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ABSTRACT

The induction of IL-12 and IL-10 production by the immunomodulatory C3 binding glycoprotein
(C3bgp) was studied on human peripheral blood mononuclear cells (PBMC). Isolated PBMC from
healthy human donors were cultured 24 hours with C3bgp isolated from Cuscuta europea. We studied
also the influence of C3bgp on the cytokine production in LPS-, PHA- and PWM-stimulated PBMC.
The levels of these cytokines in the various culture supernatants were subsequently determined using
ELISA.

Results showed that amount of IL-12 was significantly higher in C3bgp-stimulated cultures in
comparison with LPS-, PHA- and PWM-stimulated PBMC. C3bgp also significantly increased 1L-12
in PHA- or PWM-stimulated cultures, but not in LPS-stimulated culture. C3bgp alone was a weak
inducer of IL-10 production, compared to the other stimuli. Furthermore it inhibited IL-10 production
after LPS, PHA and PWM stimulation. Taken together these results indicate that immunomodulatory
C3 binding glycoprotein has the ability to change IL-12/IL-10 ratio in stimulated human PBMC.

Key Words: C3bgp, PBMC, IL-12, IL-10, PHA, LPS, PWM

INTRODUCTION

The immune response to foreign agents
involves complex cell-cell interactions among
different cell types, and is critically regulated
by a network of soluble molecules, cytokines,
released by activated immune cells. Early in
the immune response professional antigen-
presenting cells produce IL-12, a cytokine that
provides an important functional bridge
between innate and adaptive immune
responses (1) The biologically active 1L-12 is
a 70 kD heterodimer (p70) composed of two
covalently linked polypeptide chains, p35 and
p40 (2). The production of IL-12 heterodimer
requires coordinated expression of both p40
and p35 chains. The expression of p40 gene is
restricted to the cells which are able to
produce biologically active heterodimer; in

“Correspondence to: Spaska A. Stanilova Ph.D.,
Head of Department of Molecular Biology,
Immunology and Genetics, Faculty of Medicine,
Trakia University, 11 Armeiska Str., 6000 Stara
Zagora, Bulgaria; Tel.: +359-42-600-675; Fax:
+359-42-600-705; E-mail: stanilova@mf.uni-sz.bg

contrast p35 gene is constitutively expressed
in many cell types, including lymphocytes
which are not known to produce IL-12 (2).
Early IL-12 production can be induced mainly
by intracellular pathogens or by their
products, including LPS, lipoteicholic acid,
protein extracts, and heat-shock proteins (3,
4). IL-12 mediates several biological activities
on T and NK cells, including the induction of
IFN-y production and the enhancement of the
cell-mediated cytotoxicity. The development
of Thl -cells is driven mainly by IL-12 (5).
IL-12 production is tightly regulated by a
positive  feedback mechanism mediated
through IFN-y and by negative feedback
through IL-10 (6).

IL-10 is the most important anti-
inflammatory cytokine found within the
human immune response. It is a potent
suppressor of Thl development, but is a
prominent factor promoting Th2 immune
response. IL-10 is also a potent inhibitor of
monocyte/macrophage activation and of
proinflammatory cytokine synthesis, including
IL-12 and IFN-y (6).

C3 binding glycoprotein (C3bgp)
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isolated from the parasitic plant Cuscuta
europea, has a lectin — like characteristics (7).
The experimental evidence presented in our
previous reports show that C3bgp has strong
immunostimulatory properties and enhanced
specific antibody response (8). In mice C3bgp
induced a specific group of cytokines
including the hallmark cytokine of Thl type
response, IFN-y (9).

To clarify immunomodulatory
properties of C3bgp with a view to clinical
and laboratory application, it was of interest to
investigate its influence on IL-12 and IL-10
production by human immune cells.

MATERIALS AND METHODS
Subject selection

Twenty-two (22) healthy human volunteers
with age ranging from 20 to 45 years (male
and female) were recruited for this study.
Informed consent was obtained from each
participant. Subsequently 10 ml of peripheral
venous blood was collected in sterilised
ethylenediamine tetraacetic acid (EDTA)
tubes.

C3bgp isolation

C3bgp was isolated from a total water extract
of the seeds of the parasitic plant Cuscuta
europea by affinity chromatography as
described previously (7).

