-93042 Regensburg,analysis.
Germany. We identified CD33 as a useful recognition marker for
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intestinal macrophages in flow cytometric analysis. CD33, a 67-kDcorticosteroids or other immunosuppressive drugs. None of the
glycoprotein, is a member of the immunoglobulin superfamily, andpatients showed macroscopical inflammation of the mucosa. Colo-
its expression is restricted to myelomonocytic blood cells. As thenoscopy was done because of screening for colorectal cancer or for
amount of neutrophils in our lamina propria mononuclear cellpolypectomy. Surgery was done because of colorectal cancer. The
(LPMC) fraction was< 1%, CD33 could be used to distinguish mean age of the patients was 5& years. Six biopsy specimens
between macrophages and lymphocytes. The functions and bindingere collected from each patient. Biopsies were immediately
properties of CD33 are still unknown. Recently it has been demontransferred into sterile RPMI1640 at'@ supplemented with
strated that CD33 is the fourth member of the sialoadhesin family oPenStrep and 10% FCS. All further steps were performed under
sialic acid-dependent cell adhesion molecules [10]. The binding teterile conditions. No fixation procedure was performed before the
CD33 can be modulated by endogenous sialoglycoconjugates whdabelling steps.
CD33 is expressed in plasma membranes.

To characterize further the phenotype of human colonic macrotsolation of human colonic macrophages
phages we monitored the expression of the ‘typical’ macrophaggjuman colonic macrophages were isolated according to a mod-
antigens CD14 (LPS receptor), CD16 {fi¢ receptor), CD11b ification of the method of Bull & Bookman [17]. Six biopsies were
(CR3) and CD11c (CR4). Furthermore, the expression of MHCwashed three times in calcium-magnesium-free HBSS. The speci-
class Il and of the costimulatory molecules CD80 (B7-1) and CD86mens were incubated twice in calcium-magnesium-free HBSS with
(B7-2) [11,12] was analysed. The B7 molecules expressed on mw EDTA for 10 min at 37C under gentle shaking (10 ml for six
antigen-presenting cells (APC) play an important role in thepjopsies) to remove intestinal epithelial cells. Specimens were
activation of T cells (for a review see [13]). They interact with washed with HBSS and incubated for 20—30 min in 2ml RPMI
the CD28 or CTLA-4 molecule on T lymphocytes. The presence Okyjth 1 mg/ml collagenase type &336 U/ml), 0-1 mg/ml DNAse
absence Of COStimu|at0ry m0|eCU|es on APC Signiﬁcantly inﬂu-and lmg/m| hya|ur0nidase without FCS at°@B7 Cells were
ences the qualitative and quantitative nature of the immungyashed twice with PBS and finally submitted to Ficoll density
response. For this reason the B7 molecules may have an importagtadient centrifugation for 20 min at 2000 rev/mir €90g, with-
role in autoimmunity and immune evasion [14,15]. Furthermore,qut brake) in a Heraeus centrifuge for isolation of mononuclear

the differential expression of B7-1 and B7-2 differentially activates ce|ls. The interphase was carefully removed and washed with PBS.
Thl or Th2 responses [16].

Roller-culture of human intestinal macrophages
MATERIALS AND METHODS To determine if the phenotype of normal colonic macrophages
changed after removal from their specific milieu in the gut, we
cultured colonic macrophages from eight normal donors for 24 h or
48 h. Immediately after isolation and Ficoll centrifugation cells
were washed and resuspended in 3ml RPMI 1640 medium with

; 0 - H H
mouse anti-human CD14, CD16, HLA-DR, CD44, CD68 and 10% FC_S ¢ Pen-Strep, _gentamycm and fungizone). The cell
suspension was placed in a 12-ml Falcon tube on roller-culture

CD11b am'bOd.'eS were purchase_d from Immunotech (Hamburgequipment in the incubator. Permanent rolling prevented adhesion
Germany). Anti-human CD33 antibody was from Coulter (Ham- of the cells to the tube wall.

