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Summary - Immunological parameters of porcine peripheral blood mononuclear cells
after in vivo injections of recombinant porcine interferon gamma (rPoIFNy) were studied
in pigs immunosuppressed by dexamethasone (6 mg/kg body weight in a single injec-
tion). A 2-d period of rPoIFNy injected alone and intramuscularly at a dose of 1 pg/kg
body weight increased interleukin 1 (IL1) production (P<0.05). Recombinant porcine
IFNY also reversed the immunosuppressive effects of dexamethasone on : i), lymphocyte
responsiveness to mitogens : PHA (P < 0.03), ConA (P < 0.053); ii), IL1 production; and
iii), IL2 production (P < 0.05). However, rPoIFNy had no effect on neutrophilia induced
by dexamethasone. These data show that rPoIFNy modulates leukocyte functions of

pigs in vivo.
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Résumé - Effets immunomodulateurs in vivo de l’interféron gamma recombinant

porcin (rPoIFNy) sur les fonctions leucocytaires de porcs immunodéprimés. Plu-
sieurs paramètres immunologiques des cellules mononucléées du sang périphérique du
porc ont été étudiés à la suite de l’injection in vivo d’interféron gamma recombinant

porcin à des porcs immunodéprimés par la dexaméthasone (6 mglkg de poids vif en
une seule injection). L’IFNy recombinant porcin administré seul et par voie intramuscu-
laire, pendant 2 j, à la dose de 1 gglkg de poids vif a augmenté la production d’inter-
leukine 1 (IL1), (P < 0,05). Il a pu également limiter les effets immunosuppresseurs de
la dexaméthasone : .’
- sur la réponse lymphocytaire aux mitogènes : PHA ( P < 0,03), ConA (P < 0,053),
- sur la production d’IL 1, 

’

- sur la production d’IL2 (P < 0, 05).
Néanmoins, l’IFNy recombinant porcin n’a pas eu d’effet sur la neutrophilie induite

par la dexaméthasone. Ces résultats montrent que I’IFN recombinant porcin est capable
de moduler, in vivo, plusieurs fonctions leucocytaires chez le porc.
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INTRODUCTION

Interferon gamma (IFNy) is a lym-
phokine produced by activated T lym-
phocytes following stimulation by
specific antigens (during an immune
response) or T-cell mitogens such as
phytohemagglutinin (PHA) or con-

canavalin A (ConA) (Ronnblom et al,
1982). In addition to its antiviral ac-

tivity, IFNY can exert a number of im-

munomodulatory effects such as

enhancement of natural killer (NK)
cell and T-cell mediated cytotoxicity,
and neutrophil activation (Trinchieri
and Perussia, 1985).

In the porcine species, the gene
coding for IFNY has been cloned and
recombinant porcine IFN7 (rPo]FNy)
has been shown to inhibit, in vitro,
the replication of transmissible

gastroenteritis virus, vesicular sto-

matitis virus (Charley et al, 1988)
and African swine fever virus (Es-
parza et al, 1988). Little is known
about the immunomodulatory effects
of rPoIFNy, contrary to the results
obtained with recombinant bovine

IFN7 (rBoIFNy). However, Charley et
al (1990) have shown that rPoIFNy
is able to activate porcine adherent
mononuclear cells to secrete inter-
leukin 1 (IL1) after stimulation with

lipopolysaccharide (LPS). Further-

more, rPoIFNy is able to increase

production of TNFa by LPS-stimu-
lated porcine macrophages (Dunham
et al, 1990).

In this study immunomodulatory
properties of rPoIFNy were evaluated
for their influence, in vivo, on lym-
phocyte blastogenesis and IL1 and
IL2 production by peripheral blood
mononuclear cells. Recombinant por-
cine IFN7 activity was evaluated in
normal pigs to investigate any direct

effects of the cytokine on immune

parameters, and in dexamethasone-
treated pigs in order to determine
whether rPoIFNy could reverse de-
fective immune functions. Because
mechanisms of glucocorticoid-in-
duced immunosuppression are well
characterized in vitro and in vivo

(Mormede and More, 1980; Roth and
Kaeberle, 1983; Westly and Kelley,
1984; Blecha and Baker, 1986;
Klemcke et al, 1987; Frank and Grif-
fin, 1989; Rafai and Tuboly, 1989;
Roth and Frank, 1989), we used
dexamethasone to induce immuno-

suppression in pigs. Timing of
dexamethasone administration and

dosage were evaluated to obtain op-
timal immunosuppressive conditions.
Our results show that a 2-d period
of rPoIFNy (1 pg/kg intramuscularly)
treatment significantly increased lLl 1

production by untreated pigs and sig-
nificantly reversed the immunosup-
pressive effects of a single
intramuscular administration of dex-
amethasone on lymphocyte prolifera-
tive responses to PHA and on IL2

production. Recombinant porcine
IFNY also tended to enhance lympho-
cyte blastogenic responses to ConA
and IL1 leukocyte production in dex-
amethasone-treated pigs.

