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Membrane Vesicles
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Tuberculosis (TB), one of the oldest infectious diseases known to mankind,
still claims 1.4 million lives annually and causes tremendous damage. One of the factors that make
the eradication of TB difficult is the unique properties of the causative agent, Mycobacterium
tuberculosis (Mtb), such as dormancy and latency in the host. Here, we investigated the role of
mycobacterial membrane vesicles (MVs), the extracellular vesicles from bacteria, in latency of Mth.
By creating recombinant bacteria, we attempted to identify the regulators of MV production. On the
other hand, we also analyzed the impact of MV on host immunity. It became clear that the
immunostimulatory activity and immunogenicity of MVs changed significantly depending on the culture
conditions of MV-donor cells. Furthermore, the possibility of developing a novel vaccine against TB
using mycobacterial MVs was demonstrated.



M X C—19, F—19—1, Z—19 (@)

1. WFEBRMEL PO 5

SRBYED— A2 RIZFERM 140 TH O AMEEWVET H5EKIL, =V 7 oI A4 T
WCHFORBIN RGN E, NERE ORGYED—>TH b, HINTZ D FEEITE N &8 B0
T BN, YL )N EITEE T, 15 SN TIRIRE & 72 0 B4E) B ECHE & R HNSIE 2 YR
BRI T, EEEOBREEE BT, 2R ADD 450 LIk, Z0 9 BAER 5-10%203E
Bia e 5, BlD, SEORIEICITMREGE ~DON ANRLETH Y | #EZEOKRIR - RO
FEM 7R ORI & 2 AU RE S FRIBIFRIER ORI A RO BT 5,

WTIVOMEFE S & 2 X7 ERNRE . B THERL S S Mifia s iE I iE (Membrane Vesicle,
MV) ZFEAT S, MV ITHE —MER 720 <, i — 1 EfMics T 2 s fisEse i
STWNDHEZEZ BN TNDN, MV REOEFE B~ 2 0870 8 2 OKENIA43 1 HfE
ENTV2RY, < OMBERESEASNDS MV II0EFEE24a 1L, MV 2V 75
BRI ANAT DI TN D, FE, BIRKREERDO MV 2 HA W= #ilEKERN 7 7 F 138
WK T ETEN TS, — T, fZEO MV ICB L TIE, 5 BB K LTkl e
TERZETDHZENINETITHE SN TV D, EEOEBERNEEZZET D L, ZOERITRE
KB R 708 EPNIBIRIC B W CEE & EI 2 Fo72 LTV S ATREME BV,

2. WO EB
ABFGEIT, FERLE HME E 5% & [BhEE U CIMR 2 BT 5 0 TP 2 MR L BB ik
FHET 5 2 & CREEMBICE2EEHZRT, Fiicear 7 FoOREREE BT,
BAREIZIE, (1) @iz 2 k0 MV IREL - mpeAER 2B L. MV 25 O B0
RIZRIZFTHEEZHALNIZL, (2) MV O b O%EFEAIMEROMNT 2, BEMcEy (v
A) ZRWTITY,

3. DL

B NDRERS S BAEEE T CIRIFNED Mycobacterium smegmatis <P, 7 L RSEREH
974K BCG Z T, LUF OF9E % Fki L 7=,

(1) CRISPR interference (CRISPRi) % FHUNTHEHL X HIBREIRK A ERL L. MV PEAHIHEIA T4
RIET 2 &z, MWAKEA - @PEEAKEERT 5.

MV IZHHT B2 L X B EESHIZTRIE U, M smegmatis <2 BCG T DT DIEH,
Pl (KD) BRAMEH, MV BEEASRAZME L C MV BEARIEK FORREI1TH, FOREE L &
AR Uz, MVARPEA: « mEAERR A O TR SEBR 2 320 L €, B OE ENAEFICBIT 5 W
DOEZ T 5,

