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A bioinformatics analysis of gene expression changes in gingival
epithelial cells by short— and longer—term activity of ergothioneine
extracted from Tamogitake.
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Abstract
Objectives : Tamogitake is a mushroom containing com- performed with the Ingenuity Pathway Analysis package to
pounds with antitumor and anti—atopic effects. The amount predict the various functions.
of ergothioneine (EGT) with antioxidant properties con- Results and Discussion : The pathway analyses of the gene
tained in Tamogitake is the highest among mushrooms. expressions showed that elevated expressions of genes were
However the antioxidant and anti—inflammatory effects in- involved in blood coagulation, infection protection, and
duced by EGT may suppress the onset and progress of in- wound healing in the cells stimulated with EGT for the
flammatory oral mucosal diseases, and the effect of EGT on short period. In the cells stimulated with EGT for the longer
gingival epithelium has not been reported. In the present period, elevated expression of the genes was related to an
study, we performed genome—wide and bioinformatics immune response and antimicrobial peptides. The results in-
analyses of gingival epithelial cells by stimulation with dicate that the EGT stimulation mainly increases the protec-
EGT extracted from Tamogitake for short and longer peri- tive effects of gingival epithelium.
ods. Conclusions : In addition to its antioxidant activity, the EGT
Method : The gingival epithelial cells were cultured with 1 may act to protect gingival epithelium against inflammatory
mM EGT for 24 hours or one month. Cells cultured without oral mucosal diseases. However, EGT also increased the ex-
EGT were used as the controls. After total RNA was ex- press of chemokines that may be involved in the progres-
tracted the expression level of each of the genes was ana- sion of periodontitis in the gingival epithelium. Further in-
lyzed by a DNA microarray. The pathway analyses were vestigation is needed to determine clinical applications.
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% EX % (Pleurotus cornucopiae) %, FIZAbiEE R
FALH G SRR L, DEI LRI TT=LEEFE
T BIAEMOBARRL L BANADSFAET L2 AHOLE
ThHb. TIE, FEXFIY T IAMELTOALLT, i
PR R Rl S A A B B REME T & LT A A
HEInTBy, fEEEHEZRH > VTR T —)L/3—
FE¥FA R, RBRIRRT FPE—RREFFO IV
V7 I, MEREWTHLT v X470 R
FHEWE, €L HBRILERZR>Z v T F+ 44 ~
(EGT) "EENTW DL I LAHE SN TS (Takei et
al., 2005 ; &1 5., 2008 ; L5 &, 2011 ; Hagiwara et al.,
2005 ; &M 5, 2013). EGTIEZ S OFFHICHE TN TS
K, FEXFS rCOGHREIMOEDFIIHRTHSL
{, =M RFAHF 7 010 E & W) HED
% (H%, 2009).

CIPERGIEE, FRE R G X D B4 RRILA b L
AW END ) A7 DK, e O LIRERZ IR R v 2%
DIIEFILA PV ADBEG L Tw5 I EARESNT
2% (Halliwell, 1991 ; Droge, 2003 ; Valko et al., 2007).
EGTOHIRILAEH R PUIIENEH 1Z 2 & OFB O FENER
FEATICHIHIGICE < 2 EAIFEE N5 A%, ZOFEIIA
WICTH Y, EGTDOIEREANDO BN 2L EIZOW T
HENE RS> TORW, ZZTARIFETIE, YEXI T
HISEEGT % 5528t 4 L Bz Mg ~F R OB IVER S € 72
B2 DBIETFBIOZALIZ O W THIRIICBIZE L, Zoo3
AT 2 ANZDWTNA FA YT+ =T 4 7 AN E4T-
7z.

