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Modifications of host defence mechanisms by an acute
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Summary. Mice developing an acute non-immunological inflammatory reaction were

examined for modification of specific and non-specific defence mechanisms on the basis of
previous observations that these animals displayed an increased resistance to bacterial and

parasitic infections but an impaired resistance to neoplasia. Local acute inflammation was
induced by injection into the pleural cavity of a non-antigenic, endotoxin-free irritant—cal-
cium pyrophosphate microcrystals or low-molecular-weight dextran. Effector functions of
macrophages at remote sites from the inflammatory focus were markedly stimulated. This was
shown by: (a) an accelerated elimination of Listeria monocytogenes in the liver and spleen of
mice with inflammation; (b) the acquisition of cytostatic activity for tumour cells by peritoneal
macrophages; and (c) an enhancement of chemiluminescence emission and superoxide
production in response to phagocytosis. Natural killer activity of spleen and peritoneal cells
was stimulated in a biphasic manner. In contrast, cytolytic T cell differentiation upon in vitro
immunization of spleen cells against allogeneic tumour cells was impaired. All these effects
were observed very early (2 h) after the onset of inflammation and were still detectable at least
3 days after the inflammatory process had disappeared.
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In previous studies, we showed that mice
developing an acute non-immunological in-
flammatory reaction induced by the injec-
tion of a non-antigenic irritant into the
pleural cavity, have an increased resistance
to infection. Protection against Klebsiella
pneumoniae (Giroud et al. 1979) and Trypano-
soma cruzi (Giroud et al. 1981b) and delayed
mortality after acute Candida albicans infec-
tion (Drouhet et al. 1981) were observed
when the inflammatory stimulus was
applied before the inoculation of micro-

organisms. In addition, these protective
effects have been reproduced by injecting
inflammatory serum into normal mice, 24 h
before bacterial and parasitic challenge. On
the other hand, the inflammatory process
was able to influence primary tumour
growth and metastatic development.
Depending on the tumour model used and
the time of application of the phlogistic
stimulus with respect to tumour grafting,
inhibition of facilitation of tumour progres-
sion was observed (Nolibe et al. 1980).
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The aim of the present work was to
investigate whether this acute non-immuno-
logical inflammation interferes with the ex-
pression of specific and non-specific defence
mechanisms in such a way that explains the
modulation of host resistance. For this pur-
pose, inflammation was induced in mice by
an intrapleural injection of calcium pyro-
phosphate microcrystals or low-molecular-
weight dextran. The inflammatory reaction,
which is dominated by polymorphonuclear
leucocytes (PMNSs), reached its peak after 6 h
and disappeared within 48 h (Willoughby et
al. 1975).

Initially, we looked at modifications of
macrophage effector functions at remote
sites from the inflammatory focus. The evo-
lution of bacterial growth in the spleen and
liver of inflamed mice has been studied after
Listeria monocytogenes infection since it can
be considered as a good in vivo correlate of
macrophage activation. Peritoneal macro-
phages were examined for their in vitro
cytostatic activity for tumour cells which is
also taken as a criteria of macrophage acti-
vation (North 1978). In addition, the chemi-
luminescence of peritoneal macrophages in
response to opsonized zymosan particles was
measured and we tried to correlate this
activity with the release of superoxide anions
as reactive oxygen metabolites are, at least in
part, implicated in the bactericidal and
tumoricidal activities of activated macro-
phages (Murray et al. 1979; Nathan et al.
1979).

Besides macrophages, natural killer (NK)
cells are believed to play a role in non-specific
defences against neoplasia and infections
(Herberman 1982). Spleen and peritoneal
cells from animals with inflammation were
examined, therefore, for their NK activity
against the highly sensitive YAC-1 lym-
phoma target cells.

In order to determine the effect of inflam-
mation on specific immune responses, we
looked at the differentiation of cytolytic T
lymphocytes (CTL) during in vitro immuniza-
tion of spleen cells from mice with inflamma-
tion against allogeneic tumour cells.
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All the results obtained demonstrated that
the most simple and short (48 h) inflamma-
tory process, free of bacteria and endotoxin,
was able to markedly affect host defence
mechanisms against infection and neoplasia,
long after the inflammatory process had
disappeared.

Material and methods

Animals. Two-month-old pathogen-free
DBA/2 and C57Bl/6 mice (Iffa Credo, |'Ar-
bresle, France) were used.

