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Analysis by the genetic and environmental approaches for the elucidation of
masticatory muscle tendon-aponeurosis hyperplasia

Yoda, Tetsuya
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CRYBA4
yes-associated protein

Oestrogen and Crybad may be associated with the progression of masticatory
muscle tendon-aponeurosis hyperplasia (MMTAH). Cyclic stretch induces decorin expression via
yes-associated protein in tenocytes and decorin is upregulated in tendons of MMTAH, suggesting that
tendons of MMTAH were subjected to cyclic stretch conditions. Comprehensive gene expression analysis

revealed upregulated molecules which is related with mechanical stress or slow muscle. Moreover, we
found that cyclic stretch upregulated specific genes in tendons of masticatory muscle but not
Achilles tendons. These specific molecules may be associated with the onset of MMTAH.
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1. WFEBAE SO &

WEL MG A7 e » PR JE2 RSORE UL RIS 0D RSP iy DB 72 & NIRRT 2 72 D1T ., A O A3 1k
TONTHAOGIRZZ2ETHEBTHS, NEEORETH R L OMIEOBE R OFHIEIZ D
W, Divhruid, xR RIC AL T BE O E T RV D7 v T 4 — Mgt &
Tolel A, REBEBHEICEWTHRIANFEMNICEF L TWDF /37 H B-crystallinA4
(CRYBA4)%z FLH{ L 7= (Nakamoto A, Int J Oral Maxillofac Surg 2014), F7=. WHEEICRIT 558
FRAMERBIZRIC L | KPR E DU | M HTIC K 0 SRR IZ 38T £ & A R 0 B H 46 FE
R8BI AL Z > T D Z L 2y L7z (Sato T, Oral Dis 2014), ZiL5H DOHE
ITREERREDA =TI NVA N VA E WS TEBREER DGR b o2 RIc L gl &
ZENTWAHAREME S &L, LT HAMEICIEST 2 2 EXFHEM IV BIET HIEFH H D Z
EG . B FOBEERSINREDENAINGOBEE I LT < LTWDATREMIZIER IS
FWNEZ LIV, S ORDHFREOMI] &I, BRI ER ORI R TH D,

2. WEDOHB
AR ORI S - BREEAISER ORI 528 5 M2 L. THMEAHNE - FEESE T RUE O R e 2 B 5.4
L FOMAE BT ZEEHBE LT,

3. WD Fik
(52871 ]

BENEKOESOMEE LT, AH=HNLA R LARKEBOFRELBEEZENH D00 5
AT, bivbh s AT, AZEEE TR L7z CRYBA4 Z i 5 Bl & & 7o a1 = 2
caF o ER S, BRI D B DWW TR 21T - 72,
< Hfaks s >

AR & L C TT-D6 i % V7=, 1% fetal bovine serum(Sigma-Aldrich Japan, Tokyo, Japan),
100 U/mL penicillin G, 100 mg/mL streptomycin Z %5/l L 72 a-minimum Eagle’s 551 (WAKO, Japan)
THE Lo, T ToOMEIERIL, 2~3 HEICE A 21TV, ZBBRFEIRE 5%, 33 °CD
BRET T CHRZAT o7,
<>

TR hal & LT, 17 B-oestradiol (E2; Merck & Co., Inc., Kenilworth, NJ, USA) & V7=,
< AR A R B 2 >

BRI 6 L T Flexcell #:FX-3000 (2 & 2 RAGPEM R 21T - 7o fURAIR O ZE L LT,
BT L— MERIZ YA v — TS E . 0. 5MMTO %25 1 0% CHlfric E5A L,
RO O. 5HTEKEHIZ 0 WIZRD L HICELESEDL T w ha— L2 LT
<JE & RT-PCR £ >

[FIY L 7= #lfE & ok #5 PBS TPEH L QIAzol Lysis Reagent (Qiagen, Hilden, Germany)% 1 mL Jill X
TAZ LA 73— (AGC TECHNO GLASS, Sizuoka, Japan) TEIIX L, 7' & h 22— /LIZHE> T4 RNA
%4 L 7z, NanoDrop 2000 Spectrophotometer (Thermo Fisher scientific, Waltham, MA) C/& & L 7=,
42 RNA % High Capacity cDNA Reverse Transcription kit (Thermo Fisher Scientific)iZ & ¥ cDNA IZ
7545 . TaqMan Gene Expression Assays (Thermo Fisher Scientific) % & et 20 pL & AT
SYBR £ & % & PCR %17 > 72, StepOnePlus Real-Time PCR System (Thermo Fisher Scientific)
Z VT 95°CT 20 B/, #W\ T 95°CT 1 #, 60°CT 20 B 40 YA 7 NV &1T o> 7=, E&E PCR
DN LC, kil Ct % FV ) C glyceraldehyde-3-phosphate dehydrogenase (GAPDH) % PN #REE
He L,
<7a—7>

