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Abstract: In fish, the immune system plays a crucial role in defending against pathogen-induced
infections. The interleukin 17 (IL-17) family, which is a well-studied class of cytokines, serves as
a key component of the immune response against external pathogens. In this research, four IL-17
ligands (IL-17A/F1, IL-17B, IL-17C and IL-17D) and one receptor (IL-17RB) genes were identified
from spotted sea bass (Lateolabrax maculatus). Alignment analysis showed that the C-terminal region
of IL-17 ligands in spotted sea bass was highly conserved. The expression of the IL-17 ligand and
receptor genes differed in unstimulated tissues. To investigate the impact of various factors on the
immune response of spotted sea bass, we assessed the effect of lipopolysaccharide (LPS), polyinosinic–
polycytidylic acid [poly (I:C)] and Edwardsiella tarda treatment on the IL-17 ligands and receptor
responses. Our results reveal that the expression of the IL-17 ligand and receptor transcripts is
modulated by LPS, poly (I:C) and E. tarda, indicating their significant role in the immune system.

Keywords: Lateolabrax maculatus; interleukin 17; IL-17RB; expression patterns; immune system

Key Contribution: IL-17 ligand and receptor transcripts were modulated by the LPS, poly (I:C) and
E. tarda in spotted sea bass, indicating their significant role in the immune system.

1. Introduction

Cytokines have a significant impact on shaping the immune response against specific
microbial threats [1]. Among cytokine families, the interleukin-17 (IL-17) family plays a
crucial role in the regulation of immune responses. Mammals have been found to possess
six members of IL-17 family cytokines, namely IL-17A, IL-17B, IL-17C, IL-17D, IL-17E and
IL-17F [2]. IL-17A has been identified as a potent synergistic factor with tumor necrosis
factor-α (TNF-α), leading to the upregulation of various target genes, particularly IL-6 [3].
In mammals, IL-17B has been known to promote the release of TNF-α and IL-1β in the
THP-1 monocytic cell line, as well as exhibit chemotactic properties for neutrophils [4].
Moreover, recombinant IL-17B has been found to suppress the matrix adhesion and cellular
migration of endothelial cells [5]. IL-17C has been found to promote microbial defense
mechanisms and maintain barrier integrity in the intestine and skin [6,7]. However, IL-17C
serves as a prompt local autocrine reaction to epithelial injury. Recent research has unveiled
that keratinocytes and cutaneous neurons produce IL-17C, which has been demonstrated
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to safeguard sensory neurons in the periphery during the reactivation of the Herpes
simplex virus. This protection facilitates the survival and proliferation of sensory neurons,
enabling the replacement of damaged nerve tissue [8]. IL-17D elicits conventional pro-
inflammatory cytokine reactions, including IL-6, IL-8, and GM-CSF [9]. Furthermore,
studies on IL-17D-deficient mice propose involvement in this cytokine in the surveillance
of tumors and viruses mediated by NK cells [10]. Unlike other IL-17 family members,
IL-17E (IL-25) uniquely induces the expression of type 2 immunity-related factors, such as
IL-4, IL-5 and IL-13, and this distinct function of IL-25 has led to its separate interleukin
designation [11,12]. On the other hand, IL-17A and IL-17F exhibit the highest level of
homology among members of the IL-17 family and have the ability to form heterodimers.
Consequently, it has been postulated that these cytokines exhibit analogous physiological
capabilities [13,14]. Th17 cells are the primary producers of IL-17A and IL-17F ligands.
However, IL-17B is widely generated by various cell types, including intestinal epithelial
cells, neurons, chondrocytes and breast cancer cells [15]. Epithelial cells, rather than
immune cells, are responsible for the production of IL-17C [16]. However, within the
immune system, IL-17D is exclusively expressed in naïve CD4+ T and B cells [17,18].
Intrinsic immune and respiratory epithelial cells are sources of IL-17E, which plays a crucial
role in allergy [15].

