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A B S T R A C T   

The IL-20 cytokine family, which includes only IL-20, IL-22 and IL-26 in teleost, has a wide range of biological 
functions and is essential for epithelial integrity and innate host defense. IL-22 and IL-26 are the most intensively 
studied cytokine within this family; however, the immunological function of IL-20 in fish is essentially unknown. 
In this study, we examined the expression and function of an IL-20 homologue (WR-IL20) from White crucian 
carp (Carassius cuvieri, WCC, female) × Red crucian carp (Carassius auratus red var., RCC, male). WR-IL20 and its 
parents, WCC-IL20 and RCC-IL20, were both composed of 177 residues with high identities among them. 
Additionally, gene structure, functional domain, tertiary structure, multiple sequence alignment, and phylogeny 
analysis showed a conserved status between WR-IL20, WCC-IL20 and RCC-IL20. WR-IL20, WCC-IL20 and RCC- 
IL20 were mainly expressed in the head kidney and were upregulated by Aeromonas hydrophila infection in vivo. 
Furthermore, recombinant WR-IL20 protein (rWR-IL20) induced increased transcript levels of c-Myc, cyclin D, 
Bcl-2, JAK1, TYK2 and STAT3 in head kidney lymphocytes in vitro. These results provide a new perspective for 
understanding the origin, evolution and function of IL-20 in teleost.   

1. Introduction 

Interleukin (IL) 20 belongs to the IL-20 subfamily that comprises IL- 
19, IL-22, IL-24 and IL-26 which are members of a large IL-10 super
family [1,2]. It has been shown that monocytes, macrophages, kerati
nocytes (23), and dendritic cells can secrete IL-20 [3]. In addition, 
stimulation with LPS, IL-1β, IL-8, IL-17, IL-22 and TNF-α could induce 
IL-20 expression in these epithelial cells and myeloid cells [4]. 
Furthermore, infection of mice with pathogen Citrobacter rodentium 
leads to increased IL-20 expression [5]. Increased expression of IL-20 has 
been reported in biopsies of patients with ulcerative colitis and Crohn’s 
disease [6]. 

In mammals, IL-20 is a pleiotropic cytokine that has a potent in
flammatory, chemoattractant, and antigenic characteristic features [7]. 
The mechanism would be mediated by two types of receptors, type I 
receptor complex and type II receptor complex [2]. The IL-20 type I 
receptor complex is composed of a heterodimer of IL-20Rα and IL-20Rβ, 
while type II receptor complex is composed of IL-22Rα and IL-20Rβ [8]. 
Upon activation, the IL-20 receptors trigger cellular signaling pathways 
involving the Janus Kinase (JAK) and the signal transducer and activator 

of transcription (STAT) and ERK1/2 to elicit cellular responses [1,2]. 
Besides, IL-20 enhances proliferation and differentiation of epithelium 
during inflammation, and protects tissues from infection by inducing the 
production of antimicrobial peptides such as β defensins, S100a8 and 
lipocalin 2 [5]. 

In fish, the IL-20 subfamily members only including IL-20 like (IL- 
20L), IL-22 and IL-26 are present [9–11]. Among these, the IL-20L has 
been described in Tetraodon nigroviridis, Daino rario, Oncorhynchus 
mykiss, Ctenopharyngodon idella and Channa argus [11–16]. For example, 
the expression of IL-20L in grass carp (Ctenopharyngodon idella) is 
upregulated in the head kidney after infection with Flavobactrium col
umnare and grass carp reovirus II (GCRV II) [11]. Functionally, grass 
carp IL-20L is shown to be effective in inducing the expressions of Th 
cytokine genes, macrophage marker genes and inflammatory genes 
[11]. 

