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Introduction
	 Bony fish and teleost fish possess both humoral-mediated immu-
nity (HMI) and cell-mediated immunity (CMI) [1], however, yet most 
of studies on protective immunity of fish towards pathogenic agents 
have focused on the role of antibodies directed against whole bacte-
rial cells as well as their toxic products [2]. The production of macro-
phage-activating factor (MAF) by leucocytes under the stimulation of 
mitogens or antigens threw some light on the mechanisms involved 
in CMI was only recent research. Tumor necrosis factor α (TNFα) is 
a powerful pleiotropic pro-inflammatory cytokine secreted by sever-
al cells including monocytes (MCs), macrophages (MΦ), neutrophils 
(ANCs), polymorphonuclear leucocytes (PMNL), mast cells (MCs), 
smooth muscle cells (SMCs), natural-killer cells (NKCs), and T-cells 
following their stimulation by bacterial lipopolysaccharide (LPS) or 
during acute inflammation or infection. It was responsible for a differ-
ent range of signaling events within cells including inflammatory, in-
fectious, and malignant conditions [3]. TNF is well-defined role as an 
important mediator in resistance against parasitic, bacterial, and viral 
diseases [4-6]. The TNF belong to a large family of structurally relat-
ed proteins called ‘TNF Ligand Superfamily’ (TNFSF) which diverse 
and profound involving inflammation, apoptosis, cell proliferation, 
and the stimulation of various aspects of the immune system [7]. It is 
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Abstract
Differential tissue expression of tumor necrosis factor α (TNFα) 

gene and their mediated antimictobial immune response were in-
vestigate in challenged and immunized goldfish (Carassius auratus) 
both in vitro and in vivo against Aeromonas hydrophila (strain KCTC 
2358). A correlation between the proliferation of immune head kidney 
(HK) leucocytes and the production of macrophage activating factor 
(MAF) were also studied in the present experiment. The proliferative 
immune response of HK leucocytes of infected goldfish immunized 
with formalin killed (FK) A. hydrophila vaccine was significantly high-
er compared with that of non-immunized goldfish. The production 
of reactive oxygen and nitrite intermediates from the resident gold-
fish phagocytes of control was enhanced after incubating with the 
MAF-containing supernatants for 48 h. Both cytokine-containing su-
pernatants and the incubated phagocytes of the immune HK leuco-
cytes also exhibited a significant increase of bactericidal activity. The 
study also showed that nitric oxide (NO) production and microbicidal 
activity of the antigen-activated phagocytes were partially blocked 
with NG-monomethyl-L-arginine (NG-MMLA), suggesting that NO 
might be an important anti-microbial effector in goldfish phagocytes.

Keywords: Aeromonas hydrophila, Bactericidal activity, Carassius 
auratus, Macrophage-activating factor (MAF), Tumor necrosis factor 
α (TNFα), Vaccination

unclear, what may have diverged in the evolution of vertebrates, the 
receptors and the cellular mechanism by which the ligands function 
[8,9].

	 TNFα and β has been discovered and characterized by a large 
number of mammalian taxa which are recently cloned in various bony 
fish and teleost’s fish species [10-17]. These studies have revealed the 
existence of some obvious differences from their mammalian coun-
terparts and the multiple isoforms of TNFα present in various teleost 
fishes [10-12,14-16]. It was contains four exons and three introns, and 
the deduced protein sequences that possess in the TNF family signa-
ture and it conserve by two cysteine residues. Recently, there are two 
non-mammalian TNFα mRNAs isoforms have been discorded, such 
as TNF1 and TNF2 in different fishes [10-19], which the TNF2 gene 
exhibits high constitutive expression in different tissues of healthy 
fish, but it relatively poor expression (up-regulation) when fish im-
mune challenge in vitro and in vivo [11,13,14]. 

	 A number of studies have provided an indirect evidence for the 
biological role of TNFα suggested that an important MAF produced 
by leukocytes, which stimulates macrophage function in vitro. Expres-
sion analysis of the TNFα isoforms has been demonstrated in several 
fish species that can be up-regulated in macrophages by stimulated 
with bacterial LPS and TNF2 being expressed at a higher level than 
TNF1 [7,14,17 and 20]. In Japanese flounder, TNFα was first iden-
tified as a single copy gene, which inducible mRNA expression by 
LPS, and phorbol myristate acetate (PMA) stimulated the leukocytes 
[18]. In rainbow trout, seabream, goldfish, and catfish, homologous 
MAF-containing supernatants have been shown to induce a typical 
activated-macrophage response by LPS, evidenced by increases in re-
spiratory burst activity (RBA), phagocytosis, and nitric oxide (NO) 
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production [21-27]. Similarly, carp and turbot the head kidney (HK) 
leukocytes induce by LPS that results in proliferation, NO production, 
inhibited with pentoxifylline (PTX), and a known blocker of TNFα 
production [17,28]. Interestingly, in salmonids have been reported 
to be constitutively expressed in HK and gill tissues and it is LPS-in-
ducible in isolated HK leukocytes [14], while in trout TNFα induced 
leukocyte migration and phagocytosis [15]. On the other hand, the re-
combinant TNFα (rTNFα) in gilthead sea bream increased phagocyte 
mobilization and primed the RBA [29]. Thus the above studies are 
strongly indicates that CMI may play an important role in the immune 
protection of fishes against pathogens.