PBMC isolation

Each blood sample was diluted 1:1 with
sterile phosphate buffered saline (PBS),
layered carefully over Histopaque-1077
(Sigma) and followed by centrifugation at
1800 revolutions per min at 4°C for 20 min.
The interface containing peripheral blood
mononuclear cells (PBMC) was harvested and
washed twice with cold serum free RPMI-
1640 medium (Sigma). The washed cell
pellet was re-suspended and PBMC viability
was done using the trypan blue exclusion
method. Finally, cells were counted according
to the cell configuration.

Cell culture and stimulation

1x10° PBMC were cultured in sterile
polystyrene tubes containing 2 ml RPMI 1640
media supplemented with: 100 U/ml
penicillin, 100 pg/ml gentamycin and 0.3
mg/ml L-glutamine. The cultures were
stimulated with: 30 pg/ml C3 binding
glycoprotein (C3bgp), 1 pg/ml
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lipopolysaccharide from E. coli (serotype 026-
B6) - LPS (Sigma), 10 pg/ml
phytohemagglutinin — PHA (Sigma), 20 pg/ml
pokeweed mitogen — PWM (Sigma); and co
stimulated with: C3bgp+LPS, C3bgp+PHA,
C3bgp+PWM with the indicated
concentrations. Non-stimulated cultures were
used as a control. All cultures were incubated
at 37° for 24 h.

Cytokine determination

The quantitative determination of IL-12p40
and IL-10 after 24 h in culture supernatants
was performed by ELISA using commercially
available kits purchased from BioSource,
Austria,  following the  manufacturer’s
protocol. Colour reaction developed was
measured as OD units at 450 nm on an ELISA
reader (Rosys Anthos 2010, Austria). The
concentration of cytokines in pg/ml was
obtained using the standards supplied in the
kit.

Statistical analysis

The data were expressed as means and
standard error of the mean. Student's t-test
was used to determine the statistical
differences between mean values. Differences
were considered significant when the p value
was less than 0.05.

RESULTS

C3bgp induced higher level of IL-12 in
human PBMC compared to both LPS and
plant lectins: PHA and PWM

The result presented in Figure 1 shows that
all stimulating substances induced IL-12 in
human PBMC and significantly enhanced the
quantity of IL-12 in the culture supernatants.
There are no significant differences in IL-12
level in cultures containing LPS, PHA and
PWM. In contrast, we observed that C3bgp
induced significantly higher level of IL-12
compared to both LPS and plant lectins - PHA
and PWM.

C3bgp induced lower quantity of IL-10
compared to both LPS and the plant
lectins: PHA and PWM

IL-10 level also depends on the stimuli used.
PWM stimulation produces the highest,
followed by LPS, PHA and C3bgp (Figure 2).
C3bgp induces significantly lower level of IL-
10 compared to the other stimuli. PWM is a
stronger inducer of IL-10 in human PBMC
and significantly increases the quantity of this
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cytokine in culture supernatants compared to
C3bgp and PHA. The experimental data
demonstrates that C3bgp is a weak inducer of
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IL-10 production compared to both LPS and
plant lectins - PHA and PWM.

IL-12 pg/ml
1400
1200 .
1000 f
800 f
600 f o o
* o *
400 —
N I
200 F
0 —— DO
C LPS PHA PWM
C3bgp LPS+C3bgp PHA+C3bgp PWM+C3bgp

Figure 1: IL-12 production in human PBMC after stimulation with C3bgp, LPS, LPS+C3bgp, PHA,
PHA+C3bgp, PWM, PWM+C3bgp and non-stimulated PBMC (C). The cytokine production is determined
in culture supernatants after 24 h by ELISA. * Significantly less than in C3bgp (p<0.05); ° Significantly
greater than in cultures stimulated with corresponding stimulus (PHA and PWM) alone (p<0.05).
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Figure 2: IL-10 production in human PBMC after stimulation with C3bgp, LPS, LPS+C3bgp, PHA,
PHA+C3bgp, PWM, PWM+C3bgp and non-stimulated cultures (C). The cytokine production is determined
in culture supernatants after 24 h by ELISA. * Significantly greater than in C3bgp (p<0.05); © Significantly
less than in cultures stimulated with corresponding stimulus (LPS, PHA and PWM) alone.

