2 Jpn. J. Clin. Immunol., 36 (1) 2~10 (2013) © 2013 The Japan Society for Clinical Immunology

ETHBRE(CET 5 BB R EENGEEROE
amEARE HFWEE ONEERE

Involvement of myeloid derived immunosuppressive cells in progressive renal diseases
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summary

Immunosuppressive cells have been reported to contribute to the inflammatory diseases in various organs. Interfe-
ron (IFN)-y stimulations skew macrophages (M¢) toward classically activated (M1) phenotype and interleukin
(IL)-4, IL-13, IL-10 skew toward alternatively activated (M2) phenotypes. M2 polarized M¢has immune regulatory
function via various mechanisms, such as cytokine/chemokine expression, high activity of scavenging and interaction
with other type of cells. Recently, another type of immunosuppressive myeloid cells, myeloid derived suppressor cells
(MDSC), have been explored not only in tumor immunology, but also in inflammatory diseases. Orchestration of in-
flammation by these immunosuppressive cells with inflammatory cells has impact on progressive kidney diseases as well
as inflammatory diseases.
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BB IER 2 ORI EICED, MHEENZLE S L TOSEZBIRA L L TR L\, BEBERE O R
BraEz 5L X, BHERIED SHMEAZT 2BRICEWT, BEREREF, FEHREFAEHCBS L e
DORELZVRL TWhALDEEZLNS. TNHLORFOHFT, BHHBRMICER TS L, INETDOELD
WED, RIEE~707 7y —Y (Mg) %L &4 5 RIERERMITICE T 5L DTH -7z, FTE, Mo Oy
12, RIERAESR (MD) OEF2IC, fERNER (M2) OFBESEET L EBHL2ERD, fExOERICE N T
RIEOIE, HBMOBEICEL L TWAZ EAMBEINTWS. TH/-xMiasmE Th % Myeloid derived sup-
pressor cell (MDSC) % [FEIN, ZTORBEIHFEICEL TLHEFAP R INTWS. AT, I SREMHHT
PR OMITHEFEEIC BT 5BRICOWT, MaHd 5.

bhH. Fxdb,

kLol AV EANA VOB,

ARIRIZIE 1330 5 AOEHBESHR (Chronic  Kid-

CNET, BEBEICKTLHTIA A
XI7BT =Y
(M@¢)4>), RHRMIIOBI S it L CT& /. —J

ney Disease : CKD) BEVNFFEL, FM30 7 A%
B RINERL2BEDBENC L 2EREEZT T 5
(K 1). ZOFUIKSAEE L TRAHE S, S50 -
MG PHEDFEREHE L BEREEOIK T & & L1218
TAHTEMHLP LT TW 5. CKD OFE - i
JEFH I (AL 29I & BEERREVE IS B OFE Th
2y
CKD OFIE» G, BIUERREEZH L&
I, BRI EH DO REE - RIENSEE L&
Ea R L TWBETEE, ELORELVHLLT

SRR RMEE  ERRPIR

RIEDMWFRIC I\ T, RIERAERICE < KD A%
59, SMEAIET S, TabbEERET
BIGL TWAZ LB INTWAY. INHOH
T RIE A RE T & REMERAT O/NT VA
B, EEPEET 055 WITBE - BET 570,
EWVO FRICEERZEZR/ILTCVWELDEE 2
LA, HETHEEEBRICETSINE TOREDS
FRIEMRAERKFICBEIT 5 b DThH S5, AT,
FEMH AR TFICEL CdRESIN D LD 1Tk -
7. ARRTIE OB, mEMEEME, C LiCF
B R AR & B L OBIRICEHR L TR T 4.
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X1 BB EEROAR
THHAENESS HAtRELZ AR RS DAEOEREENREOII (2011 4 12 A 31 HEFE) 1)

I. v7077—2 (M¢)

HH B RAMIE Thd 5 HIEK/ Mg (L, interferon
(IFN) -y 75 & ORIFIC & 0 RIEFEAERITH < classi-
cally activated (M1) M¢ -\, =7z interleukin (IL)-
4, IL-13, IL-10 7 & ORIFIZ L 0 w2 ICE
< alternatively activated (M2) M¢ [Z5fkd 5 &
PHE SN TS, ML M¢ 13 IL-12, tumor ne-
crosis factor (TNF)—«, macrophage chemoattractant
protein (MCP)-1/CCL2 7% & @ inflammatory cyto-
kine/chemokine DB 2 ¥t & 4 5. £/, RIE
N A —F % Thl axis NFE T 5 LIC LD,
2 DSRIEMERBABESY LS5, —J, M2
Mé¢ (% inflammatory cytokine /chemokine @ & 5 (%
K<, IL-10 DR, BEAEFREODILAE, scavenger re-
ceptor DFBL, F/z, IL-10 OFBITHEITHE D
regulatory T cell DFFE L K &L T, RIEH A
7—F% Th2 axis ICFFEL, MHMKEERICEYST5
LHE SN TV 5.

