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Treatment of F344 rat alveolar macrophages (AM:s) in
vitro with cell-free supernatant fluids obtained from
concanavalin-A(Con-A)-stimulated syngeneic lympho-
cytes induced extensive fusion. The lymphokine re-
sponsible for the fusion of AMs (but not other cells) is
here referred to as AM fusion factor (Con-A-MFF). Fu-
sion is dependent on the dose of Con-A-MFF and the
population density of AM cultures and occurred 10
hours after Con-A-MFF was added to cultures of nor-
mal AMs. Con-A-MFF must interact with AMs for
more than 8 hours before full expression of fusion is
reached at 24 hours. Using a technique allowing for se-

quential scanning to transmission electron microscopy
analysis of cells, the authors determined the relation-
ship of the morphologic characteristics of the surface
and the internal structure of cells fusing to form multi-
nucleate giant cells (MGCs). The process of AM fusion
begins with the aggregation of AMs, followed by inter-
digitation of cell processes. Serial sections of MGCs
showed lysosomes associated with remnants of plasma
membrane in the cytoplasm. The MGCs contained nu-
merous organelles associated with increased secretory
activity of cells. (Am J Pathol 1981, 103:234-246)

CELLS of the macrophage-histiocyte series are im-
portant in host defense against infections and neo-
plasms.!-2 The activation of macrophages to the cyto-
toxic state is a complex phenomenon and involves
many independent features. This multistep process
can be initiated by a variety of agents, and the proper-
ties displayed by the activated macrophages can de-
pend on the type of activating stimulus.?* Inflamma-
tory conditions are known to lead to recruitment and
activation of macrophages. The extent of such activa-
tion can vary with the type of inflammation, ie, acute
versus chronic. In chronic inflammation, the release
of lymphokines by antigen-sensitized lymphocytes is
likely to occur.* The soluble lymphocyte mediator re-
sponsible for macrophage activation is referred to as
macrophage-activating factor (MAF), and MAF-
treated macrophages can be rendered tumoricidal.’
Multinucleated giant cells (MGCs) are commonly
observed in inflamed tissues. MGCs are a classical fea-
ture of granulomas caused by infectious agents.s-8
Generally, MGCs are observed in tissues with large
numbers of macrophages and a persistent causative
agent, ie, chronic inflammation,’” and evolve from the

fusion of mononuclear phagocytes. The formation of
MGC:s is thought to represent a specialized form of
macrophage differentiation by which activated mac-
rophages undergo morphologic changes to form epi-
thelioid cells that subsequently fuse.*®'?> Although it
has been suggested that many agents can lead to for-
mation of MGCs in vivo and in vitro,® the precise stim-
ulus for and the mechanism(s) of macrophage fusion
are still unclear. One stimulus for macrophage fusion
is hypothesized to be a soluble mediator(s) released by
antigen-sensitized lymphocytes,'°-'2 but the relation-
ship of such a macrophage fusion factor (MFF) to
other lymphokines and the mode of action of MFF are
also unclear.

What is the function of MGCs? Do these cells repre-
sent an end point of macrophage differentiation?

Supported by the National Cancer Institute under Con-
tract NO1-CO-75380 with Litton Bionetics, Inc.

Accepted for publication November 21, 1980.

Address reprint requests to Dr. C. Bucana, Cancer Biol-
ogy Program, NCI Frederick Cancer Research Center, P.O.
Box B, Frederick, MD 21701.

0002-9440/81/0508-0234$01.15 © American Association of Pathologists

234



Vol. 103 * No. 2

What are the conditions that favor formation of
MGCs? Do MGCs in the lung, a common site for me-
tastases,'® have the capacity to destroy tumor cells? To
answer these and other questions, we need a simplified
and reproducible model for the production of fused
alveolar macrophages (AMs) in vitro. This report con-
cerns studies on the induction and kinetics of AM fu-
sion in vitro following incubation with lymphokines
obtained from cell-free supernatant fluids of con-
canavalin A(Con-A)-stimulated rat lymphocytes. We
also describe the ultrastructural characterization of
the dynamic process of MGC formation in vitro. We
have used here a technique developed in our labora-
tory'* that allows a sequential scanning to transmis-
sion electron microscopic (TEM) analysis of cells.
Using this technique, we determined the intimate rela-
tionship of the surface morphology and internal struc-
ture of MGCs and their satellite cells.

