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SUMMARY

Exposure of swine Peripheral Blood Mono-
nuclear Cells (PBMC) to low concentrations
of IFN-o causes a strong, dose dependent
decrease of CD14 expression. The strongest
decrease is at 5 Units mI™! IFN-o, with or wi-
thout a subsequent exposure of cells to pu-
rified lipopolysaccharide (LPS).

The largest reduction of TNF-o. accumulation
in the medium of swine PBMC and Pulmo-
nary Alveolar Macrophages (PAM), stimula-
ted with bacterial LPS, is caused by a 10-fold
lower interferon-o. concentration (0.5 Units
ml™). With this treatment, the expression of
the TNF-a gene in PAM is also strongly re-
duced, as opposed to cells reacted with 50
Units ml"' IFN-o. On the contrary, the ex-
pression of the IL-1f and IL-6 genes is sti-
mulated at both concentrations. Owing to
the above, IFN-o could play an important ro-
le in the control of the inflammatory re-
sponse to bacterial endotoxins in pigs.
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ANTI-INFLAMMATORY
ACTIVITY OF LOW DOSE IFN-a
- IN VITRO STUDY ON PORCINE

LEUKOCYTES

INTRODUCTION

Pigs in intensive breeding suffer from
different diseases in the post-weaning
phase, among them the PRRS (porcine
reproductive and respiratory syndrome)
(1, 2) and the PMWS (postweaning mul-
tisystemic wasting syndrome) (3), cau-
sed by the PRRS virus and the type 2
porcine Circovirus respectively.
Despite the widespread presence of the
viral infection in pig breeding, only sick
animals present major inflammatory le-
sions and systemic dysfunction of the
Immune System (4, 5, 6, 7).

In fact, the viral infections mentioned
above would have the effect of increa-
sing the inflammatory response of the
animals to bacterial lipopolysaccharides
(LPS) (8, 9) present in significant con-
centration in the air of intensive bree-

ding.

Based on these assumptions, we focu-
sed our attention on oral treatment with
low-dose IFN-o;, which has been shown
to be effective in different experimental
models of chronic inflammation and au-
toimmune diseases (10, 11, 12).

In fact, it is apparent from the published
results the potential role of IFN-ot in the re-
gulation of both the innate and the acqui-

red immune response in many animal
species, including pigs (10, 13, 14, 15).
Consequently, an in vitro study was con-
ducted on the activity of IFN-o. on por-
cine leucocytes in response to bacterial
LPS.

MATERIALS AND METHODS
CELLS

Samples of heparinized venous blood
were taken from weaned pigs (average
weight 30 kg). These were diluted 1:2
with RPMI 1640 medium, supplemen-
ted with antibiotic and centrifuged over
Histopaque® - 1077 (Sigma-Aldrich, St
Louis, USA). The peripheral blood mo-
nonuclear cells (PBMC) obtained were
washed twice with RPMI 1640, counted
and cultured at 2 x 10° ml”" in RPMI
1640 + 10% of foetal bovine serum
(FBS) (Biochrom KG, Berlin) in plates for
cell culture with 12 wells.

The pulmonary alveolar macrophages
(PAM) were taken from weaned pigs eu-
thanized after general anaesthesia by
bronchoalveolar lavage.

The cells were cultured as described
above (RPMI 1640 + 10% FBS) in plates
for cell culture with 12 wells.
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0 (control) 5.2
0.05 4.8
0.5 2.4
5 0.2+
50 4.6
IFN-o (U/ml) % CD14 + PAM
0 (control) 11.3
0.05 10.2
0.5 5.5
5 1.4+
50 5.6

The samples of pulmonary alveolar ma-
crophages and blood were collected
under the responsibility of a veterina-
rian and the supervision of the regional
National Health Service.

INTERFERON- o

Purified human lymphoblastoid IFN-o
(Sigma-Aldrich, St. Louis — USA) was
frozen in aliquots to -80° C and used in
the following in vitro experiments.

The biological activity was determined
through inhibition of the cytopathic ef-
fect induced by Vesicular Stomatitis Vi-
rus on bovine MDBK cells and human
HEP-2 cells (16).

The human IFN-o is active on porcine
cells in vitro (17) and in pigs treated
orally with low-dose IFN-o. (13).

