[EXMMIREREDZE . A%]

1. &

fir—77 2% MBHCEET 2 EETFOLERMLZRENRRE L EZ b2 iRERE® ERE
fitif.% 194 1 (congenital pulmonary alveolar proteinosis : CPAP) & If:.5, CPAPD % { (3 #7 42 7
SILBEIREICRIET 5720, fERIILEMBERELIFEN, Lo L, BRIZEETFREICL
BPAPHRAMICRIET B0 5, £ 72, BRIIITHERPICS BEEROBITHEIC X 5 [
GIEVEOPAPY R4 LI5S, — /T RIFBOFELR EAOBIETRBICLIZPAPLEILNLHD
DEEFEEFHFFRE SN TV VER b H 5,
2. 78

CPAP (3. TI Riftile B I BB+ 2 BIEFDOEEICL S CPAP &, flifa~ 2707 7 — T DA
*HETLEBETOREICELS CPAP IZKBI &N, Bi&E SP-BRKIEJE D, SP-CEHE?, BLU
ABCA3 B%MEITH Y., %%1X GM-CSF Lt 7% —REE9THb, F7-. ¥ GM-CSF HikHE
B, ERBHORERKENRESR L2 L BIETFREIHEESNL 0D, BEEEEFOREL
EoTWiRWERIbH 5 9,
1) SP-B RiBJE

TT BIfti R b 2 MR C pro SP-C %% SP-C IZB# T % 729121k SP-B BULETH 572D, SP-B AKX
L TWA L SP-B & SP-C DEANKREZS %, Mir—77 2% FPIREEEZREBT 5720121,
A7 & D SP-B 2 SP-C OWTHADBRETH S 720, SP-BRIBEEZIHARP LMY —77 7
¥y MREICE DR EERE R T S, —F. SP-A & SP-D 37 A FkE My LT II &g b
R, S 5w S b, SP-B RIBGEBZEOMIEAICIE SP-AXERL. Mila~ 207 7 — Uhaikit
+ % ,SP-B KIBRE ¥ A S ERERR % & 5./ SP-B RIBFEO LK 2 BIZFRH TH S 121ins2
Xk T SN 7z CPAP O —MEE Th 245, AR TIIRZHMED %V,
2) SP-C &%iE

SP-C BEEIIREMEEUMEDER & 72 5755, SP-C REIEND—EBIE CPAP Ol % £ 5, SP-C
R LE A EEREERE L 5. A—FKRNOER T b BERMLREIZKE RENTALN
A EMBHMOLENTWAS,
3) ABCAS3 BHJE

ABCA3 (ATP-binding cassette A3) i ABC 77 IV — BT AREHXEEATH 0, 11 &ffilL b
RIS RIS REL, MiY—772% > MEEL SP-B, SP-C D7 X FHENDEZEZHLET %o
ABCA3 D52& R RIBETIE, T A FEMFHR ST, HiAER XY SP-B RIBSE & FALDO IR EAEIR
#2342, L7 L.ABCA3 BEEIZIZZE L OFREIND 0 SERA S HERPSHA T TIZOHT %o
ABCA3 3§ AtsHRIEERT & 5,
4) GM-CSF Lt 7% —£EIE

GM-CSF idfitifa~ 2707y —SOl#sRETLIWETH Y. GM-CSF 8L GM-CSF Lt 7%
— (R O/ vy 277y yARMMEY 0T 7 —VORBET 2/ L TPAP £ RIET 40 L }T
. GM-CSFRo B LU BHDERIZL S CPAP #HE &N Twb, GM-CSF-R D « $i3 X #efa
EOBEREAERICT— FER, ZOREER BHORE L AKCEREAMSEREEEE L %,
GM-CSF-R DO#hEId STAT-5 D) »ERb A2 FAEZICEFE S 2 2 & A3 T & %,
3. D

CPAP @ [PAP & LTOZW | oMo PAP ERBTH S, 7. ETHEDERREMEDS
PAP T 5 = & % B\ FESWHERD S PAP L 2§ 5.4 GM-CSF HUMEN E < v 2 L b,
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RIEWD PAP # BET 5. [EZMMREERGTRECH ML, Mifadediith o SP-B OFHEZ 5,
TSR O~ 7 07 7 — Y ORI TEFRIR TH UL 1T B BB O RE Th 5 D S
L MNEITERMETHNEIIE~ 707 7 —JVHORETH 5 EEMEIE V. CPAP OFERK & L TEE
HOBIEFIZOWTEIETFBITZ24T) 0o £72.STAT5 O ) Y EL2> 5 GM-CSF-R ORRERT 21T o
4. 6%

B 5 Tld CPAP OBIZFEEZD L OIIxTT B IHHEIIHEL L Ty,
I1 B MA D REIC L 5 CPAP 13 L T E—DIBEETH 5, 72, Mifla~s07 7 —
TORAEREIZX S CPAP 124 L CIIBHBMASENTH 5, &Y v~ r7a 7)) VilfE%x ¥ File~
ra77—VREEIIGLTRTy2ruT) YIEEPENTH LD, ZORFBIERIZHB LTk
Vi

€N

1) Wert SE, Whitsett JA, Nogee LM. Genetic disorders of surfactant dysfunction. Pediatr Dev
Pathol. 2(4), 2009, 253-74

2) Whitsett, JA. Hydrophobic surfactant proteins in lung function and disease. N Engl J Med
347(26), 2002, 347, 2141-8.

