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ABSTRACT
The study of MUDENG expression in mouse skin hair

follicle cycle.

M Sing Kim

Advisr © Bof. Kim TaeHyaung FhD
Departmat of Medidne

Graduate Schod of Chosun University

Cell death is a key pathway to remove the damaged cells, harmful cells, and
unnecessary cells. Apoptosis is a well—defined type of cell death in terms of
morphological changes and  associated—known  factors. Mu—2 related
death-inducing gene MUDENG) was found as an effort to identify an
apoptosis—inducing factor. It has been shown that ectopic expression of
MUDENG induces apoptosis in various cells including Jurkat T cells. To
examine the role of MUDENG, the expression patterns of MUDENG in various
mouse tissues using MUDENG monoclonal antibody were investigated by
immunohistochemical staining. I found that MUDENG is expressed in most of
tissues including intestine, immune system, lung, testis, ovary and skin.
Especially in skin, MUDENG is highly expressed in sebaceous gland, some
regions in outer root sheet but little or not in other cell types of hair follicle.
Outer root sheath shows the different expression patterns in the stages of hair
follicle. These results suggest that MUDENG plays a role in sebaceous gland
metabolism and hair follicle cycle. Altogether MUDENG may take part in

developing alopecia.
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A A, apoptosis ©]T}. Apoptosis7t dojid MEE T EeFo] Hial, flFo] Af
gy, wsk Alxze e A7|7F ZobA] il (pyknosis), o] FZbdrh
(karyorrhexis). 12]31 A7]%3} MXurE vlw 4 FX WA, Axd e 534
Al plebo] YEeERIT}. A= Al¥7F ZZMY apoptotic bodyZ W ™, A A W ol A
TR FaAxze] 93] AART2 Apoptosist THAIEZ AEoA AT} FEH
dleg. BAB7] &7k GAolA E7FetAbe]l 24 4£A49), 3 Al eg. HEZT
ek oA O AP FAFE g AAY), FafstAY 49

A AA g GAZY AR AMEZAA) 7ss T3

=4, autophagy ©|th. Autophagy’} Aot Alx= AAHL] SFo] L, Ax
Ao o]Fu F%E 7} autophagic vacuoleo] Tt YERGTEDO 18]
autophagy HH=Z = Al BaAEe o] B4 %A o=t Autophagy
e Gl AV giFo® AA] f& FAACR Ao B
- 7)obefel A autophagy’t F7bete] B Q3 BRES 11]7{6}
Qs BEs Bttt 1 Qe M uF G2 AEA % autophagy”t

=

A A, necrosis ©|t}. Necrosis7} Aol MEE= MAEAZ]7F #AA 3L (oncosis), &
71 #=0] H%Oi e E=WA, Alxdo] HAHA ME WEEel T =€ A
EE HBoso] AAUANA AFHEEo] FHFETED Necrosis®] i

—}

Q1 of|= ischemia — reperfusion t”(ﬂﬂﬂ A7 A &E QT oA 8
ol FFEHHEA dojuh= &4holth. @A FQF necrosiss= 5T AX AEA A
9} &3t apoptosis YW autophagy?] 5% 0] Ao MIEAR JAAH A, 18 2
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Aol oM 54 A A Al sl oy, olux|7F AbS-H = s olet
AT} BT

YA, cornification ©]t}. Cornification®] dojdt A|¥XE= AXE AFFEO] ALEHA]

a1, Alxdro] wWglstt), gE|a A Wo] Feob L Hye FAEW, AX grtoz whA
Uk}, Cornifications X3 oA dojys= 5A A M¥ALZ R A 27 7435}

He #golth o] el apoptosiset #AE A7 2-§-k=dl 53] caspase’t
A stk

olele = 1 Aol sl AHEA &> vF P A AxEAE ATED

Mitotic catastrophei:= A|3Z7} mitosis oA 2F{FE Loy dojdrt &
Aom A2 dojut v o] vEhal, S5 A apoptosistt necrosis o=
Zold yehd & vk

