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-Jl'Ufj9t1;i1~Vi 1nl1~ nMI LL'CI~~I?J.J 'WI n 1~U'J'Unl1LLU n L"ll'CI ~~'Wri 1 L il~ L~'Wi:Jl-I"JIil~ dermal 

papilla r.nmlf'flL~'flI1l'fll-l'll'Wu1L'Jn.l'mr'l L~ul.nL'VlV'lilV'llmJ "One-Step Enzyme digestion and Simple 

dissection" L~U'fll~Un111?l~LLUm"l!'CI~LL'CI~bti'fll~'fl~'J'W11l1'11 "nnl1l'fll-l'll'U (surgical microdissection) 

[nul~n~'fl'l'1'C1'Vln~ti "llll~stereomicroscope i'J:wnUn1HJ'flUI~hm'fl'W1"llti (enzymatic Dissociation) 

"llll~i:J"Un::VI~I'1 Dispase LL'CI:: collagenase (Liberase DH) L~'fllLUm"ll'CI~~'UriILil~ LL'Cl~'i;'lll-111n 

L'Y'lI~LiU'IL,!!'CI~L~ul.nmVllniml"l!fl~ (culture media) LL'CI::'i;'llni'ln1n91C)JL~UL!?l (growth factors 

bL'Cl~ cytokines) ~ lVI:Wl~'i;'ll-l vi!1~'i;'lll-111mV'll~bim LL'~::L~:W91'U'J'UL,!!'CI'CI1~tfhnru:Wln il",!"llJll'Y'l 

LL ~'1 LLN LL'CI~ LiU'I1~Ul'J 'UI'WVI 'CI1 U passages 'U'fl n91 nl1u'l ~ nMI fI•ru'i;'ll-lll~ n11tJ'fl:W ~ ~~ 

Immunocytochemistry 'Il'fl'lL'!!'CI~ dermal papilla L'll'U a-smooth muscle actin (SMA), alcian blue, 

vimentin Llfl:: toluidine blue 0 ~'11~U'lU'fln~lbiJ'UL"ll'CI~~'UriILil~'Il'fl'lb~'U~m '!!il~L'!!'CI~ dermal papilla 



This study is the development of isolation, cultivation and characteristic of human hair 

follicle dermal papilla cells. In the past few years have seen significant developments in hair 

follicle research including hair multiplication and regeneration. It is a basic necessary for healthy 

dermal papilla cells to be isolated and cultured. The most commonly used method to isolate 

dermal papilla cells is microdissection technique which requires significant skill, is time­

consuming and has several limitations regarding cell adhesion and low growth-out rates. To get 

better yields and simplify the method, the enzymatic digestions established but also have 

problems of OS cells contamination. So in this study, we developed more simple, rapid and 

efficient method for isolation and culture dermal papilla cells from human scalp hair follicle. By 

combining of simple dissection technique with one-step enzyme digestion, we easily obtained 

these cells on a large-scale in rapid time. We used the activity of a new mixture of purified 

dispase and collagenase enzyme, Liberase DH (dispase high) research grade (Roche, Basel , 

Switzerland), to proteolysis the membrane and extracellular matrix of dermal papilla . Our 

cultured DP cells showed high adherent and growth-out rate than microdissection alone. The 

DP cells in the culture condition grew well without the need of collagen-coated plate, and 

stained positive with specific markers (a-smooth muscle actin, AB-PAS, toluidine blue 0 and 

vimentin), which were similar to the staining results of in situ hair follicle . Optimistically, our 

results will provide some useful cell isolation and culture information in the field of hair study. 
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(wtllJ'llU VI),'elLU'elltl'elnnf.JlJ (hair follicle, HF) 

2 l'l!~-cr),1mJ'U (dermal papilla (DP) cells) 

3 l"i!~-cr~1.!ihlU(?)l~Uf.JlJ (human follicular bulge stem cells. HFBSC) 
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tJ'VIU. (Introduction) 

l'hn'W'll'1l,'lLtf,tlLmm1nm-J (hair follicle . HF) ~liJ'W':l'lJ'1l1J";~'1l1'!)4'm (hair cycle) ,J'Ii1ihih,d1 HF rJ 

l"ll'Cl'€f~'Wn1Lil~'ll'1l'lI?l'WL'1l'l LL'Cl~'I"l1J~1~1i1fl':l1:w'i1~un~'lJ'1l'l bulge epithelium stem cells J':l:WLUn'l 

dermal papilla cells mfhd9:;ri'fl1i.1ln~1l1':l:;~:w~h'l11l1:W:W1 

bFl'i.:l'tl.n.:l"ll'fl~IJ\'fI).J~).J (The Structure of Hair Follicle) 

a. 	 ~':l'W~LiJ'W epithelial cells ~17l'1lLti'El'l:l.J191n epidermis uJ:;n'El1Jlu~':lEl keratinocytes ~ 

differentiate luLiJ'W~':l'W1?i1'11 :I.J1~mtK':ln'WLiJ'W.ft\,I,1 'VlJ'Im:;U'Eln LLU'll~~rh.l~':l'W'll'El'l outer root 

sheaths LL~:;inner root sheaths ~'Elm'1lU hair shaft 

b. 	 ~':l'WJ1m.Jl.J basel bulb ~~'1,JJ:;n'1lU~':lEl mesenchymal-derived dermal cells uJ:;n'tlU~':lm"ll'Cl'€f 

dermal papilla (OP) lL'Cl:; dermal sheath (OS) 

a. Dermal Papilla rJJUi1'lfl~1mm~J1 (tear-shaped) 'tli.im'ln'Cl1'1'lJ'tl'l hair bulb 
~ 	 ~ 

uJ::;n'tlU~':lm"ll'Cl'€f fibroblast 'Ilil~~l~M embedded 'Elti1'W extracellular matrix iJ blood 
~ 

supply rlJ'W'll'1l'll11'WL'1l'l L"ll~~ DP rJt"'W1~LiJ'U secretory cells Vli'l~1JVl1'tl~'li'WC]J1rulu 

fl'lUl"l:Wn1JL91n.! l~1Jtl1lLL~:;m:;~'U hair follicle epithelial cells 1ihn~n1J~~1'l1'VIJJ'll'fl'lL~'W 

~:wl'W1'!)4'm 1 llnEl OP 9::;iJ'lI'W11n1"''1l~~1n1m:;El:; anagen IV Ll'Cl:; rJ~1'W':l'UL"ll~'€fl~:w:t'W 

lU'W~'tl'lll'h1m:::i.l::: telogen t~El~1'U':l'Ul"ll'Cl'€f~ l~:w:t'Uif'tl19:1.J191m"ll~~1'W DS ~'1vl1",ih~ 
lU'W cellular reservoir 1i.1nUL'l!~'€f OP J:;wh'l hair cycle tlnm"ll~'ifoS iJfJru~:wul1 

U1'l'flti1'lfl~1m"ll~'€f DP LL~:;91nn1JPinM1'll'tl'l Oliver lL~:;flru:;'V'l1J~1,hln'tltKln~'l'Uftl'l 

'lI'il'l bulb of lower follicle 'lI'El'lWI~'fl'fln ~l:1.J1Jn~~l'lDP hnJl~ 91n DS lll7l~1vl1~1i.l 

follicle i'lLL!?lJ:;~1J'lJ'fl'l bulge ~'l:W19:;hj~1:1.J1Jn~~1'l DP l~Qn ~'J'U melanocytes 'll'fl'l 

l~"W~:W'1ltiu1l'Jru~'J'UU'U'lI'il'l DP 
~ 

b. 	 Dermal sheath ",1'fl connective tissue sheath uJ:;n'ElU~'Ji.l collagen fiber ~1:wi'W 
uJ::~1'Un'Ulu:W1 ll~ ::: l"ll~~ fibroblast 1'Wi'U thickened middle collagen layer iJWth~dJ'W 
tflN~~1.:)1-Mnu hair follicle ~m'1lU hair follicle i'lLL!?lJ:;I71U bulge ~'l:l.J1n'l stalk 'lI'tl'l OP 

t~i.l~'l'U'lJ'1l'l OP ll~:; OS LLEln91n epithelial compenent 'lI'1l'l hair follicle ~'Ji.l basement 

I 
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membrane ll~~ltlU reservioir lihlu DP cells ~(UJ ~~ OS cells ~1l.J1J(1ltl~tlmU'W DP 

cells 1~ (h DP cells QmhCl1t1 

CTX 

Hu 
He 

CTS 
ORS 
CTS 

Csft 

CTX 

Hu 

FP He 

Bulb 

Matrix 

;i ~ 

\4 

~ ~ \ . GE 
~ 

-r!l~m"ll'fl.:J~nJ (Hair cycle) 1 

-J!)r.rm'll'el-:Jc.Jl.J tl1~n'elU~'JtI 4 1~tI~ ~'el 1~tI~ anagen (growing) phase LlJU~'J-:J~c.Jl.J 

l'"l1(1Jl~utl1ll"Jj~~u1l'Jrunn base (bulb) of the follicle i1n1nlU-:JI?l'Jll~~l"'l1(1Jl~utI1lLlJUl~Uc.Jl.Jl"Jj~~ 

Lri'ell~1~ catagen (regression) phase VI~''el1~tI~fl~fl'eltl L'l!~~1111-:Jl "'l~ln~ apo~osiS ~l.J'"l~VI~~tl1l 
LL~~"'lUl~1~1~tI~~n telogen (resting) phase ~hji1mnLU-:JI?l'J'll'el~'Cl11~U~nnl.J (mitotic 

quiescence) ~'JU~1~~I?l'll'el-:J lower two-thirds of follicle "'l::;~'el1tl LVI~'ellll11~'JU upper third of hair 

follicle LL~::;n~l.J'll'el~L"Jj~~~m~'tll.J~'f)U~~tln11 club hair Ll~::;L~'el"'l~'J'Wl~1~1~tI::; early anagen "'l~ln~ 

mmj':::;~uli1't;'l'f1"c.JlJ1V1aJ t~tI bulge epithelium stem cells (SCs) ~'el~U1l'Jru'i'l'JU~1"'lI'el" club hair 

1Mui(1J(1J1CU"'l1n dermal papilla cells (DP) ~'el~luiUVI'w"LLViln~L~tI'I m~~ulihn~L'lI~~~un1Lll~ 

bulge SCs i1mnLU'II?l'J 1~L1JU SCs VI~-:JI?l'J lL~:::; TA cells ~i1n1mu-:J!?l'JL~l.J~1U'Jl,!LL~:::;l"'l1C)J1tlL1:1l,! 

'i'l'JUI111-:Jl 'lI'el"l~u~mil,!lV1aJ LL~~vrl,!L~uc.Jl.JLri11i1W1'l~:h"'ellln1tl (1~tI:::; exogen phase) (~"ltl~ 2) 
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J::::EJ::::'W:WLlJ:::::W1ru 1% 'lJll'lL'6'l'W~:W1J'WVI'W'li"lJM:::: Te/ogen lLl'WJ::::EJ::::~~Vm..l'llll'll~'W~J.J J::::tI::::mJ lJJ::::l-nru 

3-4 l~ll'W r.nmr'W"'l::::nm~wJ:w~ ln~;{'Wl'1njrKlJl~'W~:W Lrl1l-tlVl'l'l ~i,)'l'il'tlnlU Ll'l'l::::J::::EJ::::nnUJ::::lJ1n.1 10­
'" q 

15% 'll'il'll~mnJU'WVI,.r'l",1M:::: (r1~'l'llln"'l1n The biology of hair follicles. N Engl J Med 1999; 341: 

491-1.) 

iC\it]J1rul;h'l1 ~1:nl'Wn1J~1l'Cl1n::::'I-1r)1'l follicular epithelium ll~:::: dermal cell (epidermal­

mensenchymal interaction: EMI) l'W1'D4'nJ"JJ'il.:J~J.J l'l1J':i1lVln1l'WrlUl'WJ::::EJ::::vi""l'ei1l'W morphogenesis 

lm::::EJ:::: anagen onset l'l1Jr)1nrnJll~~'l1l1ln'lJ'il'l Wnt 1 Ob mRNA 'il~~ epithelial cells ln~rltl DP lL'l'l:::: 

I 
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, , 
WNR-responsive TOPGAL reporter gene Vlu1L'm~ hair follicle bulge (Vi'f)~'lJ'f)'1 stem cells) Qn 

m::~u "'I1nn1:i'~m!t1'~U~1'VI\8~'lJ1~ ~-catenin ~ epidermis LL~:: follicular epithelium L~WIlU"'I::hj 

. ~1l-Jlnl~11'1'11U t~t1hj~ll-Jl:i'nm::~ul~'lIUL~1~:i'::t1::: first post natal anagen1~ ,rl~L~U~In1:i'm::~u 
mn~l~rJ!){n:i"ll'fl'ltml'\.nj ~'f)'1Tll~t1 WNT signaling 1 uTln"'l1ndYiu'l1 isolated dermal papilla cells 

~LYil::Litl'l Yi1m-lnU WNT proteins L'l!~;~1l-J1:i'nfl'lfl'J1l-J~1l-J1:i'CllumnVltim'W1 (hair follicle­

inducing properties) 1~ t~EJYi1J~1fl'J1l-J~1l-J1:i'nlumnVltitI'J'Wld"'l::~~~'1~TlEJl Lri'flLiEJ'IL'l!~~ltlu1u 
:nu LL~~'11~&w~1 WNT signaling ~1f'1C)J1Un1:i'~Tl~ln::VI~1'1 follicular epithelium LL~:: 

mensenchyme ~')U SHH niJl;'hul'W:i'::EJ:: late anagen r.hLiJ'W1Un1:i' proliferation of epithelial cells 

LL'Cl:: downgrowth of the follicle into dermis LL~:: ectopic expressing 'lJ'f)'1EJU Shh .yhl~tJl-JVl1'f)'lJul'w 

