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Antiviral Activity of Interferon-like Cytokine (ILC) Produced by
Head Kidney Leucocytes of Common Carp, Cyprinus carpio L.
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Interferons are kinds of cytokines that play an important role in antiviral defense mechanisms during viral
infection by converting cells to synthesize proteins that inhibit viral replication. In the present study, an
antiviral response against Spring viremia of carp virus (SVCV) was developed in common carp, Cyprinus
carpio following stimulation with the potent interferon inducer, poly inosinic : cytidylic acid (poly I:C).
Poly I:C injected fish showed lower cumulative mortalities against SVCV than untreated fish did. More-
over, in vitro study showed that head kidney leucocytes (HKLs) produced an interferon-like cytokine (ILC)
after stimulation with poly I:C. According cytopathic effect reduction (CPER) assay to examine antiviral
activity of crude ILC, the capacity of HKLs for ILC production was highest at 1 X 10°cells/m{ and signifi-
cantly enhanced when treated with 20~50ug/mf of poly 1:C. The optimal temperature and concentration of
FBS to induce the highest ILC production were 20°C and 5%, respectively.

Key words : Interferon (IFN), Antiviral activity, Carp, SVC

oJo]Ento]#{ AH (Spring viremia of carp)<
Rhabdovirus carpio®] ZHLZ QI3 <JojF<
FAAGA Ao 2 XA Fijan et al. 1971) o] ¢
3} Ao HiE olF JF, SAEEo =
g =Y, B HH s A Hol|A HIH
I Aok

SVCV (Spring viremia of carp virus)= 53] 7
3 FLo] F2 FHFTIA Aze HjE
oFZIAIZIAL AEH], A 2 U=l AR HA
B WRE0E £Y" oFAM SVCVIE Fab
# HAEHo AZF #7118 A7 do] ojsh
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oef ofd Mol gt oFha Fyo] AlF
g Aol

JEH B2 vhole 0] 2 Z 7)ol A =]
Hfolg) 9] Z2& Al AlelETIRIY] o
FORAM upolgi L] e % A2 HlEo]
A Ao}z Fas J48S @3 ot
(Eaton, 1990). o} 7oA QIE#H 2] AAL2 nlo]
2|2, synthetic dsSRNA polymer % tH¥FSt lectin
ol 93 FEEHe AeE A AT (de
Kinkelin and Dorson, 1973; Graham and Sec-
ombes, 1990). 53}, FA7}Fo] T2 Hoiz} of
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FollA interferon-like cytokine (ILC)9] &40
gt dst daso] B EHACH (Congleton
and Sun, 1996; Nygaard et al., 2000; Jensen and
Robertsen, 2002), Yol Fol e SVCVE 217t
3t & Ao el anti-viral activity©l] o
sl ByE Zo)l 9191} (Baudouy, 1978; de
Kinkelin er al., 1982), 219874 A H
interferon®] A9l A H1H AL gith

ok B ApAE JEHE frEdES
Fojdted invivodll Al Jole] htele s BA&
FAYSEY, A WEdFLE B st interferon-
like cytokine (ILC)S] gulolz X &4g B8]l
A 8tk

HE U
A&
AROIE FYFAAT WERGA AP

o A ARSgE npole] el ZEH Mo Q= A
Ae Jolg ARSI HA dole ol
Ea %‘Lo‘ ZAFat7) 918 SVCvell thak A
| =2 194 o (18~2029)8 FAA A
A}—g—o}»\_tﬂ A A E A 2] (in vitro) AEH|
& BE s 294 Yol 400~5002)E AH
BT Alf ol 4 ton &3] FRP 73004 #
FHORE ARFEIR o, £ 18~20CE
A, 19 23] AJHE AEE HA.
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OIE{H|2 ST =& (IFNinducer) ¥ HIO|22 =H|
JEHE FEEZEAM synthetic dSRNA poly-
mer$! poly inosinic : cytidylic acid (poly I:C ;
Sigma)E A3} th Poly I.C= HBSS (Sigma)
of 500ug/ml FL 2 ZA3l 20Cel B3
A Aol ARSI #-2]g ILCE dintold
2 8BS 2AKEE] A8l SHaeAe e
A" SVCV (VR-1390)F 9 o} AL
313ith. vlol#] 2= EPC (epithelioma papulosum
cyprini) MEANA G7HE FHSS 1 x10°
TCIDs/m FE2 A% thg -85Cel HAs}

