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ARTICLE INFO ABSTRACT

Interleukin-8, otherwise known as CXCLS8, is a CXC chemokine that plays a pivotal regulatory role in immune
and inflammation responses of animals. Here, we identified an interleukin-8 homologue from Siberian sturgeon
(Acipenser baeri), named AbIL-8, which belongs to the lineage 1 group of teleost fish IL-8s. The cDNA of Abil-8 is
1130 bp in length, containing a 5’- untranslated region (UTR) of 50 bp, a 3’- UTR of 783 bp, and an open reading
frame (ORF) of 297 bp that encodes a protein consisting of 98 amino acids. The deduced AbIL-8 contained five
cysteines, four of which are highly conserved, and an ELR motif typical of known mammalian CXC chemokines
was also found preceding the CXC motif. Our phylogenetic analysis showed that AbIL-8 clustered with the
CXCL8_L1 sequences from other teleosts, being clearly distinct from those of either birds or mammals. Abil-8
mRNA was constitutively expressed in all tested tissues and significantly up-regulated in the liver and spleen
tissues by the bacteria Aernomas hydrophila. The in vitro experiment using primary spleen cells stimulated with
heat-killed Aernomas hydrophila or lipopolysaccharide (LPS) revealed a similar expression pattern to that found
in vivo, whereas stimulation on spleen cells with B-glucan or polyI:C elicited negligible changes in levels of Abil-8
mRNA. Purified recombinant AbIL-8 not only exhibited chemotactic activity for lymphocytes and monocytes in
peripheral blood leukocytes (PBLs) and, to a lesser extent, spleen cells, but also stimulated the proliferation of
spleen cells at 10 ng/mLor above. Furthermore, intraperitoneal injection of rAbIL-8 also up-regulated the ex-
pression of immuno-related genes (IL-6, IgM and MHCIIfB) at 24 h. Collectively, these results enhance our un-
derstanding of how IL-8 functions in the regulation of the immune responses in sturgeon.
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1. Introduction processes, not only via its effective chemotaxis for several immune cell
types but also by inducing respiratory burst, exocytosis, degranulation
of storage proteins, and production of lipid mediators [5,6].

In teleost fish species, the IL-8 genes have been increasingly iden-

Chemokines are a key family of cytokines with chemotactic activity
that are known to regulate various steps in the immune responses by

migrating immune cells [1]. According to the arrangement of the first
two cysteines, chemokines are usually classified into five subfamilies:
CXC, CC, CX3C, CX, and XC [2]. CXCLS8, also known as interleukin-8
(IL-8), was first identified as a chemokine in mammals and belongs to
the CXC subfamily [3]. In mammals, the CXC chemokines are further
divided into two main subgroups: ELR* CXC and ELR ~ CXC, depending
on whether or not the Glu-Leu-Arg (ELR) motif is preceding the CXC
domain. In general, mammal CXC chemokines with an ELR motif re-
cruit polymorphonuclear leukocytes, whereas CXC chemokines lacking
this ELR motif always direct the migration of lymphocytes and mono-
cytes [4]. Functionally, IL-8 is involved in various pathological

tified in variants that phylogenetically resemble the CXCL8 of mam-
mals. Recent studies suggest these teleost fish CXCL8 chemokines can
be divided into three divergent lineages: CXCL8_L1, CXCL8 L2, and
CXCL8_L3 [1,7,8]. CXCL8_L1 is considered a fish-specific CXCL8 che-
mokine [8] that has been found in several fish species, such as grass
carp (Ctenopharyngodon idellus) [9], ayu (Plecoglossus altivelis) [10],
zebrafish (Danio rerio) [11], Atlantic cod (Gadus morhua) [12], rainbow
trout (Oncorhynchus mykiss) [12,13], common carp (Cyprinus carpio)
[14], half-smooth tongue sole (Cynoglossus semilaevis) [15], and Japa-
nese flounder (Paralichthys olivaceus) [16]. By contrast, the third lineage
(CXCL8_L3) seems restricted to fewer fish species, including large
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yellow croaker (Larimichthys crocea) [17], and rainbow trout (Oncor-
hynchus mykiss) [8], likewise, lineage 2 (CXCL8_L2) has only been found
in the cyprinids, (including zebrafish, common carp, and grass carp)
[7,18]. In common carp, recombinant CXCa_L1 and CXCL8_L2 induced
a moderate increase in their IL-1 expression, and in vivo could induce
leukocytes’ recruitment [18]. Recombinant CXCL8_L1 from half-smooth
tongue sole was shown to have chemotactic properties for peripheral
blood leukocytes (PBLs) and head kidney lymphocytes and capable of
stimulating the proliferation of head kidney lymphocytes in a dose-
dependent manner [15]. In yellow croaker, recombinant LycCXCL8_L3
chemotactically attracted lymphocytes and eosinophils in peripheral
blood leukocytes (PBLs), and enhanced the respiratory burst activity of
primary head kidney macrophages (PKM) as well [17]. In sum, research
to date indicates that the three CXCL8 lineages mentioned above appear
to be functional homologs of the mammalian CXCLS8.

