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ARTICLE INFO ABSTRACT

Interleukins (ILs) are a subgroup of cytokines, which are molecules involved in the intercellular regulation of the
immune system. These cytokines have been extensively studied in mammalian models, but systematic analyses
of fish are limited. In the current study, 3 IL genes from golden pompano (Trachinotus ovatus) were characterized.
The IL-1(3 protein contains IL-1 family signature motif, and four long helices (aA - aD) in IL-11 and IL-34, which
were well conserved. All 3 ILs clustered phylogenetically with their respective IL relatives in mammalian and
other teleost species. Under normal physiological conditions, the expression of IL-1p, IL-11, and IL-34 were
detected at varied levels in the 11 tissues examined. Most of the 3 ILs examined were highly expressed in liver,
spleen, kidney, gill, or skin. Following pathogenic bacterial, viral, or parasitic challenge, IL-1f, IL-11, and IL-34
exhibited distinctly different expression profiles in a time-, tissue-, and pathogen-dependent manner. In general,
IL-1p was expressed at higher levels following challenge with all pathogens examined than was observed for IL-
11 and IL-34. Furthermore, Streptococcus agalactiae and Cryptocaryon irritans caused higher levels of IL-13 and IL-
11 expression than Vibrio harveyi and viral nervous necrosis virus (VNNV). The increased expression of IL-34
caused by VNNV and C. irritans were higher than that caused by V. harveyi and S. agalactiae. These results suggest
that these 3 ILs in T. ovatus may play different effect pathogen type specific responses.
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identified in mammals, and both the loci and genes were observed to be
highly conserved. In mammals. Interleukin-1( is a pleiotropic cytokine

1. Introduction

Interleukins are a group of cytokines that serve as regulatory pro-
teins that regulate which specific immune system pathway will be in-
itiated [1]. It was initially thought that ILs only signaled between leu-
cocytes. However, it has been demonstrated that ILs are produced by a
wide variety of cell types, including CD4™ T helper cells, macrophages,
monocytes, and endothelial cells [2]. In general, cytokines are pro-
duced at the site of entry of a pathogen and propagate inflammatory
signals that regulate the capacity of resident and newly arrived pha-
gocytes to destroy the invading pathogens [3]. Since ILs were first de-
scribed over 30 years ago [4], a total of 37 ILs have been discovered at
the time of publication. While the majority of research has been con-
ducted in mammals, recent studies have expanded into lower verte-
brates, including fish.

Both genes and proteins of IL-13, IL-11, and IL-34 have been

regulating numerous immune and inflammatory responses. One of the
earliest proinflammatory cytokines to be expressed in response to in-
fection, IL-13 activates monocytes, macrophages, and neutrophils. In
addition, IL-1p also induces T helper 1 cell (Th1l) and T helper 17 cell
(Th17) adaptive cellular responses [5-10]. Like IL-1f, IL-11 is also a
multifunctional cytokine. IL-11 belongs to the IL-6 family that serves to
stimulate hematopoietic progenitor cells and exerts a series of im-
portant immunomodulatory effects [11-13]. Interleukin 34 was iden-
tified through a systematic functional screening of the extracellular
proteome as a protein that binds to the extracellular domain of colony-
stimulating factor-1 receptor (CSF-1R). Activation of this receptor has
been shown to promote monocyte survival and proliferation [14]. It has
been suggested that IL-34 may play essential roles in the pathological
mechanisms of autoimmune disorders, inflammation, infection, and
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cancer [15,16].

Although the functions of the IL family of proteins are well char-
acterized in mammals, little is known about these proteins in fish. To
date, identification and analyses of IL-1f, IL-11, and IL-34 in fish have
been reported in sea bass (Dicentrarchus labrax), Atlantic halibut
(Hippoglossus hippoglossus L), Atlantic cod (Gadus morhua), rainbow
trout (Oncorhynchus mykiss), Nile tilapia (Oreochromis niloticus), carp
(Cyprinus carpio), Japanese flounder (Paralichthys olivaceus), fugu
(Takifugu rubripes), Atlantic salmon (Salmo salar), catfish (Ictalurus
punctatus), and zebrafish (Danio rerio) [17-24]. Among these reports,
the expression of these 3 ILs is modulated by pathogen-associated
molecular patterns (PAMPs), such as lipopolysaccharides (LPS) and
poly I:C has been examined [17,19,23,24].