I

MEHLVOHE
1. #EF %7 HEEGTOFE

NIHSE SN2 X5 5 19K % 5 fEROBHKIC
10 R L, Fr S A7z flii 2 sk i L C R
2.5% DA & Az, IR 2 120C, 2 5%, 15770
IMBARLELL, & X5 r#OKIm® E L7z, EGTIZ
XYy BOKI W LY, SRS T 5% TR
S, L5 = VISTHEIBRISEE T TREAE L, %
BB AR E L7z, EGTH R Z WEAEKICHER L 721%
Minisart Single use filterunit ( Sartrius, Gottingen, Ger-

many) (2 CHEBE L, EGTAW (100mM) & L7-.

2. MifgREE
v b L AT ERMIIEHGEP (CELLNTEC, Bern, Swit-
zerland) % 4 X 10%°ell/cm® ik £ TIWAKI 60mm Tissue

(22)

YRR THRINTFA A Y OEIIROEIIERIC & 5 HA LIS B0 2 B ERERONA A A 27 < F 1 7 AT

Culture Dish (727 2 775 X, #) \Z#EREL, &+
b Bz M B ) B # CnT - Prime  (CELLnTEC) % Hl W C
37C. 5%CO, T THi%E, #MA=ALHIZ80% 2> 71T
Y MIELME, ¥EXFY 7 HKREGTZ RALRE 1 mM
E7e B &) BRI L2420 b o Z mIE &
LTHw., $7-REMEME LT, ECTZRMKIRE 1
mMIREETHI L 728588 &2 S HB S ITk|L, 171
MEEAE L 720wz 24K, 1 HEELHITH
WT DB TH 2 MAAR K E, AEERINE & F R
L72d D %controlF ¥ 7V & L7z (FnZFhn=3)

3. ®A 70T LAEBLUISZAY = A f#AT

F S G & ) RNASHH 385 (Trizol Reagent © Invi-
trogen, Carlsbad, CA, USA) % H\W72AGPCHEIZ L D, to-
tal RNAZ il L7z, 5 17z totalRNA X D) Low Input
Quick Amp Labeling Kit ( Agilent, Santa Clara, CA,
USA) Z MW TTXIVALeDNAZ R L7z T XAk
cDNAZGene Expression Hybridization Kit (Agilent) 12 &
!) SurePrint G3 Human Gene Expression 8x60K V2 (Ag-
ilent) (A 7 ¥4 A L7, Agilent DNA Microar-
ray Scanner G2539A (Agilent) TA ¥ v ~ L, Feature
Extraction (Agilent) & CHIEOEEALZIT 572, 155
N727 — % OIFNTIZIEGene Spring GX  (Agilent) % fii ]
L, @fTHBEE%control 7NV E W L. ~ A 2
O 7 LA {EITTeontrol &~ 7V E IR LT 2 R DL oo
R RBEALDS A SN % BEAZTHEIZO W T, Ingenuity
Pathway Analysis (IPA Ver9.03 X UFVer24390178 : Inge-
nuity Systems, Redwood City, CA, USA) Z#HWTI/R2Z
7 A TR ATV, O T 21T 5 72,

4. mRNAFEBUHHT
FHEACDRD NBIEF D) B, IPAEITIZE W
THEOMMEES TP/ V—TIZo0n T, Erll
RT-PCR%Z I\ T Z OFEBIZAL D FEM 2 B 2 41 o 72,
total RNA L V), Oligo (dT) 12-187 5 4 ¥~ —B & U'Su-
perscript reverse transcriptase (Invitrogen) % I\ 7z iz
HZATWeDNAZAE L7z, 13 51 72cDNAIX, SYBR
Green (Applied Biosystems, Foster City, CA, USA) % ffi
U 72 % & Wreal-timePCR {2 & 1), LightCycler® Nano
(Roche, Basel, Swiss Confederation) {2 CmRNADFEHZ
fbx s L7z, WFEHcontroliZid & M GAPDH % control
LU, fITICIE 4 4CHEE W7

5. MatAI Tk

%€ 1 U real -timePCR T1% 5 L 72 5 K 1x, IBM SPSS
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Statistics 20 (IBM, Armonk, NY, USA) 7% J§\»72Mann—
Whitney D UM E (2 T IR - #id) L7z, (P<0.05)