Sturgeon is an ancient and endangered yet lucrative commercial
aquaculture species that belongs to the chondrostean fish group. Its
highly-prized caviar, fast growth, and tasty meat make sturgeon an
attractive fish species for farming in China [19]. However, intensive
feeding in confined waters can cause many disease outbreaks that result
in substantial economic losses to sturgeon farmers. There is no doubt
that inflammatory cytokines become activated upon recognition of
pathogen [20], with chemokines in particular of pivotal importance in
recruiting leukocytes to the site of inflammation. Surprisingly, how-
ever, to date chemokines remain poorly characterized in sturgeon
species.

To fill this knowledge gap, in this study we identified CXCL 8 (in-
terleukin-8, IL-8) in Siberian sturgeon (Acipenser baeri), a chondrostean
fish. Then, we analysed its tissue distribution and expression modula-
tion in response to stimulators both in vitro and in vivo. Going further,
we investigated its potential chemotactic activity and im-
munoregulatory effect using the recombinant AbIL-8. Cloning and
functional analysis of AbIL-8 may allow us to better understand the
involvement and mechanisms of IL-8 in regulating the immune re-
sponse in sturgeons and perhaps other chondrostean fish.

2. Materials and methods
2.1. Fish and sampling

Acipenser baeri juveniles (83.6 = 9.03g, n = 100) were obtained
from Beijing Shidu base for sturgeon breeding, and cultivated in the re-
circulating-water tanks for 2 weeks before carrying out the experiment.
During both the adaption and experimental phases of this research,
water temperature was kept at 24 = 1°C and all fish were fed with
commercial standard diets (Beijing HANYE science and technology Co.
Ltd, China) on a 2% body weight basis. Fish were anaesthetized with
100 mg/L of tricaine methane sulfonate (MS-222, Hangzhou Animal
Medicine Factory, China) prior to any tissue collection. All experi-
mental procedures conformed to the standards of the China Council on
Animal Care.

2.2. Cloning of full-length Abil-8 cDNA

Total RNA was extracted from the mixture of spleens from three
Siberian sturgeons using RNAiso plus (Takara, Cat. No. 9108, Japan)
according to the manufacturer's protocol, and then reverse-transcribed
into first strand cDNA (Takara, Cat. No. RR047A, Japan) in a total
volume of 20 uL. To isolate the il-8 cDNA from this sturgeon species,
two primers were designed (IL-8F0 and IL-8R0; Table 1) based on the
known partial cDNA sequence of Acipenser ruthenus obtained from in-
formation of its transcriptome. Polymerase chain reaction (PCR) am-
plification was conducted as follows: 5 min denaturing step at 95 °C, 35
cycles of 15sat 95°C, 20sat 55°C, and 45sat 72 °C, followed by an
additional 7 min at 72 °C for the extension. The PCR product was pur-
ified, ligated into the pMD19-T Vector (Takara, Cat. No. 6013, Japan)
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Table 1
List of primers and their applications.

Primers Primer sequence 5’-3" Purpose used

1L-8F0 TGCACTATCTGAAGGGATGTCTTTG cDNA fragment of AbIL-8
IL-8RO ACTATCTTGACCCAGCGGGCAGTTG cDNA fragment of AbIL-8
GSPII TCTTTTTTAATGCACTGACAACGGAG 5'RACE

NP5 ATTCTGGATCTGCCTGGGATGG Nested 5'/RACE PCR

GSPI CAAGGATGCTGAAGTCATTGCCA 3’'RACE

NP3 GCCCGCTGGGTCAAGATAGTTA Nested 3'RACE PCR

18SF TGCCCTATCAACTTTCGATGG qRT-PCR

18SR CTGCCTTCCTTGGATGTGGT qRT-PCR

QqADIL-8F CATCCATCCCAGGCAGATC qRT-PCR

qAbIL-8R TTGACCCAGCGGGCAGTT qRT-PCR

AbIL-8F CCGGATATCATGTCTTTGAAAAGC recombinant construct
AbIL-8R CCGCTCGAGTCAGGCCTTGGAGCT recombinant construct

Note: The restriction sites for EcoRV and Xhol are underlined.

and transformed into E. coli DH5a competent cells (Takara, Cat. No.
9057, Japan). Finally, positive clones were selected for sequencing by
the TSINGKE Biological Technology Company (Beijing, China).

The 5’ and 3’ Rapid Amplification of cDNA Ends (RACE) was carried
out with the SMART™ RACE cDNA Amplification Kit (Clontech, Cat. No.
634858, Japan). Based on the partial nucleotide sequence of Abil-8, two
specific primers (GSPII, NP5) were designed for the 5’-RACE reactions
and two specific primers (GSPI, NP3) were designed for the 3-RACE
reactions, according to manufacturer's protocol. The sequences of all
the above primers are listed in Table 1.

