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29572012, RFEZ7TTY) S BEDS [gG2 2BV T7 5
7Y a v ERMELT, native ZRH LB LODFDL S
V= EE G ST AR & BRRE L 72,
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1. EbREZOTY VBICMET VT IV

BEME Mg o 7)) (IVIG) kv 7ua7
Jy-IH (I FY+F) 2V, e MLET VT I ¥
M7 V7YY, 25 % (R FY+FE) 2RV
72

2. M ®

50%7"Y) &) Y HT—-80 CITHRTE L7z S. pneumoni-
ae B X Escherichia coli BERZEERZ F 72, MIH
DEEIFMBERE M (RIL%) 237104 >
W=t 72— g YEREM (Difco Laboratories)
TRV, UM ORI ZICH 5 BRI R EREE
HWICHELTHEEL, 4TD 05 %R V<) VY TRAEL
T, pH 7.2 |2 L /- phosphate buffered saline
(PBS) 12 10%cells/ml & %2 & 5 IZBEH L7,

3. B W

ICR v A (Hth, 5 8#) BHAZ L7 XA
L7,

4. RS

MR ERMIRR R D A 7 >~ M iZid Coulter MULTISIZER
I (Coulter Electronics), 7a—H%#4 b X MV —|Z k
% f##71X FACS Calibur (Becton Dikinson) % H ‘)72,
HFFME X OPTIPHOT (=2 ) 2T 100 %
DERIZBWTHREL,

5. %72 7 ZHUAMEOH &

S. pneumoniae \ZM3 3 1gG 477 5 AP
ROEEDOH Y F A v FEICLOVWRE L9, 0.5 %k
V=) Y TRB LT S. pneumoniae BRSBEB T 7213
KESHEN» O 2MRHRE T 2 F > (BARE) %
AY-L-V) Y (M.W: 15,000~30,000) (F16#t%)
TRELCHEMELS5 27296 V<707 L—}
DET 2 NVITMAT 4 CT—HEE L CEMILL,
1%BSA & 1 %Y ¥iiE% &t PBS (200ul) %%
VAT, 1RE7ay 07 L0b, FRBHER
T 2 BEFoBRBERML: IVIG % 100u] ¥2OMZTE
BT 2 RIS SE72, RIZHie b IgG 4727 7 R
NTAHEIXTAE) 7T —F VHH (Zymed
Laboratories), & HIZZRIKELTT 74 =5 1
BMY¥FHH~r R IgG RVF F ¥ ¥ — FEHNK
(Bio-Source International) % RiET 2 KR ONEX
VEH & €720 £ 2hZRDORIGHITIE 0.9 %NaCl %
&t 0.05 % Tween 20 T Auto Washer EL403
(BIO-Tek Instrument) W THEFL L. E5IC
0-7x=2VbyITIVEMATRERICTRBIE

BT AENEE%S Termo Max 7LV — b+ —¥—
(Molecular Device Inc.) ZHWTHIE L. €hZh
DY IVIG #MMA BT 2 VOREE TSV 718
ELT, FhEDHZFhZFh 0156 TOEVEEZZVF
EL Y PELT, 20L &0 IVIG OFREEE2 Z0H
i & L7z

6. IgG2RZ757 ¥ aryDifi¥

1gG2 XZ 757 ¥ 3> (IgG2-D) O3
Immuno Assist MG-PP (BRAL%) 2FEL2H 5 A
% (bed volume; 4.5 ml), 10 mM V) YEBF bV v A8
i (pH 6.8) THAHFHILL T, IVIG #7754 L
7oo EOICFEBHEI THEE L721%, NaCl BEIZL 52
TvTIAXTI Iy PTHEHLZDDZ 3 m]l §
SELL, 280 nm BT BEEEZFEL 2.

