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Role of Chinese herbal medicinal ingredients in secretion of cytokines
by PCV2-induced endothelial cells
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Abstract

While T-lymphocytes are the major cell type responsible for host responses to a virus (including
induction of inflammatory responses to aid in ultimate removal of virus), other cells, including
macrophages, epithelial and dendritic cells also have key roles. Endothelial cells also play
important roles in physiologic/pathologic processes, like inflammation, during viral infections.
As endothelial cells can be activated to release various endogenous compounds, including
some cytokines, ex vivo measures of cytokine formation by the cells can be used to indirectly
assess any potential endothelial dysfunction in situ. The research presented here sought to
investigate potential immunolomodulatory effects of five saponins on endothelial cells:
Saikosaponins A (SSA) and D (SSD), Panax Notoginseng Saponin (PNS) and Notoginsenoside R1
(SR1) and Anemoside B4 (AB4). For this, cells (porcine iliac artery endothelial line) were
challenged with a virus isolate PCV2-AH for 24 h and then treated with the test saponin (at 1, 5
or 10mg/ml) for an additional 24 h at 37 �C. The culture supernatants were then collected and
analyzed for interleukin (IL)-2, -4 and -10, as well as interferon (IFN)-g by ELISA. The results
revealed that PNS and SR1 inhibited the production of IL-4; PNS, SR1 and AB4 inhibited the
secretion of IL-10; SSA, SSD and PNS up-regulated IL-2 expression; SSA and SSD increased the
level of IFNg. All these changes were significant. Taken together, the data suggested these
saponins might potentially have a capacity to regulate immune responses in vivo via changes in
production of these select cytokines by infected endothelial cells. Nevertheless, the impact of
these agents on other key cell types involved in anti-viral responses, including T-lymphocytes,
remains to be determined.
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Introduction

Porcine circoviruses (PCV, in family Circoviridae) are non-
enveloped viruses with single-stranded circular DNA genomes
(Mankertz et al., 2000). PCV2 was demonstrated to be a causative
agent of porcine circovirus-associated disease (PCVAD), which
includes porcine multi-systemic wasting syndrome (PMWS),
porcine dermatitis and nephropathy syndrome (PDNS), porcine
respiratory disease complex (PRDC), congenital tremor (CT) and
reproductive failure (Chae, 2005; Opriessnig et al., 2007). Since
its emergence in the early 1990s, PCVAD has continuously been
a threat to the global swine industry, causing high economic
losses.

Many Chinese herbal medicines can effectively suppress and
kill viral pathogens, in addition to eliminating fever and clearing
toxic materials (Wang & Liu, 2014). They are also widely used to
prevent/cure other non-viral infectious diseases and show high
efficacy, lower toxicity, few side-effects and lower residual levels

than many commonly-used drugs (Na-Bangchang & Karbwang,
2014). Accordingly, many studies have recently focused on the
use of Chinese herbal medicines to treat/prevent PCV2-induced
health effects (Wei et al., 2012).

Saikosaponin A (SSA) and Saikosaponin D (SSD) are major
triterpenoid saponins derived from Bupleurum falcatum L.
(Umbelliferae), commonly prescribed by Chinese and Japanese
medical doctors for inflammatory and infectious diseases. These
active components are reported to impart immunomodulatory,
anti-inflammatory, anti-bacterial, anti-viral and anti-cancer
effects (Tundis et al., 2009). Recently, it has been shown that
SSD could exhibit an anti-proliferative effect in activated
T-lymphocytes, in part via suppression of NF-�B, NF-AT and
AP-1 signaling (Wong et al., 2009).

The major active components of notoginseng are panax
notoginseng saponins (PNS), which consist of 430 different
types of saponins; among these, ginsenosides Rg1 and Rb1 are
found at high levels. Notoginsenoside R1 is a component unique
to notoginseng (Chen et al., 2012). PNS and its major components
exhibit anti-cancer activities and have been shown to be effective
against a variety of malignancies including colorectal, lung,
gastric, skin, prostate and liver cancers (Sengupta et al., 2004).
Notoginsenoside R1 (SR1) has been shown to be a promising
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compound for protecting the heart from septic shock and to
impart anti-inflammatory effects in mice (Sun et al., 2013).
Pulsatilla koreana Nakai, with Anemoside B4 (AB4) as its main
pharmacological effective compound, is known to have imparted
numerous biological effects in vitro, including enhancing hypo-
glycemic, anti-tumor, neuroprotective and anti-angiogenic activ-
ity (Liu et al., 2014).