Carassius cuvieri × Carassius auratus red var. (WR, 2n = 100), origi
nated from White crucian carp (Carassius cuvieri, WCC, female) × Red 
crucian carp (Carassius auratus red var., RCC, male), has many advan
tages, such as faster growth, better taste and stronger disease resistance 
compared with the WCC and RCC, and has become an economically 
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important species cultured in China [17]. However, fish motile aero
monad septicemia (MAS) has caused serious economic losses to the 
Chinese cyprinid fish industry in recent decades, and Aeromonas 
hydrophila is identified as the etiologic agent of MAS disease outbreaks 
[18]. In this work, we described an IL-20 homologue from Carassius 
cuvieri × Carassius auratus red var. (named WR-IL20), and we compared 
the differences of phylogenetic status, collinearity, exon-intron compo
sition, tertiary structure and functional motif between WR-IL20 and its 
parents (WCC-IL20 and RCC-IL20). In addition, we found that the ex
pressions of WR-IL20, WCC-IL20 and RCC-IL20 were upregulated by A. 
hydrophila challenge. Furthermore, we compared the in vitro immune 
effects of WR-IL20 on head kidney leukocytes of WR, WCC and RCC, 
which may provide the evidence for elucidating the mechanism of het
erosis in WR. 

2. Materials and methods 

2.1. Fish 

Healthy WR, WCC and RCC (average 25.5 g) were collected from the 
Engineering Research Center of Polyploidy Fish Breeding and Repro
duction of State Education Ministry in Hunan Normal University. WR, 
WCC and RCC were acclimatized in 70 × 65 × 65 cm plastic aquarium 
(25 fish/aquarium) and fed with commercial diet twice a day. During 
the experiment, the water environment was as follows: temperature was 
26.11 ± 1.15 ◦C, pH was 7.0 ± 0.2, dissolved oxygen was higher than 
7.0 mg/L, and natural photoperiod, respectively. Before the experiment, 
fish were randomly sampled and verified to be absent of bacterial 
pathogens in liver, kidney, blood and spleen as reported previously [19]. 
For tissue collection, fish were euthanized with tricaine methanesulfo
nate (MS222, Sigma, St. Louis, MO, USA) at a concentration of 100 
mg/L. We followed the laboratory animal guideline for the ethical re
view of the animal welfare of China (GB/T 35892–2018). Fish work was 
approved by the Animal Care Committee of Hunan Normal University 

Fig. 1. Sequences of WR-IL20, WCC-IL20 and RCC-IL20. Alignment of the sequences of WR-IL20, WCC-IL20 and RCC-IL20. Numbers in the end of each species 
indicate overall sequence identities between WR-IL20 and the compared sequences. The consensus residues are in black, the residues that are ≥80% identical among 
the aligned sequences are in grey. The GenBank accession numbers of the aligned sequences are as follows: WR-IL20, OQ822161; WCC-IL20, OQ822160; RCC-IL20, 
OQ822159; Cyprinus carpio, XP_018961607.1; Sinocyclocheilus grahami, XP_016094211.1; Ctenopharyngodon idella, XP_051767696.1; Danio rerio, NP_001076424.1; 
Triplophysa tibetana, KAA0707760.1; Astyanax mexicanus, XP_007247852.3; Atractosteus spatula, MBN3324885.1; Oncorhynchus nerka, XP_029543883.1; Denticeps 
clupeoides, XP_028854808.1; Homo sapiens, AAQ88686.1; Mus musculus, NP_067355.1. The signal peptide is labeled by black line. The cysteine residues are labeled by 
red boxes. 
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(2023109). 

2.2. Cloning of WR-IL20, WCC-IL20 and RCC-IL20 

Total RNA from kidney of WR, WCC and RCC were extracted using 
TRIzol Reagent (Invitrogen, California, CA, USA) as described in the 
manufacturer’s instruction respectively. The first-strand cDNAs from 
WR, WCC and RCC were synthesized from the total RNA using the 
Maxima H Minus First Strand cDNA Synthesis Kit with dsDNase (Thermo 
Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s 
protocol. WR-IL20, WCC-IL20 and RCC-IL20 were amplified using 
primers IL20-F1/IL20-R1, respectively (Table S1). The sequences of WR- 
IL20, WCC-IL20 and RCC-IL20 had been deposited in GenBank database 
under the accession number OQ822161, OQ822160 and OQ822159, 
respectively. The DNA templates from WR, WCC and RCC were extrac
ted from kidney by genomic DNA extraction kit (Tiangen biotech., 
Beijing, China) according to user’s manual. The genomic DNA sequences 
of WR-IL20, WCC-IL20 and RCC-IL20 were amplified through primers 
IL20-F1/IL20-R1, respectively (Table S1). 