2.3. Bioinformatics analysis

The Abil-8 cDNA sequence was analysed using the open reading
frame (ORF) finder tool available at NCBI (https://www.ncbi.nlm.nih.
gov/orffinder/), to deduce its translation initiation site (ATG) and
amino acid sequence. Then, the basic information and structural fea-
tures of the AbIL-8 protein were analysed using DNAstar and the online
SMART tool (http://smart.embl-heidelberg.de/) [21]. Its signal peptide
was predicted using SignalP v5.0 Server (http://www.cbs.dtu.dk/
services/SignalP/) [22] and a multiple amino acid sequence align-
ment was conducted in ClustalX software [23]. MEGA v6.06 software
[24] was used to construct a phylogenetic tree using the neighbor-
joining method with 1000 bootstrap trials [25]. Identity at amino acid
level was calculated by the Matrix Global Alignment Tool (MatGAT)
v2.0.3 [26].

2.4. Quantitative real time PCR (qRT-PCR) analysis of Abil-8 expression
under different conditions

2.4.1. Tissue specific expression of Abil-8 in healthy Siberian sturgeon

Ten tissues (heart, eye, muscle, gut, gill, liver, skin, spleen, head
kidney, and brain) were collected aseptically from three sturgeons and
used for total RNA extraction. qRT-PCR was carried out using SYBR’
Premix Ex Taq™ II (TaKaRa, Cat. No. RR820A, Japan) with the ABI
7500 Real-Time PCR System (Applied Biosystems, USA). The 18S ri-
bosomal RNA, a housekeeping gene, served as the internal control to
normalize the template amounts [27]. The primers used here were
qADbIL-8F and qAbIL-8R for Abil-8, and 18SF and 18SR for 18S. Thermal
cycling included an initial denaturation step at 95 °C for 5 min, followed
by 40 cycles at 95 °C for 15s, 59.6 °C for 30s. To confirm the amplifi-
cation of a single product per primer pair, a melt-curve analysis was
implemented once the PCR reaction ended. In particular, the primers
ADbIL-8F/R and 18SF/R should display an amplification efficiency of
90%-110% when assessing the standard curve by qPCR. The expression
levels of Abil-8 were normalized by 18S using the 2" 24T method, and
expressed as the ratio of Abil-8 expression levels in the muscle. All data
were obtained from three independent PCR assays with three replicates
in each assay.
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2.4.2. Expression of Abil-8 in response to the Aernomas hydrophila
challenge

The fish bacterial pathogen Aernomas hydrophila (A.h) NX830 (ob-
tained from National Aquatic Pathogen Collection Center, China) was
cultured in LB medium and re-suspended in PBS to a density of
1 x 108 CFU/mL. Sturgeons (84.4 = 3.57 g, n = 60) were randomly
divided into two groups of 30 fish each. After 2-week acclimation
phase, fish in the challenged group were intraperitoneally injected with
A.h at a dose of 2 x 107 CFU per fish in 200 pL of PBS, while those in
the other group were injected with 1 x PBS at a dose of 200 L per fish
to serve as the control. The spleen, liver, and head kidney were sampled
randomly from three fish in each group at 6 h, 12h, 24h, 72h, and 7
days post-challenge, and used for the qRT-PCR analysis as described
above. The fold-changes in gene expression levels were normalized by
18S, and expressed as the ratio of the Abil-8 expression levels in stur-
geons injected with PBS at 6 h post-injection (defined by a value of 1).

2.5. Expression of Abil-8 in sturgeon spleen cells with in vitro stimulation

This in vitro stimulation experiment was performed as described by
Zhang et al. [27] but with slight modification. After disinfecting their
body surfaces, the spleen tissue was separately collected from four in-
dividual fish (87.3 = 3.27 g) and washed twice with 1 x PBS con-
taining 100 U/mL of penicillin and 100 U/mL of streptomycin (So-
larbio, China). Using a 5-mL disposable syringe, spleen cells were gently
squeezed through a 150-um filter in RPMI1640 medium (Solarbio,
China) without fetal bovine serum (FBS). The filtered spleen cells were
washed three times with 1 x PBS at x 840gat 4 °C for 10 min. After
washing, cells were re-suspended in complete RPMI1640 medium with
5% FBS (Gibico, Cat. No. 10099141, USA). The cells were adjusted to
1 x 10° per mL and put into four 24-wells plates (Corning, Cat. No.
3524, USA) giving 5 wells of cells from the same fish at each plate. After
24 h incubation at 25 °C, the culture medium was removed and replaced
with a complete RPMI1640 medium. LPS (100 pg/mL, Sigma, Cat. No.
L3129, USA), poly I: C (50 ug/mL, Sigma, Cat. No. P1530G, USA), B-
glucan (100 pg/mL, Sigma, Cat. No. G6513, USA), heat-killed A.h, and
1 x PBS were subsequently added into four wells (replicates from four
individual fish with one well from one fish) at each plate, respectively.
At 6h,12h, 48 h, and 96 h after stimulation, the cells in each well were
harvested individually in 1 mL RNAiso plus (Takara, Cat. No. 9108,
Japan) reagent. Total RNA was then extracted and reversely transcribed
into cDNA, the Abil-8 mRNA levels were determined by qRT-PCR.

