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3D-CLEM: three-dimensional correlative light and electron microscopy

A. pili; arrector pili muscle

AGA: androgenetic alopecia

Ax: axon

CLEM: correlative light and electron microscopy

DHT: dihydrotestosterone

DP: dermal papilla

DS: dermal sheath

DSC: dermal sheath cup

Epi: epidermis

FE-SEM: field emission scanning electron microscopy

FIB-SEM: focused ion beam scanning electron microscopy

HF: hair follicle

HR: hair root

1PS cells: induced pluripotent stem cells

IRS: inner root sheath

LNEs: lanceolate nerve endings



MXx: matrix

ORS: outer root sheath

PBS: phosphate buffered saline

PGP9.5: protein gene product 9.5

Piezo2: Piezo-type mechanosensitive ion channel component 2

S100B: S100 calcium binding protein B

SEM: scanning electron microscopy

SG: sebasious gland

TEM: transmission electron microscopy

tSC: terminal Schwann cell



BIE il

-1 IFC®IC

BB ORI TH v | HIEROLREE. 106 OfRGE, BE0ERE, 2 L
T & LCoRER &2 KD [1], BOIE EEA. MEROMAAH 2 5%,
Z D JEFICIZINE PR L Vo M RBEEZRF L. FLEVLPRA ML R

DWEERZ TS5, b b TR, OB EEOBENLETH 3 L ITE Wy
23, BHEZDOHE LR WAL LD X 9 7 Quality oflife (QOL) 17 IRE 23 F1E 3
5, HELCEF W TIEUOHAEERCERM L LRI ED N TWE A, 72
F G TE T3 135 272\, Induced pluripotent stem cell (iPS #IfiE) 7
bb FDEAEETKIED in viro THIEETE 2 X 51Tk o708 [2]. HEIK
WML 25 @ iPS MR D BESE S BATRYICEBIRREIC 72 2 1T, BHIK
ICHEE L L COMEZfR e dnidnohwm T, %< OF#EIEK > Tw»
5, Ll b FHKICE T 2 BUDHEL T ICHI A THE LIFFE AT,
EUORER X OGO O -0 ICEETH 2 LI B XL O P HHEIRE

DIEE BT 2 BN A M A %2152 C L AEEAFETH L L EZ LN,

Z ZTOEF RERFAICB W THICHIN D25 IR A F v v — 2 AT

T PAMEE #1275 (focused ion beam scanning electron microscopy; FIB-SEM) #%



CLRE AR O TEREMAAT ~ D S % 5% 72, FIB-SEM 1313k o 7 2 U 78 - BAM
$i#1%27% (scanning electron microscopy; SEM) & 1372 0| R4 A v e —4ic
K0 2=y b e 2BREEEBNIE 5 2 LB TE S, LHFICERED
BHHREPER L Vo M TlX, FIB-SEM IC{KH3 & b &2 —7 v FEROE
BB ES 7205, BED X5 ICHEBOMESEMHICRIET 2% E Tk, 2 —
Ty b e ISR I & 577 LT, FIB-SEM 2@ L TWw3 & b
ns,

AW Cld. BEICHSW CHIMEMHAEASEE LM TH 2 BRI LU
POV VTEISICE H L, 4% % FIB-SEM CTHIE 3 % - 00l L 72 ik & i

THZEEEHME L,

1-2. ECOGE, X UEWUEHEKT 5 Ml

TWIFRPICHER L 728 E TH V. JHRIE T OB ILE R~ B T #fkic
TEGEL T3, BEIFESL S EIER OB O £ <% K% (infundibulum).
BAERR D B FV R 2> & S B DHLER & OfEEERE TR (isthmus). T/ % T2
. i P2 BEER (bulb) & MRS, SLEBAEI OB IC 13 LR I L 72
A2 B D (bulge). & ZICIFBWD EE RIS X CORBMAATEET %,

KD HEkE L7z EEAHE L. B (medulla). EBEE (cortex). B/NE (hair



cuticle) . NWEHRH/NE (IRS cuticle) * Huxley /& « Henle J& X Y % 2 PWEARH (inner
root sheath, IRS). ¥ X U4} EAREH (outer root sheath, ORS) 2> LK X 5, BEK
I IR R 2 T R MR 2 R A A L. EFLIE (dermal papilla, DP) % JEAX
LTw3, 2L T, ROMLTER (matrix) &FEITN 2 R AMIGREDS EALIE %
Ftr, EBEIFEKEEZAN L, #EHE (dermal sheath, DS; connective tissue sheath,

CTS) Kb T, HEB X CRIE IcHEET 2 (Fig. 1-1) [3].

A Sy D IRS
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ek SxEg 2
e (= =
= X iy 3
ETC= =
& oL3 ]
L] QOIIT I
:' .

“’Emgms cltticle
. T P

Bulb  Suprabulbar region

Current Biology

Fig. 1-1 Structure of the hair follicle From: Schneider M.R. et al., Curr Biol, 2009. 19,
R132-142 [3].

BRI O TIRIIA TR 2 25, RO, K & B 7L I3 L



) BFLEHE T O A %2 R KR (basal plate) . BFLIH T HJEIR I
LEML % 2 (stalk) &IES, fEAMEAOH T BAHOG X £ COME %

dermal sheath cup (DSC) & MEACXAIL T3 (Fig. 1-2) [4], #EAHEEIC X

BOMEBFET 225, KEMHETLOIEKKRD stalk TIIARWIME & IEF ICHI

I 7 AF VERHEDRFEL T B [5, 6],

Fig. 1-2 Structure of the halr bulb DP, Wthh 1s located at the center of the hair bulb, is
continuous to the basal plate (red dashed line) in DS via the stalk (black rectangle). DSC
is depicted by blue.

—J7 RO RGN 13, EERE AR I L ) BRICHL 30

DIEEIEKT 5 2T =7 VEHERTFEL T3 Z L& &z (Fig. 1-3) [7].
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HIERR D IMUNIC B 2 WD 2 Z — 7 v i 13 BT LT ICE g 2 TR 3
%, MIICHETES % 2 7 — 7 V1L Bl o LT RN R g 2 TERC L L Sl
D a7 =7 v RHETBRNICON LPATICE 2T 5, EERMIAED % < i3k
Da7—7vORICEET 32, NlloEICIZEAETEEL RV EHE S
TWw3 [T, B, BEREE N2 7 -7 vEoZ 2L, BREMICX

D A ERE DB RN O 2L B 5 Z L BIRR L 7=,

Fig. 1-3 Structure of dermal sheath Dermal sheath is located outside of ORS (O). DS
cells (f) are located in three layers of collagen fibers (C). Basal lamina is indicated by
black arrowheads. Modified from: Ito M. et al., Arch Dermatol Res, 1990. 282, 434-
441.[7].
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v boEIF, FE, RIE, MER SEERUNOKEICTFEEL, BT
(terminal hair) &#KE (vellus hair) IS KBl 2, BEEIIEE, FE. FEE.
BAEDXIICHIRTHER ICHN S, B, Tl EEAEL T3,
BT E AL OELRF-T, HARL 20, BROKIP, REDOANL F 7
v —BCII30umEL T, 74 Y as T a0k ) RIFRECOBEETIX
AOumLL T ZME L ERINT WS [8,9], b b OUEKDOE & EMEIOIKE
FHWT, HEHEUORRENILKS R XT3 [10], Vogtbld, BENKES
DIE LHEFE OBHEICOWT, BE2LEHRTOR S ZFHHILTH Y, HET
123800um, FXETIE, 650umTH - 7= [10], FKE DI DO ELIZFHI80umT

HY., WEDOJRIHTIEAI170umE LT3 [10],

1-3. B

EORE AWMV RE ., 2hix BB (haircycle) &SR [11], EE
DR Ot X, BRBICBIS L Za WEEIR, TR0 ERICRE L <
EE AR IEBHTH 5, BRI, MR (anagen). BT (catagen).
RIEHEH (telogen) @ 3 #HICH T &, BIIEERICOAELE S L, HET 2 (Fig.
1-4) o BERMZEIGT 2 kT, RIEIC BT 2 EFOMIESZUTIGE D . i

WTEE LA HEZBEY R L, BEAHERE L 2055, BEKE A NENIE
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(ETEST S, —EDMiMoDL, BREMILERITHICAY ., BEREOGREES
B3 2, L ICHERBAR OB EERMICT R = 22520,
VB E CBEILRIT 5, FRICR AR, BEEE 20 B (glassy
membrane) & 783 [12], BITHHIZ2~4 e T3, KiEOBEIZ, K
RHEED 12 25 13 0R & T, BioEEHOETH 2HEE (club hair) D%
Uik B3 (hairgerm) 23HU D P&, % OSEIHICEFLHEAMHREL T2, XRDOES
o BRMRICEC, KIEHECTH 2BE (RO EEIADE ; clubhair) 13 L
FFOonBEREBETZ, KIEHIIHN 3 2HEIA TS, BHETEIBEBLZ
10 TOETAED 2 L, EBRAPIOEEG X, MR 80%IEE., BITHIA 1~

2%. RIEHAZS 15%FRE L X N3,
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Anagen [l

Initiation of i !
follicular cycling /

Fig. 1-4 Scheme of hair cycle From: Paus R, The New England Journal of Medicine, 1999.
341, 491-497 [11].

1-4. ED ¥4

B RIIC B AFEATER S 1, HAERHICIZ BT OBUIIGE S . EFEH
FREZLCw3, EWUoREIT, v rogh. KA 2 1 AKRICHETR? SHA T
%, BEREBMRITIH > THE 2 O BH~DIHICER I NS, BEOFRAER, Kt
4. 5 A FCIEEMMAMC DR v IRERIE Tkl T 5, IRILIHOEW

KX DR IC BT 2 MIIgHE (placode) 235383 O NFIREIF L IFITH, DT h
14



ICERT 5, 2Dk, BERICHD > THE L. BT ORIEERMNE B O 5
CETVEBHEZIZRL., fROEAHZIEK T 2, B 5 PHICTEKL -
FOECIIERS R AT (lanugohair) XV 7528, EBIIMRESHHICTR
THRE (vellus hair) ICE 2 b 5, K] 1 4FC,BHEZ, JE . HE 12 E (terminal
hair) ICAEXZD B [13].

1 HOBFIE,» L —RBALFET Z L, 2omfllic 2 HoBEBER S
5, ZNZEN% 2 REW, 3 XREALLTLR, 3HoEAzEAL LTER (hair
group & % 3 follicular unit) ZJERK 3 %, B DR WIEE TIX B W I B W
THERBZ AL, WIEROEX TIZa 7 —7 Vi X 084 0 BREA

BAEETH 5 [8]s

1-5. B ERE

EFL5H (dermal papilla; DP) #ifilid, BEOKE L BRMICFASEL L Co&E
BB E2FEb, FEMIBEHEERT 2 cEAEFHETIRNIEAT S
(ETFFERE) [14], DP fifdz &L EREH 2 VM2 L. BEUD L&D FEAM
JED R TIFEBEIIHELED LN VH, BEREEZHIBRL 2B O ETLH
ko DP ifa % &L EKT D 5\ X DPMfa AT 2 L ERELELET L2 L

WE TN T3 [15, 16], DP Mz FHkEE S 2 &, EUFEREIIEDNL
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DA, A7 xu A Ko 3 RoukEic X FHERkES —ERE X, e+ DP
RO AEECULR T A~DOBMHERRIC X VB b7z [17], DPfildo~ v
A~ DHEFERTIE, DP AN 2, #5 &% (dermal sheath, DS) #MMZIC b .

