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Abstract

AIM: To examine the factor(s) involved in differentiation
of intestinal macrophages (IMACs) using a recently
established /n vitro model.

METHODS: To test whether soluble or membrane bound
factors induce IMAC-differentiation, freshly elutriated
monocytes (MO) were incubated with conditioned media
or cell membranes of intestinal epithelial cells (IEC) or
cultured with IEC in transwell systems. To determine
the importance of an active migration of MO, three-
dimensional aggregates from a 1:1-mixture of MO
and IEC were examined by immunohistochemistry
and flow cytometry. Apoptosis was examined by
caspase-3 Western blots. Extracellular matrix
production in differentiation models was compared by
immunohistochemistry.

RESULTS: IMAC differentiation was observed in a
complex three-dimensional co-culture model (multicellular
spheroid, MCS) with IEC after migration of MO into the
spheroids. By co-culture of MO with conditioned media
or membrane preparations of IEC no IMAC differentiation
was induced. Co-culture of MO with IEC in transwell-
cultures, with the two cell populations separated
by a membrane also did not result in intestinal-like
differentiation of MO. In contrast to IEC-spheroids with
immigrating MO in mixed MCS of IEC and MO only a
small subpopulation of MO was able to survive the seven
day culture period.

CONCLUSION: Intestinal-like differentiation of MO /n

vitro is only induced in the complex three-dimensional
MCS model after immigration of MO indicating a role
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of cell-matrix and/or cell-cell interactions during the
differentiation of IMACs.
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INTRODUCTION

Macrophages represent a component of the innate
immune system which is of central importance. One of
the largest populations of macrophages in the body is
intestinal macrophages (IMACs)". They are localized
directly underneath the epithelial barrier at the sites of
antigen entry, in particular in the sub-epithelial region
of the small and large intestine and in the subepithelial
domes of Peyer’s patches[w. IMACs constitute 10%-20%
of mononuclear cells in the human lamina propria™™,
They undergo a specific process of differentiation. This
specific differentiation is believed to be essential for the
specific functions of IMACs in the mucosal innate but also
adaptive immune system. As IMACs are central players
of both systems, a better understanding of the factors
determining their differentiation may allow the definition
of new targets for therapeutic interventions during acute
and chronic mucosal inflammation. The importance of
IMACs is supported by the finding that NOD2/CARD15,
the first gene identified to increase susceptibility to Crohn’s
disease, is mainly expressed in macrophages in the colonic
mucosa”'".

The phenotype of IMACs is remarkable: Less than
10% of the macrophages (MACs) isolated from normal
colonic mucosa express the typical MO/MAC-specific
surface markers CD14, CD16, CD11b, CD11c!"™".
Furthermore, the expression of co-stimulatory molecules

B7-1 (CD80) and B7-2 (CD86) on IMACs is low“". In
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addition, the expression of pattern recognition receptor
(PRR) toll like receptor (TLR) 2 and TLR 4 is also down-
regulated in IMACs on transcriptional and translational
levels'". The prototypic MO/MAC functions such as
generation of superoxide radicals (oxidative burst reaction)
are absent in normal mucosal IMACs due to a lack of
NADPH-oxidase subunit expression' ", indicating that
normal IMACs constitute a non-reactive cell population,
which might be important for the induction of tolerance in
the intestinal mucosa. A disturbance of the differentiation
process followed by a reactive cell type retaining PRRs
and activation functions could be followed by chronic
inflammation.

Recently we used a three-dimensional co-culture model
(multicellular spheroid model, MCS-model) of intestinal
epithelial cells IEC) and monocytes (MO) to induce the
in vitro differentiation of intestinal-like macrophages'”. We
demonstrated that IEC cleatly play an important role in the
differentiation of IMACs. Freshly elutriated MO, which
adhered and infiltrated IEC-MCS, changed their phenotype
during a seven-day co-culture period"". Typical MO/MAC
specific surface antigens such as CD14, CD16, CD11b and
CD11c, which were detectable on invading cells after 24 h,
were down-regulated after seven days. This differentiation
was of functional relevance as seen by the loss of LPS-
induced IL-1PB transctiption in IEC-MCS/MO co-cultures
compared to control experiments''”. As the gut specific
differentiation of IMACs is of great functional importance
and the MCS-model resembled the differentiation process
in vitro, we addressed the question of which factor(s)
induce the specific IMAC-differentiation.