:i'::EJ:: resting state Lihl-J1~:i'::EJ:: growth phase 1~ 

b'1l~~~UfhbU~"lIU~ Hair follicle dermal cells 

1'Wu"'l,u'Wn1:i'~nt·t11V1lJ1 ~'1fl,)1l-J'i'lu191tlfi'l inductive dermal cells ~'1tl:i'::n'f)u~\r)m'l!~1.f 

dermal papilla LL~:: dermal sheath (OS) L"ll~;fl1t11u DP LL~:: OS dJUL'l!~~ fibroblast 'lltl~~L~'I1 iJ 

~'W111ltl~l-J191n neural crest stem cells t~m'UYi1::L'l!~; DP ~iJVliJ.1~VI'i'l'i'l1:i' (soluble paracrine 

factors) Vl1Tl~'1~C)JC)Jlrultlfl,)u~l-Ji'l1'Wfl1:i''i'l11'1l~'Wl:.Jl-J1U:i':::EJ:: embryo (hair morphogenesis), m:i' 

fl'JUfjl-JrJfj{m'lJ'fl'ltJl-J 1 , fl1:i'fl'JU~l-Jn1:i'ln'ilU'i'l'W'il'l'lJ'il'l hair follicle (?]'il~'f)fi:l-JU androgen, n1n~'ill-J 

Vl1'il apoptosis 'lITl'ltJl-Jf?lIl-JrJEJ (age-related changes) 1!i'J'WL"lI~; OS iJVliJ.1~dJU cellular reserviors 

l~nu l'l!~~ DP ~'1L'l!~~vf'l'i'l'il'l9::vl1'11'W'i'l,rU'i'l~'W11uLLil::n'W (2-way traffic interaction) 2-4 

Markers of Hair Follicle Dermal Cells 

LVlV,EJ'J'W1 (hair inductive properties) 

1. 	 alkaline phosphatase (AP) 

n1:i'~ activity of AP LlJU marker ~lil~Tll-J~~l'l!~~ LL~:::U'lUtl'l~'1flru~l-Ju'1ilUn1:i'LVItitl,)'W1'11Tl'l
~ 	 q 

OPC ~fl~htJ 5 t~EJYiU~1 AP activity l'WL'l!~; OP LL'Cl:: bulbar dermal sheath LU~UULLU'Cl'lhJf?l1l-J 

cycle t~ul'W DP :i'::t1:: early anagen "'I::iJ activity ~'l~'i'l~ LL'Cl::'Cl~'Cl'lu1L'Jru proximal half ~1n~1... 	 . 
Auber's line l'W:i'::EJ:: mid anagen ~'JU OS 9::'V'4U AP activity U1L'Jru proximal OS ~1'l1 OP LL'Cl::: 

'V'4u\3'l~~~l'W:i':::u:: early anagen b t~EJ'V'4U~1 hair inductivity of cultured ope LL'Cl::: ose 9::~~'Cl'l 
" , , 

~ "'" 	 1i.1 c:.I.. c::; 	 7 
VI'Cl'l91flLYi1::L'ClEJ'lU1UVI~1EJ passage 'l!'lLL'i'l~'l VlLVlU91n AP activity 'YI'Cl~'Cl'l 

I 
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2. a-smooth muscle actin (SMA) 

'ViUum.J~~ aSMA U1VlO.! mid ~'! lower OS lUl-llJ lLI?i'ViU~1 hair follicle "lJll-:JfllJS'JlJi-:J OP ~~ 

hJ~~ lltll'!hil[1JllJ'YiU~11UL"JI~~L'Vi1~Lttl-.l cultured DPe UlllJ~~ aSMA L~EJ~rU'ViU~1aSMA 
L1Jl.! marker "lJ1l'! OS lu in vivo LL~~LUl.! marker "lJll-:Ji-:J DS ll~~ DP lu in vitro 8 

3. Versican 

lu human hair follicle 'Viuum..J~~ versican u1mu OP luj'~tJ::: anagen lL~:::hJ'Viu versican 

U1L'JD.! DP lu miniaturized hair follicles "lJ'1l-:J~thtJ AGA 9 LL~::;'ViUU'1llJ~~~'tillUl U1L':Jt1.! DS ~t)tl
~ ~ 

~'fllJj''flU K15-positive bulge epithelial cells ~'JulUVlU'ViuulllJ~~ versican U1L'JD.! DP lw:::EJ::: 
~ 

anagen LL[;}11J'Viuluj':::EJ::: telogen ~-:JJl.!'fll~~pJ1~~1 versican i:JfI,)1lJ~1AqJlun1nl-ltim1l11i-i 

ln~ anagen (anagen induction) Ll~::: maintenance of anagen 

4. Corin 

Corin L1JU transmembrane protease l~EJ1Jn~9::;~'1llJ~~L"JI~~tr')19 LL~:::i1wWl~'lUn1j' 

processing of natriuretic peptides lUl-l'\:}'Viu~l corin 9~~'fllJ~~ OP lu earliest stage 10 LL~:::i:J 

fI'JllJ~IA'lJ1Un1j' coat color specification LL!1i1:\Ji:Jwtb~L~m~t)'!nu hair morphogenesis 

5. CD 133 

CO 133l-l1'1l Prominin-1 un~1-ildJu~~t)lJ hematopoietic stem cell LL!1i'Viu~llu"fj'JW\r..:JW\..! 

U'1llJ~~ OP ~')tJ (strong expression) lu stage 3-4 developing hair follicles LL~~ early anagen 

l~EJ CD133 -positive cells ~bbtJn1~r.nn"fj,)VI,r'll-l'\:} l~tJn1j"\1'i1 FACS i:Jl1..lil-:JfI~IEJ DPC LL~~ 

~llJ1j'r:lLl-ltitJ')lllli-iLnl?) hair follicle neogenesis 1~ lJlnn~1 unsorted dermal cells 10 L'Vl1 (lu 

bL~"lJ'fl'lmlJ1D.!L"JI~~~~'e)..:Jn1j'1~) 11 

Hair Inductivity in Dermal Cells 

flD.!~lJillilun1nl-ltim{n (hair induc tivity) 'lJ'e)..:J dermal cells ~U'ViUcilJ~U91nn1j'~mn'lJ'1l'l 

Oliver Lb~~flD.!~ luufI .Pl .1967 'ViU~I~IlJ1j'r:lmtitmJlli-iLn~L~mJlJh:\J1~lu hooded rat llP1tJn1j' 

t1~mhm"JI~'1'1 DP ~~(p)'fltinu amputated HF 1? l-l~1tJn1j'~m~n!1im..J1'ViU~1 cultured OPC bb~::; OSC 
'IJ 'IJ 

j',)lJ1u~..:J intact DS tissue '1'l1lJ1j'r:lb91qJ1t1L1JU hair folliclelV11J1~lu-K(w)'V1~~'fl..:J (in vivo) 13·15 Lb~:::lutJ 

fI.Pl.1967 Reynolds bb~ ::: flru::; ~U~1 OS 91nVl,r'l~ j'~~'lJ'e)..:J~"JIltJ 'E:'l1lJ1drlmtiiJ')tllli-iLnl?ib~m.jlJ1V1lJ1~ 

llPltJ f11j'U ~mhtJ1utJ-:J~,)VI,r'lu1L ')(1..1 LL'lJU~')Ul:'il'1'lJ'fl'l ~l-l ru'l LL~::;[1J j',)9'ViU~1 OP 'lJ'fl'l L~ut.JlJ~:full-l:\Jtfi:J 
'" 'IJ ~ 

Y-chromosome "lJ'fl-:J~'l!1tJ'fl~ 14 LLiJ~ltJ-:JhJ'Vlj'IUbLtii~~'I epithelial target population lun1d~mnn 

http:luufI.Pl
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species (trans-gender) ~lll?1n(?h'lfi\.lr:;'wh-1~l\,1 (donor) LL~:;~fu (recipient) 

Dermal Cells in Hair Reconstitution Assay 

In vivo Hair Regeneration Model 

Hair reconstitution assay {111~Ii:ltlr:;ltl'l!,r'f)th-1~-11'Wn1r~mil~ru~l-Ju~lwn1n'1/1tim'l11'lJ'f)-1 

isolated cell populations 'i:~)tIn1r~mt11'Wr:;tI:;LLm~:;H dermal tissue vi1'flL"l!~;~'fl~1~'l~'fl~l11nu 

upper half of amputated hair follicle l.J1ll~mhtl 'i:"'tI'V'IU~1 dermal tissue ~1l-Jlmmtim'l111ihn'" 

n1r~rl-1tmlvnJ1~ Ll~'V'IU~ll~'Wtm~;'Wlm,hf'WdJ'Wn1r restore hair follicle ~1~f1J1Jll11 L~1Jl.J1nn~I"l:; 

LiJ'Wmr~rl-1L~'Wt.J1J1f'Wl-J11V1aJ LL~:;8-1il~'fl91rll11~I'WL,)~1 LlN-11'W ~1'W,)'WLL~:;'lJ'Wl"''lJ'fl'l donor hair 
... ,

If) IV o::!iI..::::\I 11 12
follicle b'Wmrl"ll11 LLtlnL'W'fl LtI'fll1l')tI 

I 

mr~n1il1'W~:;tI:;!?l'f)l-J19'l'l11Lm dermal tissue Vl1'f)l"l!~;1JltJ~mhtlltl8'l dermis ll11t1Wr'l~1... 

L"l!~;LVli:;hcl'''l:;mtimul1\,1~rl'l hair follicle lmJl~~')tln1r~'l~'1!(1JlrultlnJ:;~'W hair epithelial stem 

cells 16 ll11t1~ru'j:q1J1J~1'Wmrmtim'l11'jJ'fl'l dermal cells Lll~tI'WLLtl~-11tlI?11Wl1,):;!?l1'l1 'lJ'tl'l donor 

status L-n'W hair cycle stage. 'flltJ LL~:;~'WnlLlll11'lJ'tl'l dermal cells ll1lt1 dermal condensate /Onn 

embryonic tissue LL~:; DP ~ln adult skin m:;~'Wl\,1Lil'" hair transformation ~\')tln~ln~LL(;1n!?lI'ln'W 

l'WU"l~U'Wi:l'l-l~It1,;)fi~Hl'Wn1rtl~n~lm"l!~;~'WnlLlll11L~'Wl:m (hair regeneration models) 1~ 

l~WJ1.jj dissociated cell aggregates Vl1'tl single cells "lIn hair follicle i'l epidermal LL~:; dermal 

components "llnvT'lI"l'W LL~:;VI'I,;f LL!?l 3 'lfi~vhn1~~n1il\:il~l11fi'fl %~'I-Ili'l "graft chamber" (I?l'lltl~ 6) 

'i:"'tln1rl~L"ll~; 2 'lllll11'lJ'fl'lVl'l,;f Vl1'fl mouse neonates i'l epidermal LL~:; dermal cells ~'l1'W full­

thickness wound 1J'Wn,)VI,r'lu1L')ruVli'l'lJ'fl'lVl~~laJil.Qil~l-Jn'W LL~:;I"I~'flUtJ"'~,)tI-bell-shaped silicon 

chamber v'hl\,1L'II~;~l11'fltJ~ wound bed LL~:;fl'fl"''fl'flnVli'l''lln 1 ~tl1111,x 'V'IUt)I~Il-J1mm:;~'Wl\,1Ln",... . 
n1r'j:qrl-1L~'Wl:JlJ;'WlvnJ~n,)VI,r'l'lJ'fl'lVl'Wl~l'W 3 ~tl"",x 17-18 ... .... ... 

';)fi:yj'j:q'fl'l~'fln1r~l11L"ll~;tJ~l.n1'l epidermal Ll~:; dermal components L~ln,)VI,r'll~'ll'W1'll~'W 

(subcutaneous injection) L"ll~~ epidermal ~~l11L~hhh:;r'll-J~'ln'WL1J'W cystic spheres L~'WdJ'W~l-J'I~'W 
... . 

.0::" IV ""'" """QQ I tr col _ IV ..::.. 

U'WtJ'lVl'W-l'lJ'fl'lVl~ nude L'i'tln':ln'W')1 "patch assay" L"ll~~ epidermis 'Yll-JIJ',)l-JlWln'W"l:;Lnl11n1r 

apoptosis (;1Nn~l-l LL~:;Ln~HtJ'W cyst ~'l'WL"ll~~ dermal condensate "l:;LVltitl,)u'11\,1'j:qrl-l hair follicle 

lV1aJL"l1'1!~'W'fl'tln"lln cyst wall ~,)'W'll'fl-1 hair shafts ~:;~-1l~11'W cyst cavity [11t11'Wl,)~ltlr:;lJ1ru 2 

~tl "'1,x ll1lt1l~'Wt:m~Lfi"';'W"l:;L~'W'fltil~'t1'lVl'l!-l (undersu riace) (I?l-l~tl~ 3) 19 
OJ ... 

I 
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rrfi~'llIJJ~tl n1~v'h1im'J'wW:'llltJn'n\'!~'Jmtl'W16J!~ dispase ntl'W l~tlv'h1illn~'lltl'l(h'l (pocket) ~::'\.dl'1 

epidermis ll'i'l:: dermis ll'i'l::1~l6J!"'H;l1'W'rltl'l~I'l ntl'W~,,::t:n~')'\.nr'lvf'lVlJJ~hJ graft 'i'l'lU'W~'J'lJtl'l nude 

. 20-21
mice 

Ois~ 

'iuvi 3 ll'll~'l hair regeneration models L~tl1; dissociated epidermaHl'i'l:::: dermal cells Vl1tl... ., 
cultured cells A) L~tlf)fi~~l.jhf.j'JVI'I!'l1~i'Wl'lJl1'W (subcutaneous injection) Vl1tl1~l'l!'i'l'1f'i'l'l1'W full-

thickness wound ll'i'l::::~'i'lJJc}htl silicon chamber U'W~'JVI'I!'lu1muVl~'l'lJtl'lVl'W~hJilf)jj~hJrl'W
q <U 'IJ q 

(immunodeficient nude mice) (~~'i'ltln"ln Journal of Dermatological Science 2010; 57: 2-11.) 

