2015
o o 2 g o Y
X|14X} Hair Forum

The Korean Hair Research Society

o« Al 201551 8% 222)(E) 15:30-18:35
C M ohE sYalvia B






2015

ot ety

2015. 8. 22(E)

XN|14X} Hair Forum

g2t |4

= S H
%
3:30—3:40 B AP wervevmmrsmsmmis k=] A Al
QI ATH wrervererermererntsest s s Z20|AH T &
7 SHE0|AF HA
H15: XA LE 52, HISH 52

3:40-3:50 Experience of combination therapy with finasteride and low dose dutasteride in

3:50-4:00

4:00-4:10

4:10-4:20

4:20-4:30

4:30-4:40

the treatment of male pattern hair loss

Mgelth ol=3g,

G2
—_ L,

Proposal for genetic study in alopecia areata

..................................................................................................... 4ol o] @ / 10
The association between exercise and hair loss: Does exercise cause hair loss?
ANMICH HF=2lti Z|IMS, MH4, Ol / 20

o,

Hair growth stimulated by conditioned media of umbilical cord blood-derived

mesenchymal stem cells is enhanced by priming with growth factor.
.................................................................................................... Zofo|tl Z&d / 23

Premature hair graying treated with ferrous sulfate

2o HER, MSS Ul A

SSHYEET ExoM 7r2E8e 2at A



4:40-4:50 Pros and cons of the scalp medical tattoo

..................................................................................... oNPREnET HRIE / 41
4:50-5:10 Coffee Break
H25: FH ZE 2]
5:15-5:40 Hair graying: Clinical features & significance
.................................................................................................... Mol =MEI / 44

5:45-6:10 Hair pigmentation: Basic biological aspects of follicular melanocyte

.................................................................................................... ooy ZES / 60
BI15-6:25 I B Af reeerereessmmeessssmessssnssssssssiss s 3 Ay
6:25-6:35 7| 4&Y

6:35- X EAAL




The Korean Hair Research Society



A 14X} Hair Forum

Experience of combination therapy with
finasteride and low dose dutasteride in the
treatment of male pattern hair loss

Suk Young Lee, Hyun Ok Son, Sin Wook Chun,
Jong Baik Kim, Byung In Ro

Department of Dermatology, Myongji Hospital, Seonam University College of Medicine
Goyang-si, Gyeonggi-do, Korea

Experience of Combination Therapy with
Finasteride and Low Dose Dutasteride in

the Treatment of Male Pattern Hair Loss

Suk Young Lee, Hyun Okﬁo?{gsin 'ﬁ.‘gmk Chun, Jong Baik Kim,
u

Department of Dermatology, Myongji Hospital,
Seonam University College of Medicine
Goyang-si, Gyeonggi-do, Korea

Introduction

o The pathogenesis of Androgenctic alopecia is still unclear

me convert to Dihyvdrotestosterone(DHT)

* Nmaturization of hair follicle

0 Su-reductase( SAR)
= A major enzyme in the pathophysiology of AGA
Type I : Se
Type I : Genital skin, beard and scalp hair follicles
Type 111 : Ubiquitously throughout the dermis and epidermis

aceous and sweat gland

:ductase inlubitor

* Finasteride (Type 1)
* Dutasteride (Type T and IT)

o Treatment for androgenctic alopecia
* 1mg of Finasteride daily
* Maximal hair regrowth is seen within 2 years and declines slightly
thereafter
Eurl Dermatol, 2002;12:38-49

~ Men who responded initially to finasteride, later notice a

resumption of hair loss » May need add Itreatment

Dermatology sms L 4

i Junsel f Deertadungy £201%) 34, 4851 e 1000175148000 3002 00t

BRIEF REPORT

Combination therapy with finasteride and low-dose
dutasteride in the treatment of

androgenelic alopecia
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Suk Young Lee: Experience of combination therapy with finasteride and
low dose dutasteride in the treatment of male pattern hair loss

Case report(M/47)

o () baseline pretreatment

o A 2-vear history of hair loss
o (b) good response after &

months of finasteride

o 1mg of oral Finasteride daily therapy
* 6 monthslater : good response
* Maximum hair growth effects : 2 years o (¢} reduction in hair
density after 4 vears of

ntinuous finasteride

therapy

sgrowth after
* Within 3 months: a dramaticinerease in his hair density addition of low-dose
dutasteride{o, fweek)
to finasteride therapy

o

o Rationale : Not known

In Our Cases

o 4 Patients
* Whovisited Alopecia Clinic, Department of Dermatology, Myongji
Hospital, Seonam Univ. College of Medicine, 2014.11-12
* Add Dutasteride 0. 5mg /week while finasteride lmg daily was
continued

* Baseline and 6 months follow up phototrichogram were taken M/ 40(h1P H L IIJ

M/q0 MPHLII 24 months 2014.11.8
M/52 MPHL IV 34 months 2014.11.14
M/6o MPHL IV 44 months 2014.12.19
F/58 FPHLIN 24 months 2014.12.23

M/52(MPHL VI)
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M/60(MPHL VI)

F/58(MPHL III)

DISCUSSION




Suk Young Lee: Experience of combination therafpy with finasteride and

low dose

utasteride in the treatment of male pattern hair loss

Discussion

o Fmasteride
* Type Il 50-reduetase inhibitor
* Also a potent inhibitor of type 111 50- reductase
Azzouni F et al. Adv. Ural. 2012
o Dutasteride
* Dual (type I and I1) 5o-reductase inhibitor

o Dihvdrotestosterone(DHT)
* Intraprostatic DHT : 99% | with dutasteride
* Scalp DHT : 51% | with dutasteride and 41% . with finasteride
* Atriple 5a0-reductase inhibitor could be useful in AGA

o Combination therapy
* Finasteride and low-dose dutasteride

o Continuing Finasteride
* It worked initially - provide a good blockage of type 11
* Alsoa potent inhibitor of type IIT5AR

o Low-dose Dutasteride
* Additional blockade of type I 5AR rather than the enhancement
of the type I or IT1 5AR

o Dutasteride 0.5mg/week
* Long pharmacological and biological half-life
* Terminal elimination half-life of 5 weeks
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o No significant side effects were seen

Discussion

o Functional role in the skin of type 111 5AR has not vet been
elucidated
1edd

1ii B

studies are

o Further large and

Conclusion

o Enhanced efficacy due to a triple blockage of the 5AR
leading to lower scalp DHT concentrations

o Some patients with AGA who have poor response to long
term use of finasteride, addition of low-dose dutasteride
to their ongoing finasteride treatment could be an option
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Proposal for genetic study in alopecia
areata

Young Lee

Department of Dermatology, College of Medicine
Chungnam National University, Daejeon, Korea

Categories of Disease

* Chromosomal disorders

Dvrvrn ipmbie Genetic Diseases
Proposal for genetic study in o e —
‘"'"“‘“": At Early onset (pediatric)
= autosomal recessive ) i
alopeCIa areata X-linked recessive e
* Complex (~polygenic) disorders
f:;:f,'i:’”""' Cuaantitative waits (ussceptibility)
“m"bo“\_ Delayed cmset (adult)
c: (~80%)

Multiple genes + environment
* Infections disease

Young Lee ie, HIV, cholera, malaria
Department of Dermatology, College of Medicine * Environmental disease
ch Nati 1 Uni ity, Daej Korea + lead poisoning

FERIYEHSL 3 (FEA0/22)

Xk o[ FF
Age of Expression of the Major Types of Genetic Diseases = 2 &
£ P . pe 7 Why Find Disease Genes?
Provide understanding of pathopliysiology of disease

=

-

3 Chromsscnsal Maltifsctorial *  Provide understanding of biology of specific organs/systems

Z

z Improve disgnosis

b Single Gene

= Mendelian

3 Identify targets for improved therapeutics {drugs)
e

Birth Puberty Adult

Alopecia areata
» Autoimmune disease
+0.1-2%
« Onset of age: late teenage, early childhood, adulthood

10
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http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap http://www.hugenavigator.net/

NHGRI Catalog of GWA Studies: http://www.genome.gov/gwastudies/
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Journal/Study size Altele: in

Contrals
Narcolepsy lopanese | 748 cases, |22q13.33 <eTi8 nE170917-C [0.17 o x 10 1.63 [1.37-1.98) aftymetne
89 |954 1243133
Japanese controls
controts
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Search By:

Journal: [Select Joumnal ~

First Author: |

(last name)

Disease/Trait: [alopecia

(string search) Tips Expand your search by using the OR operator (returns results with aither term),

o narrow your search using the AND cperater (returns results with both terms),
or

p2-Glycoprotein | (B2-GPI) plasma levels

5.HTT brain serotonin transporter levels ~
\Abdominal aortic aneurysm

\Acenocoumarol maintenance dosage

|Acne (severe teenage)

\Acne (severe)

\Activated partial thromboplastin time

\Acute graft versus host disease

|Acute lung injury

|Acute lymphoblastic leukemia (B-cell precursor)

lAcute lymphoblastic leukemia (childhood) v
Acute myeloid leukemia_

Tip: Held Ctri-key to select multiple entries,

Chromosomal Region: I
(e.9., "13a21.31%) .

