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Effect and mechanism of docosahexaenoic acid on the proliferation of dermal papilla cells by Jiyeon
Ko'# Il-Joong Oh'#, Jung-Il Kang', Youn Kyung Choi', Hoon-Seok Yoon', Eun-Sook Yoo', Chang-lk Ko?, Yong-Seok Ahn’
('Department of Medicine, School of Medicine, Jeju National University, 102 Jejudaehakno, Jeju 63243, Republic of
Korea; >’Choung Ryong Fisheries Co. Ltd., 7825 lljudong-ro, Namwon-epu, Seogwipo, Jeju 63612, Republic of Korea)

Abstract Docosahexaenoic acid (DHA), a principal of mackerel-derived fermented fish oil, increases the
proliferation of dermal papilla cells (DPCs) via the upregulation of cell cycle-associated proteins such as cyclin D1 and
cdc2 p34, and might promote hair-growth. However, the intracellular mechanisms that underlie the action of DHA in
the proliferation of DPCs have not been investigated fully. In this study, we addressed the action mechanisms of DHA
to trigger the activation of anagen in DPCs. DHA activated (3-catenin signaling by the increased phosphorylation at
serine 552 and serine 675 as well as the translocation and accumulation of activated B-catenin into the nucleus. In
the other hand, DHA inhibited canonical TGF-3/Smad signaling by the decreased phosphorylation of Smad2/3. Taken
together, the results indicate that DHA might stimulate anagen signaling via the activation of Wnt/3-catenin pathway,
while the inactivation of canonical TGF-f signaling pathway in DPCs.
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271, "A7], FA719 mdFr]o] IdE A (fibroblast
growth factor-7, Sonic hedgehog ¥ transforming growth factor
Pyt 1E9] =gAlof o3t AT o SEart 24
Hol A&Aoz BusT QJuh? 53], TGE-f AEdE 7
B2e 2934 9 niFr)e 2N S8 ddS ol
g A Aok 2 Y N ZEL TGF-p +8A1E Ldsin,
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3} Smad 2 ¥ Smad3: Smad4@} EAE FASH, Al
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(epithelial cells @ breast cancer cells)o|A] A2 9] A& A
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F|Zof 5ol TR F7F B A8 S5t &
o] Qlom, 71 FRAEQ docosahexaenoic acid (DHA)7} &
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7 = 7140l tet AFEaE sujsie LA 2 AT
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2 dFollAE FY ZE 2dolA s EEstE =
S-S A|Z (Rat vibrissa immortalized DPC)E o} 23| HA| Y
9 B384 (The Skin Research Institute, Amore Pacific
Corporation Research and Development Center, Korea) o] 4|
Algot AL FHsATh A EZ= 37°C, 5% CO: v %7]
oA 10% S} @A (fetal bovine serum, Gibco, USA)Z} 1%
penicillin/streptomycin (Gibco, USA)©] Z3HE Dulbecco’s
Minimal Essential Medium (DMEM; Welgene, Korea) B %<}
<= ARgske] Al i ekstsict.

MESAE(WST assay)

EGEFHNEZE 96 well cell culture plate®l] 1% S-EEF
(FBS)& Z&3}= vkl 2AF} A 1x10* cells/mLe] &
2 247t B¢t vjoFsl it DHA (Sigma-aldrich, USA)E 0,
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0.1,05, 1,5, 10,20 uM¢] =2 Hajsto] 7247+ St H)
st &, WST Al (DoGen, Korea)2 Z+ wellol] 10 L& 3
7¥ske] 2417t F¢t ¥EE-SHATH F 3 == microplate readerS
ARE3510] 450 nm Q] THAbo| A A 5T
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AZE 1x10° cells/mLY HE2 1% SEIEHo| =g
H wj g st A s Fet wieketih. Az g
o FFTFE 10 M| H&=F DHAE Ast9x, 247 0,
0.5,1,3,6,24X7F 5+ B et &, wjgALE AAsL X
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AN &34 ©]%, PRO-PREP protein extraction solution
(iNtRON Biotechnology, Seoul, Korea)S AF&-3lo] 234
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3, 12 AL} 16A]17H4°C) Bt WA F T FARESo] &
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A& %, peroxidase-conjugated® 22} A2} A4 14]
7k 5<t ¥E&-A17]1 5 Westar nova 2.0 (CYANAGEN, Italia) S
AH3lol ECL 1€ o183 Xeray BEO2 23S 91415}
T}, == NIH image software (http://rsb.info.nih.gov/ij) &