] £

1. 47074

<A 707 LA ORERDPS, EGTORIEA~DHRMIC
X Y controlV v 7V &I L T 2 R L E O BIZT-FBIE
{EA3H SN 5 BT REIC DOV THAE L s 8, 24 o
FVENC B CIEZE B LA 25 2 5~ 5 R 25178 7
O—7, 5, H10ERMAB7TH— 7, 10855 55044
F1570 =7 Tho7: (K1), 721 r HORMIER
WCBWTIHEH LA 2 f5~ 5 5K 271580 7 1 —

Rl <A 2707 LA FITHIT S NZEGT O HHIRIHIZ &
D 3Bl EADFRD SN BT
24h Fold change Tu—7%
10f%~50% 15
5 5~ 105K 55
2 5~ 5 f5A 178

F£2 ~A 2707 VLA EITTRN S NLZEGTO R £
DS R b BIE T

1 month Fold change Tu—7%
10f%~154% 4
5 5~ 10R5 A 114
2 fif~ 5 REA 1580

23

7, 5D S10fERA 14T v — 7, 1085 5 1565 1%
470 —7Thote (£2).

2. BT HEDOINZA Y A fBHT
FEBLOBEMAIH S N BIZ T REORRE T M 2179 720
2, ¥4 27007 LA R % Ingenuity Pathway Analysis
(IPA) IZ& DT L, FEBLEAD AL MBI THED
FeEEGH L, MDA 2 4 L OBEZ T 7.
BEEFITIE, FMUIMEMIZB VT [Hematological Sys-
tem Development and Function ][ Cellular Movement ][ In-
flammatory Response | 72 &S 72T ¥ F v 7 &7z,
FEWIWEMIZB v Tid [Dermatological Diseases and Condi-
tions |[ Cell-To—Cell Signaling and Interaction ][ Cellular
Movement| 7 EWEMICT ¥ rE NI (RS, 4)
PO T 24 LORFITBVWTIE, AREEOR
WA x4 LT, FEMAEMIZE W TIE [ Extrinsic
Prothrombin Activation Pathway |[ Coagulation System ] 7%
EDOMEE RN L 72827 = 4 Do 6N, B
558 FABATFONRE Ui #1377, 61
ag—=rr, 747/ =7 VilfiF, BMP6, FGF22
RETHo7: (K5, W1, 2). REMEHICBWTIE
[TL-17A Signaling in Gastric Cells [ Role of Cytokines in

HEST

Mediating Communication between Immune Cells | 7 & ®

RIBIDEBH L7232y = A E RIS, WRE

£33 HIMEHICBWTHEH EARAS N BB T HOBETI A 7T — B 54
24h Function Rank pfiE 7o — 7% (1)
Hematological System Development and Function 8.43x107°~3.33%x10°* 3.1
Cellular Movement 8.43x107°~3.33%10°* 4.4
Inflammatory Response 8.43%107°~3.09%107* 3.3
Immune Cell Trafficking 8.43x10°~3.33x10* 3.3
Antigen Presentation 8.43x107°~3.09%10°* 4.2

K4 EIEHICBWTREBEADA SN BEFREOEE TN A 73 — B0 5 L

1 month Function Rank pfiE 7o — 78 ()
Dermatological Diseases and Conditions 9.62x10°~6.21x107° 27.7
Cell-To—Cell Signaling and Interaction 1.79x107"~6.67x 107" 10.6
Cellular Movement 1.79%10"~6.67x10°° 17.7
Hematological System Development and Function 1.79%107"~6.67x107° 13.4
Immune Cell Trafficking 1.79x107"~6.67x10°° 20.5
x5 AWWERHICBWTHEBEADA SN BRFREE ARESE BRI O AT = 4 B 5 7

