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Seborrheic keratoses (SK) are verrucous dark-brown nodules or elevated macules, which develop on the
face and the body mainly in elderly patients. They are often multiple in seborrheic areas and show epidermal
proliferation with hyperkeratosis. Lipophilic yeasts of the genus Malassezia are members of the normal human
cutaneous microflora and are also associated with several skin diseases including atopic dermatitis and seborrheic
dermatitis. We investigated the roles of genus Malassezia in SK by microflora analysis using nested PCR. Malassezia
obtusa and Malassezia slooffiae were preferentially detected in SK group. Aging and a lack of face cleansing are
important factors in the detection rate for both species. DNA microarray analysis in normal human keratinocytes
incubated with Malassezia slooffiae for 24 hours revealed transcriptional changes toward epidermal proliferation,
keratinization, and up-regulation of lipid metabolism, which provide beneficial environments for the growth of

Malassezia spp.
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%1 nested PCRICHW /= &%& Malassezia HEW T 71 <~ —

Species and Sequence (5' — 3') Annealing temp. (°C)

1st PCR for six Malassezia species (a) Forward ATCCTTTGCAGACGACTTGA 55
Reverse TGCTTAACTTCGGAGATCGG

1st PCR for three Malassezia species (b) Forward ACCTGCAGAAGGATCATTAGTGA 56
Reverse TCCTCCGCTTATTGATATG

2nd PCR for each Malassezia species

M. dematis Forward CGCACCTTGCGCTCCATGGT 58
Reverse AGCCTGGTTTCCCAGGCAGCGG

M. furfur Forward TGTGTACCATAGGCACCCAC 58
Reverse CACGGTGATAAAGGGATGCA

M. globosa Forward TCGAGTGCATACCACACTCGAG 57
Reverse TACGGTGCTTTCACGGTTCT

M. japonica Forward CGTATGTGGATCTTATCCTAT 44
Reverse TGACTAGTGTCGTAGGCACGGTA

M. obtusa Forward CATGGTCCATCTCCCACACA 60
Reverse AGAGAGTGCGTGGCGCATGGT

M. restricta Forward CGACCTAGTCGACTACATCCTACT 55
Reverse TTCGGAGATACAAGCCTCCAT

M. slooffiae Forward ACGCACGCTAACACAACGTG 60
Reverse TGTGCGATTCGAAGCGCACA

M. sympodialis Forward CGCACCTTGCGCTCCATGGT 58
Reverse GGTACAATCCCCAGGCAGCAA

M. yamatoensis Forward CGATCAAACTTCTCTGTGTCCAG 59
Reverse TGTGTGGGAGGTAGAAGAGGCA

(a) M. furfur, M. globosa, M. japonica, M. obtusa, M. restricta, M.yamatoensisyamatoensis

(b) M. dermatis, M.slooffiae, M.sympodialis
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M IRIREAILE DS D e WREH O SRS THHEO~
FEYFTHENR T =T 2L Tz, 5512 M. globosa.
M. sympodialis. M. dermatis (W% 3 U CTHRIERIE
Motz (F3)e —J M. obtusa & M. slooffiae \THEB#E
TR BT A MM O ENPEE TH - 72 (M. obtusa.
M. slooffiae & DIEBIFEIZ BT B BHIZRIT65% TREFED
36 1) EMPEMTH B IIELHO~ T LF 7 HHI &
NAHEMDH Y KL TS, FkER XD ABEE
BIEHO~ T F7HaMml S ni, 7o, BREEEDD
W, AREFHL2WHEIII T F 7% Mg h
HIERD D > 726

