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Calcinosis in Rheumatic Diseases
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NIUBNTIBAVDY soft tissue calcifications
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~ lul) 1975 Greenfeld GB.* lémusuassusnlagutsnnzidn 3 nau et
metastatic calcification, generalized calcinosis LLa¢ idiopathic tumoral calcinosis

~ lufl 1985 Black uax Kanat lduvisnnaszihilu 3 ndu leuri metastatic
calcification, dystrophic calcification LLaz calcinosis

- luf) 1999 Marzano uazame’ ldudsnnsiidy 4 ndw leuri dystrophic
calcification, idiopathic calcification, tumoral calcinosis L8z metastatic calcification

- lull 2002 Wimer uazams’ VL@TLLﬂanﬁjmaam'szf:Lﬁw'éﬂ 1 ngu ldu
calciphylaxis

~ luf) 2005 Boulman uszems' ldutisnnsiidy 5 ngu ldun  metastatic
calcification, dystrophic calcification, tumoral calcinosis, idiopathic calcification L8

calciphylaxis

Metastatic calcification
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A15191 1. UEAIRIUAQTDY metastatic calcification

Metastatic calcification
® Hyperphosphatemia states
®  Chronic renal failure, hypoparathyriodism, pseudohypoparathyroidism
® Hypercalcemia states
®  Primary hyperparathyroidism, hypervitaminosis D, Milk-alkali syndrome,
neoplasm, sarcoidosis
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Tumoral calcinosis
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Idiopathic calcification

Idiopathic calcification #1889 msazamaoﬁugﬂmﬁaLﬁaﬂnaua:vlaiwumm
Aadn@luszaurasunadounazWamnaluimevesyihedqy wulugﬂamﬁmmz‘?ﬂjuﬁ
uwdousad lasazwududouduyusmiaidn goug 3-11 Dadwas seaulusuldfmiislagas
wuiilutewinn g wianmoteuild” dnlirldiAnemsla g’ fmivaunguainisiiialin
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®ERU (calcified sweat gland harmatoma)16 idiopathic calcification anaussaantaiiu 4 ﬂa;ll”
laun

- Subepidermal calcified nodule

- Idiopathic calcification of scrotum

- Progressive osseous heteroplasia

- Milia-like idiopathic calcinosis cutis in Down syndrome

Calciphylaxis

Calciphylaxis WwaNgf4 ma:ﬁﬁmmmwadﬁuguluwﬁ&%unmwaa%aamﬁamm
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LmaLs?jtmLLazwamwﬂlmﬁa@lgjuﬂunmuﬁuﬂ INNNNIL secondary hyperparathyroidism N13
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Dystrophic calcification

Dystrophic calcification g4 msazamaaﬁugulw,ﬁmﬁamaLLﬁamadinmme
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Dystrophic calcification
® Primary connective tissue diseases
®  Scleroderma (diffuse or limited form), dermatomyositis, polymyositis,
Ehlers-Danlos syndrome, pseudoxanthoma elasticum
® Metabolic diseases
®  Gout, diabetes mellitus, alkaptonuria (ochronosis), porphyria cutanea tada,
pseudopseudohypoparathyroidism, Werner's syndrome, progeria, myositis
ossificans progressiva
® Parasite infestation

® Neurologic injury / paralytic para-articular calcification
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Chronic tissue
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hypovascularity Age related
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Macrophage activity changes
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Arthritis Rheum. 2005;34:805-12)
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Systemic sclerosis (SSc)

\ulsamaitaidoifisaiufinu calcinosis Idssfigalugihodlng wuvlﬁﬁy'ﬂuﬂsjw
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317 3. Calcinosis cutis (dystrophic calcification) Anwnziiluraufiuyusmadnazaulusu
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Systemic lupus erythematosus (SLE)
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Myositis (fibrodysplasia) ossifican progressiva
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Endothelin Receptor Antagonists in

Systemic Rheumatic Disease
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Wasannlasumssusesnnuangaatulumsldsnw  Idiopathic PAH  sawfils  PAH
associated to connective tissue disease LLﬂ:ﬁ’]ﬁdag}iluiwﬁwmiﬁﬂmmaadL‘ﬁla DRI
%’ﬂmsl,w,tdagu'é"uq ande

Ltﬁ'jﬂuﬂﬁﬁ;ﬂuﬁ BIN§Y ERAs faednmuns uaflinad LLazﬁumﬁﬂ"ﬁmuﬁam%
dunanuazdilalunalnmaiinuses ET uaz ERAs Mnfisnmunadiaufsinadsn ERAs
ﬁa:ﬁﬂﬁmmm@ua@ﬁam“?ivlﬁ%'umf':asmL°iT11’s]LLa:Lﬁhizi'ama:Lmsneﬁaumnmvlﬁasha
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Endothelin-1 (ET-1)
. A . . . g A o D oA .
endothelin 38 endothelium-derived peptide % mewuluﬂﬁ]ﬁ;uuwmm 3 isoforms
) ot & v = & . Ao o a A o & A'::

widwinluaysdudy ET-1 faidu isoform AdAnuaziiunmannige amuluiiiaze
nane ET-1 1Junan

