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Propagation of lymphocystis disease virus (LCDV) in the FEFN cell line
originated from olive flounder Paralichthys olivaceus fin
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The present study demonstrated lymphocystis disease virus (LCDV) propagation through cytopathic effects (CPE)
formation and LCDV detection in olive flounder fin (FFN) cells by polymerase chain reaction (PCR) and fluorescent
antibody technique (FAT) methods. Tissue filtrates from the cluster cells produced CPE in FFN cells, which initialty
cells became enlarged and gradually underwent fusion en masse. Infectivity of culture grown LCDV using the FFN
cells reached 10> TCIDs¢/ml at 4 days post infection and the highest titer was measured 10%° TCIDso/ml at 12 days.
The viral DNA was detected in the cell culture supernatants showing CPE and the CPE cells by PCR. Antigen specific
strong fluorescence reacting with monoclonal antibody against the virus revealed the presence of viral antigen in the
cytoplasm of infected FFN cells. These results suggest that the FFN cell line originated from the olive flounder has

a susceptibility of the LCDV,
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Lymphocystis disease (LCD) is a chronic and benign
viral disease occurring in marine, brackish and fresh
water fish worldwide. Affected fish with LCD show
a typical external symptomology with clusters consisting
of enormously hypertrophied cells on the skin and fins
(Nigrelli and Smith, 1939; Wolf, 1988). The
hypertrophied cells have a thick hyaline capsule, an
enlarged nucleus, and prominent basophilic cytoplasmic
DNA inclusions (Samalecos, 1986). The causative agent
of LCD, LCDV is a large icosahedral DNA virus in

the genus Lymphocystivirus of the family Iridoviridae
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E-mail : ohmj@chonnam.ac.kr

(Chinchar et al., 2005). In Korea, LCD is a common
fish disease, especially in olive flounder (Paralichthys
olivaceus) (Kitamura et al., 2006a). Although the disease
is not fatal to the flounder, the unsightly appearance
may cause important economic losses.

Since an electron microscopic study on LCDV by
Walker (1962), a lot of studies have been conducted,
including morphological and molecular characteristics
of LCDV (Zwillenberg and Wolf, 1968; Schnitzler and
Darai, 1993; Tidona and Darai, 1997; Zhang et al., 2004;
Cano et al., 2006a; 2006b; Kitamura et al., 2006a;
2006b). However, a few studies on the i viro production
of LCDV have been conducted, although in vitro virus

culture is an important to virus study. The major obstacle
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to progress is the lack of an efficient cell culture system
for propagation of this virus. In the present study, we
report that flounder fin (FFN) cell line originated from
the olive flounder has a susceptibility to LCDV.

Materials and Methods

Preparation of LCDV inoculums

Lymphocystis tissues were sampled from the tumor
or cluster cells from our previous experimentally LCDV
infected olive flounder (Hossain ef al., 2009). The cluster
cells were washed with phosphate buffered saline (PBS)
and homogenized with 10-fold volume of minimum
essential medium (MEM). The homogenized solution
was centrifuged at 2000 rpm at 4°C for 10 min to remove
the cell debris, and the supernatant was collected and
filtered with 0.45 pm Super® syringe filter (Acrodisc,
USA). All these filtered solutions were used for cell

lines infection and stored at -80°C for further use.

Cell line susceptibility

Three fish cell lines were used for LCDV
susceptibility test; FHM (fathead minnow; Gravel and
Malsberger, 1965), CHSE-214 (Chinook salmon
embryo; Lannan et al., 1984) and FFN (olive flounder
fin; Kang et al., 2003) which were maintained at 20°C
with MEM supplemented with 10% fetal bovine serum
(FBS), 100 TU/ml penicillin and 100 pg/ml streptomycin
sulfate. The cell lines were seeded at 1x10° cells/ml
either in 25 cm? tissue culture flasks or in 24-well plates
and incubated at 20°C for overnight. The culture medium
was discarded the following day and 500 pl (100 pl

in 24-well plates) of virus inoculums were applied in

all cell lines. After overnight adsorption, cells were
washed with MEM 5 times and MEM;o was then added.
The cytopathic effect (CPE) was checked every day post
inoculation. Similar batches of controls were also
maintained to compare the CPE by light microscopy.
After CPE production, cell culture supematants and CPE
cells were collected for detection of LCDV by
polymerase chain reaction (PCR) and flyorescent

antibody technique (FAT) methods.

Virus productivity of the cell lines (TCIDso/ml)

Monolayer cultures of FFN cell line were prepared
in 25 cm? tissue culture flasks and inoculated with the
virus inoculums by the above mentioned condition. After
overnight adsorption, cells were washed with MEM 5
times and MEM supplemented with 10% FBS was then
added. The culture was incubated at 20°C. At 4, 8§, 12
and 16 days post-inoculation, the virus infectivity was
determined using 96 well microplates and the end point
was calculated by the method of Reed and Muench (1938).