	 The most unpredicted and exciting difference between fish and 
mammal TNFα alarms the weak in vitro effects on phagocytosis. Con-
sequently, high concentration of rTNFα is weakly induced chemotax-
is, RBA, phagocytosis, and NO response of macrophages in goldfish 
[29] and in channel catfish [11]. However, TNFα alone or combined 
with LPS failed to trigger the RBA of phagocytes in turbot [30] and 
in gilthead seabream [31], but it induce significant NO production 
of phagocytes in turbot [30]. Perhaps one of the importance roles of 
TNFα is macrophage-mediated cytotoxicity due to the proapoptotic 
effects. Nevertheless, TNFα is increasingly recognized as a key regu-
lator of lipid metabolism in adipose tissue and protein catabolism in 
muscle [7]. Therefore, this weak in vitro activity of fish TNFα sharp-
ly contrasts with the powerful actions exerted by injection of rTNFα 
in gilthead sea bream, which includes the recruitment of phagocytes 
to the injection site with a concomitant strong increase in their RBA 
[31]. These information’s were raise questions regarding the evolution 
of TNFα functions and, particularly, the roles played by this cytokine 
in the regulation of the inflammatory response in different vertebrate 
groups. 

	 Goldfish are popular, small, inexpensive, colorful, and economic 
important ornamental fish species. It can be kept in pond or aquar-
ium throughout year in temperate and subtropical climates. This 
fancy goldfish are more susceptible to different pathogens, including 
bacteria, virus, and fungus. A Gram-negative Aeromonas hydrophila 
bacterium is major problem in goldfish [32]. Currently no informa-
tion is available concerning the expression of the TNFα cytokine gene, 
which does not strongly respond to the majority of known cytokine 
expression inducers in goldfish against A. hydrophila. In our labora-
tory for the first time preliminary results show that A. hydrophila in-
hibits TNFα mRNA expression in goldfish macrophages both when 
pre-treated and when added simultaneously with LPS (Harikrishnan; 
unpublished results). Therefore, the present study investigated first 
time release of cytokines from HK leucocytes susceptibility to A. hy-
drophila infected and after immunized goldfish with heat-killed (HK) 
A. hydrophila vaccine and their possible immune protection like pro-
liferation of HK leucocytes, RBA, NO production, phagocytosis, in-
tracellular killing activity, and differential tissue expression.

Material and methods
Fish 

	 Healthy goldfish, Carassius auratus weighing approximately 
38 g were purchased from a local fish farm at Tiruchirapalli, Tamil 
Nadu, India and transported to the laboratory in plastic bags filled 
with oxygenated water. The fishes were stocked randomly into 150-L 
aquaria. All fish were acclimated for 2 week under natural laboratory 
conditions (14/10 h light/dark cycle) prior to challenge or immuni-
zation. The use of goldfish for this study was approved by an official 
Ethics Committee of Bharathidasan University, Tamil Nadu, India. 

The aquaria water quality parameters were monitored during the ex-
perimental period as dissolved oxygen concentration 5.5 - 7.4 mg l-1 
(Winkler’s method), pH 5.6 - 7.3, and temperature at 18 - 21 ºC. The 
fish were fed a commercial pellet diet ad libitum twice a day at 5% of 
their body weight throughout the experiment. The 50% of water of 
the aquaria was renewed five days once to remove the unfed and fecal 
materials. 

Preparation of A. hydrophila culture and vaccine

	 A. hydrophila (KCTC 2358) was obtained from Korean Collection 
for Type Cultures (KCTC) in Daejeon, South Korea and maintained in 
the laboratory. Subcultures were maintained on tryptic soy agar (TSA, 
Sigma) in slopes at 5 ºC and routinely tested for pathogenesis [33], by 
inoculation into goldfish [34]. Stock culture in tryptic soy broth (TSB, 
Sigma) was stored at -70 ºC in 0.85% NaCl with 20% glycerol (v/v) to 
provide stable inoculate throughout the experiment [32]. Subculture 
of A. hydrophila was taken on TSA slope and harvested by TSB. The 
inoculated TSB was incubated for 24 h in a shaker at 30 ºC, and then 
centrifuged at 12000 g for 10 min at 4 ºC [32]. The supernatant was 
discarded and the bacterial pellet was washed three times with phos-
phate-buffered saline (PBS) at pH 7.2. The number of A. hydrophi-
la cells ml-1 in one day culture was enumerated using standard plate 
count methods on TSA plates supplemented with 5% sheep’s blood 
[32]. 

	 For the preparation of vaccine, an aliquot of 25 µl of culture used 
on BHI agar plates and incubated for 48 h at 26 ºC. Pure culture of 
A. hydrophila was taken and inoculated in TSB for 24 h at 28 °C, and 
then washed with PBS for three times. Cells were then suspended in 
PBS containing 0.4% formalin to a final concentration of 1.0 x 105 cells 
ml-1. The formalin killed cells (FKC) thereafter diluted with an equal 
volume of Freund’s complete adjuvant (FCA; ICN Biomedicals) and 
stored at 4 °C until use. Before use, the vaccines were kept at room 
temperature (RT) and check the viability of bacteria on BHI agar 
plates.

