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Multinucleated Giant Cells Generated in Vitro
Terminally Differentiated Macrophages With Down-
Regulated c-fms Expression

HANS KREIPE, HEINZ J. RADZUN,
PIERRE RUDOLPH, JURGEN BARTH,

MARTIN-LEO HANSMANN, KLAUS HEIDORN,
and MOHAMMAD R. PARWARESCH

Although mukinucleated giant cells (MGCs) are a
known feature of granulomatous reactions, little is
known about their destination and function. In this
study human blood monocyte (BM)-derived giant cells
were generated by lymphokine stimulation in vitro.
Their immunophenotype and ultrastructural mor-
phology resembled that ofMGCs occurring in vivo. Mi-
totic activity within MGCs could not be established
either in vitro or in vivo. Enzyme equipment ofMGCs
was elevated in comparison with monocyte-macro-
phages. In comparison with unfused monocyte-macro-

SINCE Langhans' described multinucleated giant
cells (MGCs) as a common feature of tuberculosis
granulomas, MGCs have been observed in many
other diseases that led to granulomatous reactions,
such as leprosy and listeriosis, foreign body reactions,
and in other pathologic states of unknown etiology,
such as cancer,2'3 rheumatoid arthritis and sarcoido-
sis.4 Recently, Budka recognized MGCs of possible
histiocytic origin in brain tissue of patients with ac-
quired immune deficiency syndrome.5
The origin of MGCs has been reported in several

investigations.6- II Lymphokines produced by anti-
gen- or mitogen-stimulated lymphocytes and inter-
feron have been shown to lead to polykaryon forma-
tion of macrophages.9"2"13 The exact functional
significance ofmacrophage-forming syncytia with up
to 100 nuclei, however, is still unclear.'0"' It has been
suggested that they function as antigen-presenting
cells,"I that they represent "activated" macro-
phages,10"13 or that they are merely a disposal device
for metabolically exhausted macrophages.'4
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phages, MGCs did not reveal a higher level ofinterleu-
kin-i production or cytostatic activity. They showed,
however, a 20-30-fold increase in the production of
oxygen-free radicals in response to zymosan. Tran-
scription ofthe proto-oncogene c-fms was enhanced in
short-term cultivated BM and was rapidly down-regu-
lated in MGCs after fusion had occurred. It is con-
cluded that MGCs represent highly stimulated cells of
monocyte-macrophage lineage at a terminal stage of
maturation. (Am J Pathol 1988, 130:232-243)

In the present study, MGCs were produced in vitro
by lymphokine stimulation ofcultured human blood
monocytes (BMs) and compared with MGCs occur-
ring in vivo with special reference to the immuno-
phenotype. The functional properties ofMGCs gen-
erated in vitro were investigated, including
interleukin- 1 production, cytostatic activity, genera-
tion ofoxygen free radicals, and expression ofmacro-
phage-specific growth factor receptor. MGCs are con-
sidered to be monocyte-macrophage derivatives at a
final stage of maturation.
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Materials and Methods

Cell Separation and Culture

Separation ofNormal Human BM, Peritoneal
Macrophages (PMs), and Alveolar
Macrophages (AMs)

Fresh, heparinized (40 IU/ml) venous blood of
healthy volunteers was subjected to density gradient
(d = 1.077 g/ml) centrifugation with Ficoll-Urogra-
fin (Pharmacia, Uppsala, Sweden; Schering, Berlin,
FRG) as described elsewhere.'s The mononuclear cell
fraction ofthe interphase was separated into lympho-
cytes and BMs by glass adherence.'6 Resident PM
(n = 5) were obtained from young sterile women un-
dergoing diagnostic pelviscopy. Normal effusions of
peritoneal cavity (10-50 ml) were aspirated from the
Douglas pouch.'7 AMs (n = 5) were obtained from
fresh human lungs ectomized because ofbullous em-
physema or small peripheral carcinoma ofbronchus.
The bronchial system was rinsed twice with physio-
logic saline, and AMs obtained from the interphase
after density gradient centrifugation.'8 Viability of
separated cells was checked by trypan blue exclusion.
Purity control was performed on cytospin prepara-
tions by Pappenheim (May-Grunwald-Giemsa)
staining and enzymecytochemical staining for ca-
naphthyl acetate esterase.'7"18 Only cell samples with
viability and purity ofgreater than 90% were used for
further investigations.

In Vitro Stimulation ofBMs
Generally, cells were cultured at 37 C in a humidi-

fied atmosphere containing 5% C02, in RPMI 1640
medium (Serva, Heidelberg, FRG) supplemented
with 10% fetal calf serum (Boehringer, Mannheim,
FRG) in 75-sq cm culture vessels (Falcon, Oxnard,
Calif). Lymphocytes were seeded in a density of 5 X
106 cell/ml and stimulated over 48 hours by addition
of 30 ,ug/ml concanavalin A (Serva, Heidelberg,
FRG). Cell-free lymphokine-rich supernatant was
stored at -70 C or immediately given to monocyte
cultures (5 X 105 to 1 X 106 cells/ml). Unless stated
otherwise, monocytes were cultured for 48 hours be-
fore addition ofthe lymphokine-rich supernatants. In
some experiments BMs were cultured with 1 X 109
M 12-0-tetradodecanoyl-phorbol-13-acetate (TPA,
Sigma Chemical Co., St. Louis, Mo) before the addi-
tion of lymphokine-rich supernatant. Formation of
MGCs was checked with an inverted microscope
(Zeiss, Oberkochen, FRG) during the next 24-48
hours. After this period MGCs attaching to the bot-
tom of the culture vessel were harvested by gentle
scraping with a rubber policeman. Supernatant con-
ditioned by MGCs was obtained as follows: after re-

moval of nonadherent cells, MGCs were counted in-
vertmicroscopically, and medium was added to a
final cell density of 2.5-3 X 104 cells/ml; subsequent
culture lasted 24 hours. Conditioned supernatants of
BM transformed into cultured macrophages (referred
to in the following as unfused macrophages or as cul-
tured BMs) were prepared in the same manner, except
that cells were harvested prior to production ofsuper-
natant so that we could count them and were seeded
in a density approximately 20-fold ofthat applied for
MGC culture. This ratio ofMGCs to unfused macro-
phages was chosen arbitrarily, because, on the aver-
age, 20 nuclei could be observed per MGC.

