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stk FaA wiA 2= w7 #ekell Y] ©]-85= Williams’E mediume 7|30 2 1= Philpott medium¥} <}
A NS 155 ofw| Ak} BlEPI(BT) %41 2] DHGM(Dongguk hair growth medium)S- ©]-8-3}33t}. 18] 32 IMDM
< DHGME] B tZ7C 2 o]g-3it}. 9t A3} Philpott medium¥} IMDMO 2 vjofslk o 1AM 0 2= 7]
o] Axto] Zz 93} 129 AEe] WEH, vk dyleel EAdEo]l = W, K19 Wao] 79| §lE AOo® Mo}
A EAPE 28 B3} (regression)’} WFEA] Aojuli= 71 o7 et it} vhd, DHGMOZ wljoksl 2 Az o=
20 71%E BRE A3719] Gt Holw 25U7HA] AEAR] Ao 7 Yl 3u) 5 AvlEl EAwbEo| = W, Ak
ZlQl CK19 TS Yt webA] g2 opn|ieAl 9l BleR] wlj7] Z/do] A glella] K-S A7t ieks)
FH S8 AEE sh= A= ek}, o] gl ik W A7 HARE QR dh= Bl tist 72 AES
2 ARk o2l AR GEABAN &5 B} wolel o]8E F QL& Aotk

Abstract — We successfully isolated human anagen hair follicles from human scalp skin by microdissection and tried
to culture them under various conditions. First we confirmed negative effect of serum on human hair follicle organ cul-
ture. As a next step serum-free medium compositions, Philpott medium, IMDM, and DHGM (Dongguk hair growth
medium) were tried. Philpott medium is a general medium for hair organ culture based on Williams’ E medium and
DHGM is a special self-developed medium containing high amino acids and vitamins (B group) composition. As results,
hair follicle in Philpott medium and IMDM showed anagen phase morphological structure, but rapid loss of hair elon-
gation, low alkaline phosphatase expression, and very low expression of CK19. It is thought these hair follicles rapidly
regressed from apoptosis. However, hair follicles in DHGM showed long term anagen phase morphological structure,
continuous hair elongation, high alkaline phosphatase, and CK19 expression. These results demonstrate that high amino
acids and vitamins (B group) composition are essential to in vitro long term human hair follicle organ culture and this
culture medium will be useful in basic study of hair biology or application study to the development of alopecia treat-
ment drugs.
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A Jxke] wA7} dojuA] Hlt, o9} o] Fige] A u fAE
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At Shfe] Bk 7oA T ol S fele) 9%
X% (outer root sheath), WS Z(inner root sheath), 5.7]2
(matrix), WEPAAZ(melanocyte)5°], 71211 T F212
F(dermal papilla), 2%]%(dermal sheath) A|EE0] EA413H}, wle}
A Ao EF7IR] (cytokine)o L 437412 growth factor)E -8k 4
A% 7 (paracrine signaling)®*7F o2} A1 ASZ-AE 7H
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A 71A] o 24, A7 3] (mesenteric ischemia)?] 73-$-ofl H] 2
ol =Ake] sluRl 7oAl (glycine)E F7FSHA pro-apoptotic
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Table 1. Composition of Philpott medium, IMDM, and DHGM

Philpott medium IMDM DHGM

INORGANIC SALTS
CaCl, 200
CuSO,*5H,0 0.0001
Fe(NO5;)*9H,0 0.0001
KCl -
KNO, -
MgSO, 97.67
MnCl,-4H,0 0.0001
NaCl 6800
NaHCO, 2200
Na,HPO, 140
ZnSO,7TH,0 0.0002
OTHER COMPONENTS
D-Glucose 2000
Glutathione 0.05
Methyl Linoleate 0.03
Sodium Pyruvate 25
HEPES 2383
Phenol Red 10
AMINO ACIDS
L-Alanine 90
L-Arginine-HCI 50
L-Asparagine(anhydrous) 18.86
L-Aspartic acid 30
L-Cystine 40
L-Cystine-2HCl 26.10
L-Glutamic acid 50
L-Glutamine 292
L-Glycine 30
L-Histidine-HCI-2H,O 15
L-Isoleucine 50
L-Leucine 75
L-Lysine-HCI 875
L-Methionine 15
L-Phenylalanine 25
L-Proline 30
L-Serine 10
L-Threonine 40
L-Tryptophane 10
L-Tyrosine-2Na-2H,O 50.70
L-Tyrosine -
L-Valine 50
VITAMINS

