
Vol. 61, No. 12

Legionella pneumophila Growth Restriction in Permissive
Macrophages Cocultured with Nonpermissive
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Macrophages can be activated by lipopolysaccharides (LPS) from gram-negative bacteria to evince a number
of biological activities, including increased resistance to intracellular infection by opportunistic bacteria. In the
present study, intraperitoneal injection of LPS into AIJ mice activated peritoneal macrophages so that they
resisted subsequent in vitro infection with LegioneUla pneumophila. Coculture of these macrophages with those
from nontreated A/J mice converted the entire population of cells from permissive to nonpermissive. This effect
did not appear to be mediated by soluble factors released from the LPS-treated macrophages, since the levels
of interleukins-1 and -6 and tumor necrosis factor alpha produced by the macrophages were not found to be
markedly elevated at the time when the macrophages from the LPS-treated mice were most effective in
converting normal macrophages to nonpermissiveness. Furthermore, macrophages from mice injected
intraperitoneally with either interferon or tumor necrosis factor alpha did not evince nonpermissiveness and
also did not have the ability to convert normal spleen cells to nonpermissiveness. Polymyxin B, a known
inactivator of LPS activity, did not inhibit the macrophages from the LPS-treated mice from inducing this
resistance. It seemed unlikely that free LPS released from the macrophages mediated this effect. The results of
this study thus showed that macrophages activated by LPS in vivo can evince nonpermissiveness for Legionella
growth in vitro and also can induce macrophages from normal, permissive mice to become nonpermissive for
Legionella growth in vitro.

Lipopolysaccharide (LPS; or endotoxin), an outer mem-
brane component of gram-negative bacteria, activates mac-
rophages, resulting in production and release of several
cytokines, including interleukin-lat (IL-la), IL-1p, IL-6, and
tumor necrosis factor alpha (TNF-a) (15). While these cyto-
kines under certain conditions are toxic to the host, resulting
in septic shock (4), they are also involved in a cascade of
events which protect against bacterial, especially intracellu-
lar, infection (5, 6, 9, 14, 17). The mechanisms involved in
the interaction of LPS with surface receptors, thereby acti-
vating secondary signals and ultimately activating the mac-
rophage, are currently being investigated by many groups.
Several LPS-binding receptors have been identified, includ-
ing CD14 (22), CD11-CD18 (21), and a 73-kDa protein (13).
Additionally, a protein in serum has been shown to bind LPS
prior to interaction with a receptor on the cell (18). How-
ever, there are still many questions concerning the mecha-
nism of LPS binding to macrophages, including signal trans-
duction, duration of macrophage activation, and effects of
metabolism or detoxification of LPS bound to the macro-
phages. We have reported that thioglycolate-elicited macro-

phages from ANJ mice (TG-M4) are permissive for intracel-
lular growth of Legionella pneumophila, an opportunistic
pathogen (23), but upon in vitro LPS treatment become
resistant to the organism (7). In the present study, it was
found that coculturing of limited numbers of nonpermissive
macrophages from LPS-treated mice with permissive mac-
rophages from normal A/J mice resulted in conversion of the
entire population of macrophages to a state of nonpermis-
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siveness for Legionella growth. Such conversion occurred
with as few as 1% macrophages from the LPS-treated mice.

MATERIALS AND METHODS

Animals. Inbred female A/J mice were purchased from
Jackson Laboratories, Bar Harbor, Maine. They were

housed in groups of 8 to 10 and fed commercial mouse chow
and water ad libitum.

Bacteria and endotoxin. L. pneumophila, serogroup 1, was
originally obtained from a case of legionellosis at Tampa
General Hospital and maintained as frozen stock at -70°C.
Prior to use, the frozen organisms were cultured on buffered
charcoal-yeast extract agar for 48 h. The LPS used was

prepared by phenol-chloroform extraction of Salmonella
minnesota R595 (11).