In China, Trachinotus ovatus (golden pompano) is an important
aquaculture species [25]. As the culture density has increased, many
diseases have emerged, resulting in serious economic losses in T. ovatus
[25-28]. Although IL-1B, IL-11, and IL-34 belong to different IL fa-
milies, they are all sensitive to pathogenic microbial stimuli. In the
present study, we aimed to compare the expression patterns of the three
genes in response to challenge with various categories of pathogens
(Vibrio harveyi, Streptococcus agalactiae, viral nervous necrosis virus, and
Cryptocaryon irritan). The results of the systematic analysis of IL-1{, IL-
11, and IL-34 following pathogenic bacterial, viral, and parasitic in-
fections in T. ovatus enhance the current understanding of the function
of these 3 ILs, and their role in the immune defense against pathogenic
insults.

2. Materials and methods
2.1. Fish

Trachinotus ovatus (average weight, 15g = 0.7 g) were purchased
from a commercial fish farm in Chengmai, Hainan province, China.
Prior to experimentation, fish were housed at 26 °C in aerated and
circulating seawater for one week to acclimate to the laboratory en-
vironment. Fish were randomly sampled to confirm that they were in
fact free of bacterial, viral, or parasitic infections. At the time of sample
collection, fish were euthanized with tricaine methanesulfonate (Sigma,
St. Louis, MO, USA), dissected, and tissues were collected as previously
reported [29].

2.2. Sequence analysis and cloning

The full-length sequence of three T. ovatus interleukin genes (IL-1f3,
IL-11, and IL-34) were obtained from our transcriptome database. The
amino acid sequences of IL-1f, IL-11, and IL-34 (GenBank accession
numbers: AZL87291.1, AZ1.87292.1, and AZL87294.1, respectively)
were analyzed using the BLAST program hosted by the National Center
for Biotechnology Information (NCBI, National Institute of Health,
Bethesda, Maryland, USA). A domain search was performed using the
conserved domain search program of NCBI. Multiple sequence align-
ments were created using DNAMAN (Lynnon Biosoft, USA) software.
Phylogenetic analysis was performed using ClustalX along with the
Neighbor joining algorithm of MEGA 6.0. Gaps were removed by pair-
wise deletion, and 1000 bootstrap replicates were performed in the
phylogenetic analysis.

The coding sequences of T. ovatus IL-18, IL-11, and IL-34 were am-
plified by PCR with the primers IL-1B3-F/R, IL-11-F/R, and IL-34-F/R,
respectively (Table S1). The purified PCR products were ligated into the
pEASY®-T1 Simple Cloning Vector (Transgen, Beijing, China) and
transformed into Trans1-T1 Phage Resistant Chemically Competent Cell
(Transgen, Beijing, China), then the positive clones were separately
sequenced.
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2.3. Challenge of fish with bacterial, viral, or parasitic pathogens

The fish pathogens V. harveyi [26] and S. agalactiae [30] were iso-
lated from diseased fish in the Hainan province of China. The bacteria
were cultured at 28 °C in LB broth. Each of 20 fish in a single tank was
intraperitoneally infected with 2 X 10° CFU of V. harveyi. Another 20
fish were infected with PBS as a control. At each of 6, 9, 12, and 24 h
post-infection (hpi), 5 fish were randomly selected from each group for
sacrifice and sampling of liver, spleen, kidney, gill, and skin. To ex-
amine the effects of S. agalactiae on ILs expression, the fish were chal-
lenged as above with 1 x 10* CFU, and sampled in the same manner as
well at 6, 12, 24, and 48 hpi. VNNV is a neuropathogenic virus and was
obtained from a mortality in juvenile golden pompano in Hainan pro-
vince of China. VNNV was suspended in PBS and adjusted its con-
centration to 1 X 107 copies/ml. A tank of 20 fish was intraperitoneally
injected with the virus (1 x 10° copies per fish). Five fish were ran-
domly selected at 1, 3, 5, and 7 dpi for sacrifice and tissue collection. A
local strain of C. irritans was isolated from pompano obtained from an
aquafarm in Lingao County, Hainan province, China. The parasite was
passaged and propagated in pompano in a laboratory. Theronts of C.
irritans were released from the tomonts at 27.0 * 0.5°C, were col-
lected immediately, and used within 1 h of collection. For the C. irritans
experiment, 35 fish were exposed to 1.75 x 10° C. irritans theronts in
100 L seawater. Five fish were randomly selected for sacrifice and tissue
collection at each of the 6 and 12 hpi, as well as at 1, 2, 3, 5, and 7 dpi.
For each of the time points sampled, total RNA was extracted from the
tissues for qRT-PCR analysis.

