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Effect of Dexamethason and Polyinosinic — polycytidylic acid on

Ko1 herpesvirus infection

Carp (Cyprinus carpio) is a globally used fish species worldwide for food and
ornamental purposes, with Asia accounting for 75% of total production. Viruses such as
cyprinid herpesvirus—3 (carp herpesvirus, KHV), an infection caused by a pathogen
contributing to the decline in carp aquaculture production, are transmitted globally through
the live animal trade. Herpes viruses have a mechanism to remain latently infected in host
cells and reactivate upon external stress, and latent infection can facilitate viral transmission.
Similarly, KHV, an alloherpesvirus, can induce a latent infection depending on the host's
immune status, but the pathway by which it evades cellular immunity is unknown. Therefore,
to explain the latent infection, the infection characteristic of KHV at different immune states
in the host could provide one of the important clues. This study aimed to determine genetic
characterization for KHV recently isolated from necrotic gills and excessive mucus koi carp
in aqua—farm in Korea and KHV infection characteristics in two different host cells’ immune
status. The genotype of KHV identified was Asian, and the genetic sub—typing identified as
Al, which is predominantly found in Asia. In this study, two immunomodulator agents

(dexamethasone, DEX and polyinosinic—polycytidylic acid, Poly I:C) were used to alter the



immune status of the host (common carp brain (CCB) cell and carp), and they were infected
with KHV by immunomodulator pre—treated respectively. The results showed that NF— ¢ B
was down—regulated in CCB cells after DEX treatment, which was different from the results
of Poly I:C. Notably, the viral genome copy of KHV after DEX treatment was higher than that
of CCB cells infected with KHV alone, indicating that innate immunity affects KHV infection.
The results of this study suggest that innate immunity is likely to be an important factor in

KHYV infection and may be used as a basic study for the characterization of latent infection.



Table 1. Primers and conditions used in this StUAY .........ccccviiiiiiiiiiiiiee 9
Table 2. SYBR-Green based real-time PCR primers used in this study

Table 3. Sub-genotyping of KHV by analysis variant regions of ORF136 gene, Enlarged 9/5

gene, Enlarged TK ZeNe.......ccooiiiiiiiiii e 25



Figure 1. Clinical signs of domestic koi carp; (A) Gill necrosis, (B) Excess mucus............. 5

Figure 2. Overview of carp injection study design. Ist injection means immunomodulation
(DEX or Poly I:C) exposure and 2nd injection is KHV. Arrow in hollow at the
top represents the time scale hours after immunomodulation treatment. At time
Ist injection carp were injected with DEX or Poly I:C and PBS in controls. And
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Figure 3. The quantification of KHV genome copies in the kidney of koi carp with clinical
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algorithm with 1,000 bootstrap replicates using MEGA software (ver.11.0.10).
Specific genogroups are denoted by different colors: Asian (red) and European

types (blue). This study’s isolate (ScKc-2105) is highlighted in bold and red.
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4oy (Cyprinus carpio)= A MAAHOE 2§ 49 4 o]FoF FFH = ofFS

A AA W o kA ARl oF 38.3%(18807H #)E st HA A

)

Z ok 7597} ofAlo} Ao 7 (FAO, 2022), =3+ °F 53.06% (2600% &), 2% o
16.32% (8009 =), ¢l dAlo} 6.12% (3005 &) 402 AALE 3 Qv oJojo] oA

WG kel et FE edde £409, & Wl A% 84 o8, 74 A

Jolg S AAZIE A9 AWY dxde AJAAZE Aeromonas
hydrophila, Flexibacter columnaris 5 A3} Alloherpesviridae, Rhabdoviridae &2
Holgf ~olw 53], QJoj¥ o]Fe Y AWE oprlste Hold A F cyprnid
herpesvirus (CyHV) = A|&H o2 Aty w 9l Aotk (Hedrick et al., 2005).
Cyprinid herpesivirust©= Alloherpesviridae 2 Cyprinivirus 5°.% FF%™ x4
o 3Fo] dojt ool AAd A¥E Lot (Hanson et al, 2011). CyHV-12
Jolgb ol ofFolA AAHEAEY AdojellA EHS Feta (McAllister et al.,
1985; Calle et al., 1999), CyHV—-2+ 1992 d¥-9] F5-o] (Carassius auratus) A
A el 718w %ol (Carassius gibelio) R w8018 A% 2 AL A&
dod)l= Aoz dEA 9th(Chang et al.,, 1999; Stephens et al., 2004). F=3, CyHV—
3 koi herpesvirus (KHV) 2talle aFH 16-25C WA chafet Ao Jofeo <
Ho] A Ao o F8] ED opriu] AAF T TS ofr] g

KHVE= 9o W 9Jof ofof thst F 23k Welo] (Haenen et al., 2004; Sano et al.,

b

Al S
==

2004; Bergmann et al., 2004), & AA|H o2 ¢Joj3} o Fo] F2Akdef| 7 A4
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Z Y et= vlolg AR MAEE R A7 (World Organisation for Animal Health, WOAH)
o A %73k A Yl oltt KHVE thymidine kinase (TK) 3 4714949 A
T EAS Tl AdHor Yol 5 7HA (European, Asian) T3 0%
™ (Bigarre et al. 2009; Kurita et al. 2009), 57422 Spal—-5, 9/5, TK gene? 97]
M A/AE g 74 ofdS EE ¢ vk (Kurita et al., 2009). ZZ22] ¢
A 34 F oAzt BTl e f313e KHVS #HE Ab# (Pokorova et al.,
2005) &} HEo] 1998d & wisolA d” v]ddo] AAIZ| oA AEF KHVZE 1998
W 549 o]agpdolA Fejd KHVS w3 &3 do] dralx] 7|1zte] wFEsh uho)
2 Ao e9lo g F=Fth(Haenen et al., 2004). #ul oz} w|=oA AEH
AEL 19999 vl= ol FAFAME FAEHA o™ (Way et al, 2001) F=elA &
d Fo] gl KHVZF ol Aetdz FE Fol8 HlEgojor HAEHo] =4 mos F3t
=7} 7+ A Jhs Aol AAE AT (Haenen et al., 2004). oA oln] 2008 Lo
FAl 201 9lojo A European typed Fd&o] A=¥ A (Kim et al.,, 2013) S 1] F9]
1 MEE F4 otgol yEhd + 3= ks = wiAE = glth

Herpesvirus® HA 5Z0% AEAM JELA FHE A&st AT <]
A AEelA A7 51 ARE §A43 4 Qltk(Minarovits et al., 2007; Roizman et
al.,, 2001). o2]gt & el S WA WS 399 ko] (Takahashi et al.,
2019) 5= FAAR carrier JH = 7] AAMNAANA mlolH A5 dupd 5 9l= Tt
Sdo] gtk A7 49 ¥ {-Fo AYES dO7]E= herpesvirus® FE7] (Jones et al,
2007) &k ARl ol el S Yo7 KHVE 5 4 (latent infection)©] 7}
T8 Ao By uh(St— Hilaire et al.,, 2005). Wb, SFAEAA 8=

A8 KHV 79 540 tht ofsli= wpols 29 WA 9 gite] S F 8

Oft
Lo

o AH7IE 7= vbolE el tidk e edAlAe] a3 F7F W 2 dexamethason
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2. A5 9 WUy

1. Koi herpes virus Z9A &

Ao AFE3 HEe]ojE 2021d 5€¥€ U AdE £H 2A9 ySd

Hpolgj A 7+ddo] A EH T (Fig. 1. violgiA 79 %5 Fstuxt AAE olrfv,
A% H¥]F pooling 2 20mgS AFE3sFe] YesG™ Cell Tissue mini kit (Genet bio,

Korea) & #ARS Eastgay A=A ZEEF wet total DNAES FE3c)



Figure 1. Clinical signs of domestic koi carp; (A) Gill necrosis, (B) Excess mucus.



