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Production of signal regulatory protein a by GM-CSF-dependent macrophages
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1) RERLRAERI AR KPR Feft
2) REARPRERL 2R E R AR A AR
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Signal regulatory protein a (SIRP a) d~27 17 7 — Y OMBERTICEHT S HEZENR
YTFNVKES Y87 D—DTH D, EFEMILIIH Y » 87 TH B CDATEMINBKENIIHER LT
Wb, CDATIZHIRaN I & 37 Ee$ 54 770 Y% 732 8 (integrin-associated
protein, IAP) & LCHEE N7z, SIRP a & CDATOFREEIZE Y, ~7 07 7 —YVOEEVEAH
S b, o T, CDATIIHCE R THERL LT, AEFEHZHHL TS5 Y378
Th b, KifgETIE, FhIK - vr7o077—Yao=— J#KF (granulocyte-macrophage
colony stimulating factor: GM-CSF) 2& 1) SIRP a OFBAHEERT 2 2 & HVHHH L7z, HfgkA
T F VAR ERE O AT T ,PD980590 (inhibitor of extracellular signal-regulated kinase:
ERK) % PDTC (antioxidant and NF-kB inhibitor) ®#i#5-12 & ) GM-CSF ##i2 X % SIRP
a DFEWPPIH S ize o T, GM-CSFHi%IZ L Y, ERK #4r L CSIRP a 2SEA SN S
EAIRBENT, BHBREICX VHERINL &M LRENICEREE (systemic inflammatory
response syndrome: SIRS) T, FEAEINLIIEWET A MO A X ) BESANEE/L S L,
WEMAEYOREI TG, —H, PUEETA b A VBRSNS 2 RAEME PSS K
JeEERE (compensatory anti-inflammatory response syndrome : CARS) T, S0 Rn23#)
fil &N 5, CARS TiZ GM-CSF AP ENSE, —F IL-100FAITHE & b, T2,
IL-10iX GM-CSF ##12 & % ERK O 2 ¥l %, it > T, CARS = %4E L 72 BH T,
GM-CSF O F K O IL-100#FFEA IS X D) SIRP a OEBIAHHI S, v2077—-II12X%
MIREFEHZ Z DI R R S 7z,

¥ —"— K : signal regulatory protein a, CD47, F&fiEk - v/ 07 »—2 0= —FIBHEF,
MERE BAEREE

| EE (2L ®) K-~r7u77—VICX2MBRAREREME T 25

' BThobo —WME Oigst) &IEFREISERL T
MER & &R (Hemophagocytic syndrome : FET AWM (OB 1SR E NS, BAILE
HPS) 1%, B ¥/ Hize EHNRICBUT 56 SES A HPS 1, ZkMETH Y, JRYuE, UL,
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HORERBELEIERE L LTRET 2 2 &% v,
GBS A HPS &, e B i 3R A £
fz # (infection-associated hemophagocytic
syndrome ; IAHS) (28I N5, FRISHEICE %
HPS (3Hl P B 2 1 3k & B fE M AE bacteria-associated
hemophagocytic syndrome (BAHS) TH 5, % <
DM HPS IZBWTix, EMHE T Mg~ o
77— VHROIA b A A VDT DRIE R OIREL
WIS LTWwa EHN SN TWnES,