2.6. Production and purification of rAbIL-8

The ORF fragment of AbIL-8 excluding its signal peptide was am-
plified with the forward primer (AbIL-8F) containing an EcoRV re-
striction enzyme site and the reverse primer (AbIL-8F) include an Xhol
site. Both the gene fragment and the pET30a (+) expression vector
(Merck millipore, Cat. No. 69909, USA) were digested by EcoRV and
Xhol (Thermo, USA), purified DNA fragments were ligated, and the
constructed recombinant plasmid pET30a (+)-AbIL-8 was then trans-
formed into E. coli Rosetta gami2 complete cells (Merck millipore, Cat.
No. 71350, USA). Expression of the fusion protein containing a 6 X His
tag was induced by 1 mM of isopropyl - D -thiogalactoside (IPTG) at
37 °C for 5 h and analysed by SDS-PAGE. The vector pET30a (+) was
also transformed into E. coli Rosetta gami2 complete cells, to serve as
the control. After IPTG induction, the cells were harvested by cen-
trifugation, and re-suspended with 1 x PBS. After sonication on ice, the
inclusion bodies were obtained by centrifugation of the bacterial lysate.

The inclusion bodies were washed twice with a lysis buffer and re-
suspended in Buffer A (6 M Gua-HCl, 50 mM Trise-HCl, 10% glycerol,
50 mM NaCl, pH 8.0). After centrifugation at X 10 000 g for 10 min, the
supernatant was filtered through a 0.45-um filter membrane and the
rAbIL-8 was purified by Co?™ affinity resin (Takara, Cat. No. 635503,
Japan). The purified protein was refolded in a refolding buffer
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containing 20 mM of Tris- HCl, 150 mM of NaCl, and reduced urea (6 M,
4M, 2M) for 12hat 4°C. The resulting rAbIL-8 protein was finally
dialyzed against PBS, and this dialyzed sample was centrifuged
at x 10000 g for 30 minat 4 °C to remove any precipitate, then con-
centrated to 1 mg/mL by protein concentrators (Merck millipore, Cat.
No. UFC901024, USA). The recombinant Siberian sturgeon IL-1f pro-
tein (rAbIL-13) was also expressed and purified according to the
methods described above.

2.7. In vitro chemotaxis assay

2.7.1. Isolation of peripheral blood leukocytes (PBLs) and spleen cells

The PBLs were isolated following the method described by Jin-
sheng Sun et al. [15] with a slight modification. Briefly, the blood was
sampled from the caudal vein sinus of Siberian sturgeon using a 2-mL
sterile syringe and quickly transferred into tubes containing heparin
sodium (10 U/mL, Solarbio, Cat. No. H8060, China). After diluted by
RPMI1640 culture medium at a ratio of 1:1, blood was loaded onto the
same volume of freshly prepared 65% Percoll (Solarbio, Cat. No. P8370,
China) and separated via centrifugation at X 850 g for 25 min at 4 °C.
After centrifugation, PBLs were obtained from the interface between
plasma and Percoll, and washed twice with cell culture medium. Fi-
nally, PBLs were adjusted to a final concentration of 1 x 10° cells/mL
in complete medium containing 5% of FBS, 100 U/mL of penicillin and
100 U/mL of streptomycin.

The spleen cells were prepared as described in section 2.5. The
obtained spleen cells in the chemotaxis assay were adjusted to a con-
centration of 1 x 10° cells/mL in a complete medium.

2.7.2. Transwell migration assay

In vitro chemotaxis assay was performed using a 24-well Costar
Transwell apparatus (Corning, Cat. No. 3422, USA) following Chang-
Qing Chu et al. [10] with some minor modifications. Purified rAbIL-8
was diluted in complete RPMI1640 medium to 100, 500, 1000, and
5000 ng/mL. Then, 600 uL of each dilution was added to the lower
chamber of the transwell unit, meanwhile purified recombinant AbIL-
1 dilution (5 pg/mL) was set as the negative control, and adding 5 ng/
mL fMLP (Sigma, Cat. No. F3506-5 MG, USA) was set as the positive
control. Polycarbonate filters with a pore diameter of 8-um were then
placed onto the lower wells, and 100 pL target cells (1 X 10° cells/mL)
were added in the upper chamber. The plates were incubated at 25 °C
for 45 min. At the end of reaction, the cells on the filter were fixed by
methyl alcohol for 3 min, and washed with 1 x PBS. After wiping off
the non-migrated cells, the migrated cells were stained by DAPI and
counted in three fields ( X 400) under a fluorescence microscope
(Olympus IX71, Japan). Thus, the average number of cells per field was
determined. Each migration assay was performed in triplicate.

2.7.3. Morphological identification of attracted leukocyte in PBLs

To determine the cell types upon which rAbIL-8 might exert che-
moattractant effect, the dilution of 1000 ng/mL purified rAbIL-8 was
used to perform the chemotaxis assay for Siberian sturgeon PBLs as
described above; At the end of reaction, cells migrated to the reverse
side of polycarbonate filters in the upper chamber were digested by
trypsin (Gibico, Cat. No. 25200056, USA) and collected for morpholo-
gical identification using rapid Wright-Giemsa staining (Solarbio, cat.
No. G1020, China).