24h

Pathway ~log (p-value) B 7 v — 7%
Extrinsic Prothrombin Activation Pathway 4.56 4
Coagulation System 3.17 4
Intrinsic Prothrombin Activation Pathway 2.44 3
Acute Phase Response Signaling 1.90 6
Axonal Guidance Signaling 1. 46 9
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s ©2000-2012 Ingenuity Systems, Inc. All ights resa
1 BHEAPARSNIZBET (Vo ~K) LoREN
TrFRYTPEIMT Do MDA = A M. B4
TEB O M 1X control & LK L 72 8Bl (Fold change) % 7R

©2000-2012 Ingenuity System, Ine. All fights reserved.
2 FERLEAPALNIZBIET (¥ Y7 ~ifk) LoFEME
FUFVITDBHE2MTH IO AY 2 4 K. BIZT4
TE O FfiE 13 control & JLiK L 7256 Bl&  (Fold change) % 7R
N

LCaa=—jli%KN¥, IL-17A, CCL20, CXCLI, t
FMF4 72y 3% EDORBERBEETNEENRT
w7z (6, M3, 4).

3. 4707 LA ERHREDOERHIRT-PCRIEIZ X BT

A

EGT% RHIMIZ/EH ¢4 L@, EGTZ HH O
B S 726 OB FHEBIEACOHBIE 2 RS 5
728, F72EHER OIPARATIC BT, HERE o B
DEH o TABRE S 7 4 7)) v OREIC b b il
21 % LD RHNCRETT 572012 F RTOH 75 4 712
DVTHETITAX—RHWT (£7), E=RMWRT-PCR
BEIZE ) TR ENORBIZIZ OV TR 21772, %
@ %% -, Fibrinogen alpha chain (FGA ), Fibrinogen
gamma chain (FGG), Coaglation factorX 1B (F13B) (2
BOTWIN S BIZF RO E S LADHER S N

a El U
GB0.2 3 CXCLS CXCLE

Paoriags
IL-1TA s more patent than IL-17F in
axprassion ol antimicrobial proteins. v .
E o oerio 1©2000-2015 CHAGEN. All rights reserved.

3 FEHLEAPASNIZBIEZT (K¥ o7 ~FK) LOFE]
TR YITPEIMTH o MDA = A M. BIATFH
T O it 1 control & JLHX L 7256 3% (Fold change) #% /R
7.

x6 RUEMICBOTEBEADNA LN BRI LA B S VI O/S 2 = 4 1AL 5 7

1 month Pathway ~log (p-value) B 7 0 — 75

IL-17A Signaling in Gastric Cells 3.20x10°" 8

Role of Cytokines in Mediating Communication 2 04x10"! 10

between Immune Cells
Differential Regulation of Cytokine Production in 3.33%10"! 6
Macrophages and T Helper Cells by IL-17A, IL-17F ’
Role of IL-17A in Psoriasis 3.85%x107" 5
Differential Regulation of Cytokine Production in 2 61%10"! 6

Intestinal Epithelial Cells by IL-17A and IL-17F

(24)
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K7 EEMRT-PCRIEIZHWZT T4 ~—HY

TIA<— V=T VA RefSeq
Fibrinogen alpha chain F 5"-TAGCTGAATTCCCTTCCCGTG-3" NM_021871.2
(FGA) R 5'-GGATACCTCTGACAGGGCGA-3~
Fibrinogen beta chain F 5'-TCCCAAGGTGTCAACGACAA-3" NM_005141.4
(FGB) R 5'-CCAGCATCAGGGGCTTTTCT-3"
Fibrinogen gamma chain F 5'-TGGCATTATTTGGGCCACTTG-3" NM_000509.4
(FGG) R 5'-GGTCTTTTAAACGTCTCCAGCC-3~
Coagulation factor XIII A F 5'~AGATGGCACTCATGTGGTGG-3" NM_000129.3
(F13A) R 5'-GGGCAGTTTCTAGGGCCAAT-3"
Coagulation factor XIII B F 5'-GTAGCCTGTGAGGAACCACC-3" NM_001994.2
(F13B) R 5'-CATGGAGAAGGTAGCCGCTT-3"