R B AERBUSICE LT, 19914E 12 Bifi &
N7 X ) A ESs L 7 A F Critical Care
Medicine & L DET A~ 7 7 L ¥ ZADF— AR
&L T A& gt RE RILIE B B (systemic
inflammatory response syndrome: SIRS) & 9 ¥
BEE S s nst?, £LC, SIRSIEHEYA +
N A VMFEDHRRE LI ND L) Ik o7z, fEo
T, BEOMIIED BT, BRI Lo THEES
% SIRS (infection-induced SIRS) &%z 5N 5%,
DF 0, MEEETRERED oL (WILE)
2 WM R A OB FR oM (=2 F
F ¥ 0mdE) 1F, 23 L b BUMEDOZ KT ICLE Tk
o A MAA YOREEBFICE LA PAA
o+ AM—A%EHLASIRS TlE, ThilLkoT
WAL s N MRkER - ~ 207 7=V, BB
CIMEREZEHET S EHESINL TS, LaoL,
HC - FHC 2T 2 00EMiea ) LT, AC
DML ZE BET 5 DONICDWTEARB LR ALV,
BHE ) oNE, WU, BEREROT I ARIMER, i)
W, BEMINE, ) v REkG ok & L 72Mk
WROOLND Z DD b, IEHMIEERTIA >~ 7
7)) Y EFIE T % cluster of differentiation
47 (CD47) ## /R L T35, CDA7TIE~2r a7 7 —
YO SIRP a (HEZHEY 7 F V&R a) &
WAL, ~zu77—VICNTIHARY 7 F v E
FHET L, ST IEEME~xZ 07 7 —
VOAERETNELTWwWLEEZ LN TWASY,
granuocyte-macrophage colony-stimulating factor
(GM-CSF) % macrophage colony-stimulating
factor (M-CSF) ORIHIC & Y Hizkidzr a7 7 —
IANGALT 57, ARWFZETIX, GM-CSF Hl#1C &
537077 —YIZBF % SIRP a DFBHEF I
WCRRET L7z,

I. Fi&k

1. & FRAEmMBEERD5BE

AR T 7 4 7 &0~ CNEIR I % 5
L7z (REAPRAER 2 KA B AL ¢ 2015-03) 6
Ficoll-Paque (GE Healthcare Bio-Sciences,
Pittsburgh, PA) % f 728 A B o0 ik THL
KEBR 0w 2 BRI L 7206

2. KRIEMEEROME

Recombinant GM-CSF ¥ Tocris Bioscience
(Bristol, UK) X DA L7zo 135 7= KA I LBk
4> W 12 RPMI1640 (Thermo Fischer Scientific,
Waltham, MA) %z T, 1500rpm T 5 45 I8 & s
L E#E % B3 LT RPMIL640 2mL 202 T, 05%
MUY TN =Tt UIa 2 5Hl L 72, IR
ERorEf:, RPMIL640 + 10 % FCS ZMzx T, 1EF
MR L7z BH 2 Br % L, RPMIL640 + 10 %
FCS (Thermo Fischer Scientific) < 2 Inl % &+ %
T 720 &L T, RPMII640 + 10 % FCS + GM-
CSF (10 ng/mL) %Mz CTH#EL72. 3 HHIIH
B A BRZ L, #i7- % RPMIL640 + 10 % FCS +
GM-CSG (10 ng/mL) ##&M L7z B2 9HHD
~ 7 a 7 7 — ¥ % GM-CSF-dependent
macrophages (day 9) & L CTEERICHW,

3. GM-CSF #l#(C & (7 3 #ilaN & B 5 & O
AYHEFS

i @ Ji73: ¢ GM-CSF-dependent macrophages
Ve 72 GM-CSF-dependent macrophages (0,
1,35 7,9 day) ® whole-cell lysate % H \» C,
Coomassie Brilliant Blue (CBB) staining ™ {2 & 0 #&
H 41l O H I HER 2 138 L 72 Whole-cell lysates
(12 ug) % e-PAGEL mini precast polyacrylamide
gels (90 x 83 mm) (Atto, Tokyo, Japan) IZiEAL,
30 mA, 504 (AE-8135 myPowerll 300, Atto) @
%M, AE-6530 mPAGE electrophoresis system
(Atto) ZHWTESKE 21T o720 7 VD 557 [H
k% 3 4T - 72 % L C, Bio-Safe Coomassie
stain (Bio-Rad Laboratories, Hercules, CA) %
W, 1By z29El L 72 Gel Doc EZ system
(Bio-Rad) % M\ CHif§fbx 9kt L 725

4. GM-CSF ®#ic & 5 2MEBFED signal regulatory
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protein a (SIRP a) mRNA M %3 : RNA D

