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ABSTRACT

Hair is an appendage of skin which protects the body from outer physical and chemical stimuli. Hair is generated from
the hair follicle lying on a sunken basal layer of epidermis. Hair cycling, which regenerates hair follicles throughout the
life time of the organism. Numerous kinds of factors which exist at the hair follicle have been reported to regulate hair
cycling, Human growth hormone secreted from pituitary gland, initially demonstrated to accelerate organ’s growth, has
been reported to play a role in the biology of organ size determination.

We investigated the effect of 6-histidines residues tagged at amino-terminus of human growth hormone using light and
electronmicroscopic methods. Human growth hormone encapsulated in nano-liposome (LhGH) was used to find how LhGH
affects hair follicle cycling of mouse (C57BL6/CrN). Distilled water as a negative control, 3% Minoxidil as a positive
control, and LhGH were applied to mouse for weeks.

LhGH increased the number of exposed hairs per given areas (1 mm?). This result was also confirmed using a different
breed of mice which show natural hair loss in an old age (about 17 months after birth). When LhGH was applied for 3
weeks after natural hair loss, natural hair loss on these mice was prevented, However, the control group mice on which
LhGH was not applied showed further hair loss. This result indicates that LhGH may stimulate hair cycling of mouse. In
clusion, it is cleat that the LhGH increased the number of hair on mice and help the depilated skin to grow new hair follicles

again.
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< B33P, oy E w2 o 2 %S FoH(Orland,
1983; Fenske & Lober, 1986; Roberts & Walters, 2008).

e wyel g LASE, HAT ZHe 3590
A7), 1~2704 2] E317), 3~5704e] FA719] =il
F712 7FA 3 3ok (Kim et al., 2005). A737]2] 3] Hoj A=
A)23} slehzr el wahd, oful Asle] fTzolA
xrto] AlRFE™ (Alonso et al., 2005; Mou et al., 2006), &3}
7 SyelA Aslel FAsk pagtezs wde mslsl
AP i, wd glel EAlshe i 2} ek,
GeR RTAZE AL 2U ARFINE ol A
(Seven et al., 2001).

Swe 4REolel uel FA714 gest 444 e
2 Fuam, FA4 g ebmedd oF $4Y
e o] AL g, vlanl el o)g e} glen,
A7 dri= A3eltn vlaAJeln ul FTHalMe 23t
gr Zo| glt}(Kuag, 2001). =3t Z4-7F3 (Muller et al.,
1980), W&-n]A} ol (Bergfeld, 1978), 7% 21 x} (Selmanowilz
etal., 1974) 2 2}7}H < (Friedman, 1981) S-of] 2]3}e] &x
7h s Aoz oA ok

xuke] XAz S Protein kinase c-a, stem cell factor 5
9] cytokine®} }ztal7 o] Fkod s} (Botchkareva et al., 2001;
Li et al., 2003), =ite] AJaka=7]of wpet opekat Al sl
A} (signal transduction factor)7} 2}-8-3to 2 x] Ww wi=
»E §9x)7Itk (Jankovic & Jankovic, 1998). Insulin like
growth factor-1 (IGF-1), Transforming growth factor-f32 (TGF-
B2), Epidermal growing factor (EGF), Fibroblast growth factor
(FGF) 5] AAlas 2t e FA18ta, 2 A 29
Abd-&- ukx]3b, Interleukin-1 (IL-1)3} Tumor necrosis factor
(TNF)E= =i A=z AbEe fFigtozy grg Jdo]
37, Transforming growth factor-31 (TGF-1)2 =urte] Alzk
& AN, PzeE 3 dmeAe v Y 3]
& 9247 Wil H3E SANTE Ao duid oo
(Herndon et al., 1995; Hansen et al., 1997, Piao et al., 2002).

