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hypersensitivity-like lesions and foreign-body granulomas in euthymic and athymic mice,
regardless of preimmunization with mycobacteria and cord factor/TDM. However,
preimmunized mice challenged with cord factor/TDM developed more severe lesions than
unimmunized mice. At the active lesion, it was found cc-chemokines (i.e., monocyte
chemoattractant protein 1 and macrophage inflammatory protein 1) attracting monocytes,
proinflammatory cytokines (i.e., interleukin [IL]-1 and tumor necrosis factor [TNF]-a), and
immunoregulatory cytokines (i.e., IL-12 and interferon [IFN]-y). The inflammatory and
cytokine responses were augmented in immunized mice challenged with cord factor/TDM.
These results implies that cord factor/TDM can induce both foreign body-type (nonimmune)
and hypersensitivity-type (immune) granulomas by acting as a nonspecific irritant and T-cell-
dependent antigen, and both nonimmune and immune mechanisms participate in
granulomatous inflammation induced by mycobacterial infection [13, 24].

Neovascularization/angiogenesis is required for the progression of chronic inflammation
[25]. Although the mechanism of inflammatory neovascularization in tuberculosis remains
unknown, cord factor/TDM augments vascular endothelial growth factor (VEGF) production
from neutrophils and macrophages, and induces neovascularization in the local
granulomatous tissue induced by cord factor/TDM [26, 27]. Apoptosis contributes to the host
defense against infection with intracellular bacterial pathogens, and can influence disease
progression [28]. Cord factor/TDM also induces atrophy of the thymus and spleen via the
apoptotic process, which is closely linked to granuloma formation [29, 30]. Cytokine
responses to mycobacterial cord factor/TDM orchestrate the complex event, including
granulomatous inflammation, angiogenesis, apoptosis, and probably host defense (Table 2
and Figure 4). Although the sensitivity and specificity are insufficient, mycoloyl glycolipids
are employed as an antigen for serodiagnosis of mycobacterial disease, including tuberculosis
[31-34].

M. tuberculosis
Cord factor/TDM

!

Inflammatory/Chemotactic Angiogenic Immunoregulatory
IL-1B, TNF-ct, CC-chemokines IL-8, VEGF Thi-related: IL-12, IFN-y

Granulomatous inflammation | Apoptosis Host defense

Angiogenesis

Figure 4. Orchestration of host defense against mycobacterial cord factor/TDM.

Therefore, cord factor/TDM plays a critical role in the pathogenesis of tuberculosis, and
is a pleiotropic molecule against the host and participates in the pathogenesis of tuberculosis.
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Recently, it is clarified that the modification of mycolic acids influences the pathogenicity in
addition to bacterial morphology. The deletion of the proximal cyclopropane ring of o-
mycolic acid or of methoxy- and keto-mycolic acids in M. tuberculosis results in a significant
attenuation in growth when mice were infected [6-8, 35].

In addition to other mycoloyl glycolipids, GMM, mannose-6-monomycolate (MMM),
and fructose-6-monomycolate (FMM) are characteristic components of mycobacteria, and
those structures are composed of mycolic acid attached to a single glucose, mannose, and
fructose residues at C6 position, respectively [36]. These mycololy glycolipids are
synthesized when cultivating with each carbon source. GMM shows stronger granuloma-
forming and chemotactic activities compared to MMM and FMM [37], although the activity
of cord factor/TDM and TMM is more potent. GMM is recognized by CDl1b-restricted T
cells as antigen [20, 38]. Because this antigenic GMM is synthesized by pathogenic
mycobacteria that use host-derived glucose, the immune response against GMM might be
distinguished from ubiquitous, but innoculous, environmental mycobacteria.

