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Purpose : To evaluate the qualitative immunologic changes by ionizing radi-
ation, we studied the altered capacities of the macrophages and lymphocyt-
es to produce cytokines in conjunction with resistance to Listeria monocyto-
genes (LM) infection in mice.

Materials and Methods : BALB/c mice and Listeria monocytogenes were
used. The mice were infected intraperitoneally with 10°LM at 1 day after
irradiation (300cGy) and sacrificed at 1, 3, 5 days after infection, and then
the numbers of viable LM per spleen in the irradiated and control group
were counted. Tumor necrosis factor-alpha (TNF-a), interferon-gamma
(IFN-7). interleukin-2 (IL-2), and nitric oxide (NO) were assessed after
irradiation.

Results : Under gamma-ray irradiation with a dose range of 100-850cGy,
the number of total splenocytes decreased markedly in a dose-dependent
manner, while peritoneal macrophages did so slightly. Cultured peritoneal
macrophages produced more TNF-a in the presence of lipopolysaccharide
(LPS) during the 24 hours after in vitro irradiation, but their capacity of
TNF-a production showed a decreased tendency at 5 days after in vivo total
body irradiation. With 100cGy and 300cGy irradiation, cultured peritoneal
macrophages produced more NO in the presence of LPS during the 24 hours
after in vitro irradiation than without irradiation. Activated splenocytes from
irradiated mice (300cGy) exhibited a decreased capacity to produce IL-2
and IFN-7r with Concavalin-A stimulation at 3 days after irradiation. When
BALB/c mice were irradiated to the total body with a dose of 300cGy, they
showed enhanced resistance during early innate phase. but a significant
inhibition of resistance to LM was found in the late innate and acquired
T-cell dependent phases.

Conclusion : These results suggest that increased early innate and decreas-
ed late innate and acquired immunity to LM infection by ionizing radiation
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(300cGy) may be related to the biphasic altered capacity of the macro-
phages to produce TNF-« and the decreased capacities of the lymphocytes

to produce IL-2 and IFN-7 in addition to

number of cells.

a marked decrease in the total
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Cytokines

INTRODUCTION

Intracellular bacterial and viral infections are the
main problems in the immunocompromised hosts.
Intracellular bacterial pathogens and viruses are
phagocytosed .into the cell immediately after infec-
tion, proliferate within the cell and are transmitted
intercellularly. So in these conditions they are not
easily treated by antibiotics and are not controlled
by humoral immunities with antibodies" 2. The host
resistance to them depends on the cell-mediated
immunity"". Among intracellular bacterial infec-
tions, experimental murine. listeriosis offers a useful
mode! for the study of . nonspecific and acquired
T-cell mediated specific resistance to infection with
facultative intracellular bacteria®>®. The response to
Listeria monocytogenes (LM) consists of two paris:a
primary nonspecific. phase and a later, antigen-
specific T cell-dependent one®. Cytokines such as
tumor necrosis factor-alpha (TNF-¢), interferon-
gamma (IFN-7) and interleukin-2 (IL-2) produced
by immunocompetent cells are known to play a
crucial role in the resistance to LM infection’™.

It is well known that total body irradiation redu-
ces the total number of Ilymphoid- cells and
induces immunosuppression'o’. To understand
more about the qualitative immunologic changes
by ionizing radiation, altered- capacities of the
macrophages and the lymphocytes to produce
cytokines were studied, in conjunction with the
resistance to LM infection after irradiation in mice.

MATERIALS AND METHODS
1. Animals

BALB/c mice, 8-12 weeks old, from KAIST
(Korea Advanced Institute of Science and Tech-

nology) were used and grouped under six per
cage sized 18Xx28cm. All the procedures involving
animals were approved by the institutional animal
care and use committee.

2. Bacteria

Listeria monocytogenes (strain 10403 serotype
1) provided by Dr. D.K. Bishop (University of Utah,
Salt Lake City, UT) has been maintained in a viru-
lent state by repeated passage in mice. Bacteria
were grown in brain heart infusion (BHI) medium.

3. Irradiation

The mice were placed in a container made out
of wood and acryl and were given total body
iradiation (TBI) at a dose rate of 80cGy/min using
Cobalt-60 teletherapy unit. For in vitro irradiation
of cells the field size was determined according to
the size of the culture plates.

4. Cell culture

L929 cells for the TNF-a and IFN-7 assay,
CTLL-2 cells for the IL-2 assay and macrophages
were cultured in RPMI 1640 (Gibco Laboratories,
Grand island, NY) supplemented with 10% fetal
calf serum (FCS), antibiotics, L-glutamine, 2-mer-
captoethanol. J774 cells were cultured with
Dulbecco’s Modified Eagle’s medium (DMEM)
(Gibco Laboratories, Grand Island, NY).