oA YA - UAS Y

A ARE-SHI T

AL (in vivo) EHI0[2H2 &M RE

Jololl A Qe Eell o]t gutojei A E4S
ZAFE7) 918 poly LCE FEEE 3j43ta] <
ojo] FAE T 4dm SVCVE [ x10
TCIDw/fish F=2 9 ZAAZ o 35 &
 FAAAES ZABIE 7 AlFFER 20
IR dMHﬂswnuiﬁq” i
93] 919 7d I AL 5L 17CAM 1Y

7}7_40; OSC”ZJ moint\—:q ]2Z4 o= lSOCE
FA A

0

SFAIMHET (head kidney leucocytes; HKLs) 22|
AlF OIS opu) At e 2 nfH A7 5
AP1E olg-3te] mEAHA TH5E g 3
golg IF AAG Fof siste] FAE F-
2O g A&sArh &3 F41E nylon meshol
Qe 3& 2% FBS7F H7HE L-15 medium©] &
o} QA& petridisholl A A OZ teasingdted Al
¥ d"gRE FHEh o] Mx dAgds
34/51% percoll & 0] Eold= AE A Al
Pt ZAAYHA 55 A1 $ 400g, 2587
A Eelste] Wd e E
WETE 15 medium . E 33] AlH3l 0.3%
trypan blue 2 viability S ##3t F o] ?:’37}
HA] ¢& L-15 medium®l 1 X 10°cells/ml &1
ZAgston, ojFA FHE T2 W He

A% 2t Aol ATk

Mo N

= 0 9
oE W 0}/\

Interferon-like cytokine (ILC) 22

ILCE Secombes (1994)$
Atk o FAIMEAA ILC v‘f—ﬂ:‘:? sk AA
248 g3t 9380 poly I.C &%,
¥ 4 9 E8 FBS A7 55 MRS E o
3l ILCE =33 th 5. HKLs< culture flask
(Corning)®ll 73t 20T, 4AI17F vkt &
0~20ug/ml FEZ 75 15~20

r& il
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C, 317 Wi S) B FBSE AS ST 2~10%7t
H52 Frhednh ¥3e] H7bE HKLsE 20
'C, 48A17F i oFated ik AdSols st
23 A=A 600xg, 1087 A E3id]
HAE ZFEE AAT F cryogenic vial (Corn-
ing)oll 1mf¥ BF3sled 20Col BastEM A
ol AHE-stATh

1.Poly I:C =0l WE crude ILC A X0] ZAb

HKLs ¥l%F Aloll poly LCE thFat T2 2
7Vate] crude ILCE &8 F SVCVe) g &
Hpolgl s &4 AolE AT &, wi g
HKLsl| poly .CE 0, 10, 20, 50, 100ug/ml F=
2 A7¥s}al 207C, 48417 Wi 4EH - crude ILC
£ FYstur

2. HKLsQ| MIZ 40l ME crude IL.C2| &+

0| AL

HKLs®] X ol o ILCY &4 AolE =
AFsl7) 918l E2l¥ HKLsE 742} 1 X 10 cells/mé,
1 X10%ells/ml 2 1 x10celis/ml =2 ZA3}t
o culture flaskell Wi F& T, poly I:C 20ug/ml
< A7k crude ILCE 8 3IAT

