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ARTICLE INFO ABSTRACT

Viral replicon particles are single-cycle viruses defective for function(s) needed for viral replication, which allow
them to be recognized as a safer form for the vaccination of animals compared to attenuated live viruses.
However, deletion of genes that are critical for the induction of protective immunity can diminish the vaccine
potential of viral replicon particles. Therefore, the manipulation of viral replicon particles to produce a mole-
cular adjuvant can be a way to increase immunogenicity of vaccines based on viral replicon particles.
Chemokines are a class of chemotactic cytokines that control the migration of diverse cells of vertebrates. CXC
chemokine ligand 12 (CXCL12) binds to a receptor CXCR4, and CXCL12-CXCR4 signaling plays an important
role in the migration of hematopoietic cells during embryogenesis and the attraction of leukocytes. In the present
study, to evaluate the possible use of CXCL12 as a molecular adjuvant for an rVHSV-AG vaccine and to know
differences between CXCL12a and CXCL12b in the adjuvant ability, we rescued VHSV replicon particles that are
expressing olive flounder CXCL12a, CXCL12b, or eGFP (rVHSV-AG-CXCL12a, rVHSV-AG-CXCL12b, or rVHSV-
AG-eGFP), and compared the ability to attract olive flounder leucocytes and to induce protection against a VHSV
challenge. In the leukocytes migration assay, supernatants collected from cells infected with rVHSV-AG-CXCL12a
and rVHSV-AG-CXCL12b showed significantly higher ability to attract olive flounder leukocytes than the su-
pernatant of cells infected with rVHSV-AG-eGFP. Moreover, the significantly higher number of leukocytes were
attracted to rVHSV-CXCL12a supernatant compared to rVHSV-CXCL12b supernatant, suggesting that CXCL12a
would be more appropriate for the induction of immunity than CXCL12b in olive flounder. In the immunization
experiment, olive flounder immunized with rVHSV-AG-CXCL12a showed significantly higher survival rate than
fish immunized with rVHSV-AG-CXCL12b or rVHSV-AG-eGFP. In addition, fish immunized with rVHSV-AG-
CXCL12a showed the highest serum neutralization activity. These results suggest the availability of CXCL12a for
a molecular adjuvant of vaccines based on VHSV replicon particles.
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1. Introduction reported in several fish species including zebrafish [7], carp [8], catfish

[9], large yellow croaker [10], rock bream [11], and orange-spotted

Chemokines are a class of chemotactic cytokines that control the
migration of diverse cells of vertebrates [1], and are grouped into four
subfamilies (C, CC, CXC, and CX3C) according to the arrangement of
cysteine residues in the N-terminal region [2]. Among CXC chemokines,
CXC chemokine ligand 12 (CXCL12, also called SDF-1) binds to a re-
ceptor CXCR4, and CXCL12-CXCR4 signaling plays an important role in
the migration of hematopoietic cells during embryogenesis and the
attraction of leukocytes [3-6].

The expression of mammalian CXCL12 gene orthologues has been
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grouper [12]. Due to the teleost-specific whole genome duplication
[13-15], usually two paralogues, CXCL12a and CXCL12b, are present in
fishes, however, differences between 2 paralogues in action or response
were reported only from zebrafish and carp [8,16,17].

In fish, the involvement of CXCL12 in cell migration has been
mostly investigated in zebrafish. Zebrafish CXCL12a-CXCR4b signaling
plays a critical role in the migration of the primordial germ cells [16],
the embryonic posterior lateral line primordium [7,18], the en-
dodermal cells during gastrulation [19], and hypothalamic
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gonadotropin-releasing hormone (GnRH) neurons [20]. Furthermore,
the neutrophil retention by CXCL12-CXCR4 signaling in hematopoietic
tissue was demonstrated in zebrafish [6] and in the little skate (Leu-
coraja erinacea) [21].