Immunophenotyping of MGCs

For immunophenotyping we used the monoclonal
antibodies (MAbs) Ki-M1, Ki-M2, Ki-M3, Ki-M4,
Ki-M6, and Ki-M8, which were established by im-
munizing female BALB/c mice with purified lyso-
somes ofthe human histiocytic cell line U-937 cells or
cell suspensions ofhuman lymph nodes, then by fus-
ing murine spleen cells with the nonsecreting mye-
loma line 63-Ag8.653 as described elsewhere.'9 These
antibodies show a restricted reactivity to the mono-
cyte-macrophage lineage.20 Thus, Ki-M 1 reacts with
BMs, macrophages, and interdigitating reticulum
cells (IRCs),2' whereas Ki-M4 selectively stains den-
dritic reticulum cells (DRCs; also termed follicular
dendritic cells) and a small subset of BMs.22 Ki-M6
and Ki-M8 bind antigens intracytoplasmically local-
ized in monocytes and macrophages of various tis-
sues.23'24 In addition, the MAbOKM 125 (Ortho Phar-
maceuticals, Raritan, NJ) was applied recognizing a
monocyte-macrophage related antigen. T-lympho-
cyte-specific MAbs used were OKT4, OKT8, and
OKT 11 (Ortho26), whereas To 1527 served as B-lym-
phocyte-specific reagent. For evaluation of mitotic
activity of MGCs, we applied the MAb Ki67, which
defines a nuclear localized antigen selectively ex-
pressed by proliferating cells during S, G2, and M
phases of the cell cycle.28

Tissues of sarcoidosis (n = 3), foreign body reac-
tions (n = 3), and giant cell epulis (n = 1) were deep
frozen in nitrogen, and cryostat sections were pre-
pared for immunohistochemical analysis. Immuno-
staining of cytospin preparations of separated cell
populations and oftissue sections was done according
to the method of Stein et al,29 with peroxidase-conju-
gated rabbit anti-mouse Ig diluted 1: 10 in PBS, sup-
plemented with 2% heat-inactivated normal human
serum (Dako, Copenhagen, Denmark) and peroxi-
dase-conjugated goat anti-rabbit IgG diluted 1: 10 in
PBS (Medac, Hamburg, FRG) as secondary and ter-
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tiary antisera, respectively. After visualization ofper-
oxidase activity with 0.06% diaminobenzidine
(Walter, Kiel, FRG) and 0.01% H202 in PBS, prepara-
tions were counterstained with hematoxylin and
mounted with glycerine gelatin.

Electron Microscopy

Cell suspensions were fixed in 5% glutaraldehyde
for 30 minutes, postfixed in osmium tetroxide for 1
hour, dehydrated, and embedded in araldite. Ul-
trathin sections were contrasted with uranyl acetate
and lead citrate and investigated in a Siemens Elmis-
cop 101 (Siemens, Berlin, FRG).

Functional Analysis

Enzymecytochemistry
Cytospin preparations were used for visualization

ofa-naphthyl acetate esterase, acid phosphatase, and
tartrate-resistant acid phosphatase as described else-
where.2

Assayfor Interleukin-J
Single-cell thymocyte suspensions from female

C3H/HeJ mice (6-10 weeks old) in a density of 2.5 X
106 cells/ml were cultured for 72 hours in RPMI 1640
medium supplemented with 5% fetal calf serum,
2.5 X 10-5M 2-mercaptoethanol (Sigma) and 2,u1/ml
phytohemagglutinin A (PHA; Wellcome, Dartford,
England) in 96-microwell trays (200 ,ul/well; Nunc,
Roskilde, Denmark) with conditioned supernatant of
cultured BMs and MGCs in final dilutions of 10% and
1%. Eight hours before the end of the incubation pe-
riod thymocyte proliferation was assessed by labeling
with 0.2 pCi/well 3H-thymidine (20 Ci/mmol; Amer-
sham, Braunschweig, FRG). Cells were collected with
a cell harvester (Cambridge Technology, Cambridge,
Mass), and incorporated radioactivity was measured
in a Beckman scintillation counter (Beckman, Ber-
kely, Calif). Supernatants of LPS stimulated (50
pg/ml; Difco, Detroit, Mich) freshly isolated mono-
nuclear cells (5 X 106/ml for 24 hours) were used as
interleukin- 1 standard.

Assayfor Cytostatic Activity
Three human cell lines were used as target cells:

K-562 cells were the generous gift of Dr. Anderson
(Kiel); BJAB cells derived from a Burkitt lymphoma
were the generous gift of Prof. Wolf, Munich; and
HeLa cells were received from the American Tissue
Type Collection. Cells in logarithmic phase ofgrowth

were seeded in varying concentrations (1 X 105/ml to
5 X 105/ml) in 96-microwell trays and cultured for
30 hours in conditioned medium ofcultured BMsand
MGCs (50% final dilution) or cocultured for the same
period with MGCs (5 X 104/ml) or cultured BM
(1 X 106/ml). During the final 6 hours of incubation
3H-thymidine labeling was performed followed by
cell harvesting and scintillation counting as described
above for the interleukin- 1 assay.