burg, Germany). Anti-human CD3, CD19 and CD11c antibodies

were from Medac (Hamburg, Germany). For the study of CD80

three different antibodies were tested: clone BB1, FITC-conju-Peripheral blood monocytes )
gated (Pharmingen, San Diego, CA), clone MAB 104, FITC- I_De_rlpheral bIo_od (10 ml) was collected from 12 healthy donorg in
conjugated (Immunotech, Marseille, France), clone BB1, PE-conlithium—heparin tubes. Mononuclear cells were separated by Ficoll
jugated (Becton Dickinson, Heidelberg, Germany). Anti_CDgsdensitygradientcentrifugation'. The purity of isolated mononuclear
was from clone 2331 (FUN1), FITC-conjugated (Pharmingen),cells was always>95%. I?enpheral blood mo_nonuclear _ceIIs
but clone IT2.2, PE-conjugated (Pharmingen), was also tested. THEBMC) were washed twice and were then incubated in the
PE-conjugated antibodies showed brighter fluorescence, but thigolation medium (see above) used for the isolation of colonic
number of immunolabelled cells did not differ between the testedMacrophages (collagenase, DNAse, hyaluronidase) for 20 min
antibodies. Hanks' buffered salt solution (HBSS) was obtainedunder identical conditions to those described above. This step
from Biochrom, Ficoll from Pharmacia (Freiburg, Germany). Was followed by the immunostaining procedure (see below).
FIX&PERM solution for cell permeabilization was obtained

from An Der Grub (Kaumberg, Austria). All other reagents and In vitro differentiated macrophages

Materials

Dulbecco’s modified Eagles’ medium (DMEM) was from Bio-
chrom (Berlin, Germany); fetal calf serum (FCS) and RPMI 1640
medium for macrophages from Sigma (Taufkirchen, Germany)

chemicals were from Sigma. PBMC were separated by leukapheresis of healthy donors. Mono-
cytes were isolated by countercurrent centrifugal elutriation in a
Source of human colonic macrophages J6M-E Beckmann centrifuge with a standard chamber and a JE-5

Human colonic macrophages were isolated from biopsies obtainetor at 2500 rev/min and a flow rate of 20 ml/min, as described
by endoscopy or from surgical specimens (for magnetic bead18,19]. To induce monocyte to macrophage differentiation pur-
isolation). The study was approved by the University of Regensified monocytes were cultured in RPMI 1640 supplemented with
burg Ethics Committee. None of the persons (14 for phenotypicsx10~°>m mercaptoethanol, polyvitamins, antibiotics, pyruvate,
characterization, 10 for CD80/CD86 expression, eight for shortnon-essential amino acids and 2% human AB group serum (endo-
time culture experiments, five for CD68/CD33 costaining, five for toxin <0-1 EU/ml as measured in the Limulus assay) on Teflon
magnetic cell sorting and culture of purified colonic macrophagesjoils at 1& cells/ml (Biofolie 25; Heraeus, Hanau, Germany) for 7
suffered from inflammatory bowel disease or was treated withor 14 days [20].
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In vitro differentiated monocyte-derived dendritic cells CD3/CD19) was determined at 670nm (FL3). Analysis gates
PBMC were separated by leukapheresis of healthy donors. Monawvere set around debris, lymphocytes and macrophages on a
cytes were isolated by countercurrent centrifugal elutriation adorward scatterversus side scatter dot plot. Acquisition was
described above. To induce differentiation to dendritic cellsperformed on unfixed cells. Data acquisition and analysis were
purified monocytes were cultured in RPMI1640 supplementedperformed automatically using LYSIS TM Il Software, Version 1.1
with 5x 10~°m mercaptoethanol, polyvitamins, antibiotics, pyru- (Becton Dickinson) or WIN-MDI Software.

vate, non-essential amino acids with addition of 100 U/ml IL-4,
50 U/ml granulocyte-macrophage colony-stimulating factor (GM-
CSF) and 50 U/ml interferon-gamma (IFN-on Teflon foils at 16
cells/ml (Biofolie 25; Heraeus) for 14 days.

Phagocytosis assay

For phagocytosis assay ®@ells were resuspended in 2000
RPMI 1640 supplemented with 10% FCS and 200f a latex
bead suspension (% Sigma latex beads in 1 ml RPMI), or for
fluorescence microscopy L0 of FITC-labelled 0-5- or lzm
"Beads. Cells were incubated for 2h at'G7and washed four
times with NKH buffer pH7-4 (8:0g NaCl, 0-4g KCI, 2000
HEPES at 1000 ml)