T =T FTYA NILUT OB Th D,

tenomodulin  (Tnmd) sense (5'-GACAAGCAAGCGAGGAAGAC-3"); Tnmd antisense (5'-
GTTGCAAGGCATGATGACAC-3")

scleraxis (Scx) sense (5'-AACACGGCCTTCACTGC-3'); Scx antisense (5'-CTTCGAATCGCCGTCTT-
3"); Col6al sense (5'-GATGAGGGTGAAGTGGGAGA-3")

Cryba4 sense (5'-CCAGTGTCCTGGAACTTGGT-3"); Cryba4 antisense (5'-
TTCTCCTGCTCGAAGATGGT-3");

B-actin  (Actb) sense (5'-AGAAGGACTCCTATGTGGGTGA-3"); Actb antisense (5'-
CATGATCTGGGTCATCTTTTCA-3")
<Im—=UT T TAI R Z—{F - BIREA>

~ 7 ARERZHN 5 RT-PCR |2 T4 RNA ZfHi L. PrimeSTAR HS DNA polymerase (TaKaRa, Shiga,
Japan)Z H\ N CHYME L 7= PCR FE# 5> 5 Crybad {51 (Accession Number NM_021351.2) #4572,
pcDNA3.1/V5-His expression vector (Thermo Scientific, Wilmington, DE, USA) (27 @ —=12"7 %17
VY, Lipofectamine 2000 (Thermo Scientific)% FAVWT, 7F A I R ¥ — &Ml ~&fz T EAL
7o
< western blotting %>

[E0Y L 7= #lfd % ProteoGuard EDTA- Free Protease Inhibitor Cocktail (% 7 7 /34 A1) & &3 0.1 %



Triton X-100 THEME L. 20 SHPK ETA v F 23— b, 4 CT 15,000 Xg T 5 505y
LR BaEL BIGEEINLTZ. 7T5%BEXC10% 727 VA7 I R OFBEZ VB LT 4%
T2 IUNT I RORMTNVEFRL, FEOZ NI Een—TF 17 Lz, ATTO HROEK
VRENEEE 2 VT 40 U 7 o7 OEERIC TEXKB 21T -7, £O%, 7 7 NinGLERE
(Cleaver scientific ft) Z M T 100 A/ ks OE&EEIZT Immobilon PVDF A > 7 L > (Merck
Millipore #H)~HEB 2T o7z, A7 L& AF LI /L2 (9999S; Cell Signaling f1)IZiR{E L T
0y F % BNZ NI E N E NI DU THER L. Clarity Western ECL
Substrate(Bio-Rad 1) % 8 F L Tt & Chemi-Doc XRS system (Bio-Rad 1)z HV TN K&K
L7z,

<HUE>

1 %&k$ifk & L T anti-rabbit Tnmd polyclonal antibody (H-109; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), anti-rabbit Scx polyclonal antibody (ab58655; Abcam, Cambridge, MA, USA), anti-mouse [3-
actin monoclonal antibody (8H10D10; Cell Signaling Technologies, Danvers, MA, USA). Z ] L 7=,
F 72 2 kPR L LT anti-rabbit IgG horseradish peroxidase (HRP)-linked antibody (#7074; Cell
Signaling) . anti-mouse IgG HRP-linked antibody (#7076; Cell Signaling) % ffi FH L 7=,

[3252 2 ]

WL A7 I « e 88 72 RS A O I BH A R L2 Fo W T B ISAF(E T D7 2 U  DFEBL A,
JEEH AR 3o TROEMEMRRIN S 7 2 ) U RBUC G A DR BR ORI T 2 U VBN yes-
associated protein (YAP)Y 7' F /L Lk > TIHEI SN TV DE N E ) ERaf L,

KRB - iR >

NELVES A e - RS T RE (MMTAH) #5240 (& b124 55%) . BAIRIE (FD) & 24 (1
9i%, 2 6m%) MEL L, FINICR VML IZRIELMERY 71L& Lic, KPP mFEEZR
2O B EERRPMEFAZ B RARE S NoTI7-1) 24572 BT, BEEHICH L TK
BRI 2 Fa 2B 24TV, AFRIS T S RIE 2157,
<Hfa ks >

