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In contrast to the studies that describes the effects ofconagenin (CNG)on the cellular
immunity of lymphocytes (references), we investigated the in vitro effect of CNGon
macrophage function. Phagocytosis of alveolar macrophages (AM) against opsonized-sheep
red blood cells (SRBC) was significantly enhanced following in vitro incubation with CNG
for 12 hours at 37°C, which was closely associated with increased expression of Fc-receptor
in AMmembranes. Macrophage-activating factor (MAF), prepared from splenic
lymphocytes in vitro stimulated with concanavarin A (Con A) for 48 hours at 37°C, had
also the enhancing effect on phagocytosis of AMagainst opsonized-SRBC. Preincubation
with CNG (O.ljug/ml) and MAF (1/100 dilution) induced the additional effect on
phagocytosis of AM,which was associated with the increased expression of Fc-receptor
in AMmembranes. These results suggest that CNGenhances AMphagocytosis by
increasing the expression of Fc-receptor on their membranesvia either effecting different
sub-populations of AMcells or by activating independent mechanism on the same AM
cell population.

Conagenin (CNG; C10H19NO6, MW249.16) extract-
ed from Streptomyces roseosporus is known to be

immunoenhancer. CNGenhances the incorporation of
[3H]-thymidine by splenic lymphocytes following in vitro
stimulation with Con A1}. In addition, CNGenhances
production ofcytokines such as interleukin-2, 3 and 62'3).
Although natural killer cell (NK) activity is known to

decrease in tumor-bearing mice, the administration of
CNGdid not induce the decrease of NK activity and
maintained NK activity at the normal level3). Until

now, most of studies on the effect of CNGon cellular
immunity has focused on lymphocyte functions. In this
study the in vitro effect of CNGon macrophage func-
tion is discussed.
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Materials and Methods

Animals

Male F344 rats, 8 weeks old, were obtained from Japan
SLC(Shizuoka, Japan) and maintained under specific
pathogen-free conditions at 21+2°C and 55+5%

humidity.

CNG

CNG was gifted from KANEKACo., Ltd. (Osaka,
Japan), and dissolved in culture mediumand filtered
through a 0.22 jum Millipore membrane (Millipore Corp,
Bed ford, MA).

Cell Preparation
Rats were anesthetized with pentobarbital sodium

(0.1 ml/100g BW) and exanguinated by cutting off the
arteries of both kidneys. Then, AMwere collected by
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bronchoalveolar lavage with saline. AMwere collected
by centrifugation. Collected AMwere resuspended with
RPMI1640 medium including 10% fetal bovine serum
(FBS) and antibiotics such as penicillin (100 units/ml)

and streptomycin (100 /ig/ml).

Macrophage-activating Factor (MAF)
Spleens from rats were aseptically removed and

minced. Then, splenocytes were passed through a
stainless steel mesh in medium. They were adjusted at

1x107/ml and then incubated with 5/ig/ml Con

A-sepharose for 48 hours at 37°C. After incubation, the
supernatants were filtered through a 0.22/mi Millipore
membraneand stored at -80°C until the experiment.
This supernatant was diluted with RPMI 1640 culture
medium and used as MAF.

Phagocytosis of AM
Sheep red blood cells (SRBC) (Nihon Biotest, Tokyo)
were washed 3 times with RPMI-1640. Opsonization was

accomplished by incubating 10 ml of washed SRBCwith
0.2 ml of rat anti-SRBC antiserum (heat-inactivated) for
1 hour at 37°C, and then they were washed 3 times with
medium. Radioactive labeling of opsonized-SRBC was
accomplished by incubating with 0.2ml of Na251CrO4
(Amersham) for 1hour at 37°C. Labeled opsonized-

SRBCwere washed 3 times to remove excess 51Cr, and
the final volume was adjusted to 0.6% suspension of
SRBC. AM were adjusted (6x lO5/ml) and plated

(3 x 105/well) in 24 well flat-bottom microplate. After
1 hour, the plate was washed with mediumto remove
nonadherent cells, and then various concentrations of

CNG (0- 100/ig/ml) and/or diluted-MAF were added
to each well and incubated for 12hours at 37°C. After
incubation, plates were washed with medium, added
51Cr-labeled opsonized-SRBC, and incubated for 1 hour
at 37°C. The cultures were rinsed once with distilled water
to lyse nonphagocytosed SRBC, and then washed twice

with physiological saline. All remaining adherent cells

were lysed by 0.1 n NaOH, and the radioactivity oflysate
was measured by gammacounter.

Fc-receptor Expression in AMMembrane
AMwere incubated with 51Cr-labeled opsonized-

SRBC for 1hour at 4°C. Then, the culture plate was
washed 4 times with physiological saline at 4°C. All

remaining cells were lysed by 0..1n NaOH, and the
radioactivity oflysate was measured by gammacounter.

Fig. 1. Phagocytosis of 51Cr-opsonized SRBC
by AM following in vitro incubation with

various concentrations ofCNG(0 ^ 100 /ig/ml).
*/?<0.05, **/?<0.01 (vs. without CNG).

Statistical Analysis
Statistical significance was analyzed by Student's £-test.