2.3. Sequence, structure and phylogenetic analysis 

The cDNA and amino acid sequences of WR-IL20, WCC-IL20 and 
RCC-IL20 were analyzed using the BLAST program at the National 
Center for Biotechnology Information (NCBI). Domain search was per
formed with the simple modular architecture research tool (SMART) 
version 4.0 and the conserved domain search program of NCBI. The 
tertiary structures of proteins were predicted by SWISS-MODEL 
(https://swissmodel.expasy.org/) using Human IL-20 (SMTL ID: 4doh. 
A) as a template. Multiple sequence alignments were created with 

Clustal X. Phylogenetic trees were constructed using MEGA 4.1 software 
with the neighbor-joining (NJ) algorithm. 

2.4. Quantitative real time reverse transcription-PCR (qRT-PCR) 

2.4.1. qRT-PCR analysis of WR-IL20, WCC-IL20 and RCC-IL20 expression 
in fish tissues under normal physiological conditions 

Distal intestine, brain, kidney, liver, spleen, skin, gill and muscle 
were taken aseptically from WR, WCC and RCC (as described above, 
three fish in each experiment) and used for total RNA extraction with 
EZNA Total RNA Kit II (Omega Bio-tek, Doraville, CA, USA). The first- 
strand cDNAs were synthesized as described above. qRT-PCR was car
ried out in a 7500 Real-time PCR System (Applied Biosystems, Foster 
City, CA, USA) using the PowerUp SYBR Green Master Mix (Thermo 
Fisher Scientific). The qRT-PCR program was: 1 cycle of 50 ◦C/2 min, 1 
cycle of 95 ◦C/2 min, 40 cycles of 95 ◦C/15 s, 56 ◦C/15s, 72 ◦C/35s, 
followed by dissociation curve analysis (60 ◦C–95 ◦C) to verify the 
amplification of a single product. The expression levels of WR-IL20, 
WCC-IL20 and RCC-IL20 were analyzed using comparative threshold 
cycle method (2− ΔΔCT) with beta-actin (ACTB) as an internal reference 
[17]. The PCR primers were listed in Table S1. PCR efficiency (E) and 
correlation coefficient (R2) were conducted as previously described 
[20]. The experiment was performed three times, each time with three 
fish. 

2.4.2. qRT-PCR analysis of WR-IL20, WCC-IL20 and RCC-IL20 expression 
in fish tissues during bacterial infection 

A. hydrophila CCL1 (MK014495), a bacterial pathogen isolated from 
diseased crucian carps [21], was cultured in Luria-Bertani broth (LB) 
medium at 28 ◦C to an OD600 of 0.8; the cells were washed with PBS and 

Fig. 2. Gene structure analyses of WR-IL20, WCC-IL20 and RCC-IL20. (A) Predicted domains of WR-IL20, WCC-IL20, RCC-IL20, zebrafish IL-20 and human IL-20. 
Conserved IL10 domains were shown. (B) Genomic structures of WR-IL20, WCC-IL20, RCC-IL20, zebrafish IL-20 and human IL-20. The green rectangles represent 
coding exons. The horizontal lines between two rectangles represent introns. (C) Predicted tertiary structures of WR-IL20, WCC-IL20, RCC-IL20, zebrafish IL-20 and 
human IL-20. 
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resuspended in PBS to 1 × 105 CFU/ml. WR, WCC and RCC (as described 
above, three fish in each group) were divided randomly into two groups 
and injected intramuscularly (i.m.) with 100 μl A. hydrophila or PBS 
(control). Distal intestine, liver, spleen and kidney were taken from the 
fish (three at each time point) at 6, 12, 24 and 48 h post-bacterial 
infection (hpi). Total RNA extraction, cDNA synthesis, and qRT-PCR 
were performed as described above. The experiment was performed 
three times. 