'W'elmln\filVl'l'l1tJnlJ'~m~l~l~tln1;l6J!'i'l'1f~il~n1!tru::;~llYn:::: (special cell subpopulation) ~il 
Ilru~n1!tru::;'lJ'el'll'l!'i'l'1f~'Wrhd1f?1JJ1~mn reconstitution assay l'll'W 1; K-15 positive epithelial cells 

''In adult mice m&H'lW"lu dermal cells ,,In mouse neonates U'i'lnc11tJ~'lu'W nude mice 'V'lU~1 
'" 

adult epithelial stem cells l1'llllJl'l0l,,1t1)ltlLiJ'W cutaneous epithelial lineages 'lJ'el'l hair follicle ~'JJJ 
tun'! sebaceous gland ll~:::: interfollicular epidermis 1~ 22 ll~::::l'WtJ~.~ . 2007 Ito ll~::;~ru::; liiltlnl~ 

enrich hair-inductive dermal cells ~UtlJJ~i?I CD133 JJ1~n1!tl 

'elrh'lhnmJJn1J'l; immunodeficient nude mice JJl~n1!tl in vivo model tll~hJ'llIJJ1Jr1 

-W1JJ1u'l::::tlnI?11;1'W~'Wl~ ltitl'l"lntJ'lllJVlJ1Ulltiii?ln'l~'i'l'lltl'l host factors t?itln1~'ll~I'1t:.JJJ hair follicle 
q 

Clinical Application of Hair Follicle Stem Cells and Tissue Engineering 

l'il~~ l1f'ell~'el Vl1tl'el1'tI'J::::~ l~tJVllt.JVI1'ell~t)JJj.'lf)I'V'lltl Lf?ltlVl1''!~ll'il'i'l~Pl'WnllUf?l''::;vr~'W1tu L1J'W'el1'm:::: 

1?11JJ Pl'el'ln1'l Lf?ltll'U'V'lI::::nu n1 'lfn1!tlbfl~hJ'llIJJlnlfmt11~~'ltln1J'fmnJJ11?lJ~1'W llt?iL'l!~~Pl'Wnl LUi?l~... 

I 
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nn1r~mnIJ9t1 LLfl:;lil¥m~1"'l1'111uv11'lmnL'ViVl~hL'~,) n LL~L"l!fl~~Unl LU~VlI'1Lfl~(;]IJVltl1 Lvhtiu L~tI 
,yhn1r1.J~ndlm"l!fl~~Unl LU~"'l1n1<JJm:;~n (autologous peripheral hematopoietic stem cells) 

11111.Jlil¥mn Lrfll-l:;l'f'l Llj~ L~'a~lJI'1'llil~ 'j.,r'aLmLfl~ (;]"'l1'1fil~~~ d1muu~u ~,)'UL"l!fl~~UnllU~'llU~ 

~U1 u'l'a~lu,Tu~mnVl~fl'a'l L'liU n1rilIL"l!fl~~'UllILU~ cornea epithelial "'lIn U1L,)ru limbus11.Jl-il 

lUuLVlflUfilvIlJl'wmr1.Jflml1t.mr:;"'lnl?11 (corneal transplantation) ",1'an1r1.J'CIml1m"l!'CI~~UnILil~ 
~ 	 ~ 

1<JJaJu (adipose-derived stem cells) 1tlVl~ LLVlU.ffu1<JJaJul~tj,)",u'll'wu1L')ru~<JJ1 ~11.J ,yhli1f1'1f1,)Il-l"'UI 

<JJ'a'l.ffl,!haJu1~1~'l.nUn~ln1r1.J~ndlm"l!flfl1<JJ,ru'at.h'lL~m (autologous fat transfer) Lilu~u 

LLl,!'lVl1'11un1r¥m~11l1'):;~mi'l\l (alopecia) ~')m"llfl~~Unl Lil~ L~l,!~.JJ-J'il1"'l,yh1~"''CIlt1rrfi L~t.I 

i'llf~'a'liu'fItlnuVltI1fiihLU~<JJ'fI'ILm~mi'l'lL'l-l~htiu L~t.ln1rl~LVlPlLUL'CIm~IUlJpj')mrl-lLif'flL~'a (Tissue
~ 

engineering) ",1'f1n1r¥nMI~')t.lmU (gene therapy) "'l1m"ll'CI~~UnILil~L~'Ul:JJ.J (Human follicular 

bulge stem cells) LL'CI:;L"ll'CI~nmJu (hair dermal papilla cells) ml~lun1r¥nMI1l1'):;~mi'l\l· 

(alopecia) ",1'f1L1f1Vl1'1tj,)"'U'lul\1"llil~ 1~LLri 

~"""" II" 0 IV 	 23-24
1. 	 m11'll'lfiL"l!'CI'CIUIU~ (cell-based therapy) 

n11ilIL'fIIL"l!'CI~~uihLU~ hair follicle bulge epithelial cells mLVlI:;Litl'l i'll-lnu inductive 

dermal cells LLfl:;illn~u L;]111.JU'ltj'l",,r\lU1L,)ru~ ~J.Ji,)'1V1U~I~lm1(1m:;~uli1 ~J.J;U",1'f1~'iI'1 hair, 

follicle lmJ1~ m1Ln~L~'Ul:J:hll",JJ(;]1mlj~\ln111-cj trichogenic cells n~UL~I-cj~')",U'lL~'fI~1'f11"'lLn~J.J1
~ 

"'lIn 2 n'CI1n ~\ltf 

a) Morphogenetic switch: Lri'fll-cj trichogenic cells L~11tlm:;~uli1Ln~n1ntl~tlULL1.Jfl\l"'lIn, 


small follicle (vellus hair) 1tlL1JU large follicle (Terminal hair) (11.J~ 3A) 

~ 

b) 	 Neogenesis: Ln~n1r~'iI'1LUUIf1'f1l-l<JJU (hair follicle) lm-i91nn11L'1-1tim1l1<JJ'fI\I inductive 

dermal signals "'lIn trichogenic cells i,)J.JnUL"l!'CI~tj'l",,r'l1:;"'~I'1~'aJ.J<JJU (Interfollicular 

keratinocytes) ",1'aL"ll'CI~~UnILil~L~W.JJ.J (hair follicle epithelial stem cells) fI~lt1nUn11 

'i;'l'iI'1~'fIl-l'IJU<JJ'fI'I fetus (folliculogenesis) (11.J~ 3B) 
~ 

LL~'fItll\1hn(;]Il-lU'In"''CIlt1U'''l9t.1~-cj\ll:Jfl~'afl,)Il-l'i;'lIl-lIHl'IJ'il\lL''l!fl~~UnILU~L"'~ltf i\l,Tu(;]'au 

n11lmn n11LVII:; Lit.l'l11.J"'lU~'1n11L~l-l91U'lUt~tI 'ViU ~rl L"llfl~~Litl\ILU", 'CI'il ~Vl ~'CI'a'l"'l:;nfl,)ll-l 'i;'l1 m 1(1 

lum1L",timul",1'f1n1:;~uli1lfl\1I:Jl-lLmJi1'f1t1fl'l U'an"'l1ntftJ\liJ~'fI'i;'l'llt.l"'fllt.11.J1:;n11~1'f1fil(;]'fIU, 

L~tI')nUn11UIL'ilfl~m1~ ~'1~'il\lnn11~m~ll~J.JL~J.Jt?i'a11.J 

I 

I 


I 

I 

I 


I 


I 

I 

I 


I 

I 
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2. n1:i'tJ~nnlmtf'elLm'fl (Tissue-based therapy) 


fi'fln1mlb'fllbtf'flbm'fl~'l'WI?h'l1 '!I'fl'l hair follicle b-rl'Wn1n.h~t'ltJ~mnJ (hair transplantation) 1'W 


U"'l"'lU'W ~m~fJ dermal sheath hJ1J'tlnnlfJ . " . 

A) Morphogenetic switch B) Neogenesis 

:tJv1 4 U'M)'lVlqM~n1:i'~rl'li?i~~'ll'Wlt.nJ "i1nmn:n trichogenic cells b;hltn'W'.ff'W dermis Lt'lm~'fl 
~lm"'lliJ'WltJl~"iln 2 n1;'lln ~'fl A) Morphogenetic switch modelufl::; B) Neogenesis model 

3. n1nJ~ncilfJ'flrJm::; (Organogenesis) 

fi'fl~~I'l hair follicle lvnJ"'llm'llfl~~hlfillilt'l~lVll::;litl'lUU scaffold Hh"'l1'lJLlJ'U mini-organs 

tlr'fl proto-hair {'Ul-J11'Utl1;'l'flt'lVlt?lfl'fl'l (in vitro) n'fl'W ll~hfi'fltl{mntJ'i\ln (surgical transplantation) 

n~1Jh.11'U1J1l'lru~~J.J1Jl'l ~'fl~'!I'fl'l~fitf~'fll:i'1~lmnltJ11JUt9l'ltJ'W (genetic manipulation) lill~i?i'fl~'lJ'W 

~bb'~'lllN ex vivo lll!l:;Uln~1JltJtJ'Clnl'lt"Jl'UV1~Vll'l~~'lmlJ.J1?11J.JDnJ.J'Ill~'!I'fl'lVld'l~J.JM1Jm:i'tJfmrhtl
'lI OJ 'lI 

llt9l'Cl:;ntl 

'W'fl n"'llnm:i"l11 L'fJll 'll'Cl';J.J11-ill'Un1:r1mn LL~'l l'll 'Cl';~'Wfillilt'll~'\..!&.JJ.J Ltl ~;hrfcl''li1tJd:;lfJ'Il'W1'W 

n1d~ mntll~llt1l9J ufl:;nflln'lJ'fl'lhfl ~J.Jf'l'lt9l1'l1 nl:i''fl'fln '1Vli'lJ'fl'ltl1 1.1J:;~VlfiJ11Vllll!l:;~l!l'll'fJ'lmn'fllJ 

I 

http:Cl';~'Wfillilt'll~'\..!&.JJ
http:U'M)'lVlqM~n1:i'~rl'li?i~~'ll'Wlt.nJ
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I 
'"l:;,::nl-.ll~mt1L'WiI'l1'Vll?lfl'fl-.l 'j,ir'flL'WUY'M'tJ 'j'(mlt1~-.lm'j'm'j'~I?J,J'Wlm'j'1mj-1 ",1'fltJ1hnJ1 ~"ll'JiJnl'j' 

L'"l1'1JL~Utl'l vj~'flm'j'l:'l'il-.lhnJ"1l'fl-.lL~'Wt.Jl-.I~l'W'V11-.lL"l!fI'6f~'WnlLill?l vj'i'flm'j'1m111~ht.Jm'W (gene therapy) 

Jll'J:;t.Jl-JU1-.l'"lln~'W~n'j"j'l-.I (Androgenetic Alopecia, AGA) dj'WU'1J"'l~'I"lUtl'flt.J 'I"lUL'W~"1l1t.J 

l-.Ilnn~ll1m1J-.l "'l:;Gl-.I'I"lUJll'J:;;il~Ld'il~1J'Jt.JL~l~r)t.J+'WLLfI:;'I"lU'il~mnUmn;['WLd'il'illt.Jmn~'W L'WYqj QI 'lI 'lI 'li q q 

t1'j':;L'VlPll:'l",1~'ilLl.J1m'l"lU~11'W"1l1t.J11'J"1l1'J'il1t.J 30 1J'"l:;'Y'lUJll'J:;d1~lJ'j':;l-.Ilru 30% LLfI:;'Y'llJ1M-.l 50% 
~ . 

"1l'fl-.ltl'j':;"1l1m'lllmd'il'illfJl-.Ilnn~1 50 U ~-.lmnn~1"1l1t.J&J'J~1~-.l 4 L'Vl1 ~'J'WL'WtI'j':;L'VlPllvlt.J "'llnm'j' 

~l'j''J'"lLd'fltl'j':;mru 4-5 U~LL~'J'I"lU~l ~'lllt.Jl'Vlt.JijUru"'1t.Jl-.I:h-.lt.Jl.JU1-.l'"lln~'Wnnnl-.ln~1 30% LLfI:;'I"lU.. . I 
" . ~ 

"" "'"mn"1l'WL'j''flt.J1 

';)fim'j'1n'M'1Jl1'J:;t:.Jl-.Ii'J-.l'"lln~'Wnm'j'l.J~Loiln'Wl'Wu'"l"'lu'W LLtl-.l'il'ilndJ'Wm'j'1mt1~'Jt.Jm'j'Loilt.Jl. . 
LLfI:;m'j'~l!?lI?lU~nt.Jl-.I (Hair transplantation) n1'j'1nMl~'Jt.Jml~t.JflL'U'I"l1:;L'W~thtJU1-.l LL~:;Ld'il"'t.Jl?lm

.. .. q 

t:.Jl-.I'"l:;i'J-.l LL~:;mluluul-.l1VlaJ mUl-.l!?l'Jijt.J~~l-.l Lf1t.J-.l~laJW-.lu'j':;~-.l,", LL~:;llJl:'llmHlm:;~'Wl~Lnl?lm'j' I• 

~1!?l1?l L'll'WLnI?lLLt.J~LtJ'W'vf-.lu1L'Jru donor LL~:; recipient site 1~ 

1'WU"'l"'lu'W1~ijn1'j''ll1~ L~l.JL"l!~ft (stem cells) ",1'fl~JllMl1'Vlt.Jloilfh~1 L"l!flft~'Wnl LUI?Il.J11oil. 
L'W'Vll-.l mnL'I"l'VltJ'ilih-.l LL'I"l tVi fllt.J L~'fl1n'M'1'illm'j'1}mrer'WLti'fl-.ll.Jl"'lln L"l!flft Ld''fl L~'fl Vl1'fl'ilr)m:;~ L~t.JVllt.J 

",1'flL~'fll-.l~Jl1'Y'l1t1 tl?lt.J",r)-.l~lL"l!~ft~'WnlLUI?I"'l:;~1?J,J'W11t1LtJ'W'ilr)m:;ml-.l~'fl-.ln1'j' rl?lt.JGl.J~'Wi-.lLLi?lm'j' 

~'W'I"lUL"l!~ft~'WnlLUI?ILi1I?1L~'fl1?l '1111t1~m'j't1~nrl1m"l!fI'6f (autologous peripheral hematopoietic stem 