BIERBICEG- 45 Me ICOWTIE, TNETOD
WMEO% D, RIENRHEN, TR EEEHICE S
LHHDTH-T=. LrLEHD, FF M2 Mg OF
g RAEERICEI L TOBRDMTHN S K DIk D,
ZOEHRLHRESIN TV S.

1. M2 Mg DBERE~DES

Wang 5|3 BALB/c ¥ 7 ZAD K2 & B L /-
M¢ % lipopolysaccharide {Z CTHIFL L, M1 M¢ ~\,
%72 IL-4, IL-13 [T TR L M2 M¢ N7 {b =+
7o N OOMA v BUR ERRRER AR LAE O
EFILVTh % adriamycin FREBIEICBAL 72 &
C %, M1 M¢ (TFMMEZMEICE S, M1 Mé (&
AR CERNIC BN o 2 RS L TV B9, Lee Hid
AMBEET TV TH LB EMFEREZICS W
T, RIEPINICIE M1 Mo DR EBMERLTH %7205,
MBEERINCIEI M2 M N0V 7 45T &R
L7z F£70 IL-4 (I TEHE L 72 M2 Mo B IR %
MO A HET A LA MEL TWA. F,
BLBRYE N C 22, TFN-y | CTHIB L 7= GFP 5
M1 M¢ Z[FETFIVABAT S &, MEOBEIC
i3 GFP MM M2 Mg N & 7 = J X A TINEE
b5 &L TEH, —HMINEG5EL 72 M¢
7, FORIEEEIC LD M2 Mé N EFHESEL 5
L ERIRLICRETH A, —T, b AT
F D FE I N/ M2 M¢ 73, Thl g & O interac-
tion (IZL VD, Ml Mg N+t 75 L3 5%ELDH
D12 Mg [ZHEOBREICLD ML b M2, 5
WEM2 O MIANET o /) 2 A T B SR p
5, EORIELFIEL COAAREZ/RL T 5.



4 EEN NS

22k (Vol. 36 No. 1)

HE/M¢ lrETH LIC kD, BEEADOE
E % Bt L /o#ids & 8 % . Ferenbach 5 (3 CD11b
P54l i % diphtheria toxin # 512 & V) ZRAJICER
=T &5 CDI11b-DTR ¥ 7 A B IMHERKESE %
fin %z, diphtheria toxin & clondronate % 7z B4
BR/M¢ DEREIC L ABENDOFE &S L /2. diph-
theria toxin |Z J 5 HER/M¢ OFRE TIHE MM DL
EIFD BN - 72H, clondronate % 7B
£TlE, CD206 [EH M2 M¢ A= nd, o0
R, BHMOSENED NI EHEL TWhAY.
Zhang & & I FF#EFRE 5 )1, diphtheria toxin JK
MEEETTIVICE W T, M2 Mg OFREDMKE
BAELEAHZ Ee@EL T0D. BHREWC &
I, BETHECE, EWHINAIZ LD Mé OIEFEK
T T 5 colony stimulating factor (CSF) -1 % /K
H, KFTI®5L, Mg, Z &IC M2 M OHEFE N
KFL, MEBEENXENS LA RELAW.
CSF-1 [3F « DHEZ 5D T, THNETMI Mé D
SALHEIEICBE 53 5 & OMER L VDY, BRI
I & - Tk M2 Mg OREFEIC & BE5-9 % mTgEM: %R
THMRTHALEEZLNS. F7z, Fxld CSF-1
DAEERANE MR OREAICB S 5 &t L7z,
FOBFNTHB W Ta, CDIIb-DTR <7 ADE Ifil
FEWET VT, BEEHPO CDIb #ilaDBREIC
F0, BIREATR, BREOEANLRONIT LR
R S N/, FICkRZE S 7z CD11b fiflaid F4/
80 5t Mo TV, MMEEMED M¢ 73, JHREIC
BI5- L TW5BZ DRI N,

