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Mice undergoing graft-versus-host reaction, skin grafting, and inoculation with
tumor cells were tested for nonspecific resistance by intravenous challenge with
Listeria monocytogenes. Peritoneal exudate macrophages from mice treated in a
similar manner were tested in vitro for increased degradation of [1-*C]glucose,
ability to degrade antigen/antibody complexes, ability to inhibit intracellular
growth of listeria, and staining for B-galactosidase. There was good correlation
between in vivo resistance towards L. monocytogenes and in vitro inhibition of
intracellular growth. There was also good correlation between increase in -
galactosidase and in vivo resistance in mice undergoing a graft-versus-host reac-

tion.

Mice immunized with BCG are resistant not
only to a subsequent challenge with BCG but
also to unrelated bacteria such as listeria (7).
The experimental conditions required for this
BCG-induced nonspecific resistance to listeriosis
have recently been studied (1). Nonspecific re-
sistance can, however, be induced by agents
other than bacteria. Thus, it has been shown
that mice undergoing graft-versus-host (GVH)
reaction (3) and tumor-bearing mice (8) exhibit
nonspecific resistance towards facultative intra-
cellular bacteria in vivo.

It has also been shown that peritoneal exudate
(PE) macrophages obtained from mice which
exhibit resistance in vivo have the following in
vitro characteristics: increase in microbicidal ac-
tivity, number of lysosomes, content of lysoso-
mal enzymes, spreading of macrophages on glass,
phagocytosis of particles, and oxidation of glu-
cose through the hexose-monophosphate shunt
(5).

We have demonstrated that both proteose-
peptone-stimulated and BCG-activated PE cells
showed an increased [1-'*C]glucose oxidation
(11), whereas the former cells had a higher diges-
tive capacity than the latter (10). BCG-activated
PE macrophages degraded complexes to the
same extent as normal cells. The determination
of the intracellular multiplication of listeria was
the only assay that could distinguish between
stimulated and activated PE macrophages (2).
Thus, we define macrophages as activated when
they show an increased ability to inhibit multi-
plication of facultative intracellular bacteria
when compared with normal macrophages; stim-
ulated macrophages do not necessarily exhibit

an enhanced capacity to kill these bacteria.

In view of these findings, it was of interest to
test PE cells from mice subjected to GVH, skin
transplantation, and tumor cell implantation,
using the three in vitro functional tests men-
tioned above to ascertain whether the same type
of results would be obtained as those found for
PE cells from mice immunized with BCG. In
addition, PE cells from mice treated as above
were stained for B-galactosidase, because it has
been suggested that increase in this enzyme
might be an expression of immunological acti-
vation (4).

We have also attempted to correlate the re-
sults from these in vitro tests with in vivo resist-
ance towards listeria as assessed by survival
times and bacterial multiplication in the spleen
after challenge with listeria.

MATERIALS AND METHODS

Mice. Male and female 3-month-old C3H/Ssc/1
and female 3-month-old C3H/C57Bl-F, hybrid mice
were both bred at Statens Seruminstitut, and female
3-month-old C57Bl/gJ/Bom mice were purchased
from Bomholdtgaard, Denmark.

Bacteria. BCG vaccine was derived from a concen-
trated experimental batch prepared in the BCG Pro-
duction Department, Statens Seruminstitut. Listeria
monocytogenes Ssc 1423 was obtained from H. Lau-
trop, Statens Seruminstitut. For further details, see
Bennedsen et al. (2).

Radiolabel. Carrier-free '*I was purchased from
the Radiochemical Centre, Bucks, England.

HSA. Human scrum albumin (HSA) was obtained
from the Blood Fractionation Department, Statens
Seruminstitut and was labeled at a specific activity of
about 0.5 ug/pg according to Hunter and Greenwood,
(6). H
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Anti-HSA serum. Anti-HSA serum (batch 82) was
prepared as described previously (10).

Latex suspension and acridine orange. Latex
suspension and solution of acridine orange were pre-
pared as described previously (10).

Treatment of mice. (i) BCG. BCG (1.5 x 10’
viable units) was injected intravenously (i.v.) in 0.2 ml
of Sauton medium. Control groups received Sauton
medium only.

ii) GVH reaction. Spleen cells from C3H mice
(10°) were injected i.v. into each of 10 C3H/C57BI-F,
hybrids. Controls were either untreated hybrids or
hybrids injected with 10° spleen cells from hybrids.
The spleen weights of hybrids injected with parental
cells were doubled, indicating that they were undergo-
ing a GVH reaction, whereas untreated hybrids or
hybrids injected with cells from hybrids showed no
increase in spleen weight.