EUFERPED 5N TV D 4], 5F, w7 2R OMaMURFHEHERIC X v,
DS #fiifid 23 DP M o Hi B © & 2 FIREME DR & 117z (Fig. 1-5) [18], DS #ff
fa i hniis i fEAkve L, DP AllE~ ot 23 32 L E 2 b Tw3 [19], &
51T iPS MifEZ FVT, invitro TECUEZ BT L FOEFE YT A THEK I

Tl eBMEINTVS 2],

1 Anagen 1% Telogen

Hair follicle |, ( nfDSC

dermal stem || | derived

cell (hfDSC) \. DP cell
hfDSC

‘ derived . DP cell
DS cell

Epithelial
cell

Fig. 1-5 DS cells are resource of DP cells DP cells (blue) are provided from DS cells
(green). From: Rahmani W., et al., Dev Cell, 2014. 31, 543-558 [18].
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1-6. HE

L OBEARLEHTENTHE L THHLATH S X I, HEICH S 1K
AR E v, BRI E (androgenetic alopecia, AGA) (ZIBIRATE B B+
LNEVIZX o TEICHEEICEHNS, B LrE VY ZEOREICIIARAI R, —
7. AGA TIREDKE ZIHIE N B [20], FricEBAEMEICB T, T2 F &
TRYRSe-V X7 X —FICXVBEILINZY e FeT A 27wy (DHT) 28
BUAREBICKRESCEGELTwS, Sa-) £ 72 —Ficiz 1 e 2 BRH Y, 2
B 50-0 X7 2 =113 AGA DRETRICEVTERIRL T2 28, JFERETRICIT
FREFEIL Tz [21-23], 2% W, 2M50- YV X7 X2 =D, TAPRAT B Y
% DHT 1243 2 R i L e ix &l # F 7= L Tw %, DHT [Z#ieiiNc7
v Eu T v A L, BITIHFER T TGF-B oM %2 TUET 5, TGF-B
FEAFEMOEE FEAMIICERLCT R = X 2FE L, EBRMRAR
kX R GERITHICBITS 2, COMR, BEPTRDICKET 2HTICI=F a7
fbL., MEBlL+ 2L E25NT w3 (Figl-6) [12,24], T4, hfigic X 32 Bk
JERD 1782 7 =7 VoIt ), BERI=FaT7dsdREIN
T3 [25], KEDQHEICE W TIL, Fz il EMME E 2HTIC, Bio K EHO
BEBMRITED., BBRPLDN-E L DIREED kenogen & MEITH 5 IR 23kt
T2 EBPMEIEO—KEEZLNTWDS [26,27],
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Terminal Hair Vellus Hair

Fig. 1-6 Scheme of miniaturization of HF The progressive diminution in the size of
scalp follicles during balding takes place over several successive generations of hair
cycles. From: Montagna W. The structure & function of skin (third edition), 1974, 172-
258 [12].

1-7. B O S

BRI IE. SO REFEAE CHRIERBEE T 2720, Bl L L
THHLBWBELEZLON TV, TRETOMEDS L1, BEICEDW -
Y cifrTbiC& 7z, BUBEEICIIED BRICEEICEURMZIY &<
circumferential (pilo Raffini) fifE#ARBELE L. B35 20K & N7 R OJE A % Ik
HTsEEZLNTVD [28,29], ZOAMICiZ, BOEBENCFITICHR> T +
— 7 ROE A T MR R BIFE L. EXD TR, EOB) X % EA

LT3 [30,31], Fig. 1-7 I Montagna 23 &8 L 7= EC B O #ifF D 7345 i o
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TOBEAXZRT [12].
t b OEUREBE ORI X, KA 29 BEICIRE V. BRZE 35 I IZMPR

BRI L TW3 [32]

Fig. 1-7. Diagram of the disposition of nerves around a small hair follicle From:
Montagna W. The structure & function of skin (third edition), 1974, 172-258 [12].

1-8. HiHA R AR

MERAREA R DG 10D W T, HRALEW). K2 7 v P o= v RICE W TosEE
MCHr SN TE 2 [33], 67 R EDHEBICITFFICHKEL TE Y, LEOMER
IR DSFED DD [34,35], MIPRFHFEIRIZ, & P OB THREL T3 Z
EBMEINTVEH DD, EDOMBEIAUC DV TITIHL I TR T W 7R,
MERFIFER L. BTICh o C7 + — 7 ROMEE LT 2, MK ZnZ
MISBHIARRERER & S I, MR DR HER > 2 7 vl idic Bl £ h 7= K
M 7aiEz LT 2 (Fig. 1-8) [36]. MERFHFEHR DBk 1L, FLE M K1

Koo BEUOBERICEL, SR IRKR Ry 27 villlzicEbh T, EBEOD
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Rlly7m & WAET 2 MHE IRy = 7 VHlIBICE 2 b v | EhiZR 2SI
Ky av vHifdoEiic Xk o TENTHEET S (Fig. 1-9) [33], MR OE
il oI, BT LERMIETH 2 S ERET (ORS) D ELJERR & #ifRH R A5

LTk D, BEDERO W % 81529 2 & BRICK LIRS R S Bz O X
FJICHEILTnWB X HIcH 2% [30].

MR AR & BO LR REMAGIL, EUOMEICE W CHAIIEFRT 2 &
FEZ b A T3, BULHIER OMHR R 2MIE 3 2 B IE, BE LR
Bl D = v FTH 2 SV VOB TH V. =7 RITHBWTIL, BEERICHTE
TR, BOLRABMIEOLEEMEICELS L Tw 2 LomEAInTn
[37]c BT L BCRERHIAD L KB D AHEIRIE D KR, R EEHIIE O a8 & 72 5 23,
R EUINd 2 &, BUEERHMEOLEEAZM L, BEOFAERESK T
% [37]e —JiT. BULERBHMASMHREOMEDEICEEG 35 2 &2
HO2 LR, B0 EERMME= v 7 TH 3 0 CHEE & MRS R O

EEICEEREEL D 5 EE 2 bW T WD [38],
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Fig. 1-8 Schematic representation of the lanceolate nerve endings of a vellus hair
LNEs are aligned along the longitudinal HF. Modified from Halata Z. J Invest Dermatol
1993, 101: 75S-81S [36].

0 \ .

. 7'7 -~
\ tSC (type 1) ) J
\ / 1SC (type 1)

-~

~

Fig. 1-9 A diagram of the palisade nerve endings in rat pelage. Modified
from: Seguchi H. at al., Anat Anz, 1989. 169, 225-234. [33]
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1-9. IR A A v e — L EEMETHBERICL2ETIES 774 —

E OO MMEE DML, < F CEEAE T MBS (transmission
electron microscopy; TEM) % Fl\WCTHrbi T & 7z [39], EE O IME N L ME-L %
DREFICHET 2 REMIES T v Fad 4 b Tld, TEM % w7 3 ooz
&b Raf SN TE 7 [40,41], 2 DTETIE, BEIRIC KRS Y R R0
YR 2 L7 Y v Kl L RO R O Wi % . TEM CHife L CHUS L.
B opum DE AT 3 RICHMEL MR %15 2 . EFEEY] o B, JEF I R
THAROFEM B I L XD [42].

EVFOME ST ICE T, EEME T HEMBEBIEE (scanning electron
microscopy; SEM) b VoSN TE 72, SEM X, BED X2 —F 4 7 AW
0 X5 i FICEEERE O MBI O BIZICH b, BRI o BlE I lE A
A% Ch D, BIENRBPBH L TG, HZ NS 2 »idfbsEric
FIEEL 720, BRI - TAh ) Tl LZY %2 & T, SEM THIZT
%7 OBIHRKRE BT X2 25 HEORRBZTONTE R [12], EEITHWL
T, BERKS % EDTA ALV v 20c X 0 Rk L bR R0 o 2 K
BRT 2 HEPHCOLNTE 72 [12,43], TERE MO EBMIMENOBILZE & &I,
I (IR 287 L, BHE 28 L L7z 0B | BEREESr 2 KEE(L 7 ) ¥ ZOKISH T
WIRE L, FRo 721 2 Bl 3+ 2 85ALE S FAF S L7z [44, 45].
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Z 9 Lievh, SR EA R E T SR (field emission-SEM; FE-SEM) 735
Fah, EVRBOBRICOILICHEI NS X5 Ik o7z [46], BT D
BFHAHVE T B —L2D0F%2/NILTHILBAREL A, L&
IIRRE R BIR S VIBE & 72 5, BT HiD DI I N7z E 1 1d. SRR 35 X D
OYIEIEH L KRBT KHET, X MELRET 5, MR OBIZIT X,
HBHZ AV F—D/NE 78 2 XKETFHAEMAINE, 77, mzarF—{lloKx
WEF FFR 2K 2 WEICKF L, TTRFTPRE WIT L HEF DI
BIEIRELARY MEEREBE 2 C L ICFHIN TS, KETETFEZRAL 7224
YAkl FE-SEM BlZICiZ, @ a v b 7 A b %152 720 1 GURHEl o G 3L & 44
WEIN ARIVALA, FAAMNNKRF L VIV N REDESFEDOKIGEENT
19 OTO YetuiE A — M ICH W S, TEM IS8 5 5105 [47].

IWHA A v v — 2GEERETUEMEE (focused ion beam-SEM: FIB-SEM) 1T 1,
BB OE IO A, k2 #CUIEIT 2 I0R A4 A4 v e — o238 # s n
ThH ., AEREOMNT & ERIFALHEICEET 2 & & 3A[RETH 5, T
EBoN-EGRIZEGUEY 7 F 2w CHEEI W, £EOHEBICOVWTET
BEMEEL VT 3R E1E2 2 E BN TE 3 [48], WEK. TEM TR -
=BAOWEEE 2 & © 72 3 v 13, RiILE % L 72 FIB-SEM Z Hv: %
ZiickoTHREL RS LEDNS,
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BT FEZ 774 —FEITE, SEM ONEIC XA Y E Y V-4 7838 I N,
EAXEY FFHA 710X 28] & HRIVGZ AT 5 2 & 25 Re e B Mg
(Serial block face SEM: SBF-SEM) ., W+ 7 I 70 b =LA X o TER L 7=
HEYI R %2 v zos— 75 iR LGk CRI%E T 5 FiE (Array tomography) b
FAFE T T2 [49, 501, IE4FE. BERHANTSE DI IC 35T H FIB-SEM 230

X o T3 [51-53],

1-10. JEFBAMEE & IR A 4 v v — L ERRE FHME 2 A G b 72 3 Xoukt

BRI BIR

JTETIE, OIREEICIRA A S 0 | HIlEN O HINDO S T D fRtE R R TIc iz +4r &1
EAR BT DREZTR 2 0113, REE TIEMBTER 2 L T\v 528,
HW D513 41D CIR O L7zl L FEE L v X ) & iciy, BT
PEPSER B 21T 5 DIIART Tl e v, NETHBISHMEEE (correlative light and
electron microscopy; CLEM) & M 5, — D DFRHI L CHRABAIMER & &

PAEE 2 AHES & 2 T 3 % k2% 1960 fEHEHD HIThIL T & 72 [54] . HEH
TGtk oL & & IS CLEM bR E L7 [55] » b fTbh T3 Fik

2 HOERIE R IR CRTBAMERBIR 21T 9 TR TH 5. IO 2 v 37
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B &2 SO L. HOCBEMER I X Y FBEERAL 2 [FE L. TEM ® SEM % F v Cilf
fCDRTE% @\ fRRE CEISE % 1T 9 [56]. CLEM 2 w5 Z itk -T, #l
fk-CHIEN T D HOEWE DAL E P & & Fh v ic L, % o JEFH OBl E
BB CT T 5 2 L A3 AREL I o7z, L> L. BETIE CLEM DjEH
B25 7\, Hiid FIB-SEM T (TR O FEE % il T. L RIS 231 e T H % 25,
S OIS L — Y —BEMEE & FIB-SEM % #lA &b+ 72 3D-CLEM %\ 5 Z
LIC X o T, FEE L LN co #EE 0 /TER . 3 Rt o il % g

ez ermaeensdtBbns,

1- 1AW D HAY
TG OHERE. BRIIIC 31 2 G2 LI 13, MRS 2 MR o M B1F A3
AURCTH B, - BAUORE LR L. EAIICHE S EofRe X CMEZL
ik, BERE ORI L A~ PO BE E R R BES L Tw
%,
ARIFZE Tl EOORECHAEL TR T 2 720, BEICE T 2 B3R
fat#z bnTwsiEafiE (DS) Miids X vEFLE (DP) MifdicowT (G§
2 ®), 7, SAVVHEBOECY EERRMIEO L RELEICES 5 & X s MR

R ICOWT (3 %), HilUEEROE R Ok D E TR IS 2
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ICTE d o it 72 3 RouWiiGE % . FIB-SEM & X U 3D-CLEM %\ %
eI XKoTHOLNICT 207k MLT 52t 2HIE LT,

% 2 B TlX. FIB-SEM % Hl\W» CEEKE 0 EFLIH (DP) ¥ X UHiA#EH (DS)
IC BT 2 MR O TERE D E IS DV TE % 1T o 72. FIB-SEM % i\ 72,
BEREE 3 ROCMMIEE DBIRILZ T L 72, 2 OFER, 2 hE TIEWRA R -
7-. BAIE (DP) L#HAMIEE (DS) IcB 1T 2MELMIED 3 UMD E N %
B S 2 L7z, & S ICHliEOZEED & DP Ml ic R e & v oy 7 B % R
L7ze F72. BIREIC B 2 MBS R MAE O MBRIEEE IC DT 3 Ry EmT
{1272,

F3FE T, b FEKICEH T 2 BB OMHREREERIC O W TEIT Z 1T,
MR e R T x4 2 RS BEMEE & TEM 2 A& b ¢ 72t E T BB
(correlative light and electron microscopy; CLEM) % L7-, % DFER, Zh
FCAHTH o7, BEDETICEH T HMHRMRE RO AZHSL 2 IC LT, F
7o, S L — 9 —BEMEE B X O FIB-SEM % flA &b 72 3 RITEE THIBE