2.8. Effects of rAbIL-8 on spleen cell proliferation

The MTT assay was performed to determine the proliferation of
spleen cells according to established methods [15,28], albeit with slight
modifications. A suspension of 150 pL of spleen cells (1 X 10° cells/mL)
was added to each well of a 96-well plate, and incubated with different
concentrations of rAbIL-8 (i.e., 10 ng/mL, 100 ng/mL, or 500 ng/mL)
for 72 h; treatment with just 1 X PBS was regarded as the control. Three
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replicates were set in each treatment. After the cells were cultured for
72h, the spleen cells received 20 uL. of 5mg/mL MTT {3- (4,5- di-
methyl-2-thiazolyl)-2,5- diphenyl- 2H- tetrazolium bromide} (Solarbio,
Cat, No. M8180, China) per well; they were then further incubated for
4 h to form the crystals. Next, the supernatant was discarded and 150 pL
of DMSO was added. Each plate was then read at 490 nm using a mi-
croplate reader (BioTek Eon, USA). Each experiment was repeated three
times.

2.9. Expression analysis of immuno-related genes by qRT-PCR

To investigate the transcription of immuno-related genes after in-
jection of rAbIL-8, Siberian sturgeons (83.9 *+ 4.37 g, n = 24) were
randomly divided into two groups with 12 fish in each group. Purified
rAbIL-8 was dissolved in PBS (pH 7.4) to a concentration of 0.2 mg/mlL,
and injected into the abdominal cavities at a volume of 200 pL per fish.
BSA (200 pL 2 mg/mL; Solarbio, Cat. No. A8010, China) was also ad-
ministered in the same way, serving as the negative control. At 6 h and
24 h post-injection, the spleen and the head kidney were randomly
sampled from three sturgeons. qRT-PCR was applied to evaluate the
transcription of several immuno-related genes, including IL-6, IgM, and
MHCIIB. The fold-changes in each gene expression levels were nor-
malized by 18S, and expressed as the ratio of the gene expression levels
in sturgeons injected with BSA at 6 h post-injection (defined by a value
of 1).

2.10. Statistical analysis

All data were analysed with SPSS v19.0 and expressed as
mean + standard deviation (SD), with a threshold of P < 0.05 con-
sidered statistically significant. The normal distribution and homo-
geneity of variance among treatment groups' data were first tested, then
One-way ANOVA analysis was carried out and followed by Tukey's
method for pairwise comparisons of means [29], whereas Independent-
Samples T test was used to determine the statistical significance of
differences observed between the experimental and control groups.
When a non-parametric method was used, Kruskal-Wallis analysis was
applied and when there is a significant difference, Mann-Whitney U test
was adopted in post hoc test. If P < 0.05, a statistically significant level
was considered [29].

3. Results
3.1. Molecular cloning and sequence analysis of Abil-8

The whole nucleic acid sequence of Siberian sturgeon il-8 cDNA
(GenBank Acc. No. MK140599.1) was assembled from the results of 5’
and 3’ RACE, and the ORF was further verified with successful PCR. The
full-length cDNA of Abil-8 is 1130 bp in length, with a 50 bp 5’-un-
translated region (UTR), a 297 bp open reading frame (ORF), and a 783
bp 3’-UTR containing a polyadenylation signal (AATAAA) (Fig. 1A).
The ORF was predicted to encode a protein of 98 amino acids (aa), with
a 22 aa signal peptide and a 76 aa mature peptide. The deduced AbIL-8
protein contains five cysteines, four of which are highly conserved cy-
steines (C**, C3¢, C®! and C”7) with a glutamine residue situated be-
tween the two cysteines (C** and C3%), thus clearly forming a CXC
motif; and extra one (C'®) located at the signal peptide (Fig. 1A).

The phylogenetic tree based on the amino acid sequences of other
known CXCL8s showed that CXCL8 in selected species formed five
obvious clades (Fig. 2). It was clear that Siberian sturgeon IL-8 fell into
a major clade of fish CXCL8_L1 sequences, which is distinct from the
clusters of the mammalian and avian CXCLS8, fish CXCL8_L2 and
CXCL8_L3 sequences (Fig. 2). In CXCL8-L1 cluster, AbIL-8 had a closer
phylogenetic  relationship with  Stegastes partitus CXCL8-L1
(XP_008276674.1) and Larimichthys crocea CXCL8 L1 (AKM12660.1)
(Fig. 2). Homology comparison revealed that AbIL-8 exhibited a

94

Fish and Shellfish Immunology 90 (2019) 91-101

relatively high identity of 32.1-50.0% with known members of the
CXCL8_L1 subgroup, but a low identity with CXCL8_L2 and CXCL8_L3
sequences from other species (respectively, 27.5-29.2% and 29.6%;
Table 1B). Similar to the mammalian and avian IL-8s, AbIL-8 has a
highly conserved Glu-Leu-Arg (ELR) motif that is essential for angio-
genesis but one most other teleost fish lack. Nevertheless, it is evident
the CXC motif is highly conserved in almost all animals (Fig. 1B).

3.2. Tissue distribution of Abil-8 mRNA in healthy sturgeon

The Abil-8 mRNA was constitutively expressed in all tissues ex-
amined (Fig. 3). The highest mRNA levels were detected in the liver and
head kidney, followed by the gill and spleen, whereas lower levels of
expressions were found in the brain, skin, and muscle tissues of stur-
geon.