(iii) Skin transplantation. Full-thickness skin
from C57Bl mice was grafted into the backs of C3H
mice by a suturing technique. Controls were either
untreated C3H mice or C3H mice grafted with C3H
skin.

(iv) Tumor transplantation. Primary mammary
tumors arisen spontaneously in C3H mice were re-
moved, cut into small pieces, and pressed through a
sieve into Tc medium. The cells were washed in Tc
medium, counted, and adjusted to 2.5 X 10 viable cells
per ml (trypan blue test). A 0.1-ml volume of the cell
suspension was injected subcutaneously (s.c.) into syn-
genic recipients (12).

Challenge with L. monocytogenes in vivo. (i)
Survival assay. All mice were challenged iv. with
about 2 X 10° L. monocytogenes (about 20X the 50%
lethal dose) on the following days after treatment:
GVH, 18 days; skin transplantation, 7 and 11 days;
tumor cell transplantation, 3 and 8 weeks. The day of
death was recorded for each mouse, and resistance
was expressed as survival in days. In the groups where
small differences were expected (skin, tumor), record-
ings were made three times daily, but resistance was
still expressed as survival in days. Significance was
evaluated by a conditional rank sum test as described
previously (1).

(ii) Spleen multiplication assay. Other groups of
mice treated in the same way were challenged i.v. with
about 2 X 10° L. monocytogenes. The number of
bacteria was determined in the spleens 24 h after
challenge by a plating technique (1). Significance was
evaluated by the Wilcoxon two-sample test.

In vitro functional tests. PE cells were harvested
from other groups of mice treated as described above
and investigated as follows.

(i) [1-**C]glucose oxidation. This was determined
by a modified Warburg technique in macrophage
monolayers, in both resting cells and cells that had
phagocytosed latex, as described previously (11).

(ii) Degradation of **I-labeled HSA-antibody
complexes. Suspensions of PE cells were incubated
with '®I-labeled HSA-antibody complexes as de-
scribed elsewhere (10). Trichloroacetic acid was added
to the mixtures after incubation; these were then
centrifuged, and the radioactivity in the supernatants
was measured. Evaluation of the breakdown of '*I-
labeled HSA-antibody complexes is based on the non-
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protein-bound radioactivity in the supernatant, cal-
culated as a percentage of the original activity added.
Degradation was expressed as the percentage of deg-
radation per 10° macrophages.

(iii) Inhibition of growth of L. monocytogenes.
Infection of macrophage monolayers has been de-
scribed in detail elsewhere (2). Briefly, cells and bac-
teria were in contact for 30 min in an atmosphere of
CO,. After removal of the supernatants and washing,
fresh medium containing penicillin (0.75 ug/ml) was
added, and the tubes were replaced in the incubator.
After a further incubation for 0.5 and 4 h, the super-
natants were removed, and the cells were lysed by
adding distilled water. The number of bacteria in the
cell lysate was determined by means of a plating
technique, and the slopes of the growth curves were
evaluated and compared as before (2). The growth
pattern was also expressed as generation time in min-
utes, assuming an exponential growth. A negative gen-
eration time corresponds to a negative slope. The
corresponding positive value could justifiably be called
a half-life.

(iv) Identification of g-galactosidase. This was
carried out according to Pearson et al. (9) using 5-
bromo-4-chloro-3-indolyl-B-p-galactoside (Sigma) as
the substrate. Smears prepared by cytocentrifugation
were incubated with or without substrate or with
sodium fluoride (1.0 M). The intensity of the reaction
was arbitrarily graded as follows: + = weakly positive;
+ and ++ = positive; +++ and ++++ = intense
reaction, the majority of the cells being stained. Mac-
rophages were assessed by morphological criteria, i.e.,
size and ratio of nucleus to cytoplasm. Macrophages
were arbitrarily divided into medium-sized and large
macrophages (over 20 um), and the percentage of these
cells that were stained was recorded.