Macrophages. Macrophages were elicited from A/J mice
by intraperitoneal injection of 3 ml of thioglycolate (TG)
medium (Difco Laboratories, Detroit, Mich.) 4 days prior to
harvesting. For LPS-activated macrophages (LPS-M4+), TG-
injected mice were given an intraperitoneal injection of LPS
(30 jig per mouse) at various times during the last 24 h of the
TG priming. In other experiments, TG-elicited mice were

injected intraperitoneally with either recombinant murine
gamma interferon (IFN--y, 2,000 U; Pharmingen, San Diego,
Calif.) or TNF-a (1,000 U; Genzyme, Cambridge, Mass.)
during the last 24 h of TG priming. Macrophages were

collected by peritoneal lavage, using 5 ml of phosphate-
buffered saline. The macrophages were then washed in
Hanks' balanced salt solution (Sigma, St. Louis, Mo.) and
resuspended in RPMI 1640 medium (Sigma) plus 10% fetal
calf serum (Hyclone, Logan, Utah).

Legionella CFU assay. TG-M+, LPS-M4, IFN-y-M4,
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TNF-a-M+, or a mixture of these at a total of 105 cells per
well was adhered to 96-well tissue culture plates (Costar,
Cambridge, Mass.) for 2 h at 37°C to remove nonadherent
cells. The macrophages were then washed and incubated for
24 h prior to infection with legionellae (20:1) for 30 min at
37°C. The extra legionellae were washed out with Hanks'
balanced salt solution. After additional incubation for either
0, 24, or 48 h, the macrophages were lysed with 0.1%
Saponin. The resulting lysates were diluted and plated on
buffered charcoal-yeast extract agar plates to determine the
CFU, as described previously (23). In other experiments,
LPS-MX were cultured for 1 to 4 days prior to the addition of
TG-M4 and the continuation of the Legionella assay. In
another series of experiments, TG-Mf were incubated with
supematants (1:3 dilution) generated from LPS-M( of mice
treated with the endotoxin for 0.5, 2, 4, or 12 h and cultured
for 24 h.

Cytokine supernatants. Macrophage cultures, TG-M4,
LPS-M+, or TG-M( plus 10% LPS-M+, were incubated in
24-well plates (Costar). After 24 h, supematants were col-
lected and tested for TNF or IL-1 activity.
TNF assay. TNF was determined with a 51Cr release assay

(1, 3, 8). WEHI-164 cells were labelled with sodium 51chro-
mate (100 ,uCi per 106 cells) for 1 h. Serial dilutions of serum
samples and a TNF-at standard (Genzyme) were incubated in
96-well plates (Costar) with the labelled WEHI cells (5 x 103
per well) for 18 h at 37°C. Supernatants were collected and
counted in a Packard Cobra Gamma Counter (Packard,
Sterling, Va.). Percent cytotoxicity was determined by the
following formula: (cpm - spontaneous release)/(total -
spontaneous release). The total units of TNF-a per milliliter
were calculated from a standard curve, using recombinant
TNF-ot provided as described previously.

IL-1 assay. Supernatants (100 ,ul) were incubated with
C3H/HeJ thymocytes (1.5 x 106) in 100 pl of fetal calf
serum-RPMI supplemented with concanavalin A (0.2 jig/ml)
in 96-well plates (Costar). After 48 h, the cultures were
pulsed with [3H]thymidine (0.5 ,uCi per well) for 18 h (1, 3,
8). The cells were then harvested onto glass fiber filters and
counted in a liquid scintillation counter. In addition, an
enzyme-linked immunosorbent assay (ELISA), using mono-
clonal antibody to murine IL-1, was utilized exactly as
described previously, and the amount of IL-1 protein was
quantitated (8). The amount of IL-6 protein in the superna-
tants was also determined by ELISA, using monoclonal
antibody to murine IL-6 (1).
Polymyxin B pretreatment. TG-M4h plus LPS (10 or 100

ng/ml), TG-M4 mixed with 1 or 10% LPS-M4, and TG-M4
were incubated with 1 or 10 jig of polymyxin B sulfate (7,900
U/mg; Sigma) for 24 h prior to infection with L. pneumo-
phila. Also, polymyxin B solutions, at the same concentra-
tions, were added to cultures after the L. pneumophila was
washed out.