Sulfolipid (SL)

Mycobacterial SLs are classified into three types by the number of attached short acyl
chains. SL-1 is the predominant and SL-2 and 3 are intermediate type. The structure of SL-1
was identified as 2-palmitoyl(stearoyl)-3-phthioceranoyl-6,6’-bis-hydroxyphthioceranoyl-
trehalose-2’-sulfate (Figure 3) [39-42]. The presence of SLs is specific for virulent
mycobacteria against humans, and is considered to be one of the virulence factors. Several
studies have demonstrated the significant relationship between SL-1 and virulence, such as
the amount of SL-1 biosynthesis in virulent strains, and the inhibition of phagosome-
lysosome fusion in macrophages by SL-1. SL-1 modulates superoxide release and secretion
of IL-1f and TNF-a by blocking activation of human macrophages and neutrophils [43-45].
In contrast to these studies, it has been reported that pks2 disruption and SL-1 deficiency do
not significantly affect the replication, persistence, and pathogenicity of M. tuberculosis in
mice, guinea pigs, or cultured macrophages [46, 47]. The pathogenicity of SL-1 is
controversial. SL-1 cannot induce granulomatous inflammation, but rather inhibits
granulomatous inflammation and release of TNF-a induced by cord factor/TDM [48]. SL-1
could contribute to virulence at early stage of mycobacterial infection by counteracting the
immunopotentiating effect of cord factor/TDM. On the other hand, it is reported that SL-3, 2-
palmitoyl(stearoyl)-3-hydroxyphthioceranoyl-trehalose-2’-sulfate, is mainly recognized by
CD1b-restricted T cells as a lipid antigen. The other tetra-acylated and tri-acylated SLs (SL-1
and -2) were unable to stimulate the di-acylated SL (SL-3)-specific T cell clones, and implied
that immunogenic SL-3 are not generated inside the antigen presented cells [49].

SLs of M tuberculosis have been implicated in the virulence of this organism by
inhibiting the phagosome-lysosome fusion in macrophages, thus probably promoting the
intracellular survival of M. tuberculosis, but the pathogenic role remains controversial. The
gene, pks2, responsible for SL synthesis was identified and disrupted [50]. The pks2 mutant
defective in an early step in SL biosynthesis, had no obvious growth defect in infected mice.
By contrast, a strain lacking MmpL 8, a transporter of SL in M. fuberculosis, was highly
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attenuated for growth in a mouse model of tuberculosis [46]. Although initial replication rates
and containment levels of the MmpL. 8 mutant were identical, compared with the wild type, a
significant attenuation of the mutant strain in time-to-death was observed. Early in infection,
differential expression of cytokines and cytokine receptors revealed that the mutant strain less
efficiently suppresses key indicators of a Thl-type immune response, suggesting an
immunomodulatory role for SLs in the pathogenesis of tuberculosis [51].

Glycopeptidolipid (GPL)

The GPLs are produced by MAC, M. scrofulaceuem, M. chelonae, M. fortuitum, and M.
smegmatis. The polar GPLs produced by MAC species are of particular interest because of
their serotype-specific antigenicity [12]. Structurally, GPLs contain a tetrapeptide-amino
alcohol core, D-phenylalanine-D-a/lo-threonine-D-alanine-L-alaninol, with an amido-linked
3-hydroxy or 3-methoxy C26-C34 fatty acid at the N-terminal of D-Phenylalanine [52]. The
D-allo-threonine and terminal L-alaninol are further linked with 6-deoxy-talose and 3,4-di-O-
methyl rhamnose, respectively. This GPL core is common to all serotypes and exhibits an
antigenicity [10]. The serotype-specific GPLs are further glycosylated with a variable
haptenic oligosaccharide at 6-deoxxy-talose. At present, 31 distinct serotype-specific polar
GPLs have been identified biochemically, and the complete structures of 15 GPLs are defined
(Table 3) [12, 53]. The standard technique to classify MAC strains has been employed
serologic typing based on the oligosaccharide residue of the GPL. More recently, the
biosynthetic pathway of various haptenic oligosaccharide is explored and the genes encoding
the pathways have been identified and characterized [54-56]. GPL present on the cell wall is
considered to be influenced the colony morphology. Changes in the MAC colony phenotype
are sponitaneously occurred from smooth to rough type, and this is due to a mutation lacking
GPL [57-59].