2. PCREA]

2.1 PCR

:‘_l‘
2
T

o] 9] wjolg| A F DNA #Hpo]#]2 (Cyprinid herpesivirus—1, —2 % KHV)
A FgelE A ATlelA #Ee DNAE FEOoE 7 wolgiadE PCRE
=303l Th. RNA virus?l spring viremia of carp virus (SVCV) 2 4% yesR™ Total
RNA Extraction Mini Kit(GenesGen, Korea) 2 RNAZS 3339 complementary
DNA (iScript™ c¢DNA Synthesis Kit, Bio—Rad, USA)& A& 3sklth. 7} PCRel A3
primer A €3 PCR 72 Table 19 YE Ittt PCR amplificatione 2X ExPrime
Taq Premix (Genet Bio, korea) 10 #L, 10pmol®] forward, reverse primer 2} 1uxL,
nuclease—free water 7 L9 DNA(XE+= cDNA) 1xLE #7718k total volume©]
201 L7} ¥ =5 3} Alpha Cycler 1 (PCR max, United Kingdom) 7]7]& A}F&3}¢]
+381&9tt PCR =% AFE-S HIQ Mango (BioD, Korea) 7} A7F8 1.5% Agarose gel 2
0.5X TAE buffer (40mM Tris—acetate, 1mM EDTA)®l| o] Mupid—2plus (Mupid,

Japan) & AHB3te] A719%-S AAS] HAAsL, PCR S5 o 2 A8 =70

i
v
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2.2 Cloning
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Real—time PCR= ©o|&3% KHVS A& 74

2
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o

rlr

et Az FAAE AFs. WA, 24 FE3 total DNAE Table 19
KHV—86f/163r primer® PCRE F33sl1, =% A& (78bp) S yesC™ Gel extraction
mini(GenesGen, Korea)E ARg3ste] AAs3t. AR A= vectorgt 4TelA
18A]17F =<t ligation AlZl & component cell(Escherichia coli DH5a—T1)E 100 L
A 7Vate] iceol A 308X WFSAIZ]aL, 42TCeolA 40%%F heat—shocks &+ FH, A
iceo| &7 38T HESF T o] & A &gk SOC(Tryptone 20g/L, Yeast extract 24g/L,
NaCLy, 250mM KCL 10mg/L, 10ml of a sterile solution of 1M MgCls, 20ml filter
sterile 1M glucose/L)HIA|E HE-gHof 250 LE7F & 37TColA 9083+ &
v okt wjeEaNS Ampicillin 50 ¢ L/mle} X—gal(5—Bromo—4—chloro—3—indoly-
b—D—galactopyranoside, Sigma, USA) 40 zg/mle] F7}¥ LB(Luria—Bertani, Difco,
USA) F3 vjx] o] =wslo] 37T incubatorolAl 2013 &<k viFAIH T Plate Uil
a4 HAEe A=eke] Ampicillin 50 £ g/mlo] d7Fe LB brothel 343stef 37T
incubatorol A 18417+ F¢t ek ¥ yesP™ Plasmid mini kit(Genesgen, Korea) S

0] 439 plasmidEs &3tk #2l¥ plasmidi 2.7 x 10°copies/ x L2 1084 &

gasto] B2 Y FHEL AL 9

do
r—|~'
[ o
il
>
oo
=)
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2.3 Real—time PCR

KHVS §32F A=F #4915 9814 Gilad et al (2004) 7} B3 real—time PCR&
T332 th Real—time PCR WHs &332 HS Prime qPCR Premix (Genet Bio, Korea)
10xL, 400nM& forward, reverse primer(KHV—-86f/KHV—-163r) 2+ 0.8 xL,
80nM2] probe (KHV—-109p) 0.2xL, ROX dye 0.4 DW 6.8 L8 DNA 1xLE
2 7Fske] total volume 20 xLo] HE=E 313 tt. PCR =% StepOne™ Real—Time
PCR Systems (Applied biosystems, USA) 7|71 & A}&331 o™ whs 242 Table 19
e SITE 5 A ARES A AT 2.2% 0 Z1AE vkel o] real—time
PCR %7 At 9= pGEM®-T Easy Vector System (Promega, USA) ol 4+3]s}o]

| 23t plasmid DNAE AF-g-3F3i T}



Table 1. Primers and conditions used in this study

Virus Primer Sequence (5' to 3") Condition Base pare  Object Reference
Cyprinid herpesvirus-1 STK1 -F CATGCAAGCTCGGAGACATA 94°C 10min, 198 Detection Rahmati-
Holasoo,
(94°C 30sec, 59°C 40sec, Hooman. et
STKI -R CGCAGTGGGGTATCAACTTT 72°C 45sec) x 35 cycles, al., 2020
72°C 10min
Cyprinid herpesvirus-2 CyHv-2HelF GGACTTGCGAAGAGTTTGATTTCTAC 94°C 5min, 366 Detection Waltzek et
al., 2009
(94°C 30sec, 58°C 45sec,
CyHv-2HelR CCATAGTCACCATCGTCTCATC 729C 45sec) X 3Scycles,
72°C 10min
Spring viremia of carp virus SVCV F1 TCT TGGAGCCAA ATAGCTCARRTC (95°C 1min, 55°C 1min, 714 Detection Stone et al.,
72°C 1min) x 30cycles, 2003
SVCV R2 AGATGGTATGGACCCCAATACATHACNCAY
72°C 10min
Cyprinid herpesvirus-3 TK-F GGGTTACCTGTACGAG 94°C 5min, 409 Detection Bercovier et
al., 2005
(95°C 1min, 52°C 1min
TK-R CACCCAGTAGATTATGC ARC Lmif) x 40cycles,
72°C 10min
Enlarged TK gene-F AACGCGGGCCAGCTGAACAT 94°C 5min, 1001 Sequencing Kurita et al.,
2009
(94°C 30sec, 58°C 30sec,
Enlarged TK gene-R ~ TGTGTGTATCCCAATAAACG 72°C Imin) X 35cycles,
72°C 7min
Enlarged 9/5gene-F TCCAGCGACAGGATCTCTCG 95°C 5min, 484 Sequencing Kurita et al.,



Enlarged 9/5 gene-R

ORF 136 gene-F

ORF 136 gene-R

KHV-86f

KHV-163r

KHV-109p

TCTGCGTGCAGCTCTCCAAC

ATGAAGGCCTCTAAACTGC

TTAGATTTTTCTAAAGTGCACG

GACGCCGGCGACCTTGTG

CGGGTTCTTATTTTTGTCCTTGTT

6FAM-CTTCCTCTGCTCGGCGAGCACG-TAMRA

(94°C 30sec, 58°C 30sec,
72°C 1min) x 35cycles,

72°C 7min
95°C 5min,

(95°C 30sec, 58°C 45sec,
72°C 45sec) x 30cycles,

72°C 10min
50°C 2min,
95°C 10min,

(95°C 15sec, 60°C 1m) x
40cycles

2009

611 Sequencing Zheng, et al.,
2017

78 Quantification Gilad et al.,
2004
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71 21014 23 DNAES F8OF Kurita et al (2009)2 ®He] ufeh
Enlarged TK genes %319 th. PCR A& 95T oA 5487t pre—denaturation 3,
95T A 1#3F denaturation, 65Ceo4 13t annealing, 72Co|A4 30%7%} extension
3l 39 cycle &9F WHESIG I 72TeA 7EIF post—extension SFRTF. EESH
vfol# A0l v wlz F ORF136 3848 +%HES fl8f 95TelA 5#%F pre—
denaturation ©]%, 95Co|A 30%%F denaturation, 58 T4 45%%F annealing,
72Co| A 45%7F extension 3F°%] 30 cycle &k WkE3lH L 72Tl 1087t post—
extension 3}F3itt.