5. Infection

One day after irradiation, the control group and
the irradiated group of mice received a intraperi-
toneal (i.p.) ihjection of 10°LM contained in a total
of 1mi phosphate-buffered. saline (PBS). Mice
were sacrificed at 1, 3, 5 days after infection and
spleens were aseptically removed and homo-
genized (Uttra~Turrax, Tekmar Co., Cincinnati, OH)
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in PBS containing 0.05% Triton X-100. The
splenic homogenates were quantified on the basis
of their ability to form colonies on trypticase soy
agar. Colony counts were determined after incu-
bating the plates for 48 hours in a 5% CO:
incubator.

6. Isolation of peritoneal macrophages

Peritoneal macrophages were obtained from
BALB/c mice, as previously described by Beller et
al'. Peritoneal exudate cells were harvested in
Hanks balanced salt solution (HBSS) containing
1% FCS and cultured with RPMI 1640 medium.
Cells were allowed to adhere at 37°C for 3 hours
and rinsed with PBS, and then adherent cells
were incubated with 2.5mM sodium pyrophosphate
solution and removed with a rubber policeman.
Monolayers of resident macrophages were plated
on 24 well-culture dishes (Costar Inc., Cambridge,
MA) at a concentration of 1x10° cells per well
and cultured for 24 hours.

7. IFN-7 assay

To observe the effect of ionizing radiation on
the IFN-7 production by murine splenocytes, the
mice were irradiated (100-600cGy) and the
unirradiated group of mice were saved as the
normal control. Three days after irradiation, mice
weré sacrificed and their splenocytes were rinced
twice with HBSS and cultured in a 24-well plate
at a concentration of 1x10" cells per well with
RPMI 1640 medium in the presehce of Con-
cavalin-A (Con-A} 5pg/ml. The 24-hour culture
supernatants were assayed for the IFN-7» by the
L929 protection assay from encephalomyelocarditis
(EMC) virus infection'® . The IFN-7 titers were
defined as the reciprocal of the lowest dilution
capable of protecting 50% of cells in staining.

8. IL-2 assay

A Group of BALB/c mice were irradiated (300
cGy). The unirradiated group of mice were saved
as the normal control. At three days after irradi-
ation, mice were sacrificed and their splenocytes
were cultured at a concentration of 1x10° cells

per well in RPMI 1640 medium in the presence of
an optimum amount ofi Con-A. The 24-hour
culture supernatants were harvested for assess-
ment of IL-2 by using the method of Mosmann,
et a'". The amount of IL-2 contained in cell
supernatants was assessed by their ability to
support the viability of CTLL-2 indicator cell line'®
¥ Anti-IL-4 antbody (11B11) was used to block
the action of IL-4.

9. TNF-u assay

To - evaluate the effect of /n vitro irradiation on
TNF-e production by peritoneal macrophages,
thioglycollate-elicited peritoneal macrophages were
irradiated in vitro (100-850cGy) and then cultivated
for 1 day in the absence and in the presence of
1 g lipopolysaccharide (LPS)/ml (£. Coli 0111:B4).
TNF-@a@ activity in each culture supernatant was
assayed by the L929/Actinomycin D (Act D) cyto-
toxicity method.

To evaluate the effect of ionizing radiation, LPS
and LM infection on TNF-a« production in vivo,
BALB/c mice (five mice per group) were given
total body irradiation (300cGy). One day after
irradiation, each group of animals received single
i.p. injection of 10°LM contained in a total of 0.5ml
PBS. Five days after infection, mice were induced
to produce TNF-a in vivo by intravenous injection
of 259 LPS/mouse in 0.2ml PBS. Two hours
later, the animails were killed and the total blood
was collected to get the serum. TNF-a activity in
each serum sample was assayed by the L929/Act
D cytotoxicity method.

To evaluate the effect of in vivo irradiation on
TNF-a production by the peritoneal macrophages,
BALB/c mice were irradiated in vivo (100 to 600
cGy). Two days later, the animals were injected
intraperitoneally with thioglycollate broth and then
peritoneal macrophages were harvested on the
third day of injection. Thioglycollate-elicited peri-
toneal macrophages were cultivated for 1 day in
the presence of 1ug LPS/ml. TNF-a activity in
each culture supernatant was assayed by the
L929/Act D cytotoxicity method.

TNF-a activity of the supernatant was assayed
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by measuring their capacity to lyse L929 cell
monolayers in the presence of Act D'. After
incubation of L929 cells (10* cellsiwell) in 96-well
plates at 37T for 18 hours, duplicate two fold
dilutions. of TNF-containing supernatants were
mixed in 96-well microtiter plates with 10* 1929
cells/well. Act D solution (2xg/mi final concen-
tration in RPMI 1640) was then added to each
well. The viability of target cells was evaluated by
the use of 3-[4,5-dimethylthiazole-2-yl]-2,5 diphe-
nyl tetrazolium bromide (MTT). The formation of
insoluble blue crystal by the cleavage of MTT by
living cells was quantitated by reading the
absorbance of each well at 570nm with an ELISA
reader (Physica Co., New York, NY). The TNF
titer of each supernatant was defined as the
reciprocal of the lowest dilution capable of lysing
50% of the cells in the monolayer.