(G:.:f:"m?s‘) 1
(e, ea07ss5ss) Published Initial Replication
OR greater than:
p-Value threshold: Sample Sample
ok S Description Description
2011.10.26 Case: 729 Case: 991
) (EJHG) Control: 656 Control: 2021
8 studies were 2010.7.1 (Nature) Case: 1054 NA
z?amh?d i Control: 3278
pa(:)%?g'a eSS 2015 (Nat comm) Meta-analysis from previous GWAS

SOotAlofelel X2 Y Hofl CHE TE M ELEXM
Meta-analysis of genome-wide association study for type 2 diabetesin

East Asians

AL SHO| 2 Chs ST 013 HH) foloi BYREA Hzes Lo
=

=
Et2A0f TSt 2atS0| A =X a0 ESEHeE

A

Ho| HEAFEH EEF—E—&*. 2ot Ee 20D QoL H SEQIE s di=

Otz 0|0z A7HO|C ........ EE2F 0[0f CHS| SOFA[OFRIOIAM HEHFE HAITH A

1} 267} 97 0| (CDKN2A/B,KCNQI S)7} T iz 5 2l 1F b 0] Q= 74(p<0.05)

o2 SHOIE|QC A/ QL OIOAS = 20/5F OFAHS & OIT/LF OLA/OLOIOYA
-

I
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http://www.nih.go.kr/NIH_NEW/main.jsp

W A= i MR EA g A

=
=
HozsE 1,626 A A2 0P HAAZRH I S 45 2492+

A HYSHH TR 17

ohR 0l 22 2AF 2,034 E M2 B2 R 272 0[8E AR 4302 S A DT EZEH
250t 1A SNP chipS A2 0H0] F(intestinal type), 0| 2HE (diffuse type) 9| 20t A2t 24 -2 S 2 HEH
o) QAR 1,055 79t f A ME{0] Obd I Ot B9 S 350770 S O B4101 24 ZSEA S 4%

BAUSW HYSHHABES AT

ehR R0 2 S 2Eo| A2 22937 E MU A M TS G372/, FHAH Ml 470 7| #o
2 4=l GenRICWorking GroupC 22 E 2t SHHYME QT A| IS ERRE HAC 430270 = 2t ol
1A HESTM AEEL S A 1A 240M /0] UA L2 §FHHE0|S2 S0l SEE QI T M =t
Q17| 23] T ARLE 4-ali(Y 20| Lt 10F2| 7 & E 9l Kitanagoya Genome (KING) study 2 2 E| 2HAFZ 0 H gt
AlZ 3,0527H2} H A0l A| B 49767 2 0| 2)

» Genetic analysis methods » Study population
- Linkage analysis - Reduce the heterogeneity
- Association study

Strategies for Disease Gene Identification

Linkage Analysis Association Studies
(family) (population)
Cases | Controls
FRAR AR
e
SJ0H | I I8
Pivi'y piite
40%T | 15%T
60% C 85% C
Single Gene Polygenic (also G x E)
Mendelian Inheritance Complex Inheritance
Rare (High Penetrance) Common
~300-400 Short Tandem Repeat (MS) Markers ~30,000 to 50,000 Polymorphic SNPMarkers

* Linkage vs. Association Studies:
- Evidence of mono/oligogenic disorders or major gene involvement --= Linkage is the choice,
- Otherwise, association study (especially, gene x environment study)

13
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22l THERTA EE LR (5E) 2E
(monogenic disease) (polygenic/complex
disease)
FEAEE o< 22 (2[H) =5 (>1%)
FEEHE B Eg=
BON/AEIPE &2 42
Fet Y= S =5
AFME 7HA e
e 0 SHAAEAN (linkage  AHEH AT association
analysis) study
Alg7|= STR genotyping SNP chip

Exome sequencing

SINP Selection for Association Studies

Arg-Cys Val-Ala

R0

Catalog and test all coding SNPs for function: =» Candidate Gene Approach
JIsHoE FattEBEIdEE MESHH Had 24 (rSNP, cSNP)

Use dense map of SNPs and test for LD (use association to find sites in
entire sequence with function): =» Genome-wide Association Approach
HMAQHN, SHLEN Yoo YWY AHE £1 9
A
S

Mol O E MBS0 2 aatd g7

M
0%t

Ref: Collins, Guyer, Chakravarti. Science 278:1580-81, 1997.

14



Young Lee: Proposal for genetic study in alopecia areata

Multi-Stage Approach: to Minimize Sample Sizes & to Overcome Multiple

Testing Problem

No. of SNP
o-© ®  Genotype full setof SNPsin

relatively small population
at liberal p value

Preeeee

High density SNPs

A
h o ﬂ ® i A Screen second, larger
Stage 2 population at more stringent
“‘ w p value

Replication

+ . & 0 0 8 00
@ ! m @ g @ ! Optional third stage for
f_l ! '!1 @ !I @ ! increased stringency

More replication
CH-&2F SNP chip - random error

Ref: Hirschhorm JN and Daly MJ, 2005, Nature Reviews Genetics 6@ 95-108, 2005

~ 500K SNP chip
(Affymetrix or Illumina)

Distribution of DNA According to Functional Location

E7ns (~1.5%)

’ Introns (24%)
Intergenic DNA (75%)

Genes exist in non-random clusters

resequenced for variation discovery.

The average human gene: 126 SNPs per gene
46 common SNPs (= 5% MAF)
5 ¢SNPs

Crawford DC et al. Annu Rev Genomics Hum Genet 2005;6:287-312

An overview of natural genetic variation from the literature and in 510 human candidate genes

15



A 14X} Hair Forum

16

Classification of SNP by Location

Gene Gene
exon
rSNP iSNP c¢SNP cSNP gSNP
(regulatory SNP) (intronic SNP) (nsSNP) (sSNP) (intergenic SNP)
Amino acid No amino acid
Substitution substitution

(Non-syn = Missense) (Syn = Silent)
J

Possible Phenotype Change

+ GWAS: 80% of the SNPs on the array are intron or intergenic

* Exome:
- All exons in the human genome
- Most functionally relevant ~1.5% of the genome (180,000 exons,
21,000-23,000 protein coding genes) in human genome where the

majority of known disease-causing mutations reside

» 85% of the disease-causing mutations are estimated to be located at

protein-coding region

« Exome sequencing enables the discovery of both and rare functional
genomic variations/mutations underlying Medelian and complex genetic

disease
Exome Sequencing *
— 1 O

Causative Mutations in Exons

gDNA from Affected Individuals
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How To Study Rare Variants in common Diseases/Traits: (1) Combining GWAS, WES/WGS
and Imputation in a Case-Control Population to identify causal rare variants

Case : Control
la GWAS

GWAS loci: chromosomal mapping (p < 5x10°F)
lcl ‘WES/WGS or Targeted Resequencing

Identification of a rare coding variant in a specific gene

l

Further validation in an additional set of cases and controls

Step 1. Study Design

» Select target disease: Heritability

» Case-control criteria: Target phenotype(s)

Requirements for complex diseases:
* Determine # of samples (=Power) high density marker sets, larger sample
size (> 1,000~10,000)

»  Number of SNPs: candidate gene, pathway, genome

* Others: - Ethnicity
- Replication
- Cost & DNA requirements

17
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How Can We Reduce (Phenotypic) Heterogeneity ?

* Define the trait consistently and accurately
Yy (HY)2 g¢sta LaE J|EeE FHIr
« Identify subtypes:
- Early onset =
- Severe expression
-Atypical expression

1

N

| L (Early onset)
o1 (severe expression)

EE (atypical expression)

Am o= FA
rOl'
r°¢ K

=)

* Use strict and narrow population definitions
JteT &0 g4 Y Ethg gt

« Alopecia universalis / alopecia totalis
» Early onset ( < 10yr)
« Familial cases, large number of patients

OPEN @ ACCESS Freely available online @PLOS | ONE

Exomic Sequencing of Immune-Related Genes Reveals
Novel Candidate Variants Associated with Alopecia
Universalis

Seungbok Lee’?%, Seung Hwan Paik®®, Hyun-Jin Kim'?, Hyeong Ho Ryu?, Soeun Cha', Seong Jin Jo?,
Hee Chul Eun®**?, Jeong-Sun Seo"**7%, Jong-Il Kim"*%”*, Oh Sang Kwon®***

1Genomic Medicine Institute (GMI), Medical Research Center, Seoul National University, Seoul, Korea, 2 Department of Biomedical Sciences, Seoul National University
Graduate School, Seoul, Korea, 3 Department of Dermatology, Seoul National University College of Medicine, Seoul, Korea, 4 Laboratory of Cutaneous Aging and Hair
Research, Clinical Research Institute, Seoul National University Hospital, Seoul, Korea, 5Institute of Dermatological Science, Seoul National University College of Medicine,
Seoul, Korea, 6 Department of Biochemistry and Molecular Biology, Seoul National University College of Medicine, Seoul, Korea, 7 Psoma Therapeutics Inc., Seoul, Korea,
8Macrogen Inc, Seoul, Korea

Abstract

Alopecia areata (AA) is a common autoimmune disorder mostly presented as round patches of hair loss and subclassified
into alopecia totalis/alopecia universalis (AT/AU) based on the area of alopecia. Although AA is relatively common, only 5%
of AA patients progress to AT/AU, which affect the whole scalp and whole body respectively. To determine genetic
determinants of this orphan disease, we undertook whole-exome sequencing of 6 samples from AU patients, and 26
variants in immune-related genes were selected as candidates. When an additional 14 AU samples were genotyped for
these candidates, 6 of them remained at the level of significance in comparison with 155 Asian controls (p<1.92x1073),
Linkage disequilibrium was observed between some of the most significant SNPs, including rs41559420 of HLA-DRB5S
(p<<0.001, OR 4457) and rs28362679 of BTNL2 (p<0.001, OR 30.21). While BTNL2 was reported as a general susceptibility
gene of AA previously, HLA-DRBS has not been implicated in AA. In addition, we found several genetic variants in novel
genes (HLA-DMB, TLR1, and PMS2) and discovered an additional locus on HLA-A, a known susceptibility gene of AA. This
study provides further evidence for the association of previously reported genes with AA and novel findings such as HLA-
DRBS5, which might represent a hidden culprit gene for AU.
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N . FPLOS o

Exomic Sequencing of Immune-Related Genes Reveals
Novel Candidate Variants Associated with Alopecia
Universalis

Seunghask Les' " Saung Huan Paike™, Hyun-in i Hyeang Ha Ry’ Sosun e’ seang i 0%, | © SAMPlES of AUZ Whole-exome seq

Hee Chul Eun™*%, Jeong-Sun Seo' ™, Jong-ll Kim'**7*, Oh Sang Kwon™™***

26 variants in immune-
related genes as

candidate
Table 1. Demographic data of enrolled patients. - -
14 samples of AU: replication
Age, years 3-43 (mean: 15) 1 55 ASIan COﬂtI’O|
Gender, n Male 13 (65%)
Female 7 (35%)
Onset, n’ Early onset 15 (75%)
Late onset 5 (25%)
Disease duration, 1-18 (mean: 5.5) A
years
Nail dystrophy, n 6 (30%)
Family history, n 6 (30%) 6 genes
Comeorbid disorders, Atopy 2 (10%) HLA-DRBS5
n BTNL2
Thyroid disease 2 (10%) HLA-DMB
Psoriasis 1 (5%) TLR1
PMS2
HLA-A

Study design Enroll patients

1. 100 case / 100 control exome sequencing 1. Alopecia totalis, alopecia universalis : 50 cases
- Validation, replication 2. With family history: yes or no

3. Early age of onset

2. 50 case / 50 control exome sequencing

= Validation, replication

3. 50 case exome sequencing/ control (4003 E & ot2| 25
alopecia areata 33 = 2 E)

-» Validation, replication

oy sgus e sty sgusrnas
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The association between exercise and hair
loss: Does exercise cause hair loss?