<V lI..::::::.1~1 ClCi..:.! i,.o ~ 

cells) LL~:;mnn'M'll?1'Jt.Jt.J'W b'Wb'j'~l.J:;L'j'-.lLl.JI?IL~'ilI?l, m'j'~'W'I"lu cornea epithelial stem cells 'Vl limbus 

LL~:;'ll11t11oil LtJ'WL'Vl~il~1VllJl'Wm'j't1~m11t.Jm:;'"l n I'll (corneal transplantation) L"ll'WL~m flU LL'W'J f) 1?I"1l'fl-.l 

~ ru~~,;)9t.J~L'WL~-.l L~'WtI'j'~ttJ"1ltiLL~~ Ll'W'J'Vll-.l~,)ll-.1 l1J'W1t11~1'Wm'j'loil l'Vl ~t 'Wlflm ~1'W';) PI') nnl-J Ltl'il L~'fl I(new hair follicles bioengineering) Vl1'iln1'j'1nMl~'JtJm'W (gene therapy) '"llm"l!~ft~'WnlLill?ll~'Wt:.Jl-.I 

(Human follicular bulge stem cells) lL~:;l"l!~ft'j'ln"1l'W (hair dermal papilla cells) l-.Il1oill'Wm'j'1nMl 

Jll')~t:.Jl-Jhl (alopecia) Vl1'flh~'V11-.l~,)VlU-lU1-.l"1lUI?I 

I 

I 

http:LL~:;mluluul-.l1
http:LLtl-.l'il'ilndJ'Wm'j'1mt1~'Jt.Jm'j'Loilt.Jl
http:mn"1l'WL'j''flt.J1
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n11~'"l:;1~ln~'ll"l!~'i:f~'Wihlll!?1~iif"lruJllVi~l'U'W~~'l~1L1lW"lJ'e1'l'llkifj9t.l~l~mnul"l!~'i:f~urhlll!?1• 
" 'Vln'llll!?1 %n11~i1HltJn (isolation) ll~:;ml:;l~tJ'l (cultivation) l"l!~'i:f~wlll11!?1l~'W~lJ'llll!?1 dermal. 

papilla ~'lltlU~UjlU~l~n.! %llm~\ln~i1l~u;fu~'e1'lfi n11~111l!?1 (surgical microdissection) l!?1tJ 

Cohen ll~:; Oliver 25 ;'lcilJr.nnn1nltJn~m.J'lJU'll'e1'lVl\y (vibrissa) ll~:;~mJ1 Johada & Oliver 26 ll~:; 
27 1"0' ....,.~, 'I" J'.., " JMessenger i1lur:;tJnrWJn!?1'ln~l,)lJl ~'llllt.Jn ll~:;lVil:;l~tJ'll"l!~~ DP r.nn (;1'fllJ'lJ'W'lJ'e1'l f"lUU1'l "lI'ln11 

lltJn l"ll~ 'i:f!?i'e1lJ'lJU'lJ'e1'lf"lU~'JtJ%tf~'fl'l'e11~tJ ~ l~tJ'J"jjlru ll~:;l~m,)~l:w1nL'WnlJrl!?1 lltJ n l ti'fl'l'"lln{;)'fllJ'lJ'W 
'\J ~ 

'lJ'e1'l f"lui1'lJ'Wli1ll~nn~l ~'e1lJ~J'W'lJ'fl'lVl'W Vl1'e1ilWrlitJ'l~n ~')tJ'WlJ~'W11.J1n ~nvf'l~~~1~Viu~11~l"llfl~1'W 
'\J '\J 

ililJ1ruU'fltJ u~:;iin1:m1ClJltiu'i:(;1hj~ t;l'e1lJ1iin11YrWJ'Wl-Wll'e11l'e1ul'l!l1"{;)1'l11~ llfi dispase LLfl:; 

collagenase 28·30 lJl1~tl'flm"ll~'i:fll'Vl'Wn11~1~i1l li1'ltJ~'lVl1''l~l'"l:;~i1lllN'llUf"l'W ll~:;1~l'l!~'i:f~iii'l 

~ruJllVi u~:;ili:w1ru:w1n;f'W LL!?il"l!~'i:f DP ~1~'"llnn1nltJn~'JtJ%;iiin11tlubti'fl'W~lm"ll~'i:f~1'lLAtJ'l~U1 
lJ1n ~'ltfU'l1'W14'tJlfl.l'llUU~~:;~m~l LL~ ::~l'JJUll'Vl r111ftLmJ~i1tl1:;~'VlfiIl1Vi ll~:;~ :;!?1')n1Un11LLtJ n• 
l"ll~'i:f~lmlfm£i'e1 (Extraction) n11~i1'IlltJnL'l!rl'i:f (Isolation and Purification) U~UYll:;dtJ'lL"l!~~ 

" (Expansion and Proliferation) 1'JlJ'0''ln11~'6'l'''lt1f"lru~lJU&iu~:;~m~ru::91ml:; (Identification and 
'\J 	 q 

Characterization) ~U'li~lltJ'WL"l!~~~Ufhllli1'l"jjlli1'l dermal papilla l~'e1{nhJ'Cin11~mt114'tJLU~'JU 
'll 

t;l1'l1 t;l'e11tJ l'liUn11Mm~t1tl1:;~'VlfiJllYl'lJ'fl'lmVl1'e1%n11fm~1hfil i:JlJ:l"l'l 1'J lJltJil'ln11tJ1::tJn(;11~1'W'Vl1'l 

ft~llnL'Wn11fmt1Jl1'J:;~lJU1'l~1 nYr'Wnm'1lJt;l'e11tl. 

~ o;v ~ Q.«' cri! 0 ""'" 'U ""'" 	 .qj " ..:::IiI, 
1. 	 ~m~lU~::Yll'JJU1'Jnn1ml1fti1'lLlt.Jm"ll~~(;1UWil'W!?1l~'W~lJ'llUi1'I dermal papilla cells "'llnLU'flltJ'e1 

!?i'fllJ'lJ'W (hair follicle) '"llnVl'W'l~1M::(lsolation and Purification) 

2. 	 MnM1LL~::~l'JJ'Wl1fin1nYll:;litJ'l ll"~:;L~lJ~l'W'J'W l"l!~~~wllllli1'll~'W~lJ'llll!?1 dermal papilla 

cells (Expansion and Proliferation) 
.dl ~ Q..' rr'V 0 _ 'l.I Clio 

3. 	 ~nMl~ru'6'llJU(;1 u~:;~nMru:;'lJ'e1'll"l!~~(;1'Wn1l'W!?1L~'W~lJ'll'Wi1'I dermal papilla cells 

(Identification and Characterization) 

http:tJ'WlJ~'W11.J1
http:llllt.Jn
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I 
LLtJm"l!~'If (Isolation and Purification), ~mn~rufl~~LL~~im~ru~91L'Yn~ {Identification and 


Characterization) "lJ'E)'1l"l!~'If~h,l,'l11rhLll~ hair follicular stem cells ll~~ dermal papilla cells, m:i' 


"lJtJ1ml~~lvn~LiEJ'IL"l!~'If (Expansion and Proliferation) LW~f1:i''E)Ufl~~hJn'lm:i'in'l111~L1.h,l,l;i'E)Lm'E)~ I 

91L'Y'l1~ (differentiation) l~'E)'l111u~mriilIjPl(mn~l;i'E)lm'E) (bioengineering of hair follicle) 
 Ilh~tJnln'-il'Yll'1f1~ilnl'wm:i'fm~nm')~t:J).Jt')'1 (alopecia) lP1'E)1u• 

I 
2. 	 .yhmnnuj;f')'E)t.i1'1V1u'lP1nt~ (Human scalp) "lJ'E)'1~u,)EJ~L;hfumnhj;f(11u~nt:Jl-l ~'1V1ib 

~ 	 ~ 
-/,-

-, 
(routine face-lift surgery) 1'WtN'Y'ltJ1Ul~'1Yl1~'1mru l.Hl1n1"ll1{?J1vltJ Vlllfl{?J'IfI,)1].RJ'WtJ'E)~l~1 


i')].-Jn1:i'~m~l';)~EJ 


3. 	 ~m~lLL~~~lY.l-ll!1';)fim:i'm1r)(11LLEJm"l!~'If~'t..u'hlil(11l~'Wt:J].-J'lIil~ dermal papilla cells '"llmt1'E)lm'E) 


lP1'E)].-J'JJ'W (hair follicle) '"llnVlU'lP1m~{lsolation and Purification) 


a. 	 ~m~1l'YH"lilfimnlEJm"l!'i'l'lf dermal papilla ~'JEJ'Ijfi surgical dissection 

b. 	 ~m~1L'VlflilfimnlEJm"l!'i'l'lf dermal papilla ~'JEJ'ljficombined surgical 

microdissection LL~~ enzymatic digestion I 
c. 	 ~m~nL'Vlflilfl~l!l'WmnLEJm"l!~'If 

4. 	 ~m~lLL~~~lY.l-ll!1';)fim:i'l'Y'l1:;LiEJ'ILL~:;l~~91l!'J'Wl"l!~~ dermal papilla (Proliferation) I 
a. 	 ~m~1V11 culture media LL~~ reagents ~LVI].-Jl:;fl~ 

b. 	 ~m~1V11 Growth factors ll~~ cytokines ~"lI'JEJll!mn'"l1'1!"lJ'E)'1L"l!~~ I 
5. 	 ~mnLL~~';)LfI:i'1~~~rufl~U'1i LL~~im~ru~"lJ'E)'1l"l!~'If~'WfllLil~L~l!t:J~"llili?l dermal papilla cells 


(Identification and Characterization) 


a. 	 m1U'E)~~LU1~l!~'i1,)L"l!~'If (cell surface markers) Vl1'E) immunocytochemistry 1~Llri 

a-smooth muscle actin, AB-PAS, toluidine blue 0 LL~~ vimentin I 
6. 	 1'JU1'J].-J ~Lfln:;~ flrUt:J~m1'Yl(11'i'l'E)'1LL~:;lhJULrtJ'I~'E)l;!~L~'E)~(11Y]1ntJ'I1l! 
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Extraction of Hair follicles from scalp 

(Dissecting technique) :.-­
location and identification of 

stem cells in human hair follicle 

~ 

Isolation of epithelial bulge stem cells Surgical Dissection combined 

+--­ with enzymatic digestion& mesenchymal-derived dermal papilla cells 

t 
Cell surface/ Intracellular marker 

Characterization 
~ 

A .~ 
Culture media & reagentsProliferation or Expansion 

~ 
Growth factors 

· · ... 
Mechanisms & critical factors Next step: Drug and Treatment testing in vitro f4­

Tracking cells in vivo/vitro, Gene 
(before use in clinical trial) 

regulation, biomarker discovery 

· · ... 
Bioengineering of hair follicle 

stem cells ll'C1::; hair dermal papilla cells -wlhJ~n1:r~W-J'Wl'Vll'11~')nnJ..Jl1i'Ell~'El llrl::;mn:nhJ.. 
u:r::;tln[;l1~1'Wn1:rfmnhfl ~:wf,)'lllrl::;hfl'thj,\'I!'lUl'l'llUi?1I9i'fl1U

q 
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m~1i1u1mJ'Vl1,:m1dlL'Y'l'VltJ1'W1tlLLU1Jn1:i'Lltln LL'Cl~L'Y'l1::Lit.l'l autologous hair follicular stem 

cells LLfl:: dermal papilla cells L~'t11111tn~~m~1LLt'l::tlJ::~n[;l1;1h!n1Jt'm~1~tJ'JtJr.Jl.J:h'l 

~ ~ 

'11'W";jr.rtJlldJw.n~(?J.Jh!1n1~L'Y'l1:;L~tJ'IL"lI'Cl~~W11 Ltl~ U'Cl::n1~111hJ1-il [(?ItJ fiVi ~'W";jfi n1 ~ LL~:: 

L'Vlrl th!t'ClUL'\.u.hYl'el L~:l-J1.h~~'Vlfim'Y'l(;]'eltJ'el V1~1 n 1 h!J:::~U'l1h!f)r.rtJ~ Lrl tJU n n{) m 

I 
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J'd 
LU'8L'nI,:J (Main body) 

~WlLuum-n.qg (Materials & Method) 

Scalp specimens 

ihn11Lii1Ji'ltlth:n..,r~~nt::; (human scalp) ,.tl~lJihtl~L;lfun1nh~~1..ltm~UJ (hair.. 	 .. 
transplantation surgery) ".1m.h~~;i~'l-..ih (routine face-lift surgery) lu1N'WtI'U,~,lilfl~nnU 

ftl1ln1".11I~lV1t1 ~ufl~~'l1lJtiUtltllJ L;hi'llJn11Amn~4'tI (~~nJ~ 5).. 

Isolation of human hair follicle dermal papilla cells 

1. 	 The scalp specimens were transported in Williams' E serum free media (Gibco BRL. 

Paisley, Scotland) with 2% antibiotic-antimycotic (Gibco BRL) at 4!C, not more than 48 

hours. 

2. 	 After transferred to the laboratory, the specimens were washed 3 times with phosphate-

buffered saline (PBS). 

3. 	 We compared 3 methods of isolation of dermal papillae as follows: 


Surgical microdissection alone 


Two-step enzymatic digestion 


Simple microdissection with one-step enzyme digestion technique. 


http:uum-n.qg
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Surgical micro-dissection method I 

1. 	 Briefly, the DP was released from each hair follicle by transection at the level of papilla, 

opened inversely to expose the inner side and cut at the stalk by using with ophthalmic I 

corneal blade under a stereomicroscope. (;':I11J~ 6, 7) . I 


2. 	 Then the isolated DPs were transfer to the Petri dish by forcept and half of them were 

anchored to the plastic plate by scratch through center using fined needle. I 


I 


I 

I 


I 
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Two-step enzymatic digestion method 

1. The scalp specimens were cut off at the interface of dermc:rsubcutaneous fat junction 

with blade (~pJ~ 8) 

~'Jmtlul'11,r dispase 

2. The lower hair follicle in the subcutaneous tissue was incubated with 12.5 mg/ml 

dispase in DMEM for 16-18 hours at 4°c. 