Results

Phagocytosis of Opsonized-SRBC by AM

AMwere preincubated with various concentrations of
CNG (0~100/ig/ml) for 12hours at 37°C, and then

phagocytic activity of AMwere determined by using
51Cr-labeled opsonized SRBC. Phagocytic activity of

AMwas significantly increased by in vitro incubation
with all concentrations of CNG (Fig. 1). The most

effective concentration of CNGto enhance AMphago-
cytosis was 0.1/ig/ml, which showed 2 times higher

phagocytosis compared to AMcultured with medium
alone.

Fc-receptor Expression in AMMembrane
AMwere preincubated with CNGfor 12 hours at 37°C,

and then Fc-receptor expression in AMwas examined
after incubation with opsonized-SRBC for 1 hour at 4°C.
Fc-receptor expression in AMwas significantly increased
by in vitro incubation with CNG. Both 0.01 and 0.1 jug/ml

of CNG induced 2.5-fold increase compared to that

incubated with medium alone (Fig. 2). However, the
concentration of CNGdid not induce a further increase
of Fc-receptor expression of AM.
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Fig. 2. Fc-receptor expression in AMmem-
brane following in vitro incubation with various
concentrations of CNG(0- 100pg/ml).

*/?<0.05 (vs. without CNG).

Fig. 4. Phagocytosis of 51Cr-opsonized SRBC

by AMfollowing in vitro incubation with CNG
(0.1 jug/ml) and/or MAF (1/100 dilution).

*/?<0.05 (vs. medium alone); #/?<0.05 (vs.

MAF).

Fig. 3. In vitro effect of MAFon phagocytic
activity of AM.

*/?<0.05, **/?<0.01 (vs. medium alone).

Fig. 5. Fc-receptor expression in AMfollowing
in vitro incubation with CNGand/or MAF.

*/?<0.05, **p<0.01 (vj. mediumalone); */?<0.05
(vs. MAF).

Phagocytic Activity of AMafter
MAFTreatment

Phagocytic activity of AMagainst opsonized-SRBC
was also significantly enhanced by in vitro incubation

with MAF(Fig. 3). The highest enhancement of AM
phagocytosis was shown in the dilution of MAFat the

ratio of 1:100.

Phagocytosis and Fc-receptor Expression of
AMFollowing the Coculture with

CNGand MAF

Phagocytic activity and Fc-receptor expression of AM
against opsonized-SRBC was measured after in vitro
incubation with both MAF (1/100 dilution) and CNG
(0.1 jug/ml) for 12 hours at 37°C. The coculture with CNG
and MAF induced the additive increases in both
phagocytic activity and Fc-receptor expression in AM
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(Fig. 4 and 5).

THE JOURNAL OF ANTIBIOTICS

Discussion

CNG prepared from Streptomyces roseosporus en-

hances the phagocytic activity of AMagainst opsonized-
SRBC. Other investigations have reported that microbial
extract such as muramyldipeptides (MDP)4), ubenimex5)
and forphenicinol6'7) also activate macrophage function.
CNG and other microbial extracts may activate
macrophage function by a similar mechanisms. As shown
in Fig. 2, the enhancement ofphagocytic activity of AM
against opsonized-SRBC following in vitro incubation
with CNG was closely associated with increased

expression of Fc-receptor in AM.
MAFprepared from splenic lymphocytes treated in

vitro with Con A for 48hours is knownto enhance
macrophage functions as reported previously8)9). As

shown in Fig! 3, 1/100 dilution of MAF induced the
maximumincrease of phagocytic activity, which was
similar to that observed with CNGtreated AMas shown
in Fig. 4. The coculture of AMpreparation with CNG
and MAF induced an additive effect on phagocytic
activity. This additive stimulation could be due to CNG
and MAF acting by either acting by independent
mechanism on the same cells or by acting on different
sub-populations of AMby the same mechanisms. Both
MAFand CNGincreased expression of Fc-receptors in
AM(Fig. 5). The coculture with CNG and MAFinduced
a higher expression of Fc-receptor than either agent

alone. Although both agents independently activate the
expression of the samereceptor, the additive activation
again suggests that they act either by independent
mechanismon the same cell or by the same mechanism
on different sub-populations of cells.
Kawatsu et al. have reported that CNGinhibits both

macrophage function and the secretion ofmonokine from
macrophages in tumor-bearing mice2?3). This does not
agree with the results in the study. The discrepancy

between Kawatsu et al. and the present studies may be
due to the difference in the experimental condition. They
used tumor-bearing mice in their experiment. Not only
macrophage function but also the secretion of in-
flammatory cytokines such as TNF-a and IL-1 were
remarkably enhanced during the development of
cancer10). In addition, their cytokines promote tumor

growth1^. Therefore, CNGmay inhibit macrophage
function in tumor-bearing mice due to suppression of
tumor growth. In normal mice, CNGmay enhance
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macrophage function. These results suggest that CNG
is a potent immunomodulator and has the ability to
normalize macrophage function depending on the con-
dition of the host. Although CNGand MAFenhanced
macrophage phagocytic function in this experiment,
it is unclear whether they act independent mechanism on
the same cell or the same mechanism on different
sub-population of cells. Further work is needed
in order to define the detailed mechanism of CNG
stimulation of AMfunction.
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