3. HKLsS| HIE Z7F0| WE ILC &4 Aol =M

AE ZH 2 [ILCe &4 Aolg AN}
7] Y&l HKLsZ 1 X 10°cells/mE ZA ke 20
C, 4AIZF w3t v A s WE Fo}
AX & 43 =4S &, FAE 3
BEElR] && 2T (total cells)®} T3
HOZ crude ILCE FY3le] Fhjeleis &4

< ¥lastAth

4, FBSSl S0l WE 84 A0l TAL

FBS®] FXxo mE ILC &4 Aole 24t
3l7] #18l poly LCE AEgt o 3A17F Fo
AZ F=7) 2,5, 10% S =5 FBSE #H7I8taL
crude ILCE 483519 th.

5 Poly I:C X2] # Y 20 mE §&d

A0l =AM
Wik 2o wE [ILC X9 ZpolE RAKE

o

71 $13 poly :.CE A& ¥ HKLsE 15C B
20ColA 48217+ Ml Fate] crude ILCE 585}
Atk

ILC &Y BN

QlEIH| & FA2 Renault et al. (1991)% 3}
Congleton and Sun (1996)8 S W33}t cyto-
pathic effect reduction (CPER) assayE A3
t}. &, EPCHAIEE 1 X10cells/mlE ZA 5t flat
bottomed 96 well-tissue culture plate (Corning)®|
100409 53 H 5~6A7 #jFetct ILC
samples<> round bottomed 96 well-tissue culture
plate) A 2% FBS 7} MEM (MEM2)E A&
sho] 20 ¥ @A B3t FERISHATH EPC Al
E7} 80% o1 F-AET vyl E s AA
3l 3|48 = ILC samples-2 10044%] £33}
& 20°C, 24A1ZF Pl kSIS TE. 96-well plate ] 6&
o= &A 843 ILC samplesS A 2|3t o,
UHA F & 747t vlolg 2o thdt positive
control ¥} negative control® AFE-3}A T ILC
samples = Z=FA1Z] EPC Al EZoA crude ILCE
A AT SVCVE 0.005 moi F22 AN
$-20°C, 1A17F vl 3t Tk &, negative control o]
MEM2E H7Fsiich vielg{ 27t F8 ot
7} well 3 MEM2E 10004 7 st 20C,
3~4¢ w3} Positive control 4 CPE7}F
80%°1/¢ Wetsts o Wi Fd & A7 ska HBSS
2 A3 3 1% crystal violet (in 50% ethanol)=
2t well & 10048 EF8ko] 2023 HAISH
t} Wellsoll A G dg A AT & FxEE 33
MHste] o] oS BT A AL 37
o) Azt 2 wells & 70% ethanolS 100
W F5ate) Ao FAEo] e crystal
violet2 £ZA)AH ELISA readerd ©|&-3}o
595nmelA 0D SAsh JAHHAE &4
(IFN units)< W79 ¥l sl 50% ©1/d CPE
7b AAE el J4E BAEA T

do rif

SHXC
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oztek zF AR Abole] FAIEHE o4
2 Student's t-test 2 paired t-testS A A3} 2,
p<0.05 X FAA F24S Bt

2

SVCVOi cHEH 2o{e| sHfol2i2 &Y (in vivo)
Yojo] Bt IE#HE fFEEAR] poly I.C
SEHE B3 3 SVCVE 297 2
1o UeRd upe} o] S0ug/fish ©])AH]
|4 2ol vls] 60% olAre] A=
HeER] AT

T

2

to off fd

o F

SVCVO| st 4N ILCY &0l &M (n

1. Poly I:C SX0f WE crude ILCS &
A0l

Yoo FA NEE EElete wgst 7 I
HE FEF22] poly .CE 0, 10, 20, 50, 100ug /
ml L2 Heste crude ILCE 3T
Poly L.C 353 E 8¢ ILCe| gujolz X &
’d& CPER Ho2 zANg d3l= Fig. 19 et
d kel 7ro] z}z} 0, 80446, 5333106, 853.3
+213, 213.3+562 “ER} poly I.C 50ug /mi©)
71 m3Ae Ao g JElgon srEEE
20ug /ml 3 50ug /ml Abololl f-2]A Q1 zlo]7F ¢l
o] o]F Ao = 0ug/mle] FEE AR

o (p<0.05).