Anoikise=  AEZ7F FH 7)Aoy AazoA "Hoj A ke apoptosisE 2] H| gt
th10 Anoikisell 2F-&38t= AA= apoptosis®} FAFsFTE1D

Excitotoxicity= A1 ME7} S3A ofr] At (eg. glutamate)ell mEE o] dojdt
t}. Glutamatex= A7 A 3E2] N-methyl-D-aspartate Ca2+—permeable 25 <o
AABAE U Ca2+ %5 22lil, 57 Ca2+s AlEARE doith1d

Wallerian degradation< Al M EZo|A MEZAE A L3 HEo] &4FHAS uf
dojip= ddoltt. aFAIRE o] Yito] MATH METF A derw FETt ou]g]
A ZAFE ot} 13

Paraptosisi= 7] °l|& programed cell death % apoptosis® A3} T A EZAL
= AAs] fal vbEolxl gojolth. of# FA| AlEelA insulin like growth
factor receptor 1°] W@¥o] Fww AxAe] vgol FE7E WS
mitochondria”} %] @&t} Paraptosis #}72 Caspase inhibitor2} Bel—2-ike
Gl s AT ¢ glrkd.

vy

i

e

Pyroptosis®}  Pyronecrosist=  ©2A%7F  EF M+t (e.g.  Salmonella
typhimurium, Shigella flexneri etc.)oll &&] 7w o] Ao]Ft}idi6), Pyroptosiset

Pyronecrosis®] z}o]+= A A}= caspase—1¢] Lo 3dtal $x+= HQ gltf= Holt)

ol ekt GHo AEAE BT AEe] BirAolmm wpAe] olabe] glrhy
Aol WAT webd AEALY S 2G5 vkl AW xze] F715)
Anb Aold Zolth o]Yl ol fz MEA] e ATsh Ts APAm Yok,
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Apoptosisi= AE Utel e8] ofe] 71A] zp=of gfsf A ZFE AR, A
ANe 89 BEE AXT Apoptosiset #HHAE AAF FoA 7HE s A
caspase (cysteine—dependent aspartate—specific proteases)®, A|3E7} A3
apoptotic cell death XHFS Rol#W caspased] Q& AHEZ7F Fojofstct 1D
Caspases= initial caspase’} executioner caspases x40z A3t A7)+
cascadeE ©|F ™, Utt initial caspase’} EA 3} H W cascadeE W7ttt} Initail
caspase’} 9ol 9o&] FAd3} ¥ ko] wEl extrinsic pathway$®} intrinsic
pathway® -t}

Extrinsic pathway+t initial caspase’} M3Xu} &A1 death receptor (DR)el

r2
<

)
flo

-

o8] &Adsl¥E ). Death receptori= tumor necrosis receptor receptor (INFR)

2ol £3l, TNFR-1 ¥} Fas/CD9%, TRAIL €A DR—4 9 DR-5 7} QIt}®),
Zhe] Al AE g FEel A9 ligandE Q1A e G ol lom o] tef
o] A<}l ligand7} st &/dst Avh. &4d3tE DR AlE QF Fi
death domain OD)e] 9JA] DDZE 7}% FADDY TRADD #& o4 &
59| death inducing signaling complex (DISC)E A st DISCEA 0= DD}

AAEZe 3 death effector domain (DED)”7} homotypic interactiong € © 7]

L3

ot

()]
}v\
Zlo] R

_4

1 procaspase—87} X =t}. Procaspase—37F A Z 717 A autoproteolysisZ}
Ao} A3l o] caspase—8°] T} Caspase—82 procaspase—3= &3} A7)
31, caspase—3< procaspase—6¥} procaspase—72 &/ 3}A|7 caspase cascade’}
dojdrt 200 qkok DISColA caspase—8%] & %7} procaspase—3s &4 3}A]7]7] 9
F53ttbH  mitochondrias 3l 4159 FFHo] dojdrh olu] Caspase—_87
mitochondria® @A 7] &2 0] Bidolt}. Caspase—8< BidE Z7lA tBid= &t
=t}. tBid: mitochondria® ©]§3F9] B2 §8 T A¥XAIE 497+ Bak 1
a1 Bax ¢ #Zg3le] cytochrome c& AXAZ YERATH2D  Apaf-19]
cytochrome c7} ZA3esbd apoptosomes A 3lal, apoptosomes procaspase—9=
G4 3}3ht} 2229 Caspase—9i= procaspase—3% €43} A]7]3l, Caspase—3% U=
A Y] procaspases = &3} AA caspase cascades W& 7HT}242)