Jaewoong Choi, Myungsoo Jun, Won-Soo Lee

Department of Dermatology and Institute of Hair and Cosmetic Medicine,

Yonsei University Wonju College

of Medicine, Wonju, Korea.

The Association Between

Exercise and Hair loss.
:Does Exercise Cause Hair Loss?

Jaewoong Choi M.D., Myungsoo Jun, M.D, Won-5o0 Lee, M.D, PhDL

Department of Dermatology and Institute of Hair and Cosmetic
Medicine, Yonsei University Wonju College of Medicine, Wonju. Karea.

Introduction

+ Background

— Androgenetic alopecialAGA) is the most common type of hair
loss.

- MNon-genetic factors also plays an important role in
development of AGA, along with genetic background.

— Bald guys have good stamina 77

+ Objectives
— This study was designed to analyze the association among
AGA and exercise-related envil | eticlogic factors.

Materials and methods

* Questionnaires of 1,182 healthy individuals were analyzed.

» The subjects visited occupational medical clinic for regular
medical checkup, and they had no underlying diseases.

+ The data included frequency and intensity of exercise, and basic
patient information.

= BASP classification was used to classify AGA patients.

Strong
E2 Hue REE 05 0@ Oy A¥E W OEa
ar
58 H% 08 oy ume e BuE Moderate
%o SR B 0 Oy WE WET
=7 Mild
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Results

Results
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Results

Severity

e

Discussion

Alopecia patients exercise more than normal
population(p=0.008).

In male alopecia group, the frequency of mild intensity of
exercise was significantly higher(p=0.03) than normal group.

In female alopecia group, the frequency of mild and moderate
intensity of exercise was significantly higher(p=0.029),

According to the BASP classification, there was no difference
among basic type groups.

* On the other hands, the frequency of exercise showed no
statistically significant correlations, neither did the severity of
AGA,

Conclusion

* This is the first large-scaled study designed to analyze the
association between exercise and alopecia.

» According to the result, the frequency of exercise was higher in
alopecia patients, especially when it comes to mild exercise.

» Limitaions
= No hormonal study.
— Further study d

| for pathophysiclogy is r sary.
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Soon Re Kimi: Hair growth stimulated by conditioned media of umbilical cord blood-derived
mesenchymal stem cells is enhanced by priming with growth factor

Hair growth stimulated by conditioned

media of umbilical cord blood-derived

mesenchymal stem cells is enhanced by
priming with growth factor

Soon Re Kim

Department of Dermatology Chung-Ang University College of Medicine

Contents

= Mesenchymal stem cells (MSCs) properties

Hair growth stimulated by conditioned media of umbilical cord * Recent veports & onr unpublished results with hair growth studies using umbilical
S o - By cord blosd-mesenchyvmal stem cells conditioned media (UMB-MSCOM)
blood-derived mesenchymal stem cells is enhanced by priming

with growth factor
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The properties of MSCs

&

=)

/'-’-- e
/ Adipose tissue  Bone marrow \

Umbilical cord

Muscle

MSC
in vitro expansion

Morphalogy Marker analysis Wﬁaﬂon

¢
Positive: 4 Ftior
Sca-1, CD105, CD73, 3 “
—— cD29, CD20 L L)

Negative: =
Fibroblast-like shape CD34, CD31, CD45, O Ci Y
coiib

« MSCs can isolated from various tissues including adipose. bone marrow,
umbilical cord. muscle and tooth root.

Cell Death and Differentiation (2014) 21, 216-225

I—

Tissue reparative properties of MSCs

Inflammation
Table 1 Summary of growih factors entical for MSC-mediated tissue repair
- MSC Grawth Roles in MSC-mediated tissue repair
2 factors
EGF Wound neaimg?“‘ fissue regenaration, 115118
neurogenasis' "
EGF, FGF, PDGF, TGF-§, VEGF, HGF, IGF-1, PDGF Tissue repair’ '
Ang-1, KGF, SDF-1 FGF Tissue repair, ' intrinsic stem call survival and
- reganeration’ "
_,/‘ - TGF-§ Wound healing'® ™= ——
> = by YEGF Angiogenesis, weund healing'*'”
\ gk._ £ g/ HGF Vasculogenesis, ? intrinsic neural cell regeneration™
\V{\ o - IGF-1 Wound healing, ;“ neurogenesis’=>
i Tissue-intrinsic progenitors KGF Wound healing
E AT (RLE L or stom cells Ang-1 Angioge nasis.‘ liyssua repair >
EPD Angiogenesis ¥
¥ ¥ e GONF Neuroprotective effect’® '
SDF-1 Neuroprotective effect,'™ wound healing'*'*!
= g Q?(. 7?? &g @_‘(‘b L8 Wound healing'"®
Anglogenesis  Loukocyte ECM MMPs Neurons  Cardiomyocytes

rransmigration

* The immunoregulatory properties and the tissue reparative functions of
mesenchymal stem cells are induced by inflammatory cytokines.

+ MSCs express immunosuppressive molecules and various growth factors
that facilitate tissue repair and maintain immune homeostasis.

Cell Death and Differentiation (2014) 21, 216-225
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Number of clinical trials of mesenchymal stem cells
based therapy

Mumber of elinical Lriats.

e —
2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

= Phase| 31.4% W Myocaraial infarction (22.0%) W Graf varsu host disease (16.0%)
B Phase Il 49.6% ™ Disbetes (10.3% W Uiver cirrhosis {10,.3%)

u 5 I cord i (9:2%) W Osteoarthritis (8.0%)
™ Phase Ill 15.3% & Cootms disaase (3,89 = Mutle sclrosis (3.4%)
M Phase IV 3.7% ® Apiastic anemia |1.5%) B Systemic lupus (1.1%)

W Rheumatoid arthritis (1.1%) Parkinson's disease (0.8%)

Brain injury (0.4%] Others {11.0%]
I
Priming Study of
Conditioned hair growth
Media ability

Priming (X)

MSC

% isolation
— = =5
Umbilical cord

A o :secretome

hDPCs cell viability 23S S5
Priming £&2 Med

I III"I""II"II
i
HHHH
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Patch assay
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Growth factor array

—
S o e o I o ABCDE FGH | JKL el IGFEF1
s 1 s®
EE 2 ew
3 .m. . 3 .|§|.
msc-ucs |2 e : : G JE)
supernatant b s * -
6 . [
7 . . I . .
8 ¥ . 8 L L = MSC-UCB primingA| 1GFEP10] activation®
ABCDE FGH I J KL ABCDEFGHI J KL
se 'R VEGF
e 8 20 POGF
3 - . . 3 “e . AR
4 g =
hDPC-CM |- — " 3 i LR
5 |Z| EI 6 |z| |Z|
1 o . 7 . k]
2 .. . . " .

< hDPCsOl X3 ®E|A| VEGF, PDGF-AA, PLGF7} activationd »

VEGF ELSIA assay

350
@ Condition S5 - =
CM: CM only
X3:X3 CM only = 250 -
DP con:hDPCs + DMEM supernatanat .;
DP EM:hDPCs + control media (Empty Media) g 200 - o -
DP KC: hDPCs+ keratinocyte priming media = = -
DP CM: hDPCs + conditioned media @ 150 -
DP X3: hDPCs+ MSC priming media g
100 ~
50
]

™ X3 DPcon DPEM DPKC DPCM DPX3
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Hair follicle regeneration2} Wnt5A, Versican, VEGF ¢ 2/d

Expression of Wnts10b, 10a and 5a is specifically upregulated in hair follicles at early morphogenetic stages

Wnt5A

5 Reddy et.al, Mec L of de 2001

Versican Expression Coincided with in Vivo Dermal Condensation and Hair-Inductive Ability.

) l
verg{ca" ..- = . "

=

Accelerated hair regrowth and increased follicle size in VEGF transgenic mice.

A Wt By Hise shatt diametar e

VE L5
SAaaaaRaREE ¢ oy
“
VEGF WW J Clin Invest. 2001 Feb 15; 107(4): 409-417.
- -,
0
.

WT  VEGF TG

JIRO KISHIMOTO, Proc. Natl. Acad. Sci. USA 96 (1999)

Protein &l =H

C
A B con cM X3
con EM CM KM X3 cnle s
- s E | wnsa - e |-MA

re—— ] @ pcatenin

. ecn = o= o | icFR2
pp—_—— = | -

- - W | [-catenin m
S ——— 0 - @ coie

| .
e | (-actin - e

WEGF

Con: serum free DMEM

EM: control media (Empty Media)
CM: conditioned media

KC: keratinocyte priming media
X3: MSC Priming media
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[ -catenin, Wnt5A mRNA expression

con EM CM KM X3

— — — S -catenin

WntsA

GAPDH

Con: serum free DMEM

EM: control media (Empty Media)
CM: conditioned media

KC: keratinocyte priming media
X3: MSC Priming media

Priming CM0j| 2| 8 dermal papilla regulation factor

Epidermis

Basal = 4
layer ==

X3
{ MSC-UCB
Priming CM )
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Further study

Priming .

asu

o

MSC-UCB '

P Secretome validation for MSC-UCB standardization

» What is the active ligand for hair growth regulation?