IL-17 ligands play pivotal roles in the inflammatory response and host defense against
extracellular pathogens. These IL-17s activate immune signaling pathways by binding to
their specific receptors, known as IL-17 receptors (IL-17Rs, IL-17RA–E) [19]. Upon binding
to IL-17 ligands, the intracellular SEFIR domain of IL-17R proteins interacts directly with
Act1 adaptor/ubiquitin ligase, initiating signaling cascades and stimulating the production
of other inflammatory cytokines and chemokines commonly associated with innate immune
responses [20–22]. Among the IL-17R family, IL-17RA serves as a general signaling subunit
for four IL-17 members (IL-17A, C, E and F) [23]. Human IL-17A and IL-17F activate
signaling by binding to a heterodimeric receptor complex composed of IL-17RA and
IL-17RC, respectively [24]. IL-17RA can also form a receptor complex with IL-17RB or
IL-17RE to bind to IL-17E or IL-17C [7,15,25]. Additionally, the homodimer of IL-17RB
or IL-17RE can be utilized by IL-17B or IL-17C, receptively [26,27]. Although the ligands
for IL-17RD are still unclear, it has been identified as capable of forming a heterodimeric
complex with IL-17RA [28]. Meanwhile, IL-17RB has been reported to function as a
monomeric receptor for IL-17B signaling [29].

In 2006, the discovery of five IL-17 members (IL-17A/F1-3, IL-17C and IL-17D) in
zebrafish marked the first report of the IL-17 family in fish [30]. In addition to the high
homology of both isoforms, several IL-17A/F genes have been found in fish, closely located
on the same chromosome, which makes it difficult to identify direct homologues [31].
While IL-17E is exclusive to mammals [2], a fish-specific IL-17 ligand, known as IL-17N,
has been identified in transcriptomic and genomic investigations [31]. The presence of
IL-17B in teleosts has been a topic of debate for a long time. Regarding the IL-17 cytokine
family, studies have identified up to seven IL-17 ligands in various fish species, including
rainbow trout (Oncorhynchus mykiss) [32,33], Atlantic salmon (Salmo salar) [34], zebrafish
(Danio rerio) [30], fugu (Takifugu rubripes) [25], Japanese medaka (Oryzias latipes) [31], chan-
nel catfish (Ictalurus punctatus) [35], miiuy croaker (Miichthys miiuy) [2], common carp
(Cyprinus carpio) [36–38], large yellow croaker (Larimichthys crocacea) [39,40], grass carp
(Ctenopharyngodon idella) [41,42], Siberia sturgeon (Acipenser baerii) [43],tonguesole (Cynoglos-
sus semilaevis) [44], turbot (Scophthalmus maximus) [45], European sea bass (Dicentrarchus
labrax) [15] and spotted sea bass (Lateolabrax maculatus) [46]. As for the IL-17R cytokine
family, studies have identified up to five IL-17 receptors in various fish species, including
large yellow croaker [39], Japanese medaka [47], rainbow trout [33], channel catfish [35]
and spotted sea bass [46]. Each deduced protein of large yellow croaker IL-17 receptors
shows typical IL-17 receptor domain structure, including signal peptide, extracellular FNIII
domain (IL-17RA/RB/RD) or IL-17_R_N domain (IL-17RC/RE), transmembrane domain
and SEFIR domain in cytoplasmic domain [39]. It is worth noting that the extracellular
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domain of mammalian IL-17RB is much longer than that of teleost IL-17RB because teleost
IL-17RB lacks the FNIII domain (FN2) [39].

On the other hand, the immune functions of IL-17 ligands and receptors have also been
reported in different fish species. For instance, the expressions of all identified IL-17 ligands
and receptors were significantly changed in various fish species after bacterial infection
or PAMP stimulation [35,39–41,46,48,49]. After infection with Aeromonas hydrophila, large
yellow croaker IL-17RA, IL-17RC, IL-17RD and IL-17RE were significantly upregulated in
mucosal tissue (gills) and systemic immune tissue (head kidney and spleen), however large
yellow croaker IL-17RB expression was detected in gills, indicating that IL-17 receptors
may be involved in host defense against bacterial infection [19]. In addition, not only
IL17A/Fs, IL-17C and IL-17D of large yellow croaker [39,40], but also IL-17A/F1 and
IL-17D of grass carp [41,42] can induce the expression of pro-inflammatory cytokines via
the NF-κB pathway. IL-17B, IL-17C and IL-17D of yellow catfish (Pelteobagrus fulvidraco)
can also mediate inflammatory response to eliminate invasive pathogens [50]. In short,
there is growing evidence that the IL-17 family plays an important role in fish immunity.
Nonetheless further information from diverse teleost fish species is required to elucidate
the functions of these genes.

