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Abstract – In this report, we describe the characterization of a novel activation antigen on porcine
lymphocytes recognized by mAb 5A6/8. This antigen was detected on B and T cells 24 h after
treatment with various stimuli. It was also found on alveolar macrophages, and at low levels on
untreated monocytes. MAb 5A6/8 precipitated two bands of 45 and 50 kDa under non-reducing
conditions, and of 22 and 28 kDa under reducing conditions. The cellular distribution, expression
kinetics and/or molecular size of the 5A6/8 antigen differ from those of other known lymphocyte
activation antigens. MAb 5A6/8 was able to inhibit lymphocyte proliferative responses driven by
different stimuli, suggesting a role for this molecule in the events that lead to lymphocyte activation.
activation antigen / lymphocyte / monoclonal antibody / monocyte / pig

1. INTRODUCTION
Lymphocytes display a large array of
surface molecules that vary depending on
their maturation, differentiation and activation stage. The characterization of these
surface molecules is an important step
towards the elucidation of molecular pathways involved in the regulation of immune
responses. The activation antigens represent a group of surface molecules whose
expression is induced or upregulated during
the process of cell activation by an antigen
or other stimuli. These molecules partici* Corresponding author: ndomenech@canalejo.org

pate in different processes associated with
cell activation, acting as receptors for cell
growth factors, providing co-stimulatory
signals or modifying cell adhesion.
In recent years, there has been a growing
interest in the immune system of the pig,
because of its economical importance as a
livestock species and its use as an animal
model in biomedical studies. This has led
to the production of a large number of monoclonal antibodies (mAbs) against swine
lymphocytes [15]. However, in comparison with man and rodents, where well characterized activation antigens have been
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assigned to several clusters of differentiation (CD), only CD25 has been defined in
the swine [1, 8, 18]. Recently, the porcine
CD69 was cloned but no specific mAb is yet
available [19].
In this report, we describe the cellular
distribution and biochemical properties of
a swine activation antigen, identified by
mAb 5A6/8. This antigen appears to be distinct from other activation antigens currently characterized in man and rodents.

2. MATERIALS AND METHODS
2.1. Animals and Cells
Large White pigs with an average weight
between 30 and 40 kg were used as blood
donors. Peripheral blood mononuclear cells
(PBMC) were isolated on Percoll discontinuous gradients after blood sedimentation
in dextran as has been previously described
[6]. The cells were suspended at a density
of 106/mL in RPMI 1640 medium containing 10% fetal calf serum (FCS), 2 mM
L-glutamine, 5 × 10–5 M 2-mercaptoethanol and 30 µg/mL gentamycin (complete
medium). For activation, the cells were
stimulated with concanavalin A (Con A,
Sigma) (2.5 µg/mL) plus PMA (5 ng/mL)
for 48–72 h. For immunization purposes,
blast cells were obtained by centrifugation
for 10 min at 1 500 g, over discontinuous
Percoll gradients of 70, 50, 40 and 25%.
Lymphoblasts were collected from the 50–
40% band and washed with PBS. Swine
granulocytes, alveolar macrophages, platelets and erythrocytes were obtained as has
been previously described [2].
2.2. Monoclonal antibody production
Balb/c mice were immunized by four
intravenous injections of about 8 × 106 of
pig lymphoblasts. Spleen cells were fused
with X63-Ag.8.653 myeloma cells using
standard procedures [9] and plated into 96well microtitre plates. Supernatants were

