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Abstract  Atlantic salmon (Salmo salar) is an important economic fish that is seriously threatened by various viruses. A cell line 
designated as ASF derived from the caudal fin tissue of Atlantic salmon was established and characterized in this study. ASF cells 
grew well in Dulbecco’s modified Eagle’s medium (DMEM) containing 20% fetal bovine serum at 20℃. DNA sequencing and com-
parative analysis of the cytochrome B gene verified that the ASF cell line originated from Atlantic salmon. Chromosome analysis 
indicated that the modal chromosome number of ASF cells was 58. Viral susceptibility test showed that ASF cells were susceptive to 
two important fish viruses, viral hemorrhagic septicemia virus (VHSV) and red-spotted grouper nervous necrosis virus (RGNNV). 
Viral replication in ASF cells was further confirmed by qRT-PCR and transmission electron microscopy. Moreover, VHSV and 
RGNNV infections could induce the cellular responses in ASF cells, as indicated by the differential expression of cellular antiviral 
response-related genes, interferon-1 and Mx-1. In conclusion, the newly established ASF cell line can be applied as an in vitro tool in 
fish virology and immunity studies. 
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1 Introduction 
Atlantic salmon (Salmo salar) is a popular aquatic pro- 

duct because of its delicious taste and rich nutrition (Lo- 
zano-Muñoz et al., 2020). With the decline of wild fish 
populations due to environmental pollution and habitat de- 
struction, artificial farming has become the main way for 
people to obtain Atlantic salmon (Jin et al., 2020). Atlan- 
tic salmon is a significant salmonid species in terms of va- 
lue and production scale in global aquaculture (Brudeseth 
et al., 2013). However, more and more viruses infect At- 
lantic salmon (Munro et al., 2015; Eriksson-Kallio et al., 
2020; Gjessing et al., 2020; Jenberie et al., 2020; Pham et al., 
2020; Samsing et al., 2021). Viral hemorrhagic septicemia 
virus (VHSV) is a massively destructive virus with a high 
mortality rate of up to 100% in fry, causing great losses to 
Atlantic salmon aquaculture (Emmenegger et al., 2013; Ito 
et al., 2016; Zhang et al., 2019). Nervous necrosis virus 
(NNV), infecting more than 120 marine and freshwater 
teleost species, is also considered a potential threat to sal- 
mon farming (Li et al., 2019; Jia et al., 2020; Zhang et al.,  
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2020). Although no report stated that NNV infects salmon 
under natural conditions, Korsnes et al. (2005) found that 
viral nervous necrosis broke out in Atlantic salmon after 
intraperitoneal challenge with nodavirus from Atlantic ha- 
libut (Hippoglossus hippoglossus). Therefore, the patho- 
genic mechanisms of NNV and VHSV in Atlantic salmon 
must be elucidated to develop an effective therapy. 

Fish cell lines are essential tools for culturing viruses, 
studying the mechanism of host-virus interactions, and de- 
veloping vaccines (Collet et al., 2018; Pham et al., 2020). 
For instance, the FtGF cell line, derived from the fin of fan- 
tail goldfish, was used for the in vitro propagation of Cy- 
prinid herpes virus-2 (Dharmaratnam et al., 2020). Tran- 
scriptome analysis was performed in hirame natural em- 
bryonic cells with or without NNV infection to determine 
the innate immune response-related genes against the vi- 
rus (Kim et al., 2020). A formalin-inactivated red sea bream 
iridovirus vaccine was also developed using the culture 
supernatant of a Pagrus major fin cell line persistently in- 
fected with IVS-1 strain (Kwon et al., 2020). Although more 
than 880 fish cell lines have been established, more cell 
lines from various species are still needed to meet the di- 
verse needs of virology and immunology studies, consi- 
dering the specificity of host-virus interaction (Robin et al., 
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2020). Several cell lines have been established from dif- 
ferent tissues of Atlantic salmon (Martin et al., 2007; Ro- 
driguez Saint-Jean et al., 2014; Pham et al., 2017b; Gjes- 
sing et al., 2018). Some of these cell lines are susceptible 
to various viruses, including infectious hematopoietic ne- 
crosis virus, VHSV, infectious pancreatic necrosis virus, At- 
lantic salmon reovirus, and Pacific salmon paramyxovirus, 
and the cell lines have been used to develop antiviral strate- 
gies (Gjessing et al., 2018; Rodriguez Saint-Jean et al., 
2014). However, none of them are susceptible to NNV. In 
the present study, an Atlantic salmon caudal fin-derived 
cell line that is susceptible to NNV and VHSV was estab- 
lished and characterized. This study can be a basis to elu- 
cidate the infection mechanisms of NNV and VHSV in At- 
lantic salmon and contribute to the AS invitrome, a collec- 
tion of different cell lines derived from this species (Bols 
et al., 2017). 

