YoL. 72, 2004

TABLE 1. Candidate T-cell epitopes on the p2] peptide of the
MPT51 molecule

Estimated scores for
restriction molecules”

Peptide Amino acid sequence”

Kd Dd Ld
p21 FLAGGPHAVYLLDAFNAGFD
p22-32 LAGGPHAVYLL
p25-32 GPHAVYLL 57.6 — —
p23-32 AGGPHAVYLL 1 — —_
p22-31 LAGGPHAVYL 40,11 - —
p23-31 AGGPHAVYL 57,16 20 15
p24-32 GGPHAVYLL 48,12 400 45,12
p29-37 VYLLDAFNA 120 — —
p25-35 GPEAVYLLDAF
p27-35 HAVYLLDAF — — 10
p25-34 GPHAVYLLDA — — 30

= Boldface type indicates peptide sequences that were synthesized and used
for experiments. Underlining indicates anchor residues.

# Scores (binding affinity) were estimated by BIMAS or SYFPEITHI (under-
lined) epitope prediction (algorithm). —, no binding scare.

haps because p22-32 and p25-35 share 8 of 11 aa. Thus, we
prepared two typical nine-mer candidate peptides, p23-31 and
p24-32, which had higher theoretical binding stability (Table
1). As shown in Fig. 3B, p24-32, but not p23-31, could induce
vigorous intracellular IFN-y synthesis in the immune CD8* T
cells, indicating that the p24-32 nine-mcr peptide is a bona fide
CD8"* T-cell epitope on the MPT51 molecule for BALB/c
mice, By using intracellular IFN-y staining we detected the
p24-32-specific CD8"' T cells in the immune spleen cells (Fig.
3C).

Identification of an MHC class Ia restriction molecule for
p24-32. Since p24-32 was found to be a CD8™ T-cell epitope
for BALB/c mice, we tricd to determine which MHC class Ia
molecule binds and presents the peptide to CD8™ T eclls. First,
the binding and stabilization of BALB/c MHC class Ia mole-
cules (K¢, DY, and LY) by the peplide were investigated by
using the TAP2-deficient RMA-S-K, RMA-S-D, and RMA-
S-LY cell lines. Remarkably, the p24-32 peptide appeared to
up-regulate and stabilize D molecules on RMA-S-D? cells,
and the other molecules were not stabilized by this peptide
(Fig. 4A). As a control, we utilized the p25-35 peptide, which
contained two L%binding motifs. As expected, this peptide
stabilized only L¢ molecules on RMA-S-L? cells (data not
shown). Listeriolysin O 91-99 (LLO%1-99) is a well-known
CTL epitope which binds to K* molccules. The LLO%91-59
peptide stabilized K molccules but not D or L molecules on
RMA-S transformants (data not shown),

To gain insight into the functional activity of the p24-32-D°
complex on RMA-S-DY cells, we examined T-cell responses to
the peptide-MHC complex. As shown in Fig. 4B, the peptide-
pulsed RMA-S-D? cells, but not RMA-S-K® and RMA-S-L¢
cells, were capable of stimulating MPT51-immunized spleno-
cytes to sccrete IFN-y. We also examined whether the peptide-
MHC complex was recognized by CTL. As shown in Fig. 4C, in
vitro-stimulated splenic T cells from BALB/c mice immunized
with MPT51 DNA vaccine appeared to lyse the peptide-pulsed
RMA-S-D9 and P815 target cells substantially. However, nei-
ther peptide-pulsed RMA-S-K? cells nor peptide-pulsed
RMA-$-L9 cells were lysed by the same effector cells. Collec-
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FIG. 4. p24-32 peptide binds to H2-D? and can be recognized by
immune T cells in the context of H2-D', (A) MHC class 1 stabilization
assay indicated that the p24-32 peptide binds to H2-D¥. The p24-32
peptide was able to stabilize expression of D molecules. The MFI
ratio was calculated as described in Materials and Mcthods. (B) p24-32
peptide-pulsed RMA-S-D? cells, but not RMA-S-K? and RMA-S-L¢
cells, were able to stimulate immune spleen cells to produce IFN-y,
peptide(—), medium alone, (C) p24-32 peptide-pulsed RMA-5-D? and
P815 cells were lysed by spleen cells from MPT51 DNA-vaccinated
BALB/c mice. Immune spleen cells (effectors) were incubated with
target cells by using the effector/target cell ratios (E/T ratio) indicated
on the x axis.
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FIG. 5. p171 and p191 are CD4* Th1 epitopes in C57BL/6 mice.
(A) Depletion of CD4* T cells with MAb plus complement, but not
CD8" T cells, eliminated IFN-y production in response to the pl71
and pl191 peptides. (B} Three-color flow cytometric analyses for stain-
ing of intracellular IFN-y and T-cell subsets indicated that CD4' T
cells, but not CD8"' T cells, synthesized intracellular [FN-y in response
to the p171 and p191 peptides. peptide(—), medium alone.

tively, these data clearly indicate that the p24-32 peptide is an
H2-D?-restricted CD8* T-celf epitope.