C3bgp increased IL-12 production from
PHA and PWM and decreased IL-10
production in both LPS and PHA or PWM
stimulated human PBMC

We observed that C3bgp has different effects
towards IL-12 production in LPS and PHA or
PWM stimulated PBMC (Figurel). The

results demonstrate that the addition of C3bgp
slightly decreases IL-12 production in LPS
stimulated cultures. In contrast, the effect of
C3bgp on PHA and PWM stimulated PBMC
is in opposite direction. The addition of
C3bgp in PHA and PWM stimulated cultures
significantly increases IL-12 production
compared to cultures stimulated with
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corresponding stimulus (PHA or PWM) alone.

The results obtained for IL-10
production from co-stimulated PBMC are
presented in Fig 2. The data demonstrate that
the effect of C3bgp on LPS, PHA and PWM
stimulated PBMC is the similar. In all co-
stimulated cultures the presence of C3bgp
significantly decreases the level of the IL-10
production compared to cultures stimulated
with LPS, PHA and PWM alone.

DISCUSSION

In the present study, we demonstrated that
C3bgp alone is a powerful inducer of 1L-12
production. The high level of IL-12 obtained
from stimulation by C3bgp suggested a
preferential stimulation of the monocytes. As
1s well known, the main source of IL-12 in
PBMC fraction is the activated mononuclear
phagocytes (1). C3bgp, in contradistinction to
both PHA and PWM, has the ability to induce
significant higher quantities of IL-12. As had
been reported by other authors, PHA and
PWM are weak inducers of the
proinflammatory cytokines in PBMC cultures,
because PHA primarily functions as a
nonspecific activator of T lymphocytes while
PWM stimulates helper T cells and, in
association — the B cells (10, 11).
Furthermore, the addition of C3bgp to PHA-
or PWM-stimulated cultures significantly
enhanced IL-12 production. These results and
our previously published data for cytokine
production from mouse peritoneal
macrophages after in vitro stimulation with
C3bgp confirmed our suggestion that C3bgp
activates mainly the monocyte cells (9).
Further, we showed that C3bgp had a
different effect on the IL-12 production
compared to LPS. In contrast to LPS, C3bp
was a very strong inducer of IL-12
production. The results also demonstrated that
PBMC, after LPS stimulation under serum-
free conditions, did not produce significantly
higher quantity of IL-12, compared to both
plant lectins PHA and PWM. The reason for
using serum-free conditions was to avoid
binding of C3bgp to the serum C3 component
of complement that results in the formation of
a stable C3:C3bgp complex (7). This complex
might be recognised by monocyte
complement receptors and can mediate the
immunostimulatory activity of C3bgp, as we
proposed in our previous paper (8). Therefore,
to avoid the effect of C3bgp through
complement receptors on monocytes we used
PBMC stimulation in serum free conditions.
IL-12 is released during the early stages
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of infections caused by a large variety of
bacteria, intracellular pathogens, fungi, and
certain viruses. This early production of IL-12
is T cell-independent and is caused by direct
interaction of pathogens or their products with
phagocytic cells (2). The macrophage
receptors involved with this interaction are not
clearly understood. Gantner et al., 2003,
indicated that Dectin-1 macrophage receptor
which coupled with fungal [(-glucans was
involved with early IL-12 production (12).
Other authors suggested that the mannose
receptor may be involved with the secretion of
this cytokine (13, 14).

IL-12 plays a key role in the
modulation of the immune response by
providing the stimuli for CD4+ T cells to
differentiate toward Thl, IFN-y secreting
cells. Previously, we have reported that C3bgp
had ability to induce a specific group of
cytokines in mice, including higher level of
IFN-y (9). Therefore, C3bgp has capacity to
induce in vivo and/or in vitro the key
cytokines directing the immune response to
Th1 cell-mediated response.

C3bgp increased negligible anti-
inflammatory IL-10 production in human
PBMC. Furthermore, the addition of C3bgp
significantly decreased IL-10 production
induced by LPS, PHA or PWM. IL-10
provided the main negative regulatory
feedback on proinflammatory cytokine
production (15). C3bgp not only had the
ability to generate IL-12 from human
mononuclear cells by direct stimulation, but
simultaneously  inhibited the cytokine
feedback control mechanism.

