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gene expression in cultured mononuclear cells
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Objective—To characterize the kinetics of interleukin (IL)-4, IL-5, and I-13 secretion in
peripheral blood and lymph node mononuclear cells isolated from porcine circovirus type
2 (PCV2)-vaccinated pigs after cells were challenged with PCV2 open reading frame 2
antigen.

Animals—10 pigs.

Procedures—5 pigs were vaccinated with a PCV2 vaccine and received a booster dose
3 weeks later. They were kept together with a similar group of 5 nonvaccinated pigs that
served as controls. One week after the second vaccination, peripheral blood mononuclear
cells (PBMCs) and excised retropharyngeal lymph node mononuclear cells (LNMCs) were
isolated and cultured. Cells were then challenged by exposure to PCV2 open reading frame
2 and evaluated at 2, 12, 24, and 48 hours to determine the expression of Il-4, IL-5, and
[-13 via quantitative PCR assay. Changes in gene expression were analyzed relative to the
results from analysis of the sample at 0 hours (calibrator).

Results—All ILs were upregulated differently in LNMCs and PBMCs from vaccinated pigs.
Lymph node mononuclear cells from vaccinated animals produced significantly more |1-4
mRNA than did PBMCs at 2, 12, and 48 hours (relative change: 2.8 vs -3.6, 13.0 vs 3.6, and
9.8 vs 1.8, respectively) and more I1-5 mRNA at 2, 12, 24, and 48 hours (relative change: 1.2
vs 4.8, 2.2 vs 0.2, 3.2 vs —1.9, and 4.0 vs -3.6, respectively). Interleukin-13 mRNA reached
its highest concentration at 24 hours but was 11.9-fold higher in PBMCs than in LNMCs.

Conclusions and Clinical Relevance—Results supported the importance of Il-4, IL-5, and
13 in pigs, suggesting that PBMCs and LNMCs express cytokines in a tissue-specific
manner. (Am J Vet Res 2013;74:110-114)
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mation.! This humoral immune response is largely reg-
ulated by the secretion of IL-4, IL-5, IL-10, and IL-13
by T-helper type 2 cells, but it is unclear which of these
are most important in the swine immune response. The
mechanisms in pigs that regulate cytokine profiles at
the time of T-cell stimulation, which are largely respon-
sible for T-helper differentiation, seem to be similar to
those described in species such as mice and humans.'”
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Whereas IL-4 is a major T-helper type 2 cytokine in
mice and humans, it is rarely expressed in PBMCs of
swine,"* and some authors even describe a different
role for this IL.° In contrast, IL-13 is readily produced
by porcine PBMCs,® and some authors suggest that it
may have a similar role to IL-4 in other species.” Stud-
ies'? on the effect of vaccines on specific T-helper type
2-mediated responses in pigs are limited.

The inadequate sensitivity of ELISAs to detect low
concentrations of ILs in the supernatants of biological
samples, coupled with the low presence of IL-producing
cells in peripheral blood, likely explains the difficulties
in detecting cytokines by this technique.®® In contrast,
real-time qPCR assay has proved to be a specific, sensi-
tive, and accessible technology to quantify gene expres-
sion at the mRNA level."

Porcine circovirus type 2 (PCV2) infection is ubig-
uitous in swine populations and the cause of postwean-
ing multisystemic wasting syndrome, a disease consid-
ered a major economic problem for the swine industry
worldwide."" Piglets with high antibody titers to PCV2
are well protected from a severe PCV2 challenge.'? Ad-
vances in the understanding of the immunologic re-
sponse against PCV2 infection in pigs could help devise
strategies to enhance the design of therapeutic and pro-
phylactic interventions. Peripheral blood mononuclear
cell analysis is easy because blood samples can be eas-
ily obtained, but the immune response takes place in
lymph nodes, and these can have a different T-helper
type 2 response, compared with PBMCs." This makes it
necessary to use cells from blood and lymphoid organs
to evaluate immunocompetence against pathogens.

The objective of the study reported here was to
evaluate the kinetics of porcine IL-4, IL-5, and IL-13
in PBMCs and LNMCs obtained from PCV2-vaccinated
pigs after cells were exposed in vitro to the PCV2 ORF2
antigen.

Materials and Methods

The University of Murcia Animal Care Commit-
tee reviewed and approved the experimental protocols.
The experiment was performed in accordance with the
guidelines of the European Union for animal experi-
mentation (Directive 86/609/EEC).