Dominant and subdominant Thl epitopes on MPT5S1 in
C57BL/6 mice. As shown in Fig. 2B, p171 (aa 171 to 190} and
p191 (aa 191 to 210) seem to contain T-cell epitopes for
C57BL/6 (H-2P) mice. To determine the T-cell subset respon-
sible for IFN-y production, T-cell subset depletion and flow
cytometry analyses were performed. As shown in Fig. 5A, de-
pletion of CD4* T cells with an MAb and complement almost
completely eliminated JFN-y production in response to both
pl71 and p191. However, CD8™ T-cell depletion had no effect
on IFN-y production, suggesting that both pl17F and pl91
contain Thl epitopes. This was confirmed by three-color flow
cytometric analysis, which decmonstrated that only CD4* T
cells were capable of synthesizing intracellular IFN-v in re-
sponse to not only p171 but also p191 (Fig. 5B). Since CD4*
T-cell epitopes (MHC class II ligands) consist of 12 to 25 aa
(35) and their lengths are more heterogencous than the lengths
of CD8" T-cell epitopes (18), the minimal epitopes were not
determined,
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FIG. 6. p171 and pl91 are dominant and subdominant Thi
epitopes in C57BL/6 mice. The immune spleen cells were stimulated
with serially twofold diluted p171 and p191 peptides, and the IFN-y
concentrations in the supernatants were determined.

We observed that pl71 always induced greater [IFN-y pro-
duction than p191 induced (Fig. 2 and 5). In attempt to confirm
this, the immune splenocytes were stimulated with serially di-
lutions of both peptides, and the IFN-y concentrations were
measured. As shown in Fig. 6, clearly different levels of IFN-vy
production were obscrved after stimulation with the p171 and
pl91 peptides at peptide concentrations ranging from 1.53 X
107% to 3.81 X 107!° M. Therefore, we concluded that p171
and p191 are dominant and subdominant Th1 epitopes, respec-
tively.

DISCUSSION

From the data described above, we were able to draw the
following conclusions about T-cell epitopes on the mature
MPT51 molecule: (i) the p24-32 peptide is an H2-D%-restricted
CD8" T-cell epitope; and (i) p171-190 and p191-210Q contain
dominant and subdominant H2-A"-restricted Th epitopes, re-
spectively.

A greater understanding of the nature of protective immu-
nity to TB would facilitate the development of a future vaccine.
The cellular arm of the immune response mediated by Thi
cells has been determined to be a pivotal component of the
protective immunity against TB (22). However, there is now
mounting evidence from murine models and human studies
that CD8™ T cells also play a pivotal role in the protection (21,
41). The precise mechanism of MHC class lIa-restricted CD§™
T-cell-mediated protection is not known. Mice deficient in
perforin, granzyme, or Fas show no more susceptibility to M.
tuberculosis infection than wild-type mice show (6). IFN-y se-
creted by CD8™ T cells is probably involved in the protection
(43).

The Ag85 complex is known to comprise immunodominant
antigens in CD4* and CD8* T-cell responses to M. fubercu-
losis infections in mice and humans, Vaccination with plasmid
DNA encoding Ag85A or Ag85B rcveals Thl CD4* T cells
and CD8* T cells in mice (25), and these cells confer protec-
tion against M. tuberculosis challenge (3, 17). Evidence that the
Ag85 complex has T-cell epitopes has accumulated. Ag85A
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was found 1o contain several CD4™* T-cell epitopes and at least
one CD8* T-cell epitope in BALB/c mice (10). In C57BL/6
mice, a cross-reactive T-cell response against two peptides
spanning aa 241 to 260 and aa 261 to 280 of Ag85A and Ag85B
has been detected (12). Furthermore, aa 240 to 254 of Ag85B
has been reported to be an H2-AP-restricted CD4™ T-cell
epitope which is recognized by VB 11% T cells (47). T-cell
epitope mapping of Ag85A was also performed in humans
{24). For cxample, HLA-A*0201-restricted CD8* T-cell
epitopes were identified in Ag85B (14). Another major se-
creted protein, MPT51, has been reported. The MPT51 mol-
ccule exhibits 37 1o 43% homology to the mycolyl transferase
component of the Ag85 complex (29) and is secreted as much
as Ag85A (30). However, it seems unlikely that the MPTS1
molecule possesses mycolyl transferasc activity since two of
three amino acid residues essential for enzymatic mycolyl
transferase function {37) were replaced (S126A and H262N).
Very recently, we observed that vaccination with plasmid DNA
encoding MPT51 is capable of inducing specific protective
cellular immunity against TB (27). This observation prompted
us to identify T-cell epitopes on the MPT31 molecule.

