R S712eta] A A 4878 A 335, 111~122(2021) 111
Korean J. Poult. Sci. Vol.48, No.3, 111~122 (2021)

Check for

updates | https://doi.org/10.5536/KJPS.2021.48.3.111

ZQ 9l X220 Qlst £9| Interleukin-34 Ef&l EA1 H|m

> N
s %@
Tt FEYET ST u

Expression Analysis of Chicken Interleukin-34(IL-34) for Various Pathogenic Stimulations

Yeong Ho Hong
Professor, Department of Animal Science and Technology, Chung-Ang University, Anseong 456-756, Republic of Korea

ABSTRACT Recently, interleukin 34 (IL-34) was identified as the second functional ligand for macrophage
colony-stimulating factor receptor (M-CSFR). IL-34 functions similarly to M-CSF through its binding to the M-CSFR. There
is still insufficient information on IL-34 in chickens, which has until now been reported only through predicted sequences
and not through experimental research. Thus, to confirm its expression and to determine its potent biological activity, several
chicken lines and cell lines were used. Cloning of recombinant chicken IL-34 and M-CSF genes was performed to investigate
their modulatory effects on proinflammatory cytokine expression in vitro. The expression levels of IL-34, M-CSF, and
M-CSFR genes were upregulated in broiler chickens with leg dysfunction (cause unknown). However, IL-34 was
downregulated in most pathogen-stimulated tissues. M-CSFR expression was enhanced by recombinant IL-34 and M-CSF
proteins in vitro. IFN-y expression was enhanced by recombinant IL-34, but not by M-CSF. However, IL-12 expression was
not regulated in any of the treated cells, and IL-13 was decreased in all tissues. These results indicate that IL-34 and M-CSF
have roles in both the classical and alternative macrophage activation pathways. Collectively, our findings demonstrate the
expression of IL-34 in chickens for pathogenic trials, both in vitro and in vivo. Our results suggest that the I1L-34 protein
plays a role in both pro- and anti-inflammatory functions in macrophages. Therefore, further research is needed to determine
the cytokines or chemokines that can be induced by IL-34 and to further elucidate the functions of IL-34 in the inflammatory
pathway.

(Key words: chicken, IL-34, necrotic enteritis, S. Enteritidis, LPS)
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M FEA S} BRtETE AR e 9A|ollM SHAcE 4
e 4 0SS YeEhdti(Garceau Valerie et al., 2010).
AEFZ(IL)S WS AA A F8d &S St Al
E7RQ 8oz Uxp 9 J)g} Alxe] A, o]TA 2
T3kE sty A5 WS 2-gith L34+ 5499
v 22 oA dE s n, QzF el AYES A Ysta o
2IAE PAE ZZ8TH(Chemel M et al., 2012; Hwang et
al., 2012). IL-34(IL34“*“7% mice) = = HFS =28}
= ARG A} vlolel s A HHE EFory
B $3F AAAE B58h= vlAlotm M E(microglia)ol| A 2
L23F 9gg vl B %At (Wang and Colonna, 2014).
IL-34+= TH)E @ glolBeje]e] 754 ~38ds &
&l &% M (Haishan Lin, 2008), ©] Alo]EF}SIS

M-CSFRS 53| thalA|Ze] #alo} &S 313t} 18]
31 M-CSFRel tgt Aets $oll IL-34= M-CSFeh ARk
71%5g FETh E3 o] F Al BRI Abgke]
ARZRIY] Td-E }1L(Eda et al., 2010), th2lA]E2]

9| 9= Sl (Munoz-Garcia et al.,
Bl o] Alo] Sloll IL-34% w 2 229
AN ZEE B3g Wei et al., 2010).