KHV®] Enlarged TK % ORF136 32 % A9 947] &4 weh(Bionics
Co, Korea) ®o] <95 Fel&glon NCBI(National Center for Biotechnology
Information, USA)®] Genebanke] TZF¥ 2 Ady 7 71499 s
Bl stk ek A LA #42 Fx Ad 7 MEGA 11 softwares AHg-3}o]

maximum—likelihood algorithm (1,000 bootstrap value) &2 A4S vepydth.

11
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KHV #74 o}ag #43F1AF Kurita et al (2009) oA X1 wie} 7o) Enlarged
TK, Enlarged 9/5 #3#F % 5 A& 3l wbE 4719 A& L4831t Enlarged
TK 382 FZ%& 915 PCR 231& A7 3.1 wet 38431, Enlarged 9/5 gene
FZ5 93] 94Ceo|A 5E7F pre—denaturation $, 94Co|A 30%%F denaturation,
58 ColA 30%7F annealing, 72TColA 1%7F extension 3F% 35cycle F<t
HES-3Fl om 72T oA 757 post—extension 3G T g FdA}2e] Eo| Al F2xo
Table 19 primerE ©] €332 NCBIC] GenBankell 53Z3¥ #x Ady sh7

HEECRA S L}

32

=2
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4. Dexamethasone¥® polyinosinic—polycytidylic acid X g9 &

CCBAIZ oA ¢ KHV 7a EA

4.1 Koi Herpesvirus 8%

KHV weks ¢allA] ECACC (European Collection of Authenticated Cell Cultures,
England) |4 ui3t CCB ¥ (Common Carp Brain cell, Cat no. 10072802)<%
25Co| A T25 plask (SPL Life Sciences, Korea) ol|A] ekttt AlX A 2 FA=
23l BME medium (BME, Welgene, Korea)©l 2% fetal bovine serum (FBS; Gibco,
USA), 1X Gentamicin(Gentamicin Solution; Welgene, Korea), 1M HEPES (Welgene,
Korea), 1X non—essential amino acids (NEAA; Gibco, USA), Glucose
solution (Glucose Solution, Gibco, USA)<= H7}st A3 vl & ALl Al
AdirleF 28 Fof A= WiXZ 2¥3t5 S 95% confluencys YHERUE 5Y e
Wi A& A AL trypsin(Gibco, USA) & AHES M 52 &3l Al a3t

KHV PCRofA kA o= geld o]F2o A% 100mg¥} BME medium 700 L&
233t bead tube® (OMNI, USA) wiaist ¢ 500 L5 BME mediume] 10#]
3lAlsko] 1X Gentamicing} 7204 3A1ZF FF HEEAIZATE REg & 4TCoA 1071t
15,493 x gl & AR F AeNS 0.45um filter® 3] 1 % 500 LE 95%
confluency® A&E CCB A|¥o] H7Isttt. AE3st T-25 flaske 23TCoA 257
skl on, KHVZE AlEolA uedl= CPEY te ¥XE B o -380TH

A2 (25C)°)A 33] Freezing & Thawings E3 Hfolg| A wjkaS A 25} o}

-

FE WS A2 Ax fdEE AAE fdl 4TS 500xgeld  10&3E


https://www.bing.com/search?q=fetal+bovine+serum&FORM=QSRE1&PC=LGTS

centrifugedt A= 9-S 0.45um filter® o] ¥3&}o] =80T oA H A&t}

14



4.2. Dexamethasone ¥} polyinosinic—polycytidylic acid X8 &% A%

4,21 NF-«B

Ao WAZHA He Al "AAAAAZA dexamethason(DEX) 7 WAAA=A =
] polyinosinic—polycytidylic acid (Poly I:C) & A}E-3}S T F+ 7HA] HEZEAE 5%

HE AYe CCB AlZol4 NF-«Be 2dda &l § /M 533 23 g3 &

(f

= #eldldl. T75—plaskol A vleksl CCB Al S 53 & Cell Counting Kit—8

bt

2 AFste] 24well platee] 5 X 10%cells/well ¥ & seedingdtgth. 18 A7 HF

st CCBAX | thefst w59 HAZXHEAES ZF 100« LA Foste] 15E 3HkE+
2 ettt "oz dA & 6, 12, 24, 48 Az Fo] AEzeA RNAZ % =
complementary DNA (cDNA)E A &8F31 31 house keeping & AFQl A —acting 7]+

O 7 Augds FA8H

Real—time PCR A2 SYBR Green (PrimeQ—mastermix, genetbio, Korea) 10
L, forward, reverse primer 2+ 1 ¢#L, ROX dye 0.4 L, DW 6.6 £ L%} cDNA 1 xLE #
7heke] A 5T B0l B & NF=«¢ B 2WdZFS delta delta CT relative
quantitation®] & ©]-&3sfo] B —actin dH| WE YA QA AFow vluwsth ARE
3k primer?] 97149 9 real-time PCR protocold Table 3¢ et} wpx| =k

cycle ol BE HgEo thsle] 60 CHE 95T7HA L J oA melting curveiA]

15



Table 2. SYBR-Green based real-time PCR primers used in this study.

Target gene GenBank accession no.  Sequence (5' to 3") Product (bp)  Condition Reference
IFN-1 AB376666 F : ACCAAACCCAAATGTGGACGTG 97 Kitao et al., 2009
R : CCACTCATTTCCCGAAGCAGA
B-actine M24113 F : CAAGATGATGGTGTGCCAAGTG 352 o . Liu et al., 1990
95°C 10min
R : TCTGTCTCCGGCACGAAGTA
(95 °C 30sec, 55°C 30sec,
IRF7 JQ698666 F : TCCACTGAGGGTCTGATTGA 148 Adamek et al., 2012
72°C 30sec) x 40cycles
R : CGCTGGTGCTGACGAAGA
NF-xB XM_042736838 F: GATAGTGCCTTACCCTGCCTT 156 Onara et al., 2008
R: ATCTGTGCTCTGCTTGTCCT
F : TTATGTCGGTGCGGCCTTC -4 S
TNF-a AJ311800 101 (95°C 30sec, 63°C 30sec, Zhang et al., 2018

R : AGGTCTTTCCGTTGTCGCTTT

72 °C 1min) x 40cycles
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4.3 Dexamethasone polyinosinic—polycytidylic acid * ¢ W& KHV 97} 4

5 % 10%cells/wellZ seedingdle] 18A13F&<qt wlgFet CCB Aol 3nba=
2pg/ml ¥%2 DEX9 0.05pxg/ml 552 Poly ICE 6417 Bt A A 5 wiAE
A A, KHVE 2A17F 5oF A9 A F Y. 71 & Hanks' Balanced Salt Solution (HBSS,
Welgene, Korea)® 33] A& & A Ast A2 vfdufx|E 300xL 713}, 6,
12, 24, 48, 96, 1687t & A5 200puxLolA extracellular HFo]# Ao o3t
genome copy #k= TASROH, MEE LIAIZ] intracellular wvfo]lg e gt

