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FRIE— M, KR TAEIE L., MR EZITV, 2O CBEIT 2208
ETEFRIND, DFEFNNIIFHEE O, WA S, LS o B
Wb OZET, T bbaA S TN 0 E ) - Weg s - i (U
EOX) B WiE (12 3) R EOERR DL FZM 20 ET 28IEEORIETH 5,
BEOPTH, BN E L BREL WD — 73L& T 2B e A
FTHY, BIAREOIZEAENEGEND, —H. MM X aREREENLAfE
JRITRE BB IS 2 (b 2 0T, LR R EONREM 2 AR T2 L
7o (Fig. 1-1), 3726, BIADOEF G L MAIHIT 4~5 [EEFNITHEHE LN B
S LT EZBEZBITWD, 2072, BEHAE L WHIIEOM T, ErES
IR RN TE L OLBERBTFET 5.

Eik BT, FIEITMFLESE O LBV & Rk OB A T D720, ok
VAT ABNEBIL TS, BlxIE, FHEEM O M ERITARMER - FRERK - BERIER « B
B« UV NERMDOHERL S A, FHEEM R W TGl o B AL 2 i 2 T D
(Fig. 1-2), MERDIZREIZ DOV TIE, MHFLIAOIRMERCRRER (I MR) 1 3EEZ T h
LDIZx LT, LS OFHEEM (BFE - TCHJE - WA - fJH) ORMER
BRERIZAE THDEOENR DD, L, ARMEICBO TEHEAREE 2 5
S ERER DML HERR SN TR Y (HER - B, 2003) . ERAREEZH S U Lox
ERiZ, WHELEH & RERIC T AR & B MIRRIC Y ES D Z E B LT 2> T D
(Nakanishi et al., 2011), ZALHDZ L0 6, HIRGE & EHBREN DD mER
FIE T AT DOKRMIE, WAL H G AEHOILEHA S DM TN L T\ b
BEZbhb,

BEEAJH L AL OREE AT MR D08, 200 Z T 5 51
IR BT CE R H D, TNHORKO 1 & LT, #ko
wfETkE, ety FBEET oA XN BB, &5 LAHEE (whole
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genome duplication, WGD) D235 2 b5, BHEEMIX, I OHEEREIZ
BT, WGD % 2 [HIfRER L7 & 2 541 T\ 5 (Fig. 1-3) (Lundin, 1993; Ohno,

1999; %5, 2001), Z D7 ) AEENK XD &, RELREBLEFVREICAELD Z
CllTe D, ZORFIER T DHHBR T ORI FM & 7220 | B LW AYRRE
ERioTfkx pBIn T REA SN EBE X LTV D (Ohno, 2013), B 5 5
IEMELEE & i L7 s K2 3 fE4ERIIC. WGD 28 ) —ERBR L, a4 %D —
OBV, 7 4 Bl WGD 2B L7-E 26 TW\W5 (Fig 1-3)
(Jaillon etal., 2004), Z D7, —FOBIE T\ T, BFAREITMTLIE & MR
BB EBEAE L TCND I ERMBLILTV S (Vandepoele et al., 2004), = Dk
REFABEICRRAICE U REOEFEREE 7. BEERABEICE T 2R E
RE - AEPE - ATHE) - ERBICBIT A2 EZ L0 LTe RS S, 2Dz &
D, B REORE Y AT L&A D5 HEEREIC I, SRR O3
FIET D EEZBIND,

FoSE Y AT O oy - HEERE IC B\ CEE RS 2 ) B o kA
TG 7 BB W TR O RIsEE & U THlRET 5, B DERIZ,
WGD OREIZE Y A M UA VBETFICBWTS, WAL EF AT,
REREWDHELTWD, ITEDT ) LEGFMFEORRIZ LY | BRI
HYA NIA VBB FITOWT, WELIE & MR 22 BRSO S ST
Wb, 777 4 v a (Danio rerio) TlX., TR K 2 o = —fi] K+
(granulocyte colony-stimulating factor, G-CSF) IE{x 1122 T 2 DO HAER T2
MR N TEY 2 DO5 1 DSIHFLIE & R E BRI O 5 B 5 L T
52 ENMBN TS (Stachura et al., 2013), L2>L. BEESFREICHIT DHEHRE
DIFENRE WGDIZ LV AU T2Y A M A BT 2 0E PR ERIEH 60
IZSTWRYY, ETo, WABICIIFE LW, REOADBAET LA oA v
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IZOWVWTHW DO MENH D, Bz X, WA T, A % —Txn
> (Interferon, IFN) (X IFNy @ 1 ©DOHZNHEIN TN DA, —H#OAFE TIX
IFNy (202 CHREFAE O IFNy Th D IFNyrel OFAEDNRE SN TN D
(Yamaguchi et al., 2015), & 512, ¥ 7' (Carassius auratus langsdorfii) Tl
IFNyrel 23R FLEAD IFNy &[RRIV A VAR E BT 5 Z ERMLL TN D
(Shibasaki et al., 2014), Z D K 5 RMEFFRFA OV A MU A O T, BisT
DAFEITH BN TVD b D, LTI O OREREMATIZIZ L A E1TbR TR, 2
D EMmD, BB A NI A TEE SRR D51 K D R E
D G RS 2 =] > TV D ATREMEDS E U,

ARBFFECTIE, BEEAEY A NI A S KB AIEEA O RIS O R &
B 62T 2 1< BARRZAN,/ R A e = TEBCR DS L TR Y |
5 ) WERNAB SN TND I A (Cyprinus carpio) Z 55 L LT, BIRIERDPE
M L OMERE & BB D94 b H A > ORERERRIT 21T > 1=, £, iFhEkopEL
B L ONEMEALZH 5 G-CSF 12D\ TR T 36 L OWEREMEAT 217\ FE Y
A M HA L DEBS TR DEMO A2 LI Lz, VT, B F Tl
—H A AT 7 IV —IZRB L., IFERERS K ORISR DEA AR 1 o #
— v A % (Interleukin, IL)-5, IL-3, $ORIER-~ 27 v 77— 2w =—flHKF
(Granulocyte-macrophage colony-stimulating factor, GM-CSF) @ 3 /31 & B L 7=
7 bKEEERTHYA A VBIBEFERIE L. F ORI 21T O 2 & T,
A DY A NI A OREREZR A S T Lz,
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2.1. FFia

HERIZBERGEOETH Y | b OIEMEL R T K I XA EBEIC B
TEERKERZHE S, K2, FREK = v =—fKE T (G-CSF) 1%, WiFJHICE
UWNT P ERATERAR IR O HE5E, S0t A F A REE L, B U 7o i I ER O & YL Ry T~
D AELCHIEETEE FmD DY A NI A > TdH 5 (Panopoulos and Watowich, 2008),
t F®D G-CSF 1%, FICHEKB LN~ 077 —TIZX > TEEINDD (Oster
et al., 1989), FEMELH AN (Koeffler et al., 1987), L& N ZHIM (Zsebo et al., 1988)
BLOVE MM (Rennicketal., 1987) ([Z k> THEASIND, £, FELR
B hOMEFD G-CSF & > /37 B LU RIEPEY A R B A > O8N
oM MEIEYLE D FR D Lipopolysaccharide (LPS) DIE(E7R & D RIEMERIKIZ K -
C G-CSF EADWHE 2 EANFHE SN D (Demetri and Griffin, 1991; Kawakami et
al., 1990; Watari et al., 1989), G-CSF OfEMIZ, 4FHPERSCZ ORITBHIIIZFEH S 5
SR G-CSFR EfEA L, FMOY 7 FIURED A7 — REIEHEILTHZ L T
4S5 (Panopoulos and Watowich, 2008), % 7= G-CSF/G-CSFR 7 /L % /K
B LI~ U 23, BREECRATEGIG O L JEER R ~DIF T EROE B IR EH 4+ &
L. ZORER, 18R 72 4 R ERIAME 2 51 & #d 23 (Lieschke et al., 1994; Liu et
al,,1996), 2N H D Z &b G-CSF ITAFFERDIEEIZ B 1T 2 FE LMK 1T
HY | EHEECRRISROGIEIC T L Tnb B X bhd, FKFIZ, G-CSF iX
R ER DR REIC b 522
DIBLZFHE L, BRIEH LIRS (ROS) OEALZTEMALT 52 & T, 4FH

LA 5.2 %, G-CSF IR ERD 7€ I A /K

TBE

EROBEIEMZ @D 5 Z & NHiE S TW% (Spiekermann et al., 1997),
G-CSF (. AN~ 7 A THEREAFAT 23T 407253 (Nicolaetal., 1983), D%

=7 NV (Gallus gallus domesticus)(Santos et al., 2006), 7 7 U B> A Fj =)L

13



(Xenopus laevis)(Yaparla et al., 2016), & 7 A (Paralichthys olivaceus)(Santos et al.,
2006). K7 7 7 (Takifugu rubrenes)(Santos et al., 2006)., X RU 77 (Tetraodon
nigroviridis)(Santos et al., 2006), 7 7 X /)L (Sebastes ventricosus)(Nam et al., 2009)
BIXOET T 7 4 v = (Danio rerio)(Stachura et al., 2013) ZEDWHFLEELIA OF
HEEMIZ B W CHIFENED ST E T2, R, BEEAEDO G-CSF #5134
3EFANCEE 72 WGD CTOBETEEIZL S TELL 2 DO#EIE T (N7 1
7Y L LTCHEET S, BEEAFEICBW T, EE L G-CSF X A 7 v—7 (G-
CSFa) & B Z/v—7 (G-CSFb) BMFEEL, B 77 1 v 2® G-CSFa & G-
CSFb O M. invivo 3 X W invitro (28T A& MO HEL & A ERES X
N~ ra7 7 —VOREIILETHD Z ENRRBINTUVD (Stachura et al.,
2013) , £/, BT T 7 4 v 2® G-CSFb 1%, BEHN~D G RER OB S
IZBA5- LTz (Galdames et al., 2014), G-CSFa DFGIIAHTH-72, ZD
BRIZ. BEEMRIED G-CSF (X, WFLH L AHRZRRE A H A L TN D T MR
HMHNTND, L LR, BEES TITELORFE TE OMERIZ DUV TRTE,
PR, ERITHERPEZ L LB TEY, N7 o 7 BICET HEEEIZEY
WAELDZ ENTHEND, BIEE TIZ, fJEH G-CSF ITBWT, EESTDE
WIZHE B LRI T DA TE LT, £ b ORRE 5 0 R EN LR
T D,

AWFFETIL, =A D G-CSF /X7 v 7 DRt 2175 Z & T, MM A of
RO — a2 O Lie, aA I 3RKMEAETH D 72D, G-CSF One
FENTIZ 33\ C B e MRS RERRIT° in vivo IBRICENT-ET L TH D, FT-.
A, BT 77 4 v v a2 MOBEERIE L L, L0 T WGD A X
VR ETHEZEBRL TS 45K TH S (Petitetal., 2017), AETIE, AV

IN—TIET D 2 DD G-CSF (g-csfal, g-csfa2) & B 7 /V—7® G-CSF (g-csfbl,
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g-csfb2) (28T DIEREDRFEIZ DWW TG T 5, EEEMNT CIE, Frlc~womr 77
—VTERBBLL TS 2 20D G-CSF X7 1 7 (G-CSFal, G-CSFbl) Dffax ¥
R B AL, A SRR D, b, 2 e =—BRICBI T o8
BEAM~ T, £/, B G-CSF N7 7y, WEAETEME, 1EMEREE DOPFEA R
& BT TP EROBEREIC AT R A T, RIS, PSR Mk o0 4F BRI

4% G-CSF 7XF 1 7' D in vivo TOREEZRE LT,
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2.2. BEIB L O

22.1. fEEkfa

fitif & U CIRE 30~100 g D 21 (Cyprinus carpio) /N2 A) B L OMAE 1
~2kgDaA (RaA) W, BRGIVEAZO AL, 0.5 %REDOHE
Kigg 1 BT 72, KR 25°COMEER 1t ARETEBE L. 1 B 1 [E#a6F
HATo Tz, /haA X, kOBl X ORIl R I, Ka A 13iEOERIZ
H L7,

222 A MmiFO/ER

ARSI 2 2 A MG ZAF RS 2720, RaA ORMLENS 1 &
o1V 30~40mL DIk A 3 HEIF ISR L 72, SRIRL 72 Miki, meFEak
D= HEIRT 2 B E%., 4°CT 2 FEMHE L, #0 T 2 EomE L5y
(1,600xg, 15 43) \Z XV My 2RI L7z, MigIEIEmb 40°C, 30 77) 4. 5~6
MBSy 2 7= LT, £72, BT ELZ KITTEEZ 6N AT 1A RER/LE
VEDOR FABIEEYE E IIENOBRET D720 MARIROTEMER (Sigma-
Aldrich) Z1fiE 1 mL (%L 10 mg OFEIGTINZ 30 R L=, T D%
3,000xg, 15 53 Cim.LorBEte . RIEZ B L, JEEIKEE (pore size; 0.22 pm) L,
fili FIF & T-20°C THRTFE LT,

223, A ORI L ORI D 55 Bt
HEAR &R D o3 BED T2 12, /N3 A % 0.01% Benzocaine (Sigma-Aldrich) ¥ 7=
IZ Tricaine Methane Sulfonate (TMS, Crescent Research Chemicals) THE:L . J2&

R BRI L7t KR 2T o7,
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FIMERIE, BEE. (R, B RO D570, a4 22288k, R, KER
F O 2 Z N E BE IR L, 245 % SmL @ Eagle’s minimum essential
medium (MEM, Nissui Seiyaku Co., Ltd) Z &2 ¥ —ULIZB L, 60#D AT L A
Ay o ECHE AT X DI U CmERZ 2B U7, B . AR & Dk
B (200xg,5%3) L. EiEZEET, SmL O MEM ICHEEES -, fitl\ T, lLE
1.075 @ Percoll # (GE Healthcare) (2 Z O #lfRTZ IR 2 EE Uiz Doy B L 7=
(400xg, 20 43), =%, MEM & 3—a— Lo &2 [EI L, @O EEC LV
MEM T 2 [l L7, 20% 7 I RImTE (FBS) & 2.5% = A Mg % &1 E-
RDF Hiitt (MR AR T3k Usx ) (BAF E-RDF20/2.5) THEE L. 35 pm &
JVA |k L—F— (Corning) % 1@ S CTREEMRLIRE LT,

RIEML A MER (PBL) X, 24 OREFFARDH~RY VB L7232 ) 2T 1mL
DOMEZHIL L., K& L7 MEM 9 mL IZ{EA L. Zi% Percoll (1.075) I[ZHE/E
L T L7 (400xg, 20 43), MEM & Percoll 5257 i O AIE 2 HREL L. 330
B X W MEM T 2 [A%E#% L. E-RDF20/2.5 5 1 2 FE L7,

EhROLFRERIL, Bk ool vV BRI ER 2 4y BEf% . 2 FEEED Percoll (1.080 35 L
1.100g/cm?) |[ZHJE L ,4°C CTim Loyl L7z (400xg, 20 57), 0%, FLEE 1.080 X
D _EJEOMIEEFERIZEE T, E 1100 £ EEEBEILL, SmL @ MEM (Z¥#
B S DT L2 (200xg, 5 97), V2. 4 ER &R M ER 2 & Toilia sl & 7R
MERIAME S >~ 7 7 — (150 mM NH4Cl, 10 mM KHCO3, 0.1 mM EDTA) T 1 /&
Ry T 4T TDHIEICE o THEMAE L7, W CHilaEE OS2 BEZ LD
MEM T 2 [Elfe L, & IFERICHE L 7o TRl L7c, 4 EkoMiEE L, BD
FACS Canto (BD Biosciences) # W\ /=7 —H% A4 h A U —BILUO~LA4F
F—BYREIZED 2% ETHD Z L 2R LT,

ffg AR (Joerink et al., 2006; Stolte et al., 2008) B L~ 27 1 77— (Joerink
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etal.,2006) (XHATHFRIC L 2 FIETAT LTz, F72, Bk X ORERITBEA
IEMALRR S B S 27 & (MACS) & VW T, HiaA IgM HiiK WCI12(Secombes
et al., 1983)F X UL =2 A #2ERHT{A WCL6 (Rombout et al., 1996) % i\ T PBL 7>

BAEEL 72,

22.4 =2A G-CSF & T DFRIEFR I OFEHT
2114 G-CSF OEnF1%, fETG-CSFIZHEEL TWAZ ENMLNTWAHIE
f5¥ (med24, psmd3, kpnbl) O #H % FH T, Augustus B 1 TP — —

(http://bioinf.uni-greifswald.de/augustus/) (=X W FH L 7=, %W T HEE =21 G-CSF

a—RTpaA4DF ) AEANICKHL TT I A4 ~—%i&i L7=, PCR. RACE

PCR, gRT-PCR LM Z & RV ERBUMH L7774 ~v—D VU X MX
LLUFIZ/R9 (Table 2-1, 2-2, 2-3), PCR fx)iriE, PrimeSTAR HS DNA polymerase

(Takara) Z T, 221 OB L OV kD ¢cDNA % HWWT1T - 72, PCR FE
913 FastGene Gel/PCR Extraction kit (Nippon genetics) % F VN T 7 /UAEHRL L | 10xA-
attachment Mix (Toyobo) & Ligation high ver.2 (Toyobo) % F\»T pMD20-T vector
(Takara) \ZF7 A 77— 3 > L, KIGE O DHSo RIS E s Uiz, X7 ¥ —fFH
)72 MI3 RV BL O M4 77 A ~—zlncan=—PCRICL VGt an=—
% [A % L. FastGene Plasmid Mini kit (Nippon genetics) % T~ 7 A I R % Hiff
L. BigDye terminator v3.1 cycle sequencing kit (Applied Biosystems) ¥ X Y ABI
PRISM 3130 Genetic Analyzer (Applied Biosystems) & U TA >3 — F OfEH| %
WELE, £ OBHNIZ-SUVT GENETYX version 11 (Genetic Information
Processing Software) % VN THEIHIEEHT 21TV, BLAST 7’1 777 A% W THilLfd
D G-CSF 7 X/ BRIl A| 2 A5 L7z, e <, FEMFEICIIT D G-CSF feAlic o

VT Clustal Omega ¥ 7 F 7 =7 (EMBL-European Bioinformatics Institute) % M
18
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WCT 74 A NaiToTo, o, ZEND G-CSF X /X7 E D 7 F

7'F Re#EdkiE. SignalP4.0 Y—/3— (http://www.cbs.dtu.dk/services/SignalP/) %

WTHEE L., BRFSNT7ZFF — 71X SMART H— X— (http://smart.embl-

heidelberg.de/) ZHWT TR L7z, RFEMHTIL. MEGAversion6 ¥ 7 b7 =7 %
FHVNTC. neighbor-joining (NJ) 7% & Poisson #E&EHWTITW, 7= A T v
% 1,000 FATW T/ S—k T =T TR LT, 241 D g-csfal, g-csfa2, g-csfbl,g-
csfb2 D 5E R ALY (Accession number: MG882495, MG882496, MG882497,

MG882498) ¥ GenBank (28K L 7=,

225 aAOBWAMKB IO~/ 07y —IIZktd 54 Y= UM

TR = A 2 & B U 720 i e B i B BRI EE oo A . LPS (IR EE 50
ug/mL), polyinosinic-polycytidylic acid (polyl:C, Sigma-Aldrich, #&¥=/ 50 pg/mL).,
F 721% Concanavalin A (ConA, Sigma-Aldrich, #&J&% 10 pg/mL )& Phorbol 12-
myristate 13-acetate (PMA, Sigma-Aldrich, #&JRFE 1 pg/mL) OFHAGOETENE
A1, 30 6 BT L, B L7z,

223 IZBW Tl L7-EER kD~ 07 7 — 1L LPS  (F&IRE 50 pg/mL),
ConA (F&IREE 10 ug/mL)E 721X PMA (IR 1 ug/ml) fHAHHOHE TENER

3. 6 FFEALER L, BV L 7=,

22.6. A OEMikR L OHHIAERIZIS T 5 G-CSF BinF OISR

fEFE72 2 A Ok & BERZ BRI L, A — I —DF/RIZHE > T RNeasy ¥ v
F (QIAGEN) % T total RNA & B L, -80°CTIRfFE L7z, Ml T, HLAEL
72 RNA (22T, SuperScript III First Strand Synthesis System (Invitrogen) % H\»

T cDNA ZH/k L7z, V7 V¥ A LER PCR (RT-qPCR) X, ABsolute QPCR
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SYBR Green Mix (Thermo Scientific) % H\ T Rotor-Gene 6000 (Corbett Research)
T{T > 72, RT-qPCR DH: -7 — # | % Rotor-Gene software v1.7 % F\ N CTHENT L 7=,
TV TNDTA A THE, HTTA4~—&y FOFHRISHHIL, Rotor
Gene Y 7 7 =7 @ Comparative Quantitation Analysis |2 X YV R 7=, HEHES
T OFX 22 REBL L, SRR 71X 40s 7 2=y b D sll ¥ 287 BlE T
MWV, ZOBGT EENBR T ORBRZ KT 5 2 L TEREIT - 12, IR
BFDTA 7 F7MH 32 L LG, BOELF 2 IERALIT OFILE &
L7z,

2.2.7. MHaZ 2 20 G OERL

RIGEHBLRIZEL VL2 214 G-CSFal 3 X ¥ G-CSFbl Z{ERLL7-, fiif
x 324 G-CSF DFHLAR T Z —(F N REAIZ 10xhistidine (His) tag 238 S 4072
pET-16b FH~_ 7 % — (Novagen) ZHWTIERIET=, T72b b, 24 D g-csfal
3 L W geesfbl D7 F AT F R % BT sk o0 B 511 i SRS 300 511 25 )
MEND LT TA~v—%FKi L, 21 OFlEI K OVLIED ¢cDNA 7> 7 L —
~Z T PCR i 21T > 72, PCR EEMIZHOWT, TN LHIREESR Ndel B
KO BamHl ZHWTHIRr L, 74 0 — X7 VESUKENC TolE, Bk, %5
R H—pET-16b (ZZNFIiERE L7z,

TR HRHR 21T - 72 K 2 %3 5 | Isopropyl B-D-1-thiogalactopyranoside (IPTG,
Wako) (2 & D##i % G-CSFal 3 LT G-CSFbl DIEHLFHE R I Oz & > /%
27 D Ni?'-NTA agarose (QIAGEN) Z HW /= KHT, w07 v ha— ot
W, HTFOEBEMZ TTo7, T7205, 100 mL @ Luria-Bertani (LB) 5%
H1C 0D600 = 0.5 fTir £ TRIGE ZHE L, 0.1 mM @ IPTG % il T G-CSFal

WZHOWTIE. 37°CIZ2 T, G-CSFbl {2 25°CIT TRt x & o 23 7 "B D FEEL
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ZHE U712, G-CSFal (Z2oW T 4 BfH#&IZ, G-CSFbl (22U T 8 FFfRIER IS
KIgE Z2 B L, 50 mL i LEICHE L, 0%k (4°C, 4000xg, 15 77), HiFZ 5
BITERE, XLy b &220°CT—BfRAF L7z, MBI RAE Lo RGE 20k BT
i L. XLy PO ER 1 g% L 10 mL @ lysis buffer (20 mM sodium phosphate,
500 mM sodium chloride,50 mM imidazol, pH 7.4, 0.1% Triton-X and protease inhibitor
cocktail) (& TR L BB AR U 72, e\ C L i U 72 KB 2213040 i (4°C,
9600xg,30 43) L. LiEICAANEY v R0 8 ILEICAREIE X VRV BN g £
TWBHT=®, EiEZ 045um L7 o V2 —|Zi L, Bl &2 R\ Tz, iV T,

0.5mL @ Ni-NTA agarose % 1.5mL = —7(2& VY, 1mL @ wash buffer (20 mM
sodium phosphate, 500 mM sodium chloride, 10 mM imidazol, pH 7.4) % 1z Ci /L
Peid (800xg,1747) % 2 [RHTV, EIFZERe, YRR D Ni*'-NTA agarose % i
AL L2 RIBEETAIR (FTTEETSY) (TR, 4°CT 1~2 IERIIEFI#L, 22D T
(Poly-Prep Chromatography Columns, Bio-Rad Laboratories)|Z 2538 U 7=, Z D%, #
g% 717 27 C 30 mL @ Wash buffer |2 TP L 7=, #i\ > T Elution buffer (20 mM
sodium phosphate, 500 mM sodium chloride, 500 mM imidazol, pH 7.4) % FH\ > THtig
IZHES L7z His-tag FREFAIR X # X7 B E2VEM LTz, 2 G-CSFal B LW
G-CSFbl &I/ A7 u~ b7 77 4 =L KRB L O+ EHEZ
iTote, T720bb, ZFVAilE/Ny 77— (50 mM sodium phosphate buffer, 150 mM
NaCl, pH 7.4) % H V> T Sephacryl S-100 gel filtration column (HR 16/60) (GE
Healthcare) (2 CHF&ZMHE L. G-CSFal 3K G-CSFbl (ZOWTZENZEh
—UHEIED D T S 55011 25,000 36 KOV 22,000 DHE R 37 H
AR U, b WK E L 7 R By FE&ORBRRM 2 R TR ER & ET
% 2y DORENE 2 7R 7 ' 213 conalbumin (MW, 75,000). ovalbumin (MW;44,000).