(2) BCG H3k MV D & > FELHINER O
1. BIRGIE IS ME O FEAR
b hHk~7 v 77—k THPL fifid % BCG H13k MV THIBL, VA b A « rED A V3
EA T 5,

i . SRR O R
BCG H13 MV 2 FHVNT, ~ 7 2% #E LT BCG K R PR EAFE Ol Zm LT, MV D
B O FME A T S,

4. FFZERE

(1) FIEMEIT, MEEEBEMN IR D22 VR BOREZE &SN T/ > T,
ZORERND . KEGE 72 ECREO MV PEARIEIE - & ARIEMEO @1 Z fEEE TO W
PEARIEIA - OBAE & LTz, 0T ORTEMESREEE, WV TORILER 805 5 DO 11T
ARV . CRISPRI 2 AVNT M smegmatis TKDERE/EH L=, 5 DDEMSTDOI B, 1
TN EIZEAEDRD LN T205, 1 0+ TIHKDIZ XY MV ERBEE I, 7%

HENE

DD 3T TITKDITX Y MV
BB IS,
RIZ.BCGC TH 25 5 OD4y
T D KD BRDIEH 23T, M
smegmatis T KD 2LV MV &
D LTz5r+% . BCG T KD
LTHM EOWDITERD Hi
ot D4+ TH KD IS
K0 M ENWDT D013
D BT, WAKEARKOEL
MNTERhoT,




(i_ D 2ODREDIE g BCGMAMVICEBHA Fi4> - rENA S EEES
B (FHEREE R | FHE RS 0, L1 soma s a3 IS 250 1L
#) THEbHi7- BOG %k 83 —t v U SN St g0f e
OMW (X1, E=ETE 26 3 - 3 2 57 150 . *¥; p<0.01
TAMEEE) AW Tl %z 74 'Tiff = iﬁ‘ f; p<0.001

S ~ . — e : [}

THP1 A & HI3 .. aPCR I5 "o > S 5 0 5 o 4 Ya e s Yo oo s Y& o5 o2
XA N IA Gy, % Yy, Y Yy Ty, N e, T Yy
:E‘jj/]) ‘/ii &%EE&EQ 304 IL-10 0,65‘ IL-17 ,:,o IFN :5,6 TNFi :/2 MCPI “
R TRBAZFMMLIZE | 55 . M L e S

A, HEREBRO W Eﬁ N A1 0 2 s | s
TliEA ¥ —a A X ;lo 2’ W ey 10 o =

(IL) -6 & IL-103%EL |5 5 O e "
ﬁgﬁ%L:LﬁTé 75§\ T%i A@J‘ %4' %0,; A&\f’ J}é(}' A{?'),f '%)\P J}QO A{?QF '000“ %fz %’),f % \I%’/ A{?’){

d %, © %, © % © %, o %,

FRERFRHORD WV TV % “% % % %

=3 D EAE FH A3 | PBS, RREIEEERMV (Static) . HIPIERARMY (Planktonic) TTHPIHRE% RIFK. 24B5MEE
?;%&imj%?ﬁfj 1@ DEBLHERDYA M DAY - FENA ¥ DHBEEBio-Plexic TER L7z

D[, <.

THIL L 7=k THP1 M 0SS By 2 VT Bio—Plex (2 X W @AY A AL - 7 ED
A DEABRETM L=, gPCR TOMFE FFEIC, #EEHZEHRO W T IL-1 8 IL-6, IL-
10, IL-17, JEBEESEIN 1 o 72 EREL 720 A D IOA > - r B h A VOFEENHE SN, — T,

BHEREEBEO W TlIWI N b EAFE I N2 -72 (K2), S 52, CRISPR/Cas9 % U
T, Toll =K (TLR) 2 K#E THP1 MR & EH., /b L7zMiiaz WV CHI L= & 2 A, B4
FR THP1 MR CERO STz A b A L EAFFE DN KR TIEERITHER L, LLEORE RN S,
FrE 52 T DAL BCG HI2E D MV (X TLR2 21 L CHARGE 2RI 5 Z E N LN E o7z,

(2-i) Herbiise, WEN | g3 poGmkMVORBRE & 3 HBCGREAEEHE
EPOHBONTW ET V= MRS | RIS i i3