1400

1200
1000
800

600

400

Antiviral activity of ILC (U/mf)

0 10 20 50 100
Conc.of paly L.C{ g /mf}

Fig. 1. Anti-SVCYV activities of crude ILC produced by
head kidney leucocytes (HKLs) of carp (n=4) stimulated
with different concentrations of poly I:C. Results are shown

as means (£ SE) of triplicate reading. * P < 0.035 compared
with the control (absent of poly I:C).

2. 4 WY 20| WE crude ILCE &Y
0]

Tl A Eelst g 5 | X 10°cells/md, |
X 10°%ells/ml, 1 X 1Qcells/ml O 2 ZASH T}
poly .CE & 8}] crude ILCE F8 st} 2+
A E ol Wk crude ILCY dmjolg 2 84S
ZAFeE A3 Fig 2 ©F 7Fo] 27} 160+£58, 853.3
+213, 640+226U/ml 2 VFERSTE | X 10%cells/mf
olfel M oAM= AIFFE Atolel] f-2]7] <l
zto) 7k gl o] F AFolx= 1 x10%ells/ml -5
EE A3k (p<0.05).

3. 54 WEH2o| ZFR0N WE crude ILCY
o Xo|

Table 1. Cumulative mortality (%) against SVCV of carp injected with different concentrations of poly [:C

Poly I:C (ug/fish)
200 100 50 10 0
Cumulative mortality rate
25 30 25 45 80
(%)
Relative survival rate™ 63.7 625 637 437 i

(%)

* Relative survival rate (%) = [ |- (% mortality of poly I:C injected group) / (% mortality of control)] X 100.
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Jol FAl MEE FAA XS} v ERE
85t poly LCE A=38 Ad, FERAE 2
B 22 £71 ZhzE 5334106, 320+ 160U/ml 2
Uehd wkE total cellsoll A 853.3+£213U/mlE
7V #2 @495 eRiAT (Fig. 3).

4. 83 550 ME crude ILCS &4 RO

Poly .CE A &g & uixjell H7}sh= FBS®
TEE 2,5 10%% @t dojxl ILCY 8
vpoly A& A48 AN A 747 66%13,

1400

1200

800
600

4001

Antiviral activity of 1LC (U/mf)

200

No. of HKLs (cells /mf)

Fig. 2. Anti-SVCYV activities of crude ILC produced by dif-
ferent numbers of HKLs of carp (n=4) stimulated with 20

ug/mi of poly I:C. Results are shown as means (+ SE) of
triplicates.

Antiviral activity of ILC (U/mf)

Conc. of FBS (%)

Fig. 4. Effect of the concentration of FBS on the production
of ILC induced by HKLs of carp (n=3). HKLs were pre-
cultured in FBS-free MEM containing 20ug/mé poly I.C
for 3hrs at 20°C then 2, 5 or 10% FBS added in culture
plates. Results are shown as means (£ SE) of triplicates.

1,066.6 1213, 746.6 +282U/ml 2 Ve HH 9]
H7b 5T 5%7F Y A AeE Jehg
t} (Fig. 4).

5 B 250 IE crude ILC 84 X0

%ol FA A Fd poly .CE #HE]g & 15C
= 20CoAA Hi%E & crude ILCE 483ty
ghlolai A A& AR A3} (Fig. 5), 47t
66.6+48 X 800+160U/m=Z ERY 20°CellA

O %8 B0l fEHE AL % 5 Yotk

1400

1200 1

1000

Antiviral activity of ILC (U/md)
=
5]

non-adherent total
Types of HKLs

adherent

Fig. 3. Anti-SVCYV activities of crude ILC produced by dif-
ferent cell types of HKLs of carp (n=3) stimulated with
poly I:C. Results are shown as means (+ SE) of triplicates.
* P <0.05 compared with the control (total cell).