Ascorbic acid 2
Biotin 0.5
D-Ca Pantothenate 10
Choline Chloride 1.5
Ergocalcipherol 0.1
Folic acid 1
i-Inositol 2
Menadione Sodium Bisulfate 0.01
Niacinamide 1
Pyridoxal-HCl 1
Riboflavin 0.1
o-Tochopherol Phosphate, Disodium 0.01
Thiamine-HCl 1
Vitamin A Acetate 0.1
Vitamin B,, 02

165

330
0.076
98

4800
3024
111

4500

110
5958
15

25
50
25
30

91.2
75
584
30
31.05
105
105
146
30
66
40
42
95
16

104

94

0.013

0.013

165

330
0.076
98

4800
3024
111

2000

110
2383
15

50
100
50
60

182.4
150
584
60
62.1
210
210
292
60
132
80
84
190
32

208

188

0.026

0.026
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AlZlel T Fhdeke #eek 1ide] Bt AdEHE Ste® i
). X&Ael pubdxlo] AT 1, B8Fe) e 7o)
& Qslel 9 4] R AR e 24 gl A
grol Zel=7] Alrebe B9 ﬂH_ i x2g AT
epithelial strand’} F4¥ = H&7] 24, T2 wlEE A 719
o] AR 9= FA7) BdoR fFasle] 27 ik div)
2490 7 3719 vl WE-gT vepigit.

2-4. BHo| 7201 ZALEOI= & X
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SAIA BT el EAlsh= Q7R Ao =5 FE9ITt
FE=H IRl IO Z= 96-well plate(bottom black, SPI.,
Korea)oll well @ 20 ul9] =¥ dvlelel EAvleo]= g8 3
7} % 20 ule] MgClzﬁr 160 pl9] fluorescence assay bufferZ A7}
shaick mlE] dAFsh s 5= 348 T 4-methylumbelliferyl
phosphate 78S well & 1ul 37} & & 4o|& &5 + ¥
fluorometer(Victor 3, Perkin Elmer, USA)E ©]8-5}] excitation 3}
A2 340 nm%, emission Ig=> 440 nmz 750 G40 &4
= S73I0ITH 17
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2-5. ZE|HASIN 2N

"—'llfgﬁﬁooh% AT B3 10% E2E-) 3% 3 s
2l& Alzshal 2284 falo] 7hsshin ubdH o 7 hdato]
%ﬂo]Eoﬂ F-ZAAA H/E B4 (hematoxylin/eosin stainingyS
Alste] Fetan| g o g BEesict.

ol F25S A A o B ol EAlsks 19 7] ®
= AAER FEE Aol dME= So] whalEel CK199]
HLzs:] [e) J,]_XL—]_Oﬂq_ 21 22] 17(4Q ZX];HJ:] /\‘—.q_o]E 03% H202
g-Mof| Do endogeneous peroxidase Td-2 JAstaL, 2% A
7 0.5% B8 A1Esle] Bl5old FAES Yokl o2 A
THE 244 SElo|=E 12 A1 RCK108(DAKO, USA)E
Ao 2A17F B WES-A]F] AL, 23} A2 = biotinylated horse
anti-mouse IgG(1:200 dilution, Vector, USAYE ARg-5lo oF 30471
HESAIZI. o5 AT Tris $Hs-8-do® 577k 3 A3t
1231 avidin-biotin(Zymed Lab, USA)E- ZA3HA]7] 37 daiaminobenzidine
(DAB)%. 2 SIS Hematoxylin©. 2 thZAMS- 3131, 3%
glutaraldehyde 2N 02 71743} gel-mount(Biomedia, USA)Z -
sk et Aslel ) Bt

3-1. 2ol 22|

W o REE o]FH T xAE Eu] A7 Z18uEE: Al

Fig. 1. Schematic diagram of procedure to isolate hair follicle from
scalp dermis.