carbonic anhydrase (MW; 29,000)33 2 O} ribonuclease A (MW; 13,700)% v 7=, #F
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U2 # X7 E1X LPS FRED 7 L (Pierce™ High Capacity Endotoxin
Removal Spin Columns, 0.5 mL, Thermo Fisher scientific) % T~ == 7 /LIZHE
VN, RIGHE RO LPS ZFrE L7, 0.1% bovine serum albumin (BSA) % &
i¢ PBS Z%&IEY, 022um O A7 L7 4 )L — (Millex -GV, Millipore) |
TIEEBRE L, R E T-80°CE /2id 4°CIT TRAF LT, o, Z 2 /7ED
1Y Bradford 75 (Pierce Coomassie Bradford Protein Assay Kit, Thermo Fisher
Scientific) ([Z CTE&E L 7=,

MMz 24 =Y 2R (EPO), KitligandA (KITLA), hB Y ARARTTF
> (TPO) IXBMEE M ERIZ e L CTHIIEIEE 2 A2 Z LR LN > TV D,
ZDTD, T B EROIITA W, Zh DOz 7 R 7 BHIZHONT
IZTATIFIE 2 2R L ¢, 1ELES L OUEHL L 7= (Katakura et al., 2018; Katakura et al.,

2015),

22.8. MTT iRz AW - fi# 2 24 G-CSF 12 X 2 Bk B ifn BRI kk9- 2 HGETE
P DR

4 RN B A3EE L 72 2 A OFHE B T OERE o Mia sz, E-RDF20/2.5 H511T
4-8x10° cells/mL DIRFEIZFHEE L7z, Z OMIEREKEZ 96 U = /L7 L— F DK D
= /LT 50 uL 000 %, % ZIZ E-RDF20/2.5 55D LB K % 50 pL 32N 2 7=,
WLERR X, E-RDF £l (x0T 4 72> br— L), a4 BAMEREEERH KD
25% MR FHE R (CCM) (R T 7 21> b 1 —)L; Katakura et al, 2010), #H#az
TPO & KITLA OfiBAEbE (RKYT 4 7 ar bo—/b, F#&JEE 100 ng/mL) .
#HHL 2 G-CSFal ¥ 7213 G-CSFbl (£-#&JR=E 500, 100, 20, 4, 0.8, 0.16 ng/mL), #AR
IE1L (98°C, 30 43) L7-#H#i % G-CSFal 3 X T G-CSFbl % /=, K5I
B REsE & E s b3 572, MTT 7 vt A (Nacalai Tesque) & V=, T 72
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HPH, 10uL O MTT REE KT = LIz, 7 L— h% 30°CT 5 KA v F =
N— [ LT, AMREIDS CleBaOscAE LS, 0% . 0 HBE. 3 B E.
6 HH. 9 HHIZ Multiskan GO v 1 7 1 7L — kU —4%— (Thermo Fisher
Scientific) % FV T 570 nm OWSEE & 650 nm OWEEZHIES 5 Z & ¢, Ml
Wiz EEb LTz, &7 = /VOWIEEIZ OV TIE, 650 nm QWS TR L7
B2~ 5 570 nm OWIEHE 2 7 LI WTEIZ K D R iz,

2.29. ##Ex =11 G-CSF THIK L 7= Bl A Bk O x5 BUAET

Syl L 7o = A IR fEkZ . 0.5 mL @ E-RDF20/2.5 T 24 7=V 7 L — RZ
4x10° cells/mL DY CRERE L7z, ML, B (= hu—L) | Mz
G-CSFal (#4J&F£ 100 ng/mL). G-CSFbl ({%J2 100 ng/mL). #H#tz G-CSFal &
G-CSFbl Z W GHIN L7z b D OMAEDEDWF AT, 30°CT 12 KR L O
4 HIRAE L7z, B538 %% MR 2 [FIIYX L . NucleoSpin RNA % » I (Macherey-Nagel)
Z MW total RNA ZHEEL ., A— I —0DOFPRIZHE-> T Omniscript RT ¥ v K
(QIAGEN) % FHU T cDNA IZWHiRE L7z, 2 A O B#EEEE N T (gatal, pu.l,
cebpa, irf8, gatal) (Dahl et al., 2003; Katzenback et al., 2016; Kurotaki et al., 2014; Ma
et al., 2014; Rhodes et al., 2005; Tsai and Orkin, 1997) 3 X OVEBEER R~ — D —
(gesfrl, gesfr2, csflr , mpx) (Katzenback and Belosevic, 2009; Katzenback et al., 2016)
\ZDUNT, Thermal Cycler Dice Real Time System II (Takara) % W 72U 7 /L% A
2 PCR IZ T, NIRME= > b o — Ui f-actin 8- L7, E& PCR O
A7V T RMZ, 95°CT 30 Bdtk, 95°CT 5 ), 60°CT 30 BO¥ A 7 L%
40 [a1fT > 7=, 7 —# X Thermal Cycler Dice Real Time System Y 7 K 7 = 7
(Takara) ZHWTHEHT L. 48K (n=4) OFHE L EERFATER LT,

FIRRIC, oA OBRgAFhERICOWT, Biiion A, ## 2 G-CSFal & L < 1% G-
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CSFb1(ZNZ IR 100 ng/mL) T, ZAE4 30°CT 6 KEFALEE L, RNA %
HEE L, FoRD X512 cDNA Z G L72 qPCR L, 2 A T E I A U ZHIK (exerd,
cxcr2, cxcer4) (Fujiki et al., 1999; van der Aa et al., 2010) 35 & O NADPH 4% o % —
VHERA S (gp91Pox, p22°ox | p4(P"ox, p67°"°% and p4 7°"°*)(Mayumi et al., 2008) (Z->
WCE L=, £/2, ARz e — & LT -actin V-, T&E PCR D
YA 7 VT, 95°CT 30 Dk, 95°CT 5. 60°CTC 30 B0 % 40 A 7 AT
o7z, 7 — %1% Thermal Cycler Dice Real Time System > 7 k7 =7 (Takara) %

FAWTHEST L. 3B (n=3) OFEE &R TE LI,

22.10. AF Lo —REH R kv 7 O/

4g @ methylcellulose powder (4,000 cps, Sigma-Aldrich)% 100 mL O H#li/K TR
ML, BAMEIZOWTA— 7 L= REZ1To 7o, £DH%, BRIZETLHET
WA, HEO 2 {5 E-RDF 852 J8F0 L7z, HiW\CREM & 52 S
LT, BAK (2% methylcellulose %4 1xE-RDF ¥5Hi) % 4°CI2 T 1 BA&LL |
PR U7z, ERIL7ZZAF LBl —R « 2 b v 7 EEHE 4°CICTIRIEL 1~2
AU, & 5V 3 s % T-20°C THRAF L7z,

22.11. ##Az =4 G-CSFIZ L2 BIAMERICKF 2 an=—7 vt A

2 A OE Mg, R E 72 I3OR 2 5 538 L 72 A ERZ . 40%FBS 38 LT 5% =
A M3% % & e E-RDF £7H1T 2x10° cells/mL IZFH&E L7, an=—7 vt AIX
AF A —R LIRERD 2 JFRERER LORERIC XL D BEREZ 0
Too ZREREERIZOVWTILT, THOMEREL 35mm 7 ¢ v ¥ =2 Bk
2o ThbbH, WREFEAD 1.2% soft agar (SeaPlaque agar, Takara) ¥iE & 2 FiE
i BE-RDF HiHiz Zi 24 40°CTHRIE L, ZO®%MHE AR L, [ CiRE TR
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M L7T-, WIT, 2D 0.6%HKFER E-RDF 5, FBS B L Oz A MiE1/2xA b v
7Y ZNZEN075mL, 02mL BXW 0.05mL 25 4 v = ETRML, Bk
THETHE L, LRiEXEO L2, BligHmEkE A Frermo— AR H &
BAMLUTHER L, $72bb, BlEA MEKFERS L 2% A F Lt/ e—X E-
RDF A b v 7 iR %&%S&T DR L, & HITHH#E 2 G-CSFal 3 XU G-CSFbl & 5%
WEZ DM (B IR 100 ng/mL)ZEF1 L, 1 mL OREFIK A KERE O FIZ
HEWTE, ZNEND T v —LId, 30°C, 5%CO2 fAEFTT7~13 AEE L, #&
FERIZEDHBEREEIZOW T, WEHEAZD 1.2% softagar & 2 f5RifE E-RDF £%
12 Z £ 40°CTIRRIR L, Z D% mE Z IR L, A TR CHRIE L7z, RIZ,
Z D 0.6%%KFE KR E-RDF 51, FBS, = A M{F (12xA k> 7). =1 ElgE ek
FilFRAZ N 05mL, 02mL ., 0.05mL BL 025 mL ZEML, T«
v¥a BICHRE L, ZEERICBW TR SN cae =—TE~y FTHEIY
ATVPEIRFRATIC Wz, BERE TR S a e = =2 OWTIRBEMEE T
THIE L, ZDOIBHEL L OB Z I~ FlEss Ol oL, LLTFICR$
\ZHE > THEE LTz,

AT 2 = (& M 0 A BB B X (FL— b 1 BH72 O ane =—JEk
BONT V—T 4 7 L= AERE)

2.2.12. @ =—Hfa O VER AT

W

%

o =—MROIBREBILE AT 5 12D, TR0 a0 =—ZBAMEE T TBI%
L7223 i B L, MEM 8512 Bzl S &, DU (400xg,5 45).
A FAE & HVT 1,000 rppm T 5 O L CRIKIERZERL L, £ D%,
May-Gruenwald Giemsa (MGG) YA 7213~V A% o X —BREEITV, BAIMEL

WCTHIZE LTz, Sbilan=—HfifladOMIR A 6202 572 FHifLERk~—%
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—EE T OFBLE RT-PCR {EICTERE L, 777205, FEEOan=—%MH
EE T CEIL L, MEM (288 L T DR 217 - 72, I L72#if L W RNeasy
plus Micro Kit (QIAGEN) % fi L < total RNA % flif{ L. Omniscript RT Kit %
W IR OFIAEICHE S T cDNA 28R L7z, &R L72 cDNA 28 & LT,
KB DT T4 ~—%HLTPCR #1T->7-, PCR |2/, EmeraldAmp PCR
Master Mix (Takra) % FHV>, 98°CT 10 b, 58°C T 10 #bd5 L TY 72°CT 30 % 23
~38 YA I ND ISR TIT o T2,

HHERRS|~— B —IZXT DR T T4 72 br— e LT, EigAmEk%
LR a4 =Y A AR=F 2 (EPO) THI L., BRIz a2 e =—/)rof
% L7z cDNA % 7=,

2213, ##LZ =1 G-CSF 1T X % Blglr BRI 6 2 T PRl
FHHL 2 G-CSF 2 & 2 B ligar R ERIC 39 2 il ETE % Boyden Chamber {£IZ
FOWPEL, BBz ba—1 e LT MEM oA, Btar ha—rk
L T fMLF (10 ng/mL, Sigma) % A#l7= MEM i, #BREt L L Gl X G-
CSFal %7213 G-CSFbl (XL IR 250 ng/mL, 25 ng/mL 3 LY 2.5 ng/mL)
Z A7 MEM Z{ESLL . 200 pL 9°>F + > »3— (Blind Well Chamber, Neuro
ProbeInc.) O FEIZ AL, 7 « /L4 — (Polycarbonate Filter, FL£% 5pum, [E£E 13
mm, Neuro Probe, Inc.) ZJEIRIE FiZ72d X HICEE L7-, Hi\ T MEM H
T 1x10° cells/mL [ZFA4E U 7= iFHERZ 200 L Adv, 25 °C T 1 KA v 2
—bFL7ce A FaX— g, E=EOIPERFERZIRVRE, 74 V2 —%
Heo H Uz, AP ERTRIERRI OIS AT A LTl 2z F v o /3 —Ofx THED BV |
WEAERAROED FIZRD LD ATA RTT A/ fFT T, AT A4 RICHED

(iFt=7 4 B2 —% A% ) —)LCRETE L% MGG Yt 217> 7-, BAMEE K C
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Yt Lie7 4 V2 —%BIE L, 400 [5CTT ¥ LI 40 B QU R ERE 2 o v
L7z, ¥, IREABLUZE G 22 WEBRIK A5 T2 T 2 4 R ER O EH) D
IEMEAL (chemokinesis) DHMARET H7-80, FEHEICHL X G-CSFal BLW
G-CSFbl (&2 250 ng/mL) %, b=\ [RIFEIEEE O 2 G-CSF B LW
I ERZ A, [RIBR D IT1ETHIE L7,

2.2.14. ##AZ = A G-CSF (T X 2 Blgdr BRI 64 2 iR /X — 2k 5Bk

TP R PEAREORIE L. PMA I CEE SN DR AN—Z MV AL D,
I ERAMA N @ dihydrorhodamine 123 (DHR 123, Molecular probe) F2{b /)% 7 &
—H A NA—=FZ—=TRHRHTHZ LI VITo7, Thbb, a1 OBEL Y 46k
L7248k % B-RDF20/2.5 55 HIZ S8 L 2.5%10° cells/mL DFREK = 157=, ZiL
SIFFERE 1.5 mL = v~ F 2 —7(2 400 pL o457 L, f# 2 G-CSFal B
L OV G-CSFb1 (#4100 ng/mL) 177E [, 25°CT 6 KEEHIM AT -7, HIPK
%, TNZENORBREEOFFERIZ) L, DHRI123 Z 1uL 972 ((&IREE 10 uM) N
%5 SyMFE L. %2 T 500 ng/mL @ PMA (Sigma-Aldrich) & /N> 7 Ai % 100
uL 970 (IR 100 ng/mL) N2 30 ZrMiF#E L7z, €415 % FACS Canto (2T
Tu—H%A kA MY — (FCM) fi#HT 24T > 7=, BT ECEL (FSC) Rl 75 L
(SSC) ® Ky k= 7y b L CHHER B OMALA FITC & A N7 T AZREBT
%5 Z & T, BlgaFPERIZI T D DHR SRS & HE Lz, 15547 EHME
£V, G-CSF BB LFHERIZ IS 1T DIEMREAREL 1| & LIzl T DR
BREEIZ I DR R AR L L T EIZRE M LT,

2.2.15. #2214 G-CSF O = A KTk H1ER OfEt
A1 G-CSF /S5 1 742500 2 A BRI, ~/S Y S ALE LT VES 38 % V¢
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FREIRDN DS 200 pL OFRIMZFTV, F ¥ BT U —H T 2 T 400xg, 5 FrifiEO
SYBE L 7o, ARILERIE B AiER A ST ARILERERE N v 7 7 — TIRLEELL . N
AT 2B R L%, 7u—H% A A MU =82 &V, FSC %f SSC D/XF
A—ZZHADNWT BMEKREII KT 2RO R L RE LT, £D%, =1
DIKE 1 g 729 100 ng 42 % G-CSF/= 1 OIRE 1g/200 pL 1xPBS % EIENIC
B Gp) LTz, 7o, X TT 4 7 3> ba—/WZi, 1xPBS OA %5 LT-#f%
Hne, #5146 e, 24 KffiH, 48 FEfEI#212 200 uL O ARFE M A2 EREL L, #HHL 2
G-CSFal, G-CSFbl, PBS #5580 3 BEIZ DWW T, & 3 EEORMIMIZE T b
IR ERD =R 2 G~ T,

2.2.16. HEFHEHT

HEatfAATIZ, Prism 7 software (GraphPad Software, La Jolla, CA, USA) % H\\\TAT
o 7o, fRNTIEIZZE 41 41U un-paired Student's #-test  (Fig. 2-7). one-to-one comparisons
and a (repeated-measures) one-way analysis of variance (ANOVA) & Dunnet's post-
hoc test DA G >H (Fig.2-8, Fig. 2-9, Fig.2-11, Fig. 2-12, Fig2-14, Fig. 2-18, Fig. 2-
19). two-way ANOVA & Tukey's post-hoc test DA G 1 (Fig. 2-20, Fig. 2-21)

24TV, PAE 0.05 L FOEZHE LFRD T,
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23. R

2.3.1. [AlE SHiz 24 G-CSF &I 1D in silico fEMT

AT 2FEHD G-CSF T u 2B L TWHET I 7 v 2l WGD %
—REIZ<ERL WD 4FEEDONRTa 7 2H3 52 LN TREI L, NCBI
@ carp genome and transcriptome databases (project no.PRJEB7241 and PRINA73579)
BT D L psmd3, med24 H L <L Irre3 DRI 4 5D G-CSF /37 11 /&1
TR S NTe (Fig.2-1), £72. 2B G-CSF X7 1 2B H8aF O
(T =) 1L RYEEEOY T T 7 4 v 2 G-CSFa @i+ £ 721355 19 Y&
tBARD GCSFb BIn T L L TH, MmEIRFEINTWND ZEDHBMNE -
776

VT, PCRIEIZE D | BT 0 JITRENR T T4 ~—Z2 T 4 DD =
- G-CSF @ cDNA Sz G EY Z R L, > — 27 = ZAfiffrdk JOHEE T X/ il
IOt 24T > T2, ZDFER, G-CSF Rou /04 —72 V=T 477 1L —
2 (672, 675, 588, 582bp) X, TALEIL 224, 225, 196, 194 {HDT X /) frk =
— KL, 52o0x27 Y %ZHF LT\ (Fig.2-2and2-3), £72, = A ® G-CSF /3
ZuZix, 7R BESOHEREMERLELEMERIFF IV S 23020 57 (Table.
2-4), 52D o-helix N HREDFHLOTHMELZ LA L TV, —FH, £DHHOD
1 > Toh % G-CSFal %, BMET X /i (Asp B LN Glu) 238 & 72 Serl60 2>
5 Serl64 £ TO o-helix fHIEZ 1 W% < A3 2 & TSz (Fig.2-2 and 2-4),
F£72. SMART IZ LD EF — 7T TlI, =4 D G-CSF /X7 v Zi3nFiuy IL-
6/G-CSF/MGF # > VB 7 7 IV —DIl RAA V2 AT 5 & TSN, L
ML G, A RAL LV ORERFETHD, 2 DOV ANLVT ¢ NG ETERK
T54ODVATA UERKIIRFINTW e hoTe, £72, 24D G-CSF /37
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2270, B b G-CSFIZBWTU I FEZHKROFREITHET 2 & S DM
TR BRI AR L T2, 34 G-CSFa2 Tl a-helix B T2 D X 9 72
FRPET X MBI IAFAE LRl o 72 (Fig. 2-2),

RIRIRNT OFERTIL, T7XTD G-CSF 23, #E(Loife b, BI#MEREH O E &
WD IL-6 LRI D 7 TAZ—FFMLTNDZ ENHBA LT, £/2, 4 iD=
ADORTa T, TNTNEFHEED A 7 )V—7 G-CSE  (g-csfal, g-csfa2). b
L<IZ.B Z/v—" (g-csfbl, g-csfb2) (22 DT> Sz (Fig. 2-5), = Z T,
RIEIRHT & > v T =— T OFERICEE SN T, 4 2D aA G-CSF 8T 1 7% G-

CSFal, G-CSFa2, G-CSFbl, G-CSFb2 & L7z,

2.3.2. FHARE L O ML 231 5 G-CSF # 15 1 ORBlER

fEEE 72 2 A OFAREIZISIT D G-CSF /X7 v 7 OB T REENT 21T o7& =
A, g-esfal DB THBUTI A OFHN TR S E < RO THE, LK, fTH
o7 (Fig2-6), F7=. g-esfa2 1%, MIRCHREENZ L, =7, K., MR, Bl
TIIRBEN DR D o7 (Fig.2-6). —J7.g-csfbl B L W g-csfb2 DBAGFIEHLIL,
T A EDaf DT, BEENMEWL, b LIE, REBRUTFTH-
(Fig.2-6),

FEE IR 3T D2 RBLL NV AT & 2 A B TOREMIL (B Hii,
HHER, ~7 a7y —v B, 22K IV T, A 71— G-CSF (g-
esfal, g-csfa2) DFBIRNB 7 —7 (g-csfbl, g-csfb2) DEHL Y LE L Eho
7= (Fig.2-7), F£7=. &2 TDaA G-CSF /X7 v /& fa11E, MoMaizisis 5%
BlELHBL, v7 e 77 —VIZBWTRAREN-T, SHIZ, v7/ueT 7 —
VBT, A ZNV—TTlX gesfa2 L0 b gesfal 73, B 7 —TI2B N T g-
esfb2 XU b g-esfbl DFBENF D>, T OFRERIZONT, MM 21T o7
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R, PIEAY 005U FTHY (P£0.05)., AERENRD LN (Fig. 2-7),

233, OB EA ML L O~ 27 a7 7 —JI2B1F % G-CSF D& T-FH

HhigkEmERkE ~ 7 a7 7 — U 2K MlAl (LPS. ConA, PMA, polyl:C) T
% G-CSF /N7 1 7 OB FRIAE LB Lz, BEEMmEKIZS W TX
LPS 35 XU ConA/PMA OfLAGHHIZ L D 3 KR F L OV 6 FER O fil 412
TORT T 7 TR LEFANRD S22, Poly:C 12 L 2R #EIZITFHAD LF

X5 o7z (Fig.2-8), [AERIC, v 7 7 7 —VIZBWNTH, 4 DD/RT
0 7 DB FREBIL, LPS B L PMA OFKIC K - TH L ZTiE L7 (Fig.
2-9), £72. A Z)—"7D G-CSF (g-csfal, g-csfa2) 1% 5~6 (GFEE DIHL EFM
RO BILTZD, B 7 /V—"7"0 G-CSF (g-csfbl, g-csfb2) TlE 500 504+ 03 -
HuE2R LTz, £, RIEWYA b IHA L THHIL-IpD~r 77— BT 5H
FHELG . LPS FMZ ICHEIC EH LTz (Fig. 2-9),

2.3.4. KRIGHEFHBLRIC X D4AH# %2 =1 G-CSFal ¥ X ) G-CSFbl D EH

21 G-CSF OHEFERNT 21T H 72, A V7 V—7 XY G-CSFal %, B/ /L—7
&V G-CSFbl D x # o /37 B & ERL L 7=, KI5 Rosetta-gami B (DE3) pLysS
PRICHBL S H7-/#2 2. G-CSFal 3 X OVG-CSFbl # Ni*' 7 7 4t =7 4 —Z 1< |k
777 4 =T L, SDS-PAGE #1772 f. G-CSFal 3 LT G-CSFbl (%
FhEh, TR TEYA X THD 25kDa XL 22 kDa L1283 RANERR
Sh7- (Fig.2-10A), & 512, G-CSFal 3 X N G-CSFbl (Z2OW T LAl 7 v~
NTTT7 4R EIT ST 2A, ENENDSFEIX, 25275 BET 22,355
EEME N (Fig 2-10B), 72, TR Y T HIZOWTEITDIRET
SDS-PAGE Z1T-o72& 2 A, IR LTEL DI, ZENEIK 25 kDa B8 LU 22
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kDa OfFTIZ /SN R S 4uiz,

BLO
2.3.5. f#EZ = A G-CSF (T L 2 Bl A MR k3 2 HEHR TS 1

A OFNEIE Y KRk & RIS AR Z A L TV % (Kobayashi et al., 2016),
= A OB A MER IS & F 2 B g A fc x5, =24 G-CSF O & 4
FARDT0, #HLZ 214 G-CSF fFE T CHELITo 70, 2 A OB A sk %
#2 G-CSFal & L < {X.G-CSFbl f#7E T (£ #& L 0.16, 0.8, 4, 20, 100, 500 ng/mL)
TH#E S D &, Mz 24 G-CSF (332 20 ng/mL LI EDJEE T, HEMKFNR
HREROS S R BT (Fig. 2-11), —J7, ##2% G-CSFal ¥ LU G-CSFbl Z In#Ek
(98°C, 30 MLV RNIEMHAL LTz & 2 A, B ER R IT Kb (Fig. 2-12),
Fio, BEXRO CCM & L < 13k 2. TPO+KITLA f#/£ FIZBI H5#ETH
= A B gk I ER O M HEFE 2358 6D H 7 (Fig. 2-11 and 2-12),

EiAe 8 H H OIS DWW TSR T TRl A T o728 2 A, Mz G-
CSFal THELL7-laid, H5E L 7oMifln o < BRI W=7 L — | RITHE
&L CHE LA bR iz, —J7, M % G-CSFbl AU L 7= ikl
BAEMENMEL . BIE L T2 (Fig. 2-13A), 15 OMAIZOWTH A P AE Y
BRI L, BRPWBIEZ{To7- L 2 A, M2 G-CSFal #E F T 8
B2 LMo KE I, AHERMEOMIIE & 7 v~ F U EN RO
BT 5, FEREEOMICTH -7 (Fig.2-13B), —J7. ##iz G-CSFbl T 8 H 4L
BU 7= ARAR L, MR NS R OMFAE T D A P ERER O MR A3 3R 8 H a7z (Fig. 2-