2.4. qRT-PCR analysis of IL-1, IL-11, and IL-34 expression

To determine basal expression levels of IL-1f, IL-11, and IL-34 in the
absence or presence of infections, total RNA was extracted from the
blood, muscle, kidney, stomach, liver, spleen, intestine, heart, brain,
gill, and skin, and from 5 healthy or infected T. ovatus from 30 mg tissue
samples with the Eastep® Super Total RNA Extraction Kit (Promega,
Shanghai, China). The quality of the RNA was examined by determining
260/280 or 260,230 absorbance ratio using a NanoDrop2000 (Thermo
Scientific, USA) and gel electrophoresis. All extracted samples had an
A260/280 ratio or 260/230 ratio of approximately 2.0. The purified
RNA was adjusted to 0.1 pg/pl with nuclease-free water. One micro-
gram of total RNA was used for first-strand cDNA synthesis with
Eastep® RT Master Mix Kit (Promega, Shanghai, China) according to
manufacturer's instructions. Next, qRT-PCR was conducted using a
QuantStudioTM Real-Time PCR machine (Applied Biosystems) using
the SYBR ExScript qRT-PCR Kit (LS2062, Promega, Shanghai, China).
The primers used for the reactions are listed in Table S1, and primers
B2M-F/B2M-R of (3-2 microglobulin (B2M, GenBank accession number
KX987233) was used as an internal reference (Table S1). The qRT-PCR
thermocycling parameters were adopted from a previously published
protocol [31]. All experiments were repeated three times.

2.5. Statistical analysis

Statistical analyses were carried out using the SPSS 17.0 software
(SPSS Inc., Chicago, IL, USA). Data were analyzed using analysis of
variance (ANOVA), and statistical significance was defined as
P < 0.05.

3. Results
3.1. Sequence and phylogenetic analyses

The IL-1f3, IL-11, and IL-34 proteins are comprised of 261, 200, and
217 amino acid residues, respectively. The signature motif of the IL-1

family, which is reasonably well conserved, was in fact observed in the
T. ovatus IL-1f. Furthermore, IL-11 and IL-34 possess the four main a-
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helix regions characteristic of these proteins from other species (Fig.
S1). Multiple sequence alignments revealed that IL-13, IL-11, and IL-34
share 55%-75%, 49%-85%, and 45%-85% overall sequence identities,
respectively, with the corresponding ILs in other teleost species. The
proteins shared approximately 30%, 25%, and 28% overall sequence
identities, respectively, with their human counterparts (Fig. S1).
Phylogenetic analysis of the IL homologues of teleosts and mammals
resulted in the formation of 2 main clades, one containing IL-11 and IL-
34, and the other containing IL-1f. Close relationships between T.
ovatus and Seriola lalandi IL-1f3, T. ovatus and Tetraodon nigroviridis IL-

11, and T. ovatus and Oplegnathus fasciatus IL-34 were evident in the
tree topology (Fig. 1).

3.2. Expression profiles of IL-1f, IL-11, and IL-34 under normal
Pphysiological conditions

The expression of IL-1f3, IL-11, and IL-34 in T. ovatus were examined
in 11 tissues: blood, muscle, kidney, stomach, liver, spleen, intestine,
heart, brain, gill, and skin by qRT-PCR. The results showed that each of
the ILs were expressed in the examined tissues, although the expression
patterns differed. The expression of IL-13 was detectable in all tissues
examined, with the highest in the gill, followed by the intestine and
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Fig. 1. Phylogenetic analysis of IL-1f, IL-11, and IL-34. Neighbor joining tree was drawn from a ClustalX-generated multiple sequence alignment of the
Trachinotus ovatus three ILs proteins and other ILs orthologues and paralogues. The GenBank accession numbers are listed in Table S2.

kidney (Fig. 2A). For IL-11, high expression levels were detected in
spleen, kidney, and liver (Fig. 2B), and relatively high levels of IL-34
expression was observed in liver, muscle, and skin (Fig. 2C). Interest-

ingly, the blood exhibited the lowest expression levels for all the ILs
examined.

