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ABSTRACT

Radiotherapy is one of the commonly used in cancer treatment. By use of ionizing
radiation(IR) for non-invasive treatment of tumors in the body. However, this treatment
will also cause damage to the nearby normal tissue, resulting in many side effects. IR
induced alopecia is one of well-known side effects, it will affect the patient’s life quality.

Hair cycle includes growth (anagen), regression (catagen) and quiescence (telogen).
Mice were injected with chemotherapy drugs on the impact of hair research, it will induce
dystrophic anagen or dystrophic catagen pathway; this has not a primary recovery, and
that will. Otherwise, dystrophic catagen has a short telogen and early entry into next hair
cycle. In this study divides into two parts: 1.The effect of IR on anagen hair follicle. 2.The
effect of hair cycle after IR.

In our experiment, C57BL/6 female mice were irradiated with gamma rays (8.5Gy)
from radioactive isotope Cs-137 on the back skin when a hair follicle in the anagen stage,
40 days old B6 mice were used in the control group, the analysis was performed by H&E
and immunofluorescence staining. The results showed that after irradiation of IR, the
mice appeared alopecia at day 7 post irradiation. Histologically, the hair follicle structure
was changed to telogen like phase after 10 days’ post irradiation. Immunofluorescence
staining by YH2AX indicated serious DNA damage on the hair bulb at 6 hours post
irradiation. In TUNEL and Cleaved caspase-3 staining can be found hair follicles appear
a large number of apoptosis cells within 24 hours, the number of BrdU positive cells also
decreased after IR treatment. On the other hand, homologous recombination (HR) and
non-homologous terminal binding (NHEJ) repair marker Rad51 and DNAPkcs had
occurred in the hair follicles after IR within 48 hours. Unfortunately, the repair would not
success and hair follicles entered into dystrophic catagen.

In part two, we will discuss why dystrophic telogen has a short resting time. We
v
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sorted Inner bulge, bulge and hair germ cells from normal telogen (P49, P59) and the
radiation group(IRd10, d17) by FACSCalibur. gPCR data suggest that radiation group
inner bulge inhibition signal was reduced. In bulge and secondary hair germ, we found
radiation group cells were more active than normal telogen cells, moreover, we found
IRd10 telogen cells signaling function may be disturbed, so the hair follicles need a short

time to revise before they enter the next hair cycle.

Key words: Radiotherapy, lonizing radiation, Hair loss, Hair follicle, Hair cycle
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Late T WL

Site/tissue Acute
Skin Erythema, dry skin, desquamation, transient hair loss, dermatitis, Subcutaneous fibrosis (indurati
pain of sweat glands), atrophy (thinni
telangiectasia (bloodyesse!ﬂa

Central nervous system

Head and neck

Eye

Esophagus/stomach
Lung
Breast

Intestine

Kidney, ureter, bladder

Reproductive tract
Bone and cartilage

Hemopoietic

Tiredness, nausea, edema, transient radiation myelitis with
numbness, paresthesia and ‘electric-shock™like sensation often
precipitated by neck flexion (Lhermitte’s syndrome)

Erythema, edema, oral mucositis, pain

Local irritation , watery eyes (increased lacrimation)

Mucositis, dysphagia, gastritis, pain, vomiting
Pneumonitis (dyspnea, non-productive cough and chest tightness)
Edema

Mucositis, malabsorption, vomiting, diarrhea, pain, tenesmus,
passage of mucus, bleeding

Radiation nephritis, cystitis, increased micturition, dysuria,
hyperemia, mucosal edema

Vaginal mucositis, cessation of menstruation

Decreased total white cells (leukopenia), decreased platelets
(thrombocytopenia)

pigmentation, ulceration' (necrasis) <=

Fibrosis, denWimﬁm:ML#m}neﬁ(ass, cognitive
decline, hearing loss, hypopituitarism, myelopathy, paralysis

Fibrosis, telangiectasia, dry mouth (xerostomia), dental caries,
osteo-radionecrosis, cartilage necrosis

Cataract formation, dry eyes (xerophthalmia), weeping

eye (epiphora) due to impaired lacrimal drainage,
impairment of corneal sensation leading to damage, corneal
ulceration and corneal keratinization, retinal hemorrhage,
exudate and degeneration, optic atrophy

Fibrosis, stenosis, strictures, obstruction, ulceration
Fibrosis (scarring), dyspnea
Lymphoedema, fibrosis (hardening), atrophy (shrinking)