XU RT-PCR %

B A B2 WY Br &, ISOGEN RNA kit 1ml %
MA~ra77—V&ERIEL, zoafVviz
02ml iz, 12,000g, 15min, 4CIZTELEIT > 726
wR, KB ZHOT Yy XY F2—TI2HBL,
Ay 7us3 7 —)v 05ml % fil1 212,000g, 10min, 4C
TELZAT 2720 RNARBUALZ D BrE, 70%
% /7 —) 1ml ZMAEMBE, 7500g 5min, 4T
WCCTHELZITo72, T0% ¥ 7 —VERDRE,
w2 f% pHB0 TE Buffer 80 ul |2 TH#f# L7z RNA
» OD ko (260/280) #518LA RIZ7% 5% & & ZFER L 720
0.5 ug ® RNA % PrimeScript™ Reverse Transcriptase
(FHINAF) THERGEIT- 72, MG,
cDNA A B 5ul % HIW O AR+ % B iE 3 5
primer 5 nM, TaKaRa Ex Taq HS % T PCR
A7 o720 PCR EWOMHTIET 70— X B IKE)
W THE—ATFVOREIZ2% & L, 100V
TR0 EXIKB) 21T > 720 BRIKBIFRIE T T
L 70X P CRMLEZITY, N FEE%EL7.
Forward primer & UF Reverse primer {3,

B -actin sense:>-GTGGGGCGCCCCAGGCACCA-3
antisense: 5-CTCCTTAATGTCACGCACGATTTC-3

SIRP a sense5-AAACATCTATATTGTGGTG-3
antisense: 5-CCATTCACTTCCTCGGGACCTG-3

5. Monocyte (0 day) & GM-CSF-dependent
macrophages (9 day) (Z&(F 3 SIRP a DI
D8
Monocyte (0 day) & U GM-CSF-dependent

macrophages (9 day) @ whole-cell lysates # i\

T, western blotting {2 & ¥ SIRP a 383 % g

L7z

6. Wester blotting
MM % W W % e-PAGEL (5-20%) (ATTO

corporation, Tokyo) % H T, SDS-PAGE &
KB ZAT o 720 BAIKEISME30 mA, 55 min & L7z
iBlot® 2 Dry Blotting System (ThermoFisher
Scientific, Waltham, MA) % H w <T
Nitrocellulose membrane ~N¥&5E L 72, ¥z 5 1%,
PBS (R & D systems, Minneapolis, MN) + 10 %
skim milk (Wako, Osaka) % H\vC 1 W& 9
LC7uy 7 aE L7z, 70y ¥ v 7,
PBS + 10 % skim milk ZEr\7:#12, PBS (R &
D systems, Minneapolis, MN) + TweenR 20
(Promega, Madison, WI) T10 7Rk & 9 L7z,
PBS (R & D systems, Minneapolis, MN) +
TweenR 20% B Lk ZIT o072, ZO%EZ =
[ ) K L 72e PR 121K PUAK mouse anti-human
SIRP a IgG (Santa Cruz Biotechnology, Santa
Cruz, CA) % PBS + 3 % skim milk (ZA& M L,
Nitrocellulose membrane & 3£12 1 B3R & 9 L
7oo MRE DR, RELEFARICTEE AT o 720 IR,
2 IR PUAR guinea pig anti-mouse IgG (Santa Cruz
Biotechnology) % PBS + 3 % skim milk T#ML,
Nitrocellulose membrane & %12 1 FEfEj3R & 9 L 72,
k&I RBRIITRISF AT - 72D HITHOEF I Z H v
THMEEHR LY,

7. SIRP a DEIWMICH T 5 GM-CSF 2R & =/t

I 3H T FIVEERDHER

ML > 27 F VAR #E 1 O f# AT 12 13 PD980590
(Wako, Kanagawa, Japan) ,TMB-8 (Sigma-Aldrich,
Ontario, Canada), SB203580 (Wako), PDTC
(Abcam, Cambridge, UK) 7 oMY 7 v
REER % i, ZhZ2hoER OERET
R 1IICRT, HERRERNA,S 3 HHOERHO
adherent macrophages % Fi\C, &FfEFHEH] % 5
Wh L7z~ rsua77—Y% GM-CSF (10 ng) THi
%47\, western blotting % H T SIRP a D%
Blaekdg L7z,

x1. ZEEEHETOERERF

Chemical agents Functions

PD980590
TMB-8
SB203580
PDTC

Extracellular signal-regulated kinase inhibitor
Intracellular Ca** antagonist

Mitogen-activated Protein Kinase p38-a/f inhibitor
Inhibitor of nuclear factor-kappaB
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m #R