Primer design : NCBI Primer-BLAST

e % P<0.05
Extraceilular space 2 5 r *
20 r
=
y B
Eidy 5% 215 t
iff / ¥ of ledr /»’ﬁpann Y Py By b # o \n BD- 2
IFNy INj; -3 IL-\: Ita 1L mxn.*a IL-10) IL-13) CCL2 CCL3 COL4 ochcu\‘;n CNE:SD THEY 3.4 E 1 O r T
\ | ~
il £
Inflammatory mediators. ativities :j 05 B
Intestinal epithelial cell Pn
4 HBEADVPALNI@EET (Ero~ 5'1‘“) L @ﬁi]ﬁ 00 '
TRV IHEIMLTH S BMDISAYT 2 4 K. BIZFH Control EGT
T O FfiE 1 E control & FiE L 725 Bl& (Fold change) % /R 6 EMreal time RT-PCRIEIZ X 2 I i 5% [H B8 8 5 = T
ER DOmRNAFEBUEHT (Fibrinogen gamma chain)
®P<0.05 *(P<0.05
BO 90 r b S
b S
80 r
O - °
= E 70 F
IS o
f 40 [ 60 [
g 5 50 t
é 30 r =
2 E 40
z, E
g 20 r 30 r
E 2
= 5 20 r
= 1.0 r =
F 10 r ’ﬁ
0.0 ! 0.0 I
Control EGT Control EGT
5 #Mreal time RT-PCREIZ & % IfiL i 5 [ B 48 {5 1 7  EmMreal time RT-PCR{EIZ X % IfiL i 45 5 B4 3 A5 1
O)mRNA7 SE BT (Fibrinogen alpha chain) DOmRNAFEBUAENT (Coagulation factor XIIT B)

(®5, 6, 7) &, Mo 7 4 A4 7T 5Fibrinogen DOAHBREHENIRD SN o7z (F8, 9)
beta chain (FGB) # X UFCoaglation factor X I A (F13
A) IOV TIE, A 2707 L AKX BT L FRk, €

(25)
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*P<0.05

05 r

FGB mRNA/ GAPDH ratio
)
T
_'

0.0 .
Gontrol

EGT
8 EMreal time RT-PCREIT & 2 Il ifg 4 [5] B4 38R 1
DOmRNAFEBUHHT (Fibrinogen beta chain)

*P<0.05

a0 r
80 r
70
60 r
RO
40 r
30 r
20 F
SEeais B
o0 !

Control EGT
9 ¥ Wreal time RT-PCRZ%E I X % IfL iR 5E [l B it 12 T-
DOmRNAFEBUHEHNT (Coagulation factor XIII A)

F13A mRNA/ GAPDH ratio

Z =

AWFFETIZ, X5 7 HREGTO R H K Rz
MINE~DEE % MRS Lz, 2ok, FIEH
SE72H DT, MHEEEER ISR L 72V E RT3 2
A OAEESEL, RIWEHSE200TIE,
INEICBIE L 728 A = f OF BB R L 2o T
W7z, EGTIE, AKEMECTIEBEBMICHELZT I/ HRO—
T (5 78229.3) THY, PIRALEHZIEILDETS
SFXFTLEEEATLHIENHASN TS (Chear et
al, 2012). & MIEGTEZANTIXEGK TE T, WHR
XA aANTTYTIZE DA S NZEGTZ W L 724
PR WA A BBEEAT 2 2 LICX D IRNICEGTZ HLY
ZATW5S (Drothy, 1970). bILbNATIZT 5 AMIC
BWTIE, ¥/ 3BIEGTHEL AN, ¥/ a0HH