Statistical methods. The data are presented as the ar-
ithmetic means + standard errors of the means (SEM).
One-way analysis of variance was used to evaluate the
significance of differences between the means. Specific com-
parisons were conducted by the Student-Newman-Keuls
method. A P value of <0.05 was considered significant.

RESULTS

In vivo LPS treatment. L. pneumophila has been shown to
grow intracellularly in TG-M4~from A/J mice, i.e., permis-
sive for L. pneumophila (23). In preliminary studies, macro-
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FIG. 1. Mice were injected with thioglycolate and then with LPS
intraperitoneally (30 jig per mouse); peritoneal exudate cell macro-
phages were harvested 0.5 to 24 h after LPS treatment. These
macrophages, either alone or combined at the indicated ratio with
macrophages from thioglycolate-injected mice, were plated at a total
of 105 cells per well, cultured in vitro for 24 h, and infected with L.
pneumophila (20:1); CFU were determined 48 h later. Each point
represents CFU ± SEM for three to seven experiments. The
asterisk indicates a significant difference from the TG-M4 control at
P < 0.05. Symbols: El, 0.1% LPS-M4; MI, 1% LPS-M4; EEl,
10% LPS-M<0; Eli, LPS-M4 only.

phages were obtained from A/J mice injected with LPS doses
of 1.0 to 200 ,ug per mouse 24 h before the TG-elicited cells
were obtained. The macrophages were then infected in vitro
with L. pneumophila. Macrophages from A/J mice injected
with saline only as a control showed rapid replication of the
L. pneumophila in vitro. Cells from mice given 1 jig of LPS
showed about a 20 to 40% restriction of growth of L.
pneumophila, while macrophages from mice given a 10- or
20-,ug dose of LPS showed a 50 to 60% suppression of
Legionella growth. Animals injected with 30 jig of LPS
showed nearly a 90 to 95% inhibition of Legionella growth in
the cells. The 50-, 100-, and 200-,ug doses of LPS had
essentially similar effects in converting macrophages from
the A/J mice to a nonpermissive state. Thus, the 30-p,g dose
of LPS was used for all further studies. Macrophages from
the A/J mice injected with this dose of LPS during the final
24 h of TG priming showed marked nonpermissiveness for in
vitro growth of L. pneumophila. As indicated in Fig. 1, such
resistance was most evident when the macrophages were
obtained 30 min after LPS injection into the mice, and the
macrophages showed progressively less nonpermissiveness
with time, although even at 24 h there was still a five- to
tenfold inhibition of their ability to replicate L. pneumophila
compared with TG-elicited macrophages from control mice.
LPS-M4 and TG-M4 cocultures. Coculturing these resis-

tant LPS-M4) in limited amounts with the permissive TG-M4X
appeared to convert the cultures to nonpermissiveness. The
addition of 0.1% LPS-M4 to normal cells had little effect on
growth restriction (Fig. 1). However, the addition of 1 or
10% LPS-M+ to the cultures significantly inhibited the
growth and replication of L. pneumophila (Fig. 1). While this
restriction was effective for up to 24 h after LPS treatment of
the donor mice for 10% LPS-M( and up to 7 h for 1%
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FIG. 2. Indicated numbers of macrophages (0 to 105) from mice

injected with LPS 0.5 h earlier were cultured with various numbers
of TG-elicited macrophages for a total of 105 cells per well for 1 to
4 days. The resulting cultures were then infected with L. pneumo-
phila (20:1) and washed, and CFU were determined at 48 h. Results
are expressed as mean CFU ± SEM for three separate experiments.
The asterisk indicates a significant difference from the TG-Mic
control at P < 0.05. Symbols: E, TG-M+; E3, +1% LPS-M+;
E, +10%S LPS-M4; 1, LPS-M+.