2k (3D-CLEM) %MV L, EEOEC, HHK S 2 B cOMHR IR O R
BICOWTHHLICT S & &b, BEICET ZMRMREROMEZ R L
oo DT, I=F 2T L BB BT 2 HRRER DS IcO W, IEH
REALEOUEITV, I =F 2 7L =BT DMK ERIR, HEOEED
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MR R L VAR AR L 2o I L,
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% 2% FIB-SEM #H 7z, v M EIAERIIC BT 5 MERMAED 3 XjT

RIREE AT

2-1. 5

MIEERAMIECcH 2 DP Mgz, EBwoR4E L ERIHFE IC S W CEEREH
R7-L. FE=FY v 2 2flaoEhEic b B5 LT3 [57,58], DP ffigo
RO EERFED 1 01k, BUFERETH 5 [16,59], B2 b L 7= DP
Moz, LML BA L CRNICEAT S L, HizhBUBBHKING, v 7 R
B B MR IEERIC X 0 | BERE OSSR (DS) ofitd | BJKR (basal
plate) D FH#EICIFET 5 dermal sheathcup (DSC) #lifid (Fig.1-2) 23 EW % FHE
T2 Lhb, DSC Mific d BCUFLRELRD S Z LRI N3 [4], £
DRKIIFEAHEORZ IICHEL., ROEBIEREEAHDOI A X KREwE I
% [60], & MicE T BERIRIZE N ED &, DSC e % F v 72 B Sl I
XV EBEZDEZEVPKLS b Z &R, BhEL 7z DSCifgs EFLHE~HLY 1A
TN, BHLHOMESLHEHOMFFICHFSE LT eE2LN T [61],

~ v ADECIC BT 2 MRS A 5 RS S RIE#IC 2215 ¢ DP #ifd
DEUL BT T 2 23, BIRIAYIAIC B RAHE o DS MR 235> 2451
T LRI, BERPICE VT, DSHIlEIC X - TR o iR & DP fildo
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a2 frbn s LEx o [62], X HIGESE DS fildid. =7 X OffidEk

KERIC X o> T, DS Mg BFLIE~HATS 5 Z & 2R S 41, DP iifid o sk g

ThdLEZOLNTWwS [18], DS ifigix. 5L 7z DP Mildz & iz 2]

REMEDSH 5 Z L ARI T2 [19], BIRESOR)EEICFHI S 2ilast < + Y

vy 7 ZDFEBL, BAPIICC L TELT 3 L bE TN T3 [63], DS iff

JaifE G 3 ok s a7 —7 VHENICTELE L, S BATHA < I3 BHBE 7o il

TR L 72 W EADE S [7], 2 5ic, DPfiide DSHifidix., ¥+ v 7#ié%x

NMLTHY P 7 =2 %BHRT 2 Ll LT3 [64], T4, DS #5817

o EBANMEOHME T 2o T3 Z & bRE s [65,66], 2nbDHEIT

EAHEZHY T DS MBI BB TEET 52 L2 RLTWS

25, FEHHEEA S 22 Tld e v,

A, GEEME THEMEORTEELE 2 ETRIES 7740 -1 &

ERE TSR (TEM) & RMROmGEZ AR L, REREOHEETHICH T

TETWw3 [48 51, 52],

AWFgeclt. TEM L ¥ A 4 v v — 2GR E FiEMEE (FIB-SEM) % {#i

LT, B OMIERMIE ORI 2R EZH L 21032 2 L25afEnr & ) 5

o225 2 2 HIE L7, T 0IC, Z DRERSG O Lz Al & H 2 &5

L7,
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2-2.  EERHE
2-2-1. #H

bt b BRI, 28 7%, 42 5%, 50 %, 59 ikd & U 68 B OHEFINORR
ICHRE & Tn o 7= PR BT IR 2 O BRI L 720 RFZEIX, ~v sy v ¥ HE OJFHNICHE
> CTHEAR e MaHRERICX VAR I NI,
2-2-2. BERERIC BT 2 AT RE O fiEd

b MR ER-RIERE UM L. IRl IR L Cw s BW 2, R
WM rTcr vty PEHAVCHEEL 72, HEEETIRLARNCRE S T0» 23X
#Itic, BREIME DL 72 [67-69], HEEECIT 4% T FVLT AT v FEE
UV VEREE A AR (PBS) ZHWT, —WBh 4°CCHE L7-, PBS Tk
L7=DH, 0.5% Triton X-100 % & PBS 1 X 0 FEEULE % i 30 4317 - 72,
BT, 3% v VIIET V7 1 v, 0.05% Triton X-100 % &% PBS Z# H\WC 7
0y ¥V 7 %% 30 175 72, 2 pg/ml HCS CellMask Stain  (Thermo Fisher
Scientific, Waltham, MA) Z &7 1 v ¥ Vi T 30 0t %17 - 72, PBS TUE
# L 7-D %, Hoechst 33342 (Thermo Fisher Scientific) Tt %17 > 72, ik}
7L T — b ical i UL SUBEMEE LSM700 (Carl Zeiss, Germany)iZ X 0 #1
BxiT-o7,
2-2-3. FIB-SEM ¥ X U8 TEM #5550k o 8
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K Ccomal i I Tw 3 FiEznicilbl 2 FR L 72 (48], 50 B D
SHEZ X 0 B EC 21597, HEEETIX. ~— 7 A 7 A F —[EERZ HW T,
4°C< 3 KfEEE L72D B, 1.5% potassium ferrocyanide, 2% PURE{LA R I ¥ L
ZET A A VNVEBREE T 4°C T 1 FFREIEE L7z, T HIC 1% FAH LR F
b 7Y FKERZ W TERT 1 RREIEE L. 2% PR A 2 3 v 20KEHK %
AW, 4°CT | IFMEIEE L7z, 5IZHEE. 1% FFEY 7 = VKIsR % v C,
FCT—MEIEZIT o7z, T HIC, TAXNTF VEHH/KIER CTEim 30 7D 7 =
v Itk T o C, TR 7 =N X DKL 7z, BEHE = K * S 8iE (Epon 812,
TAAB Laboratories, Berks, UK)IC &2 L 60°CT 72 RifflE & L 72, ffflgla v v b 7

171 b+ — 2L EM UCT7 (Leica Microsystems, Vienna, Austria) ZF\»C, bV I~

7 %iTo 7. 80nm [EOMEHEYIF 2 FR L, @&@ERE T BEME H-7100. H-7600
(Hitachi High-Technologies, Tokyo, Japan) TO#IZRICHE L 7z, 155 Nz EHRE D

[Hi{5 1% Adobe Photoshop CC2018 I X Y E ¥ 2 — ¥ 2 %17 - 7=, BIEHIZEEE

IZ$Z7 L. MC1000 ion sputter coater (Hitachi High-Technologies) 1Z & b H&-% 7

VY LEE T T,

2-2-4. FIB-SEM [Hj{§ ® HUfS

R U 72508 % Helios660 FIB-SEM system (FEI, Eindhoven, Netherlands)
A LIRS T 20 kv T C. BRI D 2 XKE Ko, EEOBIEHEE %

31



RE L7z, 30kV A Y T AL F v =L X D INTEEZYIHI LB X272,
BT 2kV T CRETE T4 % R L 72, Auto Slice & View (FEI) IZ X Y. 30nm
DAL & EERAUS % 28 BACAT W SRR Z 15 72 o R IZAHEE 3072 x 2048 pixel,
6 us dwell time THUS L 7z,
2-2-5. 3RXTTHBROBHBEEE LI A v T —v a v

MR X Avizover. 9.2 (FEI) 12XV T A v 217> T, (ViEdT Lz
L7zDb, 3RIGHHEEA 1Tz, ~=aT7MIC X OMilalE%E L —xL, 3K
TLRHERR 2157,
2-2-6. R LG

SHFZ 1Y 4% XT KAV LT AT e FEED PBS ZHWT 4°CT—HREE L 72D
B, 30% A7 8 —RKAERICIKRIRIEL, OCT. av Xy vk (2777
AvFsvr) KGMLZ, 277443270 —=2412X D 10 pm EOHKEU R %
ERIL 7z, 10mM 2 T VAR (pH6.0) ICIRIE L. 20 43 O BLEIC X 9 it
JFIRIGE 21T 2 720 3% U ¥IMET A7 3 v, 0.05% Triton X-100 % & ¢ PBS % i
W7 a vy ¥ v I KIGEER 30 43717 - 72, $T SPTBN1 $ifk (abcam, UK) % 4°C
T—MRIG X 72, 2 v b =it isotype IgG control (abcam) % F\ 7z, —
RPURITIZPLY ¥ ¥ Alexa-488 (Thermo Fischer Scientific) % F V> 7z , Hoechst 33342
(Thermo Fischer Scientific) 1 & 0 ¥t %217 o 72, L RBEMEE LSM700 <#l
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EK1L T,

2-3-1. BEKEICE 1T 5 BIZER MO AR X IR O LI KA 2

BRI ICH T A MERME O M A2 HE S 27201, MEKEz LG 3
CellMask % i L < DS OffiigfEie % altfft L 7= (Fig. 2-1a), & N AL %
B < DS Mgz, Bllicn LR mICEE L 7225, DSC Miigid EFLE D K
Iy o TEFI LT 72 (Figs. 2-1b, ¢,

KIZ, TEM Z v, RO EKE O DP Mg & DSC e O il 7 g~
MR Z B L 72, TEM IC X 2 BERES A0 ® v 2 — 2 2 HfRIZ, EHRFIcE
\F % MAE o IEHE 7 JRTE & TERE % 7R L 72 (Fig. 2-2a), DSC @ _Efilicfi7i&E 3 % DS
felix, EOICH LT ICE S 2 7 —7 VIERICHEE L, NEB O &
WHIEE % L Tz (Figs. 2-2b,¢), HJERTIE, DSCMifdiz% o X 5 icHfiv
SO & RFEREEE LTz (Fig 2-2d), FEERK & BAHEOM D
% (stalk) ICHZES % DSC Mok IZ. Lo DSCH#ifgds LU=tV v 7 %
DIMAID DSC AL & Hik L C/EA > 72 (Fig. 2-2¢), DP MifizfEME% L 728
TH -7 (Fig.2-2f), Fig.2-3 123 FF—fREM BRI D TEM G %13, 3
N —DEKE D DS, DSC. DP, EEKRDZE (stalk) I 31) 2 HZERMIE DT
fE13 Fig. 2-2 LAk CTH - 7=

33



CellMask
Hoechst CellMask
Hoechst

Fig. 2-1 Distribution of mesenchymal cells in the DS and DSC in anagen hair bulb
(a) Scheme for the observation of DS and DSC cells. (b) Cells (arrowheads) aligned
vertically against the follicular axis in the DS. (C) Cells (arrowheads) aligned along the
bottom of the DP region. A small number of DP cells was left after the removal. Cell
membrane: red; nuclei: blue; blood vessels: asterisk. Scale bars = 10 um (b) and 15 pm

(c). Images are from hair follicles of a 68-year-old male.
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Fig. 2-2. Overview of an anagen hair bulb in an anagen HF (a) TEM micrograph of
the region of the hair bulb, which includes the basal plate (white dotted line), dermal
papilla (DP), dermal sheath cup (DSC), matrix (Mx), and DSC line (black line). (b—f)
Magnified images of black rectangles in panel (a) show mesenchymal cells in the upper
side of the DSC (b, ¢), lower side of the DSC (d, ¢), and DP (f). Black arrowheads: DSC
cells; black arrows: DP cells; asterisk: blood vessels; dashed line: basal membrane. Scale

bars =20 um (a) and 10 um (b-f). Images are from hair follicles of a 42-year-old male.
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Fig. 2-3. Morphologies of mesenchymal cells in anagen HFs TEM micrographs
indicate the regions of DS (a - ¢), DSC (d - f), DP (g - 1) DS and the stalks (j - 1). Dermal
papilla, DP; dermal sheath, DS; dermal sheath cup, DSC; matrix, Mx; outer root sheath,
ORS. Asterisks: blood vessels; dotted line: basal membrane. Scale bars = 5 pm. Images
are from HFs of 28- (a, d, g, j), 50- (b, e, h, k), 68- (¢, f, 1, 1) year-old males.
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KA, RATHWIH O BERERIC 517 2 BIEE R Ml O TERE 2 -~ 7=, TEM O %€ v
£ — ¥ 2 W, BRITHEEICRRN MR ZTERE N Tkt o7z
23, DP DGR MG CRIER O BRIV CTE Y | BITHWIHORE TS 5
Z & %R LTz (Fig.2-4a), BITHAVIHO DSC fifdoikiz, <P Y v 7 X
DIMA D BRI HF & B L THL KL 22 (stalk) & DS AAZIZIGHE L T2 X5
ICEIZ X N7z (Figs. 2-4b-d), B DSC#lfidiz. AR a7 —7 v o d
CAY— ik L EOHEE 268 LTz (Figs.2-4b,¢)e 2 7 —7 VHRHED /5 W
PEiZ, Sl TE b, BPERRHEDS R0 b7z (Fig.2-4d), FEIEK DX (stalk) 1S
&3 % MEERMAIE, DP e & XAl3 2 o 3 WEECH > 72 (Figs. 2-4e, ). 1BIT
W) o DP fiigix. MEHO DP Mg i L TX O AL, kW& TH o7
(Fig.2-4f),  Fig.2-5122 FF—0REMRTEEKIT D TEM R %2R~ 3, BITHE
U/ L N7z 2 FFH—DEEKE O DS, DSC, DP, HEJERDZE (stalk) ICH1F 3

