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To establish the molecular basis of the possible linkage between periodontal diseases and a variety of
systemic diseases such as atherosclerosis, obesity, diabetes, and preterm birth and fetal death, we used
various animal models and different cell types and manipulated the endolysosomal aspartic proteinase
cathepsin E (CatE) as a host-derived protease and gingipains (GP) as a periodontopathogen-derived
protease. In this study, we first found that CatE plays a crucial role in host defense against infection with
Porphyromonas gingivalis, a major etiological bacterium of adult periodontal disease through proper
trafficking and cell surface expression of Toll-like receptors such as TLR4 in macrophages. Second, GP
mediates atherosclerosis progression accelerated by P. gingivalis infection through selective proteolysis
of apolipoprotein B-100 in LDL cholesterol. Third, GP acts as a strong virulence factor to induce
preterm birth and low birth weight through the enhancement of immune responses to pregnant mice
infected with P. gingivalis. Fourth, CatE plays a crucial role in normal development of adipose tissues
through biochemical analysis of CatE”’“mice that were fed a high-fat diet as an obesity mouse model.
Forth, using techniques of cDNA display, selection-by-function, y-ligation-based block shuffling and
others, we generated peptide inhibitors for CatE and GP. The newly developed inhibitors for each
enzyme showed an IC50 of nM order and high selectivity. This method is thus expected to be widely

applicable for the development of peptide inhibitors of various proteases.



AR TERR
(BHEHAL - 1)
RIS e e & Bt
201 0F%E 5, 200, 000 1, 560, 000 6, 760, 000
201 14%E 4, 600, 000 1, 380, 000 5, 980. 000
201 28%E 5, 000, 000 1, 500, 000 6, 500, 000
AR
AR
o 14, 800, 000 4, 440, 000 19, 240, 000
W . EEES
B E 05 - M8 - BRERE M w
F—U— R BYYE, @%% A, B, B
1. BFZEPHAR S ) D5 B EEHLNILTWS, —F. WEKO

EF@%FVX?Ai AR 72 & DR RK
T VLS U R RGEICHER T 5 B A%
ﬁﬁk\iﬁﬁ@ﬁEﬁEz v, THIN
% BN D AR A~ D Ui & B 75t i & 7]

HE & 9 DA RN AR B AR
DN A RBG M CH D, Bali, =
Ry — LB AEGRS AT b EES A
T LOBEBERBEBNBH G/ . RO

REWREL AT KB ET 2 R
VY= AT u T T —BoRE L EBEM
B L OERBET OB LW it 4r % Je B
LTW5, —F. ABEHIEIC & 2E8E & L
C P BRI C R B AR S ATV D B R I
FRANCEB T D FEROREKFRE Sh, £
DRBFEOE I P HERFE A2 ST
LEBRBTH D, S DOITUTHFEOE I
O, R S EIREE( R DR AR BRI
B AR HER S Wo ki x nly
BB DFIE - HERICEHZIER L TN 2 &
WH BN EN T, A& ORERE L B2 2
5 BT, ZORIRVBEEBEORE L 225 TN D,

HiEE HIE= RY Y Y —AEAE Y
ik AT WNEA S J17 7 E(CatE) D#Es
FRES T AL, 20 DT 28 T
T, CatE NfE s A7 ATEBICEMR L TW

FERFHKE P gingivalis (P80 &
W) IEEEREREET e T T B LTY
GP) ZF AR H I L
BRI A~PEA YW L TN B, GP T AL Wb 4
BN S Rep E Kgp D 2RI T HNTERY
ZROIEFAEWCHR LN, FEICHLT
IR 2R IENE A L W B ST - HRAEIC
VIADEMHEREZ L TV D Z &AWL
I Tnbd
4B REAEIR G & 18 FRE S AT A
OFEMER, LiIczoF a2 @b+ %
EBEESRY AT AOTEEMNR S H5H &
TWD, ARG T D08 EMl 7 5 Y
ISR ER O 7 v 57— o AT R OE
FABEFE . 36 X ORI 0 Ry PIr 6 28 i 725 [ B A%
HIZB T 5EN 6 OBEREDFEMIZ OV T
FREMIA STV, LIeh > T, &R
EagB, L ACEIREBE(LME DR R, R
lifi « BEIRIP I K OV MRV H pE & oD B
Oy TR O, 5 Z ORI 72 & ONC
B9 2 2FREBO T - IR 728772
FEFR OMESLISMEBROFRE L 72 > T B,