Spotted sea bass (Lateolabrax maculatus) is a highly valuable fish species in the aquacul-
ture industry of southeastern coastal areas of China. However, the outbreak of diseases
in spotted sea bass has caused serious economic losses and restricted the development of
spotted sea bass aquaculture industry. Further study on the immunity of spotted sea bass
will help understand its immune mechanisms. In this study, four IL-17 ligands (IL-17A/F1,
IL-17B, IL-17C and IL-17D) and one receptor (IL-17RB) genes were identified from spotted
sea bass, and their expressions in normal tissues, as well as in tissues following Edwardsiella
tarda infection and PAMP stimulation, were investigated. The results will contribute to our
knowledge of the crucial role of IL-17 cytokines in the mucosal-associated immune defense
network.

2. Materials and Methods
2.1. Fish

Healthy spotted sea bass (Lateolabrax maculatus) (100 ± 10 g) were purchased from
a fish farm near Hangzhou city (Zhejiang Province, China). The fish were subsequently
housed in temperature-controlled tanks at 25 ± 2 ◦C, ensuring proper aeration, for a period
of 15 days prior to the commencement of the experiments. Healthy fish without any
pathological signs were then selected for the experiments. The fish were anesthetized with
0.05% MS-222 before experiments and dissection. All experimental procedures strictly
adhered to the national regulations governing the utilization of laboratory animals, as well
as the local guidelines pertaining to animal research.

2.2. Cloning and Identification of IL-17 Ligand and Receptor Genes

Partial sequences of the IL-17 ligand and receptor genes (414 bp of IL-17A/F1, 627 bp
of IL-17B, 573 bp of IL-17C, 633 bp of IL-17D and 999 bp of IL-17RB) in spotted sea bass
were retrieved from the transcriptomic profiling of spotted sea bass, employing the local
blast search method. The local blast was performed using UltraEdit 32 and BioEdit v7.0.9
software. Total RNA extraction from spotted sea bass tissues was carried out using TRIzol
reagent (Thermo Fisher Scientific, Waltham, MA, USA). Subsequently, the initial cDNA
strand was synthesized in the reverse direction using the First-Strand cDNA Synthesis Kit
(YEASEN, Shanghai, China). The amplification of full-length sequences was accomplished
through 5′- and 3′-rapid amplification of cDNA end (RACE) polymerase chain reaction
(PCR), according to our previous methods [51]. The PCR products were separated on an
agarose gel via electrophoresis, purified and ligated into the pMD19-T vector (TaKaRa,
Kusatsu, Japan), and pMD19-T was transformed into E. coli DH5α cells (SangonBiotech,
Shanghai, China). Finally, positive clones were screened and sent for sequencing on an
automatic DNA sequencer (SangonBiotech, China). All primers used for gene cloning
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are listed in Table 1. The primers were synthesized by GENEWIZ (China), and the an-
nealing/melting temperatures and product sizes were confirmed according to the primer
information sheet provided by the company.

Table 1. Sequence of primers.