MR AT DIZRE 1X Fig. 2-4 LRI TH - 7,
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Fig. 2-4. Overview of an anagen hair bulb in an early catagen HF (a) Cross-sectioned
TEM micrograph of the region of the hair bulb, which includes the basal plate (white
dotted line), dermal papilla (DP), dermal sheath (DS), and matrix (Mx). Black rectangles
are magnified in panel b-g. Magnified images of black rectangles in panel (a) show
mesenchymal cells in the upper side of the DSC (b, ¢), lower side of the DSC (d, ¢), and
DP (f). Black arrowheads: DSC cells; black arrows: DP cells; E, elastic fibers; asterisks:
blood vessels; dashed line: basal membrane. Scale bars = 20 pm (a) and 10 um (b—f).
Images are from hair follicles of a 42-year-old male.
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Fig. 2-5. Morphologies of mesenchymal cells in anagen HFs TEM micrographs
indicate the regions of DS (a, b), DSC (c, d), DP (e, f) and the stalks (g, h). Dermal papilla,
DP; dermal sheath, DS; dermal sheath cup, DSC; matrix, Mx; outer root sheath, ORS.
Asterisks: blood vessels; dotted line: basal membrane. Scale bars = 5 pm. Images are
from HFs of 50- (a, c, e, g), 68- (b, d, f, h) year-old males.
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2-3-2. DSHlifgiZ= 7 —7 v #iE o hRE I E Lo T 3
TEM IC X 2% v &2 — ¥ 2 liff 2 &, BEEICTAE S 2 BZERMAIE, e
fric k- ¢, Ml RELR 2 LEZ N, £ 2T, KEIHEIKREICEH T 5
2N R & BRI I 3 2@ iz, DS, DSC, DP & X UEER D%
(stalk) DEIZERMALAE FIB-SEM CaffllIcfifbr 217 o 72, 3. DS #HIH O
W% 3472 (Fig. 2-6a), Fig.2-6b I FIB-SEM IC X Y 5 5 7= DS FHEis o Hif
B D> O FHESE 21T o 72 3 RICHIRZ /" $, 11.8 X 11.8 X 30 um®IC F Y I ¥
7L Ik, AVEREE, KR, DS#EEo 27 -7 VErE&E s, FIB-
SEM 12 X % 3 RITHE#ESURICIZ. 8 oD DS MifaABFEL., 2hFnHin 3 8
1T~ L7z (Fig.2-6¢), DS #ifgiz, HERICHET 2 30 a7 —7 vEoHf
Wofgic, Bl L CiEfT L CEAE L7 (Fig.2-6d) . 3 KICHRESRE S &, DS
MAIZE C M L 2R CTH O . 2 0o 13U RRETH 5 Z L ARSI L,

M o FBlLAfEE CE wicE L Tz (Figs. 2-6e-h),
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sl
(351/551) (370/551) ———

Fig. 2-6. FIB-SEM images indicate that DS cells have thin flattened cytoplasm and
are connected to each other at protrusions in an anagen HF (a) Surface of a cross-
sectioned hair follicle embedded in resin. (b) Three-dimensional reconstruction of the DS
region in the black rectangle in panel (a). (¢c) DS cells depicted by eight different colors
(yellow, green, pale pink, blue, pale yellow, pink, pale green, and purple). (d) DS cells
existed among collagen bundles that formed three layers. DS cells resided within the
middle layer of collagen bundles that are ran along the orthogonal axis of hair follicles.

(e, f) DS cells contacted each other at the points of small processes.
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b

Fig. 2-6. Continued. (g) Serial sectioned images of the cell-cell contact by ‘finger-like
protrusions (black and white arrowheads) indicated by a bold white rectangle in a panel
e. (h) A magnified view in a white rectangle of panel g. Asterisks, traces milled by FIB;
DS, dermal sheath; DP, dermal papilla; c, collagen. Scale bars = 20 pm (a), 7 um (b-e), 3
pm (f) and 1 pm (g, h). Images are from hair follicles of a 50-year-old male.
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2-3-3. DSC AT EIEIR D 2 7 — 7 V#RHEICID o TIETE L VNGRS 2 At
P A

XKIZ. FIB-SEM % fl T, EREHIEIRERICH 1T 2 DSC #Mifldd 3 Ryckid % fif
#r L7z (Fig. 2-7a), DSC fHI%#% FIB-SEM I X YW BI& L . 155 7= sfi iR %
FREEE L, 33.1x122x21.0pm’ i€ bV 2 v L7z (Fig.2-7b), < DFEIKICIZ 7
DD DSCHIfEBFE L., Bind 7T L7z (Fig.2-7b), EIREBOAY 7HEE I
o THiva 7 —7 VDS ECH L, % ORIC DSC Il ERET 5 2 & 23 5
P& 72572 (Fig. 2-7b), DSC MlEIZFo Ml E 2 A L, MleE oK DS
MG & bl L < FH 72 5 7= (Fig. 2-7c) o N e 2862 A3 DSC AifE © R 1H 2> & i I8,
FEHER D i CH AT L T/ (Figs. 2-7d-g). Fig. 2-5g 136G T % B H{R %
Fig. 2-7h 127" 3, Fig. 2-7Th DHKIETR L7 X H T, 2 DD DSC M2 8% 3
LERT AR S A7z, IR (X, ERE L 72 12 OBERICD T o TRR® b L,
#1360nm EUNTH B Z L AL DL o7z, & 5 IC TEM #8155 b DSC i

DZGROEMIL, ¥ ¥ v THOGHKOMETH 5 2 L BRB X 17z (Figs. 2-7i,)) o
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Fig. 2-7. FIB-SEM images indicate that DSC cells have thin flattened cytoplasm and
connect to each other at protrusions (a) Surface of a cross-sectioned hair follicle
embedded in resin. The border of the DSC and matrix is indicated by white-dotted lines.
The observation field is indicated by a white rectangle. (b, ¢) Three-dimensional
reconstruction of DSCs shown in seven different colors (pink, blue, yellow, purple, pale
blue, gray, and green) with serial sectioned images (b) and without them (c). (d-g)
Magnified views of connecting points between DSCs are indicated by white arrows from
the rectangles of panel (c). Small and thin protrusions elongated from the cell membrane

and connected to each other (white arrowheads). The inset is magnified in panel d.
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Fig. 2-7. Continued (h) Serial sectioned images of the cell-cell contact by ‘finger-like’

)
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protrusions (white arrowheads), which are shown in panel g.
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Fig. 2-7. Continued (i, j) Small protrusions contacted via gap junctions between DSC
cells in the white rectangle of panel i (white arrowheads). Scale bars = 100 pm (a), 5 um
(b, ¢), 2 um (d-f), 1 um. (g, h), 500 nm (i), and 100 nm (j). Images are from hair follicles
of a 50-year-old male (a-h) and 28-year-old male (i, j).

2-3-4. DP iz L7-fEEzFib, FOUOLD XS BEETHET 2
X b, FIB-SEM ZHWw T, MERMMDEIKERICEH T 5 DP Mildd 3 RockiE
% fiEEtt L7z (Fig. 2-8a), DP D#EAZHIR X D 15.9 x 10.7 x 13.0 um® OFEEZ + U
IV LHEEEL 72 (Fig.2-8b), ZOfEICIEa 7 —7 VERHfEIZED b g, 3
20 DP MBS FAEL, ZhE Bzt L7z (Fig 2-8c). DP fildo 3
KICHEIE 1%, DS MifE. DSC Mg & K& < B/ o> Tz, Bk T/R 3 DP i,
SYI U 7= MR & Sy G 2 S N2 R R D | fho 2 © @ DP Mg o 4y
g% Bv, AWICHE TEL Tz (Fig. 2-8d), DP flifgFEt:258 9 2 fE 1%,
[(FOUOS | O X5 RFHANRIRTH D L3 bh o7 (Figs. 2-8e-g). Fig. 2-
8g ITXE 9 2 @KL M{R % Fig. 2-8f IC/8 L 7z, Fig. 2-8f DRI T/RT L H T, 2
2@ DP it oMl 13 39 Richb7z 0, # lum YT 2, C oMigis
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X, ¥v v 7S TH o7 (Fig. 2-6h),

Fig. 2-8 FIB-SEM images indicate that dermal papilla (DP) cells have thick
cytoplasm with branches and connect to each other at protrusions (a) Surface of a
hair follicle embedded in resin. The observation field, which is the DP area, is indicated
by a black rectangle. (b, ¢) Three-dimensional reconstruction of DP shown in four
different colors (DP cells; pink, blue, and green; basal lamina; yellow). (d) 3D
reconstruction of DP cells from a different angle to panel c. (e) Magnified view of a black
rectangle of panel d. ‘Palm-like’ protrusions contact via gap junctions (blue).
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.

Fig. 2-8 Continued (f) Serial sectioned images of the ‘palm-like’ protrusions in panel e.
The two DP cells contact by gap junctions indicated by white and red arrowheads. (g) A
magnified view is shown in a white rectangle of panel f. Gap junctions are indicated by
black arrowheads. Scale bars = 100 um (a), 3 um (b—e) and 1 um (f, g). Images are from

hair follicles of a 50-year-old male.
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2-3-5. DSififig2> & DP #ifld~DIERZA LIL, HEKKDZE (stalk) TR 3
EEH ORIEERMIEOIZEE X DP & DS TR K E AZE280 b, MilgoffiE
IZ DSC %5 DP ICf4T3 2 KR D stalk TEAL T 2 L WIHREIZ LTz, 2 &
T, DP OE T D stalk NOFERMEOMEICEH L7~ (Fig. 2-9a), FIB-SEM
RO CGEEHSRZIS L, 33.1 x 122x21.0um* I b Y 2 v 7 %{To T, 3K
TCHEEGR %157 (Fig. 2-9b), stalk TIIEERMEAZECTH b, 28 ORISR
MR AR HA 7o X 2 — v Z2IR T a2 7 — 7 VERHMENICHETE L 72 (Fig. 2-9¢), 1HEF
DOHYICAIE L 72 5 D DOMIZERMILICEH S 2 &0 L&, D% b DP ICEWTHE
ICAZE T 2. Tl 2% Y DSCHlCH 2T & Mt LT X Y 50k L 74
fagE % Fio T3 2 &R0 bz (Fig. 2-9d), il (Figs. 2-9c-
eDTARXY R TRLTZ) X, HOMIEE ZH L7z (Figs.2-9,f), X 51,
fk s CR I REIZE R ML, KL MR L o R [Fo UL O XD ks
RO D, JIIBHEE A O R TY, fth D BITEMIE D 2B E % @ A& HTH W IT

# L 7= (Figs. 2-9g,h),
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Fig. 2-9 FIB-SEM images indicate that mesenchymal cell structures change at the
stalk of the basal plate (a) Surface of a hair follicle embedded in resin. The observation
field, which is the stalk of the basal plate, is indicated by a black rectangle. (b, c) Three-
dimensional reconstruction of DP, which is depicted in 28 different colors. (d) Five
mesenchymal cells located at the center of the stalk in the basal plate. (e, f) 3D structure
of mesenchymal cells from different angles in panel (d). (g, h) Each cell contacted with
“palm-like” processes indicated by white rectangles in panel (d). Scale bars = 100 um (a),

7 um (b-f), and 4 um (g, h). Images are from hair follicles of a 50-year-old male.
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2-3-6. BERESIC B 1T 2 HEERMNE O MBS ICa 53 2 0F

FIB-SEM O 3 RITHHERG L U . BERE O RIZERMILOJERE L DP & DS Tl
KERENZD bz, DS Milgs X O DSC Mo FHZME OTEE L. DS
IC31F % a-smooth muscle actin D FEHUAKAFE T 5 & & 2 b7z [70], £ T T, DP
AT D 73 IS e & HERF 9 2 I B g 2 BRET L 7 #REEHIIE < 13, WihsR 3 X ORIk
R D X ) AiidEt& 23 F/E L DP Mt D r i ic b BIG L Tw 3 D Tld7z
W & F Z AR R O MR E 2RI R R KT % Il A= 2 b U v (SPTBNI1)
CEH L [71], SfEfidtic X v, BRSSO DP fifdic SPTBN1 D FEHLA