Malabsorption, adhesions, stenosis, obstruction, proctitis,
fistulae, incontinence, telangiectasia (leading to rectal
bleeding), ulceration

Chronic radiation nephritis (proteinuria, nocturia),
progressive nephropathy with hypertension, and proteinuria,
fibrosis, ulceration, obstruction, incontinence

Sterility, induction of menopause, vaginal stenosis, vaginal
obstruction, vaginal dryness, erectile dysfunction

Growth retardation of growing bone, osteoradionecrosis,
cartilage necrosis

Bl 15 3%s o (6303 b LREIN =5 8 2 gL &) (% (5)

d0i:10.6342/N'TU201703679



15 M8pfg st 2 P M s

PRS2 A RF S RIT > H Y o JEHBRAE  RFE Y R
A g FREH P2 E LG T o FAREH DR AT TE L
B Mp P 2 AF it B4 e iR > A58 < £ 75115 1t $~ (reactive oxygen
species, ROS) > v * ¢ B f& |22 480 @ 5]+ 2 § P pE % i (deoxyribonucleic acid,
DNA)A = 2 (18) « A AL 5§ ~ R ervk » ¥ RPN ek A 5 2 FI 4l S PF € it
THLE g o Rie A4 £ ROS v 4 OH - (hydroxyl radical) » O2’(superoxide anion
radical) & > iza- § * 422 DNA 27 F B(19)> ¥ - 85 2 #;C £ DNA p P& %
PEYELTE ST1S A 4 DNA H ks R r2(20) » % ¢ & ¥ D ehFiE & DNA gk
*z ¥77%] (double strand break, DSB) » 2 % & F 4z 2 &% % T » DNA iffz? & T X
Pl % o e 8 pIF] DNA £ 5| 2 B > if 514~ % 7|e4] » % £ MREIL-
RAD50-NBS1 iz = 8 3¢ J %2 = ¢ MRN 4§ & #(MRN complex) 7 i 2] ' F TE¥
# ATM 3-v 5 7 7] DNA Budf i b PR LA= 9 A& 3 ATM ~ ATR % 3
o B L WikE 2 ¢ 5 F [FhA s 0 4o S3BP1~ MDCI ~ yH2AX ¥
(21,22,2324) » in® & DNA £ 5| 1§ 2 B5 ¢ #-im % 1k 9 05 1k (cell cycle arrest) » & 15
AREATDARSE > RSB DNA 27348 - DNA enig 4R € 1995 5 T chsg ) 2
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£ % (homologous recombination, HR) % 2L Jh |4 % =8 £ & (non-homologous end
joining, NHEJ)(29,30)% 48 f #5385 4 » % im%e &t S & G2 P > fm#e € e 30
m HR e Mg g4 0 HR 200 A S35 ehle Rt & BT 5 W K4 e S 4peny
FOoOHRVWHRZRF 92 > RFIEGL P LI MEE: 2n> FRZ S WArE- o
BRI > A S G2 Winme A d WEHE 4no RS PR T R E S B4
Ky WL BB o T B B Gl B ehim e g;ﬁd NHEJ &= ;¢ %244 » NHEJ &% Ku
f= DNA-Pkes % 24 30 4+ DNA eh¥7 5 8337 > £ o DNA k& fd B %75 Ak
L34 2e% (31)-% DNA S BE 2 B2 BARPF Mm% § fds f 7%~ (apoptosis)
Bl BB R me R0 A R o
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lonizing Microenvironment

i Neutrophie
Target cell Neutrophils
nucleus / \ Macrophages

Endothelial cells
lonization cluster ROS/RNOS AT e
multiply damaged site : ytokines, growth factors

DNA double-strand break NOS, SOD, chemokines
. CAT TGFB1, EGF, FGF, IL2, IL8, TNF

DNA repair \ ‘ ‘
/\ TP53

+ i ERK/MAPK Smad
NHEJ Cell cycle signaling signaling

RAD52 PRKDC e AKT

RAD51 XRCC6 GADD45 PI3K

RADS54 XRCC5 APAF1 P21CDK1 RAS ;2’3‘::;:

XRCC2 LIG4 BAX CDK2 ERK I v el

XRCC3 XRCC4 MAPK Cytop
DCLRE1C

Bl 1.6 #58d5 54515 ‘m7 DNA B4 #4]2 B2 2 82 5 DNA 3 £ &35 (5)
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1.6 3ip st e Wi & enif 3
o A ERELR A S B TER PP R AR hiwie F] G 5P L G w2 e
T2 IER o G B e R T R REBERAI RS E A
F A (32) e A AT S B e e E b X PG T 0 oI Y
A e o PR PR M S TR (33) 0 F A X B
¢ ¥ @%ﬁﬁﬁﬂi&%iﬁﬁ’&@ﬂﬁﬁﬁ
EH EH o At A S L P RE 0 S Bk N e A SR
BT WE R RS G T L IR e A R
LA RGALTRLE S 0 ERAE - 134582 RalfPaus ¥ £ (34,35,36)
Y R # 4 pkpE i=(cyclophosphamide)#7i¢ = (i R gl iv* Ty ¢ > £ f £
%An% PFREARR 0 € NI T A S4BT (H 1.7):

BREF A e LB AR

_L,s

M-

& -

T e IR

-
o
*1

4514 & #p (dystrophic anagen pathway)
Bd S AR A Y o L B RFIRESOG T AT e F A P R B §
FhEAR > RHEEREI KR S ¢ AR B35 s IR % (primary

recovery) » ¥t E MRS R LA D F chd Wb i o gL f g
TFPEEFPLFE R AP REENTF RLD o

4'3
]
=
~
o
<
%)
-+
=
@]
a=]
=
=.
@]
o
o
o+
o
(0)}
(€]
=
ge
8
=
=
)
<
N

:E‘.
i*ﬂé’5§ﬂﬁﬁ%?@ﬁaiﬁﬁﬁﬂﬁ%§?4’éiéﬁm

L

I

e RiE SRR rTo BAEHE I A A TEH LTS
LEBR KR B RELCLGT R T

break(DSB) & 1 » Flpt 7545 13 L - Th% T R E o
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Dystrophicanagen pathway
« Less alopedia, retarded hair regrowth

Ciclosporin, tacrolimus, Hair-shaft
IL-15, PTH/PTHIp7-24 shedding

Poor-quality
hair shaft

Secondary
Normal, fully
pigmented
hair shaft

Shortened
Hair-shaft dystrophic

shedding telogen

Chemotherapy Calcitriol, f
o §
oestradiol, i
PTH1-34

-11 -
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172 f k34 £ P2 g

Lo hd B oo A it 4 £ 3 & xd Wnt/B-catenin 2 bone morphogenetic
proteins(BMP) 3 4, i 3 2 24 J= #7372 41(6,37)(H8) 1.8)eBMP /4t tranforming growth
factor beta (TGF-B) 7% » & A B BB E g £ & £ 9 38) o kb e » Z 4
Kooorain kg x 2 p LR g BETI A K ¥ en(39,40,41) 0 i3 F7 Y 3R BMP 2
Wnt/B-catenin ¢ ;= — B FR T L& L RAR 0 SEF T BIHDTET U
Rak B 5 5 Hp 2 K O iRk B (refractory telogen) % 8L HP ¥ & Ji k1t HP (competent
telogen)(42) > iz fA R Hp B+ A B &3 E L & ¥ BMP 2 5008 i 0 & ekt
B BMP S 5L B > p TELRRA L sk AR BMP-2 A K SR e &
#s BMP-4 2 £ 4 p K6'inner bulge layer % 2. BMP-6> P £ p &~ € £ IR
FGF-18(fibroblast growth factors-18) & $r#|5z fmre 5 v » & £ & fadF & Rk Hp 7 &
(40,43,44) - 35 % 4 £ |3 > 4o fibroblast growth factors(FGF) » platelet derived growth
factors(PDGFs)  hepatocyte growth factors(HGFs) > vascular endothelial growth factors
E PR F|HTGF BMP 2 Wit % » St 2 8 &= & fmoe F cnid b sba 304
2L g i g kAT E & (¥ (45,46,47,48,49) -

F 2 RASTRY TR kot (B 1.9) B A £ % % ¢ A4 TGF-P2>FGFT
FGF-10 > 12 2 noggin(BMP inhibitor) & 3 &L %k & i* £ & ¢ =t & £ 52w #2 31
Wnt/B-catenin 5.4 F > FHL Fizwe L BE > R R E &2 LH(S0) 0
gt LI 2 FHE R LT RR 2R LS hde (T AR ikt
) BMP & 5 i > £ 51 eni Bldol B U8R ¥ Bl £ X PRt §
XEAFET Ak A AP - A - A B SR RH G BRAR

£ f kS BMP 553 chs B (Rt PP @R U0 &k ik
¥ RS f g ST R B (S]) -

(propagating wave) ’

-12 -
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Stem cell | ————— T’ﬁ“?“’"‘ || —————— |Hair foliicle
b Activation amplifying cel Differentiation

stab. f-catenin, — Wnt/B-cat,

Whnis? 2_—5 dw_lsmns. TGFB,

Te-mye \ integrins and Notch, BMPs,
Maintenance hemidesmosomes Shh, etc.