We have demonstrated the availability of serodiagnosis of MAC pulmonary diseases
using the GPL and GPL core antigens and have also shown that the levels of GPL and GPL
core antibodies reflect disease activity [60-62]. GPL is one of the immunologically active
molecules characteristic of MAC, and serotype-specific GPLs participate in the pathogenesis
and immunomodulation in the host [63, 64]. It has been reported that the GPL core seems to
play a role in suppression of mitogen-induced blastogenic response in spleen cells [65]. In
addition, the immunomodulating activity of GPL on macrophage functions is serotype-
dependent [66]. The serotype 4 GPL promotes phagocytosis and inhibits phagosome-
lysosome (P-L) fusion, whereas the GPLs of serotypes 9 and 16 exhibit no effect on
phagocytosis and P-L fusion. The serotype 8 GPL shows concomitant stimulation of both
phagocytosis and P-L fusion. Because GPL core, but not oligosaccharides, is common in all
serotypes, the oligosaccharide of GPL may be involved in the mechanism of inhibition of P-L
fusion, which is mediated through mannose receptors of macrophages [67]. The serotype 4
GPL inhibited lymphoproliferative response to mitogens [64]. Thus, host responses to GPLs
vary with the MAC serotype. It is reported that the uptake by and growth in macrophages of a
MAC mutant inactivated the gene of GPL synthesis pathway by transposon insertion were
decreased [68]. The pathogenicity of GPL may comprise both a common peptide core and an
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oligosaccharide elongated from 6-deoxy-talose. GPL is a pleiotropic molecule and
participates in the pathogenesis of MAC disease. Elucidation of the structure-activity
relationship of GPL is required to better understand the pathogenesis.

Phenolic Glycolipids (PGL)

The glycosylated phenolphthiocerol dimycocerosates, so-called phenolic glycolipid
(PGL) is produced by a limited group of mycobacterial species, and most of them are
pathogenic for humans [69]. PGL is distributed in M. /eprae as a unique antigen, and inhibits
the lymphoproliferative responses and suppress monocyte oxidative responses [70-72]. It has
also shown that disruption of PGL synthesis results in loss of virulent phenotype without
significantly affecting bacterial load during disease in experimental models using mice and
rabbits, and loss of PGL was found to correlate with an increase in the release of the pro-
inflammatory cytokines, TNF-a, IL-6, and IL-12 in vitro [73, 74].

A PGL purified from M. leprae has been used as antigen in an enzyme-linked
immunosorbent assay. Antibodies directed against the lipid were detected in sera of leprosy
patients but not in sera from uninfected controls or patients infected with other mycobacteria,
including M. tuberculosis. The antibody response distinguished between the M. leprae lipid
and the structurally related PGL from M. kansasii. Similar to serodiagnosis of MAC disease
using GPL, this assay based on PGL antigen has considerable potential as a specific
serodiagnostic test for infection with M. leprae [75-78].

Phosphatidylinositol Mannoside (PIM),
Lipomannan (LM), and
Lipoarabinomannan (LAM)