13B),

2.3.6. ## %2 =14 G-CSF FFS A 1T - 7= B gk A fER DB x5 B

G-CSFal & G-CSFbl D& EIZ B 6T 5722, #H# 2 G-CSFal HjH, #H
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# % G-CSFbl B, % L < I3fH#E % G-CSFal 33 £ Y G-CSFbl O ILAFAE T T 12
RETR L 7= MBI C 5\ C L B BEERIE I (pu. 1, cebpar, irf8). FIHAKEM (gata2).
IRIMERE ML (gatal), V v 7RERIE ML (gata3. pax5) (ZBE5-F HHEREIN 1122\ T,
AR T RBMNT 21T > 72, U 7V A 5 PCRIC K D EEMNTOFEFE, MLz G-
CSFal THIP L72B g A MEk Tk, 5 RF ORI L~V IT R b7z
STy, #AH#AZ G-CSFbl THRIGH L 7= Blg 8 mekid, MR OMAa & i LT,
cebpa DFEHL L)V NEREIZEH LTz (Fig. 2-14A) . £72, MOERER 12
OWTCIIE B R b & /R & 720 - 7= (datanot shown), ##i % G-CSFal 3 X O G-
CSFbl ILAF7E FCRBEL7ZHIIZIC DWW T H AT 4 Az hr—/L B L,
cebpa \ZBT HRBL L~V OFE R ERAPFEO b (Fig. 2-14A), #W\ T, G-
CSFal & G-CSFbl 7%, =A OFHEECRMIAOEMIZE ST 5% A M UA 2%
KB LOFPERERY I o~ F X X —PORAELFH T 08 2 02K
Af L7z, BRC & RIBRDMLIE Z 4 0 AT > 7T MIaZ I 1T D esfln, gesfrl, gesfi2, mpx
® mRNA L~V % fE &) PCR THENT L7z, ZORER, v /v 77y —Yanm=—
1% [+ (Macrophage colony-stimulating factor, M-CSF) % & {Ki&E s+ CTH 5
esfIr OB A MERIZF81T D FBLL, L X = 1 G-CSF THITE L 7oAl & M5
O % el L CH B EOEITFRD Lo 7= (Fig. 2-14B), Bl A1
BRICET D gesfrl & mpx OFEBLZ, #HHLZ G-CSFb1 Bl #H#L X G-CSFal 35 &
Y G-CSFbl $EF(E FICBIT I LD ATy v hay br—L L gL T,
g-csfrl \ZBWTHI 2 fi%F, mpx TIEAKI 3 £ LA L7y, fi#a 2 G-CSFal B/
T ER Lienotz, —F., BIEAMERIZET D gesfr2 ORBIL, Mz G-
CSFal FIBYCIE, AT 4 whay ha—L L L, 35 LH L=3, Hfz
G-CSFbl I TIL 2 3D 1 BREIIE N4 MMz~ L7z (Fig. 2-14B).
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23.7. A G-CSF RIRIC X 5 v =—JBhk

IFLIRIZ B VT, B OMNERIZE N Z DRSO FIESHIE B b3 %
EENTHEY, ABEICENTH, 2 =—BREEEIEIC L0 | & aiEkHig o 47
TEDNBH S22 72 - T % (Katakura et al., 2015), #A#2 2 =1 A G-CSF (2 L 0 H#95l L
A O Bk L OMERRFN 2B 5T 5720, an=—BRESEEY T,
ZOFEF, MH#LZ G-CSFal fA1E FICBWTar =—BAlLiZ s A ERBD LR
o728 (Fig. 2-15A), #H 2 G-CSFbl 177 FCliks#E 3 H HICERE T —72
M DR SN D Typel =2 12 =— (Fig. 2-15B) MBS, Thbpap=
—HIIEFR 7T ARSI 20 18/7 « v v 2B S, ar=—HuiRkRE o7z,
ZOHENLD IR =—(IRAITHEL, BHEAH I BECIar=—(3i3 &
A ERD B o T (Fig. 2-15A), S b, fH#: % G-CSFal & G-CSFbl Difd
HE DY TR LR, Typel 20 =—|ZMA T, &S5 HE XV KRR
REJ—7p #7572 % Type2 = 1 =— (Fig. 2-15B) BB S, EE A% 11 A
BIZBWT, arm=—E»NRKERD, K20l/T 1 vaf@obhl, Tib
Dan=—[FFRARIS HEZRBE LB b an=—2BlE S (Fig 2-15A),

2.3.8. = A G-CSF IZ KV Bk & 47z =2 v = — D VRIRfENT
an=—OREEHALNIT S0, arm=—%FILL, ¥4 b A BT
ROBIE LUK MEKRINCK T D~ — I —BIZFORBGET 21772, A
A B CBEEATIE, WO ar =—4 MGG Yt fBIzi\W THhE e i h
O R LT AP P ERER DAL ASGE D DAL, ~L A v &4 — B Ye @ T~ R
GuF DAk & T2 AL EEBE O I R ERER M L 0 Mk S v Tz (Fig. 2-16),
BB ORE R, Type | O =m0 =— % GFHEROFEAICE G TS g-csfr,

cebpa, mpx BB L, HER -~/ 077 —VROY—H—ThH 5 csflr T
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IR LT3, £ DOMOBE TR Lieh- 7, —J7, #tz G-CSFal &
G-CSFbl DFLIAH O TUFE L 7= Type 2 D a1 =— (%, IFHEk~—h —Els+

TEF TR, esflr R irf8 bmFEH L T/ (Fig. 2-17),

2.3.9. KNRERZIUT D 2 A 4F PERAITBEAIRL O 5y AR

2 A OLFPERATERHIL DO AARRNIZEB T 2 0M 2P LT 57202, ae=
—EREER AT o7, bbb, AMERAEE, IE. M L ORI 5
B, 9 1x10° cells MBI DOWT, AT m—R/T T — A T,
I U< 13FEHA %2 G-CSFal 38 X OVG-CSFbl 277 T (& #2100 ng/mL)
FIIFIAET CTHEEL, R 6~11 ARICan=—h U M a{To7z, K&
(CRIT D an =—Z2 5l L7oS R, RIFMA K PBL & Mg E mERIX, Y1 k
HA L DEMOFEEZ b6, an=—2Bl Lol —J5, BEHE LK
B OMMALIT, #HH X G-CSFal & G-CSFbl Dij f DIFE F T, Typel & Type2 O
FNENRI25~40H D = v =—Z AL LT, FlfER 1235 1) 5 CFU-G 35 X OVCFU-

GM DO#%c13 Table. 5 D X H IZHEE LT-,

2.3.10. =A G-CSF D& fihf - BRI k9~ % i A= T
WLEALIC BV THF BRI R AL L7eth . AFhER IR0 M 7R YL SR T~ D 1 A
(X, RO RIEFTRCAR TR T 5, REBRTIL, 2 A B hERic k-7 24
#i 2 G-CSFal 35 X Y G-CSFbl DFEETEIEIZOWT, AT F v o 3—ikEa H
WCHHARTZ, 2 E TOHE (Katzenback and Belosevic, 2009) & [FAEEIZ, RA T
YT x =0 BBICHRE S LA ERIT IMLF AAMEET D TET v N —IC
[]7> CRENL7-72% (Fig.2-18). fMLF Z KFEBRDORST 4 7 ar tr—Lk

L7z, EBROFES. 100 ng/mL PO G-CSFal F7-1% G-CSFbl DIEE T
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T, BIROLFHERIL TEH T v 3= o> TREN L7 (Fig. 2-18), KT
W72l ETEE DA A B 5 7223 % 728, Chemokinesis =& b —/L & LT, i
#ix G-CSFal & L <% G-CSFbl % LBt & TEDMFDOTF ¥ o —IZ A5
G P EROBENIEE = o e — L EFRRTH T, 2D &G, IFHERD
BENIT A N UA COREARIKGT H Z LR E Tz (Fig 2-18),

G-CSFal 3 XU G-CSFbl |2 & 2 77 1 A V2 BRIROER 13 BLREis%AE 2 B
BINZT D7, BIROLF P ERZ 5 #2212 G-CSFal %7213 G-CSFbl T 6 I
FIALER U7-, BB FJEO CXCR1 B X NCXCR2 1%, IL-8 DK E LB
TEY., BB I MEEOTNA~DFPEROWEEICEHETHLZLNET T
S v alZBOWTHE SN TWD (Blaser et al., 2017; Powell et al., 2017), #H#: %
G-CSFal 7213 G-CSFbl THEE L 72aF FERICE T D exerl FEHLL~ILIT,
KL I U TN, 25 F 0T 3 5 R L Cunve, FRIS, REEHIEATIC
X Y. G-CSFbl O FHITAE: (P=0.05) BRI LA THLIFNRENT, &
D LB, G-CSFal 38 XN G-CSFbl 24 ERICEBIT D IL-8 e EDTrEA
IZXF T DA Em D D Z LR ST (Fig. 2-19A),  ##iz G-CSFal B L Y
G-CSFbl THLEE L 7= 4FHERIZEIT D excr2 @ mRNA L~ULiE, B IR & b
LT LAenr o7z (Fig. 2-19A), MFLFAICISVN T, @& Ml fa o KA ~ 0l E

(ZBSE#E T % CXCLI2 DZBIRTH D cxerd D mRNA Lo T, filfft

Z G-CSFal ¥ X O G-CSFbl OALEECIIZAL L 72y~ 7= (Fig. 2-19A),

2.3.11. =21 G-CSF OB ligds BRI %7 2 15 M e 38 2E AR
IR ER O ETEMIZ B W CEERIEMRE OFEEIZIEL, NADPH 4% % —F
DL L 720 5> CTRA—R—F X RT7 =4 U 2T 5., R/ R—Z2 RN EET

&% (Babior et al., 1973; Hampton et al., 1998), % NADPH # % v ¥ —E %
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HFLED NADPH A% o & — L FLL L 72 IEHALER R & S RERTS 2 B35 2
EARENTVWS (Mayumi et al., 2008; Olavarria et al., 2010), NADPH # % 3 %
—E I % G-CSFal 3 X (N G-CSFb1 ALBRIZ L » TEHEE I 50 E 9 W& G
T 57012, Fi# 2 G-CSFal 3 L O G-CSFbl T 6 IRFMALEL L 7= 4 ERIZ BT 5
NADPH 7% > & —BHERE ST (gp9I1Phox, p22°hox| pd7ehox, p67°hox 15 LU p40rher)
® mRNA LUV ZHIE LTz, T8 PCR OFER, Mtz G-CSFal CTHLHE L /=4F
HERD p47°h" O mRNA L~ U id BRI & i U TR 1.5 5 B L7z, 72,
#1442 G-CSFbl THLER L 72 4FHHERD p477hox 18 O p40Ph* > mRNA L~
B & Heie L TR E L, A 185 &M 13 fF LA LTc, T B DRERIC
DOWTCHFENT 21T 72 2 A, HEZR (P=0.05) BB LA THLIENRI
T2 —J7. DS D mRNA L-UIIHEEICEL LR - 7= (Fig. 2-19B),

2 A BhgATH ER & X G-CSFal F7-1% G-CSFbl THEET 5 Z & T, PMA
SEORNEENC L DIEEBBFEADERIND T T4 IV I RFEINDLNE
I MEFRDTZDIT, PMA TR L 72 PER DR S — 2 R 2 JIE LTz, 4FH
Bk R5Hh, fH#2 %2 G-CSFal % 721X G-CSFbl T 6 REMATALEE L 7%, DHRI123 O
FEFTPMA ZHWT, b LLIE, AVFICBIL, 7a—¥% A hA U —T
ST LTze ORI, RO ER, 2 G-CSFal THILH L72if kP
& U G-CSFbl THIALER L 72 4F Bk Z 240 PMA THIE L 72BR OB H05R
FEIXZ 4, £ 14000, #9 16000, #918000 ThH o7z, ZiHDFEFIZDONT
MRHRNT 21T o728 2 A, #2221 G-CSF TR U 7= 4f HHER 00 36 3 L 1 3 4
T O & teilig L CHEREIZ (P£0.05) ERET2FE N RENT, £ /2 G-
CSFbl TP L 72 hf FERDIE S — 2 ks OHg5RI%, Mz G-CSFal TRELL 7=
FHERE D b & -T2, OISOV TIRIBEDREHERNT 21T - 1= 8. A7

7 (P=0.05) THDHHFEIVRINTZ (Fig. 2-20), Z D Z L&, p47phox DHEFRD T
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v X ab—a rOfERE—ET S (Fig. 2-19B), 7=, ##t 2 G-CSFal
X OV G-CSFb1 12 & D 4FHHERDALER T, PMA HE 78 LIS S — 2 | % [E 58

T 52 &l o e (Fig. 2-20),

2.3.12. =1A G-CSF O A ERIZH 3 H1EH
##LZ A G-CSF DERIZH T DEMEZH LT D72, Mz & 3y

BaMEENICRE Ule, AT, BRIEHE, PBS & G#F. ##ix G-CSFal %
Ll JOMH#L R G-CSFbl & 5-HED 4 FEA HE L. EHR G 6 IFfH# & 24 I
MR B e 2 B, 7 —3 A A M) —IZ X 0T 21T o7, £ D
fii . #HAR = A G-CSF & EGRTO R B MERTIZ 56O 2 4 P EROFIG IR, &HF
IZBWT, 1 1~2%Th -7z, —JF, G-CSFal £5- 6 FEfH% 5 L O 24 K12
B D EREOEIGIZENZIL, 17% L 10% TH-7=, F7=. G-CSFbl
G- 6 KRt L ON 24 BFfETR TIE, HHEREOBIGITEN LTI, ) 29% &7
33% ThoTc, ZNDHDFRERIZOWTHFIT 21T 272 & 2T A, & ERTE IR L,
#HA X = A G-CSF OFGAZ LV KDL EROFIE A EIZ (P=0.05) H04
L2 ENRHIBMNTRoTe, EHIT, MR 21 G-CSF OG- 24 fEl#2 113, #H
#iz G-CSFbl I, #H#i % G-CSFal LV & AEIC (P=0.05) @\ EBRAFHES A
L7z (Fig.2-21), — . sEHE G5 48 BEE# Tid, EHEEES PBS & 5-
FEIZB W T O AP ERE OB AFR O Hive (Fig. 2-22),
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24, BE

AHFIETIE, 24 D 450D G-CSFBIEFEZ I/ r—=7 L, £ILb DR
LM LTz, 224 G-CSF /X7 1 7 O IEHIE L OT 2/ BRECH % SEHIC fif
BT L7 5, WFLJE G-CSF & £ < ol ani@d biviz, 4 2O =1 G-CSF &
fGFIET T 550 exon & 4 50 intron THEK SN TEY, & FR~v 7 AD G-
CSF ot O EHHE D G-CSF I[ZH LN 58 m i 2 R FF L TV /= (Santos et
al.,,2006), F7-. =2A Lt F® G-CSF 73 FIE. G-CSFal X, 520 o-helix
A A L, 512, &£ 7T G-CSF /37 1 74114, IL-6/G-CSF/MGF
RALER LTS EZx LT, AT, UH Y RESHEORAIZEET
% Asp X° Glu 72 E O T I BEFERIEONEIZOWT S, HiFLEHD G-CSF & 5H
L LTV /= (Aritomietal., 1999; Cebonetal., 1994), ZiL 5D Z & D, HELIE G-
CSF & = A G-CSF O©7 X/ BBEAIZ 1T 2 HEIMEIZ2EIITIRWA, &2 To =
A G-CSF /37 v 713 FLEH G-CSF & @l iz 0 b A Ulm#s 1, 772
bbh, ANvyarlThdbI enBxbilz, —F T, "7 It THINL
DMDIENDTRD bITz, RN ORI TIX, 24D G-CSF ~T v 7id, A
7' )V—7D G-CSF (g-csfal, g-csfa2) & B 7 /Lb—7? G-CSF (g-cstbl, g-csth2) (=
20T 6N, FRISHIZLAHEEIZB D THIEVWAFEL TWe, T80
LT THICEBWT Y AT A VEREORFSN TV DALENRLR D | £,
G-CSFal [ZIZMMERFEICE T achelix 23 1 D FEL T2, £2 T, K37
0 J T ORED AR 2 ST 5720, Bl FRBMIT 21T o 72, ZOREE,
A T IV—"F (g-csfal, g-csfa?) & B 7 v—"F (g-csfbl, g-csfb2) @ G-CSF IZH 1T
EEOHEICENR DD Z ERH LN E o7, Thbb, E& PCR OF5FIC
BT, A Z =713, FREEFEEIRIC I T 2 MR CTRED &> T2 DIk L,
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B 7L —7 DI BUTE T O TIHF RN Z LA L L o7, [FERIZ

s

RIZFTRTOREIUICIBNT, A ZV—7OREEIT B 7/ — 7 ORI E L
DHEHALNIED 0T, EBIZ, v/ r 77 —UE, WHFD G-CSF O FHE2
FARIR CTH D Z E MBIV TUWD N (Oster et al., 1989), a2 A D~/ a7 7 —
2B W T ORI & thig L, H1Z G-CSF /X7 1 Z OB Kb & o
Teo £72. v 07 7 — VBT D g-esfal DB FRIL T gesfa2 1D b
<, ¥/ RT7 =BT 5 gosfbl DBIEFRELL~UIE gcsfb2 LV b
Molz, TNLORERNL, aAIZBWTh~7 v 77— G-CSF OFEAM
fa b UCHERES D rIRBMEAE 2 B LT,

G-CSFal 3 J O G-CSFbl ORER S HITHFTT 2720112, A 7 L—7 XLV G-
CSFal #, B Z7/L—7" 1V G-CSFbl Z#E L CENENDOMIZ & /37 B %
YERL U 72, ABFZE THIWZ KB BLR I, Z M KEOMB X ¥ X7 Bx s
HZENTEDNR, XU R_IE~OREFEMMPAEE T, £, KBEBROE K
NERDIBAT D AREMER B D, LU, T O G-CSF 2R3 2 LLali O 5%

TIE. BESHATINZE OIFMERIEICHE TRV ENRE SN TR Y £, ES
Uz ufk G-CSF &t N D4R ERB/E DI EEICHIH ST % (Bonig et
al., 2001),

HH#Z 2 G-CSF OB A MLERIZ KR 2 TEME DB 24T o 7o R, FLEH D
G-CSF XY 75 7 4 v 2D G-CSF (Souza et al., 1986; Stachura et al., 2013) & [A]
BRIZ. =A@ G-CSF I3 EARAFRIIC B 0 MERDIIH A7/ E L7z, Mz G-
CSFal 3358 v — LICHAE LT ERERMIln O H5E 2355 L, ##22 G-CSFbl
(TAF TP ERERM I OEIE 2 355 U7z, S2E5. BliEa Bk 2 fH4 2. G-CSFbl THITK
T 5L, HHREROBAEICEEGT DB T cebpa DT v LT alb—3 3 V)R

WOHATVD (Ma et al., 2014), 7, 2 fifiD 2 A G-CSF ZHFKEBIET (g-
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csfrl, g-csfir2) AR T= & A, M#Ex G-CSFbl D&M gesfrl 3B LN =~
FFH—Y (mpx) BIoFORBELHEBST L ENPALNE T2, ZhbHD
T — 41X, G-CSFbl & G-CSFR1 324 OFHERFEAEIZBWTEE kB2 9
ZEERBLTWS, BT 7 42 TiE, G-CSFa & G-CSFb DOfj i3, 47
ek~ 07 7 =YDl FICHHE LTV 5 G-CSFR (A L, HAEHE5H % (i
M5 L& 2 5TV (Stachura et al., 2013), 45 OFFERE R & 135k
2. AWFFETIL, =4 D G-CSFal B Tid = m =—Bl @ iz o 7,

ZAUE, AR THWTW S FEE A W R ICB W T, 7 A r— @I
LV~ 77y =V b —~MROEERH T N, KR, v /e Ty —
IO EAE SO TEK T O BERHIR I N2l & & X HL5 (Neumann et al.,
1998), FEEEIZ G-CSFal 3~ 7 v 77— H b FEAT D AIHEFHEA 1 & FRFEAIC
ARSI AR T MO TR, S ORDMEDMETH D, — 7, 21 Oz
G-CSFbl [XHM T Type | ® v =— a4 L7725, Az G-CSFal & G-
CSFbl DAL HE TIE Type 1 7217 T2 < Type2 D a v =—E bRl L7,

LT RBURAT OFESL, Typel @ am =— 3, FPHRRZA~—I—ZEmBEH L, B
HKe~womuy—CRO~Y——TobDcesflr cOTNTHRB LI, ZOZ &)
5. Typel O = =—|F, WHALBEOWERER 2 0 =—JZRLHEAL (CFU-G) ICHI% 5
ZEIBRAIIC AT 2 2 E R STz, — ., Type2 D au =—|%, ifFHEk~
— BRI TR B - v/ Ty — VR — b EEIL T,

ZDIH, Type2 21 =—[F, WFAFHOPRIK - v/ v 77—V an =—JEpH
AL (CFU-GM) (YT A RIBGMIIAICH KT 5 Z BB bz, 2D ORER
D, A D G-CSFbl [F4F P ERRFIRENNE M 2 et T 5 DTk L, =214 D
G-CSFal X CFU-GM X V) 9 22 0& ARG O 3858 2 R 5 %A A T

b D AREM N R ENT-, F 7o, FHHA X G-CSFal 38 L X G-CSFbl OIEREIZ RIS 5
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BOD | FHE S MR OIS B TR 2 & oy AR 0D K sk D
XD DO TH D AR TR, A M A VR THL LB XD
i, fame LT, 24 G-CSF [ IMFLIE & [FERIZIEIm A 1 & U THEE L Tz
2. 3T a ZHIZB W THREEDIEW AT bz,
FLIED G-CSF 134 ERIzx L ClEEEEZ A LT D Z EAmE STy
% (Semerad et al., 2002; Wang et al., 1988), £7-. ¥7' 77 1 v+ = TiL, G-CSFa
TIE72 < G-CSFb 28 G FEALA~DAFPERDEFEAEICE G L TN D EZEZX BT
% (Galdames et al., 2014), AWFIEIZ LV . 21 OFlgss FHERIZ%} LT G-CSFal 33
F Y G-CSFbl (3Tl EIEEE AT 52, G-CSFbl X X W iRVWEREEZFT 5 2
EDBABMNE TR o7, FT2. G-CSF OUEETEMIZIL, BFAHIZB W T ekl
ERTFELTHLND IL-8 DG LTSI EHRIBINLTVD (De Oliveira
et al., 2015; De Oliveira et al., 2013; van der Aa et al., 2010), AFEERIZBWT, =1
B NEAT HER AR 2. G-CSFb1 CHIIPL L 7253, aF R ER O T e TL-8 5245
KTHD exerl DAERFE LHNRBO biLc, —H, IFHERIZ X 2 RAEDIUR
(ZBE5- L, BUGERALIZ 38T D AFHER D A 7555 5 CXCR2 #fs T O3B L5
LD HivZe o 72 (Powelletal., 2017), F 72, WFLEED G-CSF (%, &IMAHAkIZ
BWTHHERZREFT 5 DICEE /L CXCR4 DG 2FHET 528, 21 G-CSF
NTarlE, ENOOREEZFE L o7, i LT, 24 G-CSF /Y71
O TH, G-CSFbl MFHERICK T DEEICR BERETH D LE X BT,
HHERIX, RIEMY A A OV T IV TRMbE, [TFT74 07
Sh, WD XV RS R B RCTEER R EAFOPE RS FET 25 2 &2
T& %X H127% (Hallett and Lloyds, 1995), & l#Af-HERIZ % L T G-CSF /XF
0 2Nk AR A 4T o 750, B R0 A Y R kT B AR
. EOMRBICBW T HAHEBERBLNEBD S ho7-Z & 225 (data not

42



shown), FIHTIILFHEROBREMIMO S 7 F Mz Lo THIFEI STV S &
EZ DI, LD G-CSF IXHM ClI T A — 7 72 i hER DM N — A | % B
g Z ENTERWVWD, GHEROT 74 I 7 HFE L, (MLF X° PMA 72 &
DRPLIZCBIT D A= =4 F v RT =4V OEAD EF 2T 2 &L RAEE S
T3 (Kitagawa et al., 1987; Spiekermann et al., 1997), FFHTix, RHifnz &
JEVES A M OA TR 5L, (1) 7rT A %) —F¥ C(PKC) DOIEHAL,
(i) p47Prox D U U ER{k, (iii)) NADPH 2% o & — B )3l 9~ 2 1 PR 38 O PEAE
MBS 3 DD LT AT » T a2k T, IGEHERBEOEANERLEIND Z &
WA STV 5 (Olavarria et al., 2010), AHFFEICISVT, FHHE 2 =24 G-CSF
TUHFERE B L, NADPH A% o &4 — Bk oy OB BN 217072 & 2
AL BRI p47mo OIEBIN EH L Cnie, 2o EE, 24 G-CSF OAFHER
KT 27T A4 I TRIE, pATE A OB LA EZN L TR S hTn D
ZEPHLNCR 0T, EBIT, MR A= FREROFER LY . G-CSFbl X G-
CSFal XV &N FEREZ T F7 A4 I 7T 52 RSz, kX, &
HFEH G-CSF WA ERIZH T 2774 IV ERZA T2 2 LB LMo
7