Materials and Methods

Animals

Specific-pathogen-free inbred F344 male rats, 8-10
weeks old, were obtained from the Frederick Cancer
Research Center’s Animal Production Area.

Mediums

Eagle’s minimal essential medium (MEM) was sup-
plemented with sodium pyruvate, nonessential amino
acid, penicillin-streptomycin, L-glutamine, and two-
fold vitamin solution (CMEM). Hanks’ balanced salt
solution (HBSS), pH 7.2, was obtained from Grand
Island Co., Grand Island, New York. Endotoxin-free
fetal calf serum (FCS) was obtained from Reheis
Chemical Corporation, Phoenix, Arizona.

Production of Mediators From Con-A-Stimulated
F344 Lymphocytes

AM fusion factor (MFF) was obtained from cul-
tures of rat lymphocytes stimulated in vitro with Con-
A (rat Con-A-MAF) by a modification of a technique
described previously.>'¢ Spleen and lymph nodes
from normal F344 rats weighing 150 g were collected
aseptically, minced in cold HBSS, and pressed
through a 60-mesh stainless steel wire sieve (E-C Ap-
paratus Corp., St. Petersburg, Fla). The resulting sus-
pensions were filtered through gauze and centrifuged.
The cell pellets were resuspended in CMEM contain-
ing 5% FCS. The viability of the non-glass-adherent
mononuclear cells was >90%, as determined by the
trypan blue exclusion test. Lymph node cells were
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mixed with spleen cells at a spleen cell/lymph node cell
ratio of 10to 1. In preliminary studies optimal AM fu-
sion activity was consistently obtained when § x 10°
cells/ml were incubated in vitro for 48 hours with 100
ug/ml of insoluble Con-A (Sepharose-bound Con-A,
Pharmacia, Uppsala, Sweden). Following incubation,
the suspensions were centrifuged for 20 minutes at
5000 rpm. Cell-free supernatants were filtered
through a 0.22-u Millipore membrane and stored until
use at — 80 C.

Preparation and Purification of AM Cultures

AMs were obtained by a tracheobronchial lavage
method as described previously.'s F344 rats were anes-
thetized with sodium pentobarbital injected intraperi-
toneally, immersed in iodine and then alcohol, and
placed in a laminar airflow hood. We exsanguinated
the rats by severing both renal arteries to minimize
postmortem pulmonary edema and reduce trapped
blood in the lungs. We opened the chest cavity to pro-
duce pneumothorax. The trachea was cannulated with
a cut tube from a Butterfly-19 or -21 infusion set (Ab-
bott Laboratories, Chicago, Ill) and anchored by su-
turing. The lungs were lavaged with 5 ml of Ca?* and
Mg?*-free HBSS prewarmed at 37 C. The process was
repeated several times to yield a total of 50 ml lavage
fluid per rat. The total number of cells collected was
determined with a hemocytometer (counting sample
diluted in 2% acetic acid solution). The viability of nu-
cleated cells (in HBSS suspension) was determined by
trypan blue dye exclusion to be greater than 95%. The
yield of AMs obtained from 8-10-week-old F344 rats
was approximately 2 x 10 cells/g body weight. The
cells recovered by lavage consisted of more than 97%
AMs; the remaining cells were either neutrophils or
small mononuclear cells. The latter were eliminated,
however, during the washing of plated cells.!s The
lavage suspension was centrifuged at 250g for 10 min-
utes. The AM in CMEM containing 5% FCS were
plated onto glass coverslips 12 mm in diameter placed
into wells 16 mm in diameter (200 sq mm) of tissue cul-
ture dishes (Costar, Cambridge, Mass) at a concentra-
tion of 1 x 10° AMs/well. After 60 minutes, incuba-
tion at 37 C in an atmosphere of 5% CO,, the mono-
layers were rinsed and refed with CMEM for the re-
moval of nonadherent cells.