10. Nitric oxide (NO) measurement

Thioglycollate-elicited peritoneal macrophages
were irradiated in vitro (100-850cGy) and then
cultivated for 1 day in the absence and in the
presence of 1xg LPS/ml. NO was quantitated by

the method using Griess reagent'®.
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Fig. 1. Three days after irradiation, total number of
splenocytes were counted. Total peritoneal
macrophages were harvested three days after
thioglycollate broth injection on the 2nd day
after irradiation. Data represent the mean of
duplicate experiments.

RESULTS

1. Effect of ionizing radiation on the
number of splenocytes and peritoneal
macrophages

At three days after total body irradiation of
mice, the total number of splenocytes was 1.47 X
10® in the control group and 8.8x107, 3x10°, 65
x10°% in the 100, 300 and 600cGy group, respec-
tively (Fig. 1). So the number of splenocytes de-
creased markedly in proportional to the radiation
dose. The total peritoneal macrophages were har-
vested at three days after thioglycollate broth
injection which was done on the second day after
irradiation. The number of peritoneal macrophages
was 52x10°% in control group and 5.4x10%, 3.7
10°, 5.3x10° in the 100, 300 and 600cGy group,
respectively (Fig. 1). So there was no significant
change after 100 and 300cGy but about 10-fold
decrease was seen in the. 600cGy group.

The effect of in vitro irradiation on the pro-
liferation and viability of murine splenocytes was
evaluated with doses from 100 to 2500cGy. Upon
irradiation, the each group of cells was plated with
two-fold serial dilution and cultivated in the Con-
A-supplemented medium (5 zg/ml). The viability of
total cells in each well was measured by MTT
assay at 3 days after irradiation. Three days after
irradiation the viability of splenocytes decreased in
proportion to the radiation dose (Fig. 2). With the
same method we observed the proliferation and
viability of J774 macrophages after various doses
of radiation from 100 to 2500cGy. Upon irradiation,
each group of cells was plated at a concentration
of 10* cells per well and the viability of total cells
in each well was measured by MTT assay at 1
day and 3 days after irradiation. One day after
irradiatic;n no difference was observed between
the irradiated and control groups. However at 3
days after irradiation the viability of J774 macro-
phage cells decreased in proportion to the radi-
ation dose.
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Fig. 2. Proliferation and viability of murine splenocytes
after various doses of radiation (100 to 2500
cGy). Upon irradiation, each group of celis
were plated with two-fold serial dilution and
cultivated in the Con-A-supplemented medium
(5rg/ml). The viability of total cells in each
well was measured by MTT assay 3 days
after irradiation.
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Fig. 3. Effect of ionizing radiation (300cGy) on the
- course of a primary sublethal LM infection. One
day after irradiation, each group of animals
received intraperitoneal injection  of 105 LM
contained in a total of 0.5 ml of nomal saline.
Mice were killed one and five days after
infection or in a separate experiment, three days
after infection. The number of viable LM per
spleen was determined by plating on trypticase
soy agar. Results expressed are the mean®SD
from three mice per each time point.
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Fig. 4. IFN-7 production by murine splenocytes.
Three days after irradiation, mice were
sacrificed and their spleen cells were cultured
at 1x10'/ml in RPMI 1840 in the presence of
optimum amount of Con-A. The 24-hour cul-
ture supernatants were assayed for IFN-» by
L929 protection assay from EMC virus
infection. IFN-7 ftiters were defined as the
reciprocal of the lowest dilution capable of
protecting 50% of the cells in staining.

2. Effect of ionizing radiation on the
course of a primary sublethal LM
infection

The mice were infected intraperitoneally with 10°
LM at 1 day after irradiation (300cGy) and sacri-
ficed at 1, 3, 5 days after infection, and then the
numbers of viable LM per spleen in the irradiated
and control group were counted (Fig. 3). The
number of LM at 1 day after infection in the
control group was 21 times more than in irradiated
group. The irradiated group had 144 times more
LM than in the control group at 3 days after
infection, and 10 times more LM than the contro!
group at 5 days after infection.

3. Effect of ionizing radiation on the
IFN-7 and IL-2 production by the
splenocytes

The splenocytes from the unirradiated control
group were compared with those from irradiated
group for their capacity to produce IFN-7» and
IL-2. Activated splenocytes from irradiated mice
exhibited a reduced capacity to secrete IFN-7 at
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Fig. 5. IL-2 production by murine splenocytes. The
unirradiated group of mice were saved as the
normal control. Three days after irradiation
(300cGy), mice were sacrificed and their
spleen cells were cultured at 1X107/ml in
RPMI 1640 in the presence of optimum amo-
unt of Con-A. The 24-hour culture super-
natgnts were harvested for assessment of
-2
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Fig. 6. TNF-a production by peritoneal macrophages.
Thioglycollate-elicited peritoneal macrophages
were irradiated in vitro (100-850cGy) and then
cultivated for 1 day in the absence (A) or in
the presence (B) of 1uzg LPSIml (E cok
0111). TNF-a activity in each culture super-
natant was assayed by the L929/Act D
cytotoxicity method.