3. Cultured human dermal papilla cell& O| 28t B A ability 22!
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Premature hair graying treated
with ferrous sulfate

Joong-Woon Choi, Dong-Woo Suh,
Bark-Lynn Lew, Woo-Young Sim

Department of Dermatology, College of Medicine, Kyung Hee University

¢ Hair graying (Canities)

Premature hair graying treated § A s sgeatenciabodprooses

- v Correlates closely with chronological aging and occurs to varying
WItn ferrous Su]fate degrees in all individuals
¥ Normal incidence of hair graying
= 34 + 9.6 yrs in Caucasians
Joeng-Woon Chel, M.D., Dong-Woe Suh, M.D., * 43.9 £ 10.3 yrs in Africans
Bark-Lynn Lew, M.D., Woo-Young Sim, M.D. = 39.5% 8.8 yrs in Korean

Dapartrment of Dermatalogy.
Coliege of Medicine, Kyung Hee University

¢ Premature hair graying
" Definition
 before the age of 20 years in Whites
= before the age of 25 years in Asians
» befere the age of 30 years in Africans

o Patient : 11-year-old male
Fig. 1B.
¥ Chief complaint : Hair graying (O/S : 1 year ago)
¥ Present illness
= A lot of gray celored hairs admixed with normal colered hairs on
the scalp for 1 year
¥ Past medical history
+ Family history of premature hair graying (-}
* Associated autoimmune diseases including alopecia areata,
witiligo(-}
¥ Physical Examination
+ Mormal black and gray color bands alternating in same hair shaft.

¥

Fig. 1A_Alot of gray hairs admixed with Fig. 1B. Normal black and gray color
v Review of systems : Unremarkable normal colored hairs on the scalp bands alternating in same hair shaft
(x 40)
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o Initial lab.
v Hb 84 g/dL | Hct 27.9% |
v MCV 56.1 fL | MCH 17.0 pg} MCHC 30.3 g/dL |
¥" Ferritin 2.6 ng/mL |

- Iron deficiency anemia, suspected

¢ Treatment & Course
¥ Iron supplements for 5 months
+ Ferrous sulfate (40mg/day)

v After 5 months of treatment, his hair color recovers nearly
normal black color

¥ No recurrence or aggravation until now

4

Fig. 1A. Before treatment, a lots of gray Fig. 2. After 5 months of iron supplement
hairs were observed within normal hairs treatment, his hair color recovered nearly
on the scalp. normal black color.
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¢ Causes of premature hair graying

v' Autoimmune disorders
+ pernicious anemia, hyper- or hypothyroidism, atopic diathesis,
vitiligo, progeroid syndromes
v" Nutritional deficiencies

« chronic protein loss (kwashiorkor, nephrosis,celiac disease), severe
iron deficiency and copper deficiency

v Stress
v Certain drugs
+ chloroquine, mephenesin, phenylthiourea, triparanol,

fluorobutyrophenone, dixyrazine, the epidermal growth factor
receptor inhibitor imatinib and interferon-alpha etc.

v HIV infection, cystic fibrosis, and Hodgkin's lymphoma

Table 1: Syndromes manifesting with premature graying of hairi**224

Name Inheritance Pattern/associated complaints/presentation

Book's syndrome AD Premolar hypodontia/bicuspid hypoplasia, palmoplantar hyperhidrosis

Progeria AD By 2 years of age, only sparse gray or white hair seen with plucked
bird facies, joint stiffness, abnormal dentition, loss of subcutaneous fat

Pangeria (Wemer's syndrome) AR Temporal graying starts in adolescence or as early as 8 years of age,

further spreads across the entire scalp accompanied by progressive
baldness by 25 years of age with sclerodermoid skin changes,
beak-shaped nose, short stature

Dystrophia myotonica AD Graying of hair followed by myotonia and muscle wasting, cataracts

Rothmund-Thompson AR Rapidly progressive premature canities in adolescence with

syndrome poikiloderma, photosensitivity, alopecia, cataract, short stature

Cri-du-chat syndrome Most cases due to sporadic Premature canities seen in one-third of patients with microcephaly,
de novo deletion of 5p am hypotonia, and charactenstic facies

Ataxia telangiectasia AR Cerebellar ataxia, immunodeficiency, ocular telangiectasia

Fisch's syndrome NK Early extensive premature canities with impaired hearing and partial

heterochromia indis

Seckle syndrome (bird-headed AR Bird-headed profile, trident hands, skeletal defects, hypodontia,

dwarfism pancytopenia

Down's syndrome Sporadic Premature canities seen in 14% patients

AD: Autosomal dominant, AR: Autosomal recessive, NK: Not known
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¢ Pathogenesis of gray hairs

v" Graying is understood as a loss of pigment in the shaft (Tobin
and Paus 2001)

v" Gray hair has undergone a marked reduction in melanogenically-
active melanocytes in the hair follicle (Commo et al 2004).

+ The net effect of this reduction is that fewer melanosomes are
incorporated into cortical keratinocytes of the hair shaft.

v" There appears also to be a defect of melanosome transfer.
+ Due to either defective melanosomal transfer to the cortical
keratinocytes or melanin incontinence due to melanocyte
degeneration.

(o ™\

¢ Premature canities and trace elements

v" Trace elements needs in the pathway of melanogenesis
+ Copper : required for tyrosinase activity
+ Zinc : TRP-2 (tyrosinase related protein-2) enzyme activity
v Iron
* Dopachrome tautomerase
* Rearrangement of dopachrome to 5,6-dihydroxyindoles
* Oxidative polymerization of the 5,6-dihydroxyindoles
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¢ We report a patient who had premature hair graying
probably due to iron deficiency anemia
treated successfully with iron supplements(ferrous

sulfate).

1. Tobin DJ, Paus R. Graying: Gerontobiology of the hair follicle
pigmentary unit. Exp Gerontol 2001;36:29-54.

2. Patrick Henry McDonough, Robert A, Schwartz. Premature hair
graying. Cutis 2012;89;161-165

3. Fatemi Naieni F, Ebrahimi B, Vakilian HR, Shahmoradi Z. Serum
iron, zinc, and copper concentration in premature graying of hair.
Biol Trace Elem Res 2012;146:30-4.

4. Bhat RM, Sharma R, Pinto AC, Dandekeri P, Martis J.
Epidemiological and investigative study of premature graying of
hair in higher secondary and pre-university school children. Int J
Trichol 2013;5:17-21.

5. Chakraborty AK, Orlow SJ, Pawelek JM (1992) Evidence that

dopachrome tautomerase is a ferrous iron-binding glycoprotein.
FEBS Lett 302(2):126-128
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Jin Mo Park: Pros and cons of the scalp medical tattoo

Pros and cons of the scalp medical tattoo

Jin Mo Park

Yonsei Mobelle Dermatologic and Hair transplantation Clinic

Pros and cons of the Scalp medical Tattoo

2015. 14th Hair forum
Yonsei Mobelle Dermatologic and Hair transplantation Clinic
Jin Mo Park, M.D., Ph.D.

Concept of SMT

2-Dimensional dot between 3-Dimensional hair
Semi-permanent

Semi vs Permanent

Duration
Component
Color
Allergy
Depth
Re-touch

oo R WN =

Steps of SMT

. Consult

. Design & Photo

. Anesthesia & Dressing
. Tattooing

. Post tattooing Tx
Re-touch
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Side Effect

Unnaturalness
Discoloration

Short lasting Duration
Shock Hair loss
Color spreading

Dot coalescence

Factors influencing the result

.

Dr's factor

High expectation
Insufficient explanation
Learning curve & Technigue
Patient's factor

High expectation

Scalp conditions

Others

Etc
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Hair graying: Clinical features and
significance
Aerstal o Bu)st 3 stn A

2 4 =

[

Ageing appearance of hair graying

® Hair-graying is one of the conspicuous signs of aging.

@ Gray hair leads to cosmetic problem as it is more

HAIR GRAYING:

CLINICAL FEATURES AND SIGNIFICANCE

noticeable against dark hair.

Hair Graying

« Matural age-associated feature
+ Loss of pigment in the shaft

ot
" n Grayi
* Onset of hair graying = white & gray Hakis
- 34 = 9.6 years of age in Caucasians
- 4.9 = 10.3 years in African Americans

- 50% of people have 50% gray hair by 50 years of age

Melanocytes in gray hair

AR e l c D

AREN!

L white hair —J

—_

i
=

#
. .

-

plgmented hair gray hair

Commo et al, 2004
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Melanin synthesis and transfer in gray hair

a
pigmented m ﬁ' i | l' W i
hair Tl b : /Iz k4l

TRP-1  melanin

Physical and chemical properties of gray hair

+ increased sensitivity to weathering

« increased cysteic acid residues and decreased cystine

* increased fiber reactivity to reducing and oxidizing agents
Hollfelder et al. 1995

« Reflection of a change in the chemical and physical

PMel-17  tyrosinase properties of the post-pigmented hair fiber.
9::":‘;9 — Melanosome as ‘regulatory packages’
» Unpigmented hair exhibit a higher rate of hair fiber elongation
« Pigmented hair shows early differentiation
3 B - & +» Melanin granules: a buffer of calcium?
& 1 b & / ~ Various cytokines from MCs
gray hair b - d 2.
Commeo et al, 2004
White hair vs. Pigmented hair
3343 hairs from 24 women PROGRESSION OF HAIR GRAYING
um
P =0.0001 577 P =0,0001
Lol Halr Graving Pattern Depends on Gender, Onvel Age and Smoking Habits
| o -~ |, daw Wea Chal', Jung Hew Lee', Soyun Cha', Kyu Han Kim*S, Hee Chul Pun® snd Ob
1oh EI-I o o s bt
| o Amercs (e
5 VT By M
L w P " Acts Derm Venercod 2012
Hair medulla
formi gray and white
hairs.
w P
Linear hair growth rate
Van Neste, 2004
Survey for gray hair Prevalence of gray hair by age-group
#® Subjects
#® Patients visiting out-patient clinic
® without pigment disorder |
® 1002 subjects i
—_t el
* Questionnaires
# Investigator's assessment
© 0%
400%
00%

on%=
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Onset of hair-graying

= early onset

late onset

The extent of Grayness by age-group

Progression of gray hair

Initial involvement of gray hair

60%
o
50%
E k|
i - 40%
g = male
o
5 . 0% & female
i 13  total
0%
10 nr
(13
10%
=Y e o wEs mems o% | ‘
rion of Gy Halt frontal vertex temporal occipital
Evver bae 36% O1
p=0.05, chi-square test
Involved area of gray hair Early-onset hair graying
.
20%
0 e smmun
ate et
0% '—| i [
s ]
i
A% | = male £
u female s
& total } I
0% i
14 3
20%
LI
10%
% + N ol 1% 0% 0o w0
frontal vortex temporal occipital Pragertion of Gray Har
* pe0.01 Erer Bars: 96% €1
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Initially involved area
: Early onset vs. late onset

60%

50%

40%
B parly onset

0%
= late onset
 total

20%

10% I

0%
frontal vertex tomporal occipital

p=0.05, chi-square test

Risk factors of gray hair

95% Cl of OR
oR pvalue Lower Upper
For hair graying
Age 1.149 <0.001 1.128 1172
Smoking behavior (smoker) 1.993 0.008 1.201 3.307
For early-onset hair graying
Age 0.881 <0.001 0840 0882
e () 1.830 0.008 1188 2863

DYEING OF GRAY HAIR

Reversal of gray hair

+ Hair repigmetation
— partial spontaneous reversal
of canaties during the early
stage of canaties
— after radiation therapy for
cancer

= after erythrodermic eczema and erosive candidiasis of the scalp

< radiation/cytokine-induced activation of upper ORS MCs
— migrate to and differentiate in the melancgenic zone of the
greying HF

Temporary hair darkening by drug

« P-aminobenzoic acid.