GM-CSF #lli# 2 #E 95 Macrophages (2B} 5 &H
O LE CBB defuih b W THEK L7z, GM-
CSF Hl¥IC & 0 A EAR O HIWEL2 O 5
s (M1). GM-CSF #l#iZ & ) SIRP ¢ mRNA
DB EHMICHM L 72 (K 2), GM-CSF-
dependent macrophages (0 day) (2} L <,
GM-CSF-dependent macrophages (9 day) T i
SIRP a ® 5B A5 L 72 (K 3). kI, GM-
CSF-dependent macrophages {2 & % SIRP a ® %
BUZB T 2HMIIBAN Y 7 F MEEROMY 2 HIYIZ,
HER o ¥ #% 3 H H ® adherent macrophages %
GM-CSF (10 ng) THI#L, &MAMNT 7+
153 R HEH % W T western blotting 12 & 5
SIRP a @3Bl O M 2 17 o 720 € DR,
PD980590 (extracellular signal-regulated kinase
inhibitor) Fi#¢5-C SIRP a ®OFEH A ZE B IEIH

kDa

a0
a7

20
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1 EEE
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. Markers

. GM-C8F-dependent macrophages (0 day)
. GM-CSF-dependent macrophages (1 day)
. GM-CSF-dependent macrophages (3 day)
. GM-CSF-dependent macrophages (7 day)
. GM-CSF-dependent macrophages (9 day)

GM-CSF RIEIC & T 2N ER S ED
ZAMHEE (CBB R&ik

e L0 BD

oo

B-Acuﬂ

Relative density

0.8 -
0.6 -
0.4 -
0.2 1
o | .
1 2 3 4 5 &

K2. GM-CSF#I#ICL3~-707 77— D SIRP a mRNA O PCR FE4f#E

a. PCREWO T IIa— AE KB %R,

b. SIRP a#fZ T D3I % B -Actin DFEBLE THIIE L 72 Relative density #7/R 3
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n7z. —Ji, TMB-8 (intracellular Ca*" antagonist)
K O SB203580 (mitogen-activated protein kinase
p38-a /B inhibitor) Tl SIRP a DFEBUIEBH 1)
FdEAEE o b7z, LA L, PDTC (inhibitor of
nuclear factor-kappaB) TIXHZE 2 FHERRIZED
bz (4),

V. Z%

GM-CSF #] # 12 £ », macrophages {2 B} %
SIRP @ mRNA R OY% X7 O3sH g L 72,
REESREICBVWT, ARMERO~Y 70T 7 —

DL, B b LM, B E ) 7o A gR
WL, AEICL s ThHET 2 EELMEEHRED
—HT#H» %, SIRP a-CD47 (Cluster of Differentiation
47) i, KRN T “marker of self” & %\ “don’
teatme” Y7 FNELT, ¥Z7u77—TIlL5
AEZETLHEEHS TWDE, ZOHIEY 2T
LDMEAE T B &, W BREEIEL, MKEA
JEMRRE A SSIET Ho CDATIZHLIR L BRI ICHBT 5
5 M E SR o & X7 B ThHh Y, BRI
Ml T FCThoA 77 VICHET 5T L
LCHEEN=Z &0 5, jl % IAP (integrin-
associated protein) & HIFIINTW5Y, ML >

Western blotting

1. Monocytez (0 day)
2 GM-VEF-dependent macrophages (9 day)

Arbitrary density units

e

Arhitrary units
[y
1

,

1

5]
&

3. Monocytes (0 day) X U* GM-CSF-dependent macrophages (9 day) (C#(} % SIRP a EHDHHE

Western blotting & Arbitrary density units % 7R3 o
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T FMniEY AT L CD47-SIRP o i, 1 BIEE @
BolLv7s—Mp§TobSIRP a &, TO
AVEIR OB 7)) Y R CH 5 5 Ml E A1
Ths CDATL W SN 5,

SIRP ¢ i 1 MREHE DL T ¥ —H 51 Th
D, 3MEORETTTY) VG E AT SMus R
A A ¥ T& 5 Src homology 2 domain-containing
protein tyrosine phosphatase substrate-1 (SHPS-