Assayfor Chemiluminescence Response
Five hundred microliters of cell suspensions in

RPMI 1640 were pipetted into dark adapted vials ofa
Biolumate LB-9505 (Berthold, Wildbad, FRG). To
enhance chemiluminescence, 50 p1 of Luminol (2 X
10-17 M, Sigma) were added. To initiate phagocytosis,
2 mg zymosan from Saccharomyces cerevisiae (in 50
,u1, Sigma) was added. Chemiluminescence was regis-
tered immediately at 37 C. Counts per minute were
related to the cell number and plotted by an interface-
connected Apple calculator (Apple, Calif).

Northern Blot Analysis of Proto-oncogene c-fms

Total cellular RNA was purified under ribonu-
clease-inactivating conditions by the guanidine thio-
cyanate-cesium chloride method31 and further ana-
lyzed by electrophoresis of 10, g RNA through 1.2%
agarose formaldehyde gels followed by Northern Blot
transfer to coated nylon membranes (Gene Screen,
New England Nuclear, Boston, Mass).32 The 1.5 kb
Pst I fragment of the cloned v-fms gene pSM333 was
isolated by preparative gel electrophoresis and nick-
translated with 32P-labeled desoxycytidine triphos-
phate (3000 Ci/mmol; Amersham, Braunschweig,
FRG) to specific radioactivities of2-4 X 108 cpm/,ug
DNA. Membranes were prehybridized at 42 C for 24
hours in buffer consisting of 50% formamide, 5 X
SSC, 1% sodium dodecyl sulfate (SDS), 2X Den-
hardt's solution, 25 mM phosphate buffer (pH 7.0),
and 200,pg/ml salmon sperm DNA. The RNA blots
were hybridized for 24-48 hours at 42 C with 1 X 107
cpm nick-translated probes per milliliter hybridiza-
tion buffer (the same as the prehybridization buffer).
After hybridization, the blots were washed twice in
2 X SSC and 0.5% SDS for 5 minutes at room temper-
ature and twice in 0.1 X SSC and 0.5% SDS for 30
minutes at 55 C. After drying blots were exposed to
X-ray films (Kodak XAR 5) with an intensifying
screen at -70 C. The integrity ofRNA samples ana-
lyzed was checked by methylene blue staining of the
nylon membranes and evaluation of the 28S/18S
ratio.m
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Results

Formation of MGCs

MGCs appeared within 24-48 hours after addition
oflymphokine-rich supernatants to cultures ofadher-
ent BMs. Obviously, the readiness ofBMs to fuse into
polykaryons increased during the first days ofculture,
because more MGCs could be obtained from BMs
cultured for 2 days than from freshly isolated BMs
(Figure 1). On the average, 80-90% of stimulated
BMs were multinucleated after 48 hours, when pre-
culture lasted between 2 and 4 days. In some experi-
ments up to 150 nuclei could be observed in the
syncytia, most of the MGCs showing between 10
and 50 nuclei (Figure 2). On the average, MGCs har-
bored about 20 nuclei. Figure 3 gives typical examples
ofMGCs obtained after in vitro stimulation of BMs.
Interestingly, formation of MGCs could be almost
completely inhibited when BMs were exposed to 1 X
10- M TPA prior to lymphokine stimulation (Figure
1). The ability of cultured BMs to generate MGCs in
response to lymphokine stimulation was also reduced
after 3 weeks of culture (Figure 1).

Immunophenotype of MGCs in Vitro and in Vivo

Antigen Profile
The reaction patterns ofthe applied MAbs are sum-

marized in Table 1. In comparison with freshly iso-
lated BMs and BMs cultured for 2 days, MGCs elic-
ited in vitro exhibited a reduced reactivity with MAbs
Ki-M 1 and Ki-M2, whereas they were strongly
stained by Ki-M6 (Figure 4). In this they resembled

% Giant

90-

Figure 1-Multinucleated giant
cells with more than three nuclei per
cell were counted 48 hours after ad-
dition of lymphokine-conditioned
supematant. The highest yield of
MGCs could be observed when
BMs were cultured for 2-4 days
prior to addition of supematant.
Total culture times consisting of
preculture and 48-hour stimulation
are given. Preculture with medium
containing TPA (1 X 109 M) almost
completely blocks giant cell forma-
tion (black columns).
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Figure 2-Nuclei of MGCs were counted 48 hours after addition of lympho-
kine rich supematant. Some MGCs contained more than 100 nuclei, and
more than 50% harbored between 10 and 40 nuclei.

MGCs found in vivo (Figure 4), which, however, com-
pletely lacked positivity for Ki-M2 in most cases. A
comparably strong reactivity for Ki-M6 was only ob-
servable in long-term-cultured BMs and AMs (Table
1). Neither the MGCs elicited in vitro nor the MGCs
appearing in vivo in granulomas and foreign body
reactions revealed a positive staining pattern for
Ki-M4, which selectively recognizes DRCs presumed
to be the accessory cells of B-cell immune response.
Lymphocytic markers (OKT4, OKT8, OKT 11, and
To 15) could not be detected on MGCs. T cells sur-
rounding the MGCs were constantly observed in vitro
(Figure 5).
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p * revealed a close ultrastructural simularity with
Langhans' giant cells oftuberculosis and other granu-

_-M lomatous inflammations.35" Many round nuclei
with small nucleoli and thin rims ofheterochromatin
were found lying next to the outer cell membrane,
which appeared to be corrugated by long processes.
The cytoplasm contained many lysosomelike dense
bodies and electron-lucent vacuoles (Figure 7). Occa-

'I,. sional phagocytosed cells could be observed (Fig-
ure 7).

20ftm a~
Figure 3-Typical MGCs obtained in vitro 48 hours after stimulation of
cultured BMs with lymphokine-conditioned supematant. May-Grunwald-
Giemsa. (Cytospin preparation, X500)

Mitotic Activity ofMGCs in Vitro and in Vivo
In order to clarify whether giant cells originate by

nuclear division without cytoplasmic division (endo-
mitosis), we looked for the nuclear expressed Ki67
antigen, known to be associated with proliferation.
We chose this immunocytochemical procedure be-
cause it allows evaluation in vitro and in vivo. As
shown in Figure 6, Ki67 positivity was missing in
nuclei ofMGCs in vitro as well as in vivo, which indi-
cated that MGCs were not undergoing mitosis or en-
domitosis. Some nuclei of surrounding lymphocytes
showed a regular positive staining with Ki67 (Figure
6).