Irritants. Calcium pyrophosphate (CaPP)
microcrystals were kindly provided by ].L.
Savio and R. Legros, Université Paul Saba-
tier, Toulouse.

Dextran, molecular weight 40 ooo, was
obtained from Sigma Chemical Company, St
Louis, USA.

Induction of the acute inflammatory reaction.
Mice were injected intrapleurally, under
aseptic conditions, with 0.7 ml of either a 1%
suspension of calcium pyrophosphate mic-
rocrystals or 0.5 ml of a 12% solution of
dextran, in pyrogen-free saline. The absence
of pyrogens was verified by the Limulus
assay (Industrie Biologique Francaise,
Aubervilliers, France). Control animals were
untreated since intrapleural injections of
pyrogen-free balanced salt solution are
known to be able to induce slight acute
inflammatory reactions (Sultan et al. 1978).

Measurement of Listeria monocytogenes multip-
lication in vivo. Listeria monocytogenes, strain
EGD, originally obtained from G.B. Macka-
ness, was stored frozen after a log-phase
culture in trypticase Soy broth and diluted in
0.9% NaCl solution before inoculation.

Bacterial growth was monitored in the
liver and spleen of four mice in each group at
various times after bacterial challenge. The
number of viable bacteria was determined by
plating 10-fold dilutions of organ homo-
genates in saline on nutrient agar, and
colony count was performed after 20 h
incubation at 37°C.
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A protection index (PI) was defined as the
difference between the number (Log;,) of
bacteria in inflamed and in control mice.

Measurement of chemiluminescence and super-
oxide production of peritoneal macrophages.
Peritoneal cells were obtained from controls
or mice with inflammation by washing the
peritoneal cavity with 2 x 4 ml of cold phos-
phate-buffered saline (PBS). After washing
twice, the cells were resuspended in phenol
red-free Hanks balanced salt solution (HBSS)
as described below.

Chemiluminescence was measured with a
Packard Picolite luminometer using
opsonized zymosan as the stimulus.

Opsonized zymosan was prepared by incu-
bating 60 mg of zymosan (Sigma, USA)in 15
ml of 10% freshly prepared normal mouse
serum diluted in PBS for 30 min at 37°C.
After washing, the particles were resus-
pended in PBS and used at a concentration of
15 mg/ml.

Chemiluminescence was evaluated by in-
troducing 150 ul of cell suspension (5 x 10°
cells) into a 6 x 50 mm borosilicate tissue
culture tube and placing it into the machine
where it was maintained at 37°C in the dark.
After equilibriation, 20 ul of luminol (Sigma,
USA) solution was added to give a final
concentration of §x 10-% M. When back-
ground light emission became constant, 150
ul of the zymosan suspension was added and
the photo-emission was recorded con-
tinuously for 20 min.

The production of superoxide by macro-
phages, when stimulated with opsonized
zymosan, was assayed using a modification
of the method described by Johnson et al.
(1975).

Peritoneal cells (2.5 x 10° in 0.5 ml) were
pre-incubated for 5 min at 37°C in HBSS
with or without 200 ug of superoxide dismu-
tase (SOD type I Sigma, USA) in a total
volume of 1.15 ml. Aliquots (0.25 ml) of
ferricytochrome C, 0.5 mm (type III, Sigma,
USA) and o1 ml of opsonized zymosan (10
mg/ml), were added to start the reaction.
After incubation for 10 min at 37°C, the
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reaction was stopped by immersing the tubes
in an ice-bath. After centrifugation at 900 g
for 5 min the absorbance of the supernatants
at 550 nm was determined in a spectro-
photometer. The results of quadruplicate
tubes were averaged and converted to nano-
moles of cytochrome C reduced, using the
extinction coefficient:

Esso om =2.1 X 10*/M/cm.

Tubes containing SOD served as blanks.
Results are expressed as the amount of
superoxide released in response to zymosan
minus the resting level of unstimulated cells.

