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Fig. 1.

Fig. 2.

Fig. 3.

19 Ak

The result of semiquantitative RT-PCR of HLA-B in hair
follicle organ culture; Lane 1. Control(No treatment), Lane 2.
IFN-y(75 TU/ml), Lane 3. IFN-y+10 °M ACTH, Lane 4. IFN-y
+10 ‘M ACTH, Lane 5. IFN-y+10 °M ACTH, Lane 6. IFN-¥
+10°M a-MSH, Lane 7. IFN-y+10 'M a-MSH, Lane 8. IFN-y
+10 *M a-MSH, Lane 9. IFN-y+10 °M B-endorphin, Lane 10.
IFN-y+10 ‘"M B-endorphin, Lane 11. IFN-y+10 ®M B-endorphin.
10'M ACTH, 10 °M a-MSH, 10 °M B-endorphin significantly
down-regulated INF-y induced ectopic HLA-B mRNA
expression(n=3 hair follicles in each group). Data are presented
as the mean + SE  + + « + = ¢+ o 0 e v e e e e e
Immunohistochemical staining results of HLA class I in hair
follicle organ culture(original magnification X100); 10 'M
ACTH, 10 °M a-MSH, 10 °M B-endorphin significantly
suppressed INF-y induced ectopic HLA-class I expression.
The vertical axis means staining intensity. The intensity
showed as score; none(-):0, weak(+):1, moderate(++):2,
strong(+++):3. Data are presented as the mean = SE.
Immunohistochemical staining results of MHC class I-pathway
related molecules(B2-microglobulin) in hair follicle organ
culture(original magnification X100); 10 'M ACTH, 10 °M a-
MSH, 10 °M B-endorphin significantly suppressed INF-y
induced ectopic B2-microglobulin expression. The vertical
axis means staining intensity. The intensity showed as

score; none(-):0, weak(+):1, moderate(++):2, strong

- il -
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Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

(+++):3. Data are presented as the mean = SE.
Immunohistochemical staining results of HLA class II
(DP/DQ/DR) in hair follicle organ culture(original
magnification X100); 10 ‘M ACTH, 10 °M a-MSH, 10 °M B-
endorphin have no statistically significant effect on
INF-y induced ectopic HLA class II expression. The
vertical axis means staining intensity. The intensity
showed as score; none(-):0, weak(+):1, moderate(++):2,
strong(+++):3. Data are presented as the mean * SE.

Real-time RT-PCR results in outer root sheath cell culture;
10 °M a-MSH, 10 'M ACTH, 10 °M B-endorphin significantly
down-regulated IL-1a expression. Data are presented as the
mean * SE -

Real-time RT-PCR results in outer root sheath cell culture;
10 °M a-MSH, 10 ‘M ACTH, 10 °M B-endorphin significantly
down-regulated IL-13 expression. Data are presented as the
mean = SE -

Real-time RT-PCR results in hair follicle cell culture; 10 "M
ACTH significantly down-regulated TNF-a expression. Data
are presented as the mean * SE -

Real-time RT-PCR results in outer root sheath cell culture;
10 °M a-MSH, 10 ‘M ACTH, 10 °M B-endorphin have no
statistically significant effect on TGF-B1 release. Data
are presented as the mean £ SE -

Real-time RT-PCR results in dermal papilla cell culture;
107°M a-MSH, 10 ‘M ACTH, 10 °M B-endorphin have no
statistically significant effect on IGF-1 release. Data are

presented as the mean + SE.
iy -
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Fig. 10.

Real-time RT-PCR results in dermal papilla cell culture;
10°M a-MSH, 10 ‘M ACTH, 10 °M B-endorphin have no
statistically significant effect on TGF-B1 release. Data

are presented as the mean + SE =« « « « « « « « o o oo 33



Table

Table

Table

Table

Table

Table

B |

Experimental design of Semiquantitative RT-PCR of
HLA-B in hair follicle organ culture + + = « « « « « « « -
Primer sequence of Semiquantitative RT-PCR of HLA-B
in hair follicle organ culture -

Experimental design of immunohistochemical staining of
HLA class I, B2-microglobulin and HLA class II in hair
follicle organ culture = « + + + = = « + + « « o+ 0.
Primer sequence of real-time RT-PCR for each mRNA in
hair follicle cell culture « « « « « « « « o« v v v v v