3.3. Inducible expression of Abil-8 in vivo following bacterial infection

After live A.h infection, the expression of Abil-8 mRNA in the spleen
(P = 0.01) and liver (P = 0.016) increased significantly at 6 h (Fig. 4A,
C). Showing a different pattern, Abil-8 mRNA levels in the head kidney
slightly increased at 12 h and thereafter decreased (Fig. 4B). The levels
of Abil-8 mRNA reached their maximum value at 72h in spleen
(P = 0.019) and peaked at 121 in liver (P = 0.027). Generally, Abil-8
maintained a higher expression level in liver, whereas in the spleen and
head kidney Abil-8 mRNA levels were gradually down-regulated at 7
days post-A.h injection.

3.4. Inducible expression of Abil-8 in sturgeon spleen cells by in vitro
immune stimulation

To investigate the effects of stimulants—namely LPS, inactivated
A.h, poly I: C, and B-glucan—on Abil-8 expression in primary immune
cells, spleen cells were applied. The level of Abil-8 mRNA in cells
treated with inactivated A.h increased, significantly exceeding that of
control cells at 6h and 96h post-treatment (P < 0.01) (Fig. 5A).
Likewise, LPS dramatically induced the transcripts of Abil-8 at 48 h and
96h, but only the latter time point was statistically significant
(P < 0.05). In contrast to LPS and inactivated A.h, both [3-glucan and
poly I: C significantly down-regulated the expression of Abil-8 in spleen
cells (P < 0.05; Fig. 5B); notably, at all tested time-points, the Abil-8
mRNA levels of treated cells were lower than that of control cells.

3.5. Production and purification of recombinant AbIL-8

To examine its potential activity, rAbIL-8 was produced as a His-
tagged recombinant protein in E. coli Rosetta gami2 complete cells
previously transformed with pET-30a (+)-AbIL-8. This recombinant
AbIL-8 was over-expressed in response to the IPTG treatment according
to the SDS-PAGE analysis (Fig. 6A). The purified protein was analysed
by Western blot using anti- 6 X His tag monoclonal antibody (Fig. 6B),
and the molecular weight of the purified AbIL-8 was determined to be
approximately 14.6 kDa with the His-tag, which corresponded to the
expected molecular size.

3.6. Chemotactic activity of purified rAbIL-8

Our in vitro transwell migration assay showed that stimulation with
all the tested concentrations (100, 500, 1000, 5000 ng/mL) of rAbIL-8
induced migration of PBLs (Fig. 7A) and also of spleen cells at all
concentrations expect 100 ng/mL (Fig. 7B). By contrast, the control
protein rAbIL-1f had no chemotactic activity towards PBLs and spleen
cells; hence, this ruled out the possibility that the chemotactic effect
observed with rAbIL-8 had resulted from a contaminated endoxin pre-
sent in the purified protein. Moreover, rAbIL-8 induced the migration of
these cells in a concentration-dependent manner at the concentration
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Fig. 1. Sequence analysis of AbIL-8 gene. (A) The cDNA sequence of Abil-8 and its deduced amino acid sequence. The initiation codon and stop condon are boxed. The
five cysteine residues are shaded in gray. The characteristic signature of the CXC chemokines (CQC) is shaded. The typical polyadenylation signal (AATAAA) is
indicated by the double underscore. (B) Multiple sequence alignment of the deduced IL-8 in Siberian sturgeon (Acipenser baeri) and other selected vertebrates. The
consensus residues are shaded. Accession numbers of genes are given in Supplementary Table 1.

ranging from 100 to 1000 ng/mL. However, above the concentration of
1000 ng/mL, the migrated cells declined to a certain degree. Lastly, the
chemotactic effect of rAbIL-8 was more pronounced on the PBLs than
spleen cells.

To check which type of leukocytes is attracted towards rAbIL-8, the
migrated cells were digested by trypsin and collected for Wright-
Giemsa staining at the end of transwell assay. The stained smears re-
vealed that lymphocytes and monocytes were the main cell types at-
tracted in PBLs (Fig. 7C)

95

3.7. Effect of rAbIL-8 on spleen cell proliferation

In the MTT assay, when rAbIL-8 was added to the spleen cell cul-
tures, it was found to stimulate the proliferation of these cells, with
significant enhancements observed under all protein concentrations
tested (P-values < 0.05) (Fig. 8). Notably, 100 ng/mL of rAbIL-8 ap-
peared to induce the maximal response.
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3.8. Effect of rAbIL-8 on the expression of immuno-related genes

Via qRT-PCR, the intraperitoneal injection of rAbIL-8 induced the
expression of IgM, MHCIIB, and IL-6 in the spleen of Siberian sturgeon.
All three genes were up-regulated at 24 h since the rAbIL-8 treatment,
and significant changes were found in the levels of IgM and IL-6 mRNA
(P-values < 0.05; Fig. 9).