/34 »(Gingipains,

2. WrstoHBY
ARFFETIE, AR & 2aEA, & ICH)



FRAEA LR R R, B « BEFRIPT 36 K OVRIHR
PREE VT HIPE & ORI D 43 F Ak 2 15 1l ds
K OYRIFARA O )5 DR A E R AT A
DTN » TEFEIZHEHT 55D TH

D, R THONISNTZHAEEEE LT,

RG22 B ONSE R 5 2 HREBO TS - 15
PRIZMNT =Bl FiEm e LT 5 & &
HigE LT3,

3. WD Ik

R & Al R O EE O 4y 1S & 15
il L OYRIREROm GO 7T 7 —E D
BLRIT AL > CTUFERNTIRBAT 2 72012, 15+
M7re7r7—8E L UIITFEREISE LD
BERH LM ENTWD CatE &, HJEIRE
JFRER 7 a7 7 —8 L LTIZZmm e ikie
EHTDH GP ZEY L, FHx0ET Y
RN BT HRT 2 A FEMAE A H v
T, VYN REKYG L S REBOER O
o3 TR & oy R AR E R D, &
LIz, WER B LOBEET 228 KEOT
B - WRIRIZIANT 7o B 2h7e ikima Bt T 5 7
DIZ, TeDNA 74 A7 VAL 2B ET5
REAEmES B2 ->T, Zhbo
BeRaE 2 —o > N T D0 THEN T
B 1B A BRI T 2,

4. WFFERHE

Rk 22 FEE. HERREEO Y DR
U AREEIAAE S 15 E B RBIEICE S AT
DD oy i & bR VR A
VORI ESRT T ROR&EIZ OV THF
FehATo T, BARIICIE, OMERYCE D
TLR #9 2 HRGE S 7R, = R
VI — NREABGRY AT LOBREICE
DEIBREEL LT LT O EMEE L~V
Tl CatE K~ 7 AX° CatE i FIFEIL~ 7 A
ZHWT, it~V Tk, TnTho~y
ZHRD~ 7w 77—V % AT LTz,

Sz, BAERZ LN CatE K~ AH
Sk ML & NI 20 DN Y R & R Y
SH, FOH%ROT L RY VY —LRIZBITS
B D JRE & PR ZfRHT L. MR 8T
Loy RY Y —AMEAENRY AT A
B RO CatE DEEN LT LTz, £ ORER,
CatE K~ ALY v PN ZE Y%
LTl bR @< BEG: 2 BRRICT
TO~ T RIFELE LTz, £HUTx L, CatE i@
FIFE B~ 7 AIAR BRI R Ui b @O R
PiEERL, B 7T HZ CHIRED~ T R
ITAEFL TV, ZRZEN OB - RO ERE
~/n7y—YERAVEERTIEZ, LPS (1§
F TLR4 (T2 KRED Y T ) 1Tk %
JSEDS CatE WFIHBl~ I/ m 77—V THD
E<. CatE KA~/ v 77— TR bIKN-
7oo ZHUE. TLR4 OfifaRimFE B &) CatE
Kifv/u 77—V THLIETLTND
LR D T EN ol MBI
B L T-2 PN REOETFEIE., CatE R1E
~ U A B SR C I A AL A LR TR
BIEREND Z LB yhole, ZLH Ok
EnD, CatE T KU VY — AREAE D
fig o AT KA L CAMRBEBEAE I EE R
BEEREZLTWDZERHLMNE RS T,
QFHT 4 AT L AEEHNTY D3 A
VNKER T HEBOREESTF N & B
L7z, 2096501 2i%, 2F5HD GPRgp &
Kgp) % [AIFRFIZPHE T2 Dual PHEAITH S Z
LRI,