AHOBEETTIVOAL LS, BHEOBEEIC
BW T M2 M¢ DEEIDBET SN TV 5. Zheng
LOWMBIT LB L, IL-4, IL-13 1ZTHBLL 7= M2
M¢ 7% streptozotocin |2 CaE7 L 7= I TBEIRIFEF
R AW ALIZE A, 108 LI M2 Mg
ODEREROIZE L Tb. Eiz, S V7NV
AR EORE, oy Fo—ILd M2 M¢ & AR
TEREETHY, S OICIRAIERSE S RGBT
FOWERIRERE S M2 M BAIC L DSEL /2L
WMEL TWAHY, Fox A IgA BREET IVICE
WTd M2Mé DIRENDEEDA#HE I T
Y. B2 BF PV ABRETIVTCH S
MRL-Fas?r <7 212 BT 5 Mo D51 O\W T
L7z, ZOXT ZAOBIZ W CHBEEEBE B
259 5 B CRIMBEREE~ Iz 7 £ 5, B6,
BALB/c ¥ 7 ZIZH# L T, MRL~Fas? <7 AT
FEEOBIENSTD LN/, S HIZHIREWC &

MRL-Fasr <7 AD [ i FHEE Ty — 7 A%
ROPHOFIENH D LNz BAHDO Mé % Hiad
L7-& 2%, B6, BALB/c X7 ATIF N TOH
HO LD, MEEEORITIE M1 M HMELLT
BHH, BEINCIE M2 Mg ~DOV 7 RO LN
7. —7J5, MRL-Faslr <7 ATIX 2D 7 kR
HHENT, MI Mo BDEMDOEETH-72 (K2).
CNHDOZ E LD MI/M2 Mg D/ A AHRRE
EOBEDHVIHEICHEELERY L OLO LA
b/, INHOKEHT, ETHEBREEOBR I
Mg %% 2 %5 2T, RIEMRMERET & G RM
RADING V ZAORIEHPEIE T 5 & wmELl T
HEZEZOBNI, LaLanb, TONT VAR
Bl CTWART, M2 Mé b likeE A Mg & O
HIFROBFER Y, THEER%L, SH LB
AT .

2. M2M¢ ODHEICEETD0F, EEl

Mo B EINIERL, ZD 7« /) 24 T B S
¥HEY, HTidvELZHRESATHZw. L2l
B, THNETERICHE SN TS IEANZ M2
Mo DAt Z BT HIERAPHIA L 72 & 3 23 H
mEINTWA.

Aki 13T v F ORI AT R0
T, 1% angiotensin II 52%{& (ATIR) P4 #
5L, Baafr- T\ b, ATIR $EHi3E 510 T8
RO BEENTER SN, M2 Mé OB~ DK
Ta#REL TW\5b. BREWC L2, ED-1 5
Mg IZi% ATIR ORBPRDO bh/c A L Tk
D, VoV - TVUVUEETFVY Y - TIVERATFRY
RBMe HEEERL, TDO7 = /) 24 T
S DA AR TR TH S, Tl IV —
7 & ATIR PO EFR R 4 I B B E € 7
IR AL B THFL TS, #6513 ATIR 4
PEEORG-), BHMOUEE & & IC M2 Mg B
DT ORBEMERZWEL T D0, F/2, v M
AERAEERPARE RIC BT PR ZAX T/
OB P EF T dGE Y /b L T 5HED
H5. BHEMANO M LA, TR
INARF U FEFEIC I\ TUE CC chemokine ligand
17 2 IL-10 7% ¥ OB A A SN, M2 M¢ T
HAHT ERHER SN, F7-in vitro DFEFIT B W
TH7 FANARF VA M2 Mo #ihE L7+ LT
W A2D % 7= Glucocorticoid T in vitro DEEHT I
WT, M2M¢ #iFlE 4 5 C Lidmb Tz,
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in vivo Ik \WTEMIZ R TH - 7=, Ikezumi 5

%< v F Thy-1 B RETFTINICTEBWT, glucocorti-
coid DI 5-NBFRFTICH T M2 Mg A FE L7 &
WMELTAH. LaLahb, R ROUEETE
OHHNT, FKFFICE S L 72 mizoribine |Z J % M1
Mo OREIHAFAEBICIZEE TH 5 AL T
52 F o, BlO 7 )V — 73 adriamycin & fE 12
IL-25 # & 54 % &, IL-4, IL-13 7% ¥ © Th2
cytokine 731, MM TLEAL, M2 Mg O
&L BICHBEEOUREY R b L T 5%,
—77, M¢ SELRMIE2S & DEREICE D, JEM
fa7e EDRIEOS ) HEREIND C L1L, RIEDFKE
BICHA»D/DICEETHALEEZLN T
52425 15T, Mo OBERREIZEI L T, hepatocyte
growth factor (HGF) 3BH5 1L TW5 2 & AWMLy
X 7-. HGF 7> mannose receptor DU AV F & L
T E, Mo ODERREZTTHESE S Z BRI N
7226), Mannose receptor {£ M2 M¢ IZFH L, =D
KH~<—N—L L GEE SN TS0 T Th 5.
% T HGF (35« OMEITHER FEEE 7L TR IRE
EH, PURFELIFR IS SN T 5082, i/
B & LT, M2 Mo OEERETTESBIS L Tw 5%
AREE A R T IS Th b.
CNHWMESNTOLEAF, 53X OIEMR