Intrinsic pathway©ll 4] = initial caspase’} mitochondria®l] 2]3 A3} €}, A
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HEA © 2 mitochondria®l inner transmembrane
potential (Ay)< f:"c}"] 7)==, o] 2 <¢13}o] mitochondria inner membrane?] 3}
Ao] Eolx|= HAS permeability transition PT)Eba shtk, o] 2 Q& AHE<to]
WFAISEe] mitochondria UH-2 &°] o2t A=, outer membrane®| EJA| 1L,
mitochondria WlF-°l Q& &5l AXAZ {fldv202) gzdel 42
cytochrome ¢ ©]3l, ©]2]e% apoptosis inducing factor(AIF)28), endonuclease
endoG2), Smac/Diablo3® 18] 31 Htr/Omi3D o] Qlth. 2% cytochrome c&= Al
o)A apoptosomes HA I Ay 9 PTE 1 9o® vhokdt A4S Ao
=, mitochondria 715 A= ATP Aite] Tos i, e whgo] AAEw,
reactive oxygen species’} % 7}3tt}3233) o] dAE R H]JC’ﬂ Falst Ao =
AEZAL fkgllolth, web Agel PT 282 R ARA vl F2skn, oA
= 9ot 2ol Bel2 Fgolt

125 apoptosist= o8] 71A] ¢lztel] & AZAsIA FHEHE 7] Mot} wekA
7} QA7 WA A =% olitd %:L?GQE apoptosis AHA & 243
A& Aolth AEAbe] #ojshiz A Ave MER AAE Foplis AelM A1F
gttt Ztopl= WHlHellE o] 77 s AA 7] Rl IAE o] &8k
A o] gatA = AoRE w5 vk

Z1Eel & QAE 0]%6}01 AG3l= WO 2 yeast two hybridEs Fa 7]
w 371434, gene bankollA 7]1&29] A9} fAMY
A Al e FAAE 3 BRI o] Qlth VE AAE AREEHA Y W
W2 gain of function®} loss of function 7]% ]t}

Gain of function AEZAF GARIAE AT o] T2 AFEHET, AW &
EAFE] cDNA #olB 82l 5 transfectiondlo] s QIS ks A7), AlE
AV do7lE A=g F=ot olu Aol A Ao AETE 7FAAL Sl cDNA&E
A AL AR A T2yt AEAF FERiAe e o ® Ztolofst
2 oldre AlEAR IR E dpRd =Y A Z7F Soiu el wito|th uhet
A A EAR FEkl Al el = loss of functiong o] &-3tt), AR A 5F
AAE AA 52 At sid A7 AEAL FdApsel s dobdoed I #3
25 MEAL AR AEEkE WAook 7P 02 dsRNA interference® ©]-&

!

:(o

_5_



3t knock—down ¥} homologue recombinatione ©]€3F knock—oute] It} o] F
knock—down-> knock-outel] H]&}e] g2 o]=] kA qE A7k} Fo] AA Fof d
gl 22t B8 < =% T dsRNA interferenceE ©]€3F knock—down®] 3}
v A 219 AR AAA A= AHTE JARE A o] 1A 9k o]