INETOaA ORFIETIL, LI RBESCT A o &2 @ERNERS LT
Yatr. 6~18 WFEIRICHEER ML DAF P ERE NG L 24 BRI I30m 00N TR
DI D ENRENT VD, IS SO IERENRAE L BRI e D4 Bk 298 B if
I —EFRICEN BT 5 2 LR EN TV D (Havixbeck et al., 2016; Kodama et al.,
2002), ARFFETIE, M2 =4 G-CSF DIERERNHGIZ LY | B5% 6 ik &
O 24 FEZ G BR ML A BRI L 72 2 & 025 | invivo T G-CSFal ¥ &
O G-CSFbl BT E WA B R OMHPEREMEAF & L TEHNTWD Z L AVRE S
Nz, BEFFERICIBV T, Ml G-CSF i, L5RIEIIRIEIC X 0 4F
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BRI &l Z LT B I BT DM YL E 2 B oI ST % (Aapro
et al., 2011), FFHD G-CSF /X7 1 7 D [ERRIZIEGUIE 2 %9 2 A RBL R TE A &
LTHERT 2 E D D ERRDITIEL, SORDIMEPKLETH L, Lo, AT
281} D G-CSF /37 1 7 OMHREMRHTIT G-CSFal & G-CSFbl IZ[RH T\ 57z
¥, G-CSFa2 & G-CSFb2 3 [FAERDERE 2 FF D AIREMEIC DWW TIIHERIT 5 2 & L
INTERY, 20 4 (FEREICIT 2 M o HIERE O 2R G 2 B b s+
HITIE, TXTO A G-CSF T u Oz & 2 R0 B a Wiz S 572 50
TINMETH D,

UEDEXHIC, RETIT4FEHOaA G-CSF AT rn 7 ZHEL, KNTOZ
O DB FIRBNL — 2l T A OE ML HERIZKTT 5 A 71—
7L B V=D G-CSF IZBIT HHERERIRENEZH LN LI, AZV—T7D
G-CSF |3 Il m W IBIn TR R A2 s L, [EEMEOMERHICEE LTS
AREMENE 2 Hvie, — . B Z/v—7® G-CSF ITB 5 BENKL, =4 b
U VRS OFEENE LT 520, HEE RIS TR B IC A O &
PP e E o TN D T & DRI S v7e, EMIEMEICEI LTl G-CSFal 1%
G ER/~ 7 v 7 7 — U@ RTEGH O BEFE AR HE L, G-CSFbl 13211 OFEEIC
B DU ER/~ 7 v 7 7 — i aiE e 3 X O T ERRTERHEIG O HY5E . 431k,
v =—AEREE L, LD G-CSF L [FRRDOIER 2~k L7, EIZ, G-CSFal
& G-CSFbl X, 7 EHA U ZHETH D CXCRI OFBAFE T2 2 & T, 4F
HERD EAPERF & U TIEH L, &R ERDIEEIC G-CSF /X7 v Z3 5L T
DT ENTREENT-, £7-. G-CSFal & G-CSFbl I & b IZhFHEROD A PR HERE
WEHBSELRETHD [FI4 07| ZFE LT, ABFEOMEIL. WGD
IR > THELUREEEY A M A ANCERSTRERENFET 2 2 & 2R LI
TOWETHY | AHEGEDORE R TH D, EHEY T2 L D 50E I irkE 2
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Table 2-1. Oligonucleotide primers used for cDNA cloning from carp and construction of expression plasmid vectors.

g-csfal full R
g-csfa2 full F
g-csfa2 full R

CATGTATGCTAGGGTACAATGCTG
CATGTTCTTTTTGATTACTGCTGTG
AAGGGAGTTCCTAATGTGTTAAATTAA

Primer name Primer nucleotide sequences (5'-3") Application
g-csfal F1 CACACTTGTGGGAATTGTGG Partial sequencing
g-csfal R1 TACTGCGGAGGATGTCACAG Partial sequencing
g-csfal 3'Fl GCATCTGCCCCAATCTCTGACAAAC 3'RACE
g-csfal 3'F2 GGCTCAGACAGACCAAGTAAAAGACC 3' RACE (nested PCR)
g-csfal 5'RI1 ACATGCAGGTTGACAAGCAA 5'RACE
g-csfal 5'R2 TCTGATGCCTGCTTTGATGGGTCA 5' RACE (nested PCR)
g-csfal full F ATGGGGACTGCTGCAATCTG CDS cloning

CDS cloning
CDS cloning
CDS cloning

g-cstbl 3'F1 CGCGCCACGAGTTTAGCCAAGAAG 3'RACE

g-cstbl 3'F2 TCACACAGGACGTCTTCCGCAGTC 3' RACE (nested PCR)

g-cstbl 5'R1 AGACTGCGGAAGACGTCCTGTGTGAA 5'RACE

g-cstbl 5'R2 CGGCCACAATACGGCTTAAACTC 5' RACE (nested PCR)

g-cstbl _full F CGCAATAACGAGACAGCTCA CDS cloning

g-cstbl_full R CACAGGGTACAACATCTGTCAA CDS cloning

g-cstb2 full F AGCCTGCTAGAAATCCCTTGA CDS cloning

g-cstb2 full R AAATATAGCAGGGACTGGTTGG CDS cloning

G-CSFal ProExp Ndel F CATATGGCCCCAATCTCTGA Construction of an expression plasmid vector
G-CSFal ProExp BamHI R GGATCCTCATAGACCTGCTTTA Construction of an expression plasmid vector
G-CSFbl_ProExp Ndel F CATATGGCGCCGCTCCAG Construction of an expression plasmid vector
G-CSFbl ProExp BamHI R GGATCCCTAGTTTGATGCATCA Construction of an expression plasmid vector
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Table. 2-2 Oligonucleotide primers used for gene expression analysis with quantitative RT-PCR

Target ) . Product
. Primer nucleotide sequences (5'-3' Marker for
(Accession No.) v 9 ( ) length
Carp g-cstal F ACCCTCTGCCCCAGTTCTTC
(MG882495) R TCTGAGCCAGTGTGGTTGC 134 bp CriCsita
Carp g-csta2 ~F TGGGCGACAACACGATTAGA
(MG882496) R TGAAGTTGCAGTCCCTTCACC 136 bp G-CSFa2
Carp g-cstbl ~ F TGAAGTTTTGCCTCATTCTTGC
(MG882497) R CAACGTCGCTCAGGATCTTCT 135 bp CHCSbI
Carp g-cstb2 ~F CCACAGAATCCCAGAAAACCA
(MG882498) R GGCGTAGACTGCGGAAGACA 135 bp G-CSFb2
Carp cebpa F AAGACACCGCTGGAGACCTG P Transcription factor (TF)
(MH262559) R TTGCTTGGAGTTGTTGTGGAA g involved in myelopoiesis
Carp pu.1 F ACCGGGCATCACCTCACTCT . . .
(XM_019107899) R CTGCTGGGGTCATCGTCATC 125bp TF involved in myelopoiesis
Carp irf8 F ACTATGGAGGTCGGCTGGTG 122b TF involved in mvelopoiesis
(XM_019088951) R GATGTTCTGGAGGCTGTCTGG P yelop
Carp gata2 F CCCATCCCAACCTACCCAAC . . .
(AB429308) R TCACACATTCACGCCCOTCT 157 bp TF involved in early hematopoiesis
Carp gatal F TGAGCCCTTCATCATTCTCC . . ..
(AB429307) R TCCGCAAGCATTACAGAGGT 146 bp I mralivad n ey ool
Carp gata3 F TATCGACGGACAGAGCAACC . . .
(AB429311) R CCATCAAGCCAAGGAAGAGA 132 bp TF involved in T lymphopoiesis
Carp pax5 ~ F CAGCGTCAGCTCAATCAACA : . ..
(AB429310) R TACTGCGGATACCTGGGTCA 121bp E eolsilin B lymphogolas
Carp csflr F CAGGAAACCGGCCACTACA 106 b Colony-stimulating factor 1 receptor
(AB526448) R CCCATCTCACCATCGCTACA P (monocyte/ macrophage)
Carp gestrl F TGTTCATACGATGGGTGGAAG .
(MH262557) R AACACAGGCAAACACAACGA 145 bp G-CSF receptor 1 (neutrophil)
Carp gestr2 ~ F GCTGGGCTCTGTCTCCTGTT
(MH262558) R CACTGAGGGATGCTGGTGTT 92 bp G-CSF receptor 2
Carp mpx F GTGGTCGTGTCGGTCCTCTT . .
(AB429306) R GATGCCTTTTGTTTGGTGGTG 118 bp Myeloperoxidase (neutrophil)
Carp cxer! ' AGACGAATCACGCCGACATA 80 b Interleukin-8 receptor alpha subunit
(AB010468) R GACCACCAGAGGGAAGAGGA P ptoraip
g I GCCATCGTGAAAGCAACC 82 b Interleukin-8 receptor beta subunit
(AB010713) R AGGCACATACCCACACCAAC : p
Carp cxcrd F TGACACGGGCATGAATACGA
(AB012310) R ATGTGCTGAAAGCGGAACAC 87bp Receptor for CXCL12
Carp gp91P">  F TCATCAAGTGCCCATCCATC o Transmembrane subunit of NADPH
(AB290328) R CCACGGTTTTGTCACCTCCA : oxidase
Carp p22rtx F TATGCGACTGGTGGGATTGT 1241 Transmembrane subunit of NADPH
(AB290329) R CTTTGCCCCGTTTGCTTC P oxidase
Carp p47°'*  F GTGGGTGGTCAGGAAAGGAG . : .
(AB290330) R GGGCGTTGCGTATGGTAGA 146bp  Cytosolic subunit of NADPH oxidase
Carp p677'  F AGGCTCAGTTGGGAAAATGG . . .
(AB290331) R TATGGCTGAACTTGGCGTCT 84 bp Cytosolic subunit of NADPH oxidase
Carp p40P'>*  F CCCCCACACGCAAAGTAAA . . .
(AB290332) R CTGCCGCTGAAGTCAAACAC 88 bp Cytosolic subunit of NADPH oxidase
Carp B-actin ~ F CAAGGCCAACAGGGAAAAGA 98 b Internal control
(M24113) R AGGCATACAGGGACAGCACA P
Carp 40s F CCGTGGGTGACATCGTTACA b Internal control
(AB012087) R TCAGGACATTGAACCTCACTGTCT .
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Table 2-3. Oligonucleotide primers used for gene expression analysis with semi-quantitative RT-PCR

Target . . Product
'g Primer nucleotide sequences (5'-3") Marker for
(Accession No.) length
Carp gesfr(1/2) F GTTGTGTTTGCCTGTGTTGG .
(MH262557 / MH262558) R CTGGTGGAGGGGATGAATG 379 bp Neriepl
Carp cebpa F GCTGGAGACCTGAGCGAGAT .
(MH262559) R GCGTGGTGTTGAGAGTGGTG 333 bp Neutrophil
Carp mpx/mpo F ACCACAGTATACCAGGCTATAATGC g
(AB429306) R GGTTCTCAAACCATAACCTGTCC 270p Wil
Carp csflv/mesfr F AACTAAAGCTCGGAAAGACTCTGG
(AB526448) R CGCAGGAAGTTCAGAAGATCAC 286 bp Monocyte/ macrophage
Carp irf8 F GTGCCAGAGGAGGAACAGAAG
(XM._019088951) R GATGTTCTGGAGGCTGTCTGG 414 bp RSO Mo inse
Carp Ick F CGTCGGGTGGCTATCAAGAG - T eell
(AB429309) R TGAGCTCATCGGACACCAAA P
Carp IgM heavy chain (ighm) F TTCTTCCACCACCCCCAC S B cell
(AB004105) R GCTGCAATCTTGAATAGGAACTG P
Carp gatal F TTCCAGCTCTGAGACTGACTTACTGC
(AB429307) R CCCGTATGGACCCAGCATGT 442 bp Erythrocyte
Carp p-actin F GTACGTTGCCATCCAGGCTGTG 465 b Internal control
(M24113) R ACGTCACACTTCATGATGGAGTTGAAG P
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Fig. 2-1. Synteny analysis of G-CSF of human, chicken, zebrafish, and carp.
The G-CSF locations in human, chicken, and zebrafish are obtained from respective genome
resources at NCBI and carp G-CSF locations are obtained from carp genome and transcriptome

projects PRIEB7241 and PRINA73579 at NCBI.
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Fig. 2-2. Alignment of vertebrate granulocyte colony-stimulating factor (G-CSF) amino acid
sequences.

Alignment of vertebrate granulocyte colony-stimulating factor (G-CSF) amino acid sequences.
Complete protein sequences of carp Cc G-CSFal (Cyprinus carpio, MG882495), carp Cc G-CSFa2
(MG882496), zebrafish Dr G-CSFa (Danio rerio, NP_001138714), carp Cc G-CSFb1 (MG882497),
carp Cc G-CSFb2 (MG882498), zebrafish Dr G-CSFb (NP_001137226), african clawed frog X/ G-
CSF  (Xenopus laevis, Scaffold13265:3008399-3011722), mouse Mm G-CSF (Mus musculus,
NP_034101), and human Hs G-CSF (Homo sapiens, NP_000750) were aligned using Clustal Omega.
Signal sequences are shown with gray letters and conserved cysteine residues are boxed. In the human
G-CSF, helices (A to E) are denoted with coils, and Glutamic acid (E) and Aspartic acid (D) residues
representing major interfaces with G-CSF receptor are highlighted in black. In the carp G-CSFs,
predicted alpha helical regions are underlined with a broken line, modeled on the structure of human
G-CSF, and residues expected to interact with the receptor are highlighted in gray. Amino acids that
are conserved in all sequences are denoted with an asterisk (*), strong similarity with a colon (:), and

weak similarity with a period (.).
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A

ACTGCTGCAATCTGGTGACTTTGCGCATTTTCTTTTTGATCACTGTTGCTATAATGAACTTCCAGGgtL . . (intronl; 341
M N F Q A
bp) . .agCGGCTCTGTTAGTCACACTTGTGGGAATTGTGGCATCTGCCCCAATCTCTGACAAACTGGACATTATGAACAAGG
AL L vT L Vv 6 I v A s A P I s D KL D I M N K D
ATACTATTGAACAGGCCCACAGTTTAATCAACAAAATTCTACAAGACATTCCTACAACTCATGCAGCCTGGATAAAGAGCAA
T I £ @ A H S L I N K I L @ D I P T T H A A W I K S K
Ggt.. (intron2; 769bp) . . agAGTCTGACT TTGGGCGACAGCAAGGCTAGGCTGGAGTTGGAGT TCTTGAAGAAAGACA
s L T L&D S K AURTLUETLEF L K K D M
TGTATATACCCTCTGCCCCAGTTCTTCAGCTCATTTCCAATAACTTCAGCATGgt. . (intron3;228bp) . .agGAAACC
Yy I P S A P V L 9 L I S N N F S M E T
TGCCTTGCAAACATAACGAAGGGACTGCAACTGCATCTCAATCTCTTGAAAGAGATCAGCAATGCAACCACACTGGCTCAGA
c L AN I TK G L o L H L N L L K E I S N AT T L A Q T
CAGACCAAGTAAAAGACCTTCAAGCTGAAATATATGAACTTCTGCTCCTAATTGAAGAGgt . . (intrond;445bp) ..ag
b @ v K. bpb1.. ¢ A E I Y E L L L L I E E
TTGCAGAACCAGGCAGGATTTGACCCATCAAAGCAGGCATCAGATGAGGAGTCGCAGACCCCTGAGCATGATCTGGCCAAGC
L @ N Q A G F D P S K Q A 5 D E E S @ T P E H D L A K R
GTCTGACAAATGAATACCTGACCCAGGTGGCAGCCCACCTCACCCTGCAACAGCTTCAGGACTTCAGCTGTGACATCCTCCG
L T N E Y L T @ VvV A A H L T L © @ L @ D F S C D I L R
CAGTATTCACAGTATGACCTCCAGCTTGGCAGAGAACCCTAACACTGTGCAGCTCTGCGTAAATAAAGCAGGTCTATGAGCA
s I s M T S S L A ENUPNTV QL CV N KA G L *
GCCTAGAGTGTAAAGCCCAAAGTATACCTGAGTTTTGACACAAACGCATTGCCTTTCAAAATAAACTTAAAGCCTGCAAAAT
TTACTGAAACACATGCAGGTTGACAAGCAAAACTGAAAGTTCCATCTTTGTCTAGTGTCTGTGCTATTCTTCCACAGATGCT
AGGAAAATTTGACTTCCCAATGGAAAARAAAANTAAACCTGGCTGTTGTACT CTATAGAGCATGCATAGATTAAACAGCATT
GTACCCTAGCATACATGTCAAAATCAAAGTAAACTTTGGGCTTTACACAAAAACAGATACAGTGACAAGTAAARAACTAATT
AACAGCTGATATGTGTACACAGTCAAATTGTTTGTTGCTGGAATCTTGTTGCACCATCAGTCAGGACATGGAGGCAATGGTA
TTTGTTTCTTTGTATTTTTTCTTCAGATTTTGTATTTTTATTTATTTATTAATTAGGTTATTTATTTTATATTTCACTTGGC
ATTTTATTTATTATTTAAGTCATTTAGGAACTCCCCTARATGATTGCATTCTTTACAGTCTCATAAAGTAATGTGTTACTTA
ATTCACTGTGAAATACTTTACTGTGTCATACAATCTGAATGCATGACCATGTCTCATAACTTGCCAAATGAGAACATGGTCA
TTGGATTGATCTCCTGATCTCTGTGAGAACTACACACTGTTTTTATTAGTCATTTCATGTGATATTATGAGATATGTAATGT
GATATCATACCCATAAAAAGTAAGTGAGATTTCAGATGAGTTTACGTATGAATCAGTATTATTTATTTATTTATTAATGTAA
CTAAAAATACATGTATTTATTTTTGCCATTATTTGTTATGATATTTTTGGAATATTTGAAGATGTGCCTTATGTTTGATCCA
AATARACATTTCTGATGTGTGTTAAA

Fig.2-3. Genomic sequences encoding carp G-CSF paralogs.
(A) Genomic sequences encoding carp G-CSFal. LHQP01022752.1, Cyprinus carpio isolate UL-
001 Contig22774.
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B

GCTTTGTTACTGCTGGGGTCTGGTGACTTTGTGCATGTTCTTTTTGATTACTGCTGTGATAATGAACTTCCAGGgt. . (int
M N F Q A
ronl;35%bp) . .agCGGCTATAT TAGTCACACTTGTGGGAAT TGTGGCATCTGCCCCAATCTCTGACAAACTGGACATTTT
A I L v T L v G I v A S A P I S D K L D I L
GAACAAGGATACTATTGAACAAGCCCACAGTTTAATCAACAAAATTTTAGAAGATGCTCCTAAAGCTCATGCAGCCTGGATA
N K D T I E Q A H S L I N K I L E D A P K A HA A W I
AATAACAAGgt.. (intron2;477bp) . .agGGTCTGACTTTGGGCGACAACACGATTAGACTGCAGCTGAATTACTTGAA
N N K G L T L 6 D N T I R L Q L N Y L K
ATCTGTGATACCCTCTGCCCCAGTGCTTCAGAACATCTCCAATATCTCCAGCATGgt. . (intron3;502bp) . .agGAAA
s v I Pp S A P V L g N I 5 N I 5 S5 M E T
CCTGCCTTGCAGACATGGTGAAGGGACTGCAACTTCATCTGAATCTCCTGAATGAGATCATCAARAAAACTGGCCCAGACAGA
c L A DMV K GG L @ L H L N L L N E I I K K L A Q T D
CCAAGTGAATGTACTTAAATCTGAAATTCAAGAACTTCATTCCCTAATCAAAAAGYL. . (intrond;369bp) . .agTTGC
Q v N V L K S E I 9 E L H S L I K K L Q
AGAAACAGGCGGGATTTGACCCATCAAAGCATGCAAAAGATGAGCAGTCACAGACCCTTGTGCATGATCTGCACAAGCATCT
K @ A G F D P S KHAKDZEO S Q T L V HD UL H K H L
GACAACGGAATTCATGATCCAGGTGGCCGCCCACCTCACCCTGCAACAGCTTCAGGACTTCAGCTGTGACGTCCTCTGCAGT
T T & Fr M I Q VA A H L T L Q@ Q L Q D F S C D V L C S
TTTCTTAGTATTCGCAGAATGACCTCCAACATGTCCATGGCAGAGAACCCTAAGACTGTGCAGCTCTGCATAAATGCAGCAG
F L S T R R M T S N M S M A ENP K TV Q L C I N A A G
GTCTATGAGCAGCGTAGACTGTTAAGCCCAAAGTATACTTGAGTTTTGACACAGAAGCA
L *

Fig.2-3. sequences encoding carp G-CSF paralogs.
(B) Genomic sequences encoding carp G-CSFa2. LHQP01015831.1, Cyprinus carpio isolate UL-001
Contig15846.

C

GTGACGCAGCGCTTACGGATGCGGTCTGGGCTTTTTCTCGCTGTTCCTGCAGTGACGAAACAGAAGAATTCCCGGGAGATTT
CTCCTTCAGACCCGTCAGATCCGGACCCGAGGGATATTAAACATCTATGACCATACCATTAAATTCGCCCGGARAAATAAGGG
GCATTTTGCTGCGGAGCACTTGCTTTGATTCACACAAGAGCAGAACTAAGTTCAAGARACGTGAAATAATTTCCACTTTTTG
GGGCGTTTTCACTCCCCCCCCCCCARAGAACAGGAGACACAGGAGTGTGTTTTTCTCCTTGCACCTTTCCTCACTGGTTTTT
CGCAACGCAGCGTACACGTAATAGATTATAATGTAGTCGCAATAACGAGACAGCTCATCAAAGTTTCCTCAGTTGGACAATC
TCAATGGGTTTAAATAGGCTACTAGAATGCAGTAAAATATTCGATACACTCACAACCACAATGAAGTTTTGTCTCAgE . . (I
M K F C L I
ntronl;140bp) . .agTTCTTGCAGTGTTGCGCTGCTGTCTGACGCTGGTGGACGCCGCGCCGCTCCAGAAGCAGGAGATG
L AV L R CCUL T L V D AAUP L Q K Q E M

ACGCGCGCTGTGGAGCGCGCCACGAGTTTAGCCAAGAAGATCCTGAGCGACGTTCCCGCGGCGCACCAGGCGTGCGTCAACA
T R AV E R AT S L A KK I L 5 DV P A A H QO A C V N T
CCGCGgt.. (intron2;220bp) . .agGGTTTGGCTCTCTCCAGCGAAGCAGGACACTTGGAGTAT TTCTTAAGTGACCTT

A G L. AL S S EAGHULE Y F L S D L
GGCATCCCCGCGCCGCCGGTGCTCAAGTCAGAGGACCTCAGCATGgt . . (intron3;420bp) . .agGACGTGAGTTTAAG
G I P A P P VL K S E DL S M D v 8§ L S
CCGTATTGTGGCCGGTCTGGACCTACACCGTGACCTCCTGCAGGACATCCGAGAGCGCTCGAGCTCCACAGAAGAACTGAGC
R I vAa GGG L DL HRDILL Q@ DI REUR S S s T E E L S
CTCCTGCTCGCTGATATCACAGACCTGTCTGCTCAGGTCCACCAGgt. . (intrond; 98bp) . . agATGCAGCAGCTGGCC
L .L..L.A D I T DL S5 A Q V H Q M Q Q L A
CAGATTCCCAGCACAGTGTCCCAGAAGGCAGCGTTCCCAGCGCTCTCTCCACGGCTCAGCGGTGATTATCAAGTCCAAGTGG
o 1 p s T VS 0 K A A F P AL S P R L S G D Y Qg V Q V A
CCATCCATCTTTCTCTTCAGCAGCTGCGCAGCTTCACACAGGACGTCTTCCGCAGTCTGCGCCACATTGCTGCATCAAACTA

I # L. s L ¢ 0L R s F T oDV F R S L R HTI A A S N *
GCTGACTTTTCTGTGTGGAGTGTATTTTTGTAAGGCTCACTGGTTGTARAAACATTTGAATGGGTTATCCTTGCTAAGTTTGA
GCTGAACTTTGGAATAACTgttgttttaaatggatgtTTTTTATGGTAATTATTTAAAGTATTTATTGTTTATTTAATATAT
AACTTAAATATTTTTTATTGCTGATTTTATTTT TATGATGTTATATTGACAGATGTTGTACCCTGTGGGTACTGTGAAGATA
TCTATTAAACCTTATTTATTACTGA

Fig.2-3. Genomic sequences encoding carp G-CSF paralogs.
(C) Genomic sequences encoding carp G-CSFbl. LHQP01012478.1, Cyprinus carpio isolate UL-001
Contig12486.
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D

TCCGCACGTGTGTGTCAGACAGCAGTTAAACACTACATCATCACATTAATCATCACATTAGTAAAGGGCTTTTCGCTGATGA
TCGCTTGCTCTGATTCGCGCAAGAGCAGAACTGAGTACAAGAAACGTGAAATAAGGTTTTGGGGCGTTCTCACTTTCCCCCC
CACATTTARAGAACCGGAAACATAGGAGTGTCGTTTTCTCTTTTTTCCCCTATTGGTTTTTCGCAATGCATTGTACGTAATA
GGACCACAGTTTAGGTGAAATAGCTAGACAACT CATGGAAGTTTCCCCAGTTGAACAATCTGAACGGGTTTAARATAGCCTGC
TAGAAATCCCTTGATCAATGCAGTCAAATATCCCAAACTCTGT GAAGCACAATGCAGCTTTACCTCAgE . . (intronl; 26
M Q0 L Y L T
5bp) . .agTTCTCGCAGCGCACTGCTGTCTGACGCTGGTGGACTCCGCGCCGCTCCGGACGCACGAGCTGACGCGCGCCGTG
L AAHCOCULTULV D s AP L RTHE L TR AV
GACAGCGCCATGAGTTTAGCCAGGAAGATCCTGAGCGACATTCCCGCAGCGCACGAGGCGTGCGTCAAAGCCACGE. . (in
p s A M s L AR KTIL S DI P A A HEACV K AT
tronz;167bp) ..agGGTTTGACCCTTTCCAGTGAATCAGAACACTTGGAGTATT TACTGAGTGACATTGGCATCCCTGCG
G L. T L s 5 E S E H L E Y L L s D I G I P A
CCTCCGCTGCTCAAGTCAGAGCACCTCAGCCTGgtE. . (intron3;1591bp) . .agGATGTGAGTTTAAGCCGTATTGTAG
P P L L K S E H L S L D v s L s R I V D
ACGGTTTGGAGCTACACCACAAACTTCTGCAGGAAATTAAAGAGCTCTTGACCTCCACAGAAGAACTGACCCTGCTGCTGGC
G L B L H H KL L ¢ E I K £E L L T s T E E L T L L L A
AGATATTACAGACCTGTCTGCTCAGGTCCATAAGgL. . (intrond; 88bp) . . agATGCAGCAGCTGGCCCAGATTCCCAC
b I T D L 5 A Q V H K M Q @ L A @ I P T
AGAATCCCAGAAAACCACGTTCCCAGCGATCTCTCCACAGCTCAGCAGTGACTATCATGTCCAAGTGGCCATCCACCTTTGT
E s ¢ K T TF P A I S P QL S S DY HV Q V A I H L C
CTTCAGCAGCTGCGCAGTTTTACTCATGATGTCTTCCGCAGTCTACGCCACATTGCTGCATCAAACTAGTTGACCAGTACTA
L 9 L R S ¥ THDV F RS L RUHIAA A S N *
ACCCAACCAACCAGTCCCTGCTATATTTTGTATTTTCTGCGTAGARATGTATTTTTGTAATGCTCACTGTTTGTGTTATCCT
TGCTAAGTTTAAGATGAACTTTAGAATAATTTTATTTAATCAGATGTTTTAATTTTAATGTATTTAATATTTA

Fig.2-3. Genomic sequences encoding carp G-CSF paralogs.
(D) Genomic sequences encoding carp G-CSFb2. LHQP01028996.1, Cyprinus carpio isolate UL-
001 Contig29026, reverse complement.
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Table 2-4. Amino acid sequence identities ( gray upper grids) and similarities (white lower grids) of human, mouse, chicken, xenopus, and fish G-CSF

orthologues.