3) Bullard JE, Wert SE, Nogee LM. ABCA3 deficiency: neonatal respiratory failure and
interstitial lung disease. Semin Perinatol. 30(6), 2006, 327-34

4) Suzuki T, Sakagami T, Rubin BK, et al. Familial pulmonary alveolar proteinosis caused by
mutations in CSF2RA. Exp Med 205(12), 2008, 2703-10

5) Dirksen U, Nishinakamura R, Groneck P, et al. Human pulmonary alveolar proteinosis
associated with a defect in GM-CSF/IL-3/IL-5 receptor common beta chain expression. J. Clin.
Invest. 100, 1997, 2211 - 2217

6) Cho K, Nakata K, Ariga T, et al. Successful treatment of congenital pulmonary alveolar
proteinosis with intravenous immunoglobulin G administration. Respirology 11, 2006,
S74-717,

(BAR)

- 116 -



[111] BEWE (BEA—L~R—Y)
UTHEBERRBRER—LR=VERT,

(1) MiEEAEMETARF— 2R~ (EHEEEER. —&H)

fifa & B EERFR (EEEERMT) http://www.pap-guide.jp/index.html
PR B E S AR (BEEEEEIT) http//www.pap-guide.jp/en/
Fifi B2 2 B fE — AR ) T B A b http://www.pap-support.jp/

(2) #EEwitct > ¥ —
http://www.nanbyou.or.jp/

(3) HAMfBERELE R
http://www006.upp.so-net.ne.jp/PAP_Japan/

(4) Pulmonary alveoilar proteinosis foundation CKE £ & %)
http://www.papfoundation.org/

(5) EU PAP Net

http://www.alveolarproteinosis.eu/
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BEAnEHEMERERDE (Hatr B RmESRESR)
VARl Eive e

PLGM-CSFH CHifs D EMA R R R E R ORI 3 A 05

fserEE FH K
HEZZ
mEmNE ETTE.

HBRFEERERSRIEEGREERE V7 —R
HERFEREFRSREEEGHFEERE Y ¥ —
TH R, RIFELC, WEFED

TERFERERGREEGHARRL Y ¥ —

MEEE

AEERE > A 7 L DRFEIZE T HHF5E

SEEOMEBEL LT, OWHEE GM-CSF %54 « % FVv7-#M% GM-CSF +
@B AFRIE D GM-CSF % &4 common beta £
BERE L 5 BIEUNREOEEAO S FRFEORHE., OB CREMMEESEC
B 5 GM-CSF H IR EARF \ZB T 5015
EIEEEMITRERES - AR—VOEEBRIER T/ T TCHAZNLTE LD, ©
ix, A4E 6 HIZ Journal of Immunological Methods |25 S, @i,
Medical Genetics {2 S 1172, @QIZ DWW T, ST TICIERFE A T, BLOOD 124
RPETHDH, DIZ2VTIE, TTEREEATHY, 3AWHICARFETH S,

OARBFFEHEAREEVEIR AR L 72 =

10 B 2 Journal of

A. FFROERLEW

Flifa 2 AE DS WT & IR BT O BRI I3 B
Bl L REBHIATARTH ), D70 DO
ek 10 ERBT TV D, BNENRSDENHE
D, 1FEEL Y, BE 7T HOEEMR LTS
HAEER 2O FEREEICHRE T2 5T &, i
RERED G FREBHICHRANELZLTE
EBIEKE S, BPEPFA =771 7%D
> T, EEMICHEREE LTV ZLPERT
Hb, TD70OIE, WXEREIPY TRL,
SR T LR ER - AR—TVOREANEE
LE R, WEEAFRP A FEEER AR L ER
RHEEMTMRELED & — L — T DEFE
VR AT » 726

B. WigEHE LR

HE

O 2 GM-CSF B4 o % V72 SRR
GM-CSF HAlEeHllE > A7 LA ORI T3
e (EEBEOMEHREE 1)

QOB NFEE D GM-CSF % 24K common beta $A %
PRE I L BRI E O ERER O 5 T4
FOME (EESOMEHREE 2)

@HCRENMIEEEIZ BT 51 GM-CSF H
CIAREERF T A% (EEEOR
HmEE 3)

@ATFFEPEHHEEVER AR L - EREEE T
W8 FE A — AR —F O RFERVER (HE
FBOMAREE 4)
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BT ZEiddhh A, , Factor as Therapy of Pulmonary Alveolar
Proteinosis.Am J Respir Crit Care Med.
D. FfREREE 2010,181(12):1345-54
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Adult-onset hereditary pulmonary alveolar
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E. SINHEEDHE - B&IRIR
1. HEFEUS 4% L

2. ERHEEHE %L

3. Foftt %L
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Care Med. 2010 ,181(5):427-8
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B&r@RAm g dbe (EintR 2 RmEFE:)

SEpFFE R E
[ BRGM-CSFRBE o & AV /- EMIERGM-CSFHFIRERIE S A T A D
FAEICET 2%
WRmiag TH % FEAFREEROHEEGREERY Y 5 -k
HEVZ  HERFEEERAHEEARSEERY Y & —
MEBHE THEHE FBAEEEERAREEGREER Y Y & —
WHEN  PEAEEEER ARG EER L ¥ —
BHIE#, ©EREL HASH  REEwsERT
HRE S

GM-CSF ¥ 7 ViniEid. MFEE LICHE LTV % GM-CSF &4 & GM-CSF 2%
ETHILIZIoTEREINTVS, L41Z, UAF UEE LS GMCSF & 7L —}
WCEAEIE L 72 R GM-CSF 8K a 2 B/ EBHIIL T v A 2EE L, 2OT v
A EHVT, BCREEMRERECBRZEMRLLT 714 =7 1 R L 72 GM-CSF
BEPUE L BEMEF O 1gG 7B D GM-CSF S FEAHERERAIER, ek
AR TH 5 GM-CSF IKTELED TF-1 Az H W 284 4 7 v £ 4 I, BHR
HHARL, BOoAMER L PAREIIMBL T, IO OBRIT, B4 DOEMKT
v A TRDOZHEEHERED GM-CSF BECIAOPMEZ KRB L TSI L ERLT

w5,

A. WFREE®

GM-CSF H¥A I B CREEMR&EBED
FERMETH 5., BCREMMBEELER. M
MR —T7 727 %~ MR T A I hRE
BThb, MREIFTAZHREITHHBTHY, ¥
— 7775V ERTHIET, TR
TP TE R LR ) IFRRHES 729,
(Trapnell et al., 2003)