2 Materials and Methods 
2.1 Fish and Viruses 

Healthy juvenile Atlantic salmon (approximately 50 g 
in weight) for the development of primary cells were ob- 
tained from a local fish farm in Shangdong Province, Chi- 
na, and were maintained in seawater at 15 . All proc℃ e- 
dures carried out with Atlantic salmon were approved by 
the Ethics Committee of Sun Yat-sen University. The fish 
were completely anesthetized using MS222 before eutha- 
nasia (Sigma, St. Louis, MO).  

Red-spotted grouper nervous necrosis virus (RGNNV) 
(strain SBN147) was isolated from sicked sea perch and 
propagated in Lateolabrax japonicus brain cells (Le et al., 
2017). VHSV IVa (strain VHSVLB2018) was isolated from 
largemouth bass and propagated in Pampus argenteus fin  

 

cells (Zhang et al., 2019).  

2.2 Primary Cell Culture and Subculture  
The work was carried out on a Clean Bench, and sterile 

techniques were employed in all cell culture procedures. 
First, the surface of Atlantic salmon was sterilized by 75% 
ethanol before dissection. Then, caudal fin tissues were de- 
tached and transferred to a sterile Petri dish supplemented 
with 5 mL of phosphate-buffered saline (PBS) containing 
antibiotics (penicillin, 100 U mL−1; streptomycin, 100 μg 

mL−1) for washing three times. Then, the fin samples were 
minced into pieces and transferred into a 25 cm2 culture 
flask containing 1 mL of Dulbecco’s modified Eagle’s me- 
dium (DMEM) supplemented with 20% fetal bovine serum 
(FBS) and 4.76 g L−1 HEPES with a final pH of 7.4, and 
then were cultured at 20℃. Subsequently, 3 mL of DMEM 
was added after the explants adhered to the bottom of the 
flask. The medium was exchanged every 4 – 5 days. When 
cell monolayers had developed, they were detached with 
DMEM containing 20% FBS using the standard trypsini- 
zation method, and subcultured at 1:2 split. The cell culture 
was denoted as ‘ASF cells’. 

2.3 Species Authentication 
A partial sequence of the Atlantic salmon cytochrome B 

(Cyt B) gene was analyzed as previously described with 
some modifications to identify the origin of ASF cells (Li 
et al., 2019). Total genomic DNAs were extracted from At- 
lantic salmon caudal fin tissues and ASF cells (at passage 
10) by using the Tissue DNA Kit (Omega, Norcross, GA), 
respectively. A 514 bp fragment of the Cyt B gene was am- 
plified using primers Cyt B-F and Cyt B-R (Supplemented 
in Table 1). The PCR products were then sequenced and 
analyzed. 