AM Fusion Assay

AMs (10°) were plated into wells, and the cultures
were washed 60 minutes later. Con-A-MFF was added
to AMs for various incubation periods up to 24 hours.
In control experiments, AMs were incubated with
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either CMEM containing 10 or 50 ug/ml Con-A or su-
pernatant fluids harvested from cultures of normal rat
lymphocytes that were not treated with Con-A. After
the incubation period was determined, coverslips were
rinsed thoroughly with HBSS and dried immediately.
The AMs were fixed with buffered formalin and
stained. Coverslips were mounted for microscopy.
The percentage of AM fusion was determined by
counting the total number of nuclei within MGCs
(more than 3 nuclei per cell), and the total number of
nuclei within at least 10 microscopic fields was exam-
ined at a magnification of x 600.

Total number of nuclei
within MGC:s in fields
Total number of
nuclei in fields

% AM fusion = x 100

Transmission Electron Microscopy (TEM)

Samples on coverslips were fixed for 1 hour with
3% glutaraldehyde and 2% paraformaldehyde buf-
fered with 0.1 M cacodylate buffer, pH 7.3. The sam-
ples were washed with buffer and fixed with 1% os-
mium tetroxide in cacodylate buffer for 30 minutes,
washed five times with buffer, and then incubated in a

saturated solution of thiocarbohydrazide (Polysci-

ences, Warrington, Pa) for 10 minutes. The samples
were then washed five times with distilled water, fixed
for 10 minutes in osmium vapor, rinsed with distilled
water five times, and stained with 1% aqueous uranyl
acetate for 30 minutes. The samples were dehydrated
with a graded series of ethanol and were infiltrated
and embedded in Spurr’s low-viscosity medium. Thin
sections were cut with the use of glass knives in an
LKB Ultratome III; the sections were stained with
Reynold’s lead citrate and examined in a Hitachi HU-
12A transmission electron microscope at an accelerat-
ing voltage of 75 kv. In order to visualize the microfil-
aments and microtubules, replicate samples were
fixed with glutaraldehyde and tannic acid according to
Wagner.!” Ruthenium red staining was done accord-
ing to Hayat'® so that we could visualize the cell sur-
face boundaries.

Scanning Electron Microscopy (SEM)

Samples for SEM and TEM were processed simulta-
neously until the second osmium fixation, after which
samples for SEM were dehydrated through a graded
series of ethanol, substituted with Freon 113, and crit-
ical-point-dried in Freon 13 in a Bomar critical-point
dryer SPC-900/EX. The samples were then sputter-
coated with gold and examined in a Hitachi HFS-2
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field emission scanning electron microscope at an op-
erating voltage of 25 kv.

Sequential SEM-TEM

Specific areas on coverslips that were processed for
SEM were scored lightly to provide reference marks
for subsequent identification of the location of cells
studied. Scanning electron micrographs of several
cells were obtained, and the coverslip was removed
from the specimen stubs and processed for TEM ac-
cording to a procedure published elsewhere.!* The
coverslip was removed from the polymerized block
with the use of hydrofluoric acid. We observed this
process under the dissecting microscope to avoid un-
necessary exposure of the sample to acid. Prolonged
exposure of the sample to hydrofluoric acid reduces
the electron density of the samples. The blocks were
washed with water several times and dried in the oven.
The cells studied by SEM were identified and sec-
tioned for TEM.