Zhi, BMoBIZFEET 5 GM-CSF BCufE

%*. GM-CSF L#&7 % Z & T GM-CSF #*

GM-CSF ZBHITHEATE RSB I LITLY
fifa~2s 07 7— 2 O L SIEAHE S
=705 POREPTE R RB720T
& %, (Kitamura et al., 1999; Tanaka et al., 1999;

Uchida et al., 2004; Uchida et al., 2009) % 7-
GM-CSF HUHAFIZREEZEIZOHFEL., Pk
DEEEEREIHLTWELEEZ LR TV,

(Uchida et al., 2009)

GM-CSF O A BHEH X, GM-CSF IZFRMIC
#4695 GM-CSF %45 o & . GM-CSF, IL-3,
IL-5 & EBOREARTH S GM-CSF Z/EB O

o@ﬁ&é ZEEICL > THAINTEY,
TODZEEIFEEST H T LT, GM-CSF X}
?5774:%4ﬁhﬁt\m%Wva+w
PRES NS, HEREERTIC X o THlfE L
? GM-CSF/GM-CSF &3, 12 ER LR T
A EDWRENTWS, (Hansen et al., 2009) X
512 GM-CSF g 038\ 12 & ) GM-CSF &4k



BELZALITFVEGEL, ER LSBT ERE
$ 54, (Hercus etal., 2009)

GM-CSF 5k o OFEE@E F A A Y 2 REKL
72 sGMRa (3.GM-CSF & DFESRETRIFLTB
) .GM-CSF D791° b & L THERET 5, (Raines
etal, 1991) sGMRao X FICHIKL W SN T
By, REEAT 4 -~ 12X TREIN
5,

sGMRa (T, BIRWA T4 > 72T <.

MBERE £ GM-CSF ZF B a p¥ 707 7 — il
YW ENEILIZE-oTHHELTEY

(Prevost et al., 2002) . = DU AR GM-CSF %%
& a (sGMR)IZ, in vivo T GM-CSF & #EHLL .
HIRLAE D GM-CSF Z74K1Z GM-CSF "% 53 %
L wxMHET S, (Brownetal, 1997) F 72,
GM-CSF {RFF P O Mk O M F 1 58 < & RE M
Oau=—JElREHET 5, (Rainesetal., 1991;
Williams et al., 1994; Prevost et al., 2002)

GM-CSF O H:#yidEtEid, GM-CSF #l#Iz & -
THHE L MO A %k 5 v MERE o
U= —ERERREMFED TF-1 Mgz A L
TNAFT oA IZEoTHESRTEY,
GM-CSF HCHEOHFIRd, CNHDT v &
AI2E > TEFMME N TV 5B, (Kitamura et al.,
1999; Uchida et al., 2004)

L% L. GM-CSF ORIFIC & 5 Mifa a2
BRI L TF-1 MIEE TR L2 o TWwA &)
2. B ARERSHHRETOT — 5 OB
H#gETHDH, #ZTHA L, sGMRa ZER L7
HFLRE D GM-CSF &4k o 21803 % AR
TokAERAR L, 2OTvEALIX, TL—
N FIZEAMAL L 72 sGMR « % GM-CSF H Tk
AT HH T, GM-CSF &S SE, #HEE
&%3KkD BT L GM-CSF HEYUAD e % 5F
flid s ENTELT v EATHS,

B. &
1. BRI TR L7tk

BEREKL. HOREEMREEMEIZS
MLUTWBHERD 7THRELHED 2, RBFFEIE.
HERFREFHMHRERSOKRRB L X, BHE
RSB ICHBA L, SECTOREZETE
L7z, BORENMNEEREISX. &M
TR OREMEZ. b LIIZEDOMGT
BWTL 7,

2. GM-CSF O ¥ % F &%

HZFH A Z e M GM-CSF (leukine) %
B X o TPBS(pH 7.4)IZ B L,
NHS-PEO-biotin kit (Pierce 1) % F\» T GM-CSF
U A F UL 72. K2 monomeric Avidin kit
(Pierce #t) THWT YA F U EE 3N
GM-CSF 7217 2t L7z, Wi+ O GM-CSF
i, BIRETESF VERIh TV,

3. sGMR o OYEH

sGMR « (GenBank Accession nos. X54935)%
cDNA i TAKARA D & i cDNA 71 75
) —H5 PCRFEICI - TCrR—Z T Lz KR
12 sGMR o @ 5°FKIFIZRBH T 4 IV AHER) A
N1 BRI (3 KB RGS  His ¥ ZELH & AT
L. pMSGLIMG X7 & —IZHA L7, £ D
Ry & =% A4 3OINGEAL, BETHALR
ZHAARESE, MABEIE sGMR « i,
BIEFHAEZ I A IO % 500mM NaCl % &
ATPBS IZIREEEALZEIZEDHBL, =
INWVT T AT AN TLERACTHEREL,
4. EXF UiZE# GM-CSF & sGMR o« D&
#r

SGMR « (1.6pg/ml) & ¥4 F /R L 72
GM-CSF(10pg/ml) & Miltenyi #t DA F L7+ 7
Y'Y y¥—X% PBS FIZ—B#& (4C) Ko &
+5, ZDRAEW L Miltenyi £+ D MACS 71 7
ARBTIELIDVAMLTITEY VE-X
A LIEARETHE L7z, ZOREKRTE
JCIREE T SDS-PAGE BRIKEI L. 7 = X % U #
720 sSGMRa OREHICIE, AV TV V&
(Millipore $t) % HRP #£a% L 7291 poly Histidine
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Puk(> 7<) 2 iz, €4 F 1k GM-CSF
DRI, ¥ F 1Z#$PT GM-CSF HLFR&D
e SE72% . HRP @A ML T R T EY
Y PuR(AbD £H) & HV 72,

5. GM-CSF HOCHADE =

GM-CSF HOPURgE X, ko FkicL:
A5\, ELISA 2 X o TEE L7z (Inoueetal.,
2008)