Summary of real-time RT-PCR for each mRNA in ORS cell

culture -
Summary of real-time RT-PCR for each mRNA in DP

cell culture -
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¥ &= IFN-y, tumor necrosis factor(TNF)-a%5 ¢ AA S =
defA vk =¥, ACTHS a-MSH= I35 Wepd Aol dol3d @xt opye
Avbdow vod wWAagda aHRE dgdeE zew dHA ow, B
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voue 2AARAL )5E WA Qe
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TGF-B1¥4 2 v cytokines AT + Aseol @A Advk. IL-1 ¥
TNF-a x4 952 cytokineo = 2 d#fA glon
A AR Hgdrkar delA Uk AA me S
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IGF-1, Keratinocyte growth factor(KGF), Hepatocyte growth factor(HGF) % ¢
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Ao A AN E IL-1a, IL-1B, TNF-a, TGF-B1, IGF-1% 22 Wd¥g§ &
& cytokine® Hl ol oA Host=A st opH A A EA K= B

"AAAE oldsted £gol Ha sk



(a) 2718w F v

ol
rir

!
W Ao 10 wug/ml insulin(Sigma, St, Louis, MO, USA), 10 ng/ml

Williams E medium(Gibco BRL, Gaithersburg, MD, USA)S <3to = 7] &
hydrocortisone(Sigma, St, Louis, MO, USA), 2 mM L-glutamine(Gibco BRL,
Gaithersburg, MD, USA), 100 IU/ml penicillin-100 ug/ml streptomycin(Gibco
BRL, Gaithersburg, MD, USA)e] &% antibiotic-antimycotic solutions % 7}

aho] Al 4a}el ).

(b) EGAIEw] < uf =]

& Z%x M E(outer root sheath cell)™= EpilLife Medium(Cascade Biologics,
Portland, OR, USA)olA wj%stgd o, =25 A E(dermal papilla cel)=
Dulbecco’s Modified Eagle’s Medium(Cascade Biologics, Portland, OR, USA)<
Zto 2 &&= 7]E wiA o] 100 IU/ml penicillin-100 ug/ml streptomycin(Gibco
BRL, Gaithersburg, MD, USA)°¢] ¥ {¥ antibiotic-antimycotic solution®Z} 10%

fetal bovine serum= % 7}ste] A #+s} 9 o,



B. ¥

(1) AA 271 v

MHC class 19] 4383 =412 IFN-y(PeproTech, Rocky Hill, NJ, USA)E
7vste] wiok®El <A Rl HLA class 19 o] dS #2353 IFN-y<
mds 74 HyrlE $Ed4 e 75 [U/mlE AH4addtasa
HLA class I& o] ZAA 7 wjFd AA 2ol POMCHr#l FEH=7F A=
ko] thal FHAA FTEE A A U3 (Reverse transcription-Polymerase chain
reaction, RT-PCR)¥} W x243}3 gs T zAetglch olmf Ab8¥ IFN-y

o} POMCHel HEI= ¥& A4S 7|E £8& Fustel dgsan’” "
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® POMCxt: 7] uj Aol 75 IU/ml IFN-yE #7tste] 443 mjFsbd om, wi &
297 Zzke] wiAel 10°M, 10 M, 10°M¢ ACTH(Sigma, St, Louis, MO,
USA), a-MSH(Sigma, St, Louis, MO, USA), B-endorphin(Sigma, St, Louis,
MO, USA)S  #7Fstdnk. oA 1149 oz &/ F 729 o & 3~440
Aol Bygg wgstdon, 22 43S 33 W&t (Table. 1).

(c) Semiquantitative RT-PCR of HLA-B

wj ok 425 A7) 2vdol A Trizol®(Gibco BRL, Gaithersburg, MD, USA)< o]
€3l total RNAZE F%3 t}S E3433 =W (Spectrophotometry)2 o] €3k 260
nmelAd FEZ =AU 1 ug®d RNAE random hexamer primer(Promega,
Madison, WI, USA) <} Moloney murine leukemia virus reverse
transcriptase(Promega, Madison, WI, USA, MML-V RTase)Z A}-&3to] ¢cDNA
2 @A A Y. 28 MHC class Ia transcripts® ¢1# 3 HLA-B primer®} Taq
polymerase(Takara Shuzo, Otsu, Shiga, Japan)E ©¢]&3le] PCRS Al @&t
(Table 2). PCRZ Y& o=z AP}t RESFEFES 94TCoAA L&
denaturing Al 7] 2 94°Coll A denaturing 30%, 56C ol A annealing 30%, 72 ol A
elongation 102 353 wkEalal wpx|uto 2 72Co| A 107t extensionA] Z T},
PCR AAEL ethidium bromide’} ¥3¥ 2% agarose geldl A #7149 %5S A3

st on, PCR A E9 AH#HEAL BandScan software(http://www.Glyco.com)

2 0] 43} densitometryel ¢ 3 HLA-B/GAPDH H] & H] 3} o},

10°M B-endorphing W% 224 A7bste] 293 o widd F Wz s o

Mg s on, 2zte 3 % 567049 s £t (Table. 3).