Gene Primers Sequence (5′ to 3′) Application

IL-17A/F1 F-long GGTGACATCATCAGAGGAAGTCTATGC PCR cloning
R-long TGCTGGTGTTGGATGATGGGTC PCR cloning
F-short TGACGGCGATCAGGATAAATGT PCR cloning
R-short ACAGCGATGAGGCGGGACT PCR cloning

5′R-long AAAGCGTTGGGGTCAAGCTGCAG 5′-RACE
5′R-short GAGTGTCCTCGTCCTCCTTCTTGGTTC 5′-RACE
3′F-long CAGCATCAAAGTGCTCCAAATGACGGC 3′-RACE
3′F-short GTTCCTAGCAGACACATCAGGCCACT 3′-RACE

F GGACACACAACATCAGCCATGATGAC qRT-PCR
R AGCAGCACCTGGTGCATGAT qRT-PCR

IL-17B F-PCR ATGGAGCCGCGGGTCACACTCA PCR cloning
R-PCR AGGCCACTGGGAGCATAAGAACTT PCR cloning

5′R-long CCCGTCGATGATGCAGCCCTCAC 5′-RACE
5′R-short CGACGGTCTCGTGCCTCCAGTTG 5′-RACE
3′F-long CGTGATATCGCTTTTGCCGAGTGTGT 3′-RACE
3′F-short CAGGAAGTTCTTATGCTCCCAGTGGC 3′-RACE

F TGGACACACAGAATAGACCGAGACG qRT-PCR
R CAGGCCACTGGGAGCATAAGAACTT qRT-PCR

IL-17C F-PCR ATGATAGCAAGTAAAAGCAAAGCCGAACC PCR cloning
R-PCR GTACAGCCCACAGCTACTTCC PCR cloning

5′R-long CCGGTTCATCTTGCACGTCCACACG 5′-RACE
5′R-short TGTGAACGAGGGGTTCGGCTTTGCT 5′-RACE
3′F-long CAGGATGCATCCTAATTCCGGACAAGTC 3′-RACE
3′F-short AAGAGGGAGCTCTGCAGTGATGGAAAG 3′-RACE

F CTCATCTTTGGTCTTATCCTCG qRT-PCR
R GCTCCTCAGCTTCCTCTCTACT qRT-PCR

IL-17D F-long TCCTGCTGCTGCTGCACCT PCR cloning
R-long CCTTTCTTGCCCGCAGAGACGA PCR cloning
F-short TGCTGCTGGGCTGGTCGG PCR cloning
R-short CGGCTTTGGGCTCTGCTCT PCR cloning

5′R-long CAGGCTCTGGTTGCTGTTGTGGC 5′-RACE
5′R-short CTTCCTGGTGGCCTTCTTCCGCA 5′-RACE
3′F-long CAGAGGCGTACTGCCTGTGT 3′-RACE
3′F-short CTGAGGAGGATGGGCTCCTGTGT 3′-RACE

F CTACGCTCCGTCCGTCATC qRT-PCR
R CGGCTTTGGGCTCTGCTCT qRT-PCR

IL-17RB F-PCR CCCTCCTATCAGTTCTCACCCT PCR cloning
R-PCR AGCTTCCCTTAACTGCGCTGC PCR cloning

5′R-long CCGCTGATGCTGTAGATGCCAGTGCTT 5′-RACE
5′R-short CACCAGCATCACTTTTAAGTCGGCCAGG 5′-RACE
3′F-long ATCCCAGCTGCAGCTCATGACCTTTACC 3′-RACE
3′F-short GCAGGACAAGAGGCCTCATGACCTGG 3′-RACE

F GCCTGCCAGTCTTTTTGTCT qRT-PCR
R TGCTCTGCTGATGTCCTTCT qRT-PCR

EF-1α EF-1α F ATCTCTGGATGGCACGGAGA qRT-PCR
EF-1α R CAGTGTGGTTCCGCTAGCATC qRT-PCR

2.3. Sequence Analysis

The cDNA and protein sequences of the IL-17 ligand and receptor genes were ana-
lyzed in the NCBI database (https://www.ncbi.nlm.nih.gov/, accessed on 31 July 2023)
and the ExPASy server (https://www.expasy.org/, accessed on 31 July 2023). The predic-
tion of signal peptides and transmembrane regions was conducted using the SignalP 5.0
software [52]. Sequence alignment was performed using the ClustalW program [53]. For
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the construction of the phylogenetic tree, sequences were retrieved from Ensembl and the
database of NCBI GenBank. The neighbor-joining method was used [54] and enhanced
with 10,000 replications using MEGA 7.0 software [55].