wAsIN&19 ET-1 %4 a1 endothelium azidwmaananiiasns ET-1 udwuioas
aunaansaadle laun leukocytes, macrophages, smooth muscle cells, cardiomyocytes
uaz mesangial cells uaziaaadnig Hlildd ET-1 AnAuliluioad udazatha ET-1 Wegn
NIEduLYNL Madharwlalinsduiimanzay (913199 1) endothelial cell EIFY QI
117 nucleus va31mad vilfifia transcription vas8n ET-1 uazaing ET-1 sanungnizusifen
adnmadimeluliimnd U 1) e ET-1 sangnizumfanfiazassldiudsdiivdume
( Endothelin receptors) fiatenzithuunamelunamasigunts anumemIinNwsnia
o 12 1% o & . . < A A
Ml ET-1 funumasenuiilu local hormone (paracrine action) BUWLBITZHIRAIITIN
289 ET-1 lunszumfaaniiosud 15-20 wf asnulasnildazananuanuduiuuas ET-1
lunszuafaadiunniiies 1-2 pg/ml

@1919% 1. Stimuli that can promote or inhibit the expression of pre-pro ET-1 gene

Stimuli that can promote or inhibit the expression of pre-pro ET-1 gene

Promoters Inhibitors

Hypoxia Nitric oxide

Ischemia Prostachyclin

Shear stress Atrial natriuretic peptides
Pulsatile stretch Estrogens

pH

Angiotensin I

Vasopressin
Cathecolamines
Insulin

LDL (oxidized), HDL
Cytokines

Growth factors
Adhesion molecules
Thrombin




Promoters Inhibitors

Prepro ET=1 Gene

v

Prepro ET-1 mRNA

Endothelial
Cell

Nucleus -
ETg
Enzyme *
onverting .
Enzyme (ECE) » | «—metalloprotease ET
?.
v
ET-1 Smooth
_ Muscle
ETa ETg Cell

gﬂﬁ 1. Schematic representation of vascular endothelial system.

ET-1 = endothelin-1, ET, = endothelin-1 receptor A, ETg = endothelin-1 receptor B

Endothelin receptors (ETR)

\ia ET-1 gnidasaanainimasnaz|Ududl ET-1 receptor (ETR) lan ETR i 2 zila
A ;é o & A A o . \ A 9
fa ET-1A uaz ET-1B S9luilaqiudiwudnd ETR fladbazenag iou nasaidea daa #ala

o ' @ ' & [ 2 {
1o uazauas laonaawsuas ET-1 daadnazana g Aanenull - (@13199 2)

A13197 2. Proposed in vivo functions of Endothelin system
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1. Endothelin in the Vessels’ " °

§#SL ET-1 fig99n endothelial cell azlidniuagun endothelial cells wag
vascular smooth muscle cell (VSMC) 1ilunan TezfiauszuSunmwes ETR Tufisnasniaas
ET-1 da ETR vasumastihnanafdranuly Tagus VSMC a:iins ET-1A uas ET-1B 2%u%

endothelial cells 98189 ET-1B §1mIUNavad ET-1 dadaiudna g dasd (3Uh 2)

Leukocytes, Monocytes, T Aggregation

Platelet@ @Macrophages — 1 Adhesion
T Migration

ET % —_— 9
A & @ 1 Cytokines

ETg

Production of;
—_— Nitric Oxide
«Prostacyclin
ET-1 clearance

Endothelial
Cells

VascularSmooth
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Vasoconstriction
Proliferation

Migration
ibroblasts
ovas fCollagen
— ) -
ETg [Fibrosis
Myocytes .
ET, — > inotropy
ETg I hypertrophy
Adrenal

Glands
ETg — I Aldosterone

Eﬂﬁ 2. Schematic representation of endothelin-1 effects in different cell types

ET-1 = endothelin-1, ETA= endothelin-1 receptor A, ETB = endothelin-1 receptor B

M ET-1 and ET-1A receptor on VSMC
- induce vasoconstriction by increasing intracellular calcium
- inhibit NO synthesis by significant inhibit IL-1[3 induced nitrate production °
- induce cell proliferation in a number of cell types, including smooth muscle cell
and myocytes
M ET-1 and ET-1B receptor on VSMC
- induce vasoconstriction
B ET-1 and ET-1B receptor on endothelial cell
- vasodilation by stmulating the release of NO and prostacyclin from endothelial

cell



- induce fibronectin production and release from epithelial cell, stimulating
fibroblasts chemostaxis and elicits fibroblast collagen synthesis and fibrosis

azfiwléimanas ET-1 da ET-1B Us VSMC uas endothelial cell #insednaiiu
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B oosfiadnd wu lunefidssduamududusas ET-1 lwiRoags : waawiTw
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U VSMC lummx‘ﬁl ET-1B Ut endothelial cell #31wi1uaaad (down regulation)

