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Molecular pathological study of deepening of the upper eyelid sulcus through a three-
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ABSTRACT

PURPOSE: To elucidate the molecular pathology of deepening of the upper eyelid sulcus (DUES) induced by
prostaglandin analogues (PGs), through a three-dimension (3D) tissue culture system using human orbital fibroblasts
(HOFs).

METHODS: Effects of either 100 nM bimatoprost acid (BIM) or 100 nM prostaglandin F2a (PGF2a) were
examined for the 3D organoids from HOFs. The size of BIM and PGF2a organoids were measured during cultivation,
and evaluated the expression of the extracellular matrix (ECM) by immunolabeling and quantitative PCR.

RESULTS: The size of the 3D organoids become smaller by the presence of PGs. Unique changes in ECM
expressions were also observed upon the presence of PGs.

CONCLUSIONS: Our present study suggests that PGs have the influence to regulate the expression of ECMs’
network within the HOFs 3D organoids. Thus, a 3D tissue culture system may be a suitable strategy toward
understanding disease etiology of DUES.
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Dulbecco’s Modified Eagle’s Medium (DMEM) (No.
11965118; Gibco/Thermo Fisher Scientific, Waltham,
MA), Fetal Bovine Serum (FBS) (No. A3160402;
Gibco/Thermo Fisher Scientific), L-glutamine (No.
25030081; Gibco/Thermo Fisher Scientific), Antibiotic—
Antimycotic (No. 15240062; Gibco/Thermo Fisher
Scientific), Methylcellulose (Methocel A4M) (No.
94378; Sigma-Aldrich, St. Louis, MO), Trypsin-EDTA
(0.25%), phenol red (No. 25200056; Gibco/Thermo
Fisher Scientific), Phosphate Buffered Salts
pH7.4 (PBS) (No0.10010049; Gibco/Thermo Fisher
Scientific), Dimethyl sulfoxide (DMSO) (No. D2650;
Sigma-Aldrich), Bimatoprost free acid (No. 16810;
Cayman chemical), Prostaglandin (PG) F2 o (No.
16010; Cayman chemical), Anti-Collagen Type 1,
Rabbit-Poly (No. 600-401-103-0,1; ROCKLAND,
Limerick, PA), Anti-Collagen Type 4, Rabbit-Poly
(No. 600-401-106-0,1; ROCKLAND), Anti-Collagen
Type 6, Rabbit-Poly No. 600-401-108-0,1; ROCKLAND),
Fibronectin (EP5), mouse monoclonal IgG (No.
sc-8422; Santa Cruz Biotechnology, Mississauga,
Canada), 4’,6-diamidino-2-phenylindole solution
(DAPI) (No. D523; Dojindo, Japan), Phalloidin-

iFluor 594 Conjugate (No. 20553; Cayman Chemical),
F(ab’)2-Goat anti-Rabbit IgG(H+L) Secondary
Antibody, Alexa Flour 488 (No. A11070; Gibco/
Thermo Fisher Scientific), F(ab’)2-Goat anti-Mouse
IgG(H+L) Secondary Antibody, Alexa Flour 488 (No.
A11070; Gibco/Thermo Fisher Scientific), Albumin
solution, from bovine serum (BSA) (No. A8327,
Sigma-Aldrich), Prolong Gold Antifade Mountant
(No. P36934; Gibco/Thermo Fisher Scientific)

2-2 Et MRESEHEBOESE

IRFHEJOEMERE 4 52 F (REAE~=7 2 41 :
60 ik H B, 70 a2, &2 61 0 40 R% B,
50 % BB Tk U THLIR EEFRL K = MY & S e THREE
FIT 2 REAT U 72 BRICBEEE S 2 IR S8 0 AR AR &,
KEMEEBROKR OKREF 1 312-3190) OF,
BERRITIFRNC 2 7258000 L RIE 2572 9 2 TR
DEBRICH N, MBS 2B IZE 512 100 mm
DWEE Y ¥ — L ETH2< 28 L, 10% FBS, 1%
L-Glutamine 3 & U' 1 % Antibiotic-Antimycotic %
&1s DMEM &K %Nz, 37°Co>5% CO, Dl
BERETICTHE L., BRRII2-3AIC—ERBL,
BoNRMEFMAE (Human orbital fibroblasts:
HOFs) Z#kf (3-71[8) L TLATF O 3 wocHssE il
AL 7.