5 %/ 52Xy rgskmV IS 44 v OEH R RMIERIC L 2 60A LRI B 5 BEFHHENDONS F A 27 5= 7 4 7 AT

DOFTHIFICFEF I XIS HGENRTVE (HA
2009). OB N/ZEGTIZ BMEIC L 25 b 2§
MBI S A, R, B, W6, Ol & o &
#r, WA, BRE ARIMER, B IOBEEICB0.3~ 3 mg/e
tissueDIEFEE T4 5 (Hartman, 1990). F 729 % &

POMEHIZIE T ~ 4 mg100ml (43~173uM) H3PREE
ENTVD LEDGIHRDD D (Melville, 1958). Lk
W DOEGTIREEIIAHTH Y, FHICIZREED DS
ZEMDL, FEARMIAETIIRE 2 P OMBHIRED B
XZ10f55B L 75 6 ~23fEDEGTIRE L LT 1 mMOK;
AN X BVEH 2 WET L 72,

FWEHNZ B\ THEBLEA 25388 S M7z M sE [ R D
F ¢, %FICFibrinogen alpha chain (FGA), Fibrinogen
gamma chain (FGG) &, ILMPEH O A% 65, MEA
T =NV ENTHERL A VAE 74 7Y YHNIZH LA
B, HERNICHAT SN DO % i CEEAPIHE LTE 2
LMo nTws (I, 2006). F 72k &EE 45 13K
TIXFEROBFN T L L CERRE OB X O AT %
<, kIO F RO BIHGRICES 35 2 55
NTBY (@R, 2010), EGTOM K _EE~O MMM
VLB Z TR L TR @ &, BRI O EA D B
bbb EMRBENT, EGTORMEHICBWTALR
7o SIEIGE TIRIL-1712 B L 7@ 5 T 0 58 3 LA A3
BN Td o 7275, FRIZIEBLEH 23588 51 72S100A8
RB7T4 7= (hBD3) BHENTF FTHY, W
THHREREEOA L ST, HMERE, 7> T8
W, VA NVAOWMEZIHEI T2 0o TBY
(Joly et al., 2004 ; Vylkova et al., 2007 ; Scudiero et al.,
2010), BEZER D, H OV FPEOINER Y A L AL
FINZEDFEREZ 0 L CRiEic@< b o L E 2 Hhe.
L Lad s, —TIRIL-17O3BUIE, #E %
HEATITARAER B 53 2 W Rt & 5 CCL20D 58 31 | 5
HREH LN T WA, CCL20I R E %12 B 5 RKAEML R
WA 2 —T75, BARRHES IR A © o 1M A5 P B 34 Al
WTOELEEZREST L LD > TEBYH (Hosokawa
etal), ZOFEBL SR B THRIE & R S
2% b O EHEEZRAET 5 S D LF 2 L0135 H D
FEBIIBWTIIMETE S, ToRIZEL Tid4&in
Vivoll BW T DML E E Tb b, EGTIZ X 5
Rl LB D @BARF DO REBIZEALDOHITIL, HhE 2RI IR
LTRLTLIBRY T4 TIHLDODAL LT, 7
TATINEHTARENEH L0 H 2 LATRES
7.

AWFFEH S, EGTIXBNA FE MBI 2 W K OV K
HERICBWTED b OOFAL/ERI DAMNC, TR
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FEANORISZ AL CHELEZIE LD E L &EEDN
WERBR B2 i35 2B 29 5 2 LAVRIE S /e, L
NLBDS, ZOEMORIZIZATT 4 TIHEHT 5 L
EZEZoNBb0bHH T ENS, EGTx OENICISH T
LB, HaMRENLETHD LD LEbNT.

Fl &% M &
AWFFEICBVTHETRECOMREIEX W
B 23

INVIFFIA VMG LT ZET LA () A
J—E =3 FIODBEHB L ETET.

AWFFEIZIE,  AbigE R R R ZE 42 X D
BT sz

X (73
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