TREATMENT WITH IFN-0. AND LPS

Porcine PBMC and PAM, cultured on
plates with 12 wells, were supplemen-
ted with IFN-o at different concentra-
tions (from 0 to 50 IU mI™") and incuba-
ted at 37°C in a humidified incubator

TAB. 1

Expression of CD14 in the porcine PBMC treated with IFN-o and LPS.

* Fluorescence Mean channel

96 ** Significance compared with the control value (Fisher's exact test, p
100 <0.01)
- The porcine PBMC were treated with IFN-o in the listed
98 concentrations. The next day bacterial LPS (1 ug ml"') were added.
The expression of CD14 was detected through flow cytometry on day 4
2 of the experiment.
100
TAB. 2
MCF* . - - -
Expression of CD14 in the porcine PAM treated with IFN-a and LPS.
* Fluorescence Mean channel
o ** Significance compared with the control value (Fisher's exact test, p
97 <0.01)
- The porcine PAM were treated with IFN-a in the listed concentrations.
96 The next day bacterial LPS (1 ug ml™') were added.
83 The expression of CD14 was detected through flow cytometry after
24h.
74

with 5% CO,. After 16-24 hours, the
cells were stimulated with Tug ml™ of
bacterial LPS from £Escherichia colf
0111:B4 {Sigma-Aldrich, St. Louis -
L/SA) or left untreated as control.
Subsequently, the cells were re-incuba-
ted at 37°C in the presence of 5% CO,.
The cells then underwent flow cyto-
metry with mAb for the CD14 and RT-
PCR for the genes of the principal in-
flammatory cytokines; their culture nre-
dium underwent bioanalysis for the pre-
sence of TNF-aL.

10 U of human lymphoblastoid IFN per
kg body weight were administered to 4
pigs aged 30 days, on 15 successive
days in lyophilized form [TF 21 (only for
veterinarian use - Editor's note) Guna
S.p.a., Milan] and mixed with the feed.
Five other pigs of the same age and ge-
netic profile were used as controls.
Blood samples were taken on day 15 in
heparinized test tubes at the end of the
oral treatment with IFN-o..

The concentration of IFN-oe administe-
red is much lower than that usually
found in the serum and the intestinal se-
cretions of pigs affected by viral infec-
tions (18).

FLOW CYTOMETRY

The PBMC and the adherent PAM were
obtained by treatment with EDTA
(0.02% final). These were mixed with
the non-adherent cells, washed twice in
phosphate-buffered saline solution
(PBS, pH 7.4) and suspended in buffer
for flow cytometry (PBS, pH 7.4, 2% of
FBS submitted to thermal treatment, so-
dium azide 0,1%,.

The cells were analysed using the Bryte-
HS flow cytometer (BIO-RAD; for CD14
surface expression with monoclonal an-
tibody (MIL-2) (kindly supplied by Dr.
Karen Haverson, University of Bristol,
U.K.). 10,000 cells were analysed in the
selection grid. The percentage of CD14
+ cells was obtained through subtrac-
tion of the value corresponding to cells
marked only with murine anti-IgG to
fluorescein.

TRANSFER OF CELLS TREATED
WITH IFN- ¢

The porcine PBMC were cultivated at 2
x 10° ml™" in 2 plates with 12 wells (do-
nor and recipient respectively).



Six donor wells were treated in dupli-
cate with 0, 0,5 and 50 U mlof IFN-a
respectively.

- After 4 hours of incubation at 37°C, 5%
CO,, the non-adherent cells were remo-
ved from 3 wells (one for every treatment
with IFN-0) and washed twice in RPMI
1640 with FBS (10%).

2 x 10° cells for each IFN-o. treatment we-
re then transferred to 3 other recipient
wells and cultured at 37°C, 5% CO,, over-
night, together with the
control cells of the recipient wells not sup-
plemented with  syngeneic  cells,
nor treated with IFN-o.. The next day, all the
cells were stimulated for 16 hours with 1
ug ml™" of bacterial LPS at 37°C, 5% CO,.

BIOANALYSIS OF THE TNF-c;

The medium of the cells treated with
IFN-0. and/or LPS was sampled at different
times during each experiment and frozen
at -80°C for bio-analysis of the TNF-c.
The same procedure was followed for the
PBMC supplemented with syngeneic cells
treated with IFN-oL.

The analysis was performed as described
in Reference 19.

