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Abstract
In the current study, the expression levels of interleukin (IL)-1β, IL-10, tumor necrosis factor-α 
(TNF-α), CC-chemokine and CXC-chemokine were examined in head kidney (HK) leukocytes of 
common carp Cyprinus carpio L. following experimental infection with Aeromonas hydrophila and 
compared with those of carp treated with formalin-killed A. hydrophila. The expression of IL-1β 
was highest at 8 h post-infection (p.i), while the levels of IL-10 increased 8 h p.i and exhibited the 
highest gene expression levels. The levels of TNF-α, CC- and CXC-chemokine were only slightly 
modulated following A. hydrophila infection. Therefore, we suggest that in carp, IL-10 behaving 
as inflammatory cytokine and controlling the expression level of other inflammatory cytokines 
early after bacterial infection. The levels of TNF-α, CC- and CXC-chemokine were only slightly 
modulated following A. hydrophila infection. In contrast, it was noted that in HK leukocytes of carp 
treated with formalin-killed A. hydrophila, the expression levels of the measured cytokines were 
down-regulated at almost all time points. The results suggest that similar to mammals, a complex 
network of cytokines regulate the immune response of fish against pathogens.

Introduction
Motile Aeromonas septicemia in fish is caused 
by Aeromonas hydrophila, which is a ubiquitous 
gram-negative, motile, rod-shaped bacterium 
that is commonly isolated from freshwater 
ponds, and is also a normal inhabitant of 
the fish gastrointestinal tract. The disease 
primarily affects freshwater fish, including 
catfish, bass, and many species of tropical and 
ornamental fish (Cipriano, 2001).

Innate immune response mechanisms serve 

as the first line of defense against infection. 
Fish exhibit both innate and specific immune 
responses, with humeral and cellular 
mechanisms to resist infectious disease. 
However, the immune system in fish is poorly 
understood at the molecular level. Further 
characterization of the fish immune system 
may prove essential for the development of 
disease-resistant fish species, vaccines and 
immunostimulants (Sakai, 1999; Secombes et 
al., 2001).
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Cytokines play a significant role in the 
initiation and regulation of inflammatory 
response. Cytokines are signal transduction 
molecules that are composed of proteins 
produced by a variety of cells including T 
cells, dendritic cells, NK cells, monocytes 
and macrophages and activate intracellular 
signal transduction pathways via specific 
receptors localized on target cell membranes, 
thus controlling gene expression. It is thought 
that analysis of specific cytokines may be one 
way to increase our understanding of immune 
response mechanisms.

Recently, several cytokine genes have been 
cloned in fish using expressed sequence 
tags (EST) (Sakai et al., 2005). IL-1β, TNF-α, 
chemokines and IL-10 have been isolated and 
characterized in stimulated carp (Savan and 
Sakai, 2006). However, the role of cytokines 
in carp infected by A. hydrophila has not 
been reported. A study on the expression of 
immune-related genes after infection with live 
pathogenic bacteria has been undertaken in 
the rainbow trout (Grayson et al., 2002).

In mammals, the major role of IL-10 is to involve 
the regulation of immune and inflammatory 
responses, to minimize the damage to the 
host arising following pathogen infection 
or self-immune system activity (Mosmann 
et al., 1994). IL-10 is known to also function 
as an anti-inflammatory cytokine (Moore et 
al., 2001). IL-1β is an essential early cytokine 
response that enables organisms to respond 
to infectious non-self challenges and induce a 
cascade of effects that leads to inflammation 
(Dinarello, 2001). TNF-α is synthesized by 
various cell types upon endotoxin stimulation 
and enhances leukocyte migration and 

phagocytic activity in fish macrophages 
(Zou et al., 2003). Chemokines are pro-
inflammatory cytokines that can be induced 
during an immune response to promote the 
migration of immune cells to a site of infection 
by binding to and activating chemokine 
receptors (Fernandez & Lolis., 2002).

In the current study, we investigated the 
expression of pro-inflammatory cytokines (IL-
1β, TNF-α and chemokines (CC- and CXC-) 
and the inhibitory cytokine (IL-10) in HK 
leukocytes of common carp Cyprinus carpio 
L. following infection with A. hydrophila and 
treatment with formalin-killed A. hydrophila. 