d AIFEAR A Ao o 7 o0

MUDENG=> dsRNA interference® ©]-&3t knock—down system= ©]-&3}o]
AFAct. 20029 Taira 9F Kawasaki®] randomized hybrid—ribozyme library
system ©]43}o] Fase} ¥H % apoptosiss FE3h= x5 zlopylth, A A 50
e #HH gene T 43707F &A] FESF= gene ©10 ™, 7} gener= 20base pair
o] A7) Aol AAIEUATID o]F Ed|E 2008d Mi—Rha Lee F°| f7IM49=
Genbank ©l4  blast 3}%], RT-PCReIAX A¥Hoz FZH 7/ FHAE=
cloning #t}. Cloning® 770 #F¥AE GFP&F FAlel HCT 1160l transfection
a1, 2% 3 FAANA cell death’t dolde FlFrh o] {FHAE= APL
complex® p2 subunit®l] adaptin domain®} FAFSE ALEE 7Fx1 Qo] A, Mu—2

related death—inducing gene (MUDENG)e]2} 4 it}

2008 Mi—Rha Lee 5°] Adst Ao MUDENG AM, 7, &, A3, F

M =2 A7IME UdAAES HTh 18]al MUDENG ©d @A E o] 43

western blotolA] Tt AEZFolA ¥ 1 o] Zh7] g2, AH 9

24 & 53 239 sl A dEgE #lgoh 3, MUDENGS w5
[e)

O 7 Jurkat T cell?#} Hela cellol A 523k A 3EA}

o]de A3 AxE EUE MUDENGe] MXEAReL A glow 57 A7]oA
FTast 7s& & A olgt =4Ik webs MUDENGE &7 ddokds A
B3 53] yHoA hair follicle cycled] @2} MUDENGY] W& ofAito] ojdA &

I

rir

A=A LolH izt AFE AT AILS AH g 2FS AAFH 5
MUDENG w342 immunohistochemistry A3t W o7 o]FojHtt 24
I+E= MUDENGY g ofato] A7¥HE E3] Ko A+= hair follicle stageo]

g ows "epA A Ango sy,



II. A A 9y
NECEE
D AA
Ao AFE-3F moused BALB/c 52 AEFT Hlo]l e g ofo A Fujjsto] AR
stglom, 7958 o]de AAe A AEE FEMA AUty sEA A
A 719 Ade] AFE T Hairless mouses H 34 I =%

1=
i=
ofeleh) mgow ZAUSL FEAPHANA J1¢E AAE Bt

2x7 A 4 14, sd 24

AHE 222 embedding cassette®] label?} o] Yol 10% Formaldehyde %0”
o] JUSEL500-00-0D 157¥xF g zt. 149 AAe dead 20 (G5 -F14 -
AF 2L 2 ) E A E5S etk gk e Xtra slide glass
(Surgipath, Winnipeg, Manitoba)$] el &1 Th.

2. Immunohistochemistry

DA 2 Ao

[HColl AH&¥ &A= MUDENGE] F3H§-&s Ask= MUDENG @A &A
M3H9E AHEFT 7] A= A4S wrdoAlGEAdstn oo s Ay
Hlol Al&-3lch THCel| AFE3F Alok2 Cap—Plus detection kit< (Invitrogen—~Zymed

laboratories) A& 3

=

2) THC %34
[HC+= 7F WA gt d8S xyleneo H+ 358 >33] @7l detdg A A3
t}. 71 ¥ ethanol 100%°1A 70%7HA] =xtd o2 @7 24 & ¥3s &

STl Aeth o] & FYA FES $3 10 mM citrate buffer (citric acid :
sodium citrate = 9 : 41, pH 6.0)°l 121CellA 10%3F A& s}, 121} skin® 7
¢ o] e AXWA Hyo] EE I, Asta HCE APstdm e AR
A Ao ztol7p gler s A=kt Citrate A E7F Eubd oA 29,