7. YT 75 AHELSH

IgG ¥ 77  AEH ELISA ¥ v F (3 FU+%)
ZHWT, IVIG BXU IgG2-D ® IgG 477 5 A K
KEPE Lo,

8. k MFHIRE IgG2 DREEH

b MERIRED IgG2 DA% Fluorescein isoth-
iocyanate (FITC) #E#& L 7%tk b IgG2 £/ 7 u—+
itk (Sigma Chemical Co.) ZH\WT, 7u—H4
PAXRY)—=IZX DB L7z, FHhRIZBEARS V57
47 DKWL S E R 5HER (KAARK) 28
WT, HOBECIDOBELZ, 20 mM AR ZEHR
&£ 0.1 %k MLIET VT I Y EA 72 RPMI 1640 3
(HARE) THMLZ IVIG (1 mg/ml) & S. pneu-
moniae SP-23 &)< YILEEIK (1x107 cells/ml)
DREWE 25 CT1IRMA Y Fax—FL, ZOR
BWD 0.2 ml 229, 0.8 ml Db MFHIRPER
(1x10° M) #MMZ T, 4CT 1 BMERSETELE
PRI DRFRIRE B L2 2 hiC FITC ERL1:H
b b IgG2 /70 —FVHikEMAT 4 CT 1 K
EHEE720b, IVIG FIZETh5 1gG2 DIFhIRA
DG ZHERELIH/ELE LT 70—H% 4 hX Y
=TT L7 £7:, BRUOBEDLDIZ, Hoh
L®#l Fey RN €/ 7 2 —F V§ifk (Pharmingen)
EMAT4C T 1 RBEHSE-FhRE TR
DEIEZAT 5 720

9. *F 7V UiEH

S. pneumoniae SP-23 XX MWEKEEH, E. coli
5137 37 VA4 Y= V72—V 3 VR TRE
#L, RPMI 1640 ##hi2 1% 107 cfu/ml 1% 5% & 9
CRE L. 7, B MIET VTSI VR 1 %EiC
%% & 92 RPMI 1640 ¥ THBRL, IVIG BL
[gG2-D 2 /M 2720 DWBE Lze & [gG 752
¥ 3 VIRFHHT 2 mg/ml 55 0.125 mg/ml 3 TR
M 2 T OHMUe EBBOREME-L 0%
Trhu—nEL, E MFRREZI—LE—p
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y—THIRKE LI L, 2x10" f/ml &% 2 &HIZ
RPMI 1640 85|23l S €72, HiiE IgG 757V 3
Y% 100 ul ¥ORALTREL 225 37 CT 30 &
A YFa2x—FL, E5I2100 ul DEFPFIREZE M2
T 60 B4 v Fa~x—bFL7. BAERZIDAAIZGH
HRiZAI4 N7 I RIZRHKL T, S. pneumoniae &7
VF Y FEYE, E. coli 1375 LNy h—FBEITV,
FFHEMET T 10 BULOHPRZBEL T, YA
Th-BEERAIL7:. Lo —EOBEIIONVT, 3
ANDBREANRT VT 4 ThOZNENITBEL 7247 ER
oW TRBRIZEABRZ TV, 1 O RH /2 O
AR DOFHMEE KD Tz,

10. ¥ RXEKANRLDZ YT T VR

S. pneumoniae SP-23 Z¥MBEERK LIZHEEL, ¥
HiZC2 HEHExZ» &t h PBS W& L. —H,
IVIG %721 1gG2-D % PBS THRLT (1.25~20
mg/ml), RBRENICBVWTHABER L SRIORBAE
LT37CT 1ML vFaxX—bLA, /2 PBS &
HhERELALDOEI  Pu—n L L, EREOX
312 IVIG & %\ 1gG2-D THLH L 7= fifk#% ICR <
TADRERMICHEE L 2o SRR 4 L 5 IL
TODT T ATz, BEREEAN S 20 5#% IO
LAY YRILL, —EREABEEAKTERLTY
VA UN—b v 72—T 3 VEREBIZERRL, 2 H
BICAELZZIT=—BEWNE L. =7 AOMEHD
BEERDBZELIZEY, IVIG L1gG2-D O % 1t
L7,

11. #EtEmuR

MatFWAEEI IVIG & IgG2-D O -~ BEICH
WTHIBD R W t-BREZ X Y RE L 720

I # g

1. S. pneumoniae \ZX3 % 1gG Y7 7 T APk

IVIG @ S. pneumoniae DK B (18 #k) &l
REERBEL RIS 2 ZhZho 1gG 477 5 R
Pidkfli & Table 1 127730 WHFAIIH LTd [gG2 Hitk
fiAZ DD 1gG 4727 7 APkl L » bR, IgGl
¥ IgG3 LIZIZME 1R R L, IgG4 IFMHBERLT
Th o720 [gG1 Hifkiliiz 5 #I2BVT 500 LT T
D, FEICHEMEOEN 7V — T WL 72, 1gG2 i}
IgG1 ITHRT 18 #kH 8 kA% 16 UL LS <,
I IgGl ICHUEM OV BHRIC BV TR D@D
Filhr@EmiEmnrL7,