Little is known about the direct interaction between
IEC and MO/MAC. In normal intestinal mucosa
tissue IMAC are separated from IEC by the basement
membrane™¥. Doe and co-workers'"” have localized IMACs
beneath the luminal epithelium!™, Tt has been shown that
IMAC:s or dendritic cells can transmigrate and return again
across the basement membrane™ and that the basement
membrane is as easily permeable for large molecules as
complement factors”. Martin and co-workers™ found
that murine MO/MAC and IEC are coupled by gap
junctions and that gap junctional communication may
provide a tool by which inflammatory cells regulate IEC
function and vice versa.

In the present study, we aimed to study whether the
induction of intestinal like differentiation of MAC is
induced by soluble or secreted proteins, whether direct
cell-cell interactions are necessary, whether cell-matrix
interactions play a major role and whether all MO or just
a subpopulation of MO is capable of differentiating into
IMACs.

MATERIALS AND METHODS

Monocyte isolation and cell culture

Primary blood MO were obtained by leukapheresis of
healthy donors, followed by density gradient centrifugation
over Ficoll/Hypaque as described previously'®. Two
intestinal epithelial cell lines (HT-29 and WiDr) and
a control cell line of non-intestinal origin (urothelial

carcinoma, J82) were used. All cell lines were cultured
under standard tissue-culture conditions*". The isolation
of monocytes was approved by the local institutional
review board.

Conditioned medium

Confluent monolayers of IEC lines or the control cell
line were incubated with cell culture medium with or
without fetal calf serum (FCS). After 48 h the medium
was removed, centrifuged and stored at -20°C. Freshly
elutriated MO were incubated in conditioned medium for
up to seven days.

Immunohistochemistry

Immunohistochemical staining was carried out according
to the standard alkaline phosphatase anti-alkaline
phosphatase (APAAP) or diaminobenzidine (DAB)
technique™. The following monoclonal antibodies against
MO/MAC-antigens were used: anti-CD68 (clone: KP1,
Dako, Hamburg, Germany), anti-CD11b (clone: BEARI,
Immunotech, Hamburg, Germany), anti-CD11c (clone:
BU15, Immunotech, Hamburg, Germany), anti-CD14
(clone: RMO52, Immunotech, Hamburg, Germany)
and anti-CD16 (clone: 3G8, Immunotech, Hamburg,
Germany). For detection of extracellular matrix antibodies
against fibronectin (clone: 568, Progen, Heidelberg,
Germany), laminin (clone: 4C7, Dako, Hamburg,
Germany) and collagen IV (clone: CIV 22.(1), Dako,
Hamburg, Germany) were used.

Cell ELISA

Fixed MO were washed with NKH buffer (0.14 mol/L
NaCl, 5 mmol/L KCI and 2 mmol/L HEPES, all Merck,
Darmstadt, Germany) and unspecific binding was
blocked with 10% FCS in NAG buffer (0.1% NaNs,
2 mmol/L. HEPES, 0.2% gelatine, all Merck, Darmstadt,
Germany and 0.2% BSA, Sigma-Aldrich, Deisenhofen,
Germany). Antibodies against CD68, CD14, CD16
and Pz-microglobuline (anti-B2M, Dianova, Hamburg,
Germany) as a positive control were applied. After rinsing,
rabbit anti-mouse IgG (Dako, Hamburg, Germany) was
added and incubated with peroxidase-conjugated goat-
anti-rabbit antibody (Immunotech, Hamburg, Germany).
Subsequent incubation with 1.2-phenylendiamine-
dihydrochloride substrate (OPD, Fluka, Deisenhofen,
Germany) for exact 12 min resulted in a yellow color.
The reaction was stopped with 1 mol/L H2SOs (Merck,
Darmstadt, Germany) and the extinction was determined
photometrically. As a reference value the extinction of M
was set 1. All measured values were standardized on the
BzM-extinction.