X

TBS (Tris buffered saline without phenol red, pH 7.4)°l 3%¥3+F A&t} o] & A
Holl 2715 AAsIAL, 25l AR Aeko] s=2& ZE 9] Q& depa
Zymed) .7 %S 3EASITE o] & %A A9 peroxidaseE 3% H.0.5 5
15T Ak AAGH. §] AEE TBSE 3w X 33 A, H5o]¥l ¢
A Jk-8-S "] 98] Cap—Plus detection kit ¥38F¥l blocking agent® 10%-3+
Aglstt, AHe §As AAs AFH glol YAEA MUDENG monoclonal
antibody)E HAY FFel wet 314 3ke] M3H9; 1:50~1:100, N13; 1:10~1:30) 4T
oA Wkl RESAIZIYE. dAEAE TBSE 5833 Ao, o]z
(biotinylated secondary antibody)E A4 15%37F HESAIZITE o2} EA &
TBSZ  38>33] Ao, 4Fx}dHA (streptavidinHRP—conjugated  tertiary
antibody) & A-2ollA] 107t HH-EAIZITE ThA] TBSZE 33 >33 AHojuar, a4
(AEO)E AZelA Helsto] 2} "y o] WA e] Hro] wet vbg A|bs AA s
WS vkl 23S TBSE 3%3F Alal, hematoxylin® @ 10%3F Uiz S 3
T 525 EollA gAAE Hojditt. o] E7]1E AAg ¥ mountingdto] 4
oA 303 Y & dAnjFoR 22 Ay W AN AdeEE FEelsit 1§,
b=

A5 343+ 1] 7 Olympus, Tokyo, Japan)©. 2 #Z3t},

&)

¢

(o2

o
b
i)



1. 43

1. Mouse Z} &7]9lA MUDENGS @& okAa}
BALB/cS] 7+ #7]e]A THCE %3 MUDENGS - okat

% 53 Fulze 371 WFEE 2y

fifo

g, 7 3]

o

1D 271 A4 MUDENGY 2ddy

579 testis 24 oA MUDENGE AAAZoNN F7 Ber (19 La). 7
AAMEE W2A S Aotk e WA A Fol 54 o] F7]
°] @7} HolH, MUDENGS 7} follicle®] F7]¢F F#3HA follicular cell ©f
A ZFshAl wEskok (19 1Lb). Uterine tube o4+ MUDENG©] Hutilu]oA 7}3s)
A W& x (238 1.c), Uterus oA+ endometriumol A 7ZatA wa k(24 1.d).

A7 AATIANA MUDENGe &k AlZEs 3570 meb HE el T4
HHE 5 = 3tolth, Mouse A2 7] AlolA] MUDENGS @& shs F9& AXF7)7)
w2 3ko]t,

2) 18 #&A A MUDENGSY dH& k4

Stomach®l ] MUDENG-<> parietal cell & #]%]3 mucosa®lA] ‘?—i?ﬂﬂ ATk
H2a). Duodenum 14 E MUDENGO] mucosadlA A2A @dE 1 §low,

lamina propria mucosae (mucosa ¢} lamina muscularis mucosae /\]-0] 470 z22])
o] AX A ¥ MUDENGe] & Ec}(1¥€2b). Small intestine ¥ large
intestine =3 MUDENG®] & oFo] duodenum ¥ LA STk (1H2.c, d). AT
Al MUDENGS 2@ dds FAMelnd, 54 AHXE(parietal cel)E #l9]38ka
M3 F717F w-E mucosa®l Al ié]—

s FE¥3tt}. 18] 31 duodenum ©]%2] lamina
propria mucosae°l|4] MUDENGE 4 =

AZ ek,



1% 1. BALB/c B4 71# 94 MUDENGY 2.

T

AAE =22 10%e 7493 14 A7 & g 555 HEH £

S HuM FAI9 AHOFE WEY], citratex EE EHFSH [HCE 3 It}

il

=
WEAEE-S- & mounting 3Fe] 2008 el A Zg St IHC AFE-¥ MUDENG
g A = M3H9o|t}.

o

T 1678 g b 97 4FE A o oA 459 e do ¢

n
459 A7

e
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a. T2 1653 1. b. =2 165" AL ¢ 2 1658 A23Ak d. 7
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3) WA MUDENGS &y

Spleen °|A red pulp ¥} marginal zone (white pulp @} red pulp 7 A5l A
MUDENGe  2#shs AE7F v 2xdv(2d38a).  Thymus oAM=
corticomeullary junction (cortex ¢} medulla ZZAIF$Del A3 da FHo
MUDENGS Zdst= Alxz7F v FXx3stoh(293b). Spleen?}  thymusell A
MUDENGS #édshs AXS] Y0l macrophages®t Y x|skct, 179dd o] A
A% A3 F lymphocytedll A 71 €9st M3 (Jurkat cell, BJAB celDolA4] western
bolt 4 MUDENG®] ZstA 2dHANA A3 22, spleen ¥} thymus =57
lymphocytel 5] MUDENG®| T& =#] 9ki1 Qlr}.