3.3. Expression profiles of ILs in response to infection

Trachinotus ovatus were exposed to bacterial (the gram-negative V.
harveyi, and the gram-positive S. agalactiae), viral (VNNV), and parasitic
(C. irritans) infections. The expression levels of IL-1f3, IL-11, and IL-34
were examined at different time points, all of which were relevant to
the corresponding pathogen in the 5 tested tissues (liver, spleen,
kidney, gill, and skin). The data suggest that the expression of IL-1f3, IL-
11, and IL-34 were significantly increased in response to infection in
several of the tissues examined at all post-challenge times. Specifically,
the expression of IL-1p was significantly up-regulated in all the tissues
tested in response to all the pathogens examined in this study. Infection
with V. harveyi resulted in significant increases in IL-1[3 expression in
liver at all examined time points, spleen at 6 hpi, gill at 6, 9, and 24 hpi,
and skin at 6 and 24 hpi (Fig. 3A). Infection with S. agalactiae resulted
in a significant increase in IL-1( expression in liver at 24 hpi only.
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Fig. 2. IL-1$, IL-11, and IL-34 expression in fish tissues under normal
physiological conditions. Constitutive expression of IL-1f, IL-11, and IL-34 in
various tissues in Trachinotus ovatus were determined by quantitative real time
PCR. For convenient of comparison, for each gene, the expression level in the
tissue with the lowest expression was set as 1. Vertical bars represent
means = SE (N = 3).
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Fig. 3. IL-1f, IL-11, and IL-34 expression in response to Vibrio harveyi
infection. Expression of IL-1(3 (A), IL-11 (B), and IL-34 (C) in V. harveyi infected
or not infected (control) Trachinotus ovatus liver, spleen, kidney, gill, and skin
were detected using quantitative real-time PCR at various time points post-
challenge. At each time point, the expression level of the control fish was set as
1. Values are shown as means *+ SE (N = 3). **P < 0.01, *P < 0.05.

Significant increases in IL-1( expression were also observed in the
spleen and kidney at all time points examined, and gill and skin at 12,
24, and 48 hpi (Fig. 4A). Significant increases in IL-1f expression were
observed in response to VNNV infection in gill at all time points, was
observed in liver at 1 dpi, spleen and kidney at 3 dpi, and skin at 1 and
7 dpi (Fig. 5A). Following C. irritans infection, IL-1(3 expression was
significantly increased in liver at 2, 3, and 7 dpi, in spleen at 12 hpi and
7 dpi, kidney at 7 dpi, gill at 2, 3, 5, and 7 dpi, and skin at 7 dpi
(Fig. 6A).
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Fig. 4. IL-1B, IL-11, and IL-34 expression in response to Streptococcus
agalactiae infection. Expression of IL-13 (A), IL-11 (B), and IL-34 (C) in S.
agalactiae infected or not infected (control) Trachinotus ovatus liver, spleen,
kidney, gill, and skin were detected using quantitative real-time PCR at various
time points post-challenge. At each time point, the expression level of the
control fish was set as 1. Values are shown as means = SE (N 3).
**P < 0.01, *P < 0.05.

In response to V. harveyi infection, IL-11 expression was sig-
nificantly up-regulated in liver at 9, 12, and 24 hpi, spleen and kidney
at 6 hpi, and gill at 6, 12, and 24 hpi. No changes in expression were
observed in skin (Fig. 3B). Expression of IL-11 was significantly up-
regulated in all tissues examined after S. agalactiae and VNNV infection.
Infection with S. agalactiae significantly enhanced IL-11 expression in
skin at 6 hpi only, but significantly enhanced IL-11 expression in liver
and gill at all examined time points with the exception at 6 hpi, and in
spleen and kidney at all examined time points except for 48 hpi
(Fig. 4B). Infection with VNNV significantly increased IL-11 expression
in liver at 1 and 3 dpi, spleen at 3 dpi, kidney at 3 dpi, gill at 7 dpi, and
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Fig. 5. IL-1B, IL-11, and IL-34 expression in response to VNNV infection.
Expression of IL-1f (A), IL-11 (B), and IL-34 (C) in VNNV infected or not in-
fected (control) Trachinotus ovatus liver, spleen, kidney, gill, and skin were
detected using quantitative real-time PCR at various time points post-challenge.
At each time point, the expression level of the control fish was set as 1. Values
are shown as means = SE (N = 3). **P < 0.01, *P < 0.05.

skin at 1 and 7 dpi (Fig. 5B). After C. irritans infection, IL-11 expression
was significantly increased in liver at 1 and 7 dpi, spleen at 5 and 7 dpi,
kidney at 7 dpi, and skin at 3 dpi. However, no statistically significant
changes in the expression of IL-11 in gill were observed at any time
point (Fig. 6B).