6. GM-CSF HChiEDFE#

A ICREER S N2 FET, K3 GM-CSF HIC
Uik B CRE SN & B E O BE M) S 5
Bl 72, (Uchidaetal., 2004) #5%8 L 7= GM-CSF
HOHUED 1gG PURICHT ¢ 1L, 82.8%
(Bethyl £ ® ELISA kit 12 & D i) THh 72,
Ifl{% 1gG 43 Milx. ProteinA/G £ 7 7 0 — A ¥ —
A(GE #h) % FivC B CREMME B ESE
B OHEEEL 7z,

7. EHRLT v A DFE

96 7 = VDT I/ 7L — FMNunc #)IZ
polyHistidine JLf& (3 7~ fh) % — B . 4 C T
AL L7z 0.1% tween20/PBS (PBST) Tk L 72
%, A% ¥ a— b(SurModics fH)T7H v F ¥
7 L7z A% ¥ — hHOD sGMR a (5.0ug/ml)
E&ETZIVISHEML, —B&E. 4 CHTRIES
72, e, FE 5 GM-CSF B Uk iE 1gG
S E R 2 IVIZE G F HER GM-CSF & 312
WL, &85, . sGMR o ISHEE L
lmEFF VBB GM-CSF X2 TNV A ) 7+ AT 7
y — CHE#HA b LT b T ¥ Y Y (Invitrogen 1),
CDP-Star(Applied #H) THX &, FL— 1+ —
¥ — (Berthold f1) TR L 7z, fRBEEEU,
GM-CSF & sGMR a« D KFEEED 50%fED 5
WEL, 474 === 7ay b2 H
WTEH L, |
8. TF-1 il % H\v 72 GM-CSF HFIRET v £ A

¥ 8 GM-CSF B YU ML 1gG 7318 O HrAl
BEl1X. GM-CSF IKFEMOMIBIRTH 5 TF-1 & H
WzNA F 7 v A TllE L7z (Uchida et al.,

2004)
9. Matom#rik
WEtHTIE. IMP V7 k7 = T (SAS #h) % H
WTEHE L, /Y89 XA M) v s F—=%ikv
T4y P=—DUREETHWZ, "M FT vk
1 LML v A OMEOMBEEIR, €TV ¥
DA BEEMREP<0.05)% VT, ME L7,
(REE~DOER)
RFFEII B R FEFTMERAERDKR T
ZlF, B ICEBRESBICHB LEE TORN
BB TIT L7,

C. MfFER
1. sGMR a & GM-CSF DFFEIIFE S

GM-CSF O ¥ 7" F )V niEld, MR Lo
GM-CSF %84 a |2 GM-CSF 28352 & T
a5, BOREEMEESESED
GM-CSF HC4tfkiE. GM-CSF CTHI#H @ TF-1
Kl o 15 % RHE$ % 2%, IL-3 FIEH O TF-1 #
FaDHEFEIZAE L2 Vv Z1L1E GM-CSF &
GM-CSF &1k o & D& % GM-CSF HCHiiF
PHETLENLIZLEZ LN b, (Kitamura et al.,
1999; Tanaka et al., 1999)

# A4 TH¥K sGMR « DIEETT SDS-PAGE 73471
T, 45KDa DHE &KL 90KDa D KD DD
BEAEBE L TWAZ EARENTWVS, T2
BICIRETIE, HEAEELPERL T2V
ZepmENRS (1),

I3, B L7 sGMR o« HEKRE VAL
T4 FEEETHEREN: _BEKOREWTH 5
ZEERLTVS, RIZEAF VK GM-CSF
¢ sGMR« Z B &E, AMLTFTEY VY
—X%HAWVWTMACS 1 7 L% BTZ & T,
GM-CSF & sGMR a D#56 T 50 &) iR L
72 (E2),

MR 7 v £ A4 Tl, sGMR a & GM-CSF &
DFEAT, AR RS
GM-CSF BRI T 5, 94> 714 —
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kDa

220 —

120 —

80 — s gm —_ R ESGMR a

30 — - " < & B{ksGMRo.

30 —

20 —

Ex IR
1 sGMRa DES XENE
o 10r1
=)
@
2 Vmax=21600
3
= 05}
=)
3
©
[]
@ (52 + 4 :
= 0 1 2 3 4 5
Kd=3.67nM 1/ GM-CSF (nM)

3 fafESHhROMUB IOy b
(M >94—1"—="—TF0Oy F3#R)

N—=)N—=27 7y b TIE. sGMR a D
GM-CSF (25t 9 A5G E I —BArTH b .
BESE RS HRLIE - D GM-CSF 281K « & %D
3.7nM 7R L7, GM-CSF L& T 2 AKE
& IZEAMILT 5 sGMR o DEEMKFRIC LR T
% (E3),

% 72.sGMR o« DFE A TR % KIE# GM-CSF
ZXARFAHEZHVTHEID: (E4),

0
66‘& oé\
‘0
¥ @
kDa Qo'l‘ 0\"&
25—
€ sGMRo(His) 20"- -¢GM-CSF

Blotting: HiHis 44 itk

Blotting : ;iGM-CSFHi &

2 GM-CSF & sGMRa DS

OD4ss
N

bioﬁn—GM—CSF(0.1ugIn?l) +
sGMRa(1.4ug/ml) -

Unlabeled GM-CSF(10ug/ml) —
Unlabeled GM-CSF(20ug/ml) —

4 sGMRa DIEEFRM

I+ ++m
+1++m
L+ 1+

P+
P+

+1 1+

2. 1% GM-CSF HOHUFIZ X 5 GM-CSF &
sGMR a DFEATHE

T v A 2HHL T, % GM-CSF H
CHLED GM-CSF & sGMR o« DFEA DRHERE %
M L 72 455 GM-CSF H CHUEDMKEEE (0~
10ng/ml) D54, GM-CSF & sGMR « D#EHI1ZF
P Z L CHmT A1EHPH o7 (B 5),

L2 L. Si&EE(00ng/ml~)Tid, A& %ZHE
L. EBI2F94 94 === 70y My
M2 & 0| Vmax (ZZ4E L 245, ke s
ROBERGEICHEML, BHEEORTH S
Zehbhrotz (B6).
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- 2500 ng/ml
—=- 1000 ng/ml
- --a- 500 ng/ml
- 260 nglml
---10 ng/mi
—e— 0 ng/mi

o
o

N
o

Relative light units(10%)

o

GM-CSF iR EE (ng/ml)

