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Hair Folllcle Stem Cells, HFSC
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®Three distinct phases of growth
(anagen), regression (catagen)
and rest (telogen)

Follicular morphogenesis

®Depends on HFSC, which
provide the necessary number
and type of specialized cells that
are needed to construct and
support the new hair.

Nature 2007 doi[tmoss/natureos%g
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Noggin

Bmp/Bmpria

Wnt signal —>» Nuclear —] Ephrin

t
_|_ B-catenin \;)\ EphR
l BMP4
Wnt
inhibitors Lef/Tcf
Y

Rac1 — c-Myc —] Differentiation

Y

Hair follicle stem cell
proliferation

Science 311 (5769): 1880
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Interactive signaling pathways

®\/\/nt/B-catenin
®BMP pathway
®Notch pathway

®Ectodysplasin A, EDA

Complex and dynamic
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¥ldwide big problem!

Male Female

hair loss 67% 40%

According to the American Hair Loss Association

2 ‘ 2 n
A4 - 4//; A

Affecting self-image and emotional well-being
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Bald scalp in men with androgenetic
alopecia

retains hair follicle stem cells but lacks
CD200-rich and CD34-positive hair
follicle progenitor cells

a defect in conversion of hair
follicle stem cells to progenitor
cells plays arole in the
pathogenesis of AGA

HEBR TS X

' i J Clin Invest. 2011;121(2):613
androgenetic alopecia, AGA in Inves 121(2)

From: en.wikipedia.org/wiki
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PDGFiE B2 T4l fe gt 4 &

Anagen Regenerated
Initiation Hair Follicle

Telogen

#
Bulge

stem cells Stem cell A
Hair activity ) g
germ B

Dermal / }4‘
papillae AL

: (Y
Adipocyte ‘ =

precursor #PPARY’Q Mature - ‘
cells Intradermal

Cell 2011, 146(5):761
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Reticular
Dermis

Intradermal
Adipocytes

Proposed bottom
--1  of the skin

A distinct intradermal adipocyte layer exists in the skin, which underlies the fibroblast and
extracellular matrix rich reticular dermis and lies above the panniculus carnosus in rodents and the
subcutaneous adipocytes. During the transition of the hair follicle from rest (telogen) to growth
(anagen), adipocyte progenitor cells are activated to proliferate and form new mature adipocytes
that surround the new hair follicle. These immature adipocytes express platelet derived growth
factor (PDGF) which can signal to activate anagen. Mature adipocytes also express leptin,
adiponectin, and BMP2, which may facilitate hair growth. Dotted lines indicate potential interactions
that have not yet been shown conclusively. Exp Dermatol. Nov 2012; 21(11): 827
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Fully functional hair follicle regeneration through the

rearrangement of stem cells and their niches
Epidermal Intradermal

’ ow
Embryonic | cells soo __ > @
| Bulge °o

skin pelage i
epithelial cells —
o i—» v-*.b..’.ﬂ —

Subrenal

Adult | > FDDe-l'mal cells.. capsule
vibrissa L rnmary see >

o DP cells e @

RAEERM: www.beauty100.com.cn




‘I%f(‘iﬁWnt/[}-catenini%&;E

#

H X B B &£ X

e

EARLY FULL
RESTING GROWTH GROWTH

epldermls
hair
follicle halr dermal A \\bulge

germ papllla
hair shaft
matrix
dermal
papilla

Whnt/fi-catenin signaling:
' Low: contributes to epidermal proliferation

= Medium: required in matrix and dermal
papilla for hair growth

Il High: promotes hair shaft differentiation

Cell Stem Cell, 2013, DOI:10.1016/j.stem.2013.10.003
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Promotional Effect of Platelet-Rich Plasma on Hair Follicle
Reconstitution in vivo

SN

E

Effect of platelet-rich plasma (PRP) on

the time of hair formation on hair follicle (HF) reconstitution of

nude mice in the chamber assay.
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MTT assay in DPCs

M Herbal extracts
Herbal extracts + PRP{10%)

#

H X B B £ =%

2

( human dermal papilla, DP ) 4K

DPCs

C 1.5% 3% 45%

Concentration(uM)

sy asew
4 - GAPDH

T
r promoting the proliferation of DP via the
;/"‘"“"J - [@gUlation of ERK and Akt proteins
:I:;I‘:;[I}:;tracts 4
sP
v & Journal of Cosmetic Dermatology, 12, 116




Interfollicular injection of autologous CD34* cell-

containing PRP has a positive therapeutic effect

J Eur Acad Dermatol Venereol. 2014 Jan;28(1):72
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TN E & r=imCrescina (i)

Clinical Efficacy of a Cosmetic Treatment by Crescina Human Follicle Stem Cell
on Healthy Males with AGA

0 <

Dermatol Ther (Heidelb) (2013) 3:53
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Histogen’s Hair Stimulating Complex (HSC)

HSC Significantly Increases Hair
Growth

Bazeline 3 month 3 month

b --
- --

Increases seen across hair growth parameters.