IL-34 mRNAE A7, +, o, 2k A7, v, &4, a8,
i, A AR, A 23 A9 1z 2F] oA B
918 & ¥ th(Haishan Lin, 2008). IL-349} M-CSF2] &
< IL-18 ¥ TNF-a A3AEs 22 H935(proin-
flammatory) A E7Cl) o8 F=%™, M-CSF= < &
(Garceau et al., 2015; Garcia-Morales et al., 2014)3} F3}3%
(zebra finch)(Garceau Valerie et al., 2010)°]4] &A=}

AT 27 279 IL-3400] tig AV S &
Aetar, Hol vhekeh Weld 9 22 9 Al 3ol A] IL-34
o WE S vl w BB T3 Al A8 (in vitro)oll A
M-CSFR 2]7F=2l M-CSFe} 3HA| 1L-349] 2d S H2351%
on, T 79| 2jzt=r) LPSel| 98] A5H o m Wy m
ZAHEYE AL Bty 28 E coli2FE FHAE
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ADOL 6.3, ADOL 7.2 line(Avian Disease and Oncology
Laboratory, USDA-ARS), 1] 31 White Leghorn 2] 2+ =
2] total RNAS Pl %4 ARSS| ABBL(Animal Bio-
sciences and Biotechnology Laboratory, Beltsville, MD)®l| 4]
o] Rigkth 2709 2% AlE<Ql ADOL 6.3(resistant) 2t
7.2(susceptible) AlE-> avian leucosis virusZ} Marek’s
disease virusll AP 2 FA AR SFEHUCH
(Bacon et al, 2000), ©] A& °]&ste] 219" E
maxima strains(10° to 10* oocysts/bird) 74 &, 59 Fd| C
perfringens(1 x 10° cfubird)S F7F FAAIA AN 44
(necrotic enteritis, NE)S F&=3l] B & (spleen) 2 2%
(small intestine) Z%]-S FZ3}tHLee et al., 2011). 671
% 2] White Leghornl| S. Enteritidis(1 x 10® CFU/bird) %+
74 Foll, H(lung), Fi(ovary), 2%, B, IHliver), T4
(thymus), 18] 32 FTH(oviduct) Z3|-& FZ3A(t}. BE 4
&2 Beltsville Agricultural Research Center2] Institutional
Animal Care and Use Committees2] 5<1 3lol] =38 % AT}
1¢9% ROSS SAI= FHAA/FEIAIEA ] Atast B&
FAgE golation, AF FF g B oo el
Aot E. coli O111:B4 2] Lipopolysaccharides(LPS,
Sigma-Aldrich, St. Louis, MO):= phosphate-buffered saline
(PBS, equivalent to 1 mg/ml)°l] 3|2 sle] AFE-319I T} 273
o 7} 65 47 L 71 SAl9] 0.2 mg/BW/kge] LPSS 3
gt FARIoH, iz PBSS FARIAL 19 &
20l (A 2T b4 suke], tiET b smke]) A,
v 217, FA, # 7 (pancreas), A ©]X]%H(duodenum), &
(jejunum), 37 (ileum), "7 (caeca), ZHId I (cloaca), &7
(gall bladder), FF(larynx), 7]%Z(trachea), 18] ¥ =3
T FEIILh o] ARe FYUTn sEATAYS

(IACUC) %2](No. 2016-00108)3}] &=t}

ol [ oy

==

=

2. 5 IL-342} M-CSF /A 224

o] IL-349} M-CSF &2}o] ™= predicted chicken IL-34
cDNA 3714 & (accession number XM_003641892.3)3} &
M-CSF ¢cDNA 714 € (accession number NM_001193295)
& NCBI/primer-blast(https://www.ncbi.nlm.nih.gov/tools/prim
er-blast/) ©]-8-3stc] TYARISHATKTable 1). Ho] 2} 2%

< 42 cDNAS Dream Taq green PCR Master mix(Thermo
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Table 1. Primers used for cloning of chicken IL-34 and M-CSF. Hind 1l and EcoR 1 restriction enzyme site (highlighted in bold

and underline) was included in the primer for vector cloning.