Table 1 Primers used for cloning and expression analysis 

Name Sequence (5’–3’) Comment 

Cyt B-F CACGATTTTTCGCCTTCC Partial sequence of Cyt B 
Cyt B-R AATGGGTGTTCCACGGGT Partial sequence of Cyt B 
N-F ATAAACAAGGGCTTGGTCTC Partial sequence of N 
N-R AGAAGTCGTCTGTGGCTCCC Partial sequence of N 
CP-F TACGCAAAGGTGAGAAGA Partial sequence of CP 
CP-R CACAGGAGTATCAGCCGA  Partial sequence of CP 
IFN-1F AAAACTGTTTGATGGGAATATGAAA QPCR of IFN-1 
IFN-1R CGTTTCAGTCTCCTCTCAGGTT QPCR of IFN-1 
Mx1-F AGCTCAAACGCCTGATGAAG QPCR of Mx-1 
Mx1-R ACCCCACTGAAACACACCTG QPCR of Mx-1 
RDRP-QPCR-F CCTCACCAACACTGCTTCTTC QPCR of RDRP 
RDRP-QPCR-R CCAGCCAATGTCGTCAATCTC QPCR of RDRP 
G-QPCR-F AACTGTCTCCAAAGAAGTGTGT QPCR of G 
G-QPCR-R GCCATCAAGGAGATAATGTG QPCR of G 
EF-F GATCCAGAAGGAGGTCACCA QPCR of EF-1α 
EF-R TTACGTTCGACCTTCCATCC QPCR of EF-1α 

 

2.4 Chromosome Analysis 
Chromosomes of ASF cells were analyzed at passage 

20. Cells were seeded in 25 cm2 culture flasks and treated 
with colchicine (Sigma) (10 μg mL−1) at 70% – 80% con- 
fluence for 24 h. The cells were harvested and centrifuged 

at 1000 r min−1 for 5 min, resuspended in 1 mL of 0.075 mol 

L−1 KCl, and then incubated at 37℃ for 45 min. Then, the 
cells were fixed with freshly mixed methanol and acetic 
acid (3:1, V/V) for 10 min and collected by centrifuging at 
1000 r min−1 for 5 min. After one more fixation, cells were 
dropped onto pre-cooled microslides and stained with 10% 
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Giemsa (Sigma). Chromosomes were photographed and 
counted. 

2.5 Growth Curves 
For growth characteristic studies, ASF cells (25th pas- 

sage) were seeded in 24-well plates. Cells were cultured 
at 10℃, 15℃, 20 ,℃  and 28℃ to determine the effect of 
temperature on cell growth. Cells were cultured in DMEM 
containing different concentrations of FBS (10%, 15%, and 
20%) to investigate the influence of FBS concentration. 
Cells were harvested and counted using a hemacytometer 
after 4, 8, 12, and 14 days, respectively. Experiments were 
conducted in triplicate. 

2.6 Cell Migratory and Proliferative Abilities 
Migratory and proliferative abilities of ASF cells (pas- 

sage 16) were determined as previously described with some 
modifications (Gjessing et al., 2018). ASF cells were seed- 
ed in 6-well plates and cultured at 20℃ until confluent mo- 
nolayers developed. A scratch was made down through the 
cell monolayer by a sterile 1 mL pipette tip. The medium 
was changed, and the scratch was photographed daily for 
7 days. The width of the scratch was measured in cm on 
enhanced snapshots. 

2.7 Viral Susceptibility and Replication 
RGNNV and VHSV were applied to evaluate the viral 

susceptibility of ASF cells. Cells were seeded into 6-well 
plates and grown to 80% confluence for infection. Then, 
the cells were infected with RGNNV or VHSV (multipli- 
city of infection = 1) at 28  and 20 . After adsor℃ ℃ bing for 
4 h, the medium was exchanged. ASF cells incubated with 
PBS served as controls. Cytopathic effects (CPEs) were 
assessed daily, and the cells were collected at 24 and 48 h 
post infection (hpi) for RT-PCR and qPCR assays to de- 
tect RGNNV and VHSV replication as previously described 
(Li et al., 2019).  