2-3 HOFs O 3 RiiEsE

100 mm & O8 150 mm OEEEFE S ¥ — L12 T 90-
100 % = 7= hORREE THE L 72 HOFs % PBS
T2EIPEH%, 0.25 % trypsin-EDTAZHWTY ¥ —
VEDFBEREN L, BEKZMAZ 300 X g TS 7»H
OIS HOFs <Ly h& L7 3kak#ETL—h
IZ1%, hanging drop culture plate (No.HDP1385;
Sigma-Aldrich) %V /o, 3 Wock#E TR IS
FNHT A ROBRKRELESELHBTO02S %
Methocel Z il % 72 553K T HOFs XL v kN W& L,
I-well 28 uL) &7z Y #720,000 #2725 X 9 3
R 2N L7 (Day-0). HEEROZHIIER
l-well &7z 0 14 pL Z%51BREL, HLWEERRK 14 1L
LML Tz,

Figure 1 12779 X 91 HOFs @ 3 ks #13 12 H
D7 m ha v TiTole, ERPLERSATNS b
FRTw RN, FH TR N, ZT7NTa R BT
prostaglandin F2a #FEAR T, WIiLdh FP ZHF K%
It L CTHRIE FEIHR 27~ 9 —77, bimatoprost L7 =
A <A R FaiFEET, PMZEEEZMNL TRE
TR Z TR TEAATHD, WTHOIEAS b mME
ETDUES #5232 Mo TRY, K
FEIC BV TIE PGs # & L T X bimatoprost (BIM)
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Figure 1. HOFs Zf\\/z 3 Rtk e ha,

Day -0 T# Well Iz 20,000 @ Dffifd Z %, Day-1 XY 0.25 % Methocel, 0.1 % DMSO %/l x 72353k % Day-12 £ T4H
L7z (CONTEE). CONTEE: & [A] UKFIRIC 2241100 nM bimatoprost (BIM#£), 100 nM prostaglandin F2a (PGF2a &)

&Nz CRARIC 3 kot 3E L 7z. Scare bar : 100 pm.

F 721X prostaglandin F2a (PGF2«a) ZfW iz,
FEX 1T uM 225 10,000 pM E THRFFL, KEETO
FERICEDRNT L 2 MOER THEL TBY, A
ZETIZBERICHI - T 100 pM TOREAFRE L 7219,
A O E LU THEMA L 72 DMSO OEE #Hiz 5 7o
H, 3 hr— )L (CONT) OEERKIZIT0.1%
DMSO %Mz, ANHA /A KOREEEIT- .

2.4 HOFs FIA/ A4 FDOY A XBIEE & UREH

HOFs ANVH /A ROV A ZREIFEEEF 3 KT
W7 L— N ZBMEE (Nikon ECLIPSE TS2; Tokyo,
Japan) THEH#RMBE (FFEX4) LIiTol. £HT
HOFs AV 7 A ROFRKRBEP i S5 S I THRE:
L (n=16), Image-J software version 1.5In (National
Institutes of Health, Bethesda, MD) TH#HTL 7=.
[Fkk DOWNE 2 B2 D EMEPA DD 49 > T i T
To7z.