PIMs and their multiglycosylated counterparts, LM and LAM, are complex lipoglycans
that are found ubiquitously in the envelopes of all mycobacterial species. Their structures
originate from a phosphatidyl-myo-inositol (MPI) anchor, which is mannosylated to generate
LM and further arabinosylated to give LAM [79]. LM is the biosynthetic precursor of LAM.
The non-reducing termini of the arabinosyl side chains can be substituted by capping motifs,
and LAM classified into three families. LAM from slow growing mycobacteria bearing
mannose caps, i.e. mono- or (al—2)-di- or tri-mannoside units, are designated as ManLAM.
In contrast, LAMs from fast growing mycobacteria capped by phospho-myo-inositol units
and not capped at all, are termed PILAM and AralLAM, respectively {80]. LAM and LM
exhibit a broad spectrum of immunomodulatory activities, including the ability to modulate
the production of macrophage-derived Thl pro-inflammatory cytokines, most commonly
TNF-o and IL-12. ManLAM from M. tuberculosis is involved in the inhibition of phagosome
maturation, apoptosis and IFN-y signaling in macrophages and IL-12 secretion of dendritic
cells (DCs). ManLAM contributes an immunosuppressive effect to the persistence of slow-
growing mycobacteria in the humans. In contrast, PILAMs are able to induce the release of a
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variety of proinflammatory cytokines. Recently it is reported that LMs from both pathogenic
and nonpathogenic mycobacterial species, independent of their origin, are potent stimulators
of TNF-a, IL-8, and IL-12, and activate macrophages via Toll-like receptor (TLR)-2 [81-83].
The ManLAM/LM balance might be important to host immune responses against
mycobacteria. In addition, LAM-based vaccine for tuberculosis is currently under
investigation using experimental guinea pig models [84].

PIM is composed of a phsophatidylinositol and mannose moieties. PIMs have 4-6
mannoses and the third and fourth of them are acylated in some cases. PIM, containing two
mannoses is highly immunogenic and a main component of mycobacterial cell walls. Several
biological functions have been recently attributed to PIM. PIM, are shown to recruit natural
killer T cells, which play a role in the local granulomatous response [85, 86]. PIM activates
cells via TLR-2 [87]. PIM; as well as ManLAM from M. leprae and M. tuberculosis are
presented by antigen-presenting cells in the context of CD1b [19]. The phosphatidylinositol
moiety plays a central role in the process of PIM and ManlLAM binding to CD1b proteins.

Concluding Remarks

Mycobacterial glycolipids are pleiotropic molecules and play a key role in both microbes
and hosts acting as structural components of cell walls and immunologically active
substances. A better understanding of mycobacterial glycolipids helps us to develop novel
diagnostics, therapeutics, and prophylactics for mycobacterial diseases.
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M. bovis
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M. marinum
M. simiae
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M. scrofulaceum
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M. haemophilum
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M. ulcerans
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M. abscessus
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M. smegmatis
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FmEr (%) #15,800

World Health Report 2006, WHO

L

287

|, @0037 28KV 8.5U

HIV-53 BEZEOMRNREE - 1858 (a) CEEEFRMEIC K DMIE

&(b)

R (RREEE - a)pdvru 7y —JHIBNTHEE - BEL TV 2,
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EF0) TTRELEI N B DS, HECEERCIENYE
ERT o

EEELLVLEIRE P 2SLERAESUWENTO
H, FE - WA TH %, fiiF, NTM ZEH
AR (free-living) FiBEE 22 72 0, BRECEE W
FHEL, K(BRADAKEK), 1B, FHPE b
PEvEMcER L TWwS, £/, NTMiZt +
LEWNC BT B EEMEEOBEMEY TR v,
EEEREEOKE, Jul, HESEMEER
Dol VT UGBEINE 2 b H D,

D S8t AE

El #5 - BBRES JUEROMHRK

EBEFRBFRED 30~37°C FROTEBEEIS <,
B3 30°C & 37°C 2MiT3 2 LB H 5,
FEFS IR BRI X D B 2 3, 2~20 FFfd
DEThY, BERREM G L—Tia
4 4 >+ { =+ Lowenstein-Jensen HZih %
NI3EH, B8 & UFERERM - Middlebrook 5%ih)
PRWS, EFERIC 8 HU ER2ET 2:8REN
5 (slow growers) £ T HUINTH 2 AHKEF
YiEE B (rapid growers) W KBl & h 3, EF DO
R1Z ¥ (smooth ) - A IE, #(rough ) 7z &,
HETH D, B, NI THEETREZSVHE
M. leprae IBEEFHETBEEICHEI NS, &5
2, EEROMIRE LT, BREL LERIGHIC X

