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Introduction

Summary

Swine monocytes constitute a heterogeneous population of cells which can
be divided into four subsets based on the expression of SWC3, CD14,
CD163 and swine leucocyte antigen (SLA) DR markers. These subsets
appear to represent different maturation stages in a pathway along which
these cells up-regulate the expression of SLA DR and CD163 antigens and
reduce that of CD14. Differences in the expression of adhesion and
costimulatory molecules are also patent, with a progressive increase in the
expression of CD11a, wCD11R1, CD29, CD49d, CD61, CD1a and CD80/86,
and a concomitant decrease in that of wCD11R2. Besides, these subsets
differ in their capacity for tumour necrosis factor-o. (TNF-a) production
in response to lipopolysaccharide + interferon-y. The CD163" CD14~
SLA DR" subset produces higher amounts of TNF-o. than the CD163~
CD14" SLA DR™ subset, whereas CD163" CD14" SLA DR" and CD163~
CD14" SLA DR" subsets show intermediate values. CD163* monocytes also
display a higher ability to present soluble antigens to T cells than CD163™
monocytes.

Keywords: CD163, maturation, monocyte subsets, pig, tumour necrosis
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several monocyte subpopulations differing in phenotype
and functional capabilities have been reported. Ziegler-

Monocytes play important roles in both innate and adap-
tive immune responses, killing microbial pathogens and
tumour cells, and exerting immunoregulatory functions
through cytokine production and processing and presen-
tation of antigens to lymphocytes. These cells arise from
haemopoietic precursors in the bone marrow, and after
2-3 days in the blood migrate into different tissues, where
they undergo further differentiation to become tissue-resi-
dent macrophages.'" Under specific culture conditions
in vitro, monocytes can differentiate into macrophages in
the presence of serum or macrophage colony-stimulating
factor,> or into dendritic cells when cultured with gra-
nulocyte-macrophage colony-stimulating factor and inter-
leukin-4 (IL-4).*¢

Although the heterogeneity of monocytes is not as
obvious as that displayed by macrophages, in the human

Heitbrock et al. identified a minor population of CD14"*
CD16" monocytes that represents around 10% of the
total monocyte population and exhibits proinflammatory
features, producing high amounts of tumour necrosis fac-
tor-o¢ (TNF-o) but no or little IL-10, while the major
population of CD14" CD16~ monocytes produces both
types of cytokines.”” Moreover, within the CD14" CD16"
monocytes, the M-DC8" marker identifies a subset with
capacity to differentiate in vitro into potent dendritic
cells.'® Two monocyte subsets have been characterized
by Grage-Griebenow ef al. based on the expression of
CD64."" Monocytes lacking CD64, comprise less than
10% of the whole monocyte population and display
higher capacity for antigen presentation than the predom-
inant CD64" monocytes which show higher phagocytic
activity and produce more reactive oxygen intermediates.

Abbreviations: FITC, fluorescein isothiocyanate; FSC, forward-scatter; mAb, monoclonal antibody; MFI, mean fluorescence
intensity; PBMC, peripheral blood mononuclear cells; PE, phycoerythrin; SEM, standard error of mean; SLA, swine leucocyte

antigen; SSC, side-scatter.

© 2005 Blackwell Publishing Ltd, /mmunology, 114, 63-71

63



S. Chamorro et al.

Simultaneous analysis of CD16 and CD64 allows a further
division into four phenotypically and functionally differ-
ent subsets. Out of them, CD64" CD16" monocytes exhi-
bit dendritic-cell-like high antigen-presenting capacity,
while CD64™ CD16  monocytes resemble the plasmacy-
toid dendritic cell blood precursors with high interferon-o
(IFN-0) producing capacity.'*™**

Two major monocyte subsets have also been identi-
fied in the mouse, which differ in the expression of chem-
okine receptors and share phenotype and homing features
with human CD14" CD16~ and CD14" CD16" subsets."