Results

Conditions Required for Optimal Fusion of AMs

Fusion of AMs is dependent both on the dose of
Con-A-MFF and the density of the AM monolayer.
Moreover, the formation of MGCs is not dependent
on AM multiplication but represents a true fusion
process. AMs ranging in number from 1 x 10*to 1 x
10¢ were plated into culture wells with a 200-sq mm
area. As shown in Figure 1, Con-A-MFF was added to
AM monolayers of differing densities (more than 2500
AMs/sq mm formed a confluent monolayer). The
percentage of AM fusion correlated with the popula-
tion density, suggesting that cell-to-cell contact is an
important factor in subsequent fusion. Dilution of
Con-A-MFF led to a decrease in AM fusion. In con-
trol experiments the addition of 10 or 50 ug/ml soluble
Con-A to either CMEM or normal rat supernatant
(NRSUP) did not induce AM fusion (data not shown).
AM fusion was not associated with DNA synthesis as
measured by uptake of DNA precursors [°’H]TdR or
[*2*I]IUdR (Table 1). Moreover, visual counts of cells
under microscopy revealed no increase in total cell
number during the observation period. Collectively,
the results indicate that in vitro MGC formation
induced by Con-A-MFF results from fusion of AMs.

Kinetics of Alveolar Macrophage Fusion
Normal F344 AM were incubated with Con-A-
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Figure 1—Optimal AM fusion is related to population density and
dose of Con-A-MFF. Different numbers of AMs (1 x 10*to 1 x 109)
were plated into 200-sq mm wells. Different dilutions of Con-A-MFF
were added to the monolayers. The percentage of AM fusion was de-
termined 24 hours later. Con-A-MFF: undiluted ® ®; 1:3 dilu-
tion m |; 1:9 dilution A A; normal lymphocyte supernatant
fluids m---m;CMEM @ --- @

MFF. At different times, the Con-A-MFF was re-
moved, and the cultures were fixed and stained. Both
untreated and Con-A-MFF-treated AMs began to ag-
gregate by 4 hours of in vitro incubation. The aggre-
gate size increased with length of incubation. AM
clustering peaked by 8 hours and gradually decreased
after 24 hours of incubation.

AM aggregation was found to be independent of
Con-A-MFF. Such was not the case with AM fusion.
The time course of AM fusion is shown in Figure 2.
Eight hours’ incubation of AMs with Con-A-MFF was
not sufficient for fusion to occur. By 16 hours’ incuba-
tion, significant AM fusion was observed, the peak fu-
sion was reached by 24 hours (Figure 3), whereas un-
treated AMs remained clustered and did not fuse.

In another set of experiments, a minimal 8 hours of

Table 1—Uptake of [*H]TdR or ['#1]IUdR into Untreated and
Con-A-MFF-Treated Macrophages Undergoing Fusion

CPM in AM monolayerst

% AM
Culture media fusion* [*H]TdR ['#I]IUdR
CMEM 0 1797 =+ 41 1940 + 110
CMEM and Con-A-MFF 67 + 4.8 816 + 42 756 + 25

* 5000 AMs plated/sq mm. The percentage of fusion was deter-
mined after 24 hours of culture.

t 0.2 uCi of [*H]TdR or 2 uCi of ['**I)IUdR added to AM cultures.

The values represent the mean of 5 wells + SD.
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Figure 2—Kinetics of AM fusion by Con-A-MFF. AMs were incubated
with Con-A-MFF at 4, 8, 16 and 24 hours, and the percentage of AM
fusion was determined.

interaction between Con-A-MFF and AMs was re-
quired for subsequent fusion to occur. If AM cultures
were treated with Con-A-MFF for less than 8 hours,
then washed and refed with CMEM, little or no fusion
was observed even 24 hours later (Figure 4).