3-3 DNAvVA//O7LA&AVWEEE Q774U T
M. slooffiae & & NIEH 779 F 7 A4 b % 24 W] JL K%

#L. DNAYAM27u7 L4 2 lwC#ifz%8% 7o
T 7 AN YT Lize M. slooffiae &4er 7 F 7 % A4 M3
H I B M = 7% DNA SIS D 2 iz T o8 %
—FIHMS &7z —H, MRS 0B
BKTFLA (F4), EH5508Ldr5F /%4 b %l
HicTsdntlibhs, 795 /%4 bos b
fR RIS MR L 72 (3R5). MBS 2f0ERMN 25
{t~—# —Tad 5 transglutaminase 1, involucrin, loricrin,
filaggrin 1X 2 f5 DL L OHINTH - 7245, small proline-rich
protein, S1I00A protein, LB # & H 73fR % TH 5 %
ff kallikrein 3R E DO FH 2R L7z, oLy 5
F ¥ Td 5 keratin 110 ORI & MAALBH 4G 0 % B 2k
R TEIZHBIYT % keratin 15 DA b~ I F 7 L it
BBLLETFIF 794 M5t s R &2 BRT
bo Fioy BICWKBOFrIF /A VLTSI T —

xR2 WREOTOT71—IEXTEFTHEBRTER

No. i % X% KB A® SL SK G Sy DURY F J O SI &%
1 70 M 4% BB TER % ® 000 [ J

2 73 M %% #® TER 2 % [ J [ J [ B
3 65 M 4%k ®B {#EH EZ ® 000 SD
4 75 M 4% BB TER & % ® 000 o0

5 81 F %% ®B 7TEFER % 3% ® 0600 [ J @

6 76 M 4%k ®B {#EH z 2% [ 2N [ J @

7 72 M 4%k BB {#H z % o 00 o0 @

8 71 M %% #® TER B % ® 0600 @

9 84 M 4k ®H {#EH z % [ 2N [ =h
10 79 F 4%k ®HA FMEA 2 Z [ 2N o0

11 69 M %%k ®B ATER 2 F ® 000 [ J

12 75 F AR 258 AER b 2 o 00 [ 2N

183 93 M AR 258 AER £ 2 o 00 [ J [ 2N

14 86 F AR 258 ATER % 2 o 00 [ J [ 2N

15 91 M AR 258 ATER 2 o 00000 [ BN

16 63 F ABR 258 ATMER 2 o 00 [ J [ BN

17 79 M AR 258 AER % ® 00 [ o0

18 66 F 4k ®wHA (A LD [ J

19 65 M 4k ®H (A LD o 0600 SD
20 65 M 4k ®H {#EH LD [ J

21 62 M 4k ®H {#EH LD [ J [ J

22 63 F 4k B®H (#H LD [ J [ J

23 73 F 4%k BB AER L D o 00 o 00

24 74 F 4k B®BH {#H EZ o 00 Bt
25 68 F 4k B®H (#EH E2 [ J o0

26 66 F 4k ®H (#EH LD o0 o

27 72 M %k BE ATER L D o 00 o

28 62 M 4k B®H (#EH LD [ 2N J [ J

29 64 F 4k B®H (#EH LD ® 000

30 76 M %k ®BHE AMERH L D ® 000 [ J [ SD
31 68 M 4k ®H {#EH LD [ BN o o

32 83 M AR 258 FMEH b D o 00 [ o0

33 77 F AR 2B WEHR b P o 00 @ [ J

34 87 F AR 2B FEH b D ® 00 o

SL : Senile Lentigo (EAME&ZFEBL), SK : Seborrheric Keratosis (BgiRMEALAE),

SD : Seborrheric dermatitis (AEIRIERE %)
B  REIHXREEH V)

G : M. globasa, Sy : M. sympodialis, D : M. dermatis, R : M. restricta, Y : M. yamatoensis, F : M. furfur,

J M. Japonica, O : M. obtusa, Sl : M. slooffiae
@ &
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x3 EBRMALER CBERICH T 5 BfMalassezialk D& H =

Detection (%)