Primer name Primer sequences Tm Product size Accession number
IL-34 F CGGAATTCATGCACCAGGGCTGCGCGGC
60C 537 bp XM 003641892
IL-34 R CCAAGCTTAGCGGAGTCCCACCGACAGTG
M-CSF F CGGAATTCATGCCCCGCCTCGGATC
63T 813 bp GQ249404
M-CSF R CCAAGCTTCAGCTCCTGCGTCTCCAG

scientific, Waltham, MA)< o] &3l t}g-2] 27104 PCR
SZ31 ), 7] 95C/5min ¥H8- -, denaturation 95°C/30s,
annealing temperature/30s, ~12] 1l extension 72C/IminS &
35 cyclesS F&st9] e, vpx]ut 72C/5min &2 vhg]
3ttt PCR A#ES PureLink™ quick gel Extraction
Kit(Invitrogen, Carlsbad, CA)S ©]-83l] =] T, pCR2.1-
TOPO vector(invitrogen)©l| ligation 2 E. coli TOP10 compe-
tent cells(invitrogen)°l] &2 731519t} Blue-White 2~=.2]
J-& B3] positive clonesS B3] plasmid & F 4
717Gl thek sequencings A8t 2HR18FATH Genotech,

Daejeon, Korea).

3. AHz=gh CHeHA e 3 x|

&} IL-34/pCR2.1-TOPO<} & M-CSF/pCR2.1-TOPOS Al
B8 A EcoRI®} Hindlll(Promega Corporation, Fitchburg,
Whe 2 2] &, PureLink™ quick gel Extraction Kit (invi-
trogen) 2.2 A Th AZ2E A e WE|Ql pET32a
E. coli expression vector(Novagen, Cambridge, MA)°l| li-
gation & E. coli BL21(invitrogen)°ll A gttt A7]
AqE &l F dlgglo}E ampicillinS X33 LB media
(Thermo scientific) 20°C =%=°A4] 0.5 mM isopropyl B
-d-1-thiogalactopyranoside(IPTG, USB Cleveland, OH)< #]
2]3le] overnight(250 rpm) B3I TE BHH|Elol= 4T &
TollA] 5,000 x g= 20%7F YA RSl & & B-PER
Bacterial Protein Extraction(Thermo Scientific)< ©]-8&3}<]
Aelatdey. Az 9 1L-34¢F M-CSF= HisPur™
Ni-NTA Resin(Thermo Scientific)& ©]8-3}o] A5} 2™,
3000-molecular weight cut-off membrane(Amicon Ultra-15
Centrifugal Filter Unit; EMD Millipore, Temecula, CA)= ©]
43to] FEFIIG T A=) 22 SnakeSkin Dialysis Tu-
bing(Thermo Scientific)= ©]-8-3+3 PBS(pH 7.0)°lA “g
skt

4. Western Blot &4

A3 AL sample buffer(0.125 M Tris-HCl [pH 6.8],
4% SDS, 20% glycerol, 10% 2-mercatoethanol, and 0.004%
bromophenol blue)e} Z-2= H|E&E 412 & 95TolA 5&3F
g8 7eksi e, 10% SDS-polyacrylamide gelol A 7] <
% %, PVDF western blotting membrane(Roche, Indianapolis,
IN)ol| blotting 34 TF Membrane2 5% skim milkE &35
+ PBS= ©]&3le] 4TA 16A13F B2t blocking 3HATY.
0.05% Tween 20(PBS-T)= X33 PBSS  ©]&3lo]
membraneS 33] A% % Anti-6X His tag® antibody(Ab-
cam, Cambridge, UK)S ©]-83} 4°CollA] overnight B %
3190t MembraneS PBS-TS ©| &3t 53] A3 =
Pierce ECL western blotting substrate(Thermo Scientific)
Amersham hyperfilm ECL high performance chemilumin-
escence film(GE Healthcare, Buckinghamshire, UK)¥Z} 8 x
10” X-ray cassette(Soyee product inc, Republic of Korea)<

ol gale] gelateirs.