4) = g} o]ztelAl MUDENGS &k

LungolA] MUDENGS 7|84 UFE g3 9= epitheliumolA 1124 L H
o} SHAIYE  alveolusell A& F&& 2ZAAs= type 1 pneumocyteo| Al &
MUDENGS 2&shA] ¢kar, 1 919 AlEZoA dd sttt (184.a). Alveolus 4
(terminal bronchiole 7FA])¢] epithelium< &|FZHE FUE Aol Wojolghs
e 2 A XF7]7F WE Lolt). o]ef H]3}e alveolus|t ype I pneumocyter 7}
A ugo] FeAgog HlwH AHEF7|7F ek E olth. Alveolusol] W=
MUDENGS 233 A¥xE BE3XF4 oz Hol type Il pneunocyte®] At
alveolar macrophages¥d Zlo]t}. Pancreas ©llA+= Langerhans island °fA
MUDENG©] °F5}A] @& ¥ 1 1t} Langerhans island & Af(a, glucacon #H]),
B(B, insulin H]), C(clear), D(§, somatostatin &H]) M7} EAsk=d] 2} HxEZ

Afololl Apol= HolA e=vh(CLH4b).
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oy,

G

% 3. BALB/c 994 9|4 MUDEN

¥ MUDENG

[HColl A&

’

3

¥ 310

PN
T
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% 4. BALB/c #H $} o]AFolA MUDENG 4.
AS 78 139 e wyow Sy on [HCo AHEE MUDENG © g
= M3H9o] T},

a. 97 47 H. b, AR 459 o)Ak
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5 &I FH{ox MUDENGY & FA

Blood vessel?] endothelium®lA] MUDENGo] W& ettt (1¥H4.a). Endothelium
S AEZF7I7F wEw g Qo dRFaular Ak A3 AT T ot 7)s
S g3ttt Mouse I MUDENG< sebaceous gland®} hair follicle <]
outer root sheath shi-ollA] ZatA YA ETH(LH4b). 53], sebaceous glandi= 3t
F-ol 4] MUDENGS 7L<>}7ﬂ sk, ARE 455 oFstA wEsit. Sebaceous
gland®™ holocrine gland® Al <38tAA o] F=x 1 A+ AE7F Bl XA sebum
S "=t 28] hair follicle 2] outer root sheath b4+ hair follicle cycle®]
et HE el T4 Wk F-9lolth. Mouse IF-olA%= MUDENGE &0

AZF b whE e FEe,

_15_



1% 5. BALB/c @33 ¥ Fo|x MUDENG 4.
e 19 139 22 WHow FYFEQ oy R [HC 34 T citratex] 2]
Fgo] AekEQtt a. £ 165% & b, FA 1659 I

_16_



2. Mouse ¥ F-oA FHo] W& MUDENG %d ¥H3}
1) BALB/c ¥4 F#o| o1& MUDENG #d W3}
Hair follocle> A7} S218F= anagen, 4¥ 3421 catagen, 4% % FX7|<l

telogen?] 715 ztth o] 7] F¢F hair follicle 7|E20] & ¥95 F4

o7 AHE F7lo BAglel fAE L, st Tl Wt 524 (anagen) ¥ 4 FH

(catagen)E& WHE3ITE39 o]E EU|E outer root sheathollA4] MUDENGS] 4H& o]

F70ol wel WEg Zolet ot BALB/c mouses HIZE F ¥H-9] hair

follicle cycle®] 4F= o= anagen, 8F°ll+= telogen, 1259+ t}A] anagen, 71 ©]