Species SK HS
M. dermatis 82 71
M. furfur 35 18
M. globosa 100 100
M. japonica 12 12
M. obtusa 65 18
M. restricta 47 41
M. slooffiae 65 18
M. sympodialis 94 71
M. yamatoensis 18 12
SK : lERMALER (EGIEE)
HS : &5

x4 FRREHREES FOEEFRELE

Symbol Gene Signal S.L.R. Change Function
CCNA1 cyclin A1 136 0.8 Up Cell cycle
CCNA2 cyclin A2 202 0.6 Up Cell cycle
CCNB1 cyclin B1 1305 0.7 Up Cell cycle
CCNB2 cyclin B2 697 0.6 Up Cell cycle
CcDC2 cell division cycle 2 788 0.5 Up Cell cycle
CDC20 CDC20 541 0.5 Up Cell cycle
CDC25B cell division cycle 25B 412 0.7 Up Cell cycle
cDc2L1 cell division cycle 2-like 1 461 0.5 Up Cell cycle
CDKN3 cyclin-dependent kinase inhibitor 3 393 05 Up Cell cycle
CENPA centromere protein A 349 0.5 Up Cell cycle
DEEPEST mitotic spindle coiled-coil related protein 176 0.6 Up Cell cycle
G0S2 putative lymphocyte GO/G1 switch gene 365 1.2 Up Cell cycle
GTSE1 G-2 and S-phase expressed 1 62 0.5 Up Cell cycle
KIAAO165  extra spindle poles 136 0.6 Up Cell cycle
KIF13B kinesin family member 13B 58 1 Up Cell cycle
MAD2L 1 MAD?2 like 1 604 0.5 Up Cell cycle
MPHOSPH6 M-phase phosphoprotein 6 1218 0.5 Up Cell cycle
KATNB1 katanin p80 subunit B 1 663 0.5 Up Cell cycle

PLK polo (Drosophia)-like kinase 177 0.5 Up Cell cycle
BUB1 BUB1 257 0.5 Up Cell cycle
BUB1B BUB1B 275 0.5 Up Cell cycle
AMPD3 adenosine monophosphate deaminase 3 392 0.7 Up DNA synthesis
DNASE1L3 deoxyribonuclease I-like 3 115 0.8 Up DNA synthesis
RRM2 ribonucleotide reductase M2 polypeptide 911 0.6 Up DNA synthesis
UP uridine phosphorylase 226 0.8 Up DNA synthesis
H1FO H1 histone family, member O 811 0.5 Up Histone

H2AFL H2A histone family, member L 138 0.7 Up Histone
H2AFO H2A histone family, member O 2580 0.6 Up Histone
H2BFQ H2B histone family, member Q 343 0.5 Up Histone
CDKN2B cyclin-dependent kinase inhibitor 2B 253 -0.5 Dn Cell cycle inhibitor
GASH1 growth arrest-specific 1 228 -0.5 Dn Cell cycle inhibitor
GAS6 growth arrest-specific 6 796 -0.5 Dn Cell cycle inhibitor
GADD45B growth arrest and DNA-damage-inducible 317 -0.6 Dn Cell cycle inhibitor
RAB27B RAB27B, member RAS oncogene family 72 1.1 Up Ras pathway
RAB9 RAB9, member RAS oncogene family 867 0.6 Up Ras pathway
SSPN sarcospan (Kras oncogene-associated) 80 0.7 Up Ras pathway
NDRGH1 N-myc downstream regulated 3093 0.7 Up Myc pathway
NDRG2 N-myc downstream-regulated gene 2 233 0.9 Up Myc pathway
NOTCH2 Notch (Drosophila) homolog 2 332 0.5 Up Notch pathway
NOTCH3 Notch (Drosophila) homolog 3 319 0.7 Up Notch pathway

S. L. R : Signal Log Ratio, Log (Log2) Lt
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Symbol Gene Signal S.L.R. Change Function