5. Sequence Analysis

Expert Protein Analysis System(ExPASy [www.expasy.
org/tools/])= ©]-&3to] Tl ek watgH o] &4 F
7% (theoretical isoelectric point, pl)S 22135} tHGasteiger
et al., 2005). X3} signal peptide sequence= SignalP 4.1
software program(http://www.cbs.dtu.dk/services/ SignalP) =
o] &-5}o] o] =3} Th(Petersen et al., 2011). CLUSTAL Omega
software(http://www.ebi.ac.uk/Tools/msa/ clustalo/)& ©]-&3]
o2t T H(multiple  alignments)S  573) 5} 2,
disulfide bondE DiANNA 1.1 software(http://cla vius.be.edw/~
clotelab/DiIANNA/) 2 of| &3} tHFerre and Clote, 2005). A+
d EA(homology analysis)< MatGat software(http://ww3.
bergen.edu/faculty/jsmalley/matgat.html)S  ©]-8-5}31 2.4 (Cam-
panella et al., 2003), 5 IL-34¢] tigt Tl 3 24(PDB)2
I-TASSER(http://zzanglab.ccmb.med. umich. edu/I-TASSER)Z
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o]-8-3lo] mouse TL-34(PDB Code cdexnF)= ©]-83}3 o0,
%S Genome3D2| Phyre2 (http://www. sbg.bio.ic.ac.uk/
phyre2/html/page.cgi?id=index)(ProteinHomology/analogY
Recognition Engine V 2.0)< ©]-8-3l] 33} th(Kelley et
al., 2015).

6. LPS Xt=oll tigt HD11 M=ol el E IL-34,
M-CSF, 32|21 M-CSFR ®&Xte] g &4

S 2 AH 2591 HD11+E 10% fetal bovine serum, 10,000
U/mL penicillin streptomycin(HyClone, Waltham, MA)©| 3
3HEl RPMI 1640(Gibco, Carlsbad, CA) £Huj=]ol|A] ulj ok
ek BE AEZE 4 x 10° AEE 41T 259 5% CO,
2718l A 60 mm culture dish(Corning)ol| 4] Bl &F5}S]
HD11A|22%= 1 pg/mL lipopolysaccharide(LPS from E. coli
O111:B4; Sigma-Aldrich)< ©]8-3 0, 2, 4, 6, 8, 12, 18]
3l 24 h B9 A2] 3 TRIzol(Ambion, St’Austin, TX) * 2]
3led total RNAS 331t

7. 1L-34 2|1 M-CSF A=t cHeHzEls 0|26l

HD11 AM=ZFollo NPSM Alo|EFII(Proinfla-
mmatory Cytokine) 2824

S IL-3492} M-CSF+= in vitroo|Al 34 AXE

M-CSFRe] disl]l fAE 718 Yepllma Al E

;j]-

.‘_'—’1

T

frakeh B dRlS Ho| =8 ARSI %
¢l & IL-34(200 ng/mL), 5 M-CSF(200 ng/mL), Lk
IL-34(100 ng/mL)9} M-CSF(100 ng/mL), medium, —12]3L

Table 2. Primers used for qRT-PCR

43 Fo HdT A= 9

9] Interleukin-34 & H4 ®w

mock control(TRX; pET32a vector, 100 ng/mL)< =72
AH&-8ESI T

7 Az gudel 4 e A A9 Falol 3
5} THunpublished data). ZF2He] A elt= A2 £ 0, 2, 6,
12, 24, 712] 31 48 h Tl TRIzol(Ambion)°l] =] total RNA
< FZ3}9] quantitative real-time PCR(QRT-PCR)Z ©]-8-3F
W Ao AHgEIATE