—

40d

F4/80 INOS

Merge

X 2

18 X 1 i

Mo B BRATlE b DD, Me Dofl, HEEEL %
2592 T, EIHERERE L CEEICEER
THHEEZLNS.

3. M¢ Ligif(t

BB L RR A RO BRI R ST
HEEOMERKET Th 5. K, MichRliHM%
DORFEALIC BT, M2 Mo PMEAERY 72 5l 2 /-
FTEVOHENRZINTWAEEY), Bt )L
ICEBWTh, HROMEG THRANZINTWA.
Kushiyama 5 [3& O LOMITICHHA SN 5~
™ ZR R EREERE T IVIC B\, B O &
EBIT M2 M DI 52 Ea@mEL,
M2 M¢ D #RAEILICBE G- L TV A ATREME AR L
7230, F 7z Fujiu i3I~ AR IRERERT T IV
B AEAEMROBEEE ZHEL T 5. EHF
MR lC £ 48+ A 85 H ¥, Krippel-like factor
(KLF)=5 O~NT 1/ v 772 b =<7 ATRIRME
FEEISEE THHIC LB 5, HEORMEIT D
VEBR—)U Ty A L CETL v BiEv
Iy —VufEN TS &, KLF-5A\F1 /v 7
T < ATIHEALIC M2 Mo 2L Tz &
L TWB3, Bl 7 )—"71E Toll like receptor
L&DV FIVIRZICE -9 % MyD88 73, M2
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Mo % L 7= B RRAEICREG-o % L iy L T 532,
F7o, WERGENTEE ORIRFRFEIS, M2 Mé LD
SWSN% CCLI8 BIL-4 % L O b s N T
WA INHOHEIT M2 M 25, FRMELICEAE
@I S EamRLTWb. —J, 7IVR— MEE
HOTTIVY T ATH5SColdas /v 7T F=7
AN KEHKY (amniotic fluid stem cell) ##5- L
7oL 25, BRI EOUE R S 17D LR,
M2M¢ DHERBEML Tz t@E I T
%3 FFPEALIRRA T DO RFRRHELE 7S,
b 2ERE Rz AT (amniotic epithelial cells) % #5585
L 7ofEE T, M2 Mg ORI S & H12, #RiE
fEBET L7 LD MER SN/, F72 Chen BT
TGF-B OEAMEIERIC LD, PURMELER % L
- pirfenidone #FREETT IV THHT v I 5/6 &
WMET VAL L, PURHEILIER & Mg ICBIL T
Bat 217> T\ %. pirfenidone # 5-1C £ V) #RifEAL
DL L HIC, MI/M2M¢ WIFNHETF L7
HEL T\ A, BIRZEWC 212, Ramachandran
SR PIEAL IR FFH R ORTRRME L E T IIC 0T,
liposome Z #5474 &, M2 KMl O B A RED LA
L, SOOI BHNE - Sk Lo s L T
W53 M2 Mo 3L DAL BT, ZDHED,
FRAEIL ORI LBIG- L T BTN AR 335 C
H5.
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II. Myeloid derived suppressor cell (MDSC) D%
RE~ADHES

MDSC (R ZA B kAl i T, B L U%
W4 AFEME~—N—I2 & > TERBKSR & BERICH
Fahb., ANFaipERT, IFPEk, HER, Mo 7
ENDOGEREE b D SN TW5. L2 ZEED
7 F)LUFHSE, CD3 associated ¢ chain OFHE &
At 5 T MBEEE LIS, MNBRE O argi-
nine, L—cystein f&712 k5 T flfgORmHNE, 1L
10 7 & OFRBUILHEIC X 5 regulatory T il i O 7% &
mERNLT, RENGIREERIET S Enmbh
TW5b. E/oM¢ EDOBE5 LIRS, IL-10 24 L T
M2 M¢ ZFETHT ELHMONTW A, 0k, #
g e AR O T P HE A C & 7o o 7 Ml E R C b
DH5, HOlt, REYHES H O BN O G L
HINTW%.