In BALB/c mice, we identified an H2-D®restricied CD8™
T-cell epitope, p24-32 (GGPHAVYLL), by using gene gun
DNA vaccination and an overlapping peptide library with bio-
metric analysis. DNA vaccination is a powerful tool for iden-
tifying T-cell epitopes, as previously reported (10). IFN-y re-
sponscs were clearly seen in the spleen cells from mice
immunized with plasmid DNA compared to the spleen cells
from mice immunized with BCG. In addition, a computer-
assisted algorithm is useful for identifying minima! epitopes
after epitope mapping. In fact, p24-32, which we identified as
a CD8™* T-cell epitope, had a high binding score (half-time
dissociation score), 400, for D“ in BIMAS. However, various
factors other than MHC-binding affinity are used to determine
T-cell epitopes; these factors include (i) antigen processing
(cleavage preference of the proteosome), (ii) TAP-dependent
peptide transport, and (iii) the response to the T-cell reper-
toire. For example, p29-37 in p21-40, which was thought to
contain a T-cell epitope(s), exhibits a high binding score for
K4, 120, in BIMAS. However, the p29-37 peptide failed to
induce IFN-y synthesis in spleen cells from immunized
BALB/c mice. In addition, p25-35 contains two L%-binding
peptide motifs and can bind to L molecules on RMA-S-L¢
cells (data not shown). However, this peptide could not elicit
significant intracellular IFN-y synthesis in immune spleen
cells. Three-color flow cytometric analysis demonstrated that
the p24-32 peptide can induce intracellular IFN-y synthesis in
immune CD8* T cells, indicating that the p24-32 peptide is a
CD8™ T-cell epitope in BALB/c mice. We further examined
the restriction molecule of the epitope by using TAP2-deficient
RMA-S cells transfected with the K¢, D9 or LY gene. We
observed that p24-32 stabilized only H2-DY molecules on
RMA-S-D¥ cells, indicating that the peptide binds to H2-D
molecules. One could envision that only RMA-$-D? ¢ells can
express DY molecules on the cell surface and that neither
RMA-S-K9 nor RMA-§-L9 cells can express K or LY mole-
cules. The uncertainty can be eliminated by our observations
that LLO91-99 stabilized the expression of K? molecules on
RMA-S-K? cells and that the p25-35 peptide stabilized L°
expression on RMA-S-L¥ cells. We also demonstrated that the
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p24-32 peptide-H2-D? complex can be recognized by CD8* T
cells producing IFN-y and exhibiting CTL activity. Corr et al.
(8) demonstrated that the dominant peptide binding motif of
H2-D? consists of glycine at position 2 (P2), proline at P3, a
positively charged residue (lysine or arginine) at P35, and a
hydrophobic C-terminal residue (leucine, isoleucine, or phe-
nylalanine) at P9 or P10. p24-32 (GGPHAVYLL) is consistent
with this motif except at P5. However, P5 contributes ancillary
support for high-affinity binding, so that the positively charged
residue seems (o be not always necessary. Ag85A and Ag85B
sequences corresponding to MPTS51 p24-32 do not possess
proline at P3 but possess glycine at P2 and leucine at P9,
implying that substitution of P3 residues may make the homol-
ogous rcgion of Ag85A and Ag85B unable to bind DY mole-
cules. It is especially noteworthy that a hydrophoebic C-terminal
residue is critical for the CD8* T-cell epitope since the im-
mune CD8™* T cells were able to recognize p22-32 and p24-32
but not p23-31. The importance of the C-terminal residue in
the CD8" T-cell epitope was also observed in an HLA-
A*0201-restricted MPT51 epitope (unpublished data), in H2-
KP-restricted Moloney murine leukemia virus (4), and in HLA-
A*0201-restricted MAGE-A epitopes (15).

In BALB/c mice, the level of epitope-specitic IFN-y produc-
tion by CD8™ T cells was below the detection level in BCG-
vaccinated mice. This is consistent with the observation that in
BALB/c mice, the level of AgBS-specific IFN-y-producing T
cells, which can be easily elicited by DNA vaccines, is below the
detection level in BCG-vaccinated or TB-infected mice (10).
Since a DNA vaccine encoding MPT51 is capable of inducing
protective immunity against infection with M. tuberculosis in
BALB/c mice {27) and the DNA vaccine induces CD8* T cells
recognizing the p24-32 in the context of H2-DY, it is possible
that low-level expression of the CD8™ T-cell epitope on M.
mberculosis-infected cells might be recognized by the DNA
vaccine-induced CD8" T cells in BALB/c mice.

