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Study for developmental origin of mesenchymal blood cells and their regenerative
activity in epidermolysis bullosa
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Background: mesenchymal blood cells (MBCs), which are mobilized from bone
marrow into the circulation by necrotic tissue-releasing nuclear protein HMGB1, contribute
regeneration of the detached epithelia in the epidermolysis bullosa (EB), in which burn-like
blistering occurs whole life by daily minor trauma. Aim: In this study, we explored developmental
and in situ origins, and genetic markers for tracing cellular lineages of MBCs. We also tested
effect of systemic HMGB1 peptide administration for cutaneous regeneration-induction in EB model
mice. Results: We identified that MBCs are originated from neural fold/crest of ectoderm in
embryonic ectoderm, and derived from Procr-positive Pa S cells in bone marrow, and that systemic
administration of MBC-mobilizing domain peptide of HMGB1 increases p63-positive epidermal stem cells

in the skin of recessive dystrophic EB model mice, resulting in significant improvement of survival
rate and induction of less-scar regeneration.
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1. WHEPAR SO 5

WO R« B T LR T do 2 Pz L MEERLRR Cd 2 R AL S 4L, RO FERERK
HRE T d> 2 R B AALARIIZSMIREE . B 0 TR RCGHIIG C &> 2 LR MHE 3 40 e 1 3 PR EE ok &
INTWD, REMBOEREMIL, REEERE LICAITAEY =22 N L THEE L TWDORK
IR K D A LIRS IC K D MERF S TR 0 L K 1 20 H TEREGEM LA O i A%
bbb, =, REOKMEIEERF TIE, ~IT AEY — b & RAEIERM], REILICNE & B 04z
xS | BRIEREEEREE AW T OB RIB RV UBREIGHEIC K 0 . B # TR OME)
AN TREHIBEA MR VIR L, ZORER, FBER L & IRl Z KERELE L T1D, L
AU, BREEMR L~V TR B RIBE A R 0 IR U 72 2 BOKIRE BT B 3 3R B AR RE ) A AR L T
D&V RRIRAIBIE R I D . HEEE LR BEOKEIE B 1231 D RKMIEBR & I L 72 R B Al BEAl
Faflks A 7 = X 2GR A R L, REKEIEET LV~ U 2% AN TEOFEAF A HED TE T,
Z ORGSR, HIBER BN OB I 28N v~ F o HE 1 HMGBIL (high mobility group
box 1) DIMLFEE FH %2517 CTHBEWN PDGFRo. (platelet—derived growth factor receptor o)
Bo AR S TEMEAL U, SRASPEER 20 L CHESER BRI P SEFE T 2 2 & | BRI SERE L 725
Hi3k PDGFRoFGVEAING IR B Mile~ L b L TREFAEICHFE L TWD I ERWLNn Lo T

(Tamai et al. PNAS2011),

PDGFRoU M BE R ML DFF Ry~ — I — & U THEN. L7C IR R AR TH D Z b, KK
SALRE & R B BN PDGFRafGMEMIIGIL, SMIREENERR T & 2 R G ~D 3 {LRET) & F5 - 72 [H]
ERME LTERIND, BB, ERTIMEERK (Era et al, Development2017) & SFL TV
7 A B P TR 26 R M A [ PP T ST R R [ E SRR A3 AR S D RTREME DS R S 4T, — .
FE R THIIRE D JFGRE A & 0 IER S 2 SMEZEIC I\ T, BRI O AREESMIREE & 3 B2 S L
WO S 2 B M#EEE (cranial neural fold) DRFMN G b5 —fH AL

