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Abstract

CD96 is a membrane-bound receptor discovered in humans in 1992 that is mainly present in natural killer cells and T cells de-
rived from haematopoietic cells and performs immune functions. Based on the sequence of CD96 obtained from red seabream
(Pagrus major), phylogenetic analysis with other species, infections of normal fish, Streptococcus iniae and red sea bream iridovi-
rus (RSIV), and expression analysis was conducted using real-time polymerase chain reaction. Phylogenetic analysis showed the
highest homology with Sparus aurata, and multiple sequence analysis confirmed the conservation of major domains between
different fish species. Normal fish high expression results were confirmed in the head kidney, and spleen, which are the haema-
topoietic organs of the fish. High expression levels were confirmed in the gills, liver, spleen, and kidney on day three after RSIV
infection. After S. iniae infection, high expression was confirmed in the gills and liver on day one, and high expression was con-
firmed in the spleen from 12 hours. These results show that PmCD96 functions as an immune gene in P. major and is considered
a basic research case for CD96 in fish’s hematopoietic organ immune system.
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Introduction presenting molecules, and receptors on natural killer T-cells.

IgSFs have hundreds of proteins with different functions, and
The immunoglobulin superfamily (IgSF) is a large superfamily ~ immunoglobulin-like domains (Ig domains) can act as ligands
on the cell surface that is involved in the process of cell adhesion ~ between proteins (Williams & Barclay, 1988). The amino acid size
and recognition. Most of IgSFs are involved in the immune of this domain is 70-110 amino acids (aa), classified according
system and play roles such as antigen receptors, antigen-  to size and function (Neil Barclay, 2003). The Ig domain has an
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Ig fold and is stabilized using strong disulfide bonds formed
between hydrophobic amino acids and cysteines in the sandwich
structure (Bork et al., 1994). One end of the Ig domain has a
section called the complementarity determining region, which is
essential for the specificity of the antibody for its ligand.

CD96 is a membrane-bound receptor for IgSF and was
first discovered in humans in 1992 (Wang & Lincoln, 1993).
CD96 is a single-pass transmembrane receptor with a heavily
N-glycosylated site (Seth et al., 2007). The expression of CD96
is limited to natural killer (NK) cells and T cells and is closely
related to CD155, the membrane-bound receptor of IgSF (Du
Pasquier et al., 2004; Fuchs et al., 2004). In mammals, mice
deficient in CD96 are more sensitive to lipopolysaccharide-
induced toxins than wild-type mice due to an increase in
interferon y (IFNy) by NK cells (Chan et al., 2014). In addition,
studies on the treatment of tumours and the inhibition of
metastasis using CD96 existed in mice (Blake et al., 2016; Brooks
et al,, 2018). In humans, CD96 has been downregulated in CD8
T cells of human immunodeficiency virus-1-infected patients,
consistent with the assumption that it may be a potent producer
of IFNy and selectively inhibit T cell effector function, but more
research is needed (Eriksson et al., 2012). In teleost, CD96
was characterized in Nile tilapia and was confirmed to have
two Ig-like domains and an immunoreceptor tyrosine-based
inhibitory motif (ITIM). In addition, it is mainly distributed in
the cell membrane and cytoplasm, and it was confirmed that the
interaction with Necl5 is also preserved (Xie et al., 2021). Studies
on CDY6 are active in mammals, but studies on CD96 in teleosts
have not been reported without Nile tilapia.

Red seabream (P. major) is an important farmed fish species
in Korea and Japan. With the development of aquaculture
technology, large-scale farming is possible, but it is exposed to
diseases due to excessive concentrations and environmental
factors. It is especially susceptible to infection with red sea bream
iridovirus (RSIV), so coping is important. However, there is a
lack of basic research on immune genes to develop vaccines to
cope. In this study, we obtained the cDNA sequence of PmCD96
from P. major and analyzed its molecular characteristics and
mRNA expression patterns. As a result, we demonstrate the
immunological capability of PmCD96.

Materials and Methods

Fish and pathogens
Red seabream was received by the Gyeongsangnam-do Fisheries
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Resources Research Center (Tongyeong, Korea). Healthy red
seabream selected using pathological clinical tests were incubated
at 20°C for one week prior to use. All red seabream used in the
experiment was euthanized using benzocaine (Sigma-Aldrich,
St. Louis, MO, USA), and tissue was collected. Streptococcus iniae
FP5228 and RSIV, the pathogens used in attack experiments to
confirm pathogenicity, were obtained from the National Institute
of Fisheries Sciences (Busan, Korea).