Experimental animals and vaccination sched-
ule—Ten healthy 10-week-old specific-pathogen—free
Large White pigs were randomly allocated to 2 experi-
mental groups. The pigs from the first group (n = 5)
were vaccinated IM in the cervical region with 2 mL
of PCV2 vaccine® and received a booster dose 3 weeks
later. The pigs from the second group (n = 5) remained
unvaccinated and served as controls. Both groups were
kept together in the same pen and were clearly marked
by ear tags. On day 7 after the second vaccination, all
pigs were sedated with tiletamine-zolazepam® and then
euthanized by a lethal dose of 5% sodium thiopental.c
Samples of blood and retropharyngeal lymph nodes were
obtained from each pig and processed immediately.

Preparation of PBMCs and LNMCs—Immediately
after death, retropharyngeal lymph nodes were excised
and fat was removed. They were then transported in
sterile plastic bags and homogenized by a laboratory

blender! in 7 mL of sterile PBS solution. Tissue homog-
enates were transferred to 15-mL tubes and centrifuged
at 400 X g at 20°C for 10 minutes. Both PBMCs and
LNMCs were isolated by density gradient centrifuga-
tion with a separating agent.© The isolated cells were
washed 3 times with PBS solution. Peripheral blood
mononuclear cells and LNMCs obtained from each
pig were adjusted to 2.5 X 10° cells/mL and cultured in
complete RPMI 1640 medium (penicillin [50 U/mL],
streptomycin [50 pg/mL], 0.01% B-mercaptoethanol,
and 10% fetal calf serum), which was distributed in 24-
well plates in 1-mL aliquots. Peripheral blood mono-
nuclear cells and LNMCs from each pig were divided
into 10 equal aliquots; a series of 5 aliquots was used
for stimulation with PCV2 ORF2 antigenic peptides at a
final concentration of 1 ug/ml, and the other 5 aliquots
were used for PBS solution (control) treatment. Porcine
circovirus type 2 ORF2 antigenic peptides were synthe-
tized and purified as reported.'* The entire contents of
each well were aspirated and centrifuged (200 X g for
10 minutes at 20°C) to form a cell pellet. Total RNA
from PBMC and LNMC was extracted at 0, 2, 12, 24,
and 48 hours after PCV2 ORF2 stimulation or control
treatment.

RNA extraction and cDNA synthesis—The RNA
was extracted from controls and PCV2 ORF2-stimu-
lated PBMCs and LNMCs with an RNA purification
kit' according to the manufacturer’s instructions. To-
tal RNA quantity and purity were measured with a
spectrophotometer.2 The DNA was eliminated from all
RNA samples with DNase reagent." Reverse transcrip-
tion of RNA into ¢cDNA was performed with a reverse
transcription kit.!

Real-time qPCR assay—The oligonucleotide prim-
er and probe sequences used for the detection of 1L-4,
IL-5, IL-13, B-actin, GAPDH, and cyclophilin gene ex-
pression by the qPCR assay have been described.">"
Primers were designed in the exon-exon junction to
avoid genomic DNA amplification. All of the probes
were labeled with 6-carboxyfluorescein. All of the oli-
gonucleotides were commercially synthesized.) Real-
time qPCR reactions were performed with gene expres-
sion master mix* and a sequence detection system.' The
amplification conditions were as follows: 50°C for 2
minutes, 95°C for 10 minutes, and 40 cycles at 95°C
for 15 seconds and 60°C for 1 minute. Fluorescence
signals were measured at the end of each cycle. All
reactions were performed in duplicate. Interleukin-4,
IL-5, and IL-13 gene expression were standardized to
the geometric mean expression of B-actin, GAPDH, and
cyclophilin (as housekeeping genes). Data were nor-
malized with the Pfaffl method.'® The PCR efficiencies
were calculated with the following formula'®:

lofl/slope -1

with the slope displayed by software.™ To determine the
effect of stimulation by PCV2 ORF2 antigen on T-help-
er type 2 cytokine expression in PBMCs and LNMCs,
the B-actin, GAPDH, and cyclophilin genes were used
as endogenous control genes and samples at 0 hours for
each pig were used as calibrators.
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Statistical analysis—A Kolmogorov-Smirnov test
was used to determine whether 1L-4, IL-5, and IL-13
gene expression followed a normal distribution. To
evaluate the effect of the stimulation with PCV2 ORF2
on IL production, a Mann-Whitney U test and Pearson
correlation were used. Values of P < 0.05 were consid-
ered significant. Analyses were performed with statisti-
cal software.”