tested for activity against pig lymphoblasts
and resting PBMC by flow cytofluorometry. Hybridomas from positive wells were
cloned at least twice by limiting dilution.
Isotypes of mAbs were determined by
ELISA, using rabbit antisera specific for
mouse heavy and light chains and a
peroxidase-conjugated goat anti-rabbit Ig
(Bio-Rad, USA). MAb 5A6/8 was of the
IgG2a isotype. MAbs to porcine CD3 (BB238E6), CD4 (74-12-4) and CD8 (76-2-11)
were kindly provided by M.D. Pescovitz
(Indiana University, USA) and J. Lunney
(ARS USDA, Belstville, USA), respectively.
MAb to porcine CD25 (K231-3B2) and light
chains of porcine immunoglobulins (K1393E1) were kindly provided by C. Stokes
(University of Bristol, UK). For labeling,
mAbs were purified from ascitic fluid by
affinity chromatography on Protein ASepharose CL 4B (Pharmacia, Sweeden).
Biotinylation of mAbs was performed as
previously described [4].
2.3. Immunoprecipitation analysis
Pig lymphoblasts (108) were washed three
times in PBS and resuspended in 5 mL
of PBS. Sulfo-NHS-biotin (Pierce, USA)
(0.4 mg/mL, final concentration) was added
to the cells and incubated for 15 min at 4 °C.
After washing three times with PBS, the
cells were lysed with 1 mL of lysis buffer
consisting of 10 mM Tris-HCl pH 7.4,
150 mM NaCl, 1 mM EDTA, 1% NP40,
0.2 U/mL aprotinin and 1 mM phenylmethylsulphonylfluoride. The lysate was precleared twice with 50 µL of a 25% (v/v) suspension of protein A-Sepharose (Pharmacia,
Sweden) in lysis buffer and then incubated
with the different mAbs. Lysate sample
(0.1 mL) was added to 0.3 mL of hybridoma supernatant and incubated for 2 h at
room temperature with continuous mixing.
Then, 40 µL of a 25% (v/v) suspension of
Protein A-Sepharose, previously coupled
with rabbit anti-mouse Igs, was added and
incubated for 1 h. The beads were washed
three times with lysis buffer. Immunoprecipitates were finally boiled in electrophoresis
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sample buffer with (reduced) or without
(unreduced conditions) 2-mercaptoethanol,
run in SDS-10% PAGE and transferred to
nitrocellulose filters. The filters were incubated with streptavidin-peroxidase (Pierce,
USA) and the bands were visualized with
the ECL detection assay (Amersham, UK).
2.4. Western blot
Activated cells (5 × 107) were washed
twice in PBS and solubilized in 0.5 mL of
lysis buffer for 1 h at 4 °C. After centrifugation at 13 000 g for 30 min, the supernatant was mixed with the sample buffer and
run on SDS-10% PAGE under reducing and
non reducing conditions. The separated proteins were transferred to nitrocellulose. Free
binding sites on nitrocellulose were blocked
with PBS-5% powdered milk. Thereafter,
the strips were incubated with hybridoma
supernatants, diluted 1/2 in PBS containing 1% BSA and 0.2% Tween 20, for 1 h at
room temperature, followed by 1 h incubation
with peroxidase-labeled rabbit anti-mouse
Ig (Dako, Denmark). Peroxidase activity was
visualized using the ECL detection assay
(Amersham, UK).
2.5. Flow cytofluorometry
The cells (5 × 105) were incubated on ice
with 50 µL of hybridoma supernatant for
30 min. After two washes in PBS containing 0.1% bovine serum albumin (BSA) and
0.01% sodium azide (fluorescence buffer,
FB), the cells were incubated for 30 min at
4 °C with 50 µL of FITC-conjugated rabbit
F(ab´)2 anti-mouse Ig (Dako, Denmark)
diluted 1/40 in FB. The cells were washed
three times in FB and fixed in 0.3% paraformaldehyde prior to analysis in a FACScan (Becton Dickinson, USA).
For two-color immunofluorescence, the
cells were first incubated with mAb 5A6/8
or anti-CD25, followed, after washing, by
rabbit F(ab´)2 anti-mouse Ig-FITC. Free
binding sites were blocked with 5% normal
mouse serum. Finally the cells were stained
with the biotin-labeled mAbs against porcine CD3, CD4, CD8 or Ig light chains, fol-
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lowed by an incubation with phycoerythrin
(PE)-conjugated streptavidin (Southern Biotechnology, USA).
2.6. Induction of antigen expression
by different stimuli
PBMC were suspended at 2 × 106 cells/
mL, and cultured in the presence of different stimuli: ConA 2.5 µg/mL, PMA 5 ng/mL
and/or calcium ionophore A23187 0.5 µg/
mL. The cells were harvested after 0 h, 3 h,
24 h, 48 h and 6 days, and the expression of
the 5A6/8 antigen was assessed by flow
cytofluorometry. Dead cells were excluded
by staining with propidium iodide.
2.7. Proliferation assays
PBMC were suspended in complete
medium (3 × 105 cells/well, in a final volume of 200 µL) in 96 well flat-bottom
microtiter plates (Costar, USA). The cells
were cultured for three days in the presence
of ConA, at a final concentration of 0.5 µg/
mL. For MLR, 1 × 105 irradiated (3 000 rad)
allogeneic PBMC were added as the stimulator cells and were cultured for five days.
MAbs were added at the initiation of the culture in triplicate. An equal volume of medium
was added to the control wells. Cell proliferation was measured by the uptake of 3Hthymidine (0.5 µCi/well) which was added
during the final 6 h of culture. The wells
were then harvested and assayed for isotope
incorporation in an automatic β counter
(Wallac, Finland).
3. RESULTS
3.1. Selection of mAb 5A6/8
MAb 5A6/8 was selected by its different
reactivity with activated PBMC and resting cells in flow cytometric assays. This
antibody recognized a cell-surface antigen
present on a high percentage of ConA + PMA
activated cells (55–89%), but only, and
at lower levels, on a minor subpopulation
of resting PBMC (8–17%), identified as
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Figure 1. (A) Expression of 5A6/8 and CD25 antigens by resting PBMC and following 72 h of activation with ConA + PMA. (B) A comparison of the expression of 5A6/8 antigen with that of the
panmyeloid marker SWC3 on PBMC and monocytes (R2), gated according to their FSC and SSC
profiles. The open histogram corresponds to background staining with an irrelevant (isotypematched) mAb. Data from a representative experiment out of three are shown. The numbers indicate
the percentage of cells within the histogram regions defined by horizontal bars.