AN F 71 e T sk 2
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R

10% formaling o] £3lo] A A Y

9. dan ¥ zde 2

—
W~

m=z A3t HLA class Io] Wg

monoclonal mouse antibody(Santa Cruz Biotechnology, CA, USA)$® human B
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2-microglobulin®] Tt 3 monoclonal mouse antibody(Santa Cruz Biotechnology,
CA, USA), HLA DP/DQ/DRel th3 monoclonal mouse antibody(Santa Cruz
Biotechnology, CA, USA)E o]&3to A& Al&g3t¥ L, ultravision LP

Detection System(LABVISION)S o] &3} 93 t}.
=

Q8 (+++)340 0.2 BT

(2) 9A 2AE 8 &

trypsin A Ak, IS o]t AFEIEAETE YFETEA  single

cell2 28 F 37T, 5% C02/95% Air efel Al wjek7]el @ v kst sloh.
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A Z A Y (connective tissue sheath capsule)s H]2E53] ZHAde] RHFAHES

FEstanh F8® AT AlEE 37C, 5% C02/95% Air Zdejol A wjck7]el ¥

UA AFTF AEMGE WA E AFEsE] 37T, 5% CO2/95% Air AFejell A Hj &7
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@ oz POMCH I HEI =S A7hahA) e 7120l A 2423F o] % 3}3
@ A8 10'™M ACTH, 10°M a-MSH, 10 °M B-endorphing # 7}3}¢] 244 7t

(¢c) Real-time RT-PCR
| 9 9=m% A EZo]A Trizol®(Gibco BRL, Gaithersburg, MD,

X

[o IR =
ar T

USA)E& ol&3te] total RNAE FET ta Z33=HE ol85te] 260nmel A

td

2 243890k 1 ugd RNAZ random hexamer primer® MML-V RTaseZ
Al43leo] cDNAZ 4359, PCRE cDNA template 1 ul, &4 primer 10 pM.
CYBR Green Supermix(Qiagen, Hilden, Germany)E& % 10 ul¥%=3 WF-SA| Z T}
PCR product™ Rotor-GeneIM 3000 (Corbett Life Science, Sydney, Australia) 2
2 &3t cycle threshold(Ct)# & AF&3Fed GAPDH geneol th3dt Atha <l ¢
< Tot B YSEIE AE gl A IL-1a, IL-1B8, TNF-a, TGF-B1¢]
mRNAES 43533, ZHF AE wigelA TGF-B13 IGF-1°] mRNAES =4
stk gl AL4¥ primerg X2 YER A TH(Table. 4).

C. AAH

(1) QA 2713 v

Zyzbe] Aee 33 ol wEefay AdYddde Hit £ FE QLA (mean + SE)E
FAEAT. 2 i8 He) EAHRAL IBM-PCE A Z2 2% (SPSS windows&
version 14.0)% ©] €35 th. RT-PCRY WY FxZ st Mo A tza3 INF-y,

INF-ya* ¥ POMC 9] Aol & ulustr]$sl E5AW <A Student testE o]

g3k} A2k n p<0.05d Aol B o® BFa gt

2
rO
2
s
N
=
30,
rr
=

(2) QA ZFAEZ = F

71—71—94 Al 3|

A A A 33] o)A HrEE P AFAYE HF + FF2 X (mean £ SE)E

flo
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EA Y. 2 W 1Y EAAALS IBM-PCE A 213 (SPSS windows&
&

version 14.0)S 9]

399 th. Real-time RT-PCRolA tizw3 A3+ 2ol =
H sl 7] 9 &) B =

Student #testE o] §3to] AF3A L p<O.05d A

a2
ok
it

[e]

o FAM Aot Qe Aew AFHY
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1. 23

A MFE AA 2 H WA POMCHHA HE =]
‘63:
(1) Semiquantitative RT-PCR of HLA-B(Fig. 1)

497 wjge AA ARV BEde 5 A7 AEHE FASAT w49 A

A 8 8 Semiquantitative RT-PCRY Ayl A Fx7 tx+3 v wsto] IFN-y

=

& FAALR 9T Ao]E Kol HLA-B mRNAY & F7h7b vebwtoh,

ACTH®S A% 10°M, 10, 10°M ZE %%o|A IFN-y®t v+ HLA-B
mRNAS Ado] YeEltl 3 10 'M ACTH H e oA IFN-y*3} vl d u
EAXRoE Fo e A8 7 e T (p<0.001).

a-MSH®9 2% 10°M9¢ %% oA IFN-yi* 2t} & HLA-B mRNA< & o]
EAMORZE Fog 2olZ YERATHP<0.001). dAT 10 M,

B-endorphin® 2% 10°M, 10'M, 10°M ZE %A IFN-y* HU} &
ZgFo]l eEbTh 10 MO FmolA o2 3 u A
B} vr& HLA-B mRNAS &S e o (p<0.001).