dnivlulinginda ﬁmiﬁﬂﬁﬂué’mfmaaauaﬂugﬂameﬂiﬂﬁﬁmmmammm
anuiaUnfuaimasaiiansaude (@97 3) 15w RP, ischemic digital ulcerations, PAH,
Scleroderma vzfiszeiu ET-1 luifaagefiaun nuiingFannaesvaanidanfinaonis
NuAo vasoconstriction, fibrosis, vascular hypertrophy and inflammation “édmil,ﬂalﬂuuﬂm
‘Uad%aamaaﬂmmﬁﬁﬂﬂiWﬂ 71 endothelial cell activation %38 endothelial cell dysfunction
Feasuneldanmsiiszay ET-1 ﬁgdﬁ@ﬂﬂaﬁﬁﬂﬁﬁﬂ vasoconstriction WAZNILAUNITULIG
YDILTARANI ) L% fibroblasts, myoctyes, smooth muscle cell @INA1IT9GH Uz ET-1 €9
\uadlow proinflammatory cytokine &1uNIANIZAWAAREAIITHAGIIY 15U PMN, mast
cells, marcorphages T ANsmInLazE cytokines @19 8anan lag cytokines @199 flaa
interleukins (IL), tumor necrosis factor alpha (TNF-a), transforming growth factor beta
(TGF-B), granulocyte-macrophage colony-stimulating factor (GM-CSF) Mldfienmsaniay

A ' 1% 3,78
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19199 3. Endothelin in collagen vascular disease and Related conditions
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SLE: systemic lupus erythematosus, RA:
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rheumatoid arthritis, OA: osteoarthritis,

phenomenon, SSc: systemic sclerosis, ET: endothelin, PH: pulmonary hypertension.
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2. Endothelin in the Lungsz’4

PNMIANBIEI 9 WU ET-1 shaslisulumsvianuvasiaa \lasanasiaing
ET-1 like immunoreactivity L8z mRNA expression Tu lung tissue VaIAUUNG %duaﬂmﬂwu
MIsENIENT ET-1 '*?‘1'Lsnaﬁlf]aqmamﬁaml,ﬁaﬁawﬂu airway epithelial cell wazli alveolar
macrophage §%3U ETR Afiva ET-1A uaz ET-1B Iué'@dfsuﬁ@iﬁas] % nanfalu large
pulmonary arteries mad&lgﬂﬁﬁlzﬁ ET-1A 1 Junan udlu airway smooth muscle, alveolar wall
tissue Waz capillaries 9z8 ET-1B 1Junan uazgasiuves ETR fasnemelulu species
6199 §MIVNAVY ET-1 686231 (receptor) 619 ¢) ﬁLﬁ@%uluﬂammwﬁﬁﬁﬁdﬁ

- lfiAa pulmonary vessel constriction I@m%aiﬂmﬁ'ﬂﬁvﬁ ET-1A uaz ET-1B
ilasanlumsnasssnundnudasdudimsvinnuses ET-1 197l ET-1A waz ET-1B 3992
I¥nagegalunsdumanadizasnasaiion

- 1w potent airway constrictor Fatin ET-1 sradugiunitslunmaifia asthma lag
Insasiany ET-1 lumu’mg\‘lﬁl’m bronchoalveolar larvarge ﬁlvlﬁﬁl’mgﬂ’m asthma uazlu
@ﬂaﬁﬂﬁjm‘fﬁa’m’mmmmacmaamawmn%mﬁamﬂﬂiwjﬂ@ﬂmiw'u ET-1 TWurigile Tawdi
VlajwummifﬁumjumaaaﬁLﬂuﬂuﬂﬂa

- gnaflugunitslunsifia interstitial lung disease lasanmsfinmluny  wud
%Hﬁﬁ ET-1 ‘Luﬂaﬂ’lui:ﬁuﬁgdﬁ@ﬂna ziidaafiaUn@luansas progressive pulmonary
fibrosis $annulimassniauazauluiiafialan I@]ﬂﬁ%‘lﬁﬁﬁl&iﬁ PAH 310678 LazwuInazl
ETR fiilu ET-1B ¥1nnin ET-1A

- daaluunasinee ET-1 luseme lasfienusansalunsiiee ET-1 lédmnses
8 50 189 circulating ET-1 msfinda ET-1 iluwwihfivas ET-1B wiaarananlddn ET-1B
ﬁLﬂuLaﬁauﬁamuqu ET-1 usznosUnilasdanainnnisfisl ET-1 gIRaUNG AaLTuluns
nanadluny wuimgﬁﬁﬂﬂﬂﬁﬁuﬁ ET-1B 3zinMz PAH wadananaaandiamduizes
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Endothelin Receptor Antagonists (ERASs)

ERAs fihunldlummenssluszozBuusnidunanaasldanmminidauuaiise
f§i%ain Streptomyces misakiensis LwiLﬁadmﬂqmauﬁ'ﬁh}@iwaﬁaﬁumﬁﬁmﬁamiwsﬁ:ﬁu
unu lujuusng FIUATLFAUIN peptide winndapaaglditndan peptidase luniziwnz
gsuazlunszuaifon wasliaunsnHu blood-brain barrier Lﬂﬂg’(auaﬂﬁ dounsRuuan
FIATIZHRINN  non-peptide  LUNH I@ﬂmé’umﬂlumﬁwﬁfﬁa Ro 46-2005 (g‘ﬂﬁ 3) Faiu
non-selective ET-1A/ET-1B blocker #5ai3un311ilu dual ERAs uasdmswamiSasan uas
ﬂaﬁ;ﬂuﬁmﬁ@ﬁtﬂu selective ERAs 1Tuii% (1131971 4)