monocytes on the basis of their SSC and
FSC characteristics (Fig. 1, R2). The majority of the alveolar macrophages were also
clearly stained by mAb 5A6/8 (data not
shown). Freshly isolated granulocytes,
platelets and erythrocytes were negative.
No reactivity was found on PBMC from
other animal species (man, horse, cattle and
dog), either resting or after activation with
ConA plus PMA.

3.2. Biochemical characterization
of the 5A6/8 antigen
Immunoprecipitation analyses were carried out with biotinylated lysates of activated PBMC. Under non-reducing conditions, mAb 5A6/8 precipitated two bands of
45 and 50 kDa (Fig. 2A) that upon reduction
ran as two bands of 22 and 28 kDa (Fig. 2B),
suggesting a disulphide-linked structure.
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Figure 2. Molecular characterization of the 5A6/8 antigen. (A) and (B): Lysates of activated PBMC
labeled with biotin, were immunoprecipitated with mAbs 5A6/8 (lane a) or anti-CD25 (lane b) and
subjected to SDS-10% PAGE under reducing conditions (A) or non-reducing conditions (B).
(C) Western blot analysis of lysates from activated blasts under non-reducing conditions, with mAbs
5A6/8 (lane a) or anti-CD25 (lane b). Molecular weight markers are shown at the side of the figures.

Western blot analyses under non reducing
conditions also showed also a band of 45–
50 kDa (Fig. 2C).
3.3. Expression of 5A6/8 antigen
on subpopulations of activated
peripheral blood mononuclear cells
The differences in expression of 5A6/8
antigen by distinct PBMC subsets were
assessed by two-color flow cytometry on
cells incubated with ConA plus PMA
(Fig. 3). Most B cells (85% of sIg+ cells)
and T cells (79% of CD3+ cells), either
CD4+ (93%) or CD8+ (77%) expressed the
5A6/8 molecule. The majority of these cells
were also positive for the CD25 antigen,
reflecting their activation stage.
3.4. Induction and kinetics
of expression of the 5A6/8 antigen
The capacity of the different stimuli to
induce the expression of 5A6/8 antigen was
analyzed by flow cytometry at different
times after activation. The expression of the
5A6/8 antigen, like that of CD25, was clearly
upregulated 24 h after treatment with ConA,
PMA, calcium ionophore A23187, or PMA
plus A23187, became maximal at 48 h and
declined thereafter, except for PMA, with

which high levels of expression were still
observed at 144 h (Fig. 4).
3.5. Effect of 5A6/8 mAb
on lymphocyte proliferation
Functional experiments were carried out
to assess whether the binding of 5A6/8 mAb
was able to affect cell activation. Various
amounts of 5A6/8 mAb, ranging from 0.05
to 5 µg/mL, were added to PBMC cultures
that were stimulated with allogeneic cells in
an MLR or suboptimal doses of ConA. As
shown in Figure 5, mAb 5A6/8 clearly
inhibited in a dose-dependent manner, the
allogeneic proliferative response and to a
lesser extent the proliferation induced by
ConA. Both proliferative responses were
similarly inhibited by anti-CD25 mAb.
4. DISCUSSION
Few reagents are presently available for
the detection of swine activated leukocytes.
So far, only two mAbs reactive with the
α chain of the IL-2 receptor (CD25) have
been characterized [1, 15]. In this report we
describe the identification and preliminary
characterization of a novel porcine activation antigen, defined by mAb 5A6/8.
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Figure 3. Two-color flow cytometric analysis of 5A6/8 antigen expression vs. the expression of other porcine leukocyte markers on activated PBMC.
PBMC were stimulated with ConA plus PMA for 72 h and stained with mAb 5A6/8 or anti-CD25 mAb K231-3B2 and FITC rabbit anti-mouse Ig (green
fluorescence), followed by the second biotinylated mAbs (anti-CD3, BB23-8E6; anti-CD4, 74-12-4; anti-CD8, 76-2-11; anti-Ig light chains, K139-3E1;
or anti-CD25) and streptavidin-PE. Quadrants were defined by background staining with fluorescent conjugates alone. The numbers in each quadrant
represent percentages of cells. The results shown are from one representative experiment of three independently performed experiments (see www.
edpsciences.org/vetres for a color version of this figure).