HLA-B mRNA< =¥

Agstd, IFN-yoll 93 HLA-B mRNA¢ @@ Z7}+= ACTH, a-MSH, B
~endorphin EFo|A Ao, E3 10'M ACTH, 10 °M o-MSH, 10°M B
[e3]
—

-endorphin®l A IFN-y# 3 H w3 uw o)A

e

AEHR7t EAHoR Fod 2

o] % epyth
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(2) 99=x2A 33 g

HLA class Ie] o3t Mo A IFN-y+2 thxate Ryo] vls Z9F 2y
o YSRIEAME B RIHAA FAAOLE FoF AolEF Hole ojYdAS
et itk ol@§ IFN-yol & o]d2de 10'M ACTH, 10°M a-MSH,
10°M B-endorphinel 93] ojAl¥ = %34S U en EAHoz o3 A
o] & e A tH(Fig. 2).

MHC class I 242 ## 2x¢ B2-microglobuline] ta Ao A IFN-y+< o
Z7 Byl HE ZHF B gFRIFAE E BUHAA FAHR f
< 10™

Wole

o Aol wolt wd ZhE WA o] e IFN-yol o7 o] 4

&

ACTH, 10°M a-MSH, 10°M B-endorphin®l 93] oA == JA<
W AR fFo zko]lE YEMY A H(Fig. 3).

i
o

HLA class I(DP/DQ/DR)el &k Aol A= dfZztel B8 IFN-yoll 4] & o]
EAAOR fdtA F7hEE FASe BYgou IFN-y 3 10 'M ACTH, 10 °M
a-MSH, 10 °M B-endorphinztol = EA4 o2 Fo)3 2o]S YehAE= &gt}
(Fig. 4).

ol
rd
Ao
1
ES

Aes®, 10'M ACTH, 10°M a-MSH, 10 °M B-endorphin& =
A IFN-y %4 HLA class I3} B2-microglobulin® o]43d& oA 9 om,
IFN-y# 2 vugd of SAACRE Fog AolE Yetoen, IFN-y FEA
HLA class II(DP/DQ/DR)Y o] dol & Fofgt zto]lE& Holes a&3E EY

Al ekt

I

_13_



B. wigd QA EFAEAA POMCH: FHEHE= AHA7L

cytokine W&o m X & o g

(1) 9222x AEAA Z4F cytokine mRNAY real-time RT-PCR(Fig. 5
to fig. 8)

10" ACTH: IL-la, IL-1B, TNF-a® mRNA 2@ S o 45 % 0w TGF-B
1 mRNA® T&dol= 9w gle zkol7b vrEbubA] &gkt

10°M a-MSH: IL-1a, IL-189 mRNA 2&< 948 9om TNF-a, TGF-B1
mRNA<9 &&= v 9+ zkol7F YEhUA] &%t (Fig. 8).

A s, 10°M a-MSH, 10 'M ACTH, 10 °M B-endorphin® &% ujoks
92wz Aol IL-la, IL-189 mRNA 2&o] oA o] et on 10 M
ACTH® TNF-a mRNA¢ #& S 978 ¢ th(Table 5).

(2) Ef%F AEAdAA IGF-13 TGF-B1 mRNAo dlg real-time
RT-PCR(Fig. 9 and fig. 10)

10"™M ACTH, 10°M a-MSH, 10°M B-endorphin & ZFe]A IGF-1,
TGF-B19 mRNA 2Zdel f2o]g 2ol5 HolA sktt (Table. 6).
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Iv. n %