LHX2, Sox9, low c-myc,
integrins a3p1 and o6p4.
Quiescence

BMPs, TCF3 and other
Whnt inhibitors, NFATc1

TBMP TBMP
1 BMP Wnt/B-cat
- +
Quiescence ——  Activation > >~ Differentiation HF
Current Biology

B 1.8 Wnt/B-catenin 22 BMP & X § 7 e Pr#p fids 7 7 B1(6)

a Early telogen

Telogen to anagen transition
(Stem cell quiescence)

{Stem cell activation)

Dermal
fibroblasts

+ FGF7, FGF10,, FGF7, FGF10,
| ; S Hai WNTs, .
'BMP '|nhibitors,i '..‘ ‘ BMP inhibitors, .

TGFB2

Adipocyte

precursor cells

N <§3f>fﬁi,

Subcutaneous
adipocyte

B 19 Lokt s Edmippc d @87 3 B44)

-13 -
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1.8 B3 B in

LR R SR B A YR ALY RS E SEE SR il N
FORR ISR R TR R 5 R A3 S R R RS FREH Y B H
RAEA G R AL s 2 PR A R R A I A kg
BAAPRZEGS PR FPFE - ERAFEFT Y hE <R © o)
EFEFHEF S EH ) Q37 pnP P 0B HE I A E R IY § 8
;ﬁi_%:xg_arzra{@iﬁvpf.’rﬁ@sﬂr’ﬂ%ﬁ‘:ﬂ'légﬂ:’iésui*f";’i’%é; t
ARAb4 L a g I Fand EFH{ SBT3 B b AEmT P o

% W £ (B.5Gy)s 137 eIt B g2 G318 LFnEnt
o d RS A EPSNR SFHE Y TN RE B U E £ G
LERLEPEEFRLED? o wme d AFLRE LR RN R
ot T Rt 2 REHART]
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FoR REmEMEES R
2.1 R %t

AP ST 2 Rk p WRrIP ¢ w2 43F C57TBL/6JNral # &l o 12 5vp
S 20l Ji B8R AE {7 FRES 0 FR AR # 2 fe W 5 5Sml Zoletil®(Virbac,France) 4 » 3.75ml
AR RAR(EAAH, SF)1E 1.25m]  Rompun®(Bayer,Germany) ° frfF{s » &
R PRl B IRL %%‘J‘,ﬁ% CFER RN A R - A B A (8 32 X ()

2.1-2.2) » TV iR 7 PEAEEG BRI B o

wh

7

]

£ =
) £
S £ & = = o 5
= o O 1) o &0 F) &
- - - g 9 &b -
s £ 5 & 5 O Z g
= U = < o = & z
0 2 3 4 5 6 7 8 9 10 11 12 13 14 £
0 16 19 28 35 2 49 "

Bl 2.1CS7BL/6JNral # 8= 4 # £ 5k # (9)

B 2285 F kit ] B2 FINL 2L B0k 7 £ R

2.2 o] RSG5
H RS Fe 8 TR 0 M) BLE 8 451137 BoIB AR SR Y 0 L F NG T
SRR RMPET R HHE R L F 2 L3 1Gy e A R R ISR

585Gy - FEkHREL ) KA FEFHWT &K -

=

41

ot
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231 BY L ERfh R AT

PR TR 2 PR ER(6,12,24,48,72,96 /| PF % PR Etis % 5,7,10,14,17,21,24.26
) BB TR B o TR R B T o R BT A T
2R 0 BT 2 A RET R KT R 4% § R 7 ff(paraformaldehyde, PFA)(Bio
Basic Inc., Canada) ki3 /% ¥ IR REF eSS H T A2 waf gd wok pihe
BiRkGE o MR HPT Y22 N 0 Sum B R P TR Y b e R R
& oFm ik Fimie & H 2 BB Bl Bk 1] B T B 100u] h 6mg/ul
BrdU(5-bromo-2'-deoxyuridine) » 1 /| PFis B~ & § o