Rk 23 AR, OWERRRED Y Y
N ARG T D AR S AT AL
L T? CatE O&E, @ EE & BIRAEAL M
DRBOEBICET 20 THE O, B X
V@GP (Zxtd 2 ZJuHIPREAIOBF D 3 5
OB HONWTIBRETo7, ZO/E, O
IZOW T EE L BRI IRW E S D
CatE M U3 RAFEEYL I kT 5 2B RS



W AT LT CTEERBHEIEZLTVD
ZEMHABMNZ SN, BARRYIZIE, CatE @
FHL A FICT D 3FHDFFR~ VA (CatE
KAH. BAER CatElRIRBI~T R) LZh
ZHITHRT 2RISR E W T v
TN ARG D AR RE 2 b & B A
72 5 ONTHfE L~V CfifdT LTz, & OfG R,
REBEPIC LD EEES~7 07 7 =2 D
7R b= A CatE OFBLE L EDOMHBE%
THZ N nrole, £, ~/u7y—
DT RIECERE S CatE ORBIE L E
DOHBEEZ L TWDZ EnmhoT, EHIT,
CatE R#E~7 1 77— Tl AR CatE
WMEREBL~ 7 77 7 — IR TRE O
fEA R L AARRA— 7 7 P—HEEDOR
BNETTWLZ ERHALNIZSN, VY
WY A LTy KY —AREHA
B3Ry AT 05 CatE &4 L CAEMKBLEIY
AT LZHERERHEZRZLTNDZ LN
oMz ENT, @IZonTi, Yoy
RREGEN E D LD 7B CEYIRAE AL O R
BORIEZEHET D D% BJRPEGE LM
REDOET LVEMW TH 2D ApoE R~ T X%
o THEHT L7o, ZOFER, AREEY S BIR
TEALPE LR B OFIE 2 FEIRIC LS 5 2 & |
Z AL  Rgp & Kgp ZRIFFICFHET 5 Z LI &
STHRSIHI SN D Z ERH LM ENT,
CUTURAVDOHEFENED LS AT =X
L CENRAE AL U R D FRIE A ]9 5 e
ZREET L7k R, Rgp IC& D LDL 2L X7 1
—/L® ApoB-100 2 FE D3Rt Z i 6 D
EFEHNZ Lo THSHFINDGZ LICL-T
ARG DR B DO FIERITHI S 5 Z &
R oTm, @ITHOWNTIE, cDNAF 4 27 L
A BRI L T 2 Edl sy BT X o
THUSG ST GP IHFEME~TF RO H7> 5 Rep
& Kgp # [AIRFIZPRE 4 5 ehY PR E Al 23 E il
Ay Lic, #lanicEnZno~7F