For IL-34, expression was significantly up-regulated in kidney at 9
hpi and skin at 24 hpi after V. harveyi infection (Fig. 3C). Infection with
S. agalactiae resulted in significant up-regulation of IL-34 expression in
kidney (12 hpi), gill (12 and 24 hpi), and skin (24 hpi). Expression of IL-
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Fig. 6. IL-1p, IL-11, and IL-34 expression in response to Cryptocaryon ir-
ritans infection. Expression of IL-1f (A), IL-11 (B), and IL-34 (C) in C. irritans
infected or not infected (control) Trachinotus ovatus liver, spleen, kidney, gill,
and skin were detected using quantitative real-time PCR at various time points
post-challenge. At each time point, the expression level of the control fish was
set as 1. Values are shown as means = SE (N = 3). **P < 0.01, *P < 0.05.

34 was not altered in liver and spleen (Fig. 4C). Following VNNV in-
fection, expression of IL-34 was significantly up-regulated in liver at 3
dpi, spleen at 1 dpi, kidney at 5 dpi, and gill at 1 and 7 dpi. Expression
did not significantly change in skin (Fig. 5C). Unlike IL-1f3 and IL-11, C.
irritans infection significantly up-regulated IL-34 expression in gill at 6
and 12 hpi, as well as at 1, 2, and 3 dpi. In skin, expression of IL-34 was
significantly up-regulated at all examined time points except for 7 dpi.
No significant changes in IL-34 expression were observed in liver,
spleen, or kidney in response to C. irritans infection (Fig. 6C).
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4. Discussion

This study, represents the first known report the cloning and char-
acterizing IL-1f3, IL-11, and IL-34 from T. ovatus. The IL-1 family sig-
nature motif for IL-1f3, and the four long helices (aA - aD) for IL-11 and
IL-34 are well conserved among T. ovatus and other fish and mamma-
lian species [17,20,24,32,33]. In the phylogenetic analysis performed
here, each of the IL genes clustered together with their counterparts
known in other teleost species. These data suggest that the family of IL
proteins is evolutionarily conserved.

Previous studies have demonstrated that IL-1, IL-11, and IL-34 are
expressed ubiquitously in tissues of rainbow trout [17,23,34], Nile ti-
lapia [35], carp [22,36,37], Japanese flounder [24], fugu [17], Atlantic
halibut [18], catfish [17,38] and zebrafish [17]. In this study, these ILs
were differentially expressed in the 11 tested tissues. For example, IL-1f
was dominant in gill, intestine, and kidney compared to IL-11, which
was dominant in spleen, liver, and kidney. These results were similar
for IL-1f in Atlantic halibut, which had the highest expression in gill. In
rainbow trout, IL-11 was expressed at the highest levels in spleen and
kidney [18,23]. Different from rainbow trout IL-34 which was the most
highly expressed in gill, T. ovatus IL-34 was expressed at relatively high
levels in liver, muscle, and skin. It was recently reported that in mice,
IL-34 was determined to be a tissue restricted colony-stimulating factor-
1 receptor (CSFR) ligand for Langerhans cells [39]. Overall, the present
study showed that the 3 ILs examined were abundant in the liver,
spleen, kidney, gill, and skin. These tissues comprise the major immune
organs of teleosts, with many immune cells such as lymphocytes and
phagocytes. These results suggest that ILs in T. ovatus are likely in-
volved in the responses to infectious microbes.

Pathogenic bacteria, viruses, and parasites infect fish through
breaks in the skin, and through the gills, before spreading to other in-
ternal organs, with liver, spleen, and kidney being the main target or-
gans where massive pathogen infiltration and proliferation occur post-
infection [17]. Many reports have indicated that ILs are highly ex-
pressed in gill. This can be explained by the fact that gill is a primary
site where foreign insults are first encountered [17,18,23]. In this study,
it was observed that, following infection with various pathogens, the
expression levels of IL-1f3, IL-11, and IL-34 were all significantly up-
regulated in the gills, followed by the skin. In line with these results, in
Epinephelus coioides, IL-34 was up-regulated at 6 hpi, 12 hpi, and 3 dpi
in skin, and at almost all time points in gill followed by C. irritans in-
fection [17]. Furthermore, in the present study, it's interesting that the
expression of IL-1f, IL-11, and IL-34 were all significant higher in gill
than the other four tissues (liver, spleen, kidney, and skin) in response
to VNNV infection. Similarly, in Gadus morhualL, IL-13 expression was
significantly increased after poly I:C stimulation in gill [19]. These
might suggest a conserved role for IL-1p in gill, where it functions as an
inflammatory cytokine. The up-regulation of IL-1f3, IL-11, and IL-34 in
gill of infected T. ovatus may confirmed the activation of mononuclear
phagocytes in sites of bacterial, viral, and parasitic infection. This is
indicative of an improved antigen presentation and local antigen spe-
cific immune responses.