Viral replication was confirmed via transmission elec- 
tron microscopy. ASF cells were seeded into a 75 cm2 cul- 
ture flask and infected with RGNNV or VHSV as men- 
tioned above. The infected cells were harvested and fixed  

 

with 2.5% glutaraldehyde at 4℃ for 24 h and then fixed 
with 2.0% osmium tetroxide for 1 h. The samples were 
dehydrated by graded ethanol (30%, 50%, 70%, 80%, 95% 
and 100%), embedded in epoxy resin for sectioning, and 
then stained with uranyl acetate/lead citrate. The viral par- 
ticles were observed under a Philips CM10 electron micro- 
scope. 

2.8 Expression Analyses of IFN-1 and Mx-1 Genes in 
ASF Cells After RGNNV and VHSV Infections 

ASF cells were infected by RGNNV or VHSV as de- 
scribed in ‘Viral susceptibility and viral replication’. Cells 
were harvested for RNA extraction at 24 and 48 hpi, and 
then cDNAs were synthesized using PrimeScript Reverse 
Transcriptase in accordance with the manufacturer’s ins- 
tructions. Transcription levels of interferon-1 (IFN-1) and 
Mx-1 were determined by qRT-PCR in a LightCycler 480 
II (Roche) as previously described (Zhang et al., 2018). The 
Atlantic salmon gene EF-1α served as the reference gene. 
Primers for qRT-PCR are listed in Table 1. All samples 
were performed in triplicate, and the 2−ΔΔCt method was 
used to analyze gene expression levels. 

2.9 Statistical Analysis 
Data represented the average value of three replicates 

and were expressed as mean ± SD (standard deviation). 
SPSS version 20 was used for statistical analysis. Statis- 
tical differences between different groups were determin- 
ed using one-way ANOVA. Statistical significance was con- 
sidered at P < 0.05.  

3 Results 
3.1 Primary Culture and Subculture of ASF Cells 

The ASF cell line was derived from the caudal fin of 
healthy juvenile Atlantic salmon. Three days after seeding, 
epithelial-like cells began to migrate from the explants. The 
cells grew to full confluence 15 days later (Fig.1A). Then, 
the cells were subcultured at a split ratio of 1:2 every 7– 
10 days in DMEM (15% FBS) at 20℃. Until now, ASF 
cells have been subcultured more than 50 times (Fig.1B). 

 
Fig.1 Morphology of cells derived from the caudal fin of Atlantic salmon. A, Primary cultures on day 6; B, ASF cells at 
the 50th passage. Bar = 100 μm. 
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3.2 Species Authentication and Karyotyping  
Partial amplification of the Cyt B gene was performed 

using ASF cells and caudal fin tissue of Atlantic salmon 
to evaluate the potential origin of ASF cells, and an ex- 
pected fragment of 514 bp was amplified (Fig.2A). Sub- 
sequent sequencing showed that the sequenced fragments 
from the ASF cells and caudal fin tissue of Atlantic sal-  

 

mon were identical, and revealed 99.6% similarities with 
the known Cyt B sequence of Atlantic salmon (GenBank 
accession no. JQ390056.1). These results verify that the 
ASF cell line was derived from Atlantic salmon.  

One hundred metaphases plates were analyzed to de- 
termine the chromosome numbers of ASF cells at passage 
20. As shown in Figs.2B and 2C, the modal chromosome 
number of ASF cells was 58. 

 

Fig.2 Species authentication and karyotyping. A, PCR amplification of partial Cyt B gene sequences in ASF cells and At-
lantic salmon fin tissue. M, DNA marker (2000 bp); Lane 1, ASF cells; Lane 2, fin tissue; Lane 3, negative control. B, Fre- 
quency distribution of chromosomes in ASF cells counted at the 20th passage. C, Giemsa-stained metaphase chromosomes. 

3.3 Cell Growth Characteristics 
The effects of temperature and FBS concentration on 

ASF cell growth at passage 25 were tested. ASF cells grew 
best in DMEM with 20% FBS, and slowed growth rate 
was observed with decreasing concentration of FBS at 20℃ 
(Fig.3A). For temperature, ASF cells cultured in DMEM 
with 20% FBS exhibited a maximum growth rate at 20  ℃
(Fig.3B). 