In C57BL/6 mice immunized with a DNA vaccine encoding
MPT51, we found one dominant Thl epitope and one sub-
dominat Th1 epitope, which are located in p171-190 and p191-
210, respectively. Since C57BL/6 mice have a deletion in the
E« gene and do not express H2-E molecules on the cell surface
(26), these epitopes are considered to be exclusively presented
in the context of H2-AP. Spleen cells from BCG-vaccinated
C57BL/6 mice produced a significant level of IFN-y only in
response to pl71-190. DNA vaccination is suitable for mapping
of T-cell epitopes since this type of vaccination is more potent
than vaccination with BCG or infection with M. tuberculosis, as
previously reported (10, 11). p171-190 shows no scquence ho-
mology to corresponding sequences of Ag85A and Ag85B ex-
cept for the last 2 aa. However, 5 aa at the N terminus of
p191-210 in MPT51 are identical to the corresponding residucs
in Ag85A and Ag85RB, indicating that the 5 aa of MPT51 arc
not required for H2-A” binding and do not play a role in the
binding to H2-A® molccules in the context of the rest of the
sequence. In contrast to the prediction for MHC class I ligand
motifs, the highly degenerate anchor positions in most class 11
motifs make it rather difficult to predict MHC ligands (35).
Again, it is noteworthy that binding to MHC molecules is a
necessary but not sufficient element for a T-cell epitope. We
demonstrated that the MPT51 molecule does not possess
MEHC class Ia-restricted epitopes in C57BL/6 mice like an
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Ag85A molecule (11). It has been demonstrated that vaccina-
tion with plasmid DNA encoding Ag85A does not protect H2"
CD4 knockout mice but significantly decreases bacterial repli-
cation in the lung and prolongs survival of H2® B2-microglobu-
lin knockout mice (11). MPTS1 may also induce CD4™ T-cell-
mediated protective immunity in C57BL/6 mice. Thus,
identification of T-cell epitopes may contribute to elucidation
of the role of the molccules in the protective immunity induced
in differcnt strains of mice.

In conclusion, we identified one H2-D9%restricted CD8*
CTL epitope in BALB/c mice and two H2-AP-restricted Thl
epitopes in C57BL/6 mice, which are thought to play pivotal
roles in protection against M. muberculosis infection. Identifica-
tion of these T-cell epitopes will be very useful for further
elucidation of the role of MPT51-specific T cells in the pro-
tective immunity by tetramer staining or 1CS.
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HBEIERESE 800 FARIE, 200 7 AAFEC O R 5K ok
ETHDH. BRICHTL2HEIEAERBEGREO THRRIE, ¥
%% —T, Thl #i§3, FELAMFRLLEREBREY V2K
granulysin XEETH5E. —F, TLIR 22 M T58%BKRE
BLHOLIERNDOH D, HAEFICKEETT BCG &b
100 {3777 Hsp65+IL—12DNA 7 F 2R L. THIR
TR T HREMTHY 2 F Y HRETR L.

i U & iZ

B, wIPCHRO1/30 20 EASEHKEICERLTEY,
ZOHH HEE 800 AAOKEEZBENRIEL, 200 AAVEESET
FEELTWARKDEIIEN 1 2TH5 (M1 WHO LR~ 2002
)0 RITEH 1998 D SEMBEBRFTOHN - MUITVAFED LR,
1999 4 “#MRAWEBEE" MEAEL IR SR HBEICYT
LEEOENEA -l R L v o TES TR\, FICHRE
Wi (95— THIFLE Thl ~ALS—THIN) PEETHY, BET
HEARIEOHRE~NOMSPRTLERIN TV A, 1998 F, KE
CDC 3453 L, EORf - S20HRRE - et —fk & 2o THH{ED

*—7— K X5—T#HM, granulysin, &7 ¥ F », BHEE,
Hsp65 DNA+IL-12DNA 77 F ~
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@1 2002 EEMEGHBERAE

AOICHAE LD
TRTOROBRRERE
3 ~25

mm 25~49

o 50~99

— 100~299

= 300 LLE

= EEH

BT sF URROLER M ERTARFKL L2, 72, ACET
HEROBECHTZRMTH 2HEMIERD-OIZIE, BCG AL
LHMG Iy FBLBETHLIEERLE. LALLAMS, BCG
Wb AT 7 F VIR THBRISAICIEE s Tyizwn, k4
BCG X bixaH»IcA% DNA 72 F ) ary¥) b BCG
77 FYORRBCRILE (B2)7Y FLyuwikEr s F AL
ERRREAEICBIAF - THROBEBRALB I FERLED
Toll - like S74k, v2u77—V (Mp) ERBIIOWTEHBRD7,

ke [ .
g T
Tl A

1. BEEORRK
HHIERBRAKOERBEEET, HIV BRIES BEEHEREH
B RELHATHS.

2000 EEDAIAERIETER 10 HAK 21, BHEER 310 TH 5.
HAOBEEBERE, BROHSHELEL, 797 (HE, 1 ¥ Fx
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2 #iLVERTZF-ORR
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EAEY B