IR L CTT X B E BB NS o fE
fizhi L, LV ESSEONTTF MELEH D
B 21T 272,

Rk 24 REEIE, O AR O F BRI E T
DT VN AE ARG S - CatERE~
U AT EHEIEGLR O EAFR P[RR AR < 7 2
WCHANTELIUELS, #hFho~ra 77
— VU E SR RICBWT L ETFIIBEIC
HATHREAPERRRE OIS A 3 A IR D o
Too FIZRTEX. AT/ —~HilaE B Lz
% O REIG OYEHRRE PR RE IS L OMEIRSER )
WL BE LV ERICE T2, QWER
& R TR VE H PE O B B3 2 A JE T
TUUNY AR E Y S E o U AT E R
TFENZ AT L ONH AR IR TR, 0 i Rk
D FEEECL BN L7ZAY, GPRIEMSOGP
FERZHRG L~ 7 222 9 LB bzR
Shphotle, VUNY AEERG LD
s DR SRR LRI TR <L BT
VI G AR I IE B AR O BIE R 38D &
. BRI ERROBERICREL TS Z
EPIRENT, QWJEIRE & TR K OWEIRIE
OHERIZONWTOFETIE, @R THEE
L7zCatEXRH~ 7 A28, (KERACNTIE, AE
FEIEKR 72 E xRl & T 2 B BN &R I
FEAAPEIFIL R ICBIZR S, A AIRIARRRCR
BRI O BEARA RN RSN, F2, &
JENG B fiil B DCatEXH ~ ©7 2 D [ lg kA%
DA T DOPPAR y R°C/EBP oo, ¥ 7 11 7 7
— U DOTINF- o RINOSO R B &N E RN & T
il B L-HAER T 20ZF 06 LD AEICIK
W2 E bR Ez, UEORERNS | CatElX
EH 7o 6 SOG &2 N U CAEMRIE R PEOHERIC
SRS EIRT D & & BT, GPAYHJEI B GRS
RS2 RS VOB PRI RS E 1 5
WTEEREEHZ R L TND Z ERH L
Iz,



5. ERFERGMLE

(WFFERETE . WFFE 4R M O SR |2
=R

MeREamsC) (G 9 1)

1. Yasukouchi A, Kawakubo T, Nakamura S,
Yamamoto K. Cathepsin E enhances
anticancer activity of doxorubicin on human
prostate cancer cells showing resistance to
TRAIL-mediated apoptosis. Biol. Chem. 391,
947-958, 2010, &t

2. Kawakubo T, Yasukochi A, Okamoto K,
Okamoto Y, Nakamura S, Yamamoto K. The
role of cathepsin E in terminal differentiation
of keratinocytes. Biol. Chem. 392, 571-583,
2011, BEHA

3. Kawakubo T, Yasukochi A, Nakamura S,
Yamamoto K. Cathepsin E as a potent
anticancer protease. J. Oral Biosci. 53 (2),
126-136, 2011, &&%

4, Kitamura K, Biyani M, Futakami M,
Ueno-Tsuji S, Suzuki M, Kawakubo T,

K, Nishigaki K.

Yamamoto Peptide

aptamer-based ELISA-like system for
detection of cathepsin E in tissues and
plasma. J. Mol. Biomark. Diagn. 2, 104,
doi:10.4172/2155-9929, 2011, &

5. Biyani M, Futakami M, Kitamura K,
Kawakubo T, Suzuki M, Yamamoto K,
Nishigaki K. In vitro selection of cathepsin
E-activity-enhancing peptide aptamers at
neutral pH. Int. J. Pep. 2011, Article ID
834525, Doi:10.1155/2011/834525, 2011, &
BH

6. Tsukuba T, Okamoto K, Yamamoto K.
Cathepsin E is critical for the proper
trafficking of both intracellular membrane

and cell surface proteins. J. Oral Biosci. 54
(1),48-53,2012, BEHH

7. Okamoto K, Okamoto Y, Kawakubo T, Iwata
J, Yasuda Y, Tsukuba T, Yamamoto K. Role
of the transcription factor Spl in regulating
the expression of the murine cathepsin E
gene. J Biochem. 151(3), 263-272, 2012, &
7

8. Abe K, Ichinomiya R, Kanai T,

Yamamoto K. Effect of a Japanese energy

healing method known as Johrei on viability

and proliferation of cultured cancer cells in

vitro. J Alternat. Comlement. Med. 18(3),
221-228,2012, &%

9. Yamamoto K, Kawakubo T, Yasukochi A,

Tsukuba T. Emerging roles of cathepsin E in
host defense mechanisms. Biochim. Biophys.