Viral hemorrhagic septicemia virus (VHSV) has a negative-stranded
RNA genome that contains N, P, M, G, NV and L genes, and has been a
principal cause of mass mortalities in cultured fish worldwide [22-25].
As the glycoproteins (G) of rhabdoviruses protruding from the viral
envelope can induce neutralizing antibodies which are crucial for the
protection of hosts, glycoproteins have been the main target for the
development of effective vaccines. To date, various vaccine types in-
cluding inactivated vaccine, recombinant subunit vaccine, DNA vac-
cine, and reverse genetically rescued attenuated vaccine have been
reported [24,26,27]. Previously, to overcome a safety problem in re-
lation to the replication ability of the NV gene-deleted attenuated VHSV
(which might have a possibility to cause a disease in immune-sup-
pressed individuals), we have recently rescued the G gene-deleted
VHSYV replicon particles (rVHSV-AG) as a prophylactic vaccine in olive
flounder [28]. Viral replicon particles are single-cycle viruses defective
for function(s) needed for viral replication, which allow them to be
recognized as a safer form for the vaccination of animals compared to
attenuated live viruses. However, deletion of genes that are critical for
the induction of protective immunity can diminish the vaccine potential
of viral replicon particles. Therefore, the manipulation of viral replicon
particles to produce a molecular adjuvant can be a way to increase
immunogenicity of vaccines based on viral replicon particles.

In olive flounder, although Huang et al. [29] reported the expres-
sion of CXCL12 in the transcriptome of spleen, no further research has
been reported. In the present study, to evaluate the possible use of
CXCL12 as a molecular adjuvant for an rVHSV-AG vaccine and to know
differences between CXCL12a and CXCL12b in the adjuvant ability, we
rescued two kinds of VHSV replicon particles that are expressing olive
flounder CXCL12a and CXCL12b (rVHSV-AG-CXCL12a and rVHSV-AG-
CXCL12b), and compared the ability to attract olive flounder leucocytes
and to induce protection against a VHSV challenge.

2. Materials and methods
2.1. Cells and viruses

Epithelioma papulosum cyprini (EPC) cells and Hirame natural
embryo (HINAE) cells were grown in Leibovitz medium (L-15, Sigma)
supplemented with penicillin (100 U/ml), streptomycin (100 pg/ml)
and 10% fetal bovine serum (FBS, WelGENE). VHSV KJ2008 that was
isolated from diseased olive flounder (Paralichthys olivaceus) was pro-
pagated in a monolayer of EPC cells at 14 °C in the presence of anti-
biotics.

2.2. Generation of olive flounder CXCL12-expressing recombinant VHSV
replicon particles

The nucleotide sequences of olive flounder CXCL12a (Accession:
KU821022.1) and CXCL12b (Accession: KU821021.1) were obtained
from the GenBank sequence database in the National Center for
Biotechnology Information (NCBI). The ORF of CXCL12a and CXCL12b
was PCR amplified from cDNA of olive flounder kidney using each
specific primer pair that have Nhel (forward) and Sall (reverse) sites
(Table 1), and the PCR products were cloned into pGEM-T-easy vector
(Promega; pCXCL12a and pCXCL12b). To use as a control, a vector
containing the enhanced green fluorescent protein (eGFP) gene ORF
was also constructed (peGFP). A previously constructed vector (pVHSV-
AG) lacking G gene for the generation of single-cycle VHSV replicon
particles [28] was used to construct a vector for recombinant VHSV
replicon particles that expresses olive flounder CXCL12a, CXCL12b or
eGFP. To insert eGFP ORF, the pVHSV-AG was digested with Ndel and
Sall, and the fragment of eGFP digested with the same enzymes was
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ligated between N gene and P gene of pVHSV-AG, resulting in pVHSV-
AG-eGFP. To insert CXCL12a and CXCL12b ORF, the Ndel site behind
the N gene was changed to Nhel site by site directed mutagenesis kit
(SDM, Stratagene). The primers used for SDM are listed in Table 1.
Then, the fragment of CXCL12a and CXCL12b digested with Nhel and
Sall was ligated between N gene and P gene of pVHSV-AG (SDM) that
was digested with the same enzymes, resulting in pVHSV-AG-CXCL12a
and pVHSV-AG-CXCL12b.

EPC cells expressing T7 RNA polymerase were grown to about 80%
confluence and transfected with a mixture of pVHSV-AG-CXCL12a (or
-CXCL12b or -eGFP) (2pg) and helper plasmids - pCMV-N (500 ng),
pCMV-P (300ng), pCMV-G (250ng), and pCMV-L (200ng) - using
FuGENE HD transfection reagent (Promega) according to manufac-
turer's instructions. After incubation for 24 h at 28 °C, the transfected
cells were shifted to 14 °C. When extensive cytopathic effect (CPE) was
observed, the cells were submitted to two cycles of freeze-thawing and
centrifuged at 1,500 g for 10 min to collect supernatant. After 3 pas-
sages in the cells expressing VHSV G protein, the supernatant was
collected, filtered using 0.45um syringe filters, and used as a viral
stock.