HD11 macrophage A3} ADOL 6.3/7.2 @kle] =%
(thymus, spleen, intestine, caeca, cloaca), White Leghorn(lung,
ovary, small intestine, spleen, liver, thymus, oviduct) %
ROSS 308 SA19] 2z} ZZ(heart, liver, spleen, kidney,
thymus, pancreas, duodenum, jejunum, ileum, caeca, cloaca,
gall bladder, larynx, trachea, lung) - Z5-E] TRizolS ©]&3%
o] RNAS FZ313ThE cDNAE S 913ted, 7} total RNA
2 pgS DNase I(Thermo Scientific)y= *|2] % RevertAid
First Strand cDNA Synthesis Kit(Thermo Fisher Scientific)S
o]-g-3t] cDNAS 3Hdste] Al AR o ARg-atsith

9. Quantitative Real-Time PCR

3 H cDNAE nuclease-free water= ©]-2-5k0] 100 ng/uL
o] =2 Ao, 100 ng template cDNA, 2 x qPCR
mix Lo-ROX(ENZO Life Science, Farmingdale, NY), 5 pmole
forward/reverse primers(Table 2)Z WHg-H-S- 4 & Light-
Cycler 96(Roche)S ©]-8-3te] Thae] whg-Z71stellA] qRT-
PCR< 4383} T}. Pre-heating 957C/10 min, denaturation 95C

Gene Primer sequences Tm Product size Accession number
GAPDH F TGCTGCCCAGAACATCATCC .
55-65C 142 bp NM_204305
GAPDH R ACGGCAGGTCAGGTCAACAA -
IL-34 F GCCCGCTCCCTTTTCTT .
52C 117 bp XM 003641892
IL-34 R TGATGGCTCTGCTTCTCTTTATT
M-CSF F CTGTCCGAAATGTGCTTTGA .
58C 112 bp GQ249404
M-CSF R CGAAGGTCTCCTTGTTCTGC
M-CSFR F ACGGGTAGCCAAGATTTGTG .
58C 165 bp XM 414597
M-CSFR R AGAATGCCGTAGGACCACAC -
IL-12 F AGATGCTGGCAACTACACCTG .
54C 123 bp NM 213571
IL-12 R CATTTGCCCATTGGAGTCTAC
IFN-y F AGTTGGGTTGGGAAGTTGTG .
55C 120 bp FJ538004

IFN-y R AGAGATCGGCAGAAGTTGGT
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/10 sec, annealing 52~58C/10 sec, extension 72°C/15 sec-Z )2 Duncan’s multiple comparison test 737 H'H-S o]-83}
45 cycles® T 3}3ATHTable 2). 312} L& el thek o4 Aok BE AEe HA 3w AP Fasigion, vlel
#& GAPDH H7141E o83l 2% Wi o ANt &= mean + SEME 7181913, fo]532 P<0.059014 <]
(Thomsen et al., 2010). A z}eol7F Utk sk

10. SAEA Z 1}

o] g3t 7N AZre] 22 Bla(Fig. 1) AHHAl

o} SA9] =AE Al i3t IL-34¢E ¥ w(Fig. 2)& 1. =& ol& A 7HAel 1L-34, M-CSF, 12|
SPSSS o] 83 Student ¢ A%, LPSH 2]l that -} M-CSFR Gene=2| &d &4

A7 vw 2 A3 S el tigk Al EFe] A % 57 Z2(thymus, spleen, small intestine, caeca, cloaca)