Experimental design, immunization and cumulative mortality

	 The goldfish were divided into three groups of 50 fish (3x50=150 
fish) each in triplicate groups (3x150= 450 fish) namely: (i) control 
group (C) received with 100 µl PBS or FCA; (ii) fish challenged in-
tra-peritoneally with 100 μl of phosphate-buffered saline (PBS, pH 
7.2) containing 1.0 x 105 cells ml-1 of A. hydrophila (I); infected fish 
immunized intra-peritoneally with 100 µl of formalin-killed (FK) A. 
hydrophila (1.0 x 105 cells ml-1) in FCA (T). The same was booster 
after 2nd week. After booster at weeks 1, 2, and 4, the HK leucocytes 
were collected all groups for in vitro mediated antimicrobial immune 
response and differential tissue expression by RT-PCR namely: (i) 
incubate only supplemental L15 medium (C); (ii) incubate superna-
tant of control HK leucocytes without bacterial cells (CHK); (iii) in-
cubate supernatant of control HK leucocytes stimulated by bacterial 
cells (CHKB); (iv) incubate supernatant of immunized HK leucocytes 
without bacterial cells (IHK); (v) incubate supernatant of immunized 
HK leucocytes stimulated by bacterial cells (IHKB); (vi) incubate su-
pernatant of immunized HK leucocytes stimulated by bacterial cells in 
the presence of 1000 ìM NG-MMLA (IHKB-NG-MMLA).

Sample collection

	 The antiserum sample (500 µl) were collected via the caudal vein 
puncture of six fish each experiment (control or exposed) from one 
of the triplicate aquaria at 1, 2, and 4 weeks of post-challenged with 
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bacteria or vaccination after fish anesthetized in a 100 mg l-1 solution 
of tricaine methanesulfonate (MS-222). Immediately after blood sam-
pling tissues sample of muscle, gills, liver, anterior kidney/head kidney 
(HK), heart, spleen, and intestine were rinsed in cold PBS (Gibco) at 
pH 7.2 and stored in 1-ml Trizol® (Invitrogen) frozen at -80 ºC in liq-
uid nitrogen until DNA or RNA extraction. Individual fish was sam-
pled only once to avoid the influence on the assays due to multiple 
bleeding and handling stress on the fish. 

Proliferation of head kidney (HK) leucocytes

	 The HK leucocytes were obtained from goldfih following Marsden 
et al. [37]. Goldfish HK cell suspensions were diluted in L-15 medium 
(Leibovitz, Sigma) containing 10 iu ml-1 heparin, 100 µg ml-1 penicil-
lin/100 iu ml-1 streptomycin (P/S) and 10% foetal calf serum (FCS) 
and layered over 51% Percoll density gradients (All are Sigma). It was 
centrifuged at 400 g for 45 min at 4 ºC. After leucocytes were carefully 
removed from the Percoll medium interface and counted by a Coulter 
counter (Coulter Electronic Ltd.). The reliability of the HK leucocytes 
cells were checked by trypan blue exclusion (TBE) assay. The HK leu-
cocytes cell suspension was then adjusted to 5 x 106 cells ml-1. Each 
well of a 96-well tissue culture plate (Falcon Laboratories) was seeded 
with 100 µl of HK leucocytes in L-15 medium containing 100 µg or 
100 iu ml-1 P/S, and 10-5 M 2-mercaptoethanol (Sigma). A volume of 
5 µl medium containing 1 x 105 FK A. hydrophila cells was added and 
incubated for 3 h at 25 ºC before the cultures were supplemented with 
10% heat-inactivated FCS and 5% heat-inactivated homologous fish 
plasma. The propagation of HK leucocytes were determined by colori-
metric 3-[4,5-dimethylthiazol-2-yl.-2,5-diphenyltetrazolium bromide 
(MTT) assay [38]. After 48 h culture, 20 µl of MTT (5 mg ml-1 PBS) 
was added to each well of the leucocyte cultures and incubated further 
25 ºC for 4 h, then centrifuged at 500 g for 10 min. After centrifuga-
tion, the supernatant fluid was carefully discarded without disturbing 
the cell pellet or precipitate. A 200 µl of DMSO (Sigma) and 25 µl of 
glycine buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5) was added and 
mixed thoroughly in each well then incubated at RT for 10 min. The 
formazan development was determined at 570 nm using Bio-kinetics 
reader (EL 312e, BIO-TEK Instruments). The HK leucocytes obtained 
from bacteria-immunized goldfish 4 weeks post-immunization and 
the control fish were referred to as ‘immune HK leucocytes’ and ‘con-
trol HK leucocytes’, respectively.

Determination of specific antibody

	 Antibody (Ab) titres against the A. hydrophila strain were deter-
mined by an agglutination test in 96-well microtitre plates (Sigma) 
following Robertson [36]. A volume of 50 µl each serum samples were 
serially diluted with PBS and 50 µl of formalin-killed A. hydrophila (1 
x 105 cells ml-1) was added to each well and mixed thoroughly then 
incubated at RT overnight prior to examination for agglutination. The 
Ab titres were expressed as the reciprocal of the highest serum dilu-
tion giving positive agglutination.