We have previously characterized two subpopulations
of porcine monocytes based on the expression of the
marker CD163,'® identified as the scavenger receptor
of haemoglobin-haptoglobin complexes.'” CD163~ and
CD163" monocytes differ in the expression of several sur-
face markers, the pattern of cytokine production, the
accessory cell capacity and the permissiveness to African
swine fever virus infection.'®'®'” These subsets show fur-
ther heterogeneity according to the nonuniform expres-
sion of swine leucocyte antigen (SLA) II and CDI14
antigens. The aim of the present study was to analyse this
heterogeneity by using four-colour flow cytometry with a
large panel of monoclonal antibodies (mAbs) to leukocyte
differentiation antigens, and to test the ability of the

Table 1. Monoclonal antibodies used in this study

different subsets to produce TNF-oo and present soluble
antigens to T cells.

Materials and methods

Animals and cells

Blood samples were obtained from 6- to 24-month-old
Large-White outbred pigs. For lysozyme immunization,
two 4-month-old pigs underwent intramuscular immun-
ization three times at 3-week intervals with 1 mg lyso-
zyme from hen egg white (Boehringer Mannheim,
Mannheim, Germany) emulsified in complete Freund’s
adjuvant the first time and in incomplete adjuvant for the
following immunizations. Peripheral blood mononuclear
cells (PBMC) were isolated on Percoll discontinuous gra-
dients after blood sedimentation in dextran as previously
described.”® Cells were resuspended in RPMI-1640 med-
ium containing 10% fetal calf serum, 2 mm L-glutamine,
5% 107> M 2-mercaptoethanol and 30 pg/ml gentamicin
(complete medium).

Antibodies and reagents

The mAbs used in this study are shown in Table 1.

Clone Specificity Isotype Label Source Reference
76-7-4* CDla IgG2a S Dr J. Lunney, ARS, USDA 34, 35
BB23-8E6* CD3 IgG2b N Dr M. Pescovitz, Indiana University 36
74-12-4% CD4 IgG2b S Dr M. Pescovitz, Indiana University 37
76-2-11* CD8a IgG2a S Dr J. Lunney, ARS, USDA 38
BL1HS8* CDlla IgG2b S INIA 39
MIL-4* wCD11R1 IgG1 S Dr K. Haverson, University of Bristol 40, 41
S-Hcl3} wCD11R2 IgG2b PE Pharmingen BD 41
BL3F1* wCDI11R3 IgG1 S INIA 41
Tiik4t CD14 IgG2a P, FITC Dako, Caltag 42
G7* CD16 IgG1 P Dr Y. B. Kim, Finch University 43
BA3H2* CD18 IgG1 S INIA 39
UCP1D2* CD29 IgG1 S Dr F. Zuckermann, University of Illinois 44, 45
2A5* CD45 IgG1 S INIA 46
3C3/9* CD45RA IgG1 S INIA 46
HP2/17 CD49d IgG1 S Dr F. Sanchez-Madrid, Hosp. La Princesa 47
JM2E5* CDé61 IgG1 S Dr D. Llanes, Cordoba University 48
2A10/11* CD163 IgG1 S, B INIA 16
76-6-7* SWC1 IgM S Dr J. Lunney, ARS, USDA 22
BL1H7* SWC3 IgG1 S, Augs INIA 28
PM18-7* SWC9 IgG1 P Dr Y. B. Kim, Finch University 23
1F12* SLA DR IgG2b S, Ae33 INIA 49
Mabl11f TNF-o IgG1 PE Pharmingen BD

*Antibodies to swine leucocyte antigens.

tAntibodies to human leucocyte antigens cross-reacting with swine antigens.

tAntibodies to human cytokines cross-reacting with swine cytokines.

S, hybridoma supernatant; P, purified mAb; B, biotinylated mAb; Asgs, Alexa 488-labelled mAb; Ags;, Alexa 633-labelled mAb; PE, phycoeryth-

rin-labelled mAb; FITC, fluorescein isothiocyanate-labelled mAb.
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Human CD152 (CTLA-4) murine immunoglobulin
fusion protein (immunoglobulin G2a; IgG2a), that binds
swine CD80/86, was purchased from Ancell (Byport,
MN). The mAbs to CD163, SWC3 and SLA DR, as well
as the corresponding isotype-matched control antibodies,
were purified by affinity chromatography on protein A—
Sepharose CL4B and labelled with biotin, Alexa 488 or
Alexa 633 (Molecular Probes, Eugene, OR), respectively.
Fluorescein isothiocyanate (FITC) -labelled IgG2a isotype
control and PE-labelled IgGl isotype control were pur-
chased from Caltag (Burlingame, CA) and Pharmingen
BD (San Diego, CA), respectively.

