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Multinucleated giant cells developed in Pneumocystis carinii-diseased gene disruption mutant mice deficient
in major histocompatibility complex class II molecules, T-cell receptor ab cells, or all mature T and B
lymphocytes. These findings demonstrate lymphocyte-independent fusion of alveolar macrophages under
morbid conditions. Pulmonary parasite burden seems to be a decisive factor in multinucleation.

Multinucleated giant cells (MGC) were assigned a role in
microbial sequestration within tuberculous granulomas more
than a century ago (6, 11). These cells are now believed to be
a common feature of chronic infectious diseases, including
tuberculosis, leprosy, and syphilis, as well as of granulomas
induced by biologically inert particles, such as silica, asbestos,
iron particles, and plastic beads (21). More recently, MGC
have been reported to occur in the central nervous systems of
AIDS patients (3). MGC derive from cells of the monocytic
lineage by cell fusion (13, 16, 19) and usually develop in mac-
rophage-rich tissues in which a persistent inflammatory agent
resides (2). Fusing cells are believed to be in an activated and
nonproliferative stage (1, 9, 16). Although T-cell-derived fac-
tors are considered responsible for initiation of macrophage
fusion, the precise nature of these factors remains a matter of
great controversy. Also, the immunological significance of
MGC in antimicrobial protection has yet to be resolved.
A variety of T-cell-derived cytokines, of which interleukin-4

(IL-4) and gamma interferon (IFN-g) are considered the most
important, have been implicated in MGC formation from in
vitro studies (10, 12, 22). Induction of monocyte/macrophage
fusion by IL-4 alone or in combination with IL-3 was reported
by some investigators (7, 10) but refuted by others (12, 14, 20).
Similarly, evidence for fusogenic activities of IFN-g has been
obtained by demonstrating that monoclonal antibodies di-
rected against this cytokine abrogate multinucleation in human
peripheral blood monocytes (12), but contrasting data were
obtained in microglia fusion assays (7) and also with human
peripheral blood monocytes (20).
(This study is part of the Ph.D. thesis of R. Hanano.)
During our investigation of naturally acquired Pneumocystis

carinii pneumonia in H-2I-Ab2/2 (Ab2/2) (deficient in major
histocompatibility complex class II and thus devoid of conven-
tional CD41 T cells), T-cell receptor b2/2 (TCRb2/2) (defi-
cient in TCRab cells), and recombinase activating gene 12/2

(RAG-12/2) (deficient in all mature T and B lymphocytes)
gene disruption mutant mice, we consistently observed MGC
in the lungs of all diseased mutants. To further examine this
phenomenon, cytospins of bronchoalveolar lavage (BAL) cells
were prepared. Mice were euthanatized by exposure to CO2,

and their lungs were exsanguinated by perfusion with sterile
phosphate-buffered saline. BAL was performed as described
recently (4) by using Dulbecco’s modified Eagle’s medium
(Gibco Laboratories, Grand Island, N.Y.) supplemented with
10% fetal calf serum (PAA Labor- und Forschungsgesell-
schaft, Linz, Austria). Aliquots of 50 ml were used to prepare
cytospins (Cytospin 3; Shandon Scientific Ltd., Runcorn, En-
gland). Giemsa (Merck, Darmstadt, Germany) staining was
employed to characterize cell morphology as well as nucleated
P. carinii organisms, encompassing intracystic bodies and tro-
phozoites. The total numbers of parasites isolated by BAL
were quantified by standard procedures (8, 17). Briefly, pul-
monary cells were largely eliminated from 1-ml BAL fluid
aliquots by filtration through 10-mm-pore-size membranes
(Millipore, Eschborn, Germany). Triplicates of 3-ml filtrate
portions were spotted onto glass slides, dried, and stained with
Giemsa; P. carinii nuclei were determined as described (8, 17).
BAL cell cultures were performed for 24 h (105 cells per well)
in flat-bottomed 96-well microtiter plates (Nunc, Roskilde,
Denmark), and supernatants were analyzed for IL-4 (mono-
clonal antibody BVD4-1D11 [Dianova, Hamburg, Germany]
and BVD6-24G2 [DNAX, Palo Alto, Calif.]) and IFN-g
(monoclonal antibodies R4-6A2 and AN18-17.24, kindly pro-
vided by J. Langhorne after subcloning) by standard sandwich
enzyme-linked immunoabsorbent assay (ELISA) procedures,
as described previously (18). Cytokine concentrations were
assessed with ELISA LITE software (Meddata Inc., New
York, N.Y.).
Examination of cytospins revealed large numbers of pulmo-

