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Inability of normal human intestinal macrophages
to form multinucleated giant cells in response to

cytokines

S Fais, F Pallone

Abstract
Multinucleated giant cells are an important
feature of the granulomatous reaction in
Crohn's disease (CD) but their cellular
origin is poorly understood. The aim of
this study was to discover if intestinal
macrophages are capable of generating
multinucleated giant cells in vitro in
response to cytokine stimulation. Human
intestinal macrophages were isolated from
the intestinal mucosa ofCD and uninflamed
surgical specimens. Isolated macrophages
were cultured in chamber slides with and
without exposure to a panel of cytokines
and cell activators. Cell fusion, multi-
nucleated giant cells formation, and the
expression of adhesion molecules were
assessed at various time intervals. In con-
trast with the autologous peripheral
monocytes cell fusion was very poor in
cultures ofcontrol intestinal macrophages
and virtually no multinucleated giant cells
were seen. Control intestinal macro-
phages seemed to poorly express the
adhesion molecules required for cell to
cell adhesion and fusion, namely ICAM-1
and LFA-1. None of these functions was
affected by the exposure to cytokines,
including interferon y. In cultures of
macrophages isolated from CD tissues
multinucleated giant cell formation spon-
taneously occurred as early as three days
and was not enhanced by the addition of
cytokines. CD macrophages seemed to
highly express both ICAM-1 and LFA-1.
These data show that human intestinal
macrophages are unable to form multi-
nucleated giant cells in response to stimuli
and support the concept that they are
downregulated in a number of functions.
The data also suggest that macrophages
participating in the ganulomatous reac-
tion in CD are recruited from the circula-
tion.
(Gut 1995; 37: 798-801)
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Multinucleated giant cells are a prominent
feature of the granulomatous reaction in
Crohn's disease (CD). 2The mechanisms and
cellular requirements of multinucleated giant
cell generation in CD tissues are not known.
Recent evidence shows that 'in vitro' genera-
tion of multinucleated giant cells occur as a
result of fusion of mature monocytes,34 and

that the addition of various cytokines,4-9
specific antibodies,10 and mitogens" modulate
the ability of monocytes to fuse and form
multinucleated giant cells. All human studies
have been performed using peripheral mono-
cytes, while the capability of human intestinal
macrophages to form multinucleated giant
cells is poorly understood. Interferon y (IFNy)
has been shown to be more potent than other
cytokines in inducing the fusion of peripheral
blood monocytes and the subsequent multi-
nucleated giant cell generation by promoting
sequential changes in cell morphology and in
the cellular expression of adhesion molecules.4-6
Time course experiments with IFNy have
shown that monocyte clustering and cell to cell
adhesion are important sequential steps and
that the polarisation of ICAM-1 on a cell
uropode is essential for monocyte adhesion
and fusion.4 As IFNy expression and release
are increased in the inflamed gut tissues in CD,
it seems conceivable that IFNy plays a part in
the generation of multinucleated giant cells in
CD. 12-14 The aim of this study was to evaluate
the ability of macrophages isolated from the
intestinal mucosa of uninflamed and CD
tissues to undergo cell fusion and form multi-
nucleated giant cells in response to IFNy and
other cytokines.

Methods

Cell isolation and culture
The source of intestinal lamina propria mono-
nuclear cells were the affected areas of 10
resected specimens of CD patients (six distal
ileum and four colon) and the unaffected areas
of surgical specimens of 16 colonic cancer and
four diverticular disease patients. Lamina pro-
pria mononuclear cells were isolated using the
DTT-EDTA-collagenase sequence as previ-
ously described.15 Both lamina propria mono-
nuclear cells and autologous peripheral blood
mononuclear cells were resuspended in RPMI
1640 medium (Flow Lab, UK) supplemented
with 1 0% heat inactivated immunoglobulin
deprived human pooled serum, L-glutamine,
and antibiotics. Cells were then placed in
tissue culture chamber slides (Lab-Tek, USA)
(1 *OX 106 cells/chamber), coated with 0*2 ml
prewarmed human pooled serum. Chambers
were incubated for 90 minutes at 37°C in 5%
CO2 humid atmosphere and non-adherent
cells washed off with warm RPMI 1640. The
resulting adherent cells consisted of >90/o
macrophages and <3% T cells by Giemsa stain
and by immunocytochemistry with anti-CD3

Laboratorio di
Virologia, Istituto
Superiore di Saniti,
Rome
S Fais

Dipartimento di
Medicina
Sperimentale,
Universiti di R
Calabria, Catanzaro,
Italy
F Pallone