5 &SI GN-CSF H CHADRIFERR

100

(4]
o

o
~f

16 30

S REEAE(%)

sGMRo= 2500 ng/ml
GM-CSF= 5ng/ml

o
o

Ratio of GM-CSFHE ik / GM-CSF

7 GM-CSF BECHNIESIAERE

% GM-CSF HCHRIC BT 5. #EHER
D 50%3HN i BE(ICso)ld . 7.0 mol.jee/mol.gm.cse T
HY, NAFT v AL DOFHEED ICs X, 4.15
mol.jg/mol.gmcese 72272 (B 7)o

¥ GM-CSF BCHh e V23556, TF-1 7
v A& B AR L ERHERICIIEE LM
BEASA & N7z (HHRIFR%4=0.986. p=0.0020) ([
8)o

~<- 2500 ng/ml
-=~ 1000 ng/ml
--a- 500 ng/mi
3 250 ng/ml

—e— 0 ng/ml 20+

1.07

1/ Relative light units (10%)

0 0.5 1.0

1/ GM-CSF (nM)

-0.5

6 WS GM-CSFEChEOMHB IOy b
(51 >g1—183—"—=FOy 3T

100

50
1R ¥ =0.986
. p=0.0020
GM-CSF B 2 ifk: 100-2500 ng/mi
50 100
EAHEERE(%)

FRFIRE & ¥ SRR FREDAERS

hI8E (%)

] 8

3. HOREMMRELEEREMED? O HEEL
72 I3 1gG 4318 T D5 A FHERE

H O MR A ERSE 40 ADIED S
IgG DA % Bl L7z, # IgG ik, 0.113
~1.820% O IgG & GM-CSF A& Fh Tw
720 BB OMFEEERIE. HIfE 291.3nM
(150.9~809.8nM) ThHH . . ZELDEEIIBITS
HAFER L hREIT L CHBL T (F9.
10),
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ErEROHFRE & RS ERRIE. GM-CSF
PURIBBEARRIICHEIM L . ICs 13K 4, HRAE
23.67 mol.IgG/mol.GM_csp (1706’\‘ 1013)\ 2.819

100
g
# 50
e
By
0
GM-CSFHE 2 i&BEE (ng/ml)
10 IMi% 1gG SEC & 2 hFEE
. 10:
[]
£
5 _—
8 5 | L ///” "
) L
8 ’//,///ﬁf/
ET R +ERI % $=0.488
Rz R p=0.0012
' . |
0 50 100
A FREDIC,, (mol/mol)
11 Mm% 1g6 Hlic L 3 hfMEEE

EERAEFRED 1C; NFERE

mol.j;/mol.gm.cse (1.619~1021)TH V. FIZIL
#HWHEHOMEZ R L. GM-CSF HiikD MRy B & H
ETHAHZ xR LTWAS (Table 1)

FoP IR L A THERR ICII A E LM A

57 (FHBIFR%=0.488, p=0.001) (& 11),

mflEE L AEAHERRIE. Eb O bMHERE
AR TIC D D8 A — & — DkE A BT
B2 ZITTWREWZ LR R LTWAS, 72
BH®E LB L7256, BHRROEEREKD
3491259 (mean+SD) |ZHRT,#EAHERE
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26615 ThHY), BHRT v A IIRFLE
B4R (Table 2),

IhoDfFRIT. HEHERSHEEHESR
# D GM-CSF HEHA O Z R L T 5
CEERBELTVE, Fhwz, EMiET vt
A X EASL D GM-CSF H CHuLE D 1 4E % S
TEREELELTHERATH 5,

D. Z%

Fr 4 13 GM-CSF H otk D I 6E 7 5Ffi 3 %
FE L LT, iHER GM-CSF Z54K o« (SGMR « )
PRV 2EMART v, BBELE, &
B, CO7vEA AL T, BORESEMI
EHELZDME R CIMLEE D 5 F55L GM-CSF H
CHR s ME g TEZ HEE L., Zh s ok
DIESTHERRYTML 720 T4 FT7 v &A
AWl LA SHERN L (AL T
5 ENRINTZ, MIE 1gG T B DA, FF
fELEAHEROLL L L BRERBTHVEMT
SARLTVRDEH, BEITLICHMEELEEHE
BEIX & CAHBEL TV %, B|AE, D GM-CSF H
GO PG % lET 5 Fikld. GM-CSF K
FEHEOMBRR TF-1 2L F T v 4D
EHTHHH. MBOKREIZL > THEIEEHT
HlzH, BHBIIE D), SHEFAR. B
AEETHE LT -7 ORBAERETDH 5,
S RIDOEMILT v £ 11X, GM-CSF HCHiED
HhHlGE T BHER . A% FIRICERET
FETEBFETH 5,

WAHTIE, sGMRa (3, BEH L ZEHRP N
DEDSEREET L5 LHFMOENTWABD,
GM-CSF L DEBRREEXFONIT. HEKEED
AThHbH, HMELED GM-CSF &K &
GM-CSF & DA ZEM T 5725, sGMRa D C
KIZAML 7 His # 7% 7V — MZEHEL
7z His LT, —EoAKICH L T—E
SGMR o DB T A LI WIHE L2, ZORE.
BESNEBHRT v A1, LORTTHRE

Table 2. N4 ATF7 v t1 LEMBT7 v 1D
BRMOHE

AR RMIER RMWEE RMEE  TBER K-
[Ty o (e 1RA 69 59 60 9
LEWAEEE  MAB 68 67 60 6
(%) m#c 68 76 72 8
A Poqe  DMA 89 65 55 25
ROEBIE HWE 91 a3 70 36
(%) mNc 72 48 52 24

* p<D.05

INTWVB sGMR o & FEOHMME L FFEMZ
R L726 (Prevost et al., 2002)