Production of cytokine-containing supernatants

	 Cytokine (CK)-containing supernatants were prepared following 
Marsden et al. [39]. HK cell suspensions from immunized and con-
trol goldfish were prepared as above and then adjusted to 5 x 106 cells 
ml-1. All the well (24-well tissue culture plate, Falcon Laboratories) 
was seeded with 1 ml-1 of leucocytes in supplemented L-15 medium 
mixed with 0.5-ml medium containing 1 x 105 FK A. hydrophila cells 
(KCTC 2358) and incubated at 25ºC for 3h before the cultures were 
supplemented with 10% heat-inactivated FCS and 5% heat-inactivat-

ed homologous fish plasma. Further 48 h incubation, the supernatants 
were harvested by centrifugation at 10000 g to remove bacteria and 
cell debris. The supernatants were then sterilized by passing through a 
0.22-µm sterile filter (Millipore), aliquoted, and stored at -70 ºC prior 
to use.

Detection of Macrophage Activating Factor (MAF) activity

	 The goldfish HK phagocytes were incubated with supernatant 
samples prepared before the assay of activation [40]. The HK leuco-
cyte suspensions preparation as described above except that cells were 
layered over a 34/51% Percoll density gradient. The cell density was 
adjusted to 5 x 106 ml-1 in L-15 medium containing 1% P/S and 0.1% 
FCS. A volume 100 µl sample of the suspension was added in each 
well (96-well tissue culture plates) and incubated at 25 ºC overnight 
before gentle washing to remove non-adherent cells. Further 100 µl 
fresh supplemented L-15 medium was added to each well. Then 25 µl 
of leucocyte culture supernatant prepared from immunized or control 
goldfish as above was added to each of 8 replicate wells. The plates 
were incubated 48 h, the target phagocytes were assayed for respirato-
ry burst (RB) activity [37] and for the production of reactive nitrogen 
intermediates following method of Wang et al. [41]. The optical densi-
ty (O.D.) was measured by Bio-kinetics reader EL 312e at 630 and 570 
nm.

Phagocytosis and bactericidal activity of phagocytes

	 The phagocytosis assays in replication of bacteria of cultured gold-
fish phagocytes were determined by Yin et al. [42] with a slight mod-
ification. HK phagocytes from six of control or immunized goldfish 
at 1, 2, and 4 weeks post-immunization were collected separately and 
adjusted to 5 x 106 ml-1 in L-15 medium containing 0.1% FCS. Then 1 
ml-1 was added to each well and incubated at 25 ºC overnight. Phago-
cyte monolayers were prepared by the removal of non-adherent cells 
through gentle washing. Each of three replicate wells was added 1 µl of 
L-15 medium containing 0.1% FCS and 250 µl of the CK-supernatant 
samples. The bactericidal assays were determined after incubation 
with 48 h. Live A. hydrophila was opsonized with goldfish specific an-
tiserum. They were then added to the phagocyte monolayers and in-
cubated for 30 min before gentamycin was added to kill extracellular 
bacteria. Antibiotic was removed after 1 h incubation and viable bac-
teria in each well were counted immediately (initial counts) and then 
after 6 h incubation with antibiotic-free medium used for final counts. 
The intracellular bacterial population at 0 h (initial count) represented 
the effects on phagocytosis. The replication index was calculated by 
dividing the population of A. hydrophila at 6 h by the intracellular 
population at 0 h. Values recorded were arithmetic means ± S.D. of 
counts from six monolayers.

Direct killing effect of the CK-supernatants

	 A volume of 100 µl of live bacterial suspension (about 105 cells ml-

1) was added to 900 µl of various culture supernatants, mixed thor-
oughly and incubated at 25 ºC for 4 h. The bactericidal activities of 
the supernatants were expressed as percentages of the mean number 
of bacteria surviving in various culture supernatants as compared to 
those in tissue culture medium.

Isolation of total RNA and 1st strand synthesis
	 Total RNA was isolated using Trizol® (Invitrogen) following the 
manufacturer’s instructions and stored at -80 ºC for later use. The con-
centration of total RNA was quantified by UV spectrophotometry (Ul-
trospec 6300 pro, Amersham Biosciences) at 260 nm. To remove any 
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genomic DNA, the RNA was treated with DNase I (Solgent) according 
to the manufacturer’s instructions. For reverse transcription, 2 µg of 
total RNA from the goldfish tissues with an oligo (dT20) primer and 
Superscript™ III reverse transcriptase (Solgent), and DEPC (Solgent) 
treated dH2O was added to a final volume of 14 µl. This mixture was 
incubated at 70 ºC for 10 min and chilled on ice for at least 3 min. 
The specific primers for goldfish TNFα gene, Gen Bank accession no. 
ABU50128 and goldfish β-actin, GenBank accession no. BAA92339 
was utilized as the internal control (Table 1). Reverse transcription to 
cDNA was carried out. Three microgram RNA in 14 µl DEPC-water 
was incubated with 1 µl oligo (dT) 15-20 (500 µg ml-1, Invitrogen) 
for 10 min at 70 ºC and chilled on ice for at least 3 min. One microli-
tre Moloney Murine Leukaemia Virus (MMLV) reverse transcriptase 
(Solgent), 4 µl 5x first strand buffer (Solgent), 2 µl 10 mM dNTPs (Sol-
gent), 1 µl 0.1M DTT (Solgent) 0.5 µl RNase inhibitor (Solgent) and 
1 µl Diastar RNase were added, and the reaction was incubated at 50 
ºC for 50 min followed by 5 min at 95 ºC. The resultant cDNA was 
dissolved in water and stored at -20 ºC.