3.4 Migratory and Proliferative Abilities 
Cell migration assay showed a gradually healing scratch 

of ASF cells after 7 days (Figs.4A – 4F). The width varia- 
tion of the scratch is shown in Fig.4G.  

3.5 Viral Susceptibility and Viral Replication 
Compared with the control cells (Figs.5C and 5F), 

RGNNV- or VHSV-infected ASF cells exhibited signifi- 
cant CPEs. After challenging with RGNNV, ASF cells show- 
 

ed shrinking characteristics and appeared spherical at 24 

hpi, and approximately 90% of cells detached from the bot- 
tom of the plate at 48 hpi (Figs.5A and 5D). A few ASF 
cells infected with VHSV started to show morphological 
changes, such as cell rounding and detachment, at 24 hpi 
(Fig.5B). Then, the monolayers were damaged gradually 
and disintegrated at 48 hpi (Fig.5E). Subsequently, infect- 
ed ASF cells were confirmed by RT-PCR. Partial fragments 
of the RGNNV CP gene and the VHSV N gene were am- 
plified from RGNNV- and VHSV-infected ASF cells, res- 
pectively (Figs.5G, 5H). 

The proliferation of RGNNV and VHSV in ASF cells 
was further confirmed. The expression of RGNNV RDRP 
and VHSV G increased significantly from 24 to 48 hpi in 
RGNNV- or VHSV-infected ASF cells, respectively (Figs.6A 
and 6D). Moreover, transmission electron microscopy re- 
vealed the presence of several virus particles in the cy- to- 
plasm of RGNNV- or VHSV-infected ASF cells (Figs.6B, 
6C and Figs.6E, 6F). 

 

Fig.3 Effects of FBS concentrations and temperatures on the proliferation of ASF cells. A, ASF cells were incubated with 
DMEM containing 10%, 15%, or 20% FBS at 20℃; B, ASF cells were incubated with DMEM containing 20% FBS at 
10℃, 15℃, 20℃, or 28℃. 
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Fig.4 Wound healing. A scratch was made through the ASF cell monolayer by a sterile 1 mL pipette tip. Cells were cul-
tured continuously at 20  and photographed every day℃ . Representative pictures of ASF at day 0 (A), day 1 (B), day 2 (C), 
day 3 (D), day 4 (E), and day 7 (F) are shown. Bar = 100 μm. G, measurement of scratch width.  

 

Fig.5 Susceptibility of ASF cells to RGNNV and VHSV. (A), (D) showed CPEs of ASF cells infected with RGNNV at 24 

hpi and 48 hpi, respectively. (B), (E) showed CPEs of ASF cells infected with VHSV at 24 hpi and 48 hpi, respectively. (C), 
(F) showed Mock-infected ASF cells at 24 h and 48 h , respectively. Bar = 100 μm. (G) showed agarose gel electrophoresis 
of PCR products from RGNNV-infected ASF cells using specific primer for the RGNNV CP gene. M, DNA marker (2000 

bp); Lane 1, ASF cells without RGNNV infection; Lane 2, blank control; Lane 3, ASF cells infected with RGNNV for 48 

h; Lane 4, RGNNV positive control. (H) showed agarose gel electrophoresis of PCR products from VHSV-infected ASF 
cells using specific primers for the VHSV N gene. M, DNA marker (2000 bp); Lane 1, ASF cells without VHSV infection; 
Lane 2, blank control; Lane 3, ASF cells infected with VHSV for 48 h; Lane 4, VHSV positive control. 
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Fig.6 Replication of RGNNV and VHSV in ASF cells. Expression analysis of the RGNNV RDRP gene (A) and the 
VHSV G (D) gene in ASF cells at 24 h and 48 h after RGNNV infection (**P < 0.01) were showed. B – C, Virus particles 
in RGNNV-infected ASF cells under low magnification (×40000) (B) and high magnification (×100000) (C). E – F, Virus 
particles in VHSV-infected ASF cells under low magnification (×40000) (E) and high magnification (×80000) (F).  