= 100 mg three times daily to 460 gray-haired individuals and
noted a response in 82%.

— Darkening was obvious within 2—4 months of starting
treatment.

— The hairs turned gray again 2—4 weeks after stopping
therapy.

— The mechanism of action has remained unclear.

Sieve et al, 1841

Hair darkening by valproic acid
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Dyeing of gray hair

« Intheab e of a nat

« are the

Iway tor hair graying, hair
ys of recovering lost hair color.

The Partern of Hair Dyeing in Koreans with Gray Hair

o Wi e, g o L e

« Behavior pattern of hair dyeing
- Age
- Gender
— Extent of grayness

Behavior pattern in hair dyeing : by age

o

o

mew

Behavior pattern in hair dyeing
: by the extent of grayness and gender

Subjective Grade of Gray Hair

Is PREMATURE HAIR GRAYING A RISK
FACTOR OF SYSTEMIC DISEASES?

Diseases associated with premature graying

+ Pernicious anemia
* Thyroid disease

» Osteopenia

» Progeria

« Pangeria

+ Werner synderome

However, people without any severe medical prob
lems are much more common.

Is early onset of gray hair a risk factor?

» 195 ive office pati over the age of 40
+ 874 autopsy patients
— myocardial infarction, congestive heart failure, cancer, stroke,
pneumonia/bronchitis, or cirrhosis of the liver
- no evidence to support the contention that early gray hair is a
risk.
Glasser, 1991

» Copenhagen City Heart Study
— 13,000 men and women

— No correlation between the mortality and the extent of graying
of hair

Schnohr et al. 1998
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Gray hair associated diseases?

« Coronary artery diseases
= Premature hair graying: a probable coronary risk factor
Gowld of al, 1078

< Gray hair in black males a possible risk factor in coronary artery
disease

Fizenstein of ol 19827
— Copenhagen City Heart Study
= 20,000 men and women (> 20 yrs)
= The relative risk of MI was 1.9 for men with completely gray hair
compared with men with no gray hair (p<0.001)

Schnohe et al, 1995

+ Osteopenia
— Sub; with premature graying but no other identifiable risk factor were
4{{1 i as Ii;lz to havg#engpmh as subjects without premature
graying (P = 0.02)

Rosen et al. 19904

— premature hair graying is associated with low bone density
Orr-Walker of al. 1997
Morton ef al. 2007

Angiology. 1978 Nov,29011}:800-3,

Premature Hair Graying: A Probable
Coronary Risk Factor

Maverials and Methods

Draring the 2 years from July 1974 to July 1976, 50 patients under the age of
50 were sdmitted 1o the corunary care unit with & proves diageosis of &
miyocardisl infurcsion, Typical serisl electrocardiographic chasges as well 4
elevatkons of ibe SGOT, CPK, asd LDH were preseat ie (hese patients

Questionnaries were completed a1 18e time of sdmission 1o determing the
presence o¢ absence of hyperension. diabetes, smoking habits. and lipid sboor-
malities. In addition. the color of the hair was evaluated. If the patient was
promatursly (otally gray, the ape of onsst of the graying ncnrtamad

Results

There were 50 patients, Thirty-eight did not have premature graying. Twebve of the male patients
[24%] had virtual total graying of the hair which made them appear older than their stated age,
Thee graying in these patients started on the average at 29 years, Five of these patients state that
wther family members had premature hair graying. The incidence of diabetes, hypertension, and
smoking was similas in those with and without premature hair graying.

Am Heart 1| 1995 Nov130(5):1003-10.

Gray hair, baldness, and wrinkles in relation to
myocardial infarction: The Copenhagen City Heart Study

The Copenhagen City Heart Study

Tabde X KR of first time myocardial infaretion with ragand to aging variables in subjects yuusges than 55 yean of
age

Taboe R, Thse dintibustion by sex. arul g of T50 lst-tirme Mo Waren
A prospective cardiovascular population study — mossardial = e sty popalatn dering 12
comyprising a randam samgle of 20,000 men and 1o e = a0 . o .
women aged > 20 years. 7163 [75% of those s Viarkshie KR Fimire Valar L1 bimiss Value
invited) women and 5837 (69%) men fulfilled Awt P v T - —- —_—
the eriteria for Inclusion o, - P - - noffew 18 1
Sulects . zu SR ol 18 [IRETY [ 13 nLE M
During the 12-year follow-up, 750 cases of first- o 'ue n i i No e 10
o ne  m MmN Blirlerately 14 msam s 10 18 bl
SR eEreL nmseryed. .Eb T T ) [ WEIT o)
Results B ualcies Lo i
A correlation between graying of the halr, facial wrinkfing, and frontoparietal baldness and s eriangle ] nsam NS 13 mEam N
crown-top baldness and Bl in men &;-w i
‘With regard to gray hair, a simélar although weaker and not statistically significant trend was B spat b2 AALE Lol
seen in women Combined
N 1w
Had spes ] Lras o
We conclude that, in addition to established coronary risk factors, aging signs like graying of
the hair, male baldness, and facial wrinkling indicate an additional risk of M1
I Gerontol A Biol Sci Med Sci. 1998 Sep;53(5):M347-50,
Longevity and Gray Hair, Baldness, Facial Wrinkles, Table 2. Percentage of Deaths During 16 Years According
and Arcus Senilis in 13,000 Men and Women: 1o Graying of the Hair by Sex and Age*
The Copenhagen City Heart Study
Age Grouj NoGray  Few Gray Moderate  Completely Gray/
METHODS {years) Hair Hairs Gray Hairs White Hairs
During 16 years of follow-up, 3,939 persons (1,656 woemen and 2,283 men) had died.. ‘Women
30-39 49 48 -_ -
RESULTS 4049 o [U] 81 13
No correlation between the mortality and the extent of graying of the hair, or baldness or 50-59 17 2 20 k1]
facial wrinkles in either of the sexes, irrespective of age. 069 30 W9 41 41
T0-79 — 69 64 72
Men with no gray hair had a slightly, but significantly, lower mortality than the rest Men
[relative risk (RR) = 81, 95% confidence interval (C1) .67-.98; p < .05]. 10-30 y 8 _ _
concusion es 5 4 B u
We conclude that the degrees of graying of the hair, baldness, and facial wrinkles are not 6 e 6l 62
predictive of a shorter life span in men and woemen in the Copenhagen City Heart Study. % 3-| 85 35

*{— means < 20 persons in catcgory ).
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Intern Med 52: 29-36, 2013 DOI: 10.2169/internalmedicine.52.7842

Premature Hair Whitening is an Independent Predictor
of Carotid Intima-media Thickness in Young

Methods

and Middle-aged Men

Young and middle-aged patients (<55 years age) without a history of CVD

202 eligible patients admittingto the outpatientclinic for CVRF management

A gray/white-hair scale was used to determine the percentage of hair whitening.
Assessing carotid intima-media thickness (CIMT) using B-mode SONO.

The Gray/white Hair Scale

Gray Hair
Stages First Diffuse
scarce gray hair |
gray hair B
<5% Trace 5-25% Mild 25-50%
- v = :
From 3 .
No Generalized gray to )y-r Generalized )
gray hair gray hair _/y white _ ‘( white hair Jy
0% Moderate  50-75% Manifest =~ 75-100%  Complete 100%
Grayhwhite hair percentage (0 to 100%): ..............
Parameters CIMT <09mm  CIMT =0.9mm __p value
n{202) (124) (78)
Age (yrs) <0.001
BMI (kg/m’) <0.001
‘Waist circumference (cm) <0.001
Hypertension <0.001
Diabetes mellitus 0.002 .
Smoking 0.064 Table 2. Baseline Characteristics of the Study Population in the Groups Determined
Hyperlipidemia 0.080 according to HWS
Family history of CAD 0.003
FPG (mg/dL) NS n(202) Categories of the hair whi (HW)
Creatinine (mg/dL) NS HW Scores Trace Mild  Moderate  Manifest-  Complete
Uric Acid (mg/dL) <0.001 n (63) (18) (45 Owen@?) (29 palue
Total cholesterol (mg/dL) 0.045 _ - - =
LDL (mgidL) 0003 Agclyr) S e i o 0001
HDL (mg/dL) NS BMI (kg/m’) 28.6:3.3 281245 296438  302+45 NS
Triglyceride (mg/dL) astc erence.(c - -
Leukocytes ( /fmm’) 22% 18% 0.003
”l‘l'IUglﬂbmltmg\i‘U Diabetes Mellitus 6% 9% NS
Platelets (10" /mm") Smoking 50% 60% NS
CRP (mg/dL) Family history of CAD 17% 36% NS
Total bilirubin (mg/dL) Hyperlipidemia 28% 4% NS
Indirect bilirubin (mg/dL) FPG (mg/dL) 112.6279.6 95.8£13.1 NS
Direct biliubin (mg/dL.) Creatinine (mg/dL) 090010 0.900.12 NS
GGT (UL) — Uric acid (mg/dl) $4+10 000
Setage o v i 3 ,
Percen of white hairs Total ;hnl‘uumhml,,dL; 7\;5
Family history of early LDL (mg/dL) NS
hair whitening HDL (mg/dL) NS
T ™= iy Trigly mg/dL) 180106 199£142 2032191 NS
Ejection fraction (EF %) 6555 6454 NS Total bilirubin (me/dL) 0.91:0.49 070:027 0674028  068:028 <0001
Indirect bilirubin (me/dL) 0.60:0.38 045:021  042:020  043:020 <0001
Direct bilirubin (mg/dL) 0.30:0.13 0.24:009  0.25:011  0.25:0.09  <0.001

GGT (UL) 38225 NS
Leukocytes (10"mm’) NS
Platelets (10"/mm") NS
Hemoglobin (mg/dL) 0 15211 3 NS
CRP (mg/dL) 0.2520.16 051£0.60  0.79:0.94 0.002
Ejection fraction (EF %) 644 6543 6455 NS

0 4+ i 24012 54012 <l

Plague 2% 0% 1% 30% 41% <0.001

CAD: coronary artery disease, GGT: gamma-glutamy ltransferase, HWS: hair whitening score, BMI: body
‘ ~reactive protein, CIMT: carotid artery intima n

mass index, F
thickness, HDL: high-ds
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J Clin Endocrinol Metab. 1994 Sep;79(3):854-7.