2:5 FIH/ A FORERBRE

% 12HH (Day-12) TREUXL7zANVHT /A F
%4 % PFA in PBS ZHW T 24 BEEEL, 3 %
BSAZHWT 7 my ¥ 7, PBST2EIBENR#, 1:200
\CIBEFRFE L 7o —kPifk (Collagen Type 1, Type4,
Type 6, ¥ £ X Fibronectin) Z/ % T4 COLRE T T
24 WEfA¥EEE L7z, PBS Z W T 3 [EIFE#E%, 1:500 1
TR L 2 ZRPUA, 1:1000 12 E I L 72 DAPI
3 L OF Phalloidin /N x CT=HIE T3 EfEEE L. %

NWENDINT ) A REHN—TF A~L, ProLong
Gold Z W TH A L 7. LB SBHMSE (Nikon Al
confocal microscopy, Tokyo, Japan) %\ THE
P INTANT ) A4 ReRB LT, 75320 fEFoxt
v XER, FNVT A KOERERD?S 35 um O
ESET, 22um [ERET16 £, 1024 X 1024 ©27 &/v
R E LIR1G 217\, NIS element 4.0 software @
maximum intensity projection Z VT Z-stack [H
GEBl. BONEEGROFI VT /A NITEEh DY
iR % Image—J software version 1.51n %
WTE# L 7. COL-1, COL-4 /% n=6, COL-6 %
n=7, Fibronectin Id n=4 TZIEIMNT L 7=.

26 EIGTREH

B#& 12 HH (Day-12) TH#E 16 @5 ->D HOFs
A NI/ A K%ZEIL L RNeasy mini kit (Qiagen,
Valencia, CA) %\ T RNA ZHiHi L7z. ¢cDNA ®
YER%IZ1X SuperScript IV kit (Invitrogen) %M 7z,
5T F B AENT 12 13 StepOnePlus machine (Applied
Biosystems/Thermo Fisher Scientific) %/, Power
SYBR Green Master Mix ¥ X U Universal TagMan
Master Mix %\ T real-time PCR (qPCR) %1T-7=.
cDNA = ® normalization (2% 36B4 (RPLP0) % W
7o, TXTOIIT n=4 TENENRIT LT, 77 A
~—® DNA B EELH| 2 LU N ITRT.

human RPLPO

(Probe: 5°-/56-FAM/CCCTGTCTT/ZEN/CCCTGG
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GCATCAC/3IABKFQ/-3"),

(Forward: 5-TCGTCTTTAAACCCTGCGTG-3),
(Reverse: 5’-TGTCTGCTCCCACAATGAAAC-3).
human COLIAI

(Probe: 5’-/56-FAM/TCCAGGGCC/ZEN/AAGAC
GAAGACATC/3IABKFQ/-3),

(Forward: 5’-GACATGTTCAGCTTTGTGGAC-3"),
(Reverse: 5’-TTCTGTACGCAGGTGATTGG-3’).
human COL4Al

(Probe: 5’-/56-FAM/TCATACAGA/ZEN/CTTGG
CAGCGGCT/3IABKFQ/-3"),

(Forward: 5’-AGAGAGGAGCGAGATGTTCA-3"),
(Reverse: 5-TGAGTCAGGCTTCATTATGTTCT-3’).
human COL6AI1

(Forward: 5’-CCTCGTGGACAAAGTCAAGT-3’),

| |

(Reverse: 5’-GTGAGGCCTTGGATGATCTC-3).
human FNI

(Forward: 5-CGTCCTAAAGACTCCATGATCTG-3’),
(Reverse: 5’~ACCAATCTTGTAGGACTGACC-3").

2.7 HETEMIEEMN

fEHTIZIE GraphPad Prism 7 (GraphPad Software,
San Diego, CA) ZHAWiz. 7N —TRIOMHTIL one-
way ANOVA (followed by a Tukey's multiple
comparison test) 2 TITVY, 95 % DOFHXM LR E
L7z,
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Figure 2. PG AlOFMIC LD HOFs AV A /A ROEEZEL DO HER

A) Day-1 K& U Day- 12 1281F 5 %80 HOFs AV 5 / A4 KOEHE, Scare bar : 100 pm.

FNH A FORKEER (um®) 2.