3.6 Expression of Antiviral Genes in ASF Cells After 
RGNNV and VHSV Infections 

The inductions of IFN-1 and Mx-1 by RGNNV or VHSV 
infection were analyzed to investigate the antiviral response 
of ASF cells upon viral infection. As shown in Figs.7A –  

 

7B, RGNNV infection suppressed the expression of IFN-1 
and Mx-1 at 24 and 48 hpi. By contrast, VHSV significant- 
ly induced the expression of IFN-1 and Mx-1 at 24 and 48 

hpi (Figs.7C – 7D). These data indicate that ASF cells can 
be utilized as a potential in vitro tool to explore the cellu- 
lar antiviral response of Atlantic salmon to fish pathogens.  

 

Fig.7 Transcription levels of IFN-1 and Mx-1 genes in ASF cells after RGNNV at (A) 24 h and 48 h (B), and VHSV infec-
tion at 24 h (C) and 48 h (D). EF-1α was used as an internal control. Results were expressed as mean ± SD from three in-
dependent experiments performed in triplicates. Asterisks indicate significant differences between groups (**P < 0.01). 

4 Discussion 
Fin tissues are the major entry points in fish of several 

viruses, such as infectious hematopoietic necrosis virus, 
VHSV, and infectious salmon anemia virus (Harmache et al., 
2006; Quillet et al., 2007; Aamelfot et al., 2015). Although 
several cell lines from various tissues of Atlantic salmon 
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have been established, few studies have been conducted on 
fin-derived cell lines in this species. In the present study, 
a cell line designated as ASF was successfully established 
and characterized from the caudal fin of Atlantic salmon. 
Previous studies showed that several cell lines from At- 
lantic salmon were usually cultured in L-15 medium (Martin 
et al., 2007; Rodriguez Saint-Jean et al., 2014; Pham et al., 
2017b; Gjessing et al., 2018). Our study found that DMEM 
was also suitable for ASF cell culture. The ASF cell line 
showed stable growth in DMEM with 20% FBS and had 
been cultured for more than 50 passages so far. The opti- 
mal concentration of FBS for ASF cells was estimated to 
be 20%, which is consistent with ASHe and BAASf, two 
other cell lines from Atlantic salmon (Pham et al., 2017a, 
2017b). Previous studies cultured different cell lines of At- 
lantic salmon at different temperatures. For instance, SSP-9, 
ASG-10, and ASG-13 were incubated at 20 , whereas℃  
ASHe grew well at 26  ℃ (Rodriguez Saint-Jean et al., 2014; 
Pham et al., 2017b; Gjessing et al., 2018). In the study, 
ASF cells could grow in the temperature range of 10℃– 
28  and exhibited optimal growth at 20 . ℃ ℃ Atlantic sal- 
mon is a cold-water fish with comfortable temperatures 
for growth ranging from 15  to 20.5  and a critical ther℃ ℃ - 
mal threshold of 27.8 , which covers the optimum te℃ m- 
perature of the cultured cells in vitro, suggesting the con-
sistency of cell growth environment in vivo and in vitro 
(Beaupré et al., 2020).  

The typical chromosomal number of ASF cells (2n = 58) 
was identical to that of Atlantic salmon but did not coin- 
cide with other cell lines isolated from Atlantic salmon, 
such as SSP-9 (2n = 48) and AS (2n = 52) (Sánchez et al., 
1993; Pendás et al., 1994; Rodriguez Saint-Jean et al., 2014). 
The chromosome number in fish cell lines undergoing a 
degree of cell transformation does not always coincide with 
that of the intact host species (Schneider, 1973). These re- 
sults indicate that ASF cells maintain their ploidy nature. 
Epithelial cells exhibit proliferative and migratory abilities, 
and the epithelial nature of the ASF cells was validated by 
successfully closing the scratch within 7 days (Gjessing et al., 
2018). 