4. Discussion

Interleukin-8 (IL-8), a small cytokine, plays a key role in the in-
flammatory response of animals [30]. The IL-8 gene from Siberian
sturgeon, named here Abil-8, was identified and characterized in this
study, which was proved to belong to teleost CXCL8 L1 subgroup. This
is the first report of the full-length cDNA sequence of il-8 in sturgeon, a
chondrostean fish. The deduced AbIL-8 protein, 98 aa in length, con-
tained the characteristically four conserved cysteines (Fig. 1A) essential
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Fig. 3. The relative expression profile of Abil-8 mRNA was determined by qRT-
PCR in 10 tissue types from three Siberian sturgeons. All data were obtained
from three independent experiments with each performed in triplicate. The
results were presented as mean + standard deviation (SD) (n = 3). Different
lowercase letters between means indicate they are significantly different
(P < 0.05).

for the tertiary structure and function of CXC chemokines [31]. Yet,
AbIL-8 also possesses a fifth cysteine near its N-terminus, locating in the
signal peptide region, which is considered less significant for CXCL8
functioning [32,33]. Unlike most teleost fish species, Siberian sturgeon
IL-8 has a Glu-Leu-Arg (ELR) motif preceding the CXC domain (CQC),
which is required for receptor binding and signaling in mammals
[34-36].

Abil-8 was constitutively expressed in all tissues examined, with the
highest level in liver, an important immune and metabolic organ, which
was similar with the findings in large yellow croaker, half-smooth
tongue sole, and grass carp, where CXCL8_ L1 mRNA levels were also
highest in the liver [9,15,37]. Greater expression levels were also de-
tected in head kidney, an important immune organ, not unlike the le-
vels of il-8 expressed there in ayu [10], common carp [14], cobia [38],
and rainbow trout [8]. In contrast, we found relatively low levels of
Abil-8 mRNA in muscle, skin, and brain tissues, as also found for many
other teleosts, such as tongue sole [15], grass carp [9], and rainbow
trout [8]. High constitutive Abil-8 expression in the liver, head kidney,
spleen, and gill, indicated its primary function in fish immune responses
and metabolism [36,39,40].

The participation of IL-8 is critical for activating inflammasomes, as
well as for inducing antimicrobial responses in host animals [41]. In-
duction of il-8 mRNA by bacterial infection in liver, spleen and head
kidney organs was observed in cobia [15,38]. Administration of Listo-
nella anguillarum also increased the il-8 expression levels of head kidney
tissue in half-smooth tongue sole [15]. Greater il-8 expression in re-
sponse to bacterial invasion is not unexpected; it has been reported in
many other fish species, such as ayu and large yellow croaker
[10,31,37], suggesting an important role in antiviral immune response
of fish IL-8. In our study, the expression levels of Abil-8 were sig-
nificantly increased in spleen (2.4-fold) and liver (5.4-fold) by A. hy-
drophila (Fig. 4A, C), implying that Abil-8 may be involved in host
immune responses against bacterial infections. However, Abil-8 ex-
pression levels in head kidney did not show obvious increasement,
differing with reported responses for head kidney of half-smooth tongue
sole and cobia [15,38], which suggested that il-8 induction in head
kidney may be diversely regulated in different fish species. Ad-
ditionally, these findings were strengthened by the in vitro results we
obtained, showing that Abil-8 expression in spleen cells was sharply
elevated post stimulation with inactivated A.h or LPS, maintaining a
high level at late time-points. In stark contrast, Abil-8 mRNA levels were
down-regulated in spleen cells following [-glucan or poly I: C treat-
ments. A similar spike in il-8 expression was reported in bovine alveolar
macrophages following stimulation with heat-killed bacteria [42]. The
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Fig. 4. Expression of Abil-8 in spleen (A), head kidney (B) and liver (C) tissues
of Siberian sturgeon (n = 3) within 7 days post-A.h injection. The relative ex-
pression method was applied in the calculation with 18S as the reference gene.
All data were obtained from three independent experiments with each per-
formed in triplicate. Different lowercase letters indicate significantly different
means (P < 0.05) across any time point. Error bars represent standard devia-
tion.

induction of il-8 mRNA following LPS treatment was also observed in
the PBLs of Japanese flounder [16] and in the head kidney macro-
phages of rainbow trout [43], Together, our results provide strong
evidence for the participation of AbIL-8 in the anti-bacterial immune
responses of sturgeon.

Rapid migration of immune cells to the site of tissue injury or
bacterial invasion is thought to be a critical step in the inflammation
response. The chemotactic activity of recombinant fish CXCL8 has been
confirmed in a number of fish species, including large yellow croaker
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(Siniperca chuatsi) [44] and ayu [10]. In this study, recombinant AbIL-8
exhibited obvious chemotactic activity for sturgeon PBLs and spleen g oum
cells in vitro; however, reduced chemotaxis occurred at higher con-
centration of 5ug/mL (Fig. 7A, B), probably due to receptor desensi- (caption on next page)

tization, which has been noted for chemokines [1,4]. The chemotactic
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Fig. 7. Effects of various concentrations of rAbIL-8 on the chemotaxis for
Siberian sturgeon PBLs (A) and spleen cells (B). Incubation with rAbIL-1B
(5000 ng/mL) and fMLP (5 ng/mL) served as the negative and positive controls,
respectively. Error bars represent standard deviation. Statistically significant
differences between each experimental group and its negative control are in-
dicated with asterisks (P < 0.05). (C) Wright-Giemsa staining cell image
( X 1000). The attracted Siberian sturgeon PBLs were stained by Wright-
Giemsa at the end of transwell assay. Lymphocytes were pointed by black arrow
and monocytes by white arrow.
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Fig. 8. Effects of AbIL-8 on proliferation of Siberian sturgeon spleen cells
(n = 3). In vitro MTT assay was performed. Error bars represent the standard
deviation. Statistically significant differences between each experimental group
and its negative control are indicated with asterisks (P < 0.05).