2.5. Plasmid construction 

The protein expression vector pET259 was constructed as previously 
described [18]. To construct pEtWR-IL20, which expresses the extra
cellular region of WR-IL20 (rWR-IL20, residues 26 to 177), the coding 
sequence of WR-IL20 was amplified by PCR with primers IL20-F2 and 
IL20-R2 (Table S1); the PCR product was ligated with the T-A cloning 
vector pMD-18T vector (Takara, Dalian, China), and the recombinant 
plasmid was digested with EcoRV to retrieve the WR-IL20-containing 

fragment, which was inserted into pET259 at the SwaI site, resulting in 
pEtWR-IL20. 

2.6. Purification of recombinant proteins 

Escherichia coli BL21 (DE3) (TransGen Biotech., Beijing, China) was 
transformed with pEtWR-IL20; the transformants were cultured in LB 
medium at 37 ◦C to mid-logarithmic phase, and isopropyl-β-D-thio
galactopyranoside was added to the culture to a final concentration of 
0.4 mM. After growing at 24 ◦C for an additional 6 h, the cells were 
harvested by centrifugation, and His-tagged proteins were purified using 
Ni-NTA Agarose (Sangon Biotech., Shanghai, China, C600033) as rec
ommended by the manufacturer. The proteins were treated with Triton 
X-114 to remove endotoxin as reported previously [22]. The concen
trated proteins were analyzed by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and visualized 
after staining with Coomassie brilliant blue R-250. The concentration of 
the proteins was determined using the Bradford method with bovine 

Fig. 3. Phylogenetic trees constructed with the amino acid sequences of IL-20 from the indicated species. The tree was constructed using the neighbor-joining (NJ) 
algorithm with the Mega 4.1 program based on multiple sequence alignment by Clustal X. Bootstrap values of 1000 replicates (%) were indicated for the branches. 
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serum albumin as the standard. After purification, the remaining 
endotoxin levels in the proteins were determined with limulus amebo
cyte lysate QCL-1000 kit (Lonza, Walkersville, USA) to ensure the 
endotoxin levels were less than 0.1 EU/ml in all purified proteins [23]. 

2.7. Leukocytes isolation 

Head kidney leukocytes (HKL) were isolated from healthy WR, WCC 
and RCC (named WR-HKL, WCC-HKL and RCC-HKL, respectively) by 
Percoll density gradient centrifugation as previously described [9]. 
Briefly, head kidney tissues of healthy WR, WCC and RCC were collected 
and lightly ground in Leibovitz L-15 medium (Gibco) containing 10% 
fetal bovine serum (FBS, Gibco) before being filtered with nylon gauze. 
The Percoll (GE Healthcare) was mixed with 10 × PBS at a ratio of 9:1 
and diluted to 34% and 52% (v/v) using L-15 medium, respectively. 4 ml 
52% Percoll, 34% Percoll and head kidney cell suspension were added 
into a 15 ml centrifuge tube. After centrifugation at 500g with the lowest 
acceleration and deceleration at room temperature for 35 min, leuko
cytes located between 34% and 52% Percoll were collected and washed 
twice with L-15 medium for further experiments. 

2.8. Lymphocytes stimulation 

Isolated WR-HKL, WCC-HKL and RCC-HKL were cultured in DMEM 
complete medium (10% FBS and 1% penicillin-streptomycin). Firstly, 
WR-HKL, WCC-HKL and RCC-HKL were incubated in sterile PBS at 28 ◦C 
for 30 min. Then, 1 × 107 lymphocytes were stimulated with 5 μg/mL 
rWR-IL20 or sterile PBS (control) for 12 h according to a previous study 
[24], respectively. After the reaction was terminated by precooling 
sterile PBS, stimulated cells and control stimulated cells were collected 
by centrifugation. Total RNA and cDNA were then prepared as described 
above. qRT-PCR was used to analyze the expressions of c-Myc, cyclin-D, 
Bcl-2, JAK1, TYK2 and STAT3 as above. The PCR primers were listed in 
Table S1. The transcripts of qRT-PCR were sequenced to verify the 
specificity of the primers as descripted in our previous study [9]. The 
experiment was performed three times. 