Flow cytometry analysis

Phenotypic analyses were performed as previously des-
cribed.'® PBMC (5 x 10°) were incubated with 75 ul of
hybridoma supernatant for 30 min at 4° After two
washes in phosphate-buffered saline (PBS) containing
0-1% bovine serum albumin and 0-01% sodium azide
(fluorescence buffer), cells were incubated for 30 min at
4° with phycoerythrin (PE) -conjugated rabbit (Fab’),
anti-mouse immunoglobulin (Dako, Glostrop, Denmark).
Cells were washed and free binding sites were blocked
with 5% normal mouse serum for 15 min. Then, mAbs
labelled with Alexa 488, Alexa 633 and/or biotin were
added and incubated for 30 min. After two washes in
fluorescence buffer, the biotinylated antibodies were
detected using either streptavidin—Cy-Chrome or strepta-
vidin—PercP (Pharmingen BD). Cells were washed twice
in fluorescence buffer and fixed in 0-1% formaldehyde
prior to analysis on a FACScalibur cytometer (Becton
Dickinson, San Diego, CA). At least 60 000 cells were
acquired. Irrelevant isotype-matched mAbs, unlabelled
and labelled with the different fluorochromes, were used
as negative controls. Propidium iodide was used to
exclude dead cells.

Sorting of CD163™ and CD163" monocyte
subpopulations

Blood monocytes were magnetically isolated by using
the VarioMACS cell sorting technique (Miltenyi Biotec,
Bergisch-Gladbach, Germany). Briefly, 4 x 10° PBMC
were incubated with anti-CD163 hybridoma supernatant
for 30 min on ice, washed with PBS containing 5% fetal
calf serum and 2 mm ethylenediaminetetraacetic acid
[magnetic cell separation system (MACS) buffer] and
incubated with 0-2 ml of goat anti-mouse IgG magnetic
microbeads for 15 min on ice. After washing with MACS
buffer, the cell suspension was passed through a MACS
separation column (LS positive selection column) and
magnetically labelled cells (CD163" fraction) were collec-
ted. The effluent negative fraction was then incubated
with anti-SWC3 mAb and magnetic microbeads as

© 2005 Blackwell Publishing Ltd, /mmunology, 114, 63-71
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described above. Cells were passed through a MACS LS
positive selection column and magnetically labelled cells
(CD163~ SWC3* fraction) were collected. Fractions were
analysed by flow cytometry and they showed a purity
> 90%.

Enrichment of CD163~ SLA DR~ monocyte
subpopulation

PBMC were first depleted of lymphocytes using a cocktail
of mAbs to CD3 (T cells), CD8a (T subpopulation and
natural killer cells) and CD45RA (B cells and T-cell sub-
set) using the VarioMACS cell-sorting technique des-
cribed above. The monocyte-enriched fraction was then
incubated with a mixture of mAbs to CD163 and SLA DR
and passed through a new MACS separation column to
deplete monocytes expressing these markers. The effluent
negative fraction was analysed by flow cytometry and
contained only CD14" CD163~ SLA DR™ monocytes.

Detection of intracellular TNF-o. by flow cytometric
analysis

Sorted CD163~ and CD163" monocytes were stimulated
for 4 hr with lipopolysaccharide (LPS; 1 pg/ml) plus IFN-y
(50 U/ml) in the presence of monensin (2 pg/ml). Cells
were then incubated for 15 min at 4° with 5% normal
mouse serum to block any residual binding sites of the
secondary antibodies used in the sorting process, prior to
the staining of the cell surface with Alexa 633-conjugated
anti-SLA DR and FITC-labelled anti-CD14. Afterwards,
cells were permeabilized with the BD FACS Permeabiliz-
ing Solution 2 (Becton Dickinson) following the manu-
facturer’s instructions. Cells were then washed in
fluorescence buffer and incubated for 30 min with PE-
labelled anti-TNF-o mAb (Pharmingen BD). After three
washes, 100 000 cells were analysed on a FACScalibur
cytometer (Becton Dickinson). Irrelevant isotype-matched
mADbs labelled with the different fluorochromes were used
as negative controls.

