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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Photograph showing the sequential increase in length of the
same hair follicle in culture in DMEM/(control group) for 10
days; A) 0 day, B) 2 days, C) 4 days, D) 6 days, E) 8 days
and F) 10 days (no stain, xX15). =+ = + = « « « « « « « « « - . 18

Photograph showing the sequential increase in length of the
same hair follicle in culture in media with 10 °M SP

(SP group) for 10 days; A) 0 day, B) 2 days, C) 4 days,

D) 6 days, E) 8 days and F) 10 days (no stain, x15). -« - - - 19
Photograph showing the sequential increase in length of the

same hair follicle in culture in media with 10°'M CGRP

(CGRP group) for 10 days; A) 0 day, B) 2 days, C) 4 days,

D) 6 days, E) 8 days and F) 10 days (no stain, x15). =+ -+ - - 20
Photograph showing the sequential increase in length of the

same hair follicle in culture in media with 10°°M SP and

10 "M CGRP (combined group) for 10 days; A) 0 day,

B) 2 days, C) 4 days, D) 6 days, E) 8 days and F) 10 days

(no stain, XI5).  + + = = = = e e e e e e e e e 21
Histology of cultured human hair follicles maintained in

control group for 12 days; A) 0 day, B) 4 days, C) 8 days,

and D) 12 days (H&E, x40). At day 12, hair follicle still keeps
normal anagen morphology. = « « + + o+ o+ e e e e e e 0. 22
Histology of cultured human hair follicles maintained in SP

group for 12 days; A) 0 day, B) 4 days, C) 8 days and D) 12
days (H&E, x40). At day 12, the growth of hair follicle is
stopped and the follicle entered catagen stage. =« -+ « + - - - - 23

- il -



Fig.

Fig.

Fig.

Fig.

10.

Histology of cultured human hair follicles maintained in
combined group for 12 days; A) 0 day, B) 4 days,
C) 8 days and D) 12 days (H&E, x40). At day 8, the growth

of hair follicle is stopped and the follicle entered the catagen
stage earlier than other groups. =« « = = = « « « « « « « « - .

Cumulative human follicle elongation for 14 days. Combined

group showed statistically significant inhibitory effect on the
rate of linear hair growth from day 6 ~ + - = = « « « « « « -

Effect of each medium on daily human hair follicle
elongation measured every other day for 14 days. - - -« - - -
Percentage of anagen follicles according to duration.

Combined group showed statistically significant inhibitory

effect on the anagen stage of hair cycle from day 6. - - - - -
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*H-thymidine incorporation of cultured hair follicle

according to culture media and duration. -+ - - - - - - - -+ -
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Fig. 1. Photograph showing the sequential increase in length of the same hair
follicle in culture in DMEM(control group) for 10 days; A) 0 day, B) 2 days,
C) 4 days, D) 6 days, E) 8 days and F) 10 days (no stain, x15).
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Fig. 2. Photograph showing sequential increase in length of the same hair
follicle in culture in media with 10 °M SP(SP group) for 10 days; A) 0 day, B)
2 days, C) 4 days, D) 6 days, E) 8 days and F) 10 days (no stain, x15).
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Fig. 3. Photograph showing sequential increase in length of the same hair
follicle in culture in media with 10 ‘"M CGRP (CGRP group) for 10 days; A) 0
day, B) 2 days, C) 4 days, D) 6 days, E) 8 days and F) 10 days (no stain,
x15).
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Fig. 4. Photograph showing the sequential increase in length of the same hair
follicle in culture in media with 10°M SP and 10 ‘M CGRP(combined group)
for 10 days; A) 0 day, B) 2 days, C) 4 days, D) 6 days, E) 8 days and F) 10

days (no stain, x15).
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Fig. 5. Histology of cultured human hair follicles maintained in control group

for 12 days A) 0 day, B) 4 days, C) 8 days and D) 12 days (H&E, x40). At
day 12, hair follicle still keeps normal anagen morphology.
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Fig. 6. Histology of cultured human hair follicles maintained in SP group for
12 days; A) 0 day, B) 4 days, C) 8 days and D) 12 days (H&E, x40). At day

12, the growth of hair follicle is stopped and the follicle entered catagen stage.