Assay for macrophage cytostatic activity. Peri-
toneal cells were obtained by lavage of the
peritoneal cavity with 4 ml HBSS. Washings
from three mice in each group were pooled
and centrifuged. Cells were resuspended in
serum-free RPMI 1640 culture medium at a
concentration of 2 x 10%/ml and 200-pl ali-
quots were distributed in flat-bottomed mic-
roplates (No. 3040, Falcon Plastics, Oxnard,
USA). After 2 h ofincubation at 37°Cin a 5%
CO; in air atmosphere, the non-adherent
cells were removed by three washes with
culture medium and 2 x 10* L1210 leukae-
mic cells were added in 200 ul serum-free
RPMI culture medium to the macrophage
monolayers. Cultures were incubated for 24
h in the presence of 1 uCi [*H]-methyl
thymidine per well (3H-TdR, specific activity
25 Ci/mmol, CEA, France) for the last 4 h of
incubation. Tumour cells were collected on
glass-fibre filters with a multiple automated
sample harvester (MASH II, Microbiological
Associates) and 3H-TdR incorporation was
measured in a liquid scintillation spectr-
ometer (Rack Beta, LKB Instruments,
Sweden).

Results were expressed as mean counts per
minute (ct/min) + standard error of the
mean (SEM) from 12 replicate cultures.

Natural killer (NK) cytotoxicity assay. Spleen
and peritoneal cells from five mice in each
group were pooled and tested for their cyto-
toxic activity against YAC-1 tumour cell-
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line. Varying numbers of effector cells were
added to 1x10* S31Cr-labelled YAC-1
tumour cells in the wells of round-bottomed
microplates (Microtest plates, Nunclon, Den-
mark) in 200 ul of RPMI 1640 culture
medium supplemented with 10% fetal calf
serum (FCS, Gibco). The effector to target cell
(E:T) ratios were 100:1, 50:1 and 25:1.
After 4 h of incubation at 37°C, in a 5% CO,
in air atmosphere, 100 ul of supernatant
were collected in each well and counted in a
gamma-counter (Rack Gamma, LKB Instru-
ments).

Percentage cytotoxicity was determined
by the formula:

E-S
T-S

where E is the 5Cr released from the target
cells in the presence of effector cells, S is the
spontaneous 3Cr release observed with un-
labelled target cells in place of effector cells
and T is the total amount of $!Cr incorpor-
ated into the target cells. The mean percent
cytotoxicity +SEM was calculated from
quadruplicate cultures.

X I00

In vitro generation of, and assay for cytotoxic T
lymphocytes (CTL). Spleens from four mice in
each group were pooled and prepared as
single cell suspensions in RPMI 1640 culture
medium supplemented with 10% FCS,
5XI0~° M 2-mercaptoethanol and with
antibiotics. Spleen cells (5 x 10°) were culti-
vated alone or with 6.25 x 10* mitomycin
C-treated allogeneic P81 5 tumour cells in 1
ml of complete medium, into a 24-well
microplate (No. 3037, Falcon Pastics). After
5 days of incubation at 37°C in a 5% CO, in
air atmosphere, spleen cells were collected,
washed once and their viability assessed by
trypan blue exclusion.

CTL activity was measured by mixing
varying numbers of viable cultivated spleen
cells with 1x10* 5'Cr-labelled P815 or
YAC-tumour cells as specific and non-speci-
fic target cells respectively, in 200 ul in wells
of Microtest plates (Nunclon). The E: T ratios
were 25:1, 12: T and 6: 1. After 4 h incuba-
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tion at 37°C, the amount of 5!Cr released
into 100 ul of supernatant in each well was
determined in a gamma-counter. Percentage
cytotoxicity was calculated from quadrupli-
cate cultures as described above.

Statistical analysis. Results from treated and
control groups were compared for statistical
significance using Student’s t-test.

Results

Multiplication of L. monocytogenes in mice
developing an acute inflammation

A CaPP-pleurisy was induced in DBA/2
mice, which are highly susceptible to Listeria
infection, 3 days before the bacterial chal-
lenge. This time interval was previously
shown to be optimal for increasing mouse
survival after lethal infection with K. pneu-
moniae, T. Cruzi and L. monocytogenes (Giroud
etal. 1979, 1981b).

As shown in Fig. 1, the growth of the
bacteria in the liver and spleen during the 2
days following the infection was attenuated
in mice with inflammation. This was particu-
larly evident 48 h after infection at which
time a PI around 0.8 was observed in both
organs.

In a further experiment, spleen and liver
were removed 72 h after bacterial challenge,
a time at which the specific immunity began
to develop. As shown in Table 1, the number
of bacteria was again significantly decreased
in mice with inflammation as compared to
control mice with a PI of 1.26 for the spleen
and 1.13 for the liver.