Proliferation and cell viability assay (MTS-test)

A total of 100000 MO per well were grown either
in conditioned media of IEC or in control media in
96-well plates for seven days. A colorimetric assay (MTS,
Endogen, Woburn, Germany) for quantification of cell
proliferation and cell viability was performed according to
the manufacturer’s protocol. The absorption was measured
8 h after addition of the MTS-labeling mixture.

www.wjgnet.com
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Cell membranes

IEC or control cells were washed with PBS, resuspended in
homogenization buffer (Ttis 50 mmol/L, EDTA 1 mmol/L,
PMSF 1 mmol/L, benzamidine 1 mmol/L, saccharose 0.25
mmol/L) and lyzed by sonification. Cell membranes were
isolated in three subsequent centrifugation steps (400 X g
for 10 min, 8500 X g for 10 min, 25000 X g for 30 min).
During the third centrifugation step, the cell membranes
were sedimented, re-suspended in PBS and incubated in
96-well plates to allow adherence to the plastic surface.
After 30 min the supernatants were removed and replaced
by a suspension of freshly elutriated MO.

Transwell co-cultures

IEC were seeded onto filter inserts with a pore size of 12
pum or 3 um (preventing IEC from transmigration through
the membranes). After formation of an IEC-monolayer
the supernatant was removed and freshly elutriated MO in
medium supplemented with 2% of human AB-serum were
added to each filter insert. After seven days of incubation
migrated cells were fixed for immunohistochemistry. Cells
in suspension were collected separately and subjected to
flow cytometrical analysis.

Generation of MCS

MCS from only IEC or from a 1:1 mixture of IEC
and MO were generated according to the liquid overlay
culture techniquem]. Mixed spheroids were also generated
with addition of a blocking anti-Fas antibody (Upstate
Biotechnology, Lake Placid, USA) to the cell suspension 30
min before seeding.

Flow cytometry
Flow cytometry was performed using a Coulter EPICS”
XL-MCL (Coulter, Krefeld, Germany). Cells were double
stained with a FITC-conjugated anti-CD14 antibody (clone
Tik4, Coulter, Krefeld, Germany) and a PE-conjugated
anti-CD33 antibody (clone MY9, Coulter, Krefeld,
Germany) as described previously.

Data acquisition and analysis were performed using

WIN-MDI software (http://facs.scripps.edu/help/html/).

Immunoblotting

Cells were resuspended in RIPA buffer (1% Nonidet
P-40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mmol/
L NasVOs, 50 mmol/L NaF and 1 tablet of complete
proteinase inhibitor cocktail [Boehringer, Mannheim,
Germany] per 50 mL PBS) for 10 min on ice and
centrifuged (12000 Xg for 15 min at 4°C). The protein
concentration of the supernatant (protein fraction) was
determined by BCA protein assay (Sigma-Aldrich Chemie,
Deisenhofen, Germany). Thirty ug of protein was
mixed with an equivalent volume of 2 X protein loading
buffer containing 2-B-mercaptoethanol and boiled for 5
min before it was loaded onto SDS polyacrylamide gels.
After electrophoresis, proteins were transferred onto
nitro-cellulose membranes using the Xcell blot module
(Invitrogen BV/NOVEX; Gronigen, Netherlands)
and blocked in TBST (50 mmol/L Tris-HCI, pH 7.5,
150 mmol/L NaCl, 0.05% Tween 20) containing 5%
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non-fat dry milk powder. Protein immunoblots were
performed using specific antibodies to caspase-3 (clone
19, Transduction Laboratories, Lexington, USA) and
B-actin (clone JLA20, Calbiochem, Cambridge, USA).
The membranes wete further incubated with peroxidase-
conjugated secondary antibodies and protein bands were
visualized using a chemoluminescence kit (ECL Plus
™ Amersham, Buckinghamshire, UK) according to the
manufacturet’s protocol.

RESULTS

Recently we demonstrated in vitro differentiation of MO
into IMACs in complex three- dimensional co-culture
models (MCS model) with IEC after migration of MO
into the IEC complexes. Here we further studied whether
soluble factors or cell-cell interactions might be more
relevant to this differentiation.