Materials and Methods
Fish
A total of 100 common carp Cyprinus carpio 
L. (mean weight 120 g) were obtained from 
Sunaso Fisheries in Miyazaki, Japan. The fish 
was maintained in outdoor tanks with running 
fresh water at 16 °C, acclimatized for 2 weeks 
and fed commercially pellets twice daily.

Bacterial strains
A. hydrophila (strain MU9901) used in the 
infectivity study was isolated from diseased 
carp on Trypticase Soy Agar (TSA, Nissui, 
Tokyo, Japan) and then inoculated on 
Trypticase Soy Broth at 25 °C for 2 days. 
Bacterial cells were then adjusted (based on 
spectrophotometry) to 4.5 × 109 CFU / mL in PBS. 
Thereafter, a part of the bacterial suspension 
was inactivated by adding formalin to a final 
concentration of 1% formaldehyde (Merck 
Sharp & Dohme AB Sollentuna, Sweden) with 
continuous shaking at room temperature and 
incubating overnight. Formalin was removed 
by three cycles of washing with 0.15 M 
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phosphate buffered saline (PBS), pH 7.2 at 4°C 
and centrifugation at 4500 ×g for 5 min.

Experimental design
Fish were allocated into 3 groups. First and 
second group fish were challenged with a 0.1-
ml intraperitoneal injection (i.p) of 4.5 × 109 
CFU / ml of either live or formalin-killed A. 
hydrophila, while the third group fish were 
injected with 0.1 ml PBS as control. Three fish 
from each group were then sacrificed 1, 4, 8 
or 12 h after the challenge. HK leukocytes 
were isolated according to Braun-Nesje et al. 
(1982).

Expression analysis of carp cytokine genes
RT-PCR
Total RNA was isolated from treated carp 
head kidney cells using the ISOGEN kit 
(Nippon Gene, Osaka, Japan) according 
to manufacturer ’s instructions. RNA 
concentration was determined by UV 
spectrometry. cDNA synthesis was performed 
by ReverTra Dash (Toyobo, Osaka, Japan). 
Using the synthesized cDNA as template, 
PCR reactions were performed according 
to the protocol established by Kono et al, 
2004. Expression levels of the CC-chemokine 
(AB010469), CXC-chemokine (AB082985), IL-
1β (AB010701), IL-10 (AB110780) and TNF-α 
(AB112424) in carp were examined using the 
gene specific primers. Sequence, annealing 
temperature and PCR product size of gene 
specific primer for carp β-actin (control gene) 
and cytokine genes used in expression analysis 
are shown in Table 1. The cycling conditions 
for PCR were: initial denaturation at 94 °C 
for 3 min then 94 °C for 30 sec, annealing at 
(50-64 °C) for 30 sec and extension at 72 °C 
for 45 sec (this step repeated 25-35 cycles) 

followed by final extension at 72 °C for 5 min. 
PCR products were electrophoresed on 1.5 % 
agarose gel. 

Semi-quantitative analysis of RT-PCR 
products
Semi-quantitative analysis was undertaken 
in accordance to the method described by 
Kono et al. (2004). The carp cytokine / β-actin 
gene ratio was determined by densitometry, 
undertaken by measuring photo-stimulated 
luminescence values using SCIENCE LAB99 
IMAGE GAUGE software (Fujifilm, Tokyo, 
Japan).

Statistical analysis
Three replicates of PCR results for the infected 
and treated groups were analyzed using one 
way analysis of variances (ANOVA) test.

Results
IL-1β
The expression level of IL-1β in carp infected 
with A. hydrophila was found to be higher than 
the controls at 8 and 12 h p.i. The highest level 
of expression was recorded at 8 h p.i (2-fold 
increase) in regard to the control group (Table 
2). In contrast, the expression levels of IL-1β in 
carp treated with formalin-killed A. hydrophila 
was up-regulated only at 8 h p.i .