B) Day-12 ¥ TO%H#ED HOFs

C) Day-1 BX W Day- 12 12BFHANT /A ROFEAWHEE (um?) HEL. Day-1

TIFABEEPBD N> 7chs, Day-12 Tid CONT BHICHE~T PGs # (BIM #, PGF2aff) ([TBWTHEITY A RHi/N 3

e bz,

**% P<0.005, N.S., not significant (ANOVA followed by a Tukey’s multiple comparison test).
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Figure 3. =72 ECM (COL-1, COL-4, COL-6, JU'FN-1) #ifkZ M\ iz HOFs AV 4/ A K O5yggt,
A) ZFEYAO confocal image. CONT # COL-6 O—1ll, B4/ A /A ROMILORE A2 BT 5 BRI TITV, PRHELR RN

Z L ERERL TN,
TE BT

Scare bar : 100 pm.
** P<0.01, *** P<0.005, N.S.,

B) confocal image. Scare bar : 100 um.

C) 4 ECM Hiffic X 2 Yt E o

not significant (ANOVA followed by a Tukey’s multiple comparison test).
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Figure 4. HOFs AV / A F (Day-12) 281} %F7% ECM (COL-1, COL-4, COL-6, XU FN-1) ® qPCR #EinFEH.

PG #] (BIM KX O'PGF2«) OFfHIMZ LY, I COL-1 OIEBIEFRNBIED BT,

* P<0.05, ** P<0.01, *** P<0.005, N.S,

not significant (ANOVA followed by a Tukey’s multiple comparison test).

(FN-1) O¥#H %, BiEZ L oRpizEFie, 2h
ZHIRFERTUE 2 W e fads XU qPCR BB T
R EEMRIT 21T > 72, Figure3 B XUV 4 IR T X
912 COL-1 »3&H 1%, CONT RfiCt# L T BIM Af
Y O"PGF2a BECTHEICH ML 2. COL-4 1X gPCR
W T PGRaEIZBWTHERIZEM LIz DD X N
7 FBNCE TR <, COL-68B X UFN-11ZRB W T,
EHOFERBITIR LN 572, $->TPGs T
X2 HOFs s ANT /A4 ROV A XAOE(LITEE
ECM T % COL-1 ORIIGNNT X 5 "I REME DSR2
iz,

4 EBE

PEH D 2 ks # R & W5 TiE, DUES i
RSB O ZE L TH Y, ToMFrL LT
PGs DB MLFHEED ~ 2 # —i&fxT T D PPARy
DORBLZIHIT 2 2 & T, AIENMR & NI
kIR BT DRENI LB EOMHNREZE L N TE
71617 & 72 3T3-L1 Mifie & v 72 it © FP A2 8K
)T MLl Z0OMERWS L, PGs T
X DRI AR IH S o 72 Z £ 926, DUES
L FP ZBE 2N T HWFIC ISR SND Z &R
IRBENTNS O ERRICEK L D7 )Vv—71 3T3-L1
FRE A2 W T2 3 IRTEEFE R ITB W T PGs 3 i1k
FEIC LV REINDANT A ROWA ZOHHIH
Hoi, BN LIeANVT ) A RO qPCRIZEBWT,

Ppary OFBIGEINAOND Z L2 RE LTS (il
BT, Eob MREFEAMEEZ AW 3 Kot
BERICB W TIE, 3T3-L1 Mgz HWieiGe, HEl
M7 HRECHS 2B AMEFER R LD DITxt
LT, bt MREEIEIMAIIIE HMEFEL 350D
DO, HEHWE 12 AMICEET S Z L THo720E
BT 20 5 EREVIEIA IR 2155 Z L 3 TE 5 2 L BH
HENTNnBE Y,