Chemiluminescent (CL) response and super-
oxide release of peritoneal macrophages from
mice developing an acute inflammation

From Fig. 2 it can be seen that peritoneal
macrophages from mice developing a CaPP-
induced pleurisy displayed an enhanced CL
burst when exposed to zymosan which was
particularly evident 24 h and 48 h after the
onset of inflammation.
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Fig. 1. Growth of Listeria monocytogenes in spleen
(®) and liver (W) of normal (—) and inflamed (- - -)
mice during the 48 h following bacterial chal-
lenge. Mice were inoculated i.v. with 3000 viable
bacteria 3 days after induction of a CaPP-pleurisy.
Mean from four mice in each group.
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The measurement of superoxide release
after in vitro exposure of macrophages to
zymosan produced similar results (Fig. 3).
Superoxide production was significantly
enhanced in cells harvested 1, 2 and 3 days
after application of the phlogistic stimulus.
Inflammation did not modify the resting level
of superoxide production in the absence of
zymosan stimulus.

It must be emphasized that there was no
change in the total cell number, general
morphology or percentage of macrophages
in the peritoneal cell populations from mice
with inflammation.

Cytostatic activity of peritoneal macrophages in
mice developing an acute inflammation or
treated with inflammatory serum

As shown in Table 2, the uptake of 3H-TdR
by leukemic cells cultured on peritoneal
macrophages, harvested as early as 2 h after
the intrapleural injection of CaPP, was inhi-
bited by 45% by comparison with the incor-
poration in the presence of normal macro-
phages. This cytostatic activity increased
with time, reaching its maximal value (80%
reduction of 3H-TdR uptake by tumour cells)
on day 3 after induction of the inflammatory
reaction. It slightly decreased thereafter as,
on day 5, a 59% inhibition of tumour cell
proliferation was still observed.

Similar observations were made when

Table 1. Number of Listeria monocytogenes in spleen and liver of normal or inflamed mice, 3 days after

bacterial challenge

Control mice*

Inflamed mice *t

Mean number of bacteria Mean number of bacteria

+SE +SE
Organ (logyo) (log,0) PI
Spleen 5.78+0.73 4.524+0.17 1.26%
Liver 4.85+0.70 3.7240.23 1.13%

* Normal and inflamed mice were inoculated i.v. with 2200 viable

bacteria on day o.

+ CaPP-pleurisy was induced 3 days before bacterial challenge.
fPI, protection index, represents the difference between the
number of bacteria in inflamed mice and in control mice.
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Fig. 2. Phagocytsis-induced chemiluminescence of peritoneal macrophages from normal (control, c) or
inflamed mice. Chemiluminescence induced by opsonized zymosan particles in the presence of luminol

was measured 2 h to 5 days after induction of a CaPP-pleurisy.
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Fig. 3. Superoxide production by peritoneal macrophages from normal (control) or inflamed mice.
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Table 2. Cytostatic activity of peritoneal macrophages from mice developing an acute inflammation

Calcium pyrophosphate

Dextran

Time after pleurisy Mean ct/min+SE* % inhibition Mean ct/min+SE* % inhibitiont

Controls 14.9414+492

2h,1h 8.254+247%
1 day 6.528+227%
2 days 4-032+231%
3 days 3.039+181%
5 days 6.103+210%

— I1.592+521 —_—
45% 7.141+701 38%
56% 6.425+361F 45%
73% 2.420+245% 80%
80% 4.843+398% 58%
59% 3.989+ 306% 66%

* 3H-TdR incorporation by L1210 leukemic cells after 24 h exposure to macrophages
from normal or inflamed mice. Mean from 12 replicate cultures.

+ ct/min in cultures of inflamed macrophages
100 —
ct/min in cultures of normal macrophages

X IOO].

}Significantly different from control values.

dextran was used as the irritant (Table 2).
Peritoneal macrophages displayed a signifi-
cant cytostatic activity as early as 1 h after
treatment. This activity was maximal on day
2 (80% inhibition of *H-TdR incorporation
by tumour cells) and remained high on days
3 and 5.

To test the hypothesis that factors liber-
ated into the circulation may be responsible
for these effects at a distance from the
inflammatory site, macrophage cytostatic
activity was measured after intravenously
injecting normal mice with serum collected
2 h after induction of a CaPP pleurisy. As

Table 3. Cytostatic activity of peritoneal macrophages after i.v. injection of inflammatory serum

Time after
Treatment treatment Mean ct/min+SEt % inhibition}

Exp. 1 None — 19.0061+816 —

Normal serum 1 day 19.197+ 718 —

Inflammatory serum* 1 day 9.028+ 520 53%

Normal serum 2 days 14.728+940 —

Inflammatory serum* 2 days 7.9144+361 46%
Exp. 2 None — 10.845+ 724 —

Normal serum 3 days 9.908+842 —

Inflammatory serum* 3 days 3.475+277 65%

* Inflammatory serum was collected 2 h after CaPP-pleurisy induction.