Premature graying of hair is a risk marker for osteopenia

the association between premature graying of hair and osteopenia
(lumbar bone density t score, below -1.0).

Premature graying of hair in 36 men and women with osteopenia (cases) was
compared to that in 27 men and women without osteopenia (controls).

Subjects with premature graying but no other identifiable risk factor were 4.4
times as likely to have osteopenia as subjects without premature graying (P =

0.02).

a stronger family history of osteoporosis

J Clin Endocrinol Metab. 1997 Nov;82(11):3580-3.

Premature Hair Graying and Bone Mineral Density*

BRANDON J. ORR-WALKER, MARGARET C. EVANS, RUTH W. AMES,
JUDITH M. CLEARWATER, anp IAN R. REID

Subjects & Methods
404 normal postmenopausal women
A written questionnaire

Results
293 healthy postmenopausal women
Subjects experiencing onset of hair graying in their 20s tended to have lower bone mineral
density throughout the skeleton (adjusted for age and weight).
The same was true for those in whom the majority of their hair was gray by the age of 40 yr
(n = 16).
Bone density at the lumbar spine and Ward's triangle showed similar trends that were not
significant.
However, premature hair graying explained only 0.6-1.3% of the variance in bone mineral
density within the population.

Conclusion

Premature hair graying is associated with low bone density, but its infrequency in the normal
postmenopausal population leads to its accounting for only a tiny fraction of the variance
of bone density.
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J Aging Health. 2007 Apr;19(2):275-85.
Premature Graying, Balding, and Low Bone Mineral Density in
Older Women and Men: The Rancho Bernardo Study

Subjects
Between 1972 and 1974, 82% of adult residents of Rancho Bernardo (a community in southern
California) participated in a survey of heart disease risk factors. This cohort has been followed
with annual mailed questionnaires and periodic clinic visits.

The 1,207 participants (n=717 women, and n=490 men) aged 50 and older at the 1992-1996 clinic
visit are the focus of this report

Procedures
They were considered to be “prematurely gray” if they indicated that all or most of their hair was
gray before they were 40 years of age.

Results
Graying was not significantly associated with BMD in men or women.
Balding men averaged 5% lower total body BMD (p < 0.05), and balding women had ~24% higher
mean hip BMD (p < 0.05).
Graying and balding women reported a higher proportion of current estrogen use; balding
women reported more use of glucocorticosteroids.
Balding women currently using estrogen may explain the higher BMD.

BMJ. 1996 Dec 21-28;313(7072):1616.

Premature grey hair and hair loss among smokers: a new
opportunity for health education?

All new patients attending a general surgical outpatient clinic were studied over three months.
There were 606 patients aged over 30 years.

Of the 268 men and 338 women, 152 of each sex smoked.

The overall odds ratio for the relation of grey hair and smoking was then calculated, for both
men and women, excluding bald subjects, allowing for the relation between grey hair colour
and age, giving a value of 4.40 (3.24 to 5.96).

Table 1—Numbers of kers and r kers with natural, grey, or balding hair according to age and sex
Men Women

Hair colour :

or loss <40 4150 5160 >80 <40 4150 51-80 >80 Total (No (%))

Smokers

Natural 8 4 0 0 10 13 1 0 36 (12)

Grey 3 n n 12 13 54 22 a7 163 (54)

Bald 2 30 22 49 0 1 0 1 105 (35)

Subtotal 13 45 33 61 23 68 23 38 304 (100)

Non-smokers

Natural 2 13 3 0 30 21 23 4 96 (32)

Grey 0 7 14 12 0 27 47 36 143 (47)

Bald 6 12 9 34 2 0 0 0 63 (21)

Subtotal B 3z 26 48 a2 48 70 40 302 (100)

Total 21 77 58 107 55 18 93 78 606
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Indian Dermatol Online J. 2013 Apr;4(2):90-2.

Materials and Methods
A cross-sectional observational study
207 participants (94 men and 113 women, Jordanian people)
PHG was defined as the first appearance of gray hair before the age of 30.

Results Table 1: Clinical characieristics of participanis by the
The prevalence of smokers in the “PHG” 3":: of first appe:rancte 0; '_m‘v :alr = —l
0 ari e remature hair jormal hair value
group was higher (40.2% vs. 24.7%, P dray (N=104)  gray (A=103)
=0.031). Smokers had earlier onset of mex‘ﬁ? or me;"‘*;[: or
hair graying (smokers: 31 (7.4) vs. -
kers: 34(8.6), P - 0.034) Age (vears) 40.512.8 52.0¢11.9 <0.000
i e e Height (m) 1672000 16520.09 o
Using multiple logistic regression with Weight (kg) 78.8£15 78415.3 073
conditional likelihood, smokers were BMI (kg/m?) 28.945.3 28.145.3 03
two and half times (95% Cl: 1.5-4.6) Waist 95.6514.4 96.5£12.6 067
more prone to develop PHG. dclaniersnce {an)
Fasting blood 104.3226.8 108.5:25.9 0.29
glucose (mg/dl)
Diabetes 6(5.8) 12(11.7) 013
systolic blood 121.6£11.3 123.7416.7 032
pressure (mmHg)
Diastolic blood 80.147.5 8218.2 (AL
pressure (mmHg)
Hypertension 8 (7.7) 29 (28.2) <0.001

Arch Dermatol. 2007 Jan;143(1):116-8.

Hair Graying in Substance Addiction

Hair graying in subjects younger than 45 years

Table. Sociodemographic and Drug Use Profile’ m® Siaa @ Sy
Characieristic Adficts Womaddicts & Bleridt n
Age range, y 1945 2045 s 60
Sample size, No. 197 bl - @
Age.y 351 (647 347(T0) P S
Men. % 77.00 820 A 2w
Race, % g g

Asian-Australian 820 085t ) g

ATSU 410 1020 @ [

white .00 #915 -
Drug use 10

Gigarettes. No. 1663(1087) 388 (78N o

Smoking duraton, y 1472(862)  422{@50)t o 1 10

Alcotol doss, S52(1847)  000F Tempcral Vartex

Drinking duration. y 249(475 000

Cannabis dose, 'd 296(562)  033(10)F

Cannabis use duration, y 687(702) 056 (166)f [ @

Heroin dose, g/d 056(1.09)  0.00F

Heroin usé duration, y 944 (670) 000 = -

Morphine dose, g 005024 000

Morphing uss duration, y 17162 000t L -

Methadans dose, maximum, mp/d 3453 (50.47) 000 . *®

Netadons use duation, y 120249 000 3® §®

Amphetamine doss, g/d 048(182)  000F E S

Amphetarmine use duration, y 189(528)  000F £ E
Abbreviation: ATS!, Aboriginal and Torres StraitIsiander. g 3"
*Undess otherwise indicated, data are reparted as mean (SO) values og®
tAcim M T T I T IR :

+
®H M @ % ® & 4 @ 0 @ 0 »
Age.y
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Biol Trace Elem Res (2012) 146:30-34

Serum Iron, Zin¢, and Copper Concentration in Premature

Graying of Hair

Subjects

patients under 20 years old , having a minimum of ten gray hair fibers

66 patients and 66 sex—age-matched controls
Results
The mean age of studied cases was 17.8+2.0 years.

The mean age of the onset of canities was 15.5+3.2 years.

Table 1 Comparison of demographic characteristic and serum

mineral concentrations between the two groups

Case, n=066 Control, n=66 P
Age, years 17.8<£2.0 18.3+1.5 0.58
Female/male 4521 45/21 -
Positive family history  43.9% 28.8% 0.07
Zn (ue/dl) 114.8+67.8  108.2+49.9 0.285
Cu (ng/dL) 90.7+37.4< 105.3+50.2 0.048
Fe (ug/dL) 108.3+484 » 88.8+39.5 0.0085

Int J Trichology. 2013 Jan;5(1):17-21.

Epidemiological and Investigative Study
of Premature Graying of Hair in Higher
Secondary and Pre-University School

Children

Materials and Methods

A total of 35 cases and 35 age and sex matched controls

Students of less than 20 years of age

Premature graying of hair: a minimum of 5 gray hair fibers in a person less than 20 years of age

Results
Serum Ca, Serum Ferritin and vitamin D3
were low in patients with premature
graying of hair
Controversial to Naieni et al.

Table 1: Comparision of Hb, TIBC, S. Iron, S. Ferritin,
S. Ca and Vitamin B12 in cases and controls

Cases Cases Controls  Level of significance
Hb (gidl) 12930174 13430142 0196 (NS)
TIBC (mgjdl) 3636025018 356.51301 0.623(NS)
S. Iron (mgfdi) 746243291 84 9443026 0142 (NS)
S.Ferritin(mcg/l) 368823521  60.93253.08 0.03(Sig)
§.Ca (mg/dl) 9.47+0.31 9.7120.50 0.018 (Sig)
vitamin B12 (pg/ml) 479.702214.82 458.37+26519 0.466 (NS)

b  Hemoglobin; TIBC - Total iron Binding CBPACTY; . Fefmitin - Serum ferritn, 5.Ca- Serum
Calgium; 5. Iron — Serum iron; NS — Not SgNIRCaNt; 5ig - Signficant

Table 2: Vitamin D3 levels in cases and controls

vitamin D3 levels Cases (%) Controls (%)
Deficient 16 (457) 7(20)
Insufficient 19(54.3) 16(45.7)
Normal o(o) 12(34.3)

X=15.779; P<0.001 h; HS = Highly sigaificant
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Association of premature hair graying with family

Hyoseung Shin, MD,” Hyeong Ho Ryu, MD," Junghee Yoon, MD,” Seongmoon Jo, MD,”
Sihyeok Jang, MD,” Mira Choi, MD,” Ohsang Kwon, MD, PhD,”"* and Seong Jin Jo, MD, PhD""<
Goyang, Seoul, and Uijungbu, Korea

Background: Many researchers have been concerned about the association of hair gr
diseases. However, the common factors associated with hair graying and systemic diseases have not been
elucidated.

ng with systemic

Objective: This study aimed to identify risk factors for premature hair graying (PHG) in young men.