Molecular sequence analysis

The open reading frame containing the domain of PmCD96
was identified in next-generation sequencing analysis using liver
extracted from pathogen-infected red sea bream. The integrity of
the cDNA sequence was confirmed by Sanger sequencing. The
exact amino acid sequence and nucleotides of PmCD96 were
analysed using the BLAST algorithm of the National Center for
Biotechnology Information (http://www.ncbi.nlm.nih.gov/blast).
The specific domains of the amino acid sequence were predicted
using the Simple Modular Architecture Research Tool (http://
smart.embl-heidelberg.de/smart/set_mode.cgitNORMAL=1),
and the isoelectric point and molecular size were predicted using
ExPASY ProtParam (https://web.expasy.org/protparam/). The
N-glycosylated site was predicted using NetNGlyc 1.0 Server
(http://www.cbs.dtu.dk/services/NetNGlyc/). Multiple sequence
alignment was performed using the ClustalW algorithm (https://
www.ebi.ac.uk/Tools/msa/clustalo/). The phylogenetic tree was
constructed using a neighbor-joining method with a bootstrap of
1,000 replicate datasets using Molecular Evolutionary Genetics
Analysis version 10.0.

Gene expression analysis using quantitative reverse tran-
scription polymerase chain reaction (RT-qPCR) in healthy
conditions

Total RNA was extracted from the trunk kidney, head kidney,
liver, stomach, spleen, skin, muscle, intestine, eye, brain, heart,
and gill of healthy red seabream using TRIzol reagent (Takara,
Otsu, Japan). Total RNA extraction was performed according
to the manufacturer’s instructions. The concentration and
purity of the RNA samples were measured using a NanoVue
spectrophotometer (GE Healthcare, Buckinghamshire, UK).
cDNA synthesis was conducted using the PrimeScript 1st strand
cDNA Synthesis Kit (Takara) according to the manufacturer’s
instructions. Real-time quantitative real-time analysis was
performed using 5-fold diluted cDNA as a template with TB
Green™ Premix Ex TaqTM (Takara) and a DICE Real-Time
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System Thermal Cycler (Takara). Relative mRNA expression was
analyzed by the 2*“" method (Livak & Schmittgen, 2001) and
normalized to the EF-1a of red sea bream. Primer sequences are
listed in Table 1.

Gene expression analysis using quantitative reverse tran-
scription polymerase chain reaction (RT-qPCR) of PmCD96
after pathogen infection

To confirm the expression pattern of PmCD96 in the host
immune response after pathogen infection. Red seabream
was divided into three groups according to each kind of
pathogen: RSIV (1 x 10° copies/fish) or S. iniae (1 x 10° cells/
tish) were intraperitoneally injected. During the experiment,
the temperature of the seawater was maintained at 20 + 1C,
and five fish were sampled from each group each time and day
after infection (0 h, 1 h, 12 h, 1 d, 3d, 5 d and 7 d). Then, the
liver, spleen, head kidney, and gills were collected from each fish.
Total RNA extraction, cDNA synthesis, and quantitative reverse
transcription polymerase chain reaction were performed as

described above.

Statistical analysis

Statistical analysis was performed using SPSS software version
19 (IBM, Armonk, NY, USA), and the expression of PmCD96 in
tissues was assessed by one-way analysis of variance followed by
Tukey’s honestly significant difference test. Experimental results
are shown as + SD, and all samples were analyzed in triplicate.

Results and Discussion

CD96 is a member of IgSF that shares a V-like domain with
a transmembrane domain that is strongly N-glycosylated in
mammals (Wang et al., 1992). In this study, the sequence of
PmCD96 was obtained from red seabream, and its structure
was confirmed. The PmCD96 sequence had a signal peptide
(1-28 aa), two Ig domains (40-140 and 150-219 aa) and a
transmembrane region (414-436 aa). The total amino acid

Table 1. Primer used in this study

Primers Sequence (5-3)

PmCD96 Forward CAAGGACATGGAGAACATCT
Reverse GGTTGCCATTTCACAAGTAT

EF-1a Forward GGGAAAGGAAAAGATCCAC
Reverse TTCTTCTGAGCCTTCTGTG
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content was 497 aa, the molecular weight was 54.2 kDa, with an
isoelectric point of 5.43 (Fig. 1). In multiple sequence alignment
analysis, identity was 51.93%-79.52%, and it was confirmed that
the signal peptide, immunoglobulin, transmembrane region,
and ITIM domain were less conserved (Fig. 2). Phylogenetic
analysis using different CD96 genes showed that PmCD96 was
in the same lineage as other fish, and PmCD96 was confirmed
to be closely related to Sparus aurata (Fig. 3). The study of T
cell immunity in fish is complicated by the fast development
of genes related with T-cell immunity (Scapigliati et al., 2018).
Due to these evolutionary constraints, T cell immune-related
gene sequences may become less conserved across species.