Ultrastructural Morphology ofMGCs

Besides revealing the confirmation oftrue polykar-
yons, electron microscopy ofMGCs generated in vitro

Functional Activities

Enzyme Equipment ofMultinucleated Giant Cells
In comparison with BMs and short-term-cultured

unfused macrophages, MGCs exhibited an enhanced
activity for a-naphthyl acetate esterase, acid phos-
phatase, and acid phosphatase tartrate-resistant. The
latter could also be observed in long-term-cultured
BMs and alveolar macrophages, which suggests that
this enzyme can be looked upon as a criterion ofma-
turity (Table 2).

Interleukin-J Production
The capacity ofconditioned supernatant to stimu-

late 3H-thymidine incorporation of mouse thymo-
cytes treated with a suboptimal dose ofPHA can serve
as a criterion for its content ofinterleukin- 1.38 Super-
natants conditioned by MGCs over a period of 24
hours enhanced 3H-thymidine incorporation of
mouse thymocytes when compared with uncondi-
tioned medium. Interleukin-1 activity of superna-
tants obtained from cultures of unfused macro-
phages, however, reached a comparable level. Neither
MGCs nor unfused macrophages exhibited the inter-
leukin- 1 activity ofLPS-treated interphase cells (IL- 1

Table 1 Immunophenotyping of Multinucleated Giant Cells in Vivo and in Vitro in Comparison With Resident Macrophages and
Cultivated Monocytes

Multinucleated Multinucleated Blood Blood
giant cells giant cells Blood monocytes monocytes Peritoneal Alveolar
(granuloma) (in vitro) monocytes (cultured 2 days) (cultured 3 weeks) macrophages macrophages

Ki-Ml -/(+) + ++ -/(+) ++ +
Ki-M2 - +) + + A+) ++
Ki-M3 + + + + _ _ -
Ki-M4 - - 0,1%* - - - -
Ki-M6 ++ ++ + + ++ + ++
Ki-M8 + + (+) + ++ + ++
OKM1 + + + + + + +

*Percentage of nonadherent blood monocytes; (+), only faintly and inconstantly stained; + - ++, degrees of immunoreactivity as revealed by microscopic
evaluation.

W ,
_t,-
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Figure 4-MGCs occumrng inagiantcell epulis (A)and MGCsobtanredbystimulatingcufturedBMswithlymphokine-nich supernatants(B)stronglyexpressthe
monoyte-acrphag-speifiantigen recognized bytheMAbKi-M6. lmmunoeoxdsreactio. (A,cry6statsection, X750; B cytospin preparation, X500)

standard) that showed an almost undiminished activ-
iiox ity at a dilution of 1 100 (Table 3)F

Cytostatic Activity
_ ;b Two tests using three different transformed cell

'41 ~~~~~~~~~~~~linesofhuman origin were performed to measure the
possible cytostatic activity ofcultured MGC. Tables 4
and 5 summarize the data obtained by culture of tar-
get cells in MGC-conditioned medium and by cocul-
ture of target cells and MGCs, indicating factor-
bound and cell-mediated cytostatic activity,

* respectively. No significant differences in cytostatic
activity between unfused macrophages and MGCs

Figure 5-MGCs obtained by in vitro stimulation of cultured BMs witi lym- could be established in either assay. On the contrary,
phokine-rnch supematants do niot express the OKT-11 antigen, which is occasionally an enhancement of3H-thymidine incor-
positive in the surrounding lymphocytes. immunoperoxidass rection. pt o.
tocentrfuge preparation, X500) p oftg cell occur

A

Figure 6-The nuclear expressed antigen recognized by the MAb Ki-67 is associated with cell proliferation. This antigen is notexpressed by MGCsinvivo(A)or
in vitro (B) Arrows indicate positively stained lymphocytesM(immunoperoxidase reaction, A, cryostat section, X750; , cytocentinfuge preparation, X1000)
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Figure 7-Electron micrograph of an MGC generated by stimulation of cultured BMs 48 hours after addition of lymphokine-nch supematant. Eight nuclei with
small nucleoli and narrow rims of heterochromatin, a ruffled outercell membrane, and lysosome-likedense bodies in the cytoplasm can be seen. (Glutaraldehyde
fixation, uranyl acetate and lead citrate counterstaining, X5000)

Chemiluminescence Response

The generation of oxygen free radicals in response

to zymosan of MGCs originated in vitro was com-

pared with that ofunfused cultured macrophages. As
shown in Figure 8, MGCs revealed a 20-30-fold
increase of produced oxygen-free radicals per cell,
compared with unfused macrophages. This aug-
mentation, however, could not be noted when chemi-
luminescence was related to the nuclei counted in the
syncytia.

Northern Blot Analysis of Proto-oncogene c-fms

When equal amounts of total cellular RNA of dif-
ferent monocyte-macrophage subsets were examined
for c-fms mRNA by hybridization, considerable dif-
ferences could be noted (Figure 9). c-fms RNA was

clearly detectable in freshly isolated monocytes as

well as in cells ofthe interphase obtained after density
centrifugation (monocytes and lymphocytes), which
indicates that c-fms expression was constitutive in
BMs and did not result from artificial stimulation

Table 2-Enzymecytochemistry of Multinucleated Giant Cells Generated in Vitro

Blood Blood
Multinucleated Blood monocytes monocytes Peritoneal Alveolar

giant cells monocytes (cultured 2 days) (cultured 3 weeks) macrophages macrophages