(v) Determination of the percentage of mac-
rophages in PE cells. This was estimated as de-
scribed previously (10): (i) morphologically after stain-
ing with Wright stain; (ii) after ingestion of latex; and
(iii) after ingestion of acridine orange. A total of 1,000
cells was counted for each preparation.

RESULTS

Primary resistance to L. monocytogenes
in vivo. Table 1 illustrates the survival times
and bacterial counts in the spleen of mice chal-
lenged iv. with L. monocytogenes after being
treated in various ways.

Survival times were increased 7 days after
skin transplantation in both allografts and syn-
genic grafts, but only in the allograft 11 days
after grafting. Spleen multiplication was in-
hibited in the allograft (7 days) and in the syn-
genic graft (11 days).

Injection of tumor cells did not increase re-
sistance; on the contrary, 21 days after inocula-
tion there was a decrease in resistance to listeria,
as assessed by survival times, and multiplication
in the spleen. The greatest increase in resistance
to listeria, as measured by survival times or
multiplication, was seen in the GVH reaction.
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TaBLE 1. Death rates of mice (10 mice per group) and bacterial counts in spleen after challenge with L.

monocytogenes
No. of mice dead on day Median
Chal- bacteri{ll
. 2P val- counts in 2P val-
Treatment of mice lenged ues spleen 24 h ues
on day 2 3 4 5 6 >10 after chal-
lenge
GVH reaction
Control (hybrids) 10 4.81 x 10*
Hybrid cells i.v. — hybrids 18 1 7 <0.001° 208 x 10* <0.01°
C3H cells i.v. — hybrids 18 10 <0.001° 399x10° <0.001°
Skin transplantation
Control (C3H mice) 5 5 5.26 x 10*
C3H —» C3H 7 6 2 1 <001 4.20 x 10*
C57B1 - C3H 7 1 2 1 1 2 <0.05 2.12 x 10* <0.05
Control (C3H mice) 7 3 3.72 x 10*
C3H — C3H 11 6 3 1 2.10 x 10*
C57Bl - C3H 11 6 2 1 <001 3.54 x 10*
Tumor implantation
Control (C3H mice) 6 4 2.12 x 10*
Tumor cells s.c. - C3H mice 21 10 <0.05 7.50 X 10* <0.01
Control (C3H mice) 4 4 1 4.26 x 10*
Tumor cells s.c. - C3H mice 56 4 2 3 3.18 x 10*

° Difference in survival times after GVH and syngenic cell transfer: 2P < 0.001.

% Difference in bacterial multiplication: 2P < 0.01.

Syngenic cells also caused an increased resist-
ance, but this did not reach the same magnitude
as in the GVH (difference in survival times after
GVH and syngenic cell transfer, 2P < 0.001; in
bacterial multiplication, 2P < 0.01).

Morphology of cells. PE macrophages har-
vested from mice after skin transplantation, in-
jection of tumor cells, GVH reaction, and i.v.
immunization with BCG had certain features in
common. Many of the cells were larger than
normal, attaining the size of giant cells but con-
taining only one nucleus. The macrophages con-
tained many more lysosomes than normal, as
assessed by the uptake of acridine orange.

There was no obvious morphological differ-
ence in the macrophages harvested from mice
receiving syngenic or parental cells (GVH), be-
tween cells from mice receiving syngenic or al-
logenic skin grafts, or between macrophages
from mice harvested on different days after im-
munization with BCG i.v.

Percentage of macrophages in PE cells.
The percentage of PE macrophages, estimated
by uptake of acridine orange or latex or after
staining with Wright stain, was consistent for
the three methods. The percentage increased
after treatment with BCG i.v. (16 days), skin
transplantation (11 days) both syngenic and al-
logenic, and after injection of tumor cells (3
weeks). Otherwise the percentage of macro-
phages in the treated mice resembled that of the
untreated mice.

In vitro results. (i) [1-'*C]glucose oxida-
tion. The oxidation of adherent cells from C3H
mice after skin transplantation, injection of tu-
mor cells, and GVH reaction was compared with
the oxidation of cells from untreated control
animals (Fig. 1) (unless otherwise stated, all
differences mentioned throughout this section
were significant at the 0.1% level). Oxidation was
increased in phagocytosing cells from mice 7
days after skin transplantation (allograft), but
not in the syngenic graft. At 11 days after skin
transplantation, both resting and phagocytosing
cells from mice that received an allograft showed
increased oxidation when compared with cells
from mice receiving a syngenic graft. PE cells
from mice injected with tumor cells only showed
an increase in oxidation in both resting and
phagocytosing cells 8 weeks after implantation.
The most dramatic increase in oxidation oc-
curred in the cells obtained from hybrids in-
jected either with syngenic or parental cells
(GVH) when compared with the hybrid control
cells. There was no difference in the metabolic
activity of PE cells (resting and phagocytosing)
from mice that received either syngenic or pa-
rental cells.