Compound and structure Type
BQ 123 (Banyu)
(:]:rﬁz‘ #~COgNa ET,
HM __/' Hj‘&'_N gy,
N J-L_/ H
,,P-A
Bosentan (Roche) :
0, o ETWETg
ra’w,,r J\- I OCHz
lCHmc N
T Nf““-O . AOH
SB 209670 (SmithKline Beecham))
ETA/ETg
gﬂﬁ 3. Structure of some ERAs
A19197 4. Peptide and non-peptide ERAs
Panel 3 : Peptide and non-peptide endothelin-receptor antagonists
ET receptor selectivity
ETa ETg ETA ETg
Peptide molecules
BQ 123 BQ 788 PD 142893
BQ 485 IRL 1038 PD 145065
BQ 610 TAK-044
FR 139317
Non-peptide molecules
PD 155080 Bosentan
PD 156707 RO 46-2005
BMS 182874 L-754142
A-127722 L-751281
SB 209670
SB 217242
RO 470203
CP 170687
LU 135252

luszzusng dhnanswesmsfinsisoyalufiuninaes ERAs T cardiovascular

diseases LR

symptomatic atherosclerosis,

progressively deteriorating

renal

function

renal disease LIunan iwﬁdlumdzﬁuﬂ % b chronic heart failure,

in proteinuric



nephropathies, nephropathy associated with diabetes L wein (mﬂ\‘lﬁ 5) wamsanslu
fainaaaswunanimalalunsin ERAs anlglumsilasnuniasnen PAH asannwuinlu
'ﬁkbmaaaﬁ reversible 183N17¢ smooth muscle cell proliferation wIafi3ani vascular

. A5 =& o =2 a o X A = X Y
remodeling le 3shundnsnidulugthendulsaiiagniniieens

@1919% 5. Endothelin Receptor Antagonist tested in Animal models

Dlsease ET antagonlst Type Dlsease
Cardlovascular Cerebrovascular (co
Genetic hypertension B0 123 A Cerebral ischaemia
A127722:5 A
LU 135252 A
BMS-182874 A
SB 209670 AR Renal
Pulmaonary hypertension B0 123 A Renal ischaemia
LU 135252 A
A127722 A
Bosentan A/B Toxic nephropathies
SB 209670 ASB
BMS 182874 A
Congestive heart failure B0 123 A
Bosentan A/B
PD 156707 A Transplantation
Myocardial infarction BO 123 A Progressive nephrop
Bosentan ASB
Arteriosclerosis SB 209670 ASB
Bosentan ASB
Cerebrovascular
Subarachnoid haemorrhage BO 123 A
RO 470203 A/B
B0 485 A
FR 139317 A
Bosentan A/B
SB 209670 A/B
PD 145065 A/B
BO&10 A

*For key references, see test,

Lﬁaamﬂmiﬁnmlugﬂw diopathic PAH (IPAH) &uiisgiwiwensiniiedinaiy
IR PO Yi‘l’%']ﬂﬁ%gﬂii&l msﬁ?imﬁa@q@ﬁumylwaamﬁa@ wazfidnAnfensaaiden
LaaéfmmmE‘mﬂnﬁmﬁ]Lﬂumﬂmaﬁywﬁfmaamﬁam‘hmuﬂ@ﬂna HunuimIFuaNgaves
miﬁmuqumi%@éfqmemﬁﬁ'smamaamﬁa@ Tagansiifgadasiumazenadfivsunm
aaas éun prostacyclin, nitric oxide (udi wazasfilAgITasnummasdUSinawniu
léun serotonin, endothelin 1ilueu Iﬂwﬁngmﬁaﬁum&umwﬁmaa ET-1 dufipadasiuns
1Aia IPAH 3121nmM3finmeng g ﬁwudw;&’ﬂw IPAH NS 326y ET-1 1m§aﬂ§aﬁﬂﬂnaua:
ET-1 f:ﬂ'awuluﬁaamﬁammgan’jﬂwaamﬁam‘h oy ET-1 level Aguwusiumsiasu-
ui/adu89 pulmonary hemodynamics TANTIFINUTALANUTULTIVBININTINIWNVDINAEA
iaalulaalaun13nsiaaly  intravascular ultrasound assessment WAYHINTIIWL ET-1