QA 2

2 A ek A E o)A total DNAZS #¢] (yesG™ Cell Tissue mini Kkit,

o

Genesgen, Korea)3dlo] A7) 2.32] PCR %A 2 & viral genomic copyS =435 o

real—time PCR #4}o AF2-% primer 971449 2 AL Table 1 7] A8k o}
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5. Dexamethason¥® polyinosinic—polycytidylic acid *H23 % Koi

HerpesvirusZdgoll W& o] F 9 4

5.1 271991z ¥d U %7 Y virus genome copyi4]

2F7F 23Tl =X 3t o] (16.14 = 1.86cm, 21.72 = 5.35g)° DEX 2 xg/ml
T Poly I:C 0.05 £ g/mlE 100 L 57 FA3E 159, 2 A9 x44 == 6A17F &
KHV 5 X 10%%TCIDso/fish® 100pL HEs Ad72 Ytk (Fig. 2). & 6719

aFl 7 9vtele] ol 8L Fxel FE3te] wpolus Fdel A¥W 23T

Hololxte] WeS FQlsly] st ZAMZAM RNAES FE3t1L cDNAE
Azt WoIxte] W FL g —actin? target gene®] Hlo| WE A

Aero g vwdRom ol#9 delta delta CT relative quantitationtg ©] &3}

Arbsile. el BT el Ahgd PCR 24S 471 4.2.13F 231, Table
39 2743 primere] wal 4549}

4Ct = target gene Ct — S —actin Ct
ﬁﬁct = ﬁCt immunomodulator dCt control

Gene expression = 2799¢
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X . 'L“é | 12hrs  24hrs 48hrs
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(Kidney; n=3 / group)
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v ®
JEPTR o)/ L

" Control —
/ } — PBS

. DEX v
=}

*'*‘ *,#( pr s =

Lo T D0 Poly I:C
—_y Ui da7)

Virus infection

——> | K

Figure 2. Overview of carp injection study design. 1lst injection means
immunomodulation (DEX or Poly [:C) exposure and 2nd injection is KHV.
Arrow in hollow at the top represents the time scale hours after
immunomodulation treatment. At time 1st injection carp were injected with
DEX or Poly [:C and PBS in controls. And time 2Znd injection carp were
injected with KHV, PBS in controls. Carp were challenged by
intraperitoneal injection with KHV 6 hours after 1st injection. Three carp
in each of 6 groups were sacrificed at the time 12, 24 and 48hours after
2nd injection. For analysis, 40mg of kidney was extracted from one

individual and divided into two
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3. 2%

1. Koi Herpesvirus® identification

1.1 PCR amplification

A7 wpelE s RS A A vedo] AECA JofIt ofFeol HAE

do7l= A wholgizel i PCR 3 A3 KHVZE AEH 3t PCR &4 A3}

1o
[mt
o
A%
(0]

30704 = 2970 Aol TK gene 0] FE AbEo] #9lx O real—time PCR
A3}, Hammoumi et al (2016)2 74 7]5o wet 1% % 749 (1 X 10°opies/x«L
23 & AAY 30%, AxE FIA.5 X 10°%copies/pL °l3h& 70%= eyt
(Fig. 3). Real—time PCR ¥A0 & 3§ % KHV 7S glg oo

nlEle] 80% confluency®] CCB Al T25—flaskel] HESUS o] 142 39

M)A herpesvirus?t YWERIE CPE (cytopathic effect) ¢l AMXE U =X 3Ao]

goly gl o (Fig. 4) ol flask® A5 doA HE &% tH] virus genome copy’}

of\

bet Ae Falstele,
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Infection level

1x1074
Egh
= 1x106 .' e Low
E = | N .
= 1x105 . = High
[ J
S 1x10t- 2
[ ]
5 1x103% oo g
o o0
2 1x102 .
e °
S 1x101
1x1009 * |
Low High

Figure 3. The quantification of KHV genome copies in the kidney of koi carp with

clinical symptoms. The low—level group is determined as having <1.5 X

10° copies/ L, while the high—level group has >1 X 10° copies/ #L. The

dots on the figure is the virus genome copy numbers of each individual,

the straight lines indicate the mean values of each group.
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(A) Control

(B) KHYV inoculation

Figure 4. Cytopathic effect of KHV in CCB cells (A) 80% confluency of control cells,

(B) 14 days post KHV inoculation.
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A AIMES B4t Enlarged TKE AlEgAshs A5 Zai 2
Agor HEH KHV(ScKe—2105) % Asian typel @ #+FHAY (Fig. 5). E3F
Asian type KHVOIA®E ORF 136 A no. 115 F$£¢ “TGGTCCTCTACC”
D71e] EAE AL = AN (Table 2, Fig. 6).

Kurita et al (2009)°] we} A2 ofgs A Ax, 2 A olM HEH
KHV+ Enlarged 9/5 gene? 2709 Wo|HEEoA Asian typed FZAE3} U3+
A71E YEMSITE Enlarged TK gene® W4 A3} 8719 Wo] F& F Asian type?

F4 o} Q 7] no. 877—885 region? d&EA<Q ‘T 479

=

Fhe

ftlo
M

MFE7F TR A E ] Asian type 3] F&old T Al EFEHSIY (Table 2, Fig.

6).
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Table 3. Sub-genotyping of KHV by analysis variant regions of ORF136 gene, Enlarged 9/5 gene, Enlarged TK gene

Strain name Genl?ank origin Area Vear ORF136 Enlarged 9/5 gene region — Enlarged TK gene region = Genotype
Accession no. 115-126 184-187 212-218 94 778 G, 849/850 877-885 945-956 958 961-967 variant

ScKc-2105 - Koi carp Korea 2021 TGGTCCTCTACC @ TTTT AAAAAA c A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
J2_101110 KX544843 Commoncarp  Indonesia 2010 | TGGTCCTCTACC | TTTT AAAAAA c A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
CB4_181110 KX544844 Common carp Indonesia 2010 | TGGTCCTCTACC TTTT AAAAAA C A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
J1_101110 KX544845 Common carp Indonesia 2010 | TGGTCCTCTACC TTTT AAAAAA C A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
1_09_2i3 KX544846 Common carp Indonesia 2009 : TGGTCCTCTACC TTTT AAAAAA C A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
1.10_3 KX544847 Common carp Indonesia 2010 : TGGTCCTCTACC TTTT AAAAAA G A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
PP3_070411 KX544848 Common carp Indonesia 2011 | TGGTCCTCTACC TTTT AAAAAA C A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
T MG925491 Common carp Taiwan TGGTCCTCTACC TTTT AAAAAA C A - AA TTTTTTT CTTTAAAAAAAA - AGATATT Al
TUMSTL AP008984 Koi carp jpan 20030 TGGTCCTCTACC  TTTT  AAAAAA  C A - AA TTTTTTT  CTTTAAAAAAAA -  AGATATT = Al
GY-01 MK?260013 Common carp China 2018 | TGGTCCTCTACC  TTTTT AAAAAAAA C A AT AA TTTTTTTT CTTTAAAAAAAA CA AGATATT A2
Cavoy MG925485 Common carp Israel 1998 - TTTT AAAAAAA © G AT - TTTTTTTTT CTTTAAAAAAAA CA  AGATATT El
FL MG925487 Common carp Belgium - TTTT AAAAAAA © G AT o TTTTTTTTT CTTTAAAAAAAA CA AGATATT El
| MG925489 Common carp Israel - TTTT AAAAAAA (© G AT - TTTTTTTTT CTTTAAAAAAAA CA AGATATT El
KHV-U DQ657948 Koi carp USA 2003 - TTTT AAAAAAA C G AT - TTTTTTTTT CTTTAAAAAAAA CA AGATATT El
E MG925486 Common carp UK - TTTT AAAAAAA C G AT ¢ TTTTTTTTTT  CTTTAAAAAAAA CA AGATATT E2
KHV-I DQ177346 Koi carp Israel 1998 - TTTT AAAAAAA C G AT - TTTTTTT CTTTTTAAAAAA CA AGATATT E3
KHV-GZ11 KJ627438 Koi carp China 2015 - TTTT AAAAAAA C G AT AA TTTTTTTTT CTTTAAAAAAAA CA AGATATT E4
MN MT914509 Common carp USA 2019 - TTTT AAAAAAA © G AT AA TTTTTTTTT CTTTTAAAAAAA CA AGATATT E4
PoB3 KX544842 Common carp Poland 2013 - TTTT AAAAAAA C G AT AA TTTTTTTTT CTTTAAAAAAAA CA AGATATT E4
GZ11-SC MG925488 Common carp China - TTTT AAAAAAAA  C G AT AA TTTTTTTTT CTTTAAAAAAAA CA AGATATT E5