AHFFEICTIBWT, b MREHE X V15 bR
KV 3WIEEHELIZHOFs AV /A4 K&ELERL,
RERi o bFEE LAV Y /A4 Rigkt L TPGs @
BEEBRF LR, HOFs AV H /A4 ROV A XD
B L COL-1 OFBEME WO FHMALEEZ. 3K
TERICBWTIEE 4 Offifao B S 2 FIA L,
AR - BrEEMME XV MiafEE PR R IRESY
2B Z L THIEE (spheroid) DOEEAZEET S,
[FRFIC ECM D PEAE & & 6 I A R 45 D 58 &
D, BEEEARESREAL 2 3 RoeEic B+ 52k
THA XN T D Z R ES N TVWD 2D,
SRELNTRERIZE, DUES OJRRBICIFIR 216
BOIHI LM IR 2 B Y & < 3 ki 7e ECM
T v MU — 7 OBRENET D Z &S5 5 AR
IR SRR THHDTHD.

— A9 ECM IS AR 22 AR I B W T, 20
FEIE DFEERCSOMERE, IR D > 7 R e
EE, JEFICKEIREEZH S Tn5 2, Collagen I
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e — MR 2V LAIE — ECM IZB W T=EH ' A
BELZERL TWEEZ 0T, BETEL0E2ED
30 B 50 THEPGFEETLP. FTHURLIEEIIC
FETDHDIECOL-1 TH D5, COL-4 13K
WCTFTE§ % Collagen & L THI 5 4L T\ 5229,
COL-6 /% COL-1 [M=:%#%4% 7 % Collagen & L CTTF
L, T L /81T 38T 2 O A TE-or e s
ZE D BB OE, BEMEFEE LS D% < O
O LFELHIET A2 HRE G- TNEEELXLNT
W52 FN-1 MR IR 2 kT 5
ECM T, COL-1 IcB# L THEEL T35 Y, ECM
DFEBICBEEIL 2 OTEREE T & 3 OtERE N TR
L ERRDZLEDRHESINTEY, X AEKITEWE
TONFREZFMTE 5 3 RcHEERIL DUES
O L VB LIZETLEEZLND D,

4 E45 bz HOFs AV 7 A4 K@ ECM &5 F
FIHIZBWT, COL-6 8 X FN-1122WTIixPGs
DEBEITIEEAERLNR >, LL HOFs 4
WH A RERYEL ZNLDO ECM © 3 RITH R v
U —27 O TEER ECM T 5 COL-1 DI
PGsIC X W AZEICHML7ZZ &1, COL-1 3Znb
D HOFs A/NVH 7 A4 RO 3 Rt GEREZ K& <
AL SH 9 DRk 2Re T 5. EEEIC ECM OFE
EHEE OV A XD EIZB W T, COL-1 oFRHEN %L
W EFHRE S A RN D 2 0T VA~V U
FKMRHEEREBETSLICBWT, PGRa i kY,
COL-1 DO FEILEE TR iR DR HEL 35| X &
CENDHEFEDIRE SN TWS B3 KR 1T %
R OEAN DRI LV ANT 7 A ROHE/NDEESN
ML b0 T, v NREHEFEBK SN T
PGsIZX VW H726 &5 COL-1 OF B /2 FEHIEIMN
DUES OJREFHIEFrO—D2L 720 95 2 L I3ES
B TE, £ Z0MF I3 727 DUES IZXtd 5%

FBI72 5 NTIRFRERIZIT 2 ) O DA REMEDSRIR S U5,

e LTAEIZBWT, HILW3 RITHEER
ZHWS Z & T, b NREIRIRELRE O R MEE L I
5t D TuRB2 TS5V EEEORE R RE L,
DUES O 7 IR IR D 8o e Fn B2 15 5 & [FllE
2, DUES OJEREE T /L& L T3 R TCHEERVLAD)
ThdHIEVRLD THERBI L.
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5 Xk
1. Liton PB, Luna C, Challa P, Epstein DL, Gonzalez P:

Genome-wide expression profile of human trabecular meshwork
cultured cells, nonglaucomatous and primary open angle
glaucoma tissue. Mol Vis 2006; 12:774-790

2. Smid SD: Role of prostaglandins and specific place in

10.