Because a Thl type immune response is
crucial to the successful elimination of
intracellular  pathogens, such as certain
bacteria  (Mycobacterium tuberculosis),
viruses (HIV), protozoa (Plasmodium
falciparum), the changes in IL-12/IL-10 ratio
influenced the outcome and immunopathology
of infections caused by these pathogens (16,
17, 18). Both in vitro and in vivo experiments
have demonstrated also that IL-12 plays a
crucial role in the development of specific
immunity against intracellular pathogens,
including Leishmania major, Mycobacterium
tuberculosis, Listeria monocytogenes, and
Toxoplasma gondii (19, 20, 21, 22). Inverse
modulation of IL-12/IL-10 ratio is reported
also in some type of cancer with various
malignancies (23, 24). In cancer patients
treatment with  exogenous IL-12 or
pharmacological modulation of endogenous
IL-12 production augment cytolytic activity of
NK cells and direct immune response to Thl
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type immune response (25, 26).

In summary, these studies demonstrate
that C3bgp has the ability to change 1L-12/IL-
10 ratio by stimulation of IL-12 and inhibition
of IL-10 production from stimulated human
PBMC. Finally, the results may be of use in
the development of immunomodulatory
agents, of therapeutic importance, capable of
modulating I1L-12/IL-10 ratio as in the
experimental models.

REFERENCES
1. Trinchieri, G. Interleukin-12; a
proinflammatory cytokine with

immunoregulatory functions that bridge
innate resistance, an antigen-specific
adaptive immunity. Annu. Rev. Immunol,
13: 251, 1995.

2. Trinchieri, G. Interleukin — 12 and the
Regulation of Innate Resistance and
Adaptive Immunity. Nature
Reviews/Immunology, 3: 133 — 146, 2003.

3. Cleveland, M. J., Gorham, D. J., Murphy,
L. T., Tuomanen, E., and Murphy, M. K.
Lipoteicholic acid preparations of gram-
positive bacteria induce interleukin-12
through a CD14-dependet pathway. Infect
Immun, 64: 1906-1912, 1996.

4. D’Andrea, A., Rengaraju, M., Valiante, M.
N., Chehimi, J., Kubin, M., Aste-Amezaga,
M., Chan, H. S., Kobayashi, M., Young,
D., Nickbarg, E., Chizzonite, R.,Wolf, F.
S., and Trinchieri, G. Production of natural
killer cell stimulatory factor (NKSF/IL-12)
by peripheral blood mononuclear cells. J
Exp Med, 176: 1387, 1992.

5. Trinchieri, G. Interleukin — 12: a cytokine
at the interface of inflammation and
immunity. Adv Immunol, 70: 83-243, 1998.

6. Opal, M. S., and DePalo, A. V. Anti-
inflammatory cytokines. CHEST, 117:
1162-1172, 2000.

7. Zhelev, Z., Stanilova. S., Carpenter, B.,
Isolation, partial characterization and
complement inhibiting activity of a new
glycoprotein  from Cuscuta europea.
Biochem Biophys Res Commun, 202:186-
194, 1994.

8. Stanilova, S., Zhelev, Zh., Dobreva, Z.
Preliminary studies on the
immunomodulatory effect of the C3
binding glycoprotein  isolated  from
Cuscuta europea. International Journal of
Immunopharmacology, 22: 15-24, 2000.

9. Stanilova, S., Dobreva, Z., Zhelev Zh.
Changes in serum levels of cytokines in
mice injected with an immunostimulator
C3bgp isolated from Cuscuta europea.
International Immunopharmacology, 1:

STANILOVA S. et al.

1597-1604. 2001.

10.Katial, K. R., Sachanandani, D., Pinney,
C., and Lieberman, M. M. Cytokine
Production in Cell Culture by Peripheral
Blood Mononuclear Cells from
Immunocompetent Hosts. Clin Diagn Lab
Immunol, 5: 78 — 81, 1998.

11.Bovin, F. L., Fredman, P., Mansson, J.E.,
Buschard, K., Bendtzen, K. In vitro
production of cytokines is influenced by
sulfated and its precursor
galactosylceramid. FEBS Letters, 455: 339
—343,1999.

12.Gantner, N.B., Simmons, M.R., Canavera,
J.S., Akira S., and Undrhil, M.D.
Collaborative induction of inflammatory
responses by Dectin-1 and Toll-like
receptor 2. J Exp Med, 197: 1107-1117,
2003.