1400

1200

1000

800

600

Antiviral activity of 1LC (U/mf)

400

Temperature (C)

Fig. 5. Effect of incubation temperatures on the production
of crude ILC induced by HKLs of carp (n=3). HKLs were
incubated with 20ug/mf of poly 1:C and 5% FBS. Results
are shown as means (3 SE) of triplicates.
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ulolei ol g A A HA wojM=
okt AZAGAAE FAsH, o)L FF
Ho g Ao Foqshs fFraet gy
& EsA AE W 378 vlolz o] F4]
off Ag3HA] &gt AdeElE H3A7|A "k I
H g2 vlola] 2o 7Y X7l A= AlE
2 &g HiolgAhe] FAE AAlshe WA
£ A e ARIEFIRICEA ETHE
of o8 fEH 3ol BA4e T FFR
Hlolgi el FolFQl Zlo] ozl dut &4t
HA A2HE o8 T/ Hlojgzd gsiMke
B8 S eple ALE deA] glo] (Eaton,
1990), 3t vpoleiAddo] gk 54 %
of il o E A k= 3L Tk

JEHEL HlolH 2, Al B 71AF9] it
k2ol 9J3l AJ A =™, polyanionic pyran copoly-
mer ¥ double-stranded RNA 5ol 9]3] A4l
AFE FRRE] 59 doldt ofFolAE
vlo]2] 2, Con A, phorbol myristate acetate
(PMA), CpG oligodeoxynucleotides ¥ poly I.C &
o] QJEIFHE T ABHER FAKSH Al EF}
el e AFdhe Zor BHuHy ok
(Graham and Secombes, 1990; Jorgensen et al.,
2001). ©)5 M= E3], synthetic dSRNAQ] poly
ILCE Ef5ES AYd QA fesd=s
&# 4 At} (Giron et al., 1981; Lampson et al.,
1981). o]/l 4% MacDonald and Kennedy
(1979)7} steelhead B+ rainbow trout®] F3HA|
29} sockeye salmon 2 kokanee salmon®] 1€
HEE A3, poly LCE 23 A3} inter-
feron-like cytokine©] AT ATt KI5
T3 okg Aol o Foll poly LCE H7A
St A3t FAF & 39X 7Y Aolol] ZA o)A
o] Fmloleix Aol HIE FUTElom,
IHNVE 1917 sh 23 ol Hla) 3
HAREO] FojH R FhAEts om, vlole] 29
ZA % AAFEJt B st (Eaton, 1990).

TS WY

Congleton and Sun (1996)= 4 W831E 2
ated poly LCE A}=3F A3} 6.2ug/mbN) A 50ug/
mi7kA] ol A EAdo] FUkEATHL Bl
3tk

JolfolAl JEHEx} HHAH ulojH X &
Aol T 3 WA BHiE 19783 A. M. Bau-
douydll &3 A0 2 9Jojo] SVCVE E7} FA}
Sk A3} FAHWIA circulating interferon} neu-
tralizing antibody 7} 4873 = At} K3}, de Kinkelin
etal. (1982) olo] SVCVE A7 3e At
24A17F 3 A A circulating IFN2] &) 7} &
JAEULH 49 o] FHE sttty Bist
At T} ojH st AFELS HpolE s AE F
83 W antiviral activityS 48 AOZA,
of 4 MEE EFste] EAEY YA
Loty Futolels E4E A Bile
ALt

& A A= YJolFel poly LCE B F
ato] gutolgl L o] FEHE S
3, Jojoll A E2]3 HKLsolA ol A
A8 7FA)+= interferon-like cytokine (ILC)E
stk 2213 HKLsol poly LCE FERZ
A28t crude ILCE =8 A3} 50ug/mi71A]
9] TEAAME v Sl wet gulolg s &
o] Frslg et LEE 100ug/mA A= 3
Hhol2i 2 gAdo] Q3|8 ZAHAT