Degradation of '**I-labeled HSA-anti-
body complexes by PE cells. PE cells ob-
tained from mice 7 or 11 days after skin trans-
plantation showed no indication of a greater
digestive capacity than PE cells from untreated
mice (Fig. 2). Figure 2 also shows that 10° PE
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F1G. 1. Oxidation of [1-*C]glucose by PE macro-
phages from C3H mice after skin transplantation,
GVH reaction, and injection of tumor cells. Each set
of columns represents resting cells (left) and cells that
Dphagocytose latex (right), expressed in nanomoles per
hour per milligram of macrophage protein. The mean
of 10 cultures is shown with +2 standard error.

cells from mice injected with tumor cells (3
weeks) degraded the complexes to a greater ex-
tent than control cells, whereas 8 weeks after
tumor cell implantation the PE cells were less
capable of degrading complexes than control
cells. A GVH reaction caused an increased ca-
pacity to degrade complexes, which was signifi-
cantly above that of control values. The syngenic
graft had no effect on the digestive capacity of
PE cells.

Intracellular multiplication of L. mono-
cytogenes. Table 2 shows the type of results
obtained after treating C3H mice in various
ways. A GVH reaction gave rise to PE cells
which were unequivocally capable of inhibiting
the growth of listeria in vitro. There was no
conclusive result with the skin transplantation.
This particular experiment was designed to elu-
cidate the difference between syngenic and al-
logenic grafting. No difference was seen after 7
days, but there was a weakly significant increase
(5% level) in the generation time in the syngenic
graft after 11 days. The injection of tumor cells
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had no effect on the capacity of PE cells to kill
L. monocytogenes.

Identification of B8-galactosidase. 8-Galac-
tosidase was visualized as a green granular re-
action in the cytoplasm of the macrophages in
the presence of its substrate. The reaction ob-
served in the PE cells is shown in Table 3. An
intense reaction was seen in the PE cells im-
munized i.v. with BCG at 16 and 19 days after
injection, but there was also a strong reaction
after 13 days. PE cells from mice injected with
tumor cells or after skin transplantation (11
days, syngenic) showed the same degree of stain-
ing, which was slightly more intense than that
obtained with normal cells. A strong reaction
was observed after skin allograft and syngenic
graft (7 days) and allograft (11 days). PE cells
from mice undergoing a GVH reaction stained
as intensely as those from mice immunized with
BCG (16 days). The transfer of syngenic cells
also caused an increase in the enzyme in the PE
cells, but the staining was not as intense. The
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F1c. 2. Degradation of '*I-labeled HSA-antibody
complexes by PE macrophages from mice after skin
transplantation, GVH reaction, and injection of tu-
mor cells. Degradation is expressed as percentage of
degradation by 10° macrophages. Each column rep-
resents the mean of at least five simultaneous deter-
minations with +2 standard error.
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TaBLE 2. Intracellular generation time of L.
monocytogenes in monolayer cultures of PE

macrophages
PE
cells Genera-
Treatment of mice har- tion time S“;%ﬁ x
vested (min)
on day
GVH reaction
Control (hybrids) 18 1384 218
Hybrid cells iv. - 18 153 1.96
hybrids
C3H cells i.v. —» hy- 18 2,888 -0.104°
brids
Skin transplantation
C3H — C3H 7 176 1.71
C57Bl1 — C3H 7 138 2.18
C3H — C3H 11 414 0.727*
C57Bl1 — C3H 11 210 1.43
Tumor implantation
Control (C3H mice) 125 2.40
Tumor cells sc. - 21 170 1.76
C3H mice
Control (C3H mice) 136 2.2
Tumor cells sc. - 56 193 1.55
C3H mice
% 2P < 0.005.
4 2P < 0.05.