13.Shibata, Y., Myrvik, Q.N. Chitin particle-
induced cell-mediated immunity is
inhibited by soluble mannan: mannose
receptor-mediated phagocytosis initiates
IL-12 production. J Immunol, 159 (5):
2462-2467, 1997.

14.Koguchi, Y., Kawakami, K., Kon, S.,
Segava, T., Maeda, M., Uede, T., and
Saito, A. Penicillium marneffei cause
osteopontin-mediated ~ production  of
interleukin — 12 by peripheral blood
mononuclear cells. Infect Immun, 70 (3):
1042-148, 2002.

15.0berholzer, A., Oberholzer, C., Moldawer,
L. L. Interleukin 10: A complex role in the
pathogenesis of sepsis and its potential as
an anti-inflammatory drug. Crit Care Med,
30 (1) (Suppl.): S58-S63, 2002.

16.Doffinger, R., Altare, F., Casanova, J. L.
genetic  heterogeneity of Mendelian
susceptibility to mycobacterial infection.
Microbes Infect, 2: 155301557, 2000.

17.Taoufik, Y., Lantz, O., Wallon, C.,
Charles, A., Dussaix, E., and Deleraissy, J.
F. Human immunodeficiency virus gp 120
inhibits interleukin-12 secretion by human
monocytes: an indirect interleukin-10-
mediated effect. Blood, 89: 2842-2848,
1997.

18.Dodoo, D., Omer, F. M., Todd, J.,
Akanmori, B. D., Koram, K. A., Riley, E.
M. Absolute levels and ratios of
proinflammatory and anti-inflammatory
cytokine production in vitro predict
clinical immunity to  Plasmodium
falciparum malaria. J Infect Dis, 185 (7):
971-979, 2002.

19.Hsieh, C. S., Macatonia, S. E., Tripp, C.
S., Wolf, S. F., O’Garra, A., and Murphy,
K. M. development of Thl CD4" T cells

Trakia Journal of Sciences, Vol. 3, No. 1, 2005 47



through 1L-12 produced by Listeria-
induced macrophages. Science, 260: 547-
549, 1993.

20.Heinzel, F.P., Schoenhaut, D. S., Rerko, R.
M., Rosser, L. E., and Gately, M. K.
Recombinant IL-12 cures mice infected
with Leishmania major. J Exp Med, 177:
1505-1512, 1993.

21.Gazzinelli, R. T., Wysocka, M., Hajasi, S.,
Dencers, E. Y., Hieny, S., Caspar, P.,
Trinchieri, G., and Sher, A. Parasite-
induced IL-12 stimulates early [IFN-gamma
synthesis and resistance during acute
infection with Toxoplasma gondii. J.
Immunol, 153: 2533-2543, 1994.

22.Cooper, A. M., Roberts, A. D., Rhoades,
E. R., Callahan, J. E., Getzy, D. M., and
Orme, I. M. The role of IL-12 in acquired
immunity to Mycobacterium tuberculosis
infection. Immunology, 84: 423-432, 1995.

23.Jacobs, N., Giannini, S. L., Doyen, J.,
Baptista, A., Moutschen, M., Boniver, J.,
& Delvenne, P. Inverse modulation of IL-

STANILOVA S. et al.

10 and IL-12 in the blood of women with
preneoplastic lesions of the uterine cervix.
Clin Exp Immunol, 111:219-224, 1998.

24.0rsini, E., Guarinri, A., Chiaretti, S.,
Mauro, F. R., and Foa, R. The circulating
dendritic cell compartment in patients with
chronic lymphocytic leukemia is severely
defective and unable to stimulate an
effective T-cell response. Cancer Res, 63:
4497-4506, 2003.

25.Robert, J., Robertson, M. J., Murray, C.,
Cochran, K., and Ritz, J. Interleukin-12
augments cytolytic activity of peripheral
blood lymphocytes from patients with
hematologic and solid malignancies.
Blood, 82:2790-2796, 1993.

26.Hasko, J. & Szabo, C. IL-12 as a
therapeutic target for pharmacological
modulation in immune-mediated and
inflammatory  disease: regulation of
Th1/Th2 responses. B J Pharmacol, 127:
1295-1304, 1999.

48 Trakia Journal of Sciences, Vol. 3, No. 1, 2005