3. The dermal parts of low hair follicles were pulled out form subcutaneous fat by using 

forcept (~-3nJ~ 9, 10) . .. 

4. The lower hair follicle was digested with Collagenase type I solution (1 mg/ml, Sigma) 

at 37°c for 4-5 hours or until stalk of DP was digested under microscope (when fibrous 

dermal sheath has been digested entirely and the papilla just began to be digested, the 

enzyme digestion should be stopped) 

5. Pipette the mixture till the DPs emerged freely. 

6. The suspension was centrifuged at 1,000 rpm for 10 minutes to release free DP cells. 

7. Then the isolated final DP pellets were plated into a 6-well plate without feeder layer. 

I 
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..nJ;i 9 Lt~~'1 lower hair follicle ",tr'l91nllilll8\,)1I dispase Yhl~ epithelial part 

LLlIn91n dermal part Ui~111 

_1.001 4 1..1 .,
~LJYI 1 0 LL~~'1 dermal part of hair follicle "!!-3 r.:;ntlU~,)lI dermal papilla LLfl::.. 

connective tissue sheath (dermal sheath) t'iJUl 

I 
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Simple micro-dissection with one-step enzymatic digestion method 

1. 	 After the OPS were isolated by simple micro-dissection method as above, the isolated 

DPs were then digested with Liberase DH (dispase high) research grade (Roche, Basel, 

Switzerland) at 37 °C for 2 hours or until dermal sheath and stalk of DP were digested 

and the papilla just began to be digested. 

2. 	 After the enzymatic dissociation, the DPs were cultured in a 6-well plate. 

Cultivation and Proliferation of human hair follicle dermal papilla cells 

1. 	 DP from all methods were cultured in Dulbecco's modified Eagle's medium (DMEM) 

(Sigma Co) supplemented with nutrient Ham F12 (3 parts of DMEM, 1 part of Ham's 

F12), 10% fetal bovine serum (FBS), 200 mmollL L-glutamine a!)d 4% antibiotic­

antimycotic at 37°C under a humidified atmosphere of 95% air and 5% CO2, • 

2. 	 Primary cultures were left untouched for 3-5 days or until the DP cells were attached and 

the first cell migration became apparent. 

3. 	 Thereafter the medium was changed every 2 days. After the cell outgrowth become 

confluent, the cells were subcultured in a 1:3 spilt using 0.25% trypsin/EDT A solution. 

Cytochemical and Immunocytochemical staining 

The OP cells in the third passages were cultured on sterile chamber slide (Nunc®, Lab­

tex IITM) and used for immunohistochemical staining (a-smooth muscle actin, AS-PAS, 0.1% 

toluidine blue 0 and vimentin). The cells at nearly confluence were fixed with cold acetone 10 

minutes and rinsed with 0.01 M PBS for three times. The following steps of these cytochemical 

and immunocytochemical staining procedures were performed as usual. 
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ft'nUN::'I'iML'IIfift dennal papilla (Characteristics of cultured DP cells) 

At present, isolation of DP cells is hard to perform simplicity and effectively. We 

recognized a more efficient method by using simple micro-dissection with one-step enzyme 

digestion to isolate the DP cells of hair follicle. We observed that our isolated DP cells grown 

well on the plate without the feeder layer in Dulbecco's modified Eagle's medium (DMEM) 

supplemented with Nutrient Ham's F12, 10% Fetal bovine serum, L-glutamine (200 mmollL) and 

1% antibiotic-antimycotic. 

_ ........ ~-..d 


f1n'liru::'!I'fl~L'fIfi DP 'VlLLtln~'l[J')fi Simple micro-dissection with one-step enzymatic digestion 

After simple microdissection <.pJ~ 11), we do digestion the DP wittl-tiberase DH at 37°C 

for 2 hours to digest directly the capsule sheath of follicular dermis to expose the DP cells. 

:1.1;111 LLt\~~ dermal papilla ~~..:t'ilnUl:Jn~'ltl1fi simple micro-dissection ri'flU'i~ibhJri'flI:J~'l1:J 

L'flul,ll" Liberase DH (dispase high) research grade (Roche, Basel, Switzerland) 

The DPs after digestion were in spherical shape (fi''1n1~ 12). Most of DPs attached.. 
quickly within one day on the plastic plate with higher attached rate 95% (N =95/100). One day 

after DP was attached to the plate, the cells initially outgrowth from the DP explants and spread 

I 
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out like sunflowers (outgrowth rate for the 5 days is 92% (N= 921100». (~'1pJ~ 13. 14) In this 

method. the culture plates were kept untouched for 3 days. allowing all DPs to adhere. 

..ru;i 12 LLftVl'ltfmtru:::"lItl'l dermal papilla ~Ui~1nn11utJn~'JtJ% simple micro-dissection 

with one-step enzymatic digestion method 

Lm::: plate l~hrlm 1 iu I 

I 
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f\~ltI~flnY1I'U~~tj'U (sunflower) . I 

These cells showed polygonal morphology with many various length processes and 

containing pigments in the large cytoplasm. (rA'..:J,pJ~ 15) The DP cells reached confluence and 

could be subcultured within 2 weeks after primary culture. Difference from the dermal 

fibroblasts and dermal sheath cells. DP cells generally spindle shaped at low density and form 

multilayer aggregation and clump at preconfluent density. (~'1.rU~ 16.17) 

I 
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"multilayer aggregation and clumpft 

. . 
Q' .. !J"""'" " .. _ """'-=I . 

L'In.!tml'tru:;~'B'IL'l!afrvll.Jl'l!'B'W'V1lJm,rVlL:i'Un':ll 
I.

"multilayer aggregation and clump 
" 

I 
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Similar to the bulge outer root sheath cells, DP cells also showed high proliferative 

capacity. In early passages, DP cells were smaller in size and grow quickly. (i,,'jpJ~ 18) In the 

later passages DP cells became larger, flat. irregular shape and grow less aggressively. (fl-l,pJ~ 

19) The aggregation of cells into multi-layer clumps, which is characteristic of cultured DP cells, 

was less seen in multiple passages (over 8 passages). 

~fi 19 Ufl~"trnMCU~"lI~" dermal papilla cells 1'1.1 passage ~ 6 L"lI~fi"'l~iJ"lIl.n~1V1qJ;'W 

u.~~ Uti-l(;],);1~" 
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. 
__ ~.do'" ~ . _ . . 
ttnltru~tHL'lIflfl DP Y1U£m~'Jl!.I'lfi Surgical micro-dissection 

Compared with surgical micr<HIissection technique. the isolated DP was still in elliptical 

or oval shape with intact basement membrane. (~..:JpJ~ 20) The DP was very hard to adhere 

(N=20/40) even using needle scratch technique. (~..:JpJ~ 21. 22) In this method. the culture 

plates were kept untouched for 5-7 days. allowing all DPs to adhere. About 5-10 days after. DP 

by this method began to attach and the cells outgrowth from the explant in about 5-14 days 

(outgrowth rate for the 10 days is 37.5% (N= 15/40». (~pJ~ 23) 

W-r120 u~I1\.,:j~nltru:;'U'tl.,:j dermal papilla ~t;I~1nn1:ruun~hti1fi surgical micro-dissection. . 

.. " 
_1"'\ ... 1'" .... 1" ~ 1".......
~u'VI 21 U~I1\.,:j needle scratch technique Ll"l'tl ~ DP V1uun IfILn1:;nlJ plate 11\11\'II'U.. 

I 
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ru~ 22 U~~-3 needle scratch technique... 

, 
_ ~..::.I" ...::..d • • • 

~m!ru:::'!J'fl-3L"II~~ DP 'VILLtJn~'ltl'lfi Two-step enzymatic dIgestIon 

In two-step enzymatic digestion method, The lower hair follicles were digested with 

dispase, their epithelial part was easily detached form the dermal part that made it easy to 

isolate the DP. Then the dermal part was digested with collagenase I for 6-8 hours. Afterward 

the free DP cells were isolated by low speed centrifugation . The DP isolated by this method was 

in elliptical or oval shape with surrounding dermal sheath. (~-3zU~ 24) It also hard to adhere 

I 

I 
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(N=12140) even using little media. DPs start to attach in 5-10 days and the cells outgrowth from 

the explant in about 5-14 days (outgrowth rate for the 10 days is 25% (N= 10/40)). (~-3pJ~ 25. 

26. 27) In this method the cultured DP cells usually contaminated with dermal sheath cells and 

other surrounding cells such as melanocytes and outer root sheath cells. 

. . 
_I.... ~ '""'I!' '" ......
"au'VI 24 U~Vl-3~mHl..!:::"lItl-3 DP 'VI WI~1nn11UUn~'l[J'Jfi two-step enzymatic digestion .. 

0­

digestion '\IIi-l~1m"t'41:::L~U-l1~ 7 it! 
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nJY126 Ll~~'1tfm~tu::n11L1U'l~IJ"IItH DP cells ;ru,~1nn11Lltm~IJEJ~ two-step enzymatic digestion... 
\-lft'l~1nll'n::Liu'l1~ 71'u ;'1lUJij dermal sheath t1::1Ju ­

__ I"" ~ ..;1"" ~ 
";n...I'Vl 27 Llf;\Ir'I'Iftnltn.!::'!Itl'l DP cells VI ~~1nn11LLEJn~IJEJlJii two-step enzymatic digestion ... 

fim~tu~n,~Gi6lie'ilJJ"JI'8.:1L'lIiU~ dermal papilla (Immunocytochemistry of DP cells) 

The cultured DP cells were identified by positive immunocytochemistry (a-smooth 

muscle actin, AB-PAS, 0.1% toluidine blue 0 and vimentin), which were similar to the staining 

I 
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results of in situ hair follicle and consistent with published report When stained with alcian blue 

followed by periodic acid Schiff (AB-PAS), the DP cells showed red cytoplasm. (~"pJ~ 28, 29) 

When stained with toluidine blue 0, both nucleus andcytoplasm of DP cells stained purple. (~" 

pJ~ 30) For alpha-smooth muscle actin, DP cells cytoplasm showed positive brown color in 

multi-layer aggregation and clumps. (~"pJ~ 31, 32) DP cells, DS cells and dermal fibroblasts 

were all positive for vimentin. (~"pJ~ 33) Except showed positive with AB and AB-PAS, DS cells 

were negative for toluidine blue O. Dermal fibroblasts were all negative with AB, AB-PAS and 

toluidine blue O. The results showed as in Table I 

AB AB-PAS Toluidine blue Virnentin SMA 

DP cells + ++ + ,+­ + 

DS cells + +/­ + + 

Fibroblasts + 

'i't.I;i 28 U~I1l'lnT.i'tJ'ill-J~~~ AB-PAS~.:! cytoplasm "!I'll.:! DP cells ~:;iJfll-J~~~LL~.:! (x100)... 

I 
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W~ 29 u~~'!m1titlJ.J~~~ AB-PAS;'I cytoplasm '1I'll'! DP cells ~::~tlJ.Jfj~~u~'! (x200) 
... I 


I 


.d '" 4 ~ ,4 !WYI 30 u~~'!m1t.JtlJ.J~Vl~ toluidine blue 0 't'lVl'l nucleus U~:: cytoplasm '1I'll'l DP cells... 
"dj'llJ.J~~ihb'l (x200) I 
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~ "......... ..4" . _

~'rI 31 LLaft-3n11tJtl).J~~~ alpha-smooth muscle actin ,;!.,')~~tJtlt'L~l't1~'1L(HU 

"multi-layer aggregation and clumps" (x100) 

..n.I~ 32 LLa~-3n1Wtl).J~ft~ alpha-smooth muscle actin ~..:l~~Utl).JL~'Yn:::1J1L(HU 

"multi-layer aggregation and clumps" (x200) 

I 
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n1v133 U.f4~,:m11~"'~ Vimentin ;j~i~ DPCs, DSCs u.~~ dermal fibroblasts '\:;Ei~tJ~~"UJI7l (x100)
• - I 

I 
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'el.ih.l'i1W1~1'iru (Discussion) 

This study is the development of isolation and cultivation of human hair follicle dermal 

papilla cells. In the past few years have seen significant developments in hair follicle research 

including hair multiplication and regeneration. It is a basic necessary for healthy dermal papilla 

cells to be isolated and cultured . 

The most commonly used method to isolate dermal papilla cells is "surgical 

25
microdissection" technique which first established by Cohen and Oliver in 1966 and adapted 

by Messenger in 1984 
26

.
27 

. This method requires significant skill, is time-consuming and has 

several limitations regarding cell adhesion and low growth-out rates. To get better yields and 

simplify the method, the enzymatic digestion was established but also has problem of OS cells 

contamination. So in this study, we developed a novel method for the sir;nple, rapid and efficient 

isolation of dermal papilla cells from human scalp hair follicle. By combining of simple 

dissection technique followed by with one-step enzyme digestion, we easily obtained these 

cells on a large-scale in rapid time. We used the activity of a new mixture of purified dispase 

and collagenase enzyme, Liberase DH (dispase high) research grade, to proteolysis the 

isolated DP. 

When compared among 3 methods, microdissection alone, two-step enzymatic 

digestion and combined the simple microdissection with one-step enzymatic digestion, we 

found that our new method has several significant advantages over the others. (As in Table 2) 

Our new method remarkably increases DP yield and purity. Most ~ our DP attached the 

plate within 1-3 days (attachment rate 90% VS 50% of surgical microdissection VS 33.3% of 

two-step enzymatic digestion) and the cells can spread out more quickly in 1-2 days later 

(outgrowth rate 92% VS 37.5% of surgical microdissection VS 25% of two-step enzymatic 

digestion). The DPs isolated by microdissection are very hard to adhere. The free-floating DP 

after 10 days cannot adhere to the plate even do a needle scratching. The key point is the use 

of purified enzyme blends, Liberase DH, with the good control of right digestive time. Liberase 

DH Research Grade contains highly purified Collagenase I and Collagenase II which exhibit 

collagenase activity of 14 Wunsch unit! ml. These two collagenase isoforms are blended in a 

precise ratio with each other and with a high concentration of Dispase, a non-clostridial neutral 

I 
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protease. The activity of type I and II collagenase through the proteolysis of capsule sheath 

(basement membrane) and digestion of extracellular matrix, considerably facilitates cell 

attachment and accelerates the cells to migrate out more freely. While Neutral proteases or type 

IV collagenase of dispase act synergistically with collagenase. 