EFFEAME QEHEo| ttdt MEEHR
B AAEE RoE IR o), ofFollA Al
29 /] WE AEHEL EAo tsix=
o] &#zl w7t fith wEhd B APolAs
T oA A E B OHRAA
sty 7 A ZF9) ILC F=58S A
et I AF T4 TS T F 44
ZF A Al 6X10°~8 X 10%cells/ml B ] A%
7} RAE oM, olg HAMEE tEEe] o
AAE 2 Farpg FAE] JUch T2 E
E H5R] &L rotal cells®] o]z T4
o] 7HE #=Al vl H, Tl g oA Hap
AXE AAS A ILC Ao 98 og 7+

¥ do o2

LECRCES

2L

A
4
=
=
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A3ttt ol#1d A3 Congleton and Sun
(1996)8] B9t thh AXshs AR FXA
MEole] WA HANEE AAZ 35
IFN©] AR oo, BAAE F A
7} IFN9] el F23% J&8e g3ty
Atk £ AFoa] BRI ELGME IFN
Aol Yehd 208 Hol RAFEo] ol
HAHE 9le) g2 AMELER ILCY FEo
AEE PIAE Ao FAHHECH

B Ao g, dofolA #23 HKLs
9] ILC % F¥ol| H7Is FBSY Fkof we}
deRE AOE YElWth 2 A9 oy Ay
A ILC F=o tigh A9 JTFE ZAK)
Asl poly LCSF €S FAlAl H7Mg A
186.6£70U/mZ 238|5 Fhlolg{ A EAdo] 7F
Ashs A0 E YERE O™, poly I:C A2 § 34]
AL FEEE AU A4S Ask B
AFEAAM 22 o] FREHATE 1Y 5%
o vis} 10%9 HS At A F93HQ
zpol= AL (P) 0.05), BAl0] tha 724H4s)
= AL2E Jepsith mebA, g3de) 7t ILC
o] AAHTH= M E9) AT PR3t 840 A
o2 AEEth gk JojolA FElgk HKLs>
15°Coll vlaf 20ColA ILCO FE5Eo) ¥ =
< AL Z Jehtt oj2g A FRo] ¥
749 oJoi7t SVCVE HAstd g A
HAAZE YEhA] 2 & A< onls
2 Ats¥h

oz E Apda AMELE poly L.C o<l
AEHE LS F7ME & e s =2
o th&t screening®} dhutolei EAdel iz A
T7F Bosh, ol AFAI= FHolFY
vlo|# e sk X5 3 oAUt E AA|
o de Ao Mzt

¢

O

2

3

o
L
L
a
o]

3T
I
A

—_

rir

© Of
&L 07

QB EL uholel 2o BT AXNM A
Hol THE M shelF voleie] 4 o

Asks dds sl she Aol EFIRIY
AZ O TA wpo| ol thgh WojzbgolA F
23 g3g Fggith B A+ A3 AEst o
HiE fEEd2 4214 U+ poly inosinic :
cytidylic acid (poly LO)E Aol FAR A}
SVCVel th&k shatolgi s EAE 818 + 3l
Atk &, Poly L.C FAFAI A Tzl vls)
A ALEo] Ao, kit FANE TS
H2] 38t poly LCE A3t 2 interferon-like
cytokine (ILC)°] A3 = Atk Crude ILCe] 3}
ol#8) 2 &AS cytopathic effect reduction (CPER)
assay = ZAMSE A A HKLs 3% 1X10°
cells/ml &2 eSO ™, 20~50u/ml FE 2]
poly LICE A o) FelH o= F7letih
ILC S 93 HP2x 9 FBSY v+ 7}
7} 20C ¢} 5% = VrebsiTh

&
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