5hoA Aol A BH]EE 44522 (growth hormone)
£ somatropin = somatotropin® 2= 4 ¢lom, ot
W 9 AL BeeskE dalel Befshn AR
A ¢l somatomedin®] EH|Z SAA|A AA7|H A Fx
9l gt 24 59| 7]%& 3 (Nystrom et al., 2005). =3t
2 AR ALeE ARk AR re) A nhese] 4%
E283} o 5% A e, TABRE 2T,

e B ATl APsarl Yl waEE
AR} AL S-S %/‘4/\]7]_i%l1 ko]l xfAJAFe] dold A
olg} A= o] At AAFs = Ho) 93t nles mHbo]
AAAS Fabsiole) Al AR s e RS HH =2 So
317 8}7] $]8}e] 6-histidine Lh\GHE Liposome & & 743}
3+ LhGH (Beak et al., 2005)2 A}-&-3}9] 17, Lh\GH7} &=}

O

—_

o Fo12l vhoss] sRoln me] Aol mlAE e
els7] sls) AR 2e) 44 W 8 e W
Ao

shg Aeein) 49} AAEn) 7

1. MBSE U K2

C57BL/6CrN v} (Orient Bio Inc., Korea)x= Z4AA w
e 7T 9le] ko] Ak g #EE 4 93,
Sol] o2 A T} sk 54 AT Sle
Ao e AF 458 v AE 708 3 U1d 5 A
94 B AL A A S e &

3} Aes A4E AT AET sigon], 23+3°C,
FIE 55+3% FAel|A AR5l
up o0 muke- A A3l7] 93] *]2Z=] Ak (Thioglycol-

ic acid)e = FAE A== (Veet, Reckitt Benckiser, UK)
& Ahadlm, HrastE dolnr) A% =EAlE FF4
3% w}o] 54l (minoxidil, Hyundaipharm Inc., Korea), Liposome
723 LhGHE AH8-8F3iet LhGHE F(dF)oz2hE F
%3} Liposome¥} 67]¢] 8| AE|dlo] AMel%l Ateke] AAbs
2ZRS E3ste] Ye=7]2 74318 LhGHE AHg-3sl4ich

2. ditH

8% € vlyar Arages § yelo) mue A7)
}ar, A2 24A)7F 3ef] 254, Liposome (0.2 unit/mL), 3%
minoxidil, LhGH (0.07 ug/mL) 52] =3A4]Z 20¥¢ 3t =
¥t 20 =g =23 npeAo] IR E HEdl] 4%
paraformaldehyde (pH7.4)ol] 2A17F 3148} c}h A 5l 2%
£ ethanol© 2 B4 3 xyleneo 2 X|3}3}9] 0w, paraffin&
= 2ojsele TR 248 A9e A9sed HEE 94
s} mioihee] xARloR s,

Farn)d BEE Sleted, 2AABE DA T hema-
toxylened} eosin© 2 M3} permount g 07 H-3}3}
At dA%El Lglo] == Axio scope (Carl Zeiss, Germany)
FaEn| oz FAS I Axio image Al TR D7}
(Carl Zeiss, Germany)Z o] &-3}o] &oJs}gir)

3Jstsn]7d #ES 9sle], 2% AH-S Anti-penta histi-
dine Mouse IgG (Quiagen, USA)S Uz} A= AlL8-3}a,
o]z} &A= Goat anti-mouse IgG (H+L) FITC (Invitrogen,

USA)Z HeAZlt)h A28 A2 DM2000 323u]7
(Leica, Germany) ¢ 2 ##3}31 DFC350FX v x| &7} g}
(Leica, Germany)Z o]-8-3}o] &odslgir)

FARAARR A HEE Y8 HEH I F2A2 1% para-

formaldehyde-1% glutaraldehyde (pH7.4)2} 2% osmium tet-
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roxideE o]4-3}ed A&}, ethanol &2 € & aceton &

2 X33}, isoamyl acetate= B3}k xEE 2AlS
%, =7 & FAPAAFER] A (Hitachi S-2500, Japan) 2. 2

2 o

gr} o]zl I RoA LhGHO| R a3}g ool
7] slete} sk ol 703l mhe 5 welel 27 Zqae
(Fig. 1A), Minoxidil (Fig. 1B), LhGH (Fig. 1C)Z 65 59t
555k

FH4e =23 o A 3F Fof FEHoew A
& 42| mbte] WAL (Fig. 1A4), 4~55 Foll e ik
o] H3low, & F97t 5 HE7A] A= i (Fig.
1A5). % 65 F, ©57} dolut Heof] iAoz ww
7} o]Fo]xt}(Fig. 1A7). Minoxidil& =23t n}-$- (Fig.