staining 1 muscular pulmonary arteries gﬂﬂ'j’muﬂﬂaaﬂﬁ’m uanNUuUFILRa Al



gﬁ?ﬂﬁrﬂu PAH associated (APAH) with congenital heart disease, APAH with collagen
vascular disease Wae PAH due to chronic thrombotic disease (Appendix I: m‘sffi%mﬂﬂﬁju
Jthe PAH n19nafi, Venice 2003) wiimangmumantiazlifisswefiezagléi eT-1 4
ga‘ﬁu’tmﬁamwﬁaﬂm,ﬂ?iﬂml,ﬂawm 9 Lﬂuﬁumgm‘%aLﬂuwaﬁmﬁaamnmiﬁ PAH LW312
ANNARY pulmonary artery ﬁga%m’mﬁ'umaz hypoxia ﬁﬂizéjuiﬁﬁmiﬁ%”m ET-1 Lﬁ'wﬁu
™ wdanununiitaeuues ET-1 denisdiinlsauas PAH ‘a‘iaaqu;jﬁmmﬁ
wagldsudslominnmssnenday ERAs laganuan1sdnsnlay Channick uazamis’ was
Rubin uazame'® WU ERAs deiildlunsdnunvasesiiia Bosentan siuanansnldinm
PAH IdagadtssanBnn Bnrssslinadsariiasluszazeny 39l Bosentan (Tracleer ®)
Galw dual ERAs VL@T%'umﬁmaaﬁrmﬁy'aam’mimmmazmmaaﬂszmam%’gam’%m (FDA)
@.¢. 2001, Europion union @.¢. 2002, Canada W& Switzerland Wugusn (first line drug)

#w3ulE5nsn IPAH 3709 APAH with collagen vascular disease 1wl Scleroderma lagd

(2
v oA

Farismilegiheofioanveumtasaauinmsi NYHA functional class (Appendix Il) 3z6iu Il
17
- v
mIdAnwNgINL ERAs 7 Bosentan anldlunsinmn PAH fimsdnwidian 9
- ] ao & . 15 .
ezt large, double-blind, placebo-controlled study #@31% Channick LLazatwe , Rubin Lae
16 18 { & a \ & o A o
Atuz, Humbert Lazanie (137199 6) Lumsfaanutissuluszas 12-16 aland USSR
& o v Ao a a Aaf @ aa
lazsiufia Bosentan vlde@iasag Inmwaouutadlunen@iu lugihonfioanianeuy
Wiay enTiad19 9Nlhe exercise capacity (Iaunagay 6 minute walk test WAz IATZHZNNI

711G ld), Borg dyspnea score (NM3tlazifiuguninaing g lasliazuuuaiud 0-10 lanendse

'
a

mﬁa%ﬁdqmmwﬁ) uaz cardiopulmonary hemodynamics (U¥ztinaNMII@A1  mean
pulmonary artery pressure (PAP), pulmonary vascular resistance (PVR) 8¢ cardiac index
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& \ a o A =2 ' e W va o P ¢
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Bosentan and it’s safety profile5'6'25
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MIVIMTLN: BMAN 1IN PAH fia 125-250 mg SUUTemMuiInas 2 a39 uustili
AI v o 3; s 6 ' n' I t:ll L% .:i
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UTUIaET MTEEIANMITNNUTeIaURAUNG AueriaunIanaIaInIn be
NaTaLAss: WUy lAiAe  hepatocellular injury  laswuinfaduaniaulasd
aminotransferases enzyme 1uL§aﬂ§dLﬁu 3 ¥inwad upper limit lugﬂwmﬁ%‘u bosentan
(n=658) fafawaz 11 Waisuiugnldmnaan (n =280) HipeTassz 2 uazWadedud
funusivafldiu lapwudniadudniguiuussfadl aminotransferases enzyme g9
\in 8 171 lugthefldiu bosentan 125 mg Tuazaasnanfaiduionas 3 Waifivuiugnld
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auaniauitazng ldias udslidinsnuaMIvnNuTeIsUANIRAIINM TNl
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\#anilu non-hormonal method uazanmsanlugainanesiivhliana ET-1 wuaaw
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- CVS malformations (ﬁwa@iamsﬂ@"uaa ductus arteriosus ﬁﬁdﬂaaﬂ)

- severe craniofacial abnormalities

- CATCH 22-like syndromes (cardiac anomaly, abnormal face, thymic hypoplasia,
cleft palate, hypocalcaemia, chromosome 22 deletions)

- aganglionic megacolon (Hirschsprung-like disease)

mmt”hxi’a‘tu;jﬁwﬁvlﬁmﬁz asamInInTss uarasaszauenlodmIinnuaes
§U (AST, ALT) riawSuen ﬁﬁwuiwﬁ@ﬂnavlmﬂmﬂmmQi@ﬁmu"lajmﬂﬁmf:uﬁgﬁaU
Um‘s"u'j']Lﬁmrmmm@;ﬁuﬁ'lmvlﬁ %% liver congestion 217 congestive heart failure &9
menassnen mannuuassududnafmansalwenile LLazmmziﬁﬂwﬁiﬁmsaasgwqqﬂ 1
WWaw wuifeausniaulasll aminotransferases enzyme luLﬁaﬂgdLﬁu 3 Lvin1ay upper
limit I¥aauaeudIiaaug udd il aminotransferases enzyme lwiRaagufiu 5 rilw
v\sqmmﬁauuﬁaiawnﬁmﬂuﬂﬂaﬁau’a‘iam'eaaaﬂﬁmﬁﬁﬂﬂ%ﬂLLﬁaammulnﬁ% i ong
aminotransferases enzyme luiiaagaifin 8 whLLu:ﬁﬁﬂvlajmﬂ%m’lugﬂamwft’é'ﬂ
Drug interactions: 8171l CYP2CY inducer 58 CYP3A4 inducer 958035 ALELLAS