2.9. Statistical analysis 

All experiments were performed in triplicate or independently for 
three times, and statistical analyses were carried out with GraphPad 
Prism 6 (GraphPad Software, San Diego, CA, USA). Data were analyzed 
with one-way analysis of variance (ANOVA) with Kruskal-Wallis’ com
parison, and statistical significance was defined as P < 0.05. For the qRT- 

PCR, the relative expressions are normalized via beta-actin (ACTB) 
expression before calculating the relative expression levels to PBS 
treatment. 

3. Results 

3.1. Multiple alignments 

The deduced amino acid sequence of WR-IL20, WCC-IL20 and RCC- 
IL20 were both composed of 177 residues (Fig. 1). Sequence alignment 
showed that WR-IL20 shared 95.48% and 94.35% overall sequence 
identities with its parents RCC-IL20 and WCC-IL20 respectively. More
over, in teleost species family, the WR-IL20 shared higher identities to 
IL-20 homologues from Cyprinus carpio (92.66%), Sinocyclocheilus gra
ham (92.66%), Ctenopharyngodon idella (88.7%) and Danio rerio 
(83.73%), with moderate identities to Triplophysa tibetana (72.32%) and 
Astyanax mexicanus (64.52%), and lower identities to Atractosteus 
spatula (54.14%), Oncorhynchus nerka (51.79%) and Denticeps clupeoides 
(49.35%). The WR-IL20 also had relative low identities to mammalian 
IL-20s. The overall sequence identities between WR-IL20 and human IL- 
20 and house mouse IL-20 were 44.94% and 42.31%, respectively 
(Fig. 1). Besides, there were six well conserved cysteine residues 
amongst the fish IL-20 and mammalian IL-20 molecules (Fig. 1). 

3.2. Structure characteristics 

In order to identify whether there is a functional domain, we first 
performed the SMART analysis based on the WR-IL20, WCC-IL20 and 
RCC-IL20 protein sequences. In silico analysis identified a conserved IL- 
10 domain in WR-IL20, WCC-IL20 and RCC-IL20, which was evolu
tionarily conserved when compared with its homologues from zebrafish 
IL-20 and human IL-20 (Fig. 2A). To determine the structural changes of 
IL-20 gene during evolution, we predicted and mapped the IL-20 gene 
structure. It showed that the genomic sequences of WR-IL20, WCC-IL20 
and RCC-IL20 possessed five exons and four introns, which were the 
same in zebrafish IL-20 and human IL-20 (Fig. 2B). More importantly, 
according to tertiary structure prediction, WR-IL20, WCC-IL20 and RCC- 
IL20 were composed of multiple similar β-stands with zebrafish IL-20 
and human IL-20 (Fig. 2C). 

3.3. Phylogenetic analysis 

To further explore the evolutionary relationship between WR-IL20 
and its congeners in other species, a phylogenetic tree was constructed 

Fig. 4. Gene collinearity analyses within the crucian carp IL-20 and other vertebrates. The genes were indicated by rectangles to show their positions in the 
indicated genome. 
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using neighbor joining algorithm based on multiple sequence alignment. 
The WR-IL20 firstly clustered with WCC-IL20, RCC-IL20 and common 
carp IL-20, and then clustered with the same molecules from other 
teleost, suggesting a close relationship of WR-IL20 with its homologues 
from teleost (Fig. 3). The IL-20 from other vertebrates, such as 
amphibian, reptile, avian and mammal, formed sister groups of the 
group formed by teleost IL-20 (Fig. 3). 

3.4. Synteny characterization 

As revealed by the genome-wide identification in the NCBI GenBank 
database, crucian carp possessed an IL-20 gene on chromosome 36 
(https://www.ncbi.nlm.nih.gov/nuccore/NC_039278.1). The neigh
boring genes of IL-20 among different vertebrates were analyzed by 
comparative genomics. Both bony fish IL-20s and its homologues from 
other vertebrates including tropical clawed frog, red-eared slider and 
chicken were located in a chromosomal fragment composed of DYRK3- 
MAPKAPK2-IL10-IL20 genes (Fig. 4). However, the upstream gene and 
downstream gene of IL-20 in human were IL-19 and IL-24 respectively. 
In addition, the IL-24 downstream of human IL-20 was replaced by 
PRELP when it evolved into bony fish (Fig. 4). In summary, the results of 
phylogenetic status, collinearity, exon-intron composition, tertiary 
structure and functional motif indicated that WR-IL20 was relatively 
conserved in the evolutionary process, suggesting that crucian carp IL- 
20 may have similar functions to IL-20 in higher vertebrates. 