POMCeI Al 719 stz AAAE =S o F8A= d7s 29 A o
71 A= vge At
B

9l ZA¢ ACTH, a-MSH,
1

a
it
oo
o
i
iul
2

-endorphin®} 1 & A7} RdAZo A TAESY
7150 dF WA ok B dEHA 2EH2E w4 vRew
Haoglow, ~EY A T R A 25 o] 44d® CRHE ¥ sh5A®n
ofygl Ryl = POMC A dAbe]l #ojste] 1 284S yepd 4 ok
POMCHd#l =+ dad JAAAo] Agaete Aol & dejx YA, o] 9
ol thekd Wws 2AARA Y V5] dom, o= POMCHI HE =7 B

o Wy gARE olue =g WeAe) 2AAR 24U F Ase A4

cytokine®] W3}, WA g To] BT Ao A YA o} 7A
Aggt A 7)Aol dalAe FAsA deiA A ok AR A AR
2do] PR o)t ZYRoIME So]F oz MHC class 19 H&o] 79 e
UA gAY BEEA ek AgAe WA Aol ostd de] glE B

E Al¥E= MHC class [ 2dslE Aoz d8x] ded, 2 2379 o3

SAL B 245 dgs5dT9 s A86HA wEd. oo wtsto], HYr] 2
o A= By A3 A FelA MHC class 19 k8o Yt FA7] Fetol=

o

2} vl (secondary germ)o]l MHC class 1 ¢ Z&o] Yeld™® wa 93 &
Z3 e Hog A3 A MHC class I3 MHC class [I7} ZstA 23 sy o
o] TutEE AL E u, ol 2y AE AA MHCE 23T %5

o
T
2 BolHd Aol opya, AV oA vjeHer I o]l As 3l
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to 57 2 WAEAL F4T 5 g B4 Wwdo4 A48 Yehue
IGF-1, TGF-B, a-MSH7} 243 4 gltta Rugrc o & POMCH#H HE=

B,
of &3t o-MSHE WebdAEe F43 Pakg zdse] dwehd N2 44
gaas ARy ohe welTeld IL-103 2 WeloAl cytokine® 44

fEstn, AAAA o-MSHE Fof A W% dF3 $EL F05E IL-1, IL-6,

O—L/

TNF-a9} #& cytokines ZA&3H, T-celldlA IFN-yo AAS A 3H
natural cytokine antagonist2A] FH e WAIAA 9dT& e Aoz dHA

9\)\ 1:]_35*39.

B Ao IFN-y Aol oa o4 wdF HLA class I°] 10°M a-MSH
Aol o)sf oAEo] a-MSH+ A3 Wazd7ss Hir. oelgd Ais
of magk A} FAtstth & = JATh ET WG A5 @A Ak
of e AxE Fd & £ dAem, MHC class 1 A2 #F#dE Az B
-microglobulin &%= oA A # t}. B2-microglobulin® MHC class I 3} WelA

E4o| T, welM o-MSH7F F¢ wde 2

2
Al MHC class I 8 #HA4oll &3t ol mRNA¥T ofueg}l Aty

o
ro
d
st
2
lo,
e
o
ot
=2
i,
ko
rob
o

M
2
X
H
QL
X
)
o
SL
Ky
&
B\
o
]
N
%o,
o
g
=

HC class I 2 84 2 ot 3}

& VA gEUS 4% oA 2w

S A

ACTHY #9¥]&= CRH, @3Y #32 cortisol, 2E# 2, FA-ZtA F7]d <] 3
P weEv. B3 ACTHY #Hle & HAEH= vl o8 =47 %= o=
49l B-endorphin® enkepahlin® ACTH®| #4H|E JA 3. ACTHE a-MSH<e}
A ded e FA dakd Alxe S 9l o]F, 714 = 7] (dendrite) @ A ol ¥

o3kv}, cortisole] ¥WE fEsel F¥F WexA /%S ATk o-MSHS}



ACTH=*= intercellular adhesion molecule(ICAM)-13 2& R 2Rz TS o
AstH, ACTHE A BYoA AH7E FEste &84S sto] 2o 440
FE T3 2ddxAz Buydd. 2 ¢ ACTH® o-MSHE d# EuE

EA5E 5o YR e REodE gge vHgoY

oA A IFEN-yol 93] o] @d® HLA class I mRNA® o]
10°M, 10 ™M, 10°M ACTH ol o3 A=At =3 FA8 232 Hd x4 3
s JAo A E o 4 9ot 10 'M ACTHE B2-microglobulin® & o A &
oAl &35 Hojx ACTHTE a-MSH® frAeE Z3E Rtk 18l R A X
i Fol e a-MSH®F FAFSHA IL-1a®t IL-1B8¢ mRNAZ#ES A Ao
TNF-a mRNA¢ 2&x A5t ACTH £ a-MSHE MCHEAE 24314
21tk a-MSH9F ACTH7F RWdolA A 285 dede 31e MC-12E &
EAE FHeed 2 ZARE dehlle Aolg FAE F dow, ACTHE th2
POMC+H ¢l HE=rt A4 o2 o84 TNF-a mRNAS 23 A= o
ofste] 73 WAl 715 & el