Detection of LCDV by PCR

PCR was conducted using the method described by
Kitamura et al. (2006a). A 20 ul aliquot of proteinase
K (1 mg/ml, Takara, Japan) was added to 200 ul of
the virus-cultured medium and CPE cells. The mixture
was then incubated at 56°C for 90 min. DNA was isolated
using phenol and chloroform. The nucleic acids were
precipitated with isopropanol, resuspended with distilled
water and stored at —20°C until use. The specific primer
pairs LCC-F (5-CAA GTG TTA CTA GCG CTT T-3’)
and LCC-R (5’-ATC CCA TTG AAC CGT TCT-3’),
targeted a 1,347 base region of LCDV major capsid
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protein (MCP) gene, were used for PCR amplification.
The gene amplification reaction conditions were as
follows: 1 cycle of 94°C for 5 min; 40 cycles of 95°C
for 1 min, 54°C for 1 min, and 72°C for 1 min; and
1 cycle of 72°C for 5 min. The PCR product was analyzed
in 1% agarose gels containing ethidium bromide and

visualized under ultraviolet (UV) light.

LCD viral antigen detection by FAT

CPE cells were fixed with cold acetone (-20°C) for
15 min, followed by rinsing with PBS. Undiluted
monoclonal antibody (MAb) against LCDV prepared in
our laboratory was applied to these cells and incubated
at 37°C for 1 h. After having been washed with PBS
3 times, the cells were stained with 100 pl goat anti-mouse
1gG conjugated to FITC (fluorescein isothiocyanate,
Sigma, USA), diluted 1:200 in PBS containing 1% BSA
(bovine serum albumin) (w/v) and incubated for 1 h at
37°C. The FITC stained cells were washed with PBS,
mounted with 1:1 volume glycerol to PBS, and finally

examined under fluorescence microscope.

Results and Discussion

The present study demonstrated LCDV propagation
through CPE formation and LCDV detection in FNN
cells by PCR and FAT. Tissue filtrates from the tumor
or cluster cells produced CPE in FFN cells, while CPE
was not observed in FHM and CHSE-214 cells and mock
infected cells. The detectable signs of CPE were observed
4 days post infection and continue onward upto 16 days.
Initially cells became enlarged and gradually underwent

fusion en masse (Fig. 1), but cell lysis was not observed

until 20 days post infection. Infectivity of culture grown
LCDV using the FFN cells reached 10%* TCIDs¢/ml at
4 days post infection and the highest titer was measured
1085 TCIDsy/ml at 12 days (Fig. 2). The specific PCR
products corresponding to the 1347 bp fragment of the
MCP gene were detected in the cell culture supernatants
showing CPE and the CPE cells (Fig. 3). Antigen specific
fluorescence reacting with MAb against the LCDV
revealed in the cytoplasm of infected FFN cells (Fig.
1C). In contrast, negative results were observed in the
FHM and CHSE-214 cells by PCR and FAT (data not
shown). These results suggest that FFN cells are
susceptible to the LCDV and the virus propagates in
the cells. The FFN cells may be useful for studies on

in vitro production of infectious LCDV.

Fig. 1. Cytopathic effect (CPE) observed in olive flounder
fin (FFN) cells inoculated with lymphocystis disease virus.
(A) normal cells, (B) infected cells at 12 days post inoculation,
(C) immunofluorescence in infected FFN cells.
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Fig. 2. Infectivity titers of lymphocystis discase
virus in the FFN cells.
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Fig. 3. Detection of lymphocystis disease virus in culture
supemnatants and pellet of FFN cells showing CPE by

polymerase chain reaction (PCR). (1) cell culture supematants,
(2) cell pellet, (3) positive control: filtrates of nodule
homogenates, (4) negative control: normal FFN cells.

Many efforts have been taken to in vifro propagation
of LCDV. A few cell lines such as BF-2 (blue gill
fibroblast), BF-W (bluegill fibroblast, Weymouth),
SAF-1 (gilt-head sea bream fin) and HINAE (hirame
natural embryo) were found to be susceptible to LCDV
(Wolf et al, 1966; Walker and Hill, 1980;
Garcia-Rosado et al., 1999; Kasai and Yoshimizu, 2001).
These cell lines produced CPE of rounding and
enlargement of infected cells. These CPE was similar
to that of infected FFN cells, but cell fusion en masse
after enlargement of cells was only observed in the
present study. Although LCDV is characterized by the
development of macroscopic clusters of hypertrophied
cells, lymphocystis cells formation is not yet clearly
understood. The FFN cells might help to study
development of lymphocystis cells because cell fusion
by LCDV was observed in FFN cells.
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