Methods: We conducted a crc
included 1069 men, we survey
socioclinical characreristics.

sectional study using questionnaires in young men. After a pilot study that
od 6390 men younger than 30 years about their gray hair status and various

Results: The age of participants in the main survey was 20.2 = 1.3 years (mean * SD). Of the 6390
participants, 1618 (25.3%) presented with PHG. Family history of PHG (odds ratio [OR], 12.82), obesity
(OR, 2.61), and >5 pack-years history of smoking (OR, 1.61) were significantly associated with PHG. In the
iate analysis, family history of PHG (OR, 2.63) and obesity (OR, 2.22) correlated with the severity of

Limitations: Owing to the use of questionnaires, the possibility of recall bias exists. Women were not
evaluated in this study,

Conclusion: Smoking, family history of PHG, and obesity are important factors associated with PHG. (] Am
Acad Dermatol 2015;72:321-7.)

Key words: body mass index; gray h obesity; premarture hair graying; smoking.

history, smoking, and obesity: A cross-sectional study

Socio-clinical characteristics and comparison
between respondents with and without PHG

operation, n.(%) -

Socis-clinical chara cteristics Total nonPHG PHG Statistical method OR (95% CT) Povalue
Number of subjects 6390 47172 1618
Age, years (mean= 5D) 202213 202+1.3 203215 ma’;"mgs““eg’“m“ 1.07¢1.03-1.11) 0002
ysis
Obesity categories”. n (%) 6232 (100.0) 4654 (1000) 1578 (1000)  Birarylogistic regression
analysis
underweight 520 (8.3) 394(83) 126 (8.0) 1030083 128 0774
normal 4188(672) 3197 (68.7) 591 (62 8) 100 [Reference]
overweight 1150 (186)  834(179) 325 206) 126(109-146)  0.002
obese 365 (3.9) 229 (4.9) 136 (8.6) 192(1.33-240) <0001
Family history of PHG, n (%) 6390 (100.0)  4772(1000)  1618(100.0)  Chi-square test _ <0.001
0 2603 (40.7) 2356 (49.4) 247 (15.3) ylogiste regression 1.00 [Reference] _
yes 668 (10.5) 303 (63) 365 (22.5) 1149 (9.4014.05) <0001
urkenowingness 39 (88) 2134 1006 (62.2) - -
Scalp skin disease, n (%) 6250 (100.0)  4673(100.0)  1577(1000)  Binarylogistic regression
analysis
normal 3082 (95.7) 4489 (96.1) 1493 (94.7) 100 [Reference]  _
seberrheic dermatitis 202(32) 137 2.9) 65 (4.1) 143(106-193) 0021
other scalp disease 66 (1.1) 47 (1 19(12) 122(071-208) 0476
Medical history of admission or 6247(100.0)  4672(100.0)  1575(100.0)  Chi-square test 0.880
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Medical history of admission or

cperation = (30 6247(1000)  4672(1000)  1573(1000)  Chi-square test _ 0880
no 3901(624) 2920 (625) 981 (623) Binarylogistic regression 100 [Reference]
analysis
e 2346 (376)  1752(31%) 594 (377} 101(080-114) 0879
Chronic disease, n (%) 6244 (100.0) 4669 (1000)  1575(1000)  Chi-square fest B 0648
a0 5805(93.0)  4345(93.1) 1460 (92.7) m?gm regression 1.00 [Reference]  _
s 439(7.0) 324 (69) 115(7.3) 106(0.85-132)  0.648
Androgenetic alopecia_n (%) 6021(1000) 4493 (1000)  1528(1000)  Chi-square test B 0124
. . Lane R Binarylogistic regression
no 5893 (979) 4405 (98.0) 1488 (97.4) A 100 [Reference]
s 128 2.1 88 (2.0) 40(2.6) 135(092-196) 0124
Medication, n (%) 6134(100.0)  4574(1000)  1560(100.0)  Chi-square fest B 0249
no 5793 (94.4) 4320 (94.6) 1464 (93.8) Bimarylogistic regression 1.00 [Reference]
analysis _
e 341(3.6) 245 (3.4) 96 (6.2) 116(091-148) 0236
Smoking”, n (%) 6176 (100.0)  4630(100.0) 1546 (100.0)  Chi-square test B 0.014
o 5348 (866)  4038(37.2) 1310 (84.7) mgi“g’m“gg’m‘“" 1.00 [R eference] _
yes 828 (13.4) 592 (12.8) 236 (15.3) 123(1.04-145) 0013
Aleohol n (%) 6357(1000) 4753 (1000) 1604 (1000)  Cochran Armitage trend et _ 0210
- < Binarylogistic regression
No 648 (10.2) 196 (10.4) 152 93) B 100 [Reference]
< t/month 855 (13.4) 649 (13.7) 206 (12.8) 104(082-132) 0774
2- 3/month 2000(315) 1467 (30.9) 33 332) 119(096-146) 0107
1-Zweek 1990 (313)  1306(31.7) 484 (302) 105(0.85-129) 0633
> 3fweek 864 (13.6) 635 (13.4) 229(14.3) L18(093-149) 0477
Exercise,n (%) 6334(100.0)  4737(1000)  1597(1000)  Cochran-Armitage trend fest 0.060
- - . . Binarylogistic regression
No 1301 (20.5)  93401) 347217 arolyas 100 [Reference]  _
= Lmonth 1036 (164)  T61(161) 275(17.2) 0.00(083-120) 0993
2 3/month 1799 (284)  1352(289) 47 280) 091(077-107) 0909
1- Zweek 1454 (230)  110823.4) 346 21.7) 0.86(072-102) 0839
> 3fweek T44 (LT 362 (11.9) 1820114 089(072-110) 0890
. 577 Binarylogistic regression
Diet. n (%) 263 (1000)  ss86(1000)  1TTa00n  ZEE
Vegetarian diet 11118 91 (1.9) 20(L3) 0.67(041-108)  0.109
Mixed diet 3982(63.6) 2999 (64.0) 983 (62.3) 100 [Reference]  _
Meat based diet UT0(34E) 1596 (341 574 (36 4) 110(087-124) 0128
Educational background, n (%) 6193 (100.0) 1559 (100.0) 4634 (100.0) Cochran-Armitage trendfest 0.740
Middle school graduation 136 22) 3321 103 2.2) mzogm regression 0.86(0.65-143)  0.845
High school graduation 1945 (314)  498(319) 1447 (31.2) i 103(081-117) 0613
Callege student or graduation 4112(664) 1028 (65.9) 3084 (66.6) 1.00 [Reference]
Scholarly achievement, n (%) 60355 (1000)  4516(1000) 1539 (100.0)  Cinarylogisticregression

anatysis
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20 -100% 243 (4.0)
70-90% 1291 (21.3)
30-70% 3333(334)
10-30% 807 (14.8)y
0-10 % 271 (4.5)
Occupation, n (%) 4964 (100.0)
student 4197 (34.5)
white-collar worker 133 2.7)
biue collar worker 84(17)
service industry worker 321(12.4)
seff employed 29 (0 6)

Stress Sev erity Seale (BEPSI-K), n(%) 6296 (100.0)

mild 3875 (61.9)

moderate 2012 (32.0)
severe 407 (6.5)

Fitzpatrick skin type, n (%) 6295 (100.0)

typel 427 (6.8)
typell 1237 (19.7)
type III 1802 (28.6)
type IV 1892 (30.1)
type V 316 (13.0)
type VI 121(1.9)

167 (3.7)
985 (21.8)
2476 (34.8)
685 (152)
203 (4.5)

3687 (100.0)

3145 (85.3)
93 (2.5)
53(1.4)
378(103)
18 (0.5)

4702 (100.0)

3005 (63.9)
1423 (30.3)
274 (58)

4707 (100.0)
316/ (6.7)
206 (19.2)
1349 28.7)
1415 30.1)
619 (132)
1022.2)

76 (0.05)
306 (19.9)
877 (57.0)
212(138)
68 (4.4)

1277 (100.0)

1052 (82.4)
£0(3.1)
31(24)
143 (112)
11(0.9)

1594 (100.0)

872 (54.7)
589 (37.0)
133 (83)

197 (12.4)
19412

Binary logistic regression
analysis

Binarylogstic regression
analysis

Cochran-Armitage trend test

Binarylogistic regression
analysis

1.29(0.97 -170)
0.88(0.76 - 1.02)
1.00 [Reference]
0.87(0.74 - 1.04)
0.93(0.71 -126)

100 [Reference]
1.29(0.85 - 1.88)
L75(1.12 -2.74)
1.13(0.92-139)
1.83 (0.86-3.89)

1.00 [Reference]
1.43(1.26 -161)
1.67(134-2.09)

1.00 [R eference]
104081 -134)
0.96(0.75 -122)
0.96(0.76 -122)
0.91(0.69-1.19)
0.53(031-021)

0.081
0.086

0.125
0.701

0.191
0.015
0239
0.117

<0.001
<0001

0.050

0.758
0.714
0.737
0472
0.020

Socio-clinical factors associated with the development of PHG using
multivariate logistic regression analyses

Socio-clinical characteristics

OR (95% CI) Pvalie

Family history of PHG

Obesity categories®

Underweight
Normal
Overweight
Obese

Sruclliingb

12.82(9.94 - 16.55) <0001

0.61(0.37-1.03) 0.064
1.00 [Reference]
1.28(094-1.74) 0.122
261(1.62-423) < 0.001
1.61(1.10-237) 0.014

OR; odds ratios

CI; confidence intervals
*World Health Organization (WHO) criteria

Smoking more than 5 pack-years
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Socio-clinical factors associated with the severity of PHG using
multivariate ordinal logistic regression analysis