Results

Kinetic analysis of IL gene expression in PBMCs
and LNMCs—Polymerase chain reaction assay efficien-
cies were 98% for IL-4, 99% for IL-5, 92% for 1L-13,
99% for B-actin, and 100% for GAPDH and cyclophilin.
The kinetics of IL-4, IL-5, and IL-13 gene expression
that occurred in PCV2 ORF2 antigen—exposed LNMCs
and PBMCs from vaccinated pigs were determined. Lit-
tle variation in IL-4, IL-5, and IL-13 gene expression
among individuals within groups was detected (Table
1). Quantitative PCR assays revealed a downregulation
of IL-4, IL-5, and IL-13 gene expression at 2 hours in
PBMC:s. Interleukin-4 mRNA gene expression increased
during the first 12 hours in the PBMCs and LNMCs
from vaccinated animals. Interleukin-5 gene expres-
sion was increased at 12 hours in the LNMC from vac-
cinated animals. Interleukin-13 mRNA gene expression
was increased at 24 and 48 hours in the PBMCs and
LNMCs from vaccinated animals. Porcine circovirus
type 2 ORF2 exposure did not cause any changes in the
expression of any of the IL genes at any time in PBMCs
and LNMCs from control pigs. No IL gene expression
change was detected for any of the ILs tested in any
PBS solution—treated sample derived from vaccinated
or control animals.

Lymph node mononuclear cells isolated from
PCV2-vaccinated pigs had greater IL-4 gene expres-
sion than did PBMCs at 2 (2.8 vs =3.6; P = 0.008), 12
(13.0 vs 3.6; P = 0.047), and 48 (9.8 vs 1.8; P = 0.032)
hours, with the highest gene expression at 12 hours.
The gene expression of IL-5 mRNA was significantly

higher in LNMCs than in PBMCs at 2 (1.2 vs —4.8; P
=0.009), 12 (2.2 vs 0.2; P = 0.008), 24 (3.2 vs -1.9; P
= 0.008), and 48 (4.0 vs =3.6; P = 0.008) hours, with
the highest gene expression at 48 hours. Interleukin-13
mRNA gene expression reached its highest value at 24
hours for PBMCs (11.9 times the expression at 0 hours)
and at 48 hours for LNMC (5.9), with significant (P
= 0.008) differences at 24 hours (0.0 for LNMCs and
11.9 for PBMCs; Table 1). Taken together, the results
indicated that LNMCs obtained from PCV2-vaccinated
pigs and exposed to PCV2 ORF2 in culture had signifi-
cantly more IL-4 and IL-5 mRNA gene expression than
did PBMCs, whereas IL-13 mRNA gene expression was
higher in PBMCs than in LNMCs.

Correlations of IL gene expression in PBMCs and
LNMCs—A positive correlation was found between
mRNA gene expression for IL-4 and IL-5 (r = 0.93; P =
0.024), IL-4 and IL-13 (r = 0.91; P = 0.031), and IL-5
and IL-13 (r = 0.99; P = 0.001) at 24 hours after stimu-
lation in PBMCs. Interleukin-4 and IL-5 mRNA gene
expression was also correlated at 48 hours in PBMCs
(r =0.88; P = 0.049). For LNMCs, no correlation was
found for mRNA gene expression among any of the ILs
at any time point.

Discussion

Cytokines play an important role in the immune
response signaling cascade, and the balance of different
cytokines determines the outcome of infectious chal-
lenges.'” The T-helper type 1-T-helper type 2 paradigm
discovered in mice has provided a framework for vac-
cine development in swine, but some authors describe
substantial differences in cytokine function between
pigs and mice at the cellular and molecular level.
Therefore, some controversy exists regarding the im-
portance of IL-4, IL-5, and IL-13 in the T-helper type 2
immune response in pigs.’

This study aimed to characterize the pattern of IL
gene expression in mononuclear cells isolated from

Table 1—Kinetics of mMRNA expression of Il-4, IL-5, and I-13 in PBMCs and LNMCs obtained from PCV type 2 (PCV2)-vaccinated pigs
and control pigs at 2, 12, 24, and 48 hours after PCV2 stimulation or PBS solution (control) treatment.