2 bz (Fig. 2-10),

SPTBNT

SPTBN1

SPTBN1

Fig. 2-10 Representative images of fluorescence analyses for SPTBN1 (green),
and counterstained with Hoecest33342 (blue) (a - ¢) Immunostaining of SPTBNI1. (d)
isotype IgG control. Anagen hair bulbs were from 59- (a, d), 42- (b) and 68- (c)year-old

male occipital skin. Bars = 100 pm.
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2-4. #%%

w7z FEIC X 54558 % Table 2-1 IZ/R L7z, T TIATHONTE ZEBEKE D
AT T IE. S BEMET S TEM % F\vw T, BEGEH O DP, DS, HJER 0 HJR -2
fifast= U 7 2o EFIHIC X 2 2L T~bNTE 7, £7 DP filgicow
TiE, MR E OFIACA NI A 7 HHME TN T35, fllofEZgicownT
FHRE T T LRy, KIFETIE, & F OEEK O BERER O MEE A ML HE % 4t
fE SR, TEM & X O FIB-SEM % H\» T, IR 3 X OFFEAH 7 fl AT 03 ] e
228D DIRET R AT 0 Teo Z OFERL MRV 5T & B ET S TEM 7213
TIHBE T E e o - BEREBHEZERMIE O MM 2 S Z O 2 icTE 5 2 &2
R c & | L SEAREE B X O FIB-SEM @ E£2EY)2 0 5 238745 B o Bifig %
FDDLZLICHMTH D Z LRI NI,

SRR BB X 0 RN EIC B T 3 BEREE o MEEAMAZIZ DS, DSC,
DP O ZNZNOHEIKIC X W IBHERER 2 Z LRIz (Fig.2-1), 61
TEM 851 X 0. BRI LRITIAVIIH O Ba ©id, BERER 2 MRS 2 FEERA
NaDTEREN B 2 T L AR I 7= (Figs. 2-2, 2-3, 2-4, 2-5), DP ffigid. HKE
W & e SRTHIMI T X Y B HAAE L 72 (Figs. 2-2f, 2-4f) . sBATHIWIH 0 B8
Tlx. 2 7 =7 vt mE»Lbiv, DSC fildoFiEIEAHAITH - 72,
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(Figs. 2-2b-d), E@BMHIMLEMNTIC X V. v F BE AL, EAMHCE
WL BRI EISE 2 SBT3 T, 37— v ERHEDBLIA & Y T
DER 5 MBS EE IS E L 2 2 L BB S Tw 3 [7]GB1TH)
o DSC Mg, EHHD & DS Ml ic Bl L 7-JEfe %R L7z (Figs. 2-2b,
2-4b), TNHDZ & H b, BITHAWIHAIC BB AR LM ~BIT LI o 2 BRIC,
DSC it oS AE L 3 e E 2 b, i, BITHMHICE T 5, [
2 ofEZ L L Mlask= Y vy 2 2% iR, EwicBS L Twa T
DIRE & N7z,

ERIC BT 2 SR OEZ L 2 BRE S 2 7D 1T i, & & ICFEM 7 i
WhELEZ b7, % T, FIB-SEM W\, WEMELDOEEKIICE
i 5 HIEER MO 3 RITEB AR E AT %47 o 72, FIB-SEM IC X % 3 RICHi{§
ix. DS, DP, DSC., HJEK stalk #ic 5 1F 2 B R MO 3 KICH:E O R %
7~ L 7= (Figs. 2-6e, 2-7c, 2-8¢, 2-9¢) . FHEM) 7l E g 1L, DS #iifid & DSC
HIfE I3, DP Ml iz & cd - 7= (Figs. 2-6e, 2-7c, 2-8¢), FHLJEE
stalk HiCix. DSCilid & DP fifldoFt % b >, /=Ml & 72z 43 2 il
fapile bz (Fig. 2-9¢), fEfflfkgetar 5. SPTBN1 A% DP Aidic FEH L <
W3 Z &R X 4, DP HIRE O IS ICF S L v B ATREME AR R & L7z (Fig.
2-10), IEHEGSE 2 TR - RS 2 72013, DP Mifg I3 R miE o K % Z2fiaiE
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rRBEETLEEEZONS, DSHIIEIX DP Mol ch 3 L Ex LT
WaZeEnbd [18], HilkiEcHd 2 DS Hifge DSC Mg s < ¥ 7 i i
JEEEZIEHKLTWwa Z &k, AHENAEEcCh L LEZ b,

I b, FIB-SEM IC X % 3 Roukidfitrid. AIEERMIE o Mie s & &
LS iz L7z (Figs. 2-6e, f, 2-7d-g, 2-8d-e, 2-9g,h), DS, DSC I3 55 CHfih L
Twi 23, DP #ifldidfia L Tz, BERE © M3 %M e ol o i B A 1%
Connexind3 DFEH B ME T NTH D | Bl E#ENT X DP ML o S

HlEFX vy THEATHIEMEINLTV S [20], KEFHics T, DS fiftic
INEWTEI B b ¥ v v TREGRROMIIIESE 235589 b 117z (Figs. 2-71, ). DP #fl
fic BV TiE, ¥ v v THEA DU 3 KItHE 2 & 2> & 72 - 72 (Fig. 2-8e).
INHOfER LY. DS #fifig, DSC il ¥ » v 7Hié& 5 DP g CldFeE 3
5T LHERT, TbIT, BIREOREERMIIZEE AT 3 XITOMILD 4
vy b7 =2 BT B ERBE Nz, BT O BEOBRHEIZ, Ca22s DS Ml
B a -smooth muscle actin DYUEZFHEFHT 5 C L B ME I LT 5 [66], T

LD Eho, MERMIED X ¥ v FHiEIE. BRAICH S BEOEZRLIC

24

HLTw3iEeEz bz,
FIB-SEM #i%2ic X v . DS #fifid & DSC fifi@iZm <. Ao »H 225 —4
U HHED T ICHBEH LT\ B 2 & AR A7 (Figs. 2-6e, 2-7b). EULCHE.
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TAAE % 5o X — A A eI AT & b IR 2 FREER MM —fiCcHh 5 T
a4 b, B, KRR, TR, MEORMBICHFEEL, 2 v P 7 =2 ZBRL
Tw3 [40,52,72, 73], —J7. 27 —7 VIEORICIEET % MEFE MM &
Ml IE 2 2 e 3 2 liie & ofifldBia 2 LTl A v 7 — 27 2B
T3 [74-76], BEHND a7 —7 v olmZIEMmETH 25 2 Lo, AR

(DS) IcH) 2 MERMAL, Fric DS MildOEE-C a 7 — 7 v RHEN D Rk
RiZ.EENOTued A4 X0 b, AL BOBEEICHLLTWwE EFE 2 bNT,
FIEIR stalk FITERHAOHMORDF L2 213 L, FEWAEEZ L TH Y,
EEHBEICE T, FEERK stalk 58 & v 9 i TN X 2 fEiR T, BERMED
JRen3 23 %, BRIBIC 51 2 BRI OMEEZAL % fRIH 3 % 720 1T 1, B2
JGLISL DA D 2 7 — 5 v ot & IR OB S b ERT 5 Z Lai—
Bhe a2 Lz,

AR DFERD &, FELEMEES X O FIB-SEM & \» 5 #i 72 Bl FE OIS

23 BEREROMZERMAL oMM 72 3 Rochnd& 2 A3 2 LT, JEFICH %

S b TRAMIRTE L 2 MEER MR OISR ZM O 252 2 L5 T
L, Rk, BB EIE R E ORI R 2 R CTE AR H 5 L
bz,
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¥ 3E 3D-CLEM ZHAwWw/t F EHECEAHEICHFE T 3 MRERKRRKO 2

i & 3 RITHMIR ST

3-1. #35

BB EADHEF;, EROMRICERABAELFF O L FKIC, EQO LY
Y. EERRMEo =y 5L L CHEHELRHEBTH 5,

T, KFICE W TEEICHRERE S N2/ NRETH Y MERMOEE A
TEHEZRZ LT3 [83], TEDRPFICIZMHESRYKS T, A7 Al
% circumferential (pilo-Ruffini) 7 & OFIFEREA, FFICHINSZ 2545 3% ICHATE L C
W5, BBEIC RO EREIL, BEBEPICHEE T 2 MibREFFEAEER (palisade nerve
endings) 23 AL T3  (Fig. 1-7, 1-8) [29, 31] . MRRHFRAR 1T BRI I
RELCHEL, BORIAMICH>T7+—27RICBHLTHY, ZhFho
PRERAER 2 R (lanceolate nerve endings, LNEs) & R3S [84] , B
WIRI ISR 12 350 T MR R 28 B & o SME I iGHIR 126 A TV 2 D i o
X2z b s [30], Fig. 1-1 ICRT & 5 ic, BEIHE L 02 0B Eojw)
MFERPICE O THBELIR LR AELTH 5, WERIZEE K%

sriflfid = v FISEEE L T % [85,86], ATAE. MIMAFREASRIZ BT _EECREMIY
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D oEATNBMMESN~ Y v 7 % (BGFL6) i< X Y s s hcnwi e
DIRE X Nz [87].

7 v b DREIT BT BHHRARRER TId, BEOROCHIRER X 0 IRE L, 6%
FIRKERY 27 villdicBbn Tl Y BEEORHYTH & iET % i
RMR Y 27 Vil E NEE T 3 2 e s d T3 [33,88], 1H#B X
CHBDMERY 27 VIO TZREIIFHEII A _ A 7 O F WA T 5 2 L 3T
%2 [33], ¥V ADEKEICEH T SMPRMEK R ORI, KBEEEKZ A %
(low threshold mechanoreceptors, LTMRs) DfflAa& b TR INTEY . 2%
L ABRA-LTMRs., A3-LTMRs, C-LTMRs & XAl 313 [89], ¥ 7 A DAL T,
BEMREEE 0 F % 4 v T H % Piezo-type mechanosensitive ion channel component 2
(Piezo2) ZSHIRFHFEREAICFEB L . BEMAIRIBEIC N 3~ 2 o 7' F MR O A D
TZHRETH D 2 EPWE SNz [90], T DX DT, HIPRERRIR & BEZOAE
7B Y &, Z oS IcBE T 2 IEM g I h T & 72,

MERAREACR D RS AT (3. FERG ., R G & DL EHMEER D 5
W ILEE I E TSR (TEM) CEERE FIHEMEE (SEM) Ik, ~Tv R, 7
v, Ay Ry VL PR ELL OEYOFE, REE. TEZHVUTD
NTE7 [35,36,91-93], L2rL. b F OHERMAFRERICOWTIZ, BT ICHE
Bz TR TONTE D 0D, EEELFEVICHOEDLS I HELR &0
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METIHIZEA LTI TV [30, 94, 95], b b DIEEZIL, BPIDIREIC

ERK WA, e F DGE. BElIim o

"HH]I

CE R ZINE Y FRICBETIZSE
TRy OB EZ T, REHZRVCTEED X ) ICHimIcl <723 C
LN T WS (2 =F=271) [96].

AWFZETIE, e — FEEREE 2 VT, v FEHKIC I T 2K OMHA RS R
DHEEF LR EWPALPICT B EEZHME Lz, & bIcHfE M
TEM 7% fH & A& b & 72 8 1M B BA B 81 2835 (correlative light and electron
microscopy, CLEM) | 3 X O£ mi BAMER & FIB-SEM % #l A &b+ 72 3 D- CLEM

T &b, MR RO E 2 S 20 ic g2 2 e 2 HIE L7,

3-2. FEBRHIL
3-2-1. #K

b M BT, 29wk, 41 %, 48 5%, 48 k. 51 %, 59 B OMETFIl
DERICHRR & 7n o 7R EEEERZ 2> H AL L 72, RBFSEIX, ~ v v FH S DO JFHI
WiE- T, BEAEE e MalRESIC X VKR I N,
3-2-2. MRERE

MBI Ic O Wi, AETICHRE S Cw 3 FIEEZ TIciT o7 [97], SHEE
Z FEJE L HERIE iR coriT, BEEEZ 4% NI A LT AT e FIERT—
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WREE L 72, PBS CUEH R, BRSO T IR 20270, ERlir v
v FEHAVTEI K2, 0.1% Tween20 &H-PBS (PBST) T L
#fToTe ZDH% 1% v VIMET M7 1 v, 5% Triton X-100, 2.5% Tween20,
0.05% 7t PV v LERAPBS EHWC3HE 7 vy ¥ v 7 %{Tol, =V
AP PGPI.5 Hifk (abacm, AFREK 1:100). ¥ ¥ ¥4 S100 B HifA (Proteintech, i
B 1:100) % T 37°CT 7 HRE 1 XKIUERIE % 1T 2 72 PBST Z T, 4°C
T3 HREWEEHZ1T 2 72D B Hi~ 7 R Alexa-Fluor 594 IgG (Thermo Fisher Scientific,
R 1:200). PT7 ¥ ¥ Alexa-Fluor 647 1gG (Thermo Fisher Scientific, 7ifR¥%
1:200) . propidium iodide (PI Thermo Fischer Scientific, #f3% 1:5000) % FH> T,
37°CC 3 HIf 2 XYUERISH L St 21T > 7, PBST ZfwT, 4CT3 H
Mk ziT o720 b, LA A X 7 =V RH|THiK L 7z, Dichloromethane (Sigma)
¢ dibenzyl ether (Sigma) % F\W»CEIAL 21T o7z, Jeo — M BAMEE (Lightsheet
microscope Z.1, Carl Zeiss) % F\» CH[{§ % HUfS L. Imaris (Bitplane) 1€ X D 3K
JUHIR % R L 72,
3-2-3.  #RER Ik