IEC-conditioned media did not induce differentiation of
IMACs

To test whether soluble factors secreted by IEC induce the
intestinal-like differentiation of MO, freshly elutriated MO
were incubated with IEC-conditioned medium for seven
days. Immunohistochemical analysis of MO showed no
intestinal-like differentiation. CD14, CD16, CD11b and
CD11c, which are down-regulated during differentiation of
IMACs and therefore absent on MAC from normal non-
inflamed mucosa, were all detectable. CD14 was expressed
by 70%-80%, CD16 by 50%-60%, CD11b by 80%-90%
and CD11c by 90%-100% of the MO/MAC incubated in
HT-29-conditioned medium for seven days. Same results
obtained with conditioned medium of the second tested
IEC line WiDr were not significantly different from the
values obtained with the MO/MAC incubated in control
media (Figure 1). When cells were analysed by flow
cytometry these findings were confirmed as no down-
regulation of CD14, CD16, CD11b and CD80 expression
could be observed in MO after seven-day co-culture with
IEC-conditioned media (CD14 expression shown in
Figure 2).

The results were further confirmed and quantified
using the cell-ELISA technique able to detect minor
changes in antigen expression. As a positive control and
for reference values we determined the expression of
the MAC housekeeping gene 2M (Figure 3A). All other
values were standardized in relation to [32M-expression.
The antigen expression of MO/MAC, incubated in IEC-
conditioned medium did not differ significantly from that
of cells, incubated in control medium. The expression
of CD16 was always slightly decreased, but could also be
observed in control experiments and was not specific for
IEC-conditioned media (Figure 3B).

IMAC differentiation was not induced by IEC-membrane
bound factors

To determine whether membrane-bound factors of IEC
induce the intestinal-like differentiation of MO, freshly
elutriated blood MO wete co-cultured with membrane
preparations of IEC as described in Materials and
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Figure 1 Immunohistochemical detection of MO/MAC antigen expression after 7 d of culture in IEC conditioned medium. Freshly elutriated MO were incubated in
unconditioned control media, conditioned media of the IEC lines HT-29 and WiDr and conditioned medium of the control cell line J82 of non-intestinal origin for seven
days. Antigen expression was determined by immunohistochemistry (APAAP-method). Expression of the MO/MAC specific antigens CD14, CD16, CD11b and CD11c
was determined. All tested antigens were detectable on the cells after the seven-day culture period. Incubation in IEC-conditioned medium had no influence on antigen

expression.

Methods. After an incubation period of seven days MO co-
cultured with IEC-membranes showed no differentiation
into intestinal-like MAC. The tested antigens CD14,
CD16, CD11b and CD11c were still detectable after seven
days of culture of MO/MAC together with membrane
preparations of the IEC line HT-29. MO/MAC incubated
for seven days without membrane preparations showed the
same pattern of antigen expression (Figure 4).

Same results were obtained with membranes of a
second intestinal epithelial cell line (WiDr) and the control
cell line J82 (data not shown).

IMAC differentiation was not observed in transwell culture
To test whether a short direct contact between MO and
IEC is able to induce intestinal-like differentiation of MO,
we incubated MO and IEC in so called “transwell-cultutres”.
MO were added to IEC grown in filter inserts. When

filters with a pore size of three um were used, only MO
were able to migrate through the membrane as confirmed
by negative staining for the epithelial cell marker EP-4
and positive staining for the MO/MAC-marker CD33
(Figure 5A). Twelve-um long filters allowed also IEC
to migrate through the membranes. IEC could be easily
distinguished from MO/MAC by morphology and showed
no expression of the tested MO/MAC-specific antigens.
MO either migrated through the IEC layer or stayed in
the upper compartment of transwell-culture. Antigen
expression of cells adherent to the plastic dishes after
transmigration was examined by immunohistochemistry.
MO/MAC were all positive for the intracellular MO/MAC
marker CD68 and showed a high expression of CD14,
CD16, CD11b and CD11c after the seven day culture
period (Figure 5B). Non adherent cells from the upper or
lower compartment of the filter insert were analysed by