Dugast 535 v FOBBEETIVIZEWT, K
Ry MDSC 28l T\ 5 Z & aHE L T
%. MDSC (% alloreactive T ffuOIEMALZHIHEIL,
NO # N L 7B ERICELG L TWA T LAaRL
72 F/o, WMUZIV—"T9, Ko MDSC
7%, regulatory T M OB A 20235 RANTES/
CCL5S OFHZMHL TWAZ & RHL7-. Kl
I MDSC T RANTES/CCLS ZEE TFIC LV,
B CIXHERANCRH A EH L, regulatory T #l

T cell HEFEINH 5 BR

0.5 # #
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fa s BB SRSl 4 5 C & T, REERIC
B L CWA Z EaliifE L T0AY. f/-b N ER
ML, BB OBE T BV TL RIS IS
% MDSC OamHQHMEsn T\ 5. BBEEEE
Tl CD14-MDSC %5 L U CD14*MDSC \ ¢ #1 3
Bl Twioh, 1285 B EE Tk CDI4-
MDSC O AL Tz L ST 540, 3t
BEOIRREIC LV, /e %R O MDSC 7B 5-
L CWAAgERZ /R L Tk, EIREVWHETH
A

23— 7 2B K131 B MDSC OB 5% #:
HL W—TFAETFTIVI T ATHAH MRL-Fas'rr
<7 AORE LV BEEEL 72 CD11b* GR-1v ffifg /s
T O ZIHEIL, EEOERE & HICEZIT
L& &3 ARMESR T+ 52 & /AL (K
3). /o, COMBESEIZ MCP-1/CCL2 KAFHIC
W5 EHRER LY. KRREEREOTF—H—Tlt
& %75, CCR2 PHEH A MDSC 75 K R 25 1 4 hn
THRHNCR G-I 5 &, BR, KERLE2E DI
WfEEAME L, MDSC ORMEHLETFTL TWAT
TR S 72, MDSC (3 B e M il 2 e £ 1
BOTHEELFEEHZRE/-L T D I ERERSN
72. MDSC &, HiLVWMllEpETh A bbb
D, WELEBEREREOESABE L clmE i3
W SHROREDM I IN LM ETH 5.

¥ & &

HETHEBEEEOFREBE T HREEICE T, &
RE(EHE RN &, SRIEIIHIRMIRO/ N Z A LD
WREDPTEH SN TWDL Z N (K4).
COZ L, B, BEANOIHEE 252 2T,
CNETHRSNTE I RIERERITH T 5N AD A
59, FEAMERITE I AR A LS,
eI FAE S HalREE 2R L T A, Ll s

'V'll'v"" BE
(KEEE]
! A\
‘ B
| M2Mo, MDSC | | gmqy -

X4 JEEWEHRBO TR EBIE 5 88tk R 1 i

NH, INOMBEOEESLY « /24 T2HlHd 5
W, FED/ODOMEN S N/FRE~—1—, #ilE
b0, BMEIRE & ORER Y, FEERMYIINE
R%\. S8, P ERON, ETHEEREA
DOEFRICH, O\ TRAERRENTEE ORI D738
BT ILEGIKY —VANDISHBZEEN 5.

X m

1) Wada T, Furuichi K, Sakai N, Iwata Y,
Kitagawa K, Ishida Y, Kondo T, Hashimoto H,
Ishiwata Y, Mukaida N, Tomosugi N,
Matsushima K, Egashira K, Yokoyama H. :
Gene therapy via blockade of monocyte
chemoattractant protein—1 for renal fibrosis.
J Am Soc Nephrol. 15(4) : 940-948, 2004.

2) Furuichi K, Wada T, Iwata Y, Kitagawa K,
Kobayashi K, Hashimoto H, Ishiwata Y, Asano
M, Wang H, Matsushima K, Takeya M, Kuziel
WA, Mukaida N, Yokoyama H. : CCR2 signal-
ing contributes to ischemia-reperfusion injury
in kidney. J Am Soc Nephrol. 14(10) : 2503—
2515, 2003.

3) Iwata Y, Wada T, Furuichi K, Sakai N,
Matsushima K, Yokoyama H, Kobayashi K. :
p38 Mitogen-activated protein kinase contrib-
utes to autoimmune renal injury in MRL-Fas
Ipr mice. J Am Soc Nephrol. 14(1) : 57-67,
2003.

4) Menke J, Iwata Y, Rabacal WA, Basu R,
Stanley ER, Kelley VR. : Distinct roles of CSF-
1 isoforms in lupus nephritis. J Am Soc
Nephrol. 22(10) : 1821-1833, 2011.