TRk & L C TT-D6 #ifl 2 v 7o, B rikix [EBR1] 1T 5,
< BCAF VAR R A P S R >

BT (58] (T2,
< JE & RT-PCR %>

[FIR U 7= 4B d % Ok 4 PBS CHEH L QIAzol Lysis Reagent (Qiagen, Hilden, Germany)% 1 mL /il 2.
TAZ LA 3— (AGC TECHNO GLASS, Sizuoka, Japan) CEIL L, 7' 7 k =2 —/L{ZHE- T4 RNA
ZHifith L 72, NanoDrop 2000 Spectrophotometer (Thermo Fisher scientific, Waltham, MA) C/E & L 72,
42 RNA % High Capacity cDNA Reverse Transcription kit (Thermo Fisher Scientific)iZ & ¥ cDNA (Z
544 L, TaqMan Gene Expression Assays (Thermo Fisher Scientific) % & e S# 20 uL % vV C
Taqman 7£IZ & % & & PCR % 1T 5 7=, StepOnePlus Real-Time PCR System (Thermo Fisher Scientific)
Z VT 95°CTC 20 M, VT 95°CT 1 £, 60°CT 20 B0 40 A 7 v Z4T o7z, EH PCR
DOHTIZE LT, ki Ct 5% F T glyceraldehyde-3-phosphate dehydrogenase (GAPDH) % PN %
Hel L7z,
<7a—7>

7'a—7 7 %A X TaqMan Gene Expression Assay kits (Thermo Fisher Scientific) for mouse
Decorin (Dcn) (Mm00514535 _m1), mouse GAPDH (Mm99999915 g1), human Den (Hs00754870 s1),
human 18S (Hs99999901 s1) T %,
<western blotting %% >

FEE [FER1) 28T 2,
<Pk >

1 %&k$ifk & L C anti-rabbit YAP polyclonal antibody (#4912; Cell Signaling, Massachusetts, USA),
anti-rabbit Dcn polyclonal antibody (ab175404; Abcam, Cambridge, MA, USA), anti-rabbit a-tubulin
polyclonal antibody (PM054; MBL, Nagoya, Japan), anti-mouse Histone H1 monoclonal antibody (D209-
3; MBL) 2l L7=, 7/ 2%&bi{k & LT anti-rabbit IgG horseradish peroxidase (HRP)-linked
antibody (#7074; Cell Signaling) . anti-mouse IgG HRP-linked antibody (#7076; Cell Signaling) % {# J
L7z,
<RNA F>

ScreenFect A (WAKO) % W THEAEIZ siRNA Z3E A L7z, YAP {51 @ siRNA (siYAP) & L
T, Silencer™ Select pre-designed siRNA for yes-associated protein 1 (s76159) , => hr—/L (si-
CTR) & L T and Silencer™ Select Negative Control No. 1 siRNA % fifi f L 7= (Life Technologies 1),
<G >

FHAET 7 AT DU T 4% paraformaldehyde(PFA)EEZ1T 572, /X7 7 4 T, Sum

DY) T o7, buikk L“C\ anti-rabbit Dcn polyclonal antibody (ab175404; Abcam) as a primary
antibody & 7=, F£7-. HE LB HIT o7,

(325 3 ]

NELMER M - EOEIZ BUE B (MMTAH) d6 L OSHREH & L CHERIERSE (FD) OAIGHE
JERRE L D RNA Zffi L, R —7 o — 2 O 7o R0 R R R BUE BT 2170,
MMTAH (2 BN HILT 2 BUs T DRIE 21T > 72,



<KIBRABE - Ik >

PR BRI BA A M s OV 22 B BRI 2 M T L 7= NELMER A e - RS i Rl ;B (et 7 4) &
L. SHEEEIT PRI ENE ZAT o 7ot b K ORI o0 24 d X OBA Bl RO 72 WHZ TR IE B
(Zetk34) & Uiz, WifEe b, thoNBHIREEER, RS, EMEERE A S22V O
& U7, BRAEFHIBIAERED 35 mm LR TH Y | A7 LOMDT FHEE SRS 2 <0 BEAN
KO IEHRER DR D L 2 flkn3 2 B & Ulc, MR A TR BIBR U 7 % 28k J5 D oo {88
L U, RER PRI CTREMEZ RS20 b 0 & Lz, REMEEAEZBESOER (5
EERK A IFAZBRKRE S No7l7-ID) 21572 LT, B4 EF I L TAKRBICHET S
F 3 7RI Z ATV TR KRT T D RIE 215,
<RNA fififti >