F-oli= anagen¥} telogen®] 4lo1A YehdTHAO o5 nig o2 BALB/c 3]%-olA

475, 879, 1279 247G A T & MUDENGE 2dS g3, 1

A3} anagen? 459} 8F°lA outer root sheathellA] MUDENG®] telogen®ll H]3a}

o okalAl w1 Q. 245 o= hair follicle?] HE|A telogend o} 3l oL,

anagens /] ©]$%El catagen F7|7HA FEI7F AL fFAF stEE F7] RS

4 k. 18} outer root sheathol ] MUDENG®]| 7&tA] wésl= sl o2 Ho}

catageno]lg} FH €}, 121 sebaceous glandolA] MUDENGS & o F7]¢}

wAlglol AakAl fF+A1E T

() BALB/c 4% ¥ F A4 MUDENG Zd

Hair follicle 7] A} anagen® ® 7] E L o]3} FYolA Ax7} s =46t
AlZlolet. AA Ao ® 7|EE olst #2919 Fx7F FAHL v (I¥6.a, b). Hair
follicle®] outer root sheatholl4] MUDENG©] °Fs}A] & @t} (18 6.a). sebaceous
glandell4] MUDENGe®] 73&tA dd etk (C1H6.b).

(2) BALB/c 8F% 3 X 4x MUDENG %¢&d
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1% 6. BALB/c 457 Y| F A MUDENG Zd.
BALB/c 4534 &5 ¢ 972 A o] &
AYS 9 1A ARSI Zov, IHCHY &
citrate A 2]E A=t [HCol AFS¥ MUDENG %@
A &A= M3H9e| .

a. hair follicle®] outer root sheath. b. sebaceous

gland
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19 7. BALB/c 8% ¥|F# A MUDENG Zd.
A a9 5l AR st 2k THCO A€
MUDENG @< &A= M3H9°|t.

a. sebaceous gland. b. hair follicle®] outer root

sheath
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(3) BALB/c 1257 ¥*# |4 MUDENG Z&

Hair follicle 7] A} anagen® 2 hair follicleo|A] F7]o] w2} WH3lst= HET
FAE L Aok (C1¥H8a, b). 45793 o] Hair follicle®] outer root sheatho] 4]
MUDENGo] oFstA dddt(188b). ol FH 3} o] sebaceous glandell A
MUDENG®] ZatA 2 €,

(4) BALB/c 245% ¥4 MUDENG £d

Hair follicle 5717} Aoigl oy whHo| =2 hair follicled F7] F+&& g &t}
13y hair follicle®] outer root sheatho]4] MUDENGo] 7#3lA 2@ s+ oz
u] o] anagen< ofd Z O F FHHET} sebaceous glandel|A] MUDENGo] -2
et Al AR
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1% 8. BALB/c 1253 {4 MUDENG %&.
A¥e a8 5o AFgs Wy 2ok THCol AeR
MUDENG ©< &A= M3H9°|t},

a. sebaceous gland. b. hair follicle?] outer root sheath
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1% 9. BALB/c 2453 ¥ # |4 MUDENG Z3d.
AdE a9 5elM ARESE W 2o THCOl ARE-
¥ MUDENG @@ A= M3H9°|t}.

a. hair follicle®] outer root sheath b. sebaceous

gland
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2)Hairless mouse ¥ F-o| A FH o] & MUDENG ¢d ®¥3}
Hairless mousei= 257%FE WA HE @REA AJ&ett(19€10a). 359
| H¥ 2271 J3gEo] T ANt @REAT(IH10b). 47Fde dAale dol
25 ARIY (129 10.0). Hairless mouseoll X 259, 359, 4579 €9 5o o}
£ MUDENG® wd-& &3t 1 A3 outer root sheatho|A MUDENGS] %
& TR BAglel A s Bk 53], BALB/c9 telogenAl 719} Ak

hair follicle #&& Hols 3FdA 45%ole HEus Wsrh Qlsldh
Sebaceous gland= BALB/colA 9 TAsA F8H 3 B4 % o] MUDENGS 73+