&l

]

ta

e

Minoxidil §

1B)9] 7%, A 15 Fol Seaslr} 848w AFE 3
34 o] A SIeh(Fig. 1B2). £X 45 Foll Dus} o] %
o171 2] FokolA] of 20% WwA o) Foizort (Fig.
1BS), 55 Fo Rysom A4Ae miel gasgls
(Fig. 1B6). LhIGHES- =338t n}-$-20] A$ A 15 39
9w} vehd o) Rl AFE Wpde] du B
ZE e} (Fig. 1C2). 25 Folli= &7} o] Fo3 1-9] AA|
o AFE slAle] vhehgon, Q3 o] o] Aol

wr} g or}(Fig 104), 457 Fol AT 2o
oF 20% Wsle] ko] Zhashelck(Fig. 1C5). Alzke] 7=kt

o wheh MR 2de) 4 awA) ek (Fig. 1C6),
EE 65 Fol® mue) Wme] 2 WS} ehix o

o} (Fig. 1C7).
Yz Az el gu 2 3R WEe el
7] 913 GEsh ol FelA whes B Belo] 47 FRS

(Fig. 2A), Liposome (Fig. 2B), Minoxidil (Fig. 2C), His LhGH

Fig. 1. Hair regeneration of the C57BL/6CrN mice. These mice were bred during seventeen months and then treat with distilled water (DW) (A),

minoxidil (B), LhGH (C) during 6-weeks to skin after depilation.
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Fig. 2. Scanning electron microscopical observation of C57BL/6CrN female mouse skin. These micrographs were photographed after spreading
distilled water (DW) (A), liposome (B), minoxidil (C), His LhGH (D) and LhGH (E) in the skin. Keratinization was induced by spread of minoxidil
and liposome to the mouse skin during 20-days. Scale Bar=100 um.

(Fig. 2D) 18] 22 LhGH (Fig. 2E)Z 20¥ S9oF =%3 & &
"qu]‘a”]ﬁ—c" o] g-3le] mHte] el TS A
5 =223 A EIAA 2] T o 15um,
lmm “3" E_EI'J —’T*—‘ 117) 2 2= 9} (Fig. 2A). Liposome
& A)a A muke] Ty oF 8~18.7um= 7+ ¥lo)
we} £ 2] 7‘]"’]7]' o] vehgom, 7 HF2 oF 13.9um,
Imm’%} 2] 4= 9/) 2 HAE o (Fig. 2B). WEA =
22l Minoxidil & Eiﬂl- T B A= mute] #7|7) H-
1Sumell A 12umz °F 27% ZF4= gl ovt, 2] 4 of
17% Z7}8ke] 1 mm*F ¢ 13719 =ito] awe) on, 5
Foll = oh2 Agyne g2 Zde] MAysle] (Fig. 20).
His L\GHE =¥3 A9 ZR5rE =x3t 499 usag
Imm’ 117]9] mwbo] FHatx|g] o, 3] Rel= oFzte] 7}
Zo] WALl (Fig. 2D). LhlGHE A28t 4% S/7FE
A2t 7o} vjwal S o =ie] FA7L oF 33% S}
sted P 20um] FAR FAFNT 2] 5 oF 20%
Z7Fsk oF 1471¢] mito] FAE S (Fig. 2D). =3EA)| o]
el g make] S LhGHE =23k vp9-2ex] o

Table. 1. Mean regeneration hair unit of outer skin (hair unit/1 mm?)

Group Mean unit
DW 11.29+2.290 (n=34)
Liposome 9.38£1.891 (n=34)*
Minoxidil 13.2442.786 (n=34)*
His LhGH 11.68 £1.296 (n=34)
LhGH 14.06+1.938 (n=34)*

Values are presented as mean=+ SD,
*, p<0.05, one-way ANOVA (Dunnett post hoc test). unit/l mm?