aaUszANSNIWa9eN Bosentan sauenfiiliu CYP2CY inhibitor %38 CYP3A4 inhibitor 2
\RaTZALEIAZHAGI JUaIN Bosentan wana1nit Bosentan fnALANNTT metabolism V84
81 cyclosporine Lae warfarin ﬁ’llﬁ'amz@ﬁ_lmLLazaﬂﬂizﬁﬂ%ﬂ’lwmadmﬁadﬁ’s‘l‘f wneiin b
famud INR 1nd%a lasdratnsenlungu CYP2C9 inducer, CYP3A4 inducer, CYP2C9
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- CYP2C9 inducer: Carbamazepine, Phenobarbital, Phenytoin, Rifampin

- CYP3A4 inducer: Carbamazepine, Phenobarbital, Phenytoin, Nevirapine,
Rifamycins

- CYP2C9 inhibitor: Fluconazole, Ketoconazole, Gemfibrozil, NSAIDs,
Sulfonamides

- CYP3A4 inhibitor: Azole antifungals, Ciprofloxacin, Clarithromycin, Erythromycin,

Doxycycline, Isoniazids, Imatinib
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ANNAnlaRadT 1T lum\aﬁﬁﬂﬁawﬁa;w,l,ia
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Role of ET-1 and ERAs in Systemic Rheumatic disease

1. Scleroderma (SSc)
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- UNNTaY ET-1 : 3nmidnmene g ludihe SSe wuanaduRusizning ET-1
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mMyIRaae PAH leuuiiena 4.5 years (mean) &uen pulmonary artery pressure (PAP) 7
1éa1nn139373 echocardiogram liuaneanugaian 39a3141M 399w DLeo fdanad

daduilagsluniswennsaimsiia PAH Iuammiu;‘?ﬂ’m SSc 7@ limited beiatn9a
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2. ET-1 and Raynaud’s Phenomenon (RP)
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A19190 7. Pathogenesis of Raynaud’s phenomenon

nie
Sitom Frzt e dnealy reedad madhals)
Flanmadory adido wd dvome Decniszaied wirgodiatos
Erelri=am pal spievinee Hin Uit Atk resiagande st lsbninetse
[hind itk bcirod wibd i o
Smers miers =y Encir=sin argicdeae | sed theearheoss 87
il 4
N meagy. Lk Snds mad s,
enirpodli iomias drann e it oo isibageimal
Sraprhne "ﬁ'J-:-ﬂrH'II“II:'F\-'\ﬂ.'I Mot adrarine fenmeears sl daven pevh bt
SRomapine ¥ lmanemii) Wit e mH ] acrakns an pedrve e
Py npallisti e i wizd ki Uiucdies e o ook OS]
WasmarTes aeing paston (4 Tthem,
ey wlecn o Sy POE staooily, wrodead i v

varhnin ene-m s sl WG, wiswierce B naeshins 3

a2c-adrenergic i «—— Advenlitia
blockers

+—— Maedia (smooth muscle cells)

Autonomic
nervous system

«— Intima

+—— Endathelium

AT

4« [PDE inhibitors | | Q@
@ White blood calls

Neur‘opEDtidEﬁ\ &14— | ACE inhibitors
CGRP
s\ <D 5HT «— SSRIs|
>
goL “& Platelets TXA —
Ach
vip
Ve ET -1 inhibitors
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unit where specific interactions and soluble compounds released in the microenvironment
participate to the regulation of vascular tone



fmsuruNAgTwAnaY ET-1 fumaifia RP duduiilesananununnues ET-1 Tu
maiilu vascular regulator 289319MBuazN1INE ET-1 gRaUnandudwnguanae g lin
ﬁﬁmmimmaa@Lﬁamﬂummiéwﬁty V% pulmonary  arterial hypertension,
atherosclerosis, heart failure Wua ﬁdﬁ?uﬁdﬁmiﬁﬂwnﬁafmzﬁu ET-1 luﬁgﬂ’mmd’]ﬂf
wuilu primary RP azfiszau ET-1 goudluunanmsfinsniligetedslianuita udlugdias