Moreover, these enzyme blends contain high dispase from Bacillus Polymyxa, so the 

bacterial by-products, such as endotoxins, are reduced up to several thousand-fold « 50 

EU/mg). Because of it high purity and less in endotoxin, we are able to increase the rate of 

primary DP cells per DP, improve the viability and functionality of isolated cells and 

reproducibility of tissue dissociation. 

Furthermore, we used microdissection first to separate DPs out from DS under 

microscope, hence our method can decrease the possibility of DS cells.so~tamination when 

using enzymatic digestion alone. For enzymatic digestion technique, time of dissociation, 

enzyme ratios, and enzyme concentration are very important. They all affect the tissue­

dissociation out-come. If enzyme concentration is too high, might be decreased in cell viability 

and impaired cell function. If concentration is too low, the dissociation might be incomplete and 

results in low cell yield. 

Another main advancement of this method is time saver, from 20-24 hours of the former 

two-step enzymatic digestion to 2 hours of one incubation step using mixture of purify enzyme. 

The two-step enzymatic digestion is composed of the overnight incubation with dispase at 4°c 

followed by collagenase for further 4-5 hours in the incubator. It is much more easy to use 

enzyme blend to shortening the enzyme digestive time. 

When compared with others' former results using enzymatic digestion, such as Warren 

28 who treated the fleshly DP with collagenase type IV (500U/mg) after microdissection and Chiu 

29, who treated the expose hair bulbs with dispase (50U/ml) for 45 minutes before 

microdissection, we obviously affirm that the operated steps and our method is more easy and 

efficient. 

I 
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1Pl1'i1.:!v12 LlfJ\J1JLV1\J1Jii'el~ii!lL~tJ'lI'el'l'llin1nLtJm"l!'Cl~i'l 3 <jfi microdissection alone, two- step 

enzymatic digestion bb~::: combined simple microdissection with one-step enzymatic digestion 

Method 
Surgical 

Micro-dissection alone 

2-step enzymatic 

digestion 

Micro-dissection with 

1-step enzymatic digestion 

Description Cut DS to expose DP ~ Two-step enzyme, using Dissect DP followed by 

release DP by cutting dispase and then one-step enzyme 

stalk collagenase I treatment (Liberase DH: collagenase 

of lower hair follicle + dispase) 

Adventage Preserve the intact DP Reduced labor Time saver 

Efficient with high purity 

Time use Require significant skill, 16-18 hours for dispase 3 hours 

Time-consuming 6-8 hours for collagenase . 

Culture Low product Contamination of ORS Better cell attachment + 

outcome poor cell adhesion and DSC cell yield and viability 

low growth-out rates 
-­

Less DSC contamination 

Our DP cells in the culture condition grew well without the need of collagen-coated 

plate. The culture media we used is DMEM supplemented with nutrient Ham F12 (3 parts of 

DMEM, 1 part of Ham's F12), 10% fetal bovine serum (FBS), 200 mmol/L L-glutamine and 1% 

antibiotic-antimycotic at 37°C under a humidified atmosphere of 95% air and 5% CO2 , The DP 

cells reached confluence and could be subcultured within 2 weeks after erimary culture and 

can be subcultured about every 2 weeks in passage culture. 

For immunocytochemical study, the DP cells were cultured on special slide chamber, 

which easily used for staining procedure. The cultured DP cells stained positive with specific 

markers (a-smooth muscle actin, AB-PAS, toluidine blue 0 and vimentin), which were similar to 

the staining results of in situ hair follicle and previous invitro study 3U. Compared with DP cells, 

OS cells can be stained positive with AB and toluidine blue 0 but negative with PAS as same in 

situ dermal sheath. 
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,I1'W'l9tliiLtI'W'ITti~9t1 Lldn1'WU 1:;L'VlPl1'Vltl~1~v'h n11~mn lL'«:;W1ij.J'W1m:;U'J'Wn11LLtlnL"l!,«6~'W 

rhLtlrnL~'W~lJ-ntlrn dermal papilla "l1mtf'tlL~'tl~'tll-J"1I'Wu1L'Jru'VIU'l~hM:; trnElf')rn~'WL'VlfltlfllVitl ~'tl I 
"One-Step Enzyme digestion and Simple dissection" trntl'tl1~tln11r;lrnLLtlm'l!'«~LL'«:;L~m~'tl~'J'W 

~1'11 "l1n£9l'tllJ"1I'W (surgical microdissection) mtll~n~'tl'l'1~'VlnPi,r "llUrn stereomicroscope i'Jwlu I 
n11ril.ltl~'JtIl'tl'W1-n,r (enzymatic Dissociation) "lltlrn~~m:;'VI~1'1 Dispase LL'«:; collagenase 

I 

I 


surgical microdissection LL'«:; two- step enzyme digestion 'ViU~1;:Jlh:;~'VlfiJl1'Vi~'In~1 .ff'Wl'I'tl'WhJ 

ri'ltl1 n LL~:;U1:;'VItrrn L'J'«1l-J1nn~1 L'l!~~~1~;:Jfl'Jll-J~1lJ1n11'Wn1nn1:;m"ll'W:;Litl'l L'l!~~ LL~:; m..i'lr;l'J1~ 
q I 

'W1.l n"l1 nii~'I1~w1ij.J'W1'lfln 1 n'Vi 1:; Litl'l~;:Ju 1:;~'VlfiJl1'Vi trntl'll'W'l9t1tf~1lJ11t:1 L'Vi1 :;LiEl'l L 'l!'« 6 I 
lrntll~1.l1'V11nitl'lL'l!,«6 (culture media) LL~:;~11d'ln1n"l1t:1,JL~utl?l (growth factors LL'«:; cytokines) ~ 

L'VIm:;~lJ v'h1~~1l-J11m'Yn:; LiEl'l Ll~:;l~l-J91'W'J'WL"l!,«~1~lfJlJ1 rulJln ;:J~"1Im'Vi LL;]'IlL1'1 LL'«:;Litl'l1~
q 

tI1'J'W1'W'VI~1El passages 

1'Wn11~mnfJru~lJilll n1181.ll-J ~ rn~ Immunocytochemistry 'ViUrJl L'l!'« 6~'Wr'h LUrn L~'W~l-J"llUrn 

dermal papilla ~l'Vil:;Litl'l1~ 8'tllJ~rn~~LL~rn'l«nMru~91l'Vi1:; 1~llf1 a-smooth muscle actin (SMA), 

alcian blue (AB)-PAS, vimentin LL'«:; toluidine blue 0 ~'I~1l-Jl1t:11~u'lu'tln (identify) rJ1LtI'WL"l!,«6~'W 

111 Ltlrn"1l'tl'll~'W~l-J"llUrn L"l!,«6 dermal papilla LL'«:;~'« n118'tll-J~ rn~;:J«nMru:;L'VIl'j'tl'Wnu n118'tll-J~rn~'jJ'tl'l I 
l"l!,«6 dermal papilla l'WLif'tlL~l.l ll~:;1?l1'1nml'W'l9t1~~-WlJ~ril.l'W'VIlJltf 

I 
r'11 L tlrn L~'W~l-J"lltlrn dermal papilla ~'I dJ'WYl"'W.Jl'W~~l flt:1,J"1Il.l'l'l1'W'l9t1 L~tl'JnU l'l!~~~'Wr'11 LUrn L~'W~l-J LL'«:; 

hfl'1ll.l'll~W.JlJ'YJn"llUrn "l:;;:JU1:;ttl'll,rl.lril'1mn[9]'eln11~nM1~'W11'W'fl'Wlf1l'1 L-rl'Wn11~nM1«nMru:;'Vll'1 

~'Jr.i'Vltl1"11'fl'lL~'Wm.J (hair biology) l1f1'1l'el'lL~'WI;m (hair disorders) n1'j1<l1ml~'Vlrn'i;'l'eluu1:;~Vlfim'Vi'1l'el'l 

tl1 'VI1'fln11fnMr,l'V1:W11'WL"l!~~~'Wn1Lnrnri'el'WiJ,1l-J1'Vlrn'i;'l'fl1Jl'WlJ~MiJ 'l-f~''elLLiJm:;vT'In11U~ml1m'l!'«~~'W 

nl Ltlrn L~W.JlJ (hair folliculogenesis) dJ'W~'W 
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League of Asean Dermatological Societies, Hilton Hanoi Opera, Hanoi, 
 I 
Vietnam, 7 November 2009 

2010 Oral Whitening Agents. 1 st International Congress of Aesthetic I 
Dermatology, Bangkok Convention Centre at the Central World, 

Bangkok, Thailand, 22 January 2010 

Full-Body Phototherapy in Dermatology. Seminar Dermatology 

Update: Nusantara 2010, Semarang, Central Java, Indonesia, 27 I 
February 2010 


Zooming in on Targeted Phototherapy: UV and 308-nm Excimer Laser. 
 I 
Philippines Dermatological Society CME Meeting organized 

by the Philippines Dermatological Society, The PDS 

Photodermatology Subspecialty Group and the Research Institute for 

Tropical Medicine, Mandaluyong City, The Philippines, 24 Mar 2010 

Treatment for the Three Most Difficult Areas: the Scalp, the face and the 

Folds. PSORtalk, Danang, Vietnam, 27 Mar 2010 I 
Phototherapy: Protocols and Phototesting. National Skin Centre 

Dermatology Update2010, Singapore, 14 May 2010 I 
Phototherapy Complications: How do I deal with it? National Skin 

ICentre Dermatology Update 2010, Singapore, 14 May 2010 

Update on Photobiology: The Safety Issues of Narrowband UVB 

Phototherapy, National Skin Centre Dermatology Update2010, 

Singapore, 15 May 2010 

Oral Treatment for Melasma, International Master Course on Aging Skin, 

Hong Kong, 12 July 2010 
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2005 
th

Narrowband UV-B Phototherapy: How to Get Started. presented at the 7 

Asian Congress of Dermatology. Kuala Lumpur, Malaysia. 28 Sep-1 Oct 

2005 

Phototherapy and Laser Treatment for Psoriasis: an Update. presented at 

the ih Asian Congress of Dermatology. Kuala Lumpur, Malaysia. 28 Sep­

1 Oct 2005 

2006 Targeted UVB Phototherapy for Vitiligo presented at the 1
51 

Asian 

Dermatologic Laser and Surgery Meeting. Cebu, the Philippines. 17-19 

February 2006 

"Let There be Light" presented at The Khosrow Momtaz Memorial 

Lectureship. Massachusetts General Hospital, Harvard Medical School, 

Boston, Massachusetts, U.S.A. 9 March 2006 . I - . 

Tacrolimus for Psoriasis. presented at the Dermatology Update: The 

Southeast Asian Experience. Hoi An, Vietnam 8 July 2006 

The Aging Face. presented at the International Symposium & Live 

Surgery on Facial Plastic and Reconstructive Surgery. Bangkok, Thailand 

7 December 2006 

2008 Is Long-Term Management of Psoriasis still a Challenge? 8th 

Asian Dermatological Congress, Seoul, Korea. 2 October 2008 

How Niels and Barbara Changed our World : The Long Journey of 

Short Wavelengths. Boston University School of Medicine, Boston, 

Massachusetts. 5 November 2008 

2009 Asia-Pacific Dermatology Medical Advisory Board Meeting, 

Singapore, 23 June 2009 

Light Treatment of Vitiligo. International Master Course on Aging Skin, 

Intercontinental Hotel, Bangkok. 14 July 2009 

Clinical Insights into Topical Psoriasis Treatment. Satellite Meeting 2009. 

League of Asean Dermatological Societies, Hilton Hanoi Opera, Hanoi, 

Vietnam, 5 November 2009 
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Consultant: I 
2006-2008 Procter and Gamble 

2009-Present Wyeth 

2009-Present Centocor 

Presentations at International Meetings: I 
1997 	 Poster presentation "Repopulation of Melanocytes in Grafts of Cultured I 

Human Keratinocytes and Human Acellular Dermis Transplanted to 

Athymic Mice" at the 1997 Annual Meeting, Society for Investigative 

Dermatology, Washington, DC. April 23-27, 1997 

1998 	 Panel Discussion "Photoaging: the Molecular Mechanisms" at the 60
th 

Mexican Society of Dermatology Meeting, Ixtapa~Zih.uatanejo, Mexico. 
I 

September 13, 1997 

1999 	 Mini-Lecture "Narrow-band UVB for the Treatment of Vitiligo" At the I 
New England Dermatological Society Meeting, Lahey-Hitchcock Clinic, 

Dartmouth, Massachusetts, April 25, 1998 I 
Narrow-Band UVB Phototherapy: Massachusetts General Hospital 

Experience. Taylor CR. Asawanonda P, Alora M, and Momtaz K. I 
1998 	 Tyrosinase expression is regulated by p53. M. Khigatian, P. 

Asawanonda, M. Eller, M. Yaar, M. Fujita, , D.A. Norris, and BA I 
Gilchrest. Presented at the Society for Investigative Bermatology meeting 

2002 Taylor CR. Taneja A. Gupta S. Racette A. Asawanonda P. Trehan M. 022 I 
308 excimer laser treatment of psoriasis. Photodermatology, 

Photoimmunology & Photomedicine. 18(2): 1 07, 2002 April. 