Amino acid identities

(http://www.bioinformatics.org/sms2/ident sim.html) following the multiple alignment with the Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/)

and

similarities (in percentages) were calculated using the Sequence Manipulation Suite v2:

Ident and Sim

Human Mouse Chicken African- Zebrafish Carp Carp Zebrafish Carp Carp
clawed frog G-CSFa G-CSFal G-CSFa2 G-CSFb G-CSFbl G-CSFb2

Human 69.95 35.21 22.86 16.07 14.40 13.88 18.64 20.81 21.82
Mouse 76.06 33.02 24.04 13.78 14.81 13.36 15.11 16.37 17.78
Chicken 49.77 49.06 25.37 14.29 15.25 14.71 15.28 18.89 19.35
African-clawed frog  31.90 37.50 39.02 15.81 13.25 13.56 13.62 13.55 14.55
Zebrafish G-CSFa 29.91 29.78 30.41 29.77 56.70 51.32 18.87 28.23 27.75
Carp G-CSFal 29.63 30.86 31.78 28.63 68.30 69.74 18.61 28.07 28.95
Carp G-CSFa2 27.35 28.34 30.67 26.69 60.96 75.44 19.91 28.38 29.26
Zebrafish G-CSFb 30.00 26.22 30.09 23.47 34.43 34.20 35.50 34.34 36.36
Carp G-CSFbl 37.10 34.51 36.87 27.10 44.98 44.30 44.54 53.54 72.82
Carp G-CSFb2 36.82 34.22 34.10 30.05 45.93 44.74 45.85 52.53 82.05

using default parameters. Accession numbers of protein sequences listed are same to Fig. 1B.
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Fig. 2-4. Proposed 3D structure of carp G-CSFal, G-CSFa2, G-CSFb1 and G-CSFb2.
Putative structures are modeled based on the structure of human G-CSF using the SWISS-MODEL

server (https://swissmodel.expasy.org/).
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Fig. 2-5. Phylogenetic analysis of mammalian, avian, reptilian, amphibian and teleost fish G-

98 100

L 44

CSF proteins.

Phylogenetic analysis included carp G-CSFal (C. carpio, MG882495); carp G-CSFa2 (M(G882496);
carp G-CSFbl (MG882497); carp G-CSFb2 (MG882498); zebrafish G-CSFa (D. rerio,
NP_001138714); zebrafish G-CSFb (NP_001137226); rockfish G-CSF1 (S. schlegelii, BAH56611);
rockfish G-CSF2 (BAH56612); medaka G-CSF (O. latipes, XP_004080425); green-spotted puffer G-
CSF (T nigroviridis, CAG04394); rainbow trout G-CSF (O. mykiss, CAQ42965); fugu G-CSF (T
rubripes, XP_003965085); flounder G-CSF (P, olivaceus, BAE16320); african clawed frog G-CSF (X.
laevis, Scaffold13265:3008399-3011722); tropical clawed frog G-CSF (X. tropicalis,
XP_002940261); alligator G-CSF (A. mississippiensis, XP_006270858); chicken G-CSF (G. gallus,
NP _990610); human G-CSF (H. sapiens, NP_000750); chimpanzee G-CSF (P. troglodytes,
XP 009430519); rhesus monkey G-CSF (M. mulatta, XP_001095097); cat G-CSF (F. catus,
NP_001009227); dog G-CSF (C. lupus familiaris, XP_005624600); pig G-CSF (S. scrofa,
XP _005653977); cattle G-CSF (B. taurus, NP_776453); rat G-CSF (R. norvegicus, NP_058800);
mouse G-CSF (M. musculus, NP_034101); carp interleukin-6a (IL-6a, AGR82313); chicken IL-6
(NP_989959); and human IL-6 (NP_000591). Phylogenetic analysis was conducted using the neighbor
joining method in MEGA version 6 and bootstrapped 1,000 times with bootstrap values expressed as

percentages.
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Fig. 2-6. Quantitative mRNA expression analysis of four carp G-CSF paralogues in normal carp
tissues.

The tissues examined were: spleen, muscle, head kidney, trunk kidney, gill, brain, thymus, skin, liver,
gut and heart. The relative mRNA levels of carp G-CSFs were determined using 40s as the endogenous

control and presented as mean + standard deviation (n = 3, except thymus, n =2).
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Fig. 2-7. Quantitative mRNA expression analysis of carp G-CSFal and G-CSFa2 (A) and G-
CSFb1 and G-CSFb2 (B) in the immune cells from normal carp.

The expression levels were determined relative to 40s and presented as mean = SD (n = 4 except

thymocytes and thrombocytes n = 2). (¥) above the line denotes significance (p<0.05) between

indicated genes in macrophages.
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Fig. 2-8. Quantitative mRNA expression analysis of four carp G-CSF paralogs in kidney
leukocytes stimulated with mitogens for 1, 3 and 6 h.

Freshly isolated kidney leukocytes from normal carp were treated with the medium, 50 pg/mL LPS,
50 pg/mL polyl:C, or a combination of 10 pg/mL ConA and 1 pg/mL PMA for 1, 3 and 6 h. The
relative mRNA levels were calculated using S-actin as reference gene. Data represent mean +standard

deviation (n = 3). Significance (p<0.05) is denoted by (*) compared to the reference sample.
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Fig. 2-9. Quantitative expression analysis of carp g-csfal (A1), g-csfa2 (A2), g-csfbl (B1) and g-
csfb2 (B2) in head kidney-derived macrophages stimulated with LPS, ConA and PMA for 3 and
6 h.

The reported relative mRNA levels were calculated using 40s as an endogenous control. The data
were normalized against the mRNA levels of each gene in macrophages unstimulated at each time
point, set to an arbitrary value of 1, mean + standard deviation is shown (n = 4). Significance (p<0.05)

is denoted by (*) compared to the reference sample.
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Fig. 2-10. Purification and characterization of recombinant carp G-CSFal and G-CSFbl.

(A) Purified G-CSFal and G-CSFbl were separated on a 12.5% SDS-polyacrylamide gel under
reducing conditions and visualized by staining with Coomassie Brilliant Blue R-250. (B) Molecular
weight of the recombinant proteins were determined with gel filtration chromatography using a
Sephacryl S-100 column (HR 16/60) under native condition. The molecular weights of the standard
proteins: conalbumin, 75,000; ovalbumin, 44,000; carbonic anhydrase, 29,000; ribonuclease A,

13,700.
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Fig. 2-11. Proliferation of carp kidney leucocytes.

Proliferative response of carp kidney leukocytes treated with recombinant carp G-CSFal and G-
CSFbl. Live cells treated with or without 500, 100, 20, 4, 0.8 and 0.16 ng/mL of recombinant carp G-
CSFal or G-CSFbl were measured with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay at day 0, 3, 6 and 9 in the culture. Absorbance values with 650 nm were
subtracted from experimental absorbance values with 570 nm in each well. Each point on the graphs

represents mean + standard error (n=4).
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Fig. 2-12. Heat-inactivated recombinant carp G-CSF had no effect.

Proliferative response of carp kidney leukocytes (40,000 cells) treated with medium alone,
recombinant carp TPO (100 ng/mL) plus KITLA (100 ng/mL), recombinant carp G-CSFal (100
ng/mL), G-CSFb1 (100 ng/mL) or heat-inactivated G-CSF paralogs. Live cells treated with different
stimuli were measured with the MTT assay at day 6 in the culture. Absorbance values at 650 nm
were subtracted from experimental absorbance values at 570 nm in each well. Data represent mean
+standard deviation (n = 3). Significance (p<0.05) is denoted by (*) compared to the reference

(medium) group.
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A medium G-CSFa1 G-CSFb1

Fig. 2-13. Morphology of proliferated kidney leucocytes.

(A) Photomicrographs of liquid cultures in the absence (medium) or presence of recombinant G-
CSFal and G-CSFbl after 8 days of the culture. Scale Bars indicate 100 pm. (B) After 8 days
culture in the absence or presence of G-CSFal and G-CSFbl, kidney cells were cytocentrifuged onto
glass slides and stained with May-Grunwald Giemsa. Mitotic figures were frequently observed. Bars

represent 10 um.
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Fig. 2-14. Quantitative expression analysis of proliferated kidney leucocytes.

(A) Quantitative expression analysis of carp transcription factors involved in myelopoiesis (cebpoa.,
pu. I and irf8), early hematopoiesis (gata?), erythropoiesis (gatal) and lymphopoiesis (gata3 and
pax5) in carp kidney leukocytes treated or untreated with G-CSFal, G-CSFb1 or a combination of
G-CSFal and G-CSFbl for 12 h. White bars represent cells treated with medium alone, gray bars
represent cells treated with 100 ng/mL G-CSFal, black bars represent cells treated with 100 ng/mL
G-CSFbl, and bars with oblique lines represent cells treated with both 100 ng/mL G-CSFal and 100
ng/mL G-CSFbl. The mRNA levels were calculated using b-actin as an endogenous control. Data
were normalized to the medium alone cells and mean + standard error is shown (n = 4). Statistical
analysis was performed using an one-way ANOVA followed by Dunnett’s post hoc test. Significance
(» <0.05) is denoted by (*) compared to the reference sample. (B) Quantitative expression analysis
of myeloid cytokine receptors and myeloperioxidase in carp kidney leukocytes treated or untreated
with G-CSFal, G-CSFb1 or a combination of G-CSFal and G-CSFb1 for 4 days. The mRNA levels
were calculated using b-actin as an endogenous control. Data were normalized to the medium alone
cells and mean + standard error is shown (n = 4). Statistical analysis was performed using an one-
way ANOVA followed by Dunnett’s post hoc test. Significance (p < 0.05) is denoted by (*)

compared to the reference sample.
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Fig. 2-15. Colony formation of kidney cells in response to recombinant carp G-CSFal and G-
CSFbl.

(A) One hundred thousands of carp kidney leukocytes were cultured in the semi-solid media in the
absence or presence of 100 ng/mL of G-CSFal alone, 100 ng/mL of G-CSFbl1 alone, or a
combination of 100 ng/mL G-CSFal and 100 ng/mL G-CSFbl1 for 13 days. Two distinct morphology
of colonies were eventually distinguishable as shown in (B). White circle points represent type 1
colonies and black square points show type 2 colonies. Each point indicates mean colony counts
from 4 individual fish under each condition. Cultures scored every 2 days between day 3 to 13 of

incubation. (B) Representative Photomicrographs of two types of colony. Bars show 200 um.
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Fig. 2-16. Stainability in colony cells

(A) Colony cells (type 1; left and type 2; right) were harvested, cytocentrifuged onto glass slides and
stained with May-Grunwald Giemsa. Bars indicate 10 pm.

(B) Peroxidase-stained cells obtained from a type 1 colony (left) and a type 2 colony (right). Cells
were counterstained with Mayer’s Hematoxylin. Arrow heads indicate myeloperoxidase-positive

cells. Bars show 10 pm.
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Fig. 2-17. Expression analysis of colony cells

RT-PCR analysis for expression of lineage-associated marker genes in type 1 and type 2 colony
cells. Type 1 colonies cultured in the presence of 100 ng/mL G-CSFbl for 6 days were collected
under microscopic visualization based on morphology, pooled and RNA isolated and reverse
transcribed into cDNA prior to RT-PCR (lane 1). Type 2 colonies cultured in the presence of both
100 ng/mL G-CSFal and 100 ng/mL G-CSFb1 for 10 days were collected and examined (lane 2).
cDNA from carp kidney leukocytes was used as a positive control (lane K). cDNA from cells
cultured in the presence of 100 ng/mL carp EPO for 7 days was examined as well (lane E). PCR
products were electrophoresed on agarose gels and stained with ethidium bromide prior to

visualization under UV light.

68



Table S. The number of type 1 and type 2 colonies formed from 100,000 cells in head kidney, trunk kidney, spleen and PBLs in the semi-solid culture
with the combination of 100 ng/mL G-CSFal and 100 ng/mL G-CSFbl1.
Data were obtained from duplicate cultures in the presence of both 100 ng/mL G-CSFal and 100 ng/mL G-CSFb1 (n = 4). Type 1 colonies were counted at 7

days of cultivation. Type 2 colonies were counted at 10 days of cultivation. ND, not determined.

Head kidney Trunk kidney Spleen PBLs
Type 1 Type 2 Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
(CFU-G) (CFU-GM) (CFU-G) (CFU-GM) (CFU-G) (CFU-GM) (CFU-G) (CFU-GM)
Mean of colonies formed
29.1+4.2 345+45 22.9+3.5 34.0+3.8 0 0 0 0
(£ SEM)
Mean of leukocytes in each 6 6 s
9.24x10 8.94x10 3.60x10 ND
whole organ
No. of progenitors estimated (+
2689+388 3188+416 2047+313 3039+340 0 0 0 0

SEM)
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.Fig. 2-18. Recombinant carp G-CSFbl1 induces chemotactic response of kidney neutrophils.

Following one hour incubation, duplicate filters separating kidney neutrophils and cytokines at the
concentrations indicated were stained with May-Gruenwald Giemsa and the total number of cells in
20 random fields of view (40x magnification) were determined. Medium alone was the negative
control and the positive control was 10 ng/mL fMLF in the bottom chemotaxis chamber. Equal
concentrations (100 ng/mL) of cytokines in the upper and lower chemotaxis chambers served as
chemokinesis control. Kidney neutrophils were obtained from each of four fish. The data represent

mean = SEM.
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Fig. 2-19. Recombinant G-CSFal and G-CSFbl up-regulates cxcrl and p477"** mRNA
expression levels in carp kidney neutrophils. Quantitative expression analysis of mRNA levels of
chemokine receptors

(A) and NADPH oxidase components (B) in carp kidney neutrophils treated with the medium, 100
ng/mL G-CSFal and 100 ng/mL G-CSFbl1 for 6 h. The mRNA levels were calculated using f-actin as
a reference gene. Data were normalized to the control cells (dashed line at y = 1) and presented as
mean + standard deviation (n = 3). Significant differences compared to unstimulated controls were
determined using one-way ANOVA followed by Dunnet's post-hoc test, (p < 0.05) are denoted by

asterisks (*)
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Fig. 2-20. Recombinant G-CSFal and G-CSFb1 induces increased respiratory burst capability.
Respiratory burst capability of kidney neutrophils after pre-treatment with the medium, 100 ng/mL G-
CSFal or 100 ng/mL G-CSFbl for 6 h and subsequently treated with or without 100 ng/mL PMA for
30 min in the presence of DHR123. Mean of DHR 123 fluorescence intensity (MFI) in gated neutrophil
population was measured by flow cytometry. Data points are presented as mean values of individuals
and error bars show standard deviation. Kidney neutrophils were obtained from four fish. Significant
differences compared to every other group with two factors of G-CSF pre-treatment and PMA
treatment were determined using two-way ANOVA followed by Tukey's post-hoc test, (p < 0.05) are

denoted by asterisks (*). N.S. represents ‘not significant’.
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Fig. 2-21. Administration of G-CSFal and G-CSFbl1 to carp increases circulating blood
neutrophil population.

Peripheral blood leukocytes were collected from carp 2 days before and 6 and 24 h after intraperitoneal
injection of 1 x PBS, recombinant G-CSFal and G-CSFb1 or of unhandled carp and analyzed by flow
cytometry. Percentage of gated neutrophil population per live peripheral blood leukocytes was
measured. Three fish for each group were used and data are presented as mean + standard deviation.
Significant differences compared to other treatment groups and other time points were determined

using two-way ANOVA followed by Tukey's post-hoc test, (p < 0.05) are denoted by different letters.
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Supplementary figure S7

Fig. 2-22. Flow cytometry analysis of peripheral blood leukocytes from carp i.p. injected
recombinant G-CSFal, G-CSFb1 and PBS and uninjected. Peripheral blood leukocytes were
collected over time from carp intraperitoneally injected with 1xPBS, recombinant G-CSFal and G-
CSFbl and uninjected. Ten thousand leukocytes were analyzed by flow cytometry based on the
depiction in forward scatter and side scatter parameters. P3 gates represent the neutrophil population
with high side scatter and numbers show percentages of neutrophils in PI- live cells. Representative

data in three fish per group are shown.
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3.1. Féa

HFLEIC B W TA o ¥ —1a A F 2 (Interleukin, IL)-5, IL-3, JERIER-~ 27 o7 >
— Y an =—Hl4IK ¥ (Granulocyte-macrophage colony-stimulating factor, GM-
CSF) 1% 4 DDO%8H a-helix #ELZHT LA FIA YV T7T77IV—ThHD,
IL-5 7 7 2 U—H%A hHA 2 (IL-5 family) E#FEN 5 (Dougan et al., 2019),
B 3 FOEEFIL LY AfEic~yy B 7S, B RO 5 FHY
AR~ 7 ADE 11 FYEIR ETIL4RIL-13 & &I Th2 A I A Vi8R
FHEZIZRET D (Van Leeuwen et al., 1989), Z AU 5 IL-5 family D L& 7 % —
BV A S A UEEA) 7L o 84 (IL-5Ra, IL-3Ra, CSF2Ra) & B #HI@Z A (Be)
T a=y EbRHAT r ZERSREEN GRS D, £72, IL-5 family O
BN 7T AREZ D DL Be & SNTEY ., 3 43 71% JAK-STAT %5
2 LTe Il ORI T2 7 F WREE AT 9 (Shearer et al., 2003), 4L H DR
Z4r LC, IL-5 family 12 E 4, flx O AIMERDFEACHEEZ HIE L, FFiC
AFERER S K OBk (A B/ A HE S ER) Iz W\ T, B L7 ife 2 R~
ZDOX DT A, ZRRSOHEED @A) D | IL-5 family 13 L OEFRIC
BWT, BB NOEROZ T AR TFEELRTAELLES X
51TV 5 (Lee et al., 1989; Van Leeuwen et al., 1989),

LA OFHEEID BV TS, IL-5 family & IL-4 38 L OV IL-13 23 EED
5 DRI IE S D RHEA 7R 7 ) DRRIE MR S AL TW D08, JSHE, mAFER
BTV TR, IL-S5 family AR T ORFMEITZHETH 5, X, =7 MU IX
IL-3, GM-CSF, IL-5 DEAEETFEFF> TWAH Z ERRESNTNDLN, Zhb
IEHFLE O © O & HIEECH OFALE DMK \(Avery etal., 2004), F7=, VA H )L

J& (Xenopus spp. ) 1%, IL-3 & GM-CSF % /=9, IL-5 ZHK o $HEELRT
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93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

(GenBank ID: NM_001094351 and NM_001123462) % FfoMn, DV H Rid¥s
RERTWW, SETIE, EEOY ) SMEstBii ORI L v | g% T
IL-5 family (IL-5fam) &R E DY A MU A VBB FRAHRE SN TWD
(Yamaguchi etal., 2015), IL-5fam i#{n 1137/ A B2V T, HFLEED IL-4 B &
O'L-13 EARA7238 5 - & D IL-4/13 BIn BRI~ v B 7 STV D 83,
ARMATICIB O T, WL IL-5, IL-3, GM-CSF L3825 7 7 AL —|25)
HEINTW5, ZnbDZ Enn, IL-Stam ITAHENAOBIE T THDLH DD,
W FLEA IL-5 family & OBIEMEI RSN TV D, — 7, BEEABEIZE N T, IL-
Sfam OFEIXHME S TRV, L L, BEFAFEIXIL-4/1B3 8 r2ALTH
V. Bc BImTFIZOWTHEEHEELZUDEANVEMRCTHRESNTWND, £0D
7o, BHEMAEIZBW TS IL-Sfam BIn 3 FE L TW D AREMEDR & 5,
MFLAEIC 35\ T IL-5 family 23 EEAEFS X OVERE Ol 2 $8 5 LFle/ bt L ER 1
FHEICBVWTHRTFEEIN TV DD, 2RO OMRIIZHETH D, T72bb, 12
A EORFRITAFHERA A L, S oML, " ORI & L TREBFNIC
TFRRER & 72 13X I R BRIl L - Rk 2 35 2 E 3 iis ST\ % (Hine,
1992), % —OEERIERDBEFEIZ DWW TIW L OO ENTFET D, FlziE, €
TIT7 4y vl 3R EA L, PUFAERGEICEES LTS 2 ERmRES
TUW% (Balla et al., 2010), F7=. 77 BEHT HEEEKIT, IgM K5 L O
IgM FERIFME D BRI IS X OWURER R 2779 2 E A 572 > T D (Odaka
etal.,2018), Z DERIZ, BEF AU EEER-CAFHE LRI LB B A IR R RE & A
T LD, FNOOEASCKR A HIET S5, MEIHD IL-5 family ([CHHS T 5 Y
A NI A UPEFBEICE T HIFET D AR E D,

ARFFEClIL, FEER ML TP I IR ER S Eh i 22 < 74 L (Suzuki, 1992), %7/

DDFFFN T2 I TND 2 A 2BV T (Kolder et al., 2016; Xu et al., 2014), E&
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117

118

119

120
121

BB THID T IL-5Sfam Bl FD 7 n—=2 7 %1 To7=, FELEEBEFIZOD
T, EHEARRE & S RECIR BB I 35T D BT 21T o 72, Fio, WFL BB
FRERAWTH X & R G AR ERL L IL-5fam OB & A MERICKF5 > 7 F L
fmizE, M, = =—JBRR EOREIEME 2 et L7,
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123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

3.2. MERB X

3.2.1. A IL-5fam Bla F OB LN va—=27
A DY) AEH EICBWT, HEEO IL-4 BXONIL-13 EMHFEZRS & &
D IL-4/13 DIBLE T DFAET DHEBO T SOWTHEREEY TR Y 7 b =7

(GENSCAN: http://genes.mit.edu/GENSCAN.htmL) ZfH L CTEHZE L. IL-5fam i&

(o f-REI 2 HEE L7z, IL-Sfam AR TITAHY -2 L HEE S 7RO BSIC,
BT T A4~ —%AER L, 21 O cDNA % #7 & L T PrimeSTAR HS
DNA polymerase (Takara) % f\>C RACE PCR 3 X OYRT-PCR %17V, =A IL-
5faml 3 X OY IL-5fam2 DR ALSIZ R E L7z, PCR, RACE-PCR, qRT-PCR 5 &
L 2 # R BRBUHER L2774 ~—D VU A MILLTFIZ/RT (Table 3-
1,3-2,3-3), IRE L7=2FRES% 582, Clustal Omega (Z & 5 2% BEECHI LLHEfiRHT 35
L Y GENETYX version 11 % V7= unweighted pair group method (UPGMA) 742

£ D 53R 2 AT 2 T2,

3.2.2. 2 A GPEIEERES L OGP ER D Sy

BRI TR AR OEIC K> TaA ORBN 0 LTz, T70bb, ~
NV BB Y DT A A BERIRD O R ML Z B L, N> 7 AT 10
fEA %, 5 mL OHE 1.122 @ Percoll % HIZHJE L, =.0%1T > 72(400 X g, 20
3o MR, IFHEERER & AR ER 2 E Tofiasl A AR T 1 e Ry T 4 T
T2 Z LI Ko THIMAAEE L7z, T, il g D5y Bl X Y MEM C 2 Bk
L. MEM 553G F i L7z,