Argshe] Sx|3kste] Tz R Uehyigi.
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Figure 1. Effect of docosahexaenoic acid (DHA) on the proliferation
of DPCs. DPCs were treated with DHA (0.1,0.5, 1, 5, 10 and 20 uM)
for 72 hrs. The results are presented as a percentage of control. Data
are expressed as the mean. *P <0.05, **P<0.01.
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Figure 2. Effect of DHA on the B-catenin activation in DPCs. Im-
mortalized DPCs (1.0 X 10° cells/mL in 100 mm dishes) were pre-in-
cubated for 24 h under 1% serum conditions, the cells were treated
with 10 pM DHA for 0.5, 1, 3 and 6 hrs. Whole cell lysates from
DPCs were analyzed for the levels of phospho (ser552)-f3-catenin,
phospho (ser675)B-catenin and B-catenin by western blot.

o Wk-gsto] =84 formazan Ast= WST SHHE AH&
SHATH Al 27F ZaEo] QA 2 uigAE 2T A
£3to] vjw EA35t¥ Tt DHAS 0.1,0.5,1,5, 10 2 20 uM
TEZ AYSgE W, 1,5, H 10 uM FEA tfzTof ¥
3t 247} 111.8% (P<0.05), 116.2% (P<0.01) ¥ 114.2%
(P<0.05) 2HF Al F4o] Fo& oz F715t ¢l (Fig.
1). oJof] o]F-2] AFoJA] 10 uM 5=9] DHAE Ad] A
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Figure 3. Effect of DHA on the activation of TGFf signaling path-
way in DPCs. DPCs were treated with or without 10 uM DHA for 1
hrs and then treated with TGF-31 (2 ng/mL) for 1 hrs. Whole cell ly-
sates from DPCs were analyzed for the levels of phospho-Smad2 and
phosphor-Smad3 by western blot.
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Figure 4. Effect of DHA on the levels of cyclooxygenases (Cox-1
and Cox-2) in DPCs. Immortalized DPCs were pre-incubated for 24
hrs under 1% serum conditions, the cells were treated with 10 uM
DHA for 0.5, 1, 3, 6, and 24 hrs. Whole cell lysates from DPCs were
analyzed for the levels of Cox-1 and Cox-2 by western blot.
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A= DHAZ} B-catenin®] A3} FE2l ser552¢} ser675
A 9] AAtste] FFE mX|=A] western blot Fof ¥
shgith. 71 A1k, DHA A2 1AIZF B 3A7F o] S5E A7t
o] gl ulet EAISt FENQ B-catenin ser5522} ser6752]
A4S} F7bske A o] BRE ST (Fig. 2).

DHAS| 25 MIZ0|A Transforming growth factor-8

(TGF-B) 4= &4 Ax|

27 5 AR7IA HF7IZY oo Fost=
TGF-p A3 Y HA2E 2Hst=A] goti7] §J5to] TGF-f
A2 Al DHAZ} Smad A 9] QAbs}of| FaFE w2 =4
gHelgt Ak, TGF-pEt A2t 2o Hls) TGF-pet DHAS
=] AE)st oA Smad 2/39] QA 7HATHS Holske
t}(Fig. 3). ©|+== DHAZ} 2337 5 47|04 Ed7| 29
o|gJe] Fofdt= TGF-B AT M-S A8 A7 E A&

AA SERESE FAT 7 Fe HojF<= Aot

DHAS| 25 M[Z0||A] cyclooxygenase &dd =H-

ProstaglandinFaq (PGFaq)FAHEZ Q1 latanoprost+ 5%+
Az AGEI Ql=dl, AFEY &4 dol7t ZolA
£ 5%l BuEHITH? ®3t By I = oA 9] cyclo-
oxygenase-1 (Cox-1) @ Cox-29] FoA4o] HIE1 i},
DHA7Z} Cox-1 ¥ Cox-29] &S ZA3}+=A] western blot
2402 gRlstqtt. 1 Axt, A2 & 3A7HEE Cox-1 &
Cox-29] Wdo| @A 3] Fasdt= FS Eth(Fig. 4).
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Lol A & Wnt/B-catenin A1 ZHY H 2= B ATt Al
= 204 v F254.