2. IgG2RZ 797 ¥ arOffk

IVIG (50 mg) %#JE# & LT Immuno Assist
MG-PP # 5 A # BT IgG2-D (27.7 mg) ##HBL
7 (Fig. )0 =0 IgG2-D @ IgG 472 5 R
Table 2 1Z/RF & 912, 1gG2 DHEA 175 %25 4.3
BIAETLTBY, —iTid IgGl DEEI WML D
DTHote TNIHEST S. pneumoniae SP-8 123

Table 1. 1gG-subclass antibody titers of IVIG to clinical iso-
lates and capsular polysaccharide of Streptococcus

pneumoniae

Antibody titer

Antigens

IgG1 I1gG2 1gG3 IgG4
S. pneumoniae
SP-1 250 4,000 <250 <250
SP-2 4,000 8,000 500 <250
SP-3 250 4,000 <250 <250
SP-4 16,000 32,000 4,000 <250
SP-5 <250 4,000 <250 <250
SP-7 8,000 32,000 2,000 <250
SP-8 8,000 32,000 4,000 <250
SP-9 4,000 64,000 2,000 <250
SP-10 4,000 32,000 1,000 <250
SP-12 4,000 16,000 1,000 <250
SP-13 8,000 16,000 4,000 <250
SP-14 8,000 32,000 2,000 <250
SP-15 4,000 64,000 2,000 <250
SP-18 500 16,000 1,000 <250
SP-23 <250 4,000 <250 <250
SP-25 4,000 64,000 4,000 <250
SP-26 8,000 16,000 2,000 <250
SP-31 16,000 64,000 4,000 <250

Capsular 250 2,000 <125 NT
polysaccharide
N.T: Not tested
10 |- NaCl (M)—>—

A280nm — °®

£ g
X 01 (@]
< : 0.1 =]
Z
0.01 4 0.01
0.001 * —=0.001
0 20 40 60 80

Fraction No.

Fig. 1. Preparation of IgG2-D by Immuno Assist MG-
PP column chromatography.
Buffer: 10mM sodium phosphate buffer (pH 6.8)
Flow rate: 0.5 ml/min

Table 2. Comparison of IVIG and IgG2-D in IgG
subclass contents

IgG subclass contents (%)

IgG fractions

1gG1 IgG2 IgG3 IgG4
IVIG 79.6 175 1.8 1.1
1gG2-D 93.4 4.3 1.9 0.4

Table 3. Antibody titers of IVIG and IgG2-D
against Streptococcus pneumoniae
SP-8

Antibody titer
IgG1 1gG2 1gG3
IVIG 8,000 32,000 4,000
IgG2-D 8,000 4,000 2,000

IgG fractions
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T5 1gG2 %77 7 Abiffiliik 4 50 1 LI FL
72 (Table 8)o SO L HIZLTH SN 1gG2-D #H
W, IgG2 @ S. pneumoniae V33 ZVERH  BET L
72

3. b MEFHERE IgG2 OFEH

IVIG #4FHhERICIER S G5 2 LI2L ), FITC
i IgG2 €/ 7 u—F VHAROKEEIT X 5 HOLMREE A H
ML (Fig. 2)o LHL, dO52LOHE/7u—F
HifkIZX Y FeyRI #7027 ¢4 82D HERE
Mz oh, COFKEN FeyRID 2HA LD TH
LT EMbh otz

4. F7V=U1EH

HHIRIC L 2EEOEEERICNT 5 IVIG L[ IgG
BED 1gG2-D ZMA72HAIT 1 HOHHRIRIZED A
Fh7z S. pneumoniae SP-23 DR X B L7/- (Fig.
3), IVIG #MZ 72%BA121%, 0.04~0.33 mg/ml 23
VTR ) AR B HAHM L, 0.33 mg/ml
Tit 6.71 ETHBY A Eh7z, —Fh, IgG2-D =i
A1HAEITE, 0.17, 0.33 mg/ml KBV THRBEED
IVIG &) bIFHERANDOIY RAABBAER IS LHh
o720 EARIZL T, IVIG fERI &7 E. coli 5137 D4f
HFERIANOR Y AR B % [gG2-D LB L7 (Fig.
4), IVIG & IgG2-D IZRIREEIZB W TIZIZFEOHY
AAEBERL, AEEVBDONLED 57,