A GFPERITE 2 T 2.23 OFIEICHE T T, HBEELT-,
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146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

3.2.3. KIGHEIEEEIZ L2 = A 12k 7 5 s filig

Escherichia coli (DHS5a ££) % 10 mL @ LB 5HiH-C, 37°C, 24 FfiE5# L7-
%, WIEZFEI L, 10mg/mL & 722 X 5 ITABRIEKIZERE L, 70°CT 30 43fH
A Fa— b LTRSS BTz, a4 Z0ERIMT 272010, BULE L 7= K
FER OWREINR 0.2 mL & 22 3 EIRO/h=a A 2 \ZRERENEERE L, #5- 5 Rt

RIS R U T & it 2 BRI L 7,

3.2.4. BlgA MERICKT 5~ A b= R

ik 9 M ER O S pEREIE . BER O FIEICE T OB EEMZ TiTo 72 (Stolte et
al., 2008), 7B L 7= Bl A 12K % Phytohemagglutinine (PHA, Sigma-Aldrich), LPS
(Sigma-Aldrich) 3 X O poly I:C  (Sigma-Aldrich) THIE L7=, 9 72b b, E-
RDF20/2.5 £ T 24 507 L— MZ 1.5%10° cells/well D E CHlllE % #&fE
L. PHA, LPS, poly :C (F%#&JEF 0, 1, 10, 100 pg/mL) T 30°C. 5 FFREIHIEE L 7=

. B L7z,

3.2.5. 2 IL-5faml O jE & PCR (T K 2 & {nF- I B fiftr

BEREZ: 2 A ORGE . PR, AR 8. I, Mids X OB OBk A 2 B L
RNA later (Qiagen) (2 THRAF% . TRIzol iAZE (Invitrogen) % V7= total RNA i
H 2 AT ORI EFZHE > TIT o 7o, £ 72, [BIUL L 7= total RNA (X DNase I ZLPRT%
Omniscript RT kit (Qiagen) % F\ )T cDNA A& 1TV, f# I E T-20°C TRTF
L7z, EF2O cDNA %7 7L — k& L., Thermal Cycler Dice Real Time System
Il (Takara) M7=V 7 /v % A & PCR %#17-7=, NRIME= > b e —/LX B-actin
EER LT, EEPCR DY A 7 U v 7R, 95°CT 30 DTk, 95°CT 51,

60°CC 30 DY A 7 L% 40 [H{T -7z, 7 —# (% Thermal Cycler Dice Real Time
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170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

System Y 7 k7 =7 (Takara) % HWTEENTZ1T-72,

3.2.6. L x K 28T BFRBIANR T X —DER

FHHLZ =1 A IL-5faml 38 LN Be DFEBL7 ¥ —|T PA-tag (Wako) & FL (TR FL
WA EHA DY Y —< L7 X —TH 5 pEBMulti-Hyg (Wako) (246 A L TH
LT, 24D IL-5faml ([ZOWTIEY 7T AT F KRG TefEik o Bl F1IZ ] R
PERFRRRELAI TN EN D K9 7T A ~—&akit L. =1 gD ¢cDNA 77
L— k& MWW T PCR ¥IE%1T>7-, PCR FEMITOWT, TN IHIFREEFR
BamHI B XY Xhol ZHWTHIWR L, 741 — A7 VESKENT T, i
%, I~ % —pEBMulti-Hyg [ZF N F AR L7,

a4 Be i BEFOES (XM_019077358) % HEiZ | HIfRSMEI (DT, BamHI
BEY Xhol OFEFHELESNNIMIND KD T T4 ~—%@iH L. =2 A PO
¢cDNA 7 7' L— bk Z T PCR ¥R 21TV, bib & RAROLE TRB~ T X

—~FHA LT,

3.2.7. #MAZ & LT B EFE BUARIARR D ST

BFohlzaA IL-5Sfaml BLO A e HUHTTAI RE IR TV va v
{£I2T HEK293T Ml |2 B s FE A L7z, $725> 5 Poly-L-Lysine (Sigma) =1 —
~ L7265\ L — NZ HEK293T % 2x10° cells/well (2725 X 9 IZHEFE L., 15mM
HEPES (Sigma). 1 % FEMZET 2 / Bt (Wako), 1% E /L E VT b U 7 A (Wako),
10%FBS % & ¢ DMEM (DMEM10) % F\ T 37°C, 5% CO, R CHi#& L7=, #&f#
B H OHIEIZ% L C FuGENE® HD Transfection reagent (Promega) % i/l L Cifs
OB EIIEN B FEAN LT o7, BisFEA 12 % ICHIEZ Poly-D-

Lysin-coated 100 mm dish (Corning) (Z#Ef L. 500 pg/mL @ Hygromycin B (Wako)
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194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

% DMEM10 % H W Clfn 138 KRR OB IREG 38 21T - 7o, 1548 60 REfRIfZ 1T,
M L Bk BYEA I L. S 2 2 R B OIFEE R LT, fHaz # 2R
B X, HRP(Wako) % #f& S H7-HL PA-tag HLIA& (1 : 5000 #AFR) % V7= western
blotting |2 X Y R 21TV BERY X X7 B D C Kl E Ty 5 PA-tag %
i L7z, 7' 1 > ML EzWestLumi plus (ATTO) % AW TH B L, HEH CCD
A Z (AE-9300 Ez-Capture MG, ATTO) & ImageSaver5 ¥ 7 b7 =7 (ATTO) %
MAWTI T 7TVttt Ulc, T 0% Az & 7 B 2 R84 5 HEK293T
#lE % . Hygromycin B % 500 pg/mL &3¢ DMEMI10 % IV TEiEs2E L, iR S
A= HfifE % . Hygromycin B % 250 pg/mL & #¢ DMEMI10 % VT, 5%CO0, 777E
T 37°CTHERERSE LTz, 3 7Ly MTAR - T2 G, M A e AL AR
L. EFEEZ3AZEICHERL T —v L, O L CHE e 2BrEL, L
££0.45m O 7 4V —TEiE LT, BT 25 E TICTHRIF L,

3.2.8. #Haz X L OKER

L ER B D553 BI5 259 300 mL [A]X L, HL PA-tag LIk &£ — X (Wako)
ERAVWCIRMNOT 8 ha—iZienWT 7 4 =7 4 Bz {To 72, Thb b, %
%% 1 M Tris buffer (2T pH 7.5 IZFAFE L 0.45 pm 7 (L& — Tl L2, 1
mL (net beads volume 500 uL) DT PA-tag FLiRk B — X Z A0 L T 4°C T 2 KffHiE
MLUTHEHZ NI BEE B =X S8, PURMGE— X% 50 mL F = —
TIZ AL (7,500xg . 1 500) 52 Lk vk, ki L7z 5~10 mL
D kU AFBEEA PRI K (Tris-buffered saline, TBS)IZ T D ¥iif & 5 [HILL B
W U7z, Yeid Lehuithi & B — X%, B — ARFEO 2 {580 100 pg/mL PA-tag -~
7'F R TBS AR (Wako) AV 1.5 mL = —7 |2 L 4°C T 30 /rMiRfI S 7=

%m0 (7,500xg (30FD) 52 LI LD iR ~D PA-tag fit 5 X LT ED
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218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

W L7z, ZivE 5~6 [ElfRD L TITV, B L& 2O 7 L% SDS-
PAGE L. Coomassie 44235 J2 O HRP #& & 91 PA-tag HL{A % V7= western blotting
ICTHBY T IVOELEEME 2R Ui, MY 7V ERANER T T A
(Amicon Ultra-2, 10 kDa, Merck) (25 L /(:MZ £V 2#itk. SDS-PAGE (2 THfifE
BHERS L=, 15 b ivie ¥ > /X7 &% Bradford 7% (Pierce Coomassie Bradford Protein
Assay Kit, Thermo Fisher Scientific) T A EH ., i 0D 0.2 % BSA & PBS &
BAL, 0.22um D) 27 4V F —TIREIKE % . i E T 4°C 12 TRAF

L7,

3.2.9. #H#h % IL-5fam1 O AALZ2HIMAR O AT

FAHA % IL-5fam1 IZ- DWW T NAESHEM SV TV DD E ) D E iR T 5720,
Glycopeptidase F & » | (Takara) Z F\V T, s OFEAZEIZRE > T N B D
{BALBE A 4T > 72, 2.5 uL @ 100 pg/mL FH#E X IL-Sfam1 ¥SIE &2 L& OB Ny 7
7—EIEA L, 100°CT3 MM LTz, £Di%, LZEA| Sl &K 13ul %
Mz, 2 pL (1 mU) @ Glycosidase F OFF(E F £ 72 I1FZIEFAE R T, 37°C, 16 K
A FaX—F L7z, WELL 7% TN T, 10%R Y 77 VLT I R L
% i\ 7= SDS-PAGE & . HRP IEi# 1 PA-tag HLA % FH\ 7= western blotting 247 -
77

Lz IL-5faml 234 Y T~—LLTWE 0 E 9 D E R T 572D, SDS-
PAGE % Bt 0 I3EE TR TIT o 7o, 77805 1 ug DAL R IL-5fam]
WikiZz, BAITHHYFAALA F—/b (DTT) &, &5 WITERINT, %
§0 EZapply > 7Ny 77— (ATTO) LIRA L, 15% KRV 727 U7 IR

7V % 7 SDS-PAGE & | western blotting 2175 72,
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242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

3.2.10. #H#E R IL-5faml (T & 2 g A BRI 64 2 BEFETE AR O et

6 TERD A 05 HfE L7238 B L OEKE o A iiEk4 . E-RDF20/2.5 K51 C
8x10° cells/mL DI FLIZFHE LTz, Z OMINERET 2 96 X7 L— F DT = /1T
50 uL o0z, % ZIZ E-RDF20/2.5 55 Hi D ALERIE 2 258 50 uL ™oz 7=, AL
%1%, E-RDF £ (2 7 4 72> hr—)L), 24 G-CSFal (R T 4 7
Fe—L, &R 100 ng/mL), OFHE % IL-5faml (IR 0.16, 0.8, 4, 20, 100
ng/mL) & MWz, JEMFICET 5 MIBEEOERIT, 5 2 ¥ 2.2.8 OHIEICHE

C7-MTIT 7 v AL > TITo 7,

3.2.11. 55 U 7= R oot R AT
A B EI L 7= B A AR 2 miil o A AR EEFE AR & RO AT 9 H R
L7=tk, BEHE L7 ZmIe L, 34 N A2 (Shandon) (T X VAR Z{ERIL

%,

72 = D%, MGG %217V, BAMSEE (Olympus BX51) (2 CHIfE DT RE % 8143

L7,

3.2.12. 2A IL-5faml @ = &2 =—RHILAE D FsT

au=—7 vEAIZATF LT — R ERERD 2 EEEEEAZ W, T2
PH, JEFHD 1.2% soft agar (SeaPlaque agar, Takara) 5% & 2 %iEHi E-RDF
Bz 220 40°CTRIE L, TO®BMmEZREM L, [ CIRE CHRIRE L2, K
12, 2D 0.6%HKFER E-RDF 5, FBS B L O aA Iyl (12xA hv 7)) #Fi
ZH075mL, 02mL BEW 0.05mL 27 4 v = ECRML, BELT5ET
ME LTz, ST, ZOMIERFO LT, B A MERFEER 2 A Friim—2
Br LIRFIL CHERE L7, bbb 3o BRI 5 L OV Mix
(FBS:1/2 =i A Ifl. #=4:1) 2% EBEMLIZbDL, 2 %A F L0 —RAEH E-
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266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

RDF A b v 7 iRZZEERF L, 512 iz 24 IL-Sfam F720% {2 = A
Be WM ULT=s Z O /A F LB o — 2 EGEEHIEF#R% 16 G blunt-end £t
PIHEEL-SU DI . 2% ImL $OERED FIZEWE, FREN

D v —LIE, 30°C, 5% COx fFET T 3~13 HEFE LI,

32.13. SN au =— Yl L OB IEEIER

2 JBOPEERE ISR SN2l n =—1%, BEME T Ty 7 rEXy
MZEOWSI LT, b oan =—flildz MEM IIZHEE L, 1 F A%
TRz OBl L CRRBL L7z, R T4 RAEREE, BEE L, MGG Jfa, ~L
F % v Z —BYeta, Periodic Acid Schiff (PAS) Yetaz4T->7-, HIIWE DL aZkE
TN A=A XRIT L2012, BIE LMl RIER 2 R T X 7 —E8IC 15

SSTERE L7-%% . PAS a2 {17,

3.2.14. A S L7 3 v = — DR R BT

LR~ —H— B FORBUT, 21 OFMERINRHRO R T T A ~—&
KOD FX (Toyobo) # M 7= RT-PCR T L7z, VBT IX. FHEEKEm
(cebpa)(Ma et al., 2014), IfFe/4FHEFERE ML (gata2)(Balla et al., 2010; Zon et al.,
1993), FRMERE M (gatal)(Rhodes et al., 2005)(Z B> HHREIK -, IfFHER~—7
— (mpx)(Katakura et al., 2019; Katzenback and Belosevic, 2009; Katzenback et al.,
2016), HiEk/~7 v 77—~ —7J1— (csflr, irf8)(Katzenback and Belosevic, 2009;
Katzenback et al., 2016; Kurotaki et al., 2014), T i~ —% — (Ick)(Araki et al., 2007).
IR~ — 4 —(cd41)(Lin et al., 2005) %\ 7z, PCRIE, 94°CT2 0D 1 A
7 JAZHEV T, 98°CT 10 B D ZE M, 58°CT 30 MDD 7 =— VU 7| 68°CT

30 PO E % 25~38 B 7 WAT o7, BCEGHIIE O RHIRERICIX, bk Tk ~7=
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290

291

292

293
294
295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

J71ECEIN U 7= BAT P ER & BaT Bk A o, E 72, i ERETERAIAL & L
TOXMEEIC, 2 B CHPEREMNF & S -z =14 G-CSFbl FKIZ LY
Rk Sn-aa=—%H\i,

3.2.15. HiEAE - BEMEEIC L DD REBLER
0.1IM U U ERFEER T D 2% 7 V2 VT VT b R CHIaZEE L. LLFOSHT

FNE A AL T PSR BN ZE AT I ZRRE LTz, Mila4 12% 8 F F L /PBS ICal
L. XLy MbL7e, $EWT, BT F by bE 2% MER LA A I 7 LRRHETIR
THEE L, L7k, BBEMICREEZE X=X 7 —L (30~100%) THiK
L, et L A%y NIZEBRLZ, 3BT Epon-812 (Electron Microscopy
Sciences) (ZEM L7z, ALV, X 80-90nm DY 22U LV, an Ut
a—RfLies—"=T Yy NiZvUr L, BiRY 7 =V & 7 = U ih T

L7=%%. H-7600 ¥ @ $% (Hitachi) % VT 100kV DFEE THELZ L7,

3.2.16. ##a 2 IL-5faml (2 & 2 BRI ~D R AE 5 STATS I HEAL DT
oA OBNEO [ MERZ oK% L7z MEM B0 B L, f#a z IL-5fam1 |2 &
DR EAT 9 £ TKETHRAFE LT, HWVT, 5x10° fHOMILA 20 ng/mL DA
% IL-5fam1 OIF(E F T, 5% CO2 H1 30°CT 0 3L N30 /91 o F=aX—hL
72, EE. 0.1% Triton-X100 % & 7e7K# L 7= 50mM Tris-buffed saline CHilfid %
L. 16,000xg T 543, 4°CTODEEL. RIGZEGT, Mk % o
NRIBEREZNEL, 6ug DV 7T NE 5-15%DKR ) 77 UALT 2 Nalidz &
Ty B V% v 7= SDS-PAGE T3t L7-1%. western blotting #1772, 7 1
7 4 7 L7z PVDF [ii% Block-Pro 1x7 12 v 7 /3w 77— (Wako) THLEE

L. 1:1000 (247 L 72T phospho STAT5 (Y694) Hii& (Cell Signaling Technology,
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314

315

316

317

318

319

320

321

322

323

324
325

CST, #9351) F721% 1:500 |Z47H L 7= total STATS HLi& (CST, #936) THIHTE .
BT 1:1000 (AR L7217 U 1gG HRP #EAHUA (CST) TG SH72#I1C
R & FERDITE TR 7T v R LT,

3.2.17. HERHIET

FEEHAENTIZ, Prism 9 software (GraphPad Software, La Jolla, CA, USA) % F\C{T
o T2, FENTIEIZZ 2UZ 41 un-paired Student's ¢-test  (Fig. 3-4). one-to-one comparisons
and a (repeated-measures) one-way analysis of variance (ANOVA) & Dunnet's post-
hoc test DAL~ E > (Fig.3-6, Fig. 3-8, Fig.3-13) %17\, PfE 0.05 LA FOfEEH

B ERdT,
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326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

33. R

3.3.1. [AIE Sz 2 A IL-5fam {51 D in silico fRHT

WU HETHDL Y IX T ADS ) A BB T, WHBED Th2 A M i A
yEEND L4 BEIOIL-13 EAHRAIRES T T 5, IL-4/13 BisF OfFIEI IL-
Sfam BAGFMFET D Z E NG & TV 5 (Yamaguchietal., 2015), =1 D47
J BT =R R—=A %AW, IL-4/13 /XT 0 (i-4/13al, il-4/13a2, il-4/13b1, il-
4/13b2) fFHE DRI FZIRFE L& 2 A, FHERATHEZR IL-5fam BROER T & T
S5 2FSE (il-5faml, il-5fam2) %, FILZF4IL-4/13B1 35 L OV IL-4/13B2 #is
FOUEFFTF L LT (Fig. 3-1),

22D A IL-5fam BB IR T T4 ~v—%2ZNZIERL, Thb %
A2 PCRIEIZE D | cDNA BRGEMZIEIR L, v — 27 = AT ds L OHEE
TR BN DR 24T o T2, £ DORER, IL-5faml 38 KOV IL-5fam2 O A — 7
V—F 477 L —2Ah (438, 432bp) 1L, ZNZH 146, 144 HOT X /%=
—RL. 42D exon AT 5 ENRHLMNEZRoT72, Z O exon-intron HHIE I,
MU EEN) D 1L-5 33 & O GM-CSF OfE LAl L T 7o (Fig. 3-2), & 5 I MULE)
YD 1L-5 family & faJH IL-5fam O 7 X/ BRELSIZDOWT, 774 A ¥ M %
o l-fE 5, WiFLE® IL-3, IL-5. GM-CSF I[Z81F % o-helix D A fEIRIZAFIES
5 U RPe ZRBAHENERICHED 7 N2 I U ERFEIEDOAIE A (Barry etal.,
1994; Hercus et al., 1994; Tavernier et al., 1995), = @ IL-5fam (ZF T HIRT7FE S
T\ (Fig.3-3), — 7, Raefitr OfE R, fJH IL-5fam (ZFHFLIHO IL-5 family
ERID T T AL ENT (Fig. 3-4), £7-. 7 X BRECSHIOFELRIEL,
W FLEE O IL-5 family & bl LT, 20.6~27.5% & FEFTE -T2, —TF, a4

IL-5fam 28T 57 2/ BBECHI OFALIMENX 57.3% Tod > 7= (Table. 3-3), A%
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350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

TlX, 2 FEEDO a2 A IL-5fam @ 9 5, IL-Sfaml (2% B U CaEl R it 217 - 77,

3.3.2. BRI G oA OFE I L OMIRIZ I 1T 5 IL-5fam] B I8 BT

B 7oA OFFM (8. s, B 8. s X0 Ickg 5, -
Sfaml DOF3EBLEZ Y 7 /L X A 5 RT-PCR ([T THRARTZMER, T 217720 T
DFFEIZIBNT S CT ELRMIRFLLT CTH S 35 L EERY | il-Sfam] 13EH
WD 2 4 EHMBICB WV TREEN/HD TRV Z & 23 H - 7= (data not
shown), E#HIRED =2 A BRI K OMNR O il-Sfaml OFRBLEITZ NI, 1.7x10°
CB LW 3.7x10° TH o728, KIBEOINEBGEREZ 2 A OMEVENICR 5T 5 L
SA'E I L OB C 35 0T B il-Sfam] OFBLEIL, LI 1.1x107 35 L O 8.5x10°°
T o 1o, BRI 21T - TG 5, BN BUT D INBGEE £ 514 O3Bl F1 38
AL (P=0.05) THDHZ LB BN (Fig. 3-5)s

333 <A bV U oA B g A MERIZIS 1 D IL-5fam] & {s 7R BT

E

oA OBEE MERIZ % LT PHA, LPS, Polyl:C % 1, 10, 100 pg/mL D45
T 5 REEAIBEE R 21TV, 2R OMaA4EI L, & RT-PCR Z1T-72, %
DOFER, THIM~A FY =2 Th D PHA % 100 pg/mL DHEE THM L 7= 552
JEIZ I W TR DML & Fe~K) 15 £ OBRE 72 38 BUHR AR S, e,
Z O ORI I T b MR D et FEFE & Ll LT 3~5 {5 D8 BLHE R 338
D BT, FEEHIENT 24T o 7255 R PHA % 100 pg/mL O Tl L 7= Hiiaix,

SR OMA & belge U, il-5fam] OA B /2R LR 2R L= (Fig. 3-6),

3.3.4. ¥ % = A [L-5faml OMHRFENT

oA IL-5faml OHEREZ B & 2029 5 7= HEK293T A O3 HL R Tl L7
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375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

#A#A % IL-5faml % PA-tag 7 7 1 =7 4 FERUE TR L, MR & X7 EH &2 AF
RIUTz, KR L7=% /2 % SDS-PAGE I[ZHi L, 7~ —Yefazito7-L =
5. Sy FE 15kDa & 19kDa fHTIC 2 KD R R b= (Fig. 3-7A). 25+
BN SWHT O RiE, PA-tag DN E 7 fH42 % IL-5faml O P48 & T
»H5H 162kDa L1FIEF—FH L7=, =21 @ IL-5faml 1Z1% exon4 O T 7T X / Rl
12, N-FEERIBEHAZ TR T B AlREED H 2 3 20 NXS/T TF— 7 BNFEHET D
(Fig. 3-3), T D72, /&M 19 kDa O3 RITFEEA INEZ T -2 v 378
T D AREMENE 2 H 7=, Glycopeptidase F % W CTHHA % IL-5faml @ N-fi
BREH OUIWT 2372 & Z AL P PA-tag HLIK % F U 7= western blotting (2350
T, 15kDa fHiiZ 1 KON FOBDBFH S 4L, 19kDa D73 ROTERDGE
b7,

HILE D IL-5 XZV AN T 4 REEGICKVAE 2 BREFEKT 2729
(Takahashi etal., 1990), =11 OFHLZ IL-5fam1 (Z-DWCEILE X OFERE TS T
T western blotting 21T > 72, FEEROFKER, Eoikig & IFETIREICB W T 7 &
DEWIFRD B - 7= (Fig. 3-7C)7= 8, fHE z IL-5fam1 [T BIK CEAET

LEBZBIIZ,

3.3.5. @A IL-5faml O B g e 12564 2 1R H]

2 A IL-5faml OIEMIEMEZ B HNCT 2720, = A @ ikAE 2 5 2o B gt 3 .
BRAAER L 0 kL, f# % IL-5fam1 (0.16, 0.8, 4, 20, 100 ng/mL) {F1E F Tk
L7, ZDOfER, 0.16 ng/mL LI LT = Bl A imEKOHEN B bivie, £70.
FH#R 2 TL-Sfaml 1355# 9 H HIZ 20 ng/mL TR KOG M4~ L= (Fig. 3-
8A), HHfLx IL-5faml f77E F T L72MIR O A h A B BIRIEARZ/ERLL |

MGG BetaziTolz& Z A MIEN FRT 2935 2P RROMINE & 4FHE RO

90



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

RI Ze G e BRI ER AR DAIR 2MEAE L T, MA T, SiE il B CTHllfa o0 43 2

BHFRD H iz (Fig. 3-8B),

3.3.6. = A IL-5faml @ =t 1 =—JE kA ER
BATEMIIE O FER 22 MR FRAT 21T 5 7o d, a v =—JEREREBR 21T - 7o fE . 20
ng/mL OFAHE % IL-Sfaml OIFE FC, 2 FEfH (Type 1, Type2) @O =1 =—3 @15
Sz, Typel D an=—%, av=—OF L CITHIEAEICERE L, D&
TITAIRABAE Lo R Lc, —J7, Type2 @2 =—[%, MENEIZES
LRk a v =—ThH -7z (Fig. 3-9A), F7z, Type | ODarn=—»nNKELE%
O, Type2 Dau=—|TF & A EBIE IR o7, Typel O a1 =—|THH#E
SHE XIS, 11 BRIZBREIIEY—2 &720 | filai 1.0x10° {E#HEFE L
7= well IZEBWT, K 3.2x10HD 2 v =—RBFRD bz, —J7, Type2 ® =
—I3EEFR 7 A B TH 4.0x10" fHERD S 72y, RFH offlE & & $ i

2 2R LTz (Fig. 3-9B),

33.7. au=—0FiER L EL T 5RE
2=—0MIRZEAONCT D720, ae=—%FIL L., Zi b ORBGHIEIZ

DOUWNT, AfEREMEAT . FR A - BRER (TEM) #1533 K OVRT-PCR IZ L 5%
BT 21T o 72, 2 v =— I OTERRBIZR 21T o 7o R, 2 O = 1 =— il
falE, MGG BB ICBWTENEN R ST/ Z R LT, Typel OD=am=—
(3, AR ORI E 2 FF O RARTIR ORI L | BN OFEMAE A 2 LR
RTE UM AR B A Fe D YR 2 B 3 2 MR 23 RAE L T\ e,