24%2] Z7b7} o) FolB v, o Aste] BAH foHE
Ql3}7] 9|8}ed one-way ANOVA testE $3)3F = D

test2 AFEAA LS dl9om, p<0.05914 §-23 7 E]’?l
3o} (Table 1).

Liposome} 67]2] 3]2E|xlo] AbSlel Abge] sz
e E3hale] »}5-3]] 2 74313 LhGH7} =l w]=]
S el S HUP) A o) ) o
R 1o Z=7{4, Liposome, LIGHE 209 53 =3
b oive Aze A4e Asdens geraddes
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FAs ok (Fig. 3). 743 =23 93 (Fig. 3A)= 1 mm’ (Fig. 3C). ©9|H - »3e] 4= LhGHE =23 wpe-X
Z 29.66709] ®ige] FAE G o™, Liposomes =E3t I ol A oF 20% F71sksom, o] A FAA fAE &
Ho A= I mm’F 29.82702) mife] 2= g} (Fig. 3B). Ql3}7] 9|8}ed one-way ANOVA testS 3] 3F
LhGHE =x3F np$-20] o= Imm’ 358709 2 testZ AFFAHAE 31glom, p<0.0594] 2] ke &l
o] PYAFRow, ®F Wie] ko] Her} FAHG 3}t (Table 2).
Liposome & 71438t LhGHS] HAF&I}ES Uolry]
$138te] LhGHE- 25+ 53t == v}-$-29] 33 LhGH7}

Table. 2. Mean regeneration hair unit into the skin (hair unit/1 mm?) - . B _
= F4EE A= sk 99 3o AzAdue 4%

Group Mean hair unit Hu) 7o Hslode) (Fig, 4). 2542 wxdt ojerg

DW 29.66+1.408 (n=33) ) Hol] Al i e B 51 Hlo o] Tk oL

Liposome 20.82+1.317 (n=33) el A= penta histidine Aol gk W-E-o] AHA ¢

LhGH 35.80+1.281 (n=33)* ko }(Fig. 4A), LiIGHE =%3F vl$-29] J|HorE= &

Values are presented as mean+ SD, %‘7’} —1—'3—16]' 13]1 r"] '3]'11 Hoy%“-o/] “E“gu"‘ui“?’] °ﬂ }‘1 HE].- A llJ °] _‘7_%_}
* p<0.01, one-way ANOVA (Dunnett post hoc test). unit/1 mm? Q Aok (Fig. 4B).
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Fig. 3. Light microscopic observation of hairs in C57BL/6CrN mouse skin. These photographs are cross sectional view after spreading distilled
water (DW) (A), liposome (B), or LhGH (C) in the skin. Hematoxylin eosin stain. Scale Bar=1 mm.

Fig. 4. Fluorescence microscopical observation of LhGH penetration into C57BL5CrN mouse skin. These micrograph are micrographs were
photographed after spreading distilled water (DW) (A) and LhGH (B) during 20 days on skin. The six of histidine in the LhGH was detected with
penta histidine in the LhGH was detected with penta histidine monoclonal antibody in the skin. LhGH was penetrated into the hair pores, hair
follicles and muscle layer. Scale Bar=200 um.
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il =
BRe on AZoeNH ¥ T, YN 5L nssjn,
A9e wHGE 9 2 JFE Fok ol R F44
20l mEes B uAZ T3 viin] )

5
o8 gmrt o] FoiA|H, o5 A =3] 9l W AT
o] Fol X gich Al sty whwAlE Wty &3 1o}
o A& ASh AEo] Addolt WAl Bwa}
= =29l AELS Minoxidil2 d#jx ¢Jo}. Minoxidil
Z7] AR Asgoz dEgl o, 3]elr] o]

S BA8S el WAz ANLH. o] SFEE
& APAA AR S22 27718, ool et Hal
JoFEo] widel| o] eI} vepdt} (Messen-
ger & Rundegren, 2004).

wlwe] 2 oJake F1 7)o FGFI~8, IGE-I, TGF-
B2, P27, HGF 5-2] AAIzl7} &= w (Tsuboi, 1997), ©]
QARlAEel slal ko) Aol 2ATE Zel 71k}
gt 24, AT e e A s=ES
o)gsto] shy-o] wit AEI} Al B