TNF-α
In carp infected with A. hydrophila, the 
expression level of TNF-α was significantly 
increased at 4 h p.i compared to the control 
group (Table 2). In contrast, the expression of 
TNF-α in carp treated with formalin-killed A. 
hydrophila was significantly suppressed at 12 
h post-treatment.
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Table 1. Gene specific primers, annealing temperature and their corresponding product size of carpβ-actin 
and cytokine genes used in this study.

Gene Sequence (5’--3’)
Annealing 

temperature 
(°C)

Product 
(bp)

β-actin Fw TCGTACCACTGGTATCGTGA 60 313
β-actin Rv AATGGTGATGACCTGTCCG
CC-chemokine Fw AATGGAGACACGCAGGATCCT 64 309
CC-chemokine Rv GCTCAGTCACTAATAGATGATGC
CXC-chemokine Fw ATGAAAATCATTACCGCTGTG 58 190
CXC-chemokine Rv TGGATTCAAGCATTTCTGCTC
IL-1β Fw CAACATTCGTGTCGAG 50 316
IL-1β Rv AAGTTTGTGGTTCGGG
IL-10 Fw TGATGACATGGAACCATTACTGGA 58 284
IL-10 Rv CACCTTTTTCCTTCATCTTTTCAT
TNF-α Fw GAACGCCAGCTCCTCAAA 60 187
TNF-α Rv ATGGATGGCAACCTTGGA

Table 2. Expression* of cytokines in head kidney leucocytes from carp inoculated with a) live and b) formalin-
killed A.hydrophila.

Gene
Reading 

in control 
fish

Time post inoculation (hours

A) live A. hydrophila b) formalin-killed A. hydrophila
1 4 8 12 1 4 8 12

IL-1 β 1 NS NS 1.96 1.32 NS NS 1.33 NS
TNF-α 1 NS 1.29 NS NS NS NS NS 0.28
IL-10 1 1.42 2.52 4.05 1.85 0.53 0.46 0.23 0.30
CC-chemokine 1 NS NS NS NS NS 0.45 0.30 0.20
CXC-chemokine 1 NS 1.41 NS NS NS NS NS 0.25

*Values are given for significant differences between control (which was set at 1.0) and treated groups, 
representing the average luminometric reading of amplified gene products from inoculated fish relative to 
the average in control fish samples. N=3 fish per group. NS=non significant.
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IL-10
The expression level of IL-10 in carp infected 
with A. hydrophila was found to be higher 
than in control group at all of the measured 
infection time intervals. Moreover, the 
expression of the IL-10 gene was highest at 8 
h p.i (4-fold increase) compared to the control 
group (Table 2). The expression of IL-10 in carp 
treated with formalin-killed A. hydrophila was 
found to be significantly down-regulated.

CC-chemokine
The expression level of CC-chemokine in 
carp infected with A. hydrophila was found 
to be slightly increased 4 h p.i compared to 
the control group (Table 2). In contrast, the 
expression levels of CC-chemokine in carp 
treated with formalin-killed A. hydrophila was 
significantly decreased 4, 8 and 12 h post-
treatment as compared to the control group.

CXC-chemokine
The expression level of CXC-chemokine 
was increased at 4 h p.i with A. hydrophila 
(Table 2). The expression of CXC-chemokine 
was significantly decreased in carp treated 
with formalin-killed A. hydrophila 12 h post-
treatment.

Discussion
The innate immune response plays a crucial 
role in host protection against pathogens 
and relies on numerous pattern recognition 
receptors to alert the immune system of the 
presence of invading bacteria. 

In the current study, pro-inflammatory 
cytokine expression including IL-1β and 
TNF-α was up-regulated after infection 
with A. hydrophila, and down-regulated after 

treatment with formalin-killed A. hydrophila. 
A number of studies have demonstrated that 
LPS, a component of gram-negative bacteria, 
is able to stimulate expression of both TNF-α 
and IL-1β in fish. Moreover, Galindo et al. 
(2003) demonstrated that Aeromonas cytotoxic 
enterotoxin up-regulated TNF-α and IL-1β 
expression.