IR |ENEy M HZIIHN| Eb @

DIF .
HvJ—
vrv=is R £ He | BEd
Hsp65 DNA+ | * -ty aT&
iL—12 DNA =
yargEFb
b 59 | A% s | stEs

:‘.." \
\ SCID-PBL /hu /@

BEZE I KO [S50ME] &1

E) 277 RIS,

BRLIZADS~10% DAFERL, BHRIIENILATDL 1/3
REDNGERE Y FROFICRAT IHBIGELTYWA. B-EE
REEOIES (D) 12k o THARAENAIRKE (dormacy)
o TWwah. B, #RR, T4 X, BITEBERVE VL HEE,
BUTAL (AIEN, JHMEY Y <FE 1 TNFa kR ETR
FIMETTHE, FRLUTWEEENRLBT.
2. BCGT77F>

BCG TR 2 F L LT, AETIE 2003 4 3 A T TAhK,
N, REEOTFHI -FELTERSRTE S, LaL, AREE
(RICRMEBRR) CRADTHINRAIHLTOT 7+ 50R
i1, E62&FBKEHNBEMARTHY, FBTL BCC HRIZALR
DA EERENR SN0,

Lo TRARDHER LT L ST 2 F - OREIWEENT
w5,
3. WHOQ STOP TB Partnership

FLWEET 25 oRBEHENE L Sl & WHO STOP TB
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H3 HigReEsvo07r -39, ~NLA—THIE, %5-— THEREMEE

*5—-T#k
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i w @
”/HHI;H/' AEmEE
TNF
Lot IL-2 1FNy /
TGFB \
IL=10 e
A% | Th a8 Mg E
IL—-18 IL-12 < INOS B -
T Ak
Tho B8

Mg i=oO7r—¥
AR [S5085] 21

Partnership % & 0¥ WHO STOP TB VACCIENE GROUP MEET-
ING * »os= iR &R,

BRI T A RIENIE Mg, CD4" THIEL, NK M, ysTH
B, ¥5—T# (CD8'T& CD8 T) BLUAFHHEEOREGH
RIEFATHD (E3). T/, 1998 4E Nature ZHHME H37TRv &
J RSB AN, BET VARV THBERESRITLI A EIC
o 12,

1. ¥5—T#REa (CD8*T #ia)

CD8 HoHwit 370707 VTR TAP &f5F/ v 77
v b2 ATRIEERES ST, B CT 5. $ibb,
#RIZHETS CDS THBET Y A THEMRECLLEETH S (X

4},
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FE4 #7—T#kE L aRgEm

¥ 75— TN
v

granulysm

Fas VHLF Fas

55— THisFHM |

IL-2
418 l 18 — 7RIV
1 N R L #° A AERIBEIR

L-5

1 i &S5 THE % N AP R 1R
]FN IS=T7x 1) :
Y S5t LAB AR

L-1,7,12,13,15
IFNa / £, TNFa

BARE | #R O [S5OIE] BH

5 — THIRLD 1 DDREE LT IFNy 250 U THEKERIZET
H545, RIBEDHEEEE Mp 2R LT, EEHOBBON%
LALEBEHERIRYDFIVERTH S, CD THREFHEEZET
B L7: Mg % Fas &7, HINEKFHORBTENI L, BAMIC
BREEEERT I EMREIRTV22®, T THMIE CDLE
HTIa—-NEE, LAM, RRAT77F VML IV =, FRIT—2R
/33 -NRE, AVTV A PRI (Cdle L#56E) % E0RE
BIEE VRV A V2 EBT S, S0X5— THROBEANDS >
NZETHS granulysin BEFEARNOEEE KT, COlFid
EYHARRE AT IREIZT 5128 5. granulysin @RE
ME, B, FAEROEFTRLSEL. b -7y ok
HFTT Mp HOKBEBRIBTEEZOATWS., Zhik/S—71 )
LD Mg ICARMPE, Mp AOHEBEICER granulysin 23EH
To0Ebhs. R4 EEBES, FILAMEEZKBEETESY
7= T3 mRNA ORBEEB IS 7 HORAMFET LTS
SEERWLMIILAY. Thbb, BARFI—-THMRED gran-
ulysin (4FF4F 9.000) EAERTHESARIEELREE & KX 2RLD
HEDTWREWwhEZZTWSE., —F, ¥7—THao TRAIL
(TNF - related apoptosis inducing ligand)} &/%—7 %) 35HiiEt
KBILHETHHEKEVERLIFL.