B-endorphin® #H®]:= ACTHY A%z A JFgFS wx ¢ggon Fa ~
Ef st 22 259 AR g3 2HAY. 2Ed e HIFA-FAS A3
o] B-endorphin, met-enkephalin, a-MSH %9 ZH]Z ZZA7]&=d o % B
-endorphine 7} T8¢ 2E# 29 wAEAZ dex dow, 2Edd uf

. L = 45 _
£ B-endorphin® F7t+= & F AFE 7 Aoz I Ju™ W849l

B\

ol Al B-endorphin®] o} F 3 A (opioid antagonist)$! naloxone°] A 2

=3

} A 3 (splenocyte)oll A IL-49] A4S A8y, w2 IL-2, IFN-y A4S

Jp

Zskol Thl immune response® st 2122, B-endorphin #Z2 W14
o)
-

ol

ol# oF FME] =7} Th2 cytokined A& =
T AT = A Aol A B-endorphin® A mdo] Wbl ¥ A
Aot AE 7HAE7] §4 9 A4S RSt depdAze] @Y 2EARE

A el gigol maw g™

}3i Thl cytokined A<

il

o
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B oAFo] A IEN-yol 93] o]4 2@E HLA class I mRNAS #do] 10 °M,
10 M, 10 °M B-endorphin ¢ & A=A o™ 53] 10 Mol A iz 2 a-MSH
o ACTHw ¥ wlue wf 2 3o g5 Ao FHa ddxd7]sS B3
v}, T3 MHC class I A= #& 2xel

d B
-MSH % ACTH¢ #AHE ZA3E wBidd. oleld 42> POMCHH HE =7}
=

o
o
QL
fr

2

HLA #4840l fA1g o

o & A FAY 4 Ak 2 ZEAE b
%ol A B-endorphin a-MSH9 ACTH®} #AFskAl IL-1a9t IL-18 mRNA<] @
HS AA AT B-endorphine ZE#H A wjAAZ & 4dA 9don my 234

o]

o

% M EolA  B-endorphin® = F&# 9 p-opioid &7t 3l
2GS AA oA B-endorphin®] #&ol A= ofA7FA A &

&
o

HA gdoy B AYS FI 2Eday #ddE 2 E 3o A B-endorphin®]
&

ol e Axz AH7] ol POMCHH FE =9 ACTH, a-MSH, B
-endorphin =57} 2y &9 %9 HLA class I & JAlo F23 J9a85 o 5

gom YA @ A= FE cytokineel IL-la$t IL-18 && o oA Azt
2 Z4d & vz AzEg. oy d POMCH FE=9 g2 7yds Wy

T Z fAsEd T 98 F Aoz AyZdd. £33 POMCH
HAE=Ev 2o Agumo Fad 2dzx2ZA 43 oz FAHHAY. ugeA

POMCH# HE= Wt WAEA) a3 8de FA/2 o BsA st
v

= F
k. AAlZ POMC ###e POMCHel e =9 2@ AHAol7] Hres w
F71, AR wF, 95 A5 B IR A%e g SAd 2dY Zeo)s YEd
2 HEo F7hE o) 7kA 74 o)
AAHIL gloy d5ukg A 2 FYg

ol o,
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2 dFoAE POMCHH HEY =7t 2o A4 2dAEY cytokine #
Hlo v X FIFS s 3
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o Aol Al mvle wika REAE wge Eete] POMCHdl

HE7F 2y A4 Z3AEY cytokine EH o] mlAE= 93FS FHstaA

1. Al 7] wiekol Al POMCH @l $E = (ACTH, a-MSH, B-endorphin)&
IFN-y %4 HLA class [# B2-microglobulin® o]44td A& el ¢l

lo
A
ol

] 10 ™M ACTH, 10 °M a-MSH, 10 °M B-endorphinol ] == @& 7t

& 9t BREA dERn BAE2A5E AN E S AE v

-endorphin)& EWYAFIA 2L 9F F% cytokined! IL-la¢} IL-18 & & 9

oA Bas BAY

olse] Az POMCHrel FAH =S A Bdolr] 2 2959 HLA class
[ 28 Ao By myggodad @ AdZ &% cytokine? IL-la9} IL-18 2