BARIE. 4% X TRV LT AT v FIEHT 4°CIc T—MREE L 7z, PBS Tk
%, 30% A7 v —RKFEWT 3 K@ L, OCT = v Y7 v F (Leica) I
WLz, 774 FA%y b (CM30508S, Leica) %\ T, 50pm EDE G R %
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EELL 7z, Free-floating IC X Y —# D REGE % 1T - 72,

e S PEAMEREEI R I . 3% 0.5% Triton X-100 &4 PBS I % C 30min
BEL7ZDbH, 3% BSA, 0.05% Triton-X100 &4 PBS iC X b i< 1 K 7
By ¥V I E{ToM, & LI, 4CTIR 1 RYURKIGZ 1T - 720 1 RPURITIZ
~ v ZPT PGP9.5 Uik (abacm. #AFRK 1:1000). 7 ¥ FHT PGPY.5 Hiik (Merk,.
ZFEK 1:200), ~ 7 AP CD200 §iifk (BioRad., #FHHEK 1:1000). v ¥ FH1 S100
PUA (Proteintech. AR 1:2000) % 27z, 0.03% Triton-X100 &4 PBS T
g, SEIRT 2 Wi 2 KPUESIC 21T 2 720 2 RYUKICIZHL= 7 R Alexa-Fluor
488 1gG (Thermo Fisher Scientific, A7 FRF 1:200). HL7 ¥ ¥ Alexa-Fluor 488 IgG

(Thermo Fisher Scientific, % fR¥ 1:200), HT 7 ¥ % Alexa-Fluor 488 IgG (Thermo
Fisher Scientific, A7 fR¥ 1:200). $iL v ¥ ¥ Alexa-Fluor 594 IgG (Thermo Fisher
Scientific, A 1:200) ZfEH L 7=,

CLEM iEic iz, ik % 1% BSA, 0.05% 71t bV v 4&%F PBS ©, £
T1RfE 7 ey v 7 L7z0b, <7 AP PGPI.S Hiifk (abacm. AR 1:3000) .
7 % P S100 B YUK (Proteintech, AHHEK 1:5000) % HWwC, 4°CT 2 H[H 1 X
PURKR)IG % 1T - 72, PBS TP, Hl~ v & Alexa-Fluor 488 I1gG (Thermo Fisher
Scientific, #iFR*¥% 1:200). P17 ¥ ¥ Alexa-Fluor 594 IgG (Thermo Fisher Scientific,
FRE 1:200) % FV TR T 2 B 2 KIUARRIE % 1T - 72
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CLHHT S T BRI 1. SR E 1% BSAL 0.05% 7L P Y v Ak
HPBS C.ZRTIKE 7 vy v 7 LzDb, =7 XHT PGPI.5 Piik (abacm,
A HR 1:3000), 7 ¥ FHi Piezo2 HfF (Atlas Antibodies, FHIE 1:5000) % fiv>
T, 4°CT 2 B 1 XIUARIE 21T 272, PBS THif#&, #1~ 7 A Alexa-Fluor
594 1gG (Thermo Fisher Scientific, FMFE 1:200). 4 F VEFRILY ¥ ¥ IgG

(Jackson Immuno Research, #ifR3K 1:200) % F\» TR T 2 B 2 KPUE G
1T o 72, PBS Ty 1% . Alexa Fluor 488 FluoroNanogold-Streptavidin
(Nanoprobes) % HWwC, i< 2 KIS L 72,

Hoechst 33342 (Thermo Fischer Scientific; %3 1:3000) 1T X Y Y% 1T -
72D %, Vectorshield (Vector) IZ X b 7L o¥F — MiCH AL 7z HfE S BAME
LSM700 7% FH \» C B AR & B L 72 o Imaris 1€ & 9 3 ROTHIBR Z B L 72,
3-2-4. TEM

LR ABARER B I 5] i T BARTICHRkE & L7z Fik % v C TEM k&
TERLL 72 [98,99], MHAMFEECKZ &R IR 0.1M U VRS (PB) %MW
THHL, 3% JAZATAT e FEH 0.1 MPBICX Y 4°CT 10 77REE L 72,
BEVT 1% PUER{LA R 2 7 A& 0.1 MPBIC X Y 30 2 [EDK b TRREIE 217,
2% WElkY 7 v KB 2 T 4°CC 30 rfiifta L 72, &lkHx, LRz % —
WRIICHIKL, 7L v A4 x4 F v TR F U fE (TAAB Laboratories)
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ICEHL 60°CT 3 HEEAGI 2, Y7 178 —24 EM UC7 (Leica
Microsystems) % F\>C, 80 nm JED#EYI A ZFHLL | 1% BFEEY 7 = LK
W VA v PR CE TR E LT o 72, 3FHE TEM H-7600 (Hitachi High-
Technologies) % F\»T, #HZE L 7=,
3-2-5. FIB-SEM

LR RBARER BRI 5] i T BARTICHRE & L7 Tk % v C TEM k%
EBLL 72 [48, 100], MHREREEKZEDUIR X 0.1 M H 2V VEERETR 2 H v
THEH L, 2.5% JNEZANTATE R, 2% X7 FRVLATAT e FER 01M 7
I VN BRRERRIC X W OK T 10 pEEE 21T o720 0.1 M A1 3 ¥ VEERHRK C
P L 72D B 1.5% potassium ferrocyanide, 2% PURELA R I D L&FH 0.1M 4
I VOVIERMERRIC X VK BT 1 IR 2T o 7o, MUK TR L DB, 1% Y
FRfbA R I T LIC X WK ET30 pREZRITo MK THRIFLIZD B, 1% EiEE
7 7 = VIR & W T 4#°C BB % 1T o 72, MK THeis L 72 D 5 Walton’s
T AT XV ERSKIBI T 30 Rt T o, LA T X 7 —VRAITHIKL 72
Db, TRFUEBRICEEL 60°CT3 HEEAG S ¥/, VL7178 =24
EM UC7 # T, BIfEEmD b Y 2 v 7B X 0HHE L 217, SEM OEE
ICHLY fFF, 4 4 v 2%y £ MC1000 (Hitachi High-Technologies) 1 & b, H%
NSy LTHEE LT,
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X kHZ FIB-SEM Helios660 (FEI) @ 2 RET & — LiC X Y AR ELH O E %
ML, BEROEF R LT TEOBEHICHSOIRER 2K L 72,
NEEBE 0KV OH Y a4+ ve—2L4 (FIB) X0, BUIOBERZHZL X
. MEEBE 2kV., NEEET 0.2nA OETFHDH AL 2 N ET X D Hi{RZ 5
720 RIS IZMRRFE 3,072 x 2,048 pixels. dwell time % 6 psec TfT - 7z, Slice
& View software (FEI) Z 2T 30nm &> FTFIBICX Z3MT & KHETIC X
ZERIS 2 DR L, EEEREZIS L 2%, AE0a vy P 7 X b EKELL 72,
3-2-6. 3XTUFEES LIS A VT —va v

b N7 BHHR 1T Avizo ver. 9.2 software (FEI) ZH W, (VBTN ZHHIE

A

L7=Db ., 3RTCHEREZTo 77, X HICHIES & i, MBI - TlaEs % Hil

LR o 3 Xtk & 1572,

EHDOKE X LR O SO W C OB LEIEZ TR 2 720, B DR
T 7 NS S U 7= U 1o U AR AR o> S e bt 2 47 o | S FE RUBEMER 8IS I
LV EonZzEBREzM 7, 20O DEIRICH L, Image ] D77 74 v Cell
Counter % F\> T, MIbRAHE 2 ff K 3~ 2 PRSI R OB B A GEER L 720 A
MR EET 2 EUOHERHOERICO\WT Imaris ZHWVCEHHIL 72, 4LER
FHOERED I % B ERIOEREI NI WL KRE WO 2 Bl T,
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R R OB E N EBRBOERICONVWT, vV K4 v b =—UBEEZ{T-
720 p fl 0.05 RiiZ#elIcERE L Lz, FF— DEMR & MbRFFIR D%

DT, B XY EEERR S X CHBIRE Z KD 72,

3-3. fHE
3-3-1. & b EEHEAEIC I T B MR AR o SO ok b

b MEEICE T 2 BOEFEICEES 2 MR MR 2R 2720 BB O
AT 2T L 72, FHEREWILEE (iDISCO) % v CHERK 2B L, fifei
s LRy 27 vHildo~—5—TH 2% PGPI.5 (protein gene product 9.5) &
S100B (S100 calcium binding protein B) % F\WC, HERE %1757, Ky — T
PEMBTEZIC L 0, 3ARDEEL L3 BHOR T, | KOKED KRR T
I PGP9.5 [51E D K Wi RAE % 580 72, fthd 2 RO BT XA & 2 7 bR iz
T8 b o 7= (Figs.3-1a,b). T8I0 3 KOEE L ZEBRICE TN
21 ARKDI=FaT7{LL-BEICE T, HERMPREESZED bz, o2
A DOIEBITIIMERARR 1ZZED SN d o 72 (Figs. 3-1c,d)o I =F 2 7 BICIFLE
L 7= iR A 12 B0 b R MR 2> & 72 2 B O 1E T ICHriE L <\ 7 (Fig. 3-

1d H&HD),
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Outside view
Inside view

S100b
P

S100b
P

Qutside view ) )
Inside view

S100b
PI

S100b
Pl

Fig. 3-1 Neural networks at human scalp hair follicular units by light-sheet microscopy.
(a—d) Whole-mount immunolabeling of PGP9.5 (green), S100B (magenta), and PI (red)
shows innervation surrounding HFs. (a, b) Neural plexus (white arrows) at a terminal hair
within three-hair follicular unit. (c, d) Palisade-like lanceolate complex (white bracket) at
a miniaturized hair within three-hair follicular unit. A pili: arrector pili muscle; Epi:
epidermis; HF: hair follicle; SG: sebaceous gland; SwG: sweat gland. Bars = 200 pm.

Images from 51-year-old male scalp skin
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% ZC. Figs.3-1a,b 1T/ L 7= MEIRDE FICIEAE S 5 MR HEDS, HIRRFAe
THL0HEET 2720, BUICH L REICHY) 2 (F8R L LSRR S X
O TEM Z A A b4 72 CLEM EIC X Y Bl 21T 5 72, PGP9.5 I X U S100B I
W B REREICID, 2RKOEWUL LR EHAND 1| KOELLIC PGPI.S X
U S100p THPLth X N WREDTEIE L TV 3R F 2 2 72 (Figs. 3-2a¢)s b 5
— i 0EIAIIE, oY DR OERFYI A TIEED b kh o7, T HIC Fig.
3-2¢ TH L 72 PGPY.5 5 X UF S100p TH Yl X N7z kR ic o\ T TEM B %
fTolt b HNERMOERMOIER I T, T Fav F U 7 OEE il
RBER Y 27 VHIfIcHEE Tl A T BT 25K 3 1, MR AR o i c

»5EBD LN (Figs. 3-2d, ¢) o
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&3S (L ; : P B 54 2 E
Fig. 3- 2 LNEs at the terminal HFs by correlative confocal laser and electron microscopy.