- g}

o

ri

[ﬁ,‘

=

(1) Hairless mouse 2% 3 Fo4 MUDENG %
Hair folliclee= -5 ©1813L, outer root sheatholx] MUDENGo] ¢FalA e &
o}, 781 sebaceous glandollA] MUDENGS] W3S 7}stA 2 € th. BALB/col

A AR5 FZS uf anagenl ® FA H}

(2) Hairless mouse 3% 3 ¥ o] MUDENG %&d

Hair follicle®] 7] E<  ofgl] Fto] A2AHoI3 k. Outer root sheathol A]
MUDENG®] °FslAl @& = 1 3l o, sebaceous glandollA/] MUDENGS] &S
F3kAl A€ot BALB/colAl Aol tE o=, BALB/cY  telogen
hairless®] 254 MUDENG?| o &o] @b dojd ddoz Held.

(3) Hairless mouse 4% 3 F-o|x MUDENG %4

Hair follicle 7} A o] 9low, 7|E of] Fato] AAF Ut Outer
root sheathell] MUDENGe] <FelAl 2d s 9loy, sebaceous glandoll A
MUDENG®] &2 434 FA 8k BALB/colA A9t th24 hairless

mouse?] 3FH

&
m\l
flo
o
2,
>
2
o

OO]
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1% 10. Hairless mousedA] 3o W& € E¥,

a. 27%. b. 3F79. c. 4579.
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2% 11. Hairless mouse 25F% I F X
MUDENG 2d.

A 19 5ollA AREE R I Ak THC| AHg-#
MUDENG @< &A= M3H9°|t.

a. sebaceous gland. b. hair follicle®] outer root

sheath
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1% 12. Hairless mouse 35% ¥ %-o]4 MUDENG
.

AL a9 SellA AR S W 2k THCOl AHg-d
MUDENG &A= M3H9 o

a. sebaceous gland. b. hair folicle®] outer root

sheath
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I% 13. Hairless mouse 45% I F A
MUDENG 2#.

AHE 09 boll A ARSSE I 2 THCe| AR
MUDENG ©@<d &A= M3H9°|t}.

a. sebaceous gland. b. hair follicle®] outer root

sheath
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I1I.

MUDENG 7} &71ell A ectodermell Al 7] st Alx & #1755 71 3l
A ZdetA . o] BHE AXF7|7F e Al2® MUDENGE] el
AEFZ1e sk AY FX QAL 22 el FHFY] Wed £ Uk met
A o] BS sty f8 wlofell Al MUDENGoO] o@A ¥ =% &l3|okst
t}.

g F-o A outer root sheath®] 7|R<E o] F-Ple|A MUDENGE o]
BALB/c®] anagen¥ telogen®| we} o S Holm o] st x}o]7} hairless
mouse| A= A E o] Stk 19 hair follicle 7194 anagen¥} telogen?] ©|
817121 catagenol A AM|EAFZE Dot AD 18] 31 hairless mousedl A& 472
hair follicle cycle®] ofYz} 21 ©EE HQITE o]ust ZAyzE Ho}
MUDENG®] hair follicle®] &ALl #AUNS Aotk shxwt B} gt A&
91314 = hair follicle cycles & U A3t sto] g <hs] oW A7) 2w ¥ 3
3] o AEZoA HH3= A FJFoF stal, & ol Wsk alopecia modelS
7FA) AL alopecia X&) wel MUDENGe] @A W s}st==] glaofstt,

¥} 9] sebaceous glandol A+ hair follicle cycle ¥ #A Qo] ZatA a1
A &st=E MUDENGE wdo] 7FA3%tt}. Sebaceous glandi= holocrine gland®
AEZE Fo] sebume ZHISH=H, ©] g3 MUDENGO] #A3E < Utk 19
v gast d3E $8lA sebocytet MUDENGS] #Alo dist 71 A57F 22

[d
AU
H
1o
o
i
o
W
B
12
N
ot
flo
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kel
ol
1o,
o

71 E4 A XA MUDENGS
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st=2 © MF XA A MUDENGEHEHAI O] &t 7)o AN oo H31
=2H=Z2 €= : The study of MUDENG expression in mouse tissue and itg
clinical importance.
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