LPS-Mi , a 2-h or less posttreatment was optimal. While in
vitro culturing of the LPS-M maintained their resistance for
up to 4 days, their ability to confer this resistance to TG-Me
began to wane by day 2 (Fig. 2). When a time course of the
resistance was performed with 2-h LPS-M+, it was shown
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FIG. 3. Thioglycolate-elicited macrophages from LPS-injected
mice (2 h preinjection) were cultured or cocultured (at the indicated
ratio) for 24 h in vitro. Cultures were then infected with L.
pneumophila, and CFU were determined 0, 6, 24, or 48 h later. Each
point represents mean CFU of three to four cultures per point for a

representative experiment from five separate experiments. Sym-
bols: 0, TG-M( only; El, +1% LPS-M4; *, +10% LPS-MO; *,
LPS-Mi only.
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FIG. 4. TG-M4, LPS-M4 and TG-M( mixture, or TG-M4 plus
LPS was treated with the indicated concentrations (El, none; El,
1 pLg/ml; Ml, 10 1Lg/ml) of polymyxin B for 24 h. The cells were
infected and washed, and the same concentrations of polymyxin B
were added back. At 48 h, CFU were determined. Results are
expressed as the mean CFU ± SEM for five separate experiments.
The asterisk indicates a significant difference from the polymyxin B
zero control at P < 0.05.

that the growth was restricted throughout the 48-h culture
period (Fig. 3).

Polymyxin B treatment to eliminate the possibility of carry-
over of free LPS. Polymyxin B treatment of the macrophages
from LPS-injected mice was performed. This treatment by
itself did not alter the activation of macrophages for growth
restriction of L. pneumophila (Fig. 4). However, polymyxin
B had an inhibitory effect on the ability of LPS to activate
macrophages in vitro. It was noted, however, that the
polymyxin B treatment of the LPS inhibited only partially
the ability of the endotoxin to activate macrophages from
A/J mice to resist Legionella growth in vitro. Although
inhibition was statistically significant, it was apparent that
macrophages treated with the 100-,ug/ml dose of LPS and
polymyxin B (either 1 or 10 jig/ml) did not result in Le-
gionella growth that was as good as that in stimulated
TG-elicited control macrophages. For example, there was
less growth of L. pneumophila in macrophages activated
with polymyxin B-treated LPS. Nevertheless, it is apparent
that following incubation of LPS with polymyxin, the ability
of the endotoxins to activate the macrophages to resist
Legionella growth was still marked. However, polymyxin B
at a concentration of either 1.0 or 10.0 p,g/ml was more
effective in inhibiting the 10-,ug/ml dose of LPS, since growth
of L. pneumophila was essentially normal after macrophages
were cultured with this dose of LPS treated with polymyxin.
However, it was evident that similar doses of polymyxin had
either no or only limited effects on the LPS-macrophage
cocultures in terms of inducing resistance to Legionella
growth. In addition, the standard Limulus lysate test for
endotoxin, which could measure as little as 0.01 ng of LPS,
was negative for culture supernatants of 10% macrophages
from mice injected 2 h earlier with 30 ,ug of LPS (unpub-
lished data). Thus, it appeared unlikely from these experi-
ments that free LPS was the major factor responsible for the
effect noted.
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TABLE 1. Production of TNF, IL-1, and IL-6 by macrophages
after LPS stimulation

Cytokine activity
Macrophages IL-1 IL-1 IL-6
(mouse source) TNFlIa bioassay protein protein

(U/mi)0 (cpm, 103) (pg/ml)c (pg/ml)c
Normal 11.7 + 3.2 2.1 + 0.9 9.8 + 0.6 1.5 ± 0.8
LPS treated 157.8 ± 17.6 3.0 ± 1.1 68.9 ± 29.3 28.6 + 2.9
Normal plus LPS 452.6 ± 32.1 5.3 + 2.0 72.5 ± 8.5 21.1 + 2.3

treated (10%)
a Bioassay with 5 x 103 WEHI cells.
b Comitogenic bioassay with C3H/HeJ thymocytes.
c ELISA for secreted protein.