5) Menke J, Rabacal WA, Byrne KT, Iwata Y,
Schwartz MM, Stanley ER, Schwarting A,
Kelley VR : Circulating CSF-1 promotes mono-
cyte and macrophage phenotypes that enhance
lupus nephritis. J Am Soc Nephrol. 20(12) :
2581-2592, 2009.

6) Iwata Y, Furuichi K, Sakai N, Yamauchi H,
Shinozaki Y, Zhou H, Kurokawa Y, Toyama T,
Kitajima S, Okumura T, Yamada S, Maruyama
I, Matsushima K, Kaneko S, Wada T. : Den-
dritic cells contribute to autoimmune kidney
injury in MRL-Faslpr mice. J Rheumatol.
36(2) :306-314, 2009.

7) Wood KJ, Bushell A, Hester J.: Regulatory
immune cells in transplantation. Nat Rev Im-
munol. 12(6) : 417-430, 2012.

8) Sica A, Mantovani A.: Macrophage plasticity
and polarization : in vivo veritas. J Clin Invest.



8 A ARERK o225k (Vol. 36 No. 1)
122(3) : 787-795, 2012. cal roles of toll-like receptor 9 on mucosal B
9) Biswas SK, Mantovani A. : Macrophage plas- cells and dendritic cells in murine IgA
ticity and interaction with lymphocyte subsets : nephropathy. Clin Dev Immunol. 2011 ; 2011 :
cancer as a paradigm. Nat Immunol. 11(10) : 819646, 2011. [Epub Jun 30, 2011].
889-896, 2010. 18) Iwata Y, Bostrom EA, Menke J, Rabacal WA,

10) WangY, Wang YP, Zheng G, Lee VW, Ouyang Morel L, Wada T, Kelley VR. : Aberrant mac-
L, Chang DH, Mahajan D, Coombs J, Wang rophages mediate defective kidney repair that
YM, Alexander SI, Harris DC. :Ex vivo triggers nephritis in lupus-susceptible mice. J
programmed macrophages ameliorate experi- Immunol. 188(9) : 45684580, 2012. [Epub
mental chronic inflammatory renal disease. Mar 30, 2012]

Kidney Int. 72(3) : 290-299, 2007. 19) Aki K, Shimizu A, Masuda Y, Kuwahara N,

11) Lee S, Huen S, Nishio H, Nishio S, Lee HK, Arai T, Ishikawa A, Fujita E, Mii A, Natori Y,
Choi BS, Ruhrberg C, Cantley LG. : Distinct Fukunaga Y, Fukuda Y.: ANG II receptor
macrophage phenotypes contribute to kidney blockade enhances anti-inflammatory macro-
injury and repair. J Am Soc Nephrol. 22(2) : phages in anti-glomerular basement membrane
317-326, 2011. glomerulonephritis. Am J Physiol Renal Phys-

12) Heusinkveld M, de Vos van Steenwijk PJ, iol. 298 (4) : F870-F882,2010.

Goedemans R, Ramwadhdoebe TH, Gorter A, 20) MallJ, CorsaBA, Zhou J, Yang H, Li H, Tang
Welters MJ, van Hall T, van der Burg SH. : M2 YW, Babaev VR, Major AS, Linton MF, Fazio
macrophages induced by prostaglandin E2 and S, Hunley TE, Kon V, Fogo AB. : Angiotensin
IL-6 from cervical carcinoma are switched to type 1 receptor modulates macrophage polari-
activated M1 macrophages by CD4 + Th1 cells. zation and renal injury in obesity. Am J Physiol
J Immunol. 187(3) : 1157-1165, 2011. [Epub Renal Physiol. 300(5) : F1203-F1213, 2011.
Jun 27, 2011] [Epub Mar 2, 2011]

13) Ferenbach DA, Sheldrake TA, Dhaliwal K, 21) Fujita E, Shimizu A, Masuda Y, Kuwahara N,
Kipari TM, Marson LP, Kluth DC, Hughes J. : Arai T, Nagasaka S, Aki K, Mii A, Natori Y,
Macrophage/monocyte depletion by clod- lino Y, Katayama Y, Fukuda Y.: Statin attenu-
ronate, but not diphtheria toxin, improves renal ates experimental anti-glomerular basement
ischemia/reperfusion injury in mice. Kidney membrane glomerulonephritis together with the
Int. 82(8) :928-933, 2012. doi: 10.1038/ augmentation of alternatively activated macro-
ki.2012.207. [Epub Jun 6, 2012] phages. Am J Pathol. 177(3) : 1143-1154,