IL-4 IL-5 IL-13
Group Cell type Treatment 0 2 12 24 8 0 2 12 24 8 0 2 12 24 48
PCV2-vaccinated PBMC  PCV2 stimulation Mean 1.0 -36 36 42 1.8 10 -48 02 -19 -36 1.0 -116 35 119 94
pigs SD 0.0 14 1.1 24 07 00 06 13 0.3 12 00 96 42 94 70
Control Mean 10 40 0.3 08 04 10 49 -12 -16 -30 1.0 -125 05 06 -0.1
SD 0.0 2.6 0.3 0.7 09 00 08 0.1 0.2 1.0 00 117 13 12 18
LNMC  PCV2stimulation Mean 1.0 28 130 112 98 10 12 22 32 40 10 -4 -07 005 518
SD 0.0 2.1 1.3 82 48 00 02 05 0.6 22 00 23 28 171 36
Control Mean 1.0 0.94 104 09 08 10 1.0 0.8 0.8 0.8 10 -38 -24 -11 04
SD 0.0 0.2 0.1 02 01 00 01 02 03 02 00 24 13 14 02
Nonvaccinated PBMC PCV2 stimulation Mean 1.0 -38 1.1 1.1 09 10 -37 -33 -35 -37 10 -116 1.0 10 11
pigs SD 0.0 1.0 0.2 04 04 00 10 1.1 0.9 07 00 62 03 04 02
Control Mean 1.0 -44 0.3 09 10 10 43 -39 40 -45 10 -95 08 10 10
SD 0.0 17 1.1 0.3 02 00 12 1.1 14 1.2 00 49 03 03 02
LNMC  PCV2stimulation Mean 1.0 1.1 1.1 1.1 09 1.0 09 0.9 0.8 08 1 -43 -17 02 06
SD 0.0 0.3 0.2 02 03 00 03 0.3 0.4 03 00 24 10 03 02
Control Mean 1.0 0.8 0.9 09 10 10 05 0.7 0.8 06 10 60 -21 05 05
SD 0.0 0.1 03 01 02 00 00 0.2 03 01 00 20 10 03 02

Changes in gene expression were expressed relative to the results from analysis of the sample at 0 hours (calibrator).
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PCV2-vaccinated pigs and challenged with an exposure
to a PCV2 antigen. Production of IL-4, IL-5, and IL-13
protein in PCV2 ORF2-exposed cultured mononuclear
cells occurs at low concentrations and is difficult to de-
tect by standard ELISA techniques. Although changes
in mRNA gene expression do not necessarily reflect al-
terations of the translated proteins, a good correlation
between mRNA gene expression and secreted protein
concentrations exists for these ILs in humans.?**! In the
present study, a qPCR assay was used in an effort to
enhance the quantitation of cytokines that are poorly
detected by ELISA. Interleukin-13 had a low efficiency
of amplification (92%). Although different concentra-
tions of primers and amplification conditions were
tested to increase IL-13 amplification efficiency, 92%
was the highest efficiency obtained. Differences in the
efficiency of amplification must be taken into account
for proper calculation of initial target gene expression.
To address the differences in the efficiency between the
genes analyzed, a quantification model with kinetic
PCR efficiency correction was used.'®

There was little variation in IL gene expression
among pigs of the same group. The initial downregu-
lation of IL-4, IL-5, and IL-13 gene expression at 2
hours might have been due to the adaptation of cells
to culture conditions, which are different from those
existing in vivo. Not surprisingly, PBMCs and LNMCs
from PCV2-vaccinated pigs had much greater gene ex-
pression for IL-4, IL-5, and IL-13 mRNA than did those
from nonvaccinated pigs, which was indicative of an
anamnestic T-cell response. The synthesis of these ILs
was consistent with their role in the orchestration of a
protective T-helper type 2 immune response to PCV2
challenge in vaccinated pigs.

The results indicated that classical T-helper type
2-secreted cytokines were upregulated differently in
LNMCs and PBMCs. In vaccinated pigs, IL-5 mRNA
upregulation was only detected in LNMCs, where-
as IL-4 and IL-13 transcripts were expressed in both
PBMCs and LNMCs. For IL-4, mRNA synthesis was
greater in LNMCs, and for IL-13, the response was
faster and greater in PBMCs. The results corroborate,
with a different experimental system (ex vivo cell cul-
ture system to evaluate PCV2-specific T-helper type 2
immune response), those of another study® that lymph
node cultures produce high concentrations of IL-4 pro-
tein. The low concentrations of IL-4 mRNA in PBMCs
were consistent with observations of Diaz and Mateu,*
who related low or even undetectable IL-4 concentra-
tions in culture supernatants of phytohemagglutinin-
stimulated PBMCs analyzed by use of ELISA. Raymond
and Wilkie' detected a large amount of IL-13 transcripts
but not IL-4 mRNA in blood T cells cultured with hen
egg white lysozyme-treated monocyte-derived den-
dritic cells. It is necessary to consider that differences
observed in the literature about 1L-4, IL-5, and IL-13
synthesis by PBMCs could be explained because the pe-
ripheral response would depend on the relative quan-
tity of different cell populations in the peripheral blood
at sampling time."’