T-cell stimulation assays

To test antigen-specific T-cell proliferation, CD4" T
lymphocytes from pigs immunized with lysozyme were
separated by positive selection magnetic cell sorting using
the MACS system. Then, 1-5 x 10> of these sorted CD4"
T cells were cocultured in four replicates with graded
numbers of irradiated autologous antigen-presenting cells
(CD163~ and CD163" monocytes), pulsed with 20 pg of
lysozyme, in 96-well flat-bottom plates for 5 days. T-cell
proliferation was determined by uptake of [*H]thymidine
which was added at a concentration of 1 puCi/well dur-
ing the last 18 hr of culture and measured using a beta-
scintillation counter.
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Statistical analysis

Data means from the flow cytometric analyses were com-
pared using the non-parametric Mann—-Whitney U-test.
Differences were considered significant when P < 0-05.

Results

Phenotypic characterization of monocyte subsets

In a previous study we described how CD163” and
CD163" monocytes are heterogeneous in the expression
of SLA II and CD14 antigens, respectively.'® To investi-
gate this heterogeneity further we performed four-colour
flow cytometry analyses on PBMC using mAbs to SWC3,
CD163, CD14 and SLA DR antigens. Monocytes were
identified according to their light scatter properties and
the expression of the pan-myelomonocytic marker
SWC3*' (Fig. la). Analysis of the expression of CD14
antigen versus that of SLA DR in the SWC3 gated cells
distinguished three monocyte populations: CD14"
SLA DR7, CD14" SLA DR" and CD14~ SLA DR" (Fig. 1b).
When monocytes were divided into CD163” and
CD163" cells, all CD14" SLA DR™ cells and a minor
fraction of CD14" SLA DR" cells fell into the CD163~
subset, whereas all CD14~ SLA DR" cells were found to
express CD163. Moreover, within the CD14" SLA DR*
population, the CD163" cells expressed higher levels of
SLA DR and lower levels of CD14 than the CD163™ cells

(Fig. 1c). Therefore, this four-colour flow cytometry
of four

allows the definition monocyte  subsets:

SWC3

(c)

SWC3" CD163~ CD14* SLA DR~ (I), SWC3* CD163~
CD14" SLA DR" (II), SWC3* CD163" CD14" SLA DR*
(III) and SWC3* CD163" CD14~ SLA DR* (IV).

We next compared the expression of various cell-
surface antigens on these monocyte subsets using a
CD14/CD163/SLA DR combination (Fig. 2). The CD163~
CD14" SLA DR~ cells (subset 1) were shown to express
significantly lower levels of adhesion molecules (CD11a,
wCD11R1, CD29, CD49d, CD61), costimulatory mole-
cules (CD80/CD86), and CDla antigen than CD163"
CD14™ SLA DR" cells (subset IV). The CD163~ CD14"
SLA DR" (subset II) and CD163" CD14" SLA DR* cells
(subset III) expressed intermediate levels of these mole-
cules. Conversely, the expression of wCD11R2 tended to
decrease from subset I to subset IV, although differences
were not statistically significant.

From these phenotypic analyses, a likely maturation
pathway of monocytes can be envisaged along which cells
increase the expression of SLA DR, CD163 and of some
adhesion and costimulatory molecules, while decreasing
the expression of CDI14, with CD163~ CD14" SLA DR™
cells (subset I) representing the most immature popula-
tion and CDI163" CD14 SLA DR* cells (subset IV),
representing the most mature.

In vitro serum-induced maturation of subset I

Monocyte maturation into macrophages can be induced
in vitro by serum factors. Since CD163~ CD14" SLA DR™
cells appeared to represent the most immature popula-
tion we investigated whether this population can acquire

(b)