FIG. 5. Mice were injected with thioglycolate plus recombinant
murine IFN--y (2,000 U), recombinant murine TNF-a (1,000 U), or
LPS (30 p,g), and peritoneal macrophages were harvested 24 h later.
Macrophages, alone or mixed with TG-elicited macrophages, were
plated and cultured for 24 h. In some experiments, TG-elicited
macrophages were cultured for 24 h with a 1:3 dilution of a 24-h
supernatant from 2-h LPS-+. Each culture was then infected with L.
pneumophila, and CFU + SEM were determined at 48 h. Results
are expressed as the mean CFU SEM for three to four different
experiments. The asterisk indicates a significant difference from the
TG-M4 control at P < 0.05. Symbols: C, 10% treated M+ plus
TG-M4; El, treated M+ only; 0, TG-M+ plus supernatant.

Soluble factors. Soluble factors released into the superna-
tants of LPS-M4 cultures did not appear to be involved in
converting TG-elicited macrophages from normal ANJ mice
to nonpermissiveness. As shown in Fig. 5, supematants
obtained 24 h after culture of macrophages from mice
injected 2 h earlier with LPS had no effect on normal
macrophages in terms of altered growth inhibition of L.
pneumophila. Similarly, supernatants obtained from macro-
phages 30 min or 2, 4, or 12 h after injection of the donor
mice with LPS also had no effect (data not shown). In
addition, injection of the recombinant cytokine TNF-a,
rather than LPS, into mice 24 h earlier did not induce the
macrophages from these mice either to restrict the growth of
L. pneumophila or to convert normal macrophages to non-
permissiveness (Fig. 5). Similarly, when TNF-a was injected
into the mice 4, 8, or 12 h prior to obtaining the macrophages
from the donors, there was no effect on the ability of the cells
to replicate L. pneumophila and also no effect on the ability
of the cells to convert normal TG-elicited macrophages to a
state of nonpermissiveness (data not shown). Recombinant
IFN--y had some effect, but it was less than that of LPS
injection (Fig. 5). There was, however, increased production
of the cytokines IL-1, IL-6, and TNF-a when macrophages
were obtained from LPS-injected mice and cultured in vitro
for 24 h. Similarly, when 10% macrophages from these
LPS-injected mice were cocultured with normal TG-elicited
macrophages for 24 h, there was also an increase in cytokine
production (Table 1). However, it did not appear that this
increase was directly related to the increased nonpermissive-
ness of the macrophage populations to replicate L. pneumo-
phila. In additional experiments, it was found that after
separation of the macrophages from the LPS-infected mice
from cells from the normal mice by a cell-impermeable

membrane in a standard microwell culture chamber (Costar
Transwell plates), there was no alteration of the permissive-
ness of the normal macrophages for Legionella growth,
although the macrophages from the LPS-infected mice still
restricted the growth of L. pneumophila in the other com-
partment of the same culture well (Table 2). This occurred
even when equal numbers of macrophages from both
sources were used (a ratio of 1:1). Thus, it seemed unlikely
that a cell factor mediated the effect.

DISCUSSION

Previous studies in this laboratory showed that Le-
gionella-permissive thioglycolate-elicited macrophages from
A/J mice could readily be activated in vitro by LPS to
restrict the growth of L. pneumophila (7). The results of the
present study show further that macrophages from LPS-
injected mice also restricted the growth of L. pneumophila.
Additionally, these LPS-treated macrophages were capable
of activating normal TG-M4 to inhibit Legionella growth
when as few as 1% LPS-M4 were added to TG-M4 cultures
from non-LPS-treated mice. Such conferred resistance did
not appear to be a function merely of carryover of free LPS,
since polymyxin B treatment was essentially unable to
inhibit this resistance. There was little, if any, effect of
polymyxin B treatment of the macrophages from the LPS-
treated mice in terms of suppression of their ability to
convert normal macrophages to nonpermissiveness. How-
ever, the polymyxin B experiments do not completely rule
out the possibility that free or bound LPS on the macro-
phages has a role. Similarly, in other pilot studies it was
found that an antiserum to the LPS capable of neutralizing