Endothelial cells play important roles in a number of
physiologic and pathologic processes, such as inflammation,
fever, diarrhea, coagulation and shock (Pate et al., 2010).
Regarding initiation/development of immune responses, endothe-
lial cells can be activated by pathogens, leading to their release of
various endogenous compounds that modulate vascular relax-
ation/constriction, including some cytokines (i.e. NO, ET-1, IL-1)
(Hu et al., 2009). As such, measures of cytokine levels can be
used to indirectly assess if there is endothelial dysfunction in situ.
As it has been confirmed that endothelial cells are important
primary targets for systemic diseases (Lehle et al., 2010), iliac
artery endothelial cells (including those from pigs, i.e. PIEC)
represent good models for such studies of induced dysfunction.

In the present study, the effects of five saponins, e.g.
Saikosaponin A (SSA), Saikosaponin D (SSD), panax notogin-
seng saponins (PNS), Notoginsenoside R1 (SR1) and Anemoside
B4 (AB4), on endothelial cells were evaluated through measures
of their secretion of four key cytokines: interleukin (IL)-4, IL-10,
IL-2 and interferon (IFN)-�. The goal of this study was to
investigate pharmacologic mechanisms of these saponins for
potential use in treatment of PCV2-induced diseases. At same
time, it was hoped the studies would provide a theoretical basis for
further research on saponins and the development of new drugs
for host immune enhancement.

Materials and methods

Reagents

SSA, SSD, PNS, SR1 and AB4 (each at 20 mg/vial; lot numbers:
110777, 110778, 110745, 110870 and 111766, respectively;
Figure 1) were each purchased from the National Institute for
Control of Pharmaceutical and Biological Products (Beijing,
China). All ingredients were individually diluted to three
concentrations (10, 50 and 100 mg/ml) with maintenance
medium containing 10% fetal bovine serum (FBS; Sigma,
St. Louis, MO), 100 U penicillin/ml and 10 mg streptomycin/ml
(Gibco, Grand Island, NY). The diluted solutions were then
filtered through a 0.22-mm membrane and stored at 4 �C. Before
use, the agents were diluted 10-fold with medium.

The Zoonotic Prevention and Control Laboratory at Jiangsu
Academy of Agricultural Sciences (Nanjing, China) provided the
Virus isolate PCV2-AH. PCV2-AH has previously been shown to
induce PMWS (Li et al., 2012). The PCV2-SH stock titers were
5� 105 TCID50 (50% tissue culture infective dose)/ml as
determined by titration on PK-15 cells using an immunofluores-
cence assay.

Experimental protocol

Porcine iliac artery endothelial cells were obtained from the
Committee on Type Culture Collection of Chinese Academy of
Sciences (Shanghai, China); the providers indicate the line was
developed from a single host animal. When cultured single-layer
endothelial cells reached confluence in a cell incubator (BB15;
Thermo Scientific, Chicago, IL), they were allocated into 26
groups. In the blank control group, complete medium was
replaced with maintenance medium without the PCV2 virus or
any saponins. In the PCV2 virus control group, medium was
replaced with medium containing PCV2 virus at 105 TCID50.

Selection of this dose of virus was based on preliminary
experiments where it was found that high levels (�105 TCID50)
could affect the morphological structure and secretory function of
the endothelial cells and even produce cell death. In contrast,
a low level of the virus (i.e. 105 TCID50) still impacted on
secretion of products from these cells (on order of 10–40%,
depending on endpoint being assessed). Therefore, the 105

TCID50 dose was used here, as it was not overtly toxic yet still
provided ample stimulation of product formation/release that
could then be assessed for changes induced by the test saponins.