MATERIALS AND METHODS

Animals and experimental design

Sixteen Large White pigs (4 pigs/group)
were used. The animals weighed
13.9 ± 1.4 kg and were randomly assigned
to each group. Dexamethasone-treated
groups received 6 mg/kg of body weight
(BW) of dexamethasone 21-phosphate
(Sigma, St Louis, USA) by one in-
tramuscular injection on d1. Animals
treated by rPoIFNy alone were given



1 pg/kg BW rPoIFNy (1.12 x 108 U/mg
protein, lot No PoG016144 supplied by
Ciba-Geigy Inc, Basel, Switzerland) per
animal by intramuscular injection on days
0 and 1. A group received rPoIFNy alone
on dO and both dexamethasone and
rPoIFNy treatment on di. Untreated ani-
mals received an equal volume of PBS

(phosphate buffered saline) at the same
time as other treatments. All injections
were performed between 08.00 and 09.00
am. Animals were bled daily for 3 con-
secutive days (ie d0, 1 and 2).

Total and differential leukocyte
cell counts

Total leukocyte counts were determined
following red blood cells lysis and differ-
ential leukocyte counts were performed
on May-GrOnwald-Giemsa-stained blood
films.

Preparation of porcine blood
mononuclear cells

Peripheral blood mononuclear cells were
separated from heparinized venous blood
by a Ficoll density centrifugation method
on MSL! (d= 1.077 from Eurobio, Les
Ulis, France) (Charley et al, 1983).

Lymphocyte blastogenesis

Mononuclear cells were cultured in flat-
bottom microtiter plates (Costar, Broad-

way, USA) with 6 replicates of 3 x 105
cells in RPMI-1640 complete medium per
well for each sample. Mitogen-stimulated
cultures received phytohemagglutinin
(PHA-P from Difco, Detroit, USA) at a final
concentration of 25 pg/ml, and con-

canavalin A (ConA from Miles, Yeda,
Israel) and pokeweed mitogen (PWM from
Gibco) at final concentrations of

12.5 pg/ml. Cultures were incubated for 2
d at 37 °C and pulsed overnight with
37 kBq/well of tritiated thymidine
(TMM 48 C from CEA, Saclay, France).
The incorporated radioactivity was col-
lected on filter paper by an automated cell
harvester. Results were expressed as the
difference in counts per min (dcpm) be-

tween thymidine incorporation in mitogen-
treated and untreated cultures.

IL 1 and IL2 production

IL1 and IL2 were prepared from mononu-
clear cells by stimulation with E coli
lipopolysaccharide (LPS) from Sigma at a
final concentration of 20 pg/ml in the pre-
sence of indomethacin (1 mg/ml from

Sigma) or with PHA-P at a final concen-
tration of 50 gg/ml, respectively. Mononu-
clear cells were cultured at a cell
concentration of 1.5 x 106 cells per ml in
RPMI-1640 complete medium. Following
48 h of incubation at 37 °C, supernatants
were collected and stored at - 20 °C
before titration (Charley et al, 1985;
Cavaillon et al, 1989).

IL 1 and IL2 assays

IL1 activity was tested by the ability of su-
pernatants to induce the proliferation of
mouse thymocytes stimulated with submi-
togenic doses of PHA-P (10 0 pg/ml) (Aren-
zana-Seisdedos et al, 1985). IL2 activity
was determined by measuring its pro-
liferative effects on the IL2-dependent,
murine cytotoxic T cell line (CTL-FD) as
described previously (Leclerc et al, 1984).
Briefly, thymocytes (5x x 106/ml) and CTL-FD cells (1.25 x 10 /ml) for the IL1 and
IL2 assays respectively were incubated in
96-well tissue culture plates with serial 2-
fold dilutions of supernatants. After 48 h
for the IL2 assay and 72 h for the IL1 1

assay, cultures were pulsed overnight with
37 kBq tritiated thymidine and cells were
collected on filter paper by a multiple
sample harvester. IL1 and IL2 activity
were obtained as cpm of tritiated thy-
midine incorporation. IL1 and IL2 activities
were correlated to standard values and
expressed as arbitrary units, through use
of a computer-assisted logit analysis of
the data (kindly provided by F Blecha).