(a) A transverse section of a two-hair follicular unit immunolabeled with PGP9.5 (green),
S100B (red), and Hoechst 33342 (blue) merged with differential interference contrast
image. (b, c) Magnified views of a white rectangle in panel a. Lanceolate nerve endings
encircle part of a HF. (d) Transmission electron micrograph shows the ultrastructure of
LNEs in panels a and b. (¢) Magnified image of a white rectangle in panel d shows that
lanceolate nerve endings are aligned along the basal lamina (black arrowhead) outside the
ORS and sandwiched by terminal Schwann cells. Ax: axon; C, collagen; E: elastin; HR:
hair root; ORS: outer root sheath; S: terminal Schwan cells; SG: sebaceous gland. Bars =

200 um (a), 20 um (b-d), and 1 um (e). Images from 51-year-old male scalp skin.
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KT CLEM #E % T, BE 0 K7 1) T DR AREE O il i % AT L 72
(Figs. 3-3a,b), MERMFRIZIE OKEOWERICHZ I, Ibav F)T7ToH
BRI BRI oM ORI S X CRER Y 2 7 VIS L Twv Bk
Tz b7z (Figs. 3-3c-e)s X BT, NAVHHIBDO~— 71 —TH 3 CD200,
B LU PGPY.5 1T 3 5 et & v . MIbRHRE (3 BN v P HE D CD200 5

P DS BRI 5 ICALE L T\ 7z (Figs. 3-3f, 2)o
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L1

A. pilli

Hoechst

Fig. 3-3 Cross-sectioned LNEs at the terminal hair by correlative confocal laser and
electron microscopy. (a) Cross-sectioned terminal HF immunolabeled with PGP9.5
(green) and Hoechst 33342 (blue). (b) Magnified view of a rectangle in panel a. (c)
Transmission electron micrograph of the white rectangle of panel b. (d, ) Magnified
images of white rectangles of panel c. (f) Terminal HF immunolabeled with PGP9.5
(green), CD200 (red), and Hoechst (blue). (g) Magnified view of panel f. A pili: arrector
pili muscle; Ax: axon; Epi: epidermis; HF: hair follicle; ORS: outer root sheath; S:
terminal Schwan cells; SG: sebaceous gland; Bars = 100 um (a, f), 20 um (b, g), 2 um (c),
and 1 pm (d, e). Images from 51-year-old (a—e) and 38-year-old (f, g) male scalp skin.
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KT, HfE RBAEE & FIB-SEM % fH A& 4 72 3D-CLEM £ % T, #&E
DHHAAFRE D 3 KITHMMREIE AT % 1T - 72, E QO REWTHE YA 1k L, T PGP9.S
B LU S100p DRIER Z AT o 7o, SLEE RTBEMEREIER 2> S MR 23520 &
N3Y R B L0, VIR NOMHRREOALE % FE L 72, MR I 3 RoEQ
257 5 BHNO 1 ROLEICED b7z (Figs. 3-4a,b), [Hl— DTN
BT LEFE Y R ICHIPR R 13580 & L 7r 2> - 72, FIB-SEM (T X U | Fig. 3-4a
DU NICFED b 7= MERIFE D 3 KT FEEASR % 15 72 (Figs. 3-4c, d) . FIB-SEM
X W ELNZERERE 212x16.7x17.0um> i b U 3 ¥ 7% 70 HRR RS
BRDE T AV T —vavikiTolzb 23, TOMEBICIE 2 KOWBRIFHRILK
DIETE L7z (Fig. 3-4d), 2 AOBMMREH R omZRIE, T8, TAKEK 27 v
B DN TV BERTF2BHO 2 L 72 b (Figs. 3-4d-g), WhERIF N AE RS 2 7
VillE o giciE T va7z (Figs. 3-4d, e ARHH), X HIic 7Y

Ry 27 villldD D2 &, iR 5 EEBD/NE RIS ZEH L T
LRSS 2> & 78 o 72 (Figs. 3-de-g BRIH) , MEHIER2S T BIKEK > = 7 vifll
falicBbNT VBTS2 & 7o 72 (Fig. 3-4d-f BRH), #iRAEELOE
fl BN O fEIR TR, TSR Y = 7 villldo =it ic e T w72 (Figs. 3-

4d,e ARIH), TRy 27 VHIlICE DI TV -E1ZR X, BEOEGHIC
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BO TR Y 2 7 vl IcE 2 b 28T 2 € 2 72 (Fig. 3-4g).

Fig. 3-4 Three-dimensional reconstructed images of LNEs in a terminal HF by 3D-CLEM.
(a) Transverse section of a follicular unit immunolabeled with PGP9.5 (green), S10083
(red), and Hoechst 33342 (blue) merged with differential interference contrast image. (b)
Magnified view of the white rectangle in panel a. (¢) Surface of the three-hair follicular
unit embedded in resin. (d-g) 3D reconstruction of two LNEs marked by the white opened
arrow in panel c¢. Axons (purple) face the basal lamina (white arrowheads). Type I and
type II tSCs are marked by green and yellow, respectively. Asterisk marks the nuclei of
tSC (d, e, g) and the two processes originating from tSC are marked by daggers (g). Ax:
axon; HR: hair root; ORS: outer root sheath; tSC: terminal Schwan cells; SG: sebaceous
gland. Bars =200 pm (a, c¢), 30 um (b), 4 um (e, f, g). Images from 51-year-old male scalp

skin.
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3-3-2. I=F 2 7L L 2 BEIT BT B HIRRIER O BRI & AR

KT I =F 2 TALHRR R O A & 12 D\ T CLEM i % Bl v CTRRNT L 7=,
E it LRI /ERL L 78U R icxf L. PGP9.5 & S100B T4} L T Hujis
et 2T, HESEMERE AR 2To 72 L 25, fibRMRIZEE D

LN UBEHRICIEA T w2 E-F 23 5 22 & 72 o 7= (Figs. 3-5a,b), [Fl— D]

/

FICH L TEM B %2{To7- A, 3=FaT7{bL2BEICBNThL, KEL
FERIC, I bay ) 788 ERERIRKmy 27 villdckE Tz (Fig

3-5¢,d),
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Fig. 3-5 LNEs at the miniaturized HF by correlative confocal laser and electron
microscopy. (a) Transverse section of two-hair follicular unit immunolabeled by PGP9.5
(green), S100P (red), and Hoechst 33342 (blue) merged with differential interference
contrast image. (b) Magnified views of the white rectangle in panel a. LNEs encircle the
HF. (c) Transmission electron micrograph shows the distribution of LNEs (white
arrowheads) in panel b. (d) Magnified image of the white rectangle in panel ¢ shows that
LNEs are aligned along the basal lamina (black arrowhead) outside the ORS and
sandwiched by tSC. Ax: axon; C: collagen; E: elastin; HR: hair root; ORS: outer root
sheath; S: terminal Schwan cells; SG: sebaceous gland. Bars = 100 pm (a), 20 um (b, c),
and 500 nm (d). Images from 48-year-old male scalp skin.
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I=FaT L AEUORMTHICH L, ATICERL ZY R iIcsn»Th,
MR R DS BEITH o TIFE L T 72 (Figs. 3-6a, a’, b), B L 7-LE 1,
TP ERMRE B iciiE L T Y, I=F 27l ZEWTH D LFEE
L7 (Fig. 3-6a), IZRITEBCICH > THAEL, R 27 VlifICEL CTniz

(Figs. 3-6c-¢)o F72/NE R EEPFEEHIRICI2 o TRIBL TV 2T HHIEZ

bh7z (Fig. 3-6d).,
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Fig. 3-6 Cross-sectioned LNEs in the miniaturized hair follicle by correlative confocal
laser and electron microscopy. (a, a’) Miniaturized HF was immunolabeled with PGP9.5
(green) and Hoechst 33342 (blue) in the serial sections. (b, ¢) Transmission electron
micrographs of the white rectangle of panel a’. Axon (green), terminal Schwann cell (pale
blue), and ORS (yellow) are assigned pseudo colors (b). (d, €) Magnified images of white
rectangles of panel c. Ax: axon; DP: dermal papillac HF: hair follicle; ORS: outer root
sheath; S: terminal Schwan cells; SG: sebaceous gland; white arrowhead: sebaceous duct;
black arrowheads: basal lamina. Bars = 100 um (a, a’), 2 um (b, c), and 500 nm (d, e).

Images from 59-year-old male scalp skin.
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X o, HEHBEMEE & FIB-SEM # A&+ 72 3D-CLEM % W, 3
=FaT b L-BUEBELEL 25 (Figs. 3-7a-c). MERHREHERI ALY 2

7 VHilicBb N T AT R X b vz (Figs. 3-7d,e).

Fig. 3-7 Three-dimensional reconstructed images of LNEs in a miniaturized hair follicle
by3D-CLEM. (a) Transverse section of a three-hair follicular unit immunolabeled with
PGP9.5 (green) and Hoechst 33342 (blue) merged with differential interference contrast
image. (b) Magnified view of the white dashed rectangle in panel a. White arrows mark
LNEs. (c) Surface of the follicular unit embedded in resin indicated by dashed line in
panel a. (d, e) 3D reconstruction of two LNEs in the black rectangle of panel c. Axons
(purple) face the basal lamina (black arrows). Nerve endings with branched processes
(black arrowheads) are enclosed within terminal Schwann cells (yellow). Ax: axon; HR:
hair root; ORS: outer root sheath; tSCII: type II terminal Schwan cells; SG: sebaceous
gland. Bars =200 pm (a), 30 um (b), 100 um (c), and 6 pm (d, e). Images from 51-year-
old male scalp skin.
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3-3-3. b PHEMKEB LU =F 2 TIALEOMHRAFRIC 51T 2 Piezo2 D FEH
SHIX DB CICHAET B MR RE S B Z N 8 & L CHRRES 2 iR 2 72 0,
HHRHFEIC 35 1F 5 Piezo2 D FEH % CIHF e E FBAMEE T~ 7z, BU O Rl
FECxt U, W cfF# L 72Ul % Piezo2 35 X UF PGP9.5 ICh 3 2 g ta %
fro, HESEMEEZ AW TBZEA2{To7 e 2A KES LI =F 2 T{LEK
B THIHRARAE R 2HTE L TV 27238 2 & 1172 (Figs. 3-8a,b,d, e) . Piezo2
LT L 28 a a4 Fid, SR XUKREY 27 VHllICREL Cwd
(Figs. 3-8¢,f) s —#B D Piezo2 ICXf L TR L 722w A F L, #hiZE s X 0K

v a7 I o MR I @R L <\ /2 (Fig. 3-8c. f FAKHI),
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Piezo2
PGP9.5
Hoechst

Piezo2
PGP9.5

Fig. 3-8 Piezo2 is expressed at LNEs and tSCs in terminal and miniaturized HFs revealed
by pre-embedding immunoelectron microscopy. (a) Transverse section of a three-hair
follicular unit immunolabeled with Piezo2 (green), PGP9.5 (red), and Hoechst 33342
(blue) merged with differential interference contrast image. (b) Magnified view of the
white rectangle in panel a. LNEs (white arrowheads) are located along part of the terminal
HF. (c) The distribution of Piezo2 (black arrows) in axons and tSC of lanceolate endings
of the terminal HF by pre-embedding immunoelectron microscopy. (d) Transverse section
of a two-hair follicular unit immunolabeled with Piezo2 (green), PGP9.5 (red), and
Hoechst (blue) merged with differential interference contrast image. (¢) Magnified view
of the white rectangle in panel a. LNEs (white arrowheads) encircle the miniaturized HF.
() The distribution of Piezo2 (black arrows) in lanceolate endings of the miniaturized HF
by pre-embedding immunoelectron microscopy. Ax: axon; HR: hair root; ORS: outer root
sheath; S: terminal Schwan cells; SG: sebaceous gland; Asterisk: miniaturized HF. Bars

=100 um (a, d), 30 pm (b, e), and 500 nm (c, f). Images from 29-year-old male scalp skin.
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3-3-4. REF I =F 2 7LBIC BT ZHMHRFFRAER OB D ik

HBEL I=F 2 7{LE'D/NEL & 117 HF & Kt HE Off]o LNE O % Lk
T 570, BOICH LERTHICYIR Z/FR L PGP9.5 3 X U S100 8 THuEG
L, HESEMEEEIR %17 - 72 (Fig. 3-9a-d), BUAKIC, 6 4D FF—» 615
LNTz 76 KDEWD 5 b, FNHREGREIC X ) MRS REH T 5 24 Ko
EEICO W THHA MR O L SV ERIOERZ R L7 (Fig. 3-9¢), SAEMRED
EAEDOHIEIL 166.1pm TH o7z, HREICL Y 20D 7 F AKX =157 1F, =
Ve Fd A4y b =—D URETo772E 24, MHREREOKIZ2 2D 7 7 2 % —[H]
T, HEEFED LN (p=0.0021), FF—DHEk & MR RO R
W, HUAIX K Y BIRERR S X OMHEBIRE % Rk 72, it & MR RS D %X

DRI ix, HBZERD bt o 7= (Fig. 3-96),
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Fig. 3-9 Comparison of lanceolate nerve ending morphology between terminal and
miniaturized HFs. (a) Transverse section of two-hair follicular unit immunolabeled with
PGP9.5 (green), S100B (red), and Hoechst 33342 (blue) merged with differential
interference contrast image. (b) Distribution of LNEs (white arrowheads) in terminal HFs.
(c) Transverse section of a four-hair follicular unit immunolabeled with PGP9.5 (green),
S100B (red), and Hoechst 33342 (blue) merged with differential interference contrast

image. (d) Distribution of LNEs (white arrowheads) in a miniaturized HF.
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Fig. 3-9 Continued. (¢) Quantitative analysis between number of LNEs and diameter of
ORS in HFs from six donors. (f) Quantitative analysis between number of LNEs and
donors’ age. HR: hair root; ORS: outer root sheath; SG: sebaceous gland; Asterisk:
miniaturized HFs. Bars = 100 pum (a, ¢) and 20 pm (b, d). Images from 48-year-old male
scalp skin.