5. XVAKARLDZ )T 5V ANDKE

IVIG % 6 TNZ I1gG2-D L RBRE N T S. pneumoniae
SP-23 #%E3TORALT, 37 CT 1 BEKIGHEIC
ICR ¥ 7 ZDFIRMICER L 72 (3.65 % 10* cfu/mouse)
WD S 20 SHOT Y AOMBEFOREBE LB L
7z (Fig. 5)o IVIG THIEL /2L & OMmEEHEARIZR

80 120 160 200

Cell number

40

102 10° 104

IgG2

Fig. 2. Binding of IgG2 to human neutrophils.
msmmn  Neutrophils treated with IVIG
—————— , Inhibition by anti-Fc y Rl monoclonal anti-
body
———, Naive neutrophils

IgG BEE D 1gG2-D DHEIHNTHRL, BRIRE

2% 2.5 5 mg/ml DHFIIBOTHEEVRZBD LN,

+#bb S. pneumoniae WD MBHH 5 DIHKIE,

IgG2 DIEAIC L 2D TH LI WO L o7,
Im. = =

B OB — IR TF F YA ETSA

BEHMEOEEICIE, ZOMNMCYREIY vy h T4

107

Number of bacteria per neutrophil

(Mean+S.D., n=3)

I I T !

0 0.2 0.4 0.6 0.8
IgG (mg/mL)

Fig. 3. Opsonic actiivity of IgG2 against Streptococcus
pneumoniae SP-23.
—O—:IVIG, —@—:1gG2-D
*: p<0.05 vs. IgG2-D (t-test)
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Fig. 4. Opsonic acitivity of IgG2 against Escherichia coli
51317.
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Fig. 5. Bacterial clearance in blood after treatment with
IVIG and IgG2-D.
ICR mice were inocculated with Streptococcus pneu-
moniae SP-23 incubated with IVIG or IgG2-D.An
aligiot of bllod was plated on Brain-heart infusion
agar 20 minutes after inoculation.

—O—:IVIG, —@—:1gG2-D
+*: p<0.01, *: p<0.05 vs. IgG2-D (t-test)

F (O HLE) oI NB2, Thoiddifkicky
ZRIhRFTV, L2 L H. influenzae X S. pneumo-
niae X ZONIZERKI S v A 54 Fh o bHIlE
ARERBEZ R (K PUR) 2EAL, ZhEKIERZA
LEWHIIRE VA, BAEAKREZ Y7 LTRYER
ARIDIZCLL, AKRIC X 2 BRERLRPEARERN
PODIAy—T7HBLLTHVTVSY, T4bb,
PRPBHEL EORBEREIETLTWEEEILL
STRIDE) ZHELXRFOMBICL 2HHBEEOKRR
AR TIEDDHD, TDE) BRBIIHT 55
BREKIZEIC IgG2 THAZ LHAMbh T 5B, X
RHRICBIT B 1gG2 REFE LERDOKREAMEDOE
Bl o TRaMOFERRL TRERRELFISETT
T EHS . HEIR TITUAE L B DM 5 ER B AE
btaTRienwzerdn, AEHZERALTORERE
RRECBETETICREMICREIRS 2 EHE v,
IDES % IgG2 REFEIREL L HICHE\EL, BRI
N UTEARZEB T L2000, BRER TIIHELR
EDREZRTILD DD, MRICHT 2 HEILER
EHOFHRRERPEA/REOMEIrOREEINS
CEHHBVY, REFOTY VREELRERFED 1
DL LTHAR HREIhTWwE, —/T, IgG ¥
T2 52D H T IgG2 MAREELIIH T 2 EH R4
REDLE 7y —LOKERVPENZEFMONTS
D, ZOEARBRFEICOVTRIRTABBHIA TS
biFcidhv. LaL, bhbhiISHEOKRFIZE
T, I1gG2 k& MFHRIRE D Fey RO %4 L& aH

2 I1gG2 DMIBEIFRIMKICE 24 7V = e ZHEL
2o Thbb, [gG2 REZFEBETIE [gG2 BRZT 5
Zkiz&Y, S pneumoniae \ZH Y HIMHMEAKT L
TWAZ ARSI,