del oA AR 48¥ F Ackm AR

b
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Fig. 1. The result of semiquantitative RT-PCR of HLA-B in hair follicle
organ culture; Lane 1. Control(No treatment), Lane 2. IFN-y(75 IU/ml), Lane 3.
IFN-y+10 °M ACTH, Lane 4. IFN-y+10 'M ACTH, Lane 5. IFN-y+10°M
ACTH, Lane 6. IFN-y+10 °M a-MSH, Lane 7. IFN-y+10 ‘M a-MSH, Lane 8.
IFN-y+10 *M a-MSH, Lane 9. IFN-y+10 °M B-endorphin, Lane 10. IFN-y
+10 ‘M B-endorphin, Lane 11. IFN-3+10 "M B-endorphin. 10 'M ACTH, 10 °M
a-MSH, 10°°M B-endorphin significantly down-regulated INF-y induced ectopic
HLA-B mRNA expression(n=3 hair follicles in each group). Data are presented

as the mean = SE.
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Fig. 2. Immunohistochemical staining results of HLA class I in hair follicle
organ culture(original magnification X 100); 10 'M ACTH, 10 °M a-MSH, 10 °M
B-endorphin significantly suppressed INF-y induced ectopic HLA-class I
expression. The vertical axis means staining intensity. The intensity showed
as score; none(-):0, weak(+):1, moderate(++):2, strong(+++):3. Data are

presented as the mean * SE.
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Fig. 3. Immunohistochemical staining results of MHC class I-pathway related
molecules(B2-microglobulin) in hair follicle organ culture(original magnification
x100); 10'M ACTH, 10°M a-MSH, 10°M B-endorphin significantly
suppressed INF-y induced ectopic B2-microglobulin expression. The vertical
axis means staining intensity. The intensity showed as score; none(-):0,
weak(+):1, moderate(++):2, strong(+++):3. Data are presented as the mean =*

SE.
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Fig. 4. Immunohistochemical staining results of HLA class II(DP/DQ/DR) in
hair follicle organ culture(original magnification X 100); 10 'M ACTH, 10°M «a
-MSH, 10°°M B-endorphin have no statistically significant effect on INF-y
induced ectopic HLA class II expression. The vertical axis means staining
intensity. The intensity showed as score; none(-):0, weak(+):1, moderate(++):2,

strong(+++):3. Data are presented as the mean = SE.
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Relative Quartification
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Fig. 5. Real-time RT-PCR results in outer root sheath cell culture; 10°M a
~MSH, 10'M ACTH, 10°M B-endorphin significantly down-regulated IL-la

expression. Data are presented as the mean * SE.
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Fig. 6. Real-time RT-PCR results in outer root sheath cell culture; 10°M a
~MSH, 10 'M ACTH, 10°M B-endorphin significantly down-regulated IL-18

expression. Data are presented as the mean * SE.
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Fig. 7. Real-time RT-PCR results in hair follicle cell culture; 10'M ACTH
significantly down-regulated TNF-a expression. Data are presented as the

mean * SE.
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Fig. 8. Real-time RT-PCR results in outer root sheath cell culture; 10°M a
~MSH, 10 "M ACTH, 10 °M B-endorphin have no statistically significant effect

on TGF-B1 release. Data are presented as the mean = SE.
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Fig. 9. Real-time RT-PCR results in dermal papilla cell culture; 10°M «a
~MSH, 10 "M ACTH, 10 °M B-endorphin have no statistically significant effect

on IGF-1 release. Data are presented as the mean * SE.
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Fig. 10. Real-time RT-PCR results in dermal papilla cell culture; 10°M a
~MSH, 10 "M ACTH, 10 °M B-endorphin have no statistically significant effect

on TGF-B1 release. Data are presented as the mean = SE.
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Table. 1. Experimental design of Semiquantitative RT-PCR of HLA-B in hair

follicle organ culture

Group Date Oday 2days 4days
1.Control Vehicle
2.IFN-r IFN-r(751U/ml)
3.ACTH IFN-r(751U/ml) ACTH(10™°M)
4.ACTH IFN-r(751U/ml) ACTH(10 M)
5.ACTH IFN-r(751U/ml) ACTH(10™*M) Semiquantitative
6.a-MSH IFN-r(751U/mD) |  a~MSH(10™M) RT-PCR
7.a-MSH IFN-r(751U/ml) a-MSH(10™"M)
8.a-MSH IFN-r(751U/ml) a-MSH(10™*M)

9.8-endorphin

[FN-r(75IU/ml) | B-endorphin(10™°M)

10.B-endorphin

IFN-r(75IU/ml) | B-endorphin(10~'M)

11.8—endorphin

[FN-r(75IU/ml) | B-endorphin(107°M)