N2 b (poly(I:C) F£7-1% L5 20 ‘ 15 . L5 p=0.055

Aum) ZBEALT, 683 | = ™ a1 -
lﬁﬁ‘l\iBALB/vazc:;ﬁ}:%ﬁ § 3345:4;]& 1.0 L » $Eﬁ¥=ﬂmu

# L7z, LEAORED 38 | £ o WA I T

Ml BERE AT, £ | 0 . S

O 2 HWEZIZ~ T R & H R A 8 ok 3 D = npeoot
Lciub, Wi Bilapere | e | REERR W e
W, SR A T, BCC | g 04 L —— ] "
Btk A EAE Lz 96 | S I il NI
=)V 7L —hEHANWT, % :E()‘s.: [ﬂ*—q. Zi:fq::' Wby Lss osM T )

¥ F L OHL BOG ik 0 N

(Teh BEW 1g6) OEZE | rpslEc@BE. OBREEMVEIRE, OEIIEEMY + Alumi.
ELISA IC CE R LT, B8R @BEEBEMV +poly(:0)FE., OB BEEMVEMEE, @FEBEEEMV+AlumEE,
ﬁ&@ﬁ]%{/ﬁ‘@ D 55 v \T%?,ﬁ_:i% D BEZEMV + poly(:C) B

FHRO W ITHMTYH, 72y 2 L COABRIUAELIIGEO b oo Tz, —J7
T, B ARSERIIMTENE 28 U - BHE RS R HOR O MV I HU Tl pE A 28 T eh o 7
B, TVany e LTpoly(I:0) 252 & T, FREICHKELELFE TS (XM3),

Ko R RO W (o | E4. BEREED >B7-BCGRRMVRE D BRB D FHE

LoiFgs ks, & |

W ST e | e | o

LI W 27 P2 b =4 BMIE

BEA T C. 6-8 JAERMENE | L o S "

e <5 2Rz | § o] Guce i R By

I TFREICEY SHEME | 5 oo %BCG-MV+pon(I:C){§%F§§§§
) e . 1 == BCG-MV + EcN-MV

c2 Bl L, <0 2 ] ©BCG7 7 F ¥ RIS

#%1Z BOG % % SR Y St (Eoti-av : K MINssie e femv)

oo BEYDND 2 BRI 7 =

LTz, Ho °

BCG EHEZFMi L=, T
VX b e LTKRIBE Nissle BRFESRD MV & AN T, BCG F3k MV % 2 FHfE L 7-#£ T, BCG U
7 F o L RSO N AEE OB NFE Bz (K 4),



9 9 0 8

Nishiuchi Yukiko Tateishi Yoshitaka Hirano Hiroshi Ozeki Yuriko Yamaguchi Takehiro Miki 10

Mari Kitada Seigo Maruyama Fumito Matsumoto Sohkichi

Direct Attachment with Erythrocytes Augments Extracellular Growth of Pathogenic Mycobacteria 2022

Microbiology Spectrum -
DOl

10.1128/spectrum.02454-21

Imano Hideki Kato Ryuji Nomura Atsuo Tamura Maki Yamaguchi Yudai [1jiri Yoshio Wu Hong -

Nakano Takashi Okada Yoshikatsu Yamaguchi Takehiro Ilzumi Yasukatsu Yoshiyama Minoru Asahi

Michio Hayashi Tetsuya

Rivaroxaban Attenuates Right Ventricular Remodeling in Rats with Pulmonary Arterial 2021

Hypertension

Biological and Pharmaceutical Bulletin -
DOl

10.1248/bpb.b20-01011

Hayashi, T., H. Imano, R. Kato, Y. ljiri, T. Yamaguchi, Y. lzumi, A. Nomura, and M. Yoshiyama. 3

Protease-Activated Receptor-1 Inhibition by FR171113 Attenuates Cardiac Remodeling Due to 2020

Intermittent Hypoxia

Ann Cardiol Vasc Med 1036 1041
DOl

Nishide Shunji Uchida Junji Matsunaga Shinji Tokudome Kentaro Yamaguchi Takehiro Kabei -

Kazuya Moriya Taiki Miura Katsuyuki Nakatani Tatsuya Tomita Shuhei

Prolyl-hydroxylase inhibitors reconstitute tumor blood vessels in mice 2020

Journal of Pharmacological Sciences

DOl
10.1016/j . jphs.2020.02.010




Kabei Kazuya Tateishi Yu Shiota Masayuki Osada-Oka Mayuko Nishide Shunji Uchida Junji 142