14) Zhang MZ, Yao B, Yang S, Jiang L, Wang S, 2010. [Epub Aug 9, 2010]

Fan X, Yin H, Wong K, Miyazawa T, Chen J, 22) Ikezumi Y, Suzuki T, Karasawa T, Hasegawa
Chang I, Singh A, Harris RC. : CSF-1 signal- H, Kawachi H, Nikolic-Paterson DJ, Uchiyama
ing mediates recovery from acute kidney injury. M. : Contrasting effects of steroids and mizori-
J Clin Invest. Nov 12, 2012. pii : 60363. doi : bine on macrophage activation and glomerular
10.1172/JCI160363. [Epub ahead of print] lesions in rat thy—1 mesangial proliferative

15) Menke J, Iwata Y, Rabacal WA, Basu R, glomerulonephritis Am J Nephrol. 31(3) : 273—
Yeung YG, Humphreys BD, Wada T, Schwart- 282, 2010. [Epub Jan 27, 2010]
ing A, Stanley ER, Kelley VR. : CSF-1 signals 23) Cao Q, Wang C, Zheng D, Wang Y, Lee VW,
directly to renal tubular epithelial cells to medi- Wang YM, Zheng G, Tan TK, Yu D, Alexander
ate repair in mice. J Clin Invest. 119(8) : 2330— SI, Harris DC, Wang Y. : IL-25 induces M2
2342, 2009. macrophages and reduces renal injury in protei-

16) Zheng D, Wang Y, Cao Q, Lee VW, Zheng G, nuric kidney disease. J Am Soc Nephrol.
Sun Y, Tan TK, Wang Y, Alexander SI, Harris 22(7) :1229-1239, 2011. [Epub Jun 30, 2011]
DC. : Transfused macrophages ameliorate pan- 24) El Kebir D, Gjorstrup P, Filep JG. : Resolvin
creatic and renal injury in murine diabetes mel- E1 promotes phagocytosisi-nduced neutrophil
litus. Nephron Exp Nephrol. 118(4) : e87-€99, apoptosis and accelerates resolution of pulmo-
2011. [Epub Feb 11, 2011] nary inflammation. Proc Natl Acad Sci U S A.

17) Kajiyama T, Suzuki Y, Kihara M, Suzuki H, 109 (37) : 14983-14988, 2012.

Horikoshi S, Tomino Y. : Different pathologi- 25) Gabillet J, Millet A, Pederzoli-Ribeil M,



EH - #ETEBRAIC KT SRk R AR OE S 9

26)

27)

28)

29)

30)

31)

32)

33)

Tacnet-Delorme P, Guillevin L, Mouthon L,
Frachet P, Witko-Sarsat V. : Proteinase 3, the
autoantigen in granulomatosis with polyangii-
tis, associates with calreticulin on apoptotic
neutrophils, impairs macrophage?phagocyto-
sis, and promotes inflammation. J Immunol.
189(5) : 2574-2583, 2012.

Ohnishi H, Oka K, Mizuno S, Nakamura T.
Identification of mannose receptor as receptor
for hepatocyte growth factor f—chain : novel
ligand-receptor pathway for enhancing macro-
phage phagocytosis. J Biol Chem. 287(16) :
13371-13381, 2012. [Epub Feb 21, 2012]

Liu Y, Yang J.: Hepatocyte growth factor :
new arsenal in the fights against renal fibrosis?
Kidney Int. 70(2) : 23840, 2006.

Sun L, Louie MC, Vannella KM, Wilke CA,
LeVine AM, Moore BB, Shanley TP.: New
concepts of IL-10-induced lung fibrosis : fibro-
cyte recruitment and M2 activation in a CCL2/
CCR?2 axis. Am J Physiol Lung Cell Mol Phys-
iol. 300(3) : L341-1353, 2011. [Epub Dec 3,
2011]

Spencer M, Yao-Borengasser A, Unal R,
Rasouli N, Gurley CM, Zhu B, Peterson CA,
Kern PA. : Adipose tissue macrophages in in-
sulin-resistant subjects are associated with col-
lagen VI and fibrosis and demonstrate alterna-
tive activation. Am J Physiol Endocrinol
Metab. 299(6) : E1016-E1027, 2010. [Epub
Sep 14, 2010]