TGMA1 transglutaminase 1 214 1.2 Up Cornification

IVL involucrin 622 1.3 Up Cornification
LOR loricrin 153 22 Up Cornification
FLG filaggrin 497 29 Up Cornification
KLK7 kallikrein 7 732 0.9 Up Cornification
KLK8 kallikrein 8 664 0.6 Up Cornification
KLK10 kallikrein 10 3174 1 Up Cornification
KLK11 kallikrein 11 488 1 Up Cornification
CDSN corneodesmosin 355 2 Up Cornification
ANXA9 annexin A9 56 1.9 Up Cornification
ARS ARS component B 161 1.7 Up Cornification
SPRK Small proline-rich protein SPRK 10986 0.5 Up Cornification
S100A4 S100 calcium-binding protein A4 278 0.6 Up Cornification
S100A7 S100 calcium-binding protein A7 564 4.6 Up Cornification
S100A8 S100 calcium-binding protein A8 12728 0.7 Up Cornification
S100A9 S100 calcium-binding protein A9 6634 1.8 Up Cornification
SCEL sciellin 186 0.7 Up Cornification
KRT1 keratin 1 3338 1.2 Up keratin

KRT10 keratin 10 4898 0.6 Up keratin

KRT15 keratin 15 823 -0.5 Dn keratin

COL4A1 collagen, type IV, alpha 1 862 -0.8 Dn ECM

COL4A2 collagen, type IV, alpha 2 1517 -05 Dn ECM

COL5A1 collagen, type V, alpha 1 305 -0.6 Dn ECM

COL5A2 collagen, type V, alpha 2 418 -0.5 Dn ECM

P4HA2 procollagen-proline 1925 -0.5 Dn ECM

PLOD2 procollagen-lysine 391 -0.5 Dn ECM

CSPG4 chondroitin sulfate proteoglycan 4 62 -0.5 Dn ECM

EFEMP1 EFEMP1 819 -05 Dn ECM

MATN2 matrilin 2 312 -0.7 Dn ECM

SDC2 syndecan 2 52 -0.5 Dn ECM

DSC1 desmocollin 1 2101 0.8 Up Desmosomal
DSG1 desmoglein 1 2185 0.6 Up Desmosomal
ALOX12B arachidonate 12-lipoxygenase 170 1.7 Up Prostaglandin pathway
ALOX15B arachidonate 15-lipoxygenase 178 1.7 Up Prostaglandin pathway
PTGS2 prostaglandin-endoperoxide synthase 2 474 0.5 Up Prostaglandin pathway
PLA2G4A phospholipase A2, group IVA 520 0.5 Up Prostaglandin pathway
UGCG UDP-glucose ceramide glucosyltransferase 872 0.7 Up Lipid metabolism
AKR1C1 aldo-keto reductase family 1C1 3144 0.6 Up Lipid metabolism
AKR1C3 aldo-keto reductase family 1C3 758 1.3 Up Lipid metabolism
HSD17B2 hydroxysteroid (17-beta) dehydrogenase 2 105 2 Up Lipid metabolism
SULT2B1 sulfotransferase family 361 1.1 Up Lipid metabolism
GCH1 GTP cyclohydrolase 1 354 0.5 Up Lipid metabolism
PPT2 palmitoyl-protein thioesterase 2 129 0.7 Up Lipid metabolism
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—J. rI7F ¥ A - OREMEIER % A5 % TGFB @
BT L7,

4. £ %

R EAALRED L5 L T 4 EEva H 5 & M. slooffiae
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Symbol Gene Signal S.L.R. Change Function

cCL27 CTACK/ILC 79 1.6 Up Secreted, Chemokine
CXCL1 GRO a oncogene 739 0.9 Up Secreted, Chemokine
CXCL2 GRO B oncogene 90 1.1 Up Secreted, Chemokine
CXCL10 IP-10 485 1.2 Up Secreted, Chemokine
CXCL11 I-TAC 86 1.3 Up Secreted, Chemokine
L8 interleukin 8, CXCL8 287 1 Up Secreted, Chemokine
ILTA interleukin 1, alpha 2603 1.3 Up Secreted