Immunostaining procedures
Isolated cells were resuspended in PBS with 1% bovine seru
albumin (BSA). For each immunolabelling 10D of the cell
suspension were placed into 1-5-ml polypropylene tubes. T
each cell suspension L0 of the three antibody solutions were
added (total volume of 13d). Each FITC-conjugated antibody
(CD14, CD16, HLA-DR, CD44, CD11b, CD11c, CD80, CD86) Statistical analysis
was combined with the CD33—PE conjugate and a mixture of theJnless otherwise stated all data are given as mear. Statistical
PerCP-conjugated CD3 and CD19 antibodies. Incubation wasnalysis was performed using Studentsest for unpaired
performed in the dark for 15-30min on ice to ensure specificsamples.
labelling. Cells were washed three times with cold PBS and
resuspended in 200 PBS. The cell solution was transformed to
FACS tubes just before FACS analysis to avoid attachment of
macrophages to the tube walls. Evaluation of CD33 as specific positive marker for colonic
For the double-staining of CD68 (FITC) and CD33 (PE) all macrophages
isolated mononuclear cells from a surgical specimen were treated Optical characteristics of colonic macrophages in flow
for 15 min at room temperature with 1Q0FIX&PERM solution cytometry Flow cytometric forward- to side-scatter characteristics
A, washed with PBS- 1% BSA and then incubated for 15 min with of isolated colonic LPMC were found to be not sufficient to
100ul FIX&PERM solution B for permeabilization. Permeabilized separate lymphocytes from macrophages (Fig. 1a), whereas the
cells were incubated for 30min with the CD68 and CD33 distinction between lymphocytes and monocytes from peripheral

RESULTS

antibodies. blood (Fig. 1b) and between lymphocytes and macrophages from
Teflon cultures (Fig. 1c¢) could easily be done by their optical
Magnetic cell sorting characteristics, leading to two distinct populations. CD68, which is

Isolated cells were sorted by immunomagnetic beads coated withn established intracellular marker for macrophages, could not be
MoAbs against CD33 (MACS Beads; Miltenyi Biotec, Bergisch used because permeabilization for intracellular labelling was
Gladbach, Germany) with the help of a separation column and #ollowed by a cell loss, probably due to the previous isolation
magnetic separator from the same company in accordance with tiocedure. In addition, a surface marker would allow sorting of the
manufacturer’s recommendations. Briefly, for magnetic labellingpositive cells. Therefore, we searched for a specific surface marker
the isolated LPMC were washed in sterile and degassed PBS withf colonic macrophages. Screening of a number of antibodies
5mm EDTA and 0-5% BSA (MACS buffer) to avoid cell aggrega- directed against typical macrophage antigens (CD14, CD16,
tion, and resuspended in 80 ml MACS buffer per t6tal cells.  CD11b, CD11c, HLA-DR), or antigens present on macrophages
Twenty millilitres MACS Beads were added per’ital cells,  but not on lymphocytes (CD33), showed a high expression of
mixed and incubated for 15 min at 602 Cells were washed and CD33in 11-8+ 2-2% of the isolated cells. CD14 was expressed in
resuspended in 500 ml MACS buffer per®icells. 0-9%+ 0-3%, CD16 in 0-% 0-4%, CD11b in 1-5 0-5%, CD11c in

For magnetic sorting a suitable column according to thel:-1*+ 0-7% and HLA-DR in 2-4- 0-8% of the isolated cells.
estimated amount of positive cells was placed in the magnetic Characterization of the CD33cell population The CD33
field of the separator and washed with MACS buffer. The columncell population could be easily distinguished from the other cells
was loaded with the magnetically stained cell suspension andFig. 2a). The side scatter signal was obviously higher than in the
washed again. The effluent was collected as negative fractiorremaining cells, indicating higher ‘granularity’. ‘Backgating’ of
The positive fraction was flushed out with MACS buffer in the the CD33 cells showed forward/side scatter characteristics typi-

absence of a magnetic field. cal for monocytes/macrophages (Fig. 2b). However, as mentioned
before, there were not two distinct populations but a continuous
Flow cytometry transition between intestinal lymphocytes and macrophages. To

Flow cytometry was performed using a FACScan (Becton Dick-ensure that no lymphocytes were analysed for the expression of
inson, San Jose, CA). The fluorescence of 10000 cells wagacrophage surface markers, we performed FACS-triple fluores-
collected on a 1024-channel four-generation log scale througlence technique which allowed us to have an inclusion (CD33) and
forward light scatter (FSC) and linear scale through right-anglean exclusion (CD3/CD19) marker for each measurement. For the
scatter (SSC). Fluorescence emission for fluorescein was detegalculation of the expression of the analysed macrophage surface
mined at 530nm (FL1), the PE emission (always CD33) wasmarkers only the CD33 CD3/CD19 cell population (lower right