25



ScKc-2105 (This study)
Cyprinus carpio/ Japany/ TUMST1 (Genbank accession number. AP008984)
Cyprinus carpio/ Indonesia/ J2_101110 (KX544843)
Cyprinus carpio/ Indonesia/ CB4 181110 (KX544844)
Cyprinus carpio/ Indonesia/ J1_101110 (KX544845)
Cyprinus carpio/ Indonesia/1_09_2i3 (KX544846) - Asian type
Cyprinus carpio/ Indonesia/I_10_3 (KX544847)
Cyprinus carpio/ Indonesia/ PP3_070411 (KX544848)
Cyprinus carpio/ Belgium/ M3 (MG925490)
Cyprinus carpio/ Taiwan/ T (MG925491)
Cyprinus carpio/ China/ GY-01 (MK260013)

Cyprinus carpio/ Poland/ PoB3 (KX544842)
Cyprinus carpio/ China/ GZ11-SC (MG925488)

Cyprinus carpio/ Israel/ I (MG925489)

Cyprinus carpio/ Belgium/ FL (MG925487)

Cyprinus carpio/ Israel/ Cavoy (MG925485) - European type

Cyprinus carpio/ USA/ KHV-U (DQ657948)

Cyprinus carpio/ United Kingdom/ E (MG925486)
Cyprinus carpio/ USA/ MN (MT914509)
Cyprinus rubrofuscus/ China/ KHV-GZ11 (KJ627438)

75
66

—
0.00020

Figure 5. Phylogenetic analysis of the Enlarged TK gene of koi herpesvirus identified from koi carp. The phylogenetic tree was constructed
using the Maximum—likelihood algorithm with 1,000 bootstrap replicates using MEGA software (ver.11.0.10). Specific genogroups
are denoted by different colors: Asian (red) and European types (blue). This study’s isolate (ScKc—2105) is highlighted in bold and

red.
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22 — [TTTTTTTT
(A) Enlarged TK gene a1l @

\ /

'l"llI"'ll"'ll"'ll'l'lll" "'Il"lI"llllll'Ill"l"'l"’lll'
850 860 870 890 900 910 920
A2 —— TBABRTGTGCGACTTGRATATGGTTGTACGGG AACARARARAACTARAACTACCGAARACACGARACACTTG
AL TAATGTGCGACTTGRAATATGGTTGTACGGG ARCARRAACTARACTACCGARACACGAARRACACTTG
Asian type — |[IGGTCCTCTACC
(B) ORF136 gene European type —
\\ /
Ill"Illl'Ill"llll'llll'llll'l'lll II""I'llll"llll'l'l'lllII'IIII
80 90 100 110 130 140 150 160
Asian type e CCGCCACTAACGGCACAACAACCATGAACTCTACC TTCAGTCATGAACTCTACTACCTGGTCCTCTAC
European type-— CCGCCACTAACGGCACAACAACCATGAACTCTACC TTCAGTCATGAACTCTACTACCTGGTCCTCTAC

Figure 6. Sequence analysis of the Enlarged TK gene and ORF136 gene. (A) The
Asian type variants were determined based on the number of serial “T”
nucleotides in no. 877—885 region. Specifically, variants with 8
nucleotides were classified as A2, while with 7 nucleotides were

classified as A1l. (B) Partial sequences exist in the Asian type.
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3. CCB(Common Carp Brain) Al ¥4 Dexamethasone¥ polyinosinic—polycytidylic

acid A& W& KHV | &4

3.1 KHV e

KHV 97}(virus genome copy ¢t TCIDso/mL) 38 A#dAAE sbetstazt
24well platedl 5 x 10%cells/well?] CCB A EZE seeding & 18A17F &<t vjekalgl i,
AHA oz 1094 3A S wlolelA HFANE S5O E SyHRSte]  HESHH
Heo M= HF 39 Fol AE Wl FELF Hel7] AlFstdleon HFHom 14ol+=
5 x  10°°TCIDso/mL&1S  sFelstaith. 38 virus 1Y genomic copyE
AgHoz =Hs9s w dAoA 9.66 x 10%opies/mLE AFEE Qg om wjokst

KHV2}F TCID502] Aa#-Al= Figure 70 YeERAAT
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11011

lxlolo_

1x109+

1x108—

1x107+

1x106+

Virus genome copies/mL

1x107—

1x104 I I T I T I |
5 x10°7 5 x10** 5 x 10" 5 x 10°° 5 x 105 x 10%% 5 x 10

TCIDs0/mL

Figure 7. Correlation between TCIDso/mL results from titration on CCB cells with

the Reed and Muench method and genomic copies of KHV.
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3.2. Dexamethasone ¥} polyinosinic—polycytidylic acid 8 &% AA

A ZAA Mo ost AgIxEE g&o] M 52 s9 Ak AAsH] 9
41 CCB Al3e] DEXs} Poly I'ICE = =E Aotk A F 6, 12, 24, 48 A7t
o AMXEA RNAES FF F cDNAES A o™ delta delta CT relative
quantitation Y& ©]&€3t9] B —actin®} NF— ¢ B2 vlwe| w}E Atha Aoz kg
e Hlw sl

DEX A& 2859 A% 2xg/mLe 5% Tl 6A13F & 279 NF—« BZd

off
:i
=
El
ol
i
£
N
o
A

oFt}(0.8141). Poly I:C A7 7189 A$ 0.05xg/mLe % A

g A 6A1ZE Fofl 7 FE BT (18.82¥) & RO 48AX7HA] A5Z Q)
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NF-kB

S mm DEX 2ug/ml
[72]
S ) Bm DEX 0.2ug/ml
% 10 Z @@ DEX 0.02ug/ml

7
< % 1 DEX 0.002ug/ml
& 2
E 1] / wz Poly I:C 5ug/ml
= Poly 1:C 0.5ug/ml
©
) pzz2 Poly 1:C 0.05ug/ml
T o1

6 12 24 48
Time (h)