TABLE 2. Growth of legionellae in mixed macrophage culture
separated by cell-impermeable membrane

Legionella growth (CFU)a
Macrophage culture

24 h 48 h 72 h

TG-M+ (normal control)" 2.3 x 104 1.3 x 106 3.8 x 105
LPS-M4 (LPS-treated donors)c 7.6 x 102 1.8 x 103 1.4 x 103
10% LPS-M+ + TG-M+d 5.8 x 102 1.7 x 103 1.7 x 103
50% LPS-M4 + TG-M40d 2.9 x 102 1.2 x 103 1.5 x 103
LPS-M4 (outer chamber)e 3.9 x 102 1.9 x 103 1.6 x 103
TG-M4 (inner chamber)e 2.9 x 104 3.8 x 106 5.7 x 104

0 Growth in three to five cultures at indicated times; SEM, <5%.
b Macrophages from peritonea of TG-elicited AIJ mice.
I Mice injected with LPS (30 ,ug) 2 h before M4 were obtained.
d Mixed cocultures of LPS-M+ and macrophages from normal mice.
' Microcultures with cell-impermeable membrane between outer and inner

chambers (Costar Transwell).
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endotoxin activity at a relatively high concentration also
failed to affect the ability of the macrophages from the
LPS-treated mice to convert normal macrophages to nonper-
missiveness (unpublished data). Thus, it appeared unlikely
that free LPS released by the macrophages from the endo-
toxin-treated mice after LPS injection was directly involved
in converting macrophages from normal mice to resist the
growth of L. pneumophila. Although the ability of macro-
phages from the endotoxin-treated mice to do so continued
for at least 24 h after injection of LPS into the donors, the
macrophages were less capable of such conversion than
those obtained at an earlier time. Nevertheless, it was noted
that even after 4 days in culture the mixture of macrophages
from LPS-treated donors with macrophages from normal
mice still showed restriction of Legionella growth. Thus, if
free LPS mediated this effect, it is noteworthy that nonper-
missiveness of the cocultured cells was retained for at least
2 to 4 days.

Cytokines alone did not appear sufficient to mediate this
effect, since supernatants (i.e., soluble factors) from LPS-
treated macrophages had little, if any, effect in converting
TG-M( cultures from normal A/J mice to nonpermissive-
ness. Furthermore, while LPS-M4 and normal TG-M4 co-
cultures were found to produce elevated levels of IL-1 and
TNF, as well as IL-6, which is known to contribute to the
apparent IL-i-like bioactivity of the IL-1 detected by the
comitogenic bioassay, treatment of the mice for up to 24 h
with recombinant TNF-ot or IFN-y failed to induce a similar
state of nonpermissiveness in the macrophages obtained
from these mice or macrophages from such mice cocultured
with normal TG-MO. Furthermore, as shown in additional
studies, incubation of the normal TG-M4 with LPS-M4 in
microwell plates in which a cell-impermeable membrane
separated the inner from the outer culture (Costar Transwell
plates) did not affect the growth of L. pneumophila in the
normal TG-M+-containing compartment. Thus, such data
suggest a requirement for cell-to-cell contact. Jirillo et al.
showed that lipid A-activated monocytes evince increased
phagocytosis of autologous polymorphonuclear cells by a
cell-to-cell mechanism (10). While their data implied an
involvement of membrane-associated cytokines, we do not
believe that this is the mechanism in our system. IFN--y has
been shown to activate macrophages and stimulate the
release of TNF and IL-1 (2, 3, 12, 16). As would be
expected, we found that IFN--y treatment reduced the per-
missiveness of macrophages to Legionella growth (12).
However, such IFN--y-treated macrophages were not able
to affect TG-elicited macrophages to control Legionella
growth. Therefore, while LPS and IFN--y can activate thio-
glycolate-elicited macrophages to resist growth, only LPS
treatment of the donor mice could affect the macrophages to
confer resistance to naive TG-M4. Such results, plus previ-
ous studies with cytokines in this laboratory, appear to argue
against cytokine release by LPS-M4~as an activating factor
for TG-Mq.
The results of coculture experiments with membrane-