Acid esterase ++ + ++ ++ ++ ++
Acid phosphatase ++ + ++ ++ ++ ++
Acid phosphatase ++ - - + - ++

tartrate-resistant

+,-, ++, degrees of enzyme activity as revealed by light microscopic evaluation.
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Table 3-Interleukin-1 Production of Multinucleated Giant Cells Generated in Vitro

Source of Incorporated3 H-thymidine (cpm)
culture supernatant 1:10 Dilution of supematant 1:100

IL-1 standard 21139 ± 870 31897 ± 725
Unconditioned medium 641 ± 156 641 ± 156
MGC I 7513 ± 283 2069 ± 37
MGCII 4609±166 1318±210
MGC III 2733 ± 709 884 ± 173
MGC IV 4282 ± 803 798 ± 186
MGC V 6949 ± 105 652 ± 76
MGC VI 2656 ± 486 778 ± 142
MGC VII 2702 ± 952 760 ± 309
MGC VIII 11880 ±1102 1903 ± 402
Macrophages* III 4743 ± 345 1467 ± 94
Macrophages* IV 7614 ± 970 879 ± 123
Macrophages* V 8965 ± 622 2124 ± 279
TPA-treated monocytes 11523 ± 914 1138 ± 513

*Unfused BM of the same donors cultured for the same time as MGCs without any further stimulation in a cell density exceeding that of MGC culture 20-fold.

Table 4-Cytostatic Activity of Multinucleated Giant Cells Generated in Vitro (Factor-Mediated Cytostatic Activity)

Source of Incorporated3 H-thymidine
culture

supernatant K-562 BJAB HeLa

Unconditioned medium 13873 ± 857 17327 ± 536 8850 ± 2636
MGC I 13522 ± 612 NDt ND
MGC II 13621 ±465 ND ND
MGC III 18737 ± 934 23859 ± 1371 8686 ±1133
MGC IV 19750 ± 918 26371 ± 1389 5720 ± 1113
MGC V 17108 ± 114 23407 ± 185 6649 ± 1040
MGC VI 15652 ± 205 ND ND
MGC VIl 15622 ± 370 19929 ± 2579 4490 ± 766
MGC VIII 11345 ± 452 16049 ± 791 7666 ± 1534
Macrophages* III 16439 ± 988 16637 ± 665 10865 ± 1198
Macrophages* IV 18086 ± 1204 14719 ± 1595 10540 ± 198
Macrophages* V 13211 ±696 ND ND

*Unfused BMs of the same donors cultured for the same time as MGCs without any further stimulation in a cell density exceeding that of MGC culture 20-fold.
ND, not done.

Table 5-Cytostatic Activity of Multinucleated Giant Cells Generated in Vitro (Cell-Mediated Cytostatic Activity)
Target cell Incorporated3H-thymidine/% growth reduction

Coculture concentration
conditions (cells/ml) K-562 BJAB HeLa

Without MGC or macrophages 1 X 10 58662 ± 3777 24968 ± 2190 28550 ± 897
Without MGC or macrophages 5 X 105 103790 ± 4444 104626 ± 2442 41594 ± 3143
With MGCs* 1 x 10 17715 ± 3841 17320 ± 2023 10737 ± 823

-87% -72% -98%
With MGCs 5 X 105 45352 ± 4291 48190 ± 4291 12863 ± 1564

-76% -67% -94%
With macrophagest 1 X 105 20685 ± 3362 16209 ± 1977 13476 ± 851

-82% -75% -88%
With macrophages 5 X 105 40369 ± 1780 47275 ± 1974 11386 ± 5215

-71% -64% -97%

*MGCs generated from 1 X 105 monocytes/mI incorporated m = 10243 ± 1028 cpm, 1 X 106 unfused monocytes/mI incorporated 9968 ± 1828 cpm.
tUnfused BMs of the same donor cultured for the same time as MGCs without any further stimulation.
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Figure 8-Chemiluminescence of
MGCs derived from cultured BMs after
stimulation with lymphokine-rich super-
natant is elevated in comparison with
unfused cultured macrophages. Oxy-
gen free radical release per cell in re-
sponse to zymosan is about 20 times
higher in MGCs than in unfused macro-
phages.
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MULTINUCLEATED
GIANT CELLS
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Figure 9-Autoradiography of total cellular RNA (1 Ogg), separated ekectro-
phoretically according to size, blotted to a coated nylon membrane, and
hybridized with a radioactively labeled v-fms DNA probe. Lane 1, mononu-
clear cells; Lane 2, 48-hour cultured BMs; Lane 3, MGCs generated in vitro;
Lane 4, BMs separated from mononucear cells by glass adherence; Lane 5,
PMs. A high level of c-fms expression is observable in PMs and BMs cultured
for48 hours. Freshly isolated BMs exhibit a lower level of c-fms transcription.
A down-regulation of c-fms expression occurs in cultured BMs that under-
went fusion into MGCs by the addition of lymphokine-rich supematant.

during the separation procedure. Purified lympho-
cytes were negative (data not shown). During the first
days of culture, BMs exhibited a drastic increase of
c-fms transcription when transformed into adherent
macrophages. Interestingly, some but not allPM sam-
ples revealed a comparably high level ofc-fms expres-
sion. When culture ofBMs transformed into macro-
phages exceeded more than 3 weeks, c-fms expression
declined until it was no longer detectable; c-fms tran-
scripts were also barely detectable in AMs (data not
shown). MGCs generated from 2-day-cultured highly
c-fms-expressing BMs exhibited also a very faint band
after hybridization, which indicated that down-regu-
lation had occurred during generation of polykar-
yons.