111

P28 P39-P42 P56

8.5Gy IR

C57BL/6 mice
hair cycle

Catagen Telogen

Sample collection
Post IR 6hr to d26

B 23 F%&K?:TEE

2.4 gk & F— iz (hematoxylin & eosin, H&E) % ¢

B H mf'_%‘« 7B O~ 65°CUE-48 20 & 480 FR {82~ = 7 ¥ (Leica Biosystems,
Germany)Z 40¥ 5 A 488 (7 FHUATE > B2 2 3702 ¢ F 44 5 44 R AR
fi# o =02~ 100% 100%° 95%  90% » 70% » 50%iF i (PHARMCO-AAPER, U.S.A.)
Fandt 3 ABEFEEA K RBENEAE KT S AR SR RN KT R
FRAM(FREL ¥, Japan)% 4 ? 2 A BT L d o AREB I IRF B B
koo op kokPiRE S 24 “,% S ch g A M 0 B 2%~ 2 4 (Leica
Biosystems,Germany) % 4.7 30 §):& 7 fm?2 ‘P‘r# ¢ o k=3 70% > 95% > 100%:F
A Rdnd 3 F SRR BOK s BER DY F LA 5 A4S h o
FRER TS 0 o 38 B (Assistent,Germany)jF Pl * P F E L FH Y o =

H&E % ¢ *» % & * Nikon Eclipse Ni-E & > ¥ kB e (TR - R L 47 ©
-16 -

doi:10.6342/NTU201703679



2.5 & # ¥ & (immunofluorescence, IF)% ¢

B A WM& Citrate buffer(10mM Citric Acid,0.05% Tween 20,pH6.0) - = 1.92g &
#& #5f (Bio Basic Inc., Canada)i3 ** 1L = =& -k ¥ > & * 2N NaOH@q(J.T. Baker,
USA) a7 A K pH B3 6.0 2814 » 0.5ml Tween 20(Bio Basic Inc., Canada) - ?X
is fe ] 5% bovine serum albumin(BSA) > 3 0.5g BSA(Bionovas, Canada) » ;3 *t 1x
phosphate buffered saline (PBS) (amresco,USA ) # o 3= %] & 4% mi%« B E O~ 65°C
45 20 4 48 0 4= Citrate buffer ¥ **-RigH T g3 95°C s e *7’ L S
PR LA S AT RMUAIE B A 3T T F 44 5 Aa\écf‘"_*e’@ig\ N
=2~ 100% » 100% » 95% > 90% » 70% » S0%FpE % Z 4 Kk ? &7k ik
e
RisIWER ISAHERSEBIITE-KKF 10 248 HF 2 IxPBS 225 4
bB

44

p# 2 Citrate buffer ® ¥ £ 95°C-Kig# ¥ F R 25 A48 7 B4R 0 F B %

|

P £AF 3 =0 0 R MBS (PAP pen) Bl 91 R AT e B L F L 5% BSA v e
PENHPFRRZIFEYNZETRL I | FERRA Ff’—i‘%ﬁ% R R - F i
F00 G(4 - )12 S%BSA 73 it A > B 2 - Fun L 3
BBz 5 BY 24 CKk#E IR o FE= 2 IxPBS kS Aa s €45 35011 5%
BSA 3% ﬁ"% AR = Bftl(£ ) "‘%]3:&\._."" #mﬁ"%ni’ AR R
B2 ERRB K 1) PFo 0 IXPBS #5248 £4F 30 * 1xPBS 2 1:1000

‘e ?,L. Foo ATl A4

#1# DAPI(4',6-diamidino-2-phenylindole)(sigma-aldrich,USA) 'm #& 1% 3 & 4 & 2_
Hir o st b F - DAPL A A4 o @k e 10 A48 1 Ix PBS %% 3 4
B0 EAF 2T R B2 ey Bl AIEGICE S O R g b 0 T R
+ ¥ 1 Fluorescence Mounting Solution(Dako Inc., Denmark) » # + Z g 7 » # 4"
RIS RS gy By kA d o AR s o P * Nikon Eclipse
Ni-E & = L iicdie TR ~pRE A7 o

-17 -
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26 ELAY L
% % 8% Citrate buffer » 5% BSA » 4 & & sl s> 4 § » 65°CH44 20 4
4 4 Citrate buffer § **-K 75 1 ¥ 5 £ 1 95°C » 4 {4 e i