cDNA synthesis and reverse transcriptase (RT) PCR of TLR 
and β-actin genes

	 PCR was carried out using different primer sets and conditions 
(Table 1). cDNA (1 µl) was added to an RNAse free tube, followed 
by 25 µl of a premix (Solgent) containing 12.5 µl 2x Taq premix, 1 µl 
forward primer, 1 µl reverse primer (Genotech), 1 µl cDNA sample 
and 11.5 µl DEPC-water. The solution was mixed and briefly centri-
fuged and then subjected to a gene-specific heat-protocol (Table 1) in 
a Astec (PC-707) thermal cycler (Japan). A β-actin PCR was initially 
performed, at 26 cycles, and the amount of template added adjusted 
to give approximately equal PCR products between samples. During 
this procedure the reproducibility of the products obtained from indi-
vidual fish was confirmed. The same amount of cDNA was then used 
for TNFα gene PCRs as a way of normalizing the data in order to give 
a more quantitative result. Optimal cycling number of the other genes 
was determined to generate a product that was visible but not saturat-
ed, and found to be between 32 and 37 cycles, depending on the spe-
cific gene. All of the data were gathered from triplicate experiments 
and were expressed as fluorescence relative to β-actin.

Analysis of expression profile and the relative expression ratio 

	 The resultant PCR products were separated on 2% agarose gel con-
taining 100 ng ml-1 ethidium bromide. The products were run on the 
gel for 1 h at 100 V, using a 100 bp DNA ladder (Bioneer) as a size 
marker. All the gel was then visualized using a Gel Doc image analysis 
system (Bio-Rad). The relative folds (ratio) of TNFα gene expression 
relative to β-actin expression using the pixel density for each product 
were determined by Lab Works image acquisition and analysis soft-
ware. This enabled the evaluation of differential expression of TLRα 
gene between different sample groups. 

Statistical analysis

	 Statistical analysis of mediated antimicrobial immune response 
and TNFα gene expression results (mean ± SE) was performed using 
the Tukey’s test compared the means between groups in SPSS at P < 
0.05 levels.

Results
Antibody production

	 The serum agglutinating Ab titres of control goldfish was less than 

1:32. In compare to control, the immunized group was prominent hu-
moral response on week 2. After 4 weeks of post-immunization with 
FK A. hydrophila vaccine was significantly high level compared to 
control. All these immune sera had Ab titers of lower than 1:32 against 
live A. hydrophila.

Proliferation of HK leucocytes

	 The proliferative response after weeks 1, 2, and 4 of post-challenge 
without live A. hydrophila (CHK) of goldfish HK leucocytes superna-
tant were incubated in vitro did not significantly (P > 0·05) enhanced 
compared with the control. On the other hand, HK leucocytes incu-
bated with live A. hydrophila (CHKB) was significantly enhanced the 
proliferation of HK leucocytes. Immunized goldfish (FK A. hydrophila 
vaccine) HK leucocytes supernatant and incubated with or without 
live A. hydrophila (IHK and IHKB) or immunized goldfish HK leu-
cocytes supernatant and incubated with A. hydrophila in the presence 
of presence of 1000 ìM NG-MMLA (IHKB-NG-MMLA)  were higher 
proliferative response than those of control (Figure 1).

Figure 1: Proliferation of HK leucocytes isolated from control and immunised gold-
fish (means ± SE, n = 6) on 1, 2, and 4 weeks of post-immunisation with forma-
lin-killed A. hydrophila vaccine, and cultured for 48 h in the absence or presence of 
live A. hydrophila in vitro at OD 570 nm. *Indicates statistically (P < 0.05) significant 
difference compared to control group at the same sampling week. C: incubate only 
supplemental L15 medium, CHK: incubate supernatant of control HK leucocytes 
without bacterial cells, CHKB: incubate supernatant of control HK leucocytes stim-
ulated by bacterial cells, IHK: incubate supernatant of immunized HK leucocytes 
without bacterial cells, IHKB: incubate supernatant of immunized HK leucocytes 
stimulated by bacterial cells, IHKB-NG-MMLA: incubate supernatant of immune 
leucocytes stimulated by bacterial cells in the presence of 1000 ìM NG-MMLA.

MAF in supernatants
Production of reactive oxygen intermediates 

	 The production of reactive oxygen intermediates (ROI/O2
- free 

radical) was measured by detecting the reduction of the redox dye 
nitroblue tetrazolium (NBT) caused by target phagocytes. The resi-
dent HK phagocytes of goldfish was incubated with the supernatants 
of control HK leucocytes with or without live  A. hydrophila (KCTC 
2358) showed a high level of RB activity than those of supernatants 
from control HK leucocytes in vitro (CHK and CHKB). On the other 
hand, the supernatants from immune phagocytes incubated in vitro 
with the homologous bacterial antigen exhibited the highest stimu-
lation on fish phagocytes (IHKB) then incubated without bacterial 
antigen (IHK). The production of ROI of immunized goldfish (FK A. 
hydrophila vaccine) HK leucocytes supernatant and incubated with 
live A. hydrophila in the presence of presence of 1000 ìM NG-MMLA 
(IHKB-NG-MMLA) also high level of RB activity compared to con-
trol. These results suggested that the secretion of MAF from immu-
nized goldfish HK phagocytes resulted from the activity of the specific 
immune reaction (Figure 2).
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Figure 2: Reduction of NBT by resident HK phagocytes from control goldfish (means 
± SE, n = 6) on 1, 2, and 4 weeks of post-immunisation with formalin-killed A. hy-
drophila vaccine, and incubated for 48 h in the absence or presence of live A. hydroph-
ila in vitro OD at 620 nm. Abbreviations and statistical information as in Figure 1.