15| 26

CD14
CD14

SLADR

SLA DR

Figure 1. Four-colour immunofluorescence of PBMC with mAbs to SWC3, CD163, CD14 and SLA DR identifies four monocyte subsets in
swine. (a) Monocytes were gated (R1) from PBMC as SWC3" cells. (b) Dot plot of CD14/SLA DR expression in SWC3™ cells of gate R1 defined
in (a). (c) CD163 expression in R1-gated cells, and CD14/SLA DR expression in SWC3" CD163~ and SWC3" CD163" cells, respectively. Data are

representative of seven independent experiments.
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Figure 2. Phenotypic differences among
monocyte subsets assessed by multicolour
flow cytometry. (a) Monocyte subsets were
gated according to the expression of CD14
and CD163: (I/II) CDI163~ CD14" cells
(III) CD163" CD14" cells and (IV)
CD163" CD14 cells. Percentages of cells in
each quadrant are indicated. Subsets I and
11 were further defined on CD163~ CD14"
cells based on SLA DR expression: (I)
CD163~ CD14" SLA DR~ cells and (II)
CD163~ CD14" SLA DR" cells. (b) Filled
histograms represent the expression of the
indicated cell-surface markers on the gated
subsets. Open histograms correspond to
the staining with isotype control mAbs.
Percentage of positive cells and mean fluor-
escence intensity (MFI) are shown. Data
are from one representative experiment out
of three independently performed.

CD1a

CD80/86

CD11a

wCD11R1

wCD11R2

CD11R3

CD29

CD49

CDé1

Porcine blood monocyte subsets

(a) v 57| 17
: 3|23 / I
]
- n
[a]
[$)
i - 14%
CD14 SLADR
Subset | Subset Il Subset IlI Subset IV
CD163°CD14* DR~ CD163°CD14* DR* CD163*CD14* DR* CD163*CD14™ DR*
9% 13 % 20 % 62 %
MIF=43 MIF=205 MIF=133 MIF=110
M1 M1 M1 M1
6% 10 % 20 % 85 %
MIF=35 MIF=37 MIF=133 MIF=20
M1 M1 M1,
100 % 100 % 100 % 100 %
MIF=2005 MIF=2292 MIF=256 MIF=2610
1
5% 12°%, 19 % 39 %
MIF=72 MIF=228 MIF=288 MIF=170
M1 M M1
92% 80 % 81%
MIF=109 MIF=100 MIF=40
M1 M1 M1
99 % 100 % 100 %
MIF=315 MIF=38: IF=3
M1 M1 M1
o
100 % 100 % 100 % N:|g91/;2
IF=139! IF=147 MIF=1821 B
g, 1 1 1
- 3 i ]
100 ¢ 100 ¢ 100 %
IF= IF= MIF=88:
M1 M1 . M1
100 %
MIF=18 MIF=3950

s

the phenotypic features of the other monocyte subsets
after culture in medium supplemented with porcine

serum.

CD163~ CD14" SLA DR™ monocytes were obtained
from PBMC after two negative sorting steps; the first one
with a mixture of mAbs to CD3, CD8a and CD45RA to
eliminate lymphocytes, and the second one with mAbs to
CD163 and SLA DR to deplete monocytes expressing
these markers. Cells were then cultured in 20% (v/v) por-

© 2005 Blackwell Publishing Ltd, /mmunology, 114, 63-71

cine serum and collected at different times (0, 1, 2 and
3 days) to analyse their phenotype by four-colour flow
cytometry (Fig. 3). After 1 day of culture, around 40% of
cells became SLA DR positive but only a minor propor-
tion expressed CD163, a phenotype which resembles sub-
set II (CD163” CDI14" SLA DR"). At days 2 and 3,
CD163 was up-regulated while SLA DR expression was
slightly increased. Therefore, after 3 days in culture a sub-
stantial proportion of cells displayed a phenotype similar
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Figure 3. In vitro serum-induced maturation of subset I. CD163~ CD14" SLA DR™ monocytes were sorted and cultured for 3 days in complete

medium supplemented with 20% porcine serum. At different times cells were harvested and analysed by multicolour flow cytometry with mAbs
to CD163, CD14, SLA DR and other surface markers. Dot-plot of SLA DR/CD163 and SWC1/CD14 expression are shown in (a) and (b), respect-

ively. Data are from one representative experiment out of five performed.

to that of subset III (CD163" CD14* SLA DR"). How-
ever, no changes were observed in CD14 expression dur-
ing these days in culture, although the expression of
SWCL1 antigen, a marker that has been reported to be
down-regulated upon maturation of monocytes in cul-

ture,?>* was reduced.