The rescue of each viral replicon particles was verified by reverse
transcriptase PCR (RT-PCR). Total RNA was extracted from each stock
using Trizol reagent (Invitrogen), and treated with DNasel using
Riboclear plus Kit (GeneAll, Korea) according to the manufacturer's
instruction. To synthesize first-strand cDNA, 1 pg of total RNA was in-
cubated with 0.5 pl of random primer (0.5 pg/ml, Promega) at 80 °C for
5min and further incubated at 42°C for 60 min in reaction mixture
containing 2 pl of each 10 mM dNTP mix (Takara), 0.5l of M-MLV
reverse transcriptase (Promega) and 0.25ul of RNase inhibitor
(Promega) in a final reaction volume of 10 pl. The insertion of olive
flounder CXCL12a, CXCL12b, or eGFP gene between N and P genes was
confirmed by RT-PCR using primer sets in Table 1. The PCR products
were analyzed on a 1% agarose gel containing Nucleic acid stain (Korea
labtec) for visualization.

2.3. Expression of CXCL12a and CXCL12b by rVHSV-AG-CXCL12a and
rVHSV-AG-CXCL12b

The expression of CXCL12a and CXCL12b by the infection of HINAE
cells with rVHSV-AG-eGFP, rVHSV-AG-CXCL12a or rVHSV-AG-
CXCL12b was analyzed by quantitative real-time PCR (qRT-PCR).
Experiments were conducted in triplicate. HINAE cells were cultured in
35 mm dishes (1.0 x 10° cells/dish), and were infected with a multi-
plicity of infection (MOI) 0.1 of rVHSV-AG-eGFP, rVHSV-AG-CXCL12a
or rVHSV-AG-CXCL12 b at 14 °C. At 24 h post-infection, total RNA was
extracted from cell pellets and cDNA was synthesized according to the
above method. qRT-PCR was carried out by a Light Cycler 480 (Roche)
using the PCR primer sets shown in Table 1 (B-actin gene was used as an
internal control). The PCR reactions in a volume of 20 ul were run using
2 X SYBR Green Premix (Enzynomics, Korea) with 5 pl of 5 fold-diluted
c¢DNA and 5 pM of each primer. Thermal cycling condition was 1 cycle
of 15minat 95°C (pre-incubation), followed by 40 cycles of 10sat
95°C, 10sat 60 °C, and 20sat 72 °C.

2.4. Transwell migration

To collect CXCL12 containing supernatant, HINAE cells were in-
fected with rVHSV-AG-CXCL12a, rVHSV-AG-CXCL12b, or rVHSV-AG-
eGFP at MOI 0.1. After 24 h of infection, each supernatant was collected
and used for the transwell migration of leukocytes.

The head kidney of olive flounder (body weight: 300-350 g) that
were euthanized with tricaine methanesulfonate (MS222; Sigma) was
extracted by ventral incision and transferred to L-15 medium (3 ml)
supplemented with heparin (10 units/ml, Sigma), penicillin (100 U/ml,
Sigma) and streptomycin (100 U/ml, Sigma). To get leukocytes, the cell
suspension obtained by forcing the head kidney through a nylon mesh
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Table 1
Summary of primers used in this study.
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Name of primer

Sequence (5’ to 3")

For cloning and construction of vectors

PVHSV-AG-CXCL12a F-12a-Nhel
R-12a-Sall
pVHSV-AG-CXCL12b F-12b-Nhel
R-12b-Sall
pVHSV-AG-eGFP F-eGFP-Ndel
R-eGFP-Sall
SDM F-Nhel-SDM
R-Nhel-SDM

For verification of production of recombinant VHSV replicon particles

From N gene to foreign gene N-F
12a-R
12b-R
eGFP-R

From G gene to NV gene G-F
NV-R

For CXCL12 gene expression by quantitative RT-PCR

CXCL12a F
R

CXCL12b F
R

B-actin F
R

GCTAGCATGGATGTCAAACTGCTGGCAC
GTCGACTTAGTTTTTCTTGTTGTTGCGTCTTCTGG
GCTAGCATGGATGTGAAAGTGTTGGCTCTC
GTCGACTCATTTAGCCTGCTTGTTTTTCTCCATC
CATATGGTGAGCAAGGGCGAGGAGC
GTCGACTTACTTGTACAGCTCGTCCATGCCG
TCGCCGTGGAAACCATCATAGCTAGCATCTCAGTGTTTGTCTTGC
GCAAGACAAACACTGAGATGCTAGCTATGATGGTTTCCACGGCGA