N

Ao D T R
PSS AABE T RMUR IR R AT T R Lda? 5 o 4B A IR R 0 TR
100% » 100% » 95% > 90% » 70% » 50%iFp % AARY EIFRAR S RIS PR
2_ Citrate buffer ® # % 95°C-Kip#® F 25 ~ &8 FF R i34 - F B L s 1
BAS RS EBIITERKiZ 10 248 %2 IxPBS x5 445 £4F 3
e 04 B oK B 2 (PAP pen) B ) i 84 A B R GF 1 S%BSA  d g5 R 4P
BFRZFEYCEETHL D REFEIRRH A R LA BT SR -)
YL 5% BSA i 0 F v - A - FurFL DR o R N HF PR
ZE BN ALCKIIIER X IXPBS Eke 5040 €45 3 > 2 5% BSA
BARFRY - A - BAMAPH L - BFAE(FR D) WERE 2 B - AR

el

%i;r./.w_/ﬁ-/ﬂ WL TR B F}@l P> 12 1x PBS /i/mSAﬁ"@f_ﬁ'ff}M”kxéu
S%BSA 73 it AR B - A - b R B C AR FUR T R0 R H

FEog

BFE R 5 B 04 CAh4EIIER X2 IXPBS Eik 524 €48 350 1 5%
BSA 3R A% - 4 - mpuiAp 2 - (£ 2 ) W BLE L BEF ~ © Fff
B W RPRLIEFLERR 1] pF> 2 IXxPBS #5240 £4 350 #

Ix PBS 2 1:1000 ﬁrﬁ DAPI(4',6-diamidino-2-phenylindole) s #& 47 5 & % & 2 £}
o v b g b DAPL A AR > @k 1T 10 4 480 04 IXPBS #3448

EAF 2T o #-RF 82 gy Fnl RIEHmAC e 2 b oo b gl R R
_+ Fluorescence Mounting Solution(Dako Inc., Denmark) » % + Z 3 5% » * :}F] LA
Hil ke RS e P khd o m xR i % Nikon Eclipse Ni-E
TR ST TEE  pRE ST -

-18 -
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221 - mpARR Y E

Primary antibody Host |Dilution ratio| Brand (catalog number)
Cytokeratin 5 rabbit 1:200 abcam (ab52635)
Cytokeratin 15 mouse 1:100 TemroFisher(MAI-90929)

BrdU rat 1:200 abcam (6326)

P-cadherin(P-cad) goat 1:200 R&D System (AF761)

DNAPKcs rabbit 1:200 abcam (18192)
Rad51 rabbit 1:200 abcam (133534)
AE13 mouse 1:100 abcam (16113)
AE15 mouse 1:100 abcam (58755)
P-histione h2ax ser139 | rabbit 1:100 cell signaling (9718s)
Ki67 rabbit 1:200 abcam (16667
Cleaced caspase-3 | rabbit 1:100 cell signaling (9664s)

422 Z S puRger

Secondary antibody| Manufacturer Catalog Host |Dilution ratio

715-545-151|Mouse|1:500
712-545-153|Rabbit|1:500
711-545-452|Rat  |1:500
705-545-003|Goat |1:500

Alexa Flour 488 |Jackson Immuno Research

715-165-151|Mouse|1:500
712-165-153|Rabbit|1:500
711-165-152|Rat  |1:500
705-165-147|Goat  |1:500

