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ACTIVATION OF CYTOKINE GENES IN COMMON CARP
(Cyprianus carpio L.) MACROPHAGES STIMULATED BY CpG DNA

Asmi Citra Malina?! and Masahiro Sakai ?
'Faculty of Marine Science and Fisheries, Hasanuddin University, Makasar
fFaculty of Agriculture, University of Miyazaki, Japan

ABSTRACT

Synthetic oligodeoxynucleotides with CpG motifs (CpG-ODNs) have strong innate immune
responses. CpG-ODNs promote the production of T-helper 1{TH1} and pro-inflammatory cytokines.
However, analysis of the effects of CpG-ODNs on the expression of cytokine genes in fish is inadequate
for fish. This study presents analysis of in-vitro addition of CpG-ODNs induced the expression of pro-
inflammatory cytokines in common carp head kidney leucocytes. Pro-inflammatory cytokines interleukin
(IL)-1b, CXC and CC-chemokines and turmnor necrosis factor (TNF)-a were expressed at an early time point.
This result suggests a robust immune stimulation can be achieved by CpGs and has a potential 2s an
immunostimulant in aguaculture.

Keywords : CpG, DNA, Fish, cytokine genes, common carp kidney, tumor necrosis factor
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INTRODUCTION

Synthetic oligodeoxynucleotides (ODN) containing unmethylated CpG
dinucleotides within the context of certain flanking bases (CpG motifs) have been
shown to induce potent innate immune responses. Direct and indirect CpG ODN-
induced gene expression and cytokine secretion occurs in a variety of cell types. In
fish, CpG-ODNs were shown to induce the production of interferon-like cytokines (ILC)
in Atlantic salmon (Jgrgensen et al., 2001a; 2003) and rainbow trout (J@rgensen et al.,
2001b). To date, there have been very few reports about the in vitro effects of CpG-
ODNSs on the expression of cytokine genes in fish. The aim of the present study was
to determine if CpG ODNs could affect in vitro on the expression of cytokine genes
such as IL-1B, CXC and CC-chemokines and TNF-a in the head kidney of common carp
(Cyprinus carpio L.).

MATERIALS AND METHODS

A total of 200 common carp (mean weight = 100g) was obtained from Sunaso
Fisheries farm in Miyazaki, Japan. The oligodeoxynucleotides were purchased
from SAWADY (Japan), with the following sequences: B = GCTAGACGTTAACGTT,
C = ATCGACTCTCGAACGTTC TC. The oligodeoxynucleotides (ODNs) were solubilized
in sterile water at a concentration of 1 pg/ul, and stored at =20 °C. The head kidney
phagocytic cells of the carps were isolated according to the modified method described
by Braun-Nesje et al. (1982). HK cells of 24 fish were stimulated by treatment with
10 ng/ml ODNs for 0.5, 1, 2, 4, 12, and 24 h in RPMI 1640 (Nissui, Japan) medium
supplemented with 5 % carp serum and 1 % Streptomycin/Penicillin (S/P, Gibco, USA).
The HK cells stimulated for different time points were pooled together and stored
in ISOGEN (Nippon Gene, Japan) at — 80 °C for further RNA isolation. Total RNA was
isolated from head kidney of carp using ISOGEN (Nippon Gene, Japan) according to
the manufacturer’s instructions. cDNA synthesis was performed using ReverTra Dash
(Toyobo, Japan). The cDNA was then used for PCR. PCR products were electrophoresed
on a 1.5 % agarose gel to detect the specific bands.

Semi-quantitative analysis was carried out according to the method described
by Kono et al. (2004). In order to obtain an optimum semi-quantitative approach
to analyse carp cytokine genes expression, both carp cytokine genes and B-actin
genes were amplified using a series of cycle numbers (20-33). By reducing the cycle
number from 33 to 20, it was possible to select a cycle number that just gave a clear
product, which in the case of cDNA of carp were 26 cycles for B-actin and 33 cycles of
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carp cytokine genes. After determining the optimal cycle number, specific PCR was
conducted three times. The relative levels of RNA were quantified for each gene by
densitometry, which was performed by measuring the photostimulated luminescence
values using Science Lab99 Image Gauge software (Fujifilm, Ja pan). Ratios of cytokine
genes/B-actin product were subsequently calculated for each gene of interest and
used to assess the differences in expression levels between control and CpG-QODNs
treated group.

The data was expressed as mean +S.D. The data was analysed using Student’s
t-test.

RESULTS AND DISCUSSICN

The expression of IL-103 in the head kidney leucocytes of carp incubated with
10 ng of ODNs is shown in Fig. 1. In comparison with the control leucocytes, the cells
incubated with CpG-ODN B showed a significantly enhanced IL-1P expression at 0.5
and 12 h post-stimulation (*P < 0.05). At 2 and 24 h post-stimulation, IL-1(3 expression
in the head kidney of carp was significantly enhanced by CpG-ODN C (*P < 0.05). The
expression of CXC-chemokine gene in head kidney of carp incubated with CpG-ODN
C demonstrated a significantly higher level of expression {*P < 0.05) than those of
controls at 2 h after stimulation (Fig. 2). The CXC-chemokine gene expression in the
head kidney cells incubated with CpG-ODN B did not show a significantly higher level of
expression than those of controls. The head kidney cells isolated from fish incubated
with CpG-ODNs B & C were also found to express CC-chemokine. It was shown that
CC-chemokine (*P < 0.05) [Fig. 3] demonstrated a similar pattern of expression as that
seen for IL-1B. However, CC-chemokine expression was lower in the cells isolated
from fish incubated with CpG-ODN B at 12 h post-treatment. The expression of TNF-I
genes were significantly increased in the head kidney of carp incubated with CpG-ODN
Bat2and4hand CpG-ODN C at 2 h post-stimulation (*P < 0.05) (Fig. 4].