1 AIGAGTTTGGGEAGCTCACACATGGCTGEARGT GCACTGGEARACGEOCT TCTCOCTCCTECTCCTCGCET 70
M'S'L 6855 DMAGS ALGEGTAFSLILILA

71 CTATTATACAAGGGT TCCAGGATT TRARGGTGTTCCATTA
S TEONENT o D L K Vv F B[Y

AARAGATGGAGGCAGTGGTGGETCAGEC 140
ERHERVVGE QO R]

141 OGETTGCGITACCCTSTACTATARACACCAGT TTGARCCT CARGATI GTCARTATI GRATGGEAGT ARGART 210
L v.a L F L 1 I N I 5 L N L X 1 V N I £ W £ N |

211 CIACATGAGATCACARAGCTGGCT CICTACRGOCARGEACAT COAGRACAT CTATTITGEOCTARCGTCA 280
L ® E I T K L A V ¥ 5 U G H G E HL F WF NV |

281 GCATCCAGATTGACARCARGRCAT TGGECTCOCACCT ATACCTIOSTGGEE TG ICARART GEGACAGTGE 350
= T S T S ] H L 7 L B & V7 T WD =1

351 TEICTATACTTGTGARATECCARCCT TTCCTCTGEECAGCATCR MACRCAGCTOEAGETCARA 420
L _x 1 ¢ E M A I F F L & 5 I K KR E 1 § L E V K |

421 GRATGCTGARATARRGTGTGATGOGAACAGCACTAT CGASGTCCACGCI GEAGARMAT GTGACCATICACT 490

D AETIEKCDA AN S T I EV HALGEWNLGVTTIH]

451 GCACAGCECTCCTEART CCACAGT ACACCTECACRARGARCARGARGC TEETETCEEAGART GAATCTCT 560

€ T ALLWNKARZQYRWTEKWNIEKIEKTLTVYVYSTEUZNTESL

561 GGAGCTCTOSTGEGT GACTGAT GCTCACAGAGGGECT TACATACTGACTGT CARCACAGGARACARGAGT €30
I D A HRGATY ILTVHNTGDNIEKS

EL 5 WV

631 CICCARARRGAGTITACCATAACAGT G T RACACCARCCACRAGCTTICGTEACAGATCOTGRAGRCACAGT 700
|'-_GE(EETITVL'T;ITSEUTQRETG

T0l CAGCACCATCTAATGTARCTGAGGAGGGT TIGATCGACT CARCATACAGCAGCOCCACCACATCACCGRC 770
S A PSNVIEESGLIDSTITYSSPTTISTPT

771 CCCIGEETITOARCCGCTIGACACCRAT CTARCTT GEACGTAT GECCACTARATCCAACAGRTCTTACTCCA 240
PGEL ST ADTHNWVTIWSMGT DATDVTE

841 ARCCCCAGCARTGTTACGRCCACALT ATATARATGATACACRTATCAGTGTCACCTCARCCC 510
H PSS HNVTTTZPGEHTIHNDTHTISVTS ST

211 CIGCCACACACACTGACACCTACCACTT CAACACCTCCACTGATCAAGAGGTAAATGCGACT CACGCTIC 980
PATHTDTOYHTFMNTSTUDOQETVHNARATHAS

881 ARRCTCCACTTTTTCTGACCRATCAGTGECCAGCART CCATCCACARCACCAAGT TRTGETAGTACAGARG 1050
N 5 TF S DQS3 V AS NP S TTUPS Y G 35 TE

1051 TICAGATCARCACASGAGACEAGEAATGAGT OCAT GCCACAT ACAGTGCATGCACCETICARTICOCTCRG 1120
FRSTOQETRMNES SMEPHTVHAMPT FWNS S

1121  OCAGOCCEEAGERGT CCAGCACOCTEEEARAGCATTACAGAARACTCCARCARGTCTEATGCARCCCCARG 1180
A S PEE S 35 TULGS ITEWDNSNIEKSTSTUDA RATFPR

1181 GCUTTACTGICGEARGTACGCOCAACACT GARGATACT GAT GETSCACGGAGTCAT CTATIGI IGCTGITA 1260
LT VGS5TPHTETDTTDSGA AT R EEETEIEER

1261 ATCRTCGITCCAGTGCTCETAT TEATCOECTETCECTGECT TTATCTACAGGRARCARATEATACAGCARE 1330

I I v P V L ¥V L I A V¥ R G F I Y EESE-EE. NS

1331 GGATGGATTTGCCGCCT TCATT CAARCCCOCTOCACCTCOGGTTARGTATACAGC TGCARGRCARAGTGA 1400
R H¥DLPFPFPSFEPPPFPPFVEYTA AR ARMRG CSE

1401 GRTTTCCACAGRGCGRT TCCOCACAT CRAGRTCTARCTCECTAGCATAT GARARCACART CRTTACTOCT 1470
I s TERTFPTSRCNSULAYENZ RTITITP

1471 GACACATTGCACATTGACCGCTGA 1494
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Fig. 1. PmCD96 nucleotide and amino acid sequences. The
grey box indicates the signal peptide, the empty box indicates
the V-set, and the dark grey box indicates the transmembrane
region.
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Fig. 2. Multiple sequence alignment of PmCD96 amino acids with other known homologs. CD96 has the following GenBank
accession number: gilthead bream (XP_044079244.1), yellow perch (XP_028451408.1), large yellow croaker (XP_010735303.3),
greater amberjack (XP_022594612.1), spiny chromis (XP_022065009.1), Yellowtail amberjack (XP_023257383.1), Ballan wrasse

(XP_020495545.1).