Figure 8. Expression of NF— ¢ B in CCB cells treated with various concentrations of
immunomodulators (DEX, Poly I:C). The cDNA was quantified using real—
time PCR and then statistically analyzed via two—way ANOVA (P < 0.05)

using GraphPad Prism version 9.5.1.
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3.3 Dexamethasone¥ polyinosinic—polycytidylic acid A Xzd wWE Koi

Herpesvirus Zg %7} vl

HodzAdx A g 3 KHV 7o wE virus genome copysS FA8l1xF 24
well plateo] 18A1zF Z=<F wjekst CCB  A|Ee] WAZXRAEAZEA  2pxg/mLo
DEX(DEX+KHV), 0.05xg/mL¢ Poly I:C(Poly I:.C+KHV)E 7z} 100xL% H7} &
KHVE AHFsdth. mpelel~ HF: ol% 6, 12, 24, 48, 96, 168 AJ3te]
A3 (Intracellular) &F 59 (Extracellular) o] =43t KHV S virus genome copy=
AbEste] W zAA Al wE npolel Al 7FE vlwskglth  Intracellular?)
viol el A A2 Extracellular vholel A HAZFS ¥ wekS @ Intracellular®

BE AgFo|A ExtracellularEth B %& virus genome copy= WEFW T

Intracellular®} extracellular AFe]9] virus genome copy =2olA DEX$} Poly

LCE 47 A A2 & KHVE AFE 15, #Holdaw HESE A 74 ZF1A
6AIZE B0l Zhzh 2,190, 3.414, 4.448) 2Fol7k Q11 ow 12413k 739~ 4.554), 3.794l,

49702 zol7k Sqlou, 24Xk F9-(ZF 1.119, 1.399], 1.84u)) e} 48A[%H(Z
1.34uH, 1.26¥4, 1.7569) 2 AFole AEZ Wl HAZFHS AE 9 WEFFel] zbol7t
QA o] F 96AITHEEl= 7} 4.854), 4.30W, 2.71W| 2 Abo|7}F WolA 7] AlATh,

168A1%F Fof] DEX+KHV ZZF°llA 6.67, KHV ZI&FelA 7.94m= HE Azt H 7

sk B = AIZE FFRbe A WA A Al o e ubE ulolH A genome copy el
zFo] S H ATl Intracellular® A% DEX+KHV 1&©°] KHVYE HE3 J1FKRT &
A7l 1.12~1.538) ¥ =2 97FE YERfal, Poly IC+KHV 152
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Hpolgf A~ HE F 48417

0.33~0.924)] @¥& 7= Yerg9tt.  Extracellular® 72 -$-

7hA1%= DEX+KHV Z28°] KHVY AE3 25K H9-A0E 1684170 Ao

JART e EAlF ztolE VERIITE |, 6A1%F $ofl Poly IIC+KHV I1H

KHVEF AF3 253 vlssh volef A 97 JeElfiglsdl o] %ol 2pol7t F7tato]

168417 Foll+= Poly IC+KHV Z1FlA 0.658] A =74 =it
AR OoR BE AZF Ftld DEXE A g F KHVE HE5d 15°] KHV

AE3t 1% XY virus genome copy”’F © =A A EHS I, Poly IICE A Ay ¥
5 AFst 1Fol KHVEE AF:s 27 Huh 9A S50l AdzdAd ot
of xfol7}F le& et (Fig. 9).



(A) Intercellular

1x107 N
é_ —— KHV-intra
“g 1x106- —— DEX-intra
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=¥
£
= 13104
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)
w -
E 1x10°—
-
1x102 | T T I | T
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1x107—
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= 6]
z 1x10 o DEX-extra
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W
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& 13103
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-
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Figure 9. Virus genomic titer (means + SD) after pre—treated with DEX or Poly I:C.
Then KHV genomic copy was quantified in (A) Intracellularly, (B) 200 #L

of supernatant after 6, 12, 24, 48, 96, and 168 hours from virus infection.
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Figure 10. CCB cells inoculated KHV after being pre—treated with DEX or Poly I:C. The expression of innate immune factors

was then measured after 6, 12, 24, and 48 hours from virus infection ((A) IFN, (B) IRF7, (C) NF—« B, (D) TNF—

a).
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o
2
©
o

Jof o Al A H oI A A 2] (DEX—con, Poly I:C—con)

KHVAZE (DEX+KHV, Poly LC+KHV)el oJst 7] Wz WS #4138t

N

Hololzte] vy BAL 1) 23 AFoA BT PBSY AE3 29 vl wE Tl (Fig.

M
flo

11).

I[FN-19] A% KHV HZIa2FdA AF 24/ & x5 o8 2y g
48A17F Fo= 8.75w) A WGt DEX—con® A 4817 & rd koA
g z3Roh 0.72v) sk wEEd oy A e E OKHVE AEE9S uw 5.554)
dsshe d9E YeERIEH(P < 0.0001). Poly I:C—con® 7% thzHT}l 5,904
A3k 3L Poly C+KHV Y 25 17.24u) AHeE W = k(P = 0.0047).

IRF79 -9 KHV FFIaFelAE 2442 7HA = dix=+9 Sdd=Zy vjsbA Y
FometA] Al st WA= AdNE JERAIRE 48A17F Felle= 24.64W] AR

H3tt. DEX—con¥ Poly I:C—con 3k 24A17F 7AA= Fou|elx] ¢k S
UER A RE 48417 $elli= ZF7F 18.5200, 17.378] A% 2Hd® AvE yehdglch

wot 7 WAxAA Ay F KHVE A5 1FANAM+= 2 236.954), 257.224)

NF-xBe A% KHV HFEIFANAE 48A7HA  dEHH1 A 23S
e O™ 48A17F 3 o= 9.948) A W EAY. DEX—con® A% 1247+
2Rt f-ovshA] &2 A dds JERIAITE o] F At g2 TR wWhe

18-S JER St WiHe] DEX+KHVE A9 2447 744 diz79) zpol7h @zl
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FUARE 48 AJZE Foll= 13918 e Hd HUvh(P < 0.0001). Poly I:C—con
Poly IIC+KHV ZFlA B AIZE F-3kellA dizt in] 43 2dS Jebf ]k
(5.29u, 7.6291) A AHA & KHV AF3 150 HFsHA &2 1FET 1.374] ¢
wo] e Qi

TNF- a9 A% KHV HFE1FNA 2423k 718 w1(0.618)) 48413k 713
=0 A7(39.65%)F e DEX—con? A$ 12A7te] 7 He 2HES
B (4.128) ©]F A7t A& on &g wHEo] 48417 Toj= e}

0.038] =Fol7F th. HbdHe] DEX+KHVE AL 24A7M7bA] o2+ & o) =

rin

Holx otprlt 48A1F Fole Ee A 7 F 7P =S 44.72¥) AR ko)
-1 H 1T} (P < 0.0001). Poly I:C=con® % DEX—con¥} wv}zt7FR| 2 1247k 717

EGT olF AztelE A%Aow 3T WH Ay 2447 T dzTRG FovsHA

oro g3 wdS ekt whde] Poly LIC—t= 48A]7F o] 35.70W] AF3F
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Figure 11. Expression of innate immune factors in only treatment DEX or Poly I:C groups, KHV injection with pre—treated each

immunomodulator. Another group is injected with only KHV.
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4.2 A7HE koi herpesvirus 97} W3} v]m