Cyanine Cy3  |Jackson Immuno Research

-19 -
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2.7 TUNEL & i

TUNEL(terminal deoxynucleotidyl transferase dUTP nick end labeling) #& i#] &_*
WREAERPN e S HE AR REORPIL 2L - o~ F s TUNEL &
#]1¢ * DeadEnd™ Fluorometric TUNEL System # iF] & (Promega, U.S.A.) » 5 &£ -
WHArehmgr B ¥ o~ 65°CH-48 20 A 48 Mg sy B 2 7 Fhaad S8
T P MURIE ) B FTC T F 4?5 o 4m R A MR RE 0 S~ 100% o
100% > 95% » 90% > 70% > 50%:Fp » X153 » 0.85%NaClzie® 524 L% »
Ix PBS ¢ 5 2488 7%k » ki chle s B 0l oKl B B e st gt )
Wl F L A%PFA B R AR NS A48 0 IXPBS Eik 2K XS A d o e
B g iRl e g #ri e proteinase K i3 (20pg/mlrt FIRE T IR 10 448 0 Y
IxPBS 2 5S4 4h > >l g 4%PFAR RS md e FE AT 2+ 1811 Ix
PBS /£ 5 &~ 48 > _EL%‘«J ¥ Bl e & 72 equilibrium buffer *t F E T (E
10 & 48 > =18 0 SRR T (2 1895 3% R k) R-e 47 0 1 TdT buffer(-1&
B ke & 7 2. rTdT enzyme solution ~ dUTP solution ~ equilibrium buffer 12 1:5:50 2.
e R)F TR o Tl B A AP R E R E R BRIEI AT RE
Mg P BEONRBPE Y BRGSE BY 5 L HE B 37CRY F e R bR
o BRI PR E S o R 1S 0 2x SSC iR R 15 A 4P LR
B> #FFLIXPBS ik 3=t > F =t 5 a4 St F P DAPL R AR o w
Kivk 10 2480 M Ix PBS ZEi& 3 2480 £4F 2 X > “‘._E'_Ta 1+ + Fluorescence
Mounting Solution(Dako Inc., Denmark) » 1+ Fgt % » % 357 3 Rdtid e =+
E’_%‘« 7 2 enTUNEL § 24 ¢ o = ez ¢ *7 # 8 * Nikon Eclipse (Ni-E) & * § %
B e e - hRE i -

-20 -
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2.8 # 4 e chz g

Bf B R nL R P g A PP 0 15um PR IR PE 2 7 B

i g R G Rk IR dermal papilla B 5 2 o 1 NIE 2 3B AT AL

)

PR 0 7 Tmage] A 1B AR 2 we TR o M A w TR G 0 L
cadherin F5 1% 4 327 BrdU B4 4 ehim?e o 324 e r § 5% e ohs B ahas &

$4 3 3P iE 10-15 $2 5 § o

29 p AR ik ch g

e B R A S s B WA S R P 0 15um R R P E e B PE

‘.3:

L g B w B ek 3% dermal papilla SRR 2o 72 Ni-E T 2 kARt d
PB4 15 0 1 Image] AT HiMIE R A A= i E R o f AR Wi TR Lo
£ 3 TUNEL {4 Rehim® o frdlle s s le i fprgheni § 6 4 ioph g
10-15 2 ch 2 § o

221 -
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2.10 w¥ 4 % (cell sorting)

BAREREFREEFTH L ZEN IXPBSH* B FARBEADT > 1l
AR R HTL RIS o 2T e gk Ry 5'J“$ c B 10 2& B EHm P A x
HmWQﬂHWmm@%wﬂ&Uﬁ’%@#%éPwﬁﬁi%RH%ﬂiﬁfﬁﬁﬂﬁ
BAIgcdx o r 37CEAHP T 3508 - BB R 2 L9727 8 A&
b EARI A R R AR I EEPREL 0 S » - BRI 2 sorting buffer(5% Fetal
bovine serum(FBS)(Gibco,USA)in 1x PBS)#% {4 12 pipette air 4= ;8 & /& v £ B35 5 14
® b Trypsin 1% >33 ;3% 4c ~ 70um cell strainer(SPL,Korea) ® > strainer = 2 50mL
oo gl Fimik 0 £ 40 ik 4o~ 40um cell strainer(SPL,Korea) ® > 4 50mL 3 ¢
Yo gk e AR > 0 4°CHGR 3w > B (8 43 “fi 7% o 4~ 10mL sorting buffer i&
T ML EFMERS > oo H “ﬁ’:l ik o gk pellet o 4e » T E 4
#% sorting buffer w3 w7 c R LM Z R ZMHF P ek HBI IR m? =
I 7O e o0 AR Of8 4~ FR B8 :CD49f-PE(1:300,eBiosience,USA),CD34-
APC(1:100,eBiosience,USA),CD200(1:50,bio-rad,USA),Scal-PECy7(1:100,eBiosience,
USA) > Bkt S Mdkh 25 ~ 48 > ¥ B § filter § + > 14 sorting buffer 7%&/is

LW 025 A 4Bts 0 ik g 1 4e ~ ImL sorting buffer X 18 & {7 MU B o
oo 1o # Tt 7% > 12 Img/mL propidium iodide(PI)r4 1:200 2 v* 5| 4§ 1 sorting
buffer» £ 2 ¢ buffer ¥ 73 ‘w¥e T &4 3 filter g3 -4 FF B Wk ZF o0
o3 fmPe o iE R (FACSAria IIT)( BD Biosciences,USA) < & #7% 2. ‘mP2 3 > Jc & w2
i 7GR o F 2 IXPBS R iE il B 20-80°CHk 48 T 0w #-i2 (7 RNA ¥