—F#, MHC 7 5 A I MRt D#EEWD 38kD & » 737 %, Hspbb
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b S ARG
e IL=6 PSRIET BACAT 55
S gy % B
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BAEE © %0 [4F0OMIE] B

Y onsEERBBT LT YA CD8 F5—THRR 19kD § »/52
H, Ag85, CFP10 {(Mtbll) %#FZi#%k¥4 st b CD8" 7 —THifA
|EINTWDEY, ESAT-6 HURICHT 5% 5— THIRT HLA- A2
ik 82~90 i 9 DT I /B AMASTEGNV, 25#& L TH
F—THRFINLZRET S, RATHFICAERIITHLILL,
F AP S AT E SV SCID-PBL / hu 2, =@ ESAT-
6 ~TF FEHEE L, THIHRINTHLA- A2 B RTE b &
S—THBZEAENTHEETIZEICWO TR LA (ES).
Reed S, Alderson MR Ld&EHEEIZH TS b CD8 BBtEX 55—
THIR > o—> %53 L245, HLA-A, B, C, DR, DQ, CDI =
HEEEZRIWIEHBAMFEEX 7 - TR L GHMZ HLA 29
wHERTEFI—THIRZOU— O 2 AL /- 1-EfR
KR OEBERRLF - THRLBEsh.
2. ¥S5—THREMEEYC bHT 2 (77— THESEEF)
F4it CD8" ¥~ THIK (Tc) DFIIZiIZ~AN—THIKE (Th
B POEESRLYA AL YU BETCHLIEZMHTHL
2L MHC 77 ANMHMEZERL*F 7 —-THRSLAF*EAT
% Th #§ik CD4'CD8” TH Y, MHC 7 5 A IHE DML *5—
T#MEEF2E4ET S Th fMikeix CD8" THs. 7=, £/ 7
O—+ U IL-2 Hifk 2 Hw T, IL-2 k% 5 — THRSEICLALR
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542, IL-2 ERELBYA A4 b THRMEBRICHET
HLZLeXy—THRMEAFEEELT S b THENA 7T F—
7, BLUIL-2 kFHEe b Th 20— 2 H#FICERIFTHZL
Mot Lz, ToORWOEE, IL-6, IFNy %% 5 — THIRa 51t
RFELTHMALFI—THRMEEBET L LW LPITL
7290 k41X IL-6 A% Tc FHOEBHOSEERIERTAZ L%
BB L720 (4). SMBESLES PBL I2BWT, TALOF
5 — THIRMLAFT42bb IL-2, IFNy, IL-6 OFHERET %
e 7 RERARASHEBENARESETIE PPD H#EH
5 — THIMOSILFEDE L WK T 2B 50 L7990,

3. HA AT ERBRE

Vs RIEIZ IFNy, TNFa, IL-6, IL-12 EETHDH T Lid
BATShTWA, (XE 2H))

4, Thi U2 xEk, Th2 ) /3B

CD4* THIRASZRBICHECHL I LI MHC 25 AT" <Y
A% CD4™" =7 A CD4 kG 7ATHL»PERoTWS
(Thl $K & B RIEII OV TR 21).

1. w2877- (Mg)

BHUW WML Mp WThD., —F, Mg RREWARMLM
FARBRBIfES L URBIRIEL 0. L9 THEEMEMICYD
2 e b (B PEGICTor0BSFTLH S, GHILIIRY? 2
H3)

2. Toll - like 2& & & U Pathogen Recognition Receptor &< 7

077 - - SREIERE |

SR i Toll-like £FHK (TLR) 77 3V —HHRRE
DEELRFERL-LTHET,

TLR (TLR1~ TLRIO}) {23 FDN H 2y FiZLoTKREL 32Ty
¥and (@e6).

Zo) L EEBRROWER 2R TS5 TLR £ LTI, TLRL,
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8 TR FASLERBEPH T2 —SFHIZELS3 TLR I HVREBIEOKM (TR X W 5IHSE)

TLR1/6
TLR3
TLR5/7/9
MyD88 TIRAP |..-
TRIF
\ / |\ - /

AN

RIEMY A bHAOFEE IFN-B&
& BRI OIEMHAE IFN ESMPER R F3E

MyD88 tkTERHE S : MyD88 FEATEEVER L

BAEE . BRO [S50MIE B8

TLR2, TLR4, TLR6, TLRO T&h 5.

SHHOMBEE (LAM, mAGP, total lipid) i< & 21541 TLR2
AT (|1). —F, BEAEECHTARIEIZE TLR2 & TLR4
PULETHE. HWEERD M tuberculosis HED Man LAM & Mg
PEMEL 2V, ERELOMEIEIIR LGS glycolipid Ara LAM
kb, Zhix TLR2 #A4 LT Mg %EMHLT S, ZOEFRRK
OErLATRELD D, EEBEERS 19kD OV ES v 37 B
TLR2 ##4 LT Mg #iFEHIT 5. $72, HifEE DNA »HRWA
Ktz CpG £F—7 () » Fu—ARF) ZERREERIEIEZ Y
Wt Ao EMWRINTWA, CpG ZBEKICH TS5 TLRY #HFRS
Wi hra—=rrashi.