The expression levels of chemokines were 
slightly altered following A. hydrophila 
infection. The CC- and CXC-chemokines 
analyzed in this study were found to be 
similar to CCL-Cub and CXCL-C5 that are 
expressed in zebrafish (Nomiyama et al., 2008 
and data not shown). The expression of these 
chemokines increased following infection 
with the bacterial components.

IL-10 expression has been identified in carp 
after LPS stimulation to the HK (Savan et al., 
2003). In the current study, the expression 
of the IL-10 gene was increased 1 h p.i. The 
significant elevation directly after the infection 
suggests that IL-10 may act as an inflammatory 
cytokine in carp although IL-10 is generally 
known as an immunosuppressive cytokine. 
This is because, in rainbow trout and carp, IL-
10, like other inflammatory cytokines such as 
TNF-α, IL-1β and IL-8, is expressed soon after 
LPS stimulation, whereas in humans, IL-10 is 
not expressed so quickly (Inoue et al., 2005).
 
It is also well established that transcript levels 
of immune-related genes do not necessarily 
reflect the precise protein levels expressed by 
cells (Gygi et al., 1999). For many proteins, 
regulation of expression occurs at either a 
post-transcriptional or translational level, 
resulting in a delayed protein turnover. 



Bull. Eur. Ass. Fish Pathol., 29(6) 2009, 203

The observed down-regulation in cytokine 
gene expression in carp after treatment with 
formalin-killed A. hydrophila is in contrast to 
that observed in mammals as commonly used 
vaccines are known to alter cytokine profiles 
and protect hamsters from death, but they 
often fail to stimulate sterile immunity and 
are unable to prevent pathology (Amporn 
et al., 2008). Furthermore, formalin-killed 
A. salmonicida or live non-pathogenic E. coli, 
failed to up-regulate cytokine expression 
levels (Komatsu et al., 2009). The observed 
down-regulation may also be attributed 
to the depletion of immune cells from the 
head kidney in the early stages of treatment 
(Mulder et al., 2007).

In conclusion, the expression pattern of 
cytokine genes may be attributed to cytotoxic 
enterotoxin activated arachidonic acid 
metabolism in proliferating A. hydrophila 
(Galindo et al., 2003), and an increased 
presence of bacterial components that trigger 
immune cell response. Thus, vaccination with 
crude LPS induces better protection against 
infection with A. hydrophila in carp than 
vaccination with a formalin-killed vaccine 
(Baba et al., 1988). We recommended that 
immunostimulants should be administrated 
prior to or in conjunction with the formalin-
killed vaccine. Further work is required to 
precisely determine the function of pro-
inflammatory cytokine expression during A. 
hydrophila infection in the carp, in terms of the 
effects on both survival and recovery from 
infection.

Acknowledgment
We would like to thank Mr. Hiroki Kuragasaki 
for his valuable contributions in this study 

during the whole work. M. Tanekhy received 
partial financial support from the Egyptian 
government as part of a Scholarship for his 
PhD degree.
 
References
Amporn S, Surasakdi W, Anucha P, Vanaporn 
W and Rasana W (2008). Analysis of 
Vaccination Protocols for Leptospira interrogans 
Serovar Autumnalis in Hamsters. American  
Journal of  Tropical  Medicine &  Hygiene 79, 
779-786.

Baba TJ, Imamura J, Izawa K and Ikeda K 
(1988). Immune protection in carp, Cyprinus 
carpio L., after immunization with Aeromonas 
hydrophila crude lipopolysaccharide. Journal of 
Fish Diseases 11, 237-244.

Braun-Nesje R, Kaplan G and Sejelid R 
(1982). Rainbow trout macrophages in 
vitro: Morphology and phagocytic activity. 
Developmental & Comparative Immunology 6, 
281-291.

Cipriano RC (2001). Aeromonas hydrophila and 
Motile Aeromonas Septicemias of Fish. U.S. 
fish and wildlife service. Fish & Disease Leaflet 
68.

Dinarello CA (2001). Novel targets for 
interleukin 18 binding protein. Annals of 
Rheumatic Diseases 60, 18–24.

Fernandez E and Lolis E (2002). Structure, 
function, and inhibition of chemokines. Annu 
Rev Pharmacol Toxicol 42, 469–99.