_23_



Fig. 7. Histology of cultured human hair follicles maintained in combined
group for 12 days; A) 0 day, B) 4 days, C) 8 days and D) 12 days (H&E,
x40). At day 8, the growth of hair follicle is stopped and the follicle entered

the catagen stage earlier than other groups.
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Fig. 8. Cumulative human follicle elongation for 14 days. Combined group
showed statistically significant inhibitory effect on the rate of linear hair

growth from day 6.
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Fig. 9. Effect of each medium on daily human hair follicle elongation

measured every other day for 14 days.
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Fig. 10. Percentage of anagen follicles according to duration. Combined group
showed statistically significant inhibitory effect on the anagen stage of hair

cycle from day 6.
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Table 1. °H-thymidine incorporation of cultured hair follicle according to

culture media and duration(c.p.m./follicle).

0 day 8 days 12 days
Control PS5+ 78 2730.0 £ 3851.3 1140 +  76.1
SP 1430 £ 0 2658.3 + 3391.9 516.0 £ 4836
CGRP 1830 = 0 914.3 £ 1365.2 705.7 £ 1565
Combined 925 = 16.3 5977 + 2126 222.3 + 210.7

Values are mean * standard deviations

_28_



Abstract

The Effects of Coapplication of Substance P and Calcitonin

Gene—-Related Peptide on the Hair Growth

in Human Hair Follicle Organ Culture

Sanghoon Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Associate Professor Won-Soo Lee)

Peripheral nervous system has important roles in the hair follicle
growth and hair cycle change, which are mediated by neuropeptides.
Selected neuropeptides act not only as neurotransmitters,
immunomodulators, and chemotactic factors but also act as growth
modulators. Substance P (SP), one of the most important neuropeptides,
stimulates mouse hair growth by increasing anagen stage of hair cycle.
Calcitonin gene-related peptide(CGRP) 1is also the most important
neuropeptide, but the effect of CGRP on hair growth has rarely reported.
We studied the effect of CGRP on human hair growth using organ culture
model in which isolated hair follicles were grown in vitro and also
studied the effect of that of combined use of SP and CGRP. Normal human
scalp samples were obtained and anagen hair follicles were isolated and

they were cultured in Dulbeco’s Modified Eagle’s Medium(DMEM) with
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several combination of supplements at an atmosphere of 5% C02/95% air
incubator, We divided the culture plates into four groups, i.e. control
group(DMEM only), SP group (10°M SP dissolved in DMEM), CGRP group(10 M
CGRP dissolved in DMEM), and combined group(10° SP and 10°M CGRP
dissolved in DMEM). The results were evaluated by measuring linear hair
growth and hair follicle morphology on light microscopy and by measuring
radioisotope uptake of *q thymidine in alkali-soluble protein(ASP)

fraction obtained by extraction of hair follicle.

1. During 14 days’ culture, CGRP showed inhibitory effect on the
rate of linear hair growth since 6th days of culture compared
with control group and abrupt increase of catagen follicle since
10 days of culture resulted in 2 days of earlier modification of
all hair follicle into catagen stage compared with control group
although it was not statistically significant

2. During 14 days’ culture, combined use of CGRP and SP decreased
the rate of linear hair growth since 6th days of culture
compared with control group and abruptly increased number of
catagen hair follicle was also noticed both which was
statistically significant. The inhibitory effect of CGRP on the
hair growth and the anagen stage of human hair follicle was

enhanced when it combined with SP,
From the results, we concluded that CGRP would be related with

inhibition on the rate of linear hair growth and the anagen stage of

hair cycle in cultured human hair follicle and combined use of SP and
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CGRP enhances the inhibitory effect of CGRP on the hair growth and the

anagen stage of hair cycle,

Key words : human hair organ culture, neuropeptide, hair growth,

substance P, calcitonin gene-related peptide(CGRP)
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