'
oA

ngufliiu RP secondary to SSc wuanuRadnffgaian wazluusialansiialudihe ssc

9q
A= N RZ > o ) A7.41-42
HAWLIENg ET-1A uaz ET-1B agna 1 luniks microvessels

Fudlosannsld ERAs lumssnen PAH flwwadluiinelasaunsaiindassan
FHald S9vnsanslasin ERAs wlE5ne1 RP @931n RAPIDS-1 trial lag Komn et al.
¥msAnsulSoufisusznite Bosentan (507 62.5 mg Susrgasiaan wiw 4 §Uenst
il 125 mg namesiaawaumsinen) fiu placebo M;Eﬂw SSc 7ifl RP TUUTII
§i digital ulcer 122 Manam LI W leUslomlifeatumaiia  healing udsw1In
109t new ulcer lefs3anas 48 luszuznm 16 dlenviiilaifieuny placebo wananidsdl
msdneludand lag Riccardi MT uazame’ |T Bosentan lugihe ssc 9 7 78 rRP
JUUsIInA digital ulcer LTWNY Qﬂmnﬂiﬂﬂﬁuwaﬁﬁaﬁa 3-4 UNARBWMIANEN WAzEN 1 378
funafhiude snmsaaaumssnewn 1 3 wo 7 1u 9 1o Wiueslwifedn
LLazLLwaﬁﬁag’Lam@aﬁaym 50 G‘fﬁmﬂmiﬁﬂmLﬂdwﬁﬁwlﬁaﬁuaguuwuwwmaa ET lums
A digital ulcer 39vh 13l ERAs Tumsinmnilldnaduazarauansin ERAs laildifuue

W4 vasodilator udanadanuaunsalumadu antiproliferative W&z antifibrotic a8

UNuIMBad ERAs 1%6%’]@]6]

1. ERAs lum3snsn PAH luszosusne 1ow M;&”ﬂwﬁﬁ NYHA functional class

QU | — I

2. HAMIINBV8Y selective ERAs Tugthe PAH WisuifisuAunsinseas Dual
ERAs

3. M1 ERAs ml“ﬁv%'ﬂﬂ’lliﬂéw’] w04 fibrotic lung disease
l@N&1581999

1. Yanagisawa M, Kurihara H, Kimura S, et al. A novel potent vasoconstrictor peptide produced by
vascular endothelial cells. Nature 1988; 332: 411-5

2. Rafal M Kedzierski and Masashi Yanagisawa. ENDOTHELIN SYSTEM: The Double-Edged Sword in
Health and Disease. Annu. Rev. Pharmacol. Toxicol. 2001. 41:851-76

3. Maureen D. Mayes. Endothelin and Endothelin Receptor Antagonists in Systemic Rheumatic Disease.
Arthritis Rheum Vol. 48, No. 5, May 2003, pp 1190-9

4. Nazzareno Galie, Alessandra Manes, Angelo Branzi. The endothelin system in pulmonary arterial
hypertension. Cardiovascular Research 61 (2004) 227-37

5. Yolanda Braun-Moscovici, A. Menahem Nahir, Alexandra Balbir-Gurman. Endothelin and Pulmonary
Arterial Hypertension. Seminars in Arthritis and Rheumatism, Vol 34, No 1 (August), 2004: pp 442-53

6. Ariela Benigni, Giuseppe Remuzzi. Endothelin antagonists. Lancet 1999 ;353:133-8



10.

1.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

Kazuhide Yamane. Endothelin and Collagen Vascular Disease: A Review with Special Reference to
Raynaud's Phenomenon and Systemic Sclerosis. Internal Medicine 1994; 33: 579-82

E Hachulla, JG Coghlan. A new era in the management of pulmonary arterial hypertension related to
scleroderma: endothelin receptor antagonism. Ann Rheum Dis 2004; 63:1009-14

lkeda U, et al. Endothelin-1 inhibits nitric oxide synthesis in vascular smooth muscle cells. Hypertension
1997 Jan; 29(1 Pt 1): 65-9

Stewart DJ, Levy RD, Cernacek P, Langleben D. Increased plasma endothelin-1 in pulmonary
hypertension: marker or mediator of disease? Ann Intern Med 1991; 114: 464-9

Giaid A, Yanagisawa M, Langleben D, et al. Expression of endothelin-1 in the lungs of patients with
pulmonary hypertension. N Engl J Med 1993;328:1732-9

Vancheeswaran R, et al. Circulating endothelin-1 levels in systemic sclerosis subsets--a marker of
fibrosis or vascular dysfunction? J Rheumatol. 1994 Oct;21(10):1838-44

S Morelli. Plasma endothelin-1 levels in patients with systemic sclerosis: influence of pulmonary or
systemic arterial hypertension. Ann Rheum Dis 1995; 54: 730-4

Giaid A. Nitric oxide and endothelin-1 in pulmonary hypertension. Chest 1998; 114: S208-12

Richard N Channick, et al. Effects of the dual endothelin-receptor antagonist bosentan in patients with
pulmonary hypertension: a randomised placebocontrolled study. Lancet 2001; 358: 1119-23

Lewis J Rubin. Bosentan therapy for pulmonary arterial hypertension. N Engl J Med 2002 Mar;
346(12):896-903

Humbert M, Sitbon O, Simonneau G. Treatment of Pulmonary Arterial Hypertension. N Engl J Med
2004;351:1425-36

Humbert M, et al. Combination of bosentan with epoprostenol in pulmonary arterial hypertension:
BREATHE-2, Eur Respir J 2004; 24: 353-9

Liu C, Chen J. Endothelin receptor antagonists for pulmonary arterial hypertension (Review). This is a
reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published
in The Cochrane Library 2007, Issue 3

Olivier Sitbon. Effects of the Dual Endothelin Receptor Antagonist Bosentan in Patients With Pulmonary
Arterial Hypertension ( A 1-Year Follow-up Study ). Chest 2003;124;247-54