Swine monocyte—derived dendritic cells can be
generated in vitro by culturing cells in IL-4 and granu-
locyte- and macrophage colony-stimulating factor.”

Bautista et al” described the generation of porcine
monocyte—derived dendritic cells in vitro with porcine
IL-13, which were phenotypically and functionally
undistinguishable from those induced with IL-4. The
successful use of IL-4 and IL-13 to generate monocyte-
derived dendritic cells from pigs in vitro was attribut-
able to the existence of a common receptor chain for
IL-13 and IL-4.>> This common receptor can explain
the observation that IL-13 and IL-4 share many struc-
tural and functional properties.?*** Therefore, it is pos-
sible that IL-13 is synergistic with IL-4 in regulating
the immune response in pigs. The immune response
is induced by multiple cytokines and chemokines in a
complex manner. The amount of expression of each IL
and the interaction between multiple cytokines are not
the only important factors because the effects of each IL
may differ depending on their anatomic localization.”
Similarly to our results, Levast et al* identified 2 ex-
pression patterns of T-helper type 2 cytokines in ileal
and jejunal Peyer’s patches. Ileal Peyer’s patches were
characterized by a higher expression of IL-5 mRNA,
whereas jejunal Peyer’s patches had higher expression
of IL-4 mRNA. There are at least 2 possibilities to ex-
plain the differential expression pattern of ILs observed
in the present study between PBMCs and LNMC:s. First,
IL gene expression patterns could be differentially reg-
ulated depending on the tissue-specific environment.
Second, the differential expression of ILs observed
could reflect the existence of different populations
depending on their anatomic localization?” (although
phenotypic populations in blood and lymph nodes
were not characterized in the study reported here).
Cytokines IL-4, IL-5, and IL-13 are all transcribed
from a single gene cluster in pigs on chromosome 2,
presenting coordinated regulators and independent
transcriptional mechanisms.”®** This coordinated reg-
ulation system could explain the positive correlations
found between IL-4 and IL-5, IL-4 and IL-13, and 1L-5
and IL-13 gene expression at 24 hours after stimulation
in PBMCs. On the basis of our results and the literature,
we suggest that IL-4, IL-5, and IL-13 are all important
in swine, depending on the tissue analyzed, and that
these T-helper type 2 ILs could act in synergy in the T-
helper type 2 porcine immune response because of their
transcription profile in blood and lymph node tissues.
The investigation of PBMCs is advantageous be-
cause blood samples are readily accessible, and this
facilitates longitudinal studies. Conversely, PBMC
analysis includes multiple cell types and includes both
autocrine and paracrine regulations.’ Immune response
development takes place in lymph nodes, which can
have a different T-helper type 2 pattern, compared with
PBMCs." Results of the study reported here indicated
that analysis of both PBMCs and LNMCs in immuno-
logic studies gives a better insight into the workings of
the porcine immune response because of the differences
detected in the cytokine profile of each cell population.
The major distinctions of the experimental ap-
proach in the present study, compared with others,
were that an ex vivo cell culture system (not artificial
in vitro data) was evaluated to study porcine T-helper
type 2 immune response initiation at the level of PCV2
antigen—-PBMC and PCV2 antigen-LNMC interactions.
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Taken together, the results supported the importance
of IL-4, IL-5, and IL-13 in pigs, suggesting that blood
and lymph nodes expressed a different cytokine mRNA
pattern, which may be due to differential regulation de-
pending on the tissue-specific environment or to the
existence of different lymphoid populations in both
organs. Results could provide useful information for
evaluation of vaccine efficacy measured as the porcine
T-helper type 2 immune response generated after appli-
cation of the immunostimulant. Moreover, the data ob-
tained in the present study could help researchers select
which T-helper type 2 cytokine to evaluate depending
on the porcine tissue to be studied.
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