3.5. mRNA expression under normal physiological conditions 

qRT-PCR analysis showed that under normal physiological condi
tions, WR-IL20 expression was detected, in increasing order, in the 
immune-related tissues including liver, muscle, gill, spleen, brain, distal 
gut, skin and kidney (Fig. 5A). Moreover, qRT-PCR analysis was also 
conducted to examine the expressions of the WCC-IL20 and RCC-IL20 
under normal physiological conditions in immune-related tissues 
(brain, gill, heart, spleen, muscle, kidney, intestine and liver). The re
sults showed that the expressions of WCC-IL20 and RCC-IL20 were 
detected in all examined tissues, and had similar expression patterns to 
WR-IL20 (Fig. 5B and C). The wide distributions of WR-IL20, WCC-IL20 
and RCC-IL20 in immune-related tissues suggested that they might be 
involved in the immune response of crucian carp. 

3.6. mRNA expression in the presence of A. hydrophila infection 

To establish the involvement of WR-IL20 in immune responses dur
ing bacterial infection, WR were infected with A. hydrophila and the 
dynamics changes of WR-IL20 transcript levels in the distal gut, kidney, 
liver and spleen were monitored. The results showed that significant 
inductions of WR-IL20 expression were detected in distal gut and kidney 
at 12 and 24 hpi, with the highest level of induction occurring at 12 hpi 
(Fig. 6A and D). In liver and spleen, compared with control groups, the 
mRNA levels of WR-IL20 were significantly induced at 12 and 24 hpi, 
with the highest level of induction occurring at 24 hpi (Fig. 6G and J). 
Furthermore, to examine the expression patterns of IL-20 in the parents 
of WR upon bacterial infection, WCC and RCC were challenged experi
mentally with A. hydrophila respectively. At 6, 12, 24 and 48 hpi, the 
expressions of WCC-IL20 and RCC-IL20 in the distal gut, kidney, liver 
and spleen of the infected fish were determined by qRT-PCR. The results 
showed that WCC-IL20 and RCC-IL20 had the same expression patterns 
to WR-IL20 after bacterial infection (Fig. 6B–J). In conclusion, these 
results indicated that IL-20 was involved in the immune response in 
crucian carp during bacterial infection. 

3.7. WR-IL20 enhances the activation of the JAK1/STAT3 pathway 

To investigate the immune function of WR-IL20, we prepared the 
recombinant WR-IL20 protein (rWR-IL20) using a prokaryotic expres
sion system and rWR-IL20 was then purified from E. coli as a His-tagged 
protein (Fig. 7). Subsequently, we used this high-purity and soluble 
rWR-IL20 to subsequent experiments. To further confirm the immune 
function of WR-IL20 on crucian carp, the head-kidney leukocytes from 
WR (WR-HKL), WCC (WCC-HKL) and RCC (RCC-HKL) were prepared 
respectively. We next stimulated the WR-HKL, WCC-HKL and RCC-HKL 
with rWR-IL20 and examined the activation of the classical JAK1/ 
STAT3 pathway respectively. Firstly, compared to the control group, 

Fig. 5. WR-IL20, WCC-IL20 and RCC-IL20 expressions in fish tissues under 
normal physiological condition. Tissues from WR, WCC and RCC including 
distal intestine, brain, kidney, liver, spleen, skin, gill and muscle were sampled 
and the expressions of WR-IL20 (A), WCC-IL20 (B) and RCC-IL20 (C) in indi
cated tissues were determined by quantitative real time RT-PCR, respectively. 
For convenience of comparison, the expression level in liver was set as 1. 
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rWR-IL20 stimulation both increased the mRNA expression of c-Myc and 
cyclin-D in WR-HKL, WCC-HKL and RCC-HKL respectively (Fig. 8A and 
B), indicating the potential capacity of WR-IL20 in promoting lympho
cyte proliferation. Meanwhile, the anti-apoptotic gene Bcl-2 was 
significantly up-regulated compared with the control groups (Fig. 8C), 
suggesting its potential roles in maintaining lymphocyte survival. Next, 
the activation of classical JAK1/STAT3 axis was examined at tran
scription levels. The results showed that administration of head kidney 