Discussion

As yet, the functional significance of macrophage-
derived MGCs occurring in various granulomatous
reactions has not been established.9"10' 1,7 In order to
answer this question, we produced MGCs with up to
150 nuclei in vitro by treating cultivated human BMs
with lymphokine-conditioned supernatants of con-
canavalin A-stimulated peripheral lymphocytes. On
morphologic and immunocytochemical testing, no
significant differences could be observed between
MGCs in vitro and in vivo. Immunostaining with a
panel of monocyte-macrophage-specific MAbs con-
firmed the monocyte-macrophage origin of MGCs
(Figure 4; Table 1); lymphocyte-related antigens were

ASP * Februar 1988



GIANT CELLS SHOW DOWN-REGULATED c-fms EXPRESSION 241

missing (Figure 5). The antigenic properties ofMGCs
differed clearly from the BM and macrophage popu-
lations analyzed in this study (Table 1). MGCs espe-
cially showed a reduced or missing reactivity for the
MAb Ki-M1, which defines an antigen on macro-
phages and IRCs,21 and for the Ki-M2 antigen,
whereas the intracytoplasmically localized mono-
cyte-macrophage-specific antigen recognized by the
MAbs Ki-M623 and Ki-M824 were enhanced. The
Ki-M4 antigen exclusively found onDRC and a small
subset of BM22 was not expressed by MGCs. It has
been suggested that MGCs are engaged in presenta-
tion ofantigens. '0"' The reduced or missing reactivity
for the MAbs Ki-M 1 and Ki-M4, respectively, which
recognize IRC and DRC as the antigen presenting
cells of T- and B-cell immune response, respectively,
suggest that MGCs do not belong to these comparti-
ments ofimmune accessory cells. The nuclear antigen
recognized by the MAb Ki67 and selectively ex-
pressed by proliferating cells28 could not be found in
MGCs either in vitro or in vivo, which further under-
lines the view that MGCs result from the fusion of
nondividing cells of the monocyte-macrophage lin-
eage. 913'39
The similarity between MGCs occurring in vitro

and in vivo and the high percentage ofMGCs gener-
ated in vitro prompted us to further analyze the func-
tional activities of these cells. MGCs clearly exhibited
a higher level of enzyme equipment than did mono-
cyte-macrophages. Like Weinberg et al,'3 we found a
strong tartrate-resistant acid phosphatase activity in
MGCs (Table 2).This enzyme has been observed in
highly stimulated macrophages.A0 Kobayashi et al40
found a positive correlation between the interleukin- 1
content of experimentally induced granulomas and
the extent of granulomatous inflammation, suggest-
ing that interleukin- 1 might be involved in its initia-
tion and maintenance. Because ultrastructural find-
ings have pointed to a secretory activity of MGCs,37
we assayed the interleukin- I secretion ofMGCs. Our
results show that MGCs produce an amount ofinter-
leukin- 1 similar to that produced by unfused macro-
phages, indicating that the release of this inflamma-
tory mediator is not a specific function of MGCs.
Because MGCs ofhistiocytic origin can be found in a
variety of neoplasias,2'3 and because the capacity of
monocyte-macrophages to produce cytostatic or cy-
totoxic factors has been clearly shown,41'42 MGCs
were screened in a further step for their factor-bound
or cell-mediated cytostatic activity. MGC-condi-
tioned supernatants failed to induce a growth reduc-
tion ofthe permanent cell lines used as targets (Table
4). Similar results were obtained by Poste,43 who in-
vestigated MGCs of mice. Hence, it seems unlikely

that MGCs occurring in various tumors play a signifi-
cant role in factor-mediated tumor defense. Under
coculture conditions, a significant reduction of 3H-
thymidine uptake of target cells could be noticed
when macrophages or MGCs were used as effector
cells (Table 5). No differences between unfused mac-
rophages and polykaryons could be established in cy-
tostatic capacity under these circumstances. It seems,
therefore, unlikely that MGCs present in some
tumors represent a specialized form ofimmunologic
defense.

Measuring the production ofoxygen free radicals in
response to zymosan, we found a 20-30-fold increase
in MGCs when compared with unfused macrophages
(Figure 8). This elevation ofoxygen generation seems
to result mainly from summing up the activity of
single cells that underwent cell fusion. The functional
significance ofgiant cell formation, however, could lie
in the synchronization and concentration of oxygen
free radical release. Together with the enhanced
equipment with lysosomal enzymes (Table 2), this
finding points to a role ofsuch MGCs in host defense
in infectious diseases. Thus, it has been shown that
despite reduced phagocytic activity, 10," MGCs exhib-
ited an efficient killing of ingested fungi.'0 Neverthe-
less, MGCs are generated under various pathologic
conditions and can be formed by differently differen-
tiated macrophages. Macrophages confronted with
indigestable material build up foreign body giant
cells. Exposure to media rich in lipids results in foamy
cells seen in xanthomatous reactions with generation
of Touton giant cells. Acid-fast bacteria such as my-
cobacteria induce the formation of epithelioid cells
which give rise to Langhans' giant cells. Whether this
morphologic heterogeneity reflects a functional di-
versity remains to be shown.

In a further step we studied the transcription of
c-fms in MGCs. The gene product ofthe c-fms proto-
oncogene is a transmembrane protein with tyrosine
kinase activity that is obviously related to the receptor
for CSF- 1 and its human relative urinary CSF exclu-
sively expressed by monocytes/macrophages.45'4
Consequently, analysis of c-fms transcription on the
RNA level could provide information about the ex-
pression of monocyte/macrophage specific growth
factor receptor. The c-fms expression was found to be
high in 48-hour cultivated BMs and decreased after
cell fusion into MGCs had occurred, indicating that
growth factor receptor expression was rapidly down
regulated in MGC (Figure 9). It cannot be ruled out
that down-regulation of the c-fms expression is the
initial event during lymphokine stimulation and pos-
sibly provides a prerequisite for macrophage fusion.
Differences in the readiness to generate MGCs be-
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tween AMs and BMs that exhibit considerable differ-
ences in c-fms expression have been described.47 On
the other hand, a very low level ofc-fms transcription,
as revealed by the AMs and long-term cultured BMs
and MGCs, could be typical for a terminal stage of
maturation within the monocyte-macrophage differ-
entiation pathway. Maturation was evidenced by en-
zymecytochemical and immunocytochemical cri-
teria such as tartrate-resistant acid phosphatase
activity and reduced Ki-M 1 and Ki-M2 antigen ex-
pression (Tables 1 and 2). Down-regulation of c-fms
expression in macrophages after culture or stimula-
tion was recently reported by two other groups.48'49
Because it has been shown that besides proliferation,
functional activities are regulated via the CSF- 1 re-
ceptor,50'5' we conclude from these in vitro findings
that the fully developed mature macrophage (long-
term cultivated BM, AM, MGC) shows a down-regu-
lation of c-fms transcription, while the developing
and maturing macrophage (short-term cultivated
BM) shows a high level of expression of this gene.
From this point ofview, MGCs must be considered as
activated macrophages at a final stage of maturation.