CCATGGGGGCGTTGAGGCTCAATG
GTCGACTTAGTTTTTCTTGTTGTTGCGTCTTCTGG
GTCGACTCATTTAGCCTGCTTGTTTTTCTCCATC
ACGCGTTTACTTGTACAGCTCGTCCATG

ACTGTCTCCAAAGAAGTGTGTCAAC
GGATCCTCATGGGGGAGATTCGGAGC

CGGTGTTGGTGTCGTTCTA
AGACTTCCCTGTTGCTCTTC
GTTCATCCATACGCCCAACT
CATCTTGTTGATAGCGCTCCT
GATCTGGCATCACACCTTCTAC
CATCTTCTCCCTGTTGGCTTTA

Underlined characters represent restriction enzyme sites.

was carefully layered over a 34-47% Percoll density gradient. After
centrifugation at 500 g at 4 °C for 30 min, the leukocytes enriched in-
terphase was collected using 1 ml syringe and washed once. Then, the
cells were resuspended in culture medium, and an additional Percoll
density gradient centrifugation was performed. The interphase cells
were isolated and washed 3 times with culture medium (in the last
washing step, heparin was not included in the medium). The cell via-
bility was examined with tryphan blue exclusion and evaluated to be
greater than 98%. Then, 5 X 10° leukocytes (100 ul) were seeded on
the upper chamber of transwell migration chamber (Corning
cat#3421). The supernatant collected from cells infected with each
recombinant VHSV replicon particles was suspended at lower chamber
(600 pl). The migration of leukocytes was allowed for 12hat 20 °C,
then, cells migrated to the lower chamber were counted by hemocyt-
ometer. The experiment was done with three replicates.

2.5. Immunization and challenge

In the immunization experiment, olive flounder fingerlings (average
body weight: 3.26 g) confirmed free from pathogens including VHSV
were randomly divided into 4 groups, and reared in four 250 L tanks
(12 fish/tank; for challenge) and four 50 L tanks (6 fish/tank; for serum
isolation) at 20 °C. After 2 weeks of acclimation, fish were intra-mus-
cularly (i.m.) immunized with 5 X 103 PFU/50 ul/fish of rVHSV-AG-
CXCL12a, rVHSV-AG-CXCL12b, or rVHSV-AG-eGFP. Fish in the control
group were received 50 pl of L-15 alone. At 24 d post-immunization, the
water temperature of 250 L tanks was gradually decreased to 14 °C with
a refrigerating apparatus over 3 days, then, fish were i.m. challenged
with wild-type VHSV KJ2008 at 5 x 10* PFU/50 ul/fish. Mortalities
were recorded daily for 18 d post-challenge (at which no more mor-
tality was expected based on the cumulative mortality graph), and the
survived fish were euthanized with MS222. The death caused by VHSV
was determined by typical external and internal symptoms and RT-PCR
analysis. Fish in 50 L tanks were euthanized with MS222 at 24 d post-
immunization, then, blood was collected for the analysis of serum
neutralization activity.

2.6. Serum neutralization activity

The sera were heat-inactivated at 56 °C for 30 min to inactivate
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complement before use in the test. The serially diluted sera were mixed
with a fresh serum of an olive flounder (free from VHSV), and incubated
with wild-type VHSV KJ2008 in U-shaped 96-well plate at 14 °C for 1 h.
Then, 100 pl of each mixture was added to EPC cells monolayer, and
observed CPE every day. The titer of each serum was the last dilution at
which CPE was not observed.

2.7. Statistical analysis

Statistical significance was analyzed using SPSS for Windows
(Chicago, IL, USA). Data were analyzed by using one-way ANOVA
followed by Tukey HSD post-hoc test. The Kaplan-Meier method with
log-rank test was used to the data on cumulative mortality, and
P < 0.05 was considered statistically significant.

2.8. Ethics statement

All experiments were conducted in accordance with the ethical
guidelines defined by Pukyong National University's Institutional
Animal Care and Use Committee (Approval number PKNU-2018-06).