Number of white hair, n (%)

Socio-clinical characteristics OR (95% CI) P-value
=10 10-100 =100
Family history of PHG
no 171(69.2) 58(23.5) 18(7.3) 1.00 [Reference]
yes 167 (45.8) 148 (40.5) 50(13.7) 2.63(1.88-3.69) <0001
Obesity categories®
underweight 83 (65.9) 36 (28.6) T7(56) 089(046-173) 0726
normal 628 (63.4) 307 (31.0) S56(57) 1.00 [Reference]
overwei ght 182 (56.0) 123(37.8) 20(62) 135(091-201) 0136
obese 69 (50.7) 34 (39.7) 13 (9.6) 222(130-3.79)  0.004

OR; odds ratios
CI: confidence intervals
*World Health Organization (WHO) criteria

Factors Associated with Premature Hair Graying

Age Sex

Family Hx Smaoking

Cbesity

Oxidative Stre

Free radical theory of graying

| young f no oxidative stress damage || old / high oxidative stress damage |

w2,
melanin synthesis ol

melaninkfhihesis
Betz, 500, catalase sic, &

Be12, 50D, Eafilase otc.

cigaretie
ONA repair smoke ) _, DNA repair '»L
oxidative m
oxidative rodox stress
stress. capacity v
* sepusity
Arck PC et al. 2006

Oxidative stress

Take Home Message

» Decrease in number of melanocytes
+ Onset of hair-graying: 40s in Koreans
« Gender difference in hair graying pattern
« Risk factors of Hair graying
- Age
- Sex
~ Family history
- Smaking
- Obesity
+ Premature Hair Graying might be associated with systemic
medical condition.
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Hair pigmentation: Basic biological aspects
of follicular melanocyte

QM m o) Fs 9B ahstm

2 = 9
Contents
o . + Origin of hair follicle(HF) melanocytes
Hair pigmentation: + MC subpopulations and hair
Basicbiological aspects of pigmentation
follicular melanocyte + Melanocyte stem cell (MelSC)

« Aging related hair greying

Development of neural crest cells

MNeural tube

Marpa/ e wib ipeba e wibl/ N nl_srest

Migration of neural crest cells

Subtypes of NCC

* Cranial

* Cordioc

* Vagal

*  Trunk: MC arigin

Bty s by
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MC developments in mammals

®—
MITE+ .

Malanocyte stem coll KiTs ae's
(hawr folkcle) -

MITF+
> - DCT+
HIT+
Neoural Bipotent
crest call melancbiast
[NCC) g8 proganitar

Transit

Maolanin
wansfor

Difforortialed
malanocyle

Signaling molecules associated with MC development

Thorias Al Pipesess Goll Melsnems Res J000.31 388-620

Melanogenesis—melanosome biogenesis

* Two types of melanosome 3
= Eumelanocsme
— Pheomelanosome \

= Four maturation stages
— Stage I: premelanosomes develop from the endoplasmic

reticulum

Stage II: organized, structured fibrillar matrix, bul no active

melanin synthaesis

Stage IlI: deposition of melanin on the fibrillar matrix is found

in stage |ll eumelanosomes

— Stage IV: fully melanized and matrix is masked by melanin
deposils

1

Siman S0 Pigrment Gol Matwssma s 2003253136379

Melanogenesis—-melanin biosynthesis

—
O Lo .
L [,y L
TR G 2 i o8
5 bt IO o &
el L - -
po s s
s b o aulie N

Siman S0 Pigrment Gol Matwssma s 2003253136379

Factors that affect melanosome
biogenesis

Vermaguehi ¥ Biafesters 200351959

MITF: master transcriptional regulator

LEF-1 PAX3 S0X10 CREB

e e e e

*PMELLT *fyrosinase *Bel-2 = SIG
* MCIR, EDNRE +TRP.J, TRP-Z[OCT]  +pl6, p2l, ediZ «MET
“RABZTA - MiF-1a

[ US4 200620188
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Two main differentiated MCs in skin

Characteristics Epidermal MC Follicular MC

More ‘pooled’ melanosomes in HF
MC

Cell morphology Smatler, less dendritic Larger, more dendritic
Micro-organelle Lesser Golgl and rER More extensive Golgl and rER
Melancsame Smaller melanosome Larger melonesome
Fate of melanin Completely degroded In 5. comeum  Retention In hair cortex
[simitar pigmentation In prosimel
and distal halr shoft]
Melanogenesis Continuously active Coupled with HF cycle
activity cycle (Constitutive] (Anagen ni-vi)
Preferentially Vititige: Acute alopecia oreata
domoged
Tidi 0. Tidin 01 int  Camet

Localization of HF MCs

» Difterentiated MCs
— Hair bulb
= Infundibulurm
— Basal layer of sebaceous gland

= Undifferentiated/not fully differentiated MCs
— Bulge and mid ORS
— Proximal hair bulb

MC subpopulation in anagen HF

LA

Tuhio D1, int J Conmet Sef TR0 233-57

MC subpopulation in anagen HF

MC subpopulations

Marker [mouse model) *

A in Bulge DT
TRP1-, KIT., tyrosinase-
A-MC in ORS DCT+, KIT+
TRP1-, tyrosinase-
M-MC i bul DCT+, KIT+, TRPL4,
tyrosinase+

* Species specific difference, i.e. DCT in
undetectable in melanogenic MC of human
anogen HF

LA

Tukin D1, int J Conmet Sei JOORI0F41233-57

MC compartments during hair cycle

Nishmurn £ Natare J0OL1 6456850
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MC subsets during hair cycle (1)

Telogen Anagen IV
i - - W -, . W
L
J J oa
- .q—psm
ORS-AMc
e Al
i v
»

MC subsets during hair cycle (2)

Catagen Il Catagen IV Catagen VIl

* Hair pigmentation occurs only during onogen and stops very eorly in the
anogen-catagen transitien

Important markers in HF MC/MelSC

+ Dopachromome tautomerase (DCT, TRP-2)
— Early marker of MC lineage
o KIT

- Another early marker of MC lingage
— MelSC survival is KIT- |ndeper|denl

MC developments in mammals

A subset of melanoblast dedifferentiate
flass of MITF, KIT, but Not BET]

—_—

MITF+

Melanocyte stem cell KiT+
!h.nr‘nl‘ds) \

Transit R

o wransfor
. -> @ -> DCY‘ _—
Neural anm Melanctiast Differentiated
crast call malanccyle
{NCC) gu progenitor

‘Human’ MelSC marker

*  Premelanosome protein (PMEL)
- Encoding gene: PMEL
= silver locus protein homolog (SLV)
= PMEL17
= ap100
— Structural protein of (pre)melanosome
- PMEL expression is regulated by ANTF
— NElfbeteb antibody

*  Human MelS(
— No definite marker
— Small MITF* cel
- Express SLVfop100/PMELTT

— Negative for MARTT, TRP1, DCT. Dopa
reaction

Murine MelSCs vs human amelanotic MC

Nishruora [ Prgment Coll Mefwnoma fea JLLI401-430
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Additional source of MelSC

Ridge Ridge
s —
M Melanoma Acral
Epidermal —_— *  melanoma
melanocytes L
-
Sweat gland e 2™\ Metanoma
MSC cells

Hair greying

+ Vurnerable characteristics of HF MCs

— Higher "‘work burden’: as few as 100 MCs provide
melanin to a long pigmented hair shaft

— Exposure to toxic metabolite: more pooled
melanosomes within HF MCs

— ~10 hair cycles before the initiation of greying

« Grey hairs: diluted pigment content (under-
pigmented)

+ White hairs: total lack of pigment deposition

Morphology of canities (1)

after incubation with -dapa.

* Reduction in the number and i . of
octivity of hair bulb MCs

Tebin B Fp Gerarel 200LIEIH34

Morphology of canities (2)

*  MCs with hypertrophic with blunted
dendrites (gpl00 stoin) before permenent
disapearing

= Lack of MC, but melanin
incentinence in DF

Tuhio D1, int J Conmet Sef TR0 233-57

Incomplete MelSC Maintenance in Niche

MITE® unpigmented melanoblasts

ma e e (el

Defective MelSC renewal

<,
Physiological 1 aging, stress (Genotawic saress ute.]
12 defiency, At mutation

1
Nor-aged condition

MSE maintenance

]

Melanin pigment production |
oy b matre melsnocytes |

Hair matrix melimocyte I
decrease or depletion Stress 7

! P —
1
Growih of plgmented bk N ngigmented "‘tw‘ Hawr matria
+ 1 *
M cudiiper bool in bulge is (not in i ) in aged HF _ : [ s graying |
Wishemur £ Soiente J005,007700-T4 ; )
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Loss of BCL-2 in greying

* Appegrance of the Bcl-2-deficient mouse- greying hair

||r|lillﬁ

o

BelF s 4 Beld 4 4+

= Bcl2+/- follicles in the second hair cycle lack undifferentioted Det-locZ+
melancblasts in the stem-cell niche

*  Bcl2 might be impartant for survival of Mel5Cs

Nakayare £, Print Notl dewd 30140 3.4 199431 SOG4, Nivhemare £ Seiance DOT,107 T304

Colocalization of MelSC & HFKSC

+ HFKSC provide a functional niche with MelSC

* HFKSCs provide COL17A1-dependent niche
J— Jor M5Cs though TGF-b signaling

* TGF-b from HFKSCs is critical for the
maintenace of MelSC quiescence and
immaturity

Tonissura £, Nishimurs £, Goll Stom Coll 20010277107

Ectopic pigmented MC in bulge

Mot R, Devetepment S0I5142 620602

Genotoxic stress induces ectopic
pigmentation of MSCs in Niche

Inamvats K. ol J00K2I76-3088-93.

SC differentiation under genotoxic stress

00 sC
S‘Uml:.ull
activation
Hmrmaln:
Hair
&@ @D.m.w R i
Sicmooll I
activation Eventusl
Fhlrlmuﬂx elmination
Telogen Anagen Catagen Nm

P

66




R

The Korean Hair Research Society

20153 89 19¢Y
201539 89 22¢

Fod2d 61335
Tel: 02-6671-1373, Fax: 02-6671-1374
E-mail: narim2007@daum.net







