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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, x 15).

23



Fig. 2. Photograph showing the sequential increase in length of the
same hair follicle in culture in media with 10°M SP(SP group)
for 10days; A) 0 day, B) 2 days, C) 4 days, D) 6 days, E) 8 days

and F) 10 days (no stain, x 15).
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Fig. 3. Effect of SP on human follicle elongation cumulated for 14 days.
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Fig. 4. Effects of different media on human hair follicle elongation

measured every other day for 14 days.
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Fig. 5. Elongation of hair follicles.
In follicles incubated with SP, follicle elongation was maintained

longer than in controls.
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Fig. 6. RT-PCR analysis I : cultured for 4 days in control and SP
treated medium.
lane 1 ; 100bp marker, lane 2,4,6 ; control, lane 3,5,7 ; SP treated,

lane 2,3 ; GAPDH, lane 4,5 ; Caspase-3, lane 6,7 ; FGF-7
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Fig. 7. RT-PCR analysis I : cultured for 8 days in control and SP
treated medium.
lane 1 ; 100bp marker, lane 2,4 ; control, lane 3,5; SP treated,

lane 2,3 ; GAPDH, lane 4,5 ; Caspase-3
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Fig. 8. Effects of SP on the cultured human dermal papilla cells.
Dermal papilla cells were cultured for 18h in the absence(A)

and presence(B) of 10 "M SP.
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Fig. 9. Effect of SP on the mRNA level of growth factors in cultured
dermal papilla cells.

lane 1 ; 100bp marker, lane 2,4,6,8,10,12,14,16 ; Control,

lane 3,5,7,9,11,13,15,17 ; SP treated DPCs, lane 2,3 ; GAPDH,

lane 4,5 ; FGF-7, lane 6,7 ; IGF-1, lane 8,9 ; VEGF,

lane 10,11 ; IL-1a, lane 12,13 ;IL-183, lane 14,15 ; Caspase-3,

lane 16,17 ; p53
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Primer Sequence

GAPDH forward 5-GAA GGT GAA GGT CGG AGT-3
reverse 5'-GAA GAT GGT GAT GGG ATT TC-3’

FGF-7 forward 5-TCT GTC TAG TGG GTA CTATAT-3
reverse 5-GTT GTG TGT CCATTT AGC TG-3’

IGF-1 forward 5-ATG CACACCATG TCC TCC TC-3
reverse 5-GGT CTT CCTACATCC TGT AG-3’

VEGF forward 5-CCC TGATGA GAT CGA GTA CAT CTT-3
reverse 5-ACC GCC TCG GCT TGT CAC-3’

IL-1a forward 5-GTC TCT GAATCA GAAATC CTT CTATC-3
reverse 5-CAT GTCAAATTT CACTGC TTC ATC C-3

IL-18 forward 5-CAG CCATGC CAG AAG TACCT-3

reverse

Caspase-3 forward

reverse

5-GACATCACCAAG CTTTTTTGC-3
5-ATACTC CTT CCATCAAAT AG-3’
5-AAC ATCACA AAACCATAATC-3

P53 forward 5-GCT CTGACT GTACCACCATC-3
reverse 5-TTC AGC TCT CGG AACATC TCG-3’
Table 1. Primer sequences
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Abstract

Effect of Substance P on the Expression of Factors Related

to the Hair Growth in the Human Hair Follicle Culture

Tak Heon Oh

Department of Medicine,

The Graduate School, Yonsei University

(Directed by Professor Won-Soo Lee)

Among constituents of the skin, the hair follicle is the organ in which
nerve fibers are distributed with the highest density. Recently, it has
been reported that neuropeptides, which are secreted by nerve fibers,
have important roles in hair growth and hair cycle change. Also, in the
hair growth and hair cycle change, the expression of various growth
factors and apoptosis—related molecules are important. Therefore, it is
important to identify the relationship between influences by
neuropeptides and expression of various molecular factors at the level
of hair follicles and hair follicle cells.

The purpose of this study was to identify the effect of substance P
on hair growth in human hair follicle organ culture and to identify the

relationship between influences by neuropeptides and expression of
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various hair growth-related factors at the molecular level of hair
follicles after pretreatment with SP used by hair follicle organ culture
and dermal papilla cell culture.

Normal human scalp samples were obtained from occipital scalp not
affected by androgen, and anagen hair follicles and dermal papilla cells
were isolated and cultured. We divided the culture plates into two
groups, i.e. control group(DMEM only), SP group(10°M SP dissolved in
DMEM). The results were evaluated by measuring linear hair growth
and hair follicle morphology with light microscopy. Also, after
pretreatment with SP of cultured hair follicles and dermal papilla cells,
we examined the change of expression of hair growth factors(FGF-7,
IGF-1, VEGF) and hair growth-inhibitory factors(IL-1a, IL-18) and
apoptosis—-related molecules (p53, caspase—-3).

The following results were obtained from this study.

1. SP did not have a statistically significant effect on the rate of linear
hair growth in cultured hair follicles. However, it prolonged the anagen
stage of the hair cycle.

2. By RT-PCR, in hair follicles, the expression of FGF-7 is increased
over the controls, while the expression of caspase-3 decreased
compared to the controls. Also, in the dermal papilla cells no
morphological changes were found after pretreatment with SP, and
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there was no change in expression of hair growth factors and
apoptosis—related molecules. However the expression of IL-1(3, a hair
growth—inhibitory factor, decreased compared to controls.

These results showed that SP has growth-stimulatory effect and
especially prolongs the duration of the anagen phase without affecting
linear hair growth after pretreatment with SP of cultured hair follicles
and dermal papilla cells. Also we found that SP shows hair growth-

stimulatory effect at the molecular level.

Key Words : Substance P, Hair follicle organ culture, Dermal papilla

cell culture, Hair growth-related factors
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