P~ > RNA %+ 2 qPCR £ 7 % -

-2
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211 ¥ 2 € X & pr i 4 5 & (real-time quantitative

polymerase chain reaction,qPCR)

TR R LAY F BQPCR)A A RIT A R F % B Y ks (4o
SYBR Green)4t » f3% DNA shaFid > fit (7 PCR B > " iR B 4e > P 1R A H
2 A5 F1@ g B DNA G ke e §REL M e 0 RSNk Wl ks
KW RE BERATERN YRS TR oA NE BRERTAL AR
P pEE R ehp he

¥ 44 DNA %R ¥k w3 » fedl 7 foidl:

ddH20 5.9ul

KAPA SYBR FAST gPCR Master 751
Mix(2x)(KAPA Bio, USA)

forward primer 0.3 ul

reverse primer 0.3 ul

Total 14ul

Jo R L4 » 96 34 qPCR 4 ¢ + L 4c » £ &2 d REPLI-g® WTA Single Cell
Kit(QIAGEN, Germany)*x + 12 1:100 f% 2. cDNA(* # £ F02 = £ 4 - 34 Rl )
Ris 4% 2 v > 3~ LigthCycler® 96 Real Time PCR system % % (Roche,
Switzerland) ® & {7 F & o F &5 & {2 LigthCycler®96 Software 2 Microsoft Excel

&7 o

-23 -
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# ¥ 2.3 qPCR primer sequence

Gene forward reverse

GAPDH |GGGAAGCCCATCACCATCT |CGGCCTCACCCCATTTG

AXIN2 |ACTGGGTCGCTTCTCTTGAA |CTCCCCACCTTGAATGAAGA

WNT3A |CACCACCGTCAGCAACAGCC |AGGAGCGTGTCACTGCGAAAG

Lefl AGCGCAGCTATCAACCAGAT |CTGACCAGCCTGGATAGAGC
CTGCGCACCAACCAAACTGA |TTGGGGGAGGCGAACATTAGGT

BMP6 A A
AGACGCGGGCTCGAGATGAT |GCCCTTGATCCGGACTTGACTCC

FGF18 GTGAGTCGGA CGAAGGT

ID1 CCTAGCTGTTCGCTGAAGGC |GTAGAGCAGGACGTTCACCT

ID2 ATGAAAGCCTTCAGTCCGGTG|AGCAGACTCATCGGGTCGT

ID3 CGACCGAGGAGCCTCTTAG |GCAGGATTTCCACCTGGCTA
CAGTGCGATATGAACGACTG

ID4 C GACTTTCTTGTTGGGCGGGAT

Tgfb2 TCCCGAATAAAAGCGAAGAG |AAGCTTCGGGATTTATGGTG
AGTGATGTCATGGCCAGCGA

Tgfbr2 C CGCAGACTTCATGCGGCTTCTC

Hesl CTACCCCAGCCAGTGTCAAC |AAGCGGGTCACCTCGTTCAT
AGCGCCGACGAGACCGAATC

Heyl AATA TGGGGCAGCAGCAGAGGGTGTG
ATCACCTGTTGGGGATGCTGG |GGCGTGAATAGGACTTCCGACA

Glil A G

Gli2

GTTCCAAGGCCTACTCTCGCC
TG

CTTGAGCAGTGGAGCACGGACA

T

-4 -
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F=2F 2%
3.1 Mpapdp i A0 KA IS JHF

* AL 7 PG4 CSTBLIG ) RA RS R RS F L B
FAEATMAL S PR A 15 32 1) 12 8.5Gy MEApds SRR R dp e
B3 ELBRBSTS ) RIS F 2 R0 AP kA B 2 ] RS %D
BITLRe TS FET (B 3.1) CSTBL/6 /| R A4 5540 % » £ F 84
EHErF Yo L FEF L LB R FIL F A IR N 0@
LEFHD RPN R L R EBHE LR oL gL A
149 X > EBRIPEFFINONALF 103 11 %> 2 3% 12> 712
PREEEFARFES d B BB > SE4 | RBLTErT- BLED -

B ) QA RIS 24 ) LT LY T2 BBRIIAL %
oo BRRET3 R 1S 0 FINS RN L RAFE AT 0 SR RA g R

CEEEET RS A TR RN B FH R R

34

3

7

HH LR Ad BT XI5 G RGP 2HE YW § LATE D AT
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