effect of rAbIL-8 on PBLs was more potent than that on spleen cells. It is
possible that the spleen contained various cell types, but the leukocytes
were not purified for transwell assay, and thus leading to a weak che-
motactic activity. Several lines of evidence suggest that mammalian
ELR" CXC chemokines usually recruit neutrophils and other poly-
morphonuclear leukocytes, while the ELR™ CXC chemokines specifi-
cally attract lymphocytes and monocytes [4]. However, in this study,
rAbIL-8 with an ELR motif mainly attracted the lymphocytes and
monocytes in PBLs (Fig. 7 C), consistent with what is observed in turbot
[45] or half-smooth tongue sole [15] whose CXCL8s are lacking an ELR
motif, suggesting that ELR motif is not specific for attracting neu-
trophils in fish. Besides, prior reports confirmed that an IL-8 lacking
ELR motif could recruit not only neutrophils but also monocytes and
lymphocytes in many teleost species. In the context of these previous
observations, our results indicate that, fish IL-8 may interact with re-
ceptors via a mechanism different from that of mammal IL-8. Further,
we found that rAbIL-8 stimulated the proliferation of spleen cells when
the concentration reached or was above 10 ng/mL. A similar trend was
reported in half-smooth tongue sole, where recombined IL-8 could sti-
mulate the proliferation of PBLs and head kidney lymphocytes in a
dose-dependent manner [15]. In turbot, rCXCL8 also induced the pro-
liferation of PBLs, head kidney lymphocytes and macrophages [46].
These findings suggest that fish IL-8 probably play a direct role in im-
mune response through modulation the migration and proliferation of
immune cells.

Accumulating data show that IL-8 could induce the expression of
several immuno-related genes in many fish species. For instance, re-
combinant IL-8 in half-smooth tongue sole [15], carp [18], and trout
[45] all increased the expression of IL-1f in immune tissues. In Japa-
nese flounder, IL-6 mRNA was significantly up-regulated at the
rCXCL8 Lla injection-site; however, CXCL8_L1lb, another type of
CXCLS8, induced gene expression of IgM [16]. In this study, rAbIL-8 not
only significantly increased IgM and IL-6 expression in the spleen
(P < 0.05), but also slightly elevated the MHCII mRNA levels
(P > 0.05). IL-6 is recognized as an immunoregulatory cytokine that
promotes the proliferation of B cells [47], and IgM is the predominant
class of antibody present in teleost fish, together indicative of their

99

Fish and Shellfish Immunology 90 (2019) 91-101

gm
100 *

Bm 6h
Il 24h

(fold change)

Relative gene expression

AbIL-8

MHCIIB

30 1
a B 6h

Il 24h

[
o
1

(fold change)
S

Relative gene expression

AbIL-8

IL-6

i
o
i

*

: B 6h
a EE 24h

[ [
o o
1 1

(fold change)

=y
o
L

b

T
AbIL-8

Relative gene expression

0l —
BSA

Fig. 9. Effects of recombinant AbIL-8 on the expression of immuno-related
genes in the spleen of Siberian sturgeon (n = 3). The relative expression
method was applied with 18S used as the reference gene. Error bars represent
the standard deviation. Statistically significant differences between each ex-
perimental group and its negative control at one time-point are indicated with
asterisks (P < 0.05). Different lower letters indicate significant differences
between paired means (P < 0.05) in one group at different time-points.

adaptive immune system [48,49]. The major histocompatibility com-
plex class II (MHCII) is critically involved in the presentation of antigen
to the T lymphocytes receptors of mammals and birds [50]. Being able
to induce IL-6, IgM, and MHCIIf expression further suggested that AbIL-
8 directly participates in the pro-inflammatory response and promoting
adaptive immunity in sturgeon.

In conclusion, we identified Abil-8 in Siberian sturgeon which is
homologous to the teleost fish CXCL8_L1 subgroup, filling up the gap
between jawless fish and teleosts. Expression of Abil-8 was enhanced in
response to A.h challenge and LPS treatment. Recombinant AbIL-8 not
only exhibited chemotactic activity for lymphocytes and monocytes
from PBLs and spleen cells, but stimulated the proliferation of spleen
cells. Moreover, injection of rAbIL-8 increased the expression of IL-6,
IgM and MHCIIB in spleen. Collectively, these results indicate that AbIL-
8 is closely involved in the inflammation and immunoregulation of
Siberian sturgeon.
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