Correspondence to:
Professor F Pallone,
Dipartimento di Medicina
Sperimentale, Policlinico
Universitario, Via T
Campanella, 88100
Catanzaro, Italy.
Accepted for rapid
publication
7 September 1995

798

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.37.6.798 on 1 D

ecem
ber 1995. D

ow
nloaded from

 

http://gut.bmj.com/


Intestinal macrophages and multinucleated giant cells

Cytokine driven clustering, cell fusion, and multinucleated giant cell generation in 10 day
cultures of intestinal and peripheral slide adherent monocytes/macrophages. Clustering is
expressed as the number of clusters per unit area (see methods), cellfusion as fusion index
(%o) (see methods) and multinucleated giant cells as the number of multinucleated giant
cells per unit area (see methods). Data are mean (SEM)

Clusters Fusion Multinucleated giant cells

Intestinal Peripheral Intestinal Peripheral Intestinal Peripheral

IFNy 0 28(3) 0 78(4) 0 14(4)
IFNy 0 0 0 0 0 0
ILlos 0 23(10) 0 4(2) 0 6(2)
IL1, 0 0 0 0 0 0
IL4 0 1(1) 0 2(1) 0 1 (1)
IL6 0 24(9) 0 40(5 0 12(3)
PMA 0 10(2) 0 8(3) 0 5(2)

PMA=phorbol-myristate-acetate.

and anti-CD68 MoAb. Average cell yield was
1-6X 105/chamber in both peripheral and
intestinal cultures.

Multinucleated giant cells formation
Slide adherent macrophages were cultured in
the presence of various concentrations of
the following: human recombinant IFN-y
(Boehringer Biochemia, Germany) (3, 10, 30,
100, 300, 1000 IU/ml); IFNy (Bender
MedSystem, Austria) (5, 10 IU/ml); ILlot (50,
200 pg/ml), IL1,B (5, 20 pg/ml), IL4 (10, 100
ng/ml); and IL6 (2, 30 ng/ml) (Genzyme,
USA). Phorbol-myristate-acetate (1.ug/ml)
stimulation was also provided to compare
mitogenic with cytokine stimulation. Aliquots
of cells were preincubated with purified anti-
IFNy monoclonal antibody (Hoffman-La
Roche, Switzerland) at fourfold excess13 or

with anti-ILl, IL4, IL6 MAbs (Genzyme Co,
USA) as appropriate. Cells were checked daily
for clustering and fusion using an inverted
microscope (Leitz Willovert). At 3, 5, 7, and
10 days of culture, the medium was removed
from the slide chambers and adherent cells
were fixed and stained with Giemsa.
Macrophage fusion rate was determined by
counting the number of nuclei within multinu-
cleated giant cells (>3 nuclei/cell) in a given
area and the total number ofnuclei in the same
area.4 The fusion index was calculated accord-
ing to the following formula: fusion index
(%) = (number of nuclei within multinucleated
giant cells)/(total number of nuclei counted) X
100. Using a 25Xobjective and a 10Xeyepiece
(Leitz Orthoplan Microscope) 500-800 nuclei
from selected representative fields were

counted for each experiment. The number of
clusters were counted in each chamber area,
using a grid mounted in the 10Xeyepiece with
a low magnification (1OX) objective thus per-
mitting the observation of whole chamber
slide. Counts were performed moving from the
left upper square of the grid down to the lower
one enumerating only clusters within squares.
The final number was the sum of the clusters
in each square.

Immunocytochemistry
Immunophenotyping of fixed adherent
macrophages was performed using the APAAP
method.4 16 The following MAbs were used as

first layer antibody: anti- CD54 (ICAM-1,

Immunotech International France, clone
84H10); anti-CD1 la (LFA1, Dako Denmark,
clone MHM24); anti-CD68 (monocytes/
macrophages, Dako Denmark, clone EBMi 1).
A rabbit-antimouse MAb (Dako, Denmark)
was used as a second layer followed by the
APAAP complex (Dako, Denmark). New
Fuxin (Merk, Darmstadt, Germany) was used
as chromogen. Negative controls were cells
treated with the second layer antibody only,
with the APAAP complex alone, and with
irrelevant isotype matched antibodies. Mayer's
haematoxylin was used as counterstain.