www.wjgnet.com
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Figure 2 Flow cytometrical quantification of MO/MAC antigen expression after seven days of culture in IEC conditioned medium. A: Ninety-two percent of CD33+ cells (MO/
MAC) showed expression of CD14 in MO cultured in unconditioned control medium (RPMI) without FCS supplemented with 2% human AB serum for seven days; B: Ninety-
five percent of CD33+ cells (MO/MAC) were CD14-positiv in MO cultured in WiDr conditioned medium without FCS supplemented with 2% human AB serum for seven
days; C: Ninety-two percent of CD33+ cells (MO/MAC) were CD14-positive in MO cultured in J82 conditioned medium (control cell line of non-intestinal origin) without FCS
supplemented with 2% human AB serum for seven days; D: Ninety-four percent of CD33+ cells (MO/MAC) showed expression of CD14 in MO cultured in unconditioned
control medium (DMEM) without FCS supplemented with 2% human AB serum for seven days; E: Ninety-eight percent of CD33+ cells (MO/MAC) were CD14-positive in MO
cultured in HT-29 conditioned medium without FCS supplemented with 2% human AB serum for seven days; F: No down-regulation of CD14 expression was observed on
histogram of CD14 expressing mononuclear cells after seven days of culture in RPMI (control medium), J82 (control cell line) or WiDR conditioned medium; G: Histogram of
CD14 expressing mononuclear cells after seven days of culture in DMEM (control medium) and HT-29 conditioned medium.

flow cytometry and showed a similar antigen pattern with
high CD14, CD16 and CD11b expressions (Figure 5C
and D).

Immigration of MO into MCS was relevant to IMAC
differentiation

To test whether the process of invading the three-dime-
nsional IEC-spheroids is necessary for the differentiation
of MO into IMACs, we generated “mixed spheroids” from
a 1:1-mixture of IEC and MO. In these experiments MO
were added during the generation of MCS and did not
invade the three-dimensional aggregates.

Flow cytometrical analysis showed 15.2% MO/MAC
inside spheroids of the control cell line J82 after 24
h of co-culture. This percentage was nearly constant
during a seven-day culture period (13.2%, d 7, n = 5).
In spheroids with the IEC line HT-29 a different effect
could be observed. After 24 h 21.7% MO/MAC inside
the spheroids could be detected. On day seven of co-
culture the percentage of MO/MAC inside the spheroids

www.wjgnet.com

decreased to 1.4% (# = 4). Similar results could be obtained
with spheroids of the IEC line WiDzt. The percentage of
MO/MAC inside the spheroids dectreased from 14.6%
(24 h) to 2.4% (d 7, n = 4) (Figure 6A). Remaining MO/
MAC inside the aggregates showed no differentiation into
IMACs. The results showed that active invasion of the
aggregates by MO was an essential step in the process of
IMAC differentiation.

To test whether the observed decrease in the relative
amount of MO in “mixed spheroids” is due to Fas-
induced apoptosis, we added a blocking anti-Fas antibody
to the cell suspensions before generating “mixed
spheroids”. Addition of the anti-Fas antibody did not
change the results significantly. The number of MO/MAC
decreased from 14.2% (24 h) to 0.8% (7d) in HT-29 MCS
and from 20% (24 h) to 2.3% (7d) in WiDr spheroids. In
control experiments with J82 spheroids the number of
MO/MAC was almost constant with 13.9% at 24 h and
12% on day seven (# = 3) (Figure 6B).

In addition, Western-blots for caspase-3 were
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Figure 4 MO/MAC antigen expression after seven days of culture with IEC membranes. Freshly elutriated MO were incubated for seven days with membrane preparations
of the IEC line HT-29 or without membranes. Antigen expression was determined by immunohistochemistry (APAAP-method). There was no difference in expression of

CD14, CD16, CD11b and CD11c in cells incubated with or without IEC membranes.

performed. After 24 h and three days no activated
caspase-3 was detected in ’mixed MCS” of IEC and MO
or in control cells and MO (Figure 7).

Potential role of extracellular matrix in IMAC differentation
The expression of extracellular matrix (ECM)