New porcine activation antigen 5A6/8

345

Figure 4. Kinetics of expression of 5A6/8 and CD25 antigens on PBMC activated with ConA
(2.5 µg/mL), PMA (5 ng/mL), Ca2+ ionophore A23187 (0.5 µg/mL), or PMA (5 ng/mL) + Ca
ionophore (0.5 µg/mL). The expression of the antigens was assessed by flow cytometry at different
times. The values correspond to the mean of percentages of positive cells, of at least three
independent experiments. An irrelevant antibody was used as the negative control.

The antigen identified as mAb 5A6/8
was detectable at low levels on a small percentage of PBMC, but its expression was
up-regulated after treatment with PMA or
Con A, such that a high proportion of cells
expressed this molecule after 24 h. This
antigen was observed on a subpopulation of
freshly isolated monocytes, and was present,
at higher levels, on alveolar macrophages.
Although it is possible that the expression
of this molecule increases along the maturation pathway of the monocyte to the macrophage, no clear upregulation was observed
after the in vitro maturation of macrophages

in the presence of porcine serum (data
not shown). Alternatively, the high expression found in alveolar macrophages may
reflect an activated state of these cells,
whose are directly exposed to exogenous
materials. MAb 5A6/8 immunoprecipitated
two bands of 45 and 50 kDa under nonreducing conditions, that became bands of
22 and 28 kDa under reduction, indicating
the existence of dimeric disulphide-bound
structures probably consisting of heterodimers and homodimers. The two bands immunoprecipitated by mAb 5A6/8 under nonreducing conditions might also correspond
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Figure 5. The effect of 5A6/8 and anti-CD25 mAbs on the proliferation of swine PBMC. PBMC
(3 × 105 cells/well) were cultured with allogeneic PBMC (1 × 105 cells/well) or ConA (0.5 µg/mL)
in the presence of different concentrations of mAbs (open bars, 5 µg/mL; hatched bars, 0.5 µg/mL;
filled bars, 0.05 µg/mL). MAbs were added at the beginning of the cultures. [3H]-Thymidine
incorporation was measured in triplicate after 5 days (MLR) or 3 days (ConA). Data from a
representative experiment out of three are shown. The medium shows the proliferative response in
the absence of antibodies.

to different isoforms, as a result of the differences in glycosylation between the different cell lineages, or in phosphorylation
corresponding to the different states of activation. These differences have been observed
in other antigens such as CD69, CD147 or
LPAP [7, 13, 16]. Additional studies, such
as treatment with glycosidases or peptide
mapping will help to solve these questions.
The 5A6/8 antigen is clearly distinct
from most well-characterized human or
rodent leukocyte antigens whose expression is upregulated upon activation. It is different from CD25, CD26, CD30, CD70,

CD71, CD95, CD96, CD97, CD178, CD223,
CD226, CD229, CD245 and CD247 on the
basis of both cellular expression and molecular weight [11]. The size and structure, as
well as the expression of this antigen by a
high percentage of activated cells partially
resemble those of CD69, which consists of
two polypeptides with molecular weight of
33 and 27 kDa under reducing conditions.
However, the activation requirements and
the kinetics of expression of the 5A6/8 antigen are significantly different from those of
CD69 [3]. Thus, CD69 expression is already
detected 2–4 h after activation, peaks at 24 h
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and then gradually declines; whereas 5A6/8
was not detected before 24 h, peaked at
48–72 h, and was still detectable after
144 h. On the contrary, the Ca2+ ionophore
alone was able to induce the expression of
5A6/8 but not that of the CD69 antigen.
Another potential candidate for the 5A6/8
antigen is CDw137, a 30 kDa glycoprotein
expressed on activated human lymphocytes
and monocytes that forms dimers of 55 kDa
[14, 17]. However, in this case both the
monomer and the dimer can be detected on
the cell surface. Another possibility to be
considered is that this mAb recognizes a
neoepitope on a surface molecule already
expressed by resting cells, which results
from conformational changes following
activation. Expression of new epitopes after
activation have been reported, among others, in CD2, CD45 and αMβ2 integrin [5,
10,12].
Most of the activation antigens characterized so far have been shown to play relevant roles in the induction and regulation
of the cellular events that follow activation.
This appears to be true for 5A6/8 since the
addition of mAb 5A6/8 to lymphocyte cultures had an inhibitory effect on the proliferative response to alloantigens.
In summary, we have characterized a
monoclonal antibody against a new activation marker of porcine lymphocytes that
could represent a valuable reagent for studies on the porcine immune system.
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