EREGHAR I E L T D ARk 2 rIe 7R R 0 BRrE L7ct% . IRIREESE THfS L Cell Destroyer®
(Biomedical science 1) TH#if:L7=z, RNA (% miRNeasy Mini Kit. (Qiagen )% FvCTHiiH L.
NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific #1:) THIEE & JFE 2 HIE L7-, £72 RNA
O3 iR O FEAMIL RNA Nano 6000 Assay Kit of the Agilent Bioanalyzer 2100 system(Agilent Technologies
) TIT o 72,
<RNA =7 >

Ribo-zero rRNA Removal Kit (Epicenter 1) TU R Y —AL RNA ZfrEL, =& 7 —LikEIC &
0V rRNA W7 FE A4 BRZ% L 7=, #i\ > C,NEBNext Ultra Directional RNA Library Prep Kit for Illumina
(New England Biolabs #1:) 12X > TrRNA ZfrELZZRNAZFEH LT —2or 2 v 7 o347
Z U —%Ek LTz, 7T A% U 7% cBot Cluster Generation System (illumina £1) T{TV Y, 150 X
— AT T KT Hiseq4000 (illumina #1)Z W T —4 v A &{To7=, 728, RNA v —~7 v
v 7 DIFEERIE Novogene Limited ~ZFFE L7,
<T— ZfiRfr >

WG LIy =T v AT =2 DA VT 1 arba—, vy U7 &2470, #BE (FPKM)
R U, BEZEMENT 2RO TIE P<0.05 3 X WV log2 (Fold change) <1 Do % 47 5 7%
BLOBE L LTERE L7z, Volcano plot 1% log2(Fold change)x N q fE% FVWVCTERLL | EERES
TIZBWTHEIZREI LA EIHET LIEBEBEFICOWTHERN 2 7 22 ) v TR 21T > 72,
B TA Y hrY—2 U o F A MEFTIZEB W TIE GOseq R 2Ny 7 —V & iz, 7ok, %
Bi& (FPKM) OHJEIL Novogene Limited ~ZFt L7z,

(528 4 ]

FRFREENIEET  mH BRd KO RE AT Te A AR IERT B R R
& DOILFBFEIC LV . P VRIS 2 AU =LA b L ZAARFOFEBRIZOW TR S —
oY —%& o TR TR R BURT 217 > 7o,

=HRUP (FA, 51 0OAE) 27 axtgl LT, BEKFEEEIIETIC TS
ATV, TR (MA)  LARIEAFRE (TT), 2 NST F LA (AT) ZERHR L7z, $RELL7-
AR X BER VA I CLEE L 72, BARAMYIZIX, 0.2% collagenase I solution W\ C, 3 7°CT1 8
= 7 77— L 100um 7 4 VH—ZAT o7z, Z ORI Z MR & dish (SR L T7
ARG L, H5E L7= % D% BioFlex 6 well plate ~#&f& L C. Flexcell £ FX-3000 % F\ > C{H#
JERZ N 2 72, RS OSRMEE LT, &7 L— MNEEIZY A v —T7 1255, 0. 58
ITO0% 5 1 0%E CHlfEiIc EF L, kD 0. 5 M THERIZ 0 %ITED L 5 IcE b &
L7 b a— Ve U, MR ORI 4 8 RFfE] & L7z, WIEHETD 0 FRFfE & ik
4 S DY T NATHONWT, FEEMIC QIAZOL THULHEE LBV A7 LA =TI L=,
RIN fEZHI7E L, total RNA DRENRALFTh D Z & i Uiz, AR FHEER BT D720
IZ RNA OIREZHIE L., BAREBIFSessE  APrgeeT 1 FeiEEdz okt — 7
Y —COMMT AU L7z, FRNTIE MA, TT, AT £ 232381 5 O e & 4 8 R DL 217 -
7o

4. WFFERkE
(ES5

MELME A Mt « MEERBSE P ARE | X &R IC 2y (BE D, HEHEE 2009) Z L6, E2 OREHlasE -
IO X D B A ET Lz 2 A, B2 ITREKRGFNICE b~ — I —ThH 5 Scx DEETFE
B2 5 ONE Tnmd D F /87 BB 2R S H 7=,

CRYBA4 D77 AI R % — (pCRYBA4) Z#ER L. TT-D6 MlElZ@EImEA L, ZD
AR U C B2 U 24T o728 2 A, Sex B L Tnmd DEfn 3% LR S 87,

MELME 0 Mt « BEEBGEIE AE BB T E L o< W LIEY . BEEMENALDLND Z ENEW,
L7eBoT, AH=A/VA N L ARG L CGREIZ2 AR Z T TS RTREERE 2 b1
Tme 2T, BERRIC BRI Z 52 5 2 128 - T, CRYBA4 B FDFREN LD L 5 ICEH)
T DD, e Uiz, MBI 1 2 B2 50N 2 4 B2V T, CRYBAS &1 D 38
EHRBFEO N,