determined at 585nm (FL2) and the PerCP emission (alwayguadrant in Fig. 2c) was used. Less than 10% of the cells analysed
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Fig. 1. Forward/side scatter characteristics of mononuclear cells from normal colon and from blood, andiiwd differentiated
macrophages. Isolated mononuclear cells from normal colon (a), from peripheral bloodr{h)itoo differentiated macrophages (c) were
analysed by FACS (10000 cells each). It is obvious that the discrimination between lymphocytes and monocytes/macrophages is easy for
blood monocytes (b) anieh vitro differentiated macrophages (c). In the case of isolated colonic macrophages (a) it is almost impossible to
discriminate clearly between the lymphocyte and the macrophage region.

showed double expression of the macrophage marker CD33 andcubation with an IgG-isotype control antibody and a secondary
the lymphocyte markers CD3 and CD19. The double expression gberoxidase-conjugated antibody did not show any staining (Fig.
lymphocyte and macrophage surface markers on one particle coulsh). Incubation with the anti-CD68 antibody was followed by a
be due to lymphocytes attached to macrophages, or not completepositive staining of>90% of the cells (Fig. 6b). The same
sufficient compensation. experiments were performed with 7 days cultunediitro differ-

FACS analysis of the co-expression of CD68 and CDB8  entiated macrophages. The morphology of these cells was very
evaluate further the positive recognition of macrophages by antisimilar, an isotype control antibody did not stain the cells (Fig. 6c¢),
CD33, we performed double-staining for intracellular CD68 andand the CD68 antibody in parallel to the colonic macrophages
CD33. CD68 is a well established intracellular marker for macro-stained>90% of thein vitro differentiated macrophages (Fig. 6d).
phages which has been widely used in immunohistochemical IL-18 and TNFe secretion of cultured CD33 cells The
studies. Figure 3a shows that the permeabilization procedursecretion of IL-B and TNFe after 24 h of culture was measured
increases the amount of debris. Figure 3b demonstrates the analysismedium from LPMC and the corresponding CD33-MACSbead-
of isotype control antibodies without positive signals>lf5% of isolated colonic macrophages. CD38ells from five different
the analysed cells, co-expression of CD68 and CD33 on the cellsolations secreted 4-2—40-fold more I18Fig. 7a) and 5-5—-44-4-
could be demonstrated (Fig. 3c). Single analysis of the CD68 (Figfold more TNFe (Fig. 7b). Isolated and cultured intestinal
3d) and CD33 (Fig. 3e) also revealed that the positive cells had thepithelial cells did not express mRNA for or secrete any A.-1
same side scatter characteristics. and TNFe (data not shown). In addition, intestinal fibroblasts

Phagocytosis assayPhagocytosis assays showed that aboutisolated from the lamina propria of surgical specimens did not
15% of all isolated LPMC were able to phagocytose latex beadsproduce and secrete IL3lindicating that the determined increase
a typical function of macrophages. Immunocytochemical immu-in cytokine secretion by the CD33opulation was due to the fact
nostaining for CD33 (with the same antibody used in flow that these cells are macrophages.
cytometric determinations) after the phagocytosis assay revealed
that 80-5t5-2% of the phagocytosing cells were positive for Phenotypic characterization of colonic macrophages
CD33. On the other hand, 835-4% of the CD33 cells were Expression of typical macrophage markers on colonic macro-
capable of phagocytosis. To confirm these results we performed phages from normal mucoshkigure 8a—f shows the expression of
phagocytosis assay with fluorescence (FITC)-labelled latex beadsITC-labelled anti-CD14 (a), anti-CD16 (b), anti-HLA-DR (c),
and counterstained the cells with PE-labelled CD68 and CD3&nti-CD44 (d), anti-CD11b (e) and anti-CD11c (®rsusCD33.

(Fig. 4). Again, we found that 80% of the CD33 cells and in  As summarized in Table 1, macrophage surface expression of CD14,
addition 90% of the CD68 cells were capable of phagocytosis. CD16, CD11b, CD11c and HLA-DR in colonic mucosa was low.