Data analysis

Means and SEM were determined for
each parameter of each group of pigs and
statistical comparisons were performed



using an analysis of variance procedure
(Student’s t-test) blocked by day to deter-
mine the level of significance of any differ-
ences between two groups.

RESULTS

Dexamethasone-induced

immunosuppression

Preliminary experiments were con-

ducted to determine a dose of
dexamethasone that depressed
leukocyte functions in pigs. No sig-
nificant effects of dexamethasone in-

jected at doses of 100 pg/kg BW (2
daily injections over a 2-d period) or
1 mg/kg BW (one daily injection over
a 2-d period) were observed on

differential polymorphonuclear (PMN)
counts, lymphocyte proliferative re-

sponse and ILl or IL2 production. In

subsequent experiments with 3 and
9 mg/kg BW of dexamethasone, poly-
morphonuclear cell counts were in-
creased and lymphocyte proliferative
responses were decreased (data not
shown). Therefore, 6 mg/kg BW of
dexamethasone was the dosage
used in the following experiment to
induce immunosuppression.

Effects of rPoIFNy and/or
dexamethasone on total and
differential polymorphonuclear
cell counts

We did not observe any effects of
either treatment on total leukocyte
counts. Nevertheless, treatment with
dexamethasone caused significant
neutrophilia (P < 0.05) 3 h after its
administration (table I, d1). Recom-
binant porcine IFNY by itself had no
effect on PMN counts. Moreover, no
significant differences were observed
between PMN counts from animals

receiving combined rPoIFNy plus
dexamethasone treatments and PMN
counts from dexamethasone-treated

pigs (table I).

Effects of rPoIFNy and/or
dexamethasone on lymphocyte
blastogenesis

Dexamethasone-treated animals had

significantly decreased proliferative
responses to ConA, PHA or PWM 3 h
after dexamethasone injection (table
II). Dexamethasone treatment also

depressed the lymphocyte blasto-

genic response to PHA 24 h after glu-
cocorticoid administration (data not

shown). Administration of rPoIFNy for



2d significantly enhanced the lym-
phocyte blastogenic responsiveness
to PHA (P < 0.03) in dexamethasone-
treated animals and also tended to

enhance their responsiveness to

ConA (P < 0.056) as measured 3 h
after dexamethasone injection. How-
ever, these effects were no longer
observed after 24 h (data not

shown). Although the data shown in
table II indicate significant differ-
ences between the lymphocyte pro-
liferative responses to PHA and
ConA of rPoIFNy-treated and un-

treated animals, similar differences
were already observed between the
same 2 experimental groups before
rPoIFN7 administration (data not

shown). Such differences cannot

therefore be related to rPoIFN!y treat-
ment.

Effects of rPoIFNy and/or
dexamethasone on IL1 and IL2

production

Dexamethasone significantly in-

hibited IL2 production (P < 0.05) 3 h
(data noi shown) and 24 h after in-

jection, but had no significant effect
on IL1 production (table III). Recom-
binant porcine IFNY significantly en-
hanced IL1 production (P < 0.05) 3 h
(data not shown) and 24 h after in-

jection (table III) in comparison
with untreated pigs. Nevertheless,
rPoIFN!y has no significant effect on
IL2 production.

Administration of rPo[FNy signifi-
cantly reversed the immuno-suppres-
sive effects of dexamethasone on IL2

production only 24 h after injection



(table 111). It tended to have the same
effects on IL1 production, but differ-
ences between IL1 production from
dexamethasone-treated animals and
animals treated both with dex-
amethasone and rPoIFNy were not

significant.

DISCUSSION

The in vivo immunomodulatory ef-
fects study of rPoIFN7 on leukocyte
functions in normal pigs showed
an increased production of IL1. In

immunosuppressed pigs, rPoIFNy
significantly reversed the immu-

nosuppressive effects of dexa-
methasone on i), lymphocyte res-

ponsiveness to PHA; and ii), IL2 produc-
tion.

Considering the in vivo effects of

IFNy treatment in normal animals,
our results indicate that rPoIFNy in-
jected alone only affects I L1 produc-
tion, which is significantly increased
3 and 24 h after treatment, whereas
other immune parameters studied re-
mained unchanged. In the bovine

species, Roth and Frank (1989) ob-
served that a dose of 0.5 mg per an-
imal of rBoIFNy induced relatively
minor changes in total and differen-
tial leukocyte cell counts. Moreover,
they showed that rBoIFNy had no ef-
fect on lymphocyte blastogenic re-

sponses to mitogens (PHA, ConA,
PWM). In addition, although in vitro
studies demonstrated that lLl could
increase IL2 production (Dinarello,
1987), we did not observe a concom-
itant enhancement of lLl and IL2

production in IFNy-treated animals

(table III).