In the high-, middle- and low-dose groups of the five saponins,
the cells were initially challenged with PCV2 virus at 105 TCID50,
followed by addition (after 24 h) of a given saponin to final
concentrations of 1, 5 or 10 mg/ml. In the drug control group, the
medium was replaced with 10mg/ml of a given saponin. Each
treatment was repeated 4-times. The cells were then incubated at
37 �C for an additional 24 h, then centrifuged at 100 x g for
10 min. Thereafter, the supernatants were collected and analyzed
for IL-4, IL-10, IL-2 and IFN�. Each experiment was repeated
independently 4-times with fresh cell cultures.

The choice of the doses of each saponin used here was based
upon findings from in vivo studies using SSA and SSD.
Specifically, SSA plasma concentrations in rats dosed with 5 mg
SSA/kg were determined by LC-ESI-MS; after a single intraven-
ous treatment, a Cmax of 1.907mg/ml was attained (Liu et al.,
2009). In mice given SSD in a single oral dosage of 22.55 mg
SSD/kg, a plasma level (as determined by RP-HPLC) Cmax of
83.81mg/ml was achieved (Wang et al., 2005). While there is no
comparable data available for porcine hosts, we believe that the
Cmax values from these and other studies provide justification for
the doses of SSA and SSD used here. Clearly, more research is
required to elucidate the pharmacokinetics of the other saponins
evaluated here to determine if similar Cmax values are obtained in
hosts treated in a similar manner as in the above-noted studies.
However, in the absence of such information, use of doses similar
to the ones for SSA and SSD is the only option to permit
comparisons across the test saponins to be made with regard to
each endpoint evaluated here.

Determinations of IL-4, IL-10, IL-2 and IFNc

IL-4, IL-10, IL-2 and IFN� levels in the supernatants were
measured using commercial ELISA kits (all from RapidBio
Laboratories, Calabasas, CA) according to manufacturer instruc-
tions. Aliquots (0.1 ml) of serially-diluted standards and samples
were added to ELISA plates and incubated at 37 �C for 1.5 h.
After washing, 0.1 ml kit-provided antibody solution was added to
each well (except control wells) and the plate incubated at 37 �C
for 1 h. After washing, 0.1 ml of a kit-provided solution of
3,3’,5,5’-tetramethylbenzidine [TMB] and hydrogen peroxide was
added to each well and the plate incubated at 37 �C for 0.5 h. The
reaction in each well was stopped by addition of 0.1 ml 1 N
sulfuric acidaq. Optical density (OD) in each well was then
measured at 450 nm in an ELx800 microplate reader (BioTek,
Winooski, VT). Levels of each cytokine (in pg/ml) in the samples
were then extrapolated from the standard curves. Kit sensitivity
levels for IL-4, IL-10, IL-2 and IFN� were, respectively, 5.0, 7.5,
10.0 and 10.0 pg/ml, as reported by the manufacturer.

Statistical analyses

All data were expressed as means ± SD. All data were tested for
normal distribution using a Shapiro-Wilk test and for homogen-
eity of variances using a Levene’s test. If the data were normally
distributed and had similar variances, then a one-way analysis of
variance (ANOVA) using a Type III sum of squares was
performed to compare means among all measured variables.
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When ANOVA results were significant, multiple comparisons of
means were performed using a Tukey HSD post-hoc analysis. If
the data did not have similar variances, a non-parametric Kruskal-
Wallis test for comparing the median was applied as was a Mann-
Whitney test (or a Two-Sample Kolmogorov-Smirnov test) for
multiple comparisons among the different groups if the results of
the Kruskal-Wallis test showed significant differences (at p50.05
level). All statistics were performed using statistical software
SPSS v17.0 (SPSS Inc., Chicago, IL).

Results

IL-4

The IL-4 levels in all treatment groups are shown in Table 1. The
IL-4 level in the PCV2 control group was significantly increased
compared to that in the blank control group. Compared with the
PCV2 control, IL-4 levels were significantly decreased for the
high- and middle-dose PNS groups and with the high- and
middle-dose SR1 groups. The low doses of both of those agents

failed to significantly impact on IL-4 induction caused by the
PCV2. The formation/secretion of IL-4 was increased 45.07%
(relative to control production) in the PCV2 group; this effect was
(maximally) reduced by 11.9 and 10.2% with, respectively, the
high-dose PNS and SR1 treatments. There were no significant
differences between the values for production among the various
PNS (and similarly, SR1) treatment groups. No doses of SSA,
SSD or AB4 had any impact on the PCV2-induced effect on
IL-4 levels.