Isolation of CD33 cells by anti-CD33 magnetic beadEhe To exclude that the finding of a very low number of colonic
isolation procedure was performed as described in Materials anthacrophages expressing typical macrophage markers was due to
Methods. Figure 5a demonstrates the forward/side scatter charadigestion of the antigens during the isolation procedure, we
teristics before and Fig. 5b after two subsequent separatioanalysed peripheral blood monocytes after applying the same
procedures with MACSbeads. It is clear from the optical char-isolation conditions as used for colonic mononuclear cells. The
acteristics that the large lymphocyte population has almost comexpression of antigens on PBMC was not different from published
pletely disappeared. After one sorting step CD3&lls were  data (see Table 1).
enriched to 50% of the remaining cells (Fig. 5c). After the Colonic macrophages were also substantially different firom
second separation step90% of the intact cells were CD33  vitro differentiated and cultivated macrophages. Data are given in
(Fig. 5d, isotype control shown in Fig. 5e). Table 1.

Culture of isolated CD33 colonic macrophagesMagnetic Characterization of CD33 colonic macrophages after short
bead-isolated CD33 colonic macrophages were cultured on time culture To elucidate if the low expression of typical macro-
Primaria six-well or 24-well plates. The cells showed typical phage surface markers in colonic macrophages compared with
macrophage-like morphology after 3days of culture (Fig. 6a).blood monocytes or macrophages differentiated in Teflon bags was
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Fig. 2. Flow cytometric detection of CD33cells from colonic mucosa. (a) Dot plot of side scatter characterigticgisCD33 fluorescence.

Ten thousand cells were analysed each. CD&8ls (red) are easily discriminated from the other cells (blue), which are mainly lymphocytes.
(b) ‘Backgating’ of the CD33 cells (red) shows that these cells have higher side scatter signals compared with the lymphocyte population.
The region in the forward/side scatter plot is typical for monocytes/macrophages. (c) Dot plot of CD33 (PE) fluorescersD3/CD19

(PerCP) fluorescence. CDB2ells (red) are negative for the lymphocyte markers CD3 and CD12®%. Only very few cells show a
positive signal for CD33 and CD3/CD19, probably due to attached or adherent cells.
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Fig. 3. FACS analysis of the co-expression of CD68 and CD@3 Forward/side scatter plot of permeabilized colonic macrophages showing

an increase in debris (green). Regions were set on the macrophage (red) and lymphocyte population (blue). (b) Isotype control showing no
non-specific staining. (c) Co-expression of CD68 and CD33 (upper right quadrant). The cells expressing both antigens have optical

characteristics of macrophages. The red cells in the lower left quadrant indicate, again, that optical characteristics are not sufficient to
distinguish clearly between colonic lymphocytes and macrophages. There are almost no cells expressing either CD33 (lower right quadrant) or
CD68 (upper left quadrant) alone. (d) Side scarensusCD68 plot showing clearly a positive cell population. (e) Side scattesusCD33

plot showing a positive population with very similar side scatter characteristics compared with thé G&I68
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Fig. 4.Immunofluorescence demonstration of phagocytosis in C268l CD33 cells. Human colonic mononuclear cells were isolated and immunostained

as described in Materials and Methods. Specimens were obtained from patients with normal colonic histology. The staining for CD68 (a) was brighter
compared with CD33 (c) with higher background staining in the cytospins, probably due to spread cytosol during centrifugation. More than 90% of the
CD68" cells (a) and>80% of the CD33-labelled cells (c) showed phagocytosis of FITC-labelled beads (b,d).

due to a rapidly reversible down-regulation of the markers in thechanged within 48 h, and may therefore be due rather to a specific
intestinal milieu or due to a specific differentiation process, wedifferentiation process, and not only to a transient regulation by a
cultured freshly isolated colonic macrophages for 24 h or 48 h inspecific milieu.

roller bottles to avoid adherence under sterile conditions without Expression of CD80 and CD86 on colonic macrophages from
the presence of LPS. Analysis of short time cultured colonicnormal mucosaCD33 was used as colonic macrophage maiker.
macrophages revealed that there was no difference comparedtro differentiated dendritic cells were used as a positive control
with freshly isolated colonic macrophages (Table 1). The datdor the expression of CD80 and CD86, which were positive on
show that the phenotype of colonic macrophages cannot balmost all of the dendritic cells positive for CD33 (Fig. 9). The

Table 1. Phenotypic characterization of macrophages

CD14" CD16" HLA-DR™ CD44" CD11b" CD11c"
(% of total CD33 (% of total CD33" (% of total CD33 (% of total CD33 (% of total CD33 (% of total CD33
macrophages) macrophages) macrophages) macrophages) macrophages) macrophages)