12.

13.

14.

15.

16.

therapy of bimatoprost in the treatment of elevated intraocular
pressure and ocular hypertension: A closer look at the agonist
properties of bimatoprost and the prostamides. Clin Ophthalmol
2009; 3: 663-670

Comparison of glaucomatous progression between untreated
patients with normal-tension glaucoma and patients with
therapeutically reduced intraocular pressures. Collaborative
Normal-Tension Glaucoma Study Group. Am J Ophthalmol
1998; 126: 487-497

Mackenzie P, Cioffi G: How does lowering of intraocular pressure
protect the optic nerve? Surv Ophthalmol 2008; 53 Suppll:
S39-43

Kass MA, Heuer DK, Higginbotham EJ, Johnson CA,
Keltner JL, Miller JP, Parrish RK, 2nd, Wilson MR, Gordon
MO: The Ocular Hypertension Treatment Study: a randomized
trial determines that topical ocular hypotensive medication
delays or prevents the onset of primary open-angle glaucoma.
Arch Ophthalmol 2002; 120: 701-713;discussion 829-730
Cheng JW, Cai JP, Wei RL: Meta-analysis of medical intervention
for normal tension glaucoma. Ophthalmology 2009; 116:
1243-1249

Alm A: Latanoprost in the treatment of glaucoma. Clin
Ophthalmol 2014; 8: 1967-1985

European Glaucoma Society Terminology and Guidelines
for Glaucoma, 4th Edition - Chapter 3: Treatment principles
and options Supported by the EGS Foundation: Part 1:
Foreword; Introduction; Glossary; Chapter 3 Treatment
principles and options. Br J Ophthalmol 2017; 101: 130-195
Peplinski LS, Albiani Smith K: Deepening of lid sulcus from
topical bimatoprost therapy. Optom Vis Sci 2004; 81: 574-577
Alm A, Grierson I, Shields MB: Side effects associated with
prostaglandin analog therapy. Surv Ophthalmol 2008; 53
Suppll: S93-105

Shah M, Lee G, Lefebvre DR, Kronberg B, Loomis S, Brauner
SC, Turalba A, Rhee DJ, Freitag SK, Pasquale LR: A cross-
sectional survey of the association between bilateral topical
prostaglandin analogue use and ocular adnexal features.
PLo0S One 2013; 8: 61638  doi: 10.1371/journal.pone.0061638
Aihara M, Shirato S, Sakata R: Incidence of deepening of
the upper eyelid sulcus after switching from latanoprost to
bimatoprost. Jpn J Ophthalmol 2011; 55: 600-604

Sakata R, Shirato S, Miyata K, Aihara M: Incidence of
deepening of the upper eyelid sulcus in prostaglandin-associated
periorbitopathy with a latanoprost ophthalmic solution. Eye
(Lond) 2014; 28: 1446-1451

Inoue K, Shiokawa M, Wakakura M, Tomita G: Deepening
of the upper eyelid sulcus caused by 5 types of prostaglandin
analogs. J Glaucoma 2013; 22: 626-631

Jayaprakasam A, Ghazi-Nouri S: Periorbital fat atrophy -
an unfamiliar side effect of prostaglandin analogues. Orbit
2010; 29: 357-359

Taketani Y, Yamagishi R, Fujishiro T, Igarashi M, Sakata R,
Aihara M: Activation of the prostanoid FP receptor inhibits
adipogenesis leading to deepening of the upper eyelid sulcus in

prostaglandin-associated periorbitopathy. Invest Ophthalmol



44

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

i

Vis Sci 2014; 55: 1269-1276

Choi HY, Lee JE, Lee JW, Park Hd, Lee JE, Jung JH: In vitro
study of antiadipogenic profile of latanoprost, travoprost,
bimatoprost, and tafluprost in human orbital preadiopocytes.
J Ocul Pharmacol Ther 2012; 28: 146-152