3 days after irradiation of 100, 300 and 600cGy.
The effect was particularly prominent in the 600
cGy group where the irradiated group showed a
decreased capacity to secrete IFN-y by a factor
of 4 (Fig. 4).

In addition, activated splenocytes from irradiated
mice showed a reduced capacity to produce IL-2
at 3 days after irradiation of 300cGy (Fig. 5).

4. Effect of in vitro irradiation on
TNF-a production by the peritoneal
macrophages

Thioglycollated—elicited peritoneal macrophages
were irradiated in vitro (100 to 850cGy) and then
cultivated for 1 day in the absence and in the
presence of 1xg LPS/ml. TNF-« activity in each
culture supernatant was assayed by the L929/Act
D cytotoxicity method (Fig. 6). TNF~a activity was
detected only in the presence of LPS during the
24 hours after in vitro irradiation. Cultured peri-
toneal macrophages in the irradiated group pro-
duced slightly more TNF-a than in the unirra-
diated control group (Fig. 6B).

5. Effect of ionizing radiation, LPS and

LM i_nfection on TNF-a production
in vivo

During a sublethal murine infection with LM,
TNF-a activity was detectable in neither sera nor

. spleen homogenates at any stage of infection

when a bioassay with L929 cells was used. The
peak of TNF-ea production induced by LPS was
shown late (day 5) in the infection when serum
samples were collected at 2 hours after LPS
injectionm. One day after irradiation of 300cGy,
each group of mice received a single i.p. injection
of 10°LM contained in a total of 0.5ml PBS. Five
days after infection, TNF-e production was
induced in vivo by intravenous injection of 25ug
LPS/mouse in 0.2ml PBS. Two hours later, the
animals were killed and total blood collected to
get serum., TNF-a activity in each serum sample
was assayed by L929/Act D cytotoxicity method
(Fig. 7). TNF-a production of peritoneal macro-
phages decreased in the presence of LPS after in
vivo whole body irradiation. With LM infection only
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Fig. 7. Effect of ionizing radiation, LPS and LM
infection on TNF-a production in vivo. One
day after irradiation (300cGy), each group of
animals received single i.p. injection of 10°LM
contained in a total of 0.5m PBS. Five days
after infection, mice were induced TNF-a«
production in vivo by injection of 25ug
LPS/mouse in 0.2mi PBS. Two hours later, the
animals were killed and collected total blood
o get serum.
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Fig. 8. TNF-a production by peritoneal macrophages.
BALB/C mice were irradiated in vivo (100-600
cGy). Two days later, the animals were in-
jected intraperitoneally with thioglycollate broth
and then peritoneal macrophages were har-
vested on the third day of injection. Thiogly-
collate-elicited peritoneal macrophages were
cultivated for 1 day in the presence of 1ug
LPS/ml.

TNF-a activity was not detected and with LPS
after LM infection TNF-@a activity increased mar-
kedly. However with LPS and LM infection after
irradiation the TNF-@ activity in serum was lower
than in the unirradiated group with LPS and LM
intection.
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Fig. 9. Production of nitric oxide by peritoneal macro-
phages. Thioglycollate-elicited peritoneal ma-
crophages were iradiated i vitro (100-850
cGy) and then cultivated for 1 day in the
absence or in the presence of 1ug LPS/mL
Nitric oxide was quantitated by the method
using Griess reagent.

6. Effect of in vivo irradiation on TNF-a
production by peritoneal macrophages

Two days after irradiation of 100, 300 and 600
cGy, the irradiated and unirradiated mice were
injected intraperitoneally with thioglycollate broth
and then peritoneal macrophages were harvested
on the third day of injection. Thioglycollate~elicited
peritoneal macrophages were cultivated for 1 day
in the presence of 1xg LPS/ml. TNF-¢a activity in
each culture supernatant was assayed by the
L929/Act D cytotoxicity method (Fig. 8). The ca-
pacity of TNF-a production in macrophages de-
creased in proportion to the radiation dose.