MHMS A « BRI RE D RIEIZIT= A b a7 8 L OV CRYBAA DRSS/ X 7=,

[5E6% 2 ]
BAASTNE FRE & MEIE AR « B EOE I AE B . TN N OISOV TG 72 B NS X 3y



BB T, AR R & R LT, THIE A - IR BOE RE OREIZB N T T 2 &

(Den) @ mRNA e ONF LR 7 BRI DN BAITHEM L TNz,

MR D o 7 AT DN T Den ORESEZ 1TV FD & MMTAH % kg L7 & 2 A, MMTAH
BB DT Den DFEHBENZ ENRP SN E o7,

BAEPE R 2SR 0> Den FEBUZ & D K 9 75 a 5 2 2 7iil 7z, SAEVEM R
Den 8% LA SH7,

BROIIEZ A= TNVA SV AD Y 7 FREIZERT D YAP 12 H L7z, YAP @O RNA T
WIS LD Den JEBLAS &9 72 D DA fEt LTc, £ ORER,YAP @ siRNA 238 A U7 JEiiE <
Den ZEHLAIH SN TWD Z ERH LN E R0 T,

NELPER A e + MEERSEE T BE DRI IZ A W = H VA N L AT D M RN B S LT
2 REMEDS R S AT,

(525 3 ]

RNA v —7 U ADFER, Bl 472 19,767 AR T O 5 b, XIRHEE L i L 2,471 BIE T D%
BENMFEICER L, 2,849 @I TORBEAPFREICIK T LTV (F),

INLDOBETFEHNTHIEN Y 222 T aiT o7& 2 A FRIBFHIEERE T, x|
FEII BB CRIBR O BBLOMHM Z R L, ARSI L O TREREENH D Z L 1Bl
shiz (T,

S DT, BREBHEO T TITHRF Tl OBEN 7o MR DS R B RE O fh oD R BRE O MR & il L TR
‘ﬁ@ﬁé RS R ol

BRTA L haY—2 U v F A MENT 2T o 75, XPRREE & Tl LR BRE CREBLN A

B LA LB isF 7 v—7 0 i imyﬁé%ﬁ%/&4t var, IharrFITH
MO S — T Y . LR 100 7 A —F1E TR B EO i) BEORHET 7 — 7 5% <
BENTW, ZAUTx L, LS H:ﬁf& L%%ﬁf‘%ﬁﬁﬁ%ﬂlﬁ—l: LB 7 —71i%
MR BEO T BEORGF 7 A — 3 EEh T o7z, REH TRIDFEIC LS
LIZBIR T 70— D95 ABREBOREDNEEZHNITIER 2 OB & W ) BRI~ D
RS J:U‘H)’é‘f‘ﬂ]ﬂ@ DIEEF L O Iz B ‘3‘5 rmuscle cell development ) B E O Tmuscle cell
differentiation| (Z&FH L7c, 2D 2 2D 7 NV—TICET L8 TFD O B, RFHREE L R LEBE
BT CEBIEN WS 2T 5 &, Ankyrin Repeat Domain 2 (ANKRD2), Carbonic
anhydrase 3 (CA3), Troponin T1 (TNNT1), Myosin heavy chain 7 (MYH?7), F-box protein 40 (FBX040),
Mohawk (Mkx), Myogenic factor 5 (MYF5), Myogenic factor 6 (MYF6), Myogenic differentiation 1
(MyoD1), SET and MYND domain containing 1 (SMYD1) & W\ o 7285 73 & 4TV,

WELMES 5 e « B Rt T2 BIOE Tk, T BN 72 & D AMFIC PO L THETTHET £ 950 1O 1 THHET D

DFDOEWEEZEDTZ LN - BT ART N0 > TW D ATREMED /RIER S U7z,
(528 4 ]

BRTIHBEE RO b HiE{E 7 (DEG: differential expression genes) Z:R7- & Z A, ZH
DB T NEE ST 7oD, BIROEHEZL =5 <5 E LT FDR (false discovery rate) < 10E-10 %
i 7= AR TR ZRRT-L 25 METICAEZED & % DEG O%(%, MA TiX 1914 @I5f, TT

TIX 2195 BAnF-. AT TIE 3697 BInTTh-o7e, SHIT, THRVARTIIEALANRD LN
I THME AR RAYICRES AT AR R EnT (RAKT —4),
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