Huh D, Hamilton GA, Ingber DE: From 3D cell culture to
organs-on-chips. Trends Cell Biol 2011; 21: 745-754

Hikage F, Atkins S, Kahana A, Smith TdJ, Chun TH: HIF2A-
LOX Pathway Promotes Fibrotic Tissue Remodeling in Thyroid-
Associated Orbitopathy. Endocrinology 2019; 160: 20-35
Mori S, Kiuchi S, Ouchi A, Hase T, Murase T: Characteristic
expression of extracellular matrix in subcutaneous adipose
tissue development and adipogenesis; comparison with
visceral adipose tissue. Int J Biol Sci 2014; 10: 825-833
Langan LM, Owen SF, Trznadel M, Dodd NJF, Jackson
SK, Purcell WM, Jha AN: Spheroid Size Does not Impact
Metabolism of the beta-blocker Propranolol in 3D Intestinal
Fish Model. Front Pharmacol 2018; 9: 947

Chun TH, Hotary KB, Sabeh F, Saltiel AR, Allen ED, Weiss
Sd: A pericellular collagenase directs the 3-dimensional
development of white adipose tissue. Cell 2006; 125: 577-
591

Chun TH: Peri-adipocyte ECM remodeling in obesity and
adipose tissue fibrosis. Adipocyte 2012; 1: 89-95

Varma S, Orgel JP, Schieber JD: Nanomechanics of Type I
Collagen. Biophys J 2016; 111: 50-56

Aratani Y, Kitagawa Y: Enhanced synthesis and secretion
of type IV collagen and entactin during adipose conversion of
3T3-L1 cells and production of unorthodox laminin complex. J
Biol Chem 1988; 263: 16163-16169

Mak KM, Mei R: Basement Membrane Type IV Collagen
and Laminin: An Overview of Their Biology and Value as
Fibrosis Biomarkers of Liver Disease. Anat Rec (Hoboken)
2017; 300: 1371-1390

27.

28.

29.

30.

31.

32.

Kadler KE, Hill A, Canty-Laird EG: Collagen fibrillogenesis:
fibronectin, integrins, and minor collagens as organizers
and nucleators. Curr Opin Cell Biol 2008; 20: 495-501
Huang SK, Peters-Golden M: Eicosanoid lipid mediators in
fibrotic lung diseases: ready for prime time? Chest 2008;
133: 1442-1450

Olman MA: Beyond TGF-beta: a prostaglandin promotes
fibrosis. Nat Med 2009; 15: 1360-1361

Oga T, Matsuoka T, Yao C, Nonomura K, Kitaoka S, Sakata D,
Kita Y, Tanizawa K, Taguchi Y, Chin K, Mishima M, Shimizu
T, Narumiya S: Prostaglandin F(2alpha) receptor signaling
facilitates bleomycin-induced pulmonary fibrosis independently
of transforming growth factor-beta. Nat Med 2009; 15:
1426-1430

Aihara K, Handa T, Oga T, Watanabe K, Tanizawa K, Ikezoe K,
Taguchi Y, Sato H, Chin K, Nagai S, Narumiya S, Wells AU,
Mishima M: Clinical relevance of plasma prostaglandin
F2alpha metabolite concentrations in patients with
idiopathic pulmonary fibrosis. PLoS One 2013; 8: e66017.
doi: 10.1371/journal.pone.0066017

Lijnen HR, Maquoi E, Demeulemeester D, Van Hoef B,
Collen D: Modulation of fibrinolytic and gelatinolytic activity
during adipose tissue development in a mouse model of
nutritionally induced obesity. Thromb Haemost 2002; 88:
345-353

BURIGESRSE - Bk &

T 060-8543 ALiRiiHRXEg 1 408 16 TH
FLAR R RS B MR o 3

TEL : 011-611-2111 (N#& 34350)

FAX : 011-613-6575

E-mail : kaku.itoh@sapmed.ac.jp