7. Effect of in vitro irradiation on the
production of NO by peritoneal
macrophages

Thioglycollate-elicited  peritoneal macrophages
were irradiated in vitro (100 to 850cGy) and then
cultivated for 1 day in the absence and in the
presence of tuxg LPS/ml. NO was quantitated by
the methad using Griess reagent (Fig. 9). NO
production was not induced without LPS. With low
dose irradiation (100 and 300cGy) cultured peri-
foneal macrophages produced more NO in the
presence of LPS during the 24 hours after in vitro
irradiation than without irradiation and less NO at
the higher doses of 600cGy and 850cQGy.
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DISCUSSION

Most investigations dealing with the effect of
radiation on the immunity had focused on the
initiation of the primary antibody response'®'®,
Before 1960 the idea of cell-mediated immunity
was a hypothesis rather than a fact. The import-
ance of cell-mediated immune mechanisms was
realized when it was established that foreign bone
marrow cells injected into lethally irradiated
recipients produced a wasting disease, termed
secondary disease. In recent years, however, the
realization that cell-mediated immunity plays an
important role in the control of cancer, may be a
potential therapy against cancer and, in fact , may
be a determining factor in acquisition of cancer,
has led to an increased interest in the effects of
immunosuppressive agents, including radiation, on
immunity®®. Secondary immunosuppression increa-
ses the incidence of malignant tumors. This is
closely related with the aging process and the
infection which is the most serious complication in
the immunocompromised host and frequently
creates many problems after radiation therapy.
lonizing radiation increases the recipient’'s suscep-
tibility to local and systemic infection by endo-
genous and exogenous microorganisms. There
have been some reports about K. pneumoniae
infection, tuberculosis, dermatophytosis or bacterial
endocarditis in irradiated hosts®'?,

Recently the studies about the cytokines have
been introduced, so it has become possible to

know the factors and mechanisms of immunologic.

changes and the method to modulate the immune
responsezs’. Investigations about the protection and
therapy of radiation injury by the immunomodula-
tors was started in 1985 and it has been reported
that IL-1, IL-6, granulocyte-macrophage colony
stimulating factor (GM-CSF), thrombopoietin, and
other biologic response modifiers showed the
radioprotection and therapy of radiation injury 2%,
Reported studies were corncermned with the
cytokine effects on the survival prolongation and
promoted hematopoiesis in the radiation—-compro-

mised animals. Peterson et al® reported that

biologic response modifiers that sustained and/or
enhanced irradiation (7Gy)-induced expression of
specific cytokine genes improved survival after
experimental infection with Klebsiella pneumoniae.
However there are few reports about the effects
of irradiation on the production of cytokinesze’. The
kinetics of the cytokine response to irradiation
related to intracellular bacterial infection are poorly
defined. So the purpose of this study is to
investigate the gualitative immunologic changes by
the ionizing rad»ia:tio_n‘,‘ that is, the altered capacities
of the macrophages and the Iymphocytes to
produce the cytokines and the resistance to LM
infection after the ionizing radiation.

The study by Tartakovsky et al.® demonstrated
that low-dose irradiation (3 and 4Gy) induced
production of IL-6 and macrophage—colony-
stimulating factor in mice. In the study by Girinsky
et al® a increase in the levels of IL-6 and TNF
in blood was shown in patients who had TBI prior
to bone marrow transplantation. Also Xun et al.*”
reported that TNF-a appeared in the serum and
colon 4 hours post-TBl and peaked in 24 hours,
followed by increasing IL-1 alpha and then IL-6
levels.  And TNF-e and IL-1 alpha decreased
rapidly within 3 to 5 days post-TBI if no allogenic
cells were transplanted. They propose that the
interaction of inflammatory cytokines released by
conditioning with histoincompatible donor cells is a
critical process in the pathogenesis of acute
graft-versus—host disease.

Experimental murine listeriosis offers a useful
model for the study of nonspecific and acquired T
cell mediated specific resistance to the infection
with the facultative intracellular bacteria. The
response to LM consists of two parts: a primary
nonspecific phase. and a later, antigen-specific
T-cell-dependent one”. The primary response,
which occurs during the first 48 hours after the
onset of infection, has been attributed to the
resident macrophages and the early influx of bone
marrow—-derived phagocytes in the liver and
spleen”. These cells are not activated, but they do
inhibit the growth of LM. Neither splenocytes nor
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purified T cells from LM-infected mice will transfer
the immunity to the naive animals during this time,
implying that a T-cell-independent mechanism is
responsible for this effector activity" ®. The second
response, beginning at about day 4, is charac-
terized by the proliferation of antigen-dependent T
cells which further enhance the bacterial killing in
vivo". These cells can adoptively transfer the
immunity in an immunogenetically restricted ma-
nner to the naive recipient mice. Studies from a
number of laboratories have established the
crucial role of cytokines produced by LM-de-
pendent T-cells in enhancing the bactericidal
capabilities of phagocytes during the second
phasea), and it has been suggested that macro-
phage activation resulting from the release of
these T cell products may account for the ultimate
resolution of the infection” ¥,

In our study the number of LM at 1 day after
sublethal LM infection in the 300cGy-irradiated
group was 21 times less than in the control group,
but 144 times more than in the control group at 3
days after irradiation and 10 times more than in
the control group at 5 days after irradiation. So
the present study demonstrated that when mice
were irradiated to the total body with a dose of
300cGy, they showed the enhanced resistance
during the early innate phase but a significant
inhibition of the resistance to LM in the late innate
& acquired T-cell dependent phases.

