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implants. No MGCs colonized the implants prepared
from pHEMA-co-NaMA (Fig. 4). The extent of MGC
formation estimated by the FI values was significantly
elevated in cells colonizing the pHEMA-co-DMAEMA
strip in comparison with the pHEMA and pHEMA-co-
NaMA implant (Fig. 5).

Discussion

The results clearly demonstrated a remarkable dif-
ference in MGC formation in vitro using either NB or
synthetic hydrogels as inductors. All synthetic hydrogels
were very weak stimulators of the MGC formation in
vitro, although the fusogenic potential of two of them
(pHEMA, pHEMA-co-DMAEMA) was quite extensive
in vivo (Smetana et al., 1990; Smetana et al., 1993).
Moreover, in the in vitro assay it was not possible to
discriminate the extent of foreign-body reaction against
different types of polymers, although the differences in
the fusion index were statistically significant in vivo:
pHEMA-co-DMAEMA > pHEMA > pHEMA-co-NaMA.
Very similar results were also observed in our previous
studies (Smetanaet al., 1990; Smetanaetal., 1993). MGC
formation after the application of NB was very extensive
and led to the formation of granuloma-like structures in
vitro. The very limited and donor-specific extent of MGC
formation after the bead application in vitro may also be
influenced by the immunological properties of the donor,
because the results were quite heterogeneous in compari-
son with the results of in vivo experiments. Moreover, the
extent of MGC formation in vitro was very similar to the
finding observed earlier with unstimulated cultures of
human PBMCs (Seitzer et al., 1997) (in this study no
MGCs were detected in the absence of stimulation). The
nature of polymers used in the experiments may influence
this result because beads prepared from latex are weaker
inductors of granuloma formation in vitro than the beads
prepared from dextran (Warren, 1982). Cytokines are
known as potent inductors of macrophage fusion into
MGCs (McNally and Anderson, 1995; Sorimachi et al.,
1995; Ikeda et al., 1998) and these molecules are pro-
duced in vitro by the PBMCs during the NB-induced
granuloma formation (Seitzer et al., 1997). MGC forma-
tion without contact with the polymer beads, which we
observed in this study, can be explained by the cytokine-
induced fusion of MPhs (McNally and Anderson, 1995;
Sorimachi et al., 1995). MGCs are generally observed in
granulomas induced by bacterial or metazoan pathogens
such as Mycobacterium tuberculosis or Schistosoma
mansoni. The specific schistosomal antigens such as
soluble egg antigen and adult worm antigen preparation
were described as substances with a strong stimulatory
effect on MGC formation (Silva-Teixeira et al., 1993).
Similarly, living or heat-killed mycobacterial cells in
combination with a cytokine cocktail elicited MGC for-
mation in contrast with mycobacterial extract and/or
supernatant combined with cytokines (Gasser and Mdst,

1999). In analogy, a product of NB metabolism may
contribute to MGC formation, because non-living ne-
matodes have no MGC-inducing effect on MGC forma-
tion (not demonstrated).

In conclusion, the assay for the granuloma formation
in vitro is not suitable for the foreign-body reaction
testing yet. Compared to NB larvae, the synthetic materi-
als seem to be weaker inducers of foreign-body MGC
formation in vitro, suggesting differences in granuloma
formation in reaction to these stimuli. Moreover, the
possibility to discriminate among different materials
using this in vitro assay is inferior to the comparison with
the in vivo experiment.

Acknowledgement

The authors greatly appreciate the dedicated and expert
assistance of Ms. Margit Hahn and Ms. Eva Vancova.

References

Coleman, D. L., King, R. N., Andrade, J. D. (1974) The foreign
body reaction: a chronic inflammatory response. J. Biomed.
Mater. Res. 8,199-211.

Gasser, A., Most, J. (1999) Generation of multinucleated giant
cells in vitro by culture of human monocytes with Mycobac-
terium bovis BCG in combination with cytokine-containing
supernatants. Infect. Immun. 67, 395-402.

Heinemann, D. E., Peters, J. H., Gahr, M. (1997) A human in
vitro granuloma model using heat killed Candida albicans
cells immobilized on plastic culture wells. Scand. J. Imunol.
45, 596-604.

Ikeda, T., Ikeda, K., Sasaki, K., Kawakami, K., Hatake, K.,
Kaji, Y., Norimatsu, H., Harada, M., Takahara, J. (1998)
IL-13 as well as IL-4 induces monocytes/macrophages and
monoblastic cell line (UG3) to differentiate into multinu-
cleated giant cells in the presence of M-CSF. Biochem.
Biophys. Res. Commun. 253, 265-272.

McNally, A. K., Anderson, J. M. (1995) Interleukin-4 induces
foreign body giant cells from human monocytes/macro-
phages. Am. J. Pathol. 147, 1487-1499.

Papadimitriou, J. M., Sforsina, D., Papaclias L. (1973) Kinetics
of multinucleate giant cell formation and their modification
by various agents in foreign body reaction. Am. J. Pathol.
73,349-364.

Seitzer, U., Scheel-Toellner, D., Toellner, K.-M., Reiling, N.,
Haas, H., Galle, J., Flad, H.-D., Gerdes, J. (1997) Properties
of multinucleated giant cells in a new in vitro model for
human granuloma formation. J. Pathol. 182, 99-105.

Shikama, Y., Kobayashi, K., Kasahara, K., Kaga, S., Hashimo-
to, M., Yoneya, 1., Hosoda, S., Soejima, K., Ide, H., Taka-
hashi, T. (1989) Granuloma formation by artificial micro-
particles in vitro. Macrophages and monokines play a criti-
cal role in granuloma formation. Am. J. Pathol. 134, 1189-
1199.

Silva-Teixeira, D. N., Ferreira, M. G., Nogueira-Machado, J.
A., Doughty, B. L., Goes, A. M. (1993) Human giant cell
formation induced in vitro by Schistosoma mansoni anti-
gens. Braz. J. Med. Biol. Res. 26, 609-613.

Smetana, K., Jr. (1987) Multinucleate foreign-body giant cell
formation. Exp. Mol. Pathol. 46, 258-265.



118 K. Smetana, Jr, et al.

Vol. 46

Smetana, K., Jr., Vacik, J., Soutkovd, D., Kréovi, Z., Sulc, J.
(1990) The influence of hydrogel functional groups on cell
behavior. J. Biomed. Mater. Res. 24, 463-470.

Smetana, K., Jr., Vacik, J., Houska, M., Soukovd, D, Luk4s, J.
(1993) Macrophage recognition of polymers: effect of car-
boxylate groups. J. Mater. Sci. Mater. Med. 4, 526-529.

Smetana, K., Jr., Jelinkovd, M., Vacik, J., Novdk, M. (1995)
Effect of cationic groups on the adhesivity of peritoneal
macrophages to polymeric beads. J. Mater. Sci. Mater. Med.
6, 32-34.

Smetana, K., Jr., Jelinkovd, M., Vacik, J., Fischer, J., Gabius,
H.-J. (1996) Influence of intraperitoneal injection of three
types of hydrogel beads on expression of carbohydrate-bind-
ing sites in spleen macrophages. Biomaterials 17, 2335-
2341.

Sorimachi, K., Akimoto, K., Tsuru, K., Ieiri, T., Niwa A. (1995)
The involvement of tumor necrosis factor in the multinuclea-
tion of macrophages. Cell. Biol. Int. 19, 547-549.

Warren, K. S. (1982) The secret of the immunopathogenesis of
schistosomiasis: in vivo models. Immunol. Rev. 61,189-213.