SEM

We conducted a sequential (SEM) examination of
AM fusion. Rat AMs began to aggregate within 2
hours after the addition of Con-A-MFF to the cul-
tures. At 8 hours, tight clusters of cells were seen, and
by 10-12 hours the clusters were composed of very
large cells with satellite single cells attached to them.
At 15 hours, MGCs were predominant in the field,
and only occasional clusters of cells and isolated single
cells could be seen. Several changes in the cell surface
of AMs accompanied the formation of MGCs. Ini-
tially, AMs showed extensive ruffling of the cell sur-
face, and this surface architecture was maintained
even when the cells began to aggregate. At 8 hours,
AMs in the cluster showed a predominantly ruffled
cell surface, but in some cells the ruffles were replaced
by short, flat plates frequently terminating in short
finger-like processes (Figure 5). The latter appeared to
be a transition stage from ruffles to filopodia. Occa-
sionally, very long filopodia emanated from the tip of
the flat plates. These long processes appeared to be di-
rected toward other cells in the same cluster as well as
toward cells from an adjacent cluster. Within a clus-
ter, AMs were usually of uniform size except for a few
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occasional cells that were about two times the size of
isolated single cells. As shown by TEM, these large
cells were binucleated. At 10 hours, the cell aggregate
was composed of very large cells (three to four times
larger than single cells) and attached satellite single
cells with discrete boundaries (Figure 6). The cell sur-
face of both MGCs and satellite cells was covered with
ruffles and thin platelike processes (Figure 6). This
was the earliest time point (10 hours) at which we
found MGCs by sequential SEM-TEM analyses. Af-
ter 10 hours, AMs assumed a very pleomorphic ap-
pearance. The cell surface was covered by ruffles,
plates, or long filopodia or any combination of these
projections. New MGCs were formed eventually from
clusters of cells that were farther away from the initial
MGC:s. Cells that were not involved in MGC forma-
tion and remained as single, isolated cells assumed a
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Figure 3—MGCs formed by the fusion
of normal AMs that were cultured in
Con-A-MFF for 24 hours.

ruffled cell surface or occasionally a mixed ruffled
surface with platelike processes.

By 16-24 hours, 50-70% of the cell population was
composed of MGCs or tight clusters of cells. In gen-
eral, the cell surface of MGCs and single cells re-
mained ruffled. Interpretation of the surface topogra-
phy of cells is frequently difficult and requires repli-
cate samples from different donors. In this study, 1
out of 8 replicate samples from different animals
showed AMs that were strikingly very different from
other replicates, in that aggregates of AMs exhibited
long fingerlike processes (filopodia) interdigitating
with similar processes from neighboring cells (Figure
7). The overall surface topography of these MGCs and
single cells after 24 hours’ incubation showed numer-
ous filopodia that were in marked contrast to the ruf-
fled surface of cells in other replicates. We believe that
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Figure 4—Duration of Con-A-MFF interaction with s
AMs necessary for fusion. AMs were incubated with < 40F
Con-A-MFF for indicated times (0, 2, 4, 8, 16, or 24 °
hours). When the cultures were washed and refed with N
CMEM, the percentage of fusion was determined after
24 hours of the total (Con-A-MFF and CMEM) incuba-
tion period. -

this AM sample was obtained from animals with a res-
piratory infection of unknown etiology that led to a
change in the differentiated phenotype of these
AMs. " Nonetheless, MGC formation was also ob-
served here.

Sequential SEM-TEM

In order to determine the earliest time point for AM
fusion, we examined the same cell or groups of cells
first by SEM and then sequentially processed them for
TEM. At the SEM level, very large AMs (three to four

Figure 5—SEM of AMs showing transition
form of cell surface from ruffles to plates to
filopodia. Arrow indicates a long filopodium
emanating from a plate.

0 2 4 8 16 24
24 22 20 16 8 0

T T T T 1

LYMPHOKINES
CMEM

DURATION OF AM TREATMENT (HRS)

times larger than the isolated single cells) were ob-
served after 10 hours of incubation with Con-A-MFF,
These large cells were identified by TEM as multinu-
cleated, with processes interdigitating with satellite
single cells (Figure 8). Serial sections of AM clusters
including MGCs revealed that interdigitation of pro-
cesses occurred across a fairly wide area of the cell sur-
face, but, in most instances, no fusion could be seen
among them. In sequential analysis of other MGCs,
we observed single cells that were completely sur-
rounded by the MGCs but were not fused with them
(Figure 9). The enclosed unfused cell, which was elec-
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tron-dense as compared with the giant cell per se, ap-
peared to be trapped in the membranous labyrinth of
the giant cell. The satellite cells exhibited prominent
cytoplasmic processes directed toward the MGCs as
shown by TEM. Serial sections indicated that these di-
rectional processes were of the ruffled-membrane
type, as deduced from previous sequential SEM-TEM
studies and the presence of seemingly branched cyto-
plasmic processes shown in Figures 10 and 11. Further
details of the internal structure of MGCs are provided
in the TEM study.