3-4. FH

REICIE, s — b S, L6 L — % —BEMEE. % X 0 TEM, FIB-SEM

RWT, b FEHEEWICE T ZMREEE D9 & JH R 72, MR IO w

T, INFTICHVLNT X =FiEkE X UORBESTICH W ZFFEIT DT Table

31ICRL7z, E FPHEFKICE T 2MEIX., TNETICHERINTE 8P DIRE
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ICHEARE MR RS R TP O EIZ EFHEL Tz, & FEHEOMEE

IC BT BRI R DT EE I I B\ Tt BREL <L G A #i P I 8152
PARETH 206y — FHEMEBIR. & 52 U o s L — 5 — WS CHibR ke
KERZFIEL7ZDbH, TEM % FIB-SEM %A b THET 2 FiEsG2T
hotrrEZLNT,

Jev — PEMBBIRICE W TREDEFBICED DM s 7 2 2 =13,
CLEM LI X 2 BOOREWIMEIZE 2 O MR T % L [FE S 7z (Figs. 3-1a,
2b, 2e), HMHRMROWIH OB O, BEOWERITHIE 3 5 MR O B %

EIE, PARTICHRE S iz e b OBE QMR eRE S FHEIL T 2 2 & 23 B 2T
o7 (Fig. 3-2¢) [5], F7z. MHRMRIINEBRIEOIMINICE CHFEL Tk
(Figs. 3-2¢, 3b,8b,9b), —J7. I =F 2 7ALB T 1T 2 HHR R Ot i
LA, BED DD EFEETH o7z (Figs. 3-1c, 1d, 5b, 5¢, 7b, 8e, 9d).

& 512, 3D-CLEM % w7z b PEERZ IC 1) 2 KB OMIPR IR D 3 RITHHRE
GRS, B XN OKEKY 27 VIO ZSE & il 3R o 22 BI (% 28
HH & 22 & 72 o 7z (Figs. 3-4d-g), MHRMPFED 3 RoTHHEEG T, DATICERE S
727 v b OEREBICE T MR QT A b Pl S iz ' T MBI T
[33, 88]c #EEICHATET D MR MR ORLE I 2, L3RI e i T IR Bl
XY, Piezo2 2t PHEKOKEL LU I =F 2 7L EOHIR S X TR >

83



27 VHIRICRIR L T3 2 L 238D bz (Figs. 3-8c, 8f)o A EDZ &5,
b FIHRZIC BT 2 B OO L, BRI OBz A & L CHRE S
5LEZ LT,

o, b FHERICEWTH, MHR#IFEDS L P HE O CD200 51 D ILER
OO L CEET 2 2 L 20, BA EERBME= v 7 2R iR R O 1
EOMERFICPF G L TV 2 0[REME2RE & 7z (Fig. 3-3g). MEIRIERIER 23 BREN
DEDEBCICTEE I NS 2> & v ) FEFUCIT, MHRFERE R ORFEICH 5§
% Semaphorin 3C %, MHAFFFRAE R DY) 7 ¥ % — v TERL & BEAE R D I 1 44
%75 epidermal growth factor-like protein 6 (EFGL6) 72 & D43 T 23B85- L CT\» % %>
b L7 [87,101],

b+ DEES lanugo hair ICF T 2 fHRHREERICO W TIRERZ I T
% [95,102,103], AEGITld. BT OB O CLEM IC X - T, #&E DMK
Rl 1 BHED720 | RERZ 2RO BAICHFET 2o N R0l &
%, EEN ORI S B HEIC O W TIZE HIKRET L & g
mHR0, LEMIR, EFCEINITRCoOETICEFINI LT 2ET L
DRIBEINTH Y. BEHCH L CIZEBH O HERMRE SIS 2 WREEDSE 2 5
N3 [104], MHAFRAKR L BE & OBIRZ T <k < MbRERRHR & ERE OB
FREERELRTNXELRWES S, BUIKRBIHOEIR 4 » A2 5 » Al
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FEL, ZOBBUICHT 2HRLRASTER T NS [32], MR S 1L
% AR I A R D TR & ALRIR I MR R R DTSR E S v B T & 3%
bbb, THic, BED I =F 2 7{Lic X 0 bR DR AT 2 & & 29K
X7z (Fig 3-9¢). IEHEAKED D I =F 2 7ibic X Y LRI 0 B 72
MHEZALD R0 btz HPRFRCR IZAIGRIEIC X > THE S WD 2 L 25l
HEINTWB 2 [83]. BUMMEERLMERIC X > CTHEEL1RZ 3 & 2

LTz,
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FHA4E B

AWFFETlL. FIB-SEM ZHul & L 7= i O B SR %2 Hlv THER D SEM %
TEM T CTHOL2 I TE AP 272 BED 3 KM EZHL 2 ICTE 2 0L
5 hat R T o7, BARICIE, BEICH T 2MEZRHIEEZEz 5N TWw2
DS #ifdss X O DP MifidicowC, 72, NV VHEEO B LR REMEO %
PIcBIG3 2% & S, BABEBICHLE T 2 MHAFRRFCR IC 2w T 3 RITHulig
EOBIEREIT o 72,

ERoE S TH 2 DPHIlE, BLUOZDY VY —2Th 2 DSHMdIE, BER
MAMERE T 2upflifg & L CoBmEEREH 2RO [18]. 72, MMM ARIL. B
WZRBRE T AR BELEBRME= v 7 TH 2 NV PR & BERBEGRE D
% [37,38]o TNHLIFEHEICEVWTERELRKEZRELZLTCW2IChEbLLT, &
nNETe FEBUTOMETIFFALEITONLTEL T, HEDOEFZEBLOMEICD
WCORBNRHER L+ Th b ELONZ, TNE THRGHKIE (dermal
sheath ; DS) IC/F7E S 2 B AMAE (DS MlE) (ZAAEZEMIORE e HE X N5 D

T, filED 3 XITEEIZHL IR Tnwind o7z, ¥ bk PHKEDOEE
SRS R BT 2 I Ch WG d o7, 20T, 5 1 BTk

N7z X oI, INE CEEZOMERITICH W SN T %72 SEM 5 X " TEM Tli.
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3 RICHHIRGE 23RBS  BARTANIC D B CTE w0 Th 5, Z T THRIF%E
Tl FIB-SEM % F\WC, b FEKECD 3 RIS % il 72, BRI
HIEEAE T HEMEE (FE-SEM) (ZEKAIEE T CORBHBHZE 3 AIHE T, T HITK
WETZAMHT 2 LIk, SO FRET TEM I L 728235 % © L A3ATHE
THb, AT, FIB-SEM (Zidkt 2 # < UIHIT 2 7 7 44 4 v v — L0385
INTH L, WRERROML & BRI % EHICT S 2 L AAEETH Y | iR
SUFEIC X 0 EBFBEMEE L _L T 3 RIS A R TR 5,

FH2ETIE, b BIREOH AR (dermal sheath s DS) 3 X U EFLIH (dermal
papilla s DP) 357 2 RIZERMINE D il 2 TEREfAT 24T o 72, & P EHEZ 2> & HiEfE
L 72 BBk % & LB % F v T FIB-SEM % F\» 72 3 RUCHHI RS &b % fEar L .
EIRE OO Z & DHER MO TERE OMHEIC O \WTHI S A1 L 72, FIB-SEM
IC X VRS N7 3 ROTHIBRE D O H G RER ICFE S 5 DS Mg, BLEIR (basal
plate) IZfF7E3 % DSC (dermal sheath cap) M@ DREIIRFETH O, —/TE
FLIHICATE T % DP #IIZ 2 B D oy & % £ 5 B IR D stalk ICfAE T % DSC
M R 2 TEREAIE & . Sy e & R oMl 23 fE e 3 5 2 & 393 02 o 7= (Fig.
4-la, 1b), Z DFERD B BERHOMEERMILDOTERE D ZALITERIR D stalk T
BZpeEZLN, TARBKETICE T 2 MIERMEM O MAaEE ©&E v b IH
b7 o7z, DS #AE, DSC MifEClidifo X 5 aflifaze cf& L. DP Ml
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TIEFOOLD L) hffiftRiEciEE T2 eRHL L hoZd, 20X
A ETERE DB W3 U2 AT H 5, (Fig. 4-1b), DP fifidfE. DS
g, DSC MR D45 1X TEM &35 X U FIB-SEM 46, ¥ x v 7HiG T
HprEZONT, Fr vy THiGEA L, BERESARICHERMIEDO A v + 7 —

2 WL, N T4 F v R EOBBICES L TWwa 2 ERARBI N, KE
W SBITIA~EBAT T 2RI F v v THEAG LD CaA F Vv BRAT 5 Z & T,
a-smooth muscle actin 23 L. DS M INEIC b BA G5 2 WBEMEDSE 2 b1
7oo FTo. FPEAHARGLE X 0 . DP MR ELR O MfRE A RS & TR S
% BIl A7 } Y v (SPTBN1) Z3FEHT 2 2 L2205, MR O/ IS & [
i, DP MifE o s3I E ORI B S L T 2 AlREMEDYE 2 & iz, IEH 7 A
KOEEITEIREIARE <, DP Ml plkiE 2 FE S ¢ 5 2 & TR O
WAL, MERMEE S LoMEMEE 2N L -Mldory b7 -2 %2
K35 LBRBINT,

553 B CiE, BHEOBUMERIC BT Mk 05T & 2 D 3 RIT DI
xSy — P EEMEREIERE L . CLEM i£3 X U FIB-SEM ZflAGbd 5 2 &
IC X o TINTHIBE L L7z, X BT, RAKIC X o CTEUMRE B L CHIlEN T ORE
7 FDIRTED &, 3 XITOEMHIEG & L CEfTrlRe s L7z,

it OfER, B EZER T 2 2 COEUIC T AL, —H D ETIC D AL
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RAKKDBFIEST B2 2 ERPL 2 L 7o 572 (Fig. 4-2), SEK OIEEIC BT 2 AR
BHERKOMBIEIT, CNTTOHE I NTE 2 ) BEBICFEEL T SRR R
D IAIRERE & FRRICHREER 2 Y = 7 Vg E T L 2 ThH - 7228,
MR IRAE R DM I1E ) REB L IEEAR Y, FHEDO T L2FEL Tk
27 T DL IR0 Tz, BOH) K BROIRE) MR AR R 1B D b R
WEZRT D0 iE, OGO 7 v 2 L SRR RS RICRTE L Tn» 5
T EDBRETH S, % T T Piezo2 DRILEFBMBEBIR 21T o7z, HIEE
EEEIZZIC X V| Piezo2 23t P DEHEEEICH W T H MMM R DliiR B X
UKy 27 VHIBEOMBEBRICGEE L CRIEL T2 e p b, BHEICE T3
fHE DRI R b BRI AR e LTl EFE 2 b N7z, & O ICHBREE
WZ T, 2 =F 2 T L L 2B IS B T BMRREREICOR 0BT, BHE D MR

WROH Ll L THTEICS <. RIHIHRAHRER 1 5 1 5 ik A B

N
/4

2 TLICHEEREZE LA Z LT w3 2 L 2R L Tz, %72, MHA
MHHRRACRIZBEDO ANV VHEIRICHIEHEL THEY, b Mk nTd BEEERTR
MG & OBEE AR T 7z, & S, MHAFRER OB & Rl I HHBE 23 1L & s
WZ Db, FEBEFRRCBEO I =F 2 TR T E kG LTl
RIS 2 & FE 2 oNT, ZOEBAICOWTIRESOREE TIIA
HTh b, I=F2T7ETIE, WEICHAR, BUDIALKT S ICHET 5,
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/4

=F 2 7 BBV THMRAFEIE R DD L 2 L id, EBOIRE) 2 A5 5 7=

DI, o TWnWai EEZ LN,

AW OHER L . FIB-SEM %\ 72 3 RIS MT 1. T2 28

D 3 XILEEZFAND 5 2 CIERICEN RTFBETH 72, /-, HEHL—F

— PEINEE & FIB-SEM % A4 & b+ 72 3D-CLEM iE1Z. EFNICIRFIIC L 277

7E L 2 WHIMR RIS R D & 5 S O BIR IS A A FTERTH - 7o, HERHE

WIick T 5. BRI OBZEERMNED 3 RITBEAHO 2L 707z, X HICHHK

ICHIBR IR DIFEDH O 2 & T o 720 BE DO NV JHEICTEE L CIRES

528 BXUCZEDOHIRICOGTHIHS DL 7o 72, I 2 CHIR R 1358 7

ICB W T ORI AR e L CREST 2 S e R I N7z, SROMEL L

T, BRAWICHE > TEERFOMTERMIED 3 Jotkids X ofiido vy 7 —

IBEDXSICET 2R T 2 LEEH S, MATe FBEICENT, £

o B ECR AN & MR R R 2, BoMRICE D X 5 IcHE LR TS o

WTHRET S 2 ER D 5, Z OFER, Fi7- mBEAI DR EEZHLEDHR 4

MicErzeEz20on5,

RIFFREDOBRIT, BEREOFRREICHBAL ., & FHKICE T 5 B OIS

~OHME, X 5Tk O FEBAIFFEC BEZHAEER ORI AT &
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