We suggest this result is associated with not
only a markedly decreased number of lymphocytes
but also qualitative changes in the immunocom-
petent cells.

The evidence for a role of TNF-a during early
stages of infection can be extended to our results
gained from the examination of the effects of
exogenous LPS and irradiaton on TNF-ga
production by the peritoneal macrophages and on
the resistance to listeriosis. A plausible function for
TNF-e@ in anti-Listeria resistance is the recrui-
tment of blood monocytes into the infection foci. In
this regard, it is' known that TNF- e induces IL-1
synthesis in a variety of cell types. Both of these
cytokines are potent mediators of the inflamma-

tion, elicit the production of the chemotactic
factors, and cause. the alterations in the vascular
endothelium. Taken together, it has been suggest-
ed that TNF~a and/or IL-1 induced by LPS could
attract more inflammatory cells having anti-Listeria
function into the sites of infection, although it
might be possible that the increase of the blood
leukocytes influenced the peritoneal exudate cells.

in our study, in the presence of LPS during the
24 hours after in vitro irradiation the irradiated
cultured peritoneal macrophages produced slightly
more TNF-a than unirradiated control group.
When thioglycollate—elicited peritoneal macrophag-
es were cultivated for 24 hours in the presence of
LPS at 5 days after irradiation, the capacity of
TNF- @« production in the macrophages decreased
in proportion to the radiation dose. Also in the
experiment concerning- the effect of ionizing
radiation, LPS and LM infection on TNF-«
production /n vivo, TNF-« activity in the serum
decreased in the presence of LPS at 5 days after
LM infection in the irradiated group. The TNF-«
activities differed between 1 day after in vitro
irradiation and at 5 days after in vivo irradiation.
As a result we evaluated the effect of in vitro
irradiation on the production of NO by the peritoneal
macrophages. Thioglycollate—elicited peritoneal ma-
crophages were irradiated in vitro and then
cultivated for 1 day in the absence and in the
presence of LPS. With low dose irradiation (100
and 300cGy) the cultured macrophages produced
more NO in the presence of LPS during the 24
hours after in vitro irradiation, and we suggest the
increased NO production is related to the
increased TNF-a« activity at 1 day after in vitro
irradiation of peritoneal macrophages. Also we
suggest the increased TNF-e activity of the
peritoneal macrophages at 1 day after in vitro
irradiation is related to the decreased number of
LM at 1 day after sublethal LM infection in the
300cGy-irradiated group, and the enhanced re-
sistance to infection during the early innate phase.

However at 3 days after the infection, the
irradiated group had 144 times more LM than the
control group, and at 5 days after the infection 10
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times more LM than the control group. Among
T-cell products, participation of IFN-7 in the
antilisterial resistance has been well characterized.
Although IFN- 7 production is below the detection
limit in the sera of LM-infected mice at all stages
of infection, Nakane'” reported that significant
IFN-7 - production could be induced in the
bloodstream in response to the specific antigen
late in the infection. IL-2 induces T-cell proli-
feration in ‘an autocrine manner and provides a
means by which antigen-triggered T cells can be
clonally expanded in vitro and also induces the
cytokine production in T-cell. We observed: that
activated splenocytes from the irradiated mice
showed a reduced capacity to produce IFN-yand
iL-2 -at 3 days after the irradiation of 300cGy in
the presence of an optimum amount of Con-A.
We suggest decreased acquired immunity to LM
infection by ‘the ‘ionizing radiation (300cGy) may be
related to the reduced capacities of lymphocytes
to produce IFN-7 and IL-2,

In conclusion, our present study 5uggests that
the increased early innate and decreased late
innate and acquired immunity to LM infection by
the ionizing radiation may be related to the
biphasic altered capacity of the macrophages to
produce TNF-e« and the decreased capacities of
the lymphocytes to produce IL-2 and IFN-vy, in
addition to a marked decrease in total cell
numbers,

ACKNOWLEDGEMENTS

We thank Rae-Hoo Park for technical assis-
tance.

REFERENCES

1. Mackaness GB. Cellular resistance to infection. J
Exp Med 1962; 116:381-402

2. Hahn H, Kaufmann SHE. The role of cell-
mediated immunity in  bacterial infections. Rev
Infect Dis 1981; 3:1221-1250

3. Campbell PA. What T cells tell macrophages to do
during resistance to listeriosis. In:  Einstein TK,
Bullock WE, Hanna N, eds. Host defenses and

10.

1.

12.

13.

14.

15.

16.