Acta 1824,105-112,2012. &5k

(k] G 17 1)
1. Yamamoto K. Novel functions of cathepsin
E in epidermal differentiation and aging.
12th International Symposium on Proteinase
Inhibitors and Biological Control. Portoroz,
Slovenis, Sep. 25-29, 2010 (as an invited
speaker)
2. Kawakubo T, Yasukochi A, Yamamoto K.
essential  for

Cathepsin E is proper

mammogenesis. 12" Symposium  on
Proteases, Inhibitors and Biological Control.
September 25, 2010, Portoroz
(Slovenia)

3. Yasukochi A, Kawakubo T, Yamamoto K.

Analysis of cathepsin E function in
epidermal differentiation using a model of
DMBA/TPA- induced skin papillomas. 12
Symposium on Proteases, Inhibitors and
Biological Control. September 25, 2010,

Portoroz (Slovenia)

4. Yamamoto K, Kawakubo T, Yasukochi A,



10.

Okamoto K, Tsukuba T: Cathepsin E: related
signaling systems, functions and implication
in diseases. 13th International Symposium on
Proteinase Inhibitors and Biological Control.
Portoroz, Slovenia, Sep. 22-26, 2012 (as an
invited speaker)

Yamamoto K, Kawakubo T, Yasukochi A,

Tsukuba T.: Cathepsin E-induced growth
arrest and apoptosis of cancer cells and the
related signaling. The 85" Annual Meeting of
Pharmacological Society, Kyoto, March 14,
2012 (as an invited speaker)

Yamamoto K, Kawakubo T, Yasukochi A,

Okamoto K, Tsukuba T. Cathepsin E: related
signaling systems, functions and implication
in diseases. 13th International Symposium on
Proteinase Inhibitors and Biological Control.
Sep. 24, 2010. Portoroz, Slovenis, (as an
invited speaker)

Tsukuba T, Kadowaki T, Okamoto K,
Yamamoto K. Accumulation of NADPH
oxidase (NOX2) and increased oxidative
stress in cathepsin E-deficient macrophages.
The 85" Annual Meeting of Pharmacological
Society. March 16, 2012, Kyoto

Okamoto K, Sakai E, Nishishita K,
Yamamoto K, Tsukuba T. Idetification of two
transcripts and in vivo promoter analysis for
cathepsin E. The 85" Annual Meeting of
Pharmacological Society. March 16, 2012,
Kyoto

IR . bR EE—BR. Sunita Gautam,

A fE = PEIE ) —.

Selection—by-Function {#IZ LB 7 a7
T—BT 7 TFN—L—DR%. H1 7
AR v T 7 —E5¥a, 2012458 A

10 B, Eta

BERSIE. RBIRFEE, #SiEE.

Madhu Biyani,

L2 N

B NAGRAHE, ERR O, AR
MIHEF. EWEREIZ BT D EIRY)
Wit~ 27 07 »—3 M cathepsin
E O&E. HB1 7THEAARW[ET 7T T —
Y, 201248 A 10 H, &k

11, RoeHE., A mE— Sokak . T —
I AR | BURIESE. pb3 1 d T 7
v EBInFORBZHIET 5. 5 85EIH
AELFEFES, 20124E 12 A 15 H, &
i

it 6

(PEZETY PEHE)
OB G 1 )

LR T T E DS~ ——L LTOD
HBEBIOIT TV ERBNNTAT
7 D OB AE R AR EREE L
TOH®

A AR, A HEE—

MERIZ « [A] |k

FEEE « RreF

e o FFRTER 4452791 &

BAFH B  Eak2242 A 12 A

EWNsL DR [EHN

6. WFFERHRK

(1) WrgefRsE

A ff— (YAMAMOTO KENJI)

JUM KT « REFPPLEETFIIIERL - Fran B
W9EE %5 - 40091326

(2) g sy

JIAAR ZntH (KAWAKUBO TOMOYO)

JUMN KR « REFBESEFAMFZERT - RrTBh
W95 %5 - 70507813

(3) WFg sy

AT AEF (YAMAATAAKE KUMIKO)
JUNRE: « REFBESEFIIERE - st B
a5 50622114