IL-10

The IL-10 levels in all treatment groups are shown in Table 2. The
IL-10 level in the PCV2 control group was significantly increased
compared with that in the blank control. Compared with the
PCV2 control, IL-10 levels were significantly decreased for the
high- and middle-dose PNS groups, with the high- and middle-
dose SR1 groups and the high-dose AB4 group. The low doses of
all three agents failed to induce a significant reduction.

Figure 1. Structures of the test saponins.
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Formation/secretion of IL-10 was increased 29.6% (relative to
control production) in the PCV2 group; this effect was (max-
imally) reduced by 17.9, 15.4 and 13.0% with, respectively, the
high-dose PNS, SR1 and AB4 treatments. There were no
significant differences between the values for production among
the various PNS, SR1 or AB4 treatment groups. No doses of
SSA or SSD had any impact on the PCV2-induced effect
on IL-10 levels.

IL-2

The IL-2 levels in all treatment groups are shown in Table 3. The
IL-2 level in the PCV2 control group was significantly increased
compared with that in the blank control group. Compared with the
PCV2 control, IL-2 levels were significantly increased further in
the high- and middle-dose SSD groups and with the high-dose
PNS and SSA groups. The low doses of all three agents failed to
significantly enhance the IL-2 production above that caused by
the PCV2 alone. IL-2 formation/secretion was increased 11.5%
(relative to control production) in the PCV2 group; this effect was
(maximally) enhanced by 10.3, 10.7 and 12.8% with, respectively,
the high-dose PNS, SSA and SSD treatments. Again, although the
middle- (in the case of SSA and PNS) or the low-dose regimen

(in all three cases) outcomes did not significantly differ from the
PCV2 only sample values, there were no significant differences
between production values within each of the various PNS, SSA
or SSD treatment groups. No doses of SR1 or AB4 had any
impact on the PCV2-induced effect on IL-2 levels.

IFNc levels

The IFN� levels in all treatment groups are shown in Table 4. The
IFN� level in the PCV2 control group was significantly increased
compared with that in the blank control. Compared with the
PCV2 control, IFN� levels were significantly increased further in
the high- and middle-dose SSD and SSA groups. The low doses of
both agents failed to significantly enhance production above that
caused by the PCV2 alone. IFN� formation/secretion was
increased 10.9% (relative to control production) in the PCV2
group; this effect was (maximally) enhanced by 12.4 and 16.3%
with, respectively, the high-dose SSA and SSD treatments. In this
case, only the low-dose regimen (in both cases) outcomes did not
differ significantly from the PCV2-only samples. Again, there
were no significant differences between production values within
each of the various SSA or SSD groups. No doses of PNS, SR1 or
AB4 had any impact on the PCV2-induced effect on IFN� levels.

Table 1. IL-4 contents (pg/ml) in culture supernatants after 24 h.

Ingredient concentration
Drug control PCV2 control Blank control

Groups 10mg/ml 5mg/ml 1mg/ml 10mg/ml 105 TCID50 0 mg/ml

SSA 108.63 ± 9.54 111.74 ± 8.39 112.15 ± 7.70 82.41 ± 7.37 118.07 ± 3.76 81.39 ± 5.23**
SSD 109.96 ± 7.37 116.64 ± 6.17 115.83 ± 7.96 83.12 ± 5.48
PNS 103.58 ± 7.58** 105.47 ± 5.25* 109.30 ± 9.60 78.12 ± 5.58
SR1 105.98 ± 5.01* 106.49 ± 5.17* 111.34 ± 5.87 80.47 ± 7.29
AB4 113.02 ± 8.05 116.39 ± 8.35 117.26 ± 4.25 80.01 ± 7.39

Data shown are mean [± SD] in pg/ml.
Value significantly different from PCV2 control group at *p50.05 or **p50.01.

Table 2. IL-10 contents (pg/ml) in culture supernatants after 24 h.