The observed effects of rPoIFNy in
dexamethasone-treated animals in-
cluded a significant, short-term en-

hancement of lymphocyte proliferative
responses to PHA (3 h after injection;
table II). Interleukin-2 production was
significantly increased only 24 h after
treatment (table III). Recombinant

porcine IFNy also tended to increase
lymphocyte blastogenic response to

ConA 3 h after injection. The mito-

gens PHA and ConA are considered
as being T-lymphocyte specific,
whereas PWM stimulates both B and
T pig lymphocytes (Binns, 1982). The
fact that rPoIFNy reduces dex-
amethasone-induced suppression of

lymphocyte blastogenesis in re-

sponse to PHA and ConA without a

significant effect on the lymphocyte
blastogenic response to PWM indi-
cates that rPoIFNy could primarily af-
fect porcine T lymphocytes. Several
mechanisms could account for such
effects : i), IFNY could increase IL2

production, which in turn would favor
T cell proliferation; ii), alternatively,
IFNY could act on IL1 production,
leading itself to a greater T cell

growth; and 111), finally, IFNY could
also directly affect the T-cells respon-
siveness to mitogens or to inter-
leukins. Our results suggest that

rPoIFNy can influence T-cell respon-
siveness by indirect effects at the
level of IL1 and IL2 production. Thus,
24 h after the 2 rPoIFNy injections in
dexamethasone-treated pigs, IL2

production was significantly in-
creased and IL1 yield was elevated,
although not significantly (table 111).
Recombinant porcine IFNY could also
cause a redistribution of peripheral
blood leukocyte populations : modifi-
cations in ratios of monocytes to lym-
phocytes or in ratios between
different T-cell subsets could explain



the observed alterations in lympho-
cyte responsiveness to mitogens. A
redistribution of circulating T-cell sub-
sets in various lymphoid organs was
achieved by treating pigs with high
doses of corticoids (Salmon, 1983).

In order to evaluate rPoIFNy in im-
munosuppressed animals, we had to
develop a model of corticoid-induced
immunosuppression in pigs. One in-

jection of dexamethasone at a dose
of 6 mg/kg BW significantly inhibited
lymphocyte blastogenic responses to
PHA, ConA, PWM and synthesis of
IL2 by lymphocytes. Such a reduction
in mitogenesis and IL2 production
may be explained by lysis of lym-
phoid cells. Indeed, it has been de-
monstrated in the porcine species
that pharmacological concentrations
of cortisol caused, in vitro, significant
but minimal cell death as compared
to results in other species (Westly
and Kelley, 1984). However, in the

present experiments, cell concentra-
tions were determined on the basis
of viable cells; it appears that the pig
is much more resistant to immuno-

suppression by corticoids than cattle
(Roth and Flaming, 1990). Indeed,
dexamethasone administered to pigs
intramuscularly at 2.0 mg/kg BW did
not consistently alter lymphocyte and
neutrophil functions which are in-
hibited in cattle given 0.04 mg/kg of
dexamethasone intramuscularly. In
addition to the possible lytic effects
of pharmacological doses of dex-
amethasone on lymphoid cells immu-
nosuppression might also be due to
functional alterations of leukocytes.

In conclusion, our results show
that rPoIFNy modulates several lym-

phocyte functions of pigs in vivo. In
similar experiments conducted in the
bovine species, Roth and Frank

(1989) did not observe significant ef-
fects of rBoIFNy on lymphocyte func-
tions of dexamethasone-treated

animals, although neutrophil func-
tions were enhanced. Our data sup-
port the idea that rPoIFNy could also
be used in other situations such as

immunosuppression induced by in-
fectious diseases. Thus recombinant

porcine IFNY was shown to pro-
tect piglets against Actinobacillus

pleuropneumoniae-induced pneu-
monia in vivo (Bielefeld-Ohmann and
Martinod, 1990). Taken together,
these data suggest that IFNy im-

munotherapy might be more effective
for pigs than for cattle in which tFNy
treatments were previously evaluated
(Bilefeld-Ohmann and Babiuk, 1986;
Chiang et al, 1990).

Current and future research on im-
munomodulators may provide a

mechanism to overcome the immuno-

suppressive effects of stress and
viral infections which are considered
to be important components in the

pathogenesis of many infectious dis-
ease syndromes that affect domestic
food producing animals.
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