lymphocytes with rWR-IL20 enhanced the expressions of JAK1, TYK2 
and STAT3 significantly in WR-HKL (Fig. 8D–F), suggesting that WR- 
IL20 may utilize an evolutionarily conserved JAK1/STAT3 axis to 
mediate subsequent immune function. Interestingly, it seemed that the 
responses of WR-HKL upon rWR-IL20 stimulation were higher than that 
of WCC-HKL and RCC-HKL, suggesting that this may be related to WR’s 
stronger disease resistance, but further experiments are needed. 

Fig. 6. WR-IL20, WCC-IL20 and RCC-IL20 expressions in fish tissues under bacterial infection condition. WR, WCC and RCC were infected with or without (control) 
Aeromonas hydrophila, and WR-IL20, WCC-IL20 and RCC-IL20 expressions in distal intestine, kidney, liver and spleen were determined by quantitative real time RT- 
PCR at various time points. In each case, the expression level of the control fish was set as 1. Values are shown as means ± SEM (N = 3). N, the number of times the 
experiment was performed. **P < 0.01. 
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4. Discussion 

The IL-10 family of cytokines consists of nine members: IL-10, IL-19, 
IL-20, IL-22, IL-24, IL-26, IL-28A, IL-28B, and IL-29 [1]. Among these 

cytokines, IL-19, IL-20, IL-22, IL-24, and IL-26 are belonging to IL-20 
subfamily [1,2]. The IL-20 subfamily of cytokines primarily acts on 
various epithelial cells and protects these cells from invasion by extra
cellular pathogens [2]. In addition, IL-20 subfamily cytokines enhance 
tissue remodeling and wound-healing activities, which help to maintain 
tissue integrity and restore homeostasis of epithelial layers during 
infection and inflammatory responses [6,25–27]. However, how the 
IL-20 mediates immune defense in early vertebrates remains largely 
unknown. 

In the present work, we cloned the sequence of IL-20 from Carassius 
cuvieri × Carassius auratus red var. (named WR-IL20) and its parents 
(named WCC-IL20 and RCC-IL20), respectively. Sequence alignment 
showed that WR-IL20 was slightly different from the parents WCC-IL20 
and RCC-IL20, respectively. This is probably white crucian carp (WCC) 
and red crucian carp (RCC) are classified into different species in the 
genus of Carassius [28], thus the generation of WR by crossing of WCC 
and RCC is considered as interspecific hybridization. Although WR-IL20 
was slightly different from the parent, SMART analysis showed that 
WR-IL20, WCC-IL20 and RCC-IL20 both had highly conserved IL-10 
domains, and shared highly similarities of structure with its 

Fig. 7. SDS-PAGE analysis of rWR-IL20. Purified rWR-IL20 was analyzed by 
SDS-PAGE and viewed after staining with Coomassie brilliant blue R-250. 

Fig. 8. Activation of downstream signaling pathway after WR-IL20 stimulation. Head kidney leukocytes from WR, WCC and RCC were treated with or without 
(control) rWR-IL20 for 12 h respectively, and c-Myc (A), cyclin-D (B), Bcl-2 (C), JAK1(D), TYK2 (E) and STAT3 (F) expressions were determined by quantitative real 
time RT-PCR. For convenience of comparison, the expression levels of control groups were set as 1. Values are shown as means ± SEM (N = 3). N, the number of 
times the experiment was performed. *P < 0.05. **P < 0.01. 
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homologues zebrafish IL-20 and human IL-20. Moreover, the results of 
blast and phylogenetic analysis showed that WR-IL20, WCC-IL20 and 
RCC-IL20 had the higher identities to IL-20 from mammals, indicating 
that crucian carp IL-20 was evolutionarily conserved. 