Ingredient concentration
Drug control PCV2 control Blank control

Groups 10mg/ml 5 mg/ml 1 mg/ml 10 mg/ml 105 TCID50 0 mg/ml

SSA 149.29 ± 14.85 146.67 ± 13.20 147.18 ± 6.49 130.91 ± 10.35 162.34 ± 8.80 125.20 ± 9.10**
SSD 156.75 ± 7.79 158.10 ± 12.79 148.53 ± 13.72 129.76 ± 7.92
PNS 133.33 ± 9.76** 144.48 ± 10.58* 153.85 ± 11.18 122.38 ± 9.52
SR1 137.26 ± 9.64** 150.56 ± 11.45 155.87 ± 15.28 126.39 ± 7.73
AB4 141.07 ± 16.56* 152.86 ± 9.09 155.99 ± 16.75 135.67 ± 17.75

Data shown are mean [± SD] in pg/ml.
Value significantly different from PCV2 control group at *p50.05 or **p50.01.

Table 3. IL-2 contents (pg/ml) in culture supernatants after 24 hr.

Ingredient concentration
Drug control PCV2 control Blank control

Groups 10mg/ml 5 mg/ml 1 mg/ml 10mg/ml 105 TCID50 0mg/ml

SSA 311.28 ± 25.54* 290.17 ± 21.78 285.17 ± 23.70 267.67 ± 25.19 281.00 ± 12.37 251.83 ± 13.62*
SSD 317.39 ± 15.62** 309.33 ± 17.13* 300.44 ± 16.49 281.28 ± 15.67
PNS 310.17 ± 24.31* 297.11 ± 15.96 284.33 ± 17.38 266.56 ± 19.42
SR1 300.17 ± 15.83 290.44 ± 15.83 286.83 ± 18.76 266.56 ± 17.76
AB4 291.00 ± 10.10 292.39 ± 12.22 294.89 ± 24.92 259.33 ± 26.64

Data shown are mean [± SD] in pg/ml.
Value significantly different from PCV2 control group at *p50.05 or **p50.01.
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Discussion

During viral infections, several immune cell types are activated.
While T-lymphocytes are the major cell type responsible for host
responses to the virus (including induction of inflammatory
responses to aid in ultimate removal of the virus), other cells,
including macrophages, epithelial and dendritic cells also have
key roles. Endothelial cells also play important roles in physio-
logic/pathologic processes, like inflammation, associated with
viral infections (Czuprynski, 2009; Muruve, 2004; Sahni, 2007).
Endothelial cells can be activated by pathogens, leading to their
release of various endogenous compounds, including some
cytokines; thus, measures of cytokine levels can be used to
indirectly assess if there is endothelial dysfunction in situ.

Porcine circovirus Type 2 genome or antigen can be detected
in several tissues and cell types such as macrophage/monocyte
lineage cells, dendritic cells and sporadically respiratory, renal
and intestinal epithelial cells, hepatocytes, enterocytes, vascular
endothelium and lymphocytes. Chinese herbal medicine can
regulate the balance of cellular functions and improve the
physiological conditions of organism in many ways, especially
for microvascular endothelial cells. Existing data show that PCV2
has immunosuppressive characteristics that can cause an imbal-
ance in a variety of cytokine expressions (Darwich et al., 2003;
Segales et al., 2004). Cytokines are important immunoregulatory
factors as signal molecules between cells in the immune network.
IL-2 and IFN� are important T-helper (TH)-1-type cytokines with
important roles in cellular immune response; IL-4 and IL-10 are
important TH2 cytokines key to humoral responses. During
tolerance induction to an allograft, there is a decrease in TH1
cytokines like IL-2 and IFN� and increases in TH2 cytokines
including IL-4 and IL-10. Because studies have already shown
there is significant expression of IL-4 (Hocke et al., 2006), IL-10
(Niu et al., 2011; Verma et al., 2006) and IFN (Hu et al., 2010,
2012; Niu et al., 2011) in several different non-leukocyte cell
types, including endothelial cells (Sprague & Khalil, 2009), use
of the porcine iliac artery cells here provided an appropriate
model to investigate potential immunoregulatory effects of the
test saponins.