WEHI 164 (ATCC) cells in RPMI 1640 with
10% FBS (3 x 10%well) were seeded onto
plates with 96 wells in the presence of the
serially diluted samples to base log2 and
of 1 ug ml™" (final) of Actinomycin D (Sig-
ma-Aldrich, St. Louis-USA). After 18-hour

TRANSFER OF THE

SYNGENEIC PBMC
TREATED WITH IFNo

LPS
TREATMENT*

incubation at 37°C, the presence of vital
cells was determined with 3-(4,5-di-
methylthiazole-2-x1)2,5-diphenyl-tetrazo-
lium bromide (MTT) (Sigma-Aldrich, St.
Louis-USA).

- The concentration of TNF-o was deter-
mined by comparing the end-point of the
samples with that of a standard preparation
of recombinant pig TNF-o. (Pierce Endo-
gen).

SEMIQUANTITATIVE RT-PCR
ANALYSIS OF THE PAM

The total RNA was isolated from PAM
with triazolium according to the produ-
cer's instructions (Gibco BRL / Life Tech-
nologies). 3 pg of total RNA were inver-
sely transcribed with random hexamer
primers and Moloney murine leukaemia
virus-reverse-transcriptase (MMLV, Gibco
BRL) using standard procedures.
Amplification of the hypoxanthine pho-
sphoribosyltransferase (HPRT) gene was
carried out to normalize the cDNA con-
tent from the different cell samples.

The amplification conditions were: de-
naturation at 94°C for 5 min. followed by
25 cycles of 30 seconds each of denatu-
ration at 94°C, 30 seconds at 56°C, 45
seconds at 72°C, followed by 3 more mi-
nutes at the same temperature. To com-
plete the PCR reaction on every target
gene, normalized quantities of cDNA
were diluted with PCR buffer (50mM

NO LPS
TREATMENT*

0 U/mi 800 pg TNF-o/ml 100 pg TNF-o/ml
0.5 U/ml 100 pg TNF-o/ml 100 pg TNF-o/ml
50 U/ml 100 pg TNF-a/ml 100 pg TNF-o/ml

TAB. 3

Secretion of TNF-o after transfer of the syngeneic PBMC treated with IFN-a.

- The porcine PBMC (4x10°%) were supplemented with 2x10° syngeneic cells treated with the

listed IFN-o concentrations for 4 hours at 37°C.

The next day, the cells were stimulated with LPS (1 ug ml-') or kept as untreated control.

The medium was sampled after 24 hours for TNF-o bio-analysis.

* The results are expressed in pg ml! after calibration with standard laboratory pig recombinant

TNF-a (Pierce Endogen).
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KCI, 10 mM Tris-HCI, 2mM MgCl,) to a
final 50 pl, containing 50 pmol of primer
set, additional dNTPs (0,8 mM of final
concentration) and 2 U of Tag DNA poly-
merase. The cytokine gene expression
was studied through co-amplification of
the target genes and HPRT under the sa-
me PCR cycle conditions used for the
normalization within the exponential
phase of amplification of both genes.
The level of expression of the genes was
determined by calculating the ratio of tar-
get gene to HPRT gene, using IMAGE-
QUANT software (Molecular Dynamics,
Amersham Biosciences). The tests were
performed in triplicate for statistical
analysis.

The following primers were used:

— HPRT forward primer: 5 — CCATCA-
CATCGTAGCCCTCT - 3’

— HPRT reverse primer: 5" - TCAAATC-
CAACAAAGTCTGGC -3’

— IL-1B forward primer: 5" — ATGGCCC-
CAAAGAGATGAAG - 3’

—IL-1B reverse primer: 5’ ~TGCACGTTT-
CAAGGATGATG - 3’

— TNF-o forward primer: 5 — AACCT-
CAGATAAGCCCGTCG - 3’

—TNF-o reverse primer: 5 — ATGGCA-
GAGAGGAGGTTGAC - 3’

—1L-6 forward primer: 5’ — TGCTCTTC-
ACCTCTCCGGAC -3’

—IL-6 reverse primer: 5" — CTTTCTGGA-
GGTAGTCCAGG - 3'.

SUPEROXIDE ANION
SECRETION

After incubation for one night with 0
and 0.5 U ml”of IFN-a, the superoxide
anion secretion in the PAM culture me-
dium was measured by analysis of the
cytochrome C (20) following stimula-
tion with phorbol-12-myristate-13-ace-
tate (PMA).

RESULTS

» Down-regulation of CD14
expression

It emerged from 4 separate experiments
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that IFN-a. reduces the surface expres-
sion of CD14 in PBMC (5 pigs) and in
PAM (1 pig) dose-dependently.