KRIV-54 FEERAEIBEORRER

D, ¥ % & & & photochromogens (1 #), B %
2 B B¥ scotochromogens (I1 #), FEXRE R
nonchromogens (III #), %7, BEFREEE I3
BREEPARGECOPDST, —ELT,
IVBCaEINS, BE - BEFEES L UER
AR % %k U 7 PLEB B @ Runyon 738 (RIV-52)
BH5,

[ b R (E==0lE 2N

PEORH - BEREICE D  £1LFEER

(FRIV-5H) & LT,

O F A7 v yEEIREEECHEBENTRENTS
D, HOMBECTIFIZEAELRETH S,

@uv7 —YELIEEERCERECRETH
HWTHY, M avium ¥ M. intracellulare T
HTH5,

Q5% BHEAGE T CTHE (FE - B 277 758
KRB M. trivale D&H, 2612, IZFEAY
DBEFEBEREIITETDH 2,
ZoMOELFHERE LT, 3 HEEEDT

Vv 7 7 4 —XiEN G M. fortuitum #,

M. marinum, M. asiaticum, M. szulgai, M.

xenopi, M. trivalle B X ' M. flavescens/F&E .

W EEE, MAC X M. kansasii), 5189 7 —X G

(& ¥E M ¢ M. kansasii, M. trivale, M. scro-

fulaceum, M. fortuitum group X M. chelonae

group/{EiEM: | FEHLEEE, MAC S M. wlcerans),

AR M. tuberculosis 37 H(R) A | Bt B, B zL »D
M. bovis 37 H(R) e | Bt EE, B 2L »Y

Sre@EEl) M. kansasii 35 FE(S) /AR | HFEE |(BE EE, B 2L »HD
M. marinum 30 ' (S)/FE(R) | HFEE B, Y| B zL ZL

M. gordonae 37 1 (S) KR ftt —FELxWw| 2L HY

et () M. scrofulaceum | 37 & (S) mEFE |t Bt zL zL
M. szulgai 37 FE(S)/HE(R) | BEHE etk Bt zL 7L

kgD | M. avium 35~37 | | (S)/HE(R) | FEHFRE |tk 234 2L »Y
M. intracellulare | 35~37 | FF(S)/H(R) | FEAFE | Bt fatt zL »HY

M. ulcerans 30 HR) JkRE | —FELZWw|ZL L

BEREFHEIV) M. fortuitum 28~30 | FES)/HAHR) | FRAEFEE |BH (773 bHY 7L
M. chelonae 28~30 | FE(S)/HR) | FAFRE |EE, BE | B —ELRWw| L

M. abscessus 28~30 | FHE(S)/HER) | FARE K Rt wE, HY | L

M. smegmatis 28~35 | FHE(S)/MAR) |EEFRE |(BH PS by L

M. vaccae 30 & (S) B F et g —ELZW | &L

S I smooth &, R :rough &
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7Y S FPOBBEREEMEE e oY F 2 8
B ERELE, MAC, M. fortuitum group ® M.
chelonae group/B&tE 1 €7 ¥ F 3 FittERERE,
M. bovis R M. kansasii) s ED3H 5,

3 a2 —VER7e ¥ OMIRIEERE B R 4 (5 S ik ik
ya~w b 774—5¥)T, 33— NVERRFEH
EWHEHB WCIKRE L, Corynebacterium J& : 22~
38, Rhodococcus J& : 34~52, Nocardia J& - 44~
60, Gordona |& : 48~66, Mycobacterium J& :
60~90 TH Y, Mycobacterium J& D I 2 — )V
REHIIRRTDH %,

ek, MEERIIRE - HEHE B L UE%D
HRPEENERIC LDV AEENTE L, B
LT OBMMICHEIISh TS ZE, QF
#l3hTws 2L, QHENEZMTH2 I L
BETFoNnL, Hirk LT, O EFERIEH
L, REMEERLSZE, QKBOHEELYE
TLIERENRDL, ZhoOEIL, fgE
PBEGFEATIIRTEN TH 2,