TEM

Normal rat AMs exhibit a marked heterogeneity in
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Figure 6—SEM of an AM cluster 10 hours after
incubation with Con A-MFF. Note the large
cells (arrows) that are two to three times larger
than the satellite cells (asterisk).

their electron density. This heterogeneity was exagger-
ated when cells were treated with tannic acid (TA) dur-
ing the fixation procedure (Figure 12). This fixation
procedure allowed for the demonstration of a direct
correlation between functional and morphologic het-
erogeneity of AMs. After TA treatment, 45-50% of
normal AMs were electron-dense, and the remainder
were electron-lucent cells or cells of intermediate elec-
tron density. Electron-dense cells generally showed
numerous vacuoles, endocytosed material, inclusion
or residual bodies, secondary lysosomes, electron-
dense eccentric nuclei, and very electron-dense cyto-
plasm. Electron-lucent cells exhibited the normal
complement of cell organelles, sometimes with promi-
nent rough endoplasmic reticulum and electron-lucent

Figure 7—SEM of a cluster where AMs exhibit
prominent filopodia that interdigitate with pro-
cesses from neighboring cells.
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Figure 8—Sequential SEM-TEM analysis of an MGC observed after 10 hours’ incubation. A—SEM of an MGCs as well as the single cells
attached to it show numerous ruffles on the surface. B—TEM of the same cell shows the large cell as multinucleated and the two smaller
cells transsected at the area indicated by the white line in the SEM picture show processes interdigitating with processes from the MGC.
Serial sections show no fusion of the single cells with the MGC at this point. (With a photographic reduction of 13%)
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Figure 9—SEM-TEM of an MGC showing an unfused AM trapped in the membranous labyrinth of the MGC. (With a photographic reduction of
15%)
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Figure 10—TEM of AM clusters after TA fixation showing cells of various electron densities.

cytoplasm. Certain sections showed both types of cells
with microtubules and microfilaments. At the end of
18 hours’ incubation with Con-A-MFF, 20-30% of
the MGCs were electron-lucent, and almost all of the
very large MGCs (>20 nuclei) were electron-dense.
MGCs often have both electron-dense and electron-
lucent cells as satellite cells. By using TA in the fixa-
tive, we were also able to dramatically demonstrate
the interdigitation of processes between cells of differ-
ent electron densities (Figure 11).

Serial sections from the 10-hour incubation sample
showed that the very large cells were, in fact, multinu-
cleated. Sometimes lysosomes associated with rem-
nants of plasma membrane in the cytoplasm were seen
in the newly formed MGCs (Figure 13). The cyto-
plasm also contained numerous Golgi bodies, an ex-
tensive endoplasmic reticulum, and numerous vesi-
cles. In a favorable cut, several centrioles could be
seen in the cytoplasm. It appears that AM fusion oc-
curred only at certain sites of the contiguous mem-
branes, such that vacuoles and cytoplasmic processes
were often trapped in the cytoplasm of the MGCs
(Figues 13 and 14). Lysosomes were seen along areas

of fusion and were closely associated with vacuoles,
remnants of plasma membrane, or trapped cytoplas-
mic processes. Ruthenium red staining was used to de-
lineate the boundaries of single cells in the cluster. We
observed that cytoplasmic processes and large vacu-
oles in the MGCs stained for ruthenium red, which
suggested that these structures were trapped during
fusion. None of the giant cells examined showed cells
in mitosis.