nary phagocytes in all diseased mutant strains (Fig. 1). Phago-
cytes encompassed both alveolar macrophages and granulo-
cytes. MGC with three or more nuclei were consistently
identified in BAL fluids from all three diseased mutant strains
but never in heterozygous or healthy homozygous mice. Al-
though these cells were encountered only occasionally in
TCRb2/2 and Ab2/2 mutants (2 to 4 MGC per cytospin with
an average of four nuclei), they occurred particularly promi-
nently in both number (10 to 14 MGC per cytospin with an
average of nine nuclei) and size (MGC from TCRb2/2 and
Ab2/2 mutants attained an average diameter of 37 mm and
MGC from RAG-12/2 mice attained an average diameter of
48 mm as measured with a micrometer scale) in morbid RAG-
12/2 mice (Fig. 1). To our knowledge, this finding for the first
time demonstrates unequivocally lymphocyte-independent
MGC generation. MGC have been detected in athymic nude
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mice following implantation of glass coverslips (15), but a
T-cell influence cannot be ruled out because of the existence of
residual T-lymphocyte populations in these animals (5).
No IL-4 was ever detected in any BAL cell cultures (Table

1). Thus, we consider it unlikely that this cytokine has an
appreciable impact on multinucleation. In contrast, IFN-g lev-
els were elevated in all P. carinii-infested mutant lungs com-
pared with their healthy counterparts (Table 1). However, the
following reasons argue against a major role of IFN-g in MGC
formation. (i) Although diseased TCRb2/2 and RAG-12/2

lungs displayed similar IFN-g levels, MGC frequency and size
differed markedly between these two mutants. (ii) Morbid
TCRb2/2 and Ab2/2 mutants exhibited similarly low frequen-
cies of MGC, even though TCRb2/2 mice expressed higher
IFN-g levels than Ab2/2 mutants. (iii) IFN-g levels differed
considerably between diseased animals of the same mutant

strain, although MGC appeared with similar frequencies
within each group.
Our observation that Ab2/2 mutants exhibited MGC em-

phasizes that surface expression of major histocompatibility
complex class II molecules by fusion partners is not a prereq-
uisite for MGC formation, as proposed recently (14). Interest-
ingly, BAL fluids of parasitized RAG-12/2 mutants liberated
significantly larger numbers of nucleated P. carinii organisms
than did BAL fluids from the other two mutant strains (Table
1). We therefore assume that differential parasite loads among
these mouse strains are a driving force in multinucleation. In
support of this assumption, we observed that MGC occurred
almost exclusively in the form of the foreign body type, which
is favored over the Langhans type in the presence of particu-
late matter (9).
In conclusion, the findings presented here obtained with P.

carinii pneumonia-diseased gene disruption mutant mice (i)
prove the T- and B-lymphocyte independence of MGC forma-
tion, (ii) exclude an essential role of major histocompatibility
class II molecules, (iii) argue against IL-4 and are not consis-
tent with IFN-g as crucial mediators of multinucleation, and
(iv) suggest that the parasite load induces fusogenic mecha-
nisms in murine alveolar macrophages.

We thank S. Tonegawa, P. Mombaerts, and D. Mathis for providing
breeding pairs of mutant mice. J. Langhorne, G. Adolf, E. A. Havell,
S. Landolfo, and R. L. Coffman kindly provided helpful hybridomas
and reagents.
Financial support was obtained from the SFB 322 “Lymphohämo-
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keln und die fribröse Form des Tuberkels. Virchows Arch. Pathol. Anat.
Physiol. Klin. Med. 49:382–404.

7. Lee, T. T., F. C. Martin, and J. E. Merrill. 1993. Lymphokine induction of rat
microglia multinucleated giant cell formation. Glia 8:51–61.

8. Limper, A. H., and W. J. Martin II. 1990. Pneumocystis carinii: inhibition of
lung cell growth mediated by parasite attachment. J. Clin. Invest. 85:391–396.

9. Mariano, M., and W. G. Spector. 1973. The formation and properties of
macrophage polycaryons (inflammatory giant cells). J. Pathol. 113:1–19.

10. McInnes, A., and D. M. Rennick. 1988. Interleukin 4 induces cultured mono-
cytes/macrophages to form giant multinucleated cells. J. Exp. Med. 167:598–
611.
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TABLE 1. Isolated nucleated P. carinii organisms and cytokine
production by BAL cellsa

Mutant

Total no. of P. carinii
organisms in BAL fluid

(106)b
IFN-g (U/ml)c

Healthy Diseased Healthy Diseased
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a IL-4 not detected.
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for IL-4 5 1 pg/ml; threshold values for IFN-g 5 0.1 U/ml).
d ND, not detectable.
e RAG-12/2 versus TCRb2/2, P 5 0.05. RAG-12/2 versus Ab2/2, P 5 0.02

(Student’s t test).
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