Fig. 2. Microscopy of isolated human hair follicle (a: anagen phase,
b: catagen phase, c: telogen phase).

of who} W 13319 oM 4A7) ool Fig-S Hal3lolthFig 1).
1 A AR S 80% o] SR E—El% = 3ler g
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e UQITE webA ol gh 2RE 9 Ee] Zxdo] B Eeol A
ko oF 5= 9ot} 7l _,_p,]g me olAEu|A 0w A}
el S} K712 A AL @ o RIsle] Sl 7

2 U= mre] gvdo) Qi S ) B o2 (80% ©)A,
Fig. 2(a)), 1231 ]m Aow wo] AV A9k B Al
7} geyo] Q= myS Eay) Wl FA)7) wgow Buak 5 q)

ATH(Fig. 2(b). (C))-

I
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32, Z|ZH HIUYE HIXKIE O[8%t QM| Fol 22| 72k
A 5% H2 a¥E #E1s Ax), AATFAES] ATd
o} v R ReTE 2T Qi WEE A %A o] 3lEAlo)
wEEen W 4ol EGA} XAFIL el HwA
Elal7)oA B2E= oAkl njE-YA ROy} LB g2 n}
#EA BHF7E BEus ko] Wgo] #EEQrk(Fig. 3).
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Fig. 3. Regression of hair bulb structure caused by fetal bovine
serum after 4 days of organ culture (a: Philpott medium only
b: Philpott medium with 5% FBS).
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Fig. 4. Morphology of organ cultured hair follicles in Philpott medium,
which is Williams’E medium supplemented with 10 ng/ml hydro-
cortisone, 10 pg/ml insulin, 10 pg/ml, transferrin, 10 ng/ml sodium
selenite, and 0.2% BSA (Arrows indicate starting points).

-
SR

=2F 443 HM1= 2006 23

«
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I
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l [

Fig. 5. Morphology of organ cultured hair follicle in IMDM supple-
mented with 10 ng/ml hydrocortisone, 10 pg/ml insulin, 10 pg/ml
transferrin, and 10 ng/ml sodium selenite, 0.2% BSA, and
trace elements (Arrows indicate starting points).

6 day 12 day

A

[0 day| 3 day |

6 day

[

9 day

25 day

Fig. 6. Morphology of organ cultured hair follicles in DHGM supple-
mented with 10 ng/ml hydrocortisone, 10 pg/ml insulin, 10 pg/ml
transferrin, and 10 ng/ml sodium selenite, 0.2% BSA, and
trace elements (Arrows indicate starting points).
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Fig. 7. Increase of hair length of organ cultured hair follicles in Philpott
medium, IMDM and DHGM (*p<0.01).
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Table 2. Number of hair follicles at growth phase
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Fig. 8. Alkaline phosphatase expression of organ cultured hair folli-
cles in different medium (*p<0.01).
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Day of culture
3 6 9 12
Philpott medium 19/24(79.2%) 14/24(58.3%) 12/24(50.0%) 7/24(29.2%)
Media IMDM 20/24(83.3%) 18/24(75.0%) 13/24(54.2%) 13/24(54.2%)
DHGM 24/24(100%) 20/24(83.3%) 19/24(79.2%) 16/24(66.7%)
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Fig. 9. Histological analysis of organ cultured hair follicles at 10th
day (a, b: in Philpott medium; ¢, d: in DHGM) (Brown color
indicates CK19-positive cells).
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