In human and crucian carp, IL-20 protein both had 176 amino acids 
(aa) with six conserved cysteine residues required for the characteristic 
α-helical secondary structure [11]. Besides, human IL-20 gene was 
located near the IL-10, IL-19, IL-24 genes within a 145 kb region on 
chromosome [8,29], while in crucian carp, IL-10 and IL-20L genes were 
found in the IL-10 locus, which contrasted with the presence of IL-10, 
IL-19, IL-20 and IL-24 in the corresponding locus in mammals. The 
five exons of most of vertebrate IL-20 were separated by four introns, but 
the gene structure of the multi-exon-intron had been maintained 
throughout evolution. These observations suggested that crucian carp 
IL-20 may share a common origin with IL-10. 

In mammals, IL-20 was expressed by different cells and tissues but 
primarily by epithelial cells and myeloid cells such as monocytes, den
dritic cells (DCs) and granulocytes [30]. In fish, the grass carp IL-20L 
was constitutively expressed in tissues and the highest expression level 
was detected in the head kidney [11,12]. Consistently, in our study, 
WR-IL20, WCC-IL20 and RCC-IL20 expressions were found to be rela
tively higher in the head kidney, which was considered as the major 
immune tissue in fish and accommodated a variety of immune cells 
including myeloid cells and lymphocytes. Interestingly, broad expres
sion profiles of WR-IL20, WCC-IL20 and RCC-IL20 were both found in 
tissues including skin, gut and gill, suggesting that crucian carp IL-20 
was a pleiotropic cytokine which may be required for the function of 
epithelial cells in tissue homeostasis. 

In grass carp, there was an increase in the expression of the IL-20 at 
24 h after infection Flavobactrium columnare [11,12]. In rainbow trout, 
the increased expression of IL-20L was only detected at late stages (4–24 
h) of LPS stimulation in RTS-11 cells and in spleen 24–72 h after 
infection with Yersinia ruckeri [13]. Similarly, in this study, experi
mental infection with a bacterial pathogen A. hydrophila caused signif
icant induction of WR-IL20 expression at 12–24 h in the intestine, head 
kidney, liver and spleen, indicating the increased expression of WR-IL20 
by infection may be via the rapid increase of pro-inflammatory cytokines 
(e.g., IL-1b) and is involved in innate immune regulation in teleost. 
Moreover, similar expression profiles of WCC-IL20 and RCC-IL20 were 
also found in these tissues, suggesting that crucian carp IL-20 may 
perform similar functions to higher vertebrates. 

IL-10 family cytokines activate the JAK/STAT signaling pathway, 
and STAT3 is the key downstream transcription factor used by IL-20 
subfamily cytokines [1]. It has been proved that STAT3 up-regulates 
multiple functional genes related to proliferation and survival, 
including c-Myc, cyclin D1/D2, Bcl-XL, Bcl-2 and p53 [2]. In this study, 
we revealed that rWR-IL20 promoted significant up-regulation of c-Myc, 
cyclin D and Bcl-2 genes in WR-HKL. In addition, the expressions of 
JAK1, TYK2 and STAT3 were also significantly increased in WR-HKL 
after rWR-IL20 stimulation. These results suggest that 
IL-20/JAK1/STAT3 signaling may take part in the lymphocyte response 
of crucian carp by promote cellular survival and proliferation. Inter
estingly, the expression of JAK1/STAT3 in WCC-HKL upon rWR-IL20 
stimulation appears to be lower than that of RCC-HKL, while WR-HKL 
showed the strongest response to rWR-IL20 stimulation, which may be 
related to WR’s stronger disease resistance. The reason may be that 
WR-IL20 may have a higher affinity to receptors than its parents, but 
further verification experiments are needed. 

In conclusion, we identified a conserved cytokine IL-20 in WR, and 
we compared the differences of phylogenetic status, collinearity, exon- 
intron composition, tertiary structure, and functional motif between 
WR-IL20 and its parents. Bacterial infection resulted in increases in IL- 
20 expression in WR and its parents. In addition, WR-IL20 may 
enhance the response of JAK1/STAT3 axis, a classical signal pathway, to 
promote proliferation and anti-apoptosis ability of lymphocytes. This 
study may enrich our current knowledge regarding lymphocyte 

response, and provide useful insights into the evolution of the innate 
immune system. 
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