(epithelia to mesenchymal transition, EMT) (Z & ¥ PDGFRoF5"E # S 35 4 ] 22 5% f0 i
(ectomesenchyme) D—IERNIEAETHZ ENHLMNZIZIN TS (Weston et al, PNAS2008.
Thiery et al, Development2013), LFEDOFIHIE FA LI, HFEFIT TN OB~ L
BA S, SMREEMERR T & D R~ D LREZ 7§ R I PDGFRoufG 1 ] R A MBC 73
cranial neural fold OFEFEMMNEHAET 5 ectomesenchyme % A FLHEIRITRF D &9 #Hiiz
IR AR L=, % Z T, ectomesenchyme DFEAEIMFRE CHREEM D O—IFIZHRETDHZ &N
BTV D PO {51 (Development2018) DFEBUM AR BH~ 7 2 % FV N, REKHIE
FIBER BRI 1T D PO RFEAMINL O 52 fiftt L7z, T ORR, RIBERK OB AICKIEIE
BRME PO REEMIRNAFLEL TV Z EMRENTZI LD, REKMEIERBEERKR 2 AT 2
PDGFRo5 LRI R AMAEAS ectomesenchyme HiR Td % WREMEDS /RIR S 7z (Tamai el al,

EFREEE 2018),

2. WO BEW

HEY : AWFIEIE. B REN D O RAH M 2 1 U CHEEFEME R Bk~ & B) B S0 5 2 B ATEEAI AL D %8
AESERYIR S AR EE M R BE R MIAE (ectomesenchyme) TH D Z L ZFEHA L, & DORLMIT~D 5
{LEsHZ S 50 AR 2 M4 5 Z LIk v | REBMIZNVEEREZBAET 2 R
BAFEER] ORBICERZHEL L2 ANET D,



SEONETIH B AR, REEE ST RS Tl L7s TR R ORI EERMIIIC K DR
AKISERIBER BB DR L) 28k & LT T OFEMAR A T = X DA FE AR, Mllat
WA ORBLRL & BIZEZERE A S BT 5, HRENIC A T H I R IHBTZEOHE 1T <
TN ARD THEMEDOEWIIETH D,

RGN « AMRBEVERSERMIIE A A2 O E RIS RO B SR R M OO MET (2 X 5 R BOKIEIE
FIMER L EA D = AL RS 5 2 LI2H Y BEITAAET 2 SMREENE R S8 R 2 £R R &
L 72 MET @5 HRBHFE 2N nlREIC 70 D L HIFF S %, BN D | REOKIAE R B AR i & B
H) & L7z 38454 KON AR AR EEEER JE & 138 R & U C TR Bl FF AR5 B 38 ) PR %
ATREIC T D AMIIEIE, D TABEMEICE ATZHIETH D LT %,
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[2019]

* RA DB BRI PDGFR o By T 52 S M A 0D 8 AE 5 O AEE PR PR 2R

[HIZE R Ml ~ — % —PDGFRa, AMIRZERIZE R ML~ — 7 —P0, PIRZERIZERMINE ~ — 7 —Prx]
ENENOBIBT T HE—F —THIZ Cre V3 —BaffiALIL b7 AV 2=y <D
AL LVR—4—<17 A (flox-stop-tdTomato) Z T &b ET-MIRIL BN~ A2 FL, =
O FAFHREEB ~ 7 2 O IS (BFp) ZAER L. RAE M I H3E R ik
Alfa (FEI3EER. mesenchymal blood cell, MBC) Z#5E L 7= ICRRFFAVICRIHM 2 K538 L, RI%E
REHIL OFFD 3 1 = — U ARE 2 FRIEIC . MBC DFEAERYRGE & 3 L 72,

[2020]

- RAYHEERIE PDGER o Bh 1 S S il i 2 (46 3~ 2 RAA N LRV SR R D [F) 7

PDGFR o (5P EFIZEEK & 45 B BAEAR PN O PDGFR o (GMERRTEE RMINE 2 Z 4L 240 FACS IZ X 0 /0L |
KA — 7 = 22 X0 1 Hfa L ~L TOMREINR IS FRBET (T 22 U7 h—24) &
WD, 77 A5 —fENTIC X 0 KRB PDGER o BRI ) BE R MG 2 (1645 3 2 /B B PN 91 B2 % A 4
MOFEZEDT-, KIZ differential expressing gene (DEG)fEMTIZ LV . MIEEERD AR
JRACdH 5 MEERBHIIORE « HEEE ATREIC T DR 2~ — b — BB T2 RE LT,