Normal mucosa 105 3-8 10-1+ 3-9 27-6t 9-3 90-9 6-9 17-4- 6-8 17-9+ 104
Blood monocytes 84-% 8.7 25-1+ 234 89-0- 7-8 97-1+ 2-6 93.1* 4-6 21.2-20-1
In vitro differentiated  92-@ 3:-1 29.2+ 335 91-7 8:5 85-7+ 104 69-1+ 12-1 56-9-42.-8
macrophages

Short time cultured 7227 7.3+ 2.7 20-4+ 7-3 92-9+ 5.8 16-4+- 11-8 15.-5- 85

colonic macrophages

Data represent percentage of CD38D3/CD19 cells positive for the indicated surface antigen (meamd.). The expression of CD14, CD16, HLA-
DR, CD11b and CD11c is low in freshly isolated and short time cultured macrophages from normal human colonic mucosa (lanes 1 and 4). In blood
monocytes and im vitro differentiated macrophages the expression of the surface antigens is positive in a high number of cells (lanes 2 and 3). CD44 is
positive in almost all cells in all macrophage populations.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$12205-215



Phenotype of colonic macrophages 211

for intestinal macrophages. It could be shown that CD68 and CD33
are co-expressed on the same cell population with optical char-
acteristics in FACS analysis typical for macrophages. CD33 could
be used for the isolation of a cell population showing typical
macrophage morphology in culture. The isolated cells secreted up
to 45-fold more IL-B and TNFe compared with LPMC. The
CD33" cells were capable of phagocytosis.
: The role of CD33 in macrophage function is not clear, and
FLymphocyte region” 0 L factors influencing its expression on macrophages have not been
0 1023 1023 determined. However, the constant expression, in contrast to most
FSC-height FSC-height other typical surface antigens, on colonic macrophages suggests a
role in intestinal macrophage function. CD68 could not be routi-
T oo nely used in flow cytometric characterization of intestinal macro-
R phages. Permeabilization of the cells for intracellular labelling of
CD68 was followed by a loss of cells during the permeabilization
procedure and a large increase in debris.

Only 83% of the phagocytic cells were CDR3There may be a
small population of phagocytic cells without CD33 expression, and
there may be a small population of CD38ells without phago-
cytic activity, but hitherto it has not been possible to characterize

'lJI.'HI-\IIHI\ LLILJIHIl‘JIHIHIHI\II\ thesece”Sfurther
1023 0 1023 In general there is a change in the understanding of the route of

FSC-height FSC-height differentiation of macrophages and dendritic cells from their
(e)- . ’ precursor cells. In recent years it has been shown that cells with
' dendritic features can be differentiated from monocytes by incuba-
tion with certain cytokines (IL-4, GM-CSF, IFN). Thesein vitro
differentiated dendritic cell populations are not homogeneous.
There are monocyte-derived dendritic cells (MODC) that still
show expression of CD14 and are capable of phagocytosis.
These data suggest that the classical definition of dendritic cells
and macrophages characterizes only the two poles of a line of

10 Ll possible intermediate differentiation forms. Goerdt and coworkers
0 1023 therefore support a unifying concept of different types of
FSC-height ‘custocytes’ [22].
] ) ) ] Using CD33 as a positive marker for colonic macrophages,
Fig. 5. Isolation of CD33 cells by anti-CD33 magnetic beads. Forward/ we showed that only few macrophages in colonic mucosa

side scatter characteristics isolated ir_1testinal mononu_clear cells before (@(press CD14, CD16. HLA-DR, CD11b or CD11c. CD44 was
and after (b) two subsequent separation procedures with MACSbeads. Th tected on almost all celldn vitro differentiated macrophages

large lymphocyte population has almost completely disappeared in b. (c . 1 VI ! : phag
Side scatteversusD33" cells after one isolation step. CD3%ells are ~ SNOW @ very different phenotype. However, the phenotype of