GM-CSF DB —EFi T sGMR a 2HEA T 572
», ¥H GM-CSF HOMAOHFLET T, EHllz
Ty A BERAEDRTH S &) T &id,
GM-CSF H CHikH 12 GM-CSF OIEH .l
ETHHBOFREERE L TS, KIBEOE
% GM-CSF H CHUFHFTE T T GM-CSF & sGMR
a DIEESHEEEN TS Z LiX, GM-CSF &
sGMR o« D#EA T 5 L 9 % 1gG Pk OFF
EERELTWS,

HOREMMREREOBREMERICE T
% GM-CSF BCyufkid, ®Y 7 u—F kT
H Y. GM-CSF Ot 4 R EHE S % BT 5
B4 22 UK AYRAE L TV B, (Uchida et al., 2004)
L oT, RHEELHEHERD ICH A, Fi4 %
EEARLTWEEELZ LT TOMIE IgG
SED, N FT e[ BT YA TH
EMRERLTEY ., PHELEEHERICIE
BELMBLA SN, (FIRIFRE=0.488,
p=0.0012),

T vt A, MK I 2 BB
GM-CSF % 35K(a /B DEAH)TIE R {, BH
HPED GM-CSF &K « & GM-CSF & DA D
AR L TWwD, ZhiE, GM-CSF OHifH
¥ T IAREFHIRE E D GM-CSF 281K o 12
HETHILT, BERENDIDLTHD, 72
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GM-CSF Z7/k1E GM-CSF S 8fED 12 &K
BEABET LI EP Db oTvr5b, (Hansen et
al,2008) ZHIZE L., 1 20D GM-CSF AT
AT, BEK GM-CSF 85k o & ZEHK
GM-CSF 84K 3 %o DT sGMR a DA N H % 5
EHINL 7 v 4 Ofb Iz, BEM GM-CSF %
Bk o & “EKGM-CSF ZR/E R IHAT A &
AR VAT ARBETILENS L Lk
Vi,

LA DO TIE, GM-CSF H ORI Xt
LT, HARE LA THERD [Cso 3B L 22
o7z, LARIOWFZET, 7% & GM-CSF HCHLE
BEASMHBE L 2T LIIREN TV S, (Uchida
etal., 2009) 4 DOEEDHE T, GM-CSF H
CHAKIZEEZ LI L 2 ERER-TED .,
AL T v A OEAHER L B RIEMEMT
ERELE ORERLTROBBFANL Z & T,
EOSLLAMEP/OLNE LD LGV,
GM-CSF HOfifkid, MfREEL LTHORE
HREBER REMRBOEREL LTELETH S,
(Uchida et al., 2009) Z DK, HEMIZ7 v £ 113
GM-CSF kD A 7 ) —= 7 & LTI AT
e D L,

E. ¥

4-[a, GM-CSF HCHURO HFIfE & 5F-Af T &
M7 v A B L. 20T v A,
Stk d B CIMET &, KRNI BIT A
GM-CSF HCHURDO S HM 2 EREZ R A 720D
HRGFERE LTRILDEAD,
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Information on Pulmonary Alveolar Proteinosis for Medical Staff

Introduction  Clinical Features and Treatment Link

What is Pulmonary Alveolar Proteinosis (PAP)?

PAP is a rare lung disorder
surfactant

causes gradual but progressive respiratory failure. The prevalence is estimated to be 6.2 per
million.
‘The aim of this site is to pr

f new therapies and
support system for patients by pwovuisg me\inl staff with accurate information nbmx PAP
and encouraging communication.

‘This site was established by The “Puimonary Alveolar Proteinosis Research Group” grant by
the Ministry of Health, Labour, and Welfare, Japan (H21-Nanchi-Tspan-161).

Rare Lung ftinm

autoantibiody
Measurement

and
spoproteins in the lower respiratory bacts (alveoli and umml bronchioli), which

I BLBI INTRODUCTION

Outline of Clinical Features

Concepts of PAP

Pulmonary alveolar proteinosis (PAP) is a syndrome caused by defects [,

in the generation or degeneration of surfactant that leads to abnormal
lation of surf: d d material in the alveoli and terminal
bronchioli.

Definition of PAP

PAP is defined by
1) Pathologically proven abnormal it
material in the alveoli and terminal bronchioli.

2) Radiological lesions that are typically diffuse and bilaterally
distributed.

of surfa derived

Characteristics of PAP

1) Bronchoalveolar lavage fluid

The appearance of bronchoalveolar lavage fluid
(BALF) is “milky” or “waxy”. Upon standing, it
forms sediment.

i 2) Microscopic features of BALF -
cytospin preparation

BALF is composed of granular,
acellular, amorphous material and
a small number of cells. Cell
components consist of large,
foamy alveolar macrophages (@)
and small monocyte-like
macrophages (@)

Electron microscopy of BALF
sediment shows the presence of
lamellar bodies and fused
membrane structures.

3) Pathological Findings

Microscopically, alveoli and
terminal bronchioli are filled with
a fine eosinophilic material that
stains strongly for surfactant
proteins with periodic acid-Schiff
reagent. The alveolar wall and
interstitial architecture are
relatively well-preserved.

4) Chest high resolution CT
Chest HRCT typically shows ground glass

opacification (GGO). The image to the left is a 3D
HRCT image of GGO distribution in PAP

1) Congenital PAP

Congenital PAP is caused by congenital defects in the surfactant generation or
degeneration process. Deficiency or mutation of granulocyte macrophage colony
stimulating factor (GM-CSF) receptor a or b, surfactant protein B or C, or ATP-binding
cassette transporter A3 have been reported as causes of congenital PAP. In most cases,
however, the cause is unknown. In congenital PAP, serum is negative for GM-CSF
autoantibody. The incidence of congenital PAP is unknown.

2) Autoimmune (idiopathic) PAP

Most cases originally diagnosed as primary or idiopathic PAP have been shown to be

positiv for GM-CSF autoaniibody. The presence of GM-CSF autoantibodies in
proven PAP is termed autoi PAP, and constitutes 90% of

acquired PAP, Except for congenital or secondary causes, cases of PAP in which the

occurrence of GM-CSF autoantibody is unknown is deemed idiopathic PAP until

further examination demonstrates otherwise.