- FIZEERIC K 2 REFA A T = X L DFEH

RATEBR ICHIFEER 2 il L T 2 & TR S D MIZER MR 26 Procr BIR 7 R E—4
— FIRIZ Cre BETFEZHALE NI VAV =y /v R LR—F—< 7 X (flox-stop-
tdTomato ~ 7 R) ZEMIGbEl~ U A L BAR~ T ADORKREZ G L ORGSR a6 S
T~ RETNVEAER L, £ OBAER < 7 AT FICRBOKIEET L~ v A (VITB=
T v I T UMY UR) RI§EME LT, RIBER L OFEZ R T BHEJE R 2 [RIIX
L. flow cytometry fEMTI X OHE—Ma 4 ) LAMENT (ATAC S —2 =2 R) ZEEL, 75
A2 —fiRHT . DEG fFATIZ K 0 R BOKHEIERIBER B OIS LTV D Procr Rl HZEER O A 1
Z BTG L 72,

[2021]
« IMGB1 7" F K O FF O BEEEREN B IR TEIC K 2 A E A N = X L Ofifif
FREAKEBEET A~ A VI 27— AR~ T X) BEIRIZ IMGBL ~7'F R&2#45 L




Tt RIEIER, AR, HEOHE MR KNI AT YT h—L/ VT ) LDETT D 2
£V HMGBL RT'F R [TAFEEIK) & LTOHENE 200 B2 MAT 5, BRI,
6 WD VI Bl T — 7 U ARJE A~ 7 A IMGBL X7 F R 3 mg/keg 28 2 [, 8 [A (4 #[M)
FIRNE G L, FROBARE, £77%F, K single cell RNA-seq/ATAC-seq f#AT 2 S L 7=,
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[2019]
* ARA DB BRI PDGFR o By [ 52 S M A 0D 8 AR 5 O AEE PR PR 2R
BAEFZHREER~ T A ZHOWZHEROMIT OF R, TORAEFZH R I
PDGFRa"™/PO"™ /Prx1'"™ Tl o 7= Z L b | MIEEBKITAMAIE 2 AFHIRICFF > Z LAV RS
oo SHIT, PO IIAMRIEDOH T HARIEMIIA T L 725 Z & D JRIRIMREEIZ IS 1T DRI
SATE & ARRSMIRHE O B2 AL T & 2 kB /AR IR EE A IR O R A PR CTH L L B2 bh
D

[2020]

- RAYHEERIE PDGER o Bh 1 [ HE R il i 2 (46 3~ 2 RAA PN RS RV SR R D [F) 7

BA—#Hfd RNA & — 27 = A& AWTe 7 7 2 2 —ftfr OFESL. BIZEEERIE PO Bt s M e 2 38
AFHIEIRICRF D 2 & A3 S 4TV D PDGFRabG 1 Scal BoitkM3E R #MIL (PaS MifE) & b
VAZ YT M —=ALoUL TR THBRIL TS Z ERH LN E o7, 2019 4RI L 7= M3
ERDF AR REARAT CRIBEER DR A FLRIRIFDY PO BEIEAFREE /iR B Sk CTH D L RS T
WA Z & LT, MEEERO B RENEIRIL PasS Mila TH 2 ATREMEDS R < R & Tz, X HIT, DEG
FEHTIZ LV PaS MO HIZE < Ok~ — 5 —& LT b5 CD34 X° Procr 23 FFE1IC
B D MZE RIS MFEAE L TN D ATREMEDS R STz,