KHV %% ojxle] WA xdAe =¥ 1% DEX+KHV, Poly L:C+KHV)},

wE=2EA] e IFEKHV)AA #HYE %719 virus genome copy WdEH ApolE

=

dopr A slth. KHVEE HEd 15l HE 1243 § A% 24 ImgelA
1.48 x 10°copies/mgE  WERI T AP FIE AFEA 48X Fol=
1.36 x 10%copies/mg® A&l nlo]g] A9 EA7F #FHA okt (Fig. 12). 3,
HARZAZA Poly CE A A2 & KHVE HE3 159 A% 1243F 1.14
x 10%copies/mg, 484]7F Zo= 1.12 x 10%copies/mg® virus genome copy=

et wWelAsAl dAzlel me KHV EHAlol Aolzh vehbx otk ko

—

Ea}

Z‘

A AA2A DEXE W A2 & KHVE HF

i

80 AL 1247 A

FN

ImgellAl 1.16 x 10%copies® YEU I 24A)7ke= 7.03 x 10%copies/mg, 23

g AAQ 48A7F Fo= 1.70 x 10°copies/mgES e o] WA A A o] =79
ot A &A1 vlo]H A FA o] ER1FHSIT

41



HR KK

Ak ko | ——

1x106 [ R ]
o . - mm KHV
5_ *

g Do — T B DEX+KHV
=?]
2 1x10° = B Poly I.C+KIIV
<
%] 1 103_
E X
(=]
S 1x1024
=1)]
S 1x10'4
k=
~ 1x10°- T T T

12 24 48

Hours post inoculation

Figure 12. Quantification of KHV genome copies in groups (n=.5) injected with KHV

after pre—treated with DEX or Poly I:C, and injected with only KHV group.
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- KHV 749 54& otz CCB M 9 dJojoxe] 7] | {f-Hdxr ez
vpol e 28] JA| FES FA e

2 AT AEE KHVY Enlarged TK F3A @714 LG oist As Ay
FHBAE FA g A Asian type S E EFE O (Fig. 5), XA of, A, oirh
IUelA] Halg vpole a9l wAsh 155 el &8kt (Hammoumi et al., 20165 Aoki
et al., 2007; Gao et al., 2018). =3+ Kurita et al. (2009) 2] W o7 KHVY Enlarged
9/5 A F 7HA Wolg9 3 Enlarged TK gene 87hA Wojgdje] 7]¢]
Ael/dEe weEl Asian typed A$ Al—-2, European type® 7Z$ E1-59 &4
ofgor MEststa, ol Aol AREE KHVE fdotdge Alew EHHSUT
(Table 3, Fig. 6). & 97029 Asian strain %493} Enlarged TK gene? 97|44 &
100% (GenBank accession n0.MK260013+ 99.5%) ¥ *|3}31 3L, Enlarged 9/5 gene?]
4% 98.85% (GenBank accession no.MK260013% 98.2%) & #2 27144 A4S
YEFY AT Antychowicz et al (2005)2] Agolx =2 59 Q7ML AsdS
Uetl= 22 virus7b 358 FaoA 71APE 7hsAde] Anta sl wep oW
AT AFEE KHVE 929 Hx Asian type w85 (TUMSTI1, GenBank

accession no. AP008984)
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gato] dojts 7o) A (Kimbi et al, 2004, Kramvis and Kew, 2007)
A A o7 Ao WS European type K.UF Asian typed w43+ AL 7p5A]o]
AAE T 8 Dong et al (2013) 2] A-ollA+= Asian type KHV S| 5|7t ORF136
82 no.115 F9lel dF SHZAQ A7IALEe] ZAE Glelsd, & ATelA
AE¥ ScKe—2105 strainlA e Y FlolA “TGGTCCTCTACC” «d7IM¥&
glg 4 9lQlth (Table 3, Fig. 6). ©]i= 7]&el Kurita et al. (2009) ¢4 AA &
Enlarged TK §x(¢F 1001bp) ol vlal] A& oz do|7t 2 (¢F 611bp) FHAE
T8 EF7F s e BojFe Adolm & §F KHV A& sk A&5sh s
A8l ORF136 322 5459E genetic maker? &8 & &S AASTH
KHVE 217t W Y579 herpesvirus®t PRRHZIAEZ Alxe] WY MAYSTS
33ty FEA AHE A5 £ At (Reed et al., 2014). Herpesvirus® #F&E7]&=
Establishment (£7]1%%), Maintenance (%), Reactivation (57| ZF-E 2] A&A]) 9
3HAR dA o™ Joens. 2016), 7] Hio|H 29 nE F ST A A Hiolg XA
S0 FaEARE oo AEHA gRld g AZA HE #HAUSS /HA Ut
Eide et al (2011)&] A7 oA Hlddojo] KHVE J973A ol 5 oF 28Uzt #¥ 3
ob7bulo A KHVE] DNAZF A& A &k o} o]F I9A o7 A4S FUS
W o]y e BAZE gRlxe] KHVE & A9 7y AZde ThsAds

AT weEbd, KHVE f35 fAddel digk olsiE fdiM= =5 1 dE g

T,
2
o

B
152
["_8(4'
)
o
i
Jo

sk flElA] oAl ARl DEXSE AF=#?1 Poly I:CE CCB
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H mbSel #wolehs QAbE sk A AR QIAREA QoM BaA A Al

AtolEFRQIS] S fFhste AoexE d#A UtH(Gilmore et al, 2006). $A%E
glucocorticoid (GC) <2 DEX+E glucocorticoid recepter (GR) 2} EH3AE A5t
A U2 f4EH, GRS HAE delx SFFIIEEINE WA
24 (Glucocorticoid—responce element, GRE)¢ &HFAE HAsth. GR-GRE
oA=& FollA NF- ¢ B DNA AAF Ashs At (transpression) interferon,
Interleukin, Toll-like receptor®t 2 GFA Alo]EFIQIS] W& 7HASHA
Cyclooxygenase—29} #2 3 dF F7A9 HAl(transactivation) & A3 4 s
A AE AoR dHA Atk (Morgan et al., 2011; Unlap et al.,, 1997). & AT %

IEE AHE 159 A 4847 T x

O

!

AEL NF-,B 2#o] JAH= Zo2 Yeyth(Fig. 8). |8 NF-«B9 3%
Hd Crinelli et al (2000) 9] A7ellA AAIE GRe] AHASl Fozgo] wE
Avety AR ECY, Sergerie et al (2007)8] ATolA DEX AAge] 2ok
AZAE(AZFSI FAAFolHE, Human gingival fibroblasts)®] NF—xB A
HAYF O Z Herpes simplex virus type 1 (HSV—1) ©@& A2 15w 1A A 9

A A LEelA wHhel# Ao EAl S7HE #QIsglar, & Al 9] DEX A Zef

WE CCB AMEAAS NF-¢B &d A= 557 Al

s

oF FAFSE 71 o g2 UEhd

fio

RO 7 Atz ¥},

x2

3, dsRNAS} A %= 717 Poly L:iCE Al oA Toll-like receptor 3
(TLR3)l 28] <l21x o] interferon regulatory factor 3 (IRF3)<2 ZAFAZA
dom, IRF39 Z43t= 19 IFNS Ais f=stol NF-« B E4& #fadta
A ¢tk (Kawai et al., 2008; Yamamoto et al., 2003). & A4 % CCB A 3] Poly
[CE AH#g A 48A1%F o]Fo% Ee v% F1relA dizx~tol] vla] NF- ¢ B7}
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A By = Ao FE YEETH(Fig. 8). o] st Poly I:C Aol w2 NF- ¢ B A3
e 2 9ojollA ¥ CIK(Ctenopharyngodon idella kidney cell, ZoJA1%A|3E)
A oA Poly I:C x=%°] NF- (B9 kol T3 A8& 3 7107 oy p539