Discussion

The present experiments demonstrate that rat lym-
phocytes stimulated in vitro with Sepharose-bound
Con-A release into the culture supernatant fluids fac-
tors that can induce the fusion of rat AMs. Previously,
it was shown that other lymphokines such as MAF or
migration inhibition factor (MIF) could be released by
both antigen and mitogen-stimulated lympho-
cytes.*5-16.20 The present data suggest that such is also
the case for MFF. Lymphocytes from animals sensi-
tized to BCG and then exposed to BCG but not puri-
fied protein derivative (PPD)!*2! or lymphocytes
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Figure 11—TEM of interdigitating processes of light and dark stain-
ing AMs.

from guinea pigs sensitized to bovine gamma globu-
lin'2 were shown to release MFF in response to a chal-
lenge by the specific antigen. We now demonstrate
that mitogen stimulation under appropriate lympho-
cyte concentration and source conditions, ie, spleen
cells and lymph node cells at a ratio of 10:1, 5 x 10¢
cells/ml, can release MFF.

Macrophage fusion can occur as a response to a
large number of independent agents.*® Lymphokines
are probably only one stimulus for the phenomenon.
The formation of MGCs has been observed following
implantation of glass coverslips in normal and
athymic nude mice.?? Clearly, the formation of MGCs
under these conditions did not require the interaction
of functional T lymphocytes.??2* Mitogens such as
Con-A or PHA have been reported to directly induce
in vitro fusion of human and hamster macro-
phages.?*2% This was not the case in our studies with
rat AMs. Incubation of AMs with free Con-A did not
induce any AM fusion by 24 hours’ incubation. AM
fusion was dependent on the density of the mono-
layer. This finding agrees with clinical observations
that the formation of MGCs in vivo occurs in tissues
where large numbers of monocytes concentrate.®

The extent of AM fusion was related to the density
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Figure 12—Light micrograph of resin-embedded sample showing
light (arrows) and dark-staining MGCs. Note dark MGCs with light
AM cells and light MGCs with dark AM satellite cells (double
arrows).

of the population. Nonetheless, it is difficult to envi-
sion that fusion resulted from the simultaneous endo-
cytosis of particles by adjacent AMs. First, not all
AMs in the culture aggregated during the initial incu-
bation period that preceded fusion. Second, treatment
with Con-A-MFF was mandatory for fusion (but not
aggregation) to take place. In any case, not all AMs
were involved in the fusion process. Throughout the
observation period, there were many uninvolved, soli-
tary AMs. Because MGCs consisted of more electron-
dense cells than electron-lucent cells, it is possible that
macrophages at a certain stage of their maturation are
more susceptible to the effects of Con-A-MFF. More-
over, almost all of the very large MGCs (>20 nuclei)
observed at 18-24 hours were always electron-dense.
This suggests a rapid mixing of cytoplasm that prob-
ably occurs as fast as the intermixing of cell surface
antigens reported in other systems.?’

Optimal AM fusion induced by Con-A-MFF was
also dose-dependent. Thus, serial dilutions of Con-A-
MFF would lead to a decreased efficiency of AM fu-
sion incubated at identical densities. In our present
studies, AM fusion did not involve nuclear division,2¢
since we were unable to demonstrate DNA synthesis in



Figure 14—TEM showing presence of lysosomes along areas of fusion. Trapped vesicles and cytoplasmic projections are seen as a conse-
quence of fusion at certain sites on the cell surface. Inset shows lysosomes closely associated with trapped cytoplasmic processes.
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cultures undergoing active fusion process. The TEM
data presented here confirm previous reports that
MGC:s result from macrophage fusion.??# Numerous
Golgi bodies, vesicles, polysomes, and rough endo-
plasmic reticulum can be found within the MGCs.

In vitro fusion of macrophages following treatment
with lymphokines released by antigen-stimulated lym-
phocytes have been reported previously.!°-'2 Nonethe-
less, the release of MFF by mitogen-stimulated lym-
phocytes provides a useful and reproducible means of
achieving in vitro fusion of rat AMs. The use of this
lymphokine allowed us to investigate the pathogenesis
of MGCs. These studies, as well as the functional
properties of MGCs and their possible role in host de-
fense against neoplasms, are described in the compan-
ion paper.?®
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