IL-4 aids in antigen-stimulated polarization of naive TH cells
into TH2 effector cells and also helps to propagate TH2 responses
by binding its receptor (IL-4R�) and activating signal transducer
and activator of transcription (STAT)-6 signaling pathways
(Nelms et al., 1999; Shimoda et al., 1996). STAT6, through
induction of zinc-finger transcription factor GATA3 (GATA-
binding protein-3), can directly suppress TH1 cell development
by silencing IFN� expression (Takeda et al., 1996). Studies also
indicate that IL-4 enhances TH2 immunity by inhibiting TH1
responses through the repression of IL-12 signaling (Ouyang
et al., 1998). IL-4 also induces formation of inducible
T-regulatory (Treg) cells from naive CD4+ T-lymphocytes. The
present study showed that endothelial cell secretion of IL-4 was

significantly suppressed by some of the higher doses (i.e.
10 mg/ml) of PNS and SR1 tested. The increases in IL-4
expression by the endothelial cells – and subsequent increase in
IL-10 release – could lead to excessive vasodilation, hyperemia
and microvascular injury. The ability to induce IL-4 formation
after PCV2 exposure was much higher than what was noted in the
control group; this outcome was in accordance with our previous
animal experiments.

It is tempting to suggest that thymic depletion and atrophy in
PMWS pigs could be caused by over-expression of IL-10 mRNA
in the thymus. Many studies have revealed that the induction of
IL-10 up-regulation is a basic characteristic of PCV2 infection
(Darwich et al., 2008; Stevenson et al., 2006) and that excessive
up-regulation of IL-10 may cause immunosuppression. IL-10 is a
multi-functional cytokine produced by lymphoid and non-lymph-
oid cells and displays many kinds of biological effects in the
cytokine network, including an ability to inhibit production of
tumor necrosis factor (TNF)-�, IL-8, tissue factor and matrix
metalloproteinase (MMP)-9. IL-10 can also mediate a negative
feedback of TH1 and TH2 immune responses (Muraille & Leo,
1998), regulate NK and B-cell growth (Levy & Brouet, 1994),
downregulate MHC-II expression on antigen-presenting cells
(APC) (Moore et al., 2001) and affect MHC-I expression by
modulating expression of transporter proteins associated with
antigen processing (Salazar-Onfray et al., 1997). Although anti-
inflammatory processes are characteristic of defense reactions, it
can also – if unchecked – cause endothelial cell dysfunction,
increased permeability and tissue damage. In the present study,
we found that endothelial cell secretion of IL-10 was significantly
suppressed by PNS, SR1 and AB4, with PNS having the greatest
effect. Such findings are in line with those of other studies. For
example, it was shown that PNS produces robust protective effects
in spinal cord ischemia-reperfusion injury and that this might be
mediated by changes in the levels of IL-10 in the hosts (Ning
et al., 2012). Similarly, PNS was shown to impart a therapeutic
effect against hepatic fibrosis, probably by causing shifts in the
balance between pro- and anti-inflammatory/-fibrotic cytokines
in situ (Peng et al., 2009).

IL-2 – produced after antigen activation – is a pleiotropic
cytokine that plays pivotal roles in the immune response. First
described as a T-cell growth factor, IL-2 also promotes CD8+

T-cell and NK cell cytolytic activity and modulates T-cell
differentiation programs in response to antigen, promoting naive
CD4+ T-lymphocyte differentiation into TH1 and TH2 cells while
inhibiting TH17 and T-follicular helper (TFH) cell differentiation.
Moreover, IL-2 is essential for development/maintenance of Treg

cells and for activation-induced cell death, thereby mediating
tolerance and limiting inappropriate immune reactions. It has
been reported that Tripterygium wilfordii Hook F significantly
inhibited activation-induced T-lymphocyte IL-2 production,
IL-2R expression and proliferation responses

Table 4. IFN� contents (pg/ml) in culture supernatants after 24 h.