E BsE=F@mn

HERE, M. bovis 5 WEHODEY / ABEER
FIHREA S, RIEMEOERE, FH2W A B
HEPY 75 O%, 51, HTEFEES
¥, SEBROMBEEPYIREERBRYVEOFIEREI
575 LdEZ oD, ViEEERE TR
LT, FENCKBERT(Fu—7), %S
BEYE L OEBEBIEEPHES N TV 5, &8
REFERIVBE*FET 2 BN CHERRNY
Y —2A RNA(rRNA) 2 fH## DNA R F %
Hwv2, rRNA BEEB & U H#Ic sz L
LTBE D> S HH T 5, PrEREIZH 2 B TH
%, BfE, AFTIEE: DNA RT3, BEE,
M. avium complex, M. avium, M. intracellu-
lave, M. gordonae, M. kansasii ' ¥03% %, ¥
ROEHERS I3 IERE, RETH B, REELLT,
Hifis & VB EET 5728, Boni-fERTD
AHVSENT WS, FIBEEO 16S rRNA 25 1]
EHThD, BEICLV RS, HEE
RIGBEY| 2 RECHV 5, BREEIEE TR
B DNA % RNA % 8 ) X 5 — ¥ @K J& poly-
merase chain reaction (PCR) TH#{ 1@ L, #ig &
n7: DNA ® RNA »HESENERT CRE T
2. &5, HIEEER % fv>7z DNA 5% DNA

C.¥q1 ANy 7w LEFEE) 289

fingerprinting, restriction fragment length poly-
morphism(RFLP) # A& &b¥ 5 2 & LD,

RPIEOREE 2 £ FREHER, &5, EFIN
HHBEOREREIC b IEHEN TS, Rk
LT, MEERIEOEREKFL VLI L, &
S, BEEERRT 2 Z LR, ThbbER
EEMERKBL 20w &, BEEE(MEKRD
BA, BEESEEE SRS LR EPD 5,

O FERYE - BgE

PBE I EEANCAERCANERIEELENTDH
%8, BIANEIIC M. ulcerans(Fa7 7 ) 1 FET
T 2 - Tw % Buruli BB ORRE) BAAEH
(¥4 23527 b >~ mycolactone, B4 :~v27u7
4 FPER, BFHEBCELER T 2)2ELET
3, RIEREPHBEEZTEEE I T 2B %
EIRERRCEEN GEESNBY A, A1V %
BUDET 2EHEMMECKEFEL T b, il
B, Fi, SEFORESR, OXEEEER
Lic= 707 7 — OFE FBGPHEEE S © i
L Tl AR L UMY 2 2 L (MRAEF4E
JRIEAE D KIV-53) %, @ BEABERICEFHE
THILICLVREEIND, ZOREEOHBE
IR R S (2 2 — VEEREREE, VRT 7B/
<, HEEER N X B REDIEEAL PR Y
av 7y yR7E)BESLTwE, MldEERE
WHEET S I a—VEBRFERE B4 - 2 - FET)
BAFEZFE T2, VRT7IE/ v riEw
ru7y —viEHtEHES 2%, vr7a7z7
— VoS EEEEA T (TNF) -a EEE*EEL,
FE, FEEICHBGEYERLT 5, 201,
4 > % —uA ¥ interleukin(IL)-10 EE £ #* 7%
HyB ek, TV SBRESLEMES
%, MBEBER I & B R OEELSA Y =~
LEFET 2R, BEEIHEZEEZALT
v7u77—YIRBATSEILREET S, &
HHE#Y 2 v 75 V7 Bl3 PERRY 3 v
78Ny B EALERICERL T 570, BE
o E REREIGE, TRbb, HERERIGZ
FHRT 5,