2.4. Tissue Expression Analysis of the IL-17 Ligand and Receptor Genes

Tissues including the head kidney, liver, spleen, intestine, muscle, gill, skin and
brain were collected from four normal spotted sea bass to investigate expression of the
IL-17 ligand and receptor genes. The initial cDNA strand was synthesized utilizing the
Hifair II First-Strand cDNA Synthesis SuperMix (gDNA digester plus) (YEASEN, China).
The real-time quantitative PCR (qRT-PCR) was performed using the Hieff® qPCR SYBR
Green Master Mix (No Rox) (YEASEN, China). Specifically, the qRT-PCR primers were
tested using RT-PCR, and the resultant PCR amplicons ligated into the pMD-19T vector
(TaKaRa, Japan). The ligation reaction was transformed into E. coli DH5α cells, and positive
clones were screened for plasmid preparation using the plasmid Mini Kit I (OMEGA,
Georgia, GA, USA). Three clones were sequenced to confirm primer specificity. After
sequence verification, plasmid DNA was diluted in 10-fold series. Gene copy numbers
were calculated and used for establishing the standard curve for the qPCR quantitation of
gene expression. The qRT-PCR reaction was set up as follows: 5 µL SYBR® Green Master
Mix, 1 µL cDNA template (20-fold dilution), 0.2 µL forward primer (10 µM), 0.2 µL reverse
primer (10 µM) and 3.6 µL H2O. The qRT-PCR reactions were performed using the Light
Cycler® 96 system (Roche, Basel, Switzerland), using the following conditions: 1 cycle of
95 ◦C for 30 s, 40 cycles of 95 ◦C for 5 s, 62 ◦C for 30 s, 72 ◦C for 10 s, followed by 1 cycle of
95 ◦C for 10 s, 65 ◦C for 60 s, 97 ◦C for 1 s. The EF-1α was utilized as an internal reference to
determine the relative expression levels of each gene. The primers for qRT-PCR are shown
in Table 1.

2.5. Expression Analysis of the IL-17 Ligand and Receptor Genes after LPS/Poly (I:C)/Edwardsiella
tarda Infection

Edwardsiella tarda was generously provided by Dr Haixia Xie [56] and was cultured
as described previously [57]. To ascertain the transcriptional changes in mRNA levels, a
time-course experiment was designed. One-hundred and twenty spotted sea bass were
randomly taken and divided into four groups of thirty individuals per group. Two
groups were challenged by intraperitoneally injecting 500 µL LPS (5 mg/kg) and poly
(I:C) (5 mg/kg), respectively. The third one was intraperitoneally injected 500 µL E. tarda
solution (1 × 105 CFU/mL). The last group was treated with PBS as the control. Tissues
such as the head kidney, spleen and liver were collected at 6, 12, 24, 48 and 72 h (no E. tarda)
after treatment, respectively. The samples were used for RNA extraction, and total RNA
was then reversed to cDNA for qRT-PCR. The synthesized cDNA samples were stored at
−20 ◦C until use. Transcript expression analysis of the IL-17 ligand and receptor genes was
performed by qRT-PCR, as described above. LPS (L2880, from Escherichia coli O55:B5) and
poly(I:C) were purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.6. Statistical Analysis

The data were subjected to analysis using the IBM SPSS package (SPSS 20.0, SPSS Inc.,
Chicago, IL, USA) via a one-way ANOVA. Statistical significance was determined with the
thresholds of “p < 0.05” and “p < 0.01”, which indicate significance and high significance.