TLR2 OYys, HBAEIRD 2 2DZER (Arg?53Gln & Argb77Trp)
MR b, Arg?753Gln RMMIEC DR, Argé77Trp 37
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F]1 TLR &t ERFEMHRS

HizEER S 2E&
LAM TLR2
CcWS TLR2/4
RTFETYH : TLR2/4
19-kDa UHZ2 Lo 8] TLR2
CpG Y E— b TLR9

BREE ko [S5or5E] 88

VTANIBYWT M leprae \CE BNV EEEELTHS.

TLR 2 ENZEHAEAEY RO S+ 32#T 5. TLR ¥
FNENT DT FIAEERRIZIE MyD88 %432 MyD8s8 K1
FEEE L MyD88 A& 7Zvy MyD88 JHRIFRIRERR D 2 o0 FFLET 5.
FILZAFIZTRTO TLR 2L RENY A b4 D OELS, #
FITEIC TLR3- TLR4 24 L7z4 ¥ —7 1 (IFN) BXU IFN
FENBETFROEERES,

Z D MyD88 FFKFMBERELIB) 757/ ¥ —45FH TRIF T 5.
TRIF 7% TLR3 & TLR4 @ MyD88 FHKHFHRIIZEF I AT WS
Dixt L, TRAM i3 MyD88 KM (TRIF HK1EH) #ik %
TLRA ¥/ F VCBRWIIE X BT ¥ 79 —HFTho. 1,
TIRAP 23 ~XTo? TLR ICHEAHF S h MyDS8 HKAFHER*,
TLRL, 2, 6 & TLR4 LV 7 FUHRBIZE LB 1EH % DD, e
BATAE DREFERFRT TRIF " xMyD88™"" ¥ 7N v 2T by
ARV, BEHCHTLSREREZHIT L0255,

TLR L4t % PRR (pathogen recognition receptor) & L T
DC-SIGN, NOD 773V —, Tv /) —ASHE, AARyIVy—
SR, dectin-1 238 F 505, HIV % M ruberculosis i+ DC-
SIGN IZ#58 L THIIRMIRICA D ALeas, 2B, 2@ TLR 2k 3%
HARERBOBEALHNL, ChooBEROEFELHFRICTS
BEFMETWD I EHRENZ. NODL, NOD2 #H.0k T 5
CARD 77 3V —0O4Fi3, BRAGHRREZ LT, HBRTY /52
ALLTHETS (7). NOD2 i}, & S HihkHRonEHe
WEELTHLATW: PGN OBRBRFTHELFINIRTF
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(@7 Pattern recognition receplors (2 & 23RFEHEE
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(A EREAMAREEIC
#¥ 3 PRRS) ] (TLR1-TLR10)

(B : BIAHEEELC
PAMPS  — "%+ 3 PRRs)

NBS—LRRs
IRAKS {NOD1, NOD2...}\

LT B ERET
—

A Toll 77 3V =2k B RS R Ak R Inpe

B : NBS-LERs 7 7 3 ') — (2 & A MMMNHEAZRRNE

PRRs {pattern-recognition receptor)

PAMPs (pathogen associated moloculara patterns)

CARD | AAN—¥EEFAL >, DD IBFEF AL >, K:FF—=EFAL Y,
LRR: O4 ¥ v )y FWE—F, LZ: 04 ¥ ¥ ysi—, NBS BEES &L,
TIR: Toll /IL-1 EFHEF AL~

BREE I &KO [S5ORE] 821

(MDP) ##i&3AZLa, REhi

£ine

W

1. Hsp 2% 08
Hep MR TIRHREE L BEREL DL LV ) immunity

— 274 —




19R(688) eEEER (A —BX - BiReKELRE FHES - 60% - 3 ARTE

2 Hsp B8

SRk YH2 K (Hsp #7HME)

(AREREH]
CD91 gp96, Hsp70, Hspdo
LOX -1 Hsp70. Hsp80, gp96
CD40 Hsp70
SR—-A gp96, calreticulin

(TLR]
TLR2 Hsp70, gp9s
TLR4 Hsp70, gp96

BAEE &Ko [0 oMl 21

Dy xmuy (YrRurffE) L LTRETLZESHLAELRD
o0Hb.

Fo 2 T O Hsp65 DNA+IL-12 DNA 7 7 F ¥ AR T
B G 25k | BERIERRNF 7 — THIROEEL
BLUANL - THIBAOIERL) 2ALTRETFH7 2 F R LR
Wiz kzfohiclLiz (Ti).

