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Lactic acid bacteria (LAB) are a group of Gram-positive, and generally recognized as safe bacteria. LAB have been
used as the starter for the fermentation food (i.e., cheese, yoghurt and kimuchi etc.) . On the other hand, several studies
of LAB as delivery vehicles have focused on the generation of mucosal vaccine. We have developed novel surface display
system based on PgsA gene, which isolated from Bacillus subtilis chungkookjang. We introduce the Lactobacillus sur-
face display system by using the PgsA anchor protein and its application. HPV oncogene, E7, is a reliable target protein
since E7 is expressed in the CIN lesion. Although many studies have demonstrated these vaccines elicit systemic immune
responses to HPV E6/E7, few studies have shown mucosal immune responses. There is no therapeutic vaccine utilizing
oral administration and there is no clinical trial which addresses cervical mucosal cellular immune responses to the vac-
cine. Our recent progress is production of a mucosal vaccine to treat cervical intraepithelial neoplasia (CIN) that has
potential of cervical cancer. The vaccine is expected to help the vast number of women suffering from high grade CIN.
Lac-E7 is a candidate for new therapeutic vaccine for cervical intraepithelial neoplasia.
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BIWRNICEIES 2 M - SR OGE TR E DR
BV, BRI SARSVERY) - SRR AR & o $ il
TH5., INSIHE - BEZIHD & T 5 MEHKE
KEEEEE 3 U > )N AL A% (Mucosa-Associated Lym-
phoreticular Tissue, MALT) &IEEN 25 > ) %
RO THD, fEGEEREXATNS. 20 20
HTHBEICHELT S Y 2V, BEREY >
JNFEA%  (Gut-Associated Lymhoid tissue, GALT) &
X T3, GALT & /81 TV (Peyer’s
patch), ¥if[E A8 (Lamina propria mucosae),
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FEIEE A fE Y > /8Ek (lamina propria lymphocytes),
Wa%E bR IRa U > NER (IEL), J5% b B fil e
(Intestinal epithelial cell), 7 ) 7 k)N F (Cryp-
topatch) SFCTHERR I NS, /XA TR R — L0
Ok & U TREIICER I N, TOBERMNZE
O RISV OB Y) & FERRAYICE D AT M i
(Microfold cell) Z#fD. M HIRLIIIGENN S BY)
EROAATZDS, BRI TRzl 2 5 8 44l
fa, Bl Z X BRI (Dendritic cell), B fifd (B
cel), THIME (Tcel) BREHIEZZTFEL, =
DEBERDOGIEIRENFHEIND. T72D5 Ml
fald, BB REYOMF & U THIEL TW5,

KRB0 S DT RIT AL, KEEHARICHET 2 60
AT LEANTIENT 5, HMET 752>
EAONTE., M7 7 F > 0FHRELTE, D
EEMERIE (RIS SRS O b % i5E
TEHT L, ARG - RERKGTHOHRGA b
VADBMENWZ &, DIEFGREDERG R ZLEL
BIRENEETHZ &, HIEkD EHED -
F) DL BREVIROEEREMENE5T L
HHBEEHTHEIZ N EMGHITES ZENET S
N% (Fig. 1). ZOKEY 7 FHRFEIIBNT,
AMEL, b MW 2Z2M0m S AR
AAREIR AN TH S Z EinE, AW PFERR
RO1DELTHEHEINTNS, 681D

FTiE, AREZPIEERKE TS0 0XE
NFTA AT UAHERE, BIVIET 7 F 2 BFEA
DIEFIZDWT, EH S OWFZERITE O BRI 228 2
IS5 FHIHT 5.