PmCD96 has just two lg-like domains structurally, compared
to three in human CD96 and mouse CD96 (Georgiev et al.,
2018). PmCD96 is binding location to the ligand requires
more investigation. CD96’s cytoplasmic domain is short, but it
contains several essential motifs, including ITIM and proline-
rich motifs. An ITIM was found in the FcRIIB family of low-
affinity immunoglobulin G (IgG) receptors. When co-aggregated
with B-cell receptor by IgG immune complexes on the same
cell, IgG receptors have long been known to decrease mouse
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B-cell activation, and this feature was considered to account for
feedback regulation of antibody responses (Sinclair & Chan,
1971). The tyrosine in the receptor ITIM is phosphorylated by
Src family protein kinases, which can engage protein tyrosine
phosphatase and impede the transmission of the activation
signal (Daéron et al., 2008). This can help to minimize excessive
T-cell activation, which is beneficial for lowering inflammation.
PmCD96 is sequence has intermediate homology with other
species in general, but the essential functional domains are
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Fig. 3. Phylogenetic tree of PmCD96 with other species. The scale bar indicates a branch length of 0.2. Tree was drawn with amino
acid sequences of PmCD96 using Molecular Evolutionary Genetics Analysis software (ver. 10.0), numbers were bootstrap percentile

from 1,000 replicates.

conserved, indicating that PmCD96 may have a comparable
function to other CD96s.

CD96 is known to be expressed mainly through T cell
activation, and it has been shown to be primarily confined to
T cells and NK cells, which are cells of haematopoietic origin
(Fuchs et al., 2004; Wang et al., 1992). When the expression
of normal red sea bream was confirmed in this study, a large
amount was expressed in the head kidney and spleen (Fig. 4).
These results, along with the results of studies confirming that
the haematopoietic organs of fish are in the head kidney, and
spleen, indicate that CD96 is also thought to be related to T
cells and NK cells, which are also cells of haematopoietic origin
(Pulsford et al., 1994). But in case of Nile tilapia the highest level
of CD96 expression was found in the liver (Xie et al., 2021).
These results suggest that further investigation into the normal
function of CD96 in fish is needed. After red sea bream was
infected with the pathogens S. iniae and RSIV, the expression

https://doi.org/10.47853/FAS.2023.e8

of PmCD96 was analyzed in tissues known as immune organs.
As a result, it was confirmed that all tissues infected with RSIV
showed the highest expression value on the three-day post-
infection (Fig. 5). Late after RSIV infection, PmCD96 showed
a second surge of expression, which was most likely brought
on by a delay in T cell-mediated acquired immunity (Xie et al,,
2021). These results show that when compared with previous
studies, the expression of immune genes appeared from the
middle day post-infection (Hwang et al., 2014). After infection
with S. iniae, PmCD96 showed the highest expression value
on 1 dpi after infection in organs except for the spleen, which
showed high expression on 5 dpi. S. iniae infected European
seabass immunogene profile results confirmed that most of the
immune genes used in the study were highest in the head kidney
between 12 and 24 hours after infection (El Aamri et al., 2015).
In mice, anti-T cell immunoreceptor with Ig and ITIM domains
(TIGIT) monoclonal antibodies have exhibited remarkable
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antitumor activity in mouse tumor models when combined
with anti-PD-L1 or anti-PD1. This mechanism is considered
to entail TIGIT inhibitory role on regulatory T cells and CD8+
T cells (Johnston et al., 2014; Kurtulus et al., 2015). Looking at
previous studies on the function of CD96 in mice and fish, these
expression results show that CD96 of red sea bream functions as
an immune gene. Also, CD96 is more sensitive to virus infection
than bacteria, based on its expression pattern after infection in
red sea bream. This could support the regulatory expression
patterns discovered during RSIV infection in the gill, spleen, liver,
and kidney. However, additional experiments, such as functional
analysis, are needed to determine the exact mechanism of the
PmCD9%%6.

In conclusions this research by confirming the expression of
CDY%6 in red seabream, the clear mechanism remains unknown,
but its potential function as an immune gene appears to be
confirmed and could be used as primary data in research on the
immune system of fish.
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