Following bacterial infection, IL-1[3 expression was significantly up-
regulated in liver after V. harveyi infection, while S. agalactiae sig-
nificantly enhanced the expressions of IL-1f in spleen and kidney of T.
ovatus. Similarly, IL-11 expression was significantly induced by both
bacterial pathogens in liver, spleen, and kidney. For IL-34, expression
was significantly induced in kidney by V. harveyi and S. agalactiae.
Interestingly, it was observed that expression of the ILs was up-regu-
lated higher in response to S. agalactiae infection than to V. harveyi. This
might suggest that ILs play a more important role in defending against
gram-positive bacterial infection.

Previous studies showed that ILs were involved in antiviral im-
munity. For example, expression of IL-1f in Salmonids was significantly
up-regulated in kidney at all time points (day 1-8) in response to viral
haemorrhagic septicemia virus (VHSV) infection, which peaked at day
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1 with 47.9-fold induction [20]. After stimulation of rainbow trout with
poly LI:C, IL-11 expression was profoundly increased at 3, 7 hpi, and
reduced at 24 hpi [23]. Similarly, IL-34 was highly up-regulated at 4
hpi in the gill, liver, gonad, and spleen following poly I:C treatment
[17]. In the present study, it was observed that the expression of IL-1p,
IL-11, and IL-34 were most significantly up-regulated in the early time
points after VNNV infected, suggesting that the cytokines are part of the
first-line responses in liver, spleen, and kidney. All of the results may
suggest that all three ILs play an important role in the antiviral re-
sponse.

In the current study, C. irritans infection significantly up-regulated
expression of IL-1f and IL-11 after 6 hpi mainly in liver, spleen, and
kidney. In contrast, IL-34 expression significantly increased in response
to C. irritans challenge at 6 hpi, although predominantly in gill and skin.
Similarly, in E. coioides, IL-34 was the most strongly up-regulated in gill
and skin after C. irritans infection, which allowed for the inference to be
made that mononuclear phagocytes were activated in parasite infected
sites [17]. In mammals, the IL-34 deficient mice responded poorly to
skin antigen and viral infection of the central nerve system (CNS) [39].
These results suggest that IL-1, IL-11, and IL-34 may be involved in the
host immune response against parasitic infections, although the main
response organs were different. Meanwhile, the results also possibly
indicate that IL-34 may be a rapid response molecule to parasitic in-
fection, primarily in gill and skin.

On the whole, when comparing expression patterns of the 3 ILs
examined here following different types of pathogenic infections, it was
observed that IL-1f3 was significantly induced to a greater degree by all
pathogens examined than IL-11 and IL-34. These data may suggest that
IL-1B effects broad functions in the immune response of T. ovatus.
Furthermore, for IL-1f and IL-11, the increases of expression caused by
S. agalactiae and C. irritans were markedly higher than those caused by
V. harveyi and VNNV. For IL-34, the increases of expressions caused by
VNNV and C. irritans were markedly higher than those caused by V.
harveyi and S. agalactiae, which was primarily observed in the gill and
skin. These results might suggest that IL-1f3, IL-11, and IL-34 serve
different functions in response to different pathogens.

In conclusion, it was demonstrated here that that IL-1f3, IL-11, and
IL-34 were expressed widely in T. ovatus tissues, especially in major
immune organs, and that the 3 IL genes displayed significant and varied
alterations in mRNA levels in response to bacterial, viral, and parasitic
infections. Furthermore, the changes in expression were dependent on
the type of pathogen, tissue type, and infection stage. These results
provide the first systematic study of IL-1f, IL-11, and IL-34 against
bacteria, viruses and parasites in fish, thus promoting the current un-
derstanding of the function of these ILs in the immune defense against
different pathogens.
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