2004 Targeted light therapy including excimer laser. Presented at the 16
th 

Regional Conference of Dermatology Singapore July 14-17, 2004 I 
l'lon-cosmetic applications of laser therapy. Presented at the 16

th 

Regional Conference of Dermatology. Singapore July 14-17, 2004 

I 



47 

Extensive hair loss due to peginterferon and ribavirin in chronic hepatitis 

C virus infection. Chairerg P, Asawanonda P, 

Extensive hair loss due to peginterferon and ribavirin in chronic 

hepatitis C virus infection. Chairerg P, Asawanonda P, 

Angsuwatcharakon P, Likitthummagun S, Premmaneesakul H, 

Kongkabpan M, Taungjaruwinai WM. E-Poster at 22nd World Congress 

of Dermatology, Seoul, Korea, 25 May 2011 

Publications: 

1999 	 Asawanonda P, Khoo LSW, Fitzpatrick TB, Taylor CR. , UV-A 1 for Keloid. 

Arch DermatoI1999;135:348-349 (vignette) 

Asawanonda P and Taylor CR. Narrowband (TL-01..). UVB Phototherapy 
I 

beyond Psoriasis. J Dermatol Treat 1999; 1 0:53-57 

Khoo LSW, Asawanonda P, Grevelink S, Taylor CR. Narrow-band UVB 

associated blisters in pityriasis rubra pilaris. J Am Acad Dermatol 

1999;41 :803-804. 

Asawanonda P, Taylor CR. Wood's light in Dermatology. Int J Dermatol 

1999;38:801-807 

Asawanonda P, Ortel B, Taylor CR. Temperatures reached inside stand-

up ultraviolet treatment boxes. Photodermatol Photoimmunol Photomed 

1999; 15: 179-182 

Asawanonda P, Oberlender S, Taylor CR. The use-of dihydroxyacetone 

for the photoprotection in variegate porphyria . Int J Dermatol 1999;38: 

916-918 

2000 	 Asawanonda P, Taylor CR, Anderson RR. Pendulaser carbon dioxide 

resurfacing laser versus electrodesiccation with curettage in the 

treatment of isolated, recalcitrant psoriatic plaques. J Am Acad Dermatol 

2000;42(4) :660-6 
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Wessagowit P Asawanonda P, Noppakun N. Papular perniosis mimicking I 
erythema multiforme: the first case report in Thailand. Int J Dermatol 

2000;39(7):527 -529 I 
Asawanonda P, Anderson RR, Chang Y, Taylor CR 308-nm Excimer 

Laser for the Treatment of Psoriasis: A Dose-Response Study. Arch I 
Dermatol2000; 136(5):619-624 

I 
Asawanonda P. Narrowband UVB Phototherapy: 


A Review. Thai J Dermatol 2000;16:36-41 
 I 
2001 	 Asawanonda P, Anderson RR, Taylor CR. 308-nm Excimer Laser Therapy 

for Psoriasis. Arch Dermatol 2001. 137(1 ):95-96 I 
2002 	 Khlgatian MK, Hadshiew 1M, Asawanonda P, Yaar, M,. Eller MS, Fujita M, 

Norris DA, Gilchrest BA. Tyrosinase Gene Expression is Regulated by 

p53. J Invest Dermatol 2002; 118( 1): 126-32 

Puavilai S. Krisadaphong P. Leenutaphong V. Asawanonda P. 

Akaraphan R. Ploysangham T. Ruangkarnchanasetr S. Noppakun N. 

Charuwichitratana S. Kulthanan K. Huiprasert P. Tresukosol P. 

Ophaswongse S. Comparative study of the efficacy of topical 

corticosteroid: five locally made and one brand name creams. J Med 

Assoc Thailand Jul 2002.85(7):789-799 

2003 	 "'llr'lnru ml?lrun, lJd':;-;;}I?ld' 'El~'lI'U'Uy]. hP\~:;L1l(?J~'U. ,yql'ill~d'~I~l?lf May­

June 200316(3):91-106 

n'Un'V'lnru ~'lIL,,1ru'Un'Cl, l.h:;-;;}I?ld' '1l~'lI'U'Uy]. Chronic Urticaria. "YQl Iq Q,I q'lJ 	 q 

'il1~d'~I~l?lf Sep-Oct 200316(5):163-174 

2004 	 Asawanonda P. Chronic actinic dermatitis developing during 

narrowband UVB phototherapy for psoriasis 

Photodermatol Photoimmunol Photomed Feb 2004.20(1 ):66-67 

2005 	 Asawanonda P, Noppakun N, Huiprasert P. Seborrheic Keratosis-like 

Porokeratosis: a case report. Dermatol Online J;11 (1):18 

I 
I 
I 
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Petcharapirat P, Rerknimitr R, Asawanonda P. Digestive endoscopic 

corner. Thai J Gastroenterol Sep-Dec 2005;6(3):178-181 

Puavilai S, Noppakun N, Sitakalin C, Leenutaphong V, Wat1anakrai P, 

NakakesA, Kulthanan K, Asawanonda P, Akaraphan R, Tresukosol P, 

Suthipinittharm P, Somburanasin P, Charuwichitratana S, Rajatanavin N. 

Drug eruptions at five institutes in Bangkok. J Med Assoc Thai Nov 

2005;88(11):1642-1650 

Asawanonda P, Chingchai A, Torranin P. Targeted UV-B Phototherapy 

for plaque-type psoriasis. Arch Dermatol Dec 2005;141 (12):1542-1546 

2006 	 Asawanonda P, Nateetongrungsak Y. Methotrexate plus Narrowband 

UV-B Phototherapy vs. Narrowband UV-B Phototherapy Alone in the 

Treatment of Plaque-Type Psoriasis: A randomiz~d;placebo-controlled 

study. J Am Acad Dermatol June 2006;54 (6):1013-1018 

Asawanonda P, Charoenlap M, Korkij W. Treatment of Localized Vitiligo 

with Targeted UV-B Phototherapy: a pilot study. Photodermatol 

Photoimmunol Photomed June 2006; 22(3) : 133-136 

Kampitak T, Asawanonda P. The Efficacy of Combination Treatment with 

Narrowband UVB (TL-01) and Acitretin vs Narrowband UVB Alone in 

Plaque-Type Psoriasis: a Retrospective Study. J Med Assoc Thai 

2006;89 (Suppl 3): S20-24 

"lJ"lJ~ pfh.lltn.:) LLf1::: th:::1l?lr -elf"l,)l'Wl...rvl. n1j'fm~lVll,:n~'fln~ll-lfutJf'l1!l:::Lf1(?J 

l1'W . "'lyiJl'fl1E.1H'I11!ll?lf Jul-Sep 2006; 19(3):63-70 . , 

Amornpinyokeit N, Asawanonda P. 8-Methoxypsoralen cream plus 

targeted narrowband ultraviolet B for psoriasis. Photodermatol 

Photoimmunol Photomed Dec 2006; 22(6): 285-289 

2008 	 Asawanonda P, Amornpinyokeit N, Nimnuan C. Topical 8-MOP Enhances 

the Therapeutic Results of Targeted Narrowband UVB Phototherapy for 

Plaque-Type Psoriasis. J Eur Acad Dermatol Venereol Jan 2008; 2(1):50­

55 
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Klinubol P. Asawanonda p. Wanichweacharungruang SP Transdermal 

Penetration of UV Filters. Skin Pharmacol Physiol; 21 (1 ):23-29 

Monhaphol T. Yibchok-anun S. Banlunara W. Wittayasupom M. Palaga T. 

Asawanonda p. Wanichweacharungruang SP. Cytotoxicity. acute oral 

toxicity and skin irritation of 2-ethylhexyl-2.4.5-trimethoxycinnamate and 

di(2-ethylhexyl)-2.4.5-trimethoxybenzalmalonate Drug Chern Toxicol 

31 (2):289-301 

Wongpiyabovom J. Hirankarn N. Ruchusatsawat K. Yooyongsatit S. 

Asawanonda p. Poovorawan Y. Association of the interleukin-10 distal 

promoter (-2763A1C) polymorphism with late-onset psoriasis. Clin Exp 

Derrnatol. 33(2):186-9.2008 Mar 

Asawanonda p. Kijluakiat J. Korkij W. Sindhupak W.ATargeted 

Broadband UVB Phototherapy produces similar responses to Targeted 

Narrowband UVB for vitiligo: a randomized. double-blind study. Acta 

Derm Venereol July 2008; 88 (4): 376-381 

Schwartz JR. Rocchetta H. Asawanonda p. Luo F. Thomas JH. Does 

tachyphylaxis occur in long-term management of scalp seborrheic 

dermatitis with pyrithione zinc-based treatments? Int J Dermatol 

(accepted for publication Apr 20. 2008) 

Schwartz JR. Rocchetta H. Asawanonda p. Luo F. Thomas JH. Does 

tachyphylaxis occur in long-term management of scalp seborrheic 

dermatitis with pyrithione zinc-based treatments? Int J Dermatol 

2009;48:79-85 

Pootongkam Sand Asawanonda P. Purpura-free Treatment of Lentigines 

using Long-Pulsed 595 nm Pulsed Dye Laser with Compression 

Handpiece: a randomized, controlled study. J Drugs Dermatol 2009 

Nov;8 (11 Suppl):s18-s24 

Klahan Sand Asawanonda P. Topical Tacrolimus Enhances the 

Repigmentation Capacity of Targeted Narrowband UVB Phototherapy in 

the Treatment of Vitiligo. Clin Exp Dermatol 2009;34(8):e1029-e1030 
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2010 	 Asawanonda P, Sutthipong T, Prejawai N. Pimecrolimus for Idiopathic 

Guttate Hypomelanosis. J Drugs Dermatol2010 Mar 2010; 9 (3) : 238-9 

Wittayasuporn M, Rengpipat S, Palaga T, Asawanonda P, Anumansirikul 

N, Wanichwecharungruang SP. Chitosan derivative nanocarrier: Safety 

evaluation, antibacterial property and ascorbyl palmitate encapsulation. 

J Microencapsul 2010 May;27(3):218-25 

Arjinpathana N, Asawanonda P. Oral glutathione as an oral whitening 

agent: a randomized , double-blind, placebo-controlled study. J 

Dermatolog Treat 2010 

Chairerg P, Kongkabpan M, Suwanwalaikorn S. Asawanonda P, 

Taungjaruwinai WM. The use of sulfasalazine in severe types of 

alopecia areata (submitted for publication) 

Asawanonda P and Klahan S. Tetrahydrocurcuminoid Cream plus 

Targeted Narrowband UVB Phototherapy for Vitiligo: a preliminary. 

randomized, controlled study. Photomed Lasers Surg 2010; 28(5):679-84 

2011 Ganniga Pumthong, Pravit Asawanonda, Supenya Varothai, Vorapicha 

Jariyasethavong, Daranporn Triwongwaranat. Puan Suthipinittharm. 

Kornkanok Ingkaninan, Pimporn Leelapornpisit, Neti Waranuch. 

Curcuma Aeruginosa. a Novel Botanically-Derived Sa-Reductase 

Inhibitor in the Treatment of Male-Pattern Baldness. a multicenter, 

randomized, double-blind . placebo-controlled study. J Dermatolog Treat 

(accepted for publication) 

Pichai Saelim, Marisa Pongprutthipan, Suwimon Pootongkam. Vorapicha 

Jariyasethavong. Pravit Asawanonda. Long-Pulsed 1 064-nm Nd:YAG 

Laser Significantly Improves Keratosis Pilaris; a Randomized , Evaluator­

Blind Study. submitted for publication 

Panlop Chakkavittumrong . Pravit Asawanonda . Does Metal or Fracture 

Prevent Psoriasis? submitted for publication 
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Ratchathorn Panchaprateep, Wiwat Korkij, Pravit Asawanonda, Brain­

derived nerve factor and neurotrophins in androgenetic alopecia. Br J 

Dermatol (accepted for publication) 
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Education 

2003 

2003-2005 

2005-2007 

2007- 2008 

2008- Now 

March 2010 ­

Medical degree (First Class Honours), Faculty of Medicine, 


Chulalongkorn University, Bangkok, Thailand 


Internship at Nakornpathom Hospital, Nakornpathom, Thailand. 


Master degree of Science in dermatology, Division of Dermatology, 


Department of Medicine, Chulalongkorn University, Bangkok, Thailand 


Thesis title "mRNA Expression of Interferon Alpha in Common Warts 


Treated with Topical 5% Imiquimod Cream, A Randomized, Placebo­


Controlled, Double-Blind Study" 


Clinical fellow in Dermatologic Surgery, Division of Dermatology, 


Department of Medicine, Ramathibodi Hospital, Mahidol University, 


Bangkok, Thailand 


Phd. Study, Chulalongkorn University, Bangkok, Thailand 


(Stem cells research of skin and hair) 


Fellowship in Hair Restoration Surgery (ISHRS), DHT Clinic, Bangkok, 


Thailand 


Extra curriculum rotation and Training 

2005 Certificate of Attendance in Cosmetcetuticals and Drugs in Cosmetic I, 

Division of Dermatology. Department of Medicine, Phramongkutklao 

Hospital, Bangkok. Thailand 

2006 Certificate of Attendance in Cosmetcetuticals and'Drugs in Cosmetic II. 

Division of Dermatology. Department of Medicine. Phramongkutklao 

Hospital. Bangkok. Thailand 

Certificate in Aesthetic and Anti-Aging Medicine (ECCA). Bangkok, 

Thailand 

2007 Certificate of Attendance in International Master Course on Aging Skin 

(IMCAS), Bangkok. Thailand 

Certificate of Attendance in Conference of Aesthetic Medicine, 

Singapore 
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Certificate course in Aesthetic Medicine, American Academy of Aesthetic I 
medicine 


Certificate in Aesthetic and Anti-Aging Medicine (ECCA), Bangkok, 
 I 
Thailand 

2008 Certificate in Aesthetic and Anti-Aging Medicine (ECCA), Bangkok, I 
Thailand 

2009 Certificate in Aesthetic and Anti-Aging Medicine (ECCA), Bangkok, I 
Thailand 

Certificate of Attendance in 2nd Spring International Society of I 
Oermatologic Surgery (1505) Meeting, Bangkok, Thailand, March 27-29, 

2009 I 
2010 	 Certificate in Aesthetic and Anti-Aging Medicine ~&:CCA), Bangkok, 

Thailand 

Certificate of Attendance in 30
th 

Annual American Society for Laser 

Medicine and Surgery (ASLMS) Conference, Phoenix, Arizona April 14­

18,2010 

Certificate of Attendance in New Advances in Asians Hair I 
Transplantation Workshop, June 25-27 2010, Bangkok, Thailand 


Certificate of Attendance in Chula Stem Cells conference 2010, 
 I 
Bangkok, Thailand, January13, 2010 

Academic Appointment I 
2008- Instructor in Dermatosurgery, Chulalongkorn UniverSity, Bangkok, 

Thailand I 
Qualification 

2003 Doctor of Medicine (M.D.) (First Class Honours) 

2003 Certificate of Medical Licensure, Thai medical council 

2004 Certificate of Internship training 

2005 Master of Science in Dermatology, Chulalongkorn University 

2008 Fellowship in Dermatologic Laser Surgery and Phototherapy, 

Ramathibodi Hospital, Mahidol University 
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Professional Memberships 

2003- Memberships of The Medical Council of Thailand 

2005- Memberships of The Dermatological Society of Thailand 

2007- Memberships of The Thai Cosmetic Dermatology and Surgery 

Research interests 


Dermatologic surgery 


Cosmetic dermatology and Laser 


Hair transplantation 


Stem celis of skin and hair 


Publications 

1. 	 Mornchan R., Puvabanditsin P. Angiokeratoma Diffusum (Fabry's disease): A Case Report. 

Thai Journal of Dermatology 2006. I 	
I 

2. 	 Mornchan R, Korkij W. mRNA Expression of Interferon Alpha in Common Warts Treated with 

Topical 5% Imiquimod Cream, A Randomized, Placebo-Controlled, Double-Blind Study. Thai 

Journal of Dermatology 2007; 23:40-41. 