INFECT. IMMUN.

majority of the cells stained were large macro-
phages, and these usually showed intense stain-
ing, although some of the medium-sized cells
were also intensely stained. Cells from mice with
a GVH reaction were quite distinctive because
95% were stained, 60% being large macrophages.
Approximately the same number of macro-
phages were stained after transfer of syngenic
spleen cells, but the reaction was not as intense.
Twice as many PE macrophages were stained
after immunization with BCG i.v. (13, 16, and 19
days) when compared with normal cells, over
30% being large macrophages. Only a few PE
cells were stained after allograft skin transfer (7
days) and allograft and syngenic graft (11 days).

DISCUSSION

Acquired resistance in C3H mice towards in
vivo challenge with L. monocytogenes is
achieved after immunization with BCG i.v., as
assessed by survival times in days and increase
in listeria in the spleen (1).

It has also been shown that PE cells from
mice immunized with BCG i.v. were capable of
enhanced [1-“C]glucose oxidation and inhibi-
tion of growth of listeria, but were not capable
of degrading antigen-antibody complexes (2, 10,
11). The present experiment shows that PE mac-

TABLE 3. Presence of B-galactosidase in PE macrophages from C3H mice

PE Percent macrophages stained
. cells  y ensity of re-
Treatment of mice har- ntensity ot re
vested action Total Large Medium
on day
Immunization
Control (C3H mice) + 26.3 8.0 18.3
BCG iv. (1.5 X 107 viable units) 12 + 28.2 184 9.8
13 +++ 54.3 31.5 22.8
16 ++++ 42.1 30.0 12.1
19 ++++ 46.3 36.5 9.8
Tumor implantation
Tumor cells s.c. - C3H mice 21 + 4.6 2.6 2.0
56 +-++ 19.3 103 9.0
GVH reaction
Control (hybrids) ES 29.7 8.5 21.2
Hybrid cells i.v. — hybrids 18 ++ 80.1 49.8 30.3
C3H cells i.v. — hybrids 18 ++++ 95.1 60.6 34.5
Sk(i}n transplantation
3H — C3H 7 +++ 38.7 20.2 18.
C57Bl - C3H 7 ++-+++ 14.5 7.3 gg
C3H — C3H 11 + 4.0 2.0 2.0
C57Bl - C3H 11 +++ 135 74 6.1

@+, Weakly positive; + and ++, positive; +++ and ++++, intense reaction.



VoL. 23,1979

rophages from mice immunized with BCG i.v.
have an increased content of S-galactosidase.

Dannenberg et al. (4) observed an increase in
this enzyme in the macrophages locally stimu-
lated in a dermal BCG lesion in rabbits, an
increase associated with the destruction of tu-
bercle bacilli. These authors considered this ac-
tivation to be a local phenomenon. However, our
results indicate that BCG injected i.v. exerts a
systemic effect, since B-galactosidase was in-
creased in PE macrophages.

Dannenberg et al. (4) pointed out that not all
enzymes might be increased to the same extent
when macrophages are activated, and this has
been confirmed by David (5). This observation
would explain why we found increased B8-galac-
tosidase in PE macrophages after i.v. injection
of BCG but no increased degradation of antigen-
antibody complexes by these cells (10).

Treatment of mice for immunological activa-
tion other than direct infection yielded variable
results. Thus, injection of tumor cells gave vir-
tually negative results, and there was no indi-
cation that resistance towards L. monocytogenes
was achieved (Table 1). On the contrary, after 3
weeks there was a decrease in the resistance.
This has also been observed by North et al. (8),
who demonstrated a factor, present in the serum
of tumor-bearing mice, which could suppress the
antibacterial function of macrophages. On the
other hand, North et al. (8) also demonstrated
that this tumor-induced state of suppressed an-
tibacterial resistance was short lived and that it
was soon replaced by a contrasting state of
greatly enhanced antibacterial resistance. We
have not been able to confirm this result, but
this may be due to differences in time schedules
for the assays and tumor progression.

PE cells from tumor-bearing mice did degrade
antigen-antibody complexes after 3 weeks, the
metabolic rate was increased after 8 weeks, and
there was a slight increase in the content of 8-
galactosidase at 8 weeks. Thus, PE macrophages
from tumor-bearing mice exhibit some of the
features of stimulated cells (10), but these cells
are not activated under our experimental con-
ditions.