Western blotting

1 2 3 4

o
[

e BN

Arbitrary density

Arhitary units

B2

O W G0 BD e

1) &, ZMIZ Src homology 2 (SH2) KA A %
b oM ERIF 1 Y R AT 7 ¥ —¥ Src-homology
2 domain-containing tyrosine phosphatase-2 (SHP
2)VIZHEAEL, INLDOKRAT 7 ¥ —EEEAL
SN, PRIV T IR 6N, 2D, F&k
FIE SHPS-1 (3l N o Fa v v ) ¥ RIbK
fFicFa sy YRR 7 7 4 —¥ SHP-2& M HAEH
LMileNFa s > ) YLy 7 v 2 fliHld %,

Markers

. GM-CSF (10 X 10° ng/L)
. PDE30590 (1 ¥10% pMU/L) + GM-CSF (10 3 10° ngiL)

TMB-8 (10 *10° pMJ/L) + GM-CSF (10 »10° ng/L)

. 8B 20358001 0 *10° pM/L) + GM-CSF (10 % 10° ng/L)
. PDTC (1 x10° pA/L) + GM-CSF (10 *10° ng/L)

units

D L l
2 3 4 8 6

4. EEHBAY JFIVEERBEESR & GM-CSF FIEIC L 5 SIRP a DHIR
Western blotting & Arbitrary density units 7R3
PD980590: extracellular signal-regulated kinase inhibitor

TMB-8: intracellular Ca2+ antagonist

SB203580: mitogen-activated protein kinase p38- a / £ inhibitor

PDTC: inhibitor of nuclear factor-kappaB

GM-CSF: granulocyte-macrophage colony-stimulating factor
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SHPS-liz~w27u7 7 —JIZBVWTbEBEIHLTW
%75, SHPS-1 / v 777 b= A% 7@ )
5, ARIMERSC M/MK L2335 CD4TId~ 7 1
77— Lo SHPS-1E HEAEH LT, B#ENR~
7077 =YX MHEEEZRAICHEL TWD S
EEWHOLNICR o720 DF Y, CDA7-SHPS-12 %%

~ou7 7 —=VICELEEOAOHIMICEDSL Z &,

Hicwrzu7 7 =2k 5 HC - FEHCO R
bR RLTWS, 72, SHPS-1/ v
777 b ATIRIMMUEOAT % & NI/
HOEMARO O, Thyivru77—Y0H
HREOITLEITER T 2SS EHVwEEZ bR T»
%%, HIZ, FRMERE Lo CD47Ts~ a7 7 —2
Fo SHPS-1:#E3T A2 EI2X D, MEARTD
<707 7 — I X BARIERD & B & B
TAHAILENHEEINTVEY,
BERIFIZIIHEEPI 707 7 =I5 REDOHT A
MO A UAGWEN, B A M A VIMEREICE
LHZEMMHL, ZOX)HETA A VIEE
9 58 % 4 B Pk SR OB E 7 (Systemic
inflammatory response syndrome : SIRS) & #&1§
Ene, 72, BUERXERREIC L > TERS N
SRS SUOSEBERE & EF S N, ZOBWNICIZL
9L MR CTOME ORI LESE L, £

7z, SIRS HBH O MMBEIHNT T, FIETEYF A b A >~
FEAEDOEE 5 SIRS IZHiPIT 2008 & LT, PILIE
PEA b A A v OREADE T B ARUEVEDTISRE FOLE
&2 ¥ (compensatory anti-inflammatory response
syndrome : CARS) 2SIM{E MW EM & & L T
FH I N7, CARS 23Rt L T A2 9REETIL, I
1 GM-CSF iREEDMET 9 %0 T OfR, HMERR
MR OFERRIC T I & ) Btk & 2 5 2 EAHIH
TWwb, 20 X9 7% GM-CSF DK F i, SIRP a
ORBUHBE RITHDO LR IN S, CARSIZ
HEVREEEDE £ B IUIIETET A A A oREW L
b » & L TIE TGF- B (transforming growth
factor- ) super family, IL-4, IL-6, IL-10, IL-
11, IL-13% a -MSH ( @ -melanocyte stimulating
hormone) % EWdH b, ZOHT, HIMEGRMILIC
WEE RITTOMNIL-10TH 5, IL-10i& GM-CSF
F Iz X % extracellular signal-regulated kinase
172 (ERK 1/2) OIEHALZ I 2 Z & 23 S
NTwa", K5 Tl GM-CSF #l#iZ £ 5 SIRP
a BB BHMEN Y 7 F IV zE R ER R R
ZMFE L7 & 25 ERKIO B EHITdH % PDIB0590
O¥5IZ LY, SIRP a OFHASIHI SNz T 72,
nuclear factor kappaB (NF-« B) OMHEHITH 5
PDTC T 2 OWHIIEH AR STz,