2. BEIRRSICLDREBAFT 1 R TLA

HS >N B2 AEMOMIEREICRFSE 5
FZHDHIED 1 DEL T, MIASNZIZRET 25 >~
NIE (FZ20—H) 27 > h—& L THWZH
REEND . 1219 207 =1, ks >IN
HEeRBIERSIEEBELTHE, Y2 0h—-
SRE 2N R G AR DY PR 22 s LT ot
BRSO MR BE I AT 3 HHRE 24 S . KRBT+
2T VAT > h—& U TEHRHATE 2o & RE
FUNN7BOFE L TIX, KIEE Escherichia coli
i3 ™ PhoE,¥ FimH,!® FIiC,!® OmpC, '? &7
K 2 Bk Staphylococcus aureus AR O 7 05 A >
A, (LB L > Y BRI Streptococcus pyogenes H 3
D M6, 19 %R Saccharomyces cerevisiae 3 D o-

A
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Systemic immune response . Sytemic immune response ‘
, / Serum IgG Serum IgG
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B

Oral / nasal administration

Fig. 1. Advantages of Mucosal Vaccines (A) and Microbial
Cell-surface Display for Mucosal Vaccine Delivery (B)

T IINFZ UK Flol2® 72 ERASNTNS,
ARE BT 2MRMEMOREST FT 1« AT L
1%, BFEE T Lactobacillus J&, Lactococcus &,
Staphylococcus &, Streptococcus J&FLEE R IZ B W
T, BECHEY NIV BORRDHAALENTE
2.2 NS ORATHHINZY > h—1%, #Mig
S EDRE G DEVWEZ S EIZ, KD 5DITKRE
KHITFBIENTES.
1) MifafsBi@d 27 3/ Bk EFFD TMS &
7 > h— (BIZE, FLEEE Lactococcus lactis Bk
DIND T F 2 253 BEE S > )N 7 E LenD) ., 22
2) MRS S AMET2URSY XN ERY
> h— (B 21X, Lactococcus lactis H1 3% O H#E &€
ABC b T Y AR—F#ES /N7 H Nipl). ¥
3) MifEE & R Y X/ BBl 41 Lys-Pro-X-Thr-Gly
ZHARA S E D LPXTG Bl fakEy > — (6
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ZWE, #H@ T R Bk Staphylococcus aureus H 3§
JO5 A2 A,®{LEL > Y ERE Streptococcus
pyogenes KD M6 % > )X\ 7). 19
4) HHfRE S ReE Y 2 BRELY] (44 5RIL) @ 3 [BfR
DR L ZIELEHES S E 2 AcmA B EE Y
> 31— (Lactococcus lactis HED X T F R7 1) 7
>k RO —+F AcmA). ¥
5) Ml O&EINTH S SE (surface-layer) 2
FlE X &5 SLP &Y > 5 — (Bl 21X, Lactobacil-
lus brevis 13D S-layer 7 > /N7 & SlpA) . 25

COEDITHRMEZN LI=REDFT > >
THANCEET 2 ORI, BY >N EEM
fANEANRIESE 5 FIEORRBICEN LTV 2
DA BT DIFSEL, T F 2 in EDEE
mmPAFEAN DS HBE = His L 28I BT 5 0%k
BEMRTH2b0EE>TER Y1718 E M
WAE T A )X HIV-1 (Human Immunodeficiency
Virus typel) H® Env ¥ > /N7 E V2-V4 )L — 7
& LPXTG BUHMRERE Y > 1 — O FIERAEL & 1K %= E 1
T HEETHMAALRENHIE SN, TOMHE AT
Bl I hF2 27 DaN> hDITANDRE
145 G-V 3ORE RR 5028 T OMARHR 1 608 D | & 538 T &
2.0 ZOXRIIEBEORGITR D REFHE DR
13, FLERE 2 DU EMRIAR & T AR ORI 7 7 > B
FICPBTLDEREDPTT A AT VLA OFERAEZERLT
Wb, REDTT 1 AT LA EPUREMRILEE R 2
s &I 2R OME Y 7 F L, BfEE Ml
RISANEZDRMZFREINDLSITE>TNS
7, FEERITHRREAN SHED L TIZIZE > TWiRn,

3. MERBRORENFT1+RATLAT7h—
PgsA

WE I FE SN D Bacillus [@HEL, #EORS
DIRAFTHDT I /BRI — RUT RTINS
SUBEENETD, ZORIT ORIV IDBED
HFEIZIL PgsA, PgsB, PgsC SRR S N D EEEE
GHRMNEALEL TWS, ZOBFEGERIIMEERIC
RTEL, RUT TV I DDA E 7z
STW%., ZOMEEGERDOHEMEFETH S PgsA
X, TOCEINe-7 I T—EEHRMEIER
EE, o7 2T —CEMBEAANTEE - fERSED T
EMGNo. D ZOMEREY >NV ETH S
PgsA OfifdRETO RO —3HED LA,
N Kuifll & CRKImMNIZH 2 2 DOBHAMEY 2 /B