Skin grafting (allograft) also resulted in resist-
ance to L. monocytogenes in vivo and in vitro,
oxidation of [1-**C]glucose, and increase in 8-
galactosidase (Table 1), although only the allo-
graft (11 days) showed both in vivo and in vitro
resistance to L. monocytogenes. The syngenic
graft (7 and 11 days) also gave rise to resistance
in vivo but was not positive in both methods
used for assessment. PE cells from all the skin
grafts showed a positive reaction in the oxidation
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of [1-"*C]glucose and increase in 8-galactosidase,
whereas they could not degrade antigen-anti-
body complexes. PE cells from the syngenic graft
(7 days) and allograft (11 days) had an intense
reaction for p-galactosidase, similar to that
found after infection with BCG. Thus, there is
no clear-cut evidence that skin grafting always
activates macrophages to produce acquired re-
sistance. Furthermore, the results found with
the syngenic graft imply that all the positive
findings could be due to a nonspecific mecha-
nism, e.g. postsurgical inflammation.

Mice undergoing a GVH reaction or injected
i.v. with BCG showed the same type of results
for resistance in vivo (1) and for functional tests
for PE macrophages in vitro (2) with one excep-
tion; i.e., PE cells from mice with a GVH reaction
were capable of degrading antigen-antibody
complexes. The injection of syngenic cells (F;)
into hybrids had some effect on the PE macro-
phages, since there was resistance to listeria as
assessed by survival times, increase in metabolic
rate, and a slight increase in B-galactosidase
despite the fact that the main criterion for the
existence of an immunological reaction was miss-
ing, i.e., increase in spleen weight.

However, statistical evaluation showed that
although the syngenic graft afforded resistance
towards listeria, the parental graft (GVH) gave
rise to a resistance of a higher magnitude. In
addition, the determination of in vitro inhibition
of multiplication of listeria after injection of
syngenic cells was negative, implying that acti-
vation of PE macrophages had not taken place.
This does not exclude the possibility that syn-
genic cells could stimulate the cells of recipient
mice to a greater metabolic activity or increase
in enzyme than normally seen. However, accord-
ing to our criteria for immunological activation,
the B-galactosidase reaction should be intense,
which was not the case here. Our conclusion is
that syngenic cells do not cause activation of
macrophages under our experimental condi-
tions, but they can stimulate certain functional
aspects.

Blanden (3) observed that mice undergoing
GVH reaction were resistant to listeria infection,
as manifested by inhibition of growth of orga-
nisms in their spleens. Injection of isogenic or
allogenic spleen cells did not influence the course
of the infection. In addition, the peritoneal mac-
rophages of parental cell recipients inactivated
Salmonella typhimurium at a greatly increased
rate when compared with cells from untreated
mice. These results agree with ours, if we take
the above-mentioned results into consideration.

The results shown in Table 3 suggest that 8-
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galactosidase might well be a marker for mac-
rophages which inhibit the growth of facultative
intracellular bacteria such as listeria (in vitro),
provided that an intense reaction (+++ to
++++) is recorded (see BCG and GVH), since
this also correlates with resistance in vivo.

However, PE macrophages from mice receiv-
ing skin allograft (11 days) and syngenic skin
graft (7 days) also gave an intense reaction
(+++) (Table 3), which corresponds to in vivo
resistance but not inhibition of growth of listeria
in vitro. Therefore, it is probably not justifiable,
until the enzyme reaction has been investigated
in more detail, to use the increase in 8-galacto-
sidase as an unequivocal criterion for the acti-
vation of the bactericidal capacity of PE mac-
rophages.

The variability in macrophage function fol-
lowing various immunological treatments sug-
gests that the difference discussed above may
depend on the method of activation. Wing et al.
(14) used three types of infection to activate
macrophages, and they found that PE macro-
phages characterized as activated by one crite-
rion did not satisfy other criteria of activation.
This is in agreement with our results after treat-
ment of mice in various ways involving an im-
munological reaction to activate macrophages.

It is known that different subpopulations of
macrophages exist having different functional
capacities (13); e.g., as pointed out by Wing et
al. (14), macrophages which inhibit tumor cell
DNA synthesis may be distinct from those
which inhibit intracellular multiplication. In
terms of our experiments this would mean that
macrophages which can, for example, degrade
antigen-antibody complexes are distinct from
those which inhibit the growth of listeria, or that
the same cell requires two different signals for
activation.
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