in the present study the in vitro effects of CpG-ODNs on the expression of
cytokine genesin the carp head kidney cells were investigated. The results showed that
CpG-ODNs B and C significantly increased the inflammatory cytokines IL-13, CXC and
CC-chemokines and TNF-a. CpG-ODNs challenge at various time intervals indicated
that those genes are induced at an early time point and the message is strong in the
early period of induction.
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IL-1is one of the pivotal early response pro-inflammatory cytokines that enables
organisms to respond to infectious non-self challenges and induces a cascade of effects
leading to inflammation. Many of these effects are mediated indirectly through up- or
down regulation of other cytokine (Dinarello, 1997). A cytokine analogous to’IL-1[3
was cloned in several teleost fish (Zou et al., 1999; Fujiki et al., 2000). Previous in
vivo study (Tassakka and Sakai, 2004) has shown that CpG-ODNs B and C activate the
expression of IL-1B gene in the head kidney of carp. In vitro study demonstrated that
CpG-ODN 1668 activates trout macrophages to express IL-1P and IFN-like cytokines,
while the non-CpGs tested were ineffective (Jgrgensen et al., 2001b). Furthermore, IL-
1P was induced with similar kinetics by LPS and CpG-ODN, but the CpG response was
lower. Hirono and Aoki (2003) noted that the expression of IL-1f3 in Japanese flounder
was apparent after 1 h stimulation with Con A and PMA, but no expression was found
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after that. On the other hand, in the presence of LPS, the maximum level of IL-1(3 was
expressed at 3 h as compared to 1 h, 6 h after stimulation. Pleguezuelos et al. {2000}
similarly demonstrated that IL-1[3 expression significantly increased between 2.5 and
4 h after the start of stimulation with LPS.

Chemokines are small proteins that derive their name from their chemotactic
properties. Recently, three novel CXC-chemokines were identified in common carp
through homology cloning (Huising et al., 2004). Phylogenetic analyses show that one
of the three CXC-chemokines is an unambiguous orthologue of CXCL14, whereas both
others are orthologues of CXCL12 and were named CXCL12a and CXCL12b. All three
novel carp CXC-chemokines are expressed during early development, in contrast to
established immune CXC-chemokines. These chemokines must play key roles in the
patterning and maintenance of the {developing} vertebrate central nervous system.
CC-chemokine genes have been cloned in carp {Fujiki et al., 1999), rainbow trout
(Dixon et al., 1998) and Japanese flounder (Kono et al., 2003). The activations of CXC
and CC-chemokine genes in the present study confirm the results from in vivo study
(Tassakka and Sakai, 2004} that CpG-ODNs B and C increased the expression of these
genes in the common carp head kidney cells. Savan et al. (2003) noted that the carp
CXC-chemokine transcripts were expressed after 1 h of LPS and Con A stimulation. CC-
chemokine gene expressions were detected in blood and in the muscle of Japanese
flounder injected by plasmid DNA {(pCMV-CCC) [Kono et al., 2003].

Similar to i-13 and chemokines, TNF-a is an important component of early
inflammatory events. TNF-a is a 17-kDa protein that is synthesized by different cells
types upon stimulation with endotoxin, inflammatory mediators, or cytokines such as
interleukin-1 and, in autocrine manner, upon stimulation with TNF itself (Hirono and
Aoki, 2003). Multiple isoforms of TNF-a have been cloned in common carp; TNF-1q,
TNF-2a (Saeij et al., 2003) and TNF-3a (Savan and Sakai, 2004). Activity of tumor
necrosis like factor has also been reported in fish. Recenﬂy, there is a report showing
enhanced leucocytes migration and phagocytic activity of rainbow trout macrophages
when incubated with recombinant trout TNF proteins {rTNF) [Zou et al., 2003]. Pro-
inflammatory expression also increased significantly by the rTNF protein. In this study,
the expression of TNF-a genes were significantly increased in the head kidney of carp
incubated with CpG-ODN B at 2 and 4 h and CpG-ODN C at 2 h post-stimulation. The
present study is the first to report the stimulation of CpG-ODNs on the expression of
TNF-a genes in fish. In mice, pretreatment with CpG-ODN enhanced the production of
TNF- a and type-1 cytokines, including IL-12, IFN-y and the IFN-y-dependent ELR- CXC
chemokines IFN-y-inducible protein-10 and monokine induced by IFN- y inresponse to
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Klebsiella challenge (Deng et al., 2004). It has been shown that TNF- a can be induced
in rainbow trout and carp macrophages by stimulation with LPS (Zou et al., 2002; Saeij
et al., 2003).

In conclusion, CpG-ODNs stimulate an early expression of IL-1B, CXC and CC-
chemokines and TNF-a genes in the head kidney of common carp.
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