2 SR 2 w(Fig. 3, 6)E P EAHEA(ANOVA) of tiate] 7l AL} #H o]} Kol iAol disk
o2 A 7t foHe AFstw, A HFgk 1k gEA o3 IL-34, M-CSF, 18|31 M-CSFR ©l gt f-34} &4 &
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Fig. 1. Differential expression of mRNA in chicken tissues from normal and disable chickens. All data represent the meant+SEM of
triplicate trials from three independent experiments. P<0.05 (*), P<0.01 (**), or P<0.001 (***) were considered to be statistically
significant.
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Fig. 2. Differential expression of chicken IL-34 mRNA in the spleen and small intestine (a) and LPS-stimulated broiler chickens (b).
All data represent the meantSEM of triplicate trials from three independent experiments. P<0.05 (*), P<0.01 (**), or P<0.001 (***)
were considered to be statistically significant.
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@ ®la 23, ADOL6.3 AlEe] ¥l 241& Alglste o
F2o] A oA AT ] diz2TellA] frelshAl =7 &
A= AcKFig. 2A). 2792 §7 ROSSe| 7%, 53] 4tet

AL AEL 2|30 LPS XM2|H
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T
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Al A1 ADOLZ WLl H|gte] A A o2 A Ha
om, A dlwo|A= 87 24, larynx, heart, lung,

spleen, pancreas, jejunum, kidney, ~12] 3l thymusol|A] *2]
TEG gzl A 2EE v, 2
2ol A=A FE =] AckFig. 2B).

trachea®} caecat

3. LPS X= HD11 M=ZFoM IL-34, M-CSF, 12|
1 M-CSFR mRNA 2

o] thA) A 3EQ HDI1 Al E3) LPSA 2] &, 0, 2, 4, 6,
8, 12, 18]31 24 h &<t ¥ IL-34, M-CSF, 18] 12 M-CSFR
Fraare] ey A4S AAEHATHFig. 3). BB ATl A]
2] 6417t Fof 1L-34, M-CSF 12|31 M-CSFR mRNAZ2]

3.0 1 42,0 4

g

9] Interleukin-34 W& 241 ®lw
Beo] feldown =i Uehd,

4. chicken IL-34 224 ¥ EM 24
gro] 7} 22 41& cDNAS ©]§3k] 537bp coding

sequence &% O] Fo] 178-o}u| At 20.2kDag] chIL-345
29ttt ofu|4l A E2 MatGat  software(Cam-
panella et al., 2003)= ©|§-3to] B} T3} ¥l E‘”@ﬂ 2
™ 2(67.7%) S} B3} Z(zebrafinch, 76.7%)°l tate] =
AMES ot
S TtHFig. 4).
5 IL-34-2 N-terminal 1~23 ©}7] =
7HAIH, «
beta strand$} 67]2] %1 alpha helices bundle(aA-aF)Z ©]F<]
ZtKLiu et al., 2012; Ma et al., 2012)(Fig. 5B). F7I=
IL-343= 670<] six-helix bundle 2 A4 <} vpx] 2}k 6H A7
2] Cys25-Cysl161 disulfide bridge(alpha A and alpha F)7} )
o™, Cys5-Cysl0 <} Cys88-Cys173%tol| = disulfide bridge
7F Atk & 6709 cysteine©] 3719] disulfide bridges 1-2,
3-5, 4-6(cysteine 5} 10, 259} 161, 883 173)2 75ttt
(Fig. 5A).

oo
= 31.0-32.8%E e vﬁ}*é

Efre=E

2k2] signal peptide=

up-down-up-down-up-down” core 75 2t #-2

5. Chicken IL-342} M-CSFe| HdEZt =1}

A3 E [L-349F M-CSF-& HDI1 M| E3ol A g3}k
o 7} AIZPE (0, 2, 6, 12 h) IL-34, M-CSFR, IFN-y, 18]
IL-12 f317e] Bes S5k om, WE 9] TRXtag T4
< mock control 2 A8-3}T) IL-34 cytokineS =&

= AT
9} A|ZHE B oA & XJo]E Holx 1}, M-CSFR
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Fig. 3. Expression of chicken IL-34, M-CSF, and M-CSFR mRNA in HDI11 induced by LPS. All data represent the meantSEM of
triplicate trials from three independent experiments. P<0.01 was considered to be statistically significant.
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Zebra | |
Human | Mouse | Rat | Turkey finch Chicken Mouse