TNF-a production by monocyte subsets

In humans, monocyte subsets have been shown to differ
in their ability to produce TNF-o.>* Therefore, we investi-
gated whether porcine monocyte subsets also showed dif-
ferences in the production of TNF-a, as assessed by flow
cytometry. Upon stimulation with LPS (1 pg/ml) and
IFN-vy (50 U/ml) around 70-80% of the whole population
of monocytes expressed TNF-o, compared to less than
5% of unstimulated monocytes (data not shown). How-
ever, as described in human monocytes®*® LPS + IFN-y
treatment led to the down-modulation of the CD163
molecule preventing an accurate analysis of the four
monocyte subsets. To solve this drawback, monocytes
were magnetically sorted into CD163” and CD163" cells,
stimulated for 4 hr in the presence of monensin and
thereafter stained for SLA DR, CD14 and TNF-o. As
shown in Fig. 4, subset IV (CD163" CD14~ SLA DR")
contained the highest percentage of TNF-o-producing
cells, followed by subset III (CD163*" CD14" SLA DR)
and to a lesser extent by subset II (CD163~ CD14*
SLA DR") and subset 1.
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Capacity of CD163~ and CD163™ monocytes
to activate T cells against recall antigens

Because of the different phenotype exhibited by CD163~
and CD163" monocytes, particularly regarding SLA II
expression, we had previously compared the accessory
capacity of these subsets. These analyses showed a higher
capacity of CD163" monocytes to stimulate T cells in an
allogeneic mixed leucocyte reaction.'® To examine whe-
ther these cells also differ in their capacity to present a
soluble antigen to T cells, different numbers of freshly
sorted CD163~ and CD163" monocytes were pulsed with
lysozyme and cultured with autologous CD4" T cells from
donors immunized with this antigen. As shown in Fig. 5,
freshly isolated CD163" monocytes were more efficient
than CD163™ monocytes, generating above two-fold levels
of T-cell proliferation using the same amount of cells.

Discussion

The existence of phenotypically and functionally different
monocyte populations in humans and rodents has been
clearly established.>'*?” We had previously characterized
in pig two monocyte subsets defined on the basis of the
expression of the CD163 marker.'®'® The profile of
expression of SLA II and CD14 antigens on CD163™ and
CD163" monocytes is indicative of the existence of more
heterogeneity within them. To further investigate this
heterogeneity, in the present study we have carried out

© 2005 Blackwell Publishing Ltd, Immunology, 114, 63-71
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CD163~ and CD163* sorted monocytes

Subset | Subset Il Subset III Subset IV
CD163"CD14*SLA DR~ CD163"CD14* SLA DR* CD163*CD14* SLA DR* CD163*CD14~ SLA DR*
56 % 61 % 66 % 80 %
MIF 26 MIF 72 MIF 74 MIF 92
M1 M1 M1 M1
TNF-o expression -

Figure 4. TNF-a production by different monocyte subsets. SWC3" CD163~ and SWC3" CD163" cells were magnetically sorted from PBMC,
and stimulated for 4 hr with LPS (1 ug/ml) plus IFN-y (50 U/ml) in the presence of monensin (2 pg/ml). Cells were first incubated with Alexa
633-labelled anti-SLA DR and FITC-labelled anti-CD14 mAbs, and then fixed/permeabilized and incubated with PE-labelled anti-TNF-o. mAb.
The percentage of TNF-o-positive cells in each monocyte subset is shown. Data are representative of two experiments performed.
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Figure 5. CD163” and CD163" monocytes differ in their T-cell
stimulatory capacity. Graded numbers of irradiated CD163™ mono-
cytes (O) or CD163" monocytes (@) were stimulated with 20 pg of
recall antigen lysozyme and cultured with 1-5 x 10° sorted autolo-
gous CD4" T cells. Proliferation was determined by [*H]thymidine
uptake. Data represent the mean + SEM of counts per minute
(c.p.m.) of four replicates. Cultures of CD4" T cells with CD163~
and CD163" monocytes without antigen were carried out as controls
obtaining 130 + 27 and 224 * 76 c.p.m., respectively. Results shown
are representative of three independent experiments.

four-colour immunofluorescence assays using mAbs to
SWC3, CD163, CD14 and SLA DR antigens. These analy-
ses allow the subdivision of porcine PBMCs into four
subsets: (I) SWC3* CD163~ CD14* SLA DR, (II) SWC3*
CD163~ CD14" SLA DR, (III) SWC3" CD163" CD14"
SLA DR*, and (IV) SWC3" CD163" CD14~ SLA DR".
When the expression of other markers was analysed in
these subsets, a gradual and significant increase in the
expression of CDlla, wCDI1IR1 (integrin f3,), CD29,
CD49d (integrins f;), CD61 (integrin B;), CD80/86 and
CDla, together with a reduction in that of wCDIIR2,
was observed from subset I to IV.