Peak activity was detected at 5 U ml.
It is interesting to note that the activity
was unchanged after subsequent addi-
tion of LPS.

Two representative experiments are re-
ported in TAB. 1, 2.

» Reduction of the secretion of TNF-ct

After exposure to the bacterial LPS, the
secretion of TNF-a. is always reduced
(by 2 to 4 times) in PAM treated with
I[FN-a. - in comparison with those un-
treated - in all 4 experiments.

In comparison with the experiments on
the expression of CD14, the greatest de-
crease in TNF-a. in the medium was
found at a concentration 10 times lo-
wer, or at 0.5 U ml"! of IFN-o..

The results of a representative experi-
ment (on 4) are shown in FIG. 1.

In the PBMC, the secretion of TNF-a. did
not vary significantly in the two different
experiments after addition of IFN-c.
Nevertheless, the PBMC drastically re-
duced the secretion of TNF-o. after ad-
dition of syngeneic cells treated with
IFN-o in a further experiment (TAB. 3).
Moreover, the PBMC of 3 pigs out of 4
treated in vivo with IFN-a secreted TNF-

o in amounts markedly lower after in vi-
tro stimulation with LPS (< 50 pgs ml™!
compared with > 200 pgs ml"' from all
5 control pigs) (t 2.98; p < 0.05).

» Expression of cytokine genes

In three separate RT-PCR experiments
on PAM, IFN-a at 0.5 U ml™! signifi-
cantly reduced the expression of the
TNF-o gene after stimulation with bac-
terial LPS unlike IFN-o. at 50 U ml™.
On the contrary, under the same con-
ditions, the expression of the IL-1f ge-
ne was stimulated to a different degree
by both the concentrations of IFN-o. stu-
died. There were no significant diffe-
rences related to the expression of the
IL-6 gene (FIG. 2).

» Superoxide anion release

In 2 different experiments, pre-treatment
of the PAM with IFN-o (0.5 U ml™") pro-
duced a 3-fold reduction in the release of
superoxide anion (ODss), after stimula-
tion with phorbol-12-myristate-13-aceta-
te (PMA).

600
M 24 hours
[ 72 hours
= 400
E
o)
&
3
[]
LL
Z 200
0 T T T
0 0,05 0,5 5 50

PRE-TREATMENT IFN-o (U/ml)

The porcine PAM was treated with IFN-o at the listed concentrations. The next day bacterial LPS

were added (1 pg ml"). A sample of the medium was taken after 24 and 72h for the determination
of the TNF-0. on WEHI 164 cells. The results are expressed in pg ml! after calibration with
standard laboratory preparation of pig recombinant TNF-a.

DISCUSSION

The antiviral, immunostimulant and an-
tiproliferative activity of IFN-o and the
crucial importance of the concentration
and timing of administration have been
known for some time (10, 21, 22).

It is interesting to note that, in contrast
to the antiviral activity, the dose-re-
sponse curves of IFN-a. are usually bell-
shaped in the functions of modulation
of the immune system:

over a limited concentration range, the
observed biological activities decrease
or even reach opposite values (e.g.: sti-
mulation vs. suppression of the primary
antibody response to sheep erythrocy-
tes in the mouse) (23).

In particular, effective stimulation of
the immune system at low or interme-
diate concentrations is apparent from
the usual dose-response curves of IFN-
o, according to its hormone-like natu-
re (24) and the type of in vivo action (au-
tocrine / paracrine).

This assumption is fully confirmed by
the results obtained by the oral treat-
ments with IFN-o. in low concentrations
in different models of infectious and au-
toimmune disease. The signal emitted
by IFN-o and transmitted by an effecti-
ve amplification system is induced by
very low oral doses (1-10 [U/kg body
weight) and it disappears after admini-
stration of higher daily doses (11).
Higher doses induce a Th1 pro-inflam-
matory response (25), while parenteral
injection of very high doses can trigger
an inflammatory and febrile response in
humans and in animals (26).

With regard to pigs, the PRRS and
PMWS models are useful for evaluating
the possible role of IFN-at in the control
of the inflammatory response.

In fact, the passage from viral infection
to illness is linked to the reduction of se-
cretion of endogenous IFN-o. (27) and
a major release of IL-10 (27, 28).