Type 1 20 =—OMENET L2FROREEZHALNCTH0D, an=—1F
FGREIZ DU T, PAS Yefa & ~ LA o — B2 1T RO RE L 72 F
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422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

Bt R ER S K OV M HE SR ER & il U7, =1 ORERIERIT, PAS Yefafhitt, ~UL
AR —VYmEE O IER & PAS Yot ik, ~LAd o X — B Y a bk
DIFHERNHHER X5 (Suzuki, 1986), YeaDfER. Type 1 © 210 =—TiZ,
PAS FHE7273, ~ VA& o 2 — BRI O3 2% < fFE L T, £70, Mg
Bl bREEOMIEGIREL Tz, —J7, Type2 ® a2 =—"T%, %< OHIEM
7 a~ T DESAEDN A+ 70k &R O MR E 2 AT 296 AR TH |
REFOHMEZHT 5~ 27 v 77— UG DEAFE L Tz, £72. Type
2 Dan=—HflL, PAS BI O AF U X —ER L HIZEMETH 72720
PRIERZ B 7202 LR STz (Fig. 3-10),

KR 2 TL-Sfam1 (2 X 0 BYFE SR S 7 BRI ER DS IR FLER T B> 2 D% e o
L, an=—HifdaEI L, MiaPNE ORI S A2 TEM o#r CHlgE LT,
BNe, #H#Lz IL-Sfaml {74F F Ca v =—JBiE#E 21T\, 552 7 B BIZ Type 1
& Type 2 D =—%EA L CAMMARILL, 21 OBIBOLFhERkE L OYF
HAEBER & R L7, = A OB RO P EIL, e RRAE 500 nm ORI VIERE
LR 2 A L, NEICIZEFBEOESWERROBERNTFE L TV (Fig.
3-11A, Fig. 3-11B), 7=, a1 OBEORBGHEIEERIT, HRKERE 1 pm TE
BENEWV, MED L IR OER % H L T\ =(Fig. 3-11C, Fig. 3-11D), —
J7. au =— RGO BRIER T, AFESRSER & RIER O IRB K OVETFHEEZ R
PERIZ A LTV (Fig. 3-11C-H), 12 T, =2 v =—HERoHifa i 34k % 72 3L Be b
OUFEREREIIA A G LT, Thb b R E B 2 DL D R RERCIX
INSTRPERIIN DT NTERD B AL (Fig. 3-11E), REGFHEIEER ClIfER O K& S &
AN LTV /= (Fig. 3-11G, Fig. 3-11H), Z#uiE, Fig. 3-11E 25 Fig. 3-11G ®
NEFEIZ, BRI DR E S LB BERERICEM L TWD 2 bR END, £/,

au =—fiflOM/NEEICIE, BEERI a2 FU T (Fig. 3-111) & T4k
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446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

EEE L, ERICER ZER L TWD Z 20y -o 7z (Fig. 3-110),

an =—fROREE L VFEIZH O NCT 5720, KBRS DO~ —T1—
BRI DWW CRBUENT 21T o 72, 2ADIT, Type 1 BEL U Type 2 22 =—DiHF
fRrRBl N — b Bl A M ER, SrBfE L7 o R ek, BT ER B K OE
2 ETHHEREMR T TH D 2 & 3R S 7z G-CSFbl RIIHIC K W B S iz
an=—HMEORBE Y — i L2 (Fig. 3-12) . Type 1 2 =—{%, '&#f
BCRMIN DR AEIZBI G- D cebpa. AFFEEK - IFHEESER DI AT T 5 gata2 %
ERAL, v/ Rr7y—Van=—fillK T OZFERBIET THD esflr T
PFBL LT, —F, o~ —h — @I TFIERBL L2 -72 2 L b, Typel =
B3R e v o n T — Do ERiEIC Bk T 2 ERE R BN
7o FTo, Type 2 av=—(L, cebpa &~ a7 57 —~v—H—Thb 5D csflr
L8 EEHL WD, v~/ a7 7 —ZROREHIICERT 5 2 L
DR SN, E51T, Typel & Type2 D ann=— I\ fe ZEmFEH LT
W, 05, RBREAEERIERSS G-CSFbl IZ L W SN v =—Hifdixiz L A &

FHELL CTWedro 7o (Fig. 3-12),

33.8. A Bcll kb an=—KHE

a4 Be A IL-5faml OZFIKTH D0 E MDD T2, e MRS EEL DK
AA NI B L, a0 =— BRI S Z LT, an =— R ER
BratTo 72, BlEAIMmERIC 0.8 ng/mL O % IL-5faml ZEMTHIML T L
—T 4T LT E A 300 fHLL ED o =— AR Sz, 0.8 ng/mL
Oz IL-5fam] &R~ 72RO 2 Be ZIRA L (BAREDH, LA %
2 _— kN EZ{To 7o, Mz IL-5faml & e DIRAHREIEZ 2o =—JBRkigEIcit L
ToAE R, MR 2 Be DIREEAN 100 ng/mL UL BT, fH#E 2 Be Z WA L TUWMVRUWEFEE
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470

471

472

473

474

475

476

477

478

479

480

481

482
483

EHEE L, 3w =—JBAD S0%REMSl S/, —J7, Mz IL-5faml % 1000
ng/mL OEARTEL LTI X Be & LA X2 X— kN LTS, IR RITRE
DB o T2 (Fig. 3-13), AT, Be HM D 5 W TFEHE 2 IL-5faml Z 0L

VR T, 2 =—BRUERE O B L7 > 72 (data not shown),

3.3.9. =1 IL-5faml O ¥ 7 F AR ERRE

21 IL-5faml 7% JAK-STAT R 2 L7c > 7 FIREEZIT O hEH LMY
BI04 OB A MER 2 #L L 2 IL-5fam1 T 30 3H4 L7-%., £ b oMl
VR % Hi-phosphoSTATS Hifk & F\ 7= western blotting [Zfit L7, Z DfEHE, 1
1z IL-Sfam1 CHIPL L 7= MIPAFRIRIZ U T, Hi-phosphoSTATS HLikiZ L v U
Vb ST STATS RFERMICHRIE SN D N0 RO b/ (Fig. 3-14A), &
512, Hi-phosphoSTATS FUAIZIET 23 Rid, MEHILOEIZ 100 nM LA E
D JAK [HEAZ I L7256, Ml s ivies -7 (Fig. 3-14B),
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484
485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

4.E8

AL ClE, WFLEE O IL-5 family (IL-5, IL-3, GM-CSF) (2835 &£ & 2 b
BB IL-5 family A N A VEFEE L, OEREMIAZRHA AT, a4
DT ) DT —H X=X aA IL-Sfam @5 OHEFEIT-7-E A, Th 3
A RNBA L EBEZDLND IL-4/13 IS T OIFHIZ 24 IL-5fam 2MFE L Tz,
ZOZEnb, WFESKE A L R, EERBIZIEWTS Th2 1 M A
VBIBTFHEDT ) LAY T = ENMRMESN TS ZERP LN E R oT,
£7-. A O IL-5fam % & e IL-5fam & HFLE O IL-5 family YA A >~
X, RHIRITICB W TR D 7 T AL —IZ S, IL-Sfam DNESERA OB
FThdDIEnnhole, EHIT, MEED IL-5family & f%H IL-5fam [H D7
X BEREAN OFEFEIEIZ, K 16%~K) 27% L AR > 7228 | WiFLE IL-5family @ a-
helix @ A FIICAFIET % | IL-5 family %1 b A > & Be LREOH EAERI &
HTHDH I NG I VEBRIEREIT, a4 23 0REDIT L A ED IL-5fam ([T TR
fEESN TV /= (Hercus et al., 1994; Tavernier etal., 1995), ZALHDZ &b, fkE
@ IL-5fam & MFLFAD IL-5 family (%, Bc ZAEK L OFEAEIMT LTRIL Y 7 F L
RERKZILET S, F—0BESTNBIRELTZYA N IA L ThDH I EN
AR E T, ABFEIZIBN T, IL-5fam D3MERERY 7231 T D Z L IR ST,
=~ A (Oncorhynchus mykiss) <°A % 71 (Oryzias latipes) T, IL-5fam B{5 1
IERAINRD 0T, £, BT 77 4 v v a?d IL-Sfam 135 ) LT — X _X— 2R
ETEmEL T & LTHREL, B 4 A TH L 3 A ITB 0TI 2 L
D3R SN hy o 7= (Yamaguchi et al., 2015), 2D X 5 ZRREMHOK EIZ, =V
NV EOHIELS OFHEE 51 5 IL-5 family THREH LN TWND, ZOD

Z o &E. A IL-5fam & EFLEE IL-5 family O 3@E eS8, #RICEE O BB
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508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

DEANTTEIET DT, SERERZZFT TCELLI 2R LTWND,

2 A IL-5fam OREREARHEZ B S 2023 2 < BUfG LBy &2 b & 12, EH
IRAE & S RREIFIZ 51T D IL-5fam DIBIRF-FEBURMT 21T - 7o, AHFIETIE, M
$H IL-Sfam OFEREFRRA O E#H0 & LT, 2 DO = A IL-5fam %#{&E L T IL-
Sfaml ([COWTEEMARMT 21T o 72, & MIBIT D IL-5 OWBIREAIL, IFEEEK
BmAE 7= 6 U, EREPERICH 59 223, [FRFIC, RIEMEREST LLF — Mgk
BEE DR & TR i FRER IS 2 0E O JRUA & 72 % (Sanderson, 1992), =D 7=, IL-5 DiE
FREBIZBT2RBIIEK LS L THIE S hTWa Z En@mEshTnd
(Bohjanenetal., 1990), IL-5 & [AI&kIZ, WFLIHIZISIT 5 IL-3 X° GM-CSF DFEHLIZ
DWT b EF IR TITHBLAMRN A, EYYE R & OFRAY 72RO T TIEFE BN L
H L., BEBEICERRL TWD Z EBRHE STV % (Broughton et al., 2012),
2 A IL-5faml DFEBL LWL, T2 T R TOMBECIEE IR o 723, K
BB & M 535 & | BB & g C 2 o R BRI FFE S, 202
EVE. PEFLEEO IL-5 family & [AIERIC, =24 O IL-5fam1 & B YRR EH1Z
PEAEISND Z &R LT D, 62, BEOAMmEKTIX, T~/ Y=
> ChDH PHA ORKIZ LY, IL-Sfaml ORBNFRICEH L, 2k, IL-
Sfaml 2MEVE(L T MfIZ Ko CEAIND Z L 2R/ L TWd, WEE IL-5
family [XIEPEE T MIENDPEA SN D 2 ERHRE S TWSH 729 (Dougan et al.,
2019), fAFO IL-5fam H[REOEABBEL AT L2 RB 2o, 4%, &
DX 97 THIEY 7'y M IL-5Sfaml Z53WT 500, £z, EO LS efiligk
PN IL-Sfam] FEAEZ S & Z 0220 TIE, S LRMENRLETH S,

I A O IL-5faml O & 572 HHREZ B DN T 5720, WFLEEM IR BLR THL
iz 2 A IL-5faml Z/ER L7-, =21 O/ 2 IL-5Sfam1 OAALERIMIRARNT 217
o TR, MR IL-Sfaml |3 N fESAUEHEM 20 Tl . 51T, WILHE
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532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

DIL-5 B2 BERTHLDIZK LI HERTHEET L2 2 LNIT LT, £,
IL-3 B L TU'GM-CSF & iR & L TAET 5729 (Murphy and Young, 2006),
HEEN D IL-5 family DALYy TIXHERTH 5 A[REMENR B 2 Hiviz,

FHAR 2 IL-5fam1 OB A ML ERIZ 63 D IEME 2 MG L7zl R, A2 IL-5faml
%, 24 OFEAMEKOHEIH & 2 v = —JER a2 HEEREIEE Lz, —F, M
#iz IL-5fam1 (ZAENEGHE A OO BEFE-C KA M H ML EREL DI N 2 35385 L 22 s o T2 72
(data not shown), = @ IL-5fam]1 (XN E MEKIZE F i 5 S0 7o @& A L2kt
T 50t - BHEK & LCHERT S B2 b5,

FEWNT, MR IL-Sfaml I XV R SN an=—DMRREZHLNITTH Z
&G, aA IL-5faml OMERFEAER - & L TOREMEIEZ DM LT, WEL
D IL-3 X° GM-CSF 1Z£ R8N0 2 =—a &t L (Becher et al., 2016; Suda et
al., 1985), IL-5 [T AFFRER R FEICIRE L7 2 v =— Tk & #5389 % (Yamaguchi et al.,
1988), AWFZETlE, Lz IL-5faml IZ K-> CHFE SNz an =—2B 1) DRk
ML DR A TR D & | TEREFHVRFE. MRS & F 4 2 BRI A bRtk &
BB, MR N OB E 2 D | FEIZIER S D Typel =2 =—(34F
WER/~ 7 v 7 7 —I@EpiMiafk TH O . DEIERL I D Type2 = 1=
—lE~ 7 n 7y —URINOFIICH KT 5 Z E BB 2 bz, Al 4k
BRoO~—H—L L THWEIRER T gata2 3BT T 7 4 v ¥ 2 (2B THERER
~—7—To& % (Balla et al., 2010), AHWFIEIZ LV gata2 GO FERIERPEA DS 1L-
Sfaml [ XV RE S 7720 BEEREICB T D R ERCUF R IR RS D5 2 DA
KIER D FEACIL, WHELIE & [FIRE, IL-5 family 94 b h A VA EE LTS Z &0
R X7, I, B SNz a e =— 3 IRER RS RTESHCH K TH
ST, WILHED IL-5 L REE, FREOmECRIIREN2MERE2AT 25 Z &N
B Z BT, I IL-5 OBRBIL, EIMIEMES T T < GFEROIEMEILS B
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556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

AR D TgA FEAMIREA~DLEFEE R & Wb 5 2 BIGE O EH 2RI A K
HA L LTOBE bH 5, FIETIE, WD 2 BGEITHY T 5 A KB
VAT LOFEMTR 5y - TR TR S TR s IL-Sfam DOFER 7R
FEATIZ L > T, ENOHEWALNITE MR D D, £, KbEERZ L &
LT 2fOar=—3L bl e B FERELL T\, £, =1 IL-
Sfaml 2824 Be DV Ho N U THRET 2 Z L VR ST,

A IL-5faml 23 Bc DY T FE L THEL TWANEHLNCT 5720 f1
iz a4 Be & HUVNT IL-5fam]l © =t v =—JBRRPRERBR 21T - 7=, WL TlE.
IL-5family Y1 b B A 0%, £V B FEERZ o 2B &AM CHA
LTI Ay R-ZERESEREZR L, Z0%, MBI pe ZREEHAG LT
VI FIBET D ENMBILTWD (Lopez et al., 1992), AMFITIZIVT, i
iz BelXIL-Stam 2 L B a v =—BZ HEERGFIICHE L, 202 Lk,
Bc 2% IL-Sfaml CAHAANER T2 Z EBRHLNCR-T-, Ll ZBEAITH D
disuccinimidyl suberate (DSS) ZHWTH, #HH#LZ =1 IL-5faml 25FHH#L X =1 Be
ICHBEREGT 5 2 L3R TE 2 o 7= (data not shown), ZIETHL Z A,
FETIT IL-Sfam D o B BROGEMITHRE S THRY, L LB S A0
FEOPRFEFEBRIIT 2 A MG E AN TV D720, M FIIFIET 50RO o 8
25 IL-5fam &fEA L, M#EZ Be & mBiAPEICH G T 22 L T, ar=—JEKo
FHENE & ARt B b D,

BT, ARFTRIC I D FHH 2 2 A IL-5fam1 28 =2 Ok A mERIZ X LT,
JAK- STAT ##E %I L CHIlIN Y 7 F REZ T O 2 & 2B 60T L, TEL
¥HD Be 1E, IL-5 family OFEAIZ L D | JAK-STAT R &I Lz 7P R %
Y ZENHSMNE A>TV D (Sheareretal., 2003), AEBRTIL, 214DV Uk

{b &7z STATS X, L OFED STATS (~92kDa) & kil L €, (K51 & (~60kDa)
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580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

ORI &7z, Guarienti 51X, ¥7 77 4 v aDRIZBWT, U g
LI STATS 121X 3 2DT A Y 7+ — A (ZHZE4 90, 70 3 LN 18kDa) 73
(ET 5D Z L ZHMELTW5 (Guarientietal., 2015), £7-. A O Z F o
RARTF > (TPO) b 60 kDa @ STATS DV U EfbZi5E L7-7-% (data not
shown), =1 OEEEMERTIX, 60 kDa DT A V7 5 — LN EHALT D Z En
EZoNZ, TNHORRELY IL-5fam (X Pe DY H > RTHY , HHLIED IL-
5 family & [FIERD > 7V FIWAREZAIT O Z E N B NITR > T,

AHFFETIL, = A IL-5fam OAFHILERPEAER T & L TOEEDNIH LT o7z
. A, BRBFEIEERICH T 2ERICO W T OB 2 ENH 5, WFLED
IL-5 family 13X2L T & 912, B ERER-CAFHEFLER OBERE 2 H#19- 5 = & A3
LTS,

() IL-5 /KB Lz~ 7 A TlL, % RSk OFREROBEAENE L RE SN D
(Kopf et al., 1996),

(i) IL-3 K4~ 7 A & H W22 Tld, TL-3 23R HRR Y T CAtg SRR oA & %
D)zt T 5 (Lantz et al., 1998),

(iii)) & F® GM-CSF 1%, 7 L/bF—PRIAEChG B O TLHEERD 7 F7 1 X
7 % #5545 (Pazdrak et al., 2011),

ARIFFROFERTIE, A ORBFHEEEERIZIBV T, Be OFRBLUTRD HILRMN
oTce LIPLRRD, 4fEHEMFETH D 2113, Be ZEHA L TV D ATREMED &
5128 G RLERITIE IL-5fam] & A5G FIHEZS Be DEBE S FHEBL L TV 5D
AIREME D E X bIVD, £, A EERNT 21T > TV eWy IL-5fam2 73 Be D EME 571
(AR 2 ATREME S B 2 B 5 728 | BREMIFHEFLERIZ 62 =1 A IL-5fam OAFEH
IZOWTIE, ZBREREZDIZE IR D BLETH D,

PED X olc, ABFZETlE. WEEO IL-5, IL-3. GM-CSF L Dy > F=—,
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604

605

606

607

608

609

610

611

612

FBURRAL FEARICBE T 2 JBEN & | RO S T2 6 T 2 FHOEF RED
YA " IA U &FE LT, 2 A IL-5faml |%, FEFEX° PHA 72 & OS50 R KOG
L CREA S, Be ZHRZ N LT IAK-STATS v 7 UiR& {5 L, IS4
FEROPEA TS, 2 Enn, IL-5 family & Be DFHAANERA NS 72 54
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613  Table 3-1. Oligonucleotide primers used for cDNA cloning from carp and construction of

614  expression plasmid vectors.

Primer name Primer nucleotide sequences (5' - 3") Application
IL-5fam1 _3' AGAATGCACGTGAGTGTGACGCCTTA  3'RACE
IL-5faml_5' GTGAAGGTGCAGGTGACGATTGACC 5'RACE
IL-5faml_full F GAAAGCATCCCTGTGAACAAGA

CDS cloning
IL-5faml_full R ATGTAATCCACATCTCCATAGCAGT

IL-5fam1 EukExp Xhol F ATCTCTCGAGAACATGAAACTGCTA )
- - - Construction of

ion plasmid vect
IL-5fam!_EukExp BamHI R GCTAGGATCCTTTGCAGATCAC an expression pastuid vectot

Bc_EukExp Xhol F ACCCTCGAGATGTTGTCCAC )
- - - Construction of

an expression plasmid vector
Bc_EukExp BamHI R AATGGATCCAGGGCTGATG P P

IL-5fam?2 full F AAAGCATCCCTGCGAACAAG
CDS cloning
IL-5fam2 full R AGGATAGAGAACACAGACTGGTCAA

615
616
617
618
619
620
621
622
623
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624
625
626
627

628

Table 3-2. Oligonucleotide primers used for gene expression analysis with quantitative RT-

PCR.
Target ) ] Product Primer
_ Primer nucleotide sequences (5' - 3') _ Marker for
( Accession No. ) length efficiency
Carp il-5faml F CCAGAAACCAGTATGCCAACA
94 bp 94.4% IL-5fam
(MN882543) R GTGAAGGTGCAGGTGACGA
Carp bactin F CAAGGCCAACAGGGAAAAGA
98 bp 104.5% [B-actin
(M24113) R AGGCATACAGGGACAGCACA
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629
630
631

632
633
634

Table 3-3. Oligonucleotide primers used for gene expression analysis with semi-q

uantitative RT-PCR.
Target ) ) Product
) Primer nucleotide sequences (5' - 3') Marker for
( Accession No. ) length
Carp fc F ATGGTTGGATTCGCTCTGCT
425 bp B chain receptor
(MN882543) R TCAGCCACCCTCTCTGTCAA
Carp mpx/mpo F ACCACAGTATACCAGGCTATAATGC _
270 bp Neutrophil
(AB429306) R GGTTCTCAAACCATAACCTGTCC
Carp cebpa F GCTGGAGACCTGAGCGAGAT
353 bp Myeloid cell
(MH262559) R GCGTGGTGTTGAGAGTGGTG
Carp gata? F TACGGACAAGCACACGCTCG ) _ _
322bp  Eosinophil/basophil
(AB429308) R TGGTGGAGGTCGGAGAAGAA
Carp csflr/mcesfr F AACTAAAGCTCGGAAAGACTCTGG
266 bp Monocyte/macrophage
(AB526448) R CGCAGGAAGTTCAGAAGATCAC
Carp irf8 F GTGCCAGAGGAGGAACAGAAG
414 bp Monocyte/macrophage
(XM _019088951) R GATGTTCTGGAGGCTGTCTGG
Carp Ick F CGTCGGGTGGCTATCAAGAG
326 bp T cell
(AB429309) R TGAGCTCATCGGACACCAAA
Carp IgM heavy chain F TTCTTCCACCACCCCCAC
(ighm) 353 bp B cell
R GCTGCAATCTTGAATAGGAACTG
(AB004105)
Carp gatal F TTCCAGCTCTGAGACTGACTTACTGC
442 bp Erythrocyte
(AB429307) R CCCGTATGGACCCAGCATGT
Carp cd41 F CGGCCTACCTACTGCCTGAG
440 bp Thrombocyte
(AB429305) R ACCTGCTTTCAGCTGATGTCC
Carp bactin F GTACGTTGCCATCCAGGCTGTG
465 bp Internal control
(M24113) R ACGTCACACTTCATGATGGAGTTGAAG
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Fig. 3-1. Similar genomic positions of IL-3/IL-5/GM-CSF family member genes in
mammals and fish. In fish like in mammals, the /L-3/IL-5/GM-CSF family member
genes map to the (duplicated) Tu2 locus together with RADS50, KIF3A, and IL-4/13 family
genes. In an ancestor of teleost fish a whole genome duplication event and subsequent
gene losses have resulted in the mapping of RADS50 + IL-4/13A to a different linkage
group than KIF3A4 + IL-4/13B + IL-5fam (Ohtani et al., 2008; Yamaguchi et al., 2015).
The genomic situation in human, elephant shark (Callorhinchus milii), spotted gar
(Lepisosteus oculatus), and zebrafish (Danio rerio) was analyzed before (Yamaguchi et
al., 2015) and was based on Ensembl databases (https://ensembl.org/index.html) and the
Elephant Shark Genome Project (http://esharkgenome.imcb.a-star.edu.sg/). The depicted

carp (Cyprinus carpio) gene locations were based on carp genome and transcriptome
projects PRIEB7241 and PRINA73579 at NCBI.
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mouse
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chicken
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Human
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mouse
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chicken
IL-5

carp
IL-5fam

Goldfish
IL-5fam
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650
651
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340 98 42 1303

192 96 42 993

E
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90 124 42 101 536

96 135 42 122 257

;

194 98 42 687 126 809 426
L ]
L1
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[L_H [ ]
 E—
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L +— I ey I
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C_1 (
LI
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150 245 1707 135 322 93
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] 0 ]
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LI L1
123 503 39 910 147 753 147

Fig. 3-2. Comparison of exon-intron structures of various species

The square indicates exon and the line indicates intron. The numbers at the bottom of the

squares and lines indicate the number of base pairs of exon and intron in the genome. The

reference sequence is the same as the Fig. 3-3 and 3-4.
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654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676

.
LU - &U

Human IL-5 MRMLLHLSLLALGAAYVYA-—--—-——-—— IFTEIPTSALVEETRALLSTHRTLLIANE (0)
Mouse IL-5 MERMLLHLSVLTLSCVWATA-—--—-——-——-— MEIPMSTVVEETLTQLSAHRALLTSNE (0)
Opossum IL-5 MMRMFVCLPLLVLWVGCTYG———-————— AATGENSVNRLVTETLSLITAHRTLLINNG (0)
Chicken IL-5 MRTHLYFLLLTVGISA-———————————-— TELRSNEAELOTWLOOQIYQSVDML (0)
Pigeon IL-S5 MEIHLYLLLLAAGVSA-———————————— APPISSMAELLTLEEQMYDSWVTEDIQ (0)
E. shark IL-5famk MTIRMICVYVLLENSFLEVEG——--———- RNTHPCSRPQIYETINAIFKHEQDIIE (0)
E. shark IL-5famB MISFYMLLFASSLFTLGCS-———————— REPCHYSTICEMLFELREVEEL (0)