These subsets might therefore correspond to different
stages of monocyte development, delineating a hypothet-
ical maturation pathway along which cells increase the
expression of SLA DR antigen, CD163, costimulatory
molecules and many adhesion molecules, while reducing

© 2005 Blackwell Publishing Ltd, /mmunology, 114, 63-71

that of CD14 and wCD11R2. Several findings support this
hypothesis. First, sorted CD163~ CD14" SLA DR™ mono-
cytes, corresponding to subset I, cultured in media
supplemented with porcine serum to induce their matur-
ation, develop into cells phenotypically similar to those
belonging to subsets II and III. Second, cells in subset IV
display the highest levels of CD163, SLA DR and inte-
grins, and have a phenotype similar to alveolar macroph-
ages. Moreover, CD163" monocytes share phenotypic and
functional features with human CD14" CD16" mono-
cytes, that have been considered as mature monocytes.”
Indeed, CDI14" CD16" monocytes express the highest
levels of CD163 among all human monocyte subsets.*®

While SLA DR expression appears to precede that of
CD163 during in vitro maturation, no loss in CD14
expression was observed during this process. This failure
to observe a down-regulation in CD14 expression may
be explained by a lack of specific soluble factors in the
swine serum or a need for additional requirements, such
as interactions with other cell types (i.e. endothelial
cells).

These different subsets might also have different
immuno-regulatory tasks. In this regard, although the
majority of LPS + IFN-y-stimulated monocytes produced
TNF-o, as assessed by intracellular staining, differences
among these subsets were noticed, detecting a clear
increase in TNF-o production from subset I to subset IV.
Even though CD163 cells were sorted using a mAb to
SWC3, recently identified as one of the signal regulatory
proteins (SIRP) that act as negative regulators of sig-
nals,”®*’ the antibody labelling did not appear to be
responsible for the lower TNF-o levels in CD163™ mono-
cytes in comparison to CD163" monocytes, because no
significant differences in TNF-o production were observed
in CD163" cells that had been stained or unstained with
anti-SWC3 (data not shown).

LFA-1 (CD11a/CD18) and VLA-4 (CD29/CD49d) inte-
grins take part actively in the monocyte adhesion to
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endothelial cells and further migration to tissues during
inflammation.** The higher expression of adhesion
molecules displayed by cells of subset IV, and particularly
of CD29/CD49d and CD11a, may also endow them with
a better ability to migrate to tissues or to be recruited at
sites of inflammation.

Altogether, the higher TNF-o production and the
higher levels of adhesion molecules displayed by CD163"*
monocytes are consistent with a pro-inflammatory func-
tion of these cells, as was suggested in a previous report
where only transcripts of IL-loo and TNF-o cytokines
were detected after LPS stimulation in this subset,
whereas CD163™ monocytes also produced anti-inflamma-
tory IL-10."® These results also reinforce the similarity of
porcine CD163" monocytes with human CD14" CD16"
monocytes, considered proinflammatory cells and the
major source of TNF-o. in blood.?*??

CD163~ and CD163" monocytes also differ in their
antigen-presenting capacity, the latter being more efficient
at presenting lysozyme to primed T CD4" lymphocytes,
as was previously reported with allo-antigens.'® Although
we cannot rule out differences in antigen capture and
presentation abilities between CDI163~ and CD163"
monocytes, the higher levels of SLA DR antigens
and CD80/86 costimulatory molecules found in CD163"*
cells may account for their higher antigen-presenting cell
function.

In summary, our results show the existence of a
marked heterogeneity among porcine monocytes. A better
understanding of this heterogeneity and the mechanisms
involved in its generation will provide new insights into
the pathogenesis of infections caused by viruses with tro-
pism for cells of the monocyte lineage such as African
swine fever virus.
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