Figure 4: Phagocytosis of resident phagocytes from control goldfish (means ± SE, n 
= 6) on 1, 2, and 4 weeks of post-immunisation with formalin-killed A. hydrophila 
vaccine, and incubated for 48 h in the absence or presence of live A. hydrophila in 
vitro. Abbreviations and statistical information as in (Figure 1).

Figure 5: Intracellular killing activity of resident phagocytes from control goldfish 
(means ± SE, n = 6) on 1, 2, and 4 weeks of post-immunisation with formalin-killed 
A. hydrophila vaccine, and incubated for 48 h in the absence or presence of live A. 
hydrophila in vitro. Abbreviations and statistical information as in (Figure 1).Figure 3: Nitrite production of resident HK phagocytes from control goldfish (means 

± SE, n = 6) on 1, 2, and 4 weeks of post-immunisation with formalin-killed A. hy-
drophila vaccine, and incubated for 48 h in the absence or presence of live A. hydroph-
ila in vitro OD at 570 nm. Abbreviations and statistical information as in (Figure 1).

Phagocytosis and bactericidal activity of the activated 
phagocytes

	 Phagocytic activity of phagocytes treated with various HK leuco-
cyte supernatants was summarized by showing the intracellular cfu 
numbers at initial counts at 0 h (Figure 4).

	 The activation effects of the supernatants prepared from control 
HK leucocytes incubated without live A. hydrophila did not enhance 
the phagocytic activity (CHK). However, control HK leucocytes 

incubated with live A. hydrophila significantly enhance the phagocytic 
activity (CHKB). On the other hand, An inhibition effect on phago-
cytosis by activated phagocytes was also observed in the supernatant, 
that from immune leucocyte culture treated with or without homolo-
gous bacterial antigen (IHK and IHKB) and in the presence of 1000 ìM 
NG-MMLA (IHKB-NG-MMLA) showed highest phagocytic activity 
compared to control. The resident phagocytes treated with superna-
tants from immune fish leucocytes also showed a significant increase 
of killing compared with those of the phagocytes treated with super-
natants from control leucocytes cultures. The present results suggest-
ed that supernatants from immune HK leucocytes exposed in vitro to 
homologous bacterial antigen exhibited the highest stimulation effect 
on the bactericidal activity of phagocytes. However, this killing effect 
of the activated phagocytes was partially inhibited by 1000 ìM NG-
MMLA (Figure 5).

Killing effect of the supernatants

	 The supernatants obtained from the immunized goldfish HK leu-
cocytes that had been incubated for 48 h with FK A. hydrophila vac-
cine then exposed to live bacteria were able to kill almost 98% of the 
bacteria within 4 h, compared with the number of viable bacteria in 
the supplemented L15 medium alone. On the contrary, supernatants 
from the control leucocytes pre-treated with bacterial antigen could 
only kill 10% of the viable bacteria compared with those grown in 
medium alone. The results also showed that significant bactericidal 
activity was present in supernatants from immune leucocytes cultured 
in the absence of specific antigen (Figure 6).

Production of reactive nitrogen intermediates (RNI)

	 The production of RNI (release of NO2
-) was often used as a good 

marker of the NO pathway in macrophages. The present results 
demonstrated that the supernatants of goldfish HK leucocytes and in-
cubated with or without homologous bacterial antigens in vitro were 
able to stimulating the resident phagocytes and produced low levels of 
NO (CHK and CHKB). The supernatant from the immunized goldfish 
HK leucocytes treated with or without homologous bacterial antigen 
showed high levels of NO production (IHK and IHKB). However, su-
pernatant from the immunized goldfish HK leucocytes treated with 
homologous bacterial antigen in the presence of 1000 ìM NG-MMLA 
(IHKB-NG-MMLA) showed low level of NO production. Therefore, 
the present results comparing the effects of various supernatants sug-
gest that the release of MAF was related to the proliferation of the 
HK leucocytes. In addition, the production of NO was indicated that 
inhibited by addition of 1000 ìM NG-MMLA, an effective inhibitor of 
NO synthase enzyme (Figure 3).
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relative expression were high all the groups. The anterior kidney rel-
ative expression was higher infected goldfish after weeks 2 and 4 of 
immunization FK A. hydrophila vaccine group then the control group. 
But the relative expression was found low in all groups of the heart 
and liver tissues (Figure 8).

Figure 6: Ability of supernatants from various cultures of control goldfish HK leu-
cocytes (means ± SE, n = 6) on 1, 2, and 4 weeks of post-immunisation with forma-
lin-killed A. hydrophila vaccine, and incubated for 48 h in the absence or presence of 
live A. hydrophila in vitro. Abbreviations and statistical information as in (Figure 1).

Figure 8: The percentage of relative TLR mRNA expression by semi-quantitative 
analysis obtained relative to β–actin gene expression in different tissues of goldfish 
(mean ± SE, n = 3) sampled at 1, 2, and 4 week of post-challenged or immunized 
with formalin-killed A. hydrophila vaccine. Diagram represents the ratio of TLR mR-
NA/β-actin. M: muscle, G: gills, I: intestine, S: spleen, K: kidney, H: heart, L: liver.