. Noth RJ. Cell

immunomodulation to intracellular pathogens. New
York & London: Plenum Press. 1988:13-22
mediated immunity and the
response to infection. In:McClusky MT, Cohen S,
eds. Mechanisms of Cell-Mediated !mmunity. John
Wiley & Sons, ‘New York. 1984: 185-203

. Bishop DK, Hinrichs DJ. Adoptive transfer of

immunity to Listeria monocytogenes. The influence
of in \vitro stimulation on lymphocyte subset
requirements. J Immunol 1987; 139:2005-2009

. Drevets DA, Sawyer RT, Potter TA, et al

Listeria monocytogenes infects human endothelial
cells by two distinct mechanisms. Infect Immun
1995; 63:4268-4276

. Havell EA. Evidence that tumor necrosis factor has

an important role in antibacterial resistance. J

Immunol 1989; 143:2894-2899

. Buchmeier NA, Schreiber RD. Requirement of

endogenous interferon-Y production"for resolution of
Listeria monocytogenes infection. Proc Natl Acad
Sci USA 1985; 82:7404-7408

. Frendscho MH, Young KM, Czuprynski CJ.

Treatment of mice with human recombinant
interleukin-2 augments resistance to the facultative
intracellular pathogen Listeria monocyltogenes. Infect
Immun 1989; 57:3014-3021

Neta R. Radiation, effects on immune system.
In‘Roift IM, eds. Encyclopedia of Immunology. 1st
ed. San Diego:Academic Press, Inc. 1992:1298-1301
Beller DI, Kiely J, Unanue ER. Regulation of
macrophage populations. |. Preferential induction of
la-rich peritoneal exudates by immunologic stimuli.
J Immunol 1980; 124:1426-1432

Kratz SS, Kurlander RJ. Characterization of the
pattern of inflammatory cell influx and cytokine
production during the murine host response to
Listeria monocytogeses. J Immunol 1988; 141:598-
606 :

Steeg PS, Moore RN, Johnson HM, et al
Reguiation of murine macrophage la antigen
expression by a lymphokine with immune interferon
activity. J Exp Med 1982, 156:1780-1793

Mosmann TR, Coffman RL. Thi and Th2 cells:
Different pattems of lymphokine secretion lead to
different functional properties. Ann Rev Immunol
1989; 7:145-173

Femandez-Botran R, Krammer PH, Diamans-
tein T, et al. B cell-stimulatory factor 1 (BSF-1)
promotes growth of helper T cell lines. J Exp Med
1986; 164:580-593

Green LC, Wagner DA, Glogowski J, et al.



17.

18.

19.

20.

21,

23.

24.

25.

26.

27.

28.

— J. Korean Soc Ther Radiol Oncol : Vol.

Analysis of nitrate, nitrite, and [N} nitrate in
biological fluids. Anal Biochem 1982; 126:131-138
Nakane A, Minagawa T, Kato K. Endogenous
tumor necrosis factor (cachetin) is essential to host
resistance against Listeria monocytogenes infection.
Infect Immun 1988; 56:2563-2569

Anderson RW, Wamer NL. lonizing radiation and
the immune responses. Adv Immunol 1976, 24:
215-335

Arai K, Lee F, Miyajima A, et al. Cytokines:
coordinators of immune and inflammatory
ponses. Annu Rev Biochem 1990; 59:783-836
Stewart CC and Perez CA. Effect of irradiation
on immune responses. Radiology 1976; 118:201-210
Conte MR, Orzan F, Figliomeni MC, et al.
Bacterial endocarditis of the pulmonary valve
damaged by thoracic radiotherapy (in Hodgkin's
disease). G. tal. Cardiol 1991; 21:1011-1015

res-

. Cortes E, Zuckerman MJ, Ho H. Recurrent

Salmonella arizona infection after treatment for
metastatic carcinoma. J Clin Gastroenterol 1992;
14:157-159

Trott KR. Differences between interstitial pneumonia
after total body irradiation and radiation pneumonitis.
Strahlenther Onkol 1992; 168:559-566

Brook |, Ledney GD. Short and long courses of
ofioxacin therapy of Klebsiella pneumoniae sepsis
following irradiation. Radiat Res 1992, 130:61-64
Cohen PR, Maor MH. Tinea corporis confined to
iradiated skin. Radiation port dermatophytosis.
Cancer 1992; 70:1634-1637

Ladner AO, Nelson ME, Kimler BF, et al.
Release of interleukin-1 by human alveolar macro-
phages after in vitro irradiation. Radiat Res 1993;
136:37-41

Neta R. Radioprotection and therapy of radiation
injury with cytokines. Prog Clin Biol Res 1990;
352:471-478

Neta R, Peristein R, Vogel SN, et al. Role of
interleukin 6 (IL-6) in protection from lethal
irradiation and in endocrine responses o IL-1 and
tumor necrosis factor. J Exp Med 1992, 175:689-
694

29.

30.

31.

32.

37.