Outer membrane

Cytosol

Fig. 2. PgsA Anchor-mediated Microbial Cell-surface Dis-
play

A MR I BB, 0 C R Z[MEo
EFEANMTTRERESIE 2 EEZ 5N TN (Fig. 2).
ZOBAICIEE LT, PgsA 2HiEY >N\ ED
ML R o h—E L TEHTESZNE S e
MRt U7z, 2 PgsA @ C Rl 7 & i1 NRjs
ANWADXI L AF T RY NIV EREMET
HEIICEERTHIBAZFEML . ZOMESY >N
28 % ERE T BB TR A LR B OO i L BE 1 4y D
U T AY RN ORERIE, HMY 2N EN e E
BiZRINTWASZEE2RLEE. ZOHAREEN
UANROEE LU EE, U R MER IR R R
MR PIRM O ER MBI N, T2 5 PgsA
i, VRS NV BEOREFT A AT LA DD
DY > H—ELTHHMAETH S EFic Nz £
7z, PgsA I OEFEEMVERMENTHD, Wi
JFMAEH TR EDH PgsA 7 > A 2T AT A
DOEHD1DELTHETFsNS.
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4. PgsA 7> h 7 &FMALK HPV &K
79 F DR

PesA 7 > H—WHABEIC K D0 HKY >N ED
KB TFTAATVAITENTHD ZENG Mo
=0, EFHESIX, ZOPBSARRKIDZEESTT 1A
TUA & NHROKET 7 F > OBFIBEFEAN DR
HZEBELTWS, BERNSBEBER ST 2AEE
BENL, HPVIRENT 7 F > [HPV RRRKE &2
FHEHEANADORTRIFE, FESEE LR Rk (cer-
vical intraepithelial neoplasm, CIN) 123 3 % J5 3]
Th5.

FEENADIFEAENE A EO =T 1)L A
(Human papillomavirus, HPV) BEENREEK & 725
TWAZEIHSMNTHSD. HPV ERPEHE DK 10%
X CINXF—2IZ#BfTL, CINORXT—F
CIN1 (ERERR), CIN2 (hEHEERER) KO
CIN3 (mEREKR) Znidonsd. £k, A7—
POEETITHEY, DBALICBERT S5 >NV ETH
% E6 & %\ 3 E7 DIEBIR K O FE T & AVREE 1T
Mg 2Z&ET, FPEEANAUNEEETZEINTN
5.2 BUE, WANRTFHRERENS THT VT >
NI T IHRIC BT I NHED TWS A, HPV FR
PDAT—DICH D CIN BEFITHT DB EKITE
EL TR, ZOLS5IZ CIN BFIHICTESE
MANETTHDTIRBNWNE VWIS AREEZILA T F
FEILTWBEVWIKRIRICH B EEA, ZORKR
ZONEICE S NEFETIIR L, BKE S DEEE
EEOFETH 5. RERITHT 2GR O
FIZOWTI, WA CHRIKBAENEBEINTE
N, WEEEHICEE-THELT, HAEMIZDH
HPV &R 5N T 7 F > ORFENEEN
TWwb, #5113, HPVIBERD 7 F > 2H%T
LI I (Thl1 B) 2FET 20
BETHDHLEEATNDS., TIT, ROKEGHNEE
THHREEDITEDOREFEHAITEHL, KK
HANOPUFERKRE U THAREOREZIEAL /-
THPV IR 7 F > OBFEZHED TN 5.