- [RIBEERIC K 2 R A T = X b DFEH]
Procr RikiBHi~ 7 A LHLAET LB A< 7 ZOEEICBAE L 2 REOKBEIEET L~ 7 A
(VII 2 Z—5Fr )y 77y b~ RA) RENIZEIT 2 tdTomato Bk KGRI O 171E A3 B fife
R ST Z LB, Procr B IBERERHIAD 2 A RNEEIR & 7~ 5 MBER N REHARE AT 5
ZEBWBMNE T,

[2021]

- HMGB1 ~X7 5 R O FHEERS) EVEMEIC & 2 FERRE X 1 = X A O]

ARREARR G L R L HMGBl 7' F Fa& &G LI REOKIBIEET L~ U 2L FHE ORR G
ENERITRT 2 & & biT, FLWEFRERR CFE 168 vs 15 40 /) 25607z,
FEOHR—Ma N7 227 )7 h—=AB XS ) AEHTCIL, Wi HMGBL ~7'F F#
BRI W TEKR N PosS ISR I ORI p63 Btk B M o #N A3 R S 41, HMGBL
7 F REHC XD MRS BIEMEIC AL S < AR SR RIS ML O AP I Lo 2 &R
HohERoT,




15 15 1 15

Ho YT, Shimbo T, Wijaya E, Kitayama T, Takaki S, lkegami K, Miyashita K, Ouchi Y, Takaki E, 12(2)
Yamamoto R, Kaneda Y, Tamai K
Longitudinal Single-Cell Transcriptomics Reveals a Role for Serpina3n-Mediated Resolution of 2021
Inflammation in a Mouse Colitis Model.
Cell Mol Gastroenterol Hepatol 547-566
DOl
10.1016/j . jcmgh.2021.04.004
Kimura Y, Tanemura A, Hanaoka Y, Kiyohara E, Wataya-Kaneda M, Fujimoto M, Tamai K, Tamari K, 33(4)
Seo Y, Ogawa K
Successful High-Dose Radiation Treatment for Chemo-Resistant Oral Squamous Cell Carcinoma in a 2021
Kindler®s Syndrome Patient.
Ann Dermatol 382-384
DOl
10.5021/ad.2021.33.4.382
Nojiri S, Tsuchiya A, Natsui K, Takeuchi S, Watanabe T, Kojima Y, Watanabe Y, Kamimura H, Ogawa 41(1)
M, Motegi S, lwasawa T, Sato T, Kumagai M, Ishii Y, Kitayama T, Li YT, Ouchi Y, Shimbo T,
Takamura M, Tamai K, Terai S
Synthesized HMGB1 peptide attenuates liver inflammation and suppresses fibrosis in mice. 2021
Inflamm Regen 28
DOl
10.1186/s41232-021-00177-4
Li YT, Yamazaki S, Takaki E, Ouchi Y, Kitayama T, Tamai K 52(2)
PDGFRa  lineage origin directs monocytes to trafficking proficiency to support peripheral 2021
immunity.
Eur J Immunol 204-221

DOl
10.1002/eji.202149479




Natsuga K, Shinkuma S, Hsu CK, Fujita Y, Ishiko A, Tamai K, McGrath JA

104(3)

Current topics in Epidermolysis bullosa: Pathophysiology and therapeutic challenges.

2021

J Dermatol Sci

164-176

DOl
10.1016/j . jdermsci.2021.11.004

Takaki S, Shimbo T, lkegami K, Kitayama T, Yamamoto Y, Yamazaki S, Mori S, Tamai K

Online ahead of print

Generation of a recessive dystrophic epidermolysis bullosa mouse model with patient-derived 2022

compound heterozygous mutations.

Lab Invest -
DOl

10.1038/s41374-022-00735-5

Goto T, Miyagawa S, Tamai K, Matsuura R, Kido T, Kuratani T, Shimamura K, Sakaniwa R, Harada A, 15(4)

Sawa Y

High-mobility group box 1 fragment suppresses adverse post-infarction remodeling by recruiting 2020

PDGFRa -positive bone marrow cells.