3. 	 MorncnanB, Eimpunth S., Wattanakrai P. Low-Fluence Q-Switched Nd:YAG (1064 nm) 

Laser for the Treatment of Facial Melasma in Asians. Thai J Dermatol 2008. 

4. 	 Eimpunth S, Mornchan R, Wattanakrai P. Half Face Comparison of Low-Fluence Q-Switched 

Nd:YAG (1064 nm) and Intense Pulse Light for the Facial Rejuvenation in Asians. Thai J 

Dermatol 2008. 

5. 	 PENPUN WATTANAKRAI, RATCHATHORN MORNCHAN, SASIMA EIMPUNTH. Low-Fluence 

Q-Switched Neodymium-Doped Yttrium Aluminum Garnet (1,064 nm) Laser for the 

Treatment of Facial Melasma in Asians (p 76-87) 

6. 	 Ratchathorn Panchaprateep, Wiwat Korkij, Pravit Asawanonda, Brain-derived nerve factor 

and neurotrophins in androgenetic alopecia. Br J Dermatol (accepted for publication) 

Presentations 

mRNA Expression of Interferon Alpha in Common Warts Treated With 

Topical 5% Imiquimod Cream, A Randomized, Placebo-Controlled, 

I I 

2007 
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Double-Blind Study. Presented at the Annual Meeting of the 

Dermatological society of Thailand 2007. 

2008 	 Low-Fluence Q-Switched Nd:YAG (1064 nm) Laser for the Treatment of 

Facial Melasma in Asians. Presented at the Annual Meeting of the 

Dermatological society of Thailand 2008. 

Management of Melasma with Low-Fluence Q-Switched Nd:YAG (1064 

nm) Laser. Present at the 2
nd 

Annual Thailand Congress on Anti-Aging 

Medicine and Biomedical Technologies, Bangkok, Thailand, Junes 27­

th
29 , 2008. 

2009 	 The Cosmetic Use in Botulinum Toxin. Presented at the Joint Conference 

in Medical Sciences 2009 (JCMS 09), Bangkok, Thailand, Junes 22_241h, 

2009 ­-I 

Current Applications in Lasers. Presented at the interhospital conference 

1h
in plastic surgery 2009, Bangkok, Thailand, August 5 , 2009 

Hairy Talk: Hair Follicle Stem Cells. Presented at the Dermatology Issues 

th
2009, Faculty of Medicine, Chulalongkorn University, Thailand, Oct 29 , 

2009 

2010 	 Hair Follicle Stem Cells in Regenerative Medicine. Presented at the Chula 

Stem Cells conference 2010, Bangkok, Thailand, January 13
rd 

, 2010 

What Hot and What Not? Hair Follicle Stem Cells. Presented at the 

Annual Meeting of the Dermatological society of Thailand 2010, March 

11 ill , 2010 

Lecture and Workshop for Beginner and Professional: Intense pulse light 

and Matrix RF. Presented at Siriraj Skin Laser Surgery Lecture and 

Workshop for Beginner and Professional, Plaza Athenee Bangkok 

Thailand, May 6_ih, 2010 

A Simple Way to Isolate and Cultivate Dermal Papilla Cells from Human 

Scalp Hair Follicle. Presented at New Advances in Asians Hair 

T ransplantalion Workshop, June 25-27 2010, Bangkok, Thailand. 
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Follicular stem cell: from bench to bedside. Presented at the Hair-in-Hair 

out: All about hair conference, Siriraj Hospital, Mahidol University,P laza 

Athenee Bangkok, Thailand, Aug 26-2i
h 

, 2010 

Review of hair follicle dermal cells. Presented at the first annual meeting 

of Asian Society of Hair restoration surgery conference 2011, Bangkok, 

Thailand, June 24_26
th 

, 2011 
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Date of Birth: November 29, 1966 

Citizenship: Thai 

Contact address: 

Department of Otolaryngology 


Innovative Cell-Tissue Engineering and Organ Synthesis Center,· I .• 


Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand 


Tel. (662) 256-4103, 252-7787 Fax. (662) 252-7787 


Mobile Phone 08-9144-7233 


E-mail address: 

drtanom@yahoo.com I 
Home address: 

66-68 arunamarin Road Siriraj Bangkoknoi,Bangkok Thailand 

Education: 

Board certified of Facial Plastic and Reconstructive Surgery Chulalongkorn University I 
2005 


Fellow in Head & Neck (Facial Plastic) Reconstructive Surgery Harvard University 


2002 (Tissue engineering: MEEI: Harvard Medical School) 


Board certified of Otolaryngology Head & Neck Surgery Chulalongkorn University 


1996 


Doctor of Medicine (second honor) Prince of Songkla University 1990 
 I 
University Position: 

1. 	 Instructor and committee secretary of "Maxillofacial System of Gross Anatomy" 


Department of Anatomy, Faculty of Medicine, Chulalongkorn University 1997-1999 
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2. 	 Instructor, Department of Otolaryngology, Faculty of Medicine, Chulalongkom University 

1999-present 

3. 	 Instructor of Facial Plastic and Reconstructive Surgery Department of 


Otolaryngology, Faculty of Medicine, Chulalongkom University 2005-present 


4. 	 Instructor of Biomedical Engineering ( Tissue Engineering )2005-present 

5. 	 Director of Innovative Cell-Tissue Engineering and Organ Synthesis Center 2005­

present 

6. 	 Administrative committee of Chulalongkorn Medical Research Center 2005 -present 

7. Administrative board of Chulalongkorn Biomedical Program (Master and Ph .D.) 

Award: 

Won the resident's best research paper award on the topic of "the facial soft tissue 

study" from the Royal College of Otolaryngologist of Thailand 

Position Held in Scientific Society: 

1. 	 Member, Royal College of Otolaryngologists of Thailand, 1996-present 

2. 	 Committee secretary of Surgical Training Center, Faculty of Medicine, Chulalongkorn 

University1998-2004 

3. 	 Administrative committee of Chulalongkorn Medical Research Center 2004-present 

4. 	 Director of Phyathai Cosmetic Center 2005 -2006 

5. 	 Director of K&T Facial Aesthetic Surgery & Laser Center 2004 -present 

6. 	 Founded member of Thai Society of Wound Healing2005 -present 

7. Regulation board of Stem cell and Tissue product (Thai FDA) 2007 -present 

Important Development: 

1. 	 Developed soft cadaver preservation solution and technique 1997 

2. 	 Established the Chulalongkom Cadaveric-Surgical Training Center 1998 

(The first cadaveric surgical training center in South East Asia) 

3. 	 First success in tissue engineering of cartilage in Thailand, 2003 

4. 	 Established Innovative Tissue Engineering Laboratory, 2005 



60 

I 
Publication 
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l.mJ~:i'nf'l~ 'l'l~fl~m ~'il'l "m:i'~IijJl.!ln'l~l!'1lJ'4MtJ'llU~tlnPl"'llm'll~j;f l~'ill~1l.!'11l.!';)PI'lm:i'lJ 

m:i'LLYiVl@'l~l!'1" ~in~l1lnJh1J'1JI';)'Vltl1P11'(l11l:i'lJ~IUru-1l11l '(l1·JJ1';)'llI';)VlmPlI~l1lfn1nlYi'VltJ 

f'lru::lLYiVlUf'll'(l11l1 r.P~I~'1m'rul-l"n';)'Vltl1-Ku, 2549. 

l.!1'1~I'lWl'l~j;) 'illn..lLftp!fp!~ ct-'tl'l "n1)'tlfutlr'l~f'lNLiEl'lL'II~~1~ul~&.Jftl1l.nru-n 
Cryoprecipitate, plasma LL'Cl:: platelet concentration "lI'il'llJ'4M~ l~'il'lIl.!';)p!'lnnlJllf'ill~'il 

~'l'VIU'l uVi" 'VIin~(?mfi'1J '1J1';)P!'lm':i'lJf'lI'(l11l),lJ'VI1Uru-nl1l ~1"lJ1';)'llI';) f'I'ln:i':i'J..J If'lil f'lru:: 

1JP!'lnnJ..JP!I'(ll1lf "'Iil"I~'1nnUJ..J'VII';)VlU1iu, 2549. , 

Speaker 

Introduction in Tissue Engineering: Annual meeting of Chulalongkom Medical School 

2003 

Instructor of "The System of Facial Soft Tissue: the Method for Injection of Botulium Toxin 

A for Massenteric Hypertrophy. 14 July 2003, Conrade Hotel BC)ngkok Thailand 

New Concepts of Wound Healing: Annual meeting of Chulalongkorn Medical School 

2004 

The First facial soft tissue dissection course in South East Asia : World Congress on 

Cosmetic and Dermatologic Surgery 26-29 February 2004 

Instructor of "Degradable Materials with Biological Recognition" Chulalongkorn 

Memorial Hospital; 12 July 2004; 

Instructor of "New concept of wound healing and clinical applications" 19 August 200, 

Prince of Songkla University 

Dynamic of facial soft tissue Suture sling facelift: International of Therapeutic Innovation 

in Dermatology and Dermato-cosmetology 22-25 October 2004 ­

Instructor of "Stem cell & Tissue engineering therapy: The regenerative medicine" 

Chulalongkorn Memorial Hospital; 25 August 2005 

Presentation of "Suture Sling in Face Lifting" and "Facial Anatomy and Dynamic of 

Aging Face": International Congress "Therapeutic Innovation in Dermatology and 

Dermato-Cosmetology" 22-23 October 2004 Shangri-la Hotel Bangkok Thailand . 

Speaker "Tissue Engineering" in Stem cell biology and Therapeutic Potential Annual 

Meeting of Thailand Research fund 2005, 14 Oct 2005 Regent Hotel, Cha-am, Phetburi, 

Thailand 
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I 
Speaker of "Tissue Engineering in Bone and Joint Surgery" 47

th 
Annual Meeting and I 

Short Practicing Faculty of Medicine, Chulalongkorn Memorial Hospital; 29 June 2006 

Presentation of "Facial Plastic and Reconstructive Surgery" Chulalongkorn Memorial 

Hospital; 6-8 December 2006. 

Presentation of "Facelifts to face transplants" ECAA - 1sl Eurasian Congress in Aesthetic 

and Anti-Aging Medicine; 20 January 2007. 

Presentation of "Tissue Engineering in Bone and Joint Surgery" Update Practice in 

Wound Management, The Second Wound Care Meeting of The Thai Society of Wound 

Healing; 2 March 2007 

Presentation of "Tissue Engineering" Technologies for Healthcare Applications, 

NAC2007; 29 March 2007 

Presentation of "Tissue Engineering in Aging" Towards Quality Agjng Society: From 

Basic Science To Practice, Chulalongkorn Memorial Hospital; 10 April 2007 

Visit National University of Singapore BME 29 May 2007 

Presentation of "Stem Cell", National Research Council, Miracle Grand Hotel 5 June 

2007 

Organizing committee of Conference NCBME 2007 Chulalongkorn University and 

NSTDA 8 July 2007 

Presentation of "Research and Development of Tissue Engineering in Thailand with its 

Future Clinical Application" The Second Wound Care Meeting of The Thai Society of 

Wound Healing, Royal College of Surgeons 30 July 2007 

Presentation of "Therapeutic Potential of Stem Cell" "~mJI11~"JI'fl'lL'l!;~~'\..dhLilI?l1'\.,1,m~ 

~mn~u'JtI" OJ l-J"n1V1t11~tI"JI'f)'\.,I,LLri'\.,l,; 31 August 2007 

Presentation of "Bioengineering" LNLL~l-JLL'fll-J1J1~'l!1LI?l'f)f '1lIN1J1; 12 October 2007 

Presentation of "Bioengineering" LNll~l-JLL'flULJ1~'l!1LI?l'f)f '1lIN1J1; 21 October 2007 

Presentation of "Dermal Regeneration Template" Miracle Grand Hotel; 10 November 

2007 

Presentation of "n1~lPi{;ltJn"'llqJn" Chulalongkorn Memorial Hospital; 15 November 2007 

Presentation of "Future Trend of Longevity (Pl1~~fLlvi'ln1~U{;l'fl1EJitl)" L~N~tI1U1IN~~~ 
<­

l-l'lr:J!JLnIN1; 21 November 2007 
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Presentation of "Organ Regeneration Template" 111h Asia-Oceania Head & Neck 

Congress. Royal Cliff Beach Hotel, Pattaya Chonburi, 25 November 2007 

Presentation of "Tissue Engineering" King Mongkut's University of Technology Thonburi, 

14 January 2008 

Presentation of "Stem Cell" 'il'lri"n11'fl1'\.n:i'LL-tl::m 15 January 2008 

Presentation of "Future Direction of Research & Development in Tissue Engineering with 

Clinical Application in Thailand" Update on Wound Care 2008" The Thai Society of 

Wound Healing (TSWH), 259 February 2008 
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