enriched to about 50% of the cells. (d) After the second separation steflVeolar macrophages is similar to that of colonic macrophages.
>90% of the intact cells are CD33(e) Isotype control showing no non- Normal alveolar macrophages show a low level of expression of
specific staining. CD14 and CD11b [23]. Only during inflammatory lung diseases is
the number of CD14 and CD116 macrophages increased [24—
28]. For the analysis of these antigens with low expression in
expression of CD80 (B7-1) was low on colonic macrophagesnormal alveolar macrophages, flow cytometry was found to be
(9-2* 4-2%) (Fig. 9a). The expression of CD86 (B7-2) was only useful, giving more reliable results than the alkaline immuno-
slightly higher (15-2+ 7-3%, range 6—20%) (Fig. 9b). phosphatase technique [25,26]. Ziegler-Heitbrock and coworkers
described a correlation between the expression of CD14 on
alveolar macrophages and the impairment of lung function in
pulmonary sarcoidosis [27].
In this study CD33 was evaluated as a positive marker for colonic In addition, similar results were obtained for liver
macrophages and was used for the isolation of pure macrophageacrophages. In an immunohistochemical characterization using
preparations from normal colon. In addition, a detailed analysis ointracellular CD68 as a recognition marker, most liver macro-
the phenotype of colonic macrophages in normal mucosa ighages were negative for CD14 [29,30]. In rats, CD14 and CD11b
presented. For the first time flow cytometric triple fluorescencewere not expressed in normal liver macrophages, whereas an
technique was applied. A panel of antibodies against typicaincrease in expression of both antigens was observed in cholestatic
macrophage surface antigens and molecules involved in antigeanimals [31].
presentation and costimulation of T cells was used. Because it Compared with intestinal macrophagésyitro differentiated
became obvious that optical properties (forward/side scatter chamacrophages show a different phenotype, with high expression of
acteristics) were not sufficient for the clear identification of the CD14, CD16, HLA-DR and CD11b. Ndn vitro incubation
macrophage population, we evaluated CD33 as a positive markeyonditions are known to lower the expression of CD14 to the

1023 b
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Fig. 6. Culture of isolated CD33 colonic macrophages. CD3%olonic macrophages isolated by magnetic beadsraniro differentiated macrophages

were cultured on Primaria six-well or 24-well plates. (a) Typical macrophage-like morphology of anti-CD33 isolated cells after 3days of culture. Cells
stained with isotype control and DAB-peroxidase. (b). Incubation with the anti-CD68 antibody. More than 90% of the cells show positive staining. The same
experiments were performed with 7 day cultuiadritro differentiated macrophages (c,d). (c) Similar morphology compared with colonic macrophages,
staining with isotype control antibody. (d) The CD68 antibody in parallel to the colonic macrophages st&@@%d of thein vitro differentiated
macrophages.

level observed in colonic macrophages. After culture of the
monocyte-like cell line U937 with LPS, CD14 expression was 10 000
even induced [32], as was seen with blood monocytes [19]. Under
conditions found in the intestine with high levels of LPS a high
expression of CD14 on macrophages would have been expected®
On the other hand, there may be only a low contact with LPS when
the mucosal barrier is intact. ;

The low expression of MHC class Il molecules on intestinal
macrophages in our study is surprising. To control these results wi
checked HLA-DR expression on monocytes and ianvitro o
differentiated macrophages subjected to the same incubation prog
tocol with collagenase, hyaluronidase and DNase. The HLA-DR -
expression on these cells was high, and correlated with data from
the literature. 100 |— \ 100 |- \

One reason for the low number of cells positive for HLA-DR LPMC CD33* LPMC CD33*
expression in our study might be that we regarded cells positive for . : .
the investigated antigens when the mean fluorescence was abolyld 7+ IL-18 and tumour necrosis factor-alpha (TN§-secretion of

. . . . Cultured CD33 cells. (a) IL-18 secretion of lamina propria mononuclear

107 arbitrary units to avoid interference with the autofluorescenc

; ] A Ceells (LPMC) and sorted CD33cells from five different isolations. CD33
of the cells. Therefore cells with low expression of HLA-DR might .q|is secrete 4.2—40-fold more IL-1 than the LPMC. (b) TalBecretion

have been regarded as negative for HLA-DR expression in OUgfter 24 h of culture in the medium of LPMC and the corresponding CD33-
study. The disruption of the tissue during the isolation of intestinalMACSbead-isolated colonic macrophages. Isolated CD83ls secreted
macrophages may lead to loss of dendrites and pseudopodia. THistween 4-5- and 44-fold more TNE-
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10 10 versusCD86 (FITC) fluorescence (d) ah vitro differentiated dendritic
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10°E Dod Dvd v F el right quadrants).
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Fig. 8. Phenotype of mononuclear cells isolated from normal colonic allergic encephalitis (EAE) [14]
mucosa. (a) Dot plot of CD33 (PE) fluoresceneersu€CD14 (FITC) |
fluorescence. CD33CD14 and CD33/CD14" cells are easily discrimi-