3. Results and Discussion
3.1. Identification and Sequence Analysis of the IL-17 Ligand and Receptor Genes

We cloned the complete cDNA sequences of four IL-17 ligands and one IL-17 receptor.
Specifically, we isolated the IL-17RB gene, which was identified as the sole receptor for
IL-17B. Through sequence analysis, we determined that the spotted sea bass IL-17A/F1
gene comprised a 255 bp 5′-UTR, a 504 bp ORF and a 1192 bp 3′-UTR. The ORF encoded a
deduced protein comprising 167 amino acids (aa), which included a signal peptide of 30 aa.
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The mature peptide of IL-17A/F1 exhibited a theoretical molecular mass of 18.6 kDa and a
theoretical pI of 8.7. Similarly, the spotted sea bass IL-17B gene comprised a 40 bp 5′-UTR,
a 489 bp ORF and a 667 bp 3′-UTR. The ORF encoded a deduced protein comprising
162 aa, with a signal peptide composed of 23 aa. The mature peptide of IL-17B exhibited
a theoretical molecular mass of 18.6 kDa and a theoretical pI of 9.37. Furthermore, we
identified that the spotted sea bass IL-17C gene comprised a 42 bp 5′-UTR, a 537 bp
ORF (169 aa) and a 743 bp 3′-UTR. The mature peptide of IL-17C exhibited a theoretical
molecular mass of 21.6 kDa and a theoretical pI of 9.05. Additionally, the spotted sea bass
IL-17D gene comprised a 112 bp 5′-UTR, a 633 bp ORF and a 600 bp 3′-UTR. The ORF
encoded a deduced protein comprising 210 aa, of which a signal peptide was composed of
25 aa. The mature peptide of IL-17D exhibited a theoretical molecular mass of 23.5 kDa and
a theoretical pI of 9.67. Finally, the spotted sea bass IL-17RB gene comprised a 79 bp 5′-UTR,
a 1314 bp ORF and a 215 bp 3′-UTR. The deduced protein encoded by this ORF consisted of
437 aa, including an 18 aa residue signal peptide and a transmembrane domain from 179 to
201 aa. The mature peptide of IL-17RB exhibited a theoretical molecular mass of 48.2 kDa
and a theoretical pI of 6.7.

The spotted sea bass IL-17A/F1, IL-17B, IL-17D and IL-17RB proteins severally had
a putative signal peptide which was determined to putatively comprise 30, 23, 25 and
18 amino acids at the 5′-end. Notably, deduced protein of the spotted sea bass IL-17C had
no signal peptide, which is consistent with European sea bass IL-17C1 [15]. This suggests
that it does not release cytokine, and other possible IL-17 members have also been found in
frogs and invertebrates [58]. Amino acid sequence analysis of the spotted sea bass IL-17
ligands revealed that all four ligands possess the IL-17 domain. Multiple alignment of IL-17
ligands in spotted sea bass revealed the conservation of four cysteine residues that establish
disulfide bridges in their tertiary structures (Figure 1). In addition, for four IL-17 family
genes of the spotted sea bass, the C-terminal region showed high similarity with each other,
while little conservation was shown in the N-terminal region (Figure 1). Similar results
have been observed in the IL-17 family of the miiuy croaker [2]. To explore the relationship
between spotted sea bass IL-17B protein and other IL-17B members, a phylogenetic tree
was constructed. The analysis revealed a close clustering of spotted sea bass IL-17B ligand
sequences with those of other teleost fish species, particularly with a large yellow croaker
orthologue (Figure 2).
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Cysteine residues in forming disulfide bonds are denoted by boxed representation, highlighted and
connected with the line. Identical residues are denoted by “*”, and similar residues are represented
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Figure 2. Phylogenetic tree of IL-17B. The bootstrap values for branches are presented as percentages
and the symbol (N) denotes spotted sea bass IL-17B.