—4, AEMH® Hsp65 12k bdFRE 40~50% DT 3/ BALY
OMEELRT.

L7, BIES® Hsp & RIIEMALICHEE R KD Hsp A7
5550 TH D, ' |

MEILRAE TS S DC- Mp LM R4 5 2 B0
Hsp65 233 2 ZHEEMFERE S A, 12 CDI1, LOX-1,
CD40, SR-A X 220X 7L ErF—=Ya yZHE{UTHD, o

124t TLR2, 4 % &®D DC OB#, EELESFETLIZERTHS.
Thix Hp-_7F VAU 7O AT VEYF—a s
CD8' THIRIEE LIz T 254 v A2 52 Tw5h (FR2).

2. CWS

Tex G AT HE— AR, B & & b IZBBREAR
SOFNEA MDP 7 3 JBERRL, ¥ THROMEEEY
25 MDP #¥tEL72®. ¥/, Mycobacteria bovis \ZJ%$ % Bacil-
lus Calmette — Guerin (BCG) *° BCG $I32BEp % (cell - wall skele-
ton, CWS) it BCG-CWS i3, I a—nEs, 79¥ /505,
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w3 MLVWEHBTIF

1, ¥FaZ v bIUF
Mb72f RIS 2 /0 E
858 —ESAT-6RI& %1V H
a i (Ag85B). AgBSA, MPBS51, ESAT -6, Hsp65
HOLEFs b AT (FNy 5 E) (BA « 3E5)
3L W 2 7 BHUE Mtb32, Mtb39
Mt

2. DNA 7972
HspBS5 DNA, /L - 1238f5F, Hsp70 DNA, ESAT—6DNA, IL - 6 BIEF,
-6 BIZTF + IL- 6RBIETF + gp130:BEF, IFNyBIET, Mw72f iz
F, - 15 8EF, IL- 18 815F, M- CSFiR{EF. 38kDDNA, £5—
THIREHEHE 7 -7 HABRRET. CO40L BIEF. MPT64 DNA,
MPT63 DNA, Kat G DNA, EEQHFLVEEZEZ-NIEREMET

3. YarE¥F2 rBCG 7IF
Mib720 BIET
Ag85A IS T, Ag8583BInTF, Ag8sCBInT, MPB51:BIZT, MDP-1
BIEF, Hsp6s BI=F
iL-6:®IEF, IFNy RIETF, IL-2:8F=F, IL- 12 8ZT, IL- 18 BEF
*5— THRBUFZE L /Y EREF

4, B {titizE
GEHEIEHLERTHICEIZEHEMEDNAZAL, BOTJ0F>
BHEEVATUTHICEASEMEDNARAL, 8O 7F

5. ¥2—T#ERBA

BAEE Bk (45 0mE] 2R

RTFEFZVAY (PGN) 2HAFHRELTHERSINTED, MDP
PEERMOBERYEI TR E UTHE Sz, BCG BAEM
BHEREOSFS—THEHRLEDIZE 1O TLR EHLEHLFE
T5., COLHIC, HAREIEGERIMEBEITFEL, §8K
R 2 F L ORERBR TR T A0, HETHR
FEVRMTH B,

WU sFE O 72y rFy, @ DNA T2F2,
@ Var¥+rbh BCGC 727 Fr (Bi#tEElErEt), Fobic
AKPlEhs (£3).

v ATH BCG 727 F 232 0icERNTHHMLVEET 25>
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s MILVBEEIIF-ORE

(1) DNA 79 %> BCG & WA
HVJ = UKV =L / Hsp66 DNA + IL — 12 DNA (RYR, ELEY b, HZOTHR)
(2) YarEFL FBCG TIF BCG £ WA
@ YarEsrk 72(BCG (IR, ENEY b, AZTIHI)
@ UarEF b (Ag8SA + 858 +MPBST) BCG BCG L WA (FIX)
(3) 72y b FoF BCG &£ H% (h=o1 i)
Mib 72t B4 B 2% SETHEERZEE T HREEENSREY (+)

% 1 AEEREER
(4) BEIUF
IL-6 8 DNA {77 X)

(5) o1t h-T~258-&
BCG (/130 +HLVWI7FL (F-Ra=) (HZT1H)

(6} BIZT/ v 77O bBEEEYIAFUTERAVCAHF LVWEZZ77 (BO)

(7) LAY E—
AAV X753 — (1,000 fERIBSRT), PF/ DA NIANTZ—

—WHO STOP TB Partnership & & UF WHO STOP TB Vaccines Working Group L2334

BEEE [ EFO [SH50mE] &1

D TA v, FE4 1k Hsp65 DNA+IL-12 DNA FRE7 2 F VIC
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