PLoS One e0230392
DOl

10.1371/journal .pone.0230392

Itoh M, Kawagoe S, Tamai K, Nakagawa H, Asahina A, Okano HJ 98(3)

Case of epidermolytic ichthyosis with impairment of pulmonary function and exacerbated skin 2020

manifestations in a late middle-aged adult.

J Dermatol 163-172
DOl

10.1016/j . jdermsci .2020.04.004




Has C, Bauer JW, Bodemer C, Bolling M, Bruckner-Tuderman L, Diem A, Fine JD, Heagerty A,
Hovnanian A, Marinkovich P, Martinez AE, McGrath JA, Moss C, Murrell DF, Palisson F, Schwieger-
Briel A, Sprecher E, Tamai K, Uitto J, Woodley DT, Zambruno G, Mellerio JE

183(4)

Consensus re-classification of inherited epidermolysis bullosa and other disorders with skin 2020

fragility.

Br J Dermatol 614-627
DOl

10.1111/bjd.18921

Miura A, Shimbo T, Kitayama T, Ouchi Y, Yamazaki S, Nishida M, Takaki E, Yamamoto R, Wijaya E, 534

Tamai K

Contribution of PDGFRa lineage cells in adult mouse hematopoiesis. 2020

Biochem Biophys Res Commun 186-192
DOl

10.1016/j .bbrc.2020.11.114

Iwai S, Okada A, Sasano K, Endo M, Yamazaki S, Wang X, Shimbo T, Tomimatsu T, Kimura T, Tamai K 539

Controlled induction of immune tolerance by mesenchymal stem cells transferred by maternal 2020

microchimerism.

Biochem Biophys Res Commun 83-88
DOl

10.1016/j .bbrc.2020.12.032

Shimbo T, Kawamura M, Wijaya E, Takaki E, Kaneda Y, Tamai K 20

Cut-C: cleavage under tethered nuclease for conformational capture. 2019

BMC Genomics 614-614

DOl
10.1186/s12864-019-5989-2




Maekawa A, Arase N, Tamai K, Nomura T, Kiyohara E, Wataya-Kaneda M, Arase H, Katayama I, 46

Fujimoto M

Case of epidermolytic ichthyosis with impairment of pulmonary function and exacerbated skin 2019

manifestations in a late middle-aged adult.

J Dermatol e480-e482
DOl

10.1111/1346-8138.15077

Takafuji M, Tanemura A, Hanaoka Y, Tamai K, Fujimoto M 11

A Rare Case of Atrophic Dermatofibroma Featuring Linear Skin Dimple. 2019

Case Rep Dermatol 256-259
DOl

10.1159/000503413

Ebens CL, McGrath JA, Tamai K, Hovnanian A, Wagner JE, Riddle MJ, Keene DR, DeFor TE, Tryon R, 181

Chen M, Woodley DT, Hook K, Tolar J

Bone marrow transplant with post-transplant cyclophosphamide for recessive dystrophic 2019

epidermolysis bullosa expands the related donor pool and permits tolerance of nonhaematopoietic

cellular grafts.

Br J Dermatol 1238-1246

DOl
10.1111/bjd.17858

24 24 3

120

2021




42

2021

39

2021

66

2021

Tamai K

Taking regenerative medicine from bench to bedside

International Congress of Dermatology 2021

2021




85

2021

43

2022

21

2022

21

2022




21

2022

119

2020

35

2020

HMGB1

20

2021




Tamai K

Development of HMGB1 peptide as a stem cell regeneration-inducing medicine for recessive dystrophicepidermolysis bullosa

The 44th Annual Meeting of the Japanese Society for Investigative Dermatology

2019

Tamai K

HMGB1 peptide(CELL MANIPULATION & THERAPIES)

The 1st Global Congress on Epidermolysis Bullosa

2020

67

2019

118

2019




118

2019

40

2019

HMGB1

25

2019

37

2019




2019 in

2019

HMGB1

DDS

2019

41

2020

(Shimbo Takashi)

(70780609)

(14401)