Ingredient concentration
Drug control PCV2 control Blank control

Groups 10mg/ml 5 mg/ml 1 mg/ml 10mg/ml 105 TCID50 0mg/ml

SSA 216.94 ± 18.37* 213.16 ± 17.52* 205.90 ± 15.76 189.56 ± 10.97 193.16 ± 15.73 173.89 ± 10.82*
SSD 224.56 ± 17.10** 215.35 ± 20.41* 207.73 ± 12.97 191.09 ± 13.14
PNS 207.37 ± 9.24 205.60 ± 11.85 197.55 ± 10.00 179.87 ± 13.13
SR1 199.50 ± 12.52 200.05 ± 11.52 195.17 ± 10.36 180.11 ± 13.32
AB4 197.79 ± 7.54 196.27 ± 8.77 186.88 ± 8.87 175.72 ± 17.56

Data shown are mean [± SD] in pg/ml.
Value significantly different from PCV2 control group at *p50.05 or **p50.01.
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In the present study, expression of IL-2 by endothelial cells
was dramatically up- regulated in response to PCV2. In addition,
secretion of IL-2 was further significantly increased by treatments
with SSA, SSD or PNS. This impact on IL-2 formation/release
could represent a mechanism by which saponins could be of use
in treatment of select (auto)immune pathologies. As SSD was
shown here (and elsewhere) to promote IL-2 production and
IL-2R expression, this showed that SSD could modulate T-cell
function and that at least one target of the action of SSD was
located at or before c-fos gene transcription and after T-cell
receptor/CD3-mediated protein tyrosine kinase activation (Kato
et al., 1994). It is also possible SSD up-regulated IL-2 production
through activation of a ‘‘receptor-bypassed’’ pathway in the cells;
Kato et al. (1995) noted a similar effect in thymocytes and
suggested that SSD could (among various saponins) have a unique
cell type-dependent immunomodulatory action. Similar informa-
tion on activities of SSA and PNS are lacking in the literature;
thus, their potential modes of action remain to be discerned with
respect to effects on IL-2 formation.

It is known that IFN� drives TH1 responses, activating
cytotoxic effector cells to eliminate infected cells and promoting
virus-specific antibody production. In some cases, PCV2 infection
elicits an antibody response together with virus-specific IFN�-
secreting (CD4+ and CD8+) cells (Fort et al., 2009; Steiner et al.,
2009). During a viral infection, down-regulated IFN� production
may result in decreases in CD8+ cytolytic T-cell function (Kienzle
et al., 2002). In the current study with PIEC, there was up-
regulation of IFN� expression by SSA or SSD (moreso the latter)
after direct stimulation with PCV2. Previous findings have shown
that a part of the immunomodulatory activity of SSA and SSD
against activated T-cells is related to changes in the ability of NF-
�B, NF-AT and AP-1 (c-Fos) signaling pathways to be induced
(Sun et al., 2009; Wong et al., 2009). Ongoing studies in our
laboratories will need to ascertain if the effects of SSA and SSD
(and other saponins tested) modulate these pathways in the PIEC
and if this is directly linked to the changes seen in inducible
IFN� expression.

The findings from these in vitro studies are in keeping with
more global observations of the effects of these saponins in vivo
in PCV2-infected hosts (Lin et al., 2013; Yi et al., 2009). Those
previous animal experiments suggested SSA, SSD, PNS, SR1 and
AB4 could lead to reductions in host mortality and lessen the
incidence/severity of specific pathologies, e.g. body temperature
lowering, weight loss, reductions in levels of leukocytes and
platelets, internal organ swelling and lesions, in mice challenged
with PCV2. The findings here that some of the test saponins
caused reductions in virus-stimulated endothelial cell formation/
release of down-regulators of immune responses/promotors of
antibody responses (i.e. TH2 cytokine IL-10) and increases in the
expression of up-regulating factors paramount to optimal virus
clearance (i.e. TH1 cytokines IFN� and IL-2, key to generation/
activation of CD8+ CTL responses) (Karupiah, 1998) suggested
to us that, in infected hosts, viral titers were likely affected as a
result of the augmented activity of immune cells activated
by these saponins. Still, how each of the test saponins acted to
impact on formation/release of these specific cytokines remains
to be determined.

Conclusions

The five saponins may exert some therapeutic actions on the
immune system and counter immunomodulatory effects/related
syndromes induced by virus/pathogen/toxicant exposure, at least
by modulating the expression of IL-4, IL-10, IL-2 and IFN-�
to prevent PCV2-induced damage to endothelial cells. Taken
together, the data suggested these saponins might potentially have

a capacity to regulate immune responses in vivo via changes in
production of these select cytokines by infected endothelial cells.
Nevertheless, the impact of these agents on other key cell types
involved in anti-viral responses, including T-lymphocytes,
remains to be determined.
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