1 3H-TdR incorporation by L1210 leukaemic cells after 24 h exposure to
macrophages from normal mice or mice injected with 0.5 ml normal or
inflammatory serum. Mean from 12 replicate cultures.

s ct/min in cultures of macrophages from mice given inflammatory serum
100 —
ct/min in cultures of macrophages from mice given normal serum

X I 00].



264
E:T 100:1
30
—
— ]
20
2
=
x
S
o
s
(&}
10

§2h1235d ©2h12 35d
: :
8 S

I. Florentin et al.

50:1 25:1

Time after pleurisy induction

Fig. 4. Natural killer activity of spleen (O) and peritoneal (M) cells against YAC-1 tumour cells in normal
(control) or inflamed mice. NK activity was measured 2 h to 5 days after induction of a CaPP-pleurisy

using different effector to target cell (E:T) ratios.

shown in Table 3, peritoneal macrophages
harvested 1, 2 and 3 days after injecting
inflammatory serum, inhibited by about
50% tumour cell proliferation by comparison
with macrophages from mice injected with
normal serum.

NK activity of spleen and peritoneal cells in mice
developing an acute inflammation

Spleen and peritoneal cells from mice with
inflammation were examined for cytotoxic
activity against YAC-1 tumour cells at differ-
ent effector to target cell ratios. As shown in
Fig. 3a. the NK activity of spleen cells was
strongly enhanced (about 100%) 2 h after
the induction of CaPP pleurisy. This activity
returned to control values on day 1, and was
slightly depressed (about 30%) on day 2. A
second peak of enhanced cytotoxicity (60%)

was observed on day 5 after induction of the
acute inflammatory process.

Similar variations in the basically low NK
activity of peritoneal cells were observed
(Fig. 3b).

CTL differentiation in spleen cells from mice
developing an acute inflammation

As shown in Fig. 4, after in vitro immuniza-
tion against allogeneic P815 tumour cells,
spleen cells from mice with inflammation
were significantly less cytotoxic against the
relevant target cells than similarly im-
munized normal spleen cells. This inhibitory
effect on CTL differentiation was observable 2
h after injection of the irritant, was maximal
at day 1 and still notable at day 5. This
phenomenon was particularly evident when
low effector to target cell ratios were used.
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Fig. 5. Cytotoxicity of spleen cells from normal (control) or inflamed mice after in vitro immunization
against allogeneic P8 15 tumour cells. (a) Cytotoxic activity of spleen cells against P8 1 5 target cells after 5
days of cultivation in the presence (O) or the absence (M) of P8 1 5 tumour cells. Different effector to target
cell (E: T) ratios were used. (b) Cytotoxic activity of spleen cells against YAC-1 tumour cells after 5 days of
cultivation in the presence (O) or the absence (W) of P81 5 tumour cells. The cytotoxic activity of non-

cultivated (fresh) normal spleen cells (=) was also measured. Different effector to target cell (E:T) ratios
were used.
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A significant cytotoxicity against P815
tumour cells also developed in the absence of
spleen cell exposure to target cell antigens.
These non-specific cytotoxic cells also were
generated in cultures of spleen cells from 2-h
inflamed animals but were nearly absent
when spleen cells were derived from mice
developing inflammation from 1 to 5 days
(Fig. 4).

When YAC-1 lymphoma cells were used
as target cells, marked cytotoxic activity was
detected in cultures of P8 1 5-immunized nor-
mal spleen cells. This NK-like cytotoxicity
was inhibited in cultures of spleen cells from
mice with inflammation. In the absence of
immunization with P815 tumor cells, cyto-
toxicity against YAC-1 lymphoma was low
and was generally unaffected or even slightly
increased when spleen cells came from mice
with inflammation by comparison with con-
trols (Fig. 5).