Wnt/B-catenin AT AL H 2= thofst Qxlo) o3 =F
Ho 53], Akte] Z43h= B-catenin®] A4S} (ser552) B
GSK3B2] QIAFS} (ser9)E x5}, PKAE B-catenin® ¢l
A8} (ser552 & ser675)8 =3t A= Wnt/B-catenin A5
A A28 dAstetA Hoh. P22 1 o] 50| B-catenin
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0 HZse 2ol o] %4 5o o] Yoluf A
ZZFAo] #AE cyclin D1, c-Myc 3 22 #3 {32t
o] g 23 HohP B AFoA= DHAC| gt
B-catenin 29| 37 A H AL H (Fig. 2), o] A+
oAl DHAZ} B{-FA A AlE257] 2H AR cyclin D1
o] IelE F7HAF o] BEgict” o] 59 AutE FsH,
DHAZ} Wnt/B-catenin A E Y F 25 24 3}5}0] B-catenin
o] FAGAA} 2 3119l cyclin D19 WE 2702 H)
RAF A2 A2 F41& F7H7I= AL 2 AlmE
oA TGE-f AZAY F2= EYP7|1E SHAAA =
Fo] gyl A4S whagte) 415 TGE-P signaling pathway
9] &43k= MZ9 TGF-f 4&A° TGF-pS] Aol 2sh
dojupw A F8A o TGE-po] 272 519] Az AL QA=
¢l Smad2 ¥ 39 QA4ELE =T & A4 = TGE-p1
o 93] FEEE Smad2 E 39 QA4S F717} DHAC &
sto fashe 3ol EAE AT (Fig. 3). °]«= DHAZL &2
A7) F AR71A HA7|Z2Y o]gof Host= TGF-p
9] canonical A1ZHEE ATt JH7|E AHAAH &1
252 AT 5 Y5S HolFE Aot o 3, TGF-p
L non-Smad ZZ¢] noncanical ATHAG AR22E N EZAZ
£ 28T 4 o8 Z DHAY 93t TGF-$2] noncanonical
74Z<l ERK QI4H3} € P219] Hd 5o gt A+ 235}
3 giek 2 yo) TGF-p Aledge) 247 #ad A7
oA Zeuz} 2EE-L 232 blub matrixo| A EHF7]9]
E3Y7] YA Ydo| F7H=l= TGF-29] HES HAAA
C57BL/6 uh¢-20] ik A4S 213 Bkt £
Kim 52 F4t9] A E2] 4-O-methylhonokiol©] X242] outer
root sheath, epithelial strand ¥ hair bulb|4] TGF-f1 E+=
TGF-p29] Hd AaE &3l 2 A4S =8 484 ¢
o} 30 DHAE ) F 3¢l @7} 3-X LS & arachidonic acid
o uigeat 28 70, REAES) B T4 24 4
©2 A 71538}t Arachidonic acid= A|ZE Y] B4 20|
7} 6-A AL 2 A Coxoll 2]t prostaglandin© 2 FAgH
t}. Prostaglandin % PGDy= 28 A oA|stcta gaA
At DHAZF COX 9| ¥Ha& 7+4A|# arachidonic acid®)
prostaglandin© 2] A& Foj&A Fo=ZHN 7HHFo=Z
YA AAE Adehes AR Hlth
ZEH 2 DHAE Z{4F AlZoA 2ide| EFYr|2 9
o|go] Tofdt= TGF-f AZHYE HEE JAstLL, 29
AZ710| Toldt= Wnt/B-catenin AZHZE FAIS}sITi=
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