COEBRTHWE 1gG2-D X IVIG ###E & LT
Immuno Assist MG-PP #5478~ /57 412X
DVHRELZODTHS, REAIED) VBT A Y
AR ERTETHLILEDOKIRNFTHY, BiD
SEHNORABRICH L THENCHELERIC L ) REF
DBSIIERRZALD L2 FRBLL-HEIETD
D, &b IgG ® IgM 75 D57 < 2AD% IgG
BT 520N ZHWHLRhTWwWS, 20 IgG2-D
& IVIG 12T [gG2 A% 4 50 1 MTFICET T
5—HT IgGl HEBRL L-THEY, &M% IgG
V775 ADKEIR [gG2 REFEDBED S DITAVE
£iohnnw, —%CIVIG O IgG %77 5 ADHE
BRERADLDOIHYE L TW5E®, 1gG2-D & IVIG
D¥T 75 ADHEDEH I S. pneumoniae (X3 5
ZD IgG Y77 5 AHMBMEICIZIZ—HT I LI oK
BEH ) OHMAKMIIEDL ST, 1gG2 DANEE L <
Bhn-boLt#EESNS,

AN TEBRBALLCME REI T ) v L BT
HBIETAZV=VEENTREENRRL T kB LE
AbhaI s, MBEIHT 2 EREHETIIERR
KROBVBHRNAPSOBRBOBBICHEEICEETDH S,
S. pneumoniae X3 5 BREBEIC IR L Zh
WKL F 7Y = MERAPEEREHEH-TWE
EHEBEND L VCIIEKRM 2RI OB o T
Buuwn-w  SEOKRETIX, IVIG & S. pneumoniae
DEERFBERRIN L Tid IgG1 iAoMK <, ot
FEMDOBEWERDOE A, IgG2 T A2 RFE B W
f@m %R L7, S. pneumoniae SP-23 3 ZDHTH
IgG1 HifRflinsd - & KL, IgG2 IZb - & b domi-
nant ZRISHEEZRITRENLEAKTH Y, [gG2 RZ
EICBWTREVWEEEZRTIENEZOLNSL, £2
T, COBEKEHCTinvitro 2B 24+ 7V = 1EH
LERANEEZOMBE DD S ORBAKHE K ORE IS
% IVIG OfEH % 1gG2-D & l#i#at L7z, S. pneu-
moniae ZBIBRERFE»OOSHBEEIRL, 2%d
BEARPTREROEEBEE LTHEHSNSEA, IgG ¥
T752A0HTYH 1gG2 HRBEERR L OFRUEIE
Vo —F, E. coli 3BNEFHE 70— 2FRLT
WBLOTHY, RERELZEOERELLD S 548
ABERLAEISORBIZIZEALZDOSNTY, Bl
T ARISEDECDRRENT, SEHORERTIX
IgG2 BRZFTHT LIZEDHFHIRIZE S S. pneumo-
nice DEELERND S OBREIENR, 1gG2 DRI
GYERDBH O NI R o7, RIEZT T YRBANI/NREA
DHEEGIZEVRAFRED ERAPED LN TEH Y nizw,
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Opsonic activity of IgG2 against Streptococcus pneumoniae
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Four subclasses of human IgG exhibit unique profiles and specific spectra against microbial
antigens. Antibody titers of human intravenous immunoglobulin preparation (IVIG) including IgG
subclasses against 18 clinical isolates of Streptococcus pneumoniae and pneumococcal polysaccha-
rides were determined by enzyme-immunoassay. IgG2 was predominantly reactive against each
antigen in comparison with IgGl, IgG3 and IgG4. Since S. pneumoniae SP-23 was an especially
representative strain that is most reactive to IgG2, the opsonic activity of IgG2 was studied by
using this strain. Binding of IgG2 to human neutrophils was recognized after incubation with
FITC conjugated monoclonal anti-human IgG2 by flow cytometry. This binding was inhibited by
the addition of anti-Fc y RIl monoclonal antibody. Column chromatography using spherical adsor-
bent of magnesium pyrophosphate resulted in preparation of an IgG2-deficient fraction (IgG2-D)
and an approximately 4-fold decrease in IgG2 from native IVIG. Opsonic activities of the two
immunoglobulin preparations were subsequently compared after incubation with S. pneumoniae
SP-23 and human neutrophils at 37C. Ingested bacteria in neutrophils were counted by
microscopy. IgG2-D showed lower opsonic activity against S. pneumoniae than IVIG at the same
IgG concentrations of 0.17 and 0.33 mg/ml. Each of the two immunoglobulin fractions was incu-
bated with S. pneumoniae SP-23 at 37C for 1 h and inoculated into ICR mice intravenously.
Viable bacteria were counted 20 minutes after infection. IgG2-D showed less activity against bac-
terial clearance in mice than IVIG at the same concentrations. It is suggested that phagocytosis
and subsequent intracellular killing of bacteria require the binding of IgG2 to S. pneumoniae,
namely opsonization.