proteins (fibronectin, laminin and collagen IV) in the
“normal” and mixed spheroids was determined by
immunohistochemistry. Laminin and collagen IV were not
detectable in both mixed spheroids and spheroids invaded
by MO. In contrast, a strong expression of fibronectin
could be detected in spheroids invaded by MO, which was
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Figure 5 Antigen expression of MO/MAC incubated with IEC in trans-well cultures. Freshly elutriated MO were incubated with the IEC line HT-29 seeded on filter inlays
for seven days. Depending on pore size of the inlays only MO or MO and IEC could migrate through the filter. Antigen expression of migrating and non-migrating cells was
examined by immunohistochemistry (APAAP-method) and flow cytometry. A: Migrating cells adhered to the plastic surface of the cell culture plate. When filters with a pore
size of 3 um were used, only MO were able to migrate through the membrane. Migrating cells were all negative for the epithelial cell specific marker EP-4 and positive for
the MO/MAC-marker CD33; B: Migrating cells showed expression of CD68, CD14, CD16, CD11b and CD11c (left column). Twelve um pores allowed migration of MO and
IEC. None of the tested antigens was expressed by IEC (right column); C: Non migrating cells which remained in the upper compartment of the filter insert were examined
by flow cytometry. The CD33-positive cell population (MO/MAC) showed also expression of CD14, CD16 and CD11b; D: Migrating cells which did not adhere to the plastic
dish were examined by flow cytometry. Cells showed CD33-expression and were positive for CD14, CD16 and CD11b.

up-regulated from three to seven days of culture and was
absent in mixed spheroids incubated for the same time.
The expression of fibronectin was localized in the inner
region of aggregates (Figure 8).

DISCUSSION

As IMACs are essential players in local immune responses
and the innate immune system of intestinal barrier, their
specific phenotype must be of importance. Compared to
IMACs from inflammatory bowel disease (IBD) patients,
IMACs from normal intestinal mucosa show a down-
regulation of several surface markers, co-stimulatory
molecules and proteins necessary for LPS-induced signal
transduction" "' which may be responsible for the
induction of tolerance.

Recently we have shown that MO differentiate into
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IMACs after immigration into the MCS co-culture with
IEC in vitro"”. In this study, factor(s) inducing IMAC
differentiation in vitro were analysed. We showed that
the specific IMAC differentiation was not mediated by
soluble or membrane bound factors of IEC alone, as
no intestinal-like differentiation was observed in freshly
elutriated MO cultured together with IEC-conditioned
medium or IEC-membranes. Also “weak interactions”
between MO and IEC in trans-well cultures, in which
MO and IEC (monolayers) were only separated by filter
membranes, were not sufficient for differentiation. IMAC
differentiation could only be induced in the complex
three-dimensional MCS model with close contact between
MO, IEC and ECM"®. Loss of MO observed in 1:1
“mixed spheroids” of the IEC lines HT-29 and WiDr
was obviously not due to apoptosis, as we could neither
block this effect by adding an anti-Fas antibody nor detect
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Figure 6 Mixed spheroids of MO and IEC or the control cell line. Mixed spheroids
of the IEC lines HT-29 and WiDr or the control cell line J82 and MO were
generated and cultured for seven days, disaggregated and examined by flow
cytometry. A: There was a strong decrease of surviving MO/MAC (CD33+ cells)
inside IEC spheroids compared to control spheroids over the seven-day culture
period. In HT-29 spheroids the percentage decreased from 21.7% (24 h) to 1.4%
(7 d). In WiDr spheroids a slighter decrease was observed with 14.6% MO/MAC
after 24 h and 2.4% after seven days. In spheroids of the control cell line J82 no
selection of a MO/MAC subpopulation could be observed. The number of MO/
MAC inside the aggregates was nearly constant with 15.2% (24 h) and 13.2 (7 d);
B: Addition of a blocking anti-Fas antibody 30 min before generation of the mixed
spheroids did not change the results. In IEC-MCS a strong decrease of MO/MAC
was observed (HT-29: 14.2% 24 h, 0.8% 7 d, WiDr: 20.1% 24 h, 2.3% 7 d). The
MO/MAC number in control cell MCS was nearly constant with 13.9% (24 h) and
12.0% (7 d).

activated caspase-3 during the incubation period.

Although MCS do not resemble the 7# vivo situation
where IMACs are separated from the IEC by the basement
membrane, many conditions such as Oz-gradient, pH or
ECM production are similar to those in the body”™ ™. In
MCS, cells are also able to form cell-cell and cell-matrix
contacts which are found iz vive™”" and may therefore be
regarded as a useful model to study the important aspects
of IMAC differentiation.