Galindo CL, Sha J, Ribardo DA, Fadl AA, 
Pillai L and Chopra AK (2003). Identification 
of Aeromonas hydrophila Cytotoxic Enterotoxin-
induced Genes in Macrophages Using 
Microarrays. Journal of Biological Chemistry 
278, 40198-40212.
 
Grayson TH, Cooper LF, Wrathmell AB, Roper 
J, Evenden AJ and Gilpin ML (2002). Host 
responses to Renibacterium salmoninarum and 



Bull. Eur. Ass. Fish Pathol., 29(6) 2009, 204

specific components of the pathogen reveal 
the mechanisms of immune suppression and 
activation. Immunology 106, 273-283.
  
Gygi SP, Rochon Y, Franza BR and Aebersold 
R (1999). Correlation between protein and 
mRNA abundance in yeast. Molecular and 
cellular biology 19, 1720-30.

Inoue Y, Kamota S, Ito K, Yoshiura Y, 
Ototake M, Moritomo T and Nakanishi T 
(2005). Molecular cloning and expression 
analysis of rainbow trout (Oncorhynchus 
mykiss) interleukin-10 cDNAs. Fish & Shellfish 
Immunology 18, 335-344.

Komatsu K, Tsutsui S, Hino K, Araki K, 
Yoshiura Y, Yamamoto A, Nakamura N and 
Watanabe T (2009). Expression profiles of 
cytokines released in intestinal epithelial cells 
of the rainbow trout, Oncorhynchus mykiss, in 
response to bacterial infection. Developmental 
& Comparative Immunology 33, 499–506.

Kono T, Ponpornpisit A and Sakai M (2004). 
The analysis of expressed genes in head 
kidney of common carp, Cyprinus carpio L. 
stimulated with peptidoglycan. Aquaculture 
235, 37-52.

Moore KW, Waal RL, Coffman RL and O’Garra 
A (2001). Interleukin-10 and the interleukin-
10 receptor. Annual  Review of Immunology 19, 
683-765.

Mosmann T (1994). Properties and function 
of interleukin-10. Advances of Immunology 56, 
1-26.

Mulder I, Wadsworth S and Secombes C 
(2007). Cytokine expression in the intestine of 
rainbow trout (Oncorhynchus mykiss) during 
infection with Aeromonas salmonicida. Fish & 
Shellfish Immunology 23, 747-759.
 
Nomiyama H, Hieshima K, Osada N, Kato-
Unoki Y, Otsuka-Ono K, Takegawa S, Izawa 
T, Yoshizawa A, Kikuchi Y, Tanase S, Miura 
R, Kusuda J, Nakao M and Yoshie O (2008). 
Extensive expansion and diversification of 

the chemokine gene family in zebrafish: 
identification of a novel chemokine subfamily 
CX. BMC Genomics 9, 222.

Sakai M (1999). Current research status of fish 
immunostimulants. Aquaculture 172, 63-92.

Sakai M, Kono T and Savan R (2005). 
Identification of expressed genes in carp 
(Cyprinus carpio L) head kidney cells after 
in vitro treatment with immunostimulants. 
Developments in biologicals 121, 45-51. 

Savan R, Igawa D and Sakai M (2003). 
Cloning, characterization and expression 
analysis of interleukin-10 from the common 
carp, Cyprinus carpio L. European Journal of 
Biochemistry 270, 4647-4654.

Savan R and Sakai M (2006). Genomics of 
fish cytokines. Comparative Biochemistry & 
Physiology 1, 89-101.

Secombes CJ, Wang T, Hong S, Peddie S, 
Crampe M, Laing KJ, Cunningham C and Zou J 
(2001). Cytokines and innate immunity of fish. 
Developmental and Comparative Immunology 25, 
713-723.

Zou J, Peddie S, Scapigliati G., Zhang Y, 
Bols NC, Ellis AE and Secombes CJ (2003). 
Functional characterization of rTNF in rainbow 
trout, Oncorhynchus mykiss. Developmental & 
Comparative Immunology 27, 813-822. 