Disease resistance

	 The cumulative mortality of A. hydrophila infected goldfish was 
40% for 15 days post-challenge. However, the mortality of infected 
goldfish after immunized with FK A. hydrophila was 25%. There was 
no mortality in the control group without challenge with A. hydrophi-
la.

TNFα expression after post-challenge goldfish tissues
	 We used semi quantitative real-time PCR to measure the tis-
sue-specific TNFα gene expression in control, challenged and immu-
nized with FK A. hydrophila vaccine in goldfish. We compared the 
relative mRNA copy numbers in RNA preparations extracted from 
muscle, gills, liver, anterior kidney, heart, spleen, and intestine tissues 
(Figure 7).

Figure 7: Differential tissues expression profile of TNFα gene obtained from goldfish 
control and after 1, 2, and 4 weeks of post-challenged or immunized with forma-
lin-killed A. hydrophila vaccine. M: muscle, G: gills, I: intestine, S: spleen, K: kidney, 
H: heart, L: liver.

	 The TNFα gene mRNA expression was high in the gills, intestine, 
spleen, and anterior kidney of control group. The expression was low 
or absent in the muscle, heart, and liver of control group. Low level of 
constitutive expression of TNFα gene was found in spleen of infected 
(I) and immunized goldfish with FK A. hydrophila vaccine on week 1 
while the other tissues are little or absence of expression. On week 2 
immunized goldfish with FK A. hydrophila vaccine, the TNFα gene 
expression was high in anterior kidney whereas low in the muscle, 
gills, intestine, spleen, and heart tissues. The similar results and higher 
expression were found on week 4 immunized goldfish with FK A. hy-
drophila vaccine (Figure 7).

The relative expression ratio of TNFα gene 
	 The relative expression was high in the muscle of control and 
immunized groups. However, in the gills, intestine, and spleen, the 

Discussion
	 Mononuclear phagocytes of mammals have been identified as the 
primary producers of TNFα [43]. The present results and those of oth-
ers suggested that the same was true in fish [10,18,19]. The higher 
mRNA levels of TNFα of goldfish were observed in MAF-activated 
mature macrophages, compared to monocytes. Monocytes appeared 
to be major producers of TNFα induced ROI as shown in this study. 
In contrast, goldfish mature macrophages produced nitrogen inter-
mediates in response to different stimuli [44,45]. It has been reported 
that mammalian TNFα isoforms were differentially induced by LPS 
or GM-CSF in monocytes compared to the monocyte-derived mac-
rophages [46]. These mammalian isoforms are distinct from those 
reported in fish, since they are generated by post-transcriptional or 
translational modifications [46]. rather than by being encoded by dif-
ferent genes as in teleosts [10,15]. Presumably, the role of different 
TNFα isoforms in mammals is to finely tune the pro-inflammatory 
immune responses, and the fish TNFα isoforms being encoded by 
separate genes may have a similar role [29].

	 Recent studies have been demonstrated that protective immuni-
ty on measuring Ab levels as well as cell-mediated immunity (CMI) 
in fish. Phagocytes well known as the direct effector cells in the con-
trol or elimination of the pathogenic agents and are often considered 
playing an important role in the anti-microbial immune response via 
phagocytosis [47]. The productions of cytokines (CKs) by leucocytes 
are able to influence phagocyte functions and understood to be a key 
characteristic of CMI response. Graham and Secombes [48] described 
a method for determining the secretion of MAF from the leucocytes 
to stimulated T cell mitogen of rainbow trout in vitro. The present re-
sults is strongly suggested that MAF secreted by immune leucocytes, it 
may contribute to protective immunity against A. hydrophila. To date 
there was no substantial direct evidence supporting the protective 
roles of these CKs in the anti-microbial activities of the immunized 
fish. Marsden et al. [39] and Francis and Ellis [49] were confirmed that 
MAF could be produced by the immune HK leucocytes.

	 In this study, goldfish TNFα was up-regulated in response to MAF. 
Similarly, in trout, multiple TNFα isoforms exhibited differential ex-
pression in stimulated macrophages [15]. The TNFα-1 expression 
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was very low levels in stimulated macrophages in trout compared to 
the TNFα-2 [15]. The recombinant trout TNFα-1 did not up-regulate 
native trout TNFα-1, while recombinant TNFα-2 induced increased 
expression of both native TNFα isoforms [15]. The evolutionary dis-
tances between different teleost groups of TNF isoforms may be regu-
lated and respond differentially to various stimuli. The MAF superna-
tants contain a plethora of potential immunomodulating agents, the 
differences in expression profiles of the goldfish TNFα after activation 
monocyte/macrophage and their role in the regulation of inflamma-
tion remain to be elucidated.