In general, interactions between different cell types,
special cytokine milieus and contact with components of
the ECM can trigger cells to develop a special phenotype.
Hohn and co-workers” showed that components of
the basement membrane and ECM are involved in
choriocarcinoma cell differentiation. Hanspal ez al” have
demonstrated the importance of cell-cell interactions
during the regulation of erythropoiesis. The ECM protein,
vitronectin, controls the differentiation of cerebellar
granular cells®™, Tt was reported that ECM also plays a

NOT VS e ! D W . = D ‘}m
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Figure 7 Western-blot for caspase-3 of mixed spheroids after 24 h and three
days. Mixed spheroids of IEC and MO, control cells and MO or control spheroids
generated only from |IEC or control cells were disaggregated after 24 h and three
days of culture. Western-blots for activated caspase-3 were performed. Lane 1:
HT-29 without MO 24 h; lane 2: HT-29/MO (1:1) 24 h; lane 3: J82 without MO 24 h;
lane 4: J82/MO (1:1) 24 h; lane 5: HT-29 without MO 3 d; lane 6: HT-29/MO (1:1) 3
d; lane 7: J82 without MO 3 d; lane 8: J82/MO (1:1) 3 d; lane 9: positive control for
activated caspase-3. No activated caspase-3 could be detected in co-cultures of
MO and IEC or in spheroids generated only from IEC.

=

Normal spheroid

Mixed spheroid

Figure 8 Immunohistochemical staining for the ECM-protein fibronectin in “normal”
and mixed spheroids of the IEC line HT-29 after seven days. Fibronectin could be
detected in spheroids invaded by MO and cultured for seven days. Expression was
preferentially localized in the center of aggregates. In mixed spheroids cultured for
seven days no fibronectin expression was observed.

role in the differentiation of embryonic stem cells™ and
skeletal muscle cells”. Armstrong e a/°” have shown
that ECM proteins have effects on MAC differentiation,
growth and function.

Jacob et al™ induced differentiation of MO to MAC
in vitro by culturing MO on different ECM protein
substrates, and found that specific markers associated with
differentiation are changes in the expression of cell surface
antigens. FACS analysis showed a down-regulation of
CD14 occurring in a substrate dependent manner, which
was the highest in MO maintained on fibronectin in their

In our experiments, MCS invaded by MO and cultured

www.wjgnet.com
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for seven days contained a large amount of ECM protein
fibronectin. In addition, the expression of fibronectin was
up-regulated during the culture period, which is correlated
with the previously described down-regulation of CD14
and other MO-specific surface markers""®, In mixed
spheroids no fibronectin expression could be detected,
which could be due to a stronger degradation of ECM
proteins by the larger amount of MO added or a lack of
synthesis induction. Fibronectin present in the described
co-culture model seems to be an important factor
contributing to the iz vitro differentiation of IMACs as well
as the active invasion of MO into the three-dimensional
aggregates, indicating that only a subpopulation of blood
MO is able to differentiate into IMACs.

The loss of MO in the “mixed spheroids” could have
several reasons. First, differentiation into the intestinal
phenotype is necessary for survival in the epithelial cell
environment. Second, the higher number of mononuclear
cells in the mixed spheroids compared to the model with
MO invasion induces factors that lead to cell death or
prevent the synthesis of survival factors. Third, we cannot
exclude that this is a self protection effect of the tumor
cell lines used and that MO only enter the MCS in the
MCS model.

We cannot exclude that there is a pre-primed
subpopulation of MO in the peripheral blood that is
especially suited to get in contact with IEC. According
to such a hypothesis only this pre-primed subpopulation
would enter the MCS model or the mucosa and further
differentiate into IMACs. This natural selection would
not be observed in co-cultures of all elutriated peripheral
MO with conditioned media, membrane preparations
or in mixed spheroids. The number of differentiating
cells would be too low to reach a significant difference.
In the present study, we investigated this possibility of
a pre-primed subpopulation of MO suited for IMAC
differentiation.

To understand the differentiation process of IMACs in
healthy individuals may further help to find an approach
for the therapy of IBD. Local induction of a tolerogenic
and anergic IMAC cell type could down-regulate or stop
mucosal inflammation. A therapeutic approach inducing
differentiation of this cell type would be one step up the
inflammatory cascade not aimed at T-cells but at the site
of the first contact with antigen entry in the mucosa.
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