ZTORFEEME L T, PgsA 7 > /i—& HPVI6
B ET % >N EOER (PgsA-HPVI6GET,
HerE 77 A 5S5kDa) ZFEH T 2 AR E OREE K
UABEERA FEHE) © GMP #iEICEFL /-
PgsA-HPVI6E7 @l G R DAME AT 77 X 2 K
Z RS L, Lactobacillus casei O %8 iz i fl i 2 15

L. ZOMINEZEREEE - BT - NELEIC X 258
L - BASHLAR O TRERR, BRASHZIRMR & U TR
({553 GMP) 2l L7-. ZOFEEZERLL,
AT RIVFREL 2%, BBET L — R ORLEE B
GEE) Z8E L. AR O@0, AFAEEIANX
BROZE OGN —NEZBZTVWDD, WHLE
EVSERBETFICBNWTHAMEICHE L HiEZ f#
ETDNEND BN, FEEZEEREG LU /NESYO
BT, WEEAVURMfER SN XX EIN,
HFE L CTHIRMERE 2 A8 T 5 2 & 2R L T
%.

¥z, ZOHAME N T IV EE O EE LT E
D BMIET, BRI O R E MR % £ L
TV, ZOHTHAEROKRSY > /X7 itk &
REILED O © X5 iR & i U 7= #E5,
PgsA-HPVI16E7 ICHH M T 50 FEZRT RN T
FVnEg N~ (Fig.3). 372bbZOABE
HHENL, PgsA 2R ETHEBEN TT AT LA

Slot >

175 kDa >

80 kDa
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Fig. 3. Western Analysis on PgsA-anchored E7 Antigen of
HPV Typel6 in a Mucosal Vaccine of Lactobacillus

The western analysis was performed using an anti-E7 mouse IgG as the
primary antibody. Samples are represented as follows: G, crude extracts of a
mucosal vaccine granules of transgenic Lactobacillus accumulating PgsA-E7
fusion protein (approximately 55 kDa in size); W, lyophilized cells of the
wildtype strain; Gs and Ws, centrifuged supernatants of G and W; Gs/IP
and Ws/IP, immuno-precipitants from Gs and Ws. The immuno-
precipitants were obtained in the absence (N) and the presence of antibodies
of anti-E7 mouse IgG (E), non-specific mouse IgG (M), anti-PgsA rabbit
IgG (P) and non-specific rabbit IgG (R) . White arrowheads indicate protein
sizes in kDa. As expected, the vaccine granule contained a 55-kDa protein
able to bind to anti-E7 and anti-PgsA antibodies (a black arrow, lane P of
Gs/IP).
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T H—EETHIRY DN EBOMEIKERET S
ZENGMo T,
ZDOXDTERBERFT 1« AT VA 2R
WA ORME L TIE, EEOUEEGURSY >Ny
BOMRFFZHIETWSEICH D, HINY >N
BERKESHERDIERILS BB E %2 GMP &
FbLZ &, —EDFENTES2A5. £
7z, TNETITHEM U 7= AT 66K O IR R R AR
(GLP JEi{y) TIX, FEIGERTREEITVTH
DRBRICBNTHBRDEN TR, LirL, #if
ERCEAN NI RONTE Sk SR NELINDF sy L eI AN e
SIBBENBRETHD, ZOMIZSHBOBEELT
GLP ik &2 £ 3 27 EEHEAHFICB T L4
M —4 OHEEHiEL 20,
ZOEDICKBHTT A AT VA ABEEH W
tE NHOROKED 7 F > OBFEF & LT, e
FERED TE, AALBERFEMF THPV IEENT &
F ) DEERISH OHERNEIRE f5l= 5.

5. T£&o

b MTHT B REMNE N &, ROBRAAEE
Rl &, BETHBAICIVDERSY VNI EE2EE
EMTEH2Ens, ABREEERY NI EDE
WARE U TR ERAHABORENEENTE .
TOXRIBABADOEREMLMIEO L MED 1 DEL
T, AR AN OFUFHEMAR &9 2 CORIED 7 F >
D, ZOKET 7 F > ORFIZBNT, IR
BENLERES T 1 AT LA, ABEHICKS
PR OFERFIEE LU THERABHED 1 DER> TN
5. REDTFT 1 AT VA EHURERALEEE & Bl
HAE T HRIOMERY 7 F D BFIE, BEELT,
PREEFIC T 7= AN EER L THBD, 2o
DR TORRPPFINS.
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