3) Secondary PAP

Secondary PAP develops secondarily to hematological disorders (especially

myelcdynpl-nc lyndmm) pulmonary mfemom (carinii pneumonia and non-
and diseases (Bechet disease), and

constitutes 10% of acquired PAP. Serum is negative for GM-CSF autoantibody.

4) Unclassified PAP
PAP other than 1), 2) or 3).

Pathogenesis of autoimmune PAP

In normal lung, GM-CSF released from alveolar type 11 cells binds
to GM-CSF ptors on alveolar P and
initiates GM-CSF signaling in these cells. This promotes the
expression of transcription factors, PU.1 and PPARg in the nuclei
and triggers the temuna.l-u- iati ofalveolar phag

into mature that is in the lung by
incorporating and de gradmg surfactant lipids and proteins.

In autoimmune PAP, GM-CSF released from alveolar type II cells
is lized by abundant GM-CSF present in the
alveoli. This prevents GM-CSF from bmdmgto GM- CSF

on alveolar C
ter.mmal dif of alveolar phagy
thus impairing surfactant catabolism in the lung.

hodi

does not occur,

nESR
Pabent lung

Introduction Pulmonary alvealar proteiosrs and the teatments GM-CSF autoantibody Links

| Whatis PAP? Whtis PAP?
| Clinical Features of PAP  Oufline of '“Prmr
| Diagnostic Criteria Classification o
Pathoy f PAP
Treatments p———
| Refereces Clinical Features of PAP
1 : Epidemiology

Diagnostic Criteria
Dingnostic criteria
Measurement of GM-CSF sutoantibody

Treatments

Standard treatment

Case Report of WLL.
GM-CSF inhalation therapy
Case report of inhalation
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% Epidemiology

Autoimmune PAP Secondary PAP

* 90% of adult onset acquired PAP + The  * 10% of adult onset

‘median onset is in the S decade. + Male Thcmedmousanmlﬁzl“udi"

1o female ratio is 2.1:1 + 25% of patients  decades of life * Male to female ratio

‘have a history of occupational dust is1.5:1 * Underlying discases such as

inhalation * Serum is positive for GM- hematological disorders, especially

CSF autoantibodies * Prognosis is ic syndrome, are most

generally good. Rarely, respiratory failure  frequently followed by puimonary

may develop. - 30% of patients are infection and autoimmune disease

asymptomatic. Dyspnea on exertion, GM-CSF autoantibody negative -

cough, and sputum are frequent, while Prognwkupoor(zywmwu

fever is uncommon. 49%_ 5 years survival is 35%) -
patients are symptomatic., Symm
are variable. Fever is seen in 22% of
cases

HRCT Findings
* HRCT findings in autoimmune PAP

Ground glass opacification generally has sharply
defined straight and angulated margins, giving 8
“geogrephic™ appearance.

Subpleural sparing GGO in the
peripheral lung is escaping from
subpleural regions.

£ Cruzy Paving Appearance
. Ap‘anctﬁnnnvubph;linuﬂmmhg: -10 mm

“crazy paving”, which is characteristic but not diagnostic of
PAP.

To evaluate craniocaudal distribution, the
55— proportion of the involved area of GGO was
- |rm-vdbylmﬂum|ym-mgme
A MUNSN TT | yper middle, and lower hung fields. The mean
Fau - score for sutoimmune PAP was smaller in the
i upper hung field (2.8 and 2.9, respectively, for the
e WU - gy and left huog fields) compared to the lower

s Emwmu:v respectively, for the right

p<0.05). The visual scores
mmdﬂmtbmmmnmldlm
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% HRCT findings in secondary PAP

A diffuse pattern with predominant GGO in patients
with secondary PAP (62%).

B: Diffuse GGO

C: Diffuse GGO with interlobular septal
thickening.

To evaluate craniocaudal distribution,

! the proportion of the involved area of
GGO was compared by a visual scoring
| system among the upper, middle, and

i lower lung fields. The visual scores

: were even among lung fields, witha
mean value of 3.4 for both the right and
left lung fields.

<BERHEXIMRETOEBFTROLB>

Ishiid 1 eval. Chest £36:1348-1358, 2009

st Avomame AP Seoadsry TAP
-ee »2 - Al

Appesrance of LGO
Paichy ogragdicpatiers A% s [ sy
Diftyse parters v Ll o L 1]
Mived pavers " s " faM
Sub pieural vparing % LY n% iy
Crasy pavieg appearsnce oan e e oy

HRCI‘ fmdmgs for both autmmmlme and secondary PAP

d GGO, interlobular septal
thickening, and a low-attenuation area. Honeycombing was not
seen in any case. GGO was recognized bilaterally in all patients
with autoimmune and secondary PAP and consolidation was
also frequently seen. The lidati isted of small
nodular features (mostly 5 mm), typical of both autoimmune
and secondary PAP, although some large consolidations with
anair b h also were also ob d.

Laboratory Findings

% Autoimmune PAP

* In 50% of patients, arterial oxygen (Pa0,) is under 70 mmHg
Arterial carbon dioxide is typically within normal limits.

* %VC is within the normal range except in advanced disease
* %DLCO is reduced in the early stage.

* Normal FEV1 * CRP and ESR are normal. * RBC often
increases * Elevated KL-6. CEA, SP-A, SP-D and LDH. These
are higher than in IPF, sarcoidosis, collagen vascular disease. *
KL-6 and CEA are correlated with A-aDO,

* Serum GM-CSF autoantibody is positive.

% Secondary PAP

*%VC is within the normal range except in advanced disease

%DLCO is reduced in the early stage.

* Normal FEVI * Elevated KL-6, CEA. SP-A, SP-D and LDH.
KL6 and CEA are higher than in other diffuse lung diseases. *
KL-6 and CEA are correlated with A-aDO,

* Serum GM-CSF autoantibody is negative.