Table. 2. Primer sequence of Semiquantitative RT-PCR of HLA-B in hair

follicle organ culture

Primer

Forward

Reverse

Length

HLA-B |[CCGGACTCAGAATCTCCTCAG

AAACACAGGTCAGCATGGGAA| 1320

GAPDH| GAAGGTGAAGGTCGGAGT

GAAGATGGTGATGGGATTTC | 226
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Table. 3. Experimental design of immunohistochemical staining of HLA class

I, human B2-microglobulin and HLA class II in hair follicle organ culture

Group Date Oday 2days 4days
Control Vehicle
IFN-r IFN-r(75IU/ml)
Immunohisto—
ACTH IFN-r(751U/ml) ACTH(10 "M) chemical
6 staining
a—-MSH IFN-r(75IU/ml) a-MSH(10"°"M)
B-endorphin IFN-r(75IU/ml) | B-endorphin(10~°M)
Table. 4. Primer sequence of real-time RT-PCR for each mRNA in hair

follicle cell culture

Primer Forward Reverse Length
IL-1a | CAGTGCTGCTGAAGGAGATG | AACAAGTTTGGATGGGCAAC | 127
IL-18 | CACATGGGATAACGAGGCTT | TCCATATCCTGTCCCTGGAG | 141

TNF-a | CCTGGGATTCAGGAATGTGT | CAGGGATCAAAGCTGTAGGC | 105

TGF-B1 | GAGCCTGAGGCCGACTACTA | CGGAGCTCTGATGTGTTGAA | 131

IGF-1 | TATGCACTTGGGAGAAGGCT | ACAATAGCACCACATTGGCA | 93

GAPDH | ATGTTCGTCATGGGTGTGAA | GTGCTAAGCAGTTGGTGGTG | 88
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Table. 5. Summary of real-time RT-PCR for each mRNA in ORS cell culture

10°M a-MSH 10'M ACTH 10°M B-END
IL-1a l l !
IL-1B l l l
TNF-a ns l ns
TGF-B1 ns ns ns

| © suppressing tendency
ns: not significant

Table. 6. Summary of real-time RT-PCR for each mRNA in DP cell culture

10°M o-MSH 10'M ACTH 10°M B-END
TGF-B1 ns ns ns
IGF-1 ns ns ns

ns: not significant
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Abstract

The effect of proopiomelanocortin—-derived peptides on
the immune system and cytokine release

of human hair follicles

Lee, Sanghoon
Dept. of Medicine
The Graduate School

Yonsei University

Background: It is known that neuropeptides derived from
proopiomelanocortin(POMC) are created in many organs including skin and
display various immune regulation effects. Hair follicle is a mini organ of
peculiar immune system and the proximal(lower) part of anagen hair follicle is
recognized as an immune privileged area. Immune privilege(IP) of hair follicle
is dynamic according to hair cycle, disappear during catagen and telogen
phase. There are various regulation factors acting on the generation,

maintenance, and collapse of hair follicle IP.

Objectives: The purpose of this study is to investigate the effect of
POMC-derived peptides on the IP and cytokine release of human hair follicles,
and therefore to provide further wunderstanding about the effect of

POMC-derived peptides on the immune system of the hair follicle.
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Methods: Interferon-y was used to make ectopic Major
histocompatibility(MHC) class I expression of anagen hair follicle in human
hair follicle organ culture, and then it was examined the effects of
POMC-derived peptides on the regulation of ectopic human leukocyte
antigen(HLA) expression n cultured human hair follicles using
Semiquantitative reverse transcriptase-polymerase chain reaction(RT-PCR) and
immunohistochemical staining technique. To investigate the effect of
POMC-derived peptides on follicle cell, we cultured outer root sheath cell and
dermal papilla cell, and then examined the effects of POMC-derived peptides

on the cytokine release of follicular cell using real-time RT-PCR.

Results: Adrenocorticotropic hormone(ACTH), a-melanocyte stimulating
hormone(a-MSH), B-endorphin down-regulated INF- Yy induced ectopic HLA
class 1 expression, especially on the concentration of 10 '™ ACTH, 10°M a
-MSH, 10 °M B-endorphin and immunohistochemical staining shows similar
effect. On outer root sheath cell culture, POMC-derived peptides suppress

proinflammatory and hair growth inhibitory cytokine(IL-1a and IL-18) release.

Conclusions: These results indicate that POMC-derived peptides(ACTH, a
-MSH, B-endorphin) might be an immune modulator of the hair follicle

biology.

Key words : Human hair follicle, Proopiomelanocortin(POMC),
Adrenocorticotropic  hormone(ACTH), a-melanocyte stimulating hormone(a
-MSH), B-endorphin, Major histocompatibility(MHC), Immune privilege,

Cytokine
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