wrzu7 7 —YRERINIEKER, BIE
(7 73V —20) ERAME() VY —Lb) OREE %
FHET 2 ik, B btshd, BEAENT
SR LS 2 BN ERIRE) . BIELoIH

— 116 —

PRI H



290 BIVE ME¥EHR — 0. 50RE & ¢ OREEE

voaz7r—o
BiR#MER

e

\ =7

X

R
NKT #i2

REISE  WEMBREE

7 o)~ e | Smeesmes,
IL-12 ’ T
BB IL-18 | ™ (GRMEThigk) fEH8IE

ST

IL-2
IFN-y

IL-4
IL-5
IL-6
IL-10
IL-13

HIV-54 MEMRBRCHSITDMIEES JURERRELE

RIREEO Y V7 —¥R~v a7 7 — Y Okt
R —AREEEN LR AADEEL T
W3,

PR SHEANTEREERTH Y, BEMEIC
~7ua7y7—Y-%A +h A r-CD4BGMHE1E~
no8— T(ThD) HREGER, $Thbb, Hkati
EHEBRL T3 (RIV-54), MEaH % 0 LS
YA FHAELT, IL-12, IL-18 % interfer-
on(IFN) -y %3 Thl fifa{boEME(bz &, BE
BEREEHEC TV, UL, BEERE Y
T 5 EERABERIG & O RE D FRRIT
PR HBGECER, T bbb
DM GENOR) 2 KB T 2, £/, EEHNHE
FELTG ErE2REHRCELET 28T
(NRAMPI : natural resistance associated ma-
crophage protein 1, B|%&=SLCI1AI)» &ZBh
HBE L, oI~ 0T 7 —VIRERS
nTw3, VIROBIKERE OFE, BEEDRKIE
IBERHERRANTDHY, ELERHERRICNT
ZERESEWCEML TWwd, R 4~6 85I
BRSOt R D RFERENLEL, 72, FKE
VRN ) v Ry BHRGBEREER G,
VAN vERRGSEILT 5 (B IV-55),
DB & LT, REIIZ B TRIEELSEY 1 b
A A4 > (IL-1% TNF-a), Thl #ifgBIEY 1 b
A4 > (IL-12, IL-18, IFN-y)®HEREME S
% % 4 > (monocyte chemoattractant protein
1: MCP-1 ® macrophage inflammatory pro-
teinla : MIP-la 2 E) BEL£E N, 7077
— Y ORFTER (AFE), Iz <, Miais
GREEABBKRG 2D SFE I D, EEER

Uzt BEELE R —RBY & ZREZITKA]
ahas,
1) — RS

RBBBEEVSBRYNEEEERA LICEE T4
U %258, MfatEfege OFIIC & 0 BREBHEIDS L
L, 90% OREEFIRFLrEMTE 2, 2R
B LUI-EEE IR~ 707 7 —YIKER SR,
vru7y—YkEbIZMf) o BT 3,
kEE b~ 707 7 —YRTEEE2RETE T,
EHER~Y 077 —YRTHRE -8, v oo
7y —VRBE, LT, BEORBY i~ 07
7—VWRRBHRT 5, ZORET, v smiTeEAN
L2 BREMRREL b D D,

Bty 4~6 8%, T bbby~ Y Y ERN
RIEHEAL T 5 B, ®EE & D EELshk
THilR:~7u0 77— YOMEERI XD #E
HRENHRBT 2, COBFRIBRKIEET
%o 51 0K, Thl fllgs IFN-y 243 L,
IFN-y i~ 7o 77— 2EMEL, HEhL~
7ua7 7 —YRHBECH LRGN EET K
IEHEEFRLEY(NO, NO, ® HNO,) 2E4 L,
TR FE T 5, ZOBRRIELERF
ORI LBEEL TWw3, F2 %K, CDS
B T MR, T 72bbiifagEt T s
Licwzu7y—YRB#Ts2Licky, B
BERET 5, 53 OEKIZCD4 BL U CD8 R
W TS~ 07 7 — V2L, ZOER
BEEhiz~ o077 — 9 GRS 2 > R
ERERT 5, HEESLRECHEET ZRER
BURECEREDOLD, BE - WESIH SN
%o BAHIC, —RBHREIIMER LMY 7

— 117 —