Discussion

In the present work, we demonstrated that a
local acute non-immunological inflamma-
tion induced in mice by the injection of a
non-antigenic, endotoxin-free irritant into
the pleural cavity, is accompanied by marked
modifications of specific and non-specific
immune mechanisms which are known to
play a role in defence against infections and
neoplasia. These effects have been observed
at remote sites from the inflammatory focus
(spleen, peritoneum, liver) and lasted several
days after the inflammatory process had
subsided. These phenomena may be impli-
cated in the increased resistance against
bacterial, parasitic and fungal infections as
well as in the modification of tumour de-
velopment which have been previously de-
scribed in animals with inflammation (Gir-
oud et al. 1979, 1981b; Nolibe et al. 1980).

In this study, we showed that the multipli-
cation of Listeria monocytogenes in the spleen
and liver is decreased in mice developing
inflammation from 3 days before the bac-
terial challenge. It is now well established
that macrophages are implicated in the
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different phases of the resistance to L. mono-
cytogenes (Fauve et al. 1966; Mitsuyama et al.
1978; Yoshikai et al. 1980). Acute inflam-
mation may interfere first with the early step
of this resistance which implies the prolifer-
ation of fixed macrophages (North 1969), as
we have previously shown that a mitogenic
factor for macrophages is liberated into the
circulation very rapidly after the onset of the
acute inflammatory reaction (Girre et al.
1981). Later, macrophages in animals with
inflammation may undergo functional modi-
fications which allow them to express in-
creased bactericidal activity. Evidence con-
sistent with this hypothesis was provided by
subsequent experiments.

We observed that peritoneal macrophages
from mice with inflammation emitted more
chemiluminescence in response to opsonized
zymosan particles than normal macro-
phages, from day 1 after the onset of inflam-
mation. This enhancement of CL was usually
concomitant with an increased production of
superoxide anion, demonstrating stimula-
tion of oxidative metabolism in the phagocy-
tic cells. However, the slight discrepancy
between the level of CL and superoxide
release observed on day 3 after inflammation
induction may be attributable to the fact that
CL may involve contributions from other
metabolic pathways such as arachidonic
acid metabolism (Smith & Weideman 1980).
Since superoxide anion and its related reac-
tive oxygen intermediates are known to play
an important role in the bactericidal activity
of macrophages (Murray et al. 1979) these
effects may account, at least in part, for the
increased resistance to Listeria monocytogenes
and other intracellular pathogens observed
in animals with inflammation.

On the other hand, we also demonstrated
that peritoneal macrophages became highly
cytostatic for tumour cells very rapidly after
initiation of the acute inflammatory process
and remained in this state for several days
after inflammation has disappeared. We
were able to reproduce this phenomenon in
normal mice by injecting serum from in-
flamed animals, collected 2 h after the onset
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of inflammation. This strongly suggests that
factors were released into the circulation
very rapidly during the inflammatory pro-
cess, which were implicated in the activation
of peritoneal macrophages. It seems unlikely
that interferon, which appears as a potent
macrophage activating agent, could be re-
sponsible as its level was shown to be very
low at the time (2 h) of serum collection
(Chousterman et al. 1985).

It has been demonstrated that macro-
phages attracted locally by a sterile inflam-
mation shared characteristics with immuno-
logically activated macrophages, namely in-
creased metabolic activity, digestive capacity
and phagocytic activity (Karnovsky & Laz-
dins 1978). However, it is generally accepted
that, contrary to activated macrophages,
inflammatory macrophages do not exhibit
cytostatic and tumoricidal nor bacteriostatic
and bactericidal activities (North 1978).
In our study, we demonstrate that both
phagocytic and cytostatic activities were
enhanced in macrophages collected at dis-
tance from the inflammatory site. That non-
immunological inflammation might induce
macrophage activation was already sug-
gested by the observation of Poste (1979)
which showed that cytotoxic macrophages
could be recovered from coverslips implanted
subcutaneously. Fauve et al. (1977) also
reported that an extract from a granuloma,
induced by a subcutaneous injection of talc
particles, in vitro rendered normal macro-
phages cytostatic for tumour cells.

The suggestion that macrophages are
functionally modified during the acute non-
immunological process is reinforced by our
previous observation that spleen cells from
mice with inflammation exhibited a greatly
enhanced antibody-dependent cellular cyto-
toxicity against antibody-coated chick eryth-
rocytes; again, this effect was obtained in
normal mice after injection of inflammatory
serum (Kiger et al. 1979).