References

1. Langhans T: Uber Riesenzellen mit wandstandigen
Kernen in Tuberkeln und die fibrose Form des Tuber-
kels. Virchows Arch fPathol Anat] 1868, 42:382-404

2. Ichijima K, Kobashi Y, Ueda Y, Matsuo S: Breast
cancer with reactive multinucleated giant cells: Report
of three cases. Acta Pathol Jpn 1986, 36:449-457

3. Esmaili JH, Hafez GR, Warner TFCS: Anaplastic car-
cinoma of the thyroid with osteoclast-like giant cells.
Cancer 1983, 52:2122-2128

4. Adams DO: The granulomatous inflammatory re-
sponse: A review. Am J Pathol 1976, 84:163-192

5. Budka H: Multinucleated giant cells in brain: A hall-
mark of the acquired immune deficiency syndrome
(AIDS). Acta Neuropathol (Berl) 1986, 69:253-258

6. Lambert RA: The production of foreign body giant
cells in vitro. J Exp Med 1912, 15:510-525

7. Lewis WH: The formation of giant cells in tissue cul-
tures and their similarity to those in tuberculous le-
sions. Am Rev Tuberc 1927, 15:616-625

8. Papadimitriou JM, Sforsina D, Papaelias L: Kinetics of
multinucleate giant cell formation and their modifica-
tion by various agents in foreign body reactions. Am J
Pathol 1973, 73:349-362

9. Postlethwaite AE, Jackson BK, Beachey EH, Kang AH:
Formation of multinucleated giant cells from human
monocyte precursors: Mediation by a soluble protein
from antigen- and mitogen-stimulated lymphocytes. J
Exp Med 1982, 155:168-178

10. Schlesinger L, Musson RA, Johnston RB: Functional
and biochemical studies of multinucleated giant cells
derived from the culture of human monocytes. J Exp
Med 1984, 159:1289-1294

11. Papadimitriou JM, Van Bruggen J: Evidence that mul-
tinucleate giant cells are examples of mononuclear
phagocytic differentiation J Pathol 1986, 148:149-157

12. Warfel AH: Macrophage fusion and multinucleated

giant cell formation, surface morphology. Exp Mol
Pathol 1978, 28:163-176

13. Weinberg JB, Hobbs MM, Misukonis MA: Recombi-
nant human gamma-interferon induces human mono-
cyte polykaryon formation. Proc Natl Acad Sci USA
1984, 81:4554-4557

14. Mariano M, Spector WG: The formation and proper-
ties of macrophage polykaryons (inflammatory giant
cells). J Pathol 1974, 113:1-19

15. Boyum A: Isolation ofmononuclear cells and granulo-
cytes from human blood. Scand J Clin Lab Invest 1968,
21 (Suppl 97):77-109

16. Bennet WE, Cohn Z: > isolation and selected prop-
erties of blood monocytes. J Exp Med 1966, 123:145-
157

17. Parwaresch MR, Radzun HJ, Dommes M: The homo-
geneity and monocytic origin of human peritoneal
macrophages evidenced by comparison of esterase po-
lymorphism. Am J Pathol 1981, 102:209-218

18. Radzun HJ, Parwaresch MR, Kreipe H: Monocytic or-
igin ofhuman alveolar macrophages. J Histochem Cy-
tochem 1983, 31:318-324

19. Kohler G, Milstein C: Continuous cultures of fused
cells secreting antibody of predefined specificity. Na-
ture 1975, 256:495-497

20. Kreipe H, Radzun HJ, Parwaresch MR: Phenotypic
differentiation patterns of the human monocyte/mac-
rophage system. Histochem J 1986, 18:411-450

21. Radzun HJ, Parwaresch MR, Feller AC, Hansmann
M-L: Monocyte/macrophage specific monoclonal an-
tibody Ki-M 1 recognizes interdigitating reticulum
cells. Am J Pathol 1984, 117:441-450

22. Parwaresch MR, Radzun HJ, Feller AC, Peters KP,
Hansmann M-L: Peroxidase-postitive mononuclear
leukocytes as possible precursors of human dendritic
reticulum cells. J Immunol 1983, 131:2719-2725

23. Parwaresch MR, Radzun HJ, Kreipe H, Hansmann
M-L, Barth J: Monocyte/macrophage reactive mono-
clonal antibody Ki-M6 recognizes an intracytoplasmic
antigen. Am J Pathol 1986, 124:141-150

24. Radzun HJ, Kreipe H, Bodewadt S, Hansmann M-L,
Barth J, Parwaresch MR: Ki-M8 monoclonal antibody
reactive with an intracytoplasmic antigen of mono-
cyte/macrophage lineage. Blood 1987, 69:320-327

25. Breard J, Reinherz EL, Kung PC, Goldstein G,
Schlossman SF: A monoclonal antibody reactive with
human peripheral blood monocytes. J Immunol 1980,
124:1943-1948

26. Reinherz EL, Kung PC, Goldstein G, Schlossman SF:
Further characterization of the human inducer T cell
subset defined by monoclonal antibody. J Immunol
1979, 123:2894-2896