Nakatani Tatsuya Matsunaga Shinji Yamaguchi Takehiro Tomita Shuhei Miura Katsuyuki

Effects of orally active hypoxia inducible factor alpha prolyl hydroxylase inhibitor, FG4592 on 2020

renal fibrogenic potential in mouse unilateral ureteral obstruction model

Journal of Pharmacological Sciences 93 100
DOl

10.1016/j . jphs.2019.12.002

Ishikawa H, lzumiya Y, Shibata A, Ichikawa Y, Yamaguchi T, Yamaguchi Y, Kitada R, Iwata S, -

Ehara S, Tomita S, Hanatani A, Yoshiyama M

Soluble urokinase-type plasminogen activator receptor represents exercise tolerance and 2019

predicts adverse cardiac events in patients with heart failure

Heart and vessels -
DOl

10.1007/s00380-019-01538-3

Osada-Oka Mayuko Goda Nobuhito Saiga Hiroyuki Yamamoto Masahiro Takeda Kiyoshi Ozeki 31

Yuriko Yamaguchi Takehiro Soga Tomoyoshi Tateishi Yu Miura Katsuyuki Okuzaki Daisuke

Kobayashi Kazuo Matsumoto Sohkichi

Metabolic adaptation to glycolysis is a basic defense mechanism of macrophages for 2019

Mycobacterium tuberculosis infection

International Immunology 781 793
DOl

10.1093/intimm/dxz048

Nishide Shunji Matsunaga Shinji Shiota Masayuki Yamaguchi Takehiro Kitajima Shojiro 19

Maekawa Yoichi Takeda Norihiko Tomura Michio Uchida Junji Miura Katsuyuki Nakatani

Tatsuya Tomita Shuhei

Controlling the Phenotype of Tumor-Infiltrating Macrophages via the PHD-HIF Axis Inhibits Tumor 2019

Growth in a Mouse Model

iScience 940 954
DOl

10.1016/j . isci.2019.08.033




Nakagawa Takatoshi Furukawa Yuichi Hayashi Tetsuya Nomura Atsuo Yokoe Shunichi Moriwaki 42
Kazumasa Kato Ryuji ljiri Yoshio Yamaguchi Takehiro lzumi Yasukatsu Yoshiyama Minoru
Asahi Michio

Augmented O-GIcNAcylation attenuates intermittent hypoxia-induced cardiac remodeling through 2019
the suppression of NFAT and NF-k B activities in mice

Hypertension Research 1858 1871

DOl
10.1038/s41440-019-0311-x

13 0 1

Samukawa Noriaki Yamaguchi Takehiro Ozeki Yuriko Matsumoto Sohkichi Tokudome Kentaro Matsunaga Shinji Tomita Shuhei

CRISPR Interference-based Screening for Prediction of Synergistic/Additive Effects of Novel Combinations of Anti-
Tuberculosis Drugs

95

2022

Tokudome Kentaro Ueki Masaaki Nakamura Atsuki Yamaguchi Takehiro Matsunaga Shinji Tomita Shuhei

Fetal hypoxia caused decrease of gliogenesis-related gene expression in rat

95

2022

Matsunaga Shinji Yamaguchi Kazuyuki Hirakawa Ryo Tokudome Kentaro Yamaguchi Takehiro Tomita Shuhei

Effect of hypoxia-inducible factors in tumor infiltrating macrophage on tumor growth

95

2022




clp

95

2022

Anna Savitskaya

Inactivation of DNA function by intrinsically disordered histone-like protein in mycobacteria

95

2022

Yamaguchi Takehiro Samukawa Noriaki Nakao Ryoma Tomita Shuhei

Development of anti-TB vaccine using mycobacterial membrane vesicles

EMBO Workshop Bacterial membrane vesicles

2021

BCG

94

2021




Anna Savitskaya Shymaa Enany

Mycobacterial DNA-binding protein 1

94

2021

clp

94

2021

94

2021

PHD

94

2021




Analysis of the Host Immune Response against Mycobacterial Membrane Vesicles

2019 2020

Exploring the Role of Mycobacterial Membrane Vesicles toward Vaccine Development

2019 2020