3. Results
3.1. Rescue of recombinant VHSV replicon particles

Recombinant VHSV replicon particles expressing CXCL12a,
CXCL12b, and eGFP (rVHSV-AG-CXCL12a, rVHSV-AG-CXCL12b, and
rVHSV-AG-eGFP) were successfully rescued through transfection of G
gene-expressing EPC cells with the G gene-deleted VHSV genome vec-
tors that harbored olive flounder CXCL12a, CXCL12b, or eGFP gene
between N and P genes (Fig. 1A). The exact insertion of each hetero-
logous gene in the genome of each VHSV replicon particles was verified
by RT-PCR (Fig. 1B).

The considerably high expression of CXCL12a and CXCL12b in
HINAE cells infected with rVHSV-AG-CXCL12a and 12b, respectively,
was verified by q RT-PCR (Fig. 2).

3.2. Chemotaxis analysis of olive flounder leukocytes

The transwell migration of leukocytes in response to the
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Fig. 1. (A) Construction of vectors for the production of rVHSV-AG-eGFP,
rVHSV-AG-CXCL12a and rVHSV-AG-CXCL12b. The ORF of eGFP, CXCL12a, or
CVXCL12b was inserted between N and P genes of a G gene-deleted VHSV
vector (pVHSV-AG) by digestion with Ndel (or Nhel) and Sall enzymes. (T7p,
T7 promoter; HDVrz, Hepatitis delta virus ribozyme; T7 term, T7 terminator).
(B) Analysis of incorporation of eGFP, CXCL12a, and CXCL12b into the genome
of rVHSV-AG-eGFP (eGFP), rVHSV-AG-CXCL12a (12a) and rVHSV-AG-CXCL12b
(12b), respectively, by RT-PCR. The deletion of G gene in the VHSV replicon
particles was also verified by RT-PCR. (wtVHSV, wild-type VHSV; M, 1 kb DNA
ladder).
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Fig. 2. Quantitative real-time PCR (qRT-PCR) analysis of CXCL12a and
CXCL12b expression. HINAE cells were infected with rVHSV-AG-eGFP, rVHSV-
AG-CXCL12a or rVHSV-AG-CXCL12 b at MOI 0.1. After 24 h of infection, total
RNA was extracted from cell pellets and synthesized cDNA for qRT-PCR. The
asterisk on the bar represents significantly different at P < 0.05.

supernatants derived from cells infected with each type of recombinant
VHSV replicon particles was significantly higher than to the control
supernatant. Significantly higher number of leukocytes migrated in
response to the supernatant from cells infected with rVHSV-AG-
CXCL12a or rVHSV-AG-CXCL12b than from cells infected with rVHSV-
AG-eGFP. Among all experimental groups, supernatant from rVHSV-
AG-CXCL12a infected cells attracted the highest number of leukocytes
(Fig. 3).

3.3. Immunization

Olive flounder fingerlings immunized with rVHSV-AG-CXCL12a
showed the lowest cumulative mortalities when challenged with wild-
type VHSV (Fig. 4). However, the cumulative mortalities of fish im-
munized with rVHSV-AG-CXCL12b were similar to those of fish im-
munized with rVHSV-AG-eGFP (Fig. 4).

Fish immunized with each VHSV replicon particles showed sig-
nificantly higher serum neutralization activity than fish immunized
with L15 alone (Fig. 5). Furthermore, fish immunized with rVHSV-AG-
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Fig. 3. The effect of supernatant of EPC cells infected with rVHSV-AG-eGFP,
rVHSV-AG-CXCL12a or rVHSV-AG-CXCL12b on the chemotaxis of olive
flounder leukocytes. Different letters on the bars represent significantly dif-
ferent at P < 0.05.
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Fig. 4. Cumulative mortality of olive flounder immunized with rVHSV-AG-
CXCL12a, rVHSV-AG-CXCL12b, or rVHSV-AG-eGFP. Fish in the control group
were received 50 pl of L-15 alone. After 4 weeks post-immunization, fish were
intramuscularly challenged with wild-type VHSV KJ2008. Mortalities were
recorded daily for 18 d post-challenge. Different letters represent significantly
different at P < 0.05.

CXCL12a showed significantly higher neutralization activity than fish
immunized with rVHSV-AG-eGFP. However, there were no significance
in neutralization activity between fish immunized with rVHSV-AG-
CXCL12b and rVHSV-AG-eGFP (Fig. 5).