. Nishiguchi |,

15, No. 3, September, 1997 — 185

Carter CD, Schultz TW, McDonald TP. Throm-
bopoietin  from human embryonic kidney cells
stimulates an increase in megakaryocyte size of
sublethally irradiated mice. Radiai Res 1993; 135
32-39

Peterson VM, Adamovicz JJ, Elliott TB, et al.
Gene expression of hematoregulatory cytokines is

elevated endogenously after sublethal gamma
irradiaton and is differentially enhanced by
therapeutic administration  of biologic response

modifiers. J Immunol 1994; 153: 2321-2330

Nakane A, Minagawa T, Kohanawa M, et al.
Interactions between endogenous gamma interferon
and tumor necrosis factor in host resistance against
primary and secondary Listeria monocytogenes
infections. Infect Immun 1989; 57:3331-3337

Neta R, Douches S, Oppenheim JJ. Interleukin 1
is a radioprotector. J Immunol 1986; 136:2483-2485
Willingham V, Milas L. Tumor
necrosis factor as an adjunct to fractionated
radiotherapy in the treatment of murine tumors. Int
J Radiat Oncol Biol Phys 1990; 18:555-558

. Patchen ML, MacVittie TJ, Williams JL, et al

Administration of interteukin—6 stimulates multilineage
hematopoiesis and accelerates recovery from
radiation-induced hematopoietic  depression. Blood
1991; 77:472-480

. Tartakovsky B, Goldstein O, Krautghamer R, et

al. Low doses of radiation induce systemic pro-
duction of cytokines: possible contribution to leuke-
mogenesis. Int J Cancer 1993; 55:269-274

. Girinsky TA, Pallardy M, Comoy E, et al

Peripheral  blood  corticotropin-releasing  factor,
adrenocorticotropic  hormone  and  cytokine  (inter-
leukin beta, interdeukin 6, tumor necrosis factor
alpha) levels after high- and low-dose total-body
irradiation in humans. Radiat Res 1994; 139:360-363
Xun CQ, Thompson JS, Jennings CD, et al.
Effect of total body irradiation, busulfan—cyclopho-
sphamide or cyclophosphamide conditioning on
inflammatory cytokine release and development of
acute and chronic graft-versus-host disease in
H-2-incompatible transplanted SCID mice. Blood
1994; 83:2360-2367



i
A

Fo

— Yoon Kyeong Oh, et al.:Radiation Effect on Host Resistance and Cytokine Production —

B

=2
=

YA ZALE OIRANML] Cytokine Mdts 3
* Listeria monocytogenesOlf Cigt X&Ao] M3}

ZHRST e ADPAATERY, AR e vl 4 sua’

gz - &olgd’ . Aoy’ . 28N . o|HH"T

8 F A RAE AENAA HAFQ Listeria monocytogenes (LM)S] ZAge] wlxi= 4
3 A RS Ay AV s dYHEAM Y TNF-e 2 Nitric oxide (NO) A4bs
o] wstel vlAAEAA L] IFN-7 E {L-244b5 njXe &g dolrna & A#e A3
Sk

Chat o 9 : 2 FEZ= BALBlc w928 AMESglon Co-60 9AAR7|E &3ty
S ZASIGTE MG BlRlE 98-S Baet] Qs R ERAL 19% 10°9) LME
S Bl FAER 14, 3¢, 590l njAzAodN LMATFE F33Hch SAARA} o)
$2=9] AAJeA e} AldAUlee] TNF-e 2 il mxle 838 fEs7] 98ix 44
LPSZ =3k L929/Actinomycin D assayol ¢jsl TNF-a%g& 431tk IFN-7 9] A
HIALAZALE u1ge HEsto] v AAEAE A28 Concavalin A (Con-A)2 A8 F A
AAHE 8ok IL-29] A% & IFN-y AYoxet ol BAAEE dojA Con-AZ 53t
CTLL-2AZ 9] A3EdseEs BBFozy AN PAAZAE B30 A2 4
A= E NOd PIXE 93E BEsIdch

g 3t AR (300cGY)E AN Eo LM AR 14F uiFeg2 Ry AEHE AEF
£ dEzTd v Zasidoy @Y 39 54F 9 Adse gz viste 2388 FUEch
Al B A E AL (100-850cGy) & ZAMSHE 193 PAkEE TNF-e 9] & oz
of njate Fvtstg o, HAMARAL (100-600cGy) 5YF F38 B2AAE o3 TNF-a
A 23 AR R, PAMIRAL (300cGy)F LMZEA 59F F =€ AW TNF-ag]
A= 2o ulsl ZAsTh WAMY (300cGy)S ZAMY w22 RE HEE uAAER
8 AAEE IFN-y < 1L-29] 42 gzl 88 245 NO9 %2 100cGy ¥ 300
cGyZAA] d2Td va S7istgor 2ol ZALES F718Md AR ZAssch

Z B AEAFE AZJAAL BaEY IMB G did 27 A Svtet B Fuke]
Fo A FaE dAAZAAY 27 TNF-o A4 F715 4, 23z TEEFA9
IFN-7 2 IL-2 Aibs 7t #do] 3& Ao= Alggr)

o #