Besides macrophages, natural killer cells
may destroy non-specifically tumour cells
and cells infected with certain parasites. In
the present work, we observed a marked
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increase of NK activity of spleen and peri-
toneal cells early (2 h) after the onset of
inflammation. However, in contrast to the
data seen with macrophages, this activity
returned to normal baseline values and was
even depressed from day 1 to 3, but was
stimulated again on day 5. This implies that
positive and negative regulatory influences
of NK activity are successively predominant
during the development of the inflammatory
process. It was notable that NK activity was
inversely correlated with interferon levels in
the serum which are very low at 2 h,
maximal at 48 h and vanish after 72 h
(Chousterman et al. 1985). The depression of
NK activity observed on day 2 coincided with
maximal production of superoxide anion by
macrophages; this active metabolite of
oxygen inhibits NK cytoxicity (Seaman et al.
1982). Various mediators of inflammation
can also stimulate or inhibit NK activity, viz,
cyclic nucleotides (Katz et al. 1982), some
metabolites of arachidonic acid (Brunda et al.
1980) and some acute-phase proteins
(Hudig et al. 1981).

It is also possible that these factors,
released into the serum during acute inflam-
mation, which are low-molecular-weight
peptides (phlogokines) capable of modifying
various functions of macrophages, lympho-
cytes and polymorphonuclear cells (Giroud
et al. 1981a), may also act on NK cells.

In contrast to its effect on non-specific
anti-tumour effector mechanisms (macro-
phage cytostactic activity, NK cell activity),
acute inflammation induced a marked
depression of the specific T cell cytotoxicity
against allogeneic tumour cells. This was
observed up to 5 days after pleurisy induc-
tion. There was also a concomitant decrease
of the non-specific cytotoxicity which de-
velops during in vitro culture either in the
presence or absence of the stimulating
antigens, which can be linked to immuniza-
tion against fetal serum constituents (Thorn
1980), to a polyclonal activation of CTL
(Igarashi et al. 1977) or to the activation of
cells distinct from CTL and NK cells (Seeley et
al. 1979). Such an impairment of T cell
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reactivity has already been observed in mice
developing a CaPP-induced pleurisy. Spleen
and lymph node cells show a decreased
proliferative response to phytohaemagglu-
tinin and concanavalin A at all time inter-
vals after induction of the inflammatory
process (Renoux et al. submitted for publica-
tion). This inhibition of both cytotoxic T cell
differentiation and blastogenic response to
mitogens can be related to a decrease in
interleukin 2 production by T helper cells
(Yao Jin Sheng et al. manuscript in prep-
aration).

All these important alterations of the
specific and non-specific defence
mechanisms are probably involved in the
modulation of the resistance of animals with
inflammation to infections and neoplasia.
The increase in phagocytic activity of macro-
phages associated with liberation of reactive
species of oxygen may explain why mice
with inflammation are protected against
intracellular pathogens. Similar protection
was observed in mice developing a sterile
granuloma and this was also attributed to
macrophage activation during the inflam-
matory process (Fauve et al. 1977). Stimula-
tion of NK activity may also interfere with
the resistance to parasites (Eugui & Allison
1980) which was markedly increased in
mice with inflammation (Giroud et al
1981b). The long-lasting inhibition of T
cell cytotoxicity may explain why the resis-
tance to various viral infections was not
increased in mice developing a CaPP-
induced granuloma (Zerial et al. 1980). As
far as anti-tumour activity is concerned in
mice, we have observed an enhancement of
primary tumour growth and of lung metas-
tatic development when inflammation was
induced 3 days before inoculation of a few
Lewis tumour cells (Nolibe et al. 1980). At
that time, macrophage cytostatic activity
was maximal and NK activity in the spleen
was normal. Acute inflammation thus may
impair the action of these effector cells either
by preventing their migration to the tumour
or by interfering with some non-immunolo-
gical mechanisms involved in the metastatic
process.

L. Florentin et al.

It is apparant that this inflammatory pro-
cess, characterized by short duration and
initiated by a non-antigenic, endotoxin-free
and non-diffusable irritant, induced a cas-
cade of events which, in turn, are able to
modify at sites remote from the inflammatory
focus, various functions of macrophages,
lymphocytes, polymorphonuclear cells and
their progenitors (Giroud et al. 1981a). Some
of these activities have been related to low-
molecular-weight serum factors which
appear to be non-species specific. They are
potentially of therapeutic value for they
could be used to stimulate host-defence
mechanisms against various bacterial and
parasitic infections.
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