4. Discussion

Although the present CXCL12 expressing-VHSV replicon particles
(rVHSV-AG-CXCL12a & rVHSV-AG-CXCL12b) are unable to produce
infective viral particles because of lacking G gene in the genome, they
still can transcribe their genes in the infected cells. The transcription
level of each gene in rhabdoviruses is gradually decreased according to
the order of genes from 3’ to 5’ [30,31]. Therefore, in this study, to
maximally express CXCL12, the ORF of CXCL12 gene was inserted be-
tween N and P gene, and a considerably high amount of CXCL12
transcript in the cells infected with rVHSV-AG-CXCL12a or rVHSV-AG-
CXCL12b was verified.

The critical role of CXCL12-CXCR4 signaling in leukocytes traf-
ficking has also been demonstrated in fish [6,21]. In the present study,
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Fig. 5. Serum neutralization activity. The sera of olive flounder immunized
with rVHSV-AG-CXCL12a, rVHSV-AG-CXCL12b, or rVHSV-AG-eGFP were col-
lected at 24 d post-immunization and used for neutralization test. Fish in con-
trol group were injected L15 alone. Values are mean * standard error.
Different letters on the bars represent significantly different at P < 0.05.

we generated olive flounder CXCL12a-, CXCL12b-, and eGFP-expressing
recombinant VHSV replicon particles, and demonstrated the sig-
nificantly higher ability of the supernatant collected from cells infected
with rVHSV-AG-CXCL12a & b to attract olive flounder leukocytes than
the supernatant of cells infected with rVHSV-AG-eGFP. This result
suggests that the CXCL12 of olive flounder has the ability to attract
leukocytes. However, the supernatant from rVHSV-AG-eGFP also at-
tracted significantly higher number of leukocytes than control super-
natant, suggesting that the present recombinant VHSV replicon parti-
cles can stimulate the secretion of chemotactic factors of cells to make
leukocytes migrate to the infected regions. Therefore, the present re-
sults suggest that the ability of leukocytes attraction in rVHSV-AG-
CXCL12a & -CXCL12b was further strengthened by the addition of
chemokine-expressing ability. Moreover, the significantly higher at-
traction of leukocytes by rVHSV-CXCL12a supernatant compared to
rVHSV-CXCL12b supernatant suggests that CXCL12a would be more
appropriate for the induction of immunity than CXCL12b in olive
flounder.

The up-regulation of CXCL12 gene expression by polyinosinic:
polycytidylic acid (poly I:C), lipopolysaccharide (LPS), viruses, or
bacteria has been reported in several fish species [10-12], which sug-
gests that CXCL12 may be involved in inflammatory responses and may
have an adjuvant ability. Thus, in this study, we immunized olive
flounder with rVHSV replicon particles expressing olive flounder
CXCL12a or CXCL12b, and the results showed higher survival rates of
fish immunized with rVHSV-AG-CXCL12a than fish immunized with
rVHSV-AG-CXCL12b or rVHSV-AG-eGFP when challenged with wild-
type VHSV. This result suggests that the protective potential of VHSV
replicon particles against VHSV infection in olive flounder can be en-
hanced by supplemental expression of CXCL12a.

Although much less is known in fish about the effect of CXCL12 on
lymphocytes activities, the critical role of CXCL12 in the trafficking of T
and B lymphocyte has been well demonstrated in mammals [32-34]. In
the present study, fish immunized with rVHSV-AG-CXCL12a showed
the highest serum neutralization activity suggesting that CXCL12a has
the ability to enhance the adaptive humoral immune response in fish.

Although VHSV vaccines based on viral replicon particles are ef-
fective for the induction of protective immune responses, they are
classified as gene modified organisms (GMOs). While the practical use
of DNA vaccines that have been showing highly effective against fish
rhabdoviral diseases has been limited since the fishes immunized with
DNA vaccines are regarded as GMOs in many countries including Korea.
Therefore, more endeavors to address environmental safety issues
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related to VHSV replicon particles and DNA vaccines are needed to be
permitted as vaccines for aquaculture farms.

In conclusion, we demonstrated the potential of CXCL12a as a
molecular adjuvant of vaccines based on VHSV replicon particles. The
interaction between CXCL12 and adaptive immune factors should be
further investigated to know the mechanism of the present enhance-
ment of protection.
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