IL1B interleukin 1, beta 1250 2.7 Up Secreted

TNF tumor necrosis factor 95 1.2 Up Secreted

CSF2 colony stimulating factor 2 138 0.5 Up Secreted

DEFB1 defensin beta 1 536 1.5 Up Secreted

EFNA3 ephrin-A3 120 0.6 Up Secreted

EREG epiregulin 134 1.6 Up Secreted

ST16 suppression of tumorigenicity 16 218 1.2 Up Secreted

IL1R2 interleukin 1 receptor, type I 318 1.6 Up Receptor

IL1RN interleukin 1 receptor antagonist 2390 1.3 Up Receptor

IFNGR1 interferon gamma receptor 1 1925 0.5 Up Receptor

CTGF connective tissue growth factor 770 -1.2 Dn Secreted

NRG1 neuregulin 1 170 -0.6 Dn Secreted

EGF epidermal growth factor 65 -11 Dn Secreted

IGFBP3 insulin-like growth factor binding protein 3 245 -0.6 Dn Secreted

IGFBP4 insulin-like growth factor-binding protein 4 206 -0.5 Dn Secreted

TGFB2 transforming growth factor, beta 2 2 -0.6 Dn Secreted

LGALS9 lectin, galactoside-binding, soluble 9 58 -0.6 Dn Secreted

NESP55 neuroendocrine secretory protein 55 97 -0.8 Dn Secreted

SPARC secreted protein, acidic, cysteine-rich 776 -0.5 Dn Secreted

IL7R interleukin 7 receptor 123 -1 Dn Receptor

OAS1 2'5'-oligoadenylate synthetase 1 368 0.6 Up Interferon regulated
OASL 2'-5'oligoadenylate synthetase-like 73 0.5 Up Interferon regulated
IFI30 interferon, gamma-inducible protein 30 559 0.6 Up Interferon-regulated
IFIT4 interferon-induced protein 233 0.9 Up Interferon-regulated

S. L. R : Signal Log Ratio, Log (Log2) Lt
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Wi 2SR SR PR RS 1S 0 It L 0 & Bk
WHIETH LD BAELZ AT 55513 H L2 b 35 ER
PREFIAEH TR EMKETH L) IR D, Sl ABEE
HPOEMMO~ T F TR SINLDEZD L) 2R
Wb BDONH LNk, AR CTIRRIEAGE & oA
Bebiviz M. slooffiae & M. obtusa \Z2\WT b Hilibic &
b 7 ) BRI OTEB UAE R AR 2 720k O KIS & ) B
MLTL2dDLEZLENL, I 2HIEBES R
BIORMEDMO~ 72 F THEL ) B DTH A ) o ABF
T E GG L TR WDs, FEER W LEER IS
BUWTHMH 20U TRMBABETERWEER. A
BLTHARZESHEH LAVESE. s 2 WHE)NE
HLOEHETHRIDENSE L) TH S, /2. RO
I HAEE T LREOL R WAFEELLITLIELIE M
slooffiae DM SN 5,

ARI7E TR L 72 nested PCR % H W 72 B AHIEAT X & <
FTHEMMNLIDOTHY, WEEZIET 5D TIE RV,
% 2T M. slooffiae & M. obtusa 3K & N7=REFI D H B
2B OVWT I/ OETH—~ Tt F TR Loau=—%
ZFNEIUEZIC 10 fiER L€ PCRIFICTHFED [ E L7
LA, K 8EMD M. slooffiae TH VY., 7H20 DI =
—DBEMIIE M. obtusa TV EDDheholzs ZTOT LI
M. obtusa £ Y M. slooffiae 75 EMWIZEBIIZL W &
EEERT S, LEO#EREN,L, DNASYA 2707 L AI12&
LRI M. slooffiae % 38R L 72 DNAX A 7017 L
AL BHEETO 7 74 ¥ 7 OERIE. M. slooffiae &
HEER L2775 734 I E Mo ICmrs 2
ERRRLTWD IEFEORBZIZBWTIRERERD T ZF
J WA MIBEIETETH B A5 ARUE D SR~ »T T
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