X 5. REMEKRTRS S5 h-MFEEK
IFEEER E /MR E R L7227 a7 77— (x1000)
SEB - WP+ TR WE RN LMERRAME oL etk

/R < 1.373
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PiEo X512, CARSAKEE T IL-100 A A3HE N
§ % &, SIRP a DFEBLPH] S N2 W RELE DRI
EN7zo SIRS IFFEBFAMERICL D, LT
WIHETH S, LL, CARSITIEMBFEFD 7
, L ETHMHFFMHRBIHET, PIFEY
A A Y& RE LB BRI C & 2w
L4 L, SIRSOBWEHETH %, ki <36T, H
MER$L <4000 mm* 7 EOEMRICHEH T H 2 L T
CARS OWREMEAHEM TE 20 D X9 RIEBITIX
KA ML A IS M ERE BRSO SN W Relkdd 5 2
ERJHAML TBLUELED %, 5 A ML
2R b N7 MERE LB ERT . CARS HBIET 5
ESIEHIHIIRAE (immunoparalysis) ® ' IZFG D,
HIMERFEBE DG AL Z AR T S8, RGO ZBIERLH 72
72 JEGE 7 JE LIRS ~ER T 5 L Z 2 6N T
W5, EBOBIKRTIX, SIRS & CARS2%E 124
LTWwa &%z oh, WA ERRE (mixed
antagonistic response syndrome: MARS) @ Ik fg
EELTWSY, Lo L, MIENEREL L7256
Wi, RIEMY A M AL voEAICE ) ERIR
JIERLZLEHMEL £ L L, WhIZERKEE L
TH &R SNDPIENET A b A A > OB pEA
WCE D CRSARIET LI LWl D, TDEHIC
CARS OFEHEIZAE - T IL-1025EF FEA S 52,
ZORER, MIREEGIRDOOND LHEI NI,

V. #h&E

GM-CSFfl#ic kb ~2 a7 7 —VI2id SIRP
a WEALEEN S, LA L, ERK inhibitor T %
PD980590% Fij#% 5- L T3 < &, SIRP a D pEEANH]
#l&N7e - T, GM-CSF #l#ic X Y ERK %4~
T MBI mER S SIRP a OFBUCE
PR E R U TWD 2 EAURIE S N7,

AR A MED BHIZH D, THREHG 72 LHEE
4 (Western blotting, CBB 4uff), 1A RE#IG A
(¥ 7 IVIHEFER), WARBEESEE (PCR), R
JFE A (EETREEOHN), BNEsEEE
(ataesdl), IHITEeEsedE (WFgemss) (sl
9, AWFZEIZREARTRE R 7 KA AT ZE B (No.
27-A-01) WCX D EHEINZZDDOTH %,
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dependent macrophages
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Signal regulatory protein a (SIRP a) is a critical immune inhibitory receptor on macrophages.
The ubiquitously expressed cell surface glycoprotein CD47 (integrin-associated protein, IAP) was
originally identified as a regulator of integrin-dependent leukocyte responses to extracellular
matrix proteins.

Interactions between SIRP a and CD47 negatively regulate phagocyte activity of macrophages.
Thus, CD47 acts as a self marker and prevents macrophage engulfment of host cells. In this study,
we found that granulocyte-macrophage colony-stimulating factor (GM-CSF) upregulated SIRP a
expression. In addition. PD980590 (extracellular signal-regulated kinase: ERK) and PDTC
(antioxidant and NF-kB inhibitor) reduced protein levels of SIRP a detected by western blotting.
Proinflammatory cytokines mediate the systemic inflammatory response syndrome (SIRS) , killing
infectious organisms through activation of the immune system. Contrarily, the compensatory anti-
inflammatory response syndrome (CARS) is a systemic deactivation of the immune system.
Indeed, IL-10 can be produced in patients with CARS. IL-10 has been shown to inhibit GM-CSF-
induced ERK activity. Thus, IL-10 may be a crucial immunomodulator of SIRP a production and
promote macrophage engulfment of host cells.