McLaughlin V, Sitbon O, Rubin LJ, et al. The effect of first-line bosentan on survival of patients with
primary pulmonary hypertension (abstr). Am J Respir Crit Care Med 2003; 167:A442

CP Denton, M Humbert, L Rubin, CM Black. Bosentan treatment for pulmonary arterial hypertension
related to connective tissue disease: a subgroup analysis of the pivotal clinical trials and their open-
label extensions. Ann Rheum Dis 2006; 65; 1336-40

Koh ET, Lee P, Gladman DD, Abu-Shakra M. Pulmonary hypertension in systemic sclerosis: an
analysis of 17 patients. Br J Rheumatol 1996;35:989-93

Stupi AM, Steen VD, Owens GR, Barnes EL, Rodnan GP, Medsger TA Jr. Pulmonary hypertension in
the CREST syndrome variant of systemic sclerosis. Arthritis Rheum 1986; 29:515-24

Richard N. Channick. Endothelin Receptor Antagonists in Pulmonary Arterial Hypertension. Journal of
the American College of Cardiology Vol. 43, No. 12 Suppl S

Lin AT, Clements PJ, Furst DE. Update on disease-modifying antirheumatic drugs in the treatment of
systemic sclerosis. Rheum Dis Clin North Am. 2003 May; 29(2):409-26

Barbara White, et al. Cyclophosphamid Is Associated with pulmonary function and survival benefit in
patient with scleroderma and alveolitis. Ann Intern Med. 2000; 132: 947-54

Donald P Tashkin, et al. Cyclophosphamide versus placebo in Scleroderma lung disease. N Engl J Med
2006 June; 354 (25):2655-66

Kahaleh MB. Endothelin, an endothelial-dependent vasoconstrictor in Scleroderma. Arthritis Rheum
1991; 34: 978-83

Yamane K, Miyauchi T, Suzuki N, et al. Significance of plasma endothelin-1 levels in patients with
systemic sclerosis. J Rhuematol 1992 Oct; 19(10): 1566-71

Virginia Steen, Thomas A. Medsger. Predictor of Isolated Pulmonary Hypertension in Patients With
Systemic Sclerosis and Limited Cutaneous Involvement. Arthritis Rheum 2003 Feb; 48(2): 516-22
Jimenez SA, Hitraya E, Varga J. Pathogenesis of scleroderma. Collagen. Rheum Dis Clin North Am.
1996 Nov;22(4):647-74

Yang Z, Krasnici N, Luscher TF. Endothelin-1 markedly potentiates human smooth muscle cell growht
to PDGF: effects of ETA and ETB receptor blockade. Circulation. 1999; 100: 5-8

M Uguccioni. Endothelin-1 in idiopathic pulmonary fibrosis. J Clin Pathol 1995; 48: 330-4

Giaid A, et al. Expression of endothelin-1 in lungs of patients with cryptogenic fibrosigng alveolitis.
Lancet 1993; 341: 1550-4



36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

David J. et al. Increased Levels of Endothelin-1 and Differential Endothelin Type A and B Receptor
Expression in Scleroderma-Associated Fibrotic Lung Disease American Journal of Pathology, Vol. 151,
No. 3, September 1997

Reda E. Long-Term Outcome of Bosentan Treatment in Idiopathic Pulmonary Arterial Hypertension and
Pulmonary Arterial Hypertension Associated with the Scleroderma Spectrum of Diseases. The Journal
of Heart and Lung Transplantation 2005 Oct; 24(10): 1626-31

Amit Joglekar, et al. Bosentan in Pulmonary Arterial Hypertension Secondary to Scleroderma. The
Journal of Rheumatology 2006; 33(1): 61-8

Fredrick M Wigley. Raynaud’s phenomenon. N Engl J Med 2002; 347(13):1001-8

Francesco Boin, Fredrick M Wigley. Understanding, assessing and treating Raynaud’s phenomenon.
Curr Opin Rheumatol 2005; 17: 752-60

Yamane K, Kashiwagi H, Suzuki N, et al. Elevated plasma levels of endothelin-1 in systemic sclerosis.
Arthritis Rheum 1991;34: 243-4

Nazzareno Galie, et al. Primary Pulmonary Hypertension : Insights Into Pathogenesis From
Epidemiology. Chest 1998; 114:184S-194S

JH Korn, et al. Digital Ulcers in Systemic Sclerosis Prevention by Treatment With Bosentan, an Oral
Endothelin Receptor Antagonist. Arthritis Rheum 2004 Dec; 50(12): 3985-93

Riccardi MT, Chiala A, Lannone F, Grattagliano V, Covelli M, Lapadula G. Treatment of digital ulcers in
systemtic sclerosis with endothelin-1 receptor antagonist (bosentan). Reumatisomo 2007 Apr-Jun;
59(2):135-9

89mu Usimsias, ngadinTu @;idﬂ“aw grqla. Acute management of Pulmonary Hypertension.

Appendix I. Revised Clinical Appendix Il. Functional Classification of

Classification of Pulmonary Hypertension Pulmonary Arterial Hypertension.*

(Venice 2003)
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