Representative subject samples had notable

increases in total and terminal hair counts, as well

as hair thickness, as measured by Fotofinder -
Trichoscan image analysis. Meeting poster

Hair count + 62.82%
Terminal hair +
79.74%

Thickness + 58.865%

Hair count + 35.88%
Terminal hair +

45 83%

Thickness + 42.76%
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Histogen's Hair Stimulating Complex (HSC)

Increased Dose Results in Improved
Growth at 12 Weeks
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Pil ot Phase 1M ip=0.0013

Phase I/l shows 46.5% greater increase in
total hair count as compared to the Pilot HSC
clinical trial at 12 weeks. Results indicate
improved efficacy with additional injections; 4 at
baseline in pilot tnal as compared to 8 at

baseline and repeat dose at b weeks in Phase Il

RAEERNW: www.beauty100.com.cn
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Baseline

12 Weeks

Robust growth at 12 weeks supports efficacy of
second treatment timepoint. S101 showed cosmetically
significant improvement in coverage of thinning temple
regions at 12 weeks. This subject received 10 injections in
both treatment areas, with a repeat of this dose at 6

i Meeting poster



Issuse —smart hair transplants
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Fig. 3. Human hair follicle neogenesis instructed by papilla spheroids. (A) Dermal papilla cells grown in regular flat culture conditions. (B) A dermal papilla
spheroid, established after a 30-h hanging drop culture. (C) Haematoxyin/eosin histology of hair-follicle induction in recipient foreskin tissue. (D) A human-
specific antibody (green) shows human cells throughout a de novo follicle whereas laminin 5 (red) demarcates the new basement membrane separating the
papilla and matrix, and DAP! (blue) marks all cell nuclei. (E) Macroscopic view of unpigmented hair shaft (between arrows) protruding from experimental
foreskin tissue 6 wk post grafting. (F) Alkaline phosphatase staining of the newly formed dermal papilla and sheath. (G) Keratin 71 (green) labels inner root
sheath whereas Keratin 31 (red) labels the hair cortex of induced hair follicles. (H) Keratin 14 (green) demarcates the outer root sheath whereas Keratin
75 (red) shows the presence of a companion layer in new hair follicles. (/) Within our human skin grafts, we observed mouse CD31 (green) expression,
particularly around the de novo follicles in both the areas near the bulge, and the bulb (boxed regions). Basement membrane delineating hair follicle is
outlined with white dashes. (J) Image showing laser-captured tissue and subsequent gel images of microsatellite marker analysis demonstrates that donor
spheres share a molecular fingerprint with hair follicles in recipient tissue. d, donor spheres; h, dermal papilla in novel hair induction assay; r, recipient
tissue. (Scale bars: 100 pm.)
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Improvement of hanging drop culture

Contrast between PVA-coated PCR tube and hanging drops culture

b Human DP
PVA-coated PCR tube arrays Hanging drops

0.5x104/tube 1x104tube  2x10%tube 5x104/tube 05x104/dr0p 1x104/dr0p 2x104/dr0p 5x104ldrop

Biomaterials 34 (2013) 442e451
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Directed Condensation Dermal Papilla Neopapilla (SHT,
condensate matrix coated)
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Improvement of hanging drop culture

a  0.5x104/tube 1x104/tube 2x104/tube 3x104/tube  Characterization of the structure and
DP signature gene expression of DP
spheroids

formed in PCR tube arrays. (a) H&E
staining. The spheroids showed a
compact

structure with a smooth surface. (b)
Alkaline phosphatase activity.
Alkaline

phosphatase activity (blue color) was
preserved in the DP spheroids.

(c) Immunofluorescence.DP
spheroids had abundant fibronectin
and versican

expression and were positive for the
mesoderm marker of vimentin.
Green: fibronectin,

versican, orvimentin; blue: DAPI

staining for nuclei.

Biomaterials 34 (2013) 442e451
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HF induction efficiency and the
t_hickness of regenerated hair

30-

]
20-
0.5 1 2 3

x10%spheroid

Thickness (um)

Biomaterials 34 (2013) 442e451
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Conclusion

* HFSC has greatly potentials to become a
new treatment for Hair Loss

* How to acquire enough HFSCs for clinic
applications

* How to control the differentiation of HFSC
for tissue engineering or regenerative
medicine
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FASEB journal, 2001, (15) 2205-2214
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