separated culture wells appeared also to argue against the
possibility that soluble factors released by macrophages
from the LPS-treated mice affect normal macrophages to
restrict the growth of L. pneumophila. The membranes in
the microwells are large enough to permit the passage of
cytokines such as IL-1, TNF, and even IFN. It is possible,
however, that other soluble factors, such as NO, may be
involved in this effect. However, NO is very short-lived and
difficult to detect. Furthermore, other studies in this as well
as other laboratories have indicated that NO is not produced

by macrophages unless IFN-y is used to activate the cells. It
is possible, but seems highly unlikely, that LPS induces the
macrophages to produce IFN--y and this, in turn, activates
the macrophages to release NO. Experiments, however, are
in progress to attempt to determine whether NO is being
produced by these macrophages and whether macrophage
production of NO has an effect on normal macrophages to
resist the growth of L. pneumophila.
While the mechanism by which LPS-+ activate normal

TG-elicited macrophages to restrict Legionella growth is
uncertain, the data suggest a requirement for cell-to-cell
contact. An LPS-binding protein which increases by as
much as 100-fold during acute-phase response has been
identified (20). This protein has been shown to bind LPS;
then the LPS-LPS-binding protein complex binds to a cell
receptor, thereby enhancing the ability of LPS to activate
macrophages (22). We postulate that the LPS-4 may be
functioning in a similar manner. That is, the LPS-treated
macrophages present the LPS in some enhanced manner to
normal TG-elicited macrophages, allowing the naive macro-
phages to be activated by a much lower concentration of
LPS.

It would be of interest to determine whether LPS-treated
macrophages from non-Legionella-infected mice could
transfer in vivo resistance to Legionella infection to naive
A/J recipient mice. Previous studies in this laboratory, as
well as studies by others, had shown that spleen cells can
adoptively transfer immune resistance from immunized ani-
mals to naive or immunocompromised recipients. It is not
known, however, whether macrophage-enriched cell popu-
lations can do so similarly. Over a half-century ago, it was
first shown that cell-mediated immunity from skin-reactive
guinea pigs sensitized to Mycobacterium tuberculosis could
be transferred to naive recipient guinea pigs by peritoneal
cell suspensions rich in macrophages. However, lympho-
cytes in the peritoneal exudate apparently transferred this
cell-mediated immune response. Thus, it is possible, but
unlikely, that in the present study the TG-elicited peritoneal
exudate cells from the donor mice contained some lympho-
cytes, if they were not all removed by the adherence
procedure. Such lymphocytes, even if present in very small
numbers, might have a role in the transfer of resistance to L.
pneumophila, even though the bacteria grow only in macro-
phages. It is possible that LPS somehow affected such cells
to participate in resistance to the growth of the bacteria in
vitro. Experiments are in progress to determine whether
lymphocytes from Legionella-immunized mice, as well as
lymphocytes from mice stimulated with immunomodulators
such as LPS, have the ability to interact with macrophages
to induce resistance to L. pneumophila. Regardless of the
mechanisms involved, however, the results obtained in this
study show that small numbers of macrophage-rich popula-
tions from LPS-treated mice have the ability to transfer to a
larger macrophage population the resistance to this impor-
tant intracellular opportunistic bacterium. Further studies
appear to be warranted to determine the mechanisms in-
volved.
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