HAEIFoz  AEssigdtt. AlxEeld NF-«(B9 wde KHVYE HEd H%
6AIZFO A 24437k AE5A 0= st LA QAR (Fig. 10), Yo A-¢ KHV HF
48MZINA = A B-E S el el (Fig. 11). DEX AAg ¥ KHVE #9217 CCB
Aol M= 48 AZMEA] NF—« B7F st HRAEHQIOU dojoie 4T HdH+=

A0 2 el CCB AlXo A9 13 wdS Herpes simplex virus Type 1 (HSV—

HJ

Agke] e} (Hiscottet al.,, 2001) NF— x B¢

—
~
1o

a4 MAYSAYE 14Be & T

T= GROFE AFARJD Az AEel ot NF-xB 2@ A=

i3

=g 3

>

59t (Crinelli et al., 2000). & T4 DEX d g & KHVY #a#

0%,

b}

rr

t}

r

olellr= CCB Alazstel Awtel A#rh eyt NF-kB @ds #f53

(2
18

AxFe] F&Fol e Ao FHHAY. 53], NF— B Al Welld RelA(p65),

NF— £ B1(p50; pl05), NF—«B2(p52; pl00)e & A1z} A EHTAE

¢

FAsk] EAE7] el (Verma, 2004), thekst Wil pathway 9 ofug}
ki dka o] Ab A BEAo] Hod Aog AlmEth 3HH, corticosteroid?l GCE
2EHA WY A-EE cortisol® EElA glow, &S5 Alxe] DEXE AHEe
2EFa adoz  #AgHE £ Qth(Kook et al, 2016). Yo ofF<l
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%9) (Ctenopharyngodon idella) o 57 TAF 399 A3}, &4 cortisol =7} 34

S7MAE 2 e wvls] 4w oA AFsttty B uEHQ o™ (Wang et al., 2005),

ZEYA AT AT 27 WAQA, FIF ARG FE F7A0E
orel A SITH(Tort. 2011). webal, 2 Qtold] QJojo] By FAHE shi 2 AEdx
ol FbHon fuHAS Aow AMEM, $F AFeld DEX wd ¥ 0E

cortisol M3}e} KHV 7+ 7He] AadaA7E 293 slos Algdrnh

CCB A2t} o A3 AFer TNF- e 4¢ ddIAARQ DEXE treatment
3 158 Ae wd"e] SUkst As Feld & At Kumari et al (2012) o] w=4
glucocorticoid® #4 ==& v|EETgolo 4 Zrle uE Ax U ZH Al

kel
’JAk2s (reactive oxygen species, ROS) 8] A& S7HA171= 7145 7FA AL vk

gt

SHATE Ay AT ZAst] MFEA mlEIZE e &4 S5k WHCE CCB
MEL] cell viabilitys: &F¥E 54 A DEX Hy IF°] dR2THTE 144
%3tk (data not shown). 3 ROSC F7l= TNFS TNFO +&£A Als dg
23 B3 MES TNF-a & S7RA710+= A4 3] wel(Nathan and Ding et al.,

2010), <Ud94d 2EHYA QAKook et al, 2016)%1 DEX Hgel 2o

>~

MEEseote] Byl s TNF-a’k 4% Wtk AFzsAm, o] AXeA]

ue)
=2
=
%
>
s
A
N
)
12
ro
re
—
N
N
i)
ko
o
)
rE
rg
U
o,
<

U]E%Eﬂo}oﬂ ﬂ-(:gl_ ‘?io—ﬂ.?_]x} 1}

ol wle) Ae wEEgon e wHAAIxel oF EAAMME T3t
7AdEo 7 VEFT(Fig. 10, Fig. 11). Adamek et al (2012) 2] AF-oA % Poly :.CE A
A2]et CCB AM¥o] KHVE HE33S Wl IFNI IRF7%59 %7] WYelxt whgo]

H ol ofo wel virus genome copy® FA7F ERIEHITII Ageith &

Jo
kit

Al
=

ol

19 A3 M= Poly L:ICO kel gt W] =0 &l wee) =9

d
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KHVE] EAo] g3S nA o Qlvk= ZAo] AAtdE.

HoAzAdA o] Al o Menk-s 2482 CCB AxE 4 o] Aue] KHV genome
copy e 93FS = Aoz AT (Fig. 9, Fig. 12). CCB Az AYZAAE
AA-e] & KHVE AF3s 43 AlEZ J (Intracellular) & vl Fo (Extracellular) 9] virus
genome copyy EE A FitelA DEX+KHV ZIF°] KHVEE A3t 18Rt}
Fokth(Fig.  9). = o] AYeMx DEX A AH¥g F KHV HFd

15 (DEX+KHV) 2] oo] Al virus genome copy IS A &2l Z71E H PO

2

|

KHV @ FHF 9 Poly I:C A AHg F KHVE AHF I59 dojo= AEE
vt ApolE vEhA ekskrh @, W 2AAY w=Fel 9% virus genome
copy® =ztole] #e A= ERFOAAE FRlol H=dH, DEXE x%3% Swiss
webster mice°l HSV-1& 9 AlZE ® woldAe EHAe] F7hssiviy
B35kt (Harrison et al,, 2019). ©o]d AFAIAE S3 oln] AzF A EH{FeA
DEX® AAe7t viruse <97k HS F=Y F Ates Zo] {dFHewn oW
ATdHNME  TAEd AEFS HEAH. 53], DEXE =3 FoiA 9

MAFA 7 A (trigeminal ganglionic) ol #H+-3F3L Q1™ Bovine herpesvirus 1 (BHV—1)+=
DEX A&7} A2l FH2 apoptosisE FXI$Thal ¥ ohH(Winkler et al., 2002).
o] =9 9 Herpesvirus anguillae (AngHV—1)°l] =% o]go] Q&= WAoo DEXE
A Al S A GE] wholgf Al AEA o] #EEIW(Van Nieuwstadt et al.,
2001). webx, DEXE KHV #9374 Qlzke] HArbE oxlgte] nfolzjie] H4
284S =Y F v 73S AlAFSE, DEX wEol wE 559 7] WY Wl

ole] wE wpolHA EHA a& Wsl:= &% Herpesvirus® FE-AEA 7129

i
rh
)
|o
f
(e
rO
4
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o
rlr
Hl
=
o
1>,
ofy
rO
ur)

kg ofel A Eelel KHVel tsho]



Enlarged TK % Enlarged 9/5 %12l WHoldded BAS F3| Asian type KHVEY

Al o7 AZEF3YET. =3 Enlarged TK gene (¢F 1001bp)H ot v A 2

A4l ORF 136 (611bp) FHAE ol&ste] FHAFS BHEE 4+ = genetic

marker2 9] && 7hsde st F 7 WY EZHEA(DEX, Poly I:C) Aol
kil

mE CCB AlEst oJojelxe] %71

AeS YErgo] blolgl A ©E HE I EU virus genome copy”ZF WSITE whEbA

DEX =%l 93 Wejeld ol KHVE BA1% 47, Poly :CYl %] 93} 434

W& KHVE EAS oJ¥A 3tAC0BE 7] W99 8E KHVY HAlo] Fod
dg= & slofe AlsdH
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