27. Stein H, Uchanska-Ziegler B, Gerdes J, Ziegler A, Wer-
net P: Hodgkn and Steinberg-Reed cells contain anti-
gens specific for late cells of granulopoiesis. Int J
Cancer 1982, 29:283-290

28. Gerdes J, Lemke H, Baisch H, Wacker HH, Schwab V,
Stein H: Cell cycle analysis of a cell proliferation-
associated human nuclear antigen defined by the
monoclonal antibody Ki-67. J Immunol 1984,
133:1710-1715

29. Stein H, Bonk A, Tolksdorf G, Lennert K, Rodt H,
Gerdes J: Immunohistologic analysis of the organiza-
tion of normal lymphoid tissue and non-Hodgkin's
lymphomas. J Histochem Cytochem 1980, 28:746-
760

30. Radzun HJ, Kreipe H, Parwaresch MR: Tartrate-re-
sistant acid phosphatase as a differentiation marker
for the human mononuclear phagocyte system. Hema-
tol Oncol 1983, 1:321-327

31. Chirgwin JM, Przybyla AE, McDonald RY, Rutter
WJ: Isolation of biologically active ribonucleic acid



Vol. 130 * No. 2 GIANT CELLS SHOW DOWN-REGULATED c-fms EXPRESSION 243

from sources enriched in ribonuclease. Biochemistry
1979, 18:5294-5299

32. Thomas PS: Hybridization of denatured RNA and
smallDNA fragments tranferred to nitrocellulose. Proc
Natl Acad Sci USA 1980, 77:5201-5205

33. Donner L, Fedele LA, Garon CF, Anderson SJ, Sherr
CJ: McDonough feline sarcoma virus: Characteriza-
tion of the molecularly cloned provirus and its feline
oncogene (v-fms). J Virol 1982, 41:489-500

34. Slamon DJ, deKernion JB, Verma IM, Cline MJ: Ex-
pression ofcellular oncogenes in human malignancies.
Sci Am 1984, 224:256-262

35. Mori Y, Lennert K: Electron microscopic atlas of
lymph node cytology and pathology. Springer-Verlag,
1969

36. Van der Rhee HJ, van der Burgh-de Winter CPM,
Daems WTh: The differentiation of monocytes into
macrophages, epithelioid cells and multinucleated
giant cells in subcutaneous granulomas. Cell Tissue
Res 1979, 197:355-378

37. Cain H, Kraus B: Cellular aspects ofgranulomas. Path
Res Pract 1982, 175:13-37

38. Mizel SB, Oppenheim JJ, Rosenstreich DL: Character-
ization of lymphocyte-activating factor (LAF) pro-
duced by the macrophage cell line P338D: I. Enhance-
ment ofLAF production by activated T lymphocytes. J
Immunol 1978, 120:1497-1503

39. Shulman LN, Robinson SH: Origin of multinucleated
giant cells in long-term diffusion chamber cultures.
Proc Soc Exp Biol Med 1982, 170:359-362

40. Kobayashi K, Allred C, Castriotta R, Yoshida T: Strain
variation of Bacillus Calmette-Guerin-induced pul-
monary granuloma formation is correlated with anergy
and the local production of migration inhibition factor
and interleukin 1. Am J Pathol 1985, 119:223-235

41. Matthews N: Human monocyte cytotoxin is not identi-
cal with lymphoblastoid lymphotoxin. Eur J Immunol
1985, 15:311-313

42. Ruco LP, Meltzer MS: Macrophage activation for
tumor cytotoxicity: development of macrophage cyto-
toxic activity requires completion of a sequence of
short-lived intermediary reactions. J Immunol 1978,
121:2035-2042

43. Poste G: The tumoricidal properties of inflammatory

tissue macrophages and multinucleate giant cells. Am J
Pathol 1979, 96:595-608

44. Papadimitriou JM, Robertson TA, Walters MN-J: An
analysis of the phagocytic potential of multinucleate
foreign body giant cells. Am J Pathol 1975, 78:343-
358

45. Sherr CJ, Rettenmier CW, Sacca R, Roussel MF, Look
AT, Stanley ER: The c-fms proto-oncogene product is
related to the receptor for the mononuclear phagocyte
growth factor, CSF-1. Cell 1985, 41:665-676

46. Rettenmier CW, Sacca R, Furman WL, Roussel MF,
Holt JT, Nienhuis AW, Stanley ER, Sherr CJ: Expres-
sion of the human c-fms proto-oncogene product (col-
ony-stimulating-factor- 1 receptor) on peripheral blood
mononuclear cells and choriocarcinoma cell lines. J
Clin Invest 1986, 77:1740-1746

47. Warfel AH, Hadden JW: Lymphokine-mediated fu-
sion and migration inhibition ofalveolar macrophages.
Exp Mol Pathol 1980, 33:153-168

48. Horiguchi J, Warren MK, Kufe D: Expression of the
macrophage-specific colony-stimulating factor in
human monocytes treated with granulocyte-macro-
phage colony-stimulating factor. Blood 1987,
69:1259-1261

49. Sariban E, Mitchell T, Griffin J, Kufe D: Effects of
interferon-y on proto-oncogene expression during in-
duction of human monocytic differentiation. J Im-
munol 1987, 138:1954-1958

50. Kurland JS, Pelus LM, Ralph P, Bockman RS, Moore
MA: Induction of prostaglandin E synthesis in normal
and neoplastic macrophages: Role for colony-stimulat-
ing factor(s) distinct from effects on myeloid progenitor
cell proliferation. Proc Natl Acad Sci USA 1979,
76:2326-2331

51. Lin HS, Gordon S: Secretion ofplasminogen activator
by bone marrow-derived mononuclear phagocytes and
its enhancement by colony-stimulating factor. J Exp
Med 1979, 150:231-245

Acknowledgments
We thank Dr. C. J. Sherr for providing the v-fms gene and

Dr. Kirschner for the actin gene.