Fish cell lines are commonly used in virology research 
(Jyotsna et al., 2019). In the present study, the suscepti- 
bility of ASF cells to RGNNV and VHSV was determined. 
Significant CPEs and amplification of the RGNNV RDRP 
gene demonstrated that ASF cells were susceptible to 
RGNNV. Furthermore, the result of qRT-PCR and electron 
microscopy assays confirmed the proliferation of RGNNV 
in ASF cells. NNV is a potentially dangerous pathogen of 
Atlantic salmon (Korsnes et al., 2005). However, no cell 
line from Atlantic salmon is sensitive to NNV. Our results 
indicated that the ASF cell line could be used for NNV 
isolation and identification. Similar to ASG-10 and ASG- 
13 cell lines derived from the gill tissue of Atlantic sal- 
mon (Gjessing et al., 2018), ASF cells showed high sus- 
ceptibility to VHSV. The fin is a route of entry for VHSV 
(Montero et al., 2011). Thus, ASF cells can be a useful in 
vitro tool for studying VHSV infection in a tissue-specific 
manner. 

Fish cell lines are important tools for studying antiviral 

mechanisms in fish cells. However, not all cultured fish cells 
in vitro are sensitive to immunostimulation (Rodriguez 
Saint-Jean et al., 2014; Pham et al., 2017a, 2020). IFN 
plays a key role in innate immune response induced by 
virus infection. Virus invasion induces IFN expression, and 
then activates the expression of downstream IFN-stimu- 
lated genes (ISGs), such as Mx-1, Viperin and ISG15, to 
resist the virus (Lu et al., 2021). In the present study, we 
detected the transcript levels of IFN-1 and Mx-1 to deter- 
mine whether ASF cells could be used to elucidate the 
mechanism of host-virus interaction (Zeng et al., 2016; 
Corrales et al., 2017). Our results showed that VHSV and 
RGNNV could significantly alter host cellular IFN-1 and 
Mx transcriptions in ASF cells, indicating that the ASF cell 
line might be a useful tool for studying the mechanism of 
host-virus interaction. Upon VHSV infection, the expres- 
sion levels of IFN-1 and Mx-1 were significantly upregu- 
lated, which were in accordance with those in Atlantic sal- 
mon in vivo and in BASSf cells derived from the bulbus 
arteriosus of Atlantic salmon (Lovy et al., 2013; Pham et al., 
2017a). By contrast, RGNNV infection significantly sup- 
presses the expression of IFN-1 and its downstream factor 
Mx-1, which play crucial roles in repressing NNV replica- 
tion (Wu et al., 2016, 2010). Previous study also showed 
that antiviral genes might exhibit opposite expression pat- 
terns when challenged with different viruses. For instance, 
TNF-a2 and IL-12 p40-c were upregulated post infectious 
pancreatic necrosis virus and infectious salmon anaemia 
virus infection, but downregulated during salmonid alpha- 
virus infection in the salmonid cell line TO (Nerbovik et al., 
2017). As the first line of defense against virus infection, 
the type-I IFN response was activated to elicit antiviral 
responses by inducing the expression of ISGs. Meanwhile, 
viruses have evolved various strategies to suppress the ac- 
tivation of host type-I IFN responses and thus survive in 
host cells (Chan and Gack, 2016; Lei et al., 2020). We spe- 
culated that RGNNV escapes the innate immune defense 
by inhibiting the IFN response in ASF cells. Further stud- 
ies are needed to clarify the mechanism by which NNV 
evades the cellular antiviral responses in ASF cells. 

5 Conclusions 
A cell line derived from the caudal fin of Atlantic sal- 

mon, designated as ASF, was established and characterized. 
ASF cells are susceptible to VHSV and RGNNV, and thus 
belong to VHSV- and RGNNV-supportive invitromes. VHSV 
and RGNNV infections induced different cellular responses 
in ASF cells. Taken together, our results indicate that the 
ASF cell line can serve as a useful in vitro tool for study- 
ing the pathogenesis of fish viruses and elucidating the me- 
chanism of host-virus interaction. 
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