Gar IL-Sfam MSMYLVLLILGVHYSGVRT-——————-———-— QHYHFISEIZSHIENARQ (0)

Esl IL-Sfam MMRYTILIFTLLHYSWG-—————————————— CGIYEEMREQLDELOQEKNESFTE (0)
Arapaima IL-5fam MMRYAVFFIVLEFSYSWA-————————————-——-— DILOEIRLDLTELERQHEVTII (0)
Herring IL-5fami MEKFIMITAVLFHMCLA-—-——-————————— DRESDLFTELKANLENLENSTEGE (0}
Catfish IL-5fam MMRTLIFLLTLCLALSGTIRG-————————— ENLLEDAT@HDLDNLTLAGNIME (0)
Mex. tetra IL-S5famf MRTLFLLIALSFHIALS-FSSF——--—-——-—-———- ESTMNEAVRIIVEDLENVSLEL (0)
Mex., tetra IL-S5famB MRPLFRNMEMLSFLVMLSFSSA---—---——--- FLTTEIVRGEVEDLRQLSPEL (0)
Goldfish IL-5fam MELLVLLMTLFALNYANT---—-—-—-—--— N-RVETETFSELLNRLFHLEEHEFE

Carp IL-5faml MELLGLLMTLFALSYANL VSTTLRELLNRLENLEKHEFE (0)
Carp IL-S5fam2 MELLILLVALFALSYANS-——-—————————— MTVETFSEIMRRLERLEEHPFN
Human GM-CSF MWLOSLLLLGTVACSISAPARSPSPSTQPWEHVNATQEARRLENLSROTAREM (0)
Mouse GM-CSF MWLONLLFLGIVVYSLESAPTRSPITVIRPWEHVEAIFKEALNLEDDMEVTL (0)
Chicken GM-CSF MLAQOLTILLALGVLCSPRPTTT————YSCCYKVYTILEEITSHESTLARTE (0)
Human IL-3 MSREPVLLLLOLLVRPGLOLPMTOQTTSLETSWVNCSHNMIDEIITHLEQFPPLPLL (0)

Fig. 3-3. Alignment of deduced IL-3/IL-5/GM-CSF family member amino acid sequences.
(exon 1 region)

(Predicted) leader peptides are indicated with gray shading; for predictions. The
alignment is organized according to the matching exons, and brackets relate to intron
positions with the number indicating the intron phase. The a-helices aA-to-aD, of human
IL-5, GM-CSF and IL-3 are indicated by underlining. Sequences were predicted and
aligned by a combination of software analyses and manual searches and modifications,
based on considerations of genomic location, protein structure, and evolution. Motifs of
interest are highlighted by different color shading in a somewhat instinctive and random
manner, but mostly include leucines/isoleucines (expected to be) located at the inner core
of the four a-helix bundle and conserved cysteines. The yellow shaded glutamic acid in
a-helix A is important for function (Barry et al., 1994; Hercus et al., 1994; McKinnon et
al., 1997), and, at least for GM-CSF, for binding the common [ receptor chain (Hansen
et al., 2008). N-glycosylation sites are highlighted in black. Aligned, in that order, are the
following sequences: Human (Homo sapiens) 1L-5, GenBank accession NP_000870;
mouse (Mus musculus) 1L-5, NP _034688; gray short-tailed opossum (Monodelphis
domestica) 1L-5, XP_001371840; chicken (Gallus gallus) 1L-5, ADL28818; white-
throated sparrow (Zonotrichia albicollis) 1L-5, XP_005483812; rock pigeon (Columba
livia) 1L-5, EMC79983; elephant shark (Callorhinchus milii) IL-5famA and IL-5famB
(Dijkstra, 2014); spotted gar (Lepisosteus oculatus) 1L-5fam [Yamaguchi et al. 2015];
American eel (Anguilla rostrata) 1L-5fam, prediction from genomic sequence

LTYTO01002422; arapaima (Arapaima gigas) IL-5fam, predicted from genomic sequence
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677
678
679
680
681
682
683
684
685
686
687
688

689

690
691

UFQX01000020;  Atlantic herring (Clupea harengus) IL-5famA, predicted from
genomic sequence OO1J01000022 (there is also a second IL-5fam gene copy but that may
be a pseudogene); Channel catfish (Ictalurus punctatus) 1L-5fam, cDNA sequence
GEHJ01102137 (intron positions were found by comparison with the genomic sequence
LBMLO01015439); Mexican tetra (Astyanax mexicanus) IL-5famA, predicted from
genomic sequence APW002000008; IL-5famB, cDNA sequence GFIF01009956 (also
found in genomic sequence APW002000008); goldfish (Carassius auratus) 1L-5fam,
GBZMO01010380 (Yamaguchi et al., 2015); common carp (Cyprinus carpio) IL-5faml,
MN882543; human (Homo sapiens) GM-CSF, NP_000749; mouse (Mus musculus) GM-
CSF, CAA26192; chicken (Gallus gallus) GM-CSF, NP_001007079; human (Homo
sapiens) IL-3, AAH66275.

7

[}
Excnl

.10 .20
Human IL-35 MARMILLHLSLLALGAAYVYA--———-——-— IPTEIPTSALVEETLALLSTHRTLLIANE (0O)
Mouse IL-5 MRRMLLHLSVLTLSCVWATA-———-————— MEIPMSTVVEETLTQLSAHRALLTSNE (0)
Cpossum IL-5 MMEMFVCLPLLVLWVGCTYG-————-——-— ARTGNSVNRLVTETLSLITAHRTLLINNG (0)
Chicken IL-5 MRTHLYFLLLTVGISA-——-—————————— TPLRSNLAELQTWLQQIYQSVDML (0)
Pigeon IL-3 MEIELYLLLLAAGVSA-———-—————————— APPISSMAFELLTLEEQMYDSVTEDIQ (0)
E. shark IL-S5fami MTRMICV¥VLLFNSFLFVEG ——————— RNTHPCSREQIYETINATIRKHEQDIIE (0)
E. shark IL-SfamB MISFYMLLFASSLFTLGCS————-———— BEPCHYSTECEMLEERFEVEKL (0)
Gar IL-Sfam MSMYLVLLILGVHYSGVRT HYHFISEIISHIENAEQ (0)
Eel IL-S5fam MMRYTILIFILLHYSWG--——————-——————— CGIYEEMREQLDELQERNESFTFE (0)
Arapaima IL-S5fam MMEYAVFFIVLFSYSWA--—————————————— DIGQEIRLDETELERKQHVTI (0)
Herring IL-S5fami MEFIMITAVLFHMCLA-—-——————-———— DRKSDLFTELKANLENLENSTEGE (0)
Catfish IL-S5fam MMRTLIFLLTLCLALSGTIRG-————————— FENLLODAITHDRDNLTLAGNIME (0)
Mex., tetra IL-5famf MRTELFLLIALSFHIALS-FSSF-—--———-———- ESTMNEAVRIIVEDLENVSLEL (0)
Mex. tetra IL-5famB MRPLFRNMRMISFLVMLSFSSA-—————————- FLTTEIVRGIVEDLRQLSPEL (0)
Goldfish IL-5fam MELLVLLMTLFALNYANT-—-——-—-—-—-— N-RVETKTFSELLNELEHLEEKHEFE
Carp IL-S5faml MELLGLLMTLFALSYAN . ————————— DEQVVSTTLRELLNRLENLEKHEFE (0)
Carp IL-3faml MELLILLVALFALSYAL S - ————-——-—-—-— DMTVETFSEIMRERLERLEEHPFN
Human GM-C5F MWLOSLILLGTVACSISAPARSEPSPSTOQPWEHVNATQEARRLLNLSROTALEM (0)
Mouse GM-CSF MWEONLLFLGIVVYSLSAPTRSPITVTRPWRHVEAIREALNLLDOMEVTL (0)
Chicken GM-CSF MLAQLTILLALGVECSPAPTTT————¥SCCYEVYTELEEITSHESTLAATR (0)
Human IL-3 MSREPVELLLLOLLVRPGLORPMTOTTSLETSWVNCSNMIDEIZRTELFKQPELPLL (0)

Fig. 3-3. Alignment of deduced IL-3/IL-5/GM-CSF family member amino acid sequences..

(exon 2 region)
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692
693

694

695
696
697
698
699
700
701

Exon3 (3a plus 3b)

Human IL-5
Mouse IL-5
Opossum IL-5
Chicken IL-5
Pigeon IL-5

.20 .60
HOLE-TEERFQGEG SQTVQGEG f )
HOLE-IGERFQGHED IBRNOTVRGG——-— FONES
HPLEC-IEERFQGEE IQTAEEN---- EQNES
EENE-IKTNFEGIALERNNFEMRR ———————

VHE-VSAEFEGTE

(0)
PSLTAQLTGE
QSLTPSLAQ

(0)
(o)

E. shark IL-S5fam®
E. shark IL-S5famB
Gar IL-S5famd

EENEFQQINSTFYE

————— SNMTNDEADVQ (0)
————— SNLHYEEMHEEK (0)
————— BMDVICENLEK (0}

Mmerican eel
Arapaima IL-Sfam

Herring IL-S5famA
Cactfish IL-5fam
Mex. tetra IL-S5famA

Mex.
Goldfish IT-S5fam
Carp IL-S5famil
Carp IL-S5fam2

IL-S5fam

tectra IL-S5famB

PEDDMMO----NETIA
DOGSSER---IADITE

EKSNMSMMOEKHQSE
sfrriDC (0)
SEELSKQENDT (0)
GYFLOGQILT (0)
ENLELVLELVHEE (0]
————— IRLDATHSEE (0)

(0)

Human GM-CS5F
Mouse GM-CS5F
Chicken GM-CSF

DLFAKHEKQFMESVETRTIPS50————-——-LLNQ@LDNME -————— LPONLSE

ALLAKHEFKHFET SVESAVPRNQ——————-YLNELDNVH-———— QETEVE (0]

KIFREQRFHEENTARSGVER ————————-ESPFN TN -————— HFESHMD (0}
EFTCLOTREFLYEQGERGS ————————————-LTKNEGET—————| MMASHYEQHCEFPTE (0)
ELTEVOTREKIFEQGERGH ————————— H-———-MTASYYQTYCFPTFE (0]

BETET.ENNEETEIE CERLESNITFTPQ

Human IL-3

(o)

ENNLEREFNEEREFNRAV

LECLEFLATRRFPT (0]

Fig. 3-3. Alignment of deduced IL-3/IL-5/GM-CSF family member amino acid sequences..

(exon 3 region)

Exon4
al

.90 .100 110
Human IL-5 FFEE———————— GEERERVHNQFL-D F] WVMNTEWIIES
Mouse IL-5 EFE-——————— GEERRRTRQFL-D =] WVMSTEWAMEG
Opossum IL-5 EQB-———————{ GGERREVEQFL-D ] TVNTEWIIESGE
Chicken IL-S GEE-————-—- DTERENVEFFI-EERE SEDARV
Sparrow IL-5S GEE-—————-- DTERRNATIET-TH] QLEPTRLES
Pigeon IL-5 GOE——————— DTERESATIFI-EF] BIENQRR
E. shark IL-S5fami DEQSDE---N---0NVQTVNGAKFL-FRFLIF SKMSREMSRERRSLEQILANFH
E. sharkIL-SfamB LPFONKHSSETASD-—-INVEEMNSARFL-EEFEN AYYNTLLNQNEEREER
Gar IL-5famh HOQVPDE-——————— VQDTSTFQEL-RQFT KIERS RLRSEYDPFSA
Eel IL-S5fam GGHE——————-— KEQDHETEPLIELFANNER NE—
Arapaima IL-5fam PETTRE-—-NYQRRSERNISSHEVL-VDNI NE-
Herring IL-S5fami INE-—-—————== TGGENTENVE-TEEI TR ERITT - 8 TH
Catfish IL-5fam

Mex. tetra IL-Sfami
Mex. tetra IL-S5famB
Goldfish IL-S5fam
Carp IL-5faml

Carp IL-5fam2

EGEENE-——-LREAYRRLRKRTTVV—-PYFE
NGSKVNETFTTHNLTRVT SDNIRLLE-ODNIN
Ess IvICTF T THEL VT PODIKPLI-QDNT

DGEDNGNFETHNPKELASGDFKELI-QDNT

Human GM-CS5F ETS@-——————- ARTQIITFESEK-E E VQE
Mouse GM-CS5F ETDE-——————— ETQVITYADEI-D )
Chicken GM-CSF VEDEEE-——————— RTAQVSEEEFE-ER [FIYLSD-VLPEEKDCT
Human IL-3 RHPI-——————- HIEDGDWHEER- TLENAQROOTTLSLALF

Fig. 3-3. Alignment of deduced IL-3/IL-5/GM-CSF family member amino acid sequences..

(exon 4 region)
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721  Fig. 3-4. Phylogenetic tree analysis of vertebrate IL-5 family cytokines

722 Phylogenetic analysis was performed based on the alignment by clustal omega
723 (https://www.ebi.ac.uk/Tools/msa/clustalo/). The phylogenetic tree was created by unweighted pair
724 group method using Genetyx. The individual sequences used in this analysis are described in Fig.3-3
725  and below. Chimpanzee (Pan troglodytes) IL-5, NP_001040598; Rhe.Macaque (Macaca mulatta) TL-
726 5, NP_001040598; Dog (Canis lupus familiaris) IL-5, NP_001006951; Cattle (Bos taurus) IL-5,
727  NP_776347; Rat (Rattus norvegicus), IL-5NP_068606; Armadillo (Dasypus novemcinctus) IL-5,
728  XP_004456511; Sparrow (Zonotrichia albicollis) TL-5, XP_005483812; Pigeon (Columba livia) IL-5,
729  EMC79983; Tasmanian devil (Sarcophilus harrisii) IL-5, XP_003756529; Platypus (Ornithorhynchus
730 anatinus) IL-5, XM _007658048; Chimpanzee GM-CSF, XP_527005; Rhe.Macaque GM-CSF,
731  NP_001028121; Dog GM-CSF, NP_001003245; Cattle GM-CSF, NP_776452; Rat GM-CSF,
732 NP_446304; Opossum GM-CSF, XP 007474457, Tasmanian devil GM-CSF, Ensembl DEVIL7.0;
733 Chicken GM-CSF, NP_001007079; Budgerigar GM-CSF, Ensembl MelUnd6.3; Chimpanzee IL-3,
734 NP _001129106; Rhe.Macaque IL-3, NP_001095204; Mouse IL-3, NP 034686; Opossum IL-3,
735 Ensembl BROADOS; Tasmanian devil IL-3, Ensembl DEVIL7.0; Chicken IL-3, NP_001007084; Rat
736 IL-3,NP_113701; Dog IL-3, NP_001013857; Chicken IL-3, NP_001007084; B.F.Amazon (4Amazona
737  aestiva) IL-3, KQK77063
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738 Table 3-4. Amino acid sequence identities (gray upper grids) and similarities (lower grids) of human, mouse, chicken IL-5/IL-3/GM-CSF family
739 cytokines and fish IL-5fam orthologues. Amino acid identities and similarities (in percentages) were calculated using the Sequence Manipulation
740 Suite v2: Ident and Sim (http://www.bioinformatics.org/sms2/ident sim.html) following the multiple alignment with the Clustal Omega

741 (https://www.ebi.ac.uk/Tools/msa/clustalo/) using default parameters. Accession numbers of protein sequences listed are same to Fig.3-3 and 3-4.

Carp Carp Goldfish Gar0 E. Shark E. Shark Human Mouse Chicken Human Mouse Chicken Human Mouse Chicken
IL-5fam1 IL-5fam2 IL-5fam IL-5famA IL-5famA IL-5famB IL-5 IL-5 IL-5 1L-3 IL-3 IL-3 GM-CSF GM-CSF GM-CSF
IL_CS"‘f;pm | 46 60.27 9.09 8.54 12.9 12 9.93 9.4 8.07 8.82 15.69 10.46 7.89 9.8
IL_CS"‘SI’“Q 57.33 45.27 13.07 8.54 14.01 14.38 13.64 9.27 8.07 8.24 16.23 7.79 7.84 13.73
G 6918 59.46 9.74 10.37 14.84 13.33 11.26 7.43 9.32 12.35 14.47 7.84 7.89 7.84
IL_?;; . 2662 28.1 24.03 20 16.67 14.86 12.75 11.81 6.96 8.33 10.53 8.55 10.53 13.33
IE'_ ?gji‘A 22.56 18.9 22.56 30 3L1 16.45 15.13 11.04 12.35 8.98 8.97 13.29 11.39 11.88
I'E'_ i};:;fB 29.03 27.39 31.61 30.77 41.46 12.99 13.55 13.73 10.18 9.3 10.69 10.06 10.13 13.29
Human IL-5 24 25.49 23.33 25 32.24 26.62 69.63 19.85 9.68 5.42 11.81 11.64 11.03 12.33
Mouse IL-5  21.85 24.03 19.21 23.49 30.92 27.74 74.07 2117 7.05 3.61 9.66 11.56 9.59 10.88
Chicken IL-5  21.48 20.53 17.57 23.61 25.97 27.45 32.35 32.85 9.15 7.78 7.69 15.86 11.81 13.79
Human IL-3  20.63 20.13 26.71 24.68 21.6 20.36 25.81 17.95 17.65 13.53 1118 10.46 9.15 6.45
Mouse IL3  15.84 21.57 22.35 23.21 19.76 16.28 21.69 18.67 17.37 26.47 9.58 7.78 10.18 13.02
Chicken I3 22.99 26.8 26.97 26.32 19.87 23.9 23.61 20 22.38 28.95 20.96 125 13.19 13.61
G‘&‘f‘(‘f;} 25.49 25.47 20.26 18.42 24.68 25.79 26.03 2517 27.59 28.76 19.76 24.31 54.86 15.65
G]\fd‘if; 23.03 20.59 22.37 21.71 29.75 25.95 23.45 19.86 27.08 25.49 19.76 22.92 64.58 14.97
gﬁ"é‘; 2745 2857 2614 2533 2688 2405 3356 2349 2759 2452 2722  27.21 31.97  27.89
742
743
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Fig. 3-5. Quantitative expression analysis of il-5fam 1 in carp head-kidney and spleen
following 6 hours post administration of heat-killed E. coli. The relative mRNA levels
of il-5faml were determined using bactin as the endogenous control. Data are mean +
standard error (n = 4). Significance (p<0.05) is denoted by (*) compared to the samples

from uninjected carp.
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Fig. 3-6 Quantitative expression analysis of il-5fam1 in kidney-derived leukocytes
stimulated with PHA, LPS and Polyl:C for 5 hours. The reported relative mRNA
levels were calculated using bactin as an endogenous control. The data were normalized
against the mRNA levels of il-5faml gene in unstimulated kidney leukocytes and set to
an arbitrary value of 1 shown by broken line; mean + standard error is shown (n = 4).

Significance (p<0.05) is denoted by (*) compared to the reference sample.
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Fig. 3-7 Purification and biochemical characterization of recombinant carp IL-
Sfaml. (A) SDS-PAGE analysis of purified recombinant carp IL-5fam1. The 15% SDS-
PAGE gel was stained with coomassie brilliant blue. M, ATTOEzProtein Ladder, sizes

15 - 15

10

are listed on left side; recombinant carp IL-5fam1, purified PA-tagged IL-5fam1 protein.
(B) Western blot analysis of recombinant carp IL-5faml protein following
deglycosylation experiments. Purified recombinant carp IL-5fam1 was treated with or
without Glycopeptidase F under denature condition at 37°C overnight. Samples were
resolved by SDS-PAGE followed by western blotting using anti-PA-HRP conjugate. (C)
Western blot analysis of purified recombinant carp IL-5fam1 under reducing or non-
reducing conditions. recombinant carp IL-5fam1 was mixed with equal amounts of EZ
apply (ATTO) with or without DTT and heat treated at 95°C for 5 minutes. The following

western blotting procedure was performed similarly as for Fig. 4B.
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Fig. 3-8. Recombinant carp IL-5faml promotes proliferation of carp kidney
leukocytes. (A) Proliferative response of carp kidney leukocytes (20,000 cells) treated
with medium alone (negative control), recombinant carp G-CSFal (positive control), or
recombinant carp [L-5fam1 at different concentrations listed. Live cells treated with each
stimulus were measured with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay at day 0, 3, 6 and 9 in the culture. Absorbance values with 650 nm
were subtracted from experimental absorbance values with 570 nm in each well. Each
point on the graphs represents mean + standard error (n = 6). (B) May-Griinwald Giemsa
staining of kidney cells after 0 or 9 days culture in the presence of recombinant carp IL-
Sfaml. Mitotic Fig. s (small enclosure) were frequently observed. Scale bars indicate 10

um.

114



790
791
792
793
794
795
796
797
798
799
800

350 = Typel

(=4
o

4 Type2

N N W
S O
o ©

Type 1 colony

-
(3]
o

100

CFU /100,000 cells plated
()]
(=]

o

0 3 6 9 12 15

Type 2 colony Days in cultue

Fig. 3-9. Recombinant carp IL-5faml promotes colony formation. (A) Colony-
formation of kidney cells in response to 20 ng/mL recombinant carp IL-5fam1. Overall
two types of colonies (type 1 and type 2) were observed in the semi-solid culture. Bars
indicate 200 pm. (B) Colony counts during semi-solid culture of kidney cells (1 x 10°) in
the presence of 20 ng/mL recombinant carp IL-5fam1. Each point indicates mean colony
counts from 4 individual fish under each condition. Cultures were scored every 2 days

between 3 and 13 days of incubation.
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804  of colonies isolated from the semi-solid cultures after 10 days of incubation were smeared
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Fig. 3-11. Transmission electron microscope analysis reveals that recombinant carp IL-5fam1 induces EBM development. (A and
B) A typical carp kidney neutrophil having narrow-shaped granules containing a rod-shaped electron-dense core. (C and D) A typical carp
kidney EBM having eccentric nucleus and round to oval granules filled with electron-dense material. (E, F and G) Cells in the colonies
formed in the presence of recombinant carp IL-5fam1 after 7 days of culture were ordered according to their putative developmental
stages: an immature cell including small granule-like structures in cytoplasm and a nucleus with poor chromatin structure (E); a cell which
commences to produce a couple of EBM-like granules and has an eccentric nucleus with clear chromatin structure (F); and a cell which
is actively producing EBM-like granules and has an eccentric nucleus with rich chromatin structure (G). (H, I and J) High magnification
of the cell in (G) shows a number of EBM-like granules (H), abundant mitochondria (I) and Golgi apparatus producing granules (arrows)

in cytoplasm (J). The letters ‘n’, ‘m’ and ‘g’ mean nucleus, mitochondria and Golgi apparatus, respectively. Scale bars indicate 2 um.
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Fig. 3-12. RT-PCR expression analysis of lineage-associated marker genes in type 1
and type 2 colony cells. Each colony cultured in the presence of 20 ng/mL recombinant
carp IL-5faml for 10 days was collected under microscopic visualization based on
morphology. Approximately 20 colonies were pooled and RNA isolated and reverse
transcribed into cDNA prior to RT-PCR. Kidney cells were used as positive controls for
all blood cell markers. Kidney-derived sorted EBMs, sorted neutrophils and recombinant
carp G-CSFbl-induced colonies were used as control groups for EBM- and neutrophil-
lineages. PCR products were electrophoresed on agarose gels and stained with ethidium
bromide prior to visualization under UV light. Data shown are representative of three

individual carp examined.
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Fig. 3-13. Recombinant carp IL-5faml activity is sensitive to Pc receptor and
stimulates formation of two types of colonies from kidney cells. Recombinant carp
soluble form of Bc receptor consisting of the extracellular region (recombinant carp 3¢)
reduced recombinant carp IL-5fam1-induced colony-formation. Carp kidney leukocytes
(1x10° cells) were cultured in technical duplicate in the presence of 0.8 ng/mL of
recombinant carp IL-5fam1 alone (control group) and 0.8 ng/mL of recombinant carp IL-
Sfaml pre-incubated with 1, 10, 100 or 1000 ng/mL of recombinant carp Bc or heat-
inactivated (95°C for 15 min) 1000 ng/mL of recombinant carp Bc at 4°C for 12 h. After
7 days of culture, colonies under each condition were enumerated. Percentages of colony-
forming unit (CFU) against CFU in the IL-5fam1 alone control group (broken line) were
calculated. Data represent mean + standard error (n = 3). Significance (p<0.05) is denoted

by (*) compared to the control (Heat-inactivated 1000 ng/mL of recombinant carp 3¢).
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Fig. 3-14. Recombinant carp IL-5faml can induce phosphorylation of
transcriptional factor STATS. (A) Carp kidney leukocytes were isolated and incubated
with 20 ng/mL of recombinant carp IL-5fam1. After 0 or 30 min incubation, kidney
leukocytes were lysed and analyzed by Western blotting using anti-pSTATS following
electrophoretic separation in SDS-PAGE gel. (B) Carp kidney leukocytes were pre-
treated with 0, 10, 100, 1000 nM JAK inhibitor I (Merck, #420097) for 1 h before 30 min
stimulation with 20 ng/mL IL-5fam1, followed by analyzed STATS activation.
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