In this context, the role of IFN-o,, as a re-
gulator of the inflammatory response,
could be very important since the PRRS
virus substantially increases the suscep-
tibility of pigs to bacterial LPS (8). Mo-
reover, a sequence of DNA of type 2
porcine Circovirus (associated with



PMWS) inhibits the transcription of the
IFN-o genes in vitro (29).

It is worthy of note that oral administra-
tion of IFN-o. to weaned pigs can redu-
ce the losses (ill, emaciated, dead pigs)
in breeding affected by PRRS and/or
PMWS (30).

The assumed role of IFN-o. as a modu-
lator of the inflammatory response is in
agreement with the results of this
study; particularly, the CD14 down-re-
gulation (the cellular receptor for the
LPS/LPS-binding complex) suggests that
the sensitivity to the bacterial endoto-
xins can be profoundly modified by the
IFN-c.

Decreased secretion of TNF-a. was also
found if porcine PAM is exposed to low
concentrations of [FN-o before the LPS
treatment.

Confirmation of the regulatory action of
the cells treated with IFN-a. is very im-
portant: these can “command” the reci-
pient syngeneic cells to a down-regula-
tion of the TNF-o response to bacterial
LPS.

The TNF-a. response is also significantly
reduced in the PBMC of pigs treated
orally with IFN-a: this emphasizes the
marked in vivo amplification of the re-
gulating signal. We also observed ex-
cellent concordance between the [FN-
o. concentration and the TNF-o. respon-
se both in terms of protein and of the ge-
ne expression in PAM treated with LPS
(FIG. 1, 2).

The concordance between RT-PCR and
the TNF-a bioanalysis should not be ta-
ken for granted because the control me-
chanisms are different for transcriptio-
nal, translational and post-translational
regulation.

For example, the availability of the con-
version enzyme of TNF-c. in the cells is
fundamental in the production of the
active cytokine with 157 amino acids
(31).

The efficiency of the adaptive immune
response is not threatened in the pre-
sence of low concentrations of IFN-o as
is apparent from the expression of the
ILT-B and IL-6 genes. Moreover, the in-
creased IL1-B gene expression is pro-
bably not harmful thanks to potent
systemic  post-translation  control
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Effect of IFN-o. on TNF-o, IL-1p and IL-6 gene expression.

The PAM were treated in duplicate for one night with IFN-a at 0, 0.5 and 50 U mi.

The following day, the cells were stimulated with bacterial LPS or left unstimulated as controls.
RNA was extracted and semiquantitative RT-PCR was carried out, as described in “Materials
and Methods.” The data is expressed as the ratio between target and housekeeping gene (HPRT)
based on the densitometric examination of the products of the RT-PCR amplification.

- The tests were performed in triplicate and underwent statistical analysis (variance analysis
and Newman-Keuls post test). 4 indicate a significant difference (p<0.01) from the values
observed in PAM exclusively treated with LPS.
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systems (mainly the decoy receptor and
the IL-1 receptor antagonist) (32).
Since there are no equal control systems
for TNF-0, its gene and the cytokine
itself could be the primary significant
and immediate objectives of low-titre
IFN-o. for the control of the acute
inflammatory response.

Moreover, the rapid down-regulation of
CD14 at low concentrations of IFN-a is
quite interesting: the intracellular am-
plification signal induced by the
LPS/LPS binding complex can be redu-
ced and the release of free CD14 can
cause a significant scavenger action on
the bacterial LPS (33).

- In the context of the defence reaction,
the IFN-a might have evolved as a ho-
meostatic control factor. As such, it
would be activated following pro-in-
flammatory stressors such as, for in-
stance, the premature weaning and
transport of pigs (34, 35) and calves
(Amadori M.; results not published).

To confirm this, the sensitivity of por-
cine leukocytes to bacterial endotoxins
can be reduced by the administration
of low concentrations of IFN-c.

This last fact has undoubtedly a pro-
gnostic value for the in vivo situation. In
case of viral and bacterial infections,
high concentrations of IFN-o can ini-
tially sustain the inflammatory respon-
se; on the contrary, low concentrations
of IFN-o. would reduce it in the subse-
quent phases of decline of the innate
and acquired immune response, as well
as during the reported physiological
IFN-o response (36).

Therefore, besides the well-known
functions of induction / regulation of
the innate immune system and of an-
tiviral action, IFN-o can also have a
wider and more general role of ho-
meostatic regulation as part of the in-
flammatory response. [ |
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