Kushiyama T, Oda T, Yamada M, Higashi K,
Yamamoto K, Sakurai Y, Miura S, Kumagai H.
Alteration in the phenotype of macrophages in
the repair of renal interstitial fibrosis in mice.
Nephrology (Carlton). 16(5) : 522-535, 2011.
Fujiu K, Manabe I, Nagai R. : Renal collecting
duct epithelial cells regulate inflammation in
tubulointerstitial damage in mice. J Clin Invest.
121(9) : 3425-3441,  2011. doi:10.1172/
JCI57582. [Epub Aug 8, 2011]

Braga TT, Correa-Costa M, Guise YF, Castoldi
A, De Oliveira CD, Hyane MI, Cenedeze MA,
Teixeira SA, Muscara MN, Perez KR, Cuccovia
IM, Pacheco-Silva A, Gongalves GM, Camara
NO. : MyD88 Signaling Pathway is Involved in
Renal Fibrosis by favoring a TH2 Immune
Response and Activating Alternative M2 Mac-
rophages. Mol Med. 5, 2012. doi: 10.2119/
molmed.2012.00131.

Bellon T, Martinez V, Lucendo B, del Peso G,

34)

35)

36)

37)

38)

39)

40)

Castro MJ, Aroeira LS, Rodriguez-Sanz A,
Ossorio M, Sanchez-Villanueva R, Selgas R,
Bajo MA. : Alternative activation of macro-
phages in human peritoneum : implications for
peritoneal fibrosis. Nephrol Dial Transplant.
26(9) :2995-3005, 2011. [Epub Feb 15,2011 ]
Sedrakyan S, Da Sacco S, Milanesi A, Shiri L,
Petrosyan A, Varimezova R, Warburton D,
Lemley KV, De Filippo RE, Perin L. : Injection
of amniotic fluid stem cells delays progression
of renal fibrosis. J Am Soc Nephrol. 23(4) :
661-673, 2012. [Epub Feb 2, 2012]
Manuelpillai U, Lourensz D, Vaghjiani V,
Tchongue J, Lacey D, Tee JY, Murthi P, Chan
J, Hodge A, Sievert W.:Human amniotic
epithelial cell transplantation induces markers
of alternative macrophage activation and
reduces established hepatic fibrosis. PLoS One.
7(6) : e38631, 2012. [Epub Jun 14, 2012]
Chen JF, Ni HF, Pan MM, Liu H, Xu M,
Zhang MH, Liu BC. : Pirfenidone inhibits mac-
rophage infiltration in 5/6 nephrectomized rats.
Am J Physiol Renal Physiol. Nov 14, 2012.
[Epub ahead of print ]

Ramachandran P, Pellicoro A, Vernon MA,
Boulter L, Aucott RL, Ali A, Hartland SN,
Snowdon VK, Cappon A, Gordon-Walker TT,
Williams MJ, Dunbar DR, Manning JR, van
Rooijen N, Fallowfield JA, Forbes SJ, Iredale
JP. : Differential Ly—6C expression identifies
the recruited macrophage phenotype, which
orchestrates the regression of murine liver
fibrosis. Proc Natl Acad Sci U S A. 109(46) :
E3186-E3195, 2012. doi : 10.1073/pnas.
1119964109. [Epub Oct 24, 2012]

Dugast AS, Haudebourg T, Coulon F, Heslan
M, Haspot F, Poirier N, Vuillefroy de Silly R,
Usal C, Smit H, Martinet B, Thebault P,
Renaudin K, Vanhove B. :Myeloid-derived
suppressor cells accumulate in kidney allograft
tolerance and specifically suppress effector T
cell expansion. J Immunol. 180(12) : 7898—
7906, 2008.

Dilek N, Poirier N, Usal C, Martinet B, Blan-
cho G, Vanhove B.: Control of transplant
tolerance and intragraft regulatory T cell locali-
zation by myeloid-derived suppressor cells and
CCL5. J Immunol. 188(9) : 42094916, 2012.
[Epub Mar 26, 2012]

Hock BD, Mackenzie KA, Cross NB, Taylor
KG, Currie MJ, Robinson BA, Simcock JW,



10 H AR 223k (Vol. 36 No. 1)

McKenzie JL. : Renal transplant recipients have Sagara A, Kurokawa Y, Ueha S, Matsushima

elevated frequencies of circulating myeloid- K, Kaneko S, Wada T.:Involvement of

derived suppressor cells. : Nephrol Dial Trans- CD11b+ GR-1 low cells in autoimmune dis-

plant. 27(1) : 402410, 2012. order in MRL-Fas lpr mouse. Clin Exp
41) Iwata Y, Furuichi K, Kitagawa K, Hara A, Nephrol. 14(5) : 411-417, 2010.

Okumura T, Kokubo S, Shimizu K, Sakai N,