	 TNFα has been fully characterized in mammals and is one of the 
central regulatory as well as effector cytokines in inflammation. Mam-
malian TNFα has been shown to promote macrophage migration, 
phagocytosis, and production of ROI and RNI [29]. It is confirmed in 
the present results and those of others [10,15,18], that the pro-inflam-
matory roles of TNFα have been evolutionarily conserved in teleost. 
For example, it has been reported in trout rTNFα induced a gradi-
ent-dependent migration response of HK leukocytes [11]. Similarly, 
our results indicate that TNFα induced a chemotactic response of 
goldfish kidney-derived macrophages. It has been established mam-
malian TNFα but does not induce a direct chemotactic effect; instead, 
it promotes chemotaxis by inducing production of chemokines by 
various cell types [50,51]. In contrast, in both trout and goldfish rT-
NFα was chemotactic to kidney-derived macrophages in a dose-de-
pendent manner. The elucidation of precise mechanisms of goldfish 
TNFα-mediated chemotaxis activity differs from those of mammals. 
It must await further understanding of TNFα/TNFα receptor interac-
tions in goldfish.

	 The present study was confirmed that MAF to be released by 
immune HK leucocytes when incubated with A. hydrophila. These 
MAF-containing supernatants could stimulate HK phagocytes and 
increase their production of both ROI and RNI. The ability of the su-
pernatants from various cultures of catfish leucocytes, the production 
of oxygen free-radicals could be considered to be an important bac-
tericidal pathway in fish [52]. The NO is a paramagnetic gas with a 
short half-life and also has significant cytotoxic effects on a variety of 
facultative and obligate intracellular pathogens in mammal [53]. This 
RNI has been produced in goldfish and trout [41]. The HK phagocytes 
to be stimulated by LPS or MAF released from mitogen-primed HK 
leucocytes [54]. 

	 Mammalian TNFα have been shown to induce reactive oxygen 
production by neutrophils including production of super oxide anions 
[55] as well as hydrogen peroxide [56]. The TNFα is one of the cen-
tral cytokines responsible for induction of macrophage anti-microbial 
responses in higher vertebrates [57,58]. This study the goldfish TNFα 
also induced induce production of ROI and RNI in kidney-derived 
macrophages. In the present study was further confirmed, a role of 
NO as bactericidal activity (an effective inhibitor of fish NO synthase) 
in goldfish phagocytes by NG-MMLA. These reports are strong-
ly support that NO produced by activated goldfish phagocytes that 
contributes to the killing of intracellular bacteria as in mammalian 
macrophages. Further our results indicate that the goldfish monocyte 
subpopulation was selectively induced to generate an ROI response 
by MAF or TNFα, whereas the mature macrophages were induced by 
MAF and TNFα to generate RNI [43,59]. The elaboration of segregat-
ed anti-microbial functions in monocytes and mature macrophages 
previously described in the goldfish [43,59]. In this study may be sim-
ilar to those observed in higher vertebrates where activated human 
monocytes have been reported to produce abundant amounts of ROI, 

whereas monocyte-derived macrophages upon further differentiation 
acquired the capacity to produce RNI upon activation [11].

	 In the present study emphasized that a direct anti-microbial ac-
tivity for A. hydrophila was also found in goldfish MAF supernatants 
from the cultures of immune leucocytes. It is unclear which type of 
activated immune leucocytes to be contributed to this bactericidal 
factor and its genuine function of this factor in vivo. A similar activity 
has been found in immune BALB/c mice MAF supernatants of cul-
tured T cells [60]. Therefore the results in the present study, in vitro 
and in vivo experiments suggested that a possible overall mechanism 
for the immune responses of goldfish after immunization with FK A. 
hydrophila. The specific Ab produced against the A. hydrophila could 
be primarily used to prevent the virulent bacteria from attaching and 
penetrating the epithelium of the goldfish. The pathogen had success-
fully entered into the body epithelial cells under certain conditions. It 
leads to an enhanced and elimination of pathogens via phagocytosis 
[42]. The specific antibody is probably to be exclusively involved in 
opsonization of A. hydrophila. 

	 It was demonstrated in the present study and elsewhere [11], that 
teleost rTNFα induced an enhanced phagocytic response of kid-
ney-derived phagocytes. The flow cytometry-based phagocytosis as-
says were allowed the examination of TNFα-induced phagocytosis at 
both cell subpopulation and individual cell level. Our results showed 
that goldfish TNFα induced phagocytosis of kidney derived macro-
phages. Recently significant constitutive tissue expression of TNFα 
have been reported in bony and teleosts fish to be highly variable 
[10,11,31,61]. However, a recent report in Japanese flounders, little or 
no constitutive tissue expression [18]. In carp, a broad pattern of tissue 
expression was attributed to only one isoform (TNFα-3), while the 
other isoforms (TNFα-1 and TNFα-2) were constitutively expressed 
only in the gill [10]. The present results quantitative expression anal-
ysis was different from that reported in carp, since we observed high 
constitutive expression of the goldfish TNFα in most tissues exam-
ined. 

	 The results from the present study also clearly demonstrate that 
goldfish leucocytes primed with bacterial antigen could show a prolif-
erative response to the specific antigens. Further it releases many types 
of protective cytokines which could activate the phagocytes, by en-
hancing phagocytosis and bactericidal activity. The conclusion in the 
present study was an effective protective immunity of goldfish against 
A. hydrophila has to depend on the co-operation of both humoral and 
cellular immune responses. The findings in this study indicate that 
TNFα plays a central role in the inflammatory response of lower ver-
tebrate species such as bony fish. The goldfish description of this cyto-
kine is a potent inducer of several trademark inflammatory response 
pathways and as such is an important tool for further explanation of 
the regulatory mechanisms of inflammation in teleost’s.
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