In Crohn’s disease an increase
of Thl-like cytokines has also been observed [35]. In contrast,
immune reactions against intracellular pathogens require a Thl

nated from the other cells. (b) Dot plot of CD33 (PE) fluorescence . . ) ;
versusCD16 (FITC) fluorescence. (c) Dot plot of CD33 (PE) fluorescence "€SPONse, while a Th2 response results in a progressive disease.
versusHLA-DR (FITC) fluorescence. (d) Dot plot of CD33 (PE) fluores- 1reatment of animals with EAE with an anti-B7-1 antibody
cence versus CD44 (FITC) fluorescence. (e) Dot plot of CD33 (PE) resulted in the generation of effector T cells with a Th2 phenotype,
fluorescenceversusCD11b (FITC) fluorescence. (f) Dot plot of CD33 treatment with an anti-B7-2 antibody resulted in a Thl response
(PE) fluorescenceersusCD11c (FITC) fluorescence. Ten thousand cells [14]. These findings show that the costimulatory molecules B7-1
were analysed each. There was only a low number of CDGD16", (CD80) and B7-2 (CD86) play an important role for the regulation
HLA-DR™, CD11b" and CD11¢ macrophages (CD33. of the type of immune response. A lack of these molecules could
lead to antigen desensitization and anergy [13], which could be of
importance in the normal intestinal mucosa. In the case of CD80
could lead to a loss of surface molecules that are not randomlyand CD86, alveolar macrophages resemble intestinal macrophages
distributed over the cell. However, there are no reports onas well. They do not costimulate T cells via the CD28 pathway and
clustering of MHC Il molecules on dendrites of macrophages. do not express CD80 or CD86 even after stimulation with HN-

An interesting finding is the low expression of the costimula- [36]. Since immune reactions within the lung are associated with
tory molecules B7-1 (CD80) and B7-2 (CD86) on colonic macro- inflammatory injury of pulmonary tissue, it has been suggested that
phages. Recent reports suggested that blocking of B7-1 oriB7-2 the reduced expression of B7-1 and B7-2 might be advantageous
vivo affects the type of immune response by altering the differ-[35]. A similar situation might exist in the intestinal mucosa. The
entiation of T-helper (Th) cells [13,14,33]. ThO cells can differ- lack of expression of costimulatory molecules could be an impor-
entiate into Thl cells, which regulate cell-mediated immunity andtant mechanism involved in the induction of peripheral tolerance to
secrete mainly IL-2, IFNy and TNFg, or into Th2 cells, which  abundant antigens to which the mucosa is continuously exposed.
regulate humoral immune responses and secrete IL-4, IL-5 and ILThus, intestinal macrophages are the second APC population
10 (for a review see [34]). In several models of autoimmunehitherto known lacking costimulatory molecules. This is important
diseases a Th2 immune response was associated with disedes understanding their role in the normal intestinal mucosa.
resistance, while induction of a Th1 response led to a progressive In conclusion, our study shows that intestinal macrophages
disease. This has been shown, for example, in experimentdfom normal mucosa exhibit a single phenotype (CD33
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CD44'+,CD14,CD16, CD11l3, CD11c, HLA-DR'OW, CD80, 15 Guerder S, Meyerhoff J, Flavell R. The role of the T cell costimulator
CD86"), which is different from that of blood monocytes oriof B7-1 in autoimmunity and the induction and maintenance of tolerance
vitro differentiated macrophages and dendritic cells, but resembles 0 peripheral antigen. Immunity 1994;155-66.

that of alveolar macrophages. It is intriguing to study which factorsté Kuchroo VK, Das MP, Brown J&t al. B7-1 and B7-2 costimulatory
induce the typical differentiation of intestinal macrophages. Our molecules activate differentially the Th1/Th2 developmental pathways:

. . . application to autoimmune disease therapy. Cell 1885/07-18.
data support the concept that intestinal macrophages might hav% Bull DM, Bookman MA. Isolation and functional characterization of

different _roles in_the mgcosal_ Immune system from ant!gen human intestinal mucosal lymphoid cells. J Clin Invest 15¥966—

presentation and T cell stimulation. Further studies on functional 74,

characteristics of these cells have to address this question. The neM¥ Andreesen R, Brugger W, Scheibenbogen C, Kreutz M, Leser HG,

opportunity to isolate these cells via CD33 may be important for Rehm A, Lthr G. Surface phenotype analysis of human monocyte to

these investigations. macrophage maturation. J Leuk Biol 1997-490.

19 Brugger W, Reinhardt D, Galanos C, Andreesen R. Inhibitian witro
differentiation of human monocytes to macrophages by lipopolysac-
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