A A3z} =759} Liposome 78] 3 His LhGHel| 23t
AR 28 48] 271} A2 ololAA] A 28l
ark Qelsteh S LIGHSE A1 4 22 o}
gonch o] S7h Zrhlen, ARAE we] sx 2
7SI5e) LhGHE £23)o] JAF 2l o 0304 2
27} o]Fo]xit} Liposome 2 & 7A<43}31x] ¢+-2 His LhGH
= w3y} 27559} Liposomed} v]5=3t A3tz n)Fo]
% o), Liposome.o 2. 433 2§ 93 4oz PEse
LhGH?| ¢}& Z7HA17]aL, A5E B} $o|aH s+ 7

2=z,

2 7ol AgE vlear wole g AUH Bl
WA e (Kim et al., 2005), & 6~7F7F BAAF7] = F
2| 7] 01, o] A]7]e] AZME] FHZ Wl 85 o|F AR}
N2 ol@Ee] AL WA AEEAOE Wl
w7l 23 E o} (Messenger et al., 1994). 2742 2|3t
74_?_ 6% Eo]— HuHdow U/Hz]- 7] =z Hz]—7]_/] Exg—g_,_
Geplle AFE saalel vebdAg e o 10% 27}
&3k MinoxidilE #]2]3t mfers ZH5Ho @S 2
o] ZskAIEE A|zbe] 72t whe)l ehmEAte] vtefha
)5 Zhde] FAFHG o] A=z B3-S # Minoxidil
HR eI e AT gRE JAEs 71%S 7 9)
A @ik, Minoxidilell <13} #137F 445)o] 73} &
22| AlgYo] o]Foix] = Aoz AYzbET). ool Hls} LhGH
% 2 olsdAE £ 23 Fol s} delut 5]
Foll Al A7) A< HFE IRAE Yepisl e gy
8] °F 90%ANA WRI7E dofd Aeo| FEF g ow, A4

I

32

= ¥ al rfo
o Y ox
ML o

o

Aol oozl ke A|zke] Arlm & WS el
A ka1 dASES A 9l webA LhGHE =2
g mhg-2ol A A" =] Z7HE Liposome o2 i<
shel Mg s 2 Po] IR Lo aIpHel FFTL o] F
o] ko] A AR} I L 7|X= Aoz A7t

IR gReclez iy F& Bed:s V)5S 7,
o] —‘%*E‘OI B ez Boler] fEiME I A
22 B33} oz IEF 4wt ¢t} (Elias, 1981,
1983). mieba] #A=7)7F 2 A 417 I3 gtem
AEF S AT 322 2oz ghulzle nye Eg)
¥3 Loz AEF £ glu}(Yaroshi, 2001). }$-A 3] Ko
E¥3 LhGHE #3)9} 23& B3 3% Ho= x4
om, IR %] Qe 2 T8 27 AR Ao
FAF G B3 o] FX gl Az AxAzE 74E =
& 74X 3 9)7) w#el] v Z7]€] Liposome o 2 743}
& LhGH: 3]4-24 ctez o]Fo] golsxm, Ao
2 I3 m3g wet o Ze] %8 ®HEe] LhGHe
237h o @] vehA ke ez FEHn

=3 LhGHel| 2]sf Aj34gh =ik 50] wists 3shain]
733 FAHRN S o] &5te] AT mxel] AHEH o

2 EA3= g2/ LhGHe] 7$ 33 Zgo] o]Fo] &
o)l F Rzt e] ko] Aol dol}x| ekgic) w3l

B2} o] Foixl BoA mke] 7} F7tElg] o, Sl
w2 g7t dejut 7ol = LhGHel| 9]3F mwko] ) A43=t
o] A=k w3 LhGHE = %3} vpg-20] 3]3o] w4
A7) T A7) EAe] vehd oM E 2F
A skt o]Ake] Atz m)Fo] WS w, liposome &
2 7315l LhGH7} 2AA7) o 2Hg8h= AdAizke] &
A3}ol| Te3gto 24wl (C57BL/6CIN) ko] ) A=k
o s Fx Aoz FEHo.

h=) Hl—o]

t o2

0
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