3.2. Tissue Distribution of the IL-17 Ligands and Receptor

Expression analysis of the IL-17 ligand and receptor genes in spotted sea bass tissues
showed that IL-17A/F1, IL-17B, IL-17C, IL-17D and IL-17RB transcripts were universally
expressed in all the tissues examined. The findings demonstrated that different IL-17 genes
have different expression in eight normal tissues mentioned above for detection (Figure 3).
Notably, spotted sea bass IL-17A/F1 transcripts showed a highest expression in the gill. IL-
17A/F1 expression was found to be high in immune organs such as the gill and head kidney,
suggesting that IL-17A/F1 may have the function of defense against pathogens. Given that
the gill and skin serve as mucosal tissues, acting as crucial barriers against microorganisms,
the substantial expression of IL-17B in these tissues highlights its potential involvement
in mucosal immunity against pathogenic invasion. The comparable tissue distribution
patterns of IL-17B and IL-17RB in spotted sea bass suggest a potential association with their
specific binding properties. Moreover, the abundant expression of IL-17C across all tissues
points towards its significant role in tissue homeostasis. Interestingly, IL-17D transcripts
exhibited a prominent expression in the brain, as observed in European sea bass, large
yellow croaker and sturgeon [15,40,43], indicating a potential function within the nervous
system.
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Figure 3. Tissue expression of IL-17 genes in spotted sea bass. Levels of IL-17 genes expression were
normalized to that of EF-1α. Data are presented as the mean ± SEM (n = 3).

3.3. The mRNA Expression Status of the IL-17 Ligand and Receptor Genes after Injection with
LPS/Poly (I:C)/E. tarda

The LPS, a predominant component of Gram-negative bacterial outer membranes,
is widely recognized as a virulence factor [59]. The LPS is also an important PAMP that
induces inflammation by stimulating host innate immune system responses. In this study,
the LPS was employed to assess the immune response of spotted sea bass against bacterial
infection. The Gram-negative bacterium E. tarda, known to infect a diverse range of
vertebrates from fish to mammals [60], was specifically chosen for this study. Previous
investigations [61] have reported severe and fatal cases of E. tarda infection in various fish
species such as rockfish [62–64], tilapia [65], rainbow trout [66], channel catfish [67]. Poly
(I:C), often employed as a viral analog, has been utilized in several studies to evaluate
immune responses in fish [61].

In this study, a remarkable and statistically significant down-regulation of IL-17A/F1
expression in the gill was observed at 12 h after injection with the three aforementioned
stimuli (Figure 4). Significant variations have been documented among different fish species
examined thus far, making it challenging to attribute potential roles to fish IL-17A/F1.
IL-17B in head kidney reached maximal expression at 6 h after injection with LPS, so as
poly (I:C) and E. tarda (Figure 4), implying its critical involvement in the early response
stage upon pathogen adhesion. Furthermore, IL-17C expression in the head kidney was
significantly increased 6 h after LPS injection (Figure 5), suggesting its potential unique
role during the initial phase of inflammation. However, its expression was subsequently
down-regulated in the head kidney at 12–48 h after injection with LPS and poly (I:C)
(Figure 5), consistent with findings in miiuy croaker [2]. Additionally, the expression of IL-
17D in the immune organ, specifically the head kidney, was significantly up-regulated 48 h
after injection with poly (I:C), LPS, and E. tarda (Figure 5), underscoring its involvement
in immune response. Notably, the mRNA expression of IL-17RB exhibited a significant
up-regulation in the spleen at 6 h after injection with E. tarda, and then down-regulated
in 12–48 h (Figure 6). Spotted sea bass IL-17RB in the spleen was also down-regulated
at 12–48 h of being injected with Vibrio harveyi [46]. In humans, IL-17A/F is one of the
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important molecules in the inflammatory response which mainly produced by Th17 cells.
Other family members of IL-17 (B, C, and D) may also play a role in inflammation [23].
Notably, the IL-17 family genes are very sensitive to the bacterial component the LPS
and quickly respond in fish. Therefore, IL-17 may also play an important role in fish
inflammation. The biological activity of the IL-17 family in fish requires further functional
research to be understood.
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4. Conclusions

Overall, this research successfully cloned and identified five IL-17 genes in spotted sea
bass, namely IL-17A/F1, IL-17B, IL-17C, IL-17D and IL-17RB. Alignment and phylogenic
analyses revealed the evolutionary conservation of these IL-17 genes. Moreover, an exten-
sive expression of the IL-17 gene has been observed in various tissues. Notably, all five
spotted sea bass IL-17 genes exhibited significant responses following injection of the LPS,
poly (I:C), and E. tarda. These findings contribute to our knowledge of the crucial role of
IL-17 cytokines in the mucosal-associated immune defense network.
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