Human 68.6 69.0 30.0 324 | 310

Human

Mouse | 80.6 95.7 31.0 342 324

Rat 80.6 | 96.6 314 | 346 | 28

Identity

Turkey | 42.1 45.1 44.4 56.7 67.7

Zebra finch

Zebra
finch 46.7 | 464 | 470 | 62.7 76.7 .l

Chicken| 442 | 455 | 457 | 7L1 | 86.1 Chicken

Similarity

(b) ©
Fig. 4. Molecular features and amino acid identities of chicken IL-34. (a) Multiple alignment of avian and mammalian IL-34 deduced
amino acid sequences. Sequences were aligned using CLUSTAL Omega software. The conserved amino acid sequences are shaded
to indicate homology. (b) Percentage of amino acid identity and similarity of species. Comparison of identities (top right) and
similarities (bottom left) of chicken IL-34 molecules with selected 1L-34 sequences from mammals and avian. (c) Phylogenetic tree
for IL-34.
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Fig. 5. Structure-based sequence analysis of the chicken IL-34. (a) Amino acids sequence of chicken IL-34. Image colored by rainbow
N to C terminus. Disulfide bonds are shown as a pair of asterisk and number (‘1, 2, and “3). (b) Ribbons representation of the chicken
1L-34 structure. The PDB file for the chicken IL-34 was generated using I-TASSER (http://zzanglab.ccmb.med.umich.edu/I-TASSER)
with the crystal structure of mouse IL-34 structure as template (PDB Code c4exnF).
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Fig. 6. Modulation of chicken IL-34 and M-CSF in HD11 macrophage cell line. Gene expression was expressed as a fold change
that was calculated as the average expression level of stimulated samples divided by that of the time-matched controls. The mean

+SEM of triplicates is shown. The p-values of samples ANOVA among stimulated samples and their time matched controls is shown

above the bars as: (a) chicken IL-34 (b) M-CSFR (c) IFN-y.
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Z}o]l= I THdata not shown).
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2 A7 o8 TR Bt ek o IL-349] 54
EAol g WEOo R IL-34% M-CSFRel| th3t & vh& %
N4 ligand©]T}. IL-34F= M-CSFRell 23131, M-CSF A
A Al BARA N ATk IL-349F M-CSF& 72402 &
Abete] M-CSFRe| 22 234915 2H=THLin et al., 2008;
Garceau V. et al, 2010). & AN EXHF5EH] =7
IL-34¢} v A] E/-F9eE 22 FAE(31.0~32.8%), =
Fohe B FAIEES BHAK67.7~76.7%). & IL-34 54
A= 6709 helix bundle®] “up-down-up-down-up-down”
foldsE ©]F& topological diagram= Ho]F 4], o]+ 7]
9] mouse CSF-18] FXE& ©o]F& four-helix bundle(PDB
Code 3¢jj)@h= ©}2 2 o] THGarceau et al., 2010), mouse
IL-34 T-Z(PDB Code cdexnF)Z 7|¥o & [L-342] whald
TEE selth

Abeke] #4 9(theumatoid arthritis, RA) $Hake] ¥l %2
(joint tissue), &3 (serum), 1] 32 TA FH(synovial fluid)l]
Al IL-34 327 Wol wa vk A7 U 21 (Chemel
M. et al., 2012; Hwang et al., 2012; Moon et al., 2013; Tian
et al., 2013 Chang et al., 2015), T35 22 Zk(coronary artery
disease) TA+2] EH(Liu et al., 2012), ¥)93} A2 o] G
W gkxto] &3} A HFE2](Chang et al., 2014), J54 42
ZH(inflammatory bowel disease) THA}2] M, 3] (ileum)2
A% (colon) 2] FolM= o] UHETHFranze et al,
2015; Zwicker et al., 2015).