Results

Cytokine driven multinucleated giant cell
generation
Intestinal macrophages did not seem to cluster
after exposure to any of the cytokines tested,
nor with phorbol-myristate-acetate (Table).
There was virtually no fusion in the slide
chamber adherent intestinal macrophages and
no multinucleated giant cells were seen
(Table). In contrast, both IFNy and IL6
seemed to dramatically enhance the generation
of multinucleated giant cells in culture of the
autologous peripheral monocytes (Table). The
effect of IFNy and IL6 as assessed by fusion
index, number of clusters and multinucleated
giant cells, was dose and time dependent. With
both cytokines, clustering of macrophages, cell
adhesion and fusion were important sequential
steps. Anti-IFNy Mab abrogated the effects of
both IFNy and IL6. The fusion index in the
anti-IFN,y treated cultures did not differ to
that of the unstimulated cultures (fusion index
0-2%) at any time and with any IFN-y and IL6
concentrations. Anti-IL6 Mab affected only
IL6 driven multinucleated giant cell generation
(not shown). In contrast, CD intestinal
macrophages spontaneously formed multi-
nucleated giant cells as early as three days after
cultures with no cytokine addition. The fusion
index ranged between 22% and 35% and the
number of multinucleated giant cells from 11
to 28 per chamber at three days.

ICAM-1 and LFA-1 on adherent macrophages,
fused macrophages, and multinucleated giant cells
Cells were examined by indirect immunocyto-
chemistry after five days of culture with and
without the addition of cytokines. Virtually all
adherence purified macrophages were CD68
positive. ICAM-1 and LFA-1 were poorly
expressed mean (SEM) 8 (3) % and 5(3) %,
positive cells, respectively) by the CD68+
intestinal macrophages. The expression and
cellular distribution of both ICAM-1 and
LFA-1 on intestinal macrophages was not
affected by the exposure to any of the cytokines
tested in this study. After exposure to IFNy the
percentages ofpositive macrophages were 6 (1)
% for ICAM-1 and 5 (4) % for LFA-1. In con-
trast, most peripheral monocytes strongly
expressed both ICAM-1 (60 (4) %) and LFA-
1 (81 (5) %). As previously described,4 in
response to IFNy and IL6, ICAM-1 was
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upregulated and polarised on the cell mem-
brane region where cell to cell contact eventu-
ally occurred. When these cytokines were
added seven days after culture no ICAM-1
enhancing effect was seen. Immuno-
histochemistry of CD tissue sections showed
that the proportion of intestinal macrophages
expressing both ICAM- 1 and LF6-1 was much
higher 89 (6) O/o and 92 (7) %, respectively),
and that ICAM-1 tended to be polarised on
cell uropode.

Discussion
Results of this study show that normal human
intestinal macrophages are not able to form
multinucleated giant cells in response to
various cytokines. Consistent with this finding
intestinal macrophages poorly expressed
ICAM- 1 and its counter-receptor LFA- 1
whose expression was not affected by the
exposure to any of the cytokines tested. As the
enhancement of ICAM-1 and LFA-1 and the
subsequent polarisation of ICAM- 1 are
required for multinucleated giant cell genera-
tion 'in vitro', it is conceivable that the inability
of intestinal macrophages to form multinucle-
ated giant cells in vitro is related to the lack of
adhesion molecules enhancement. This would
be in agreement with various findings showing
that intestinal macrophages are downregulated
in their capability of exerting a number of func-
tions. In fact, normal intestinal macrophages
are not able to express IL2R,17 to develop
respiratory burst activity,'8 to produce IL1,19
to release IFNy,20 and express IFNy mRNA.12
Of interest, these functions are spontaneously
activated in macrophages isolated from CD
tissues.'2 17-20 We have shown here that CD
intestinal macrophages spontaneously form
multinucleated giant cells and that in CD
tissues the expression of both ICAM-1 and
LFA-1 is enhanced.

In CD intestinal mucosa a spontaneous
secretion of IFNy and increased IFNy mRNA
has been shown12-14 and other putative 'in
vitro' effects of IFNy have been shown, such as
HLA-DR expression on intestinal epithe-
lium,2'-23 further suggesting that the inability
of intestinal macrophages to 'in vitro' form
multinucleated giant cells may well reflect an
intrinsic cellular defect. The relevance of this
finding to the granulomatous inflammatory
reaction in Crohn's disease needs further
investigation, as the responsiveness of
macrophage/monocyte cells to IFNy is import-
ant in host resistance to infection, as shown by
recent experiment with Leishmania in murine
system.24

In conclusion, data of this study further sup-
port the view that normal human intestinal
macrophages are cells downregulated in their
capability to undergo fusion and multinucle-
ated giant cell generation in response tO
IFNy. This hypofulnctional/hyporesponsive
condition does not seem to be reversible, sug-
gesting that tissue specific soluble factors may
not be involved. Taken together, our data add
indirect support to the concept that all the
monocytes activated functions shown in CD

tissues, including multinucleated giant cells
generated, may result from peripheral mono-
cyte recruitment and activation into the site of
inflammation.25-26
These data were presented in part at the American
Gastroenterological Association Meeting and published as an
abstract in Gastroenterology 1993; 104: A698.
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