Findings of Bronchoalveolar Lavage Fiuid Sediment

Diagnostic Criteria for autoimmune PAP

The diagnosis of PAP is based on the following criteria.
1) Radiographic findings on HRCT characteristic of autoimmune

PAP include a diffuse or patchy “geographic™ pattern of ground
glass opacification superimposed on interlobular septal thickening

2) Pathological/Cytological Findings: a. Characteristic

-
CJ
b ¢
L
el. a®
® in multiple lobes.
o
In autoimmune PAP, BALF has a ‘milky" app hol

Cytologic examination of BALF reveals numerous granular,
acellular, eosinophilic, and hous material in the

| features include intraalveolar, eosinophilic, periodic
acxd Schiff posmve material in the biopsy specimen. b.

Alveolar macrophages comprise large foamy- and small monocyte
like- macrophages. The former have an enlarged and engorged
cytoplasm with a foamy, vacuolated appearance. The nucleus is
usually small and deviated. Inthe early stages, lymphocyte and
neutrophil levels are increased, probably as a consequence of
elevated MCP-1, although whole cell levels are decreased in
advanced disease.

In secondary PAP, BALF also has a characteristic “milky”

Large foamy are usually seen which
sometimes have atypical nuclei. Lymphocytes and neutrophils levels
are frequently increased.

, BALF is turbid. Microscopically, there is
granular, eonmop}uhc amorphous, or periodic acid-Schiff positive
material and foamy macrophages

3) The serum is positive for GM-CSF autoantibodies.

Notes: 1. Of 223 cases with autoimmune PAP in Japan, 131 cases were
diagnosed by CT and BALF findings, 76 cases were diagnosed by CT,
BALF, and pathological features in TBLB specimens. 16 cases were
diagnosed by CT and pathological findings in VATS samples. taoue v,
Trapnell BC, Tazawa R, Arai T, Takada T, Huzawa N, Kasabara Y, Tatsumi K, Hopo M, chrwata T, Tanaka
N, Yamaguchs E. Eda R, Oushi K. Tsuchihasks Y, Kaneko C, Nukiwa T, Sakatars M, Knscher JP, Nakcata K

Charactenshes of alarge cobart of pabents wih autozumune pulmonary aiveols protemoss ; Japan. Am |
Respr Crit Care Med 2008,177752-62

Diagnostic Criteria for autoimmune PAP

e toantil

Anti-GM-CSF antibody concentrations are measured in a
similar manner to that previously described (ref. 4). Briefly,
serum samples are diluted 1:3000 with phosphate buffered
saline (PBS) containing 0.1% goat serum and 0.1% Tween 20.
Separate 50 ml aliquots of diluted serum and the purified anti-
GM-CSF antibody standard are incubated at room temperature
for 40 minutes in ELISA plates previously coated overnight at
4° Cwith 1 mg/ml thGM-CSF and blocked for 1 hour with 1%
bovine serum albumin/PBS. After washing four times with PBS
0.1% Tween 20 (PBST), 50 ml of 10 mM ammonium acetate
buffer (pH 6.0) is added to each well and the plates are
incubated at room temperature for a further 15 minutes. The
plates are washed with PBS. Antibody captured by thGM-CSF
are detected by peroxidase labeled anti-human IgG F(ab)2
antibody (Dako). Te thylbenzidine is used as a sub:

and absorbance is measured at 450 nm. All assays are
performed in duplicate and the mean of the two results used.

For further inquiry of GM-CSF antibody testing for research
purposes, please contact us at the following email address.

Treatments for Pulmonary Alveolar Proteinosis (PAP)

Standard therapy
W
Using a double-lumen intratracheal tube, more than 20L of
saline is infused into each l\mg to remove the accumulated

fe ‘while mech: ilation is applied to the other
lung. Although safe in the majority of cases, the highly
invnﬁvenmafﬂ;epmcedmmmhuaconcem,ewedaﬂy
in patients with severe disease.

Bronchoscopic lavage

Bronchoscopic segmental lavage is repeated using 500-1000
ml of saline as a safe alternative in patients with severe
hypoxemia.

Treatment for secondary PAP

Secondary PAP can be improved through treatment of the
underlying diseases in some cases. Whole lung lavage may
improve non-resolving secondary PAP, but its efficacy
remains unclear.

Treatments for Pulmonary Alveolar Proteinosis (PAP)

A case of PAP treated with whole lung lavage
A 50 year old man complaining of persistent cough visited his
family physician. Ground glass opacities in both lower lung fields
were demonstrated on chest X- -18y. Adnu.rumsuon of; anhbxoncl
had no effect and he was temp gnosed with i
pneumonia. Bronchoscopy was performed but only provided
hmned data and a diagnosis could not be reeched dueto nevzre
dunng the dure. As h
id: dmini d but resu.ltedm no unprrovemmt.
He was refen'ed to a hospital where the diagnosis of PAP was
established. He underwent whole lung lavage which successfully
improved the disease.

Before WLL onlet kg Before WLL on rightfung  Just ater WLL 1 year afler WLL
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Treatments for Pulmonary Alveolar Proteinosis (PAP)
GM-CSF inhalation

Method

Treatments include high-dose GM-CSF administration (125 -150
mcg twice daily on days 1-8, none on days 9-14) for six 2-week
cycles followed by low-dose administration (125-150 meg once daily
on days 1-4, none on days 5-14) for six 2-week cycles. 125-150 mcg
of lyophilized Leukine dissolved in 2 ml of sterile saline is inhaled as
an aqueous aerosol using a LC-Plus or LC-Star nebulizer with a
‘manual, interrupter valve connected to a PARI Turbo BOY
compressor (PARI GmbH, Stamberg, Germany) (ref, 6).

Efficacy

When a clinical response is defined as a reduction in A-aDO?2 by at
least 10 torr at the end of treatment compared to baseline, the
response rate has been reported to be 62% (ref. 6).

Advantages
*No need to be hospitalized.
*The duration is 20-30 minutes for each daily inhalation at home.

Disadvantages

*The reagent is expensive.

*Some skills are required for reagent preparation and inhalation.
*Long period (6 months) of treatment.
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