57 AWM 7 &3 5] A A(purulent ar-
thritis)2] 7%, E. coli, Staphylococcus, == S. Enteritidis 5
o oJ3le] S, 9| E F(septicemia) o2 W FTHGol-
denberg, 1998; Oh et al., 2010). ¥ Ao A {oto 7 A
o’y JMAE st A= BAHF 23} IL-34,
M-CSF, ~12]3 M-CSFRO] &do] fojxo & Z7}sA
gk AR 2Ae] A, o8l A AAE Btk ole
B0l dojur] Hell HAF(LPS)e] A= o] A+
d FAAE Ageld e Aew AdtEn

2l Al ZFol A 2702 2]7F=(IL-34 and M-CSF)9} 3}
ve] gJATE|(M-CSFR)7} LPS A= A] 27 23E S &
olstiomn, #A o] Tl FEHES] HEEAl(res-

ponder) & 13T EH-F IL-34 2 M-CSF mRNAZ]

2 gEe dAHow e, ol A WelA
M-CSFRS- &4]3}8tWang et al., 2012). & IL-342] 2&
2 LPS A= T, 2AE R g ol Byt 53, IL-34
T M-CSF ©=A2] A] F &l FA] Aguot =4 v
Bttt & IL-34% in vitrooll 4] LPS X2 A 71513

5 M-CSFR f#A= A2 ZAAsh= IL-349F M-CSF &
Mzl o] o] A== TtHGarceau V. et al., 2010). ¥ M-CSFR
e A )23 @A [L-342F M-CSF @5 X2l 2|4
A7l & 6AIE o AR E BHo, W i A=
24|17t ARl =Esle], olntw 2709] E|ZF=7} receptor
2}o] ZA3INIL-34:M-CSFR, M-CSF:M-CSFR complex)°] <J3F

14

A aEe] WY 7)ee Ak w tiAAEE inter-
leukin-12(IL-12)¢} 22 AASA Al E7RRIS WEste
IEN-yol] ¥+-8-3tHGordon and Martinez, 2010). IFN-y &
L ) 238} 1L-349F M-CSFel| 93] 7131 om, IL-12 YA
M-CSF ©5 A 2]A] F7ketinh Abghe] 2%, M-CSF=
&l 7H(monocyte) & M2 A AZZ E3A7]H, o] t2]A|
= IL-1B, IL-6, TNF-0 Z2& AASA Alo]EFIRIe] o}
chemokineS ¥ 3K Verreck et al., 2006). T3+ M-CSF&
LPSZE co-stimulator®} TEo] HAGAEA Alo|EFICIF}
chemokine2] &¥-E& FE3HCKEda et al., 2010).

2] A3zl Al M-CSFll €& IP-10, MCP-1, MIP-13, 1
2] 31 TARC 22 chemokines®] @& o] thalk H 117} 9o
W(Fleetwood et al.,, 2007; Irvine et al., 2009; Eda et al.,
2010), SolA+ IL-349} M-CSF7} IL-1B, 1L-6, 121
IL-109] &e-& fxskA] efsirh

AEX o Ho] kst F54, 22, AlxF, 18la #
A o]} ol diste] theket AW BMAddE st wHe
IL-340] & A4 9 v 23, g vpekst 22 9 A2
oA FHE S oM, M-CSFRe| %, HD11 M|XEFo|A |
23} chIL-349} ¢chM-CSF T o oJ3) F7tsteich o] 2
= Theke Ml Ao tigh IL-349] T tigt F8
gt RS AT, 5 Tl IL-345 ©]8-g inflammatory
pathway, chemokine U&d 2 A|jellx o] d& ol thet A
T7F desitta ddtETh

(Lot

TR}

it

#9) 1L-347} MCSFRe|
Zl=%1 e, M-CSFRO]
M-CSF¢} frAkeh 7152 -fetth. A7 59 IL-34¢]
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AN A BA
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o] ofaf FUFee Hlow, IFN-y= A3 ohid
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